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3- The Digital System
3-1 The Base or (Radix) for the

digital system structure is built on 4

main methodes:-

3-1-1 Decimal system:-

Based on 10 as aradix and uses

numbers from0: 9
3-1-2- Binary System:-

Based on 2 asaradix and uses
numbers 0 OR 1

3-1-3- The Octal System:-

Based on 8 as aradix and uses
numbers from 0 —~ 7

3-1-4- The HexadGecimal System:-

Based on 16 as a radix and uses
numbers from 0-9 and
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alpha from A-F.

3-2- The realationship between the
decimal system and the binary system
could be easly recognised from the
following example:-

The figure 567 couid be represnted as

follows:-
§x100+ 6 x 10+ 7 x|

and this is the fundamental base for
convertion, since the binary sysiem
uses only OOR 1 to represent
a situation of the current as it is
either ON OR OFF so the binary base
of 2 is used to convert the decimal
numbers to binary numbers as
follows

Example 1:

Convert the decamai number which

is represented as

(5)lo to binary.
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Binary

5

2 1
t 0
0 !

As shown above the remainder is
cither | or zero,so the binary for
decimal $

)yp = (10D),
Example 2:

Convert (6)10 = to Binary

Binary
21 6 0
2] 3 i
2 1 1

So (6)y = (110),
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The answer as you must have
obesrved is arranged to read as
bottom Binary Figure is the left most

digit moving upwards 10 the nght

Example 3

Convert (ll)10 to Binary

2 11
215 1
212 1
211 o
0 1

So (ll)lo = (lOll)z
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Example 4 :
Convert (3 1 )]0 to Bmary
Binary
2 31 1
2 15 i
2 7 1
2 3 1
2 1 1
0

- B = (11111,

3 — 3 On the other hand and in
order to convert from Binary to
decimal we uses the powers as
illustrated below :

3 2 1
10 ‘10 "o %
1000 100 10 |

D EJ
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and in the Binary system the Base is 2
so, the convertion powers value tabie

may look as below

4 3 1
2 2 2 20

so and in order to convert a binary

figure to decimai we foliow the
following rule as in the exampic

below.

Example 1 :

Convert (1 10)2 to decimal.

4 2 !
x x
1 i
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Example 2:

anven (1111 l)2 to decimal

|6+8+4+2+1=(31)w

Example 3

Convert (1001 10)10
to decimal

3216 8 4 2 1

32+40+0+4+2+0 -(38)10
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Example 4:

Convert (1 lOOll()l)2
10 decimal

128 46 32 16 8 4

X X X X X X X X

1 1 0 011

2 1

01

128446+ 0+ 0+8+4+0+1

= 209,

3 — ¢ Biaary Additien

The rule for the
addition is as follows:

10«

IPA+L + . + o A+ L+ .+

(ve0) =
N
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* Since decima!l number 2 when

converted to Binary would be 10

2 2 Binary
2 1 0
0 1

As 2, 2 = | and remainder
Zero Then 1 /2 = Zero
and remainder ] to

.ad (10)2

Lxample 1:

Add 11+ 10

giveing the result in Binary

*1
1 0
0 1 1
: 0 1

.34 -
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* Thie one marked with * above’is
carried as a result of adding
1+1=10
s0 we place zero and carry one which
is add to the veriual zero to the left of
11 above

So the resuit of the addition is ( 101)2

Example 2:
Add 111 + 101
1 1 1 "Carried
1 !
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Example 3¢

Add

1001 +

1011

Carried
0 1

Example 4:

Add

1111
101
0110

110011 +

(-

101110

1100
verification

32 16
1 1

32 + 16 +

+0 +2 +1
51
()‘0

-36 -
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32 16 8 4 2 !

32+0 +8 +4 «2 +0

46
( '10

S] + 46 = 97 Tatal

4 + 32 4+ 0+0+0+0+1

= (97)|0

Example 5:

Add the following operation in
BINARY and convert the result 1o
decimal.

99 + 77

Solution: Befor you start you must
know that the two decimal figures
99 + 77 must be converted to binary

then add in binary, the conclousion
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afterwasds should be converted 1o
decimal and should be 176 and this
is the bnly correct answer for the
whole operation.

