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Arithmetic circuits are excellent examples of comb. logic design

* Time vs. Space Trade-offs
Doing things fast requires more logic and thus more space

Example: carry lookahead logic

« Arithmetic Logic Units
Critical component of processor datapath

Inner-most "loop" of most computer instructions
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e Binary Number Representation
Sign & Magnitude, Ones Complement, Twos Complement

e Binary Addition
Full Adder Revisted

* ALU Design

BCD Circuits

e Combinational Multiplier Circuit

« Design Case Study: 8 Bit Multiplier
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Representation of positive numbers same in most systems

Major differences are in how negative numbers are represented

Three major schemes:
sign and magnitude
ones complement
twos complement

Assumptions:
we'll assume a 4 bit machine word
16 different values can be represented
roughly half are positive, half are negative
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Number Systems
Sign and Magnitude Representation \

0100=+4

1100=-4

High order bit is sign: 0 = positive (or zero), 1 = negative
Three low order bits is the magnitude: 0 (000) thru 7 (111)

Number range for n bits =+/-2 -1

Representations for 0

n-1
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Sign and Magnitude \
Cumbersome addition/subtraction

Must compare magnitudes to determine sign of result

Ones Complement

N is positive number, then N is its negative 1's complement

— n
N=(2"-1)-N 2% = 10000
-1 =_00001
Example: 1's complement of 7 1111
-7 =_0111

Shortcut method: 1000 =-7in 1's comp.

simply compute bit wise complement

\ 0111 -> 1000

-
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Number Systems
Ones Complement \

0100=+4

1011=-4

Subtraction implemented by addition & 1's complement

Still two representations of 0! This causes some problems

Some complexities in addition
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~

like 1's comp
except shifted 0100=+4
one position
clockwise 1100=-4

Only one representation for 0

One more negative number than positive number
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/ Number Systems
Twos Complement Numbers
n

N*=2 -N

Example: Twos complement of 7

Example: Twos complement of -7

Shortcut method:
Twos complement = bitwise complement + 1

0111 -> 1000 + 1 -> 1001 (representation of -7)

\ 1001 -> 0110 + 1 -> 0111 (representation of 7)

4
2 = 10000
sub 7 =_0111
1001 =repr. of -7

4
2 = 10000
sub -7 =_1001
0111 =repr.of 7

Contemporary Logic Design
Arithmetic Circuits

\
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Addition and Subtraction of Numbers \

Sign and Magnitude

o 4 0100 -4 1100
result sign bit is the
same as the operands’ +3 0011 +(=3) 1011
sign -
7 0111 -7 1111
when signs differ, 4 0100 -4 1100
operation is subtract,
sign of result depends -3 1011 +3 0011
on sign of number with -
the larger magnitude 1 0001 -1 1001
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/ Number Systems
Addition and Subtraction of Numbers

Ones Complement Calculations

4 0100
+3 0011
7 0111

4 0100
-3 1100

1 ]]OOOO
End around carry 1

End around carry

\\ 0001
\ ORH.

Contemporary Logic Design
Arithmetic Circuits

\
-4 1011
+(:3) 1100
-7 10111

1000
-4 1011
+3 0011
-1 1110
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Number Systems
Addition and Subtraction of Binary Numbers \

Ones Complement Calculations
Why does end-around carry work?
n
Its equivalent to subtracting 2 and adding 1

M-N=M+N=M+@2"-1-N) = M-N)+2"-1  M>N)

M+(N) =M+N = 2"-M-1+2"-N-1) 1

n
n n M+N<2
=2 +[2-1-(M+N)]-1

after end around carry:
n
=2 -1-(M+N)

this is the correct form for representing -(M + N) in 1's comp!
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Addition and Subtraction of Binary Numbers \ \

