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Freface

This set of system design notes ships with each Explorer System
but is not expected to he of use to every user, It is provided
for the hanefit of system programmers who need more detailed
understanding of the system structure and ilow-level interfaces
than is documented in +the wu©ser manuals, for the purpose of
moditying, #xtendinrg. or interfacing with the system at a lower
level than the normel user ipterfaces, for low level debugging.
or for performance analysis.

These ngtes inciude & simple description of the Explorer
hardware, a description of elements of the Explorver Lisp machine
virtyal architecture, and several seis of material useful to
sgstems programmers.

The following sechions are included in this dacument:

Sectign 1 ~— Mardware Overvisw — Covers high level information
abovt the system hardware. More detail can be found in the
hardware documents that ship with each system

Section 7 —~ Boetstrap Loading — Describes the varipus types of
system loads and the vrelated structores.

3

Bepetion 3 —~ Interrupts — Didcusses the handling of interrupts.

Section # =~ Device Handling - Exglains the handling of I/0
requetts for various types of devices,

Saction 5 -~ Yirtyal Memory — Deascribes how the wviritual memory
mapging scheme warks on the Explover.

Section & =— Paging and Dish Marnagement — Describes the demand
paging stheme on the Explorer,

Seetign ¥ -— Internal Storage Formats « Details the Formatzs used
foar representing Lisp data i1tems.

Section B —— Arrsgs =~ Details the fermats vsed for representing
arrays.
Section % -- Storage Management - Explains how mEMDT Y is

arganized into areas and regions, and describes assveral specific
areas used by the sustem software.

Saction 13 — Sarhage Collectieon — Describes the tachnigues ang
stryrtures used by the Explerer for handling garbage collection
and for implementing Temporal Garbage Cellaction {TGL),
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Section 1§ ~= Functien Calling — Betails the mechanisms vsed for
function calling and the internal formats of compiled code.

Saction (2 == Clasures - Deseribess hpw dynamic and lexiezl
¢logsures are implemented on the Explorer.

Section (3 =« Flavors — Discusses the data structures oused £or
handling flavers,

Sectivn 14 ~— Stack Grausgs -~ Pesstibes the stack group data
structure and the special push down list.

Sectien 1D —— Btorage Subpgrimitives « Explains the functionality
and lists the arguments For low-level starage manipulating
subprimitives and expglains new semantics imposed on some of thes
by FQRC,

Gection i& — Ufher Subprimitives, Variables, and Cosunters ~
Expiaing fthe funciionality and lists &he arguments For non-—
storage—related low-level system funciions, and daruments ail
spepcial microcpde variabies and counters.

Section 17 -~ ETror HMandiing — Describes microcode error handiing
and explains the various errsv tonditions that can arisse.

Seetion i@ -~ Crash Handling - Explains how crash Tecords are
organized and kow you can examine them from Lisp.

Bection 19 —— Compiler MNotes - Supplements section 21. Compilsr

Operations, of the Explovrer Lisp Reference manual.
SBection 20 —— Macrog—Instructions — This section describes the

marreinstruction set.

Appendiy A —— Data Structures - Details the cantent sf the non—
velatile RAM and %$he disk partition struciuvres, and describes %he
micre~laad partition Pormat specification far the Exglorer I
PrOTRSSOT.

Appendix B — #Acronyms ~ List of acronyms uwsed in this manval.
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SECTION 1

Hardware DOverview

1.1 INTRGDUCTION

1.1.4 Explorer Processoer,

The purpose of +this section 14 £o supply the reader with
suyfficient - knowledge of the processor so that the terminoclogy in
the following sections can be uvnderstced. This section does nok
attempt to ewmxplain all there is abkout the processsr. IF Lhe
reader wants to know in detail about the processovrs. ke or she
should read the manuals SPECIFICATION: EXPLORER PROCEZSOR. gart
number 2234414-000% and/or SPECIFICATION: EXPLORER I1 $ROCESSOR.
part number 2540834,

There are twe types af procassor: The Explerer 1 and ths
Explorer I1. The main difference in the $twe is that the Explorer
I {the original processor) is impiemented on & board and the

Expiorer Il is implemented on & chip. There are sther
differences, but this section only deals with fthe comnon
features.

The function of the precessor is t¢ exs#cuke rode called
microcade, An overview of microrode will be discussed tater.

1.1.2 Explgrer Buses and Components,

The internals o¢f the Explorer processor appears io be an almost
ganeral purpnse camputer. Inszde the Explarer there is memory
angd special registers which are manipulated by the microcade
ingtructions. The mempry and special registers are located on
ang of several buses whicvh exist in the prucessur. The three
ma joT buses found in the processor are the A-Bus, the M-Bus., andg
the O-Bys.

1.31.8. 1 The A-Bus.

The A~Buz has only one compoenent which is a3 bliock of memory. The
mamoTy size is 1K by JR-bit words — this notation means iK block
of 32 bit words, The first &4 words of this memory Bhiock are
special and wil]l be discussed in the section eon the M-HBus.
{Thare is ancther component on the A-Bus, buwi it is +transparent

1-%
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to the migrocoder and i%ts purpose 15 to speed up accesnes fo and
from the memory on the A-Bus. ) The memory on the A-Bus is
referred to a3 the A-Memovry.

1.1. 2.2 The M-Busg,

The M-Bus has many comsonents on it Unlg a few will be
discussed.

megmgrg.

Gn the M-Bus there is a Block of memary whose size is &4 words by
2Z-hits, This memory is referred to as M—-Memery. The first A4
words of A-Mamery are an exact image of M-Memory., That is, if
misprutnde writes to Iocation % of M—Mamary, then location 5 of A-
Memory alse gets changed to image location 3 of M-Memory.

The POt PDL Pointer, and PDL Index.

PDL means Push Down List. The POl is & cache stack of 1K by 32-

Bit words. The PDL Pointer and POL Index are beth coemponents on

the M=-Bus. The PDL Pointer points ts the fup sf the stack {TOS).
The PIL Index can be modified to point anywhers in the stack.
Like any other stack: data can he gushed onto it or popped off
it It should be noted that the Lisp microvocde uses the cache
POL as & cache portion of a larger POL which Tesides in NuBus
MmEmoTy.

The MD Registar

The MD regisier is 2 32 bit register. If can He thought of as
the processar’s  window When data is read from outside the
processor 1t fomes infto the MD register. When data 185 +tc be

written osutside the processor. it is first placed into the MD
Tegister.

The VHA Registar.

The WMA register works in conjunction with the MDD, MD holds what
1% read or to B2 written and the VMA halds where the esxternal
data is tg be vread from or to be written to.

There are other components on %$he M-Bus, BHut these are not
discussad in Ekis document. See one of the zpecifications listed
garlier for more details.

The Bi-Buys.

There is a compoenent in the processer callied the Arithmebtic Logic
tnit {(ALLD), Tts function is to take data from the M-Bus and +the
A-us and perform arithmetic or logical operations on that daita
{like addition}. Hhen the ALU perferms fthat opervation, it puts
the tegult on the O+Buy. The O-8Bus in turn selects which

L.
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cemponent o store the resuvlt in.  A- and M-Mamory are both on
the output side of the §-Bus alang with M-Bus registers like MD
or WMA, this means fthe O~Bus can seliect these components +fpo
store ity data in.

1.5.3 Microcoeds

1.3 1 I~Memory.

I-Memory 1is arnother memary bieck in the Explover arocessor.  I-
MamaTy is vsed to store the microeade instructions., The size of
I-Memory gn  the Explerer 1 is 1&M by 56~Dits.  The size of I-
Memory an the Explorer 1@ dis 33K by &4-hits. I-Memary is
sgmetimes rveferred to as Writahle Contrel Btore or WLE,

1.1.% 2 Inatructions,

Micrecade has & lot of similarity to assembly language in that it
is wvery tlose ts the actual architecture of the machine., There
are Four pasic types of microcode instructions, but  there are
many ways to augment each instruckien type. The Four types are

~ The ALL instruction. This instruction type aliows
the microcoder to perform arithmetic or logical
instructions on an A-Memory valve and an  M-Memory
value or an M-Bue register and store the results
into a specified destination,

- The Byte Instruection. This instruction type
allows the microvoder to take 2 specified portion
of an M-Memory Werd or M-Bus Register and deposit
it into an A-Memory word and then place the result
into & specified destination,

- The Jump Instruction. The Jump instrvction can
taks on many Forms with augmentation. For
exampie, the Jump instructien can 40 a conditional
or unconditional Jumps; it can conditionally or
unconditignalliy rTetyrn frem a subroutine call
ard, it can conditicnally or wncondidiomally
perform 8 subroutine caill.

« tha Dispatch Instruction. The Dispatch
instructign is something like z Jump instructions
however, its destination is not lgtated in the
instryuction, but rather in a takle called the
gispatosh table This table is located in special
memory  on the M-Bus called Dispateh Memory., The
Dispatch imsiructien uses an M-Bus source a5 an
index into the table. Control then jumps or calls
the instruction whnse address is in that
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particular lacation in Pispatch Memary.
1.3.3.3 Labeling {anventions.

There are labeling conventicns for A— and M-Memory. I+ a label
is assigned +to an  A-Memary location, it begins with the
characters ‘A~‘. So a temporary iocation in  A-Memory might be
iabeled A-TEMP. The <corresponding convention is true for M-
Memory labeling. An M—Msaory iocation might be called M-BAVE.
The reason this idis important tp the reader is that certain M-
Mgmory and A-Memory locations have special meaning %5 the Lisp
mitrocode and #re referenced in this document. An example is fhe
lgcation A-BOOT-COMMAND-BLGCK which i85 a flag to the Lisp
micracods just after booting accurs,

1.2 MAJOR COMPONENTS

The Explorer system consists of three major hardware components:
the system enclesura, the monitor, and the mass storage
subsystem. It is expected that over time additional components
and pearipherais will -bhe added to form a bdroad Ffamily of
compatible systems.

.21 Bystem Enciosure.

The system enclosure consists of a seven—slet card chassis housed
in & lpw profile cabinet that fits under a desk. The bHackplane
for the chassis provides the vekicle for all I/0 connections and
contains a NuBus for board-¥o-board interconnection. The cabinet
alse contains & power suppiy ond provides +two switched ovilets
foar the moniter and mass storage unit
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1.2.2 Brief Bescriptions of Each Board.

Explerer protessor
-« Explorer I - 500~IC micreocoded Lisp engine

- Exglorer 11 - Lisp engine containing Lisp
microprocessar chip

- Two-level, demand-paged virtusl memary map
-~ Belf-test ability

=~ Private bus {(iocael hus? %o Explorer memaory board
and graphics display (Explorer I oniy)

Etplaray memory board

w  Dmb, 4wk, Bmb. Lémd, 3JFdmb wversions with bhyte
parity

~ Tws ports — MuBus and ithe Expicrer private bus (on
2, 4 and Bmb boards!)

- Interfacres Explerer processar to MNuBus

- Read-only memory {ROM) contains board
identification informaticon and extensive board
diagnoastics

Syatem Interface board (SIB)

-« Time of dag and interval timers

- Nor~volatile memory {NVRAM) - +the NVRAM i3 =&
Dkbyte stable storage RAM on the system interface
hoard, 1% is wsed during system Ltesting and

booting %o locate rescurces and later for storing
and retrieving a variety of other information.

« Manitor, kegbsard and mouse conirals

— RS~232C port angd gn gight-kit parallel sort.

w  ROM containing hoard identification, board
diagnastics, and generic dovite drivers for Lhe

monitor and keyboard

MuBus Peripheral Interface {MUPI} board

i-5
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- NuBus %o SCEI inteliigent adaptor
- Extensive self-tesi

— RBeM contains bkoard identification information and
system load device driver

tacal Ares Neitwork (LAN} Loard
- Ethernet 10 MHI interface

- Eaxtensive ah—board packet buffars directly
accessible via NuBus

- ROM zgntaining board idantificatian information.
diagnoastics, and system load deviee driver.

1.2.3 Monitor.

The landggape black and white monitor i5 connected to the system
enclosure via a dual fiber—optic cable. allowing placement of the
manitar remote from the system encliogure. The keyhaard and mouse
conhect tg the fromt of the monitor. The mouse provides rapid,
smooth  cursoer aovement and positioning using a Z00 do%s per inch
eptical pad.

1.2.4 Mass Btorage Svbugstem.

The mass sturage subsystem provides two 5 (/4" snvelopes, powsr,
and cogiing for +the mass storage system. Winchesters opr
cartridge tape components may be inserted in either of these fwo

envelopes.

Connection to  the sygstem enclosure is wvia an BCBI interface
cafla.

1.3 INTRASYSTEM COMMUNICATION

Tha system bBackplane provides three connectors {F1, P2, and P73}

per slot. These threpg connectors are used for all connections o
the board. There are no front edge connecters. The hackplane
dadicates connecitor Pl as the NuBus, fthe primary system bus. P2

is used #er the lacal dus on certain slots, and is available fer
general I/0 on other siots. P3 is a gemeral I70 connector on all
sloks, The tenfiguration of the hackplane is shown in Figure
i
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SLOT MUMBER (front view)
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Figure 1-~if Hackplane Configuration
1.3. 1 NuBus,
The NuBus is the primary mechaniam +#or hpard-te-~hoard
communication. The MuBus is a 32~bit system Hhus on which the
address and data lines are multiplexed onto the same lines. All
rontrel, data and power lines are defined so as Lo #it  through
gpna %4 pin DIN connecter. On the Explorer dacksglane. connecier
P! is reserved in all siets Por the MNuBus
tatas may consist of 8 bits (ome byte), i& bits (one halfwerd). or
32 bite {one word), The &it and byte numbering scheme is
reterred to as little endian in which both the lowest numbered
bi2 and byte iz the least significant Bytes, hailfwords., and

wards are grganized as sh

own in Figure i-2
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Bit 31 Bit @
i +
t Word i
+ -+
i Halfword 1 ! Halfward O !
{ Byte 3 { Byte 2 { Byte 1 | Byte ¢ |

Figure I-2 Layout of Words, Halfwords., and Bytes

The MuBus spec leaves & OMme areas open or subject to
interpretation for a given system The following paragraphs
define these areas as thay apply to the Explorer system.

1.3. (.1 Block Moves

The ebility to perform hRlock moves as defined by the NuBus speac
is requived on any large block of memary that may be considered a
system resovrce. Small klocks of memory used as a2 buffer on  a
peripheral controller or 8 hiock of memory used oniy as a private
memory and located in the control address space need not support
block moves. All boards indicate wia the I2 ROM flags the
presence ar absence of bilock support on that board. On the
Explorer only the memory board supports slave block moves.

1.3. 1.2 Time—Gut Pericd.

The bus fime—ouvit gperiod For the Explsrer s fized at 25
micrsgacands (msi,

1.3.1.3 Parity.

Bus parity is not generated or checked by any Explorer componens
board.

1. 3. 1. 4 Reset Operatian,

On powerwup. the source (the System Interface Board) that drives
the REBET/ signal will hold it acstive {low) for at least 00 me
tc guarantee the correct startup of certain MIS devices, Afier

RESET/ goe& inactive (highl}, 411 bhoards that axecvte self-tesis
will proceed with their tests,

1-8
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RESET/ may he driven low at any time by any device to cause a
system trestart This wouid $ypically be done by a “deadman”
timer opfien &+ & remote diagnostic opition. In this case, ail
boards will execute self~test and the system wili rebagt. RESET/
must be low Ffor twe ar more glack cycles to ferce the system
restard,

1.3 L% Powsr Fail.

The Bystem Interface Board pests a power Fail svent o thuse
baards that need & power fail warning. Boftware must program the
SI8 with the specific addresses for power fail avents.

1.3.1.4 System Addressing.

Starting addresses for  the boards are datermined by siot
location, In hexadecimal form. +&his address is HFSOE000
{sgmetimes - appears as FIIDYOOOOOO ). The most significant
hexadecimal digit, F., idis the largest heiadecimal Nl e,
correspoending to binaryg I13if. The next digit: S+ is $he slot
rumbar given in  hexadecimal. Tha rTemaining siz zeros are
hezadecimal digits, eachk correspending to Linary QOO0

1.3. 1.7 Configuratien {ID} ROM.

Each board has an (D R{M that describes the basic charackteristics
af  that board. This ROM may be accessed at addresses F{S}FFFFFF
- FISYFFFFOG for eany and all_slet ID's. The iD RIOM contains &4
or move bhytes of information about each board:. soch au; serial
number: part number. and beard type. This ROM resides a%t  the
highest address of contrel space on sach hboard and supplies one
byte of data {byte O} Ffor pach word address.

1, 3. 1.8 Bus Lecking.

Mo bus masier will lock the bus for more than five contiguous
single~word $ransfers er one ib-word hletk transfer. However,
during power fail. the bus may be locked o guickly post power-
fail svents.

1.3. 1.9 MNuBus Clock.

The Bystem Interface Board that drives the NuBus clack line makes
provision to disable that clock output so that twe such tards may
be installed.
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1.3 1. 10 Unimpiemented Memory.

Wihen & board vecognires an address that is within its conirnl
space but it has no memsry at that address. it may either:

# Return ACK with timeout status

# Do nothing and allew the system watchdog to generate a
timeowt

t.03 1.1t Byte, Haléfword, and Word Transfer Protocols.

The ¢foliswing bus protocels prevent uvnnecesssry problems on bus
transfers:

i. Siaves that provide enly a byte interface position this
byte in the least significant bybe position (byte Q) of
the MNuBus ward. Consacutive bytes appeas in
consecutive Nubus wordszs, always at the byte O position.
A master may Tead or write the siave using bhyte,
falfword, or word operaticns., Data in any positions
sther than byte O must ke ignored.

2. Slaves that provide enly a (é-bit halfword interface
position this in the least significant halfword
positien (halfword C) of the NuBus word, A master may
read or write the slave using byte., halfwevrd, or word
nperations. Data in positions other than halfword O
{bytes G 1} must be ignored.

3 Slaves %that arvovide a fuil 32-bit word interface
paTform byite, halfword or word transfers.

With these quidelirnes:, a master that can do anly weord fransfers
can commuhicate with any slave device. A master that is iimited
tg byte or thalfword transfers cannot talk to word—-only slaves,
#11 MuBus masters shouvld have word transfer capabiliby. Design
n# masters without 32-bit woTd capability is strongly
giscouyraged.

$.3. 2 Explorer Hus {Loval Busl.

The Explover Bus is a high—speed bus for privabtsr communicatien
hetween ohe master and one or more slaves, suth 23 a
pretassor/memoery hoard set. {ne Exploerer bus is provided on  the
backpiane wusing connector P2 of slots 3. 4, 5 and & Arn
Ezplorer must have a memory board in sliot 4 isn order for the
srocesser  to  boot. The memory interface logic is hardwired %o
siot 4. An additional Explover bus or buses may be added by
conmesting Twoe v three coanneciers together with a cable or
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adapter board un the back side of the backzlane. The Local Bus
is usad only by the Explarer 1.

1.2.3 1/0 Comnnectors.

Certain pins of Fi, PZ: and P3 are dadicatad to power and ground
funchions.

1.4 INTERBYSTEM COMMUNICATION

All intersystem or external 1/0 conmections are made from the
back side of the backplane., Fiber optic links are the preferrad
method of intsrconnecting the system boxes €ev minimize rvadig
froeguengcy interference and electrostatic discharge effects and to
reduce cable erswding.

The moniter +0 system chassis link carries vides and sudio data
to the menitor. and receives audio. keyboard, ang MOoUSe
information ¥ram the menitor,

The mass storage to system chassis link carrisy data and commoendsy
tg and from the mass storage bowx.

A lpast one RE~23I2C interfare and one eight-bit printer
interface are provided o each system for low cost peripheral
connection.

1.5 EAPLDRER SYETEM DEFINED ADDRESSBES

While +he Explorer system is based on the notion of dugnemic
configuratioen, seversl items must be #ixed in otrder fer the
system +to establish inmitial operation. Table 1+% defines these
Fixaed itemsu.
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YTable 1-1 System~Defined Addvresses

Address Descrigtion
FEEQODOG Explorer power £ail ewvent,
FeEHODO4 4l1 hardware-decoded inkerrupt events, sxcepd
i power fail:, will fall within these addresses.
FAEQDD3C The byte written to any interrupt even address

must rontain a 1 in bit O The remaining bifs

are Teserved for future wvse and should also be
set to I.

FROLQ0L0 Starting address of memory that may be used by
the system for general purpose, as indicated
tn the HOM f#lag register. This is the least
significant byte of the memory block.

FRFFFFO0 Configuration ROM. first &8 bytes. - Lavrger
i configuration RUMs will eccupy the
FRFFFFFF contiguous space Baiow these addresses.

F(HTRFxxxxx Bus timeouvt address. Nothing shall ssaspand
t¢ this address. 3o a rTead or write at this
address fesks timeauwt gensration.
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SECTION 2

Boeotsiraep Laading

2.1 INTRODULTION

Boptstrap Isading the Explorer system invoives several stages and
several Ltypes of loads., While the remainder of this document is
involved with system operation: beetstrap leading occurs beforse
the system is operational and is, therefore, guite different #rom
what Follows in later sectiens.

o & TYPEE OF LOADS
There are four typse of loadu:

# Power on / Systam reset. These are exactiy the same
except for the way they are initiated. A power on boot
is performed when power is cycled on the wmain chassis.
A& system weset is performed by issuing the bood key
chord META-CTRL-META-CTRL-ABGRT. Muchk goes on  during
this type of Iead, bui when the LIGP system is being
leaded., the primeary software entity that gets loaded is
the “primitive” microcode (Ffrem now on this will be
referred to as the “primitive™}. Microcede is  leaded
from a microload &and f{also kngwn as a micrecode
partition! on secondary starage into  the writable
centrol store {WCE} of +the processor. The system
microcode in turn loads the system (the LISP system
sgftware) from a lead band gn secondary storage.

# Cald boot, This 1¢ performed by issuing the boot key
chord META-CTRL~-META-CTRL~RUBOUY. This CAUSES the
Expleorer Yo rveioad the current system microcvode and the
current system ifoad band frem secomdary sisrage. The
gravious envirTvonment is lost.

# Harm bsat, This is perfoermed by issuwing the bsot key
chord META-CTRL-META-CTRL-RETURM. This causes the
Explorer to restart the system code in such 8 way as to
presgTve the previous environment. MNeither the system
micrscode nor the system load are re—-rvead from secondary
storage.
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# Manuy boot. This dis performesd by issuirng the boeot key
chord META-{TRL-META-CTRL-M. This cauvses +the Menvbopt
miergload (see desgription of Megnuboot in the Power an /
Cold boot description below) to be lcaded #rom the same
ynit that the current system Iload was loaded Ffrom.
Manuybust is then exscuted as described beleow.

Nete +that eagh of the four boot key chords described above will
cavse the Explerer processor to take 2 true  hardware trap (noi
just a3 polled evant! to ihe appropriaete point in microcede. So
sven if the progessor is stwek in a ioep, it showld respond to
any of the four chords.  An sdditional key chord, META-CTRL-META-
CTRL-C, ca be used if the system appears to he in an infinite
iecep. This causes the system +to crash and %o recorsd the
cerrently running Lisp funetion,

I# the system microcode in Writable Control Stare {(WCS) has besgn
viglated., then the Cold baet. Warm boot, and Menu boot may not
fuynction correctly. In this tase gyau have net choice but to cycle
power or do a8 Dystem rTeset

2. 3 POWER ON / SYSTEM REBET

Both of thepse sctions cause a NuBus reset which forees all beards
that have a self-tesat %o perform it & MyBus reset cauvses the
Explorer processor to enter its hoot ROM based Microcode at 3
fixed location.

The first zctisn it takes is to perform the processor seléf-tests,
Then all intearnal memeriess and registers are cleared,

If£ the Explerer I prucessor fails self-test, it will crash with a
ligh% «code #x89 The Explorer II processsr Teperds individual
sglftest numbars as they are tun., with %the failing test womber
ieft on +the ligh%ts in case gf failure. (See the light codes
table, }

Gystem Test -~ if the processor passes its self-test, it procepds
e the nest phase., Sysitem Test and Boot.

1. First the processor determines whether i% is ts be the
System Test & Boot Master (SYTEM) or if some other
proecessor will be.  In a single processor system, the
Explorer will e¢f course be +the STBM. In a aulgi~
grocesser anvironment. the gprocesser in  the lowest
numbared slot thet is an B7BM candidate and has passed

el
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self—test {within 10 seconds? is tha S5TBEM.

I# the Explorer processor is not the STBM, it enters
Secondary mode and waits far the STEM to poest an event
to awaken ik It %then gperforms secondary booting
uperations,

Assuming the Explorer is the ETBM/, it performes the
following artions:

NOTE

Ail searches #57 Tesguroes are parformed by
starting with slct O and looking at boards in
guccessively higher numbered sliofts until slot
1% has beon chechked, For wach slodt. the STEM
first checks for & wvalue of #x03 im the I
character of the boards Configuration RUM
{sag paragraph ot the Configuratien ROM).
This indivates the bheavrd has a wvalid
Configuration ROM. Mext, check that the (RC
in the gonfiguration ROM is correct. Then
the Resgurce Type field in the CQonfiguratien
ROM of each board is examined %o see if the
bogard contains the degsired ressurce,

a. Search for KNVRAM. If the NVRAM bit of the
Resource Type Field iz set, then ihe board
rantains NVRAM. The Explorer checks the CHRC an
the contents of the NURAM {(Explorer [ doss not}
and the format genevation nuomber to  verify it
containsg &  value of #x01. Upan finding a valid
NVRAM, the ZTHM pxtracts pointers to a Monitor,
Keytpard, and Load Source for later use. See the
paragranh on NVRAM for fgrmat details.

., Fingd & monitor. 1# a walid NVRAM was found, then
the monitor sict and unit numbers Ffrom MNYRAM are
vsed &nd the monitor is wvalidated by first
thecking that Ehe monitor Bit in the Resource
Type Ffield dis set, and then by issuing the
initialize~ Monmitor davice griver fall. If this
compietss successfully bthe wmoniter has been
found. If there was no valid NVRAM, or if the
Initialite-monitor tail failed, then the
processoT searches for & beoard with the monitor
bit onmn in the Resource Type Field of the
cenfiguration ROM I+ it Pinds one it calls the
jnitizlize-monitor function of the device driver
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an that hoard. I+ the tall compietes
successPully, the menitar has been found. 1If no
monitpr cas be Found, bthe processor attempés to
perform & defauvlt booil

Display the message "Siet &5 TESTING GSYETEMY,
where 5 is 4he slot number gf the processor
hoard: on the monitor.

Find a memary bdoard. The processor searches for
a board with the memory bit set in the Resource
Type Field. When it Pinds ene. it validates it
sy vunning the Interfate Diagnestic, located in
the ROM sn that board. The diagnestic is run
with messages disabied. I+ it poasses, that
mamory bpard is used. Otherwise, +the processor
searches for another memory beard. It is assumed
that every memory hoard will have at least two
megabute of memory. I# no valid memery hoard can
be found:; the message “ERROR: M2  GOOD  MEMOCRY
FOUND® {Explorer I = MERROR: QOOOON04"Y  is
displaged on bthe moniter. and *the protessor
cTaskes with a light code {(Explorer I = #xBA;
Explarer 11 = #:278%)

If a memery beard was found, the processor then
performs Chassis Testing where it performs the
following actions an each successive hoard in the
system, stariing with slot O and ending with siot
15. 1f any test fails, fhe vest of the tests for
that bpard are skipped.

~ Tests whether a board is present in the slot
{i? no NuBus timeout is received when rveading
the configuration ROM, then a board is
presentl}, I# the slot is empty, go te next
siot,

- Displays "Slet 5" on the monitor. where © is
the siot nymber of the board under test.

— Tests whaether the Configuratien ROM contents
are valid: ID character = #HxL3 and ORC
verifies. I# no%. display "ROM® ("TESTS
FAILED" displayed later),

— 1# the ROM  $lags in  the Cenfiguration ROM
indicate +that the board performe a self-test,
then wait up to 20 seconds For the self-test
to compiste. Tha board will reset a bi% in
the onboard Flag Register (see pavagrsph on
Genfiguration ROM} when its self-test is
completa. Check the Flag Register fuor a seif-
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teat failure. and if ore qgccurred, display
AGELF" {"TESTS FAILED" displayed Iater}.

~ I¢# the ROM #$flags in the Configuration ROM
indicate fthat the board participates in MNuBus
teats, command it %o do o snd check the
rosults, I+ a failure is detected, display
HNUBUSY {"TESTS FAILED" displayed later?),

- I+ the Canfiguratisn ROM Diagnostic Offset
figid is not = #FFFFFF, execute the bpards
Interface Diagnosiic.

- If all tests for & slot have passed. then turn
of# the slot Test LED in the Configuration
Register {(see paragraph sn the Configursticn
ROM). and display "passed®. otherwice display
"TEETE FAILED",

¥, Find a keybgard. If 3 walid NVRAM was fpund,
than the keyboard siet and wunit number From NURAM
is wvused and the keyboard is validated by first
checking that the keyboard bit inmn the Respgurce
Type Field 3s set, and then by issving the
Initialize~ keybsard device driver call. I+ this
completes sucgessfuliy the keyboard has heen
faung, I# there was no valid NVRAM: or if the
Initialize—keyboard call ¢xiled, then the
processor first attempts to initialize a keyboard
at the same slot and vnit az the sysiem monitor
currentiy in vse {(met supporied by Explorer 1},
I¢# +that alsae fails then it ssarches for a board
with the keyboard bit on in the Resource Type
field of the configuration ROM. I+ it finds one
it calls the Initialize-keyboard functisn of +ihg

device griver on that board, If the ceall
completes successfully, the keyboard has heen
faund.

I# no keyboard can be found. Hhe precessor
performs a defauvlt lead wusing the hpot device
slot  and unit from NVRAM. IFf there was ne valid
NWVHRAM. the processor searchas for 2 bhoot device
by #First searching for & slot that has the boot
source bit (Explersr I: and not the LAN hit} in
the Resource Type field sat, and then using the
Iowest numbered wunit at that slot. The microcode
specified as default in the partition %akle are
loaded,
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Initial Menu -— if a keyboard was found, the processor sounds a
tone and displays the Initial Menu: *D=Defavit load, M=Mesu
inad, R=Retest, Ex=Extended tests " [f no key is pressed within

approximstely 1% seconds and no boards have failed Chassis Test,
the processoy attempts 2 default load of the MCR partition marked
as defaplt on whichever load source is determined to be the
default {sad souvrte. Pressing "D® or Y"RETUAN" alse results in a
defavit load.

i. Pressing "R" causes the Chassisg Testing phase,
described above, %o he repeated.

2. Pressing "E" causes the Chassis Testing phase to ba
repeated, but each Interface DBiaghostic is Tun in
“axtended mode®. In axtended mode. an interfacse
diagnostic will display the board identifier, the part
number: ithe name of each test it rums on fthe screen
and an indication of whether each tast passed gr
failed., Additional testing may alses be performed. For
exampie. the memory board diagnostic tests aii of
memoery in prtended mode. bBut not in normal mode,

3. Pressing "M" causes the pretessor te goe inte the menu
boot sequence, described below.

4, At ihis point there are & number of "hidden options" in
addition t& those alresdy mentioned. They are intended
for wuse by aexpert wusers such a2z system managers and
maintenance personnel.

a, Pressing “8" teils the processer that you want to
do g defavit boot, but you want %o use a boot
prit oiher than the defavlt unit The processor
will then present the device salection meanu
{described below!. but will perform the boot as
so0n as ypau have seiected the devige

b, Pressing "&" tells the precesser that you want to
inad GUOS. the diagnostic aperating system The
processsr  will then present the device selection
menu {(deseribed bhelow) but will koot GDOS as soon
as you have selected the davice,

. Pressing "N" means that youw want ta type in  the
names @f microcode and load bamds fto be boated.
The processsr wili then prompt ysue for esch of
these unames, You must type thess names exactly
as they are displayed by print-digk-label; the
precesser will not convert lower case %o upper
case avtomatically. The shift key or rcaps lock
keg will give you wupper case. The rubout key
will let you correct misntakes. Gnce you have
typed in 2 name, the return key ingdicates you are
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roady to proceed. When yeuw have entered both
names., the pruaceEsROT presents the device
solipgrtion menu {destribed belaw), As s00Nn as {ou
geiset a device: the processer will beoot the
microcode and load band you typed in.

g. Presssing *F® {not supporied on Explorer I} <£ells
¢he processor that you want o ilead FDOS, the
Factory wversion of +the diagnostic gperating
sysben The processnr will then present the
device selection menu {described below’ but will
boot FBOS as soon as you have selected Lhe

device

e. Pressing *:° {ret supportad on Expisrer I
causes the processor de  enter & Debua uwiility
menu.

Defauli Baet. Aftar D iz selected for Default Boot. the
processer attempis to joad #vom eifther the defauvit load ssurce
specifiad in NVRAM or the Ffirst unit found by searching all
sipte. A "waiting” message is displagsd until the defauit load
spurce is ready, then the ETEM interprets the Device Driver in
the lmad source interface bDboard configuration ROM to locad the
firgt MCR partition with the default bit set. Under the Relsase
3.¢ the MCR, vnamed PRIM is uvsed for an Explorer I, BOOT for an
Explover 11. :

Beth BOOT and PRIM are primitives and the ferm "primitive" refers
to both. The "primitive" has three primary functions which ars:

I. The Yprimitive" co-ordirnates the hooting of & machine
with multiple processers. Since the Explarer does not
gurrentiy have multiple processors, thizs Is not done in
the “primitive® even though it has a skeleton design
for zuch a Funcktipn,

3

The "primitive” performs slave device downloading.
Dawnloading can be fhought of as patehing the ROM on 2
controller board such as & disk contreller board, i¢
there is a8 software bug in the contreller bhoard ROM it
can be fixed by loading new software infto & RAM area on
the controiler bgard and executing cut of the RAM area
rather than the ROM area.

3 The “primitive"™ loads the Lisp MCR code inite the
BrOocessar,
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Te de all of the above: the "primitive" uses a special type of
partition called a Configuration partition. There may de soveral
configuratien partitions on  the default disk. The default
cenfiguration partifion is vsed by Ehe "primitive.

A configuration partition has several entries in it which are
the name of the i.isp MCR, fthe name of the Lisp Load band. the
name af &the dowunload software partition, and eiber information

reflecting the machines cenfiguration. i# the defauit
configuration reflects an erronsous machine configuration an
arrar will  ocggur. Later in t&his section there will e a

description of the configuration partition and the algerithm used
by the “primitive",

I+ shouid be noted that on an Explorer I PRIM and 5207 arae
identical but separate software partitiens. On the Explgrer II
the single partition BOO7 takes oo hoth roles as "primitive" and
menuboot. Both Menuboot and the Yprimitive® assume IMB ot
greater memory boards,

Menu Boot - I+ you entered an "MY at the Initial Menu the
procesaor then preosents the device selection menu {the header is
“AVAILABLE LOAD DEVICESY)., This menu lists %he availabie load
devices and asks you to select ane. Aftar you select a devite.
the processer then lpads & microcode band calied YBOOT" Ffrom the
device yeu selected. This is Menuboet, which then takes over ths
remainder of the boot process. It should be noted that $his is
the point where the pracessor leaves ROM and enters code
{Manubeoot} that has heen downlicaded into WCE  Thie is  imporiant
because if for some reason Menubost does not exist on the device
yoeu selected for if it has been wiped oud), %this step will not
work, I+ Menvboot is non—existent, the message "MICRILDAD NOT
FEUNDY will he displayed. If Menuboot has been wiped out. £he
message "DAD MICROLOAD FORMAT" will be dispilayed. These messages
can alsg gecur on ary other microeload attempt.

The first thing Meruboot doss is &0 present the menu “Lal ISP
Load, M=mMylti-unit load. D=Diiagnestic lead, P=Print device
tabel, f=Configuration Boot"

1. To do & Configuration Boot you enter an € or simply
press RETUAN since Configuration Boot is the defavlt.
After 4 C is pressed a menu of load devices appear.
The operator is +to select Lthe desired device. Afber
the device i3 selectted, 3 list of vonfiguration
gartitions appear an the sereen. The aperastor then
selepcts which configuration parfition iz to he ysed in
the bhooting process,

2 To do a Lisp load enter "L" . The processor presents a
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meny of available load bande on the device previocusly
selected. Astarisks may appear by geme of the load
bands. The asterisks shouid be ignored and the user
shayld seiect the desired load band.

Orice gou have selected & load band: you will be
pressnted with a menu gf available microcode hands.
Again, asterisks may aeppear by some microcoede  hands,
The asterisk wmay bLe ignored as above. The microcodsa
that is prefarrad by the igad bhand you areviocusly
sgeircted will be rnamed in a hrader message above the
microcode many., The preferred microcode is simpliy the
one that the iocad band was saved with. Yau tanh
generally use microcodes other than the preferred one,
But the zystem will have to load the error bable aver
the neiwork, Onte you have selected a microcode
partition. the progessar will load that micrecoeds and
pass it the name of the Ioad band %o be used.

3. If you select "M" the processor will present you with
the the device selection menu before each partition
meny. This allows you to select the system microcoede
and and system load band from different devices.

G If yaeu seleect "DY ihe processar will present you with
the device selection menv {described above). Once you
select & device the processor will display a menu of
avaitable diagnestic microiocads for thaet device.
SGelecting one will cavse that microcede to be losded
and executed.

3. If you select "P¥ the processor will present you with
the devite selection menu again {see abovel  When you
select 4 device the processor displags the list of
partitions on that device, similayr to what is displayed
by a {printwdisk~latel’) form in LIGP.

2. 4 CONFIGURATION ROM

A wmachine based on the NyBus architecture has up to 18 NuBus
sints. The Explorer has seven. Each slot may contain one bpard.
Each board cvontains a configuration ROM The caonfiguration ROM
is located at the highest NuBus physical addresses allocated for
each slat {(i.s, the ROM ends at address FsFFFFFL, where s is the
siet number of the board) with data stered one bHyte ger NuBus
word.

The Configuration ROM fields that are of concern to the bosting
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pracess are as foilows:

Resource Type fieid — This is & one byte Field, Jocated at
address FBFFFFOOD, Each bit +that iz set Lo one indicates a
resource that the board contains.

Bit O Memory ~ boasvd centains memery that may be wused
during hoefting. This memory will start at FEOCOCOOD
and he at least one contiguous megabhyie long.

Bit 1 Hoost spource -~ Board is a centroliler (e 4. disk,
taper LAM) that has a unitis) that may be vsed as a
load davice. This board contains & load device
griver,

Bit 2 LAMN =~ board contains a bLocal Area dNebwpoerk {(LAND
contreller +that may provide & load deviece via tha
netwerk This board may contain a lnad device
driver,

Bit 3 Monitor - heard has & wnit that c@p be used as the
system moniter during the boot process. This hkoard
containg & menitor device driver.

Bit £ Bootable processer —~ board is capable of performing
the standardized functions né a "secsndary”
processor  tn an STBM during systen boating
sperations.

Bit B Kegyboard ~ beard has a uvnit that can be used as the
system fkeybosrd during the boot process.  This
beard tontains a2 keyhnard gevige driver,

Bit & NYRAM — bgard cgntains nem—volatile RAM that may
contain system test and boot default parameters,
I+ this bit is sat the thres byte baard relative
offaet to the NVRAM is stored in locations FBFFFEF4
w FSEFFEFC {(one byte per word} and £the luoug 2 of the
NYRAM size is stored in lecation FSFFFEFS.

identification character -~ Thig is & one byte field, laocated at
address FRFFFFG4. 14 it centains the wvalue #xC3,  then the
configuration ROM contains wvalid data, otherwise it does not.
This provides a way for "foredign® boards te sxist in  the system
without confusing the STHM

RUM Flags =~ a one byte field at location FHFFFFI0 which contains
the following fiags {(and several others which do not concern wus
hered:

Bit O A one indicates the board does self-ftest.

Bit | A gne indicates the board will participate in NuBus
tests

Bit 2 A one indicates the bhoard is capable of haing an
STEM.

2=50
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Flag Register Offset — & three byte field &t locations FEFFFF14 -
FSEEFFIL {ane Buyte per word: containing the board relative sffset
to the Flag Register. The Flag Register is a one byte field
containing the following flags:

Bit A one indicates self-test is stiil in grogress.

Bt 1 A one indicates the board Ffailed self-~test

Bit 2 A one indicates that a peripheral ar subsystem
controlled by %his board failed test.

Diagnustiec OFffset =~ a three byte field at locations FEFFFF20 ~
FAFFFFPE containing the board relative offset o the Diagnestic
Engine code that makes up the interface disgnestic. A valuve of
FFEFFFF indicates there is no interface diagnestic.

Bevice Driver OFffset — 8 three bByte field at locations FBFFFF2C -
FSFFEFF34 containing the board relative offset to the Diagrostic
Engine code making up the boards device driveri{s}. There must he
pne  device driver for esch of the folliowing bits that are set in
the Resgurce Type Ffield: boeot source. moniter. keyboard

Configuration Register Offset ~ & three bHyte field at laocations
FSFFFF38 - FBFFFF40 containing the board relative offset to the
Configuration Hegister, which is a 8 bit Ffield which contains
{among other information! the following:
Bit O Reset ~ writing & one resets ihe board
Bit i NuBus Master Enable — @ one enables the board to
read and write wia the NuyBus {0 disables the bsgards
Mubug itnterfacel
Bit =2 Test LED ~ A ogne turneg on the red LED on the board.
A zero turns it oFF
Bit 3 Test ~ when set to eone during system festing
reguests the hpard to perfarm its NuBus Test

CRC Signature =~ A 2 byte field at locations FEFFFFBE - FEFFFFRC
that contains the CRC value computad over the boardz ROM. The
R zize ix stored in logation FEFFFFLE4.

2.5 THE STEM AND DEVICE INDEPENDENCE

ine of +the goals of the STHEM ie¢ %o allow the ROM ctode on each
board %to be independent of the other boards in the system Far
pxample, it muyst be possible %p replace the disk controller board
with one +that prevides a different interface %o the proucessor,
but not to have to change the gprocessers boot ROMs. This 1is
accomplished &y having a4 boot source device driver {DOR} in the
BOM on the disk controller. The DDR prevides the processor  with
a gepsrie  interface o the device. The DDR is written in a
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processgr independent, interpreisd Janguage. called Diagnostic
Engine cwde, and is erxecuied By the processor. Sints it is
intearpreted. the processor must have a Diagnostis Enging
Interpreter in its ROM. Heing processer indeapendent means &he
disk contvolilers ROM does not have to change if the protessor is
repiacred with aone of a diffarent type. It is called Diagnestic
Engine code becavse the stheme was originally develsped to allow
processor independent diagnostics to he written. Most boards in
the sysiem have an Interface Diagnostic writéten in Diagnostic
Engine code in their Configuratipn ROM.

There are three type of DDRs: ioad source, mwmoniter, and
kayboard. They provide the processor with a generic interface to
the three peripheral resources 3% requires to pasrfarm system
testing and lead. The monitar and keyboard allow the processor
to communicate with the operatar. and the load spurce provides a
sgurce from whick to load code. Load scurce interfaces currentiy
exist for disk:. tape. and LAM., and the processor-to—boot-sgpurce
interface is gemeric enough to support wvirtually any kind gf
device <that iz capable of loading code. DDRs are intended to be
used for bopfstrap lvading. not For normal sustem use.

2. & NUVRAM FUORMAT

The information in NVRAM is accessed as thpough it were stored one
byte per word. The firgt part of NVRAM contains system defavid
tonfiguration infgrmation, whiek is accessed during the baot
process:

base addr + #x00 = STBM Moniter unit number LSH byte Binary
base addr + #x04 = BTBEM Monitor unit number MID byte Binary
base addr + #x0B = STEM Moniter unit number MBR byte Binary
base addr + #x0C = STBM Moniter siot number (FF = none} Binary
base addr + #x10 = STBM Keyboard unit number LSB byte Binary
base addr + #xi4 = STBHM Heyboard unit number MID byte Binary
base addr + #xi8 = STHM Heyboard unit number MSE byte Binary
base addr + #x1C = STBM Keyboard slot number (FF = none} Binary
hase addr + #2320 = Boot sgurce unit sumber LEB byte Binary
basa addr + H#x3d4 = Boot source unit number MID Hyte Binary
base addr + #xZ8 = Boet source unit number MEE byte Binary
bass addr + #x2C = Beot source slot number {FF = none) Binary
base addr + #3130 = NVRAM format generation number.

Equal 0! for all Nu@eneration devices Binary

base addr + #x34 = NVRAM format supersedl revision
number. Binary

base addr + #x38 = NVRAM CRC LSB byte Hinary
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hase addr + #x3C = NVRAM CRC.MEB byte Binanrg

The NVRAM contains additiconal information in a spetific generic
format so that it van be sccessed by any type of processor. The
format is described in deiail in the NuBus Sysiem Architecture
Specification,

2.7 ERROR CUDES AND MEBBAGES

For the most comman arror conditions. textual etrror messages are
dizsplayed. However, in some cases. the STBEM RDOM code and
Mpnuboot will display hexadecimal srror codaes.

2. 7.1 579M RIOMS - Errer Lodes.

ERROR: Q0QDOOCDZ - Load device offline or not responding.
The devite is powered down or 3s not
connected,

ERROR: OQOCO0L3 ~ Load device ertor.

The load device experienced an
unrecpverakle errer.

ERRDOR: 00000004 — Processor could not find a memory board
that passed tests, The processer chegks
the folliowing when lpsking for a memory
kpard: l.esk far the value #xC3 in
Sonfigquratipn ROM ID character.
fook for memgry bhit set in Configuration
R{iM Rasource Tupe field.

Make sure CRC in configuration ROM is
correct, Run the Interfase Diagnestic
in the board’'s ROM and check that it had
ROM and check that it had ne faiiures

DEVICE ERROR: {QCOD0O00S5 - Unexpected NUDUS errvor,
The precessor was execuking diagnosti¢ engine
code in & device driver in the NuBus
FPeripheral Interface (NUPI) or GIR ROM
when an unexpechted NUBUS error occcurred.

DEVICE ERRDR: QOOL00& — Lomnang timecut
The NUPI davice driver issued a NUPI command
block and the NUPI did not set the cemplets
Bit in the status field The minimum timeput
value is 10 secands. If the disk labei is
messed up:, 1% could possibly coavse this problem
The NUPI covuld also be faulty. IF the NUPT
considers & command block top be invalid: 1%
will axhibid this failure mode., The ifast NUPE
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commang Biock that the NUPI device driver
issuypd is Iocated at location FROOCOO0, where
% is the slpt number of the memery bsard in
the lowest numbered slat.

DEVICE ERROR: 00000009 - Netwark down.

The Etherngt is disconnected, shorted, or open.

DEVICE ERROR: OOODOQ0A - Invalid unit number for the lead device.

DEVILE FRROR: QOOOO00B ~ Ethernek board failed to initialire.

GEVICE ERROR: 00000010 - Had DEI instruction header.

A board was found with a valid configurstion ROM,
bwi fthe Biagnostic Engine code that the
Biaggnostic effset or Device Driver offsed

in the configuration ROM points

te has an invalid header. This possibly means
that the ROM is bad.

DEVICE ERROR: 00OGO011 - Invalid DEY request.

The ROM on the bgard is good, bhut a request
was made that cowld net bhe handled by that
board. {e.g. a bhoot reguest was given %o
the monitor)., This probably means that the
contants of NVRAM are invalid. Try doing

a menv boot, specifying the bont unik.

fmce the system is booted Lype in

{si: sekup-nvram} to the LIBP Listener.

DEVICE ERROR: Q0000012 ~ Diagnostic Engine coede instruction

space lispacel problems.

The processor found an invalid inmstrucdion
when *rying to execube Diagnostic Engine

code sut of the ROM en one of the hoards.
tThis could happen when execufing & diagnoestic
or a device driver. This poessibly means the
RiM iy bad.

DEVILE ERRCOH: O00CO013 — Diagnostic Engine cede data space

{dspatel problems.

The processor found one of the following
prehblems when $rying to execwte Diagnestic
Engine code oub of the ROM on one of %he
boards: stack overflow, stack underfiow., or
dspace variable out of range. This could
tappen when erecuting A diagnostic or &
davige driver., This could be

dug to a buy in the code being executed, or
the ROM couild be bad.

BEVICE TRAEOR: &0000000 ang above — NUPI command status.

These are errors that the NUPY device driver

2~14



Scftware Dezign Notes Baotstrap Loading

passes hack froam the status field of the
NURL command Block. See the NUPI Hardwarse
Epecificaticn.

@ 7.2 Menu Boet and Primitive — Ervor Qodes and Error Messages,

ERROR: DOOOG014 ~ Device access arror. The MNUPE returned bad
status,
ERROR: 00000015 ~ Invalid labkel. The first word of bhleck O
’ did not contain "LABLY,

ERROR: O0DQ0014 ~ Invalid partition takle. The first wgrd of
the partition table did not contain “PRTNY.

ERRON: 00000017 — No available microloads. There wmere ng

Explorer micTocede partitions in the
partiticon table.

215
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2. 7.2 1

Messag#

iy g S o W

Warning: Ne Microzode
Partitions on Device

Warning: No Configuration
Partitipn on Device

Mo Devauvlt Configuration
Partition

tinable to Read Device

Invalid Slet or Unit
Number ip tha Configuration
Partition.

Bad Load Partition or Load
Device

Currentiy Executing CPY

i not in fonfigurastion

Cannot Bownlosd Device

Unabis tp Read the

r

Software Dasign Notes

Menuboot and Primitive Error Messages.

Meaning

Bevice selected in a Lisp load
gr device specifiad in a
tenfiguration partition had
ne microcode.

Device selected in a
Genfiguration Beet had
ne configoration
partitian on it.

fOn default bont, the Tprimitive"
cauid npt locate a default
cenfiquratisn partition

An srror occurred when trying
to read the load dewvite.

The portion of the configuration
partition containing the disk
slot and unit nuymbar for the
Lisp MCR i4 invalid.

The entry portion of the
configuration partition
tontaining the information
about the load band has
invalid information in it

A configuration partition was
used which did net have a
vaiid entry for the Explorer
pTocassor board.

When trying to download a .
device, one of four problems
sCcEurred, First, the part
number in the entry field
may not matchy second. thars
ie & problem with the disk
siot or unit number specified:
third, there is a probliem in
matching the CPU type to bthe
board Eype in the
configuratian pariition: ang
last, there i9 no mateh on
the download pardifion wame,

This means the data in the
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Partition Table partition table is not st

up cortectiy. To be set up
correctiy the feliowing must
be true: thers mus% be a
defzult eniry named LABEL
with partitien type of Volume
Label and CPU type of generic
There alsg must be a default
entry named PTBL with
partition type of Partition
Table and CPU type of genervric

2.8 LIGHT COBE TABLE

In somae
MESS3GE,

cases the processor cannot proceed and tannct display a
in these cases the grocesssr will c¢rash and disglisy 2

cpde in the amber colored light—emitting diodes {LEDs) lscated on
processar  board. These ¢an be viswed by opening the fFront
door on the system unit and logking through the <slot an  fhe
interiock door, The lights are read as an eight bit binary
numbes {smaven bits for Explorer II} with the jowest amber LED as
least signiticant bit, The c¢odes shown below are
hexadecimal.

the

the

~m BE

81

Bz

83-87

BE
8%
BaA

88

Explorer I STBM LEL Codes,

Phygsical locations of LEDs:

FHITEI(BILA) 1433(2303 (0} (Fault)

2] = Halt amber
&G = gtatus incditators amhb ey
Fault = Fault indicatar red

Fower faiiuvre. The processor took the power failure
hardware trap.

The processor toeok the control stere garity error irap.
This probably means that ithe processor’s WCE is fFaulty,

Shouvld never apceur. I# they do the processor is
prabably faulty.

The processor received an unerpected MNuBus error.
Pracessor fziled self tast,

Mg memory. Tf the processar can find a menitor it will
alee gisplay ERROR: CGOGDOO004 as described above.

Me boot device, This crash will enly occur i# the
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8

8D

BE

praocessar cannet find 2 boot devite and can nat find a
menifnr on which to display o message.

Microlosd problems This will only occcur i the processor
cannet find a monitoer on which to display fthe message
"gAD MICROLOAD FORMAT®

DEI PROBLEMS, This will anly occur if the processar
cannct find a moniter on which to display the device
arrors 10 - 13 described above,

Moniter device driver probklems. The processer gut a
nop-iwrg complistion code an a call o the monitor device
griver.

2. 8.2 Explerer Il STBM LED Codes.

Physical locations of LEDs:

{MIBIULRY AR (AIISHA) 1 {3 {2I (5 {0)I (Fault)

H m Halt amber
B = Hugy ambar
L = pgehe hit left amber
R = cache hit right amber
F = gache filling amb e
&a:0 = gtatus indicatory amber
Fault = Fault indicator Ted

with Faglt LED on;

e b e v el ek ¥ e v e L A S L

seiftests:

TE = Processor unable to load code from EPROM

B1-03 = Pary | self-tests {(Kernel tests)

O = Passed hernel selfiests, attempting to icad
remainder of tests and HTBM {Part 2}

07-3% = Part 2 Lisp Chip and pgrocessar beard selftests

38~-30 = Floating Point Board tests

2-1i8
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crash fodes:

71 = Na online gdevices frem which t2 downicad

72 = Bad microvode Format Ffound during attempled
douwnioad

73 = Bevice error during attempied download

74 = No good system memary found

7o = NuBus error during downiogd from Nubus memory

to internal memgries

74 = MCR partition requires Plsating point board
which is not present

Fault LED off:

g an e

On = STEM arbitration phase, looking at slet n
in = NVRAM sesrch phase, laoking at siot m
=n = Monitor search phase, looking at siot n
in = Mamory search phase. looking at sipt n
gy = STBM %testing chassis siot

4% = ROM teast (€3, format version:. CRO3

42 = Selttest

44 = NuBus test

48 = Interface diagnoestic

5n = Keghoard sesrch phase. looking at ziot n

60 = At top level STEM menu

&l = Attempting defauylt boot

&2 = Building devige meny

63 = Haiting For load device (o come teady

44 = Heading pavtition from load source

45 = Processing MCR sections {except lasth)

&b = Losding WCE: PDL to A/M: and enter new code
73 = Waiting for Pirst Secondary event

71 = Processing ¥first Secondary event
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72 Weiting for second Secondary event

73

Booting guietiy

78 = Waiting RAM download (P3 mode &)

2.9 MICROLOADS

The writakle control store and ogther internal memories of thae
Explorer processar are loaded from a microload. A microeload is
read by the buoot PROM from &2 mass atorage deviep, interpreted,
and the internal memories are loaded,

The Explorer micrpassembler produces an outpud #ile in the “MCRY
foarmat, The file name will be "xxx. mer" where xxx. lisp" is name
of the sgurte file, The Yload-mcr-file™ function converts the
"mer®  £ila te  the micreload format and instalils it as an "MCRY
partiticn on a disk. This compact representation can be losded
by the Device Driver on bhe disk contrsller board when directed
tp dn so by the processors bootstrap PROM  Thig format provides
tor the loading of I-mem A/M memories, D-mem: and main memory.
{n the Exzslorer Il it alsoc provides load data and dinitialization
instructipns for additicnal anboard I space structures. The
Explorer 11 MOR format is specified in Appendix A

2. 10 INTERFACE BETWEEN BUOOT PROM AND MICROLDADS

Wher & microioad is lpaded By the boot ROMs, certain informatipn
is passed to the micreolead in dedicated A mempgry locations. The
#ollowing A memory lpcations are uvsed for the purpose of passing
paramabers between the boot ROM and microloads:

variabie nams= A memeory location
A=BODT=COMMAND-BLOCK #xIFH
A~BONT-LOL-DEVICE #x3F7F
A—BEOT-MEMORY HEIFA
A-BOOT wMONTTOR #x3FE
&R0 T-KEYBGARD #x3FC
A&-BOOT-DEVICE #x3F
A-BOOT-MCR-NAME #x3FE
A-BROOT - OD~NAME #13FF

2—20
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The boot ROM sets up the following igcations as parameters passed
tp & mitroload that is loaded:

A-RODT-MEMORY is set +to FsG0DO00 where s is the slot
nunber 0f either the first memory board Ffound or (if in
secondary mode? the memory specified for this pretessor
in the Cemmand Block recsived from the STEM Primitive.

A-HOMYT-MONITOR is sed to designate the sgstem monitor.
Tha slot number is in the most significant byte and the
unit pumber is in the three least significant bytes.

A-BOOT-UEYBOARD is set o designate the system keyboard.
The format is the same as for a-boot-monitor.

A-BOOYT~DEVICE is se$ to designate the boot device, The
farmat it the same as for a-bhoobk-momitor.

ABE0YT-MCR-NAME rconitains the name of the micrelead in
ASCII litsle endian format.

A-BHGY -t CD~-NAME fontains the name aof the lpoad band, The
format is ABCIT JTittie endian. I+ a ioad band was no#
selected, this word will contain a value of binary zero.

The booet ROM will oniy set up  A=BOUY-COMMAND-BLAOCK if khe
Explerer processor is being booited as s secondary processor, in
whigh pase it shall have the NuBus address of the Command Block.

If Menuboot is run. it will store ithe system load name in A~BOBT-
LOD-NAME in ABLIT litile endian faormat. If the system load is on
a diffprent urnif than the microlead: then A-DSDT-LED-DEVICE will
be set Yo that unit. Otherwise. it will contain the same value
as A-BOOT-DEVICE., I+ Menuboot is not run: A-BOOT-LOD-DEVICE will
cantain =2 wvalue of binary reros. The system microcode must cherk
this variable to determine whavre to get the system lcad.

In wrder £or Menuboot {er ather WEE microrode programs) (0
request the load of another microlocad intog WCS, Hherve are speeigl
processar  dependent mechanisms that must be used to Teenter ROM
The fpiliowing A memery locations must be set up For a8l
FTOCESSOTS: A-BOOT-MEMORY, A-BOCGT-MONITOR. A~BOOT-KEYBOARD, A—
BOOT-DEVICE, A~BDOT-MCR~MNAME. Foer the Explerer [ the reaquesting
eode must Surn off  $he PROM-disable and Bus-Error~Trap~Enable
bite im the Machine Control Register (MCRJ) and then jump toc PROM
location #sx1E. For the Explorer II the requesting code musi
engble reéresh. IROM, and memory cyceles in  the Machine Conteod
Regiszter {(MCR): set the highest M-memery Tegister to #zC9, and
then Jjump Fo IROM address at #zFF.

The Explorer 11 ROM code alse supplies infgrmation to  the
downiocaded code about the type of load which has just ooeyured
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BOL laocation  is leaded with a value indicating the boot typs:
STOM, defsuld mode

STEM, non~default

Secondary, default

Sarondary, non—default

Special HAM load mods

i3

BLUORE~D
nagd s

2. 1t CONFIGURATION PARTITION, PRIM ALGORITHM, AND DOWNLUADING

A Lonfiguration Parbtition is a L7 block disk partitien which
supplies boet time parameters for a system These inciude
information such a5 which softwere shall be Joaded by each
downloadables processayr and controllaer and valuves which allocats
swnership of system Tesgurces amongst processors. The partition
is divided inte two parts; the partition header and the
canfiguration modules.

i. The partition header is one block long and is divided
inte twe parts which are both 2 half biock long. The
firset half of the headers contains the following:

a. At offset O the four characters LNFRY are found.
These characters are ysad to wvalidate the fact
that %this is a contiguration partition.

. The next two characiers are used as a CRC wvalue,
The "primitive" does not use this.

. The next  four characters are wussd as the
generatiagn and revision wvalues, The "primitive®
does not use these values.

d¢. The remaining portion of the First half of the
configuration partition iz available for comment
SEaALE.

2. The entries in the socond half pof the hesder are valled

popinters. Pointers are 146 bydes laong. The following
byte wvalums are relative to gffset X200 of the header
hilock, The pointer values are:

a. Bytes 0.1: A pointer to 2 cenfiguration module.
The gpointer is relative to the start of ithe
configuration parbtition, i# the pointer wvalue is
O, this implies that this entry is emply.

B, Hytes 2.3: Length in Blocks of the configuration
gartition

c. Hytes 4 — 7. & boot Yimeout. This s primarily
far multiprocessing systems and is not used hy
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the Explgrer.

d. Bytes & ~ B: The geunt of configuration entries.
This value will be discussed in the configuration
module poartion of this seciion.

e. Bytes C.B: A CRC wvalue #for the configuration
modele associated with this entry.

£. Bytes E.F: The bBoard type. I# the board
asseciated with this entry is a proecessar: then
the value in %this positien is equal fto the
proecessar value found in the PTDCESEDT
configyration ROM at locatien FBFFFFSL. For a
conktreller, this wvalue is equal +o the disk
partition type assigned to the download seofiware
for a particular cvontroller.

g. Bytes 10,11: Implies via @ 1 in 3 bit pasition
what siot the beard may be in.  For instance. an
Explorer I board can only be in slof six so bit
six wowld be set to a ene for the Explorer I
board. Some boards can be in any siot so  this
value would be all sney for those boavrds, Netire
a configuraktion partition assumes a sixteen slot
chassis,

h. Bytes 12, 13: Indicates board type. The valus 1}
indicates that this entry sxpected a processor
hoard. A 2 indicates that this eniry expected a
downlpadable controiler. No other values have
meaning.

i. Bytes 14 - IF: Resarved.

3. The next anteiss in  the configuration gpartitisn are
ralled configuration modwies  They can be accessed by
ancther processor when they are in main mamory. Thig
fapature is not wsed hy the Kxplorer processor,
However: much of the information in  the confipuration
module iz used by %the Explorer fprimitive™, The
#pilowing byte values are relative to the beginning of
the canfiguration module. The information in the
configuration module is as ¥follows:

a. #Hytes O = 3: The busy status Flag. This flag is
vsed when the configuration is in memoTy. The

Explorer *primitive" does not use thig Ffigld

b. Bytes 4 — 7: hNullus memory bass address. This is
not uwsed by the Explerer "primitive™.

g. Hytes 8 - H: Mowiter siof and unit. This valye
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iz set up by the Explorer Primitive.

d, Bytes £ - F: Hegbsard aslet and uwnit number,
This value is set up by the Explorer "primitive"

e. Bytes 10 — i3: Disk slet and unit number where
the Lisp MCR partitisn iz to be feund. The
Exglorar ‘“primitive” sexpects this value to
already be zet up. If a vaive o# all onesi~i} is
found, a defauwlt disk is assumed. The assumed
default disk is the disk from which the Explorer
"primitive® waz loaded. I# bytes 12,13 of the
peinter entry is & 2, then this entry i1s the disk
address of a download software partition.

#. Bytes 14 ~ 17; A fourwcharacter ABLII name o#f
grither the Lisp MCR partition or the downioad
software partition. Bytes 12,13 of the pointer
antry pointing %o <this configuration moduyile
indicstes which one of the twoe this is Mote.
all four characters must be exactly as found on
disk. A name with less than four charackers musé
te blanked filled.

g. Dytes 18 -~ 18: The disk slod and wnit number of
the configuration partition currently bring used
by the Explorar “primitive”. This value 13 set
ug by the Explorer "primitive”.

h. Bytes 1C - 1F: The #our chataciter ABCI! name of
the configuration partition being wused by the
Etplorer “primitive™". This 3is set wup hy *he
Explorer Yprimitive®

i. Bytes 20 - 23: The synchronization flag. This
is for multipie processors and not used by the
Explorer "primitive®™.

J. Bytes &4 - 4l The 32 character harduware
identification value. This walue i3 used only
when downloading 13 required {bytes 12.13 of the
peinter field = 23, This is a pari number
fallowed hy a three character ID. This wvalue
must match exactly the information found in the
configuration ROM on the bogard to be downloaded
g+ no download piguTs,

k. Bytes 44 - 53 4 list of 32 byte ASCIT antry.
The number of sntries in the 1ist is in bytes B -
B of the peointer entry for this configuration
moduie. Note:. these enitries are predefined and
are stricfly formatted. A removal or addition of
& blank within these ASCE] entries will cause the
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*primitive” to fail. For an Explorer the entries
ATe as Ffollows:

- Entry O The part number and id
vaiue as described above,

-  Entry 1 ABCTT wvalue ‘"Explorer
Processor® ar "Explarer I
PFrocessor®, The Exglorer
primitive keys off the siring
YExplorer®,

~ Entry 2: "Slots  pwned: (ASCTT
slgt numbers each separated by a
space}t. This eniry is not used by

the Duplorer primitive.

=~  Entry 3: *tLoad Sleot :{8ingle
digit ABCII slot number of the
gisk unit containing the Lisp lgad
banmd)®.

= Entry 4: "Load Unit {Bix digit
ABCII wmit number of the disk
containing the Lisp load bRand}®
Mote: if eithey entry 3 or 4 3is an
asterisk, +thern a defauslt disk is
veed to load the Lisp load band,
The disk defavlited $o is the same
dink from which the primitive was
loaded,

- Entry 5 "Load Name : (name of the
Eigg Ioad bandl® I+ an astarisk
is used. then the first Lisp load
band with the default bit set in
the disk partition takle is wused.
The primitive searches for 3
partition of ftype Explorer or of
type TI Lisp. )

2. 11. 1 The Algerithm.

The Folliowing describes the algerithm in determining if 2 board
in $he system matehes and entry in the configuwration partitiesn
I+ & match is made then gither a download occurs or & CPY entry
i1s pushed on the stack.

First, the primitive scans each NuBus slet searching for board in
a MuBlus slet begining with slet O I# a board ie Found a search
is made through the pointer entries in the configuration
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gartition to find &2 ¢ bit in the correspending bit pesitien in
bytes 10,11 af the peinter sntry. I1f a match is not Found. the
sgarch for a board in hipher sloft numbers continwes. IFf a match
ig fouynd, the primibive Ffedches bytes 12,13 of the matching
pointer If the beerd Found is net the same type s specified in
bytes 12,13 of the pointer the above zmarch continues. The “BSame
Tupe” check fetches bute 12,12 of $he painter fo determine if the
pointer entry expected a controller bgard or a CPUY in +this slot.
If the  hoard in the siot was & cvontroller and the pointer antry
of the configura¥ien partition expected 2 a controllier board, the
the controllier Eyper is checked. I# the types compare then a
download is performed agsuming there is & download software
partition Ffor this beard, If the board type was a CPY and the
pointer expecited a CPU. the the cenfiguration module address far
this OPY is pushed onte & stack for later vuse; this assumes the
CPU types makched. I¥f no match soturs, then they siot ssarch
continves, The ajgerithe is compiete when ali slots have been
gxamined.

& 11,2 Downloading,

Downloading 15 a method to gpatch ROM cpde on & comntraller board
by inserting new ctode into the RAM pertion of the board and using
the RaM resident code rather than the ROM resident cogse
Frevious discussions indicated that the “primitive” performad the
downloading. This is only partialiy correet. Once the primitive
has determined thet the a bhovard is to be downicaded, the disk is
searched for the zoftware partition associated with thet board
The software partition contains Diagnastic Engine Code which has
been previously discugsed in thig section. The Diagnostir Engine
rode perfaorms the actual downloading, The software partition
found by the primitive centains the Riagnestic Engine code in the
first pordion and the ROM veplacement c¢ode in the second partion
af the partition.

ince the Diagnostic Engine Code partition has been lnaded by the
grimitive, 1% 1is then interpreted by the primitive’'s BE code
interpretoar. At the completion of the DE code’s execution, an
error indisataer s checked by +the primitive, I+ an grror
prourred during downieading:; an errer message is  gengrated
Gtherwise the zlgorithm continues.

Pl
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SECTION 3

interrupts

2.1 INTRODUCTIOM

Hardwars event signals {interrupts) are &he lowest level of
mechanisms in  the Explerer virtual architecture. A&n interrupt,
therefore. canncet rely on any higher level %o perform its work,
Mence., jimnterrupts are serviced by the lowest level of the
mitrocade implementation without reference +5 virtual semory.
garbage collected memory, or macro instructions. (Virtual memory
searvice for memory map hendling is considered very low leve]l and
is permitted in some interrupt contexts. )

An interrupt is caused by aen I/0 device requecsting service,
ancther procaessor sigralling an event, or by system bus and

internal processor erTTOTS. In order g simplify interaction
between interrupts and higher levels, interrupts are not
automatically processed, but are polled at convenisnt +times by
higher lewvsls of &the implementaticon. When an interrupi is

noticed by polling, control transfers tov an appropriate handlier
for the ihterrupt

Interrupts communicate with higher levels of the system via
shared memosry in the form of Flags in internal processor memorTies
and shared memory. The shared memory must not he garbage
callecked and must be wivred {58 no page fault can ocecur when
accegsing 1t and fixed {sp 1t cennot be meved by the garbage
caltlector). In opther words, neither the garbage callector nor
the page favwlt handler can be inveked by the interrupt handler.

A chetk for pending interrupts is made at most wvirtual memory
gcperations, especislly dinstruction fekch. Interrupts are also
thecked at ovther times during internal processing (e.g. during
disk paging walts)., As a result, interruvpt response time, while
wsually within a faw microseconds, has no guaranteed maximuem.
interrupt handiers musk. therefore: handle the case that the
response wad too slow if it could causa probliems.

Interrypts are the primary means for sxtesrnal evenis to signal
the Lisp system. In most cases, interrupts set flaygs Ffor higher
fevel processing to notice or move data beitween the I/70 davice
angd an I/f0 buffer in wired memory. Hoewever, certain time-—
griticral processing may e hest performed as part of  the
tnterrupt handler.
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3.2 INTERRUPTS On THE EXPLORER PROCESBOR

The Explorer processor has hardware to ease the detection and
processing of interrupts. BSince the Explorer processor is NuBus
based. most intesrrupt are events signaled over the system bus hy
writing a word o+ byte with the low order bit set into special
lecations in the control space of the Explorer processor. A map
of the interrupt locations and the priority of each is  shown in
Table 3-%,

Table 3~]1 Explorer Control Hpace

MNuBus Address Interrupt Priority Level
fHex) {Decimal)
FsEQ0430 1% (Lowest)
FaEQOGRE 14
FsEQQO34 13
FsE00030 12
FsEO00RG it
FsEOQDRR 16
FselD024 ]
FsESOOID g
FeEGOO1LC 7
FsEQROL1E &
Fatdol4d 5
FagQQDilo 4
FaEQOO00 3
FsEQO008 2 (Mighest)
FsEQDDOS i (Preemptive} Hool request
Fef 0000 O (Preemptive) Powerfail

Interrupt pending is & condition testable individualiy and in
rombinatign with the page fault and seguence break conditions for
jump and abbreviated jJump microinsiructiens. Microcode tests
whether thete is an interrugpt pending by performing a conditional
call tp the interrupt service roautine if the interrupt pending
condition is true,

The interrupt service routine will process all interrupis Before
returning +to the caller. Interrupts sre, of fqurse, prooessed
from bighest priovity ta lowest, Imterrupt prierity is linked to
the ipration in the control space of the processor as shown above
in Table 3~L4. The  highest pricribty Ievel with an interrupt
pending is indicated by a8 special field in the machine contreal
register (MCR} of the Explarer. gr the Fending Event register at
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10 spage address #x3A00000C on the Explorer 11, On sny level
with several davieves., all devices that could interrupt &5  that
fevel must be pelied. For szch interrupt laval, there is a list
of device desgriptor hlecks. The device descripior block is
shown in Figure 3-1.

—— b —— s

Feinter to MNex% Device Descrigptor

. ‘
T ¥
+ - - +
t D Device Type H
e —_ +
2 1 H
! Device Specific Infoermation ;
1 i
] ]
MN ; :
R — —_— —

Figure 3-1 Device Deseriptor Bleck

The lists are anthored by the interrupt vecktor table. The
interrugt vector bable is indexed by interrupt priority and
contains a pointer to the interrupgt descriptor block list for all
the devices on that interrupt wvector or srierity. The wvalue zerp
indicates the null link sr eopty list. The interrupt vechtor
tabie is shown in Table 3~2.

Tabie 32 Interrupt Veetors

Interrupt
Friaority
f.avel
o Fowerfail f(empty vector!
H Baot request {emphty vector}
P Device descriptor bloeck address
15 Bevice descripioer block address

Ornce the highest priority interrupt level Hhas been determined,
the event request is cleared by writing a word with the low order
bit set to rerc into the word of the processer control space that
correspands g the interrupt ievel of the device, Interrupt
levels 1 and 1 are dedicated %o Powerfsil and Boat request
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respectively. These events are handied as aborts, i.#  the
processor traps dirvectly io processing of the event, I# gither
nf thegsp events are detected as poiled intervrupt events then the
processer failed to ftrap. The interrupit processor will cause the
machine te halt

Far levels 2 to 1% the interrupt service routine vses the highest
prierify level with oan intervrept pending teo  index ints the
interrugt vee for table. This yieids the list of device
descripter Blocks fer this interrupt level. The interrypt
processor then traverses this list., For each block in this list
the interrupt type is extracted from word 1 and the specifie
handier for +this interrupt type is cailed Thisz interrupt type
spacific handler is responsikle for determining if the device
pertaining to this degeriptor block has requesied interrupt
processing, and if so, performing that procsessing. When this
interrupt handler returns, the next block in the 1ist is
gxamined. mic., until the end of the list is reached,

When the end of the list has been reached the interrupt pending
cenditign is tested. If no interrupts are pending. the inderrupt
processing is complete and the interryupt service routine returns
Fg its caller, I an intervrupt is pending. the entive process i
reperated.
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EECTION 4

-Devicse Handling

4.1 INTRODUCTION

The device handling features and conventions have been designed
for simple hut flexible operatien with few restrictions relating
enly %o cooperatien with sysiem device cperations, i.e.  virtual
memory on the disk. Hach device is assigned a device type which
15 a small positive integer. Device type numbers are assigned at

system build time. This section is aimed at describing the
specific eperation and the internal structures uvsed by many of
the devices in the system. First, the general scheme for

handling I/0 regueste is presented, lader sections detail
specific duvices.

¢ & DEVICE DECUDING

Eath device in the system that reguires interrupt grocessing
maintains a Device Descriptor Block (see section on  interrupts).
This descriptor biock contains all the information that the
system ngeds for- processing regquests and  interrupts fer this
devigs, The Device Descriptor Block maintains informatisn zbaud
the device state. A separate structure. the Request Block {(RGE)
iz used to fransfer request information. The fitvst word in the
bevice Descriptor Block is used as a link word for the interrupt
decoder and points te the next device descriptor on the sams
interrupt  level. The secuond word is caliad the devige
information ward, This ward contains information needad to
determine what type of processing is needed when an initiate /0
request dis  sent to the device and also what type af interrupt
processing 15 requivred. The devive type implicitly specifiss the
number of device specific words regquired. The details of some
specific devices Ffellow. The initiation and interrupt pracessors
vse the device specific portion of the blosck %o maintain
information periaining +o the device and the sututanding
reguests. Therefora, every device in the system that requires
microonde handiing must provide an emtry point in the initiats
dispatch table a#nd an entryg point in  the interrupt handler
dispatch table. The sntries are placed in the +tables decording
to devica fype.

To inttiate an IS0 reguest the XI0 miscop imiscellanecus
cperation} is vsed. The parameters are the device descriptor and.
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2 request descriptor.  Thers are two basic forms foar the reguest
descriptor. The #first form 15 & fFianum In this case. the
singie word specifies the operatien being requested. The second
form is a rTequest Biock. The reguest biock is amn array. The
specifics of the regquest block are defined by the devite handier,
Te initiate a4 request the device type is fetched #from the Device
Descriptor Block and the device initiation handier is called for
this device type. The device jinitiation handler is responsible
foar servicing +&his request by either starting the device
aperatign or placing the request inp a3 gueue for later processing.

To make the best use of the periphersl Tescurces on  the sachine
there is & mechanism te gueue requests for I/0 and continve
proceassing. In any case. we would not want the processor to just
sit idie during I/D requesiks, but rather run other processes that
might be ready %5 vrun. Tp be able to do this some devices
maintain a 1ist of guistanding reguests, and when one request has
completed avtomatically start Tthe next request.  This requires
that the interrupt handlers for a device must maintain the queue
as part of its duties.

4.7 DEVICE~HANDLER DATA STRUCTURE ALLOCATICN

Mamory referTences made by interrupt handlers must be to static,
wired virtual memsry or to the physical address 4pace, Device~
specific gAn¥rol ragisters are generally accessed as  NuBus
physical memory which has no mapping in  the virtual address
space. CGthey interrupt~handling data structures, houwavaer,
generaliy are mapped into the Lisp virtual address space so  ithat
bBoth +the microcede and Lisp can access them as normal virtual
MRMGT Y, Allaecation of these data structures fallows the
folilowing conventions.

~ Davice descriptor dats structures as well as the
interrupt serviging gueue itseld are allocated in
the SYE:DEVICE-DESCRIPTOR-AREA. This is & spetial
system—wired no-SCavenge area in  low  wvirtual
memory. The structures are allocated simply aw
seghents of un-typed memory, hence are not viewed
as Lisp oblects: therefore, this ares is not
garbage collected or scavenged  Addresses within
the data structures can oniy point $to other data
structures in the 5YS: DEVICE-DESCRIPTOR-AREA or o
ab jects in other static areas.

- Actual I/0 buffers themselves are generally
aliocated as Lisp arrays in static areas, and are
wired down before the I/0 starts vsing paging
primitives such as BYS:WIRE-ARRAY or 5YS:WIRE-
FAGQE., Examples of curvent static areas are;
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8Y&: DISK-BUFFER-AREA fisk and tape ROBs
and data buffars
SYS: SERIAL serizl and parallel

i port I/0 Buffers
CHALSG: THAOQR-BUFFER-AREA Ethernet packet
buffers

The remainder f this section describes specific devices and
their 1/0 Interrupt handliers.

4. 4 DEVILE DETAILS

4. 4 1 The Mullus Periphersl Intertace Hoard.

The NUP] is uvsed Ffor interfacing to disk and tape devices. The
MUPIL receives operation rveguests by writing the address of & NUPI
Command Diock fo a special address in the MUPI address space
designated as the Command Register., The NUPI then processes thig
command asynchronously from the Explorer processor, When +&he
request has been completed. the NUFI stores the stabus of the
gpeTatisn back inte the status word of the request biock and, if
specified in the raquest block, posts an event to the Explorer
processer to sigral compietion of & command. {The Explorer
convention 35 that all requests to the NUPIL post the completian
event. ) This event posting 1s fielded by the processor as an
interrupt. The device interrupt handler is calilied %o process the
campletion of the current request and initiate the next one if
reguited.

Figure 4-1 shows the format of the Devices Descripter Biock #for
the NMUPI.  The Link Word and Device Information Word are standard
fogr  a#ll devices. The Centrol Space Word holds the NuBus address
af the contrsel space of the NUFI  board. This 15 needed +o
corresgond with &fhe board. A NUPT may have several disk or tapes
unity under its centrgl. Each disk or tape wnit is connected to
a farmatter, which 1¢ 4 local controller. A formatbter may have
ohe or two devices connected ts it Each device. $formatter and
the NUPI itsel? 1s considered 2 unit, and all may simultaneously
have a request in progress, The devicae handier maintains a
raquest gqueue for esach device. The trequest at the froent of £he
queve is the one currently being processed.  HWhen 3 reguest comes
to the #Front of the gqueve the Busy Bit in the Information Word
{see Figure 4-2) 15 set o signify that +the recuest is in

PTRGT eSS, When the request is completed the Busy Hit is reset
and the Done Bit is set. The request block is rempved From the
e, If 4Lhere are any other veguests in the gueue at this

time, procedsing is started for them
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The Unit Busy Bitmap indicatss which wunits have rTequests  in
BTULRSSE. This is used because when a request rompletes and an
intevrrupt i5 sigralied all devices with requests in process musd
he chocked to find which ones have completead. The bit map allows
polling of only those units for which processing is possibie,

o e ——————— +
o | Link word H
e ms s e e e _ )
1 i Infosrmation Word H
2 i NMUPI controel space sddress H
—— - -
3 Unit Busy Bitmap H
P e . . =
4 | Gueue anchor far ynit O H
e s e -
5 | ueue anchor #for unit ;
N .
1 ]
i !
————————— i
19 & fvieue anchor for unit 15 ;

Figure 4-1 MNUPI Device Descriptor Dleck

7al 4532 O

+ B A e A
! FI1AISIDIBIPR]TY
e T e o o

i CFr © Iliegal Command

A Loy ;. Command Aborted

L L 3 : HBuppress Segquence Break

n <42 : Dene Bit

B L3> . Busy Bit

PRY <£2:0> : Priaority Number

Figure 42 NUPI Device Rescripior Infermation Word

4 4.2 The WHeyboard.

Whern & keybnard interrupt occwrs, the keyboard charatter is
topigd from fthe bhardware register into the keyboard buffer. The
i.isp keyboard protess notices that a character is available and

4-4
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handles it

4. 4.3 CRT VWertical Retrace (Iinterrupt}

An interrupt pccurs when the CRT begins the wvertical raetrace
interval. At  this time. the mouse is checked to see if it has
moved or if any of the buttons have changed state. Mouse boutton
changes go inte the mouse buttons buffer. If the mouse has
moved, if is undrawn in its old position and redrawn in its new
pesitieon, The mouse process then notices sither mouse motion or
mouse bubtons,

This interrupt alsc handles bthe timer on the Explorer 1  (the
Explover II has & microsecond timer on the processor). The short
interval timer is rTead t5 determine the exact number ef
microseconds that have elapsed since the last TV wvertical reitrace
interrupt.  This value is then added to an  internal microsecond
timer and the short interval timer is reset

4.5 BERIAL AND FARALLEL IO PORTS

The Raplorer bas one serial port for biditectisnal asyngshrenous
commynication, and gne Centronix {tm} standard uniditrectisnal
parallel port far high speed datatransmission. {Centronix is a
registared trademark of Centronics Data Computer Lorporation. }
Fach bhas mitrvocode support and can be used with a standard stream
interface.

