
Data Structures and
Operations

Cu A[ymbØns‚ ]q¿ØoIcWØn\v
tijw ]TnXmhn\v

• Um‰ kv{SIvNdpIfpsS Bibw
DZmlcW klnXw hnhcn°phm≥
km[n°p∂p.

• Um‰ kv{SIvNdpIsf hnhn[ am\Zfi
ßƒ°\pkcn®p XcwXncn°m≥
km[n°p∂p.

• Um‰ kv{SIvNdpIfnep≈ hnhn[
{]h¿Ø\ßƒ GsXms° F∂pw
a\- n-em-°m\pw Ahsb°pdn®v hni
ZoIcn°phm\pw km[n°p∂p.

• Ãm°v Um‰ kv{SIvNdns‚ LS\ DZm
lcWklnXw hniZoIcn°m≥
km[n°p∂p.

• Ãm°nse ]pjv, t]m∏v {]h¿Ø\
ßƒ°p≈ A¬tKmcnXw hnIkn∏n
°m≥ km[n°p∂p.

• Iyq kv{SIvNdns‚ LS\ DZmlcW
klnXw hniZoIcn°m≥ km[n
°p∂p.

• tcJobamb Iyqhn¬Dƒs∏SpØm\pw,
\o°w sNø¬ {]h¿Ø\ßƒ°p≈
A¬tKmcnXw hnIkn∏n°m\pw km[n
°p∂p.

• hrØmIrXnbnep≈ Iyqhn\p tcJo
bamb Iyqhn\p taep≈ t\´ßƒ
hniZoIcn°m≥ km[n°p∂p.

• en¶vUv enÃv Um‰ kv{SIvNdpIfpsS
Bibw hniZoIcn°m\pw AsdIfp
sSbpw a‰p ÿnc Um‰ kv{SIvNdpI
fpsSbpw ta¬ Ah°p≈ t\´ßƒ
hnhcn°m\pw km[n°p∂p.

Iºyq´dpIƒ D]tbmKn®v {]iv\w ]cnlcn

°ptºmƒ an° kμ¿`ßfnepw  Um‰ t{]mk

kv sNtø≠n hcmw. Cu Um‰bpsS Xcw

ASnÿm\]cambtXm  kw{KlambtXm (Hcp

Iq´w) BImw. CØcw Um‰sb ]cma¿in°p

∂Xn\p th≠n thcnb_nfpIƒ Bhiyam

sW∂v  \Ωp°dnbmhp∂XmWv. C, C++, Pmh

apXemb `mjIfnse t{]m{Kman¬ thcnb

_nfpIƒ D]tbmKn°p∂Xn\p apºv AhbpsS

{]Jym]\w thWsa∂p Du∂n∏dbp∂p.

ASnÿm\]camb Um‰Iƒ°v th≠nbp≈

thcnb_nfpIƒ int , char , float ,
double apXemb ASnÿm\ Um‰Xcßtfm

AhbpsS ssS∏v tamUnss^dpItfm D]tbmKn

®mWv {]Jym]n°p∂Xv  F∂p \Ωƒ ]Tn®

XmWv. Iq´ambn´p≈ Um‰sb kqNn∏n°m≥

AsdIfpw kv{SIvNdpIfpw D]tbmKn°p∂p

F∂pw \mw I≠XmWv. Htc XcØnep≈

Um‰bpsS tiJcsØ Asd F∂pw hyXykvX

XcØnep≈ Um‰bpsS tiJcsØ kv{SIvN¿

F∂pw ]dbp∂p.

hnhn[ XØzßfpsSbpw am\ZfißfpsSbpw

ASnÿm\Øn¬ t{]m{KmanMv `mjIfn¬

Um‰sb hyXykvX Xcßfmbn Nn´s∏SpØm≥

D]tbmKn°p∂ kwhn[m\ßsfbmWv Cu

A[ymbØn¬ AhXcn∏n®ncn°p∂Xv. Hcp

XcØn¬ Dƒs°m≈mhp∂ Um‰mbpsS

Afhpw AXns‚ apIfn¬ {]mh¿ØnI

am°mhp∂ {]h¿Ø\ßfpw, Um‰m KWßƒ

Nn´s∏SpØphm≥ D]tbmKn°p∂ XØzß

fpsS ASnÿm\Øn¬ hyXykvXamb

Xmbncn°pw.

3 Um‰mkv{SIvNdpIfpw
{]h¿Ø\ßfpw

]T\ t\´ßƒ
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3.1 Um‰ kv{SIvN¿

Nn{Xw 3.1 ¬ Nne {Kq∏pIƒ ImWn®ncn°p∂p. Hmtcm {Kq∏nepw {IaoIcWØn\mbn

]eXcØnep≈ X{¥ßƒ D]tbmKn®ncn°p∂p. CXnse Hmtcm Nn{Xhpw Hmtcm

hkvXp°fpsS tiJcamWv. Hmtcm {Kq∏nepw hkvXp°sf {IaoIcn°m≥

D]tbmKn®ncn°p∂ XØzw As√¶n¬ amXrI GXmsW∂p ]dbmtam?

(a) Ifn∏m´ßfpsS tiJcWw (b) ]m{XßfpsS tiJcWw (c) CD kn.Un. ]m°‰v

(d) Iyq

Fig. 3.1: hnhn[ XcØnep≈ tiJcßƒ

Ifn∏m´ßfpsS Hcp tiJcamWv Nn{Xw 3.1(a) ¬ ImWp∂Xv. {]tXyIn®v Hcp

{Iatam {IaoIcWtam C√msX Iq´nbn´ncn°pIbmWv Cu Ifn∏m´ßƒ. Nn{Xw

3.1(b) ¬ ImWn®ncn°p∂Xv Hcp X´nse Hcp Iq´w ]m{XßfmWv. H∂n\v ]pdIn¬

as‰m∂mbn´mWv ]m{Xßƒ h®ncn°p∂Xv. X´n¬ kq£n°mhp∂ ]m{XßfpsS

FÆØn\v Hcp ]cnanXnbp≠v. ÿeaps≠¶n¬ X´n¬ FhnsS thWsa¶nepw

]pXnb ]m{Xw hbv°mhp∂Xpw GXp ]m{Xw thWsa¶nepw XncnsI FSp°mhp

∂XpamWv. kn Un ]mbv°‰nse Hcp Iq´w kn UnIƒ BWv Nn{Xw 3.1(c) ¬

ImWn®ncn°p∂Xv. Cu tiJcØnepw UnkvIpIfpsS FÆØn\v Hcp ]cn[nbp≠v.

Hcp ]pXnb kn.Un. tiJcØns‚ apIfn¬ am{Xta tN¿°m≥ km[yamIpIbp≈q.

AXpt]mse apIfnep≈ kn.Un. sb am{Xsa tiJcØn¬ \n∂pw Hgnhm°phm\pw

km[n°pIbp≈q. ]pdIphiØp IqSn am{Xw ASpØ hy‡n°v (As√¶n¬ ASpØ

Hmt´mdn£°v) hcnbn¬ tNcm≥ Ignbp∂ XcØnep≈ Hcp  hcn BWv Nn{Xw

3.1(d) ¬ kqNn∏n°p∂Xv. hcnbpsS ap≥hiØp IqSn am{Xsa Hcp hy‡n°v

(As√¶n¬ Hmt´mdn£bv°v) hcnbn¬ \n∂v ]pdtØ°p t]mIphm≥

km[n°pIbp≈p. Cu hcnbn¬ hy‡nIfpsS FÆØn\v ]cn[n D≠mIWsa∂n√.

F∂m¬ Nne kmlNcyßfn¬ hcnbpsS hep∏Øn\v ]cn[nbp≠mImw.
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Nn{Xw 3.1 se (b), (c), (d) F∂o Nn{Xßfnse tiJcßfpambn

kmayap≈XmWv Um‰mkv{SIvNdpIfpsS XØzw. ]Xns\m∂mw XcØn¬ \Ωƒ

]Tn® Asdbpambn kmayap≈XmWv Nn{Xw 3.1(b) ¬ ImWn®ncn°p∂ tiJcw.

AXpsIm≠v Asd Hcp Um‰ kv{SIvN¿ BsW∂v \ap°v ]dbmhp∂XmWv. H‰

LSIambn t{]mkkv sNømhp∂ bp‡n]cambn Htct]mse D≈Xpw As√¶n¬

hyXykvXambXpw Bb Um‰sb {]tXyI coXnbn¬ {IaoIcn°m\p≈

am¿KsØbmWv Iºyq´¿ imkv{XØn¬ Um‰ kv{SIvN¿ F∂v ]dbp∂Xv.

D]tbm‡mhn\v hnhn[ XcØnep≈ Um‰sb Iq´ntbmPn∏n°m≥ am{Xa√ Ahsb

H‰ LSIambn IW°m°n {]h¿Øn°m\pw Um‰mkv{SIvN¿ klmbn°p∂p.

3.1.1 Um‰mkv{SIvNdpIfpsS Xcw Xncn°¬ (Classification of data
structures)

{]mYanIamb Um‰mkv{SIvNdpIfmb Asd, kv{SIvN¿ apXembh \ap°v

]cnNnXcmWv.

Um‰bpsS tiJcsØ kqNn∏n°p∂Øn\mbn C++ t{]m{KmapIfn¬ \Ωƒ Ah

D]tbmKn®XpamWv. CØcw {]mYanI Um‰mkv{SIvNdpIsf hnhn[ XcØn¬

Iq´ntbmPn∏n®v k¶o¿Wamb Um‰ kv{SIvNdpIƒ cq]s∏SpØp∂p. Nn{Xw 3.2 ¬

ImWn®ncn°p∂Xv t]mse k¶o¿Wamb Um‰ kv{SIvNdpIsf tcJobambXpw

(Linear) tcJoba√mØXpw (Non-Linear) F∂v ho≠pw XcwXncn®ncn°p∂p. Hcp

Um‰mkv{SIvNdnse Um‰m AwKßƒ A\ph¿Ø\ambn {IaoIcn°s∏SpIbm

sW¶n¬ B Um‰m kv{SIvNdns\ tcJobambXv F∂v ]dbp∂p. tcJobamb

Um‰mkv{SIvNdns‚ AwKßsf {]Xn\n[oIcn°m≥ XpS¿®bmb saΩdn

semt°j\pIƒ D]tbmKn°p∂p. Hcp Um‰mkv{SIvNdnse AwKßƒ saΩdnbn¬

A\ph¿Ø\ {IaØnes√¶n¬ B Um‰mkv{SIvNdns\ Hcp tcJoba√mØ

Um‰mkv{SIvN¿ F∂v ]dbp∂p. CØcw Um‰mkv{SIvNdpIfn¬ {IaØne√msXbp≈

saΩdn semt°j\pIfnemWv Um‰m AwKßƒ kw`cn°s∏SpI. am{Xa√ Ah

D]tbmKn°s∏Sp∂Xv {IaØnembncn°Wsa∂n√. tcJoba√mØ Um‰m

kv{SIvNdpIƒ hfsc k¶o¿WambXn\m¬ D]cn]T\ kabØv Ahsb∏‰n

hniZambn ]Tn°p∂XmWv. tcJobamb Um‰mkv{SIvNdpIfmb Ãm°v (Stack), Iyq

(Queue), en¶vUv enÃv (Linked List) F∂nhsb∏‰n hniZambn Cu ]mT`mKØn¬

AhXcn∏n®ncn°p∂p.

