Pa6ora na 9BM u nporpamMmmupoBaHue, MexmaT, 2 Kypc 2 MOTOK

Tema 2. CTpyKTypbl JaHHbIX. HemmpepbIBHBIE CXeMBI Xpa-
HEHUS.

JlaHHbIe, ¢ KOTOPBIMH MPUXOJIUTCS PadOTATh, 9acTO OBIBAIOT OIPeIeIeHHBIM 00Pa30M opra-
HU30BAHbI ¥ CTPYKTYPUPOBAHBL. DTO O3HAYAET, YTO CYIIECTBYET ONPE/ICTCHHAs TUCITUILITHA
UCIIOJB30BaHUS U JIOCTYIIA K 3TUM JIaHHbIM. K HacTOsdAIeMy BpeMeHH CJI0KUJI0CH HECKOJIb-
KO OCHOBHBIX CXeM TIPEJICTaBJIeHAS JJAHHBIX, KOTOPBIE OTPAKaIOT 3TY CTPYKTYPY 1 IIPABUJIA
HUCIIOJIb30BAHULA.

[Togobmubie cxeMbl pelraloT 3a4a491d XpaHeHUusd JJAHHBIX B YCJIOBSAX HOSIBJICHUS WJIH yIa-
JIeHUS 3TUX NAHHBIX U TMOJJACPXKUBAIOT OIpelleJIeHHbIe IPAaBUIa JOCTYHA K 3TUM JAHHBIM.

Kaxkiag cxema B uTore peajusyercs Kak HEKOTOPbIA OOBbEKT, KOTOPbIH XpPaHUT JaH-
Hble W TOJJIEPKUBAET TPeOdyeMyIo JUCIUILINHY JIOCTYIA K 3TUM JaHubiM. MHOrna rakue
00BEKTHl HA3BIBAIOT KOHTeliHepamu. /lajee Mbl mpejioaraeM, 4TO 3JEMEHTHl 3aHHBIX, €
KOTOPBIMHU HaM HaJI0 PabOTaTh, ABJSIOTCS OJHOPOJIHBIMHA 110 THILY, B YaCTHOCTH, HE MEHH-
10T CBO¥ pa3mep B mporecce paboTsl. Hampumep, 910 9ucjia OnpeeleHHOro Tuna (mesibie,
BeIeCTBEHHbIE ).

Takum obpa3zoM, KOHTEHHED JIOJIKEH pean30BaTh 4 Kareropuu JeidcTBU B COOTBET-
CTBHH ¢ TpedyemMoil AUCIHUILITTHON:

1. co3ganue U yHUUTOKEHUE KOHTEHHepa
2. JjiobaBiieHHMe W yaJeHue JIaHHBIX B KOHTeHHep
3. JIOCTYT K 3JeMeHTaM, XPaHdIUMCS B KOHTelTHepe
4. ompoc cOCTOSHUI KOHTelHepa
Kpowme 3T0oro on jgomzKen odbecnednThb

5. PeaKuIO Ha IIONBITKHW HEKOPPEKTHOT'O UCIIOJIbL30BaHUA

JInHaMu4iecKnii MaccuB

[Ipocreiimmuii BaApraHT KOHTeHHEPa - 3TO MACCHUB.
C 00bIYHBIM MACCUBOM (DUKCUPOBAHHOMN JJIMHBI BCE MPOCTO, U JIETKO:

1. malloc/free wau new/delete
He peaan3yercd
IPAMO#R JAOCTYI 110 UHJACKCY

He Tpedyercs

DA B

KOHTPOJIb BbBIXOJa HHJICKCa 3a I'PAaHUIIBI MaCCHUBa

Bonee maTepecen mpumep, KOria MacCHB MOXKeT U3MEHSATDh CBOU pa3Mep, T.e. Mbl IMeeM
PaBoO J00ABIATh U YIAAJATH SJIEMEHTHI.

