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struct Point
{
double x;
double y;
h

struct RGBColor

{
char red;
char green;
char blue;

b

struct Circle
{
Point center;
double radius;
int thickness
RGBCOlor color ;
%
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fescttORBdifEd. Sls®kjyodjls (5 {lsskdz §sotsHLE:
fescteOBRItetss Oddw B Ydzs MyudlOjlsmw k&jddj
ZodHdd, Ut doj B3j daj o O dirthiZgghldzd j Misfls Oo dzv

[ftejH]dzjdad j sdf O B Yydes ftej HY OGO s |
HOdzdztzB,  CBsHj dzdtetso Odzdj o jHjddw, Ikt jhis:

p Otd Odzls 5 0
HOdzdzr =
f sw o dzj dad ®

B | Slcdig dzls d tots 0 O dzdzts O3

sftej Hjdzjdad ]
HitetsB d .

OB t5lsH O dddy Bsmd g C b5 G RO.
fsojHjddw
q ff R @R W s ) dzts & dzts 6 15 ) ) cnd@atfoL QD
f tetsc te ®dstisd tedfsord2rdayfitc d te [z §f
% tcOc dj dals O

o ©OdBS On GHds?2

¢ ZOMMmO, oty

dtse ) " J ded §

fiotsatcO
(0F:]

&sh O h j @

[ dfMisdde [ftojHjdjddj $EOMMO ctOydsdOd dzOvw Hit
/*
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* INCLUDEW ©2 dz Rational .h
*

* e € f tesc tc O BRWiwreseftO dzifigual C++. NET

* 10LdOyjddj: [fteijnjdzjddj $dzOMMO " tOydsdOdz' dats
* 1 OO MtsL HOded W © 19.11.2006

* 1 OO0 Cttetej Slsdtetsoa ¢ d:

*

#ifndef ~ _Rational h

#define  _Rational_h_

#include  <iostream>
using namespace std ;

Il [fteiHjdddady € dzOMMO " ttOydsdzOd dzOWY HiGB

class Rational

{
int  num;

Il ydmdzdlsj dz@  ( B
int denom;/ / 1 dzOd3j dzOls j dz! (
public :
/I ssdzilstelz ¢ Istste

Rational( int _num=0, int _denom=1):

num( _num ), denom( _denom )

if (denom<=0)
throw out_of_range( "Incorrect rational value "
"denominator "
"(should be positive  )");
simplify();

/'] RLABjdzjdedj L dzOyj dedw t©OydosdzOdz' des? HtesB
Rational & assign ( int _num, int _denom =1)

{
num = _num;
denom =_denom;
if (denom<=0)
throw out_of_range( "Incorrect rational value "
"denominator "
"(should be positive  )");
simplify();
return  *this ;
}
Rational& assign( const Rational& Val )
{
return  assign( val.num, val.denom);
}

I 1jte]ctebQEdW &3j sdupshH gDyd?2
Rational&  operator +=( const Rational& arg2)

{
int  cmnDivisor = gcd( denom, arg2.denom );
num = num * (arg2.denom / cmnDivisor) +
arg2.num * (denom / cmnDivisor);
denom = denom / cmnDivisor * arg2.denom;
return  simplify();
}
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Rational  operator +( const Rational& arg2) const
{
Rational result( num, denom );
return  result += arg2;
}
;// rezedy OdWdjbduimcdy sfjtoydd
Il 1jtjotekL O B jteOyd?2 lsdzsh j dzdw
int  operator <( const Rational& arg2) const
int  cmnDivisor = gcd( denom, arg2.denom );
return  num * (arg2.denom / cmnDivisor) <
arg 2. num *( denom / cmnDivisor );
}
/'l rtwkedi tfjttOydd wslsdash j dzdw
..
Il 1jtjoetekzL SO s jttOydd o' oasHO o orf atsHEs?2  lssC
friend  ostream& operator << ( ostream& out,
const Rational& value )
{
int  whole = value.num/value.denom;
if (whole!=0)
{
out << value.num/value.denom << " *;
if (value.num%value.denom ==0) return  out;
}
if (value.num!=0)
out << value.num%value.denom <<" W\
out <<value.denom;
else out<<"0";
return  out;
}
...
private
1" etsCtOh ] dededsB d
Rational& simplify()
{
int  cmnDivisor = gcd( abs( num ), denom);
num /= cmnDivisor;
denom /= cmnDivisor;
return  *this ;
}
Il wdzzy j B d2OW WhkdeC ydw:
Il erydimdzj dzedj dzOdBtsdz' M jets BN jaets HJ dzd s dzv
static int gcd( int a, int b)
{
if (a==0) return  1;
while (al=b)a>b?a -=b:b -=a;
return  a;
}
b
ltogod BOY  dzdyj IsjMlstseoOW ftoseteOBBO d dzdzs fi)

5Bl § ¢ s tRatiorlald OO d&zZs ¢ d Ydzts tBI jSCOd o Mistets j dzdz 7
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#include  "Rational.h"
void  main()

Rational valuel( 7, 24 );
Rational value2( 10, 36 );

cout << "valuel=" << valuel << end l;
cout << "value2=" << value2 << endl;

value2.assign( 1, 3);
cout << "value2=" << value2 << endl;

valuel += value2;
cout << "valuel=" << valuel << endl;

Rational value3 = valuel + Rational( 2 );
cout << "value3=" << value3 << endl;

if ( valuel<value3) cout << "Ok" << endl;
else cout <<"???"<< endl ;

[ ommder

tdhddedj dwBdesedrn LOHOY Lkftetsh Ojkmgw, M
ntcOdzd Is 9 odH] §tidzj H o Gy Hgy wifiplintisty MMtsmip
Wwyuj2€e0d3 sB" Yydes tsfpkzb siiglsgfdeu j EMO. f sMtcj HMlis

1 wipr g C++ ftsH ddeHj Sy 1 dzj d3j dzls ©
SlsdesmdIlsj dz' dzets OHtej MO dOYOZO GOMMdea O o ¢t
Ldzj d3j (dasdpB). 1 Mo whed Cfy +4 ded dzv Is O jdgtiHsjodd'd,
Coltstets? tfdmoOdsdJ BOMMMpas®,d s i &z fisjf figlsneOlxtz
4 ted d3gj dzdzts 2 (€ 0OLOIj dzv) , ntcOdgv h j 2 OH e j
dqdzv j SMsds 0) .

— v O 1 2 i size-1
1 *
" LY LY
H_I
int
u v J
size

t dm8. [ offigger+ o

vsO0Cddz tsBtLOL 503, 9 C++ ddgH j Sidg -IgtsydHsj d
size T ydmdzts 1 dzj dgQ el dsjz pls d s B3 &6 Gz Iststc  dzj (
oL Bsy desisd ¢ tshlgtetEddd to tf dz® s ¢ ) (dcesto Ddaddzd o to
Ldzj Bj deglsz d3OMMmdoe Qtets § Oaffelagty dlaekCj Cdn sh de ¢ d
dzd d dzd y d O dzd d&3ff ts ts oCdrdz" dzj Sstetcj C Is dats ddzd yo
ECOL OB dwddghfws dzOdB tsdzj § dzi ftedwWisde" d3d o iy
sB dzOtelzy § ded W :

I const int size = 100; |
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void main()

int array[ size ];
int ixFirst = 0;
int ixLast = size 1

Il sttetej C lsw@ tgON j dad W
array [ ixFirst 1=10;/ CCodo Odzj Rlgsdar 2
/I*( array + ixFirst )=10;

array [ ixLast ]=10; // CCodo Odzj Rlgsdar 2
/I*( array + ixLast )=10;

Il 1§SttetejSlsdzr j tBtOh j dadf W
/'l (9" AtsH LO cttOddyk BOMMdeO 1 SCtdbtetsddtlzjlsfmv st
array [ -1 ] = 10; /'l CCodeOdzj dzlsdz" 2 S tsSH:
/II*( array - 1)=10;
array [ size ] = 10; [/ €CodoeoQOdzj dzlsdzr 2 ¢ fs5H:

/I*(  array + size )=10;

}
JIsd3d Isd d3, ylsts Htkzedy wLrCd d@sceckls tj OddL
Slsddgny s dB@BsHjdd C++. 1 0fteddzite, ©® wL'™Cj Pa
5 ks JLdd dzvjlsv size. dizkSE &0 Mls. . dtsy
sftcjH]jddls! d HtkEes?2 HJdOfOLtd dL d3j dzgj dedvw d d
LdzOyg dedv ddenj CMse d dMmy sdz' 100 @R Hackz € PR
festewHECBO " 7 Idftse) :

const
size = 100;
type
IntArray = array[ 0.. size -1] of integer;
HexDigit = array[0..15] of char;
IntGrades = -5.5;
StringGrades = array[ IntGrades ] of string;
WeekDay = ( Sunday, Monday, Tuesday, We dnesday, Thursday,

Friday, Saturday );
var
arrayl : IntArray;
hex : HexDigit = ('0', '1', '2', '3', '4', '5', '6", '7',
'8','9",'A', 'B', 'C', 'D', 'E', 'F")

grades : StringGrades = ( 'ykHtse di dats
'SlsoteOIsdls'y dz dzats
'Sy df dzts s
' dzs 5 s
' dzj 8 Oy dats’
'O MmisBj',
''EHtso dzj lsg AL dizts ',
' Attetsh 5,
"y d Atsh ',
' slsdzd ydzs'
‘o j dzdCtsdzj f dets' ) ;

workHours : array[ WeekDay ] of integer;

AOSIduj mMSq, Jdj S Bafsiggd Q oo dv jlshy B
sdf O ¢cHJOf OL sdze, ] fipleQe® datf 1§ tedals lf © "dats y § Mise &
Clstste’ § dtclkls ftoddd B3OS [ itsdzjj g dzls ‘3O firfis(te Ot
] OdzdL 50 OcdgdzO" o wLrCj Pascal, dzgj ftjHENAEOS
] OHEHHEEEEOYdj2. 10 fujl fesdkiykzssydscts
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CoRfddv sE®dv) Ofse j M j udo Of ks

fls t6 &

Ctetej Cldetsyisd qdzvj SMdtetse Odzd w .

l 56 ORBBO O 1 OMC Odzj, w©OMYE j yOlsr o O h (
grades 9 W O2dz, By Jls orcedzwhHjls! MmMdzjuHlkzrhdd
con st
minGrade = - 5;
maxGrade = 5;
type

IntGrades = minGrade..maxGrade;

StringGrades = array[ IntGrades ] of string;
var

grades : StringGrades = ( ‘ykeHtseo dh dets
'syj df dzs 5
'Rt ,
' dzj 9 O dzts”
'sO¢

' Atstetsh 5,
' sud d#
" sl dzd ydzs'

grd : Grades;

fout : text;
begin

assign( fout,

rewrite( fout );

for grd:=minGrade to maxGrade do

' output.txt )

‘slotOldly d dts

mdBed",
"kZHsodzj ke tstedlsj dz dats'

Attetsh ts'

‘o j dzd € s ) f dats

W tste Bz dzd fetisq©Ods + d H § dzals d ydz j
Grades ( sBl W dzw | BSE 5

a3ts ) ] ) lsiPyize
[ dflsddes [ OfyfCLCH+ o

writeln  ( fout , grades [ grd 1]);
close ( fout)
end.
{3 sdd3,  uybsts,  jlitxzdy HddMexDisit] § &1 3 dats

1 CodoOdzj dzlsT o)

dzO StringGmdests f) pts & §5 ¢ sty
1CodoOdzj dzZsO &BIlsC/ C £ dalightizis | EOuAs g S Iz

] C

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

const int
const int
const int

minGrade = - 5;
maxGrade = 5;
totalGrades = maxGrade - minGrade+1;

inlin e int gradeTolndex( int grd)
/1 [le jlsfilse j dzdets fyls
assert( grd >= minGrade && grd <= maxGrade );
return  grd +5;

}

typedef
typedef

char * GradeStr;
GradeStr StringGrades| totalGrades J;

void  main()

LO Ctote) T lsaRs fif bots ¢ HedDORFHID s gzC
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StringGrades grades = { " ykHtedh dats" ,
"slsoteOlsdlsj dz' dets" ,
"syjde f o,
" A",

" dzj 9 Oy dats ",

"sOC MmiBg",
"bHiodzj ko stedlsj dz' dats”
"Attesh 5",

"ty d AttEsh",

" tsls dzd ydzts ",

"o dzd sz f des" )

/'l t Ofmf j yoOlsol! eofMmj { dzjgedeklsr &OMMds O
/e W Ooutdmt " txt "

I [1sCter fstslstsC
FILE *fout = fopen( "output.txt", "wt" );
if (fout==NULL)

printf( "Error while opening output file" );
exit (1);
}

11 0fiy0lol: MtH]j ) gales] " eRds @ "

for ( int grd = minGrade ; grd <= maxGrade; grd ++)
fputs ( grades [ gradeTolndex ( grd )], fout );
fputs (" \n", fout );

}

I 1 0Cter fstslsts €
if (fclose(fout)==EOF)

printf( "Error while closing output file" );

exit (2);
}
exit (0);
}
ljtjujde 6sfjteOoyd2 d&OH «KOMMde Odd o Mmizh jf
sts@ts, COC tjOdzdLto Odz0 OBflsteOSydw &OMMdse C

t OBt i3 § cEZOGHiGGo OXY SIS tofdzvsT j o o/ o+ +.
1 w | 'CCdgs B OW sfjtOydw dzOH BOMMdesdz o
Csfdetso Odzd SHdEets d@OMMde O o Hiczegts2) ER
s jteOYd?2 dzOH SlsH j dz dzr d3d L dzj dBj dzls O3] . 1 tod
Cttetej Cldesj dMmYsd L tzez@zd § S5 O BOBE I o t5ls 0 § 5 jizdzts i

@O ftesetcOBBRd Mis] :

void CopylIntArray( int *arrayl, int sizel,
int *array?2, int size2 )

if( sizel < size2)
/1 [hdBSO. tjLkd sdtekzeh d2 dBOMMde MmMddh Sk EOd
...
return;

for(intix = 0; ix < size2; ix++)

array 1[ ix ]= array 2[ ix ];
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} |
I C++ a3 Msts BEMHfEESELOBHB] Mis &y il df
Cdzlsj 2dzj tedz” § € ZOBMM( dePtf toBedigr WdssQugdhr
sftiHidvils OBMistcOWPdMde PBB] U FisGSH @ icsd L
[ dflsHd& MmsHjeydls §tddj o vafthrf sdz L CosQaafE"s Is
tOydBdOd d & Hiess | 2Rafomml to-fidsizdd) diflizc € d&zO ff O

J dimlsd&s rRMYtsdz L 59 Odmftpr ¢ dzOMMO
#include  <vector >

#include  <algorithm>

#include  <stdexcept>

#include  <iostream>

#include  <iomanip>

using namespace std;

#include " Rational .h"

Il AnezdS ydw §jyolsd fMoHjteydBsets ftesdLotsd e ¢
/'l ftsHHjtydoOsh jets ftewdkzs dlsjtOyds

template <class C

void  print( const C& c, ostream& out = cout)

typename C::const_iterator it = c.begin();
int  counter =0;

while (iit!=c.end())

{
out << out.width( 2 ) << counter << ": " << *jt << endl;
++counter ;
++it

}

}

Il AkdS ydw eor ydfdzj dedvw MmEezdsdsr 1 dzj B3 delstse ftefisdL o s5dz
I §sHHjtex) do Oftvdgighis j Oy d*
template <class C

typename C::value_type sum( const C&c)

typename C::value_type s(0);
typename C::const_iterator it = c.begin();

while (it!=c.end())

{
s +=*it ; /I NB 1 dzv fsdz L Boalsjdzt MEBBEts Isd§|O Hsdzy
I B' s/ fftejHjdzj dzO Mmj dgOdgs ¢ O s
++it;
}
return S;
}
void main()
{

vector<Rational> vec;

vec.push_back( Rational( 7, 24) );
vec.push_back( Rational( 10, 36 ) );

cout << "Size(vec) =" << vec.size() << endl;
print( vec );

Rational result = sum( vec );
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cout << "sum =" << result << endl;

vec.insert( vec.begin()+1, Rational( 2, 3) );
cout << "Size(vec) = " << vec.size() << endl;
print( vec );

result = sum( vec);

cout << "sum =" << result << endl;

sort( vec.begin(), vec.end() );
print ( vec );

}
Il sHicBBljdMY sd' L 59 Odzd d  IsSSTUf fiipdg. ,d  d@aitfctascfadyjlstafz ts
¢ ded ¢ [Austern 1999  [Sytroustrup2000] d dzd Zyd B dets g fsmtse
[ Cor @Y. [ Mdzs o 2 2y S dzMistcz Jtetso Odzdw S tsdzlsj 2 dzj to¢
Oz stedls Bso ,  fyBTa, dig eifiiskalyds G lsBW H © dzdptie. 5 2 Y j B dzfs
fsmse dv.

[ Oommder, twOmMmMBslscj dede” j © fJtedojHjdede = o
BHodE®R] td BJ: HAY HEMskEfO € lHjd d & 1+ dj &
Bsdz hddzlmlse j §&OCIdyujmSdrn MmoEyoje MmtejHfise,
RGO o ORY, of sdzdzj HEBMSOsYds, SHAZOCE JdscH
MlsOdkS do Ols: Mw ) dzjtsBARBsHIBESME! 5 tBEOBEIC(
( BOIted uds § ¢ tedBCp2Rzjcufitzd Btsdzj § dL Bjtej ded 2.

[ detsy j Mise O

¢ dzO dzts ¢ d y dats BOMMde Ok, Bdztsy § Mise O ftoj H
SHstesHd = BB jClBe, SH dzOC 5, 9 Slsdzduydd ls
L dzj d3d dzls s 0 Ovwdpdats™ jjldnfilso dzj MM j Mise j dade” a3, [ Mdzd H
sfJtcOEgMBREZf O Cvwadtdffis@ydy BtOh jddw 6 dc
HdzW  d3dztsiy Jsfipls os@ § e Oyd v At olastSd § oo dzgPuezls O  d3dats
sts®Rj ke, d&OH RBdasy jMsotsd SHtejHjdvsls tow
HisBOodzj dadj ¢ dzj d3j dz2ls© o  d3dzetsy § Mise s, sBi j HJ dzg
Bdztsx § Mis e, fteso jtoC O Wo dzv jYisHd3dztize j dreepdstsly  d3dats
dZOH d3dzts ) j Misosd3 Hickzetsets, HE tsdzdzj dadj dRBdesy j Mlse

{uioduds, Yt B©B" Yydz 2 GHdSB]ted 2 EOMMd
COyjMmlsej odizlstcj dedzj 2 toj OdzdL Oydd dsdetsy j lse O,
5COL O MW dzj i WWjiChkdodas?2, §omMitcd SIB ddst &
sfjteOydd BEZHEIS or ftsddwlils: v MmMdzdh Ctsd3 HB WG .
SH dzOS 5, yoh j ofMjets ofmlstcj yos lsmw dzd Rdzts ) §
Bdzsy j Mlso O, Ctlsster j &sckls Brls: MmojHjdr ©
zi Ccstesdts HJOY OL sdz0 ( sB' g3ty dgir@Mf@E ™G & B S
LWWjiCldo dzOw tej OdzdL Oydw f sz yoj lsfyw, 4 mdzd
Bdztsy § Mise O, O Istsdz §tsd Ol dsjtoodaffly dzj ©59)cdzls
Bdesy j.iilsokmdese j SOC82 toj OdzdL Oydd BB Ydets dzj
@OL" 90 diBs?2 h C Gy Hedd $tsgiHs] tzts §f BzOH dzj Y d s 1 dzj d3j «
Bztsy phlgazd gk j uydmds sdltse o hCOdj tOs dfs
Ldzj Bj delstse  gdztsy j Mlso @ (sts  jMls: Bsh dshlsd d
HOdzdzts 2 ftoj Ha3j Isdzats? 5B dZOMisd) .
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dtoj HMSWIOHRETES Bsy dets ftoj HNlsOo d Is!
h ¢ Odzkz Hifrshgidy Bfifdzs o tSHJ dZOC s 52 tOL oW H dzgs s ¢
dzdyj fteddjtej diposdevinzy gmwidise 0, Mstlss j
unsigned  short ). USGHO Hdzv HtsMisie )@ Kz jdsd IsfipdzOdz
sftcjHJ dzdls ddzH j € MikzsbBEL6),( o O dz6 O f& §3 63 jn dizdf k5| C
CodeStejlsdzr 2 Bdls o Mmdzse j, oleydtiifig.o sMisOlsts

n=40 O
wordol [ [ [ [ [[[TILILTLTL]  rose
e ot LTI
—> et (TR
BdIs40 o
hgaja'
LI BN | qu

wordinumwords-t] | [ [ [ || []][[]]]][]

tdfy. 9. z¢ OO Bdlstse

ststslse jlsmisakzs h dj Hi2flsea dw LWWJ Clsdoe dzt
sfjteOyd?2 oL fWiwdndtzd H akd B Y sdztsy j ded §
BBts ) dats tcj OdzdL 59 Ols? HoJ HBOOGd] grgjjdEsfQ tzf
(dMfsdz LEzjlsmy fjteOydy § s&Picfdz0 datzf 5 dztkfif
Ldzj i3j dzls © Baztsy j Mlselz  (d MY tsdz' L Iz jl ksfyw3ts 5 fzlp . O
6 OdzdL OydglsB8 OzOH O dedzsc s tcOL d3j 16O Yoy HMISO

[ dfplsddeet . [t H{ Aapdedgdlsts
/*

INCLUDE Y ©2 dz BitScale .h
cLM S f totsc tc OBdzliereseftO dzifisual C++. NET
1 0L dzOyjdedj: JOftjHjdzjddj ¢ dzOMMO """ COdzO |[Bdlstse”

*
*
*
*
*
*
* 1 OO fsL H Odzd W :22.09.2006
* 1 OO Sttt Sisdtetsa & d:

*

#ifndef ~ _BitScale _h
#define  _BitScale_h_

class BitScale

protected
/'l 10Lte" 2 Isdf "Mmizsets h¢Odz Bdltse "
typedef  unsigned short Word;

/I 't OL d3fntdzts o OdB dIstse (o BdIsOR)
static const int WordBitSize;

Word *words; I OfmMmdhakztse
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30

int  numWords; // v d ) disdzts ©

int  numBits; /I ' ydmdesd Istse
public :
/I ssdhsttzS sste’
BitScale( int  numBits = 256 );
BitScale( const BitScale& );

~BitScale();

bool hasBit( int ixBit); // 1 totso j tfSte@ dzOH dzjsf dzts iy
BitScale& setBit( int ixBit); // L M@&izts 9 $BO] Is ©
BitScale& clearBit( int  ixBit); // { ud mis&€ Pls ©

BitScale & inverse () ; [/ / [fittOydw ddzo jtlsdtctse O

Il {fiteOydwy L Odzj i dedw 1 dzj d3j dals O
Il (b %§ , ubt EMsOdses O BJdlO)
BitScale& operator |=( int ixBit)

{

}

Il {fiteOydwy EHOdjddw 1
Il (ks %4 , ubst sydmis¢
BitScale&  operator -=( int ixBit)

return  setBit( ixBit );

return  clearBit( ixBit );

}

I { 4§ teoygoddzdzts ) § flse Odzq

BitScale&  operator |=( const BitScale& arg); // {
BitScale& operator &=( const BitScale& arg); // ]
BitScale& operator -=( const BitScale& arg);// t

void Print (); [/ / 1 jyOlk! MmMHjteyddBsets h ¢ Odr
h

#endif

/*
* AO2 dz BitScale . cpp

cL'™ ¢ {6156 ts O B3BHlirtseftO datfisu:al C+. NET
1 OL 20tz L Oyd v  BjdEadnfGiEBcale

[ OO ML HOdIwY 22.09.2006
[ OO QsmmJQqusaﬁq

* Ok ok ok % % %

*
#include  <iostream >
#include  <iomanip>
#include  <stdexcept>
using namespace std;

#include  <memory.h>

#include  "BitScale.h"

const int BitScale::WordBitSize = 8* sizeof ( BitScale::Word );
BitScale::BitScale( int  numBits )
{

this - >numBits = numBits;
numWords = (numBits+WordBitSize - 1) / WordBitSize;
words = new Word[ numWords ];

dzd v

j|dzd d
j|dzd d

Bdlstse




memset( words, 0, numWords* sizeof (Word));

}

BitScale::BitScale( const BitScale& arg )
{

numBits = arg.numBits;
words = new Word[ numWords = arg.numWords ];

memcpy( words, arg.words, numWords* sizeof (Word));

BitScale::~BitScale()

delete  [] words;

}

void  BitScale::Print()

char oldFill = cout.fill('0");

for ( int i=numWords - 1; i>=0; i - )

{
cout << hex << setw( sizeof (Word)*2)
cout << words[i] <<"";

cout << dec << seffill( oldFill ) << endl;

}
bool BitScale::hasBit( int  ixBit)
if (ixBit <0 || ixBit >= num Bits ) return  false ;
return (words[ ixBit / WordBitSize ] &
(1 << ixBit % WordBitSize ) ) = 0;
}
BitScale& BitScale::setBit( int  ixBit)
if (ixBit < 0 || ixBit >= numBits )
throw out_of_range( "Cannot set the bit that "
"is out of bit scale range" );
words[ ixBit / WordBitSize ] |= ( 1 << ixBit % WordBitSize );
return  *this ;
}
BitScale& BitScale::clearBit( int  ixBit)
if (ixBit <0 || ixBit >= numBits )
throw out_of_range( "Cannot set the bit that
" is out of bit sc ale range");
words[ ixBit / WordBitSize ] &= ~( 1 << ixBit % WordBitSize
);
return  *this ;
}
BitScale& BitScale::inverse()
{

for ( int i=numWords - 1; i>=0; i - )
words[ i] = ~words[i];

return  *this ;
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}

BitScale& BitScale:: operator  |=( const
if (numBits < arg.numBits )

throw out_of_range( "Incomparable bit scales" );
for ( int i=arg.numWords - 1;i>=0;i - )

words[i] |= arg.words[ i ];

BitScale& arg )

return  *this ;
}
BitScale& BitScale:: operator  &=( const BitScale& arg)
{ for ( int i=numWords - 1;i>=0; i - )
words[ i ] &= arg.words[ i ];
return  *this
}
BitScale& BitScale:: operator -=( const BitScale& arg)
for ( int i=numWords - 1; i>=0; i - )

words[ i ] &= ~arg.words[ i ];

St HJ
L OH

return  *this
}
v dMftd L cDOkd | 6 ssd  dzj stelz H dzts
dzdL s h d2 d&desy j Mlsets yjdzr 7 L dzOyj ded?2 o
/*
* INCLUDEY¥ @2 dz intSet .h
* e’ € f tetsc tc O BBRWimreseftO dzifigual C++. NET
*10LdOyjddi: [ftjHjdid] ¢zohho
* 1 OO ML HOddW : 22.09.2006
* 1 OO Sttt SIsdtetsa & d:
*
#ifndef  _IntSet _h_
#define  _IntSet_h_
#include  "BitScale.h"
class IntSet
BitScale bitScale;
int  ixBegin;
int ixLast;
public :
IntSet( int ixBegin =0, int ixLast=255):
bitScale( ixL ast - ixBegin+1)
{
if (ixBegin <ixLast)
{
this - >ixBegin = ixBegin;
this - >ixLast = ixLast;
}
else

" Bdetsy § s s yJ dz' A




{
this - >ixLast = ixBegin;
this - >ixBegin = ixLast;

}

IntSet( const IntSet& arg ) : bitScale( arg.bitScale )
{

ixBegin = arg.ixBegin;
ixLast = arg . ixLast ;

}
Il 1ttt jtéO ftoddOHdzj Y dzsMmisd { dzj d3j dels© iBplztsy § Mls
bool in ( int item )
{
}

IntSet& operator |=( int item)

return  bitScale.hasBit( item - ixBegin);

bitScale.setBit( item - ixBegin);
return  *this ;

}

IntSet&  operator -=( int item)
bitScale.clearBit( item - ixBegin);
return  *this ;

}

IntSet&  operator |=( const IntSet& arg)

bitScale |= arg.bitScale;
return  *this ;

}
Il rwekedi sfiwoydd
...

h

#endif

14 ¢ ze sted tffifff smtsed O d d

Il sdgvIsdj] OdzetstedlsdsO wodzw jlsfqw wmHddd (I
ddz¥ stedzOIsd ¢ d . I dzOy0Odzj dLEzyj ddw ddat sicd3C
sB " Ydzts O IsHstfigldss czCtsotsHMmilse s Ols: Mw sfftej H,
ddzlszd Is d o dzts mdgr Madzd e, dz0 ffitc ¢ & fitdtay, ddEOls @Asd d3:
sftej HJ dzj dedzgOw dz0 dzj Stslststetsds WL €j € tsdaj Y da
(ddzmstezC yd2, SsSkOdzH), LOHOshOW { s5d? HiC
Hdzw fdMmlsj 8OIsduyj MSseéts tjhjddy LOHOYJ.

1Jd VW tedzQdz! O OGISEL ity HJ dzj dad W fnewL
dzj S slstsaes j 4 dpj d3d dals ' o fotss sy ted H! , WS
WistedzsOdz dz' d3d BsH j dzf dBdts i) Getize tztc il d3tfots dzts 3 j dzd
OkzcstedlsdBse yYdlkOljd &syjls L dOCs®dls: fw
wZof ted d3j o, o EZuj B dzt2HW] f s iteBidinf  [es” QHgigidods s
fsdsy jddj, LOCHEtWNkE] jdvwetsyg t©OL kBds
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Oze stcd s BB IS 5tots § [ i{ IS BN Is! fto HdzsY § dats b)
1 CodoOdzj delsde” o5 2y § drojfisdzr @3 ftej Hj dzj dzdw o3
ftojHsdzsy j dedj 5B OHJ C o Olsdesfisd f ddjls R Odzg ¢t
Oz stedIsdBBO o stsydztsds fd3r mdzj 9 BHdasds L iz
Wistcd3Odzd L s o .

s Oy HOW sfjteOydw ftoj Hf sdzZOG OjIs dzOdzd ydJ
HOdzdzr m, ¢ (bt (ddd ¢ Stk d) L0 sf,
COxHBs2 tfjttoydd ftedotsHdidsy Cd fitl sfpdiz] sdadjs ¢ ) sknfitpls
ybsts d fsLretsdvil ferHdl! © Itd, vyt tfjttOyd
s dmMAdedfid dzi nddz 9" HidzvjIs 7 fOttOdR] Istese, - OO

C utsoC iz dsmls! otLd@syd n MrHd - HOddr

C usotsClzf dsMmls! otLBsyd n tjLbkd sOte.

C utsfRf detsfls! oL By dz n ey lssyds 7 toj

C lteOoddzts dzOYyoOzO ftesyj MmO tBtcOBISCd H Oz

CltOQoaddzts dzj f sftcj Hiflse j dzedzs?2 BEOBEIC .

CltOoaddzs BSCtsdzyOdzedy BteOBBISC .

CltOoaddzts dqLoedzjyddedv tejLlzdz 5OO.

¢ dzé sted Is o3 Hsdzy j dz2 5B dzZOH Ols! e ts2 Mise Od3d
9 5L d3tsy dzts idsCic O gdzts e s f o d3j dzj dzd W H dzw dzE BT R
HOdzdzr » dL Moot SkzfdtsMmisd oL@y dzr ~, Wd tjLEzd
ejLbizdz OO dL Moottt kzfdtsmisd oL dBsydz = LO ¢

skh jMmsoakzjls Rdesy d Mlsoats My smMsB S5 LOf dfmd
dzOdB tsdzj MO wadzr §| MYy sMmtse LOfdMmMd Odketstedls
ftotsy Cldats? ff o OC IsAfdEc)ts tc ds@BOY teEOBjstoiji j dzd W dzOd B tsdz
Hyddlsj dzv Md¥r ydfmj dz

vjCMskzOd &ZOvY WsedrO L OfdMmd

sCf Jtotso OlsXo 5 dzDm i HadfiF ¢ Ols j dz' xdzz ¥ f j toj o3 de
st Jtotseo OlsYo t58 damY Halftg ¢ Ols j dz'ydalzs  ff j t6j d3j dz
t ded,y §Jte]2lsd dieRO M.