Addition and Subtraction of Binary Numbers

Twos Complement Calculations Twos Complement Calculations
4 0100 4 1100 Why can the carry-out be ignored?
+3 0011 +(3) 1101 -M + N when N > M:
n n
7 0111 -7 11001 M*+ N=2 -M)+N=2 + (N-M)
If carry-in to sign = Ignoring carry-out is just like subtracting 2
carry-out then ignore
carry
if carry-in differs from -M+-NwhereN+M<or=2""1
carry-out then overflow 4 0100 -4 1100 n n
M+ (-N)=M*+N*=(2 -M)+ (2 -N)
-3 1101 +3 0011 n n
- =2 -(M+N) + 2
1 l(BOOl -1 1111 i . o .
After ignoring the carry, this is just the right twos compl.

representation for -(M + N)!

Simpler addition scheme makes twos complement the most common

choice for integer number systems within digital systems / K /
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Overflow Conditions \ Overflow Conditions \
Add two positive numbers to get a negative number 0111 1000
_ . S 0101 -7 1001
or two negative numbers to get a positive number
3 0011 2 1100
-8 1000 7 10111
Overflow Overflow
0000 1111
> 0101 -3 1101
2 -0010 =5 ~1011
7 0111 -8 11000
No overflow No overflow

T-2=+47 K Overflow when carry in to sign does not equal carry out
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Half Adder \ Full Adder \

With twos complement numbers, addition is sufficient A3 B3 A2 B2 Al B1 A0 BO

| | TNy
B Xlo 1 o 1

Ai_Bi|Sum Carry  Bj Bi Cascaded Multi-bit . . . .

0 040 0 010 1 00 ]0 Adder

0 1| 1 o

1 0/ 1 o0 : - ,

1 1] 0 1 1Pt 1101 ¢ ¢ J ¢ ¢
Sum = Ai Bi + Ai Bi Carry = Ai Bi S3 C3 S2 C2 S1I C1 SO

= Ai ®Bi

usually interested in adding more than two bits

this motivates the need for the full adder

Half-adder Schematic
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Full Adder \ Full Adder/Half Adder \

A B cls co AB Standard Approach: 6 Gates

0 000 0 cI\00 01 11 10 A ‘B\_D—D_

00 1|1 o jD— — ]

0101 0 s °L° 0 ° | s © :D—CO

0 1 1 0o 1 1M1l o [[1]] o cl A |

1 0 0 1 0 B — )

1 0 1 0 1

1 1 0 0 1 AB

t 11 11 CI\Qo 01 1_1 10 Alternative Implementation: 5 Gates

0|0 |0 (2|0
Cco A®B A®B&ClI
— - e
1o | A Half S Half S S
B — Adder,| AB » |Adder | Cl (A®B)
S =Cl xor A xor B
Cl

CO=BCl + ACl + AB=CI(A+B)+AB + —»CO

\\ AB+Cl(AxorB)=AB+BCI+ACI
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Adder/Subtractor \

A3 3|53 Az BZBZ A1 Bl1 ‘Tl Ao Bio ||30
S Sel Sel Se|
' [ v_ ¥
A B A B A B
CO + CI CO + CI O + CI O + CI Add/Subtract
S S S
s, s, S

Overflow

A-B=A+(-B)=A+B+1
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Critical delay: the propagation of carry from low to high order stages

late o SZD@ED_@N+1
arriving —— gy ai
signal @ A :D_ _DéNﬂ\ two gate delays

@ B @1 to compute CO

*—
Ag—r 0 | = S @2
By — C, @2
4 stage ’ _l
adder Ar—» 1 I~ s, @3
B, — _¢g @4
Ay—p 2 =S, @5
By jq @6
Ag—b —>S3 @7
K B3—I 3 —PC4 @8

final sum and
carry
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Critical delay: the propagation of carry from low to high order stages

SO Cl Valid S1, (32 \Ilalid /SZ (‘33 Valid ?3, C‘4 Valid | DID

£ I A A A /| :

50 : V;/ : ARSI . // : :

1111 +0001 T // E/I //E [
worst case T X " 14 7 ™7 —7 T ] i
addition 2 . . . 1 ¥ ] ] .
82 I N | T T 1 ! 1 | I I

o3 L L L L L

e N S ——

o4 : : : : : : : .

