Chapter - 1

Digital Systems

By : Jibreel Bornat
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System converting

(D Binary to decimal (2— 10 )--

Way 1:-
Decimal value = (X 2°") + (X 27 4 + (s X2 )+ (d. X2 )
ExP 1 s
(loolliol), = (1xa®) « (1) « (£) «(27)(2°)
aaiaEae = 123+ 6 3 -4 -}
= \S%

Way 2 :-
g_j Pul:t\'r\g Ere onswens above o} each bit

EXP?»"mZ 64 32 16, £ 8. Iy 2 |
|- 0 o ilitiilio ]|

—250 1\ il oW\ o\ay Mt qed 2
nf + 68 «y «1 = \s3
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(2 Decimal to Binary (10 — 2 ):--
We make a table then divide by 2

ExP ¢ Convert (\S ), to Binarny

\s3| 2 Answer ;(10011 10 1)1

N R S

329 o : —e \M\aa b

1a |1 A Nas 23 cndlat Qs S O
q 1 Er\_fL\A\—)_AJQ,J\Qp Zwé—n\dué-‘@
Y 1 : 2\ 23 LN el :
2 | o i o e B
| Y TQ.;.:-AM(,JL;\_,J\Q_:L—C@
o |1
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(3 Anything to Decimal :-

(D ind the radix

Radix is the number of the system:
Decimal ——» Radix =10

Binary =——> Radix =2

Octal > Radix =8
Hexadecimal =>Radix = 16

(2 Use this way to convert to decimal :
Decimal value = (dwXr') + (deXr™) 4o+ (d. X r)+ (d. X F°)
* Since : ris the "radix”
n is the "bit number"
d is the "‘number"
Exp: -
“oaom, - (1+2)+ (@ x2%)+ (1 x2Y)+(1x2% =27

1

(2107), = (2 x 8%) + (1 x 8%) + (7 x 8°) = 1095

(82), = (11 x 16) + (2 x 16°) = 178
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@ Decimal to Anything:-

|]o9s 3 /)nswer’ - 21l07F

26 (+ 4
\' 3+ \ —8\\,}\&_-9,‘4:
2 o I Nas 205 and\ ek (8 Q00 M O,
° | A N Bl el E ot o\ 02 ®|

3N\-A4Ju\o$a |
& 23 43 yaa Qd\A\J-r-‘i-\\-é @
T Q_A_}AM(H&_\\JJ\L-":E @

Decimal value = (duwX r*) +... + (dy x r') o (d. x r)+ (dyx r')+..+(dax r)

ﬁOw\ Anjl:hins Eo DCC-’MM ﬁ‘om Decimal Eo A'\ka{t\S

|

|

| Aombe~ raclix

! A\
(Liol.1oo1)a= | N x [ Answer
.21 v %95 = 13.5625 | ,

: 08125x & E 6

(N
(F17~-35)|b= ] 0.5 x & Y.o I-IJ‘

o - |

[bx 16 +2%1b + 2 + 3x16 + Sxlb = 6039.1825 | O _jas yost 4 Answen = ©. 6Y

| a3 4
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ExPs-
% Convert N = 0.6875 to Radix 2
% Solution: Multiply N by 2 repeatedly & collect integer bits

Multiplication New Fraction | Bit
0.6875x2=1.375 0.375 1 7
0.375x2=0.75 0.75 0
0.75x2=15 0.5 1

05x2=1.0 0.0 1

— First fraction bit

— Last fraction bit

% Stop when new fraction = 0.0, or when enough fraction bits
are obtained

% Therefore, N =0.6875 = (0.1011),

EXP s

« Convert N = 139.6875 to Octal (Radix 8)
+» Solution: N =139 + 0.6875 (split integer from fraction)

+ The integer and fraction parts are converted separately

% Therefore, 139 = (213)g and 0.6875 = (0.54),

+ Now, join the integer and fraction parts with radix point

N = 139.6875 = (213.54),
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Division | Quotient | Remainder Multiplication New Fraction | Digit
139/8 17 3 0.6875x8 =155 0.5 5
17/8 2 1 0.5x8=4.0 0.0 4

