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BBEJIEHUE

B nocobun npuBOAATCA MeTOAMUeCKHe yKa3aHHs K JlabopaTopHbIM paboTtam
no aucuuruiiHe "lIporpammupoBaHue’” Ha s3blkKe Cu g 1 Kypca OCeHHero
cemectpa 00yueHus. [lepeueHb abopaTOpHBIX pabOT COOTBETCTBYeT paboueid
TporpaMMe AVCLATITAHBI U BK/TFOUAEeT:

1. Ynpassstoijye KOHCTPYKLMU U OT/1aJKa B si3biKe Cu.

2. Kommusisaiyst, cbopka mporpamMm, aBToMaTH3al[us Iporjecca COOpKHU.

3. Ncnionb3oBaHue ykasaresiel U MaccuBbl. CTPOKH.

4. Onepauuu co cTpykrypamu. O630p cTaHAapTHON OMOIMOTEKH.

Takxe 1mocobue COZEep)XKUT yKa3aHUs K BBITIOJHEHHIO KypCOBOW PabOTHI MO
Teme "O6paboTKa TeKCTOBBIX AAHHBIX '

[nsi ynobcTBa u3yuyeHus MaTepuas paszesieH Ha /iBe Oosiblive yacTu: oOiiye
Oa3oBbIe CBeZieHUS U TMOAPOOHBIM pa3d0p Kakaoi 1abopaTOpHOM M KYpPCOBOM
paboTel. Bosee monHOe ommcaHve GYHKI[MHA W BO3MOYKHOCTEH CTaHapTHOM
bubnuoTeku si3bika (libc) mpeacraBieHo B MpUIoKeHUH.

WudbopMal[ioHHble TeXHOJOTHH (Orepal[ioOHHbIe CHCTeMbI, TIPOTPaMMHOe
obecrieyeHre 00IIero M Criel[daM3UPOBAHHOTO Ha3HaueHUs, WHGOpPMaI[MOHHbIE
CTIpaBOYHbIE CHCTEMbI) W MaTepHa/lbHO-TeXHUYecKass 0a3a, HCro/ib3yeMble B
oOpa3oBaTe/ibHOM TIpoLiecce M0 AUCLUIUIMHE, COOTBETCTBYIOT TpeOOBaHHUSIM
denepasbHOTO  TOCY/apCTBEHHOrO0  00pa30BaTeNbHOTO  CTaHAapTa  BBICIIETO
obpa3oBaHMs.

Ins  obecrieueHnst oOpa3oBaTeNbHOTO  TIporiecca IO JUCHUIIIMHE
UCTIONB3YIOTCS CIeAyole HHPOPMAaIIMOHHbIE TeXHOJIOTHH:

1. OnepaionHas cuctema: Ubuntu Desktop 20.04 x64.

2. [IporpammHOe  obecrieueHre  00Ilero U CIEI[HATM3UPOBAHHOTO
Ha3HaueHus: Git version 2.17, LibreOffice 6 u LibreOffice 6 Help Pack (Russian),
GCC 7.5.0.

3. ladopMaljioHHbIe CIpaBOYHbIE CUCTEMBI: MeXXIyHapo[Hasi acColyalus
ceTeil MIHTepHeT, 3/IeKTPOHHbIE OUOIMOTEUHbIE CUCTEMBI U PeCypPChl YaJeHHOTO
noctyma bubmoreku CIT6I'OTY "JISTU".

S3pik Cu sAB/ISIETCS BBICOKOYPOBHEBHLIM HMHCTPYMEHTOM TIPOTPAaMMHCTa U
MO3BOJIIET TIMCATh ITIPOrpPaMMbI [IOCTaTOUYHO O/M3KWe K armapaTHOM YacTH
KoMmIibloTepa. Takue TiporpaMMbl OyZieT TIMcaTh HaMHOTO TIPOIIe, ecd

TporpaMMUcT OyzieT UMeTh 00I1lee Mpe/icTaBeHre 00 YCTPOMCTBE KOMITBIOTEPA.
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OCHOBHOM KOMITIOHEHT KOMIIbIOTepa — mpoueccop. HecMoTpss Ha TO, 4TO
COBpPEMEHHbIE TIPOL[eCCOPbI TEXHUYECKU J0BOIBHO CJIOXKHBI, UX MOXKHO B HEKOTOPBIX
C/lydasix paccMaTpyBaTh KaK OueHb TPUMHTHUBHBIE YCTpoiicTBa. OfHAKO UTOOBI
W3yuuTh paboTy mporieccopa, MoTpedyeTcs BBECTH eIlle OAHO YCTPOMCTBO —
NaMATh. B nau-
HOM KOHTEKCTe peub HJeT 00 orepaTMBHOM TaMsITH KOMITbioTepa. Ee MO)KHO
TIpe/ICTaBUTh ce0e Kak OrpOMHOe KOJIMYeCTBO TOJPSi/ UAYIIUX siueeK pa3MepoM B
onuH Oalit. Bce sueliku CTporo Tioc/jefioBaTeslbHO TIPOHYMepOBaHbl. Takum
obpa3om, Kak/ias siuelika MeeT ajipec.

B mamMsTu MOryT XpaHUThCS KaK 4MC/ia, TaK U WHCTPYKLMHU TpoLieccopa.
[TpuMeuaTe/IbHO, UTO Y JIaHHbIe, U MallTHHHBIE MHCTPYKILIUMA OMHAKOBBIM 06pa3om
MOTYT OBITH COXPaHeHbI B BU/le JBOMUHBIX KOZIOB B MaMSITH.

OCHOBHOM CITMCOK OTlepaijyid, KOTOpble BBIMOJ/IHSIET MPOLIeccop:

1. CuuTaTh U3 MaMITU KaKyr-TO UHCTPYKILHIO (KOMaHy).

2. CunTath W3 MaMATH JlaHHbIe, KOTOpble TpeOyeTcs AJis BBITOJHEHHS 3TOM
WHCTPYKLIWMU.

3. BbINOMHUTL UHCTPYKLIMIO, UCIIO/b3Ysl CAUTAHHbIE PaHee /1aHHbIe.

4. CoxXpaHUTh pe3y/bTaT BLITIOTHEHUS] UHCTPYKLIMKA 06paTHO B TIaMSITh.

5. IlepenTH K cieayroiier MHCTPYKLWH.

MoO)KHO CuMTaTh, YTO TIPOI[ECC TPOrPAMMUPOBAHMS TIPEACTaB/IsIeT COOOM
HarycaHue TaKOW TOC/e/ioBaTe/IbHOCTH WHCTPYKI[MM, UTOOBI BBIMIOJHEHHE WX
MOJpsiJl, OIHOU 3a JPyTrOu, TIPUBOJUIIO K PeIeHHI0 MOCTaB/IeHHOM 3ajaud. Ho Tak
KaK TMCaTh MPOTrpaMMbl B BH/Ie MAIlTMHHBIX UHCTPYKI[UH OueHb HEYI00HO U Z0/T0
(pPaBHO Kak M OT/Ia)KMBaTh Y MOJJEP)KMBATh TaKie MPOrpaMMbl), IPOrPaMMHUCTHI B
OCHOBHOM IUIIYT TIPOrpaMMbI Ha s3bIKe, Oojiee yJ0OHOM ueI0OBEKY, a TOTOM
npeobpa3yloT UX B S3bIK, TOHSATHBIM Mpolieccopy. ITo Tmpeobpa3oBaHue
BBITIOJIHSIET CIielkasibHask MporpaMMa, Ha3biBaeMasi KOMIIUISITOPOM.

1. OCHOBHBIE TEOPETUYECKHUE CBEJEHWSA

PaccMOTpUM  KOJ, TIPOCTOM TIpOrpaMMbI, KOTOpas BBLIBOAWT Ha 35KpaH
coobienue "Hello World!".

#include <stdio.h> //  NogK/dYeHne 6unbsinoTeKkun
BBOga/BbiBOjA

int main() // onpegesieHne QyHKumu main

{

printf("Hello World!\n"); // Bbi30B QyHKUUN BbIBOgA B KOHCO/Ib
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return 0; // OKOHYaHume nporpammel M BO3BpaT Kofa
OUNOKM

Mo>KHO COXpaHUTh KO/ 3TOM Mporpammbl B aii ¢ mo0biM y100HBIM UMeHeM
Y paclllMpeHueM .cC, HallpuMep, main.c, MOXKHO CKOMITWIMPOBATh €€, BLITIO/THUB

KOMaHJy:
gcc main.c

Pe3ybTaTOM B OmepariioHHOM crcteMe JIMHYKC Oy1eT UCITOMHAEMBIN dhaiis ¢
VMeHeM a.out B TeKylled AupeKTopuu. VcrosnHsembie (ailibl HECOBMeCTHUMBbI
JI7IS1 KOMIBIOTEPOB C Ppa3/IMUHbIMM apXUTEKTypaMH, a Takxke [Jisi pa3/TMUHbIX
OMepalMoHHbIX cucTteM. [lo3TOMy 3Ty mporpaMmy HYXHO KOMIIM/IMPOBAaTh
KaXIbIA pa3 TMOJ Orfpe/ileJIeHHYI0 apXWUTEKTYpy WM OIMepaliMOHHYH) CHUCTEMY.
3aryCTUTh UCTIOTHSIeMBIN (haiim MOXKHO CrieIyroIUM 0bpa3om:

./a.out

YroObl W3MEHUTh HMSI HCTIOJHSeMOro (aiiia, WMCIONB3yWTe KIIOU -0
KOMIUJISITOPA gCcC C yKa3aHHWeM HOBOTO Ha3BaHUsl, HAapUMep:

gcc main.c -0 main

[TompobOHee o dhyHKIMSX B s3b1Ke Cu cMm. [1]-[3].

1.1. ITepemeHHbIe

JItobasi mporpaMmMa /ijisi BLITIOJIHEHUsI CBOMX Ile/iell COBepIllaeT pa3/uyHbie
BBIUUC/IEHUS, pe3y/ibTaT KOTOPBIX MEHAeTCA B 3aBUCUMOCTH OT BXOJHBIX JaHHBIX.
Yrobbl XpaHUTh Ppa3/dyHbIe JaHHbIE, KOTOpPble MOTYT MEHSThCS B IIpoliecce
paboThI MporpaMMmel, B si3bike CH CYII[eCTBYIOT IepeMeHHbIe.

[TepemeHHbBIE, C TOUKH 3PEHHS TIPOrPaMMHMCTA, — 3TO UMEHOBAHHbIE 00/1aCTH
MaMsITH, Ky/ia 3alIMChIBaeTCs pe3y/ibTaT BbIUWC/IeHUM.

[Iprmep co3aHus TepeMeHHOU:

int a;

laHHO! CTpOuKOM B TiporpaMMe Oblla cO3/jaHa TepeMeHHas C UMeHeM a.
OObsiBNeHWe TepeMeHHBIX UMeeT CeAYIOIIYIO0 CTPYKTYPY:

<Twun gaHHbIX> I/IMH_HepeMeHHoﬁ;

B npumepe UCITOMb3yeTCs 11e/IOUNCIEHHBIN T int, T. e. JaHHas lepeMeHHast
MOYKEeT TIPUHHMMAaTh TOJILKO IIeJIOUMC/IeHHble 3HaueHus. [TogpoOHee THUIIbI JaHHBIX
PacCMOTPEHBI B TEOPeTUUECKUX TTOIOKeHUsIX K jabopaTopHoii paboTe 1.

3HaueHHe JJaHHOW TTlepeMeHHON MOYKHO MEHSITh:

a = 10;



CTOUT OTMETHUTh, UTO 00paIaTbCs U MEHATh 3HaUeHHe MOYKHO TOJIBKO T0C/ie
00BsiB/IEHUsI TlepeMeHHOM WX BO BpeMsi OObsiB/ieHUS 3TOM TlepeMeHHOM, T. e.
MO>KHO 00beJUHUTH 00bsIB/IeHHE U MPHCBanBaHue urcaa 10 B OfHy CTPOUKY:

int a = 10;

PekomeHyeTcsi BcerZia MpUCBavBaTh MEepeMEHHOM KaKOe-TO 3HaueHue Mpu
00BsiBNIeHNU (MHUL[MATA3UPOBaTh TlepeMeHHYH0), TakK KaK eCjid 3TOro He CZie/iaTh,
TO 3HaueHWe 3TOU TepeMeHHOW MOXKeT ObITh JFOOBIM, UTO MOXKET TIPUBECTH K
HeTpe/IBUJIeHHbIM OLIMOKaM U CUTYyaLUsIM.

BakHO: KpaiiHe >KesaTeJlbHO MUMEHOBATh TepeMeHHble MOHSATHBIM 006pa3om,
T. €. JlaBaTb KMs TlepeMeHHOM B COOTBETCTBHMU C 1Ie/ibl0, JJjIsi KOTOPOM OHa
co3zaBasiack. B 1ocobum pekomeH/yeTCsi MMeHOBaTh TepeMeHHble CUMBOJIaMU
HWXHero perucrpa U uepes 3HaK HWKHeEro IojuepkvBaHus "_", eC/ii OHO COCTOUT
13 HeCKOJIbKUX CJI0B. HamprMep, eciu 11e/iourc/ieHHasi riepeMeHHasi Oblla co3/jaHa
[I1 XpaHEHWs 3HAueHWs MaKCHUMAaJIbHOW [IOMyCTUMOM CKOPOCTH Ha TeKyleM
y4acTKe [JOpOr¥M, TO MOXHO HMEHOBaTb IIepEMEHHYH KakK cur_max_speed
(cokpaiijeHue ot current maximum speed).

1.2. ®yHkuumn

YroObl Jiydllie MOHATH YCTPOHCTBO TMPOrpaMMbl Ha s3biKe CH, PacCMOTPUM
6a3oBoe moHsTHe "dyHKUUA". DyHKUMA B sizbike Cu — mogmporpamma (T. e.
(hparMeHT NPOrpaMMHOT0 KOZia), KOTOPYH0 MOXXHO BbI3BaTh [0 UMEHU U3 JIPYTOro
MecTa rporpammbl. OrnpeziesieHre (GYHKLMU BBITJISAUT CIeAYIOIMM 06pa3oM:

<TWN_BO3Bpawaemoro_3HayeHuna> NMA_QYyHKLMN
(<cnucok_napameTpoB_QyHKLNN>)

<Kop_KOTopblii_ncnonHseTcs_B_yHKLUMN>

}

Mpumep:

void print(int a, int b){
int ¢c = a + b;
printf("c = %d\n", c);

rie <THWIl_BO3BpallaeMOro_3HauyeHuss™ — void, wuMs_(QyHKUuu — print,
<CMUCOK_rapaMeTpoB_(pyHKUMW> 3aZiaeTci B CKobkax — int a, int b,

<Kop_KOTOpbIM_HCIIOMHSIeTCS_B_(QYHKI[MN> 3a/jaeTcsi B (PUTypHBIX CKOOKax (Teso

(QyHKLMN).



O6bsiBneHre ¢GYHKIMKA COOOIaeT, apryMeHTbl KaKUX TUIIOB M B KaKOM
KonmuecTBe (PyHKLIMS OKUAAeT U KaKol BO3BpalljaeT pe3y/bTaT. ITO 00bsSIB/IEeHNE,
Ha3bIBaeMoe TIPOTOTUTIOM (PYHKLIMU, AO/DKHO OBITH COT/IaCOBAHO C OMpe/esieHrneM
Y BCeMH BbI30BaMU (PyHKLMU. To ecThb B /t0OOM BbI30Be (DYHKIIMU U OTpefe/ieHUU
3TOM (YHKLMK KOIMUeCTBO apryMEeHTOB W THUIbl 3THUX AapryMEHTOB [O/DKHBI
coBrnaziath. Eciu oripesesieHrde (PYHKIMM WM BbI3OB HE COOTBETCTBYET CBOEMY
TPOTOTHUITY, BO3HMKaeT oiMOKa. OObUHO 00BsBAEHUS GYHKIUA BBIHOCAT B
CrieLdasibHble 3aro/ioBOYHbIe (aiiibl, UMerolue paciivipeHde .h. OObsiBIeHUe
(GYHKLUM BBITJISIUT C/IeAYOLKMM 00pa3oMm:

<TVN_BO3BpalaemMoro_3Ha4yeHus> MMA_dyHKLUNN

(<cnucok_napameTpoB_OyHKUUN>) ;

Ecnu byHKIMs He BO3BpalllaeT 3HauyeHwUs, TO
<THWI_BO3BpalllaeMOro_3HaueHus:™> yka3biBaeTcsi void. Ecm  ¢yHkuus He
NpUHUMaeT aprymMeHTOB, TO <CITMCOK_TlapameTpoB_(yHKLMW> HUKAK He
yKa3bIBaeTCsl.

AprymeHTbl (DYHKLUM SIBJISIFOTCS KOTMHWSIMM JIAHHBIX, KOTOpbIe TepeiaroTcsi B
GyHKLIMIO, a BCce TiepeMeHHble, OObsBIeHHbIe B Tejie (YHKLWH, Ha3bIBAIOTCS
JIOKa/IbHBIMA  TIepeMeHHbIMY, T. €. TepeMeHHble MMeHT 007acTb BUAWMOCTHA B
riporpamme. Hampumep, repeMeHHasi MOXKeT ObITh T/100a/TbHOM, ec/ii ee 0ObSBUTDL B
(aiine BHe Tena YHKIMU, U K HEM MOXKHO TTOJTIyUHTh AOCTYIT U3 000 (yHKIMN
TIPOrpaMMBbI B JJAHHOM (paiijie C UCXOJHBIM KOZIOM. A K JIOKaJIbHOW MepeMeHHOU eCThb
JOCTYIl TONMBKO B Tesjie (YHKLWM, TZie oHa Obula OOBsiB/ieHa, U TOJILKO TIOC/Ie ee
00bsIB/IEHHSI.

BhIfienisitoT yeThbIpe TUra 06s1acTeil BUAUMOCTHU:

— rnobasbHast BUJUMOCTb (oOBbsiBNIEHME B Gaitnie BHE
O/10KOB/CTPYKTYP/(DYHKLIHH);

— 6710k (06s1acTh BUJUMOCTH B OJIOKe, KOTOpBIM HauuWHaeTcs C (UrypHOU
ckoOkm "{" 1 3akaHuMBaetrcs "}");

— IpoTOTHUT GYHKIMK (0OBSBIEHNUS] BHYTPU MTPOTOTUIIA);

— yHkius (0671aCTh BUAUMOCTH B Tesie PYHKIUH).

JIoKanbHBIMY TIepeMeHHbIMK COTJIaCHO JIaHHBIM TWTaM obsiacTeil BUAWMOCTU
SBJISIIOTCSL  TilepeMeHHble, O00bBsiB/ieHHble B O/lOKe Kofla U B Tele (DyHKIUM.
[lepeMeHHbIe, 00bsIB/IeHHbIE B TPOTOTHIE (YHKIMM, Ha3bIBAIOTCS apryMeHTaMuy
GbyHKUMYM, a TiepeMeHHble B TJio0OaibHOM 00/1laCTH BUAMMOCTH — TJI00a/TbHBIMU
riepeMeHHbIMU [4], [5].



1.3. I'naBHas ¢pyHKIMA

BrinosiHeHue mr000M rporpaMMbl Ha si3bike CHM HauMHAEeTCs! C BBITTOTHEHUS
GbyHKI[MM main (ToBOPST TakKe, UTO main — ToYka BXOZa B MporpamMmy). JIrobas
rporpaMMa o6s13aTeTbHO J0/DKHA COZlepXKaTh (DYHKIMIO main.

#include <stdio.h>
int main()

{
printf("Hello World!\n");

return 0,
}
B panHOM ciydae (yHKLMSI main Bo3BpalljaeT Lie/IoUMC/IeHHOe 3HaueHue (Tura
int) 1 He IPUHMMaET HUKAKUX apryMEHTOB (ITyCTble CKOOKHM TToc/ie UMeH! (hYHKIIHN).
Ilns Bo3BpaTa 3HaueHUs U3 (PYHKIUM CAY)XUT omeparop return. [Ipu ero
BbI30Be BbITIOJTHEHWe (YHKIMM HeMe/IJIeHHO 3aBepiiiaeTcs U (QyHKIMS BO3BpalljaeT
3HaueHUe, TiepejaHHoe return. Mo>XXHO TiepeMeCTUTh 3Ty CTPOKY Iepesi CTPOKOM
¢ printf u ybeautncs, uto omnepaiiys BbiBozia cTpoku "Hello World! " Ha skpane
He Oy/ieT BBITIOJTHeHa.
3HaueHWe, KOTOpoe BO3BpalllaeT (YHKIMS main, ToJjiyyaeT Ta cpeja, B
KOTOpoli Obula 3amylljeHa MporpamMma. [lo cor/almieHur0 TIpd KOPPeKTHOM
3aBepIllleHWHd TpOrpamMMmbl (YHKIMS main [Jo/bKHa BepHYTb 3HaueHue 0.
HeHyneBoe 3HaueHue OyZieT paclieHEHO OTepal[MoOHHONW CHUCTeMON Kak Kof
OLIMOKY ¥ HEKOPPEKTHOe 3aBeplilieHre TIPOrpaMMBbI.

1.4. Teso rnaBHOM (QDYHKI[UMA

[71s BeIBOZIA MH(OPMAIMKM Ha 3KPaH UCIO/b3yeTcs O61b/MoTeuHast QyHKIMS
printf. OyHKIMM TiepefaeTcss CTPOKA [/ TeuUaTH, 3aK/JII0UeHHass B JIBOMHBIE
KaBblukKH. CTpOKa 3aKaHUMBAeTCSI CUMBOJIOM '\n' — 3TO C/Iy>KeOHBIA CHUMBOJI,
KOTOpBIM OTBeYaeT Ha Tiepexo]| Ha HOBYIO CTPOKy. Bce ciyxeGHble CHMBOJIBI
HAUMHAIOTCS CO 3HaKa 0OpaTHOM uepThl ("03KC/IAMII" MM 00paTHBIN CJIAII).

dyukuysa printf comepXXuTcs B cTaHZApTHOW OMO/MOTeKe (QYHKIMM, U AJis
eé MCIOb30BaHMUS HAJ0 SBHO yKa3aTb 3aro/ioBOYHBIA (aiij, B KOTOPOM OHa
obbsiByieHa. [Insi GyHKIMM printf, Kak ©U A9 MHOTHUX JPYrUX (QYHKIMH
BBO/Ia/BbIBO/IA, 9TO 3ar0/IOBOUHBIN (haiin stdio. h (standard input/output):

#include <stdio.h>

Ilnst cTaHAapTHRIX OMOMMOTEK UMSs 3aro/IoBOYHOrO (haiina ciefyetr nmucaTh B
TPeyroibHbIX CKOOKax. Ecnu HammcaTh uMMsi 3arojioBOUHOro (aiina B [IBOWMHBIX
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KaBblUKax, Haripumep, #include "header_name.h", KommunaTop OyzeT UCKaTh
3TOT (halin B AUPEKTOPUH C UCXOAHBIM KOJIOM.

1.5. IIpennporneccop

IIpenpouneccop — 5To NporpaMMa, KOTopasi oAroTaBauBaeT Koz NpOrpaMMbl
ISl mepefilauM ee KoMOwiATopy. OHa BbI3bIBAeTCs aBTOMAaTH4YeCKd W BPYUHYIO
BbI3bIBaTh €& He TpeOyercs. KomaHzapl Tmpemporjeccopa  Ha3bIBAIOTCS
AUPEKTHUBAMM U UMEIOT CeAyoLni (popmart:

#K/lo4eBOe _C/I0BO napameTpbl

OCHOBHBI€ JIeHCTBUS, BBITIO/HSIEMbIE TIPETPOLIeCCOPOM:

— yJla/ieHue KOMMeHTapUeB;

— BK/IIOUeHHe cofiep)kuMoro ¢aiiioB (#include);

— Makporio/icTaHOBKa (#define);

— 00paboTKa [JWPEKTHUB YyCAOBHOM Kommmwmsipu (#if, #ifdef, #elif,
#else, #endif).

1.5.1. #include

[Mperniporieccop obpabaTbiBaeT COAEpP>KUMOe YKa3aHHOTO (haiina v BKIHOUaeT
cofiepXkMMOe Ha MeCTO [JUPeKTHBBL. BKitouaemble TakuM o0Opa3om aiisbl
Ha3bIBAIOTCS 3aroJIOBOYHBIMH UM OOBIYHO cofiep>KaT OOBsiBieHUsT (QyHKIUH,
r7100a/1bHBIX TIepeMeHHbIX, OIpe/ie/ieHUsl TUTIOB JJaHHBIX U JIpYToe.

IupekTrBa MOXXeT UMeThb BUJ #include "...." nubo #include <...>.
HOnsa  <..> mouck dalina ocyilecTBiseTcs cpead (ailioB  CTaHAApTHOU
bubmoTeky, a s "..." — B TeKyIel AMPEKTOPUHU.

1.5.2. #define

[To3BOMIAIET OMpeAeNMTh MaKpOChl WIM MaKpoompeje/ieHus. VMeHa UX
MIPUHSTO TMCaTb B BEPXHEM PETMCTPe uepe3 HIDKHUE TOAUepPKUBAHUS, eC/IU 3TO
TpebyeTcsi:

#define SIZE 10

Takoe Makpoorpesie/ieHHe TIPUBEIET K TOMY, UTO Be3fe, IJe B Koje Oyzer
UCII0/Ih30BaHO SIZE, Ha 2JTame pabOThI Mperporieccopa 3TO 3HaueHue Oyger
3ameHeHO Ha 10. MaKpochl OT/IMUAIOTCS OT MAaKPOOIIPe/ie/IeHUH TOTbKO Ha/TMUMEM
TlapaMeTpOB:

#define MUL_2(x) x*2

Takum 06pa3om, KakAbli MakpoCc MUL_2 B Kojie OygeT mipeoOpa3oBaH B
BBIp@)KEHUE X*2, TIe X — €r0 apr'yMeHT.



Cnenyer obpaTuth ocoboe BHUMaHHWe, 4uTo define BBINOMHSAET TIPOCTO
TIO/ICTAaHOBKY MJieHTU(HKaTopa 6e3 KaKUX-TO [IOTIOJTHUTE/IBLHBIX TTpeobpa3oBaHuH,
YTO WHOT/]a MOKET MPUBOUTH K OLIMOKAaM, KOTOPbIe TPyAHO HalTH. [TogpobHee o
pabote define B [1].

1.5.3. #if, #ifdef, #elif, #else, #endif

JIUpeKTUBbI  yCJIOBHOM  KOMIWIALMU  JIOMYCKalOT  BO3MOXXHOCTb
BLIOOPOYHON KOMIOWISALIMK KO/Ia. TO MOXKeT ObITh UCIIO/Ib30BAHO /IJIsi HACTPOUKU
KoJa TIo/i ompefie/leHHYI0 TuUIaTQopMy, BHeApDeHHs OT/IaJOYHOr0 Koja WIH
TpOBEePKU Ha MOBTOPHOe BK/ItOUeHUe datina.

1.5.4. ITpumep pabombi npenpoyeccopa

PaccmoTtpuM paboTy mpernporieccopa Ha pyUMepe TPOorpaMMmBbl:

// Tpumep paboTel npenpoueccopa
#define B 14

#ifdef B

#define C

#endif

int main(){

int a = 10;

int b = B;
#ifdef C

int ¢ = b;
#endif

}

KomaHgpl miperiporieccopa cieayrolve: MOACTaBUTL 3HaueHue 14 B mecrta
MakpoormpezeneHiss B, 3areMm, eC/Jd CyLeCcTByeT MakKpooIlipeJejieHue B, To
rnozacraButh C. Ecy cyljecTByeT MakpooripesesneHyde C, TO OACTaB/IsACTCA CTPOKa
KO/Ia C TIepeMeHHOM C.

Kommunsitop gcc ¢ momotgeto ¢iara -E TO3BOMSIET 3alyCTUTh TOJBKO
rporpaMMy Tperipoieccopa, 4robbl MOKHO ObLIO TIOJNyUWUTh pe3yJbTaT ero
paboThI:

gcc -E main.c -0 prepr_main.c

Pe3ysbTaT 3anvcaHHbIM B prepr_main.c:

int main(){

int a = 10;
int b = 14;
int ¢ = b;
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Kak MO)XHO 3aMeTUTbh, cpaboTasu BCe MaKpOMOJCTaHOBKM U ObUl y[ajieH
KOMMEeHTapHH.

2. KOMITWIALINA

KoMmuisius — Tipoijecc TipeoOpa3oBaHusi MPOrpaMMbl C UCXOIHOTO Si3bIKa
BBICOKOTO YPOBHSI B 9KBUBA/IEHTHYIO MIPOrPaMMY Ha si3blKe 00jiee HU3KOTO YPOBHS
(B 4aCTHOCTH, Ha MALLIMHHOM SI3bIKE).

Komnunsitop — mporpamMma, KOTopast OCyIeCTB/IsieT KOMIU/IsALUL0 (puc. 2.1).

