


~uunda~? nduufnian#ils Template cgss luniaflauiTnaanh~1JIlln~uIfiu14 
lr fna~nfi~#o~nru'firii.~~lri-iilSuolaG'~~w'fi~~~ i riA' nfonll~n nio ii? 1uunuair:ui 

X d ~uufniaw~uuifdr~~nau~~o1#~iu8n~lu~ni~nu'.~d @fldb.riiniaoo4luonl$~outdu 

~uubqjan:~i~ai1~~i~~d~~fi8:$i"1~~~~~u~d0~1#~i~ffiu~d~id~:fu'11~ %: , I flit# 

fda1~nru~ri~lui~~~nia1#ns'wtlin~l#otii0ld~3a:~n%niw ~al~naud*ui~riii 

qolniwdidn?3 nialiuuf$~~oyna~rwo~~noir:~l4~ilqni1unia~i4iu1uui46nw~~d~uin 
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mau'idoUnldi~~n:~idoUn8onffiu~u'~o~~niadiu~d~~~~io~nn'o~#iu#o di16ir 
4' d ~ u ? ~ i u i i n ? i d r m ~ n p l ' o ~ ~ ~ ~ i n ~ u  

I I .  I wsurmoi (pointer) 

no~lnoi(~ointer) ~ ~ ~ u ~ ~ ' R ~ Q P c ~ ~ H ~ ~ ~ ~ ~ u ~ ~ L L H ~ ' . J ~ o ~ u o ~ # o ~ ~  MI ~II~~BI'IIU'RVQP 

# o y n ~ ~ # n r i i ~ 7 u ~ ~ ~ ~ ~ ~ # ~ d u l ~ ~ n ~ ~ ~ r : n i p l ~ ~ ~ ~ ~ a ~ A o ~ o ~ ~ d o d ~ i ~ ~ u ~ ~ ~ ~ ~ # o q n  liu 

.int A, B; 

float c: 

s:1flunir~imrdiu?u~fiu 3 ldlilulusl?da A ol ~i~mu'sdr:uuknrrl# Iruailrinaiu 

i i o  jdlfidr1~u'a'l~u1uwdaunaiudi ~ldluniall8Yqlniui~n'nwmrli'uijni~~nn"ou#iu 
14 I d toy  nl~ul4i?niainii iI#lda~~nau~d a:dn%niwlufi~nia fi~li'uuh~ldaaU'fiiRwood 

~~~Juni~~iion~nnuniilnu".~d~niii~i1flunia~~8Yqni1~uu~finia~nn"oudiu#o~n1~~'ou 

~q~ldmlnrorl i~iuni~d#o~ni~lf f  ~ n l f i ~ r n r h s & d i ~ l ~ s i ~ d o ~ ~ ~ n ~  

type * Variable; 



d ' d  maro~iuonIH'n'~6alldawoz1~~10itfl~ni~~o~~1u~~n6( Dynamic) I~uir10:roa 

new type; , 

I 
B = new float; ~ ~ u n i a ~ ~ ~ ~ u o d l n d t A ~ d ~ ~ a u n ~ i i u ~ ~  1 Oiuau i n u l # ~ a l d m a u  

Jd d' d  IX d ' d  mi B ~ ~ ~ ~ O ~ I H U U  n~qii j i3:uu~~i35lv0wji~~ QI l / i l ~ u ' 9 $  1000 ~ i l d a ~ o u  

mi B a : : l f i w i i ~ l l ~ ~ ' a d o  j 1000 'I.llfiubIuCFi hl3ilioanirJ~GZnian'~Ca~~da 
, 

WOUIRQ~ ~ i u n i 5 d i f i i W i ~ l d ~  ~~om~dib~aC/~~ld~1ubi1l~u'~cto j d l i o a f l ~ a ~ i ~ t i  

c iu  laibt#qfi'nvd * H?o ~ s h r i s k  HYDBIGW~~I indirection operator I C 6 i q 3 ~ d i u o ~  

#oUnC(si?ldrwouaoi kodoin / 

float 'B; 

B = new float; 



1 1.2 Pointer to Structs 

struct i w r i : n i r ~ f i ~ ~ i u ~ t : n r r ~ ~ f i ~ ~ i u n i ~ i n n i  i rij~diinqiafiquifiu idu 

~rduuqoUnJo electric &dr~~ou#iu?InR' current unr ind volts Io1iii~irJ~:rnn 

b 

struct electric 

string current; 

int volts; 

1; 

~riniuirnfiinumfi~i~d~wou~~~a~do p iinr q k # ~ ~ u l i i i ~ ~ ~ ' ~ ~ o ~ u o ~ l ~ 1 r ~ n f i 4  
d' Coynaih electric L7lXhu 

electric 'p, 'q; 

4'4 # 

niri~nrriuanffinfi~?5u~o~n~wiri#o41#~id~ new 6jif 
p = new electric; 

q = new electric; 

n i n i i ~ i ~ a ~ i ~ ~ ~ : ~ ~ t ~ ~ d ~ d d i ~ ~ ~ u f ~ ~ ~ f i ' ~ i ~ ' ~ ~ a ~  electric k u k l l i l d m a u  

vlef p un: q Sad tru~udi lnu~i ldl  p 4ddiuvdq 1 ooo h u  q S d i i i ~ ~ ~ . l l  owo 

current volts 
I I 



p -> current = "AC"; 

p -> volts = 1 15; 

1 s 'LdQ~fiuluRnCvo~ts d ~ d u i i f u  ktd 

'q = 'p; P 

a 
q +r=zl-iq 

q -> volts = 220; q +fTqxq 

4 ' 4 4  4' 4.3 nifinrrruanrrrol4~iu~ufaut4iicC~ new $urruu~riiaiiiuanugn14qiuarj 
4  4  ~ t . r i i I ~ ~ ~ ~ r r ~ u a u ~ u ~ r a ~ a u ~ I r i Z ~  ~si'~ur::uudiirniiu Ri iu i i i iaul iaq n i r r i i  L~Q~~~ZIJIY 

r l ~ t . 1 ~ 1 a ~ a c i l q d ~ 1 8 ~ q  uanl*i?udtnimnnu ~ u d d ~ u ~ d a d d l u d d  luniln c++ fi 



adlluu delete Varlable: . 

