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2+1 WLl (e (pall b)) Numbering Systems (=il

--History .... s yal) Aaas] oy

g{(l§l(l‘ el el ] sa3iul | humans used sticks to count

%+ how to draw pictures of sticks in the ground and eventually on paper.

<*Using symbols to represent the numbers instead of sticks. 5 v \ o>
gl e Yy Q8 Y Al 5 g ) ladind o5 5 e Al By )Y (B parll ) sm au ) 48

-- Decimal System s ial) Sl

el (g pdall Jiaill (alas) alana ardivg Most People Use decimal representation to count.
<In decimal there are 10 digits A B ke da gy (g ydiall HUail)
0,1,2,3,4,5,6,7,8,9 AE s ke (51(9-0) o g rial) alail) Adali
*»*The base is 10 (10 s2e\dll) ddalo U
“+*We can Represent any value for these digits Al Y o3¢l dad of Jiia L€y

Ex: 754,123, 889, 345
s pal) HUailly 43 sl 545 daall ; Jba
5x 1072 + 4x 10 + 5 x 1070 = 500 +40 +5 =545
058 O 2M0 Jie 10 G52 a8 0 8 Digt el 2210 1 Jie Aol Adaal) 810 8 25n 5 o L 3aclall
2 &, s Digt
1 2dGa
Ex: 754

7. + 510" + 4.10?=700+50+4=754
l

l
base Digit
position
--Binary System (AL AUt
Computer is not smart as a human . OSB3 Gl 3 gaaesl)

Easy to make an electronic machine with two states: on and off , or 1 and 0.
051 3 ¢ il s dondiropllay A s i< A pina Joud) 0
In Binary there are 2 digits 0,1 The base is 2
2 Ua saclall 38 1., 0 Lea lad ) 2a g0 AL QUi 8

BIT (o L.,—’LHS\ (QUA.'J\ 65 egj Js +“¢*Each digit in binary number called BIT.

1010, 4 digits How many bits (< Jia a8, JS) 26,1 &) Wal 1 Dl

answer : 4 bits 4 an g Lia ol salld

% 4 bits form a NIBBLE. dasadle Gl i 4 s

8 bits form a byte. (<) < 8 e Gl

10100011 Jia

, How many bits ? , How many Bits, Nibbles and Bytes? G NS U PRGITIN
Answer :8 bits ,2 Nibbles and 1 byte Gl 9 dni2 9 8 La aag: Ua Gisad)
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“Two bytes form a WORD and two words (2 16) ¢! s sl 2
form a DOUBLE WORD (rarely used) . —addiuile )b (99 d) 20592 oSl
EX: (=l 2) 2l 2,99 5 <2 169(Digt) &) 16 Ll Jba
0000 1111 1010 1010 : 16 bits, WORD
--Octal System JIS Y aldas
“*Uses 8 digits 0,1,2,3,4,5,6,7 *»The base is 8

8 Lia 32clallé Anss B ) I jhia (e (gl L)) 8 a2diud Lia
S EX (123)8, (156)8 Jbia
--Hexadecimal System e bl Uil
+»Uses 16 digits Ly e A pde Gealll plail) aading
01234,56789ABCDEF
*»*The base is 16 16 La sacldll
“*EX: 123h, 456h OE120h aiaY) e

*»*Suppose we need to develop new system with base 5,7 or 3?
D SV das Jall €3 5 507 aclis daa allan pyglat ) Aslay Ll (a0
Base5:0,1,2,3,4
Base7:0,1,2,3,4,5,6
Base 3:0,1,2

Binary to Decimal (oiad) I L (pa) Oy sl
o 101102"——%1;:. B 11 Jiie
1*24+0*23+1*22+1*21+0*20=
16+0+4+2= (22)9

A Al
1010b =77 , 0010b =77 ,101b=?7?
Answer: 1010b=(10) ,,
0010b=(2) ,,
101b=(5) 4
--Decimal to Binary A ) By e Jagail)

o Wi L5 (5 A 3l (gl 5 Ly 5 B LSl y S 2 5o a5

B 2210=0:

Input Result Remainder
22/2 18] 0
1 1/2 S 1
5/2 2 1
2/2 1 (@)
1/2 (0] 1

(22) ;o = (10110) >
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24_1)..44(3)}}0_1\.5;@}5@&\ r-.UA.'d\
200 =1..271=2 .. 2A2=4..273=8. 20 4=16..275=32.... 276=64..2A7=128...278=256 s
BB o o e Uil el e o (VIS Jiey Ui 1101 a0
2M0*1 4 281*Q + 2A2%1 +2A3*1 (Al
=1+0+4+8=13
iy ) A e Jasadl e JE) Sl Ak
(22) IS 3oyl LS U 1 ) 0 ypadl) e e

- Lo o 5i Lo 33005 e L8 g8 g5 ol ) g

128 64 3216 8 4 2 1
-1 1 1 1 1 1 1 1
4 © 1 1 © 128 64 3216 8 4 2 1
16 +0 +4 +2 =+ 0 =22 1717111111

53al o818 (e il el o) e (13) 49 =(1101 ) 5
(O sl (220) .o =( 11011100 ),

S Al aUail) e gl Binary to Octal
sl

j‘dﬁhjﬂ%ﬂéﬂd"‘-.‘ﬁu‘)‘7}‘8}‘@1-.&\-}@\3)\9)3‘&015\3‘
&L\M*m.nsue\ﬁ)\gu}hm)eﬁ)\@)\w‘)ﬁ\mﬁh\ﬁ\kw\u\L)ﬁu&Lx
e B LS (5 Lol snis s Lelal Lma Jalaiy e gana S (e sane 100 101010 = s,

100101010b = ( ),

(e A aghind e Jani old ) 3 Ll saaly IS Dle gana 3) (M aghignd Ao Jani pl ) 9 Wl ¢ AN JUa
111000111b=( ),

o000 M =T ) 58lLS b S e Ju il b

ex Lﬁ)‘:“" ‘;“SSLISL}A?GJY‘{JPJLLA
(101011010010) JuS ¥ alaiy AL ) aghygad e Jard a8 ) 12 Lol Uia

(P Axa )l Ao gana) IS e gane G ) aganadi e Jard 1 Jall

(892)8=(1000) (1001 ) (0010)

T Q:m.‘\ ;L:\...h
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AUaill 1 S eyl Binary to Hexadecimal
16
ex 10010101b = ( ),
1001 0101 =(95h)
h.w bl
11100011b= (E3h) yw
Gedld) Uil 8 14 8y iy 53 Casall a5 14 = Taaill lliis (e sana W peligad Glo Jand o185} Auilall
e
w 3= 142 S (0011) 3 A8 Jid gd Al dadll L)
16 () s e e Jagaill Decimal to Hexadecimal

s

Let’s convert the value (39) ,, to
Hexadecimal

Input Result Remainder
39/16 2 7
2/16 (0] 2
(39) 4o = (27h)

arnai e Janis 2 Qlsall 50 AL 5o ¥ 16/2 A o5 7 AW 52 = 16/ 39 A8 Micd 16
A=)

16 paill e Ao h 2855 27 sl allay o) ) ol o Al

DAl Al

Covert the following numbers to decimal
a. (72)g =(58) 19

b. (72) 16=(114) 4o

c. (DE1) ,5=(3553) 4,

a. (AB)s =( ), (10101011)2

b. (23),=(53)
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Binary Addition

O1111+001 10 =

S 1 1
©: 1§ 1 “1
+— O O 1 1 O
1 O 1 O 1
(o] (o] | |
+ O e + 0 + 1
____C;___ 1 1 10

11010011+01010110=

1 1 1 1

14010011 >(211) 4
+ 010101 1 0 -(86),,

1001010 01 =(297)4

Signed Numbers

Our study of binary arithmetic, we have only considered positive numbers . Thursday, What
about negative numbers?

ALl Y1 e 13le | s ge ol i et dad Ll ¢ LN Ciluaall Uil
Ll ol s e 2aedl (S 13 Le )8 5LEDU AL dae dadiae ) L] o8 ) AL
o‘)uy\@w.ﬁes‘)h (Y

1 positive ...... 0 negative

Al b 5 LY e e n i Example:
oaid i) 22 52Y el 101 Jiw 5 (5)10 = (101),
g 1101 &3, Js) i35 0101 Positive 5is 01 01
Negative. (Sl Negative 5is 1 101

5- Jie; 13 43,041 10 1is 13 or -5
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One’s Complement Representing a signed number with 1’s Complement is done by changing
all the bits that are 1 to 0 and all bits that are 0 to 1.