TO T2 T4 T6 T8

TO: Inputs to the adder are valid

T2: Stage 0 carry out (C1) 2 delays to compute sum
but last carry not ready

T4: Stage 1 carry out (C2) until 6 delays later

T6: Stage 2 carry out (C3)
\ T8: Stage 3 carry out (C4)
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Carry Generate Gi = Ai Bi must generate carry when A=B =1
Carry Propagate Pi = Ai xor Bi carry in will equal carry out here

Sum and Carry can be reexpressed in terms of generate/propagate:

Si = Ai xor Bi xor Ci = Pi xor Ci
Ci+1=AiBi+Ai Ci+Bi Ci
= Ai Bi + Ci (Ai + Bi)
= Ai Bi + Ci (Ai xor Bi)
=Gi + Ci Pi
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Carry Lookahead Logic \

Reexpress the carry logic as follows:

C1=G0+POCO

C2=G1+P1C1=G1+P1G0+P1POCO

C3=G2+P2C2=G2+P2G1+P2P1G0+P2P1P0CO

C4=G3+P3C3=G3+P3G2+P3P2G1+P3P2P1G0+P3P2P1P0CO

Each of the carry equations can be implemented in a two-level logic
network

Variables are the adder inputs and carry in to stage 0!
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Carry Lookahead Implementation \

B
) : Pi @ 1 gate delay .

Bi T Adder with Propagate and

o jD_ Si @ 2 gate delays Generate Outputs

:‘ — Gi @ 1 gate delay
Increasingly complex logic
Cco C0— C0—
PO Cl PO— PO—]
P1— P1—

P2— P2

GO P3—
. g
PO
P1 G1

P2

G2

/

G0
‘ P1—
_5 p2—
_ c3  P3—
Gl
P2
P3

G2

Sa®

Y

ca

o

G1
P3
\ > /
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Cascaded Carry Lookahead Co

Carry lookahead Ag—p + Sp @2
logic generates B
individual carries 0

—Lcl @3
sums computed Ay —» L+ S, @4
much faster B

] =

—ch @3

Ay — —= S, @4

By, —|

—Lc3 @3

Az —r — S; @4

B3 —=|

\\\ o /
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Cascaded Carry Lookahead

TR S G G S O

Cs [FIS-T2AB5-12| ¢ ATI8] BILE] ¢, [A[7AT B4l | c, [ABOl BBOI| ¢
<+—  4-bit Adder 12 4-bit Adder 4-bit Adder 4-bit Adder  f@¢——
p G p G p G P G @0
4{@8 4{@8 41’@7 41’@4
S[15-12] S[11-8] S[7-4] S[3-0]
@2 |@3 |@5 @2| @3 5 @2|l@3 |e@4 @2|@3
[ 3 [ 3 I N
c Py Gy G [ [ P1 Gy [ Py Go
16 C
@5 Cy Lookahead Carry Unit G @0
P3-0 G3-0
fas J@s

4 bit adders with internal carry lookahead

second level carry lookahead unit, extends lookahead to 16 bits
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Carry Select Adder

. 0
4-Bit Adder Adder
[7:4] Low

4-Bit Adder 1 Adder
[7:4] High

R IR

S, S¢ S5 S S5 S, S

H=

compute the high order sums in parallel
one addition assumes carry in =0

the other assumes carry in =1

© R.H. Katz Transpar
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Redundant hardware to make carry calculation go faster

