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BBEJAEHUE

S3pik Cu gBISIETCS OJHUM M3 HauOosee MOMYJSPHBIX U MOIIHBIX
S3bIKOB MporpaMMupoBaHud. JlaHHBINA s3bIK 00JiajjaeT OoraThiM HabOpOM
ONEPATOPOB U MO3BOJSET KOMIIAKTHO 3aMKUChIBATh BhIpakeHUs . OH MIHPO-
KO HCIOJIb3YETCS MPU Pa3pabOTKEe CUCTEMHBIX U MPHUKIIAIHBIX MPOrpPamMM.

JIaHHBIN SI3BIK SIBISETCS CTPYKTYPUPOBAHHBIM, MOJTYJIbHBIM, a TaKkKe
MEPEHOCHUMBIM, TO €CTh MPOrpaMMbl, HAMMCAHHBIE HA HEM, MOTYT JIEIKO
yCTaHABIIUBAThCS Ha J1000H 1aTdhopme.

S3pik Cu Ob11 co3man JleaucoMm Putum nj1a pa3pabOTKH OIepariioH-
Hou cucteMbl UNIX u peanuszoBaH B paMkax 3TOM cUCTEMBI. CH — S3BIK
MPOrpaMMUPOBAHMS OOIIETO Ha3HAYCHUS, XOPOIIO M3BECTHHIA CBOCH (-
(EeKTUBHOCTHIO M1 9KOHOMHYHOCTBIO.

JlaHHBIN S3BIK TOMJICPKUBACT YKa3aTeld Ha MEepeMEeHHbIE U (YHK-
1y, Ecny pasyMHO UCIONB30BaTh yKa3aTelH, MOKHO co31aBaTh A Pek-
THUBHBIE NMPOTPAMMBbI, TaK KaK YKa3aTEeIu MO3BOJISIOT CChUIATHCSA HA O0OBEK-
ThI TaKUM K€ 00pa3oM, Kak 3TO JieJaeT KOMIbIoTep. A3bik Cu nmoaaepxu-
BaeT apu(PMETUKY yKa3aTelieil, 4TO MO3BOJISIET OCYIIECTBIATh HEMOCPEI-
CTBEHHBIN JOCTYN U MAHUMYJISIUIO C JAHHBIMH.

SA3bik Cu SBISI€TCS SA3bIKOM KOMIUJIMPYIOMIETO TUMHA. TEeKCT UCXO0-
HOM TPOTrpaMMbl JJi MOJYyYEHUS OOBEKTHOTO MOMYJISI KOMIMIUPYETCS B
nBa srama. CHavyaja BCTYMAaeT B CHJIYy Mpenpoleccop, 00padaThIBarONIUi
CTPOKU-TUPEKTUBBI, HAUMHAIOUIMECS CO 3HAKa #, MOCJE Yero TPaHCIUPY-
€TCS TEKCT MPOrpaMMBbl U CO3AAETCA OOBEKTHBIN (MAIIMHHBIN) KOJI.

[lenp yyeOHOro MocoOus — MOMOYb YHUTATENII0 HAYUYUTHCS MPOrpaM-
MUpPOBATh Ha si3bIke Cu. Y4eOHOE OCOOUE COACPKUT MHOTO MPUMEPOB C
4acTO MPUMEHSIEMBIMH aJITOPUTMaMU U PyHAAMEHTAIBHBIMU CTPYKTYpaMHu
naHHBIX. Takke uMeeTcs: OOJIBIIIOE KOIUYECTBO 3a7ad JJIsl OTPabOTKH OC-
HOBHBIX ITPUEMOB ITPOrpaMMUpoOBaHus Ha sa3bike CH.



1. TUIIbI JAHHbBIX U OIIEPATOPDBI

1.1. IlepeMeHHBbIe ¥ 6a30BbI€ THIIbI JAHHBIX

[TaMsTh KOMITBIOTEPA MOXKHO paccMaTrpuBaTh KaK ITOCJIEAOBATEIb-
HOCTh MPOHYMEPOBAHHBIX siueeK. HoMmepa siueek Ha3bIBAIOT ajpecaMu Iia-
MATH. AZpec TO3BOJISIET OOpamaTtbCcs K TOW WM HHOM SYEHKE IMaMsTH.
Kaxnas siueiika umeer pasmep B ouH 0alT. C 3TUMU siYeKaMH MOXHO
paboTaTh IO OTASIABHOCTH UJIM IEJBIMHU OJIOKAMH.

[Tepemennbie B s3bike CH HMCTONB3YIOTCS ISl XpaHEHUS WH(pOpPMa-
uuu. [lepeMeHHass MOKET 3aHUMAaTh OJIHY MJIA HECKOJIBKO SYEEK MaMsTH, B
KOTOPBIX MOKHO XpPaHHUTh HEKOTOpPhIC 3HaueHHUS. UTOOBI OonpenenuTh Iie-
PEMEHHYI0, HEOOXOIUMO YKa3aTh €€ TUI U UMS.

TUIl_IIEPEMEHHOU MMS IEPEMEHHOM;

Tun mnepemeHHOM — XapakTEepUCTHKa, ompeaeistomas Gopmar
MPEACTABICHUS JAHHBIX B MaMSATH KOMITBIOTEPA, MHOYKECTBO JOITYCTHMBIX
3HAYCHHUH ATUX JAHHBIX M COBOKYITHOCTH OIepaliuii HajJ HUMH. 3HAS THII
MEPEMEHHON, KOMIUJISATOP BBIACIUT JUIsl Hee HEOOXOAMMOE KOJUYECTBO
sYeeK MmaMsATH W OyJeT 3HaTh, KaKOro poja JaHHbIC OyIyT XpaHHUTHCS B
ATOU IEPEMEHHOM.

3amMeTuM, 4TO pe3epBUPOBAHUE MAMSTH JJI IEPEMEHHON HE O3HaYa-
€T, YTO BBIJCJICHHBIC SYEHKU MaMsITH OyAyT 'OUYMIIEHBI OT 3HAYEHHH, KO-
TOpBIC paHee XPaHWINCh B HUX. [103TOMY ecii He MHUITMATU3HPOBAThH T1e-
PEMEHHYI0, TO €€ 3HAYCHHE MOXKET ObITh TPOU3BOJIHHBIM.

B s3pike Cu uMeeTCst HECKOIbKO 0a30BBIX TUIIOB:

char — cumBout;

int — memoe ymcIo;

float — urcio ¢ mIaBaroIIel TOYKON OUHAPHONW TOYHOCTH;
double — yucno ¢ wIaBaroLUEd TOYKON JTBOMHON TOYHOCTH
void — 6e3 3HaveHUS.

Takxe MMeeTcsi HECKOJbKO KBaJU(UKATOPOB, KOTOPBIE HCHOJb3Y-
10TCsl BMecTe ¢ 0a3oBbiMU TUnaMu. KBanudukaropsl short u long nprume-
HAIOTCA K 1enomy tuny int. Kpanudukarop short npumensiercst B Tex Ciry-
qasx, KOT/la 3apaHee U3BECTHO, YTO MepeMeHHas OyJleT MPUHUMATh 'A0C-
TaTOYHO' HEOOJIbIIINE Ie/Ible 3HAaUCHUs. Eciiu nepemMeHHas MOKeT MTpPUHU-
MaTh OOJIbIIME IIEJIbIC 3HAYEHMS, TO UCHOJIb3yeTcs kBainudukarop long.
Hanpumep, HUKE OINpejIeicHbI IBE TIEpEMEHHBIC ¢ UMCHAMH | U |, TIpUYEM
nepeMeHHas | umeeT trn short int, a j — long int:

8



short int i;
long int j;

B onpenenenusx short int u long int cioBo int MoxkHO omycTuth. [loaTomy
MOYKHO 3aITiCaTh

short i;

long J;

KBamudukaropsl signed (co 3HakoMm) u unsigned (6e3 3HaKa) mpuMme-
HAIOTCS K Tumam char, int, short int, long int. 3Ha4eHUsS MEPEMEHHBIX C
kBanudukaTopoM unsigned Bcerga HeoTpuraTenbHbl. Eciu mepemeHHas
oObsiBNIeHa 0e3 kBanudukaropa unsigned, To, MO YMOJYAHUIO, OHA CUUTA-
eTCs 3HaKOBOH (signed).

B crammapre C99 omnpenencHsl kBanudukaropsl long long u
unsigned long long x tumy int g XpaHeHus erie 0oJjiee OOJBITNX IETBIX
YyHEcea CO 3HAKOM M 0e3 3Haka, 4yeM 3TO0 MOKeT oOecneunth lONg wu
unsigned long.

Hwxke npuBomutcst Tabimia 6a30BBIX THIOB JAaHHBIX C yKa3aHUEM
TpeOyeMOro KOJIMIECTBa MaMITH U JUalla30Ha 3HAYSHHH.

Tun Pa3zmep Jnamna3on
(B GaliTax)
unsigned char 1 0-—255
char 1 -128 — 127
unsigned short 2 0 — 65535
short 2 -32 768 — 32 767
unsigned int (16 pa3psa0B) 2 0—-65535
unsigned int (32 pazpsiaa) 4 0—4294 967 295
int (16 pa3ps0B) 2 -32 768 — 32 767
int (32 paspsiga) 4 -2 147 A83 648 — 2 147 483 647
unsigned long 4 0 — 4294967295
long 4 -2 147 483 648 — 2 147 483 647
unsigned long long (C99) 8 0— 18446 744 073 709 551 615
long long (C99) 8 -9 223 372 036 854 775 808 —
9223 372 036 854 775 807

float 4 1.2e-38 — 3.4e+38
double 8 2.2e-308 — 1.7e+308
long double 10 1.7e-4932 — 1.7e+4932




3amMeTuM, 4TO IIeIbIe YMCa TUMa int ObIBAIOT Kak 16-pa3psiaHbie, Tak
u 32-pazpsiaabie. Pazmep maHHOTO TUIA 3aBUCUT OT BEPCUM KOMITUJIATOPA
U Mapku koMmibiotepa. [Ipu nucnosib30BaHUM NEPEMEHHOMN 1IEIOTO TUIIA CO
3HAKOM CTapIIUi OUT YKciia UHTEPIPETUPYETCSA KaK 3HaKOBbIN (0 — moJio-
KUTEJIbHOE 4Huciao, 1 — oTpuuarenbHoe). IloaToMy auama3oH 3HaYCHUH,
Hanpumep, s 16-pa3psaHbIX LENbIX YKMCEN THUMa int MOJy4aeTcs clie-
TYIOIIUM 00pa3oM: OT 2% o 21,

3HayeHueM nepemMeHHou Tumna char siBisiercsa kon (pa3mepa B 1 6aiT
MaMsITH), COOTBETCTBYIOIININ MPEACTABIICHHOMY CUMBOJTY.

Tun long double npennazHayeH aJisi BBIYMCICHUM C MOBBIIIICHHOM
TOYHOCTBIO.

Tun void npumensieTcs it onrcanust PYHKIUN, KOTOPbIE HE BO3-
BpAIlAlOT 3HAYEHHS WJIM UMEIOT IyCTOM HA0Op mapaMeTpoB. Takxke JaH-
HBIWA TUIT IPUMEHSETCS JJIs1 CO3/IaHUs YHUBEPCAIbHBIX yYKa3aTelei.

YT0oO0BI y3HATH pa3Mep TOTO WM UMHOTO OOBEKTA, MOKHO BOCIIOIb30-
BaThCcs omepaTopom Sizeof(), koropelii Bo3Bpalmiaer pasMep oObEKTa B
Oaiitax. Hanpumep, sizeof(int), sizeof(double) u 1.1. Taxkke MOXHO HC-
M0JIb30BaTh M MM MEPEMEHHOM, HampuMmep, mociie oObsaBiacHus double x
MOJKHO Y3HaTh pa3Mep INEPEeMEHHOM X, 3alncaB HMHCTPYKIUIO sizeof(X).
Omnepartop sizeof() BBITIOTHAETCS HA ATAle KOMIUJIAIMU TPOTPaMMBbI, 3Ha-
YEHUEM KOTOPOTO OYJIEeT SABJISTHCS KOHCTaHTa, paBHasl YUCITY OalT 0ObEeKTa.

B 3aronoBounsix ¢aiimax <limits.h> u <float.h> onpenenensr cum-
BOJIMYECKUE KOHCTAHTHI, MPEACTABIAIONINE MpeAeSbHbIC 3HAYCHUS IS
pa3nuuHbIX TUNOB AaHHbIX. Hanpumep, koncranta INT MIN (INT MAX)
MPEJCTABISIET MUHUMAJIBHO (MaKCUMaJlbHO) BO3MOXHOE 3HA4Y€HHE, KOTO-
poe Moxket npuauMath tumn int; DBL_MIN, DBL _MAX — cooTBeTCTBEHHO
MUHHMaJbHOE U MAaKCUMAJIbHOE 3HAYEHUE JIJISl TIOJIOKUTEIIbHBIX TTePEMEH-
HeiX TUna double u T.n1. Huke mpuBeneHa tabnviia CUMBOJIMYECKUX KOH-
ctanT u3 (aitna <limits.h>.

Koncranra 3HaueHue Omnucanue
CHAR_BIT 8 KOJIMYECTBO OUT I THIA
ma”HHubIX char
CHAR_MIN -128 MHHUMAaJIbHOE 3HAUYCHUE
THIA JaHHBIX char
CHAR_MAX 127 MaKCHUMaJbHOE 3HAUYCHUE
TUIA JaHHBIX char
SCHAR_MIN -128 MHWHHUMAJIbHOE 3HAYCHUE
TUna JaHHbIX signed char
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SCHAR_MAX 127 MaKCHUMaJbHOE 3HAUYCHUE
THUna JaHHbIX signed char
UCHAR_MAX |[255 MaKCHUMaJbHOE 3HAUYCHUE
THUNa JaHHBIX unsigned char
SHRT_MIN -32 768 MHHUMAaJIbHOE 3HAUYCHUE
TUMA JaHHBIX short
SHRT_MAX 32 767 MaKCUMaJIbHOE 3HAUEHHE
THIIA JaHHBIX short
USHRT_MAX 65 535 MaKCHMAaJIbHOC 3HAUCHHUE
B TUIA JaHHBIX unsigned short
INT_MIN -32 768 MMHHUMAJIbHOE 3HAUCHUE
(-2 147 483 648) THUIIA JaHHBIX int
INT _MAX 32 767 MaKCHUMaJIbHOE 3HAYCHUE
(2 147 483 647) TUTIA JAHHBIX int
UINT_MAX 65 535 MaKCUMaJIbHOE 3HAYCHUE
(4 294 967 295) TUNA JaHHBIX unsigned int
LONG_MIN -2 147 483 648 MMHHUMAJIbHOE 3HAYCHUE
THUTIA TAHHBIX long
LONG_MAX 2 147 483 647 MaKCHUMaJIbHOE 3HAUYCHUE
THUIIA JAHHBIX long
ULONG_MAX | 4294967 295 MaKCUMAJIbHOE 3HAYCHUE
ThNa JaHHbIX unsigned long
LLONG_MIN -9223372036854775808 | MUHMMAJIBHOE 3HAUCHUE
TUIa JaHHBIX long long
LLONG_MAX |9223372036854775807 | MmakcuMaJIbHOE 3HAYEHHE
TUTa JaHHBIX long long
ULLONG_MAX | 18446744073709551615 | makcuMalbHOE 3HAYEHHE

TUMa AaHHbBIX unsigned long
long

[IpuBenaeM Takke HEKOTOPhIE CUMBOJIMYECKUE KOHCTAHTHI U3 (paiina

<float.h>:
Koncranra 3Hayenue Ommcanue
FLT MIN |1.175494351e-38 MHHHMAaJIbHOE
MIOJIOKUTEIbHOE 3HAUCHUE
tuna ngaHaeix float
FLT MAX |3.402823466e+38 MaKCHUMaJbHOE 3HAUYCHUE
tuna na"gaeix float
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DBL _MIN |2.2250738585072014e-308 | MuHrMaabLHOE
II0JIOKUTEIHLHOE 3HAYCHHUE
tuma nqa"gasix double
DBL_MAX | 1.7976931348623158e+308 | MakcuMaibHOE 3HAUYCHHUE
tumna naHHeix double

IlepenosiHeHne 0e33HAKOBBIX HeJbIX TUNOB. Eciy 3HaueHue mne-
PEMEHHOM, MMEIOIeH O€33HAKOBBIN IENBIA THI, BBIXOAUT 3a T'PAHHUIIBI
cBoero nuana3zoHa (ot 0 o M, roe M — npenenbHO JOMYCTUMOE MAaKCH-
MaJbHOE 3HAYEHHUE), TO B ATOM MEPEMEHHON OyNeT XpaHUTHCS YUCIIO, B3S-
TO€ 1o MoxayJito yucina M + 1.

