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METAMNTYXIAKH AIATPIBH ANEZANAPOZ FEQPTIOY

MepiAnyn

O1 ouvdedepeéveg AioTeg eival Baoikeg dopeg dedopevwy otn C. H yvwon Toug gival
anapaitTnTn OTouG NPOYPAMKATIOTEG TNG YAWooaAg auTnc. H epyaaia auTn €Enyei TIg
BAGIKEC ApXEC TWV OUVIEDEPEVWY AIOTWYV, NapadeTovTag Pia BiBAIoBNAKN
ouvapTnoswv o YAwooa C. O1 cuvOedepEveG AiOTEC €ival DUVANIKEG DOUEC
0edOHEVWY, UE UEYEDOC NOU Pnopei va au&ousiwBei kaTd Tov XpOVOo EKTEAEONG. =€
pia ouvdedepévn AioTa Ta aTtoixeia (o1 kduBol) ynopouv va BpiockovTal o€
anopakpuopeveg B€oeic. O1 ouvdedepeveg AioTeG npoTidwvTal 0Tav de yvwpiloupe To
MEyEBOC TwV dedopevwy nou Ba anobnkeutoUv. MNa napadsiyua, o€ eva cuoTnua
dlaxeipionc unaAAnAwyv, O ynopoUv va xpnoigonoin@ouv nivakes, kKadwg auToi
€xouv oTaBepd PEyeDOG, evw PNopei va npoaTeBei onoloadnnoTe aplBuog
unaAAAAwWV. € NEPINTWOEIC 0AV AUTH, 0l OUVOEDEPEVEG AioTEG unopoUv va
xpnoigonoinBouv kKabwc n XwpnTIKOTNTA Toug Ynopei va auéndei () va peiwbei) kaTa
TOV XPOVO EKTEAEONG. TNV APXITEKTOVIKN TWV CUVOEDEUEVWY AIOTWV BaagioTnkav
aAyopiBpol 6nwg n owpdg Tou Fibonacci. O aAyopiBuocg nepieixe OAEC TIC BATIKEG
AEITOUPYIEC TwV OUVIEDEPUEVWY AOTWV ONWG TNV avalnTnon, eicaywyr , avaliTnon
eAaxioTou K.a. O1 aAyopiBuol nou avanTuxOnkav Pe Baon Tn oipd apiOPwV Kai TIG
AEITOUPYIEC TWV OUVIEDEPEVWY AIOTWV Bprkav XpnoigoTnTa o€ d1APopouUC TOUEIC TNG
NANPOMOPIKNG KAl TOU NpoypapuaTiohou.

Abstract

Linked list is one of the fundamental data structures in C. Knowledge of linked lists
is must for C programmers. This work explains the fundamentals of linked lists with
a library of C functions. Linked lists are a data structure which you may want to
use in real programs. The strengths and weaknesses of linked lists give an
appreciation of the some of the time, space, and code issues which are useful to
thinking about any data structures in general. Linked list is a dynamic data
structure whose length can be increased or decreased at run time. In a linked list
the elements (or nodes) may be kept at any location. Linked lists are preferred
mostly when you don’t know the volume of data to be stored. Linked lists are
among the simplest and most common data structures. They can be used to
implement several other common abstract data types, including lists (the abstract
data type), stacks, queues, associative arrays, and S-expressions, though it is not
uncommon to implement the other data structures directly without using a list as
the basis of implementation .For example, in an employee management system,
one cannot use arrays as they are of fixed length while any number of new
employees can join. In scenarios like these, linked lists are used as their capacity
can be increased (or decreased) at run time.

Eicaywyn

O1 ouvdedepeveg AioTec avanTuxOnkav To 1955 ano Toug Allen Newell, Cliff Shaw kai
Herbert A. Simon oto RAND Corporation w¢ kUpia doun dedopévwy yid Tn YAwood
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METAMTYXIAKH AIATPIBH AAEZANAPOS FEQPTIOY
enegepyaoniag Twv nAnpo@opiwv Touc. To IPL xpnoigonoinénke yia Tnv avanTtuén
APKETWV MPOYPAUHNATWY NPOWPNC TEXVATAG vonuooUvnG, cuunepIAaUBavouevng TNG
Aoyikng Mnxavng @swpiag, Tou Mevikou EniAuong MNpoBAnuaTtwy O1 Newell kai Simon
avayvwpiornkav Je 1o BpaBeio ACM Turing To 1975 €neidn "€xouv Kavel Baoikeg
OUVEIOQOPEC OTN TEXVNTN vonuoaouvn, TAV WYuxoAoyia TNG avBpwnivng yvwong Kal
TnV ene€epyaonia Twv KaTaAoywv". To npoBANUaA TNC KNXAVIKNG HETAPPAONC YIa TV
ene€epyaoia QpuOIKNG YAwooag dnuioUpynoe avaykeg Je anoTeAeopa oto IvoTiTouTo
TexvoAoyiac Tng MaoaxouoéTtng (MIT) va xpnoigonoinBei ouvdedeUeveG AoTEG WG
OOHEC OedONEVWY OTN YAWOOA npoypauuaTiogou Tou COMIT yia Tnv €peuva oTov
Todéa TNG YAwoooAoyiag.

H LISP ATav unguBuvn yia Tov ene€epyaoTtn AloTwv. Mia ano TIG
onUavTIKOTEPECG doueC dedopévwy TNG LISP sival o ouvdedepuévn AioTa.

H xpnoipdtnTa Kal Twv dU0 ouVOEdEPEVWY KAaTAAOYWV KAl TWV YAWOOWV NMou
XPNOIJonoloUV auTEC TIC SOUEG WG NPWTAPXIKN EKNPOCWNNGN TWV JEJOUEVWV TOUG
(PAvVNKe KaBWC apkKeTA ASITOUPYIKA CUCTAKATA NOU avanTuxbnkav ano Toug
Technical Systems Consultants (apxika Tng West Lafayette Indiana, kai apyoTtepa
Chapel Hill, Bopeia KapoAiva) xpnoiponoinoav anAd cuvdedepevoug KaTtaAdyoug wg
OOWEG apxeiwv. Mia KaTaxwpnaon KaTaAOyou EMNECHUAVE TOV NPWTO TOMEA EVOC
apxeiou kai evronioTnkav d1adoxikd TUAPATA TOU ApXEioU, HETAPEPOVTAG TOUG
OEIKTEG. ZUCTAKATA Nou XpnaolgonoloUV auTr TNV TEXVIKA cupnepiAduBavav Flex (yia
Tov ene€epyaoTn Motorola 6800 CPU), mini-Flex (idia CPU) kai Flex9 (yia Tnv CPU
Motorola 6809). Mia napaAAayr nou avantuxOnke ano Tnv TSC kal KUKAOPOpNOE
oTnVv ayopd ano Tnv Smoke Signal Broadcasting otnv KaAipopvia, Xpnoigonoinoe
OINAG ouvOedePEVEG AioTEG PE Tov id1o Tpono.

To AsiToupyikd cguornua TSS / 360, nou avanTtuxOnke ano Tnv IBM yia Tig
unxaveg System 360/370, xpnoigonoinoe pia Aiota dINA®V CUVOEOUWY Yid TOV
KaTaAoyo ouoTNUATWV apxeiwv Touc. H doun kataAdyou fTav napopola pe 1o Unix,
onou é&vacg kataAoyog Ba pnopoUaoe va nepiexel apxeia kar dAAoug kaTtaAdyoug Kai va
enekTabei og onolodrnoTe BaBoG.

