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–– This VHDL code invokes the im-
plementation of the MATH PKG ele-
ment ADD

USE WORK.CYPRESS.ALL;
USE WORK.MATHPKG.ALL;

ENTITY add IS
PORT (CI: IN BIT ;

A, B: IN BIT ;
SUM: OUT BIT ;
CO: OUT BIT );

END add;

ARCHITECTURE archadd OF add IS

BEGIN

i1: add PORT MAP(CI,A,B,SUM,CO);

END archadd;
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––This VHDL code describes the implementation of a generic
––12 bit ripple carry adder.

USE WORK.CYPRESS.ALL;
USE WORK.MATHPKG.ALL;

ENTITY rippleadd12 IS
PORT  (CI: IN BIT ;

A11, A10, A9, A8, A7, A6, A5, A4, A3, A2, A1, A0 : IN BIT ;
B11, B10, B9, B8, B7, B6, B5, B4, B3, B2, B1, B0 : IN BIT ;
SUM11, SUM10, SUM9, SUM8, SUM7, SUM6, SUM5, SUM4,
SUM3, SUM2, SUM1, SUM0 : OUT BIT ;
CO: OUT BIT);

END rippleadd12;
 
ARCHITECTURE archripple12add OF rippleadd12 IS
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SIGNAL C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11 : BIT ;

attribute synthesis_off of  C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11 :
signal is true ;

BEGIN

i1: add PORT MAP(CI,A0,B0,SUM0,C1);
i2: add PORT MAP(C1,A1,B1,SUM1,C2);
i3: add PORT MAP(C2,A2,B2,SUM2,C3);
i4: add PORT MAP(C3,A3,B3,SUM3,C4);
i5: add PORT MAP(C4,A4,B4,SUM4,C5);
i6: add PORT MAP(C5,A5,B5,SUM5,C6);
i7: add PORT MAP(C6,A6,B6,SUM6,C7);
i8: add PORT MAP(C7,A7,B7,SUM7,C8);
i9: add PORT MAP(C8,A8,B8,SUM8,C9);
i10: add PORT MAP(C9,A9,B9,SUM9,C10);
i11: add PORT MAP(C10,A10,B10,SUM10,C11);
i12: add PORT MAP(C11,A11,B11,SUM11,CO);

END archripple12add;
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–– VHDL code describing a 2-bit adder with carry-out.

USE WORK.RTLPKG.ALL;

PACKAGE add2wc_pkg IS
COMPONENT add2wc PORT(

CI :  IN BIT ;
A1,A0: IN BIT ;
B1,B0: IN BIT ;
SUM1,SUM0 : OUT BIT ;
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CO: OUT BIT );
END COMPONENT;

END add2wc_pkg;

ENTITY add2wc IS
PORT (CI : IN BIT ;

A1,A0: IN BIT ;
B1,B0: IN BIT ;
SUM1,SUM0 : OUT BIT ;
CO: OUT BIT );

END add2wc;

ARCHITECTURE archadd2wc  OF add2wc IS

BEGIN

SUM0 <= A0 XOR B0 XOR CI;
SUM1 <= A1 XOR B1 XOR ((A0 AND B0) OR (A0 AND CI) OR (B0 AND CI));
CO   <= (A0 AND B0 AND B1)

OR (A0 AND B0 AND A1)
OR (CI AND B0 AND B1)
OR (CI AND B0 AND A1)
OR (CI AND A0 AND B1)
OR (CI AND A0 AND A1)
OR (A1 AND B1);

END archadd2wc;
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––A 12-bit Ripple carry adder built using the ADD2WC element as a basic 
––building block

USE WORK.RTLPKG.ALL;
USE WORK.ADD2WC.ALL;

ENTITY add12 IS
PORT(CI :  IN BIT ;

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN BIT ;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0: IN BIT ;
SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4,
SUM3,SUM2,SUM1,SUM0 : OUT BIT ;
CO: OUT BIT );

END add12;
 
ARCHITECTURE archadd12 OF add12 IS

SIGNAL C2, C4, C6, C8, C10 : BIT ;

attribute synthesis_off of  C2, C4, C6, C8, C10 : signal is true ;

BEGIN

i1: add2wc PORT MAP(CI,A1,A0,B1,B0,SUM1,SUM0,C2);
i2: add2wc PORT MAP(C2,A3,A2,B3,B2,SUM3,SUM2,C4);
i3: add2wc PORT MAP(C4,A5,A4,B5,B4,SUM5,SUM4,C6);
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i4: add2wc PORT MAP(C6,A7,A6,B7,B6,SUM7,SUM6,C8);
i5: add2wc PORT MAP(C8,A9,A8,B9,B8,SUM9,SUM8,C10);
i6: add2wc PORT MAP(C10,A11,A10,B11,B10,SUM11,SUM10,CO);

END archadd12;
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–– 3–Bit Adder with Carry–out

PACKAGE add3wc_pkg IS
COMPONENT add3wC 

PORT (CI : IN BIT ;
A2,A1,A0: IN BIT ;
B2,B1,B0: IN BIT ;
SUM2,SUM1,SUM0 : OUT BIT ;
CO: OUT BIT );

END COMPONENT;
END add3wc_pkg;

ENTITY add3wc IS
PORT (CI : IN BIT ;

A2,A1,A0: IN BIT ;
B2,B1,B0: IN BIT ;
SUM2,SUM1,SUM0 : OUT BIT ;
CO: OUT BIT );

END add3wc;

ARCHITECTURE archadd3wc OF add3wc IS

SIGNAL C2: BIT ;

attribute synthesis_off of C2:  signal is true ;
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BEGIN