O beKTHBIH Ko

Hcxoppiit kog Mpenpotjeccop KoMmsTop Kog, koTopeiii
MOMET HCTIOMHH TR

MpOLECcop

Puc. 2.1. TIpuHIiun paboTbl KOMITUISITOPA

Bosibitiasi yacTb KOMITWIATOPOB MpeoOpasyeT MporpaMMy B MAIIMHHBIA KO,
KOTOPbIi MOKeT OBbIThb BBLITIOJITHEH HENOCPeACTBEHHO TMPOLIeCCOPOM. OTOT KOJ
pasuyaeTcsi MeXAy OINMepalMoOHHBIMA CUCTeMaMu U apxurekTypamu. OJHako B
HEKOTOPBIX sI3bIKaX MPOrpaMMUPOBAHHKs ITIPOrpaMMbl TIpeo0Opa3yroTcs He B
MalllMHHBIM, a B KOJ Ha 0Oojiee HU3KOYPOBHEBOM SI3bIKe, HO TIO/|/IeKall[Hid
JanbHeMIie uHTepripeTanuu  (6alT-Kom). OTO MO3BOJsSeT W30aBUTHCA  OT
apXUTEKTYpDHOU 3aBUCUMOCTH, HO BjieueT 3a cCO0OW HeKOTOphble TIOTepU B
MPOU3BO/IUTE/ILHOCTH.

Komnunstop sa3pika CH TIpUHMMaeT HMCXOAHBIM TEeKCT TIporpaMMbl, a
pe3y/jibTaTOM SIB/IsIeTC 00BeKTHbIA MoAay/ab. OH cogepkur B  cebe
TIO/ITOTOB/IEHHBIN KOJI, KOTOPBIM MOKeT ObITh 00beZJUHEH C APYTUMH 00BEeKTHBIMU
MOZY/ISIMU TPY MOMOLIM JIMHKOBLLMKA [JIs1 TIO/TyYeHUs] TOTOBOTO HMCIIO/IHAE€MOro
MO/ /IAL.

[TompobHee o KoMIUAIMH B [4].

2.1. Coopka nporpaMmm

C6opka TporpaMMbI 13 UCXOAHBIX KOJJOB B HCITOJ/IHSIEMBIN (haiisi BKIIOYaeT B
cebs1 IBa OCHOBHBIX 3Tara: KOMIWIALMA Y JTMHKOBKA. CHavama sl KaXKJoro
daiila MCXOAHOr0 KoJa KOMITUISATOP TeHepHupyeT OObeKTHBIM (haiiy, a Ioce
JIMHKOBIIMK TIpeoOpa3yeT Bce 0OBEKTHBbIe Gaiiibl B HCIOJMHSAeMbIA. HarmsaHo
JlaHHbIe JTarlbl II0Ka3aHbl Ha pUC. 2.2.
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filel.c file?.c e fileM.c

A

~

Compiler Compiler Compiler

filel.o file2.0 e fileN.o

Linker

myprog

Puc. 2.2. Cxema cO0pKU TTPOrPaMMbI U3 UCXO/IHBIX KOJIOB

15 monyueHus 00beKTHOTO aiina ciiefiyeT BbI3BaTh gCC C K/IFOUOM -C:
gcc -c test.c

OTO TipuBeZieT K CO3/AaHHI0 00BEKTHOTO (aiiyia C paclIMpeHreM .0, U C TeM
)Ke UMeHeM, 4To Y (aiisa C UCXOAHBIM KOZIOM.

71 TUHKOBKY [OCTaTOUHO BbI3BaTh KOMaHAY gCC C yKa3aHUeM OObeKTHbIX
daitioB. UToObI U3MEHUTH UMsI UCTIONHSIEMOTO (paiisia MporpaMMbl UCTIONb3YHTe
-0 <ums_¢aiina>. Ecim -o He yKaszaTh, TO [0 YMOJ/TYaHUIO UCTIOMHSIEMBIM (haiiiom
sBysgercs a.out. [IpyuMep u3MeHeHUs] UMEHMU:

gcc test.o testl.o -o testprog

[TogpoGHee o cbopke mporpammei B [6].

2.2. IlepenanpaB/ieHle BBO/1a/BbIBO/A

3ayacTyr TO/b30BaTe/t0  HeoOXoAUMO TiepefiaBaTh WHGOpPMAIMIO B
rporpaMMy M TI0JiyyaTb pe3yJbTaT U3 KoHcouu. [ng storo B OC JIMHYKC
CyllleCTBYIOT MOTOKHM BBOAQ/BbIBOAA. [0 cBoeli CyTM MOTOKH — 3TO (haiisbl,
KOTOpbIe COZiepyKaT Iepe/iaBaeMyt0 WHGOPMAIIWIO, HarlpuMep, W3 MporpaMMbl B
TePMUHAI WM HaoOOpoT. B craHgapTHOVM Oubmoreke sisbika CH CyIL[eCTBYIOT
crielfianbHble  (YHKIMM, KOTOpble TI03BOJIIIOT —TIO/lyyaTh W Tiepe/laBaTh
VH(OpMaI1IO B 3TH TTOTOKM.

BBO,[[ M BBIBO/I PACIipeaesieTCa MeXXay TpeMsa CTAHAdPTHBIMH IMOTOKAMM:
12



® stdin — cTaHAAPTHBIM BBOJ, (BBOZ, TEKCTa C K/aBUATypbl). CUATAETCSI MOTOKOM

0;

® stdout — cTaHapPTHBIM BbIBO/] (BBIBOJ, TEKCTAa Ha KpaH). CuMTaeTcsi IOTOKOM
L

e stderr — cra"aapTHas ommMbKa (BbIBOJ OIIMOOK Ha 3KpaH). CunTaeTcs
TIOTOKOM 2.

CraHpapTHBIM MOTOK BBOJA IepejaeTcsi B MporpaMMy, KOrja Iosib30BaTeslb
BBOJUT /laHHBIE C MOMOILbI0 K1aBUAaTypbl. CTaHAAPTHBIN MOTOK BBIBOZA U MOTOK
BBIBO/Ia OILIIMOOK O0TOOpakaroTCsl B TEpMUHAJe B BU/le TEKCTa.

Mo)XHO  TepeHanpaBUTb  BbIBOJ,  TPOrpaMMbl  C  KCII0/Ib30BaHUEM
crieLuaabHOr0 CUMBOJIA >:

./a.out > out.txt, rge out.txt — BeixogHOM (ain. Ecm ¢anin He
CyIllecTByeT, OH OyZleT Co3/jaH, eC/iy CyIeCTByeT — repe3arucaH.

Takxe MOXKHO TiepeHaripaBUThL BbIBOJ B (aiin ¢ JgobaBieHWeM B KOHeLl.
Wudopmariusi, XpaHsiascs B daiie, He OyeT yaaneHa, a BCs HOBasi HH(OpMaI[us
Oyzet nobaBneHa B KOHel] 3TOTO (aiina:

./a.out >> out.txt

Yro6bl MOMECTUTh CTaHAAPTHBIN BBHIBOJ, B (haiis:
./a.out < in.txt

W Tak)ke MO>XKHO MCITI0/Ib30BaTh 1[U(Phl, KOTOPIMH 3a/1at0TCS TIOTOKU BBIBO/IA:

./a.out 1>out.txt — nepeHarpaB/eHHe BbiBoja (stdout) B daiin;

./a.out 1>>out.txt — mepeHaripaBieHre c fobaBeHreM B KOHel] (aiifa;

./a.out 2>out.txt — mepeHaripaBiieHye oIMOOK (stderr) B daiim;

./a.out 2>>out.txt — nepeHanpas/eHue C AoOaBIeHreM B KoHel] dalina;

./a.out &>out.txt — mepeHaripaB/ieHHe U BbiBOJa (stdout), ¥ oOIIMOOK
(stderr) B daiin .

3. OTVIAJKA

3.1. 3anyck c ors1aguukom gdb

gdb — 3TO TOMy/SPHBIM OT/IAQAUMK JI/Is1 TIPOrPaMM, HaIMCaHHBIX Ha S3bIKax
nporpammupoBanust Cu 1 C++. OH IT03BOJISIET BBIMOIHATH TIPOrpaMMYy TIO0 IIIaram,
a Tak)Ke TIOCMOTPEeTh 3HaueHUs MepeMeHHBIX Ha KaXkKZOM 3Tarie BbITIOJIHEHUS H,
ecid 3TO0 HeoOXOJAWMO, PacCMOTPeTh TPOTrpaMMy JlaXke Ha YPOBHE MAIIUHHBIX
MHCTPYKILIMM U PErCcTpoB Mpoljeccopa.

Yrobbl ycTaHoBUTh oT/aguuk gdb B Ubuntu, BBeauTe:
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sudo apt install gdb

Yrobbl 1oyunTh WHGOPMAI[HMI0 00 MMeHaxX INepeMeHHbIX U HOMepax CTPOK
KOZla BO BpeMsi OTJ/IaJKH, TIPOrPaMMYy CJieiyeT CKOMITUIMPOBAaTh 0COObIM 00pa3om,
WCIO0JTb30BaB KoY -g. OH 06aBUT B UCTIOMHSIEMbIN (aill UHCTPYKLIUU, KOTOPbIe
OyzeT UCIo/Ib30BaTh OT/IAIUHK:

gcc -g test.c

YTo6bI 3aMyCTUTH Ballly IPOrPaMMy C OT/IaJUMKOM, BBITTOJTHUTE:

gdb <uma nporpammbi>

Hanpuwmep:

gdb a.out

[Tocne 3amycka OT/AafuMKa CrielyanbHble CUMBOJbI OyAyT CUMTaHbl U
3arMyCTUTCS KOMaHHBIM MHTepdeiic otnaaurka. [Ipyu 3ToM mporpamMma He Oyzer
3amyljeHa, a 3anyljeH TOJAbKO OT/IaJuuhK, B KOTOPOM MOXHO YIIPaBJIATh
MPOrpaMMOU C MOMOLLBIO CIeLUaTbHbIX KOMaH/:

® run WU r — 3alyCTUTh NIPOrpaMmy;

® run <argl> <arg2> — 3alycK IporpaMMbl, ecii HeoOXoauMo TiepeJaTh
apryMeHThbl;

¢ where — BBIBOJI CTeKa BbI30BOB, KOTOPKIM TPUBEJT K OIINOKe;

® print <mMma nNepemMeHHOoI> WY p — BLIBECTH 3HaUeHUe TlepeMeHHOU;

® list — mpocMOTp MCXOAHOTO (haiisia mporpaMMmel. [10 ymosyaHuiO BBIBOJUT
riepsble 10 CTpOK;

® help wiu h — IpOCMOTP CIIPaBKHU 110 KOMaH/e,;

® quit WM q — BBIXOZ, U3 IPOTrPaMMBl.

3.2. IlepenanpaB/ieHle BBO/1a/BbIBO/A

[Io ymosuaHuto, mporpamMma, 3amnyllieHHas B gdb, OCyllecTB/sieT BBOJ U
BbIBOJ, B TOT e TepMHUHa/a, 4yTo U gdb. MoXHO MepeHarpaBUTb BBOJ/BbIBO/,
[IPOrpaMMBblL:

run > <BbIXOAHOW-dain>

Hanpuwmep:

run > 1.txt

3.3. Touku ocTaHoOBa

C moMOIIbI0 TOYEeK 0CTaHOBA MOYXHO OCTAHOBHUTH BBITIOJIHEHHE TTPOTrPAMMBbI
Ha Jito0oW CTpoke WM (YHKIUM WCXOAHOTO Kofa. OTO  TI03BOJIUT
TIpOaHaIu3uPOBaTh NiepeMeHHbIe U TO, UTO MPOUCXOJUT C IPOTPaMMOM.
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C nomo1bo KOMaHAbl 1ist MOXXHO MOCMOTPETh UCXOIHbIMA KO, MPOrPaMMbI
Y HAUTU MeCTO TOYKH BXOKJeHUs B porpammy. Ha si3bike Cy TOUKOW BXOKJEHHS
siBJisieTcst GyHKIMS main. Takxke MOTYT ObITh MTOIe3HBI KOMaHAbI

® list <HOmMep-CTPOKU> — BBIBECTU CTPOKH, PAaCIIOJIOKeHHbIe BOKPYT
CTPOKU C HOMEPOM <HOMep-CTPOKU> B TEKYIL|eM UCXOAHOM (aiiie;

® list <umA @yHKUMN> — BBIBECTH CTPOKH, PACIIO/IOKeHHbIe BOKPYT Hauasa
GyHKUMY <uMs QYHKLIAK>.

MO’KHO yCTaHOBUTb TOUKH OCTAaHOBA pa3/IMUYHLIMM CII0COOaMM:

® break i b

*bh <uma PyHKUUK>

® b <HOMEp CTpPOKU>

Takke MOKHO YCTaHOBUTh TOYKY OCTaHOBA C yC/I0BHUEM:

® break <Homep cTpoku> if <ycnosue>

Kaxxzpiv pa3, Korja JOCTUTaeTCsl TOYKAa OCTaHOBA, MPOMCXOAUT BbIUKC/IEHUE
BbIpa)KeHUs1 <ycnosue>. OCTaHOBKA MPOUCXOJUT TOJIbKO, €C/IA 3Ta BeJIMYMHa He
paBHa HYJIIO, T. €. YC/I0BUe UCTHHHO.

Hanpumep, MOXHO yCTaHOBUTb TOUKY OCTaHOBAa Ha BXOXJEHHe B
rnporpaMmy: b main. 3aTeMm 3ayCTUTb IPOrPaMMYy C TIOMOLLIBIO: I.

YToObI BBITOTHUTE CIEYIOIIYI0 CTPOKY TIPOTPaMMbI, HY>KHO C/leflaTh IIiar B
gdb, BBITIO/THUB

next UM n.

GDB rmiporniyckaeT nycTble CTPOKM U CTPOKM C KOMMEHTapUsIMH, Mepexois K
cnenywouier ctpoke. Eciv B CTpoke Bbi30B  GYHKLMKU, TO OT/IaAUMK BBITIOJTHUT €ee
1leJIMKOM, He 3ax0/is B (OyHKI[MI0. Ec/iu Hy)KHO 3aliTH B Hee, TO eCTb KOMaH/a war
BHYTpb (step-in):

® step win s;

® info 1locals MO3BOJISIeT y3HATh, KakKWe JIOKaJbHbIe TepeMeHHble cerlvac
WHULIMATA3UPOBAHBL;

® info breakpoints — Kakue B laHHbIN MOMEHT €CTh TOUKHA OCTaHOBA;

¢ del <breakpoint_num> — yganiutbk TOUKY OCTaHOBQ, IAe <breakpoint_num>
— HOMEep TOUKH OCTaHOBA.

JlaHHBbIe 0 TOUKAaX OCTAaHOBA COZEPrKaT CAeAyIOLYI0 HH(OPMaLHUIO:

® Num — HOMep TOUKH OCTaHOBa,

® Type — TOUKa OCTaHOBA, TOUKa HabJIt0/IeHsl UK TIepexBara;

® Disp — romeueHa JIM TOYKa OCTaHOBA /I OTK/IFOUEHUS WU Y[aJeHUs

I1oCJjie aKTUBALIH;
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® Enb — BK/IIOUEHHBIE TOUKU OCTAHOBA IIOMEUAIOTCSA KaK Yy, n OTMeuaer
BBIK/IFOU€HHbIE TOUKY;

® Address — ajjpec naMsTH, Ifie pacriojioykeHa TOUYKa OCTaHOBA B [IpOrpaMme;

* what — ¢alin U HOMep CTPOKH, Tjle pacrojio)keHa TOYKa OCTaHOBa B
HCXOAHOM dhatise.

Taxoke rose3Hb! QyHKLUM:

® continue WM ¢ — MepenTH K creAyroIel TOuke 0CTaHOBa;

e call <umsi ¢yHKLMU> — BbI3bIBATh JIOKa/JbHbIe (DYHKI[MH U3 TIPOrPaMMBbl;

e finish wm fin — MNPOJO/DKUATH BBINOJHEHHE (YHKLIMHU, HO OCTaHOBHUTh
rnporpamMmy, Korja (QyHKUusi 3aBepmurtcs. Vcrmosb3oBaTe finish B r/1aBHOM
(YyHKLMU HeJTb3S;

® kill — 3aBeplIUTh BBIIOIHEHNE [IPOI'PAMMBI.

[Togpo6Hee 06 oTnagurke gdb B [7] u [8].

3.4. IlpuMep 0T/1aJKH NIPOrpPaMMbI

Hornyctum, 6b171a HaryMcaHa porpamma:

#include <stdio.h>
int main()

{
char *str = "GfG",;
/* 3anucelBaem agpec CTPOKu, AOCTYMNHON TO/IbKO A/19 4TeHusa */
/* Mpo6siema: nornbiTKa nucatb B MNaMsATb TOJ/IbKO A4/191 4YTeHUusa */
str[1] = 'n';
return 0;

}

Ckommuvpyem U 3aIryCTyM ee:

$ ./a.out;

Ownbka cermeHTMpoBaHMA (CTeK namATW cOpoweH Ha AUCK).

[Tporpamma cKoMITUIMpPOBaHa Oe3 OIMMOOK, HO TIPU 3TOM €CTh OIMOKa BO
Bpemsi BbITIO/IHeHUsI. [lo cooOIeHWIo He TIOHATHO, Tje OIMrMOKa. YTOOBbI
pa300paTbCsl, MOXXHO CKOMITU/IMPOBATh MPOTPAaMMY C KJ/TFOUOM - g U 3aITyCTUTh eé C
rnomolrpeo gdb:

$ gcc -g gdb2.c

$ gdb a.out

GNU gdb (Ubuntu 8.1.1-Qubuntul) 8.1.1

Copyright (C) 2018 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/
licenses/gpl.html>
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This is free software: you are free to change and redistribute it.
There is NO WARRANTY, to the extent permitted by law. Type
"show copying"

and "show warranty" for details.

This GDB was configured as '"x86_64-1linux-gnu".

Type "show configuration" for configuration details.

For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".

Type "apropos word" to search for commands related to "word"...

Reading symbols from a.out...done.
3arycK nporpaMmsl:

(gdb) run
Starting program:a.out

Program received signal SIGSEGV, Segmentation fault.

0x0000555555554611 in main () at gdb2.c:10

10 str[1] = 'n';

Kak 6b1710 pacCMOTpeHO paHee, C ITOMOIIbI0 gdb MOXKHO YBU/IETh, UTO OIIMOKa B
10 ctpouke. Heobxo Mo CHaua/sia OCTaHOBUTh BBITIOJIHEHWE TIPOTPAMMbI, a 3aTeM
TPOJIO/DKUTEL ee OTJ/aJKy, pPacCTaBMB TOUKM OcCTaHOBa. Koj C BbIBOJOM HOMEpPOB

CTpOK:
(gdb) list
5 char *str;
6 /* 3anucoiBaem agpec CTPOKW, AOCTYMHOW TONbKO ANA 4yTeHus */
7 str = "GfG",;
8
9 /* MNpobnema: nonbiTKa nNucatb B MamMATb TOMbKO AN1A yTeHua */
10 str[1] = 'n';
11 return 0;
12 }

TobaBMM TOUKM OcTaHOBa Ha 7 1 10 cTpOKM:

(gdb) break 7

Breakpoint 1 at 0x5555555545fe: file gdb2.c, line 7.
(gdb) break 10

Breakpoint 2 at 0x555555554609: file gdb2.c, line 10.

3arnyCcTum nporpaMMmy CHOBA:

(gdb) run
Breakpoint 1, main () at gdb2.c:7
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7 str = "GfG",;

CnenyroLmi 1war:

(gdb) next

Breakpoint 2, main () at gdb2.c:10
10 str[1] = 'n';

(gdb) next

Program received signal SIGSEGV, Segmentation fault.
0x0000555555554611 in main () at gdb2.c:10

10 str[1] = 'n';

MO’KHO TTPOCMOTpPeTh JAaHHbIe 0 TeKYILUX TOUKaX OCTaHOBA:
(gdb) info breakpoints

Num  Type Disp Enb Address What

1 breakpoint keep y 0x00005555555545fe in main at gdb2.c:7
breakpoint already hit 1 time

2 breakpoint keep y 0x0000555555554609 in main at

gdb2.c:10

breakpoint already hit 1 time

OcraHaBnuBaeM nporpammy u gdb:

(gdb) kill

Kill the program being debugged? (y or n) y

(gdb) g

3aTreM MO>KHO BHHUMaTe/lbHee U3yuuTh KO B CTpoke 10, 06Hapy 1B OMIMOKY.
OHa 3ak/rouazsach B TOM, YTO B MepeMeHHOM Str XpaHUTCS CTPOKOBBIW JIUTepas,
JOCTYIIHBIM TOJILKO [Jig uTeHUsi, a B CTpouke 10 MpPOMCXOAUT MOMBITKA €ro
MoauduKaumy. Takasi peanu3alvsi NPUBOAUT K aBapUUHOMY 3aBepIeHHIO

MPOrpamMMBbl.

4. UHTEPECHBIE ®AKTbBI

4.1. ##

Omneparop npemnpoueccopa ## NpuMeHsieTCd B COUYeTaHUM C OMNepaTopoOM
#define. Omnepatop ckjeuBaHus (WM KOHKAaTeHalUW) ## WCHOMb3yeTCs [/t
o0BbeivHeHNs (KOHKaTeHALMN) ABYX JIEKCEM:

#include <stdio.h>
#define value(x) value_ ## x

int main()

{
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int value_a;
value(a);

return 0;

}

[Tpenporjeccop rpeobpa3syet value(a) B value_a.

4.2. Ilopsa/i0K BbINO/IHEHNSI ONlepaiu

B Hauase o00yyeHusi TMPOrpaMMHUDOBAaHMIO HWHOT/IA MOTYT BO3HHKATh
TPYJHOCTH CBSI3aHHble C II0C/Ie[J0BaTe/IbHOCTHI0 BBINO/JIHEHU KOMaHZ B
pa3MYHbIX CUTyalUsiXx, Hanpumep, mnOpepuKcHas MW TMOCTGUKCHas (opMa
VHKpeMeHTa (++1 U i++) Wi npu nepejauve aprymenra B pyHkuuro. PaccMoTpum
CUTYaLUIO:

foo(i++, bar(i)),;

[TopsimOK BBIYKC/IEHUS BbIDAKEHWM, SBJSIOLIUXCS I€PBbIM W BTOPBIM
apryMeHTOM, He orpejie/ieH, 1o3ToMy ¢yHKIMs bar MoxkeT ObITb BbI3BaHa Kak /0
VHKpPEMeHTa, TaK U rnocsie. [103ToMy [aHHBIM KOJ, He SBJIIeTCSI KOPDPEeKTHBIM, TaK Kak
He MMeeT OJHO3HAuHOTrO TOBeJieHUs. [loBefieHWe B JaHHOW cuTyaluu Oygjer
3aBUCeTb OT KOMIIM/IATOpA, T. €. Ha pas/lMYHbIX KOMITWIATOpPax M Jaxe Ha
Pa3/IMUHBIX BEPCUSX KOMITA/ISATOPA MOXKeT ObITh TOJyueH pa3/IMuHbIi pe3y/bTar
BBITIOJTHEHUS IPOTPaMMBI.

JlabopaTopHasi pabora 1.
YITIPAB/IAFOIIMWE KOHCTPYKIINUA SA3BIKA CHU

1.1. ITesb 1 3a8a4un

Llesib — ocBoeHMe pabOoThI C yTPaBISIOLMMU KOHCTPYKIUSIMU Ha si3bike CU Ha
TpUMepe UCIO/b3YIOL[el UX MPOrpaMMBl.

[y MOCTW>KEeHUsI TIOCTaBJIeHHOW 1iesii TpeOyeTcsl peIuTb Cliefiyrolye
3a/jaum:

® 03HAaKOMUTBCS C CYILeCTBYIOL[MMU YIIPaB/ISIOIMMU KOHCTPYKIUSMU;

® HAyUYUTHCS UX WCIIO0/b30BaTh;

® HamucaThb [pOrpaMMy, pellalollyl0 3afauy B  COOTBETCTBUM C
VHJVBU/lya/IbHbIM yCJIOBUEM.

1.2. OcHOBHBIe TeopeTHYeCKHe CBe/ieHUs
1.2.1. Tunbl 0aHHBIX U Onepayuu Ha0 HUMU

B s3b1ke Cu nMeeTCst HeCKO/IbKO OCHOBHBIX THUIIOB JaHHBIX:
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e char — ogus 6aiit. OOBIYHO UCTIONB3YeTCs /ISl XpaHeHUsI CUMBOJIOB;

* int — 1]e/10€ UnCIIo;

¢ float — BelljecTBEHHOE UMCJIO;

¢ double — BeljecTBeHHOE YKC/IO BOMHOM TOUHOCTH.

Takoke ecTb psifi ClielIU(PUKAaTOPOB:

¢ short — KopoTKoe;

* long — 1yMHHOE;

* unsigned — 6Ge33HaKOBoOe.

BnusHuve crnenudukatopoB pasmepa Tuna (short, long) 3aBUCUT OT
KOHKDETHOM apXHUTEeKTYPBbl.

CrieliiaJlbHOTO TUTA JIaHHBIX [/ XpaHeHUsI CUMBOJIbHBIX CTPOK B si3bike Cu
HeT. [I/i1 XpaHeHUs] CTPOK MCIIO/b3YHOTCS MacCUBBI THIA char, B KOTOPBIX TOC/Ie
MOCJIeTHETO CUMBOJIA CTPOKM XPaHUTCSI HY/1IeBOU CUMBOJT '\0"'.

Maccue — cmpykmypa OaHHbIX 8 eude Habopa 31emeHmMo8 00HO20 mund,
pacnonodxiceHHbIX 8 namsimu opye2 3a Opy20M.

B s3pike Cu coziep>kaTcsi TIPUBBIUHbBIE apU(MeTHUYecKre ornepaiuu: +, -, *, / u
onepaiusi %. /lesio B TOM, uTO omnepanusi JeneHus (/) Haj LieJIbIMA UKACIaMU
BBLITIOJIHSIETCSI C oTOpachiBaHuWeM JpoOHo¥W uyactu. Omepaiusi % TI03BOJISIET
TO/TyYMTh OCTaTOK OT Jle/ieHus1 (M IOMyCTUMa TOJIbKO HaJ, 1Ie/IbIMHK).

Omnepaiuu OTHOIIeHUs: >=, >, == |= <= <

Jlornyeckue orneparuu:

e | — nornueckoe HE;

* & & — noruueckoe U;

® || — noruueckoe UJIN.

JlornuecKne BbIPDA)XK€HHsI BBIUMC/ISAIOTCS 'JIEHMBBIM' 00pa3oM cjeBa
HarpaBoO, M KakK TOJIbKO CTAHOBUTCS SICHBIM pe3y/IbTaT BbIpaXkeHHS, BbIUHCIEHHE
ero apryMeHTOB MpeKpalllaeTcsl.

BoipaskeHus B sisbike CH COCTOSIT U3 omepanui 1 onepaHjoB. OnepaHnjamMu
SIBJISIIOTCS JJaHHBIe, KOTOpPhIe 00pabaThiBalOTCs KOMaH/JaMU S13bIKa U OmeparjUsiMu.
Harpumep, 3T0 nepeMeHHble, Uncsia u T. .

B s3bike Cu mipeflyCMOTpeHbI CreljyajbHble OMepalydyd yBeJIUYeHus —
UHKpeMeHT (++) M yMeHblleHUsT — pAekpeMeHT (--). Omnepalusi MHKpeMeHTa
rpubaB/sieT eJUHULLY K CBOEMY OTlepaH/ly, a IeKpEMEeHT BbIUUTAeT eUHUILY.

[Ipumep:

int n = k++;
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Ecth mpeduxcHass u mocrpukcHasa ux Bepcuu. OTivuve ux B TOM, UTO
npedyKCHasi oOmnepalusi BbITIOJHSETCS [0 WCIO/Jb30BaHUSI TMEepeMEeHHOW B
BbIpD&KeHUH (++k ), a moctpukcHasg nocje (k++). Ilpu 3Tom onepanyy UHKpeMeHT
Y IeKpeMeHT MOXKHO IPUMEHSTh TOJIBKO K nepeMeHHbIM. Hesb3s Hanmcatb: (n+k)
++, [Ipo mpuopureT orepauuii cm. [1], pa3z. 2.12.

A 4TO TIpOM30UJEeT, eC/U CJIOXWUTHb [iBA YMCJ/a, KOTOpPble MO OTAe/JbHOCTH
MOMELLATCS B TUM JaHHBIX, & UX CymMMa — HeT? JlonmycTum, B sSiuelKe MaMsATH
nomerjaeTcss 1 GaiiT, uto paBHO 8 Ourtam. B 8 Outr mnpu 0Oe33HAKOBOM
rpeCTaB/IeHUM yMeljaeTcs YAC/I0 B WHTepBase oT 0 g0 255 BK/IOUUTE/NbHO. UTO
oyzer, ecmu cnoxuth 200+60? UYwucno 260 6Gosbie 255, T. e. TPOU3OIILIO
reperojiHeHUe, Tak Kak 260 He TOMEeCTUTCSI B BbIJ|e/IEHHYIO STUEHKY MaMsATU JJIsi
3aZlaHHOTO pa3Mepa. B urore ornepaiyu OyieT 1MoydeH pe3y/bTaT, paBHbIA 4, TakK
Kak 260 coOoTBeTCTBYeT ciefiytoijeMy outoBomy mipefcraBiaennto 100000100, sto
ynC/Io TIpeAcTaBisercss 9 OuTamMu, W CTapmwmi (KpalHUM JieBbIl) OUT Oyzer
otOpoitieH, a B pe3ynbTare ocraHercss 00000100, 9YTo COOTBETCTBYET UUCTY 4.