1600 b Gl S5 0 ) 1 b A ) GBS i 3l o JuS) e o pn ) Jiicd

o 5 a8l (Se Dl U Represent -5 in 1’'s complement by using
- . 4-bit arithmetic?
10- s 5l ot 0101 > 1010
O Represent -1 in 1’'s complement ?
14 - e Mia sal; 255 0001 > 1110

Signed Numbers
— Two’s Complement 2’s comp=1'comp +1 6 Represent -5 in 2’s complement by using 4-bit
arithmetic? (101)1’s 0 1010 2’s + 1

4 +1 o 3ke (0101) Al 28 )0 4 oo 3 e 4 5 a8 )l Dla LeSud (0101) o 3oke A A
(1010) 5- Jiar Y

Converting Fractions

25l gl

(05=S) 0> A pde daf Jysat e
2 (SIS 1)) e gl Husll i ¢ 2 e dasall (0 Y
pJle Al gl la
Convert 11.375;5¢ to it’s binary equivalents. asUll ailiéi<a ) 11.37510 Js~.
First convert 11 to binary . S G 11 #80 Jsaie Y
(1011) Bl Lisdary 2 () Ay o 583 (U5 ) 4y a3 o Ladie 17 o850

SV 2 Cag e Ao Jead A ) Al L85 (a8 37500 to binary

0.375 * 2 = O.750
O.750 = 2 = 1 -500
0.500 = 2 = 1 .000

37510 = .011; )l oy Jysail) amy

11.37510 = 1011.011; s JGall l3ed Al Jal

T Q:m.‘\ ;.1.:\...'4.
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(26.75)10 DA e
(11010)2 0= 3k 58(26)10 A8
Lise AV iy 2 @ 4y puai 75 &80 W

0.75 * 2 = 1.50
0.50 * 2 = 1.00
(11) 20= 3e 52 0.75 QB0
(26.7510) = 11010.11, s Sl Jall

((Jall Ja il i) Jall dlac] 1) oS ;3 Jia

Q (37.37510) = 100101.011;

Example L Ao 5 S8 Jaay cilida JUa
(0.2) 10
Aapnal) Al Y 38l i ) lga e ladie 5 2 Gagein e and
o2 *2 0.4
0.4 * D 0.8
0.8 *2 1.6
0.6 *2 1.2
(0.2) 40 = ( 0.0011)> F A gl el dad
Example ((dad) da iy Sl Jall clilae) #15) (abead) JUal) LaS JUia(3)

(0.3) 40 = (0.07001),

Example:
*110.01+1.011=111.101

110.01
+ 1.011

1T11.101

*1011.0+0.011=
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o e

1011.0 11
Exp3 :1001.01+0.0110 = ??

Binary Subtraction il 7 bl

eSolve the following 8-bit subtraction problem using 2's complement

representation.
L2 S JEG aladinly <y 8 (e 4 5Kl A & lall A Jay al e
01111111, — 7649 =777

011111112 + (- 76)10 ol ) Jans i

Example: 01111111, + (— 76)10
76 - 01001100 Sl Al o Jaad 1 400 5 glasl)
2l g eyl g A e e) SUEIL A YT Gt e Jand SN 2ay 1 AEED 3 gladl)
5 il 76 e 558 53 aamll ik aal s e pgan (3 L
1

1’s complement -2 10110011
2's complement> + 1

10110100 >(-76)
2gasall S 8 1) 5 76- s (e guilil) a8l dilial e Jand 1 Al ) 6 shaal)

6‘1'11 11 1111 127
+ 10110100 s e
C’Verﬂow_ 1001 1_;)0 1_;_‘ '----5-;----
DAY JE
ga (pll slaa
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Example: 00110010, + (— 125),,

125 > 01111101

1’s complement — 10000010
2’s complement—> + 1

i 10000011 —=>(-125)
00110010, + (— 125),,

L S50
00110010
+ 10000011 - 125
10110101 -75
Data Representation bl & 54
“»*Computer understand two things: on and off . ol 5 Jaandi il agdy 5 gl
«“»Data represented in binary form . . S JSS 8 dliee UL, on.Ooff

% Bit is the basic unit for storing data 0>off ,1>on . 1Bit <ibudl ¢ 3 Lulul) sas 5l &
*»*Byte is a group of 8 bits. That is, each byte has 256(28) possible
values. dlcisa iad (28) 256 o ssiny culs IS of gl ... .0l 8 (e de sana e 3 e Byte
“+Two bytes form a word (Lbas LaS) 0 )55 i Culy il

- Parity bit ol 8ISl

lhall GLEKY aadiude Used for error detection o
(241 2e) ol @il 1 olesie Two types: 1. Odd parity (number of 1’s are odd) e
(2551 2) (a3l sl 2. Even parity (number of 1’s are even) .