SUM0 <= A0 XOR B0 XOR CI;
SUM1 <= A1 XOR B1 XOR ((A0 AND B0) or (A0  AND CI) or (B0 AND CI));
SUM2 <= A2 XOR B2 XOR C2;

C2   <= (A0 AND B0 AND B1)
OR (A0 AND B0 AND A1)
OR (CI AND B0 AND B1)
OR (CI AND B0 AND A1)
OR (CI AND A0 AND B1)
OR (CI AND A0 AND A1)
OR (A1 AND B1);

CO <= (A2 AND B2) OR ((A1 AND B1) AND (A2 OR B2)) 
OR ((A0 AND B0) AND (A1 OR B1) AND (A2 OR B2))
OR (CI AND (A0 OR B0) AND (A1 OR B1) AND (A2 OR B2));

END archadd3wc;
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––A 12-bit Full carry-lookahead adder built using the ADD2WC and ADD2NC 
––elements

USE WORK.RTLPKG.ALL;
USE WORK.ADD2WC.ALL;
USE WORK.ADD2NC.ALL;

ENTITY fc2add12 IS
PORT(CI :  IN BIT ;

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN BIT ;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0: IN BIT ;
SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4,
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SUM3,SUM2,SUM1,SUM0 : OUT BIT ;
CO: OUT BIT );

END fc2add12;
 
ARCHITECTURE archfc2add12 OF fc2add12 IS

SIGNAL C2, C4, C6, C8, C10 : BIT ;
SIGNAL E1,E2,E3,E4,E5  : BIT ;
SIGNAL R1,R2,R3,R4,R5  : BIT ; 
attribute synthesis_off of  E1,E2,E3,E4,E5 : signal is true ;
attribute synthesis_off of  R1,R2,R3,R4,R5 : signal is true ;
attribute synthesis_off of  C2, C4, C6, C8, C10 : signal is true ;

BEGIN

i1: add2wc PORT MAP(CI,A1,A0,B1,B0,SUM1,SUM0,C2);
i2: add2nc PORT MAP(C2,A3,A2,B3,B2,SUM3,SUM2);
i3: add2nc PORT MAP(C4,A5,A4,B5,B4,SUM5,SUM4);
i4: add2nc PORT MAP(C6,A7,A6,B7,B6,SUM7,SUM6);
i5: add2nc PORT MAP(C8,A9,A8,B9,B8,SUM9,SUM8);
i6: add2nc PORT MAP(C10,A11,A10,B11,B10,SUM11,SUM10);

E1 <= (A3 AND B3) OR ((A3 OR B3) AND (A2 AND B2));
R1 <= (A3 OR B3) AND (A2  OR B2);        

C4 <= E1 OR (C2 AND R1);

E2 <= (A5 AND B5) OR ((A5 OR B5) AND (A4 AND B4));
R2 <= (A5 OR B5) AND (A4 OR B4);

       
C6 <= E2 OR ((E1 OR (C2 AND R1))  AND R2); 

       
E3 <= (A7 AND B7) OR ((A7 OR B7) AND (A6 AND B6));
R3 <= (A7 OR B7) AND (A6 OR B6);       

C8 <= E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) AND R3);

E4 <= (A9 AND B9) OR ((A9 OR B9) AND (A8  AND B8));
R4 <= (A9 OR B9) AND (A8 OR B8);

C10 <= E4 OR ((E3 OR ((E2 OR ((E1  OR (C2 AND R1)) AND R2)) AND R3)) AND 
    R4);

 
E5 <= (A11 AND B11) OR ((A11 OR B11) AND (A10 AND B10)); 
R5 <= (A11 OR B11) AND (A10 OR B10);

CO <= E5 OR ((E4 OR ((E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) AND 
   R3)) AND R4)) AND R5);

END archfc2add12;
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––12–Bit Fast carry-Lookahead adder with 3-bit groups

USE WORK.ADD3WC.ALL;
USE WORK.ADD3NC.ALL;

ENTITY fc3add12  IS
PORT (

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0 : IN BIT;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0 : IN BIT;  
CI : IN BIT ;
CO : OUT BIT ;
SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4,SUM3,
SUM2,SUM1,SUM0 : OUT BIT );

END fc3add12;

ARCHITECTURE fc3add12arch OF fc3add12  IS

SIGNAL  E1,E2,E3 : BIT ;
SIGNAL  R1,R2,R3  : BIT ;
SIGNAL  C3,C6,C9 : BIT ;
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attribute synthesis_off of C3,C6,C9 :  signal is true ;
attribute synthesis_off of E1,E2,E3 : signal is true ;
attribute synthesis_off of  R1,R2,R3 :  signal is true ;

BEGIN

i1: add3nc PORT MAP(CI,A2,A1,A0,B2,B1,B0,SUM2,SUM1,SUM0);
i2: add3nc PORT MAP(C3,A5,A4,A3,B5,B4,B3,SUM5,SUM4,SUM3);

i3: add3nc PORT MAP(C6,A8,A7,A6,B8,B7,B6,SUM8,SUM7,SUM6); 
i4: add3wc PORT MAP(C9,A11,A10,A9,B11,B10,B9,SUM11,SUM10,SUM9,CO);

E1 <=  (A2 AND B2) 
OR ((A1 AND B1) AND (A2 OR B2)) 
OR ((A0 AND B0) AND (A1 OR B1) AND (A2 OR B2));

R1 <=  (A2 OR B2) AND (A1 OR B1) AND (A0 AND B0);

C3 <= E1 OR (R1 AND CI);

E2 <=  (A5 AND B5) 
OR ((A4 AND B4) AND (A5 OR B5)) 
OR ((A3 AND B3) AND (A4 OR B4) AND (A5 OR B5));

