Uil 11
Pointer and Dynamic Structure

Jaquzmen

. WeliinfnufussidileBsTarendalbsunsufiimasoudefuuuned

2. WeinAnymatuinzd viunlssianoained

3. WeWinAnwimusodsenie Amus unedansfuTaunsufi Tnsandaed
Waualsitanoumed 14

4. Arzgod¥aviuTnssehellumuitnseadofivoendls

CT 212 (5) 415



Tuuniludy deufmaedie Template cass TumsWannTnssadiTuwunsulaold
'EMmf‘lﬂﬁnuhﬁn#‘_lﬂﬂ'll-i‘hlﬂw'|nﬁ'lﬂmm 1 97 wlommn wle A Tuunilinezn
Fowdmmim Tusunsude oS nimemmani s ﬁ'lﬂ:iﬁmﬁnmw&uﬁﬁﬁﬂmﬂu
ﬂu'l.ﬂqimn:ﬁ'1mH'~nu'1ﬂHun1=ﬁ1'lﬂ'qwliurfuﬂﬂimTnﬂlﬂﬁ*lﬂﬂ'[ujﬁ' Ml
Thunmdimudulingninenn Woraliflsziniam  Thsunsuitimunis
Aumwiiiiag nmadeuidoynyilaweunofrzuflymlumahanluusdnuseffumn
Tnoieaudmivizuuiidesmatiendndlef o lumieanuds  wasmrzdmiv
mnhdeymdunafioyseenlaeidedimnlfunfmmiantoulodeyn  hildn
UfiRemdnnuiunzadosinnni

11.1 weounad (pointer)

woomod(pointer) luviavesfoymidsifudumisfegueddoyn maizmmyilaves

ﬁnqni"l.ﬁnn'mmimﬂmfu|ﬂun1:ﬂ1=mni'mﬂ1rﬂu souflofidmivlfifudoyn mi
int A B:

i (o
fioat c. | & byt | ;
Taomadamsnilofitlvnonunnmeuliduegtusinvesdoyaiftufusdmuntd
A=

seifhunalums oty 3 Tifuludous A w dumisfiseuuiam s Tasmhinay
Fogiladumis T lumienand uilimsuflgwisdmueiufinmndoute
foynlaeldunnnnin W TdsunsulidsennmLidnitna Foudasviianoomod

futhmaRendmmmanilafigninun ¥ lunaufigm Tsswiamanfeutudoya o
figauAmunohamuideans I S Enndndsbumisitogun

qluiumstizmadunlvilansuned

type * Variable;

418 CT 212 (8)



freehafl 11.1 matszmmiaunlsfiavewined
float “B: i
Bumalszmmfanlssilawonnedfe B Wiunnm Wi Tnofudaunlsile:
lﬂiﬂﬂlﬁﬂﬂﬁﬂﬁﬂ]#{m‘ﬂﬂkﬂ“lﬂﬂ!ﬂﬂmm1ﬂiﬂﬂﬂl‘§l'ﬁ1'.l'l-l'l]‘lﬂ!‘l'ﬂ.li'll.iﬂﬂl.lﬂ'll
B = 3000,
fiadailifuniah 3000 Tuduludanlmeoneide B Tausrilfududumied

o Tnsdishiimatacs nidofidedunumailonlag

cai—

maseadiofdfuFlswoumed Sunisseauyend Dynamic) TRei1mzeey

diesunsuhaunTefoamafudoynrie
ﬁ1ﬂ"~|ﬂ;1.hmui'q'ﬂ'

new fype;

il fnunddagail &

a0 | |

B = newtoat iunveaioR Imidedummeiion 1 $au TneldFalsmen
i B adonInid ﬂm;iiw.uuhﬂimfﬁﬂ'iﬁ'lﬁ w Awnef 1000 Aaliwon
ined B 1.lﬁumiumu~:ﬂaq 1000 1lnednTud® dundosnindfifinfiufuls
memned wumeilinlindy Hi'un1:ﬂ1ﬂwnﬁhiﬂu'ﬁui1uﬁmmﬁﬁ'ﬂ-tn'l'.lm'li'
a1 ¥ dydnuel * wie Asterisk wiefuTund indirection operator 1481eflanwes

Foyafidunliwenned Fegon
fioat *B;
B = new float
‘B = 165
Fuihummbinuavnmiion 15.5 Tiniy a dumiddunlmouned B Yoy

CT 212 (5) 417



11.2 Pointer to Structs _
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" struct electric

{

string current;
int volts; ]m'TEJ
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electric *p, *q;
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q = new alectric;
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nsiA U ulassa i Enns Wienanunsn i dadail
{*p).current = "AC";
(*plvolts = 115;
Wie
p -> cument = "AC",

p == volts = 115;
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iy delete Variable;

AIB0M

- -
delste o; N v—+[ A [0 |sa—s

11.3 Singly linked list
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word count link

node
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node *link;
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p-> waord = "hat;

p-r-| hat | 3 —

1000

p ->count = 3;

B > link = nulk;

q -> word = “top";
q->count = 3;
q -> link = null,

A

q—»| top 3 —
2000

it iwusfFulmoumed p iﬁﬂl‘l"lil.‘ﬂ-ltlld Fulwunffudrmeuined o TR

p == link = q;
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F-> word = “tha";

r—=»| the 3

r->gcount = 3;
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P> hat | 3 | 20001 the | 3 |30001H top | 3 1
angu
list reference unfind
p==word hat
p-=link link flald of first node
p-=link-=word the
p>link->(ink link field of the second node
p-=link->link->count 3
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Q= new node;

q-= link = p;