4. 5. 1 HEZAIZ SBerial Part.

the Explorer serial pert is based on 3 Zilog Z8530 Serial
Communications {ontrollier found on the System Interface Rosrd

(BIB). It c¢an be configured to handie 211 asynchronous formats
regardiess of data size. number of stop bhits, oy parity
raguirements. it tan alse accomodats all synchronous formats

including character, byte, and bditworiented prodascols.

There is hoth microcode and Lisp support for the serial gport.
The wmicrocode handies receive and transmit interrupts for the
thip., A stream interface to the serial port is provided e make
it convenient £0 use. Although the chip supporis synchronous
modes. the software currently provides support for asynthronous
modes only.

Microcode handiing of serial port interrupts enables high speed
transmission of tharacters. {Lharacters to he sent out threugh
the port are gqueved in a buffer. Whan the serial port signals a
transmit re#ady interrupd, the microcode ramoves the ezt
character  from the buffer: if any. snd sends it out. Similarily,
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when the chip signals a Teceive character ready, the micrecode
will Temove the character from the chip’s internal register and
sbore it into anothar buffer where it can be accessed from Lisp
when convenient.

The microcsde alse has suppart for an XON/XOFF protecsl. When
enabled, this will allow external devices to control the
transmission of data by %he Exglorer and will allow the Explorer
to stop a devite from sending dats. When running in this mode,
the roceipt af ar XOEF character will disablie Further
transmissign wuntil an XON charscter is receivesd, If the
Explorer’s serial inpst buffer comes within 10 characters of
heing full, it will avtomatically fransmit an XOFF character %o
temporarily stop data iransmission, Naturally., the sxiernal
device must alsp support XON/XUOFF protocol for this scheme o
work correctiy.

The serial port is programmed by writing data intec the 14 write
registers of the chip. Becveived charseters and chip status are
avazilable 1in seven read registere. For details on the funciion
of thess registers sese +the Esplgrer System Interface manual,
These ragisters are found within the MuBus address space of the
ZIR. It is therefors possible to program and wse the chip
girestly from Lisp in polled mede, although &his is no¥
recommended.

The port is intended to be wsed in interrupl driven mode provided
by the microcode and serial sireams. Serial streams previde a
ranveniand way to initiaiize the operating parameters of the chip
and to send ang receive charscters., Uperating parameters are
normally specified in  the call ta 5YS: MAKE-BERIAL-BTREAM,
Characters are iransmitted with :TYD and received with - T¥I  For
MmeTe infermation on serial streams, LY-1) the Explersr
Input/Dutput Refgrance manual.

4 % 2 Parallel Pert.

iike the serial port. the parallel pert is also found on  the
System Interface Board.  The programming interface cansists of
twp Tegisnters found within the MNuBus address space of %he 518
The data register is an B-bit write-only register. The command
register is also B bits wide. UWriting to the command registey
allows you to initialize the port, cause data strobe, and enabie
aute linefeeds or intervrupds. FReading Frem the command register
returns gort status inciuvding busy, paper mut, online. ang fault.

There iz micrococde support for running  the parallel port in
interrupt mode. Data to be transmitbted is placed into an osubput
huffer. When +the exteprnal device i3  ready s receive &
character. an event is posted by the BI8 to the processor. The
microrode will remove the next character from the sutpui buffer
and send i% oul I# a large number of characters 2re guauved in

4-4
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the oputput buffer, data can be transmitted at wvery high speeds.
A stream interface is provided to make the parallel port sasqy to
use.
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SECTION &

The Virtual Memory System

5.1 VIRTUAL MEMORY

Virtusl Memaory is the simulation of a large fast primary  memory
by the wuse of a fast but smaller primary memory and a large hut
slgw secondary memary. Olocks, calied pages, are moved between
primary and sscondary memory according to & page management
stratagy.

A page management sirategy that meves & page inte primery memory
when it is referenced bul net present in primary memory (& gage

faulktl is termed demsnd paging. Ususily: a page being moved intg
srimary memory displaces some other page. The choite of the page
tg remove is made by applging the page replacement policy. i

the page chosen for replacement has bdeen alitered while in primary
memory., it must be written to secondary memory before it can be
replaced. A page in primary store that has been altered ig

celled a diThy page.

Some pages are exempied from paging.  These are termed wived
pages Wired pages are used for  interrupt handler buffers
beecause interruopts cannot take a page fauld: for pages containing
paging tables on which a page fauvlt cannot be sllowed; for pages
invelved in DMA transfers: and other pages containing £rikical
datae which must he accessed without a page fault er for which the
performance penaliy for taking 3 page fault is tove great.

in +the Eaxplerer, semiconductor memoery is used &S RTIMaETY MEMOTY
and disk is used as secomndary memoTy. Fages are moved inikp
primary memary when referenced and net present —— daemand paging.
Every asttempt is made# to replace & page which 1s mnet dirtty seo
that a write to secondary memory is not needed.

A page exsepbion is said %0 occur when for some reason the
virtuval %o physical address mapping could net be completed By fhe
mapping hardware withgut microcode support, There are many
reasons  #far this; only one of those reasons TRQUITES BCDESS o
sgrondary storage. If a4 page is referenced and this refarence
cannot he completed withoui cperstions with sscondary storage.
then & page fault has eecurred This distinction is made so that
page excaption rates and page Ffault rates can be distinguished

Yirtual memery references are proecessed below everything except
interrupis in  the Explorer bisrarchy {they are depended on by

a1
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evarybhing except interruptal. A wirtuval memory referents is
considfered an  atemic pperation on the Explorer system: that is.
the time spent waiting for a virtuval memery reference to complete
{(including time spent waiting for disk paging activity) is not
availatle for use by any other part of +the systeam pxcept
interrupt processing. This poiicy greatly simplifies the
implementation of various low-level Explorer subsystems,

5.2 PHYSICAL ADDRESGEE

Memery is accessed by vse of a phuysical address. a system—wide
name fFor some storage. The Explevrer is hased on the NeBus, & 32-
bi%t: high=speed bus., All MuBus addresses are bybte sddresses with
words aligned so that the low order 2 bity are rero

Explorer physical memory. monitor screen  memoTy andg i/0
peripheral cantrol regizters all reside within the same 32-bit
address space. Noit all bus addresses will he accessible direcily
mapped in the Lisp virtual address space. This is true bhecause
the 25-bit Lisp wvirtual address is smaller than the 3J2-bit NuBus
sddress space. Dats can e rvead and written into unmspped
physical addresses wusing special physical /0 functions from
Lisp.

9.3 VIRTUAL ADDREBBES

An gddress in the Explorer suystem is The size of a pointer field.
which is 25 bits. The virtual address is divided inte a wirtwal
pgge nunbepr and & page offsetd The virtual page number is the
high order 1l& bits of the virtual address, and page offset is the
low order 9 bits of the virtual address. Thus, each virtual page
contains 512 words {or 2048 bytesl of storage.

The Explorer I and Expliover II both have memory mapping hardware
pased on & Mmapg page size of 256 woard {or 10248 bytes). Thevrefore,
there are tws hardware map pages for each virtual page. Whan
Teferring to these maps. Lhe map page number is based on the high
grdar 17 bits of the wvirtual sddress and will he callad the
vittual page ap number, The page offset is based on the low

arder B bits and will be called the page map offsed

The Expicrer hat a simple memary map. /0 is not, by default,
part af wvirvrtual memory. but dinstesd dis accessed by special
physical I/D eoperations., The A-memaory {(the processoer memory for
data agcessed by the microrode) has a dedicated virtual address.
which iz at the very +taop of the wviritual address space. but
consomes none of the physical address space.
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Irn worder te transiate #from & virtval to a physical address, the
virtual page map number iz looked up in the hardware page maps to
produces a 22~bi% page frame number The page frame number is
rancatenated with the 10-bit page map offset tc make a 32-bit
physical address. This is used te address the primary semory
gver the system {vr octher! bus,

The map alse produces other ouiputs for wse by the processor:
access bits, 2 status bits, & meta bits and 2 garbage coglliector
volatility hits. These outputs are used by the microecode %o help
manage page aging, stoerage asllocation attributes {on & per—-region
hasis); garbage collection, snd other Ffunctions,

The f&xplorer microprocessor has a standard NuBus interface. iIn
addition, The Explorer I microprocessor has a speecial bus  $o
"ipcal memary". This iocal memory =alse exists in the MuBus

address space but the =special high-speed dedicated bus to  this
memory reduces the MNuBus traffic.

5. 4 PHYSICAL MEMORY USE

The physical memory present in the machine gan be divided into
two categories according to its usage. A portisn of memory s
set aside For use by the paging system iiself and by microcnde
and Lisp device handiers that perform physical addressing. Data
in this space is said fo reside in physical memory which is nof
accessible in the virtual memery address space. Buch physical
memory iy Esrmed the perpanently wirted pages. The rest cf the
iocal physical meEmary is used as & transient page area, i.e.. the
virtual memory system assigng the pages of the virtual memory 4o
physical lscatiens as a part of ifs management funciians.

5.5 VIRTUAL MEMURY PARTITIDNING

Ta avoid the nesd for a wvery Jlarge mapping memory, or an
asgociative memory., both the Explorver I and Explorer I use two—

level MEMOTY MApPs far the virtual-ta-physical addrass
translation. Several sections following this one describe the
hardware maps in detail. Thig saction. bowever: is meant to

prowvide an averview and moetivation for the map functiens.

The first level map (called the Level-1 map on the Expliorer I andg
the Address Space Map on the Explorer 11} effectively partitions
the wvirtual address space into sepments of BK words (l& pages!).
Thay beth have 40946 entries and are indexed by the tep 12 bits of
the virtual address. Note that there are two such entries per
32-page addreds space gquantum The 32~page sddress space quantum
14  the uni% in which address space is alloceted to regions: that
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i%, a Tegion must be at least 1 address space quanftum long. and
muyst have a length eveniy divisible by the address space guantum.

{n both Expiorer I and Explerer 1I, a number of second level maps
are allpeated o the Firskt level maps. The number of second
ievel maps differs;, but in both cases it is much less %han fhe
amount rmeguited to map in the entire 25~bit address space. IF
the address is net currently being mapped &y the mapping
hardware, the microcode consul¥s the Page Hash Tabie (PHT,
described later) which describes all pages in physical memery.

In general terms. the #first level maps can bhe thought of as a way
of segmenting the address space inte blecks of contiguous vivtual
pages with lidentical attributes in erder to aid storage
allocation and garbage collection functiens. The second level
maps tan be thought of as a cache describing the most recently
aceessed pages. Ezcept for special system pages, the storage~
managament and garbage-collection-specific information in  the
memary maps is initially set up from the REGION BIYTS asssoviated
with a virtwal address. They may later be sltered by the garkage
cpilepttar.

5.6 EXPLORER [ MAPFING MARDWARE

The Explorer I Level-t Map (Figure S-1} is 40F& words long and is
indexed by the top 13 bits of the virtuwal address. tThe first
level map, if wvalid, produces a 7-bi% index into the sscond level
map along with several status hits.

1% 14 13 12 11 10 % 7 & Q0

i e 5 e s s o s o o e e o e o 4tk i k1 st e e
: Unused J o oAb VP O @OV LVLE THNDEX!
P — + § -t i . s e s e e s o e e i et

M 15> = last access mapped inoct physical}

F 14> = last access farced

W 13y = last access writa fauls

A 212> = last acrness atcess fault

W it = map entry walid

i <2id> = ogldspace meta bit; O = pldspace

GOV =9 = QGarbage follecter volatility bits

LVEE INDEX €6:0> = Level-Zd blpck number

Figure S-1 Esxplerer 1 Level-1 Map {(LVLL)

The second level map {(Figure 5-2) consists of 128 blocks of 32—
registers each. Each s8t of two registers represents one map-
page entry. After wsing %he most sigrificant 12 bits of the
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virtual page map number %o index inte LVL1, %the remaining 5 bits
of the virtuval page map number seiect @ register within the LVLR
tlock., If hoth the Lt¥Wil and LVLD entries are valid, amd if ail
octhar status indications are positive:. the selected LVLZ map
register produces the 22-hit physical page frame address, Mote
that swipce the LWE2 map bilocks are indexed by the least
significant B bits of the 17~bit virtual page map address, each
of the 128 blocks represents i& contigueus virtual pages.

Memory Map Level & Contrel Bits

31 164 1% 14 13 i1 11 o098 65 &3 O
e e o e 41 e et s e e i
1 Unused ITM1ITMO! L} GCV ! FIAISTAT! REP] 5P!
B e T e s Mt + o - e st vt o

THl  L1i5> = last access THI

THMO  i4 = last access THMO

L i3 = lagt access locked

G0V <1241 = Garbage Collector volability bits

F 10> = force allowed

A Lo = gareess bit: O = ng actess

STAT <B: &> = status bifs {sep Figure 54}

REP %4> = vepresentation type:

= fist
1 = structiyre
23 ynused

Memory Map Level 2 Address Hits

31 = O

AR re—— R et B et L et rai e e

! Unused (0) i Physical Psge Number

o e st ot e s = T —_

[ e

Figure 5-2 Explorer I Level~2 Maps (LVLZ)

The second ievel map 1is read in 25 fwo separate funciional
sources since the data field is grester than 32 bhits, The field
is separated inbtoc Memory-Map-lLevel-~d-Contrel~Bits and Memory~Map-
level-B-Address—Bits.

Te handle 8 page exception a check must first he made bto see if
the LAMLL entryg 15 wvalid, A hit in  the HMemuory-Map-tevel-l
register indicates this. I+ the first level map enlry is not
wvalid, a hliock of second level map myst be allocated and
initialized with ‘*map nobt valid® eniries, The first level map
must be set up to point $u it From here the page excepltion is
handled ag & second level map mizs {(described laterd.
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I# the first level map entry is valid then the data in the second
level memery map control register determines the action to be
taken. The map status code is used ta determine the gprocessing
case.

5 7 ENPLORER I REVERSE FIRET LEVEL MaAP

For sach black of 128 Secvoend Level Map registery, Lthere Ls an
entry in the Reverse First Level Map which gives +he number of
the First Level Map entry which points to thieg hlock:, or slgs
indicates that this bhlock is wnused. If contains a value which,
it placed in the ¥Virtval Memory Address register {VMA), would
address that first Ilevel map enirvy, o7 eise i% sonfains -1 o
indicate +that this block is =#not currently pointed te  The
Rewverse First Level Map is held in A-memory and iz (28 words
long. It 15 used when allscating map level-3 hlaocks.

5.8 EXPLORER I MEMDRY MAP ALLDCATION

A simple clock scheme is wused for allocetion of second lavel
memory map blecks., If a level-1 map fault eoccurs: the Reverse
First level Map is tonmsvlted to see if bthe level-2 map block is
puwried by this level-1 hlock. If 0. the wvalid (VI bit 15 sed and
the memory reference is restarted. If not, a mnew level-2 map
Bigek must be allovated to this Iewvel-1l entry.

Te fimd a level—-2 map block to allocate. the Reverse First Level
Mag is scanned. I+ the value i3 -1 thern this level-2 map block
it fres and can he allecated I# the value is nst —~f then it
contains the address of the map level-l entry which ouns this
level-2 map block. If the leveli-1 valid {(V} Bit of this entry is
not  set  then this biock has mnot bepen vsed recently and is
allacated to the new entry. I# the walid (VWV} kit is set, then
this entry is in yse  The lavel one entry is aged by turning off
the walid bit. The scan continues at the next Reverse First
Level Map entry. The scan will wrap arcund if the end of the
table is encountered Einece the aging is done during the scan.
if the entire structure is scanned and ng level-2 map Block is
found, fthen the scan merely continues and will chogse the next
entry since It was aged during the last scan.

The map level-2 bloek i¢ allocated by setting the index in  the
map level-1 entry and wpdating the Reverse First Level Map to
reflect the mew allocation.
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5 9 EXPLORER 11 MEMDRY MAP HARDWARE

The Expiorer Il map hardwares consists of the Address Space Map
(ABMY, the Wirtual Memory Maps Sistus (VMM Statusd, and the
Virtual Memory Maps (VMM). The Address Space Map and the VMM
Status replace the level-l maps en thae Explorver 1 and the VMM
replates both level-2 maps.

The Adéress Space Map (see Table 5-13 centains garbage collection
oidspace and velatility infermation. There are 4K entries in
this tabkle, one enitry for every i& paoges or BA words, which is
equivalent to two entries for every address space quantum (16K
words; the smalliest region size)  This table is addressed by the
high order 12 bits ef the 25 bit virtual page address

Table 5~} Address Space Map Tits Assignment

T oo 5 4 i o

i - st s e e e
PEOVED SCV 1 45 | Metas |
e 2 s +*

BRCVE 47> : Garbage Collection wvelabtility

valid status. O = true

GLY  4&: 5> : VYelatility level for f$this address
space half quantum

Gs w4 : Did Space bit. O = Qldspace

Meta <3 0> : Address space Map Meta hits

The Virfual Memaory Map Status contains two entries For egach
virtyal page and therefore contains 128K entries. Easch table
gntry consists of tws bits f{see Table 5-2)}. whith indicates
wheather the VMM table has 3 walid enirty. it slsn indicates in
which UMM bank. right or left, the valid eniry can be found, if
gne exiats.

Tablie 5-2 Virtwal Memury Maps Bistus

1 4]
ek
BV
. e ¥
Vo {0» . Valid bit, I if map is set up
B £1» - Pank salect, @ if right bank., O if Ieft bank
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The Virtval Memory Map {(VMM} consists of twg banks. Each barngk
has 14K 32 bi% maps. Each entry has the 22 bit physical frame
agdress needed by the hardware to map Froe virityal memory to
physical mempory. The maps alse coantain fwo access bits that
control the type of access to the maps. Bit 31 is the read/write
access bit, and will cause & page exception if not set  on any
mapped cycle Bit 30 is the write access bit, which is also the
top bit of the 3 bits status field {see Tadle 5-3), will tavse a
page sxception on mepped write cycles if not set.

When a mapped cycle i3 done. the mapping hargware will Pirst
check the the Virtual Memory Map Status Ram by indexing into it
with bits B though 24 of the virtual address wvsed. If the valid
Bit i nmot wmet, then a map miss page eaxcepbicn GCours. I+ the
valid bit is set, then the hardwars checks the bank select bit in
the Virtual Memory Map Status to see which VMM hank it should
use: the right or left It then gets the entry #rom the correct
kank by dindexing inte with bits B through 2t of the virtual
agdress. If the read/write bit is set in the VMM and the cycls
is a raad or if both the read/write aceess and write access is
sat and the cycle is & write, then it can complete the cycls by
vsing the physical address. I# the access bits are not sed
cerrectly thers & page exceptior gfgurs. The 32-bit physical
gddress is canstructed from the top 22+bit phuysical page number
along with the B-bit map page offset from dite O through ¥ of the
virtval page address, with byte offtset, the last two digits,
heing O

Ginte the VMM Danks are indezed by bits B through 21 of the
wirtual address, bits 22 through 24 indicate the 8 different
pages that will index to the same VMM index. Bince there are Lus
banks, 2 of thess 8 pages can ks set up at the same Lime.

I# the cache iInhibit Bit is% mot set. the hardware will use the
cathe if it can, and do cache f£ills as needed.

|
5~
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Table 53 Virvtual Memory HMap

F1 30 28 27 24 35 24 23 22 2t O
i . e . 4 0 s S e snsne - - ——
A ISTATUE | REP 10 1 &LV ICII PHYBICAL. PAGE NUMIER i
R T e
A w3l ; Acress bikt, O is no access
Brtatus <30 28> : Btatus (swe Figure 3-4)
Rep 27 2h> : Region representation, O is list space. 1 is
strutfure space, 2 asnd 3 arve unused
¥ waS> : Oldspara bit, O = oldspace
aoy ed: 233 © Garbage Collection Velatility biks
Ci R © Lache Inbibit, § = inhibit
Fhysical Page Number
<2410 : The top 22 bits of the 3@-bit physical page
address,

5. %. 1 Explorer Il Map tisage Table (MUT)

The Explorer Ii Map Usage Table (MUT) resides in physical memary
and contains B192 eniries (sep Table 5~4}. Gince thers are tus
entTies per 32 bit word, it occupies A0%h  words of physical
WmEMOT Y. SBince oneg &K page uses itwo maps. egach entry has
information for two left and two right VMM maps For each pair
of maps, it shows which of the H pogsible virtusl memary pages is
using %the Ieft bank and which 15 using the right bank. It alse
shows which bank to vse next when one of the remaining & pages is
acressed angd therefore needs the maps set up.
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Table 5-4 Map Usage Table (MUT:

i5 14 13 g 7 2 1 0
v & e 2 s e e
i ! left ! righ% | Next!
+ -t # + +
MNexrt <012 ;o ek wired page, always in left bank

01 ==3 use right hank next
10 w3 yze left bank next
11 —=2 unused

Right <2:7> : The bobtem 3 bits of khis field indicate
the top 3 bits of the psge that currently
has the map in the vight bank. If the
fisld is —1, then it is currently unused.

i.eft 813> : The bottom 3 bits of this Ffield indicate
the top 3 bits of the page that currently
has the map in the left bank. If the field
iz =i, then it is currentiy unused,

Ci8: 14> 1 Unused.

5. 10 EXPLORER 11 MEMORY MARP ALLOCATION

Explorer [] map allisccation is much easier then the ERxplorver I
When a map @iception wogurs, bits 7 through 21 are vsed te index
into The MUT (actually, bits 10 through 21 are used to get the
correct word and hit ¥ is wused to select the halfword}. The NEXT
Fimld is accessed to see if the new map should be set wp in the
right or left UMM bank. I+ the leoft bank has a wired page. the
right bank is always used The appropriate RIGHT or LEFT +field
from the MUT entry is accessed to see who currently owns the map.
I+ it ig —1: then btheve is no current owner. The current user
wvirtual address is cajculated from the bottom 3 bits of the LEFT
ar RISHT field from the MUT along with bits 9 through 21 of the
current wirtual address (i.e.. the one that needs the maps sei
upl, This is used to invalidate the VMM Gtatus Table for the twe
maps that currently are wsing *he bLank needed. The MUT is
changed to rteflect the new owner. the MEXT field is updates %o
yse the other hank nexf time {uniess it has wired status) and the
table gntry is rewritten. The VMM data in the correct bank is
set up, and the VMM Status is set to valid with the correct bank
select. The memory cycle that cavsed the page excesption is then
restarted.

S—-10
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5.11 PARGE EXCEPTION HANDL ING

A memory reference which causes the maps to be altered. hut can
then complete produces a page exceptipn. This includes
references which must ge to the PHT Lo reset the maps. A
reference which cannot complete withowt access to disk {ne wvalid
information even in the PHT) is said to cause a gage fault. This
seckion dessribes page exception handling.

A page excepltion can be generated by the memory mapping hardware
for & number of diffprent ressons during the 2-level map lookup.
A level-i miss can occur if the valid bit is net set in the
level-1 map. & level-2 miss egcurs when & non-normal map status
is faund in  the second level wmap.  Exampies page exceptions
ingiude inappropriate readfwrite access privileges; page is  in
the processor’s PDL buffer or A-memory: page is marked as “trap
on any access” (the "MAR"™ dreak feature) and others. Depending
on  the circumstances: some of these conditions may eventually be
signaliled as traps by the microcode. or +%he reference may
continue and complete normally., The specific exception handling
is bhased on the Memory Access and Memeory Status #ieids and ic
degcribed in detail bhelow

% 11,1 Memory Access Lodes,

Memary Aqoess codes are listed inm Figure 53 Access codes are
determined by combining the atcess bit and the most significant
bit of the status bits field. These codes spacify what memory
pperations (read, read/write ar noned) are %o bhe permitted %o
these pages. If the desired access is permitted the memory
system performs +the speration. I+ <¢he desired access is
inappgroapriate, the page fault cendition is set and the page
gxception handler is inveled  The exception kandler then uses
the status code to determine what steps to takse next

Acress Bit ME Biatws Bit Code Access—Type Meaning

LE P VP A — s — e ———

o | o, 1 Mo Access
H c =4 Read Only
)| i 3 Read/Write

Figure 33 Memgry Map Actess Codes

3.131. 82 Memory Map Status {odes.

In +this section each memory map status rode is sxamined in
detail. The possible map status values and their interpretabions

5-%1
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location information. In other words, there 1s Ffirst-level map
information available, But no physical mapping informatian, This
type of map snbry is creasted when a ppinter to an objett is used
byt the ohgect itself is not referenced. The sldspace and region
representation type bits in such a map entry are needed by the
garbage collectior, An attempt to access the storage associated
with the phject Iater will be ftreated Iike & map miss,

3. 11,23 Status Code Z: Read Uniy

An attempd was made to write to a page that is set fo read-enly
will cauyse & page exception. A special case is made for a forced
write® operation In this tase, the write oLcyrs and nNo &ctess
fault i3 declared, This i35 needed so that the garhage
caliectgr/compactor can move data siruvctures that ordinarily need
proteciion.

I+ the operation is a regulsr, non-gavbage collection write and
the special A-mamory/lLisp variable BYS: LINHIBIY-READ-ONLY iz NIL.
then the gperation is declared illegal and an errar is signaled.
If SYS: UINHIBIT-READ-(NLY is non-NIL., the actess is allowed.

% 11. 2.4 Statys Copde 3: Regd/Write First,

& page exception occurs an an attempt to write, The proecessing
for this epxception consists of changing the status in the map and
the page hash table fo read/write, indicating the centents af the
page have heen modified. The reference is restarted. This
facility impiements the dirty page status,

If the page that is heing sekt to dirdy is curvrently assigned te a
read-only page band, then it will be reassigned o a read/write
page band {given swap sparel} later whan the page nesds o he
swapped out of physical asemory.

511 2. 5 Status {ode 4. FHead/Hrite.

A normal, fully mapped psge. No erception shouwld occur on this
type of page. If this status occcurs, the hardware is faulty, and
a4 erash segquence will be initistad,

5 11. 4 & Status {gode 5. Fage might he in PDL Buffar,

Lertain areas which contain regular PDLs arvange te get the map
spt to this status For their peges (instead of read/write} The
microcode has bto decide, on svery reference, whether the page is
in the processor‘s PDL buffer registers er in main memory, and
simulate the aspprepriate operation. It may be that enly part, or
nene, ¢ the page is in the PDL buéffer on a3 particular reference,
Thus the page excepiion handler must best the virtusl address +o
seg if it Ffalls in the range which is really in f$he PDL buffer
right mow, If not, temporarily turn on read/write access, make
the reference:, and turn it eff agein.  Pages may be swapped oud

5-13
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without regard for whether or not they are in the PDIL This
works betavse the normal course of swapping out invalidates the
second—level mag. I+# the page is then referenced at memory, it

will be swapped in normailiy and its meap status restored from the
Region—-Bits table., in the nermal fashien. This will then restore
the Maybe-FDL map statws. Otherwise, the addressed werd is in
the PR  buffer. Tranelate the virtual address to a PRL huffer
address and return the apnropriate register contents

% 11.2 7 Status Code & Possible MAR YTrap.

The memery address register (MAR) facility &llows any word er
contiguogus set of words to be megnitored comstaently, and cause a
trap if the woTds are referenced in & specified manner. The nams
MAR is from the similar device op $the ITS PDP-10"s.  The MAR trap
status is set far all pages that are in the range f addresses
being monitered, This range is indicated in the A-memory/Lisp
variabies HYS: UMAR-LOW and SYD: AMAR-HIGH. When the MAR trap
perurs, +the virituval address is checked to see if it falls in the

range. If so, & trap may be called. It should be noted that
traps, since they cause sequence breaks: ave not allowsed during
stack group switches, =zo if a MAR-monitored afgdress is

referancad, & seguence break flag is set. and the break wil]
geour at the nexd agproepriate time,

If an address #5lls within the MAR'4 range:. then the actien taken
gepends on the currently active MAR-mode {MAR-mode is actuwally a
2=bit field in each stack grovp’s mode Flags) The acticn taken
for varipus flag word wvalues ig shown in Table 53

Table %5-8% MAR Status Codes

Value Mamory Operation MAR Mode dction
O Read MaR disablad Mo trap
i Read Head Trap Trap
af Read Write Trap Mo trap
3 Read Repad/Write Trap Trap
4 Write MAR disabled Mo trap
5 Write Read Trap Mg trap
& Write Write Trap Trap
7 Write Read/Write Trap Trap

5113 QCV and Oldepace Exceptions.

In addition %o access/status Fault exception hamndling, exceptiaon
kandling i3z alse performed for btwe gavrbage-ctollection— related
conditions: Garbage Collection Volatility Fasult and Oldspace.
These +two are described briefly below Mpore information on them
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is presented in Section 9 {(Garbage Collection?. These excepiions
are different from Access/status exceptions in $hat the mapping
hardware does mnot  sigrasl the page Ffault condition for them
Rather: The refarerice produces @CV and {Jldspace conditions $hat
thp micrecode can then selectively dispatch ypon.

511. 3.1 {lldspace

The Oldspate condition is indicated by the Cldspace Meta Bit in
tha firgt~ievel map bheing L. it indicates that objerts in these
pages atre currently being garbapge collected. The Dldspace Meta
Bit can be ORed selectively intn a microcede dispatoh. The
TRANSBFORT dispatches wuse this bit., The TRANSPORTER is invoked.
which decides if this is an ohject that needs $o be moved for
garbage collection. Fer more infermation on the TRAMSPORTER, see
Section 7.

5 11. 3.2 {Gerbage Collection Volatility Faults,

The Garbage Cellection Velstility Fault condidtion iz alse & i-hit
field. It is signaied whenever & gounger object {contained in
MD: memory data register} is written inte pider  memory
{representerd by VMA. Ethe memory address register). The GLV
output is determined hy & comparator which examines the 3-fit GIV
field in the first—level map and the 2-bit GOV field in the
second—leval mMmap. The details of the #fawlit inputs and output,
along with their interpretations in  the Temporal garbage
Collectipn implameniation, are presented ipn Section @,

O %he Explarar . the 0V fault is stored in an inaccessible §o
Bit &CV register, and is preserved oniy wntil the next memory
reference 15 performed. Thus, it can ognly be sensed by a
dizpatch vging GOV done immediabely after the memory cucle. On
the Explorer I, +the @CV register camn be read and written as a
funetional source and destination, hence can be stpred across
gther memory Tefsrences,

F.ie VIRTUAL MEMUORY SYSTEM TABLES

There are seme additienal tables associested with paging that are
wead by the microcode: the Page Hash T (FHYT) contains an
entry  for avery virtual page that is curvently memory resident

The phusical page data table {PPD) contains an  entrg for every

physizal page of memory, These tables are described in further
detsil beliow.

3.12. 1 Fage Hash Table.

The page hash table {PHT} resides in physical memory and is not
part gf the wvirthusl address space, it describes pvery wirtyal
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page that is currently resident in physical memory, When the
microcode detects a map miss, the PHT is zponsulted to see if the
virtuzl page is still in phusical memoTy. I+ sa, the Level 2

maps (Explorer I} or VMM hardware (Explorer 11 voan be set up
from the informatien stored in the PHT, and the memory reference
will be restaried, Since the mapping hardware now contains valid
mapping information, the reference should complete nermally, IF
there is no valid PHT entry for @ virtual address, & page fauld
is said to have occurred, and the page must be read in from disk,

The page bash table is alse used to store information used by the
nage aging and swap management functions. A full desgription of
the role of the page hasth tabkle in these contexts is described in
a later section.

5 12. 7 Physical Page Dats Table.

The Physical Page Data Teble (PPD} resides in physical memory and
is not part of virtual address space. When the system is booted.
the systam determines the size of primaty memory and alioccates &
suitable pertien of physical memory for this tahle.

&n  entry for a page in the Physical Page Data Table is shawn in
Table 5—&, There is one PRD entry for every Sld-word page of
physical memory, A PED entry  thus represents & logigal sagse
frame or gage frame nuygher (PFN} in the physical memory goal,
Each entry is broken into two parts. The low ovder 15 bits of
the word cgntain an index into the Page Hash Table aor a page
allpcation staetus. The high erder 36 bits of the word contain an
index ints the Phusical Page Data Table linking this gage to the
nezt most recently vesed physical memory page.

All the physical paygss that are allocated to hold ‘the microcode
management btables are marked #x+FFFFFFFF. to indicate that thesse
pages are not to hbe used in Lhe virtusl memory page poal.

The Physical Page Data Tabie is used to determine which wvirtual
page is contained in & given physical page. The microcode page
aging and vreplacement algoribthms are driven by a scan of  the
Physical Page Data Yable.
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Table S+b Physical Page Data Area HWord Format

Valup Meaning

. o Lo e ]

PHT INDEX FIELD:

FFFF (hex} System wivred or permanently
wired page. Fage is not
available in virtual
memory pool.

FFFE Freae page. Page is availaeble
jin the wvirtual memory posl
but is nobt qurrently in usse,

PHT Index Mormal page. WValue contains the
indax of the page hash table
entry for this page.

PPD LINK FIELD:

FEFF {thaxl Not availakle. Page is net
available in wirtual smemory ppol.
FFFE Write in pregress.  Fage is in

virtual memory pocl, bGut is
currently being written to disk.

FEFD End ot LRU 1ist. Fage is the most
recentiy referenced page in
virtual memoru pool,

PRD Link Mormal page. Value is index of the
physical page table entry of the
next most recently referenced page
in the virtual memory pool.

Given a page frame number, information about the virtual page
asspciated with the physical page can be detesvrmined as  Follows,
tise the PFN as a2 word index into the PPD.  If the PPD index fieild
is wvalig (greater than FFFE), then there is a virtual page in
this page frame Use the index field shifted left by 1 a5 & word
index inta the PHT.

B 14 A-MEMORY FAGING INFORMATION
In addition to %he Explorer I Reverse—-First-Level-Map., other

virtuval-memory—specific infoermation it kept in portions of A~
memoTy. as described below
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5 131 P Buffer Handling.

A~memory also corntains the #irst viriual address which currently
rasides in the PBL buffer {in A-PDL-BUFFER-VIRTUAL-ADDREDE!}., and
the PDL suffer index sorresponding to that address {in A-PDL-
BUFFER-HEAD . Note that the walid partion of the PDL buffer can
wrap aroeund as shown in Figure 5-5.

khen a page sxcepiion is taken for a page that might be 1in  the
PDL  Huffer, the microcode handler must check +to sees if the
virtual memary address falls in the wvalid portion of the PIL
Buffer, The Further processing of this case is explained under
the map level 2 statys code for PIH. Buffer {(status code 5).

G FDL Buffer 1043

vaiid t

-0

[}
B invalid base valid
!

+ == e 4
|

_ —— — -

Figure 53 PDL Buffer Wrap-Argund

5.13. 2 Physical Memory Map.

The Physical Memory Map (PMM} is & s5et of A-memory lerations
which deseribe which lagical page #rame nhumbers {(PFNs) reside at
which physical memory {NuBus) board addresses.  Each enirvy in the
PMM describes ang or mere =MB gquantums of physical memory. The
number of 2MH guantums is kept in the low IO bifts, while the top
2 bits give the (NuBus) physical pege Fframe number where the
first guantum starts (see Figure 5-4&).

31 10 9 0
prp——— -+ -
! physical page frame number i 8 of guanta |
e i S et i e o i e e S e —_— —— o e o e e i s e g e

Physircal Memory Map Entry

Figure 3-&4 Fhysical Memory Map Entry
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SECTION &

Paging and DBisk Management

&. 1 WIRTUAL PAGE MANAGEMENT

This section discusses bechnigues for desling with the management
af wvirtual pages and their asseciated disk storage. Virtuval page
management Ffunctions include the page replacement sirategy.
updating swap status indications. and mapping the paging-related
secondary memsry acrass gifferent disk page dands. pevrhaps on
different physical units.

The last porsion of this section describes a number af virtueal
memory management primitives which can he vsed from Lisp,

&7  PAGE MANAGEMENT {WERVIEW

The follipwing is an overview of the paging and disk management
algorithms for processing a page Pault.

1, Riven a faulied virvritual address. Find the disk device
and the device block offset wbhere the demanded page
regides.

&

Izsgue 3 disk rvead operation intc a previoysly cached
memaTy Ppage fFrame. i+ there is no available vached
memory page frame,  scan the PPD lsoking for a
{preferably cilean) page %o svict. Issue the disk read
ints the page frame found.

3. While waiting for the demand page disk I/0 to complets,
find & new cached memory page #rame  for the next
demanded pape by scanmirg the PPR.  Choose a page for
eviction frpm physical memary, I# +the page is naot
divrdy, the memory maps agre cleargd and the BHT entry
deleted, The PPD antry is caded YFFFE" indicating a
free page.

4., I+ the page to be evicted is5 divity then it must be
written to a swap partition. The PPD sniry is codad
Bisk—Write-Pending. The PHT entry and the memory maps
are tlesred by %the disk servicing roubtine later after
the disk opgration has completed.

g}
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5. When swepping out a diriy page. determine if there are
contiguous dirty viritual memory pages thalt can be
swapped out at the same time o ag jacent disk
iocations. If so, prepare a multiwrepcord write request
for all such pages.

& 1IFf any pages being swapped out have never heen assigned
read/urite page device sterage, find an available page
device and assign space to the pages’ clusters {group
of 1& contiguweus vwirtual pages) Initiate the disk
write.

7. Create & PHT sntry for the faulted page.

8 Wait for the original disk read %o complaote, If any
disk writes were initisted they will continue in
paraliel with computation

& 3 PAGE HASH TABLE

The Page Hash Table {(PHT} contains physical memory Mapping
informatien #for every virtual page currently in physical memory,
Page axcepiion handling may consult the FHT in  evrder te find
information %o use in Teloading the hardware maps. In addition,
the page vreplacement algorithm (FINDCORE)} uses information stored
in the PHMT. The format of a PHT entry is shown in Figwre &1,

I¢ there is a page axception and there is no entry in dhe Page
Hagh Tahkie then it is a page fault, and the page needs To be read
From disk. The diusk address is calculated using & disk mapping
scheme described later
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FHT Woprd 1
3i 2% 24 87455432 0
i o v —— B e o e L Y
' i Virtueal Page MNumbar I iIRiVIMIAga ! Status!
e e - i — e e e e o
PHT Word &
33 22 21 Q
e e e e et et e T e e e e . i +
! Map Control Field | Physical Page Number !
e — N + N +
WORD &
sTATUS Ll B = Map status code.
Seeg table of status todes belpw
AGE L3 4> = Number of times pagse has besn aged,
M -2 = Modified bit., 1 = Modified {(dirty}
Y L& = Valid bit. 1 = PHT entry walid
B L = Background Write bik.
I = Background write in prégress
VPN CF: 24> = Vittual Pages Number
WORD X
PHYS-PG 0: 21> = Physical Pagse Number.

MAR-CONT <a3d: 310

Figure &~1 Page

& 3.4 Fage Replacement Proce
The page replavement siratagy
showld be swapped out s& tha
physical memory page frame.

Page selection is accomplishe
for rTause, The physical p
with the top of the Lsast Ret
entriss in the PPD LINK FIEL
Referenced page index is hel
starting entry of the 1lis
least recently referenced gpa
checked, and if it is avail
11-¥- N I£ the gage i1g not avai
proceeds +o the page indic
Field of the current entry an

Hardware map conirel datas.

Mash Table Entry Format

55,

is uwesed to determine which pages
t & needed virtual page can use this
It ig also known as FINDEORE.

d on demand when a page is needed
age data table is consulted starting
ently Used (LRUY list formed by the
D of each antry. The Least Retcently
g in an A-~Register %that defines
t. The memory page indicated is the
gR. The status of the page is
able, it is designated for immediate
lable ¢or some Teason the sean
ated by the cuntents of the PPD Link
¢ s0 forth uyntil the celdest wusable

&3
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gage is Ffound.

While seanning down the list, action iz ftaken on individual pages
as follows by consulting the page’'s PHYT status code as described
beisw. Table &-! provides a complete description of all PHY
status codes.

i. I+ page status is normal then set siatus to age trap
and the PPD link is removed from its current position
and added &5 the end of the 1ist ase The new Most
Recently Referencad page

2. I page status is age tvap, flushable or grepage. Hhen
remove +the page from the list and designate it as the
rest page o be used for Teplacement. The scan shops
at the fitst page Found that satisfies bhis status,

3. If page status ig anything else, ar if the background

writing bit is set, continuve the scan with the next
linked page leaving this page in the same place in the
iist.
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Table &-3

Unused:
Normal;

Flushabkle:

Fre-page:

Age trap
sat:

Wired down:

Lisk Read
Fending:

Digk Writa
Pending:

Paging and Disk Management

Page Hash Table: Suwap Htatus Codes

G - inusad code.
1 - &n grdinary page is swapped in here

2 = Means that there is & page here, but

it has been marked as ne longer needed and
can be used €0 swap a new page into.  This
page may first have to be written out if the
map status indicates that it has been
modifipd since Ilast writien (map status

code = 4#)

3 ~ Bame &5 Flushable, but came in via Prepage.
4 = This page was in normal status, but

is now heing considered for swap—tut. The

map may not be sat up for this) page. If
somedns references the page. the swap

status should be set back to "normasl. ™

& — Tha page swapping routines may not
Te~use the memory occupied by this page For
some other page. This is used for the

some opbther page. This is used for memory
pages wired down by the SYS: HIRE-PAGE
grimitive and related routines.

& ~ This pagwe is heing read in fram disk. The
wvirtual address assigned this page may net be
wysed and the page swapping routines may nat
re~use the memory occupied by this page.

7 =« This page it being written te disk in
anticipation of freeing it for re~uge by the
page swapping voutines, The vittual memory
can be rTefergnced and uvsed. but the physical
memary may nobt ke re—used until the disk
operation has completed.
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& 3.2 Page Tabie Hizes.

The size of %he page hash *able is related to the size of
physical memory. Bince a hash technigque is vussd %6 search the
page hash table, twoe E-word entries are usvalily allocabed for
svery physical page in the system Ses Figure &2 for sizes of
hoth the PHT and the PPl for different memory sizes. The PHT and
FPD together consume slightiy less 4than 4% of the physical
MEmaTY.

Virtual Memory Biie = 12BH Words

Physical Memory Site PHT Size FPD SBize
2ME (313K MWerds: 1654 pages 40945 words 10804 werds
aMB {iM Words:? 2048 pages 8192 wards A4 words

BME {2M Words! 403%4h pages 16393 words 4094 wards
iOME (2 SM Herdsd 5120 pages 20880 wards. 5120 words
ieME {3M Words! 144 pages 24574 words 4ld4 words
i&aMB {4M HWords) BiTF2 pages 327468 woards giv2 words
32MEB (8M Words! 1&3%3 pages 45536 words 146393 words
&H4ME  (14M Words) 32748 pages 131072 words 32758 words

128ME  {32M Words? &550& pages 131072 words &5534 words

Figure &-2 PHY and PPD Sizes -

& 3.3 PHT Hashing Algorithm.

When the PHT i3 searched dur 5 & page exceplion, & hash
technique is used. A number ef bthe most significant bits in the
virtual page number ars uwsed as the hash key. The hash key is
shifted left by one Lo produce a PHT-ertryg index intoc the table.
The entry‘s PHT1 Virttual FPage MNumber is then cheched against the
priginal wvirtuval address {(if the PHTI Valid it is setl.

Hash ¢glilisions are resolved by adding & linear vehash tonsiant
to the original hash value, and wrapping arcund the froot of  the
table if necessary. The number of bits used in the hash is
progortional fo the PHT size. A physical memery size of BME., fer
gxample, vses the toep 13 bits of the virtua™ address and has 3
maximum of B collisions per hash wvaluve A 3EME system uses 18
bits and hast & maximum of 2 collisions per hash value, At &AME
and largers ali 1& Bidts of the virtual address are vsed, and the
FHT 1s effectively just siraighi-indexed.

No effort is made to kepep collision chain-link information in the
PHT enfries becauvse of the high aoverhesd this would require

dyedy
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Instead, & simple «wwnt of the longest <cellision chain
ancountered 80  far is maintained. This «count, in the By
memary Lisp counter SYS: UPHT-BEAMACH-DEPTH: is used ang

incremented by the microcoge. Each PHT hash must examine at
1sast SYE: YPHT-SEARCH-DEPTH number of entries before declaring a
hash Ffailure. When & new virtual pddress iz added +to the hash
table, 3 count of valid entries skipped over is kept until 5 fres
PHT entry is found, Then if that count is larger than the
BYS: %PHT~-SEARCH-DEPTH zount the latiar is incremented. The
iength of the longest collision chain seen can decrease when PHT
entries are deletad. The microcods. bowever. iz net avthorized
to decrement SYS: UPMT~BEARCH-DEPTH. Iinstead, & low-priority
PACE-BACKOROUND process periodicaliy scane the table; computes
the current longest coliisien chaim: and updates SYS: APHT-SEARTH-
DEPTH accordingly.

Initially the Page Hazh Table contains no en¥ries and the
Physical Page Data table enitries are coded FFFE (page availabie
far use). All cells in the Page Bash Table are zeroed. As rach
i5 allocated on demsnd., 3 PHT entry is created and enierad into
the table,

& A4 DISK FAGE MAPPING BCHEME

The foliowing describes +the mechanism by which & virtual page
number is vsed %o map to a disk address in ane af the system’s
iogical paging devices.

A Jogical page devige in the Explorer system is 3 disk partition
where disk sturage is assigned to a number of virtual pages. The
L.isp world LOD band is a read-only page devicse; that is. demand
pages are read from this partifion but i1f Lthey are later dirvtied
they witl be written. oub te a3 read/write page device (s PAGE
band), New virtual pages created during program execution {when
new Lisp ebjacts are consed!) will have read/write storage
allocated t¢ them when %they are evictsd #rom main memary.

Becvavuse of the Iarge number of virtiual pages (Z#%#is) it iz not
nractical vese straight indexing f{a one-fto—one correspondence’
batwaen wviTiuwal pages and swap partition addresses. Instead.
pages heing swapped are be assigned the next availsbie space in 3
swap partition and a disk page map is maintained fer franslating
hetween virtual addresses and disk addresses. Each two-word
entry in this Disk Page Map Table {DPMT} contains mappinyg
information for a group of i& contiguous virtual pages called a
rlyster; haence the DPMT is indexed by the teop 12 bits of the
virtual address, cailed the ciuvster mumber

Through the DMWPT, disk space is allvcated in clusters of 32
blactks corresponding to 15 virtual memory pages {(each disk block

T
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is 1024 bytes or 256 words), The low & hits of the virtual page
number select the page nffset in the disk cluster. The format cf
s DPMT pntry is shown in Figure &6-3.

Word i
31 2% =28 24 23 21 20 16 1B o

JrIpp—— + e i e + - o 4 s

1 &-A iDevice A! S-B iDevige B! Device Assignment Ditmap !

e e it s A g ——— + = b L e i A L8 e e e

Ward 2
31 14 1% _ O
[ R— —— [ e——— P s
! Device A Offgat ¢ Device B Offsed !
p ——— - + b b

Device Assignment

Bitmap 00155 = Indicates to which device {A sr BI

pach of the 1& pages is assigrned
0 = Device & {page bkand)
t = PDevice B (ipad band!

Device B Cilé @0> = Lpgical page device number
aof device B

&-B £0%-23% = Device B status

Deviee A $24- 28> = lL.pgital page device number
of device A

S—d Lo 31 = Device A status

Device B {ffset <€D: 15> = A2-block offset From start
af partition

Sd-block offset from start
af parditios

Device A OFffsed <14: 310

Figure &=3 Disk Page Mapping Tabkle

8
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#8tatys O No device assigned
#5fatus I: Read only band {lpad band)
#Statous & Read/Hrite band (page band)

a#Ztatus 3 Read/Write barnd assigned: Aowever: a
disk biock has not yet been allorated

#82atus 4 - 7 inmused

Figure 4—4 Device Status Cpdes

Each entry of the DPMT specifies twe logical paging bands, Device
&4 and Device B, Hy conventian Device A deseribes a read/wurite
device (swap bend! while Device B descrihes & read-only device
{the ioad hand). A page represented by this cluster will have
starage assigned on ane af these fwo page devices; 2 bitmap in
the entry specifies to which device each pagwe in the cluster is
mapped. The disk block corresponding to this virtual page on the
page hand not selpcted by the bif map is reserved but not uvsed
I# the eniry in the bit map is switched this page would then be
assignad to this other disk block.

A table is kepi deseribing all the logical paging devices knouwn
to the virtual memory system. The Device A and Device § +fields
are conceptualliy an index into this table. Each PAGE partition
an disk is represented as z separate lggical page device In  this
way, there may be saveral paging bands on a single device or on
several devices.

The fields E~A and 5B are Lthe device assignment status fFields
for device A and deviece B respectively. They indicate whether
the device 15 acitually usad by any pages in the <ciuster and 1f
56, what kind of acrcess ie zliowed. The valuen for these fiplds
are describad in Filgure &H+d4d

A virtual page cperation would proceed as Foilows:
1. Using the most significant 12 bits of the virtual page

number gpick wp the DBisk Mapping Table Entry feor the
clusgber.

m

Coneulting the it map decide whether thig page is
assignred o device A or deviece B of this ciuster.
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3. dsipg the device siatus Ffield decide if a wvalid
ageration is being performed on this device If no
valid operation can be performed, call ILLGF {crash)

When the system is first booted, the DPMT indicates that aill
virtval pages raside in the read-uniy load hand associated with
Dewvice B. As these pages are demanded they ares read inte semory
from the Lisp lvad partition. They are nebt assigned swap space
uniess they are subsequently modified and swapped oul This
avpids +the mneceszity of copying the Joad band to the swap band
betora starting uvp Lisg.

Virtual pages that are as yet unused at boot time (unallocated
virtual memory? are marked as unassigned in the DPMT. UWhen a
dittied load band page o a freshiy created wviriual page 1is
assigned swap space the logital paging device number af the swap
partition is placed in the DPMT Device A field, the device &
status is marked as Tead/write, and the appropriate Device A
cluster offset is placed in word tws of the DPMT  entry. Unless
this wviritual page is later Freed by garbage gollection, it will
he repad from and written to this disk block frem now on

& 5 LUGICAL PARING DEVICES

A logical paging device defines a set of contiguous blacks on a2
secondary storage device. The characteristics and allocation
information for each paging device are maintained in & Logical
Page Device Information Block struchture {LPRIB}. The LPDIB is
dascribed in Figure &5

&—14
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3l 87 G
- - e mss g e e s v +
11 Reserved (Unuged) WEETD Unit Number |
o e o o e +
2 Band Starting Disk Block Mumbar ;
oo —— —_
31 Band Ending Bleck Number + 1§ f
e - ey
4 | Mext Bitmap Address {
+ - &
5 1 Bitmap Addvress H
& i Ending Ditmap Address i
e e s - - -
Word 1: Page device status information.
F <9 = Full Wit
1 = g}l elusters allocated
T <B> = Device type
) = read-orly (iocad)
1 = read/write {page)
Unit <O0: 7> = Physical vnit number of device
Word ®: Starting biock number of the page band.
This is an abksslyte block rumber on the device
Werd 3 The absolute hlock number of the #ivrst bBlock
i that iz outside of the band.
Woerd 4: Address of the next bBitmap word that contains
an ynaliocated ciuster
Word B: Address of the first word of the clusker-

agllecation bitmap, Each bitmap bit represents
ane cluster (34 biacks) af storage.
Ward &: Address of last bhitmap ward,

Figure &% Lagical Page Device Information Block

The LFPPIBs are allorcated contiguousiy in the SYS: DEVICE-
DESCRIPTOR-AREA beginning &%t the address stored in SYS5: ADDRESS-
OF-RAQE-DBEVICE~TABLE. Enough space is alloctated for a constant
number of paging devices {(ithe wvalue of BYEZ: NUMBER-GF-PAGE-
DEVICES:. Buring boet the micrecode initializes the LFDIB for
the load band. Later, during Lisp boeot (in BYS:LIGP-
REINITIALIZEY, S5YS: CONFIGURE-PAGE~BANDE is called Lo +find all the
Explorer PAGE bands in this configuration and allscats LPDIBs for
wach of them up to the system marimum,

Disk hlocks are allocated to clusters by finding a Fres page
cluster din the LPRIB bibtmap. The bitmap has ans bit fpor eachs
page cluster. A 1 indicates the cluster is Ffree and a O

g1
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indicates if is in wse. Word 4 of the page device information
block ppints %o the next hitmap word to chech. and is incremenied
as all 32 clusters indicated by that word are allocated. Udhen it
gets %o the last bitmap word, it starts again at the beginning.
1¢ thers ate no clusters left. %then the Full Flag is set and the
swap band is no longer checked wntil 2 cluster 18 Telurned.
Garbage collection will return clusters as the virtual memory
they represent is cellected and freed for Te-use.

& & VIRTUAL MEMORY SYSTEM SUBPRIMITIVES

The subprimitives and special variables dagscribed bBelow affect
the paging algorithms of the virtual memory system. As with all
Explorer syetem subprimitives, seme of these can he extrasmely
dangerous {cause crashes or sirange behavior) if misused.

Byte spec ifiers and constants described can be found in
SYE: UCODE, LROY-GCOM.  The Lisp—coded functioms can be Ffound 1in
Ehe MEMONY-MANAGMENT £iles listed below:

MEMORY-MANABEMENT; PAGE-DEFD
MEMORY~MANASEMENT: PACGE
MEMORY—MANAGEMENT; PAGE-DEVILE
MEMORY-MANAGEMENT: PAGING-PROCESSH
MEMORY -MANASEMENT: PHYSICAL-MEMORY
MEMORY—MANAGEMENT: VM-BQUT

The A+Mamory counters (and some A~memory variables) used by the
virtual memoTy system ara documented in  the section entitled
Cther Subprimitives, Variables, and Counters,

Ydisk~switches Variable
This wvariable contains bits thai control wvarious disk wsage
features. The byte specifiers listed below are stored 1inm
the DISK-SWITCHES-FIELDE iist.

Bit G (H%liean—FPage~Bearch—-Enatler. Page replacement
algeriths will scan through physical memory loogking for a
clpan page te #lush on a FINDCORE operatien. Default is on

Bit 1 (¥ETime-Page-Faults-Enable!}. Enables ¥TOYAL-PAGE-
Fall T«TIME in the counter block Value of counter isg
micrasecond time spent in the page fault microcode plus disk
wait time: but sxcliuding code that rescives paye exceptions.
Dafaylt is off

Bit 2 (YAMulti~-Pages-—Swepvut-kEnablel. Enabkles the page

i
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replacement algorithm te clean ad)acent memory page images
by writing +$hem to disk in the same disk write for 3 page
being flushed, Default is on. Turning it off will degrade
paging performance

Bit 7 (%¥Bhi-During-Disk-Wait-Enable)  Not used.

Bits <8:15% (¥¥Multi-Swapoui-Page-Limit)., Maximum number af
pages %hat can be updated in a multi-swapout. Values must
he between O and 2%%  Defauld is 128

Fits <lé&:29% (USerial-Delay—Constant). Timing constant for
microcode acceess tn the serial chip registers. This must
NOT be less than 12, which gieids a delag of at least 2 &41
micragserands on Exglerer I, Beon't changs this wuniess you
know what gou'rTe deing.

sat—disk—-switches

{%key clean—page-search btime—-page~fauits multi-page~swapouts
spquence—breaks~duyring—disk-wait muzlti-swapout-page-cpunt—
limit serial~delay—constant) SEYT-DISK-SWITCHES is a user
intprface to safely alter the dynamic paging variabies using
symbolic keyword definitions te specify the £ields. The
defaults for each switeh are “"safe" wvalues, The value
returned is the tew value of ADIBK-SWITCHES.

set~swapin~quantum—of-area {area %optional (swapin-guantum 3})
Specifies that pages of AREA {which should be an area-
number) should Be swapped in in groups of Z2#xDEHAP IN-GUANTUM
pages at a Lime. The defaulit is 3 which means that
prepaging {(if active) will swap in up to 8 pages at a time.

The swapin quantum ds used oniy if prepaging is enabled.
Currentiy the Explerer II paging micrscode UsEy the
prepaging feature. but the Explorer I paging system does
not.

spt~all~swapin—quants {&ovptional {(swapin—guantum 3)}
Specifins the SWAPTN-QUANTUMs of all non—fixed areas st
onee,

wire-page {address 4optional (wive—p £}
1#+ WIRE-P is T, the page rontaining ABDRERE is wirsed down:
that is it cannot he paged—-out. IFf WIRE-F is NIL. the page
ceases to he wired dows

ynigire—-page {address)

{vnwire-page address} is the same as (wire-page address

nili.

-l BE
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page—in-structure (objeck’
Makes sure that the siorage that tepresents OBJECT is in
main  MeMOTY. Any pages that have been swapped osut to disk
agre taad in I# OBJECT is large, this is useful in order {o
get all the paging required to bring OBJECT in over with at
gnce, Trather than having it accur a bit at a time as OBJECT
is raferenced.

Yhe storage accupied by OBJECYT is  defined by the HFIND-
STRUCTURE~LEADER and YSTRUCTURE-TOTAL-SIZE subprimitives.

page—in~array {array %optional from to)
This is & version of PAGE-IMN-STRUCTURE that can bring in a
portign of an array. FROM and TO are lists of wsubsceripis;
i¥ they =are sheorter than the dimensiconality of ARRAY, the
remaining subscrigts are assumed to be zers

page-in—pixel-array {array Hoptienmal from %o)
Like PASE-IN-ARRAY sxcept that the iists FROM and TD, i#é
present, ave assumed to have their subscripits in the aorder
horizontal, wvertical: regardiess of which of those two is
actualily the first axis of the ARNAY.

page—in—words {address n-words)
dny pages that have been swapped out to disk in the range of
addrass space starting at ADDRESS and continuing for N-WORDS
are vead into main memary,

page~in—area {aresa-number}

page~in-regien {(region—-number;
All  swapped-put pages of the specified region orT area are
brought into main memury

page—ovt-structure {object)

page—out—array f{array %optional from ta’

page-out-pixel-array (arraﬁ optional from tol

page~put~gwerds {asddress n—words)

pagew~out—asrea {area-number

page-oyt~region {regicn-number)
These subprimicives #xi5%t only for compatibility with old

code which may reference them They currently do nokhing
and simpiy reiurn NIL.

&--14
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- Upage—status {vittual-address)
If the page containing vivival-address is swapped out, or if
it is part 6f one of the Ipw-numbered permanently-wired
system areas: this returns NIL. Otherwise, it returns the
entire first word of the Page Mash Table {PHT! entry for the

page.

See the section on Paging and Disk Management for the format
of @ PHT entry. DByte specifisrs for the PHT $fields can be
Found in the PAGE~HARM-TABLE-FIELDS list,

Lehange—page—status
{virtual—address swap-status access—statvs—and-meta~hits}
The Page Hash Table (PHT) entry For the page containing
VIRTUAL-ADDRESS is found and altered az specified. 7T is
returned iFf i%t was found, MNIL i¥ it was not {presumably +the
page 1% swapped out)  SWAP-STATUS and ACCESBE-STATUS-ANDw
META-BITS can be NIL if those fielids are not toc be changed.

NOTE

This subprimitive is extremely dangerous
since it does ng  error cheecking. The

- ' integrity of the virtual memery system can be
irreparably damsged if this Functian is
called improperly.

Ycompute—pape—hash {viritval-address}

“eempute-page~hash—lisp {va Loptiocnal max-byte—index max-byte-
sizg)

“rehash {gld-pht-index HKoptional max~-index)
The first two retwrn the hash wvalue for VIRTUAL-ADDRESS
(VA The hash walue is 2 byte offset into the Page Hash
Tabie {located in physical memsry) where the PHT entry for
VYIRTUAL-ADDREEE bhashes o,  However. this entry may aliready
be in wse. In that vase, KREHASH may be wused {given the old
hash valuel! to find the next place to look.

ACOMPUTE-PAGE~HABH-LISP and HREHASH are coded in Lisp. They
take optiotial parameters which alliow testing of the hash
function on different sized hash tablas. The defaults for
the sptional arguments are the wvalues svitable Ffor the
whatever the vTunning configuration is.

pagers~of—physical-memory

Retyrns the total number of physical memory peges in the
current memory tonfiguration. Any number in the range [0 .

&1
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{1— (PARES-OF-PHYBICAL~MEMORY:?] can be used as a valid page
frame number (PFN} for functions which reguire them

convert—physital-address-to~pfn (physical-address)
convert—pin~fe-phycical—address {pfn}
converi-slot-affset~to-pfn {nubus-sict offset—into—siat}
convert-pfn—to—sloct-aoffset (pfn)
convert-physical—page—to—pfn (phuys—pg}

convert-gfn—to-physical-gage (pfn)

Thesa toubines use the A-Memory FPhysical Memory Map to
parform conversions between & lsgical page Prame number
{PFM)Y and a physical NuBus address. A PFN is simply a page
number bdetween zIero and the number ef physical pages
svailable in the current configuration {which can be
obtained hy ftThe PAGES~DF-PHYSICAL-MEMORY Ffunctienl. The
physical address is a HNeBlus bdyte-oriented address which
cerrespongs to PFM

The manner in which $he physical address is expressed
degends on tha function you use. CONVERT-PHYSICAL-ADDRESS-
TO-PFK  and CONVERT-PFN-TO-PHYSILZAL-ADDRESS use 32~bit Nulus
adgresses. The next two use tha slot/byte—-offset into slpt
form of expressing a NuBus address {(two valuves are returned
from CONVERT-PFN-TO~SLOT-BFFSETY. The ones with PHYSIfAL-
PageE  in  their names vse Just the top 231 bits of the MuBus
address.

Ydelete-physical~page {pfn!

This i% uged to delete pén (which is & logical page number
af ophysical memorygd From the vivrtual semory pool.  Any
wirtual page that is currently in pfn will bhe swapped out
{if neceassary) and the page will be marked so that the
wirtual memeory system will not vse it in  the future For
halding virtual pages. This is wseful For reserving
physical memary For use, say, as an I/0 buffer for & devige
which dees DMA 1/70. 1t ¢an also be used to force a virtual
page to he swapped out of physical memory.

Returns T Lf page was deleted suscessfully. Heturns MNIL if
page was already deleted.

Yereate—physical-page (gfn}
This reverses the action of YUdelete—-physical page. That is.
given & deleted pPn. Ucreate-physical-page marks it so that
it gan be used in the by the viriual memory system to hold a
virtual page.

b=1&
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set-memory—size {new-size—in-pages?

Spacifies Lthe size of physical memory availeble to the
virtual memery system to NEW-SIZE-IN-PAGES. Can be used io
dacreass the number of physical pages available %o virtual
pages, or to increass it barck to the system maximum it SET-
MEMORY-S1ZE has previously been used to lower it This may
be uyseful for measuring performance bhased on the ampunt of
GeHOTY.

To determine the actual numbar of physical pages in the
curvent configuration., wuse the FAQES-OF-PHYEICAL-MEMORY
function. The variable UAWORWING-MEMORY~SIZE contains the
NEW~8IZE~IN-PABES that you sat vsing SET-MEMORY-BIIE.

GET-MEMORY-511E uses YDELETE-PHYBICAL-PAGE and XLLREATE-
PHYS I CAL-PAGE.

get-contiguaus—physical—~pages {number-of—pages)

return-~contiguous~physital-pages {number—of-pages siot offset’

QET-CONT ISUOUS-PHYSTCAL —PAGES may be wsed toe obtain a block
of physically contigusus memory (and always on the same
memory hoard). NUMBER-DF-PAGES is the awmnunt desired. A
shysical page is 2048 bytes (the value of the variabie FAGE-
SI2E~IN-BYTER). The pages thus obtained will not be
avaiiable to the virtual memery system until returned by the
RETURN-LONT I GUOUS-FHYSICAL—PAGES function.

1§ NMUMBER~OF-PAGES contiguous pages cannat currently be
frged for use, MILs are returned. Otherwise, two values are
roturned! a MyBusz slot numher and the byte offset in the
slat which together spetify the 3@-bit NuBus address of the
stars of the physical memery blotk shtained.

Yehysnical-address {(virtual-address)
Returns +the NuBus ghysical address which VIRTUAL-ADDRESS
currently occupies i main mamary. This vaiup is
unpredictable if ¢he wvirtual page is net swapped in
therefore, this functien should be usad oniy on wired pages,
o+ you shouwld do

{WITHIUT-INTERRUPTE
(4F—POINTER wvirTtypal—-address)} i swap it in
{ WPHYSBICAL-ADDRESE virtuwal-address))

Unless you assure that the page is wired. or use the physical
address returned in a section of code that is guaranteed not to
change the cantents of physical memory, the wvalue returned may
npt be meaningful for long.

Yvirttual—-page-number {pfrl
Siven a legiral pape frame number (PFN}, returns the virtual
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pages number currently in the physical page, or NIL if there
is none currently. The vivtual page oumber reburnsd can
change unpredicitably wunless the page dis wired down, or
vnless you assure that ne interrupts {er consing of any
kind, whith can cause & swapouil perrurs in the section of
cade using the value.

Upage-Frame-number {val
Biven & virtusl address (VA}, returns the logical page frame
number (PFN} it currently resides in. or MIL if none. Use
of this value is subject to the zame restrictions as for the
fe preceding functions.

fadd~page—device (real-unit start-block band-size}
This function is vsed by the CONFIGURE-PAGE-BANDE function
tn add a PARE band $o the virtval memory system, REAL-UNIT
is the physical wunit where the PAGE band resides. HTART-
BLOCK is the PAGE band’s first block number. and BaAND-HIZE
it 1dg toftel wize in blocks

%¥indcors
Frees a page of physical memery {(removes it fraom paging) and
returns its legical page #rame number {PFKJ.

Ypage~in {pfn vpnl
Creates a Page Hash Tahle {PHT} entry that indicates bhat
wvirtual page number VUPMN iz located in logical page frame
number PFR This had better be {true or youw’ll bhe in
trouble.

“page—trace
No longer implemented Signals an tllegel instruction
aTrar.

deallocate—swap—space {region}
Callpd by the garbage zollsctor 4o Free up any swap space on
PAGE bantds bthat is used By the virtwal memory in REGION
HEQION is an Dldspace regien which the garbage collactor has
finished collecting, so $that now its wvirtval memory {and any
asEpciated swap apace) can be freed for later re-use,

“return~page—cluster {swap-device-number tluster—onffset)
This is the routine called by DEALLOCATE~EWAFP-BRACE tao do
the real work. SWAP-DEVICE~-NUMBER is the logical page
device number of a PAGE band and CLUSTER-OFFSET specifies
the cluster number in that paging device to he freqd.

YXdisk—address (val
Uspd to Find the disk address. if any assoaciated with
virtual address YA  This address mauy be on the 0D band or
utr amy af the PAGE bands in the current configuration,
Heturns three values, if VA is a wvalid wirtval memory
address: the absclute disk block address of <the page

4-18



Seftware Design Notes '?aging and Disk Management

containing VA, the physical disk unit, and $he DPMY davice
statyy code for the sage. See the constants in the LDEMTE-
DEVICE-QFFSETS~FIELDE list for interpretation of this +third
vaiue,
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SECTION 7

internal Storage Formatbs

7.1 INTRODUCTIDNM

Thig sectign details the Explorer virtuval machine internal
storage formats. Symbolic byte specifiers and constants for most
of the fermats described can be found in the system parameters
£ilp SYR: YCODE: LROY-QCIM.  The convention is that byte spprifiers
begin with & double gpercent (WA} while <¢ymbelic censtants
representing offsets or other numeric constants begin with a
single parcent (%Y. All such symboels are in the SYSTEM packagse,
as are the majority of Punctions described hers.

7.2 THE TAGSED ARCHITECTURE
Lisp follows a "single sized data” convention:, which states:
Any object can be represented in a fixed size storage cell.

'n the Exglorer. the site of this fizxed~size crll is one memory
word {32 hits}, alsc calied a @ For quantum. A G is divided into
theee filelds: o 25-bit pointer field, & S+bit data iuyge Ffield,
and a F-bit gdr tode field. The format of a @ is shown in Figure
Fowl.

31 30 2% 25 24 o
. - ——
VPV EC 3 BTE 1 POINTER t
—— - e

POINTER <0:28> = Pointer field <Lontains immediate
data or pointer to actual storage,
Data Type field.

Cidr Code Field.

LT <25 292
Co «30: 31>

1

Figure 7—-1 4 Format

lisp can adhere to the single size dats convention because some
i.isp data items are not objects bhemselves hbut rather gphiegh
refersnces, which can e  thought of as poainters to the actual
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starage used by the object. The kind of object refarence Being
made tan always be determined by the data type Ffield of the 4.

¢ it is an Imoediste Tupe, such as a small integer. the actual
data will be stored in the pointer field. No further reference
nead he made in this case. 1# +the obsect is & Eointeyr Tupe

requiring extendad siprage. such as an array or a lisk, the
abject’s pointer field contains the Pirst address of the grtendead
storage,

There is an oObvigus analogy between ohject references and
indirect addressing on conventional machines, Mowever. rather
than fully partitioning memory into differsnt spaces where the
different types of data objects are stored, the Explorer system
yses the fagqued data method of object Tepresentation The way an
object is manipulated is alwsys dictated by the its data type
tag. tn turn the intersvetation and use of the object’s pointer
field depends on the data type. There it ronsiderable hardware-
level support For +this architecture in the Explorer processors
themselves, allowing For esxtremely Flexible data structuring
combined with efficiant access.

7.3 BOXED VERSUS UNBOXED MEMORY

foxed or Typed ¢#llis are memorTy words whose data—type Fiplds are
valid: that is, they are meant to be interpreted as data types
rather +than as randam bit patterns. Unly if the data dype field
is valid may the peinter field and tdr code field be interpreted
25 pointers and cdr codes, Words whose contents are 211 data are
termed WUnbgxed or Untuped A segment of memory where 211 cells
are boxed would be caelled $fylly bored whereas & segment uwhere
cemié  words ars hoxed and others are not is called partially

bored.

In the Explorer virtval machine. net all memory is fully bhored,
although some well—defined segments are. Usualiy, determining if
a4 given word i% boxed or unbored regquires examining the word’s
context,

The #irst context item to consider is steorage btype  All  wvirtual
memory segments have a storage representation type of Lisi or
Gtructure. List space holds oniy CONS cells and cdr—coded lists

and is fully bouxed. The start and end of list spgments  dis
determined by the cdr cpding of the words. Structure space holds
all other extended storage data structures and is net Ffully
boxed. 1n structure space. the start of an object is marked by a
structure header 0Objects that are implemented as structures
with headars are: symbols, instances, arrays., compiled functions
{(FEF=), and eoxtended rnumbers, B¢ these, only symbols and
instances are fully boxed, The others contain some boxed words
ang some unbored worda.
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If a wprd is in structure space and if it is in a structure that
is only partially boxed, further information must be soeught o
daterming epxactly which words are boxed. It is not even the cage
that a 4given structure dype is always partially baxed or alwaus
fuily bored. For example. some arrays are completely typed while
cthers have ftyped ceils only wp o the start of their actual dats
elements. Some extended numbers are made up of other extended
numbers; hence are Ffully typed. Hthers contain bit-sncodings
foilowing their headers.

The one ynbreakable rule abowt partially borxed structures is that
aill boxed werds must come before any unboxsd storage.

For code that needs to kthow details about the size. bhoxed size,
and unboxed size of data objects there are a number of Functions
that may bde used. AUBTRUCTURE-TOTAL-BIZE, given a peinter o  any
boxad word in a structure, will return the total rumber of words
of sturage the siructure uses, LETRUCTURE~BOXED-SIZE will
likewise return the number nf boxed words. The number of unboxed
words in the structure can then be computed.

The largest drawback to these primitives is that they cannoet be
wsed =n any arbitrary address. They will cavse & srash if given
arn invalid address; they will be wnpredictable {crash, trap} if
given the addretss of an unboxed data werd. For efficiency, they
assume they have a good, boxed word to start with and ge from
thave, Loda that needs %o find the {(always beoxed} start of the
structure containing a given address shouid either begin parsing
memory at the memory segment (region) hegimmirng, or use a “safe®
primitive such as HFIND-STRUCTURE-HEADER-SBAFE {FSH~BAFE fer
short). This latiter can bhe $low, wsince it parses memory in  the
farward dirvection, but makes every attempt te be safe. It will
return NIL. for example: if given an invalid address.

7.4 DATA TYPE SUMMARY

The 5-bit dats ftype Ffield zupports 32 data types. Some of these
represent actuwal Lisp objects; that is, they can be passed as
arguments to funcitions, returned as values. and have standard
operations defined an  them These Lisp oebject data tupes
comprise the primitive, architectural sugport gut of which all
more tomplex types are buili

The Lisp object fypes and some selected attributes are Jlisted in
Table ¥wi.
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Table 7«1 Lisp Obgect Bata Type Attributes

Type Pointer Field Ganerie
Code Data Type Name Lontenks Type
5 DTR-Fix Immediate data HNumber
& DtE-Charactar H Lharacter
8 DYR-Shavt—Fioat " Numher
1 DTR~Lisgt Address fist
2 DTP-Stack-iist “ List
13 DTRP~Closure = Function
14 DTP~lLexical~Dinsurse " Function
3 DYP-Symbel w Gymhoi
3 HfP~instance u Instance
4 DTP-ArTay » Array
1& DTP-Btack~Group o Stack Group
i2 BTP-Function @ Futnction
7 DTP-Singie—Float € MNumb et
14 TPy tended-Number “ Mumb e
1i DrP—tocative a Pointer
15 DTP-U-Entry index Furetion

|

The remaining data types are termed hguspkeeping *upes because
they are wsed in the virival machine implementation rather than

tg represent camputational objiscts. Examplies of housekeaping
uses include marking the start of extended ztruvedure storage or
acting as invisible forwarding pointers.

The pointer Field of a housekeeping type may contain an address
or an index as with Lisp objernt types. I#f it is net an addraess
it i3 usually divided up intoc various #lag fields that describe
the storage siructure it is used in.

The houvsekeeping data types and some seplected attributes are
ligted in Table 7-2.
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Table /- Housekeeping Data Types

Type PFointer Field Special
fode Data Type Mame Contents Use

4= DTP-Symhol-Header Address Structure hdr
25 BTP~Instance—~Hoeadwer " "

24 DTF-Array-Header Flags H

26 DTP-Fef-Header Flags "

1w ETPF=One«@«-Ferward Address Forwarding
i8 DTP-External~Value-

Cali-Pointer " "

17 DTR-RL-Forward " "

28 BTR-GC~Young~Fointer . »

21 DTF~Bady«Forward # u

20 DiP-Header—Foruard # Farwarding,

: Strocture hdr
a7 DTR~5e]l f«Raf-Fointer Index, Fiags "

30 DBTP-Null Address Unbound mark
9  DYP~Trap Unused Trap
31 DTP-Ones—-Trap Unused Trap
2%  DBTP-Free Unusad Iiiegal
The paragraphs below cover all the data fupe57 First the Lisp

uhiect types are covered, divided into the immediate types and
tha peointer types. The pointer types are subdivided into List.
gGtructure, and Miscellaneous types. The housekeeping data types
used as structure headers are covered in the discussion of the
sextended storage obhject they implement. Finalliy. the remainder
of the hausekerping types {(the Forwarding and miscellaresus
housekeeping types! are detailed.

7.5 IMMEDIATE DATA TYPES

Bome Lisp ehbjects can be represented completely in one stoTage
tell. These are called Impediagte Types or INUM types: siwvce ithe
gointer field of swuchk a zell is an actual value rather than 3
pointer to +the actuwal wvelue INUM types are typically
implemented for efficiency reasons. Each INUM type is discussed
inn the following peragvraphs,




Internal Biorage Formats Softwasre Design Notes

7.5.1 DTP-Fix.

This is a small integer, usuvally called a EIXNUM for fixed point
number, The pointer field contains the actuval value of the
numher in twes compliement notation. Unlike extended numbars,
FIINUMs with the same value will always be EG.

Integers 4in the range L[~ 2Zw824 .. 2eedd - 11 will be

represented as FIXNUMs, Qutside of this range an integer
extended number {(BIGNUM)! will be created.

.5 & DTP~Character

This is a Comman  Lisp character object. For Zetalisp
compatakility it can be used in arithmetic like 2 FIXNUM Its
farmat is shown in Figure 7-2. The byte descriptoers can be found
in Q-FIFi DS.
3t 29 25 34 23 32 21 20 19 is a7 &
pame e b e s st At e e § e - +
ICCE DTP ¢ KIMO! H! S! Mt C! ¢ FONT | CHAR |
—_——— —_ +
CHAR 007> = Character code o mouse click code
FONT <B: 15> = Font bite
E LIWy = {onirol Bit
M L2320 = Mets Bit
g <EilF = Supar Hik
(%) Ll = Hyper Bit
M0 Sl = Mouse Hit
WP LA = Keypad Bit
Figure 7-& {&haracter Format
7.% 3 RTP-Bhari~Float.
A4 short precision fleating peint number, The pointer field

centains & 25-bit flpoating point number. subdivided into a 1-bit
sign field, an 8-bit exponent "ield, and & 16-%it frastion #ielg.
The exponent field zoentains the eicess 127 euponent. which gives
a tange of 10#%-38 to 10#%438 approximately. The #raction field
centaing a f&-bit Praction. excluding the hidden bit {which is
enliy used if the exponent Ffield contains 2 non—zerso valuel. The
fraction can tontain approximately T decimal digits. The format
used is equivalent to the JIEEE Std 7845-1985 single precision
format, with &the erxception that the fraction field has beon

Fudy
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reduced from 23 bits to 1& bits,

The format of a short float word is shouwn later along with +the
oither numeric formaty,

7. & POINTER OBJECT TYPES

The gpointer $ype obiects have an address (or an index}? in their
ppinter fieldi ths address generally points $to the firsk werd gof
the object’s actual extended storage. £ach pointer object points
t0 a certain ¥ind of storage. For strucityre—type pointers. the
storage is Always delineated by a strustuyre headsr, For list-
type pointers, the storage is a CONS or a list whose extent is
defined by %the local cdr ceding. The gointer objzect types and
what *they peint t¢ are listed by catsgory in Table 7~3 and are
discussad individualliy below

Table 7-3 Pointer Types

Strueture Pointer Object: Paints %o:
pre~Symbol DTP~Bymeol-Header
DTP=-Instance BTP-Instance~MHeadar
DYPwArray BTP-Array—Headpr or
DTR-Haader-Farward
DIP~Stack—Group pTP-Array—Headar
DTP~Function Mp~Fef—MHoadpr
DTR=Extendad-Number DIP-Hegder
BTE~Bingle~Fioat DTP~Header
iiist Pointer ﬁbject: Peints to:
Dfp~list CONE cell, Cdr-Coded list.
or DiP-Header~Fogvrward
DTRA-Closure Cgr~Coded list
DTE-Lexicai~Closure LONS cell
DTR-Gtack~Lisk Logr=-Coded list
unt 3 regular FDL
Cther Pointer Objecs: Bagints o
DTP«Locatbive Any boxed word
DTP—Self-Ref-Pointer Indexes an instance cell
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7.7 LIST POINTER OBJECTE

?.7.1 DTP-List,

The pointar field points to a CONS or a cdr—coded list segment,
Whather +the storage is & CONS or a tist segment, and if a list
segment how long a segment 211 depends on the gdr code Fialdg.
The entoding of# the 2=bit cdr code field is shown in Table 7-4,

Table 7-4 CDR Codes

0 — CDR NORMAL
1 - CDR ERRCR
2 — LBR MIL
3 - CDR NEXT

7.7.2 CONS Cells.

A CONS is a 2wuwsrd structure whose first word is the CAR and
second word is the CDR.  This is the two-poinker Fform of CONS
vsed in most versions of Lisp. The CAR celi aslways has a cdy
code of CPR-NORMAL. and the CDR cell is marked by CDR~ERROR.  The
COR-NORMAL means that the § folliowing this one comntains the CDR
CDR ERROR means that it i3 an error to take the CDR of thisg
lpcation: singe this is dhe second half of a full (CDR-NORMAL)
nRge.

7.7.3 Qér—foded Lists

& seheme called Cdr~Coding allows 3 special, high-density storage
scheme For tegular lists.  In such & storage scheme a list of N

elements can be stored in N consecutive words using a series of
CDR-NEXTs  followed by = Final CDR-NORMAL (i+f this list continues
an with one er more CONS cells) or a CBR-NIL (if this is the end
of the list) CDH-NIL means simply that the CDR of this node is
the symbol NIL.. In contrast, & list of N elaments constructed
From normal CONS rells requires =N words of storage.

COR-NEXT designates a 1ist element (a CAR). It indicates that
the CDOR of this CAR is a {not physically present} pointer to the
next word. When the COR of a normal list is reguested, & copy of
the contents of the LBR cell is returned; whern a DR of a cdr-
coded list is reguested, & gponinter to the location one word past
the (AR is copstrycted and returned
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The funckions APPEND. LIST, and {OPY-LIST always form these
compact cdr—coded lists while CONG and related operations always
treate full nodes {CDR-NIRMAL. CBR-ERROR).

