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[IoHATTa AMHAMIYHUX MHOKHH

" ¥V TOU 4ac, IK MaTeMaTHU4Hi MHOXWUHU 3aJIMIIATbCS HE3MiHHUMH, MHOKHHH, 1110 00OPOOJISIOThCA MiJ
yac poO0TH aJITOPUTMIB, MOXXYTh 3 4aCOM PO3POCTATHUCh, 3MEHINYBATHUCh 200 MiAJIAraTU iHIIUM
3MiHaM.

= HaszBeMo Taki MHOXXVHU QUHAMIYHUMU.

= Jlani po3ryisiiaTuMeMo JiesIKi OCHOBHI MEeTO/IM NpeACTaBJ/IeHHs CKiHYeHHUX JUHAMiYHUX MHOXKUH Ta
po6otu 3 HUMHU Ha [IK.

* Y 6araThoX aJITOPUTMAaX BUKOPUCTOBYETbLCS HaOIp omnepaliii: BCTAaBKa eJIEMEHTIB, 1X BUJaJIeHH, IepeBipKa eJleMeHTY Ha
NPUHAJIEXKHICTb MHOXHWHI.

= JIuHaMIYHA MHOXXHWHa, 1110 NiATPUMYE TaKi onepalil, HA3UBAETHCA C/I08HUKOM (dictionazy).

" V TUNOBUX peaJii3allisiX JUHAMIYHOI MHOXXHWHU KO>K€EH i1 eJIeMeHT MPe/ICTABJISETbCS AeSIKUM 00’ EKTOM.
* (K0 HAABHUM BKa3iBHUK Ha 00’€KT, TO MOKHA MepeBIpPATH Ta 3MiHIOBAaTU 3HAYE€HHS MOro aTpUOYTIB.

" Mo/I1BO, 10 OJWH 3 aTPUOYTIB 06’eKkTa iAeHTUdIKYE K104 (key). AKio BCi K104i pi3Hi, TO JUHAMIYHY MHOKHUHY MOXHa
NpeACTaBUTH Y BUIVIAAI MHOXHUHU KJIIOYOBUX 3HAYEHbD.

» (0O6’€KTU MOXKYTb MICTUTH CyNyTHI faHi (satellite data), ki 3HaxX0AAThCS B iHIIMX MOr0 aTpUOYyTax, IPOTE He
BUKOPUCTOBYIOTBHCA peasli3ali€l0 MHOKHUHH.

" YV nedKHUX MHOXKMHAaX Mepes0avya€eThCs, 1110 KJ04i HaJieKaTh MOBHICTIO BIOPSAKOBAaHIM MHOXHHI, 1110 J03BOJISIE BU3HAYUTH
MiHIMaJIbHUW eJleMeHT MHOXXUHHU Ta FTOBOPUTH NPO HAUOIMKYNKN eJleMeHT MHOXKUHH, 1110 NTePEBUIIYE 3a/laHUM.
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Omnepanuii Hag AUHAMIYHUMHA MHOXKWUHaAMHU

= JlidaTh Ha ABi KaTeropii:
* 3anumu (queries)- NpocTo NoBepTaloTh iHPopMalio npo MHOkHUHY (Minimum(S), Maximum(S), Successor(S),
Predecessor(S))
= Modudbikywui onepayii (modifying operations — Insert(S, x), Delete(S, x))

* CTeKM Ta 4Yepru — JUHAMIYHI MHOXXHWHU, €JIEMEHTH 3 IKUX BUAAJSIOTHCA 32 JOIOMOTI O
Hanepen 3agaHol onepanii DELETE.

» [lepmum 3i cTeky (stack) BUgansi€TbCS eJleMEHT, 1110 NOMIll[aBCs B HbOTO OCTAHHIM — peaJsli3yeThbCsl CTpaTeris
«OCTaHHIM NPUHLIOB — nepmiuM BUuMoB» (LIFO).

" VY 4ep3si 3aBX/U BUJAJIAETHCA €JIEMEHT, KOTPUU MICTUTBCA Y MHOKUHI JJOBLIe 3a PelITy — peali3yeTbCA CTpaTerisd
«IepIIMM NPUULIOB — NEPLUIMM BUHILIOBY.