#aau'n 

deiete q; Qlfl 
q - - - + [ A C 1 c - . 3 q  3 

1 1.3 Singly linked list 

1 8 ~ f l 1 ~ d 1 b ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ 6 ~ ~ 1 1 # d 1 ~ f ~ ~ d ~ ~ d 6 1 6 ~ ~ l 8 ~ ~ ~ o l " 1 ~ ~ 1  kU1U~j~8udldU 

n i ~ ~ d a u ~ u ~ r n ~ ~ ~ u a  d o ~ ~ ~ t i l b i l o ~ f i d ~ ~ ~ ~ ~ ~ s o . j n i ~ ~ i ; u t o y n  22 38 14 

IUH ~a~a1u41v~ninniniu1a0d14o~ndldo'~18~ 14nniutYnrraz 

I. k~8uluXnrrazuoaoild I Pii #~~nrr~n~iail8uoio~n'u1d<a~d 



& d u m n ~ ~ ~ f u ~ ~ ~ d i b ~ ~ h ~ ~ ~ ~ d ~ f l u a ~ ~ d  i f lifuiaeT~dauknir ~iiu?d 
~ ~ ~ ~ ~ d ~ ~ k ~ n 1 f i m ~ ~ u 4 ~ ~ n n ~ t ~ ~ ~ ~ ~ ~ u O u t n 1 t ~ i u a d 8 1 t l t d n 1 t ~ i i ~  i iuu~ . tdadnat i~  

y nfifluild n a u d f u ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~ f i u " ~ " ~ ~  ~ m w m u h n i a q  n k ~ u n 8 ~ 1 1 ~ u m  

(node) 

iinatldrnar node day A k~ukr~nhtriin~makdd~::nau b i a v ? f n f l ~ 4 ~  2 

8 6k9 U~~U#B 

1. I nforrnation field ~ d u ~ 7 u n ~ ~ ~ ~ n ~ 3 t d r n 4 m n i d ~ ~ f i u  

2. link field ~ d u n u n ~ d a y ~ % ~ ~ u ~ ~ ~ L d o a i i ~ ~ a u ~ ~ ~ § d ~ u i i u ~ ~ t n o t b u p l ~  

~ntdd~a~~aliai ir '1r lLo1~zQ1dd null d t~ i¶u~isurnrta l ida~n 

nuy 'idirnliotninb~t~um$aynd~=:n~ubCau 3 Plafioflai word . hi count 

unr R n i  link k@ 4 



wcjrd count link 
node I I 

riauifukr nifrii~udfif4fl$74~~40~uh~~udau1udi4 information fleld $&~ulrcr 

2 flafia word LLR: count Aau q~ l61 ink  ~ ~ U ~ ~ ~ L ~ U ~ I L L H J ~ ~ I I ~ ~ Q ~ O H U ~ ~ ' ~ I ~  ~ 7 7  

~ 7 u l ? o ~ 7 u u r r ~ u ~ u Y Y ~ Q 4 0 f i ? ; J ~ ~ 7 4 # Q ~  (I~Q; struct ~ 6 4 6  

stwct node 

{ 

string word; 

int count; 

node *link; 

1; 
n i t r i ~vun i i a~~df iQ~wau~o1ad~~~  d7u~dsdadqa41~'uh1&#4i]: 

node 'p, *q, 'c 

innu7rn~ar~d~ddi;~ I humrdol(.liu~~.rd 

p = new node; 

q = new node; 

r = new node; 
4 J 

ludd~zruu~z~a~~uan(574ii4 3 BunJilullirhulJidj~~dwyau~p1a4 ,q ,r 4aakpI  



p -> word = "hat"; 

p -> count '= 3; 

p -> link = null; 

q -> word = "topw; 

q -> count = 3; 

q -> link = null, 

p -> link = q; 

4 p - b  hat 3 MOO-) topl 3 1 -1 
rl - 

q+ top 3 
- 



r -> word = "then; 

r -> count = 3; 

p+ hat 1 3 12000-+ top 1 3 1 

r 

p -> link = r; 

the 1 3 1 I 

r -> link = q; 

wnpl  

list reference 

A - 

hat 

link field of first node 

the 

llnk field of the second node 

- 
2000-+ p-b hat 

CT 2 12 (S) 

3000 - -b  top 3 3 the 1 3 



do'hla 

q = new node; 

q -> link = p; 

q -> word = "of"; 

q -> count = 2; 

(I-+ -b the top 

q-+ 

hat 3 3 -b 

-)hat o f ,  

3 

+ t o p  2 

-b 

3 3 -+the 3 



~nri~uumhunbiiuul I Rumlmulflm'a~~drwou~mof ~~azTiluumi~q1o4$o 
,Y u Y y alflurihumlurruunqu 

q = new node; 

q -> word = "end"; 

q -> count = 3; 

q -> link = null; 

nlnz~~nrnhumlui m i7uuci.rt$u kau~i~raci~do~lun~r~~~rnlrx11liLduriou 

d~vl~nrluildb~adi~msi7~ m flqqljuo(dlr ~~sinnu~~ddu.rilbunqnsiwfla6'11~4 
l l Y l  

link h o ~ ~ h r v i l n ' u  null v ~ ~ z ~ ~ ~ ~ & a u r r o u ~ u n u n o ~ ~ k ~  while ~daviqn7r~uwlhunqn 

si~ulnun~rd~~lnh a l~tua~~tn~w~~z~~~nr~u. i~rn 'a~~drw~u~mof  p ioqdl~um wn do 

~ ~ n ~ u ~ z d ~ n ~ t ~ ~ o u $ o ~ a ~ ~ n 1 u u m ~ ~ ~ n ~ d u ' ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ u ~ u 1 ~ t u m ~ n ~ i ~ u ~ u ~ a 6  
Y rdorrlqu lud6lflm'a~~drwou~nof r ~ l l u ~ a ~ ~ d r ~ ~ ~ u d i ~ ~ a d ~ d o ~ ~ ~ ~ l u u ~ l m u ~ ~ ' ~ ~ i ~  

~dduu~~d~dddo~n~tdoul~u~~no~$olja~du'~m'ao'm~~d daul*~rad.r~ed~o~dl?LLdrwou 

p v l ~ ~ ~ ~ i l n P L ~ u ~  t l ~ d i ~ 4  lfiu d ~ ~ ~ ~ d ~ d o ~ ~ f l ~ ~ ~ u a ~ ~ r n ' ~ ~ o . ~ ~ a f l r ~ ~ a u o  fllulduu 

r =  p; 

while (r -> link I= null) /!:fl579ff~tlWnd7 r -> llnk = null 

r = r -> link; //lffou!L/fd node $ir!L/ 

p -b  

r -> link = q; /A%U~U p iflu node girhv 

+ t h e  -+top 3 3 -b hat of 3 2 



unniwiinuqiniik.j~i.jbiuIu n?mqmaenqingddik while ;fmdedadi 

pS of 2 + hat 3 +end 3 1 

p + o f  2 +hat  3 $the 3 -) end 3 1 - 

.Id 0 au y Rdimh.jni~aubun#~ymnu~~i?'i the ~nqr)iocntziiadicb ? ~ n i t t u  

~ t i ~ ~ ~ v i 1 ~ & d i b u n r i ~ u v d i 1 v u m ~ l $ i ~ . j n i 0 m u ~ ~ d ~ v ~ ~ d ~ ~ d ~ u u ~ ~ a 6 ~ a . j 1 u u m r i ~ ~  

~ ~ i ~ d $ ~ % ~ f l ~ ~ i ~ ~ ~ ~ . j ~ ~ ~ ~ ~ . j f ~ ~ ~ f i b l ~ d ~ ~ . j f ~ ~ ~ d b i ~ ~ ~ i ~ ~ ~  L L M  iiailqgflu~dbun 
Jd a Jd * Sbyanu~idi the iTl1~~dIvum4ayanuni4~ top unudu~ac \uniofiuuidiiuvi.jd~dga.j 

ad Jad ad J3 bunriauvuinmat nitau EU LPI h.jiiiwunhudrnau~naduui ~da4~uuinulud8dadi 
'J J 

pre ~~ariidilud9wouua~nm'aud.j~~ r ~~uii~n~dm~aauiiuui.j#~qaIdfi.jii~~vi.jIaqa 

pre = null; 

while (r -> word I =  "then) 

I 
pre = r; , 

CT 212 (S) 



r = r -> link; 

44 0 oQdIvumtytlnundi the ktl:d~~tlI$im'7~~d~~atl~maf pre C d d ~ v u m r i a u v ~ i ~ ~ i  
44 o riuiooaulvumdoyanuniII the )~i~mudfuidduurii~oq~tl6 , link , aoq~vufiddiudmos 

imot pre $ ~ Q I & K ~  
pre -> link = r -> link; 

delete r; 

p+ 

r a  $ 4  4-1 Q ~ o i m 2 i ~ n i t n u v t n n u ~ u ~ ~ ~ v u ~ ~ ~ ~ a ~ 1 ~ n i d l  the ~ i r ivd~~n~ iu / ikunn i .sdq: : i i~d  

1#dt::Itl~~lu&1~$u~doId6fitl'11i1k.~ delete &qtl d ivklni ta~$uf i~aya~f l~~vuf ibbsn 

pSd 

if (pre = = null) 

{ 

/ \ A  1 

p = p -> link; 

-j hat 3 + t o p  3 -) end 3 of 

F 1 

delete r; 

2 

-+ 2 -) 

p-b 

end hat 3 top 

- - 

3 3 

hat 

j 

. 3 top - 3 



I 

cii~iuniniatbun ~ ~ n i r ~ 4 ~ ~ b ~ ~ ~ ~ i n l ~ u 0 1 ~ 0 m & ~ ~ ~ m ~ n ~ i i u a r l i ~ ~ ~ u  

EiiL mc l i u~ ton r rd i~~unn  ( 1 ? u m n u h u u d ~ ~ n d ~ ~ a f # ~ ~ 1 ~ n ? 1 6 ~ b ~ ~ @  rnnrm 

niuirodouIddj~ay R ~ B . J I H ~ ~ ~ O ~ ! ~ W  uazhnu k u d ~ t ~ ~ ~ ~ ~ q e ~ a ~ a ~ i i u ~ u f i ~ e 6  
link lvilfiu null 4ura.l 

p-b hat 3 -b top 3 - -b end 3 

t~um~ur~IdtSir~dflqfi%utnuij 

printlist (p); 

h v h  format parameter h#di~hlhjh$u#$tr~~f laudwadwau~~ai~i~~f lqd 

//file: printlist.cpp 

//display the list pointed to by head' 

//pre: head pointed to list whose last node ha8 a pointer member of null 

//post: the word and cout members of each list node 

I/ are displayed and the last value of head is null . , 

void printlist (listnode *head) NIN:pointer~go list to be printed 

while (head != null) 

//no prior value of head was null. 