Characters Representation

Exp : Using the even parity bit to represent the character Q (Q = 81 in ASCII ) in
memory (Hexadecimal) ?

(e (oulan) 3 S AASCI) A Q (Q =81 <all diail o 55l sl cy alasiu)

(D1)16 = (81)10=(01010001), Ul aliad e Jeri 81 a8

S (a5 @8, LUl Al daadl sl s ) jha ALl o Jardy Bl a8 S 0 g8 5 Y] o) puad
oV Alisa e Jand b sy )y Jiad UL JaS ) Al Ll e 1 ) ALl s
D116 Ll Jiad | de sana ald )l o)) JS 2L Hde (il
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Parity
bit

Q 1 1010001 = Dlqs

Note: ASCII = American Standard Code for Information Interchange
ddasda: ASCII = Gl slaall Jala S ¥l bl o ¢S
Exp :Using the odd parity bit to represent your name ahmad in memory ?
. (B)S\JJ\) memory L,é A (;g‘)]\ Jia L L..SJ‘)QM )5\535\ e\d;:\.u\_\ = A

058y s i g aAllad o ja IS oyl i e Jard o5 ASCIE JDA (3 oy al)l 34 e Jari Y )
3 SIAL agliiad e Jani o 16 e pualudl alaill ) aglyad e Jard A G W) (g2 8

Ex. Ahmad
Parity Parity
bit bit
Memory ‘A 1 1000001 ‘ = Clis ‘h 0 1101000 ‘ = 681
Parity Parity
68 bit bit
‘m (1] 1101101 ‘ = 6D1e a (1] 1100001 ‘ = ©lis
61 Parity
bit
64 ‘d [1} 1100100 ‘ = 641¢

Integers Representation

(<2 16) (uss) b 2 plaainly 3 SIAN & osal) a2l Jiad Lia ()98
EXp: Like the number 92 through Integers Representation
(92)10 = (1011100); VS b 2 juay glie A1 8 Cinmi o ¥ <0 8 o lie Jlae (8
Answer BSIAL 9 < 16 @ Jialy LS
Memor

—=—"" 0000 0000 01011100
00 0 0 5 C

EXp: Like the number -94 through Integers Representation
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(94)10 = (0000000001011110)2 1 + (cludly V) A& Y1 i 5 UL alias e Jans

1's = 11111111110100001
2's >+ 1
1111 10100010 FF

F F A 2
(e puilally Jiiaill) e sana o)) () pgapadi o5 AL 4l e Jons

Floating Point Representation Adlal) Al Jia

Jiar b aal o) el ddals I3 (0 for Positive 1 for Negative)
8 bit = 82 =256 = (0-255) What about negative ??
255/2 = 127.5 we take the integer part 127

Memory

AZ

) J— 255
4 PR— 255
-127 -127
I P R —— 128

Let’s take an example

Use the 32-bit floating representation to represent the following the
binary number and show how it will represented in the memory?
(26.75) 10 5,81 & 4aliai st CaS el g Jall AU A8 ) Jiad) ¢y 32 ailed) Jitadll axaiul

Answer:
Convert the number from decimal to binary AN A g dal) (pa Jagad Ao Jand
(26.75) 10 = (11010.11) » Wl S3 LaS AU ) Jgad

(11010.11) » =(1.101011 *2%) , 2% @ G pal & 4 Jldhay JLde¥) dyjad o Jard
Exponent = 127+4=131
(131) 10 =(10000011) »

MNMemmory

[0[ 10000011 | 10101100000 0000 (ST}
(@]e

D
D 6 0 0 oS
il
o<l ) 8

Diyaa M Suboh = ua\;'l\ cﬂ}.\.uusl\ g (o Sal sia | glimaaiil ‘;..i\ K d\}u Lﬁ‘

T Q:m.‘\ ;.1....\...'4.
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