02.12.2020 Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020



CTeku Ta omneparili 3 HUMH

* Onepalig BcTaBKU Insert CTOCOBHO CTeKiB Ha3UBAEThCA
3anucomy cmek (push), onepauis BusaneHHs Delete, mo
BUKJ/IMKAEThCS 6e3 nepejadi apryMeHTy, Ha3UBA€EThCS
3HAMmMAM 3i cmeky (pop).

= (CTekK, 1110 MOKe BMICTUTH He OiJibllle N eJIeMEHTIiB, MOXKHa
peastizyBaTH 3a JjonoMororw Macuy S[1...n].

* (OcTaHHiN NOMILEHUH B CTEK eJIeMEeHT Ma€ iHJeKC S.top.
= ko S.top=0, cTeKk mopoXxKHin.

» Akuio BigOyBa€eThCcA cripo6a 3HATTS 3 NOPOKHBOT'O CTEKY, TOBOPSATH,
10 BiH cnycToimyeTbcda (underflow), 110 3a3Buyail NpU3BOAUTD /10
MMOMMUJIKH.

» fkwo S.top>n, To cTek BBaXKAa€ThCs NepenoBHeHUM (overflow).

02.12.2020 Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020 4



Onepaui'l' 3i CTeKOM TOP = -1 TOP=0 TOP=1 TOP=2 TOP=1
stack[0] =1 stack[1]=2 stack[2] =3 return stack|[2]
#include <stdio.h> -\\\' —\\\' -\\\' ///’
int MAXSIZE = 8; _ B
int stack[8]; 1nt.pop O A B
int top = -1; int datas 2 | | 2 2
int isempty() { if(!'isempty()) { n n
. data = stack][t ;
if(top == -1) ta a = shac [.op] empty push push push pop
return 1,' SEE tOp -1 ! stack
T return data;
return O; } else {
} printf ("Could not retrieve data, Stack is empty.\n");
}
int isfull() ({ }
if (top == MAXSIZE) . )
T int push(int data) ({
else . .
e TENOT if('isfull()) {
} top = top + 1;
stack[top] = data;
int peek () { } els§ { . .
return stack[top]; printf ("Could not insert data, Stack is full.\n");
} }
}
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Po6oTa 3i cTekom

int main() {
// push items on to the stack
push (3) ;
push (5) ;
push (9) ;
push (1) ;
push (12) ;
push (15) ;

printf ("Element at top of the stack: %d\n"
printf ("Elements: \n");

// print stack data
while (!'isempty ()) {
int data = pop();
printf ("$d\n" ,data) ;
}

printf ("Stack full: %s\n" , isfull()?"true":"false");
printf ("Stack empty: %s\n" , isempty()?"true":"false");

return 0;

02.12.2020

,peek()) ;

Mapuenko C. B. OcHOBUY nporpamMyBaHH4,

W D:stackexe

Element at top of the stack:
Elements:
15

12

1
9
5
3
Stack full: false
Stack empty: true

2020 6




3aCTOCVBAHHA CTEKIB

JlexkaTh B OCHOBI pOO0OTH BUKJIHKY QPYHKIIIK Ta PEKYPCUBHUX PYHKILIH.

= [IpsaaMo 3apa3 cOTHI QYHKIiIK 3HAXOAATHCA B CTEKY BUKJIMKIB, 0 NiATPUMYETbHCA ONEPaIiniHOK CUCTEMOIO B
olepaTUBHIN MMaM dTi.

» [Ipu BUKJMKY PYHKIII cripalibOBY€E pe3epByBaHHs namM’sTi (onepariis PUSH), a micis1 moBepHeHHS pe3y/abTaTy
po6oTu GYHKIIiI BUKOHYETHCA AeaslyioKallis naMm’saTi (onepaiisgs POP).

DyHKI[IOHAJNIBHICTb «CKacyBaTHU/BiAHOBUTH» (undo/redo) BUKOPUCTOBYE CTEK.

» Bci ail nymaTtbcs B CTeK, i K TiibKA HaTUCKAETbCA Ctrl+Z (ckacyBaHHS mornepeAHbol 3MiHU), BiI0OYBAa€EThCS
BUIITOBXYBAaHHA L[i€l 3MIiHU 31 CTEKY.

» KiJIbKIiCTB onepalii CKaCyBaHHS PeryJal€ETbCA PO3MIPOM CTEKY.

OyHKIiOHA/NBHICTb «OCTaHHI», «HeloAaBHi» (recently used).