Fig. 3.2: Classification of data structures
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Um‰mkv{SIvNdpIƒ Um‰mbpsS tiJcsØ kqNn∏n°p∂Xn\m¬ Ahbv°v

Iºyq´dns‚ saΩdnbpambn hfsc ASpØ _‘amWp≈Xv. Fs¥∂m¬ Um‰sb

kw`cn°m\p≈ ÿeamWv saΩdn. saΩdn {]mYanItam ZznXobtam BImw. saΩdn

\o°nhbv∏n\\pkcn®v  Um‰mkv{SIvNdpIsf ÿnc (static) Um‰mkv{SIvN¿ F∂pw

Aÿnc (dynamic) Um‰mkv{SIvN¿ F∂pw c≠mbn Xcw  Xncn°mw. ÿnc  Um‰m

kv{SIvNdpIƒ {]mYanI  saΩdnbpambn am{Xw _‘s∏´ncn°p∂p. t{]m{Kmans‚

{]h¿Ø\Øn\p apºmbn Bhiyamb saΩdn \o°nhbv°pIbpw {]h¿Ø\

L´ØnepS\ofw AXn\p am‰whcmsX \nesIm≈pIbpw sNøp∂p. AXmbXv

Um‰mkv{SIvN¿ cq]I¬∏\ sNøptºmƒØs∂ AXns‚ hep∏w  \n¿Wbn°p

∂XpsIm≠v ]n∂oSv AXv am‰m≥ km[n°p∂X√. AsdIƒ D]tbmKn®v cq]I¬∏\

sNbvXncn°p∂Xpw {]mh¿ØnIam°nbncn°p∂Xpw Bb Um‰m kv{SIvNdpIƒ

ÿnc kz`mhap≈hbmbncn°pw. ]s£ Aÿnc Um‰m kv{SIvNdpIƒ°v {]h¿Ø\

L´ØnemWv saΩdn \n¿Wbn°s∏SpI. en¶vUv enÃpIƒ D]tbmKn®v

{]mh¿ØnIam°nbncn°p∂ Um‰mkv{SIvNdpIƒ Aÿncßfmbncn°pw. Aÿnc

Um‰mkv{SIvNdn¬ tiJcØns‚ hep∏w ap≥Iq´n {]kvXmhn®ncn°pIbn√, ]Icw

D]tbm‡mhns‚ C„m\pkcWw {]h¿Ø\ thfbn¬ hfcpIbpw NpcpßpIbpw

sNbvXp sIm≠ncn°pw. Um‰m kw`cWØn\mbn ZznXob saΩdn \Ωƒ D]tbmKn

°ptºmƒ AXv ^bepIfpsS cq]Ønembncn°pw. Um‰ Iq´nt®¿°p∂Xn

\\pkcn®p ̂ bens‚ hep∏w IqSpIbpw Um‰ \o°w sNøp∂Xn\\pkcn®v hep∏w

IpdbpIbpw sNøp∂p. AXn\m¬ ^bepIsfbpw Aÿnc Um‰mkv{SIvNdpIƒ

F∂v ]dbp∂p.

3.1.2 Um‰mkv{SIvNdpIfpsS taep≈ {]h¿Ø\ßƒ
(Operations on data structures)

Um‰mkv{SIvNdpIƒ D]tbmKn®v {]Xn\n[oIcn®ncn°p∂ Um‰ Nne {]h¿Ø\

ßfpsS klmbtØmsSbmWv t{]mkkv sNøs∏Sp∂Xv. hmkvXhØn¬ Nne

{]tXyI {]h¿Ø\ßƒ F{X XhW {]h¿Øn°Ww F∂Xn\\pkcn®mWv

Um‰mkv{SIvN¿ Xncs™Sp°p∂Xv. IS∂p t]mIpI, XncbpI, Dƒs∏SpØpI, \o°w

sNøpI, {Ias∏SpØpI, ebn∏n°pI apXembhbmWv Um‰mkv{SIvNdpIfpsS ta¬

sNømhp∂ {]h¿Ø\ßƒ. Chsb \ap°v ]cnNbs∏Smw.

a. IS-∂p-t]m-IpI (Traversing)
Um‰m kv{SIv®dnse Hmtcm AwKsØbpw kμ¿in°p∂ {]h¿Ø\amWv IS∂p

t]mI¬. BZysØ AwKØn¬ XpSßn Ahkm\sØ AwKw hsc k©mcw

XpScp∂p. kμ¿in® AwKsØ Fßs\ t{]mkkvv sNøWsa∂p≈Xv {]iv\Øns‚

BhiyIXbv°\pkcn®mbncn°pw. Hcp Atdbnep≈ F√m AwKßfpw

Xncns®Sp°p∂Xv IS-∂p-t]m-Ip∂ {]h¿Ø-\-Øn\v Hcp DZmlcWamWv

(]Xns\m∂mw XcØnse Iºyq´¿ kb≥kv ]pkvXIØnse A[ymbw 8 t\m°pI).

b. Xncb¬ (Searching)
Hcp Um‰mkv{SIvNdnse Hcp {]tXyIAwKØns‚ ÿm\w I≠p]nSn°m\p≈

{]{InbsbbmWv Xncb¬ F∂Xv sIm≠pt±in°p∂Xv. Ht∂m AXne[nItam

hyhÿIƒ \ndth‰p∂ F√m AwKßfpsSbpw ÿm\w I≠p]nSn°m\p≈
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{]{Inbsbbpw Xncb¬ F∂p]dbmw. as‰mc¿YØn¬ Xncbse∂m¬ Um‰m

kv{SIvNdn¬ kw`cn®p h®ncn°p∂ hneIƒ Is≠Øn D]tbmKn°pI F∂mWv.

]Xns\m∂mw XcØn¬ Xncben\p≈ c≠pam¿Kßƒ \Ωƒ ]Tn®XmWv.

c. Dƒs∏SpØ¬ (Inserting)
Um‰mkv{SIvNdn¬ Hcp {]tXyI ÿm\tØ°v ]pXnb AwKsØ tN¿°p∂

{]{InbbmWv Dƒs∏SpØ¬ F∂v ]dbp∂Xv. Nne  kmlNcyßfn¬, {]tXyIn®v

Um‰mkv{SIvNdnse Um‰mAwKßƒ {IaØnemsW¶n¬, ]pXnb Um‰

Dƒs∏SptØ≠ ÿm\w BZyw Is≠ØpIbpw AXn\p tijw Um‰m Dƒs∏

SpØpIbpw sNøp∂p.

d. \o°w sNø¬ (Deleting)
Um‰kv{SIvNdn¬ \n∂pw Hcp AwKsØ Hgnhm°p∂ {]{InbsbbmWv \o°w sNø¬

F∂p ]dbp∂Xv. \o°w sNøp∂Xn\mbn Um‰ AwKØns‚ ÿm\tam \o°w

sNtø≠ AwKsØ Xs∂tbm ]cma¿in°Ww.

e. {Ias∏SpØ¬ (Sorting)
__nƒ tkm¿´v, ske£≥ tkm¿´v F∂o c≠p coXnIƒ D]tbmKn®v Hcp Asdsb

{Ias∏SpØp∂Xv \Ωƒ t\csØ ]cnNbs∏´XmWv. AwKßsf Hcp {]tXyI

{IaØn¬ AXmbXv BtcmlW {IaØntem AhtcmlW {IaØntem ASp°n

hbv°p∂ coXnsbbmWv {Ias∏SpØ¬ F∂v ]dbp∂Xv. Um‰mkv{SIvNdnse Um‰m

AwKßsf {Ias∏SpØp∂Xv Xncb¬ thKØnem°m≥ klmbn°p∂p.

f. ebn∏n°¬ (Merging)
{Ias∏SpØnbncn°p∂ c≠p Um‰mkv{SIvNdpIfpsS AwKßsf Iq´ntbmPn∏n®v

]pXnb Hcp Um‰mkv{SIvN¿ cq]oIcn°p∂ {]{Inbsb ebn∏n°¬ F∂v ]dbp∂p.

ebn∏n°ens‚ G‰hpw efnXamb cq]w, AwKßfn√mØ Hcp Um‰mkv{SIvNdnte°p

a‰p c≠p Um‰mkv{SIvNdpIsf Iq´nt®¿°p∂XmWv. Asd D]tbmKn®p

sNøpIbmsW¶n¬  BZyw Hcp Asdbnse AwKßƒ, AwKßfn√mØ aq∂masØ

Asdbnte°v ]I¿ØpIbpw, tijw c≠masØ Asdbnse AwKßƒ aq∂masØ

Asdbnte°v Iq´nt®¿°pIbpw sNøp∂p.

Xncb¬, {Ias∏SpØ¬, ebn∏n°¬ F∂o aq∂v {]h¿Ø\ßfmWv kw`cW

D]IcWßfn¬ \n∂pw Um‰ hos≠Sp°p∂ {]{Inb Ffp∏hpw thKØnepw

Imcy£ahpam°p∂Xv. Asd F∂ Um‰mkv{SIvNdn\p°pdn®pw AXnt∑¬

{]mh¿ØnIam°mhp∂ taev]d™ {]h¿Ø\ßsf ]‰nbpw \Ωƒ ]Xns\m∂mw

XcØn¬ ]Tn®XmWv. am{Xa√ kv{SIvNdpIsfbpw AhbpsS AwKßfpsS taep≈

{]h¿Ø\ßsfbpw Ipdn®v Cu ]pkvXIØns‚ H∂mw A[ymbØn¬ \mw N¿®

sNbvXncp∂p. C\n \ap°v k¶o¿Wamb tcJob Um‰kv{SIvNdpIfmb Ãm°v, Iyq,

en¶vUv enÃv apXembhsb∏‰n N¿® sNømw.
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3.2 Ãm°pIƒ (Stack)
Nn{Xw 3.1(c) Hcn°¬°qSn {i≤n°pI. Xmsg sImSpØncn°p∂ Nn{Xw 3.3 ¬

ImWn®ncn°p∂ tiJchpw t\m°pI. Cu c≠p hn`mKØnepw sImSpØncn°p∂

C\ßfpsS LS\ H∂pXs∂bmWv.

Nn{Xw 3.3: \nXyPohnXØnse Ãm°n\v DZmlcWßƒ

Hcp C\Øns‚ apIfn¬ as‰m∂v tN¿Øn´mWv ChnsS tiJcw cq]oIcn®ncn°p∂Xv.

as‰mcp XcØn¬ ]d™m¬ C\ßƒ G‰hpw apIfnemWv tN¿°p∂Xv. AXpt]mse

G‰hpw Ahkm\w tN¿Ø C\w am{Xta \Ωp°v \o°w sNøm≥ km[n°q. Cu

{IaoIcW XØzsØ emÃv  C≥ ̂ Ãv Hu´v  (LIFO ) F∂v ]dbp∂p. LIFO XØzw

]n¥pScp∂ Um‰ kv{SIvNdns\ ÃmIv F∂p ]dbp∂p. LIFO F∂v ]dbp∂ A‰Øp

\n∂v am{Xw C\ßƒ  Iq´nt®¿°pIbpw \o°wsNøpIbpw sNøp∂ {Ias∏SpØnb

]´nIbmWv CXv.

Ãm°v F∂Xv bp‡n]camb Hcp BibamWv. Ãm°v

\n¿an°m≥ t{]m{KmanMv `mjIfn¬ Hcp {]tXyI kwhn

[m\w C√. Asd D]tbmKn®v \Ωp°v Ãm°v  {]mh¿ØnI

am°mhp∂XmWv. AØcØnep≈ Hcp Ãm°n\v AsdbpsS

F√m KpWßfpw D≠mbncn°p∂XmWv. CXns‚ hep∏w

aptº \n¿Wbn°s∏´ncn°p∂Xn\m¬ CXv ÿncambncn

°p∂XmWv. Asd D]tbmKn®v {]mh¿ØnIam°nbncn°p∂

Hcp Ãm°v BWv Nn{Xw 3.4 ¬ ImWn®ncn°p∂Xv.

]camh[n 10 ]q¿WkwJyIsf CXn¬ Dƒs∏SpØm\mIpw.