( mdeey, §Jtej 3Isd ditRO J.

1 Of d ipdsj' L badz! s Ols o " ud fipdgiddadf v teg "Bis@> ¢ dadf ™

1 Of d yadsj' L adz! s Ols o " ud mydxjddad teg) "Bis@> J¢dadf™
stsdgikiyte j L zdz' IsOls tcOBtsIsT .

10 ZOYOdz desds 1 sOfj HtosjSIsdteseo Odedw Isj €My
qdzseHO BT 90Ojls ftsdzj L dzs?2 C0OC dzOdd3j dzj j W tsted3C
cOMmMmdssiste | dedes @ ts dzj Mztsy desets Ok st sBO Eyj By
HMisOlsydzz s JHAOE diaf W dzts s+ to

HNjBO Odkettdlsdio

#nj o3 Odze steddsris®) (fd dewclhfmy o dL 2Odz dz' &

dmy tsdz L2 &3 &3 kxJj o BjtaQededzO Hdj LI BstE(@i jlscfd2v.
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Okcstdlsdses tjckddely sy tOL ddydz
BOYJsdOd dr &3 MisOdzn Otels Odsd, o flsloOmzy O wys tha
ISO58078 5 d tofsffd UMLK ][ .4 [ BO Odc s dls O
fs5dMCO dzOdB & de jhdiddsty drs Mfjtgisi ED o dzj dzO 2O to

(Lo ) 17 gamaesgiso

______ dEfeilz jastsh jds
| Hj defl)
| XY - difftsdz § iz §

HO
@dﬁy

x — =1 x- dnrss) s

t dM10 wrRj B3O Odze tsted Is BO

] BBts dzts ¢ W jdedA® 967 ,] Slsd3d yo4 smw, Yylsts Jj md
J 0O dzc tstf d s dgbset) LBfljdiiz® dzdzv H dzts fiyls s fts
sy detsflsd ftesdtcOBB ¢cjeéts dsecdyj MEoOvw Mmilsts
OGJlslsq’é, 9 CBlstster 2  sfls CfsjcdidsEEOH tc $ o to (
ttotsds dL HOdzd 1 LAU&]e,d o 'Bhr jorohkjs2, o\ .af@izjCldn o
B3d Yo ls, ybss -OFf FiOc ool | B S HSMOH dzf o
JdeHH ddssdz €5 H dzw dzseo d yS¢ tse 9 Odze stedls
dz' h ddzmlseo s f totsc tc @adse Aliste af Btsj Mded Mzt M~
sihdeso j kyj L OCtsdayj dedets? ff totsc te O3z .

1 My oHSC SH
I sdsedn fdzEyows WY jiClkdods? Y st
Oz stedls 3O, OBMsic®g hase Bdztzs? COIs ¢ da? j Isfyw
LIrK Y) |

grarasss
o[ﬁgoq—ct.ﬁ_n
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Xiy) fsoltwis!
j pdzd( >y ) Isw=x-y;
dz0 u d yi=y-x;

[ Botsd dzs YOMmlsts fted &Ofdmoddd ftesctsOdBd
fesctcOBBdese Odzd W, O ists Oadgilshyddglal  dyifif jcode & S H O
ikvls SEWsKEYBL | d Wb | OY (GO Bdjj (L Hdj

1 Of d ! 9 Witz f totsc tcOdB3A3’ dzO wL
ftosetcOBBdtetso Odad W
1 0Csd g stedlsdz dBsy jls Brls! L OO difipOdialzs® W
ftotsctc Bd3dgeSERs v LT ¢ ] tots Gt Qg dfedsda Ongiiste d te i jdldn Is
oL ditsy desj tihjdedy LOHOUd o Witk WkdSydd d&
| dilsdée AkdSydw o' ydmdzj dedv dzOdBd N jets BH j&

int grtCmnDivsor( int X, int y )

while(x I=y)
{

if(x>y)x=x
else y=y
}

return X;

10fdMm! Odzetstedlsdstse WhkdzeC ydesdzdtotso
tj OCIsdodz =« MdMmisj i
I sH jOCIdody d3d MmdMmisj BOKRY § tsded BOJ smw
d 3j dzdzts: ' )@y dig) dzd v , o L Ohyf dytsdzj R dgdsapzts @ gz j dzd J
t6j OG d tg 20" ¢ dzj M dzd j[ ffglaise rdds iy dfy) tesjfHdifis@dedf v O dze sted s
Vet ydsddtese Oddvy Mmdmisi &3, Wis ik d Gdzdz’ Vots tedB® dzd) -
Ctsdzj ydzr = Q9 lIssdBEOIs s o d tsmistes dedz” | zO0 Jjet
cCodvwwiy! ftesfmilsj 2h j2 d3tsH § dzt ¢ " ydfjdzdIlsj dz' dzts
Qo9 Is 8 BOR s dz¢ s fipw sOC i " fdedid OW@WEYO d mddzlsj L
HdMCtjlsder = MmdMmilsj d3.
| thdss SftwjHjdjddy Stdj ydkscts Oslst kOl
fsd2 dejj 5B OL 5o Ols j dzv 1 dzl shdg®seg dmifsd L]
ZOMssYh jj otjdv orf yd fddusids s 2ddds© "Sdlsdis VoL ddE G-
YlstsW Hiiztej HiNIsOo dzj dzgd™w HOdzdzr = dMf sdz L z¥ sw  H
[ dzw ZOC Y HdzsE s  ftej HilsOo dzj dad W o ydmdzdls j
JLEBLOY O Islw o odHj] Mojd, Mehmsswhdd dL B
COYH'" &3 BWEOHaz g tSHd §j HOdzder J, o " BB®HAZ j HO
BdksCd WkdSydw. vOCdd el tsaisOL && . §f dv s
d dz¥ ste BOYJ d
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lkfls! ] cSBLOL 5o Olsj d o AiEl tsots 3P
P of MHisdy s Mdzsd @gsd j d§ Maste sgntsHdy B Mg

X=(X,%X) d 0jClst o' isNd (¥, YadsWdass

100 dMmddismis: , tjOddLEj dO" ftjsBOL so Ols,
WS ydsdzOdr des? ddzd Odze stedls d3d yj MS 2 .

AlzdzS ydsdzodz dzOv dug g iy dgkthfipls’, J dzd L dzO°
jtoj 3 dzdz' 7 f sdzdzsfls: v usdzdE j o FdRmdds B 1 &z
coc¢ dzj LOadMmwls b ftejHr Misstedd. t
iBBGOLBo O] dv Jdz¥W steRBOPd s BPESBJEEE H @
dzv § s e d dzOy d ts dAdEPjvls ' rdptle] W j MC g 4 dzj d3j dzlst

[HAZOCE tjLikd kOl {f toffde @&Odise Oazds ™ B E Hsd
LOoadMmil: d &l ftjH' Mistteduosfiigs ytj iods e
@ZOL ' o OFolddBO OB ) If OWEE®Rs Moz O] o' BHC
zOr BHWABdy'stead Is B W ME BS2ASIst CeoAdsfdgsTm IstffJ o i3] dz
ftoj HilsOo dzj dad w( Ioftagi Bz sfissite d H S Y S dzdzd s § dzt dzr
Q=(0,0n0),  ftejnflsOodvsndj djsdshls se df
OolstsBOSO. [ fdd dodsyjmsots odklstej dededn M
wirCj 1kt BLdAOYOjl, uylts Csddyjfset ¢ d&Of
Codepude s sOBEY] O&dBicd o SBWOL 59 Olsj dzr  d d
Codzj ydz" @3 Oo IssBOIstsd3

0BMistcOCIsdz” 2 Ctsdzj ydz'r 2 OolstsdzOls M o7 HJ «
SsftejHjdvsls $OC h[pipPstjS@ec0, EFdng RAsHs,0 &H j

In={In;},i=l.nio n sHA Do  Is ;

Out={Out},j=l.pioar AsSHdets?2 OdzW O9 d Is;

State= { Statq }, k=1..s1 3dzs ) § Mlse s M MmistsW dzd 2 ;

SOi dzOyOdz! detsy MisMmistsw dzd Htatd);+ dzj d3j dzls d3datsy |

FTrans St & tWelddBSmi¥St af §toj RSH O, Zmlis
LOodmMddistsfis! (jtejricHOsHBsdPs0s HicEd e
d ¢ OO, Oy eFdenstsStateS indt & ZdzC ydw § jtej nist
Memistsv dgd v MBSt tse.didigd Sotrattvedzses d ¢ dzOdzj | n

FOut : St ait eWl H desYuQfudt 9" AtsHO, Zfls ©
LOosdiddstsimis! o O sH disjcdss  ffigjtfiiOmrOdzdwls  dis j i§ gz «
@O to d Bj=BOut( Ratgt In)i Wz dzC ydv o[ Bise @] OIjt B G ts
0CIsdeo Oydd ¢ J tdfitads HoGR BfH dztsSgg affdec dzOdzj | n

1 OdBtsdzj § ZOcdvHdzr 3 MymMsBdy Htej HMISC
W W ElefpW  f jtoj teHigasglsts c©O%r  C OS¢ WSt dO
fslssCtss EZftcOodzj dzdw d - BEMh tsizd § L iyl "dg Mls o &z
CsdzdujMsets OdettedsdBdujmMSd WsttdOddL so O
fteij HMIsOo dzj dzedy Odzétstedlsdisce WEdS ydsddtess O
CuOW o ddjjls detlzolzs oL EOMzj dzr 2 ROwLOCIS] to,
ftod HMisOo dzj ded j dzzyh j oMy tedded &3O sfyw yj dzts

37



BroY  f %y Riswtds s QB0

s’ , teOL HJ dzj dzdz" | ftotsB
Csdzj ydz@ » MMmlssw ded v : clzfm
prcHdsdE §slssSj, d cshdsg
d ofs ontHMGESH (cssC] GBdOLkyjd djSstijCls

ftass jdz

BXoO| yd¥W te®

e el 1 ot deiyte
6 G 1 J TGO 50§ 1] D it
o ot 1 @jtd jdj tgj afcleeOydd
o ctiscf¥ (COlsste0 | o otsH
{dMll. J©O% fjj nBHEGe CGdej ydzscts Oolstsd

dolstsdBOls, BftejHdY B 2 ©OOWEdzOtiskOY Hdzd dz
gbkh jMmsokzjls sOCyJ BSHJ dz2 OLoteds@Otsd), [ HO@ ' o
slsdzd yos h Ow v sls Qo lssBOKO [ ddd Ijd, ubkt or
Bls BhsyiMse O MEHOBY dd?2, Sthats e FOEY fddlsj d' dats 2
Bish deshisd Oolssd®Ol [ kte® ftddtsiis: s 1+ Codo Odzj dzls

| ZOo dz" &5 dzj HsMisOIS s OolstsdiOIls dztefY B H § dzc
f OtcOd3j Istets o , T tsals frjdztdsdly) Iswpfffijdzjf sdzw Isdw o tej d3d dad . 1 tok
wodwe sfyw: skikzlkMsedj djt.Owridd Mmemistswdd?,
9" Oy j ded W ftojtor 9 Oded 2 d 6ty j dideh dizs tafd
sBtOBISS (. s tots d34d s, jo sf tzpmidgedC R 3Gtz
oLOddsHj2AMsady CBdzj ydPoF OolstsdzOlstse [ s Oy ts9,

VCOL O 7 dzj HisSMIsOStse dzdh jdzr HJOG teOdds"
[ MOtej dztsds 1988Jar e® , IsOWHQHIs j - dzsizs g M - SH,
sfdeseo " 9 O h g2 Mw dz20 HtesctOBRJtetso®izd dh e OC Isd
oLOdBsH]2Mlso sl @& BWE s BOIstso

[t H]dzj dad j Ctdej ydzts @ ts Do lstsdBOIs O, His
dzj sBYW L OIsj dz' dgsets ftesHody JdedY 685 onmntsHdzs2 yd
tcOL o jlsodzj dedzsets EZftcQodzjdzgd¥ odL EZOd dzgsets W tsted
BOWUMEY, ftojHdsyjdbesets, kjtttjlsduyjmsd tBishd
[ . N.jC Ote[lLekareg1993],[] j S O K99 ,
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st dzdj §tScEOBBdE &EH
Qo ks dBOIs O

[kd sdojlodzj dzf" HEBEOBEYds  dzOC dv H dzt

6] OdzdL 5o Ols!  f toisc tc O BRREDs s rBAG @2 € dedzj \Ed

OolsBOO, ©OMYHsL GOSN jcts dHjdsdW s Obster

fesctcOBBds? &sHj dd deds hlsedekjls ddhlsd dd

[ dMisdéze stdzj ydz 2 OoltsdOl, tOMYfsL dOsh 2 dt
/*

*INCLUDE -%¥ ©2 dz : FSM_Model . h

* 1 tets§ S ESM_ldents

* Console application

* [ Mmdese dzgs? B H E dz'FSM ldetstg € ldabh:. cpp

*ocLr S f etse tc Odzd3iflicresefio deifigual  C++. NET

* 1 0LdOyjdedj: [ftejHjdzjded] S ZzOMMO " stsdej yder 2 Ol
* 2 dHj s Dfif§ Bi3 dz@* "
* OO ML HOdzd W 06.02.2006

OO Ctswtej ¢ Isqtmsa(;d
*
/

#ifndef ~_FSM Model _h_

#define _FSM_Model_h_

#include  <stdio.h>
class FSM_Model

{
public
/*
*utshissw Gd s BOKS O
* (L O OdzOdzdL O Isj € MlsO)
*
enum StateType

{

SO, Il [dnOdedj §fjteats?2 BEZCoT ( 20y Odz' dats
NXTLIT, Il dHOddJ BYjtejHdes?2 dzdlsjter| dHJ da
STOR /] stdziy jCMsO (LOsjtehOoOshjlj Mmtsl
ERROR /] [h"dBSCO (LOojthoshjj MmMsfmistswdd])
K
private
FILE *input ; /'l JatHds?2 (ks Otk ihaso
FILE *output ; // lr osHdBs?2 ol Cdi ydsets |09 lstsBC

StateType state ; /'l wtsmisswdd] SCtdj ydsets [O9 lssd3
public :
FSM_Model( FILE *input, FILE *output) : state( SO )
{

this - >input = input;

this - >output = output;

}
void Start ();
private
/*
* Ak ydd, eriLre0Ojdrjy ftd fjttjrtsH] o [MsMmists
09 IstsBOIs O
*
/
void Process_SO( const Litera&, Lexema& );
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void Process_NXTLIT( const Litera&, Lexema& );
void Process_STOP();
void Process_ERROR();

h

#endif

/*
* A Q2 dz: FSM_Model.cpp

1 etsj € BSM_ldents
Console application

J fmdzts o ddttsH 2 dzte ts j § IFOM Idents _Main . cpp
cL" S f§tetsc tcOddzflicresefiO dzifisual C++. NET

1OLEOUjddj: {4OddLOydv FSNiMeteh 5o € dzOffn O
(fetctOBBdE? &sHj dd S 6dj ud

O ML HOdGIw © 06.02.2006
O (bt Chdessd:

B T T R I

r Ols
I Ols
*/
#include  <stdio . h>
#include  <stdlib.h>

#include  "Litera.h"
#include  "Lexema.h"
#include  "FSM_Model.h"

/9(
* 1 jodzdL Oydw ¢ gtz JdzPe s ts B30I O
*

void FSM Model :: Start ()

{
Litera it ; Il [dkjittO MCOddtlzj Bsets Isj ¢Mmlis
Lexema ident ; // RHJjdsdWdCOlste 8 MSOdedtolzj By
/1 AdSdz wOBtslsT Ctsdgj ydetsets Qo lssdzOIs O
while (1)
{
/'l dydlsOls! tyjtejHdts?2 fMdBotsdz dL orRtH(
lit . GetLit ( input );
[l wtsmisswddw  fjtejrtsHr o L Ooadmddsil
/I 9 R tsH dztdftslze s dzO
switch ( state)
case SO :Process_SO(lit, ident);
break ;
case NXTLIT : Process_NXTLIT( lit, ident );
break ;
case STOP :Process_STOP();
return ;
case ERROR : Process_ERROR();
return
}
}
}

/*
* [fwinjdjddY Yediyd? SBtOBslkCd Mehlssw dd

*

ise s Qo ls s 3

o
g jthmisy

Escts fslstsC

d sl

2 Ctsdaj ydatsc

void FSM_Model::Process_S0( const Litera& lit, Lexema& ident )




switch ( lit.GetSynterm() )

{
case Litera::SPACE : state = SO;
break ;
case Litera::ENDFILE : state = STOP;
break ;
case Litera:LETTER : ident.LexFirst( lit );
state = NXTLIT;
break ;
default : state = ERROR;
break ;
}
}
void FSM_Model::Process_NXTLIT( const Litera& lit, Lexema& ident )
switch ( lit.GetSynterm() )
case Litera:SPACE : ident.LexStop();

ident.Print( output );
fpute(* \'n', output );
state = SO;
break ;

case Litera::ENDFILE : ident.LexStop();
ident.Print( output );
fpute(* \'n', output );
state = STOP;
break ;

case Litera:LETTER :

case Litera:DIGIT : ident.LexNext( lit );
state = NXTLIT;
break ;

default : state = ERROR;
break ;

}
void FSM_Model::Process_STOP()

fputs( "St opped successfully \'n", output );

void FSM_Model::Process_ERROR()
fputs( "Stopped in error state \'n", output );
/*
*INCLUDE -% O2 dz: Litera.h
*

* 1 tetsj S ESM_ldents

: Console application

: J fmdzs o ddtsH 2 dzte ts j € IFOM_Idents_Main.cpp

: cL" S f§ tetsc tcOdBdzflicresefiO dzifisual C++. NET

: 10LdzOyjdzdj: JftejHjdzjddw CdzOMMO " dzdlsj ted
* 1 OO ftsL HOdzd W : 06.02.2006

:/ [ OO Cttetej Clsdtetso € d:

#ifndef  _Litera _h_
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#define  _Litera_h_
#include  <st dio.h>
#include  <ctype . h>

/*

* udfr entHd n MdcdOdkss 0o lstsdiOlsO

* (Mddalsj eddr dzdlsjte MCOddtekzj disets Isj S MlsO)

*

/

enum InputType

{
ENDFILE, !/
SPACE !/
LETTER /1
DIGIT , !/
NOALP /1

stsdzj y %02 d0O
udBotsdz flesB | d dats?
| Oldd&hSOY BECO O
[ 4 mwisd i v
104 te]h j dzdzr 2

Cekzffr

d de tsdz

* udt

*

class

dZzdlsj t© MC Ok B3sets Isj $MisO
Litera

{
public
/*
*vdfr entHdE n MdcdzOdzse 0o lstsdi3zOls O
* (Mddzelsj edgr dzdlsjte MEOdzdielzj disets Isj € fisd
*
enum InputType

ENDFILE, // stdjy %02 &0
SPACE /dBasd fsB | d
LETTER /1 [ Olsddis Ow
DIGIT , Il 1§ fmwlsdydzow
NOALP // 1 Oftejh j dzdz 2

dzts 2
BECo O
ydi o
fnd dgo s dz

ctlzygr

-k
private
char
InputType
public
/*

value ; /1
synterm ; [/ /

1 20§ ded §
1 d2Oyd ded §

dzd s j ter
md dzls § e 3O

AlzdzC ydw Mmydlsr 9 Odedv dzdlsj ter
* (fesHodyjdedj s o R tSHMS?
*
InputType GetLit( FILE* input )
{

q sft]
yd fsycj

Q9

HJ
¢t

value = fgetc( input );
if (value == EOF)
return  synterm = ENDFILE;
if (isspace(val ue))
return  synterm = SPACE;
if (isdigit( value))
return synterm = DIGIT;
if (isalpha(value))

return synterm = LETTER;

~

i ded v nd dzls
2d ydzse s Qo |




return  synterm = NOALP

}
/*
*ooakzdSydy fsdzkzyj ddvy fmddidsj tedzO
*
InputType GetSynterm() const { return synterm;}

friend class Lexema;

b
#endif
/*
*INCLUDE -% ©2 dz: Lexema.h

*

* 1 tetsj §BSM_ldents

* Console application

: J Mdzs o dzts? BBsH z dz'FSM ldestg S ah:. cpp

: cL" S f tetsc tc OBdizWliereseftO dzifisual C++. NET

. 10LdOYjddj: [ftjH]jdjdi ¢=zonho
* 1 OO ftsL HOddW : 06.02.2006
: [ OO Ctstetej CIsdtetso € d:

#if/ndef _Lexema_h_

#define _Lexema_h_
#include  <stdio.h>
#include  "Litera .h"

/*
*ldeii B8O MCOddlzj Bsets 5§ MO
*

class Lexema
{

char value[ 32];

char ix;

char ixLast ;
public

/*
* AabkdSydd Wsttdddtetse Oded v  dzj € fj &i3"

*/

/I LEXema register FIRST litera
Il AzdSydy ttjecdMmiseOydd §jteots?
void  LexFirst( const Litera& lit)

{

ix=0;

ixLast = 30;

value[ 0] = lit.value;
}

/I LEXema register NEXT litera

/'l AzdSydw wjedimisteOydd Bujtej Hdets?2 dzdlsyg

void LexNext( const Litera& lit)

{

if (ix!=ixLast)

tdzj €M d

dMAGHd

dgddgrj ter

3]
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value[ ++ix ] = lit.value;

}

/I LEXema STOP register literas
Il AzdSydw L Os jteh jddw twjedimsweOydd dzdls
void  LexStop()
value[ ++ix ] =" \ 0,
}
/I lexema: PRINT value
/] 1retH djSMmjdr o o' AtsHdts?2 §slstsS
void  Print( FILE * output ) const
fputs( value, output );
h
#endif
/*
* A Q2 dz: FSM_ldents_Main.cpp
*
* 1 tets§ S ESM_ldents
* Console application
*
*lietsy BIOC s H | toWdER dEFSM_Model.cpp, FSM_Model.h,
* Litera.cpp, Litera.h,
* Lexema.cpp, Lexema.h
*
*ocLr S ff etse tc Odzd3ifliresefio deifigual  C++. NET
*
* 1 0L dOyjdedi: 1 d BsdhistcOydsddz 2 f ted d3d to.
* ] tS5GteOdBBBAZOW disH j dzi € tsdaj y
* cOfmMd i) dAOd ¥  EBIstster ots onts
*
*ouddr o A RZdC ydig de@dendgs MC OV HiCBBYISLJydw
* ABtediOdzdL &3 Ctsdzj ydetse s Oo lssdBBOISO 9
* Mddls ¢ Mdui MEsets OdzOdzd L O
*
* 1 OO ftsL H Odzd W : 10.07.2005
* 1 OO Ctststs;glsdtsBSCd 06.02.2006
*
* RfMasHdy §J kjSMisr foddj tetse ftoscteOddy ¢
* 'dbtekzClkter d Odzetstdlsdr Stdif ¥ lsj tedats?
*olifydw 1. {OLHjd "stdgj yder j Oolstsd3OIsr
*
* Copyright (C 17 hCddz rocjdzd?2 | Odzj2@06j ody, 2
* -1 j by Bl e MSd?2 cetsfMizu OteMmise j§
fodzdls§ = dzad uj MCd2
* dzdo j temdlsjls,
* ANOCEd Isjls Isjrdedyj m¢s?2
* sOWJjHBGEO OoalstsBBOISdSd d o
*
/
#include  <stdio.h>
#include  <stdlib.h>
#include  "Litera.h"
#include  "Lexema.h"
#include  "FSM_Model.h"

e o MmO

¢t OolstsBOL
s §SlsEC |

OHOYOR dzj ¢

ez
OB BISSCd HI(

D 5
tz 2




void  main()

{
/I''1 5H G s soXEH datdfestds 5§ O
FILE *fin = fopen( "input.txt", "rt");

if (fin==NULL)
{
printf( "Error while opening input file \n");
exit (1);
}
FSM Model FiniteStateMachine ( fin , stdout );
FiniteStateMachine . Start  ();

fclose ( fin );
exit (0);

b3 sdds, ubt, YQ ORBAIOL OfdassHa d 3 § dzd J
dzs?2 yYdgftsysd dzi wedw jlsfqw o BN jd&3
AtSHJ Codzj udehzf OGlAF A @. Oo IssBOIS  d
BOId Ui sefts YISOy Hisd  jted RtsH Is ts
By il Oy sL dzOoOls: wiLr ¢, dzj t©OMf L dzOs O
1 5t bsBz foctOBBROY disHjd fiLotddls ¢
tej hjddw, jhmaeflitsy jtoPdpifilsd o dzzlstc’ ©BEKOB L
dtotslse jsseiEH ¥ g C O {®Mis Oo devtzMfigd dIsMissW Is j dz! ¢
2§ Oy dzj dzed v
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| 208Dy d€ O Odestedlsise, tojClhdw,

]l AtH] HOddets?2 dzj Sydd B twOfmMmdBslstedd § sMmis
LOHOY odzzlstej dedzj 2 Mtstclsdtetse Cd.

21.1 sMisOdzetso € O L OH O \fts te lsizfztdstico] Cdzflz] 2
d fsHABH' € tyjdsj {WW¥jClkdse dst
I8 d&desedn fpdzz yow A Zf stcw HisYj dedzats i ls H O
dzj Ssster 3 Ctodlsjted 3 Eftetsh Ojls HOdz dzj 2h 2z
L d&z20ydilsj dz dzOw 1 C sdats dsd W ot d3j dzad Hted toj OdzdL
MteOo dzj ded s figj s iplzfzH FEEME B wodvw jIsfqfy HEBMIOIS
Hdzv lgytisesH,slstcOlsde dzj Csstetsy otej @dY dzO 6 Ho C
zO0B 5t ® H Odzdz 8 HOd dzj2h jds B M judls: f
6 OdzdL Oydd OdzestedlsdEises Hosdyudsets ddzd Htkzedn
1 0dBtsdzj J d 9Oy dev eBls v  Odze ts ki3 dzO i) 3t B e o € d
Cobtster §j BBJMfjydeoOrls it MisOdesoClz { dzj d3gj dzls
L Odzd RO jsdgtsY o] B2 §f sMmdzj Hiso Olsj dzd detsfylss & . 1 sH
HOdzdzr m fted 1 Istsdf tsB' Yydzets § tsded B3O sk o dg®fd o,
fORYiNdctelsdiesa CO sOSdn BOMMdoatses d dzOL ™ 9 0] s
tslsdzd ud g tsls o dzj hiddg R ts tofiy i téslud telds{ev ¢ dH O dzdz" = dtL d
odzjhdzjets dimMssyded ¢ O ( dz2Ofted dBj e, W O2&ZO dzO HdM
s O¢ f tc OfgtEtddsd tetso ¢ O H Odzdz’ = sfmizh j Mise dzw j I
oL s O dzd EB' 9 Odedw dzj S slststesets Cdz¥ yj otsGgts |
Bselzls o Miskf Ol yjdzr i ddzd Mmd d3p s5deOetsfzi 4y O dzdz
Slsdesh jdzady SteW"HSO BBy Jls Bt HJdVISIimy dzO0 s
afj 1t df BI"Ojb wOMMBAYLQyPE' Otizlisef teds
Mewelsdse € d, OB MistcOedtczw My HS ff Ster HtS otc] O3
Cdzs yjorn HOdzdz = .
¢ dzOdzd L Oz stedIsdBO ftojHf BZOEOjIs f sdzlzyd da
Midz ¢85 otej Bjded BEHJjIS L OOy dzets dzO tej " j dzd .
Odze sted lgffdzs@B Y jldi€ | OdzestedlsdBBO dMmrtsHYIls L ¢ tddy
Hdzv HOdzdzsets Odzestedlsd3O i jttOyd?2, or f sdzdzv j «
Oz stedlsdstse Mlsdtesocd OSB3 fJjteOydwdd v
Cdfyd?2 d sfjwoydd §jtejnr dz¢ dse Qigddifipiafise Mtstels
lted Byjdejy 1 WWjiCldodesfisd OdzetstedlsdzO BT -
9 0tedOdeEls ©: d2OddzEyh d2 Mzzyo02 (SBEHO EftSteW HIBs
otej d3v ) , dZzodrkzHh d2 Mdzeyo?2 (SBEHO EftsteWHYJ o
otej B¥) d Mtej Hdzd 2 fgdRE (O 0 d® B L B 5 Iy EHAss ) O d3r
IMdzsodzr &3 TS OLOIj dzvd3d Odetstedlsdse Mstclsdtets
MteQodzj ded?2 d fjtej Mmr dzesS, tMmMkh jmMsodw jd" » o &t
} ted LIssdz Istsydatsg L dzOdzd § Cdzd yJ Mlso O S
Odze stedlsdBsd3, daj sy syMdh | G dsf edz®dzO0dzdL © + W
1 sdzjJ 90yder d@3 wedzw jlsfpw MEBMmis! toMmMlsO ydmd
yd mdz@ 1 dzj d3j ddis[BleConds® 2PBlitotOd o j H § d2O@ dzO G dz¥v H dzOW s
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shdse d & ¢ &Omise l0GSNs wls MEQQR N, 6 Mls €
n>, nd 2" Jr MseswOmiskh dj W kisa ygqj daSsidsd fig dzse
LYWW jiChdodesmisd OdettedlsBO, i lssdz, Jhdd
Odze stedelg A stPo dzv jIs MisB 52 MEBRE dd dzj 2 dats 2
dzd dzj 2 delzs WlkdzC yds dzzy dets lsBtshdls!, O MSt
YezdSydy, mMeNshlsos dkow
4 boySd Ltejddw ByjdSd L WWjCldoe dshlsd
wodw jlsipw W BEdzOld 2, tBtQ(dEpuajBo2siescts BIfs
(st 2 Mmistsdls dur Wkd ud2,] tcodtsdf " f &z ¢
wodzw jIlsfyw o jtendzi 2 ¢ O] U jOY dztmfls s ¢ I dzOda@®m
fdztsy deslsd Hdzw BYyjdeSd Odestedlsdiise B W fde
{ Mdzd EZHOjIMw H8C0OL0OL!, yYybt My dsMmis!
¢t Bl "tSjeé 6l Mmooy dkshisd sktttet, It -
ttj " OjIls LOHOYyketr dkzyhj fJitet

udgos B &z 99 jH P&EOESA o Analytikhe j c
Zahlentheorié 9 18 9 2[Knuth,1968]) frjdss MEkilsd, 99 JHJdd
fztsy desisd fsLeotsdzvjls L ORj ddls! o tyj dsyd
t0o j dzllso O L dzOSr=iey  wapdgb s o @MgN L Of d fi!
O(f(nN) fted d3j dzv j Isfyw Hdzw BSL ABOYJ ded VW 9§ dzd Y
dzi dL o jMmMlsdes, O dLojMmlsdes dzdh !, ybts o dzd ud
M =constM >0 (fedyjd dzoj ®BwWLOjd &s yjd&

ftoj HiflsOo dzv j gOw OB, 1 fidenttoy dzj so stew j Is
| X, KM-[f(n)]. 1 of e sigesd™ nbr2+...4N d &3j § os:

2

1+24..4n= (n+1)2:0(n2), s INHBS <M -(n+1)g

(o HOdzdzshM =iz v O]

22.uttlsdieso CO fsiis’ B B dgj dac
bzestedlsds Mbtelsdtess Cd fosflsr igd B B d
cfzL o) Cso O Mlsdicsa CO0e) 90y jd dagj Mmistso
dLkzyuj ded v B sdzjcjs toif teisipes A Q@ddemistclz d3j dzls W dzv
LOYfdMmMd Odettedlsdise dzO CtsdeStej Isdatsdz wir € ff
] tOL dz' n dMmlstsyded € OR ftedo sHWIsfmw tc O
ftesilsr &3 B o3 dZOB], 4§ sdzdasiis! © ddzd f§sylsd
Lisjddw dn My deshdd § d) whfodz L ded - .
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tjOdkdLOydY &0 fteddjtt Mselsdiess
yd dz' = yqdmg dz
td Odzd L Oyd¥ Wk dzel yifftets fifsts tetizld tctsm @FPuEDrEd OH dzv
Y4 dzr 5 dudddiy fisis telzf{ s gilsize
[ dils@dzd . utklbdeset0 feshlsr &d b dj dzOdq

void BubbleSortint ( int *array , int n)

for(inti=1;i<n;i++)
for(intj=n -1 j>=i - )
if(array[j] < array[ j -11){

int copy = array[j ];

array[ j] = array[ j -1
array [ j-1]1= copy;
}
}
0 i n-1
41|76 |3|10/8 |11
_ R_A
0 i n-1
40 -1 7 6 3 /10| 1 8 |11
, R_A
0 i n-1
40 -1 7 6 3 1,10 8 |11
_ kA
0 i n-1
40 -1 |7 6 1 3 /10| 8 |11
R A
0 i n-1
4017 1 6 3 /10| 8 |11
R_A
0 i n-1
4011 7 6 3 10| 8 |11
R_A

tdB. 1. J[Hdd fechdslste o StHj kL' ! Ct
fstelsdtetso C d

] feH] MmotkdeseSd f(shls’ ikl fseedy O d
fsMmdjHts Olsj d dets MO0 dzdo O sfyw  f Otsr  ftsfj Hdzd -
fOtr, MmehlsOs dj ddzs? d n-14qdzR.dsf dals@% O dgy dfed™j S fi@Dret
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Ldzj d3j delstse i ofidzt | SHEdE feshBsste d
fshdj Hse Ols j dz dats fyls §.1).4 tet ds s @pjtsz j A j tisd fiy .dz0 Y
1Hm-19 Cdz# ydlsj dz dzts.

