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HTTE R Special Case:
Esbnpls (101100010 = (]
lisfore [hemafBirsmmder  Slier (el De1a = masn hase
W e e Ly m;:“ﬂmHHHMHrW
SR o o

Henca (10010211}, ={1&f),

raamyy BRI e (e Binery ta Henadecmal base cormrsion
Eomple (1011 =0
Hexadecral — mears caie 18
15=20

Every Jour digits of benary necresent one
I1!1.ﬁ."-.1.l|" 0 s digr of “madecmal,

'_.___..T‘H mat A
Bizfore Denmal Resmsda Al Dz mad 5 11E

Hence {1001811), = (5Bl

Camee (7). Deoma b0 Hegadadmml Baas porvesign
En
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L] [2eci|  ass lh=10K g0

i 4

Ty 13k}
4 BCD {Binary Coded Decimal)

w b e exch dgt of e detimE number s
reprerenbad by s four-bil Binary souivalent. Bz
aise cabed - pxiurst BCD o BZY oodes B odx
weeghaed Coos.
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o used for gedimal digits, RE code smsgrenent

(LIRS = TR

i 96



it obtained from: the coresponding value of 810
Fiar che aodioon of 3

» 800 pEmany Coded Qo] i this sach digrt of the
Dutel pumber |8 represemed by M thise-bit
binesey =guivabert

o BCH [Bpary Coded Hexpdecmat In thin sach
digit of the heredecmal numbar i manssensed
By el Peur B Bleary guisaient

Con't care valos or unused ristes i BCD code ane
Mo Lee1 8t 11381111

Bon't tare waluss OF Unused Gates @ SNCESE - 3 ook
a DOD0.000Lo0I0E I0E1000:101]

The biary =quissienl of & gven dedma/ rufmbas i3
ot mgu et £ i BED vaios,

Example 25, = 11001,

The BL0  epoialent of decimal numbser EE=
GO100101 from the above Example the SC0 value of
A pwen gucima nomber ' onob squivaient To 0T
Lt L Birgry valls
The BCO [Sinary Coded Ooisl) value of & gven Dol
PeTber T eacty equsl to & sireght bmary, value

Exampke 15, =31, = J10101,

The BL0 Walue of 258 & G0

Eroe the above emmpin S B0 valow of 2 gan
Dzl numesr if Eme 2 Binany equivalent of tre zara
Payebsge

The SCH {Hindy Coded Hesadetimsl wlue ol a gven
Pexydecimsl rember b sxactly equal to A= sthaght
binary

Example i3, = 37, = 100101,

The BIH value of hewsdecrmal number 35, =
polooiol

From il ampls IS SO0 IMETEM 07 1 Tk

1. B-1s Complement [Radiz minue 1
complemes)

»  Definition: For a rumbar gystere with radol R,
e E— 1§ complemant of § number i Saond
oy Bubtracting eich digh from R — 1

a - Thiz =eam:

% nbinay (B =3) = &-1's complemantis 15
compkemsant (o 0to 1. and 1m0

i ngecmal Rz i = R— 1 s compiemant is 0
r oamalement [replace esch digt S with § =2
L

Fzaimgile [Binary):
Momiber 1010,
FadxE =1 saR=1=1
Rrplace1 = 00 = 1:
1 "5 complamant = 0101,

Example [Decimali
furmiber 458
Safiz = |0z E-1=9
Aaplacs sach dugit with 5 —d
Y=4=Ei=E=4i=0=1
#'t compiament = M1

2. R Complement (Radix complement)

Defindion. The @ 5 compiesant of § mombe

Is obtsined by adding O E=1"

tomplerert.

& This meens

4  Imbinary (K = 1] = & © comphemest iz 15
oomplierant (Fo b snd add 1)

L] Iulh:'m-{l=:l:l}‘*hmph:rrm:1ﬂ‘:
compleart §'s compiement +1 |

Evasmpis (Rlnaeys
Pimber, 16010,
T =mplemet « §101
dda 1 0101, + B0OL, = 0110,
# i compiament = 1110,

Exampse (Decimalls
hiamiber 428
¥z compiament = &1
d4fd 34l -1z B0
103 complement = 542
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o e T EEED e

FariCompamen | 0 [W9 [ Wi [ Wy

Exampie. A3 1he twa Beary mumbers 101101,
Aagned 101101
sddena 100101

(AR

sum: 1979000

Exampie Santract the Binsry numiber 100111, from:
11101,

Arumnd © 10801

Subtractsa 100111

Differense, SO0 10

Exampie Mulrpls the Enary numibsr 1011, from
101
MiEigBesnd 1001
R Eipler X101
g ]
el

Praduct 1IERT

¥ihie sioong the ugred bmagy numberz o the
inmernal regites of 3 dgtal computer| mo
Lignificant bl pentor o sludyy s ior sige i
and e remdining BT are wlad for magnilide

When tra Binary numvber @ posibve the Tigh
represeread by 07 Wihen tha rumber £ negatwe. The
pign il represenhad By *

Fieed-Point  flepresenptation ‘and  Foating-Point
Bapreserzacom

Tha repressmmanon of e oecimal poet [ordinary
POTE] 8 MeGRRDE B omplicEed Oy the a0 that it is
M&ﬂnﬁqﬂb}!mmhmmﬂiﬂ-ﬂﬁmh
Ehe regacer.

Thire are téT wEys of pectying the posoon of e
Ascimal poing in 3 registar

(1} el Foee andd

(2) Foating Soire.

The £'s compiement of & given binary number can be
formad by eaving af isast significeet zemos and the
firet man-zern digitunchangad, and then raplacrg 1
by 0% sl Ts By V5 0 80 oher maghsr signifeen
digite.

Exampda:
& I compiement of I0011000, iv 01207000

Sabtraction weng 2% moenplement . Aeprecent the
negstve nomber in sgmed 2'scomplenent from, add
T A mumibars. inciudivg shair sign Dit. ard discand
By chmy @A ol mae oMo agnioen bl
Cege megalive numbers e sepresemied n 2
compiment form, regative ressin xio obtined in
signad I'x complmant form

Exmmple ' to=pleraer

H#A0OII0 —WLIII108E +ASSEELIE —E211L00
cr o WA T T L

o =4 [ =1
+J0mL L31omas
Fzimy )
Tihe advartege of zigned 2's complerent

representation over the sigred 13 complimet from
|and e Eigred « magrinads fomm) i that T oonming
pnty B Typs of 2
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LOGH OPERATIONS oo
i Boociess Mogeora 8l The agebrsic Funcrong & B
performed i fogecal The AND, OF and NOT ane the
basic ‘ooarscions that ane~ performed 0 Bookean 1| m a2
aigebra. Thers as mome danved DESraCons Bech 3@ ol
MANT NOE EN-D8, B0 shel i 3les peroemad L] g=0
In Bocless slg=hia A
" Tiansistaos
WOT operations Swlich
Syl
A huffer & 3 Dasic 1D0IC gars 1Ra0 EaGEEE IE INpe
s UNchanged. 1o M euipst (B behevioer I8 1ne
A Y=A pppasits af & NOT gate
S -
B3 R OF A [Complerentation i) Buffer” gate
ang B = 4 3 Scubie complamantaton I\-
Trudhy tabie fnr MOT operaticn Input l// Output
Imiut Outpest
A Yah — s
5 : _ i]".'l.ﬂ:- | Outper .
1 f — ¢
— r——
& NOT gate can be reoreverned waing seiich micue i
CroU e Eiaraton 4 showe . figurs Do, :mm
IIHI
R A AA s A A= AT A A0

A-—n
_-_"" A @ B_ ﬁ-B
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Trrdhs fnble for AMD operatiom
input Chrlput
A (] ¥ = AR
a 0 a
a 1 a
1 i a
1 i 1
R opcration:
Symbaol:

A
B:D_‘“'B

Aeh=AA+T=RA+T=1 AvEal

Truth table for O operation:

AN
{

=+ | = |l =

Enable or Disable Input:

GATE ¢
For & two weput AR gabe

¢ Oma it s T Sgral and theother input 5 The
snatva pulie

& The engide of @9 AND gaes b high sofe That 2
when the enable is high the input sigral will sopesr
o the ousput.

¢ Wiror tha AN D gate snalbie input is low. the output
Wil peead iy B SanELant e dgnal

P & e inpuE R gane:

= & two 0F gate oam w0 be osed with one input the
cesired signai and the other mout it the eruble

» The -snabis input am OR gate u low acve This
magts i the SABUE Wil Be copy of the inpu
tignigl whean the ensbis iy

= Yifhen the erable mpat of an 08 gate = high the
pusput of the gate will be congtant igh sigrat

Engemple:
Showl the cortrol enabie snd dissie putois for
AND and OR gate.

il im:
Corrol I dimanke

A=@orl

Ea—‘tzn-rn

Lo 1" ke {Baather]
Aslori

1 ereoms

h_x-:-lm
eonand 0 anahic (Eutten
Lelarl

Y=Qori

0 lagic
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Cantraod 1" Alwmye ensbia
A=Borl

¥=lorl

't g

Basic law appiications in AND/OR gata,

A Coirenil#lie Lo
Tre coemstatie e Soss change n ponkson of
ANT or O varmblex. There sre two oommutative

s
L_H-B-8&
4 B85

b, Bssoriative Lave
|A=Bi=C=A=H+LC|
(A-B| C=A B C]

Cirt uif Diagram for ANDSOR gale,

. .:
L] L -
s R -
T .

bl Lo TS

R, " | N

L i LI

ol ' H--—|]' |

R T,

- —
[ |
o —
.
-

The oot shown  beiow  shown  Hee  swabch
rprasentation of AND gaie which & basicily e
setias connecion of ewkcha A and 2

A B
™ ™ §

=

e

ujm|
| I B ¥
LNE] L]
| | |
T i -I.I 1: 1
ar | l--l-lll § | Prp
—1""-\-!‘_I |
rl\-.'-.- .--l .l
B 1
I' L] 1
I b iw oy |
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HARND gabes HAND gate scte a3 Universal Gate
Thie 1w MAND mplies MOTARND Logir Gates mmng only NAND Gates
w [ T -
e o 1 0 ;
_— s L'
] i -
lj jnlp"r Ak " Y= Al g
e = :_, :l'_l o hl_bl-‘l_-‘-""
Tﬂ“d:-qﬂlmw . s . : e
"T-___,*;_.— L :_1:"_41___\._ B
Inpat Tt “‘I"_*-." F -. X e
] 'I'=E ——— R
i a 1 s Bl e
a 1 1 I-llllll L I'|' -:_PJ
= e -r-"l—._
L] =t
i i 1 — tl e
i i =

A e logic b= Aarctions can b= cresbed wing ony
MA&ND gater. Thersfors, it is siso lonoem a3 3 Linnersal

Iogic game

MO Gale

A NOA gate = egurvalent to O& gare folloeed by a
MO gata

Symbal:

o 'p-.hl_ A yearl

Truth Tabbe For 2-input NOT gate

Input | Ouwtput
a| & | yen:B
<] ] 1
2] 1 1]

1 i) 1]
1 1 ]
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MOR gate achy = Universsd Gake, XOR gote wsing AMD OR and NOT gate
et B R R
[ pes—" = .
i iy =, — 8 —
SN Dy
. - i ___..-'I
T — s, oy
::.u'_.""'_' i J--r-l__'.;_.._ mﬂ—ﬁ'.""-\._..ilrn
e wpes e -
' PR e ye—
¥ - w 4
L= D e "
e ool
o i e —""_r
D T e :_.l_--,qjj_mn__r;fl Trusths Tasihes
— s : z LY
B | o | o
Al the iogic gake funchiomn ¢ be crested using only W
0T gaies. Therefore, it s abo known &= 2 Urearsal .
lage gate. 1 | 5 !
E0IE gate: L] 1 ]
Symbeal of two input XOR gaie 'I'-Ii+!l_||]+l]
oy |
A vy = A®B ~ABE
B X-NOH gate:
Symbinl For bes npet X-NOR gate
Tristh {able fur 2-ingit XOR gale A Y= AsB
Ingrat Output B
& B Y=AERE
o a €} Truth kable for 2-Enpet £-NOR gate
s} | ]
T B - gt Outpat
1 { o A:] 8 Y=AGH
s} 5] L]
¥} 1 [}
1 ] a
1 1 i