Hanpumep, nycts nepemenHas a umeeT tun unsigned short. 3amnu-
meM B MEPEeMEHHYI0 a8 3HAa4eHUE CUMBOJMYECKOW KOHCTaHTbI
USHRT_MAX (a = USHRT_MAX). To ecTh B mepeMeHHONH @ HaXO0IUTCS
yucao 65535. Ecim teneps 3HaU€HUE NMEPEMEHHON @ YBEJIIMYHUTh HA €1IU-
HUITy (a++), To mepeMenHas a npumeT 3HaueHue 0. Eciu Teneps U3 a BbI-
YEeCTh €IMHUILY (@--), TO IEPEMEHHAsl & BHOBb IIPUMET 3HaUeHUE 65535.

IlepenosiHeHHe 3HAKOBBIX HeJbIX TUNOB. [lycTh, Hanmpumep, me-
pemenHass a tenepb umeer tun short m a = SHRT MAX (to ectb
a = 32767). Ecnu x a npubaBuTh equHUIly (a++), To MmepeMeHHas a TpH-
meT 3HaueHue SHRT MIN, 1o ecth a Oyner UMeTh MUHHUMAIbHO JOITYC-
TUMOE OTpHUlaTeIbHOE 3HaueHue. I Hao0opoT, ecinu nepeMeHHasi & UMeeT
3HaueHue SHRT MIN u u3 a BbelueCcTh eAuHULy (8--), TO MepeMEHHas a
npumert 3Hauenne SHRT MAX.

IIpeoOpa3zoBannst TMNIOB. Eciii B BBIPAXKEHUU MOSBIISIIOTCSA ONEpaH-
Ibl Pa3IMYHbIX 0a30BBIX THUIOB, TO OHHM MPEOOPa3ylOTCd K HEKOTOPOMY
o011IeMy THITy O CJICAYIOITUM OOITUM MPaBUIIaM.

e Eciu kakoi-mu0o U3 onepa”aoB NpuHaiexkuT Tuny long double,
TO U OCTaJbHbIC pUBOAATCA K long double.

e B npoTUBHOM cilyuyae, €ciu KakoW-Tu00 M3 ONepaHioB MpUHA-
nexut tuny double, To u npyrue npuBoasTcs k double.

e B npoTUBHOM cilyuyae, €ciu KakoW-mn00 M3 ONepaHjioB MpUHA-
nexut tuny float, To u ocranbHbie npuBoAsATCS K float.

e B npoTUBHOM cilyuyae, €ciu KakoW-mu00 M3 ONepaHjioB MpPUHA-
JexuT Tumy unsigned long, To U ocTaidbHbIE TPUBOJATCS K TUIY unsigned
long.

e B npoTuBHOM ciydae, €Ciu Kakou-IMOO W3 ONEpaHIOB MPUHA/I-
JeXUT TUMy long, To ¥ ocTanbHbIE PUBOJSTCS K TUITY long.
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e B npotuBHOM ciiydae, €Ciu Kakou-InOO W3 OMEpaH/IOB MPHUHA/I-
JSKUT Ty unsigned INt, TO ¥ ocTabHBIC MPUBOAATCS K TUIY unsigned
int.

e B npoTuBHOM ciydae, eciid onepaHsl UMeroT Tum unsigned short
u/unu unsigned char, To oHu mpeoOpasyroTcs Kk unsigned int.

e B npotuBHOM cityyae Bce onepaH bl MPUBOASTCS K TUITY int.

1.2. Onepauyuu U BbIPaKeHUs

Apudpmernyeckue onepauuu. K HuM oTHOCAT cioxkeHue (+), BbI-
yuTanue (-), ymHoxenue (*), nenenue (/), ocratok ot aenenus (%). Hemne-
HUE 1IEJIBIX YHUCEJT COMPOBOXKIACTCS OTOpachiBaHWEM JIPOOHOM YacTu. Bbi-
pakenue a % b maer ocrarok npu nenenuu a Ha b. Hanpumep, moce BbI-
MOJTHEHUSI CIIEAYIOIIEeH YacTH POTPaMMBI

inta=5,b=3,q, 1;
q=a/b;
r=a%b;

nepeMeHHas ( OyJeT uMeTh 3HaueHue 1, a I OyaeT paBHO 2.

3ameTuM, 4To onepanus %o IPUMEHSETCS TOJIBKO K LEIbIM YHCIIaM.

Onepaunu cpaBHeHHUsi M Jiormyeckue omepamuu. K omneparusim
CpPaBHEHUSI OTHOCAT CIEAYIOIIME OINepaluu: OOJbIIE WIH paBHO (>=),
Oonbiie (>), MEHbIIIE WIH PaBHO (<=), MeHblIIEe (<), paBHO (==), HE PaBHO
(=), a k mormueckmmMm omeparusM — Jjorudeckoe M (& &), mormdeckoe
NJIN (||), orpunianue HE (!).

JIro0oe orudeckoe BBIpAKEHUE MOXKET MPUHUMATH JTUOO0 MCTUHHOE
3HaueHue, 1Moo JIokHOoe. Jlormueckoe 3HaueHwe ''ucthHa" B s3bIke CH
MpEACTaBIISIETCA JIOOBIM II€JIBIM HEHYJIEBBIM 3HAYCHHUEM, a 3HAuYCHHE
"IIOXKB" — HYJIEM,

JI1s1 MpOoU3BOJLHOTO BhIpaKEHUSI A OyIyT BBITIOJHEHBI CICIYIOIIHNE
paBEeHCTBA:

A && 10XKb = 10XKB,
A && uctuna = A,

A || moxkb = A,

A || uctuHa = uctuHa.

Bripaxenus, Mexay KOTOPHIMH HaxoAsTCsl onepanuu && U ||, BbI-
YUCJISIFOTCS CJIEBA HAIMPaBO, MPUYEM BBIYMCICHHE 3HAYEHUS BBIPAKECHUS
MpeKpalaeTcs cpa3y ke, Kak TOJIbKO CTAaHOBUTCS CHO, KAKUM OYJET pe-
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3yJIbTAT — UCTUHHBIM WM JIOKHBIM. 3aMETHUM, YTO MPUOPUTET ONEpaIuu
& & BEIIIIC MPUOPHUTETA OTICPALIHH .

Hanpumep, mycTh onpejeneHsl 1ielble IEPEMEHHBIE X U Y ¢ HHUIINA-
JIM3anyel HayaJbHbIX 3HAUCHUN:

intx=1,y=2;
B noruyeckom BEIpaXKeHHH
x>y &&y>0)...

CHayaja BBIYMCIISICTCS] 3HAYEHUE BBIPAXKEHUS X > Y, KOTOpPOE B JIAHHOM
Clly4dae SIBJISICTCS JIOKHBIM (HyJeBbIM). Tak Kak Jjisi HCTUHHOCTU JIOTUYe-
ckoro BelpaxkeHus Buga A && B, rae A u B — HekoTOpbie BbIpaKEHUs, HE-
00X0IMMO M JIOCTAaTOYHO, YTOOBI U A, 1 B ObLIN MCTUHHBIMH BBIPAKCHMS -
MU, TO BbIpakeHue (X > Y && y > 0) npumeT joxHOe 3HaueHue. [loaTomy
KOMITHJIATOP HE OyIeT BBIYUCIATH 3HAaUeHUE BhipakeHus Yy > 0.
AHasiornyHo, mycth X = 1, y = 2. Torjia 3HaueHUe BbIpaKEHUSI

L(y>x&&x>0|x==y && x> 0)...

OyJeT UCTUHHBIM, TaK KaK y>K€ UCTUHHO BRIpaKeHHE y > X && x > 0, mo-
ATOMY HET HEOOXOJIMMOCTH BBIYUCIATH 3HAUCHHUE BBIPAKEHUS X == Yy &&
X > 0 (HamoMHUM, 4TO BhIpakeHue Buja A || B mCTMHHO Torjga u TOJIBKO
TOTJIa, KOTJIa UCTUHHO XOTsI ObI OJTHO U3 BeIpakeHUH A wm B).

N3 cka3zaHHOTO BBIIIE CIEAYET, YTO MEPBBHIM OINEPAHIOM OIEpalluu
&& >ddexTrBHEE CTaBUTH TOT, Y KOTOPOrO HAMOOJIbIIAsh BEPOATHOCTH
OKa3aTbCs JIOKHBIM. A JUIs omeparuu ||, Hao0opoT, B Ka4ecTBE MEPBOTO
omiepaHja Jy4Ille CTaBUTh TOT, Y KOTOPOTO HAUOOJIbIIasi BEPOSITHOCTh OKa-
3aThCA UCTUHHBIM.

Onepauust npucBanBanus. OOIMII BUJ onepalii MPUCBAUBAHUS
I (S13% 1117178

VMs_TIEPEMEHHOUN = BBIPAKECHUE

Hanpuwmep:
double x, y, z; /* onpenenseM Tpu ACHCTBUTEIbHBIC IICPEMCHHBIC */
x=0.2; [* mepeMeHHO# X iprcBanBaeM 3HadeHue (.2 */
y =0.5; [* mepeMenHoO# y nmprcBanBaeM 3HadeHue 0.5 */
Z=X+Y; [* mepeMeHHOH z MpucBanBaeM CyMMY 3HaUYCHUN X Uy */

[TockoNbKy pe3ynbTaTOM BBIPAKEHHUS C OMNEpaIfeil MpruCBanBaHUS
SBJISICTCS] 3HAYEHWE BBIPAKCHHUS, CTOSIIETO CIIpaBa OT OMEpaIliy MPUCBaU-
BaHUs, TO BBIPAKCHHS TIPUCBAUBAHUS MOTYT OBITh BJIOKECHHBIMH, HAIPH-
Mep X =Y = 0. 3aech cHauana OyAeT BBINIOIHEHO pucBauBanue y = 0, mo-
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cJie KOTOpOTO TMepeMeHHasi Y OyAeT paBHa HyJO, a 3aT€M 3TO 3HAUYCHHE
OyJieT MPUCBOEHO TIEPEMEHHOM X.

B s3pike Cu mpUHATO ClEAYIOIIEe MPABUIIO: JI000€ BBIPAXKEHUE C
orepaleil MpucBanBaHusl, 3aKIIOYEHHOE B KPYTJble CKOOKH, UMEET 3Ha-
YeHue, paBHOE NPUCBAMBAEMOMY BbIpakeHHIO. Hampumep, BbIpaxeHue
(x =1+ 2) umeet 3HaueHue 3. [T03TOMY MOXKHO 3aITUCATh TAKOE BhIPAKCHHUE:

y=xx=1+2)+4,
r7e NEepeMEHHOM Y IpHCBaMBaeTCs 3HAYEHHE 7, a MepeMeHHas X OyJer
MMETh 3HauCeHHUE 3. YUWUTHIBas JaHHOE 0OCTOSITEIHCTBO, MOYKHO TaK)Ke 3a-

MUCHIBATh JIOTMYECKUE BBIPAKEHUSI C OIEpalveil MpUCBauBaHUs, HAIPHU-
Mep

(x=1+2)<4),

KOTOPOE€ B JAHHOM CITy4ae SIBIIE€TCS UCTUHHBIM.

B sa3bike Cv 111 KOMITAKTHOW 3alKMCU BBIPAXKEHUM, TJI€ YYACTBYIOT
omepaiys MPUCBaWBaHMS, UMEIOTCS CIEAYIOIIHME CIelHaIbHbIe apudMe-
TUYECKHE OTIEpPaIINU:

Onepanus ITpumep DKBUBAJICHT
+= a+=10; a=a+ 10;
-= a-=2; a=a-—2;
*= a*=bh; a=a*bh;
/= a/=10; a=allo;
%= a %= 3; a=a% 3;

Onepanun MHKpeMeHTAa U JAekpeMeHTa. OUeHb 4acTO B IPOrpam-
Max K MepeMEHHOMN NpuOaBsieTcs] €ANHUIA WIK OT NMEPEMEHHON eauHUIA
BBIUMTAECTCSA. YBEIMYCHUE 3HAYEHUS Ha | HA3bpIBA€TCsl MHKPEMEHTOM, a
yMEHbIIECHHE Ha | — nekpeMeHTOM. sl JaHHBIX JEHCTBUN MPEIYCMOTPEHBI
CIEUHAIIbHBIC OINIEpAllUN: ONEpaLfs MHKpeMEHTa (++), KOTopas yBEeIUYnBa-
€T 3HAYEHWE NEPEMEHHOM Ha 1, W omepauus nekpemeHTa (--), KoTopas, B
CBOKO OY€pe/lb, YMEHBIIIAET 3HAUCHUE NTepeMeHHoM Ha 1. Hanpumep, mycTthb
nepemerHast X umeer tun double. Cneayromiye Tpy BhIpaXKEHUS] IPUBEAYT
K OTHOMY U TOMY K€ pe3yJIbTaTy:

X++; X=X+1; X+=1;

Ornepanyy UHKpEeMEeHTa U JEKpEMEHTa padoTaloT B IByX BapHUaHTaX:
npeguxcrom n nocmeuxcrhom. IIpedrKCHBI BapyuaHT 3alMCHIBACTCS TIe-

15



pen MMeHeM IepeMeHHOU (++X), a mocTOHUKCHBIM — mocie Hee (X++).
B npocThIX BhIpaKEHUSIX, HAIPUMEDP

X++:

u ++X;

00a BapuaHTa paBHOCHJIbHBL. B CI0KHOM ke BhIpakeHHH (HampuMmep, ec-
JIA B BBIPAXKCHUH MPUCYTCTBYET ONEpalyds NPUCBAUBAHUS U ON€palus UH-
KpEMEHTa WM JACKpPEeMEHTa) NpePHUKCHBIM M MOCT(PHUKCHBIA BapHaHTHI
MPUBEAYT K pa3IMYHBIM pe3ynbTaTaM. [IpedukcHas ormepamus BBITTOIHS-
eTCsl 10 OoIlepalliyd IpHCBauBaHMs, a NMOCTHUKCHBIN — mocie Hee. Hampu-
Mep, TOocje CIeAYIONIe JacTh MporpaMMbl MepeMeHHas Y OyJeT WMETh
3HA4YCHHEC 2:

x=1,;
y = ++X;
a II0CJI€ TAKUX CTPOUYECK IPOrpaMMBbI
Xx=1;
y = X++;

nepeMeHHas Yy Oyner uMmeth 3HaueHue 1. [lepemenHas ke X B 000uX Ciy-
qasx MPUMET 3HaUCHUE 2.

ITycTou oneparop. JlaHHBIN OnIepaTOp COCTOUT M3 TOUKH C 3aIISITOU
(;) ¥ “cnoJib3yeTcs sl 0003HAUYECHUSI MYCTOrO TeJla YIPABISIONIETO Ole-
paropa.

KomMenTapuu B Tekcte mporpamMm. KomMmeHnTapuii — Habop cum-
BOJIOB, KOTOpPbIE UTHOPHUPYIOTCA KoMmOuiasitopom. KomMeHTapuii MoOKeT
MOMEIIAThCS B JIIDOOM MECTE MPOrpaMMbl U 3aHUMATh OJIHY WJIM HECKOJIb-
KO CTpOK. BHyTpHu Habopa CHMBOJIOB, IPEJACTABIISIONINX KOMMEHTAPUM, HE
JOJKHO OBITh CUMBOJIOB /* M */, IpeCTaBIAIOIINX COOTBETCTBEHHO Hava-
JI0 ¥ KOoHell KoMMeHTapus. [Ipumep koMMeHTapus:

[* Tekct koMmMmeHTapus */

1.3. CuMBoOINYECKHE KOHCTAHTBI

KoncraaTer B si3pike CH MOTYT OBITH CTPOKOBBIMH, CHMBOJIBHBIMH,
IEIBIMA M BEIICCTBEHHBIMU. UTOOBI OIpeNIeuTh KOHCTAHTY, HEOOX0IMMO
COOOIIMTHh KOMITUJIATOPY €€ UMs 1 3HaueHue. st ee onpeeneHus uCroib-
3yercs gupekTtuBa #define, nMeroias cieayroni CHHTaKCHC:

#define ums 3HauyeHuUe
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[Tocne nupekTuBBI TOUYKA C 3amdATOM HEe numiercd. [lepen Tem kak HavyaTh
T€HEePUPOBAaTh O0BEKTHBIC (MAITMHHBIC) KOJbI, KOMITHIISITOP IOJCTaBIISET
BMECTO KaKJI0I'0 BCTPEUEHHOTO UM UMEHHU KOHCTAHThI €€ 3HAaYCHMUE.