cout cc head->word KC " " cc head-linkccendl; 

head = head->link; //advance to next list node. 

) //end printiist 



11 ;4 Stacked as linked list 

sldn(stack) ~duInr~nliuCynffBu~n~01z LI-FO (last in - first out) nuiuh 6 y n  

h1#ih~diurr'lfiniau3niadou ~nu#a~ndfllimrdil#i 1mrJiocn'l6lla~ni4~iu3 

'Id trr~uli(hkuqfidiutr;o~uuq~~o~na~~on'Irl~iu ~dodifoudiu%nrnoiyoonui -- moo ~ 0 0  

-Juaoulddou7 fac(4) , fac(3) , fac(2) , . . . runar;dububuklunimV~niaiiun~~~o~ 

fac(1) rzdu'lXiifl~d~ul~dJun~fludiiruq~diutr;iinia return ciin8u'uciou itn'Jud 

Jun~fludilltan tr; return ciinXutdudiciuqfidiu 



d m e u  rnef TOP qt:idiirr~~tT~uda~adntzii 

~ i n d i e d i ~ d i n ~ ~ i 5 r u ~ ~ n w ~ r i l ~ ~ i n f ~ ~ 1 ~ ~ ~ l u l n ~ a ~ i t ' 1 1 ~ ] t 3 n d i n ~ ~ n n r i e u d u  

Top = null; 

ri i ieyahutnldh3a k u ~ n  bunhtTuunBPynl~xllSi6~~ri]~we~rnof p 

~ ~ ~ r r r i d  
push ('C'); 

lic~mt'1Sipi7uri1~uaie~fld ktJ ~~~in$~'116hn'  link M ~ $ u ~ ~ I M ~ L R u ~ I u u J ~ ~ ~ ~ ~ @ ~  

p -> link = Top; 

Top = p; 

da~in~uri]i~u1Si(r?udmou~~1a~~o~ 1did1~umlvdtvi7li( TOP 4dioyn1wunrrtn~m 



push ('2');. 

push ("'I; 



diwiunirdiboynoonciniinSin~~~~n$u ~riorrlinir pop oontnt~ulUiih pop 

(item); mrfliboynk# Top gorjoonu? 1mrm#ou1#6qdrnotl1~1oi~o~ ~gd lwua  

boyndi~iwci~~adJiq6~1rl ~mrdinimul~ucldb~rrdu'iooniiu~~~~fi~ri~u~~~uiinni~ ; 

#qu 

item = Top -> data; 

r = Top; 

Top = Top -> link; 

delete r; 

I 

~iwiunnu'i~~aoanein~neo"wt~S;nB~#0~i3b~llu'.ii TOP XouiIrijIddvh nu11 

diniunnliikqdiuhe~~dudi mrhbcyn tu lialwcicd TOP $odriioonrriltlriillri4~11d3 
d oY 

item d o ~ i n ~ ~ ~ r i e r a u t w u ~ ~ o y n ~ 1 ~ 1 ~ 1 # ~ ~ 1 t z ~ r ~ ~ u ~ ~  r noiljriou idh#ou4?~1dr 
r 2 nou~~af  Top l&d8~twuficinld 1id~4~dm~.mutnu~4o~nCl63~1danou1~1oa r aoi 

tdrlmrrrtaunfitl8uTernplate Class d&'i stacklist bwli~d~Gniariub~n1unnin 



qnm'nbmu (Attribute) 

struct stackNode 

stackelement item; 

stack~ode "next; ' a 
stackNode "top; 

~niinit i i iuu~lnt~~h~ao~luun4oyalda.i i  stackNode l n u h u n h  y a 

dtznauhu 2 Radao TJa8 item ~~~f lu~ya\Xuaiu~aQn~~mndi~Cu~uad~unirr i iuun 

aoq@# h u  stackelement i i ~ ~ ~ n a 0 ~ # ~ ~ a d @ # i i 7 ~ u n ~ l n n l u u o n  dia5uRa8 next 

~ a u s i l ~ ~ ~ ~ w r o u ~ ~ o d ~ f i u  i i ~ ~ ~ i ~ d o ~ ~ " O ~ 4 d 0 ~ u n ~ a ~ a f i ~ ~ n \ 1 ~  sil~~1.19 top L ~ U K ~ L L I J ~  

rdY r 
~ ~ ~ ~ V ~ ~ ~ ~ ~ ~ ~ V ~ ~ ~ ~ I $ ~ I L L H ~ Q ' I I ~ ~ ~ H U ~ # B ~ ~ L L ~  fl41048~m'flLLmfl 

Method : fldiYu%nnd~nuYCaZ1a 

1. stackList ( ) tau constructor lnun1nl~u3n1tlur;ll~6~~~=:ii1~1und1d~1biuao~ 

5am"lfl$hi~riifi null 8a stack diqdu~or 

2. boo1 push (const stackelement &) ~~un i td~wiu~ idd~u i~ in@#~da i i \d~ f lu~u  
-Id I 

stack w!aums~~aaun~iudi~!~lunitdfifi~iu lunt~a\ufliuitoii\d~n'u\& 

waRiu8ao~r;ll~n'~u3hi~viin'u slse usitiiaiuiradfid~~u\&di~3~~riini~dctiiu 

h i  true n f i u i  
r d o  

3. boo1 pop (stackelement &) ~ i u u i a u i 6 y a ~ i n ~ ~ k ~ ~ m n ~ ~ n u i ~ a ~  formal 

parameter d i u ~ h d ~ f l u  output uonqin8$ni$m$~q~ou~qiudiLk~oqniod~u3 

~ i u . i i ~ i u ~ t o n x d ~ l h u a  lunt4dfl1u1tni1oonlhd1~h~=:~n1td.jdj1uh1 

true n p i u u ~ l ~ ~ ~ d ~ 4 l l u n r t d ~ l i ~ k r w l i ~ ~ a l u n t r t d ~ ~ ~ m n d i  ~ ~ d . j d i u d i  

false n61~ui l f l~~ri f l4 



\ 

4. boo1 peek (stackelement & x) const ~~~uil.~fiIg.ud.iii~~ii(~ir~infl~itl~~dfl~d~~ 

~ u q m n o ~ i i ~ k u n n o e n u ~ d f i ~ ~ u  0~u~dnir~dduuud~~di ' lar~' Iu3~0di~~~1~n 

5. boo1 isempty() const ~flu#~6~ir~~km~~r?'~0~~11di3.16a~o1nddi.1~d~%~r"ii.J~.1 
~zd~diudi true n k ~ u i d j ~ Q ~ & q ~ . J ~ 4 ~ = : d . ~ p i i  false nbu71Sfiu@# 

6. boo1 isFull() const Lflu~~fi~u'Iuni~o1rn~aoudi~4~~LLmndLfiu'Id1~u ' I u n t ~ d ~ ~ ~ u  

qzdarii true nn'uuifi@* dfi&i18u~q4.161 false nliuuilS@4 

//definition of a template class stacklist using a linked 

#ifndef STACK-t IST-H 
r . 