AR nmrﬁﬂmmmﬂuﬂuﬂ
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r=r-> hnk;
}
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annmavivundeyaifdnd the WianfunAuudmesiiad ink selwunfiaw mey

e pre TeylAR
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annradedlldddoysrednundallz u:ﬂnmhudﬂuuﬁwnﬁqniwmnﬁ

link WU null Yued

p{het|{ 3] [ 3] e 1

\uihrmrennuuuduiafdide printist huﬂnﬂadwiﬁuuﬂdﬂnﬂ“qhqn

Tuumuen W urddaf i uined mrﬂun'l.'l‘i_erﬁ'
printlist (p); o

A formal parameter R4 wRURIATuRea fuulrlinweyme o i
Hile: printlist.cpp

iidisplay the list pointed to by head

lipre: head pointed to list whosa |ast noda has a pointar mambar of null
fipost: the word and cout members of each list node

{f ara displayed and the last value of head is null

void printlist (listnode *head) /IN:pointer to list to be printed
{
while (head = null)
II
fno prior value of head was null.
cout =< head->word << * * << head-link<<endl;
head = head->link;  /fadvance to next list node.

}
} Jlend printlist
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11.4 Stacked as linked list
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aaating mabawinn Wunnfhulwedadaeanfidulionnfu c+2+3-5
Taukeansdmfiuiudnenssssinddoulny desiinetwunfudmensefe Top
WiRTmusdeyausn Falunsddifadhaielifieyn Top BAwiafy nul mnieudn
WrludsdidesTusaznssinfawkniabnwdanFunnafiRnasibi push ussnns
insuninsensndndazneziriuaeR e fuede nn'ml{']ﬂin'l:ﬂd'l pap lausn
utlswenimed Top seiRumbiinundoyafinszia

anfethaiiinmiinniuedasefonfulularasboee s fswnndeudy

Top = null;

irdeyafausnlddndadauan Trosbalwsdeyslmlifulmense! o 19
Tunlid

push ('C);

p=—»| C -

Top—»| C -1-

sevniuldFulswanmef Top Feystiuntmbl dwhdaysifivdese:
Yng push msdaRuked]
push ('+);

pP| + 5

Rund Liu_r.tﬁuﬁuﬂmmﬁﬂumﬁﬂmwﬁﬂuﬁmumf o Foyidoysd
hiﬂﬂ'l.ﬂﬂ"mﬁhunhunﬂ daqpd seandulied ink sosluunluifuiumisferses
Twuafl Top 184 Jang push ﬂuﬂwlﬁﬁun-:uﬂnﬁuﬂu:-lLﬂui'.aunummin Filuies

g == link = Top,
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e miuRedliFulmenines Top WARTWIA A 0iW Top ’Hﬁuﬂ!mulmm
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Top=—»

push ('2');

O [

Top—»| 2

-I-)It;

push {"™];

-||—:

Top-¥ #

..)‘2

(KIRLE

anFreee axlKifudn Top 1ﬂﬂ’fﬂunuuqumln Faunniuie

Top— &
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ﬂ'mi’unwﬂvﬁ'nununmmiﬂimmmi'u 1eehinTe pop oonu Taelékds pop
(item); nrvieyndaN Top {nﬁunnm unzidoulidunlwonnod Top TR Tnus

Soyndumisfiegiadaal unziimsoy Tmumdoyaiheenfiu uimissn i nma
A :

-

L= Fo o Tup:‘h 2

r= Top; 'L

Top = Top == link; - =

daleta r, l_'* 3
v
l‘—h 2
b
v o T

dmunmideynsenandedmaniufesidou Top deadis iy nul
dmivnndidedrshuszatud snhdoyn e Aumnisd Top Fegihesnnauddauls
fem ABsIMiuITIE uu‘[ﬂun'ﬂ'wnﬁ FoaWdnulsmoomed r SierPnou udafoudaunls
woowof Top WE I Tnundaly ufsfnhimsoy Tnundoynfifulmenned - Sog

#thaft 11,2 Class stackiist

vinnseenTi e sRaReunn iuaeudu el nieonu Tnsaadeues
Tolunsy TaoedradluTempiate Class Aot stackist TnenngiRnisfudeyalunme
fﬂﬁmuunﬁmu“ﬁmmﬁunﬂm:r‘l1'|ﬁ1nnmuun'lﬁh'bﬁﬁmnwﬂnmiu'lumi
a1 nmesoseyonzBonvesnmaRed
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AuAnEME (Attibute)
struct stackNode

{
itern  mexi

stackelament itam;

stackMNode “next,
k
stackMode *top;

ifintsinvusinssaissdusdoystidedn  stacknode  Tauluusdoys
dsznaufon 2 Fadfe Aad tem suifiudeyalévaruaiiauansing ﬁ‘.tﬁumjﬁunﬂﬁﬂﬂuﬂ
w04 Ty stackelement Aeslavesdaysfifliiuussinmuven diufad nex
fufaulmevmeAudunifegfedibnadoyaddll s top dufus

mﬁmumﬁﬁﬂﬁmﬁuiﬁuﬂmmqhunhqnummiﬂin WA

Method : Faridufinszvnfiudays

1. stackList () i Constructor 'Enﬂmmﬁﬁlmﬂuﬂaﬁ{m:ﬁwunmﬂ'uh-m
AndllA iR nul Re stack draifuies

