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ombinational Logic Review
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Combinational Logic Review

= Input = 4-bit number
Output = 1 if primary
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Shift Operations

= The MIPS architecture defines various shift operations:

(@sll r1,r2, 3 r2 = 10101100 (shift left logical)
rl = 01100000

- shift in zeros to the least significant bits
(b) srl r1,r2, 3 r2 = 10101100 (shift right logical)
rl = 00010101
- shift in zeros to the most significant bits
(c)sra rl, r2, 3 r2 = 10101100 (shift right arithmetic)
rl = 11110101
- copy the sign bit to the most significant bits

= There are also versions of these instructions that take
three register operands.



Logical Operations

= In the MIPS architecture logical operations (and, or, xor)
correspond to bit-wise operations.

(@) and rl, r2, r3 r3=1010 (rlis 1 ifr2 and r3 are both one)

r2 =0110
rl = 0010
(b) or r1,r2,r3 r3=1010 (rlis1ifr2 orr3is one)
r2 = 0110
rl = 1110
(c) xor r1, r2, r3 r3=1010 (rlis 1 if r2 and r3 are different)
r2 =0110
rl = 1100

= Immediate versions of these instructions are also
supported.



Two’s Complement Negation

= T0 negate a two's complement integer, invert all the bits
and add a one to the least significant bit.

= What are the two’s complements of

6=0110 __ 1001
+ 1

1010

-6

-4 =1100 __0011
+ 1
0100 = 4




iTwo’s Complement Subtraction

= To subtract two's complement numbers we first negate
the second number and then add the corresponding bits
of both numbers.

= A-B=A+ (2" -B) 0110 (6)
+1100 (-4)
10010

= For example:

3=0011 p—) 3 = 0011

- 2=0010 + -2 =1110
1 = 0001




iOve rflow

= When adding or subtracting numbers, the sum or
difference can go beyond the range of representable
numbers.

= This is known as overflow. For example, for two's
complement numbers,

5= 0101 -5 =1011
+ 6 =0110 + -6 =1010

-5 =1011 5 =0101

s Overflow creates an incorrect result that should be
detected.



2's Comp - Detecting Overflow

When adding two's complement numbers, overflow will
only occur if

= the numbers being added have the same sign

= the sign of the result is different

If we perform the addition

A1 Q5 ... 84 3
+_bn-1 bn—2 bl bO

=_Sn—1 Sn—2 Sl SO
Overflow can be detected as
V = dn_1- bn _1-Sp_1+dp_1- bn—l' Sp-1
Overflow can also be detected as

V =ceCh-1 , where c_,and c, are the carry in and
carry out of the most significant bit.




iFuII Adder

= A fundamental building block in the ALU is a full adder (FA).
= A FA performs a one bit addition.
a+ b+ ¢ = CiyyS




iFuII Adder Logic Equations

= S Is ‘1" if an odd number of inputs are ‘1.
= Cq IS ‘1" If two or more inputs are ‘1’ .
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Sj = aibici + aibici + aibici + aibici
Sij=4d;® bi ® Cij

Cirt1= aibici + aibici + aibici + aibici
Ci +1 = ajbij + aiCi + biCi

Ci +1= aibj + Ci(ai + b)

Ci 1= aibi + Ci(ai ® bi)



iLarger Adders
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iFuII Adder Design

= One possible implementation of a full adder uses nine

gates. b

— <1

Sij = dj ®bi ® Cij
Ci+1= aibi + ci(ai ®bi)

dj ® bi = (ai + bi)%

Ci1



LU Interface

= We will be designing a 1-bit ALU with the following

Interface.
B A
1 \t 1 \k
Ve N '<3 Cin
Vv ALU L 7 ALUOp
1
1 ALUOp [ Function
- 000 | AND
esu
Z =1, if Result=0 001 | OR
V= 1. if Overflow 010 | ADD
C_— 1 if Carry-Out 110 |  SUBTRACT
L d 111 | XOR




1-Bit ALU bi ALUop,

= The full adder, an xor gate, and a 4-to-1

. . dj
mux are combined to form a 1-bit ALU. '
b, &
_hit < C,
Cirqg «— 1-bit i
ALU ~— ALUop,. I G
I
ALUOp | Function
000 | AND |
001 | OR Civ1
010 | ADD
110 | SUBTRACT — 0 2 1 ALUop o
111 | XOR Li



il—bit ALU for MSB i ALUOP,

= The ALU for the MSB N Vai
must also detect overflow
and indicate the sign of
the resulit.

V =C®Cnh-_1
V F ® C
set = (A< B) + Gt i

Ci+1
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Multiplexers

fo—> fo N
2-to-1 7 | 7

MUX

|
|
|
|
|
A A

logic equation for the 2-to -1 MUX
Z=~A1,+Al,
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ﬁ Multiplexers
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logic equation for the 8-to -1 MUX

Z=ABC'l,+AB'Cl,+ ABC'l, + ABCI,
+AB'C'l, + AB'CI, + ABC'l, + ABCI,



i Multiplexers
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ssembly Example

strl:
str2:

mairn:

loop:

.data

.asciiz "\nEnter a number for summation:'
.asciiz ""Sum of numbers entered =

-text

-.globl main

Ii $t0, O

I
la
syscall
I
syscall

add
bne

1

la
syscall
li

move
syscall

$vO0,
$ao,

$vO,

$t0,
$vO,

$vo,
$ao,

$vO,
$a0,

strl

$t0, $vO
$zero, loop

4
str?2

$t0

HF

ST

+*

H O

system call code for print_str
address of string to print

system call code for read_int
read int

system call code for print_str
address of string to print

system call code for print_int
move the result in $a0
print it



	COMP303 - Computer Architecture
	Combinational Logic Review
	Combinational Logic Review
	Shift Operations
	Logical Operations
	Two’s Complement Negation
	Two’s Complement Subtraction
	Overflow
	2’s Comp - Detecting Overflow
	Full Adder
	Full Adder Logic Equations
	Larger Adders
	Full Adder Design
	ALU Interface
	1-Bit ALU
	1-bit ALU for MSB
		Multiplexers
	      Multiplexers
		Multiplexers
	Assembly Example

