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C++ Jlexkmus 14.10.16

1. JIekimusa 14.10.16

1.1. CrapnapTHasa 6mubJioTeka

Paccmorpum mHTEpECHYO (DYHKIAIO.

1 || char *pend;

2||int i = strtol(s, &pend, 10); // string to long, 10 - base, &pend - ykasameas, zde
3AKOHHUUNOCEL YCNEUHO

3“if (pend == s) // Ecau npeobpasogarus He CAYLUAOCH

[Touemy ykazaresnb nepemaércs Tak crpanno?! T.e. mepemaércs ero amapec.

1 void get_odd(int *a, size_t s, int **b, size_t * new_size) {
2 // Ocmopoxro, kod moxem bbime Hanymar std::sort
3 int count = 0;

4 for (i=0;i<s;i++) {

5 if(alil%2==1)

6 count++;

7 }

8 *b = malloc(sizeof (int) * count);

9 *new.size = count;

10 count = 0;

11 for(i=0;i<s;i++) {

12 if (alil%2==1)

13 (*b) [count++] = alil;

14 }

15 }

16

17 int al] = {1,10,15,13,12,1,18,3%};

18 int *b;

19 size_t ns;
20 get_odd(a, 7 * sizeof(int), &b, &ns); // Xomum sanucamb 6 a 6ce HewEmMHblE HUCAQ
21 free(b);

Kakue y mac mpobsiembl, eciiu Mbl IepeaéM IMPOCTO ykasarejab b um mpocto ns? Hu b, HE ns
HE MePe3aIlnChIBAIOTCS KAK HYXKHO (TOJIBKO JIOKAJbHO B (yHKIMHU) U emié BOopox mpobsem. [Tosromy

repesaéM ykasaresab Ha b 1 yKazaTesb Ha ns.

1.2. (3) String.h

Oo6cymumm:

memcpy
strcpy
strncpy
strcat
strchr
strstr
strlen

~NOo O WN -

N emé Bcé uro noxkenaere. Yuratite na cplusplus, cppreference.

1“ char * strtok(char *str, const char *delim); // Bosepawyaem ykasameas Ha oxepedrol
moker.
2 // Ipobea - cumgos-pasdeaumens (delimeter)
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C++ Jlekmus 14.10.16

4 char str[] = "Hello world word’’;
5 char *pch = strtok(str, 7 ’);
6 while(pch != NULL) {
7 printf ("’/s\n’’, pch);
8 pch = strtok(NULL, *° *); // strtok npodoaxaem pabomams C 3aNOMHEHHOU CMPOKOU
9 }
10 // Beigod: Hello
nworld
word”’

[Tpu BBI3OBax: pch Ha Haua/ie CTPOKHU, HA TIEPBOM CHMBOJIE BTOPOrO TOKEeHa (Iepej] HUM CTABUTCSI
HOJIUK, T.€. '

0’), etc. Tne-To mosrzkaa 6bITH robasbHas epeMeHHast!
1 strtok..()
2

char #*start; // 20e Mol 3akoH¥UAU 8 npedsidyyem evidoee, 4mobbl C HE20 HA“amb

2 u3 29



C++ [IpakTuka 14.10.16

2. IIpakTtuka 14.10.16

2.1. Crpykrypa XML

[ToroBopuiin o crpykrype XML na npumepe (https://github.com/HFX-TA/cpp/blob/master/
lab_06/pbook.xml).

2.2. bubaunoreka Expat

Pazobpasu dyukimio parse_xml (https://github.com/HFX-TA/cpp/blob/master/lab_06/expat_
example.c#L28).
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C++ OOII. 21.10.16

3. OOII. 21.10.16

B ciesn. cemectpe: 06061EHHOE IPOrpaMMUpOBanue (1abJIOHb) U YTO-TO eIlE.

3.1. C++

C++, 198X, Bell Labs, Bjarne Stroustrup

Kowmmbrorepbl MOXKHO OBLIO TTOKYIIaTh OOBIYHBIM KOMITAaHUAM. KOMIIBIOTEPHI UCIIOIB30BAJINCH st
aBTOMaTU3aAIMKU (B YaCTHOCTH, JIOKyMeHToobopoTa). HyxkHo mepenectu muOrO mupopmamnuu ¢ Oy-
Mar B 3JIEKTPOHHBIE BEPCHUH, KaXK/bIii KyCOK MH(MOPMAIME — 9TO CYITHOCTH (HAIIpUMED, TOBap) C
MHOXKECTBOM TIOJIeii: Ha3BaHWe, apTUKYJI, UT/I.

1“ g++

B C++ npusenenune sisuee, uem B Cu.

1 int *pi;
2 char x*pc;
3 pc = pi; // Heavsa (?)
4 pc = (charx*)pi;
Yro emé HOBOro?
1 // overloading (nepezpyska)
2 int min(int a, int b)
3 int min(int a, int b, inc c¢)
4 double min(double a, double b)
5 // B Cu He Mozym cyuecmeoamb mpu PYHKYUU C O0OUHAKOBLIM HA3EAHUEM.
6 // mangling - cuznamypa npeobpasyemcs
7
8 // B Cu Qyrnkyuu UOEHMUPUYUDYIOMCA NO UMEHKAM: MIn, Min, min
9 // B C++ - no umerutmunam apaymermos: min_int_int, min_int_int_int, min_double_double
1 // B Cu
2 int *a = malloc(sizeof (int) * 100);
3 free(a);
4
5 // B C++
6 int *a = mnew int [100];
7 e
8 delete [Ja;

Huuamuaeckas (python, perl) vs crarndeckast (Cu, C++) Tunusamnmn.
C IuH-TUNU3UPOBAHHBIM SI3BIKOM IIPOIE pa300paThCsi, HO
B C++ kitioueBoe CJI0BO [JIst JWH. BBIJEJICHNE TAMSITH CTAJIO0 YaCThIO sA3blKa (new).