2/8 2
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Complement Numbers

aydbioll Collosll B9 apkll Colidas by (31l

(D N Complement :-
10's complement:- 00O ---- a Eimes
9's complement:- 49994____ A Eines
8's complement- 38 88— a Eimes
N's complement- MV NV _-—— n Eimes

The rule -
Baﬁe - N Since - Bage ¢ This One

R N T
(M 10's complement of 546700 = 1000000 - 546700 = 453300

(2 10's complement of 012398 = 1000000 - 012398 = 987602

@ 9's complement of 546700 = 999999 - 546700 = 453299
@ 9's complement of 012398 = 999999 - 012398 = 987601

® 8's complement of 546700 = 888888~ 546700 = 342188
@ &'s-complement of 012398 - 888888 - 012398,z 876490 0nymous



Examples -
(D Using 10's comp do 72532 —3250

first: find the Comp of the negative humber
10000 -3250 = 6750

Second: Add it to the first number
72532 + 6750 = 169282

finally: if there is Overflow we discard it
and the answer is positive.
final Answer = 69282

(2 Using 10's comp do 3250 - 72532
100000 - 72532 = 27468
3250 + 27468 =30718  (No overtlow ==> Negative
Gince it's negotive &-
Answer = - (10's comp for 30718)
=- (100000 - 30718)
= - 69282
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@ 1's complement
Convert 1to O and O to 1

Example
17 01170 0 O becomes
00100111
@ 2's complement
1's complement + 1
Example
17 0110 0 O becomes 15 Complement = 1\ 2Ny O
00100111 N Jus 4 sat @
1
00101000 e 3 ¢\a, 50 e (D
() 2os20 2N 25 ComP 4 &
Example S sy g e LS el v L gt @
Find 13-6 by 2's comp |
M ooootllol - coooo IO ;@)bbéé\\ol
@ Twos Comp of 6 is I\ \loo | . 1111|010

|+
i@oooool ||
vivZwyolo |

EC,o/‘ﬁ_xj =) Po_sil:i\/e Ans wer
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Difference between carry and over flow

@ carry:-

Happen when we add / subtract un signed numbers their sum
was out of range (dealing with U4-bit and the answer was 5-bit)

2 overflow :-

Happen when dealing with signed numbers

* When we add two positive integers the answer is negative
* When we add two negative integers the answer is positive

@ 00001111 15
00001000 8
Mo Carry , Mo overflow

Trey are alive =y NO ove/\“lOw

15
-8

400001111
11111000

Yes Corry |, Mo overdlow

@ ... aredliferet = owrhiow

01001111 79

01000000 64

N O Cory , Yes Overliow
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®

11011010
10011101

-38
-99

Yes Carry , Yes overflow
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* How to know if the number is negative on positive?

| have to check it its signed (2's complement) or unsighed

1000 = -8 not 8, why ?
When it says to me signed | have to look at the mostleft bit

- en em em em em em e e e e e e e e e e e = = = = o

if it's 1 — negative number :r IR A SNSRI
[fit's O — positive number E Cus a0 (= 0 5 PN \S

Signed | Unsighed
oon ) 3
1000 -8 3
1001 -7 9
100 -y |2
1 - \S
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STUL

|

(e) (+3) + (+4)

1001 = —7 1100 = —4
+0101 = 5 +0100 = 4
1110 = =2 10000 = 0
(@) (=7) + (+5) (b) (—4) + (+4)
me"'ﬂ Corn
© 0 )
Sl = 2 1100 = —4
+0100 = 4 +1111 = =1
0111 = 7 11011 = =5