{ Mdzd fsteWHESE Mdzj Hiseo OdzdWw | dzj di3j dzlstse  tsC
HOddzts 2 o j tofpdfay fogoOwdnditelz j smw  § 5 dzj 2B © Odzd
B dgv ¥ syw B MsOdd. 1 p-1 § Bshdsh s te s BBO MM
sCOLT 90 sy bk stew H Y] dadz” .

{3 sdd3, ybts jMmdd fted ByjtejHdsE s
tsB d3j dzO, ftesyd M Mstelsdtetso € d By dzts L
BsHJ¥ dSOyds Odettedls BO2.2f dzdzs Mistedtelzj Is dzd fls

[ disRdz®. ubtsdtsoC O fshs i chtgEdEiad (o

ZOdzd ydw B d3j dzts o
void BubbleSortint  2( int *array , int n ){

bool changed = true;

inti=1;
while ( changed ) {

changed = false;

for(intj=n -1 j>=i - )
ifCarray[j] < array[ j -11){
int copy = array[j ;

array[ j] = array[ j -1
array [ j-1]1= copy;

changed = true;

ltej Ho Oted Is JygzdzlzOW + W j CIsd o dztsfyls

s Sdzd Y ifMs@esdz] dzd 2 Otz Nl ozd Bls d dzct®Oy § dzd Is
Hsotsdz dzgs ftetsflsts. 1 O fj todlsds Mt ®® Bzfp Haff 2 .Mt
otttk 2 MtcOo dzj dzch2, 1P .sfdzj Hdzj B oS H SH

n-1)-1 n
MtcOo dzi dedijtc j Hdzj &3 d2O SC O HEH Sj—tﬁ—ti)%tsm;i fMtse j
Mt Oo daj dzd 2 . s 08 d o3 fte swugPndrsds ftc Oo dzj dzd 2

n
Cm:(n—l)E:O(nz).
[ Efesh jddy syjdSd MejHd s ydhdeo

Ukt ftese jtw jdsj bkfdse dj { bdtfsdagy ( gk @ i
GO td RO, H2003) . 1 1 lsclEs Migdzju@dsi i ud hds
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n(n—-1
—3M=O(n2). [ dd  BOBEGe

1 n

M, .==(n-1)—-3
w5 (=03
Ef sewHsYjd, dzj Mmsejwhojlsmw Mg, =ides?2 §jw]f
dZ&dzHh j &5 fzz yoj (SBEHO §OBHGE 6t OB Bkl
MWXZ3M-
2

ltcdojHjdBB OdzOdzdL Oke st RRBO o o jtefpdd dL d

lted (Jjtotsd f tdasnduifits dzapy § ey § sdzdetsfyls ¥,
fise jteh D4bMEOo dz] e Bs Bz H O j o dzOd dzzyh j o )zt
OS¢ kYsYHBY] Brlitod d) @d 5hw

vjifite! twOmMmMdsistedds dzOdnkzHh 221 ,fidazjyl©R Iz H dlststz
EejHdl: v, <yt td oL ddS O]l pihddsewdal g dl
5Bt Ol dzs dgtslesiz j B Iz |

Il 1t Mddee@j jsdfBebs®jd 10 (jttots2 dlsjt
o' f sdzdzlN+bMw 0o dzj dzd 2 2O o d@Ptc Cblaigjte@Pd d d  Is .
10 fsmdjrHdi?2 dljttoydd BEZHjl orf fsddzj des 1 fte

n-1 _ 2
o dZOdobkHbh | & @@q@i:é@f@s:%—é—om ).
i=1
jMsOdso SO oL ddC0Ojls, jffzd YBLYHEGS

1 Jte
fteslsdotsf sdztsy jdz btejBlzj ddsdsz ( Q. o 1 HOHYEdRHL G o3
COYHOW fjte MsOdztso €O MtsH jtey dIs 3 f4ted Mr dz c

=3.C, =0(n%).

di6 § H dzd 2 WREENOORstedds o ftoj HY Sdzsy jddd, ybkt
BiL fjtejfsOdss ¢d 0o dsd,(asyRssias odl; idzsemsds d L
yd mdzts fteOo dzj dzd 2, o'  § tztey tzezOn . ZOSE Yy @o MB | H dz

M

max

1 n-1
fr]tsOadzg%#z—ZCi. RL OdzOdzdL O fipseR&BL @) By d S dz

i = ‘ nn-1 i@(-1
C - ZJ—ZJ > ( ) _ (2).
j=1
thjtsdzdcha dzj mdztsy dz' § ftoj sBteOL S0 Odad
n> n
Cﬁ]ng_gzo(nz).

50



U tsydz 2 oG dzdgf MC 5z ¢ 5 5l dzd YO,

ftcdo jHjddesets o' hj, SHdBOSCt yj 20 ¢ dzOmmc
McOo dzj ded 2, 1OC d {¢fip" sudimisifipw f G asQ Hnte Qs y detyf Y

IJsBiIsdd3, vyt dREEDdzftcg o stipdfgilsdls o Otcd C
2.1 btsdz St 5 ¢ siddgjusjShids offizs digytdsd o, dzjuift? € s dzd
sls 9 9 jchapgerdjv d3j dzv j Isfpw © 9 jH! fjtej i dz€ O
Hsteseslsswh O s jteOydwy yjd MtcOodzj dedj €

L dzz Yh j dzdzOV  Gn stftctdsts(fidds od 5B d3j dzC
tJOdzdL Oyde 2fL2 ddfthppdpzc O | dzj B3dese s kdz
dzj btd ¢t WOCk tlffizisMmiseodw tsB &j dise 1 toifts
Coltstesdd B &z ftosdL o jHjdz SBBjdz | 1 lstsd fd
o dzd MBI dze |
[ dim RdzS8 . etelsdtesa C O ftesMmisr i3d BB @3 dZORRd M
JqdeH j MO ftsmdzj Hdzj s EyOfmlsoatso Oah jets o tsBd3J
template <class T>

void BetterBubbleSortPlus( T *a, intn)
{

int ixL astChange = 0;

inti=1;
while(  ixL astChange <n)

lastChange = n;

for(intj=n -1 =i - )
i{f(a[j]<a[j -11)
Tcopy =alj]
a[jl=a[j -17;

a[j -1]=copy;
ixL astChange = j;
}

}
i = lastChange +1;

}

}

vt te! ftcdojHjd BBdZjJ Mbstesed?2 0OdzOdzd
90tcdOdzsO kL™t Csots?2 Mtsclsdtese € d. 1 Of 5 d3¢
COMOs v Egjd " jddYy udihdo O &dzjsdps20 ] Istin
ftojdaj 2.

] hdssj §BHABHO ¢ yjdSj 1WWjClds.
MetlsdtesaCd o bkdkyh jddetsds o Oted Odelsy dzj 3 dls
ddzo j teind?2. 1 Of sd3ded o3, ulsts ddzojtemd»y BfwjH,
83,..3,1 §j o] SOtz {2t © [ Mk | rfddtsd § Is

B Mists dzOtekh jdzdj EWHCO fMtls jlsfisekzs h da
stelsdessCd 5 oL 0Nk OaPA, )0 wHd g o v o

@OLT 900jlsw ddzojtemdi2. J[ujodHdes, vyt fjt
WodW jlsMY kfsSEWHBGY,) dedzs? .
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v OB dzd yj 2 ddzo j eind 2 a4af.jas | MzOUzss O© jfls W
fsidzj Hise Olsj aAylgsills: duigurlifftzs L aizj dgy dakeesh d =
tOMf sdzsy j dede’, R Isdej ojjfjls! ydfdzts + dzj Bj delstse, dz®

Slsdatsmd bpdg detsizj d3j daels ©. [ yjodHdets, yYlbts O COYHE
L dzj d3j dzlsr sOB dzd yr ddzo j tefnd 2 Edzj dzt h O Isfmw (¢740]

fesrute ftjnj dwmaxy,ba.ibdud ds2

[ujdedd Miejnd Syitsdets dietst TH s gL dzOud o
pjtoWisdsmis: bidt, SEKY BAHGHSS ofy & ofjiiNpiddattzs ,
Woodzv j Isfpw UtGBljl]fdezﬂJHuGﬂzfddztBB lsOB dzdy ddzojtefnd2, d
C Y sdzj dzls, B tsdz K, drAlsf didinlse @9 dzr R

Pra = (k™)

UBEHO o jtWisdsimls! ke, kyfststs pdssjiddss e
Bsydls BriIsy or ydmdzj dz0 Mdzj HEzs h dd3 BB LOL BA3:

%(k”‘kk!—(k—l)”“"‘l) (k=11

v BA= > KR, =n—1/7rg +0O(1) [Knuth, 1973]
k=0

rdv MiejHdzj 65 yd gtkO f i © ¢ elpjf deq M dzg dglzs O kv
Cm:%(nz—nlnn—(y+|n2—1)n)+0(\/ﬁ), CMj Ctsdzils Odzls ©

Pok = Psac — PSS(k—l) =

C2dzj 16®05772..).

1L 6! S0 0% MtldesaCO Wwodw jkMmw, OGC(
WWjClsdo dz d RO dpqjtijafgiidsdgsw  dzO@ L sts, o oMy sd L
Ot Odzessds @L 1 czdifgds d dss@l s Hj dzd W dzj Csbster 7 90O
MfjCltse t©jOddLOydd Okestdlsdss Mowlsdiss ¢ d.

{BBN jddj tojn jded¥ f dMftsd L0
SBicOIsdzsets 97" L tso O
AzdzC ydw 5B 6 Ols damlthask fumctian o Olss( Wz dzC ydw,
9T L' 90 BOW dzj A h dEntetbd L soaOdzdj &3 kS OL Olsj
ntcOdh jets OHtej M i3 MssPRdsY jddw WekdSydd (td

1
9
0]
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N = Hdz

= s liasady,
:\ '%{‘Ir%ﬁ%%;%d@
I} WC:%« AlO
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Iy

oy

tdB. 2. AkzdSydd GBKOlsdsets o' Ltss O

yissB" dd3jIs! oL dZtsy desMis! otsmftsdz L 59 OIs
sBteOBIsSd HBOMMdoe so, Msmistswh d - fde ] HHClrdgdls *
Hoj oJjhd:

C df WEkdSydd mMwOsdsj dedwWw 1 dzj d3j dzlstse 5

C WEdtyds MmMttelsdteseatd, dmMftd LEsh ks o

I prhceeng ftedeojHjd fteddjte tjOddL Oy
Odkestedls B0 Mstlsdiese Cd fwshlsr &g B &) dzOdd

dMfsd Lo Oded™ {2 WkdCydd sy ds B ds |
sdfse (2@ Mmisd dac

Jdimls@Rdze Abdz€ ydd tBtcOldisegts o' Ltso O
Il Jfteinj P WEzdSydd, MeOoddoOsh j2 HoO 20y dz
/I f{sd LtsoOlsj ddshHfEBG ts
typedef int (* CompareFunctionType )( const void * pArg1,

const void * pArg2);
/I AEdCydw Htsdzy dz0O otsL oatOM Ols! :
/ slstedyOlsj dz' datsj L dzOuj daqj ,
; § ™ dzd pArgdzO Wsjj die ) j* L dz@yg 2zd v *
/
/

fodsydlsj d dtsjy L dzOyj dedj,
§ Mdzd pArgdzO g jsaid ' j* L dzQAyg 2zd v *
0, § ) dzd pArgdzO | pAmg{> 0o dz' .

/1 [BtBh jddOv tj O0ddL Oydws aildzSy e s txigzlls diste dij dzO i3
void BubbleSortGeneric  (
void *begin, [/ / o¢HEjM dZOyodzod Mwlsdtlzj dscts @WwOMMd
/] (dsBB2 ESOLOILjd dsyjl Brls!| fio

I S OL Ols yaids) dzO
int n, Il ydmdzts { dzj d3j dzlstse Mmistels  telz j|d3ts
int elemSize , // { OLdBjt BSHAdSEE djdjdlsO 9 BOA2IS
CompareFunctionType compare )
/'l vSCOLOIjd do Wekeddyds MtcOs dzj|ddwW

—~——— — —

/'l ltjtsBteOLBsoOdedj EZCOLOIjdv dz0 dzOyOdzts |BOMMd e
/1 € Is dhtrk

/' NB 1 itsBatsHddBs, 1O¢ COC Hdwoid 2C OL Olsj dzv| dzO
11 dzj ©OLtjh jd Owdidjlsduimecd sfjjeoydd
char *base = static _cast <char *>( begin );
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for(inti=1;i<n;i++)

for(intj=n -1 >=i )
char *basej = b asetj*elemSize; /I base[j]
char *basejminl = base+(j - 1)*elemSize; /Il base[j -1]
if( compare( basej, basejminl ) <0)
I [ ddev j &3 difjabels Qdid cphase[ j-1]
N §jtej MisOorz®3
for ( int curByte =0;
curByte < elemSize;
curByte++)
{
char byteCopy = basej[ curByte ];
basej[ curByte ] = basejmin1[ curByte ];
basejminl[  curByte ]=byteCopy;
}
}
}
}
}
sO¢C woMmlsoakjls dqL ftedojH ] dedzscampakej S MIsO 1§ to
W Iz dz$ BdbifleSortGeneric wWeodzw jIsfpw EC OL Ols jlsdg a3j is0 W Ez dz
feddzdOjls ® COyjMmlsej Okekd®jdlsO OHtej M Wkds
MicOo dzj ded™w Holkh { dzj Bj dzstso 2B)sdz' L 5o Olsj oz MEBE S
( yl_l_l_l_l_l
- | ——
main | e BubbleSort
array @ F—
size [ F+— _\
. [ Ps begin
+ n
4 elemSize

———e compare
CompgreFunctionType

td. 3. RMftsd Ltso Oded j

w
w

EdeC ydd 68Ol dat

toj OdzdL Oydd BB h j dadztiedste COdzG tsted Is &30 MBSt

1O0fteddjte, HEW fMoteldiess S d
MeOo dzgj dzd™, MYdMsS § OOk seso
fsslse j Isf) ComparsFulsipyTizpe

ydmj daz do
oftsLotcON O dst

vj & o
d

int Comparelnt( const void* px, const void* py )

*((c onst int*) px ) - *( (constint*)

int difference =
return  difference

py);
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1 7L tse ¥ ButfleGaftGeneric HdzZ" Mttlsdtotse
dzj € tsls tstets ¢ dsraydzO ipg B Ptesiged N o 3] dzlstseo Yy Jj dzse sk
9T GV HjIsy MdzijHEEhddB BLOL 543:

| BubbleSortGeneric( array, size, sizeof( int), Compareint ); |

dtse d3gj Mis dzlz ® tc O B tsBukbleSatt iz dz¢ y Gatnpareint
d dzdzt s te d tedz.j4s. tgddg” MselsdessSd &OMMde O,
Heketsets kdfO, MazjHkjl 1§ tejoHastddlz ooy ©s
WedS ydd MteOo dzj dzd v .

BubbleSortGeneric

Y

V
begin Py
n size A A A
0 1 j-1 j size-1
elemSize 4
compare *
wase [
basejminl P Y
basej [ /
>
Comparelnt |
px .——/

py

N

td®. 4. [BtBh jddOv Mttlsdiess CO § oisf
5B d3j dzO d3q
ltedo jHjdedetsjy LW teg M jdad dd3j g s
mMsmisswh jj o Istsds, Yylsts Hdzw tsBi jClktso Mmdztsy
odej "dedj toj Mztemr (dzOfteddiitc, ¢ OL Olsj dzd dacC
f Odw Isff) @30 dzlsd ¢ © fsBO2IsdsEts Csfdtetse Oded v
W Iz dz€ y BupteSortGeneric fted tB d34 dad Ldzj d3j dzlsts e d
s5COLOIs! MW dgj f SHABHWh j2. 11l tojh jded
d orLte WkdSydd, ®Glejyosh il LO0 B Odds O~
dzd ) ls2Syiz6
[ difls@Rdzs . RMYtcOs dzj dzdzOW fj BOdzesC O 5B Bj dzO f
/* A ©O2 BubbleSort . h
* [feinjdzidd] disBAitHdB R Isdfse WekdSyd2 |[SBEOISC
* Bl wodzjdadj tBBN jdades? Wkl ydd fMswlsdessysd
*|
#ifndef ~ _BubbleSort _h

#define _BubbleSort _h_
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Il Jfwejnjdjddj sdfo ¥EzdSydd, MtOsdsdo Ot h jP
/I {sd L9 Olsj dshfFB®G s
typedef int (* CompareFunctionType )( const void * pArg 1,

const void * pArg2);

/I fsdzt Lso Olsj dsdhE Be ts
typedef void (* SwapFunctionType )( void * pArg 1,
void * pArg2);

[ (Bl wodzjdedj t®BtsBN jdadets?2 WERCYydd Mmotebdts
void BubbleSortGeneric  (

#endif

/* A ©2 BubbleSort . cpp
* 1JodkdLoydw
*
!
void BubbleSortGeneric ( void *begin, int n, int elemSize ,
CompareFunctionType compare ,
SwapFunctionType  swap )

I 1 tojsBtcOL sZzO©@d Pls fze@izOyodzg@mmdo O

I1 € s dhirl
I NB | jsBRsHdds, KOS COC Hdid £COL Olsj dzv

I dzj ®©OLELJN jdr OdWdjlsdudmcdj tfj
char *base = static _cast <char *>( begin );

for(inti=1;i<n;i++)

for(intj=n -1;>=0 - )
char *basej = base+j*elemSize; /I base[j]
char *basejminl = base+(j - 1)*elemSize; /Il base[j -1]

if( compare( basej, basejminl ) <0)

if( swap != 0 ) swap( basej, basejminl);
else
{ oo _ _
1§ dav jagfils Obgse[ j | d base[ j-1]
N §jtej MisOor®3 My
for ( int curByte =0;
curByte < elemSize;

curByte++)
{
char byteCopy =basej] curByte |;
basej[ curByte ] = basejminl[ curByte

basejminl[  curByte ]= byteCopy;

}
Yy H dzvelse

Ho O L dzOy

Il [ftejnjdjdd] sdfo %YkdSydd, shkh shlkg&ssbj? B &) d

¢d fesfls:

void *begin, // ¢HBGUWOEZO Mtelsdtokzj B3sets BOMMdo O
/'l (dtBB?2 ESOLOLjd dsyjl Bris!/| ftedmoetsj dz
I ¢ OL Ols yaids) dzO
int n, Il ydmdzts  dzj d3j dzlstse Mtstlsdtelz j|dse s d3OMMmd
int elemSize , // t OL®jtc SHdtsGts 1 dzj BjdelsO o BQPRRISOA
CompareFunctionTyp e compare , /'l vSOLOIjd dO Wkdtyds
ftcOo daj dzd v
SwapFunctionType swap = 0 ) ; /'l vSOLOIsjd dzO ZdzS yde B
/1 [ Mdzd dzj L OH Ods,
s8 MYy judeOjilsfw
I fsBO2bdetsy S ts5f detse Odzd §

dz0
toydd




[}

{b&Bilsdd, ubkt {saits®dBiH sBiplda dsis o daj
] Odzqts asth WA I te s et € ifls O dzH O to ls dzts 2 C/E4Fe dzd 5l
lted {btd dedSdigfisd Lkzjls Odkestdlsd B filk
OdzOdzdL dlelzj &3 2 H Oz j .

tdOdzdL Oydw o odHj h OB dztsdzdzts 2
1dHEBMisOsS ftede jHjddessets o7 hj BBBN]
oL i3sy dzgsets ftod ftetsc tc @MPBBAOE®dgRd s@E® w L 't
COoCkPets dJdaW stedBB3Pydistets d tslfjfdsr = 1+ dzj d3j dzls s o .
f BsEts G OL Olsj devid § sz SO ieQ ls jj dizsj dzdg® by j h dat
dd COCs2 SOOddsdd, Yybsts dz0 efmjn 150§ OnR
AzdzC ydvw MtcOo dzj ded v, [BubpleStrtCeperic n dzvdzj tc GEOE 1O
Ey dzOwdzOv, f(sMitd Sk BYL OdzOvoidsy ij Y cdgo Ol
sBtcOL 503, gL sBi Wodzj dgd W WedS ydd dzi s Y
ttj OdzdL Oyde fj BOdzsd¢d MteOo dzgj dedW Hdz¥ H Odzc
sdf O.

[ teze dds dzj HsMis OIS tsd3 W o dzv j Is i dzS dsqd
BubbleSortGeneric ) Misddzj C Bici ERjIs OCCEtOIlsdets?
slsHjdzt d2" d&3d B O2l OB Mitelsdtelzj d3" 7 H Odedz’ 7,
fdzj Hise Olsj dz! dets, Mbkh jMmlse j dedets Mdztsy dgj § H dzw
9 j tc BupbleSortint

[ dzw ksets ybtss' hOptegsgdazdls Wz dzS yd s
osMsd Lo Os! Mw M j yd OdzCezF 8 s H ety W) sdid ¢
sftejHjdjddj. | fesfmsj2hjd Mekyo] kOS,
SBOL t5d3:

|template <class T> |

RHJ dzls d W TS fitfstisczdzy j s o 1 5?2 C tsdzilstelz
h @ dzts dzO . clagsgts ol OL " 9 O Is dzO tsfdats o dglz 8 5B C
h OB dztscifote j Hj dzj dzdj d dMitsd LsoOdedj 1§ OteOd
BHAZOC s h OB dztsdzdy’ B BscEkls Brls! B Weodzj dgf
By il il djmMStsd ¢t fO0LO®B) stetso .

1 Oted Odzls " OB dztydpdpts ¥ L @gpldedaftt G toj H s Oo dzj dz
dzd mls .66 J

] dimls Rz z OB dzts dzdzOV ¥ Iz dz€ y df e tsfilfpists lsizfftc tise dz0 i3

template <class T>
void BubbleSort( T *array, intn){

for(inti=1;i<n;i++)
for(intj=n -1; j>=i; - )
if(array[ j] < array[ j 114
T copy =array[j ];

array[j] = array[ j -1];
array [ j-1]= copy;
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[}

ltesyj M ddzmlsOdzydtetso Oded W

2508 s 20 ( dzdzé fls te

Yo
S
BubbleSort ———r— 1
|
|
T *array :
intn :
I int m
—
|
o / /
L tetso Cutgf§ )
: 0 1 j-1 j size-1
AV
BubbleSort<int>
int *array o——1
intn size
|
tdB5. RMitd Lo Odzdy M OB dzts dzdzis 2
Metelsdteso ¢ d
ClsO ojtmMdw dzaiL dzOydlsj dz' dzts tslsdzd yoJ Isfmw

Hdzv Mmtstelsdteseo Cd &OMMde ©. )i
dmf sdz Lz Isiw EZ¢ OL Ols§ dz! dz0
1 56 5, fsdzl L 59 Olsj dz¥
OB SIS T [ig]

HJ dzOIs'  dzj
dL e j Mls dzO.

Bsyils BT Is!

HOdzdz" o3 dzizy dzts@ ts
dzlz 3 dzfs,
vO0Cdd3 tsBtOL t503,

Wz dzS yd

sls

dzr B tewmdffnd izt ¢ sizd b C
WEdS yds, shizhjf

f toj H dzO Gl detde jHAdEf t6 § G tolz L

sdfo. tOLEkg]]shY

fsMCtsd Sk Mj BOdEJSO MieOs

Hdzw MtstelsdtesoaCd H

q yfiasdzisOs o Q@O BEDIESomdnt W &z dzC y d v

void SortInt( int *a, int length ) {

BubbleSort ( a, length );

}

[ dzw s ts
ftosdL o sdz! dzgsEts
fj BOdzsd C MBP§ Pupd ¢,

ylstser

oM sdz L 59 Ols! Mw
fsdz L so Olsj dzr MEsEts
dz0f tod d34 ts:

h OB dz

sdf o, fmd

class SportResult { /] lwjHmlsOodzjdedd L Ezdz' OISO
Il mMftstklsdeodsct Mitej o dtse Odad W
int points ; // 10BtOdedzr § ty<d
int  wins ; Il [HjtyOdede j] ftSBJHT
public:
...
int operator <( const SportResult & arg2){
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/'l [ fdd dOBtKOdsds j BySd Mseaf OHO®Is,| s Mt
ftsBJHT
if  (points == arg2.points ) return wins < arg2.wins;

/] [ fMdetse dzOY o9 jlso! : MiOodzdeo Oj d3 dzOB teOdzdz] § tY¢
return  points < arg 2. points ;

}
h

I 1 ted 3ddf sdz/ L soi@dgvwidHtclsdtetse €
void SortExample ( SportResult *standings , int length ){

BubbleSort ( standings , length );

}

Juydoadudzs, vybt dzafj MeMsOodv jls dzd S O¢dn
Csfdtetseo Odedw BI jSIstse. rdzv 1t lstsets ftod Y
fdzj HEzj s f tojoy Ditedis Ok §f jtoj ctelzy j dadets?2 s | te

ltetsyj M cjdjtedtetseo Oz tejHjdzj dedw W
5B Otekzdjdzsjy " OB dzsdzO® deOL ™ 9 O Ismw ( dzfls O &
o otsHdl Idfr fOttO®RjIstecse " OB dzts dzO® dz0 s iy dat
o Like 1 sfdzj btet, CO¢ Isdtfo dflshic'® §i3fids dzxRO h ©
sMdzse Odzed d h OB dzts dzdzts ¢ s st HJdzj ded W G j dz
WkdC ydw. l itemdw h OB dzts dzO H dzw CsdeC ted Is
MfduydOdzdL Oyd4 ? h OB dzis dzO . ] f sfdzj Hdzd 5t
wegdzw jIsfqw Wk dzC y d BubbigSorf(dzls $pmriRgsaltn s d3 int ),
CH Colttts? OQols®BOISdUYi MSd c¢jdi tedtelzj Ismw

vO0Cdd3 BBKOL B, hOpdzsder BB MY Jjyde O¢ ls
zZO0 shdse j f OtcOl3j Isted L s Odedz" R sftcjH] dzj &z
dZOL " 9 O¥@sdzd LO d J§ 2 f OO sted yj ME sets i s
fodzdd@stel L B0 otej di3j ded SCtBfddYyydd) . 1 1t
sftej HJ dzj dad 2 . [ BtON j dzd ¢ h OB dztsdzdz" d3 W I
Ottcldsj dzZstse ftedojHjls § fwodgjdadt cgdatsy j fls
Chtster 7, ©OLE®) jlsMY, BEZHjls L OddBOls: & Ml
dmftsdz L so Odzgdd B©etSBh | RIEORVRERGE R Iv Jnisdd
LCeLjdBfdvt). tdME tOMsydlsj dz detsets teOMmnA 5H
EHtsB Mo O, Ctlssth @B dticdzH sMisOo dzv ¥ Is

23t jSktemdody | Odetstedls
Jdtsed Wedhgd L2jB § o BOLJBOIE],
wodws siyw tej Cktemde dzr B f 5 o Syt fHEHMs i to
fsdvlsdy dhfsd Lkzjlshy nMO®s kbt §sdvlsd].
S te] Hj dzf @€ ls ts t& FIOMZE n*(nay
tiSktemde dzOW { @ d&Ssy@™ow WkdSydw, Clist
sfsMicj Hso Odzgdzs o' LT 80j s MOKBO Mmisw. 1 ied
pT LT 908N dn MOBd Mjev, & ©OMMdsksedd o
©j Sktido d Rz ide dZS yesdkOdzj 2 BEHEL fioj HlsOo
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1 OHOYO ftsdmMEO o

{Hddd dL SCazommdud Msd

tejhjddj LOHOYd ®BRtSHO o
fMmMioHBEBHO.

JdimbRde 1 esMists? Ode sk@bdqEccdaE®HOf M s HBC BH)
I/l 1 jGBRtHdd j qfr:
I

/I MAZETYPE i ks d4dz0B d e d dzls
/I MAZEPOINT i 46 sts5teH d 200 L dydd o &zOsdted dzs
/I MAZEPATH i fkls' wyjtjL &OBdteddzs

ratsHO dL dzosdtd
n feddittts i Ckkd
OBdted &ZB®D, W HwwEH MsOo

MAZETYPE maze,;

I [ftjnjdjddj OBdddlso
MAZE PATH path ; /

/

/ 1 kls! yjtejL &zOBdted dals

/'l (L Odzj ffjidaddg) uj dedj SCtststeHddeOls s
I ftcOo ddzOdz Misj ¢ O)

/'l tdSktemMdeody 2 Odetstedlsd sdMEO fzisd
bool FindMazePath ( MAZETYPE& maze,

MAZE POINT& position )
{

MAZE POINT attempt ;// 1 s Is€ady J daddzOB d ted dzls §
/'l (eofttOots, odzjots, oojten, |odedlL)

Il VYtwse jtew jd, daj §tsMmjih Odd dd t©Odz hj
if( AlreadyTried( maze, position ) ) return false;

/I 1 tetse j toWdpjdg " - tsdad! IS5
if ( PositionIsExit ( maze, position ))

PushToPath(  path, position );
return true;

}

MarkAsTried ( maze, position Wi [ sz sdflss'c d yge® <
I gsmjh | ddalze

PushToPath ( path , position ), I 1 Is t5dzS dzlz Ifyils § €

/] utejthOjd i IsC dej i dzdoiidedias o
/'l 9" LT90jd3 fsdMmMS fEklsd dL dsets?2 oL dydd
if( MoveLeft( maze, position, attempt ) )

if( FindMazePath( maze, attempt ) ) return true;

}
if( MoveRight ( maze, position, attempt ) )

if( FindMazePath( maze, attempt ) ) return true;

}
if( MoveUp( maze, position, attempt ) )

if( FindMazePath( maze, attempt ) ) return true;

}
if( MoveDown ( maze, position, attempt ) )

if( FindMazePath( maze, attempt ) ) return true;
; VHiM o ded tSHAZO fsfrisCO dzj ko jdyodzofm: EMmfj - tsds,

Mdzj Hiso Olsj dz! dets, dL 152 ftsrdydd fEisd| dajIs
opFromPath ( path );// RME dz¢ ydbsfilsj ¢ O

}
/
/
=)
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return  false ;

}

] ftetsyj Mg f s5d ¢ GrindVazdPath Velf &L tpdn o dzts

9rL" 90jls MORPsHiBYsEB® HBjrBEHjl orilf tsdzdaj

9" ASH dgtL ZzOBdted dzls © B dzOtelzy jdz ddzd tcOMmf

ltesyj M 1 8dMSO fkisd dL &ZOBdteddzs©O o Ml
d dzdzs Msted @B.j s tod .

l1tod dz0f dMOdedd tej € Ztefnd o dis GasO 1O dzéfifsdzjdHslatyC

CugHdlifm', ubt tjCkzEighse izhils®dedaz@tbg C
fdzj kil feswedviis' {§64§C ol ddddd d¥ bd
ifmdd k3 d5 ddCOS daj dLBjYOIls!)

