UNIT II
ARITHMETIC OPERATIONS

Addition and subtraction of signed numbers — Design of fast adders —
Multiplication of positive numbers - Signed operand multiplication- fast
multiplication — Integer division — Floating point numbers and operations
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Recall Unit |

e Functional units

Memory operations

 Basic operational concepts Instruction and Instruction

» Bus Structures sequencing

e Performance

Addressing modes
* Memory locations and addresses « Assembly language
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Instruction Register (IR)

Control Unit
(CU)

CPU

Program Counter (PC)

Status Register (FLAG)

Accumulator (ACC)
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Introduction

'//vsr/rur 0

Basic Arithmetic Operation Logical Operation
AND OR NOT
Q)&
S
Both terms Either term Just ane term
Dwﬁ%ﬁ Product Cost

Development Time

Representation

Fixed Pomt

Floatmg Point
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INSTITUTIRNS;

Wil

T

What's ALU?

i

T

i

o Stands for Arithmetic and Logic Unit

e Performs Arithmetic (Add, Sub, .. .) and Logical (AND, OR, NOT)
operations.

« John Von Neumann proposed the ALU Iin 1945 when he was

working on EDVAC (Electronic Discrete Variable Automatic
Computer)
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Arithmetic and Logical Unit
Circuit Design
Operations - i Circui
P Combinational Logic Circuit . -
- S Bl I

Dynaric Rﬂﬂg& Product Cost

Development Time I .

Diagram-1

Floatmg Point /A\ Fixed Pomt input Output

‘:,|> Combinational :D

Logic Circuit

Positive
Feedback

Previous

Sequential Logic Circuit state

Memory ‘ _I_L Clock
R E— Signal
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Basic Hardware Components
ALU operation

AND Gates , OR Gates, Inverters & Multiplexers

A Zero
AP LU control lines | Function |
Result
B —» 0000 AND
0001 OR
Carry Out 0010 add
0110 subtract
0111 set on less than
1100 NOR
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Bit ALU

Logic Gates
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Name NOT AND NAND OR NOR XOR XNOR
Alg. Expr. A AB AB A+ B A+B A® B A® B
A
e e S b Sl e S e -
y s | > || » ) >
Truth A | X B A X B A X B A X B A X B A X B A X
Table 0 1 o oo 0o o1 o oo o 0|1 o oo 0 o1
1 0 o 11|o 0o 1 1 o 1 1 o 1 o0 o 1 1 o 1| o
1 9] 0 1 0 1 1 0 1 | 0 0 1 0 1 1 0 0
1 1 1 1 1| o 1 1 1 1 1 0 1 1] 0 1 1 1
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50I1C spcification for a stage of
Binary Addition

§ = flfi}l]
. A — emm—— p Sum'S
Half-
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Adder
B ———mmmvp = hmaaa - =
AD__ c=A.B Carry 'C
INPUTS OUTPUTS
A B SUM CARRY
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
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BT spcification for a stage of
Binary Addition
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A-+ A\
. . A =2l e p Sum’'S
e
_ Full-
Cin l_ Sz(A@B)@C_ B — P e
n
Carry-in————p/ = |emm—a- p Carry OUT
Cout
INPUTS ouUTPUT
— A B C-IN C-OUT 5
C =AB+(4®B|C, A & - > -
] 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 | 1]
1 1 0 1 0
1 1 1 1 1
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ECUTION & OPERATION
INSIDE PROCESSOR

Half-Adder
TPUT
A s s Tc|INPUT CUTPU
= o | 0o o A O .A) o
B O e~ y
D— c=A.B
Nonono
i . 0
a | . 1
1 : -
= KNl
Discarded \/ \j
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Operation
Carryin
al — & Garryin
~T|__carryOut
L
OAR=Sar Carryin
b1 ALU" - HEEIJI'[T
—_— Garﬁ"Dut
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32 — Ea"‘b’ln
- aryo = Result2
CarryOut
| |
|
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Example for Binary Addition

L

X ! g 11 1T |1 X -
+Y = +86 = +o00171]|1T0]0o Eag_?;ﬂm__..uﬁu. Earg,r-rn
N —— R i+ ]

z 13 1 1] 6 |1 5

Legend for stage
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INSTITUTIRNS

Addition and Subtraction Logic Unit

Logic for e :D
Single %D mipE=1p=
Stage [N D

Full adder
(FA)

'
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n bit ripple carry adder

Yool Xp-l ¥2 X2 ¥1 X1 Vi Xy
G L1 C3 Lo | Lo
44— Full Adder 4—— +++ 44— Full Adder Full Addear f«#—— Fu'l Addear
S | 52 5] 5

Dr.B.Anuradha/ ASP /CSE/ SEM 2 / COA 05-09-2022



16/18

Xkn-1 Ykn-1 "‘En—] S 2n—1 "n -1'”

. n-bit n-bit L 2 n-bit
“kn adder adder adder
Skn-1 ‘Tffc-i )n Yop-1 Sn
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Sinary addition and subtraction™
logic network

Yp-1 Y1 Yo

r.11 99

.. Add/Sub
control

* Addition = Add/sub control = 0.
e Subtraction = Add/sub control = 1
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Assessment

Carryout -

Y Wg? Y
s

Carryout = (b.Carryln)+(a.Carryln) +(a.b)

Sum = (a.b’.Carryln’)+ (a’.b.Carryln’)+ (a’.b’.Carryln)+ (a.b.Carryln)
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WINSTTTUTIONS,

TEXT BOOK

Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, McGraw-Hill, 6th
Edition 2012.
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