2. bool push (const stackelement &) WunsdarmuriigansndWidad-liu
stack Whanmaseumkd s lunslf iR Wnedflslanunsmi i uld
wadnireafafiuildwii fase uitanaroufifoldddessiinsd ey
A1 true NALIN

3. bool pop (stackelement &) ﬁwﬁwﬂﬁﬂ{ﬂqmninﬂhuﬂnuﬁnm‘iﬁu formal
parameter Rt output uensInEn IRTsARUAT LA TR TEIm rUfjuUR
winAnrans el unsdfssnsodiesnlAddaaziiniesarhusn
true néLLAHRAE I WunsdflaldndansviAelunsdifiauandna asd e
false niusIurdld
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4. bool peek (stackslement & x) const ufsfufiiwir i Arensdeyafioys
uugmyesfafaunnesnuiJoRen TaelifinsuiRuuuinesnalufadaunn

5. bool isempty() const ThullafuluntemesseviRafaunnidnaldtelilding
saeuA true niuanT g idustlldneazdari faise nfusIWfud e

6. bool isFull) const WluNsMulunansaneLri-Radaunniiniedlus Tunsdidy
szaaA true nAuRTIELE widliuezsasn faise niumn 1A

/fdefinition of a template class stacklist using a linked list
#ifndef STACK_LIST_H :
#define STACK_LIST_H

tempiate =class stackElameni>
class stackhist
{
public:
fimember function.....
figonstructor to !,'.'I'E-HITE an empty siack
stacklist();
[fpush an elemant into the stack
bool push {(const stackelement& x ); // IN:Rem pushed onlo stack
/fpop an element off the stack
bool pop (stackelements ::J': HOUT: alament poped from
stack
lfaccess top element of stack whitout poping
bool peek (stackelement & x) const; #OUT: value retumed from top of stack
iMest to see if stack is empty
bool is empty() const;
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iftest to sea if stack is full

bool isFull) const;
private:

struct stacknode

{
stackaeisment Itam; iistorage for the node data

stacknode®next; Hlink to next node
L
fidata member
stacknode™top; /Npointer to node at top of stack
L
#endif /f STACK_LIST_H

@eunsoaiduuuures stackist Tnunbrafuuilide stackiisth uszddntuuen

dnroFunidend bl
#include “stacikdiist.h®
#include <string>
#include <lostream™
using namespace sid;
int main ( }
{
stackiist <stiing>5 = e 1
stachilst <int> |;
bood B:
string fkam1;
int ibem2;
B = 5.push {"ABC"); RPTTTRT |
if (B)

cout =<"Succass";
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cout <<"npt success";
B=Spush (DEF) i 5
B=Spush(GHTY i 6
B = Lpush (13); 1
B = |push (14);
B = |.push (91); L e
B = 5.pop (tem1); sy gty B
o (B)
cout <<itam1;
B = |.pop (lema2);
i (8)
cout <<itamz;
retum 0;
]
Aveine
1 - 2 funinlezninesudnife s usz | WilumunBneed stackcidss tufieauam
FuniaMuRiOu pubiic W willafuansnafufesnudnd s seiinnfiReuiy
deynfliu string soueeudnd | uﬂlﬂﬂhﬂuﬁﬁuqnﬂtﬂumﬁﬂmm tawAnft
Wulu Top snseeudniiaiallanBudurinfu nul
3 daus B AvustusitenrsssumnlfiReufdeyaddinmifiouldéds
winlal AnfRendAdrSesnsesduusifiiiofy rue widilldrdsazdaindu
false

4-8 ﬁﬂmri'lﬁqwﬂl.ﬂu string éin U Fadfsunnd wiueeudng s

top =] GHI
*_

oldtop—»| DEF
*_.
oldtop—»| ABC i
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7 damnideyafifussdwnuiulddrl isfsumndwiuseudnd |
8 tndeyseensnfadaunnasesudnd s Wenurifaus item

tﬁi’f

|5 oer X

| \
1

Ly | ABC

dmRunnlfiBeueesiafdunulusssiumesatilude stackist.cop Ing
FoanramagLiuuues Template Class At

fffile: stacklist.cpp
fimplementation of template class stack as a linked list
#include “stacklist.h”
#include <cstdlib=
using namespace std;
fimember function....
ficonstructor to create a empty stack
template <class stackelement>
stacklist<stackaelement>: stacklist()
{
top = nuill;
} W end stacklist
fipush an elament in to the stack
ffprer; the element x Is define.
i onto the stack and true is retumed. Otherwise, the tempiate <class stackalemant>
template <class stackelemeant>
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ool stacklist <stackelament=;: push
{const stackelement& x ) / IN; alemant pushed on to stack

Hocal data
stacknode *oldiop,

bool succass; fiprogram flag — indicates
i success or fallure
aldtop = top; /i save ald top

fop = new stacknode; MVallocate new node at top of stack
if (top = = null) Hfeheck to see if new was successful

{
top = pldtop ; A not, restore top

-}

success = false; Mindicate push falled
}
slse
{
lop-=nex = oldtop; Mink new node (o old stack
top->item = x; {fstare x in new node
success = true ; fMndicate succass
retum success;
} Mend push
fipop element off the stack
Npra: none f

fipost; if the stack is not empty , the value at the top
A off the stack is remowve, its value i placed in

Ml wand true is retumn if the stack is empty x is not define and false is retum.
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template <class stackelement>
boal stackiist<stackelemant>::pop
(stackelement & x) (out: element poped from stack