Jl1st onipenienieHnsl YMCI0BOM KOHCTAaHTBI HEOOXO0IMMO 3a/1aTh €€ UM
v 3HadeHue. Hanpumep, nycTth UMeeTCA TMPEKTUBA

#define Pl 3.14

Toraa npenporueccop nepea TpaHCISAIUEH TporpaMMbl 3aMEHUT B HEW BCe
uMeHa Pl Ha uyucioBoe 3Hauenue 3.14:

/* ucxonHas mporpamma */ /* mocie mpenponeccupoBanust */
#include <stdio.h>
#define Pl 3.14

int main() int main()

{ {
double x = 2*PlI; double x = 2*3.14;
printf("%f\n", PI*PI); printf("%fM\n", 3.14*3.14);
return O; return O;

k k

IIpu omnpeniesieHM KOHCTAHTHI €€ TUM HE yKa3biBaeTcs. Kommmisitop
caM OIpeJIeNIUT, K KAKOMY TUITY OTHOCHUTCSI OOBSIBIICHHAs KOHCTAHTA, 10 €€
3Ha4YeHUI0. B npuBeneHHOM BbIle mpuMepe KoHcTanTa PI Oyner ompene-
JIEHa KaK JICUCTBUTEIBHOE YHMCJIO C IIJIaBArOIIeld TOYKOM, TaK KaK YHUCIIO
3.14 aBusieTcsa NeliICTBUTEIbHBIM.

Eciu oO0BIBUTE

#define N 100

TO kKoHcTaHTa N OyJieT OTHeceHa K LieJIoMy TUMy, Tak kKak yucio 100 sBmus-
€TCS 1ICJTBIM.

UtoOb1 00BbsIBIICHHAsI KOHCTaHTa OblIa oTHeceHa K Tumy float, HeoO-
XOJAUMO, YTOOBI YHCIIO UMENO XOTs Obl OJHY IU(PY IMOCIE 3aIsITol, Ha-
nmpuMep

#define X 2.0

Ecin oOBsABIICTCA KOHCTAaHTA CHUMBOJIBHOIO THUIIa, TO OHaA AOJIXKHA
OBITH 3aKJIIOUCHA B OJHNHAPHBLIC KABbIYKH:

#define LETTER ‘a’

Ecnu ke B kayecTBe KOHCTAHTHI HYXXHO OOBSIBUTH CTPOKY, TO €C HC-
O6XOI[I/IMO 3aKJIOYUTH B I[BOﬁHBIG KaBbIUKU:
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#define SENTENCE “This is a string constant”

JI71s1 3arIOMUHAHUS CTPOKOBOM KOHCTAHTBI MCIIOJIB3YETCS 110 OJTHOMY OalTy
Ha KOKJbId CUMBOJ U aBTOMATUYECKHU J00ABISETCS K HEW MpU3HAK KOHIA
cTpoku — cuMBoJT ‘\0’, KoTOphIK B Tabmuie cumBosioB ASCII nmeer HyJe-
BOM KOJI. JlTaHHBIA CUMBOJI SIBJISIETCSI OTPAHUYUTEIIEM CTPOKH.

Hwuxe npuBeieHa Tabiuia ¢ OMMCaHUEM CUMBOJIWYECKHUX KOHCTAHT.

Kouncranra dopmar IIpumepbi
CuMBoOJIbHAS CuMBOJI, 3aKIIOYCHHBINA B OJJUHAP- ‘A,
HBIE KaBbIUKHU.
CrpoxoBas ITocnenoBaTenbHOCTH CUMBOJIOB, “O10 cTpoka”
3aKJIFOYCHHBIE B IBOMHBIE KABBIYKH.
Iemas JlecaTHUHBIN: TTOCIeqoBaTeIbHOCTE | 123, -50,

idp (co 3HaKOM wim 6e3), He Haun- | 12345671
Haromascs ¢ 0. Takue KOHCTaHTHI
uMerot tut int. Ecau yuciio qoue-
HOE, TO B KOHIIE foOasisgercs | mim
L. Takas konctanTa umeet tun long.
BocsMepuuHblii: OCIe10BaTEb- 015, 0123
HocTh 1UGp (0T 0 10 7), HaUUHATO-
mascs ¢ 0.

[IlecTHaaaTEpUYHBIN: OCIEA0BA- 0x7B, OxAB
TenbHOCTH (L(pbI 0T 0 10 9 u Oyk-
BoI A, B, C, D, E, F), HaunHarommascs
¢ OX mmu 0X.

JletictBuTenbHas | Jlecatnunsiii: mocienoBarenpbHocts | 10.0, -1.2
udp, coaepkaiias TOUKy.
OKCMOHEHIINAIbHEBIN. 10eb, 1.2e+10

3ameTum, 4To orneparop sizeof() MOKHO Takke MPUMEHSThH JIsl KOH-
CTaHT, HapuUMep:

#include <stdio.h>

#define EXP 2.711828

#define GREETING "Hi"

int main()

{
printf("%d\n", sizeof(EXP));
printf("%d\n", sizeof(GREETING));
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return O;

}

[Ipu sTom pasmep ctpokoBoit koHcTaHThl GREETING Oynetr umets 3Ha-
YyeHHe 3, TaK Kak yuuThbiBaeTcs cuMBO ‘\0’. TOT ke pe3yabTar moayduTCs
Y TIOCJIE UHCTPYKIINU

printf("%d\n", sizeof(“Hi”));

1.4. Tunu3npoBaHHbIE KOHCTAHTHI

TI/IHI/IBI/IpOBaHHaH KOHCTaHTa — ICPCMCHHAsA, KOTOpPAs HAXOIUTCS B
CHCHH&HBHOﬁ 00JIacTH MaMATH U 3HAYECHHE KOTOpOP'I HCJIb3s HU3MCHMUTH.
3HaueHue TI/IHI/I3I/IpOBaHHOﬁ KOHCTAHTHBI HGO6XOI[I/IMO OIIPCACIINTD IIPHU €€
00bsiBiIeHNU. Takast KOHCTAaHTA OOBIBISETCS KaK M OOBIYHAS INCpCMCHHAA,
TOJIBKO IIEpCa €€ TUIIOM CTABHUTCA KIHOYCBOC CIIOBO const u Cpa3y nHuuua-
JINBUPYCTCA €C 3HAUYCHHUC!

CONst TUII KOHCTAHTbI MMs_ KOHCTAHThI = 3HAYEHUE KOHCTAHTHI,
Hanpuwmep,
const int N =100;

Tunu3upoBaHHYIO0 KOHCTAHTY MOHO OTNPEIEIUTh KaK TNI00anbHYyIO (BUI-
Ha TeM (QYHKLIMSIM, TOCIEe KOTOpPOW OHa OOBSBIECHA), KaK JIOKAJIbHYIO
(BHYTpU (PYHKIMH) U KaK apaMeTp QyHKIUU.

1.5. HeckoJbKko ¢J10B 0 pyHKIuu main()

A3pik Cu sBAsieTCA NPOUETYyPHBIM SI3bIKOM. JIr00ast mporpamma, Ha-
NUCaHHAs HA IAaHHOM $I3bIKE, COCTOUT U3 OJHOW WK OoJiee PyHKUIHUM, Cpe-
1 KOTOPBIX 00s3aTeNIbHO JOJHKHA MPUCYTCTBOBAaTh (PYHKIMS main(), Tak
KaK IporpamMma Ipu 3ayCcKe BCEerJa HAYMHAeTCs ¢ 3TOM (PyHKIUU.

3amerum, yTo PyHKIMS main() BO3BpallaeT TUM int. 9TO MPOMKUCAHO
B crapgapte C99 (oktsa0pb, 1999 ron): "dyHKIwMs, BRI3BIBAIONIAS 3aITYCK
nporpaMMbl, Ha3blBaeTcsl main. Peanusanus He OOBABIAET NPOTOTHUIT IS
sToi GyHKIMU. OH JIOKEH OBITH OMPEJICNICH MMyTEeM BO3BpaTa IeJ0r0o THU-
na int... Eciu Bo3BpaiaeMslii TUIT HE COBMECTUM C THUIIOM int, COCTOsTHUE
3aBEPIICHUS, BO3BPALIAEMOE B XOCT-CPENy, SBISIETCS HeCHEUUDUIUPO-
BaHHBIM' . TO €CTh eclii Bo3BpaliaeMblii TUIl (YHKIMK main() OTJIMYEH OT
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TUTA int, TO KOMIIIJIATOP BOJICH BO3BpAIlaTh B XOCT-Cpeny (B OCHOBHOM,
ATO ONEPALMOHHAs CUCTEMA) JIF0O0E COCTOSIHHE.

KoHeuHo, 1711 MaJleHBKUX ITPOrpaMM BO3BpAIICHUE 3HAUCHUS B OIle-
PalMOHHYIO CUCTEMY HE CTOJb BakHO. HO BCe ke HEKOTOphIE OMepaIlMOH-
HBbIE CUCTEMbI IIPEAYCMATPUBAIOT BO3ZMOKHOCTh MPOBEPKU 3HAYEHUS, KO-
TOpoe Bo3BpamiaeTrcs nporpamMmoit. [losromy yao0HO Bo3Bpamiarh Hylie-
BOE 3HAYCHUE, KaK KOJI HOPMAJIbHOTO 3aBepIICHUS pabOThl (DYHKITUH.
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2. BBOJI Y BLIBO/JI B CH

2.1. CtangapTHbIA BBOJA-BbIBO/

Nmeetcs psin OubiroTeunbix GyHKIUN a3bika Cu, 00ecrednBaromnx
CTaHJapTHYIO CUCTEMY BBOJAA-BbIBOJAA JjIsi mporpamm Ha Cu. Beck BBOI U
BBIBOJ 00€CTICUMBAETCS MTOCPEICTBOM TaK HA3bIBAEMBIX HOMOKO8 — MOCIIe-
JIOBATEJIbHOCTEN CUMBOJIOB, KOTOPHIE€ OPTraHU3YIOTCS B CTPOKU M 3aBep-
IIAKOTCSl CAMBOJIAMU HOBOU CTPOKH.

CranpaptHbiii BeiBoa. Oyukuus putchar() seisercs mpocreiiiei
byHKIIMEH KOHCOIBLHOTO BBOIa-BbIBOAa. OHA BHIBOJUT CUMBOJI Ha DKPaH:

int putchar( int c)

B kaudecTtBe pesynbTaTa JaHHas (PYHKIMS BO3BpAIACT MEPEIaHHBIN B Ka-
4ecTBE MapaMmeTpa CMMBOJ C, B ciydae ke omuOku — EOF. Ilapamerp
TaHHOM (PYHKIIMM MOXET ObITh CUMBOJBHOW KOHCTAHTOH, CHMBOJBHBIM
JIATEPAIIOM, CUMBOJIbHOW NIEPEMEHHOW, HAIIPUMED

[*cumBobHAS KOHCTaHTa */ | [*cuMBOMBHBIN UTepan™/ | /*cumBosbHas iepeMeHHas™/
#include <stdio.h> #include <stdio.h> #include <stdio.h>
#define LETTER 'A' int main() int main()
int main() { {
{ putchar(‘A’); char letter = ‘A’;
putchar(LETTER); putchar(‘\n’); putchar(letter);
return O; return O; return O;
} } ¥

[Ipr 3>TOM TOA CTPOKOBBIM JIUTEPAIOM IOAPA3yMEBAETCS CUMBOII,
3aKJIIOYEHHBIN B OJUHAPHBIE allOCTPO(BHI.

Hwxe npuBeneHsl ynpaBiasiOIMe CUMBOJIbI, HEKOTOPBIE U3 KOTOPBIX
MO3BOJISIIOT MEPEMENIATH KyPCOp MO dKPaHy:

CnmBon| Kox Onucanue
CUMBOJIa

\b 8 nepeMenIeHue Kypcopa Ha OJIHY HO3UIIMIO BJICBO

\t 9 TOPU30HTAIIbHAS TA0Y SIS

\n 10 nepeMeIeHne Kypcopa B Ha4aJlo CJIeTYIONIEH CTPOKH

\v 11 BEpTUKAJIbHAS TAOyJISIHUS

\r 12 nepeMelieHrue Kypcopa B Hayaio TOM K€ CTPOKH 0e3
nIepexo/1a Ha CIICAYIONIYIO
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\f 13 HOBas CTPaHUIIA

\” 34 nBOIHAs KaBbIuKa (“)

\’ 39 oJMHapHas KaBbIyKa ()

\? 63 BONIPOCUTEIbHBIN 3HAK (?)

\\ 92 oOpaTtHas HakjaoHHas yepta (\)

®dynkius puts() ocymecTBISICT BBIBOJI CTPOKH HA SKPaH:
int puts(const char *s)

B xadectBe mapameTpa AaHHasd (I)YHKHHSI MOXCT IMPUHUMATL CTPOKOBYIO
KOHCTAHTY, CTpOKOBBIﬁ JIMTCpAJ, CTPOKOBYIO IICPEMCHHYO, HAIIPUMEP

[*cTpokoBast KoHCTaHTa™*/
#include <stdio.h>
#define MESSAGE "a message"
int main()
{

puts(MESSAGE);

return O;

}

[*cTpokoBbIii uTepan™/

#include <stdio.h>

int main()

{
puts(*'a message");
return 0;

}

[*cTpokoBas nepeMeHHas ™/

#include <stdio.h>

int main()

{
char message[] = "a message";
puts(message);
return O;

}

3amMeTuM, 4YTO MOJi CTPOKOBBIM JIUTEPAJIOM IMOJIPA3yMEBAETCS MOCJIEI0BA-
TEJILHOCTh CUMBOJIOB, 3aKJIFOYEHHBIX B JIBOMHBIC KaBBIYKH.

[Ipu BeI30BEe (pyHKIMS puts() OTOOpa3UT Ha DKpaHE 3HAUCHUE Tepe-
JAHHOTO TIapaMeTpa, a 3aTeM IMOMECTUT Kypcop B Hadalo CIeIyroIlei
cTpoku. B kadecTBe 3HaueHUs JaHHas (DYHKIMS BO3BpalllaeT HEOTPUIlA-
TEJILHOE YUCJIO, €CJIM TPU BBIBOJIE CTPOKHU S OIIMOKH HE MPOU3OILIO0, B
ciydae ke omnboku — EOF.,

CranpaptHblii BBoa. OyHkiusa gets() BBOIUT CTPOKY B NEpPEMEH-
HYIO S JIO T€X TOp, IMOKa He BCTPETUT CUMBOJI HOBOW CTPOKH WJIM WHIUKA-
Top KoHIa (aiina. ITocine 3Toro MaccuBy CHMBOJIOB S JIOOABIISICTCS Orpa-
HUYUBAOLINNA cuMBOJI ‘\0’:

char *gets(char *s)

[TapameTpom naHHON (PYHKIMM SIBIISIETCS UMS TTepeMeHHoM. Hanpumep:

#include <stdio.h>

int main()

{

22



char s[10];

gets(s); /* BBOJ CTPOKH C KJIaBUATYPHI */
puts(s); /* BBIBOJ CTPOKH Ha 3KpaH  */
return O;

}

Oynkuus gets() Oyaer paccMaTpuBaTh MepBbie 9 CHMBOJIOB, BBEICHHBIX C
KJIABUATYPBhI, KaK 3HAYEHUE CTPOKOBOM MEPEMEHHOU S, U OJUH CUMBOJI OT-
BoAUTCS 11 HysneBoro cumBosia ‘\0’. [loaToMy peanbHO MOKHO BBECTH Ha
OJINH CUMBOJI MEHBIIIE.

Oynkiua gets(char *s) Bo3Bpamaer crtpoky S. Hampumep, B ciie-
IYIOIEM MPUMEPE MPOUCXOJUT 3alPOC BBECTH CTPOKY, MOCIE YEro BBE-
JICHHAsI CTPOKa BBIBOJAUTCS HA DKPaH BMECTE CO 3HAYEHUEM €€ JJIMHBI, U
TaK J10 TeX MOp, MOKa BMECTO BBOJIa OYEPEIHON CTPOKHU HE OyJeT MPOCTO
HaxkaTa knaBuina ENTER.

#include <stdio.h>

#include <string.h>

int main( )

{
char s[10];
while (strlen(gets(s)) > 0)

printf(“%s %d\n”, s, strlen(s));

return O;

}

®dyukius getchar() BBOIUT CUMBOJ ¢ KIIaBHATYPHI:
int getchar(void).

B kauectBe pe3ynbTaTa KakJ0ro CBOEro BbI30Ba (yHKIMs getchar() Bo3-

BpalllaeT CUMBOJI BBOJIa WJIM, €CIM OOHapy>XeH KoHell (aiiyia, 3HauCHHE
EOF.

#include <stdio.h>
int main()
{
char c;
¢ = getchar();
putchar(c);
putchar(\n');
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return O;

}

B kadecTBe mpumepa npuBeaeM IporpamMmy, KOTopas 3ampaiiiBacT
cuMBOJI ¥ BEIBOIUT ASCII K01 BBEJIEHHOTO CUMBOJIA!