&
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GATE CSE BATCH

KEY HIGHLIGHTS:

+ 300+ HOURS OF RECORDED CONTENT

* 900+ HOURS OF LIVE CONTENT

« SKILL ASSESSMENT CONTESTS

« 6 MONTHS OF 24/7 ONE-ON-ONE Al DOUBT ASSISTANCE

« SUPPORTING NOTES/DOCUMENTATION AND DPPS FOR EVERY LECTURE

COURSE COVERAGE:

* ENGINEERING MATHEMATICS

* GENERAL APTITUDE

* DISCRETE MATHEMATICS

* DIGITAL LOGIC

#* COMPUTER CRGANIZATION AND ARCHITECTURE
* C PROGRAMMING

* DATA STRUCTURES

* ALGORITHMS

* THEORY OF COMPUTATION

* COMPILER DESIGN

* OPERATING 5YSTEM

*DATABASE MANAGEMENT SYSTEM
* COMPUTER NETWORKS

LEARNING BENEFIT:

* GUIDANCE FROM EXPERT MENTORS

* COMPREHENSIVE GATE SYLLABUS COVERAGE

» EXCLUSIVE ACCESS TO E-STUDY MATERIALS

* OMLINE DOUBT=S0OLVING WITH Al

* QUIZZES, DPPS AND PREVIOUS YEAR QUESTIONS SOLUTIONS

EnnGu TO EXCEL IN GATE e
m AND ACHIEVE YOUR DREAM IIT OR PSU! m



Sowigan spraztion tor SEMOA gas k Y= A BB j:)‘ @ &
Aenly De-bergee ) thidies ol y
ASB-A1-A0-58 00

=i s ALTERNATE LOGIC GATE REPRESEMTATION
|A~B|[A-B|-aB-25

The suizud ol 3 twe npur EC-MOR gees e logle el e i e gk

wher the inpuss are aame and 8 Jogie ' when they

ars differert R el C S

X-NOR gate using AND OF and NOT gatle i ._,f—‘n,lu lj:)—'nh
= _J ]

n.8) . :j;\u :j:}h.
e | ) .j>_.+n.u

D= D=

) " e
Truth Taubls: &
A [} ¥
e 1 Exaempis: |7 ng filowing cirmult the teg the autpue
9 1 T For
1 a |
1 1
vz @A+EHA+ 8
= AE = AE
=ASH
Sobuticmn;
bzt SMIOR b5 samae 5o, the KNOE outpua i gien by

] ] T “.7.-““1;“:'

i
:D— rEE. ~ie O p S S
- L& the output will be high lage 1] rrespectes of the
=R
W) | o

inouts & smd B
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Exampiey The gate [ and Oy im figure shown below
R propagaton dulys of 1Bme and 20mE
respectively

& BB
L]

If imioist . miakoss an abrupt change from jogic B m 1
W L= I ThEn Tind Tha - Sulpul wEweomm Vel
Hege G == 0L =T - 10 =1 = 100

Soubiom
Lt the output of Ge.w X
The cufput wiaform will be as shawn is figuns Deloy,

=

(x J
i
i

J

] s
“g 1 o LT
S R S S
10nms
g
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BOOLEAM ALGERRA

Bociean migebra & 8 =ystem of mathematicl logic &
Is am: algebraic rpserm consating- =n the. et of
slersnts (@ 1) ven birary Sperson calisd OF, AND
and one Utk  operRtl MIOT I W the bapic
muathematicsl ol in the snalysi snd the Hyntheds
of satchng ciuit. bt s 3 way o express logic
fumciicns sigetsaclly.

Hotm- &y funchional mistice n Sookan aigeara oo
b provided by the mathpd of perfedn mduattion
psrfert induitors the method of grool whers by @
fumctich relation = werified for _every poiinbe
cominaciom of vakoes that the valus may Esima

Axicems of Boolean Mgebisc-

Ll HE Ty =1 i T
T LT [ Y] B,
...... =tEes e —
- Ctan
EmE | ded RS Bl
Ry i | 0w Y L ER

1. WO Operaliny:-
TrEe NOT opsrkbon in Doolsan wigabes i 1imila
D Inversion in ondsary sigebey
181
2:1-10
FoWh=0ehenE el
& K = & Dokl imerson)

£ AMD opeatione- i 12 & logical opesmon thar

are peripirsg Iy and gaie. The AND ppetation
Ie Boclasn Algeb & ghmiar to ikl phcation in
ordimarny sigebra.

1o b D=0 (Mol iaw

2 A1 A ficleriEy law]

R ]

& h-R=b

1. OF Operatiom- E iz tha iogeal aperation that
ane performed oy 05 gase The OR operation m

Bcoesn Algebra B wmilw o addiion m
ordimary algeha

The Do b Mol )

L8 = 1 = 1 aently la)

TAhshash

dhe K at

i MAND Dpsration:- The MAaMND opsabor in
BookEan Algelia |8 perfioimed. by ARND
operation followed by AOT opefaton e the
ragation of AMD cperstion T performad oy
BLAND gate

5. MOR Opersbaii- T MNOE speistion 6
Boaksn Algekes s serfermed by O aoerstion
folowed by NOT ooewbon Le. the negation of
08 operation iz perfermed By NOR gas.

Lisws of Boolean Algehra

{1) Commartalive law-
LheadoEe A
BefsefeB8cf+A=C A sExf A=
2 AS=EA

AB -0 Ch=C AZal AC

Viokatinee- nrbiven (1) for Sxample ofy (x bus
pct yh I8 not commutatie lew & mesns

Wiy @ jfa

{2} Aczaciativ latr- Thic law armows groupeng
of arlatias '
LA+B+C=A+[E+0
AvH+LrDai+B-0+-D

w il o B wgl =0

i @EL=a-EL)

&{BCD) = (480)-0

A fBCS) = AR-CD

Wrriston- MAMD snd WNOR goter are ot
AfTooainm

13} Distributive Law:-

1 AR +Cl=AB+AC

A+ BCsA+Bl{A=0

() Rodantast ieral nole-
1A-TR =A+5
B{AsBl= a8
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3} Idempotent laws- AA-T=h 10 A+ Al =

B -

i R+AxhA EA+HA=A 1. 2~LE=k-B
: f2A+ER=0

(&) Ab=orplion k- fAsTal &

1A+ A i

e AR+HBixA

D Hrorem o i
(7] Weywokatimnay lrwe- The w that Tor oy by s i s

Fr—
sk A F = 8B{(D -EF || 28 - LT
Bzjay=a Sol.
The given evpression &

T - e T R T Y

[ nsensm theorem: F-A8|C0-E| &R -LCO)
Thers ane teo rofsanEUE Thecrems ol .
A8 ECLBC - A8 s BC -ﬂ*lm-El-!.n'ﬂ-tﬂﬂr

[Aa<B|AsC)BaC]=A-B) B . TF-RD

AB+(C + 0)j€+ F|- ABCD
Dee-Blorgans hearen: ;
Pe-Mowgan's theorem regrecenh fec of the mast:.

impartant rules of Sookan algeb 1 Seduce ths Expresnon F= 3B« = 80
i "

, ATB-A:B The given expressian i

Tre sbowe two ez can be extended for W F-E::-—.In
v ax F=a5-4.E5

A A At A w AL+ A2+ R B 2 AE W AB(E B - 2EE - £E5

m

and A v Ay i w A = Ay, =0

0. 2 foncton Ik givan = BB+ KB fed £

1.5 Duality theddem:
Cuality Theorsm states Susl
1| Change sadh OR sign by an ANE gey snd vioe P
veEa Given lunction = 2518
[=1] I:nl-l.hi-rr\er'r &y T & 1 dppeating W Ear sl 1
i ATk i s

¢ imep el m & e

Fulb=BlAf«B
NOTE: Vish M wariables mammum . pomici & 8).{B B

dintingt logic fumction or seif-cusl posiibls = F-iX-pAF-gk-BE
i Duralafr= 8- %B
Basic Bules of Bockean Algebra
G Paduncion i g e f = AB - R oen ing
LAeBaR TA-Rah complemant
2Rl ] IIlI.-.l] Sob.
1A @=0 L T iven = | KB« AB:
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Fd ) Sol
Complement of = A8 = AR
_.ﬂ_ Swrich B & C arm in paraiief 5o s squrwsiert to
= kB : Of operation (5. 8+ C
=[EaHaen Switn [ 80 S 0w in paraiiel 50 1 & souivasent to
wAE - BELEX 2B - AE+TE DR opermtion ie. D - £
Swtch e senes wil become AND apembon so
(- Showihat FeAlF+2+0) [@=F]

i —— T X i A el
FulhoBC) (AF . ABCI- 0 S SRR WD worct

(L The compimment of She fancton

%ol Fe|d-BiC-DiB+Clm___
fm|&=BCI[AH=REC| A EB-Ch+BE
-3 555200 ¢ shackits
= ABc) AB-#8C| D48 =BCaE0
= IBC AE< IBC. ABC I i
Bt Sob Gisen foncoen £ = |8 <BIE - D)8 =L using

=1 Cemorgae i W

- e Elmplu'r:u:l:n‘l'F-F-Il-ﬂlg_ﬂ-ﬂ|fﬂt{|
that

ABBE « AC = AC + BT Fala=Bl+[C-Di-l8-C)
FaZB-ch-50
Sol . 36-Botom A will be comeL
LHi = Af=BC - AL
=4B(C-Ej-8l 4T s pE-EiC 0 iz given that A - A8 = T then fnd the valve
- BBC - ABT - ABT - RBE - ABC - 45C of A« RC
= BEC + ABC < RBEC = 88C A R-B
- 8B +B}-BE|a LB - AL -8 BB
= iy CA-B
CLaxE
). What iz the Eogiean functiom ooss the follawing = =i, S
Tt reprREe S Sol 2C- BC. 3/2f-f%p!- X @ -Lp|
-|'|.-I-|IE- lelllhu -IE-.
e -Evlfﬁ[t-ﬂ]nij
o L] LA =E-B+E-EE
7 b : ! 1 ~K-M.p-Kii-E-p-K-m
L S0 opSom ) will ‘be conmct.

