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Module 2

Part 2: Arithmetic Operations

¢ Integer Numbers
o Unsigned Numbers
o Signed Numbers

* Addition

» Subtraction
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Integer Representation

e Numbers can be represented as a
combination of a value, or magnitude and
sign, plus or minus

e Unsigned integer
e Signed integer
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Unsigned Integer Data

Integer: Unsigned Number

¢ By unsigned integer, it is mean
° E.g.0,1,2,.. 254, 255, 256, 257, .... 65535, 65536, 65537, ...,
2000000000, 2000000001, ...
+ A bit can store unsigned integers from 0 to 1.
+ A byte of 8 hits can store unsigned integers from 0 to 255
=281,

00000000, -11111111,

e

128+64+324T6+8+4+2+1




* In binary arithmetic, if the length of the number is restricted to 8
digits (Os and 1s), the largest value is 1111 1111, = 255, and the
smallest is 0.

e A word of 16 bits can store unsigned integers from 0 to 65535 =
2161,

« In binary arithmetic, if the length of the number is restricted to 16
digits (Os and 1s), the largest value is 1111 1111 1111 1111, =
65535, and the smallest is 0.
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The depend on the total number of bits used, n.
For positive number yang range is from 0 to 2"-1.

Example:
Find the range of binary numbers that can be represented by 10 bits.

Number of bits, n= 10

00 0000 0000 < x<1111111111
0<x<210-1

0<x<1023
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Upper and Lower Bound

No of Bits | Lower Bound | Upper Bound, 27 -1 Range
4 bits 0 24-1=15 0> 15
8 bits 0 285-1=255 0-> 255
10 bits 0 210-1=1023 0-=> 1023
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Example:

Find the lower and the upper bound of a 12-bit binary system.

-Lower bound =0

-Upper bound =2"—1=212-1= 4096 — 1 = 4095

-Therefore the range is 0 =2 4095
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Signed Numbers
« However, integers can be [ Nand IR

» +01000, +11101, -10001, -0111001
o Need for a code to represent -’ and ‘+.

* Positive and negative integers use a code system to indicate
the sign.

= Signed bit:NEaD) or positioned at MSB
> Positive numbers >[J01000,[J11101

> Negative numbers —)10101,0101001

o This is referred as signed numbers.

Integer: Signed Number

Module 2
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Example:

Change the following decimal numbers to its binary representation.

i. +4 ii. -12

Example: Determine if the binary numbers is positive or negative.

Value in

i 0010001 > decimal?
+17
iii. 10011 > s

11/1/2020

Signed Numbers Representation

e Three representations:
- Sign and magnitude (simple representation)
- 1’s complement
- 2's complement
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Sign and Magnitude

Sign and magnitude

Representation
+ Simple and fast.
*Note: ° w701 _
Anegative Lower bound: - (2 1)
number has the > Upper bound: 271 -1

same magnitude ¢ Where n the total bit

bits as the

corresponding * Example:

positive number

but the sign bit is +01110 = + (01110) =E 01110

1 rather than a 0. -100100 = - (100100) : 100100
*Resource: Floyd, Digital Fundamentals, 10" Edition, 2009 12

11/1/2020



-(23-1) < decimal < +(23-1)

:ﬁ Lower bound < decimal < Upper bound
O ; ‘ -(2#1-1) < decimal < +(2+-1)

T—— ~(8-1) < decimal < +(8-1)
—— -7 < decimal < +7
Example: Integer 4 bits
Positive Negative
Decimal | Binary Sign & Mag Decimal | Binary Sign & Mag
+7 +111 0 -1 -001 1
+6 +110 0 -2 -010 1
+5 +101 0 -3 011 1
+4 +100 0 -4 -100 1
+3 +011 0 -5 -101 1
+2 +010 0 -6 -110 1
+1 +001 0 -7 -111 1
+0 +000 0
13
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Example:

Express the decimal number +25 and -25 as an 8-bit signed
binary number in the sign-magnitude forms.

Solution: +25 = 11001
=00011001 (8-bit binary system)
|
(Sign bit) (Magnitude bits)
-25 = - (+25)
=-(00011001) soubnarysysem
= 10011001
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Module 2

Complement of a Number

¢ In base B arithmetic we can compute two
complements: B's complement
(B-1)’'s complement
¢ For binary numbers we can use 2’s complement
and 1’s complement;
¢ In decimal arithmetic we have 10’s complement
and 9’s complement.
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* In general, complements are defined for
numbers that have both integer and fractional
parts. However in this discussion is restricted to

complements of [ and numbers
only.
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@H:];M 1's complement @H:];M
’ utm
1 S COIIIp|ement Example:
*Note:
i Express the decimal number +25 and -25 as an 8-bit signed
Posit b -
re(:)srleZ:nrt“:rrg u ¢ Convert 0’ to 2" and 1" to 0f binary number in the 1's complement forms.
same way as the > Lower bound: - (271 —1)
positive sign- ; — Solution: +25 = 11001
magnitude ® Upperbound: 271 -1 =(00011001) (ohbinary system)
MGEEE © Where n the total bit J -
A negative . Example: (Sigﬁ’bit) (Magnitude bits)
2325@%122: ° +01110 =+ (01110) =0 01110
the corresponding -100100 = - (0100100) = 1011011 -25 = - (+25)
positive number. assume 7-bits binary system =-(00011001) (8-bit binary system)
= 11100110 <— 1’ Complement