#include <stdio.h>
int main( )
{
char c;
¢ = getchar();
printf("ASCII komom cumBoia %c seasercs %d\n", ¢, C);
return O;

}

[Ipu ucnonb3zoBanuu QyHKIMU gets() He0OXOIUMO KOHTPOJIUPOBATH
BBOJI CHMBOJIOB, YTOOBI HE BBECTH OOJIbIIEE KOJIUYECTBO CUMBOJIOB, YEM
3asBJICHO B TOW CTpOKEe (C y4EeTOM HYJIb-CUMBOJIA), KyJa 3TH CUMBOJIbI
BBOMsITCA. Cremyroimiasi mporpaMMa 4YuTaeT CHUMBOJIBI M3 CTaHJIAPTHOTO
BXOJHOTO YCTPOMCTBA B CUMBOJIBHBIN MacCHB S C KOHTPOJIEM KOJUYECTBA
BBEJICHHBIX CHUMBOJIOB:

#include <stdio.h>
int main( )
{
char c, s[10];
inti=0;
while ((c = getchar()) '= ‘\n’ && 1< 9)
s[i++] = c;
s[i] = \0’;
puts(s);
return O;

}

Ho nyumie BMecto ¢yHkimm gets() ucronb3oBarh pynkmnuto fgets(),
KOTOpasi MO3BOJIAET yKa3aTh pa3Mep CUMBOJILHOTO MAacCUBa, KOTOPBIH Tpe-
OyeTcsi 3alOJIHUTh BBOJIOM CHMBOJIOB C KJIaBHATYyphl. YKa3aHHE pa3Mepa
CUMBOJIBHOI'O MAacCHBa JaHHOW (DYHKIIMH JaeT BO3MOXKHOCTb H30EKaHHUS
OIIMOKM BBIXOJAa 3a €ro Ipejesibl, 4YTo He obecrneunBaercss (GyHKUIHEH
gets(). HeOonpimm sxe HemoctaTkoM (yHkiuu fgets() sBaseTcs TO 00-
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CTOSITEJILCTBO, UTO OHA HE YJAJISET 3aBEPIIAIOIINI CUMBOJ KOHIIA CTPOKHU
“\n’, kak 3T0 nmenaer GyHkMsA gets(). Hrke npuBeneH mpumep UCIOb30-
Banus ¢yukuuu fgets(). bosee moapodHO 0 qaHHON QYHKIIMM paccKa3aHO
B ri1aBe 'Pabora ¢ daitmamu’.

#include <stdio.h>

int main()

{
char s[10];
fgets(s, 10, stdin);
printf("%s", s);
return O;

}

Bosepamasice k pynkmuu getchar(), 3amMmeTuM, 4To €€ MOXKHO HCIIOJIB30-
BaTh TAKXKE JJIS MPUOCTAHOBKH JACHCTBUS IPOTPAMMBI:

int main()

{
[* ... mporpamma */
getchar();
return O;

}

2.2. @opMaTHbIil BBOI-BbIBO/

®opmatHbiii BbIBOA. HecMmoTpst Ha To uTto QyHkuuu putchar() u
puts() HCITOJIE3YIOTCS TOBOJIGHO YacTO, UX BO3MOXKHOCTH HECKOJIBKO Orpa-
HUYCHbI. J[aHHBIE (YHKIIMA HE MOTYT OOECIIEYUTh BHIBOJ YHCIIOBBIX JIaH-
HBIX.

®dynukius printf() mo3BonsieT BHIBOAUTH HAa 9KpaH JIaHHBIC BCEX TH-
OB ¥ MIPUHUMATh B KA4ECTBE MapaMETPOB HECKOJBKO apryMeHTOB. J[aH-
Hast QYHKIUS TIEPEBOIUT BHYTPEHHEE MPECTaBICHUE IMepeMEHHBIX (B Ima-
MSTH KOMITBIOTEPA) B TEKCTOBBIN (hopMarT:

int printf(char *format, argument_1, argument_2,..., argument_n)

®yukmus printf() mpeobpasyer, popMaTtupyer u meyaTacT CBOM apryMEH-
THI B CTaHJAPTHOM BBIBOJIC TOJ yrpaBiieHueM (opmara. B kadectse pe-
3yJbTaTa OHA BO3BpAIlaeT KOJWYECTBO HalleuaTaHHBIX CUMBOJOB. CTpoka
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ympasiieHus: ¢popmaroM format cogepxuT crnerudukaTopsl mpeodpa3oBa-
HUs, (uiaru, MUPHHY MOJEH, TOYHOCTh MPEJCTABICHUS W JIMTCPATHHBIC
CUMBOJIBI.

OcuoBubIe peoOpa3zoBanus Gyukiuu printf():

CumBon Tun aprymenTa
%d (%I) | necATHYHOE IIEJIOC YHCIIO
%u 0€33HaKOBOE I1EJI0€ YHCIIO
%0 0€33HaKOBOE BOCBMEPUIHOE I€JI0€ YHCIIO
%X 0€33HaKOBOE IICCTHAAMATCPUIHOE IETI0C YK CIIO
%f nerucrBuTeabHOe yncio tuma float wian double
%e JIEHCTBUTEIILHOE YHCIIO B OKCIIOHCHITHAIBHOU (hopme
%g Han0oJIee KOPOTKOE MPEJACTaBICHUE ACHCTBUTEILHOTO YHCIa
(6o B dhopmate %f, 1ub0 B SKCIOHEHIIMAIbHOM (popmate
%e)
%¢cC OJIMHOYHBIN CUMBOJI
%s neyaTh CTPOKHU A0 cuMBoua ‘\0’ WM B 3aJaHHOM
KOJIMYECTBE CHMBOJIOB

YtoO»l 3a1aTh MIUPHUHY IO TPU BBIBOJIE 3HAYEHUSI HEKOTOPOU Tie-
peMEHHOM, He0OX0IMMO BCTAaBUTH 11€JI0€ YKCIIO B CIICIU(PUKAIINIO TPE0O-
pa3oBaHUs MEXAY 3HaKOM TpoleHTa (%) u cnenudukatopoM npeoodpaso-
Banus. Hanpumep, unctpykuus printf(“%10d”, 15) 3agaeT neuats uenoro
yucna 15 ¢ mmpunoit nosst 10.

Eciu HeoOxoauMo 3aAaTh TOYHOCTh MPEACTABICHUS, TOTJIA CIEAYyEeT
NOMECTUTh B CIeUU(PUKAIMIO TIPeoOpa3oBaHUsl MEXKIY 3HAKOM MPOIEHTA
(%) u cneniudukaTopom mpeodpa3oBaHUs IECITUIHYIO TOUKY (.), TTOCHIE KO-
TOPOM CTaBUTCA LIE€JIO€ YHUCIIO, 33/al0IIee TOUYHOCTh MPEICTABIICHUS JaH-
Hbeix. Hanpumep, nocie uncrpykuuu printf(““%.2f”, 0.14788) Ha sxpaH BbI-
Benercs uncio 0.15.

Ecnu ToyHOCTH mpe/icTaBIeHUsT UCTIOIb3YETCS MPU BBIBOAE CTPOKO-
BOI MepeMeHHOW, TO 3TO OyAeT o3HayaTh MaKCHUMajlbHOE KOJIMYECTBO
CUMBOJIOB CTPOKH, KOTOpoe Oyzaer HamedyaraHo. Hampumep, mocie UHCT-
pykuuu printf(“%.3s”, “abcde’) Ha 3KpaHe MOSIBUTCS CIIOBO abc.

HlupuHy MoJst U TOYHOCTH MPEICTABICHUS MOXHO OOBEIUHATD, Ha-
npumep printf(“%10.21”, 0.14788).

Hukxe npuBeneHbl IpUMEPHI UCIOIb30BaHus GyHKiuu pPrintf().
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NucTpykumu Pesynbrar Ha s3Kpane
printf(“%d”, 50); 50
printf(“a = %d”, 10); a=10
printf(“%o0”, 9); 11
doublea=0.01,b=1.1; 001+11=111
printf(“%.2f + %.2f = %.2f \n”, a, b, a+b);
char *s = “abc”; s =abc
printf("'s = %s”, s);
char s[] = “abc”; s=ab
printf(“s = %.2s”, 9);
printf(“s = %5.1s”, “abc”); Ss= a

dynknus sprintf() aemaer o ke camoe, uyto u GyHkius printf(), 3a
HCKIIFOYCHUEM TOTO, YTO PE3yJIbTaT BBIBOJA 3alIOMHUHAETCS B MAaCCHBE
CHUMBOJIOB String (mepBblii apryMeHT (QYHKINHK), a He 0TOOpa)kacTcs Ha JK-
paHe:
int sprintf(char *string, char *format, argument_1, argument_2,..., argument_n)

Hanpuwmep:

int main()
{
char s[100];
sprintf(s, “a = %d”, 50);
puts(s);
return O;

}

[Tocne yero cTpoka S Oyaet uMeTh 3HadeHue “‘a = 507,

®opmatHblii BBoA. Dynkius scanf() umraeT cHMMBOJIBI U3 CTaH-
JTapTHOTO BXOJHOTO TOTOKA, MHTEPIPETUPYET WX COTIacHO Qopmary u
pacchuIaeT pe3yabTaThl B CBOM apTyMEHTHI.

Int scanf(char *format, &argument_1, &argument_2...., &argument_n)

B xauectBe pesynbpTata QpyHkuus scanf() Bo3BpamaeT KOJIUYECTBO YCIEIll-
HO BBEJICHHBIX 3JIEMEHTOB JaHHBIX. Hanmpumep:

int main()

{

double x;
while (scanf(“%lIf”’, &x) == 1)
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printf(“%10.2f\n”, X);
return O;

}

PaccmotpumM, kak pabotaer ¢yukmus scanf(). IlycTs cTaHmapTHBIM
BXOJHOM MOTOK COAEPKUT MOCJIEI0BATEILHOCTh CUMBOJIOB. CHavana ce-
Ba HAaMpaBO MpPOCMATpUBAeTCs ympapistomas ctpoka format. Eciu oue-
pEAHBIM CHMBOJIOM JaHHOMW CTPOKHU SIBJISETCS CUMBOJI TpoOerna ¢ ¢, nubo
cumMBOJI TaOyssuu “‘\t’, b0 CMMBOJ Iepexojia Ha HOBYIO CTPOUKy ‘\n’
(TaHHBIC CHMBOJIBI OyJIeM Ha3bIBaTh MPOOEIbHbIMIUL), TOTAA BO BXOJTHOM
MOTOKE MPOMYCKAIOTCS BCE MOJPSI UAYIIHE MPOOETbHBIE CUMBOJIBI, TIOKA
HE BCTpPETUTCS Jpyro cumBoi. Jlanee, eclin B YHOpaBISIONIEH CTpOKE
format BcTperusnica ¢opmar, KOTOpPHIM HayuWHaeTcs co 3Haka %, TO W3
BXOJHOTO NTOTOKA YUTAETCS MOCIEA0BATEIIbHOCTh HOAPS UIYIIUX CUMBO-
JIOB 10 MEpBOro mpoOenbHOro cumBoiia. [IpounTanHas mocienoBaTelb-
HOCTh CUMBOJIOB IPe0Opa3yeTcsi BO BHYTPEHHEE 3HAYCHHUE B MAMSITH KOM-
MBIOTEPA B COOTBETCTBUM C THUIOM ¢dopmaTa, KOTOPOE MepenaeTcs Mo aj-
pecy odepennoro aprymenta (&argument i). Eciou B mocienoBaTeabHOCTH
MPOYUTAHHBIX CUMBOJIOB BCTPETHUIICS HEJOMYCTUMBIA CUMBOJ ISl JaHHO-
ro (popmara, Torga B COOTBETCTBUM C JJAaHHBIM (popMaTOM MpeoOpa3yroTcs
BCE CHMMBOJIBI U3 MPOYUTAHHOW MOCIEAOBATEIBHOCTH IO JAHHOTO HEJO-
MyCTUMOTO CUMBOJIA.

Ecnu B ynpaBnswomend ctpoke format BCTpeTHIICS CUMBOJI, OTIWY-
HBIN OT TPOOEIHLHOTO CUMBOJIA, HE BXOJIAIIETO B KaKOW-TH00 opmat, TO-
rja MpU CYUTHIBAHUU OYEPETHOrO CHMMBOJIA M3 BXOJHOTO MOTOKA MPOUC-
XOJIUT IPOBEPKA HA PABEHCTBO JJAHHBIX CUMBOJIOB. ECiii TaHHBIE CUMBOJIBI
OKaXyTCsl pa3iau4HbIMM, Torna (yHkuusa scanf() HOCpOYHO 3aBeplIaeT
CBOIO pa®oTy (BO3BpaTHUB KOJIMYECTBO YCIEIIHO MPEOOPa30BAHHBIX U TIe-
pPElaHHBIX apryMEHTaM 3HAYEHMI), a HECOBIAIAIOIMINN CHUMBOJI OCTaeTCs
BO BXOJHOM TOTOKe. Ecnu ke mgaHHbIe CHMBOJIBI COBMIAIH, TOTJA STOT
CHMBOJI TIpoItyckaeTcs U pyHkius scanf() mpoaoKUT CBOKO padoTy.

Hamnpumep, mycts pyHkIus scanf() umeeT ciaeayromme apryMeHTh:

int a;
scanf(“a = %d”, &a);

YToOBbl MpaBUIILHO BBECTU YKCJIO B IEPEMEHHYIO 8, HEOOXOAMMO BBECTH C
KJIaBUATYPhl CTPOUKY BUJA

a=10
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OpHo u3 BakHbIX oTimuuii GyHkuuu scanf() or ¢ynkiuii gets() u
fgets() mpu BBOJIE MOTOKA CHMBOJIOB B CTPOKOBYIO IIEPEMEHHYIO S COCTOMT
B cienyronieM. OyHkius scanf() yuTaer CUMBOJIBI U3 CTAHJIAPTHOT'O BXO/I-
HOTO MOTOKAa W 3alMChIBaeT MX B MEPEMEHHYIO S /10 TE€X MOp, MOKa He
BCTpETUTCS MpoOeibHbIi cumBoa (¢ °, ‘\t’, ‘\n”). dynkuuum xe gets() u
fgets() 3amuCHIBaIOT B CTPOKY S CMMBOJIBI U3 BXOJHOTO IOTOKA, ITOKAa HE
BCTpeTuTCsl cuMBOJ ‘\n’. TakuMm 00Opa3oM, Heb3s C MOMOIIBI0 (PYHKIIMH
scanf() BBeCTH B MEPEMEHHYIO S HEKOTOPOE MPEIIOKEHHE, COJepIKaIiee
MpoOETbHBIE CUMBOJIBI.

Hamnpumep, nocne onpenenenus ctpoku char s[100] u uHCTpYyKIIMU
scanf(“%s”, s) monbiTKa BBecTH npemioxenue “Ilpuser, mup! \n” npuse-
JeT K TOMY, 4TO CTpoka S Oyner coaepxkath 3HaueHue “IIpuser,”. Eciau
BMecTo (yHkiuu scanf() mpumeHuTs QyHKIUIO gets(), To cTpoka S Oyaer
conepxatb “Ilpuser, mup!”. Eciau e B 3TOM cilydae UCIOJIb30BaTh (PyHK-
nuto fgets(), To B cTpoky S OyaeT 3amucaHo Takoe 3HaudeHue: “Ilpuser,
mup! \n”.

dynknus sscanf() untaer cHMBOJIBI U3 CTPOKH String:

int scanf(char *string, char *format, &argument_1,..., &argument_n)

JlanHast GyHKIMS OpOCMaTPUBAET CTPOKY string coryacHo ¢popmary format
U TepefaeT IMOJydYeHHble 3HaueHus B argument_1, argument 2, ...,
argument_n.

Hwxe nepeuyucneHbl TUNBI JaHHBIX W MPUBENCHBI ClelU(pUKATUN
npeoOpaszoBanus Juis GyHkuuil printf u scanf.