C I yd deds®§ Mmd 3Ociztalrgf fibztemdd o o' Isj cOsh
btejBtso Odedv § Migg Bk fhedslss@o * Isj  f s dzk
GjLEd O f LOEOSOBd dO oL &Sy &
dlsj tOYddadets? W stedsy .

C1d dmf stz E@BFicde dgOd dz" » Odzg sted s BBEs

It St dL OB dterdE0
(2,0

td®. 6. 18dMS {§ ksEndYaseP@ntze 4 ls ilz

14 ofgfs usPtej Hj dzv jIsfqw tej Cktemdo dzts, i
] Odzd L s OPh@Besj tc, L OHOYO o' ydmdzj dedw W OCIs
ydmists dlsjteOydtsdedzs? ftetsyjHiztes?2 . 1 fted dzy
Bsydls BT Is! o] sBLOLBoOdz ¢ dlsj teOyd tsdadats ?
ftol sBtocOL S8 Odad | ¢BjMf &zOsdzse (€ 0O¢C.,d dzdlzOf to
o ydfmdzj dedvw ydfmd &z AndetsdzOyud) . JHdZOSCt o
s0O¢C s ftoj sBtcOL 59 Odzd § HsfMisdeOjIsmw L O M
MlstezClskte HOddz 7, LO®Rj dvs b g8 tsofls ] § ts1 tdsjtdi
9" BisStej 90t Odzls© tojh jdzdw Mmdzjukjl Mmsy s
tej Ckztefpdoe dz' A or ydfmdzj dzd 2 (GdzOo dg" d3 tSB W OL |
nteOdzj dedj ddeW stedBOydd o Misj S fteddztsy § dadV
oM cdRBseOlsjdzt dg 7 MistelzClskztc H Odzde = .

RiNfpeelz j &5 ftoj sBOL so Odzedj toj Cbktemdo descts
@O fteddsjtey WhkdCydd B fistes? Mttelsdtese ¢ d o
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fOdwisqd, ddd kOC dzOL ' o (DpEBikstrafiisaeede/Rse Cqd MmisC
[dzv ftesfissisr dL dtsyjddY QROHOByzdd HEREdgicss

1T fllstOY feklsdiess O MsOLO (tjChk

1T fbeOY  Mstlkdieso O wodw jlkfw fiojHMsOs 0
etelsdteso ¢ (ftesmisj2"dds ftedkj esds B dgj dzdzts
ftejHMmlsOodzj dzdzr 2 o' hj Odetstedlsdz Mitlsdetse Cd
fBBd&zj BO Okcttdls®BO Moksdtesstd f§wtshlsr & B &
shkh jilse dvs s B EBj &2 MisMjHddr { dj &3j dlstso .
Ldzj d3j dzlsT HBMlsdceOsls Motsjet GSsdyuOlk) d dscds
sftejHjdvjl ddLClke LWWJClsdes dggmls 15 B o) H2OISsd tg 5
syj dedo 0 dslzs OfN Yl i e Mk MieOo dzj dzd2 o ¢ § 16 f
oL &zJCOjls dHjvY keojdduydls' twOmmstswddw, & ¢t

ClO dHjw Br ZOmBPBERGL Bo OEO Y Mdzj HEs "N jets C
sfidsej Odkctstedlsd®O dzj 40Ol ©OLH,j dzjddj 1§ tshdzjH I
fsHYfGMd Heo O j dz' desylsd Gldsmdlsj d dets L dzOyj dzg
ZOL " 90 jlsfw ©OLHJjdvshddilssds®@F &t dgo.L Hj dzj oy d
Br k! HBMisdcdkzlst H S tg@smas a0 I jodfriigsissd dx( o) .

[ Mdzd GBL dZOW@PlSY] dzd § ©OL Hj dzw e h j@as 4 dzj d3j d
fMishisswh j aits 4 daf g dzls s o yjesets  sdfo, WO &
shkh jmsodvs h g2 fMocispglshEpzs Ngicde@dls fdj
sBttOL Bd3:

[difls@@e ( OLHjdzjded] fjcdijdelsO

int ixLeft ; I RdzH;Cfr] flosMditslstc® 1 dzj 3j delstseo d3PMMde O Mmdzj
int ixRight ; // RdHjCM ftoshdssttd 1 dj &3j dstse d3Cfr]fnq90 Y te(
int  copy; Il 1M sk Olsj dz' dzOW {§ifjjtdg jiplsClaes@WC dy dz

ixLeft = 0;

ixRight =n -1

while( ixLeft <= ixRight )
{
while( a[ ixLeft] < x ) ixLeft++;
while( x < a[ ixRight ] ) ixRight

if( ixLeft <= ixRight )

{
copy = a[ixLeft];
al ixLeft] = a[ ixRight ];
a[ ixRight ] = copy;

ixLeft ++;
ixRight - ;
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>=x X <=x
ixLeft ixRight
[ > < u
L . A g )
Cdgdgds , Cdgogids |
dgjdzh dj dazf Btsdzh dfj dfdzf
toods j X ooz § X

tdB7 {(OLHjdzjded] MjedsjdzZsO © A[tBHJ

l twjLkzd Oy yYydsdzO t©OLHjdzjddYy o dzj ot
Ldzy B§ dels™ ,  d3j dz2 xd J O dazd § 6O8 el ijonfif Istdoz ] dgigd fiytists
Bsdz! hdJ d dzck. tc®OU 3 tBLOL 503, dMmnr SH dzOW
ttOL HJjdzj 2O dzO 2 ftsHY sfydzj 4 tsedddsly) jdzls dmsGriisiyfdz O Is
dzi L Oo d fnd i35 R dz' 3 mdztse Odzq , J mdzd (S ¢
fcHfsMdzj HS9 Olsj dz! desMilsj 2 EfstwHsydls: , g
f sfmdzj Hise Olsj dz daetsfyls s . 1 dIsteHdes L Od3d IsdlIs! ,
fsMmMdzj Hs9 Olsj dzt detsMisj 2 , 2 BB d k ff tistebzhus iz das tg J
dtstslse jIsfilsea ze h d2 9" ydfmdzdIsj dz' dzr 2 ftesyj M
tej Sktefnd o dzts 2 f ez Pl 1 @hdz.Mclsdesea S d o
Mdzj Hjls or" L o%plE!, WEULOWPy o COyjfMmlsej ctcO
yofmilsj?2 Mize@Ggs GO jtcotsets d §smdzi Hdzj et + dzj
[dmlsP®&e  jSbktemde dzOY WhkdS ydvy Mmetelsdtetse $d mt
Il AEdSydY OLHJjdjddY MjcdidsO, c6Eoddyu] fedsdts

/I left d right
void Split(int *a, int n, int left, int right )

int ixLeft ; /| GRigznfited feshdslt] fMdjsO &ZOftOs s

int ixRight ; /'l RdAdHJjSCM fted ftoshmMBstc; MftcOp O dzO
int copy ; /1 1M sdkse Olsj dz dzOW § j toj d3j dzadgOW H dzw
int  x; /i t OL H j dzv 4 fdaf ) dzls

if( right <= left ) return;

Il YHif Hbdy jEe@®dklstOnr j dvsh ) 1 dj dj dzls
I Mite | Hiddzj d3j dzb[tef] ... a[ right]
..
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ixLeft = left;
ixRight = right;

while( ixLeft <= ixRight )
{
while( af ixLeft ] < x ) ixLeft++;
while( x < a[ ixRi ght]) ixRight

if( ixLeft <= ixRight )

{
copy = afixLeft];
al ixLeft ] = a[ ixRight ;
a[ ixRight ] = copy;

ixLeft ++;
ixRight - ;
) }
/'l YHifm: fdkkzyjd Heoj (tHYtMd) He Olsj dz detsfyls d
1 1 jtco:0a left ].. al ixRight ]
1" 1 IststcOaf ixLeft .. a[ right ]
Il vifit! dkydts tOLH]jddls' §sdzydokiniy, § sHf sidzj H
Il fedyud 3 Hdzw EZdgjdg hjdedv B3O CUJUOED dizls 2 |6 dzlz 8  dz
/'l dzyhj MdZOYyO®ZO tOLHJjd&vVIs! Bdjj SCttesllikzs
i i

[ left < right 1 ixLeft )

Split( a, n, left, ixRight );
Split( a, n, ixLeft, right );

else

Split( a, n, ixLeft, right );
Split( a, n, left, ixRight );

}

Il AEdSydw mMotebsdtseCd msOBO (6jSkehdod 2| o Od Ods)
void QuickSort(int *a, intn )
{
}
) sdz" sdzs, Ut d&OdBGd h O MCssms! Mstlsdt
9 Istsds MdzEyoOj, CBEHO ftod COYHEBHR yjteiHdSEB
Hjdzdlsfw dz@ 2 t©Oedz j yOMmd (o {ktsd Mdzyo.
Metlsd zPG N oL @ dj. dzd20d i kHh d2 fezy02 oL dds o
o COyjMmlso] ©WOLHjdvshjes | djdjdlsO orBdwOjlsh
Ldzj d3j dzls tOLHj " j B2 (SHYGhd Hse Olsj d deslsd
tOLHJjdzjddw wWodzwelIsfpw Hoj §sHYBMdzi He Olsj dz/ dat
b 1 4 dzj B s Osls®dROM j | dzj & dzlst . [ ujoedH
wOLBdjddve ‘WWjCkdodshls: MstsdtessSd BEHJIS
MestlsdesoSd §smis' & e dgj dzOdd .

s Mty Odzj dedé, o Bhieds gy Wi fdes® ¢ 3 j ZOj BsBEz
(sOC B2 ) Jap@ij dggls? dzOL " 9 Of Ismw d3d Hd Odzts 2 fsHf tsf
e s syd ted H! , wodwjlsfqw IstezHtsj BES2 L OHOYJ 2.
o' B 0¥ lskzdSBAS qidpshis’ &8 6] cbdv cdy 65 SBLOL Sd3, (o

Split ( a, n,0, n-1);
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fMted Hdzj d3 3" dzj BEHid®B § sdkz2yOols:! da,
fzd8® YOMiIsts. [ Olsj 30Isd ¢ d fts¢COL Odzd, Yls ts
Mstelsdtetso & d HeMisdec Oj Ismw ftcd o' BfStE] tcOL
SBOL 5d3. sBlse jIsMmilse ze h OW BsHdW¥ dSOydw 1
dZzdmMis@dz6 O M dMftsdz L soOdedj B3 G j dzj cOlsBO 1
BdBdzd €l Edzv Hdls Mdzj Hz¥ h dd3 SBLOL 5d3:

#include <stdlib.h>
#include <time.h>

void Split(int *a, int n, int left, int right )
...

/I 17 BBWEOL HJ dzWw ¥ h gz dgj dzls ©
x = a[left + rand () % (right -left)];

...

void QuickSort ( int *a, int n)

50—

/1

/] d20 shmdtsej dgj Cslststesets §MjoHsmdzyo? dt|
/'l (yohj efgfjet dMftd Lizsls IsjCkhjj otj
srand (( unsigned ) time ( NULL ));

"t OMMidoOddj" ¢jdzj 6OBBO MdAEzy022 d & |y
G
w

Il 1Lt WEdSydd tOLH]jd&jddY fjcdj distse
Split ( a, n,0, n-1);

}
10d@j sqd3s, ulsts MmbscdkOmds HESE®) dsoydd
EdzC yend ¢ dzgjteqelzjls  fMjoHtshdzyO dsj L
LOX7TFFF . 1 td ©OBGkjcOn ttO@EOR O82dlsj Chlzter
Odzdz' 7 intls B Oodzv jIs 4 OQRED, Wbt lsdzj tsis te
ROYJ ded v left dzef jight) sBO R sH W s fjw  ©..0xTRFERFIFL s dzj

1 s ssdkz, Mesets ¢ modsEgh - left) to OpsLdedgdzy § Is
fsdkeydls: fmjonshdzyo?ds] 0Lnsnigr] j- o H
left,0x7FFF)

Jyjdz€ 0 1 WWjebbsttsBlshstclsdtcso
rdzw  tsyjdSd < WWjiClkdodesilsd B' fistets2 iyt
Bdetsy j Mlseas Sz yj?2 HtojHMsOoadzw jls ftsBste dzgOF
ydqmyg dz s bsHEmis: d&" dsdli o3} Gzdgesty ¢ ddj ¢ sy y €
xe{l2,...nN} 9" BtcOdz ®» COUYjMmloj wGOLHjdEvsh jcEts
COL HJdzj ded W  dzjXg Has] My 1€ Gz ds@gso'  fftusta Isfofufaflz § o
fsfdj Hse Ols j dz desfisd. v dhmdzs tedgj defy, 1g©s
udmdzz + dzj d3j delstse o dzj o 52 WG Y d3dipry i tzezE
20 o jtetswisdsmls: ksets, vyt {Istls  dzj B dz
9 jtotsw Isdzts fls k¢ ts, Ylsts X9 dz¢ y® Odzj o jdgjtsdz! Ishdgt
n—(x-1

sftejHjdv]lmw—esgdZfydoBdd3s tsBtOL tsd3, tBhH jj
n

I O ==

-
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® SfSHJ tGOLHJ()de]aZrE}—Iﬁf;—OSdZM’]tGJHdZWW fts offjd ol
n
90t Odzls O3 9" BiStEO GteOdzd ydesets S dzs yo o kydlsr s
sted §deld " sdzz O] d:
18 n-x+1 n 1 n
M =3->Y (Xx-)—=——-——~—
COLH n;( ) n 2 2n 2

[ Mdzd d2OdZ ByJ dz 9a4jLjls, d o oMjecHO o' BC

1dzj o3j dels © &3j HdOdzz, Is ts COYHB] ttOL Hj dzj dzqd j
fshdzj Hse Olsj dz' desylsd dz0 2 ©Ooade §j yOMmisd ddzd v
20 1 | dojgjndgbfdzs  OL Hj dzj dzd 2, dzj sBARSHJE A
Ml d . sH dzog, N, fdzj Hise Olsj dz' dzts, o @O d dziz y

C.,, =nlog,n, M. =2Iogzn.

{OLEd) jshw, d&O MOdsd Hjdj & dj oMmjcHO
1

(ojesvwisdsfls! | EYdE vaffjjdPsodzds! syj dCd, o i
n

Cslsster &3 Hd&zv Mdzzyow, CSGHO ©OLHJjdYvEMNd2 1
SBtOL A, WW¥jChdodsipgs? 2tdos.t Isd

vjifjter tyjddd dOdrkzHh d2 Mdzkzyo02, Ctiktster 2
tOLHjdvEhjets L dzjdgd dzgs©® o' BdtOj Isw dzOd dzgj dg' b

COLHj &Y j B2 f§shd Hse Olsj d dzezs)m.lquu@z@gzesjswlsdztsi
n

fshdjHso Olsj d dsfylsd o 1{lstsd fMdzyoj fdosHdls

fsHjtexdls tHdd !idjfiE dshls G iz jc OlogsN ss B o

©OLBdj dd? MNseQuizgjsdgd2, O Mk EEOR@)Y KOs
ylsts ftod dziBzOesftedWisdegsds o' BsStej wWOLHJjdzws h(d
B' Mstets? Mt &O®p O figsy f) sif Sthisfplisidged! Chide 2
fMstclsdtetso € d .

[ 40ddLOoydw B Mgk ] gOn Euas? d

W tsted3d
SOYHT2 tjlhtchmddadioxsHEgIL 89 ML HOdzed® BYJ teg
fMlsj ¢ O, ) Clstster 2, ) YOomlsdzs iz ¢ Odaf iz jjh Ok Is

§dte] g dade’ j  QulidkSipft y.q If 54 Is tskfIry § fted tlsdtshdlsj &
dzj Btsdz' " dr  ndE@syicded f B dztsy j ded v BOE J @B 6] ¥ SC
SBEOf ShflsOdzso C ® Op @ @iy @his o) Cehdd o dw sy
sB tsdats o Odzdzts 2 .
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O dzOdzd L Jtelzw MstezC stz H Odzdz’ - .
W & dz€ QdickSort By des L OB Isd s, Ylsts tsfydzats o dzC
st OdzdL Oydj 2 tej Cktefmdd ts Isldfts iy ffls fight |, € 1.
sBtSL dZ0yOs  d di3 HJ td® dzedfists’'c sSte @) 6 d3d dzls O. { Mdzd o
Misj SO ftoddzsy jddw MsLHOL! oMmMf sfiEse Olsj dz¥ dzr
Sldzsy jdedz" = Mjedii destsa), I tojlktemdo dese s

[ dzw L Issesd3 s¢ igff B @Gzd Ols | RuUIdESCRStack dzQ fr)

MtsH j toy OfisdeXz € IStadkllem ftej HMMlsQo dzw s h & MtsB t
SlsHjdzt desets L OftesMO dzO teL f jigtt] dzd jJO (I CLis|z]
Bj stsH 'L OHlalpfin j dzd v tsyjtej Hdesets L OftesMO o Ml
WeEdSydd tyj d ftetslsr , fsi sk dr t©OL E
(ininelots dLBJjYOdzd] Blsjite! 1+ WWJiClsdodesmisd, f
Wizdz yd2:
class  QuickSortStack Il wlsj ¢ tslsdztsy § dzgatizh s B

{
struct  Stackitem // | tOdzdyJ ¢ d3j dals ©
int left;
int right;
h
public:
QuickSortStack( int _size)
{
size = _size;
body = new Stackltem[ size];
top = -1;
}

~QuickSortStack ()

delete [] body;
}

/'l 10djiMmjddj ByjtejHdtsets LOftesMO dzO tOL|H j dzj dzo
void push( int left, int right)

{
if ((right - left)>=1)
{
I0p++;
body[ top ].left = left;
body[ top ]. right = right ;
}
}

/'l RLodzjujdedj LOftetsMO dzO@ tWOLHjdzjdzdj dL| Mmisj ¢C
void pop( int &left, int & right)

{
left = body][ top ].left;
ri ght = body[ top ].right;
top --;

}

/'l 1l jteC0O: MkjcoO Lkl
int is Empty ()

return top == -1; [/ / J1td "] djl LOftesMtse @O ©OL
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private

Stackltem *body; [/ / ¢HEjfm dZOyoOdzO B d&ZOMISd o
/'l G6HJ RtwOddlsfmv dBOMMde M  dzj
int size ; I { OL di3f3® M d oy
int  top ; Il ljtehddd fMmisjto
h
UBEHO MAj BOdudzOv tj OdzdL Oydw Wk

B o fitoatds ftededdyjddd

O®visd,
&4 dels Odsd
z¢ydd M

pr G Hdls fydzj H Iz

#include <stdlib.h>
#include <time.h>

&34 dzls ©
i ¢ di3j dals ©

90 dzZOfttOo
Do O dzOdzj o 5

Mo
dzg

ud g d

fw  womimde

Nd3.  dzd fnls d dz

M ls

©OL d3j £O
lzdz" j

teOdz ")

void QuickSort 2( int *a, int n)
{
int left ; // Jd90OY GtOddy0O OLHjdjBsets Mmj
int right ; // 1©O9o0OW cttOddyO ©OLHJ &V Bscs
int ixLeft ; /'l RdHJCM ftod ftesmdsistej fmdzj
int ixRight ; /'l RdAHjSM fted feshmMdslstey Mft
int copy; Il 1M s Olsj dz¥ de@w fff jj tisjj dgjsd@aia®o ¢ d
int  x; /'l tOLHjdvshd2 +dzj 3 dals
QuickSortStack stack (...) 1l wlsjiS LOftsMmse
I (seOL Bty MisjicO L OY
II' Md3. HOdzj §lstsd3 QL HJ
/'l R&dydOddL Oydw¥ ¢ dzj 6OlstsLO® Mdzkzy0o02 d& -
srand (( unsigned ) time ( NULL ));
/] 1jtor &3 wOLHJjdwjdR &3 Mjedj dlssds wodzw jlis
stack . push( 0, n-1);
/'l tOLHjdvjd, (S0 o MmisjCj JMmk! L OY s
while( ! stack. isEmpty() )
{
stack.p op( left, right);
/'l 17Bste tOLHjdvEN jets 1 dj &3j dals O
x = a[ left + rand ()% ( right -left )I;
/']l {OLHjdjdd] tuyjttjHdsects Mjc B8O ( f
...
/1 VYsdeydeh dj mMvw f tH fisfipdidH 5 OCsngits o
Il ftedud @3 Hdzy Ed3jde " jdedY btejelzj Bt
/] MdOyodkod dzyhj ftsdjih Ols: Btsdzjj Hdzdd
/1 (b jMmis! Cswsls¢dj BEHEIS dLeodj yj dz
if ( ixRight i left < right 71 ixLeft )
{
stack.p ush( ixLeft, right );
stack.p ush( left, ixRight);
}
else
{
stack.p ush( left, ixRight);
stack . push( ixLeft , right ),
}
}




stedlsdud M ddz dstsdzj delstsdz o foawi g
W dzw jIsfpw 9" HJ dzj BgjOdzff @z™ Isdnls H4® L Of esMmts
oL di3tsy desisd kd3j dz' h dls! stejBtso Odzdw €& 1 Ist
Oz stedlsdz sy degs fkh jMlse j dzdes Edzzyh dls! , .
stsdzt €5 Hdzd dzdz" § Mmd ¢ dsj dalsr , 0O M Ctteslss dd
SBOBSISS o LB tels@ISH j dzj ded | b LIssds Mazzyo
SBtOL t5d3:

[ dMsds [BtcOBISCO LOftesmMse dzO tOLdg J dzd dzd J
9 Otsd Odzls j
/'l tOLHjdvjd (S0 o Mkjcj JjMmks! LOftshr
while( ! stack. isEmpty() )
{

stack.p op( left, right);

/It OLHjdzvj a3 € tdpgtsisifjdigl ¢ Bdadj Mls!
while ( left < right )
{
/'l 17 BBte GOLHjdvEN jets 1 dj &3j dls O
x = a[ left + rand ()% ( right -left )I;

Il (OLHjdjdd] BujtjHdscs MjddBj dso

ixLeft = left ;
ixRight = right;
while( ixLeft <= ixRight )
{
while( a[ ixLeft ] < x ) ixLeft++;
while( x < a[ ixRight ] ) ixRight
if( ixLeft <= ixRight )
{
copy = alixLeft];
a[ ixLeft ] = a[ ixRight ];
a[ ixRight ] = copy;
ixLeft ++;
ixRight
}
}

[ 1 Mmlsj$¢ LOdtsmddy stsdz ¢t Hdzd dadzlz ©
/'l fsHyftsMmdjHBse Olsj dz! detsfyls? ,
/1 M Cotelits? ©OLBdKOj MY MteOL &, [dL d&3j dzv
/I ddzn § Cliin®f t  cfight
if ( ixRight 1 left < right 1 ixLeft )
{

stack.p ush( ixLeft, right );

right = ixRight;

else

stack.p ush( left, ixRight );
left = ixLeft ;

}
} /1 while(left < right)
Y1 while ( !stack .isEmpty () )

] ikt® Mkzyo] bkfstewHsyj ddeshls: Jnats
Bdzjj WO ©OLH &) zd2. © Eyjltsd §jLeset
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Hisdzy § &2 MH0g, By Disezj 5j dzlsso. wdzj HEso Olsj dz dzts, o
Hsdzy dzr Bfls! odgj Mjde@r Mdzivke hdji dL d3i dzi ded W :

#include <math. h>

...

int stackSize = l0g10( (double) n) /1og10(2.0) +1
QuickSortStack stack ( stackSize );
lesdLe jMisd MOodedlsj dz dz 2 OdzOczdL L Olstc®
t6j OdzdL Oydd tjSktemdodzsets OdzetdlsBO f L OlteC
LOf osdsptc @zfds da Oted Odzlsj YdlOlsj dzr ftoj H OGS O] s

241 ttkedj CdOMMdujmMSd) Odestdlsd
o dazlstcj tpep B dteso Cd d dR OdzOdzdL
] HOddsds ©OLHjd] ftdosHdkmw §dhHodd,]
OdkctstodlsBise o dzzlste] dzdzj 2 MtselsdesoCd o (R SBISE
LWWiCkde datsfylsd .

etstclsdetsoa C O ftosMmisr A3 o MisOo € OBwY
| thdsej Motsdtsssd §wshls’ dd yafisls Oo ¢ Ok
fldzj HEE h OW  dujw, YoMkt dhMisd Lkj EOY dctt
Meklsdolj B2 fshdjHse Olsj d dzsflsd Efdse ds OL
EZOABHYISMW bkyj kfstewHtsyjidedsjj sidiody dds'j, ! ag dyg
[Ujodudss, bt o GOUBEL § Si6ozBY 5 O s ) bl B s € ¢
0). 1 =~tHj Mwisdttses ¢d tiyjdeidpiddss) fi dzff dy jdbish Hd
pflsOo v jlsfv dz©® §BHEGBHWH j | 5jfists kyj bEfsewH
15O yYOfmls! kHdddw jisd®s).dz® 1 | dzj dsj dzls ( fcB.

1d3<d:31)c(w X
L . A g )
LtV HISYj deBY 1 | A =evHIsSYj dEDY
es eis
tdR. 8. utkkdtesoa O oaMmMlsOs ¢ OB
Juyudodudzts, ybts Isj {1 dzj dgd delsr, ftsMmdzj Hise Olsj o

Hed d ©OMfskzOcOlk: v fsihdj oflsOsdYjdscs !
Udzj 3§ dals .

[ dimls?fdzsl . q dzdz¥tdj SOatrile K s e d s RO Mkl dotse
fleshls’ BOGHNBOSE s | ddzs?2 W Stedsy .

] dfmls@dzd 1. dtstclsdiesoa C O ftosMmisr i3 o MisOo € O3
template <class T>
void StraightinsertionSort( T *a, intn)

{
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for(inti=1;i<n;i++)
{
Tx=alil]l; [/ 1MmMsOodwjdr 2 { dzj &zgj dzls

int j =i - 1;

Il 1 dffHAtsHYh jets &gj MsO ofmlsOe ¢ d
while (j 1= -1&&( x <a[ j 1)

o al j +1]= a[ j1,; [/ 1jtjdkihjdd] fesfpntoj d
Lodzj d3j dals © . 605
) )
i
}

al j +11= x; [/ S ozjukQfisdzdzy j s tsMosBsHde f jj Mw

}
] fStHj Mtbdssesd fshls' & Nelksos ¢
ftoshislstetsoi.2 siPE@o @&do O sMw  Bd dzed Bzbz-1f s5H d
ftojHuhjmiso | deded ¢ ts5Btej v @ d 3 GiaHa® waff i, o M d dals j te
sl 1i#ls | fejHfsdsyjddd, ust f§jtjfmkso

i
tsOadztsaJtGBWlsdﬁ:i’ﬁng'étsdzImMJHo@ Hdzv Misj Hdzj 665 Y

Y dzs a3 UBdZ'ZuOJLdSDSfmﬁtdektS‘frﬁlﬂzw
n-1)(n-2
chm —Z M _o(n?).

1 sMCsd Sk dz® COyntsd feshmdslsej udhdks
wd iy dzts fr]tr.;Oadszzq’Q, ft udhmdkz §jtejf dss
CE)OHtGOlsq’lLdZ' C &zOMmM fMdzsy deshisd:

o= 3.(Cner 2= P 20 o)

ststocstetsa C O B dzOtedz dzd o MisOo € (
o dzc stefftstdls Jtetso € d ftesfls' &3d o MlsOo ¢ O
dfmMdzd Euyd Mis! oL By detsMils: kB Mistej dzdvw ¢ sd
WtecOed3j dzlsy BwEOMMdoe O. I mMfsd L seOeahdm! Bdd
BOC Md BOd datsj ud Mdemp ffudeEEg dzdids  BQOA] U d dz
( fdgd f ls2f1dc
[dils@dzd 2. ubtlsdisoCO BJdzOteds B3 o MlsOs S OB

template <class T>
void BinarylnsertionSort( T *a, intn)

for(inti=1;i<n;i++)

Tx=a[i]; [/ 1IMmsOsdwjdsr 2 { dzj d3j dals
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int left = 0; /'l [id9o90OW ctOddyO EZyomiksgo eMmlsOs ¢ d
int right =i-1; // 1©0O90O% ctOddyd EZyomisc|o eMmlsOs ¢ d
while( left < = right)
int j = (left+right)/2; /I R dzH § 9 fgzj d3j dzls O
I fsmjtejnddey Eyofmis¢|O oflsOe ¢ d
if ( x<aljl) right = j-1;
else left = j+1;
}
/'l YHjMm!: d2Oh dzd o3 Middts >righigIs)0e ¢ d  (
/'l dHodGEOjd3 { dzj d3j dzlsT, twOMYf sdtsyjdde § |ft6Oo0jj d3J
for(  intk=i - 1; k >=left; k - )
a[k+1]=a[k];
al left] = x;
}
}

4 boyCqd LejddY SsdkdyjmlseO miOs dzj dzd 2
2z yh j dzq j :

Cy,i= O(n-log,n)

[HBZOSCE dMitd LsoOddj BJdOtdsets §sdmSO
fh jjfpedats bzzyh dls: 1 %% jClsdo dzsfmis! Oddstedls B0

COyHBd ftoshmdislstej o fj tsOadz!éw dizlz og fiztizls a1 o wf Gatzdz” -
sts JMyss o o] ) dzj Bz ST O sfw N j dzd ud dats?2 § SteW HEC

g stols d tegsjo PO

[ 24 dzdz HtojHdzsyddk Edazzyhjdd,j ®@BJ IstsH O st
shdser 8Os h j jMw &0 dj iOdedL Bj, GoLotdvshjdg
Cobtster § fjtod BN O Isw 1+ dzj 3 dzls ' .

t OMMmdslstedd fesmisj2hd2 o0kdOds fMtldicss
f sH dzOL © Odzd W 3 dgdsde Isaffipls@ £ DO A ¢ Mtelsdese
EBroOshdds ftedtcO jdzadj dgé. 1 Efpls! L OHOdZO f sfMdzj
(teRBO) . RfMAtSHdZOY § sfjdzj Hise Olsj dz¥ detsfls: HJ dzdls
slsflssWh dn Hike Gl HkcO d&O 4 1 dzj &j dzlsO
HgB®Ydj2). | tjLkd kO] fMtstkdesoCd COYHTE
fskzyoj i o] sBtcOL s2I@Bddr 2 EOMMde (tedf.
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@O|s5 |1 |7|2]|3|12]3]7]|24

% e

()| 3 1/3/2‘4 12/7‘5

(9) 3 1 3 2 4 7 5 12 7

distance = 1

{ Bt dEso CO zj dzdzO

10j &3 teOMmMisswddy RBIYHE L dzj &3 dBsOBd ¢
pHOB]). )} sdzyoyj dj Bjodstettlzilshisswh dr Hik
fsLdydd. | tjLbkd Ok dzjLOodfmddis? M
ftej HMlsOo dzj d2d®? 2O tod f).

rodjj Hdmbsodydw {§tddd30il L dOyJ dd]

Yyj izsds Mstels dtelz j(ts 8 B9,60) fyls O @ d@§sd 3)s ts dglis ts d3ts 3§
dfmn tsH dzOW fsfmdzi Hise Ols j dz' detsfyls BdzdL O ¢
LW¥WiSlsdeodzsmis! OdzetstedIlsdZBO Mielsdtesea & d o flsO

[ dMmls2dzt3 fejHMmsOodjls tjOddLOyds O
COMmBst dds? mMBEHsPLidd. o' B 50O

[lsdjlsdds, ylsts o ftjHMlsOodv j dss?2 W lzdzS
ctobff { dzj d3j destse sMEh jMlse dv sy ¢OG Br ¢
fsdkzEyojlsmw c¢CdfdjShdr 2¢ ©jLld kOI: ofj

[ dilsPdzdl 3. uttldiesa (O zj z&zodb) tsmisj 2" d2 o
template <class T>

void ShellSort ( T *a, int n)
{

int distance = n/2;

while ( distance >0)
{
/'l 1 tHYtMdzi Hs9 Olsj dz' detsfplsd, Msmisswh dj [dL {1 dz
/'l EHOdj dedz’ = Htekzc¢ didancetclzec O dzO
/I Metlsdik®lnifOs ¢ Oid
for(inti = distance; i < n; i++)
{
Tx=a[i];

intj=i - distance;
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while(j>=0 && (x<a[j]))
{

a[ j] + distance ]= a[ | ]
j - =distance ;

}

a[ j + distance ]= x;

}

distance /=2

}

}
HIstcOls jod s s @ fils Qdalfgfits &z L s @ ded@ e Ofgd3 j
ZdMisqiBc O dzj Wodzw jlsfw ftBWL Ol d dzgs2. 1 t5dzj §
ROd d&zzyh j2. [Mdse dzs? (e @ESOBES Mt iyl tsd lsztsd L
ctekzffr, ©GBLOLEshNdjMY d&O COYHB&GENS &3 " O
bjLbEd sOtde che i g Dzd sz . Clstt L ZOYO] s,
o Hj2Mbodlsj d dsfisd kxyj MteOoddoOddm: HiEkze M
lteddaydy dOdz: des o ¢ Oydeipdsdh § d3ts aldts j dzth § ts az'd ts
&s By f shdzjH s @s,,.dhkshiEnse dzj ke stew s h 2y kM

d=1qd,>d,_,. rRfdzjHseOdd” {§s5COLOd], ykt oo

HemisdeOs kv o Iktsd MAzEzyOj, S &is0dtdEddiass C
CtOldy HEGEG HtkEck. | Oftddjt, sdlkls tjC5dj dar

d,=3d, +1, fwedqt=|paa-1.

litemfjCisdody sd wodews Wpyr=2)ed.i argoy ded
t=pg,n -1

[ dzw dmf sdz' L s9 Oded W d dzts 2 MisteOlsjecdd or' BB
WicOcd3j dzls WkdzSydd MtelsdieseCd MmdjHEjls dL &) d
d,=2d +1ldmfcOodjddj dEyjls o' cdvHjls! MdjHE

int distance =1;

while ( distance < n ) distance  *=2;
distance = distance /2 - 1;
if ( distance <=0) distance =1,

[ Ol BOdujMSd?2 OdOdkdL mbebdese Sq zj ddo

fedotsHdl ojtidss syDEED, | BN @28 b G b Gt ©ls dj
Ylsts OdzOdzdL Oz tsots d 5 KMIs dzg fulszd, df, sd & dzOd dzlz yh
orBtstc® HdMlsOdydd ftwdeoasHdls € ddsetsyd mdzj dzdz
Bdesedi dL Colsster 7 Hts Ctsdy0O daj tojh j dzr .

ustelsdieso CO ftosmis &3 o' Bistsd
usidesoC0O fomls' d o' Bsesd Shdse OdO dzO
B3q dzd B3O dz! dz' d3 SLdEOUQ delf J df sMdzj Hizé P dd3 BB BB detsds
Ldzj d3j delssds §shdzj Hise Olsj dz desylsdg. ) sfdj ! bsds
ttOMmMmBsiste j dzd w d OOsedydsy @3 GBtOL A B iC
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sfhils 0o hrlfpwdzj 3§ delsse . ¢ dzOdzs @ d Ydz' o3
flesH GdnN® d Hfdgjsldfetn o3.