7.7.4 Destructive Operations: RPLACA, RPLACD.

RPLACA and RPLACD are easily defined on CONS cells. RPLACA
averwrites the first cell of the CONS and RPLACD overwrites +the

second. Since all CARs in a cdr-~coded list have cells ailocated
to them 4o RPLACA an element of a CDR-NEXT 1ist, you simply
overwrite the specified CaR, But since the CDR node is not

actually present. btut rather 3is impiied by the chr-ecnding,
RPLACDIng i% mpore difficult

RALALD first finds the CAR whose not-yet~existent cdr needs to be
written it then allocates a completely new CONS node (CDR-
NORMAL., CDR-ERRUR) and copies the CAR to the first word. It then
writes the new COR in the serond word. Finally. the original CAR
with the CDR-NEXT field is overwritien with 2 werd with dota type
DTP~HEADER~FURWARD and cdr code CDR~ERRDR. which points ¢z the
newly allocated CONE node, This process is calied RPLACD
Forwarding. .

V7.5 DTP-Stack—-List.

This is a cdr—coded list which has been crested oan a Tuntime
stack (regular PDL):. wusvally asz a Ffunctipn‘s REST arg. The
pointer field must aslways point to the portien of the stack that
is active {i. e, hefore the top~of-stack peinter!. Bince rontime
stacks are represented by special PDL arrvays, 3 DTP-STACK-LIST
paradaxically always points to structure space.

The elements of the STACK-LIST are always cdr—coded except that
it may end with either a CBR-NIL gr a UDR-NDRMAL which points ic
# CONB in List space. RPLACA works normaily on a STALK-LIST. it
is an error te RPLACD one.

If an attempt is made %o store a STACK-LIST into mamory mot  in
the active portion of the PDL, the list elements will be copied
aut to regular List space. A1l BTACK-LIST pointers will then he
replaced with normel LIST pointers. and the sld eiements on the
stack will be replaced with words with data type BDTP-EXTERNAL-
VALUE-CELL~POINTER and gointer fields which address  the
cegrrespanding slement in the copisd-out list,

7.7.6 Closures
A dynamic closure is a woerd of types DIP-CLOSURE which peints to &

bBlaock of cdr—coded storage in list space. This bhlock is D#Ne]
words long, where N is the number of c2lls clesed over.
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4 iexical closure iz @ word of type DTP-LENICAL-CLDSURE which
points tnp a CONS cell. The CAR of +4he CONS is the closure’s
function, and the CDR is the a word of type DTP-LOCATIVE pointing
to the closure’s lexical environment.

The type DTP-LEXICAL-CLGSURE is only created by compiled crde.
The inberpreter implements lexical clesures as a DTP—LLUBURE owver
the special variables that hold the irnterpreter’s environment,

Both thess clesure types are described in detzil in & later
section o Closures.

7.8 STRUCTURE POINTER (BJRCTS

The are otily & handful of actual structure types. These arse:
symbrls. instences:, arrays {ingluding statk groupsd, funttions,
and extended numbers. Each of these is discussed hers.

7.8.1 Symbols.

4 sumbpl iz represented by a2 G of datatype DIP-HYMBOL whose
peinfer pointys to a Five—word symbgl bilock. The five words ars
listed in Table 7-5

Takle 7-5% Lz of Symbel

Offoet Cell Mame
4] Print Name cell
1 Vajue Call
a2 Funciion Celtl
! Fropevrty Cell
) Package Call

The Print Mame Cell holds a werd of DTF-BYMBOL-MEADER peinting to
a STRING array which is the print name #er the symbol. The
SYMBOL~HEADER acts Jjust like an array pointer in many contexis

The Vaiye {eill holds the value of the symbol, and sn0 can be of
aimost any data type. i1¢ the value has no%t been initialized. =2
symbol’s value cell may be empty or unbound. I+ 5o, the ceil

centains a DTPF-NULL whose pointer field points back at the symbol
header,

The Fungtion Cell Holds the functional property of the symbei.

I# the symbol is called as a function. the contents of this ceil
will be analyzed Lo determine what function to perform. A

7-10
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symbol ‘s funetion cell may alse e unbownd, in which casa it
tortains a DTP-NULL which points back at the symbel header.

The PEroger 1l contains the preperty list The use of
properties is not rvequired by the basic system a2t ali, so  this
might be NIL. fin the oiher hand. many subsystams and features

make heavy uvse of the proeperty fist. sn it ig likely £o contain
somathing. .

The Package Cell is uvsed &z point to the package 9 which the
symbol belongs for interned symbols: for uninterned symbols., the
package cmll contains NIL. The only architettural support for
packeges is the package cell of symbols.

When a symbel is initially created, the value and function <cells
centain  DTP-NULL. The property cell initially contains Nii;
however, the icader and other parts of the system that craate
symbols may piacte groperties on them

The function VALUE-CELL-IDCATION ¢an be used to sbiain a DTP-
LOCATIVE pointer +fo this locatisn and +hke contents can be
oftained by {CAR {locl) or more generally (CONTENTS <lpcs) on the
locative sp generated.

7.8 2 Ingtances.

A Fflaver instance instance is a word gf DTP-IRSTANCE which points
te 8 DTP-INBTANCE-HEADER. Instances are variabls length, but ajl}
their elements (which are instance variable sloks) are boxed.
The INSTANCE-BEADER pointer +field points to this instance’s
parent flavor. The #lavor datas structure is implemented as an
array (50 that the INSTANCE-HEADER acts as an  arrag pointer in
most contexts) and is described in greater detail in the section
on Flavor Internals.

7.8.3 Arrays.

An arvay okJect is & word of DTF-ARRAY which peints $o a BIP-
ARRAY—-HEADER. the ARRAY-MEADER may optionally be preceded by a
number of hored leader words hopped by a DTP-HEADER of heager
type ARRAY-LEALER. The ARRAY-HEADER may be followed by by some
housekeeping words {3f it is 2 Jong: multidimensional, displaced.
or physical array) ang then gerervally by the actual array data
sterage words, The ARRAY-MEADER pginter field does not contain
an address, bui rather several fields of data descrihing the
arvay, The gection on Arrays discusses array Pormats in greater
detail. DBelow we briefly introduce some special arrays: Stach
Groups, HRegular PHL. Arrays, and Binding PDL. ArTays

7.8B. 3.1 Btack Groups.

7-11




internal Storage Formats Software Design MNotes

The state of a compukation on the Explorer is meintained in a
data structure called a Ziack froup when the computatian is nok
active. A stack group is rvapresented by a woerd of DTP-STACU-
GROUP pointing to an ARRAY-HEADER. The stack growp arrayg is a 4o
array of array type ART-STALR-GROUP-HEALD It has =nn data
plements; all the computation state is sipred in arrayg leader
wordsg. The stack group dats structure itself is described fully
in a later sectien,

In addition to saved register values and other state information,
there are bwo arrays associsted with esch stack group: the
Regular PDL and the Spsecial PR {(BPDL}  These are aiso described
more Pulliy in the seqctions on funcbion calling and stack groups,
but are insroduced here tp fouch upon  their gparticular storage
ingnagement canveniigns.

7.8 3.2 Regular PRl Arrays.

A rcomputation’s Tun~ktime stack is kept in the stack group‘s
Reguler PDL array. A Regular PDL array has array type ART-REZ-
Pal.. It is a Q array in that itz valid elemenis can contain any
Lisp object; byt not all its slements are valid. Those which are
not vaiid are considered as unboxed memory. A Regular PDL  array
always has & leader with one lesader element. The lepader element
ltelement O} contains the stack group which owns this PDL.

The top of the currentiy~active stack group’'s rountime stack is
kept in the PR, Suffer of the processer. The hardware PIL HBuffer
acts a5 a vcache of up to 1024 woerds which greatiy speeds up
almost all references to the stack. The PDL Buffer cache is
maintained by microcode dinvisibly +o macrocode and all kigher
jevels.

The Regular PR is not allowed o0 contain mest  housekeeping
types. In addition, it always contains valid boxed Qs up %o the
current top—of—stack pointer. However, Regular POL. arvay
elaments beyond the current top—of-stack pointer are not
guaranteed to be valid Lisp objects 50 must not he accessed by
#ny Lisg code or be scavenged by the garhage coliecisr. They are
considerad as unboxed siements in the array.

The top-of-stack pointer for a Regular PDL is computed in one of
twd ways, If the Regular PDL dges not bHelong %o the courrent
tomputation {i-e. s di8s nod the Regular PDL of %CURRENT-STACK-
GROUF}Y, the valid portion of the PDL arvag im describesd by the
saved regular PDL pointer of its Stack Broup {SG-REQULAR-PDL.~
FOINTER <sg>}. Array slements numbering wvp to this value may be
freely accessed. IFf. however, this is the current stack~group’s
#egular PDL, the highest valid element number aust be computed
using the hardware PHL~BUFFER—POINTER registar.

In either case, the USTRUCTURE-BOXED-SIZE primitive will slways
return the serrect number of valid, hoxed woerds when given &
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Regular PDL. array. This numbsr is the top—of-stack element indax
plus 2. since it caunts Ythe PDL array header word and the array
lgng langth word as valid, baxed words.

If a Regular PDL needs more elemenis than its initial allocation
sizeé &the misrccode traps out te the Error Handier., The Errgr
Handier will allocate & larger array and structure—forward the
oid PDL te¢ %he new ona.

7.8.3.3 GHpecial PDL Arrays.

A computation’s dynamic (special wvariable) binding stack is
represented wsing & Special FDL array (BPDL) which has array type
ART~GPECTIAL~PDL. lL.ike the Regular PRL array, the HPH. is a &
array in that its walid elements can contain any Lisp object; but
not 21l its elements are valig, Those which are no% valid are
considered as unboxed memsTy. The SPIL alse has one leader
plament whick contains the stack group ownimg this SPDL.

The wvalid top-of—-stack Ffor the binding stack is stored in the
stack group (SG-SPECIAL-PODL-POINTER <sg>) if +fthis 1s not the
current stack group’s SPOL. Dtherwise, as with Regular PRLs, the
valid portien can only be computed wsing USTRUCTURE~BOXED-SIIE.

I1£¢ 3 SPOL. needs mpre elements than its initial allocation size
the microcode traps out to the Error Handler which will alliocate
a larger array and strycture~foruward the old SPDL to the new one.

7. 8. 4 Compiled Funmciions (FEFs).

When & +fynciien is macro-compiled, the macrocompiler producss a
compiled code obyect called a Functien Entry Frame (FEF}. This
igs represented by a word of DTP-FUNCTION seinting to sterage
starting with a word of type DTP-FEF-HEADER. The storage
sccupied By the FEF can be divided into twe pavts. The firse}
gsart, which is at least 2ight words leng, is called the averhead
saction and consisis only of boxed words. This section contains
encoded information about the Punction and pointers fto variables
and other functions called by the functien. The second saction
is completely unboxed and contains the funciien’s macrocodse
instruckions packed two %o & 32-bit memory word

Sep the ssetion on Function Calling for more details on FEFs

7.8 5% DTP-Header.

This werd is the heginning of & hHlock of storage which is either
an array leader, & single float. ar and extended number. The
peinter field does not contain an sddress: instead it has a
HEADER-TYPE field which explains what purpose the header is
serving. The HEADER-TYPEs are susmarized in Table V4.  Array
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leaders are discussed in the Arrays section, The remaining
extended number structures ave described below

Yable 7«& HMeader Types

Code Hipader Type Name Pointed To By

O YHEADER-TYPE-ERR{IR Unused

i FHEADER-TYPE-UNUSED-1 Unused

= YHEADER-TYPE~ARRAY-L.EADER DTP-LOCATIVE

3 HEADER-TYPE-UNUSED-3 Unused

& YHEADER-TYPE~B INGLE-FLOAT DTP-SINGLE-FILOAT

5 THEADER-TYPE~COMPLEX DTP-EXTENDED—-NUMBER
& KHEADER~-TYPE~E IONUM DTR-EXTENDED--NUMBER
7 EHEADER-TYPE~RAT I ONAL DTP-EXTENDED-NUMGBER
a AHEADER-TYPE-DOUBLE-FL.OAT DYR-EXTENDED-NUMBER

7.8 4 BTP-Extended-Number.

A woard of type DTP-EXTENDED-NUMBER pointing te a DTP-HEADER word
signifies one of the Pollowing, depending on the HEADER-TYPE of
the HEARER word: an eztended integer (BIQNUM); a ratio between
twoe integers (RATIONAL)) a douvble—precision floating peint number
(BOUBLE-FLOATY: e+ & complexr number {(COMPLEX). All excapt
ROUBLE~FLOAT are desgribed here. The #lgating point formats are
detailed in the nert subsection

7.8. & 1 BIGNUM

A& BIGNUM is an extended precision integer vepresented by an
object of type DTP-EXTENDED-NUMBER sointing te a DTP-HEADER. The
shorage length of a BIGNUM is determined by the site of the
itnteger it represents. It is composed by a HEADER word and a
tiumber of unboxed data werds as shown in Figuvre 7-3, After tha
BIGNUM headey, the integer is stored in successive words with the
least significant word first.

The format of the BIGMNIM header is shown in Figure V=& The
LENGTH £ield gives the ipngth of the BIGNUM in words: thig is the
length of the BIGNUM siructure minus one, Each of the BIGNUM
data worgs has the format shown in Figure 7-~5 The high order
bit is always §. The remaining bits are o spction of the bits of
the positive integer that is represented.

714
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e e e *
: Bignum Header i
- i e
i Least Significant Word §
! Must Significant Weord {

Figure V-3 BIGNUM Btructure
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7.8.6. 2 RAYI(NAL.

& RATIONAL number is an ohject of fype DTP-EXTENDEL number
pointing %o a S-word fully bozed structure. The #irst word is of
type DIP-HEADER and the next bwoe words are the numerator and the
denominater., respactively, ot the ratip, Each of +these may
eikther be a FIXNUM or a BIGHKUM

7.8.46.3 COMPLEX.

a4 LCOMPLEX number is an object of type DTP-EXTENDED number
pointing to a J—word fully boxed structure. The first word is of
type DIF-HEADER and the next iws words are the real part and %he
imaginary part, rveapectively. of the COMPLEX number, Each of
these may h# any numeric type.

7.8.7 Floating Point Numbers.

There are several éflpating point formats supporied on  the
Explorer. Short precision flioating poindt numbers are an INUM
type: that is, the pointer field of the § contains the wvaluse of
the objegt rather than a2 pointer tg it value., Hingle precision
and dowvble precision Plgating point numbers are vrepresented as a
pointer gointing %to a DIF-HEADER with header type YHEADER-TYPE-
SINGLE~FLOAT and YHEADER~TYPE-DOUBLE-FLOAT vespectively. Bingle
precision #floating point numbers have a pointer type DTP-SINGLE-
FLOAY; doukle pracision flpating point numbers have 2 pointar
type DTP-EXTENDED-MUMBER.

Fuldy
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7.8.7. 1 &hort Float.

The format of a short precision fleating point number is shown in
Figure 7-4. This #format is mguivalent to the single precision
flgating point format, with the Fraction #ield reduced o &
bits.

31 29 = i e | 14 1% Q

! (O

e

+ oww

-4

t i
CDR Code H

I
OTP~Shart-Float

I e ]

W A e e s o e

Eiponent

B T e —

Fraction

Figure 7«4 Bhort Float Formet
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7.8 7. 2 %Hingle Float.

& single precision Floating point number is represented as an
shiect of DTP-BINGLE-FL.OAT, peointing tep a two-word structure as
shown in Figure 7-7. The second word is wvrboxed

Unused - - -

e

Header—Type—Single-Float-
Spare Bits ~—-——

DTP-Headsr ~

W AN WM wH e B W H
amap A W mpR g ome mas A

i
CHR Code H
! ¥
] 3
3t 29 2% 22 i% 18 o
+ +
Word t 1 ! ! ; i ;
+- e
Woerd 2 isi e : £ 3
+ *
431 30 23 22 {2
5 = sign hit
# = gyxponent field
f = Ffractiocn field

Figure 7-7 8ingls Precisign Floa%t Structure Format

The format vused is the IEEE Std 754-198% single Format. The 8-
bit exponent field wuses an excess~I27 {decimall}l Format, The
single gprecisien #flsading point Fformat uses a ZFd-bik% fraction
fipld. The range for single precigion flipating point numbers isg
appreximately { Oriede-30 to JC#%4- 38, with a precision of
approximately 7 decimal digits.
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7.8.7.3 Bpuble Float,

A double pretision fleating point number is represented as an
ochject of DTP-EXTENDED-NUMBER, pointing to a thres-word strycture
as shown in Figure 7-8B. The two words following the MEADER sre
unbosed, .

Header—Type—-Double~Fioat

1
Spare Dits —-———n—m ] i
t 1 1
DTP—Meadeyr - i 1 ;
1 ¥ 1 ]
I 3 ] ]
CBR Code ' H H !
H ' H H '
33 =% 25 2 19 18 ]
- - ——
Word 3 ! i i i ! H
+ - —_ - +
Word 2 ) f~low ;
+ - -
Word 3 !s e H f—high :
+ - — - —_——
331 30 20 g O

s = sign hik
e = gxponent fieid
£ = Pfraction fieid

Figure V-8B Double Precision Fioat Struciure Format

The format used is the IEEE Std 754-1905 double format. The 1~
bit expoenent Field uses an excess—1023 (decimal) ¢ormat. The
douyble precision floating point format wuses a 52-bit Ffractign
field, with the R0 most significant bits concatenatod with the
sign and exponent fields. The range for double precision
floating point numbers is appreximately 10#%-308 to (0*#+308,
with & precidsign of appreximately 14 decimal digits.

7.8 8 The Cdr Code Fisld in Structures.

The tdr coede Pield not wsually significant in  structure space.
Thers are, however sgme sxceptions. The cdr tode field is ussed
to denote actual cdr veding in structures that are treates as
tigts {3 BTACK-LIST or ART-4-LIST array). In addition., the cdr
code has a specialized meaning relating %o binding blocks inside
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of & Special {Binding) PDL avray {(see the section un Biack Uroups
for more details)., Finaiily, hash tablie entries are cdr ceded so
the key and vaive{s) may easily be returned as a list

7.9 OTHER POINTER DBJECTS

Two misceliianesus painter objects are implemented with the data
types DTP~LOCATIVE and DTP-U~Entry. The LOCATIVE is generally
used %o point ton @ single cell. A U-ENTRY is & functional object
with an indesx in its peinter field.

7.9. 1 bYP-lLocative.

A lpeative iz a general-purpose pointer %o a single boxed cell of
memory. It is not an invisible pointer type. It can be wused far
many things. For example, it is often vsed to point te an  array
leader‘s header word. or to point %o bound cells on the binding
PDL. Bath CAR and CDR wé & Ilocative return the same thing.
namely the contents of the cell pointed at.

7.9.2 DTP~U-Entry.

This data type represents a micracoded funciion that takes a
variahle number of arguments or has a REET arg. It 15 a
jepitimate Punctional object which ran be funcalled, passed a5 an
argument, and s forth. AREF and LIST are examplies of U-ENTRYs.

The term U-ENTRY is short for uUcode: ur microcode, entry. The
pointer field is actually an index inte the MICAO-CODE-ENIRY-
AREA:;  this vcoantains sither a FIXNUM or & fumction. 1F it is a
FIXNUM. that number is an index inip +the MICRO-CODE-LINK-AREA.
The FIXNUYM then found in the MICRO-CODE-LINK-AREA consists of the
ja—bkit contrel store address of the microcode te run for this
function; & bits describing the regquivred arguments pattern: and
pne Bit indicating a REST aryg or not.

If the entry in the MICRO-CODE~ENTRY-AREA is not a FIXNUM., then
the current definitian of this Ffungtion is net microcoded and fthe
sgmbpl names the funciion to run

The DEBUG—INFO structure #or a Y-ENTRY function can be found by
using the pointer field as an index into the MICRO-COLE-ENTRY-
DEBUG~ INFO—~AREA

Fmgd
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7.10 MOUSEKEEPING TYPES

The discuyesion of hovsekesping types in the fellowing paragraphs
begins with %the forwarding pointer types. Then the remainder of
the data types are describaed: ihe DTP-BELF-REF--POINTER type: the
Trap Types DYP-NULL, DTP-TRAP; and the type DTP~FREE.

7.10.1 Forwarding Pointer Types.

Forwarding pointer types are "invisibie” data fypes which provide
data indireciieon They are termed invisiblie becavse their
presence is completely transparent to most Lisp code.  Whenever a
forwarding pointer is Tead, the read is indirected along the
invisible peinter. This is sometimes called the INVIZ process,
ar  gJust  INVZ INVZ is similar %o inditect addressing in gther
computers, wxcept that insiead of being specifisd by the reading
instruckian, Ehe indireciion ie¢ sppecified by the datsy read Faor
prample. if you ask for the symboi value of & symbel with a DTP-
ONE-G-FORWARD G in its wvalue cell. what you will actually get
back is the contentas of the word at the address specified in the
pointer £ield of the DTP-ONE-O-FORWARD word.

There are six feruwarding data types. DIP-ONE~-O-FURWARD and DIF-
EXTERNAL~VAL UE-CELE -POINTER are pneg—word +forwards Uy ed for
various housekeeping functions, DTP—RC-FERWARD and DTP-QC-YOLING-
POINTER ars used +for garbage collection suppor:. DTP-HEADER-
FORWARD and DTP~BODY~FORWARD are used to Fforward a whols
structure that has grown or Been moved. All are distussed below.

7 3008 8 DTRP-One~@~Forward.

This is a simple kind of invisible pointer wsed tp hide a single
teil of memory. it forwards only the word that it is in, net the
whele vontaining s¥ructure. Its most common use 35 %o aliazs &
symbol‘s wvalue fo that of another symbol {see DEFF and FORWARD-
VALUE-CELL Y.

7.10. 1.2 DTP-External-VYaljuve~Celi-Pointer.

This is a kind of one—word forwarding invisiblie pointer used for
several different purpouss. Thay are most commenly found in the
cverhead werds of compiled functions (FEFs}  There they are vsed
to point te value cells of symbole referenced by the code and to
function celis of other funciions called.

EVCFs are alse placed in symboi wvaluwe cells by the dynamic
closure mechenism {see the section on Clesyres), and are used to

replace BTACK-LISY elwsments on the Pl after the Iist is vopied
gut tu normal memory {sse the paragraph on Stack Lists}. The
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Lisp interpreter alss uses EVOPs to implement dymamig binding.
Y.10.4.% &0 Forwarding Pointers,

Data tuype DTP-GC-Forward is the forwarding pointer left behind by
the parbage collector in Dldspsce; in fact. it is illegal
anywhere plse but Oldspace. The psinter fdield of a DTP-RL-
FORWARD must point t4 Copyspace:, and conkains the address where
this cell is forwarded. In this sense the QU-FORMARD is & onag~
word forward.

Normally, whenever a pointer—type G is read from mamory & check
is done %5 see if the address in  the pointer field Ffalls in
Oldspacs. I# &sga, the oblect pointed to is copipd to Copuspace
and the ohject’s old locadion is filled completely with &GO-
FORWARDS. This is cailed fransporting. Furthermore, the
eriginal memory locatien read is vpdated so that it now has the
Copyspace address. When other refarenced 4s are found bto point
to this GC-FORWARD they ares a2lst updated in memory te  have the
forwarded, Copyspace address, This protess is called snapping
gut. and preserves the identity of objecis copied by the garbage
cellector,

The type DTP-BL-Young-Painter {QCYP) is a single-c2ll forwarding
pointer which is wused in implementing the Temporal Barbage
Calliection (TRC? aigoribhm It acts as & specisl marker
indicating that the object it sreplaces is younger than its
containing structure,

The (CYP pointer field sliways addrecsss an indivecitipn ecpll in
bhe special INBIRECTION-CELL~AREA. The inditrection cell conbains
the actyal object the GCYF replaces. inciuding the cdy code
field.

7.10.2 Structure Forwarding.

When an array nheeds to grow beyond its original allocation due o
VECTOR-PUSH~EXTEND or ADJUST-ARRAY-SIZE operations, 4 protess
known As skructure forwarding takes place. This is done by  the
STRUCTURE~FORWARD #function. New, iarger zontiguous storage is
allocated, all the arvray’s leader and data element words are
copied into the new storage. and the old struwcture is filled with
forwarding markers,

The old array header woerd is Teplaced by & word of type BTP-
HEADER-FORWARD whose pointer field has the address pf the new
arvay header word 411 other words in the sld structure, beth
leader words and data element words, are trapilacved with Gs
containing date type DTP-BODY-FORWARD and pointing to the HEADER-
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FORWARD  werd. The body forwards are needed to fForward array
elements that have peinters to them ({created, for oezample, by
LBCFY: hut are wsed even in unboxed arrays.

Te follow a BODY-FORWARD, the peinter #ield is used to fingd bhse
HEADER—FORMWARD word. The offset {sither positive or negative}
frem the HEADER-FORMWARD word is calculated., That offset is then
applied to the address of the real header, found after fallowing
all intermediazte HEADER—FURWARDs have been #pilowed.

It is possible #or symbols to be structure forwsrdsd also, but
this is no longer dene by any system cods. No opther strutfures
in structure space can be struckure Forwsrded. DTRE-HEADER-
FORWARD daoes have 3 further, different use in List space %o
suppert the RPLACD ogperabion. This is described above in tha
paragraphs on Destryctive List Dpevations.

7103 DTP-Salf-Ref—-Peinter,

A SELF-REF-POINTER (SRP} is used for magped and unmapped instance
variable referentes and may be uued to implement monitar
variabkies in %the futurs. The pointer field of an SAP egntains
flag bits and an index field. The format of a PTP-SELF-REF-
POINTER (BRPF}! is shown in Table 77, SRPs are created ang
manipulated within the code for flavors, mostly in  the mapping-
tablie spetions. They are currently found anly in the typed
overhead werds of FEFs.

Table 7~7 SBELF-REF-POINTER Format

Ait 19 SELF~REF-RELDCATE-FLAG
Big 18 BELF-REF~MAP-LEADER-£1 AG
Bit 17 SELF-REF-MONITOR-FLAR
Bits i1a2-0: SELF-REF-INDEX

Bits i2«1: BELF-REF~WORID-TNDEX

if RELOCATE-FLAG is cliesr, an SRP is an unmappedt instance
variable reference. The instance variable address is derived by
indexing SELF-REF-INDEX words into the instance data sbructure
currently assoc:iated with SELF.  Unmapped instance variables are
created by the @ ORDERED~INSTANCE~VARIABLES apticn to DEFFLAVOR,
and when & Flaver is & base flaver with ns mixins, Teguired
flavors, and so forth.

If RELOCATE~FLAG is set. the SRP is a mspped instance variable
refersnce and a SELF-MAPPING-TABLE array must be used. This is
the most common case {about 7%% of SRPs!. When the MAP-LEADER-
FLAQ dis clear. the INDEX figld is used as an plement index into
the current SELF-MAPPING-TABLE array (an  ART-14&b arrayd, That
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location should contain a number which is the real index into
BELF of the mapped instance variable.

The MAP-LEADER~FLAZ:, when set, means to read the contents of a
siot in the array leader of the BELF-MAPPING~TAILE., This flag is
used anly wherns fetching another mapping +table during £he
execution of & :COMBINED method build on tomposed Plavers f{aboui
5% of SAPs)}. The SELF~MAPPING-TABLE is obtained from Local Slot
i on the stack. The INDEX field is +then an index inte the
mapping +table array ieader, which should then contain a Ipcative
0 a cell zentaining the instance variable value.

The MONITUOR~FLAG bit is intended for use in impiementing "meniter
variahlies® which cause a Lrap when written into; howsver meniter
variables are nnt currently supported hence the Monitor-Flag hit
should always e a O in an BRP, I# the MOMIYOR-FLALR b3t woere
set, the BRP would be a Teference fo the next memory location an
read and would cause a trap on write. The MAP-LEADER-FLAZ would
be ignored. Mo monitaor pointers could appear within methods.

F.10.4 Trap Types.

Reading a werd with & irvap data type will normally cause the
eTroT handler Yo be inveked (via the trans trag mechanism
described in the section on Error Handlinrg}.

7.10.4. 1 DTP-Null.

tThis datatype is used Ffor various things to mean "nothing. * Its
most commen use is to act as an wnbound cell marker. Far
gxample, an unbound symbal Ras DYP-MNULL in its value cell. The
pointer fisld points back at the symsbol header so that the error
handier can descrihe %he symbol that {8 unbound. DTP-NUALL tan
also act a5 an unbound marker in gther struvetures: but the
pointer field must always point o some siructure’s header in
agrder support the error handler,

DTP-NULL. is alse used in hagsh *ables te¢ mark vunused entries,
Here. in & special case of the pointer Pield restvriction, the
pointer field contains O which is the address of NIL's header.

7.10. 4.2 DTP-Trap ard BTF-lnes—~Tras.

These data typew are present mainly for error checking. A newly
created wvirtual page is fillied with words of %ype DTP-TRAP and
puinter fialds of O by the page~fault microcode {in fact: all 32
bits are Q). The DTP-ONES-TRAP data type is vssd as a2 means of
easiiy detecting sign extension during arithmetic gperations.

F.10.4. 3 Unused Type DTP~Free.
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Some wirtuval memory that is alliocated by the system build program
{GENASYS} but iz not yet occcupied by objects has data +type DTP-
FREE. It is illegal in any context lwill casuse crash Tocessing
ta accur}, It shauid be considered reserved for future use,
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BECTION B

Arrays

8.1 ARRAYS

An arraey cobsists of 8 groue of eiements, earh of which eontains
a ddata item The individual eiements are sslected by numerical
subscriphs The rank of an arvay is the number of subscripts
used to refer fo the elements of the array. The rank may be any
integer from rero to seven, inclusive.

The lowsst value for any subscript is tero: the highest value is
a property of the array. Each dimension has & size, which is the
ipwest number which is too great to be used ac a subscripd, Faor
example, for a one~dimensional array of five elements, the size
of the one and only dimension is five, and the scceptable valuss
of the subscript are the integers zero through four.

Any arTay may have an array lepader An array leader is like &
gne—dimensional ART-Q array which is prepended to the main array
Hence an array which has a ieader acts like two arrays joined
together axcept that the indexing scheme is different for array
leaders, The array leader words can be stored into and examined
by special atcesdors, different from those used For Lthe main
array. The leader is always fully boxed: leader words van aluways
hold any kind of Lisp object. regardiess of the type or rank of
the main part of the array.

Many bigh-level Explorer data types are implemented using arvays.
These include hash tables, flaver data sitructures, and other
structures treated by DEFSTRUCT

Ar  array object is repressnted a5 a word of DTE-ARRAY. The
pointer field point to an grray header word of data type OTP-
SRARAY-HEADER, The arvray may also indirectly peint to its ARRAY-
HEADER throwgh an intermediate forwarding structure. An array
object pointing to & a DTP-HEADER-FORWARD indicates that the
array has been sfructure~forwarded. The HEADER-FORWARD pointer
Fiedd will then point to an ARRAY-HEADER or to angther MEADER-
FORWARD. The structure forwarding process. which sccurs when an
array nesds to he grown larger than ks eriginal size, is
described in the Internal Storage Formass section,

The format of an ARRAY-HEADER is shown in §Figure 8-t These
figlds are discussed in subseguent subsactions.
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31 =27 25 23 19 18 17 16 1% 4 2 11 10 9 0
——t ra—"s + s S s et ——
$CCIARY-HDR | [ARY-TYPE P! LI DI §i DIMS JLLING: INDEX i
- : 3 b R —_—
; i f

INDEX LM = Index length {if lgss than 1024)

NE <3G = Named Structure Flag

Ll Lit> = Lang Length Flag

DIMS <ig: 14> = Number of Dimensions

8 <15 = Bimple Bit

] C1lé&> = Displeced Hit

1. 17> = Has Leader Hit

(] <ig> = Physical Bit

ARY~TYPR {19 23> array Type

Figure B~} Arrvay Header Word

8.1.1 Array Type

The array type field indicates the type of the array. The array
type determines the type of dataz that may be stored in the array
and how this how this data is accessed.

There are many types of arrays. Some types of srrays can hold
Lisp objects. These are called G ATTAUE. in a @ Array each
memory word contains a Lisp object: hence all memory words in a @
array are boxed. Most of the & arrays allow their calls to hold
arbitrary Lisp objecks, although some numeric arraygs limit
element contents to various numeric types.

{ither types of arrays can only contain iniegers stored as rew hid
patterns and often pasied several $to a 3d-bit memory word,  These
are the bit arrsyy. whoese data pertions are unboxed. BScme
numeric arrays are alsc unboxed. Bit array slements {(those which
are smaller than 32 bits) are stored right—to~]jpft within each
ward; the first element of an ART-4E ARRAY, for example, would be
stured right-)ustified, beginning at bit O of the 32-bit word

The array types are known by a set of symbois whose names begin
with “ART~" {for ARTay Type}. They are summarized in Table 8-

and are alug diecussed in the Explorer Lisp Referente manuail.
The symbol ARHAY-TYPES rontains a Iist of all array types.
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Yahie B-1 Array Types

Code Type Boxad? Bits/Element

] ART-ERROR MN/A N/A

i ART~1R Mo ' 1

2 ART-ZB : Mo 2

3 ART—4B Nn i

4 ART-HE Np 8

L ART-t4B Mo i&s

& AHT-32B Yes =2

7 ART-G Yes an

B ART—G—L IST Yes 32

2 ART=-STRING No 8
14 ART-STACK—-GRILP~HEAD Yeg b ¥4
11 ART-SPECIAL—FDL ¥es 32
i2 ART—HALF-FIX No -1
13 ART-REG—PDL Yes 32
14 ART-DOUBLE—FLOAT Mo B #
i5 ART-SINGLE-FLIAT No a2
i& ART-FAT-STR ING Mo 1&
17 ART-COMPLE X—DOUBLE-FLIAT Mo 128 =
18 ART~LDOMPLEX Mo &4 #
& ART-COMPLEX—-SINSLE~FLOAT No & =
=20 ART-FIX ¥Yes b 1=

# These types eveguire 2 or 4 words per element.

8 i. 2 Array lLeaders.

The array may wptionaliy have an array leader which consists of 3
number of words BEFUORE the arvray headsr. i# tThe Has Leader EBEit
15 set in the array header word, there is a leader present.

If there iz a leader then the werd immediately before the srray
faader is a FIXMNUM holding the number of arvay leader elements

Before +that are the array iegder aliements. which may have any
data type singe any object can be stored din  them Firally.,
preceding the leader slements is a word of data tupe DTP-HEADER
and header type AMEADER-TYPE-ARRAY-LEADER. The rest of the
laader hesader word <contains the foftal number of words in the
leader (incliuding the leader header and number—of~leader—elements
wsTds)., The presence of the leadar header is necessary for
roukines such as the garbage collecter whith scen through memory
in the forward dirvection. MHNote that ieader plements are indexed
baciwards from the array header. The sterage layput of an array
with leader is shown in Figure B-72.
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BTF Hdr Type Hir Rest
o = “ +
! HOR {Ary Leader! MNbr leader Gz | leader header
= + -
! i i lepader—n
+— +
+— + ¥
! H { leader-i
e + - - +
! t i leadar~0
A onam + —_— -+
! FIX ! n ! ieader-length
P ARY~HDR | } array header
——— +— -+

array ecption woerdis}

+—— - - — +
£ | first data word

I - ——

rest of array data
words

Figure B8-2 Array with Leader

#.1.3 Simple Bit

The Simple Bit indicates that this is a simple srray which can he
accessed more sfficiently. Simple arrays are opp dimensional
arrays which may or mag not have leaders. They camnmot be
dispiaced, physical or lonpg length.

Note that here the tersm simple is used only to disvinguish a type
of access that may be dane by the wvirtual machine. Jt does not
have same meaning as the Common Lisp data types SIMPLE-ARRAY.

2 1.4 Named Bitructure Flag.

The MNamed Structure FlLAL is i to indicate that this array is an
instance of a Named-Sitructure (probably defined with DEFSTRUCT
with the :NAMED-BTRUCTURE option) The sivucrture name is found
in artey leader eplement 1 if the Has Leader Bit is sed: otherwise
it is in arrayg slament G
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Mamed structures may be vipwed as implementinp a so0rt of wuser
defined data typing Pacility. Certain system primitives. {#f
handed 3 named structure, wilil bpbtain the name and obtain from
that & #unction to apply., to perform the primitivae.

8.1. 5% Index Lengih Field.

The index lsngih of an a#rray is its nusber of data elements minus
=113 In & one dimensional array, it is the marimum value the
index may take, In a3 multidimensional array. it is the product
of the sizes of each of the dimensions.

I# +the index length of an array is larger than will £it in the
index length fisld in the header, the Long Length Flag is set and
ke index length is stered in the mext memsry word.

B 1.6 Number of Dimensisons Field.

The number of dimensions (rank) of the array is stored din  the
hiumber of Dimensions #field. This can be a value from 0 to 7
inclysive, Zerpg-dimensien arrays are doefined te have exacily one
giement. Therefore, all z2ero dimension arrays wiil have a zero,
but will have gne element,

Elements are stored in muitidimensional arrays in row—majar
ardar., Apn array cannot change its number of dimensions when i
is grown. Each dimensicn afier one will cavse a dimension inde:x
word te be allocated.

B. 1.7 Displaced Bit.

A displaced array is an array that has all its dats elements in a
separate, non-contigueuws area of memery. A diaplared array may
he displaced to another array gr %5 an arbiirary address
{spacified a LOCATIVE or & FIXNUM), Thus, a displaced array can
ke uged te point At the beginning of a REGICN Thig it done, for
example by 4the H'REGION-BITE array and sthers like it which
rapresent the special arsas/regions in jow virtual memory. They
are ART-G~LIBT arrays displaced 40 +he address which i3 the
origin of the region they represent,

Arrays displaced to a virtwal or physical address are called

displacpd—tow-address arrays. In contrasit, if &he arTray is
displacad &0 ancther array, it is kpnown as an indirect arTaur and

the array it is displaced-ts is ralled the indivectpd—to array or
just an jindirected array. The indirscted-to array has an  indeyx
lengih of i%s own.,  Then the index lengih of the imditect array
appears to be MIM(x,y} where x is +the index length of the
indirected—%to array and y is the tstal number of eluments in the
ingirect array, Cemputing MIN prevents refgrencing bayond the
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actual end of Lhe indirected—to array.

A displaced indax oféset is used as %o skip over a number of data
slots in bthe indirepried-~to array or in the djsplaced-~to-address

arpg before element access begins.,  This 1s only tricky with  an

indirect array displaced t& an indirected~te avrray. In this
case, whenevar the indivected-ts array is referenced, it is as if
that array were being referenced with an  disdey N higher. And

this index offsat N is pxpresszed in terms of the element sire
specified in the indirect array {no%t in elements of the
indirected—to arrayl. In other words: +the storage of the
indirected-%n array is treated as if it had the same element site
as the inditect avrray: even if the two element siies are in fact
gifferent. Froper data alignment becomes an important
ronsideration when using displaced index offseds.

The displaced index offset dis alwsys considered tn bhe one
dimensional:r it is added after a1l the dimensions have heen
multiplied out. The resuviting index is checked against the
compubed index length of the indivected-to array, if present,

The Displaced Bit is set in all displaced arrays. Such an array
will alwaygs allocate one array option woerd to describe the
storage displaved +to, and may alse allorate a displaced index
affset word.

8.1 8 PShysical Bit.

I# this is a phusiczal arrayr thern hoth the Physical Bit and the
Displaced Bit are set. Physical arrays are displated arrays
which are displaced to a NuBus physical address, Physicel arraygs
may only he made from the bit-array types.

4 physical array will always alioccete one array cption word o
describe the physical address displaced to and may also allocate
a displaced index offset word

8.1.% Option Words.

etween the ARRAY-HEADER word and the start of the array data
gloments there may he a number of arrsy oedion worde 1 present

they will ogcur in the faollowing oerder. Each eption word is
discussed geparately

B-&
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Non-Dispiaced Arrays:
5 Long Length werd
¢ Dimension wordi(s)

Digplaced Arrays:
g Dimension wordis)
o Displaced-To woerd
¢ Index length word
o Displaced Index Géfsat word

B.1.92.t Long Length Werd.

If the total number of array slements s too big for the header
index Ffield (1024 elemenits or larger} the index lengih is stored
in a long length word as a FIXNUM (limiting the maximum array
size 2##gd - 1 elements). in nonwdisplaced arrays, the Ilong
length word always follows immediately after the header word ang
bBefore any dimensian words.

B i.9. % Dimension Words.

I+ +the array has more than one dimensian, ther there is a bicck
af {number of dimg minux conel words immediately after any iong
length word. Each dimension word holds bthe sire of one
dimension. The first dimension word contains the size af the
most rapidly wvarying subseript (that of the last dimension in the
dimensign list); the second dimension word contains the size of
the second mest rapidly wvarying subscripd (that of the
penultimate dimension in the dimension {iskt); and so forth untiil
n—1 dimengion werds. The size of the last dimensioen can he
computed fFrom the N-i dimension sizes along with the total index
iength in the index fength fiaeld or the iong length worsd.

B 1.9 3 Dispiaced Array Option Words.
in @ multidimensicnal displiaced array, the N~1 dimension worids

alwaus come £irst, immediateliy after the array header. What
follows is anpther growp of 2 or 2 option words consisting of =&

displaced~to word, an inday iength word. and goassibly a
di ed—in w~affset word., The displaced—tc word is an array.
lacative or integer +#or rvegular displiaced arrays. It and any
fyrther pption werds Following it are considered Haxed. On

physical arrays. however, the displaced—te word 18 a 3Z-bit
sédreass; hence it and any words following it myst be considered
vnbexed,

Displacsed arrays must hkeep track of two different array sizes:
their ownr {for computing how much actual storage this displaced
arvay "“stub® takes}); and the number of elements in the displaced-
te storage ares. To accomvdate the latiter. am index length werd
is allsrated after the displaced«to word,
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The index #ieid in the ARRAY-HEADER of the displiaced array itself
is used ko tontain the number of ovpition words, not cewnting the
dimensign words, that this dispiaced array has. Thus it will
always be pither a FINXNUM 2 &+ 3.

i# there is a displaced index offset, its FIXNUM word wilil be
placed last.
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SECTIGN 9

HZtarage Management

2.4 INTRODUCTION

This section discusses Explorer starage management in  Areas and
Regiong, Garbage Collection (GL)} and ite specizl spaces are
cavered in the section on Garbage Collectien.

Htorage allocation for Lisp aobjecks is implemented on top of a
large wuniform address space provided by the Wirtual Memory
Bystam. The coallection of all Lisp abjects is knpwn as the Lisp
Object Spate. Htorage Allocatien and Garbage Collection manage
the mapping ¢f Lisp [bJect Space %o the wirtual address space.
Both storaye aliocatisn and parbage collection are jogically
above the virtual memory suystem The vivrtual memory system does
not understand and therefore cannet assist in & meaningful way in
the allpcation of address space ts Lisp objacts.

2. 1.1 Arsas and Reginﬁm

The storage allocatism system manages the address space by
breaking it down inte smaller segments called regisne. A regicop
is fhe sgsmallest quantum of address space managed by the address
space management system Regions in turn belong to areas

Areat are gTeated by explicit commands {see MAKE-AREA). Araan
creation mersly defines the abstract area entity, whose regions
are intended to rontain objects related in some sense {such as
ail local objects wsed by & processz) fOne initial region is
created when the area is first made.

F. 1.8 Address Space Allacation amd Use. Wirtual address space
is allogcated te reyions when theg are creabed. The allocation &
region is defined by the regisn’'s oprigin {istarting wirtual
addressy and its length. Actual opoecupation {use) &f viriual
address space by objects takes place im Tegions as  storage
requesgts  are made by the varisus storage aliocation primitives.
The general term consing is wesed bo refer to any such allocetion
of storage, whether to actual cons cells or to ecther objects.
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Sturage is assigned to objeets in a linear fashion starting at
the origin address of a vegion. The subset of region lpcations
sereupied by ebjects is defined by The region’s free pointar,
which is the next offset at which an object tan be given storage
A1l locations befpre this peinter have heen used.

7. % AREAS

The logical address space is divided into areas. An area defines
a2 set of abiributes on the wvirtyal address space that it
sauntains, While an area doesn’t really have any virtual address
space assigned directly ta it, it does contain one or more
regions which do. An area is identified by its arsa number. an
integer betwsen O and 255 The area number is used as an index

inta the various araa descripior tabips described in Table 9-1 tso

gbtain the apprepriate characteristic of %he area.

Tahle -1 Area Attributes

AREA—NAME A symbsl rapresenting the name of
_ the area,

AREA—REGIHIN-LIBT The regisn number of the first region
in this area.

AREA-REGION-BITS A templaste for the REGIOGN-RITE word

. for a region alliocated in this area.

AREA~RESION~E1 2 The defasul: size of thisg area’s
aldest repgions.

AREA-MAXZIMUM-SIZE The maximum size this ares is allowed
g ngocupy or *MOET-POSITIVE-FIXNUM:
if gnlimited.

f  further series of atiributes are dafined by the AREA-REGION-
BITS weard. Wwhen a new tregion is created it inherits the
attributes of +the area %o which it belangs by wsing the AREA—
REGIUN-BITS word as a2 template. These attribuobkes wilil be
described in detail in the paragraph on regians.

togically, the ares descriptor iahle is a table of D-word entries
as shown above. In reality. %the table exisis as five separate

tables inuexed by the arsa number, each table rorresponding te
sne of +the five words. This makes it sasy for the microcode to
index inte the tabie and makes the rcode Fairiy insensitive o
changes in the entry size.

ATsas can be created by user commande. The area in which general
consing occurs can also be tontrolied from Lisp {see the Slorage
Management chapter of the Eaplorer Lisp Refersnce manuall. -1

G
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program may use this feature to allocate related items in a
contiguous portion of the virtual address space, This has the
effect of increasing "logality of reference” on these data items.
which can improve viritual memory paging gperformance,

?.3 REGIDNE

A ragion is a bleck of contiguous virtual addrese space which is
some multiple vf the Address Gpace GQuanbtum Sjze of 35 pages.
Whern all the address space astigned to a regisn has been used by
ohiects. new Tegions are auvtomatically created asz  they are
needad, The amount af address space zllecated to an artea’s
regions is generally unlimited, unless a particular area maxiaym
size quantity was specified when the area was created.

Each regien 1is identified by a number from ¢ to 2047 Like an
area number, this number is used as arn  index inte any ef the

regign deseriptor tables in erder to look up information about
the region. The region characteristics found in these tables are
symmatrized in Table -2

Tabla 9«2 Region Characteristics

REGION-ORIGIN Btarting vitiual address of
the region.
REG I {IN~LENGTH The tetal amount of virtual

address space assighed %o this
regign in words.

REGION-FREE-POINTER Offset into *his region of the
next free word that fan he
alincated

REGION-SC-PLINTER Offset intg this regien of the
next ohject which needs to be
seavenyed.

REQION-BITS Defines varigus attributes of
this Tegion.

REGILN-L IST-THREAD Region number of the next region
in this area’s list of regions.

The sddrese space allorated to this regisn are defined by iis
prigin and ites length characteristics. A rTegion‘s allocation ig
orly available for use by abyects specifically created in  %his
Tegion’s area; that is the address space cannot be wsed by just
any storage reguest in  general, The portion of a Tegiosn’s
ailocatipn actually wused by gbjects orecurs before the free
peinter; the virtual address of the next free can be calcuilated
Hy adding the region free pointer ito the origin address.
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All the Tegions in an area are linked together in a list. The
list is anchered in +the AREA-REGION-LIET entry for +the area
number. The next rvegion in the list is found in the REGIDN-LIBT-
THREAD entry indexed by the first region; the third region is in
the RECION-LIST-THREAD of the second entry:s and so forib until a
region number which is a negative number is entosuntered.

The free Tegions are alsoe linked into a iist. This is needad
since when the garhage collector “flips" 3%  fFrees A set of
regions, Storage allocation needs to be able to find a free
region easily.

9. 3.1 Region Bits.
The REQION-BITT word defines a number of impartant attributes of

the region. The fields within the region bits word are shown in
Figure 9-1 and are discussed haere.

3t 29 2% 24 20 I8 1& 14 i2 a3 5432 O
+ - —_ e e thm ke +
IECIDTP-FIND Status IRepid] GEN U Type ISIVIVOICIE! SBwsp |
+ i e nnch +—+ e e A Sl o +
oo COR Lode
Res: Resgrved, unused
SGtatus: Arcess and status bits to be uvsed in the
harduare virtual memery map
Hegp: Representation type
& = list

t w gtructure
2: 3 unused
o Dlidspace meta hit.
O = nld space or free
1 = new space:, static space or fised

GEN: Aagion generatisn

U Region uvsage {(for future expansion)

Type: Bpace type {see upace type code tablie)

=} Scavenger Epabie. Value: | = Scavenger can touch
this area.

W Regicr zero volatility lock

Ya: Region volatilidy

¢ Cache Inhibit (Explorer II only)

R: Reserved, unused

Buap: Number of pag:s the Virtual Memory System should

try %o swap At A Fime (Expliorer II oniy)

Figure 9% Region Bits Area Entry Description

il
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& regisns can store one of twe types of data: iigt abjeets or
structure objeets, A structure object is any object other than a

tist. This is termed & region’s representation fupse

The (ldspace meta bit is a bit that is set to zero in the first~
level hardware maps Por this region when the region i flipped to
Jidspace, The map bit can then be used to efficiently implement
the Garbage Collector’s flldspace Read Barrier

A Tegion’s generation, wvelatility, and z2eve volatility logk
propartiess are temporal atiributes wsed to sepport the Temporal
Garhage Collection algorithm. These are described in the sectioen
on Garbage Copilection.

The stavange s#nable bit is set when this region is part of the
Scavenge Space defined by the garbage collector for a collection

The rache—inhibit bit and the swapin guantum field are vsed in
the Explorer Il oniy. The cache-inhibit means that the virtual
mempry cache shovld be disadled #for all pages in this region
The swepin guantum is the leg (base 2) of fhe number of pages to
try 0 swap in simultanesusly on virtuval memory reads in  this
Tegion. A value pf 3. for example, means try &0 swap in up te B
{#%%3} pages.

The space type attribuite defines the storage allocation scheme
that is used. The encoding of this Pieid is shown ir Table ¥~3

Tabie %-3 Spacve Type Crdes

Code Region Type
4] Free
H Oldspace
2 Mpwspace
53-8 Unused
9 Static
19 Fizxed {(static, nei
grawable: no consing!
il Extra PDL
4= Cepyspace
i3 Reserved for fubure use
1415 Unused
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G. 4 STANDARD AREAE

When & machine comes wp after & cold boot thers are 25 FIXED
aveas reserved for uvse by the syskem itself. The first 11 areas
are gpormanentiy wired down (not allowsed to be swapped out by the
virtual memary system) becavee they are sither referenced heavily
by the mierocode or are refevenced ab or below the level of +the
virtual memary system. The system parameters £file (LROV-GLOM)
spetifies these areas and their sizes. As described above. an
arga itz indentified hy & unigue area number. The assignement of
these arez numbers for the standard areas 19 made by the LROY-
QCOM fila,

The fizxed areas each contain & singie region. They are special
aress in that their regions may be smaller than the minimunm
region quantum sire of 32 pages. This requires that they be
spacially handled by %he storage allocation mapping sysiem (see
the disgussion of the Address Space Map Area belouwl.

The siandard areas are as follows:

# Regsideant Symbol Area (wivred) - Containse T  and NIL
symbols. This area’s singie regien currently always
starts at virtual address O

# Bystem LCommunication Area {wired} - This area contains
variaus values wused By I/0 routines and systems
ubilities See distussion of SCA helow,

# Seratch Pad Init Area (wited. Tead onlyl} ~ Micro code
variables are loaded ints this area at stariup.

# Micrp Code Link Arga {wired, read only} - LZentains the
micTotode evntry goints for ths miscellansaus operations.

# Hegion Origin Arsa J{wired) - Contains the starting
address for gfach region. indexed by regisn number,

# Region Length Area {wired} - Contains the length of each
region, indexed byg region number,

# Regiogn Bits Area {wired} -~ Contains ¢$he region bits
infermation for each vregion: indaxed by region number,

# Regign Free Pointer Area {wived) ~ Contains the region
fraeg puinter for each region, indexed by region number.

% Device Descriptor Aresa f(wired}; - Contains device
descriptoers for the 1[/70 system
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# Disk Page Map Area {(wired) - Containsg the Disk Page Map
Table for the Virtual Memory System

# pAddress Space Map Area {wired) ~ Contains the Address
Space Map. The Address Space Map is 3 tabie indexed hy
the virtual address guantur and indicates the regign
numbar af the virtual! address. If the Tegion number in
the address space map is rery. then epither the wviriual
address has nost been allocated to a region or the
vivrtus]l address Belongs to a Pixed area. When a zerg is
fopundg in the Address Spate Map the Ffixed areas are
searched +o determine which avea contains the viriual
addvress, The region number is then determined from the
arpa number, since far fized areas the TRgisn number and
area number are the same.

# Region 80 Pointer Area {fized} ~ Contains the & pointer
information for each region: indexed by region number,

* Rpgion List Thread Area (fixed) ~ Lontains the list
thread for each region, indexed by region number.

# Area Namp Arege {fired} — Contains the name of sach arsa,
indeged by area nomber.

* Area Region List Area {fizxed) +~ CLontains the ¢&irst
region number in each area, indexed By area number,

# Area Region Bits Area (firxed} — (ontains the Region Bits
word¢ #or each area, indexed by area number.

# Arpea Region Sizre Area ({fixed) - Contains the default
region size for wach area, indexed by area number.

# Area Maxismum Size (fixed) -~ Contains £he maximum size
for each areg: indexed by arsa number,

# HBupport Entry Vector {fixed, read oniyl - Lonizins Lisp
functions whick are callable hy microcode,

# Extra PDL Arepa (fixed) ~ The Extra PDL Area, or number
tonsing areas it used to reduce the garbage generated
when avaliuating arithmetic expressions. All bignums and
floating point numbers are first consed in %the Extra P4,
Area. Pointers into the Extra PDL Area are only aliowsed
*in the machine® {see the chapter on garbage collectian
for a description pf the paris of the processor that are
"in the machine™), Before 2 pointer is written ints
mait memory. & check is made +tos see if Ethe pointer
points ints the Extra PDL Area. I+ the peinter being
wribten points inte the Extra PDL Area. then 3he ob)eet
is copied ogut of +the Extra PDL Area into the deéault
consing area and the pointer is modified to Teflect the
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number’'s new address.

When %the Extra PDL Area is full, all of the pointers in Lhe
machine are chacked to see if they peint intn the Extra POL
Araa, If a pointer sinio the Extra PDl. Avea is fpund: then
the object is copied out uf the Extra PFDL Area into the
default consing area and the pointer is Teplaced by a
pointer to the copy. When there are no mure pointers in the
machin® that point into the Extra PDL Area, then the Extra
FOL Area contains oniy garhage. The address spacte is then
reclaimed by seiting the Ffree pointer for eath region in the
Extrs P, Area %o zerae (curvently there iz exactiy one
region in the Extra PIL Areal.

# Microtode Entry Ares {fixed) — Containg indices inte the
MicTpcode Link Area $pr pach micrecoded function (see
gisepssion of DTP-U~-ENTRY in chapter on data types).

% Microcode Entery Debug Info Area (fized) - Micro enbry
address or locsbive indirect micro-code—symboelwarea,

# Sravenger State Area (fixed) — This single region avea
rontains the stack vsed by garbage colliection depth~
first scavenging.

# Linwar POL Area {fixzed} — The Linear PDL Area contains
the Linear PDL. {(Push Down List, or stack) Ffor the
initial process, The Linear PDL {usually Just called
POy is the runtime stack Ffor the process, The
currently executing procees will have the top part of
ite PDL cached in the processor s PO Buffer.

Any memory raference to this area resulis in a page fault so
that the wvirtual memory agstem tan check if  the Yarget of
the mampry reference is really in the PDL Buf fer,

% {inpar Bind PDL Aresa {fixsd} — vontains the Special PDL
far ithe initisl process.

% Merking Storage Arez - The default cons area:  aost
oh jects created by users are created in this area

# Parmasnent Storagqe Area — Permanent data structures are
placed here.

* PFroperty List Ares ~ Contains the property lists for
symbols.

# Print Name String Area ~ Contains the print names Ffor
symbals.

# Control Tables Area

P8
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* MNon—-Resident Bymbel Area - Contains most of the symbols
in the kernei.

# Macre Compiled Program Arsa (read snly) — Contains all
compiled functions,

in additian, any constant chiects. such as lists, are also
ipaded into %his area. This tavies naive users to get
mysterious RTTET Mmessages about trying to write in & read-
enly  area when they tey to do destructive operations {such
a5 RPLACA) on tonstant abdbjects in compiied functions,

+ PLL Arega -~ contains the linear P, except for the one
used by the imitial process whith is in wired memory.

#+ 8& And Bind PDL Ares ~ The 86 and Bind P, Area contains
the astack grousy and the Special, or Binding. PLL for
each process. The Special POl contains +the wvariable
binding infermation for a process.

* Ipgirvection Cell Area — This area is always pointed to
by DTP-QL-YOUNG-PQINTER ‘s, It is used :s keep track of
pointers From older %5 younger generations

# FASL. Tabie Area ~ The FASBL Table is placed herse at load
time.

# FASL Temp Area -~ Temporary structures created by the
Loader are placved heve,

# Debug Info Area - Lon¥tains debug info structures and
fields.

%. 3 SYSTEM COMMUNICATION AREA

The Systems Communication Area containsg miscelianesws words that
are needed for basic operation and 4o not rely on the rest of the
machine operating. This information is shared by the migrocode
and Lisp. The file BYS: UCHDE; LROY-GL0OM contains the definiticons
nf  items in this areaThe Systems Communication Ares is witepg
and at the #irxed address of 1000 (actall.

A map of systems communications avreas is shown in Figure 9-2.




Storage Management Epfiwars Design Notes

fctal
Addreanss
100010484 : Miscellaneous wirds
10871577 1 Mot used
1 600- : swap~im-rgh-origin

Figure 9-2 Map of Systeme Cowmmunications Area

The miscellameous words (1000 - 1044} are:

i

¢ = oW

10,
ii.

12

13,
14,

Arga Origin Poinker - WVittugl address of the Area
Origin Area, which lists the starting virtual address
of ail Fixsd areas.

Yalid Size - Number of yerds used in & saved band.

Ot yect Array Pointer - Unused Unused

Ether Free List — Ethernet interrupi-—handler variable.

Ether Transmit List - Ethernet intesrrupt—handler
variable.

Ether Receive List - Ethernet interrupt~handler
variable,

Band Format — Encodes format number in a saved band:
2000 - new comprossed format, otherwise gld espanded
farmat.

¢ Gensration Number - HReserved for valus of HEC-
ZENERAT ION-MNUMEER

Device Interrupt Table ~ Paingts to the Device Interrupt
Table.

Temporary — Microcode bashes this at pxtra—-pdi-purge.

Froe Arpa Number List — Threaded ihrough area-Tegion-
list, end={,

EFrae Region Number iList - Threaded thrpugh regicen—-list~
thread, ends=0

Memory Size — Number of words of main memory.

Wired Size — Words of low memory wired down: not all of
these words are wired: this is really the virtual

=10
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15,

ib.

17

LE
19,
20.
2%,
22,
3.

24,

29,

24,

27,

28,

25,

31.

32

33,

address of the start of normal pageables memory
Chaos Free List « Chaosnet interrupi-handler variabie.

Chaoy Tranwmif List - Chaosnet interrupt-handlier
variable,

Chaos Receive List - Lhavsnet interrupt-handler
variable,

Debugger Reguests

Bebhugger Weep Alive

Debugger Data 1

Debugger Data 2

Majar Version -~ Major wversion number of BYSTEM

Desired Microcode ¥ersion - Microcpde wversion this
world expects. Note: this word may be stored with its
data type field starting at it 24 even though pointer

fields are now 25 hits.

Highest Virtual Address — {(Note: Should have this much
room it the paging partition)

Pointer Width - 2%

Descriptor Bpace Free Pointer -~ CLCurrent allocation
pointer in the Device-Descriptor-Area.

Fage Device Tabie - Unused

System Mupi Descripfer -~ Pointer t& descriptor for
sygtem nupl

PFrocessor S5lot - Ucode stores A-BLOT-IM~IN here.
Overtemp Event -« BIB will poust avertemp events here.

Fiber OQptic Warning Event — Microcode posts fibker optic
warning a2vent her,

Mupi Overtemp Event ~ MUPI Bpeecial event: micracode
wii} pos% averheat special event here with formatier
number embedded in bits <3:5> and non-zero walues in
hits <2 0>

Phyaival Memory Map — Pointer +to a memary table of
memarTy hoard addresses in A-Memory.

11
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34, #eybd Error Event - Hegybd error condition: log of
possible flaky hkeyboards

45 Disk Retry Event =~ Disk retry conditions log of
succuessful Teiries affer disk errars.

24, Unused S1B Event — Flace this address in alil the unused
SIE event locations

37. Parity Ervoer Event - NuBus garity errars  high & bits
(0-7) with pit B on.

38, Parity Error Event 2 - NuBys parity error: part 2 — low
24 bits,

3%, Sysiog Wrap Event - System log wrap around event.

Fid
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BECTION 10

Garbage Collgction

9.1 INTRGDUCTION

This section describes Garbage Lollection (8L, the process by
which storage ns jogngser in uvse ctan be voclaimed. The discusgion
starts out at an abstract level. <covering the general &0
algoritim, then discussing the notion of Temenral Garbagse
Collectign (TECY., We then delve further ints the specifics &f
the micvocode and vivtual methine implementation that support &C
and TGL, The last part of# the section documents seme low-lewvel
Fo functioens and wvarlabies.

iC. 2 BASICSE

Most wmodern symbolic computing systems implement some form of
avtomatic memory mapagement. This involves allecating memory for
ohjects from available freoe memory as they are requestsad. and
returning their storage to the posl of available memory when the
objects are no  longer in  use, Autamatic memorTy management
remcves the hurden of wexplicitly managing storage Ffrom the
pregrammer, New objects are easily manufactured and returned on
demand, Later, theee obyects can be reglaimed by the garbage
toiliector when it can be determined the they are no langer being
usged by any program

Here i3z an extremely simple exampie of how storage is allocated
and then later becomes garbage.

STATEMENT 1 {BETE my—array (MAKE-ARHRAY 106G )1
code wusing MY-ARRAY .
STATEMENT 2: {GETG my-array nil)
Statement 1| creates an arrsy objiect which the programmer hgolds in
the variable MY-ARRAY. Then at the end of the program the
variahle i3 sed to NIL. At this point, as long as the array has

not been stored sompwhere elsa, 3% hecemes garbage and can  be
raclaimad.

10-1
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There are several common garbage colleciien algorithms. among
them Reforence Counting, Mark and Sweep, and Lgpeing. A good
introduckion fo garbage collection in general can be found in
T.J. McEntes’s, "Dverview of Garbage Collectisr in Symbolic
Computing” Texss Instruments Enginesring Journal Vsl 3, No
{Januvary— February) pp. 130~-139  The Explorer garbage ctollector
is an incremental copying tollector based on the Baker algoritha
LH. Q. Baker: "List Processing in Real Time or a  Serial

Computer. ™ Cpmmunications gf the ACM Vel 21, Mo 4 {Asril 1778}
pp. 280294, 1.

i0. 2. 1 @Garbage Collection SBpaces.

Garbage Collection bases its actiens on the variocus space tupe

praperties of the address space. A summary of S0 space Ltype
terminalogy is given in Table 10-1. Befare garbape ctolliection

begins., the addTess space consists of Newspacs (allocated virtual
memoery helding objects) and f£ree Space (address space not yet
atliocaeied). The size pf Newspace gradually increases as programs
request new objects, and garbage accumulastes when the programs
reiinquish pointers to these objects.

In the simpiest kind of copying garbage <cellactor. garbage
collection begins st spome point by converting some subsed of
Mowspace into Oldspace. The poriion so convertad (which may be

all of Mewspace! is termed the Colijectign Hpage, angd the protess
sf converting it %te Dldspace is celled flipping or starting =
cpllection. Oldspace then becomes the domain in which garbage
collection takes place; that is, the garbage collecior topies all
live objects (objects deiermined %o be still  in vse) out of

Oldspace to into & Copyspace, fince this ix done, any objects
tedt im Didspace are garhage. 50 all pf the address space 1in
Oldspave can be veclaimed (made back intp Fres Space). This
thraewpart £iip, collect, reclaim process is termed a ggllection

1G-2
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Table 10~% Hpsce Type Terminoloagy

ADDRESE SPACE All of the system’s addressable memory.
FREE SPALE Unused address space (nat yet s3lliocated).
ALLGCATED SpalE Usad address space {allocated),

NEKWSPACE The portion of Allecated Space which can

be garbage collected {excludes Static
Spacelr, UObjects in Newspace may be
moved by B8C.  Also space where new
ob jercts are created.

SBTATIC SPACE The portion pf Allocated Space which is
MEVER sub ject to garbage colleckion.
Static Space oblects will not be meved
(rollected? by GO, bBut may be
Scavenged during cellection cycle.

COLLECTION SPACE A suybuet of Nowspace which is flipped to
Mdspace and collected during a &GC
ryele. This can be all of Newspace ar
Just one generatisn of it

OLRGPACE  The space from which 8 is evatvating

' live objects. An invisibie space.

COPYSPALE The space to which GC 185 copying live
ahiects.  Alse part of Bravenge Bpace.

SCAVENGE SBFALE A4ll the spaces that must be examined by

the scavenger in ordgr to find all
pointers tg Iive phiects. Thase are all
the spaces which might tontain
references to Cldspace.

DYNAMIC SPACE All visible spaces goantaining dynamigs
movable anbieacts {Nauwspace + Copyspasel.

Sinee the goal of a garbage cgollgction cycle iz fto copy
everything useful autd of Hldspace znd then reclaim the storage, &
capying colliector does mat really do garhage collectinn &% all,
but actually liye dats collection The mnet savings gained by
garbage colliection is  then the difference hetween the original
Gldspace size and the size of the Lopyspace where only the in-use
Bldgpace objects have been collected, In the wors:t case, when
all of Rldspace contains still~used objects, the size of the
Copyspace will be the same as the original idspace

Becavse Copyspace consuvmes porkions of the Free Space in
existemnce at the £ime of the Mewspace—-to—Didspace Flip. this
wiarst~gase assumption means that available Free Space must be &t
least the site of MNewspace Collection Space in order fo nusrantes
that the collection gycle can  Pinish. It there is a 1ot of
garbage in the Collection Space: $then Copyspace will requive much
less free mamory than the Collevdion Spsace Size. However., ta be
safe. all the 8L spare reguitemend computations make fthe worsi-
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case assumption

There are some long—tera system data structures that are always
in use and would never be made intoe garbage. Since such objects
waould simply be copled and re-gopied hy the garbage coellsckor,
they are isglated in a space callsd Btatic Bpare Static Space
is set aside %o hold objects intended to be permanent and s
never cansidered for Collection Bpace. Tty obsect will noit be
cpiliected, although it must still be purged of any Hidspace
references; o5 with Copyspace, such references must be replace by
references %o the obJect’s new Iocvation in Copyspace. The
henefit of Btaticr Space iz that &€ will not expend effgrt
repeatedly copying its live oabjects. However this also means
that Static Space objlects which do happen £o becoms garbage
carmnat he collected {or at least net until action is taken %o
convert HBtatic Space to coilectable Mewspace).

19, & & Bgavenging.

The process of identifying all iive objects in Dlidspaees and
assuring that they are ftransported to Copyspaces is known as
Scavenging YThe Scavenger begins with a set of well-defined
o jects which form the Yroot® of the $ree of all live Lisp
ohyects, This root i1s copied %o Copyspace by the #lip process
itael$ From the ropt the scavenger can fraces through %he freea.
examining every objact for (ldspace references. As more Oldspace
phyacts are found, they are copied to Copyspace and references o
them are rveplaced with the new Copyspace location. A marker is
laft behind in Oldspace to indicate that this object has been
traced - and (5 Tedirvect uther references  Ang future refeTenRces
ke the same Qldspace object found will detect the ‘“already-
traced” marker, hence avoiding cycles in the tree. Since the
work of copying the object has already been done: a11 fhat is
raguired 15 to update the reference with the redirection to
Copyspase. The objact svacuated to Copyspace may now itselsd
contain mpre Oldspace references, so it foo must be scavenged.
Sravenging will continue wntil the €ree has been treced entirely:
that iz, wntil 2l) Lopyspace whiects have been sxamined and any
Oldspace references in them eliminated.

I0.2 3 Ineremental Collection,

The type of vollection described so far assumes thet the entire
coilection takes place in one stop and collect:; that 15, no new
ob jects are created while the calleckion i4 in pregress. iWhile
such an  assump¥ion greatly simplifies +the internals of the
garbage coilector, it is less than useful since celliections on a
large vivitual address of, say, 50 MB can take an  Hour ot more.
The actual Exglorer garbage collector is an incrementg]
callector. Using such & collecktor, the collection process can
vceur while other programs asre runming en the machine. The

10-4



BSoftware Design Motes Garbage Collection

incremental collection proceeds gradually, without leng delays
hetween operations noticed by Tunning programs.

An  incremental collector is more difficwld to ioplement because
care most be taken to ensure that thers i%5 no unwanted
interaction between the garbage collsckor and the other praegrams
running on the system: called mutators, that are creating new
ebjects and altering 0ld ones while the garbage collecior is
attive. This is accomplished by enforcing a set of barrier ryles
which define where nsw objects are created. where OCldspace
references <an  poaowr  and what happens when a mutator makss a
reference &0 an object in Oldspace. These ruies are cutlined
below

i, All new objects crsated after a #lipg aticur in Newspacs,

2. UOldepace references may only sceur in Oidspace itself
and in the as-yet unscavenged portien of Copuspace.

3. Ng MNewspace~to~Didspace refargncas are aliowed,
although there may he Newspace-to—Cepyspace references.

Fer simplicity’s sake, these barriers are implemenfed by a
procedure e¢alled the Read Barrier; so talled because {t digtates
an actien to be perfermed whenever an object is read from virtual
mEmOTY. The Read Barrier stotes that no Oldspace references may
be seen by a mutator, Any sveh refevence will be trapped. the
object will be cogied out to Copyspace if necessoary, and the
raference attually provided to the mutater will e the phiect in
Copyspaee. Hince any refsrence the mutator has is guaranteed not
to be to Qldspace, any new objects created after the #lip cvannot
have Uldspace gbjects stored inte them Therefore. Newspace
#liocated after & collection cycle begins does not need %o bhe
scavenged.

In sueh a scheme tha mutator ends up doing some of the work of
the scavenger: that 1s, the copying of an cbyect may take place
because of a mutator's dynamic reference to it rather than
hecause of the seavenger’s fracing of the static tree. For the
stavenger, Gthis just means that the first reference it smes %o
that object will find it slready cepieds saving it some work.
But we will see in later discussion that there are imporiant
differences in the gorder that objects are copied by the two
aechanisms:, and that the 4Zifferences can have a significant
impact on system performance.

It %urns out to be econvenisnt to tis the rate of incremental
geTbage collectisn %o the rate 2t which new siorage is being
reguestad. Thus, & certain ampunt of collegtion work
{scavenging? is done fFor each new storage word allocated. Thus
the Tate of garbage collecting is proporitipnal to the rate of
censing in the sgstem.  Appropriately. this gives the consing
primitives semantics bath of allecating storage and working to
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reclaim it

An secount is kapt of how much work the scavenger needs to do.
+his balance is increased when new objects are crested, and
derTeasas as the scavenger does i%¥s job. Any work accomplished
due to dynamic referencing of objects acts is alse applied fo as
a eradit against the scavenger’s work allotment.

10. 2. 4 Cenerational Garbage Lollection.

The amount of work done in a collection tycle is proportional to
the size of the Collection Space and, even more strongly,
sropertisnal tn the amount of live data in tha {oliection Spacse.
In light of this fact & scheme which concentrates GC effarts on
emall, well~defined Coliection Spaces which are the most likely
to contain garbage can greatly ingrease the efficiency of garbage
collectign and reduce the G0 pverhead imposed on the mutators,

4 Qenerational Garhage Coilpctor datines the Callection Space on
the bmsis of the observation that a high propertion of newly
crested objects becoms gatbage quickly, while clder objects tend
tn have 3 much smaller praportion of garbage. This abservation
can ba explained simply by realizing that memory rapTasenting
such things a#% compiled system rowtines, editors. and window
managers, rarely become garbage, while dynamic data structures of
the currenily operating program tend often to be vused briefly
then discarded.

The genprational cellector partitions the address sgace inte 2
number of generations, ranging from very young e wvery old, wsach
of which is small when compared to the entire virtual memory
Spane. Ngw objects are created in the youngest generations,
which ds where the generational collecteor concegntrates the
majarity of its efforts and where the payback in garbage
rollected per unit of work done is likely to be the highest, Ay
objects wurviva these collections, &hey may be promoted into
higher and higher generations where colleckions need be less
frequent esince the concentration of garbage is lower. Finally,
in the aldest generations there is almost ne garhage at alils ihey
are populated by long-lived objects which have provem their worth
by surviving several collections.

i0. 2.5 Scavenge Space.

It is important to guarantee that there 1is mno useful object
remaining in Dldspace when it is reclaimed. This raequirves 3

sroper definition of Bcavenye Boaca, the spaces which must be
subjected to scavenging in erder to find all references to live
Hldepace ob/tacts. in pther words:, when a collection hegins, it

myst have the proper root set for reaching all live data in the
Collection Bpace
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The definition of 2 preper, minima)l Scavenge Space is the key to
eFficient generational coilection. It would net be worthwhile
simply to isaolete memory with a high cencentration of garbage ié#
it were still necessary 4o trace ithe entire kree of live Ligp
sbiects in order to collect that space. SBome mechanism must be

defined for remembering and jsolating references only to the live
young objects. Then, just these smaller live-gbject subtrees

need to be traced,

This task is simplified by the observation that there are three
sarts of refersnces in & Collection Space made up of gne
generation:

1. Reference amang objects in the collected genaration

2. References from objects in a yaunger generation to the
genaTation being cellected.

3. References from objecis in an slder generation ¢¢ the
genaration heing collected

Consider each i$y4ype of reference. Nete that the first set of
intra-gengratignal references are guarsentesd to be taken care of
by the normal scavenging mechanism as lang as all references into
the generation are traced. As for the second set, it is possible
with littie expense to =scavenging all Yyounger genseraticns in
erder to find these young—-to—cld references. There are tus
reasons far this. First. singce wmost collections ave of the
youngest generations there will usvally anly be & small number of
generatisns gounger than the aone heing collected {possibly even

nonel, Becondiy, the size of these younger generations is kapt
small by collecking them frequently andg premating survivers ig
higher generations. The hard part, then, is the third set aof

ald-to-young references berause they are so sparsely scattersd
populated gver the largest amount of space,

Ye keep tratk of these references it is tonvenient to implement a
Write Barriay which tests all objyects written to MEBMAT Y. I¥ the
barrier detects that a ygunger obyert is being stored into an
pider one. a trap it taken and the reference 15 recoerded in a
generastipnal reference ]list, When this generation i later
callected, its Scavenge GSpace consists pf this reference list
plus all younger generations plus the Lopyspace created during
the colleckion,

10. 3 EXPLORER TGC IMPLEMENTATION

The discussion sp far has provided an outline and motivation for
the type of garbage cellection algorithm in the Explorer system,
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but has glossed over all the mitiy gritty implementation details.
A%  anyone versed in the art of garbage ceilecEion implementation
can attest, such an esplanation seems so simple and elegant on
paper that one wonders if if is an accuraie way te poriray the
intredibly intricate code which actually embodies i%. The rest
6f khis section attempis to address these low—level details.

13.3. 1 Generations.

The Explever garhage tellsction implamentation new with Relepase 3
is termed JTamporal Garbage Collection (TEL). It is an extension
of the incremental Release 2 garbage cellection aigorithm which
is wvery isw-cost because of its cencentration on memory in the
lgpwer generakisns. There are six "logieal”™ penerations listed in
Table 10-2., In contrast, 4the Release 2 parbage ceollector onily
defiped +the equivalent of the Seneratisen 3 and and Static
Generation 2 levels (plus the supsr—temporary Extra-FDL number
tonsing generation, described later).

Tahile i0-2 TEL &Gensrations

YOUNGESY

Extra-FDL
Seneration O
eneration i
Generation 2
Generation 3

Static HBeneration 3

— Sy ot s s e e e s A b AHH i -t

GLDEST

1¢,. 3. 2 Areas and Regions

Al the space—type properties Ffor Explorer virtual memory are
depfined on a per-ragion basis, Regions, which are a basie
storage management unit, are deseribed along with their
attributes in the section gn Storage Management, Every object is
in spme region that is part of ar area. Each vegion has a space
type oproperty (NEW, LD, COPY, STATIC, FIXED, EXTRA-PDL} which
rouqhly corresponds with the abstract garbage coliaction spaces
described above. FIKED space iz 1like STATIC space for most
garbags collection purposes. and the EXTHA-PDL type exisits simply
to #lag the super—temporary number consing generation,

i0.3.2.1 Velatility.
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Each Tegisn also has two temporal attributes: & Beneration and a
Volakility  The Generation indicates the age of the ghjects in
the Tegion., with O being +the youngest and 3 the ocldest

Volatility specifies the kinds of references allowed by objects
in  thiyg regilon; mere specifically, it is the age of the youngest
generation an obgect in this regien can point to direcfly
{references younger that this will be stoved indirectly}. A
summaryg of the different velatility level meanings is given in
Tabkle 10=-3 Mormal HNewspace regisns are always creaded with
volatility equal to generatian, This means they can contain
referencas  to other objects in their own generation and to any
nlder generation,

Table 310-3 Volatility fLevel Meanings

Yolatility
Volakility
Volatility
Volatility

Can point %o ocldest objects only.

Can peint to generation 2 or 3 objects

Can point to generation |/ 2 or 3 objects.

Can goint to obiect in any generabion
{exciuding Estra—-ROL}.

2k DY LS

{Obhject Creation on the Explorer takes place on 5 per—area hasis
Object creation In an area will cause a2 young Mewspace vegion to
be created {(vsvally generation 0} When generation O is flipped.
these regions become Hldspace. When an object is copied out of
Dldspace to Copyspace, it will alwsys be to 2 Copyspace region in
the same ares. Garbage collectian does net change the area in
whith an object resides.

1.2 2.2 Default Coms Genmsration.

Each arsa has & default cens generation attribute which specifies
the generation in which objects in  this area will First be
created. As  they survive collections they msy ke promoted to
higher gensrations {(but always in the same areal. Mearly every
non-FIXED aresa in  the shipped configuration has a default cons
generation of O  Extensive tesbting hes shown that this is the
best policy from a perfoarmance standpoint, AN area’'s defaulit can
be modified with the ASET-AREA-DEFAULT-CONS~CENERATION primitive,
bt this is not recemmended.

Because we attempt to keep the size af generation O small encugh
that collection of it can take place entirely in main MEMAT§,
there i3 an additional policy that objects above 3 certain size
threshold (the value stored in the MMAX-GENERATION-O-ORJECT-8IZE
ceunter) will be not be created in generation 0. Instead. they
will be cvonsed in the genervation gpecified by MIN{(}, defavit-gons-
generation),

109




Garbage Collection Soeftware Design Notes

i0 3.3 Aptomaticv Collection Mode.

Automatic collection means that a special 80 process will moniter
generation sizes and cause coilection tuclies to occur
attomatically, when rertain threshpld sires arp reached,

invisibly to the user. The system is shipped with avtomatic &C
onh {started up by the 8C-ON function). The following pelicies
are followed by the automatic czlledtor

The gensratisn O #flip threshold iz computed as & fractiecn of
installed physical memory in an attempt to limit the size of
generation O t9 an amount that wminimizes the nomber of pages
needinyg ta bes swapped 1in or gui during the collection The
controlling variable is GC~FRACTION-OF-RAM-FOR-GENERATIDN-O.

The highest generation that will be ctoliected automstically is
limited ¢o 2 {(a value pf 2GC~MAX-INCREMENTAL-GENERATION® higher
that this will be normalize to &), This it bBecause ar
incremental collection of generation 3 would greatly interfere
with interattive response

The auvtgogmatic coellector will aluwauys promobe suUTvivors of
generation O into gemeration I, and suvrvivors of generation 1
into generation 2 in an attempt te keep the size of the two
youngest generations managaable. Fengration £ SUTYIVRTS.
however, wiil npt he promoted by the sutomatic collectar.

Flip thresholds #or generations 1 and 2 are computed using worsti-
case 100% survival assumptions and the wmaximum wirtusl memory
size of +the current configuration {which is Toughly the smaller
af 120 MB and the amount of swap space available) Because
generstion 2 suTvivors are not promoted, generation 2 can "fill
up" such that & collection of it cannot he guaranteed to complete
under the worst-tase assumptions. Inm this case, ygensration =2
will bhe "shut down® {no longer collseted) and the wser will be
netified,

A collection of an older generation will not start (even if  the
£1lip threshold is sxceeded). wnless the last collection was of a
younger generation This is intended to maximize the free space
available far the glder generation collection and svoid
thrashing.

i10. 3.4 Bakeh Coliactions.

The FULL-GC and GC-IMMEDIATELY functions still exist teo perform
bateh collections. When invoked, they will turn autematic GL off
{after completing any pending generational collectiont, then
cellect sach ganseration uvp to a user—-specified maximum with $he
gption to promete or mot. While bokh can be used fo perform any
combination of max—gen/promete collection, they arez meant to have
differant semantics.
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GL-IMMMEDIATELY by default does net promote and collierts
generations . 1, and 2. Bince these generations will uswally
tontain mest of the oblects created since the systsm was booted,
this is meant to be roughly "batch coliect my werking set®,

FULiL-GC by defauit promotes and collects all generations
incleding 3. It assumes you intend to DISK-GAVE afterwards so it
alse cleans out some big dasta structures in order to try to
reduce hand size. It is alse meant t0 be used after deoing MAKE-
EYETEME in ordar to clean up the garbage in the environment, and
promote all the {sure-to—be—long~lived) gode just loaded inte
genetation 3 where i1t wen't be subject to sutematic rcollections.