(d) -+ (D

Corry Q‘N‘”J s Vo wv{lew
o | \ ©
0101 = 5 1001 = =7
+0100 = 4 +1010 = —6
1001 = oOverflow 10011 = oOverflow
() (+5) + (+4) ) (7) + (-6)
0010 = 2 0101 = 5
+1001 = —7 +1110 = =2
1l = =5 #Mo0011 = 3
(a) M =2 = 0010 (b)y M = 5 = 0101
S =7 = 0111 S =2 = 0010
—s = 1001 —s = 1110
Lol = =5 VI = =
+1110 = =2 OO = 2
1001 = —7 ikl = 7
(c) M ==5 = 1011 (dy M = 5 = 0101
S =2 = 0010 S =2 = 1110
=5 = 1110 —s = 0010
0111 = 7 1010 = —6
+0111 = 7 +1100 = —4
1110 = overflow 10110 = Overflow
(e) M= 7 = 0111 (f) M = —6 = 1010
=—7. = 1001 S = 45 )
>ENT§S chon1 0111 e = Up@%@%dBy.me

ymous



Minimum nhumber of bits required

ln-‘ < M < ln M ‘.'ITE Wo«:ke.d nvmbers
B(o\m P'e. o
How meny bitsS oo 4ov need to represent |o decimol o/g»’ts
Colvtion %—
10
LO-S,:o = Ano—~er |0_39~ = Y

Eo (\eﬂ‘e.senl: 10 wee neeol lq Q:b = lb

Decimal codes
(D To simplify conversions, decimal codes can be used
(2) Define a binary code for each decimal digit

(3) Since 10 decimal digits exit, a 4-bit code is used
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Binary coded decimal (BCD)
BCD is a weighted code like binary (8, 4, 2, 1)
There are six invalid codes (1010, 1011, 1100, 1101, 1110, 1111)

Coding:
132, = (@00l ool
203%,= (oou (oJoYoXo) Oll\)gco

Conversion:
3. = (1io1),
303.= (loolico i),

BCD Arithmetic:-

(D write the representation of each number
@ add each digit with the digit below it

@) if the answer is more than “9* ( Num > 9)
add “1" carry in the next set of numbers

@) after finishing, if the answer of the set is
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Example 1:-

% Add 2905gcp to 1897scp showing carries and digit
corrections.

1‘:C.w9 1. |Gt 1* .

1897scp 0001/ 1000 /1001 } 0111
290550 - 0010{ 1001 | . 0000 . 0101
Vo Pvsb - 0100 10010>q4010>q 110074

RBecovse its

not Biase” 90p0 0110 0110 0110

Ehon C|
0100 1000 0000 0010
4 8 0 2

1 Pus b

Example 2:-
Add 5789 to 3901 using BCD showing each step
. ‘l‘|: \ 177 \‘Cw'/‘j Becovse > 9
5789 0101 0111 1000 1001 !
3901 0011 1001 0000 0001 /

I
__‘ -

.
1 Follow the colours
: to understand

IOQI\\oooo) tool’lolo "\ Add 6 Becavse 79

-_-— /

o000 ©Oljo”~ oooo olLIO ~

\ool 10110 \ool {io000  Delete Ay Corny

S e - -

ol Arswer - |00l ollo ool oooo = 94640
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Gray Code

Used to detect if there is any error occurred during any process in the computer

From binary to Gray code:-
(D put the most left bit

(2 compare each digit with the digit beside it

Same (00, 1) : put O
Different (01, 10) : put 1

Example 1:- E Example 2:-
Convent:0 i)h to Gray code E Convent 110 010 to Gray code
Answer =010 ;Answer=101011

From Gray code to binary:-

(D put the most left bit
(2 compare each digit with the digit

next to its above

Example 2:-

Example 1.-
15~ to Binary

Answer =
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Binary Logic

(D AND

X Y  Z=XY
Z=Xard Y 0 O 0
Z2=X.Y . 0 1 0
Z2=XY Y_} 1 0 0

— 1 1 1

@) OR X Y  Z=X+Y
Z=XorY 0 0 0
Z=X+Y 0 1 1

2 Z 1 0 1
) -
1 1 1

@ NOT X  Z=X
Z=XorZ=X 0 i

1 0
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Examples

y 0 0 1 1 0

AND:x -y 0 0 1 0 0
OR:x +y 0 1 1 1 0
NOT: x’ 1 0 0 1 1

G=A+B+C+D

A —— F=ABC
B_
C —

(a) Three-input AND gate (b) Four-input OR gate

+

Belleve

YOURSELF

Cawx

2 —
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