AAF-iF+0.2~El
BAa+ECaDEaE
ChBeD)s A|Daz]at
2 MEss of ehags

i 96

0. What & the vake of &+ EB
a2 BB
co DA-B




Sal et (A= EBj =8 - XA+ Bj
={A =5
o poiion (O} will be oxmect

m‘_.ﬂ'l‘ml 1hat .
(&< B)fE-C)(C-A)=(A-B|E+C)

Solutioee Taking L=%
[ B)E-CHC=A]

= [AE = AC - BC|CHA)
= BBC - AT ~BC - AB - AC - ABC

= AC-BC-AS
How 845 = |A=BI[E-Cl=AB-AC-HC

=LHE

Page b 14
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COMBINATIONAL CIRCLATS

The comhbineoas] Srout el n' mpys verakler snd
m’ output vansbkes Since the number of Epent
varsbies 15 n, thers are 2° poszibia combinatons of
bits a7 the imepor Saoh DUTDRT can be sepracied in
peeril BF INBUE vadlalies by 3 Boolesn sadritins

Cemamparanad
A g Lewe= oA
CER vt abma
i .
Hiprw Emgrers ol w
LEnnEte sl Lecan
Myurs: Iﬂ-—ll!ﬂ“

ADDERS

Tha =it Baiis scRfimEne cperaton |3 the addrian of
el bBinsny dighi & combiratonal cincust Hhist
performe the addibos of o 1:bit mumben = called
az half adder, and tea logic Cincu that asds thess 1+
BT mne i Called a6 ful adder

Hakf Adder:

The jogx Orcoit thet perfiorm: Zhe sddition of two 1+
ket numbarn k& Gllsd = hatt socer. 7 i othis basic
Eualding Bipck for aodtan of Two Ragis it num Bsn

This giroudt Fal Twd Duiputs sy cimy §O §hd rum
(78

A—s —

Hall
Addes
B —i

Fpass ol Dikegeiow o1 8 .08 blaif it

The kruth tsble of hall adder, share & ana 3 g the
ifoUTs and sum and STy e The oUtouE:

Inperts Out pusts
A B Sum(5) | CanyiQ)
a 0 0 )

) 1 1 o

1 0 1 &

1 1 0

Tabls : Trgih Takin of Pl A
E-map simplification for Carry and Sum:
Hocless Expreszice= for the e (5] and cary ()
outaus from K= maps

5 ‘Hi%

|@ & lLT_El

NefMiin Fur Sum dulpul Keamuig P Cairy it
S, 8215+ AB={A58)
Cary. C=AB
Logic DHagram:

A

D—Ir ABsAB
_"D—:. an

Fgwn Logk Dlagier of Full kils

Full Adder:

A Full adder corcull = an anfhmeic crowt block fhek
can oo ssed b 30d three b 1o prodoce 3 suey and a3
CaITy QUTput Det Ui comedler & and B @ W b
inpuls & £. 5 3 @y gareatss fom The preioui
prdes bit sddition; Let & [sur) sad O, (zarry) ame the
putmis of e Rill sdder,

Page M- 14
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i =
Full

L Addar

e—t ——c..

Frgure : Eiock (wagram «f a full Adder

Thse Trwrth Table for Fall Adder is given 2o

Inputs Dutperts
A | 8 | G | Sumgs) | oyt
a o [V & o
] 0 1 1 o
i} 1 ] 1 a
4 1 1 g 1
1 1] 1 1 o
1 o 1 & 1
i i B g i
1 1 i 1 1

Tt = Vrith. T b b frr il i

K - map Simplification for Carry and Sum:

iﬁ"llll“ A5 o @11 08
L]

Eﬂé@l**

0 ; 1| [l
H-meg for § o o £
Simplies Bookesn axpreasion: for the sum &) and
carry (o) Oirtpest from -maps s
[T e Tl A T, i, & AT "Im-_..' Tsalll

| S LN

[ ARET TSP ] ]

Lagic Hagram:
W can regkze logis dagam of & Tl soser g
gate e shoyen i below Agure
n—
" _ﬁjﬁ wiim
C L’

-

Figare - Logic Désgram of Full Addes

Exaampss B

A WE Jcdsr i mplsmentad uiing two npuT OF gats
wd ety gl scfiders. Half sdde i implemiented uilng
oo it NOR snd two Input AND pate The
propagiticn deimyt of O3 gate. AMD gaee ang O
gate respechesly @ Ine 15ms ang ine The
Fropagon deay of Wl adder s ne

Sadatticn
L i '|||| _— ] _..—-\-
o L 11 T el
] = s b
= 1 LT e e
M i _:l- i -
" J IJI-"
Frggure
Exsmple 2

A il adder iz resiized using coly 2 mput NOF gates,
The mearur number of MOP gates regquired to
T5alIs sum N0 @y COE E —7

Sobwtomi Tre Sum (5] ang ey ouf foufl for o full

mdder & given oy
2 Sad | EREE
an fomilardd wh S=ASBSL,
[ =&B=BL «C. =
T rial zaticn crcoit dor Ehe above axpressos 5
page a3 =2




Hgrz. the-minimum na of NOA 9ates regured ©o
DR B and E3ry oAl i 13

SUBTRACTORS

Half subtractor:

A Rl s baracna T @ omBinEan |oge CintuR ahich
perfonm the sulsacson- of two bt number i
suberacty one binary digit from another o peoducs 3
CiFESENCE outpur and 3 DG A0W outout.

&y j—f = A -0

Half
Subtractor

fl—

Figar= - Block diagrsm of 3 hsif subbscor

.—4'“

Thi truth tahle of kel - sehbrachor wesrs 2 B are
the inputs srad  dMeswae (0 and Borrow (8] are e
outpuis

Inpuly Thalpul=

b ] Bl

o || -
o
L==]

=r
(=]
(=]

i T g o

Table : Trath table ol Half - Subtracion

K - map Simplification for Difference and
Barrrom:

'ﬁ\_ L] L'.]
: no
W mimp tar W uslak ll“f-ﬁ“-“

Dhifferassa. D=if+AE=A8E
Becrow, BE_=18

Logic Diagram:

)

Figuin : Lingic Diagram of  Hall sulbaceer

Full Subtractor:
A full subiracor performs subiraction cperation an
o BT 3 minugsd sl 3 subhrahesd

B —— —sD
B Hali

Subtractor
B —*B.

Fagure - Block Diagram of & ol subiracior

Page Mo 10
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GATE CSE BATCH

KEY HIGHLIGHTS:

+ 300+ HOURS OF RECORDED CONTENT

* 900+ HOURS OF LIVE CONTENT

« SKILL ASSESSMENT CONTESTS

« 6 MONTHS OF 24/7 ONE-ON-ONE Al DOUBT ASSISTANCE

« SUPPORTING NOTES/DOCUMENTATION AND DPPS FOR EVERY LECTURE

COURSE COVERAGE:

* ENGINEERING MATHEMATICS

* GENERAL APTITUDE

* DISCRETE MATHEMATICS

* DIGITAL LOGIC

#* COMPUTER CRGANIZATION AND ARCHITECTURE
* C PROGRAMMING

* DATA STRUCTURES

* ALGORITHMS

* THEORY OF COMPUTATION

* COMPILER DESIGN

* OPERATING 5YSTEM

*DATABASE MANAGEMENT SYSTEM
* COMPUTER NETWORKS

LEARNING BENEFIT:

* GUIDANCE FROM EXPERT MENTORS

* COMPREHENSIVE GATE SYLLABUS COVERAGE

» EXCLUSIVE ACCESS TO E-STUDY MATERIALS

* OMLINE DOUBT=S0OLVING WITH Al

* QUIZZES, DPPS AND PREVIOUS YEAR QUESTIONS SOLUTIONS

EnnGu TO EXCEL IN GATE e
m AND ACHIEVE YOUR DREAM IIT OR PSU! m



=
-
L=

= a|a

L]
= | & | &

Talvls - oS mable of Full subirenor

K- map simphfication lor Difference and

=i

Frgure : Logic Disgrem of & Full Subbsctor

EIMARY PARALIH ADDER

An n:oin parisd adder QR e CONSruthes JEng N
number of Wl gdders e conngded in paralle End
hence: it is slsa known a2 paraliel sdder such that the
peeacen carry ar.oary input Sor sdder (s set to ze
Tha camy output of sach adder i conneced oo the
Ty INput o £he rea higher orcer adsr. Handa. it (5
HED Bnown & L8y propEgate adder

Borrow: I '*l
L IIl o1l L I‘-I-ﬂ i 11 18 L
] " —
I; Ej m o | =
sifz]l | i
huhm-n—:_ l-:ulrhu—-m.l : 'LI ekl i
Diffarence D=ABS =ABE +AES, —ABG
=B, {AB~KB}+ B, (AB- 5] Wodst tuse defay
=B (A5E|+B, [ASH) T (00 1) Ry M T, Ty}
- n = fnaimbar of Adcer {no, of bis|
2 AQBEB' Toussy = Timié Feglirsd to prmérale STy
Beoom, B =A5-15 BB Toury = TUNE TEqRIFES! (0 GPoaras carry
Aodition per second = Aodition Rate = :
Fropagation Delay im Paralls Adder:
Barallsl addan auffer from propageton delay problem
befauke Righer DIl addificns depend on The Ty
genemed from lovesr bit sddition. in effect. carmy bits
must propagats of fpple Shrough off stages bafiore
the most sgnificnt sum ot & valid. Thuo the Sotl
Page e 19 %




sum [the parsllel cotput] @ not valid webl after B
CemuEnve daley of anl the adoer

CARRY LOOK AHEAD ADDER

The look aksad carry adder soes0E Ll e OPRTROON
by sfimiratiag this fipphe carry- dessy, it Boamines: i
e nput b mmolanecusty and siso gererates the
@y in i dor @l che soges ammeRanecustly. Tha
mgtnad of spseding up the sddition procas & bassd
o the twve sddition o Runctiom of the full sdder cafed
tfes Camy gererate and cairy propagete fundiome
Carry Generation:

Caery is penerated anty # both the imout bits are 1, that
iz, if oot tra b A and 8w 1 & ocary has to be
gararame in- this fogs regardies of ‘whedtner
Inpur cemy CoE a0 ora L b\ G the cary
geresbon function

G=A B

Contider tha presert bt as tea n"™, then

Ry -

Figure - Coery Look - ahesd Generasor Cinmit

Carry Propagations

A farry 1t propagsted ey one of the tws nput bits
A prEE T W both & and E are 1, & cairy wil newés be
procagated. On the other fand #iooth 8 and B ane 1,
ther will NCE propagass e carmy bt wil gererats s
ATy, L8t 2 @ 1he Cay - PIERagenon ecion then
Pabh@R

GATEH?
Look ahead Expressioni:

Lt e peldar ph Do (5] and e 20Ty o [T Yo
the 0™ it may be expressed in fermd of the camy
ganaranon tuncion (5] and e Ty CroDagEton
funczion (7] ax

L=REL

Loz =B

] ——-.T. iy . N |
i Li————— &

:'-_-'"'!ll-ﬁp ™
- ‘\1'_.. | -,.'_-II"\-:._ M
1 ' a—iL
- i amE sy
D T
& =
b o=—im i T
— [ = &
:_'_._..]Iq:.l—:"-
LT s |
—f
&, -I-"-". [

Fgritn L0000 ik WITE § b Almal SHTY Sebuialal

Exampée 1t
it i 1he mam drasdiac of Gy inokitesd dode”

Solubom B Ffardess o mote comoiey than the
‘hamware for s rgple crny adoer

Exasmipis 4:

& -kt Bl scdder takes 2{ing 1o genersie cary-out bt
wrct A Sor Ere sum bt

T ramimum rece of acddibion per second, when four
1=y full aEcker ars CRECamsd &

——u 17

Eohriran: Given that 1-oi full acber takes 20nz fo
genareie Ty out and &0ng for the zom B

Page M- 24
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”— e Gy 4 B
g—i FA
. — — €
Figumre
Pigesi, Tour 1-Big Pli addan ars casiaded for additon
of L-Bil mossineny &G s el
.k, LY .
is 14 Ilt 'IT
|
L L3 .l‘ E, Tk,
eeft™ J0me M Ttne
| 1 i o I
K LY K K
[ ER=1] [aD= 20} A0y
attons  siona sdems (90w
Figuare:

Fomoine Cmat e may conciets that complste
adaifiom of d-bifs fumoer (§ generaed @her 10 of
appkng ingiats. Therslane minimam fims ssquitsd
for sddrion

Te 10ns

Fanca Masreom ane of a0mTion

-ihlmum“-ﬁrm—:’-w
=5 e
=30 wi0" f e
Eramphe 5
A CETy DO-pRERD . ADET 0 FrEquEnTy pEsd
mddition. becmos ———F

Epdutiom The ioo-araan carmy sdder soeeds up T
PrRCEsl by glimingling The ripple Gy deizy

Exampile &

& full adower can be reaficed oring half adder. Explain
It ig Beal™

Sedution: & Tull 3dder resizaiion uging nall s i
giver by

b 1 =
LT [RLLTET:
i L
L "_| | -dl_ e
r-l:u ':I'-
Fagura
COMPARATOR

The comparstor i= 2 combimatioral logic crcull.
toepres the magniuds of tasd n-0F numbers and
provadileg e ezt regul By e oushu LeT A e B
we the Twd n-tit inputs. The compa'stor has three
outpots namety & > B A = Band & < B. Depending
upce the rensdt of comparsos, ors of thepe ortpots

Wil g Pugh
A B
n-bit comparator

Lo

A<B  A=B AxD
Hygurs Bl disgram of digital ramparatar

Page M- 11
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1-bit Magnitude Comparators

The1-bt comparator i 2 combnsbsoral logic it
withi two inputs & snd 5 and three outpbuts nomaiy &
<8 h=SandA<i

Inputs Outputs
AlB XA | Vih-B)Z(A=0)
oo a 1 B
] 1 [} B
0 o o 1
8 1 o

Taibde - Trath Table of a -4t Comparatar.