 
R2 <=  (A5 OR B5) AND (A4  OR B4) AND (A3 AND B3);
 
C6 <= E2 OR (E1 AND R2) OR (R2  AND R1 AND CI);

E3 <=  (A8 AND B8)  
OR ((A7 AND B7) AND (A8 OR B8))  
OR ((A6 AND B6) AND (A7 OR B7) AND (A8 OR B8)); 

  
R3 <=  (A8 OR B8) AND (A7 OR B7) AND (A6 AND B6); 
 
C9 <= E3 OR (E2 AND R3) OR (E1 AND R3 AND R2) OR (R3 AND R2 AND R1 AND CI);

END fc3add12arch;
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––A 12-bit Full carry-lookahead adder built using the ADD2WC and ADD2NC 
––elements. The  ADD2WC and ADD2NC elements are part of the ADD4NC in the 
––same order

USE WORK.RTLPKG.ALL;
USE WORK.ADD2WC.ALL;
USE WORK.ADD2NC.ALL;

ENTITY fc4add12 IS
PORT (

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0 : IN BIT ;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0 : IN BIT ;
CI : IN BIT ;
CO : OUT BIT ;
SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4,SUM3,
SUM2,SUM1,SUM0 : OUT BIT );

END fc4add12;

ARCHITECTURE fc4add12arch OF fc4add12  IS

 SIGNAL E1,E2 : BIT ;
 SIGNAL R1,R2  : BIT ;
 SIGNAL C2,C4,C6,C8,C10 :  BIT ;

attribute synthesis_off of  C2,C4,C6,C8,C10 : signal is true ;
attribute synthesis_off of  E1,E2 : signal is true ;
attribute synthesis_off of R1,R2 : signal is true ;
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BEGIN

i1: add2wc PORT MAP(CI,A1,A0,B1,B0,SUM1,SUM0,C2);
i2: add2nc PORT MAP(C2,A3,A2,B3,B2,SUM3,SUM2);

i3: add2wc PORT MAP(C4,A5,A4,B5,B4,SUM5,SUM4,C6); 
i4: add2nc PORT MAP(C6,A7,A6,B7,B6,SUM7,SUM6);

i5: add2wc  PORT MAP(C8,A9,A8,B9,B8,SUM9,SUM8,C10); 
i6: add2wc  PORT MAP(C10,A11,A10,B11,B10,SUM11,SUM10,CO);

E1 <=  (A3 AND B3) 
OR ((A2 AND B2) AND (A3 OR B3)) 

 OR ((A1 AND B1) AND (A2 OR B2) AND (A3 OR B3))
OR ((A0 AND B0) AND (A1 OR B1) AND (A2 OR B2) AND (A3 OR B3));

R1 <= (A3 OR B3) AND (A2 OR B2) AND (A1 OR B1) AND (A0 AND B0);

C4 <= E1 OR (R1 AND CI);

E2 <=  (A7 AND B7) 
OR ((A6 AND B6) AND (A7 OR B7))
OR ((A5 AND B5) AND (A6 OR B6) AND (A7 OR B7))
OR ((A4 AND B4) AND (A5 OR B5) AND (A6 OR B6) AND (A7 OR B7));

 
R2 <= (A7 OR B7) AND (A6 OR B6) AND (A5 OR B5) AND (A4 AND B4); 
 
C8 <= E2 OR (E1 AND R2) OR (R2 AND R1 AND CI);

END fc4add12arch;
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–– This VHDL code invokes the
MATHPKG element SUB

USE WORK.CYPRESS.ALL;
USE WORK.MATHPKG.ALL;

ENTITY sub IS
PORT (Bin: IN BIT ;

A, B: IN BIT ;
DIF: OUT BIT ;
 Bout: OUT BIT );

END sub;
 
ARCHITECTURE archsub OF sub IS

BEGIN

i1: sub PORT
MAP(Bin,A,B,DIF,Bout);

END archsub;
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USE WORK.RTLPKG.ALL;

PACKAGE sub2wb_pkg IS
COMPONENT sub2wb PORT(

Bin :  IN BIT ;
A1,A0: IN BIT ;
B1,B0: IN BIT ;
DIF1,DIF0 : OUT BIT ;
Bout: OUT BIT );

END COMPONENT;
END sub2wb_pkg;



������� $ �"�$���$�� ��#�� # ��"��$� � 
������� 
���#


����

ENTITY sub2wb IS
PORT(Bin : IN BIT ;

A1,A0: IN BIT ;
B1,B0: IN BIT ;
DIF1,DIF0 : OUT BIT ;
Bout:  OUT BIT );

END sub2wb;

ARCHITECTURE archsub2wb OF sub2wb  IS

BEGIN

DIF0 <= NOT ( NOT (A0 XOR B0) XOR Bin);
DIF1 <= NOT ( NOT (A1 XOR B1)  XOR (( NOT A0 AND B0) OR ( NOT A0 AND Bin) OR

 (B0  AND Bin)));

Bout   <= ( NOT A0 AND B0 AND B1)
OR ( NOT A0  AND B0 AND NOT A1)
OR (BI AND B0 AND B1)
OR (BI AND B0 AND NOT A1)
OR (BI AND NOT A0 AND B1)
OR (BI AND NOT A0 AND NOT A1)
OR ( NOT A1 AND B1);

END archsub2wb;
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––A 12-bit Full borrow-lookahead subtracter built using the SUB2WC and  
––SUB2NC elements

USE WORK.RTLPKG.ALL;
USE WORK.SUB2WB.ALL;
USE WORK.SUB2NC.ALL;