Nn{Xw 3.4 {]Imcw \nehn¬ Ãm°n¬ Bdp AwKßƒ

BWp≈Xv. AXpt]mse A©mw ÿm\Øp≈ 56
F∂XmWv Cu Ãm°nse Ahkm\sØ AwKw. Aßs\

sb¶n¬ TOS s‚ aqeyw 5 Bbncn°pw. Ãm°ns‚ Ahkm

\sØ AwKsØ kqNn∏n°p∂Xn\p th≠n Ãm°ns‚

t]cn\v StackName[TOS] F∂ ]Z{]tbmKw D]tbmKn°p∂p. ChnsS STACK[TOS]
F∂Xv 56 Bbncn°pw. Fs¥∂m¬ ÃmIv \n¿an°m≥ \Ωƒ Atd BWv

D]tbmKn®ncn°p∂Xv. Asdbn¬ BZysØ AwKsØ kqNn∏n°m≥ 0 F∂

kqNnIbmWv D]tbmKn°p∂Xv.ChnsS STACK[0] F∂Xv 25 BIp∂p.

Nn{Xw 3.4:
]q¿ÆkwJyIfpsS Ãm°v
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3.2.1 Ãm°v {]mh¿ØnIam°¬ (Implementation of stack)
Asd D]tbmKn®v Ãm°v {]mh¿ØnIam°mw F∂v t\csØ ]cma¿in®ncp∂p.

Aßs\sb¶n¬ Hcp Ãm°v D]tbmKn®v {]Xn\n[oIcn°mhp∂ AwKßfpsS

FÆØn\v ]cn[nbp≠v. am{Xa√ AXv AsdbpsS hep∏Øn\\pkcn®mbncn°pw.

XpS°Øn¬ Ãm°v iq\yamWv F∂Xp kqNn∏n°p∂Xn\mbn, TOS s‚ hne -1

Bbn \¬Ip∂p. AsdbpsS kqNnIbpsS G‰hpw Db¿∂ hne FØp∂Xv hsc,

Ãm°nte°v Hmtcm AwKhpw  Iq´nt®¿°s∏Sptºmƒ TOS s‚ hne H∂p h®v

IqSp∂p. N AwKßfp≈ Top F∂ Asd D]tbmKn®v Ãm°v {]h¿ØnIam°p

IbmsW¶n¬, TOS s‚ hne 0 apX¬ (N-1) hsc amdn hcmw. AXpt]mse Ãm°nse

AwKßsf kqNn∏n°m≥ STACK[0], STACK[1], STACK[2], ..., STACK[N-1] apXemb

]Zßƒ D]tbmKn°p∂p.

3.2.2 Ãm°nse {]h¿Ø\ßƒ (Operations on stack)
Ãm°v Um‰ kv{SIvNdpIƒ Asd D]tbmKn®mWv {]mh¿ØnIam°nbncn

°p∂sX¶nepw Asd°p _m[Iambn´p≈ F√m {]h¿Ø\ßfpw Ãm°n¬ AtX

cq]Øn¬ D]tbmKn°p∂n√. DZmlcWØn\v Asdbn¬ GXp ÿm\Øp

thWsa¶nepw Dƒs∏SpØ¬, \o°w sNø¬ F∂o {]h¿Ø\ßƒ sNømhp

∂XmWv. F∂m¬ Ãm°n¬ apIfn¬ \n∂v am{Xta Cu {]h¿Ø\ßƒ sNøm≥

km[n°q. Ãm°n¬ \n¿hln°p∂ Dƒs∏SpØ¬, \o°w sNø¬ {]h¿Ø\ßsf

bYm{Iaw ]pjv (push) F∂pw t]m∏v (pop) F∂pw ]dbp∂p. Cu {]h¿Ø\ßƒ

Fßs\bmWv sNøp∂Xv F∂v \ap°v t\m°mw.

a. ]pjv {]h¿Ø\w (Push operation)
Ãm°nte°p Hcp ]pXnb AwKsØ Dƒs∏SpØp∂ {]{InbsbbmWv ]pjv

{]h¿Ø\w F∂v ]dbp∂Xv. Ãm°ns‚ \n¿amWw F∂v ]dbp∂Xv ]pjv {]h¿Ø

\Øns‚ Bh¿Øn®p≈ {]tbmKw sIm≠mWv km[yamIp∂Xv.

]pjv {]h¿Ø\w \S∏nem°ptºmgp≈ Ãm°ns‚ ÿnXnbmWv

Nn{Xw 3.5 ¬ ImWn®ncn°p∂Xv. Ãm°v {]mh¿ØnIam°p∂

Xn\mbn Hcp Asd \n¿an®Xmbpw TOS-1 Bbpw \ap°v

A\pam\n°mw. Nn{Xw \nco£n®p {]h¿Ø\w \n¿hln

°m\p≈ \S]Sn{Iaßƒ FgpXpI.
\ap°v sNømw
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Nn{Xw 3.5 XpS¿®bmb ]pjv {]h¿Ø\Øn\v tijap≈ Ãm°ns‚ Ahÿ Ãm°n\v

taep≈ ]pjv {]h¿Ø\Øn\p th≠n Xmsg ]dbp∂ L´ßƒ \n¿hNn°m≥

Ignbp∂pt≠m F∂v ]cntim[n°pI.

L´w 1: Ãm°nte°p Dƒs∏SpØphm\p≈ hne Hcp thcnb_nfnte°p

kzoIcn°pI.

L´w 2: Top s‚ hne H∂v h®v Iq´pI.

L´w 3: TOS s‚ ÿm\sØ hne kw`cn°pI.

Ãm°ns‚ iq\yamb ÿew Ds≠¶n¬ am{Xta ]pXnb AwKßsf Dƒs∏Sp

Øm\p≈ apIfn¬ ]d™ncn°p∂ L´ßfpsS {]h¿Ø\ßƒ km[yamIpIbp≈q.

Nn{Xw 3.5 ¬ ImWn®ncn°p∂ Ãm°n¬ TOS s‚ hne 9 Bbn°gn™m¬ ]pXnb

AwKsØ Dƒs∏SpØm≥ Ignbn√. Ãm°v \ndbpIbpw ]pXnb Hcp AwKsØ

Dƒs∏SpØm≥ \mw {ian°pIbpw sNbvXm¬  DSseSp°p∂ kmlNcysØ (stack
overflow) F∂v ]dbp∂p. Ãm°nse ]pjv {]h¿Ø\Øn\p≈ A¬tKmcnXw

\ap°v t\m°mw.

Ãm°n\v ta¬ ]pjv {]h¿Ø\w sNøm\p≈ A¬tKmcnXw

N ]c-am-h[n hep-∏-ap≈ STACK[N] F∂ Asd ]cn-K-Wn-°p-I. Ãm°ns‚ apIƒ`m-K-

Øns‚ ÿm\w kqNn-∏n-°p-∂-Xn-\mbn TOS F∂ thcn-b-_nfpw D≠v. VAL F∂

thcn-b-_n-fn¬ Um‰ kq£n-®n-cn-°p-∂p. VAL-s\ Ãm°n-te°v tN¿°-Ww. F∂

\n¿tZ-i-Øn\pw Ah-km-\n-∏n-°p∂ \n¿tZ-i-Øn\pw CS-bn-embn ]pjv {]h¿Ø-\-

Øn-\m-h-iy-amb L´-ßƒ \¬In-bn-cn-°p-∂p.

XpS-ßpI

1: AYhm  (TOS < N-1) BsW¶n¬ //Ãm°v iq\yamtWm F∂v ]cntim[n°p∂p

2: TOS = TOS + 1
3: STACK[TOS] = VAL
4: A√ F¶n¬

Nn{Xw 3.5: XpS¿®-bmb ]pjv{]-h¿Ø-\-Øn\v tij-ap≈ Ãm°ns‚ Ahÿ
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5: "Ãm°v Hmh¿ ^vtfm' F∂v {]n≥dv sNøpI

6: ]pdtØ°p t]mIpI

Ahkm\n∏n°pI

a. t]m∏v {]h¿Ø\w (Pop operation)
Hcp Ãm°ns‚ G‰hpw apIfnep≈ AwKsØ \o°w sNøp∂ {]{InbsbbmWv

t]m∏v {]h¿Ø\w F∂v ]dbp∂Xv. Hmtcm t]m∏v {]h¿Ø\Øn\v tijhpw TOS
s‚ hne H∂v h®v Ipdbp∂p.

Hcp Ãm°ns‚ G‰hpw apIfnep≈ AwKsØ \o°w sNøm\p≈

L´ßƒ \n¿hNn°m≥ \ap°v {ian°mw. CXn\mbn Nn{Xw 3.6

X∂ncn°p∂p. Nn{Xw \nco£n®p t]m∏v Hm∏tdj\v th≠nbp≈

L´ßƒ I≠p]nSn®p FgpXpI.\ap°v sNømw

Nn{Xw 3.6: XpS¿®bmb t]m∏v {]h¿Ø\Øn\v tijap≈ Ãm°ns‚ Ahÿ

Ãm°n\p taep≈ t]m∏v {]h¿Ø\Øn\pth≠n Xmsg ]dbp∂ L´ßƒ

\n¿an°m≥ Ignbp∂pt≠m F∂v ]cntim[n°pI

L´w 1: TOS s‚ ÿm\Øp≈ AwKØns‚ hne Hcp thcnb_nfn¬ kw`cn°pI.

L´w 2: TOS s‚ hne H∂v Ipdbv°pI.

Ãm°n¬ AwKßfps≠¶n¬ apIfn¬ ]d™ c≠p L´ßƒ {]h¿Øn°p∂p.

Asd  D]tbmKn®p≈ Ãm°n¬, t]m∏v {]h¿Ø\w \SØptºmƒ bYm¿YØn¬

AwKßsf \o°w sNøp∂n√. adn®v TOS s‚ hne Ipd®psIm≠v AØcw AwKßsf

D]tbmKn°p∂Xn¬ \n∂pw XS s∏SpØp∂p. G‰hpw Ahkm\sØ AwKw \o°w

sNøs∏Sp∂Xphsc Nn{Xw 3.6 ¬ sImSpØncn°p∂ Ãm°n¬ t]m∏v {]h¿Ø\w

sNømhp∂XmWv. G‰hpw Ahkm\sØ AwKw \o°w sNøs∏´p Ign™m¬ TOS

AwKsØ Xncn-s®-Sp-Ø-tijw

TOS 2 Bbn amdp∂p

AwKsØ Xncn-s®-Sp-Ø-tijw

TOS 1 Bbn amdp∂p

AwKsØ Xncn-s®-Sp-Ø-tijw

TOS 0 Bbn amdp∂p
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s‚ hne -1 Bbn amdp∂p. Ct∏mƒ Ãm°v iq\yamWv. Cßs\ iq\yamb Ãm°n¬

\n∂pw Hcp AwKsØ \o°w sNøm≥ {ian°pIbmsW¶n¬ DSseSp°p∂

{]Xnk‘nsb Ãm°v A≠¿ ^vtfm (stack underflow) F∂v ]dbp∂p. C\n

\ap°v Ãm°n\v taep≈ t]m∏v {]h¿Ø\Øns‚ A¬tKmcnXw FgpXn t\m°mw.

Ãm°n\v taep≈ t]m∏v {]h¿Ø\Øn\p≈ A¬tKmcnXw

]camh[n N AwKßsf kw`cn°mhp∂ Hcp Ãm°ns\ {]mh¿ØnIam°m≥ th≠n

STACK[N] F∂ Hcp Asd ]cnKWn°pI. Ãm°nse G‰hpw apIfnse ÿm\Øns‚

hnhcw kq£n°p∂Xn\mbn TOS Fs∂mcp thcnb_nƒ D]tbmKn°p∂p. Ãm°n¬

\n∂pw \o°w sNøp∂ AwKßsf kq£n°p∂Xn\mbn VAL F∂ thcnb_nƒ

D]tbmKn°p∂p. t]m∏v {]h¿Ø\Øn\p≈ \n¿tZißƒ XpSßpI,

Ahkm\n°pI F∂nhbv°nSbn¬ sImSpØncn°p∂p.