Tun Cnenudukarnus Cnenudukarus
JTAHHBIX npeoOpazoBaHus npeoOpa3oBaHus
1 printf i scanf
long double %Lf %Lf
double %f %If
float %f %f
unsigned long long %llu %llu
long long %ll %Il
unsigned long %Ilu %Ilu
long %lId %Id
unsigned int %u %u
int %d %d
short %hd %hd
char %cC %cC
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3. HUKJIBI U OITEPATOPBI CPABHEHUA

3.1. YciaoBHBIIT onepaTop

Y CIIOBHBIN OIEPATOP MO3BOJISIET IMTPOBEPUTH HEKOTOPOE YCIIOBUE U B
3aBUCUMOCTH OT PE3YJbTAaTOB MPOBEPKU BBIMIOJHUTH TO WU UHOE JICUCT-
Bre. CTpyKTypa yCIIOBHOTO ONEPATOPA UMEET CIEAYIOLINN BUL:

if (BBIpakeHUE)
VHCTPYKIMSA 1;

else
WHCTPYKIUA 2;

npuyeM else-4acTh MOXET OTCYTCTBOBaTh. Eciu BeIpakeHHME B CKOOKax
MPUHUMAET UCTUHHOE 3Ha4eHHUE (OTJIWYHOE OT HYJIs), TO BBIMOJIHSIETCS
UHCTPYKIUA 1, a ecnu JoxHOE (paBHOE HYJIO) M MNPUCYTCTBYET else-
4acTh — UHCTPYKIUA 2. BMecTo 0JIHOM MOKHO MCIOJIb30BaTh HA0Op MH-
CTPYKIIUH, JIJI1 9TOTO UX HEOOXOIUMO 3aKIIOYUTh B (DUTYPHBIE CKOOKH.

[Tockonbky omnepartop if mpoBepseT YMCIOBOE 3HAUCHUE BBIPAKECHUS
B CKOOKax, TO B HEKOTOPBIX CIy4dasiX, KOrJa B BBIPAXKCHUU MPOUCXOIUT
MPOBEPKA HA PABEHCTBO WJIM HEPABEHCTBO HYJIIO, YCIOBHE MOKHO 3aIld-
ChIBATh B COKPAILICHHOM BHJI€. B 3TOM ciryyae 3anuch Buaa

if (BeIpaxkenue != 0)
MO>KHO NIepenucaTh ClIeIyIM 00pa3oM:
if (BeIpakeHue)

CornacHo npunaromy B Cu coriaiieHuto ciioBo else Bcerma oTHO-
cutcs K Omkaiimiemy ycioBuio if. UToObl KOMNUIATOP MPaBUIILHO HH-
TEePIPETUPOBAIT BIIOKECHHBIE 1f-else KOHCTPYKIINMHU, HEOOXOIUMO JTOJKHBIM
00pa3oM paccTtaBUTh PurypHsie ckoOku. Hampumep, B IpuBEACHHBIX HU-
e JIBYX CIydasiX CJIOBO else OTHOCHUTCS K pa3HbIM ycioBUsM if: B mepBoM
ciyyae else OTHOCUTCSI KO BTOPOMY YCJIOBHIO, @ BO BTOPOM — K IIEPBOMY.

If (a > 10) if (a>10)
if (b <10) {
a=0; if (b <10)
else a=0;
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b=0: }
else
b=0;

B s3pike Cu umeeTcs omepaiiusi, KOTopas cpa3y paboTaeT ¢ TpeMs
omnepaHaaMu. ITO TepHapHas ycjaoBHas omepaius " ? . ". CHHTaKCHUC HC-
MOJIb30BAHUS TAHHOW TEPHAPHOU ONEPALINU CIIETYFOIIUN:

BbIpakeHUE | ? BeIpaxkeHHE 2 : BIpAKEHUE 3

JlaHHasi CTpoka YuTaeTcsa CICAYIOIIMM 00pa3oM: eciiv BbipakeHue 1 mc-
TUHHO, TOT/Ia BBITIOJHSAETCS BBIPAKECHUE 2 M 3HAYCHUE BBIpAKECHUS_2 CTa-
HOBUTCSI 3HAYEHUEM BCETO YCIIOBHOI'O BhIpaXeHHsS. B MpoTHBHOM ciydae
BBITIOJTHSIETCS BBIPAXKEHUE 3, M €ro 3HAYCHHE CTAHOBUTCS] 3HAYEHHUEM BCE-
ro yCJIOBHOTO BbIpaxkeHus. Hampumep, 4ToObI 3amucath B MNEPEMEHHYIO
Max MakCMMaJIbHOE 3HaUCHHE U3 JIBYX uncea a u b, MoxHO 3amucaTh Tak:

max=(a>b)?a:b; /[*max=max{a, b} */
C IIOMOIIBIO I[aHHOfI oncpanuu TAKXKEC JICTKO BbIYUCIIATH 3HAYCHUC MOAY-
JIA 9yuciia X.

y=(x<0)?-X:X;

3.2. Onepatop BbIOOpa switch

Omneparop SWitch mo3BossieT BHIOpaTh OJHY M3 HECKOIBKUX aJIbTep-
HaTuB. JlaHHBIN OMepaTop UMEET CIEAYIOLNA OO BUL;

switch (BbIpaxkeHue)

{

case koHcTaHTa-BeIpakeHue_1: macTpykumu_1; break;

Case KOHCTaHTa-BhIpaXeHUE N: MHCTPYKIMU_N; break;
default: unctpykiuu_(n+1);
¥

CHauaa BBIYMCIISETCS 3HAUYCHUE IIEJIOTO BBIPAKCHHS B CKOOKAax, a 3aTeM
OHO CpPaBHUBAETCS CO BCEMHM KOHCTaHTaMHU-BhIpaKEHUsSMH. Bce 3HaueHUs
KOHCTaHT-BBIPAYXXEHUH JTOJDKHBI OBITH pa3imuHbIMU. [Ipu coBmajeHuy 3Ha-
YCHHS BBIPKEHUS B CKOOKaxX CO 3HAYCHHMEM OJHOW M3 KOHCTaHT-BBIpa-
’KCHHUI BBITIOJIHAIOTCS COOTBETCTBYIOIIUE MHCTPYKIMU. Ecian HU ofHa U3
KOHCTaHT HE TOJXOJUT, TOTJa BBIMOJIHSIIOTCS MHCTPYKIIHHA C KITFOUECBBIM
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cinoBoMm default. Eciu default oTrcyTcTByeT M HM OJlHa KOHCTaHTa HE TIO-
JI01ILJIa, TO HUYETO HE MTPOUCXOIUT.

Hampumep, B cieayromierd nporpaMme MPOUCXOIUT IMPOBEPKA, YET-
Hasl WM HedeTHas 1udpa Oblia BBEICHA:

#include <stdio.h>
int main( )
U
int a;
printf(“a = “);
scanf(“%d”, &a);
switch (a)
{
case 1: case 3: case 5: case 7: case 9:
printf("BBeacHa HeyeTHas nudpa');
break;
case O: case 2: case 4: case 6: case 8:
printf("BBenena yeTHas mudpa ");
break;
default:
printf("BBenena ne mudpa');
}

return O;

}

3.3. OnepaTopsbl HUKJIA

Koncrpykuun s3pika Cru mO3BOJSIIOT paccMaTpuBaTh TPU OlepaTopa
rukia: for, while u do-while.
OmnepaTtop for popmansHO MOKHO 3amucaTh CISTYIOIIUM 00pa3oM:

for(BeIpaxkeHue 1; BeIpaskeHHE_2; BhIpaKeHUE 3) TEJO IIUKIIA

Teno mukia cocraBuser JUOO OJHA UHCTPYKIHUS, JTUOO HAOOp UHCTPYK-
[IUH, 3aKJIFOYEHHBIX B QUTYpHBIE CKOOKU. BoIpaxkenue 1 0OBIUHO MCTOJIb-
3yeTrcs ISl UHUIMAIN3allui HayaJbHbIX 3HAYEHUH MepEeMEHHBIX, KOTOPbIE
YOPABJISIOT UUKJIOM (YyIpaBisoIIMe MepeMeHHbie). Bripaxkenue 2 ompe-
JEJISIET YCJIOBHS, TIPU KOTOPBIX TEJIO LUK OYJIeT BBIMOJHATHCS. Boipaxe-
Hue_3 omnpenenseT u3MEHEHNEe 3HAUCHUHN yIPaBIISIONIUX TEPEMEHHBIX.
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[{ux for BRIMOJHSIETCS MO CIEIYIONICH cXeMe:

1. Beruucnsiercst Beipaxenue 1.

2. Boluucnsercst BoIpakeHue 2.

3. Eciu 3HaueHne BhIpXKEHUS 2 SIBISETCS UCTUHHBIM (HEHYJIEBBIM),
TOTJA BBITOJIHAECTCA TEJIO LMKJA, a4 3aTEM BBIYMCISAETCS BBIpaXe-
HUE€ 3 W OCYIIECTBIISIETCS TEPEXOJ K BbIpaxkeHuto 2. Eciam xe
3HAYEHUE BBIPAKEHUS 2 SBISIETCA JIOKHBIM (HYJIEBBIM), TOrAa
BBITIOJIHEHHUE omeparopa for 3aBepinaercs. [Ipu oTcyTCTBUU BBI-
pakeHus 2 OHO MOJIPa3yMEBAETCS BCErJja UCTUHHBIM.

Hanpumep, nocsie BbINOJIHEHNS TUKJIIA

for (I=1;1<=10; i++)
printf(“%d\n”, 1);

Ha dKpaH OynyT BBIBEJEHHI 1eJible yucia 1, 2, ..., 10, a mocne BbINMOJHEHUS
MUKJIa

for 1=10;i>=1;i-)
printf(“%d\n”, 1);
Ha 3KpaHe nosarca uncna 10,9, ..., 1.

HpI/IBCI[GM TAKKC IIPUMCP HUKIIA for ¢ ABYM: YIIPpABJIAOIIMMU TICPC-
MCHHBIMU:

for (i=1,j=10;i<j;i++, j-)
printf(“%d %d\n”, i, j);

VYnpasisioinias nepeMeHHass MOXXET ObITh CHUMBOJIbHOM. Hampumep,
HWKE IPUBOJIUTCA BBIBOJI HA DKPAH BCEX CTPOYHBIX JATUHCKUX CUMBOJIOB:

char c;
for(c ='a’; c <='Z'"; c++)
printf("%c ", c);
JIto6oe 13 Tpex BbIpaKEHUU B IIUKJIE MOXKET OTCYTCTBOBaTh. Hampu-
Mep, LUK

for (; ;) { Teno nukna }

SIBIISIETCSI OCCKOHEYHBIM.

Crnenyer OTMETUTh, YTO TEJIO I[UKJIA MOXKET ObITh MycThiM. Hampu-
Mep, cyMmy 1esbiX dncen oT 1 1o 100 MOXHO BBIYMCIWTH CIIEAYIOIIUM
00pa3oMm:

int i, sum:;
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for(i = sum = 0; i <= 100; sum += i, i++)

OmnepaTtop While popmaiibHO 3amuckIBaeTCS B BUC
while (BeIpakeHue) Teno 1uKia

Bripaxenue B CKOOKax MOXKET MPUHUMATh JTUOO HYJIEBOE (JI0KHOE), JTHOO
HEHyJIeBOE (MCTUHHOE) 3HaueHue. Tesno 1MuKiIa OyIeT BBIOIHITHCS, TOMb-
KO €CJIM BbIpaX€HUE MCTUHHO. ECnu ke BbIpaK€HUE JIOKHO, TO ITUKJI 3a-
Bepuiaerca. Hanpumep, BeIBOI Ha 3KkpaH uucen 1, 2, ..., 10 MoxkHO ocynie-
CTBUTH CJIEAYIOIIUM 00pa3oM:

I =1;

while (i <= 10)

{
printf(“%d\n”, 1);
I++;

}

Omneparop nukia for Buaa
for(BbipaxkeHne 1; BelpaxkeHUE 2; BBIpaKEHUE 3) TEJIO LUKJIA

MOHO 3aMEHUTH ONlepaTopoM Hukia while caenyrommm odpazom:
BbIpaXkeHue 1;
while (Beipaxkenue 2)
TEJIO LUK
BBIPAXKECHUE 3;

}

Onepatop do-while. Eciii nmpoBepka UCTUHHOCTH BBIPAKCHHSI ITHK-
ja while TpOMCXOAMT 0 BBIMIOJIHEHHS Tela IMKIa, TO B Iukie do-while
9Ta MPOBEPKa OCYIIECTBIIICTCS MOC/C MPOXOXKICHUS Tea Iukia. Omnepa-
top do-while hopManbHO 3anuckIBaeTCs B BUJIE

do Teno nmkia while (BeIpakeHwHe);

Teno OHUKIIa 6YHGT BBIIIOJIHATBCA OO0 TCX IIOP, IMIOKA BBIPAXKCHHUC B
CKOOKaXx sBisieTCS HCTUHHBIM. Ecnm BBIPpAKCHUC JIOKHO IIPU BXOIC B
HUKII, TO TCJIO IHUKJIA BBIITOJIHUTCA POBHO OAWH pPa3.
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3.4. Oneparopsl break u continue

Omnepatop break mo3Bossier BEIMTH U3 onieparopoB nukia for, while,
do-while n nmepexirouarens switch. JlaHHBIN omepaTop JaeT BO3MOKHOCTh
HEMEIJICHHOIO BBIX0/Ia U3 CAMOI'0 BHYTPEHHEIO IHMKJIA MM IIEPEeKIrouare-
ns. Hampumep, MOXKHO ClEAYIOIIMM 00pa3oM MpoOexaTh BCE TOYKU OT-
pe3ka [0, 1] ¢ marom 0.1:

#include <stdio.h>
int main()
{
double x;
for (x=0;; x+=0.1) /* 6eckoHeuHbI} UK */
{
if (x>1)
break;
else
printf(“%.1RAn”, x);
by

return O;

}

Omneparop continue BBI3BIBAECT IPEKIECBPEMEHHOC 3aBEPIICHHUE BbI-
MOJTHEHHUSI TeJIa IUKJIA C MEPEXO0JIOM K CIEAYIOlIeMy 1ary urepauuu. s
rukiioB while u do-while 3To 03HauaeT HEMEMICHHBIN MEPEXOI K TPOBEP-
K€ ycioBus, a s 1ukia for — mepexon K Belpaxkenuto_3. OmepaTtop
continue melicTByeT Ha CaMblid BHYTPECHHUH ITHKII.

B kaudectBe nmpumMepa UCIONIB30BAHUS OllepaTopa continue MpuBeaeM
IporpaMmy BBIBOJIA Ha SKPaH BCEX HEYETHBIX HUQP:

#include <stdio.h>
int main( )
L
inti;
for (1=0;1<=09; i++) /* nepemennas i npobGeraer Bee uudps1 ot 0 10 9 */
{
if (i%2 == O) [* ecu nndpa YeTHast, ITHOPUPYEM OCTaBIIIKECS OrnepaTopsl */
continue;
printf(“%d\n”, i);
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}

return O;

}

3.5. IIpumepnl

Ipumep 1. TpeOyeTcs cocTaBUTH IPOTPaMMYy ITOCTPOCHUS TaOIHUIIbI
3HaueHuH QyHKuuM Y = " — X* Ha otpeske [A, B] ¢ marom H. B kaxnoi
CTpPOKE TAOJWIIBI BHIBECTH 3HAYCHUE apTryMEHTa M COOTBETCTBYIOIIEE EMY
3HaYeHue (YHKIUM B (HOPMATUPOBAHHOM BHJE C 2 3HAKaMU IIOCTE 3a-
naroi. Takke HAWTU MUHMMAIbHOE CPEIM BCEX 3HAYCHHM (DYHKIIUM Ha
3aJJaHHOM OTPE3KE C TOYHOCThIO H M KOJIMYECTBO 3HAYEHH (DYHKIIMU C
YETHOM LICJION YaCThIO.

B cnenyromeir nporpamme ucnodiib3dyerca ¢yukiusa modf(), umero-
ast TAKOM MPOTOTHIL:

double modf(double x, double *ip)

JlanHast GyHKIMA pa30MBAET ACHUCTBUTEIBLHOE YUCIIO X HA IENYI0 U APOo0-
HYIO 4acCTH, IpUYeM 00€ 4acTH UMEIOT TOT )K€ 3HAK, UTO M MCXOJIHOE 3Ha-
yeHue X. llemas gacTh 3ammomMuHaeTcs B *ip, a n1poOHast BBIJIAETCSA Kak pe-
3yJIbTaT QYyHKIUU.