ENTITY fb2sub12 IS
PORT(Bin :  IN BIT ;

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN BIT ;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0: IN BIT ;
DIF11,DIF10,DIF9,DIF8,DIF7,DIF6,DIF5,DIF4,
DIF3,DIF2,DIF1,DIF0 : OUT BIT ;

Bout: OUT BIT );
END fb2sub12;
 
ARCHITECTURE archfb2sb12 OF fb2sub12 IS

SIGNAL C2, C4, C6, C8, C10 : BIT ;
SIGNAL E1,E2,E3,E4,E5  : BIT ;
SIGNAL R1,R2,R3,R4,R5  : BIT ; 

––The internal carries are referred to as C’s to distinguish between 
––borrow-out’s and the operands

attribute synthesis_off of  E1,E2,E3,E4,E5 : signal is true ;
attribute synthesis_off of  R1,R2,R3,R4,R5 : signal is true ;
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attribute synthesis_off of  C2, C4, C6, C8, C10 : signal is true ;

BEGIN

i1: sub2wb PORT MAP(Bin,A1,A0,B1,B0,DIF1,DIF0,C2);
i2: sub2nc PORT MAP(C2,A3,A2,B3,B2,DIF3,DIF2);
i3: sub2nc PORT MAP(C4,A5,A4,B5,B4,DIF5,DIF4);
i4: sub2nc PORT MAP(C6,A7,A6,B7,B6,DIF7,DIF6);
i5: sub2nc PORT MAP(C8,A9,A8,B9,B8,DIF9,DIF8);
i6: sub2nc PORT MAP(C10,A11,A10,B11,B10,DIF11,DIF10);

E1 <= ( NOT A3 AND B3) OR (( NOT A3 OR B3) AND ( NOT A2 AND B2));
R1 <= ( NOT A3 OR B3) AND ( NOT A2 OR B2);        

C4 <= E1 OR (C2 AND R1);

E2 <= ( NOT A5 AND B5) OR (( NOT A5 OR B5) AND ( NOT A4 AND B4));
R2 <= ( NOT A5 OR B5) AND ( NOT A4 OR B4);

C6 <= E2 OR ((E1 OR (C2 AND R1))  AND R2); 
       

E3 <= ( NOT A7 AND B7) OR (( NOT A7 OR B7) AND ( NOT A6 AND B6));
R3 <= ( NOT A7 OR B7) AND ( NOT A6 OR B6);       

C8 <= E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) AND R3);

E4 <= ( NOT A9 AND B9) OR (( NOT A9 OR B9) AND ( NOT A8 AND B8));
R4 <= ( NOT A9 OR B9) AND ( NOT A8 OR B8);

C10 <= E4 OR ((E3 OR ((E2 OR ((E1  OR (C2 AND R1)) AND R2)) AND R3)) 
    AND R4);

 
E5 <= ( NOT A11 AND B11) OR (( NOT A11 OR B11) AND ( NOT A10 AND B10));
R5 <= ( NOT A11 OR B11) AND ( NOT A10 OR B10);

Bouy <= E5 OR ((E4 OR ((E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2))  
   AND R3)) AND R4)) AND R5);

END archfb2sub12;

	�� �!�"�� �� ��"�$!�� �#���&�#��� ��!

����!��# ������" �� �$������ � ��'��#
����!


 ���������� ����� ���"��� ��� ���� ���  ����$�%
���� ��� ��� ��������� ������ ���� ��� ��  ��� ��
� ������ � ��%��� ����� �� ���"� �� ����� ��  
���
����� � �����$�� ���� �� ��� ��# ��� �� ���� ��!�

���� ��������� �� ��� ���� ����� �� ����  ���� ���%
�������� ��� �������� ���� ��� ������ ��� ���
������ ����	

��  �� 	�!!% ����!"

�� ��� � ��!�� ��� �%��$�� ��� � ���� �� ������
����� �� #���� ��� ��� �� ��
�	��	� �� ��� ��$� ��
��� ����� ����� � ����




������!& 	$�&� �&�� ��%��!% ��$��&�!� ��	����� ����%


�
��

����� ��  �" #�$�%"! "� �����$�!& ��)
�& 	���$ ���� �%

��%"'$�� ��	���� ��	���� ��	���� ���	���� ���	���� ���	����

��4 64&% �
 
�� 
�� 

� 
�� 
��

��4 64&% �
 
� 
� �� �� ��

� 0' 1"44&4 
� � � � 
 


�� �4 5)& (3061<4*;& */$3&"4&4� 5)& /6.#&3 0'
1"44&4 5",&/ 5)306() 5)& -0(*$ "33": *4 ��	�� ��
� � �� ������ ��� ����� ������ 8)&3& � *4 5)& 4*;&
0' 5)& "%%&3 "/% � *4 5)& (3061 4*;&�  �03 &9".<
1-&� " �����
� 5",&4 ��	�	� �� � �  � � 1"44&4
50 :*&-% 5)& %&4*3&% 3&46-5�

�� �/ 5)& �����
� �3*11-& $"33: "%%&3 #6*-5 64*/(
�<#*5 (30614� 4$)&.&� 5)& 7"-6& 0' 5)& ��� 46.
#*5 8*5)*/ " �<#*5 (3061 *4 130%6$&% 0/-: */ 5)&
4&$0/% 1"44 5)306() 5)& "33":�  �)*4� )08&7&3�
%0&4 /05 "''&$5 5)& 
�<#*5 "%%&3 :*&-%*/( 3&46-54
*/ � 1"44&4 ��	�
� �� � 	 � �� "4 &91&$5&%�  �)*4
*4 1044*#-& #&$"64& 5)& $"33:<065 '30. 5)& �<#*5
(3061 *4 130%6$&% */ 5)& '*345 1"44�  �)& *.1-&<
.&/5"5*0/ 0' 5)& ������ 8"4 %*4$644&% */ %&<
5"*- &"3-*&3�  �)*4 40-65*0/ *4 " 7&3: %&4*3"#-&
40-65*0/ '03 .045 "11-*$"5*0/4 5)"5 64& 4."--
4*;&% "%%&34�


� �)& �
���
� 64&4 '&8&3 ��4 "/% .03& ��4
".0/( 5)& %*''&3&/5 7&34*0/4 0' 3*11-&<$"33: "%<
%&34�  �)& 01104*5& *4 5)& $"4& '03 5)&
�����
��  �)& �����
� 1307*%&4 "/ */5&3<
.&%*"5& 40-65*0/ #&58&&/ 5)& 580 &953&.&4�

�� �)& ."$30$&-- $06/5 */ �
���
� $"/ #&
#306()5 %08/ '30. �
 50 
�� *' 5)& "553*#65& !4:/<
5)&4*4 0''� *4 64&% 0/ 5)& &7&/</6.#&3&% $"33*&4
0/-:�  �)& /6.#&3 0' 1"44&4 *4 "-40 #306()5
%08/ '30. 
� 50 ��  �)*4� )08&7&3� 164)&4 5)&
130%6$5 5&3. $06/5 '30. �
 50 
���  �/ &*5)&3
$"4&� /0/& 0' 5)& &26"5*0/4 46.<41-*5�  �)*4 *4� */
'"$5� �����
��  �)& %&4*(/&3 $"/ $)004& 5)&
*.1-&.&/5"5*0/ 5)"5 #&45 $)004&4 5)& "11-*$"<
5*0/�

�� �)& �
���
� �3*11-& $"33: "%%&3 #6*-5 64*/(

<#*5 (30614� *4 /05 " 7*"#-& 40-65*0/� 4*/$& 5)&
$"33:<065 '30. 0/& 0' 5)& 
<#*5 (30614 806-%
5",& 580 1"44&4 50 #& (&/&3"5&%�  �)*4 3&46-54 */
" *.1-&.&/5"5*0/ 5)"5 5",&4 4*9 1"44&4 50 :*&-%
3&46-54 "4 01104&% 50 5)& &91&$5&% 5)3&& 1"44&4�
�)*4 40-65*0/ *4 */&''*$*&/5 "/% *4 /05 $0/4*%&3&%�

��$$()�""������ 	���$%


� �03 " (*7&/ (3061<4*;&� 5)& /6.#&3 0' 1"44&4
5",&/ 50 :*&-% 3&46-54 *4 ������  �����������  0' 5)&
4*;& 0' 5)& "%%&3 #&*/( #6*-5�  �)*4 *4 5)& #*((&45
"%7"/5"(& 8*5) $"33:<-00,")&"% "%%&34�

�� �-- 5)& ����� ��������4 �
4� "/% ����� ���������4
��4� "3& (&/&3"5&% */ 5)& '*345 1"44 "/% 5)& $"33:<
*/4 50 "-- (30614 */ 5)& 4&$0/% 1"44 5)306() 5)&
-0(*$ "33":�  �)& �6. 0651654 "3& (&/&3"5&% */
5)& 5)*3% 03 5)& '0635) 1"44� %&1&/%*/( 0/ 5)&
(3061<4*;& #&*/( 64&%�

�� �)& ������
� 5",&4 5)3&& 1"44&4 50 $0.<
1-&5&� "/% '063 1"44&4 '03 5)& ������
� "/%
��
���
��  �)& /6.#&3 0' 1"44&4 ������� ���
����  61 50 ��<#*5 7&34*0/4 0' 5)& "%%&3�


� �*.*-"3 50 5)& 3*11-& $"33: "%%&34� 5)&
������
� 64&4 '&8&3 ��4 "/% .03& ��4
".0/( 5)& %*''&3&/5 7&34*0/4 0' $"33:<-00,"<
)&"% "%%&34�  �)& 01104*5& *4 5)& $"4& '03 5)&
��
���
��  �)& ������
� 1307*%&4 "/ */<
5&3.&%*"5& 40-65*0/ #&58&&/ 5)& 580 &953&.&4�

�� �)& ������
� �$"33:<-00,")&"% "%%&3 #6*-5
64*/( �<#*5 (30614� *4 /05 " 7*"#-& 40-65*0/� 4*/$&
5)& &953" /6.#&3 0' ��4 "/% /6.#&3 0' 1"44&4
��� 5",&/ 5)306() 5)& -0(*$ "33": %0 /05 +645*':
*54 64"(&�  �)& %&4*(/ *4 "-40 /05 .0%6-"3 "/%
%*''*$6-5 50 %&"- 8*5)�  � %&4*(/&3 $"/� )08&7&3�
&95&/% 5)& %*4$644*0/ 13&4&/5&% 50 #6*-% )*4 08/
������
� .0%&- *' 5)& "11-*$"5*0/ %&."/%4
*5�  �)*4� )08&7&3� 806-% #& "/ &953&.& $"4& "/%
*4 /05 13&4&/5&%�

�'  �$(

�0.1"3*/( 3*11-& $"33: "/% $"33:<-00,")&"% "%<
%&34� *5 *4 &7*%&/5 5)"5 3*11-& $"33: "%%&34 "3& "3&"
&''*$*&/5 #65 )"7& 1003 41&&% 1&3'03."/$&�  �)&
$"33:<-00,")&"% "%%&34 0/ 5)& 05)&3 )"/% "3& '"45&3
#65 65*-*;& .03& 3&4063$&4�  �*7&/ 5)& %*''&3&/5
$)0*$&4� 5)& 64&3 /&&%4 50 .",& " $"3&'6- 4&-&$5*0/
0' 5)& 4$)&.& #&45 46*5&% '03 )*4 "11-*$"5*0/�



�������#( 
&�(�"�(�� 
�'��#' ��&��(�#� ��
���	� ���
'

���
�

��&��,��+�� 
���&'��)�(&��(�&'

�+ ���+ "�.� !*(/' #' +#2� �'� +)��� (.�* ,"� )�+,
 �/ 1��*+� � %(, (  ��+#!'�*+ "�.� ���' )-+"#'! ,(3
/�*�+ %�*!�* +#2�� ����*+ �'� +-�,*��,�*+�  � %(, ( 
 (�-+ �'� ,#&� "�+ ���' ���#��,�� ,(/�*�+ �-#%�#'!
�  #�#�', +&�%%�* +#2�� �%�&�',+ �'� #, /�+ %� , ,( ,"�
��+#!'�*�+ �#+�*�,#(' ,( �-#%� �'� #&)%�&�', ,"� �%3
!(*#,"&�  �1)*�++ ��%#�.�+ #' )*(.#�#'! ��+#!'�*+
/#," ,"� ��+, )(++#�%� #&)%�&�',�,#('  (* ,"�#* ���3
�*+�+-�,*��,�*+ �'� *�%#�.� ,"�& (  ,"� )*(�%�&+
,"�1 /(-%� '(*&�%%1  ����  �"#+ )*(.#��+ ,"� �-+3
,(&�* /#," ,"� ())(*,-'#,1 ,( !�, ,"� ��+, #&)%�3
&�',�,#('  (* ,"�#* �))%#��,#(' /#,"(-, +)�'�#'! �
%(, (  ,#&��

����	 � ,�%$+ ��(-, ,"� *�+(-*�� -,#%#2�,#('  (* 	�3�#,
�'� 
	3�#, ����*+ -+#'! 	3�#,� 
3�#,� �'� �3�#, !*(-)3
+#2�+ /#," ��**1��(**(/3%(($�"��� )*#'�#)%��  �' ,"�
)*�.#(-+ +��,#('+� �#  �*�', #&)%�&�',�,#(' +,*�,�3
!#�+ �'� ,"� ���� �(��+  (* � �	3�#,  -%%3��**13
%(($�"��� ����* /�*� +"(/' �+ �' �0�&)%��  �"�
���� �(��+  (* &(+, .�*#�,#('+ (  ,"� 	�3 �'�

	3�#, #&)%�&�',�,#('+ �*� '(, )*�+�',�� "�*� �-�
,( +)��� �('+,*�#',+�  �"� �(��+ �*� )*(.#���� "(/3
�.�*� �+ � )�*, (  ,"� ,-,(*#�% +��,#(' #' ,"� ���


���� �(&)#%�*�  ��
��	 �� #%%-+,*�,�+ ,"*��
+�"�&�+ -+�� #' #&)%�&�',#'! � 	�3�#, ����*� �"�
���� �(��  (* � 	�3�#, ��**13%(($�"��� ����* /#,"
� �3�#, !*(-) +#2� #+ +"(/' "�*� �+ �' �0�&)%��  �"�
�(��  (* (,"�* &(��%+ #+ .�*1 +#&#%�* �'� ��' �� ��+#3
%1 �0,*�)(%�,���

���!� ��  �$"%�&�'$# $� 
����&�#( ��,��( �#� ��,��( 
���& ����"�'

��'$)&�� ���


�� ���


�� ���


�� ���


�� ���


�� ���


��

��+ -+�� 	�	 
�� 
�� 
�
 �	� ���

��+ -+�� �� �� �
 �� �
 
	

� (  )�++�+ 
 � � 
 � �

X X X X X X X X X X X X
X X X X X X X X X X X X

X X X X X X X X X X X X
X X X X X X X X X X X X

X X X X X X X X X X X X
X X X X X X X X X X X X

� 	

�� ����� �� ���� �� 
����� �� �

� 	

�� ����� �� ���� � 
����� �� �

� 	

�� ����� �� ���� � 
����� �� �

X X X X X X X X X X X X
X X X X X X X X X X X X

X X X X X X X X X X X X
X X X X X X X X X X X X

X X X X X X X X X X X X
X X X X X X X X X X X X

���)&� ���  ��&�� 
����&�#( ��&&*,�$$ ����� ����"�' ($ �"%!�"�#( � ��,��( 
���&



��������� ���������� ������� ��������� 	��

��� �����

�����

––24–bit Fast Carry lookahead adder with 4–bit groups

USE work.add2wc_pkg.all;
USE work.add2nc_pkg.all;

ENTITY fc4add24 IS 
PORT (

A23,A22,A21,A20,A19,A18,A17,A16,A15,A14,A13,A12,
A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0 : IN BIT ;
B23,B22,B21,B20,B19,B18,B17,B16,B15,B14,B13,B12,
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0 : IN BIT ;
CI : IN BIT ;
CO : OUT BIT ;
SUM23,SUM22,SUM21,SUM20,SUM19,SUM18,SUM17,SUM16,SUM15,SUM14,SUM13,SUM12,SUM
11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4,SUM3,SUM2,SUM1,SUM0: OUT BIT );

END fc4add24;