O6b19HO B A4eiike CjIeBa OT HaYaJla MACCUBa NEW 3allUCHIBAET KOJIUIECTBO 3JIEMEHTOB B MacCCUBE,
a delete cunrbiBaer 1y madopmarmo. (O0bsicHeHne Ha CJIe/T. JEKIIH. )

3.2. Tpu B3ragma sa OOII

[TepBoe mazBanue C+-+: Cu ¢ Kiaaccamu.
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C++ OOII. 21.10.16

Tabauna 1: bia

[IpomemypHbIe OOII
HapuCyi nom JIOM Hapucyucd
IIOKPACh JIOM  JIOM IIOKpach cebsi

IIEPEHECTU JIOM  JIOM IIE€PEHECTUCH

3.2.1. UcTopuyeckuii

bin code — asm — if, for, int a; — func() — struct — class
asm: move, add, load, store, peructpsl, ajipeca B nmamsaTH, mukJI: if + goto

// class

int x, y, z;
func1 () {}
func2() {}

W N -

Kazkmoe ¢cj1oBo s3bIKa BHICOKOT'O yPOBHS — 3TO KOMOMHUPOBaHue asm-oneparuii. Cjemsyromnuii mar:
koMmbuaUpyeMm B dyukiuu. Cregyromnuii mar: KoMoOnHUpyeM nepeMennabie BMecte. Creayromnuit mar:
KOMOMHUpPYeM (DYyHKIUU BMecTe (Te, KOTOpble pabOTalOT C OJHUME U TE€MU K€ [ePEMEHHBIMH).

2Kapron. Kiace — a10 «tum». Ilepemennas sroro Kiacca (3Toro tuma) — 06beKT.

3.2.2. JIuarsucrnueckuii

Cu — mporerypHblit

Korna Bcé nepeitér B nBowdHbIit Kox, Hudero He oryimanth OOIl-mporpaMmmy oT mporie iy pHOii.
[ToroBopum o TOM, Kak

3.2.3. IIpakTuyeckKmii

JIBe posmm: aBTOP-ITPOTPAMMHUCT KJIACCA M TOJIb30BATE/b-TIPOrPAMMUCT KJIACCA.

Nakancymnsima. YTodsl 110/1630BaThCsd MUKPOBOJHOBKOI, HE HYKHO 3HATh, KAK OHA pabOTaeT.
[Tostb30BaTYJIIO TOCTYITHBI JIBE PYUKHU, OCTAJIHLHOE 3aKPBITO 3AIUTHBIM KOXKyXoM. B Kiacce aBe gacTu:
private u public.

HacnenoBaume. Pacmupurs, qonucars kiacc. B Mammaax ObLIM TOJIBKO MIEYKHU, IIOTOM J00aBUIIH
KOHJIUITMOHED, TIOTOM KJIMMAT-KOHTPOJIb. MOXKHO KylUTh rOTOBYIO OMOJIMOTEKY W yMETb NPUKJIEUTH
K Heil YTO-TO COOKY.

Ionumopdusm. 3amenuts ouH 60K HA apyroit. Coralmenne 0 BO3MOXKHOCTH 3aMEHUTE OJIOK
— 910 uHTepdeiic. B ofHy po3eTKy MOXKHO BCTABJSTH pa3Hble ycTpoiicTBa (yTior, YailHUK ).

(JTeknuu o C++ — BpeMsl TOYIParXKHATHCsI B IIEPEPUCOBBIBAHUY OJIOKOB C YIIIKAMHU C JOCKH B
Tex.)

delete [la; // 3) sabems ydasume

[Tepepsbis.
1 // eo03MoxHble owUbKU
2 void () {
3 int *a = mew mt[10]; // 1) sabems cosdams
4 alil = s; // 2) evlimu sa npedeast
5
6

3
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C++ OOII. 21.10.16

XoTuM TPEIOTBPATUTE COBEPIIEHUE ITUX OMINOOK MPOrPAMMUCTOM-TIOJIH30BATETIEM.

1 // my_array.h

2 class my_array {

3 private:

4 int *array;

5 size_t size;

6 public:

7 my_array(size_t s); // constructor, pewum owubkry 1
8 “my_array(); // destructor, pewum owubry 3

9 int get(size_t index);

10 void set(size_t index, int value);

11 };

12

13 my_array arr (10);

14 arr.array; // He CKOMAUAUMCS, M.K. ATrTay - NPUEAMHOe noae
15 arr.size; // He ckomnuaumcs

16 arr.set(i, 5); // ok

1 // my_array.cpp

2 #include “my_array.h”

3 my_array::my_array(size_t s) {

4 size_s;

5 array = new int [sizel;

6

7 }

8

9 my_array:: my_array () {

10 delete []

11 }

12

13 int my_array::get(size_t index) {

14 if (i >= 0 && i < size) {

15 return arrayl([i];

16 }

17 else {

18 return —1; // e maccuee saexas -1 uau smo owubka? Hozoepum e caed. cemecmpe Npo
exception, a celuac 3aKpoeM 24434 HA MAKYW HEKPACUBOCMb.

19 }

20 }

21

22 // + set

23

24 // + get_size

3a Takyio KpacoTy Mbl 3aILIATUIN BbI30BAMU (DYHKITUIA.

void £() {
my_array arr ()

W N -
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C++ Ccpluikn

4. CchlIKNI

1 swap (int #*a, int x*b) {

2 mt += *a;

3 *a = *xb;

4 *b =

5 }

6

7 int ¢ = 3;

8 int 4 = 4;

9 swap (&c, &d);

10

11 // To me camoe c ccoakamu (smo cuum. cazap)
12 void swap(int &a, int &b) {
13 int t = a;

14 a = b;

15 b = t;

16 }

17

18 int ¢ = 3;

19 int d = 4;

20 swap(c, 4);

Bormpoc 6yner B Tecre. B sa3pike Cu mucarh uam He MUCATH B 3ar0OJIOBOYHOM daiiyie 00bsABIeHNE
dynknnit — neno noibzoaress. B C4++ 310 06s13aTe/IbHO, B CBA3U C MOSBJIEHNEM CChLIOK. Borpoc
nouemy !

4.1. IIpakTtuka 21.10.16

Nukancyssinysi, HacaegoBanue, moauMopdusm (, abcTpakisi).