Takoit MaccuB B KaxK/Iblii MOMEHT BPeMeHH UMeeT OIpeIeIeHHBIN pa3Mep, MOITOMY IITI.
1, 3, 5 ocratorcs Te ke, a Bor 1il. 2 u 4 1pedytor pazpadborku. T.e. HaM HAJIO OlPeIETUTHCSH
KaK TPaKTOBATHh BO3MOYKHOCTD JIOOABJICHUS U YAAJCHUS JIEMEHTOB.
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1. maccuB co3maeTca Ha HEKOTOPBIN 3adaHHBIN HadaJIbHBIN pa3Mep

2. MOKHO ,ZLO6aBIIHTb B KOHeEII UJIM BCTaBJIATL B CepeaAnHy MOXKHO yAAJIATh 110 HHACKCY
nJjm 0Tpe3aThb XBOCT

3. IpAMO#l AOCTYI IO UHJIEKCY
4. y3HATH TEKYIILYIO JIUHY (MU TPOBEPUTH UHJIEKC HA KOPPEKTHOCTD)

5. BBI3BIBATH UCKJIIOYCHNE IIpHu BBIXOJE MHACKCA 3a I'PAHUILY

Temepn 310 HaATO TEpeBecTn B (bopMaJIbHOE OTpe/iesieHne Kiacca. Ho Hamo onpeaeanTb-
cs ¢ TUIIOM JAHHBIX dJeMEHTa MaccuBa. Ec/M MBI XOTHM JIe/IaTh YHUBEPCAJIBHYIO “OnOIHO-
TeUHy0” peau3aluio, TO He MOYKEM OPHEHTHPOBATHCS HA KAKOH-TuO0 KOHKDEHBIH THII,
MOCKOJIBKY HAM MOTYT MOTPeOOBATHCS MACCUBBI PA3HbIX THIOB. [loaTomy cpasy Oyaem pac-
CMaTpHUBaTh peau3aluio ¢ moMonido mabsionos template

Eme oaun acrexkT — peakmus Ha HEKOPpPEeKTHbie curTyaruu. OnAuH W3 BaAPHAHTOB —
¢/leJIaTh HEKOTOPBI OOIMuil KJtace MCKJII0YEHNsI, KOTOPHIA OyaeT B cebe COXpaHSITH U Tie-
pesaBaTh JIOMOJTHUTEIHHYI0 HHMOPMAIUIO O Mpou3omieimeM oTkase. Toria, BrIOpachiBas
U TI0TOM ME€PEXBATHIBASA 9TO UCKIIOYCHUE, MBI TOJIYy9aeM BO3MOKHOCTD BBISICHUTH B KaKOM
CUTYAIlIU BO3HUK OTKa3 U Oojiee 3pPeKTUBHO UCHPABIATH COIMYTCBYIOIINE OMIHOKH.

JList omrpeiesIeHHOCTH HATHEM Cpal3y € 3TOro Kjacca-uckjodenus. [lo cytu sror kiace
[POCTO XPAHUT YCJOBHBIM KOJ BO3HHUKINNEH MCKIIOYUTEIbHON CUTYAIIMU U Halle nHdopMa-
INOHHOE COODIIEHNE IO ITOMY TTOBOLY

// atin MyException.h

#pragma once // Ona ONHOKPATHOTO BKJNYEHUWS 3TOTO0 daitna
#include <cstring> // mna oyHKuuR dopMupoBaHUs C-CTpPOK

enum ErrorCode // CIHCOK YCJOBHEX KOIOB OTKAa30B

{

EC_RANGE = -3,
EC_MEMORY = -2,
EC_UNKNQWN = -1,
EC_OK = 0

};

class MyException
{
char message[256];
ErrorCode code;
public:
MyException(ErrorCode c, const char *msg) {
code = c;
strncpy (message, msg, 255);
}
const char * Message() const { return message; }
ErrorCode Code() const { return code; }
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B peanbHoil mpakTuke Mmojo0HbIe KJIACCHI MOIYT IOJAYYaTb U COXPAaHATh YKa3aHue Ha
MecTo B KoJie (pailsn, HoMep CTPOKH), Tle BOSHUK OTKA3 M TaKkKe UMEeTh CHOCOOHOCTH 6O-
Jlee pa3BepHYTOro (pOPMUPOBAHUA CTPOKH COOOINEHHUsI ¢ BKJIIOUEHHEM Pa3HbIX 3HAYCHUH
IEepeMEeHHbIX, UMCIOIIUX OTHOIIIEeHUue K TeKymeﬁ CuTyalnuu.

3amauku A9 3HATOKOB. Kak j100uThed cienyionieil (PyHKIMOHAJIBLHOCTH OT KJIacca
MyException?