219 247
214 | 2338 1
2 4 ] 3 19 0o
2 12 0 2 i
2 ? O 2 4 1
2 3 o 2 2 0
2 ] 1 3 |
0 1 ' o 1
then 99 is BINARY
1100013
and 77 is BINARY
1001104
The Addition
I 0 o I}
0 0 1 I
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128 46 32 16 8 4 2 1|
y 0 1 10000

128+ 0+32+16+0+0+0+0
= (176)
( 10
The result of the Binary addition
above is
10110000

And when converted once more 10
decimal it gives the same resuit as the
nomsal addition mentioned befor.

35 The Octal System :-

the system converts decimal
numbers using the same idea of
convertion to Binary only in this case
the division would be on

8 as a base

-39 .
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Example 1:

Convert (62)l ot° octal

8162
8|7 6
0 7

5o (62) 0= (76)8

Example 2 :
Convert (491)10 to octal
61 7 0
8 491 8 &1 8 P—
48 56 0
11 s 7
8

—

3

SO (49!)lo = (753)8
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351 Convertion

From Binary te Octal

The convertion from Binary to
octal could be done in accordance
with the following tabie and roles

Since the highest position in octal is
decimal 7 and this could be
represented in the binary groups of 3
digit (Table 3-1)

TAB 3-1
4 2 1
] ] 1

So the value of the seventh

position in octal as showa sbove

is 1 1 | in Binary also the

value of the fifth position in octal is
1 0 1 in Binary.

The configuration1 1 1

and 101 gives The base 8, seve:
and five as follows
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4 1
a n

Hence inorder to convert from
binary to octal we divied the binary
number into groups of thfee, note
that a zero is add to the left of any
number that cannot be broken into 3
digit groups. also note that the 8
positions of the octal system could be

represented by a binary 3 digit group

Example 1:

Convert (101 1)2

to Octal

4 4 1 4 2 1

X X x x x X

0 0 1 0 1 1

0+ 0 +1and0 + 2 + 1
1 3
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Example 2:

Convert- 11011011 To Octal :

4 2 1
o111 o011 011

0+2+1 0+2+1 0+2+1
3 3 3

11011011) = (333
So( ), = 333

Verification :

128 64 32 16 & 4 2 1
1 1.0 1 1011

128+64+0 +16+8+0+2+1
= 2]
2 9]

0
64 8 1
x X x
3 3 3

192+424+3 = 2191

0

-44 -

i S S

DB pladt vy vy Je

Y ¢ Y\ [ S
DO T DT AT
Y+ Y+ YN
r r r
R
M W

-

ACTTT ) = (M1 V ety )

YYA LYY AT A 8 Y
AT TR W S I

VYA+RTE+. +1 A+ HTHY

oYV =
¢ A \
x x x
¥ Y T
1]y + ¢ + Y

RAEE



3-6 Subtraction In Bimary And
Octal System.

3-6-1 Subtraction of binary numbers
could be done in a similar but oposite
way to addition

And the role for that is : —

]
—

o = - (-]
|

o - ©0 -
[}

o © =

note that we borrow oae from the
first one to the left available when we
subtract from 200 and that
borrowed one is a doubie one 11 and
aot eleven.
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Exemple 1:

Subtract 110 — 11
f 10
11
result 1 1
Verification :
4 2 |
= (6
1 1 0 ( )‘0
1] = -—
1 ( )]0
! 1 = (3)10
Example 2:

Subtract 101100 — 111

00
111

1001 01

LI,
A T W S
z-
Vo
. Yo
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\ \
- \ \
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1= \

- r= \
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Y
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Verification :

32 16 8 4

0 0=u4

1 1= 7

0 1=137

36-2 The Octal numbers can be
subtracted by the same method we
used for
except that when we subtract from
a lower figure we borrow 8 from the
first availbie figure to the left

subtraction in Binary,-

Example 1:
Subtract 1743 — 644
8 8
6 / 3 +
1 4 3
6 4 4 —
1 0 5 7
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3.7 The Addition And Subtraction
For The Floating Decimal Point
In BINARY And OCTAL