" Bpay3ep BHUKOPHCTOBYE CTEK OJIA BiﬂCTe)KEHHH HellloAdBHO 3dKPHUTHUX BKJIAZOK Ta IX IIOBTOPHOTO BiﬂKpI/ITTH.

PenakTop Koy CAiIKyE 3a TUM, YU BCi BiIKpHUBalo4i 1y>KKH OYJIA 3aKPHUTI.

» Tako 3a JJ0NIOMOrol CTEKY BHpa3u B KoJi (iHdikcHa popma 3anucy) nepeTBOPOOThCS B MOCTOIKCHY popmy
3anucy (cno4yaTKy ollepaH/ iy, OTiM oMnepallis — ToAi He MOTPiGHI AYKKH).
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3aCTOCVBAHHA CTEKIB

* BUKOPHUCTOBYIOTbCA AJ1A peasisallil aJIrOPUTMIB OWYKY 3 noBepHeHHAM (backtracking).

* (OCHOBHA I[JIb QJITOPUTMY: SIKIIO BiH 00paB HEBIpHUN HJIAX, CIiJ «BiAKOTUTUCH» (back track) n0 monepegHbOTO
CTaHy.

» CTaHU NiATPUMYIOThCH 3a JOIIOMOIO CTEKIB.

* Ha nonibHOMYy NPUHIMIII MOXHA peasli3yBaTU aJITOPUTM I'PU B «XPECTUKU-HYJIHUKHU».

* [[igBUIYIOTh eEKTHUBHICTb aJITOPUTMIB. /lesKi aArTOPUTMU BUKOPUCTOBYIOTh CTEKHU Ta IX
BJIACTHUBOCTI.

. Hanpmcnaa, AJITOPDHUTM FpexeMa AJId 3HAXOJXEHHA OHYKJ'IO'I' 000JIOHKH AJIA CKIHYE€HHOI MHO>XMHHU TOYOK.

= 33/1aya 3HAXOPKEeHHS HaWuOJIMKYOro MEeHIIOTro YH OiJIbIIIOro 3Ha4YeHHS B MacUBI.

02.12.2020 Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020 8


https://medium.com/swlh/stack-data-structure-practical-applications-operations-e4e308008752
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(6)

(8)

Yepru Ta onepaiii 3 HUMH

1 2 3 4 5 6 7 8 9

1 2 3 4 5

10 11 2 " Juda depr onepaliil BCTaBKU Ta BUJAJIEHHA €JIMEHTY

HasuBaloTb Enqueue Ta Dequeue BifnoBigHo.

= AHasioriyHO 0 onepauii pop, Dequeue He Mae apryMeHTiB.
_ » Yepra nmojioHa peasbHil Yep3i Jgrojei: y Hel € eos108a (head, front) Ta
Q.head =7 Q. tail = 12 xeicm (tail, rear).
= Kouiu eJleMeHT IOMIIa€ThCA B Yepry, TO 3aliMa€e Miclie B XBOCTI.
6 7 8 9 1011 12 BUBOAUTLCA €JIEMEHT 3 FOJIOBH YEpPrH.
1516191814117 = 3a JJ0IOMOr0K MAacHMBY Ha n eJIeMEHTIB MOXKHA peaJsii3yBaTH 4epry Ha n-1

}

Q.tatl =3 Q.head =7

1 2 3 4 5

__

Q.tail =3

02.12.2020

€JIEMEHT.

* EJleMeHTH 4epru po3TallloBYIOThCS B KOMipKax
Q.head,Q.head + 1, ..., Q.tail — 1.

5. 7T B : 9 1011112 » dkwmwo Q. head = Q. tail, yepra nopo>xKHs.
o2 e il = Ha noyaTKy BUKOHYyeTbcA yMoBa Q. head = Q.tail = 1.
f » dkuio Q. head = Q.tail + 1 a6o Q.head = 11 Q.tail = Q.length, yepra
Q.head = 8 NIepEeNOBHIOETHCA NMPU JI04aBaHHI €JIEMEHTY.

Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020 9



Onepaiiil 3 HeUKJIIYHUMHA Yepramu

enqueue

! 4
2]3]a]5]

dequeue

empty queue

Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020

#include <stdio.h=>
#define SIZE &5

int items[SIZE], front = -1, rear = -1;

void enQueue(int value) {
if (rear == SIZE - 1)
printf("\nQueue is Full!!"™);
else {
if (front = -1)
front = 0;
rear++;
items[rear] = value;
printf("\nInserted -> %d”, value);
¥
¥

void deQueue() {

if (front == -1)
printf("\nQueue is Empty!!");

else {
printf("\nDeleted : %d", items[front]);
front++;
if (front > rear)

front = rear = -1;



[IMKJIiYHI

Oneparll 3 HeUUK/JIIYHUMHU YepramMmu yepru

int main() {
//deQueue 1s not possible on empty queue
deQueue();

//enQueue 5 elements
enQueue(1);
enQueue(2);
enQueue(3);
enQueue(4);
enQueue(5);

//6th element can't be added to queue because queue is full

enQueue(6);
display();

//deQueue removes element entered first i.e. 1
deQueue();

//Now we have just 4 elements
display();

return 0;

// Function to print the queue
void display() {

if (rear == -1)

printf(”"\nQueue is Empty!!!");
else {

int 1i;

printf(”\nQueue elements are:\n");
for (1 = front; 1 <= rear; i++)
printf("%d ", items[i]);
¥
printf("\n");
¥

W D:\noncircular_gueue.exe

Queue 1s Empty!!

Inserted -> 1

Inserted -> 2

Inserted -> 3 o
%222;%:&1 'z g noncircular_queue.c
Queue 1is Full!!

Queue elements are:

1 2 3 4 5

Deleted : 1
Queue elements are:

nporpamyBaHH#, 2020 2 3 4 5 11


https://www.programiz.com/dsa/circular-queue

3aCTOCVBAHHA 4Yepr

= Yepau nogidom.1env (Message Queues)— 3arajbHa
Application A Application B KOHIIenisg B3aeEMo/il Mk npouiecamu B OC.

J 1 » [Iponec-BiAnpaBHUK HaJICUJIAE MMOBiloMJIeHHS ([aHi), IPOTe Mpoliec-
I NpUKiMay He MOXKe OTPUMATH iX HEramHo, OCKIJIbKU He Mpallo€ Yr
@_+Wv—]__'@ S
= Toji MoBilOMJIEHHSI CTaBUTHCS B YEPTY, | KOJIU MpUKMay Oy/ie TOTOBUH,
Message Queue BOHO NlepeZlaETbCA MOMY Ta BUAAJNAETHCA 3 YEPIHU.

= I[lnanyeaHHs euKoHaHHA npoyecie (Process Scheduling).

Ready queue

= Yci nponecy, wo npanTs B OC 3apas, cnoyaTKy 4YeKarTb Y dyeps3i
Completed rotToBHOCTI (ready queue), o4iKyl04u nepejadi iM y po3nopsaKeHHAM

OO

IPOLECOPHUX MOTYKHOCTEM.

it Rend preempled " Pi3Hi aJITOPUTMHU IJIaHYBAHHSA IO-PiSHOMY BUPILIYIOTh, AKHUH MPOLieC
aiting — Ready

00WpaTH HACTYMMHUM /[Ji1 BAKOHAHHS BiZIIOBIAHO /10 Pi3HUX KPUTEPIIB,
Ha 3pa30K MPIOPUTETHOCTI.

Block on YO

Waiting queues
02.12.2020 Mapuenko C. B. OcHoBu nporpamyBaHHs, 2020 12
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3B’s13Hi CIIMCKH Ta orepalii 3 HUMHU

prev  key  next

\ I /
L.head ——> /19 [ 16 2111~ I 1.7
Lhead —— /125] 1 19} Tl 116] [ 4] Tl< 11/
- > o~ ,
L.head —— /|25 - {9 - 16 - 117
» 36 M3Hull cnucok (linked list) - cTpykTypa * CIHCKU MOXYTh OYTH Pi3HUX BUJiB:
AdHHUX, y AKIM €JIEMEHTH PO3TALIOBAHI B = 00HO- ma 06036 A3HUMU. KO CIIMCOK OJHO3B SI3HWH,
JIIHIMHOMY ITOPAAKY. BiZiICYyTHI/ BKa3iBHUK Ha NONepeHIl eJleMeHT.
= Ha BigMiHy BiJ MacHBiB, OPAJOK BU3HAYAETLCA HE " BidcopmosaHumu a6o Hi. fIK110 CIHCOK BiZICOPTOBAHO,
iHopexkcaMy, a BKa3iBHUKaMU Ha KOXKeH 00’€EKT. TO MOr'0 JIIHINHUH NOPAAOK BIANOBIAAE JIHIMHOMY
» fAxmo x.prev=NIL, esieMeHT X ciucky L HasuBaeTbcA nc.)pﬂ,zucy uoro Kmoql?'
rOJIOBHUM, a dK10 X.next=NIL, en1eMeHT x criucky L " K'Ulbueeuumu_llu HeKi/1byesuMmu. SIKIIO CIHCOK
Ha3WBAETbHCS XBOCTOBHUM. KiJbleBuH (circular), To BKa3iBHUK prev HOro

