G guilal) 4y Jlaza
Architecture Computer

=S8l g 3a
2 g Agald )

ITGS 223
2023 -2022 «a: A



2 smd %3/0\.9
Arithmetic & Logic Unit
il gé lesall



Binary Digits

(=Ll aad)
1 50 Lo L () (o pllaill 130 5855 2 0 SU AUl 8 asiasall Y1
Binary Digit Wi Ld ) Legia S o
(3} aLa) (e sl Caand) 13gd B2 g AALAY) & 3L Y 43l O M)\wdsdgméj
L) aamll Jas 8 Sl Leliag il Bl e Bt A

IZta

ave one dg

_/h .

@
P

B

1 )

]

" c

=]

4 ways o have w 1o 14 J - DO =

N A
o o Ll

0 ==

ways to have three dagits 210
; . 1 21 1

o 6 11
o o o0 —
‘ ;

10



Binary Number Presentation
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How to Convert
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Arithmetic & Logic Unit
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ALU Inputs and Outputs
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ALU Inputs and Outputs
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Integer Representation
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Sign-Magnitude
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Sign-Magnitude
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Two’s Complement
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+3 = 00000011
+2 = 00000010
+1 = 00000001
+0 = 00000000
-1=11111111
-2=11111110
-3=11111101



Benefits
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2 complement negation: Special
Case-1
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2 complement negation: Special
Case-2
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Addition Example
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1001 = =7 1100 = =4
+0101 = & +0100 = 4
1110 = =2 10000 = 0
(a) (=7) + (+3) (b) (=) + (+4)
0011 = 3 1100 = =4
+0100 = 4 +1111 = -1
0111 = 7 11011 = =5
(€} (+3) + (+4) (dy (= + (1)
0101 = 5 1001 = =7
+0100 = 4 +1010 = =6
1001 = Overflow 10011 = Overflow
(e} (+5) + (+4) (£) (=7) + (-6)
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Subtraction Example
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0010 = 2 0101 = 5
+1001 = —7 +1110 = —2
1011 = —5 10011 = 3 =
)
(a) M = 2 = 0010 () M = 5 = 0101 g
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11001 = =7 0111 = 7
(¢) M =—5 = 1011 (d)y M = 5 = 0101
S = 2 = 0010 S ==2 = 1110
—S = 1110 —8 = 0010
0111 = 7 1010 = —6
+0111 = 7 +1100 = —4
1110 = Owverflow 10110 = Owverflow
(e) M = 7 = 0111 (£) M = —6 = 1010
s = —7 = 1001 S = 4 = 0100
- = 0111 —S = 1100




Hardware for Addition and
Subtraction
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Multiplication
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Multiplication Example
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Flowchart for Unsigned Binary

Multiplication
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Shift C, A, Q
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in A, Q

IuNueYS[e IZWel "I(]



02>A,C
Gypadi > M
whal 2 Q

O = dlaad)

N C.A,Q : bl
1 -3l 5 sl




Unsigned Binary Multiplication
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(a) Block Diagram
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Multiplying Negative Numbers
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Division of Unsigned Binary Integers
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Flowchart for Unsigned Binary
Division
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Example = (7),,/(3),,

M Divisor = (0111),/(0011),
Comnt e n A Q M=0011

Shift Left
A.Q
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Quotient in Q
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Floating Point
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Floating Point Examples
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sign of
significand

<+— 8 hits >-< 23 bits >

biased exponent significand

(a) Format

1.6328125 X 2°°
-1,6328125 X 2%
1.6328125 X 27%°
-1.6328125 X 27%°

1.1010001 ¥ 210100
-1,1010001 ¥ 2010
1,1010001 ¥ 2710100
-1.1010001 X 2710100

0 10010011 10100010000000000000000
1 10010011 10100010000000000000000
0 01101011 10100010000000000000000
1 01101011 10100010000000000000000

(b) Examples
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