ARCHITECTURE fc4add24arch OF fc4add24 IS

SIGNAL  E1,E2,E3,E4,E5 : BIT ;
SIGNAL  R1,R2,R3,R4,R5  : BIT ;
SIGNAL  C2,C4,C6,C8,C10,C12,C14,C16,C18,C20,C22 : BIT ;

attribute synthesis_off of C2,C4,C6,C8,C10,C12,C14,C16,C18,C20,C22 : signal
is true ;
attribute synthesis_off of E1,E2,E3,E4,E5 : signal is true ;
attribute synthesis_off of  R1,R2,R3,R4,R5 : signal is true ;

BEGIN

i1: add2wc PORT MAP (CI,A1,A0,B1,B0,SUM1,SUM0,C2);
i2: add2nc PORT MAP (C2,A3,A2,B3,B2,SUM3,SUM2);

i3: add2wc  PORT MAP (C4,A5,A4,B5,B4,SUM5,SUM4,C6); 
i4: add2nc PORT MAP (C6,A7,A6,B7,B6,SUM7,SUM6);

i5: add2wc PORT MAP (C8,A9,A8,B9,B8,SUM9,SUM8,C10); 
i6: add2nc PORT MAP (C10,A11,A10,B11,B10,SUM11,SUM10);

i7: add2wc PORT MAP (C12,A13,A12,B13,B12,SUM13,SUM12,C14);
i8: add2nc PORT MAP (C14,A15,A14,B15,B14,SUM15,SUM14);

i9: add2wc PORT MAP (C16,A17,A16,B17,B16,SUM17,SUM16,C18); 
i10: add2nc PORT MAP (C18,A19,A18,B19,B18,SUM19,SUM18);

i11: add2wc PORT MAP (C20,A21,A20,B21,B20,SUM21,SUM20,C22); 
i12: add2wc PORT MAP (C22,A23,A22,B23,B22,SUM23,SUM22,Co);
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E1 <=  (A3 AND B3) 
OR ((A2 AND B2) AND (A3 OR B3)) 
OR ((A1 AND B1)  AND (A2 OR B2) AND (A3 OR B3))
OR ((A0 AND B0) AND (A1 OR B1) AND (A2 OR B2) AND (A3 OR B3));

R1 <= (A3 OR B3) AND (A2 OR B2) AND (A1 OR B1) AND (A0 AND B0);

C4 <= E1 OR (R1 AND CI);

E2 <=  (A7 AND B7) 
OR ((A6 AND B6) AND (A7 OR B7))
OR ((A5 AND B5) AND (A6 OR B6) AND (A7 OR B7))
OR ((A4 AND B4) AND (A5 OR B5) AND (A6 OR B6) AND (A7 OR B7));

 
R2 <= (A7 OR B7) AND (A6 OR B6) AND (A5 OR B5) AND (A4 AND B4); 
 
C8 <= E2 OR (E1 AND R2) OR (R2 AND R1  AND CI);

E3 <=  (A11 AND B11)
OR ((A10 AND B10) AND (A11 OR B11))
OR ((A9 AND B9) AND (A10 OR B10) AND (A11 OR B11))
OR ((A8 AND B8) AND (A9 OR B9) AND (A10 OR B10) AND (A11 OR B11));

 
R3 <= (A11 OR B11) AND (A10 OR B10) AND (A9 OR B9) AND (A8 AND B8);
 
C12 <= E3  OR (E2 AND R3) OR (E1 AND R3 AND R2)  OR (R3 AND R2 AND R1 AND  
CI);

E4 <=  (A15 AND B15)
OR ((A14 AND B14) AND (A15 OR B15)) 
OR ((A13 AND B13) AND (A14 OR B14) AND (A15 OR B15)) 
OR ((A12 AND B12) AND (A13 OR B13) AND (A14 OR B14) AND (A15 OR B15)); 

  
R4 <= (A15 OR B15) AND (A14 OR B14) AND (A13 OR B13) AND (A12 AND B12); 
  
C16 <= E4 OR (E3 AND R4) OR (E2 AND R4 AND R3) OR (E1  AND R4 AND R3 AND R2)

OR (R3 AND R2 AND R1  AND CI);

E5 <=  (A19 AND B19)
OR ((A18 AND B18) AND (A19 OR B19))  
OR ((A17 AND B17) AND (A18 OR B18) AND (A19 OR B19))  
OR ((A16 AND B16) AND (A17 OR B17) AND (A18 OR B18) AND (A19 OR B19));  

R5 <= (A19 OR B19) AND (A18 OR B18) AND (A17 OR B17) AND (A16 AND B16);  
   
C20 <= E5 OR (E4 AND R5) OR (E3 AND R5 AND R4)  OR (E2   AND R5  AND  R4 AND 

R3) OR (E1 AND R5 AND R4 AND R3 AND R2) OR (R5 AND R4  AND R3 AND R2 AND 
R1 AND CI);

END fc4add24arch;
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–– Flattened version of the Magni-
tude comparator

USE work.int_math.all;

ENTITY magcomp IS
PORT (
A,B : IN BIT_VECTOR (7 DOWNTO 0);
MAG : OUT BIT );

END magcomp;

ARCHITECTURE magarch OF magcomp IS

BEGIN

MAG <= ’1’ WHEN (A < B) ELSE ’0’;

END magarch;
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––The borrow-lookahead principle using 2-bit groups was used to build this
––element

USE WORK.RTLPKG.ALL;

ENTITY fb2mgcmp12 IS
PORT (

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN BIT ;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0: IN BIT ;

MAG: OUT BIT );
END fb2mgcmp12;
 
ARCHITECTURE archfb2mgcmp12 OF fb2mgcmp12 IS

SIGNAL E0,E1,E2,E3,E4,E5  : BIT ;
SIGNAL R0,R1,R2,R3,R4,R5  : BIT ; 
SIGNAL BO :  BIT ;

attribute synthesis_off of  E0,E1,E2,E3,E4,E5 : signal is true ;
attribute synthesis_off of  R0,R1,R2,R3,R4,R5 : signal is true ;
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BEGIN