Deesign of 1-bit Magnitude Comparator
Wile Car TR The SprasIions rEfTI‘lI'I:I'I-I'HI;IlI.i:[I.HIHI_
M-

Far (A <H, X=1E,

Far (A =B), Y=AR -A8 =A %8,
For (A »B1, z=aH8

Logic Diagram of 1-bit Comparator;

A [se ) A<B
B

‘Ij >.I.-I
Y_: -
Figure Logic Diogrem of 1-hit Comparstor

- bit Magnitude Comparaton
Lt the e 2-bit numbery be o= 84, ped 3 = B0

T ST T
& & § L3 LELE: I Pl B s 0
] 1
L} B 1 1 i
i
F w L] 2
= = i
[
|
£ i@ i
L | 1
i 1 1
1
i
L] | i
! L
F E

Table: Truth Tabde for & 3-hn Comparan;

Design of 2 -bat Magnitude Comparator
The K:map: for the thres postputs ane sHows 8z
B

an E'.' -
“\-’rﬂ—tl- ] WA . e A F.IH."_'.!| |
nnn D0 H!'I..ljl'l
S [ e B o
IR minfafinie miimlolaly
ik RE | il W pi|E|a|E|@
- Il.!'l' -Il:l L i -l.l‘l ..]‘r
F LT e, L i 1

Tﬁmﬂlmmﬂlﬁﬂﬂﬂmm the
K-man.e

ForAtB M Rhely s AiB, - AcELR,
FordmB ¥ o [l 05 Bg] [ B
Fora»E  ZaEBpedBeobd
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i L
o | W

T

Logic Diagram of 2-bit Comparston

. .

—

Example T:

X¥=ul

&= AR

Figure Logic disgram of 2-bit Comparabor

The Cirpall thamn = Jossn Bpurs &

Figuee:

Sodution: From thi logic cincet foowm in The figes
wiobiain the foilowing meuks,

¥=[AR)IAB) A5+ 4B = sz

Sa. we obisin the tnrth talble for the sooee funchom 1e
showr bsios

From truth tase. we deduce e iiowing rece
I A»E, men m=1

It 2.8 e y=1
E AdE then =1

Trigrefone @ T 3 COMPEracor orcum

MULTIPLEXER

1 F
¥ Hulripdaser

B, %5565
Figure - Blodk diagram of 2 £-to-1 multiplexss

2x 1 MUX:

A2 to 7 multplees has 2 mputs: Since 2 = 2, this
mutipigess all habse ang comral (Seled) ling i has
T data inpurs b aRd B O e elr 5 and one
cuteul

,—
2-to-1
L

:

Figure: Schematic Block diagram of 21 Multipleer

1—

Page M- I
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The truih table of this MUX & g below Truth Tabsle of 2 4-to- T Muipleser
Sebect Line | Owiput Select inputs | Cuiput
= L 5 5 ¥
o k G o i
3 ; & 1 i
1 1] Iz
Hyle 1 1 h
Thuk Thie 309 sprsaion 1or 1he atpur Y 6
T-E,_&“—lﬁu mqrri?;hll:mutﬂfpmn
V-LEE 158 155 185,

Realization of & 2:1 MUX using Logic Gales:

Reafiraticn of 2 4:1 MUX Using Logic Gates:
= &

5
|| ! . "
L g !___;—
¥ % I
— ] Pl
I. — K‘I—'
Faguire ' Logs Disgees of & 7 5 1 Multipless i ; D| Tl
4 % 1 MUX:
A 4-ta-1 mrostichenst has £ (nputs and beo selict lines =1 ==
wihere k= to |; ane the four inpui S0 the =aitiplexer, I
d d 5 i 1= 2
il S e S | Blesigros ol i @ | WA
1 —t Figure . Logic Dsagram of £z 1 MLUX
S R ‘ Example f:
1,— i impismieny The SEpresaion Uing & FuTipEEr
¥ fid 8 LR = ImE L 2 6621014
5 5 Sohrtsan: Sincs thers ars four wriabks thesiors 2

muitiplEcsr with Ao ssisct Spois B Eguired The
Figute: Sthemitic block-dagem of 4 2 1 0K oreut of 16 -1 muMtipleser coneacted to implemens
the above spreanion & shown @ below figom. in e
e outut of tha mistiplesar T active-low, s lagic 0
#d o 1 ipputt B08 10 B PaeechangEd

s 96



hghd 1

L

IMPLEMENTATION OF HIGHER ORDER MUY
NG LOAYYER ORDER MUK

Tha mwthods for imglamemiing higher oraer WLY
using lumar orger MUK ars '

Step 1 IF 2 hs e rumber of input lnes in the
araiahle lowar ooder mult pleger and 2 i the number
o inpu® linez i e desTed i tolear tean Ta
rumbss OF WS QRSN mURiplmel eauisd o
ConEmuct the ceileed multipleasr chouin wonld be 2™
T

Sipp &1 Fram. the mosdedge of ihe mumoer of
1gleciion Inputs of 1re avaFable mulipless and Tht
of the tesined multiplesss. connect the lsss uignificmt
bits of the seiechos inpute-of the desired mubipee-
0 the seleton ipputs of tra Feailanis martplamr

Shep T The mumt significens B of mhe selscnion
inpuiz of the devirsd =mudfiplenes cocuit ane used o
enatia or dizabls the indmmdus! muibplexsrs 5o that
thair ootputs whan Of producs the final outoot

Example &

Minimum noliof 2 = 1 MUX regared 1= implamest §
= 1 ML

Sobuimm:

Gy

Exampie 1l
In resization of 33 - 7 MUY wing 2 MUE The.
WWHE IEMULEF

Salirdio tn reslizstian of 271 MUX wsing 2 -1 WL
the required marmiper of 207 MU R 27 -1, since, we
nave T realoE 34 1 MUK 50w have

n=3

Hence e régured nomber 5810 1 MUK R

T -i=T-1=31

DEMULTIPFLEXER
Thg demultipleser his one et re ed M ouiput
fines, Agsin m = 27 30 it requres n aelect lines &
gamuitiplecer with Ons ingat 3md m ouiput & cikd 3
1-foem damuttiplszss

Page Mg T4
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Lt | EW —"ss)
EQn
L. & L 5
 saisct inguts

Figure : Blook Ddagram of m-sutput Demuitpleer
The dewitmianer 3 one Bout e and mooutpet
lings. ‘Agae = = I 50 € raquins ® select Bnas A

ST EiEr e With DNE SguT and ™ pLTs 1§ maled
4 1-1¢-m demuRipses.

1% 2 Demultiphexer:
&1 1o 2 demuRiokscsr F88 ons inpict and beo oipute
Sinced = 21, it requires anky one control {aekect] fine.

—,
T=hia=2
¢ MUK
L,
- 9

The neswont shown balow mplesest which gax?

i 1 I ;
il—n %

Truth tahle of 3 1-to.2 demuityplecsr
Inpit Salac
¥ L
5 % L] L]
a] o 0 8]
o ! 2

Tabke 1 Treth toble of 2 1-to-2 demultipleser
T, the Boolesn eanecmians for the autpuets om be
wtRn &

¥y -5 By, <D,

Feslization of & 1 x 2 Demulliplexer using Logi
Gates

el fru gt
ji

3 i

L
F—:l.'lug::lh_ihlﬂm
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Solution: The function Fof the neteork i ghven by
fa1 B K K5
Curput ol MUK 1 b given 10 5ol he MUG2 7
Eul C-B-C

f =B:C
Ham, we get Tha outpu? of T nebwork 26
F-I-.Ei-.i f‘

- BL - KB

= (B + RY(EC - 8C)

-IIE-F::I

P

= ABC
i 5. 7 DURDWT O @ 3 gt [& B C) MAND gata

COMPARISON BETWEEN MULTIPLEXER
AND DEMULTIPLEXER

Parsmsrior
b Ma [

LTijiad e
L | T st | Cansiaicin
e
Humew cf
P
Humbe of
sl npeti
Number of
sats eutpt
Retion
—

§ [ =R T T m
bngs &nd
selece b

Wi b

o
3

1]
=i
1
ii
M

Cparan
prncgls

W 0 | B
 dain
malecior

112 Mty o
dea
dtribrater

Tkl : Czmpansan broween Maltpiessr sad Derrospieszr
DECODER

A daemaer || 3 compirarsen gl CinguR IR0 comess an
r-bit frary mput dats oo 27 outpet lines. sudh that

each putoot line wil B sctieated For cely one of the
possibia combinations of mputs. Secoders ars unualy
repranented a1 PeL3-2" ing DsCI0es WhEM N e
numbsr of Input Tesd gd T I The nusisr ol
manrmum possible cotput lines

¥ pe— |

meimpad | 1 cowtipet
LT

| - Livss ey i
ML

.I"_': Block Bagres of n-to- 2" Detader
iFthere 3w 2 cone wrused or ‘'don'Tcam combinsbans
in The n-Bi cods, Then Therm will B5 s Thar In
Eurpet B In genend T A3 MR PR DETTal, TRE
numbear of oot and dutced ines then m S 3n,

£ to 4 Line Decoder:
Consimier a 2 1o 4-fine detodst whene & and B are twd:
inoul wharsan ¥y trough ¥ are the four cutpums

A ——|¥ rws v
lisa
———]
" §° =onde

Figuary | Wioch Disgram of 3§ ™ 4 Ling Dgondar

Truth Table of a 2 o 4 Line Decoder:
inputs Outputs
A B Y L] ¥y L
1} 1] ] & <] 2
D T i) 1 ] o
1 i o] i) 1 0
1 T 0 (5 q 1

Tabie: Fruth Tatle of 0 2 fz 4 Liss Decode:
The Bookian expreamons Tor the Tour ouipuls & gusn
B
¥, = 5B and Yy = B
¥y = 4B and ¥y = 45

Page Mg I
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GATE CSE BATCH

KEY HIGHLIGHTS:

+ 300+ HOURS OF RECORDED CONTENT

* 900+ HOURS OF LIVE CONTENT

« SKILL ASSESSMENT CONTESTS

« 6 MONTHS OF 24/7 ONE-ON-ONE Al DOUBT ASSISTANCE

« SUPPORTING NOTES/DOCUMENTATION AND DPPS FOR EVERY LECTURE

COURSE COVERAGE:

* ENGINEERING MATHEMATICS

* GENERAL APTITUDE

* DISCRETE MATHEMATICS

* DIGITAL LOGIC

#* COMPUTER CRGANIZATION AND ARCHITECTURE
* C PROGRAMMING

* DATA STRUCTURES

* ALGORITHMS

* THEORY OF COMPUTATION

* COMPILER DESIGN

* OPERATING 5YSTEM

*DATABASE MANAGEMENT SYSTEM
* COMPUTER NETWORKS

LEARNING BENEFIT:

