S
Ch.1 | Digital Systems
and binary Numbers

By: Rawan Alfares

g at e |
LisLallals Bk [ESaSsaly |

STUDENTS-HUB.com Uploaded By: rawanrous2005@gmail.com



Sk

Popular Number Systems
%mar3 - Radix
. each digit Called bit

pL GY\\B Y wo d{%Jr Os and le

2.0CHal ="Radix B

QO"’L &%}ﬁ dopt - O ko H
° D%IJ’S ﬂCﬂ' use d.

. Decimal = RadiY 10

@® )O di%f&s 0O —bq
Y. HexaDeamal = Radiy 16

° 16 Qi rkSJ o ,_gcq 6171C/ /q——a =
« A=lo B=11, . 1IN

Bit numbering :
o least %iBmVriCM’( Rt CLsBl 3o Qi%\n‘\' most . (,biJ- o)
o Mot S’igniﬁ'cwﬁ’ Bit CHsB] is leftmoest.

46 6 4 3 2\ o

‘ol v |V ]V|lop!

Decimal Value of Binary Number

memorise table.

Decimal
Radix 10

Binary
Radix 2

Octal
Radix 8

Hex
Radix 16

o

0000

0001

0010

0011

0100

0101

0110

0111

O |IN[(OD(O|R|WIN(=~

1000

©

1001

-
o

1010

—
—

1011

N
N

1100

«cach bt PNt a Powesl of 9 .
% Dma% nwnpoy S epPYeserd Q

Q)O

-
w

1101

—_
SN

1110

15

1111

MMOIO0|T|(>|lo|o(N|o|ja|(dh|lw|N|[=|o

Blmf;t ﬂLe'DQCt\MCL[ o~ —e
(o) T V|
— U\ + %0 * 2xl+—2?ﬂ+ 2%\
2
£ oxo + %0 + 2%

- (¥

Upléaded B

ex:- (Loowmol)s
index= F € 8" 22 o

% (adix = 2
Anall 4

sal LI
UDENTS-HUB.com

y)rawanrousZOOS@gmail.com




Octal *o Decmal
ex.:- (9103}—3% = ( 3\0

3 2\ o

) 3
%X7"|" g\.(_o*-%'xl{—%xlz. :(\Oqg‘)[o

ex. (20B81)g 4o decimal

N\~
inJalid.
Radik =4, So possibe numbers are befween o —73

o T )
ex. (389‘4),6 Yo decimal 166 £ isxio FBv L 1643
= 15263

NOTEs- .
po%%i%l@ num per flof’ oY p

1S 05 .

el , r=%¥% , o+
= 2 /(O)’)
(=Y , 0_53

Convert from decimal to any system

. R&PeaJredl(j divide e degmadl m’re%er by e rod X of We %ﬁ
o Coch rmGinder s o AR in the Yronslated uolue-

» Stop When quotient Tis Zero.

eX. Convert (B?")lo +o Biana ex. . Convert QWA%)—%( ?6
. g Lo
27| % ST 422 | 14
3 | 1 5188 2 | &6 A L8
9 o N | 10 7
; <l> QBT’r)(Oz (l®<>\00l O | MSB
\ (o}
o Il /‘/’59
wR)  =(148)

anall g4 |

ST'UD%&%%-H@&Q:@Q\ @Q‘) {S\} MWa%%Oﬁ@gmail.com




,Conu@zkn%, octal) and VieNa decimal £o Bfrmg, is QY

S %='3 —» S0 ©ach 3 a%il-s eywz/) | bt in Bfrwr} and _Uice. voBa.

s 16 =’&l1 — 80 €ach Y digts in Yeta equad \ bit in &‘nal?,md UiCe, versa.

352|055 316 9|4
111010110001011010'1 1/1{1/1/0/0[1/0/1/0[0
clBR |16/ 319 |4

Octal
32-bit binary

Hexadecimal

% Star er% Fom TLs 8] arotkp each Y4 Bils ko o Rex digh
or Cach 3 bits info one octal digit .

To convert from octal to hexa or vice verse

rDCoV\\)Qf‘S( q—r“orh ockal to bW\Q(a .
A Conuerk brom bwan 4 Lo heXo .