Mocal data

stackModa"oldiop;

bool success; Nprogram flag-indenticates
/isuccess or fallure

if {top == null)

success = flase;

alse

l :
® = lop->item; ifcopy top of stack into x
oidTop = top; fisave old top of stack
lop = oldTop-> next;  /rasal top of stack
delete oldTop ; lireturn top node to the heap
success = true, findicate success

}

redurn SuCCess;

} ltend pop

ifaccess top elemant of stack without poping

pre: none

ifpost: if the stack is not ampty, the valua at the top is copled into x and true is retum
it ifthe stack is emply, x is not defined and false is retum ;

it either case, the stack is not change.

lemplate <class stackElement >

bool stacklist <stackElement> paak
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(stackElemant & x) const  /oul: valye return from stack

ffLocal data
bool success,  /program flag - Indicate
ff  success or faliure
it {top == null}
success = false,
else
{
x = top->item;
success = true;
b
return success;
| fend peek
fMest to sea if stack is empty
Npre: none
fpost: return true if the stack is ampt‘yri othenwisa,
i return false,
template <class stackElement=
boaol stackList<stackElement=>::lsempty(} ganst
{
raturm top = = null;
} Hend iIsempty
fMest to see if stack Is full
{lper: none

/ipost: retumn false. List stacks are never full.(dose not check heap availability.)

template <class stackElement=>
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bool stackList<stackElament>::isFull() const

{
return fatse;
} Mend isfull

11.5 Queue as linked list

dummldedidey Toanszgnd Tne il nemz i lufnumzves FI-FO (first in -
first out) '[numﬂJEﬁinuﬁuﬁuun!u'[nnn‘hﬁt:1'.|mm1=ﬂ"||mnl'|"|“'tniﬂi'ﬂllnn T
nmhmasnd iy uAedfuseSoning  inset  Tronszvhilniedniniliiifie
wliweumeide  rear gﬂﬁi‘t‘ﬂﬂﬂiﬁnﬁw“aﬁﬂi’ unznmifoynaanvinfiadfae:
nazihfmeindnmidsdonding remove  Tnomshiilmogndnmiduddidin
wilswouan? front Fn oAt AesnmlfiRouludneuzvedfialBun - nase
noodpoitilaodiia |, mushnoouiulamdiia Taodfeiaueise 1Miuuimeden
dudiu

-+ -+

mmfudeynlu Linked Queus suseiinm ahaTnundoyatuntfnumemioudy
Linked Stack Tasfintfuidion Toafufifunlswenmed front udumisfieguasdoyad
Truausn unzdautlweoned rear itudumisfioguestoynTnungaiovesiod uns
fadonTosvoa TnungaieResdin iy nul Fsgd

fot— 34 | 1H 48| 1H 56 _-f"mr

dunifeans insert foynlnddhllufndin 1u#ﬂmmiﬂ‘|ﬁuqn 78 1ehdh Tl

ingart (TB);
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wrfasseaidleitlul 1 Trumdwiufudoys WiildFumemef p #’Eﬂgﬁhﬂﬂ AT
undeyaliifululwus

p = new gquaueiode

p == iterm = 78; ’
dwiunsdasisirnc Wi desisosmsgafulUdf s ln ursafodis
utlswetimef rear WAR s lisluny

raar - next = @

rear = pg

front—» 34

B Ple]

P> ?a_[f“'i

dnwdumairdieyssensnfafRassnrsinludnenz Fuaiudafaumnud Rl
wrwanimafaan Top Iy front uny

snnPTrTuTeIfRafA ANt R ey Template class 7 queus Vit

Hile: queue.h

Hdefinition of a template class queue using linked list

#iftndef QUEUE_H

wdefine QUEUE_H

Napecification of the class queve<gueusElement>

Helement A queue consists of a collection of element that are all of the
samelype,quausElemant,

Natructure : The element of a quaue are ordered according to time of amival . the
element was '

N first inserted into the quewe Is the only one thal may be remove or axamined .
Element are

! remove from the front of the queus and Ingerted at the rear of the queue,
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emplate<class queusElement>
class quaua
{
pubdic:
fimember function ...
ffconstructor - create an empty quaue
queue();
Minsart an slamant into tha queus
bool Insert
(const queueElement & x);  Min:Element to insert
{iramove an alemant from the queus
bool remove
{gqueueElement & x);  // out:element remaove
{fast for empty queue
bool IsEmpty();
/fGat quaue size
int getSizel);
private:;
{Idata member,.,
{
quausElemant ltam;
quaveNode® next;
k
gueueMode®front;  /the front of the queue
queueMode™rear, ithe back of the queue
int numitems; ifthe number of itern curmently In tha queusa

I}
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#endif IQUEUE_H

Inm!'mutwmhﬂiqﬁmnﬂuwfulﬂnwunﬂumr urdodinunes 2 Mo
front WiuduwisegreduuaumansisiPount rear szufusinumisfegsssinungaion
aeea TunsdlftRodng %1 front uaz rear Seaiafiu nui tillnnideyaiulufafadu
Tuauenaziinlifummeuimefts front unz rear Titwusluld wwngnasdunld
Template class queue anfurunsusielui]

iFie:testopp

#include "queus.h®

#include <iostream>

using namespace std;

Int main ()

|
gqueus <string> S, R |
gueus <int=l;, 0 2
bool B;
string ftem1;
int tem2;
B=linsert (M) = e 3
B = Linsart (56); 025 I - F e 4
B = Linsert (33), PEREPAat .
B=lremove (lem2); ... (-]
if (B}

cout <<item2 <<end;