#define STACKLIST-H 

template <class stackElement> 

class stackliist 

list 

public: 

//member function.. ... 

Ilconstructor to create an empty stack 

//push an element into the stack 

boo1 push (const stackelement& x ); I/ IN:item pushed onto stack 

//pop an element off the stack 

boo1 pop (stackelement& x); //OUT: element poped from 

stack 

//access top element of stack whitout 

boo1 peek (stackelement & x) const; //OUT: value returned from top of stack 

//test to see if stack is empty 



//test to see if stack is full 

booi isFull() const; 

private: 

stmot stacknode 

{ 

stackelement Item; //storage for the node data 

stacknode*next; //link to next node 

1; 

//data member 

stacknode*top; //pointer to node at top of stack 

1; 
#endif // STACK-LIST-H 

uifiiuimfih~liu~~uuam stackllst kuah~rlluduis stacklist.h un:@$niuuen 

using namespace std; 

int main ( ) 

I 
stacklist <string> S; ............... 1 

stacklist <Int> I; .............. ..2 

string Item1 ; 

Int item2; 

B = S.push ("ABC); ....... ;....... 4 

cout <<'success'; 



else 

cout <@not succ 

B = S.push ("DEF'); 

B = S.push ("GHI"); 

B = l.push (13); 

B = l.push (14); 

B = l.push (91); 

B = S.pop (iteml); 

if (B) 

cout <<item1 ; 

B = l.pop (item2); 

if (B) 

cout c~item2; 

return 0; 

1 

piqaiuqu 

1 - 2 ~ ~ i ~ t m i r r a a u ~ q n A  s unz I ifl6uauitnnaq stacko~dss d ~ & a i ~ t ~  

rilu nl##~il+fud~llu public U. ~ ld~d~~f idwf lu f i t7 i0~~~~4n6 s qgilnmlljlnkiufiu 

#ay adrllu string dauaoudnll t ~:df)~%u~urlu&~ ~~LIIUL~%G~UQULWU kurild 

rllulu ~ o p  notaaurin6#q~aq~alirri~rd~h~vl7iiu null 

3 hudt B ~IHU~#IAUI ~ d a ~ ~ 1 ( 1 a ~ ~ ~ n ~ ~ ~ t ~ ~ i i ~ i i a ~ a r j i ~ n m 1 p r f ~ ~ ~ u \ b i i 7  

~ ~ I ~ ~ u ~ P I ~ J ~ ~ I L ~ ~ ~ I I ~ ~ K Q u ~ ~ R ~ ~ ~ L ~ I ~ v u  trqe wKiiWd~~ksriiri~~vl~iiu 

false 



i~~~n~~~~nuncM~4fi~~7u1unfi7fituL'o7'~=:fi~~1v1 stacklist.cpp ku 
ktahrm7u~duuuneq Template class A< 

//impl,ementation of template class stack as a linked list 

using namespace std; 

//member function.. .. 
//constructor to create a empty stack 

template <class stackelement> 

top = null; 

) // end stacklist 

//push an element in to the stack 

lipre: the element x is define. 

/I onto the stack and true is returned. Othefwlsta, the template <class stackelement> 

template <class stackelement> 



boo1 stacklist <stackelement>;: 

(const stackelement8 x ) I( d on to stack 

I 
//local data 

stacknode *oldtop; 

boo1 success; //program flag - indicates 

I/ success or faifuf? 

oldtop = top; I/ save old top' 

top = new stacknode; //allocate flew node at top of stack 

if (top = = null) //check to see If new was successful 

1 
top = oldtop ; Nif not, restore top 

success = false; //indicate ~ s h  falled 

else 

1 
top->nex = oldtop; Id stack 

top->item = x; 

//indicate succew success = true ; 

1 
return success; 

) l end  push 

//pop element off the stack 

//pre: none 

//post: if the stack is not empty , the 

/I off the stack is remove, its value is placed in 

I// x,and true is return .if the stack is empty ,x is not define and false is return. 



(stackelement 81 x) //out: element poped from stack 

I, 
//local data 

boo1 success; //program flag-indenticates 

//success or failure 

if (top = = null) 

success = flase; 

else 

{ 
\ 

x = top->item; 

oldTop = top; - 
top = oldTop-> next; 

delete oldTop ; 

success = true; 

//copy top of stack Info x 

//save old top of stack 

//reset top of stack 

//return top node to the heap 

//indicate success 

1 
return success; 

) //end pop 

//access top element of stack without poping 

//pre: none 

//post: if the stack is not empty, the value at the top is copied into x and true is return 

/I if the stack is empty, x is not defined and false is return : 
1 

/I either case, the stack is not change. 

template <class stackElement > 

boo1 stackiist cstackElement> ::peek 



\ 

(sbckElement & x) const //out: value return from stack 

I 
//Local data 

boo1 success; //program flag - Indfcate 

I/ success or fallure 

if (top = = null) 

success = false; 

else 

{ 

success = true; 

1 
return success; 

) //end peek 

//test to see if stack is empty 

//pre: none 

//post: return true if the stack is emp 

// return false. 

template <class stackElement> 

boo1 stackLlst<stackElement>:. 