XpSßpI

1: AYhm  (TOS > -1) BsW¶n¬ //Ãm°v iq\y-amtWm F∂v ]cn-tim-[n-°p∂p

(A≠¿ ^vtfm)

2: VAL = STACK[TOS]
3: TOS = TOS - 1
4: A√ F¶n¬

5: "ÃmIv A≠¿ ^vtfm' F∂v {]n‚ v sNøpI

6: ]pdtØ°p t]mIpI

Ahkm\n∏n°pI

void push(int stack[],int val)
{

if (tos < n-1)
{

tos++;
stack[tos]=val;

}
else

cout<<“Overflow”;
}

t]m∏v {]h¿Ø\w]pjv {]h¿Ø\w

int pop(int stack[])
{

int val;
if (tos > -1)
{

val=stack[tos];
tos--;

}
else

cout<<“Underflow”;
return val;

}

Ãm°v {]h¿Øßƒ°v th≠nbp≈ C++ ̂ Mvj\pIƒ

tos, n F∂nh t•m_¬ thcnb_nƒ BsW∂v IcpXpI

TOS,  N F∂o thcnb_nfpIƒ t•m_¬ thcnb_nfpIfmbn ]cnKWn®ncn°p∂p.
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3.3 Iyq (Queue)
hcnIƒ \ap°v kp]cnNnXßfmWv. ]e kmlNcyßfnepw \Ωƒ hcnIfpsS

`mKamImdpap≠v. Nn{Xw 3.7 ¬ t]mfnMv kvt‰j\nse hcnbmWv kqNn∏n®ncn°p∂Xv.

ChnsS hcnbpsS apºnep≈ BZysØ thm´¿ thm´v sNøp∂p. ]pXnb hy‡n

hcnbn¬ tNcptºmƒ G‰hpw ]pdInembn´mWv h∂p \n¬°pI. Cu DZmlcWØn¬

\n∂pw hy‡amIp∂Xv, BZyw hcnbn¬ \n¬°p∂ hy‡nbmWv hcnbn¬ \n∂pw

BZyw ]pdØp t]mIpI. Cu XcØn¬ Hcp Iq´w C\ßsf {IaoIcn°p∂Xns\

^Ãv C≥ ^Ãv Hu´v (FIFO) XØzw F∂v ]dbp∂p. AXn\m¬ FIFO XØzØns‚

ASnÿm\Øn¬ {]h¿Øn°p∂ Um‰ kv{SIvNdns\ Iyq (Queue) F∂v hnfn°p∂p.

Nn{XØn¬ I≠Xp t]mse Hcp Iyqhn\p c≠v A‰ßƒ D≠v-: ap≥`mKhpw (Front)
]n≥`mKhpw (Rear). Iyqhn¬ ]pXnb Um‰ AwKßsf Dƒs∏SpØp∂Xv ]n≥`mKØpw

\o°w sNøp∂Xv ap≥`mKØpw Bbncn°pw. Ãm°n¬ ]d™Xv t]mse Iyqhpw

Hcp bp‡n]camb Bi

bw am{XamWv. Hcp Asd

D]tbmK n® mW vI y q

{]mh¿ØnIam°p∂

sX¶n¬ AØcØnep

≈ Iyq (Ãm‰n-Iv)  kz`mh

ap≈Xmbncn°pw.

3.3.1 Iyqhns\
{]h¿ØnIam°¬

(Implementation of Queue)
Hcp Asd D]tbmKn®v Iyq {]mtbmKnIam°pIbmsW¶n¬, AXn¬ Dƒ

sIm≈n°mhp∂ AwKßƒ°v Hcp ]cn[nbp≠v. Queue[10] F∂ Asd D]tbmKn®v

Ãm°ns‚ D]tbmKw

Ãm°pIƒ LIFO XØzsØ ]n¥pScp∂Xn\m¬ kv{Snßns\ Xncns®gpXphm\pw,

t]mfnjv kv{SnMv \n¿an°m\pw a‰pw D]tbmKn°p∂p. kv{Snßns\ Xncns®gpXpI

F∂v ]d™m¬ X∂ncn°p∂ kv{Snßnse A£cßsf Ahkm\tØXn¬

\n∂pw BZytØXnte°v F∂ {IaØn¬ Hcp kv{SnMv cq]s∏SpØpI F∂mWv. DZmlcWØn\v

"SAD" F∂ kv{Snßns\ Xncns®gpXpIbmsW¶n¬ "DAS" F∂v e`n°p∂p. t]mfnjv kv{SnMv

F∂m¬ Hm∏d‚pIƒ°p aptºm tijtam Hm∏td‰dpIƒ hcp∂ XcØnep≈ Hcp KWnX

{]tbmKssienbmWv. DZmlcWØn\v A+B F∂Xv AB+ Ft∂m +AB Ft∂m B°n

am‰mhp∂XmWv. A+B F∂Xns\ C≥^nIvkv (infix) {]tbmKssien F∂v ]dbp∂p. AB+, +AB
F∂nh bYm{Iaw t]mÃv^nIvkv (postfix) F∂pw {]o^nIvkv (prefix) {]tbmKssien F∂pw

Adnbs∏Sp∂p. Ch ALU hns‚ {]h¿Ø\Øn\v BhiyamWv. C≥^nIvkns\ a‰p c≠p

cq]Ønte°v hnh¿Ø\w sNøm≥ ]pjv, t]m∏v {]h¿Ø\ßfmWv Iºyq´¿ D]tbmKn°p∂Xv.

am{Xa√ Cu {]tbmKssienIsf hnebncpØm\pw ALU Ãm°pIsf B{ibn°p∂p.

Nn{Xw 3.7: t]mfnMv kvt‰j\nse hcn
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\S∏nem°nbncn°p∂ Hcp Iyq BWv Nn{Xw 3.8 ¬ ImWp∂Xv. CXn\v ]camh[n

10 AwKßsf am{Xta Dƒs°m≈m\mIq. Cu Nn{XØn¬ {]Imcw 0 apX¬ 4
hsc ÿm\ßfnembn A©v AwKßfmWv Iyqhnep≈Xv. AXmbXv QUEUE 0 hpw

Rear 4 Dw Bbncn°pw. Iyqhnse BZysØ AwKsØ QUEUE[Front] F∂pw

Ahkm\sØ AwKsØ QUEUE[Rear] F∂pw kqNn∏n°mhp∂XmWv.

Nn{Xw 3.8: Asd D]tbmKn®v {]h¿ØnIam°nb Iyq

AsdbpsS Ahkm\ kqNnIbmb 9 BWv Iyqhn\v A\phZ\obambn´p≈ G‰hpw

Db¿∂ hne. XpS°Øn¬ ap≥`mKØns‚bpw (Rear) ]n≥`mKØns‚bpw (Front)
hne --1 Bbncn°pw. CXv Iyq iq\yamsW∂Xns\ kqNn∏n°p∂p. Iyq hnte°p

BZysØ AwKsØ Dƒs∏SpØptºmƒ Cu c≠p hneIfpw 0 Bbn amdp∂p.

XpS¿∂v Hmtcm ]pXnb AwKsØ Dƒs∏SpØptºmgpw Rear s‚ hne H∂v h®p

IqSp∂p. G‰hpw Db¿∂ kqNnI (ChnsS 9) FØp∂Xv hsc CXv XpS¿∂v

t]mImhp∂XmWv. AXv t]mse Hmtcm AwKsØ \o°w sNøptºmgpw Front s‚

hne H∂ph®v IqSp∂XmWv. Front s‚ hne Rear s\°mƒ IqSpXemIp∂Xp hsc

CXv XpScmhp∂XmWv.

3.3.2 Iyqhnse {]h¿Ø\ßƒ (Operations on queue)
Ãm°nteXp t]mse Iyqhnepw Dƒs∏SpØ¬, \o°w sNø¬ {]h¿Ø\ßƒ°p

Nne \nb{¥Wßfp≠v. Hcp km[mcW Asdbn¬ Dƒs∏SpØ¬, \o°w sNø¬

F∂o {]h¿Ø\ßƒ GXp ÿm\Øp thWsa¶nepw sNømhp∂XmWv. F∂m¬

Hcp Ãm°n¬ CXv G‰hpw apIfn¬ \n∂v am{Xambncn°pw. AXpt]mse Iyqhn¬

Dƒs∏SpØ¬, \o°w sNø¬ {]h¿Ø\ßƒ c≠v A‰Øp am{Xambncn°pw

\S°pI.

a. Dƒs∏SpØ¬ {]h¿Ø\w (Insertion operation)
Iyqhns‚ ]n≥`mKØp ]pXnb AwKsØ Iq´nt®¿°p∂ {]{InbsbbmWv

Dƒs∏SpØ¬ F∂v ]dbp∂Xv. ASpØ saΩdn ÿm\sØ kqNn∏n°m≥ Rear s‚

hne BZyw Iq´pIbpw ]n∂oSv  B ÿm\Øp AwKsØ Dƒs∏SpØpIbpw sNøp∂p.

Dƒs∏SpØ¬ {]h¿Ø\w XpS¿®bmbn sNøptºmgmWv Hcp Iyq cq]s∏Sp∂Xv.

Dƒs∏SpØ¬ {]h¿Ø\Øn\v hnt[bamIp∂ Hcp Iyqhns‚

Ahÿ Nn{Xw 3.9 ¬ ImWn®ncn°p∂p.

CXn\mbn Hcp Asd \n¿Ωn°pIbpw, Front, Rear F∂nhbv°v --1
F∂ hne \¬IpIbpw sNøp∂p Nn{Xw \nco£n®p {]h¿Ø\w

sNøphm\p≈ \S]Sn{Iaw FgpXpI.

\ap°v sNømw
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Dƒs∏SpØ¬ {]h¿Ø\Øn\v th≠n Xmsg ]dbp∂ L´ßƒ \n¿hNn°phm≥

Ignbptam F∂v ]cntim[n°pI.

L´w 1: Iyqhnte°p Dƒs∏SpØphm\p≈ hne Hcp thcnb_nfnte°p

kzoIcn°pI

L´w 2: Rear s‚ hne H∂v Iq´pI.

L´w 3: Rear s‚ ÿm\Øv hne kw`cn°pI.

Nn{Xw 3.9: XpS¿®bmb Dƒs∏SpØ¬ {]h¿Ø\w \SØnbXn\v tijap≈ Iyphns‚ Ahÿ

iq\y-amb Iyq

BZy AwKsØ

Dƒs∏-Sp-Øp∂p

c≠m-asØ AwKsØ

Dƒs∏-Sp-Øp∂p

aq∂m-asØ AwKsØ

Dƒs∏-Sp-Øp∂p
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iq\yamb Hcp Iyqhnte°p BZyambn Dƒs∏SpØ¬ {]h¿Ø\w sNøptºmƒ

Front, Rear F∂nhbpsS hne H∂ph®p Iq´p∂p. AXmbXv Rear Dw Front Dw 0
Bbn amdp∂p. AXn\p tijw hcp∂ Dƒs∏SpØepIƒs°√mw Rear am{Xw Iq´p∂p.

Rear 9 BIp∂Xp hsc (Asd bpsS Ahkm\sØ kqNnI) CXv XpScp∂XmWv.

AXn\p tijw ho≠pw Dƒs∏SpØm≥ {]h¿Ø\w sNøphm≥ {ian°pIbmsW¶n¬

Ãm°nteXp t]mse "Iyq Hmh¿ ̂ vtfm" (queue overflow) kw`hn°p∂p. Iyqhn¬

Dƒs∏SpØ¬ {]h¿Ø\w \SØphm\p≈ A¬tKmcnXw \ap°v FgpXn t\m°mw.

Iyqhn¬ Dƒs∏SpØ¬ {]h¿Ø\w sNøphm\p≈ A¬tKmcnXw

Iyq \S∏nem°p∂Xn\v th≠n, N hep∏ap≈ QUEUE[N] F∂ Hcp Atd

]cnKWn°pI. Iyqhns‚ ap≥`mKsØbpw ]n≥`mKsØbpw kqNn∏n°p∂Xn\mbn

FRONT, REAR F∂o c≠p thcnb_nfpIƒ D]tbmKn°p∂p. Iyqhnte°p

Dƒs∏SpØm\p≈ Um‰ VAL F∂ thcnb_nfn¬ kw`cn®p hbv°p∂p. XpSßpI,

Ahkm\n∏n°pI F∂o \n¿tZißƒ°nSbn¬ sImSpØncn°p∂ L´ßƒ

Dƒs∏SpØ¬ {]h¿Ø\sØ hniZoIcn°p∂p.