MHKAICYISIHI0 MOKHO 000iTH. (3/I0yMBINTUIEHHUK (MJIM SHTY3MACT) MOXKET IOJIy9UTh JOCTYI K
IPUBAT-TIOJISM. )

C++ = Cu+ a3bik cumBosios (77). (HeMHOXKKO TPUTSHYTO 32 yIIIH.)

B Cu Toxke BO3MOXKHO peasim30BaTh WHKAIICYJISIINIO, Oopaque pointer.
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Jlexknmsa 28.10.16

© 00 N O d WN -

—
o

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

5. Jleknmusa 28.10.16

Her obmieit Tembl, OyaeM 3aKpbIBaTh JBIPKH.

int
short
long

stdint.h // Habop typedef’oe

int8_t // INT8_MIN - Mukh. 3HauweHue nepemerrol mako20 muna

uint8_t // UINT8_MIN

intl16_t

uintil6_t

// Ecau Ha naampopme Pusuvecku omcymcmeyem 603MOKHOCMb TParumb makol pasmep (us-sa Oauksl
peaucmpa), mo npoza HKe CKOMRMUAUMCS.

ctype.h

int isalpha (char c) // feasemcs au cumeon c 6ykeou
int isdigit (char c)

tolower ()

assert.h // Bydem omdeavnas aekyus npo obpabomky owubok
// 2 muna owubok

// 1. Ilo sune npozpammucma, runtime error

int al[10];

al10] = 3;

char xp = NULL;
strlen(p);

// 2. Ilo euke okpykeHrus
// He moxem ebldesumb naMsme C nomMoysvio malloc, m.K. 3aGKOKYUAGCH NAMAMb
// He omkpbime $ala, m.k. ezo Hem

// Hozoeopum 06 owubraxr muna 1.

size_t strlen(char *s) {
assert (s != NULL); // Ecau supaxenue false, esizosemcs abort()

#ifdef NDEBUG
; // ece acepmsl 3aMEHAOMCA HA MOYKY C 3ARAMOL
#else
; // kakas-mo npoeepka
abort ()
#endaf

// IHpu komnuasyuu npodakuHn-koda (yxe 0as noavsoeamess) dobasums kawyw -D co snawenuem NDEBUG

// gcc -DNDEBUG

FILE *f = fopen(’m.txt’, r’);
assert(f != NULL);
// 9ma npoeepka ucuesnem, K020a CKOMAUAUM HQG RPOOAKUH

/7 4)
math.h
cos
sin
sqrt
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Jlexknmsa 28.10.16

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

71
72
73
74
75
76
4
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

// 5)

time.h

// BpeMms TpaHUMCA KaK Koauvecmeo cekynd, npowedwur c 1 aneaps 1970

time_t

time (time_t *t);
time_t a;

a = time (NULL); // uau
time (&a) ;

// Kak samepums epems pabomel npozpammsl?
time_t start = time (NULL);

£0O;

time_t end = time (NULL);

// Paspeuwawyas cnocobrocme time() - cekynda, nosmomy npozy HYKHO 3ANYCMUMb HECKOAbLKO PA3 8
yukae, 4umobel evigecmu cpedHee epema 00HO20 3anycka.

// clock() mepum epems e makmaz

// Modxzodum moabko O 0OHONOMOUHLIL NPO2PAMM.

clock_t start = clock();
£0O;
clock_t end = clock();

// Ecau npoza MHO20NOMOYHASK, KA 00HOM npouyeccope 6ydem t; makm, Ha Opyzom - to

// Peanabno npowno maz(tl, t2), a clock() nocwumaem cymmy: ti + to

// Cu

// 1)

typedef struct {
int *array;
size_t size;

} my_array_t;

/7 2)
my_array_t a;

set (&a, 0, 5);

// 3)

void set(my_array_t *int, size_t idx,

// C++
// 1)
class my_array {
private:
int * array;
size_t size;
public:
void set(size_t inx, int value);

}
// 2)
my_array a;

a.set (0, 5);

// 3)

int value);

void my_array::set(size_t idx, int value);

// Komnuasmop npeobpasyem nepeoe o emopoe:

a.set (0, 5) - my_array_set_...(&a,

5);

// Kak 00HOBHQYHO Onpedensomcs munsl, e€cau OHU nodwepknymet? Cm. ymuaumy objdump

9 m3 29



C++ Jlexmus 28.10.16

116 // Cm. name mangling u3 nped. AeKyuu

117 void my_array::set(size_t, int) -+ my_array_set_my_array*_size_t_int(my_array *this
, size_t idx, int value);

118

119 // B obsekmnom kode we ocmaémcs Hukakozo OOI.

120

121

122 // IMomozaeMm KOMRUARMODY aKa 6bicmpesusaem cebe 6 Ho2Y aka deaaeMm ¥Mo-mo YKacHoe.

123 // Ha yposue 6uHn. K0Oa UAU UHCMPYKYUL NPOYECCOPA HEem NPueamHoCmu, 6om Kak eé obolmu:

124 my_array a;
125 char *pa = (char x)&a;
126 int s = *(pa + 8);

5.1. Const

1 // Mo cmandapmy 2001 zo0da

2

3 // 1)

4 const double pi = 3.14; // Ilo cmandapmy nyxHo double const pi, HO mak moke MOKHO.
5 class A {

6 const double e;

7 }

8 A::AQ A

9 e = 2.7;

10 by

11 pi = 4; // Ouubka 60 epemMs KOMRUAAYUU

12

13 // Bawem? Camomy nodcmpazoeamscs + O0KyMeHmayus KooOa.
1 // Ykazameau u KOHCMAHMbI.

2

3 char s1[] = "Hello’’;

4 char s2[] = “World’;

5

6 // Io cmardapmy, const sayuyaem mo, nOCAe 4e20 OH HATOOUMCH
7 char comnst *pl = sl; // <=> const char *pl;
8 pilo]l = *A’>; // Error

9 pl = s2; // Ok

10

11 char * const p2 = si;

12 p2[0] = A’y // Ok

13 p2 = s2; // Error

14

15 char const * const p3 = s1;

16 // Error

17 // Error

18

19 // Mol daéM zapanmuio, Mo He Pa3PYwuM CMPOKY.
20 size_t strlen(const char *s1) {

21 sl = 333; // Ok

22 si[1] = >a’; // Error

23 char si1[] = ’Hello’; // Bcé ewyé ok

24 }

25

26 main () {

27 char s[] = "Hello’’;

28 strlen(s);

29 by

30
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86

// A 3dece cmpoka 6ydem paspywera
str_tok(char *s);

char *sz = (char *) si;
sz[0] = "A; // ok
s1[0] = *A’; // Error

// Ilpeobpasossieams munsl - amo Kak cAoMamb 06 KOAEHKY.