Cy 4-Bit Adder Co
[3:0] ¥

ency No. 5-29 /
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Sample ALU
M =0, Logical Bitwise Operations
S1 S0 Function Comment
0 0 Fi=Ai Input Ai transferred to output
0 1 Fi = not Ai Complement of Ai transferred to output
1 0 Fi = Ai xor Bi Compute XOR of Ai, Bi
1 1 Fi = Ai xnor Bi Compute XNOR of Ai, Bi
M =1, CO =0, Arithmetic Operations
0 0 F=A Input A passed to output
0 1 F=notA Complement of A passed to output
1 0 F=Aplus B Sum of A and B
1 1 F=(not A) plus B Sum of B and complement of A
M =1, CO =1, Arithmetic Operations
0 0 F=Aplus1 Increment A
0 1 F=(not A) plus 1 Twos complement of A
1 0 F=AplusBplus1 Increment sum of A and B
1 1 F=(otA)plusBplusl B minusA

Logical and Arithmetic Operations

Not all operations appear useful, but "fall out" of internal logic
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M S1 S0 Ci Ai Bi Fi Ci+l \

0 0 0 X 0 X 0 X
Sample ALU A A

e . 0 1 X 0 X 1 X
Traditional Design Approach . . . .. ... X 1. .x | .o x._

1 0 X 0 0 0 X

X 0 1 1 X

Truth Table & Espresso X 1 o0 10X
______________ SR T S D B

1 1 X 0 0 1 X

X 0 1 0 X

i ai bi X 1 0 0 X

1 sl s0 ci ai bi X 1 1 1 X

23 product terms! i o T — —
e [ RS S D S S

18 0 1 0 0 x 1 X

Equivalent to %8 10 0 e o FOA

25 gates 10 o o 1 10

0 1 0 1 0

18 _______________ Q...1 ... |.0.._1

10 1 1 0 0 0 1 0

10 0 0 1 0 1

10 0 1 0 0 0

10 0 1 1 1 0

10 1 0 0 1 0 X 1 0

o 1.1 . x_.|..0___ 1

10 0 1 1 0 X 0 1

o O U A (S S )

10 i 0 1 0 0 1 0

18 1 0 1 0 1

1 1 0 0 1

P i AR [T IS

01 1 1 1 0 0 0 1

01 1 0 1 1 1

01 1 1 0 1 0

e .. E S S S B S
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Sample ALU \

N

Multilevel Implementation

-model alu.espresso

.inputs m s1 sO ci ai bi
.outputs fi co

.names m ci co [30] [33] [35] fi
110---
-1-11-
--01-1
--00-0
_names

\S1
ci [30] [831 co ) >89 g M'D
o1 1 o =D :
111- 1 ng O S ch ) 3 i

SkPrRrEPR

_names sO ai [30] u 130]
01 1 © [30] D &
10 1 Al QD— 0] 30

-names m sl bi [33] \[35]
111 1

.names sl bi [35]

0- 1

-0 1

“end 12 Gates
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/ Arithmetic Logic Unit Design
Sample ALU

S1 Bi SO A M
L

Al A2

L

¢

Ci+1

Fi

Contemporary Logic Design
Arithmetic Circuits

\

Clever Multi-level Logic Implementation

S1 =0 blocks Bi
Happens when operations involve Ai
only
Same is true for Ci when M =0
Addition happens when M =1
Bi, Ci to Xor gates X2, X3
S0 =0, X1 passes A
S0=1, X1 passes;
Arithmetic Mode:

Or gate inputs are Ai Ci and
Bi (Ai xor Ci)

Logic Mode:

Ai and Bi
© R.H. Katz Transparency No. 5-33

Cascaded XORs form output fry
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74181 TTL ALU
Selection M=1 M =0, Arithmetic Functions
S3 S2 S1 SO Logic Function Cn=0 Cn=1
0O 0 0 O F=notA F=A minus 1 F=A
0 0 o0 1 F=Anand B F=AB minus 1 F=AB
0O 0 1 o0 F=(notA)+B F=A (not B) minus 1 F=A (not B)
0O 0 1 1 F=1 F=minus 1 F = zero
0 1 0 O F=AnorB F=Aplus (A +notB) F=Aplus (A +notB)plus 1
0 1 o0 1 F=notB F=ABplus (A +notB) F=ABplus (A +notB)plus 1
0o 1 1 0 F=AxnorB F=A minus B minus 1 F=(A+notB)plus1
o 1 1 1 F=A+notB F=A+notB F=Aminus B
1 0 0 O F=(notA)B F=Aplus (A +B) F=(A+notB)plus1
1 0 0 1 F=AxorB F=AplusB F=Aplus (A +B)plus1
1 0 1 O F=B F=A (not B) plus (A +B) F=A (not B) plus (A +B) plus 1
1 0 1 1 F=A+B F=(A+B) F=(A+B)plus1
1 1 0 O F=0 F=A F=Aplus Aplus 1
1 1 0 1 F=A (notB) F=ABplus A F=AB plus Aplus 1
1 1 1 0 F=AB F= A (not B) plus A F=A (not B) plus A plus 1
1 1 1 1 F=A F=A F=A plus1
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74181 TTL ALU

\ 8 Gates (but 3 are XOR)

19

=20 A3

2 13

Elao A2 181 F3 0_11

229 Al F2lo—=

2o AO F1jo-L0

185 83 Foj-2

B2

22 B1 A=B 14

1 B0 Cn+4 16

1 cn S °_g

Awm o=
S3 S2 S1 S0
[3Tal5T6

.

Note that the sense of the carry in and out are
OPPOSITE from the input bits

Fortunately, carry lookahead generator
maintains the correct sense of the signals

Contemporary Logic Design
Arithmetic Circuits

\

ol hollo
0 O (o)ie)
TTUVTUTO
oL NW
0
THT\I
o

Cn+z
Cn+y
Cn+x

[=

o)

(9]

N
= I~ ko

b debe
(@)
o

N

© R.H. Katz Transparency No. 5-35 /

N

Arithmetic Logic Unit Design

16-bit ALU with Carry Lookahead

., =0 BREEERRE

=3

L
b

e T
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/BCD Addition
BCD Number Representation

\\\ 10011 =1 3in BCD

Contemporary Logic Design
Arithmetic Circuits

\

Decimal digits 0 thru 9 represented as 0000 thru 1001 in binary

Addition:
5 = 0101 5 = 0101
Problem
3 = 0011 8 =_1000 when digit
sum exceeds 9
1000 = 8 1101 = 13!

Solution: add 6 (0110) if sum exceeds 9!

5 = 0101 9 = 1001
8 =_1000 7 =_0111

1101 1 0000 =16 in binary
6 =_0110 6 =_0110

10110=161in BCD /
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Adder Design \

|

CO FA Cla—|CO FA Cl®e—|CO FA Cl{a—|CO FA Cle—Cin

S S

s
Al . L‘
IER l
oo [ 11
rco FA Clle_JcO FA Clle—0
s s

/

Cout S5 S, S, S

Add 0110 to sum whenever it exceeds 1001 (11XX or 1X1X)
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Combinational Multiplier Arithmetic Circuits

\

Partial Product Accumulation

A3 A2 Al A0
B3 B2 Bl BO

\
multiplicand 1101 (13)
o product of 2 4-bit numbers
multiplier * 1011 (11) is an 8-bit number
1101

1101

Partial products < 0000
1101

10001111 (143)

\\\ © R.H. Katz Transparency No. 5-39
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A2 BO A2 BO A1 BO A
A3 B1 A2B1 AlB1 A0 B1
A3 B2 A2 B2 A1 B2 A0 B2

A3B3 A2B3 A1B3 AOB3

0BO

S7 S6 S5 S4 S3 S2 S1

K © R.H. Katz Transparency No. 5-40 /
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Arithmetic Circuits

/Combinational Multiplier

Partial Product Accumulation

A3B3|A3 B, Ay B3|Ag By AyBy A1Bg| AgBy A By A1By AgB3] A2By A1By AgBy| AgBy AiBg
FA HA |
3 I
FA i [~ FA
+|_—IJ—_I ‘I:"__II_ ]
e A r—lA | L
S S, S, s,

Note use of parallel carry-outs to form higher order sums

12 Adders, if full adders, this is 6 gates each = 72 gates
16 gates form the partial products

total = 88 gates!