rOJIOBHOI'O €JIEMEHTY BKA3y€ Ha Horo XBICT, 2 BKa3iBHUK
next XBOCTOBOI'O €JIEMEHTY — Ha rOJIOBHUM €JIEMEHT.
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Onepanii 3 ABO3B’I3HUMHU CIUCKAMHU

= BugisiseMo namMm siThb

#include <stdio.h>

#include <string.h>
#include <stdlib.h>
#include <stdbool.h>

struct node
int data;
int key;

{

struct node *next;

struct node *prev;

}s

//this link
struct node

//this link
struct node

struct node

02.12.2020

always point to first Link
*head = NULL;

always point to last Link
*last = NULL;

*current = NULL;

//is list empty
bool isEmpty() {
return head == NULL;

int length() {
int length = 0;
struct node *current;
for(current = head; current != NULL; current

length++;

return length;

Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020

current->next){
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https://www.tutorialspoint.com/data_structures_algorithms/doubly_linked_list_program_in_c.htm

Onepaiii 3 ABO3B’I3HUMHU CIIMCKAMH

I;IS:S—_E?E: :j k) » [Towyk y 38 a3HoMy cnucky. [Ipoueaypa List-Search(L, k) 3HaxoauThb y

2 while z # NIL u z. key #£ k cnucky L nepuuu €JIeMEHT 3 KJII01eM kUI_LIJIHX(BM [IPOCTOrO JIIHIKHOTO
3 1=z nert MOLIYKY Ta IOBEePTA€E BKAa31BHUK HA 3HAWJIEHUM eJileMeHT. AKIIo
4 return x eJIeMeHT 3 KJitoyeM K BifICyTHIN y criMcKy, noBepTaeThbcA NIL.

LIST-INSERT(L, z)

™ Y 'y
{ et m T Keaid Bcmaeka y 38 A3HUU CNUCOK. {IKI1I0 MAaEMO eJIeEMEHT X, aTPUOYT key

2 if L.head # NIL SAKOr0 NnomnepeaHbO BCTAHOBJIEHO, TO nponeaypa List-Insert BcTaBJise
3 L.head.prev = x eJIeMEeHT X Ha I0YaTOK CIIUCKY.

4 L.head = x

5 z.prev = NIL * BudasieHHs 3i 38 13H020 cnucky. Y npoueaypy List-Delete Heo6xigHO
LIST-DELETE (L, x) epe/laTy BKa3iBHUK Ha eJIEMEHT X, IiCJIg YOT0 BiZJOyBAETHCA

1 if x.prev # NIL BH/JaJ/IeHHH X IJIIXOM 3aMiHU BKa3iBHUKIB.

2 X.prev.next = X.next = [Ilo6 BUAAINTH eJleMEHT i3 3aJaHUM KJKYEM, CIOYATKYy MOTPiIOHO 3HAUTHU

3 else L.head = x.next BKaziBHUK Ha Hboro (List-Search).

4 if x.next # NIL

5 X.next.prev = Xx.prev

02.12.2020 Mapuenko C. B. OcHoBuY nporpamyBaHHs, 2020 15



Onepanii 3 ABO3B’IBHUMHU CIIMCKAMH

//delete a link with given key

= BujajsieHHs eJIeMEeHTIB:

struct node* delete(int key) {

J//start from the first link
struct node* current = head;

//delete first item //delete link at the last location

struct node* deleteFirst() { struct node* previous — NULL;
struct node* deletelLast() {

//save reference to first link
struct node *templLink = head;

//if only one link
if(head->next == NULL){
last = NULL;
} else {
head->next->prev = NULL;

head = head->next;
//return the deleted link
return templink;

02.12.2020

//save reference to last link
struct node *templLink = last;