Ilepeno/siHeHHe — 5TO pe3y/abTaT OMNEpALUM, TIPU KOTOPOM MOJyUYeHHOe
3HaueHWe He MO’KeT ObITh MOMeIleHO B KOHKPeTHBbIM TUIl ZaHHBIX. bomee Toro,
eC/IM CyMMa [JIBYX MOJIO’KATE/TbHBIX 3HAKOBBIX LIe/TbIX YMCEeJT [TepPeroHATCA (CTaHeT
Oonbllle, yeM BMeIl[aeT THI), pe3yJIbTaTOM MOXeT UMeTh OTpHUl[aTe/IbHOe
3HaueHue. [leperosiHeHWe MOXKeT TIPUBECTH K Cephbe3HbIM OLIMOKaM: IoTepe
JAHHBIX, TPYJHOY/IOBUMBIM OIIMOKaM.

1.2.2. IIpueedeHue munoe

[TpeobOpa3oBaHre 3HaueHUs TePEMEHHOM OJHOTO TWUIa B 3HaueHWe J[Pyroro
THUTIA Ha3biBaeTCs MpuBeAeHHeM Tura. B sisbike Cu CyllleCTByeT iBHOe U HesiBHOE
TipuBe/ieHre TUTIOB.

siBHoe mnpuBeseHUe: Tiepes BbIpaXKEHUMEM C/eAyeT yKa3aTb B KpPYIJIbIX
CKOOKax UMs THIa, K KOTOpOMYy Heob6xouMo Tipeobpa3oBaTh HCXOAHOe 3HaueHue.

[Ipumep:
int x = 5;
double y = 15.3;
X = (int) vy;

y = (double) x;
HesiBHOe TIpuBefieHHWe: MpeoOpa3oBaHHe IMPOMCXOAUT aBTOMATUUECKH, IIO
rpaBuiam, orpezeneHHbIM B A3bike Cu. [Ipumep:
int x = 5;
double y = 15.3;
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y = X; //34€ecb npoucxogut HesaBHoe rnpuBegeHne tuna kK double,;
X =Y,; //34€ecb NpoucxognuT HesiBHOe rpuBegeHve Tuna K int.

PaccMoTpum fipyrou mpuMep, Tie BBIYMC/ISIeTCS YaCTHOE OT JieJIeHUs:

int x = 15;

int y = 2;

float a = (float) x / vy;

Kpyrsibie CKOOKM HCMOMB3YHOTCSA, UTOOBI COOOL[UTH KOMIUJISITOPY O
HeoOxoguMocCTH Tipeobpa3oBaHusi mepeMeHHOW x (Tuma int) B Tum float.
[TockonbKy MepemeHHasi X cTaHeT Tumna float, TO y Takke 3aTeM aBTOMaTH4YeCKU
ripeobpa3syeTtcs B Tun float. [Ipon3oiigeT AeseHre TUIIA C T/IaBalOIel TOUKOM.

char x = 10;

char y = 20;

printf("value is %d", x+y);

B pesysibTaTe BBIMOHEHUs TaKol orepaljuu Oyzer BbiBeZieHO: Value is 30,
TaK KakK C/I0’KeHHe /IBYX MepeMeHHbIX TUIa char NMpor3BeleHO KaK CI0XKeHUe BYX
TUIIOB int.

OTpenpbHOe BHUMaHWe CTOUT YAeNUTh Tpeobpa3oBaHUIO Thma char B int.
PaccmoTpum mprMep C HesIBHBIM IpeoOpa3oBaHUeM:

char c = 10;

int 1 = c;

printf("value is %d", 1i);

[TepemeHHOM i cHavasia OyJeT MPHCBOEHO 3HaueHHe TIePeMeHHOM C. Y ¢ THII
MMeeT MeHbIIIMM Auara3oH, yemy y i. [lo3ToMy [0 TIpMCBOeHUs] TIpOU3OHJEeT
HesiBHOe TmpeoOpa3oBaHWe 3HaueHHsI TlepeMeHHOW ¢ B TUM int, a 3arem
rpeoOpa3oBaHHOe 3HaueHHe OyJeT MPHUCBOEHO TepeMeHHOM c. IIpeoOpa3oBaHue
3HAUeHWs] THUTA, WUMEOIero MeHBIIWN [AWara3oH, B TUIT, UMEOMUN OOJIbIIHMA
Jlvaria3oH, sBjsieTCss Oe3omacHbIM. B pe3ysibTaTe BBITIONIHEHUS Koja Oyjzer
BbIBeZleHO: Value is 10.

Ecmu morpo6oBath BBIMIOJHUTE 0OpaTHOe Tpeobpa3oBaHMe, TO pe3y/bTaT
BBLITIOJTHEHUS OTiepaliiy OyJeT HellpaBU/IbHBIM. PaccMOTpUM rpumep:

#include <stdio.h>
int main()

{
int 1 = 1000000;
char ¢ = 1i;
printf("value is %d", c);
return 0,
b
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B pe3ynbTaTe BbINOMHEHUs! Koja, OyzZeT BeiBefeHo: Value is 64. Yucmo
MW/UIMOH He yMelllaeTcs B Auarna3oH TUla JaHHBIX char, OJHAaKO OTKYyZa B3s/I10Ch
3HaueHue 64?7 MUWUIMOH B LIeCTHAALIATEPUUHOU CUCTEMEe UMeeT BUJ, OX000F4240.
Kaxple OBa paspsila 3TOro uucjia — 3To oAuH Oaift. Tum char sBasiercs
0JHOOAMTOBBIM 3HAKOBbIM LiefbiM. [Ipu mipeoOpa3oBaHWM OT MUJJTMOHA B
1IeCTHa/L[aTepUYHOl crcTeMe oTOpocsATcst 3 cTapiuux 6aiiTa, U OCTaHeTCs JIMIIb
OJJUH MJIaJIINIA OaliT, a 3TO U eCTb 0x40. A B IeCITUYHOM cucTeme 64, UTO U ObIIO
BbIBe/leHO. Takoe npeoOpa3oBaHUe sIBJIsieTCs Hebe30TacHbIM.

Taxxe HeoOXOAMMO OBbITb BHUMATeNbHBIM TPH HCII0/Ib30BaHWK HESBHOTO
TIpUBeJeHUs TUIIA TIPU Je/leHUU. Tak Kak, ec/id SBHO He yKas3aTb, K KAKOMY THUITY
HY>KHO TIPUBECTU Jle/IUMOe W/WIU [ieJIUTe/Ib, CHauyasia BbIOJ/IHAOTCSA BbIUWC/IeHNS,
a TIOTOM TIpUBeZieHre TUTIOB. [109TOMY OCTAaTOK OT Jie/ieHHs MOYKeT ObITh TIOTePSIH.

[lpeobpa3oBaHue  MpU  BLITIOJHEHWH  apuPMeTUYecKMX  orepauui
OCYLLIeCTBJISIFOTCS IPOBEPKOM C/IeAYIOIIUX MpaBuil Mo nopsagky. Eciu npeapigyiee
IIpaBUJIO He BBITO/IHAETCS, TO [IPOBEPKA IIepexXoUT K CIeyIoIeMy:

® e/ OJWH U3 OMEepaH/IoB MMeeT TUll long double, TO APYTOM NMPUBOAUTCS
K long double;

® eJIM OJJVH U3 OIepaH/ioB uMmeeT TUIl double, TO APYrou NpPUBOAMUTCS K
doub'le;

® eCIM OJIUH M3 OrepaHoB vMeeT Tun float, TO ApPyrod NPUBOAUTCS K
float;

® eclM OJIUH W3 OMepaH/ioB UMeeT TUM unsigned long int, To aApyrou
rpeobpa3yeTcsi B unsigned long int;

® eCJIM OAWH U3 OTEepaH/iOB uMeeT TUIl long int, a Apyrou — unsigned int,
TO:

—ecd long int TOKpBIBAaeT BCe 3HAUeHUs unsigned int, TO pe3y/jbTaT
Oyzer Tma long int;

— ecJiv HeT, To 06a omepaHzia peo6pa3yoTcsa B unsigned long int;

® eCJIM OJUH W3 OIepaH/JoB UMeeT TUIl long int, TO APYrod MPUBOAMUTCS K
long int;

® eCJIM OJJH U3 OMEPaHIOB unsigned int, TO APYrov MPUBOJAWTCSA K unsigned
int;

® B IIPOTHBHOM CJ/Iydae oba ornepaH/ia UMeT THUII int.

23



Kak 6bUI0 pacCMOTpeHO paHee, WHOT/IA MpeoOpa3oBaHUs COTPOBOXKAAIOTCS
notepeid nHpopmanuu. be3z norepyu MHPOPMaLKX MOXKHO BBIMIOJTHUTD C/IeLYIOLIUE
1[eTIOUKHY TTpeoOpa30BaHuUM:

char -> short -> int -> long;

unsigned char -> unsigned short -> unsigned int -> unsigned long;

float -> double -> long double.

Ncxopsa Y3 pasMepHOCTH KaXKAOr0 THUIA [aHHBIX $SICHO, UTO THIIbl JaHHBIX
Oo/bITION pa3sMePHOCTU BMeIIAlOT OOJBIIMM WHTEpPBa/ 3HAueHWM. Takue THUIIbI
JAHHBIX Oy/leM Ha3biBaTh 0o/iee TOUHBLIMH, a MeHbIIEM pa3MepHOCTH — MeHee
TOYHbIMUA TUNamMd. Ha puc. 1.3 mipeacraBieHa rpafaiusi TUIIOB [JJaHHBIX [0
TOYHOCTH, U3 KOTOPOr'O C/IelyeT, YTO CaMbIM TOYHBIM THIIOM B sA3blke CH SIBJIseTCA
long double.

h
Signed Unsigned chart
char »| unsigned char unsigned char
Y A J int
int » unsigned int
unsigned int
Y Y
; _
long »| unsigned long long E
2
Y v - =¥
long long unsigned unsigned long
long long
long long
float unsigned
long long
double float
l double
long double
long double 4

Puc. 1.3. Cxema ripeoOpa3oBaHusi TUTIOB B BbIpa>KeHUH
ABTOMaTH4YeCKH TIPOM3BOJATCS TOMBKO mpeobpa3oBaHus K 00/iee TOUHOMY
TUITy B COOTBETCTBUU C TUMOM Ha puc. 1.3. [Ipeobpa3oBaHue K MeHee TOUHOMY
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THIYy TIPOMCXOAUT C ToTepedl JaHHBIX. Haripumep, eciii B MporpaMMe ecTb
CTpoOUKa: int a = 4.9, TUI int OTHOCUTCA K LieJIbIM YHC/IaM, a UUCJI0, KOTOpoe
MBI XOTUM TIPUCBOUTH, 4.9 — UMCJIO C MUIaBarollerd TOUKOM, TO3TOMY MPOU30UIeT
npeoOpa3oBaHre K Tumy int. Ilpu mpeo6Gpa3oBaHMM YMC/IO He OKPYIJISeTCS,
npobHast yacThk Oyzer oTOpoliieHa, IO3TOMY B UTOTe & = 4.

[ToTepsi TOUHOCTU BO3HUKAET B CJIe[IyIOLIUX CUTYaLIASIX:

— Tepejjlaya 3HaueHUsl Kak aprymeHT (yHKUWW, T[e apryMeHT HMeeT THII
MeHbIlIell TOUHOCTY;

— NIPUCBauBaHUE;

— sIBHOe TIpeoOpa30BaHue THUTIOB.

[ToapobHee rpo npeobpa3oBaHus cMm. [9].

1.2.3. IIopa3psadubie (nobumoesie) onepayuu

B si3bike Cu CyII[eCcTByeT BO3MOKHOCTh OTepUPOBaTh OT/eNbHBIMU OUTaMU
(MpYMEHMMO TOJBKO K LieJIbIM TUIaM J[aHHbIX). i1 3TOro ecThb CaeAyrolye
JIOTUYeCcKHe ornepanuu:

¢ & — noburtosoe U;

® | — mobuTtoBoe NJIN;

¢ A — mobuToBOe HcKmouarorriee NJIN;

® << — 1T0OMTOBLIN CABUT BJIEBO;

¢ >> _ 110OUTOBBINA CABUT BIPaBO;

® ~ — norosHeHye (yHapHasi oneparus).

[Ipu BbIMO/MHeHMH nopaspsagHbix onepauun U, WIN, uckmouvatomee WJIN
/I ABYX UMCeJT KaKIOM Tapbl pa3psfoB 3TUX YUCE He3aBUCHMMO BBITIOJIHSETCS
OfHa W3 S5TUX omnepauud. [lornonHeHWe ~ — onepanys TOJMBKO HaJ, OJHUM
aprymeHnToM. OHa obOpalijaeT KaXKbli e[UHAYHBIA pa3psi/| B Hy/1eBoi, 1 HA0OOPOT:

a b a&b alb a’b ~a
0 0 0 0 0 1
0 1 0 1 1 1
1 0 0 1 1 0
1 1 1 1 0 0
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11010011 11010011 11010011
Sy | A
10001100 10001100 10001100
1000000 11011111 01011111
~11010011 11010011>=3 11010011<<3

00101100 00011010 10011000

Omnepaiysi OTpULAHUSI TaKKe WHBEPTHUPYeT KaKIbld OT/eNbHO B3SIThIA OUT
yrcsa. Onepanuu << ¥ >> BBITIOJHAOT CABUT BCeX pa3psi/jOB UMC/Ia HA HEKOTOpPOe
KOJTMYeCTBO pa3psfoB. KommuecTBo paspsiioB  00s3aTe/lbHO JO/DKHO — OBbIThH
HeOoTpULaTe/bHbIM. "BBITONIKHYThIe" pa3pszbl (HaripuMmep, MpU CABUTe BIIPAaBO)
TepsitoTCsl. MecTa CABUHYTHIX pa3psfioB (NP CABUAre BJEBO) 3arlO/HSIOTCS
Hynsmu. [logymalniTe, Ha KaKyr0 MaTeMaTUUeCKYHO OTepaLyo MOX0XHU CABUTH.

Onepaunu U (&) u UJIU (|) cnegyeT oT/ivuath OT JIOTUUECKUX omnepanuid &&
U ||, KoTopble TMpH BBIYMCIEHUM CJeBa HarpaBO [alOT 3HAaYeHUWe WCTUHHOCTH.
Hanpumep, ecmx=1,ay=2, T0x & y=0,ax && y = 1.

[ToxpobHee 06 3THX omepalysx MO>XXHO cM. [1], pa3a. 2.9.

1.2.4. OcHogHble KOHCmpyKyuu 6 si3bike Cu

OmnepaTopHbIN OJIOK:

{[<onepaTtop 1>...<onepatop N>]}

[leiicTBYE 3aK/MI0YAETCS B TPYNITMPOBKE OIepaTOPOB B € JUHBIN OJI0K.

Y C/I0BHBIM OnepaTop:

if (<BwipaxeHue>) <onepatop 1> [else <onepatop 2>]

Ecmyu Bblpa)keHue WHTepnpeTUpyeTcs Kak MCTWHA, TO <omepatop 1>
BbIMIOJTHSAETCs. Takke oreparop if Mo)KeT UMeTh HeoOsI3aTe/IbHYIO BETKY else,
KoTopasi OyZieT BHITIOJTHEHA, €C/TH BbIPAyKEHHE JIOXKHO.

OmnepaTop MHO>KeCTBEHHOT'O BbIOOpa

switch (<BblpaxeHne>)
{ case <KOHCTaHTHOe BblpaxeHue 1>: <onepaTopsb 1>
case <KOHCTaHTHOe BblpaxeHue 2>: <onepaTopsbl 2>

case <KOHCTaHTHoe BblpaxeHume N>: <onepaTopsbl N>
[default: <onepaTopbli>]
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BBITIOJTHSIET TI00YepeJHOe CpaBHEHWEe BBIPAXKEHUSA CO CIHMCKOM KOHCTaHTHBIX
BblpakeHWW. [Ipy coOBMajleHUM BBLITIOJIHEHWE TPOrpaMMbl  HauyWHAeTCsl C
COOTBETCTBYIOIIIEr0 oOriepaTtopa. B ciIyuyae, ecid COBIaJleHHd He ObLIO,
BBITIOJTHSIETCS HeoOsi3aTenbHast BeTKa default. Ba)kHo mMOMHHTBL, UTO OIepaTOpbI
TI0C/Ie TIEPBOTO COBMAZIEHUSI OyAyT BBITOMHATBCS Jlanee OAWH 3a APyruM. UToObI
3TOro u3beXkaTb, C/elyeT UCI0/Ib30BaTh oriepaTop break.

[Ipumep:

switch (num) {

case 1:
printf("ogun");
break;

case 2:
printf("Asa");
break;

default:
printf("He uudppa");
break;

}

Llukn c ipenyc/ioBueMm:

while (<BblpaxeHne>) <onepaTtop>

Ha kaxgou urepaiyy 1LJUK/Ia MPOUCXOJUT BbIUKC/IEHHE BbIpDaXKeHUSs, U eC/IU
OHO UCTHWHHO, TO BBITIO/THSIETCS TeJI0 [TUK/IA.

LIuk/ ¢ TIoCTyC/10BHUeM:

do <onepaTtop> while <BbipaxeHue>.

Ha kagoi uTepalyM LIMK/Aa CHauyajia BBIMOJIHSETCS Te/O I[MK/a, a Iocje
BBIUMC/IAETCH BbIpakeHHWe. ECIM OHO MCTUHHO, BBITIOJNHAETCA CJleAyroLas
ureparys.

IIMKJT CO CYETUMKOM:

for ([<HauyanbHOe BbipaxeHue>];

[<ycnoBHOe BblpaxeHue>];
[ <BblpaxeHne npupaueHna>])
<onepatop>

YcioBveM MpoAo/DKeHUs LMK/a, KaK M B L[MK/Ie C MpeAyC/OBUeM, SIB/ISeTCS
HEKOTOpPOe BBLIPa)KEHMEe, OJHAKO B IIMK/JIEe CO CUYETUYMKOM €eCTh ellle JBa OjoKa:
HayvaJIbHOe BbIpakKeHue, BBITIO/IHAeMOe OJIUH pa3 Iepe/ mepBbIM HayajiOM LKA, U

BbIpa’KeHUe MpHpallleHUs], BbITTOHSIeMOe M0C/e KXo UTepaluu [uKJIa.
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B HEKOTOPBIX CHUTyalUssX HeoOXOAWMO IpephIBaTh BBITIOJIHEHWE LUK/IA WIA
reperTy Ha CAeAYIOIIYI0 UTepalivio /10 3aBepIlieHusl BCero Tesa [uK/a. s Takux
CUTYyal[Mi CyLeCTBYIOT oriepatopsl break u continue.

Onepatop break — JOCPOYHO TIpepbiBaeT BLITIOJIHEHUE LIUKJIA.

IIpumep:

int a = 2;

for(int i=0; i<10; i++){

if(i % 2 == 0)
break;
a=a* a;

}

B nanHOM mpumepe LUK/ 3aKaHUMBAeTCsA, €C/IA OCTaTOK OT JieJIeHUs ureparopa
Ha /iBa paBeH Hy/m0. Takum obpa3om mepeMeHHasi a HU pa3y He OyjieT BO3BeJjeHa B
KBazpar.

OrnepaTtop continue — JOCPOYHBIM TTepexo/ K C/ieIyIOLler uTepaluu LUKIIa.

[Tprmep:

for(int i=0; i<10; i++){

if(i % 2 == 0)
continue;
a=a* a;

b

[Ipumep aHasorvueH mnpejbiAyllleMy, HO B JaHHOM (/lyyae TiepeMeHHas a
OyzeT BO3BOAUTHCS B KBaZIpaT TOBKO IMPH HEUETHOM 3HaueHUH repeMeHHOM 1.

ITompoOHee mpo nuKkeI B [10].

1.2.5. ®yHkyus ¢popmamuozo ebigoda printf
int printf ( const char * format, argl, arg2, ...argN);

nipeobpa3syet, ompeziesisier ¢opMaT W IeyaTaeT CBOM apryMeHThl B CTaHAAPTHBIN
TIOTOK BBIBOZIA TIO7T YIIpaB/ieHreM CTPoKu format. YTpaB/isifoIlias CTPOKa COJIEPIKUT
JBa TUIA 00BHEKTOB: 0OBIUHbIE CUMBOJIbI, KOTOPbIE TIPOCTO KOMMMPYIOTCS B BHIXOHOM
TOTOK, W creruduKaiuy TipeoOpa3oBaHWl, Kakaas M3 KOTOPbIX BbI3bIBAET
nipeoOpa3oBaHye M TieuaTh ouepeiHOro aprymenTa printf. Kakmas crierudukays
npeoOpa3oBaHUsl HauWHAeTCsI C CUMBOIAa % W 3aKaHUMBAeTCS CHMBOJIOM
1peoOpa30BaHYisI.

®dyHKIMA BO3BpaIljaeT KOJIMUYECTBO YCIEITHO BbIBeIEHHBIX CHMBOJIOB.
[TonpobHee 0 cuMBo/Iax TMpeobpa3oBaHMs U CHMBOJIAX, KOTOpPbIe MOTYT
HaXOAUThCS Tepe] HUMU cM. [1], pa3g. 7.3.
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1.2.6. ®yHnkyus popmamHoz0 eeoda scanf
int scanf ( const char * format, &argl, &arg2, ..&argN);

YMTaeT CUMBOJIBI U3 CTAaHJAPTHOTO BBO/A, UHTEPIIPETUPYET UX B COOTBETCTBUU C
¢bopmMarom, yKa3aHHOM B aprymeHTe format, W TiOmelllaeT pe3y/abTaThl B
ocTasbHbIe apryMeHTbl. YTIPAB/SIOIIMNA apryMeHT OMUCHIBAeTCs jfajiee; pyrue
apryMeHThI, Ka)KAbI U3 KOTOPBIX J0/DKEH OBITh yKa3aTesieM, OIpefe/sioT, KyJa
crelyeT IOMeCTUTb COOTBETCTBYOIITUM 00pa3oM IpeoOpa30BaHHbIN BBOJ,.

Ynpaessitoijasi CTpoka 0OBIYHO COZEPXKUT CTieludHuKaIiy MpeoOpa3oBaHus,
KOTOpble HCIIO/Mb3YIOTCA [I/Ii  HEloCpeJCTBeHHOW WHTepIIpeTal[id BXOAHbBIX
1oCJieJoBaTeTbHOCTEM.

@OyHKIMS BO3BpalllaeT KOJMUECTBO YCHEIIHO CYUTAHHBIX apryMeHTOB;
roipobHee 0 CUMBOJIAX yIPABJSIOIIE CTPOKU cM. [1], pa3a. 7.4.

[Mpu ucnonb3oBaHuU Scanf Hy)XHO yKa3biBaTb CUMBOJI & TMepej, UMeHeM
repeMeHHOM, HHaue KOMIWISTODP BbIJACT TMpeaymnpekjeHrue, a IporpamMmma
3aBepIIUTCs aBapuitHO. [ToueMy MMEHHO TakK TIPOMCXOAMT, U uTo 0O0O3HayaeT B
JAHHOM KOHTeKCTe & OyJeT paccMOTpeHO B TabopaTopHOM paboTe 3.

[Tpumep:

#include <stdio.h>

int main()

{
int a, b, c;
c = scanf("%d %d", &a, &b);
printf("Number of successful "
"inputs read : %d",
C);
return 0;
b

Ye MOXHO 3aMeTWUTb, UTO MPU MCMO/Ib30BaHMM (YyHKIUM printf, scanf,
HeoOXOJUMO  yKa3biBaTh  CITeIU(UKATOphl. PaccMoTpyM  Hanboee  9acTo
WCTIONb3yeMble  CTielU(UKATOpbl, KOTOpble TIOHAZIOOSTCS TIpHM  BBITIOJTHEHUU
nabopaTOpHBIX PaboT:

® %C — CUMTaTh/BbIBECTH OJVH CUMBOJI;

® %d — cunTaTh/BBIBECTH [ECATAUUHOE YMCJIO LIeJIOr0 TUTIa;

® %I — CUUTaTh/BbIBECTH IECATAYHOE YMCJIO 1]eJIOT0 TUIIA;

® %f — cunMTaTh/BBIBECTU UMCJIO C T/IaBaloLel 3arsiTou;

® %S — CUMTaTh/BbIBECTU CTPOKY;

® %X — CUMTATh/BbIBECTH 1I€CTHAALIATUPUYHOE UYUCIIO;
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® %p — CUUTaTL/BBIBECTU aJjpecC yKasareJis.

Crpoka (opMara CUMTHIBAeTCs C/jeBa HalpaBO, TIPU 3TOM YCTaHABJIMBAETCS
COOTBETCTBHE MeXy KojJaMu (popmMaTa M aprymMeHTaMM U3 CIMCKa apryMeHTOB.
[Togpo6Hee mpo crieljirUKaTOPbl MOYKHO y3HAaTh B ClipaBOYHMKe [11].

1.2.7. Omaaoka c nomMowbio /10208

3avacTyro paccMaTpuBaeMbie TIPOrPaMMBI MOTYT YCITEITHO
KOMITU/IMPOBAThCSI, HO TpM 3TOM paboTaTh He TakK, KakK BbI OXKHUJAMH, MO0
aBapuiHO 3aBepmiaThcsi. UTOObI yCTpaHUTh MpobieMy, HeOOXOAMMO TIpeXx/ie BCETo
OTBETUTb Ha BOITPOC: B KAKOW CTPOKE UCXOAHOT0 KOZla IPOMCXOIUT HETTPABU/ILHOE
noBeZieHre. HarboJsiee mpocThiM CrIocOO0M SIBISIETCS] JIOTHPOBaHMe — Zio0aB/ieHre
B TIPOTpamMMy CTIeIMa/IbHBIX BBI30BOB printf, KOTOpbIe MPOTOKO/IMPYIOT XOf, ee

paboThI:
printf("%s, %s, %d: Bawe coooweHue\n", __ FILE_ , _ func__,
__LINE_ );

3necb _ FILE_ , _ func__ , _ LINE__ — crieimasibHble MaKpOChl, KOTOpbIe

3aMeHSsIFOTCS TIPeTpoL[eCCOPOM Ha MMsl, TIOJIHbIN Ty Th K (aiiy, Ha3BaHWe (PYHKLIUU
N HOMED CTPOKH COOTBETCTBEHHO.

[Ipumep:

#include <stdio.h>

int main()

{
int N=3, result;
printf("%s, %s, %d: WHuymanusauyus nepemeHHeix\n", _ FILE_ ,
__func__, __LINE_ );
result = N;
printf("%s, %s, %d: MpucBamBaHue result\n", _ FILE__,
__func__, __LINE_ );
result = result*N;
printf("%s, %s, %d: YmHOXeHue Ha N\n", __ FILE__,
__func__, __ LINE_ );
return 0;
}

Takum oOpa3oM, ecu Tpu paboTe MporpaMMbl IPOU30HJET COOM, TO MOXKHO
OyZeT 10 ee BLIBOAY OIpe/le/ITh, Ha KaKOW HMMEHHO CTpPOKe OH ITPOM3OIIIes.
[ToapobHee 0 JaHHBIX MaKpocaxX MOXKHO TrpourTath B [12], [13].

1.2.8. IleemHoli 8618600 8 KOMaAHOHOU CMPOKe

[lpy aKTMBHOM WMCII0/Ib30BaHUM JIOTOB Heu30eXXHO BO3HUKAeT CJieAyroIast
ripobJsiema: MpH AOCTaTOUHO UHTEHCUBHOM BbIBO/IE Ha KOHCOJIb CTAHOBUTCSI C/IOXKHO
BbI/Ie/IUTh Ba)kKHYIO0 HHGpOpMaluio. [l pellleHHsi 3TOW TIpobemMbl CyIlecTByeT
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CTaHJapTHbIM MeXaHW3M: BBbIBOJ, LIBeTHbIX CTPOK B KOMAaHJHYK CTpPOKY.
Paccmotpum nipumep, kotopsid BeiBoauT (pasy "Hello, world!" B aByx nBerax —
KPacHOM U royooMm:

#include <stdio.h>

#define RED "\033[0;31m"
#define CYAN "\033[0;36m"
#define NONE "\033[Om"

int main()

{
printf("%sHello, %sworld!%s\n", RED, CYAN, NONE);

return 0;
}
B niprimepe B KOHCOJ/Ib Ha CaMOM [ieJjie BbIBOAUTCA CJ/Ieyrolas CTPOKa
\033[0;31mHello, \033[0;36mwor1ld!\033[0Om

YkazaHve Ha TO, KakOW LBeT WCIIOJb30BaTh, [Je/laeTcsi C TMOMOLIbIO
nobaByieHUsl CIlelMaJbHOTO KOZla B BHIBOAMMYIO Ha KOHCO/Mb CTpPoKy. Koj 1BeTa
npeficTaB/sieT coboit KOMaH[y [Jis TepMUHAaAa '"TIepeK/Ioud TeKYI[Mi 1BeT Ha
uBer N". CyllecTByeT Takke CIleLMa/JbHBIA KOJ JJ/s1 BO3Bpara K LIBETy IIO
ymosmyanuto "\033[0m" . 3Ty KomaHAy He0O6X0AUMO HCII0/Ib30BaTh TOC/Ie THOOBIX
MaHUMY/ISIIUN C 1[BETOM, UTOOBI He TIOBJ/IMATH Ha KOPPEKTHOCTb OTOOpakeHWUs
BbIBO/Ia IPYTHX TIPUJIO’KEHUM B JAHHOM CeCCUU TepMUHAIA.