Contemporary Logic Design

\

Ao By

So
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/ Combinational Multiplier
Another Representation of the Circuit

Sumin X cn  Building block: full adder + and
Y (
FA j
A B
CO CI[
S

-

Cout Sum Out

Contemporary Logic Design

\

A3| 2| All A0|

B0 I A3 B0 |_| A2 B0 |_| A1BO |_| AOBO|
VR AR T AR TN ANE
81 i A3B1 |_| A2B1 |_| AlB1 |_| A0 B1 |
PR TN R O 4 T
B24| A3 B2 |_| A2B2 |_| Al1B2 |_| A0 B2 |
PR AT f/ VAE

B3—| A3 B3 |—| A2 B3 |—| A1B3 A0 B3 |

c/ S *s s s
P1

P7 P6 P5 P4 3 P2

4 x 4 array of building blocks
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/ Case Study: 8 x 8 Multiplier
TTL Multipliers

AU
Al
A2
Az
By
By
B,
B
J:: 1,144765 hs|1]2fs [ L Y a7]els pslafo]s BB L
G AAAA BBBB G G AAAA BBBB G
2 A 3210 3210 B 2 A3210 3210 B
8 8
4 YYYY 5 YYYY
7654 3210
5 1o|11|12 E |10 T2

Two chip implementation of 4 x 4 multipler

© R.H. Katz Transparency No. 5-43

Contemporary Logic Design
Arithmetic Circuits

\

/

/Case Study: 8 x 8 Multiplier

Problem Decomposition

How to implement 8 x 8 multiply in terms of 4 x 4 multiplies?
A7-4 A3-0

* B7-4 B3-0

8 bit productsﬁ A3-0 * B3-0 =PPO
A7-4 * B3-0 = PP1
A3-0 * B7-4 =PP2
A7-4 * B7-4 =PP3
P15-12 P11-8 P7-4 P3-0
P3-0 = PP03.g

P7-4=PP0g3 g + PP13_O + PP2 30 * Carry-in
P11-8=PPl7 4 +PP27 4 +PP3 5 +Carry-in

P15-12=PP37.4 + Carry-in

© R.H. Katz Transparency No. 5-44
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/ Case Study: 8 x 8 Multiplier Arithmetic Circuits
Calculation of Partial Products \
A6 A4 B6 B4 A2 A0 B6 B4 A6 A4 B2 BO A2 A0 B2 BO
A7 |A5 | B7 | B5 A3 |Al1 |B7 | B5 A7|A5|B3|Bl| A3|A1|B3|Bl|
A e i i e A e e M e R
4 x 4 Multiplier 4 x 4 Multiplier 4 x 4 Multiplier 4 x 4 Multiplier
742841285 74284/285 74284/285 742841285
TTrrerrre  rrrerrre JHiirril  THTETTTh
PP3,, PP3 PP2,,  PP2, PPL,, PP1 PPO, ,  PPO_

Use 4 74284/285 pairs to create the 4 partial products
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/ Case Study: 8 x 8 Multiplier
Three-At-A-Time Adder \

Clever use of the Carry Inputs
Sum A[3-0], B[3-0], C[3-0]:
A3 B3 A2 B2 Al Bl A0 BO
| || || |
- FA [—C3 FA [—C2 FA [—cC1 FA — co
| [ | [ [
-4 FA FA FA —0
s3 S2 S1 S0
Two Level Full Adder Circuit
K Note: Carry lookahead schemes also possible! /
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/ Case Study: 8 x 8 Multiplier
Three-At-A-Time Adder with TTL Components \

C3B3A3C2B2A2 C1 B1A1 CO BOAO
A Y O
Ch B A|ICh B Af[Ch B AICh B A
74183 74183 74183 74183
Cn+l S|Cn+l S| [Cnh+l1 S|Cn+l S

|||L'| FlFlJ+

B3 A3 B2A2 B1 Al BOAO

Full Adders
(2 per package)