[ dils@dzd 4. usklsdiesoC O fieshls' g o' B

template <class T>
void StraightSelectionSort( T *a, intn)

for(inti=0;i<n -1 i++)
{
T min =alil];
int ixMin =i
for(intk =i+1; k < n; k++)
ifta[ k] <min)
{
min=a[K];
ixMin = k;

}
}

a[ixMin]=a[i];
a[ i ] = min;

}

}
(U] @0 Mejnd et udmMwo hHeos dj &q2 di
Sdets def L OoadMmdl Bls dOyOd dscts  sdtsy j ded W
StraightSelectionSort o' fsdzdz2NFbfGOL. 10 COYHB2 dlI

n
Mted Hdzj o3 SVIIEBCIEJCB"OMHZ‘H]"UZC{Q, fsissBz tsBh jj

o (n—l)g —0(n?).

1 4 btelzH dzts sy4d dzd Is BOSC Md BOdz! dats § d d3d
fitedmr dzs¢C .

1 sMCtd S fjtiMmr dz€d LO ftjHjkOdkd vyd
K, or f sdzdgw ¥ sfmw o MmMj ¢HO, st gJ degEAMIs@i HAOLdH
an:3(n_1)'

I dOdAkzHh jd& MdEy0j (SSEHO ddijjl &
foteWHBSC) dzO0 fjtoats?2 dlsjtOwkdd e  tffsuElds ks
ﬂ'JtGJfr]delSQ,'l'm%GBUE)Jlstﬂs,ltdr]SdetSQ, Z20 fmdzjHdi?2 d
1 fiteifpr &2SO. wlkdBItekY LIsd L dOujddw d H
fgtejmr z€d, f§kzzyoj &:

M., = LnT:J+3(n—1) =0(n%)

ltesH] Br oredvHdl doj BSydde §jtimyfjClso
fdzkz o2 .
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{uj &t 0 Mmte] Hifizg] t6 st pfshidzOf toj HilsOo dz¥ jIs L H M
sStclzH detsmils femMitsd Sk tdts dzORsSHISMY o HESoH
fitcotsdzOyOdz desets fsteWHEC O Cdz¥ yd 2.

vtojHdz) §j udmdzsi-gj @i @asf d@s dMmdls s Istdt
or ff sdzded dzsfrpfkl<&z h e 9 d o[ k] <a[ 1], é-1]. a[ k] <a[ k

RASGHO HAkv ERZfttsh jddy O0dzOddL O Odkeétsttdlsd
rfsdzdgv s Isfipw fed 3 edes o f sdzse ddad Mmdzzyog o,
sMesd S dL whHizsafizbBY BBisd s dzj MmMdzinvkj
ONHBdg ftoshdgsigePo dadzg @&j s o Mt Hdzj &3 ) f sdzts
OdzH dH Olss9 .

1 [Knuth,1968] ff € OL Odzts, ubs ydfmzs §jtej mr dzs¢,

Yd < dzjk, @ syjte Hdes2 dsij @, = ¢ 0 o)

9
g
¢
¢

1 1 1 -1 .
| dz He=1+=+=+..+-=) — dzlz Is dzOL i - B8O Is
o J dzd yd Hif 573 : ;k s L 1-880]
COtdsded ud MSdds ydmzsds (yoMmbsts dhftsd L] smy
H =Ini+ +i— 1 )
! Y o0 T 102

0y ftesC mdhgptery ftode j 1 dede o5 L dzOudided j &5 d
f & dzlz (MBirfhel3 976}

n n
Mg =D Ini+y+1=n(y+1)+> Ini =0O(nin n)
= i=1
vsO0¢dd3 BBEOL 53, ftoddd 3OWY ot oded B3Odedj Ist
sBi jClstse tsB' yYdgs Mazsydzj j MwOodzj degdv € dzs yj?

@Oded Nj2 1WWjClkdodshlsd HOdEsEs Odkdstdlsds
o dzlz Is to ndzdg)s 2 e ts o € g
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| 2080 tcOo dzj dzdj Mo WL Odzdr i3q
MekzClskteOd] HOdzdz o

fdtsedj dmitsd Lkzjdrj o0 fwollsdsj Mist
Mtsets2 dzj ftesfists tBi jCls, MtsH jtey O d2 B
Mow L Odedz" 2 fp odzijhdzdd3sd B jCIsOdBd ddzd tej fi
ECOLOL jdzj?2. 1t0Oodd dzptzd vt tolff ©uzd r @ydge T lf
HOdzdz' 7 Wodzw jlsfw 90Oy des?2 Mishls@odzws h j2  ( fe
d MbtekzChktekscts fosctOdBdtss Oddy o YOmlsd

[OmMmder wodwslsMw EkHGBdE?2 Wstd®s?2 QK0
CBSGEHO tsB) jd3 HOdzdzr = o (tetsiisifda dts elzg O sYftdsiCe
dL 3 dzgj dedv a3, O O¢Cyj btiBlkjlMw or s Ow |

RdzsGHO MlstckCIskztc® HOdzdz n 9 meweiL d fn
sB dzOfls ! & s0¢ 9 O, Yylsts L OtOdzj § dgj dz' LW
oL dzd S OJIs dzj 5B A sHEHEBdgIsdzd Yo  ds f H tEOQje] d2 j- dzd W

rd2mlsedlsj dz' dats, EHOdzj dzd J Ldzj di3d dzs©  d |
stckH 5] BE 52 L OHOVYJ 2, ftedud &3 otej v, Is tg |
sfjttOydd, MmMdd dets L Qo dMmdls ls § 8Bdztdy)d. dzdpvh §
Bisdzr hj ftetsepjdd B edL dzff EOrtsHdBsSMIsd HisB Od (I
{ Mdzd dL dz20yOdzt des dzj ftojHEMdBSIStej dets toj L § t
s jteOydwy ddBt bktejBkjl fjttjteOmftej Hj dzj dad
Emdsesdwin ( 2O0f tod o34 te, ftod tOBGlj] Mt MOl
£ OL Ols! Mw dzj sfkh j Mise d &3s2 .

LHEYjd3 2 1 df o3 dis

|20|14|-7|9|16|-2|99|1|4|O|-2|73|

|20|14|—7|9|16|—2|1|4|O|—2|73| |
T dB. 1. vnOd) dd] ! & &3] &Zs0 dL oM

]l O¢dr MzEyowr fttOoHOdd &3 SSOLT 90
MstezCIskzte HOdzdz =, GHJ BYtejHJdzj dzdzOW 1t OMls
By il CEZ{ Ol uwo ddte OMleftsfls =R | cOyYyd2 HSB OO C
Ldzj o5 dzlstse .

JIsdj Isdds, yYybsts dO FLOSIsdS] yYyoOMmilsts oMmiste
tej h jdzdw, CB8eHO MfdmMsS ~RteOddls dzj tSlsHj dz
cSkmede thonky sdEzffcOo dzv j 3" 4 ddzr s B©BEKEOL S
] zOd3d Wd MCdj dgPpigdaerov ( wsdefy.0dedL Oyqdw 1 Odz
Mo d3dd Misdlsy 1 WW¥ jCIsdodesMmis! HsMiszf O ¢ H Oda
cdBStsls! 8 M dMsydzts?2 e OdedL Oydd.

7



3
>

LT T ]
HEEEEEEE

’ FD:DH
AP REER:

tdB. 2 1 dBdHdr j MistekClskzter HOddz 7

31.[BtcOB sfd) 2 dzsc s tsH dats dzOf e Qo dzj ©
Mydms EBMmdzse dz’' § ¢ jtOydd

[ ttOMmMmdstsis tod o3 ftotsfmisj 2 Mt 2 dzd dejOAcdfrOzls fr

SHds dzOf ts O9 dzj dzdz" 2 My dMmts ¢, sMmisOoa do tcOL cOB &

FftcOodzj dzgdvV HOdzdz" 3 Hdzv MOBsMissWisj dz' desets § o

1 sMisOdzsoa €O L OHOY(d
[ ddzj 2 dz" 0 teHOdetslap dzdzi 2 s QG2 dzOB Ste 1 dzj d3d
COYHIMN2 BlHjd dzr 2 {dzjd3jdzls o wWodzsds oadHY RO
¢cMtsMiHde] ctsé 1 dzi 3] dzels © (Clyrdz jlsHOZz ¥dhdgtette d3Odrjddy] dEsB@ )-
nteOdzdlsmy © odHJ EZCOLOLjdv dO s Hifsd PO { dzj
ntcOdzdls dzz dzj © 5233k C OL Olsjdzr (tedfm.

first
[ " } next o—/—> o—f> o—/(-> of 0

tdB. 3. [ ddzj20z 2 ftHAs®ROY eOs dj dzdz’ 2 i o

1 OHOYO MmMmistsdls o Is ts a3, Ylstser tOL tcOB SIS C
ftoj HiNls O dzj dzd W L dzj d3j dzlstso MfdmMEO d MOBBCETt
Coisf dfolls sdzj § ©WOMYesMisteOdzj deder = Y jeOyYd?2 dzOH

tdodzdL Oydw OBMmisOSydd Mfdmco (g
CdBf dzj SO 5§ jttOyd?2
]l wBtBh j dedzts 3 9 HARO fitshif Qs Jfiislr@in j didiefigthv 2 dzts ¢ s
s H dzts dzO f tc Ofig tida]j figffds cas' ¢ dzW H d Is  fifdiaf fA E3fl)lze]f 5 B te OL 3
[ dfplsBdzecdl . Bfddg MYy dM¢ O

template <class T>

class List
{
public :
Il RfMGCdz yjdedw o Mowird M of ftsdzdzej ded § &3
Il sfitOyd?2 doOH Mmfdntsd
class RemoveltemException {}; /'l Gjdaj edelzilsmw 4§ ted
[ dzd o sL Btsy detsfls d
/| EHOdj ddw 1 dzj Bj dzls|®
class InsertltemException & /'l Gjdaj edelzilsmw 4§ ted
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I] dzjotsL dssy| desfyls d
/'l ofmlsOe Cd
L odzj d3j dzls ©
private
template  <class ITEM>
struct  Listltem Il Cdzj d3j dels© M dMC O
{
ITEM data; // [B] jCIs HOdzdzr m, RteOdgvh d2 M o MY
Listitem <ITEM>* next; // v COL Olsj dz@ 2O fMdzj HEzs " 2
/I L dzj d3j dzls M dMS O
/1 stdhisttkzCIlstste { dzj B3 dels© My dM< O
Listtem ( const ITEM& data, Listitem <ITEM>* next =0)
{
this - >data = data;
this - >next = next;
}
h
public :
/'l stdistezSIsste Mf dmMS¢ O:
/'l BBifMfjuyudeOjls Cttte]j ¢ Isdzizfirst d dzad yd Odzd L Oy d &
List ()
first =0;
}
Il 1 iMmbekzSIstste:
/'l BMeotBBYHOjIls fORvWIS!, LOdvIsEs 1 dj d3j dzsOdzd M
~List ()
{
if (! isEmpty ()) removeAll ();
}

/Il 1wt jteCO: MfdmMss fkMmls?
bool isEmpty ()
{

}
1*

return  first ==0;

* [fejujdjdd] Bhdseds = Hj2Mlsad?2 dzOH fMfdms s

*/

/'l 1 t5BOodzjdedj  dzjd3j delsO o d2OYyoOdzs My dMm¢
void pushBegin ( const T& data );

/'l 1 tBOodzjdedfj { dzj d3j delsO o Cwsdzjy MFdmeoO
void pushEnd( const T& data );

/'l vHOdzj dzed j 4 dzj BjdElsO L dZOYUORZO MY dMC O
void removeBegin ();

/'l uvHOdjddj eofmjn 1 dzj Bj delstse My dMS O

void remove All ();

/'l vHOdzj dedj { dzj BjdElsO L Ctsdy® MYy dmso
void removeEnd ();

Il 1tetse jteCO: jMis: dd o MydmEj L OH Odzder
bool hasltem( const T& dataToFind );

Il wdkzy jBdyr 2 ®RBilstsH: f§juyOls: L dOyj dd?2
I RteOdz” i deRfipf d ¢ J
void print( ostreamé& out = cout )

P B |

bi jClsts
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private
b
1 Of sdzdzj ded§ MY dmMcO L dzj o
HsB Qo dzj degdwV 1 dzj d3j dels© o My
1dzj B dz2s© o dzO1g@@yts 4 @] Qls

item l%l
-

>

Listitem <T>*first ; // v COLOIjd dzO fJitar 2 L dzff dgd dzls Mt d

jdZsoRd tMkh jflse dz
dins¢. 1 0deBtdjj
{0 mds.

=A==

tdB. 4. | sBOadzjdedj 1 dzj B dzZsO o dzOYOdzts
[ dils®®e [ sBOodzjdedj | dzj Bj dek® o dOUOdzs M S O

template <class T>
void List<T>::pushBegin( const T& data )

Listitem<T> *item = new Listltem<T>( data, first);

first = item ;

}
wdzjHikjls LOMB s’ , 1l Stantpsie €20Mdzs § SEQHES O
new ¢ j dzjedelzjls  dagCatipe uj dzd jst s dkz  j Mz dzj s8R
osMisd Lso Ol Mw ¢MlsOwr e d3j 7 Odzqitedss ds § 6o j |
fdzj H b jusf dsj dayfsi yd ¥ d Qhowe ) o | sBéL Ol j d dats

fHCd Yjddj L OC metso s O is@asdz@® 1 tots fiyls te O dzfi ls

#include <new>
using namespace std,;

] dzj CSlsBE’ R MEzYyOW R, SCSEHO o Oydts, yYl&B'
o Midme] MmMtskejlMmMsoseOdkz fYsteWHCE L Odgj i dadw
HBOo dzw Is! v o € s3zjHy) .My WK @o dejtaddinj. + dzj A3 dals ©
MemMissdls dL bktejrn fosHftesyj mMmses: tOL i3 " jdadj
ftshdj Hdzj 665  dzj Bj dzls© M dMS O, MsedPo j dzdets HisB

current| * | item| * |

o—f»o—f) o——f> 0
tdB.5. [ BBOOdzjdzdj { dzj 3 dzZsO o Ctsdzj y
JdmlsB@c | 5B Oo dzj dzd § ¢ dzj d3j dzls© o QISdzJulfI]tjdfl]CO

I template <class T>
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void List<T>::pushEnd( const T& data )

Listitem<T> *item = new Listlitem<T>( data );

O

/'l [BtOBBIESO MmMdzz yow, CBGHO MfdmMss (kM
if ( first ==0)
{

first = jtem ;

return ;

}

[l 1Y sdms §tsMmdz Hdzj 65 1 dzj 3§ dzls O
Listlitem<T> *current = first;
while( current ->next!=  0)

{

}

Il 1 sd3jhjdzdj MBLHOdESeEs 1 dzj di3j dzZsO o Csfizj y
current ->next = item ;

current = current ->next ;

return

}

V) Misdzs 3 N @BOM MBS, Is!  dgj Mdzsy dz' § o

EHOdj dzd® 1 dzj d3j dzls® (L dzOuOdO mMYdmse o d du
VHOM) dadj L cdzj Bj des® dL dzOuOdzO ff d S

BsHdW S OYyd disthe OL Osfjuf8). 6 J 8 fMlsd dz

[ dMis Pz L HOdzj dzd j ! dzDPBPdZBOMY d MS O

template <class T>
void List<T>::removeBegin()

Listtem <T>* delltem ; / / v ¢ OL Olsj dz@ dzO BEHOdY j dr 2 + dzj d
if( first==0) Il dzd uj &t Odzw Is
{

throw RemoveltemException();

}
delitem = first ; // ULHOM jdg o5 { czj Bj dElstsdg W dw|j lshv

first = delltem ->next; // RL®Bjdzvjd&3 £2COL O] dz dzp dzOYO
I mfdmco

/1 wtBMmlse j dzdes bk HOdzj dzd j
delete  delltem ;
return

}
4 (Mfsd L 5o OdzdRemmveBedindzClaj ek & 4§ o] H | dz
WkdSydw bkHOdj ¥ odplcts MfdmS O ( ddfmisd dze
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delltem

7

tdB. 6. uvVHOdzjdedj {1 dzj 5 2O dL dZOYO&O fi
[dfpls Bdee vHOdzZjdedj MY dMEO dL fOd&%Isd
template  <class T>

void List<T>::removeAll()

if( first==0)
{

}

while( first I=

{
}

return

0)

removeBegin ();

throw RemoveltemException();

}
VHOdzj dzgd J + dzj 3 dels© dL SodzyO MfdmE O ¢ kHd
Mfms odMd7 d &AMl ddzc
current
K= Vs
o— o |- 0
tdB. 7. vHOdzjddj {dzj3jdelsO dL Csdzyo M
1 ftetsyd Mg flesmdsslste © My dmM¢ O dzlz ¥ dzts dz
9 0 & & 3 3 00e33d6AY €3a0eY¥Ya03eY)IYyoe €feds- d a e @ a
dzd fn) ls3bpze
[ dimlspMze VvHOdZjddj {dzj BjddsO dL Ctsdyo M dMms o
template <class T>

void List <T>: removeEnd ()

{

Listitem <T>* current ; /

if( first==0) I
{

}

current
if ( current

= first
->next ==0)

dzj Wj &t Odzv s

throw RemoveltemException();

/| LSOLOkjd &0 seLiE) o0 d 2 1 dj dj

/I e d Mt ils sdists H dzis & /2] B dzls O
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return  removeBegin ();

}

Il AdSdz fsdMEO L dzj 3 des©O, ftojHN jMmsokeMfjets (s
while ( current ->next ->next = 0)

{

current = current - >next;

}
/I Y H{ fcurrent k¢ OL " o GPisdzj o34 dzls
I ftejHN jMisokzs hd2 § tsfdzj Hdaj Bl

/'l wtBMmlse jdzdes EHOdzj dad §  tsfdzj dzgj 65 + dzj 3} dzals ©
delete current - >next;
current - >next=0;

return ;
}
1 5dzj L dgs?2 ofs BAzsE dn oz ue@en) ot (0] t Gnusch jj 3
dzd Ld@HdsB] jSIs HOddz Fdzd iGlA. M C ) ddzd dzjls

JdmlsBdzc 1 sdmMS + dzj &3 dels© My dMSC O

template <class T>
bool List<T>::hasltem( const T& dataToFind )
{
Listitem<T> *current;
current = first;
while( current!1=0)
if( current - >data == dataToFind )
return true;
}
current = current - >next;
}
return false ;
}

ANzdzC ydvw ttOBSlsOjls fted EmMdsesdd, ylsts
sftej Hidzj d20 M BOdzlsd S O==5lf G+ @yafd ! tslsdztsh ]y
oM sdz L s9 Ol Mw Mddzls OC Md Mistely H O 5tz ¥ thiBL € C
Ldzj 3 delsT HOdedzr = MY dMEO dqadzi ¥ ls fdzj Hize h 28

struct  DataBlock
{
int value ; // A § dztsyd fydzts
int counter ; // YOMbs@Ogmsmisd  ssets ydmdzO
/'l o dzOB®StGj HOdzdz R
%

1Hjd MudlsOls: 1 dzj igj dzls ' y jindschvy Gplt@dz) 2f o3q |
Holkr BI jCIstse HOdzdzr = tQoadzr. UBGEHO HV Is

Finditem , ©f j tcQkfrdets § jtoj ctelzr dls!  fdzj Hizs b g d3

int operator==( const DataBlock& argl, const DataBlock& arg2 )

return argl.value == arg2.value;
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32.[ftejHjdzjdedj HEEzedR t§jteoyd?
MfdmStsd 1 jtoskzOyOd: dztsj ftej Hls
dlsj 6Ot OR

[ Botdr dzs YOMmbkts oL ddSOjls Nfske&gEy, Ct
dzj Clstster j Hj2Mmlsodw dzOH Bl jClsOd®dHD bk -,
fesflss? o0kdOdls tjhjddy LOCds yoOjkfmv o
Hj2flsod2 o odHj GlhHjll dsdndegssisOs 6 Z0GHO
csHdkMY ksd St HdY &Odesd) | LOMY sl Ods dadz
oL d ° Mfdmssoe.

I ®Bhjd& MAEyoj ¢ 6y teskEodzf@ OO o r yd fidd
fesyj MnO, ftd SCobsts? yYoOfls! Hj2fssd?2 1§t
TeOdh jesmY o MIdMSj, fosdhistsHdlsdso df ) H
oL BBy d & tjhjdd?2 mMemissdls o SfwjH,jdjddd -
BjsBHBe € lsthesqE ibsdy flosdkiodz ds?2 Wk

template <class T>
class SimpleVisitor

{
public:

virtual void process( T& data ) = 0;
%

[ Odzj § sftcj HJ dzv j Isfigist , dRgjtdsjtsthdzd € ZOMGHD  totsfyd
L dzj B3 delsts o MfdmMSCO d Hdv COyHBEs ©BI jCIsO
process , o' L' @O jddgIifAsdz' L 5o Qided jipl sz $H dzse s sl
SimpleVisitor CdzOmMMmO:

template <class T>
class Listlt

{
...
public:
void iterate( SimpleVisitor<T>& visit )

Listitem<T> *current = first;

while( current!=0)
{
visit.process (current - >data);
current = current - >next;
}
}

private
Listitem <T>* first
}

t OmMmdislstedd3 dMf sdz! L 59 Odedj HOdzdzsets d3j -~ Odzd
Mz ttOydtsdzOdz: dz" = HtetsBj 2, rnteOdwWh drafmqw o Mmi
4 dzZOyOdzO tsff toj H j dzd d3 CSimPliMipitor f tetsdL o sH dgr 2 sls
I RMY Sdz LidfRational , teOMM&GSEIs te jddiz]?)

class SumRational : public  SimpleVisitor <Rational >

Rational sum;
public:
SumRational() : sum(0) {}
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void process( Rational& data )

{

sum += data;
}
Rational  getSum()
{

return sum;
}

X

imGztdzBJ Hj2Mmlseadd, 9" f sdzdgw j 3y s Mlsdas chldsH
HSB O9 dzj dzadd & L dzO suindzdfizO yif gz ¥ djsdzdetesd H dzts G s
HtetsB d. geiSuts 1B L o txfdevojdig ju’ Iz dz'f Isy@fldn dzj dzd 2
Listlt <Rational > list 2;

list 2. pushBegin ( Rational (1,3));
list2.pushEnd( Rational( 2, 3) );

SumRational rsum;
list2.iterate( rsum);
cout << "Sum of rationals =" << rsum.getSum() << endl;

( Mdd fijttjn dljteOydj2 1 dzj i3j detieebpts M
fsHetlssadlsjd d'j Hi2fbbadw, MfJjydOdIuge J
By dzts S 6] Hj dzd OO S sCAsGIEUaBQ s Bdzts o §  d dals j
SimpleVisitor 1 O0fteddgf BtsH ff jtoj dzzdsj tetso Odadz” = 1
MsHj ey O jets yj dzsydfmdzj deder §j L dzOyg ded v, Bts
sSBteOL Bd3:
class ListPrinter : public  SimpleVisitor< int >

{

ostream& out;
int  counter;
public :
ListPrinter( ostream& _out = cout ) :
out( _out ), counter (0)
{

void  start()

out << "List:" << endl;

counter = 0;
3/oid process( int & data)
{ out << ++counter << " : " << data << endl;
ioid stop()
i if (counter ==0) out << "Empty" << endl;

h
1d%d ftedosHdlkmw WikOedj dzs MtsL HOdzdw
fjuyoOlsd ntOd"h dafmw o dgj d&3 L dzOyy dad 2 :

Listlt< int > list1;

listl.pushBegin(1);
listl.pushEnd( 2 );
listl.pushEnd( 3);
listl.pushBegin( 0 );
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listl.pushEnd( 4 );

ListPrinter prn;
prn.start();
listl.iterate( prn );
prn . stop ();

[ Odzddc | Oz LdifBYles j M EftesMmisdls: , jMdzd dmat
J Hddzils e j dzdzts §  dzOL dzOy j dz§ighple\B@sitdnls c QS s dts © dzOMm
L OHOdlaiglslj oW j 2 MO tBtOBSIsYydse O tisis] dpindsts ¢ 5 o3 dsits
process ). v ydlsr o Ow LIss tBMistswilsj dz2 Mise ts, dBsts y dats,
OB fMistcOC Isdzs @ ts ¢ dzO iy Miterate s it jif HOjtedDHg b Tl i8IS 5 HAZO
sBi jCl, (bt 2 doyds doksfeteigssEhs&okdf 00¢

template <class T>
class Listlt

-
public:
template <class Op>
void iterate( Op& callback )
Listitem<T> *current = first;

while( current!1=0)

callback( current - >data );
current = current ->next ;

}

private
Listltem <T>* first
h
Il SOoyjMmbej WekdSydd, ddhlsodmrdieckzsn j2 hos
Bsyjl or Mlskzf Ol! ¢OC BN YydzOW WEdC ydw, OS¢ d
sBl jCk C&OMMO, o CohbttcBclfiGpeédiy j &zOf s k@
[l AkzdeS ydosdzOdz! dzf Hf SdzOMmfg,j 3" 2 Hdzv o ydmdzj daf v
[l Mk yj dtsydimdzj dzda & O des ? ot fififod, ) € §
class Summator
{
int  sum;
public :
Summator() : sum(0) {}
void operator () ( int &value)
{
sum += value;
}
int  getSum()
return  sum;
}
h
[l AkzdS yd sdDOdz®OgA 2 dMmfsd Lzjd"r 2 Hdv ke jddwd dedw
/'l SOyHBEB 5Bl jCISO dzO L OH Odzdzsj yd mdzss
class Adder
{
int  valueToAdd;
public :
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Adder( int value) : valueToAdd( value) {}

void operator ()( int &value) const

{
}

value += valueToAdd ;

h
/] AzdS ydw, ¢ tlstacroy dfshytfjtsdz’ L s OdzO
/] Hdv g fafd CO3yHBeEet Bl jCIsO dO 10
void adderFunction( int & value)
{
value +=10;
}
void main()
{

Listlt< int > list1;

listl.pushBegin(1);
listl.pushEnd( 2 );
listl.pushEnd( 3);
listl.pushBegin( 0 );
list 1. pushEnd (4);

list 1. print ();

Il wkdRBdtetseo OdedJ { dzj Bj dzlsse My dME O
Summator summator ;

listl.iterate( summator );

cout << "sum=" << summator.getSum() << endl;

/'l vejddyjddj ofMmjn {dj Bj delstse dz® 5
list 1.iterate ( Adder (5));
list 1. print ();

/'l ve jddudddj o fnj Rdz@ dzjod3j dals s
listl.iterate( adderFunction );
list1.print();

}
g btsydd Ltejddy ftsyj MmO tBLOBSGISd
(d f OBMbteOCIsdzr d3 ¢ dzOMMs BWiterate] )iy o tz® B bzt dzdh
tej@DyYydw 3d o dzzlstej dzdzi ¢ 5 dlsj eOlststc©O, Ists | Ml
My dMC O, Coltter 2 xjMmsSt B toifHsidmkjsds do dzlale
f sHEB dZOW ftstcc Odzdm 'O Wi ter Oz LT jfisC o 5L dzgs?2
BjLEMdZse dzs, dzj dzdh j dz@ j L =€ PiYlOsO, s a0 Jett
dzi HsMIsOIsC 59 .