E0 <= ( NOT A1 AND B1) OR (( NOT A1 OR B1) AND ( NOT A0 AND B0));
R0 <= ( NOT A1 OR B1) AND ( NOT A0 OR B0);

E1 <= ( NOT A3 AND B3) OR (( NOT A3 OR B3) AND ( NOT A2 AND B2));
R1 <= ( NOT A3 OR B3) AND ( NOT A2 OR B2);

        
E2 <= ( NOT A5 AND B5) OR (( NOT A5 OR B5) and ( NOT A4 AND B4));
R2 <= ( NOT A5 OR B5) AND ( NOT A4 OR B4);

    
E3 <= ( NOT A7 AND B7) OR (( NOT A7 OR B7) AND ( NOT A6 AND B6));
R3 <= ( NOT A7 OR B7) AND ( NOT A6 OR B6);       

E4 <= ( NOT A9 AND B9) OR (( NOT A9 OR B9) AND ( NOT A8 AND B8));
R4 <= ( NOT A9 OR B9) AND ( NOT A8 OR B8);

E5 <= ( NOT A11 AND B11) OR (( NOT A11 OR B11) AND ( NOT A10 AND B10));
R5 <= ( NOT A11 OR B11) AND ( NOT A10 OR B10);

BO <= E5 OR 
(R5 AND E4) OR 
(R5 AND R4 AND E3) OR
( R5 AND R4 AND R3 AND E2) OR
( R5 AND R4 AND R3 AND R2 AND E1) OR
( R5 AND R4 AND R3 AND R2 AND R1 AND E0);

MAG <= ’1’ WHEN (BO = ’1’) ELSE ’0’;

––MAG is a ’1’ if B > A

END archfb2mgcmp12;
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––This VHDL code describes the implementation of a 3-output magnitude 
––comparator. The borrow-lookahead principle using 2-bit groups was used 
––to build this element

USE WORK.RTLPKG.ALL;

ENTITY fb2eqmgcmp12 IS
PORT (

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN BIT ;
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0: IN BIT ;
EQ,LT,GT: OUT BIT );

END fb2eqmgcmp12;
 
ARCHITECTURE archfb2eqmgcmp12 OF fb2mgeqcmp12 IS

SIGNAL E0,E1,E2,E3,E4,E5  : BIT ;
SIGNAL R0,R1,R2,R3,R4,R5  : BIT ; 
SIGNAL X11,X10,X9,X8,X7,X6,X5,X4,X3,X2,X1,X0 : BIT ;
SIGNAL INT1, INT2, INT3: BIT ;
SIGNAL BO : BIT ;
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attribute synthesis_off of  E0,E1,E2,E3,E4,E5 : signal is true ;
attribute synthesis_off of  R0,R1,R2,R3,R4,R5 : signal is true ;
attribute synthesis_off of  INT1, INT2, INT3 : signal is true ;

BEGIN

E0 <= ( NOT A1 AND B1) OR (( NOT A1 OR B1) AND ( NOT A0 AND B0));
R0 <= ( NOT A1 OR B1) AND ( NOT A0 OR B0);

E1 <= ( NOT A3 AND B3) OR (( NOT A3 OR B3) AND ( NOT A2 AND B2));
R1 <= ( NOT A3 OR B3) AND ( NOT A2 OR B2);        
E2 <= ( NOT A5 AND B5) OR (( NOT A5 OR B5) and ( NOT A4 AND B4));
R2 <= ( NOT A5 OR B5) AND ( NOT A4 OR B4);

    
E3 <= ( NOT A7 AND B7) OR (( NOT A7 OR B7) AND ( NOT A6 AND B6));
R3 <= ( NOT A7 OR B7) AND ( NOT A6 OR B6);       

E4 <= ( NOT A9 AND B9) OR (( NOT A9 OR B9) AND ( NOT A8 AND B8));
R4 <= ( NOT A9 OR B9) AND ( NOT A8 OR B8);

E5 <= ( NOT A11 AND B11) OR (( NOT A11 OR B11) AND ( NOT A10 AND B10));
R5 <= ( NOT A11 OR B11) AND ( NOT A10 OR B10);

BO <= E5 OR 
(E4 AND R5) OR 
(E3 AND R5 AND R4) OR
( E2 AND R5 AND R4 AND R3) OR
( E1 AND R5 AND R4 AND R3 AND R2) OR
( E0 AND R5 AND R4 AND R3 AND R2 AND R1);

LT <= ’1’ WHEN (BO = ’1’) ELSE ’0’;

–– LT is a ’1’ if A < B

GT <= ’1’ WHEN (LT = ’0’ AND EQ = ’0’ ) ELSE ’0’;

–– GT is a ’1’ if A > B

X11 <= A11 XOR B11;
X10 <= A10 XOR B10;
X9 <= A9 XOR B9;
X8 <= A8 XOR B8;
X7 <= A7 XOR B7;
X6 <= A6 XOR B6;
X5 <= A5 XOR B5;
X4 <= A4 XOR B4;
X3 <= A3 XOR B3;
X2 <= A2 XOR B2;
X1 <= A1 XOR B1;
X0 <= A0 XOR B0;
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 INT1 <= (X11 OR X10 OR X9 OR X8);
INT2 <= (X7 OR X6 OR X5 OR X4);
INT3 <= (X3 OR X2 OR X1 OR X0);

EQ <= NOT (INT1 OR INT2 OR INT3);

END archfb2eqmgcmp12;
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