Eicaywyn oTig Zuvdedepéveg NioTeg

>TIG AioTeg To KUPIO XApaAKTNPIOTIKO €ival 0TI ol kOuBoI Toug ouvnBw BpiokovTal og
AanoPaKpPUOKEVEG BETEIC WVNHNG Kal N oUVOEaT Toug YiveTal he OeikTec. O dgikTNG
(pointer) eivar évac 131aiTEpoC TUNOC MOU NPOCPEPETAl And TIC NEPICOOTEPEG
oUYXPOVEC YAWOTEG NpoypaupaTiouou. O deikTng dev AauBavel apiOUNTIKEG TIUEG
ONWG AKEPAIEG, NPAYMATIKEG K.d., aAAd Ol TIYEG TOU
Aedopéva | Asiking gival dleubuvaelig aTnv KUpPIA PVAKN Kal

Aourn kéuPBovu Aiotag 1




METAMTYXIAKH AIATPIBH AAEZANAPOZ FEQPIIOY
XpNoIKonolsiTal akpIB®C yia Tn ouvdson Twv d1lapoOpwV GTOIXEIWV HIag dOPNG, Nou
€ival anoBnKeUPEVA O PN GUVEXOUEVEG BETEIC UVAMNG. ZUVABWG 0 OEikTNG €ival eva
nedio kGBe kOPBOU TNG douNC, ONWC paiveral oto oxnua. To nedio Asdopéva ynopei
va NepPIEXEl Wia 1) NEPICOOTEPEG AAPAPIOUNTIKEG I ApIBUNTIKEG NANPOPOPIEC. =TO
oxnMa napouaoialeral pia AioTa e TECOEPIC KOPPBOUG, ONOU 01 JEIKTEG EXOUV TN

Hop@n BEAOUC, NPOKEINEVOU va PpaiveTdl 0 KOPBOC MOU NApAnEPNOUV.

®
Y
®
Y
®
Y

Mia AioTa pe TEooEpIg KOUBOUG

struct node
{

int data;

struct node *next;
};

Me Tnv ouvdedepévn avanapaortaon (linked representation), Ta oToixegia TNG
AioTac anobnkevovTal o€ Pn d1adoxIKEG BEoeIg oTn Pviun Tou H/Y. Twpa, n
METABaon ano To £€va OTOIXEIO OTO ENOPEVO, NPAYUATOMNOIEITAlI HE TN XPRON EVOC
ouvdeoapou (link) peTa&l Twv oToIxXEiwWV. Ta «aToIXEia» HIag ouvoedepEVNG AioTag
anokaAoUvTal kouBol (nodes). 'Evag kOuBog anoTeAsital and dUo Tunuara. To
aploTepPO TUAKA NEPIEXEI TV NANpo@opia (TIUR) Tou KOUBOU Kal GUVIOTA TO OTOIXEIO
TOU KONBoU. To 016 TUNKa nepiExel Tn dielBuvaon TG (Np®WTNG) B€0NC PVANNG TOU
endpevou KoPBou, gival dnAadn évag deikTng oTov €NOPEVO KOWBO TNG AioTag. Mia
AioTa pe kOPBoOUG TETOIAG doMNC ovoudadleTal anAd cuvdepévn AioTta (one-way or
singly linked list). Ynapxouv kai dAAoi TUnol ouvdedeuevng AioTag, nou
napouaoiadovTal OoTn OUVEXEID.

AmmoOnkeuon TnNG AioTtag oTn pvnEn

H uAonoinon piag anAda ouvdedepévng AioTacg pnopei va yivel kata duo Tponoug. O
€vag TPOnocg ival ye Tn xpron mvakwyv. O Tpdnog autog XpnoidonoleiTal yia Tnv
uAonoinon ouvOedePEVWY AIOTOV OTIGC NAAJIOTEPEC YAWOOEC UWPNnNAoU ninédou, ONwg
n FORTRAN, n BASIC kai n COBOL, nou d¢ diaBeTouv unxavioud dnuioupyiag
OEIKTWV (CUVOETHWY).

O deuTepog TPONOG Xpnaoidonolsi peTaBAnTéG OikTn (pointer variables). O
deikTng (pointer) gival €évag TUNog dedoPEVWY Mou £XEl Nedio TIHWVY To CUVOAO TwV
OleuBUVOoEWY TNG PVAUNG Tou H/Y. Mia peTaBAnTr deikTn naipvel oav TIPEG
dleuBUvoeIc BE0EwY PVNPNG NOU avTioTolXoUv g€ KOUBouc, dnAadrn o oUVOETEC
TIMEG. 'ETOI, yia kKGBe KOUPBO XpnoidonolsiTal Kal pia HeTaBAnTn deiktn (n évag

Kataokeun BIBAIOBAKNG ZuvapTriogwv
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ANE=ZANAPOZ TEQPTIOY

deikTng). O TPOMNOC AuTOG XPNOaIKonolEiTal yia uhonoinon Je YAWooeg uynAoU
EMNINEDOU NOU NMAPEXOUV KAMOIO PINXavioho dnuioupyiag deikTwyv, onwg n PASCAL ka
n C. 1o keaiaio auTto, acXoAoUpaoTe Ye auTod To OeUTEPO TPOMO UAOMOINONG
ouvOedeUevwV AIOTWV. SUVNBwC, o€ Kia TETola YAWOOod, o KGBe kKOUPBoC opileTal ocav
Mia eyypaen ue dUo nedia, To Eva NEPIEXElI TO OTOIXEIO Kal TO dAAAO Tov JeikTn..

START

1 Data Next

I H 4
2
3
4 E 7
5
6
7 L 8
8 L 10
9

10 C NULL
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METAMTYXIAKH AIATPIBH AAEZANAPOS FEQPTIOY
1.1. Anpioupyia adsiag Aiorag

Kwdikag dnuioupyiag adeiag Aiotag
struct node
{

int data;

struct node* next;

struct node * head = NULL ;

1.2. Anpioupyia evog véou KOuBou

a) struct node* new_node;
B) new_node = (struct node*)malloc(sizeof(struct node));

y) new_node->data = 10;

a) AnuioupyoUue €vav J€ikTn NPoC TO VEO OTOIXEIO
B) AeopeUOUME PVAMN YIA TO VEO GTOIXEIO Kal TONOOETOUWE TOV OEIKTN
va OeiXVEl auTOV TOV XWPO

y) Aivoupe Ty oto nedio data Tou kKOpPouU.

o
T
L]
| §
¥

Kartaokeur BiBAI0BAKNG ZuvapTtioewy
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METANTYXIAKH AIATPIBH ANE=ANAPOZ T'EQPTIOY
2. Evépyeieg oTIg ZUvdedepéveg AioTEG

2.1. Anupioupyia Aiotag ge N kouBoug

struct node * create_list(struct node *start, int num)
{
struct node *new_node, *ptr;
inti;
for(i=0;i<num;i++) // O BpdyXxoc TPEXElI N POPEG, KABE popd Nou €vac
kOuBoG TonoBeTeiTAl OTO TEAOG TNC AioTag
{
if (start == NULL) // new node is the first node
{
new_node = (struct node*)malloc(sizeof(struct node)); // Aéoueuce Pvnun
yla TO VEO KOUBOo

start = new_node;

new_node->data

I;

new_node->next = NULL ; // =Tn KUukAIkn AioTa yiveral : new_node->next
= start ;
b
else // o véoc kOUBOG Oev €ival o NpwToC KOYPBog, nodes no 1 to num-1,
va €loaxBei 0 VEoC KOUPBOG OTO TEAOG TNG AioTag
{
new_node = (struct node*)malloc(sizeof(struct node)); // A¢opguoe pvnun
yla To VEo KOuBOo
new_node->data = i;
ptr = start;

while(ptr->next '= NULL) // O d&ikTng peTaTiBeTal oTo TeAeuTaio KOUPBO

{ ptr = ptr->next; }
ptr->next = new_node; // O nponyoUuevog TEAEUTAIOG KOUBOC 1I00UTAl HE
TO KaivoUupylo KOuBo
new_node->next = NULL; // kai o véog kKOuBOG yiveTal TEAEUTAIOG
b

b
printf("\n Linked List Created \n\n");

Kataokeun BIBAIOBAKNG ZuvapTriogwv
oe MAwooa C yia Zuvdedepéveg NioTeg 5



METAMTYXIAKH AIATPIBH AAEZANAPOZ FEQPTIOY
return start;

by

KaAoUpe auTth Tn ocuvdpTtnon yia va ¢Tiagoupe Aiota pe 100 kKOPBoUG w¢ €ENG:

struct node * head ;

head = create list(NULL, 100) ;

H dnuioupyia Twv kOPBwV TNG AioTag yivetal e Tnv kAfon Tng malloc( ). O dgikTng
head TonoBeTeiTal oTnv Ke@aAAn TNG AioTag. AuTog anoTeAei Tov O€ikTn 0 onoiog Ogv
Ba pYeTaAKIVEITAl NOTE.