1JHESMSOLSd ftoshdBslste® Mmdf d MSE O
odzzlstgj dzdzj cts dIsj tOIststc©
1 jtear 2 dzjuthlsOlts ftojHiisOs dzj dzdegse 5 4
oMWed2 fsyjmi bejBlkjls feshdslsted »fmja
Bjhjddw {sGMOA] L OH Odzdes e 5 | dzj d3j dzls® o M g
ylsts Moo jlsmisoks h jalist d3j ssHO dzjls o € dzOMmin
tdhdidedi LOHOUYUd dBsyjl 9" cdzv"Hjlk: LOEC |
MsHjte)y O jets yj dzsydmdzj dedz” § L dzOygJ ded v ) :
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class ListFind : public  SimpleVisitor< int >
{
int  valueToFind,;
bool found;
public :
ListFind( int userValue ) : valueToFind( userValue ), found(
false ) {}
void process( int & data)
if (data ==valueToFind ) found = true ;
}
bool isFound (){ return found ;}
h

[ &2V  f Bl Sondaaz ) Cobmiesd M dme g  Mdzj HE L
sBl jCls L&@RMMHO o' L o Olsiteratedsj KOH sB1 jCIsj Mfdmso

LOLjties0OdzOdzd L Jtetso Ols! tej L Zdz Is OlisFoun®p tsis T d fr
S t6j HJ dzj dzdzlistFing § dzO M j

ListFind find( 5 ); I RN j d3dzOYJ dB&] j§

listl.iterate( find );

if (find.isFound() ) cout << "Found" << endl;

else cout << "Not found" << endl;

{uioadHdes, ubt J|hddchH@REPHE A jfipeH Riey dis dME
L 20U ded . to skpoinjs o daj dsjdabil v Bz 30 .Mz YO ¢
flesB dzj Bk sy dats b izl tc G ©'dzd L g fstedeOB sIsS d  d M€ d

class ListFindModified : public  SimpleVisitor< int >
{

int  valueToFind,;

bool found;
public :

class ObjectFoundException {};

ListFindModified( int userValue):

valueToFind( userValue ), found( false )
&

void proc ess( int & data)

if (data ==valueToFind) throw  ObjectFoundException();
}
b
UBEHO odjMists fso jteCd EkmMyjhdsmisd §sdi
d M ¢ dzs \OpjaetFgundException
ListFindModified find2( 4 );
try

listl.iterate( find2 );
cout << "Not found" << endl;

}
catch ( ListFindModified::ObjectFoundException )
{

}
[Hdz0C &, co 50,0 P, CEBHEFESL dsdo BEE B 6] L & d
fsdMCO o odHj dmCde yjddw o' ¢ dvoHsidss™ &j M6 s dz!

cout <<" Found"<< endl ;
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fsHsBdZ 2 IStot § tcjodgjvamB@ gz h j j tojh j
1 0Ctsdzej vy, (3tifdiaiz) dideit O Mgzt © O« d"jfastsiz: L 5o Odz
tsB tc OB tdsifSdzs y j dzd 2 dzj H dzw or wo dzj ded W tsh
Odz' sj tedzOls o dzs¢ 5 Iz f to[Oteodatrup?0Q0k ts  dsj = Odzd L 5O

Hdzj HEs R2fASMsOLES Memssdls wOyEEDS, dsy kst
s jtoydd ftod RsHdlsfw fetsHj &ZOls! Hso 5z
ftosj Chqtese Odad ¥ ¢ &zOfMMO, Simpi\isttod L o ¢ dath ¢ s
WdC ydsdzOdz: desets S zOMMO.

[ Odzj j, dkzydes ldjlsdl: , vylsts dzj dzt B Ov
BT ls! MojHjdz® € dzgjL OodMmeess@s sEEfdzBise P
Ldzj d3j desso( dAQE delf@f) 6, L OHOUYO (dmMCO. fsolk
skejdmMid2 LOB] yojls, yYlsts IstokHdesMisd o tsL de
fesmss? s§jteoydd COC (¢ tto jLolf O] deBfv, H sy
(st sWzE @) OO ©O®RS OF HOddks? fMkiClskisr
sMlsOodv jd& jj udkOljds o COuyifmbseoj bkftoOyd

10¢6dzsj vy, dMisd Lso0ddj HOdEsEs ojlst
5B tcOB Olsdzp iPlsts dg'f Yty S s  ( 2O od Bj 6,  &js@ L W
dMisj Mmise j dzdz" 2 Ofptelrg wigdfj ) SO hytel Bscts Hokzn M

ldzgjhdzjj EftcOodzjded) tOBBIEB2 ¢
dlsj teOlststc O
Yy Ofisdydets ECOL Odgdz" j f tetsB dzj ds" Bwsy dats
b tcOo dzj ded j tOBGlE2 dIlsjicystsjteQ). dzjldzdtfi) demsofls
dsj Ot d sl jfidiyd @@d Ljdads o @ tzdas? j
disjtedtelzj d3tsc slzd fipts@fdA O ( fnds.
[ dimls@dzd. Jdzjhdsjj bfwOodzjdedj wOBGIEE2 dlsjto

#ifndef  _Listlt _h_
#define  _Listlt_h_

#include  <iostream>
using namespace std ;

/'l ¢BMsteOCIsdyr 2 dlsjteOltste (ftetsMisj2hd2 o Oted Pdals)
template <class T>
class Iterator

{
public :
virtual void start ()=0; /I RIZydOdzdL dislpfe®yd*
virtual bool hasMore () =0; // ltotso j tgWjifipls tzdj h
/4 dzj o3j dals T
virtual void next () = 0; Il VYitjatHdls €& ts|yd tej Hd
virtual T* get ()=0; /'l 1tLotOh Ojls OHtjf dzj d3j dz

h

Il s jydodzdL dtetse OdzdzOW 9 j tefnpdw M dMmM< O
template <class T>
class Listlt: public  lterator<T>

{

public :
class RemoveltemException{};
class InsertltemException{};
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fy dzj

90

private

public

private

h

#endif

template  <class ITEM>
struct Listitem

{
ITEM data;
Listitem<ITEM> *next;
Listltem( const ITEM& data, Listitem<ITEM>* next=0)
{
this - >data = data;
this - >next = next;
}
b

I/ [jbtsH' EftOsdjddy MfdmMStd wOMMESss

I fdissur, i Nfdbude@ydsding dns o

void start ()

{
currentlt=first;
}
bool hasMore()
{
return  currentlt!=0;
}
void  next()
{
if (currentlt==0) throw BadlteratorException();
currentlt = currentlt - >next;
}
T* get()
{
if (currentlt==0) throw BadlteratorException();
return  &(currentlt - >data);
}
Listitem <T>* first /Il ¢HEiMm fitotsets 1 dzj s
Listtem <T>*currentlt ; // ¢Hteif kjCkhjets BB
[l Ldzj d&3j dels© M dMS O

j dz@ ©Odzj §

s 0 Y dmsC
jo 0] Bscts

ltesyjHgfgtesdz' L s9 Odad W

HIzs

hg2 IsjCMls:

djtedtlzj gscts My df

I

lteso jt6C O dZOdzd ydw L OHO9 O Bsets tsBI j S5O

template  <class T>

bool

{

Hasltem ( Listlt <T>& list , const T& checkData )

for (list.start(); list.hasMore(); list.next() )
I 14 BB HEBYdzOW Mise zOMtse Odadets fiyls !
- rrtlzs vierlevovfs

T* ptritem = list.get();
if (*ptritem == checkData ) return  true ;

9

HOdzdz" = o
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return false ;

[ 1 CO)YHTM2 B dzls otej d3j dzd dzOH MFdMEHE By
Il ssdzt 5 fdsReOlsu [t [ 1(r{vvdpuvfs =>
I scteOdzd yj dzad v dzO MlstezClskztclz Odzé tsted IsdBtso

void  main ()
Listlt <int > list 1;

listl.pushBegin(1);
listl.pushEnd( 2 );
listl.pushEnd( 3 );
listl.pushBegin( 0 );
listl.pushEnd( 4 );

list1.print();
if (Hasltem( listl, 4))

cout <<" Found"<< endl ;

}
}

] ftjnmlsOodzj degdzbds WOC ) dZlsj ECOL Odz
tOMMEOttde O Bse s dijlssHO, cdOody &5 dL S sl
ZOH GHddE HEN6GsH dj MSsd Cdi dkj Otk
kit f(odsyjddid dksjctOsstd RtOddlshnvy dj
sl jClsj.

I sistetsjdzedj odaj " dzgjets dlsj teOIstst
tdhdls! ECOL Odzdzr § 9 fJtjHr HEM jd3 t©OLH
JdzW steBOYds & jSCkhjd fodsyjddd dlsjtokt
sBl jCIj, C(tBE@EQ2 WhisshRikzh jMmise dj ddw dlsj
fzse OB, dzky dzs f sMistesdls! odzj hded?2 dlsj teOls

1 sMCtd Sk dlsjteOltste dMyfsd Lizjls 1+ dj k)
mMfdmco, Jjets jMmisiMmisej dzdzs jistslg MdsEisd Is oH ik
ddzd dzj HE{EBGHEsMHis'ots BsHdYdcOydd MY dmc
tj OdzdL Oyd® dljtcOsteO, HBY Lk EJOrsHREs JL d&j
[ dils@d®. )} chstkesjddj osdjhdjcts dkjtOlsicO

template  <class T>
class Listlt

L

public :
class RemoveltemException{};
class InsertltemException{};

private
template  <class ITEM>
struct  Listltem

ITEM data;
Listitem<ITEM> *next;

Listitem( const ITEM& data, Listltem<ITEM>* next=0)
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}
h
public :
Il [ ibBftwwOodzj dzedw M dMEtsdz tOMMdIsistej dz
I
friend class |Iterator Il 1 telzy j Mise jHdsdglsdzf dzj sB R
/'l §tMm¢ sd ¢ HterftakzO iy
/'l ©OBBIsOjls o IsjMmdts?2 ¢
/1 f € dzOffishitts o3
Il {fteinjdjddj ¢zOMMO dlsj ttOltste® f oL
I BsHdWJS OYdfds O
class Iterator
Listitem<T> *currentlt;
Listitem<T> **ptrToCurrentlt;
public :
Iterator( Listlt<T>* pList )
{
ptrToCurrentlt = &( pList - >first);
currentlt = *ptrToCurrentlt;
}
bool hasMore()
{
return  currentlt!=0;
}
void next()
{
if (currentlt==0) throw BadlteratorException();
ptrToCurrentlt = &( currentlt - >next);
currentlt = *ptrToCurrentlt;
}
T* get()
{
if (currentlt==0) throw BadlteratorException();
return  &(cur rentlt - >data );
}
Il 10Odjj BftejH]jdjd d&jbstsH, BsHd¥d
Il  dmftsd LtsoOdedj B3 dlsj eOlststcO
/'l vHOdjddj {dzj d3jdelsO MfdmME O, dO Cts
/'l ECSOLT90jls dlsjttOlststs
void remove()
{
if (currentlt==0) throw  RemoveltemException();
*ptrToCurrentlt = currentlt - >next;
delete  currentlt;
currentlt =* ptrToCurrentlt ;
}
Il 1 MOt O dsotsets 1 dzj Bj dzlsO  tsfypdzj + dzj d3d d

this - >data = data;
this - >next = next;

cOdzj §

sHJd,

st jeoOydd

B> dzts s o

Mdtelze b dj

Istster 2

Zs© Mf dm¢ O




9 dzj

/'] dO S Blstster 2

ZCOL ' 00jls dlsj tOGE

void  insertAfter ( const T& newData )
{
if (currentlt==0) throw InsertitemException();
Listitem<T> *newltem =
new Listltem<T>( newData, currentlt - >next);
currentlt - >next = newltem;
ptrToCurrentlt = &( newltem - >next);
currentlt =* ptrToCurrentlt ;
}
Il ftydts tsftejHjddls! d Htzedj &jIstsH
1

h

Iterator *iterator()

BEHJ

return  new lIterator( this );
private
Listitem <T>* first
h
1d3%d MzjHkjl WtOedj dals, ddzdzs lsteqtolzs h
hdzjets dlsjteOss® HiW tBtOBBISd d
template  <class T>
bool Hasltem( Listlt<T> & list, const T& checkData )
{
Listlt<T>::Iterator *iterator = list.iterator();
bool found= false ;
while( iterator - >hasMore() )
{
T* ptritem = iterator - >get();
if (*ptritem == checkData )
{
found = true ;
break ;
}
iterator - >next();
}
delete iterator;
return  found;
}
template <class T>
bool FindAndDelete( Listlt<T>& list, const T& checkData )
{
Listlt<T>::Iterator *iterator = list.iterator();
bool found= false ;
while (iterator - >hasMore() )
{
T* ptritem = iterator - >get ();
if (*ptritem == checkData )
{
iterator - >remove();
found = true ;
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}

bool

{

void

}

break ;

}

iterator - >next();

}

delete iterator;
return  found;

template  <class T>

FindAndinsert( Listlt<T>& list,

const T& checkData, const T&insertData )

Listlt<T>::Iterator *iterator = list.iterator();

bool found= false ;
while (iterator - >hasMore() )

{
T* ptritem = iterator - >get();
if (*ptritem == checkData )
{

iterator - >insertAfter( insertData );
found = true ;
break ;

iterator - >next();

}

delete iterator;
return  found;

main()
Listlt<int> list1;

listl.pushBegin(1);
listl.pushEnd( 2 );
listl.pushEnd( 3);
listl.pushBegin( 0 );
listl.pushEnd( 4 );
list1.print();

if (Hasltem(listl,4))

cout << "Found" << endl;

}

if (FindAndDelete( list1, 3))

{ cout << "Found and deleted" << endl;
?istl.print();

if (FindAndinsert( list1, 2,3))
{

}
list 1. print ();

cout << "Found and inserted" << endl;

1 OBJ Isd &,
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( 20§ o dutsjHg,dz' dz' j dlsj OB’ Hdv  ft
©OL d & dzOf g dejOdedsite ) oL dstsy desflst ¢ o
HEf EMS @4 g dzj ded W fiysdzjj dedy dilslisses o dMC O d Hits.

33.rtekzedj odHr MmfdmCtse
RLEUjded] ceddzj 2 deses fH desdzOf O dzj dzdzts ¢
shdase dzr § ftojHilsOo dzj dedw 8 kY tcOs dzj dzd d :

L Issds dzj sBatsHddis Eydlsr 90!, Yyt dO ftOCl
dzd dzj 2 dz" &3 tSH A dz0f tcOo dzj dzdz” d3 MY dME B, By
[ 54 sdzdzd Is j dz' dzlz cdBS k! Y d fsydz &

HsBOo dzj dzgdj deser n fYwodzj?2, tBiMfjudeOshdn
Ldzj 3 delstsds, dets d M Htekze ddsd H edig dig) forts@edztj dfsy
My dmts¢ MsHjteydls £COL Olsj dzd dzj ssdz €5
ftejHh iMooz hd I@BEsEBHEls . Mdazyow s ke j dzd ud &
MewLd dimftsd Lkjlsmwy HdY EMCtejddw §totsyjf
fsdzj &Bsyjls dhftsd Luse Q] Mk "ozl  fidajvdg jddzisfip
Hicz&mwgzwy MevwiLd Mt MdzjHEE P ddE ctcOL H] zZcdBe M

95



| ZO0d.PtcjotsodHdy j MistekClkwer d dr 1t

] bistdd cwOWtse Hjtjot BfEjHJdYjlshvw ¢ O
bjsttdd cwOWse BN ydes dL YO lsdy®ls jiptistisidjCazls OfRd
qdW stedOsdSqd. [r MmehejHslssyddhy &O §idc ko
HicjomsodHdy R MtkSCkkte o fsctOBBdess Odad .

41.[ GG Odzd L ®YyhsofHiEtezC sz to

s0¢ Wsted3O ttecOdzdL Oydd HOdedz =, Hjtcjots Wo
GHy M COYH' &3 | dif zfpslals,sdf dadDdadg tEh ddets?2 ), S tesd3y
S Hdzdz jedg H d Is(padzntnodg d dBsy jIs BT Is! MewL Odes ftetsdL
L defsts s s dz@hicbnodes. [ Mdzd EBZL jdz dzgj dd3jjls sbsdkét
Ctdeyd o' &3 bkdzdifyldfteabnpdld ( fdzd &L jdz dzj dsdig jls tot
EZOL " o OfFipy o' dirortnodss d3

O root
@ leaves

(0] B

td#. 1. rdtje’'w wBh jets adHO

] Mttskejlmisoadd f kjtdddsdsedj?2, d&sedydts
Ctedzgj 882 kL jdz o dzdAl®) S OtslOfdzC s t5( tedpd). § O OH &
Mzsy doh Oy v s tef@QHs B te O § dzd W Hitedo! jo o L OH G
ftescteOBBBItetso Odzed W ftoj Hf sdzZOG O] Is teOL d&3j " j dzd §
( todifB) .

lted orBttey MstkClkzte HOdd & HdEY f©jH
st OdedL Oydd dMmratsHwl dL bttjBtsaOdzgd?2 dd MtsB j
stejlzjlsmw B Mistetsj Yjtejdihjddj BixHEZ L ZOK]
Hitedolz, 9 Mstslse jIsisolzs M zs fMlstezClsztclz o ¢ dzt
CoHdls MCd, KOS d & HSYjEddi kL &OR.

YyOfMlsdzr 58 Mz yOjds Hjtej o O BedOjseasd daddH O W
Hotsduydetsj, mIgEd, 2o COYHBEE kL d&zO daj dBsydls
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fslstsdzC tso . 1 d dzOtedz § Hijtejo!w weodzw
hdests dhftsd L)@ & §sHddsy | hHif sk disdd ]
sdf O Hdzv ftjHMSOsdzj dedW kL &ZO B dzOtcdese 5 H
/I Binary TRE E NODE
template  <class DATA>
struct  BTreeNode

{

BTreeNode<DATA> *parent;// VS OL Olsgz@stsH dIs j dz S J&
BTreeNode <DATA> * left ; /'l vSOLOlsj dz' -SdEde jlzdz!j dzizj 9 SG 5
/'l YBSHHjt]j9oO

/'l vSOLOIsj d -z jzdz'j df tPo 56 5
/I {sHHj ] 80

BTreeNode <DATA> * right ;

DATAdata; // [B] jSIs HOddz 7, =6Odwh dRfmw o kL dzj

h
l ssBh j CGo stew Hijtcjots ®Bh jets odHO
dd3sj dedets o o dH jndze f z@d@ e f HzREOM)2 , | v L ssEts 9
FCOLOjdzj?2 dO oMmMjrn okbgRdws BftL)H 2 dELOI
SHdtses L sthwbesi3s sk®shtsMi Hdzd?2 kL j dz, d d3
tc s H d Isbjottrnode:

/I General T REE NODE

template <class T>

struct  GTreeNode

{
Il 1My sBseOlsj d detsj i ') =G Qzj @ds(jjdz’'ls Jdg@® kL [ dz"
typedef  TreeNode <T>* PtrTreeNode ;

PtrTreeNode parent ; // uvCOLOIjd dO tsHdljd MEd2 k&L
[l (Hdzw Ctstedzgj oyt kL dzO: O
PtrTreeNode brother ; // v COLOIsjd dO tsyjtejHdztsy kL jdz
/'l dO 1 Istsd3 Ztetse dzj
PtrTreeNode  son; /'] vCOLOj'dgsOR®) dts f tslstsdzCso
[l (kLdtse MmdzjHEZEN jets kZtetse V)

Tdata; // [Bl jC€Is HOdgdg =, RteOdgwh drfqw o kL dzj HJ

b
]l HOddzsd3 EZyjBdesd3 fsmsedd o MsMmicd HESI
ftcOCIsd s d yOfmlddgt s dzfdziz a O dz§ v Htcj,o @ d isdgdzls o
Cslstste’ n» dzj Y Ol BddzOtedz" | Hjtejos W

1 ddzOtedzr | Hjtio!w d dr §teddij

VL d ddj e hdy SHdSES tsHdls  dv, 4

dZOn sH W h d B] Wiz teds@ Higftel jdms@ v d dzts bktetso dzj 2 H
o1 MtHsjite j o @.2( ted .

[ jtcjots dzOL M 908 Ils of totso dgj dedzr &3, j fdzd 151

H dzv LOHOddse s yYydmdzO EL d¢zse . 1 d dz04eizts | H

wodw jlsmw daj of toise daj dzdzr o3, d.31lets tooste jdafdzdAsq S

[ fdd ELd' HjtejoO fjtc] deAckeli teisptd)se j 5

tetsodzj 2 &sxydls B §og,nf+ld fMgad B@E kL dse
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CoOHWOIsdz | MEtsBCd tBBSLAEOYOsIs Bddy O2h ] Y|
LdzOyj dzdv o MEsBCOR.

sl 2

4

td#. 2. 1 ddzOtedetsj Hjtjots

4B OdZOdzZMdtetso Odzdz" d@3 B d dzOtede" d3 HJjtej o sd3 dzOL T
Hdzw dz# BSGts kL dZzZO o' MslsO dzj otses d ftwOQoasets fts
O 1. tOLkdkjjkmw, dtetsj o' ttsodzj dedelsy Hjlojots

I sdz h s fteOClsdyd MS tp ' ta=teClrRdfifiZQ tc drd3j & Is
Hjtejo! w, stec Odzd L s Odzdz" | sO0¢dd sBteOL 503,
fsfdj Hise Olsj dz' dzts W3 O 2O tcOo 5 ( M

t d3.) " oso dzp edE®fodztsj Hjtej o s

lrtetsodgj dzdz’ § Hijtejo! w tBjMfjudoOsls dzOdB ¢
fsdmMEydzOSCts o fisdzdzj dedj s jteOyd?2 HisB O9 dzj ded W
{sstcjBtoOl! fjtjmMstes2¢d oMmjcet HjttjoO. 1 il
L dztse HjtjoO HwoHejteyjdz §tsistswdzdzr dis dL o3 daj oz
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B OzOdzh d ts t5 0 O dzdE jjtg j o of tzd (I g Hifi def gt iz
[ OdzH d f, 1962) . 4B OdzOdzd tets 0 Odzdz" | Hjtj o
COtOdEsdtetso Odzgdets? MEstesMisd §s5dMmC O, sHdOS
ZHOdzj dzdwv kL dzse ofts ddzscdrms MAzEyoOw s L OlttOG
dzj btejBlkjl fjttjmMbtes2¢d oaMmjcets HjttjoO.

1 JdzOfcdasjtcj ots COC o90tedOdels st
HOdzdzr = 9o BHA) todesds BOMMdo j

1" oo dzp pde®fc dzs | W sEfsEzs] kStdkz, (st
tdH3,BEy des ¢crtOdedls' ¢ o kfOCtoOdedatsds o dHJ
BOMMdo O GftejHjdvjlmv ¢OC Edatydijtetd n b1 dz@s Isd
Hitejo O ¢ ttsHdlsj d skt dgll Qi ifigtiafh j S Is b 1z G
Ldzj Bj dzlsOtedz’ 7 Oted W agj sdujMSda Hj2Mlse d2 dzO

1M desdgj e kL d&z0 Wl €O, Hisdy OB dzts d3j
totsH dlsj dz' R jteoeles koLt dz@fiid & s 1 =d§iSte S tStedzj o 56 S

fEHHjtj b QME2dN, dtskjtt (ttwdjoscs kL kO i
2-r+1.

JCOLT 90jIsfpw, YO fo tsBdpd@Bdsdst OMdzi wj 9 O

[ Mo sHdIsMmw ¢ fshdzj Hise Olsj dz? detsfyls d sBtcOB
fsHHjt]joO! jJo, Clstster § , 9 e s syd ted H!
B dzOtcdzr &3 HJjtejo! W did. ddzj Hs9 Ols j dz¢ dzts, s O
toj CtemMdodz @3 Odze sted Is Bts 3. 1 fMmMioHntsSBH] M
mMzj HEE P ddi3 sBLOL 5O3:

Il [BOBGlkOl! BJdOtcdaslL Bzt f)tsC s dzj dgoRaot L fizj

void ProcessTree( int noRoot )

{

if( noRoot >n)return; I 97" aHLtey C2ztefnd d

/'l [BttOB®IA] YSHHjjotfs
ProcessTree ( noRoot *2);

/'l [BttOB®lsOl! Cttcjde HjtjoO
...

/'l [BttOBKIsOIs! fttOQoatsjy HHSHHjtjoOTS
ProcessTree ( noRoot*2+ 1 );

}
JteeOdzdL Oydw HOdzdz = © o9dH] Ef OC e Odad
shdss | dOdetdzj j Stc Ofizf el ROk Gdme O 5 ¢
dd3j dedets 1 Istsls Odze tste d lhdparthj B 2@ dziz P ts Is dtztiz 228 B d B «
C++).

420 zéstedlsds fs5dMCO f gy sd Lt
Bd dzOtcdzgsGts Hjtcj 8 O
1 OHOYO sdmMEO MIsOadlsmw MmMdzj HEzE h Jdg 5B &

K dd¢od dr K,kowki2 fedui & &K sfasiy Hip ges
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Slsdatsh j dzdj Mbesedts U'tStGWHkid.Zm Md O WOdas (L
Gj Csbser § sl § Okt wWoudy [§ =duTh sdass j b OhY 5
LOH Odzdzts d3lzk Be@8 e K d, fdzj Hise Olsj dz dzts, fow L Odzdz
Cdzte ysd3 H Odadz j .

1 tetsflsj 20 2 Okzetstedlsdz f5dMEO ftojHY cdzOg

fMtc Qo dzj ded jk 1§ dz¢ WgP B dzls O BIK ,dzdasy z®BB O+ W W j CIsd o dz
SOCtsets Odzetstedls B0 ftod t©Oodzse josWisdas?2 o Miste

n
tsmls Oo dzv j Is Esﬁqtﬁ@aJOBJdmlxcﬁ? Cdzs Yj2. RMYtd Lo Ock
Cdzs Y2 o Wttedsy BJdOttdzsets Hjtjo O fBLOoaBAYjIS
Hs s y@Eegsn).

1 2imk(r) it dzOyj dzgdj Cdzs 4O, Mtstslse jBMmlsakzen jj I

t OL d3gJ fiiskefdlgf ¢ Odz! dzr = Cdz¢ yj?2 © kL d&ZzOR BJdzOte
sSBtOL 5d3, yYlsts HdiM €Oy jHHEd® "2 Lifde) H 28 h dj ilsdzsh |

Cl fsHHjjod IfgmMyisEdgdd k)" j ¢d*yo
CJl fwsnnjtjod-riplompds ds ud skE).hj ¢dyo

1l L Istsd3 fdoedueOq@y, dniedomH dzr 2 Cdzs y fp € dz¥ ytsds,
CBtedzy BJdOtdzses Hjt] 9O, (oc{d dzdBts dzORtsSH
SHdtsL dzOydets St HJ dzdls! fsHH]jtc] ots, 9 Ctltstets
CONHB®B MeOodzj dedd udMmdzs dzj wOMMBslstej dedzr 7 €
oHotBjd HUGsjls ftedo jHjddzee or hj yjdSlk L WWJClIsc

[ Mdzts o dzOW ftesBdzf BO L OC dz¥ YO, Isimw ) f SHCt
1ilstekndts L OREHd syl §jto sdzOyOd ds?2 kit
Czs YjRted o jHjdedzr 2 o' hj fMjoHBsCEH §OSIsdyy
4o tsdzOyOdz' dets?2 tfBRiHIEYEIISUfoot@w SB~ SH L dzts o H J
fsteWHC]. 4[] Mmlgdaas Mistecdtszjls OHOfIlsOYyds O dzG s te ¢
SBRBSHO HjtjoaO Htoddyjdedlsjdzt dets & LOHOUJ §jtes
Cazs yj 2.

[ dMmis didzd . ] SHEBIS9C O Hitelio O BddOdzse s f sdMs O
struct  SearchTreeNode

KeyType key; /] sdztg y
DataType *ptrData ; // v EOLOIjd dzO tBI jCIs HOdgdz =,

/] fewiL Odadzgr 2 f) HOdzdzr 8 € dzs ytsas
k

SearchTreeNode btree [ n]; [/ / r1ittijeot fsdMCO, EkfOCHoOddztsj o d

/]l 1 jttotsdzOyOdz: dzOw DMdsPsE LOYB2 HAEZY BJddkZOpdtsets §tsdm
void PrepareTree ( int noRoot )

if( noRoot >n)return; Il o" AatfLisd Stemdd
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/'l 1tHEeBltsoadls! djossj fBHHjtejots (91]14' d3d dz

PrepareTree ( noRoot *2);

/1 10dzi misd SCdz¢#y d dde¥ sted3Oyd® tzLnjQ@dzdzr = |90 ¢ steo
btree [ noRoot-1]. key = GetNextkey () ; [/ / RLodzjujdedd | BYJ ted
/1 € dzs yo
/1 dL kfstwHBY]|dksces
/| dzOB 6O
btree [ noRoot-1]. ptrData = GetNextData () ; // RL & dzj uJj ded J
/'l HOdzdz" A
/'] 1tHeEtlktsodls! ftOotsj YBHHjtejots (eofmj Bltsde hdj
PrepareTree ( noRoot*2+ 1 );
}
tioddLOydY f5dMSO o HHBHGEKISE dzj dadzts 3

[ dils4fdZ MHjteydl §MjoHBSBH

e M j dad v

L OH O

[dMmisdidz®. 1 ddzOteds 2 §s5dMS o G sHCISEs dzj dzdzts o
/1 Yy sdmMS Refzsoyd sHCESIsso dzj dedzsdz BOMMdoe O
/'l tdLEd Ok, fittjHOa0Ojdi 2 ydtdiL Mfdmse § OLOBJ
/1 dden j ¢y L dzj d3j dels© o BBOMMdoe |
/] ] sO®jtlse , JjMdd ¢dz¢¥y dzO2H ] dg
I false 1T o ftslsdodetsdz Mdzz yoOJ
bool BSearch (
KeyType key, /1 RMABH 2 € fzs y
int & ixFound Il afmr 20 dzO dmEtsdy 2 d deH
)
{
int noRoot = 1;
while ( noRoot<=n)
{
if( key == btree[ noRoot -1]key)
ixFound = noRoot - 1;
return true;
}
if( key < btree[ noRoot - 1 ].key ) noRoot = noRoot*2;
else noRoot = noRoot*2 + 1;
}
ixFound = -1,
return  false ;
}
tdLkd sOIs ftcj Ho OtedIsj dz' dzts 2 fsHEtSIstso ¢
dzj Sclststetsets fd d3o sz dese 54.8 dzs YO o dzczs lsted oz
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btree l@ t
»

0 1 2 3 4 5 6 7 8 9 10
key|[H][D]a[B]F][ 1 [k][Aa]c]EeE]G

ptrData

8 o ixFound I%'_/
L

noRoot-1

td®m. 4. 1 ddOd 2 fsdm¢

tiOkdL Oydw OdettedlsBO §sdMEO Hdv ¢ 5dl 6
B' Is!
Iftetsyj 3, Htedkjite Hdov Cdryj2, fHtojHBlsOs dws hd:
Ommdsisted i3 dzO0 dzj Cydd

flojHdzsY j 20 flskHjdsod o SOyjfmlsej MC

{ j Odzd L Oy dWe B disDfefififisO izt 5§ dzs 1 j 2
mMdkBo sdztse (HJ BsdzMisteOydsdzdz” 2 ¢ t6d

OO L qekj & 2 fsjSlk mMemissdls dL fdjHEs

¢
¢

¢
¢

I

A ©O2 ddreeNodeh ftsH jtey dIs st ted HJ dzj dzd § Miste iz
ftocj HMIsOo dzj dzgdWw EL dZO Hjtej o O §fsdms 0.