Standard ALU configured as 4-bit

¢ cascaded adder
— 74181
-0 (P:n+4 8 cn (with internal carry lookahead)
F3 F2 F1 FO
B
Y Y
S S5 % %

\ Note the off-set in the outputs /
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/ Case Study: 8 x 8 Multiplier
Accumulation of Partial Products \

PPL PP3, PP1_PP3 PPO_ PP2, PPO_ PP2
PP2, P2, PP2, PP2, PP, P1, PPL PP1,
PP PP1 PP PP1
PP3,  PP3 PP3.  PP3, I33 s |3 T PF:Z PTosplpzl Plpo
Cn B Afcn B Al fcn B Afcn B A cn B Alcn B Al [cn B Afcn B A
74183 | 74183 74183 | 74183 74183 | 74183 74183 | 74183
cn+l Sfcn+1 s|fcn+1 sfcn+1 s Ccn+l Sfcn+1 S| fen+1 sfen+1 s
LI I T I 1 l 1
+
Y v Y b 1 | —| | I_ |_|_ I—I —| 1 I_ |_l_
B3 A3 B2A2 Bl Al BO A0 B3 A3 B2A2 Bl Al BO A0 B3 A3 B2A2 BL AL BO A0 %
—G —G —Ic
—P 74181 Cn P —p 74181 Cn |0—, —p 74181 cn p-
-qcn+4 I—c Cn+4 I—O Cn+4
F3 F2 F1 Fo F3 F2 F1 Fo F3 F2 F1 FO
vy oy IR IR
P. P P ! '
15 14 13 12 Py Po Y A 2 Ps Py P,

Just a case of cascaded three-at-a-time adders!
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/ Case Study: 8 x 8 Multiplier Arithmetic Circuits
The Complete System \

A7-0 B7-0

l il

Partial Product Calculation
4 x 74284, 74285

s

Contemporary Logic Design

Case Study: 8 x 8 Multiplier Arithmetic Circuits

Package Count and Performance

4 74284/74285 pairs = 8 packages
474183, 374181, 1 74182 = 8 packages
16 packages total

\

4 P 4 4 P P P 4
PR3, 4T PR30 Y PP, Y PP Y PPLLY PPIaoY  PPO.,Y PRPOG, L Partial product calculation (74284/285) = 40 ns typ, 60 ns max
Intermediate sums (74183) = 9 ns/20ns = 15 ns average, 33 ns max
Ps /4/(4 /‘;4 44 Second stage sums w/carry lookahead
0 PP3, PR3 PP|35 PP3, || | |2X|_I4|183| | N |2X|7|4|183| | 74L.5S181: carry G and P = 20 ns typ, 30 ns max
trrtrt | | .
—e [ [ g I 74182: second level carries = 13 ns typ, 22 ns max
P 74181 Cn O— 74181 Cn D P 74181 Cn
Olcn+4 | O[Cn+4 | .
* ‘ ¢ ¢ * ‘ ¢ * ¢ 741.S181: formations of sums = 15 ns typ, 26 ns max
Pis R Pas 10 o ROR P B R 3o 103 ns typ, 171 ns max
— | | 1
G3P3 G2P2 G1P1 GOPO
74182 Cn DT—""W\—+
Cn+z  Cn+y Cn+x
v 9 T / K /
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Chapter Review Arithmetic Circuits
We have covered: \

* Binary Number Representation
positive numbers the same
difference is in how negative numbers are represented
twos complement easiest to handle:
one representation for zero, slightly
complicated complementation, simple addition

* Binary Networks for Additions
basic HA, FA
carry lookahead logic

« ALU Design
specification and implementation

+ BCD Adders
Simple extension of binary adders

* Multipliers
4 x 4 multiplier: partial product accumulation

\_

extension to 8 x 8 case
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