// 00na unmepecHas ocoberHrocms

char *s = Hello”; // Warning, hyxno npenendwyms const
char s[] = ""Hello’’;

s[0] == 'H7;

s[1] == ’e7;

char *ss = (char *) s;

ss[0] = 3; // Hadenue npozu

// wva (virtual address) ra (real address) pid rw

// Jns 06bl4HO20 Maccuea mak, KaKemcs, Heab3s. MoxHo nonpobosame Ooma.

/7 4)

// C

swap (int *a, int *b) {
int t = *xa;

// C++

swap (int &a, int &b) {
int t = a;
a = b;
b = a;

3

// 5)
class my_array {
private:
int *array;
size_t size;
public:
my_array(size_t s);
void set(size_t idx, int value);

int get(size_t idx) const; // He mensem nosel kaacca

size_t get_size() const;

}

// Ecau o06sekm nepedan no KOKCMAHMHKOU CCbAKE, MOKHKO 6bl3b8AMb MOALKO KOHCMAHMHbIE MEMOObl.

void print (const my_array & a) {
a.get(i); // ok
a.set (0, 3); // Error

}

B Tecre (ckopeit Bcero) Gymer: ecn B 0nHON DyHKIMY TapaMeTp WHT, a B Ieperpy3Ke — yKa3aTesb
Ha uHT (Mibst cipocust Ha 3ansaTun). Byger ommbka uin Her?

1\\#¢nczude <cstdio>
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void do_magic(int number) {

printf ( , number) ;
return;

}

void do_magic(int & reference) {
printf ( , reference);
return;

int main() {
int num = 5;

do_magic(5); // ok: prints by value: 57
do_magic(num); // error: call of overloaded ‘do_magic(inté)’ is ambiguous

return O;

}

Ianee — omepaTop MpUCBanBaHus, KOHCTPYKTOP KOIIU.

12 u3 29

Jlekmua 28.10.16



C++ Jexkmus 11.10.16

6. Jlekmmuga 11.10.16

Hanee — omepaTop npucBanBaHUsl, KOHCTPYKTOP KOIIU.

6.1. BcnomuuM mipo const

1“ void f(const person *p); // nepedaém no yrkasameno, 4mobbl COIKOHOMUMbL NAMSAMb, HE KONUDYS
damy
2“ void f(const person &p); // ?? Uz cceku nosywaemcs ykasamens?

6.2. Ileperpy3ka omepaTopoB

Morusarust. Ects napagurma OOII.
BcenomanM neperpysky pyHKITHIA.

[Teperpyska — BoaMoxkHOCTb Harmmcarb (B C++) dyHKIMU ¢ OJMHAKOBBIM HAa3BaHWEM, HO C pa3-
HBIMU ITapaMeTPaMU.

B Cu rakoe 6b110 HEBO3MOHXKO, & B C++ — 118, T.K. KOMIUJISATOP UMEHyeT (DyHKITAHN.

1 // 1) Pynkyuu

2 f(int);

3 f(int, double);

4

5 // 2) Onepamopst

6 /) K +; 88 8 ==, <O

7 // (type) = koncmpykmop Copy

8| // (1 #p ->

9 // Onepamop mouka . nepezpysums Heab3s

10

11 BigInt

12 // 06blunas onepayus + sadara 0as tnt + int

13 // Xomum nepeonpedesums + 0as ckaadsiearus BigInt + BigInt

14

15 // [6][5][5][3]1[0][] - namams, e komopol zpawumecs BigInt: oduw decamuuusli pa3psd 6 kaxdol
avelke. (Omo npumep 0as usmocmpayuu, eoobue sddekmuenee 6biao 6ol TPAKUMbL 6 CucmeMe no
OCHOBQHKUIO pasmepa Avelkru).

16

17 BigInt

18 int * array;

19 size_t size;

20

21 // 1)

22 (| BigInt a(30);

23 BigInt b(a); // Xomum cosdams obzekm b na ocroee yke cyyecmeywuyezo 06Bekma a

24

25 /7 2) fla);

26

27 void f(BigInt obj) {

28 BigInt a(30);

29 BigInt b(a);

30 }

31 // Bbin obsekm a:

32 // array -+ [J[][1[1[1[]

33 // size

34 // Cosdanack noakas KOnus a:

35 // array (ykassieaem Ha mom ¥xe array, wmo u a)

36 // size
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37
38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

74
75
76

// Bma npozpamma ynadém npu ewzoee f, m.k. Oecmpykmop. Ilpu evixode us f esi3oeemcs decmpykmop a,
yodaaum namame nod maccue. Ilpu sbixode u3 main Beisoeemcs b, saxowem makike yoaasume namame nood
Maccug, a eé-mo ymxe Hem!

// C point 6ydem ok
class point {

int x;

int y;
3

// B BigInt npobaemsl, m.K. Yy KAGCCA €CMb PECYpcsl.
// Hcnpasasemcs.

class BigInt {
public:
BigInt (const BigInt & obj) {
// Moxno u 6es this nucams, oxn Oobasaexr O HA2AAOHOCMU
this—>size = obj.size;
this—>array = new int [this—>size];
for(int i = 0; i < this—>size; i++) {
this—>array[i] = obj.arrayl[i];
}
}
}

// Ecau 66l He 6bn0 T, konuasmop cdesan Obl caMm mak:

BigInt (const BiglInt & obj) {
size = obj.size;
array = obj.array;

}

// Ecau Hem KOHCMpYmMKOpPa UAsu Oecmpykmopa, CKOMRLUAUDYOMCS MAKUE RO YMOAYAHUI:
BigInt () {}
“BigInt () {}

// Ymounenue. Ioas bbiau npusamnsie. Ho ob6sekmsl 00K020 U MO20 ¥e KAGCCA MO2Ym noAy%ams docmyn K
npueamubiM noasam 0pyz Opyaa.