1G. 3.5 Seavenging for TEE

The scavenger starts out at the beginning of 8 Copuspace Tegion
wr  other region in the Scavenge Space and procesds forward in a
basically linear +fashion. Every boxed word of Capyspace
containing a pointer type must be checked for reference tp
fildspace. When such a reference is Ffound. thae ohject dis copied
gut (if mnot alreaidy donme) and words of data type DTP-LL-FORWARD
gre left behind in every slot of the structure copisd {(sven
unboxed ones). The pointer field of the GC-FURWARD points to the
corresponding cell in the Coesyspace representation. ‘The {OC-
FORWARD sarves to indirect further references to the new loration
in Copyspace:; ensuring that after garhage tollection, the copiad
obgect will still be shared in the same way the original object
in Qldspace was shared. Finally, $he original Oldspace reference
is replaced with the a reference to the new chjiact in Copuyspace,

As scavenging ardgresses in the region, it wupdates a ven
pointer (the REGION-GC-PDINTER) which delimits the portion of tha
space  that has been scavenged so far. The storage before the
scavenge pointer cannot refer to {ldspace since 1%t has agirveady
been stavenged. Storage beyond the scavenge pointer has not been
scanned, s2 wmay sktill contain pointers to Oldspace. When the
scavenge pointer catches up with the allocation pointer {ihe
REGIDN-FREE-POINTER} in  &ll scavengable regions ef all areas,
scavenging is completed. This marks the end of the collection
tycle and idepace can be reclaimed,

A5 has been noted in the € literature, the scavenger in & normal
copying caliector werks breadth-first, whichk is the leact
desirable from an ebject piacement point of view. In bresdth-
first +tracing, sibling nodes 3in a tree are made adjacent in
Copyspace. But such objects are nok very tikely to &e near %o
one snother {"related”) in 3 dynamic reference chain. A depth-
first or Mapproximately” depth-first algorithm is preferabls
becasuse it tends Yo copy objects closer to their pffspring in the
tree. and this is more likely ¢ indicate that ad jacent ebjacts
#T¢ part a dyramic refevence seguence. This is important since
3.9 - P campaction in a virtual memory system can have 3
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sighificant impact on paging performance,

The TGC scavenger is ohyect-oriented (“approximately™ depth-
first). Hrcavenging sitarts at  the beginning of copy space and
scant eachk word. I# a word refory o an shiect in old space, 1%
is copied %o the end of Copyspace and pushed on an sbject stack
in the SCAVENGER-GTATE area, along with 8 count of the number of
hoxed Qs in the object needing £o be scavenged. The pushed
object is now scavenged:, which might again causs a copy operation
and other object stack push, This recursive scavenging continues
until either the depth of the stack is reached or an object is
completely scavenged, In thg lakter case the sbyect 1s popped
from tha stach and scavanging of its predecessor conbinues. ie
the stack hecomes empty, the sgavenge pointer (the REGIDN-GC~
POINTER) beyond the snd a9f the firzt object pushed, and the next
linear werd of Clopyspace s scavenged. The object~orianted
scavenging process means that some words afier the scavenge
painter may alresady have been scavenged, bud we will scavenge
them agesin., There is no exira work done the second %ime, of
cauTse. outside of the memory reference

While we have found that +this 2igerithm is better than the
undivecrted brpadth—firsetr scavenger., it still leaves a lot %o ke
desired. This may be because the object brse is so bushy. and
good heuristics for deciding which offspring is most imporiant fo
make adjacent arte difficwli. However, we have found That the
order in which objects are dynamicalluy refsrenced doss tend fo
provide a guod heurisktic for pbjects placement. In othar woards,
the mutator +4ends +o ke much bekter at cavsing objects to be
copied than iz even the best scavenger.

As a tonseguence, whenever a flip takes place instead of stariing
up the scavenger rTight away., we arvange to delay for a time in
arder to allow the mutateor te move (maybe bthe most Frequently
referenced) objects according fo wvaadage pattern The amgunt oaf
the delay is expressed in terms of 3 scavengser work bias. In
gther words, we give the scavenger a woTk "credit, ™ and it wiil
not sctualliy kick in wnbil emough consing has been done to cancel
this credit {The $wo internal counters #for cons work and
scavenhger werk are UCOUNT-CONS-WORK and HACOUNT-SCLAVENGER~WORK ;.
The amount of credit dis¢ +the same for all generations. and is
pqual to the worst—tase assumpticn amount of consing that wawoold
have +to be done to drive the sntire gereration O colliectien
Note that because of the very high concentration of garhage in
generation O, the astuval amount of consing required teo drive the
collection is really guite small, so that i1f consing were allowed
to drive scavenging the collerdian would complete pracitically
right away.

19.%. &6 Indirection Zells.
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T@C wses an indirect reference in the form of a specisl “syper-—
invisibie® forwarding pointer in order to implement its
generational reference iist for eld-to—young references.
Detecting such references is done as part of a Write Barriep.
Every object written to virtual memoery is subjected to this Write
Barriar, I# an attempt is made to store an object youngetr than a

region’s wvelatility., dnte an obhject in a regisn, the Write
Barrier action will he . to sbtore the young b gect  din an
indirection Cell instead. A forwarding marker is then placed in

the location where the object sture was intended. This marker is
a word of type DTP-CC-YOUNG-PUOINTER whose pointer fielg points in
the indirsction cell actually containing the abject.  Any dynamic
reference te this cell will be automatically +forwarded &8 the
indirection «cell, and the object there will &8 referenced
instead,

Indirection cells are kept in a special INDIRECTION-CELL-AREA
which contains them and nothing else. Regions in this area have
4 special interpretation for their generation and volatility
properties; these attributes are vysed to classify the old—to-
youny references of the cells in the regions.

For example, ronsidar Figure iD~{.  An attempt Yo store a newiy-
cereated list into the value cell of a symbsl in gensration 3 has
cavsed a BCYP 4o be stored in the value cell instead. The @GCYR
toints +ta an indireection rcell which now actually contains the
genreration O list object. The indirection cell is created in  an
INDIRECTION-CELL-AREA Tegion with & generation af 3  (the
genevation of the clder structure containing the GCYP) and with
volafility of QO {(the generation of the goung object}.

Gen 3 NEW INBIRECT I0ON-
CELL~AREA

s b st e s st e + Gen 3 Vel O Fen O NEW
PoYM i .
. o s 4 b e 2y - = + ¥ L
1GCYP ] e AHLIET e SINXTIFIX §+ 1 ¢t
o o e e e + ; i - —_
P : IFIX ! ; INILIFIX § 2 !

+ = - > - +

Figure 10-1 Indirection Cel}] Forwarding

Now when generation ¢ is next collected all Tagioens  with
volatility O will be part of the Scavenge Space becavse it s
this in set of spaces where generation O references are confineg.
When the indivection cell is scavenged the list stgrage will he
topied tw Copyspsce and the list pointer will he vpdated with the
cbject’'s new lacation.
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I¢# the mutator sats the symbol to a new value before sravenging
reacthes +the indirection ¢#ll, the new value will everwrite the
indirection cell. not fhe value ceil, even if the new value is a
type which does not peint ta storage, say a FIXNUM,  The symbol
valoe cell will still poirnt to the indirection cell whicgh will
then contain the FIXNUM Now when szavenging occurs., o actiaon
iz taiken on this indirection eell since it tontains an immedioate
ohgect. This may indicete that the list previousiy peinted to is
now garbage, if there are ng other references to i%.

If the mutator stores & new list, say one in generation 2, inte
the symbel, this same indirecktion cell may bhe Tteused. This is
because voiatility G means “can point to any object in gemneration
O ar highev*s in other werds "can poinrt to anything®,

On  +the other hand. let’s imagine the indirection cell is
wvolatility 1. This can oveeur if a large objert which has been
created in generation I was originally stoared in the symbol. If
at this point 8 new generation O object is stored intc  the
symbol. +then a new indirection ceil will need to be made hecsuse
a volatility 1 Iecation is not allowed &o point %o & younger
generation 1 obiect, Mopw in order o satisfy the object
indirection rules, a SLYP will be placed in the old volatilituy 3
inditection call. This GCYP wil} forward references to the pew
volatility G indivreckion cell. :

The GLYR in the gsymbol valuye <call will remain there wyniil a
collection of generation 3 takes place in which the object
peinted %o by the symbel i3 no longer in a younger generation
fthat is, ig itseld now in generation 3 or is an immediate
“aluegl.

Currently theres iz 2 boack pointer stered with every indirection
teil obpack. making esch ce#ll two words lomg. The back pointer
is simply a FIXNUM contaiming the address of the GCYP which
created this cell in its pointer field. This back pointer exists
for debugging vessons only and hkasz mno  other use in the TEO
internals,

16. 3.7 Folliowing GLYP Forwarding.

The GLYP js like a single—cell Forwarding poinker such as BTP-
ONE-G-FORWARD in that it indivects enly a single location ¢ is
fpllowed on both reads and write:r. UOn writes it must be followed
so that the lscation overwritten is the indirection celi.
Without this preread, any storage peinted to hy the indirection
cell would be "anchored” by the peinter and couwld not be garbage
cnilectad

An  indirectien c¢2ll contains all significant fields of the
displaced ophject, even the cdr codsg. This means that the GLYP-
forwarding even in cases where Just the cdr code is being locking
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cdr code.

NOTE

The gpresence of GLYPs in HmemuTY Ras
significant ctensequences on the class of
painter—-manipulating subprimitives thast can
be usad to modify fields of arbitrary memary
woerds {generally the ones beginning with AP~
Y. TGL has changed the semantics of these
subprimitives. Lonsult the section an
storage svbprimitives for more details,

19. 3.8 PFromotion

When young objects are promoeted inte higher generations after
surviving a cellection they may now be in the samg gensration as
the objects which point $to them If this is the case, when this
generatign is collected any GCYPs pointing te them mayg be snapped

sut. The scavenging seguence here is: read the GLYF word;
fpliow it to the actwal object. I# %that object points to
Oldspace copy it out to Cepyspace. Mow attempt to sterse the
Copyspace refergnce inte the word where fthe sriginel GOYP was
read from and inveke the Write Darrier I+ a wolatility
viclation still exists, +the pbject will Le stored in  an

appropriate indirection cell and the BLYP's pointer field will
point to it. If there is no longer a volatility violadtioen then
the object can be stored safely dinte the location. In this ctase
the indirettion cell waz in Oldspsasce and will be reclaimed when
the collegtion is finished

In all byt a fepw specially marked regions: promotion changes Loth
the genaeration and +the wolatility of obgects, Generation O
volatility € regions aTe made generafien I wvolatility I, ard so
forth. VYelatility must traed  generation =0  that objects tan
continuag to paint freely %o other objeckts 1in their guwn
gensration. The exceptions to +his ruis are the techkad~
volatility regions described later,

Whether a collection will promete or not is Fictated By a #flag %o
the microcode flipper process, When premotion ccours: say in &3
generation O rfollectign, all generation ¢ Newspace is actually
made into generatisgn |} Oldspage whereas a non—-promoking Flip
would leave it generstion O When ropydpsce is created Ffor  this
areas it too will be marked as generation 1, Then the process of
recliaiming sldspace simply converts Lopyspace generation I to
Mewspace generation 1 and we're done,
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One problem that can arise is fragmentation sf generation 1
Mpwspace due ta repeated promoting generation O collections,
Even if¥ ganly & few words svrvive inte Copyspace. an sntire {46-
page Tegion must be allocated to hold these Few words. Thisg
fragmentation is avoided by coenverting existing., partialiy-=filled
generation | Newspace into Copyspace befere the collection. The
scavenge pointer of such a region is initislized ta the region’s
Free—puinter rather than toe O so as 6 aveid unnecessary
sravenging of NMeswspace.

0.3 9 lLocked Volatility O Areas,

There are ceTtain dats structursas that are s8 Tapidly changing
and are so Iikely +f¢ contain younger references that it is
impractical to slliow them to contain GCYPs. Runtime stacks
rapresentad by Regular P, arrays are an eyample of such a
structure. The overhead of managing GCYP referances. especially
in light of the special virtuval memory rveference that is done in
the tap, cached portion of PDs, would be great Bimilar
arquments can bhe made fer the stack group structures thamselves
and #for Special PDL arvays In ovder to prevent GCYPs fram ever
being created in these structures they are isclated in 2 few
araas ithe PDL-AREA for Regular PDLs and the SG-AND-BIND-PDL-AREA
for stack groups end Special PDLs) and these areas are made
volatility O dcan point fo  angthing! and have a special
Volatility Logeked attribute which specifies that the wvolatility
will naver change {they will oalways be ailowsd to point to
anything:. The special FIXED system arveas in low memory are alsg
locked volatility @ s¢ that GCYPs can never be stared thers.
This avoidys the overhead of Iosking for GCYPs when accessing the
frequentliy—used sgstem structures stored there. Marsover, singe
these wvegions contain system structures which can never become
garbage, they are gensration 3 and are dreated as Static Sgace.
The «cost paid #or these locked valatilifty O repione is that they
muyst be scavenged for every flip {because by definition they may
cantain references fo  any genervation O}, Since the amount onf
virtual memory in these regioens generally remains small, this s
an acceptable cost to pay for the processing simplicity it huys.

144 Gf SUBPRIMITIVES AND VARIARDLES
This subsection documents a number of internal garbage collesction
primitives and wvariables. Since they are part sf the low-leavel

GC implementation they ars subject to change without notice. Al
ave in the BYSTEM pathage.

10.4. 1 Flipeing. Stavenging and Reclaiming Oldspace
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Yge—¢lip-~ready Variable
SBet %o T by %the microcede when il of (Jidspace has been
scavenged and can be reclaimed. Bet to NIL at flip time
when scavenging is started,

ge—~oaldepaca~axistsy YVariable
T if there 315 any Oldspace anywhere meaning Hhere is a
collection in pregress. Set to MIL when there is no
Oidspace.

gt-mayheg~gset—flip-ready
Beans all regqgions lasking fer Lldspace and sets the wvaluyes
of AGL-FLIP-READY and GC-0LDSPACE-EXISTS appropriately.
Callied after warm—beet and by anyone before attempiting a
iip.

inhibit—scavenging—+flag Variable
I+ NIL: the scavenger is enablied and will bhe invaoked after
evary consing operation. Set by GC-ON and reset by the
microcode when scavenging is done.

inhibit—idle-scavenging~flag Variahle
I# NIL: +the scavenger may be called from the scheduler ié
the mathine is idle. When T, idie scavenging is prohibited.

tescavenger—-ws—enable VYariablse
When a generation rolisction bagins scavenging ig
temporarily disabied to allow the mutatsr to move pb)ects
dynamically. When this variable is true the scavengsr is on
hold., When NIL, scavenging can  occour fwhen IMHIBTIT-
SCAVENGING FLAG is alss NIL).

go=Fflip—now {(ge-type Lopiional {scav-work—hiss D}}
The Lisp funchtion that initiates a collection gycia. Does
soma housekepping to prepare Copyspace then talls the
microcade flip routine XUBL-FLIP-NOW. The generation Plipped
is specified by FLIP-TYPE {2 bite generation, Iow bit
promotel

Call %higs to flip a generation but leave the scavenger aff.
Bee its wpse in START-TRAINING-SESSION.

%ge—+lig {flip-type—figlds}
Microrode function that flips MNewspace to Didspace aceording
to FLIP-TYPE-FIELDS. Bit O of FLIP-TYPE-FIELDS is the

pramete bit (I = prompte). HNext two bits are the generation
to flip. Next 21 bits are dhe scavenger bias amount  in
words,

This Funclion is also respgnsible for setting the scavenge—
enable flag in any regions that will be gpart of +Lhe
tollections GScavenge Space, and for flushing the subjecting
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the contents of all registers in the machine state to ¢€he
Resd HBarrisr in order to get Cupyspace bootstrapped. (T is
calind fram GO-FLIF-NDH.

%ge~scavenge {work-units)
Beavenge for WORK-UNITS worth of work., This is called by
the batch cellection routines with an arg of a a few
thousand~w~big enough so that scavenging will complete as
quickly as possible but will come up for aiv gtecasionaily in
case the wser wands to try and do some work while it is
going on.

tihan sutomatic $0 is on scavenging cccurs as & side-effect
af consing.

ge—Teclaim—sldspace

Lisp Ffunction that reclaims the address space of any
axisting Gldspace. Does nothing i# there is no Oldspace.
Otherwise hatch scavenges yntil ASL-FLIP-READY 15 true
{mpaning scavenging done and OK to reclaim the [Oldspace).
Then for al}l Cldspace regions of all areas, dealloecates any
swap space associsted with the address space, wunlinks 4the
Gldsgate vegions from their area region lists, and retuyrns
them to the free Tegion ppol by cvalling microcoded %GC~FREE-
REGION.

Yge~frea-vegion {region}
Microcoded fumnction that returns REGIDN to the free region
poel and flushes any hardware wmaps still set up by its
virtual pages. Used by GC-RECLAIM-OIDSFACE on Dldspace
regions after scavenging is coempliete

i0.4. 2 GC Predicates.

ge-in—pgragrass—p
True if we’re in the middie of a collection {(Oldspace exists
and can’t yst be reclaimed].

gr—active—g’
True if the automatic flipper process is active: slse NIL.

curtent—collection-type
Returns generatisn and promote flag for current collection
if automatic G0 is active; else NIL,

10. 4.3 Starting and Stopping Automatic GL.

arTest—Qc TEASON

unarrestwgc TEASOD
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Adrreast {or unarrtest) the SC flipper process Ffor  Teasons
REAGTNM.

ge-~off—temporarily

ge~off-temporarily—back—-on
Ugse +o turn automatic OC off temporarily then back on as,
for example, might &e required during a patch,

1G. 4.4 TBC Control.

Yset—argsa—default-cons~generation area generation
Frimitive for changing the default generation in whieh new
pbiecets will ba created in this arsa.

disable—tge
Disables THC by setting the default cons generation of all
areas to 3 so there it no mere young £onsing.  Then does a
#5311 promoting cellection to get rid of any indirection
celis. Not recommended. Can be undone by ENABLE~TGC.

10. 4. % Number Consing.

nymber—Lons~ares Yariable
The area number of the area whers FISBNUME, ratios. Ffull-siie
floats and compler numbers are are consed. MNoermally this
variable contains the area number of fhe EXTRA-PDL-AREA.
This senables npumber consing, ihe low—overhaad garbage
sellection of esxtended numbars. To digable number censing.
et this wariable o the numbar of another area.

number«ge—~on (&koptional on-p )
Usaed to turs number consing on or off Actually sets the
variahle NUMBER-CONS-AREA to the EXTRA-PDL area for true ON-
P, and to the BACKOROUND-CONS-AREA for ON-F of NIL

10. 4. 6 Miscellanescud,

Ygc—generation~number Variable

A I¥NUM which is incremented whenever the garbage collectpr
flips, converting ane oer more ragions froam Newspace to
Gidspace. I# this number has changed, the address of an
obijagt may have changed. Comparing this nuymber with & hash
table’s internal GC generation number 15 uwsed o rcause EG
hash tables %o rehash after & GC The wvalus cell is
sttually forwvarded to a sint in the System Communication
Area 8o that +he changes to its value can live across a
DIGK-CAVE,
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Yragisn—cans~alarm Variable
teunter incremented whenever a new region is allocvated.

Ypage~cons—alarm Variable
Counter incremented whenever a fresk page is silocated.

Agt—cons—work (nasl
Informs the GC microncode that ngs G5 have been allocated.
There is no need to do this {f storage i aliccated via the
normal microcoded £ensing Toutines.

dgo—scav-reset {region)

Telle the scavenger to Forget any work dong se far in RESION
and remove REGION for the cons cathe. Returns ¥ i# the

scavenger was sctually looking at region: otherwise NIl
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SECTION L1

Funetion—Calling

11,1 INTRODUCTION

This section explains the functiomal objects in  the Expliorer
system and How they are called. It is net necessary to
understand the earlier wviriual machine (V¥Mi} %o ynderstand the
machanisms of this wvirtual machine {VM2}, fthough it may prove
helpful in understanding our motivations. The following sections
gescribe the varicus kinds of functional objects, VMI  funection-—
caliing and the metivations behind the VMR design. the layout of
stack~frames, the strutturs of the rompiled—Ffuncitisn abject, and
the sctual #funchbiesn-~calling mechanisms,

i1 8 FURCTIONAL OBJECTS

(b jects af aimost every user—visible data—-type in the Explorer
system can be called as funciions {(the exceptians being numbers
and characters); they may be divided ints fouyr categories:

1. Compiled functions: the pbjects which are preduced by
the Lisg COMPILE +funcitisn or by lsading the file
generated by COMPILE~FILE

2. Interpreted Ffunciions: objects which ares represented
in lis® séructure,

3. Imdivect functions: objects that may Be applisd ta
arguments. but which when applied find an internal
functional gbject and apply i%t instead.

4. Men—-functigns: ohjects that may he applied teo
avrguments, Bdut which do some action specific to the
data type.
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1. 2.1 Compiled Functions,

Compiled Functions are of data-type DTP-FUNCTION, and are
divectly interpreted by the wmicrocods, Lompiied Functions are
the most important part nf the function-calling code. Most of
this chapter dealis with galling compiled Punctions. (The saction
e FEF LAYOUY describes the laycut of a compiled function
chiect. )

11, 2 2 Interpreted Functions.

Interpreted Functions are produced by DEFUN or LAMBRA., and are
passed on %tz  the Lisp interpreter. Objects of data-typs DTP-
LIST, DTP-BYACK-LISYT: or DIP-LOCATIVE are treated as interpreted
functions. When the micrecoda enceunters an  interpreted
function, it collevts a Iist of the arguments and passes the
argument iist and the Ffunction o SYS: APPLY-LAMBDA, the
microconde’s interface to the Lisp interpreder. wubich 1%t finds in
the suppart vecier, (See the section on Bupport-Vector for mors
details).

11. 3.3 Indireet Functions,

There are several diffsrent kinds of indirect functions:
symbols, clasures, instances: named-struwctures:, and funcallable
hash~-arvays. They are discussed below in order of complexity.

t1.2. 3.1 Sgmbols.

The simplest of the indirect funetions is the symbol (DTP-
S¥MB{GL ). When & symbol is called, the microcode cvalis the
contents of its function cell ingiead. Most compiled code does
net actuwalily call symbolis; rather than a pointer to the symial,
the function will comtain an  invisible pointer (DIP~EXTERNMNAL-
VaLUE-CELL ~PBINTER) +o  the symbol’s function cell. It is %this
ingdirection mechanism that allows the develaper %o recompiles a
function without having %o recompile its zallers.

11.2. 3.2 Closuyres,

Clesures are also guite simple: a closure is a pair. phe part of
which i+ & Ffunctional obJect *o he called. The pither part of the
pair is a list of pointers tc valiue cells and values to bhind them
Eo, i¥# %khe <c¢losure ig¢ a dynamic clesure (DIP-CLOBURE:, or an
environment structure, if the closure is a lexical closure {DTP-
LEXICAL~CL.OSUREY. Whan a dynamic c¢losure iz callied. the
migrocodfe performs all the special-bindings, then calis  %he
tingure’s Ffunctional object. When & lerxical closure is calied.
the micregede calls the cilesure’s Functional object and places
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the envirpnmen:t structure in a special iocal variable in the
call-frame, {Bee the section on Closures for more detaill. in
both cases) a previsus environment is restered for the function
to exeruta within, Shough the type of the envirvronment is quite
different.

11.2. 3.3 insktances, Named-Structures:. and Funcallable Hash-—
ATTays.

Instances, named-sirycteres:. and funcailable hash-arrays aTe
closely related. A named-structure is an array (DTP-ARRAY) with
its nampd-shtTucture—£lag {see the sub-section on Arrays) turned
o7 A funcallable hash-array is a named-structure with its
funcaliwas~hash—-array #ilag twrned on. An instance (DTP-INGTANCE:
contains a peinter to its flavor’s method $able whieh is a
funcallable hash~array. {See the sub-saction on QCalilirng an
Instance}.

A call to a simpls named~structure is 4durned idnte a call o
SVE: NAMED~STRUCTURE-INVOKE found through the support wvactor. {(Gee
the sub-spchisn on  Support Vectoer), with the structure as the
first argument and all the other arguments following. 5YS: NAMED-
STRUCTURE~INVOKE lboks €or +the SYS: NAMED-BETRUCTURE-INVOKE or
s NAMER-STRUCTURE~ INVORE praperty on the fype-symbol of the
structure, and if found ecalls it with the arguments and (if £he
named~strue ture~inveke properdy is a <closure) the structure
itself

Galling & funcallable hash—array causes & hash-ftable lookup of
the first sargument in the specified hash—array. 1If a funciignal
objeet is found, it is callsd, otherwise 3YSE: INSTANCE-HAGH-
FAILURE {ancther +fupction fourd throuwgh the support wvectoerl is
ealled. Calling an instance binds SELF. %hen binds any special
instance wvariables, then picks up the funcslilablie hashwarray that
is its +$laver’s method table and calls it as described above,
{More detail on the structure of #Flavers and %the calling of
instanrces may be found in the sub-secktion on Calling an
instance).

1.2 4 Nen-Funstiong,

There are three kinds of nen~funciions that can be ¢alled as
functional objects: arrays, siatk—aroups. and microcode—entTy
funictions.

11.2. 4 1 Arrays.

Calling an array {(DTP-ARRAY), if thet array is not & mnamed-
structure, iz @quivalent %o doing AREF with the array as the
first argument and the other arguments as the indices. In fact.
that it how it is implemented. Calling a named-struciuvre is
described in the section an Indirect Functions,
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1i. 2. 4.8 Stack-Groups.

Calling a stack—group ({DTP-BTACK-GROUP} wuses the functien
eYE: CALL ~ETACK~GROUP from the sgupport wvegtor Lo resume ithat
stack-group. (See the sub-sestion on Support Vector.)

MOTE

Stack~groups ara deseribed from +the us#r’s

paint of view in the Explorer Lisp Refersnce

manual and internally in the section on HBtack
Graups.

Multiple arguments and values are not yet supported, but all the
hooks are in place. Qurrently, SYS CALL-BTACK-GROUP is passed
a1l the arguments and the stack—group itself, with the stack-
group lasi. and Teturns ong resulb

11.2. 4.3 Microcoede~Entry Functiens.

A microcode—entry fumcitien (DTP-U-~ENTRY} is exactly what its name
states, & funciion that is a direet entry inte the microcode,

which is interpreted by the hardware. There are wvery few
microcode~entry Ffunctions {about ten): most of the time. entry ip
the microcode is accompiished by macroinstructions. {(Bee the
section on Macroinstructions). However. the standard

macreinstruction wmechanisms do not ellow for gperations that
accept an  indefinite number of arguments (a LRERT argld.
Microcaode—entry fFfynctions wovercome this limitation by uwsing the
standard functiom—calling mechanism to determine +the number of
arguments and acting accordingly; microcode~entry calling will be
discussed in more detail in the section on U~Entries.

NOTE

Interpreted wersions of misc-ops and auvx-ops
{(Ser the sub-section on misc—ops} are

generated at build fime They are simply
compiled functions that invole the
sppropriate instruction, This is &

difference From VML, in which all interpreted
versions pé& misc-ops were microgode-sniry
tunctzons.
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11.2. 5 (bsolete Functipnal Dbjects

There &are several functional-object data-types in VM1 that have
been drapped in VM

* DTP-8TACA~CLOZURE has been replaced by DIP-LEXICAL -
CLOBURE, Bothk implement lexifal cissures (Section on
texical~Claosured, but the newer implementation is =
campiete redesign that corrects many flaws and affers
some New features and improved perfarmancse.

# DTP-ENTITY and DTP-BELECT-METHOD have bsen eliminated.
Entities were a variant of dynamic closures that bound
SELF as well as their own bindings., Select—-methods wers
essentialily & list of operations and Functions. When
calied, the first argumenit was taken as the operation %o
lank up the function. An entity with & select-method as
its Funetiomal part was the forerunner of the instance
in the cliass system that predated the Flaver suystem
The onily holdoever in VM2 is the Lisp macro DEFLELECT.
which will now wxpand inkto a2 different sEruckure with
the zame funciionaliiy.

11.3 HISTORY anD MOTIVATIONS

U2 function~calling diffory considerably from its  VMI
gpredecessor. WML {function—calling wsed what we have always
called an "ypside-down® stack layowut: A catl-block would be
“gpened® by pushing some state words and the function, then the
arguments would be pushed; Lhe last argument would "aciivate the
calli~black. acbually starting the fumctign call. Multiple=-value
calls and other sgecial calls would push additional information
woerds {(FARTY words)! before cpening the calli-block. VM2 function—
calling in  eontrast, uses a Yright-side-up® stack layout.
pushing all arguments before doing anyg sert of call. There is no
such thing as an open cali-bleck. Alse. there are no ADI words:
all information supplied at call time 15 kept in one woerd, and
gther information is kept ir a fPived numbar of registers.

The compiled~function object (called a FEF fgr historical
reasens} is ghanged a5 welil. The YMI FEF earrised a2 list, the
argument—dgseriptar 1ist (ADL}., that described the type
pusitiom. and initislization of every argument and Iogal. Lates
work added the "fast-arg—ephion" word. a condensed form of the
ADL for simpler cases. Release I of the Explorer system modified
the theader word of the FEF fto contain even more condensed
informatioen fer aven simpier cases. The YMiI FEF alss contained
informatien about any special arguments, which would be bound by
the functien—-calling micrecode. In VME, +the ADL and special-
piteding infarmation have bheenn wliminated, The microcode
initializes all locals and optional arguments +&o NIL., and the
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compiler generates code for nmon-NIL initializations and for
special-bkindings. All infermation about the number of arguments
and lgrals is present either in the header werd ov, if there are
tog many arguments or locals for the counis to Fit there. 1n  an
gptisnal word called %he long-args werd., Unlika VML, %the long-
args word is not always pressnt.  Also. the name sf the funciion,
which in VM1 was kept in the FEF itseié#, has been moved &o¢ the
FEF ‘s debugging—info {(see the section om FEF LAYOUY).

The guiding principles of VM2 function~talliing have besen
simplicity and speed. VMt  Functisnwcalling is horrendously
complax  becauze it developed frem a design intended to he
perfectly general, but which had all sorts of speed hacks added
an  later, All %his complexity makes it extremeiy slow In the
slow cases and not very fast in the fast tases. The openfactive
tall-block idea has alse lost its appeal: mast of the current
fynction’s state is kept on the stack where it requites an saxtra
cycle to @Accesd. probabiy for historical debugging teasons, and
the necessity of checking for wpen call-blecks adds overhgad o
mast stack operations. {Jur guidelines in designing VM2 functiop-—
calling were:

% WKeep all +the state of the furrent runming function in
registers.

# Invert the stack: replace the open-call-block/ackive-
call-hlarck gistinctien with the wsimpler schewme of
pushing all the arguments Ffirst, then doing the evall.

# Do wnet copy the arguments (fhis guideline had an
important influence on the timing of operations in the
microcodel,

% Let the compiler doe all the hard wark: non—-MNIL
initializrations of gptional wvariables, special~bindings.

# Simplify the FEF: foy  the common  cas=s, keep the
information needed by the misracode in the header word;

for the less—common cases: uwse one other word.

# Simplify *the state: most of the important calil and
return state is kept in one word

The remaining sections wiil describe VM2 functism—calling in
detail.

11,4 STACK LAYDUT

A smapshot of the PO ie shown in Figure 1l1-1. There are several
call-frames shown, L ds +the cyrrent running Punction and its
frame is shpwn in mest detail. © was called by B, which was
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itself called by A Mote how the state for B is betwamen Cis
arguments and locals. C7s state is not shown, because it is  in
the Five rTegisters M-CALL~INFC, M-ARGUMENT-PRINTER, M-LOCAL ~
POINTER, MwFEF, and LOCATTON~COUNTER. The values of M-ARGUMENT-
POINTER and M~LOCAL-PLINTER are indicated in Figure tl-~1 by the
fwo arrows marked "argument~pointer” and "iloval-pointer, ¥
LOCATION~COUNTER is described in the section on
Macroinstructions: note fhat when the registers are spushked on the
stack, its offset from the Heginning ¢f the Ffunction is saved
instead.

A  Ffunction is called by pushing its arguments and extecuyting a
CALL inetruckion. The CALL instruction pushes NILs for any
unsuppliaed eptional arguments, pushes the state of the calling
function, psushes MILs for any locals of the called function. zets
vp the state registers, then casuses macrvinstruction esxecution %o
cenrtinge at the first instruction of the new funciion.

There are a few areas of added compliexity:

¥ I+ there are any gptional arguments., the CadL
instructien leaves the count gf the supplisd optipnals
on tup of the stack when it finishes, The inkent is

that the fuynction’s first macroinstruction will uvse this
count s initialiie the ynsuppiied optionals (this
macroinstruction is frequently a DISPATCHM  instruction).
The function is free to igmore this rount., since it will
net dnterfers with anything: it is likely to be ignored
if all optienal arguments defawlt te NIL. ’

* If the Puynction is lespr—funcalled (applied; in Ceommon
Lisp ferms), the last argument is a }ist that is spresd
into its individual elements at call Lime. In V1, the
list was spread pneonditionally by a {MISC) %SPREAD D-
LAST, which spread the list and activated the rall-hlock
at the sam2 time, In VM2, we try to be more pfficient
by spreading the list during the CALL instruction: I8
the function has a &REST argument and enough arguments
are supplied that part or all of the lespr-list would be
togllected in that HREST argument, we do nod spread that
part of the list, storipg it directly inte the &REST
argument instead.

* [+ the object being called is a3 lexizal glosure, the
tlosure’s environmenit object is  tempovarily pushed on
the stack bebtween the time the closyrs is taken apart
and the time the pnvivonment is stored into i%s veserved
igcal {see the sectien on Closures).

# If the object is being called with a self-mapping~table
{zes the sectiosn on Instance-Calling) suppliied, the

self—mapping—table is supplied on the stack above the
arguments and is picked up before any optional-argument
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processing.

# If the obiact is being called with a macroinstruckion
call-destination of D~TAIL-REC. it means that this g£all
is destructively tail-rroursive.

NUTE

Noen-destructive tail recursieon UERR the
gestination D=RETURN, which has iiktle
special saffect at eall time, though much at
return time.

In destructive ftail~recursion. the calliee’s arguments are copied
down over the arguments of the caller, obiiterating the caller's
frame, and the callee’s state is modified so that it returns
directiy tp its caller’s caller, This kind of tail recursion is
knoom  colloquialiy as  “frame—-eating" tail recursion, and is
enabled by seitting compiler eptimization levels to emphasize size
and spesd and deemphasize safedy

NIITE

In contrast, VM1 destructive tsil-recursion
was deciced at runtime. controlilied by & vser—
settable wvariahle and some insiructiens that.
allowed or prohibited tail-recursien when it
might not octherwise appear possible, I+ did
not work very well., and added the overhead of
checking to every refurn,
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Figure 11-1 QCali~Frame Layout

1.3 THE CaLL-INFD WORD

Following ¢the design guidelines shown in the sectian on
motivatigns, most of the call and return information is supplied
and kept in one word, the calli«infs word, a fixnum whose pointer
field is laid out as pictured in Figure 112, In the generic
CALL, the call-info word ds pushed on the stzck afier the
arguments, though there are several short—form call instrucktions
that use a cvall-info werd derived from the instruction. There
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are three types of fields in the call-info werd: call fields,
return fields, and state fields.

2222221 1111
543214009 4 3 2 1 87 &5 0
S e s e e e e A e o i i e
0 QIEITIMIB! ¥ valuesirt ldest [CiMILi # args !
e ——— i =t *
Epvmp tr= N )

I KMumbher—of-argumsnis

i ! Lexpr—funcall

points~here + | |
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Binding—-block-pushed
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i ! Self-mapping~table-provided
! fexiral~cliosure call
Saved~destination

{from macreinstructkion?

+
T
¥
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T
T
+
+
E
F

S A AR moan mar e

gturn type:

NMumber—gf-results g = pniy one result needed

multipie-~value return

muyltipie—-value-list vreturn

return all values with
count on stack

Cad L3 v
HEN

Figure 1it-2 <Call~Info Werd Lagout

14.5 1 Call Fields.

{all fistds are those rontaining informatign about the kind of
call. These ave usually swveplied by the rwompiler when it
gensrates a eall-infes word. aor by the short—form call
instructions in their constant call-info words., {all fields are
2li in the low nine bits pf the call-info word, so most call
variations fan wuse & call-info werd generated by a PUSH-NUMBER
instruction, as leng as mulitiple values are not needed. The call
fiepids are:

% The pumber-of-arguments field, Ricall-info—number—-of-
avrguments, which allows for up to &3 arguments {(though
more actval arguments can be supplied using lexpr-
fyncalll.

# The lexpr—funcall #lag, Hicall-info-lexpr—funcalli-flayg,
spt when doing a LEXPR-FUNCALL or APPLY.

# The self-mapping~table-provided #lag, Ulcallwinfo-salif-
map—table—provided. set when supplying the self-mapping-
table on the stack.

+ The iexigcal—closure~call fiag, #EMcalli-info-lexical-

clospvre—call, which, strictly speaking, is mnat a rall
fipid: thecauvse it is set by the microcode at call time.
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This filag indicates that a lexical closure is being
cailed and that its environment object is on the stack.

£1. 5. 2 Return Fields,

Return fields coentain information about the kind of return that
the caller expects from the call. These firlids areg supplied at
call tims. but are copied from the caller’s call«info word if the
macroinstruction destination is D-RETURN or D=TAIL-REC. Thare
are two Ffislds:

# The numbepr—pf+results fipld: Adetall-info-nuymber~oé—
results, which allows for wp to &3 valuves,

* The return—type Ffield, Aicalil-info-return—typa., which
indicates the form of returned valuves:

~ Yoniy~one-result-needed (0): the caller oniy
wants gne Tesuvli, This is special—-cased #for
spead,

= Apormal-return {(1): O %0 &3 values, 35 a bloeck.
When the function returns, there will be this many
values left on the stacrk for the callpr (o7
glEtimate calier). Excess returned values will be
trimmed and missing valuss will be filled in with
Mii.g.

- Fmultiple-valuewiist-retuyrn {2}: all the returned
values will be cellected into a Iist, which will
be returned as & single valua.

= Yretyrn-ali-valuves—with~vosunt—on—-stack (33 the
number—of-results field will be ignored and all
values will be returned. The numbar of valuss

will be ieft on the stack. This €orm of return is
neaded for situvations iwnvolving indefinite numbers
of values. wusually assoriated with throws and
unwind-protects, where, due to tail-recursion. it
15 hot possible to determine how many wvalues %o
return  at call time. Calls with this return—type
are often follovwed by RETURN-N instructions.

11.5.3 GState Fields.

State fields are fields wvsed by the microescde to  keep track of
the state =f the #frame, usuvplly to preserve information £rom the
tali or From the execution o¢f the function wuntil rteiurn time,
when if will be needed. The state fields are:

# The saved destination: Eicali-info-saved-destination:
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the destinatisn field
topied herer the firid
in the macroinsiruciion
microinstruckion with

three bits wide instead

Suftware Design Noetes

from the macreinstruction is
ig in the same positiaon as it is
so 1% ¢an be copigd in one
selective—daposit, The field is
of bwe becauvse the microcode

recognizes a Ffifth destination not availabie From
macreotoie: D-MICRO This destination is wused when
"ralling ovd" frem microcode to macrocode  {See the

seetion on Calling "Dut").
# The "marked-frame® flags, including:

~ Envirgnment—peittter—points—here, Ldcrali-info-env-

ptr—points—here: set  when E lexical-closure
ob ject 3is crested +that uses this Fframe in its
snvirgnment {See the section an Cloasures i

indicates that this frame must B “ynshared *

~ Trap—cn—exit, Ahcall—infe~trap~on-axit;
manigulated Ly the debugger commands (X, M-X and
L-mM~% ang the function bhrealen;: cauvses an pxit-
trap when rveturning from this frams,

- Micrestack-pushed. X¥¥call-infeo-microstack-pushed:
set when the microstack is saved on the speciatl
POL: wswally set by calling oud to macrocode. 50
that returning From the meacroceodes funciion will
restare the microcode’'s state,

- Binding—block—pushed, Ricall-info-bBinding-bleck~—
pushed: sat whern a special-binding is done:
indicates that there is a bleock of bindings to be
ynndone when returning.

11. 6 FEF LAYOUT

The compiled—function object, the FEF, iz shown in Figure 11i-3.
Every FEF containg both horxed and unboxed words. The boxed words
gre collectively called the "FEF hesder"” and contain informatian
aghout the function and any tonstants that it needs. The uonbored
words contain the macroinstructions.

The words in the FEF header are:

L. Word O has $type HNTP-FEF-HEADER and

following fields:

centains the

a, Special form $lag (UAFEF-HEADER-Special-Fgrm. |}
ity ~——— indicates whether thers are a2ny LHGUOTE
or RFUNCTIONAL. arguments,
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b, SUBST flag {(LUFEF-HEADBER-Swbst, 1 bit) ——— set if
the #function was defined by DEFBUBET.

¢. Self-mapping table required (LIFEF-MEADER-Selé-
Mapping~Table, 1 bit} =w when set. a selfw-
mapping-table must eithar be provided or fetched
guring the rall.

d. Call type (XIFEF-HEADER-Calli~-Type. 3 bits}:

Afef-call-simple (0}
gptionais or locals)

simple call {(no
. Afef-call-optionals {1} = gptional
arguments

.. Afefecall~lo als (2} = lecal veriables

CAfefecgllierest (32 =2 RREST  aryg (with or
without other igcalsy

. Afef-call-optivnals—and—-loccals (43 a
optional args and local variables

. #fef-cali-optionals—and-rest (I} = opltionatl
and LRERT args

L Efef-call-unused {5} = [unused]

. Afef~call~long (7} = wvae the longs-args
werr
g. MNumber of gptiognal arguments { LAFEF ~+E ADER -

Number—tptional—-Args, 3 bits)

£, Number of required arguments {HAFEF~HEADER~
Number—ATgs. 4 bBits).

g. Number of local wvariasblese slots (HAFEF-HEADER~
Number—Locals, 4 bits),

h. Df¥set  af the word containing the first
inctruction (WIFEF-HEADER-Locatign-Lounter-—
Offset: 10 bitsl},

2 Werd )} iz a Pixnum specifuing the length of the FEF in
words f{used by the storage management code. s2e the
gettion on Sterage Managementd).

3. MHord 2 points %¥a the debugging info, which is a

- structure of type SYE: BERBUS-INFO-STRUCT, This
stkructure has five ziots: the name gf the fuynctign.

its true arglist, its interpreted definition if there
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iz ons {often useful for functions which azre declared
THLLINE), its local-map {which describes the layoput of
the lacal variables in the #ramae}, and a plist which
containg vther fieids. such as  MACROS-EXPANDED.
- DOCUMENTATIEN,. and : VALUES.

& The long—args woerd is optional. It is needed when the
cpunts will net f£it in word O, and its presence is
indicated by the Call Type (UFEF-CALL~LONG). it
contains:

a. CGpticnal arguments flag {WAtef~long-args~
gptionals, 1 bitr ——— gt if there are optionals.

B. Loacal variables flag {4ifef-long-agrgs—locals,
bit? w= sot if there any lacais.

£, RAEST arg flag (Lifef-long-args—-rest—arg, I Dbit}
—ww gat L f thers is a XREST argument.

g. Minimum number of arguments {(UAfef-long—args—min-—
arys: & pits}t ~w=~ the number of regquired
arguments,

@, Maximuem nomber of arguments (Alfed-long-args—-max-
args, & Bits} ——— the sym of the number of
vequired arguments and the number of gptional
arguments, The LREBT argument. §& present. is
not gounted here.

£ Number af local wariable slots {(UAfef~Jong-args-—
numbar—gaf-locals., 7 bits}.

The max imum/minimumn representation of the
arquments (instead of the cptional/reguired Fform
in word O} is & historical holdever, as is the
soven-pit locals field {(only & bits worth are
accessible, but the old stack-closure code used
to allecate some opf its atorage wsing this
finld),

5. The flavor name is also optienal, and is presant when
the seld-mapping table bHit is sef in woerd O If the
flavor-name word is pregent, but the long-args werd is
nat, the flaver-name word will be word 3 when bokth are
present, it will be word 4.

The remaining header words are tenstants vsed in the fFunckion,
indicated in disassemblied code by FEFin, where n iz the offset
#rom the beginning of the FEF, Many of thedse constants will Bbe
gxbernal-valve-cell pointers to value-cells and functicon—cells of
symbols.
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Figqure 11-3 The Lsyesut of a FEF

11,7 CalllING A FEF

11.7.Y The Instructions.

There are geveral kinds of CALL macroinstructions, depending on
the grouping chosen, They may be divided into maineps and auxops
{gee the secticon on Macroinstructions) or general and special-
tase; and there are shadings in each division. The instructions
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ara.

CALL-0 through CALL-5:
These seven instructions 21l call a function with the number
of arguments specified in  %he instruction: to refturn one
regult, mething Ffancy. They =all take the standard
“register® and offset for the function. but are coded %o
faver FEF-relative arguments that are external-value-cell
pointers.

CALL-N:
Similar *to CALL~D asnd Friends, bLut takes the number of
argumants from the top of the stack,

(AU COMPLEX~CALL:
The moat general of the fall instructions, COMPLEX-CALL
takas both the function and a call-info word on the atack,
This instruction @etually exists in fowr fFforms to6 express
the four call destinatiens: LOMPLEX-CALL-TO-INDS. COEMPLEX-
CALL~TO=PUSH, COMPLEXY-CALL-TH-RETURN, and COMPLEX-CALL-TD~
TAIL~REC

{AUX} AFPLY:
This specizl-case insitruction takes the function From the
stack ang lexpr—Ffuncalls it with one argument; to return one
result. It exists in four forms just like COMPLEN-CALL.

{AUX )Y LEXPR-FUNCALL ~WITH-MARPP ING-TABLE:
This spesial-case instruction takes the function and a self-

mapping—table from the stack, and lexpr-funcalls the
functien wiith one argumenit and self-mapping~table provided,
to return one result. It exists in  four forms  just liie

COmMPLEX-CaALL.

Uther instructions may be added Iater,

i1.7. 2 The Ackions.

The pattern of actipons taken by the variouws ecall instructions
resembles a tres: there are sevaral beginnings all wf which
merge at wvarious points inte & single meinh path, which itsel#
branches ocut intc several =subroctines, All the auxep calls
follow the same path after five or six microinstrucktions %o pick
vp the funcitien and Ffigure aud the call-info  word The mainap
calls have the FEF-ralative path broken out separately, bui merge
quickly, They do not handie the complex siftuations that the
avyop ctalls do.  The auxop calls merge with the mainop calls
before dealing with the arguments and locals. HWith 311 that
merging and sepsrating in mind, here 15 the generalized seguencge
of ocperatigns of the call macroinstruction:

1. Find the Punciien, the new argument—pointer, the new
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caii-infe word, and the number of supplisd arguments;
all must be set up hefore dispatching on the data~typs

gt the Ffunetion, I# the self-mapping-table-provided
hit is sa% in the call-infe ward: picgk g the new self-
mapping~table.

2. Dispatch on the data—type of the Function to  the
appropriate handler. At this poin%. the function is
guarantesd to be in MO, the new argument-psinter in M-
g, the new cali-info word in M-F, and the number of
supplied arguments in Md, Most Ffunciienal wobjects
will eventually return here, bhaving led to a compiled-
function {(DTF-FUNCTION) objsecd: thie dispatch pushsas
its opwn address, and falls through on DTP-FUNLTIONS.
The other roviines that extract functions from objects
must not disturb most regisiers

3. Calevlate the location-gounter sffset from the previous
funcgtion. Since the location-counter always points si
the next instruction. $his offset will be used fo
continue the previsus Function when tThis one vefurns.
Road the header word of the FEF. Check fer FPDL-buffer
gverflow. Eheck for lexical-rlosure calls, i+ the bit
ig set in the call~-info werd, pick wp the envirvonment
object from the stack and save it for later. If
metering is twrned on, record this  Function  entry.
Check +for lexpr-funcails: and spread the last argumant
if necessary; if pard of the Jexpr~list matches up with
g ZAEST argument in fthe fumction, do not spread it only
te celleckt it agasin, but make the lIist 4the SREBT
argumant directly. I# the trap-go—calls bit is set,
trap now. note If the callwtype of the fFunction is
YFEF-CALL-LONG, we do net try  bthis nicety, because
determining the existence of a %REBT argument reguires
another memory reference that is not cenvenient at this
paint.

4 Handle the call-destinabtion: If the call-destinatian
ig PR-INDE (D-IGNORE) or D-PDL (B-STACK), do nothing.
1¢ the call-destination is B-RETURRKR, copy *the retyrn
figlds (see the section on Return—-Fields) from the
previous fynciieon’s call-info werd, 1f the call~
destination is D-TAIL-REC (D-REALLY-TAIL-RECURGIVE}.
copy the return Fields like D-RETURN, copy the call-
gastination and all +the state From the previous
function. and topy the argumenis down over the previous
#unction’s #frame, so that a return from this function
wili return %o the previous function’s celler instead
of the previous Ffunciien itself  Note that the calili-
destination is a two—-bit field that is in two diffarvent
nlaces in the instruction. one for the maingps and pne
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fup the aurops.

5. Take care of the arguments, checking for tos few or too
many:, pueshing NiLs Ffar any unsupplied optional
arguments, and sedding up the stack-list Ffor any &REST
argument {(all arquments are pushed with cdr-code CDR-
MNEXT, s7 &HEST-argument handling alse must change the
iast one ta CDR-NIL {see the section gn Cdr-Lodes’}.

& Advance the instruction stream. Call and redurn
ingtructisns do not use the mechanisme of the main
macrouingstruction loep., but dinstead include those

mechkanisms in the code, 30 that the next step can bhe
hidden under the memory reference here, Note that only
page~favits and interrupts may be checked for hare, not
ssquence~breaks, because of the incomplefte state of fthe
cail frame.

7. Push the five state words of the aprevious Function,
the old argument—-pginter, local-peinter, and lotation-
counter offset are a2ll pushed as Fixnums; the previsuy
funckion and i%s call-info word are pushed as is.
except that the call—-infe word is pushed with cdr-rode
LDR-ERRUR to make call-frame tracing easier,

8 Take care of the locals, whiech invelves pushing MNlLs
for them, storing any lexicalw«closure senvironment
object inte its reserved local. plating any HREST
argument in local 0. setting up the new lacal-pointer,
and leaving the number of suppiied optionals,
calculated in step asrgument-handling., atap the shack
I# there ara non-Nil, defaults, the first instruction of
the funcition will probably be a drspatch-~type
ingtruction that will wse that number to decide which
sptionals to initialize

F. Pigk wp the First mascrainstruction word and decode it
starting execution of this funciion.

11,8 CaALLING ANYTHING ELSE

11,81 Calling the Interpreter,

Whenever a (atl, instruction encowunters a lisgy, stack~iist, or
locative., it treats it a5 2n interpreted function The microoade
builds a Faked call-frame for khe list-call, then cellecis & liss
of all the arguments and passes 4the Funcition list and the
argument 1ist as the twe arguments Lo the Function SYSH: APPLY-
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LAMEDA, which it finds :ihrough the swvpport wvector (szee the
sgction on  Supgort~Vector). It c&alls SYS: APPLY-LAMBDA with a
dostination o#f D-RETURN, so the resulf of the call will alss be
the result opf the lisE-call. The enly wnusuail details involve
the possible need to diddie the cdr-coades of the arguments on the
stack to make a stack-iist of the arguments.

11.8.2 <Calling an Instance.

An instance (DTP-INSTANCE! is a pointer to a4 word whoese data fype
is DTP-INSTANCE-HEADER. The instance itseif is the wards
follpwing the headsr, while the header wdrd points o the
instance descriptor. All instances of +he same fiavor have
headers pointing te the same instance descriptor. which contains
the information common to all these insiances,

Calling an instance first binds the wvariable BELF Yo the
transported insbance then losks in the instance descriptor for
ang other special-hindings to de,. then legks in  the instance
descyripter Ffor the methoed’'s funciion, I® the funciion is nel an
array. it simply calls it {in case of a non—hash-tabie
impliementaticon:.

NOTE

He may eventyally make BSELF and 5YS: SELF-
MARE ING-TABLE into lexical variables.

If it is an srray. it 1s treated a8 a hash—arrvay, and the First
argument is the key. The moduolus of the hash-array must bhe a
gowar of bwo for the simple hashing algerithm vsed, which simply
lpoks a%t the low bits of the symbol that is the key  Eazch antry
has three words: key. locabtive teo Function, and mapping-tabile.
If the key does nat mafch, %the micrecode looks at the next entry,
gtc, until it either finds a match or an enfry whose key is
ynbound (DTP-NULL) {this is different From the wuvsuval bhHashing
algarithm). When it finds a match, if binds SYSH: BELF-MAPP ING-
TABLE if the mapping-table sist is non-NIL, +then dispatches an
the data type of the new function,

I+ no matching entry is found, or if the key or the hash-array
turns ouk te be ge-forwardad, the microcode cails oot to
BYS: INSTANCE-HASH-FAILURE, which will rehash the hash-array if
mesegsary, OT signal an error if the kew is truly not in  the
table.

11.8. 3 Calling a Microcode—-Entry Functian,
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The pointer field of a DTP-U-ENYRY function is an index inio the
MI{RO-CODE-ENTRY~AREA. a table nf microcode eniries. Entries in
tha table arse sither fixnums, indicating true microcvode entries;
WNiL, indicating invalid entries; or other objects, which are the
definitinns for microcode entriss that are not presently
micrpcoded. The fixnums that indicate true microcode eniries are
themselves indices into the MICRO-CODE-LINK~AREA, a table of
infarmation about the microcede toutine indicated by *%he
microcode #niry. The MICRO-CODE-LINK-AREA iz built by the
microassambler and lives in the micrecode band.

The microcode builds a faked call—frame on the stack, then checks
the arguments using two fields in the link-area data:

# The ¥Ymicrascode-entry—args Field indicates how many
reyuired arguments the micrecode entry takes. This
$iptd is exactly eguivalent to the number-oferequirads
figlds in the FEF header and iong-args word.

# The %¥microcode—entry-Tast bhit is 1 i+ the mitracode-
entTy function takes 2 mimulated Zrepst argument. I+ so.
any number of arguments may be supplied; if net, the
mayimum Tnumber of arguments ig the numb e in
Yimicrocode—antry-args.

ne complicatien arises From the Ffact that wmicrocodea-entry
functions ate under no compulsion %o obey the normal conventions
for dealing with arguments in particular, they are likely to
pop the arguments off the stack during their actions, To tcope
with this hehavior while preserving & caii~frame in case of
erTor. the arguments are copied to the tep of the stack before
calling the microcnde Toutine,

The +inal step ip calling 2 microtode—endry function is fo jump
to the beginning of the microcode routine. The starting address
is in +he ¥X¥micreocede—sntry-index field §in the link-area data.
Before the jump itself, the microcode sets up Teturn addresses so
that the end of the microcods vroubkine causes a fontiion return,
At the moment: microcode~antry Functisns may only rveturn one
value {while some misrops de Teturn muliiple wvalues, they are not
micracode~antry functions!.

11. 8. 4 Calling "Out"

#falling gut” is the term used for any funciion call that s
agriginated Ffrom the microcode. The microcede calls "out™ from
the microcnde level to the marroinstruction Jevel, hence the
name. The main difference between calling out and marmal calling
is that since calling out is done From microcode, the micrpoode
state must he preserved. Thae most important part of the
mirrocods it the micro—pe veturn stack (microstack or URCE, Ffor
shorti, which is saved as & bleck an the special PR during the
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call. The %icall=infe-microstasck—pushed bit din the cvali-inés
word is used %o keep track of which talls saved the microstack.

The coll destination D-MICRO exists for the use pf calling out,
falis with this destinetion do no% read a macroinstructiion when
they return; they simply do a microcode return Yo the routine
that called cut, and continue executing microinstructions. When
the microcodae rouwitine fFinishes. enly then is the naxt
macroinstruction fetched and executed This destination makes it
pagsihle fer the microcode to call out to Lispr reaceive resulbs,
and continpye, pessibly indefinitely. Lalliing out ran alsoe use
the other c£all destinations, though D-RETURN is the most common.

The most commen reason to ecall out is that the calculation is foo
complicated +to do in wmicrecode; fer examplie. arithmetic on
rational and complex numbers is handied By the ftwo Funchions
BYS: NUMER IC-ONE—-ARGUMENT and SYH: NUMERIG*THﬂw&RGUHEﬂTﬁ; whick the
arithmetic microoands calls ocut ke,  Another esxample is EGUAL and
EQUALP, which are regursive in mitrocode. Since the microstack
i3 only &4 words, there is & real danger of overflowing it when
comparing deep structures. EGUAL and EGUALP solve this problem
by calling sut to themselves, thus saving the old microstack and
gbtaining mere room te work.  The function~calling microcode alse
geceasionally calls out., When calling an inderpreted function, it
calls out to SYS: APPLY-LAMBEDA.

There are pther ways that the microocode uses calling out. The -
most unusyal is that at boeot time, the initial Funecdion is valled
put te by the boot microcade. This way. there is always a valid
frame at the hettpm of the inmitial stack—-growg’'s stack, and 1#f
khis funchbion is refurned from {thowugh uniikely, if can be forced
fram the debugger), the m@icrecode will loep back and call it
again. 1t is thus alse unmecessary to make a mpecial theck for
the bhottom of the stack when returning.

11.8.% The Support Vecter.

Calling out is imextricably linked with the suppert wveciter. The
syppoert vector is an area of memory knpwn by the microcode that
contains some symbols neaded by the microcade. Table 1i-1 lists
the toantents of the support vector., Many of these symbels szre
funciions that sre talled out to,

SYS: NMAMED-STRUCTURE-INVOWE is used as descrihed in the section on
Array«-Call when calling a named—structure as a funciion.
SYS: AFPPLY-LAMBDA is used when calling interpreted functions (see
the sectian an Interpreted Functions:. 8vSs: EXPT-HARD.
Y G MNUMER I¢-GNE-ARCUMENT, ISYS: NUMERIL-THWO-ARSUMENTS. BYa: _DE-
MARD, ang SYS:DPR-MHARD arve used for the d4ifficult cases aof some
arithmetigc functions and For byte fields too large Ffor the
microcade LDB and BPB. EQUAL, EQUALF., and EQUALP-ARRAY are used
when the microcode rTecursion becomes too deep, as described in
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the section gn Egual-Call-lut. SYS:DEFSTRUCT~DEBCRIPTION is used
when doing TYPEP of named-struetures; it is the property of %the
named—strgyc ture~symhol that centains all the internal information
abput the structure. BYS: INSTANCE-HASH-FAILLURE is +the function
that calling an instance will call out te if the key is not feund
er if the hash~tabie needs rehashing {see the sectien on
Instance-Calling}. PRINT., *PACKAGE+. and the unbound marker are
currently unused

BYS: INBTANCE-INVOKE-VECTIR is an array of keyword symbols that
represent messages to send to an instance when $rying io  do
sgvaral of the basic Lisp operativns to that instance. Far
exampie, brying te take the CAR of an instance will cavse the
:CAN message to ke sent to that instance. The rontents of the
ingtance~invoke vertor are QET. (QETL, :GET~LOCATION-OR-NIL..
AR,  ({CDR., [ BET-CAR, and :SET~COR. Whiie :GET and its cousins
are relatively wseful in  that they make GET & more qgeperic
Ffunction, +the others seem €c be remnants of an attempt to do
gverything using message—passing. since aimoest no fFlaver accepis
the messages.

Tahle 1i-1 {Qontents of the Support Vector

Indey Funetion
o ERINT
| 5Y5: NAMED-STRUCTURE - INVIDKE
= 8YS: DEFSTRUCT-DESCRIPTION
a BYS: APPLY~LAMBDA
& E4Ual
& #PACKAGE #
& SYG: EXRT-HARD
7 SYS: MUMERIC—OMNE-ARGUMEMNT
B SYG: NUMER IC-THO-ARGUMENTS
9 unbound marker
10 5YS: INETANCE-HASH-FAILURE
it SYS: INSTANCE~INVOKE-VECTSR
i EGQUAILLP
i3 EQUALP-ARRAY
T4 SYS: L BE-HARD
ig SYS: DPE-HARD
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1. % RETURNING

i1.9 1 Basics.

Retyrning is gaoverned by the raturn instruction itseld. and by
three fieids in the call-info word,

% MNumber-of-resylss Field
# Return—tgpe field
# Saved—destination field

The teturn instrouction indicates how many values a&are being
returned, the number~ofwresults field indicates how many are
wanted, the return-~type field indicates how the values are to &e
returned, and the saved~destination field indicates where the
values are to be returned. The return-type Ffield and the saved~
destination +field are adjacent 3in the call-info word so the
retyrn mierocode can dispateh on the combination of the twe and
decide gquickly what is g &= done. There are Five <call
destinations, Four of them aceessiblis #rom compiled zode. D-P B,
is the “mnormal” destination; bthe resviis of the call will be left
on the stack: first one farthest from the top. D-INDES (called B~
{GNGRE in WMi! mearns that no wvalues are to be received: Ltha
funrcdion was either rallied #for effect or Just to set +Lhe
"indicators. ® The Pirst wvalue is placed in the "indircators™ (Lhe
register M~T}, and a succeeding conditigral branch can losk at
that value in deciding whether oy not fo branch.

NOTE

In WMi, multiple-value falls allocated a
Biock on the PDL o receive the values and
arvanged that this hicck wouid be s top of
the stack after the return, in VM3, there is
wo reserved &lock; the wvalves are simply
gopied over the frame af the Ponmction that 1w
retuyrning.

D-RETURM and D-TAIL-REC are the ftwo forms of ftail-recursian. D~
RETURM is non«destructive tail-recursion; it behaves epractly like
a D-PB. call until return time. The refturn microcode will scan
back through the stack until it finds a D-INDE or D-PBL frame,
and return directly tp that frame, through all intervening D-
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RETURN frames. D-TAIL-REC is destrwetive (colloquially, "frame—
eating”} fail-recursion: at call time, it assumes the state of
the taller’s caller and gopies the arguments over the caller‘s
frame. thus ebliterating it. It actually splices sut inbtervening
D~-TAIL-RE{L +#rames at c¢all time, soc bhat a% return time it does
not have tp do the scanning that D-RETURN returns do, This
offers substantial space savings and some time savings. at the
expense of making the code difficuit to debug. The compiler wiil
vse D-TAJL~REL instead of D~RETURN when it is safe te do so angd
the compiler optimirations are set suth that spesd and space are
emphasized and safety is deemphasized. Hoth D-RETURN and D-TAIL~
REC talls copy the refurn fields {see +the section on Return—
Fields) #from the current call«info word inte the new call—info
word at call time, D-TAIL-REC because that is part of assuming
it5 caller’s caller’s state. D-RETURM because it iz handy to have
that infurmaetion available before it starts scanning.

Tha fifth call destination is D-MICRO. used when the microcode
talls out to Lisp {(see the section Callinsg—Out}. I acty exactly
iike D-PDIL, except that where retyrns involving +the ather four
destinations restore state and continue 2t The naxt
macreoinstryction,. a D-MICRO redurn will restore state and
tontinuve st the nexst microinstruction.

There are two basic return instructions, known in the microcode
as RETURNM-1 and RETURN RETURN-I is special-case code #gr
handling single-value returns, becsuse they are by far the most
common, while RETURN handles the multiple-value cases. All  the
return macroinstructions (whirh will be disrussed iater? are
built on these twes, The return—types are described in  the
section on Return—Fields. but they can be grouped intc pairs as
far as returning i3 conserned. nly-onewresult-nesded and
multiple-~valye~list situations are similar in that only one value
has to be handled, while normal-return and return-all-values
sitpations may reguire the movement of several valuses. hs
result, RETURN-1 will and up handling returns of the first pair.
even though from the actuel macroinstruction it meay not appear
s5&.

Adding to the complexity of returning is the necessity of
cleaning up aftsr the function. This breaks uvp into fuwe parts,
cleaning up after the frame and making sure the values are satfe
to return. Cleaning up after the frame means looking at the
marked-frame flags (see the section on State-Fields) and acting
accordingly. If the envirpnment-pointer-points—here flag is ses.
spme lexigal closure has included part af this £frame in jtsg
environment, and the walues must be copied out uf the stack
bhefore the frame can be removed. The binding~block-pushed flag
indicates that this frame has a matching frame on the special PDL
whose bindings myst be restored. The trap-gn-exit flag is a
debugging aid that allows the user to examine the frame bheing
exited and the values beiny relurned. The microstack-pushed flag
indicates that & btleck on the speciel PDL contsins some saved
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microstack words that muet bBew rastared.

To make sure the values are safe to refurn, we pass them through
the Hregturn bharvier. ® This barrier makes sure that stack-lists
are copisd oui %o the heap and that lexical clesures de what they
have to do, which invelves seiding the environment-pointer—
points—here Flag in appropriate frames and copying out the values
from this Fframe that are needed in the closure’s environmend
b ject. Returning passes every wvalue through the return barrier
fgr every frame returned Ffrom

11.9.2 Details

Retuyrning & single wvalus is fairly straightferward. RETURM-}
dispatches on the combinabion of the return-type and the saved
call—-destination, picking up the tep of the stack into M-T along

the way (every return sets the indicators). It ther passes the
value through the return barrier and checks the marked-frame
flags. ang restorss the state of the preceding frame. Mext, it

advances the instryckion stream to pick wp the macroinstruction
at which it will continue (see the step on instruction—-stream in
the Call-aAction sectisn), and during bhe memoryg Teferente chechks
far PhL-buffer averflow. Finally. it picks up the
mecroinstruction and macro—decodes it while pushing the returned
value on the stack.

The destination and return—type differences are small:
# D—INDS returns do not push the result,

% Myltiple—valus-list returne make a list af the resuvit or
results first, then treat Lthe list as a single value

# B-RETURN returns continue the steps above for successive
frames until one of them has 2 call-destimetion af -
INDS or D-FPIH.

# D=-MICH{ returns back up the lecatisn—counter and re-
advance the instruyction sktream to restore fthe contents
of the macroinstruction huffer o what it was at the
time of the caxlli-cul, but do not macrao—decade it

# If the return~itype was normai-return. Nils are pushed i¥
necessary to match the number of results wanied,

£ 14 the return—tuype was return-atl-values~with-count, a 1
is pushed above the single wvalue.

Multiple~value returns are slightly more complex. All the simpie
css8s that happen to be single-value returns, such as multiple-
value-list or only—one~result-needed sitvations, use the single-
value code descrihed above. The harder cases have o handle
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passing more than one value through the retyrn barrier:, frimming
excess values if more are being rTeturnagd than are wanbted, and
pushing &he count if the return—type is return-ali-with-count.
The hardest case is D~RETUAN, because the obviocus is not the most
efficient. Multiple-value D~RETURN returns leave the wvalues
right where they are until the vitimate frame is found. then cepy
them all at once, They also do the *rimming of values early and
the augmentation with NILs late, becawse that ainimizes the
number of wvaiues that have to be passed through the return
harrier and copied. Otherwise, the algorithm is the same as the
singla~valve refurn.

Thare are a lot of return macreinstruciions:

# RETURN is a mainop that returns one valye and taking it
#rom anyg mainop sQuUTCe

# The auxops RETUAN-O through RETURN-&3 refturn the
indicated number oFf values. taking them from the top of
the stack, first value deepesi

# The auxop RETURN~M is Iike RETURN-O, ete, but it  takes
the number of values from the top of the stack before
taking the values from therse,

# The auxop RETURN-LIST takes a 1ist sf values and returns
them as if they were individual values. It covld be
smulated by spreading the list, pushing the lengih af
the 1ist:, and using RETURN~-N, buf it tries to be smart
about multiple~valve-list returns and excess values.

# The auvxsops RETURN-T and RETURN-NIL reiurn T and NIL.
resprctively., Wa seem to do $that a lob, ss  they are
spepcial-cosed

# The auxop RETURN-PRED returns 7 if the Iindicators are
non—NRIL, else i% returns NIL, The auviop RETURN-NOT-INDG
i the cpposite. veturning T if the indicators are NIL
and T stherwise.

11,10 CATCH AND THROW

Catches and throws are among the most radicaily redesigned parts
of VM2, relative to UMl  In VML. catehes were open call-blecks
for the funciion #CATCH, with sperial ADI +o record the restart-
PC and other things, whose first argument was the catch tag.
Throws would scan the list of all open calili~blocks to £ind the

apen catches. Multiple-value fthrows would essentially do a
multiple~value return on all but Ehe First valoe, then do a
single-value throw with it in VM2, things are different.

Catch-blocks are entirely divorced freom call frames. Throws scan
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2 list of the gpen catch-bloeka, and multiple—-value throws are
handled rieaniy. This section will describe the WYMZ2 catch and
throw mechanisms,
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ii. 11 CATCH

fnae of the design geals in VYMZ cabtch and throw was to make
catches cheap and push the axpenze onte throws. figuring that
many catch#s are set up, but few throws are taken. Another was
to clearly delimit the scope of each caftch {in VML, catches are
Frequently closed by popping dhe open cali~block aff the stack.
just like discarding any other data). These goals led +o the
foellowing rules:

1. All catches are opened with the auxop LOPEN-CATLH or a
variant,

2 All gatches are closed with the auxop HCLOBE-CATSH. It
may 0ot bhe assumed that returning from a function will
close any open catches Temaining within its érame. for
exampla. The enly implicit clesing of a catch is when
it is thrown through on the way to another cateh.

3. Unwind—-protects are exactly like any other cateh,
sxcept that (a) they are closed with the auxop UCLODE-
CATOCH-UNWIND-PROTECT, and (b} the testart-PL of normal
tatehes points at the matching UCLOBE~CATLH. while the
restart-PL of an unwind-pgrotect points at the first
instruction of the undo-forms.

4. The ACLOBE-CATTH-UNWIND-PROTECY of an unwind-protect
will deftect if the catch was thrown to, and 1f so will
continue the throw The throw does not retain contrel
throughout the fhrow rather., there are & series of
throws that add up to the complete sne, each hounded by
the intervening unwind-protects.

& catch--biock containg six wovrds:

1. ¥catch-block~cvatch—%Yag, a Lisp ebect that is the tag
for this catch, Tags are matched using EG, so it is
usually & symbol, but is eccasionaliy & #fixnum or
stack—-iist J{condition-handiing frequently vses stack-
list tags).

= d#ratch~block-restart-pe. & figxnum that is the relative
FC of the instryction at which executiom is fo resume
if Ehie ratch 1% Lthrown 5.

3. Hratch+block-number-of-results, which is either a
fixnum indicating the number of results that will be
accepted by this catch if thrown to, NIl meaning that
it wants all the values with the count an top., owr T
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meaning o sollect all the thrown values into a list,
the function of this word is analogous to a combination
of the return—type and number—of-results field in the
call~infe word {(see the spction on Reburn—Fields) when
returning from a function, This #ield does noet come
into play unless this cetech is the target of a throw

4. Yeatch—-block-special—-pdl-level, & lorative recording
the level of the special~binding PDi. at the tims the
catch was cpenad. This word is necessary to unde any
sperial bindings that may have been done inside %he
cateh, but it is only vsed if the cateh is throwsn ito

5. Y%eatceh-block~saved—catch~pointer, a lecative or NIl
that indicates +the previgus oppen catch. A special
microecode register, M-CATCH-POINTER, points to the most
recant open catch, and the catch-~blocks farm a singly-
linked 1Iis%, If there are no open catches, M—CATOH-
FOINTER is MIL. M-CATCH-POINTER iz saved in each
stack-graoup.

f. Yratch-block—tag-being—thrown, initially MIL: but
#ilied with the tag being ithrown to when this catch is
involved in & khrow. it is this word that enables
YL OSE~CATCH to dpcide whether %o contipnue the (hrow

The first two weords. the %tag and the restart—PL. are pushed
befare opening the cateh, UOPEN-CATCH pushes a 1 as the number
af results  and HOPEN-CATOM-MV-LIST pushes T, but UGPEN-CATCH-
MiE. TIPLE~VALUE reguires that its nymber of results be pushed ¢pr
it The oather three words ave set up By the open—catch
microronde,

ACLOSE-CATLH is designed to be fasi. It assumes that if there is
ng need to continue the throw, the preceding instructicne have
left the wvalues in ¢$he desired stats, and it ust splices +he

catch bhlock out of the stack, leaving the values on top. It also
assumes that any specials Hound within the catech have beon
unbound:, sc it does no pnrbinding. Its algorithm is:

First check the tag~being~thrown werd, I#£ it is NIL. there has
been ne throw. IFf it is mnon—NIil. but the catch-tag is not T.
there has been a throw: byt this catsh is not an unwind—-protect.
56 the throw daes noi need to be continued. in these two canes.
simpiy update M-CATCH~FRQINTER and copy everything above the
catch=-bhlockg down over ii:, splicing it ouvt. It is thus very Fast
tn open and close cgtehes 1# they are not needed.
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NOTE

NIl izs therafore no%t slliowed as a fag
argument ta THROW

If there was & throw and the catch—tag 18 T, then this catch is
an unwind—-pretect, and the throw needs to be continuved. IFf the
tag~being~thrown word is 7T, $hen +the throw wss aFctualliy an
FNWIND-STACK {see the saectien on Unwind-Stack)’.

NOTE

¥ is @alss nst allowed as a tag argument o
THROW.

1¥ the number—sf~resulis word in the catch-block was NMNIL.  then
the number of thrown values is atop the stack; otherwise, all
values shove the catch block are taken %o be thrown vslues. in
any +ase, the throw is continued by Jumping inte the thraw code,
which is daescribed next.

11§12 THROW

Throwing is & two—pass process. In the firat pass, the throw
micromode searches the liat of catch-blacks for one whase tag
matehes the throw-tag., In the sacond pass. the throw microcogs
wnwinds the stack: cleaning up frames as if it were returning

through them {see the secition on Retorningd, leaving the thrown
values above the target catch-black.

The simple deszription above lesaves out 2il the complexity of the
operation, Far instance:. the first pass alse looks for unwing-
arotects, because although it iz reguired that 8 matching catch
exist, the Sthrow may actually e 0 an intervening unwind-
proteckt.  Alse. a catch with a tag of NIL will catch any  throws
such a catth is produced by  the macro CATCH-ALL,  CATCH-ALL
dgiffers #rom UNWIND-PROTECT in that there are ne undo-forms and
the thrpw is mnet continuved. Unmlike WML, CaTCH-ALL dpes not
raceive any #xtra values like the throw—tayg: it is simply a catch
that tatches averything,

Adnopther area of complexity is  hardware PDBL buffer cacha
management. Heturns via D-RETURN {(see the section on Returning)
glso wnwind one or mare frames as  they return through them
Adjacent call frames are kvown to be relatively close togethey,
and DRETURN chains are likely tp ke shord, so 13 makes seanse Lo
refill the PO ~buffer whenever needed in the fourse of the
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veturn,  Ladcheblocks, By contrast, tend %e ke more widely
separated: 50 Ffrequent PDL-buffer refillis asvre not usvally 2 good
idea. The altsrnative is to access the PDL~bhuffer through ths
virtwal-memary interface, which is much siower but which does not
invoive reading so many words. The compromise that the microcode
attuwally wvses i3 to woerk through the PRL~buffer for the frames
that are there, but to use the virtuval—-memosry path for the deeper
frames that are noi. refilliing enly at the end 40 Bring the
target frame inte the POL-bufier.

A& third compiexity iz the hamdling of valuwes, Once the throw has
unwgund $o  the target frame, it musi check the catch—bleck for
the number af values wanted and the form they are Lo Lake, 14 is
at this point that missing values are augmented with Nils. excess
valuvs are Erimmed, and listz are built for the multiple—-valuew
list case. Values are passed through the return bBarrier at the
beginning of the setond pass, after it is known where they are
going to be copied %o, and it dis only demre once {unlike
reburning, which passes them through far each #ramel.

NOTE

Muitiple-valuve returns., when the return-type
is multipie-value-list, build the Iist first
and treat it 2s a single—valus return. HWhile
it might alse ke a good idma fer throuws, it
is ot done &%t this time.

Jugt like raturning. there are fwo kinds 8f throw instructions,
THROW, which throwe & single value, and THROW-N, whith throws any
number of values: faking the count from the top of +the siack,
Beth instructions are auxops, and the cempiler generates both
from the tisp THRUOW special forme choosing the appropriate one
from context. In structure they sre wvery similar, the differsnce
being that THROW can pick up its single value into M-T, while
THRUOW-N must leave its wvalves on the stack undisturbed while i%
unwinds, THROW can therefore restore 21l the state of the farget
frame and Tefill the PDL~buffer before putting its vaive on the
stack, while THROW-NMN myst copy its wslues, possibly through the
virtual-memory path, to their destination hefore refilling.

11,13 UNWIND-GTACK

AUNKWIND-BTATK is a mating of throw and return. It pxists for
statk—-manipulating programs such as the debugger, and as such isg
a subset pf the #UNWIND-STADH of VML, In VML, #UNWIND-STACK was
the general ferm of THROMW: THROW was #UNMIND~-STACK with the
tount and artion arguments NMNIL, UMM IND-STACK  takes four
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arguments: tag, value, count, and avfion. The tag argument is
for partial compatibility with the VML SUNWIND-BTALK: it must be
. The value argument is the ssme as +the vaive argument +o
THRIM;: it may be any Lisp obyeck. The count argument is the
number of call frames o unwind: it must be a fixnum or NIL  The
action argument is called when the unwinding is finished: 1% must
e 2 functional object or NIL, Either the caunt or Ethe action
must be non~NIi; bthe case of hoth MIL was equivalent te THROW in
VM1 byt is an error in VM2

NOTE

VM2 aUNKIND-STACK bahaves exactly as the Vi
version did when this arguement was T: %the
functionality that is not implemented in VM2
is Ehe use of other tags.

AUNWIND-STACK will unwing the #rames on the stack. doing all the
clegnug 1% would do i¥ it were throwing through them i+ also
cieans up after catches along the way., There are three possible
situations:

# 1f the count is a fixnuvm it is the number of frames Lo
wnwind. T# +the actiocn is MIL., then the vaive will be
returned from the fast frame wunwound.

# I+ the count is MWIL. it indicates that all frames in the
stack should be unwound. The action must then be non~
Mit, and will be calied with one argument, the valua.
after all the frames have been unuouynd. The action 1is
not permitted te refuyrn in this situation. It s oftan
ysefyl #or the action to be a stack-group; the debugger
freguently uses it in this way.

# I& bkoth the couynt and the action are non-NIL., then the
sction will be called, with the value as its argument.

atter count $£rames have been unwound. The acttion may
retyrts and its valves will be returned as if From the
last frame unwound., This case is rarely wsed.

#UNKIND-BETACK honors unwind-protects ifike throws do It sfeps at
the unwing-=protect cateh, leaves the valwve, the count, and the
action atop the stack, and writes T inte the tag-being~thrawn
word, Since T is not permitted as the tag argument o a throw
CLOBE-CATCR recognizes it 95 the sign of an *SUNWIND-GTALK  that
needs %o be continued, and calls »UNWIND-SVACK., GSince the tag-
teing—-thrown siot is the top siet of the catch-hlock. the four
arguments are therefore tight on top of the stack.
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BECTION 12

Clopsures

12,1 INTRGDUCTION

A closure i & functignal object with some extre informaticn

sttached to it In simplest terms, it is & Function coupled with
some representation of the environment in which it was creaied
The Eiplorer system supperts twes kinds of closures: Punamic

Closures which capture some part of the dymnamic variable binding
environment in which they are freated. and Lexiral Closures which
capture the surrounding lexical {textwal) wvariabkle environmeni in
whith the closure Ffuncition was written.

EFach of these clposuras is & separate primitive functional object
having a dedicated data type and a unigue storage Pormet For ity
pnvironment structure. Each alse implies a different seft of
supporTt operations which must oeccur when the clesure is
#funcalled. This section covers these topics.

ig. @ DUyNAMIC CLOSURES

Conceptuvally., a dynamic closure object it a funetion and a
remambered binding ghvitonmeant, Tha regembareaed hinding
environment it necessary to resslve possifle binding conflicts
zaused by Ffree refarsnces o variables in funcitions passed as
asrguments (funargs). The implementation of dynamic rlosures on
the Explorer sysiem s closely btied with the variable binding
methed choser for the sustem.

Some implementations of Lisp uwse deep binding. where the binding
stack ecan be thought af as an a-list of symbol/value pairs. 1In
this case accessing 3 variable requires an ABBBL, and takes time
proportional to the number of bindings on the a-lisi. In a deep
Binding implementation: there it cne global binding stack {(or one
per process, in muliti-processing systems).  Dywnamic clesures in
such & system can "close gver" the entive environment simply by
saving a painter %np the current global binding a-list when the
dynamit closure is created.

Explorer system Lisp, iike Maclisp, uses shallow binding. The
goal of shalliow binding is to keep the time needed to aceess 2
symbols wvalue $o & small constant: typically only that of &
singlie memory Teference. LConceptually, shallow binding can be
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thought of# as a scheme where there is a stack assoviated with
pach symbol which contains & histery of ¢the symbol’s bindings

The tog of the symbsl’s binding stack {which can be accessed
guinkly) always contains its current binding.