H yAwooa npoypapuaTiogou C diaxeipileTal Tn JvAUn OTATIKA, QuTOPATA N
duvapika. O1 yeTaBANTECG oTATIKNG OIAPKEIQG KATAvEPOVTaAl TNV KUPIA PVAUN,
ouvABWG padi e ToV eKTEAECIHO KWIIKA TOU NPOYPANUKATOC KAl NApAPéVOUVY Yia OAN
Tn O1ApKEIa Tou npoypapuuaToG. O1 yeTaBANTEC auTOMATNG OIAPKEIAC KATAVEWOVTAI
oTn oToifa kal €épxovTal Kal YeTapaivouv kKabwg kaAouvTal ol AEITOUPYieC Kal
enioTpéPouy. MNa TIG JETABANTEC oTaTIKNG OIAPKEIAC KAl auTopaTng dIdpKeiag, To
MEYEBOC TNG KATavoung Npénel va sival ge otabepd Xpovo . Eav To anaiToUuevo
MEYEBOC Oev €ival yvwaTo PEXPI TNV eKTEAEON (yia napadelyua, av Ta dedoueva
auBaipeTou peyéboug diaBadovTal ano To xproTn r and &va apyeio diokou), TOTE N
XpPNon avTikelpevwy dedopevwy oTabepol peyEBouC gival avenapknc.

O xpovocg Lwhc TNG MVAKNG nou diaTiBeTal unopei eniong va npokaiéoel avnouyia. H
MVAUN OTaTIKAG Kal autopaTng didpkeiag dev gival eNapknc yia OAEC TIC KATAOTACEIC.
Ta auTopaTa Katavepnuéva dedopeva dev gnopolv va Napapeivouv o€ NOAAANAEG
KANOEIC ASITOUPYIWV, EV® Ta OTATIKA Oedopéva napapévouy yia Tn dIdpKEId Tou
npoypAauuaTog, aveEapTnTa ano To av €ival anapaitnTa n oxl. <& NoAAEC NEPINTWOEIG
0 NpoypappaTioTnG anaitei yeyaAuTtepn sueAi€ia otn diaxeipion Tng didpkeiag (wng
TNG MVAKNG.

O1 neplopioyoi autoi ano@euyovTal Y TN XPron TnG dUVapIKng KaTavoung MVAENG,
oTnv onoia n pvAun diaxelpifeTal nio pnTa (aAAd nio eUEAIKTA), TUNIKA PE TNV
kaTavour Tng and To eAelBepo katdoTnua (avenionua anokaAoUpevo "cwpdc"), yia
nepioxn KMVAUNG dounpévn yia To okono auto. 2To C, n AeiToupyia malloc Tng
BIBAIOBAKNG XpNnaoIKoNoIEiTal YIa TNV KATAvoun €vog MNAOK PVAMNG oTov 0wpo. To
npoypapua anokTd npooBacn o€ auTtd TO PNAOK PMVAMNG HEOW £VOG JEIKTN Nou
emoTpePel To malloc. 'OTav n pvnun dev eival nAéov anapaitnTn, o d&iKTNG
peTaBiBaleTal o eAeUBOEPO, 0 ONOIOC JETABETEI TN PVAMN £TOI WOTE VA PNOpPEi va
xpnoipgonoinBei yia aAAoug okonouc.

Oplopéveg NAATQOPUEC NapEXoUV KANOEIG BIBAIOBNKNG 01 OMNOIEC ENITPEMOUV TN
OUVaWIKN KATavoun Xpovou ekTéEAeonG anod Tn oToifa C avTi Tou cwpou (n.x. alloca
(). AuTh n pvAun aneAeuBepwveTal autTopaTa oTav An&el n Asitoupyia KARONG.

Kataokeun BIBAIOBAKNG ZuvapTriogwv
oe MAwooa C yia Zuvdedepéveg NioTeg 6



METAMTYXIAKH AIATPIBH AAEZANAPOZ FEQPTIOY
2.1.1. Avaoxion ouvdedepévng AioTag

ST AT PET PR

H didoxion (traversal) sival yia and Tic ouvnBEeIC NPA&eIg OTIC DOUEC DEOONEVWV.
Aldoxion o€ pia AioTa (A €vav nivaka) onuaivel va «nepacoupe» anod 6Aa Ta oToixeia
TNC, TO €va PETA To AAAO, KAl va epapuOCOUNE KAMolo €idog ene€epyaoiac os auTd.
AuTO, ouxva ovopddleTal kal eniokewn (visiting). To €idog Tng enegepyaaiag eEapTarTal
and TO CUYKEKPIYEVO NpOBANua. M.x., au&non TNG TIMAG TWV OTOIXEIWV KATa €va.

void traverse_list(struct node * start)

{

struct node *ptr;

if ( start == NULL ) // H AioTa dev undapxel
{ printf("\n There is no list to work with \n\n"); }

ptr = start ;
while (ptr !'= NULL) // ZTn KukAikd ouvdedepévn Aiota yivertal: while (ptr-

>next != start)

{

printf("\n value = %d", ptr->data); // Tevikd use ptr->data ;

ptr = ptr->next ;

KaAoUpe auTr Tn ouvapTtnon wg ENc:

traverse_list(head) ;

Kataokeun BIBAIOBAKNG ZuvapTriogwv
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METAMTYXIAKH AIATPIBH ANE=ZANAPOZ TEQPTIOY

2.1.2. Bpoyoi Aiaocxiong

Av £XOUHE TOV OPICHO:

struct node

{

int data;

struct node *next;

};

kal dUo JeiKTeEC

struct node *start, *tmp ;

O npwToG deikTNg Ocixvel Twpa oTnVv apxn TnG AioTag:

start = create list(start, 100) ;

MnopoUpe va diagxiocoupe Tn AioTa pe éva while loop:

ptr = start ;
while (tmp != NULL)
{
use tmp->data ;

tmp = tmp->next;

Me Tov napanavw Ppodxo, o deikTng tmp deixvel Twpa os NULL.

> e KUKAIKRA AioTa o kwdikag yiverai:
ptr = start ;

while (tmp->next != start)

{

Kataokeun BIBAIOBAKNG ZuvapTriogwv
oe MAwooa C yia Zuvdedepéveg NioTeg 8



METANTYXIAKH AIATPIBH AANE=ZANAPOZ FrEQPI1OY
use tmp->data ;

tmp = tmp->next;}

Me Tov napandavw Bpodxo, o dsikTnG tmp deixvel Twpa oTnv oupd TNG AioTac.

MnopoUue va diacxicoupe Tn Aiota pe éva for loop:
for (tmp = start; tmp->next != NULL ; tmp = tmp-
>next) ;

{ use tmp->data ; }

Me Tov napanavw Bpodxo, o d€ikTng tmp deixvel Twpa oTnv oupd TNG AioTac.

>e KUKAIKA AioTa o kwdikag yiveral:
for (tmp = start; tmp->next != start; tmp = tmp-
>next) ;

{ use tmp->data; }

Me Tov napanavw Ppodxo, o deikTnG tmp deixvel Twpa oTnV oupd TnG AioTac.

Kataokeun BIBAIOBAKNG ZuvapTriogwv
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2.1.3. YmoAoyioHO6G§ KOpBwYV

int COUﬂt_nOdeS(struct node * start)
{
struct node *ptr;
int count = 0 ;
ptr = start ;
while (ptr != NULL) /l'in circular list, it becomes: while (ptr->next != start)
{
count++ ;
ptr = ptr->next ;
}

return count;

KaAoUpe auTn Tn ouvapTnon yid va YETPrOOUKE ToUuG KOPBOUG w¢ €ENG:

int howmany ;

howmany = count nodes (head) ; I head nnyoiver ot apyn T Motog.
printf ("The list has %d nodes", howmany) ;

Me évo. o

printf ("The list has %d nodes", count nodes (head) );
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METAMTYXIAKH AIATPIBH AAEZANAPOS FEQPIIOY
2.2. AvalqTnon oToiXeiou e SESopEvN TIHN

MNa Tnv avaliTnon €vog OTOIXEIOU O Jia ouvdedeuévn AioTa JUMNOpPE] va EpapUocTEi
MOVO N HEBODOC TNG YPAMMIKNG avaldnTnong. H duadikn avaliTnon dgv Pnopei va
epappoaoTei, d10TI Ogv undpxel an’ eubeiag TPONOG va UNOAOYIOTEI 0 OEIKTNG TOU
Jeoaiou’ oToixeiou. Enopévwe, €ite n Aiota ival diateTaypevn eite oxI,
XPNOIJONOIOUKE TN YpauHIkh avaliTnon, waxvouue dnAadn Ta oToixeia TnG AioTag
gva-éva. BEBaia, 6Tav n AioTa eival diaTeTaypevn, EXOUPE dIAPOPETIKN oUVORKN
TEPUATIONOU TOU aAyopiBuou.