{ 

return top = = null; 

} //end isempty 

//test to see if stack is full 

//per: none 

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

template <class stackElement> 



boo1 stackList~=stackElernent,::isFull() const 

{ 

return false; 

11.5 Queue as linked list 

~8uniriin'ni~dou1u4uidrz~ni'1~1~1din'n~6Mznir~i~iu1un'n'kl6Mzuo FI-FO (first in - 

first out) tumrdfi~~~iutiu~~nluIpI~~n~i~dozdnirnrzoSi~~mnii~oinn'nol"nlmn IRU 
dm 3 B d a w  nirlimi~n1di1d~8ulun"nmp1auuoz~~n~inir insert I~unr:rhddnm#iunu~wuma 

K , A  bdrwoamo;& rear aoywdoynriltp#iluuoqn"ni ~mmirdibo~naaneinn'nin'a~z 

nr~rl i~dni~8n#iundq~un4inir remove 1~un2z~iiidmcidn#iundq1udd1~ia 

ldrnoulmoi front &h~rnuhud s i?od i~n i~d f iWa iu lun 'n~ f~zuo~~a~#~~~  nine . I r 

v A' mr~iludoynlu Linked Queue ~u~zinl2nfi~~n~~doynuuuiijn'n'kl~z6~~oun'u 

Linked Stack 1 R a ~ n i r l ~ u l ~ o u ~ ~ 9 n ' u ~ ~ a l l d 5 ~ 8 u l m o f r o n t  l ~ ~ d l ~ l l ~ ~ d 8 ~ ~ o ~ d ~ ~ ~ d  

~nufillrn imziaudlnoamai rear ~ ~ u d i ~ r n ~ s ~ o ~ ~ o ~ ~ o y ~ ~ ~ u ~ ~ ~ d i ~ u o . ~ ~ n ~  unr 

Xinldiosnir insert UoynlndlGildlun'nAa ~uC(d#osnirdidbyn 78 ldldild 
insert (78); 



3 .I 42 r u  ~~i)iocsa.nuaaluai 1 BumliaFu~fluCya lunulrr~q~~d~rrou~mmi p %humlrru'd uat: 

CiCy aW ~iiululrrw 

p = new queueNode ; 
> 

p -> item = 78; 

c i ~ u ~ u n i s ~ ~ a u l w ~ s i ' i l : : ~ ~ i a ' ~ ~ ~ ~ u l ~ ~ ~ ~ ~ ~ ~ u n ~ ~ ~ ~ " i u ~ d ~ d ~ a ~ ~ ~ ~ ~ u '  ~~a:~dduul2ikq 

~~drnou~woi rear 'ldidhurnbai~au 

rear -> next = p; 

rear = p; 

front -)( 34 1 H48 1 

~rdmau~wahin Top L ~ M  front LLW 

~ i m i o d i ~ ~ u a a a ~ @ ~ ? ~ ~ ~ i ~ i u i ~ ~ ~ i u i @ ~ i a ~ f l u  Template class do queue I&&$ 

//definition of a template class queue using linked list 

#define QUEUE-H 

//specification of the class queue<queueElement> 

//element:A queue consists of a collection of element that are all of the 

//structure : The element of a queue are ordered according to time of arrival . the 
, s 

element was 

// first inserted into the queue is the only one that may be remove or examined . 

Element are 

// remove from the front of the queue and inserted at the rear of the queue. 

CT 212 (S) 



class queue 

public: 

//member function . . . 
//constructor - create an empty queue 

//insert an element into the queue 

boo1 insert 

(const queueElement & x); Nin:Element to insert 

//remove an element from the queue 

boo1 remove 

(queueElement & x); I/ 0ut:element remove 

//test for empty queue 

boo1 isEmpty(); 

//Get queue size 

int getsize(); 

private: 

//data member.. . 
{ 

queueElement item; 

queueNodeenext; , , .  ' 

1; 
queueNode'front; //the front of the queue 

queueNode'rear; //the back of the queue 

lnt numltems; lohe number of item currently in the queue 



#endif //QUEUE,H 

knnhqreq1Hunno~2iafiq~uLvj~~~~1~~auwn~ndOL:nit  u d h & v u n ~ z ~  2 hf io 

front rf lu~~uvrkdo~ro~0~~01uonflc1~8~~u1z~rear ~rmllrlluvdqdo ~ ~ ~ ~ O ~ u n ~ n ~ i u  
44- , 

q ( ~ i l 9  \ u n m ( ~ m ~ w  $4 front u ~ z  rear S~II~VMU null f i idnini~lay ~ ~ I I ' I U ~ A ~ ~ Q L ~ U  

I v w u ~ n r r r i i l f i ~ ~ d r n o u L ~ ~ ~ d ~  front w:: rear ~ d h ~ ~ t l w d d  ~nu lq i i t i i un l i  

Template class Wl~dnulfSJ&\dd 
//File : test.cpp 

#include 'queue. h" 

#include eiostream> 

using namespace std; 

int main () 

{ 

queue <string> S; .......... 1 

queue <int> I; ............ 2 

boo1 B; 

string Iteml ; 

int item2; 

B = l.remove (item2); 

If (B) 

cout -item2 <c: 

B = S.insert ("CT484"); I .......... 8 

B = S.insert ("CT479"); ......... .9 

B = S.remove (Iteml); .......... 10 



if (B) 

cout <<item1 <<endl; 

return 0; 

1 
,iiaZmer 

1-2 ~ f l u n i ~ d ~ t n i ~ a a u ~ ( s n d a  s un:: I IXl l lu~uiTinaoqnni~ queue  lma#oqfiIu 

r l f idq iu r tuaaudnf i~  LOWPP~ string udoau~4ndila I n ~ z d i K u 6 ~ c ~ d ~ f l u ~ f i a  

front rear 

6 ~ ~ u n ~ n i i ~ y c P a o n ~ i n ~ ~ f i a a a . ~ a a u ~ ~ n ~  I I(PIIRII( front L i lau~dd~vum 

(rpi~~udd humd i j#aq~  34 qzQn~uaanqin8fimi 

7-9 ~Ormi4iiboyfi~#i~~fiara.~aau~4nm's Xqgd 

p e a r  

front + 56 1 - 
+ 

34 1 -b -b 39 



front CT484 I 

// File: queue.cpp 

/I Implementation of template class queue 

#include "queue.hW 

#include <cstdllb> 11 for null 

using namespace std ; 

// Member functions 

// constructor - create an empty queue 

template<class queueElement> 

queue<queueElement> : : queue() 

numltems = 0 ; 

front = null ; 

rear = null ; 

// Insert an element into the queue 



/I Pre : none 

// Post : If heap space is available, the value x is inserted at th'e rear of the queue and 

true is 
' 4 ;  

I/ returned Otherwise,, the queue is nat changed and false Is returned . 
template<class queueEiment> I * 

# .  

boo1 queue<queue~l&rnent> ; : insert 
6 . >  

(const queueElement& x) // IN: Element to insert 

if (numltems = = 0) // Test for empty queue 

rear = new queueNode ; 11 Allocate first queue node 

if (rear = = NULL) I/ Check to see 'if allocated 

return false ; 

else 

front = rear ; // queue with one element 

1 
else 

{ 

rear -> next = new queueNode ; // Connect new last node 

if (rear -> next = = NULL) 

return false ; I/ no node connected 

else 

rear = rear -> next ; /I Point rear to last node 

1 

rear -> item = x ; 

numltems++ ; 

N Store data in last node 

return true ; 

CT.212 (S) 



) 11 end insert 

11 Remove an element from the queue . 

N Pre : none 

11 Post : If the queue is not empty, the vafw at the front of the queue is removed, its 

value is 

11 placed in x, and true is returned. If the queue is empty, x is not defined and false is 

returned . 