B=Sinsert ("CT212"); . . .o T
B = S.insert ("CT484%); A SR B
B=Sinsert ("CT475"); .. g
B = S.remove (em1)Y e 10
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if {B)
cout =<iten] <=andi;
return O;

}
Aetuns

2 dunnlznseeudnde s uss | Wusurdnasinana queve Isndeualu
s
UfmRerfuesudnd s s sting wiseudnifle | nesinfudeysfifluise
iy

35 dumstiheundndlddiulueeudnie |
B = Linsert (34);

front rear
P —;m_

HATE nﬁﬁiﬂqwﬂhqnﬁﬂ

font—» 34 | 1356 Eﬁ

T

B dumnirfeysesnsnfadforeseeuidnd | dawal¥ ront denluTituun
gl il Twunfiffeys 34 ssgnausenanedl
79 dhunnibdeysddedRoresesudngd s dap

k,:I'EH'
font—{ CT212 | 1 CTas4 | ¥ CTas |-
10 Husrdalumnideyssensinfaloseseeudnd s dewald tem? S0

winfu "CT212"
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uavInmmiadaiRossesudnd s -mﬁuhuni'a‘ﬁ

o ST

CT484

CT478

]

‘,.-I'ﬂll" R

front—= CT484

CT478

3

drFuilafuniminnunslusssmssahduliuife Fufulenaausiiviuans

v .cpp #ail

#f File: queue.cpp

{f Implemantation of template class quaue

#include "gqueua.h®

#include <cstdlib> i for nulf

using namespace std ;

I Mamber functions

{f constructor - creata an ampty queua
template<class queusElament>
“queue<queueElement> : : queue()

{

numitems =0 ;
frant = mull ;

raar = null ;

# Insart an alemeant into the queus
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i Pra : none

! Post ; If heap space ks avallable, the value x is inserted at thie rear of the queus and

trus Is

#f retumed Otherwisa , the queue is not changed and false s retumed .

tamplate<class queusElement= .
boal muua:mnqul&mnnt:- 11 insart
(const queusElament& x)

if {(numitemns = = 0}
{
rear = new queuahode ;
if (rear = = NULL)
return false ;
oise
front = rear ;

raar => naxt = new queueiNode ;

if (rear -= next = = NULL)
return false ;
alsg

rear = rear -> nexd ;

rear -> ifam = % ;
numltems++

resurm true |

i IN: Elemant to Insart

i Tast for empty gueue

i Allocate first queue node
I Check to see if aliocated

i queue with one alamant

i Connect new last node

I mo node connectad

if Point rear to last node

{f Store data in last node
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}  #endinsert
/f Remowe an element from the queus
/f Pra : none
W Post : If the queus is not empty, the value at tha front of  the gueue is removed, itz
value is
# placed In x, and frue is returnad. If the queus Iz empty, x is not defined and faise is
retumed .
template<class quaueElement=
bool queve<gqueueElement> : ; remaove
{queusElemant8 x) & OUT : alemant removed

#f Local data
queuaMode® oldFront ;
if (numitems = =0) if Test for empty queus
{
retum false N queus was emply
}
alsg if Remove first node
{
oldFront = front ; if Point aldFront to first node
% = front -> item ; I Retrieve its data
front = front -> next ; /f Bypass old first note
oldfront -> next = null ; /! Disconnact old first node
delete old front | /! Retum its storage
numitams— ; i Decrement queus size
return true ;
b
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} /! and remove
i test whether queue is amply
template<class queusElement=>
bool queus<queueElement> ; : iIsEmpty( )
{

return (numitems = = 0) ;

i Return queue size

templeta<class queuaElement>

bool queus<queusElament=> ; : getSize ( )
{

raturm mumitams ;

116 Tree Structure

Tree Structure wTo IntanfraduMWiunimhdualslanoume fun e unfnvuz

wili oty Tnunsosdoyoudtiihudady  (noninear tist) uinsdaitududdudy
{higrarchical) 1.uﬁ'nimtﬂﬁﬂuiuuuqnwﬂmﬂﬁni'unn“aﬂu'lﬁ unzfiusy
Fan TR ewmiloufisveadn 14 "[mm1u11mmmmn:inuﬂuﬁuinm'lﬂuiﬂu;‘uﬁﬂ'hl
sunsstadiuly Wisurdouufudoynnilinflimmnosounnoenlt1fen  #aotrwes

il deyeuniuluTnssntheovosdu i dinduate

ndaftum ey

ubtudoyamTouthy Tusunsuren Tuflonmiemieusn i And | wiu co-ROM Fasrexd]
mufufuyinde i1 uTnmmed@eafy Snseenuuylumsnfuudniud vy
mmdriauduifosmatfodlmatmaduipaty) Wyndes Tdmmdduduunciirig

wBufluitdoan
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TnnanfrabulhdeTres § Usznoukn wmredlnundeyn hﬂiuuhqﬂtﬁﬁnﬁmﬁﬂ
1. TwuaRime Fund1 root (wusuiu sfunugayesiifudu)
2. Tuusun sxgnuvaBumen axidundt sub tree

Hansing

azithuda v, (B root
Tree = {*U,, \"'11. v;: 1"’3: v‘rlvﬂivll}

& & %
$d ©

()

subtree 1ma v, = [{V), V5, Vi) {V;h AV Viel)
Degree 984 Node Wil Sruululifeuseswinzivum
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v, #I degree
v, il degree
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TwuslaRil degree = 0 1hur v, V. v, v,
w1 FunTuummsilin Leal node (Trunfhiiulu)