struct node *find element (struct node * start, int val)

{

struct node *ptr, *pos;

ptr = start ;

while (ptr != NULL) // in circular list, it becomes:
while (ptr->next != start)
{
if (val == ptr->data) I/l Bpébnke to otoyeio, emotpépovpe Tov deiktn

deiyvovrtag to KOpUPo mov mEpLE Tl
{
pos = ptr ;
return pos ;
}
else { ptr = ptr->next ; }
}

return NULL; // element is not found, we return NULL

KaAoUpe auTn Tn ouvapTnaon yia va BPoUUE TO OTOIXEIO WUE TIUM 4 w¢ €ENG:

struct node *elist;

elist = find element (head, 4) ;

if (elist != NULL) { printf ("The element %d found in our list",
elist->data); }

else { printf ("The element has not been found in
our list"™); }
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2.3. Waxvovrag tn Méyiorn n EAdayiorn miyn

int find_max(struct node * start) // Na Tnv eAaxiorn Tin:  int find_min(struct
node * start)
{
int max ; // in case of min, itis: int min ;
struct node *ptr ;
ptr = start ;
max = start->data ; // Ta Tnv eAdxiotn TIgn:  min = start->data ;
while (ptr != NULL)
{
if (ptr->data > max) { max = ptr->data ; }
ptr = ptr->next ;
b
// ZTn KUKAIKG ouvdedgpdévn AioTa, NpooBETOUNE TN YPAPKN, YIa va eAEYEOUME TO
TeAeuTaio KOUBO if (ptr->data > max) { max = ptr->data ; }

return max; /7

KaAoUpe auTn Tn ouvapTnon yia va BpoUUE TO YEYIOTO OTOIXEIO WG EENG:

int meg ;

meg = find_max(head) ;

printf("The maximum element is %d ", meg);

Me €va Bnua:

printf("The maximum element is %d ", find_max(head));
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>TOUG Nivakeg , XpnolgonoloUpal TNV idia TEXVIKN:

int size = 8 ; int arr[size] = {2,5,9, -5, 6, 8, 3, 6} ;

int meg ; meg = array_max(arr, size) ;

int array_max(int * pin, int n)
{
int max ;

for (i = 0; 1 < n ; 1i++4) { if (pin[i] > max) {max = pin[i] ;}

/l'in case of min, itis: { if (pin[i] < min) {min=pin[i];} }

return max; }
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2.4. AGpoiocpa kai Méon TipR

float list_average(struct node * start) // =€ ouvdapTtnon list_sum, itis: int
list_sum(struct node * start)
{

int athr, counter = 0 ;

float ave ;

struct node *ptr ;

ptr = start ;
while (ptr '= NULL)
{

athr = athr + ptr->data ;
counter++ ;
ptr = ptr->next ;
b
ave = athr / counter ;
return ave;
b
KaAoupe auTrh Tn ouvdapTtnon yia va Bpoupe Tn HEoN TIWR ¢ €ENG:
int sum ;
float average ;
sum = list_sum(head) ; // head points at the beginning of the list

average = list_average(head) ; // head points at the beginning of the list

>€ nivakeg , XpnolhonoloUKE TNV idia TEXVIKNA , aAAG £XOUHE ToV apiBUo KOUBwWV:

int size = 8 ; int arr[size] ={2,5,9, -5,6, 8, 3,6} ;

float average ; average = array_average(arr, size) ;

float array_average(int * pin, int n)
{
int i, athr ;
float ave ;
for(i=0;i<n;i++) {athr=athr + pin[i]; }
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ave = athr / counter ;

return ave;

Kataokeun BIBAIOBAKNG ZuvapTriogwv
oe MAwooa C yia Zuvdedepéveg NioTeg 15



METANTYXIAKH AIATPIBH ANE=ANAPOZ FEQPTIOY
3. Eicaywyn €vog véou KOupou

Me Tn Xprion JsIKT®V JIEUKOAUVOVTAI Ol AEITOUPYIEC TNG €I0AYWYNG KAl TNG
olaypa@nc 0edoNEVWY OTIC AIOTEG. =TO OXNUA PAivETAl N €1I0aywyn EVOG VEOU
kOPBoU peTa&l Tou delTEPOU Kal TPITOU KOPBOU TNG nponyoUpevnc AioTag. ‘'Onwg
(paiveTal Kal oTo oXnua, ol analToUUEVEC EVEPYEIEC YIa TRV lcaywyr (napeuBoAn)
TOU VEOU KOMBOU €ival o d€ikTNG Tou deUTEPOU KOPPBOU va deiXVel TO VEO KOUBO Kal o
OEiKTNG Tou VEoU KOMBoU va deixvel Tov TpiTo KOPBO (dnAadr va napel TNV TIPA nou
€ixe Npiv TNV glcaywyn o deikTnc Tou deUTEPOU KOWPOoU). 'ETal o1 kKOUBOI TNG AioTag
dlatnpouUv TN AOYIKN TOUG OgIpd, dAAd Ol QUOIKEG BECEIG OTN VNN MNOPEI va €ival
TEAEIWC O1APOPETIKEG.

P L, Py
i a1 s o
N,
L L, P L, P, Ly P L, P,
H%’l\%lz\v-#%’sv-ﬁﬁ\ ’4\\;\
N, Nz V3 Ny

(B

KardaoTtaon mpiv Tnv eiIcaywyn KOuBou o€ ouvdedepévn AioTa:

(a) Tpog e1Icaywyn k6pRog, (B) apxikf ouvdedepévn AioTa
Ly P
L L, P L L, P, L, P,
. » [, | e » L l; | e » | e
N, N, N3 Ny

KatdoTtaon peTd TNV eiIcaywyn KOUPBou oe ouvdedepévn AioTa

©a €EETACOUE TIG AKOAOUBEG NEPINTWUOEIG:
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METAMTYXIAKH AIATPIBH

1. Bloaywyn otnv apxn
2. Eloaywyn oTo TEAOG
3. Eloaywyn PETA and KAMNoIoV CUYKEKPINEVO KOUBO

4, Eloaywyn npiv and KAnolov CUYKEKPINEVO KOUBO

O kKwdIKa¢ NapdaTiBeTal oTo ENOPEVO KEPAAQIO.
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METAMTYXIAKH AIATPIBH AAEZANAPOS FEQPTIOY
3.1. Ailaypagn Evog KOpBou

AvTioToIXa yia Tn diaypa®n evog KOPBou apkei v' aAAaG&sl Tiun o d€ikTNG Tou
nponyoUUEVOU KOUBOU Kal va deixvel NAEoV Tov eNOPEVO auTou nou diaypdgeTal,
onwc gaiveral oto oxnua. O kKoupog nou diaypaPnke (o TPITOC) anoTeAei "axpnoTo
0edopEVO" Kal 0 XWPOC MVAKNG Nou KaTaAduBave, napaxwpeital yia aAAn xpnon.

L L, P L, P Ly P Ly P,
. [ | e s L | e » | e S
N, N, N3 N,
()
L Ly P L, P, Ly P L, Py
° L | e L | e L | ®-1- ly | e
N, N, Ns N,

(a) KardoTaon mpiv, (B) kardoTtaon HETA Tn diaypagn Tou 3ou KOURoU

©a €EETACOUE TIG AKOAOUBEG NEPINTWOEIG:

1. Aiaypa®n Tou NpwToU KOPBOU

2. Alaypa®n Tou TeAeuTaiou KOUBoOU

3. Alaypa®r KAnolou OUYKEKPIPEVOU KOUBOU

4, Alaypa@n Tou kKOPBOU nou PpiokeTal JETA ano kanolov OedouEVO KOUBOo

O kwOIKAc NapaTiBeTAl 0TO ENOUEVO KEPAAQIO.
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3.2. Alaypagn HIag ouvdedepévng AioTag

struct node *dE'EtG_”St(struct node *start) I Alaypa@n oAOKANpPNG
NG AioTag
{

struct node *ptr; /I N€Eog DEiKTNG

if ( start == NULL )

{ printf ("\n There is no list to delete \n\n"); return

start ; }

ptr = start; /1 O deikTNG PeTATIBETAI OTNV ApXN TNG
AioTag

while (ptr->next != NULL)