boo1 queue<queueElernent> : : remove 

(queueElement& x) I/ OUT : element removed 

{ 

N Local data 

if (numltems = = 0) I/ Test for empty queue 

return false ; /I queue was empty 

1 
else 11 Remove first node 

oldFront = front ; I/ Point oldFront to first node 

x = front -> item ; 11 Retrieve its data 

front = front -> next ; I1 Bypass old first note 

oldfront -> next = null ; I1 Disconnect old first node 

delete old front ; . /I Return its storage 

numltems-- ; I1 Decrement queue size 

return true ; 

1 

CT 212 (S] 



1 11 end remove 

11 test whether queue is empty 

I 
return (numltems = = 0) ; 

I1 Return queue size 

templete<class queueElement> 

{ 

return numltems ; 

1 \ 

11.6 Tree Structure 
I 

Tree Structure vf oI~~r.jnfi.j#ulu'~flunia J1#71idanQ~wou1(~8ia11(i.j1~1u~nCn~~t: 

v&lfiu~8ulvufiuoa~o~n1191'1~'1flul3.j1#~ (non-linear list) airnrin~8uih4iiYudu 

(hierarchical) 1u~n~~:#di6u~uu~~~0t : j~ i~d i i~1diua inuo4#u~r~~ 1mzdiifu& 

k71d~~uumnhu6~uo.j6Cu111i lc lunia~rn~an~~un~o~~dwn'. jdo~~~fludi6u~uo'~~~d 

tunazvhiflulu ~ ~ u u m n d o u l ~ ~ a d ~ n v d . j ~ d ~ u ' n i u i ~ r ~ ~ ~ ( i l n o ~ n ~ d ~ ~ n  hod1.juo.j 

nirdidounail~u1ulnr.jrrfi.juo~6Cw~u'd~ri~in~u8~~ nir i~ r8u  nirnwmfiuo.j 

~~AaQo~nnfoldul~runrudi~~l~Ronni.jniuwon ~ d u  Rd , lidu CD-ROM d.jmozii 

nir~ilrdaru'n~liu~n'w1flw'1rln~~oi18u~Ku ilniaoon~uulunirbdu~~Au~flw4i~u~w 

niridi&ldv##o~nir8#~.jiinirdi~ni~~~u(path] 1fl~nk.j 1dmad16u'uRlm:6.jdi.j~ 

tufic~vilad#ornir 



I .  bumgua h n d i  root (fuunh4u aduuqmnaq6ifiuiu) 

2. l~umdu~ q:gnud.r~flu~rmrlaul q:hndi sub tree 

Degree aw Node HUIU~?~ ~ ~ u ? u ~ u ~ ~ " ~ ~ u ~ B ~ L c ~ A : ~ H u ~  

V, d degree = 3 

V, i? degree = 2 

V, a degree = ' 0 

V, 5 degree' = '1 



bunlndi j  degree = 0 Mrrri V,, V,, V,, v,, 
rodunhunad ld i l  Leaf node (~uundrilulu) 

v J 4 d  rfludiuhnun4runoanan (out node) ra4ynl fuunfiauni7u?~dlcu 2 q n l  

luunudhynl~uni i  out node rvhcu 2 u% 0 buWi j  out node dl% 1 uu r o l h n i l  

diu~fidil Full Binary Tree 

Binary Tree Full Binary Tree (~Wubiu) uld Binary Tree 

ynfuurnd out node = 2 u?a 0 vptuun 



1. Sequential link L ~ f l l t ~ l l h ~ a ~ ~ ' ~ ~ ~ ~  Full Binary Tree ~ ~ ~ U U P I ~ I U  9a467L061 

iiRliiij~u~mdlfiuRu1u"~~~ Y tWufiut~et~fiu n n j l i n w  o 844 

2. Llnk allocation L~unlt~fi~fpru~~~rl~~daufu4( linked list) wl#aynwlnrluumd 

liadeuluc 2 Kc1 lmul#rkc1dmeu~m/lhutn~=:~~~ i i~~url4da ~ % a ~ l ~ u n d ~ O u ~ n n ~ 4 d f ~ u  

data L ~ U I ~ ~ ~ U ~ ~ Z # B I W % J  c f i ~ Q 9 ~ ~ -  - 

rlink rfludiudt weuuef h $ ( r  fight sub tree 

n ~ n i i ~ a y n d ~ ~ ~ n ~ ~ ~ ~ ~ \ u ~ ~ ~ ~ ~ w ~ I u  a .  b ? ~ d ~ ( r u ~ f i ~ ~ u d m a ~  wadt t in  
i "2 ' " riic root 4 4  ~flulvu~~~s~alu~zdiu~uisgfi - l p  ~ U J ( ~ ~ ~ V U ~ K ?  , ~ d m ~ u c ~ t l f  root %uw\~n;dd 

RuWiw Z1JdQayalnl~fluod root qijI@?dilTY,nu~~ 

root ilo )iuMd14 

4 . *a '  Il.~~mdlo.mloril#a y n r i ~ u ~ n ~ f i ~ l u l  r)f~fiY14#1uM didmau~maf root 9 n uum ay nu 

insert ('A'); root 7 
I A ]  



insert ('B'); 

insert ('C'); 

-h Tree ~fluAuMuuu Binary a ~ ~ ~ ~ d ~ d d t ~ u ~ d a ~ u ~ t a ~ ~ a u r l a ~ ~ t ~ u ~  

d u l ~ ~ ~ i l u  2 Owun~%a out node WLRU 2 I ~ U W ~ P I I ~ ~ ~ ~ M I M U ~ ~ M ~ ~ ~ ~ ~  

I .  hd~fiui( root lic~firiw7nnilQay n sub Tree nlr+xiqntgun 

2. rild~fiulu Sub Tree nwral Aaquinndi u%riifiu mot qn7 ~ I W  
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L ~ ~ ~ L L U U  Binary Search Tree 9z~fluku 
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root 7 

s7nqor&nworz~ea Binary Search Tree ~ ~ n h ~ 4 ~ ~ h ~ n s : c i ~ u ~ ~ 4 7 ~ ~ B u  Template 
d 

class died7 binaryTree tfiU?:y?7~~:~8~11389nA7(IkU 

Attributes for Binary Tree Class 

root 11 a pointer to the tree root 

Member Functions for Blnary Tree Class 

binarytree I1 a constructor 

insert 11 inserts an item into the tree 

retrieve 

search 

11 retrieves all the data for a given key 

/ I  locates the node for a given key 

display 11 displays a binary tree 

~r~flu\r)idw:iilB?udrw~u~rnef root ~4~f lu~7ba~4do~~e~r7nhu~~a~ '1u?:~u 

uuqn dlufl7dalfafl7thhU\u'dIZbgUfl7d71ZI~~1Hd\dCfl~1U'5~Nfi!74~Uru' n7& 

4ayndlio~n7teanu7rdad~~47u n ~ r h u r r ~ i ~ ~ ~ ~ ~ . r ~ e ~ ~ a ~ ~ u ~ ~ d ~ f l u 4 ~ ~ a d ~ i ~ ~ n ~ ~  

t ~ u h n ~ t v i e t  h u r ~ ~ ~ u n ~ ~ ~ 4 ~ ~ a ~ ~ ~ ~ a d ~ n ' u 1 u ' 5 a r ~ f i 5 i ~ ~ # u r ~ 1 u ~ f f ~ w ' a ~ n ~ ~ ~ ~ a ~ ~ w  

11 File: binarytree.h 

11 Definition of template class binary search tree 



#include <cstdlib> 11 for null 

using namespace std ; 

#ifndef BI NARY-TREE-H 

11. Specification of the class binarytree <treeElement> 

11 Elements : A tree consists of a collection of elements 

11 that are all of the same type, treeElement . 

/I Atructure : Each node of a binary search tree has zero, one, 

// or two subtrees connected to it. The key value in 

// each node of a binary search tree is larger than 

11 all key values on its right subtree . 
11 than all key values in Its right subtree . 