Binary Treea
uhulifdRuunesnn (out node) 18ayn Tnuslenndwiewinfu 2 yaq

Twumudwnivuail out node i 2 wle 0 Tawldfl out node winfu 1 e ifund
Fulirin Fu Binary Tree

fvrraniululuu e g

(8) () (4)
® © (& © (&
& @ & B E®EE

Binary Tree Full Binary Tree (Wufy) Y4 Binary Tree
wriwandl out node = 2 wle 0 ynTwua

rdmnsouniAg s rresdu i luu i lumiisresdi lae nssin s adnems
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1. Sequential link WunteunuildiOuaila Ful Binary Tree fivvuala ansen il
SR swsinfuiluuduiuisedu snffunhumbildie o #d
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mrdmfularasfrauniin Wauammlvmnnd bildmufuiulelametnef AN
i ludnensiild

2. Link allocation ifluninulasWasdideslua inked ist) uridioyausnzliminazdl
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1
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rﬂntj
34 |

|
| |z€l | [Llaz] -Il
| s3]

1

nAnufnEousens Binary Search Tree gananadrafurasinnafialu Template
class 719847 binaryTres hu::qrmmiuumnmu#:ﬂ

Attributes for Binary Tree Class
root {l a pointer to the tree roct

Mambar Functions for Binary Trea Class

binaryires i a constructor

insert # Inserts an itemn info the tree

retrieve i retrieves all the data for a given key
search {f looates the node for & given key
display /{ displays a binary tree

aziuliinasiifoulsmenmef roct 4 Audrwmbifegassndulifeylussfy
vuge daumnlfnmsiudulitaadunmideyslwitufuiulsssefabuld nash
hulﬂ'ﬁmmnnnmlﬂnﬂﬁﬂiﬂu mshumdumisiagssivunfiiudeyafldieans
ﬂuilmrﬁmh'lﬂﬂumrﬁﬂhynﬁwu aitfulutasestrabulinRsfeenniesanim
if File: binanytree.h
it Definition of tamplate class binary search tree
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#include <cstdlib> A o mull

using nameaspace sid ;

#ifndef BINARY_TREE_H
#define BINARY_TREE_H

il Specification of the class binarytree <treeElement>
il Elements : A tree consists of a collection of elements

if

that are all of the same type, tresElemeant ,

i Atructure ©  Each nocle of & binary search tree has zero, ona,

)

)
)

or two subtrees connected to it. The key value in
each node of a binary search tree is larger than
all key values an s right subtree

than all key values in its right subtresa .

' lemplate <class ireeElement=

class binarytree

public :

I Member functions
if constructor — create an empty tree
binarytreel ) ;

M Insert an element inta the tree
bool insart
(const treaElemant® al ): # IN: Element to insert

CT 212 (S)

457



/f Retrieve an element from the tree
bool retrieve
{const reeElement& el) const,  // OUT: element retrieved
! Search for an element in the trae
bool search
{const treeElement& el) const ;  // IN: elemant being searched
I Display a tree

void display( ) const ;
privata -

i Data type

struct treeMode

{
rreeElement info ; i the node data
treaMode *left ; il pointer to left-subtree
treeMode "right | if poirter to right-subtrea

¥
i Dala mamber
treeNode® root ; ) i the root of the trea

il Private member function

I searches a subtree for 8 key

bool search (freeNode®, ! root of & subtree
const treaElemantd) conat ;[ item being inserted

il Insens an item in a subtree

bool insert (reeMode*&, /f root of a sublree
const treeElement&) ; / it being insartad

/! Refrieves an item In a sublree
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bool retrieve (treeMode®, i root of & subtree
treeElement&) const ; ! item fo refrieve

/! Displays a subfres

void display (freeNode*) const ;
¥
#endif /) BINARY_TREE_H
iw!‘ummnuuunmuﬁ%‘lh:ﬁiﬂnuﬁhwﬂ mnftuethdls doausdasusinumie)
agjvesTiua root eI ssuaznssiraumuieans LT winsakrefefdud
nesviiu sndetnaiiintsela el private unzidendloufuiutaiduiiiu
public RaRumnArafuRen T euues formal parameter HumnEnaiu

If Fila: binaryirea.cpp
if Implementation of template class binary search trae

#inciude “binarytree.n"
#include <iosiream:>

using namespace sid ;

/! mamber funclions . ..
i consfrucior — create an emply lree
template <class treeElement>
binarytree <treetlement> : : binarytree [ )
{

root = null |

f Search for the item with same key as el
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if in & binary search tree . (public)

i Pra : el is difined .

If Returns trua if el 's kay is located |

/f otharwise, return false .
template<class treeElemente>

ool binarytree <tresElement> ;| | search

(const treeTrees al) const /f IN: Eleamant to search for
{

return search (root , al) ; /{ Start search at tree root
) il search

Il {private) Searches for the item with same key as el In the
A subtree pointed to by aRodt Called by public search .

/i Pra : Bl and aRoot are defined .

/! Returns true If el 's key Is located ,

N otherwise, returns false.

tamplm_eqm reaElement>
bool binarytree<treeElemant> : : search
{treeNode “aRoot, 1 IN: Subtree to search
const treeElement& el) const i IN: Element to search for
{
if (aRoot = = null)
return false ; i Tree is empty .

glsa if (8l <= aRoot -> info)

return true ; i Target is found .
alse if (8l == aRoot -> info)

retum search (aRoot -> laft, &l) ; I Search left .
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alse

retum search (aRoot -> right, el) ; /! Search right .