//if only one link
if(head->next == NULL) {
head = NULL;
} else {
last->prev->next = NULL;

last = last->prev;

J/return the deleted link
return templink;

J/if list is empty
if(head == NULL) {
return NULL;

//navigate through list
while(current->key != key) {
//if it is last node

if(current->next == NULL) {
return NULL;

} else {
//store reference to current link
previous = current;

J/move to next link
current = current->next;

Mapuenko C. B. OcHoBu nporpamyBaHHs, 2020

//found a match, update the link
if(current == head) {
//change first to point to next link
head = head->next;
} else {
//bypass the current link
current->prev->next = current->next;

}

if(current == last) {
//change last to point to prev link
last = current->prev;

1 else {
current->next->prev = current->prev;

¥

return current;



Onepanii 3 ABO3B’IBHUMHU CIIMCKAMH

bool insertAfter(int key, int newKey, int data) {
//start from the first link

= BCTaBKa eJIeMeHTiB: struct node *current = head;

f/if list is empty

/finsert link at the first location //insert link at the last location if(head == NULL) {
void insertFirst(int key, int data) { void insertlast(int key, int data) { return false;
}

J//create a link //create a link

struct node *link = (struct node*) malloc(sizeof(struct node)); struct node *1link = (struct node*) malloc(sizeof(struct node)); //navigate through list

link->key = key; link->key = key; while(current->key != key) {

link->data = data; link->data = data;
//if it is last node
if(isEmpty()) { if(isEmpty()) { if(current->next == NULL) {
//make it the last link //make it the last link return false;
last = link; last = link; i else {

1 else { 1 else { //move to next link
//update first prev link //make link a new last link | GUAFGRE = EUARANE-PIETE;
head->prev = link; last-»next = link; !

} ¥

//mark old last node as prev of new link //create a link

LofrEb e S5 D oLl SRrEE 1bals b esmres = losss struct node *newLink = (struct node*) malloc(sizeof(struct node));

link->next = head; ¥ newlink->key = newKey;

newlink->data = data;

//point first to new first link //point last to new last node

head = link; last = link; if(current == last) {

¥ 3 newlink->next = NULL;
last = newlink;
} else {

newLink->next = current->next;
current - >next->prev = newlink;

newLink->prev = current;
current->next = newlink;

return true;

02.12.2020 Mapuenko C. B. OcHoBu nporpamyBaHHs, 2020 }



Onepanii 3 ABO3B’IBHUMHU CIIMCKAMH

= Bigo6pakaeMO BMICT CIIMCKY:

/fdisplay the list in from first to last
void displayForward() {

J//start from the beginning
struct node *ptr = head;

J/navigate till the end of the list
printf("\n[ ");

while(ptr != NULL) {

printf("(%d,%d) ",ptr->key,ptr->data);

ptr = ptr->next;

printf (" 1");

02.12.2020

/fdisplay the list from last to first
void displayBackward() {

//start from the last
struct node *ptr = last;

//navigate till the start of the list
printf{"\n[ ");

while(ptr != NULL) {

//print data
printf (" (%d,%d) ",ptr->key,ptr->data);

J/move to next item
ptr = ptr ->prev;

Mapuenko C. B. OcHoBu nporpamyBaHHs, 2020
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Onepaiiii 3 ABO3B’I3HUMHU CIIMCKAMH

[N D:\doubly_linked_list.exe

= Pob6oTa 3i CIIMCKOM:

it win0 [ List (First to Last):
e s D [ (6,56) (5,40) (4,1) (3,30) (2,20) (1,10) ]
insertFirst(3,30);
insertFirst(4,1); List (Last to first):

et e e [ (1,10) (2,20) (3,30) (4,1) (5,40) (6,56)

printf("\nList (First to Last): ");
displayForward()};

printf("\n");
printf("\nList (Last to first): ");

displayBackward();
printf("\nlList , after deleting first record: "); .C

deleteFirst(); i i
eleteFirst() doubly_llnked_llstc

displayForward();

printf("\nList , after deleting last record: ");
deletelast();
displayForward();

printf("\nList , insert after key(4) : ™);
insertAfter(4,7, 13);
displayForward();

printf("\nList , after delete key(4) : ");
delete(4);
displayForward();
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NAKYIO 3A YBATY!

HacrynHe nuTaHHA: 3a/iK!
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