template <class treeElement> 

class binarytree 

public : 

11 Member functions . . . 
11 constructor - create an empty tree 

binarytree( ) ; 

11 Insert an element into the tree 

boo1 insert 

(const treeElement& el ); 11 IN: Element to insert 



I/ Retrieve an element from the tree 

boo1 retrieve 

(const treeElement& el) const; // OUT: element retrieved 

// Search for an element in the tree 

boo1 search 

(const treeElement& el) const ; // IN: element being searched 

// Display a tree 

void display( ) const ; 

private : 

// Data type . . . 

struct treeNode 

{ 

treeElement info ; // the node data 

treeNode *left ; I/ pointer to left-subtree 

treeNode *right ; // pointer to right-subtree 

1 ; 
// Data member 

treeNode* root ; // the root of the tree 

// Private member function . . . 
// searches a subtree for a key 

boo1 search (treeNode*, // root of a subtree 

const treeElement&) const ; // item being inserted 

N Inserts an item in a subtree 

boo1 insert (treeNode*&, // root of a subtree 

const treeElement&) ; // itm being inserted 

// Retrieves an item in a subtree 



boo1 retrieve (treeNode*, 11 root  fa subtree 

treeEtement&) const ; 11 item to retrieve 

11 Displays a subtree 

void display (treeNode*) consf ; 

1 ;  
#endif 11 BI NARY-TREE-H 

nniitu ~lnll~aciis~dijnloa!7~fl~~(11ud~flu prtvate ~ e : d a ~ u i / ~ ~ f i ~ f i ~ 3 5 . j f i q ~ d ~ ~ ~  
' J J 

public ~ 4 ~ ~ ~ n ~ 7 4 f i ~ ~ ~ f l i ? ~ 7 4 1 ~ ~ ~ : :  formal parameter Y I U W ~ ~ I ~ ~ ~ U  

/I File: binarytree.cpp 

I1 Implementation of template class binary search tree 

#include "binarytree. h" ' 

#include <iostream> 

using namespace std ; 

11 member functions . . . 
I1 constructor - create an empty tree 

template <class treeElement> 

binarytree <treeElement> : : binarytree ( ) 

{ 

root = null ; 

1 

I1 Search for the item with Same key as el 



11 in a binary search tree . (public) 

11 Pre : el is diflned . 
11 Returns true if el 's key is located , 

11 otherwise, return false . 
templatecclass treeElemente> , 

boo1 binarytree ctreeElement> : : search 

(const treeTree& el) const 11 IN: Element to search for 

{ 

return search (root , el) ; 

) 11 search 

11 Start search at tree root . 

I1 (private) Searches for the item with same key as el in the 

I/ subtree pointed to by aRoot. Called by public search . 
/I Pre : el and aRoot are defined . 

N Returns true if el 's key is located , 

11 otherwise, returns false. 

templatecclass treeElement> 

boo1 binarytree<treeElement> : : search 

(treeNode *aRoot, N IN: Subtree to search 

const treeElement& el) const I/ IN:  Element to search for 

{ 

if (aRoot = = null) 

return false ; 11 Tree is empty . 
else if (el <= aRoot -> info) 

return true ; I1 Target is found . 
else if (el c= aRoot -> info) 

return search (aRoot -> left, el) ; N Search left . 



else 

return search (aRoot -> right, el) ; /I Search right . 

I/ lnsearch itemp el into a binary search tree . (public) 

I/ Pre : el is defined . 
11 Post : lnsearch el if el is not the tree . 
I/ Returns true if the insertion Is performed . 
11 If there is a node with the same key value as el , 

11 returns false . 

boo1 binarytree<treeEiement> : : insert 

(const treeElement& el), N IN - item to insert 

{ .  

return insert (root , el) ; 

) /I insert 

N Inserts item el in the tree pointed to by aRoot . (private) 

I/ Called by public insert . 
/I Pre : aRoot and el are defined . 
I/ Post : If a node with same key as el is found, 

/I returns false . If an empty tree is reached, 

/I inserts el as a leaf node and returns true . 
template<class treeElement> 

boo1 binarytree<treeElement> : : insert 

(treeNode*& aRoot, /I INOUT : Insertion subtree 

const treeElement& el) 11 IN : Element to insert 



{ 

// Check for empty tree . 

if (aRoot = = null) 

{ // Attach new node 

aRoot = new treeNode ; // const aRoot to new node . 

aRoot -> left = null ; // Make new node a leaf. 

aRoot -> right = null ; 

aRoot -> info = el ; I/ Place el in new node 

return true ; 

else if (el = '= aRoot -> info) 

return false ; // duplicate key found . 
else if (el c= aRoot -> info) 

return insert (aRoot -> left, el) ; // insert left. 

else 

return insert (aRoot -> right, el) ; /I insert right. 

) // insert 

// Displays a binary search tree in key order. (public) 

// Pre : none 

N Post : Each element of the tree is displayed . 
// Elements are displayed in key order. 

templatecclass treeElement> 

void binarytreectreeElement> : : display( ) const 

) // display 



// (private) displays the binary seach treepointed to 

// by aRoot in key order. Called by display . 
// Pre : aRoot is defined . 
N Post : displays each node in key order. 

void binarytree<treeElement> : : display 

(treeNode 'aRoot) const N IN : subtree to display 

if (aRoot I= null) 

{ // recursive step 

display (aRoot -> left) ; /I display left subtree . 

cout << aRoot -> info << endl ; /I display root item . 

display (aRoot -> right) ; I/ display right subtree . 

1 

} // display 

I/ lnsart public and private member function retrieve 



Type * Variable; 
1.4 9 w  

2, ~ ~ ~ ~ o Q P ! u o ~ ~ H ~ ~ u & ~ A ~ ~ J s w o u A ~ ~ ~ Q S "  18ldfl15Q84lluuQa~( Dynamic) IRUAI~Q~ i 
'0891918 

ldrunruriiriunto81~~niri8u~~gJa0S~~ 

i i i & i ~ ~ d L i u u ~ j d  new type; 

3. niru'iiiWbi8u n?onir4iboyn~Cm~8u~uii~~nu'4dod~&o~niaui~#~iu !ril# 
Y d d  #q8nvd * ~ $ 8  Asterisk n r o m a u n i i  indirection operator 1#8i.aiia(iiuoqb8 ynsh 

AAdMQU!9lQi $4 
k a 

4. ~ ~ ~ ~ ~ U H ? Q ~ ~ ~ U A U Q W ~ Q ~ & ~ L L ~ S W ~ I I ~ R Q % "  ldlluu delete Variable; 
h d /  

5. Singly linked list 6 8 ~ k l 8 ~ ~ U ~ f l i n v ~ ~ ~ ~ 9 ~ f l p l l l Y ~ ~ ~ ~ 9 9 7 1 9 ~ ~ ~  ~8Ufl156idi?l!d5~~u 

1pllo~ui~ifuiiunu'~ve,~bo~n~adm1d kid 

6. % v a ~ v o ~  node b o y n l u ~ i n ~ ~ ~  linked list dulnr~flh~~GmlrnoS"mddrtnou#au~ad 

1~Ojq 2 FIniiYaufiUfio 

- Information field ~8uaiunirh~n~kd~ri&o~nirCm~8u 

d d d  - link field ~8uriufliabo~ad~8u~a~~dr~u"mwoe1~pllor n~fludiiunu'tuoalnum$a 

hid lunr0i~1dijbogJndiadmld~siozdldd null 4hi8uImauvoc5~~b~ap 

7, fln~n(stack) 18ulnrqflJi~h~ndi8ua'nvmz LI-FO (last in - first out) wuiu& #oyn 

Pi~di6~qdiua:~#S'f~niru~oirn'~u bud~~ndirrnru'iibi unzPioan!#i~u.miadu? 