XpSßpI

1: AYhm  (REAR == -1) BsW¶n¬ //ÿeØns‚ e`yX ]cntim[n°p∂p

2: FRONT = REAR = 0 "Iyq Hmh¿ ^vtfm' {]n≥dv sNøpI

3: Q[REAR] = VAL ]pdtØ°p t]mIpI

4: As√¶n¬ AYhm (REAR < N-1) BsW¶n¬ // ÿe-Øns‚ e`yX ]cn -

tim-[n-°p-∂p.

5: REAR = REAR + 1
6: Q[REAR] = VAL
7: As√¶n¬

8: Print "Queue Overflow "
9: ]pd-tØ°p t]mIpI

Ahkm\n∏n°pI

b. \o°w sNø¬ {]h¿Ø\w (Deletion operation)
Iyq hns‚ ap≥`mKØp \n∂pw AwKsØ Hgnhm°p∂ {]{InbsbbmWv \o°w

sNø¬ F∂v ]dbp∂Xv. \o°w sNøen\v tijw Front s‚ hne H∂ph®p Iq´p∂p.

Asd D]tbmKn®p≈ Iyqhn¬ \o°w sNø¬ {]h¿Ø\w \SØptºmƒ

bYm¿YØn¬ AwKßsf \o°w sNøp∂n√. adn®v Front s‚ hne Iq´ns°m≠v

AØcw AwKßsf D]tbmKn°p∂Xn¬ \n∂pw XS s∏SpØp∂p.

Asd D]tbmKn®v \S∏nem°nbncn°p∂ Hcp Iyq ]cnKWn°pI.

Nn{Xw 3.10 ¬ \o°w sNø¬ {]h¿Ø\Øn\v hnt[bamIp∂ Iyq

hns‚ AhÿIƒ ImWn®ncn°p∂p. Cu {]h¿Ø\Øn\p≈ hnhn[

L´ßƒ \n¿hNn°m≥ \ap°v {ian°mw.\ap°v sNømw
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\o°w sNø¬ {]h¿Ø\Øn\v Xmsg ]dbp∂ L´ßƒ \ap°v \n¿hNn°mw.

Step 1: Front s‚ ÿm\Øp≈ AwKsØ Hcp thcnb_nfnte°p kzoIcn°pI.
Step 2: Front s‚ hne H∂v Iq´pI.

Nn{Xw 3.10 {]Imcw Iyqhns‚ ap≥`mKtØ°v AwKßfpsS ÿm\am‰w \S°p∂n√.

AXmbXv \nXyPohnXØnset∏mseb√ ChnSsØ Iyqhns‚ k¶¬∏w. Iyq Um‰

kv{SIvNdn¬ \o°w sNø¬ {]h¿ØØn¬ AwKßfpsS ÿm\am‰w \SØp∂Xn\v

]Icw Front s‚ hne Iq´pIbmWv sNøp∂Xv. Iyqhn¬ AwKßƒ ≈nStØmfw

Imew \o°w sNø¬ {]h¿Ø\Øn\v ta¬\n¿hNn® c≠p L´ßƒ

aXnbmIp∂XmWv. c≠masØ AwKØns‚ \o°w sNøen\v tijap≈ Iyqhns‚

Ahÿ t\m°pI. Front s‚bpw Rear s‚bpw hne Htc AwKsØ kqNn∏n°p∂p.

AXmbXv c≠v F∂ AsdbpsS kqNnI. Iyqhn¬ Hcp \o°w sNø¬ {]h¿Ø\w

IqSn \SØp∂Xmbn A\pam\n°pI. \S]Sn {Iaw {]Imcw Front s‚ hne 3 Bbn

amdp∂p. CXv Rear s‚ hnetb°mƒ IqSpXemWv. \ap°dnbmw Hcp Iyqhn¬ AXv

DNnXa√. am{Xa√ Iyq Ct∏mƒ iq\yamsW∂p \ap°v ImWmhp∂XmWv. Iyq

iq\yambm¬ Front s‚bpw Rear s‚bpw hne--1 BIWsa∂v t\csØ

]cma¿in®XmWv. At∏mƒ Ahkm\sØ AwKsØ \o°w sNbvXm¬ Front s‚bpw

Rear s‚bpw hne --1 B°m\p≈ L´w IqSn A¬tKmcnXØn¬ Dƒs∏SptØ

≠XmWv. Cu Ahÿbn¬ ho≠pw \o°w sNø¬ A\phZ\oba√. iq\yamb Iyq

hn¬ \n∂pw \o°w sNøm≥ {ian°ptºmfp≠mIp∂ Ahÿsb "Iyq A≠¿ v̂tfm'

(queue underflow) F∂v ]dbp∂p. C\n \ap°v Iyqhn¬ \n∂pw \o°w

sNø¬ {]h¿Ø\w \SØm\p≈ A¬tKmcnXw Xbmdm°mw.

Nn{Xw 3.10: XpS¿®bmb \o°w sNø¬ {]h¿Ø\w \SØnbXn\v tijap≈ Iyphns‚ Ahÿ

BZy AwKsØ

Xncn-s®-SpØp

c≠m-asØ AwKsØ

Xncn-s®-SpØp

Xncn-s®-SpØ AwKw
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Hcp Iyqhn¬ \n∂v \o°w sNø¬ {]h¿Ø\w \SØm\p≈ A¬tKmcnXw

Iyq \S∏nem°m≥ th≠n ]camh[n N AwKßfp≈ QUEUE[N] F∂ Hcp Asd

]cnKWn°pI. FRONT, REAR F∂o thcnb_nfpIƒ Iyqhns‚ ap≥`mKsØbpw

]n≥`mKsØbpw kqNn∏n°m≥ D]tbmKn°p∂p. Iyqhn¬ \n∂pw \o°w sNøp∂

AwKsØ kw`cn°p∂Xn\mbn VAL F∂ thcnb_nƒ D]tbmKn°p∂p. \o°w

sNø¬ {]h¿Ø\Øn\p≈ L´ßƒ XpSßpI, Ahkm\n∏n°pI F∂o

\n¿tZißƒ°nSbn¬ \¬Inbncn°p∂p.

XpSßpI

1: AYhm (FRONT > -1) BsW¶n¬ // iq\y-amb Ahÿ ]cn-tim-[n-°p∂p

2: VAL = Q[FRONT]
3: FRONT = FRONT + 1
4: As√-¶n¬

5: "Iyq Hmh¿ ^vtfm' F∂p {]n≥dv sNøpI

6: ]pdtØ°p t]mIpI

7: AYhm (FRONT > REAR) BsW¶n¬ // Ahkm\sØ AwKØns‚ \o°w

sNø¬ ]cntim[n°p∂p

8: FRONT = REAR = -1
9: ]pdtØ°p t]mIpI

Ahkm\n∏n°pI

void ins_q(int queue[],int val)
{

if (rear == -1)
{

front=0;
rear=0;
q[rear]=val;

{
else (if rear < n-1)
{

rear++;
q[rear]=val;

}
else

cout<<"Overflow";
}

Iyqhn¬ \o°w sNø¬ {]h¿Ø\wIyq hn¬ Dƒs∏SpØ¬ {]h¿Ø\w

int del_q(int queue[])
{

int val;
if (front > -1)
{

val=q[front];
front++;

}
else

cout<<"Underflow";
if (front > rear)
{

front= -1;
rear= -1

}
return val;

}

Iyp {]h¿Øßƒ°v th≠nbp≈ C++ ̂ Mvj\pIƒ

n, front, rear F∂nh t•m_¬ thcnb_nƒ BsW∂v IcpXpI
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3.3.3 hrØmIrXn Iyq (Circular queue)
\Ωƒ CXphsc N¿®

sNbvX Iyqhns\ tcJo

b Iyq F∂mWv ]dbp

I. CXnse AwKßƒ

Hcp t\¿tcJbmbn´v

As√¶n¬ Hcp t\¿hcn

bmbn´mWv ImWs∏

SpI. CØcw IyqIfpsS

c≠‰ßƒ XΩn¬ Hcn

°epw Iq´nap´pIbn√.

tcJob Iyqhn¬ Hcp \yp\Xbp≠v. Nn{Xw 3.11
¬ sImSpØncn°p∂, 6 AwKßsf \o°w sNø¬

{]h¿Ø\ßƒ°p hnt[bamb Iyq ]cnKWn

°pI. \nehn¬ AXn¬ aq∂v AwKßƒ am{X

tabp≈p. kzm`mhnIambn´pw Front s‚ hne 6 Dw

Rear s‚ hne 8 Dw Bbncn°pw.

BZysØ 6 ÿm\ßƒ iq\yamsW¶nepw

Dƒs∏SpØ¬ A¬tKmcnXw {]Imcw \ap°v Hcp

AwKsØ am{Xta Iq´nt®¿°m≥ Ignbq.

Ahkm\sØ ÿm\Øv Hcp AwKw am{Xta

D≈p F∂v IcpXpI. Aßs\sb¶n¬ ]pXnb

Xmbn Hcp AwKsØ Iq´nt®¿°phm≥

{ian°pIbmsW¶n¬ "Iyq Hmh¿ ̂ vtfm' (Queue
Overflow) kw`hn°p∂p. tcJob Iyqhns‚ Cu

]cnanXn hrØmIrXn Iyq D]tbmKn®v

]cnlcn°mhp∂XmWv. Nn{Xw 3.12 ¬ ImWn®n

cn°p∂Xv t]mse c≠‰ßfpw Iq´n ap´p∂ Hcp

Iyq BWnXv.

Nn{Xw 3.13 ¬ c≠v AwKßsf \o°wsNø¬

{]h¿Ø\ßƒ \SØn F∂v A\pam\n°pI. At∏mƒ Front s‚ hne 2 Dw Nn{Xw

3.13(a) ¬ ImWn®ncn°p∂Xv t]mse 4 iq\yamb ÿm\ßfpw ÿeßfpw

Iyqhns‚  D]tbmKw

Iyq A[nIhpw Iºyq´¿ kb≥kn¬ tPm_v Bkq{XWw sNøphm≥ th≠nbmWv

D]tbmKn°p∂Xv. saΩdn, t{]mk ¿, ^bepIƒ apXembh Bkq{XWw

sNøp∂Xn\mWv Hm∏td‰nwKv knÃw Iyq D]tbmKn°p∂Xv. CXn\v Hcp

DZmlcWamWv {]n≥dv Iyq. t{]msk dns\ At]£n®p {]n‚dn\v thKX IpdhmbXn\m¬

{]n≥dv sNøphm\p≈ tPmenIsf√mw {]n≥dv _^dn¬ \nt£]n°p∂p. {]n‚ v _^¿ FIFO
XØzw ]n¥pScp∂Xn\m¬ AXns\ Hcp Iyq Bbn IW°m°mw.

Nn{Xw 3.12: hrØmIrXn Iyq

Nn{Xw 3.13: \o°w sNø¬ {]h¿Ø\Øn\v
tijap≈ hrØmIrXn Iyp

Nn{Xw 3.11: XpS¿®bmb 6 AwKßsf \o°w sNbvXXn\p tijw 3
AwKßfp≈ Iyp
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\ap°v e`n°p∂p. Cu ÿm\ßfpsS kqNnIIfpsS hne bYm{Iaw 6, 7, 0, 1
F∂nßs\bmbncn°pw. \Ωƒ ho≠pw c≠v AwKßsf Iq´nt®¿°pIbmsW¶n¬

Rear s‚ hne 7 Bbn amdp∂p. Nn{Xw 3.13(b) ¬ ImWn®ncn°p∂Xv t]mse 0,1
F∂o kqNnIIfpsS ÿm\w Ct∏mgpw iq\yambn´mWp≈Xv. AXn\m¬ ho≠pw

Dƒs∏SpØ¬ {]h¿Ø\w ChnsS  \n¿hln°mhp∂XmWv. CØhW Rear s‚

hne 0 Bbn \n›bn°pIbqw AXn\p tijw Dƒs∏SpØm≥ {]h¿Ø\w

\n¿hln°pIbpw sNømhp∂XmWv. Iyqhns‚ Cu Ahÿsb Nn{Xw 3.13(c)
¬ ImWn®ncn°p∂p.