KopaupoBaHUe LIBeTOB OCYILeCTB/ISIeTCS C/IeyIOLUM 00pa3oM:

\O033[STYLE; BACKGROUND_COLOR; FOREGROUND_COLORmM,

rae STYLE — 310 ctunb otobpaxkenus (0 — oObIuHBIA, 1 — TIOMY>KUPHBIN, 4 —
MO/IUEPKHYThIH, 9 — 3aUepKHYThIN), BACKGROUND_COLOR U
FOREGROUND_COLOR - koapl nBeta u3 Tabmmie!l [14] ans ¢oHa u Tekcrta
COOTBETCTBEHHO. [Ipy 3TOM MOKHO TIO >KeJIaHWIO TIPOIMYyCKaTh OJAWH WU
HEeCKOJIbKO 3TUX aTpuOyTOB, HalIpUMep:

\033[STYLE; BACKGROUND_COLORm

\O033[STYLE; FOREGROUND_COLORm

[Tprmep, B KOTOPOM BeCh TEKCT BBIBOAMTCS KPACHBIM IJBETOM, HO MPH 3TOM
¢oH y repBoro cjioBa — 10 yMOJTUaHUIO, @ Y BTOPOTO — roJ1y0oi.

#include <stdio.h>

#define FIRST "\033[0;31m"
#define SECOND "\033[46;31m"
#define NONE "\033[Om"
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int main()

{
printf("%sHello, %sworld!%s\n", FIRST, SECOND, NONE);

return 0O;
}
MononauTenbHBIe MaTepuanbl cM. [14], [15]. Taxkxke OonbIille MpHUMepOB
copepxxurcs B [16] u [17].

1.3. 3asanue K j1aboparopHoii padore 1

PeanusyiiTe mporpamMmMy, Ha BXOZ, KOTOPOU MOJAeTcs O4HO U3 3HaueHuu 0, 1 u
MacCuB 1ie/ibIX ymcen pa3mepa He Oosbiiie 20. Ywucsa paszeneHbl rpobenamu.
CTpoKa 3aKaHYMBaeTCs] CUMBOJIOM TepeBO/ja CTPOKHU.

B 3aBUCHMOCTH OT 3HaueHUst TIporpaMMa J10/DKHa BBIBOJWUTH CllefyrolLiee:

() : HaWUTM KOJIMYECTBO 3/IEMEHTOB [0 TMEepPBOro 3JjieMeHTa, KpatHoro 10
(count_before_first_element);

* 1 : uHAEKC nocaegHero 3meMeHTa, KpatHoro 10 (index_last_element);

® yiHaue He0OXOAMMO BBIBECTU CTPOKY "[]aHHbIe HEKOPPEKTHBI'".
1.3.1. OnucaHue nocaedoeameaAbHOCMU @bINO/IHEHUS1 pAOOMbI

CHauvana peanusyeM (PyHKUuIO 151 ycioBUs 0. @YHKI[MS IPUHUMAaET Ha BXOJ
[ilBa apryMeHTra: MaccuMB arr[] UM KOJ-BO 3JIeMEHTOB B MacCuBe count.
MuuiyanusypyeM MepeMeHHYI0 [Jis 3aluCU pesyjbrara result Hysem. OTo
Ba)KHO, TaK KaK eC/lM He HamucaTtb = 0O, B MepeMeHHYI0 MOyKeT ObITh 3arvcaH
mycop. [TorpobyiiTe camu 3arycTUTh MporpaMmy 6e3 nprcBavBaHus 0.

3aTeM HY)XHO HanMCaTh LMK/, KOTOPBIM TMPOXOJUT IO BCEM 37eMEeHTaM B
Maccuse. HaripyMmep, B rpuMepe UCHoJib3yeTcs for.

[Hanee ripoBepsieTcsl yC/I0BHe: OCTATOK OT Jie/IeHHs 3jieMeHTa MaccuBa Ha 10
Jno/bkeH ObITh paBeH 0, Haue roBops, KpaTeH s sneMmeHT 10. Eciu fa, Hy>KHO
3anucaTh B pe3y/bTaT KOJIMUeCTBO 3JIEMEHTOB, Npe/IIeCTBYIOIMX HalJeHHOMY.

Ha 3TOoM 1iare y>ke mM3BeCTeH UHJEKC 3jieMeHTa, KpaTtHoro 10. B mpumepe
VH/JIeKC 371eMeHTOB HauvHaeTcs ¢ 0, 3HAUMT, /i1 BBIUWC/IEHUS pe3y/bTaTa Hazo
npubaBuTh 1 K UHEKCY 3/ieMeHTa, KpatHoro 10. Ho mpy 3ToM B yC/IOBUM CKa3aHoO,
YTO 3JIeMeHT, KpaTHbIM 10, y4UTBIBaTb He HY)>KHO, HAM HY>XHBI UWCJA [0 3TOrO
3/7IeMeHTa, [03TOMYy M3 pe3yJ/bTaTa HaJ0 Takke BblyecTb 1. MITOro, rnosydaercs
result =i + 1 -1 = i.
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M Tak Kak B yC/IOBUU CKa3aHO, UTO HY)KHO HaWTU TOJILKO TEPBbIM 3/IEMEHT,
crelyeT TIpepBaTh BBIMOJHEHWE 1MK/IA, KaK TOMBKO 3TOT 37eMeHT Oy/ieT HalijieH.
[TosToMy ucnonb3yetcs break.

@YHKLUA BO3BpALllaeT pe3y/bTaT BbIIIOJIHEHUS OrlepaLuu:

int count_before_first_element(int arr[],int count) {

int result = 0;

for (int 1 = 0; i < count; i++) {
if ((arr[i] % 10) == 0) {
result = 1i;
break;

}

return result;

}

AHasorMYHO peanu3yeM (QYHKIUIO [Jis HaxOXKJeHUsl MHZAeKCa Moc/ieHero
sneMeHTa, KpaTHoro 10. Bonbliiias yacThk Kojja OyZieT OAMHAKOBOM, TaK Kak HY>XKHO
TOXKe CHauaja HaWiTu 3/eMeHT, KpaTtHbiii 10. PaHee B ¢yHKUMH MbI TIpepbIBaIu
BBITIOJTHEHHE 1[MK/Ia, TaK KaK HY)KHO OBIZI0O HAMTU TOJILKO TEPBBLIM 37IeMEHT, 3/1eCh
HY)KeH T0C/IeIHHAN 3/IeMeHT, M03TOMY MOXKHO yJaiuTh break, u B result Oyger
3aMucaH TOoCaeHUM 3/eMeHT, KpaTHbii 10. B pe3ynbrare (yHKIMS [0O/DKHA
BepPHYTb UH/IEKC, TaK YTO IullieM result = i. Bo3Bpailjaem pesysbTar:

int index_last_element(int arr[],int count) {

int result = 0;

for (int i = 0; i < count; i++) {
if ((arr[i]%10) == 0) {
result = i;

}

return result;

}

OcTasoch MOJKIIOUATL HYKHBbIe OMOTHOTEKH, 3a/laTh MAaKCUMaJIbHBIM pa3Mep
MaccuBa N, peanu3oBaTh (yHKIMIO main(). BBog MaccuBa C KjiaBUATypbl U
MOJCYeT KOIMUeCTBa 3/1IeMEeHTOB MaCCUBa peajii30BaH B LUK/e while. Onepartop
switch-case wucronb3yercs [ BbI30BOB (YHKIMM B 3aBUCUMOCTU OT
BBeJIeHHOr 0 rnoJsib3oBartesieM 0 v 1:

#include <stdio.h>
#define N 20

int main()
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int k=0;
int arr[N];
int 1=0;
char space ="' ';
scanf("%d", &k);
while (i < N && space == " ") {
scanf("%d%c", &arr[i], &space);
1++;
3
switch(k) {
case 0:
printf("%d\n", count_before_first_element(arr,1i));
break;
case 1:
printf("%d\n", index_last_element(arr, 1i));
break;
default:
printf("jaHHble HEKOPPEKTHH");

}

return 0O;

1.3.2. IIpumep ébino/HeHUSs 3a0aHUsl HA 3awjumy

3apanue. Hammmmte QyHKIMIO is_in, KoTopasi OMNpeAesuT IiorajlaHue

TOUKU B 3aKpailleHHyt0 06sactb. Ha BX0[ (yHKIMS TIO/yyaeT [JBa UWC/Ia X U Y.

OTH uKC/Ia UMEI0T TOYHOCTH 10 . @yHKLMA JO/DKHA BBIBECTU CTPOKY true, ecyiv
TOUKA T0Ta/IaeT B 3allITPUXOBAaHHYIO 00/71aCTh WM TIOTIAZlaeT Ha TPaHUILY; CTPOKY
false B IPOTUBHOM CJIyudae.

Kop Ha a3bike Cu:

void is_in(double x, double y){
int in_1st_square = 0;
int in_2nd_square = 0;
int in_3rd_square = 0;

if( x>=0 && x<=10 &&
y>=0 && y<=10 ){
in_1st_square = 1;

if( x>=5 && x<=15 &&
y>=5 && y<=15 ){
in_2nd_square = 1;
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}

if( x>5 && x<10 &&
y>5 && y<10 ){
in_3rd_square = 1;

}

if( (in_1st_square || in_2nd_square) && !in_3rd_square )
printf("true");

else
printf("false");

IlonesHo 3Hamb: KOA  [JaHHOW TPOrPaMMbI
TIpOBepsieT  psifi CAy4aeB U, T1I0 CYTH, [IeJIUT
3aKpailleHHyt0 007acTh Ha [Ba KBajjpaTa, BbIpe3ast
YyeTBePTb KBajipaTa, KOTOpasi IiepeceKaeTcsi TI0
quaroHamu  (puc.  1.4). [Ing  KauyeCTBEHHOIO
TECTUPOBAHUS >TOM TIpOrpaMMbl HeoOXOAMMO TIpO-
BepUTh ee paboTy Ha Pa3/IMUHbIX JAHHBIX.

B fgaHHOM ciyyae /yii  Ka4eCTBeHHOI'O

3 10 15 TecTHpoBaHMaA HeoOXOAMMO TpOBepUTH paboTy

Puc 14 TInumen nfinactu [[pOrpaMMbl B TOUKAaX Ha BCeX TIpaHUIAX O00JacTy.

['panuijaMu 06s1acTy SIBSIIOTCA pebpa ZIByX MHOTOYTOJILHUKOB. TakuM oOpa3om

JJIST KaK0T0 pebpa 3TUX MHOTOYTOJTBHUKOB MOYKHO COCTaBUTb TPU TOUKH: BHE
obmacty, HO psiioM ¢ peOpom, Ha pebpe 1 BHyTpH 00/1acTH PSiIoM C peGpoMm.

Takoit Habop BXOAHBIX IaHHBIX TTO3BOJIUT MMOKPBITH HAUOOJIbIIIee KOJTHUeCTBO
CUTyalui /1 JAHHOW 3aZlauM, a 3HaYMT, BHe 3aBUCUMOCTU OT peasii3aliii camoi
TIPOTrpaMMbl MOXKHO Oy/1eT OL|eHUTb KOPPEKTHOCTD ee paboThl.

Bonpocs! a1 KOHTPO/s

1. Teno KaKOro LjMK/Ia BLITIOJTHATCS BCerja KaKk MUHUMYM OJIUH pas?
2. KakoBo OyjieT moBe/ileHHe MPOrpaMMbl, eC/ii OMyCTUTb orepaTop break B
BeTKax orieparopa switch?

JIaboparopHasi pabora 2.
CBOPKA ITPOEKTOB B AA3bIKE CA

2.1. Ilens u 3a5a4u

Llenb paboTel — u3yueHWe Tiporjecca COOPKW TIporpamMM, HalMCAHHBIX Ha
si3bike CH Ha TIpUMepe UCI0/b30BaHus make-(alinos.
7151 fOCTHKeHUsl TIOCTaB/IeHHOM 1Lie/i TpebyeTcst:
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® U3YyUYUTh IMMpOTeKaHHne rnponecca KOMITNJIALUHN nu JINMHKOBKH C
HCITI0J/Ib30BAHUEM KOMITUJIATOPA gCC;

® U3y4YUTh CTPYKTYPY U MpaBua COCTaBaeHus1 make-(haiiyios;
¢ HammcaTh make-daiin A cOOpKU 3alaHHOM TTPOTrPaMMBI.

2.2. OcHOBHBIE TeopeTHYeCKHe CBeJeHHus
2.2.1. Make-¢atinbi

Onsg  cO6opku TmporpaMM, COCTOSIIIIMX M3 HEeCKOJbKUX (paiijioB  4acTo
WCIIOMB3yOTCI make-(aitibl. Make-alin — 3TO TEKCTOBBIM (Dails, B KOTOPOM
orpefie/leHHbIM 00pa3oM oOrvcaHbl TIpaBU/Ia COOPKU TpuiokeHusi. [y paboTel €
make-aitiamMu

WCIO/b3yeTCsl yTWIWTAa make, KOTOpasi MO3BOJISIET He KOMITWIMPOBaTh (haiibl
JBaXKIbI, €CJTH 3TO He TpeOyercsi. Hanpumep, B cydasix, Korjja B 60JIbIIIOM TIPOEKTe
W3MEHW/ICS TOJIbKO OJUH (hailsi, YTUIUTAa CKOMIIWIMPYET TOJIbKO ero W He CTaHeT
TepeKOMITU/IMPOBaTh BCe OCTajbHbIe. PacCMOTPHMM OCHOBHBIE MPHHIUITEI pabOThI
make.

[Tpu 3arycke yTWIWTa MbITaeTcsl HaWTy (aiil C 3aZlaHHBIM 0 YMOJTYaHUIO
nMeHeM Makefile B TeKyllleM KaTajiore U BBIIIO/JHUTHL COJepiKaljuecs B HeM
HMHCTPYKLMU. BO3MOJKHO SIBHO yKa3aTh Kakou make-(aii UCronb30BaTh C TIOMOIbIO
K/ro4a - f:

make -f MyMakefile

ba3oBbie uacTu make-aiiia BEITISAIT OOBIYHO C/IeAYOIM 00pa3oMm:

Luenb: 3aBUCKUMOCTH

[tab] KomaHpa (TakuMx CTPOK MOXET OblTb HECKO/IbKO)

[To yMonuaHHIO OCHOBHOM LieJIbI0 CUMTAeTCsl TepBasi OnmucaHHasi B (aidie
1jesb. C Hee ¥ HauMHaeTcst 06paboTka (aityia yTuiuToit make.

Lenpto B make-caiisie siBasieTcs daiis, KOTOPbIM TO/yYaeTCs B pe3y/bTare
BBLITIOJTHEHWS] KOMaH/]. Takke 1[e/ibl0 MOKeT ObITb Ha3BaHWe [eHCTBUS, KOTOpPOe
Oyzet BbITIosTHEHO (6e3 3aBHCHUMOCTel!), HalpUMep:

clean:

rm *.o

3aBUCUMOCTH — 3TO (halisibl, KOTOpble make MpOBepsieT Ha Hajuuve U JaTy
V3MeHeHUN. 3aBUCUMMOCTH HeOoOXOAWMBbI i TIONMy4YeHUs IieJd: YTWIATa make
TIpoBepsieT, ObUTH /I 3aBUCUMOCTH OOHOBJIEHBI C TIOC/IeJHETO 3arycKa make, U, eciv
3aBUCHMOCTh CTajia HoBee, OOHOBJISIET 11e/1b. TakuM 006pa3om, 0OOHOBIISFOTCS TOJTBKO
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"ycrapeBiiiie" 1jed, ¥ HeT HEOOXOJWMOCTH KaXKIbli pa3 rmepecoOWpaTh Bech
TIPOEKT.
[Tpumep make-aitna Asnsi cOOpPKU TMMPOrpaMMbl, KOTOpas COCTOMT W3 ABYX
(aityioB: main.c u hello.c (3aronoBouHbie (Paiiibl OTCYTCTBYIOT):
hello: main.o hello.o
gcc main.o hello.o -o hello

main.o: main.c
gcc -c main.c

hello.o: hello.c
gcc -c hello.c

ManHpl (a1 cieyeT uMTaTh C/IeAYIOMMM 00pa3oM: OCHOBHOM 1le/bi0
cobopku sBrsieTcs 1leb hello, KOTopasi 3aBHUCUT OT liejieii main.o hello.o.
CHauana OyayT BBITIOJIHEHBI 3aBUCHMbIe 1€/, a II0C/Ie — KOMAaH[BI [IIs
BBITIOJTHEHUSI OCHOBHOM.

Hy>kHO 00si3aTe/lbHO BK/IOYATh 3aro/ioBOYHbIe (haiinbl B make-dabin. Ecmm
3aro/IoBOuHbIN (aiiy1 OyeT u3MeHeH, a UCTIOMHSIEMbIN — HET, TO TepeKOMITHIISILIVS
1 cOopKa OyJyT WCIIO/IHEHBI TOJILKO AJis Tex ¢aiisioB, KOTOphbie yKa3aHbl B make-
¢atine. To ecTb MoXeT OBITH CUTyal[usi, YTO OOBEKTHBIN (aili He M3MEHHUTCS,
M03TOMY MPU MPOBEPKe 3aBUCUMOCTEN KOMIUWISITOP He Y3HaeT, UYTO 3aro/I0OBOYHBIMN
daiin ObT M3MeHeH. A ec/id 3arojioBOuHbIA (aiii yka3aTh B make-(aiine, TO
KOMITW/ISITOP TPOBEPUT €ro B 3aBUCUMOCTSIX.

MomyctyM, Oblla HamMcaHa MpoOrpaMMa, KOTopasi CK/a/bIBaeT ZiBa Yucjia U
COCTOUT 13 HECKOJIbKUX (PaiiyioB.

print.h
int print(int a, int b);
print.c
int print(int a, int b){
int ¢c = a + b;

return c;
}
main.c
#include <stdio.h>
#include "print.h"
int main(){
int a = 10;
int b = 20;
int ¢ = print(a, b);
printf("%d", c);
return 0;
}
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makefile
example: main.o print.o
gcc main.o print.o -o example

main.o: main.c
gcc -c main.c

print.o: print.c
gcc -c print.c

[MTocne 3armycka mporpammbl, Oyzaer BbiBeZieH oTBeT 30. Eciu motpebyercs
MoMeHsITh (a1 print.h, a 3aTeM 3aHOBO 3amyCTUTb COOPKY IMporpaMMbl: make -
f Makefile, Oyzer BbIBe/I€HO:

make: "example" He TpebyeT 06HOBNEHUA.

OpHako (aiin print.h 661 u3MeHeH. TakuM oOpa3oMm, HeOOXOAUMO ObLIO
yKa3aTb B 3aBUCMMOCTSIX Y 3ar0/IOBOUHbIN (paiin:

makefile

example: main.o print.o
gcc main.o print.o -o example

main.o: main.c print.h
gcc -c main.c

print.o: print.c
gcc -c print.c

I[Tpu TakoM make-caiine mporpamma OyzeT TepeKOMIUIMPOBaHa KOPPEKTHO.
[MToapobHee mpo opranu3anuio ¢aitioB B s3bike Cu cm. [18].

2.2.2. Bbi600 cmpoKu @ KOHCO/1b,
KonupoeaHue U KOHKameHayusi Cmpok

3aro/sioBoUHbI  (ait  cTaHJapTHOW OWOMMOTEKH, KOTOPBIM COAEPIXKUT
(yHKLMU KOHCOJTLHOTO BBO/IA/BbIBO/IA:

stdio.h

3aro/sioBoUHbI  (aitn  cTaHJapTHOW OWOMMOTEKH, KOTOPBIM CO/EPXKUT
¢byHKI[M 06pabOTKM CTPOK U yTpaB/ieHUs aMSsIThIO:

string.h

[TpoToTuMn (pyHKIMMU BbIBOJIA CTPOKH StT :

int puts(const char *str);

@®yHKUMSA puts BBIBOAUT CTPOKY THIA char ¥ CUMBOJI HOBOW CTPOKH B
CTaHJAPTHBIM TIOTOK BBIBOJlQ, BO3Bpaljaer EOF B C/y4yae OIIMOKKA WU

HeOoTpulaTe/IbHOEe 3Ha4eHne, eC/IM 3dllMCh IPOIil/ia HOPMAJIbHO:

#include <stdio.h>
int main()
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char s[100] = "Npueet"; //BuiBojg CTpOKU
puts(s);
return 0O;

b

[TpoToTun (DyHKLIMM KOTTMPOBAHUS CTPOK:
char * strcpy( char * destptr, const char * srcptr );

@OyHKLMS KOMWpYyeT CTPOKY sSrcptr, BK/IOUYasg 3aBepllarliui HyJIeBOU
CUMBOJI, B CTPOKY Ha3HaueHWs, Ha KOTOPYIO CCbLIaeTCs yka3aTeab destptr.
Yrobbl u3bexaTh TieperoyiHeHusl, CTPOKAa, Ha KOTOPYI0 yKasbiBaeT destptr,
Jo/DKHAa OBbITh JOCTATOYHO [AJIMHHOW, uTOOBI B He& TOMecTWIach Korupyemasi
CTPOKa, BK/IFOUasi 3aBepllatoliii HYJIeBOM CUMBOJI.

[TpoToTun (hyHKIIMM KOHKaTeHalUU CTPOK:

char * strncat( char * destptr, char * srcptr, size_t num );

OyHKIMSA 100aBIsSIeT TIePBbIe NUM CUMBOJIOB CTPOKH Srcptr K KOHI[Y CTPOKH
destptr, T/IFOC CHMMBOJI KOHIJa CTPOKH. Ecnm cTpoka srcptr 0OoJibille, uem
KO/IMYEeCTBO KOIMHPYEMBIX CHMBOJIOB num, TO IOC/J€ CKONMHPOBAHHBIX CUMBOJIOB
HesiBHO J100aB/isieTCsl CUMBOJI KOHIIa CTPOKU. DYHKITMS BO3BpalljaeT yKa3aTe/b Ha
CTPOKY C pe3y/ibTaTOM KOHKaTe€HaLlUuU.

[Ipumep:

#include <string.h>

#include <stdio.h>

int main()

{
char stri[40];
char str2[40];

strcpy (stri,"BeiTb ");

// ckonupoBaTtb CTpPoOKy "BbiTb" B stril

strcpy (str2,"wnm He GbiTh");

// ckonupoBatb "wian He" mn [gobaBuTb K CTpPOKe Str2

strncat (strl, str2, 11); // o0bveguHuTb CTPOKM strl un str2
printf("%s", stril);

return 0O;

}

laHHBINM KO/ TTPOrpaMMbI BbIBeJIET Ha 9KpaH CTPOKY: "BbITb WM He ObITh".
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2.3. 3ajaHue K j1abopaTopHoM padoTe 2

B »3toli pabore TpeOyeTcsl MpaBWILHO BBIHECTU KaXKAyH0 (DYHKI[MIO TIepBOM
nabopaTtopHoOil B OTAenbHbIA (aiim ¥ HarmmcaTb Makefile sl TIOMyUMBIIIETOCS
TMIPOEKTa.

B Tekyllleii AUpeKTOpUH co3ZiaiiTe MpoeKT C make-(aitioMm. ['y1aBHasi 1ie/b
JO/DKHa TIpUBOJWTL K cOopke mpoekTa. daiisl, KOTOPhI peanu3yeT TIJIaBHYIO
(yHKIMIO, [JO/DKeH Has3blBaTbCSd mMenu.C; UCIOMHSeMbld (daii — menu.
OrnpesienieHre KaX10u QyHKIUU 10/DKHO ObITh PacIioNioXKeHO B OT/AeILHOM daiisie,
Ha3BaHue (aiiIoB yKa3aHO B CKOOKAaX OKOJIO OTIMCAHUS KaXKJ0oU (DYHKIIWH.

2.3.1. Onucaxue nocsiedogameabHOCMU 8blINO/AHEHUS1 pabombl

B manHoll paboTe Heo6XOAMMO MpaBWIbHO pa3buTb TPOEKT 10 (aiiiam,
TIO/IK/TFOUNTE 3aro/iIoBOUHbIe (Daiiibl, MCTIOMB3ysl AWPEKTHUBBI ITIperpoiieccopa, U
HarucaTth OTYET TI0 TIPO/ie/IaHHOM pabore.

AHasornuHoe 3ajiaHue, Kak B TIePBOM JlabopaTopHOii paboTe, HO HEOOXOJUMO
nobaButh Makefile. Hampumep, HamucaThb TiporpaMmy C Makefile, KoTopas
CUMTaeT U BbIBeJeT Ha SKpaH Cpe/iHee 3HaueHHe B MacCHBe Lie/TbIX UMCeJl.

2.3.2. I[Ipumep 8bino/1HeHUs1 3a0AHUSI HA 3aujumy

3aganue. Hamuvcate make-aiin fjs TiporpaMMbl, COCTOsILed H3 Tpex
daitnioB: print.c, print.h umain.c.
Copepxxumoe (haiiyioB:
print.c
void print(int a, int b){
int c = a + b;

print(a, b);
return;

}

print.h

void print(int a, int b);
main.c
#include "print.h"

int main(){

int a = 10;

int b = 20;

print(a, b);
return 0O;
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3
Makefile
example: main.o print.o
gcc main.o print.o -o example

main.o: main.c
gcc -c main.c

print.o: print.c
gcc -c print.c

Bompoce! A1 KOHTPOJIA

1. Kak BhITToTHsIeTCs TIpoijecc c6OpKH rmporpaMMbl Ha si3bike C?
2. Yto Takoe "3aBucuMocTH" B make-(aiine?
3. UTo Takoe KOMITU/ISILUSA?
4. 3aueM HYy>KeH JIMHKOBILUK?
JIaboparopHasi pabora 3.
VCIIOJIb30BAHUE YKA3ATEJIEN

3.1. Ilens u 3agauu

Llenb paboThl — 0cBOeHMe pabOThI C yKa3aTe/IsAMU U AUHAMUYECKOU MMaMSThIO.

It fOCTVKEeHHMsI TTOCTAB/IEHHOM 11e/T1 TpedyeTcs:

® 03HAKOMUTHLCA C TIOHATHEM ''yKas3aTesib';

® HayUMTHCSI MCIT0/Ib30BaTh yKa3aresu B si3bike C;

® U3yUUTh CI0COOBI pabOThI C AMHAMUUECKOM MaMSThIO B si3bike C;

® HarmycaTb TIPOrpaMMy C HCIO/Ib30BaHHUEM [JUHAMHUUECKOW TIaMSTH B
COOTBETCTBUM C UHAWBHAYATbHBIM 3a/JaHHEM.

3.2. OcHOBHBIE TeopeTHUYeCKHe CBeJeHH
3.2.1. Ykazamenu

Yka3aresib — HeKOTOpas epeMeHHasi, 3HaueHueM KOTOPOM SIBJISIeTCS afipec B
MaMsATh HEKOTOPOro OOBEeKTa, OIpeZie/isieMoro TUIIOM yKasartesis. [1is paboThl C
yKasare/sgMU MCII0/Ib3YeTCsd [Ba oreparopa:

* — oriepaTop pa3bIMeHOBaHUS;

& — orepaTop B3SITUS ajipeca.

OObsiBAsieTCsT yKasaTesb aHaJOTMUYHBIM 00pa3oM, Kak M IepeMeHHas, HO
riepe/; UMeHeM yKa3bIBaeTcCs *:

int *p; // 006bsBNAEM yKasaTefb;
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int a = 10; // o6bABAAEM U WUHULMANTN3NPYEM MEPEMEHHYI0;
p = &a; // B nepemMeHHylw-yKasaTe/b 3anuncbiBaeM ajpec MnepeMeHHon a;
*p = 25; // obpaTuTbCA K A4Yelike No agpecy, KOTOpPbIA XpaHUTCA B p.

OOparvM BHMMaHHe, UYTO B TepBOH CTPOKe 3HaK "*" OTHOCUTCS K THUITy
JJaHHBIX, T. €. TUTIOM SIBJIIeTCSl int *, a B MOC/eHeN CTPOKe MpuMepa 3Hak "*"

SIBJISIeTCS OIlepaTopoM pasbiMeHOBaHus. Ha puc. 3.1 npezcrasiieHa WUTHOCTpaLys
yKasaresisi B s3bike Cu COTJIacHO TpUBeEHHOMY TpUMepy.

YKa3bBaeT
TepemeHHas IZL} int *p l int a
[TamATh |_—{:> | 0=00AD 10
Afipec sueiiki :C;} 1 0x0060 T 0x00A0
I I

Puc. 3.1. inntocTpauus ykasareneid B Cu

Takum o6pa3oM, Toc/e BBLITIOJHEHUSI 3TOro (parMeHTa KoZa 3HaueHHe
nepeMeHHON a OyJeT paBHO 25, MOTOMY UTO *p cJjiefyeT TPakKTOBaThb Kak
"00paTUTHCS K sTUeliKe 1o a/ipecy, KOTOPbIi XPaHUTCS B P

YKa3zaTe/nu XpaHsT aZipeca o0beKTa B MaMsTU KOMITbIoTepa. [/isi momydeHust
azipeca IepeMeHHOM HCII0/Ib3yeTCs orepanusl &a. JTa onepanys NpPUMeHSeTCs
TOJIBKO K [IepeMeHHbIM U 3/IeMeHTaM MacCCHBa.