3.7.1 The addition and the
Subtraction in the Binary system for
figurs with decimal point is the same
all the way as the normal addition
and subtraction, yet for subtraction
a second method could be used this
method is called the complement
method, so to obtain the complement
of a binary figure, we frist make the
N1, and N2 of the same length by
adding leading zeros 10 N2 then we
interchange all zeros in N2 to | and
all ones to zeros, by adding 1 to the
interchanged binary figure, we then
have the N2 which we are going to
subtract from NI, after we finish the
subtraction operation (addition) we
remove the most significante 1 (last

to the left.)
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Example 1 ° 0 Jia

subtract (11) 2from ( 1010 )2 using o C-
“the comolement method > aall u-( Wi e plascay
[ o ~
e

AR =N2:\.\.=N1

we first obtain the complement of ..

ot 1y L. .. 5

an as follows:- J‘ \: cant e Ly -3
2

PN I VR R K g R

Nt
00 t 1 =3 ey
—
1100
vy .
+ 1
+
1101
vy .
Then We Add. c@éuidqj
N1 10 10 Nl - voe
N2 11 01 N2 _s vy
10 111 v oe oy
- 1 -
111
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Exampal 2 ;

Subtract 1110.0! from 11010.10!

Useing the complement method

01110010

1 000 11 01

N2 1 000 11 10

This is the N2 complement then we
subtract by adding N1 to N2

complement

1 01100011

Finalresut 1 1 0 00 1 1

Y Je
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JUE G a
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3-7-2 The subtraction in the octal
system for the figures with decimal
point dose not vary from the
subtraction for the inLERET values
(Please refere to 3-4-2) or next

examples
Exemple 1 :

Subtract (644,73) s from (1154.64).

1 75 46 4
6 4 47 3 —

110 771

Exampel 2

Subtract (543.65) A
from (755.63) s

75 563
5 4 36 S

-51-
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3-8  The Hexadeciml system. (hex) Prrp N ‘.Ué.'Jt A=Y

3.8-1 The (hex) system base as o NORPET S0 S \-A-T
mentioned befor is 16 and it uses the Vi g e Ll sl J.L...\jl
number 1-9 and the letters A-F as =) ru)\'n ru-,_»J; pisnimyy
shown in table 3-2 below dpep A ¥ FyuA o Akl

sl Y 7 Jead!

DECIMAL HEX
o o
1 1
2 2
3 3
4 4
§ §
6 6
7 7
8 8
9 L4
10 A
11 B
12 C
13 D
14 E
15 F
TABLE 3 — 2
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382 The convertion between
decimal and hexadecimal follow the
same roles as befor except that the
division would be on 16 and if the
remainder is 10 or above it is replaced
with the equivalent letier as shown in
table 3-2

Example 1
Cuvm(m”‘lolla.
» 2 .
wlae wixw ul2
a 2
190 ¢ 2
128
12=C

Result (ﬂl‘)m = O‘C)l‘
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Example 2 :

Convert (2621)]0 To Hex.

163 10 0
15{2621 16[ 163 16| 10
16 16 0
102 03 10=A
9 0
61 3
48
13=D
2621 = A 3D
10 16

.54-
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3.8-3 The convertion from the
Binary svstem 10 the hexadecimal
systemn could be done by dividing the
binary numbers into groups of fours
since any lhexadecimal value could
be represented by this four digit as

shown below

8 4 21}
Binary

The Binary number above (lnl)2

= = (F
“S)IO ¢ )l6

Table 3 - 3 shows the Binary
equivalent for the 16 hexadecimal

positions.
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HEX

- MmO AW > Y 0 9 AW N e O

Exampie 1 ©
Convert 1101101 to hexadecimal

group 2 group 1
8421 8421
0110 1101

the group 1 above is equal to 1340

BINARY
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

TABLE 3 —3
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which is (D} 16 and group 2 is equal to
6o which is (6)16

result (1101101) = (6D)l6

Example 2 :

Convert 010010110110 to

h-exadecimal

e oup 3 group 2 group 1

5421 8421 8421

0100 1011 0110
4 11=B [1

so {01(!)]0”0”0)2 = (486)l6
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3-84

The. Hexadecimal Addition
And Subtraction

The same method for addition and
subtraction used in Binary and octal
previousely explained is again used in
the addition and subtraction for
hexadecimal values but when
applying the same rules we must bear
in mind that the carried over amount
or the borrowed amount of 1 is
actually a whole 16 which is the
hexadecimal base 50 if we are adding
an A + C,we are actually adding the
value of A+ the value of C which is
10 + 12 = 22 and since we carry one
as aresult of the addition above
because the hexadecimale uses 16
position only, this one carried is
actully the sixieen position then
22-1€ ~ 6 there for the resuit of the
addition operation of A+ C would
give 6 and we carry one to the next
coulmn to the left and is added as 1 in
that position when subtracting the
one borrowed is add as sixteen in that

position

, t-A-T
5
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Exz aps
AJE # 52 CETo8C1.A2