Nn{Xw 3.13(c): Rear \v AXns‚ Xmgv∂ hneNn{Xw 3.13 (b): Rear \v AXns‚ Db¿∂ hne

\ap°v hne-bn-cpØmw

1 .Um‰m kv{SIvN¿ F∂mse¥v?

2. Um‰ {IaoIcWØn\mbn Ãm°n¬ D]tbmKn°p∂ XØzw

__________ BIp∂p.

3 .FIFO F∂ XØzw D]tbmKs∏SpØp∂ Um‰mkv{SIvNdns‚

t]scgpXpI.

4 .Asdbnse A≠¿^vtfm (underflow) F∂mse¥v?

5. Ãm°ns‚ GXv AwKamWv \o°w sNøm≥ km[n°pI

(BZytØXv As√¶n¬ Ahkm\tØXv)?

3.4 en¶vUv enÃv (Linked list)
AwKßfpsS FÆØn\v ]cnanXnbn√mØ Um‰ AwKßfpsS tiJcsØbmWv

en¶vUv enÃv F∂v ]dbp∂Xv. AsdIƒ D]tbmKn®v {]mh¿ØnIam°p∂

bp‡n]camb Bibßƒ am{XamWv Ign™ ̀ mKßfn¬ hniZoIcn® Ãm°v, Iyq

apXemb Um‰mkv{SIvNdpIƒ. AXn\m¬ Ch (Ãm‰n-Iv) Um‰mkv{SIvNdpIfmWv.

F∂m¬ en¶vUv enÃv Hcp (ssU\m-an-Iv) Um‰mkv{SIvN¿ BWv. ]pXnb Um‰

C\ßƒ Iq´nt®¿°ptºmƒ CXv hfcpIbpw \o°w sNøptºmƒ NpcpßpIbpw

sNøp∂p. en¶vUv enÃn\v apgph≥ AwKßƒ°pw Bhiyamb saΩdn BZyta
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A\phZn°pIbn√. enÃnte°v Hcp ]pXnb AwKsØ Dƒs∏SpØp∂Xn\v sXm´p

apºmWv B AwKØn\v Bhiyamb saΩdn A\phZn°p∂Xv. AXpsIm≠mWv

CXns\ (ssU\m-an-Iv) Um‰m kv{SIvNdpIfmbn IcpXp∂Xv. Asd A[njvTnX Um‰m

kv{SIvNdpIfpambn en¶vUv enÃn\p≈ as‰mcp hyXymkw en¶vUv enÃnse AwKßƒ

saΩdnbn¬ ]e `mKØmbn´mWv kw`cn°s∏Sp∂Xv. F∂m¬ Ah t]mbn‚dp

IfpsS klmbtØmsS ]ckv]cw _‘n∏n®ncn°p∂p. \Ωƒ A[ymbw H∂n¬

]Tn®Xv {]Imcw t]mbn‚¿ F∂m¬ saΩdn ÿm\ßfpsS A{Ukv kw`cn®p

h®ncn°p∂ thcnb_nfmWv. At∏mƒ HcpImcyw hy‡amWv en¶vUv enÃnse

Hcp AwKØn\v Um‰bpw A{U pw D≠mbncn°pw. en¶vUv enÃnse Hcp AwKsØ

t\mUv (Node) F∂v hnfn°p∂p. t\mUn¬ ASßnbncn°p∂ A{U ns\ en¶v

(Link) F∂v ]dbp∂p.

Hcp Um‰bpw en¶pw (enÃnse ASpØ t\mUnte°p≈ t]mbn‚¿) ASßnb

t\mUpIfpsS tiJcamWv en¶vUv enÃv. AXmbXv enÃnse BZysØ t\mUn¬

BZysØ Um‰ AwKhpw c≠masØ t\mUns‚ A{U pw ASßnbncn°p∂p.

c≠masØ t\mUn¬ c≠masØ Um‰ AwKhpw aq∂masØ t\mUns‚ A{U pw

ASßnbncn°p∂p. C{]Imcw enÃv XpScp∂p. Ahkm\sØ t\mUn¬

Ahkm\sØ Um‰bpw Hcp \ƒ t]mbn‚dpw (Null Pointer) ASßnbncn°p∂p.

FhnsSbpw t]mbn≥dv sNømØ t]mbn‚dmWv Null Pointer. Aßs\sb¶n¬

BZysØ t\mUns‚ A{Ukv FhnsSbmWp≠mIpI? BZysØ t\mUns‚ A{U v

ASßnb Hcp {]tXyI t]mbn‚¿ F√m en¶vUv enÃnepw D≠mbncn°pw. CXns\

Ãm¿ v́ (Start) As√¶n¬ slU¿ (Header) F∂p ]dbp∂p. A©v AwKßƒ ASßnb

Hcp en¶vUv enÃns\ Nn{Xw 3.14 ¬ {]Z¿in∏n®ncn°p∂p.

Nn{Xw 3.14: t\mUpIfp≈ en¶vUv enÃv

Um‰bmbn Hcp kwJybpw t]mbn‚¿ Bbn ASpØ t\mUnte°p

Nq≠n°mWn°p∂ en¶pw ASßnb t\mUpIƒ BWv Nn{XØn¬

ImWn®ncn°p∂Xv. F√m t\mUpIfpsSbpw hep∏w kaambncn°pw. AXmbXv

Hmtcm t\mUn\p th≠nbpw am‰n hbv°p∂ saΩdn kaambncn°pw.

3.4.1 en¶vUv enÃv {]mh¿ØnIam°¬ (Implementation of linked
list)

Hmtcm t\mUn\pw saΩdn A\phZn°p∂ t\mUpIfpsS tiJcamWv en¶vUv enÃv

F∂v \Ωƒ t\csØ I≠p Ign™p. t\mUn\p th≠nbp≈ saΩdnbn¬ G‰hpw

Ipd™Xv c≠p XcØn¬s∏´ Um‰mbmWv ASßnbncn°p∂Xv, AXn¬ H∂v

AwKØns‚ bYm¿Y Um‰bpw c≠matØXv ASpØ t\mUnte°p≈ t]mbn‚dpw
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Bbncn°pw. hnhn[ XcØn¬s∏´ Um‰Iƒ ASßnb D]tbm‡r \n¿hNnXamb

Um‰ ssS∏v BWv kv{SIvN¿ F∂Xv \mw A[ymbw H∂n¬ I≠XmWv. kv{SIvNdnse

AwKw Hcp t]mbn‚¿ BImw F∂v am{Xa√ AtX kv{SIvNdnte°p kqNn∏n°p∂

t]mbn‚dpamImw. AØcw kv{SIvNdpIsf kzbw kqNnXkv{SIvNdpIƒ (Self
Referential Sructure) F∂v ]dbp∂p. AXmbXv kzbw kqNnX kv{SIvNdpIfpsS

klmbtØmsSbmWv en¶vUv enÃpIƒ \n¿Ωn°p∂Xv. Xmsg ]dbp∂ kzbw

kqNnXkv{SIvN¿ D]tbmKn®v Nn{Xw 3.14 ¬ ImWn®ncn°p∂ en¶vUv enÃns‚

t\mUpIƒ cq]I¬∏\ sNbvXncn°p∂p.

struct Node
{

int data;
Node *link;

};

kv{SIvNdns‚ t]cv Node BsW∂pw kv{SIvNdnse c≠masØ AwKw AtX

kv{SIvNdns‚ XcØnep≈ Hcp t]mbn‚¿ BsW∂pw \ap°v ImWmw. Xmsg

]dbp∂ {]kvXmh\ D]tbmKn®v BZysØ t\mUns\ kqNn∏n°p∂ Start F∂

{]tXyI t]mbn‚¿ \n¿an°mhp∂XmWv.

struct Node * Start; o r Node *Start;

Nn{Xw 3.15 ¬ kv{SnßpIfpsS

Hcp en¶vUv enÃv BWv ImWn

®ncn°p∂Xv. CXnse t\mUpI

fpsS Um‰mkv{SnßpIƒ D]

tbmKn®pw en¶pIƒ a‰p t\mUp

IfpsS A{Ukv D]tbmKn®pw

\nd®ncn°pw. {i≤nt°≠

Imcyw ChnsS A{U pIƒ

F∂Xv A\pam\n®ncn°p∂

Nne kwJyIƒ BWv. Cu

t\mUpIsf Xmsg ]dbp∂

kv{SIvN¿ D]tbmKn®v {]Xn

\n[oIcn°mhp∂XmWv.

struct Node

{

char data[10];

Node *link;

};

Nn{Xw 3.15: en¶vUv enÃv {]mh¿ØnIam°¬
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{]h¿Ø\ kabØv BZysØ t\mUn\v 1000 F∂ A{U p≈ saΩdn ÿm\w

\o°nhbv°p∂Xmbn A\pam\n°pI. AXn\m¬ Start t]mbn‚dns‚ hne 1000

Bbncn°pw. H∂masØ t\mUns‚ Um‰ `mKØp "Sonu" F∂ kv{SnMv

kw`cn®ncn°p∂p. c≠masØ t\mUn\v 1200 F∂ saΩdn A{Ukv BWv

\¬Inbncn°p∂Xv. AXns‚ Um‰m`mKØp "Nived" F∂ hne kw`cn®ncn°p∂p.

c≠masØ t\mUv BbXn\m¬ BZysØ t\mUns‚ en¶v `mKØv Cu t\mUns‚

A{Ukv kw`cn®ncn°p∂p. Nn{XØn¬ ImWn®ncn°p∂Xv t]mse Ahkm\sØ

t\mUn¬ en¶ns‚ ÿm\Øv NULL t]mbn≥‰¿ Bbncn°pw D≠mbncn°pI.

3.4.2 en¶vUv enÃnse {]h¿Ø\ßƒ (Operations on linked list)
`mKw 3.1.2 ¬ {]Xn]mZn®ncn°p∂ F√m {]h¿Ø\ßfpw D]m[nIfn√msX en¶vUv

enÃn¬ sNøphm≥ km[n°p∂XmWv. ]t£ \n¿amWw, IS-∂p-t]m-I¬,

Dƒs∏SpØ¬, \o°w sNø¬ F∂o {]h¿Ø\ßsf∏‰n am{Xta \Ωƒ ChnsS

N¿® sNøp∂p≈q. D]cn]T\ kabØp _m°n {]h¿Ø\ßsf∏‰n \nßƒ

]Tn°p∂XmWv.

a. en¶vUv enÃns‚ \n¿amWw (Creation of linked list)

XpS°Øn¬ \ap°v kzbw kqNIambn Hcp kv{SIvN¿ \n¿hNnt°≠Xp≠v. Start
As√¶n¬ Header F∂ Hcp t]mbn‚¿ thcnb_nfns\ \n¿hNn®v \ƒ (NULL)
F∂ hne \¬Ip∂p. C\n BhiyIXb\pkcn®v t\mUpIƒ°p≈ saΩdn

Aÿncambn \o°nh®psIm≠v en¶vUv enÃv \n¿an°mw.

en¶vUv enÃv \n¿amW kabsØ AhÿbmWv Nn{Xw 3.16 ¬
ImWn®ncn°p∂Xv. Node F∂ t]cp≈ Hcp kzbw kqNnX kv{SIvN¿

\n¿an®Xmbpw Start F∂ NULL XcØn¬s∏´ t]mbn‚dn\p Node
F∂ hne \¬InbXmbpw \ap°v A\pam\n°mw. C\n Xmsg ]dbp∂

Nn{Xßƒ \nco£n®v en¶vUv enÃv \n¿amWØn\mhiyamb

\S]Sn{Iaw Xbmdm°pI.