Takxe CTOUT OTMETUTh, UTO [JOJDKHO COOMIOAATHCS COOTBETCTBHE TUTOB. TO
eCTb, €C/IM NIepeMeHHasl a UMeeT THIl int, TO ¥ yKa3aTeslb, KOTOPbIM yKa3blBaeT Ha
ee agpec, Toke OygeT uMmeTb Tum int. [Ipy 3TOM yka3aTenb Ha void MOXKeT
yKa3bplBaTb Ha 00bekThl moboro Tuma. [ls BbIBOJA 3HAueHWs ykKasaTessi C
MOMOLIbI0 QYHKLMM print MOKHO UCII0/Ib30BaTh CrieLiudrKaTop %p:

#include <stdio.h>

int main(void)

{
int *p;
int a = 10;
p = &a;
printf("Address = %p \n", p); // BbIBO4 ajgpeca
return 0,
}

B pe3ynbrare paboTel TporpaMMmbl  OyleT  BbIBejleHO UWCIO B
1IecTHaJaTepuyHoM ¢Gopmare. ITO UUCJIO SIBIASIETCS aJ[pecoM, MO KOTOPOMY
pacroJiaraeTcsi mepeMeHHasi a. B 3aBUCHUMOCTH OT apXUTEKTYPbl, yKa3aTe/lb MOKET
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MMeTh pa3Hbli pa3Mep. Hanbosiee BeposITHO, UTO B BailleM Cydae pa3mep OyzeT 8
OaiiT.

Tak Kak yka3zaTelb XPaHUT aZipec, TO MOJKHO TakKXe MO0 3TOMY ajipecy
MOTyUHTh XPaHsIeecss TaM 3HauyeHue, T. e. 3HaueHue rnepemMeHHOM a. [lis 3Toro
MPUMEHSIeTCSl Orepalivsi pa3biIMeHOBaHUs. Pe3yibTaToM 3TOM Orepaliuv Bcerja
sB/isieTcsi 00BEKT, Ha KOTOPbIN BbiBe/leT yKa3aTelb. B pe3y/bTaTe BbITOTHEHUS
9TOH orepariuu Oy/ieT BbIBe/IeHO 3HaueHre TiepeMeHHOM a:

#include <stdio.h>

int main(void)

{
int *p;
int a = 10;
p = &a;
printf("Address = %p \n", p);
printf("a = %d \n", *p);
// pa3siMeHoBaHue yka3aTesid p B aprymeHte @QyHkuuun printf
return 0O;
}

JIubo MOXXHO TMPHCBOWTH 3HAueHUe, TMOIyueHHOe B pe3y/bTaTe Orepaljuu
pa3bIMeHOBaHUs, JPYTroM IlepeMeHHON:

int a = 10;
int *p = &a;
int y = *p;

printf("a = %d \n", y); // 10

YroObl MOMEHSTh 3HaUeHHUe T10 a/[pecy, KOTOPbIH XpaHUTCS B yKa3areJie:

int a = 10;
int *p = &a;
*p = 45;

printf("a = %d \n", a); // 45

Tak Kak 10O ajpecy yKasaresjs pacriofiaraeTcsi IepeMeHHass a, To,
COOTBETCTBEHHO, ee 3HaueHHe U3MEHUTCS.

[TompobHee mpo omepaTopkl cMm. [5], [9], [10].

3.2.2. Maccuenl 6 s3bike Cu

PaccMoTpuM, Kak CBsi3aHbl yKas3aTe/ld U MaccuBbl B si3bike Cu. JIoOyro
orepaLuio, KOTOPYH) MOJKHO BbITIOJIHUTD C TOMOLLbI0 UHAEKCOB MacCHBa, MOYKHO
cZieniaThb M C TIOMOLLBIO yKa3aTeJsIeu.

[Tyctb 06BsiB/IeH MaccuB 13 10 371eMeHTOB THMA int:

int array[10] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};
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Y yKa3aTesb Ha int:

int* p_array;

Torma 3anuck BUzaA:

p_array = &array[0];
03HayaeT, YTO pP_array yKa3blBaeT Ha HYJIeBOM 3/1IeMeHT MaccuBa A; T. e. p_array
COZIep)KUT aZipec 7ieMeHTa array[0].

Ecnu p_array yka3biBaeT Ha HEKOTODBIM ompefe/ieHHbId (array[i])
37IeMeHT MacCHBa array, TO p_array+l yKa3blBaeT Ha CJIeAYyHOILAW 3/eMeHT
rocjie p_array, T. e. Ha array[i+1].

Ecm ykasaTeny p ¥ q yKasbIBarOT Ha 3/IeMeHThI OJJHOI'O Y TOr'0 JKe MaCCUBa,
TO K HAM MOXHO TIPUMEHSATb OIMepaTropbl OTHOLIeHusas ==, != < >= u T. ..
Harmpumep, oTHOLleHMe BUZAa p < ( UCTUHHO, €C/JM p yKas3biBaeT Ha 3JIeMeHT
MacCrMBa C MEHBIIIUM HHZIEKCOM, ueM (. JIroboli yKa3aTe/nb BcCerjia MOJKHO
CPaBHUTH Ha PaBEHCTBO M HEPaBEHCTBO C HysjeM. A BOT [/ yKasaTejiel, He
yKa3bIBalOIUX Ha 3/IeMeHThl OJHOT0 MacCCHBa, pe3yJ/bTaT apupMeTHYecKHux
oriepariii WM cpaBHeHWI He ompefeneH. [ToapobHee apudMeTHKa yKasareseu
OyzeT paccMOTpeHa fiasee.

3.2.3. Apu¢pmemuka ykazameet

Ykazare/u Mojfiep>KUBaroT apudMeTrueckKre orepalyu.

MoryT ObITb TIpUMEHEHBI CJI0)KeHHWe, BbIUWTaHHEe, UHKPEMEHT, [eKPEMEHT.
Omnepaiusi +2 caBuraeT ykasareib Briepesi Ha 2*sizeof(Tun) 6GaiiT. Tak Kak
orepaliy BBITIOJIHAKOTCA C yKas3aTe/sIMUA, TO BbIUMC/IEHUS BbIMIOJIHAKOTCA Hal
YyuC/IaMU B 11IeCTHaALIATUPUYHOM (hopmaTe. Haripumep, eciu ykaszaTenb

int *a;
xpaHuT azpec 120, To mocie

a += 2,
oH Oyzer xpaHuTh azpec 120 + sizeof(int)*2 = 120 + 8 = 128, TaK Kak B
OonbIIMHCTBe 64-paspsifiHbIX cucTeM int == 4 0GaliTa, HO B 3aBHUCHMOCTH OT
CUCTeMBbI 3HaUeHUe MOKeT OT/IMYaThCS.

PaccmoTpuM mipumMep C ykasaTesieM Ha Hauajio MacCUBa:

#include <stdio.h>

void main() {
int A[10] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};
int *p;
p=A;
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printf("%d\n", *p); //BeiBog: 1 - nepsbii 3/1eMEHT

p++;

printf("%d\n", *p); //BeiBog: 2 - cABuHy/AuCbL Ha 1 Brpaso
OT NepBoOro 3/ieMeHTa

p=p+4

printf("%d\n", *p); //BeiBog: 6 - cABUHY/AIUCL Ha 4 BNpaso
OT BTOPOro 3/ieMeHTa

}

YTo06bI MOMYUNUTh aZjpec MepBoro 3/ieMeHTa MacCHBa MOYKHO He HCIT0/Ib30BaTh
oriepatop &:

p=A;

JIn60 MOKHO ObII0 OBbI HAITHCATh:

p = &A[0];

[Tomumo + ¥ — yKasaTenu MOJJep>KUBar0T orepalyu cpaBHeHUs. Eciu ecTb
JIBa yKazaTesss p U ¢, TO p > (, eC/IM aJijpec, KOTOPbIM XpaHUT p, OoJiblle afpeca,
KOTODBIU XPaHUT (.

#include <stdio.h>
#define N 10
void main() {
int A[N] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};

int *p, *q;
p = &A[0];
g = &A[N-1]; // sizeof(A)/sizeof(int)-1

printf("&A[0] == %p\n", p); // &A[0] == 0Ox7ffde4250610
printf("&A[9] == %p\n", q); // &A[9] == Ox7ffde4250634

if (p <a) {
printf("p < q"); // b6yaet BbiBegeHO p < (
} else {

printf("q < p");
}
}

Ecimy yka3zarenu paBHBI, TO OHM YKa3bIBalOT Ha OJHY W Ty >Ke 00JacThb
TIaMsTH.

ITpu paborte ¢ yka3areasiMHu Ha/lo OTJIMYATh OTEPAliy C CAMUM yKa3aTesjieM U
ornepalyM CO 3HaYeHUeM IO aZipecy, Ha KOTOPbIM yKa3bIBaeT yKa3aTeslb:

int a = 10;

int *pa = &a;

int b = *pa + 20; // onepaumsi co 3Ha4dYeHuem, Ha KOTOPbIi

yKa3blBaeT ykKa3aTeslb
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pa++; // onepauusa c camum yKasaTtesiem

printf("b=%d \n", b); // b=30

Uepes orepaijdio pa3bIMEHOBaHUSI *pa TI0JlyyeHO 3HaueHWe, Ha KOTOpoe
yKasblBaeT yKasarejib pa, T. e. uuciao 10. 3aTeM BBINOJIHSAETCH Orepalys
CJIOKEeHUS.

Heobxoaumo ocoboe BHUMaHHe y/Ie/TUTh IPUOPUTETaM OTlepalfiH, TakK Kak *,
++ U -- UIMEIOT OJVHAKOBBIU TPUOPUTET U TIPY pPa3MeIeHUH PSIZIOM BbITTOJIHSIOTCS
cripaBa HajneBo. Haripumep:

int a = 10;

int *pa = &a;

printf("pa: address=%p \t value=%d \n", pa, *pa);

// pa: address=0x7fff8de09168 value=10
int b = *pa++; // UHKpeMeHT ajpeca yka3artesis

printf("b: value=%d \n", b); //b: value=10
printf("pa: address=%p \t value=%d \n", pa, *pa);
// pa: address=0x7fff8de0916¢c value=10

B BeIpakeHuu:

b = *pa+t+;

CHauasa K yKasartesto npubaB/sieTcs eJuHMLIA, T. e. K aZipecy Aobasnsercs 4, Tak
KaK yKasarenb Tuma int. Tak Kak WMHKpPeMeHT TMOCT(HUKCHBIA, C TOMOILbIO
orepaluM pa3bIMeHOBaHHWs BO3BpalllaeTcss 3HaueHue, KoTopoe ObUIO [0
MHKpEMeHTa, T. €. yKa3aTe/lb Ha 00/1acTh MaMsTH, e XpaHuTcs 3HaueHue 10. U
5T0 unciio 10 nprcBavBaeTcsi mepeMeHHOu b.

CuTyaliio MO>XXKHO U3MEHHUTh CJIeIyI0IIUM 00pa3oMm:

b = (*pa)++;

CkOOKM U3MEHSIIOT TIOpSZIOK orepaluidi. B 3ToM «/yuae cHadasa
BBITIO/IHSIETCA Onepanusl pa3bIMeHOBaHWs, II0JIyYyeHue 3HaueHWs, a 3aTeM 3TO
3HaueHUe yBenuuuBaeTcs Ha 1. [1o agpecy B ykasaTesie OyZeT HaXOAUTbCS UMCIIO
11. Tak Kak WHKpeMeHT TMOCT(UKCHBIA, MepeMeHHass b TMonyuyaeT 3HaueHUe,
KOTOpoe ObLIO 0 MHKpeMeHTa, T. e. uncio 10. Takum obpa3om, B OT/iMuUMe OT
rpeJbIAyLIero cjiyyasi BCce Ornepaluy BbITIOJHAOTCA HaJ 3HayeHWeM [0 afpecy,
KOTODBIM XPaHUT yKasaTeJlb, HO He HaJj CAMUM yKa3aTeseM.

AHaIoruyHo U € rpeMKCHbIM UHKPEMEHTOM:

b = ++*pa;

CHayasla C TIOMOII[bIO Ofepalyyd pa3biIMeHOBaHUs OepeTcss 3HaueHUe 110
ajipecy W3 yKasaress pa, K 3TOMY 3HaueHWIO TIpUOaBJseTCS eAWHHIA, TO eCTh
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Terepb 3HaueHue T0 a/ipecy, KOTOPbIM XPAaHUTCS B yKasarese, paBHO 11. 3atem
pe3yJ/ibTaT orepalyy MprucBanuBaeTCs epeMeHHOu b.

PaccmoTpumM errie oAuH Cay4dau:

b = *++pa;

CHayasia U3MeHsieTCs afjpeCc B yKa3aTesie, 3aTeM OepeTcsi 3HaueHUe T10 3TOMY
aZipecy W IpucCBavBaeTcs nepeMeHHOM b. ITosyyeHHOe 3HaueHue B 3TOM C/1yyae
MO>KeT ObITh HeoTpe/je/IeHHbIM.

3.2.4. I1epedaua apzymenma 8 hyHKYyuio

o cux mop Mbl MMCaaM CBOU (PYHKLIMH, B KOTOpbIe Mepe/iaBaju apryMeHThI
M0 3HaUyeHHI0. DTO 3HAUMT, YTO eC/Id apryMeHT mnepefiaH B (QYHKLMIO U U3MEeHeH
TaM, B BbI3bIBarolleil (yHKI[MM W3MEHEHHsI He COXPaHSTCS. IJTO MPOMCXOMWT,
TOCKOJIbKY (DYHKLIMS M0JIydyaeT KOMUI0 apryMeHTa U He MOJKeT IOBJIMATh Ha ero
opuruHai. KorvpoBanve faHHBIX B s3blKe CH MPOUCXOAMUT KaXKAbIA pas3, Korja
repe/iaeTcs 3HaueHue U3 0HOM (PYHKLIWU B IPYTYIO.

PaccMoTpum QyHKLMIO Swap, KOTOpasi Mo 3aMbIC/Ty 10/DKHA MEHSTh 3HaUeHUsT
L{e/IbIX NIepeMeHHBbIX:

void swap(int a, int b){ // HEMNPABW/IbHbII BAPUAHT
int ¢ = a;
a =b;
b =c;

}

Kak yXe H3BeCTHO, B JJaHHOM cjyyae (YHKI[UMSI Swap TioJyudaeT KOMNUH
aprymMeHTOB a M b, UTO Ha3bIBaeTCs Mepefayed MO 3HAUEHHMI0, M03TOMY, €C/U
BbI3BaTh €6 T/e-HUOyAb B JApyrod (yHKI[MH, Hampumep, main, 3HaueHUs
aprymMeHToB a ¥ b He U3MeHATCS:

int main(){

int a = 10;

int b = 100;

swap(a, b);

printf("%d %d", a, b); // 10 100
return 0O;

}

Ytob6n! GyHKIMSA Swap MOrJia MOAUGMHUILIMPOBATh CBOM apr'yMeHTbl, HeCKOJTbKO
ee U3MEeHUM:
void swap(int* a, int* b){
int ¢ = *a;
*q = *b;
*b = c;
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}

Teriepp OHa MNpUHMMAaeT [Ba YyKasaTelsi Ha IlepeMeHHble Tura int u
MOAU(ULIMDYeT 3HaueHWsi, Ha KOTOpble OHM CCbUIatOTCs. B JaHHOM mnpumepe
KOIMUPYETCSl afipeC MepeMeHHOM a W b, UTO T03BOJISIET MEHSITb 3HAueHWs S3THUX
TiepeMeHHbBIX B /TF000M TOUKe MporpaMMBl, T7ie U3BeCTHBI MX azipeca. Takasi iepesiaua
JTaHHBIX M3 (QYHKUIMY B (QYHKLMIO B si3bike CH Ha3bIBaeTCs Tepejadeli 1o ccbuike (110
yKasareJto).

Ba)kHO OTMeTUTb, UTO B JPyrux f3blKa MPOrPaMMHPOBAHUsS, HarpyUMep,
Takux Kak Python, C++ wim Java, TepMuH "ccbuika" nMeeT ocoboe 3HaueHHe, He
CBsA3aHHOE C yKa3zaTe/lssMM. OTO HY)KHO He 3a0bIBaTh, WCIIONB3Ysl AAHHYIO
TePMUHOJIOTUIO.

[Tepemaua JaHHBIX TI0 CChIIKe (yKa3aTest0) MOXKET IPOMCXOAUT ObicTpee B
c/lyyasx, KOrja pasmep yKasaTess 3aHWMaeT MeHbllle TaMsATH, yeM [aHHbIe I10
aZipecy, KOTOpble TaM XpaHATCS. JTO TPOUCXOJUT TIOTOMY, YTO HeOoOXOAUMO
CKOTIMPOBAaTh MEHbIIIe [JaHHbIX.

[1pu BbI30Be ()yHKIMM TeTepb er HaJlo TepefiaTh aJjpeca apryMeHTOB:

swap(&a, &b);

InHaMWuecKoe BbIe/IeHWe MaMSITU MOXeT ObITh yJ00HO /it CO3ZaHus
MaCCHBOB, pa3Mep KOTOPbIX Ha MOMEHT HallMCaHWsg MNPOrpaMMbl HEW3BECTEH U
orpezie/nsieTCsl TOJIbKO B TIPOL[eCCe BBITIO/THEHUS TIPOTPAMMBI.

Inst sToro ucronb3yercss GyHKUs malloc (/15 ee WUCMOJ/Ib30BaHUS C/ie/lyeT
MOJK/TFOUUTh 3ar0/I0BOYHBIN (a1 stdlib. h):

void *malloc( size_t sizemem );

@OYyHKLUUA BbIJe/geT U3 TMaMATH Sizemem U BO3BpalllaeT Ha BbIJEIE€HHYIO
MaMsITh yKa3aTeJlb, KOTOPBIN C/ie/lyeT IMPUBECTH K TpeOyeMOMy THITY.

[711 U3MeHeHUs1 pa3Mepa Bblle/IeHHON paHee AWHAMUUeCcKW 00J/1aCTH MaMsTU
rcrosb3yercs GyHKIus realloc:

void *realloc( void * ptrmem, size_t size );

Eciv  Heobxo[uMO WHMIMAIM3MPOBATL MACCUB HY/ISIMH, TO MOXXHO
VICII0/Ib30BaTh (PyHKLMIO calloc:

void *calloc(size_t num, size_t size);

B otivume ot malloc aprymeHTaMu JaHHOU (DYHKIUU SIBJISFOTCS KOJTMYECTBO
3/IeMeHTOB MaCCHBa num U pasMep 3jIeMeHTa Size, U3 KOTOPBIX PaCCUUTBLIBAETCS
001t 06beM HeoOX0AUMOM TTaMSITH.

Tak)ke CTOUT OTMeTHTb, UTO Jit00asi U3 Tiepeurc/ieHHbIX paHee QYHKIN MOXKeT
BepHyTh NULL, eciii BO3HMKaeT OIMMOKA, HArpyuMep, Y CHUCTeMbI OObllle HeT
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CBOOOZHOM MaMSTU. ITO 0OCTOSTETLCTBO BCET/A HY>KHO TIPOBEPSITH Tiepes; paboToii ¢
yKa3zaresieM, Kyjla 3alMChIBAeTCS afipeC Bble/IeHHOW TlaMsaTH. B ciyuae, ecimu
repeiaTh pa3Mep Bble/sieMod MaMsATH paBHbIM 0, TO TOBeieHHe (GYHKIIAH
BbIJIeJIeHUS TTaMSITH He orpe/iesieHo. OHa IoJTyuaeT yKa3areslb Ha BbIJ[e/IEHHYIO paHee
00/1aCTh MaMSITH ¥ HOBBIN pa3Mep (OH MOXKET ObITh KaK yYBeJIMUeH, TaK ¥ YMEHBIIIEH)
Y BO3BpalljaeT yKa3are/b Ha 00/1aCTh MaMSITH U3MEHEHHOTO pa3mepa (Tpy H3MeHEeHUH
pasMepa 00/7aCTH TAMSTA ee HauaJbHbIM aJpec MOXKeT u3MeHWTbCs). CrenyeT
TOHKUMaTh, YTO (GYHKIMS realloc MOKeT BBITIONIHATHCS B HEKOTOPBIX C/Tydasix
JIOBOJIBHO [I0JITO, TT03TOMY He C/ie[lyeT MCII0/Ib30BaTh ee C/IMIIKOM 4acTo 0e3 sIBHOM
Ha TO HeOOXOUMOCTH.

[Tocme TOro, Kak BbIe/ieHHAss TaMATb OoJjibilie He TpebyeTcs, cieayer
00s13aTeTbHO BBHICBOOOXK/]AaTh ee C TTOMOIIbi0 dhyHKIuK free. [Tpumep:

int *p = (int *) malloc(5 * sizeof(int));

p = (int *) realloc(p, 10 * sizeof(int));

free(p);

OcBobOX/jeHre TTaMSITH HeoO0X0AUMO, uTOOBI M30e)KaTh ee yTeueK. Y Teukoi
TaMsITH Ha3bIBalOT CHTYALWIO, KOTZla TIporpaMMa TepsieT yKa3aTe/lb Ha y4aCTOK
MaMsTH, YTO He II03BOJ/ISIET IIOJIyUWTh 3TOT Y4YacCTOK ITOBTOPHO. PaccMmoTpum
TIpUMeD:

void foo(){

int *p = (int *) malloc(5 * sizeof(int));

}

int main(){
foo();
;eturn 0,

}

B pmanHOM mporpamMMme moc/e Bbi30Ba (PyHKIMU foo() MPOMCXOAUT yTeuka
MaMsiTH, TaK KakK JOCTyMa K MepeMeHHOM p y»Ke HeT, a 3HAauuT M HeT ajpeca
BbIZIeJIeHHOW TaMATH. BbI30B 3TOM (yHKIMK B O€CKOHEUHOM IIMK/Ie TPUBEJET K
aBapUMHOMY 3aBepIIeHHI0 TIPOrpaMMbl M3-3a HEXBAaTKU TMaMSTH. YTeUKU MaMSATU
BJMAIOT KaK Ha caMy IIporpaMmy, TaKk M Ha BCe TpOrpaMMmbl, 3arylleHHble B
CUCTeMe, TaK KaK MaMsaThb CTAHOBUTCSI HeJOCTYTTHOU /IJi BCEX.

Taxxe ocBOOOXKJeHMe TaMsATA MAJisi ajipeca, KOTOPbIM He TMpPUHAAJIEXUT
rporpaMMe WM y>Ke 0CBOOOXKZeH, TpUBeZeT K Heorpe/e/ieHHOMY TOBeJeHUIO.
15 KOPPeKTHOTO OCBOOOXKJEHWS TaMsIThH C TIoMollplo GyHKIUU free
Heo0X0uMO TiepeJiaTh el apryMeHT, CO/lePrKalliil aZipec Hayaja y4yacTKa MaMsaTh
nii NULL. OcranbHble CUTyalid IPUBOJAT K HeOllpeie/IeHHOMY T10BeZIeHHIO.
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[TpumMep HEKOPPEKTHOT'O OCBOOOXKIEHUS TIaMSITH:
int *p = (int *) malloc(5 * sizeof(int));
free(p+1);

free(1200);

free(p+10);

3.2.5. Cmpoku 8 sa3bike Cu

@®opmanbHO B si3blke CU HeT CIeLMa/JibHOTO TUMa JaHHBIX [AJI1 CTPOK, HO
ripe/iCTaB/ieHle WX [I0BOJIbHO e€CTeCTBEHHO: CTPOKU B si3blke CH — 3TO MacCCHUBBI
CMMBOJIOB, 3aBepLIAoLIecs Hy/JAeBbIM CHMBOJOM ('\0'). 3TO MOpOXXJaeT
0COOEHHOCTH, KOTOpBIe C/ielyeT TOMHUTB:

® Hy/IeBOU CUMBOJI SIBJISIETCS 00s13aTeTbHbBIM;

® CIMBOJIbI, PaCMoJIOXKeHHbIE B MaCcCHUBe TI0C/ie MepBOro HYJIEBOTO CMMBOJIA
HUKaK He UHTEPIPeTHUPYIOTCS U CUUTAKOTCSI MyCOPOM;

® OTCYTCTBHE HYJIEBOTO CHMMBOJIa MOJKET TMPUBECTM K BBIXOAY 3a TDaHULYY
MacCHBa;

¢ hakTHUECKMM pa3Mep MacCHBa JO/DKeH ObITh Ha eAuHMIYy OoJiblie
KOJIMUeCTBa CUMBOJIOB B CTPOKe (/7151 XpaHeHUs1 Hy/J1eBOr0 CUMBOJIA);

® BLITIOJHSISA OTepaliuM HaJi CTPOKaMU, HY)KHO YUWUTBhIBaTh pa3Mep MacCHBa,
BbIZIeJIEHHbIN 110/l XpPaHeHUe CTPOKUY;

® CTPOKH MOT'YT ObITh MHULIMATHU3UPOBAHbI MIPH 00BSIBIIEHU.

[Tpumepst:

char sO[] = "Hello!"; // maccuB A/INHbl 7

char s1[50] = "world"; // maccuB A/IMHbI 50, n3 KOTOPbIX
ucriosib3yeTcsa 6 Aa4eek

s1[3] = '\@"'; // Bmecto 'l' Tenepb '\0O'

printf("%s\n",s0); // BbiBeget "Hello!"
printf("%s\n",s1); // BbiBeget "Wor"

115 cCUMTHIBaHUSI CTPOKU PEKOMEH/1yeTCsl MCI0JIb30BaTh GyHKUMIO fgets:

char* fgets(char *str, int num, FILE *stream);

OHa TpMHMMaeT B KaueCTBe apryMeHTOB MacCCHB, B KOTOpbIM CjefyeT
3anMcaTh CTPOKY, pa3Mep MacCHMBa M MCTOYHMK, OTKY/a C/leJyeT CUMThIBaTh (/151
CUMTBIBaHUS U3 KOHCOJIM C/leflyeT yKa3aThb stdin).

B otmmuue ot dyHkimii scanf u gets, PyHkus fgets rapaHTUpPYyeT, UTO He
OyzeT cuuTaHo GoJsibille NnuM-1 CUMBOJIOB (UTO He TIPUBEZET K BBIXOAY 3a IPAHHULIbI
MacCHBa), ¥ CTPOKa OyZieT 3aBepiiieHa KOPPEKTHO (Hy/IeBbIM CHMBOJIOM).
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Kak y>xe MOXXHO [orasarbcsi, ecii CTpoka B CHM — MacCHMB CHMBOJIOB, TO
MacCCUB CTPOK — 3TO JIByME@PHBIM MacCCUB CUMBOJIOB, I/le KaXK/iasi CTPOKa — MaCCUB,
XPaHSALIMK 0YepeIHYI0 CUMBOJIbHYIO CTPOKY.

3.2.6. /leymepHble maccuebl

B npeapiayiem pasgenie ObLTM PacCMOTPEHbI OJHOMEDHbIE MaCCHBBHI,
KOTOpbIe TIO3BOJIIFOT XPAaHUTb MHOXXECTBO 3/IEMEHTOB OIpe/IeJIEHHOrO THIIA.
Yka3arenu B si3bike CH MO3BOJISAIOT YKa3bIBaTh He TOBKO Ha OObIUHBbIE CTPYKTYPbI
Y TUTIBI JaHHBIX, HO W Ha yKa3aTenu. TakuM oOpa3oM MOSIB/SIETCS BO3MOXKHOCTB
CO3/laBaTh MHOT'OMepPHbIe MacCUBbI. PaccMOTpUM Temneph [JABYMepHble MaCCHUBBI
KaK YaCTHBIM C/Tydyal MHOTOMEPHBIX MaCCHBOB.

JIByMepHbBIN CTaTHUeCKUA MaCCHUB MOYKHO OOBSIBUTDH CJIe/IVIOIIUM 00pa3oM:

int arr[2][3];

CraTuueckrie MHOTOMEpDHbIe MAacCHBbI B TIaMSITU TPeZCTaB/sIOT U3 cebsi
HEIpEepbIBHYIO TOC/e[0BaTelbHOCTh MacCuMBOB (puc. 3.2), B TO BpeMsl Kak
JMHAMAYeCKUM MacCUB TpeAcTaBiasieT coboii Habop MacCUBOB, KOTOpbIe
pacro/io>KeHbl B Pa3/TMYHbIX YUaCTKaxX MaMsITH.

arr[0][0] arr[0][ 1] arr[0][2] arr[1][0] arr[1][1] arr[1][2]

Puc. 3.2. TlpencraBneHrie ABYMEPHOTO CTaTUUECKOTO MacCHBa MacCHUBa B TIaMSITU KOMITbIOTEpa

OObsB/IEHWE AWHAMUYECKOTO JBYMEPDHOTO MacCHBa TIPOMCXOAUT UYTh
c/0kHee. PaccMoTpuM TipvMep CO3[aHusl MacCuBa pasmepa 5x5:
int **arr = malloc(5*sizeof(int *));
for(int i=0; i<5; i++)
arr[i] = malloc(5*sizeof(int));
NvHaMu4eCcKdid ABYMEPHBbIM MacCUB $IBJISETCSI MaCCHMBOM yKasaTejed Ha
MaCCUBBI 3/IEMEHTOB, KOTOPbIe XPaHSIT COOTBETCTBYHOII[ME AaHHbIe (puc. 3.3).
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int* int * int * int * int *

int int int int int
int int int int int
int int int int int
int int int int int
int int int int int

Puc. 3.3. Cxema npe/icTaB/ieHUs [BYMEpPHOr'0 JUHAMUYEeCKOro MacCuBa
B [1TaMATU KOMIIbIOTepa

OO6paijaTbCss K 371€MeHTOM MacCHBa MOKHO TakKXKe, KaK B OJHOMEPHOM
ciydae, b0 UHAEKcalyei:

int el = arr[1][2];
WM apU(PMETUKOMN yKasaTeseu:

int el = *(*(arr+l1)+2);

3.3. 3aganue s1abopaTopHoii pabore 3

Hamviiure nporpamMMmy, KOTopass CUMUTBIBAeT TeKCT [0 CuUmBoia "@" u
yAanseT BCe CI0Ba, COCTOsIIMe TONMBKO U3 OyKB BepxHero perucrpa.
[TpeaioykeHUsT 3aKaHUMBAIOTCSI TOUKOM, pa3fie/iuTe/lb MeXAy MpeaioKeHUsIMU —
ripobe.