Anall 44

ST

(|
UDENTS-HUB.com

Uploaded By: rawanrous2005@gmail.com



important properties

% Howo oy Posdible, di%ils Ccon we Vowe W odiy v 9

x Wwhots He, fesull of add\‘vxa () 3o e largest digit in Radit
ex. (\)1-\- \ :(\O)’L (7)8'\-\ :UO)B -

Dot ! = (L), Ql:)lé + 1 :(\o),6

% whats —he lafgest valug, using > d‘%l%s w Rodit 9

3 3
C-1 o ev- 1nBirary 2 U=7 Cuy,
3

2%, 1n OChol R ) (FF )4

K%Mb& o~  the \&r%%% el ugina n d%‘\}
n QO\(MXV\ [ Ay n%mby@f’
(ddt)( = @S\_ dl\a)/)»

N Hou)mang pogible, walies Can be r@,p/@S@nf@cl
® (Lgingt n bmafg d@r’s § U adten » 0 5 A -)

"8

@ Using n octal dl?i‘B % volues o B _|

wv

@ Mgiﬂg n  dedmal 0148)7’5 10 Valugs o _5 10 )

n

@ uﬁfﬂ? N Hea decimal d\‘%ls )éw Woluey . o5 16 )
In o u&ng N dizfis v Radix

¢ values , O 1o .

_anall s
aal Ll _
STUDENTS-HUB.com Uploaded By: rawanrous2005@gmail.com




ST

il LI
'UDENTS-HUB.com

representing fractions

*  lnkeger Yoles Sdart with ndex o.
% Prachon Valuer Skardd Wi index - .

Converd  Decimal Fralhon 4o B\'Y\Qf\&.
° by W\w\HP]mY\(g ~+he Fracdion by o Q&ijtedlg.
o Colech Wreaef biks
o Stop When e Nnumber on Yhe Mo%t Qﬁ@}ﬁ of
—Hﬂg@oiv% quals O .

et (0 6%#5),  =Cloll Vg

W\
0.63F5 X2 |)V. 2350

|
0. 3}50X2 =zl o©o. 450

o.\%‘ X7 = | . 59 v

O-5xL =| 1.0 _, %P When
frachion equals
E=J Ao B

3 Detiml Go Qs o8- X

=3 el s
! J,
Wregers Prachons
4 $
Q% de g, Rad X 9yep )
anall M - o

Uploaded By: rawanrous2005@gmail.com



ex. (139 6375), g

20 13 _, s
29| 2 Oulpas ) sl (o
172 2 A (%’%.5‘4) ivdeg@/r coA =
2 | | % .
o | 9 Cror obioms Sy
14 Y .,90 ‘ ) L
Qb6BFS rD-| £% e00 o ~&ﬁs ~

0.6 X -~ U©. o

Converting Bmarxé and Hexo. 4o Birory g

< integer: right to left — —— fraction: left to right —»
Fleafel vz l2[4d|F]|4d]5 |A|Octal

0111010110001011.010|10|011110010101%#0%nary
215 | & | B || 5 3 | C A | Hexadecima

important properties of fractions

% How ony frachonad values exist wihh m Frackional Bhts?
Qm In zaenemfl. Y‘M U adu®s
mdfi

s Whats Yhe \aﬂg@?ﬁ Frachon value '\? m Frackion &9{\3@ ok wsed
N yordih 2

m

l_
—» Rodit
ex. Convert (299 8IQ63 o ( Vi b o
+wo Frachona ( d»%\ V\ecessod”?
s 1
Xl
4 &Tl) =6 oA x| - 94.834
. A 0
»‘Tlﬂf‘ o |a 0.-B24Ypl- 0. 00%
'UD-I‘E‘NTS-HUB.com Uploaded By: rawanrous2005@gmail.com