Shallpw kinding on the Explorer is & slight wariation on this
conceptual model. Each symbel ‘s value cell {called the symhol’'s

internal walue cell since it is the internal physical location
within the symbo} dats structure iitself) always contains the
current binmding Ffor the function heing rTun. Previous bindings

are savegd on the hinding stack {the Special PDL oy SPELFDL by
the BIND primitive and are restored when the binding comstruct is
gxited. BIND does this by saving the actual rcontemts af the
symbel‘s internal value «ceil on the Speciail PDL along with a
pointer {of type DTP-LOCATIVE! to the internal value zell.

Dynamic closure binding is a special kind of binding which may be
shared; that is., oither #functionms and dynmamiz closurez in the same
hinding environment as the CLOBURE functien can access and change
the dynamic closure’s closed over wvariables. This sharing is
accomplished by using a new data type called DTF-EXTERMAL-VALUE-
CELL-RFOINTER (EVCP}. I+ ¢an be thought of &as a kind of
tapyvironment pointer,” referring to the symbol’s value when it
was clesure—bound.

Since bindings are associated with the symbel and not on a glehal
a=~list, dynamic closvre binding on the Explorer system is on a
par—symbol basis. The functioen CLOBURE takes kwe arguments:  the
First argument is a list of symbols (the symbols whose bindings
are to be saved), and the segend is a funciion object {such av a
LAMBDA ezpressisn, or a compiled-cade object) First, CLOBURE
CDRs down its first argument, assuring that each of the symbols
has an external value tell. Whenever it Finds one which doesn’t,
it allocates a word from free storage: places the contents of the
symbol ‘s  internal wvalue cell inte the word, and replaces the
internal valuve cell with a DTP-EXTERNAL~VALUE-CELL-POINTER to the
wor g, Then: CLOSURE allgocates a block of Z#N+it words of storage:
where N is the lengdh of CLDGURE 's first argument. In the First
word of the bilock., CLOBURE stores its second argument. Then for

gach symbol in its #irst argument, it stores a pointer to  the
internal wvalue cell, and a copy of the symbols EVCP. Finally,
CLOBURE returns an object of datatype DTP-CLISURE which points at
the blgck. This is the dymamic closure itseld

A symbol’s internal value cell zgntains an EVCP only when its
binding is being remembered by some dynamic ¢losure; at other
times the internal wvalue cell Just contains the symhol’s wvalue.
The gsresence of the EVLP when & variabie is tlosure—bound 3llows
any modifications to the wvariable by functiony or dynamic
tlosyres in CLOBURE's binding environment te ke seen by the
function ciosed over. An EVCP is treated in the uysual manner
idescribed aboveld by the RBIND and UNBIND osperations, but is
treated as an invisible pointer by SET {the primitive Function
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for wupdating & symbpl‘s wvaluve) and by SYMEVAL iihe grimitive
funriction for accessing a symbol’s wvaluel. The word pminted to by
the EVCP jis called the symbol’s gxiernal walue cell Thus, SET
and GSYMEVAL actess ang modify the symbpl s external value cell.
while BIND and UNBIND refer to the internal value cell.

When g CLOSURE is invoked as a functiomn: the first +thing *That
happens is that the saved envircnment is restored:. the contents
af the internal value cells of the cyrrent environment are saved
on the binging PDL.  Yhen the EVLPs stored in the dynamic clesure
are placed in the symbols’ internal value tells, restoring the
saved enviponment. Finally, the function is inveoked with <fhe
arguments passed ta the dynamic clesure.

12,3 LEXICAL CLUOSURES

While a dynaemic closure is 8 Function and an environment which
captures s 58t of dynamic bindings, a lexical closure 1% a
function and a lexical envirvronment which captures a set of
variables shared betwesn the Funchtion and its lexital perent
{and/er any higher lexical grandparents). A dynamic ciosure
takes & snapshot of the global, fluid dymamic binding environment
at the point in time %hat it is created. The envivonment of a
lexical closures on the ether hand, 1is wneither ¢#luid ner
temporally changing. A lexical envivonment is fully defined when
the functions are written, HMence all environment is  staticalily
datermined a% compilation time.

When discussing lexical closures it is convenient to distinguish
between & glosyre functisn, which is the Functisnal part of a2
lexical ciosure:r and & plgsyre psrent funckign, or just parent
function, whith is 8 function inside whose textual context the
texical closure is defined. Anyg time & funciion defined within
an ouwter {parent} Ffunction freely refers to & local variable name
ot argument name balonging %o its parent funciien, fthe functian
is considered a lexical «claosure. In the SILLY-ADDER functien
shown in Table 13«31, SILLY-ADDER is the parent function, and the
internal ansnymovs LAMBDA function iz 2 lexical clasure.

12~-3
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Table 12-1 Some Lexical Closure Examples

({DEFUN silliy—adder {num)
{(funcall #{lambda £} {+ aum L))}

{DEFUN make—summer {7}
(LET {({sum O}
#4{lambda (n} {INCF sum m1}}}

(SETF {SYMES —FUNCTIDN ‘add-to—sum) (maks—-zummer))
{add—to-sum 5) ==> 5

{gdd=~tg=sym &) mm> 7

fadd-to—sum &) == 13

HoweveT, suth extremely simpie oreations of lexical closures as
that in STLLY~ADDER ran be compietely *eompiled ogud” angd reduced
to im-ling code. Although the anonymous LAMBDA funciien accesses
its parent’s argument. the compiler cen statically determine that
neither it nor its shared binding of NUM needs te be protected ar
preservag outside of the exscution environment of SILLY-ADDER
ttgalf. Hence: it can Just compile into a simple (+ NUM 1),

' the other hand, the MAKE-BUMMER gparent functign creadtes &
lsxigal closure which is returned as the value of a call to MAKE-
SUMMER, g the internal LAMBDA function cannot ke compiled ocud.
Eurthermove. it shares the variable SUM with ifts lexical parent
MAKE-SUMMER. hence it iz a lexical closure. Let’s call the
clesure returned by & c¢all o MAKE-SUMMER ADD-TO-SUM. Lalls to
ADD-TO~-S8UM now side—effect the SUM wariable in  its lexical
garent. The lexical closure ADD-TO-BUM: %then, must contain both
E functional ab ject to gperform the gomputation: and an
anviTonment obiect which captures the referenced variables in its
tertual scope. The lexical closere envirtonmend data structure
masd provide links back %0 %the dgfining lexical parsnt,
Moreover, the defining lexical parent MAKRE-BUMMER must have & way
4f keeping track of the closures it creates isince subseguent
calle will create more closurest. Each such closure must have a
separate, protected lexical emvironment. Hence stack frames of
Iexical parent Ffunctions must have Teserved slets for maintaining
information about fheir offspring. The #following discussian
covers the data structures fgr maintaining these links,

NOTE

The implementation of lexieal closures is
quite different in Explorer Release 3 fros
eariier relsases. The Fellpowing discuession
applies to Release 3 and later oniy.
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i2. 3.1 Lexical Closure Implementation. The iexical closure
object is vepresentsd by a word of type DBTP-LEXICAL-CILOSURE which

points tp 3 cons cell whose car 1s the funcdiorn and whose edr 1
a Jlocatiwe tp the environment. The iayout aof a ierical closurse

can be seen in Figure 12«1,
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Figure 13@—-1 Lexical Closure SBtruvcture
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i2. 3.2 Dedicabted tocals.

The imzlementation of lexical closures makes use af wup s Four
dedicated lpcal wariable siots +the Ffunction’s runtime stack
fpame. In all cases it is determinable at compile time exactly
which of these lorations need be dedicated/reserved within &

tunction., Whensver a2 parbticular one {ar more! of +these is pot
reguired. its ligcation is available for general loral storage
within +the function. These locals, if present. have the

following uses:

Oefset Mame Description

b Yok 4 B e et ——— b g

& LEX-PARENT-ENV-REG Parent lexical envirsnmeni
pointer and primary lexical
"hase Tegister”

3 i EX-ENV-B-REQ Secondary lexigal Phase
register?®

& L EX-CURRENT~VELTDR-REG Current envirpnment pointer

L LEY-ALL-VECTORS-RES Mead of environment iist

Note +that local slot O is reserved for LREST args and local 1 to
hold the mapping tabie in gombined #lsvor methods. The symbolic
names are in the BYSTEM package and are defined in #File
SYS: UCODE; LROY-GLTM.

Compile time conditions for dedicating locals:

LEX—-PARENT-ENV-REG {Initimlized by CALL microcode!

Dedicated if funciiom is a clesyre or if function contains
a MAKE-LEXICAL-CLOSURE macroinstruction,

LEX-ENV-E-REG {Initialized to NIL)

fiedicated i# compiler determines that 2 second lexical dage
register is needed.

LEX=ALL-VECTURS-REG flnitialized to NIL:

Dedicated 1f any MAKE-LEXICAL-CLOBURE macroinstruction 13
emitred which indicates a push ente the envirgmment list,

LEX-CURRENT-VECTOR-REL {Initiglized to NIL}

Dedicated if function contains a MAKE-LEXILAL-CLOBURE
macrs inshtruction,
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12.3 3 {alliing a Lexical Closure.

When a lexical closure is called:, the microcede will store the
new environment poeinter in LEX-FARENT-ENV-REG of the called
function, Thise z3llows efficient actess to the envirpnment From
within the funciion. “This apgroach requires that all lexical
closures dedicate LEX-PARENT~ENV-REG as an  environment pointer.
Forthermoere: any function freating an envirooment must use LEX~
FPARENT~ENV-REG as an environment “parent” psinter. Sigiple
funmctioms {non closures) are called with no special tresatment of
LEX~FARENT-ENV-REG in the called function.

12. 3. 4 Frae lerical Aeferences

References to non-local lexical wvariables must specify  the
variable beinyg referenced and which higher lexical environment
the variable belongs te. Such references san be compiled intoe
gne pf the general form instroctions LOAD-FROM-BHIGHER-CONTEXT.
STORE- IN~MIGHER-CONTEXT, or LOCATE-IN-HIQGHER-CONTEXT (returns 2
lacative %0 the wvariable). Each of these takes from the stack s
ronteit descriptoer, which is a FIXNUM whose lower i bits are the
offset within a perticular lexical environment, This defines %Lhe
variable itseif. The next 12 bits specify which environment An
gnvitonmeny wvalue of 0O represents the immediate pavent (faken
from LEX-PARENT-ENV~-REG); | vepresents the grandparent, and so
faprth.

The magserity of nen-local lexical references. houwever. are either
bp wariables in  the immediate lexical parent or in the lexical
grandparent. Mence. mpst npen-liocal lexical references are
handled more efficiently by waing MAIN-DOF instructions with a
spacisl hase register field which specifies “higher lexical
context”  addressing  {(register value 3. The &-bit offsed Pield
af the instructiaon is then uvsed divided dinte & J-bit lexical
environment offset and onz bit which specifies the hase rTegister
(G = LEX-FARENT-ENV-REG, | = LEX-ENV-H-REG} These base registers
fectually in the function’s locel block) are assumed to point %o
valid envirvonment sirsciures. The B-kit displacement #Field
allows reference to the Ffirst 32 slots af the lexical
svvirgnments peinted %o by LEX-PARENT-ENV-RES or LEX-ENV-E-REG.
FThe compiler will revert +o the <eccessr—HIGHER-CONTEXY form
instruction oriy whan the short form addressss cannoit be used:
that is, the lexical envirvonment displacement is greater than 3l
ar when accegs ko 3 third environment frame not covered by a base
register is Teguired.

It is left uvp to the compiler tp determine which particular
anviranment peinters will reside in LEX-PARENT-ENV-REG and LEX~
EMV-B-REG at giwven points in the code. While it iz umnlikely that
the campilear wowld choose o have obher than the parent pointer
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reside ipm LEX-FARENT-ENV-RES, it is guite possible that other
than the grandparent pointer might reside in  LEX-ENV-B-REG
{(Hepmember that LEX-FARENT-ENV-REG wmust point £o the lexical
parent when MAKE-LEXICAL-CLOBURE 15 executed. ? The compiler
makes the choice hased on the number of references to each
lgxical level.

Environment pointers are obtained &y +the instruction LOCATE-
P EXICAL-ENYVIROMMENT, which accepiks an  integer specifying the
symber of generations %5 g6 hack {Q = parent, 1 = grandparent.
etc. ) and returns a pointer to the requested environment object
on the PDL. This instructien. of course:. begins its search at
{EX-PARENT-ENV-REG. The simplest approach #or the compiler would
he to allocate LEX-ENV-B-REG on a global basis, although For some
fynctiong local allecation might win., The anticipated "typical®
code sequence on entry to a closure would be semething like:

LOCATE-LEX ICAL-ENVIRONMENT i Grandparent
2e LOCAL I3 i LEX~ENV-B-REQ

a?ter-which we could have:
BUSH LEX~AIT i 7¢h slot of PARENT
pop LEX-H14 ;4th slot of CHANDPARENT

Shnytd the compiler determine that & closure has no need of LEX-
EMNU~B~RED {as a base vregister) %then it is €free to use it as &
rormal Ipcal sigt. The shert form lexical reference instructions
redyce the size af Lthe cpde {1 ingtruciion wvs, 2 as well as
radycing the 4ime required teo access grandparent {or higher)
gpvironments., The use of the LEX~ENV-B-REZ Hase register ailows
¥s to incur the lookup cost oniyg once; thereafier refarences cost
tha same a5 refetences to the parent snvirtonment

12. 3. 5% {opnetructing Lexical Closures.
Lexital closure objects are constructed using the MARE-LEXICAL-

CLDBURE ar MAKE~EPHEMERAL ~LEX ICAL~CLOSURE macrainstruction.
These 4nstructions take fwe arguments from the stack: the

eryironment geseriptor list and the FEF pointer to  use. They
return {on  the stsck) a peinter o the constructed lexical
clesure ohject. These instructisns also wse three idmplicit
arguments, Ffound in the invoking function’s incal slots. as
Follows:

1. LEX-CURRENT-VECTOR-RESG is acoessed to retrieve +the
pointer to the lexical environment to be used in Lthe
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constructed lexical rlesure, IFf LEX-CURRENT-VECTUR-REG
eantains NIL. then i% is necedgsary to consfruct a new
epvironment object accerding to the descripior list
mentisned ahove. in this cawe the poinker %pn the nen
envirenment objeet is stered into LEX-CURRENT-VECTOR-
AES at & side effact of the macrs instruction.

oy E¥-_ALL-VECTORG-RES is vsed 3o maintain a list gof
environment pbects tonstructed by the current
function. See below for details,

3. LEX~PARENT-ENV-REG is wused as the lexical parent
painter shouvld i%t be necessary tp construct a new
environment objeci.

The btwo instructions differ in whether the {pessitly new)
envitronment object will be pushed onte the environment list at
LEY-ALL-VECTORS-REG. For MAKE-LEXICAL-CLOSURE: the envirunment
obhyect (whether new or old} is pushed onte the list at LEX-ALL-
VECTORS-REL, provided that it is not alveasdy the first element of
the list., For MAKE~EPHEMERAL-LEXICAL-CLOSURE: neo attempt is made
to push the environment onte the LEX-ALL-VECTCRS-RES list.

The decisian as to whether an  environment object needs to be
added +to the envirgnment list is made by the compiler and is
hased on whether the closure heing created can possibly ouklive
the turrent function’s stack frame.

12 3.4 Lexical Environmenis.

iexrical envivonment objects are constructed as a side effect of
the MAKE-LEXICAL-CLOSURE macroinstruction, Environment obiecis
are always consed in the heap. Each object is a cdr-coded list
containing & pointer to its parent envitonment followed by some
nymber of siots which may contain pither the wvalue of & variable
pr an indivect pointer (EVCP) to the wvariable’s valup cell.

Value sntries in a freshly constructed environment corresgond o
locals/args &of the current funciion which are freely veferenced
and which the compiler has detsrmined are “read only”: 1.8 . they
are naver stored into. In this case each constructed environment
gots its owrn copy of the walue of the local/sarg rather than the
EVEP used in the general case.

18 37 Envirenment Bestriptor List.

The environment descrigtor list is used az =2 template when
ranstTucting an envirenment object. The +firest element opf Lhe
iist 1is the number of slots to be ereated. and each Temaining
element is & FIXNUM which defines cone lexical variable slot. in
the fgrmat shown in Figure 1E-2.

1&d-10
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Figure (22 Lexical Variable Slot Descripior

The sign Bit i35 O for a local wvariable: or 1 for an argument.
The next hit is the value/referencte #lag: when it is 0. the slot
will hold & DTP-EXTERNAL-VALUE-CELL-POINTER %o the wvariable; when
1. the wvalue of the wvariable i3 copied directly ints the
gnvitonment slot, I+ the number of slo¥s is greater than the
number of of sieot descriptors proavided, then the remaining siots
are initialized with a value of NIL and do not correspond ta any
incal wvariahles: the compiler vses sueh slots as value ceils Ffor
texical variables which are in axress of the maximum number of &3
that can e allocated in the stack.

12. 3.8 Managing Environments,

We have slready discussed the creaticon of new environments in ogr
discussion aof the operation of MAKE-LEXICAL-CLOBURE with respect
to LEX~CURRENT-VECTOR-REL., although we did not indicate how LEX~
CURRENT-VECTOR-REG might ever be set back to WNIL once an
environment had been constructed. The motivation for forcing a
new envivranment object tg be canstructed is to 2llow
representation of environments containing different instances of
selected variables. To accomplish this aleo requires the use o
the LEAICAL ~UNSHARE instruction.

The LEXICAL-UNDHARE instruction creates an instants of 5 variable
by copying its wvaluye (from the stack} into the heap and then
Teincating all referenges {from environmends in the enviranment
list) 4o point %0 the heap allocated value., FHeferences to this
variable in subseguprnt envitonments will point (via EVLPFsY?  into
the stack, thus referenting & different instance of the variable.
There is alse g LEXICAL~UNSHARE-ALL instruction which can be used
ta unshare all of the local variables at once.

Thus we need to set LEX-CUARENT-VELTON-REG fo NIL whenpver we
have reasen fo unshare any of the variables of the envirsnment,
This 33 done ieplicitly by the LEXICAL-UNGHARE and LEXICAL~
UNSHARE-ALL microcode.

The UNSHARE instrucktions will access the environment Iist wvia
LEX-ALL-VECTORE-RES, This 1isY is also accessed implicitly upon
RETURNing from a frame when the environment puinter pojnts bere
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(ERPM} flag is set in the frame’'s Call-Info ward. This flag is
set aniy when an envirooment object is pushed ocrito the
anvironment Jist a% LEX-ALL-VELTORS-REG. The microcede must
parform an UNBHARE-ALL operstion when this flag is set.

COMBILER NOTE- Locals/args which are determined to be read oniy
reed not be unehared since copies of the values will have been
distributed at the time the environment was constructed.
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SECTION 13

Flavor Internals

131 INTRODUCTION

This desgriptien 45 intended for programmers Familiar with
Flavgrs: this i3 not introductory meterial, In order to
intreduce the principle components of ¢the flavor system. a
simpiified arample Follows:

{DEFFLAVOR NEW-FLAVOR {IV] IV2) (BASE!) - OETTARLE-INSTANCE-VARIARBLES)
This macrp esxpands inte code that creates a FLAVOR STRUCTURE

where most of %the Flavoer internals structures are stored. All

the available information {Instance variablies, dependencies,
keywords} is put in there. This BTRUCTURE is placed on the

SYES. FLAVOR property of NEW-FLAVOR.

S (DEFMETHOD (NEW-FLAVIR MESSAGE~L) {A) (+ A IVi)3
: This macro expands intoe a Ffuncition definition whose name is
{; METHOD MNEW-FLAVOR  MESSAGE-1). The method name and its
T function definition are going tow be recorded in the METHOD-TABLE
af NEW-FLAVOR.

(MAKE~INSTAMCE "NEW-FLAVIOR)

Teis will first create the remaining flaver data structures
negded for the instance to be functional {(method-hash—-table andg
mapping-table) {this is vralled composifion?, Mext. amn instance
af MNEW-FLAVOR will be created and returned.

(EEND INSTANCE : MEBBAGE-L 7)

This will cause the microcode to access the flaver struciure to
get the #ynciion attached to MESSAQE-1 [ {:METHOD NEW-FLAVOR
 MESSAGE~L) in that casel through the method-hash-table and call
that method with the special varisble SELF bound to instance.

i3. 2 FLAVOR NAMEDR

Flavor names are symbpls which get interned as vsual. The
SYS:FLAVOR  property helds the ecomplete $£lavor deacription.
tontained in a struchure sf type FLAVOR., GBYS: COMPILATION-FLAVOR
car be used to get the flavor structure fraem the symbali i1 can
get the temporary flavor structure used by the compiler during a
tile compilation
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i3. 3 FLAVOR INSTAMCES

&n Instance is ap objert with type DTP-INSTAMCE that points to a
biscck of memary beginning with & weord of type DTP-INSTANCE-
MEADER. The pointer fisld of the header points f£e the FLAVIR
STRUCTURE (see Flaver Siructure section) where the microcode
finds the METHOD-HASH-TABLE, the #flavor name, etc. The funcition
{BYE: instanca—flavor <instance>) returns the #laver structure of
an imstancs. The instance variables are stored vight after the
header word and can be accessed by offset using {linstance-raf

instance index}.

e e e e . . e e . s e i - ——— — —_—

iGC DIP-Instance Pointer to the instance |

]
]
i s e —_ T —

T
1

. . . e 44 L e e — i

1
3

i s o e +____.,...._..,‘mmw——————wmmoﬁuum—.—.—_——"_ e

s=nt e I DTE~Instance—headeriPointer to Flaver structurel

e s o, o e e ik AL L S . e s s Lo

ot

1

; tirst instance wariahle i

e —— - s . m— - et Lkt Lot s s e s i e e

1

H : second instance variable }
e e e b e A I e e e —_—

i etc. t

i A . bk A LA it o e T e s ———

Figure 13-1 Flaver Instance

13. 4 FLAVOR STRUCTURE

This structurs is uvsed 2t DEFFLAVOR fime, tompile time and

Tuntime, 1t iw shared by all the instances of that flaver  All
uf the qnter—Flavor pointers are symbals, ot structure
references, this allows for flavar redefinitien and renaming

without pointer Tepair. MNote that since the sitructure is vwsed
for ewverything, some slobs are empdy {NILY i€ the flavor is not
fully composed. In particular, if & structure has a DEPENDE~ON-
ALL slist gf MNIL., it is assumed that its components are get fto be
tigured ayt. I# a structure has a METHOD-HAGH-TABLE siet of NIii.
it is assumed that iis methods are not composed yek, Its
description is idincluded in Tahle 13-2 so the progrommer Can
figure syt the zccessor funciions for sach slok
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i3 %  FLAVOR METHOD-TABLE {FLAVOR-METHID-TABLE slot af ¥Flaver
structura)

This Flavor structure sliot is used top store information about the

methods, 1t is wused %o compoese the methods and to do the
function spec handling (for FDREFINE, FDEFINITION, FDEFINEDR,
getg. ). For the previous simple exampie the value of this alot
weuld be: :

(. MESEAEE-L
NIl NIL
{{METHOD NEW-FLAVOR | MESSAGE~1)
REOTP-FEF-POINTER {:METHODR NEW-FLAVOR :MESSAGE-1: 203446350
MNIEL)
{:IVa
NI MIL
(- METHOD NEW-FLAVOR | TWZ}
R{DTP-FEF-POINTER (: METHOD NEW-FLAVOR : IVZ) 2003443370
MIL1Y
i IVE
MEL MNIL
{ {: METHIOD NEW-FLAVOR @ IV1)
#COTP-FPER-POINTER (: METROD NEW-FLAVOR . IVI) 2023483245

NIL?Y )
[ts format is: a List of message enitriey. each of those
congigting af: {MESSARE COMBINATION-TYPE COMBINATIODN-OPTION
METHI METHZ ... .} where:

~ MESSACE is the meszsage symbol.

w  COMBINATION-TYPE is the type described by the
BEFFLAVUR deglaration METHCD-COMBINATION (for
srampie, CABE PROGN .. ). I# NIL, then . DAEMDN
is wsed.

—~  [AMBIMATION-CORETION is either : BABE-FILAVOR-FIRST,
- BASE~FLAVOR-LLAST or NIL {the defaulil {sps
DEFFLAVER option).

-  METH:x is a list struckure: {FUNCTION-SFEC
FUNMCTION-DORJECT PLIST) where FUNCTION-BPEL iz  the
fynction-spec of the method, FUNCTION-GQEJECY is
the method and PLIST is & property list wussd to
stors the SOUTCE filename, the Previgus
gefinition. etz

The Method~Table is updeted in two places:
-~ At DEFFLAVER time when there is & method-

combination keyword. An  entry is made for that
message, specifying the combimation type and the
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combination opkien.

- At FDEFIME time: any Method Fdefined will get an
entry in the table  Note that FDEFINE will not
modify the combiration type and the combination
option: by defawlit they will be MNIL.

13 6 INSTANCE VARIABLEES ACCEERSR
There are three kinds of instances wariables:

- GBRECIALS: These arte special variables whose value
cell is forwarded ts the correct place in  the
instance. The binding is done by the microcode at
GEND  time., These variahles are preoduced by using
the DEEFLAVDR heyword : SPECIAL-INSTANCE-YARIABILLES.

~  LNMAPPED: These variaghbles are assumed fa have @
fised place in the instance even when mixgd with
gther copponents. Therefors, they can be
referenced by direct offset in any method. These
variables are produced by wusing bthe DEFFLAVOR
keyuwsrd ; DRDERED-INSTANCE-VARIABLES

-  MAPPED: These warighles are not going %e be at
the zame place from one flavor %o +he ofher
hbecause they are miyed with different components.
Mowever, their methods {except combined methods?
are expeciesd to work on any fFlaver that inciudes
it. The microcode gets the offset within the
instance ithrough & wmapping table, which 15 an
array. Each instance variable is addressed ysing
its corresponding mapping table index, and the
array element at that index is the offset of the
instance wvariable within *the instance. These
variables are produced by defauli,

13. 7 FLAVDOR MAFPPING TABLED

Mapping table structure: i1t iz amn array with s Fill-pointer,
The length of the arrey is the number of wmapped instance
variables and sach slement of the array is the offset of the
instance warliable within the instance. HWhen & combined mebhod
Talls & method that comes from pne of iis component flavors. then
it must pass anobther mapping table ags  well. The reference tao
that mapgping teble is containgd in the Isader of the primary
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mapping table starting st array~leader index 3.

Tabie 13-1 Mapping Table

Ve -S4 e . o e s i L e e 4 %,

tmapping—takle~iogcativel -
! for compsrent n

e s . rrom o e

1

(+ n 3}

i
i

o omn o ma

o i A

imapping—table~locative:
[ for cempuenent O

Ha AL mm wm

3 > Arvay leader

i
1
e + £
i Instance flavor ] 2 i
{ struckture pointer H '
s -—+ !
; Method flavor R S
P structuyre pointer ] {
o bt e e e e e H
! fill pointer IR + B
s e e e e i it /
Armm e e e B
i uaffset #0 t
] i
i :
e e s s e e et
! offget #n !

B .

These mepping fFables are found:

w In the METHOD~HASH-TABLE {see section FLAVOR
METHOE HaSH TABLIED

- In the OOMPONENT-MAPPING-TABLE-ALIST slot of the
flaver structyre. This an alist whose key is  the
mathed—flaver and cdr is a Iocative to the right
mapping table. It is used &y GET-MAPPING-TABLE~
LOCATION when building the method-hash-table.

- 1In the FLAVER~COMPONENT-MAPP LNG—VECTOR which
gathers them all, the contents of this accessor is
an ART-4-LIBT vector centaining lecatives g the
mapping tables.
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The mapping tables are created when GET-MAPPING-TABLE-LOCATION
finds out that they de not exist, So it will wccur during
expcution of COMPOBSE-METHOD-COMBINATION

19 8 FLAVR METHOD HASH TaABLE {(FLAVOR-METHDD-HASH-TABLE slat of
Flavor structure

The method—hash—table is wsed mainly by the micgrocode to Figure
st what Ffunction o call fFor a given message, The FLAVOR-
METHOD—HASH-TABLE slot points te & hash array whose Rey is  the
mgssage symbol and values are: 2 locative to & cell that points
te the methad o8 ject and a poeinter te the mapping table, Right
now the hash function is just a LOGAND mask on the syméol pointer
fas & tonseuence thg hash—table size has to be an exact power of
twol. I# the hash fails, the Ffunciioen SYE: INGTANCE-HASH-FAILURE
is called from the microecode. That function will figure agut if
the hash table needs to be rehashed and i+ there were any Forpard
references from the flaver structure slat fo the real hash array.
I+ +this is the cvase, %the forwarding pointer is5 snapped sut and
the function will retry. That prevents Ffrom having 3o follow
slow Fforwarding pointers and not knowing about them

Mote that the FLAVOR-METHOD-HASH-TABLE slot is filled in at the
last moment; therefore., it is essentially used at runtime. Ay
type of method lookup will use Lhe method table instead becauss
it is always wp %o date, :

139 FLAVOR COMPOSITION {COMPOSE-FLAVOR-COMBINATION)

This fumction is invoked either at COMPILE-FLAVOR-METHODS time or
at instantiation time. It must be completed before the Method
Cgmpesition can taks place. This ogperation looks at all the
components of a flavor and 14 they are defined, finds out about
all the instance variables +that make up that instance, This
aperation must be completed hefore attempting to compose  the
methods. Uppen its completion, the slot DEPENDS-ON-ALL will he
non-null. The first step is COMPOSE-FLAVOR-INCLUSION which goes
through the flaver components and returns an ardered list of all
the components. Then the instance variables are gathered, taking
inte account the grdered instance variables.

13 10 METHOD COMPOSITION (COMPOSE~METHOD-COMBINATION:

This function is called right after +the Flaver Lomposition is
complete. This operation will figure out, for each message the
right methad %o invoke. If it requires crTeating & combined
method, it will 4o so Upon its completion, the slet FLAVDOR-
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METHOR-HASH-TABLE will be mnon-nulil.  First the "magic list® is
created; it is gsimilar to the FLAVOR-METHOD-TABLE but gathers sil
the non combined wmethods from all the component flavors.,  The
mpssage ovrdering can be a2ltered by the DEFFLAVOR hkeyword : METHUD-
IRDER. Within sach message, methads are inserted 50 the default
srder is hase-flavor—last. {Ilnce %hat magic list is built, any
default method that does not need to be there iz removed. then
the method combination is done for gach message. The method
combinatipn handlier {locstasd on the SY¥S: METHOD--COMBINATION
properiy’y 1 invoked on the message suvblist, returning the
combined method for that message {ges the Method Combination
saetiond. Maxt, +the FLAVOR-METHOD-HAGH-TABLE is wupdated or
created putting the methed and the mapping tables #for the
messages in the hash table. The mapping tables are crested at
that time i1¥ they did ned exist before

13 11 METHOD COMBINATION

The handiers for method combination are called by (OMPOSE-METHOD-
COMBINATION with the flaveor and (he magic list sublist for a
given message. lfs tole is tp return a method for the specified

flsvoT and message. It will create the combined methods as
neceassary. Thae handlers select +$he daemon they need {: bafgre
after .}, then they check the coembined method wiith the

function HAVE-COMDINED-METHOD. I# it returns & method. then it
means that there was an up-ip~date combined method and that is
the handlet. If it returns Nil, then MAKE-COMBINED-METHOD dis
cailed and will create one

13 12 HavVE-COMBE INED-METHODS

This function will try to get a Combined method that matches the
magie liet far that aperation by getting the combined mebhoad of
#ach of the component Fflavers starting in BABE-FLAVOR-LASY order.
The magic Jlist woused +o create & combined method is either
recorded in the COMBINER-METHOD-DERIVATION debug info field or in
the Funchtien’s plist.

13 13 INGTAMCE VARIABLE ADDRESSING

The compiler producees symbolig Tefarences +tg the instance
variatiies. A% load time. the function FLAVOR-VAR-SELF-REF-INDEX
ig called and will raturn a fFianum that represents an offset and
a flag, AESELF-REF-RELOCATE-FLAGC, that te2lls the microende if it
should go threugh the mapping table or not. I# the pffset is
small esnowugh {< 32} then +the BELF addressing mode iz  used,

nkherwise a FEF-constant is used which will have a DTP"SELF-REFuH
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FOIMTER data type and its pointer field will be the offset. The
value of the offset will be the positian af that instance
variable in the FLAVOR-UNMAPPED-INSTANCE-VARIABLES or FLAVOR-
MAPPED-TNSTANCE~VARIABLES z2lot of the structure. if the variable
is not present in either of those. it is assumed mapped and
pushed on FLAVOR-MAPPED-INGTANCE-VARIABLES. The mapping tables
are ypdated if they exis%: otherwise they will be created during
azecubian of JOMPOUSE-METHOD-COMBINATION.

iZ 14 MaAPPING TABLE REFERENCE

When a combined method calls & method for gne of its component
flavors, it passes 3 new mapping table for that component flavor,
The UTP-BELF-REF--PUOINTER addressing mode is used, the offset
represents the arvay-leader index (see how component mapping
tables are referenced from the main mapping table in the mapping
table ssctiony A flag, Uiself-refwmap-ieader~flag, is set o
distinguish between a mapping table reference and sn instance
varisbhle reference,

13,15 #™METHOD INTEGRATION

in grder to reduce combined methoed overhead: when the SPEED
compiler switch is greater than the SAFETY ctompiler switch: the
variable SYS: #INTEGRATE~COMEINED-METHODSH 35 set to T and the
compiier will expand the daemons inline during execution of MAKE-
COMBINED-METHOD (this function czlls OPTIMIZIE-METHOD-BODY-AND-
ARGE which does the expancion based on 5YS: aINTEGRATE-COMBINED-
METHOD

13156 COMPILE FLAVOR METHORS

kWhegn Compiling %6 & File, this macro will cause the creation of a
new Flaver Btructure in the compiler’s anvirconment and a COMPOSE~
FLAVEOR-CUMPOBITION and COMPUSE-METHOD~COMPDSITION i¢ performed on
i g, PBuring Ethe execution of COMPOSE-METHOD-COMPOGITION: any
combined method being created will be dumped on the ohject #file
as  a side effect. At losd time, 3% will insure that the flaver
is Fully composed, checking the FLAVOR-DEFENDSE-ON-aLL and FLAVOR-
METHOD~HASH-TABLE slots

t3. 17 DEFFLAVOR

The flavour structure iz creasted at this poind, with many siots
et te NIL. FLAVDR-DEPENMDS-ON-ALL and FLAVOR-METHOD-HASH-TARE
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are set tp NIL so that MAKE-INSTANLE or SOMP T LE-FLAVOR-METHODS
will know they have to compose that Flavor.

{3. 18 DEFMETHOD

This macts will produce a function ohject that gets a _seif-
flaveor deglaration o declare which varisbieses are going %to be
ingtance wvariables.

13 1% METHOD LOADING

When & method is loaded or fdefined. ME THOD-FUNG T ION-SPEL —MHANILER
it invokegd and wiltl insert the method description in the METHOD-
TABLE slot {ses METHOD TABLE sectionl). Any FASLOAD-CUMBINED
type of methed will be turned into & cLOMBINED method and will
suparsede the old definition only if The pld definition is not
SEF-EOUAL to  the new snes this is due to the fact that without
sethod integration, the combined methods do not contain vder cade
by themselves but only calls to the appropriate non— <combined
methods, Thus if the flaver compositien did ne% change the old
combined method, 1% iz s8till valid sven if the individual non—
combined methods were changed,

i3, 20 MAKE-INETANCE (INSTANTIATE-FLAVEOR)

INSTANTIATE~FLAVOR will get the teal flavor siructure (chasing it
through abstract Fflavers), get the ares tn cons in using the
function storsd in the INSTANCE-AREA-FUNCTION property of the
Flaver gplist, <check that the flavor is composed {DEPENDS-ON-ALL
mon-nullt, check that the methods are composed (METHOD-HASH-TABLE
mam-null) then calls the LALLOCATE~AND-INITIALIZE-INSTANCE miscoyp
that creates the instance cstructure with the instance variables
set tg DTE~NULL, then the instance variables will be initialized
to wvaluas coming from the dnit-plist and the default—values
defined at DEFFLAVOR bime. Finally, the :INIT message 1s sent.

£ 21 INSTANCE CALLING {3END)

The wicrocode is responsible #or the instance calling. It gets
the method #from the METHOD-HASH-TABLE (See Method Hash Table
4aectiaonl. T¢ the <mapping-table~flagd is set for that method

thenm it will leok for & mapping table as the second value in the
hash enkry, if §%t mnet there. it will lookup the COMPONENT -
HaPFP ING-TARLE~AL IST. Given that. it will bind SELF to  the
instance. SELE-MARP ING-TABLE %o the mapping table and call the
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method.
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Tabhlie 13-2 Flavor Structure Definition

fdofskruct (FLAVOR :named :array {:constructor make~flavor}
fralterant nilt
{:make~arTay (:ares permansnt-storage—areal’
t:conc-name nil} {:callable-constructors nill
frpredivate nill {:copier nili}

flavor-instance—size i 1+ the numher of instance
i variables
flaver—bindings ilist of lgcatives tn instance

i wariasble internal wvalue cells.
;o MUST BE CDR-CODRED!!
iFixnume can a2lsn appear.  They
i say to skip whatever number of
i instance variable slots.
FLAVOR~ME THOD ~+HASH-TARLE i The hash table for methods of
H this flaveor, MiL -
;3 method-combination mot tomposed
i yet. T means abstract flavor
i with COMPILE-FLAVOR-METHDOE done.
FLAVOR ~NAME i Symbel which is the name of the
+ #laver. This is returned by
i TYPEP.

FLAVOR-COMPONENT-MAPRING-TABLE-ALIST Alist of component
H flavor names ve, )
i Incatives inte wegtor
5 gcontaining mapping

i tabhles.

ii End of magic locations knewn in microoode and GUOM.

£lavor—leral—instancewvariables iNames and initializations.

i does net incluwde inherited

i DRes.
flaver-all-instance—-variables iJust names. omly valid when

P flavor—combinakion composed.

iCorresponds directly io

i FLAVOR-BIMBINGE and the

i instances.
FLAVDR-METHOD-TARBLE iBefined above

;; End of locatigns depended on in many other files,

FLAVDR-DEFENDS-0ON itist of namas of flavors
i incorparated intpo
i this flaver
filaveor-dependsd-on-by ibLigt of names of flavors
i which incerperate this one.
: The above are only immediats
dependeancies
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flavor—-includes ibist of names vf flavars to
i inciude at the end rather
i  than as immediate depends—on's,

tlavor-package iPackage in which the DEFFLAVDR
i was done.
Fl.AVIR-DEPENDE~-ON-ALL, iNames gf all flavors depended on,

i ¥o all levels, including this

i flaver itself NIL seans

3 flavor-combinatien not

i tomposed yed  This is used by

5 TYPER of 2 arguments.

ilList of sperations handled. created
i when needed.  This is NIL if it

i has not been computed yet

{flavor—which—-gperaticens ()

i:This is the list gf instsnce variables accessable from
i+ this flavor which arte mapped by mapping tablies with this
iiflavar a5 the method-flavor,

(Flavor—mapped—instance~variables {1}

i+ Redundant copy of DEFAULT-HANDLER graoperty.
i for speed in calling it

Aflavor~defauvlt-handlier (31}
{flavar—inittaeble~instance~-variables {}) valist from init
3 keyword to nhame
i of wvaeriable
iflavor=init-keywords (}} ioption '
{Flavar—plist {17 ikspteric things stered here as
i properties {zes Table 13-03}
)

Table 13-3 Flavor-Plist Propertiss

COIRDERED-INGTANCE-VARIABLER

D PEFAUL T-HANDLER
COUTSIDE-ACCESSIBLE~ INSTANCE-VARIABLES
CACCESSOR-PREFIX

- REGUIRED-INSTANCE~VARIABLES
CREQUIREDR--METHIDS
-REGUIRED~-FLAVDRE

: BELECT-METHUU~ORDER
CDEFAULT-INIT-PLIST

D DOCUMENTATION: NO-VANILLA-FLAVOR
P BETTABLE-INSTANCE-VARTARLES
CBETTABLE~INSTANCE~VARIABLES

P EPECIAL ~INSTANCE~VARIABLES
CABBTRALT-FLAVER

DAL EAS-FLAVOR
CINGTANTIATION-FLAVOR-FUNCTION
CRUN-TIME-& TERNATIVES or

13128
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CHMIKXTURE

SVYES: RUN-TIME-ALTERNATIVE~ALIBT is5 the alist of lists of flavors
w5, names we constructed for thaose combinations.

SYE: ADDITIONAL~INSTANCE-VARIABLED

BY5: COMPILE~-FLAVOR-METHODG

SYS: UNMARPED~INSTANCE-VARIABLESR

BYS: MAPPED~COMPONENT ~FLAVORS

SYS: ALL ~INSTANCE~-VARITABLES-SPECTAL

BYS: INSTANCE-VARIABLE-INITIALIZATIONS

HYS: ALL~INITTABLE~INGTANCE-VARIABLES

SYSE: REMATNING-DEFALL. T-PLIST

v REMAINING-INIT-KEYWORDG

S INSTANCE~AREA~FUNCTION the one specified for this £1.

VS INSTANCE-AREA-FUNCTION the one to be uvsed {(maybe inhkerited)

CREGUIRED-INIT-HEYWIRDS the ones specified for this €31

BYS: REQUIRED-INIT-KEYWORES all required ones incl. inherited

NOTE

The slots stored as preperties of FLAVOR-
BLIST hawve accessosr functions of the form
FLAVOR~Cproperty-~name>, like FLAVOR-UNMAFPED-
INSTANCE~VARTABLES.

The coanvention an these is supposed fo  be
that ones in the keyword packages are allowed
to be wused by users. Home of thess are not
used by the Fflaver system. they are Just
remembered on the plisdt in csse anygone gares,
The Flaver system does all its handling of
them during the expansion of the DEFFLAVOR
macra.

13-13
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SECTION 14

Stark Groups

141 INTRODUCTIUN

This chapter explains stack groups, the building blocks &fF
multiprocessing.

4 stack group s the fyndamental unit of computation in the
Explorer. It is the main data structure behing the
impiementation of a process.  Interrupt contest-swmitching, co-
routines, and generators are facilitated by the wuge o0f stack
qToURS

At all  times, ithere is exactly one active stack group, which
rarresponds te the process currently beimg run on 2 time-sharing
syshem although there is no time—sharing beltween users on the
Explorer, it is still useful to support multiple processes. For
erample. when & message is received from the network, some other
stack group is asctivated Lo handle it

14.2 THE STACK OROUP DATA STRUGTURE

The term stegk group refers to the fFact that each process must
have itz own contrel stack for remembering function call/return
data snd arguments and local data, amd sach protess most have a
Iingar Rinding stack o tave the values of special varlables. A
stack group is a peinter of datatype DTP-STACK-GROUP, which
points ke en  array header word the same way & DTP-ARRAY wauld,
Yhe reason for using an additional datatype is soc  that any
routine will &lways be able 4o distinguish & stack group array
from sll other arrays. The array also has ikts own array type,
ART-STACK —GROUP-HEAD, for the same resson.

The stack growp structure iz an array with no body, wnly a
leader. The array leader halds many relevanmt data incluoding a
pointer to the regular push down lisd, & pointer to ancther arrtasy
nelding the Linear Rinding PIL  for the stack group. the PDL
pointers for both PDis, and wvarious saved microcoede registers
{(the Linpar Dinding PIL iz alsoc ca&lled +the Hpecial FDL. or
SPELPH.; see dascripiion bhelow),

A useful Feakture 1s  that by bdinding apprapriate special
variables, such a5 the dafault <coang ares amd debugging




Stack Sroups

information:
stack

group is activei

an errar handler can he made 3
gach may have ity aun,
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function of

gach stack group hes a sepatate Lipear Binding PO

the array leader contains miscellaneocus data related
group in

ard

matntaining =& stack

to

the system.

divided yp intse sechions accarding te how the data is used.

static

size

system
grouvp is entered

information

sprption contains
and limits on fhe Fli.s.

aperation, This

information iz
but since it doesn‘t change.
be saved when the stack group is left,

data such as the sfack group name,
This data iz set up when the
group is created and dowsn’t nermally change during the course of
Ioaded when the stack

the data

is read fdivectly by the srror handler as needed and will

loadwd

pperatigus

or

group datz struvciure follows:

14 2

14 2

! Static Bectiocn,

SE~TAME

CG-REGULAR-PDL.

Be-REGULAR-PLDL-LIMIY

SG-BPECIAL-PDL

SO-GPECIAL-POL-LIMIT

BE-INITIAL-FUNCTION—INDEX

2 Debugging Section.

SGE-TRAP-TAG

saved on stack group entry or exit.
of the stack group contains informabisn vsed %o
are valid on this stack group,

determine

Mame of stack grosup for
convarsing with wser.

The array serving as the
regular PDL of this
stack group. It must be
an ART-REG~FEL array.

Max P, peinter value
befora over¥®low

SGpecial PDL for stack group.
It must he an
ART-SPECIAL~PRL atray.

Max special PDL pointer
value before aoverflow

Fosition in regular RDL
of the topmest funcitisn
pointer cell {normally 3}

Symbolic tag corresponding
to Be-TRAP-MICRO-PL,
Determined by looking up
the trap FL in the

143

This iy because

This dats is

The debugging section has
that the error handler needs to determine what error
has accured and how to restart the stack group. Thisg information
The naxt section

A layout of the stack
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S6-RECOVERY-HIRTORY

SE-FOOTHOLD~DATA

i4. 2.3 #igh Level Section.

5G-STATE

HO~PREVIDUS-STACK-GROUP

5&-GaL L ING-ARGE-POINTER

Se-CALL ING-ARGE-NUMBER

BE-TRAP-AP-LEVEL

4, 2.4 Dynamic Sgciion

SE-REGULARPRI_~FRQINTER

SG-BRECIAL-PRIL~-POINTER

Stack Groups

microcods error table.
Bropeytias of this
symbal drive srror
reporTiing and recovery,

Available for complex B&
debugging Toutines to

leave tracks in for debugyging

BUrpaseEs. {This
may be done away with
in the fukure.)

Structure which saves
dynamic section of “real®”
5% when eiecuhing in

the #wrror handler foothold.

The sktack—group state.
Thizs has fields

desceribing the high—level
state of this stack

grous. Btack group states

are listed in Tabls §(4-1.

S which caused resumpiion
gf this one,

Pointer to argument-block
which last called
this 56,

Mumber af aryps in last
call to this 86

Used for stepping. When
stepping compiled
functions: will cause a
STEP—HREAK trap when

POL. pointer is below this
vittual address,

SGavad PBL pointer: stored
as Ffixnum index into
Se~-REGUL AR-FDL.

Saved special BPDL pointer,
stored as fixnum index
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into SG-SFECIAL-PDL.

SG~TRAP~MICRO~FPC MicTo—address from which a
trap was zignallegd.
Used as a key to lackup the
THAP=-TAG in the
microvoede arror table.

SE-ZAVED-M-FILAGE Baved processor flags as fixnum,
The flags are shown in Table 14-2,

B&~PDL ~FHASE The index intg the hargware
POL buffer cache of
the O at the top of the PDL.
This preserves
indax~phasing of the pdl buffer
acToR5 56 switches

SE~BAVED-VMA VMA register in a lecative
The data type is
stored in SGE-VMA-ML Mg TAGE.

SE-yMA-ML-MZ-TAGE Tags of VWa, M-1, and M-2
packed into a fiinum

SG-M3-MA-TALS Tags of M-3 and M-4 packed
into a fiasnum,

Le-aAC-t Pointer fields of "rauw®
arcumulators packed intg
Fisnums. Tags are in one
cf previous packed—tag regs.

5E~AC—8

SE-aL-3

58-4C-4

Ge—-ACwA Accumulators . ..

SG-AC-1

SG-al-~L

Sa--AC-D

BE-al~E

SE-AL-F

GE-Al-G
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5@-AC—H
HE-AL-1
BR AL
SG-AC-K

B-AL~L

E6-AC-4
E5-AL—R
BG-AL-S
SG-a0L-1R

53-aAC-T Result register, pseudo
indicators,

S5—-CATLH-PDINTER Typed pointer Lo catch
biack.

14-5
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Value

L ety

Saftwasre Besign

Table 14~} Stack Group Hiates

Name Meaning
BEO-STATE-ERROR Should never get this.
Ee~-5TATE-ACTIVE Artually execubting on

the machine.
SE-HTATE-RESUMABLE FReached by interrypt
Qr H#rTor TELOVETY
cempleted. Just
restore state and
continue,
Se—-STATE-AWALTING~-RETURN
After doing a "legitimete”
sg—cail. To resume this,
re¢load sg, themn Teturn
& value,
SR-STATE~ INVOKE-CALL-ON~RETURN
To recume this, reload sg.
then simulate a store in

Notes

destinatien~iast. The error
system can produce this state

when it wants to ackivate

the

foothold er perform a reiry

Se-STATE~INTERRUPTED-DBIRTY

Get this if forced to take an
interrupt at an inopportune

time,
GG-STATE-AKA I TING~ERROR-RECOVERY

Immediatedly after error, before

reCOVETY.
SE~5TATE-AWAITING-CALL

The 55 is ready o be called.

SE-STATE-ARMAT TING-INITIAL-CALL

Initial sbats of the SG, before

it has been called,

EE~STATE-EXHAUBTED State when the B& has finished

runtnifg.

14-&
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Bitis}

B il

S—#

T3

10
11—1i2
i3
14
13
téa

17

18

19
=0

Tabie 14-2

MName

GREEFL.

CAR-SYM-MODE

CAR--PLM-MODE

COR~-SYM-MODE

COR-NUM-MODE

BONT~SHAP—IN
TRAF-ENADLE
MAR-MODE
PGF~WRITE
INTERRUPT~FLAG

GCAVENGE-FLAG
TRANSPORT~FL AL

Stack Grougs

Processor Flags

Meaning
This #iap is ne longer
wsed.
CAR of symbol mode:
g2; error
i: srror except
(CAR NILD) di2 NIL
2 NIL
3: arror
CAR of number mode;

g: esrrorv
1: HNIL
B arror

3 error
CDR of symbol mode:
}: errar
i: errar gxcept
(0BR NILY is NIL
2 NIbL
3. property-list
CDR of number mode;
Q: error
- MIL
2 error
3: errgr
Flag #or creating f£resh
pages.
When sst, ensble error
trapping.
1-bit = read-trap,
2=hit = write~trap
Flag wsed by page fault
rouvtine,
In 2 migrocode interrupt,
In scavenger,
In transporter.

STACH~GROUP ~BWITCH-FLAG

Switching stack groups.

DEFERRED~BEQUENCE~BREAK-FLAR

METER-EMABLE
TRAP—ON-CALL

Seguence break pending
but inhibited

Mztaring enabled for
this sktack group.

Tragp on attempting to
activate new Fframe,

14~
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i4. 3 GSPELIAL PDL

The Special PPL: alse known as the Linear Binding Fi.. is used to
hold saved bindings of special wvariables. The ExploTer wses
shallow binding, so the current value of any symbal is always
found in the symbol’es wvalue cell. lWhen 2 symbol 45 bound. 1%s
previcus wvalue it saved op the Special PDL. and the new value is
nlaced in the value cell. When & stack grouwp switch i
par formed, the furrent process’s Special PDL is saved in the
stack group.

The Special PDL aslso serves sGm2 ather functions, HWhen & micro-—
to-macrs call i3z made: the processer wmicro—stack {(UPLEY ef the
machine is stored thevre (this is needed bacauss the hardwars UPLE
is 0f o small f#ixed size}

The Special POL is block oriented. The biocks are delimited by
sebbting the SPECFDL-BLOCK-START-FLAG in the first binding made in
s block. The data type of the top werd {last pushed) of a bluck
determinas what kind of Block this is, as shauwn in Table 14-3,

SPECEDBL-BLOCK~BTART~FLAG and SPECPRL-CLOBURE-BINDING are stovred
in the {DR-Code field of Q's on the Special PDL.  The CDR-Lode is
not atherwise used on the Special PDL. SEECPIL.~CLOBURE-BINDING
(b1t 313 indicates that this binding was made "hefore® entering
the funcition (i.e. ., by eclosure binding, or by the binrding of SELF
for a method). SPECPDL-BLOCK-START-FLAG is hit 30

A rnormal Binding bleck is  stored 25 2 pair of G'¢ fer sath
hinding; the first & is & locative pointer to the bound locatiom
anyd the second is the saved contents of the location. Note that
any location can be bound: usually Shese locations will ke the
value rells of symbpls, but they can alsoc be array elements, 25c.
{oniy of arrays of type ART-Q or ART-4-LIRT).

The processor micro-stack (UPCHD bilsecks are always pushed anto
the Special POL all at once, and so are nevar Hopen, ¢ However.
the normal Binding blocks are created wne pair at a time. To
xeep track of this, when 2 macrocempiled #unction is running, the
binding~block-pushed bit is set in the call-info-word if a
binding block has been opesned on the Zpaciai PDL. This assures
that when a compiled function is done:. the rali~info~werd will
correckly refiect whether it has done any bindings that must he
popped off the BSpecial FDL I+ +the bit is cet, all of the
bindings of the top-most block of the Bpecial PDL must he undone.
1§ not ses, it means that no pairs have yet teen pushed.

Micpa-tg-micre £alls can alse cause bindimgs, &nd  in arder o
keep that straight, a bit on the UPLE is set Lo indicrate that &
block was bound

The Spacial PDL is pointed to by the iocation BE-SPECIAL-PDL-
SOINTER im  the stack oroup and by A-GLBNDP when the stack proup

148



Softpare Design Notes LHtack Groups

is exeepting on procesgor,.  There is an areaz deveted o storing
bath Speciel PDLs and stack groups called the S3-~AND-BIND-PDL~
AREA.

Table 14-3 SBpeciazl PDL Biock Type

DATATYPE USE
LOCATIVE The bBlack is & normal bhinding block.
F I XNUM This is a bleck transferred from the

preceseoT micra-stack {UPCE). Each

word din the blsck should be a fiinum
contgining the &ld contents of Lhe

URCS. 0Oniy the active part of the stack
stack is transferred.

R
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SGECTION 10

Storage Subprimitives

15 1 STORAGE SUBPRIMITIVEED

KOTE

Uniess otherwise noted, all symbels and
functions named 1in this section are in the
SYSTEM package. The byte specifiers cam be
found in BYS: YCODE; LROY-GCOM. Most of the
subprimitives sme migrocpded MIBC-OFs defined
in SYS: ULODE; DEFOF, Some that are Lisp-coded
are defined in SYH: HERNEL: STORAGE-MACRDOE and
EYS: KERNEL: BTORAGE-INTERNALS.

Subprimitives oarve functions which are not intended to be used by
the average program, osnly by system programs.  They allpw one o
manipulate the envirgnment at a level lower than normal Lisp.
Many praimitive Ligp functiuns sre implemented son  the Explorer
system wosing subprimikives to accemplish their work., In this
sense: subprimitives often take the place of what would be
individual machine instructions or low-level subreutines on oiher
systems. In Ffact: many subprimitive funchions are simple Lisp-
raltlable interfaces to miscellanecus operation macra instruyctions
imigcops) written in Explerer microcode. Bthers sre written in
Lisp: but vieslate normal system storage conventions in erder to
achieve afficisncy.

Subprimitives by %$heirt wvery mnature cannet do Fell checking,
Improper use of subprimitives cen destroy the eovirenment. They
cogme in varying degrees of dangerousness. Gensrally, those whose
names begin with % gan rwin the Lisp world just as readily as
they can do something useful  Subprimitives without a % in their
names asre vsually not directly dangerows. This section deseribes
subprimitives that manipulate storage; these are among the most
dangerous eones. The mext section describes other subprimifives
and low-lpvel system variables

19—-1
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NOTE

Because they are used at the itowest level of
the Explprer systam impiementation,
subprimitives may change in the way they
function or even he removed entirely #rom the
system without notive. Mast programs should
thus generally not use subprimitives
directliy.

1% 2 DANGERE OF SUBPRIMITIMES

The most common problem gou can tausg using sybprimitives isx the
creation of illegal peinters: pointers that are not allowed to

exist in the machine stade agcording o storage conventions. ¢
you create such an illegal pointer. one of several things may
happen. It might cause a system crash or a bad data type trap
immediately. Dr it might not be detected umtil much later when

another part of the system (most likely +%he garbage gelleetor)d
spps it, nhotices hat it is illegel, and haits the machine.

Suhprimitives can alse bhe used to slter the contents of nearly
any location in memory., causing vunpredictable results iFf  the
memory locatien is part of a sensifive system date structure. in
this tontext even [AR, CDR, RPLACA, and RPLALD tan ba considered
subprimitive #functiens. [f they are given & locative instead &f
s lisi, they access or modify the addressed cell without regard
tp any object that may centain the cell

the peinter-manipulating subprimitives are the most likely ones
ts causg problems (in general the ones beginning with A
These primitives can be very powerful when used properiu. but can
ba wvery dangerous. There are strict conventions that dictate how
these primitives should be used. Most of these conventions have
to do with the garbage collector. and some nawly—imposed
rgstrictions stem from the temporal garhage collection algorithm
{FEE:, Bome of these storage convenitions are described hers,
along with the subprimitives themselves, and some are discussed
in the spctions on  Internal Storage Formats and Garbage
Coliection,

15—



Soefitware Design Notes Htorage Dubprimitives

NETE

Extreme caubion should be exarcised when
using any of the pointer—manipulating
functions. At a minimum, before using tham
you shouwld #fuily wundersiand the notion of
boxed versus unbosed storage: the role of
primitive data types (hoth of these are
coveregd in the Internal GSierage Fermats
section). and The TRl-imposed restrictiomns on
sybprimitive vuse. If you have any guestions
rogarding the correct wse of Ehe Ffunctians,
please contact a Tezas Instruments systems

analyst,

REOTE
Unless indicated stherTwise., all the
gubprimitives listed below are in the BYSTEM
package.

1% 3 SYORAGE LAYDUT DEFINITIONS

The fpllowing special variables have values which define the mest
impgertant attributes of the way Lisp data sEructures are laid sui
in storage. In addition %o the variables documented here, there
atre many others that are more specislized. WVariables whose names
start with %% are byte specifiers; those beginning with %L sre
numerTic constants,

Yhg-cdrwcaode Constant
The field af a boxed memory word that contains the cdr-code.

Hig-data-type Constant
The field of a boxed memory werd that contains the dats type
code.

Yig=-pointer Constant

The field of a boxed memory word that contains the object
address or immediate data.

Adq-printer—within-page Constant
The ¢ield of a bhoxed memory word that centains the part af
the address that lies within & single page.

15-3
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“ég—typed-pointer ' Constant
The concatenation of the EUG-DATA-TYPE and AG-POINTER

fields.

“hg=all~buyt-typed-pointer Constant
This is new  synonymouvs widh HAUG-CDR-COBE, and therefors
ohzolete.

“hg-all~hut-pointer Constant

The concatenation of all fields of & memory werd except for
KUG-POINTER.

Whgq-all-bhuyt-cdr-cade Constant
The concatenation aof all +fields of a memory word except Ffor
LEP-CLR-CODE.

A¥q-high~half - Constant
hig—low-half Consiant
The halves of a2 memory word. These fields are generally

anly useful for storing into wunboxed memory leccations,

cdr~normal Constant
cdr—next Constant
cdr—nil Constant
cdr—errgr Congstant

The wvalues of +these four variables are the Bumeric values
that go in the cder~cvopde field of & memory word.

19. 4 DATA TYPED

g~data-typa
The wvalue of G-DATA-TYPEE is a list o¢f all of the symbolicg

nanes For data tyges, Thase are the symbols whase print
names begin with "DIP-". The values of these symbols are
the internal nuemeric datas type codes for  the variocus
internal data types. The section on  Internal Btorage

Formats contains a list gf all internal data types aiong
with a descripitign of each.

“data-type {x2)
Returns the data type field of x., as a FIXNUM.

g-data~types{type~code)
Given the internal numeric data type code, returns fhe
corresponding symbolic name. This "Fupction®™ ig actually an
array.
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dataw-type {arg)
DATA—TYPE returns a symbol that is the name for the intermal
data type of arg. The TYPE-DF fynction is a high~level
srimitive that is more useful in most cases: nermal programs
should always use +type-of (or, when appropriate, TYPEP)
rather than data bype. |Nsote that some types s sesen by the
user are not distinguished from each other 3t this lsvel.
snd some user types mayp be vrepresented by more than one
internal type. Far example, DTP-REATENDED-NUMBER is +the
symbal that DATA-TYPE would return for either a douvbie-float
ar a BI&NUM, aven though those tws fypes are guite
different.

Soma ovf bthese bype codes occur in memory words but cannod be
the type of an actual Lisp abjgeckt. These include header
types such as DTP-SYMBOL-HEADER, whigh identify the first
word of a struyckure, and forwarding or Tinvisible" peointer
types such as DTP-ONE-G-FORWARD

1% 5 POINTER MANIPULATION

Ipainter {x?
Retyrns %he peinter +Ffield of x. as a Fixnum  For mpst
types, this is dangerous since the garbage coilecter can
copy Gthe object and change its address,

Ymahe—pointer {(data—type pointer)

Ymake~pointer—-gffset {data-type pointer ocffset}
Thege funciions make up an object (pointer} created from the
spearcified DATA-TYPE field and with pointer field PDINTER (or
POINTER plus DFFGET)

DATA-TYEE should Be an internal nomeric data type code: the
value of gne of the DIP- symbols. POINTRER may be any
objects; its opointer field is vused. In the case of UMAKE-
POINTER-OFESET. FFSET may alss be ang object {just its
pointer field iz wsed) but is uzuslly &2 FINMUM.  The types
of the arguments are not checkedi their pointer fields are
simply added together This is wuzeful for constructing
locative pointars into the middle of an objeci. However,
ramambar that it is 1llegal to have & pointer to untyped
data, such as the inside of a FEF or a numeric array.

The rvesulting obiect is returned. which means it is
subjacted +to the MWrite Barrier s5 must be a valid Lisp
ohject. Hence DATA~TYPE must not be a date type that 1s
iliegal "in the machine” {such as DTP-NULL or most of the
invizible forwarding types).
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%MAKE-POINTER arnd HWMARE~-POINTER-OFFGET are exntramely
dengerous functions. They rcan be used to creabte objects
with illegsl data types or pointers to nonexisitent memory
¢in which «case the machine will crash immediatelyl). More
subtly. they can create objects with valid data types and
pointesr #fields, but which do net point at vaiid structures
{an arTay abject pointing to 2 symbel header, for sxamples
or into the middle of the unboxed partion of a FEF}  Any of
these can cause gevere or fatal problems for the low-level
system and for the garbage csllaector.

Mote that it is always safe to greate a FIXNUM data object
with wither of these two functions. It is creating pointear
type sbhjects that can be dangersus.

“pointarp {object)
T if object points to storage, Far example. {(LPQINTERP
Yfan"} dig T hecause "fpo" is an arrvray which peints tp
grignded storage. (UPQINTERF 5) is Ml since 5 is5 a FIXNUM

Ypainter—type—p {data~type)
T i¢ the specitied DATA-TYPE is one which points e storage.
For axample, (UPDINTER-TYFE-F DTFR-Fix) returnsg NIL

“stack—-frame~pointer
Returns & locative pointer to its caller’s siack frame.
This Funectian is not defined in the interpreted Lisp
environment: it oniy werks in compiled code. Bince it |
turns intes a miscop instruction, the "caller’s stack frame®
teally means “the frame For the FEF that execuied fthe
Yetack~Fframe-pointer inetrugtion "

15 & POINTER ARITHMETIC

Addition, subtraction and comparison of ohbject addresses should
not be done mwith normal Lisp arithmetic Funcéions since the
largest pasitive Ligp FIXNUM fits in 24 bits while high wvirtual
addresses can use tEhe 25th Bit. The Lisp Ffunciierns thus wiill
consider FIXNUME with the 25th bit set as a negative number.
wheresas sddress arithmetic considers %them large positive numbers.
Furthermers, with Lisp functions like +, a BIGHUM iz created if
twg Sd~bit FIXNUM values added Eogether overflow the 24-bit
firld. The pointer field o’ the resvlting BIGNUM object is, of
course, an obiect reference {probhably pointing %o the EXTRA-FPDL
ares or into HWORKING-SYTURARE somewhere where the actual BIGNUM
storage exists).  Address avithmetic:, on the other hand:, requires
that & 25~bit FIXNUM with the high bi%t set be returned when ftwo
such F4-bit values are added,

The #following primitives should always Be used te do poeinter
arithmetic, Bad pointer arithmetic is a frequent cause of bugs
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in system code, However. it should be remembered that gpointer
arithmetig can itseld he darngerous: depending on the context,
aven whan +he right funciions are used. Fay sxamplie. if you use
APOINTER-PLUS +to generate an address inside of an shgect, uyou
must make sure that the address thus generated cannet change {(due
to garbage collection) while you are vwsing it. This can e done
by protecting small sections of critical code with a WITHOUT-
INTERRUPTE form or larger sections of code with s INHIBIT-GC-
FL.IPE +fovrm. Either will guarantee the object’s address will not
change inside its body by preventing a flip from oocurring.

Apointer—difference {ptrl pitra?
Returns a FIXNUM which is pird minus pEvr2. No  type chacks
are madge, For the vresult %o be meaningful, %the fwp peinters
must poeint into the same object, so that their difference
cannot change as & result of garbage copliechkion,

Apsinter-plus {(pirl pier2}
Adds PTRI and PTRE together uwsing address aribthmedic: the
result is alwsys a FIXNUM suitable for use by the ¥%P-
routings {(1f. gFf course it represents & valid address). The
data type field of PTRI and PTRZ are ignored, bu¥ #or this
to be meaningful ore is usually an object and the nther is a
FINUM meant ss an offset.

Apointer= {aptri pird}
T if the pointer fields of PTRI and PTRZ are the same. This
is lTike EQ except that data tipes are ignored.

Apointer’> {pirl ptra)
T i# PTRL has & skrictly higher virtual memsry address than
PIRE. [Data type fields are ignorad.

Ypeinterlm (pird ptrd}
T i¥ PIR1 has a higher virvtual memery address than PTR2 or
the same. Data type fields are ignored.

“pointerd {ptrl ptr2)
T 3+ PTRL has a strictly lower virtual memory address than
FTR2Z. DBata type fiwelds ate ignored,

Apeinterd= {(ptri pird)
T {f PTRI has 2 lower viriusl memory address than PTR2 or
the same. Datas type fields are ignored.

cppvert-to-unsigned {num)
Returns a number that corresponds to NUM {(usuvally a FIXNUM)

considered as & 20-bit unsigned quantity. Thus i+ FIXNUM is
& positive FIXMUM., it is Just retuyrned. If it is a negative

FIXWUM. a BIGHKUM 18 returned,

canvert—to—signed {num}
Retyrns a number that corresponds fo NUM {(usually a BISNUM)

15-7
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considered &8s a #5-bit uyunsigned gquantity. Tkis is the
reverse ¥ CONVERT-TO-UNGIGNED,

{CONVERT-TO-SIGNED <(CONVERT-TO~UNSIGNED <num>)) = Cnamy
always bBalds true if MUM is a FIXNUM

“logdpd {(value ppss word)
A FIXNUMs—only form of DPB.  The low order 55 bids of VaLUE
replace the PPEE field of HORD. Always refturns a3 FIXNUM
Dues not complain about Inading/clobbering the sign bit
Data type fields of VALUE and WORDE are ignored

“liogldh {(ppss wovd)
A FIANUMs—only Porm of LDE.  Returns a FIXNUM sbtained from
the wninterpredted I2-hits of WOIRD, The reselt may be
negative if the field width 13 &%  Signals the ARSTYP error
if PPES iz not a FIKMNUM or if it specities a Field greaster
than 23 bits wide

15,7 FORWARDING

An  invisible pointer or fovwarding pointer is a kind of pointer
that does not represent & Lisp object, but just resides in
mampTy, Thers are several kinds of invisibdle pointers, and there
ara wvarjous rules about where they may or may not appear. These
are detailed in the zectiony on  Internal Storage Formats ang

Garbage Qfollechion The Hasic property of an invisible pointer
is that if the Esplorer system reads s word of memory and findsg
an  invisible pointer there, instead of seeing the invisibkle

pointer as the result pf the read. it does a second read at the
lgcation addressed by the invisible poinbter, and returns that as
the result instead. Writing behaves in a similar fashion. When
tha Ezplorer system writes a word of memory it first checks tg
see If that word contains an invisible pointer;: if zo it goes +o
the lacation pointed 8 by the invisible gpointer and tries to
write there ingstead. Many sobprimitives +that read and write
memory d5 not do this checking, hence violates normal rules abouk
handling intermal storvage formats (they do this because they are
used in low-level system routines that imglesent the storage
Formatiing).

The simplest ¥ind of invisible pointer has the data type code
LTP ~ONE~G--FORWARE, It ig vesed to forward & single word of memory
te some place else. The invisible pointers with data types DTP-
HEADER-FORWARD and DYF-ROLDY-FORWARLD are used Ffor mevimng whaole
Lisp obiects {such as tons cells or arrays) ssmewhere else.  The
DTP-EXTERNAL-VALUE-CELL —POINTER is similar to DYP-~UONE-G-FORWARD:
the difference is that it is not “invisible™ to the osperation of
binding. If the {internal) value cell of a symbol containsg a
DTR-EXTERNAL-VALUE-CELL-RPOINTER that points to some other word
{the siternal value cell), then SYMEVAL or BET operaticns on  the
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symbol consider the pointer to be invisihle and wse the external
value cell. The cperation of binding the symbgel: however, saves
away the DIP-EXTERNAL-VA UE-CELL-PDINTER itself, and stores the
new value ints the internsl value cell of the symbol. This is
how closures are implemented

The obther Forwarding poinker types DYP-QRO-FORWARD and BYP-&0~
YOUNG-PJINTER are not the same kind of forwarding pointers. Thoy
tan never be seen by any gprogram other than the garbage
colirctor.

struetuvre—Fforward {old-object new-ohbh)ecil
Thig causes refarances to OLD-OBJECT to be forwarded to NEW-
HEJECT. Roes this by creating new storage., cepying the
centents of QLD-BBJELY ints it then storving invisible BTP-
HEADER-FORWARDs/ DYP-BODY-FORWARDe:  intoc OLD-OBJECT. it
returns OLE-OBJECT.

An example of the vse of STRUCTURE-FORKARD is  aADJUST-ARRAY.
If +the array is being made bigger and cannot be expanded in
place;, a new array is allocated, the csontents arve copied,
and the old array is structure—Fforwarded o the new one.
This forwarding ensures thaf poinfers tg the old arrvay, or
to eells within i%, continus fo werk. When the garbage
coljector goes %o copy the old array., it notices tha
forwarding and wuses the new array as the copyi thus the
overhead of forwarding disappears eventually 1# garbage
canllection is in use.

follow-strutture—forwarding {ohject)
Mormally just redurns object. budt i object has bean
structure—forwarded, reburns the ohject at the end of the
chain of fFforuwardings instead. If object is not exactliy an
object: but a locative £o a cell in the middlie of an object.
a locative to the corresponding crll in the latest copy of
the object is returned,

forward-value-gcell {(from-symbol to—asymbaol!

This alters FROM-SYMBIL so that it always has the same valup
as TO-SYMBEOL, by sharing its wvalue cell. A DYP-ONE-§-
FORWARD invisible pointer ig stored intp FROM-SYMEQL 'S value
cell, Do not do this while FROM-BYMBOL ‘s current dynamic
binding is not glebal, as the microceode does not bother %o
check for that case and something bad will happen when FROM-—
EYMBEL. 'S binding is unbeound. The microcode check is gmitted
to speed up hinding and undinding.

This is how synonymous variables {surh as *TERMINAL-ID® and
TERMINAL~ID) are created.

Toe forward one arbitrary cell to  another {rather than

spenificaliy one wvaluse rell &p enatharl. given g
locatives, deo
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(Y¥P-CSTORE~DATA-TYPE~AND~PLQINTER
from~ilacation DTP-Dne-G-Forward to-location}

follipu—celi~forwarding {loc evep-p)

LOC is a Ipctative to a cell. Normally LOC is returned. but
if the cell has been forwarded. this follows +the chain sf
forwardings and returns a locative to the finasl cell. IF
the ctei}i is part nf a structure which has been forwarded,
the chain of structure Forwardings is fFollowed, tos. If
gCp-f is true, EVOPs are followed; if it is NIL they are
not,

15. 8  ANaLYZING BTRUCTURES

“tind-structure—hesder {pointer)

Finds the structure into which POTNTER points and retyrns an
ob ect reference to it. For example, given & lecative inte
an ART~G array, AFIND-STRUCTURE-HEADER would return the
array, Works by searching backward in mamory fur 2 header,
ap it is illegal %o give it & pointer inte unboxed storage
1+ is a basic low-level funchion wvsed by such things as the
garbage collectsr The data type of PCINTER is ignored. bhut
is generally a locative or a2 FIXNUM. Structure Fforwarding
is not foilowed,

In structurTe space:, ithe “qondaining structure” of a pointer

is wellwdefined by the object’s header. In list space.
however: +the containing structure is considered to be the
contiguous, ctdr-zoded segment of list surrounding the

location pointed %o, Hence, it will refurn the length of an
entire rdr—coded list segment if given a poinier arywhere
into that segment; and will return 2 if given a pointer to
sither the {AR or the CDR of any simple CONS cell.

If a CONS of a cdr—coded list has been copied out by RFLACD,
the rpontiguous 1ist measured includes that CONS ceil pair
f{sg actually may be gone greater than the contigueus
apgment}.

find—strucrture—header {gointer! '
Identical +to FHFIND-STRUCTURE-HEADER hwuwt first follows any
structure~Fforwarding markers befwesn what POINTER points to
and the evenbual actual pbiect storage.

“find—structure—leader (poinker}
Identical to UFIND-STRUCTURE-HEALER except that if the

structure is an artTay wilth a leader, this returns a locative
pointer to the lgader—header, rather than returning the

1510
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asrray-pointer itseldf. Thus the result of LFIND-STRULTURE
LEADER is always the lowest address iw the structure, This
is the one wused internally by the garhbage <ollector.
Structure forwsrding is not Followed.

fimd—stryckure—leader {pointer)
Identical to XFIND-GBTRUCTURE-~LEADER but first follows any
structure—forwarding markers between what PIINTER points (o
and the eventual actual &b jgct storagse,

4“tind-structure-hpader—-safe {(ptr}

Vfind-structure~leader+~sate {ptr}

Just like UFIND-BTRUCTURE-MEADER and ¥FIRD-S5TRUCTURE-LEADER
but are sefe (and slawr. Returns MIL if PTR isn’t valid
virtual mamory: eise returns the abject {or locative to the
array leader}, These are safe becavse they parse memery
forward from fthe regisn origin. They will FERROR i+t
angthing strange is found in the parsing. These sven do
inteiligent things when given Hidspace and Copyspace
addresses. BHee the documentation string fgar mare details.

They used for debugging oniy. They are top slow For system
code.

Yestructyre~boxed—size {obect}

Retuerns the number of “poxed G's™ in OBJECT. This is the
number of words at the front of the strurture which contain
Lisp cghjetts. DBome situttures: for examgle FEFs and numeric
arrays: contain additional “unboxed GQ's" following their
boxed G7s. Note that the bHoxed size of a POL (eifther
regqular or special) does not include Qs above the current
Eop &f# the PDOL. These lptations are technicaliu boxed.
since they are part of a G-type array, But their contents
arg considered wunbgoxed gathage and are not looked at by the
garhage colliector.

OBJECT fs data type is not checked, but it betier point te
valid, boxed storage. Siructure forwarding is not ¥followesd.

ASTRUCTURE-BOXED-QIZ2E is wused internally by the garbage
cellector 0 get 2 tount &€ the number of words in &
structure that need +to0 be scavenged. This number is
sometimes different from tha real number of legitimate bowed
words in an object. For example. it never counts forwardad
bedy words ey boxed {although forwarded lesader and headsr
words a&re slways counted as bhoxed). This is hecause after
sCavenging the leader and the header of a forwaried
structure, &1l the work is dons,  Also, will return O for
any BIGMNUM because the BIONUM header word technically doesnt
have to be scavenged since its pointer field just contains
flag bits,
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“etrutture—total-sire {oghject)
Returns the total number pé uwords occupied by the
reprosentation of OBJECLT, ineluding all boxed and unboxed
words {and garbege past the top-of-stack pointers of PDLs).
OBJECT ‘s data +type is not checked, hut it beftier point is
valid: bexed storage.

skrugture—based—size {object’
Sams as ASTRUCTURE-RBUXED-SIZIE but first follouws any
structure~foruwarditg markers hetween what POINTER points te
and the eventuval actual eblect storage.

structure~total-sire {object}
Game as ASTRUCTURE-TODTAL-SIIE but ¢irst follows any
structure~forwarding markers between what POINTER points to
and the eventuval actusl object storage.

Ystructure-size—safe {(ptr %eptinnal (include-leader i)}

4 sate way to find the real size of an sbject. Retwrns NIL
if PTR isnt walid wvirbtual memory. PTH should point at gz
structure header in structure space {but 3ust FERRORs if
notl. Returns 4 wvalues: tntal size in words, number oé
pored words., space fype of PTR (:NEW :COFY :OLD) and a flag
which (8 T means it is & Forwarded struckurs (RPLACD-
forwarded in list space: structuyres FPorwarded in  structure
spacel.

Uased only for debugging. Too zslow for system code.

dump—memary {ptr kkey {length 20} {base B. i
Dump s T au memoTy tontents formatited in a couple of
interesting ways starting at address specified dy PTR (which
cen be any ohiect} for CLENGTH number of words in  base
1 BASE. Check +the docwmentation string for other args and
meanings.

dump—ob jects (ptr %key num—objects)

gump-oh jects~in-region ragion %key {(start-offset O}
Start doumping wubt @ Hrief representatien of all objecis
starting either at address PTR {for DUMP-OGBJECTS) or at the
start of region REGION plus START-OFFRET {for DUMP-CHBJECTS-
IN-RECION!. Will Just kesp dumping until end of a Tegion is
reached or until o NUM-OHJECTS specified runs ouid, More
keywords are available: check the documentation strings.
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15. 9 CREATING OBJECTE

Zallecate—and-initialize f{data-type header-type header second-—
word ares sizel
This is the suybprimitive for creating most structure—type

ohjects, SREA is the area in which it is to he created. as
a2 FIXRUM gr a symbol. SIZE is the number of words to be
allncated. The walue returped gagints to the firsd word

aliocated and has datas type DATA-TYPE, The words allgcataed
are inttialized with interrupis disallewed so that stcrage
conventions are preserved at all times. The first word, the
header, is initialired to have HEADER-TYPE in its data-type
field and HEADER in its pointer #ield. The second word is
initigplized +to SECOND-WORD, The remaining words are
initializad %o NIL. The cdr-codes of all words except the
isst are set to CDR-NEXT; the tdr-cpde of the last werd is
set o LCDR-MIL. Note that programs should generally not
reiy on the cdr-code field of non—-CONS cells being in a
known state.

“allocate~and~initialize-array (header data-length leader-length
ates #ize)
This is the subprimitive fur creating arrays. talled only by
MAKE~ARRAY. it differs from AALLOCATE~AND-INITIALIZE
becguse arrays have @ more compliceted header struycture.

“allecate—and—initialize~instance {header area size}
Allocates storage for an instance, sets header type to DIP-
INETANCE~MEADER and sets data type to DTP-INSTANCE. Fills
alligcated space with NIL and places HEABER in word O

The bhasic Functions for ereating list-type sbjects are CONS and
MAKE-LIZT: no special subprimitive is needed.

1510 RETURNING STORAGE

return-stoarage (abject Ropticnal +orce-pi

With the advent of Temporal Barbage CGollection (TECY, the
RETURN-STORAGE facility becomes less vseful a5 well as more
difficult tg implement without breaking the garhage
collector. Hence RETURN-STORAGE now does nothing (and
retyrns NILY} in the normal case. The normal case is  when
TEC is enadlied {the value of AUTGC-ENABLED is true: mhich is
the defaultl, or when the optional hidden FGRCE-P  argument
to RETURN-STORAGE 15 NIL (the default).
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When sither the FORCE-P argument is $rue or TGL is disabled.
thig funetion attempts +to reiturn object in ovrder %o free
storage. If it 35 a  displaced array, it rvTeturns the
displaced array itself, not the data that the arrsy points
t3. RETURN-STORAGE does nothing i# the abject is net at the
gnd of its region (i . e 1f it was neither the most recently
slipcated non-iist obyect in its region, nor the mest
recently allogatad list ip its regionl).

I# you still have any refersnces fe¢ object anywhere in the
Lisp world after this function relurns, the garbage
collector can get a fatal error if 1% sees them  Since the
form that calls this function must get the object froam
sompwhere, it may noet be clear how te call return-storage
legally. (Une of the only ways to do it is as Ffoliows:

{DEFUN func 1)
(LET ilobject {MAKE-ARRAY 100}

(RETURN~GTORAGE (PROG1 object (SETG object nil)))))

s that the variable ohject does not refer &g the object
when RETURN-BETORAGE iz callied. Alternatively. you can free
the object and get rid of all pointers to it while
interrupts are turned off with WITHOUT-INTERRUPBTS.

i¢# RETURN-BTORAGE is forced when T8 is enakled, and if the
ghject being returned ever contained pointers tTo yosunger
objects, those younger objects will not be able te be
colipched by the garbage collecteor until a full. prometing
yarbage collection 1% performed. For this reason. 1t is
recommendesd that code force NILs intos all boxed slots of a
data structure being returned hefore using RETURN-BTORARE.

IS5, 11 COPYING DATA

ABLT and %PLT-TYPED are subprimitives for cepying blacks of data.
word alignead, from pre place in memory to amcther with little or
no type checking., The acronym BLT is short for BLock Transfer.