{start = delete node at the end(start);} /#8iaypa®r OAwv Twv

KOMBwWV ano 1o TEAOC £wG TNV apxn avrioTpogpa

free (start); // Apaipgon npwTou KOUBOU

start = NULL ; // apxikonoinon NpwTou KOWBOoU

printf ("\n Linked List Deleted \n\n");
return start;

}
KaAoUpe auTn Tn ouvapTnon yia va diaypdwoule Tn AioTa wg €Enc:

head = delete_list(head) ;
/I deiktng head oTnv apxn @

NG AioTag, 6Tav TeEAEIWOEl before _"|1|_|"'|2|_}"'|3|_|"'|4|_|["‘|5[_"|6|_’|"["|

n Aiota o deikTng yiverai
NULL
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METANTYXIAKH AIATPIBH ANE=ANAPOZ T'EQPTIOY
4. KuKAIKEG ouvdedepEvEG AiOTEG

> & MIa KUKAIKN ouvdedepevn Aiota (circular linked list) o dgikTng Tou TeAeuTaiou
KOMBOU «deixVer» Niow OTOV NPWTO KOWPBO TNG AioTag, Oonwc ansikovileTal oTo
>XNHa. H KUukAIKR AioTa €xel To MAEOVEKTNHA, ONWG Kal n dINAG ouvdedeuevn, OTI
MnopoUUE va NpoomneAACOUNE ano €vav KOPBo onoliodnnoTe aAAo KOuRo.

TYXNUATIKG N AioTa poidadel wg e§AG:

ELnE D e E R i L

H eikéva Tng pvrung givair Twpa:

START
| 1| DATA NEXT
1 H 4
2
3
4 E 7
5
6
7 L 8
8 L 10
9
10 0 1

O K®JIKAC YIA TIC KUKAIKEG AioTeC oupnepiAauBaveTal ota oxXoAia Tou KwdIKa yia TIg

anA&g AioTeg.
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METAMTYXIAKH AIATPIBH AAEZANAPOS FEQPTIOY
4.1. AimAda ouvdedepéveg AioTeg

>7n dInAd ouvdedepévn Aiota (two-way or doubly linked list), o1 kopBoI £xouv dUo
OEIKTEG, Evav nou «deixvel» aTov enNOPeVo KOUBO kal ovopdleTal 010G deikTng (right
pointer), kal évav nou «deiXVvel» oTov nponyoUNeVo KOUBO Kal ovopdaleTal apioTePOC
OeikTnG (left pointer). X100 =xNua, ansikovi(eTal N oxNUATIKA napdaoraon piag dinAd
ouvdedepevng AioTac. 'Onwc napaTnpeite, o kGBe kouPBoc anoTeAeiTal and Tpia
TUAMaTa, dUo akpaia yia TV anobrkeuon Twv U0 OEIKTWV Kal To HECAio yid TNV
anoBnkeuon Tou oToiXeiou (NAnpogopiag) Tou KOBou.

N0BEVTOC evOC deikTn P unopoUue va npooneAdcoUPE OAOUG TOUG undAoINoug
kOMBOUC TNG AioTag, KIVOUNEVOI €ITE MPOC TN WIA EITE NPOG TNV AAAN KaTeuBuvon,
npayua nou dev Pnopesi va yivel o€ pgia anAda ocuvdedepevn Aiota. MN' auTto, pnopoUue
va €10GyOUNE Kal va diaypdwoupe Evav KOUBO €iTe npiv €iTe JETA ano Tov doBEvTa.

ZXNMATIKA N AioTa poiddel wg €§Ag:

SEE R B e e 5

O opIoHOG TOU KOWBOU TNG AioTag yiverai:
struct dblnode
{

int data;

struct dblnode* next;

struct dblnode* prev;

}s

START
H gikéva Tng pvApng giva ‘ 1 ‘ DATA PREV NEXT TWPA:
1 H -1 3
2
3 E 1 6
4
5
6 L 3
7 L 6
8
9 0 7 NULL
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METANTYXIAKH AIATPIBH ANE=ANAPOZ T'EQPTIOY
5. KukAikég AITTAG ouvOEBEPEVES AIOTEG

a) Z€ Pia KUKAIKR ouvOedepevn AioTa o O€iKTNG TOU TEAEUTAIOU KOUPBOU «OEiXVEI»
nicw oTov NpwWTO KOWBO TNG AioTac, onwc aneikovileTal oTo Zxnua.

B) ZTn dINAdG ouvdedepévn AioTa, ol KOUBoI £xouv dUO JEIKTEG, Evav Nou «OEiXVEI»
oToV €nOpevo KOPPBO kal ovopdadleTal 0e&log deikTng (right pointer), kal évav nou
«O€eixvel» gTOV Nponyouuevo KOUPo kal ovopaleTal apioTepog deiktng (left pointer).

3€ JIa KUKAIKN 0ImAG ouvdedepevn AioTta ouvdualoupe TIG IB1I0TNTEG a Kal B.

ZXnuarikda n Aiora poiader wg £§ng:

LR BRIk

H gik6va Tng pvAung gival Twpa: START
DATA | PREV | Next

1 H 9 3
2

3 E 1 6
4

5

6 L 3

7 L 6

8

9 c 7 1

O kWOIKAC YIa TIG KUKAIKEC AioTeg oupnepiAauBaveral ota oxoAia Tou KwdiKa yid TIG

OINAEG AioTeg.

6. Emid&1§n Tou KWdika
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METAMTYXIAKH AIATPIBH AAEZANAPOS FEQPIIOY
6.1. O KWAIKAG TWV CUVAPTHOTEWV

#include <stdio.h>
#include <stdlib.h>

struct node

{

int data;

struct node* next;

by

struct dblnode

{
int data;
struct dblnode* next;
struct dblnode* prev;
3

void print_list_iterative(struct node* head)

{

struct node* ptr = head;

if('head)

{
printf("empty list!");
return;

b

while(ptr)

{
printf("%d -> ", ptr->data);
ptr = ptr->next;

b

printf("null");
}void print_list_iterative_double(struct dblnode* head)
{

struct dbinode* ptr = head;
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if('head)
{
printf("empty list!");
return;
b
while(ptr)
{
printf("%d <-> ", ptr->data);
ptr = ptr->next;
b
printf("null");
b
struct node * create_list(struct node *start, int num)
{

struct node *new_node, *ptr;

inti;

for(i=0;i<num;i++) //loop runs num times, every time one node is put at
the end of the list

{
if (start == NULL) // new node is the first node

{
new_node = (struct node*)malloc(sizeof(struct node)); // get memory for
the new node

start = new_node;

new_node->data

I;

NULL ; // in circular list, it becomes: new_node->next

new_node->next
= start ;
b
else // new node is not the first node, nodes no 1 to num-1, insert the
new node at the end of the list
{
new_node = (struct node*)malloc(sizeof(struct node)); // get memory for the
new node
new_node->data = i; // put the node's id as date
ptr = start;
while(ptr->next '= NULL) // ptr goes to the last node
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// in circular: while(ptr->next != start)

{ ptr = ptr->next; }

ptr->next = new_node; // the ex-last node is connected with the new
node
new_node->next = NULL; // and the new node becomes last

// in circular list, it becomes: new_node->next = start ;

b
printf("\n Linked List Created \n\n");

return start;

b

void traverse_list(struct node * start)

{

struct node *ptr;

if ( start == NULL ) // the list doesn't exist
{ printf("\n There is no list to work with \n\n"); }

ptr = start ;
while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)
{
printf("\n value = %d", ptr->data); // in general itis use ptr->data ;
ptr = ptr->next ;
b
// in circular list, add this line, to process the last node printf("\n value = %d",
ptr->data);

// in general itis use ptr->data ;

int count_nodes(struct node * start)
{

struct node *ptr;

int count =0 ;

ptr = start ;
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while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)

{

count++ ;

ptr = ptr->next ;
b

return count;

struct node *find_element(struct node * start, int val)
{
struct node *ptr, *pos;
ptr = start ;
while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)
{
if (val == ptr->data) // element is found, we return a pointer showing
the node containing it
{
pos = ptr ;
return pos ;
b
else { ptr = ptr->next ; }

by

return NULL; // element is not found, we return NULL

int find_max(struct node * start) // in case of min, itis: int find_min(struct
node * start)
{

int max ; // in case of min, itis: int min ;

struct node *ptr ;

ptr = start ;

max = start->data ; // in case of min, itis: min = start->data ;

while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)