[Tporpamma f0/mKHA U3MEHUTD Y BBIBECTH TEKCT Cie/IyIolM 00pa3oM:

® Ka)KJl0e TpeJJIoyKeHue N0/DKHO HAUMHATBCSA C HOBOU CTPOKY;

® Ta0y/isAL[Y, TIPOOesbI, TIePeHOC CTPOKUW B Hauasie MPeZJIOKEeHUs TOJDKHBI
OBbITH yZa/IeHbI;
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® TEeKCT JOJ/DKeH 3akKaHuMBaThbCsa (pa3oii "KomuuecTBo OYKB B BepxHeEM
perucTpe [10: N U KOJUYeCTBO OYKB Tmocje: m'", Te n — KOJMYeCTBO CHMBOJIOB
BepPXHero perucrpa B U3HauajJbHOM TeKCTe U m — KOJIMYeCTBO CMMBOJIOB BEPXHero
perucTpa B oTopMaTHPOBAaHHOM TEKCTe.

[Topsiiok TipenoXKeHU He O/DKeH MeHAThCsl. CTaTUYeCKu BbIJIe/IITh MaMsITh
0/ TEKCT HeJib3s. [Ipobesn MeXxay TMpe/yio’KeHUsIMU SIBJISIeTCS pa3/ie/iuTesieM, a He
YaCTbI0 KaKOT0-TO Mpe/I0KeHUs.

3.3.1. OnucaHue nocsedoeameabHOCMU 8bINO/HEHUSI pAOOMbI

B paHHOI paboTe Heob6XoAMMO HamWcaTh TporpamMMmy Ha sisbike CU U
COCTaBUTb OTUeT.

B mepByto ouepeAr B TporpaMMe HeoOXOAMMO 3a/jaTh KOHCTAHTY [Jist
pa3mMepa pa3Mepa TeKCTa

#define TEXT_SIZE 100

3arem HanuilieM (YHKIMIO [I/Isi UTeHUs] TeKCTa /10 TepMHHa/JIbHOTO CUMBOJIA
n@":
int readText(char **text)({
int size = TEXT_SIZE;
char *buf = malloc(size*sizeof(char));
int n=0;
char temp;
do{
if(n >= size-2){
char *t = realloc(buf, size+TEXT_SIZE);
if(!'t){
printf("OwnMbKa: HEBO3MOXHO MNepeBLAECNIUTD
namaTo!");
return 0;
}
Size+=TEXT_SIZE;
buf = t;
}
temp = getchar();
buf[n]= temp;
n++ ;
twhile(temp!="@");
buf[n]= '\@';
*text = buf;
return size;
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DyHKIMS BblZle/isieT MaMsATh 107, TeKCT U TMPU HeoOXOAWMOCTH yBeIUUMBaeT
pa3Mep MamsiTH, UToObl CUMTaTh TeKCT 0001 AyTMHbL. KOHLIOM TeKCTa sB/isieTCs 3HaK
Il@ll

511 moficueTa CUMBOJIOB B MCXO/HOM M 00paboTaHHOM TeKCTe peasr30BaHa
¢yHKUMS countUppercCase.

int countUpperCase(char *text){
int count = 0;
for(int i=0; text[i]!='\0"; i++){
if(isupper(text[i])){
count++;
}
}

return count;

}

[y y#aneHus CUMBOJIOB TaOy/IsIl[MK B Hadasie TIPeJjI0KeHUs], a TakKKe CJIOB
BEDXHEr0 perucrpa peanu3oBaHa OGyHKUUS processText. [aHHas QyHKUus
WUTHOPDUPYET CHUMBOJIbI TaOy/SIIUM B Hayajie KaXK/Oro Tpeo)KeHUs U BbifesisieT
yKa3aTe/d Ha HauajJo0 WU KOHel| MpeJ/Io’KeHHsl, KOTOpble KOMUPYIOTCS B HOBBIU
MaccUB. AHaJIOTUYHBIM 00pa30M yAa/sitOTCS CI0Ba BePXHET0 PerucTpa.

char *processText(char *text, int size){

char *new_text = malloc(size*sizeof(char));
int src_index = 0;
int dest_index = 0;
int is_sentence_start = 0;
int skip_word = 0;
int need_copy = 0;
for(int i=0; i<size && text[i]!='@'"; i++){

/* [lponyckaem CUMBO/IbI Tabynsauwi B Ha4dasie NpeasioxeHns, noka

He Havigem Ha4dasio npeasioxeHuns */
if(text[i] == " " || text[i] == '\n' || text[i] == '\t')

continue;
}
else{
if(!'is_sentence_start){
src_index = 1;
is_sentence_start = 1;
}
}

/* 0bpabaTbiBaem Kaxfoe Cc/10BO OTAE/IbHO */
if(isalpha(text[i])){
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skip_word = processWord(text+i);
if(skip_word > 0){
1 += skip_word;

}
else{
need_copy = 1;
i--;
}
}
if(text[i] == '.")

need_copy = 1;

if(need_copy){
// BblducC/IieM pa3Mmep 4acTu /1 KONupoBaHUSA
int sentence_len = i - src_index + 1;
if(sentence_len == 1)

/* Ec/nn  nocsiegHee  C/10BO  [Pef/IoXeHUs1  Obi/1Io  TMPOnylweHo U
KOnupyeTcsi TO/IbKO TO4YKa, TO OHAa KOMUPYEeTCs Ha MEeCcTO [10C/Ie4Hero
npobena */

dest_index--;
if(size < dest_index + sentence_len + 1){
char *t = realloc(new_text, size+TEXT_SIZE);
if('t){
printf("OwnMbKa: HEeBO3MOXHO MOBTOPHO
BbiAENUTbL namaTb!");
return NULL,
}
Size+=TEXT_SIZE;
new_text = t;
}
strncpy(new_text + dest_index, text + src_index,
sentence_len);
/* B cny4dae, ec/m KOMUPYeTCcs [0C/e[HAS 4acTb
npeasioxeHnsi, To HeobxoAumMo [06aBUTb CHMMBOJT repeHoca CTPOKU*/
if(skip_word >= 0){
new_text[dest_index + sentence_len] = '\n';
dest_index += 1;
}
dest_index += sentence_len;
is_sentence_start = 0;
need_copy = 0;
}
/* [lponyckaem c/10BO B BEPXHeM peructpe */
if(skip_word < 0)
i -= skip_word;
skip_word = 0;
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}

return new_text;
}

151 onpefiesieHus, HY>KHO JIU BbIpe3aTh CJIOBO U3 MPe/IJIO’KeHUs], peau30BaHa
(GyHKUMS processword.

/* [lpoBepsiemM C/I0BO Ha cogepxaHue 3arsiaBHbix OYKB */
int processWord(char *str){
int i, all_upper = 1;
for(i=0; isalpha(str[i]); i++){
if(!isupper(str[i])){
all_upper = 0;
}
}

/* EC/In C/10BO COCTOUT TO/IbKO M3 3arsiaBHbiX OYKB,
TO BO3BpaljaemM oTpuyaTesibHbili MHAEKC, WHAa4Ye M0/1I0XUTE/IbHbIN */
if(all_upper){

return -i;

}

return i;

b

Takum o00pa3oMm, ec/ii CJI0BO COCTOMT W3 OyKB BEpPXHEro perucrpa, TO
KOMMPYIOTCS BCe TpeABbIAYIIHe CUMBOJIBI TPE/JIOXKEHUsI, KOTOphIe ellle He ObLIu
TiepeHeceHbl, a eC/IM CJI0BO CO/IEPXKUT OYKBY HW)KHEIO PErrMcTpa, TO OHO TPOCTO
TIPOITY CKAeTCsl.

B ocHOBHOI (hYHKIIMK TPOrPaMMbI BLIBOJUTCS 00pab0TaHHbBIN TEKCT, a TAKXKe
CTpoKa C wuHbopMaleli O KOJMUeCTBe CHMBOJIOB BEPXHEro perucrpa [o
006paboTKu U moce:

int main(){
char *text;
int len = readText(&text);
int before = countUpperCase(text);
char *processed_text = processText(text, len);
printf("%s\n\n", processed_text);
int after = countUpperCase(processed_text);
printf("KonuuectBo OYyKB B BepxHeM peructpe po: %d wu
KonnyecTtBo OykB nocne: %d\n", before, after);
free(text);
free(processed_text);
return 0O;
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3.3.2. IIpumep 6bino/1HeHUs1 3a0aHUSI HA 3aujumy

3apanue. Hanmmmre nporpammy, KOTOpass NPUHMMaeT Ha BXO[ CTPOKY,
yJansieT U3 Hee BCe IJIaCHble JAaTMHCKUe OYKBbI KaK B BepXHeM, TaK U HIKHEM
perucTpe U neyaTtaeT pe3y/bTaT Ha KpaH.

[Iporpamma Ha s3biKe Cu:

#include <stdio.h>
#include <ctype.h> // 3aronoBo4HbiVi Qavisn 6Ub/IMOTEKN LA/19 pPaboThl
C cumBoOs1IaMU
char vowels[]={'A', 'E', 'I', 'O', 'U', 'Y'}, // wmaccus c
r/1acHbiMn 6ykKBamm
// QYyHUMA MpoBepKU CUMBO/IA HA TO, [/1ACHbIA /1N OH
int isVowel(char ch)
{
int 1 = 0;
for(i=0; i<sizeof(vowels); i++) // npoBepsem c Kaxaoi
r/1acHou n3 maccuBa
if(toupper(ch) == vowels[i]) // nepesoguvm cumBos B
BEepXHWU perucTp v cpaBHUBAeEM
return 1;
return 0; // ecsnun coBnageHwii He 6bI/I0 - 3TO coOr/slacHas

int main() {

char s_in[100];

char s_out[100];

int i = 0; // uHAeKc TeKyuwen A4Yerku A/719 UCXOAHON CTPOKU

int j = 0; // uHAgeKc TeKyuen siYerkn A7 CTPOKU-pe3y/ibTaTta
fgets(s_in, 100, stdin); // aprymeHTh: O6ypep, pasmep

6ygpepa, cTaHgapTHbI MOTOK BBoJa

for(i=0, j=0; s_in[i]; i++) // noka s_in[i] He Hynesou

CUMBO/
if(!isVowel(s_in[i])) // ecsnn cornacHas
s_out[j++] = s_in[i]; // 3anuceBaem ero B
oyepegHylo fA4eliKy pel3y/sbTaTta, nepexogum K criegynuer
s_out[j] = '"\@'; // He 3abhiBaem 3aBEPUWNTb CTPOKY-pe3y/ibTaTt

HYy/1eBbiIM CHMBOJ/IOM
rintf("%s", s_out);
’ ’

return 0;

Bonpochk! /ij1s1 KOHTPOJIs

1. UTo XpaHUTCH B IepeMeHHOH TUIIa yKa3aresib Ha int?
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2. TloueMy uyacToe uCMOJb30BaHUe GYHKIMU realloc MOXKeT 3aMe[|IsiTh

BBITIO/THEHH E HpOl"paMMbI?

JIaboparopHasi pabora 4.
OB30P CTAHJAPTHOH BUB/IMOTEKHN

4.1. Ilesb 1 3a5a4u

Llesib paboThl: 0CBOeHMe pabOTHI CO CTaHAapTHOUM OubmoTekol Cu.

i [MOCTW)KeHHs1 TIOCTaBJeHHOW Lienu TpeOyeTcs peLIuTh Crefyroliue
3a/auu:

1. O3HaKOMUTBLCS C 3ar0/I0BOYHBIMU (halisiaMu CTaHAAPTHON OUOIMOTEKH.

2. O3HaKOMUTBCSI C (YHKUUAMUA CTaHAAPTHOM Oubvorekn w3 time.h,
assert.h, ctype.h, string.h, stdlib.h.

3. I3yunThb aqropuTMbl OBICTPOM COPTHPOBKU M OMHAPHOTO TIOMCKA, a TaKKe
MX peajii3alliM B CTaHIapTHOM OHMOIHoTeKe.

4. HarucaTh MporpaMMmy, peajusyroLly0 COPTUPOBKY W/WIM TIOMCK TI0
MaCCHUBY B COOTBETCTBUU C BADUAHTOM.

5. ChopmynMpoBaTh BbIBO/IbI OTHOCHUTE/IBHO U3YUYEHHBIX aJITOPUTMOB U POJIH
CTaHapTHOM 6ubMMoTeKH B si3bike CH.

4.2. OcHOBHbIE TeopeTHYeCcKue CBe/leHUs
4.2.1. Cmpykmypsl 6 a3bike Cu

3auyacTyr0 IporpaMMbl OMepUPYIOT OFPOMHBIM KOJWYECTBOM Il€peMEHHBIX,
KOTOpble Kak-TO 00pabaThIBarOTCs, XpaHSATCs, IepejatoTcsi B (YHKUWU. OTH
JlaHHbIe MOT'YT OBITb CBSI3aHBbI MEXK/[y COOOM T0 KaKOMY-TO TIpu3HaKy. Hampumep,
B 3ajlaue, rje HeoOXOJUMO XPaHWUTh U paboTaTh C JaHHBIMU O CTy[eHTaX, eCThb
repeMeHHble TUMNa int: KOIMYeCTBO IIO/HBIX JIET M HOMep TIpYyNIbl, a Takxke
riepeMeHHbIe CTPOKOBOrO Tura char * — ®UO crygenra (byzeM cuuraTh, UTO
®UO He 6onee 50 cumBoJIOB). BCe 3TU repeMeHHbIe MOTYT OTHOCUTLCSL K OJJHOMY
KOHKDETHOMY CTYZJEHTYy, T[03TOMYy /[Jid XpaHeHWs Takux JaHHbix nias1 100
CTY[EHTOB OJHUM W3 peLIeHU SB/SeTCd CO3JaHue TpexX MacCUBOB 3STHUX
repeMeHHbIX:

int age[100];
int group[100];
char full_name[100][50];
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OpHako Takou Tofxos TpeOyer, uToObI i-ii 371EMEHT KaKAOro M3 MacCHBOB
COOTBETCTBOBA/I OZJHOMY M TOMY >K€ CTYZIEHTY, UTO KpailiHe HeyJ00HO U TOPO’KAAeT
OLLIOKH.

YToObl CrpyNIMpoBaTh [JaHHbIE B SI3bIKaX IIPOrPaMMHPOBAHUS CYIECTBYIOT
OoJiee C/I0’KHBIE THIBI JAHHBIX, UEM Te, UTO MPeA0CTaB/seT A3bIK. B s3bike CH 17151
3TOT0 CYL[ECTBYIOT CTPYKTYPHbI. [IpriMep 00bsB/I€HUSI CTPYKTYPHI:

struct Student{
char full_name[50];
int age;
int group;
iy
Torma payia XpaHeHWs MacCHBa CTYJEHTOB JOCTAaTOUHO JIMIIb OOBSIBUTH
MaCCUB CTPYKTYP:

struct Student students[100];

[TpouHUIMA/NM3UPOBaTh TOMAS  CTPYKTYPhl MOXKHO TIpU  OOBSIBIEHUU
repeMeHHOUN WM MacCHBa.
[IprMep yaCTUYHOM MHULIMA/IA3ALAHN TTOJIEM:

struct Student student = {
.age = 20,
.full_name = "Ivan Ivanov"
iy
[IpyMep TOMIHOW WHUILMAIW3ALUM, TAe 3HAueHWs MoJied TPUCBAUBaKOTCS TI0
TIOPSIKY WX OOBSBIIEHUSI B CTPYKTYPe:
struct Student student = { "Ivan Ivanov", 20, 1000};

[IpyrMep MHUIMAIU3ALIMM MaCCHUBa CTPYKTYP:

struct Student students[2] = {
{ "Ivan Ivanov", 20, 1000},
{"Petr Petrov", 10, 1001}

i

Torga, urtobbl mosyunts 1oe full_name i-ro 37eMeHTa MacCHBa
HCII0JIb3yeTcsa oreparop ".":

students[i].full_name;

Ho cymectByeT omepatop "->", KOTOPBIM MpegHa3HaueH /s oOpaijeHus K
T10/1IM, €CJIU UMeeTCs yKa3aTe/b Ha CTPYKTYPY:

struct Student *student_ptr = &student;

student_ptr->age = 12;
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OTOT onepaTop I03BOJIseT He pa3bIMEHOBbIBaThb yKasaTesb Ha CTPYKTYpY, a
Cpasy nosyvarb JOCTYII K [10/IIM, T. €. 3aMeHseT 3aruch:

(*student_ptr).age = 12;

TakuM 00pa3oM, CTPYKTYPBI B si3bike CH TO3BOJISIFOT IPYIIITUPOBATh JaHHbIE,
YMeHbIIIaTh KOJIMUeCTBO MaCCUBOB U IIepeMEeHHBIX U CO03[aBaTh IIPOU3BOJIEHBIE
TUIIBI JaHHBIX.

4.2.2. Ykazameau Ha (pyHKyuu

[lpeAmnono)kuM, CTOWUT 3ajaya HaMWcaTb YHUBEPCA/TbHYI  (YHKLIUIO
HaXOXJeHUs1 MUHMMYyMa B MaccuBe 3jieMeHTOB. (DyHKI[MS [O/DKHA BO3BpallaTh
yKasaTe/lb Ha MUHHMAaJbHBIM 3/ieMeHT. [Ipy 3TOM 3/1eMeHTamMy MacChBa MOTYT
OBbITh KaK UMCJ/ia, TaK U CTPOKU UM CTPYKTYPHI.

YKe W3BeCTHO, UTO yKa3aTe/ld THIAa void* MpUTrofATCsA TIpU OObSIBIEHUH
TaKOW (DYHKLIUU:

void* min(void*arr, int array_length, int size_of_element),
IIOTOMY UTO MO3BOJIAIOT He 33yMbIBaTbCHd O KOHKPETHOM THUIIe 3/IeMeHTOB MaCCUBa.
IniuHa MaccvBa UM pa3Mep 3jeMeHTa HY)KHbI [ijis repebopa BceX 3/1eMeHTOB
MaccuBa.

[Torpobyem peanu30BaTh alrOPUTM HaXOXKIeHUSI MUHUMYMa:

void* min = arr;

for(int i=0; i < array_length; i++){

if((arr + i*size_of_element) > min)
min = arr + i*size_of_element;

¥

OpHako uTo OyzeT pe3y/nbTaTOM TaKOTO cpaBHeHUs? Eciv arr — MaccuB, TO
pe3y/abTaT CpaBHEeHUS

(arr + i*size_of_element) > min
Bcerja OymerT 1, TIIOCKO/NBKY CpaBHUBAIOTCS yKas3aTelad, a He 3HaueHHs.
PasbiMeHOBBIBaTbL yKasaTejib TUMA VOid* He/b3s. ['UINOTEeTUYECKU MOXKHO
BBISICHUTH BCE THIIbI, C KOTOPBIMH OyeM paboTath, mpuBecTH (vVoid*) K KaXKJOMY
TUIy M y3HaBaTb pe3y/ibTaT CPaBHEHHWs OTAe/IbHO [ Kaxjoro tura. Ho Torpa
(GYHKIUSI CTAHOBUTCS HEYJ0OHOM B MCITO/Ib30BAaHUY U TVIOXO MacIlITabupyeMo.

[y pelileHUs1 MOAOOHBIX 3a/lay CYIIECTBYIOT yKa3aTe/d Ha (yHKIHIO.
YkazaTenn Ha GYHKIMIO TIO3BOJISIIOT B XOJe paboThl IIpOrpamMMmbl  MEHSITh
BbI3bIBaeMyt0 (yHKIMI0. B 3TOM npriMepe B 3aBUCHMOCTH OT TUIIA IaHHBIX MOYKHO
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WCI0/Ib30BaTh YKa3aTeb Ha (DYHKIIUIO-KOMIIapaTop [/ BapbUPOBaHWs TIPUHIIUIIA
CpaBHEHUs, YTO U paCCMOTPHUM Jiajiee.

Yka3arenb Ha (DyHKLMIO T03BOJisleT paboTath € (yHKIMel Kak ¢ 0ObIuHOM
riepeMeHHOM, B TOM UuCJ/ie TepefiaBaTh (PYHKI[MIO B KaueCcTBe apryMeHTa Jpyrou
¢bynkiuu. [Togpobuee B [1], pa3g. 5.11.

HOns HarvcaHusi (QYHKIMM HaXOXAeHUsi MUHMMyMa B MacCUBe 3/IeMEHTOB
HEW3BEeCTHOTO THIA yKa3aTe/ b Ha PYHKIIUIO HY>KeH, YTOObI CPAaBHUBATh 3/IEMEHTHI.
[Toxokast J1I0TMKA WMCIO0J/Ib3YeTCd BO MHOTUX $3bIKaxX IPOrpaMMUPOBaHUA, a
(GYHKIIUIO CpaBHEHUS JIBYX 3/1IeMeHTOB 00ObIUHO Ha3bIBalOT KOMIIAPATOPOM (aHTIJI.
compare — cpaBHMBaTh). Komriapatop paboTaeT 10 TPUHIUITY: €C/Id 37eMeHThI
PaBHbI, pe3yIbTaTOM cpaBHeHMs OyzeT 0, ec/iv mepBbIid 00JIbITe — pe3yabTaT 1 Wiu
nroboe MooKUTeTbHOe UKC/I0, MHaue —1 wiu aro0oe oTpuliaTe/bHOe.

[TepenuilieM YHUBepPCaJbHYIO (PYHKIMIO HAXOXAEHWS MUHHUMyMa C y4eTOM
yKa3aTe/isl Ha (PyHKI[{I0-KOMITapaTop:

void* min(void*arr, int array_length, int size_of_element,

int (*compar)(const void*,const void*)){

void* min = arr;
for(int i = 0; i < array_length; i++){

if(compar(arr + i*size_of_element, min) < 0)
min = arr + i*size_of_element;

}

return min;
}
Termepb MOXHO BbI3bIBaTH (DYHKI[MIO min s Jyir0OOro THTa, T7IaBHOE —
onpe/ie/IUTh (PYHKIIUIO CPaBHEHUS [IBYX 3JIEMEHTOB.
Peanusyem KoMmnapaTop, KOTOPbIM CpaBHMBAET JjBa Lie/IbIX UKC/Ia:

int cmp(const void *a, const void *b){
const int *first = (const int *)a;
const int *sec = (const int *)b;
if(*first > *sec)

return 1;
if(*first < *sec)
return -1;

return 0;

}

[IpuMep nmorcka MUHUMAa/ILHOIO 3HaUeHUs B MacCUBe:
int main(void){
int arr[] = {1, -3, 2, -5, 10, 2};
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int *res = min(arr, sizeof(arr)/sizeof(int), sizeof(int),

cmp);
printf("%d\n", *res);
return 0O;

b

Pe3ynbTaT mporpaMmbl — UMCIO —5, KOTOpOe SBJISIETCSI MHWHUMA/bHbIM B
MaccuBe.

4.2.3. 0630p cmandapmHoti 6uG/1uomeKku

PaccmoTpum GYHKIMM 1 3aro/ioBouHbIe (haiiibl cTaHgapTHOM 6ubmioteku Cu
libc, KoTopble HeoOXOAWMBI [Jig BBITOMHEHWs JabopaTopHOM  paboTHI.
PaccmoTpeHue psijla APYTHX 3arojOoBOYHBIX (ailioB cTaHAapTHOW OubIMoTeKu
TPYBE/IEHO B MPUIOXKEHUH.

O6paborka cTpoKk u cumBoJioB. CraHjapTHas Oubmuoreka Cu
TIpe/IoCTaB/isieT OOJIbIIIe BO3MOYKHOCTHU [ijisi pabOThI CO CTPOKAMH M CUMBOJIaMH,
KOTOpbIe oripe/ie/ieHbl B C/Ie/IVIOIIMX 3ar0/IOBOUYHBIX (halinax: string.h, ctype.h,
wchar.h, wctype.h, locale.h, uchar.h.

ITupokue cumeoabl. CTaHJAPTHBIA TUIT char, UCMOIb3yeMbld /11 XpaHeHUs
CUMBOJIOB MMeeT pa3Mep 1 GalT U 1o3BosisieT 3aJaTh 000N CUMBO U3 TaOJULIBI
ASCII. N ey 3a NaTUHCKUMM CHAMBOJIaMH, yripaBastomumu (\n, \@ U T. M.) U
HEKOTO-PbIMU IPYTUMH (LG PbI, CKOOKHM) 3aKpeTyieHbl CBOM KOZIbl B TIEPBOM UaCTH
Tab/MULIbl, TO [Jid CHMBOJIOB HAIlMOHAJbHBIX andaBUTOB U JPYTUX, MeHee
pacrpocTpaHeHHbIX CUMBOJIOB, ofHOUW Tabsuiel ASCII HemocTaTouHo. PerieHue
3TOM TIpobeMbl — WMCIMO/Ib30BaHUe APYruX Tab/ul] KOAWPOBOK, Ha KOJ OZHOTO
CUMBOJIa B KOTOPbIX OTBOAUTCS Oosibiiie 1 GaifTa, HO Jjis 3TOTO MCIO/b30BaHUe
TUIIA char y)xe He MTOAXOLUT.

17151 pabOTBI C IIIMPOKMMU CUMBOJIaMH B TIPOrpamMMax Ha si3bike CH MCIO/b3yeTCst
i wchar_t. BaHO MoHMMaTh, UTO (PaKTUUYeCKOe TMpe/CTaB/ieHre CHMBOJIOB B
wchar_t He perJiaMeHTUPOBAHO Y MOXKET OT/IMUAThCsl B 3aBUCKMOCTH OT T1aT(QOPMBI.

B OC JIunykc wchar_t o6pIYHO UMeeT pa3mep 4 OaiiTa ¥ XpaHUT CUMBOJIBI B
cootBerctBuM ¢ UTF-32. [Ing wucrnonb3oBaHus Tura wchar_t, Tpebyercs
MOAK/TFOUUTh 3aro/IOBOUHbIN (haiia wehar . h.

PaboTa ¢ Tumom wchar_t HeCKOJIbKO T0X0ka Ha paboTy C ye 3HAaKOMbIM
paHee TUTIOM char, HO ec/id TIpU 00bsIB/IEHUM CTPOKH TUIA wchar_t OT/IMUUii HeT:

wchar_t s1[100];
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TO TP WCIIOSBb30BAaHUUA CTPOKOBBIX JIATEPAJIOB, KOTOPbIE JIO/DKHBI  OBITh
Tpe/iCTaB/ieHbl B wchar_t, TpeOyeTcsi Tepes; TakoW CTPOKOM WM CHMBOJIOM
n06aBUTH OYKBY L:

wchar_t s2[] = L"wchar_t hello!";
if(s2[0] == L'w")
{

}

Ons paboTel ¢ wchar_t cyilecTByeT creldanabHbii Habop (yHKIMM,
aHA/IOTUUHbIA TOMY, KOTOpBIM MCIIOMb3yeTCs [/ CTPOK W CHUMBOJIOB char,
BKItOuass (YHKIUMU BBOZA/BbiBOJla. DYHKIMU [Jjid CTPOK COJepXKaTcsi B
3arosI0BoUYHOM (parinie wchar . h, a 1jis cumBO/IOB B (paitie wctype. h.

(!) BadcHoe 3ameuaHue. sl CUWTBIBAHUSI KUPWU/UIMUECKUX CUMBOJIOB C
KJIaBMaTypbl M BBIBOJIa WX HA 3KpaH MNPU HCIMOJb30BaHUM wchar_t, cremyer
YCTaHOBUTH JIOKajb MO YMOJIUAHHIO C TMOMOIIbIO BbI30Ba (PyHKIMU setlocale
(rmogpob6Hee o jmokansx [20]):

setlocale(LC_CTYPE, "");

[ns sToro creAyeT TIOAK/IHOUMTBL 3arojioBOuHbId (haiin locale.h. 3To
Heo0X0uMO [jisT KOPPEKTHOTO OTOOpakeHUs] KUPW/UTMUECKHUX CUMBOJIOB. JIOKasb
onpejensieT KOAUPOBKY CHUMBOJIOB, T. €. OIpeJesseT COOTBEeTCTBHE UHC/I0BOrO
3HaueHUsl CUMBoOJIa C OykBoM asihaBUTAa TOTO WIM WMHOTO s3bIKa. [I7sT KaXKgoro
SI3bIKa B Pa3/IMYHBIX CTPaHaX MOTYT HUCIOJIb30BaTbCs pa3/IMYHbIE JIOKAJIH.