\ap°v sNømw
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Xmsg ]dbp∂ L´ßƒ hnIkn∏n°phm≥ km[n°ptam F∂v ]cntim[n°pI.

L´w 1: Hcp t\mUv \n¿an®v AXns‚ saΩdn A{Ukv e`yam°pI.

L´w 2: Um‰bpw NULL F∂ hnebpw t\mUn¬ kw`cn°pI.

L´w 3: AXv BZysØ t\mUv BsW¶n¬ AXns‚ A{Ukv node ¬ kw`cn°pI.

L´w 4: AXv BZysØ t\mUv As√¶n¬ AXns‚ A{Ukv sXm´p apºsØ

t\mUns‚ en¶n¬ kw`cn°pI.

L´w 5: D]tbm‡mhns‚ Bhiym\pkcWw L´w 1 apX¬ 4 hsc

Bh¿Øn°pI.

bYm¿YØn¬ en¶vUv enÃns‚ \n¿amWw F∂Xv en¶vUv enÃns‚ Ahkm\

`mKØv Bh¿Øn®p \SØp∂ Dƒs∏SpØ¬ {]h¿Ø\w BWv. c≠masØ t\mUv

apX¬ Dƒs∏SpØ¬ {]h¿Ø\w sNøWsa¶n¬ \nehnep≈ enÃnse

Ahkm\sØ AwKØns‚ A{Ukv e`n°p∂Xn\mhiyamb IS-∂p-t]mI¬

{]h¿Ø\w \SØWw. AXn\m¬ IS-∂p-t]mI¬ {]h¿Ø\sØ∏‰n \ap°v

hniZambn N¿® sNømw.

Nn{Xw 3.16: en¶vUv enÃv  \n¿amWØns‚ XpS¿®bmb {]h¿Ø\ßƒ

BZy-t\mUv \n¿an-

°p-∂p. Um‰bv°pw

en¶n\pw \¬Ip-∂p.

H∂m-asØ t\mUns‚

A{Ukv Ãm¿´n¬ kw`-

cn°p∂p

en¶vUv enÃv iq\yw

c≠m-asØ t\mUv \n¿an-

°p-∂p. Um‰bv°pw

en¶n\pw hne \¬Ip-∂p.

c≠m-asØ t\mUns‚ A{Ukv H∂m-asØ

t\mUns‚ en¶n¬ kw`-cn-°p-∂p.

aq∂m-asØ t\mUv \n¿Ωn-°p-∂p.

Um‰bv°pw en¶n\pw hne \¬Ip-∂p.

H∂m-asØ t\mUns‚ A{Ukv c≠m-asØ

t\mUns‚ en¶n¬ kw`-cn-°p-∂p.
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b. en¶vUv enÃn¬ IS∂pt]mI¬ {]h¿Ø\w (Traversing a linked list)
\ap°dnbmw Hcp Um‰ kv{SIvNdn¬ IS∂pt]mI¬ F∂m¬ AXnep≈ F√m

AwKßsfbpw kμ¿in°emWv. en¶vUv enÃpIfpsS ImcyØn¬ bm{X sNø¬

Bcw`n°p∂Xv BZysØ t\mUv apXemWv. BZysØ t\mUns‚ A{Ukv arrow
F∂ t]mbn≥‰dn¬ \n∂pw e`n°p∂p. CXp]tbmKn®v Btcm ( ->) Hm∏td‰dns‚

klmbtØmsS \ap°v Um‰ `mKsØ e`yam°mw. tijw c≠masØ t\mUns‚

A{Ukv ASßnb BZysØ t\mUns‚ en¶v `mKsØ D]tbmKs∏SpØp∂p. Cu

A{Ukv D]tbmKn®v c≠masØ t\mUnse Um‰bpw en¶pw e`yam°p∂p. t\mUns‚

en¶n¬ NULL e`n°p∂Xv hsc Cu {]{Inb XpScp∂p.

Nn{Xw 3.17 ¬ \¬Inbncn°p∂ en¶vUv enÃv \nco£n®v bm{X

sNø¬ {]h¿Ø\Øn\v th≠ L´ßƒ \ap°v \n¿hNn°mw. Node
XcØn¬s∏´ Hcp t]mbn‚¿ BWv TEMP F∂pw VAL F∂Xv

t\mUn¬ \n∂pap≈ Um‰ kw`cn°m\mhiyamb Hcp thcnb_nƒ

BsW∂pw IcpXpI.
\ap°v sNømw

aq∂v t\mUp-I-fp≈ Hcp en¶vUv enÃv

Start s‚ D≈-S°w Temp ¬ kw`-cn-°p-∂p. Ct∏mƒ Temp \v

H∂m-asØ t\mUns\ {]Xn-\n-[o-I-cn-°mw.

Temp D]-tbm-Kn®v H∂m-asØ t\mUnse Um‰m

Xncn-s®-Sp-°p-∂p. c≠m-asØ t\mUns‚ A{U v

D]-tbm-Kn®v Temp s\ ]pXp-°p-∂p.

Temp D]-tbm-Kn®v c≠m-asØ

t\mUnse Um‰ Xncn-s®-Sp-°p-∂p.

aq∂m-asØ t\mUns‚ A{Ukv D]-

tbm-Kn®v Temp s\ ]pXp-°p-∂p.
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Xmsg ]dbp∂ L´ßƒ \nßƒ°v \n¿hNn°m≥ Ignbp∂pt≠m F∂v

]cntim[n°pI.

L´w 1: BZysØ t\mUns‚ A{Ukv Start ¬ \n∂pw Temp te°v kw`cn°pI.
L´w 2: Temp se A{Ukv D]tbmKn®v BZysØ t\mUns‚ Um‰ Val en¬

kw`cn°pI.
L´w 3: Cu t\mUns‚ en¶v `mKsØ A{Ukv (AXmbXv ASpØ t\mUns‚

A{Ukv) Temp te°v kzoIcn°pI.

L´w 4: Temp se A{Ukv NULL As√¶n¬ L´w 2 te°v t]mIpI As√¶n¬

Ahkm\n∏n°pI.

Start s‚ hne NULL A√mØ kmlNcyØn¬ Hcp en¶vUv enÃns\ \n¿an°m≥

ta¬∏d™ L´ßƒ D]tbmKn°p∂p. CØcw kmlNcyØn¬ Ahkm\sØ

t\mUns‚ A{Ukv I≠p]nSnt°≠Xp≠v. F¥ns\∂m¬ ]pXnb t\mUns‚

A{Ukv AXns‚ en¶v `mKØmWv kw`cnt°≠Xv. Start ¬ \n∂pw BZysØ

t\mUns‚ A{Ukv kzoIcn®psIm≠mWv bm{XsNø¬ {]h¿Ø\w Bcw`n

°p∂Xv. Cu A{Ukv Xm¬°menI t]mbn‚¿ thcnb_nfnte°v ]I¿ØpIbpw

(Nn{XØn¬ Temp) ]n∂oSv Temp Nq≠p∂ t\mUnse en¶v `mKØp≈ A{Ukv

]I¿ØnsbSpØp. Xm¬°menI t]mbn≥‰¿ thcnb_nƒ ]pXp°s∏SpIbpw

sNøp∂p. Temp Nq≠p∂ t\mUns‚ en¶v `mKØp \ƒ hne e`n°p∂Xv hsc Cu

kμ¿i\w XpS¿∂v sImt≠bncn°p∂p.

c. en¶vUv enÃnse Dƒs∏SpØ¬ {]h¿Ø\w (Insertion in a linked
list)

en¶vUv enÃn¬ Hcp AwKsØ Dƒs∏SpØ¬ F∂m¬ B AwKw Dƒs∏Sp∂

t\mUns\ \n›nXÿm\Øp ÿm]n°p∂ {]{InbbmWv. AsdbnteXp t]mse

Nn{Xw 3.17: en¶vUv enÃnse IS∂p t]mI¬ {]h¿Ø\w

Bcw`Øn¬ aq∂v t\mUpIfp≈ Hcp en¶vUv enÃns‚ aq∂mw
ÿm\tØ°p t\mUns\ Dƒs∏SpØm\p≈ {]h¿Ø\ßfmWv Nn{Xw
3.18 ¬ ImWn®ncn°p∂Xv. Nn{Xw \nco£n®p en¶vUv enÃnte°v Hcp
t\mUns\ Dƒs∏SpØm\p≈ {]h¿Ø\Øns‚ L´ßƒ \ap°v
\n¿hNn°mw. Node XcØn¬s∏´ t]mbn‚dpIfmWv Temp, PreNode,
PostNode F∂nh F∂pw POS t\mUns\ Dƒs∏SptØ≠ ÿm\w
kw`cn®ncn°p∂ thcnb_nƒ BsW∂pw \ap°v A\pam\n°mw.

\ap°v sNømw

Temp D]-tbm-Kn®v aq∂m-asØ t\mUnse Um‰ Xncn-

s®-Sp-°p-∂p. aq∂m-asØ t\mUns‚ en¶v ̀ mKsØ

A{Ukv D]-tbm-Kn®v Temp ]pXp-°p-∂p. AXv \ƒ

Bb-Xn-\m¬ IS-∂p-t]m-I¬ Ah-km-\n-°p∂p
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Nn{Xw 3.18: en¶vUv enÃnse Dƒs∏SpØ¬ {]h¿Ø\w

aq∂v t\mUp≈ Hcp en¶vUv enÃv

]pXnb t\mUns‚ Um‰m

`mK-Øn\pw en¶v ̀ mKØn\pw

hne \¬Ip∂p

]pXnb t\mUv \n¿an®v A{Ukv

Temp ¬ kw`-cn-°p∂p

c≠m-asØ t\mUns‚ A{Ukv

PreNode ¬ kw`-cn-°p-∂p.

aq∂m-asØ t\mUns‚ A{Ukv

PostNode epw

Temp ¬ D≈ ]pXnb

t\mUns‚ A{Ukv c≠m-

asØ t\mUns‚ en¶v

`mKØv kw`-cn-°p-∂p.

PreNode ¬ D≈ \mem-asØ

t\mUns‚ A{Ukv ]pXnb t\mUns‚

en¶v `mKØpw kw`-cn-°p-∂p.

aq∂m-asØ ÿm\Øv ]pXnb t\mUv Dƒs°m-≈n® tijw D≈ Ahÿ
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en¶vUv enÃn¬ t\mUns\ FhnsS thWsa¶nepw Dƒs∏SpØmhp∂XmWv.

XpS°Øntem, Ahkm\Øntem As√¶n¬ c≠p t\mUpIƒ°nSbntem BImw.

Dƒs∏SpØ¬ {]h¿Ø\Øn\v Xmsg ]dbp∂ L´ßƒ \n¿hNn°mw:

L´w 1: t\mUv \n¿an®v AXns‚ A{Ukv Temp ¬ kw`cn°p∂p.

L´w 2: Temp D]tbmKn®v Cu t\mUns‚ Um‰m`mKhpw en¶v ̀ mKhpw kw`cn°pI.

L´w 3: bm{X sNø¬ {]h¿Ø\Øns‚ klmbtØmsS (POS-1), (POS+1) F∂o

ÿm\ßfnep≈ t\mUpIfpsS A{Ukv bYm{Iaw PreNode, PostNode
F∂o t]mbn‚dpIfnte°p kzoIcn°pI.

L´w 4: Temp (POS-1) ÿm\Øp≈ t\mUv) s‚ link `mKØnte°p PreNode
(]pXnb t\mUv) s‚ A{Ukv kw`cn°pI.