// b.kouwcmpykmop_konuu(a) ;
// 06bi4k0 npu CO30QHUU KOMUU USMEHAMb OPUUKAA He Hado. (Ha CA. SQHAMUU PACCMOMPUM CAYHQU,
kozda Hado.)

[TpuBenenune Tumon

© 00N O WN -

N s
W N = O

-
S

// 1) Ilpusederue us int e BigInt
BigInt a = 3;
BigInt a = (BigInt)3;

// 2) Ilpusedenue us BigInt e int
BigInt a(30);
int b = a;

// Pasbepém 1)
BigInt (int)
// IHocmpoumcs epemernsie obsekm tmp muna BigInt

// Ilomom ebizoeemcs, KOHCMPYMOp KONUPoeakus tmp 6 a (KO KOMNUAAMOD CONMUMUSUPYEM U HG CaMOM Oene
evizoeemca moavko a(3))
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15“ // Tenepb KaKQsL-MO KeCmb HENOKAMKA[ NPO KOKKMPYMODPsl U NPUBEOEHUE C QUKUMU HEAUHEUHbIMU
npumepamu, Ha doc;ce, A MaKoe He Mo2Y KOHCnekKkmupoeame

16

17 BigInt b(3); // ok

18 BigInt b = 3; // ne ok

19

20 SquareMatrix a = 3; // Banymeisaem: denaem mampuyy 3r3, a oxudaemcs MamMpuya, 3aANOAKEHAS
mpolKamu.

21

22 //

23 £O {

24 BigInt a(30);

25 a.set (0, 5);

26 a.set(1, 6);

27 BigInt b(50);

28 b.set (0, 7);

29 b.set (1, 8);

30 b = a;

31 by

32

33 // Bblno pansue:
34| BigInt a(30);
35 BigInt b(a);

36

37 // Celivac

38 // Ecau He Hanucame 00n. KOO, KOMRUAKMOP MPOCMO CKORUPYEM NOAS.

39 // Hymxno nepezpysums Onepamop NPUuC8aUBAHUSL.

40

41 // b.operator=(a);

42 // o ymosauwarulo, makoe ke, Kak Y KONUDPOBAHUA.

43 // Huuem waw. 1) Vdaaums (ceow) cmapyw namsme. 2) Beidesums Hosyw namams. 3) Ckonuposams

44 BigInt& operator=(const BigInt & obj) {

45 if (&obj != this) {

46 delete [] array;

47 size = obj.size;

48 array = new int [size];

49 for (size_t i = 0; i < size; i++) {

50 array[i] = obj.arrayl[i];

51 }

52 }

53 return *this;

54 }

55 // Houoma swap: MoxHO bbiro bbl cOenams delete, nomom koncmpykmop. (Ho wnam Hyxen eyé Kakol-mo
npomexymourelli waz, obcyoum nosxe)

56

57 // Bcé caomaemcs, ecau npuceoums cebs cebe

58 a = a;

59

60 // Bmopas npobaema, mpolHoe NPUCBAUBAHUE

61 a =b = c;
62 // 0Osnavaem:

63 a.operator=(b.operator=(c)) ;

64 // Y onepamopa npuceaueanus O00AKHO Obimb 6036DPAUAEMOE SHAY%EHUE
65

66 // Henpusmwnoe caedcmeue

67 if (a = 5) {} // skeusasenmno
68 if (5) {}

Bosspar 00beKkTOB U3 (pyHKITHIA.

1 // 1) ®ynkyus eoepayaem BigInt, sanoarnensili 100 eduHuvKaMy.
2 BigInt getOnes() {

15 us 29



C++

Jlekmua 11.10.16

© 00 N O O d W

10
11
12
13
14
15

16
17
18

BigInt a(100);

for () A
a.set(i, 1);

}

return a;

}

main () {
BigInt p = getOnes();
p.get(3);

}

// Bydem nekoppekmno, Kak C YKaA3ameAAMU, MAK U CO CCbirkaMu (CCbIAKU - 5MO NpPOCMO CATAD K
ykaszameasm), m.k. evidzoeemcs decmpykmop no eeixode us Pyrkyuu getlnes.

// [RAJ[RV][----]

// RV - return value

To, uto nemaer KoMOMJIATOP, TOoXKe OK. lIpaBmiio Tpéx. Ecam Bamemy Kiaccy Hy»KeH JIeCTPyTOD,
3HAYUT HYKEeH KOHCTPYKTOD IPUCBAUBaHUA U KOHCTPYKTOP KOIIMPOBAHUSI.
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7. Jlekiimga 18.11.16

B cnenyromuit pa3 6ymaer Tect + pas3dbop craporo Tecra.

BaKOHYNM Ieperpys3Ky OIlepaTropoB, OOCYIMM yMHbIe yKasareau (smart pointer).

7.1. Ileperpy3ka ornepaTopoB — IIPOJIOJI>KEHUE

© 00 ~NO O WN -

N e e e
O W0 ~NOULPDd WNERLO

© 0 N O OLd WN =
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MpbI xoTHM cJiesIaTh HAIl YEPHBINA SANUK KAK MOYXKHO 0oJiee MOXOXKHUM Ha OOBIYHYIO ITepEMEHHYIO.

// 1)
BigInt a;
f(a); f(BigInt br);

// Budsl pecypcos:
int *x*;
FILE *f;

BigInt b(a);

// 2

BigInt a;

BigInt b;

a = b; // skeusasenmno a.operator=(b);

// 3

BigInt a;

BigInte b;

a += b; // A e Java, Hanpumep, nepezpyska onepamopoe omcymcmeyem.
BigInt ¢ = a + b;

Hauuém ¢ marocukos.