* GUIDANCE FROM EXPERT MENTORS

* COMPREHENSIVE GATE SYLLABUS COVERAGE

» EXCLUSIVE ACCESS TO E-STUDY MATERIALS

* OMLINE DOUBT=S0OLVING WITH Al

* QUIZZES, DPPS AND PREVIOUS YEAR QUESTIONS SOLUTIONS

EnnGu TO EXCEL IN GATE e
m AND ACHIEVE YOUR DREAM IIT OR PSU! m



Realization of & 2 to 4 Line Decoder using
el
T ___3_:_1 =
=
R %=ia
" -
* | ::I' Fomil
ik _.:_.'I- o
. BN B

Figasie Logic Diagiaim of & 2 1o 4 Lis= Decoder

Euampile 12
Impiemaent tha faliosing mul.cutput combinstonal
lage crzuft using 5 d-o- 18 lins deqmder

f »zmL2,4,7.8.11,12.13)

foaIml X% 11}

f =zm{il1213.14]

f =2 )

Schutiom

A 40 input ABCOWSTD feads a decnder, with
Fi=1F 1=1 for-specific minterms, implemented
using @ MAMD due o active-‘on outpuis. Each
autput needs its cam NANCL Muitpleser designs
Byeod exira gates, Dut -OeCoders Can DE heaper
for maltple complex oufputs 35 coe deooder
with & few pades can replace several mufbplegers

- Bppiese srpreiiion?
-
L]
-
T B —
- Femniew M s | .
| g
[ - h..—] _:I——l‘
&
i = W Yo t‘l s
o —
[ IR

B=—
M
§ i - %
e !
I-:-#il-.'.—. =)
bl wf— = Il'
e L il | _at
= 1
-8 R F_:'_ F,
HIII s 1—'
s -
B f— §
e L 1A = :_‘-"
i p— }' F.
ia |-:-.-l.|--l-
Figure
Example 131

The ormuit shows below regresersy a Boalean
RNPTREEIDN HOW many minemmE are Thers In e

Solotian: in e ghven logic Gncoit the ensbie input
[EN} = 1-5a, 1 to 8 cecoder it schvated.
%2 3-wo-3 meooder i amvaRed.
Trgrelors The sutpor funcrion | 5 given by
Favprmrp o sy,
O Flwer g, i)
- i: Eiﬁl _E. b|._'.7.|.I _E.“'J”I -

i L e e, e
w000+ 070 =« 7+ H00 = 10T+ 118
=ImOEIART)

L. Soowan ekprezsion wiis B min-teme
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ENCODERS

An eachdet i 8§ [OMBAFNONS GG CCUT THAT
perform the imverss opemshon of 3 deccder. &p
ancoder has 2° for fwer]) mout lines and n outout
(73

Tristh Table of an Octal to Binary Encoder;

- e _1
minpats | | | e
s .| ewcoven | . poemut
o time . 3 b

Inputs Dhalguits
Dy, D o o D 0y o A E L
T & 0 B @ : o g 0
1] 1 a i) 1] g ] ] =) 1
o o 1 sl a g W 6] L] 1]
¢ 0 0 1 o T 0 B 1T 0
6 6. A T o t @ ‘o
¢ & ‘@ b @ S t D .0

Octal 1o Binary Encoder:

Bow BB BB BB

Decimal to BCD EncodenThi e of srcoder kin |
10 inputs s for sach dedma digit and & outpus

toeresponding to-the 800 code

]

—1

—a

e S
Dechmal | —a —_ 1
inputs | —qs PCO/DEC —}-inh

—T) e

—t ]

— "

.—8

Figusia. Bleck Disgram & 4 Dximai-ae- 300 Escoder

i 96



Tty Table of & Decimmal o Sinary Encodenr

T
[ i 3 | i 5 6 7 i ¥ o
e, B D D DB Bi B D D M A& L ®
| 1 | L 1 t b | 8 | { 1 | b
| & 1 b g 3 B b 8 : z 4 2 B 1
i . q 1 2 = B B a t a 4 a i ' |
| L T " 1 1
| g b b 7 i P 0 [ I % q 1 b b
] a ] ] s 1 ] A t [ a ] 1
3 ] ] ] b b i i I : 4 . . P
| i b i g : B 8 1 ¥ g 2 T i i
| 3 a ] g -] ] ] | i - # q - ]
| T " r 1 T & & 1
Table: Truth Tabde of & Decimal to Binsry Encoder
Emcoder: (Takng (55 as prioemy)
T irmaal ki
F -'_*_ . 1
o B, B B, BB BB B inpusts Dutpuis
| | T B D, O D (A B
——L-’ i o ] (1] a X
11 ™ . 1 g a a]e a
i 1
e #ei x 1 @8 @ale
| . Ftm
- g % Ey i a | 8
1
k4 X ¥ i i 1
—— }—a]

Tabils: Treh Tabite of & Four Inpiut Frioety Encoder
Figure: Losic Disgram of Decimal-to-800 encoder o 4
Mczording o the truth tabis. the higher the rubscrps |

The snputh OF 3 gecireal-1o-500 erchier Pumbar. iha Nighar the ek

:‘g”:h The Yo are don't (are conditions indicating Thay he. |

e B Byl ey el i

o A T, B iy visluiet they regoesent My Wil

Eiinie e e CODE CONVERTERS

FRIGRITY ENCODER lmdﬁmll:mnﬂn:mnﬂ I?:I:!rl:u]t'ﬁln:h

BOCAPDY The input |nlfermation n ond hingry Code

st oorwerty & snd prodoces an oofput evio another

Truth Table of a Four inpal Priority oy i
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GATES?

Tha truth tadile for 4-bit Binary and it Equbmlant BCD:

BLD el

Bx: B

(=)

Binary \npul

C

Fi

&1

kL

1

13

&

BID

Tiurth tibile For 4-bil inasy end it

Tahle

LA
~

[4
|
v e
Sugers iagic Dageam £ 3 Bmary--RCD Cods Carverter

i

1
=
g

&L

F“_m&
_._bnm_ﬂ_u
nnnull.._._nm__.hm

a5

Trog munimzed evpeesion of cunpuis am s fodows

-
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PARITY GENERATOR

Parity gerarsion are crowt thes scoept an [r-1] B
dats siresm sod penersis se eda bit that i
tranErraRad Wit the bit stearn. Thes oxta bit i referad
T @ The pary o Tha parmy added in Dinaty message
3 Bealh 1L the bl fiumBer of 179 16 the meqisge Gn
be either ood o even sccording B0 the Byoe of padity
1L |

Even Parity Generator:

The svan panty geneamior © @ ombranonal logs
CUELE That gEneies the party bR sach Thar the
nufrber of 15 In the msitags beromes sven The paily
oitis T if there areodd mumber of 1:2in the data s2resm
and the panty b b Ui thene sre eeen mumber of Tz
m thi dats firoams

Truith Takide for 4-hit dats wish Enen Parity:

4-hit dats Ewun Farity
a B L 1] E
L o] a i i
<] & <] 1 1
&) e 1 o 1
B g 1 1 o
(¢} 1 e} b 1
B L 5] 1 i
B 1 1 ] 0
e} 1 1 1 1
i a & 0 |
t ] i} 1 0
1 =] 1 0 o
i e} 1 1 1
t 1 [ i 13
1 1 =] 1 1
1 1 1 i 1
i 1 1 1 1]

Tabisr Trh el for &b dana with Evpr Fariry

Tha punimizad eepisssios for auen Demy generatar is
E=igEoC@pn

The inget deagram o the sven party generston s
giwen ax

D
—Dyy

Fagurec Logic disgram of ewen parity generator

Odd Parity Generator:

The odd parity gens=rator it 8 combinecomal ioge that
genErTtes the party ba nech that the rumbar of Toin
the message becomes odd The parity bit it '0° forood
numbsr gf 1) @nd 1" Aar gusn meemings of 16 in the Dt
sbrearm,

Trudh fable for 4-bif dabn wilk Odd Parity

4-bmt datn Odd Parity
A B C 1] F
i o g é 1
| 1 1} 1 b
o i 1 [ B
i a 1 1 1
D : | i) 1] [
o 1 v} 1 |
i 1 1 a 1
0 1 1 1 o
1 [ B [} i
1 i [} 1 1
1 o 1 g 1
1 i 1 1 b
1 { o [+ 1
1 1 v} 1 o
i | 1 o o
1 1 1 1 1

Taba - Frath table for 4 bt dats wesh Ood Parmy
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Tha minimoesd ssprestion for add parmy gemerstor ic
t=R@Cl@iEa0l
Tre logic disgram of odd parity gererator i Ghren =

&
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SEQUENTIAL LOGIC CIRCUTTS

i requenhal logic oroty the ootpot is x funchon of
the present inputs a5 wed 3 pravicus st of inpuls
and oUTPUG Sequental (MU Incuds - mamary
HamelE b 100 past S

E—I-*ﬂﬂ.ll'l‘— it

Trar am two tyoas of sequental cituis

1, Gym hesnois Chrgyits

The Segoenital oroufs whah are. controled by & £lack
are cafed rmoheorous seguental crouile, Thess crouls:
QBT aCHVatan ordy when Cioor Eignal i prasent

. Beynchemnoss Ciroullss

The saguantisl croolty which sre not controlied by 8
chock are colled ssyrohronoos sequentisl coourty, Le the
sequental CFuls in whch eventE o taka place any
1ime P roulh #re aopkal ae cated apynchioedus
egearta il

DIFFERNCE BETWEEM SYNCHROMOUS AND
ASYNCHRONUS SEQUENTIAL CIRCUITS

':I.Hn.l Spacke e

s .II“T." imon
| srain Tha o
:nn;:h.-g.—:h:nr

Eagrmmurgem Segaerlis
direuiza
im am TR rTTA
thanga i® e LRl Ce
w¥asi murmno - seme=i o ey

| sttadmarrery ettt e
| ety agEn
| s EteT st oEne
!:.gru
2 III iprrbimaig b it b Pl Sl
| e, memery IR S3TEE 36 B
| slgmis an unaCkEE TR BY ma B
ioched B aamEmn
i | Tra maeorum By Fu ok 3 07 preEETT.
SEEEN Seb =T | sl St L
S ook S =purwtn faidur t5ae
e - LTI SR
Hazhid
d They e emier-i= Moy it = Sumgn
|
&
£l e T
_—_'r._l . I_r-J s o 'ri- L
I [ E—
=) [T ——
R T
L
LATCHES

Flip-Fiap 1§ 3 ore-bit memery deaoe and it can don

wiver ] orll
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iGeneral Block Diagram of a Latch or Hip-
flop:

Figore shown below iz the geners] tyoe of symibol
uznd for a tstch. In cass of @ flip-flop, & dodk sgral
must b whowm It e sids IT Nas many inpuns and
w0 outputy labated O mnd & The O cutput is the
pormal ootput of the Itk and Gis the invensd
outout

Mot A fio-fop iz 18id 1o e in HEGH stei= or logic |
siste or SET siste when O = 1. and = LW stase or
logic  stace or HESET roe or CLEAS ciate whar 0 =

o

5 & dn=1
Difference between Latches and Flip-flo
i a 1] 1 [raald)
21,3 Latch (. 1 £ (Rt
& Apfap o a0 pectt
o sk by e it fagie St e v o 1 g5at)
SR NN | TR amaTon e
sy cesedncar = | reboocoqs anangersses & i i Feetisen
T | bzation v | baa te niakte ptr an
i i RS i P L P
srargaTar | e G aneE S chodk A fwich = 3 type of bistable mufthabrasor. The main
= | e = applens chamcentcs of Qb @ that tha oikpur it oot
s |
iy 1L “ng A p-mp e s o dapemgieny wialy on Tha of the presant state of e
* | sargmaeya Surpa s th oseh gl Lwiches wre- somebmes used for muTphexng cata
HEINE 1 1TR L ones @ bus,
g
Lexh e 2
1 Bl RRO AT SN P s rE g 2 SR Latche
&rg = r mo st ::E:_": i For-the SR lacch [= siancs for et ang & for reces). The
pe g circwst for SR {aack i5 show in figure balow’
Lanchv mois 2 ot
CIEFEE ol JIFIn-l'l.'-r"n::h'rlql-: i
4 sormiestuntdimw . | asE Emrasc corsdert e B
Vs P ¥ 12 § G B e
raangy
Lt pmy wm v
T TR
ST TR
ikt i D) Fig-fiape g asgm sarghem
= T . Ty =sn rmre e rpat iy
h-:::wmuu whist thad L althar 8 Kty
g N 1 Ty o by w0g s o Tha ok .
surlpwt o ghang "
Logic crcuit of SR labche
S =2