A O2RBearclhepptsH jtey dls Stsdif dzj €ls WlkdzC yd2, dzj
j OzdL Oydd BJdOtedesets §5dMEO.
AO2BBearcthw 9 dzv j Isfyw L O sdzso sydze' dz W ©O2 dzts oz,
tetsdzd o dzls j to ¥ j BSgadchepp Bts H Iz dze

A O2maincppmsH j ey dls thdaseo dzgzé ftetscte OBz H
ftodds t©O, BBjMfiydooOos hks | OctekL Sk dzj tsB
fesyjHEsdMS O.

dfmils d dica]. & .MBslsjjeMlOls efjn dsHEzZd]2 ftosj s

[dMsddd. [fejnjdjddj kL& HjttjosO (MmktesSd o |
/*

*
*
*
*
*

INCLUDE -% ©2 dz: TreeNode.h

1 etsj € BSearch
Console application




* [ Mmdzs o dittsH 2z dzte ts j € Isr@in.cpp
*
*oL' fese tc OBR] esMi@amftv  Visual Ct+. NET

* 1 0LdOyjddi: JftejHjdzjdd] MbbkzSlskzttdses Id
* "EZLjdz Hijje O fsdMms O
o0 RfMftdy Lo Oddj BJdOtedsr 7 HJjtejo! jo
* 1 OO MtsL HOded W : 06.08.2005
* orls@® Sttt SIsdtetse Cd:
* RMAtHd § kjSMmisr ftoddjteses foscteOdd ¢ ¢ H
* "ubtekzClkter d Odetstdld SR ¥l tedits? S
* [dSydw 4
* [ dMmisd dzedd6 4 . 3
* Copyright (C 1 rhCddz rocdjdd? 10djtw! joady, 20
* -1 j by GBaCicec BHER O Mise j dzdz” 2
*/ fddlsjrddumtd?2 kddojthd
#ifndef ~ _TreeNode_h_
#define _TreeNode_h_
#define  KEYLEN 8
#define  DATALEN 64
struct  SearchTreeNode
char  key[ KEYLEN] ; [l sdty (MstesCO Mmdd
char ptrData [ DATALEN] ; // uv¢OLOLjd dO mMbstst
/'] fMewiL Odeder = M HOdzdzr o3
h
#endif

/*
* stdzj y WI@eNdm® . h
*

df o

9 fftefs,

ez dz
OB SIS ¢

D 5

Is§ s

o sdzts o )
 H Odzad
L dzs Y

LOydd

[ dfmls didzat . ANedZS ydd fsHeslktseaCd d tj O0dzd
/*
A ©2 dz:BSearch.cpp

1 o5 j € BSearch
Console application

[fdztso dzgs?  BSH k2 dz'maitf.teppj S Is O
cLM S f totsc tc O RdzliereseftO dzifisual C++. NET
10L 20y dzdj: 1 JdBsdhisteOydsdd 2 fted B ts.
- fdsdesGdf o fgdztge , HOdMsSYsCd Mg &o
vj 3O RMytsdz LsoOdedj BJdeOtedzr 7 Hjtejo! jo

[ OO ML HOdzd W © 06.08.2005
[ OkO CstiejShkdetse Cd:

20 tc dzts G t
s dzts o

9 ftefs,

RfMABHA j IjSMisr feddjtss fosceodd § Ci
"ektkClkzter  Odestdld’ Ssdf’vljds? 8

*
*
*
*
*
*
*
*
*
*
* {jOdkdLOydy %kdSyd2 Hdv Bdd
*
*
*
*
*
*
*
*
*
* JdSvydw 4

ek d,
OB s
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* J dfplsd dzedp 4. 3
* Copyright (C 1" hCdde

[ocGided?2 1 Odzjte' joduy, 20
-1 j by BaCZIseMS 2 etsMizH OkMmise j da
, foddsjrddumtd?2 kddojthd
*
#include  <string.h>
#include  <assert.h>
#include  <stdio.h>
#include  <stdlib.h>
#include  <new>
using namespace  std;
#include  "TreeNode.h"
#include  "BSearch.h"
static SearchTreeNode *btree; // v OB dzd fy®d ) ¢ O dzO tc daty jtc j,o ¢
I YO 50 Odedzts j " o BOMM
static int size ; G tste O /d34 (te

static FILE *flnput Il AOG2d, dL C(sbtstttset Mydls' o

/'l kfstwHBYJ ddOW ftshdjHEBe Olsj

Il d e wj @dedks yOwl@dzdz’ =

/'] ) SHGGdSEBMAf yr s5dMEO dz0 sfdse j dda stcd30

/I 'LOctky O iz D2 d&zO

void PrepareTreeFromFile( int size, const char *filename)

{
finput = fopen( filename, "rt" );
if (flnput==NULL )

printf( "Error while opening key file \n");

exit( 1 );
}

InitSearchTree( size );
PrepareTree(1);

if (fclose( finput)==EOF)

printf( "Error while closing key file \n");
exit (2);
}
}
/'l uwtsLHOdd] HjttjoO fsdMEO LOHOMBEESEs ©OL d)
void InitSearchTree( int siz e)
{
if (size<1)
printf( "Incorrect key table size for binary search \n");
exit(3);
}
btree = new (nothrow) SearchTreeNode][ size ];
if (btree==0)
printf( "Error while allocating key table \n");
exit (4);
}

D 5
2
lsjls

120

Oj Isfmw
dz' dats ks -

ydd,

i=¥0]

/'l RrRddydOdzdL Oydw IsOB dzdyr
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for (int ix =0; ix < size ; ix ++)
{
strcpy( btree[ ix ].key, " );
strepy( btree[ ix ].ptrData, " );
: osize = size ;
}

/'l vHOdzjdd] HijttjoO fsdMEO dqL fOoRvIsd
void DestroyTree ()

delete [] btree ;

}

Il 1 josdzOuOdr zO" fsHeslsseC 0O &OMMde O € dz¥

] {OBGlsOjls o fLjHitdsyjd]d, ust &OBs
] dzd &3d H Odzdz o

I LOGElEY Oj MY dL %02 d0 (Cduyd ZfsEwHsyj

/ ]l COyHB2 fMbbtestj WO2dO0 fjter j 8 {§iL
/ fesfmzjnkzehdj 64 fsrdydd L OddBZOsls HO
void PrepareTree ( int noRoot )
{

if (noRoot > size ) return ;// o ALty SEtefmdd

/] SHetslstsadls' d&zjotsjy fsSHHjtjots (ofj d&J de
PrepareTree ( noRoot *2);

/'l 1 0dgj Misd Sdzsy d ddeW stedsOyde¥ 5 HOdzdz =
int retScan = fscanf( finput, "%8s%64s",

btree[ noRoot - 1].key,

btree[ noRoot - 1].ptrData );
if (retScan!=2)

printf( "Not enough data in the key file \n");
exit (5);
}

/'l 1tsHGetlktsadls! ftOotsy fssHHjtjos (oMmj B
PrepareTree ( noRoot *2 +1);

}

/1 1tdMS Regztoy@ sHGESIstse dzj dzdetsds dzsOMMmde O

/'l tjLed IsOl, fjttjHOa0OjdB 2 vyjtejL MfdMmse

I qdzi j S 1 dzj di3j dzs© o BOMMde

/'] 1 tL9t@uedj Isj dzd € dz¢ 4 dzO2 H j dg,

I false - o fttslsdodatsds Mdzz YO 4

bool BSearch (
char key[ KEYLEN] , /'l RfMAatHdr 2 € dz¢
int & ixFound Il afmr €0 dzO dm¢ tsd3

)
{

int  noRoot =1;
while ( noRoot <= size)
if (' strcmp( key, btree[ noRoot -1]key)==0)
ixFound = noRoot - 1;

return true ;

}

if (strcmp( key, btree[ noRoot -1]key)<0)

Wd 2 Hd
e ¢ dz¥ y

& 6
yq?2
zdz"

hddo¢

9 CBteo

sdz " dj

[ Ot O d3j

r 2 ddzH

noRoot = noRoot*2;
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else noRoot = noRoot*2 + 1;

}

ixFound = -1,
return  false
}
/'l RL9dzj (jdifsit BOYdd dL IsOBddyr §dmMco
/I ddzr § STplztc s s B dzdf y "
bool GetFromTable ( int ixGet , char data [ DATALEN])

if (ixGet<O0 || ixGet>=size) return  false ;

strcpy( data, btree[ ixGet ].ptrData );
return true;

}
/*
* s 5 dziWyo 2 dBBearch.cpp
*/

JdMmlsdides . 1 O tsdziso tsyds” 2 BSenpctzcpp BisH Iz dzs
/*
* INCLUDE -% O©2 dz: BSearch.h

* 1 tets§ § BSearch
Console application

J mdzs o ddgsH Iz dz'te s € risa®.cpp
CL™ §tetsc tc OBB] tosMi@akmftvy  Visual C++. NET
1 0L dzOyjdedj: | O sdzso sy dz BSeafc2cdp ¢ B H Iz dz®

vj BBO0: RMyftd Ls90ddj Bdd2Oteds” = Hjtejo! jo

I T T . . R T

[ OlsO MtsL HOdzd W : 06.08.2005
[ OO Cttetej SIsdtetsa & d:
MrtsHde j IsjCMlsr ftoddj tese fosewOdRd ¢ CQ
"wltezSCIszter d Odzetstedlsdyr Sl silstedzs? 5B
[dSydw 4
J dfinlsd dzed6 4. 3
Copyright (C) 1rhCddz ecjded?2 1Odzjte! jody, 20
-1 sy ®BarZlse MSd?2 cetsfzu OteMmise j dz
, fodzdlsj ndduj MSCd2 kdade | tehd
*
#ifndef ~ _BSearch _h_
#define  _BSearch_h_
#include  "TreeNode.h"
void PrepareTreeFromFile( int size, const char *filename);
void InitSearchTree( int size);
void DestroyTree();
void PrepareTree( int  noRoot );
bool BSearch(
char key[ KEYLEN], // RMABH 2 € dzt y
int & ixFound [l afmr dz€C 0O dzO dMmes sdy

)i
bool GetFromTable( int ixGet, char data] DATALEN]);

#endif

o ftetsj S lsdat

ek dzj ¢ yq:
OB BISCd H(
D 5

2" 2

Isjls

2 ddgig S



/*
* 8 5 dzi WO 2 dBBearch.h
*/

[ dMmis ddzb . [ Mdztso dzts?2 BsH 2z dz! ftetsy CIsO
/*
A ©2 dz main: cpp

1 tets § SBSearch
Console application

ltesj Cls SOC Y § MtsH jBSgafcks . cip® 2B&=arch . h,
TreeNode . cpp

cL" S f§tetsc tcOddziflicresefiO dzifisual C++. NET

1 0L d&zOYJ dzd j btePyBisdetler 2 §tod &) to

[ OO ftsL H Odzd W : 06.08.2005
[ OIO Cttetej SIsdteseo ¢ d:

I T T T T T

RfMrtsHd § IsjSMls' ftoddjtese floscOdd ¢
"wltekzSIszter d Odetstdlsdr StRf sl teds?
[i¢ydw 4
J dfplsd dzedd6 4. 3
Copyright (C) 1rhCddz ecjdzd? 1 Odzjts’ joduy,
-1 j by BRI MCd2 etsmizH OwfMlis
) feddlsjrddu mMctd2 kddsj
*
#include  <stdio.h>
#include  "BSearch.h"
void  main()
int  ixFound,;
char data] DATALEN J;
PrepareTreeFromFile( 11, "btable.txt" );
if (BSearch("E", ixFound))
{
printf( "Key \"E\"is found in line %d \'n", ixFound );
GetFromTable( ixFound, data );
printf( "Associated data: %s \n", data);
else
printf( "Ke y \"E\"is not found \n" );
if (BSearch("L", ixFound))
printf( "Key \ "L\ "is found in line %d \n" ixF ound);
GetFromTable( ixFound, data );
printf( "Associated data: %s \'n", data);
}
else

vjd3O0: RMytsdy LseOdedj BJdeOtedsr = Hjtejo! jo

¢
58

R dzdzt MistcOyYydw B JdOtdsets §sdms O

9 fftefs,

ek d,
0B s ¢

D 5
Zr 2
Isjls
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printf( "Ke y \"L\"is not found \n" );

DestroyTree();
}

/*
* stdzjy WO2d&ZO main.cpp

*

lGjHY Sdzsy d &3, blagleoshBH JOR Q@ MY Mdzj HEZY h O 5O

A Adam

B Bartok

C Chopin

D Dvorak

E Elgar

F Francais
G Grieg

H Hindemith
| Ives

J Jensen

K Klemperer

f—

I MEZE YO (EECLOBBO (BB HO s MmdjHk

Key "E" isfound in line 9
Associated data: Elgar
Key "L" is not found

43. ¢ dze stedIsdz Mslsdteso Cd M dMmf sdz
B dOtcdzsGts HJjtejoO
10 dimMf sdzr LseOdedd dHjd tBEOBISSd 1 dzj d3j dzk
shdso Odz Hsotsdz dats L WW jCIldodz 2 OlsmzsdisisH Mistels
@ZOLoOded j 53 fJtcOBIHOM des?2 Mmstelsdtetse € d, ddzd fr
(ftej HdztsY § dzdz! e d3) . dtclsdtese € O ts fdzts 8 © dzO©
fsHEtIstso € ] BZoMmMmde O sO¢dd3 BBHKOL 53, Yylstse r
BddOttdzs G ts Hitej 9O sBtcOL tso ' adfddadz , Is G  dglnls e
or f sdzdgw dzd ! Mdzj HEs hdj EfmMdzse dw:
Crdv BBl dqagidt@ j s SHBESEs otk O (st
) dzjor d f k(i) 2K(2e rd)
Crdv detlet dagji@ j 65 HKE) > KR ES 59,
KN >K(2-r+1).

vO0Cdd3 tsBtOL 503, 9 fdqtOdidHJ Cstedzy © OV 9 j
Msslse jlsMisokjls dOdetd hjhkz Sdsykz o {ktsd fH
HjtejoO OoaltdOdujmSd Wodvjlfy §dqeOokdHE?2) .
MesdmMsckzdtetso @& .j My sds®Ils dftctso N1d{ dafg @y gakas® dguL
sfdimr a0jkmw MdziHEse hdd&d dlsjtcOydsdzdzr @3 Odzée sted Is
for (last =n; [/ 1Rt fsMmMdijHdics L@ o dOydpd ©Osj d

/1

last >1; ltetsHiSdZy O o5, f5CO doj tOMMdsIstej dzd oMmj k&
last -- )

Il 1 g dgililsOBd kLd ) disBj eORd labt (Sttedsjots?) d
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...

Il 1sfhsodsedls: §deOBdHE dL Hj6jastO 1) kL &0 dd
...

}
1 sMCtd Sk d2® ojtehddej GqueoOdkdH’ o
ZOdBtSd Ndd L dzOyjddj i Cds yO, bkt fisdds
L dzj d3j delssds OdzOczd L diolzj B2 yOMmlsd dMRGSHMSGEE
Biflsjedditfp LOMMEOtdo Ol! dzj dzlzy dzts.

01 23 456 7
ofe[7[4a]7[e]2]2]

U

B
0P 1 2 3 4 5 6 7

[2]e]7]4]7]e]2]o

U

01 23 456 7
[2] [le[r]e]7]e]2]5]

01 2 3 4 5 6 7
[8lsf[7]4]7]e[2]9]
w7

U

01 23 456 7
Lel7]7]4]7]e]2]0]
~~———

01 23 456 7
e[7]7]4]2[e]2]e]

td®M.5. 1 JGOBIHOd ZOv Mmtlsdss ¢ O

1 O0detdij Mhsyds?2 yofls' s tjO0ddL oydda
fqeoRdmsyj M SHERSSOdses oshilsOdss dj dz
t o #5.
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1 sfdzy Mo jteh | dzdap 3 dzls s 35 &OL Ooh 2w o ¢t
Csfdelzjlsmw o dzj Csbtteks o Mmf sdksc Olby).d dzs  § j
ltojlsjdzHnj dzlssdy dz0O L Of sczdzj dzdj & tc®L HojAmjhejj) W
wodw jlsiw dzOdBtdr "d2 dL Stwdgjor o 4 dzj gj destse
[ Odzj j oL By dr HOoO 9 0tdOdzsO:

CltejlsjdeH jdzls g dz k. gl dddets dzte Ofy Gt &fp d v

L Of sdzdgW j Ismw xL ddOd|ip Gedkd 30 da sfils Odzts o dzj dzO.

Cltjlsjdgnjdes BSd " j ddBOjyg v df dzsOWRY, 305 5O

9 0C Odend & , sfMis@odzww L O MBB2 detso ks C |
dztso Iz v 9 0C Odzind ¥ Wy dzw b Isfyw zOde tsdz: h d2 d
zj osets d ftwcOQoatsets fwsHHjtjo! jo Gldasmdls,
MtcOo dzd o Of sw x, ) d¢ dftapdsity iy § lsjsd sz © 4§ Is W
f5C0 ddets fdLORIHO dzj BEHjl otfMfksOs d
et dzj tBdZOLEY jd ddfls HjtjsO.

l ety M otMmlsOdse dzj dzdv §dteOBdH" f sfydzj
SBBOLES N afmY 0 ®’jMmls) fsHodcEOj B & coojten
oL " 908 Is { tctsdedwPdzdtjteismind o Oded v 476 j HilsOo dzv j |
JdMmsdidze 1 esMidoOdzedj H' t6
/'l ltesMjdoOddi Hjtejo®otn Ctstodzj &3 o
template <class T>
void Sift ( T *a, /I I/ BtcOBOIs™ o PEMI o

int root, // 1 6d@jt Stedzj osets kL d&zO
int last Il 16B@jte femdjHdjets kL dzO
)

int  hole = root ; [l 17O tBKOLEZjIsMw dO o&j Misj ¢ stedaw

T x =a[ hole -17;

for(; ;)
{

int left =2* hole ; /] sttejde dzjotsets ftsHHjtej®O
int right =1left + 1,; // sttejdsd Qoo fSHH]IE
int pretender ; Il 16®@it ftjlsj dzij dzlg O

if (left >last ) break; [/ / [ Mmdzd 1 I§f teusffinisd o O dzd J
/I L OC sdzyj dats

17 Bdtedjtedlsj dzi j dals ©

if ( left == last ) pretender left ;

else
if( af left -1]<a[right -11) pretender = right;
else pretender = left ;

}
1 [ Mdd ftejlsjdHjdsi dictdiqh@dd] L OS tHy]j ds

if( a[ pretender -1]<x ) bre ak;
if( a[ pretender -1]1==x) break;
a[ hole -1]= a[ pretender -17];// [ BOL 59 @algdh js" tor

hole = pretender;

}
Il 1 Of s dzdgw § 3k
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a[ hole

}

_1]:)(;

) shdzj Hse Ols j dz' dasj N—fle i Ldzs@ded j sB( MY J

Zf stew H sy dzdzts ls

Emzsedw: o

dz0y O dzj

ofjets &OMMde O.
fMselsqess ¢ d

2

01 23 456 7
efafofz[7]7[2]8]

~—— ==

\
I dfg

J\/L Hjtgi 90

01 ™3 456 7
[e]sfof2]7]7[2]e]

U

01 23 456 7
efalofe[7]2[2]8]

01 23 4 5B
Lefafofef7]7[2]2]

01N 3 456 7
[e]sfofef7]7[2]2]

01\ 3 456 7
Lefafofef7]7[2]2]

] sHGEESlIsts9aC O fdqeOBIgHT

Hjtejots
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O\ 2 3 4 5 6 7

lela]ofel7]7]2]2]

01 23 4 5 6 7

lelefofel7]7]2]2]

01 2 4 5 6 7

lelefofa]7]7]2]2]

1 23 45 6 7

lelefofa]7]7]2]2]

01 23 4 5 6 7

[ofefof4]7[7]2]2]
) 4

01 23 4 5 6 7

Lelefr]a]7]7]2]4]

01 2 3 4

[elef7]a]7]e]2]2]

6 7

td®m.6 ks dd])
1 sMCtsd Sk COxHT2 ddimls wodvjkfvw § deOdd:r
fsMmistetsj ded™ fdteOBdH’ dglzy des M jMsedls: s

¢cmdedL 2 o9 jtern é:

dzs 3§ & (4€)d ).
[CsdyOlsj d dz 2
dzd ) ls4Bdze
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[ diplsditee ) JtcOBdH Odz! dzOW Mistelsdtetss ¢ O
template <class T>

void HeapSort ( T *a, int n)

{

int  root ;
int last ;

1 jteo 5dzOYOzsez®@ s Is Sfockt®@O d3d H '
for ( root = n/2; root >0; root -- ) Sift ( a, root , n);

I AdStpstclsdtetso o

for( last = n; last > 1; last - )

{
/'l [Bd3jdz Sstedzj oses d §MmdzjHdj 65 kL dztbo
T copy = a[0];
a[0]=a[ last -17;
a[last -11]=copy;

I Yt de Oded §
Sift ( a,1, last -1);
}

}
I [McConnell 2001] § 5C OL Odzts, vyt L WWJGlsdo dztsf
fMsebdieseCd f§wOSkdujmSd daj LOedhmdls

Ldzj d3j delsse  d sy ZDendoDism)y e j dzd yd dzts 2

] L OCdr ujded j st dsg Is &) 50 dzn OGs fizs B Is & 1 j diaf]
fJeOBdHOd ds? Mk’ dmyfsd L kjlshw
Odkcstedls s SBEOREISSd o jClseso

44reotdyde § Hijtejo! w tsBh jEts oc
d HBBOodzj dzedj kL dztso
] dzj Sslstster 7 MazEyoOw s o O ke dzOsipd jufij finiS v
fMlstczC s ztc Od3d H Qdzdz" =, H dzw Clster n fydzj H
HEBOo dzj dzad¥ d EHOdzj dzdw L dzj d3j dzlstse. 1 1 Ist
BOMMde O dzj fsHrtsHdIs, fsmMCtsdzr 2 HBSBO9 d
Bsdz M ddzhise j MdzzyOjo fhtBEjflljm,hOdds?
[ Mdzsea ™ & OW fi! dz0 o ff to OO Hizdzts X dzO o T g}
ftoj HMsOoadzwe h d2 kL jdz BJddOdsects HJjtjo O,
j OdzdL s h jets dzOd B sdzj § oMY tetsflstc Odzj dadz’
Hjtej o sds(4dy Mmlis d dz¢
JdMmlsdidz® . [ Htej Hj dzj dzd jdatfcdO fipnjCe jBad@izO to

template <class T>
class BTree

{

public :
Il vLjdz BddzOtedztsets Hjtej o0
template <class DATA>
struct BTreeNode

BTreeNode <DATA>* parent ; / / v COL Olsj dz# 2O tetsH|]Is] dz! fr
I kL jd

BTreeNode <DATA> * left ; /'l vCOLOlsj dz - D jlzdz'j |dz
/I dzj otsdftsHHjtej 80
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BTreeNode <DATA>* right ; [/ / v COL Olsj dz¢ - CdEdie jzdz' | |dz
I 0o BEWHH J o] 8 O

DATAdata; // [Bl jCIs HOddz =, RtOdzvh drfy 9 kLdzj H,
BTreeNode( const DATA& _data,
BTreeNode<DATA>* _parent = NULL,
BTreeNode<DATA>* _ left = NULL,
BTreeNode<DATA>* _right = NULL
)

data = _data;
parent = _parent;
left = _left;
right = _right;
}
b
private:
BTreeNode<T> *root; /I st dgj o] 9 O
public :
BTree ()
root = NULL
}

/'l 1 MsOsCO & Ods] HJjjots
BTreeNode <T>* InsertNode ( const T& data );

IV sdMEL d&z® B d dzOtedagds § o §
BTreeNode <T>* FindNode ( const T& data );

/'l vHOdjddj kL kO, MHjteyOhjcts LOHOdd P tBI jCIs
void DeleteNode ( const T& data );

/'l vHOdzjdej LOHOMzdSGES EZL dO HjtjoO
void DeleteNode ( BTreeNode <T>* toDelete );

/'l stdstetsdz’ dzOv f j yoOls! L dzse HjtejoO
void Print ();

private
/1 1 jyOls: M J &icst dgQeishjdzy =
void PrintTree( BTreeNode<T> *root );
h
JfittOydd HBBOO dzj dzd W ELd&zO Hjtjo O MmMotsHdL
iMsOofmE®e $d ddMsO Hjttjo O (o MmMble jlsmise dd
s5dMCO) d c¢ftedmts Hig)digsdad 6Ce Homsjootstwot HidaB)2 s to b
d ) ls4fLEec [lsdijIsdds, ybts WEdSydw tOBlsOjls
esdLotd dtsets ftsdz L tsiz @z ezt i § ts daesdsts dHisidf @tc o
ftejHj dajfdp ts@dafd F=dfe.w
JdMmsdds | MisPw @®@® B d dzOtcdztsy H jtcj ots
/'l 1 fMsOaCO kLd&zO o BddOtcdetsj Hjtcjots
template  <class T>

typename BTree <T>:: BTreeNode <T>* BTree <T>:: InsertNode ( const T&
data )

I A

Il IMfsBse0ljd d j EZSOL O] dd:
BTreeNode <T>* newltem ; [/ / dzO dztse ™ 2 1 dzj d3j dzls
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BTreeNode <T>* current ; / / dzO ®BtsL ] 8 Of d3r 2

1 odzj d3j dzls

BTreeNode <T>* parent ; /1 d20 ttsHdlsjd MSd2 L dzj i3 dzls H
/'] ®tBtLK]9s O] Bsets { dzj &3j dels O

/1 165dMS &j MO0 oMmisOsCd
current = root ;

parent = NULL;

while (current!= NULL)
{

if (data == current ->data) return current;
/I v j. s0C 52 kL jd

[l kyj JMmls:
parent = current;

if (data < current - >data ) current = current - >left;
else current = current - >right;

}

/I w51 HOdesje sd&B dzO
newltem = new BTreeNode<T>( data, parent);

/'l ltedewL SO dsotsets EZLd&ZzO ¢ Hjtjolk

if ( parent == NULL )
root = newltem ;
else
/'l YwHifpr: detseor 2 dzj d3j dzls dagj wWoedzw jlsf C e d
if (newltem - >data < parent - >data )
parent ->left = newltem ;
else parent ->right = newltem ;

}

return  newltem ;

}
1 Od3j Isd d3, Yylsts o wBh jd3 MdzkyoOj o tjL kzd
root B3sy dls dL d3j ded s mw .

sO¢ woMmlsol B, dutsE@idzj dzdj kL zO Byl
e OzOdzdteso Odzdzsisd HjtejoO. [ fdd s OdO dzf
sBttOBBISC d dzd fsSHHjteyxdo Oj sfqw, dzj dz' L w
LWWjChkdodsils: OkestedOW®I,N)s sd adizsehE ] 66N
fOCdujMSdr MAEyows f§shdj omksOsesd 1
¢cBOZOdzMdctse S Iz e Hotsd ydetsae ts HittjoO (1{Istsd;
HOGzzs G5 ¢ dz@o ™ ) .
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() ()
B j Iy b j dza
HH>
& @ ONO.

(D

td#®. 7. 10kh jddj M OdZzOdMdse OdedztsMmis d
HiB Oodizjddigfo sG55 kL dzO BJddzOtcdzgse s Hjtej 90O

] fesyjmmj cBtOsskStd d dhfitsd Lo Oddw
atsL dzd CO4 Is dzj sB R tsHd BBsls ted " j dedw L OHOVYd
[ d Mmis4f1dzg dzdzs M ls to Oucr|jOsizls 6@ d@ciz Tifisdifiglh @D todztadsf
Hitcjoj BBhjets oadHO.

[dilsdgidza. 1t5dMS » BddzOtedetsds Hjtejoj BN jets o dHC
/1 1tdmMS ELdO o BJdOtdsd HJjtjod

template <class T>

typename BTree<T>::BTreeNode<T> *BTree<T>::FindNode( const T& data

BTreeNode<T> *current = root;

for (;3)
{

if (current==NULL) return  NULL;

if (current - >data==data) return  current;

if (data < current - >data ) current = current - >left;
else current = current ->right ;

}
}

ANz dz€ ydw otsLOotcONOjIs ZCOL Olsj dz dzO ZL j dz
dff sdzr L soOls?  jj o COUjMmbej nf tsuadtf ted B0 o to
EHOdzjddd kL kO dL Heatsduydksdts Hjtjo O

1 68YjHEEGO EHOd) ddY kL &0 weodw jlshvw dzj MS G
bj & vyt fMmdj kHOMj ddy o Hj tag®qdadidoayds fiyw
SHds dL §sHg BY.p dzyo | SigBs dalzdy difp  dEDP dgjdfdz’ 2 f o
L&OYjdzdj &3 © ftcOotsd3 fSHHjtejoj Gldtsimdlsj d dzts
L 20 Mehissdl Ody cBf B ¢ Hs Hsflsdyjddy ¢
ZL d&zO.

116



@ j <y b j L5 e

td#. 8. vVHOdZjdd] kLd&O d ostmMmlsOdase c
B d dzO temizjste jso O

{jOddLOydy OdetstdlsiO kHOM] ddr kL O (

[ dmlsdda uvHOd ddj kL &O dL Od dez®fiyids@ dsts s gzjsdzd
MlstelzClskte’ HjtejoO

/'l vHOdj ddi kL O, MHjttyOhjets LOHOdMMDG 2 Bl jCiIs
template  <class T>
void typename BTree<T>::DeleteNode( const T& data)

BTreeNode<T> *toDelete = FindNode( data );
DeleteNode ( toDelete );

}

/'l vHOdzjdedj L OHOdzzsGts EZL dZO Hjte] o O
template  <class T>
void typename BTree<T>::DeleteNode( BTreeNode<T> *toDelete )

BTreeNode <T>* x,* y;// uvCOLOLjdd dO ELd' 9o ~ABHJ
/I My zMCasdej oosf ttOo ts

if (toDelete == NULL ) return

if (toDelete - >left == NULL || toDelete - >right == NULL )

{
/'l mtslw B' fHdts dL YBHHjjo! jo tlkMmlmlse kz
y = toDelete ;

else

/'l [ Mmls! BBO ftSHHjtejo® 0O
y = toDelete - >right;

while (y ->left!= NULL ) y = y->left ;
}

/'l [BtcOBOI" 90j &3 Mz y02, y'¢ tdedd CHs A @z [ s 1s s d3t
if (y ->left!l=NULL)x=y - >left;
else X = y->right ;

Il RMCdzt yoOj " 2dj dz" esHdlsj dz MEs2" yifsuykd
if ( x!= NULL ) x->parent = y->parent ;
if ( y->parent != NULL)
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{
if ('y == y->parent ->left ) y->parent ->left = x;
else y->parent - >right = x;

}
else root=x;

if (y!=toDelete)

toDelete - >data=y - >data;

}

delete vy;
}
ldlstendets LOBjIsdl: , vyt d fted EkHOdj dd
MstekSlskter B z0te BOEH By j8j o A tedo j Misd ¢

dzj MB OzOdzMdtets o Odadets Mis d .

{jOdkdL Oydy WekdSyd?2 Sodstsd ds?2 {§jyolkso
sMlsOodv j &5 ydlOlsjds o COyjmBej MOBsmissWIs] d

stcOffuldttcdz | Hjtjo! w COC ddzMmlistelz d3,
otsMMMmisOdztso dzj dzdwv B OdzOdz( te s 9 O dzdzts
Hitejo! jo
s O¢ B dzfs ZCOL Odzets 9 ftojH HEMN j o3 oL
B OdzOdzMd tets 0 O dzdzs M ls d Heotsd ydzise ts Hyted o0l 9 s
dzj sBRGHfHuEEE (L ©OMftsmlstOdy dzdz’ ° f§todj B0,
Yomls deudas@dzdtetse S d Hotsdydy 7 Hyjigids 'jj oH,j tovjeodzws, |
10L90dz] fesdmMatHdl ls khdss ds?2 OMSOMS d
Yye j d@ otcj 3w s jteOyd? ofMisOo C f sV sk HIO@K dzd W
dzOL " 9 Oj a3 | ftsotstetsisT HjtejoO®O Hdzw HisfMisdy j dad
CWWjiClsdoe dzsfls: Oz stedlsdBO COF o dOdokzuhjd
SYj dedo 0 lsfw ¢ dz&XiH) B)diNidydns 1985 f ks d

s tc O fuditds dzts | THitsjso s B dzOtedetsy dzOHJOE jhajty, S E
Mz HEs P ddsd Mets2Mmise O] :

C sSOYHMNY kLjdz -6 cO@idzdg dzdets o yJ tedz :
C [ dm: w &d 5B INiLozdzvdtr s 19  tels Z O dzr dz' j & L dz
wogdwehdjifmw COC B' (bR OoRd SCtdyjer n
dzOL " 9 O Is dzd Mls+ w dzd ) . [ 5 dagts NUELyd s Ols
ckCOLr 90 ke dpQ todizfshiglis NiFHE® SC tcOh j dz' o

Yd tedzr 2 yogjis.

Cuv CteOfmMziset® HisEB®RC O tBWL Olsjdz dats yj tedze §
EL dzO dzj BWLOIjd des CtcOfmde §| HsssdikSd) .

C10 ofMjrn ojlseawn Hjtjs O, oNHAAHFE)SI ¢t
ud mdzts yy tkde - siled zOS so s (4 sty jued®Rj dad §
o' MsbkioO).