BigInt& operator+=(const BigInt& o) {

3

for () {
this—>array[i] += o.arrayl[il;
// cdeaams nepenocsl, baa-6aa-6aa
}

return *this;

// Bapuanm 1
BigInt operator+(const BigInt& o) {

3

BigInt t(o);
t += (*this);
return t;

// Bapuanm 2
BigInt operator+(BigInt o) {

3

return o += (*this);

// Ipumewanue: oba koda eviwe He pabomawm C KOMMYMAMUBHLMU ONepayuiMu

BigInt ¢ = b + 3
BigInt c |

; // 3 nepexodum e BigInt(3);
= 3 + b; // b muna BigInt ne moxem nepelmu e int

// Moxko onpedesumb onepamop 6He KAGCCA.
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27
28
29
30
31
32

© 00 NO O WN -
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BigInt operator+(const BigInt& ol, const BigInt& o02) {

BigInt t(o);
t += 02;
return t;

}

Omneparop +-+
int a = 3;
int d = a++

// uau

int e = ++a; // e == /4

s // d ==23

BigInt d = a++;
BigInt e ++a;

class BigInt {
BigInt (int r);
BigInt operator++() { // ++ npedukcheli
*this += 1;
return *this;
}
BigInt operator++(size_t n) { // nocmpukcrweii ++
BigInt t(*this);
*this += 1; // uau ++ *this;
return t;
}
}

Jlormueckme omepaTopbl. < > == |l= <= >=

// Moxko espasums ece onepamopsl wepes 00uk onepamop, Hanpumep, <.

bool operator<(const BigInt &o) {
for O
if (this—>array[i](o.array[i])) blah;
}

bool operator>(const BigInt &o) {
return o < *this;

3

// Ananoz2uyuHo
'(o < *this) && !(*this < o) // usayro, Ho medseHnee

Omneparop ||

int operator[](size_t index) {
return array[index];

}

Hasee: 6ubsmoreka algorithm B stl, meperpyska Kpyribix cKo6ok ().

7.2. Byner B TecTe

3

int ¢ = b[0];
matrix m(3, 5);
m[0] [0] = 1;
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Ho ner oneparopa [|[]. Kak 3ro peasmzoBars? (Bo3MoxKHO, HOHAI06UTCs BCIIOMOTATe IbHBIIH KJIacc. )

Pemenwue. ITeperpysursb operator||, 4ro6sl OH BO3BpaIal 00bEKT, K KOTOPOMY MOXKHO CHOBA IIPH-

MEHUTH operator||, YTo6bI Oy IUTh PE3yJIbTAT.

© 00 NO O WN -

WWWNDNNDNMNNNMNNMNNNNNRE PR PR P P P22
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(http://stackoverflow.com/questions /6969881 /operator-overload)

class ExternalArray {

public:
ExternalArray () A
_external = new intx*[3];
_external [0] = new int[42];
}
class Proxy {
public:
Proxy(int* _array) {
_array = _array
}

int operator[] (int index) {
return _array[index];
}
private:
int* _array;

};

Proxy operator [](int index) {
return &Proxy(_external [index]) ;

3

private:
int ** _extermnal;

}s

ExternalArray ea;
ea[3][5];

7.3. Smart pointer

© 00 ~NO O WN -

[ S I e e o o S S
O W0 N U D WNR~L O

Person {
char name[256];
char * phone [20] [25];

int age;
char encl[256];
}
Person *p = new Person();
Person *pl = new Person(*xsomething);
delete p;
// 2
Person *p = new Person [105]; // 0as makozo HYymxkHO umems KOHCMPYKMOP NO YMOAYAHUI

delete [] p;

// 06sexmst Person packudakbl noO NAMAMU

Person **x p = new Personx* [100];
for (i = 0; i < 100; i++) {
pli] = new Person(i);
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21 }

22

23 // IMpo namame. Prefetch. Konseep. Cache.

24

25 class scoped_ptr {

26 private:

27 Person * p;

28 public:

29 scoped_ptr(person *p) { this—>p = p; }

30 “scoped_ptr() { delete this—>p; }

31 Person* ptr() { return p; }

32 Person* operator—>() { return p; }

33 Person& opeartor*() { return *p; 1}

34 private:

35 scoped_ptr(const scoped_ptr p) // daa 3anpeyenus KONUPOBAHUA
36 operator=

37 }

38

39 // Person: bool hasBirthday()

40

41 if O {

42 scoped_ptr p (new Person(Vasya));

43 p-ptr )—>hasBirthday ) ;

44 // uau c nepez2pyskol:

45 p—>hasBirthday (); // p.operator->()->hasBirthday;
46

47 *p.hasBirthday () ;

48

49 scoped_ptr pl = p; // Jeandel ewizoeemcs Oecmpykmop, HYKXHO 3aNPemums MaKoe
50

51 printPerson(p);

52 }

7.4. Unique ptr, auto ptr

© 00 NO O WN =

[ e S s T
o Ok W N~ O

unique_ptr {
public:
unique_ptr (unique_ptr & o) {
this—>p=0—>p;

o—>p=NULL;
}
// moxro nodcmparoeamecs 6 decmpykmope, umobul He cldeaams delete NULL: if(p) delete p;
}
if O {
unique_ptr p(new Person( )

unique_ptr p1(p);
unique_ptr p2(pil);
}

f(unique_ptr & p); // Pynkyus, komopyw MOKXHO esi3eams 084 Pa3a

7.5. Shared pointer

Crparerus reference count. Canraem, CKOJIBKO yKa3aTesieir Ha 00beKT cyiiecTByeT. Korma BbIoJ-

HsIeTCH JIECTPYKTOP OJIHOIO M3 yKazaTeJseil, CIETYUK ykKasaTess yMmeHbiaercd Ha 1. Korma cuérumk

PaBEH HYJIIO, BBI3BIBAETCA NECTPYKTODP.

1
2

shared_ptr
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storage * stor;

it O Ao
shared_ptr pl(new Person(
shared_ptr p2(pl);

}

0 ~N O O W

D)
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8. Jleknmusa 25.11.16

8.1. HacaenoBanue

MotuBanus. B 2015 romy mbr Hamucaan nekuii kjaacc. B 2016 romy Ham mona1oousics Takoit ke
KJIaCC, HO C TEPJIAMYTPOBBIMHU ITyTOBUYKaMu. MbI XOTUM JIONHUCATD Y2Ke CYIIEeCTBYEIOIIil, a He

Yr06bI COXpAHUTH MECTO Ha JIOCKE, JIBe 0COOEHHOCTH: 1) He ObIBAET IyCThIM, 2) XUTPBIH JecTpyT-
KOp.