1. Hy:xHO nMeTh BO3MOXKHOCTD IIPH BBI30BE KOHCTPYKTOPA cpa3y (popMUPOBATHL HHGOP-
MAaIHOHHOE COODIIEeHNe ¢ BKIKUEHHEM 3HAYeHUH HEKOTOPOro (IMEePeMEeHHOT0) KOJIHIecTBa
napameTpoB. Hanpumep, o anasorun ¢ dpyukiueit printf wim seiBogom B motox std::cout

MyException(EC_MEMORY, "ommbxa mamsaTu size=)u maxsize=ju\n", size, maxsize);
UIIHA
MyException(EC_MEMORY, "ommbka mamaru size=", size, " maxsize=", maxsize, std

2. llpu BBINOJIHEHHH II.1 HY2KHO 00ECIeYUTh “0e30HacCHOCTL , T.e. He JOIYCTUTH Iepe-
IOJTHEHHST CTPOK MSE M JIIOOBIX IPYTHX.

Jlas moceyomnieil pesu3anun BBeIeM OTAEIbHYIO YIPOIEHHYIO (DyHKINI0 (POpMuPO-
BaHUs Takoi cTpoku — ArrangeMessage

Temeps mepeiiiem K 0OBSIBICHUIO U PeaU3aINN MAaCCUBA, HA3BEM ITOT Kjacc Array

// daiin Array.h
#pragma once
#include <cstdio>
#include <new>

#define CHECK_IND // 3To 4T06H BKINLYATh ¥ BHKIOYATH IPOBEPKY HHIEKCOB

template <class T>
class Array

{

private:
T * value; // OOHYHHI MacCHUB 3Ha4YeHWU
size_t size; // Teryumit pasMep

size_t maxsize; // MakCHManbHO LOCTYNHHN pasMep
const char * ArrangeMessage(const char * text, size_t s, size_t ms);
bool TestInd(size_t i) const { return i < size; }

public:
Array(size_t s = 0) : value(nullptr) { SetSize(s, s); }
Array(size_t s, size_t ms) : value(nullptr) { SetSize(s, ms); };
Array(const Array<T> & other);
“Array () { delete [] value; 7}

void SetSize(size_t s, size_t ms); // u3MeHUTb pasMep MaccuBa

void Add(const T &x);
void Insert(size_t i, const T &x);

::endl);
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void Remove(size_t i);

T & operator[] (size_t i); // lvalue
const T & operator[](size_t i) const; // rvalue;

size_t Size() <const {return size;}
size_t MaxSize() const {return maxsize;}

};

Tak kax peajmzalusi TOxKe siBjsieTcsl MabJIOHOM, TO OHA JIOJIZKHA ObITh BHU/HA Be3/Ie
r7le MOZKET UCI0/Ib30BaThCs. [[03TOMYy MBI €e momermaeM B TOT ke (aitn Array.h

// ®aiin Array.h, HpomoiXeHue

template <class T>
void Array<T>::SetSize(size_t s, size_t ms)

{
if (s > ms) {
throw new MyException(EC_RANGE,
ArrangeMessage("SetSize: size > maxsize ", s, ms));
}
if (value) { delete [] value; } // npuMuTUBHAA JOTMKA U3MEHEHHS pa3Mepa
// BCe CTapoe YHHYTOXaeTCH
try {
value = new T[ms];
maxsize = ms;
size = s;
} catch (std::bad_alloc e) {
throw new MyException(EC_MEMORY,
ArrangeMessage("SetSize: allocation error: size, maxsize", s, ms));
}
}
// KOHCTPYKTOpP KOIMPOBAHUSA --- KONUPYyeT BCE DJIEMEHTH MaCCHBA

template <class T>
Array<T>::Array(const Array<T> & other)

{
value = nullptr;
SetSize(other.size, other.maxsize);
for (size_t i = 0; i < size; ++i) {
valuel[i] = otherl[il];
}
}

// ona mobaBieHWs HALO MHOTLA YBEJIWYMBATH MACCUB
// cHadana ynBamBaeM [IJIMHY, a IIOCJIe OIPENeJIeHOrO
// Tpemena ee yBemMYMBAEeM HA 33JAHHYD KOHCTAHTY
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#define DBL_LENGTH_MAX 4096 // »To Tak, C IIOTOJKa B3ATO

template <class T>
void Array<T>::Add(const T &x)
{
try {
if (size == maxsize) {
maxsize = (maxsize < DBL_LENGTH_MAX) ? 2*maxsize : maxsize + DBL_LENGTH_MAX;
T * new_value = new T[maxsize];
for (size_t i = 0; i < size; ++1i) { new_valueli] = valuelil; }
delete [] value;
value = new_value;
}
value[size++] = x;
} catch (std::bad_alloc e) {
throw new MyException(EC_MEMORY,
ArrangeMessage("Add: allocation error: size, maxsize", size, maxsize));
}
}

template <class T>
void Array<T>::Remove(size_t 1)
{
#ifdef CHECK_IND
if (!TestInd(i)) {
throw new MyException(EC_RANGE,