[Ipumep mporpamMmbl, CUMTHIBAKOLLENW C K/IaBUATypbl CTPOKY, COZAEpP’Kallyro
KUPWJIHLLY, TTePeBO/ISALLYIO ee B BEPXHUW PErUCTP U JOMUCHIBAOIIYIO ee K CTPOKe
NMonb3oBaTenb BBeN:

#include <stdio.h>
#include <wchar.h>
#include <wctype.h>
#include <locale.h>

int main()

{
int 1i;
wchar_t s[150] = L"Nonb3oBaTtenb BBen: ";
wchar_t s1[100];
setlocale(LC_CTYPE, "");
fgetws(sl,sizeof(sl)/sizeof(wchar_t),stdin);
for(i=0;i<wcslen(sl);i++)

s1[i] = towupper(si[i]);
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wcscat(s,sl1);
wprintf(L"%1ls",s);
return 0O;

}

Pa6oma c cumeonamu. B coctaB ctaHZiapTHON OMO/IMOTEKN BXOAST (PYHKI[UN
s paboThl C CMMBOJIaMM, OOBSIBJIeHHbIe B 3arojioBOUHOM (aiinie ctype.h u
wctype.h [/s1 IIMPOKHUX CUMBOJIOB COOTBETCTBEHHO.

OTU (YHKI[MU TO3BOJISIIOT TepeBOAUTh CUMBOJIBI U3 BepXHEro perucrpa B
HIDKHUM U OTIPeIe/IsiTh, SIBJISIETCS JIM 3TOT CUMBOJI OYKBOM, IU(POI UMM KaKUM-TO
cy>kKeOHBIM.

[Tpumep: ecmn TpeOyeTcsi CpaBHUTH JBa CHUMBOJIa chl W ch2 6Ge3 yuera
PEerucTpa, MOYKHO BBITIOJTHHUTE 3TO C/IeAYIOIAM 00pa3oM:

if(toupper(chl)==toupper(ch2)){

}

Paboma co cmpokamu u navsmbio. CraHgapTHas Oubauoreka Cu
COJIeP>XKUT pa3/inuHble (YHKIMM 718 paboThl C TMaMSATbIO U CTPOKaMH,
00bsiB/IeHHBIE B 3ar0JIOBOYHOM (paiisie string.h

Cpenu HUX ecTb (DyHKLIAU:

® KOTMUPOBaHMS TTaMsITU (memcpy, memmove);

® cpaBHeHMUsI TTaMsITH (memcmp);

® CpaBHeHUs CTPOK (strcmp, strncmp);

¢ pa30MeHMs] CTPOKU Ha TOKeHHI (strtok);

® KOHKaTeHallUM CTPOK (strncat);

® [I0MCKa CUMBOJIOB Y TIOZICTPOKH B CTPOKe (strchr, strstr);

® orpejiesieHUs IJIMHBI CTPOKH (Strlen) U HEKOTODbIe ApyTHe.

Taxke fi/151 Tpeobpa3oBaHusl U3 KOPOTKOTO CMMBOJIA B IIIMPOKKE CyIlleCTBYIOT
crieLjuanbHble PyHKOUM B uchar . h.

OOpaboTKa pa3/MYHBIX THIOB /JAHHBIX M pabdora ¢ mnamMATbI0. B
3aro/sioBoyHoM stdlib.h datine cobOpaHbl OOBSIBAEHWS Ppa3MUUHBIX (QYHKIUH,
YacTh U3 KOTOPBIX y>Ke UCI0JIb30BajlaCh paHee:

¢ GbyHKIMH [7151 pabOThI C AMHAMUUECKOM MMaMSIThIO;

¢ GyHKIMM J715 TIpeoOpa30BaHUsI CTPOKH B UHMCIIO;

® reHepaLyy N1CeBJOCTYYalHbIX YLCET;

¢ dhyHKIMU JJ151 yTIpaB/aeHusi TIPOLIeCCOM BbITIOJIHEHHS IPOTPaMMBbI;

® byHKIMU [T BbIUMC/IeHHUs aOCOMIOTHOTO 3HAueHUs U [Jle/IeHUsl Le/TbIX
yuCes;
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¢ GhyHKUWU J/1s1 CODTUPOBKH U TIOUCKa.

Ha mnocnemnve paBe ¢YHKIMM CTOMT OOpaTUTh 0cob0e BHUMaHHe: 3TU
(GYHKI[MM TIO3BOJISIIOT BBITIONHATE OBICTPYIO COPTHUPOBKY (qgsort) u OuWHApHbBIN
nouck (bsearch) B MaccuBe JaHHBIX JTF060TO THTTA.

Asrzopumm 6bicmpoli copmupoeKu u GUHapHo20 noucka (qsort u bsearch).
Kak y»xe roBopuiock, B stdlib.h ecTb (GyHKIUM [/ COPTUPOBKM M TIOMCKa B
MaccuBe J/ir000ro Tra. PaccMOTpUM Kak Takoe BO3MOXKHO Ha Tpumepe (yHKLIAN
gsort:

void gsort (void* base, size_t num, size_t size,

int (*compar)(const void*,const void*));

OyHKIMS [pUHUMaeT yKas3aTelb Ha HayaJbHbIM 3JIEMEHT MacCCHBa,
KOJIMYeCTBO 3JIEMEHTOB W pa3Mep OJHOIO 3JIeMeHTa, a TakKe yKas3aTe/lb Ha
(OYHKIMIO [I711 CDaBHEHUS [IBYX 3JIEMEHTOB.

Tak Kak TUIl 371IeMEHTOB MOXKeT ObITh /HOOBIM, TO M yKa3aTelb Ha TepBbIA
3/IeMeHT MaCCHUBa UMeeT TUIl void. ITO MO3BOJIsIeT, 3Has afijpec MepBOro jemMeHTa 1
pa3Mep KaX/I0ro 37ieMeHTa, BLIUMC/IUTD afipec H000ro 3/ieMeHTa MacCHBa B TIaMSITU C
TIOMOIL[bI0 apU(PMeTHKH yKa3aTereld W 00OpaTUThCs K Hemy. OcTaeTcs TOMBKO
CpPaBHUTH [IBa 3JIEMEHTa, MMesl /IBa yKa3aTesisd Ha HUX. JTO BBINOIHSET (yHKIUS
compar, yka3aTe/lb Ha KOTOPYIO TepejiaeTcst (DyHKLMU (SOrt B KaueCTBe OZHOTO U3
r1apamMeTpoB.

®yHKIMS compar TpUHMMAaeT /[Ba yKa3aTeass TUMa Vvoid, HO B CBOeu
peav3alii MOXXeT MPUBECTH MX K KOHKDETHOMY TUIly (TakK Kak eé peanu3alysi
0CTaeTcst 3a MPOrpaMMKMCTOM, OH TOYHO 3HAeT 3/IeMEeHThI KaKOro THIa OH COPTUPYeT)
W CpaBHUTH UX. Pe3ynbraT CpaBHeHWs OIpeze/seTci 3HaKOM BO3BpalllaeMOro
dbyHKLMI gsort unca.

PaccmoTpyM npocTeliivii NpyuMep COPTUPOBKU MaCCHBa UYKCET:

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

int cmp(const void *a, const void *b){
const int *first = (const int *)a;
const int *sec = (const int *)b;
if(*first > *sec)

return 1;
if(*first < *sec)
return -1;

return 0;
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int main(){
int arr[] = {1, 4, -4, 6, 2, 0};
int n = sizeof(arr)/sizeof(int);
gsort(arr, n, sizeof(int), cmp);
for(int i=0; i<n; i++)
printf("%d ", arr[i]);
printf("\n");
return 0O;
3
OTOT TIpUMep COPTHPYeT MacCHB I10 BO3PACTaHHWIO, a UTOObI OTCOPTHPOBAThH
MacCMB TI0 YyObIBaHMIO, HEOOXOJUMO JIMIIb TIOMEHSTb 3HAaKW B  YC/IOBHUSIX
KOMIIaparopa:

int cmp(const void *a, const void *b){
const int *first = (const int *)a;
const int *sec = (const int *)b;
if(*first < *sec)

return 1;
if(*first > *sec)
return -1,

return 0O;

3
Tak Kak B JUHAMHUeCKOM MacCHBe MOXKeT XPAHUTLCS Jirobasi CTPYKTypa
JJaHHBIX, TO BCTaeT BOMPOC: KaK COPTUPOBATh CTPYKTYPhI B sizbike Cu? Pa3Huiia B
COPTHPOBKE MacCHUBa CTPYKTYP OT MacCHBa CTaH/APTHBIX TUIIOB J@HHBIX JIUIIIb B
KOMIIapaTtope, KOTODbIM OmpeJeNeHHbIM pa3paboTunkoM obOpa3om Oyzer
CpaBHUBATh CTPYKTYphl. PacCcMOTpUM TipuMep CTPYKTYPHI [IJisl CTy/IeHTa:
struct Student{
char name[50];
char lastname[50];
int age;
i
YToObI OTCOPTUPOBATHL MAaCCUB U3 TAKHUX CTPYKTYP:
® fleKCUKOrpaduuecku 1o pamuimny;
® jleKCMKOrpauuecku 1o UMeHU;
® 110 BO3pacTy,
HeoOX0JUMO CpaBHMBATh IM0Jie (paMU/IMK, 3aTeM CpPaBHHBAThb T10jie UMEHH B Cydae,
e (paMWIMKM COBMAJAOT, U B C/Iyyae COBMaJleHUsi UMeHU U (haMWIUK CPaBHUTH
BO3paCT CTy/JieHTOB. [lo/00HBI KOMITapaTOp MOXKET BBIT/ISIIETh  CreYHOIIM
obpa3om:
int cmp(const void *a, const void *b){
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const struct Student *first = (struct Student *)a;
const struct Student *sec = (struct Student *)b;
int res = strcmp(first->lastname, second->lastname);
if(res) return res;
res = strcmp(first->name, second->name);
if(res) return res;
if(first->age < second->age) return -1;
else if(first->age > second->age) return 1;
return 0;
b

Torza BbI30B OYHKI[MH (SOrt OyZeT BhITJISETh:

gsort(arr, n, sizeof(struct Student *), cmp);

OyHKIMA [/ TOUCKAa 3JIeMEHTOB bsearch oueHb IIOXOXKa IO CBOeWu
CUTHaType Ha gqsort:
void bsearch(void *key, void* base, size_t num, size_t size,
int (*compar)(const void*,const void*));

OTta GyHKLYS UIeT B OTCOPTUPOBAHHOM MaccuBe base 3/ieMeHT key U Takxke
NpUHUMaeT Ha Bxo GyHKUUIO-KomMapaTtop. PyHKIUs bsearch Bo3Bpaillaer
NULL, ecnu s/1eMeHT He HalZleH, WM BO3BpAlllaeT aJipec 3JieMeHTa B MPOTUBHOM
ciaydae. B ominume oT gsort KomriapaTtop B bsearch Ha BX0J, B KaueCTBe [epBOro
3/1IeMeHTa BCerjia rnoJjiyuaet key, a B KaueCTBe BTOPOI'O — 3/IeMeHT MacCHBa.

Takum obpa3oM, TpeAbIAYIIYIO MTPOrpaMMy C COPTUPOBKOM MacCHBa MOYXKHO
JIOTIO/THUATH CJIeAYIOLLIUM KOJIOM [IJIsl [IOUCKA 3JIeMeHTa:

int key = -4;

int *result = (int *)bsearch(&key, arr, n, sizeof(int), cmp);

AHanornyHbiM 00pa3oM MOKHO COPTHPOBAaTh MHOTOMEpHbIe MaCCHBBI U
JWHaMHWuUeCKre MacCuBbl CTpPOK. IIpuBesemM mpuMep COPTUPOBKKM W TIOUCKA

3/IEMEHTOB B JUHAMUUYECKOM MaCCHBe CTPOK:
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

int cmp(const void *a, const void *b){
const char **f = (const char **)a;
const char **s = (const char **)b;
return strcmp(*f, *s);
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int search_cmp(const void *key, const void *val){
const char *k = (const char *)key;
const char **v = (const char **)val;
return strcmp(k, *v);

}

int main(){
srand(time(NULL));
char **strs = malloc(5*sizeof(char *));
for(int i=0; i<5; i++){
strs[i] = calloc(50, 1),
memset(strs[i], 'A' + rand()%25, 10);
b

gsort(strs, 5, sizeof(char *), cmp);
for(int i=0; i<5; i++){
printf("%s\n", strs[i]);

}
char *key = "EEEEEEEEEE";

char **res = (char **)bsearch(key, strs, 5, sizeof(char
*)s
search_cmp);
if(res) printf("%ld\n", res-strs);
else printf("Not found\n");
return 0O;

}

[IporpamMma resHepupyet MsTh C/y4alHbIX CTPOK C JIATUHCKUMHU CHMBOJIAMU,
COpTHpYeT MacCUB CTPOK M HIIeT B 3TOM MaccuBe CTpPOKy "EEEEEEEEEE".
BBIBOAUT WHJEKC 3TOM CTPOKHM, €C/IM OHa HailjeHa. Kak MOXXKHO 3aMeTWThb,
Heo0X0MMO MUcaTh pa3Hble KOMIApaTOPhI /ISl TIOUCKA U COPTUPOBKH 37IEMEHTOB,
a Takke CTOWT MOMHMTb, YTO TMOPSAOK apryMeHTOB KOMIlapaTopa Jisd (PYyHKLUH
bsearch BaxeH, IMOCKO/IBKY KJ/IFOY I0JAeTCs IEPBbLIM apryMeHTOM, a BTOPBIM —
3HaueHUe U3 MaccuBa [j11 CPaBHEeHUs.

PacwupeHue cmaHOapmHbiX munoe OaHHbIX. B s3eike Cu  He
IpefyCMOTpeH TUIT JaHHBIX bool, U IBHO He yKa3aHa pa3psALHOCTb LIe/IbIX YHCeI,
M03TOMY B COCTaB OWUO/MIMOTEKH BXOAST 3arojioBouHble ¢aiinbl: stdbool.h —
omnpesiesieHle Tuna bool u 3HaueHud true, false, stdint.h — ompezeneHus
3HAKOBbIX UM 0e33HAKOBBIX LIeJIOUMC/IEHHbIX THUIOB [AHHBIX OTpe/e/ieHHOU
paspsiiHoCTU. stdint.h mo3BossieT GUKCHPOBATh pa3Mep I[eIoro urcia B Ourax
Ha moboit Tuiatdopme, ecnu TaTGopma TO/AepKUBAeT BBIUMC/IEHUSI 3HAaUeHUM
TaKOW pa3psiiHOCTH.
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B inttypes.h, float.h, fenv.h o0ObsIB/IEHEI MAaKPOCHI [ijisi pabOTBI C THIIOM
intmax_t u float. [lnisi mosyueHuss uH(OPMAIMK O HYDKHEWM 1M BepXHel rpaHuilax
3HaUeHUM /i1 pa3/MUHbIX TUIIOB [IJaHHBIX CYILECTBYeT 3aro/IOBOYHbIA (aii
limits.h

Paboma c¢ damoii u epemenem. B 3aronoBouHoM daitie time.h MOKHO
HaliTh OOBSBIEHUS TUMOB M (PYHKIMM A/1s1 paboThI C JaTo U BpeMeHeM. B Tom
yncse:

¢ (hyHKLHMIO, TT03BOJISAOLIAS MOYUUTh TeKylllee KaieHAapHoe Bpemsi (time);

* (QyHKLMIO, MO3BOJISAIOLIAs MOJYyUYUTh BpeMs B TaKTax IpoLieccopa C Hauvasa
BBITIOJ/IHEHUS porpaMmel (¢ lock);

e byakimio TMpeobpa3oBaHuss BpeMeHM B cTaHAapTHyio dopmy UTC
(gmtime);

¢ dyHkiuo nmpeobpa3oBaHus BpeMeH! B MeCcTHOe Bpems (localtime);

* byHKUMIO [/ BBIUMC/AEHUS PA3HOCTUM B CEKyHAAX MeXAy [ABYMsi
BpeMeHHbIMU Tamnamu (difftime);

e byHKIMIO /IS BbIBOJA 3HaueHWs JaThl U BpeMeHUW Ha 3KpaH (asctime,
ctime);

A Take CTPYKTypy tm, cofep’Kall[iX KOMIIOHEHThI KaJleHJapHOrO BpeMeHU U
byHKUMIO 471 TIpeoOpa3oBaHMsl 3HAUeHUs BDeMeHU B CEeKYyH/laX B OOBEKT TaKOro
THIIA.

[Tompo6Hee o cTaHgapTHOM 6ubmoTeke B [21].

4.3. 3apanue K 1aboparopHoii pabdore 4

B aroi1 pabore HeoOXxoAMMO pa3paboTaTh MpoOrpamMmy, KOTOpas peanu3yer
COPTUPOBKY W/WIM IIOMCK B MaCCHBE H/IM CTpOKe (MacCHMBe CHMBOJIOB) B
COOTBETCTBMM C BapHaHTOM. B KaX[[OM BapHaHTe TIpeJCTaB/ieHa 3ajaua, [is
pellleHHsI KOTOpOM HeoOXOAWMO  HCTIOb30BaTh  (YHKI[MHM  CTaHJAapTHOMN
O01O/TMOTeKHU.

4.3.1. Onucaxue nocsedoeame/ibHOCMU 8bINO/HeHUs pabombl

B paboTe paccmaTprBaroTCs jBa OCHOBHBIX THIIA 3a/laHUH:
1) copTMpOBKa U TIOUCK B MacCCHBe 1[eJIbIX YHCeT
2) obpaboTKa CTPOK, COPTUPOBKA 1 TIOMCK B JUHAMHUYECKOM MacCCHBe CTPOK
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B kauecTBe mpumepa pacCMOTPUM CJIe[[yFOLMM BapUAaHT 3a/|aHusl: HaIlWLLIUTe
MporpaMmy, KOTOPOM Ha BXO[, TNOJAETCS CTPOKA, COCTOALIAs M3 MPOM3BOJBHOTO
Habopa CHMBOJIOB.

[Iporpamma fo/pKHa peanu3oBaTh CAeyOLUN anrOpUTM:

1) cumTaTh CTPOKY M3 CTaHAAPTHOTO MOTOKa BBOAA stdin;

2) OTCOPTUPOBAaTh CTPOKY MO BO3pacTaHul0 3HaueHUU KogoB ASCII c
TTOMOIIIBIO a/ropyUTMa "ObICTpasi COPTUPOBKA" (quick sort), UCIOMB3Ys TIPU 3TOM
GbyHKLMIO CTaHjapTHOW OMOMOTEKH;

3) mocuuTaTh BpeMsi, 3a KOTopoe OyJeT OTCOPTUPOBAaH MaCCUB CTPOK,
WICTIOJTB3YSI TIPU 3TOM (DYHKIIHIO CTaHAApTHOW OMOIMOTeKM;

4) BBIBECTU OTCOPTHPOBAHHBI MacCHB (3/IEMEHTbI MAaCCHBA [JOJDKHBI OBITH
pasziesnieHbl pobesiom);

5) BBIBECTH BpeMs, 3a KOTOpoe ObI OTCOPTUPOBAH MaCCHB CTPOK.

Kaxzp1ii cuMBO/T COOTBeTCTBYeT Koy B Tabmuie ASCII, u o cyTu 3TOT KO[,
Y XPaHUTCS B KauecTBe 3HaueHus char. [losTtomy a/ig HanmcaHus KoMmmapaTopa
JIOCTaTOYHO MPOCTO CPAaBHUBATh UMCJIa, XPAHSAILIUECS B 3HAUEHUSAX JBYX CUMBOJIOB.
Yucsia MOXKHO CpaBHMBATh, BbIUMTAas U3 MEpPBOr0 uuc/iaa BTopoe. B TakoMm ciyuvae
KoMTIapaTop OyJeT BBITVIAJeTh KakK

int compar(const char *a, const char *b){

return *a - *b;

}

CTOUT OTMETHUTb, UTO ITOT KOMIapaTop paboTaeT KOPPeKTHO B ciiyuae char-
3HaueHWM, HO eC/Id HalucaTb aHaJOTMUHbIA KOMIMapaTop /sl int-3HaueHWM, TO
MOTYT BO3HHKHYTh CHUTyallud, KorjJia Kommapatop OyzeT Bo3BpalaTh
HEKOPPeKTHOe 3HaueHue u3-3a MepernojHeHus. Onepanuu ¢ char nNpou3BOASATCA
1oC/ie mepeBo/ia 3HaUeHU B int, MO3TOMY IMeperoHeHUsI BO3HUKHYTh HE MOJXKET.

[IprMep KOppeKTHOrO KoMmapaTopa [i/isl Lie/ibIX 3HaueHW npuBejieH B 4.2.3
" ANropyT™M OBICTPOM COPTUPOBKHK M GrHapHOTO moucka (qsort u bsearch) .

Hanee Oblna HamvcaHa (YHKIUsT main, KOTOpas CUMTHIBaeT CTPOKY C
roMo11si0 fgets U COPTUPYET AaHHbIe C TIOMOLIBI0 gsort. B ciiyuae ommbku ripu
YTeHWU CTPOKHU TTporpaMMa Bo3BpalllaeT OIMOKYy BBO/la-BbIBOJ, EIO.

int main(){
char str[STR_LEN];
char *str_ptr = fgets(str, STR_LEN, stdin);
if(str_ptr == NULL){
printf("Input error!\n");
return 0;
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unsigned int time_start=clock();

gsort(str, strlen(str), sizeof(char), (int (*) (const void
*, const void *)) compar);

unsigned int sort_time=clock() - time_start;

printf("%s\n", str);

printf("\n%f\n", ((float)sort_time)/CLOCKS_PER_SEC);

return 0,

}
HOCKOJIBKy KOHCTAHTHI B A3bIKe Cu IMMPpHUHATO 3dMEeHATb

MdKpOIIOACTaHOBKaMH, TO A/IMHA MdCCHBad CHMMBOJId OblIa 00BSABIEHA KAaK
#define STR_LEN 1000

BbIBoA: B pe3y/brate pa3paboTaHa mporpaMma fijisi COpPTUPOBKH CHMBOJIOB B
ctpoke 1o ux ASCII-komam. [Insi AOCTH>KeHUsI TIOCTaB/IeHHOW [ieJd ObIT M3yueH
CcoCcTaB cTaHAapTHOU OuOGmoTreku CH, M Ha TpPaKTUKe HCII0/Ib30BaHbl (YHKIIUU
BBO/Ia-BbIBO/Ia, CODTUPOBKH U pabOTHI CO BpEMEHEM.

4.3.2. IIpumep ebino/HeHUs 3a0aHUsI HA 3aujumy

3apanue. Hamucate 1iporpamMmy, KOTOpasi BbIBeZeT Ha JSKpaH [aTy,
HacTynarwiyr uvepe3 1 roa, 33 gHs, 12 yacoB U 53 MUHYThl. PoOpmaTr BbIBOJA
Jo/bkeH ObITh crexgyrormum: "Sat Jul 16 2:03:55 1994\n\0" (g1 AaHHOTO
dbopMaTHOrO BbIBOJIa HEOOXOAMMO WCIIO/b30BaTh CIEIUATbHYI0  (QYHKIIHIO
CTaHJapTHON OubmmoTekr). Vcronb3oBaTh YacOBOM MOSC TI0 YMOJYAHUIO B
cucreme.

Koz nporpammer:

int main(void)

{

time_t current_time;
struct tm *date;

current_time = time(NULL);

date = localtime(&current_time);
date -> tm_year += 1,

date -> tm_mday += 33;

date -> tm_hour += 12;

date -> tm_min += 53;

time_t res_time = mktime(date);

printf("%s", asctime(date));
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Bonpocs! a1 KOHTpO/Is

1. B Kakom 3arosioBOYHOM (haiisie CTaHZAPTHOW OMO/MOTEKH paCIioIO>KeHBI
byHKI[UM 17151 paboThI C CUMBOJIaMU?

2. 3aueM HY)KHBI IITUPOKHE CUMBOJIbI U UeM OHU OT/TMYAIOTCS OT CTaHJAPTHBIX
CUMBOJIOB char g3bika Cu?

3. Kakue J0/DKHBI OBITh OrpaHAYeHMs Ha BXO/IHbIE JJaHHbBIE, UTOOBI OMHAPHBIN
TOMCK paboTan KOPPeKTHO M MOT ObITh WCITOTh30BaH?

5. KypcoBas pabora.
OBPABOTKA TEKCTOBbBIX TAHHBIX

5.1. Ilens u 3ajauu

Ilens KypcoBoM pabOTbl — OCBOWUTH TOAXOAbI K paboTe C TEKCTOBBIMU
JlaHHBIMU B si3biKe CH. [JoCTryKeHre 3TOM 1je/ii BK/IKoYaeT CAeAyrolue 3a1auu:

1. Pa3paboTtaTh criocob mpe/cTaBaeHUsI U XpaHeHUsI TeKCTa, TIPeIJIOKeHUN 1
C/IOB B MaMSITH.

2. Peanu3oBaTh a/TOPUTM CUMTBHIBAHUS TEKCTAa MPOM3BOJILHON [IIUHBI C
K/IaBUaTyPhl 1 BbIBO/Ia €r0 Ha JKpaH.

3. OcBouTh CI1I0c00 BbIZIE/IEHUS W3 TEKCTA OT/ebHBIX €ro YacTel: MO/CTPOK,
SIB/ISIFOITIUXCSI CJIOBaMU, YaCTSIMU CJIOB, TIPe/IJIOKEHUSIMHU.

4. OcBoutb Criocod MoAM(UKAIMKM CHMBOJIOB TeKCTa WM ero 4YacTei.
Y nanenue, nobaBieHre HOBBIX CHMBOJIOB.

5. BbIMoO/MHUATE 3a/laHust KypCcOBOW paboTel Ha 00pabOTKy TeKCcTa B
COOTBETCTBUM C YCJIOBUEM BapHaHTAa.

5.2. OCHOBHbIE TeopeTHYeCcKue CBe/leHUs

3auacTyi0 MpU CUUTHIBAHUS W3 TIOTOKA JaHHLIX Stdin HeW3BecTHa [i/TMHA
BXOJHBIX JIaHHBIX, I[I03TOMY BO3HUKAIOT 3a/laud CUWTBHIBAHUSA  JTAHHBIX
HEeW3BeCTHOr0 pa3Mepa /IBYX BUIOB:

1. CTporo CTpyKTypupOBaHHbIe /laHHbIe, KOTOPble UMEIOT U3BeCTHbIe THIIbI U
pa3jie/iiTe v TPy BBO/jIE.

2. HecTpyKTypHpOBaHHbIe [JaHHBIE, KOTOpble MOTYT OBbITh pa3/eneHbl
MoO0bIMM (MM OTPAaHUUEHHBIM KOJTMUECTBOM) CHMBOJIaMU (TIpo0esibl, 3arisThie,
TOUKU U T. JI.).

PaccMoTpuM cnyuali, Korfila Ha BXOJ, TIOZAeTCsl TeKCT C TIpe/JIOKeHUSIMHU
pa3fiefleHHbIMA TOYKOM, BOCK/IWIIATeTbHBIM 3HAKOM WM CHMBOJIOM TIepeHoca

ctpoku "\n". [lns 9TOro peanusyetrcsi (YHKLMS UTEHUs TIpeAJIOKEHUs] W3
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CTaHJIAPTHOTO TI0TOKAa BBOZJA W CTPYKTYpy, KOTopas OyZeTr XpaHWTh B cebe
npejjiokeHue. [Ipy cuuTBIBaHWM TIpeJ/IOKEHUsI He W3BeCTHa [JIMHa 3TOro
MpeJ/I0’KeHUs], TO3TOMY CUYMTBhIBaHWE MPOUCXOAUT C HEKOTOPbIM LIaroMm. I1ycTs,
HampuMep, mar OyzeT paBeH TISITH CHUMBOJIaM, T. €. B TIpeJio’KeHHe Oyzer
n00aBasSTHCS TI0 MSTh CUMBOJIOB, Tiepefi pacIiiMpeHreM TMaMsTH C TTOMOII[bI0
¢bynkuuu realloc. CTpykTypa Sentence OyZeT XpaHUTb B cebGe CTPOKy, KyJa
3aMnuIIeTCs MpeJ/io’KeHre U pa3Mep MacChBa CUMBOJIOB (Halllell CTPOKH), KOTOPBIM
He paBeH [ijIiHe CTPOKH, a paBeH KOJIMUeCTBY OAlT, BbIle/IeHHBIX 10/ 3Ty CTPOKY.