arithmetic operation

ST

Bsnan} Addilion 9- Bina(g Sublackon 3-

Q00 @

oollol1 O 5u) \9\/2\\ Gl lo) %
cooltlol* + @t 10110 ~ 2l

°ololoo | (33) 00 10|
OC)IQQ O.ddi\'bﬂ 3- CX:{’ ag Subkrachion ¢

v n %,

56 % * 644 WYL =
_ays * 26 5 — ‘
lo32 2317

1+2=210 73

10 = 1% + 3 t %

Cadiy_ JCaIgA ex. ié/f/gg’
337 -
Co= AoxB +eo 500
T L
Gty
Hexa ﬂ (M«'Hm’? 8- Hem %wb\'raoh'cn 9-
1616
oNo) A BcDsF 45 W
ex. ADD lo 0 12 131y S %ﬂ'?}‘(g_
DAD * 58 20
| 8 BA 3 EAF

D+D = 1213 =26 = 16Xl + 10

Caﬁg, (s Sum.
A+D+|= QA = 16x) + 2
Cafg/J S
_anall s

LI
UDENTS-HUB.com

Uploaded By: rawanrous2005@gmail.com



W\ Rodiv Complemant -
A O N
= ((’-l)gComp 4

@ Diminished Radit Camplement 8
(£-Ds Comp.
s T > fadl‘ﬁ

(2w NS digiks
) N—s Ve tumber
EX. $ind W 9< Camp of (134799).

complement of numbers “Jor wioped numoes >

~B65 204
— 4o Fid los Comp . As Gomp .
Yind the los Comp?{/( 134725).
los Comp = 9% Comp +)

= 86530"‘( + |
=865 205

AComp = 453299
: 5 46 —1’- oo
l0sComp = 463260 _)A;\mf\é J?\gﬁ'l

ys 33 00

anall ya R Comp = lsComp+1.

ST

EX. Yind 95 and 105 Comp %(5‘167—00).

65204 LB g ol b o Comp
316  Pésw,dow os RIS
“|5 3 Neidalgio @
*]2
lo
5|y
C T
A Gux o
=10, =6, A= 134795
ar VA ns& diik
= |06..\ - 13V9s M = -eOn.i\ié’\)l
999999 - 1249 S Cz radi

8 D50 GpRS =

o, (0% 550 (ol Q008 N1 J
K (%ﬁgﬁgﬁ\é\sié\éBﬁ'\‘

% 4o bind Hhe I omp & Gonvent o 4o Vs and 1L ko O

- aalL 3 Qeppehs . -
UDENTS-HU %Qﬁfp 2 Ccomp> b %Orﬂiny%ag_gdco%@%w%r2%2005@gmall.com



exampels

Congider a binary number & 101\ 00|
\s ¥ Complement 5= oloo L Lo ,
Qs Complemen’}f‘ Oloo L1} 1)+

.| Congider a bmara number 8~ 00\ 00 \oo

5 complementi- \\ o \\ ©\ 1
o} Complemen']'!-\\o \W\oo \‘D‘H

ooloo\l oo -8 26, b ap o
2 08U (935 69 Jolo (w0l
N\o V) \loe \:u_o 1l Q@sso o
T e~ Chall .
»Cl{p Same.

ComPlement ae used do Smpeh {j Subtraction oPef‘quiom
in digital  Com puters.

:401\/@07[61263 of S\VY\P“Y'I'QJC{’I‘OY) 3=

Lt resulls w Gimpler Circuids.
Q. it resulls in low Cert.

which means ( Pewer and %impler Varo/ Waore Com(ﬁoncnjrs\.

*A%WW% need 4o Sublect )(g-r‘omy
Hen we aue two (ases o 1) )\7/6, 2) XY

W X7y
-
g R
| ¥ Ve Findd amswed will be :
(P-1)s Comp positive, (s Comf/
p S Cf—l)'sComp X+ ré Com/Q.
Y Y
& W exist Caffg, L end Gury oz
add () o Ve veswlt wil e ds@irded .