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8. Linked queue r0unini~~~~~~~~~aui11s=:~nn~~u~vIunnwm=:nis~i~iu~u 

~ninanrraeq FI-FO (first in - fi* qut) laun~rr i i~~+lnL4i ld  L~u~uti4pa~nqEuq:: 
d d.4" Bun4inir insert 1 n u n n ~ ~ d 1 ~ a ~ u ~ $ 1 ~ ~ ~ 1 u ~ ~ 1 ~ n ~ ~ ~ 1 1 t ~ ~ e u ~ m a d a  rear i a d l ~ e  

Buniinio remove 1manozfl~ddniu~nhiuvIdilZudd1~biqcL11swauLnQi front 

%dniuhiua 

9. Tree Structure ~ ~ ~ ~ ~ t ; r R ~ i 4 ~ ~ ~ u " ~ ~ ~ n i 2 ~ i ~ ~ L ~ 1 ~ 0 ~ d ~ ~ ~ ' ~ ~ L ~ ~ ~ ~ i ~ ~ ~ ' 1 ~ d ~ ~ n  

~nanrrcld.rlnu~~u~un~~~#p~fiueiru'~flu~a~~du (non-linear list) udnqrin~fiu 

~fludi~iuiu (hierarchical) Z1~)nwmz~d~diu$uuu~m~z~iw~"idpI&iurnn~e~diu 

10. ~0~1~1hqdiuldw%~ree dsrnaudiw ~myaatbuabcya l n u b w ~ y a s r !  
.4 2 n'nwnrznqu 

I o. I Bun% LAW h n 4 i  root flvunhdiu aduuelmao;rh8u$u) 

1 0 . 2 ~ u ~ l d u ~  '~=:qn~~ljq~ilu~qimLi~u1 srZuni i  sub tree 

1  1. Degree a94 Node MUIU?~~ ~ l u ? l d # u ~ d ~ a u a ~ ~ ~ ~ d a ~ ~ w u n  

hunlnd! degree = 0 viBunbrmanii64i Leaf node ~~UU~#L~UIU) 

12. Binary Tree (out node) aaqynq b u a ~ u n i ? ~ % d i  
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flu 2 qn~luunudfi~qnhuril out node diflu 2 2% 0 ~ u W $  out node L ~ I  

flu I r n ~ n d i f i u d d i  Full Binary Tree 

13. Link allocation L ~ ~ U ~ I ~ L ~ ~ ~ I ~ U ~ B A ~ ~ L ~ Q U O U ~ (  linked list) LLd#~Ip~dfi~hUn9~ 

ilhdaukw 2 89 kulI~ia~dulmauuaiK3~~0n~~~fiu ~ILLW ~.jdat]~a.~luup~d~du 

F l n m i ~ ~ i ~ ~ ~ n ~ l h ~ ~ d m e u ~ ~ a % n f l ~ ~ d ~ ~ ~ ~ ~ a ~ l u ~ l ~ ~ ~ f i u  ~ILLH ~4det]na41~un 

d~fiu~nmi~nai 

llink data rlink WI 
Inti llink LflUfihdt Y V P U ~ ~ ~  3ldu5 left sub tree 

data L f l ~ f i ~ d t d ~ ~ l ~ k  ~ f iuby  n 

rlink ~f lukudt Y V ~ U L P I B J ~ ~ ~ ~ ~  right sub tree 

14. Binary Search Tree ~flu&uWuuu Binary n ~ n u d ~ d d b u r d f i i m  
v - Yd ~ ~ o u k f l f i u f i d u ~ ~ ~ ~ ~ u  2 hunuhd out node W L ~  2 # U ~ U W U ~ D  

mru4i lunimhrk~id~f iud root iks~ri iuinndibyn sub Tree n i d i u  

' qnluw rildLfivt~ sub Tree n i ~ ~ a i  ilo4uinndi u % d i f i  root qnl lvum 



struct STU 

{ 

string name; 

double score; 

STU *link; 

1 
STU *P, *Q, *R ,*Head; 

Q -> 

-L. Q-> +. "PAI" "THONG" "HUA" 

"URAI" 

+ 
38 69 55 

---+ 82 ... "THONG" 69 



3. ~ q i s . m i ~ ~ n v i a l r l i : Z  45 85 95 23 42 52 84 12 35 24 

9411 nyd Binary Search Tree ~urduuJ(tn'~u~uni~via~m"u~dil~uw"%a~n~~~i:: 

d u i n n i i  50 aanuin i t ran in 

4. ~ ~ i t ~ i m " u l d d a ~ Z ~ d a m a i l ~ i i n i u  

d n. ~ 4 L L ~ n 4 ~ l ~ L L n ~ ~ a i ~ M u l U ~ Q 4  Binary tree ~ ~ ~ d ~ e ~ F l a 7 l i ~ ~ i ~ L i l u ~ ~ ~  

sequential link 

a. qtds.minTm~aht#a1;1aaat Binary tree LLUU link allocation L L ~ Z  

, a'iuiu8i?uii field Piirllruiuiiaarlr 
1 

J'd" 
5. q t r i iuu f i<~ud la  1s-~rnpty(~) ~ d a m n ~ n a u i i  tinsinumaudswauuaf P 

~ i i i l i i r ad tduh luaa~  list ~fllluiinMi.rv%lai 

6. 94 dsufl4 {iu findgrevious(X. P) Ldal r l~ iL~d4lo4 l /a~~n" I I~Hdi  ~ i ~ u d f i  

x ~ f l u ~ a  +j ad h a ~ n i  t P ~rlu i i u ~ d d  du diuIuiMsi 

7. q.r~!ou%r?qu nurnberoNode(L) L d t l ~ ~ ~ l U ? ~ 3 ~ t f l r ~ a $ 4 H s ] l e l  dod1u8dd L 4 
a@hunus.n 

8. ~a~eu%6~u~lriraijoubo~ua 7 ~~dduulu6nwmr~~uubundia~a4 



10. ~adni~~n"uii~w~"Ildnim6dnqw'rl19~kfiu~~u singly linked list $i?ufnr;r8f148fi 

q a ~ ~ u u  struct du i i d i  PACAAL q:pn~in"uhaor::kd 

n. sadr:ni~&~ah4lycr Node type lu singly linked list 

la. ~ 4 ~ ~ ~ ~ 6 a n a ~ ~ u ~ u n l ~ ~ n ~ n ~ ~ ~ ~ ' I ~ ~ L ~ l i d ' I ~  Singly linked list 

riiaunl# New . Prv , Pt ~f l~&q~d9 pointer a d f i q  krmhtacl~ node 

ddo::ninlr;lu#fi n. u~:~~~luhiLLu~46dniwdo1d8 

n. ~ ~ ~ u u 6 a n c l ~ u ~ ~ n i t a ~ t u u n ' I u  Singly linked list 

q i n ~ h  PASCAAL PASCAL 

PN 

4. qili%Pluld Procedure Lqinsert ( item : char ; var front ,rear : Nodeptr); 
dYd 1dorii#o~nlununfi~6n~~:: 1 h6nnw ~fiulu Linked queue 
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2 
11. f i i v u ~ ~  singly linked list drlhrndrrynrflBmu polynomial functions 8rrialdu 

n. rrd1zni~lar~nfi~4oqnuor node lu  singly linked lists J r ~ ~ l l m u  
polynomial functions unrom^~itt#?uji field dis1wuiu8rozlr 

u. rro5uiaCuu?anulluni1n~ polynomial functions lclal4 singly 

linked lists I ~ ~ u ~ I u ~ u u ~ I ~ I ~ ~ I Q ~ ~ ~ ~ L ~ u E u ~ ~ u  