) if search

i Insgarch itemp &l into a binary search tree . (public)
ff Pra : &l is defined .
/f Post : Insearch el if el is not the iree .

[ Returns true if the Insartion I8 performed .
i If there is a node with the same key value as al ,
i returns false .
template<class treeElemant>
bool binarytreg<tresElement= ; : inser
(const treeElemeant& el) ! IN = item to insert

return Ingert (roat , al) ;
] Winsert

i Inserts item el in the tree pointed to by aRoot . (private)
# Called by public insert .

# Pre :aRoot and el ara defined .

i Post ; If a node with same key as &l is found,

) raturns false . If an empty tree IS reached,
) inserts &l as a leaf node and retums true .
template<=class reaElameant=

bool binaryiree<treaElement> . | insen

(treeNode"& aRoat, i INOUT : Insertion subtree
const treeElemeants al) i IN : Elemant to insert
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{f Chack for empty tree .

if (aRoot = = null)

{ W Amtach new node
aRoot = new treeNode ; if const aRoot to new node .
aRoot > left = null ; if Make new node a leaf .

aRoot == right = null ;
aRaot -> info = &l ; {f Place el in naw node
retum true ;
|
else if (el = = aRoot -> info)
returmn false ; /i duplicate key found .
else if (el <= aRoot -> infa)
return insert (aRoot -= left, el) ; i insert left .
elza
retumn insert (aRoot > right, el) ;  #inser right .
}  insert

/{ Displays a binary search free in key order . (public)
ff Fre : nong
ff Post : Each element of the tree is displayed .
i Elements are displayed In key ordar .
template<class treeElement=
void binarytree<treeElement= ; ; displayl ) const
{
display(root) ;
} i display
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/i (private) displays the binary seach treepointed to
{f by aRoot in key order , Called by display .
/f Pre : aRoot is defined .
/f Post ; displays each node in key order .
template<class treeElemant>
void binarytrea<treeElament> ; : display
(treeNode *aRoot) const W IN: subtree to display

if (aRoot = null)

{ A recursive step

display (aRoot -> left) ; i display left subtree .
cout =< aRoot -> info << end? ; ! display root item .
display (aRoot -> right) ; # display right subtrea .
}
} i display

A Insart public and private member function ratrieve
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1. wormnd(pointer) iusiiavesdoyoniafifuduonisfiogunsdoys

s - o
puuumnlismedunlyilanovned

Type * Variable;
2. msveaitod dfuRlwonmed dhuimaveausad Dynamic) Tatmesasaile
TsunsuhaumTodoanmiudeynsiag
ﬁ-nﬂ'aﬁ;ﬂuuui'aﬁ new  type;
3, msth sty wionmideyadiadu ludumidegidoiman a4

definwel * wIn Asterisk winfidend indirection operator 18R wnadeyniin
wlsweumed oy

4. msnumdedosdefvesianlimemaed vy delete Variable;
5, Singly linked st AudnfuludnvacvesBandoy Tomaies Sunshdunlswo
mofunfiudumisosfoyadada i dagl

p—»| 22 |q+| 38 /-:}T_‘ﬁ 1

& Snunizun4 node Foyalusingly linked st i Tnsanduvilmsnedafivsenoufeiad

Tngj 2 Haddefufie
- Information field Muswnisdeyaishindemstaiy

- link field @husemsteyafiudulsyianosned fitufionisnsTuuai
gy lundli liidayndadnTinns S 10 nui Fufhugnouvesdnddoyo
7. anfinistack) dTnssadudoyafidudouuz L-FO (ast in - first out) manaits deyn
shidiagmihos Wiunsuinmadou Tasdeyaftinaind ussieenWifissmades
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B Linked queue Lﬂumrﬁﬂiliﬂuuhqmﬂf:qnﬂhulﬁﬁfn‘ummﬂfﬁﬂﬂulu
#nerusEed FI-FO (first in = first qut) Taumatisn@nda Ui luRsdRntus:
Fundims insert Inunssinfisaudmiviladfdmalwaumefle rear Joyide
yaagatnusesind  ussninhieyessnandniRnasnssivfilansinfrunil
Bundimremove  TaunssiianeEnfnadauiiidiulmenmed front
el

< .

9. Tree Structure vielanafrefuliifunisiiudrsilawsomefunldenluin
gnenuzvilelanfuTusssdayaudlifuBadu (non-linear list) win sdmuty
{udadudu hierarchical) 'luinum:ﬂﬁﬂui’uuuq szt fndurinresdy
W unzdrdududngnFuuadoufiseesduld

+3n

I |

1 0 O O

10. Tasen¥raduliviatree i szneudon umenddnusdeys TnoTwusdaysasl
dnsrusdsd
10,1 Tuuafiue Bundn oot (Inunduiu aguugaeesifudu)
10.2Tumdun szgnuvsdluastiens szdundt sub tree