Tha: shats @hle for tha =3 Isich Is:

——
g g laleo | ¢
o i) 1] i ]
5 2 1 1 1]
o i 1] i 3
2 1 1 i i
1 a Q 1 il
1 1] 1 1 ]
1 i u] ] |
1 1 1 ] f

T pymibod for SA Lasch &
|
q-.-_-.-

OHetai ning the charaeteritic equationn of the NOF gate
tased T are W gt
=R 5Hg=f(s+7

T-5R+5-5{3+0)

Miovtes '+ ment ba fotes Tat tha compementng '
desd no yisid -

g " L il‘— [y
0 o g | @ Ha change

1 i [ i |=Hesst Q' tmD

1 i i 8 (=St tal

1 i Q @ |- Forbidden stato

iha teuth table for SR Eeoh i

HinsEvas 1P Aridoen gRaE (3= 1 = 1] i oodigiersd
& dion | care 1iede

Congioar 3 Timing clagram for 28 Goch

Latch:

an ZF o cn e implemented unng HAND getes,
2: Ehown i tigars balow

U]
1 Foguire .
Logic
cireain Por SR Lanch
Thias SR latch it £abd 10 D set-cloemeank 1,
Thni;mrbdhrﬂ T i Shoam below
—F
L
The st tabibe 7 BF iaich s ghen ac
g 4 = E"
1 i g | § |- mochange
| e o 1 < Bepel Q' E0 0
[} ! 1 i ] + Sut Q' inl
1 1 1 1 |=Farbidden sinie
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20
GATE CSE BATCH

KEY HIGHLIGHTS:

+ 300+ HOURS OF RECORDED CONTENT

* 900+ HOURS OF LIVE CONTENT

« SKILL ASSESSMENT CONTESTS

« 6 MONTHS OF 24/7 ONE-ON-ONE Al DOUBT ASSISTANCE

« SUPPORTING NOTES/DOCUMENTATION AND DPPS FOR EVERY LECTURE

COURSE COVERAGE:

* ENGINEERING MATHEMATICS

* GENERAL APTITUDE

* DISCRETE MATHEMATICS

* DIGITAL LOGIC

#* COMPUTER CRGANIZATION AND ARCHITECTURE
* C PROGRAMMING

* DATA STRUCTURES

* ALGORITHMS

* THEORY OF COMPUTATION

* COMPILER DESIGN

* OPERATING 5YSTEM

*DATABASE MANAGEMENT SYSTEM
* COMPUTER NETWORKS

LEARNING BENEFIT:

* GUIDANCE FROM EXPERT MENTORS

* COMPREHENSIVE GATE SYLLABUS COVERAGE

» EXCLUSIVE ACCESS TO E-STUDY MATERIALS

* OMLINE DOUBT=S0OLVING WITH Al

* QUIZZES, DPPS AND PREVIOUS YEAR QUESTIONS SOLUTIONS

EnnGu TO EXCEL IN GATE e
m AND ACHIEVE YOUR DREAM IIT OR PSU! m



Figure : Loger orcult of clocked SE God.

Figura 1 Symisol for docked SE latch

c|s| ||

" | = ] |0 -

1| o | || R L
i ] 1 W ] Faasr

1 i @ ] # L

CR R O D I e

ated S Latch or enable 57 Latch or
clocked

SR Latche

Gared 58 lanen i implemented using twe
MAMD gates sndd g GF ek

Trw. logic crcoit Sagram. yymibol and tnath is
g a8

Figure legec dagram of rhocksd S ik

Thia truih t=ble of tha J md £3 tanch bated om
a 58 o

B = =B M
Lo - - O ]
= o = o XN |®

(R = == ]
- IR - T 1 =

The cheracierizhc souation for S8 Fip-fiog & gven =:
-0 -8-Fy -5-10
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FLIP-FLOPS
Hip-fiogs ane edge-iggered or edge-sensitive
wheness gated Biches e level-sersitive,

Edge-triggered flip-flop:

&n pdge-triggeced fip-fiop changes il skt either &
positrve edge (fisng edge] or 3t regatve edge (fadling
adgs) of the check pulss

Popites edge friggersd has no Bubbls &t input ©
whereis negstive sdge riggened hi bobble stinout O

Figuars - Msgwins wdge trggered fip ficp

Basic 1K flip-flop:

JE Hinfiop (| 5 5 set input and K and € #r 2 reset
imgirty s the mioet wersatle of The basic M p-fiops
The logee arcuit of tve ganed JE Aip-flag it thawn s

Figure : Loger erwit Sagram of docmd 5 Ap-fap

The starte table for the 1K fin-fiop = given a3

£ | K Q ar

o X X x 5]

1 f i & i

1 Y 1] 1

1 0 1 ] 1)

1 i) 1 | a

1 1 il i 1

1 1 0 I 1

1 1 1 t o

1 1 a

Henie the N able Setnre

£ | & K w1
I B e
| oo | v e | | e
i vl alv]e |23
i 1 L i g | =Tes

Mole; The forbidden sate. inherent bo 35 Rp-figo i
ghmingted by adding o feschack loops
surky that the ourpet becomas 1 oy #1000
and reser tony A0 = 1
T arepid #50 B moREd T wihies ThE nJTe
[} Skl dre sep £2 7 #nd clock sighsl change 16
1. then toe feedback valoe of O & £ forsd

toe thio-flop & togge 2 valse
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{le. oo wwnch its sr=ns 5 B lagic s romgicment) mencs
10 B g Thi DparEton in y=ooh faghion o pulie
width ofthe dode swst Be smsler than the propagssian
defay of the fig-ficp.

Tha draracenstic squation af e 4 fiofiop

Q=10 <R ory - 20T
T-fip-flops

A 1% Mo-flon c== be transformed inbo's T- Bip-foo [T

ot changss TG SLals ot ey trrd 3 pusE 1 aggied
o B inpu T
Tre logic circuit of the gatad T Rig<Aap

i ¥ =

=iy [ —

£ i e

ThE Eats o chamrerans bt for T Nig-Bep i

[ T a Q'
a X X Q|
1 ] 1] 1]
1 0 ] 1
1 1 0 1
. 3 1 1 0

A2l = a7 wea clhinr the chersci=nstic sguation &3
=T G C+(T-0 g

10 = 1 the cRaricieivii the agustion & mducsd &
F=Tag

sndr jor Togglel Wiar T fip<fiop o scivated it

D Flip-Hop:

O-fipfop :on be chtained by wse of onby Bec
comibprabors -of SR or J-L fip-flop. it has onky ome
Input |5 D-rpes of dfs impact

The legc symbol for D- fip-fop is given &

\

The trikh tshle for D-fip-fcp i

mput Output
D L
{ ]
1 1

The chamcterstc egeatcn of T-Sip-fiop 1o
Cher =D

I 2 ¥Efy (MPBERL BRd uiEhl gelign BE W
sequentisl oot
The mxoitzbon ke for fip-floos:

Frowi® | Wit | 00 Hip-Pay PP | 0 R | 8RR
HC=0 0 =0 oo . I | I 1 1 ]
Hemce, the truth table of the T-fip fiop o gven ms [ ] i L] ] ¥
C T g T 1 L (I | (R | i i
o ¥ Q § 1 [ i o1 1 ]
}:Iudmﬂnﬂm: I 1 1 e B 3 1
i e |Q [
i 1 |8 2 |.Tegge
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OPERATING CHARACTERISTICS OF FUP-
FLOPS

Fropagation Delay Time:

Bropagation deiay tme @ tha bens tmenval reguired
e a3 inpul Egnal hin besn dpgied o' P refulng
ourtpat change to-ooour,

There are four mtegorss of orogegabon delyy times
wich & 35 follows

A Propagalion delay e it @ messused from the
triggening edge of the dock pulse to- Low-Eo-High

A
an Hlﬂ':ﬂll'l!l

i il i
§— LOW-peldE  OF Thy DUIPUL
irirtaslies o §

| L S—

‘B. Fropagaiion delay . B & meiivred from the
triggering edge ot the chock pule to. HIGH-o-LOW

I.-h#nhm-

CRMELIn
f L E- T
0K

WRAE prar® g HIGH - LOW
Evgrarhian eF

L. Propagaten delay te. & =2 messured from the
ading adige of tha PEESET input to LOMW-tn-HIGH
rasiEoe of The ouipes

="
|
I —

|

0. Propagation delsy tee. & & meamind from tee
lzacing sdgs af the dag Indul BB ihe 5—mm-L0W
Eranefion of the culput

St up tima (L)

= o iy

" T 0 i

|
=

1L 1§ {he Fosio® Time imen pegunsd fior 1
logic Jevm (0 or 1) %0 be mantsined comtentl;
on the (nputs [L & or 0j pror to the triggenng
sdgs of the clock pults In ondar for the fewek 1o
b fefighly choctas ime o Bip-lag

T

Pags M- 30

o6



Hoid Tame (1.
¥ iptha omg for which the dem Mt pegin
dtadie Fitaf the nggereg =dge of the cladk

Clock- pulse width:

Tha minimum Hme duraos Sor whes The clock
Pulie Mol rEmEn GH dnd LOAW wheen @
deigred- by manuiaciurers. Failure %o dock
jpatbs Width results in urrslable tiggenng.

Mazimam clock irsgusncy:

The madmum dodk Feguengy ] 5 the
highe=t rate at which fip-flop cam be refishiy
ooamted.

RALCE ARDUND COMNDITHIN

1§ fip fiop e om the probien of rage amwd
condition When ]l = 188 =1 b sooked tocthe K fiip
fice and UK fip fap = evel ggened tren ot of
the JE Bip flop toggies 5o mary s durng thepoice
wadth of the clogk @nd cotput of the Bip Nop el
sither st | o O depandeng opon the pulie wakth of the
coct and propagation delsy of the fip foo s caded
raon sroumd congiton.

Figre: Razs Araund Concinn in JE FRp Flap

Tio mwoid Race Aoiend condition:
L LR
& Maitsr S fip Sop

Figury : Lagic Basgramn for Mactar D JE Op Flep

4 In master siave flio flop, irverted clook & gaven 36
the siave.

b Manter davs 8ip Nop b5 used 1o B@on singls bit
EsECEUSE DUlp i Taben ofly feam ilae fip fop

i
inman— | 8 i i
L

Seerian
™ outpuit

& Here miner Mg Bap | kvl niggeeed whils
vive o negatve edged iriggered.

ﬂ:h]l:r#ﬂnp 15 aisn known = Ureisersal flip flop.

DESIGMIMNG OF ONE FLIF FLOF @Y OTHER
FLIP FLOP

The e Tor Sesigring of oms fip flop or siaw
Fig fiap uning Efiming or lama scanng Tip
flap.

Step 11 Ve the chamecteristic taoks for the
e bred Mg Thap.