#define MEM_STEP 5
struct Sentence{
char *str;
int size; // != strlen(str)

Iy

dyukiysa readSentence OyzeT Bo3BpallaTh yKasaTe/lb Ha TIpejIOXKeHHe.
B niepByro ouepeipb BblAensfAeTCd MNaMATb II0J, CTPOKY, KyZa 3aluvCbIBaeTCs
TIpe/I/IoyKeHre B COOTBETCTBUM C BbIOpaHHBIM IlaroM. Ha Ka)kgoM CUMTaHHOM
CUMBOJIe HeoOXOZMMO TIpPOBePUTH pa3Mep Oydepa CTPOKM C KOJTMUECTBOM
CUMTAHHBIX CUMBOJIOB, UTOOBI TIEPEBBIIe/TUTE TIAMSTh, €C/TH ee He XBaTaeT. TOuKoM
OCTaHOBa SIB/ISIETCSI CUMTAHHBIM W 3aMCaHHBIA B Oydep CMMBOJI riepeHoca CTPOKH,
TOYKAa M BOCKIMIAaTe/lbHbIM 3HAaK. YKa3aHHbIM pa3Mep M yKas3aTelb Ha CTPOKY C
rpeJjI0’KeHUeM KOTUPYIOTCSI B COOTBETCTBYIOLME TIO/SI CTPYKTYPbl CO3[@aHHOMU
Sentence.

struct Sentence* readSentence(){
int size = MEM_STEP;
char *buf = malloc(size*sizeof(char));

int n=0;
char temp;
do{

if(n >= size-2){
char *t = realloc(buf, size+MEM_STEP);
if(!'t){ /* OUNBKA */}
size+=MEM_STEP;
buf = t;
}
temp = getchar();
buf[n]= temp;

n++;
twhile(temp!="\n' && temp!='."' && temp!='1");
buf[n]= '"\0';
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struct Sentence *sentence = malloc(sizeof(struct
Sentence));
sentence->str = buf; //(*sentence).str = buf;
sentence->size = size;
return sentence;

}

YMes: uuTaTh MpejsioKeHWe HeW3BEeCTHOMW AJIMHbI MOXXHO YMUTaTb TEKCT C
HEU3BEeCTHBIM UHCJIOM MOpejjoKeHUu. TOUYKOW OCTaHOBa SIBJISIETCS [Ba MOJAPS]
WYLUX CHMBOJIa TepeHoca CTPOKW. CTpyKTypa Text COAEpPXXWT JBYMEPHBIU
MacCUB TIpeJ/IO’KeHUH, KOJIMUeCTBO TIpeAJIOKeHUM B TeKcTe U pa3mep Oydepa
0/ IBYMEPHbIA MaCCHB.

struct Text{
struct Sentence **sents;
int n;
int size;
i
AHaJIOTUUYHO UTEHWUIO TpeJJjIoKeHUsi B Hauaje BbIJe/sIeTCs TaMATh TI0[
MAaCCHB Tpe/lJIOKeHUM M MPOUCXOAUT MOIIaroBoe CUUThIBAHWE TMpPeI0KeHUU C
rnoMoIipo (QyHKIMM readSentence. B jgaHHON peanu3alid IIPOMYCKarOTCS
CTPOKHY C CUMBOJIOM "\n".

struct Text readText()({
int size = MEM_STEP;
struct Sentence** text= malloc(size*sizeof(struct Sen-
tence*));
int n=0;
struct Sentence* temp;
int nlcount = 0;
do{
temp = readSentence();
if(temp->str[0] == '\n')
nlcount++;
free(temp);
else{
nlcount
text[n]
n++;

l4

|
(O]

temp,

}

twhile(nlcount<2);
struct Text txt;
txt.size = size;
txt.sents = text;
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txt.n = n;
return txt;

}

[Togpo6Hee TIPO CTPYKTYPbI MOYKHO TIOYMTATh B KHUT® OJHOTO M3 CO3/aTesieit
s3bIKa rporpammMupoBanus C++ Crpaycrpyna "I[IporpammupoBanue. [IpuHLUnBL U
MpakTUKa ucrnosb3oBanus C++" (cm. [22]).

5.3. 3ajaHue K KypcoBoii pabore

CumuTaTh TEKCT TMPOU3BOJILHOM [JIMHBL. B 3TOM Tekcre HauTu Bce
TipeJi/IoXKeHus1, pa3mep KOTopbix 6osbliie 20 cuMBo/ioB. KOHIIOM TeKcTa SIB/ISFOTCS
[lBA CUMBOJIa TlepeHOca CTPokKU "\n". JItoOble CUMBOJIBI TabOysslUu, TiepeHoca
CTPOKU U TpoOesibl B Hayase TpeJ/IOKeHUs] He SIB/ISFOTCS YacThiO TPe[/I0XKeHMUs.
HeoOxoqumo peanu3oBaTh BbIOOp [AeWCTBUS W3 KOHCOMM B COOTBETCTBHUM CO
CJIeIyFOLUMU IBYMSI ITYHKTaMU:

1. BeiBoZ KOTMUeCTBa NpeIOKeHUH, Tie KOJTMUeCTBO CUMBOJIOB TIPEBBILLIAET
20 eguHUL.

2. BeIBOJ, pei/10’KeHNH, Tle KOJTMYeCTBO CUMBOJIOB TpeBbIllaeT 20 eJMHUL].

5.3.1. OnucaHue nocsedoeame/ibHOCMU @bINO/AHEHUS1 padombl

[171s1 BBITTO/THEHHSI KypCOBOM paboThl HEOOXOAMMO peasir30BaTh MPOTrpamMmy,
KOTOpasi CUMTHIBAaeT TeKCT U TI03BOJIsIeT BbIOpaTh OII[WIO /11 BLIBOZIA pe3y/ibTaTra B
COOTBETCTBUU C 3a/laHHEM.

B Hauasie HeOOXOAMMO OTIpe/ie/TTh, Kak Oy/leT Tipe/iCTaB/eH BXOJHOW TEKCT
B TIpOrpaMMe W YCTaHOBHUTH IIIar, Ha KOTOPbLIA OyAeT yBeJMuuBaThbCS pa3Mep
Oydepa Tpu uTeHHWU [JaHHBLIX. [Ipeayio’keHre yAOOHO TIPeJCTaBIATb B BH7E
CTPYKTYpPBbI, COCTOSIIeM U3 Mojie str U size, KOTOpble MO3BOJISIOT XPAaHUTH
CTPOKY U pa3mep Oydepa 1oz 3Ty CTPOKy. TeKCT B TaKOM Cjyuae — ABYMEPHBIN
MacCHB, HO ero Take yZ00HO TIpe/[CTaBUTh B BHJle CTPYKTYPhbl U3 JBYMEPHOTO
MacCuBa TIpeJJjIoKeHHWU, pa3Mepa 3TOr0 MaCCUBAa U KOJMUECTBA MpeJIOKeHUH,
KOTOpBIe TaM XPaHATCH:

#define MEM_STEP 5

struct Sentence{

char *str;
int size;
iy
struct Text{
struct Sentence **sents;
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int n;
int size;
i
[ns uTeHus1 TIpefjioXKeHUs1 peaivM3oBaHa (yHKIMS readSentence, KoTopas
UTHOpUpYyeT Tipobenbl, TaOy/siii W CHUMBOJBI TIepeHOCAa CTPOKHM B Hauajie
IIpeJIOyKeHHs], 3aTeM CUMTHIBAET CaMO IIpeJjIoKeHWe 10 TOUYKU, BOCK/IULIATeTEHOI'0
3HaKa WM CWMBOJIa TIlepeHOca CTPOKA. B ciydae OmmMOKM  BBIBOAUTCS
COOTBETCTBYIOLI[asA CTPOKaA:

struct Sentence* readSentence(){
int size = MEM_STEP;
char *buf = malloc(size*sizeof(char));
int is_sent_start = 1;

int n=0;
char temp;
do{

if(n >= size-2){
char *t = realloc(buf, size+MEM_STEP);
if('t){
printf("Ownbka, Hy yaaeTcs Bbigenutb namAtTb!\n");
return NULL;

}
size+=MEM_STEP;
buf = t;

3
temp = getchar();

if(is_sent_start){
if(temp == '\t' || temp == "' "){
continue;
}
else{
is_sent_start = 0;

}

buf[n]= temp;
n++;
twhile(temp!="\n' && temp!='."' && temp!="1");

buf[n]= '\@';

struct Sentence *sentence = malloc(sizeof(struct Sentence));
sentence->str = buf;

sentence->size = size;

return sentence;

76



}

Inst  uTeHWss TeKCTa peanv3oBaHa (QyHKUMS readText, KoTopas
I1oc/eloBaTe/IbHO CUWUTBIBAET IIpe[JIOXKeHMs, II0Ka He BCTPeTHUT J[Ba TMOApsan,
UAYIIHMX CUMBOJIA IIepeHoCca CTPOKU:

struct Text readText()({
int size = MEM_STEP;
struct Sentence** text= malloc(size*sizeof(struct Sen-
tence*));
int n=0;
struct Sentence* temp;
int nlcount = 0;

do{

temp = readSentence();

if(temp->str[0] == '\n'){
nlcount++;
free(temp);

}

else{
nlcount = 0;
text[n] = temp;
n++;

}

twhile(nlcount<2);
struct Text txt;
txt.size = size;
txt.sents = text;
txt.n = n;

return txt,

}

i ToficyeTa CTPOK UTMHOW Oosiee 20 CHMBOJIOB peasiM30BaHa (PYHKIIUS
countAllStringMoreThan20, a A/id BBIBOJa 3TUX CTPOK — printMoreThan20:

void printMoreThan20(struct Text t){
for(int i=0; i<t.n; i++){
struct Sentence *cur = t.sents[i];
if(strlen(cur->str)>20)
printf("%s\n", cur->str);

}

int countAllStringMoreThan20(struct Text t){
int count = 0;
for(int i=0; i<t.n; i++){
struct Sentence *cur=t.sents[i];
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if(strlen(cur->str)>20)
count++;

}

return count;

}

B KoHIle TporpaMmMbl HeOOXOAWMO OUHCTUTH BCIO BbIZIEJIEHHYIO ITaMSTh,
yToOBI U30eKaTh yTeueK mamsaTu. s 3Toro B MyHKIUU freeText MPOUCXOAUT
o0xol BcexX TpeNIOKeHUM C OCBOOOXKAEHWEM TIaMSTH TI0f] CTPYKTYpPYy
TpeJIOKeHUsT U MO0, CTPOKY [JIsi 3TOTO TpeAjioKeHUus. B T1ioc/ieHio0 ouepenb
0CcBOOOXK/TaeTCs MaMSTh IBYMEPHOT'O MaCCHBa TpeJI0KeH I :

void freeText(struct Text t){
for(int i=0; i<t.n; i++){
free(t.sents[i]->str);
free(t.sents[i]);
¥
free(t.sents);

}

B rnaBHOM (QYHKUMM TporpaMMbl MPOUCXOJWUT CUWTHIBAHWE TEKCTa C
MOMOIIIbIO YK€ OMMCaHHbIX (YHKIUH, a 3aTeM BbIOOp (YHKLMU BBIBOJA B
COOTBETCTBUM C BEIODOPOM M0JIb30BaTe/Is:

int main(){
printf("BBegute TekcT:\n");
struct Text t = readText();
printf("BBeaute uudépy 1 ana BbiBOga UHPOpMALMM O KOIUYecTBe
npeanoxXeHui AnNuHLI Gonee 20 cCUMBOMIOB, UMOpPYy 2 A[NA BbiBOja I3TUX
npeanoxeHuii.\n");
int action;
scanf("%d", &action);
switch(action){
case 1:
printf("KonuuecTtBO npeanoxeHwnii AnnHL OGonee 20
cumBonoB: %d\n", countAllStringMoreThan20(t));

break;
case 2:

printf("NpepanoxeHua anuHel 6onee 20 cumBonos:\n");
printMoreThan20(t);
break;

}

freeText(t);

return O;
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Ha 3amurte KypcoBo¥M pabOTbI HY>KHO BBITIOJTHUTH 3aJjaHKWe, aHaJOTHUHOe
MyHKTaM W3 KypcoBoM paboTel. Hampumep, Heob6Xo[uMO pacllivpuTh BbIOOp
JIeNCTBHI B KypCOBOM paboTe 1 A00aBUTH BBIBOJ, CPeAHEN JIMHbI MPeJIOKeHU B
TeKCTe.
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ITPNIOKEHUE

OB30P CTAHJAPTHOM BUB/IMOTEKHU

1. MaTemaTnueckue pyHKIun

171 pa3/IMUHBIX MaTeMaTUUeCKHUX BbIUMC/IeHUN B 6ubmmoTeky libc BXopsT:
math.h, tgmath.h, complex.h. ®OyHKIMXM B39TUS KOPHS, OKPYIJIeHUH,
TpPUrOHOMeTpUYeckre GYHKIMM U T. [. peajuM3oBaHbl B math.h, a pabora c
KOMIIJIEKCHBIMH YUC/IaMU — B comp lex. h.

Tak kak B math.h ¢yHKUMM 3aBUCAT OT BXOAHBIX [apaMeTpOB U
IpeAHa3sHaueHsl 1 OIpe/ie/IeHHbIX TUIIOB JaHHBIX, HAIlpuMep, abs — rosyueHue
abcoMoTHOrO 3HaueHusi s 1iesbiXx uucesn U fabs — A yucen C TjaBarolei
TOUKOM, TO B CTaHAApTHYI0 OubIMoTeKy Obuid AoOaB/ieHbl MakKpOChl, KOTOpbIE
TO3BOJISIIOT OMpe/ie/isiTh TUITbI JaHHBIX U TOACTaB/IATh HY)KHYI0 (QyHKUMIO. Takue
MakKpOCHI peajii30BaHbl B tgmath.h

2. OT1aaka 1 00pabdoTka ommndoK

B crangaptHoil 6ubmoTeke 00BsIBIEH MakKpoC Tperipoijeccopa assert() B
assert.h. C ero noMoI[p0 MO>KHO BBITIOJTHATH MPOBEPKY HEKOTOPBIX YC/IOBUM B
TpoLiecce BbIMOJHEHUS POrPaMMBl.

[Ipumep:

int my_inc(int a){
return a+1,;

int main(){
assert(my_inc(3) == 4);
3
Eciyi ycnoBue JIO)KHO, TO B TpOIlecCe BBIMOMHeHUs OyZieT BbIBeeHa
HekoTopass uHdopMalsi 0 TOM, B KAKOM MeCTe 3TO IpoM301LI0 (uMms (aiina c
WCXO/THBIM KOZIOM, UMs (DYHKIMM, HOMep CTPOKU) U caMO YCJIOBHeE.

Hanpumep, 15 CTpOUKU:
assert(my_inc(3) != 4);
rIporpaMma BbIBe/IeT:
a.out: main.c:16: main: Assertion "my_inc(3) != 4' failed.
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CTouT 3aMeTHUThb, UTO [jisi OTK/IFOUeHHsI MPOBEPOK /I0CTaTOUHO BCEro JIMIIIb
nobaBuTh Makpoc #define NDEBUG mepef; BKIFOUEHMEM 3aroiOBOUHOTO (hatina
assert.h.

Vcrionb3oBaHve assert MOXET CUIbHO YMNPOCTUTh OT/AaAKy MpOrpamw,
rapaHTHpYs, UTO BCce He0OX0ArMbIe YCIOBUS B MIPOI[eCCe BLITIOJIHEHMUSI IIPOTPaMMbl
CoObJTIO/IeHBI.

BosbmHCTBO  (PYHKIMIA BO3BpAIalOT KO, OIIMOKW, HO He BCerja 3TO
BO3MOJKHO, TaK KakK (DyHKLMSI MOXKET HUUero He BO3BpalllaTh WM BO3BPalljaeMblli TUTT
JAHHBIX He TII03BOJISIeT OIMpe/eNlTh OIMIMOKY I0 CBOEMY 3HAaueHWIo, HarpruMep
dbyHKUMSA AecaTruHOro jorapyudma log10, MokeT Bo3BpalllaTh Kak IMOJIOKUTE/TbHbIE,
TaK U OTpUliaTe/IbHbIe 3HaUeHUs], HO Ha BXO/, [0JIyYaTh OTPULIaTe/IbHOe 3HaUeHre OHa
HE MOJKeT, TI03TOMY HeoOXOJWMO KaKHMM-TO 00pa3oM COOOIIUTL O BO3HUKIIIEH
ormmbKe. [y 3TOrO CyII[eCTBYeT CIielja/ibHast TiepeMeHHasi errno B 3arojlOBOYHOM
daiinie errno.h. Takxe Tam 00BsiB/IeHbl (DYHKLIMM BbIBOJA OLIMOOK ¥ CUMBOJIbHbIE
rMeHa OIMOO0K.

[Tpumep 06pabOTKM TaKUX OLITHOOK:

int main(void)

{
logl10(-1);
if (errno==EDOM)
perror ("Program Error");
return 0;
}

Pe3ybTaTOM MporpaMMbl Oy/eT cjie/[yroII1ii BEIBO/, B KOHCO/b:
Program Error: Numerical argument out of domain

3. [1apanienbHOe BbINO/THEHNEe

s peamu3aliii MHOIONIOTOYHOCTHM WM ee WMUTallUd B CTaHZAPTHYIO
bubmoreky BXomaT stdatomic.h, threads.h. B pamkax Kypca 10
TporpaMMHpoOBaHuI0 OubO/MMoTeKH stdatomic.h, threads.h paccmaTpuBaThCS

He OyayT.
4. ITpouee

[TomuMo paHee pacCMOTPEHHBIX 3arojIOBOUHbIX (DailJioB B CTaHAAPTHOU
OubMMoTEKe HAXOMASTCS:

1) stdio.h — y)Ke M3BeCTHBIM 3aro/0OBOYHbIM (paiin C (YHKIUSAMH BBOJa-
BBIBO/IQ;
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2) stdarg.h comepskaliuii cpeficTBa Jjisi 00pabOTKKU apryMeHTOB (DyHKIINY;

3) signal.h comepkaruii cpe/icTBa [ijisi 00pabOTKU CUTHAOB;

4) time.h comep>xamuii PyHKIUH AJ1 pabOTHI C JaTON M BpEMEHeM;

5) 1s0646.h comepsKallyii CHUMBOJIbHbIE 3aMeHbI TTOOMTOBLIM U JIOTUUECKUM
orieparysaM, KOTOpble He0OXOAUMBI 711 HEKOTOPBIX He qwerty-K/IaBUaTyp;

6) stdalign.h comepskalluii Cpe/iCTBa /Jis BbBIDABHUBAHUS JJaHHBIX;

7) stddef.h copepxamnuii Takve makpooripefeneHusi, Kak NULL, size t u
Ap-;

8) stdnoreturn.h cogep)kalllMii Makpoc noreturn, KOTOPbIM TTOKa3bIBaeT
HeBO3BpaTHble (YHKIMM — (QYHKLWUM, KOTOpble OCYIIECTB/SIIOT BBIXOJ, U3
MpOrpaMMbl;

9) setjmp.h comepxuT QYHKIUKH A1 0e3yC/I0BHOTO Iiepexoila MeXay
byHKUUSIMMU.

Manee OymeT paccMOTpeHa TOJILKO OCHOBHAsl YaCTb 3aro/IOBOYHBIX (Daiisios,
KOTOpbIe HanboJiee 4acTo UCTIO/b3YHOTCS.

BBojg-BBIBO]

B 3arosoBouHoM (aiine stdio.h copep»karcsi y>ke M3BeCTHble HaM (PYHKLUU
YyTeHUs] W3 TMOTOKAa BBOZA M BbIBOJA MH(OpPMAlMM B CTaH/AApTHBIM MOTOK BBIBOZA.
Taxke B HeM cozepxkarcsi (PyHKUWH [y paboThl ¢ daitinaMd v GYHKIUA 7S
yKa3zaHusi cobctBeHHoro Oydepa yka3aHHOTO TOTOKa. PaHee yke ObUTM OMMCaHbI
pasnvuHble (QYHKLMU YTeHUs] U3 CTaHAAPTHOIO IMOTOKAa BBOJA, HarpuMmep (QyHKLUS
fgets, KoTopasi Takxe TO3BOJIsIeT UATaTh U3 ¢hailsia, eC/id yKa3aTb OTKPBIThIN (haii
FILE *.

[ist paboThi ¢ (aityiaMu BbleneHbl cieyroiiye GyHKIUH:

® fopen, KOTOpas MO3BOJISIET OTKPBITh (haii/ /151 orlepalyi HaJ, HUM;

¢ fclose, KOTOpasi 3aKphIBaeT (aiis;

® remove, KoTopas yjanseT daiin;

® rename, KOTOpasi NO3BOJIIET IEPEMMEHOBATh (hauJ;

* tmpfile, KOTOpass CO3JaeT BpeMeHHbIM (a1 U yJansieT ero rnpy BbI30Be
fclose.

CraH/japTHBIe TIOTOKHU BBO/]a, BbIBO/IA U OIIIMOOK TaKyKe Mpe/iCTaBIeHbI B BU/JIE
KOHCTaHT Tuma FILE *:. stdin, stdout, stderr. CTOUT OTMETUTb, UTO ISl
OTJIaJJIKU PEKOMEeH/1yeTCsl MCI0JIb30BaTh MOTOK stderr, MOCKO/bKY JaHHbIM MMOTOK

cpady BBIBOJAWT WH(POpMAaLMIO B OT/IMUME OT TIOTOKa stdout, KOTOpBIN
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OydepusrpyeT Bcto uHpopMaruio Assi BeiBoAa. Eciiu mporpaMMa Obuia 3aBepiiieHa
0 Kakou-mbo ormmbke /10 BeiBoZAa Oydepa, To oH OyJeT yTepsiH B ciaydae stdout.

OOpaboTKa MPOU3BOJILHOI0 YKC/Ia APT'YMEHTOB (DYHKIIUH

B si3bike C1 BO3MO’KHO MCIOJIb30BaHHEe (PYHKIIUU C TIPOU3BOJIbHBIM UKCJ/IOM U
THUTIOM apryMeHTOB (BCIIOMHUM GyHKI[IO printf, Harpumep). [lns ymobcrBa
paboThl C TaKUMH apryMeHTaMU eCTb CPe/ICTBa, HaXOZMAIIWecs B 3ar0/I0BOYHOM
(atine stdarg.h.

3arosioBouHbBIN (a1 ompeenser CHelUalbHbIM TUM va_list u Habop
byHKIuMi A1 paboThl C 3TUM TUIOM va_start, va_arg, va_end, C TIOMOIIIbIO
KOTOPBIX MOJKHO 10 ouepe/iu repeOrpaTh apryMeHThl (DYHKITUH.

OOpaboTKa CUTHA/I0B

[IporpamMbl Ha BXOJ, TIOMUMO IIOTOKa BBOJA MOTYT TakKXke II0/1yYaTh
pas3/iMuHble CUTHa/Jbl OT CUCTeMbl W/WIM TI0/Ib30BaTe/isd, Harpumep, HaKaTue
CTRL+C. UroObl 3a/aTh IIOBeZieHWE TPOTPaMMbl TIpH TTOYYeHUU Pa3/TAUHbIX
CUTHAJIOB, B CTaHJapTHYI0 OHMOMMOTEKY BK/IIOUEH 3aro/ioBOYHbIN ¢aiin signal. h.
B HeM cogepykaTcst QYHKLMM [i71sl lepexBaTa U 00pabOTKM CUTHAJIOB.

be3yc/10BHbIN nepexoj MeXxAy (PyHKIUAMU

B s3pike CH CylijecTByeT oriepatop 0e3yc/oBHOTO mepexoja goto, HO OH
vMeeT OrpaHUueHUs], TaK KaK He TO03BOJisseT Mepexo/uTb U3 OAHOW (DyHKIMH B
apyryto. He Oygem 3arparvBath NIPUUWHBI 3TUX OTPaHWUYEHHM, HO JJisI PelleHus
3a/lauM Tepexo/ia Mexxay QYHKI[USIMU B CTaHAApTHYI0 O6ubmMoTeky Obl 100aBIeH
3aro/IoBOuUHbIN (paiin setjmp . h, KOTOpPbIN COAEP)KUT BCETO /1Be (DYHKLIMU:

eint setjmp(jmp_buf envbuf) — dyHKIUA coxpaHeHUs TeKYIero
COCTOSIHUSI, KOTOpAsi SIB/ISIETCSI aHA/IOTOM MeTKH Ajisi goto. VIMeHHO K nocaeHeMy
BbI3OBY 3TOM (YHKIMH W OyJeT TmepefaHO yIIpaBleHWe C TIOMOIIbI0 BTOPOM
dbyHKUMM longjmp;

® void longjmp(jmp_buf, int val) — dyHKUUs nepefaeT yrpaB/ieHUe B
MOCJ/IeTHUM BBI3OB Ssetjmp U MO3BOJIAET BEpPHYTh 3HaueHWe val. 3HaueHue val
OyzeT BO3BpaIlleHO B TIOBTOPHOM BbI30Be (DyHKIMHU set jmp.

Takke CTOUT OTMeTUTh, uTO ellle Jjcrep Baiitb [elikctpa B 1968 .
chopMynupoBasl, moueMy orepaTop goto MCIMOoIb30BaTh HexKenaTeabHo (cM. [23]).
A 3aronoBouHbIl a1 setjmp.h MOKeT MCIMONb30BAThCS /i1 Pa3TUUHBIX
CUTyallul Tiepexofia Mexay GYHKIUAMU, HanpuMep, HWMUTALIUU CUCTEMBI
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WCK/IIOUeHUM, Takux Kak try — catch B C++. Ho maHHBIN 3arojioBOuUHbIM (aiin
CTOUT MCTIOJIb30BaTh TOJILKO TOT/Ia, KOT/la 3TO JIeMCTBUTETbHO He00X0IMMO, KaK U
goto.
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1.3. 3amanue K 1aboparopHoii pabote 1
1.3.1. Ornrcanue noc/e[0BaTe/TIbHOCTU BLITIO/THEHUST pabOThI
1.3.2. IIpuMep BBINOHEHHYS 3a/JaHUS Ha 3alLUTy

Bomnpockl it KOHTPOJIS

JlabopatopHast pabota 2. CEOPKA ITPOEKTOB B SA3bIKE CU

2.1. Lensb v 3amaumn
2.2. OCHOBHbIe TeOpeTUYeCKue CBeJjeHUst
2.2.1. Make-@aiinbl
2.2.2. BbIBOJ, CTPOKU B KOHCOJIb, KOTTUPOBaHKe U KOHKaTeHal[1s CTPOK
2.3. 3azianuie K maboparopHo pabote 2
2.3.1. OnucaHye Moc/ief0BaTe/IbHOCTH BBITIOJTHEHUsT PA0OTEI
2.3.2. IIpumMep BbINOIHEHUS 3a/laHUs Ha 3aLLUTy
Bonpoce! /11 KOHTpO/A

Jlab6opatopHas pa6ota 3. ICIIOJIb30BAHUE YKA3ATEJIEN

3.1. Lensb v 3amaun
3.2. OCHOBHBIE TeOpeTUYeCKre CBeJeHUs
3.2.1. Yka3arenu
3.2.2. MaccuBsbl B si3bike Cu
3.2.3. ApudmMeTrKa yKazaTeneu
3.2.4. Tlepenaua aprymeHTa B (PyHKLIUIO
3.2.5. Ctpoku B a3bike Cu
3.2.6. [IBymMepHbIe MaCCUBBI
3.3. 3aganue naboparopHoii pabore 3
3.3.1. OnrcaHue 110C/Ie[OBaTeTbHOCTU BBITTOTHEHHS] paOO0ThI
3.3.2. [IprMep BBITIO/THEHUS 3a/JaHUS Ha 3aIUTy
Boripocs! /19 KOHTPOJIst

Jla6opatopHasi pa6ota 4. O630P CTAHJJAPTHOW BUBJIMOTEKM

4.1. Lenb v 3aauu
4.2. OCHOBHBIE TeOpeTHUYeCKHUe CBeJeHUs
4.2.1. CTpyKTypHI B sA3bIKe CH
4.2.2. YkazaTenu Ha QOyHKI[UU
4.2.3. O630p cTaHgapTHOM OMOMMOTEKH
4.3. 3apanue K mabopatopHoii pabore 4
4.3.1. OnmcaHue 1oc/ief0BaTeTbHOCTH BBIMTOTHEeHYsT paboThl
4.3.2. [Ipumep BbITIOJIHeHUS 3a[jaHUs Ha 3allUTy
Boripocs! fj19 KOHTpOJIS
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5. Kypcogasi pabora. OBPABOTKA TEKCTOBBIX JAHHBIX

5.1. Llens u 3apauu
5.2. OCHOBHbIe TeOpeTUYEeCKHe CBeeHUs
5.3. 3ajaHue K KypCcoBOM pabote
5.3.1. OnucaHue Noc/e10BaTeIbHOCTU BbITIO/IHEHUST PA00ThI
CITMCOK MCITIOJIb30BAHHOW JINTEPATYPHI
CIIMCOK PEKOMEHJYEMOU JINTEPATYPbI

I[TPUJTIOXEHHUE



Kpunkun Kupuin Bnagumuposuy,
bepnenko TaTbsiHa AHJIpeeBHa,
3acnaBckuit Mapk MapkoBuy,

Yatika KoHnctantTuH BiagumMupoBuy,
Horupa Banepus EBrenbeBHa,

I"aBpusioB AHApelr BnaguMupoBuu

Ba3oBbie cBeJjeHHs K BBINO/JTHEHHI0 KYPCOBO# 1 J1a00paTOPHbBIX padoT
no aucoumuinde "I[IporpamvupoBanne”. IlepBbiM cemecTp

YuyebHO-MeTOAMUECKOE TT0Ccobme

Penakrtop O. P. Kpymuna

KowmnerorepHas Bepctka E. H. CrekaueBou

[Toanuvcano B nmeuats 29.12.22. dopmar 60x84 1/16.
bymara odcetHas. [Teuats uudposas. [leu. 1. 5,25.
I"apautypa "Times New Roman". Trpax 50 3k3. 3aka3s

M3parensctBo CIIOI'ITY "JIDTU"
197022, C.-ITetepbypr, yu. ITpod. I[Torora, 5P
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