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Combinational Logic: Design of a 1-bit adder (2)

Step 2: Derive the Boolean expression for each output from the truth table

N = I — =

— e © D = OO

L T — I —
e — T S — N S\
N T — T S — T = S SOy

Sum=abc+ abc+ abc+ abc
Carry-Out=abc+ abc+ abc+ abc

WE-W




Combinational Logic: Design of a 1-bit adder (3)

Step 3: Simplify the Boolean expression
Carry-Out=a bc+ abc+ abc+ abc=bc+ ac+ ab
Sum=(ab+ ab)c+(ab+ ab)¢ =(ab+ab)c+(ab+ab)ec
Step 4: Implement the simplified Boolean expression using OR, AND, and NOT gates

Carry-In Carry-In

AND2S AND2N1S
w2 U4 U9

EHE :3:>’ e
AND2S OR3S AND2N1S

AND2N1S8

Carry-Out

Activity: Implement the hardware for the Sum output of the 1-bit adder

WEh-W 3
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1-bit adder

Recall the digital circuit of a 1-bit adder
We will enhance the 1-bit adder to develop a prototype ALU for MIPS

Carry-In

Us

AND2S

XOR38
U4

e

OR38

DM

Digital Circuit of a 1-bit adder

Carry-Out
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Schematic of a 1-bit adder



1-bit ALU with AND, OR, and Addition

— The 1-bit adder 1s supplemented with AND and OR gates
— A multiplexer controls which gate is connected to the output

Carry In  Operation
U1l

[& 7 ) N\ Operationl 0 O = (00)tw0 add
50
0 1=(01),, OR
D —| Result > 0 2 — (10)tw0 AND
B
M1 $4S1 op z[0 1]
- .LLl
= A0 ax D A 9
— X
30 bx = Result [ >——
- > B =
= B0 ci-x D c In % C _Out D CO-X
Carry-In A = Carry-Out Y g- —
U ALUIDbit

ALUIbit.SchDoc

1-bit ALU with AND, OR, and Addition capability Schematic
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32-bit ALU w/ AND, OR, and ADD

The 1-bit ALU can be cascaded together to form a 32
bit ALU

Which operation is performed is controlled by the
Operation bus

Carry In  Operation -

0 0=(00),, add
0 1=(01),, OR
0 2=(10),, AND

The designed 32-bit ALU is still missing the
subtraction, slt (set if less than), and conditional
branch operations

WE-W

Carry-In

A[0..31]
Al

B[0..31]

Op[0..1]

BO

| > A

| >B

Al

| » Carrv-In

alion[0.1] ¢

Oper:

Rmnlj/

U_B1
ALUTbit 8chDoc

RO

Co1

Bl

[ = A

| »B
—— > Camry-In

Operation[i).1] <

Rmnlj/

U_B2
ALUTbit 8chDec

Rl

o1

[ = A

> B
—— > Camry-In

Operation[0.1] <4

Rmnlj/

U_B3
AT Ulbit 8zhDoc

CO30

B3l

A

| B
L Carrv-In

Operation(0.1] <

Fesult [,

R[0..31]

Carry-Out [ —mr

U_E32
ALUIbit SchDoc



1-bit ALU with AND, OR, Addition, and Subtraction

— Recall that subtraction is performed using 2’s complement arithmetic
— We calculate the 2’s compliment of the sub-operand and add to the first operand

Operation[0..1]

_ T Binvert Carry In  Operation

_iDti 0 0 2=(10),. AND
0 0 1=(01),, OR

IR 0 0 0=(00),, add
1 1 0=(00),,, sub

M1_S4S1

S0

B0

= Carry-Out >

~ 150 ADDI
M1 8281

Blnvert ~—

1-bit ALU with AND, OR, Addition, and Subtraction capability
WEh-W T



1-bit ALU with AND, OR, Add, Sub, and SLT (1)

— Since we need to perform one ration]0. 1] s
more operation, we increase the
number of inputs at the [ o rinai
multiplexer by 1 and label the | )‘ N\Dperatgnd_— |
new input as Less ik L
— SLT operation: e l — Resul >
if (a<b), set Less to 1 [B j : C
ﬁ =>1f(a—b) <0, set Less to 1 OR;: M1_s4s1
t — SLT operation can therefore be [ Cayn i
! expressed in terms of a = i
% subtraction between the two ol > S0
;I operands. I;ﬂ B0
i — If the result of subtraction is ————— Moo appr [ Carrv-Out
- negative, set Less to 1. - M1_s251
Qs — How do we determine if the result
I:: E is negative? 1-bit ALU with AND, OR, Add, Sub, and SLT capability
snt
E'ﬁ WE-W g
|
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32-bit ALU

w/ And, OR, Add, Subtract, and SLT

Blnvert
Carry-In

AJ0..31]

AD

B[0..31]

Operation[0..1]

Bl

> A

| B

| > Campln
| > Blavent

The 1-bit ALU’s can be cascaded together to
form a 32 bit ALU

Operations are controlled by the Operation
bus

Operation[0..1]

| Less

Al

RO

R[0..31]

Result [,

SLT

ALUIbitlnvELT. SchDec
uo

Bl

[ + A

| »B
L1 Campln
[ Blavert

0 0=(00),,, Add sum(a,b)
0 1=(01),,  OR(a+h)
0 2 =(10),,,, AND (a-b)
1 0 =(00),,, Subtract (a — b)
SLT
3=(11
1 (1) Set Result0 if (a < b)

Operation|0..1] < ju

2 [ Less

Resut [+

AT UlbitlnwSLT. SchDoc
Ul

[+ A

| *B

L1 > Camyln
> BElaven

Operation[,1] e

Note that Binvert is always the same as Carry:
In

To test equality between a and b, subtract b
from a and check if the result1s 0. W

— > Less

Resolt [,

AT UlbitlnwSLT. SchDoc
Ul

CO30

1

—a U

-] %
> Campln 2

[ > Blavert E

1] » L]

Result [

et

Overflow

ALU1bidavSLT. SchDoc
u_sl

16



11

|

&

|

= s oo DR - -

32-bit ALU w/ And, OR, Add,
Subtract, SLT, and Equality Test

Binvert Carry In Operation -

0 0 0=(00),,
0 0 1 =(01),,
0 0 2=(10),,
1 1 0= (00),,,
1 1 3=(11),,
1 1 0=(00),,

Add sum(a,b)
OR (atb)
AND (a‘b)

Subtract (a - b)

SLT
if (a<b)
Result0 =1

Test Equality
ero=1if (a=Db)

R[0..31]

SLT

ULeD

_ _D_ LE TestZero

INV
OR31B

et

Overflow

- I
i A Operation[0..1
< 4 P [0..1]
= -« =
E = AD 1
= = RO
5 e B0 9 Result [}
5 > E ;
S O Coym 2
| > Elnvart B
g* Camy-Out [,
| Less =
ALUIbiflavSLT SchDoc
U
Al 0
= Rl
EL - Resutt [
) %
'—1 > Campln .S
| » Blovest B
. & emonT
o Les zol
ALUT5iflnvSLT SchDoc
Ul
A2 I\IJ =
o) :> A
B2 - Result [, 4
> B %
— > Camyln 2
| Elnvent B
. & amomT
i co2
ALUI5iflavSLT. SchDoc
Uz
| 030
A3l |
R31
B3l - g Resste [
> B %
— > Caryln 2
[+ Blnvert B
n & cmponC
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ALUTbilnvSLT SchDoc
U3l
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32-bit ALU w/ And, OR, Add, (e
Subtract, SLT, and Equality Test — i, | R
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