Step &1 Warhe The secramion Tabis for the
gesdzbiz Aip Rap

Skep 3 VirE= the ogical mepreacoe,

Sbep i Minimze thi logecal sepressian
Step- & Cirouit Imnp kementaoon

SHIFT REGISTERS

A7 sy 1 e -Nedd 15 requied B siese hinar
imiormstion, and the rumter of Fio-fiops
reouind 15 gual to e rumber of DiE used 1o
Toes & redeeran a5 gl
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Emmpics of fEIEST 0 QONGYE! PUFDOES
RS fage Sto

Hom. the informistion or dats cae be ored or
enbered in senal form (one-B2 8t & time] ar m
parziis form [af the bz sematanecustyi and
ar-be retrieved Heg tha manne 00 The data
will B entered of rebfiesed in sera form b
lergwr 2 tempced tode and which & in parafsl
form iz mited mpadsl mde

Hence mwegistars can be chinfed wes four

caRQonisl Oepending upon e Ddl Deng
enkered or retrieved.

5150 (seral-in, serial aut) Shift Register:

o oasviHe selpl-put Wl rSgIRED dalE Foe i
i syt el oamman Ciagk pule 13 appdsd
o each of e figrfion. Al ol dod page
datz snowet by one postion. T ctpasd can be
ootatees i seral Ao aE showwes W NoaeE
Erslow

Figure: SIS0 Shift Register

& W MEPE Rovedn 500 register sivoag Al The
Wik e

s Tomam pebits m & mrbd S50 pegeer Then
tha TS “r dock pulbes are Mo

¢ Tootom r-bis in 3 n-bit 51P0 regicter the
minlmum "R Sk plseE S requined,

& To ratrisws r-bk Toom 3 n-EiUSIP0 regeper thess i<
d e reguiredl

PIS0 [paralied-in, werial oul] Skifl Register:
Inparaticl-in coral-out st regaier 023 s fadogd Eo
ihift register i paradal ferm End ohe HEtE DUt
pltarneg wit ke seis Mo & ahan i Rjuie ey

Paraliel Output

108 8 3

| Sy S |

O R I

B + PESO kit eegisior

s To itses -5 W a n-bit P50 regeiter 8 pngle doc
pidse T required.

« To rewiewe n-bit from mebit #350 regiter, the
inimum "in- 17 dodk pultes &% reguired

PIPD [parallel in, paraliel oul) Shift Register:

In par=de=in pun&{-cﬂﬂ: ghif gieter, ety B Isad=d in
parsfel form and e dais outpet Shtainsd w&ll be in
parabal 3z thowr in figure baloer

o Torereve n-Bhs Fom 2 00k S50 poimsr han 1 n““ nl 1
tha mnra TEC ok pulles b regared 4 .l, l L
in sl - caraliel-gut s regefen dats iz appiied o i 0 L] 1
1ha jnput of regwenar in manal form and The cutput om
Be oplEned In gaadsl o ghsr The Completsly 4 l‘ 1 l-
ihTRing of cets m regiiiET. Fgune beitw Bhisw the Lerisl
oot dois. and then pamizl outpat 1 1] o 1
Sarinl Parallel Dutput
i";‘l“" I GELEY W BE Figure | PIPO Sheft Hegisber
f * i * ¢ Todtoes ~-Bitin n-oit PIPO regate. only 2 iingle
Parallel Output clack pulss I regunsd
v Ta retreve n-bitz from n-bit FIPD regeder ao
Fagure £ S1PO Shifl Regisiey ciock pulse iz recuinad
Page Mg~ 2 %




Serad Inpirt: The data n the seral fomm @ apphed ot
tha seral teput after csanng thefip-fope uzing LR

ok , I J |

L
L

Tha waewfoon.of senal input s reqreber is showe
DRitw:

Parallel Inpul: Dats con B2 emiened In the
paradlel form making e o the pre-set DUt
Tren sfer deanng the fip-fope. ifthe cata inex
are connecRd 0 The parsls! lnep aed 1 &
abplied 1o e BRESET inoun

IIMIVERSAL SHIFT REGISTER:

i tha flip-fiop cutpuis of 3 whitt regumer o acoeccinls,
1hen imfcomanpn sedsed perially Dy phifeg can be
THEing oun I parallel fepm the cutpun ol e Rip-Raps.
& paraiisl

iosd capsainy & addod T 3 O TegistEr. then IR

grered im parglisl fan e Taken pof b penal Tahon by

shifing fhe d#e stored i the register. Some shil

regaters provide (e necessany nput aed . outou

terrinaic for paadel tarsfer. They may amo keve both

Inif-rig and hi't-198 apanlne

The mae genaql (9 eginter M s foiowing

1. & clear control 2o dear the: regisher 1o

2 hdiock wet in nynchronize Bhe operstions

3. & Ehif-righn comgrod 00 enabie e Ehift-mgm
pperaton antl fhe sevisi inpuf and ocaput Bres

4. & zhift-left control to enable the shift-ieft oparmman
and the tena inpot and ootput lines assodated wrih
e AR i

5. A& perslle-load control fo.enable = perslsl el
and the n inpot Imex sodsbed with the oaralls!
Transfer

B " parede oungut lines

T, & coired e thal laves the ialarmaton in 1he
regeEier unchanged i rezponse o the doce
Cithar chift registers ‘mey have only some of tha
premding  foociors. wEh @t R ome Eif
ppdraton A reginis capsbie of §RRg In oes
drection ank 4 & oidrecnonst il register Drs
that can chilt = boch directione & & Bidinectionst snft
register. if the regictar on shift In bot descoons
and Pak parabel-oad cpabltes it relemed o @
3 uhireragl shily feghner
The ticct disgram symbol snd e orost diagram of
2 Sopur-eit,. urirertal thilt megeher i@ shown in figuns

bsiow:
A jEar
=1 k
MEE_jn—=s  Shifl_Hegisier  p—0L&0 _in

mf“::’f {1

Fgure | d-bit Ussevsrsal ShiFt Ragisase
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Feiguire - Leagie THacprass of 4-Tnit Pnbsrsal Wity ingicis

TR fLmCTian Tod The Ueovsecyd Shift Regeerar o 38
faliws

Mode Control Register
S Sa Operation
n 0 Mo change |
] 1 shift right
1 1] Shift left
1 1 Parallel load

Shift regraters are often used £ intecface digitsl
myitems sfusted remebefy from: each ctner. For
FERTEl RUDPOEE T E ReCeERary 10 TraTEET 2 N-
bé1 quantivy banween Tee poiets (I Tne dstance
Faf, It wifl be ewpenaive 00 ufe n ines 1o Dwsni
the fivbRe in paratel. it & mome sconomical 1o uie
1 Ergle ina sed fransmit the nfoemanon ceraily,
00@ BT A & Time T ITansMITE S08pCE the n-
et s in pansel Nt & chil] regiter and then

APFLICATIDNG OF SHIFT REGISTERS
i Dedoy Bt A shiift regines can b wsed o
miroduce & chelay |4E] in signai

i
g
*t

‘Where M is number of stages & ;i the docc
inequency.

10} Senal-to-parailel corueetar

1} Parnbl-to-gaial oo e

1d] Ring counte

&) Twisted rimg counter

if] Seguence counmar

ASYMNCHROMNOARS COUNTER OR RIFPLE COUNTER
& circull which B used for counting the rumgsrs o
n.hhtp:nnnm.tmrrt_.':m:nn
madulo-N jor chide y IF) wher tha word moduic
ImSCates the muamner of fLansc in 1ha rounhe

J-BIT BINARY COUNTER

Consiger 5 J-bi binary momer which ha cotl ¥
number of siates weioh mowrs e fle-flogs and 0.
r'ang Rz &rs the ouipus of thods Ap-Nope

The difct diagram o lbgic cmoit disgram for 3-Bi
iy cerser.

-

Fagure: AL 3-bit Emary (oamter

The suth Tahie & 3-bi binesy courter it ghven B

fracuasts the daly seraly alang the cammes lire - [ =
T icaine it tha shat ekl by gl | [ S ] [
racster Wian il = B are recetved. chey @n b 'I' : : :l
e Fom the culpars of the eghater = paale 7 i 1 n
Thut the transmitber performs 8 sersllesto-serisl - 2 b 3
oorremrzion of Gata snd the soeber goes 8 seral- N 1 o ]
to-paraliel comerion - : i :g
- o6




= 1 1000
Dutpst wavelorm of the shove coumer i I = TS I (550
=1HE18 MHz

‘:_F_LI'_L_F“' | [T | Mon-surmown counTer:

b FH

The frsgeency T of oock pubses for rellabée pperation
of tha oowrier iT-ghaan a5

UPOWMN ownben
%'E"Tu-'{. Figrure : MN-B o
DEMERITS OF ASYMCHROMUS COUNTER
‘Where W = nomberof fip-fops ; ;
r-:_‘m T NP 1. Corty pacyusert 3l counter £ ba desigred. Ssndom:

Ta = sknobs puine width, EOUTINF Cannce i cepprad
if Buring Tha apemtien of counter. IF iowe plkes 1. Gk uedssimble V@] would #ppesr i cise of

sepAchmroue coomter.

Fre Tahaly npsrgied fod iRan durslicn EASER 5 :

il ich ot I of the fip-fiop, it 1. Spead of argndvonouT oountEr i not fast
may haopen whin the gropagation ceisy of sach

; ECD EIFPLE COUNTER
ﬂm-‘hmqn:ll:ﬂrrz,'m.ppnnﬂutiﬂﬂ ;
1
Nig- Mol My, NOT Changs T A 2 & dagmsl counter Tolitwa & secpmsca of 10 statas and

4 rabumi 15 [ attef the count of & Such § ooonier miist

ane fipp changes ity siate during the
::I_ = ey haws at keast four Ripefioos to recresent gach decimal
The probilem of spies cn be siminamed by ucng gigit snE 3 decenal igh i rearesented By @ binary
i P ﬂlhl‘ﬂpd pults, e coch WA 0 T Adgr B The mequanc: of e mii
state wil chirgs only Wil Mgfiops of the | Do codnters dictated by e binery code wed io
i bl el reprecent 8 decimal digrt. If the BCD mode i used. the
’ - sequence of chaie: (5 a5 shown in the Sste dagram. 4
E pla 1 EECIME COJMer i BmdE 00 3 DiRary COLMBT SNCEM
that the stete afier 1000 (the coce Tor decimal dign 5

in & S~3T808 Ninke SounSer e Brosagitos 08
- a2 Rl b DOCK} [t covde for decimal dige 7).

of & Bip-flop & I00mec 11 the polss widsh of the
strobe & Slnzec Fing the masmus freguency ot
which the coumar opsracar reiabey

Gilaaliaii:
The rrdximgm fegustcy i

1
nhy =1,
n = numbsr of Sp-flops o sage = £ fgery fws domgram of o Sanmel B0 pomrey,
te = propagatian delay of sach Bp-flop = 100" ;
nsec.
L = Simobe pulse wigth = 50 pzec
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The iogic siagram ot 3 80 rpeds coumEr using
M, Nip-figes 40 shown In Agurs Beow The Tour
pubpots &t desigratad by the Emst spmbol O
with & fermenc subsinpt &gaal to the Bpary

wwaght of the cormzponding be in the BC0 rode
Nofe Thar e outpul of Oy & apolies o B C

inputh of boeh Tk #hd Oy & 1P campui ol G 16

anphad ta the
4 ql
Cauiit | i
=11
! qQ
- L
L
! e
[ =
i
b’ ) —_—

Logic 1
Figure : BLD mpoie counter

SYNCHROMOWS COUNTERS

The ripple ooamers heve the sdvastage of simplioty
tonky FLIP-FLOPY sre recuired) But ther speed it low
becema of rippls: action: The maimum bee
required winen i ooAput cManges Pom 1101 1
00 and thi bredig (e Frequesgy of ppergion af
npgie counters

Tha cpeed of operation mprowes tignificantly i abteae
FLBLFLO0S ane chocied smuitanaously. The nesufting
[IEL B Engwn @ 4 Bynchronces  CDumesr
Synchrof ol courten can B daaigned for g9y counl
seguence [meed not be @raign bney).

