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$ULWKPHWLF�FLUFXLWV

q ([FHOOHQW�H[DPSOHV�RI�PXOWL�OHYHO�FRPELQDWLRQDO�ORJLF�GHVLJQ

q 7LPH�YV��VSDFH�WUDGH�RIIV
½ GRLQJ�WKLQJV�IDVW�PD\�UHTXLUH�PRUH�ORJLF�DQG�WKXV�PRUH�VSDFH

q $ULWKPHWLF�DQG�ORJLF�XQLWV
½ JHQHUDO�SXUSRVH�EXLOGLQJ�EORFNV
½ FULWLFDO�FRPSRQHQWV�RI�PLFUR�SURFHVVRU
½ XVHG�ZLWKLQ�PRVW�FRPSXWHU�LQVWUXFWLRQV
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+HDUW�RI�D�&RPSXWHU

a b

f

Control
and
Memory ALU

ALU = 
Arithmetic and 
Logic Unit

ADD (A+B)
INC (A+1)
DEC (A+ -1)
SUB (A+ -B)
CMP (A+ -B)
COMP(0+ -A)
PASS (A + 0)

SHIFT
AND
OR
XOR
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)XOO�DGGHU�LPSOHPHQWDWLRQV

q 6WDQGDUG�DSSURDFK
½ ��JDWHV
½ � ;25V��� $1'V��� 25V

6XP� �$�[RU�%�[RU�&

&DUU\� �$%���&LQ�$�%�
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$GGHU�VXEWUDFWRU

q 8VH�DQ�DGGHU�WR�GR�VXEWUDFWLRQ�WKDQNV�WR��V�FRPSOHPHQW�UHSUHVHQWDWLRQ
½ $�± %�� ���$����± %���� ���$���%
����
½ 8VH�IXQFWLRQ�VHOHFW��6��WR�FKRRVH�DGG�RU�VXEWUDFW
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5LSSOH�FDUU\�DGGHUV

q &ULWLFDO�GHOD\
½ WKH�SURSDJDWLRQ�RI�FDUU\�IURP�ORZ�WR�KLJK�RUGHU�VWDJHV

Delay is linear, Cost is linear
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T0 T2 T4 T6 T8

S0, C1 Valid S1, C2 Valid S2, C3 Valid S3, C4 Valid

5LSSOH�FDUU\�DGGHUV��FRQW·G�

q &ULWLFDO�GHOD\
½ WKH�SURSDJDWLRQ�RI�FDUU\�IURP�ORZ�WR�KLJK�RUGHU�VWDJHV
½ ������������LV�WKH�ZRUVW�FDVH�DGGLWLRQ
½ FDUU\�PXVW�SURSDJDWH�WKURXJK�DOO�ELWV
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1HHG�D�)DVW�$GGHU

Size is linear, speed is linear

@2@4@6@8

Find a 2-level implementation for each carry

Carry Lookahead

Inputs?

@2@2

@4

Maybe
Some
Shared
Terms

C3 C2 C1C4

C3 C2 C1C4
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&DUU\�ORRNDKHDG ORJLF

q 7KH�NH\�LV�WKH�FDUU\��&RPSXWH�DV�PXFK�DV�SRVVLEOH�DERXW�&DUU\�RXW�EHIRUH�
\RX�JHW�WKH�FDUU\�LQ�

q ,QWXWLYHO\ &L���LV�WUXH�RI��$L�DQG�%L�JHQHUDWH DQG�FDUU\�RU�LI &L LV�WUXH�DQG�$L�
DQG�%L�SURSRJDWH D�FDUU\

q &DUU\�JHQHUDWH� *L  �$L�%L
½ PXVW�JHQHUDWH�FDUU\�ZKHQ�$� �%� ��

q &DUU\�SURSDJDWH���3L� �$L [RU %L
½ FDUU\�LQ�ZLOO�HTXDO�FDUU\�RXW�KHUH

q 6XP�DQG &RXW FDQ�EH�UH�H[SUHVVHG�LQ�WHUPV�RI�JHQHUDWH�SURSDJDWH�
½ 6L  �$L [RU %L [RU�&L

 �3L [RU�&L
½ &L��  �$L�%L���$L &L ��%L &L

 �$L�%L�� &L �$L���%L�
 �$L�%L�� &L �$L [RU %L�
 *L ��&L 3L
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&DUU\�ORRNDKHDG�ORJLF��FRQW·G�

q 5H�H[SUHVV�WKH�FDUU\�ORJLF�DV�IROORZV�
½ &�� �*����3��&�
½ &�� �*����3��&�� �*����3��*����3��3��&�
½ &�� �*����3��&�� �*����3��*����3��3��*����3��3��3��&�
½ &�� �*����3��&�� �*����3��*����3��3��*����3��3��3��*�

��3��3��3��3��&�

q (DFK�RI�WKH�FDUU\�HTXDWLRQV�FDQ�EH�LPSOHPHQWHG�ZLWK�WZR�OHYHO�ORJLF��LQ�WHUPV�
RI�3�DQG�*�
½ DOO�LQSXWV�DUH�QRZ�GLUHFWO\�GHULYHG�IURP�GDWD�LQSXWV�DQG�QRW�IURP�
LQWHUPHGLDWH�FDUULHV

½ WKLV�DOORZV�FRPSXWDWLRQ�RI�DOO�VXP�RXWSXWV�WR�SURFHHG�LQ�SDUDOOHO
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&L 6L #���JDWH�GHOD\V

%L
$L

*L #���JDWH�GHOD\
LQFUHDVLQJO\�FRPSOH[
ORJLF�IRU�FDUULHV

&DUU\�ORRNDKHDG�LPSOHPHQWDWLRQ

q $GGHU�ZLWK�SURSDJDWH�DQG�JHQHUDWH�RXWSXWV
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&DUU\�ORRNDKHDG LPSOHPHQWDWLRQ��FRQW·G�

q &DUU\�ORRNDKHDG ORJLF�JHQHUDWHV�LQGLYLGXDO�FDUULHV
½ VXPV�FRPSXWHG�PXFK�PRUH�TXLFNO\�LQ�SDUDOOHO
½ KRZHYHU��FRVW�RI�FDUU\�ORJLF�LQFUHDVHV�ZLWK�PRUH�VWDJHV

FA

A0B0 P0G0C0

4-bit Carry Lookahead Unit

FA

A1B1 P1G1C1

FA

A2B2 P2G2

C2

FA

A3B3 P3G3

C3 C0C1

C4 S0S1S2S3 @2

@1@3

@4@4@4@3

@3
@3

G4 = G3+P3G2+P3P2G1 + P3P2P1G0 @3
P4 = P3P2P1P0  @2 PG
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&DUU\�ORRNDKHDG�DGGHU
ZLWK�FDVFDGHG�FDUU\�ORRNDKHDG�ORJLF

q &DUU\�ORRNDKHDG DGGHU
½ ��IRXU�ELW�DGGHUV�ZLWK�LQWHUQDO�FDUU\ ORRNDKHDG
½ VHFRQG�OHYHO�FDUU\ ORRNDKHDG XQLW�H[WHQGV ORRNDKHDG WR����ELWV
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&DUU\�VHOHFW�DGGHU

q 5HGXQGDQW�KDUGZDUH�WR�PDNH�FDUU\�FDOFXODWLRQ�JR�IDVWHU
½ FRPSXWH�WZR�KLJK�RUGHU�VXPV�LQ�SDUDOOHO�ZKLOH�ZDLWLQJ�IRU�FDUU\�LQ
½ RQH�DVVXPLQJ�FDUU\�LQ�LV���DQG�DQRWKHU�DVVXPLQJ�FDUU\�LQ�LV��
½ VHOHFW�FRUUHFW�UHVXOW�RQFH�FDUU\�LQ�LV�ILQDOO\�FRPSXWHG
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+HDUW�RI�D�&RPSXWHU

a b

f

Control
and
Memory ALU

ALU = 
Arithmetic and 
Logic Unit

ADD (A+B)
INC (A+1)
DEC (A+ -1)
SUB (A+ -B)
CMP (A+ -B)
COMP(0+ -A)
PASS (A + 0)

SHIFT
AND
OR
XOR
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ORJLFDO�DQG�DULWKPHWLF�RSHUDWLRQV
QRW�DOO�RSHUDWLRQV�DSSHDU�XVHIXO��EXW��IDOO�RXW��RI�LQWHUQDO�ORJLF
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)XQFWLRQ
)L� �$L

)L� �QRW�$L
)L� �$L [RU %L
)L� �$L [QRU %L

&RPPHQW
LQSXW�$L�WUDQVIHUUHG�WR�RXWSXW
FRPSOHPHQW�RI�$L�WUDQVIHUUHG�WR�RXWSXW
FRPSXWH�;25�RI�$L��%L
FRPSXWH�;125�RI�$L��%L