{

if (ptr->data > max) { max = ptr->data ; }

// in case of min, itis: if (ptr->data < min) { min = ptr->data ; }
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ptr = ptr->next ;

b
// in circular list, add this line, to check the last node if (ptr->data > max)
{ max = ptr->data ; }

return max; // in case of min, itis: return min ;

float list_average(struct node * start) // in case of function list_sum, itis: int
list_sum(struct node * start)

{
int athr = 0, counter = 0 ;
float ave ;
struct node *ptr ;
ptr = start ;
while (ptr = NULL) // in circular list, it becomes: while (ptr->next
1= start)
{
athr = athr + ptr->data ;
counter++ ;
ptr = ptr->next ;
b
// in circular list, add this line, to process the last node athr = athr + ptr->data

; counter++ ;

ave = (float)athr / counter ;

return ave; // in case of function list_sum, itis: return athr ;

struct node * insert_at_beginning(struct node * start, int num)

{

struct node *new_node, *ptr ;

new_node = (struct node *) malloc(sizeof(struct node));

new_node->data = num;

new_node->next = start;

// ptr = start;
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// On circular // while(ptr->next != start) { ptr = ptr->next; }

// add these commands // ptr->next = new_node;

start = new_node;

return start;

by

struct node * insert_at_end(struct node * start, int num)

{

struct node *ptr, *new_node;

new_node = (struct node *) malloc(sizeof(struct node));

new_node->data = num;

new_node->next = NULL; // in circular list, it becomes: new_node->next =
start;
ptr = start;
while(ptr->next '= NULL)
{ ptr = ptr->next; }
ptr->next = new_node;

return start;

struct node *insert_after(struct node * start, int num, int val)
{
struct node *new_node, *ptr, *preptr;
new_node = (struct node *) malloc(sizeof(struct node));
new_node->data = num;
ptr = start;
preptr = ptr,
while(preptr->data != val)
{
preptr = ptr,
ptr = ptr->next;
b
preptr->next = new_node;
new_node->next = ptr;
return start;
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by

struct node *insert_before(struct node * start, int num, int val)

{

struct node *new_node, *ptr, *preptr;
new_node = (struct node *) malloc(sizeof(struct node));
new_node->data = num;
ptr = start;
while(ptr->data != val)
{

preptr = ptr;

ptr = ptr->next;
b
preptr->next = new_node;
new_node->next = ptr;

return start;

struct node *delete_beg(struct node *start)

{

struct node *ptr;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;

start = start->next; // On circular while(ptr->next I= start) { ptr = ptr-
>next; }

free(ptr); // use these commands ptr->next = start->next;

// free(start); start = ptr->next;

return start;

b

struct node * delete_end(struct node *start)
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{

struct node *ptr, *preptr;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;
while(ptr->next != NULL) // On circular it is while(ptr->next != start)
{

preptr = ptr;

ptr = ptr->next;
b
preptr->next = NULL; // On circular it is preptr->next = ptr->next;
free(ptr);

return start;

struct node * delete_node(struct node *start, int val)

{

struct node *ptr, *preptr;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;
if (ptr->data == val)
{
start = start->next;
free(ptr);
return start;

b

else
{
while(ptr->data != val && ptr->next != NULL ) { preptr = ptr; ptr = ptr-
>next; }

// On circular while(ptr->data != val && ptr->next != start)
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if (ptr->data == val)

{

preptr->next = ptr->next;
free(ptr);

return start;

by

else { printf("\n The element does not exist \n\n"); return start; }

struct node * delete_after(struct node *start, int val)

{

struct node *ptr, *preptr;
if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;
preptr = ptr;
while(ptr->data !'= val && ptr->next '= NULL ) { preptr = ptr; ptr = ptr-
>next; }
// On circular while(ptr->data != val && ptr->next != start)
if (ptr->data == val)
{
preptr->next = ptr->next;
free(ptr);
return start;

b

else { printf("\n The element does not exist \n\n"); return start; }

struct node *delete_list(struct node *start) // Delete the entire list
{
struct node *ptr; // a new pointer
if ( start == NULL ) // the list doesn't exist
{ printf("\n There is no list to delete \n\n"); return start ; }
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ptr = start; // ptr points at the start of the list

while(ptr->next '= NULL) // On circularitis  while(ptr->next != start)
{start = delete_end(start);} // delete all nodes (except first), from end to

start, going backwards

free(start); // remove the first node
start = NULL ; // initialize the start pointer
printf("\n Linked List Deleted \n\n");

return start;

struct dbinode * create_list_double(struct dblnode *start, int num)

{

struct dblnode *new_node, *ptr; inti;
for(i=0;i<num;i++) //loop runs num times, every time one node is put at
the end of the list
{
if(start == NULL) // new node is the first node
{
new_node = (struct dblnode*)malloc(sizeof(struct dblnode)); // get
memory for the new node
start = new_node;

new_node->data

I;

new_node->next = NULL ; // in circular list, it becomes: new_node->next

= start ;

new_node->prev = NULL ; // in circular list, it becomes: new_node->prev
= start ;

b

else // new node is not the first node, nodes no 1 to num-1, insert the
new node at the end of the list

{

new_node = (struct dbinode*)malloc(sizeof(struct dblnode)); // get memory

for the new node
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new_node->data = i; // put the node's id as date

ptr = start;
while(ptr->next != NULL) { ptr = ptr->next; } // ptr goes to the last node

ptr->next = new_node; // the ex-last node is connected with the new node
new_node->next = NULL; // and the new node becomes last

// in circular list, it becomes: new_node->next = start ;
new_node->prev = ptr; // and the new node becomes last

// in circular list, add this line: start->prev = new_node;

by

b
printf("\n Doubly Linked List Created \n\n");

return start;

b
void traverse_list_double(struct dblnode * start)
{
struct dblnode *ptr;
if ( start == NULL ) // the list doesn't exist
{ printf("\n There is no list to work with \n\n"); }
ptr = start ;
while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)
{
printf("\n value = %d", ptr->data); // in general itis use ptr->data ;
ptr = ptr->next ;
b
// in circular list, add this line, to process the last node printf("\n value =
", ptr->data); // in general itis use ptr->data ;
b

int count_nodes_double(struct dblnode * start)

{
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struct dblnode *ptr;

int count =0 ;
ptr = start ;
while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)
{
count++ ;
ptr = ptr->next ;
b
// in circular list, add this line, to count the last node count++ ;
return count;

b

struct dblnode * find_element_double(struct dblnode * start, int val)

{
struct dbinode *ptr, *pos;
ptr = start ;
while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)
{
if (val == ptr->data) // element is found, we return a pointer showing
the node containing it
{
pos = ptr ;

return pos ;

else { ptr = ptr->next ; }

b

// in circular list, add this line, to check the last node if (val == ptr->data)
{ pos =ptr; returnpos; }

return NULL; // element is not found, we return NULL

int find_max_double(struct dblnode * start) // in case of min, itis: int
find_min(struct dblnode * start)
{

int max ; // in case of min, itis: int min ;

struct dbinode *ptr ;
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ptr = start ;
max = start->data ; // in case of min, itis: min = start->data ;

while (ptr '= NULL) // in circular list, it becomes: while (ptr->next != start)

{

if (ptr->data > max) // in case of min, itis: if (ptr->data < min)
{ max = ptr->data ; }
ptr = ptr->next ;

by

// in circular list, add this line, to check the last node if (ptr->data > max)

{ max = ptr->data ; }
return max; // in case of min, itis: return min ;

b

float list_average_double(struct dbinode * start)

// in case of function list_sum, itis: int list_sum_double (struct dblnode *
start)
{
int athr = 0, counter = 0 ;
float ave ;
struct dblnode *ptr ;

ptr = start ;

while (ptr '= NULL) // in circular list, it becomes: while (ptr->next

1= start)
{
athr = athr + ptr->data ;
counter++ ;

ptr = ptr->next ;

// in circular list, add this line, to process the last node

= athr + ptr->data ; counter++ ;

ave = (float)athr / counter ;

return ave; // in case of function list_sum, itis: return athr ;

struct dblnode * insert_at_beginning_double(struct dblnode * start, int num)
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{

struct dblnode *new_node, *ptr ;

new_node = (struct dbinode *) malloc(sizeof(struct dbinode));
new_node->data = num;