Anall 44

ST

s L _
'UD_ENTS-HUB.com Uploaded By: rawanrous2005@gmail.com



@ X<>/ —> @‘th'mnf answer  will be negaZwo
® wont predee gnd Cany-

_Anall ya

Sk

sal LI
UDENTS-HUB.com

ex- Xz |yol, y=loW ex. X=\ol , y=loW
?'\I\,d/ﬂ—y/ UL%\V\% Ls CnvvalQW» tind \(—)/ 'b\a 9\3 Comp
K2y =X =Y -QLA—‘&SLY)
X-\—\sC)/) :C%\\\o\
110l (olooo) e -
- ¥ O © [ ©OTTO—We Rnal onswer
— \@O \,\O (L will oo discafded
\
(‘\\ \o | Vo TE &
+ : S .
O GO\O é{fa(Cﬁan _§M>@Eé \o\)%‘-
\O\O_\:)\ 62 Yl Js dolas
/ t 1
2o\ lo 5 ‘WQF’MOJ ANV & &UJ L%Aa)j @‘wp
\g Gud) e foin+ I\
dd S '
mmw\% - e lfs
eXd- \pWwo.oo XS olo). \Q]
)
s CompP = O\lool . Il &sCmp — oL o\
olol\ol :
\oloos |0 1y Comp
\o o011 ]

—_—

B alle tkony o Camfs ol Coy_ 0P rgthin Sy,

Uploaded By: rawanrous2005@gmail.com



ST

ex. usng 05 ComP. 5 22650 — Fa33%
- oi%i%?@ > (274 6%)
= ‘o 23950
Q244 T
=0 +\% no@nﬁlCQNZl
[CS’SC 20FR) = —69332

eX. Liing A5 ComP do 996.21 — 2459 Ao

J a95.31 &~ ( 6540, 39)
-

:
QAR5 .21
£595.79 ©

6526 10 — s Noond Carry
AL 6226 10= = 2173 .89

_Anall ya
aasl L _
UDENTS-HUB.com Uploaded By: rawanrous2005@gmail.com



ST

signed binary numbers

3 MAYr techniques are used +o rePresent Signed numbefs &-
. %‘2/7@’ ma;n#udo-

2. s ComPlemest-

B 0. Comp/emeﬁ}.

W Signed magnilwl& g
o lefh mont bif is the Sign bik 8- O for @
| For @\/e
o two (eflesntation kor Zero ( nNoT Good )]

. Qw%—in?r_é - (s{‘ty).

o ©CXam pd) 2~

. ok | ool ‘

té6 M bffr O\\_\'Q/ﬂ \OOS\HUL
tlg_ BOF . 5oeooWM)

-79__ 857 " ()eein)

’EW ve ve -
o Yho on\a \MaAde ,M/\aj? (QQ(@%QII‘I’ @ and-(> |

D 1s mplement
e O (effesentabin bor O
o Rang 41 4

o3l GO ST @ s

= WG
saallye oy 14 v ©

wl LI
'UDENTS-HUB.com W4 c°mp(> Lﬁg‘l%%?;l%d By: rawanrous2005@gmail.com



=) 85 Comploment
o only one repfaseﬁéraﬁon bor O

. Qﬂﬁ?(. ”&% o 9~ -~
, , Q»ﬁgﬁ)@zwh sV il @
® s Canp = lsComP—\:J Y ‘
— / . ‘} L \'s Com 2 2
07 Ot s Pl & 1+
- WX 2!
& onl fngazi’% Wéef' ex. -
5 ° C:-li = oTooo@
° alsﬁavv\\)(/\)} Ag)\) =0 \_;,|CQMP:= l\?ltl\o
n%ﬂw wjgh% Fo he, 5N bt (A4S B)
X, \O\olop
—['),3”33“'% w2 |
4alp+r22 + -1 = —K
¥ Qar%@ velus for ungigned vuwmbe O % (9:“-1)
dis Jor s wamber —a oa <2 agcordi
annﬁ&u r %9 ar —~ t2 _| " 1/
“tc Pogx\‘\\_‘)e,. »w’\‘eﬁw (O Y 9. - | Comp .
e =8 5 o)