Tha output O of the am-sgnificant SLE-ALOR
changes for ey Cock putts. ThiS [an De achiswed by
uling & T-typs FLIDFLOD with T; = 1. The outpis T
changes wivenever Oy cange: from 1 10 0. Therefore,
# O = comencted to T inout [T of the next FLIPLEL0E,
€. will changs tom 1900 [ordm Y| when = 1 ([T
= 1) a8 wil pemin unaMected whenr 0. =T =0
Sl O cmanjes wersver O snd T 8 Both "1”
Thiz man be schieved by maxing the T-input (Tg] of the
most-ngnificam FUPFLOP eoual to ThOs

in addifion: fo FFL pEnChromous CcOONRs. TROUITE
ome gate den K FLIR-FLDSS are the =
commenly used FLIPFLOFy Sor whe deign ol
mynchronous Coursers. (e thin esch FLRWFLOE has mao
control impoa (1 and K and cioge § mguised B
desgenad for sach dontrol bepwt. Many o ogrs mm ek
Inpa deyvices [PLOw] used for the oeiign of digis!
myttems otfise O BIRELOPE for their memon
slamants, trangfore,  countar deogr using 13 AL
FLOCE will e usetul for prograemiming waads 3 7LD A
had anly oes contral Inpul mhich =akes B3 dssign
wenpiar tHan the deaign Laing K FLIE-FLOPS.
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g [ 1 FLIF.FLOP INPUTS
Countes state | FFO | FF1 | FF2
T -
0 [0 10 (L] 6L 1K
e . T B Jja-|o ¥ EO|x |0|x
& 4 ' e fa | =] |r]x]e]x
s L T .
Lagi t._l. ( _l- L 3 " p v b la s e
. - E ¥ i ¥l !1 ] 1%
i 1 14 | Y i0|X | X |0
i | i ioja [+ |x] !1 i|x|a
e ! 1 v @ e jEe|xX|a
e LI 1 |s L1 ja | ®
Figurs A 3-hil Symchionous Counis e la lo
Synchrondus oouners for sy gresn count sequance g% @a pE 11 e
and rodutus can ba cesigned w e fokowng way 2l 3 I y s

1. Fird the numiber of FUPFLOR mguimed.
4 WrTE The Count Bgancs in 1he tabule form

I Detesmine. g FUPFLOP inputs which must B i u ] L} =
prezent for the detired mexct siste from the presest
Thate ucing tha eciaton able of the FLPELO8E Le=i
4 Prepars K-map for sacn ELE.ELOS mput n e of (2}
FLE2-FLCS oatpute a8 T Input veriabies L]
L Tepify the K-mspy snd ohtsn the minimized e e . A0S
EXpreTTiONL. ol = ¥ " »
& Cormed T OncuE using FLIR-FLOPE and other
geles coripanding Do the mismized sepresiiom w2l alela
Lwel
Example 2t i
Dresign & 3-bat Tynchromoas counher using JE 6,
Z4p-Secs By 86 H U W
S latieni a L] - | -]
The sumoer of FUP-FLOPs reqoired £ 5 Let
g SUEESE: be 50 EEN ESD ang cher N T B
InpunE 3nd CULRUTS 37¢ given balowr 1 =0,
kel
FLIP-FLOP | Inputs | Outputs A R
FFO b Ko o gl = | & | 8| =
FE1 b, Ky Ch
Fr2 B Ky Cle pffe Jaf o] =
Eaq
The ooUTt SRgURNCE and Ehe raglred ot of [
FitmLCims (gl Blpa,

—— 956



1= A8 A,
g o8 6t 11 18 Qs o0 0L 1R 19 g M ¥ L1k
oo 1| | = | oF ow " | W | ®
@ 1] 1] L] n . . - .
an = L] = = 1] I (] " [
ij ® 1 L] L H | [ | w]|w | = Wl a | W
=g m| | %= | = IR R RN
I=h
i 1. A, ",
- TP Q. 8 BE 1L 38 oo 80 #1411 a0
o |o|® | @ o R | W | BB
| = ' T ] t e
ox| g | x| ® | @ oL | [ e |®
i| = EE [ (s | &) & | @ i | |w|®
} —1—
K ow Qg i) e oo TR A RE
i o T W
FF'I lh ufl-ﬂi]!:h—n-h-h' “_#‘_.' LT T Q.i an #1131 g
on B - 5 B LT [ ] L B
Escgamplie 3¢ y } 4 H 4 }
Desgn & natunsl bingy -seouencs  mod-fi on; B | @& | 'w | @ po oW || w | ®
yrchicras counbér iing B FLIP—FC0PS [ [ ] e *-:-l. e e B
Tre numbsr af FLSFLDOS reguied 5 3 L& the w E|a|e | i K| | N|R
F2—FLOPS ba FFDL 1 and FFZ wizh inpum De B n
[k s D pespecthesly. Their outsams are T T Ak L
=g 2 gL BB DL BN 18 g 0 #1111
ﬁ | B i L B il & ] B i
Counier state | FLIP-FLOP imputs o) b | 6| = |« oy mfm | m| oy
G | Qs &- Dy D, D II-Il- |t- .Lr. i o | s s
i} a a 1 W) i} | P —— —— [ =
1) a 1 0 1 ] | B |6 |6 = & & | & | B | B
L] 1 d 1 1 ] 1 L
] i i b L 1 Fagure © K-flaps for B-bit Synchroneans. counter
1 Q g 1 g 1
1 a 1 B 1 1
1 1 a : | | 1
1 1 1 g - o
] u d
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Tha K-miams for Do O, and O are gavem 36

The soremized sxpressnons for Ty Dh and Dh e
0, -4,
0 =02 ~QQ.
DI 'Eii:qlﬁ:" Q;El-.[l-
= QiR - G} - 00y
=q@A-4l0e)=0,200

The compinte cirouit of the syncronouz coamter
uiing pockive edge tigganed O FUPS0ORL &
Fhiaa i Tigure eleny a8

T
g
Figuis' E-Tin Syndhianous Douste Dcult

SYNCHROMOUS SEQUENTIAL CIRCUNT MODELS

A ganeral alock dagram of Ciocksd sequential Zingue
b #%0 mows a8 fnmg flable maches [FR)
Depending woon She sstérns! agtpo®i théne ass bwg
Bypes of models of seguental croits

Maaly maodal:

in mealy’ model e nest of M TunCion denendt on
Dfe4R L SEabe 39 vl B present inputs.

More Modai

A e MO0R., e Ne iTate depedl on The pracem
TIEE #nd prEeT mgnns Bul 358 an the dutpums al
miane model,

The block diagrar of a Moo model iz ghen ax

[Fraa—
g imiainal

o o
£ 7

411
|

The systematic procedure for designing . of cocked
sequenEal ciroat Iy based on the macees of ‘s
Hende e saquancs ol inputs prasent & nest gEnes
AN Dulput B omeprasertad by 3 A0ER LabEE of CLEpe
diagram & i the procedune folioes in the form of fios
chaet, i iz 'mown 2 sigoethms mate macng {454

STATE DIAGRAKE

b cirected graph. comdiaring of vertios [of nades]
and direcied are between the nodes. Every roce of tre
LTt i Tapresaned by & RO im Thil gragh & nocs
:Mﬂinﬁmﬁmmm:mm
wiinen ngide the crehe, The direced se represents
ihe state trararoona.

Wit £ crouit inomay cne siste. ot the ocounrence of
3 Ciock puke thars w0l D 3 seals Tarsiton o T neml
Trate @nd thare will bs an output comesponding tothe
requirament of B2 Srult This stads krandition
represented by 3 directed (e and we use sach () for
TRpreEEnting prepent Fiate and the e e

Page Mg:-39
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Examps &
Drpay Eha nass dagram of D-fig-fep

Sodution:

Tra D fip-fop fas only mput (0] & e ootput Bates
Q=08E=1]

Lining The Flats tase of ChareciENiane Talks Of the -
fip flop: The state diagram it given a2

Emample 5
Draw £he 182 dagram of & 6 Nip-fon

Solutions

& JE fip-fiop. Fan inpuis (& & ard one clock input
[CLK) g the bl cnput sratss Q=06 0 = 11 Uing
e stahe table o charachs: i tabee of me K flig-fiog.
the s23be d@gram i given =
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PRACTICE QUESTRONS

L

Prepans the tnith tabe foi the cicuit shown in

figuns Below and vhow that & sciy = & T-Gype
Fof Lo

In The cirult chowm in figun Deow 17 time
oorea (R & vy wmall Sigiain 1he opscation
of Thes cirtuit.

Foi 8 clotked saguantyl crtult S & Tgse
balow Cittn

1. Escitation and cutpul equations,

i The cutpur Sguencs for an MOUT seaguance of
1I0CT wA g A e kg b O-0: = I

._J'__]' B Al

5

L_D—fs

A docied wynchronous seguentisl Grouit usieg
positve-adge-tnggered D *Fs kas an moot and
Dotpen Y.

Th S8 FErm SoUENDRL 18

0, -Q,-%-Q %0, X

0, =0, %-0Q,-%

Al The DUIPRT SJUEIDN 1§
Y=0: 00X
i Oraw its orouit gisgmm

—-q

GATE ¢
& O&ain 15 s=ne Sagram

C Rpowsign ths Orcul usng K FFg

For the stage. disgram shown in figure Delow,
oiviain the stabe tabie anc decign the ot using
minimum numksy of J-K FF g
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20
GATE CSE BATCH

KEY HIGHLIGHTS:

+ 300+ HOURS OF RECORDED CONTENT

* 900+ HOURS OF LIVE CONTENT

« SKILL ASSESSMENT CONTESTS

« 6 MONTHS OF 24/7 ONE-ON-ONE Al DOUBT ASSISTANCE

« SUPPORTING NOTES/DOCUMENTATION AND DPPS FOR EVERY LECTURE

COURSE COVERAGE:

* ENGINEERING MATHEMATICS

* GENERAL APTITUDE

* DISCRETE MATHEMATICS

* DIGITAL LOGIC

#* COMPUTER CRGANIZATION AND ARCHITECTURE
* C PROGRAMMING

* DATA STRUCTURES

* ALGORITHMS

* THEORY OF COMPUTATION

* COMPILER DESIGN

* OPERATING 5YSTEM

*DATABASE MANAGEMENT SYSTEM
* COMPUTER NETWORKS

LEARNING BENEFIT:

* GUIDANCE FROM EXPERT MENTORS

* COMPREHENSIVE GATE SYLLABUS COVERAGE

» EXCLUSIVE ACCESS TO E-STUDY MATERIALS

* OMLINE DOUBT=S0OLVING WITH Al

* QUIZZES, DPPS AND PREVIOUS YEAR QUESTIONS SOLUTIONS

EnnGu TO EXCEL IN GATE e
m AND ACHIEVE YOUR DREAM IIT OR PSU! m



STAR MENTOR CS/DA

v

A
%

EMALEEL SR
B FORITHH & 08
9 TELES OF TRLCHG: EXFEREMTE

SATISH SiR
CoSCRETE MATHEMATIC S
BEin 7 broem HUS L] UNVIRETY

WIAY BIR
DS SO
B TECH FRCH BT
Iik= WEBRS [ TFEREwCE

SANSH! MA'AN
ERCHHEERING: HATHEMATICY
HT POCSHERT LU M RS

AVIHASH SiR
RFTITDE
1= TLANE OF FEACHMNG [MFIRENCE

CHANDAN SR
DHITRL LT
GATE IR T & 38 ' BN

MALLESHAM S/
W FECY DA BT sy
AR = T, T 390 m GalE
|ERACHTD CARE B T 5

e VEAWS FEPERIIWCE | gl

PARTH SiR

[n T
T BARGALCEE &LUNRMIL

Pl B makeniand P [550R

ENAILENDER BiR
CFPOORARNRTSS £ DATA TTRUC TS
H.IICH p Campuisr ErEnes
I%: YEANE ENPENENCE

AJAT SiR
FRLI, I COMPUTEN SCIENCH
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