1 // 1

2 struct linked_list

3 node *head

4

5 // 2

6 struct node

7 int value

8 node *next

9

10 class list {

11 private:

12 int value

13 list *next

14 public:

15 list (int v);

16 ~1list (); // ?? nanucams Ooma
17 size_t length();

18 void add(int v);

19 private:

20 list (const listé&)

21 list operator=(const list &)
22 }

23

24 list::1list (int v) {

25 value = v;

26 next = NULL;

27 }

28 void list::add(int v) {

29 list *cur = x*this;

30 while (cur—>next != NULL) {
31 cur = cur—>next;

32 }

33 cur—>next = new list(v);

34 }

35 size_t list::length() {

36 // «Bcmame Ha 20408Y, 3A6ECMU NEPEMEHHYW CHEMYUKS
37 list *cur = this;

38 size_t count = 0;

39 while (cur—>next != NULL) {
40 cur = cur—>next;

41 count++;

42 }

43 return count;

44 }

Hacras 2016 roa, xotuMm HaJCcTpouTh Kjacc list. XoTtum momumcath TOJIBKO HOBOE, U3ME.

list — 6asosblit Kiace (base) nau cynepkiace (superclass). double list — npoussosustii (derived)
WA HACTETHUK ().
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overload — mepekpyska (dyHKIWmiT) — 66110 pasbine override — TpeKpbITHE (METOIOB)

1 int value;

2 list *next;

3 list *prev;

4

5 class double_list:public list {

6 private:

7 list *prev;

8 public:

9 double_list (int v);

10 “double_1list () ;

11 void add(int v);

12 private:

13 double_list (const double_list &&);
14 double_list& operator= () {...}
15 }

16

17 double_list::double_list(int v):1list(v) { // sussieaem kowcmpymop cynepkracca
18 prev = NULL;

19 }
20
21 void double_list::add(int v) {
22 double_list *cur = this;
23 while (cur—>next != NULL) {
24 cur = cur—>next;
25 }
26 // Tunsi: int* u double_list+
27 cur—>next = new double_list(v);
28 // Tun cur->next - listx*
29 cur —>next—>prev = cur;
30 }
31
32 main () {
33 double_list dl;
34 }

Jexknusa 25.11.16

IIpn KOHCTPpYHWpPOBAHWM IPOM3BOIHOTO KJacCa CHaYaJa ITPOWHHUITMAIU3UPYIOTCA TOJIT 0a30BOTO
KJacca, a MOTOM HYYKHO JIOMHUIINAJIN3NPOBATH HOBBIE TOJIS.

[Ipobembr.

1) Hacsemuuk obparmaercss K IPUBATHBIM MOJISIM Cyliepkiacca. 2) Jljist mepekphIThst eCTh CIeru-
aJIbHOE CJIOBO virtual.

8.2. Byner B Tecte

PeanusoBaTh HOpMasIbHBIN JecTpyTop st Kjaacca list. Ot sekTopa: «llukir He MUKJI, peKypcus
HE PEKYPCHUSTY .

8.3. IIpakTuka

Nanoma RAII — Resource acquisition is initialization
[Tpumep: shared pointer, mutex

class foo {
“Foo OO {}
std::shared_ptr<baz> baz;
int * bar; // Oceobodums pykamu

W N -
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Yro mioxoro MoxHO cienath ¢ shared ptr.

A +— B — obbekThl A u B cebutarorest TOJIBKO JIPYT HA JIPyTa, U MOITOMY HE CMOTYT YIAAJIATHCS.
Bosmorknblie perienusi: cOOPIUKNA Mycopa U CJIadble CCHLIKH.

Crnabas cepuika (weak ptr). Ceblaaemcst Ha 06bEKT, HO HE BJIAJICEM WM.

[ITabs10H TpoekTHpOBaHust observer.
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9. JIleknmusa 02.12.16

9.1. HacnenoBanue — mpogoJszkenue. Protected

list
protected:
int value
list * next
add_value

double_1list
add_value (int v) {
XXX ;

© 00 ~NO O WN -

—
o

3

Protected — momudukaTop gocTyma s mosei Kyracca, MO3BOJIONUN TOCTYI He TOJbKO 00beK-
TaM KJIACCa, HO M HACJIETHUKAM.

list* 1 = new list(...);

1-—>value = 35; // ok

1—>head = NULL; // comp. error, hecoenaderue munoe
1—>length();

l1—>remove_value (5) ;

g WN -

HpPIBe,ILeHI/IG THUIIOB.

int * a = new
char * b = new
a = (int*)b;
// uau

b = (charx)a;

O WN -

[y

// next - muna list*
cur—>next = new double_list(..)

N

// Hoas list: value, mnext
// double_list - Hacaednuk list, OdobasaeHo noae: prev

list* 1 = new list(..);
double_list * dl = new double_list(..);

1 =4d1; // ok
1—>next
1—>value

© 00 ~NO O WN -

=
= O

dl = 1; // error, onacHoe Hesgwoe npusederue Munos
dl—>prev
dl—>next
dl—>value

P
W N

OO6BbeKT TPOU3BOTHOTO KJIACCA SIBJISIETCS 00 BEKTOM UCXOIHOTO Kjacca. [ Ipon3BoaHbIil 00bEKT MOXK-
HO UCIIOJIb30BaTh TaK, KaK Oy/JTO 3TO OOBEKT CYHEPKJIACCA.

9.2. /IlmnamMmm4iecKoe CBsI3bIBaHUE

1 // 2015

3 void fill(list *1, int v, int num) {
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4 for (OO {

5 1—>add_value(v); // 6 MoMerm KOMRUAAYUU HYKHO npocmaeums adpec Ha Pyrkyuw: call
list_add_value

6 ¥

7 X

8

9 // 2016

10 main() {

11 double_list d1(3);

12 list 1(5);

13 £i11(&dl, 6, 10);

14 £i11(&%1, 6, 10);

15

16

17 by

YT100bI UCHOJIB30BaTh AWH. CBA3bIBaHUE, HEOOXOIMMO MCIOJIB30BaTh ¢10BO virtual. OHo pacrpo-

CTpaHACTCAd Ha BCEX IIOTOMKOB.
list
protected:
int value
list * next
virtual add_value // noseusoce virtual

double_list
add_value(int v) {
XXX ;

3

list *1 = new list(..)

double_1list *dl = new double_list(..)
1—>add_value(..)

dl—>add_value(..)