NULL;

start;

new_node->prev

new_node->next

// ptr = start;
// On circular // while(ptr->next != start) { ptr = ptr->next; }
// add these commands // ptr->next = new_node;

// new_node->prev = ptr;

start->prev = new_node;
start = new_node;

return start;

struct dblnode * insert_at_end_double(struct dblnode * start, int num)

{

struct dblnode *ptr, *new_node;
new_node = (struct dblnode *) malloc(sizeof(struct dblnode));

new_node->data

num;

new_node->next = NULL; // in circular list, it becomes: new_node->next =

start;

b

ptr = start;
while(ptr->next = NULL)
{ ptr = ptr->next; }
ptr->next = new_node;
new_node->prev = ptr;
// in circular list, add this line: start->prev = new_node;

return start;

struct dblnode *insert_after_double(struct dblnode * start, int num, int val)

{
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struct dblnode *new_node, *ptr ;

new_node = (struct dbinode *) malloc(sizeof(struct dbinode));

new_node->data = num;

ptr = start;

while(ptr->data !'= val) { ptr = ptr->next; }
new_node->prev = ptr;

new_node->next = ptr->next;

ptr->next->prev = new_node;
ptr->next = new_node;

return start;

struct dblnode *insert_before_double(struct dblnode * start, int num, int val)
{
struct dblnode *new_node, *ptr, *preptr;
new_node = (struct dblnode *) malloc(sizeof(struct dblnode));
new_node->data = num;
ptr = start;
while(ptr->data !'= val) { ptr = ptr->next; }

new_node->next = ptr;

new_node->prev = ptr->prev;
ptr->prev->next = new_node;
ptr->prev = new_node;

return start;

struct dblnode *delete_beg_double(struct dblnode *start)

{

struct dbinode *ptr, *komvos;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

Kataokeun BIBAIOBAKNG ZuvapTriogwv
oe MAwooa C yia Zuvdedepéveg NioTeg 37



METAMTYXIAKH AIATPIBH AAEZANAPOZ FEQPTIOY
ptr = start;

start = start->next; // On circular while(ptr->next != start) { ptr = ptr-
>next; }

start->prev = NULL; // use these commands ptr->next = start->next;

free(ptr); // komvos = start; start = start->next; start->prev = ptr;

free(komvos);

return start;

struct dbinode * delete_end_double(struct dblnode *start)

{

struct dblnode *ptr ;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;
while(ptr->next '= NULL) { ptr = ptr->next; }
// On circular it is while(ptr->next != start) { ptr = ptr-
>next; }
ptr->prev->next = NULL; // On circularitis ptr->prev->next = start;
free(ptr);
return start;

b

struct dblnode * delete_node_double(struct dblnode *start, int val)

{

struct dbinode *ptr, *komvos;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;
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if (ptr->data == val)

{

start = start->next; // On circular while(ptr->next != start) { ptr = ptr-

>next; }
start->prev = NULL; // use these commands ptr->next = start -
> next;
free(ptr); // komvos = start; start = start->next;
return start; // start->prev = ptr; free(komvos); return start;
b
else
{

while(ptr->data != val && ptr->next '= NULL) { ptr = ptr->next; }
// On circular while(ptr->data !'= val && ptr->next != start)
if (ptr->data == val)
{
ptr->prev->next = ptr->next;
ptr->next->prev = ptr->prev,
free(ptr);

return start;

b

else { printf("\n The element does not exist \n\n"); return start; }

by

struct dbinode * delete_after_double(struct dblnode *start, int val)

{

struct dblnode *ptr, *preptr, *komvos;

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete a node \n\n"); return start ; }

ptr = start;
preptr = ptr,
while(ptr->data != val && ptr->next '= NULL) { ptr = ptr->next; }
// On circular while(ptr->data != val && ptr->next != start)
if (ptr->data == val)
{
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komvos = ptr->next;

ptr->next = komvos->next;
komvos->next->prev = ptr;
free(komvos);
return start;

b

else { printf("\n The element does not exist \n\n"); return start; }

struct dbinode *delete_list_double(struct dblnode *start) // Delete the entire list

{

struct dbinode *ptr; // a new pointer

if ( start == NULL ) // the list doesn't exist

{ printf("\n There is no list to delete \n\n"); return start ; }

ptr = start; // ptr points at the start of the list

while(ptr->next != NULL) // On circularitis  while(ptr->next != start)
{start = delete_end_double(start);} // delete all nodes (except first), from

end to start, going backwards

free(start); // remove the first node
start = NULL ; // initialize the start pointer
printf("\n Linked List Deleted \n\n");

return start;

Kataokeun BIBAIOBAKNG ZuvapTriogwv
oe MAwooa C yia Zuvdedepéveg NioTeg 40



METAMTYXIAKH AIATPIBH ANE=ZANAPOZ TEQPTIOY

int main()
{
struct node* list; int count ;
struct node *elist, *alist;
list = create_list(NULL, 30);
print_list_iterative(list);
printf("\n\n");
traverse_ list(list);
printf("\n\n");
count = count_nodes(list) ;
printf("The list has %d nodes", count);
printf("\n\n");
elist

find_element(list, 4) ;
alist find_element(list, 64) ;
if (elist '= NULL) { printf("The element %d found in our list", elist->data); }
else { printf("The element 4 has not been found in our list"); }
printf("\n\n");
if (alist 1= NULL) { printf("The element %d found in our list", alist->data); }
else { printf("The element 64 has not been found in our list"); }
printf("\n\n");
printf("The maximum element is %d ", find_max(list));
printf("\n\n");
printf("The average is %f ", list_average(list));
printf("\n\n");
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list = insert_at_beginning(list, 22);

print_list_iterative(list);
printf("\n\n");

list = insert_at_end(list, 22);
print_list_iterative(list);
printf("\n\n");

list = insert_after(list, 222, 15);
print_list_iterative(list);
printf("\n\n");

list = insert_before(list, 222, 15);
print_list_iterative(list);
printf("\n\n");

list = delete_beg(list);
print_list_iterative(list);
printf("\n\n");

list = delete_end(list);
print_list_iterative(list);
printf("\n\n");

list = delete_node(list, 5);
print_list_iterative(list);
printf("\n\n");

list = delete_after(list, 7777);
print_list_iterative(list);
printf("\n\n");

list = delete_list(list);
print_list_iterative(list);
printf("\n\n");
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struct dbinode* dbllist;
struct dblnode *dblelist, *dblalist;

dbllist = create_list_double(NULL, 30);

print_list_iterative_double(dbllist);

printf("\n\n");

traverse_list_double(dbllist);

printf("\n\n");
count = count_nodes_double(dbllist) ;
printf("The list has %d nodes", count);

printf("\n\n");
dblelist find_element_double(dbllist, 4) ;
dblalist find_element_double(dbllist, 64) ;
if (dblelist '= NULL) { printf("The element %d found in our list", dblelist-

>data); }

else { printf("The element 4 has not been found in our list"); }

printf("\n\n");

if (dblalist '= NULL) { printf("The element %d found in our list", dblalist-

>data); }

else { printf("The element 64 has not been found in our list"); }
printf("\n\n");

printf("The maximum element is %d ", find_max_double(dbllist));
printf("\n\n");

printf("The average is %f ", list_average_double(dbllist));
printf("\n\n");
dbllist = insert_at_beginning_double(dbllist, 22);
print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = insert_at_end_double(dbllist, 22);
print_list_iterative_double(dbllist);
printf("\n\n");
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dbllist = insert_after_double(dbllist, 222, 15);

print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = insert_before_double(dbllist, 222, 15);
print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = delete_beg_double(dbllist);
print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = delete_end_double(dbllist);
print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = delete_node_double(dbllist, 5);
print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = delete_after_double(dbllist, 7777);
print_list_iterative_double(dbllist);
printf("\n\n");
dbllist = delete_list_double(dbllist);
print_list_iterative_double(dbllist);
printf("\n\n");

return 0;
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$ gcc -o driver--complete driver--complete.c
$ ./driver--complete

Linked List Created

ANE=ZANAPOZ TEQPTIOY

0->1->2->3->4->5->6->7->8->9->10->11->12-> 13 -> 14 ->
15->16->17->18->19->20-> 21 ->22 ->23->24 ->25-> 26 -> 27 ->