0� ����ORJLFDO�ELWZLVH RSHUDWLRQV

0� ����&�� ����DULWKPHWLF�RSHUDWLRQV
�
�
�
�

�
�
�
�

)� �$
)� �QRW�$
)� �$�SOXV�%

)� ��QRW�$��SOXV�%

LQSXW�$�SDVVHG�WR�RXWSXW
FRPSOHPHQW�RI�$�SDVVHG�WR�RXWSXW
VXP�RI�$�DQG�%
VXP�RI�%�DQG�FRPSOHPHQW�RI�$

0� ����&�� ����DULWKPHWLF�RSHUDWLRQV
�
�
�
�

�
�
�
�

)� �$�SOXV��
)� ��QRW�$��SOXV��
)� �$�SOXV�%�SOXV��

)� ��QRW�$��SOXV�%�SOXV��

LQFUHPHQW�$
WZRV�FRPSOHPHQW�RI�$
LQFUHPHQW�VXP�RI�$�DQG�%
%�PLQXV�$

$ULWKPHWLF�ORJLF�XQLW�GHVLJQ�VSHFLILFDWLRQ
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$ULWKPHWLF�ORJLF�XQLW�GHVLJQ��FRQW·G�

q 6DPSOH�$/8�± WUXWK�WDEOH
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$ULWKPHWLF�ORJLF�XQLW�GHVLJQ��FRQW·G�

q 6DPSOH�$/8�± PXOWL�OHYHO�GLVFUHWH�JDWH�ORJLF�LPSOHPHQWDWLRQ
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BiS1 AiS0 CiM

FiCi+1

X1

X2

X3

A1 A2

A3 A4

O1

ILUVW�OHYHO�JDWHV
XVH�6��WR�FRPSOHPHQW�$L

6�� �� FDXVHV�JDWH�;��WR�SDVV�$L
6�� �� FDXVHV�JDWH�;��WR�SDVV�$L


XVH�6��WR�EORFN�%L
6�� �� FDXVHV�JDWH�$��WR�PDNH�%L�JR�IRUZDUG�DV��

�GRQ
W�ZDQW�%L�IRU�RSHUDWLRQV�ZLWK�MXVW�$�
6�� �� FDXVHV�JDWH�$��WR�SDVV�%L

XVH�0�WR�EORFN &L
0� �� FDXVHV�JDWH�$��WR�PDNH &L JR�IRUZDUG�DV��

�GRQ
W�ZDQW &L IRU�ORJLFDO�RSHUDWLRQV�
0� �� FDXVHV�JDWH�$��WR�SDVV�&L

RWKHU�JDWHV
IRU�0 ���ORJLFDO�RSHUDWLRQV� &L LV�LJQRUHG�
)L� �6��%L [RU �6� [RU $L�
 �6�
6�
���$L�����6�
6����$L
����
6��6�
���$L�%L
���$L
�%L�����6��6����$L
�%L
���$L�%L��

IRU�0 ���DULWKPHWLF�RSHUDWLRQV�
)L� �6��%L [RU ����6� [RU $L�� [RU�&L �� �
&L��� &L �6� [RU $L����6��%L����6� [RU $L� [RU�&L �� 

MXVW�D�IXOO�DGGHU�ZLWK�LQSXWV�6� [RU $L��6��%L��DQG &L

$ULWKPHWLF�ORJLF�XQLW�GHVLJQ��FRQW·G�

q 6DPSOH�$/8�± FOHYHU�PXOWL�OHYHO�LPSOHPHQWDWLRQ
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��%LW�%LW�6OLFHG�$/8

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

S0
S1
M

Ai Bi Ci

Ci+1   Fi

Carry lookahead techniques can be applied to this too
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6XPPDU\�IRU�H[DPSOHV�RI�0DWK�+DUGZDUH

q %LQDU\�QXPEHU�UHSUHVHQWDWLRQ
½ SRVLWLYH�QXPEHUV�WKH�VDPH
½ GLIIHUHQFH�LV�LQ�KRZ�QHJDWLYH�QXPEHUV�DUH�UHSUHVHQWHG
½ �V�FRPSOHPHQW�HDVLHVW�WR�KDQGOH��RQH�UHSUHVHQWDWLRQ�IRU�]HUR��VOLJKWO\�
FRPSOLFDWHG�FRPSOHPHQWDWLRQ��VLPSOH�DGGLWLRQ

q &LUFXLWV�IRU�ELQDU\�DGGLWLRQ
½ EDVLF�KDOI�DGGHU�DQG�IXOO�DGGHU
½ FDUU\ ORRNDKHDG ORJLF
½ FDUU\�VHOHFW

q $/8�'HVLJQ
½ VSHFLILFDWLRQ��LPSOHPHQWDWLRQ