*Resource: Floyd, Digital Fundamentals, 10" Edition, 2009

19

@H:];M @H:];M 2's complement
Example: Integer 4 bits yww.utm.my 2’5 Complement
Decimal Binary 1’s Comp Decimal Binary 1's Comp
i = g 1 oot 1 * Process:
+6 +110 0 - -
5 101 0 j gi? 1 * Convert to 1's complement.
+4 +100 0 2 200 1 + Add 1.
+3 o1t 0 5 -101 1 ¢ Lower bound: - (21)
+2 +010 0 6 -110 1 *Note: o -l
+ +001 0 -7 \ 1000 | A negative Upper bound: 27" —1
+0 +000 0 number is the 2's * Example:
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ) complement of
-7 =-(+7) the corresponding +01110 = +(01110) =0 01110
=-(0111) positive number. -100100 = - (0100100) = 1011011 (1's)
= 1000 <—15% = 1011100 (2’s)
""""""""""""""""" Complement
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Example Integer 4 bits

Decimal Binary 2's Comp Decimal Binary 2's Comp
+7 +111 0 -1 -001 1
+6 +110 0 2 -010
+5 +101 0 3 011 1
+4 +100 0 - ~100 !
43 +011 0 > -lot !
2 1010 0 : 10 !
+1 +001 0 = 1004
8 -1000 1
+0 +000 0

{1's Complement. |
LT =-(47)
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Example:

Express the decimal number +25 and -25 as an 8-bit signed
binary number in the 2's complement forms.

Solution: +25

(8-bit binary system)

(Sign bit)  (Magnitude bits)

= - (+25)

=-(00011001)

= 11100110 <— 1’ Complement
= 11100111 <— 2'sComplement
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Example:

Compute -23,; to a 7-bit binary system using 1's complement representation.

~(+23) =-(00 10111) = 11 01000 {23 =_(+23) 3
‘ =-(0010111) |
A = 1101000 -
Bample: T 7-bit inary sysior)

Compute -23,, to a 7-bit binary system using 2’s complement representatlon
-(+23) =-(00 10111) = 11 01001

S ompemen.
1101000«
+ 1

i 1101001 |

, +/,

Exercise 2c.1:

Determine the decimal value of this signed binary number
(10010101) expressed in sign-magnitude.

Exercise 2c.2:

Express the decimal number -39 as an 8-bit number in the
sign-magnitude, 1's complement, and 2's complement forms.
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@H:];M Summarized of signed representation
Decimal Sign & i 1's C 2's Ce
+7 0 0 0
+6 0 0 0
+5 0 0 0
+4 0 0 0
+3 0 0 0
+2 0 0 0
+1 0 0 0
+0 0 0 0
-1 1 1 1
-2 1 1 1
-3 1 1 1
4 1 1 1
-5 1 1 1
-6 1 1 1
-7 1 1 1
-8 - 1
25
@ H:];M Addition
) Module 2

Arithmetic Operation: Addition

A B A+B
0 0 0
0 1 1
1 0 1
1 1 10
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e Example:
1 1
1 0 0 1 O 1 0 1 1
+ 0 1 1 0 O + 0 1 0 0
11 1 0 1 0 0 0 1 O
27
Example:
Use 8-bit, 2’s complement representation for the following operation:
L 127474 L(+127) 0111 1111 |
+127 = 0111 1111 ((+74)  + 01001010
! 11001001
+74 =0 1001010 -
~ Resultwrong
14



Example:
Use 8-bit, 2’'s complement representation for the following operation:
ii.  60+(-30) e ]
i (+60) 00111100 !
+60 = 0011 1100 (300 + 11100010 |
-30=~(+30)=-(00011110){ (130) 10001 1110

11100001 (%) Carry bit is ignore !

1
11100010 (2%)

OUTY oy

Arithmetic Operation: Subtraction
¢ In digital system, subtraction is performed by using 2's complement
and addition.
s Carry from the MSB (signed bit) is deleted.
e Example:
010011 -001111 =010011 + (- 001111)
=010011 + (110001)
=000100 Lo .ilo111y |
1 1o {2110000(1%s) |
0100 11 ; N S
+ 11000 1 | : ;110001(2%s) !
Z 000100 : R i
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Example:

Perform the operations below using 6-bit 2’s complement signed number.
(a) 24-17

{17 = - (+17) 3
| =-(010001) (6-bits) |
= 101110 (1)
_r
101111 (2%)

(8)  24-17=24+(-17)=+7
24 =+24=011000
-17=- (+17) =- (010001} =1 01111 ------
24-17 =24 +(-17) = 011000 + 1 01111 = 0 00111 = +7

31
utm.my 4§ Example:
Perform the operations below using 6-bit 2’s complement signed number.
(b)-9-15
(b) -9-15=-9 +(-15)=-24
-9=-(+9)=-(01001)=10111=110111
-15=-(+15)=-(01111) =1 0001 = 11 0001

9 = - (+9) 1415 = - (+15) : i
=-(001001) (6bits) | : =-(001111)(6bits) | :
= 110110 (1's) ! i = 110000 (1) ! i

1 -1 1
110111(25s) - > 110001 (2%) ;
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