%¥hlt {frogm te count incrementd

“hlt—tyned {(from to count increment)
Copies COUNT wmords. separated by INCREMENT. The wsrd at
address FROM is moved o address TO: the word at address
FROM+INCREMENT is moved to address TO+INCREMENT., and so  on
until COUNT words have Leen moved.

Omiy the pointer fields pé EROM and TO are significant, they
may be lecatives or even FIENUMs. If gne of them must point
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to the unbhoxed dats in the middle of & structure, you must
make it a FIXMUM, and you must do so with interrupts
digabled or else garbage colliection could moave the
structure afier you have already created the FIXNUM

YBLT-TYPED assumes that each copied word contains a data
typs Ffield and that every destination locatien is boxed
memory. That s, ABLY-TYPED subjects its datas te both the
Read Harrier and the Write Barrier., Use YBLT-TYPED when
copying FROM bhozed storage TO boxed storage.

AELY assumes that all sewrce and destination locatioms are
unboxed memary, That dis, it subjects its data fo neither
the Read Barriar nor the Write Harrijer. dase MBLT when
copying FROM unboxed stoerage TO unboxed storage.

Copying FROM boxed storage TG wunboxed storage must be
handled specialliy. See the subsection on TEL Subprimitive
Semantics.

It is actually safe to uze either UBLT or UBLY-YYPED on data
which i3 formatted with data +types <{boxed! bhut whose
contents 4o not now psint to siorage and never have. This
includes words whose tontents ars always FINNUMs or short
figats:, and also werds which econtain array hesders, array
ierader bheaders, or FEF headers. Wheiher or not such words
go threugh the Read Harrier and Write Harrier makes no
differense sincte there 1is no special processing for these
types in either one.

15,12 SPECTAL HMEMORY REFERENCING

This gsection describes +the most dangerous sigrage management
subprimitives. They are dangerous for several different reaspns,
First. since they read a virtual memory address specified by a3
peinter field, they can vause a crash if given an invalid virtual
address {for example. one whith vsed to conitain an object but isg
now free hecause of garbage collection). fthers are alsg
gangerous betause the allow the manipulatisn of the various
fields of memory words., and often circumvent Lthe normal Read
HBarvier/Write Barrier processing that normally occurs.

In addition t¢ these darmgers. which have always existed. there
are some naw Froblems use af these subprimitives can cause due to
the T&G aigorithm (described in  the section on Garbage
Collectiond. A later subsection explains these mew resivrictions.
They have to do with which primitives must be used on hoxed data
and which are safe to use on unboxed data, so that part of the
descriptions below shoeuld be paid special attention.
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15 121 Subsrimitives for Hoxed Memury Referencing.

“p-pointerp (location)

T i# the contents of the word at location points 4o siorage
This is similar to {(YPOINTERP (CONTENTS location}): bwi the
latter may get an evror if LOCATION contains a forwarding
pointer, a header type., or a veid marker. in swuch cases.
YP-POINTERF correttly 4elis you whether the header gor
Forwarding pointer points Lo storage. Suitable for use anly
on baxed locations,

“p-pointerp~offeet (lotation céfset)
Similar to UP-POINTERP hut sperates on the word OFFSET werds
peyond LOGCATION. Buitable for use only on hexed lecations.

“p-contents~offset (base-pointer offset]

Returns the contents of the word OFFSET werds bheyond BASE-
POINTER. This first checks the cell pointed to by BABE~
POINTER #for a Forwarding pointer, Having fpilowed
forwarding pointers %£o the real structure vointed to. it
adds OFFSET o the rtesulting forwarded BASE-POINTER and
returns the contemnts of that location. Suitabie for use
onrly on boxed locations

Thetre is no UP-CONTENTE., since CAR and {ONYENTS perform that
ocpeTation

Ypwcontants~safe—p {loacation!
T if the contents of word LOCATION are & valid Lisp object,
at least as far s dats fype i concerned. It iy MIL zf the
word contains & headsT type. & forwarding pointer, or & void
marker. If +he wvalue of this function is T, youw will not
get an error from (CONTENTS  lacsation). Suitable for use
pnly en borxed locations.

“p-contentz—as—locativa {pointer)
Given a POINTER to a memery location containing an EVCP or
fime~f—Fgrward, returns the contepts of the locatien a5 &
BTR-LOCATIVE, I+ rchanges the disalliowed data type to DIP-
{OCATIVE 0 that you can safely lock at it and see what it
points to. Suitable for wse only omn boxed locations.

“pecontents~as~locative~offset (base~pointer gffset)
Extracts the contrnts of a word like Y“P-CONTENTE-{FFBET. but
changes 1% into a locative like AP-CONTENTS-AB-LOCATIVE.
This can be used:. #or example:. +u analyze the DIP-EXTERNAL-
Vo UE-CELL~POINTER pointers in a FEF, which are used by the
compiled vode to reference value cells and function cells of
symbols., DBuitable for use only on boxed locations.
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“presafa-contents—offeset {loration gffsetd)
Returns the centents of the word offset words beyond
location as aceurately as pouswible without getting an error.
Buitable for yse only on bored locations. Forwarding
poinders are checked as in YP-CONTENTS-OFESET.

I# the contents are a valid Lisp obgect, it is returned
exactliy. If the contents are not a valid Lisp object but do
point to storage, the value returned is 3 lecative which
points %o the same place in storage. If the contents are
not & wvalid tisp obgect and do not point to storage. %he
value returned is a FIXNUM with $he same pointer field.

Ap—store—contents {(poinkter wvalue)
Stores value inte the data~type and pointer Ffields of the
lgcation addressed by pointer., and returns value. The cdr-—
zade field aof the location remains unchanged.

Ap—store-centents—offset (valuw base-pointer offset)
Stares value in the location offsst beyond words beyond
hagse-pointer, ther returns wvalue. The cdr-code +field
remains unchanged. Forwarding seinters in the location at
hase~pointer are handled as they are in Yp-contents—offsat,

Yp—peintar {pointear)
Extracts <the pointer field of the contents of the location
sddressed hy PUOINTER and returns it as a FIXNUM Use enig
on boxed lacations.

Ap—data-fype {pointer}
Frtracts the data—type field of the contents of the location
addressed by POINTER and returns it as a FIXNUM. Use only
gn boxed locations,

Ap-cdr-code {peintar)
Extracts the cdr-code field of the contents of the locatipn
addressed hy PUOINTER and returns it as a FIXNUM, Use anly
ot boxed locatipons

Zp=sigre~ppinter {pointer value)
Stores value in the pointer field of the location addressed
by PRINYER. and returns VALUE. Use only on boxed locations,

“p—store—data-type {pointer value)
Stores vaivye in the data-type +field of the titacation
addressed by POINTER. and returns VALUE. Use only on boxed
locatiens.

Ap-cdr-code (pointer wvalue?
Stores valve im the cdrwtode Ffield of the location addressed
by PRBINTER: and returns VALUE, Use only on boxed locations,
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Yp-sture-tag-and-painter {(pointer miscfields pointerfield)

Stores MISCEIELDS and PRINTERFIELD inds the location
addressed by POINTER, 25 bits are taken from PQINTVERFIELD
ko #ill the gpointer +field of the location, and the low 7
bhits of MISCFIELDS are wused to fill both the data-type and
rdr—code fields of the Ipcatien The low 5§ hits of
MISCFIELDS hecome the data—type., and the top two bity become
the gdr-code, lilse snly on boxed locations.

This is a suitable primitive to use when both the data tfuype
ang %he pointer field of & memory word are to be changed
sipce 1t does so atemically; that is, the resulding werd is
arly swbjected &o the Write Barrier after both fields have
been changed. Appluing the Write Barrier when only one of
the two bas changed can cause problems,

%“p~store~data-type~and-pointer {(pointer data~type~-fo-stoTe ptr-
Eowstoreal
Himitar to UP-STORE~TAG~AND-POINTER 2xcept that the cdr code
gf the location being stored into is preserved. Giores data
type DATA~TYPE~TO~STORE and pointer field PTR-TO-BTURE into
the corresponding fields at location POINTER, pressrving the
cdr code at POINTER. Use only on boxed locatiens.

This is a suibtable primitive to use when hoith the dats tuype
and the pointer field of a memory word are to beg changed
since it does so atomicallys that is, the resuliing word is
snly subjected to the Write Darrier after hoth fieglds have
been changed. Applying the Write Harrier uhen anly one of
the two has changed c¢an cause praoblems.

13 132. 2 Subprimitives for Unboied Memory Referencing

np=14b {byte—spec pointar)
Extracts & byte sccording to BYTE-SPEL fram the contents of
tha loacation asddressed by POINTER., in effect regarding the
contents as a 32-bit number snd wsing LBB The resvlt is
always a FIXMNUM. Use only on wunboxed locations.

“p—ldb—nffset {byte-spec base-pointer offset)
Extracts a byte according to BYTE-SPEC from the contents of
the lovcation {OFFSET woerds beyond BASE-POINTER, after
handling farwarding pointers. vse only on unbored
locations.

Up—dpb {value buytg-spec pointert
Stores VALUE, a FIZNUM into the bygbe selected by BYTE-GPEC
in  the word addressed fHy POINTER. NIL is returned. Use
only en unbosed locabions.
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Lp~dpb-affewt (value byte-spec hase~pointer offsetd)
Stogres valwe into the specified bhyte of the location OFFEET
words beygond +that addressed by BASE-PGINTER, sfter firtst
handling Forwarding pointers. NIL is returned. Use gniy on
unboxed locations.

Vp-depusit-figld {value byte-spee pointer?
Like ¥P-DPB, except that the selected byte is stored From
the corresponding Bits of VALUE rather than the right-
aligned bits. Hes the note above XP-DPEB  for restrictions.
Use onily on unbuxed locations,

Xp~deposit-field—nffeed (value byte—spec base-painter affget)
Like XP-DFR-DFFBET, except that the selected byte is stored
from the corresponding bits of VALUE rather than the right-
aligned bBits, See the note above WUP~DPFE for restrictions.
Use only on unboxed locations,

Yo—-mask—field {(Byte-speg pointar!
Like YP-LDB, except that the selected bytr is returned in
its origiral position within +the word instead of right-
aligned. Use onliy on unboxed lecationa.

Vp-mask~Ffieid—offsat (byte-spec hase—pointer sffset}
Like #P-LDBE-QFFBETYT. except that the selected bByte ig
returned in i1Es original posiiipn within the word instead of
right-aligned. Use only on vnbozed Ioratians,

£S5, 13 TEC BUBPRIMITIVE SEMANTICS

With $he advent of Tempoeral Rarbage Colleckion, the semantics
{and hence the gpropesr wsed of wmost of the special memory
referenging subprimitives has changed. This change was tedquired
in erder to handle properiy the new "super—invisible" Forwarding
peginter used by T8, the DRTP-GC-Young—Fointer {(QCYP). All uses
af these primitives in Eiploerver kernel code had to be checked for
compliance with these rules. Any user code which employgs them
must likewise be ghacked for compliance. This subsection gives a
summary af the rules and Ehe reasons behind them

NOTE

Failure %5 +follow the TGC—-impuszed *ules feor
subgrimitive usage can cause the system +to
crash even if the garbage collector is not
artive,
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1% 131 £C Young Pointer Usage.

With TGC, any time an atiempt iz made fo store a {painker %o &}
young obgect inte an older object a trap is taken in the
microcode, and instead a DTP-RC-Young~Painter {GCYP) is sigred in
the old shyect. TYhis youny pointer paints at an indirection cell
in the new INRIRECTION-QELL~AREA area. The indirection <¢ell
actually contains the young abject d{ar a peinter *o 1t}
Iscliating %thesa indirectien ceils allows scavenging o
genpTations tao he very fast, sinte we know that all peinters %o a
genetration can be fgound using just a few indirection call regians
as the ropot of the stavenpe space

The BUYP is handled much like other forwarding peinter types. and
probably mest closely resembles the single-word-forwarding type
DTE—ONE-G~FORWARD. Un any reference to a feil that can contain a
1isp object & check For a OCYP must be made. If one is found the
refarence 15 indirected to what the GCYP points fo instead. This
is the familiar tramsporting process.

A5 with most pther forwarding pointer types. the GCYP 1is not
allowed "in the machine; +that is, it is always Tsnapped out”
right when it is read from memory. It is illegal to vonstruct a
pointer with type GCYP {with, for example YMAKE-POINTER), and it
ig further illegal to have ang pointer or locative to an
indirection cell except via GCYPs,

18 173 2 Dividing the Sulprimitives

in npearly all cases, the presence of GCYRs is complately
invigible to the Lisp werlid. All Lisg abjects are checkad For
the presence of Forwarding peinters. The process of rveading an
pbject “"inte the machine” {pushing it on the PDL a3 a funciien
argument, for examplel, gerforms this check automatically

The introduction of QCYPs fgrces us to rethink cur wase af ceriain
subprimitives, however. The %P~ glass of suvbprimitives require
special care since they may be used to address arbitrary memory
iocations, net just ones known to be valid Lisp objects.

Whern wsing %P~ subprimitives to raference memory locations, it
has always been requived that the user know if the referenced
location is bhoxed or unboxed. ODObvicusly it dees not make sense
to pitk up the pointer field of an unboxed cell and atte.mpt to
ute it as an address. However the user has formerly had a choice
af functions to use in Teferencing word fields  This is no
ignger the case.

Cansider the sets of statsments below. Previgusly. if you wanted
ts Tead the pointer field of a memory word, you could uvse either
ot the fallowing:

15-20
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(UP~POINTER pir) {UP~{.DB AUG~Painter ptr}

You might know you are lopking at a boxed word:, and sxpect to get
a wvalid address back. Or you might be looking inmside vumboxsd
data, bhut #or some rTeason just Yhappen' fo want tc  loaok a2t the
field that corresponds to the pointer field of a bexed word. In
either casa. it was formeriy allouwable to wse sither call.

With the advent ¥ TEL, however, we make a hard distingtian
between subprimitives which myst be wused to raference Lisp
objects only: and those that should be used to referance unbosed
data. I# uypu are locking at or storing into Lisp ebject cells,
there must he a check performed for the presence of a QGCYP, szince
what you really want to reference is the corrvespoending field in
the ingirectisn cell the {CYP points to. ¥f you know ysu aras
iooking at unbkboxed data: however, you 40 ppb want +te chegk  for
GUYP  f#pruwarding, since the ceil referenced canmnet he correctly
interpreted as a fLype and paoinfer.

The %tabies helow summarize the members of $he twe subprimitive
groups. the bottom iine is thet the First group zan only be
meaningfully uvsed on storsge words that contain legitimate tag-

~and-paointer Ffields (bozed datal, It is safe to yse these

fynctions if you know the word has a valid fsg field {as long as
you alse fallow the other storage vules of the particoeliar
function, of coursel The secrond group showld be used on unboxed
memoOTY worTds and may be vsed {(Foar ease or efficiency’) in certain
vETY special CAGES on typed words {callied Y“SAFE" bhoxed
logationgi., The meaning of "SAFEY boxed locations is described

iater.
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table 15-1 GROUP . Use pn SOXED cells ONLY

AZP-POINTER

* AUP-POINTER-OFFBET
UP-BSTORE-PRINTER

# %P~STORE~FUiINTER~-OFFSET

UFE-DATA-TYPE

# YP-DATA-TYPE-OFFSET
%P—STORE-DATA~TYPE

# ¥P-STURE-DATA-YYPE-OFFBET

%P~CDR-CODE

¥ HP-CDR-COBDE-OFFBEET
%P=STORE~CDR--CODE

# HP-STORE~-CLR-CODE-OFFBET

%P~STORE~TAG-AND-POINTER

# HP-BTORE-DATA-TYPE-AND-POINTER
LP—STORE-CONTENTS
P —STORE-CONTENTE-GFFGET
%BLT-TYFED

—— — — — - L —_—

# Indicates a funciien new with TGEL,

sy i e s -— —

Takle 152 GRIHF 2 tdse pn UNBOXED or “SAFE® BOXED locations

LP-LDB
AP-LDE-OFFBET
AP~DFB
AP-DPE-0FFBET

AP-DEPOSIT-FIELD

WP —-REROGIT-FIELD-OFFEET
AR -MASKR-FIELD
FP-MasK -+ TELD~OFFEET

#BLT
ABLYT-TO-PHYSICAL
UBLT~-FROM~PHYSICAL

Mote that the members of Grouvg 1 all either explicitly indiceates a
typed-data Ffield J{pointer, cdr-code. data~type!), oF otherwise
imply by their names that they handle typed data (ABLT-IYPED, *F-
STORE~CONTENTS). The members of Group 2 have more generic  load
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gt stoTe names
To summarize the necessary changes:

1. If P~LDB is being used to refarence boxed data vse YP-
POINTER., YP-DATA-TYPE, or UP-CDR-CODE instead,

2. I# AP~LDB-UFFSET is being used %o rafarence & boxed
woerd ingide a structure. use the new YP-POINTER-OFESET.
%P -DATA-TYPE~OFFSET, or UP~CDR-CODE~OFFSET instead.

3. I#  ¥P-DFB  ovr JP-DEPOSIT-FIELD is being Used to
reference hoxed data use YP-STORE~PQINTER, ¥F-STORE-
DATA-TYPE, OR EF-STORE~CODR-CODE instead.

4. I¢ UP~DPB~FFBET is being used %o reforence a hoxed
word inside a structure, use YF-STORE-POINTER-OFFSET,
LP-BTORE-DATA-TYPE~OFFSET, or ¥P-STORE-CDR-CODE-CFESET
instead. These are alsoe new.

5. Always wvee YBLT-TYFED +to move data FROM campletely
boxed locations TO completely boxed locations, Use
ABLT enly to move data FROM unboxed storage TO wunboxed
storage. Bpecial handling is reguired for the Tare
cases wherr the source and dastination storage
lggations in a bhlock transfer do not have the same
typing characteristic (are nat both boxed er both
unberedl)  This is discussed later.

153.13.3 Structure Ferwarding Coensjideratisns.

Whanever an address offset intc a structure is referenced, the
~OFFSET version of a subprimitive should he used since thess
follaow struciure~ forwarding. 1In the examples below, {1} and {2}
are ngf equivalent, but (2 and {3} gre equivalent as long as
ADDRESS puoints to a header

1. tAE-LED (BYYE m n} (UPQINTER-FLUY address offsetl)
2, {AP-LDB-0FFSET (BYTE n n) address offged)

3. {%P~-LDRE {BYTE n n}
{ APRINTER-PLUS
(FOLLOW-STRULTURE-FORWARDING address)
affset))

Whether you use @ Group 1 or Group 2 -OFFSET function Further
depends on whether you are referencing the boxed ar unborxed part
of a structure. For gxample, you would wuse UP-LDB-OFFSET when
fonking at FEF instructions, but use the new UP-DATA-TYPE~QEESET
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to check the data—type of a FEF-relative argument which is stored
in the boxed section of Lthe FEF.

i5.13. 4 lse ¢f Group 2 Subprimitives on "SAFEY Boxed Storage.

1% is actuyally all right ts use Group 2 (unboxed) subprimitives
g artess boxsd data under ceriasin conditions. Mest of Lhese
thate coenditions are iisted below Thers is actuvally guite & bit
sf system seds that uses Qroup 2 subprimitives on boxed data
The array cede. for example, uses AP~LDB to access array—header
fields aven thougk array headers are technically boxed. This is
#l} right because amr arvray header’s poeinter field does not
coritain a pointer atd never can

In short “SAFE" boxed stuorage is storage that dges not now
centain 5 pointer type Lisp object and pever has contained one in
the past. It can, however, contain immediate data types such as
FIXNUMe now or in the past. Such storage lecations are safe
pecause they cannst contain @CYPs. In additien, certasin areas
will never contain GCYPs for simplicity and efficiency reasons,

Remember, if you cannot easily determine whether & doxed storage
location 3% “"SAFE", Just change to a Group 1 subprimibive. This
will always work, but may not be atrictly necessary. SAFE, after
all, is a relative term. It tan be said. for example. that it is
murh SAFER to swim in  shark—infested waters iFf you carry a
harpgoon,

Some exampies of SAFE BOXED locations follow.

-~ The FIXED areas that appear before WORKING-STORAGE
will mever cantain BLYPs,

~ Regular PBLs, binding PDLs, and stachk groups will
never contain &GLYPs, This is for efficiency
hecauyse these structures are so velatilse. Henca
Group 2 subprimitives can generally be wused on
addresses in the areas shoun below. The erroer
handler takes adventage of this rule.

Area Contents

L INEAR-PDL~AREA Reguiar FDL of initial
stack group

LINEAR-BIND-PDL~AREA Hind PDL. of initial stack
gTAUD

FDL-AREA All ather regilar PDLs

So—AND-B INDG~FDL~ARES all ather bind PDLs and
all stack grougs

1524
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NOTE

Lecations heyond the current top—of-stack
{puysh~peinter} in any PFDL may ctontain unborxed
data. Thase larations should net he
referenced unless it iz well-known will be
found there (the grror handler sometimes does
thiwld,

= Header types that have immediate pointer +fields
are safe. These are DTP-HEADER, DTP-ARRAY-HEADER,
DYP-FEF-HEADER. The -OFFBEY versions of group &
subprimitive may be vsed on these. Symbol headers
and instance headers are pot safe. however,
becawse Lhey are actually pointer fields.

~ EBiforage that has besn freshly aliocsted by one gt
the fFollowing is safe because it has not yed beesn
stoved into at all:

WALLOCATE-AND—INITIALIZE
AALLQUATE-AND~INITIALI ZE-~ARRAY
%ALLCCATE~AND- INTTIAL I ZE-INSTANCE
MAKE-LIBT

AMARE-STACK-L.IBT

- Bored storage that has always always {and yeu can
guvarantee this) contained only immediate tupes is
safe. Immediate types include DTP-FIX, DTF-GHORT-
FLOAT, DYP-CHARACTER. By special dispensetion the
symbols NIL and T are included 4in  +this group.
They are not immediate fypes but a GCYP can never
be created which points fe them because by
definition no obiect is slder than T or MIL,

Note fThat it is¢ neot sufficient to know that & location currently
contains an immediste btype, since if it has ever contained a
painter—type Lisp object, a GLYP may Le there. Buch a SCYP will
not get snapped eut until a collection of +the old object’s
generation ocqurs., For example. Just because a symbel value rell
now hoelds a FIXNUM does not gquarantes that mo 8CYP exists there.
If a young BIGNUM were atored there previpusliy, and it has since
been overwritten by & FIXNUM, there will still be a GCYP therve
pointing to an indirection ceil which centains the FIXMNUM

153.13. % Special Cases of XBLT-TYRED arnd XLBLT.

With TGC, WELT-TYPED «an unly safely be wsed to ftransfer data
FROM completely boxed storage TD storage that is cempletely bHoxed
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before the transfer. The requirement that &he destination be
boxed i4 new with TGC. since an attempt will be made %5 follow
GLYPs ot the destinatien grisr to the write. To transfer Lyped
data TO a locatien that has formerly contained untyped data:. the
destination must Bbe “faked” %p look typed bhefore AUBLT-TYPED is
used. An exampia:

(LET {(typed-array (MAKE-ARRAY 5. )}
{ynbyped—atrray
{MAKE~ARRAY 5.
- element—type ‘f{unsigned-byte 32 )1}
sther code . ...
;i Transfer contents of YYPED-ARRAY to UNTYPED-ARRAY
;3 Pirst make inside of UNTYPED-ARRAY look bhoxed.
(%P~DPB—OFFBET dtp—fix %EG-DATA-TYPE unityped-array 1}
{%¥P-DPB-OFFSET O AHG-FLRINTER untyped-array L)
{¥BLT
;5 FROM: The ist dats word where we’'ve
;i Just sput a fiinum Q..
{APOINTER-FLUS
(FOLLOW-STRUCTURE-FDRWARDING untyped~array’ i)
;i TO: The 2nd data word ... -
{EPDINTER-PLUS
(FOLLOW-STRUCTURE-FORWARDING untyped—array) 2}
;i Then #ram the 2nd tg ths 3rd. and so forih.
{1- {ARRAY-LENGTH untyped~array})
1)
;i MNow can do HBLT-TYPED
{XBLY-TYFED
(APSINTER-PLUS
(FOLLOW~GTRUCTURE~FORWARDING typed—array) 1)
{(UPOINTER-FLUS
(FOLLDW-STRULS TURE-FURWARDING untyped~array) i)
(ARRAY-LENGTH typed—array)
iy

“BLT should enly be used %o transfer FROM completely unboaxed
storage TO completely wunboxed sterage. IF the destination is
boxed and you want to replace it with unboxed data, the
destination should First be "faked" to be SAFE BOXED befgore the
»BLY. This emsuraes that all objects pointed to by the current
hexed storage will be made garbage. An gxample!

(LET {{typed—array (MAKE-ARRAY 3. ))
tyntyped-array
{MAKE—-ARRAY 5,
:eiement—type ‘funsigned-byte 32. )1}}

sther code .. ..
transfer contents af UNTYPED-ARRAY to TYPEDR-ARRAY
First zap inside of TYPED-ARRAY with fixnum zeros
o the garbage cellector will know all the old
stuff is trashed.

L L TR

L T

15-24
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{AP~STORE~CONTENTSDOFFSET O typed-array 1)
{XELT~TYPED
;i FROM: The st deta word where we‘ve
ii gust pud a Fixnum O
LUPQINTER-PLUS
(FOLLBW-5TRUCTURE-FORWARDING typed—array) i)
ii TD: The 2nd data word ...
{APLINTER-PLUS
(FOLLOW-STRUCTURE-FORWARDING typed~arrayr 2)
i3 Then from the 2nd to the 3rd, and sa forth.
Ci— (ARRAY-LENGTH typed-array))
13
i Now can do ¥BLT.
(UBLT
(APCINTER~PLUS
(FULLOW-STRUCTURE ~EORWARD T NG urityped-arrayl i}
{ARFOINTER~PLUS
(FOLLUOW~STRUCTURE—FURWARDING typed-array} 1)
(ARRAY-LENGTH wniyped-array)
1)

1o-u7
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16,

SECTION 158

Other Subprimitives, Variables., and Counters

INTRODUCTION

MNOTE

Unless indicated stherwise, all the
sehprimitive and wvariable tames listed in
this section are in the SYSTEM package.

This section covers the Explorer subsrimitives +ihat are npon-
sforage~related. They. like other subprimitives should be wsed
with cautien: since they may ruin the Lisp envirvonment if uvsed
incorreckly.

NOTE

Because they are used at the Iowest lovel of
the Explorer virtual machine implementation,
the svbprimitives and wvariables described
here may thange in the way they #function or
even be remsved entirely from the system
without nokice. Most programs showuld
genertally not refer to them directly.

14. @ ARRAY SUBPRIMITIVEE

The

subprimitives described below are special-purpose array

martipulating functions,

Astring~equal {(stringl startl sitringZ start2 count)

AGTRING-EQUAL, is the micrecode primitive used by STRING-
Eduat, It returns T if the COUNT characters of STRINGI
starting at STARTL are char-equsl to the count characters of
ETRINGZ starting at STARTZ, or NIL if the characters are not
equal or if COUNT tunz off the length of either array.

16~1
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Instead of a FIXNUM, GUUNY may alsoc be NIL. In this case,
YETR ING-EGUAL comparaes the substring from STARTL to (ETRING~
LENGTH <stringi») against the substring from BTART to
{STRING-LENGTH <{sivingd>}. If the langths of these
substrings differ, then they are not equal and NIL 1s
returned.

MNote that STRING1 and STRINGZ must rteaiiy be strings: the
usuyal caercioh of symbols and FIXNUMs $o strings is not
pertormad. This function is documented because certain
programs which regquire high efficiency and are willing to
pay the price of less generality may want To use AETRING-
EGUAL in place of STRING~EQUAL.

Examplas:

to rumpare the two strings foo and bar:

{UBTRING-EQUAL foo O bar O nii)

To s2e¢ if the string foo starts with the chareacters “bar™:
{YSTRING~EQUAL Ffoo § "bar™ O 3}

alphabetic—caae-a??attsmstring-cnmpariaan Variahle

1# this ~wariable is 7T, the funciion USTRING-EGUAL and
YOSTR ING-SEARCH~CHAR consider case {and fonit) significant in
comparing tharacters. Normally this wvariable is NIL and
those primitives ignore differences of case.

This wariable may be hound by wser programs arcond calls  te
YSTHING-EGUAL and HUSTRING-SEARCH-CHAR, but do net set it
pleballiy, For that may cause the higher level string
comparisons net to functien as desirved

nstring-search—char {char s¥ring Ffroem to?

ar—1}
ar-a
atr—3
as—1

as=—

USTRIMGSEARCH-CHAR i2 the microcode primitive called by
STR INQG~BEARCH-CHAR and other Fynctions. STRING must be an
array ang CHAR, FROM and TO aust be FIXNUMs. The arguments
sre all reguired. Cass—sensitivity ig contrallad by the
valuer o f the varisble ALPHABETIC-CABE-AFFECTS-BTRIMNG-
COMFPARISON tTather than by an argument, Excapt for thess
differences: AETRING-SEARCH-CHAR is +the same as STRING-
SEARCH~EHAR. This function is documented for the benefit of
thnse who require maximum possible efficiencty in sfring
segrching.

tarray it
{array i J?
{avrray & 3 k?
{array 3}

{array 1 I
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as~3 (avvay 3 3 %1}
ap—1i {array il
ap—2 {array i 3z}
ap~d {array 1 3 k)

These are ohsclets versions of AREF, ASET and ALDC that only
wark for [RR—, Bre—, ar three~dimpensional arrauys;
resgectively.

The compiler turns AREF inte AR-Ll, AR-2, atc. according te
the number of subscripts specified, turns ABET into AS-1,
Ab-2, ete.. and turns ALDC into AP-1, AP-2, etc. For arrays
with more fthan three dimensions the compiler vuses the
slightly less sfficient form since the special routines oniy
exist For one, two and thrae dimensians. There is no reason
for any program o call AR~i., AS-1. AR+ws5; etc. explicitiy:
they are documented because there used to be such & reason.
and many @ld programs use fthese funckions. New programs
should wse AREF. ABET, and ALGC,

tommpn-iisp-ar—1 d{array i)
common—]isp—ar—2 {array i i}
cammen—lisp—ar—3 {array & § kI
common-lisp—aref {arvay &rest svbacTipis)

The #irst three of these Punctions are identical 5 AR-{,
AR—2 and AR-3 sxcept that they return a character object
rather than an integer when ARRBAY is a string. LOMMON-LISP-
AREF is the genersl array referencing subprimitive for
Comman Lisg. It also raturns 8 character phject rather than
an integer when ARRAY iz a siring.

array—types Constant
The wvalus of this constant is a 1ist of all of tha array
type symbols such as ARY-Q, ART-4B, ART-STRING awnd so an,
The «wvalues of fhese symbols are internal array tyse code
numbatrs for the cgrrasponding type.

array-types {array—-type-code)
Given an internal numeric array—tygpe ¢ade, returns the
sgmbalic name of that type.

array—elements-par-g Constant
This is an association list which sssociates each array type
symbol with the number sf array elemenis stored in one word,
for  an arTay of that type. If the value iz negative, it is
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instead the number of words per array element. #for arrays
whose #lements are more than one word long.

arvay~alemants—per—q {arrsy-type-code;’
given the internal array~—type code number, returns the
number of array elements stored in one werd, for an array of
that type. I¥ the value is negative, it is instead £he
nymber of words per array element, for arrays wheser elementy
ate more than one word long.

array—hits~per—alement Constant
The wvalue 0of this constant is an association list which
assgcietes zach array type symbol with the wumber of bits of
uncigned number it can hold, or NIL if it can hold Lisp
ebjects. This ran be used to tell wheriher an array can hold
t.iap objects.

array~bits—-per-elemant {array-type—cade!
Given the internal array~type code numbers, reiurns the
number of bikts per cell for uynsigned numeric arrays. er NIL
for a type of array that can contain Lisp objects.

array—element-size {(array’
Given an array, Tekturns the number of bits that it in an
piement of that arvay. For arrays that can holid general
Lisg oabjects, the resvit is 29 {decimsl): bhased on the
assumption fthat you will be stering FIXNUMs in the array.

‘R

143 BTACK LIST SBUBPRIMITIVES

kihan you ara creating 2 list that will met be needed any more
onee the function that creates it is finished, it 15 possible %o

create the list on the stack instead of by consing i+t This
avoids any permanent stovrage allocstionm, as  the spare is
reclaimed as part nf exiting the function, These lists are

called temporary lists or gtack lists Yau can create them
sxplicitly using the special forms WITH-BTACK-LIST and WITH-

ETACK-LIBT+. LRESY arguments alss sometimes create stack lists
Sae the Explgrer Lisp Befereance manual for mare infarmation on
these forms and there usage. Mote that stack lists are

automaticalily topied out of the stack i# you store a gpointer ig
them into normal virtual memory outside the stack.
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i6. 4 FUNCTION~CALLING SUBPRIMITIVES

These subprimitives cam be used %o call a function with the
number of arguments variabie at run time. Since these
suiprimitives act as a8 signal for the compiler %o initiate
certain pperations on the stack, they are only meaningful in
compilad ecode, They are not callable from the intsrpreted Lisp
gnvironmant.

NOTE

The improper use of these Ffunctions can
irreparably damage the state of the runtime
stack (PBL}. They showld be used only with
exftremeg caution. The preferred higher-lavel
primitive is APBLY.

“push {value)
Fushes VaLUE onto +the stack. lise this %o push aach
argument,

4¢all (funciion number~of-args Lkey lexpr self-mapping-tabie)
Cali FUNCTION, passinyg arguments that have already been
pushed on the stack with LPUSH. This is a sub-primitive
that only works in ¢ompiled code.

hpap
Fops the top wvalue off of the stack and returns it as its
value.

cagsure—pdl-room {(n-words)
Cal}l this before doing a sequence of %PUBM's that will adg
NWORDE to the current frame. This subprimitive checks that
the frame will =not sxceed the maximum legal frame siza,
which is 295 woerds including all overhead. This limit is
dictated bBHy the wey stack frames are linked Soegether. I¢
the frame is going to exceed the legal limit, YASSURE-PDL -
ROGM signals an error.
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16. 5 GPECIAL-BINDING SUBPRIMITIVE

“hind {loacative value)

bind {locative valual
Bindg the rell gpointed %& by LOCATIVE ta WALLUE, in the
raller’s environment. This Fupction i net defined in  the

inkerpretad lLisp environmen® it griy werks #rom compiled
code. Bince it turns inte an  instruction. the “ealier’s
gnvironaent” realiy means “the binding bloek for the

compiled function that executed the YBIND instruction®™. The
preferred higher—level primitives that turn into this avre

The binding is in effect For Lhe scope of the innermost
hinding construct, sueh as prog s lef,  even i$ that
congtroct binds no variables itself.

¥BIND is the preferred name: EIND is an older name whigh
will pventusliy be eliminated.

i4, & CLOSURE SUBPRIMITIVES

These functions are used to implement dynamic closures on  the
Explovrer system. They deal with the distinction hetween internal
and esterpal value cells and control over how these different
kinds of value rells interact.

Yusing-ainding~instances linstance-list)
This function is the primitive operation that invocation of
clasuyres could use 1t takes a list, and for each pair of
elements in the lis: it “adds” & binding to the qurrent
ctack Frame, in +the same mannar that the UBIND functien
dogs. These bindings Temain in effect wntil the Frame
returns oY is unwound.

YUSING-BINDING-INSTANCES checks #or reduyndant bindings and
igneres them, (A binding is redundant if the suymbol is
already bound to the desirad erternal value cell. ) This
check avoids excessive growth of the special PDL in  some
cases and is alss made by the microcode which invekes
riosures. entities, and instances.

Siven a closure. closure-bindings extract its list gf
binding instances, which you can  then pass to AUSING-—
BINDING~INSTANCES
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werternal—-valuse—cell {symhui)
Hetuyrns a locative to whatever the wvalwe cell of SYMBSL
points to. I# SBYMBOL is bound by 3 closure: this will be a
iocative to the external value celi. Bres mnot check that
the internsl walue cell contains an external value cell
pointer,

14. 7 LOCKING SUBPRIMITIVE

Wetore—conditianal {poister old new)

This is the basic locking primitive. PBOINTER is a lscative
te & fell whiceh is read and written without interrupts, I+
the rsontents of the cell is EG to OLD. them it is replaced
by NEW and T is returned. {therwise, NIL is returned and
the cventents of the cell are net changed. Narmally programs
should wse the store—condiitional funciion instead. since it
includes type checking.

14. 8 EXPLORER 1/0 DEVICE SUBPRIMITIVES

wnubus—resad (sloft byta-address)
Returns the contents &f a werd read Fram +the Nulys
Addresses an the NuBus are divided intp an B-bit siot number
which identifies which physical board 5 bsing referenced
and a &d-bHit address within slat. The address is measured
in bytes and therefare should be a multiple of 4. Which
addresses are valid depends on the type of board plugged

into the specified sigth. If, for exampie. the board is a 2
Megabygte main memory board. then the valid address rangse
trom © tg 4 % (2MB -~ 1}, {Gf rcourse, main memory is

normally accessed through the virtual memery system )
“nybus-write (slst byte—address word)

Writes WORD imtoe & word of the NuBwe, whose address isg
specified by BLOT and BYTE-ADDRESS a3 desgribed abovse.

16 9 SBUBPRIMITIVES T SHUT DOWN THE ISP ENVIRDNMENT
Yhalt

Stoeps tha machine,
W%erash (code object gpaws—up-—~p)

Halts the machine after writing & ¢rash record that incliudes
COBE and OBJELT (sach stared as gne word) which can  ha
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reported by the crash analyzer. If PAWS-UP-P igs true: the
monjitgr screerm will invert its wvideo chavacteristic

*diskwrestore (high—is—bits low—1o-bi%s)
lLoads virtual memory #From the partitiern named by the
cencatenation of +the twe 16-bit asrguments, and starts
executing it. The name O refers to the default load <{the
one the machine loads when it is stavrted uwp)  This is the
primitive used by the DISK-REBTURE function,

16. 10 VIRTUAL MEMDRY SYSTEM SURRRIMITIVESR

4 mumher of virtual memory system subprimitives are detailed in
the last portion of the Paging end Disk Management section.

16, 11 GARBAGE COLLECTION BUBFRIMITIVES

4 number of subprimitives wused by the garbage collectur are
detailed in the last portion of the section an Garbaoe
{ollection.

14, 12 MICROCODE VARJABLES

The following variables” values actuatly reside in the
processor ‘s scratchpad memory Tegizter blocks. They arsg
forwardad there by BTE-ONE-G-FORMARD invisible pointers in the
value celis of the symbels which name them These variables are
used By the microcode sné By the low-level Lisp system ic
implement the virtual machine. Thus, they are highly internal,
and their Full meanings aere not necessarily documented here
Changing their values <can have wunpradictabie and undesirable
results,

Although this variables tan be sat from Lisp code, since they are
actually aliases of processor regisfers their valuves arse reset to
certain default values at boet time, Even a warm boet will alter
spme gof them

14 128 M~Memory Variables. These are the M-Memary variables.
A 1ist of all of these wvariables can be Found in the value sf the
wariable M—-MEMORY-LOCATION-NAMES., This variable will always be
up-to~date even if this documentation is not. Current M-Memory
variable contents can be viewed with the function RPUMP-M-MEMORY-
G-STORASE or the function M—MEMGRY.

imade—-Fflags Variahle
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The MODE-FLAQE currently in effect. Dome flags are used as
state flags by the transperter and the gpaging system
Gthers are general modes hoenered on & per-stack-group hasis,
such as the meder—enable Field. Byte specifiers for sach of
the #ields of this varisble tan be found in M-FLABS-FIELDS.

Yzeguense~break—source~enzble Yariahle
Enables different ssurces of seqguence hreaks Sge SE-OM.

Wmeter—-micro—enahles Variable
Flags feor enakling the different metering events. Byte
gescriphors can be found in the METER-ENABLES list.

self Variable
The current value of the SELF instante. It is an M-Mampry
register for efficiency.

self-mapping-table Yariable
The cgurrent SELF-MAPPING-TABLE array used For instance
variable references. It iz an M-Memury Tegister for

efficripncy.

16, 122 A-Memory Variables. These are the A-Memory variables.
A 13%%t of all of these variables can be found in the value of the
variabhis M-MEMORY-LOCATION-NAMES. This variable will always be
wp—to-date even if this documentation is not. Cuyrrent M-Memory
variable contents can be viewsd with the functien DUMP—-A-MEMORY—
G~BTORAGE or the funciion A-MEMORY.

amicrocade~version—-numbar Variabile
This is thae version npumber of the currentiy—locaded
microcode, nhizined from the version npumbsr stored in  the
mieroecde partition lpadedqd.

processoT—type—code YVariabie
Code for the turrent processor’s type. Currently always 3.

microeode~type—-codse Variabie
tode numbaer for the currently running microcode. Fer legal
vaiues and The microcpde types they represent, see  the
variable sMICRDCODE-NAME-ALIBTS

micrgcode—debug~Flags Variable
Microcode flaps used for determining action to take on trap,
SEguensy break. and so fgrih. Ser the Function SET-

MICROCODE-DEBUG-FLABS for information on how to set them
from Lisp. The list MICROCODE~REBUG-FLAGS-RITS contains
byte specifievs for all the hits

amem—awvep—veckar Variable
A-Memory address of location whery A-Memory dunamic variable
tlosure bindings may be stored.
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“rnumber—pf«micre—entries VariabJe
The aciwal number of words vsed in the MICRUO-CODE-ENTRY-AREA
and the MICRO~CODE-ENTRY-DEBUG-INFL-AREA.

Ycounter—-blipck—a-mem-address Variable
The offset in A-Memeory of the start o¢f the Micrscnde Counbter
block. See the following discussion of Microcsde Counters.

imar~1ow Variable
When the MAR is enabied, contains the lowest wvirtual address
being monitored.

“Lmar~high Variahls
When the MAR is enabled, contains the highest wiriual
address being momitored.

Ymethpd-seareh~paintar Variabie

¥method—-subroutine«pointer Variable
Used by the flavor-~support microcode.

Ycurrent-stack—~group—state Variable
The sg—state of the cyrrently-running stack group.

Yeurrent—stack~groaup—caliing—arygs—pointer Variable
The argument list of the currently-running stack group.

Y“itrap=micro—pgc YVariable
The microcade address of the mest recent error trag

Y¥resymod—trag—ap-level Variabhle
Aresumed-regular—pdl-pointer Yarigble
h“resumed—speciai~pdl~painter Variable
¥resumed-~gaved-m—Fflags Yariabie

{lsed by the error handler.

Xinitial-faf Variable
The functionm that is galled when the machine starts up,
Normally this is the definition of LISP-TOQF-LEVEL.

¥initial-gstack—group Variable
The stack grouve in which the machine stards up. Mormally
this is the initial Lisp Listener window's process’s stack
group.

Yerror-handler—-stack—-grsup Lonstant

The stack group that receives centrol when & microcaode
detected srror OCCUTS It is THE error handler stack group;
that i3 when invoked. it ¢leans up, signals the appropriate
condition: then assigns & second-level error handler stack
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groug whith actually runs the debugger on the erring stack

gTOus.
Vacheduler-stack—group Congtant
The stack group that receives control when a seguenhce break
QCLyYTs.
inhibit—gchedyling—¢lag Variagble

When true, all sequence breaks are disabled. This is usgd
by the WITHOUT-INTERRUPTS macro.

Ainhibit-read—only Variahle
If true, you can write inte vead-only areas. This is used
by FASLDAD and the garbage collertor.

inhibit~scavenging-flag Variabie
if true. the scavenger is turned off.  The scavenger is the
the guesi-asynchronous portien of the garbage rallector
which 18 inveoked after consing operations if any generation
i5 in a flipped state {undergoing collection}.

default-cons—area Variable
The area number the defaylt srea in which to create uhjects,
The dafault is WORKING-STORAGE~AHEA.

background~cons—areoa Variable
The ares number the default area in which te create ob jects
that must not be created in a temporary area (hence this
must never be the arpsa-number of a temporary areal. Used by
the Extra—Pl. dumper as the area for topying out numbers.
The default iz WORKING-STDRAGE-AREA.

nUmber—csna~4Tad Yariable
The area number of the area where BIGNLMs, ratiss, Ffyull-size
floats oand comglexnums are consed. Normally this wvariable
contains the arsa number of the EXYRA~PDL ~AREA. Thisg
enables pumber consing, the igw-averhesd garbage collection
af extended numbers., To disable number consing. set  this
variable tn the number of ancther ares,

nragion-cons—alarm Variable
Incremeénts whenaver a new region is allocated.

%“page-tons~alarm Variable
Incraments whenever a new page is allocated

“gc-flip-ready Variabls
MIL while & garbage ctollection is in progress., T when a1l
scavenging is done {that is. when collection is compiete and
there are no more pointers tp Oldspace)

Lacavenger—uwg-enshle Variahie
When a generation collection beginsg stavenging is
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tempavarily disabled to sllow the mutator to move obgects
dynamically. When this variable is frue the scavenger is5 on
holdg. When NIL. stavenging can  Sugurn fwhen IMHIEBEIT~
SCAVENGING FLAQ iz alst NIL:.

Wge~switches VYariahle
Corrently unused,

Ygew-geugratlion—nusber Yariable

A FIXNUM which is incremented whenever the garbage collector
£flips. <converting one or more vegions from Newspace to
{}idspace, If this number has changed. the address of an
ahject may have changed. Comparing %his numbar with a hash
table’s internal GL generation number is used +to cause EG
hash tables %o rebash after a &L The wvalue cell is
actually forwarded to & slot in the Dystem Communication
Area sv ithat the changes to its value can live acToss a3
DISK~BAVE.

Ioad-unit Yariable
The physicval disk uwnit from which Lisp was ioaded.

Wdisk—swiktches Variable
Controls various paging system parameters, Deeumanted in
the paragraph on paging subprimitives.

address—gfwpage-~device-tahle Variable
Contrgis wvaripus paging system parameters. Documented in
the paragvaph on paging subprimitives.

number—gf-page—devices Variablie
The currsnt number of logical paging devices in the system
Includes all PAGE bands end the LOD band,

Yfree—cluster-count Variable
A FIXNUM which hpolds the current number of PAGE kand
cluystears available for allocation.

Hdisk-run~light Constant
A FIXNUM. This is the virtual address of the TV huffer
ioration of the run-light whigh lights wp when the disk is
active., This plus 2 is the address of the run-light for the
processor. This minvs 2 is the address of the run=iight Ffor
the scavenger,

vdigk-bloeks—per~irack Variahle

Kdisk~blockswper-cylinder Variable
Configuration of the disk,

%elipping~rectangle—lefi-edye Variable

%clipping~rectangle—right-edge Variahle
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“elipgping-rectangle-top—edge Variable
delipping-rectangle~botitom—adge Variabie
Aeturrent-sheet Variable
Acurrentiy-prepared—sheet Varighle

Used for communication between bhe window system and +the
microcoded graphics primitives.

Amouse—cursar—state Variable
Hmousa-y Variagble
imguse-y Yariable
AmGuse-EuTsOr—x—offset Variashle
Zmpuse—cursor~y~uffset Veriable
“mouse-curser—widih Variahle
Taopugse—gyrsor~height Variabie
Ampuse-r-spead Yariabila
Amouse-y-spead . Variabhle
LZoouse-buttons~huffer~invindoay Yariable
smouse-buttons~huffer—put—index Variable
Imouvse-wakeup Variable
Impluge—h3 Variakle

Used by the mouse %racking mirrscode.

“meter~global-enable Variable
T i¢ the metering system is tyrned on For all stack-groups.

‘meter—busfer—-pointer Yariahle
A 1/0 buffer (RGB data buffer) used by the metering systam.

imeter~-disk~address Yarijahle
Where the metering system writes its next bBlock of resulis
on the disk.

meter—disk—count Variable
The number of disk biccks remaining for recording of
mptering information.

mater—unid Variable
The disk wnit being wsed for metering
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Iprical-anvironment Variahle
This 1is the static chain used in the implementation of
lexical scoping of variable bindings in compiled code.

Ymccgde-exift-vector Variahle
Unused.

Yinhibit-stagk—-list~copy Variable
Unysed.

alphabatic—case—affects—string~comparison Variable

I this wvariakle is T, the #function IUstring-aqual and
Y%sbring~search—char consider case {and fon®) significant in
tomparing characters. Normally this variable is NIL and
thoue primitives ignore differences of case.

runderflow Variable
Whan +this variable is truve floating point underflow or
divide—by—zero has occourred.

array~index—order Variable
ihen true {the defaul®) arrays are sigred iIn  FoOwemajer
order, This should mot be changed, singe no other ordering

is supported by some of the array primitives.

ar~i-array—pointer~1 Yariahbhle
ar~—i+-array-pointer—& " Variable
tised by the array microcode as a cache of information on fthe
last array decodad.

14,13 MICRBCODE COUNTERS

The Microcode Cgynters (slso called Meters are locations in  the
prucessor ‘s scratchpad A-Memery register bleck whith comkain 32—
hit nmumbers (they have nothing &5 do with the Lisp mebering
system pay sel.

Mast of the wmeters are used to count events of various sorés,
Others exist simply so that the wvalve of coeriain microcode
registers can be read and written from Lisp. They are accessible
through the functions READ-METER and WRITE-METER. Their cyrrent
values are displayed hy the PEEK COUNTERS display and by inviking
the function DUMP-A—MEMORY-COUNTERS or A—COUNTERS.

A1l the counters are dessribed below. They are grouvped by
gerneral use, although they do not appear in that arder in the
PEEK display
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14, 131 Accessing Counters,

read-meter (name!
Returns the contents of the wmicrocode meter named NAME,
NAME name must he one of the symbols in the counter
descripftions below MWarning: since the meters can &a 30—
bit values, eaither a FIXNUM or & BIGNUM may be returned.

write—-meter (name wvaluel
Writes value, a FIXNUM or a BIGNUM into the micTocode mater
hamed name. Name must be one of the symbols lisied below.

a~memsry-counter-block—nhames Lonstant
A list of all the symhols listed below. The valwe of each
symbol is the cvounter’s offset from ihe start of the counter
Block.

4. 13.2 Page Exception Handling Counters,

wcount~firgt-level-map-relicads Heter
the numher of times the second-level map handling had teo
take place in order to set up a Ffirst level map.

Ycpunt-second«level-mag~reivads Mater
The number of times ithe second-ievel virtuval-memory map was
invalid and had to be reloaded from the Page Hash Table.

Legunt-meta-hits-map~relsads tMeter
The number of times the memory maps have been set T ¥
tontain only “meta bhits" for the gardbage collecter without
physical eddress mapping information.

Atount—pdi-huffer-read-fauits Meter
The numbar of read references to the PDL suffer that were
virtual memery references that trapped.

“oguntepdl—huffer-write—faults Meter
The number of write references %o the POL buffer that ware
virtual memory references that trapped.

Atount-pdl-buffer—memory~fauits Mater
The number of virtval memory refesrences that trapped in case
they might have been in the PDL buffer, but turned out %o be
real virtual memory references after zll (and Bhersfore were
need]lessly siocwed douwn?.

16, 13 3 Page Favlf Handling Countars.

Yepuvnt—-disk-page~reads Meter
The %total noumber of disk page read ocperations performed,
This is egual %5 the +toital number of disk pages read if
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prepaging is disabled, I* pregaging is enabled. the total
number of dHisk pages read is this number plus the value of
thy ACOUNT--PRE-PAGES-READ counter,

This mumber can also be considered a tount of the nuember of
times the page-fault logic was invoked because of a hard
fault on 3 demanded page.

%rount-fresh—pages Meter
The number of fresh {newiy—consed}! pages ceresated in core.
Sirmre a fresh page request is considersd a page fault
fherause they vause another page to be evicted), this number
plus the XCOUNT-DIGK-PARE-READS is a count of the total
mumber o0f times the hard page—+Ffauvit routine has been ralled,

Aoount—disk~pagpe-~writes Meter
The total number of pages written to the disk.

Yeount-disk-page—write—operations Mater
The total number of paging write operations. This is
sepaliy emaller than the ACOUNT-DISK—PAGE-WRITES value
bacause every atiempt is made ¢ swap vut meve than one pags
at a time.

Heount-disk—~page—write—appends Mater
The number of pages appended in muiti<swapout operations.
This number plus UCOUNT-DRISK~-PASE-WRITE-OPERATIONSG shouid
add up to ZCOUNT-RIGK-PAGE-WRITES.

“count-pre~pages—read Meter
The number of page was Tead in dus to pre—paging.

Ycopunt~pre-pages—used Meter
The numbar of read pre-pages that have actfwally been used.
The ratisc of this number to FCOUNT-PRE-PAGES-READ gives a
measure of pre-paging efficiency.

Hoisk-wait-time Metar

The total time spent waiting for the disk, in microseconds.
Since swapputs are overlapped with provessing and with
swaping whenever possible: this number canmot be wsad in
conjunction with the total number of disk operations in
erder to #seasure the disk hardwars’'s processing £ime pev
page. However, it cowld he vused +o measure the paging
systmn’s average disk wait time per read speration, for
example, i+ divided by the ACOUNT-FARE-READS number.

Ytotal~page-fauvit-time MeterT
Contains the total ampunt of +time spent in page fault
srocessing {when tracking this time is enabled by the UDISK~
SWITCHES flag). This &ime inciuodes all the time spent
waiting on the disk (ZDIBK-WAIT-TIME) gplus anyg microcode
processing *ime not done during disk-I/8 Subtraet XDISK-
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WAIT-TIME from this number te get the amount of time take by
the page fauld protessing roeutine, This does NOT include
time spent handling page esxceptions which did not turn oot
to be hard faulis. Such page excepition procassing time is
vary small in any case. and can be considered parit of tha
cost of cemputation.

%count—disk—page—uwrite-waits HMeter
The nuember of times the page write routine had 4o wait for a
page tu finish being written out before being able %5 start
tts I/0.

irguni-disk-page—write~busys Meter
The total number sf times any paging roubtine had to wait for
a page to finish bheing written qut in order to Jo something
else with the disgk.

Aaborted-swapouts Mater
The number of pages referenced while a swapout 4o disk
speration for them was still in pragress.

Aeount-swapovt-page—count-raached Meter
The number of multipage swapouts stopped hecauss of the
DIGK-BHITOHES Iimis,

“swapoui~sized-by-rqb~nr~page—count Metar
The nymber of pape writes limited by the size of the swapout
RGE geatier iist.

“tount-disk~page~read-resubmissions Meter
The nuymber of read operations restarted due to disk error.
Since page read resybmissions sre currently not supported.
this number should always be D,

Arogunt—gh~from—swagpar Meter
tneeed.

Aswapout—-sequence—breaks—in—pgrogress Mater
Unused.

6. 13. 4 Page Replacement algarithm Lounters.

Zcount—cleati—page-reguests Metar
The number of times FINDUCORE {the page vreplacement Toutine}
iras been raguested Yo return 2 clean memory page vather than
Just the least recently used page.

Yeount—clearn—page-tequest-failed Metar
The number of times FINDCORE could net find 2 clean page.

Acguntwfindoore-cioar—pages Meter
The number of already flushad pages found by FINDCDRE.
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“Zetount~findoore—steps Meter
The number of pages inspected by the page replarement
algarithm.

Yecount—findcore-~emergencies Meter
The number of times np evictabie page was Ffound and extra
aging had to be done,

Lleast-used-page Meter
The PHT byte index of +the least reeently used phuysical
mamary page.

dmost-recently—-referenced—page Meter
The PHT byte index page frame number of the moest recently
refurenced physical memsry pags.

iH 13 % PHEY and PPD Information (guntars.

%page~hash~table—address Meter
The starting physical address of the PHT.

Aphysical—-page~data~addess Me tar
Tha stariting physiczal address of the PPD.

“pht—index—Iimit Meter
Maximum byte pffset in the FHT

%physical-page-data-end Meter
Maximum byte gffset in the PPD,

Ypht-indes—sizie Mapter
Mumbes of hits of *the wvirtual page tnumber fo use in
computing an address’ PHY hash value.

“phi-sezarch~depth Metar
Longest cellision bucket 50 far in the Page Hash Table

Apage~table-search-count Meter
Unused.

14 13. 6 &C Counters.

“eount—cons—work Metar
The number o0f words fonsed %imes 15, This is used to drive
stavenging.

wtount-sravenger—werk Mazter

Scavenger work dene. Value is uvsvally less than or ewuwal o
LCOUNT ~CONS-WORK. but can he slightlu greater 3F  Lhe
scavenger gets a Hit ahead of consing.
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Ltge—cauntar Meter
General purpose TEC counter. Currentiy unused.

Amax~generation—O-ob jeci—sire Hetar
Size of the largest obgect {in wordsy aliowed to be created
in generation G Larger objects will be created in

generatian i.

16,13 7 HMardware Fault Detection Cpunters.

Aeogunt—nybus«gachl-retries Meter
The number of times the system had to reétry a3 NuBus
operation due to receiving a 9o Away Lome Hack Later (GACBL}
rasponse from the NuBus.

Yoount-nubus—parity-retries Meter
The number of times the system Had to retryg = NuBus
pperation due to rveceiving a Parity Error response from the
NuBus.

14 13. 8 Miscellaneouz Counters,

Liguwest~direct-virtuai~address Mater
The virtual address corresponding to the start of the
proecessor ‘s internal A~Memory. Same address as the canstant
A-MEMODRY-VIRTUAL-ADDRESS., except that READ-METER on the
meter will give you a BIGNUM.

dio~space—virtual-address Meter
Lowest viriwal address for TV screen memory.

Ycrash-record-physical-address Meter
Phgsical address in NVRAM of the cuvrently allacated crash
record: or O if none allecated.

“tv-cloghk~rate Metar
The number of TV frames ger clock degushce break. The
default value iz &7 which tavses tlack sequence breaks o
bhapoen abeut once per second.

“meter-wait-time Meter
The amount of time spent in metering.

Haiote—i—-nwn Mater
it map for ounership of +the harduware hoards, Used in
multiprocessing environment to determine which boards belong
to the Explorer processor,

venfg-partition-slot—-unit Mater

Blot and wunit fer reading the configuration partition, ar
a1l ones if none used
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Acnfg~partition-name Meter
ASCTI mame of the ctonfiguration partition

“count-tail-recursions—ignorad Meter
The number of times we have o ignere the D-TAIL-REC return
type {tail recursicon) ganerated by the gompiler and just do
a B~RETURN instead.
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SECTION 17

Error Handling

i7.1 INTRODUCTIGON

This section explains the signaliing of errors. It explains how
the microcode signals an evror condition to a proegram or to the
g e,

This spction is opganized from the abstract to the comcrTete
Firs%t. the error conditions are described. Then progressively
lower leveis of the implementaiion are discussed

17.2 MICROCODE ERROR CONDITIONG

Thers arg & numbar of conditions ithat are sigrelled by the system
microcode., Listed below are the condition #lavers, all of which
are buils directiy or indirectly wvpoen ERRDR. A ifater setticn
covers the names of the microcode draps themselves., All of the
symbols listed are in  the ERROR-HANDLER {EH: )} package unless
anpther pachkage nagpe is present.

ARQ-TYPE~ERROR: an argument %o an operation iz not of an
accephable bype.

ARRAY-NUMBER-DIMENS I ONB~ERROR: attempt to access an array
with greater or fewsr dimensions than the array has. Huilth
on BAD-ARRAY-ERROR.

BAD-ARRAY-ERROR. generic array problems that iack their cun
conditien,

Cat L~TRAP-ERROR: break on esntry to & functtion or on narmal
e#xit from a LATCH.

CANT-INITIATE-DN-THIS-DEVICE-TYPE: tried te initiate I/0 on
an unknown device type.

CELL-CONTENTS-ERR{A: the transporier found somethirng bad
ibut net fatall) in memory.  Unbound wvariahles and undefined
funchions signal other conditions.

OANGERDLUE-ERRDR : virtual—-memory averTfilow. regicn~tabie
averflow
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Bys: DIVIDE-BY-ZERL: division by zeTh
EXIT-TRAP~ERRQR: break on exit from a funttion.

FLOATING-EXPONENT-OVERFLOW-ERRORN result is  too large in
magnitude te bes Tepresenied as a fioating point number.

FLOATING-EXPONENT-UNDERFLOW-ERROH: resulf is tpo szmall in
magnitude to 52 vepresenied as a floating point number.

FINCTION-ENTRY-ERRDR: a proeblem was encountered in entering
a function. like too many or %00 few arguments, or an
argument ¢f a wrong data type. .

INTERNAL-MEMORY~LOCATION-00B: cut—-of-bkounds refevrencs t£to an
intgrnal grocessor memovy,

INVALTID~FUNCTION: some negn—funcbtional object was called as
a fumction

MAR~BREAK: the Memory Address Register comparator caused a
break oan a read aor write.

PR ~DVERFLOW--ERRER stack overflow on the regular -1
special variable PDL.

STEP-BREAK-ERRDR: signalled by breakpoints, single-step
treaks: and irace breaks.

GURBECRIPT-ERROR: & subsceript for an array access is5 ouvb-af-
boynds, negative, or stherwise in errvor.

THROW-EXIT-TRAP-ERRDOR: break on THROW throuvgh =2 markad
catch.

THROW-TAG—NOT-FOUND: g THR{W was done to a tag foy which
there is no pending CATCH,

UNBOUND-VARIABLE. an access fo & symbol’s value cell er  te

a clopsure wvariable found it unbound (DTP-RNULL). Built on
CELL —CONTEMNTE-ERRDR.

UNDEFINED--FUNCTION: an access to a2 symbol ‘s function cell
gr +o & dethad of a select-methad Ffound it unbound {DTP-
MUHLE . Built on CELL~CONTENTS~FRRROR.

UNIMPLEMENTED-HARDWARE: tried some epzration on XBUS or
UNIBUS, neither of which exists in the Explorer Systam

USER-NUBUS~ERROR: error in user NuBus aperation.
EYS: ZERD-TO-NEGAT IVE-PLMER attempt was made to raise rero

to & negative pouwer.
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{7.2. % M™Migrocode Error Table.

This paragraph is a deseription of microcode error fable entries
The microcode ETTUT table is read from SYS: UBIN: EXP i~
UCHDE. TBL#nnn  {where mnn is the microcode version! and stored as
the valuye of the variable MICRGCODE-ERROR-TABLE. The error table
provides information abkout errer trapping locatiens in the
microcode. Each eniry in the MICROCODE ERAOR TABLE is & list
which sssasciates o micreoode PC to 2 symholic description of the
arror called an Error Table Entry (ETE}. TYhe CAR of the ETE list
rontaing information about how o construct the appropriate
condition instance. This information dis fully defined in
5YS: EH: ERROR-CONDITION-DEFINITIONS and is described below

Each location in the microcode where TRAP can be called is
foclluwed by an ERROR-TABLE pseudo—gsp. This pseudo-op appears at
the PO which is gring to be TRAP ‘s vaturn address. An sxample
FE-

(ERROR-TABLE ARGTYP FIXNUM M-T )

The CDR of this iist is the ETE The ETE's first element is the
name of the error and the second iz the first "argument” to that
BrrOT's assgciated routines, MNote that all ETEs are lists whose
CARe: sre symhols, The symhol is defined by a DEF-UCODE-ERROR
form in SYS: £M; ERROR-CONDITION-DEFINITIONE, DEF-UCODE-ERROR
tells what flavor of cenditian instance to build and what to put
in it for every microcode trap. keyed by the name of the srTTor.

£rror—tahle entries are listed helow alphabetically by type, with
the args as & lambda—-list. Types mot used in the errer—handier
are marked ¥  These types seem to be historical resnants. Some
of these types are uveed in CADR or Lambda microcode: they aren’t
usad onr the Explorer.

In the argument lists below arn argument of the form "FOO0-
location® will have the value of one of the fFollowing registers
whenn the $rap occcurs: M—aA, M-B, M-, MDD, M-E, M-E, MG, M-, M-
I ] H_'\Jj H_ur M_'L] H"‘G# M‘“"“RJ H'—SJ M-T ] H'—i ¥ M""EJ ?1**3: H"‘#J 'A_Eg"‘
PREVIOUS~BTACK~GR{AIA, PP (the tap of the PDLI, VMA, MD, or (PP
number} whare numbsr is & negative indax inta the PDL.  These
locatinms are saved in stach groups and are accessed by EH: G58-
CONTENTS for the purposes of siamination, reglacement. and
regtarting from errors.

Hince theme registers are the ones saved in stack groups. they
will ts pushed on the PBL. written to memery, SC~WRITE-TESTed,
and so forih. Therefore, they must be Ffully tagged nr have ‘alil
nnes or zeros in the data btype field (M-}, M2 M-3 and M-4 are
erempt from this restriction).

Ar argument of the form *FO0~tag” is a peeudo—label defined by a
RESTART entry. Dee section on restart below
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17. 2. 1.t Special Error Table Entries.

The error %able entriez in this secticn are those not directiy
related +to trap messages, They provids useful anciliary
information for the proecessing of traps.

# ARQ-POPPED argi arg2 argd argd. ... Saves (argl argld. . )  as
ints on where o find popped args if trap after pop. The srrpr
handler coilects these but never uses them.

LALLS-SE  subroutine—tag. The subroutine~tag will appear an the
>»TRAP line after "=3%, 35 an indigatiosn of what function called
the trapping routine,

# DEFME T-ARG-LOCATIONS argl arg2 arg3d. ... Saves {arg! arg?...}
as info on where avgs may e found if no ather info is availablie.
The errer handier collecty these bub never uses them

REGTART regtart-tazg. Defines resiart—tag to be this micro-pe, as
e pseuda—-jable for other error table endries A restart-tag
marks the micro-pe at which to resume axecuiion, for procesdable
traps. Mete: RESTART is the only way to define restaré-tags.
It is ne¥ imporitant whether or not the restari—-tag is defined as
@ label in the micrecvode (they %end +to ke similar, Just Ffor
smemenic valwe), but it must be wnigue among restart-tags

17.2. 1.2 Normal Errer Tanle Entries.

The error table ehtries in this section are uvsed te signal the
actuval traps. Their names are wused in DEF-UCODE-ERRORs to
goenerate condition instances

AREA-CVERFLDW area-number~iocatien, Sigrnalled during region
consing when the area has & maximum s5ize "Allecation in fhe ™A
arga sicpeded the maximum of “0 wmoTds, ¢

ARETYF descriptieon arg-location heptional arg-number restart—tag
function~name. Descripgtion is what was expected ~ see EHN: DATA-
TYPE-NAMES, it can be a 1ist of allowable hypes.

drg-liocation contains the failing arg. M-}, M3, M3 and M-
4 avra currentiy not =llowed, hecause the error handier wants
g2 logative +to  the slet in the egrring stack group. and the
high bits of M~1, M~Z, M-3 and M-8 are sigred separately
from the pointer Ffield {*thats how all 32 bits are
preserved}. VMA is also not allowed.

Arg—tuember is the bad argument’'s number, zeres origin,

Restart~tag is the 1shel to restart from, iF.uthev than the
current po.

Function~name is the erring Ffunction, if that is not the
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obvigud Gne,

ARRAY-HAS~-NO-LEADER arvray-location restari-—tag. Some  array
imasder operation was attempted on an array with ne leader,

ARRAY-MNUMBER-DIMENSIONS ignnre number-of--dimensions array-
lecation restart-tag. MNMumberwplwdimensions is a constant {array-
decode—2}, or nil if wvariable {most cases).

Array~location is where %o find the array.

Restart-tag is the label to restart from. if oiher than the
current pe.

BAD-ARRAY D IMENSION-NUMBER array~lacation dimensien-number—
location. "The dimension number ™5 is cut of Tange for “5 ¢

BAD-ARRAY-TYPE arvray—header—-location. The array type of this
array was nat one of the legal types.

BAD~CDR-GOLE  address-loration. A bad cdr-~code was found in
memory {a¥ address D)%,

BAD~INTERNAL -MEMORY-BELECTOR-ARG ob ject-location, S is nat
valid as the first argument to UWRITE-INTERNAL-PRGCESBOR-
MEMORIES. *  Currentiy, oniy 1, 2. 4, and 5 are legal.

B IGNUM-NOT-BIO-EROUGH-DPE. “There is an internal error in
bignums: please vepart this bug ™

BITBLT~ARRAY~FRACT IONAL—WIRD—WIDTH. "An array passed to BITHLT
has an invalid width  The width, times the snumber of bits per
pizel. must be 3 multiple of 32

BITRLT-DESTINATION-TOC-SMALL . "The destination of & BITBLY was
too small.

HREAKPOINT. Cavesed by executing & BPT instruction. This is the
misc entry smashed in for bkreakpoints in FEFs.

CaLL-TRaAR, Microcode sugport for things like BREAKGN. This is
the entry half.

CANT-IMNITIATE-ON-THIS-BEVICE-TYPE device—type—locatian. “Can’t
initiate on device type &5, "

LCONS-IERO-BIZE lncation. Attempit ts allgcate zero starage.
DATA-TYPE-SCREWIF name, This happens when some internal data

structure contains the wrong data type. Name is the type af
structurs.
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DIVIDE-HY-ZERD Loptisnal dividend-location.

EXIT-TRaPF. Microcode suppork for things like Breakon This is
the exit hald.

FILL-POINTER-NOT-FIXNUM array~lpgation restari-tag "The Fili-
pointer of the arrag given to B, B, is net a fixnum "

FLOATING-EXPONENT-OVERFLOW arg "8 produced a resuvit too large in
magnitude to be a :{ ismall ] flonum ® "Result is to be placed
in M-T and pushed on the pdl. Arg is SFL or FLO  In the fase of
SFL the PDL has already been pushed. ™

FLOATING-EXPONENT-UNDERFLOW arg. ™8 produced & result tee small
in magnitude to ke a ([ ssmall 3 flonum ™ “Arg is SFL or FLO“

FLONUM-NO—-GOCE. A subset of argityp. ARGTYP is not usable.
TOO~FEW-ARGS "Function ™8 talled with enly *D argument “i@e™F ¢
THO-MANY~ARGE "Functieon ™S talled with tos many arguments (“D). 4

ILi EGAL-~AREA "Tried to cons in  free. Fianpd, vr unusedwcode
region. Please repart this eerer. ™

ILLEGAL-INSTRUCTION. tilegal macroinstructions that aren’i
unimpiemented miseops, "There was an attempt to execute an
invalid ingbtructign: O M

INDIVIDUAL-SUBSCRIPT-ROB array—leration dimension—number-iocation
restart—tag. Dimensian—number is the location af the offending
dimension’s index. “ke assume that the current frame’s args are
the arrsy and the subscripts, and find the actual lesing
subscript that way

INSTANCE~LACKS—INGTANCE-VARIABLE var—location instance-location,
"Eigrnallied by LOCATE-IN-INSTANCE, " "There ite ne instancsa
variable “§ in “~H. "

INTERNAL-MEMORY~-LGCATION-OOB memsry-~selector—liocation inday~
location. “"Internal memory location is out of range ©
MAR-BREAK direction, "The MAR has gone off because of an attempi

to write & into offset ™1 in 5. " HThe MAR has gone off because
af an attempt to resd from offset O in 5. " Directisn is WRITE
ar READ  This trap is for the MAR feature.

MiCRO-CODE-ENTRY-0OUT-0F-RANRE misc~-number~lacation. "MIGC-
irstruction ™% is not an implemented ins¥ruckion "

NO~CURRENTLY-PREFPARED-SHEET lpcation. “There was an attempt to
draw on the sheet Y8 without preparing it Firgt, "
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NO-MAPPING-TABLE. "Fiaver ™8 is not a component of SELF’'s
fiavar, B, on & ¢all tov a Punction which assumes SELF is a ot -

NO—-MAPPING-TABLE~1. voys: SELF-MAPPING—TABLE is NIL in a combined
mathog. *

MUNEX ISTENT~INSTANCE-VARIABLE. *Campiled code refarred to.
instanre variabls ~8, no longer pressnt in flavaer G "

NUMBER-ARRAY-NUOT-ALLOWED array—location restari~tag. "Yhe array
~g,  which was given fo ™S, is not allouwed to be 2 pumber array. ™
This one occurs when making & locative to an array element. None
af the cuyrrent uses has a Testart-—-tag.

NUMBER—CALLED-AS-FUNCTION number~location, *"The number. ™§. was
catled as a #unction. "

PDL —~{VERFLOW pdl-type. "The ™A push—douwr list has overflowed ¥
Pdl-type is either REQULAR or SPELTAL.

RAGTER-WIDTR-TOO~WIBE. The raster width of a font was oo wide.

RCONS-FIXED. “There was an attemp? to allocate storage in the
fixed ares 8. % The area number is in M-8

RECTDON-TARLE-OVERFLOW. "Unable +to creates a new region becauvse
the region tabhles are full ®

RPLACD-WRONGC—HEPREBENTATION-TYPE firstwarg~location. “Attempt o
RPLACD a list which is embedded in a séructure and therefpre
cannot be RPLACD’ed. The list is “B." Firstearg-lccation tells
where to #ind the first arg to RPLACD.

SELF-NOT-INSTANCE. 8 methed is referring o an instance
variable, but SELF is ™8, not an instance ©

SE~RETURN-UNBAFE. “An  unsafe stach group attempied to STACK-
GROUVP—RETURM. *  “No args, since the frob is in the previsus—
stack~group of Lthe current one.

STACK~FRAME-TOO-LARGE. “attempt o make a stack frame laTger
that R5& words. * Called from UASSURE-PDL-ROOM.

STER-BREAK. Interface to micrecode swppart for single~stepping.
SUBSCRIPT-ORE index—lpgeation limit—location restart—tag indices—
fiag. Indsi-lgcation is where to find the index used, and should

aiways be present.

Limit—location dis where to find the legal limit for the
subseript: and should slways be present.

Restart—tag may He & list, which will be pushed
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sequentially. "This is used te get the effect of making the
microcode Testart by calling & subroutine which will return
to the point of the evrror. ™

Indices—fiag is 7 i# indices are on the stack: 1 if ar-i-
foree {etc.) and %thete is only one index. or absent if
array’s Tank should be used to decide where the args are ”

*THROW~TAR~NOT~FOUND.

TRANS~TRAP For the canditions znbound~symbel., unbound=~instance«
variable, unbeund-closure—variable, undefinedwfynction. bad-data-
type—in—-memory.

“The wvariable ™8 ™A uynbound. "

“The function ™5 “A undefined.”

"The jnstance variable ™5 ™A unbound in 5. "

“The variable ™5 ™A unbound {(in & closure valuve-celld ©
*The ‘word #CVS “5» was read froem location ™0 “OLin™A™1. "

USER-NUBUS-ERROR hiph—address~location tow—address—location
nuybus—tms—typea—location *User NyBus Error of type “5, at address
#x ~16R 14,4 #48*R.  JYError Bits: #x “16R. "

T USER-NUBUS-GACBL-LIMIT.  YNumber of GACRLSs exceeded limit in user
NeBus gperabien ™

USER-NUBUS-PARITY-L IMIT. "Mumber of Parity Errors exceeded lamit
in user Nuwlius pperation.”

VIRTUAL-MEMORY~CVERFLOW, Hyayfue uwsed up &1} availsble virtual

mamory 1Y

WRITE- IN-8EAD-DONLY address—location. “There was an attempt Lo
write ints ~8, which is a Tead-only address. ™

WRONG~SE—-8STAYE sg~location. “The state of the stach grovp. B
given to “B. was thpvalid. * Bg~location iz whers to find the
invalid stack group.

ZERG~ARGE~TO-SEL ECT-METHOE gpleci~method-location noeg was
spplied %o no arguments. ®
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SECTION 18

Crash Mandling

ig. 1 ILLEGAL OFERATION

Whan the mitrocode detects an  irrecoverable oy Tean’t happen”

grrer, it will crash the system. This process is known as ILLDP
after bthe Jlleqal Instrypction Operstign microcesde voutine thati

performs it,

ILLEDF  causes bthe machineg to halt. Further operation in %the
presence of the irrecoverable errsr may only wersen the situstion
ot complicate it beyond analyszsis. Instead. ILLOF will make notes
aboud the error in a crash record stored in the nonvelatils NURAM
en the Bystem Interface Board, and then hali thes machine.

ILLOP is @ wery low level routine., 11 assumss very little about
the state of the machine and it will just halt 1f it detects that
any of its assvmptions are wrong. It dees not reguire that any
nf interrupis, device suppoTh, virtual tematTy, storage
allacation, garbage collection, Lisp objiect support., function
calling, or instruction execution bhe intact. It does assume that
the processnr is functioning properiy: that the registers A-Zero,
M~Zero. A-Ones., and M-Dnes are seft up $o contain O or -1 as
sppropriate; +that the Nullus is available; and the the NVRAM can
be read and written.

After the crash RAM has been written, the c¢rash is indigated by
cemplementing the wvidee sense of the screen. The effect is
dramatig. This may Fail if the memoryg interface or the screen
interface is not funetioning properly but a failure of this
cperation will not affect the proper rvecording of the crash in
the crash recard.

The asnalysis of crash records is performed by the Lisp cragh
ggg;u;gr. The crash analyzer funciigns are dorumented fully in

the Ezxplarer Tosle gnd Utilities manval, as are manyg of the
higher level details of crash reperting. This section is

intended t= be a svpplement tp that distussion diregted at
sgstems programmers. Fgr the final woerd, consult the Lisp code
in BYB:NVRAM: CRASH and Yhe other files in the NVRAM system.
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NETE |

Unless otherwise indicated, all symbels and
fungtions named here are in  the SYSTEM

package.

18. 2 CRASH RECORDING

ILLDP ustdores some of the machine state in the NVRAM so that the
next successful startup can miplain the cause of the crash. If
the system cannot be surtressfully started, field service can read
the ¢trash reason from disgnostic hardware and/ar sofiware. This

data i9 catled a grash recgrdg

In order that an unsuccessful attempt to restart the system will
naot lose the original crash gata., crash records for the last few
system shuytdowns are kepi in a cirvcuiar buffer in NVRAM Each
time the system is started a record is allocated #rom the buffer
When the system halits, the reason is resorded in Yhe crash
racord.

NOTE

iIn order for proper recording aof crash
information %¢ take place. the structure of
NVRAM must Pirst be initialized wsing the
SETUP-NVRAM funciien Oniy thern can valid
crash Tecords he rTecorded. Bince NVRAM is
non—volatile memory. the SETUP-NVHAM function
should only need to be run when the system is
first insziglied or after service maintanance
has been performed on  the Hystem Interface
Board

18. 2.1 Crash Recordéd Allocation.

Allocation of & crash record for the turrent system stariup is
performed &y the microcode during the boot process, It pecurs as
egsrly in the boot as possible so that useful information carn be
recorded hy ILLOP if the machine ¢rashes during the hoot.
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Aalipeation of the ¢rash recverd iz contrelled by fFour f&-bit
numbers that are stored at & known place within the MVRAM. These
are shown in Table 18-1. All of the allioscation registers contain
th-bit hyte offsets inta the NVRAM, which is accessed using
phygsical memoty refarances, Offsets are expressed in
hexadecimal.

MYRAM is actusily B~bit memery mapped inte the NuBus address
space one~hyte—per~32-bkit-NuBus~word; hence anly muitiple-af—four
byte addresses are used leg. O, 4, 8, #xC, #2100, ..} A 1&6-bit
yuantity (sueh as  the erash record allecation vegisters) is
stored with its low order bits ip the lowest address and ifs high
srder bits in the address 4 higher. For sxampls, #xF482 would he
stored in NVRAM-CRASH--BUFF-PRDINTER with #xB2 in NVRAM-BAGE + #x90
and #xF4 in NYRAM-BASE + #:194.

NVYRAM-CRASH-BUFF-POINYER is the offset inkoc the NVRAM (in byies}
of the heginning of the currently selected crash record The
currently selectsd crash record dascribes the current system
startup. When the system is running., it ppints %o the record
that will be Ffilled in when the system next halts. HWhen the
system is not running: it points te the crash record for the last
system shutdown.

NUR aM~CRASH-BUFF-REC-.EMN is the si:e o0f & crash recerd, It is
the amoynt by which % increase NVRAM-{RASH-BUFF-POINTER to reach
the next recordg.

NYRAM-CRASH-BUFF-LAST is5 the poffset fo the beginning of the lasi
crash Tecord in the buffer., This is used by allacadian and alse
when scarining the buffer backward %o see fthe History of
shutdowns,

MYRAM-~CRASH-BIUFF-BABE is the offset to the beginning of the firgs
trash recsrd in the buffer. This is used by allocation to "wrap
argund" the buffer,

The algorithm %o allscate a new grash tegord, then:, is:  Add
NVRAM-CRASH-BUFF-REC~LEN to NVRAM-CRASH-BUFF-PCINTER. The result
is the new NVRAM-CRASH-BUFF-POINTER. If the new NYRAM-(RASH-
BUFF-ROINTER is greater Shan NVRAM-CRABH-BUFF-LAST then it should
be reset to NVRAM-CRASH-BUFF-HABE.

The algarithm for finding the previocus crash record is: Svbiract
MYRAM-CRASH~BUFF-REC~LEN from NVRAM-CRASH-BUFF-POQINYER. I+ this
is less than NVRAM-CRASH-BUFF-BDASE. it shouid be set to NVRAM-
CRASH-BUFF-LABT.
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Table i8-1 Crash Record Allocabion Registers

NVRAM~SAEE
plus fhex} Allocation Register
BC NVRAM=CRASH-RUFF-FORMAT-PROCESSOR
86e NYRAM-CRASH-BUFF-FORMAT~REY
50 NVRAM~CRASH-BUFF-POINTER
@8 NVRAM-CRAGH-BUFF-REC~LEN
A0 NVRAM—CRASH-BUFF-L.AGT
A NVRAM~CRASH~BUFF—BASE

18. 4.2 Crash Hecord Contents.