28 -> 29 -> null

value = 0
value = 1
value = 2
value = 3
value = 4
value = 5
value = 6
value = 7
value = 8
value = 9
value = 10
value = 11
value = 12
value = 13
value = 14
value = 15
value = 16
value = 17
value = 18
value = 19
value = 20
value = 21
value = 22
value = 23
value = 24
value = 25
value = 26
value = 27
value = 28
value = 29

The list has 30 nodes

The element 4 found in our list

The element 64 has not been found in our list

The maximum element is 29
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The average is 14.500000

22->0->1->2->3->4->5->6->7->8->9->10->11-> 12 -> 13 ->
14 ->15->16->17->18->19->20-> 21 -> 22 ->23->24 ->25-> 26 ->
27 -> 28 -> 29 -> null

22->0->1->2->3->4->5->6->7->8->9->10->11->12 -> 13 ->
14 ->15->16->17->18->19->20-> 21 -> 22 -> 23 -> 24 -> 25 -> 26 ->
27 -> 28 -> 29 -> 22 -> null

22->0->1->2->3->4->5->6->7->8->9->10->11-> 12 -> 13 ->
14 -> 15 ->222->16->17->18->19->20-> 21 -> 22 -> 23 -> 24 -> 25 ->
26 -> 27 -> 28 -> 29 -> 22 -> null

22->0->1->2->3->4->5->6->7->8->9->10->11->12 -> 13 ->
14 -> 222 -> 15-> 222 ->16->17 -> 18 -> 19 ->20-> 21 -> 22 -> 23 -> 24 -
>25->26->27->28->29-> 22 -> null

0->1->2->3->4->5->6->7->8->9->10->11->12->13-> 14 ->
222 ->15-> 222 ->16->17 -> 18 ->19->20-> 21 -> 22 -> 23 -> 24 -> 25 -
> 26 ->27->28->29-> 22 -> null

0->1->2->3->4->5->6->7->8->9->10->11->12-> 13 -> 14 ->
222 ->15-> 222 ->16->17 -> 18 ->19->20-> 21 -> 22 -> 23 -> 24 -> 25 -
> 26 -> 27 -> 28 -> 29 -> null

0->1->2->3->4->6->7->8->9->10->11->12->13-> 14 -> 222 -
>15->222->16->17->18->19->20->21->22->23->24 -> 25 -> 26
-> 27 -> 28 -> 29 -> null

The element does not exist
0->1->2->3->4->6->7->8->9->10->11->12->13-> 14 -> 222 -
>15->222->16->17->18->19->20->21->22->23->24->25-> 26
-> 27 ->28->29 -> null

Linked List Deleted
empty list!

Doubly Linked List Created

0<->1<->2<->3<->4<->5<->6<->7<->8<->9<->10<->11<->
12 <-> 13 <->14 <->15<->16<-> 17 <-> 18 <-> 19 <-> 20 <-> 21 <-> 22
<->23<->24 <-> 25 <-> 26 <-> 27 <-> 28 <-> 29 <-> null

value
value
value
value
value
value
value
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value = 7

value = 8

value =9

value = 10
value = 11
value = 12
value = 13
value = 14
value = 15
value = 16
value = 17
value = 18
value = 19
value = 20
value = 21
value = 22
value = 23
value = 24
value = 25
value = 26
value = 27
value = 28
value = 29

The list has 30 nodes

The element 4 found in our list

The element 64 has not been found in our list
The maximum element is 29

The average is 14.500000

22 <->0<->1<->2<->3<->4<->5<->6<->7<->8<->9<->10<->
11 <->12<->13<->14<->15<->16<->17 <-> 18 <-> 19 <-> 20 <-> 21
<->22<->23<->24 <->25<->26<->27 <-> 28 <-> 29 <-> null

22 <->0<->1<->2<->3<->4<->5<->6<->7<->8<->9<->10<->
11 <->12<->13<->14<->15<->16<->17<-> 18 <->19<-> 20 <-> 21
<->22<->23<->24<->25<->26 <->27 <-> 28 <-> 29 <-> 22 <-> null

22 <->0<->1<->2<->3<>4<->5<->6<->7<->8<->9<->10<->
11 <-> 12 <-> 13 <-> 14 <-> 15 <-> 222 <-> 16 <-> 17 <-> 18 <-> 19 <->
20 <-> 21 <->22<->23<->24<->25<->26<->27<->28<->29<->22
<-> null

22 <->0<->1<->2<->3<->4<->5<x->6<->7<->8<->9<->10<->
11 <-> 12 <-> 13 <-> 14 <-> 222 <-> 15 <-> 222 <-> 16 <-> 17 <-> 18 <->
19 <->20<->21 <->22<->23<->24<->25<->26<->27 <->28<->29
<-> 22 <-> null

0<->1<->2<->3<->4<->5<->6<->7<->8<->9<->10<->11<->
12 <-> 13 <-> 14 <-> 222 <-> 15 <-> 222 <-> 16 <-> 17 <-> 18 <-> 19 <->
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20 <-> 21 <->22<->23<->24<->25<->26<->27<->28<->29<->22
<-> null

0<->1<->2<->3<->4<->5<->6<->7<->8<->9<->10<->11<->
12 <-> 13 <-> 14 <-> 222 <-> 15 <-> 222 <-> 16 <-> 17 <-> 18 <-> 19 <->
20 <-> 21 <-> 22 <-> 23 <-> 24 <-> 25 <-> 26 <-> 27 <-> 28 <-> 29 <-> null
0<->1<->2<->3<->4<->6<->7<->8<->9<->10<->11<->12 <-
> 13 <-> 14 <-> 222 <-> 15 <-> 222 <-> 16 <-> 17 <-> 18 <-> 19 <-> 20 <-
> 21 <->22 <-> 23 <->24 <-> 25 <-> 26 <-> 27 <-> 28 <-> 29 <-> null

The element does not exist

0<->1<->2<->3<->4<->6<->7<->8<->9<->10<->11<->12«<-
> 13 <-> 14 <-> 222 <-> 15 <-> 222 <-> 16 <-> 17 <-> 18 <-> 19 <-> 20 <-
>21 <->22<->23<->24 <-> 25 <-> 26 <-> 27 <-> 28 <-> 29 <-> null

Linked List Deleted

empty list!

7. ZUpPTIEpACHATA

O nivakacg oTnpileTal oTIG £VVOIEC TOU CUVOAOU Kal TNG aneikoviong (ouvaptnong),
€EvVw n AioTa oTnpileTal oTnv €vvola Tng akoAouBiag. ‘ETol, €vag nivakag Bewpeital
oav pia doun Tuxaiag npoonéAacnc, evw Hia AioTa €ival otnv ouacia pia dopn
akoAoubiag n osipiaknc npoonéAacnc (sequential access). MNa va ¢BACOUE,
dnAadr), géva éva aToIXEio Piag AioTac npénel va nepAcoupe and oAa Ta
nponyoUpeva &ekivwvTag and To NpwTo.

AeUTepov, To NEYEBOC £VOC Nivaka napapevel otabepod, evw To PHEYEBOG WIAG
AioTac oxi, d16TI cuvhABwWG anaiTouvTal diIaypa@EC NAAAIOV KAl EI0AYWYEC VEWV
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oToixeiwv. AnAadn, yia AioTa €ival pia duvayikn doun Kal Oxl oTaTikr, Onwg o
nivakac.

H €€€Taon piag doung dedouevwy e Baon Tn Mvnun 6a pnopoloe va anodwoel
KaAUTEPN €IKOVA YIA TNV EMIAOYN MIAG CUYKEKPIPEVNG OONNG DEJOUEVWVY | AKOMA KAl
yia Tn oxediaon piag véag dopnc dedopévwy. Eniong dev anaiTeital katavaiwon
MVAMNG KaBwg o1 AsiIToupyiec nou AapBavouv PEPOC dev KATAAAUBAVOUV ENINAEOV
XWPO KABIoTWVTAC TNV KATAVOMN MVAMNC Mo NpoBAEWIUN Yia Wia dedouevn €icodo.
Enopévwg, 0Tav anaiteital yovo avalntnon OToIXEiWV, 0 Nivakag ival NpoTINOTEPOG,
eV av yivovTal ouxva sicaywyEg f dlaypagéc anaiteital pia duvapikn doun onwg n
ouvdedeuevn AioTa.
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METANTYXIAKH AIATPIBH ANE=ANAPOZ T'EQPTIOY
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