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Combinational Logic: Design of a 1-bit adder

(2)

Step 2: Derive the Boolean expression for eachubditpm the truth table

Carryln
0 0 0 0 0 l
0 0 1 0 1 a .
0 1 0 0 1
0 1 1 1 0 T —> Sum
1 0 0 0 1 b :
1 0 1 1 0
1 1 0 1 0 l
1 1 1 1 1 CarryOut

Sum=3abc+abc +abc +abc
Carryout=abc +abc + abc + abc

W5-W



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

Step 3: Simplify the Boolean expression

Carryout= abc+abc+abC +abc =bc+ac+ab

Step 4: Implement the simplified Boolean expressising OR, AND, and NOT gates
Carryln

*—>

a —>



Agenda for Today

2 Introduction to Hardware — Logic Design




— Recall the digital circuit of a 1-bit adder

— We will enhance the 1-bit adder to develop a pygetALU for MIPS

Carryln
——> )
a >
— —
D=1
N
b +—o—» )

v
CarryOut

Digital Circuit of a 1-bit adder (CarryOut only)

Carryin
a —»
+ —> Sum
bh —»
CarryOut

Schematic of a 1-bit adder



1-bit ALU with AND, OR, and Addition

— The 1-bit adder is supplemented with AND and OFRegat
— A multiplexer controls which gate is connectedhe butput

Operation
Carryin I
(L\ Carry In | Operation
- 0 0 = (00) AND
a —t+o—> N\ t
0 — WO
> / 0 1=(01),, OR
¢ 0 2=(10),,| add
*—>, 1 —> Result
‘ Carryln Operation
+ 2 y
b —e—» \_/ ax —*| Carryln
» Resultx
oy —» ALUO
v CarryOug
CarryOut l
1-bit ALU with AND, OR, and Addition capability Schematic



The 1-bit ALU can be cascaded together to form ¢

bit ALU

Which operation is performed is controlled by the
Operation bus

ALU Control Lines
. Result
Carry In | Operation
0) 0 = (00),6 AND
0) 1=(01),, OR
0 2 = (10),0 add

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

branch operations

Carryln

||

a0 —

b0 —>

Carryln
ALUO
CarryOu

I

al—>

bl —>

Carryln
ALU1
CarryOu

L

a2—»

b2 —

Carryln
ALU2
CarryOu

@

b

a3l —>

b31 —>

Carryln
ALU31

Operation
» ResultO
®
» Resultl
®
» Result2
» Result31 7



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

L. I
— Recall that subtraction is perfO”IIEd USing 2's Ctﬂmﬂﬁnt arithmetic

— We calculate the 2’s compliment of the sub-oper@amdi add to the first operand

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

Binvert Operation
Carryln
a - »ﬁ g{\
_,_/
"_’D Binvert | CarrylIn | Operation
» Result
— 0 0 0=(00),,,| AND
f‘\ 0 0 1=(01),,| OR
0 * 0 0 2=(10),,| add
1 1 1 2=(10),,,| sub
v
CarryOut




Since we need to perform one
more operation, we increase the
number of inputs at the
multiplexer by 1 and label the
new input as.ess

SLT operation:
if (a<Db), setLesstol
=>if(a—b)<0,setlLesstol

SLT operation can therefore be
expressed in terms of a
subtraction between the two
operands.

If the result of subtraction is
negative, set Less to 1.

How do we determine if the resul
IS negative?

Binvert Operation
Carryin

'
a * »D p

4 I » Result

b E 0 + >
1

Less »| 3

v
CarryOut

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



.

_ _ _ Binvert Operation
— Use the sign bit obtained from the Carryln
1-bit ALU at the MSB position to ‘
indicate the result of SLT. '
a —> N\ 7 )
0
—
|
1
———p
A J ! » Result
b E 0 + 2
1
Less >3
\_/
v > Set
CarryOut

1-bit ALU of MSB (bit 31) with AND, OR, Add, Subna SLT capability



55

Binvert Operation
— In fact we also include the Carryin |
overflow circuit within the 1-bit !
ALU at the MSB 2 ¢ T\ )
J JT1°
=) >
1
®— o
—
¢ J > Result
b 0) + o2
o-—>
‘*b
Less > 3
\_/
T > Set
AA AN 4 h 4 A4
Overflow
detection > Overflow

1-bit ALU of MSB (bit 31) with AND, OR, Add, Sub,LS’, and overflow



(0€ — 0) suq 40} NIV UO-T

Binvert Operation
Carryln |
a > \ (0 \
[ » \
v y
b — 0 1+ 2
1
Less >3
\_/
v
CarryOut
_ Carry In _
Binvert | l Operation
A 4 \4
ax —»
bx —{ ALU » Result
Less —
Carry Out

» Rest

Binvert Operation
Carrylnl

Sm——— =N
S &
¢ > -
| 1 =
l__./ C
U l > Result O
b + 12 =
e (i n
vy)
L "3 [
€SS " —
\_/ o~
I >»Set ~—

Overflow > Overflow

detection
_ Carry In _
Binvert l Operation
\ 4 v
ax — — Set
bx —| ALU [— Result
Less — — Overflow .

Carry Out



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

Operations are controlled by the Operation
bus

ALU Control Lines
Result
Binvert | CarryIn Operation
0 0 0 = (00),,,, AND (a-b)
0 0 1=(01),,0 OR (a+b)
0 0 2 =(10),,0 Add sum(a,b)
1 1 2=(11),,6 Subtract (a — b)
SLT
1 1 3= (11)wo Set Result0 if (a < b)

Note that Binvert is always the same as Carn
In

To test equality betweemandb, subtracb
from a and check if the result is O.

a0 —
b0 —

\

Carryln
ALUO
Less

CarryOu

—

v

al —>
bl —
0 —>

Carryln
ALU1
Less

CarryOu

A 4

ResultO

—

v

a2 —>
b2 —
0 —>

Carryln
ALU2
Less

CarryOu

A 4

Resultl

—

l

ICarryln

a3l —
b31 —>
0 —»

Carryln
ALU31
Less

v

Result2

Result31

v

Set

> Overflow



32-bit ALU w/ And, OR, Add,

Subtract, SLT, and Equality Test

Binvert|Carry In

0 0 0 = (00),, AND (a-b)

0 0 1=(01),, OR (a+b)

0 0 2 =(10),,| Addsum(a,b)

1 1 2 =(10),,| Subtracta - b)

SLT

1 1 3=(11),, if (a<b)
Result0 = 1

R e PR

Bnegate

4

Operation

4

1

a0 —»
b0 —|

\ 4

Carryin

ResultO

ALUO
Less
CarryOut

v JV v

Carryin

Resultl

—

ALU1
Less

CarryOut

v JV v

a2 —»
b2 —»
0 —»

Carryin

Result2

—

vy

ALU2
Less

CarryOut

l

vlw

a3l —»
b31 —»
0 —>»

Result31

—

Carryln

ALU31

Set

Less

\A'AV

vV

» Overflow



a —b

bh —»

—> Zero

> ALU—> Result
— Overflow

CarryOut

a0 —> Carryln [ pogyito

b0 —» ALUO
Less

\ 4

CarryOut

v
al —*| Carryin Resultl

v

bl —»| ALU1
0 —»| Less
CarryOut

v
a2 —> Carryln Result2

b2 —»| ALU2
0 —»| Less
CarryOut

l

l Result31

a3l —| Carryin

b31 —»| ALU31

Set

» Overflow

0 —»| Less