11. Degres 184 Node witfa Smnusulddesrresudasiuun
o o
Twuslafisl degree = 0 wBunTuummeniian Leaf node (Tuuaduly)

12. Binary Tree luduliRifweneanu (out node) seayn musdeundnFauia
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fu 2 e vumws SnTwuni out node ity 2 vt 0 Taulalfl out node i
#u 1 irFund#dliilds Full Binary Tree
13, Link aiocation dunnfulmeWRadidenlea inked lis) wideynudnsTuume:
ffadenlus 2 M Ine Wil mesmeffumazdudwnisfegrestmniidu
qr:maihuunsi:mJmu1.nnﬁniunﬂﬂ:ﬁw'imhmﬁuhuﬁﬂqﬁﬂﬂ“ﬂwn
fiflugnnaan

llink datm riink
AlB|c|

o link dwioutls mowmed Tl et sub tree
data ududsiWidmiu Audeyn
rlink Thudaurls weuwmed Tld right sub tree
14. Binary Search Tree  (fuduliiuyy Binary atlavilsfiiiuuafian
Aenrefulmsdurllaiiu 2 Taumidei out node Wi 2 Muliiiailiing
inulunisarskelimnfiud root Keadlinuanndrdeys Sub Tree masdhy
| nniwun Aftulu Sub Tree n19917 Faaunnda whawinfu root yn7 T
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1. AvsenTnssadhedeyavendndnunzginmie Wdudmeudomw
struct STU -

{
string name;
double score;
STU  “fink:

}

STU *P, *Q, "R ,"Head;

P-= "PAI" (B9 \ R->| "HUA® |66 Q> “THONG* | 38

Aroude 1.1 sedouduvsahdslumadeuie Tnumfamudiooiu W ndng

f[ml‘mﬂuiqifﬂunm

Q= ['THONG" | 69 | ——p "HUA"} 65 __J‘FAI* 38

memde 1.2 safoudidalumaedaTrunlmi Taodu doyn “URAI une 52 Tu

Andrranaudiy
fode 13 saloufrdamsn Tnualmifiefialudionds 2.2 Mdufnddey

Tor TaeWannlimeomed Q FRanm

frowde 1.4 vaSeufdalunison Tvuansnunefiod
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2. sasfuruauuansiesiarakraaunn(stack) uss Aalqueue) 18anni
ainfausrirasnantanabafiasaiin Touimualfoysfitesnnsssnans

X
s rsTuruAu AL
52 62 7B 12 23 15 B9 58 (5 mEuuy)

3. Fsnndnysoieluil 45 85 95 23 42 52 84 12 35 24
%477m3\ Binary Search Tres un:ﬁuuﬂqﬂu'l.umrﬂmh’lﬁﬁﬂuﬁnqnmm:
fanndn 50 senuImeSBnN

4. fvnndul ol didenevdnonm

A, SILARIMILIUATINMEILES Binary tres Tumbinnsud ol
sequental link
1. salsznialasanbdeysyes Binary ree ww link aliocation uae
otuudaudy fleld shauunliaesls
'M'.'mu'ﬂaﬁ'hﬂ-u Is_Empty(P) Lﬂﬁnmnamﬁ ok Amummenwmaf P
udrumisdukuses st (Dufadiaial
6. sadruaru find_previous(x, P) Lﬂ'ﬁmiﬂumiﬂ&qhqnﬁﬂuuﬁﬂ sty
X fudoyaidesns P WudumdsSuduluias
7. aafbuierfdu numberoNode(L) ieludumusesiuumton fotfluRaf L3
agfiTwuaun
8. ssduuilafiumileudes 7 wiFuuludnenzuuuunieg
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9, Hﬁuuﬁﬂﬁ'ﬁvﬂﬁﬂwwm&i 2 i!ﬂﬂdn Concate(a, b, ¢
a fimwuell a uszb wumurryes 2 Rasflen wesnnimineuse
drdadl b @eusefu fnda Taeld c iTnlul
10. Fean nfuddfiunwodangelaodiudy slngry; inked list Fularaadrafe
yAUUL struct 19U A1dn PACAAL llzqni'nnﬁuﬁn:rm:i’-:ﬂ

e A cHPLAL LR

n. anlrznialasaefadeyn 984 Nods type T singly linked list

1. sadvudaneituluntsunenivuslwldr v Singly linked list
niAn PACAsL Thufndn PASCAAL

Aamuald New , Pry , Pt (Duisurls pointer 73\uds Tasea¥raves node
ﬂﬂ::mn'l&_'luh n. unsAsglusinumlafenmoeluil

Prv Pt
v

P A, [

Hw'm

A, ssdrudaneinyluntsaulwaaly Singly linked list
sniAu PASCAAL 1flu PASCAL

Pv Pt
v v
& ] C & L

1. %3nu Procedure Lginsert { item : char ; var front rear : Nodeptr);
tﬂﬁﬁﬂﬂuﬂuﬁiuﬁﬁnﬂ: 1 Ardines Wiulu Linked queue
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11. fimum singly linked list #adm1lsegnd 1$imu polynomial functions FROS

ADD = "+ 2 41
A—» 3|14 2| & » 1 nﬁ]

B0 = 8% -3 + 100"

B —{8 |14 -] 104> 1§ ﬂl

OO = AK) -BOO = -5 +3x" + 2 - 100" +1

c—s{-s[ Pl 3] o Pz Te e[ 1o [N

n. salszmnlnsandudeynves node Tu singly linked fists F4ldhmu
polynomial functions unzeTuiedIrdt fleld Anqwuieiiesls

v ssofuwianannufnluninu polynomial functions Taold singly
linked tists TneoBuean1¥dilvesrududuney

n. sandemnmfumunisheuvesmims Inf luden uazannsod§iRamdu

Haffdusenveanmmil 1R
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