C sstejdz? HjtejoO tsCtcOh jdz 8 yYjteder 2 yojls.
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e 2 }\ @ ke
7/,

O CteChyt § tadz

NIL NIL

NIL NIL  NIL

t d#H9.stcOfigcdesy Hjtjots M yjtedzs?2 or

ljtejudfdj dzder j] Mots2Mmso O cOwLOdsdelzs Is,
C Stedg Cdzjczdefifdsdzp f o B dsH dzd dzdzj | 2 B2 HEGEZES:
dzdmbhwdh. 9) . R &3 Magpe@id, HjEPHdE cO
dzd h ¢ Yyofmlsdydzze B O&zOdMdtetse Odzdets fiyls ! tsHd
Mz yOje d {ltsets HEMsOIssYds.

vlstelzS skt ® H Odzdz Rdzd M dzvk L @y jHEEsRRplas H j tc,
HEY sdzdzv j s j disHezdpes o t54zH fls Oo dryj diaf{wd Oyaf i Q) c
Ceom@pEdscts HjtjoO oCdf yOjls @ &fjjeRE fMmdzj +
delzy dzts o fMlsOadls! v Isdf O HOdzdz' 7, RtOde" " d

C [ftejHjdzj dad j NijlsAstaisdy. j o 5¢ s

C R&EJYJOdzdL Oydw Ctstede HJjtej o O.

1 OB Is d a3, Ylsts o998 jHJded Mlststetsy jor a |
otstsBh j CGso stew dzj sBWL Qlsj dz' dats, dzs Mk
Ocstdlsdd®YLd M {Idd o fdosHdds2 dadyJ
L dzOyJ dzd j NDELGsLsCsQ itz OH e j ) Misstetsy j o s s [z

[ disy dzE3 MtsHjtydls tftejH]dzj dzad] SdzOMmMMmC
Yyjtodetsets BddzOtcdesets HjtejoO. 1 twidgj dedw & 1
lOL HJ dzj .

[ dflsdidzd 3. s d&ZOMM Hdv o Hufij Hdpejadzadivj ) oG dats

template <class T>
class RBTree

{
public:
typedef enum { BLACK, RED } NodeColor;
Il Jftejnjdjddj] Mttty jotsets kL dO
[l (¥dSlsdoe dzse s yJ tedsts 6 5y jozg dptsdds § HejOuUndasO
#define NIL &sentinel

/I Red Black TREE NODE
template <class DATA>
struct RBTreeNode

{

RBTreeNode <DATA>* parent ; / / v C OL Olsj dz# 20 tetsH|]Is] dz! fr
[ kLjd
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RBTreeNode <DATA> * left /1

I dzj o SAWBHHJ to]

LEOL Olsj dz/ - CdEOte jlzoz! §

9 0

RBTreeNode <DATA> * right /'l vSOLOlsj dz' -SdEde jzdz' j
I OO0 BEWBHH J 6] 8 O
NodeColor color ; [/ / Kojls kL dzO
DATAdata; // [Bi jCIs HOdzdzr A, RtOdgvh drfy
RBTreeNode( const DATA& _data,
RBTreeNode<DATA>* _parent = NULL,
RBTreeNode<DATA>* _left = NIL,
RBTreeNode<DATA>* _right = NIL,
NodeColor _color = RED
)
{
data = _data;
parent = _parent;
left = _left;
right = _right;
color = _color;
}
h
private:
RBTreeNode<T> sentinel; /I wlstsesy jBLSRdz
RBTreeNode<T> *root; Il st dgj o] 9 O
public:
RBTree() : sentinel( 0, NULL, NIL, NIL, BLACK))
root = NIL;
}
/I 1 fls 09 € 1OdzO
RBTreeNode<T> *InsertNode( const T& data )
{
Il I M@0l d! d'j EZS¢0OL 0Olsj dzd:
RBTreeNode<T>* newltem ; / / dzO dzse ™ 2 1 dzj d3j dzls
RBTreeNode<T>* current ; / / dzO ftsBBLtj o O d3F 2 |
RBTreeNode<T>* parent ; / / dzO tsHdlj d MSd2 !
/] tBBLEKG]9 O] BSE 1 dzj
Il 1 tdme &BjMsO oMmMlsOe s d
current = root ;
parent = NULL;
while( current != NIL )
{
if( data == current - >data ) return current;
[l v0OSt2 kL j d
Il kyd 4 Mmls:!
parent = current ;
if( data < current - >data )
current = current ->left ;
else frurrent = current - >right ;
}

/I w51 HOddEsje s5d&E dzO

newltem = new RBTreeNode<T>( data,parent,NIL,NIL,RED );

/'l lTtedewLCO dtsetsetsolzL dzO ¢

Hyt6]

dz

o kL dzj

dzj 3§ dals
dzj 3§ dals
di3J dzls ©

H

H dz



if ( parent == NULL )
{
root = newltem ;

else

Il YywHift: datser 2 L dzj 3 dagls dzj woe dzw

if( newltem - >data < parent - >data )
parent - >left = newltem;

else parent - >right = newltem;

}

Il 1 smiisOdetse dzj dzdj B @dgBRPQ f tsMdzj
InsertFixup ~ ( newltem );
return newltem;

}

I Y g mSkzL dzO
RBTreeNode<T> *FindNode( const T& data )
{

RBTreeNode<T> *current = root;

for(;;)
{
if( current == NIL ) return NULL;

if( current - >data == data ) return current;

if (data < current - >data )
frurrent = current - >left;
else current = current ->right ;

}

/'l uvHOdjddj kZLd&ZO it LdOyjddt HOdd -
void DeleteNode( const T& data )

RBTreeNode<T> *toDelete = FindNode( data );
DeleteNode ( toDelete );

/I ' vHOdzjdedj kL dZzO fts Ontej Mz kL dzO
void DeleteNode( RBTreeNode<T> *toDelete )

i sfypw €

RBTreeNode<T>* x, * vy; /'l vSOLOIjdd dzO EZLd o =t

I My EMmCddej oosf tcOo ts
if( toDelete == NULL || toDelete == NIL ) return;

if( toDelete - >left == NIL || toDelete - >right == NIL )
{

/'l mtlsw Br tHdts L fSHHjtejo! jo
y = toDelete

else

/'l [ Mmls! tBO ftSHHJjtj o O
y = toDelete - >right;
while(y - >left = NIL ) y = y->left

}

/'l [BtOBOI" 90j &3 Mz yoO2, y'"S¢ 8cHO E kL

s Is ) Iz Is fi
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private

I & C6 §hddss

if (y->left != NIL)x=y - >left;

else X=y - >right;

I/ RMCdzt yoOj B" Edj dz" esHdIlsj dz ME 52" yd

X->parent = y- >parent ;

if ( y->parent != NULL)

{
if ( 'y == y->parent ->left ) y->parent ->left = x;
else y- >parent ->right = x;

}

else root = x;

if(y = toDelete )

{
toDelete ->data=y - >data;

}

if(y - >color == BLACK))

{
[l 1 smmisOdtse dzj dzdj B OdZOdMO {§ tsMmdzj
DeleteFixup ( X );

}

delete vy;

}

/ /' l sotstetsls HJ tcj o @ooti o Y wtDdejsdz sis dzts M Is j sz dg
void RotateRight( RBTreeNode<T> *x )

{
RBTreeNode<T>* y = x->left ;
/'l Atsted3dtekzi B3 dzj otsi YSHHjtj OB HAEW
x->left = y->right ;
ifty - >right!= NIL)y ->right ->parent=Xx;
if(y!'=NIL)y ->parent=x - >parent;
if(x - >parent!= NULL)
{
if(x == x - >parent - >right ) x - >parent - >right =y;
else X - >parent ->left=y;
}
else root =y;
Il "dowLT»@yd
y- >right = x;
if(x!= NIL ) x->parent =y,
}

/'l 1 totstetsls Hjt] o @ootf) oGfgtedz] dgls detsd Is j dr! dzts
void RotateLeft( RBTreeNode<T> *x )

{
RBTreeNode<T>* y = x->right ;

/'l Ansted3dtelzj &3 ftcOotsj HxSHH]jt] ot HAV
x->right = y->left ;

i sucd

ZHOdzj dad v

s kL dzO

L d&zO

ifty - >left!= NIL)y ->left ->parent=x;

if(y!'=NIL)y ->parent=x - >parent;

if(x - >parent!=NULL)

{
if( x == x - >parent - >left) x - >parent - >left=y;
else X - >parent - >right =y;




}

/1
void

}

else root =y;

II sowL"™ 9@©fdg

y- >left
if(x 1=

= X;

NIL ) x->parent =y,

Il smMmlsOdztso dzj dzedj B OZOdZMO ¢ 8Mdzj o MlsOo
InsertFixup (

RBTreeNode <T>* x )

/'l redc0Oj di3mw o dzQoipttc Gas&jOdzdlaj B EZH IS
/'l otfmlsOdetse dzj dzts Mo s2 Mlseats 3
while( x != root && x - >parent - >color == RED )
{
if ( x->parent == x->parent ->parent ->left )
{
/'l {BHdIsjdz o dzjotsds fSHH]jte]j o
/I slsdzsmdlsj dz' dzs HjHO
RBTreeNode <T>* uncle =
X->parent ->parent - >right;
if ( uncle ->color == RED)
{
Il 1jtjStOhdoOjdd tetsHdIsj dzv
Il yj teda 2
X- >parent ->color = uncle - >color = BLACK;
/1 ... O iHg HOMdz 2
X- >parent - >parent - >color = RED;
X=X ->parent ->parent; Il v miyjH
AV 8
}
else // [ wWiHwWJ tedg 2
{
if(x == x - >parent - >right)
{
X=X ->parent;
RotateLeft( x );
}
x- >parent - >color = BLACK;
X- >parent ->parent - >color = RED;
RotateRight( x - >parent - >parent);
}
}
else
{
/'l tsHdljd o fttOotsds YSHHJ )
/I slsdzsmdlsj dz' dzs HJjHO
Il (Ljtws0Ood dtsj tslstcOyjead s dzteg

RBTreeNode <T>* uncle =

X- >parent - >parent - >left;

if( uncle - >color == RED )
{
X- >parent - >color = uncle - >color = BLACK;
X- >parent ->parent - >color = RED;
X=X ->parent ->parent;
}
else
{
if(x == x - >parent - >left)
{

X=X ->parent;

Ed kL d
i

d HWH
e J

By HEN

123



124

RotateRight( x );
}
X->parent - >color = BLACK;
X- >parent - >parent - >color = RED;
RotateLeft( x - >parent - >parent);

}

root - >color = BLACK;
}

/1 1 tsMiflsOdztse dzj dzd § B @dz@diy @zd tf tsxfiy dz dz©O
void DeleteFixup ( RBTreeNode<T> *x )

while( x != root && x - >color == BLACK))
{

if(x ==x - >parent - >left)

{

/'l vHOdv j d&3r 2 T UAptdzj dzpls dzj o SG S
I f BHHJj 6] 8 O

RBTreeNode<T> *brother = x - >parent - >right;
if(  brother - >color ==RED)
{
brother - >color = BLACK;
X- >parent ->color = RED;
RotateLeft( x - >parent );
brother =x - >parent - >right;
}
if( brother - >left - >color == BLACK &&
brother ->right - >color == BLACK))
{
brother - >color = RED;
X = X- >parent;
}
else
{
if( brother - >right - >color == BLACK )
{
brother - >left - >color = BLACK;
brother - >color = RED;
RotateRight( brother );
brother =x - >parent - >right;
brother ->color=x - >parent ->color;
X- >parent - >color = BLACK;
brother - >right - >color = BLACK;
RotateLeft( x - >parent );
X = root;
}
}
else
{

/'] VHOdYj & 2 "idgRjdes ftcOo sets
/I fsHH]jte] 80

RBTreeNode<T> *brother = x - >parent - >left;
if( brother - >color == RED)
{

brother - >color = BLACK;
X- >parent - >color = RED;
RotateRight( x - >parent );




}

brother=x - >parent - >left;

}
if( brother - >right - >color == BLACK &&
brother ->left ->color==BLAC K)
{
brother - >color = RED;
X=X ->parent;
}
else
{
if( brother ->left - >color == BLACK))
{
brother - >right - >color = BLACK;
brother - >color = RED;
RotateLeft( brother );
brother = x - >parent - >left;
}
brother ->color=x - >parent ->color;
X->parent - >color = BLACK;
brother - >left - >color = BLACK;
RotateRight( x - >parent );
X = root;
}

}

x- >color = BLACK;

void DeleteNode( RBTreeNode<T> *&root,

RBTreeNode<T> *toDelete )

RBTreeNode<T>* x, * vy; I VS OL Ols gz@®HL dzb - SH
/I M EMCade] oasf Qo ts

if( toDelete == NULL || toDelete == NIL ) return;

if( toDelete - >left == NIL || toDelete - >right == NIL )
{
/] mtslsw BT tsHdts L tfldshzlgitplyelk jlo
y = toDelete ;
}
else
{
/'l [ Mmls! tBO §YtSHHjt]j o O
y = toDelete - >right;
while(y - >left!= NIL ) y = y->left ;

}

/'l [BttOBOI" 90j &3 Mdzzy02, y"¢ tdsed® CiHs k1L
/I sHddz §f SlssdBsE

if (y->left != NIL)x=y - >left;

else x=y ->right;

/'l RMCdzt yOj " 2 ) dz" EsHdIsj dzr ME 52" yid
X->parent = y->parent ;

if ( y->parent != NULL)
{
if ( 'y ==y->parent ->left ) y->parent ->left = x;
else y- >parent ->right = x;
}
else root = x;

o740]
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if(y != toDelete )
{

toDelete ->data=y ->data;

}

if(y - >color == BLACK))
{
/'l 1 smfisOdetso dzj dzdj B OdZOdZMO ¢ sfpdzj | ZH Odzj dzd v
DeleteFixup ( root , X );

}
delete vy;

}
Il Mo CPszlstEaPls dL Hobkrm (sdzi HEBOHEFHH dts o
1l jcor BOY Iss MisBMise j dzdes o9 MIsOsC O dzsosets kL dzO
slsdzd yo4 Ismw sls ofMMlsGe € d L dzO 9 sB " ydats §
dzi sBasHdBsMIs! 8 sCttOMEd kU @Yt mniits Ofliptzd 2zj dgd j Is
CtcOfMmdets dz" = Mots2Mise HJ tcjcesD fips, O diPdizinds<® IsOjdziiz tsdpds,
LOHOYE tjihojls MmfjythedEixag 2. &&jlstsH € zOMMO

vdfgts! tc O dsts Is tc odgze tistg OIS @ Py ld ® deO® dzd © O h
B OdzOdzM d te s 0 O-etsidis'c S wQfipdets ©. 1 sy My o Ml
oMisOodzj dzdz" 2 EZL jdz o SEPHIZYBMslis ] St j tptctstsdf
rjd g yjds ftetse jteCd, daj dzCBigkzO iphydstdns'tc ddrg f t
mMdlskzoOydse , CEHO tsHdlsjd MEd2 ELjdz CtwOfmdyr 2
tOmMmdslstej Is! MdzjHkzehdj HeO MAzzyow:

stcOMmdzr 2 c¢ctosHdlsjdz' e, 4Ctd@fdzr 21 clHI¥HId e f) dzktey
dzOtelzh j dzdw 3 M plsgd OB Oodls! v fHtesMmisr d3  j o St
fshdjrnizshdd Hody jddj &3ls® §hkd: yajkj d@®BHdls ]
B da¥ j sw  dzO YJ BdzO2 ¢ tc.Q ifun) Hls) JipHH @ tso ststew j Isw
HJHJOand3tsd3 Codzyy Cttejdz tsCtcOhdoOjIsmy o yJ oo
CtcOMmMdzr &3, ko jddyde Ojlsmw yjtedzOWw or MslsO Hjtej o

dfy. 10. I Ms0eC0O ¢cUL@PMHGIR 2tetsH dlsj d
W pHWwea

dz' ctesHdlsj dv e, (4mgligdy.?2 IcHWissd fdt
esoC 0 fBHHjjo' jo fsdmisHdl kOC
6, jMdd ofMsOod™ jdr 2 kL jdz Weodwjlsfw

t
H
s O
Cstetej CIs
1 O0f ted d3d
sts yYojls tsHdlsj dv d&j dv jbde® &8 OMdetc2z 2 O ug
ciscostcOyg oDfits@o s lsdesMdIlsj dz' dzts teGls@dsy jdzv o )
te d 12).
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tdM. 13. JtOh jddj WttOedj dzsO Hjtejo O od
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letsfls’ B3d3detc chds Mmak m@der § tod j dsdzj 3" o3 ) Ists Yy
LOtOl) Mismsetsd ftjHMiSOo dzj dzd¥ CLOW O wWeo dwj
Hiz" SEecoOW¥ o). lddkjte dMisd LseOddy EOMMds (
dzdyj tjOdzdL Oydw Odetstdls®kO fsdmMSO CttOlsyo2h j

10 ®df. ftedojHj kO HJOCHLORBKRO dzj SBhtisers
CEOWO d MmMysfmss jet LOHOdY o Wstdj 0Ofdf
sy sMisOo dzj ded™ ted MAUCEE 5B j it BOMMPdzEp o 6" d dzf
ddzj dgkzs sfqw , dzOyd.dzovw Mmts L dzOyj ded v

1-
G=(V,E)
&
/@/ V={0,1,23 4}
3 E={(0,1), (0,2), (1,3), (1,4), (2,3), (24}
) p=5, 4=6

o

=

.1, uwftsfsB’ LOHOd"Y cttOW O
fdsj 3 detsfylsd g  ddeydHj delsdatsflsd  HC

fdzj Hizs h 9dH:
[0 1 1 0 0] (110 0 0 O]
1 0011 101100
AdjMat=l1 0 0 1 1|IncMat={0 1 0 0 1 1
01100 001001
1011 0 0] 0 00110
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521 sdMmM¢ CteOlyoG2h jets fkisd dzO

1 OHOYyk fsdMEO CttOlyo2hjcets fkksd ttoOfmfm

stectcO¥ O, LOHOREEOSHEG 9 dHE WiPEdsy dd3, yls

TOEOCkjtedLijlsmy bddCOd d &8 ddzHj S (H

SHdSotej dizd dzdes BBsy jIs or Misky Ols! o totsdzd d dzl
zdets Mo jHjdedw t o jteh ddaj) .

glstczCIszter H Odzdz" -
O cwOW O { o wddsdo dijdigon ¥ " jeds ¢fls iz C Is

struct Arc

{

int from ; /'] RdzH j C M
int to ; / HJ ¢
double weight ; // 1 jfqp HEG

h

rdzv fjHumlsOodzj dedv dda¥ stedsOydd 5 fkisd

ROMMde fistsl Cdstiz teo dpelt) 1H 28

struct  Way,

{
bool exist Il VltedL OS¢ Mmikh j f)lkeets,o Ojdigdrd | ZIsd |
imist)
double sumWeight; // wEZd@®30tds 2 ojf (MstsdBshls fklsd
int refPrev /'l RdAdHjS) fteiH" HEMjEeB kL O, yjt
/'l ftesatsHdls ks

h
rdzv ftejHMmisOodzj dzgdw ctwwOW O d Mo jHJ ded 2
sftejHjddd MdazjHks ks MstkzCkkzilk.

struct  Graph
{

int numNodes;// vy d fdesj teh d dz
int  numArcs ; /'l ydmdzts HEGE
Arc *arcs ; /'] vSCOLOI]d dO dOYyods BOMMdes O HE

/] ¢H i totsets 1 dzj B dels O KBOMMde P M dd
/1 5 di3d dzd 3O dz' dets dtartf EHstsfinigh Is

I pMinWay[ i ] ~RteOdedls Mo jHjddw © fEkilsd
I Bq dzd BOdz dzs? fi)lottadss s d L

Way * pMinWay;

{jOkdLOydY OdcstdlsEO

10 thdaspyjdeelzr 7 sqfse HOdzdz 7 8 OMM

Odze stedls BO, f toj H @Efjsdedst®c s oS .6 S s d o dats 2

Odkcstod B EOC Miste’r dzjydls Mdzj HEzshOw dujw. I
o jtoh dtaEH & dzj C ©ls s to Bahsitez® Th §f deq G)R)E.
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step;

~ “w(step, finish)
~ _ finish

— —w(stepy,fiish)— — @

/s

transit

e
W(StepPnumstep finish)
~

-
—

Stepnumstep

‘ FindWay ‘ ‘ ForStep ‘ ‘ FindWay ‘
tdB. 2. (OMStersdj ojtehdd o mAtsHj fidMm
CteOLyYy®2h jets fkisqd

{ Ommdsisted d dds Siaps psteph, i eflaunStek,

i dr = f) tegsie" ddesPUNGte T yd ks Mdidd 5 o jth
{uiodudes, 1yt StOlsiydauanditn fizlo'j cinhze j o
fesrsHdl uj BIER,, .0 jHede] dizs s stes?2 HEMisde Oj Ismw

mMin ;. numsigp(W(transit, step) + sumW(step, finish)),

¢ n jw(transit,step) i o j f) W k¢ d tramg of HSEER, 0]
sumW(step, finish) i e j ) dsd dzd 5O a2 datst@y difiish o . s X H k2

vOCdd3 tBOL 5d3, j Muafsity s o jHifds j edg, to "deOyf dzlz y
f s finisks orBdtOjIsfqw flsjds tiSbkteimde dzr - 9
@ZORBYHjddY CtOlyo22h jets fziedj ah (BiIRREEO Mssise
] dZOuMsitj o OHOj s dtarte | o dreiasRdls 3 syl OdzOo dzd -
C sctraBit Mo f OHiNBH Is.

ssdzhistezClsdo dzts Odctstedlsdd sy des toj Ocdzd L 59 C
j Sktemdo dr 7 Wk OdVERd " fliz @y yo02h d2 gk dL
(fetsdjy zlstsydzstinsit o fish dodg tefinighdz’, tshizh j Mlse dzv j Is
fjtcjBtstc o jteh dddransifeow L @dzda'ra " ) O jFerSteh z dzC y d
AlzdzC BafStep ftotso jtow jIs, daj BT dz dzd tcOde " j tsB dzOtGl
YdtejL or BtoOdzdaizjstch ifdiglzy delzdf o' ydMmdzw jIs dztseozs
or LT bir@Way Hdzw tyj dzSd fEklsd fsls HOdidb?2 . Md3j X dats 2
t jOdzdL Oydes 1Ilsda WhkdS ydsal. d dzdzs lstedtelzjls dzd Mls g

] HOdgdetsd3 tcOL HJjdzi & wWOMMudls o 0j 3 O Ists
CtleOW O Ctdlte] IsdeddzdeJ L ge®y §f dzdsw ®Baflzd §j thresdzw Isd H dzw
dpMinWay dzj MmtsfmisOoadls IstcHO Hdd&W MmlskHjdlsO, ddjs
fosyjHEtodzce s flocctcOBBdiess Oddy, i iz H O
ftojHfsdzsy jdedd, Ut oMW HsHetksedlj d dzOW t0O
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[ dfmlsddd. I 5dMe CtOlyo2hjets fEkisd
Odzdstodlsds 1 j2S Mister )

9 Gto

}
/

}

void Findway ( Graph &, int ,int Y; /1l ltejHoOtdlsj dz detsj

Il 706 {sixM&zeS o jteh ddzj, Mmd3j y dets? tremsite j t6h d daty
void ForStep( Graph& g, int ixArc )
{

void FindWay( Graph& g,

int transit = g.arcs[ ixArc ].from; /I v teOdzL d lsedgOwh d dzO
intstep = g.arcs[ ixArc ].to; /I o d3d ) d®Jteh d dzO

[ 1T ydfmdzw j &3 deser 2 Mz d©3d30 te dz' transip j fg stdpls d
double newSumWeight = g.pMinWay][ transit ].sumWeight +
g.arcs[ ixArc ].weight;
if( 'g.pMinWay][ step ].exist )
{

/'] €O ojthddd ttOMCt' sO of jteo' j
g. pMinWay[ step ]. exist = true ;

g.pMinWay][ step ].sumWeight = newSumWeight;

g.pMinWay][ step ].refP rev = transit;
Findway ( g, step , finish );
}
else
{
I €@ jteh quaDdz " nlstej YO dzO !
if( g.pMinWay[ step ].sumWeight > newSumWeight )
{
/Il 1ter2 fkls' Cotesyd
g.pMinWay[ step ].sumWeight = newSumWeight;
g.pMinWay[ step].refPrev = transit;
FindWway ( g, step , finish );
}
/'l YHiMm: fejydd? fEkls! deyhj, bt jMl
/'l dzgj yiets, ol dedsttdtekz i3 { stls
}

I 1 68dMS SwOlyO2h jransit § t&isenists s

int transit,
int finish

)

if( transit == finish ) return;

/'] 10asHdd HEed, didhsEuvddy dt
Il 9" ftsdzdegv j 5 PO 5 COYHB2 dzZO2Hj dzdzs? H
for(int iXArc=0; ixArc < g.numaArcs; ixArc++)

/'l t OMmMdBBOltede O &3 Mdzz yO2? ©etOW¥ O, {§ 54
/] btsd Cts dfatsHwhkzs o jtehddz HEed
if ( g.arcs [ ixArc ]. from == transit)
ForStep ( g, ixArc );
return

ol isd 42 el

SBI W o

2

ui et

H Odz
0¢

Eaj

s &5 B3z

[sdjlsqdds, ulss. d» fGhbgEzEdg o Od Odzs
Llssds MmdzzyOj FindWay I dzCh@fifind o j HEZE §shdOlsts
dMosHwh dj o) tehsdsdl . W LS dH sfls Ols &y dzts

Is ts dz!

¢t ddzHj S HEed (ddrjChr ojthd
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Lodzj oz dzls © zZOMMmdoe O Hizg) . [
dzj sted j delsdtetso Odede' = G teOW s, Is
ded X § dL d3j dzj dad v .

A Iz dzS ydrtep dzkz ¥ datsj HYQjlS dzj Ssdzt €5 ddeH § €
ddzn j $fr o jtehddz o wWodesds adHj, dzOff tedd3j te:

[ pdv dstedj disdetseo Odzdzsets Gt OW O
void ForStep ( Graph& g,

fn dzd stcjBlzjIlsfmw
s o tjOdzdL Oyds

int ixArc ,
int transit ,// Istc OdzL d lsedgOwh d dzO
int step Il md3j >y dzOvw 9o jteh d dzO

{r~.."}
I ydferadf  dzC HiddVay mMazj Hiz j s ftetse jtewils! dzgj Istd
from, dets d te: teh d dzkz

/1 15dMS CtOky02 " jtarsit § Eisfnistsls o o j whdd

/] Hdv dzj stedj desdtetseo Odzdztsets Gt OW O
void FindWay ( Graph& g,

int transit,
int finish
)
{
if( transit == finish ) return;
/'l 10RHdd t6jBtKO, ddydHgadsBdz § o j teh ddzj
/'l o fsdzdew j &3 N Oc 5 COYHBRE dZO2Hj dedesBlz| t6j B lz
for(int ixArc=0; iXArc < g.numArcs; iXArc++ )
if ( g.arcs [ ixArc ]. from == transit)
ForStep ( g, ixArc, from, to ;
elseif( g .arcs [ ixArc ]. to == transit)
ForStep ( g, ixArc,to, from );
}
return ;  // 1 wsdz "] fEklsj2 dzjls
}

[ &2 L Of i SrodWay & g j Is § pMeveys so d Is

/1 1tdMS CtOlsyO2h jgesmrt § e lsd. firssk
void FindBestWay( Graph& g, int start, int finish )

{

for( ix ixNode=0; ixNode <g.numNodes; ixNode++ )
g.pMinWay[ ixNode ].exist = false;

g.pMinWay[ start ].exist = true
g.pMinWay[ start ].sumWeight = 0.0;
g.pMinWay[ start ].refPrev = -1;
Findway ( g, start , finish );

}

[ dzw 9T otsHO dMSBdBsets Hkisd HisMIs Ols 5y dzts
BOMMdMiVay © 1 stew 1 € jrefPigh)’ s ¢ o j tefinighdz H s
9 jteh ddzr , W' CHeREE Q0 offiz0 dzOf tod A3 to:
void PrintBestWay( FILE *output,

const Graph& g,
int start
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int  finish
)
fprintf  ( output , "1 tdMS fkilsd isd B ted Jud d\@", %

start,
finish );

if( 'g.pMinWay][ finish ].exist )

fprintf  ( output , " RMEtREets fklsd din"fkh jMisglzjls
return ;
}
fprintf  ( output , "steOlkyo2h d2 fkis! ledudj ils ojify |%
g. pMinWay[ finish ]. sumWeight );
fprintf  ( output , "1 Ekls! ftesatsHdls yYjtejL fMdzi HEEMdj o]

int  wayNode = finish
while ( wayNode = -1)

fprintf ( output , "%d ", wayNode);
wayNode = g.pMinWay[ wayNode ].refPrev;
}

fprintf ( output , "\n"

[bdBjIsdds, yYbt Hdv 1 CBdsddd Msjto ft
f OtcO®Rj stetso t6j Cktefpd o dzr 7 Wkd€ yd? H s dzy d
B3q dzd B3O dz! dz 3.
[ Gtz oLo M j deltsers tStastath O | Cffiyfo Hizs
from to weight
start finish 0 1 2 20
1| 1 0 5
21 0 2 10
3 2 3 4
41 2 4 8
5| 3 1 10
6 3 4 5
7] 3 5 14
Starti oG dBY ojtd qABHAY fii§O 8l 4 | 6 | 10
finish | Sdj L ot dd °1 3 | 6 | 12
10| 6 5 1

{53 [ EcOl Ho" Jdd Mseoydd ©O0B sl
fs5dMSCO CwOyO2h jets fkisd
fn

10 rodztsydats 2 g gty jdats) ddgas@s dats 3 st § fd
fdte d3j dedzlz Hdzw ftoj Hfls Oo dzj dz([jv © & "ciX@F), dzO [z
{ HA&OC s ftcd LlIssds Std®RfdgCls W Iz dz§ y a2y B Iz
SHdSo o] d3j dedzs? ©BELOBISSI GHdSES CKLOW 0.
MEdydwded CtsdeStejlsdzts?2 L OH OY(d.

O dzOdzdL OB BIST Odze sted Is d30

JejHi Bzt dd3, Yyt LOHOdz SBBtOW, dL GBI
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1 Oyodz dztsj Mtsiylspdiniey i dg@fisiyg énd® Jj s d L d3j dzj
TtcH | BtsiSEE COW O Jdi# Mstedkzjls todf.

1 Oz disj fisfs Vdefj dgChfifo@ pMainWay
ddajShizdd 0 1 2 3 4 5 6
exist | false | true | false | false | false | false | false | 3 [pnp o2 fids

sumWeight 0 —> 1 tdzadfj A
refPrev -1 <— [ BteOdlz j
fifiy dfd
u t=fifs wvdgw dififfoO pMinWay {IsStg Ist j flAsd
0 1 2 3 4 5 6
false | true | true | true | true | true | true o e e
0 | 20 | 24 | 29 | 40 | 39 @
-1 1 2 3 6 4 e e @

W T it 12540s

false | true | true | true | true | true | true

1y 3-5 din § flds] 3-4-6-5

false | true | true | true | true | true | true
0 | 20 | 24 | 20 | 37 | 36 © /I\ ;.

w 1&@365@41&@[35

O—EB—06
false | true | true | true | true | true | true @ 4\
0 20 24 28 37 36
@<0—©

- 1y 2-4dinf j flis] 2-3-4, dis
W ¥t 2465 63 il J 0%

=ty ldsas 2-3-6-5

true | true | true | true | true | true | true
5 0 15 19 28 32 31

W Vs 1-0-2 din j fids] 1-2,
dfftsds 2 s : 1-0-2-3-6-5
tdfB. 4. Rdzdz®e MisteOydv ERWEIST Odetstedls RO

10BjIsdd3, vyt o ®eBhjdg MzEyO] cOLOdidsdtstl

CeOlyO2h j start fHtdngh sl TslsY o ASH) ©OBGIT Odg
Brls! tOfSdef Sstslstster j Hiked) CwOsy02hdj fkisd.

53.1 sdMS d3d ded BOdz! detse s flstse dzs G ts

1 OdBdjj fosmisr & Hdw qL kyj dzd v O dzg s

B dzd EOdz! dzsEts Ghsse O EwLOWO, wodW,jlkmw, fy 0O
Odzcstedlsds WodW jlsmw {tojHilsOs d®greds ihq dsEo dz0s
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