B S 3CE
+ B C 74 2

1 4 1] BT O
explaination

E=14+2=16

Since this is the base so the resuht is
zero and one is carried over

C=12

4+ 1 carried = 23 = the base 16

+A=10

= 7 and one is

cairied 1 and so on
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Example 2 -
subtract 8C7.A2 From BS3.CE

BS 3CE

8§ C 7.A 2

28 C2C
Expinination :

I)E=}4—2=12whichisC
2)C=12—(A=10)=2
3)3—-7m’tbesow¢borroqone
one from the value to the left which is
6+3= 19 — 7 = 12 which is C

4) 4 — C no way 30 again we borrow
one from the value 10 the left which is
B makeing jt A,
then 16 + 4 = 20
(=~C=12)resuktis 8.
HA-8=2

Fimalresolt 28C.2C.

Y Je

o = ot
;

-

'ACV)A\'L,H’BM’)(EE

Ber, CE
ACVY, AX

yaC,vC

o

C U sl VY=Y =\ t=E ()
Y=\, =A-\YT=C (Y

SU e\ pad G VY T (T
-

COm V1=V =14 =7+1\7
Vo e jA Y £ -C O (8
Yom g+ 31 oo A S .
AJ\,Jin-CC,‘.,

e Vit A A Comesl B (2
Y=Aa=-1.=A

YAC,YC P |



Genaral Examples :

You should know by now that the
fractional numbers havc negarive
powers there for, they could be
expressed as foliows :

(-3

('2)=o.01 107 =

1022 0.1 10

0.00)

And so on....

And when converting to binary
multiplicanion s used for the

fractions since :

1/2 =05
05 /2=025
0.25 /72 = 0.125
0.125 / 2 = 0.0625

And soon ...
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Exampel 1 :

Convert (1011.01 l)2 To Decimal.

8421 5.25 125
1011 6 1 1

8+0+2+1 +0+.25+.125
= 11.375

Example 2 :

Convert (3 12.375)10

To Binary."
21312
2115 O
2)178 0
2|39 0
2|19 1
2|9 1
2[4 i
212 0
211 0

o 1
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As mentiond befor fractions are
multiplved by the Binary pase 2 until

we reach the first zero after the point

Then the result 1s: .011

Since .52 =100

Final result for the convertion is :

100111000.01 1

Exampie 3 :

Convert 312.0625 to Octal.

39 4 0

8 312 8 39 8 4
312 2 0

0 7 4
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For fra.uons we use multiplication

0625 .500 .00
8 «x 8§ «x 8

0.500 4.00 .00

Final result s 470.04

Examngcle 4

Co el 316.0255 1o hexadecimal.

19 I 0
16 Pxe 1619 161
304 16 0
12= C 3 i

] =
(&) 6)]0 (13¢C )16

.0255 .408 .528
* 16 16 16

0.408 6.528 8.448
.068
So (316.0255) = (13 C.068)
10 16
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3-8-5-

Why convertioa to Binary?

As any other Digital system :-

Many or almost all digital
computer operate in a Binary
manner, that is they alternate

between two positions | and 0 for
exampie a transistor in a computer

may have or have not electricity.

A magnetic component may be
magnetized in one direction or in the
completely oposite direction, so the
computer transistors therefore, could
be made to operate like high-speed
switches, the of f state of such switche
could be represented by the figure
“0” and on state could be
represented by the figure ‘1"’ .

All other figures in our normal
decimal system could be assigned to
a number of switches thus cuntroling
the rules of arithmetic and logic

combination of figures or switches
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and also symbols like

+,—./.etc through a self directive
capabibtv in  order to process
or manipulate daia arithmetically
and logically. Therefore in some cases

the computer could be called a ‘‘data

processesor’’
3-8-6
- Yet avery imporiant gquestion

arises and that is...

Why we use the computer and

computer systems?

The answer for this qguestion would

be in our next chapter.
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