” ne/gtm ey —> *%‘W’&Q\ wn%hi}ud@

\ -l

ﬁ%b‘jﬁ -0} —1F —é‘-_\_>+Q-]
ex. Az C(oololoo) = + U

Gab(vatotes) < -

, % Subtrachon
'«"\aﬂué‘ L Conver? Sub. mi*o Qddl; Howvi and

LI
ST UDEIl\ITSl HUB.com &Q%gmor%%f%f% rawanrous%OOS@gmall com




Oldoh‘n} +wo \Dos\')q‘ug/ numbery and He —&m s ’)fg,.
cucding - ko NeJt umbew and Hra—Sum is (5 .

oo \ (o o ©
(Vi \v0 00 \ ©) B(Do%es
Woocos L ISP,
< A\ / "
(&2 N T W e T T I
00005 o1 |
wlixn (ngfcailla < S
' Caf'/g ROWNIREN
over Flow ~ ~

o0 [ Lesilb \O\V
over »yﬁ@%
_ Flow:
* Caﬁ"g 1S \mPof)r(me when

° /’o‘o’iﬂg oy 5‘4}) ~ \Lﬂ%\g@ﬂd YluYY\b@/S.
® indiCates that He unsi ‘3ne,el Sum is Ou.# af fa/%,e/.

S T - .
CEaQ O & _ S QUPOSRA ©3( (sius 15) &
S |C°'1’ — ex. 0loo\od 436
ex.: 10l —5 As (om?®. (A
D ) \{ o \| o\ \
- oo\ o ¢ ls Comfp \
o o\ - &\\0\3\563: -
= -3
eXs 00 o &5 (omP ex. (35)_ inBbiks
= )
Q\\Ob \S CCSMP 0 ooop\0! |
* i Leto o
_ olo
O\ - '7\ 4> +
[HERETNY
)“am)‘ ‘Po&ll\ve numbess

ST

il Ll md e
FUDENTS HUB.com SZs N A By: rawanrous2005@gmail.com



*-MQSCQW\@ of M is e V\e%qmu f/l/

£ the sSam of N and the Qs Comp s ]E/U s Zelo .

Sk

211\:?:Y(£go%§seﬂ)fohoﬂ )C Jow hae 3 bits
oTGSQD] \(m}mﬂ} numberis Can You
1S vo 20 Seko) Ao (? 3
d\ﬁ”}j&ow' &%Ji?\é\ :o N 9] z%
(Sl V\(\-D %_ ber
| log2o] - o aim r
16 < 20 34
v 5
A < o
Jheynin MUNe, Vumbes] 71/19\43
Decimal | BCD
DecimalCodes s~ \O hal MQ\N&%“ .
\loge] = 4 UpTY P o

_Anall s

sal LI
UDENTS-HUB.com

0110
0111
1000
1001
1010

VO (NOW UV |[H|W N

Unused

1111

Uploaded By: rawanrous2005@gmail.com



Conversion And Coding

(1D =(oly , Hnis is CGonversion. ) {bik needec)
= (0(}0\ oo\\\gco , s s Codivl‘g/ J % bit needed

% Inaen@,rhi Cod\nj (9uiRs o bits Wan Conversion
Aly) Ae s BCD B@rééx

%c? (lsol) I so D jw{»\\%

(N

? . \ c*)o\ \ A+ ()\UD
‘ \

I3 \ é)\\? + q(}xyﬂ/! O\s%)\%
oo\ 00 L) 6 O(Als- W
l__Jl 2

l )
)

28 \/%q\% \@c)c Q)\\,\
29065 + @o\o \ool | oooo| g\ ol

0100 oxo \Q\o \loO

ooov o ‘(@, CbkLo o\l0o +

oloo ! 00@\@0000\900 \ 0

\ 4 5 O 2/
P

s L _
'UD_ENTS-HUB.com Uploaded By: rawanrous2005@gmail.com



ST

Gray Code
Ly SuCCERIVE. values dt?{fw‘ in onl& one bt

used 3= Sequences of bimary numbers numbers  epneraded
ba e, \/\oﬂ; wole M VY\%C@&%@ an Ciror” o
ambfam—a dur ma We Wonsition from one number

‘Yo Hno, VIQ/XX* i

from binary to gray

l. O 0 I 1 O
101 0|
from gray to binary

I ol ol

17070°1" 1" o
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other decimal codes
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