Fhe «crash record format is shows in Table 18-2. The templates
for the crash ftabler for the rest of HKNYRAM: and for other
information used by crash record suppoart canm be Found in Lhe file
5vYs: UCODE; LROY-GREV. The 1list CRASH-RECORD-{FFBETS coentains a
list of symholic names whose values are these offsets.
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Table i8-2 Lrash Record Format

NYRAM-CRABH-BUFF~POINTER CLontents

plus {hex)
feneral information
(o} Progress field. Indicates how
far into the boci process the
system progressed before halting,
L.oad information
4 Disk centrolier slet number
= Disk device number for microlosd
C Disk device number for Load Band
10 Micrpload name (4)
20 Lpad Band name (4}
ac Microipad version {2}
a8 Lead Band version {2}
20 Lead Band revision {27

Date and time information

48 Menth of boot
4 Day af boot

54 Year of booi
o4 Hour af boot
58 Minuts of boot
50 Month of crash
&0

Hi

&E

&C

2

Pay of crash
Year of crash
Hour of crash
Minute of crash

Flags field

70 Report Flags

Bhutdouwn information

—— —

7 Halt Location (2}
0 Halt Kind

SBaved Registers

- o Py —— e

=) contents af M-} (4}
S0 contents of M2 {4}
&G contenits of MD {4}

a0 cantents of VMA {4}
L0 contents of M-FEF (&)
jale contente of UPC-1 (2}
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BE contents of UPC-2 (23}
EC Lecation counter {(4)
FC contents of M-T {4)
100 Length of crash record

The progress field indirates how #ar into the bowot pracess the
system gprogressed before crashing. Currently supported values
for this field are listed in the variable CRASH-RECORD-PROGRESS-
CODES.

The load information $#ields are initislized during crash rvecord
allocation by the microcode, They reflect the load information
saved by the bhoob process.

The boot time jis written to the crash record by a funciioen on the
WARM-INITIALIZATIONS-LIST after +the system time base has been
initialized. The crash Hime fields are updated about every Ffive
minwtes fFrom Lisp by the TH-lUpdate process so that they will
accuTately reflect the time if the machine haelis

The repart flags are used fTo store information about which cTash
records have been logged tov a ¢rasbh—iog File by the g¢rash

analyzer {see sectian on crash analyrer below), It is alse
containg a flag that iz set if# this boot was & warm boot so thai
information can be displaged in the crash recoerd, Crashs that

otcur  after a warm beot or warm bost attempt are sftenm cavsed by
probiems in the warm booted envirvonment, and hence are not  as
interesting 4a¢ crashes that oceur in a4 told booted pnvironment

The halt kind $#ield indicates the type of the last shutdown The
+ield is initialized te the System Best state by the crash record
allocatign aicrocode, then wpdated during ILLOP to reflect the
cragh kimd. Possible values for halt kingd are:

# System Boot. The last shutdown was <caused by a cold
boet sequence or by & warm hoot seguence during narmal
speration (that is. net a warm bhoot initiated after +the
machine crashed). Mote that ¢ince the crash record
allocation rousine is called frem warm-boot, the system
can be warm booted after an abnormal shuetdown and still
retain all the crask regcord infoermation  from  that

shutdown. However. if the machine was in & hung state
when wats o+ ¢oild booted, ILLOP processing will nat be
dona, arnd +the shutdown will be reported in this

category, META-CONTROL-META-COMTRIL~C san be wsed to
force a crash from & hard run: and therefore produces 3
trash Teqord.
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# Microcode Hali. This indicates that the last cresh was
ralled from the microcpds when it detected an
unrecoveTable errer conditign. Iin this casze TLLOP
stores the micrewpr address from which IEL0P was called
in the halt address #Ffield. This miecro-pc iz  later
looked up in the crash <+table database by the crash
analyrer in order te provide the oser with & text
descripiion of +Lhe micrecode crash reasen. BSes the
sertian on the crash analyzer, below

# Hardware Halt. This halt kind is currently unsupported.
All detectable hardware halt conditions (suck as m@emory
parity errors. illegal gage faults, and so  Forth)
currentiy #all into the mic¢rotode halt category.

# Ligp Malt. The last halt was called by Lisp through the
gi; ¥erash Ffunctisen, Iin this case, g Lisp rcrask code
{which is prne of the arguments to UCRASBHM) is stored in
the halt addreys field. The second argument to JCRASH
{an object) is stored in the M—-1 field, Currentiy, the
ontly valid Lisp crash code isx O whiech indicates a nermal
system shutdown called from Lisp. This vcode 1% seoen
whan the system was halted by a user-initiated calil tao
gither SHUTDOWN or SYSTEM~-SHUTDOWM.

The saved registers Ffields comtain the values o©f the indicated
proecessor Tegisters when ILLDP was caliled. Their values can
appear in the mictrocode crash descriptor text reported by the
crash anglyzer., and in ary case theirt values are labeled ang
displayed it the crash analysis Teport.

iB. 2.3 The Crash Table.

The crash analgsis database consists of the tabkle of crash codes
and <rash descriptions produced &y the micre assembler. This
table is kept in the file SYS5: UBIN: <ucode-namer {(RASR#Innn where
nort iy the micracode revision number and uygode—name is ebtained
by Ipoking up the microcode mname asswcieted with the current
value of MICRGCODE-TYPE-CGDE in the #MICROCODE-MAME~ALIET® .  The
crash analyzer loads the appropriate version of this file into
memoTy when a microcode crash is heing Teporied, The crash table
File contains a ctomplete list of &1l current crash descriptor
texts,

Note that there may be some microcode crashes that will not have
a description in the crash database  This fact will be rTepourted
by the grash anslyzer. The crash micre~pe for such ¢rashes is
valid: however:, and cap ba used to determine the path taken i
ILLGP.
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The crash table file i1s generated by the microassembler. At
points in the microcode where ILLOP may be called s CRABH-TABLE
pseuda-pp i3  generated. From this o Craeh Table Entry {CTE} is
generated and added to the list of CTEs that make wp the crash
table file. The format of a CRASH-TABLE opseudo—op and the
resulting CTE are as follous:

Ucade CRASH-TABLE pueudo~op:
Ganeral form:
(CRASH-TABLE <format siring® J{one or more format argsl}
Example:
{CRASH~TABLE “"Masty data fype ~a read from zddress “x*
(G-DATA-TYPES (LDB %iG~Data~Tgse MDI}  VMA)

Crash Table Entry {in . CRABH file):

— P L — —

General Fform:
{{Mieroc PLC CPormat strings Cone or more format args’)
Example:
{34174 "Nasty data type ~a read Ffrom address ~e®
(G-DATA-TYPES {LEB XiG-Data-Type MD})} ¥Ma)

The first siement of the CTE is the microcede PLC address  from
which +the call to ILLOP was made. The second slement is uvsually
a string, In this case we essentially do the following to format
the t¢rash descrighion.

(AFPLY #°FORMAT <stream> {COH <cterl)

This works hecause the saved register values in the grash record
are bound to special variables named VMA, MDD, M-FEF. etc., at the
time thiz FORMAT is sxscuted.

I# %he second element of a CTE is 2 symbol:, we losk four the
REPORT property on its properdy list. I present., it will be a
repari function s run.

Mote that the file SYH: NVRAM: ANM YSIS-FUNCTIONS contains a number
g¥ crash—description Ffarmatiing routines that have very detailed
knowlpdge of the contents of the saved microcode registers.
These routines must he kept in synch with current micrecode
veage: just as with the ervror handler files.
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BECTION 19

Lompilter Motes

This section supplements Section 2% af the Explorer i.isp
Haference manusl with some additional information that might he
of interest to system programmers.

19,1 COMPILE~TIME PROPERTIES {F SYMBROLS

When symhal pragerties are raferred to during macre expansion
properties defined in & File should be in effect For the
compiiation of the rest of the #ile. This does nmot hapoen i€ SET
and DEFPROF are used. becasuse the DEFPROP is not executed until
the #file is loaded. Instead. you can use GETDECL and DEFDECL.
These are normally the same as GET and DEFPRCP. but during £ile-
to-file compilation, they also refer to and create declarations.

BYS: FILE-LDCAL~-DECLARATIONS
Buring file—to-file compilation, the value of this variahle
is a ¥ist of &ll declarations that are in effect #for  the
Test of the fila. Macro definitions, DEFDECL. ‘s, PROCLAIM’s
and special declarations that come fram DEFVAR's are all
recorded on this list

GETDECL funcéionwsper properiy
This function is a versien of GET that allows the properties
of a funcition to bhe overridden by loscal declarations,

P LOCAL~DECLARATIONS or SYS: FILE~LOCAL-DECLARATIONE contain
a daciaraticen of the fellgwing form:

fproperty funchtion—epes valye!

GETDECL returns vyalge. Utherwise, GETDECL returns the
result of the following form:

{funetion-spec~get function—spec properdy}

The FETDECL function is typically used in macre definitions.
For pxample. the SETF macre uses GETDECL to ohtain the SETF

preperty of the functiom in the expression for the field to
ke set.
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PUTDELL funcition—sper property value
The PUTDECL #unction cawses (QETDECL function—spec preperty)
to return value.

The PUTDECL funciion makes an entry eor  SYS FILE-LOCAL-
PECLARATIONS of the following form: -

{property Function~spec value?

This form stores value where GETDECL carm find 3t; but if
PUTDEEL. is called during compilation, it affects only the
rest pf that rompilation.

DEFDECL symbol praperty value
When executed, DEFDECL resembles PUTHECL except that the
arguments are net evaluated. This special form is Gsvally
the wame ay DEFPROF except for the svrdar of the arguments,

ilike DEFPROF, when DEFDECL is enceountered during #ile-fo~
file compilation, it iz executed. creating a detlaration
that remains in effect Ffor the rest of the compilation.
{The DEFDECL. form also goes into the x1d file to be exscuted
when the File is loaded), The DEFPROF special Fform would
have no affect whatever at compile time.

The DEFDECL special ferm is often useful as a part of the
gxpansion &f a macrn. It is also wuseful az a top-lavel
expression in a source file,

Consider the fallowing form:

(DEFDECL FOO SETF ((FDO X) | (SET-FDO X SI:VALUE))

The preceding form in a2 sgurce File allows the fFollowing
farm 0 be used in funchtiong in that gource $ile; and by
anyone: once the file is Joaded.

{BETF {(FOO ARG) VALUE!}

COMFPILER: ¢ OCAL~DECLARATIONS~BPECIF IERE®

This wvariable is a list nf declaration specifier symbols for
which the compiler will push the declaration onto the LOCAL-
DECIARATIONS Iiat for access by GETDECL. Users can define
new declarations by pushing the name onts this list.
Compatibility note: is Explorer Releases 1 and 2, ail
deciarations were pushed on LOCAL-DECLARATIONSG, bhut Release
3 is more selective for the sake of sfficiency.
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19. 2 DECLARATIONG

The following declaration specifiers are wused intersmally in
additipn to those documented in seciion 13 af the X gy Lis

Raference manual.

:EXPR~BXHABH number

At the beginning of the baody of a DEFMACRO, DEFBUBET. or
inline funttion, a {DECLARE (:EXPR-SXHASH <number>! may be
usad to specify the hash code that will ke recorded for the
macron. Thig hash code is wsed for giving warnings when
loading a file +that uses macreos whose definitiens have
changed; it is nermally computed by hashing the definition
The :EXPR-SXHASH declaration can be used to cause a slightily
modified wersion of a macro ts have the same hash code as
the previous versioen lobtained from the debug—info} in order
to suppress these warnings,

CGMPILER: TRY-INLINE function-name ...

Thigs is similar to an INLINE declaration except that the
inline expansion will be wvsed only i$¢, after pptimiration,
it is not significantly larger than +the ariginal Function
emll. This is wseful for functions that can be optimized
down 9 something trivial when some of the arguments ars
constants or known to be of a particuvlar type, but are too
Big to te included inline in the general case.

SYS.: DOWNKARD-FUNCT ION

The declaration {DECLARE SYS: DOWNWARD-FUNCTION! can be used
4% the beginning of the body of 3 LAMBDA expression or local
function o  inform %the compiler that the lexical closure
which it being created 1z only being passed downward and
there will be no referentes to it afier execution leraves the
context in which it was created, This enables the coampiler
to wse the ingtruction MAKE-EPHEMERAL-LEXICAL —CLOSURE
instead of MAKE-LEXILAL-CLOSURE, thereby saving socme Tun~
time overhesd. MNote that in many cases, the compiler is
akle o figure &his out for itself without nepding the
deciaration, and that incorrect use of the declaration could
cauvse s&vere problems,
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19.3 XLD FILES

A1l xld files are composed 0f Lé~bit hytes, The first two bytes
in the #file comtain fixed values. which are present so that the

system can tell a proper xid ¢file The next bHgte is the
beginning of +the Ffirst group A group starts with a byte that
specifies an operation. it tan be fpollowed by other bytes that

are arguments.

Most af +he groups in an xld file are present tu construct
objects when the file is loaded. These nbjects are recorded in

the fasl-tabje. Each time an object 1is construcited. it is
assigned the next sequential dindex in  the fFfasl-table. The

indices are used hy ofther groups later in the file to refer back
tg cbiacta aslready constructed

Ta prevent the fasi~table from hecoming toc large, the xid +file
can he divided into whacks  The fasi~table is cleared out at the
beginning of each whack,

The other groups in %he xld Ffile perform cperations such as
evalyating a tist previously construcked or storing an  object
into a symboi’s funciion cell or valuve gell.

19.4 OFTIMIZATION

Besides the functions COMP L ER: ADD-OPTIMIZER ang
COMPILER GPTIMIZIE-PATTERN whish are described in sectien 258 of
the Explorer Lisp Refersnce manual: the following functions may
be uvsed tg spetify optimizations:

COMPILER: FOLD—CONSTANT-ARCUMENTS funciisn-name
Telis the compiler that if it sees a call to the designated
function in which al1 of the arguments are constants., then
it van call the funcition at compile—time and replace the
function c3ll with a GUOTE form containing the resulting
value. This slsp implies that the function has no side-
effects, 52 ¢alls gan be deleted if their value is not used.

COMPILER: DEFCOMPILER-SYNDNYM %quote function synonym—function
Both arguments should be symbols. and are not evaluated.
Hhen the campiler sess the first argument vsed as the name
of a funciion %o be calied. i% will compile code to call the
function named by the second argument instesd.

COMPILER BPTIMIZE-ETATUS
This functign can be called to find cut the cyurrent values
of the PTIMIZE switches. The value returned iz in thse £orm
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of a declaraticon specifier zo that one gan do:
(SETQ SAVE-UPYT (COMPILER GETIMIZE-STATLIE!)

(PROCLATM SAVE-(ET)

o zave and restore the switches.

i, 5 COLD-LOAD ATTRIBUTE

Putting the attribute COLD~LGAD:T in the mede line af a File lets
the compiier know that the file is part of the minimal kernel, or
in other words, i% is loaded by Genasys inte the cold band. This
knowiedge is uwsed in the folinwing ways:

i. The compiler can warn you about wusing fFeatures that
Senasys does not support. For example:

a. Genasys can’'t handle load-time evaluation of
ctonstants Ireader macre #, 1.

h. {PROCLAIM “{TYPE __ . 1) deesn’t work wuntil after
the coempiler is lgaded.

2 The compiler can pive special handiing where nesded.
For example, package cammands such as EXPURY that den’i
suppiy =2n explicit package argument are auvtomatically
given one by the cempiler bacause defauiting Lo
#P ACKAGE» is not appropriate during Forash-list®
avgluation

3. The compiler can warn you about wsing Funciions that
are not in the fold lcad. Anyone who has ever had to
debug & hand %that wen't best bhecause it is  irying e
tall an uyndefined function should appreciate the value
of this. More aboaut this below

& Binee the COLD-L0AD attribute identifies the file as
part of the kernei, style warnings Ffor use of internail
functions arse suppressed. For example. gyouw Lan  uge
micrrocoded functions sueh as MEMA and FIND-POSITION~IN-
LIsY wibthout gatting a complaint that they are
chsolate.

% Yop-ievel forms which are going %o be evaluated at load
time will be fully macro—expanded at compile time in
arder to minimize the amount of work done in evaluating
the ‘"crash-1iet” when the band ie booted and to avoid
potential problems with macros that are undefined or
that use things that aren’t initialired yeti,

Warnings about use of functions that are not in the cold lpad are
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impiemented by checking the sqource file pathname of each function
that is called +to see if it has the COLD-LODAD attribute alsso.
Thus: for thess warhings to be meaningful, it is essential that
all the fiies that are parit of the cold load have the attribute.
Te avoid getting irrelevant warninge, +functions that are nat
really needed in the cold leasd should be in separate Piles from
those that are. Currently, these warTnings are suppressed in
LCUMPILE~FILE (they appear only when compiling in an sditor buffer
ot with SAFETY>1) to aveid getting a great many warnings during
system builds. For tasss where you really do need to refersnce a
fynction that won't really be valled in the cold band. you can
suppress the warning by binding the INHIBIT-STYLE~WARNINGS-SWITOH
#lag. For example:

{IF {FBOUNDE ‘FDO)
{COMPILER-LET ((INMIBIT-S5TYI E-WARNINGES-SKHITLH T3}
(FOO X1i}

19~
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SECTION 20

Mzcro-Instructians

20. 1 INTRODUCTION

Frobably the mast confusing fhing %o new users is determining how
the macrg~instruction set differs fram the “core' Lisp routines
¢khat  is. those Lisp routines needed to define a minimum Lisp
kernell, This instruction set {the magrp-instruchtions) is a
“gegaudo” gubset of fthe Lisp instruction sef. In other words,
these ingérucktions are those that are dimplemented by microcode
and are at the lavel below Lthe compiler. It is the set availahle
to the cempiler in constructing functional centent. Some Lisp
instructions map directly into macre~instructisns (therefers, you
ran get an ample description of what the instruction does by
censuiting the Expiorer Lisp Referents manual). while others zre
# bit more comglex and vTequires more efford  PFrom the compiler.
Btill other macro—instrections dorn’t correspond to basic Lisp
functions at all: but are used in octher aspects nf the wvirtual
machkine implementation <{(suck as in wirtual memory or storage

Tmananenant}, There are alsy some inctructions here that are only

available to the compiler and so are not ¢lassified as Lisp
instructions (for example, Exchangsl}.

The purpose of +this section is %o describe in more detail the
macro—instruction set 3o that 1Ff you  were the compiler op
debugging compilev—generated zode you could easily determine
gxactly what arguments are needed for a2 macro-instryction. what
zside effects a macreo—instruction may have, and finally., what
should be returned to yow on the stack. Therefore, gou will f£ind
in bhis segtion more detail on datatypes. exast error checking
being performad, siack manipuiation, and some history behind why
some instructions exist and how they are used,

MOTE

The section entitlied The Dissssembler in  the
Explorer Lisp Heferences wmanuel explains how
to use the DIGABSEMBLE +funciion, how the

macro—-instruetion st works and hew Eo
understand the behavigr of code writisen in
this instruction sed, That section showlid be
read before proceeding with this section
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NOTE
The instruction set for Helease 3 iz defined
by +the +file SYS:UCDDE; DEFOP which uzes
several Mmateros that are gefinad in
SYS: COMPILER: TARGET., HAyte specifiers for the
instruction fiplds can be found in

8YS: UCODE: DEF-ELROY.

20 2 MAlN OPS

MAIM OPF instructions {ses Figure
part aof the instruction {called
angd may take additional gperands
of the result is implied &y

registers are O-originm: that is,

15 =

3
- L3

20~1) have an operand address as
hase~arguments in this doegument)
from the stack. The disposition
the aperation, All +the base
offtset O is the first element.

& O G

L S 3

gp-cade ib

ase 1 offset i

e

hase regisber:

O LD R e X

Figure 20«31 PMAIN OF

S0-2

W b A4 o .

FEF

FEF+5&4

FEF+i28

higher lexical context
SELF mapping table

ircal variables

arguments

POIL.~-POF {aoffset not usedl

I E 8 0 & 3 H &

Instruction Format
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For & base register valus of 3. the offsel field iz interpreted
as follows:

i g 8 & 5 4 [}

Fmrm e —— —-—+ drsde + pffget O..31 in immediate

| op—-tode 10 3 10! pffset § lexiral parent environment
P s o i e i repmm ——m————f {pGinkad to by LOCALIZ)
[FRUEENRTE————— PR SRR

i mpp~code 01 it offsetr | offset .. 31 in environment
- —— + e e o s e + pointed %o hy LOCALIZ

For a base Tegister valug of 4, the pffset field is inferpreted
as Ffollows:

is 9 8 5 4 G
- —_——+ R

! pp~code 11 0 001 offset | pffset in SELF
A e e O —~——+ [unmapped]
e e T

i op-code b4 O 0111 sifset | offset in BELF
o s it + mapping table

MAIN-OFS are defined by the special form DEFDP.

w3 SHORT BRANCHES

The Short Branth instruction format is shown in Figure 20-2. The
ap-code identifies the instruction as 4 branch and specifies the
tondition to be tested. The lower T hits of the instruction are
a signed displacement relative +to the address of the next
ingtruction
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i 13 12 10 % 8 G
IV SyTa—— — IR +
11 1 1itest isi disglacement |
PA———E AP —_
tast: Test Cendition
O = MHL {alse popl
i = NLALL
2 = ATOM
3 = JERGF
4 = SYMBILP
5 = Lunusedd
& = MULL Elikelyd
? o= unconditional
" Gense
G = dranch when trus
1 = hranch when false

Figure 20-2 Short Branch Instruction Formasd

I¢ the displatement cannot be encoded within 9 bits, then a Long
Branch is wsed. i.ong branches are separate pp-codes in bthe AUX-
IF group {see helouw:.

Bhort branch instructions are defined vsing the speciasl form DEF-
BRANCH-OP .

20, & IMMEDTIATE OPERATIONS

immediate operabtions {see Figure 20-3) use the lower 7 hivts of
the instyruction word in spesial ways. FUSH-NUMEER uses it 25 a
FIANUM gperand. Yaripus op—IMMED insitructions use i% as a signed
integer operand. These are defined by wsing DEFOP with the [ ND~
REG opition of Immed

15 ? B O
B et —_ -
i wp-code i value H
I Tp—— —— " - .

Figure 20-3 Immediate Operation Instruction Format
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20. 5 {ALL INSTRUCTIONS

The instructions CALL-O through CALL-4 have the format shoun in
Figure =03,

1 11 i

54 3 1098 & B )
+ + e o + 4 — =
'{ Oinargsidstibase | offset :
+ + # +—— + —

naTg%; Mumber of Arguments

dst. Destination
0 = set indicators only
I = push resuit on stack
2 = retyrn from current frame
3 = replace current frame

Figure 204 Cail Instructien Format

the base and offset fields are the same as for the MAIN-OPS and
specify &She Punction %o be calied. The function arpuments are
pushed sn the stack before executing this instruction. I+ the
numbar—of-arguments field contains 2 7. then this is 3 CALL-N
instruction, and the number of arguments is the last thing that
was pushed on the stack.

The wvarious call instructiuﬁﬁ are defined using the special form
DEF-CALLGP.

20. & MISC-UPS

MISC-OPS (see Figure 20-3}) take bheir arguments frem the stack
and produce a rTesult wvalue which sets the indicators and is
optionally pushed on the stack.

is 13 38 Q

e sn e e - b a1 2 s e e e e e +
Didi0 D 0 0 1! eisc—ep number )
i e i i s g s i e s e LT ——

destination: § = set indirators only
1 = push result on stack

Figure 20-5 MIBLC-OP Instruction Format
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The lower 7 bifts of the instruction specify which of the many
MISC-0PS 1s to be performed.

MIGL-DPE are defined by using the special +form DEF-MIBC-OP,

2.7 AUL~{PS

AX-0FS {(see Figure 20-&) are similar ito MISC-OPS except that
thay do not produce any Tesult value,

15 8 0

b A L4 e b 1 s e P e ) A A4 e s . o B i e et e e

6 QGO0 0 00 aux-op number
o —t -t

Figure 20-4 AUX-OF Instruction Format

The lowsr 7 bhits of the instruction specify which of the AUX-OPS
is %4 he performed.

AUX—OPE are defined using the special form DEF-AUX--OF.  AUX-PS -

can be ponsidered to be divided inio four groups: simpie AUX-
Ops, Compiex Galls. Lerng Branches. and AUX-OPS with & count
field.

20. 7.1 AUX-UP Complex Call.

15 38 4 32140
o s s s e o e s et et e e e
10 G008 ¢ Q00 31 0 Qict ldstl
E— $ T P
i Call Type

O = Use call—-info word., Push
arguments, mapping table {optionall.
cali~info word and function
1 = APPLY (with gne argument).
Push argument and function to be called.
2 = [ uncged 13
3 = LEXPR-FUNCALL~W] TH~MAPP ING-TARLE
{gne argument!. Push argument, mapping
table and funmctien,

gst. Destination
O = set indicators only
I = push result on starck
2 = refturn from current frame
3 = replace current frame

PRl ittt
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Sag the section on function calling for a description of the
rall—-info word.

23 7.8 AUX-~0OP Laeng Branch
51 ? 8 3 3 1 G

- —_—— T 2

o o0 G o000t i.tﬂst isi

] address t
.

A bt . o3 AL L L A LA AL i

The Test and SHense fields have the same values as for a short
Branch, Instead of a signed relative displacement, the second
half~worgd oF the imstruction centains the new PC offset from the
start af the FEF

o073 AUX-IPE With Count Field.

15 87 &5 o
o g e e — # - —_—
g 00 00 0 Ditlop 10 count H
e ottt +

gp: Operation

yrbind Yecount® special wvariables
pop *count” values off stack
return “count® values frem stack
funused]

ion okl

H
<
3

20,8 AREFI INSTRUCTIONS

This groug of instructions {sse Figure 20-7) is used for single-
dimension arvayg references having & small congtant index. The
index is an immediate value in the insfruction. and the other
operands are taken froam the stack,
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15 13 28 & 5 ]
e o i i e t ——————
191di 8¢ 11 1% ref I index !
s e kv e e s s s
d: Destination

g = indicators

i = pygh

ref; Reference kind

£ AREF fZetalisgl
ARRAY-LEADER
LINSTANCE~REF
AREF [Common Lispl
{BETE (AREF ... )
{SETF (ARRAY-LEADER
(RETF (AINSTANCE-REF
funusedl

B

O EAds L) R) -
3 I T I

Figure 20~7 AREF! Instruction Format

20. 9 MODULE GROUP

This group of instructiens {see Figure Z0-8) are similar %o MIBL~
aps., gxcept that they tend to be specific #For cartain
applications or envirenmenis. and the microcode that implements a
module is net required %o he presant.

L}
;8]
Lol

4= o — b i, e

1% 13 g B
-—

PFQiaiG O 0 1 OF medule
=t }

+ [FPTp—— —

4 = dh

4 - o
]
h- ]

d: Bestination
g = set indiceators anly
1 = push Tesuit on stack

Figure Z0-8 Module 8Broup Instruction Formad
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The operation to bhe performed is specified by a &-hit mpdule
number and & 3-bit wsperation rcode within that madules. The
currently assigned module numbers are:

o TV (varicus ADRAW-Cthing> functions?
i Mouse

with more to be dafined later.

20. 10 UCODE ENTRIES

A Ucode entry (which siands for microcode entryl is not realily a

macro—ingskruction at all. Rather it is a functional object: a
word of data type DIP-U-ENTRY. I& can be #funtalied, applied to
argumernts, passed as a value, and so forth just iike any other

Lisp Ffunctional sbieck, The wse of the pointer fieid of s U-
ENTRY ig detailed in the section on Internal Stoerage Formats.

Ucode entries are listed here because they closely resemble MISC-
QFs and #for completeness becayse all such functions must be
defined by the DEFJF fiie. A Ucode entry, Iike a MISC-OF, is a
micracoded funcition which takes 1i%s arguments from the stack.
However, the number of arguments is variabie. so the function can
have an %RESY ary.

20-9
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20. 1) MACROCODE INBTRUCTION BEY
The foliowing is the synitsx linse for a macro—insirsction:
SOME-MACRGINSTRUCTION argl arge Lopoodel FORMAT Level descrigption

- The name of the macro—instruction wil}l be in upper
case.

- Arguments are listed; they are o he pushed on the
stack, argl being the Ffirst one pushed on  the
stack. The last argument listed is the one on top
pf the stack, If an grgument is described with
the prefix immed-. then the argument is not pushed
onn the stack. rather 1% dis included in the
instruction ittseld {see the IMMEDIATE instructien
gescription abovel. I# an argument is described
with the prefix base- then the argument is alszs
not pushad on the stack but rather addressed with
the MAIN-DOP base~uffsept scheme deseribed above.

- Brackets ({3} are used to enclese the opesde for
the macro-instruction {(spacified in octal)

= Tha FORMAT gf the macro—instruction wili be on the
tar Tight and in upper cass. I¥ will be MAIN-DP,
SHORT-BRAMCH, IMMEDIATE., Call. MISC~-OF. AUX-~0R.
AREFI, or MDDLE(MODULE-NAME.

~ tavel is either Lisp~Fumction or Blank. This
indicates if there is @ corresgonding Lisp
function for this macro~instruction by the same
name. £ there iy a correspending Lisp funciion
for this macro~instruction by another name, then
the bisp function will be referred to in

description.
~ & Brief descrigtion will then faollow.
- A}l MIGL-OF instructiomns pop arguments that are on

the stack and return a value on the tap of stack
ynless otherwige indicated.

- All MAIN-OF instructiens use the bhase-~gffset
scheme to address their fFirst argument (base—
argument} and &1l other arguments are povped off

the stack.
- Mozt instructions set £he indicators. Some
extepiions are: brancheas, (AU POP-PDL, {AUX)

20~10
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URDIND, LEXICAL-UNSHARE, ard (ALY ) LEXICAL-
UNSHARE-ALL

The following is an aiphabetic list of macrowinstructions

ABS num £313] MISC-OF Lisp~-Functio
Aeftyrns the absoluvie value of num which can be
any bype of number,

ADDR-IMMED num. immedwy 1437 IMMEDIATE
Returns the sum 0f num and the immediate cperand.
immed-y, whieh is part of the ADD~IMMED isstruction.

ALGC array., HREBT subaseripts C2] UCODE ENYTRY
Returngs a lggative %o the element of array
spacified by subscripts.

AF—1 arrayr index [545]1 MISC-OF fisp~Funchtio
Returns & lacative %o the element of array specified
by index. This i the one-dimensional zase of ALDD

AP~I-FORCE array, index (4523 MISC-0OF Lisp-Funciion
Returns a lgcative to the element of array specified hy
index. Array is treated {forced} as one~dimensional
That is, it is indered wiith a single subscript regardless
ef its rank.

AP-Z2 array. subi. sublZ £6R46T MIBC-OF Lisp-Fumctios
Returns a locative to the plement of array specified by
subscripts subl snd subl.

a3 arvay, sybi, swb2, zubld [&873 HMISC-OP Lisp~Funciios
Returns a lotative to the slemenit of array specifiad by
subseriptes subl, subd and subld.

AP FADER arrtay, index Lagay MISC-OP Lisp-~Functios
Returns a locative tp the leader element of array
specified by the subscript index.

ARPPLY=-TO-INDE #n, args L1043 AUX-Op
Apply Ffunctien #n to the list of arguments args
Set the indicators with the value returned.

HPPLY-TR-PUSH ¢én:. args Li0%1  ALX-QF
Apply funciion fn to the Jist of argquments args.
Pugh the returned wvalue pn the stack.

AFPLY-TO-RETURN $fn. args Ci0&] ALUX-OF
Apply Functign fn fe the list of arguments args,
Heturn the result value from the corrent function,

ARPPLY-TO-TAIL-REC  #n, args Ci073 AUN-GF
Apply fenctian fn to the list of arguments args,

d0-11
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Replace the current stack frame and return the
result value.

L0 AR-1 array. index f&813 HMISC~COF Lisp~Function
Returns the alement of the ons~dimensicnal array
array specified by index. Array must be a
pre~dimensisnal asaTray and index must be a FIXNUM
If index is less than zers ar greater than the
largest index permissible, then a SUBSCRIPT-0OB
error is sigralled. if array is not one—dimensional.
then ARRAY-NUMBER~DIMENGIONS is signalled
The type of result depends on the type of array.

AR=1-FORCE array. index L&51) MISC-0P Lisp-Fuynctien
Returns the element af the array array specified hy
index. Array is treated {forced? as a cne—-dimensional
arrays; i.e 0 i% is indexed with a single subscripd
regardless of its actval rank.

AR-Z  grray, subl, sub2 £&823 MISC~GP Lisp~Functign
Exactly like AR~I except array must he
two~dimensignal.

L0 AR-2-REVERBE array, suvba, subl f&50) MISC~0OP Lisp-Funection
Returns the slament of the two—dimensional array
artray. See the Ezxplover Lispy Refepence manuval for
a discussion af this instruction,

AR-3 array. suvhl, subd, sub3 E&43] MIBL-OP° Ligp-Function
Exactiy like AH~! excepit array must be
threse—dimensional.

AREE  array. MREST subsavipts ELiJ UCODE ENTRY
fetuyrns the element of the array array specified by
subseripts,

ARRAY-ACTIVE-LENGTH array &bl MISC~DP Lisp~Function
Returng the number of "active" elements in array.
I+ the array has a Fill pointer then the #ill pointer
value is returned. else the number of elements is
retyrned,

ARRAY-DIMENEION array. dimension La&6DF MISC-0F Lisp-Function
Returns the length of dimension dimension of array.
The First dimangion is tumber

ARRAY--HAR=FILL~POIINTER-F array 2413 MIBC-OF tLisp~Fynetion
Returns T 1€ array has a2 leader and leader element
iz a FINNUM, Otherwise; returns the symbol NIL.
If arvay is not an array an ARQTYP ervror is signallied.

ARRAY-HAS-LEADER-F  array {2343 MISC~OF Lisp-Function

20-12
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Returus T if array has & leader. Otherwise: returns
the symbol MNIL. iI# arvay is not an array an ARGTYP
srrar is sigralled.

ARRAY—IN-BOUNDG-P array YREST subscripts L[5 UCODE ENTRY

fReturns T if the indices are in bounds for the dimensions
of array. Otherwise, returns the symbal NIL.

ARRAY-LEADER srray, index F&4453 MISC-OP Lisp-Function
Returns the array leader element of array specified
by index. If array is no% an array an ARGYYF error
iz signalled. I¢ array does not have a leader the
ARRAY-HAS-NO-LEADER erroy is signalled. If index is
not & FIXNUM the ARGTYP ervor is signalled. Finally.
if index 1s greater than or equal %o the length of
the leader the GUBSCRIPY-OUO8 orror is signalled.

ARRAY-LEADER~LENGTH array L6831 MISC-0P Lisp~Function
Returns the iength of the array leader of array.
I# array is not an array the ARGTYP erroer is
signalled.

ARNAY—-LENGTH array {65602 MIBC-OP Lisp-Function
Returns the Ilength of avray. Does not take inte
account the #ill pointer. {ompare this
macro-instruction with ARRAY-ACTIVE-LENGTH.

ARMAY-PUSH array. valus {340] MIBSC-GF Lisp-Function
Add valuve 35 an element at the end of array.
The £ill peinter {leader siement 0) is the index
af the next element to be added. Returns NIL and
gogsn 't uptdate the £ill pointer i+f array is Full,
octherwise returns the index of the alement
added. Roes not auvtumatically increase the size of
the arrvay like ARRAY-PUSH~-EXTEND.

ARRAY-HANK array L4641 MISC-OF tisp~Funchion
Aeturns the rank or number of dimensions of array.

ARRAYF hase—sargl £312 MAIN-OP Lisp-Function
argi F&007 MISC-OPF Lisg-Funtiion
Returns T if base-argl {or argl) is an array
{has DTP-ARRAY datatype). Otherwise the symbol NIL
is returned.

AS-1 wvalue, array. index L3321 MISC-OP Lisp~Function
Stores value inte the cpe~dimensisnal arrag
avrray specified by index. ArTay must bBe an arrvay
znd index must be o FIXNUM, otherwise the ARGTYP
errar is signalled. If index is less than
zere or greater than the largest index permissible.
then a BUBSCRIPT-0DE error is signalled. If array
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i3 not one-dimensional: than ARRAY-RUMBER-DIMENSIONG
is signalled. Returns value,

AR-1~FORCE wvalue, array, index E3R4} MISC-0P Lisp~Funeti
SGtores value inte the atray array specified by
index. Array is treatrd (forced) av one~dimernsional;
i.e. . 3t it indexed with the single swbseript index
regardiless of ity rank. Heturns value.

A5-2 wvalue, array:. subi. sub? L3221 MISC-DP Lisp«Functi:
Exgctly like AS-—1 extept array is twoe-dimensional.

AS-2~REVERBE wvalue, arvay, subl, subl [328]1 MISC-OF Lisp-~Functi:
Btores value intg the fwo-dimensional array

array. See the Explorer Lisg Reference manval far a

giscussion nof this instructian,

AS-3 walue, array, suvbl, subl. subd (3231 MISC-OF Lisp~Funeti
Exactly like AB~1l epxcept arvay is threse-dimensional.

ASET wvalue, array, MREST subscripts {01 UCDDE ENTRY
Stores value into the array arvay specified by subscripss

ASH 1, nbits £5313 MIBC-{P Lisp-Functiy
Shift n srithmeticelly by nbits. N may bhe a DTPFIXNUM
or a RTF-EXTENDED-NUMBER,

AEEG  x, alist (6101 MISC-DP  Lisp-Functbi
Srarch alist by comparing the LAR of each slement
for bering £8 to x. Returns the CDR of the matching
giement if a match is foumd. Dtherwise returns the
symbol NIL,

ATOM ES641 MISC-OP fisp~Functi:
Returns the symbol MIL if x iz a list.
Gtherwise. Telurns T.

BIGNUM-TO-ARRAY bignum: bhase [&BAT MIBC~OFP Lisp-Functi
Converts bignum intg an arrvay. Bignom is
prxproaassd in base and placed into an ART-O
array. The sign of bignum is ignored.

BIMND lae, wal 2G0T MisC-OF
Set the value of loc te val and save the
pld wvaluve of lec on the special binding stack.

BIND-CURRENY base-lgc £154) MAIN-OP
Save the valuve of base-~lof on the special
binding stack. Apy octher stores jinto base-loc
will net corrupt its previous value

BIND-NIL base«lor Ci%1) MAIN-QR
Get the value pf base-lec ts NIL and save the old value
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an the spegial binding stack.

newval. base—-isoc T1531 MAIN-OF
get the value of base—loc to newval and save the old wvalue
on the special binding stack.

base~lgg ' (iS22 MAIN~OP
Set the valuve of base—ioc te T and save the old value
e the special binding stack.

OR—-F ohject L2501 MIBC-DOP Lisp~Funmctic
Raturns T i abjest is & bit vecter, octherwise return

NIL. A Bit wvector iz defined to be an array of rank |

whose elemepnts avre restricted ¢o G and 1, 1. 8., a
sne—dimensional arvau of arrvayg type ARAT-ibh.

alv width from—array from—x from—y to—array fo-x to-y
L3432 MISC-0F Lisp-Functic

symbol F&403 MISC-0P Lisp-Functic
Returns T if the walue cell 4f symbel is unbound,
A4 cell is unbound if its data type is DTP-NULL.

NT P13 AUX-IP

st [4. 63 MIgC-OP Lisp-Functig
Returns the C#¥R of list. Signals the ARGTYFP error

if liest {(or any reguired intermediary listl} is not a

list. The error check may be overrvidden if

taking the CAR of 3 symbol or number is a2llowed,

Ca#R may be CDAR or CAAR,

1ist E31-173 MISC-OP Lisp-Functio
Returns the C###R pf list., Signels the ARZTYFP errar

if list {or any regquired intermediary listl) is ngt &

list. The error check may be overridden if

taking the CAR of a symbol or number is allowed

CaxuR may bhe CAAAR, CAADR, CADAR, CDAAR, LCDADR,

CODAR. or CDODR.

list CaG~373F MIBC-0P Lisp—~Functio
Exactiy Iike CHasR.  Cxa#4R may be CAAAAR. CAAADRR,
CAADAR, CAADDR. CADAAR. CADADR., CADDAR., CADDDR., CDAAAR.
CDaMLR, CDADAR: CDADDR., CDDAAR. CDDADR. CDDDAR.
or CLDDDR.

base—fune L1006, 104, 110: 114, 120, 136, 1307 CALL-~OF
Call the funciion hase—fume., % mayg be from O o &
respectiveliy., and represents the number of arguments
for base—func thaet have already been pushed on

the stack. Func may be any functional argument.
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CALL-N n: base~func 01342 CaAlLL-OF
This is used to call functions with greater thanm 7 arguments.
Call the function hase—funce with n arguments,
The n arguments have already heen pushed on the stack
Base~func may be any Ffunctignal argument.

CAR-ZAFE object E&20T MIBC-OP Lisp—Function

CARCDR Iist L&227 MISC-CR
Returns the egdr of list. Sets the indicators based
ot CAR sf list,

COR-SAFE object fh213 MISC-DP iisp—Function

LEILING-1 dividend, divisor £5513 mMisc-Ooe
Returns dividend divided by divissr rounded up.
Tha remainder is net retuyrned. To receive both
the guetisnt and the remainder see SEILING-2.

CEILING~2 dividend., divisor {5551 MISC-OF
Returnys dividend divided by divisor, rounded up,
and the remainder. Therefore. returns 2 values,
CHAR~INT eharacter (7041 MIBL-0P Lisp-Function
Aeturns a FIXNUM whose value correspends to
character.
CHARACTERP oabjert f2543 MISC~OF Ligsp-Funciisn

Returne T 3iFf obyect is & character, otherwise Teturns
Mil., fhject is a charagter if it is defined with
a DTP-CHARALTER data type.

CLOBURE sygmbal~list, functien {7171 MIBC-OP Lisp-Function
Returns a dynamic clossure (DTP-CLOSURE:,
closing function gver the special wvariables
in symbol~list,

COMMON-AR—-1  array, index L4703 MIBSC-OP Lisp-Function
Raturns the element of the ocne~dimensional array
array specified by index. Array must he a
pre—dimensional array and index must he a FIINUM
If imdex is less than terc or grester than the
iargest index permissible, them a SUBSCRIRT-LOB
error is sigrpalled. If array is not
ong~dimensional, then ARAAY-NUMBER-DIMENSIONS is signalled,
The type of result depends on the fype of array.
This differs from AR-1 for array tyses siring and fat—string.
AR-1 will return FIXNUMs for elements within these arrays
while the COMMON-LISP-AR-n instructions return characters.

COMMON-L ISP-AR-1-FORCE  avray. indesx E&731 MISC-OP Lisp~Function
Returns the element of the array array specifisd by
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index. Array 15 treated {forced) a¢ a cne-dimensicnal
arvay: i.e ., it is indexed with A single subscript
regardless of its actual rank. See COMMON~L ISP-Afi-1
for the difference bptween thisz and AR~1~FORCE.

COMMON--{ ISPF—-AR~Z array. subl, sub? [6713 MISC-OF +Lisp~Fumnction
Exactly iike COMMON-LIGP-AR-1 except array must be
two—dimensional.

COMMEON~LISP-AR-3 array. subt.subZ:sub3 4723 MISC-OP Lisp~Function
Ervactly like COMMON-IISF-AR~:{ except array must be
threa-dimensional,

COmMMON-1, I SP—-AREF  array, HREST indices UCODE ENTRY
This 15 ne longer & macro—insiruction budt rather a function.

COMMON-{L ISP-ELT segquenca., index Loxa) HMISC~O0P Lisp-Fuynction
Returns &the element of sequence specified by index,
which must be a positive FIXMNUM or the ARGTYP error
is signalled. Dequense may he a one—dimensionatl
array f(vector) or a ligt,

COMMON-LISP~LIBTP object £2431 MISCOF Lisp~Function
The Commen Lisp versiorn of LIGTP. Returms T if
object is NIL or a cons, otherwise returns NIL.
LISTP returng MIL if shject i1s NIL.

COMPLEX-CALL calliinfo, Ffunction L1001 AUX-OP
Calls the function Punction with the supplied
call-info word. If there are arguments for
#unction then $hey are already on the stack
The csomplex call instructions basically enable
the manipulation of the call-info werd,

Thus: they are used mainily %o achieve Lexpr
rails without providing the self-mspping table
{there is another macro—instruction for Lexpr
calls with self-mapping tables:

LEXPR-FUNCALL ~WITH-MAPP ING-TANLE). and Multiple
value return calls. Sews the section on funchian
cailing ¥for more informatian.

COMPLEX-CALL-TOw% callinfo., function E10G0-103]7  AUX-0PR
The four forms of COMPLEX-CALL.
Lalls the funetion fFunction with the supplied
call~info werd, I# there are arguments for
funetion thepn they are already an the stack.
# may be IKDS, PUSH. RETURN: or TAIL-RED,
See the seckion on calling Ffor informakion
about the four call destinations.

COMPLEXP  ebiect {2601 MISC-OP Lisp~Function

Returns T if object is a complax number,
stherwise returns MNIL
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CONS  car: odr t4:2] MISC-OP Lisp~Eunctid
Constructs a list cell {cons) that has z CAR
of car and a COR of cdr. The storage is allocated
in the defapit consing area specified by the
variable BEFAULT-CONS-AREA,

CONB-IN-AREA car, cdr, area [4133 MISC-DPF Lisp-Funmetit
Exactly Tike C0ONS except the storage is allocated
in the argument area. Signals the ARZTYP error
i+ area is not a FILYNUM or a symbel with a FIXKUM
in its velue tell.

COMNSP-OR-FOR  ohyect L3043 MIBL~0OF

CORY-ARAAY-CONTENTE  from, to L3421 MISL-OP Lisp~Funckis
Copy all the elemants from the array FROM
te the array TG I+ TO is longer than FROM,
T} is filled with zeros (if & numeric array’
or NILs., If either array is multidimensional,
its elements are uvsed in the order they are
stored in memory.

CORPY-ARRAY=-COMTENTS~aND-LEADER +#ram to £3433 MIBC-OF Lisp-Functis
Exactiy like COPY-ARRAY-LONTENTE excapt the leader
slots are alsc copied. —

CORY-ARRAY-RORTION from-array froem-start from—end te-array
tp-atart Lto—end
L3447 MISC-OP Lisp=-Functic

Exactly like COPY-ARRAY-CONTENYS except

from—start and from-end are indices in

from—array indicating the portion te copy.

To~start and te—end areg indices in to—artay

indicating where %5 place the elaments,

DEPOSIT-FIELD walue ppss Fixmum {5263 MISC-OP Lisp-Fumgstitc
Heturns a number whichk in the byte ppss matches
valve and the Test matehes fixnum  ppos s &
field speciftier as in LEB

LIsSFATCOH index base—-disphabie {723 MAIN-OP
Allows a multimsy transfer of consral.
The address figld is an immediate valup used
as a4 9~bit offset from the beginning of the FEF:
thigs is the bepinning of a table of FL valuyes
The takle entry at the offsed specified by the
index argument bhecomas the new progtam Lounter
valus,

DPR wvalue ppss num {5243 MISC-0P Lisp-Funetic

The inverse g DR The low srder ss bikts of
value replace the field of the same size in num
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Maver changes %the sign of the quantity DPBE’ed ints.

it pp is sbove the current size of num the guantity

i% sign extended until 1%t is long ensugh to accommodate
the DPE Returns either a FIXNUM or a BIGNUM.

YVoelue and ppss must he FIXMNUMS and ppss specify a field
less than 25 Hits. MNum must be FIXNUM ov a BIGNUM

ENDR  abgect La253%1 MISBC~DP Ligp~Functic
Returns T 3¢ pbyect is NIL.  Heturns NIL if object

is a cens {(OVP-LIST). Oiherwise. signaels the ARQTYR
arror.

E3 x, basewy F232 MaAIN-DOP lLisp~Functio
EQ x, y ES?41 MIBC-OP

Aaturns T if x and base-y are the exact same Lisp

ob ject, otherwise returns NIL.

ES4-TMMED x. immed-—y £33 IMMEDIAYTE
Exavtly Iike EG srxcept immedwy is taken frem the
instruction itself

EG-T object (2613 MIGC-OP
Returns T if obypct is the Lisp obiect T.
stherwise returns MIL.

EQL 2. base-y {241 MAIN-DP Ligp-Functic

EGL . oy L9731 MIBC-BP Lisp~Fumctic
See the Explorer Lisp Referengs manual.

EGUAL x., hase-y 283 HMAIN-DOP Lisp—Fynctin

EGUal. x, y £5622 MIBC-OF

Returns T if 1 and base—y are EG I# x and hase-y

are numbers then they sre esguail 1# they have the same
valuve and type. Two fonses are esgual 3£ the {ARs are
equal and their CDRs are egusl. Twe strings are squal
if they have the same length., and the characters
coamposing them are the same. All sther objects are
gequal if and only if they are EG

EGUALF k. Hase-y {263 MAIN-OP fisp-Functio
EQUALF  x, g [5751 MISC-OP
See the Explorsr Lisp Refgrence manual.

EXCHANGE £101 AUX-CR
Swaps the tep two items on the stack.
Accepts and returne ne valwves.

EXPT base. wiponent (5361 MIGC~0F Lisp-Functio
Refurns base raised to the pouer sxponent.

FBOUNDP  symbol E2371 MISC-OP lisp
Returns T if the function cell of symboal does not
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contain the unbound marker, otherwise rebturn NEIL.
Bymbol must be a symboel or the ARGTYP error is
gignalled

FINDFOSTITION-IN-LIST elemeni, Iist £6163 MIBSC~DPF Lisp-Fumction
Returns the numeric index in list at which element
is found (uses EG), unlike MEMG which may return
the rest of list bheginning with element. Stherwise
refurns NIL. The index returned is zeroc—based.
List must he 2 list or the ARGTYP error is signailed

ZLC.FIX  number £51GY MISC-0OP Lisp-Function
See the Explorer lLisp Reference manual.

FIXMUME base—ob jeet E343 MAIN-OP Lisg-Function

ob ject LoCEY HMIBC~OF Lisp-Functiaon

Returns T if object is a FIXNUM, otherwise return NIL.

FIXP 2 E5613 MISC-~OF
Returne T if x is an integer. otherwise refurns
MIL disregarding the datatype of r.

FLOAT-EXPONENT flonum {53163 MIBC-F Lisp-Function
Retyrns the expenent of fionum as a FIXNUM

FLOAT-FRACTION #ionum [%:7] MIBC-OP lisp~Function
Returns Flonum modified te contain O as its exponent.
The Tesuvld is either zers or has absolute value at
leagt /2 and lese Than gne.

FLOATF x ES230) MISC-OF Lisp—Function
Returns 7 if 2 is & flsating point number,
otherwise returng, MNIL.

LOOR~3 dividend, divisor 8903 mMisc-op
Returns dividend divided by diviser, rounded down.

FLODOR-2 dividend, divisor {3811 MISC-OP
Retyrns dividend divided by divisor, rounded down.
and the remainder. Therefore, this instruction
returns 2 values

FUNCTION-CELL-LOCATION symbol L6331 MISC-0OF Lisp-Functioen
Returns & locative to symbol’s function call.
Symiol must be & symbol or the ARGTYP errar is
signalied.

LD numi nuel £5431 MISC-0OP
Returns the GLD (Sreatest Common Divisor) of numi
and nums, Therafore, numi or noum? will be veturned.
Both arguments must be numbers or the ARSTYP error is
signalled.
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G-=l.—-F array [453) MISL-OF Lisp-Function
Returns & list with the contents of array.
Array must Bas an array of $type ART-G-LIST or the
ARGTYP error is gigrnalied.

GET-LEXICAL-VALUE-CELL env-1ict, symboli-gell-locatian
£782% MISC-0P Lisp~Function

GET~LOCATION-DR~NIL symbol property L72F MISC-0P Lisp-Function
Refurns & locative to the plist lacation containing
the value of property. Symbol canm be a sgmbol.
instance, or disembodied property Iist. IF
preperty is not found, ratuens NIL.

GETL symboel indicator—Iist C7i]l MISC-OF Lisp-Function
Find any sf the properties in indicater~list, on
symbol. UWhichever of those properities accurs first
in the proeperty list is vsed. The value is a painter
te the cell in the properiy list that points te the
indicatsr. The CARR of the value is the property’s
value,

HALT £3) ALY ~0H
Haits the processor. This is used by hardware
debugging to possibly evaluvate the state of the
machineg. This skovld not normally ke used to
shutdawn the sysbtem rather UCRABH should be used.

HAULONG integer L5351 MISC~0OP Lisp—Functien
Returns the number of bits in integer as a FIXNUM
For exampile, the size of #0777 is nine. Integer
may be either a FIXNUM or a BISNUM.

INT-CHAR fiztnum L703] HMISC-0GP Lisp~Function
Returns a character whose value corresponds to
fisnum,

INTEGERP bage-—ubject E383 MAIN-OP Lisp-Function

Retuyrns T i+ base—object is an integer, otherwise
returns NIL for other numbers and non-numbers.

INTERNAL~CHAR-EQUAL. £hl ch2 LR3R1 MISC-OP
Compares tuwo characters that sre gither FIXNUMs or
DTP-CHARACTER objecis, I+ the character cades
are gzual ther T is returned. Htherwise, if
ALPHARETIC-CASE-AFFECTE-8TRING-COMPARISON is naen-NIL.
NIl is returned. If the characters are different and
case doesn’t matier, T is returned if one is the
aiphabetic vppercase of the other, otherwise MIL is
returtied. (NOTE: notice how those macrs—instrustions
itk the prefix INTERNAL~ are not defined with the
tisp-Function lavel.)
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INTERNAL -FLOAT number [5i2] M™MISL-OP
Apturns number 1P number is alrveady a #fleating—pmint,
Dthetwise, number is converted to a single~float number
and returned. This is like ZILC: FLOAT.

INTERNAL-GET-2 symbol property . L7033 mMISC-gF
Returns symbol’s property properdy, atherwise NIL is
returned, Raturns NIL if symbol doee not have a
propetiy list or is of a type that does not have
praperties. Bymbel mag be a symbel. list, lacative.
nT an instance.

INTERMAL ~FET+3 symbgl property default £733 HMISC-QOF
imilar to INTERNAL-GET-2 ewcept
returns default instead of NIL if property is mot
faund,

LABT fisth L&ii] MISC-0P Lisp~Functiom
Returns the last tons ceil of list,
Signals the ARGTYP error if list is not of
the type list

LDE ppss: num £5203 MISC-OP Lisp-Funetism
Reburns the se number of bits starting a% Bit pp.

LOH-IMMED num. immed-ppss £447 IMMEBIATE
Exactly like LIB except immed-ppss is taken divectly
Eram the imstruction oponde. Immed<{B:4> iz the T b1t
pp (position) and Immed<3:0> is the & pit ss (length},

LENGTH tist-or—array 412 MIBC-0F Lisp-Functior
Returns the pumber of elements in list-ar-arvaey if
list~or-~array is a list. Returns the array active
iength if list—gr~array is am array. The array’s
active length is the value of its filli-pointer if
it exists or the numbsr of elements in the array.

LENGTH-GREATERP list-or-array wvalue E23131 MISC-OP Lispg—Functioy
Tests whether list~or-array has more than the number
of eisments indicated by value without using LEMBTH.
and thus without going any farther down the list then
necessary. FReturns T if the number of elements is
greater than value, otherwise returns Mli.

LEX ICAL —UNGHARLE L7861 MAIN-GP
LEXICAL-UNSHARE-ALL [at] AUX~OP
Sag the Closures section,

LEXPR-FUNCGALL-~WITH-MAPPING~TABLE arglist, mapping—table. f#n
{1141 ALEA TP
Laxpr-funcalls the function #n with the supplied
mapping—table and one argument. arglisd
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See the section on function ralling for more information
eoncerning Lexpr-funcalls.

LEYPR-FUNCALL~WT TH-MARP TN~ TABLE-TE}-#
arglist mapping~table #n [1i14-31732 AUX-GP
The four forms of LEXPR-FUNCALL-WITH-MAFRRING-TALLE,
# may e IMDE., PUSH., RETURAN, or TAIL-REC, respectively.
LEXPR~FUNCALL W TH-~MAPP ING-TABLE~TO-INDS is the
same as LEXPR-FUNCALL ~WITH-MAPPING-TABLE.

LIST &AEST elements £103 UCOBE ENTRY
See the * L3 it ETMCE® manual.
LIST# first, LAEST elements {113 UCODE ENTRY

See the Explorer Lisp Reference manual.
LIST#~IN—AREA area first LREST elemends {3131 UCODE ENTRY

See the Egplorer Lisp Refersnca manval.
LIST-IN~AREA area, LREST elements (10} UCODE ENTRY

See the Egplorer Lisp Refersnce manual.
LISTE x £3R: MAIN-OP Lisp~Functio
LISTP «x £37463 MISC-OP

Returns T if x is a list or NIL, otherwissa
returns NIL. Note that this is the Common Lisp
LISTP.

LOAD-FROM~MIQHER-CONTEXT contex~dese £72061 pMisc-op
LOCATE-IN-MIGHER—CONTEXT rontex~desc {7211 mMisc-pp
Bee Closyres section.

LOCATE-IN~INETANCE imstance., symbol L7101 MISC-OP ifisp-Fumcgtio
Returns 3 locative to the instance variable
symbol of imstance.

LOCATE-LEXICAL-ENVIRONMENY enve-rum £E771  MAIN-CF
See Closures section

LG ~BR L1763 alX-0op
Uncendiftional macrocode byanch. Ingstead gf a signed

relative displacement like shori-branches. the
second halfword of the instructism contains the
new PC offset relative to the start of the FEF
{as opposed to vrelative #rom the current instructiond.

LONG~BR -« L160-1735] ALY ~0P
Lenditional macrocode branch, See LONG-BR for
new PC generation scheme. % may be NULL~ELSE-POR,
NOT-NULL-ELBE-POP, NULL, NOT-NULL, ATOM. NOT-ATOM,
ZERUP. NOT-IERQP. SYMBOLP, NOT-SYMOBDLP, NULi-~LIKELY
er NOT-NULL-~LIKELY.
Gee section on short branches for & description
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of the different conditions

LONG-PUSH.W L1771 ALX-OF
tUnconditienal subrouvtine call. The destination of
the tall is ecomputed like in LONG-BR. The macrocode
subroutine will return PORJ.

L5 n, nbits ERR0Y MIBC~DP Lisp—Funtction
Return n logically shifted {(zero #3111} by nhits.
The sign of nbits coentrels the direction of the shift.
If nbits is negative. the shift is to the vright.
n and nhbits must beth be FIXNUMs or the ARGTYP evror
is signalled

MAKE-EPHEMERAL-LEXICAL-CLUOSURE  envdesc, fenction
E7243 MISC-OF
MAKRE-LEXICAL-CLOBURE envdesc. Ffunction L7232 MISC-OF
Sap Closures saction

MASK~FTIELD ppss. fiznum £5223 ®MISC-0F Lisp-Function
Returns Fisnum with all but the ppss bByte rveplaced
with zergs.

MEMQ x., list E613F MISC-OP Lisp-Function
Returns the sublist of list beginning with the first
gccurrente af x {using EQ), otherwige wreturn MIL.

MINUS number (5i41 MISC-DP Lisp-Function
Returns the negetive of number Number must be
of tyge number of the ARGTYP errvor is signalled.

MINUSPF base—x E377 HAIN-OP Lisp~Funetian
MINUSE numbar L5673 MIBC-OP

Heturns T if baserx is negative {strictly less than

zero}; otherwise returns NIL.  The ARGTYF atror is

signalled if nuymber is not of type Mumber,

MOVEM bhase—]loc C141) MAIN-(IP
Copies the value at the top of stack Lo base—loc.
Duoes not pop the top of stack nor does it return
a value.

NAMED-STRUCTURE-P cbject E&Q3T MISC-0F Lisp-Function
Returns the symbol name 5f object i it is & named-
structure array. otherwise return KWIL., See the section
on internal storage for a description of named—stiructures
and the lecation of their name. This instruction
will alsg reburn NIL if the name of object is not
a symbol sr a tlosvure.

NOONE  car £450]1 MIBL-OP lLisp~Functiaon

Constructs a cons {list ceild that has a CAR of car
and a CBHR of NIL. The storage is allpcated in the
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aTea specified by the variable DEFAULT-CCNE-AREA,

NCONS- I N~AREA Car. area £4113 ™MISC~OP Lisp-Funciion
Exactly lide NCONS except the sicrage is allotated
in area. ares must be a FIXNUM or a symbel that
avaluates to 4 FIXNUM oy the ARGTYP error is
sigralled.

NLISTE  x EZA%Y MISC-OP Lisp-Fuyncition
Returns T i# 1 is an atom: otherwise refuens NIL,
This instructise will veturn HIL for MIL.

NOGT  » FE53F MISC-OP Lisp-~Funciion
Returns T if x iz NIL, otberwise returns NIL.

NOT-INDICATORS £773 MIBC-QP
Returns T if and only if the indicaters are null,
otherwise vreturns NIL.

NSYMEDOLP  x [23&63 MISC-OF Lisp-Functian
Returns T if x ig not a symbol: otherwise returns MIL.

NTH n, list [4:4] MISC-OF Lisp—Funetion
Returng the nth element of list (O-origind.

MNTHCDR e list [&4t5] MISC-OR Lisp=Funclion
Heturns list with the first n elements discarded.
This is the eguivalent of performing the LDR »n times,

NUMBERP  x [30]1 MAIN-OF Lisp~Function
MUMBERFP X L%&5%1 #MISC-OF

Returns 7 if 2 is cf type Number, otherwise

returns NIL.

FOL-WORE n L4071 MISC-OF
Returns the value on the PDL {rvached stack! that is n
helow the current PDL-psinter. This assumes that the
gpiected word is on the PBL {cached stack) and never
fatches from memory.

PLUSFEF x {363 MAIN-TP Lisp-Function
PLUSP : Loe63 MIRC-OP

Returns T if x is posidive l(strictly greater

than zero}, otherwise returns Nil. The ARSTYFP error

i5 signalled ¢ x is noi af type Number.

POP  ohyi base—loc L1803 MaIN-OP
Aemagves {pops! ob) from the top of stack teo
base«loc. Nothing is returned.

FOP M- ROM—UNDER~-NMN num-pops. num-io-keep

£133 ALY LI
WMhile keeping the Lep num-to-keep valuss on the stack,
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removes the num—pops values from ynderneath them

P —PDL -# [300-5173  AN-OF
Hemoves the top # elementz from the POL (stack cachel.
# may he from 1 to &3

POPJ  return—macropt Li4] AUX-OF
Transfer macrocontroal to retyrn-pc. retyrn-pe
is ralative ¢ the beginning of the FEF.
Thersafore, the next macre—instruction execuvibed will
be at return—pr.

PREDICATE [7&] MIBSC~GP
Returns NIL if and only if¥ the indicators are
nuil, stherwise return 1.

PROPERTY-CELL-LDCATION symbgal L&34]1 MISC-0FP Lisp~Functio
Returns a locative to sumbol’s properiy-list ceil.
if symbel is not a symbal then the ARSYTYP srror
will be signalied,

PUSH base—-obj £5031 MAIN-OP
Pyghes the value at basewph; %o the
top of stack.

PUSH~AR~1 index, hasaw-array 1671 MAIN-OP
Pushes the value at the specified
index inte the array at base-array.

PUBH~AREFT array. immed—index 147 AREF1
Retyrns the wvalue of array specified by immed-index
This is used for single~dimension array Teferences
where immed—-index is a small constant.
immed~index is an immediate value in the
instruction and the array is popped off the
stack.

PUSH-CADDRE base+~list L(5%53] MAIM-DP
fushes the CADDN of the list at base—list

PUSH-CADR base—1idt L8531 mMAIN-OP
Pushes the CABR of the list at base-list.

PLUSH-CAR base—-list £517 MAIN-4P
Fushes the AR vf the list at base~list.

PUSH-CDIME base-list [543 MAIN~DF
Fushes the ZDDR of the list at base—-list.

PUSH-ODR base~list ESel MAIN-0GF
Pushes the CDR of the list at base—list

PUSH~IDR-STORE~CAR~IF-CONE x,bagse—dest [I47] MAIN-OF
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Returns the CDR of x {popped from stack}
and stores its CAR at base-dest if x is & cons.
otherwise NIL is left in the indicaters.
This is wsed mainly to fmplement DOLISBT.

PUGH~CONS car, base—cdr (541 MAIN-OP
Pushes the cons af car and the cdr at
pase-cdr. Lar is popped #rom the stack.

PUGH~GET sym. base—ind £571 MAIN-OF
Pushes sym‘s base~ind praoperty, otherwise NIL
is returned. Returns NIL if sym does not have a

property Iist or i3 of a fype that dees not have
properties. Sym may be & symbol, lisit:, locative,
ot an instance, Thris insftruction corresponds ta
the GET function with two arguments.

PUSH-LOG base—-loc L3501 MAIN-0GF
fushes a2 locative that poinks Lo base—-ioc,

PUSH-LONG~FEF base-x L7G)  MAIN-F
Poshes what is at base—x pilus the current
FEF base address. base~x is a Y-hit offset.
The current FEF hase address is defined to be the
function osbject of the currently execubing stack
frame. The read of the object at base~x plus FEF
will be %transparted. This referagnce. therefore.
can cause a TRAME-TRAP srror to be signalled if
the word read contains an invalid object or is

unbaound.
PUSH-NEG-NUMBER {a4] MAIN-OF
FUSH-NUMEER {471 MaTN-UE

Fushes the specifisd thing onto the stack. Knowing
what the thing is means greater pfficiency hecause
these things never have to be THANGPORTed.

Theze take an immediate operand which is vsed as

a P=bi1t integer.

RATIONALP » F2543 MISC~OF iisp~Function
Returns T if x iz =2 ratic or an integaer,
ptherwise raturns NIL for all other data types,
AN erToT is never signalled

RATIOR » [Z5373 MIBC-F Ligsp—-Fumction
Returns T if x ts a ration. otherwises Teturm NIL.
An error is never signailed

RETIRN base-val L1733 MAIN-{F
Cavges the current call #frame to fold and a2
retyrn toc the previpus call frame., The wvaluye
at base—val will be ledtt on Ltop of the stack.
which is exactly where {the current {function
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executing RETURN} call frame started.

RETURN-% wvall. wall:. .... vai® CH00-&37 ] AU 0P
Cavses the curvent tall frame to fold and a
raturn $o the pravious call Fframe. *-valuses
will be left an top of the stack.
which is exactiy where the current {function
expcuting RETURN-#) call frame started.
Therefsere, this instructian moves the top
* valuas to the new top of stack., Actually ne
more values are returned than the caller is
expecting s0 the number returned may bBe iess,
* may ke fraom Q fte &3 (decimall.

RETURN-LIST list 1313 AUX-(F
Savses the curvent ctall frame to fold and a
retyrnt to the previpus call frame. Returns

the eplements of list as multiple wvalues

This instruction will return the exact number

of elements that Yhe caller expects, i.e. . if

the sumber of elemends in list is less than

the numbar the caller evpected tg be returned.
then NIis are used %o pad. Conversely, the caller
never receives more values than it it expecting.

RETURN-N wall waid ... walnumvals numvals
L1201 ALY =0R
Exactly like RETURN-#% pxcept the number of values
ta return is sperified with numvals, Again., the
calier will never receive mere values than it is

expecting so the number returned may be less
than numvale.

RETURN~NIL \ L1333 ALY P
Causes the current cail frame to $ald and a
raturn to the previous call frame. The value
MIL will be left on %op of the stack.
which is exactly where the current {function
arecuiting RETURN-NIL) call frame started

RETURN--NOT-INDE L137) A i X -0P
Cavzes the current cali frame to fold and a
return to the previous call frame, The valuve
ieft on tep of the stack. which i exactliy
whare $he turrent {(Funciien sxecuting
RETURN-NOT-INDS! cail frame started will be
T i# the NIL indicater is not set.

Otherwise NIL is returned.

RETURN-PRED L1343 AUK-0P
Exactiy like RETURN-NOT-INDS except returns

T i# the NIL indicator is set. otherwise returns
MiL.,
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RETURN-T [ia3d AUX-P

Causes *he current call frame to fold and a
return to the previcus calil frame. The valuse
T will be leaft on top of the stack.

which is sxactiy where the current {function
executing RETURN~T) call frame staried.

ROT n: nbits [332] MIigC-OF Liﬁp—Functinn
Returns » Totated By nbits, The direction of
ratation is contrelled by the sign of nbits,
I# nbits is positive then a left shifi is performed.
ptherwise a right shift is performed, n is
treated as & 25-bit nvmber and n and nbits
must Boath be FIXNUMs,
ROUND-~1 dividend, divisar L5531 MISC-0OP
Retyrns dividend divided by divizor, rounded
tw the nearest integer. The remainder is not
yretyurned,
ROUND-2 dividend:, divisor £9573 ™ISC-DP
Returns dividend divided by divisor, rounded
+a the nearest integer and the remainder.
RPLALA cons. newcar L3003 MISCHP Lisg-Funciion
Returns rons with 1ts CAR replaced with newcar.
cans must he a liet ar & locative or the ARGTYP
erroy is signallied.
RRELALD cons. newcdr 3013 MIBC-OP Lisg—Function
Heturns cons with its CDR raplated with newcdr.
cans must be a list or the ARGTYP error is signailed,
SCALE-FLOAT flonum. intég&r (5481 MISC-OP Lisp-Function
Returnz flonum wiith integer added o 1ts expanent.
SELECT x. selectq—tablse LF11 MAIN-OP

tgpd to implement multi-way branches based on value of x.
HBranches arve defined by selectg-tabie which has the
format shown below It is 8 cdr—coded list of ob ects
ar EVCPs %o ochtects {(cdr coding must he correctl,

FIX : Qffset to '
Dispatch Table!l
<itemd '

-t

ist czompare value, CHR-NEXT

o Litem> | Last cvompare valuve, CDR-NIL
FIX : Max item num { Cmoeme Dispatch $able only
FIX . Else PC H ¢rom here douwn
FIX @ PO pf item O {
FIX : BL of item i i

wak Hh MW W e
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FIXK : PL of item 2

! FIX  PLC of item n
+ - - +

SET symbal, value [3103 MISC~OF ilisp~Functiom
Sets the value ceil of symbol to0 value. Signaly
the ARGIYR error if symbol is not a symbol or is
NI (since it is iliegal to set NIL).

SET-YINSTANCE-REF instance, index. wvalue
[3%47 MISC-0F
sets the slet at index ints the instance data
structure to value,

SET-AR-1 array. subscript. wvalue [3311 MIBC~OP Lisp-Fungtiaor
Sets the element of the one~dimsnsional array array
specified By subscript to value  Array must be s
pne—dimensianal array and subscripgt must ke a FIXNUM
i1# index is less than zero or greater than the Iargest
indey permissible then a BURBCRIFT-DOB error ig signalled.

I+ arvray is nat one-dimensional then
ARRAY-NUMBER-DIMENSIONS is signalled.

BET-AR~~FORCE array, subscript, wvaluve
[3251 MISC-OF Lisp-Functior
Sets the element of %the array arvag specitied by
subgseript te value, Array is treated (forced) as &
ene—dimensional array: i e, it is indexed with a
single subscript regardiess af its actual rank

SET-AR—-2 array, subscripii, subscript2, value
(3327 MISC-0OPF Lisp-Functias
Exactly Iike SET-AR-} except array must be
dwo—dimensional,

SET-AR-3 array subscripti subseript? subscriptld value
fA34 MISC-OP Lisp~Fungtior
Exactly like SET-AR-1 except array must be
threse—dimencional.

CET-aREF  array. LREST subseriptes-and-values UCODE ENMTRY

EET~-ARRAY~LEADER array index wvalue E33CT MISC-GP Lisp—Functior
#ets the array leader element of array specified
by index Lo wvalue, If array 1s not an array an
ARGTYP error is signalied. [I# array does not%
have 2 leader the ARRAY-HAS-NO-LEADER error is
signallied. If index is not a FIXNUM the ARGTYP
error is signalled. Finally, if index is greater
than ov egual to the length of the leader the
SUBBCRIPT-L0E erreor is signalled.
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GET-NTL. bass-~lsce L1553 MAIN-OP
Sets the value 2t bhase-loc to NIL.

SET-T base~foc 1561 MaAIN-OF
Sets the vaiuve at base-loc o T.

SET-ZER{] basse~igoc _ L1571 MAIN-OF
Sets the value at bada—-Igc tog a FIXNUM zevo.

BETCAR cons: newcar [3023 ™MISC-OP Lisp-Functic
Repiaces the AR of cons with newcar and returns newcar.
Compare with RPLACA which returns & different valus.

SETLDR  cons: newcdr E3033 MIBC~0OP Lisp~Functian
Repiares the CDR of cons with newecdr and returns newedr.
Compare with RPLALD whieh returns & different valus.

SETE~1+ base-laoc F1442 MAIN-OP
Increments the contents at bhase—loc and stures the result
back abt base~loe. This 1% called a read-modify-wrise
instruction. The contents at base~loc must be
gf the numeric type or an ARGTYP error is sipnallied.

BETRE~i- base-loc [145]1 MAIN-GF
Exactly like BETE-~1l~ excopt the contents at bass—Iprc
is decremented.

SETE-CDDR  base-loc ) L1433 MAIN-QP
Repiaces base~iec with the CDDR of Hase~ler. This
it called a read-modify—write instruction. (setq

£rob {cddr frobh)) tvanslates to this instruction.
The coentents at base-lve and its DR must he of the
tizt type oT the ARGTYP error is signalled.

SETE~CDR hase—lac £1423 MAIN-OF
Repiaces base~loc with the CDR of hase-lor. This
is called a read-modify~write instruction i{sety

frok {cdr frobl)}! ftranslates to this instryction.
The rontents &% base~loc must be of the Jlist
type ar the ARGTYP srror i3 sigralied.

SETELT sequence, index. value {3071 MIBC-OP Lisp-Functio
Sets the element af sequence at index to value. This
corresponds %z SETF an ELT.

SHA INA--PDL-SAVE-TOP n+siots wvalue—to—move
[41]1 MISC-{p
Pops n-sicts (after pepping the 2 arguments above)
from the PRI. and moves value—to-move to the
new top of the stack,

SIMPLE-ARRAY-F ob ject (2461 MISC-OP Lisp~Functic
Returns T if gbgect i3 a simple array, otherwise
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returns MIL., A simple array is an array that does
net have a fill-pointer and is not displaced ar
indirect. Thig is a Common Lispg instruction.

SIMPLE-8IT-VRELCTOR-F obgect (25311 ™MISC-DP Lisp~Function
Returns T if objest is a simple hit vectar: otherwise
returns NIL. A simple bhit vector is a one—dimensional
array of array btype ART-IR with no $illi-pointer that
it alse not disgplaced or indirmct.
FThis is & Commoen Lisp insdruction,

SIMME-BSTRING-F object L2471 ™MISC-OP Lisp~Function
Returns T if ghject is a simple string, otherwise
returns NIL. A simple siring is a3 one—dimensional
array of array tupe ART-BETRING aor ART-FAT-STRING
with no #ill-peinter that is also not displaced
gr indirect. This is a Commen Lisp instruction.

SIMPLE-VECTOR~F object [245%] MISC-OF Lisp~Function
Returns T if object is a simple vector, otherwise
returns NIL,. A simple wector 15 & ghne-dimensional
numeric array with no #ili-peinter that is also not
displaced or indirect. This is a Common Lisp instruction.

EMALIL~FLOAT number CH13] MIBC-OP Lisp-Funciion
Lonverts number tg & short €loat

SMALL~FLOATPR object LRS3] MISL~OP Lisp—Function
Returns T if pb)ect is o type SHORT~FLOAT (smaii-float).
otherwise refturns NIL. {Emalli-finat is Zetalisp
terminoiogy, while short—Fflsat is the Common Lisp
type name. )

SFECIAL-PDL~INDEX L4051 MIBO-OF Lisp-Functien
Haturns & 1ncah1ve gointing to the last slot of tha
current special PDL that was hound.

STACK-GROUP-RESUME =g, «x £473 MISC~OP Lisp~Function
Resumaes the stack group sg with the argument x.
See the stack groups section.

ETACK-GROUP-RETURN x {461 MIGE-0OP Lisp-Function
RAesume the sfeck group which invoked the current
stack group with the argument «x. The resumed

stack group’s resumaT does nat change.

BTORE-ARRAY-LEADER wvalue array index [3203 MISC-OP Lisp—Function
Gets the array lzader elemant of array specified
by index to value. If array is net an array. an
ARGTYP erreor is signalled. If array does mot have
a leader the ARRAY-HAS-MNO-LEADER errar it signalled.
If index is not a FIANUM, the ARQGTYE error is
signalled. Finally, if index is greater than or
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egual te the iength of the leader, the SUBSCRIPT-OOB
error is sigrailed.

STURE- IN~HIGHER-CONTEXT wvalue contexi~desc
301 ALY -0F
Used for storing inte lexigal variables in a higher
lexical context

STRINGF base~y £333 MAIN-DOP Lisp~Functien
X (6013 MISC-OP Lisp—Function
The STRINGP MAIN-OF sets the indicatuers if base—x
is & one-dimensional array of array~iype ART-BTRING
ar ART=-FAT~STRING. The STRINGF MISC-OP returns T
it x is a one—dimensional array of array~type
ART-STRING or ART-FAT-STRING, ctherwise return RIL.

SYMEEE -FUNCTION symbol L6271 MISC-OP Lisg~Funciion
This is exactly like FSYMEVAL {(same MISC-OF number. alss}l.
the difference is that the funciignality is kmown
in the Lisp warld vnder this name.

SYMBOL —NAME  symbol [433]1 MISC-GF Lisp~Function
Returns the print name &f symbol (an array pointeri.
Symbel must be a symbol or the ARGTYP errov is
signalled. Thisz was cailed SET-PNAME in Zetalisp.

SYMELL -PACKAGE symbol L6353 MISCDP Lisp-Functisn
Returns the package object aof symbsel. Symbol
must be & symbol or the ARGTYP errer is signaliled.

SYMBOL~VALUE symbgl [643467 MISBC-OF Lisp-Fonciion
Heturns the current value of symhoil.
Symbol muet be a symbal or the ARGYYP error is
signailed. T#f symbol is unbound then the
TRANS~THRAR error is signalled. This wass called
SYMEVAL in Zetalisp.

SYMBOLF X L5771 MISC-OF Ligp~Functicm
Raturng T if 2 is 2 symbol, otherwise NIL
is returned.

TEST base-nb; Li0] MAIN-OGP
Sets the indicators bassd on the conkents of base-ob).

TEST-AREFI (N | AREFL
Sets the indicators based gn the tontents of an
immediaste array element reference

TEST-CAAR tbase—list £133 MAIM-OP

Septs the inditators based on the contents of the
CAAR of base~list.
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TEET-CADR haszse~list {131 MAIN-OP
Sets Lthe indicaters based on the contents of the
CADR of hase-list.

TEST-CAR  base-list 113 MAIN-OF
Sets the indicatsrs hased on the contents of the
CAR of base-list.

TEST-CDOR Hase-list £id4] MAIN-OGP
Sety the indicators based on the contents of the
CDDR of base—iist

TEST-COR base-list ti2] MAIN-QP
Sots the indicaters basad on the contenits af the
CDR of base-list.

TEST-MEMG x: hase-list £143 MAIN-DP
Gets the indicatars based an either the sublist of
pase—list beginning with the first octurrence af x
(using EQ@), if found, or NIL.

TIME~-IN-4QTHE [34727 MHMISL-GF Lisp—-Functio
Used internally to implement TIME when called
with ng arguments,

TRUMCATE-: dividend, divisgr L%%2] MIGL-OP
Keturns dividend divided by divisor, rounded down to
rery {truncated). The temainder is not returned.

TRUNCATE~E2 dividend, divisor IS4 MISC-OF
Reptyrns dividend divided By diviser: rounded down to
zero itruncated) and the remainder.

TYPEP-STRUCTURE~OR-FLAVIIR object. type [2B2]1 MIBC~0OP Lisp-Functio
Used for TYPEP when the Compiler knows that the type
being tested for is a flavoer or named structure.

UNB IND~+ £400-4171] ALD-EP
Unde # bindings on fhe special PDL {binding stack).
# may be from I to &3

UNBIND-TO~INDEX special-pdi-index P17 AUR-~GF
Undo bindings on the special PDL {binding stack!
until the specizl PDL pointer is less than or equal
te special-pdl=index.

UNE InND-TO-INBEX-MOVE L404] MIBC~GP
specigl~pgili~index. value—-tp-move
Eractiy like UNBIND-TO~INDEX: except value-~to-move
is returned,

VaALUE-CELE ~LOCATION symbol (482 MISC~DP lLisp-Functio
Returns & locative to the internal value cvell of
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sgmbol. Symbol must be 2 symbol or the ARGTYP
grror is signaliled. HNote that this instruction
will returns & pointer to the exact contents of
the vaive rell and will neot follow forwarding
painters,

. VECTOR-PLIEH new-element. vector I5411 MISC-0F Lisp-Functim
Returns the new fill-pointer for wvector after
pushing new-element, otherwise reburns NIL if
vector is full. Yector must have a leatier or
thae ARRAY-HAS-NO~LEADER error is signalled.
The fill-pointer of vector {leader elemant &)
must he & FIXNUM or the FILL-POINTER~NOT-FIXNUM
grvor is signalled.  This instruction does not
vheck that vecter is & true wvecter,
This is a Common Lisp instruction,

VYECTORF oh ject (2343 MIBL-0P Lisp-Functis
Returns T if object is a wvecter, otherwisse
returns NIL. A vecior 1s @& one~dimensional array.
tThis is a Common Lisp instruciien.