ArrangeMessage ("Remove: bad index: ind, size ", i, size));
+
#endif
for ( ; i < size - 1; i++) valueli] = valuel[i+1]; // He Bcerpma myummii BapuasT
--gize;

}

template <class T>
void Array<T>::Insert(size_t i, const T & x)

{
IpoBepKa HMHAEKCA HAa NONAJaHWe B TPAHUIN MAaCCHBA
try 6J0K Ha BHAEJIEHHE NAMATH
IIpOBepKa AOCTATOYHO JIM pa3Mepa maxsize Iyd pacldpeHus MacCuBa
€CJIM IIaMSITH HeNOCTAaTOYHO, TO BHIENUTH HOBHN MaCCUB
U IIepeMeCTHTb B HETO 3JIeMEeHTH C mHpiecamu oT 0 mo i-1
COBUHYTH XBOCT MaccuBa OT 1 mo size-1 Ha oOHY NO3UIUN IIPaBoO
valuel[i] = x;
}

template <class T>
T & Array<T>::operator[](size_t i)
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{
#ifdef CHECK_IND

if (!'TestInd(i)) {

throw new MyException(EC_RANGE,
ArrangeMessage("[]: bad index: ind, size ", i, size));

}
#endif

return valuel[i];

}

template <class T>
const T & Array<T>::operator[](size_t i) const
{
#ifdef CHECK_IND

if (1TestInd(i)) {

throw new MyException(EC_RANGE,
ArrangeMessage("[] const: bad index: ind, size ", i, size));

}
#endif

return valuel[i];

3

[Tpumep ucnob30BaHUsd U HEKOTOPbLIE TECTHI CM. B (hailie array.zip.

3akIr0InTe/IbHBIE KOMMEHTAPHH.

Bxiodenune wim OTKJIIOYEHHE KOHTPOJIS WHJIEKCA 37eCh WJIET Ha, dTarne KOMITUISIUN
(MoK HO 3aKOMMeHTHPOBATH define). MOKHO 9T0 ¢IeJaTh BHY TPEHHUM TAPAMETPOM KJIacca
U BKJIOYAThH/BBIKJIIOYATH TIPSMO B KOJIE B JIIOOBIX BAPHAHTAX.

MoKHO coKpamaTh MacCUB NMpH yaajdeHun daeMeHTa. MoxKHO cienaTh u3MeHeHne pas-
MEepOB ¢ KONMMUPOBAHUEM CTApPbIX 3HAYEHHUH 3/1€MEeHTOB (0 KAKUM IIPaBHIaM? ).

MozkHO HaBEIMBATDH JAOMOJHUTETbHBIE METO/IbI — IMOUCK, COPTUPOBKY, pa3HbIe Ipeodpa-
30BaHus 1 T.11. Ho Jrydriie 510 ¢iearh ¢ OMOIIBIO OTAEIbHBIX (DY KECTBEHHBIX ) (DYHKITHIA,
peOCTaBUB UM HENOCPeJCTBeHHBINH MocTyn K MaccuBy value. Hampumep, MOXKHO BBecTH
B KJIACC (DYHKIIHIO

const T * Data() const { return values; }

umu (C OCTOPOXHOCTHB!)

T * Data() { return values; }

nimnm

friend void Sort(Array<T> & a, int (*cmp) (const T&, const T&) = nullptr);

rjie 3Ta QYHKIUS TOJdydaeT HeMOCPeICTBEHHBIH T0CTy K private value [ist copTHPOBKHI
1O 33JIaHHON (DYHKIIMH CDABHEHMSI SJIEMEHTOB, JIKOO [0 UX oleparopy < (ec/iu He 3aJlaHa)
(B C-++ MOZXKHO 3TO C/Ie/1aTh U MO-JAPYTOMY, HO 00 9TOM He ceiidac )