L´w 5: Temp (]pXnb t\mUv) s‚ link `mKØnte°p PostNode (POS+1)

ÿm\Øp≈ t\mUv) s‚ A{Ukv kw`cn°pI.

d. en¶vUv enÃn¬ \n∂pw \o°w sNø¬ (Deletion from a linked list)
en¶vUv enÃnep≈ Hcp AwKsØ \o°w sNø¬ F∂m¬ enÃn¬ \n∂pw

Hcp t\mUns\ Hgnhm°p∂ {]{InbbmWv. \o°w sNøm\p≈ t\mUns‚ ÿm\w

\¬Inbn´p≠mbncn°pw. AXn\p ]Icw Um‰bmWv \¬Inbncn°p∂sX¶n¬, B

Um‰ ASßnb t\mUv Xnc™p I≠p]nSn°pIbpw AXns‚ ÿm\w

Is≠tØ≠XpamWv. AXn\p tijw \o°w sNø¬ {]h¿Ø\Øn\p≈

\S]Sn{Iaßƒ \S∏nemt°≠XmWv. enÃnse GXp t\mUns\bpw \o°w

sNøp∂Xn\v km[yamWv. H∂masØ t\mUmWv \o°w sNtø≠sX¶n¬

H∂masØ t\mUnse link se A{Ukv START te°v kw`cn°Ww. AXpt]mse

Ahkm\sØ t\mUmWv \o°w sNtø≠sX¶n¬ Ahkm\tØXns‚ sXm´p

apºp≈ t\mUnse link s‚ hne NULL Bbn kw`cn°Ww. Hcp {]tXyI

ÿm\Øp≈ t\mUns\ \o°w sNøp∂Xn\v Bhiyamb \S]Sn{Iaßƒ \ap°v

N¿® sNømw.

XpS°Øn¬ \mev t\mUpIfp≈ en¶vUv enÃn¬ \n∂pw aq∂masØ

t\mUns\ \o°w sNøm\p≈ \S]SnIfmWv Nn{Xw 3.19 ¬

{]Xn]mZn®ncn°p∂Xv. Nn{Xw \nco£n®v en¶vUv enÃn¬ \n∂pw
Hcp t\mUns\ \o°w sNøm\p≈ {]h¿Ø\Øns‚ L´ßƒ \ap°v

\n¿hNn°mw. Node XcØn¬s∏´ t]mbn‚dpIfmWv PreNode,
PostNode F∂nh F∂pw POS t\mUns\ \o°w sNtø≠ ÿm\w

kw`cn®ncn°p∂ thcnb_nƒ BsW∂pw \ap°v A\pam\n°mw.

\ap°v sNømw
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\o°w sNø¬ {]h¿Ø\sØ \n¿hNn°m≥ Xmsg ]dbp∂ \S]SnIƒ \nßsf

klmbn°p∂p.

L´w 1: IS-∂p-t]mI¬ {]h¿Ø\Øns‚ klmbtØmsS (POS-1), (POS+1) F∂o

ÿm\ßfnep≈ t\mUpIfpsS A{Ukv bYm{Iaw PreNode, PostNode
F∂o t]mbn‚dpIfnte°p kzoIcn°pI.

L´w 2: PostNode ((POS+1) ÿm\Øp≈ t\mUv) s‚ link ̀ mKØnte°p PreNode
((POS-1) ÿm\Øp≈ t\mUns‚  A{Ukv kw`cn°pI.

L´w 3: POS ÿm\Øp≈ t\mUns\ saΩdnbn¬ \n∂pw Hgnhm°pI.

Nn{Xw 3.19 ¬ kqNn∏n®ncn°p∂ BZysØ c≠p L´ßƒ ]men®v aq∂masØ

t\mUns\ c≠matØXn¬ \n∂pw th¿s∏SpØnbmepw, aq∂masØ t\mUv

Nn{Xw 3.19: en¶vUv enÃnse \o°w sNø¬ {]h¿Ø\w

\mev t\mUp-Iƒ D≈ en¶vUv enÃv

c≠m-asØ t\mUns‚

A{Ukv PreNode˛epw \mem-

asØ t\mUns‚ A{Ukv

PostNode -˛epw kw`-cn-°p-∂p.

PostNode ¬ e`y-amb \mem-asØ t\mUns‚

A{Ukv c≠m-asØ t\mUns‚ en¶v ̀ mKØv kw`-cn-

°p-∂p. aq∂m-asØ t\mUv enÃn¬ \n∂v \o°w

sNøs-∏-Sp∂p.

aq∂m-asØ t\mUv \o°w sNbvX tijw D≈ en¶vUv enÃv
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\mematØXnte°p Nq≠ns°m≠v saΩdnbn¬Øs∂ Ahtijn°p∂p. AXn\m¬

t{]m{KmanMv ̀ mjIfnse saΩdn kzmX{¥am°¬ kwhn[m\ßƒ D]tbmKs∏SpØn

B t\mUns\ \o°w sNtø≠XmWv. AXpt]mse en¶vUv enÃpIfn¬

{]h¿Ø\ßƒ \SØptºmƒ {]h¿Ø\Øn\v tijw TEMP, PreNode, PostNode
apXemb Xm¬°menI t]mbn‚dpIfpw kzX{¥am°s∏tS≠hbmWv.

Ãm°pw Iyq hpw en¶vUv enÃpIƒ D]tbmKn®pw \n¿an°mhp∂XmWv. Ahsb

ssU\m-anIv ÃmIv ssU\m-anIv Iyq F∂v hnfn°p∂p. ASpØ t\mUnte°p

am{Xw Nq≠p∂XmIbm¬ \Ωƒ N¿® sNbvX en¶vUv enÃpIsf knwKnfnen¶vUv

enÃv F∂v hnfn°p∂p. F∂m¬ ASpØ t\mUnte°pw sXm´p apºp≈

t\mUnte°pw Nq≠p∂ U_nfn en¶vUv enÃpw D≠v. kzbw kqNnXkv{SIvNdn¬ c≠p

t]mbn‚dpIƒ D]tbmKn®mWv CXv km[yam°p∂Xv. {So (TREE) t]mep≈ k¶o¿Wamb Um‰

kv{SIvNdpIƒ  U_nfn en¶vUv enÃpIƒ D]tbmKn®mWv \n¿Ωn°p∂Xv.

]ptcmKXn CXphsc

1 .ssU\m-anIv Um‰mkv{SIvNdn\v Hcp DZmlcWw ]dbpI.

2. en¶vUv enÃv F∂mse¥v?

3. Hcp en¶vUv enÃns‚ t\mUn¬  _____ Dw  _____ Dw

ASßnbncn°pw.
4. Hcp en¶vUv enÃnse t\mUns\ \n¿hNn°m≥ D]tbmKn°p∂

t{]m{KmanMv `mjbnse kwhn[m\w GXmWv?

5. Hcp en¶vUv enÃn¬ Start As√¶n¬ Header s‚ D≈S°w

F¥mbncn°pw?

\ap°v kw{Kln°mw

Um‰mkv{SIvNdpIƒ F∂ BibsØbpw AhbpsS ta¬ \S∏nem°mhp∂

{]h¿Ø\ßsfbpw \Ωƒ ]cnNbs∏´p. GXp XcØnep≈ Um‰sbbpw

{]Xn\n[oIcn°m≥ A\ptbmPyamb hyXykvXßfmb Um‰mkv{SIvNdpIfp≠v.

Chbn¬ D]tbmKn°p∂ {]h¿Ø\ßfpw AwKßsf KWßfm°m≥

D]tbmKn°p∂ XØzØn\\pkcn®p hyXymks∏´ncn°pw. Nne Um‰m

kv{SIvNdpIƒ bp‡n]camb Bibßƒ am{XamsW¶nepw AhbpsS

\S∏nem°ens\°pdn®pw \Ωƒ N¿® sNbvXp. Asdbpw en¶vUv enÃpw XΩnep≈

hyXymkßsf∏‰nbpw N¿®bn¬ ]cma¿in®ncp∂p. Iºyq´¿ kb≥kns‚

D]cn]T\Øn\p Cu A[ymbØn¬ ]d™ Bibßƒ hfsc th≠s∏´hbmWv.
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 \ap°v ]cntim[n°mw

1 . Xmsg ]dbp∂ {]kvXmh\Iƒ hmbn°pI:
( i ) H‰ LSIambn t{]mkkv sNøs∏Sp∂ Um‰bpsS tiJcw.

( i i ) Asd D]tbmKn®mWv F√m Um‰mkv{SIvNdpIfpw {]mh¿ØnIam°n

bncn°p∂Xv.

( i i i ) Ãm°v, Iyq F∂nh bp‡nklamb Bibßfpw Asd, en¶vUv

enÃv F∂nh D]tbmKn®v {]mh¿ØnIam°nbhbpamWv.

( i v ) Ãm‰nIv Um‰mkv{SIvNdpIfpsS ImcyØn¬ Hmh¿^vtfm kw`hn

°p∂p.

apIfn¬ sImSpØncn°p∂ {]kvXmh\Ifn¬ GXmWv icnbmbn´p≈Xv? G‰hpw

DNnXambXv Xncs™Sp°pI.

a. {]kvXmh\Iƒ (i), (iii) am{Xw b. {]kvXmh\Iƒ (i), (ii), (iii) am{Xw

c. {]kvXmh\Iƒ (i), (iii), (iv) am{Xw d. {]kvXmh\Iƒ (i), (ii), (iv) am{Xw

2 . Um‰mkv{SIvNdpIƒ Ãm‰nt°m ssU\mant°m Bhmw.

a. Ãm‰nIv Um‰mkv{SIvNdpIƒ°p c≠p DZmlcWw \¬IpI.

b. Ãm‰nIv Um‰mkv{SIvNdpIƒ Hmh¿ ^vtfm kmlNcyw t\cntS≠n hcmw.

F¥psIm≠v?

c. en¶vUv  enÃv Hcp ssU\manIv Um‰mkv{SIvN¿ BWv. Cu {]kvXmh\sb

\ymboIcn°pI.

3. Ãm°nte°p Hcp AwKsØ Dƒs∏SpØm\p≈ A¬tKmcnXw FgpXpI.

4. ]pjv, t]m∏v {]h¿Ø\ßƒ F∂mse¥v?

5. Ãm°n¬ \n∂v Hcp AwKsØ \o°w sNøm\p≈ A¬tKmcnXw FgpXpI.

6 . tcJobIyqhn¬ Dƒs∏SpØ¬, \o°wsNø¬ {]h¿Ø\ßƒ {]mh¿Øn

Iam°m\p≈ A¬tKmcnXw FgpXpI.

7 . tcJobIyqhns‚ ]cnanXnIƒ hrØmIrXn Iyq Fßs\ adnIS°p∂p.

8 . Um‰mkv{SIvNdpIfn¬ \S∏m°mhp∂ Nne {]h¿Ø\ßƒ Xmsg ]dbp∂p

i. Dƒs∏SpØ¬ ii. \o°wsNø¬ iii.Xncb¬ iv.{Ias∏SpØ¬

a .Chbn¬ GXp {]h¿Ø\Øn\mWv A≠¿ ^vtfm kmlNcyw t\cntS≠n

hcnI.

b. Cu kmlNcyw DNnXamb Um‰mkv{SIvNdns‚ ]›mØeØn¬

hnhcn°pI.
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9 . tNcpw]Sn tN¿°pI

A B C
a. Asd i.   Ãm¿´ v 1 . hyXykvX ̀ mKßfn¬ Dƒs∏SpØepw

\o°w sNøepw kw`hn°p∂p.

b. Ãm°v ii.  kqNnI 2 . Htc `mKØp Xs∂ Dƒs∏SpØepw

\o°w sNøepw kw`hn°p∂p

c. Iyq iii. dnb¿ 3 . kzbw kqNnX kv{SIvNdpIƒ D]tbm

Ks∏SpØp∂p

d. en¶vUv enÃv iv. tSm∏v 4 . AwKØns‚ ÿm\w D]tbmKn

®n´mWv AXns\ BIvkkv sNøp∂Xv

1 0 .Asd tI{μoIrX Um‰mkv{SIvNdpIfptSXp t]mse en¶vUv enÃpIƒ°v  Hmh¿

^vtfm kmlNcyw t\cntS≠n hcmØXv F¥psIms≠∂p hniZoIcn°pI.