#include <stdio.h>
#include <math.h>

#define A -2.0 [* neBas rpaHuIa OTpe3Ka */
#define B 2.0 [* npaBa rpaHuIa oTpe3ka */
#defineH 0.1 [* mar (mpuparnieHue aprymenra) */

/* dyrxupst F() Beraucisier sHauenue GyHKuun Y = €°— X B Touke X */
double F(double x)

¢ return exp(x) — X*x;
by
int main( )
{
double x,y, /* aprymenTt u 3naueHue ¢pyHkiuu y = F(X) */
min, /* MuaUMaIbHOE 3HaUYCHHE (PYHKITMHU ¢ TOYHOCTHIO H */
q; [* nienast yacTh 3HaYCHUS QYHKIHH */
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Int N; /*koamuecTBo 3HaYEHNN QYHKIMU, MIMEIOLIMX YETHYIO LIENYIO 4acTh™/
n=0;
min = F(A); /* nayambHOE 3HaYCHUE MUHUMYyMa */
for(x = A; x <=B; x +=H)
{
y = F(X); /* Boluncisiem 3HaueHue GpyHKIHH Y = €°— X° B TouKe X */
printf(“%10.2f %10.2f\n”, X, y); /*BbIBoMM 3HaUeHHUs X U Y HA SKpaH™/
iIf (y <min)
min =y;
modf(y, &Q); /*3amuceiBacM B MEPEMEHHYIO  LIETYIO Y4acTh OT y*/
if ((long)q % 2 ==0) /* nposepsiem Ha YeTHOCTL */
n++;
}
printf(“min = %.2f\n”, min);
printf(“n = %d\n”, n);
return O;

Hpumep 2. /Ing wenoro yuciia N HAUTA CYMMY U KOJIUYECTBO €r0
uudp, UCMOIB3Ys ONEpalUy JACICHUS HALeJIO W B3SATHUS OCTaTKa OT JieJie-
HUSL.

3amMeTuM, 4TO UCIOJIb30BaHKUE onepanuii / U % I NEIbIX YUCEN OC-
HOBAHO Ha CIIEIYIOIIEM YTBEPKIACHUU: JIs JTIOOOM Mapbl LENbIX YUCEN a U
b, Tme b # 0, cymecTByeT, U MPUTOM €TUHCTBEHHOE, PA3JIOKCHIE BUIA & =
bg+r,tome qur—nensie uncnau 0 < r < |b|.

#include <stdio.h>
int main()

{

int n, [* ucxomqHO€E YKCIIo n */
sum, [* cymma 1ndp yuncia n */
K; [* xonuuecTBO 1UGp Ynciaa n */

sum = k = 0; /* nauanbHOe 3HAUEHUE IS CyMMBI U KOJIMUECTBA LUdp */
printf(“n=*);
scanf(““%d”, &n); [* BBOAMM 4MCIIO N */
do
{
K++; [* yauThiBaeM NOCIEIHION MUY yrcia n */
[* npubasisieM K TEKYIIEH CyMMe ITOCIIEAHIO0 1Py yrciaa n */
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sum +=n%10:;

n /= 10; [* oTOpaceiBaeM mocieHIow nudpy uucima n */
} while (n 1= 0);
printf(“sum = %d k = %d\n”, sum, K);
return O;

}

3aMeTUM MPH 3TOM, YTO IO OTACIHHOCTH (YHKIIUM TOJcUeTa IUQp meso-
r'o YMCja U MMoJicYeTa CyMMBI ITU(P MOKHO TaK KOMIAKTHO MPOIKUCATh:

[* xonmuuecTBO b */ [* cymma nudp */
int CountDigits (int a) int SumDigits(int a)
{ {
int count = 1; int sum = a%10;
while(a /= 10) while(a /= 10)
count++; sum +=a%10;
return count; return sum;
} }

IMpumep 3. Onpenenuts, coaepkutcs au nudpa digit B miemom yuc-
e n.

#include<stdio.h>
#include<math.h>
int Search(int n, int digit)

{
n = abs(n);
while(n >= 10 && n % 10 != digit)
n/=10;
return n >=10 || n == digit;
ks
int main()
{

int n, digit;
scanf(“%d%d”, &n, &digit);
printf(“%s\n, Search(n, digit) ? “yes” : “no”);
return O;
}

38



Ipumep 4. Crnenyromas QyHKIUS TEPEBOPAUUBAET LIEIIOE YUCITIO U
BO3BpalAECT MOJYYEHHOE 3HAUEHNE B KAUECTBE PE3YJIbTATA.

int Reverse(int a)
{
intb=0;
do
b=b*10+a % 10;
while (a /= 10);
return b;
}

Ipumep 5 (pakropuszanms). CocTaBUTh IPOrpaMMy, IEUATAIOLLYFO
paziiokKeHHe Ha MPOCThle MHOKUTEIH 3aJaHHOTO 1ieoro yucia n>0.

B cieyloleM airopuTMe MCIosb3yeTcsl TAKOe YTBEPKJIECHHE: MYCTh
a — HEKOTOpoe I1IeJI0€ YUCIIO, MpUYeM a > 1, Torja CyIlecTBYeT eIHHCT-
BEHHOE Pa3/IOKEHUE HA IIPOCThIE MHOKMTENU BHAA A = py pie...pf | e ky,
Ky, ...., Ky — IleJIblE ONOKUTENBHBIE YNCHA, P1, Pa, ..., Pn — IPOCTHIE UKCIIA

UPL<p2<...<pn

#include <stdio.h>

int main()
{
unsigned int n, [* ucxonnoe yucaon  */
I; [* MHOXkUTENH unciia n */
printf("n =");
scanf("%u", &n); /*BBogum n */
1=2; [* uieM MHOXKATENN, HAYMHAA ¢ yucia 2 */
while (n 1=1)
{

while (n % i 1= 0)
i++:
printf("%u\n", i); /* BeIBOAMM OYepeIHON MHOKUTEID | */
N /=1, [*nemim n Ha MHOXUTEND 1, YTOOKI €r0 OOJIbIIE HE YYUTHIBATE™/

}

return O;
}
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Hcnonb3yeM TOT (akT, 9YTO €CIM HaTypajJbHOE YHMCIO MMEET COOCT-
BEHHBIU JCJIUTEINb, TO €CTh ACIUTEIb, OTIUYHBIN OT CAMOI0 YUCIa U €U-
HUIIBI, TO 3HAYEHUE ITOr0 JCIUTENsI HE TMPEBOCXOIUT KOPHS M3 JTaHHOTO
yucia. [loaroMy MOXXHO Tak MOAU(PUIIUPOBATH MPOTPAMMY

#include <stdio.h>

int main()

{
unsigned int n, i;
printf("n =");
scanf(*'%u", &n);
=2
while (n 1=1)
{

if (n% i==0)

{
printf(“%u\n”, 1);
n/=i;
¥
else
if (iI*i > n) /* mpoBepka, ocranuck Jiu cCOGCTBEHHBIE AETUTENN */
I =n;
else i++;

}

return O;
}

Ipumep 6 (mpoBepka Ha MpocToTy). [IpoBEpUTH, SABIIIETCS M 3a-
JaHHOE I[EJI0€ YUCIIO N IIPOCTHIM.

HarmoMHuM, 9TO II€JI0€ YHCII0 HA3hIBAETCS IPOCTHIM, ECJIM OHO MMEET
POBHO JBa MOJIOKUTEILHBIX AenuTens. IlooToMy 9uciio 1 mpocTeIM HE SIB-
JISIETCAL.

JIst HAMCAaHMs alrOpPHTMa HCIOIL3YEM TaKOE YTBEPIKIECHHUE: €CIH
I1eJI0€ HEOTPHUIATEIBHOE YHCIO N MOKHO MPEACTABUTh B BUE MPOM3BEIE-
HUA Heaslx yucen a u b (n = ab), npuuem a > 2 u b > 2, Torma nmubo a
< [Vn], mu6o b < [Vn], rae [] — uenas gacth yucna. IlosTomy OymeM uc-
KaTh HEYCTHBIC IEJIMTENN YKciaa N B auama3oHe ot 2 1o [+n], mpeasapu-
TEJIBHO IPOBEPUB IEIMMOCTE Ha 2.
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#include <math.h>
/* norumdeckasi GyHKIMS TIPOBEPKH I[EJIOTO YKCIIa Ha MPOCTOTY */
int Prime (int n)
{ - -
inti;
n = abs(n);
if (n==2)
return 1;
if(n==0|n==1||n%2==0)
return O;
for(i=3;i*I<=n&&nN%i; i +=2)

return (i*i > n);
Ipumep 7. Hano uenoe yucio N>0. Onpenenuts, ABISETCS JIM OHO

CTENEHBIO uuciaa S. Huxke mpencraBieHbl JBa BapuaHTa JIOTUYECKOU
GyHKITMH, TPOBEPSIIOININE UCXOIHOE YUCIIO HAa CTETNIEHb YnCiia 5.

int Deg_of5(unsigned long a) int Deg_of5(unsigned long a)
{ {
unsigned long b = 1; iIf (a==0)
if (@a==0) return O;
return O; while (!1(a % 5))
while (b < a) al=5;
b *=5; return (a ==1);
return (a == b); }
¥

IIpumep 8. [lano HatypasnbHOe umcio N. HailTu 3HaueHue yucia,
MOJYYEHHOI'O CIEAYIOIMIMM 00pa3oM: M3 3aluCH Yrciia N BEIOPOCUTDH LK G-
pbl O 1 5, OCTAaBUB MPEKHUM MOPSTOK OCTATBHBIX LUGP.

unsigned long Number(unsigned long a)

{
unsigned long p =1, b =0, digit;
while (a)
{
digit = a % 10;
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if (digit != 0 && digit !=5)
{

b +=digit * p;
p *=10;
}
a/l=10;
}
return b;

}

3.6. Borunc/jieHne 3HaYeHU 3J1eMeHTAPHBIX QyHKIUI

I'oBopsr, uro ¢pyukmus f(X) Ha uaTepBaie (-R, R) MoxeT ObITh pas-
JI0’)KEHA B CTENIEHHOM PsiJl, €CIIU CYIIECTBYET CTCIICHHOMN PS/I, CXOMSIITUNCS
k f(X) Ha uaTepBasie (-R, R). I3 kypca MaTeMaTHYECKOTr0 aHaIn3a XOPOIIO
M3BECTHO, YTO CIEAYIOUINE dJIeMEHTapHbIe (DYHKIIMN UMEIOT TaKue pasiio-
KEHUS:

{‘”=1+ﬂ—|—;+ —I—%— =”i:=[):;—l:
sin 1‘=1‘—§+§—...—I—{—l]”%—l—...=nh:[][—l'}”[gfiﬂl]l
cos 1‘=1—£—;— +{_””[§:r - .=§{_—H”[§:r
En.{1+.rj=1~—§—§—...+{_—1]”+1§+...=i[—1}”‘1§.

IIpu 3TOM mepBbIE TPU PA3IOKEHUS CXOIATCSA HA BCEU YHCIOBOM OCH, a
yeTBepTOoe — Ha monyuHtepBaie (-1,1]. Jdnga noboro ¢puKCHpoOBaHHOTO
3HAYEHUS X (IS TIOCIICTHETO psaa X MPUHAMICKUT noryuHTepany (-1,1])
MOCJICTHUE TPU PsJia SBISIIOTCS YHUCIIOBBIMU psijaMu JIeiOHMIIa, MO3TOMY
U1 TF000T0 N crIipaBeIMBa OIeHKaA |S,-S|<a,, rae a, — N-bIi WIeH psaa,
Sy, — N-as yactuyHas cymma psifa, S — cymma psaa. Mcxoss u3 3Toro Mox-
HO OYEHB JIETKO BBIYUCIIMTH NMPHOIMKeHHOE 3HaueHue Sin(X), CoS(X) wim
In(1+X) ¢ Hanepen 3a1aHHON TOYHOCTHIO €. B 3TOM citydae cyMMHUpOBaHHE
MPOUCXOJUT JI0 T€X TMOP, MOKa MOJIYJIb OUEPEIHOTO YJICHA Psijia HE CTaHET
MeHblle 4eM &. Huke mpuBeieHbl MpUMephl BBIUYKUCICHUS 3HAYCHU CUHY-
Ca ¥ KOCUHYCa B TOYKE X C TOYHOCTBIO €.
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double Sin(double x, double eps)  double Cos(double x, double eps)

{ {
Inti; Inti1;
double P, /*ouepenHoii uneH psana */ double P, /*ouepenHoi uneH psga */
rez; /* pesynbtar */ rez; /* pesynbtar */
1=1; 1 =0;
rez=p =x; rez=p=1;
while(fabs(p) >= eps) while(fabs(p) >= eps)
{ {
| +=2; | +=2;
p *=-(*x)/((1-1)*1); p *=-(<*x)/((1-1)*1);
rez +=p; rez +=p;
} }
return rez; return rez;
} }

Hwxe Ttaxxe mpencraBieHa (YHKIHMS, BBIUUCISIONIAS MNPUOIMKEHHOE
3HaueHue €', UCIoJb3ylolas N utepanuii. B kauecTBe mapamerpa N gocra-
touHo Opatek 1000, Hampumep Exp(2, 1000).

double Exp(double x, int n)
{
inti, flag = 1;
double p, rez;
iIf (x<0)
X = -X;
else flag = 0;
rez=p=1;
for(i=1;i<=n;i++)
{
p *= x/i;
rez +=p;

}

return flag ? 1.0/rez : rez;
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3.7. 3amaum

HaiiTu cyMMy BC€X HEUYETHBIX (S1) U CyMMY BCEX YETHBIX (Sp) LEIBIX
yuceln B quana3zone ot 1 go 100.

Haneuarats Bce nBy3HAUHBIC IIETBIE MOJIOKUTEIBHBIC YUCIIA, KPATHBIE
TpeMm, 0€3 UCIIOIH30BaHUS YCIOBHOTO OMEpaTopa.

Jano HatypanasHoe N, Beraucauth N! (01 =1, n! =n(n - 1)),

Jano nenoe uucio N > 0. OnpenennTth, SABISETCS JU OHO CTEIECHBIO
gucna 3.

JHano uenoe uucno N > 0. Halitu HanMeHbIlIee 11EJ10€ MOJ0KUTEIIHLHOE
qucIIo K, KBaJpaT KOTOPOI'0 IPEBOCXOJUT N: k? > n. OYHKIHUIO U3BJIE-
YEHHMS KBaJIPAaTHOI'O KOPHS HE UCIIOJIb30BaTh.

Hano uenoe yucio N > 0. Onpeaenuth, NPeACTABUMO JU YHUCIO N
B Buze h = k°, rie k — HexoTopoe nenoe unco.

J1Jist IBYX LIENIBIX MMOJ0KUATEIbHBIX YMCE a U b HaliTh MX HauMEHbIIee
obmiee kpatHoe (HOK).

[TomcunTaTh KOJIUYECTBO TPEX3HAYHBIX HATYPAIBHBIX YHCEI, B 3aIMUCH
KOTOPBIX €CTh JIBE OJIMHAKOBBIC [TUDPPHI.

[ToncunTaTh KOJIUYECTBO TPEX3HAYHBIX HATYPAIBHBIX YHCEI, B 3aMMUCH
KOTOPBIX BCE TPU IUPPHI pa3TUIHBI.

OnpenenuTb, MMEIOTCS JIM B 3aIllUCH 1I€JIOTO YKcJia N HeUeTHBIE 1Ud-
pBI.

Onpenenuth, ABISACTCA JU LEJIOE YHACIO CUMMETPUYHBIM B JIECATHY-
HOW 3aITUCH.

JaHo HatypanbHOE yucio N. HaWtu 3HaueHWe 4wucia, MOIy4EeHHOrO
clenyommuM o0pa3oM: M3 3amucu yucia N BeIOpocuth 1udpsl 1 u 2,
OCTaBHUB MPEKHUM IMOPSJIOK OCTATBHBIX ITUQP.

JIaHO JIeMCTBUTEIBHOE YUCIIO X U 1esoe uynciio N > 0. Mcnonb3ys oauH
LUKJ, HAWTU cymmy | + X + X+ + .+ X"

JlaHo JmercTBUTENIBLHOE YHUCIO0 X U 1enoe ynciao N>0. Halitu 3HadueHue
BeIpakerust X — X/(31) + /(51 — ... + (1) x*™((2n+1)Y).
ITocnenoBarenbHOCTh PUOOHAYYM OMNPEACISAETCS CICIYIOIIUM 00pa-
30M: Xg= 0, Xy = 1, Xp = Xp.1 + X ipu N > 2. [lycTh m1aHO HAaTypajdbHOE
yrcao N. BeIUUCIUTG Xp,.

JlaHbl 1eJIbIe TOJIOKUTEIbHEBIC unciaa N u K. Mcmoas3ys ToJbKO ome-
palyy CJIOKEHUS U BBIYMTAHMS, HAUTHU LEJIYI0 YaCTh U OCTAaTOK OT Jie-
JeHus N Ha K.
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20.
21,
22,
23.

24,

25.

26.
217,

OnpeneauThb, MOKHO JIM 33JJaHHOE HATYPaJIbHOE YUCIIO N MPEACTaBUTh
B BHJIC CYMMBI IBYX KBaJpPaTOB HATYPaJbHBIX YHCEIL.

CocTaBuTh IpOrpamMmy, IEeYaTaONIy0 BCE pa3InYHbIE MPOCTHIE MHO-
KUTEIIN 3aJaHHOTIO 11ej0ro unciaa n > 0.

