ARITHMETIC CIRCVITS

Didr't | learn how to do
addition in second 3r'ade?
UNC courses aren't
what they used +to be. —

Py e o
fiﬁéﬁl o e How to add and
\ @ lot o subtract using
e U ' combinational logic
| e Setting Fags
3 ® Adding Faster
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REVIEW: BInARY REPRESENTATIONS |||

® Unsigned numbers, each increasingly eianiﬁicarﬁ bit has a weight ok
the next larger power ok 2

e Signed 2's complement representation the most «sianif—icanJr bit is a
negotive power ofF 2

n—1 n-2
unsigned: v = Z 2'b; signed: V = D= bn_l + z 2 bi
i=0 i=0

231 23022922822722622522422322222122021921821721621521421321221121029 28 27 26 25 24 23 22 21 20
i a)1ai1f1j1111i0f1{0j1{1{0
429490725 4 -or- 42

o Why?

o They are compatible. The some logic can be used for both

o Ornly ‘adders" are needed for both addition and subtraction
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Blnary ADDITION

Here's an example ofF binary addition as one might do it by “hand":

Adding two N-bit

numbers produces

an (N+)-bit resuk ——__ 10010

Let's start by buildina a block. to add one column:
This functional block. is cdlled a "Full-adder

1101

1101
B:+ 0101

__—Carries from
previous column

|

|

A

COFACI
S

B

J

Then we can cascade them to add +wo numbers of any size..
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A
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S

-

S4
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DESIoN OF A "FulLl ADDER”
N Start with a truth table:

2) Write down equations For the " outputs

CO=(ICI& A&B)|(Cl & !A & B)

(CI&A&!B) | (Cl & A &B) G ABG S

S =(ICI&'A&B) | (ICI & A& B) 0 0(1) 0 ?
|(CI&!A&!B) |(Cl&A&B) 0010

0100 1

3) Simplitying a bit 0111 0

ek 100/0 1

CO=(CI&(AIB))| (A&B) {011 o

S=CITATE 1101 0

CO=(Cl&(A*B))|(A&B) 1111 1

S=CI*(A*B)
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As a Loosic Dlacram

° Our'equaﬁons:
CO=(CI&(A*B))| (A&B)
S=CI*"(A*B)

o A litHe -h"icky, but Pinally
Only 5 3a+es/bi+

AB

“Carry”
Logic
Cl
coO
“Sum”
S Logic
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AN ASIDE: WHY FULL ADDER?

Suppose you don't want/need a corry-in?

Then you e+ a |
“8/ «—ch:
with 2 II’\PLH‘C} ?
and 2 outputs:
AB
e Half-adder equations:
CO=A&B
S=AMB Ny
CO S
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SUBTRACTION: A - B =

A+ (-B)

e Recdl the trick was to "complemerﬁr and add 1"

e How to complemen’r?

~ = bitwise complement

o—) " 1) ®

® So how a unit that can either add or subtract

I0/16/2-017

S4

Iji; B2 B1 B0
) ) ) el
A B A B A B A B
coFAcI CoFAcI COoFAcCI coFAcI
S S S S

[ [ | [

S3 S2 S1 S0
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REVERSE SUBTRACT: -A + B

o And with a Few more XOR gotes we can subtract

either the A or the B operanols
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CONDITION FLAGS

Besides the sum, one often wants four other
bits of information from an arithmetic unit,
the condition P\aﬁcs.

Z (zero): result is = O big NOR gate

N (neﬂaﬁve): result is < O s

3/

C (carry): indicates the most
siﬁnipicanJr bit Pr'oaluced a
carry, eg, 'l + () co, (of last FA)

V (overflow): indicates an
unexpected change in sign
eq, (27°-0 + I (A LB Ms ) | (1A B Ls )

-— Or -—
CO_ " CO
3 30

0/1/2.017 Comp 41 - Fall 2017

ﬁow condition flags asrh
used in conditional
execution

Signed comparison:
H N2V

le ZIMN~V)

eq Z

ne 12

ge N2V

gt (ZIN~V)

Unsigned comparison:
hi C&lZ
Is ICIZ
lo IC (same as <)

Q\s C (sameas cs)/




How FAST IS AN ADD?

Determined by TP . of the FA chain

?n-1|Bn-1 |An-2|Bn-2 |A2 |BZ |A1 | B1 | |BO
C A B
— 1coF OFACI
S, Si S, S, S, ;B
Worse-case path: carry propagation from LsSB to MsB, cl
eg, when adaling 41to | co Sj
* ~ S
tPD = (tPD,XOR +tPD,AND + tPD,OR) +(N-2) (tPD,OR + tPD,AND) + tPD,XOR ~ O(N)
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=N
WE ¢cAN ADD "MUCH” FASTER L]

—

Using more gates we can speeal up addiﬂa conc;ialer'ably il
we add 2 "Free" extra outputs

C; ABC, S
From our adder S 00l0 o
® P, Propogate, means the AB 00 10 1
carry-out depends entirely ologo 1
on the carry-in j L O/11/1 O
° (4 ﬂener'aJrec; a carry—oqu L \_ 1000 1
reaarcllesc; of the carry-in Cl 1011 O
g] 1101 O

S—
(040 _@ ? 111 1)1 1

G PS
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CARRY-SKIP ADDERS

= all full adders in c, :
a contiguous block a, — FA
have their Propaaoﬁe b — <
true, then the incoming a, — FA
carry-in con 'skip' over b, — .
the entire blockl a, —| FA
Requires extra AND R B
gotes and a MUX, z: FA

but reduces the worst -

cose add-time
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FuLL CARRY-LOOKAHEAD

The Fastest adders use full carry look-ahead.

® Given the Ps and Gs A3 B3 A2 B2 Al B1 Ao Bo
of a block, one can
simuIJraneously
compute the
carry-ins for al

bits as well as

the block usina
the 3-level SOP
methods discussed last lecture.

® Results in an e(lan(N)), Ly ke an N—ihPu+ AND ga’re,
usina =2X more anres
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NEXT TIME

We get shif—er, ho, Booll

Y4
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