© 00 NO O WN -
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list *11 = dl;
1l1—>add_value(..) // zomum, umobel esizeanace Qyrnkyus L, a xe dl

~N O O WN =

[Tepepsbis.

9.3. Tabaura BUPTyaJIbHBIX METOI0B

1 list *11 = new
list *12 = new ..
3 double_1list *dl = new

Paccmorpum Takoit koum:

1 void £ill() A
1—>add_value(v); // sdect npousolidém duramuveckoe CEA3bl8aHUE

3 }

Ecnu y kxnacca ects BuUpTyasibHast PyHKIMS, B HaUa a Kjaacca OyJaeT aBTOMATUYIECKU J100aBICHA
MabAUYA BUPMYAALHBLT MEMOA0S, C KOTOPOU KOMITUJISTOP Oy/1eT KOHCY/IbTupoBaThes. [IpocraBisercs
TaKas WHCTPYKIIAA: BO BPEMsI BBITIOJTHEHUSA BO3bMHU aJIpeC U3 HadaJja 00beKTa, 110 HEMY PACIOJIOKEHa,
TabsuIia, BO3bMU U3 HeE ajpec HyKHOI Bepcun pyHKIu add value m BBI30BE €€ TI0 9TOMY aJIpecy.

[Ipu craTuveckoM CBSI3BIBAHUU, TTPOCTABJISIETCS OJTHA WHCTPYKIIUS: BBI3OBH (DYHKITUIO C 3TUM KOH-
KpeTHbIM uMeHeM. [Ipu JuHaMWYIeCKOM CBA3BIBAHWM ITPOCTABJISIETCS TPU WHCTPYKIWH: 1. HailTu B
tabsuiie, 2. HaTH PYHKIUIO, 3. BHI30BU (DYHKIIHIO.

Ecmu y dyukmua add  value ne 6yner 3amano kiaodueBoe ciioBo virtual B kitacce list, B mpumepe
HuzKe Bcerjia Oyer BbI3bIBaTbed MeTo add  value u3 list.
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list =*1;
stand (time (NULL)) ;
int n = rand(Q);
if (n > 0) {
1 = new 1list(5);
}
else {
1 = new double_list(6);

© 00 ~NO O WN -

3
1—>add_value (7);

—
o

9.4. IIpumep u3 xkmu3uu. Byxraarep

s OyxranaTepa HYXKHO HAIMCATh MPOrPAMMY, CUHTAIONLYIO 3apPIJIATy IS PA3HBIX TUIIOB CO-
TPYJHUKOB B 3aBUCUMOCTH OT CHEIUMUYHBIX JJIsi HUX mapameTpos. Kiracc momken ObITh rOTOB K

pacCIIMpEeHNnIO.

1. Developer

e salary
o level
e isRelease

e bonus
2. Seller

e price
e num

e percent
3. Tester
4. HR

5. Marketing

Worker
Worker () {
char * name = new ..;
}
“Worker () {
delete [] name;
}

virtual int get_salary() =

O ~NO O WN -

0;

// wucmo eupmyasbras

XoTuM $IBHO CKa3aTh KOMIIMJIATOPY, YTO (GyHKIud get salary moskHa ObITH IEpeKpbITa. IJTO
Ha3bIBAETCd YUCTO BUPTyasbHasd (QyHKIUs. Kciam HacaeIHUK He MepeKpoeT 3Ty (DyHKIUIO, OH He

CKOMITUJIMPYETCA.
1 WorkerDataBase db;
2 Developer *d = new Developer (

3 Seller *p = new Seller(

, 1000, 5, False,
, 0.03, 10000);
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1 WorkerDatabase {
2 Worker* workers[100];
3
4 void add(worker x*w) {
5 ..
6 workers[size] = w;
7
8 }
9
10 int getTotalSalary() {
11 int salary = O0;
12 for (i = 0; i < size; ++i) {
13 salary += worker[i]l—>get_salary(); // y kawxdozo muna compydruka bydem 6bi3616aMbCH
ceol memod
14 }
15 return salary;
16 }
17
18 }
Paccemorpum kimace Developer.
1 class Developer:public Worker {
2 int salary;
3 int level;
4 bool isRelease;
5 int bonus;
6
7 Developer (..) :Worker (name) {..}
8
9 get_salary () {
10 int ret = salary * level;
11 if (isRelease) ret += bonus;
12 return ret;
13 }
14 }
Paccemorpum kiace Seller. IToroBopum o jiecrpyTope.
1 class Seller:public Worker {
2 char * product;
3 int price;
4 double percent;
5
6 Seller (p) :Worker (name) {
7 product = new char [strlen(product) + 1];
8 strcpy (product, p);
9 }
10 “Seller () {
11 delete [] product;
12 }
13 int get_salary() {
14 return price * percent * num;
15 b
16
17 }
[ToroBopum o jecTpykTOpe.
1 “WorkerDataBase () {
2 for O {
3 delete workers[i];
4 }
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Hro6bl Ipu yjiaseHnr Worker-oB BbI3BIBAJICS IECTPYKTOD HY2KHOTO TOJKIACCa (JIJIst TPOJIABIIA, JJIst
POrPAMMUCTA U T.JI.), HY?KHO TAK K€ CJIeJATh €r0 BUPTYaIbHBIM.

1 Worker {
2 virtual ~“Worker() {..}
3 }

9.5. IIpakTuka

Tabnua BUPTYyaJIbHBIX METOOB.
HacnenoBanune unrepedeiica, Hac/ieI0BaHIE PEAJTU3AIIAN.
Kiogesoe cioso override. Ileperpyska, nepekpbiBanue.

Ha crenyromeit negen 6yaer pomamika. [Tarrepn MV (C). Urpa B KiteTouku.
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