[Tycth maHo HaTypaibHOE 4Kcio N. Hamedyarath KBaapaThl BCEX YHCEN
or 1 10 N, HE KCIIONB3YS ONEPALMIO YMHOXKEHHUS (HCIIONIB30BATh pa-
BerctBo (N + 1)°=n? +2n + 1).

3aoauu ons camocmosmenbHol pabomol

[IpoBeputsb, copepKUTCs U UPpa S B LEIOM YHUCIIE.

HaiiTu konnuecTBO 4eTHBIX HUQP B LIEJIOM YHCIIE.

[IpoBeputb, coBnagacT v nepnas 1udpa ¢ mocaeaHei B [eJI0M YHCIIE.
IIpoBepuTh, SABISIETCS JIM LETOE YUCIO CUMMETPUYHBIM B JIBOMYHOU
3aIHUCH.

IIpoBepuTh, COCTOUT JIM LIENOE YUCIO U3 ABYX OAMHAKOBBIX IOJIOBU-
HOK.

[IpoBepuTh, YepenyrOTCA M YeTHbIC HUPPHI C HEYECTHBIMU B II€JIOM
YHUCIIE.

VY 1anuTh U3 1EJI0ro Ynciia BCE HEUETHBIE LIU(PHI.

[Tpoay6nupoBaTh Bce HEUETHBIE ITUPPHI B IIEJIOM YHCIIE.
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4. OBPABOTKA MMOCJIEJJOBATEJIbHOCTEM

ITocnenoBaTebHOCTh JAHHBIX HE BCErJIa HY)KHO COXPAHATH B MaMs-
Tu. [locnenoBarenbHOCTh MOXKHO 00pabaThIBaTh MO MEpPE MOCTYIUICHUS €€
AJIEMEHTOB: MPU YTEHUU (aiia, MPU BBOJE HEKOTOPHIX JAHHBIX C KJIaBUA-
TYpHI U T.]I.

B manHOM paszgene paccMaTpUBAKOTCS 3aJ1a4l, B KOTOPBIX 3JIEMEHTHI
YUCIIOBOM MOCHENOBATEIBHOCTH MO OJHOMY BBOJATCSA C KIIABUATYPHL.
[Ipr3HakoM 3aBepIlIeHUs] YUCIOBOM MOCIENOBATEILHOCTU Oy/IeM CUMTATh
yuciio 0, KOTOpOe HE SABISETCS €€ IIEMEHTOM.

4.1. llpumepnl

HpHMep 1. HOI[C‘II/ITaTB KOJINYCCTBO MMHUMAJIBHBIX 3JICMCHTOB IIO-
CJIIEA0OBATCIIbHOCTH HCfICTBHT@HBHBIX YHUCCII.

#include <stdio.h>
int main( )

{

doublea, /* 3HaueHme TekyIero AEMEHTA MOCICAOBATEIIBHOCTH */

min; /* MEHEMAaIbHBIA JIEMEHT II0C/IEI0BATECIIbHOCTH */
intn=0; /* KOJIMYECTBO MUHHUMAIbHBIX DJIEMEHTOB */
printf("a =");
scanf("%lf", &a);
min = a; /* HayanpbHOE 3HAUCHUE MUHUMAJIBHOIO djieMeHTa  */
while (a !1=0)
{
if (@ ==min)
n++:
else
if (@< min)
{
/* ecnu BBEJICHHBIN 2JICMEHT OKa3aJICsS MCHBIIIE BCEX MPEABILIYIUX */
/* 3J1IeMEHTOB MOCJEI0BATEILHOCTH, TOT/a IepeonpeessieM min 1 n */
min = a;
n=1;
}
printf("a =");
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scanf("%lf", &a);
}
printf("'n = %d\n", n);
return O;

}

Ipumep 2. B mocnenoBaTeNbHOCTH IEJIBIX YHUCET HAWTH MAaKCH-
MAJIBHOE KOJIMYECTBO IOJO0KUTEIBHBIX AJIEMEHTOB, HAYIIUX HOAPS.

B nporpamMmme HHMKE B KaUeCTBE HAYAJIBLHOIO 3HAYCHUSI MEPEMEHHOU
max (MaKCHUMaJbHOE KOJWYECTBO MOJPSAJ UAYIIUX IMOJI0XKUTEIbHBIX 3JIe-
MEHTOB) OepeTcst 3HaueHue 0, Tak KaK MaKCUMYM HIIETCS CPEIU HEOTPHU-
[aTeJIbHBIX 3JeMEHTOB. Ecim ke TpeOyeTcss HAUTH MUHUMYM HJIM MaKCH-
MYM CPEIU BCEX JIEMEHTOB HEKOTOPOr0 KOHEYHOI'O MHOXKECTBA, DJIEMEH-
TaMU KOTOPOTO SBJSIOTCS MPOU3BOJIBHBIE YMCJIA, TO HU B KOEM CIly4ae
HEJb3sl B Kaue€CTBE HA4YaJIbHOI'O 3HAYEHMsS JJI1 min U max Oparh HU3I00-
JICHHOE€ HAYMHAKIMKUMU Tporpammuctamu uuciao 0. g storo ciyyas
MMEETCSI MAacca MOAXOJOB, HAIPUMEDP B KA4E€CTBE HAYAIIBHOIO 3HAYCHUS
MOYKHO B3S5ITh MIPOU3BOJILHBINA 3JIEMEHT paCCMaTPUBAEMOTO MHOKECTRBA.

#include <stdio.h>
int main()
{
int a, [* 3HaUeHHE TEKYIIETO AJIEMEHTA ITOCIeA0BaTeIbHOCTH  */
n, /* KOJIMYECTBO MOAPST UAYIIUX IMOJTOXKUTCIBHBIX 2JICMEHTOB */
max; /* makc. KOJIMYeCTBO HMOAPSA UAYIINX MOI0XK. SIEMEHTOB  */
max = 0; /* HagaipbHOE 3HaYCHHE MaKcuMyMa */

printf("a =");
scanf("%d", &a);
while (a !'=0)
{
n=0;
/* cuuTaeM KOJIMYECTBO nmoapsaa NAYIUX IMOJIOKUTCIIbHBIX 3JIEMCHTOB */
while (a > 0)
{
n++;
printf("a =");

scanf("%d", &a);
by

If (n > max)
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max = n,

/* mpoberaeM Bce MOAPS HIYIINAE OTPUIIATEIBLHBIC SJIEMEHTHI */

while (a < 0)
{
printf("a =");
scanf("%d", &a);
¥
¥

printf("max = %d\n", max);
return O;

}

HarnsgHocts mpuMeHEHUS UM
MPOOEraroT LEJble CEPUM IIIEMEHTOB
CTBOM, KaK B IPEILIAYIIEM ITpUMeEpeE,

Hpumep 3. Ilycte umeercs

€HHO BJIOKCHHBIX IIUKJIOB, KOTOPBIC
, 00JIaJaroIX TEM HJIM WHBIM CBOM-
MOKa3bIBAIOT CICAYIOIINE TPUMEPHI.

IIOCJIICAOBATCIIBHOCTE LECJIbIX YHCCII.

Tpe6y€TC$I BBIBCCTH IJIMHBI BCEX CepI/Iﬁ moApAan UAYHHUX IMOJOKHUTCIbHBIX
" IIoApAd UAYIHIHUX OTPHUHATCIIbHBIX 9JICMCHTOB.

/* BapUaHT C BJIOYKEHHBIMU ITUKIaMU */
#include <stdio.h>

int main()
{
inta, n;
n=0;
printf("a =");
scanf("%d", &a);
while (a 1= 0)
{
while (a > 0)
{
n++:
printf("a=");
scanf("%d", &a);
¥
if (n>0)
{

printf("+: %d\n", n);

[* BapraHT Oe3 BIIOKEHHBIX IIUKJIOB */
#include <stdio.h>
int main()
{
int a, n_plus, n_minus;
n_minus =n_plus = 0;
printf("a=");
scanf("%d", &a);
while (a !'=0)
{
if (@a>0)
{
n_plus++;
iIf (n_minus > 0)
{
printf("-: %d\n", n_minus);
n_minus = 0;

}

}
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}

=

n=0; else
¥ {
while (a < 0) n_minus++;
{ if (n_plus > 0)

n++; {

printf("a="); printf("+: %d\n", n_plus);

scanf("%d", &a); n_plus =0;
¥ ¥
if (n>0) }
{ printf("a=");

printf(*'-: %d\n", n); scanf(%d", &a);

n=0; }
} [*1ocrie 1uKIIa Hy)KHa eIlie 0/JHa poBepka*™/

} if (n_minus > 0)
return O: printf(*'-: %d\n", n_minus);
if (n_plus > 0)
printf("+: %d\n", n_plus);
return O;
¥
4.2. 3apaun

Haviti cyMMy 1 KOJTMYECTBO JIEMEHTOB MOCJIEA0BATEIbHOCTH.

Jlano uuciao K u mociaegoBaTeIbHOCTh ACHCTBUTEIBHBIX 4ncell. Bui-
BECTH HOMEp IIEPBOI0 3JIEMEHTA ITOCICAOBATEIILHOCTH, 00JIbIIeTO K.
[IpoBepuTh, SABIIETCA WM JaHHASA IIOCJIEIOBATEIIBHOCTh BO3PaCTarO-
Ie.

BeiBecT HOMEpa TEX 3JEMEHTOB IOCJIEAOBATEILHOCTH, KOTOPBIE
MEHBIIIE CBOET'O JIEBOI'O COCEea, U KOJIMUYECTBO TAKUX BJICMECHTOB.
Haiitu kOmM4ecTBO 3JEMEHTOB MOCIENOBATEIBHOCTH, PACIIOIOKEH-
HBIX MIEPE]] IEPBHIM MUHUMAIIBHBIM 3JIEMEHTOM.

B mocnenoBaTeabHOCTH LIEJIBIX YMCEI HAUTH MaKCUMaJlbHOE KOJIHUYE-
CTBO YETHBIX IJIEMEHTOB, UAYIIUX MMOAPS/I.

Ilycth MMeeTcs mocienoBaTeIbHOCTh IENbIX 4Yuced. TpedyeTcs BbI-
BECTH JJIMHBI BCEX CEPUU MOAPAA UAYIIUX YETHBIX U MOJAPS UIYIIUX
HEUYCETHBIX DJIEMECHTOB.
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17,

18.

B IIOCJICAO0BATCIIBbHOCTHU LECJIBIX YHCCII HAaMTH KOJIMYECTBO Y4aCTKOB
CTpOroro BO3paCTaHUg ITOCJIICAOBATCIBHOCTU WM BBIBCCTH Ha 3KpaH
JJIMHBI TaHHBIX YYAaCTKOB.

Haiitu HOMCDP 9JICMCHTA ITIOCJICAOBATCIIBHOCTHU, C KOTOPOI'O HAYHMHACT-
Cia CaMasd HJIMHHAs IMOAITOCIICAOBATCIIBHOCTD MMOAPAA MAYIIUX OAWHA-
KOBBIX YHCECJI, 1 KOJINYECTBO 3JICMCHTOB B ATOM IoAITOCIICA0BATCIIBHO-
CTH.

3aoauu onsa camocmosmenbHol pabombl

Haiitu B nocienoBaTeIbHOCTH MUHUMAJIbHOE HOJIOKUTEIBHOE YHCIIO.
Jlano yuciao K u mociaegoBaTeIbHOCTh ACHCTBUTEIBHBIX 4uncell. Bui-
BECTH HOMEP IIOCIICIHETO 3JIEMEHTa ITOCIEI0BATEIIFHOCTH, OOJIbIIIe-
ro K.

BeiBecT HOMEpa TE€X 3JIEMEHTOB IOCJIEA0BATEIILHOCTH, KOTOPBIE
OOJIbIIIE CBOETO MPABOTO COCE/Ia, U KOJTMYECTBO TAKHUX DJICMEHTOB.
[Iycte mMeeTcs TOCHeNOBATENBHOCTh JIEUCTBUTEIILHBIX YHUCEI, CO-
Jeprkanas mo KpamHeu mepe 1Be eauHulibl. Hautu cymMmy 3j1€eMEHTOB
IOCJIEIOBATEIIBHOCTH, PACIIOJIOKEHHBIX MEXIY MEPBOM U MOCICIHEH
CIVHUIICH.

Halitn nBa HaMMEHBIIMX 3JIEMEHTA IOCICAOBATCILHOCTA U BBIBECTH
3TH BJIEMEHTHI B MOPAIKE BO3PACTAHUA UX 3HAUCHUM.

Havitn HOMEp mepBOro MUHMUMAJIBHOTO XU HOMEP MOCIEIHETO MAKCH-
MaJIbHOTO 3JIEMEHTOB IOCJICIOBATCIbHOCTH.

Halitin KONMM4YeCTBO 3JEMEHTOB, PACIOJIOKEHHBIX IMOCJE TMOCIEIHETO
MaKCHUMaJIbHOI'O 3JIEMEHTA MOCIEeA0BATCIILHOCTH.

Haiti KOJIMYECTBO 3JIEMEHTOB, PACIIOJIOXKEHHBIX MEXIY IEPBBIM M
MOCJIEeIHUM MaKCHUMAaJIbHBIM AJIEMEHTOM NOCJIEI0BaTeabHOCTU. ECiin B
Habope MMeeTCS €IWHCTBEHHBIM MaKCUMAalbHBIA 3JIEMEHT, TO COO00-
IIIUTH 00 DTOM.

Halkitn makcumalibHOE KOJIHWYECTBO MOAPST HUAYIIAX MHUHUMAJIbHBIX
2JIECMEHTOB I1OCIEA0BaTEIIbHOCTH.
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5. OOJHOMEPHBIE MACCHBbI

5.1. HayaJbHbIe CBeIeHUA 0 MACCHUBAX

B oTnnumne oT 0OBIYHBIX TEPEMEHHBIX, KOTOPBIE XPaHAT OJHO 3Haue-
HHE€, MACCUBBI UCMOJIb3YIOTCS JJIsI XPaHEHUS LIEJIOr0 HA0opa OJHOTUITHBIX
3HaYeHu. MaccuB — HA0Op OJHOTUIHBIX DJIEMEHTOB, MOCIIEI0BATEILHO
pacrnojararommxcs B NaMsATH KOMIIbiOTepa. s omnpenesieHuss MaccuBa
HE0OXO0UMO yKa3aTh THUII SJIEMEHTOB, KOTOPhIE B HETO BXOST, U MaKCH-
MaJIbHO€ KOJIMYECTBO JIEMEHTOB, KOTOPOE MOXKET ObITh TOMEIIEHO B Mac-
cuB. Harnmpumep:

#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#define N 10 /* konu4decTBO 3JIIEMEHTOB MaccuBa */
int main()
{

inta[N], /* maccus a pasmepa N */

I; [* cueTuuk */
srand(time(NULL));
for (I=0;1<N; i++)

{
a[i] = rand()%2100;
printf("%d\n", a[i]);
¥
return O;
¥

B namem ciyuae omnpenensercs maccuB a u3 10 1mensix 37eMeHTOB (TO
ecTh 0ok u3 10 mociaeq0BaTeIbHO PACIIOI0KEHHBIX JIEMEHTOB THUIIA 1nt),
KOTOPBIA 3aMOJIHACTCS CIIy4YalHbIMH 4MCIaMu B auama3oHe oT 0 mo 99.
3aMeTuM, 4TO HyMepalus 3JeMEHTOB MaccuBa HaunHaercs ¢ 0. [loatomy
K 2JICMEHTaM MaccHBa a HeoO0XoauMo oOpariatbcs TakuM oopaszom: af0],
a[1], ..., a[N-1].

B mamem npumepe durypupyer ¢yskius srand() uz OmOamorexu
<stdlib.h>, xoropas ycraHaBiuBaeT UCXOIHOE YKCIIO JJIS ITOCICIOBATCIIb-
HOCTH, KOTOpas renepupyetcs ¢pyHkmuei rand():
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void srand(unsigned long x)

Yacto nanHast GyHKIMS NPUMEHSETCS AJIA TOTO, YTOOBI MPH pa3iny-
HBIX 3aITycKax mporpaMMbl ¢yHKIMs rand() reHepupoBaia pa3indHble 1Mo-
CJIEJIOBATEILHOCTH TICEBIOCIYUYalHbIX yucen. Hanpumep, B IpuBEACHHOU
mporpaMme B KadecTBe mapameTpa ¢yHKius Srand() mojgydaer CUCTEMHOE
BpEMH.

Homep mo3utiuu 3jieMeHTa, coAep Kaliuicsi B KBaJpaTHbIX CKOOKax,
Ha3bIBAIOT MHJEKCOM dJeMeHTa. MHIeKC MOomKeH ObITh LEIbIM YHCIOM
WJIA LEJIOYHUCIICHHBIM BBIPAXKEHUEM.