ZERDP number {5801 MISC-DPF Lisp—Functio
Returns T if number is egual €o the zeroc of its type,
ptherwise returns NIL. Number must be of type Number
{numeric) or the ARGTYF error is signalled.

LADD-INTERRWFT devite~desc, level EEL1F MISC-OP
Instalis an interrupt for the device described by
the array device—desc at the level level. The
device encoded within device—desc must have a
micracode interrupt hanmdlier €or ikL or an errar
is signalled. This instruction doss not perform
any device inttialitations.

YALLICATE ~-AND-INITIALIZE data-type header~ftype header
setand-word area %$iza
{4151 MIBSC-OP Lisp~Functio

This is the suhprimitive for creating most
structured—type objects Ares is the area in
which it is to be created. as a FIYNUM or a
symbol. Size is the number of words to be
aliocated. The valuer returned points to
the first word allogated and is of type
data~type. The weords allocated are initialized
with interrupts disallowed so that storage
conventions are preserved at sll times. The
first word: the header, i3 initialized io have
header~type in its data~type Field and header
in its pointer field., The sescond word is
initialized %o second-werd. The remaining words
are initielized %o NIL. The cdr—codes of 211 werds
prxcept the last are set to cdr—mext: the cdr-code
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pf the last woerd is set to cdr-nil. HNoite that
programs shaeuld not rely on the cdr-code field
of non~cons c¢ells beinp in a known siatse.

UALLDOATE-AND-INITIALIZE~ARRAY header index—length
leader—length arsa ngs
Fr4161 M™MIBL-0OP Ligp-Funeikion
This is the subprimitive for creating srraygs,
called only by make~array. It ig different
trom Falliocate—and—initialize bLecause arrays
have a more complicated header struckure.

AALLOCATE-AND=-INITIALIZE~INSTANCE header. area. ngs
L4201 MISLC~OF Lisp~Function
Atlepcates storage for an instance: seds header
type to DTP-Instance—Header and sets dats bype
to DTP-Instance, Fills alliocated space with NIL
and places headsr in word 4.

AAREA-NUMBER x ES5D03 MISC-OF Lisp—Function
Returns the area number of the area the pointer
x points imis, or NIL.

LASSURE~-PDL—ROOM room Li2d AUX-DP Lisp-Function
this instryction will trap if there are not reoom
wiore words availablie in this Functisn frame,

“BLT froem—address, toe—address, count:. increment
[3441 MIBC-OF Lisp-Function
Gopy a biock gf virtual memory, a werd at a time,
with no decoding, for unbyped data. Use XILT-TYPED
for words which contain Lisp data ftypes. The first
word is copied from from-address to fto-address.
Increment iz added %o sach sddress and then another
word is copied till count is exhausted.

AELT-FROM-PHYSILAL  sourceaddress destination—-address.
number—gf-wards increment
(284l MISC-GP Lisp~Function
Copy 2 Bleck of physical memory from source—address
te unboxed virtual memory starting et destination
atdress. Not decoded: uvse on untyped data only.

UBLT-TO-PHYSICAL source-address destination-address
number—-of-words increment
2231 MISC-OF Lisp-Funciion
Copy a hiock of physical memory from wnboxed
virtual memory starting at spource—-address to
physical memory beginning at destination-address.
Not deroded; wse an wuniyped data onily.

ABLT-TYPED E347] MISC-OF Lisp—Function

Copy a block af wirtusl memory, & weord at a time,
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The first word is copied from from—address to
to—address, Increment is added to each address
and then another word is copied %ill count is
exhavsted. Each word copied is transporied snd
pach word written is checked throwgh the the Write
Barrier. Reiturns NIL.

ZOHANGE -PAGE-STATUS virt-addr swap-status access—and-meta
3603 MISC-0GF Lisp-Function
Changes the page status bits of the page centaining
virt-addr, if it is paged in, fo swap-status and
gecass-and-meta, If pither swap—-status or
access—and—-meta are NIL then that parameter
iz not gset. Returns T if the page was fouynd in
the page hash table (it was swapped in) ar NIL if
it was not found {it was not swapped in}. This
does no erroT checking.

SLLOSE~CATCH {1347 ALY ~OP
Close a cateh,

HCL OB -CATOH-UNWIND-PFROTECT ) £1353 AR -
Clese cateh but ieave info for
Yunwing-proteckt~continue,

UCOMPUTE-PAGE~HASH addr Fa753 MISC-0F Lisp-Function
Compuites the page hash table index that corresponds
0 addr and returns it as a FIXNUM

HCRAGH code. object, pswus—-up—p £33 AUN-OF Lisg~Function
Causes machine %o crash {(like ILLOP) indicating
crash reascn a% software with code remembered as
the rrash code. Object is also remembered #for
crash analysis, I# paws—up-p§ is nagt MIL then will
display paws-—up as (LLOP does. I+ paws—up-p
is NIL them it is presumed that the czlled has
indicated the lossage to the user, RLCRABH is net
restartsble, buf you may he able %o warm-boot ocut of it

HCREATE-PHYBICAL~PAGE pfn [1401 AUX-0F Lisp~Function
Adds the physical page specified by pfn to the
gosl of available page frames. Hee section on
Paging and Bisk Mansgement for more details.

XDATA-FYPE  « 143071 MIBC-OP Lisp-Function
Returns the data ftype of x as 2 FIXNUM., Its
value will bhe less than J2

WRELETE~PHYSICAL-PAGE  pfn (3623 MISLC-OP Lisp~Function
Deietes the phusical page specified by pfn from
the page Frame pool. Returns T 1¢f successful,
gctherwise NIL. See section on Paging and Disk
Management for move details.
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LBISK~-RESTORE Li34] AUN-OP Lisg-Functio
partition~high~ié~bits low-l&-bits physical-unit
Restoregs the load partiticon whose name is formed by
cencatsnating the first twe arguments to form a 32-hbit
number (4 characters). IFf the number is zeve then
the default band is restored from the default unit, olse
the named pariition iz vestered From physical-unit,

ADIV dividend., diviseor [544) MISC-0P Lisp-Funciio
Returns the retional number generated by
dividing diwvidend by diviger

YhRaAM-CHAR  font-array char—-code x-bitpos y—-bitpses
alu—Ffunction sheet
t0] MOBULE(YTY)
Drawa the characier char-code gf Ffont fFont-array on
sheet uvsing alu—funchion., alu-function is typically
TV AL U-IDR, TV AlLU-aNDCA, or TV ALU-XOR. r—titpos and
y-bitprs are bthe position in sheet for the wpper left
rornar of the character to be drawn.

HDRAW-FILLED-RASTER-LINE x1 22 4 left—-edge top—edge right—edge
bottpm—edge alu draw—-last-point fill~color destination
051 mOBULELTV)

VORAW-FILLED~TRIANGLE x1 gyl 22 ¢ x3 43 lefit-edge top-edge
right—edge bottom-adge aly draw-third-edge
draw-secpnd~pdge draw-first-sdge Fill-gelor destination

P41 MODULE(TV)

HDRAW-LINE 20 yf r y aly draw—gnd-peint sheet
L2131 MODULE(TW
Droaws a straight iine feamm (2B 4D} fo (2,4} on sheet
weing alu as the ALY function. alu is typicaily
TV &L U=-TOR, TV ALU-ANDCA, or TV ALU-XOR.

LORAW-RECTANGLE width height x~bitpos y~bhitpos alu-Ffunction sheef
011 MODULEITV)
Braws & solid rectamngle on sheet ysing alu~funciien.
alu is typically TV: aLU-I0R. TV: ALU-ANDCA., or
TV ALU—XOR, Height and width are the size of the
rectangle, and x-pitpas and y~hkitpos are the Iocation
ot the upper left corner,

AEXTERNAL -VALUE-CELL  symbel L6371 MIBC-OF Lisp~Functim
Getyrns a locative te whatever the value cell o#f
symbol points to. I# symboil is closure bound, this

will be a locative Lo the external valwe call, Does
not check that the internal value cell containes an
externsl wvalue cell pointer

WEEIND-ZTRUCTURE~MEADER ptr {5023 MISL~0OF Lisp-Functio
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Returns the ab)ect containing the cell addressed by the
togative, ptr. Finds the overall structure containing
the cell addressed by ptr. Does not foliow structure
Forwarding.

YEINDCORE FA7LEY MISC-DP Lisp~Functio
Returns the page #Frame noumber of an available physical,
page. Makes ome available if necessary..

AFIAMM~MICROSECOND~TIME £4713F MIBC-DP Lisp~Functio
feturns the 3&@-bit microsecond time truncated to
25-hits and typed as a FIXNUM,

YFUNCTION-INGIDE-BELF £7143 MISC-8F Lisp-Fynctio
Returns the funcitional part of SELF. I# SELF 15 an
instance:, Teturn the contents of the cell referenced by
the LINGTANCE~DEBCRIPTOR-FUNCTION sioct of the instance
descriptor. This is wsually & funcellable hesh array.

I# S8ELF is & tlosure, return the funciion Ffrom the
closure, otherwisze return NIL.

AEC-CONS~WORK  nqs £153] AUX-OF Lisp~Functio
Informs the 6L microcede that ngs G's have been allocated.
Thers is ng need to deo this t# storage 15 allotated
by the microcoded storage allecation routines.

UEC-FLIF region Ci1%i3] AUX-DF Lisp-Functzio
Flips regieon sonverting new space to eld space. Ensures
that nothing else in the machine points to old space.

1# region is T alil new space is converted teo ald space.

HOL-FREE-REGIDON regian L1303 AUX-OF  Lisp~Funciio
Makes Tegion regicn free. Used on old space region
after scavenging is complets

LEL-BCAV-RESET region [573] MIBC-OP
Returnes T if the scavenger was looking at this region.
gtherwise NIL is returned. This alsa makes the scavenger
not look at region and removes regisn from the cons cache

LBC~SCAVENGE work-units f1523 AUX=-0OF idsp-Functic
Sravenge for work-units of work or until & page Pault,
Raturns NIL if comoleted work—umnits of waerk o Tan
out of wark to do.  Returns non-pIL §+ teok a page
fault before scavenging was tomplets. A "work-unit"
iz the scavenging of one &

YEET-SELF~MAPPING~TARLE method~flavor-nams
£7113 MISC-OP Lisp-Functio
Returns NIL i+ SELF is net an instance,
Aeturns the wvalus of SELF-MAFPING-TARLE
if the mapping table is already this value,
OtherTwise, rToturns the table located by searching the
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mapping table alist of the instance destriptoer for SELF
for method~flaver-name and getting iis CDDR.
methpd—-flaver-name is 2 symbel for the flavor of the
method for whith to get a self mapping table.

HINSTANGE~LDC insiance. index [713) MIBL-0F Lisp-Fungtion
fteturns 3 locative to the sliot index in instance,
The lowest wvalid index is 1 {(1-arigind.

LINGTANCE-REF instance. index C7121 MISC-OP Lisp—-Function
Returns the contents of the sliot index in instance.
The jowest valid index is | {i-origin}.

%IQ raob, devige—desc [2i01 MIGC~-0P Lisp~Funciion
Initiate 10 request degcribe rgb (request—blotk? on the
device described by the array device-desc. The devive

handlier will interpret the conkents of the rgh. Agh is
aften an array byt may be & FIXNUM  device—desc is an
array that serves as the I[0-DEVICE-DEBLRIPTOR

(sep seciion on devices).

“LochPE wvalue., ppss. word [325) MISL~0OP Lisp~Function
A FI¥MUMs—only form of DPB. The low order 55 bits of -
valus replace the field of word, Always returns 3
FI¥NUM., Does not complain absut loadinpg/elobbering
the sign bit. Mo error chechking is performed on the
arguments.

HLOSLDB ppss, word [52:1 MISC-OF Lisp-Function
A FIXMNUMs-oniy form of LDB. Returns a FIXMUM obtained
from the 32=bit wninterpreted word. This instructian
gniy return a Ffield up to &% bits. The result may be
negative i+ the fierld size is 25, Signals the ARGTYP
error if ppee fe not a FIXMUM pr if 1% specifies & Fileld
greater than &% bits wide.

UMAKE-EXPLICIT-BTALK-LIGT length L4013 MIBC-0F Lisp~Function
feturns & list pointer to the first element
pf the list immediately before the argument length,
the length valwes prior to length are made intc a
Jist; i e . the CDR-code of the last one is changed
to CDR-NIL.

EMAKE-EXPLICIT-STACK-LISET#* length EAQGET HMISC-DF Lisp-Funcetion

Exactly the same as UMAKE-EXPLICIT-BTACK-LIST except
it makes the iasst slament be the edr of the 1isgt

AMAKE-L IGT initialw-waloe, arvea, lengih [414] MISL~OP Lisp-Function
Canstructs a {DR-ceded list of initial-value,
iength elements long in ares

AMAKE-FOINTER dip, address L4451 MISC-OF Lisp~Funciion
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Returns a @ whose data type is dbp and whose
pointer field is address: exercise extreme caution

UMARE-SQINTER-OFFSET new—-dtp. pointer, offset
[447]1 MISC-0OF Lisp-Function
Returns a O whose data type 15 dtp and whose painter
fisid is pointer added to offset; exerrise extreme
caution.

UMAKE~REGION bits, size L5051 MISC-CP
Creates a region whose size 13 at jeast sire and
whose tegian bits are et to bits,

AMAKE-STACK~L.IBT =n L4001 MISC-COP Lisp-Functian
Returns a pointer of data type DTP-STACK-LIBT 10
the list constructed by pushing n NILE on the stack
with CDH-MEXT pr them all epxcept the last one, which
receives a CDR-NIL. This dnes not check far PDL Toom
and thesrefore the execution of LASSURE~PDL~RODM before
this is recommended,

YMICROSECOND~T IME L4703 MIBC-OF LispwFunction
Returns the 32-bhit microsecond time as an integar,
either a FIXNUM or a ZIGNUM

YMULTIBUS-READ-% multibus~byte-adr [431~433]1 MISCOP Lisp-Funciion
Bipgrnals the UNIMPLEMENTED-HARDWARE error,
» ig B, 1&: or 32.

UMULTIBUS-WRITE-+ multibus—byte—adr word
E214-214) MISC-0GF Lisp-Function
Signals +the UNIMPLEMENMTED-HARDWARE error.
# i5 B, & or 32

LRUBUS-READ MuBus~siot slot-byte—adr L4343 MIBC~-OF Lisp~-Function
Returns a signed integer. either 3 FIXNUM or a BIGNUM,
read from the word {32-bits} at the physical address
formed by taking the low order 24-bits from slot-byte-szdr
and concatenating the low B-kits froem NuBus—-sliot.

For NuBus slot space accesses, the 4-hits 3% bit 4 of
NuBua~slet shouwld bBe ones. I+ a NuBus erréer attuvrs,
then Lthe USER-NUBUS-ERROR ervor is signallied. If a
FACBL (Co Away Come Hack Later! is encountered, it

is rebtried  After & very large number of Teiries.

an srror is assumed and the USER-NUBUB-ERROR is
signalled.

UNUBUS-READ—% hi-address low-address
[435-4361 MISC-0OP Lisp~Funchion
Returns a FIXNUM read fram the buyte (when # is @b} or
halfword {when # is 1&R) at the physical address
formed by taking bthe low order 24-b1fs from low-address
and concatenating the low B-bhits from hi-addresy.
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For NuBus slot spece accesses: the 4~bits at hit 4

st low-address sheuld he ones. I+f a NuBue error

greurs then the USER-NUBUS-ERROR srror is signalled.

If a3 GALBL (GQp Away LDome Back Later} is encountered.

it is retried. Aftar a wvery large number of redries,

an grTer is assumed and the USER-NUBUS-ERRDOR is signalled.

ENUBUS-READ-STE-CAREFUL  hi-address low—-address
£a40G) MIBC-OP Lisp-Funciiom

figturns & FIXNUM read from the byte at the
physical sddress formed by taking the low order
2a+~pits from low-address and concatemating the
ivtw B-bits from hi—address. For NuBus slot
space acceasps, the J=hitg at bhit 4 of Iow-address
should be ones. If & MNuBus error gcours fherm MIL
is returned, 1# a bus timeoud: ococurs then T is
retyrned, If a GACBL {(Gs Away Come Back Later}
is encountered, it is reiried. After a very large
number ofF vretrips, an error is assumed and NIL is
returmned.

AMUBUS-WRITE AMNuHus-slot slot-byte—adr word
(2171 MIBC~OP Lisp-Functio:

Writes word (E2-bits) at the physical address formed
by %taking the low prder Z4-bits from slot-byte-adr
and concatenating the low B-bits from MNuBus-siot,
For Nullus slot space accesses, ths 4-bits at hit 4
pf NuBus—-slot should be ones. Word should be a
signad FINNUM or a BIGNUM. If 2 NuBus error offurs
then the UBER~NUBUS-ERROR ervor is signalled. If a
SACHL (G Away Come Back Later) is encountered,
it is reiried, After a very large number of retries,
an arror 18 assymed and the USER-NUBUS-ERRIR is
signaiied,

ANUBUS~WR ITE~# hi-—address low-address data
{220~2211 MIBC-0P Lisp~Functior

Writes wovrd, & FIXNUM byte (if # is 8B} or &
FIXNUM balfusrd {(when * is 14661, &t the physical
address formed by taking the Igw prdar 24-hits
from slot-bybe~adr and concatenating the low
B-bitz from MeBus-slot. For NuBus slet zspace
acepsses, the 4-bits at bit 4 of NuBus~slod
should be ones. I+ & MuBus error gicurs then the
USER-NUBUS-ERROR error is signaelled. I+ a QaCBL,
{60 Away Come Hack Later) is encountered. it is retriasd.
After & very large numbar of retriss. an error is
assumed and the USER-MUBUB~ERROR is signallied.

KOPEM-GATCH catch—%tag., restari-pc [124] A —(IF
LOPEN~-CATOM-MULTIPLE-VALUE catch—tag resktart-pr number—of-valuses

LI1a8] ALY -F
AOPEN-CATCH-MV-L IET catch—%tag. restari-pe
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E1273 AUX-4p
AOPEN-CATCH-TAIL-RECURSIVE catch-~tag Testart-pg
E1343 AX=0F

Gpens 2 catch block data struciure gn the stach,

Macro~Instructions

Cateh-—tag and restart-pe are some of the elements

of that data structure. Gee the discussion an

catching and throwing.

LOPEN-MOUSE~-CURSOR {13 HODULE (MOUSE)

%WP-COR—-CUDE  pointer L4513 MISC~OP
HE=CONTENTS-AS-LOCATIVE pointer tasll MIBGC-OP
%P -CONTENTE~AB-LOCATIVE-DFFGET peinter offset

L4523 MISC-OP

YP—CONTENTE~DFFSET pointer pffsei 14941 HMISC-OF
NE-DATA-TYPE pointer £4523 M™MISC-OP
UP~-DERPUSIT-FIELD value ppss pointer £E513 MISC-OP

UP-DERPOSIT-FIELD-OFFEBET wvalue ppss pointer offses
£533 MISC~-OF

Wp-DFE  value pgpss painter 1503 MIGSC-~Op
UE-DPR-0OFFSET walue ppss pointer offset (937 MISC~-QP
YR-LDE  ppss pointar {4543 MisC-Op
We-LDB-0OFFRET ppss printer offsed £4573 MigC-op
YP~MASK-FIELE ppes pointer F4353 M™MISC~DP

AP-MAQK-FIELD-OFFSET ppszs pointer pffset
£4563 PMIBC-OF

WP-POINTER pointer F4533 MISC-0P
UF--STORE-CDR~CODE  pointer cdr-codse FA43 HMIBL-OP
LP=STORE-CONTENTS pointer vaive faal MISC-OP

HP-STORE-CONTENTS-OFFBET wvalue pointer ocffset

L4773 MISC-0P
HP=-STORE-DATA-TYPE pointer data-type L4533 MISC-OF
AP -GTORE-POINTER pointer pointer—to—store

fa&] MISC-0P

Lisp-Function
bLisp~Functier

bisp~Functionr
Lisp—Functior
Lisp~Functiogr
Ligsp~Functior

Lisp~Funciior
Lisp—Functior
Lisp=Funciior
Lisp=Functior
Lisg—Fynctiar
Lisp=Functior

Lisp=Functier
forasp~Functior
Lisp~Functicr
Lisp~Functior

Lisp-Function
Lisp=Function

Lisp~Funciior

AP-STORE-TAG—AND-POINTER pointer misc—Ffields pointer—field

E631 MIBC-OF
Thase peinter—manipulation miscops and obher
tisp-coded oanes sre Fully described in the
section on Btorage Subprimitives.

APAGE-IN pfn wvpn [3631 MISC~-OF
APAGE-STATUE pir L4733 MISC-OF
APAGE-TRALE table L3713 MIBC-OP
HPHYSICAL-ADDREESE gir L4307 MIBC-DP

See the section on Paging and Dishk Management
for description,

HEQINTER x F445] MIBC~GF
Heiurns the pointer fipld of x as a FIXNUM

HWRPDINTER~DIFFERENCE pirl ptrd L4631 MIBC-0OF

Returns the number of woerds between pointers
ptr2 and pirl. These pointers can he anything,

#0473

Lisp-Fynctior

Lisp-Functior
Lizp~Functior
Lisp~Functior
Lisp—Functior

Lisp—Functior

Lizp—Functior
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but are usyally FIXKNUMs or locatives. This number
can change due to G

HRATIO-CONSE sumerator denominator £10073 MISCOP Lisp-Function
Refturns a rationzl number constructed From
numeratar and denominator.

ARECORD-EVENT data—4 data-3 datz~2 data-i stack-level
event must—be-—4
£3731 MIBC-QP Lisp—Function

AREGION~-NUMBER x £6503 MISC~OF Lisp-Function
Returns ihe Tegion number object x poinkts intn,
or MNIL.

UBET-MOUSE~SCREEN window tH3 MODWE-OP

Sets the turrent screen for the mouse.

LEET-GE) F—MAPP ING~TABLE mapping-table L2233 Al L

AEPREADLD 1list Cii11 MISC-DP Lisp-Functipn
Takes a list and pushes its plements on the stack

AETACK-FRAME-FOINTER £4041 MIGC-OF Lisp-Function
Returns & lecative pointing at the current stack
T ame, This happens to be the same as a painter
to leocal O

LETORE~CONDITIONAL pointer old new {4641 MIGC-OF Lisp-Function
Giore new inkto pointer if the old contents of
pointer match cld. Returns T if the sigre was
done, otherwise NIL. This is & bhasic interlocking
primifive, which can be vsed to simulate any szori
nf atomic test-and-modify gperation

ZETRING-EQUAL, stringl indexl siringdd index2 count
E233F MIBC-OF Lisp~Function
T i# count characters of stringl at indexi match
those of string? 2t indesx2. Similar to STRING-EQUAL.
but args are slightly different and all reguired ——

and it’'s faster. The comparison ignores case uniess
ALPHABETIC-CASE~AFFECTS-STRING-COMPARISIN is non—-NIL.

AETRING-SEARCH-CHAR char string start end
E7GLlY MISC-DP Lisp-Function
The same a5 STRING-SEARCH~CHAR, buit without
ceercisn and eTror checking., Alss, all the args
are regquired. And 1t‘s Ffaster.

ASTRING—WIDTH table offset string start end stop~widih
E7027 MIBC-0OP Lisp~Function
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AETRUCTURE-BOXED-BIZIE pir L5333 MIBC-OF Lisp~Function
Returns the number af normal Lisp peinters in
the gbject indicated by ptr. This many words at
the beginming of the object contzin normal Lisp data
The remaining werds contain just numbers {such as
the instructisns of a compiled function, or the dats
in a numeric arrayl.

EESTRUCTURE~TOTAL-SIZE ptr 15041 MISC-OF Lisp~Fumgtion
Returns the number of words in the object
indicated by ptr.

WEXMHASH=STRING siring character—mask L70GY HMISC-DP Lisp-Function
Returns & hash code for sEring computed on a
character~by~charscter basis after applying
tharacter mask to each character,

LWIEBTLSET-48W slot offset Lea?1 MISC-0OP
Yest for ] {then set it} in high bit of hyte
specified by siot and offset. Return T i# kit
15 not already eset, sise MIL.

ATHROW $ag value 1303 ALY ~OF
WTHROW-N tag Lrest valuves—and-~count 1313 ALY [P
Throw one or more valuves to tag. See discuasion

of thrswing in the Function Calling sectian.

EUNWIND-PROTECT-CLEANUP [i51 AR --OF -
AUNKIND-PROTECT-CONTTNUE {1323 AUX-0F

Maybe continue throwing after uynuwind-pratect

ynda~forms,

RUSTNG~DINDING-~TNSTANCES binding-instances
E1&1 AlLY-0F  Lisp-Function
Bge seciion on subprimitives for description.

SWR 1 TE~ INTERNAL~PROCESEOR~MEMORIES code adr d-hi d-low
£3703 MISC~0F Lisp~Function

#BHRE £n argl arg? £533F Migl-~OF
- %y {611 Maiwn--0p
LOGAND x y L£37 MAIN-OP
LEGIOR = y {5421 MIGC-0F
LGGXOR  x vy [6d4] MAIN-DOP
MAX  numl num (334 MISC-OF
MIN numi num? L5381 MISC-GF
+  x oy E&0] MAIN-OF
GUOTIENT numl numd i54311 MISC-OF
% 1y 621 MAIN~OP

Limited-argument instructions and miscop Fforms
a¥f common fupchioms. Gee descripbtions of
corresponding mueiti-argument Lisp functions.

0—4F
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U IMB -

1+ n
1- n
< =TMMED
==~IMMED
deIMMED
o rieml
= el
reamdl

SBTACK tag wvalues frame-count action
L1333 AUX-OF Lisp—Functim
Throw completely out of 2 computation: rumning
all unuwind prokects found along the way See
section on Fyngtion calling for details.

(&3] MAIN-DP Lisp-Functim
[aéd] MATN-DP Lisp-Functim
Fushas on the stack the reswlit of incrementing
gt decrementing the pperand.

X immed—y &1 IMMEDIATE
2 immad-y £471 IMMEDIATE
1 immed—-y E%1  IMMEDIATE

Gete the indicators as a resuvlt of comparing
a number popped from the shtack to the ¥-bit immediate
operand trested as 2 signed integer.

numi - E£5701  MIBC-OP
num £5723 MIBC-OP
nume £5713 MIBC-OP

Limited-argumant miscop forms of common fungtions.
See descripiions of gorresponding multi-argument
Lisp funciions.

2044
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APPENDIX A

Pata Btrustures

A1 NONVOLATILE RAM {NVRAM:

A l. I NVRAM Data Structure Definitipns.

The NVRAM data structures may be divided ints several independent
sechiong, The +first section cortains information about the
ipgation of ressurees imonitor, keyboard, and lgad devire:}
ragquired for sygsbtem testing and baoting. The next secktion
tertains  information about the last system shut dewn, including
ceuse of shuidown, when bthe previcus system hoot occured, and how
lang the system was running hefore it shutdown. Crash record
Hpegisters® make wp the nest section, previding controel for a
civcular hyffer of crash records (the crash record buffar ig
located im the same MVRAM, sfter addiftional stoendard sections).
Fallowing the crash record registers are sections which provide
for dynamic allocation management of the Test of the NVRAM.
imcluding the "typed block" area.

AL 1.1 Test and Boot Hesources.

The MUVRAM contains values which $he System Test and Hoot Master
$ETEM) reaferences in order to find presslected rescurces. The
MuBus slot and a 24 bit lagical onit number are provided #For a
manitor, a kegboard {te be uvsed for vser interactionl)., and a
defaylt ipad sgurce (to be used iFf a defauli system logad oceurs).

Since the NVRAM contenis may be invalid if fthe NVHRAM has not been
initialized or if the battery runs low. it is necessary to
validate the contents of the NVRAM hefore they are used, Thres
mechanisms are provided fer this function. although all may not
be used in some Implementations, First, the NVRAM data structurs
format generatien and revision are sHered so Lthat they may be
validated. The format genpration should never change from 201 1f
it conforms to this specification, bhut the revision may change as
features are added to the NVRAM such that they are upwarg
compatable, Second, the test and oot resource infarmation and
the formet generation and Tevisien fields are {optiomally:?
protected by & 1& bit CRC value. The CRC caleculation method veoed
ts  identical Yo that wsed in the Cendfiguration ROM and provides
protection for the fivrst 14 hytes Bf the NVRAM, Finally, a
canfiguration checksym {eptionaliyl iz stored in the NVRAM zo

1
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that the ghassis cvonfiguration can be verified as being unchanged
from when the NVRAM test and boot resources information was last
updated.

Al 1.2 Last Shutdown Information,

Informatioen 1is {(ocptionaliy) stored in the NVRAM thad can be used
following a system boot $e determine information about the
previouws systam boot and shuotdown, The shutdown intformation
inciudes date and time of last boot. bow long the system was
running hefuore the shutdown, and cause of the shuidoewn., After
the operating system reads and logs the informastisn in  fhe
shutdewn fields from the previous system boot, it should update
them to reflect the current boot date and timse. Ther the time
since beot should be wupdated pericdically (at least ence per
minute! se that it is vorrent if an unexpectesd shutdown sccurs,
khen a systes shutdown occurs the shutdown cause should be lpgged
in the NVRAM and the shuidown information valid character set %o
alipw the mext boot opevratign to determine that she shuddown
cause was corractly recorded

A.1.1.3 Crash Hegord Registers,

The Crash Record Registers are a set of dedicated WVRAM lscations
that prowvide a control strucbtuyre for & circular buffer {located
in the NVRAM) where a system processor stores a predefined zeté of
informetion when it detects a system crash condition, Since it
is desirable for there to be a history of several previous
crashes stored in the NVRAM at one tims, the buffer must be
sanaged such that st any time a new crash recerd cam de added to
the buffer, and so that system sofifware can retrieve +the crash
ristory without confusion. The Crash Record Registers provide
the data necessary for this management funciion, They imclude
infoermation about fThe crash record format and size, buffer
iacatien in NVRAM and size {pointers to the bheginning of first
and  last rerords). and & poinfter 40 the currently ackive crash
resord.

#0114 Typed GBlocks

it is desirable to be able to access. allocate and deallocate
aregs af the NVRAM sz neaded without disturbing other ailscated
dats structures. MURAM Typed Blocks provide a generic mechanism
for  accessing: allocating. and deallocating wvariable length
blocks of NVRAM. Typed Blocks are wused %o manage the sentirve
MVR&M, excluding the fixed system parameiers in the first 44
pytes {(offsetys OO—FF}. The size of Typed Blacks are determined
a% they are wllocated, so +that they van be customized Lo the
needs of particuvlar appliications, In order %o suppart the
required operotions.: each Typed Bloek centains: reserve block

Biock Type Number lé~bit, uniguely identifies
the use pf each Typed Block

Ay 2



Software Deuign Noites Pata Structures

Block Length 16-bit, sprcifies the entire
byte leng&h of each Typed Biock.
inclusive of the Block Type
Mumber. the Bleck Length. and
Block Data

Bleck Data Application specific data format
and cantent

The Black Type Number and Block Length are used during searches
through NVRAM for any specific kind ef Typed Bilack. The Block
Type Mumbsr provides For the unique recognition of bhlocke while
the Block Length is used to dektermine the lecation of the start
af the nepxt block.

ilock Type Numbers are unigu#, assignad numbers that designate
the use of each Typed Black. Twe Hlock Type Numbers are reservad
for the generic functions of Available and End, a Tange i
reserved for 11 use, and the remainder are asvailable for
assignment to MuBus license holders upon Tequest. Assigned biock
type numbers are recerded in TI drawing part number 25492870001,

Block Type Number DFFFF insicates that a Typed Diopck is turrently
Available to be allocated. Zero or more Available blocks may be
present at one time in each NVRAM 1# no Available hlockszs are
present then there is no remaining space $or expansion lunless
some slready alloceted block is removed and ifs space recavered),
Multipie Availabie Bblocks may Tesult From dealiccstion of
previousliy vsed blocks.

Hiock Type Number HFFFE indicates the End Block which marks +the
and of the MVRAM arsa dedicated for Typed Blocks No allecation
af NVRAM space shall extend beyond the End Block. Normally the
End Hiock has a Blogk Length of four (i e.. terp length data
sectiony and is placed in the last four bytes of an NVHAM.

A Typed Black of any particular Number is found by searching
through the HNVRAM starting at affset »i00. Eath block’s Type
Mumber found is compared with the desired rnumber and the End
number {(2FFFE). 1f the End biock is found before the desired
Wlpck, then noneg has been allocated. 1f the current Binck is
neither +the desired blaock or the End block, add the Bleck Length
of the current Bloek to the current offset and check the next
Bluck.

Typed Block allocation and deallncation is done by changing the
Type Black Numier of an already existing biock ang adjusting the

Biopek Lengths, Allocation is dane by “carving® an application
Bloek out of an Available biock Deallocation is done by
returning any bleck te ihe Available mode. Noete that the

alipcation gseraticn must he done in toerdination with all other



Bata Structures SGofitware Design Notes

processgrs in the system such that a collision does nogt goeuw by
two processors attempting to allocate the same, previowvsly
Available block. This is easily accomplished by each pracessor
during the boet process while each processor iy Ioading itselfd as
eithar the Primitive or as 2 Secondary but before reaching the
Synchronization Paoint,

A1 1.5 NVRAM Format.

The foellowing provides specific infarmation about the NVRAM
standard data structures:

Hystem default cvenfiguration information:

A A L o e e —— L T S A - A e

bace +Q0= STEM Menitor unit number LSE byte Binary
base +>0d= STEM Monitor unit number MID byte Binary
base +>Q8= SETEM Monitor uynit number MSE byte Binary
base +>0C= STBM Monitor =slot number {(FF= none) Binary
base +>10= BTEM Heybeard unit number LER byte Binary
base +>l4= STEM Keyboard unit number MID byte Binary
base +3]|B= STEM Keyboard unit number MSE hyie Binary
base +>1C=  BTBM Heyboard slot number (FF= nome’}  Binary
hase +3g0= Boot source device unit LSH byte Binary
base +204= Boot source device unit MID byte Binary
base +328= Poot source device umit MBB byte Binary
base +2>3C= Boot sowrce device slot {FF= none} Hinary

base +3>30» MNVRAM Fformat peneration number.
Equal 20! for all NuGaneration deviges. Binary

base +>34= NWRAM format superset revision number. Binary

base +>38+  NVRAM CRC LEH Byte Bipary
base +>3C= MNYRAM CRC MSE byte Binary
CRC calcuilated same as for Config. ROM
gxcept it does not cover the entire NVRAM,
rather only the system configuration
information in the range bese +300
through base + >34,

Configuraticen Checkaum
base +5>40= Coanfig. Checksum LEB byte Binary
base +>44= Conwfig. Checksum MSB byte Binary
i4 bit sum {overflow ignored)! generated
by adding {together all 14 hytes of the
Fart Mumber field of every slot
Canfiguratiasn ROM, If a siot is empty &rv
does not appear to contain a Cenfiguration
ROM then it does not affect the checksum,
This value may be used to verify that the

A—4
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base +3>4B=
base +3>40=

system configuration has not changed.
fhote that moving a board to anciher slat
dogs not change the checksum}.

reserved for use as Synchrgnization Flay by STEM
rggerved for use in board tests of NVRAM
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iast shutdown informatian:

YT — e

base +3>50= Abnormal]l Shutdown Valid charatter, Set to
ABCTIT *Y® (38487 if valid shutdown information
was stored ASCTT

base +35d= shutdown cause: Binary
200= overveltage shutdown
>0i= underveltage shuidouwn
2= evervoltage afiter high temperaturs
#03= high temperature shutdown
>04~FFw rgsarved

base +258-50 reservad

base +3&0w month of BOOY, ({Jan=l, Fab=2, ) Binary
base +>44= fay of menth of BOOT (1 .3%3 Binaryg
basep +D4H8m hour of¢ day of BOOT (0-23: Binary
hase +3>HCw minute of hour of BOOT ($-59) Binary
base +3>70=  Seconds since BOOT L85 bhyte Binary
basg +>74= Seconds since BOOT Binary
base +>78= Seconds since BOQT Binary

base +>7(= Seronds since BOOGT MSR hyte Binary

crash records registers:
hage +>RGw Crash Record Farmat Processor fype LGB Binary
base +>84= Crash Record Format Processor type MEE RBinary

base +3>88w Crash Record Format Revision Binary
basa +3BCw reseTved

base +>90= Currently active crash record LEH Binary
hate +>94=m Gurrently active crash recoprd MSE Hinary
base +OEe Crash Record Size LS8 byte Binary
base +3>90= Crash Record Bize MSE byte Binary
base +34Ad=s Crash Record Buffer, last record [LSB Binary
hage +>Adm Crash Record Buffer, last record MSBE Dinary
base +2AB= Crash Record Buffer, firet record LSE Binary
base +>aAl= Crash Record Buffer. first record MGR Hinary

base +>BO-EL= reserved
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MYRAM Typed Blocks list:

base +»i00 Stavi of NVRAM Typed Blocks
typed block format (starting at NVRAM base + 2100 X

———

black + 0= Biock Type Identifier LEB byte Bimary
biock + &= Biock Type Identifier MEE byte Binary
contrsliled o be unigue i& hit
numbear identifiing blsck type:
QQO0-0007= reservaed for TI diagnostics
QOOR~-QQDF= resarved for TI1 Lisp
GG10-0D17= resorved for TI S1500 (tm)
{81500 is & trademark of YTexas
Instruments Incorporated, )
Q0L 8-0FF=» reserved for TI
0100~FFFD= availatle for assignment,
see TI drawing S549287-0001

FFFE = End block

FFFF = Available hiock
block + >8 Block Length LSB byte Binary
lock + 2C Block Length MGB byte Binary
Block + >10... Block Data {application specificl
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4.7 DISK PARTITION STRUCTURES

Thare are several standard partitions {(contiguous sections of the
allocatable medial defined on disk. These include +the Volume
Label. Partition Table, Save Partition. Test Zene, and Format
Information partition. The fellowing sections briefly describs
the funckiogn of each,

RUTE

All partition addresses below are expressed
in blocks. A block is 1028 buytes.

4. 2. 1 Yaluyme Label Partition.

Each velume contains a variebty of partitions which are accessed
through a minimal Tdirectory” whose rvoat i the volume label.
The label, in logical bloeck Q@ aof the wvolume. iy the only
partitien with a fixed location. All other partition locations
sre determined indirectly via pointers found in Ffirst the label,
then in +the Fartition Table. The label contains information
about the physical and logical characteristies of the volume and
also provides poinkers o the Have and Partitien Tabie
partitions.

The second block of the label {lepgical bleck 1} is reserved as a
tired lacation, emergency data "save® area of exactly one block
length., WUse af this bleock is system imp lementation dependent
1+ is nopt an actual osartition {as is the Save partition) but
rather just a spare block with a known address,

A 2.2 pPartition Table Partifion.

tThe Partition Table provides name. characteristics, peinter and
size information for each partition on the volume. The first
sackipn of the Partition Teble prevides information about the
table +format, such as number of partitions in the table, size of
each entry, and offset in esach entry to comments.

Fellowing the format imformation table is the table of individual
entriss describing each partition. Each entry in the table has a
spt of parsitien "key" characteristirs. These inclivude

# Mams pf the partition
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# Partition Type
# Partition User Type
# Partition attribute bits

Any combination of the characteristics may de wsed Lo wuniquely
identify a particular partition. For example, a partitien with a
particular Name (MCRI), Partition Type {(>0l=microlead), and User
Tupe (00C0=Exslorer) may be found, even though other partitioens
may have the same Neme or Partition or User Type. Likewise, ithe
detault partitien, identified by the defavii bit (Default
attribute=i}, FPartition Type (PQ1mmicroloadd:. and User Type
{(>0000=Explarer) can be lotated regardliess of what Name the
partition may have {this is the mechanism used in the booting
pracess to locate default partitions of specific fypes).

Several commants abgut partitions and hey valwues are Ln order;

1. MName + Partition Type + User Type combinatiomns should
be unique. however, a single Name may well be used
again for a different FPartition Type and/or User Type.
and obviouvsly bhoth Fartition and User Type shall be
uvsed many times.

2 Multiple entries in the table may point +to the same
nhysical perditian with different key characteristics
heing ysed te identify the partition. .

53 All searches through the partition table are assumed to
start at the beginning of the table and centinue wuntil
either a wmatch of the desired key characteristics
pcruTs or the end of the table is reached,

4. The arder 5f the entries in the partition table <does
not imply information about the physical order of
partitions on the wvolumsa,

% Zerg length partitions are allowed. and indeed are
sometimes used &3 ‘marikers®.

&, There may be space on the volume that is not allocated
te any partition, and therefore does not appear in the
tabhle.

. 2.3 Test Zone Fartition

Tha Test Zone Partition {YION} is provided tn accommadate testing
the hardware, it 1% wesed to access bthe volume without disturbing
system or vser data. It inctludes fixed data patiterns that cen be
used Yo test data read channels and bloacks that are reserved for

A=
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write—than—-read *tests to check write channels, This partition is
vital #for providing device maintenance:; it should wnever be
removed from any volume,

A. 2.4 Fgrmat Informatiasn Partition.

The Farmat Information Factition {FMT)} containg details about the
way the velume media was tested and Fformatied. Several sectisns
af data are recorded. imcluding physical sector and track data
formats. surface analysis methods wsed: and detail Iists of
defects #found when the media was initialized. This partition
also shaulgd never be removed or destroyed. Alse. it should not
he copied #from one disk to another -~ it is device specific

AR5 FPartition Descriptions.
For the following partition layowis, these nodes apply.

1. All “text” is in the form of ASCII sirings, with the
charactard read left to right stored in ascending hyts
adgress order,

2 1t is impgritant that any "texi™ contain enlyg standard
characters (i.e. ., np special sscape or control ARBCII
characters} in order t2 provide for portability of thse
disk betwsen the expected varieby of Nu Generation {tm}
rystems, {Nu Generation is a trademark of Texas
Instruments Incorporsted, }

2. A1l four character “text®* +fields must comptain walild
ASCTI characters in all positions.

4. Comment filelds contain "text" of variable length within
the maximum field Iengdth., with a byte of Q0 after the
iast character of Ttexi”, Any remaining characters
fullowing the 00 to the enmd of the field are garbage.

5. In the foliowing description the folleowing
abbrevigtions are faed:

a. LSRR = least sigrificant bhyte
h. DML = middle low byte

¢. MODH = middie high byte

¢. MBB = most significant byte
g, YY" = an ASCII character

£ xxxx xxxMN = indicates hit position within & hyte

A~10
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g >0 = ail bits set to zero

& All numbers are unsigned binary values {uniess
gtherwise definmd].

Aw1i
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s e e I T TR T T T T TR A c s

Yolume f.abel

lL.abel description

Egftyare Besign Mobtes

tblock #D}:

—— Pk L e A

1. “LABLY {4 ASL{I1 character?

2. Revision in four bytes:

3 Reservaeg ({75,

{npumbar}

a3 for all reserved

unlesys stated stherwise!

Type storage:

L L a2 da Lo A b

& Flag word:
hit:
d4a, Bit O-2 typecode:

4b.  Bit

3 fired:

4c. Rit 4 legical:

R — ....._.......-..t F- p [ e i A LD 00 Lty b e LA 4 L

big:
dg,  HBit 5V tape opt

e e, e Y e b At s 0 i s

4a. Bit %7 resgrved

---------- disk and tape

&f, bit 8-31 reserved

5. Devige name text {e g..

=10

O00=d 5k

Q0i=tape

$10=Wr t-0ncea-Rd~Many
{WDRM}

Qit~tit=reserved

Q=ramovable; iIxfixed

O=phys addr:
i=lpgical addr

TEE
O00=gtream only
COi=start/stop

offsat wvalus
+ 00 "L
+001 o

+ 0 nE"
+Q03 "L
w004 LERE bhyte
+005 MBL byte
+004& MDM byte
+G07 MBH byte

+30F-00F

Gild=stream w/ track select
Oll=start/stop w/track select

1G0~1li=reserved

MaX—0140;

CHE—-0030) OR reserved { if reserved

m )

A o s

010 xaxr yiNRN
7hS4 3210

+010 xaxx Nxxy
TETA 3210

+0310 rxeh waxy
7&4E4 3214

+010 MNNNx aixxx
7454 3210

+018 MNMY Rrxx
7654 3210

+Q11-~013 >0

+014 M
+013% "o
*G i -F ik ;1
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Addressing:
& # of bytes/block {reguired for partition +020 LsB
tabla} +0Z1 Msh
i s ] § e e e i - -
7. # g¥ bytes/sector +O2d 5B
+Q23 MEB
B. Reserved +024-025
2. % pf sectors/track +02 5
15, #% of heads (tracks/cyl!l +027
11, # of cylinders +028 LB
+27 MER
12 % of reserved sectars for defechadw +024 BB
+J2B MSB

# = note that the above parameters ars used to
calculate device maximom capacity by the
foliowing equation:

total 1k hlocks =
{{{#gyls ¥ tracks oyl # seckorsStrach’

— {(#reserved seciorsl) ¥ bgtes/sectori /
I3. Reserved +OZ0 0%
e s = £ 3 0 B - - -
14, % of bytes/physical block +z22 LS
+023 M™MERE
1% Reserved + S -2
ib5. #% of tracks {if supported) +024  LER
+J27 HMER
17. % pf bBlocks (nominall +Q28 LS8
+0pe MDL
+(2d  MDH
+028  MsH
i8. Reservead RSy o
127, Yolume name {(1é& charTacters of text } +30
+{135
+2AE
+}3a

tures

buyte
fytbe

byte
byte

>
byte
byte

byte
Byte

byte
byte

1024

9

byte
byta

i3

byte
bute

byte
byte
byte
byte

>0

HN ]
NR EE]
ﬂ:H L£]
HE L]
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20.
ai.

B,

23,

25

e Y

=7.

=

3G,

Reservaed

Parktition table name = “PTBL"

Starting block address of partidion table

Length of partitien table in blacks

Reserved for additional partition table
information

Secondary BAVE store partition name =
) SAVE 1}

Starting hipock address of secandary SAVE
partitian

Length of secondary SAVE partition in
hlocks

Aesarved for additional secondary SAVE
stere infermatian

Ragsarved far fuoture jabel informaiion

Yolume comments, text

Software Besign

+OOF
+040~04F
+350

+053

+(OB8

+(053

+3548 LEB
+0355 MDL
+08%4 MOH
+(357 M5B
+0%8 LSE
+05% ML
+054  MIHd
+058  MGR
+05C ~0&F
+070

w074

+Q7 7

+073

+Q74 L8B
075 MDL
+07E  MIH
+77F  MSE
+078 LEBR
+37%  MOL
+074  MDH
+378 MSE
+O 7L ~0BF
+0P0DFF
+1 GO~3FF

Notes

!iii%
>0

HFH
NTH
HEH
ﬂLﬂ

byte
hyte
byte
byte

byte
byte
Byte
buyte

+0

1] EH
1] A Fr
P !J'Fl
2] E Er

hyte
hyte
byute
byte

byte
byte
bygte
byte

LY

G

thl
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L.abkel Gave Store (Biock 81}

— . e s o i A LA A A e e e s

NOTE: There is only a single bicck #1 save store.
Therefure, its use must be very carefully
controlled in multiprocesser system to
prevent problems.

31, Internal SAVE contents are processor specific.

A-LS
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b i o e eyl e 20 S O MO e ol R i S ) O S R A HEE el A o (50 ot X e i e e ey i ey g oy e

PARTITION TABLE (PTBL! affset value

T 2 e o o S i T S e ek AT T S i 0 i A R i i e Sk o o e i e R T O I T o 20T IO ST S P e v HH i rH H A i e e e e rm aam

i "ERTN® {identifier reserved #or partition +000 Hp

tahled
Mote: This iz not &he partition fable name. +00 g =

but rather & value used fe identify a +002 BEH
valid partition table. +003 Mg

= Partition tabie revision number +004 (8B byte

+005 MDL byke
+006 MDH byte
+007 MSB byte

3. Number of partitioens in parbition table +008 LSB byte
+Q0% MDL byte
+00A MDH byte
+0CGE MSR bhyte

4  ZBize of each partition table antry in long +00C (5B kyie
words (32 bit werdsl +00GD MDL byte
{far gurrent revision = 00400010) +(O0E MDH byte

+00F MSE byte

»  Uffset in long woerds (322 bit) to comment +Q10 LEBB byte
{far current revision = ZO0000004) +011 MDL byte
+Qld MDM byte

+013 MEE byhe

& Reserwved for additional partition table +18-Q3F D
information

Al
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Partition tablie enivies:

Rata Btructures

{length may vary with revision}

e e ST T AT Y L o s e e k. kel ] S S T S S R T T Y Y T T T o v e e e it R I LR e 0 T e i ey o e
7. Partition name (ABCII siring) entry +000 N
enfry +00] BhH
entry +0G02 g
entry +003 -
g Partition start address in bloecks entry +~004 LEH Hyte
entry +005 MBL byte
gntry +004 MODH byte
entry +007 MEH byte
Y. Farititioen length in blocks entry +00B LS8 byte
entry +Q0% MOL byie
entry +0Q04A MDH byke
entry +Q0B MSE byte
Partitian attributes:
A T Y e e e e e e e
10, Byte O generic funciion type code: entry +00C hute
# 0= Ipad bBand {processor specific}
& Dim microlaad band {processer specific}
0= page band (processsr specifipg)
(3= file band (operating system specific)
C4= metar band fprecessor specific)
O test zone bang {generic)
Déim format paremeter band {generic?
% Q7= valume Ishel {generic}
og= save band {generic}
* Orps partition band {generitc}
& Qh= canfiguration hand fgeneriql
o= user defined type #1 fprotessor/0 S, dependent)
OC= user defined type #2 {processor/ 8. dependent)
QL user defined type H3 {processar/. S dependsnt)
OE= vser defined type #4 {processor /0. 5. dependent)
OF = wser defined type #5 {processor/3 B dependent)
10= Heer defined type #H&6 (procoessor/0. 5. dependent)
HE useT defined tuype H7 {processor/3. 5 dependent)
12w user defined typs HE {provessor/0 5, dependent)
13 user defined type HY {protessor/. . dependent)
14= yder defined type H10 (processorsl % dependent)?
15-FE= reserved
FF= papty {gereric}
# = One partition of this {funchion type}/ICPU type! is

expected to have the "Defacit" bit set.

a7
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11. Byke i,3: USER type: antry +00D LSB byte
Unique {PU numbers assigned (o esach entry +00E MER byte
pTOCEsSsSGr OT unique operating
sys. /elass valves:

*QOOC-EFFF: rtange for CPU identifiers. Same as "iype
af processor® in Phoard type® field of
configuration ROM.

HEOGO-FRFF reserved for additional special blecks
SFLOO—FEFF:. range for wse a5 vperating system
identifiers {unigque numbers %o bhe
controlied; single members to be
assigned upeon reguest as needed!?
See TI drawing part number 25492370001
for a compliete list.

2FCOG = TI lLisp
>FCO1 = TI LD0S Filtes for 51500
SFLGE = Ti 51500

FFQO-FFEF:  regerved for uge as magic values
funigue numbers to be conbdrolied:
single numbers to be assigred upon
request as needead),
Ses Tl drawing part number 2349287~-0001,

SEFEE

processor and 0. 5 independent
{i.ea . all "generic® hands)

i2. Bytes 3 property bits (position encoded): entry +00F byte

bit: 3 =4

i2a BiY Bl=e¢azpandable {(i=expandable) Mraxx xxxx
12b. Bit S30=contractable {(lmcontractable} xMXx xxax
ide. Bit 2F9=delete protected J{l=protected? kxMNx xxxx
iz2d. Bit 28=lcgical partition {l=part of

logical part) xxxM o xxax
128, Bit 27¥=copy protected {l=grotected} ez MNewx
12+ Bit Zé=defavli indicator {i=dafavit) xExx xNux
idg., HBit AD0=diagnoskic wse {lxdiagnostic use} Xxxxx xxhx
185, Bit Jduregserved xrany xxaN

NOTE: THESE BITS MAY (ONLY BE CHANGSED
BY THE NWNER OF THE PARTITION

~m=e Teyviglons may change what’'s below this ling ————-

13, Partition commant texi entry +QL0-00GF #X"
{always in multiples of 32-bit words)

a5 5
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Data Structures

PR e S Lny ey SRR A L0 SO R it MDA Sty M G0 dede e S At S % o o o e e T T e s b e e e e e

STIOMY {Test Zonel band

ST T T I RN M et 5 S S ek i S S S s ] S B S A i ekt ok o i 2 e i P b Ak A

1. TZ2K Block 40

sPfset wvaluee

Read only test pattern of fixed values: +Q00 00
{a seguence of values, i

beginning at “O0".
incTements bo 255
regstarts at 90 3}

&, TIOM block #I1:

Ragg ontly test pattern

Thae
{FF},

af i

acremented by L. =001 >01%
seguents +008 08
and Ehen :

1ed values:

The falinwing pattern vepeated 4 times {(tp £ill the bloek):

%00 +01

+0F +0F

+Q00 - AN AL
+010 ; 2FF >FF .
+020 - =00 04
+030 - >BF »FF .
+080 Fe2a XET .
+050 >&8 >DE
+Q&G 1 PBS &R
+070 e FAS
+~8 - >4 89
+J50 >33 33 .
+0AG »98 =31 .
GRS - Fi4 49
+300 »CF 223 .
+0DG . PBF 244
+0Ed 63 03 .
+0OF( oA L.

3 TICGN bleocks #2 & 3

g TZ0N Blocks #4 -~ N

-

AA DAA
>FF DFF
>00 >04
SBE SEE
>34 DED
>&A >DB-
>Bé 46D
396 A5
>24 349
>33 »33
»98 31
S1A 349
YOF 323
SBF >4b
&3 >53
>0A 2C0

Kesarved for fuoture Tead—only
patterns,

Write/read test blocks.
Mumber of blocks reserved for
write/read

computed as {{blecks_per_track * heads _per_cylinder) + 2}

A-19
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L S R st P TR AT T S e i Sk o 8 i e e S0 S S S  J0 0  SIR S T D S SR R AT S S S e i

# (Fprmat Information) bhand (%K, fizxed length!

Ry i T I 2 T T T O e T 0O T ) e O S T e Tt SR i 0 S SRR S GO S S8 Y S YR i )

HEMT

FMT

hlock #0: C(read-unly)d

o ——— Y Y HH e Lt

i

2.

3.

Sector skew from head ta kaad:

Sertor interlace value:

Sector blecking within interlace factoar:

Sector feormat information:

4,

10

ti.

12

13,

14,

— —— — ke

Sap } size in bits:

idap 2 sizre 1n bits:

Gap 3 size im bits:

Header size in bytes:

Data +ield size in bybes: -

Hegder sync character {LEB jusfified):

frata sync character (LBB justified):

Header ECC or CRC polynomial
{44 Hit, LBB justified):

Data ELC or CRC polygnomial
{&d Bit, LSB justified):

Encoding methad, TEAT string
{8 charactersi:
{examples:; "MFM . "RLZ2V"}

Resarvead:

A=

Boftware Design Notes

alup

byte
byte

byte
Byte

byte
hyte
byte
byte

byte
Byte

byte
bByte

buyte
byte

hyte
byte

byte
hyte

byte
byte

byte
hyte
byte

byte

pffset v
+03080 L8R
+001  MEE
+002 LSB
+D03  MSB
+004 LSB
D05 MBE
+30s  LBRE
+007 MSB
+008 LSB
+00% M5B
+00A 18B
+00B MSB
“00¢ LGB
+Q0D  MSB
«ODE 4,58
+CF  MSE
+010 LSB
+011 MSB
+012 i8B
+013 MSB
+Q14 L5B
+01B MSB
+01C LSB
+023 MSE
+024 Tiﬂ n
+055  wpe
*GE& *lﬂ (1]
027028 0
+02C 038

G
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Bata Biruc

fures

- Burtane analuysis parameters (based an media characteristicsi:

ks M M o ik s —— . Lo L ke

e

15 HNumber of reads per read fype:

14,
reads per read type:
17. Allowable seft srrors as percent of total
raads per data pattern:
18, Allowable soft e#rrors as percent aof total
redtds:
1%,
LBG byte:
172, Bit &
1%, Bit 1: Offset
i9e. EBit 2 Offset
i?d. Bi: 5: UOffset
19a, Bit §: Qffget
I19f, Bit S5: Strobe
i%g. Bit & Btrobe
1%h, Bit 7. Strohe
MSE byte:
191, Bit @ Strohe
195, Bit 1-7: Reserved
ik, Combination #)
191 Combination #}
19m. Combination #2
19n. Combirmation #3
190, Lombination #4
i19p. Combination #5
1%, Combinatien #é
i%r. {ombination &7

Allowable soft errurs as percent of Lotsl

+03C L8
+030 MSE
+03E LESR
+Q0F MEE
+040 LSH
+041  MED
+3dg  LER
+045 M5B

Effective surface analysis margining combinations, B

—— e —— e 1 e Y ——

byte
byte

byte
hyta

byte
byte

byte
byte

ach

twn byte set of flags specifies a test Tead cpmbination
{it noe bits are set then ne read is performed).

Mominal read

forward
forward
TEVErSE
TEVETES
eariy 1
early 2
late |

late =

P ks ) e

it PLE

AEEX
XEXE
EXxx
XXX
xxxN
¥xhx
My y
Mizsx

bit: Y454

TAXK

NNNN

......................... +044 L8]

+(145 {58

......................... +0d4d4 L50

+047 |58

......................... +348 LEB

+0349 LER

......................... +044 LBR

+Q48 L5B

......................... +040 BB

+040 LBE

......................... +{4E LEB

+O4F {58

......................... +Q50 BB

A-23

+051 LEE

- +0%2 e

+O53 LBB

3210
xxxid
% iy
ahxx
Mixy
1X¥x
EELR
XX
Xxxx

H210
LM
BN %

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
buyte
byte
byte
byte
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20. Worst case patferns for surface analysis:

2Ga. Peattern #O ... L. Lo +054 LS8 byte
+055 M5B bute
20b.  Pattern #I ..o +(36 LSE byte
+057 MBD byte
20c.  Pattern 82 . Lo +(358 LS5H byte
039 MBE byte
20d.  Pattern #3 ... ... L L e +05%A L5B byte
+(58 MSH byte
20e.  Pabtern ®F ... ... o oo +05L LSE hyte
+0530 MBE byte
20F.  Pattern #5 . ... ... +5E LSE byte
+05F MSB syte
20g.  Pabtern & ... ... Lo +Q&0 LSE hute
+04t MBB Hyte
20h.  Pattern #7 ... ... +062 LEB byte

+043 MSB byte
21. Reservad: +0&4-3EF 30

FMT block #l-8: ("MAP" area, lists all media defects?

- — —— —— —

sffspt valus

A AL ———— — L T L AL A

22, Tetal number af defecis in the map: +4060 LBB byte
“«401 M5D byte
23, Drive sevrial number {12 character text +402  HaH
siringd: +403 K¢
+4GE Hxl!
=4 Original date of formatting: +AOE MMM
(8 char. text string; format= "MmlDdYyyy®} +40F "m*
+4310 g
+4if  Md®
L A
+413 IIqH
+4j4 EIUH
+#15 llu“
2%, Latest date of formatting: +431&4 @M
(8 char. text siring, format= "MmDdYyyy") +417 "m"
+&3318 "D
+419 4"
+41a My
_},415 Hu_!l
+41€ “uil
+410 Byt
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2.
27.

=274a.
27h.

=7,
a7E,

e

=7TE

Fogerved:

Data Structurss

Detnct entries, 1é& bytes each, in asceanding srder:

+420~end (ascending order af cylinder/head/byte_

from_index}

Up to H11 en¥ries are accomodated.

Each entry contains the fsllowing:
Pefect head address {1 byte number)
Dpfect cylinder address (3 hyte
numbeT )

Defect head address (1 byte number)

Dafect displacement from index
{numher of bytes):

Defect langih {number of bhits:
PFF = 29% bits or longer)

Reserved;

A-g3

entry
pntry
gntTy
sntry
gntry
entTy
anETy
eniry
entry

entry

entry

+41E-41F 20

byte

+00

+01 MDL Byte
+0g MDM byte
+03 MSE byte
+03 byte
+04 LBB byte
+QF MDL byte
+0& MDH byte
+37 MSB byte
+08 MED byte
+09-0F G
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A 3 MICRO-LOAD FPARTITION FORMAT SPECIFICATION FOR THE EXFLORER
11 PROCESSOR

A3 1 Introduction.
&, 3 1.3 Scape.

This sppcification defines the format for microcode files and
partitigns for the Esxplorer Il and obther proacessors which yse the
Tl Lisyp Microaprocessar {tm). {Lisp Micreoprotessor is a trademark
¥ Texas Instruments Incorporated. @ This iz the sgurce deocumant
for informetion necwssary e produce system wtilities such as
sssemblers, MCH file—to-partition functiens, and any ROM or
processer dJown—-loading prugrams. This standardized Fformat is to
beg used since ROM resident system beoting operaticns can not he
rhanged, and it is expensive to support variations on uwiilities
{assembler, spypori, mcr—-loader, sfc. ),

NOTE

The mesimum  length of a microcode partition
it limited %o one megabyte dup to Iimitations
on memory space azvailable during beeoting.

This Fformat for micreocode parditions is
slightly different than that of the Explorer
I procsssor, Thzg is doe t6 diféprences Iin
the processor architecture and in order to
improve the robustness of booting for newer
products,

The term microlonad is wused fo indicate the

microcode phject file or the microrode disk
pnartition format.

A 3 1 2 HReference Documents
The fplilowing documents pravide reference materiasl necessary to
underctangd the implications and applications of the infarmation
presented in this document.

1. MNuBus System Architecture Specificatinn 25367020001

Z. Explorer Il Frocessor Specification 25340834000

A~24
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3. Eaplorer Lisp Microprocessor Specification

B3 2 Overview. A mitrocode partition centains a number gf
types of data required to initislize the Expiagrer lLisp
Mictruprocessor Class of processors. The first sectign aof the

partition contains & Pracssser D value {unigue per processor
type, and matthes the Processor Type Value 3in  the ifarget
processar ‘s Canfiguration ROM), the assemiiy version oumber, a
partition lIength., and checksum values. Additional sections
cutitain a variety of information to initialize warious memoeries
and Tegisters in  the Lisp MicraprocesssrT such as the local [/0
address space on the proceszsor board and virtual memory.

RUM and spyport loaders use the microcode partitiom sectioms o
peTform spwcific Lisp Microprocessor. board, and system memory
initializations. The fellowing sections may be contained within
the microload partition:

Microcode Partifion Header frequired)
Microcoade Instruction Memory (required’}
Dispatch Memory {optional}
M i A Memories (optional)
Tag Memory {optionall
Main <virtusl> Memory {optional}
Input/Dutput Space memaTy {optional’
Input/Butput Space Initialization {gptianal}
Auxiliary Dats (optionall
Entry Data {reguired)

A micracode parbition iz formed of contiguovs sections with ne
top level or embeddad pointers to $he individual section, Lach
sackign is processed in order,

Hptional sgctions may be repeated any number of times within a
given micropload and are located anywhere bptween the header ang
entry data sections. Bince muliiple sections of any given fype
may coexist in  same the microlosd, data of later processed
sections may overwrifte any previously processed section The
processing of the microload will continue saquentially until the
Entry Data section is read.

A-2
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The following diagram delineates sections within a microcode
partitien. MNote %that this esxample does net demaonstraie that most
section types can agppear more that ance or in any order within

the microload. The ROM and spgport loasders are respensible for
processing sect¥ions seguentially and fo insure that the resultant
data resides in the agpropriats memories. The assembler is

responsibie for producing & file of the format described by thisg
specitication. All values in the forma® are stored in  pure
Little Endian form {i. s ordered from least significant to most
significank).

A-2h
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start of partition

[ I
Microcode Fartition Header

mir e m wm wh kb o g d 4 Gk A ss am ds wn e me s me ww e Wk A sk R dn AW MK Gu Ak 4w UL re mn wa mm e W M 4 Gs ee A

Bection ID = #xD
arecessor ID
vertion mumber
activa length
thecksum

Data Structures

!
f
I
+

e

Micrecode Instruction Memary

-

section ID = #xi

WCE Address

number of I-Mam words
instructiong. .

Di

spatzch Memory

gection ID = #e2
gispatch address
numher af D-Mem words
dispatch values, .

=mz=3 Writabie Contrgl Store

mamat ﬁispitﬂh HEMQTH

>

& M Memories

section ID = #:x3

ARM address

nomber of A-Mem werds
values, ..

mumn> A & M Memory

Ta

I Bpace Initialization

——

10 Space Data

Ma

g Memary
secdion ID = $#ed
tag class

number of T-Manm clatges

tag valwuwes. ..

wommx Tag classifier Memory

e e LA AL ——

sechion ID = #x5
gestination IO sddrescs

number of woards to write

initial data value

insery memory affset opiion

data incTrement
address incerement

wmm{gd justed el I0 space

oy —

section ID = #xd
destinastion I0) addrens
number of wards
address inecramantg

data wvalues. ..

mzmw> 1{] space memoTy

in Memory
section 10 = #a7

destination virtual address

A-2T
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rumber of UM words
gata

[y .

I
f

Avxilliary Bata
section ID = Hx4
sub ID

number of words
valuesg, |

Entry Data
section ID = #x0BEQF
micro PC

MCH

B e i b e e ae aa o mn s
i
i
|

Fomnomm mm owm o am dh e em e g e e

i
H
f
i
1
'
1
1

B3 3 Detail Section Definitions, The

Baftware Design MNotes

m=z==2 Main <Virituall memory

wwma> Processor specific use

s===3 Lisp Microprocessor
micro PO

warmray |_jup Microprocessoar
MR

following paragraphs

doagcribe +the fFormat and uses af pach sectign of the microcode

partition. This sectiasn is intended to

be required for ali

Explorer Lisp Microprocessor class processors.

A.3.3 1 Microlsad Header Section,

The Header section is uvsed identify the microlead as a microcode

partition o7 oabhject file. Information

such as the target

processor—I0: microcode assembly wversion nwember, and active
lengkh are all stored here. A checksum 3s provided te verify Lhe

data integrity of a wicrocode partition

at bHaopt fime. The

micrelocad Header sectien must appear as the first section in the
Farvition, {nly one microlsad Header section is allgwed in  any
given microload A MHeader section contains the following fields:

descrigtion

byta value
pffspt Ffungkion ar format
P Section 1D #x0
#xd Processar ID 32 rit
#x8 Ver.ion number 32 bit
#xl Active bord Length 32 bit

Al

Identifies the Headsr
seckion.

Hits «15:00> cenktain
value

Microcode assy.
version no.

Total ienmgth af acvitive
data in 32 bit words
{a value of ~1
indicates that the
checksum is not
supported)
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#x10 Checkasum A2 Bit Checksum af ali active
dsta (Ierg if not
suppoarted]

The Precessor 1D is wsed %o verify that a given microload is
targetad for the booting processor.  The Processor ID is & 16 bid
value and reasides in bhits <15:00>  The Processor ID must exactly
match the Processor Type #field in the target protessoT’s
Configuration ROM,

The Version number s a binmary wvalue segual o the rurrent
mictrolivad assembly version  This is determined by the assemblar
from thae last assembly for & given control file. This count
begins with §.

The Active Word Length specifies how many words {(in 32 bit
values) beyond the Checksum ave to be processed for the leasd-time
Checksum calculation {initial value = O, add sach woerd:, ignoring
overfloew). The match must be exact,

Note that data stoered in the partition beyond +the end of the
petive Word Length is net processed or validated by ROM bLoot
mechanisms and must not cause the total length of the microcode
partitison to excesd one megabuyte. An active lengih of =i
indicates that the checksum calcuilation is disabled. In  this
zase. & value of O is provided for the Lhecksum.

A 3 3 2 Instruction Memory Section.

The Instruction Memory section tontains the microcode words to he
stored in Writable Control Stere [WCEI. Each &4 bit Instructian
Memary [I-memd werd is stored in twe consecutive 32 bit words in
the gpartition, and four somseqcutive l& bit words in the MCR file

{least gsignificant bits first). The WCE Address specifies the J-
Mem deastination address into which the first microcode word is
written, Sucressive I-Merm ingtructions are writtem inte

ascending addresssas until Number of Words has heen transferrved.
Farity +ur each I-Mem word is gemerated By the assembler and iy
not checked during loading,

One er more insgkrvction memary decdionsg must exist within 3
micreload. Mowever:, only +he last seciion of this fype before

the Entry Data section shall be loaded by the RUOM load mechanism
4 Microcode section tonbains the following Fields:

A2Y
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byte value

gffset Function ay format description

$20 Bection ID #xl Tdentifies the
migrocode section

#x4 HCE Address a2 Bit Starting microacads
address

#x8 pNumber of Hords 32 bit Total number of S4-bit
microcode woards

#riemy LSE of inastrucition 3= bhig Bits <3L1:00> a+ an
instruction

$x10+EN MSE of instruction 3 bBit Bits <43:32> of an

instruction

{M Tanges O to Numbher of Words!

A4 3. 3.3 Dispatch Section.

The Disgatch sectiesn contains data for the dispatch instructions
tg he stored in the internal Lisp Microaproacessor Dispabch RAM
Fach 18 it dispatch word is storved in & 32 bit werd In  fhe
partition. The Dispateh Address specifies the D-Mem destination
address into which +the first dispatch word ig written.
Successive D-Mem words are written into ascending addresses uniil
Muymber af Words have been transferred. The upper bits of each
d2-bit werd in the pardtition. bits <31:18>, are ignored during
the booting.

Zero or moere Dispatch memory sections may be present in any given

migroload. Later sactions may oavermrite earlier sections,
Dispateh memory sactions must appesar before the Entry Date
secrtisn and after Lthe Microload header. A Bispatech section

cantaing the follswing fields:
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byte value

affsat Funcbion ar format deseeripgtion

#2120 Sectiosn ID #x Identifies &
Dispatch section

#xd Dispatch Address 32 bit Initial dispatch
agdress

¥xH Number of Words 32 bik Number af dispatch
words

#xl+dhd Dispatcech value 32 hit Bits <17.00> are

dispateh value

{N ranges O to Number of Words)

&4 3.3 4 ALM Memory Section.

The ARM Memory section contains the initial A&M Memery values to
be stored in the dinternal Lisg Microprocessor ARM Mempry RAM
The A%M Memory Address specifies the address for first ALM Memory
word., Successive ALM Msmory words are written dinte ascending
addresses ountil Number of MWords has been transferred. Data
values with addresses 0 to #x3F are alse written into M-Memory.
Data values above #x3F are written inte A-~Memory aniy.

Zero gr mare AkM Momory sections may be present in anyg given
microload. Later sections may overwriie eariier secticms. A
mamory secktions must appear before the Entryg Data section and
gfter the Microload header. An ALM memsry seciion coniains the
following fields:

by te value

affset Ffunction gr format description

#x0 Section ID #xd Tdentifias a ALM
Memory section

#x24 ALY Mamory Adress 32 bit Starting ALM Memory
address

#1218 Number of Words 32 bit Mumber of ARM Memory
values

#xC+qMN ARM Memory value 32 bit Initial A%M Mesaory
value

{M ranges O to Number of Words)

A=31
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NOTE

tin %he Explorer II processor, the highest 8
A-Memory locations {8x3F8 throveh #x3FF)  are
reserved Ffor passing system boot information
to the downloaded cade and are thersfore not
loaded From the ALM Memory section even if
the ALM memory section contsins wvalues for
these locations. Likewise. berause their use
ie reguired during booting, locations -3 are
alsp not actually initialized from the MER.
Lecatien Qs inittial wvalue is indeterminate.

A3 3% Tag Classifier Section,

The Tag Classifier gsechtion contains the Tag Classifier data
valugs +that are stored in the Lisp Migroprocessor’s internal Tag
Classifier RAM., Eath Tay Class specifies &4 bhits pf data {2-bits
for each of 3@ data types) to be stored in the Tag Classifipr
RaM.  Tag Class data is divided into four guarters. egach of which
DLLURpi®sg the most sigrificant ié-bits ({31 1&3} nf Four
conseetutive 32 bit woerds in a Tag Llassifier seckion.

The Tag Class Address specifies the Tag Claszifier memogry
destination address foar first Tag Class, Successive Tag Classes
ara then written into memory ventil Number of Clilasses have hesn
written, Zera tr more Tag CLlassifier Memory sections may bhe
pregent in any given microlcead Later sections may overwrite
garlier sectigns. Tag {lassifigr memory sectigns must appear
betore the Entry Data section and after the Microload header. &
" Tag Classifier memory section containg the following fields:

byts value
offsat Function or format deszrighion
#x0 Bection ID #x4 Identifies a Tag
Classifier Memory
sertion
#xd Tag Class 32 bit Starting Tayg Llass
#x8 Homber of {lacses 32 hit Mumber of Tag Clztses
¥xO0+I0N  Tag Classifier Yalue 32 bhid Guarter—0 T-menll5 305
#x10+i0N Tag Classifier Value 32 bit GQuarfter~} T-Mam 3i: 14
#x144+10M Tag Llassifier Value 32 bit Guarter—-2 YT-Mem<47: 325>
#x18+I0N Tag Classifier Yalue 32 bit Quartar~3 T~Memis3: 48>
(M Tanges O £z Number of {lassas} {Gn = Tag Class Quag}

""""
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4.3 . 3.6 1/0 Bpace Initialization Bection

The [/0 Space Initialization section centains parameiers to
specify patterns that are to be written inte the local address
fI/s0] space.

I£ bhit <313 of the Insert Memory Dffset word is set (=1} then at
boot time the Initial Data value is adjusted by an LOE of the
MuBus address of the current system memory into the Initial Data
valug., Rits <09 00> of the Insert Memory OFffsel word are used ta
generate the rotation length and count Ffor the LDBR This
feature, in conjunctien with the Dats and Address Increment
values, supports initialization of the Virtual Memary Maps by the
ROM mechanisms.

The {potentimily adjusted) data valuve 1is written into the
Starting Address. After each write the datas value is adjusted by
adding the Data Ingrament wvalue %o allow initialirations with
walups that include rers or more incrementing fields. Also, the
destination address is adjusted after each write by adding the
address Increment value. This is necessary due (o the manner in
which mawst of the arrays on precessor boards are addressed in ID
space. Writing and ad)wsting of data and addresses tontinues
until Number cof Words have been writfen.

Zarc or mpre I/0 Space Initialization sections may be present in

any given microload, Later sections may overwrite earlier
seg tiong. 1/ Space fnitialization sections must appesr bheforse
the Entry Data section and after the Micrelsad header. an L/0

Gpace Initialization section contains the following fields:

A~33
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byte value
offset Function ar format descriptian

— 1 T — o e bt it ——

#x{ Section ID #x5 Idantifisa an
1/0 Space
Initialization
section

#24 Btarting Address 32 bit I/ Space
destination
agdress

#x Mymbher of words a2 pit MNumbear nf 32-hit
words to write

#x0 Initial Data a2 hig Initigl data valops
£for writes

#xiQ Insert Memory Dffset 32 hit Ait <3t> . i=
gnable insertion
Bit <09 05>
ratatien length
Bit <04:00> :
rotatian count

#8214 Data Tncrement 32 bit Add to dota value
after each write

#xi8 Address Increment 32 bit Addd to address value
aftar each write

6.3.3 7 1/0 Space bData Sectieon,

The /0 Space Datas section contains data that are used to load
the varigus wmemeries in  I/0 spacge. Thig can be uveed to
inttiaslize the Transport RAM and other ID space Peatures.  The
Gtarting Addrees is an  absolute Lisp Microprocesser I space
address, Data VYalues are copied #fvom the spetion inte I8 space.
Atter each write, the destination address is adjusted by adding
the Address Increment wvalue. This is necessary duve toc the manner
in which mest of the arrags on processor beards are gddressed in
IT space., Writing and adiusting of addresses coenitinues until
Number of Werds have heen writien,

Zers or motre 1/80 Space Data seciioens may be present in any given
microload, Later sections may overwrite earlier sections, 1/8
Goate Date sections musit appear befure the Entry Data section and
atter the Microeload header. An I/0 Space Date section coentains
the following Fields:

A4
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byte valup

nffset Ffunciipn or fermat geacription

#:x0 Gection 1D Hyrds Identifies an 170
Space Data secktion

#x 4 Stariing Address g2 bit Bestination 1/0
agdress

#x83 Mumber of words 32 bit Mumber of 32 bhit
words to write

#xC Address Increment a2 bit fadd to destination
address value after
each write

#x10+4N Data VYalue 32 bit Data values toc be

written

iM ranges G to Mumber of Hords)

A. 3. 3.8 Main Memory Sectioen.

The Main memory section contains data values to be stored in this
pracessor s main memery, The Source Date Valwves asre stored as
J2—-hi¥ wvalues. The Destination Address 1is adjusted from a
virtual {word) to & physical (byte) valuve and then added o the
Mullus address of the system memory determined by the booting
mechanism {the System Test and Boot Master or wtilities suech as
Spyport software which alsa load MCR's} to belong to this
PTOCEESOT. Buccessive words of Sgurce Data Values are
transferred sequentialily until Number of words have been written.

fers or mere Main Memory sections may be present in any given
microload. Later sections may overwrite gariier sections. Main
Memory sectiond must appear before the Entry Data section and
aftter the Micreload header. A Main Memory section containg the
following #$#ields:

A~33
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tyte value

pffset Funciion gr format descripbtion

#x0 Bection ID #x7 Identifies a Main
Memory section

#xd Destination Address a3 bit Yirtual {ward}
address

#$x53 Number of 232-bi¥ words 32 Bit HNumber of words
to write

#xC+8N Data Value S bit Bata

{M ranges ¢ to Number of Werds?

4.2 .99 Auxiliary Data Section.

The Auxiliary Data sectien contains processor specific data.  The
use of this data will be defined by individual processor boot
mechanism and system specifications. The Bub 1D code allows a
sroecessor to  have more than one Yype of Auvxiliary sectisn.,  The
section conitains Number of Words of Data Values whose format and
pygse arp procesysy dependent.

the Ezxplerer I! processor supports a Required Floating Peint
Frocessor Auxiliary Data section {sub-id <+type = [}, I# this
seckion is present in a partition, then the fFivst dats word of
this sectisn must exactly match the tupe Floating point optiorm
prasent, Flosting point option boards identify themselves via a
thtee bit €i#ld in the Explsrer 11 Erxternmnal Contral Register.
The Reguirted Floating Foint Processor Auwiliary DRata sectien must
be used to prevent microcode which requires a specific floating
point option heard frem being loaded, only to crash when a
different opption board {or more likely none at alll) ig present.
Additional Auxiliary Data wvaluves beyond the Ffirst word are
ignored:, as are Auvxilisry Dats sections of pther zub—id types.
They may thersfore transpatit varicus types of data specific fo a
MR pariition (such as crash table or build information) bui not
needed during booting.

fery or more Auxiliary Date sections may be present in any given
micraload, Auxiliary Deta sections must appear defore the Entry
Data sectign and after the Microload header. An Auxiliary Bate
section centaine the Ffollowing fields:

A=-38
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byte value

pffspt Ffunction gr format description

Bx0 Section 1D #rA Identifies & Auxiliary
Data section

#yd Suk ID 32 bit Differentiates sub sections
fprocessor dependent?

#2158 Mumbiar of words aw hit Nuymber of 32 bit values
in remainder af section

#x{+4M Data Valuves 32 hit Data values

{N ranges ¢ te Number gf Words)

A 4.3 10 Entry Data Section.

The Entry Data section serves as 3 marker to indicate the end of
the microload. it containg the processor’s initial Micro PO and
initisl Machine Control Register values. Note thst both these
values are required:. as they shalil be set as the starting ztate
pf the Lisp Micropracessor as the last act of the booting
mechanisms.

Ezactiy one Entry Rate sectien must be present in a partition and
it must sppear after 311 other sections which reagquire loading at

boot time. Additionzl sections may be present fFollowing the
Entry Dats section to carry auxiliary information about wsach
particular microload. The Entry Data section containe the

following fields:

byte valug
offset  Funcitian or format deseription
wxQ Section ID #xEOF Identifies the Entry
Data section
#2148 Micro PC G2 Bid Initial Micro Program
{ounter
#2B MCR F= hit Initigl Machine Contrgl

Register wvaluse

a3y
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APPENDIX B

dcranyms

E. 1 ACRONYMS USBEDR

Acronyms far system structures and routine names sre introdueed
at various peints threughout the manval. If you read a section
Ffram the manual without reading o3l preceding secktions. an
acranym may bde encountered without an explanation of its meaning.
Table B-1 lists most 68 the acronyms vsed in the manuval. Refer
to this list for a complete description of the term

Tablie BE-1 Description of AcTonyms

AcTonym Meaning
ADL Argument Descripter List
-~ ROR Device Driwver
BPMT Disk Page Map Tabile
ETE Error Table Entry
EVCR External Valve €all Painter
FEF Function Entry Frame
FMT Farmat Information Partition
LAN l.octal Area Network .
MER Machine Control Register F Mif?7s
NUP T MuBus Feripheral Interface
BEVEAM Nen—Volatile Random Access Memory
BT Page Hash Table
PPD Fhysical Page Bata
RGB Heguest Block . :
SIB Gystem Interface Boary e
UpLs wRrperssrr—Mienpeiiaeck 7 7,
STEM System Test and Boot Master
TI0N Test Zgne Partition
Yt Virtual Memory Address
WEE Writable Control Store

TEAdzZ0E~-000 I #A n-1