ITociie TOro Kak MacCHB OIPEAEIEH, €Er0 MOXHO MHULMAIIU3UPOBATD.
NHnnmanu3anysi MacCuBa O3HA4aeT, YTo MPHU €ro 00bSBICHUU 3JIEMEHTAM
JAHHOT'0 MaccuBa OyAyT NPHCBOEHBI HaUYalIbHbIE 3HaUeHus1. Hanpumep,

int a[5] = {10, 20, 30, 40, 50};

ITocne Takon HMHHUIINAJIN3allul MbI 6YI[€M HUMCTDb HGJIOIII/ICJIGHHBIfI MacCCHUB
N3 ITU 5JICMCHTOB CO CIICAYHOIIUMHA 3HAYCHUAMMU .

a[0]=10, a[1]=20, a[2]=30, a[3]=40, a[4]=50.

Eciu nipy mHMumManv3anuyM pa3mep MaccuBa HE yKa3aH, TO pa3mep
OIpeleNsAeTCs M0 YUCIY HadalbHbIX 3HaYeHud. Hampumep, maccuB u3 5
LEJIBIX YKCENl, NMPUBEIACHHBIM BBIIIE, MOXHO CKOHCTPYHUPOBATH CIEIYIO-
UM 00pa3oM:

int a[] = {10, 20, 30, 40, 50};

Ecam wHUIIMANMM3upyeMbIX 3HAYCHWH MacchBa MEHBIIE, YeM BCEX
2JIEMEHTOB MAacCHBa, TOIJA OCTAJIBLHBIC DJIEMEHTHI aBTOMATHYECKU HHH-
MUATU3UPYIOTCS HyIsAMU. Hampumep, eciii HHUIIMATU3HPOBAThH MaCCHUB
CIEAYIOIIUM 00pa3oM:

int a[10] = {0};

TO BCE DJIEMEHTHI JAHHOI'O0 MAaCcCHBa OYIyT UMETh HYJICBOE 3HAUCHHE.
3aMeTUM, YTO MAaCCHBBI HE WHHMIIMAIU3UPYIOTCS HYJISIMH aBTOMATH-
gecku. JIJIst 3TOM 1ieiau claeayeT WHHUITMATU3UPOBaTh XOTA Obl OJWH dJie-
MCHT.
YroObl y3HaTh 00BbEM MaMATH, 3aHUMAeMbIii TEM WM WHBIM MacCH-
BOM, MOJKHO K MMCHH JaHHOIO MacCHBa NMPUMEHHTH omepaTtop Sizeof(),
HaTpUMep:

#include <stdio.h>
int main()

{
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int a[10];
printf("%d\n", sizeof(a));
return O;

}

B 3TOM ciy4yae Takyke MOXHO y3HATh M Pa3sMEPHOCTh (KOJIHMYECTBO dJie-
MEHTOB) MacCHBa C IIOMOIIbIO BeipaskeHus: Sizeof(a)/sizeof(*a).

5.2. Ilpumepsnl padoThI ¢ MACCHBAMU

Ipumep 1. IIpoBeputh, 00pa3yrOT U DJIEMEHTHI ETOYUCICHHOTO
MaccuBa apuhMETHUECKYIO TPOTPECCHIO.

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

#define N 10

/* MoauuKaTop const yKa3pIBacT HA TO, YTO 3HAUCHHS DJICMCHTOB */
/* MaccuBa a ¥ 3HaYEHHE N MEHSTH HEJIb3s */
int Progression(const int *a, const int n)

intd =a[l1] —a[0], i;
for(i=2;i<n&&a[i] —afi — 1] ==d; i++)

return (i >=n);

by
int main()
{
int i, a[N];

for (i=0;1<N; i++)

a[i] = rand()%10;
printf(“%s\n”, Progression(a, N) ? “progression” :’no progression”);
return O;

}

Ipumep 2. Onpenenuts, BCE U SIEMEHTHI MacCUBa a IMOIMAPHO pa3-
JINYHBI.
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IIpousBoJIbHBIM Cay4al. B HUKENPUBEACHHOW MPOTrpaMMe mepe-
MeHHas flag urpaer posib Joruueckoi nepeMeHHord. OHa MHUIUATU3ZUPY-
€TCs C HauaJIbHbIM 3HaYeHueM | (ucTuHa), TO €CTh OYyJIeM CUUTATh, YTO IO
YMOJITYaHHUIO BCE BJIEMEHTHI MacCHBa MOMapHO pas3nuyHbl. CHavyana OyaeM
CpaBHHBATh BCE dJIEMEHTHI ¢ MHAeKcamu 1, 2, ..., n-1 ¢ snementom af0],
3aT€M BCE 2JIEMEHTHI ¢ MHAeKcaMu 2, 3, ..., N-1 ¢ ’anementom a[l] u 1.x.
Kak TosbKO HaxoauTCs mapa OJIMHAKOBBIX 3JIEMEHTOB, MPOLIECC OCTAHAB-
muBaetcs U Qynknus Check() Bo3Bpaimaer HyseBoe (JI0XKHOE) 3HAUCHUE.
B npotuBHOM ciiyyae QyHKIIMS BO3BpaliaeT 3HaueHue | (MCTUHHA).

int Check(const double *a, const int n)

{
inti, j, flag = 1;
for(i=1;i<n && flag; i++)
{
for(=0;j<i&&a[i] '=a[j]; j+t+)
flag = (i == j);
¥
return flag;
b

YnopsiiodyeHHblii MaccuB. Eciii TpeOyeTCsi BBIOJIHUTH TY K€ 3a/1a-
9y, HO U3BECTHO, YTO MACCHB SABJISETCS YIOPSIIOUYCHHBIM (110 BO3PACTAHUIO
WU YOBIBAHUIO), TO 3TO MOKHO CAEJIaTh MAKCUMYM 32 OJTHO MPOXO0KACHUE
110 MacCCHUBY:

int Check(const double *a, const int n)
{
inti;
for (i=1;i<n &&a[i] '=a[i — 1]; i++)

return i >=n;

}

MaccuB ¢ 10CTATOYHO Y3KMM JUANA30HOM 3HAYEHUH 3JIEMEHTOB.
OuyeHp YacTO MHOKECTBO 3HAYCHHUH 3JEMEHTOB MAacCHBa COCTAaBIISIET JIO-
BOJIBHO Y3KMHU Auana3oH. Hanpumep, 3Ha4€HUs 3JIEMEHTOB MaCCHUBA MOTYT
npuHaaiexarb MHOkecTBy {0,1,...,255}. B aToM ciiygyae MOXXHO O4YE€HB
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OBICTPO ONpPEIEIUTh, BCE JH 3JIEMEHTHI MAaCcCUBa IONAPHO Pa3INYHbI, HC-
10JIb3YysI He 0oJiee OJHOIO MPOXOXKACHHUS 0 JaHHOMY MAacCHBY U HE Tpe-
Oysi Ip¥ DTOM YCIOBHUS YIHOPSAOYEHHOCTH. [[Is1 9TOro BBEIEM MACCHB
count, cogepskamuii 256 371€eMEHTOB, HHAEKCHI KOTOPOTO OyIyT COOTBET-
CTBOBaTh 3HAYCHMSIM DJIEMEHTOB MaccuBa a. M3HadaipHO MaccuB count
3aIl0JIHUM HYJISIMHU. 3aTEM IPU CUMTHIBAHUHU I-TO 3JIEMEHTa MaccuBa a 0y-
JIeM yBelnuyuBaTh 3HaueHue cout[a[i]] ma emuuuny. Hampumep, eciu
a[i] = 10, To yBenuunm 3HaueHue count[10] Ha eqununy. Eciu nocie ode-
peaHoro yBenuucHus cout[a[i]] ero 3HaueHue MpPEB3OKIET €IUHMILY, TO
QJITOPUTM HAa 3TOM MOKHO OCTaHOBHTH, TaK KaK 9TO O3HAYAET, YTO HE BCE
9JIEMEHTHI IIOMAPHO PA3IMYHBI.

int Check(const int *a, const int n)

{

int i, flag = 1, count[256] = {0};
for (I=0;1<n && flag; i++)
{

count[a[i]]++;

if (count[a[i]] > 1)

flag = 0;

b

return flag;

}

3aMeTuUM, YTO CHHTAKCUC A3blka CH MO3BOJSET 3alKMCHIBATH MHOTHE BBI-
pakeHus OYE€Hb KOMIIAKTHO. Hampumep, CTpoUKH U3 HMPEBIAYIIErO anro-
puTMa

count[a[i]]++;
if (count[a[i]] > 1)
flag = 0;

MO>XHO 3aMC€HUTH Ha

if (++count[a[i]] > 1)
flag = 0;

[Ipu 5TOM ycnoBHE MOXHO TIOMECTHTh B yclioBHE muKjia. [lomydaem Ta-
KYI0 KOMIAKTHYIO (PyHKITHIO:
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int Check(const int *a, const int n)

{
int i, count[256] = {0};
for (i = 0; i < n && ++count[a[i]] < 2; i++)

return 1 >=n;

}

Ipumep 3. TpeOyercs ompeAenauTh KOIUYECTBO PA3IUYHBIX dJie-
MEHTOB MaccuBa. B maHHOW 3a/1aue HCTOb3yeM TOT e MPUHIINI, YTO U B
MPEABITYIIEM alrOpUTME.

IIpoun3BoJILHBIN CJIy4YaH.

int Count(const double *a, const int n)

{
inti, j, count = 0;
for(i=0;i<n;i++)
{
for(j=0;j<i && a[i] !=a[j]; j++)

count += (i == j);

}

return count;

}

YnopsajgodyenHblii MaccuB. Eciii TpeOyeTCsl BBITIOJIHUTD TY K€ 3aj]1a-
qy ISl YIOPSA0YEHHOro (10 BO3pAcCTaHUIO WM YOBIBAHWIO) MAcCHUBA, TO
ATO MOKHO CHENaTh 32 OAHO MPOXOKIEHUE 10 MACCUBY:

int Count (const double *a, const int n)

{
int k, /* xonmuecTBO pa3TUYHBIX AIEMEHTOB */
I
k=1;
for (iI=1;1<n;i++)
if (a[i] = a[i —1])
k++:
return k;
ks
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MaccuB ¢ A10CTATOYHO Y3KUM AMANA30HOM 3HAYEHUH IJIEMEHTOB.
Kak u B mpegpiaymieM npuMepe, pacCMOTPUM CIIy4dad, KOTJla MHOYKECTBO
3HAYECHUN 3JIEMEHTOB MAaCCHBA COCTABISACT JOBOJIBHO Y3KHH JIHaIa3oH.
Ilycts, HanmpuMep, 3HaUYCHUS JJIIEMEHTOB MAacCUBA NMPUHAJIEKAT MHOXKECT-
By {0,1,...,255}. Onarp xe B 3TOM cllydae MOKHO O4Y€Hb OBICTPO MOJICUH-
TaTh KOJUYECTBO PA3IUYHBIX JIEMEHTOB, HE TpeOys MPU 3TOM YCJIOBUS
YIOPSIAOYEHHOCTHU. [[J19 3TOro ompenenum maccuB COUnt, comep:kaiuii
256 »IEMEHTOB, MHJAEKCHI KOTOPOro OYyIyT COOTBETCTBOBATh 3HAUYCHUSIM
AJIEMEHTOB MaccuBa d. Ha HauanbHOM 3Tane MHUIHAAIU3UPYEM 3JIEMEHTHI
MaccuBa COUNt HyJIIMH. 3aTeM MPU CYUTBIBAHHUH I-TO 3JIEMEHTa MacCHBa a
OyaeM yBenuuuBath 3HaueHue cout[a[i]] na egunmmy. ITocme mpoxoxmae-
HUS 110 BCEMY MAacCUBY a KOJMYECTBO PA3JIWYHBIX 3JIEMEHTOB MaccuBa a
OyJeT paBHO KOJIMYECTBY HEHYJIEBBIX AJIEMEHTOB MaccuBa count.

int Count(const int *a, const int n)
{
int k, i, count[256] = {0};
for (iI=0;i<n;i++)
count[a[i]]++;
for (i=0; i < 256; i++)
if (count[i] !=0)
k++:
return k;

}

IIpumep 4. IlycTb uMeeTcsi HEKOTOPBIA MACCUB JI€MCTBUTENIbHBIX
quceNn a U HEeKOTOpoe Yucio X. Tpedyercs nepecTaBUTh 3JIEMEHTbl MaCCHU-
Ba TaK, YTOOBI CHayaja clieIoBaIM (B IPOU3BOJILHOM MOPSIIKE) SJIEMEHTHI,
MEHBIIIME YKCclia X, a 3aTeM 3JIEMEHThI, He MeHbIne 4yucia X. Mcmnonb3o-
BaTh He 00Jiee OJJHOTO MPOXOJa IO MaCCHUBY.

Bynem npocmaTpuBaTh 3J€MEHTHI MAacCHBa CJ€Ba HAIpPaBoO, MOKa HE
BCTpETHM 3JieMeHT a[i]>=X. 3aTem OyaeM mpocMaTpHUBaTh JIEMEHTHI MacCH-
Ba CIpaBa HAJICBO, ITOKa He BCTpeTuM uteMeHT a[j]<X. [Tocie 3Ttoro mMeHsiem
aneMeHTHI @[i] u a[j] MmecramMu 1 po10mKaeM JaHHBIHA MTPOIIECC.

void Exchange(double *a, const int n, const double x)

{
inti=0,j=n-1;
double buf;
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while (i < j)

{
while (i < ] && a[i] < x)
i++;
while (i <) && a[j] >= x)
-
if (i <j)
{
[* mensem mectamu a[i] u afj] */
buf = a[i]; a[i] = a[j]; a[j] = buf;
i++; j--;
by
b

}

Hanpumep, ecnu tpeOyercsi mepecTaBuTh 3JIEMEHThl MaccuBa Tak,
9TOOBI CHavaja Cae0BajIl OTPUIIATEIbHBIC JIEMEHTHI, a 3aT€M HEOTpHIla-
TeJIbHBIC, TO 3ajlaya OYEHb IPOCTO PEIIACTCS C TMOMOIIBID (PYHKIIMHU
Exchange(), rae B kauecTBe BTOPOTo MapaMeTpa Hy>KHO nepeaats uncio 0.

Hemnoro ycmoxuum 3amady. Ilycte TpeOyeTcs mepecTtaBuTh 3lie-
MEHTBI MacCHBa TakK, YTOOBI CHauaja CjieA0BaIu (B MPOU3BOJIBLHOM TOPSI-
K€) DJIEMEHTHI, MEHBIIUE YHUCIa X, 3aT€M JJIEMEHTHI, PaBHbIE X, a 3aTeM
AJIEMEHTHI, OoJbIMe urcia X. [Ipu 3ToM Mo MaccuBy MPUIETCS NPOUTHUCH
He OoJiee IBYX pa3 ¥ aiTOPUTM OYJIET BBITJISIAETh CJIEAYIOIIUM 00pa3oM:

void Exchange(double *a, const int n, const double x)

{

inti=0,j=n-1,
double buf;
while (i <j)
{
while (i <) && a[i] < x)
i++;
while (i < j && a[j] >=x)
J-=
if (i <j)
{

buf = a[i]; a[i] = a[j]; a[j] = buf;
i++; j--;
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¥
¥
j=n-1;
while (i <)
{
while (i < j && a[i] == x)
i++;
while (i <j && a[j] '=x)
-
if (i <j)
{
a[j] = a[i]; a[i] = x;
i++; j--;
¥
¥
¥

Hpumep 5. IlycTts umeercs N-31EMEHTHBIN LIETOYUCIEHHBI MaCCUB
a, KOTOpHIN sBisieTcsl nepectraHoBkoit uucen 0, 1,..., n-1. TpebOyercs B
N-3JIEMEHTHBIN TICIOYMCIICHHBI MaccHB D 3amucarh 0OpaTHYIO IepecTta-
HOBKY K IIEpECTaHOBKE a.

[* reHepupoBaHKE 0OpaTHOM TIepecTaHOBKH b */
void ObratnayaPerest(unsigned int *a, unsigned int *Db, int n)

{

int I;
for (I=0;1<n;i++)
bla[i]] = 1;

}

IIpumep 6. TpebyeTcs mepecTaBUThH UGPHI B HATYPAIHHOM YUCIE X
TaK, 4YTOOBI MOTYYEHHOE YUCIIO0 UMENI0 MAKCUMAJIbHOE 3HAYCHUE.

unsigned long Max(unsigned long x)

{
int count[10] = {0}, i, j;
do{
count[x%10]++;
X [=10;
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Iwhile(x);
for 1=9;1>=0;i--)
for (j = 0; j < count[i]; j++)
X =X*10 +i;
return X;

}

IIpumep 7. Ilycts B — HekoTOopoe (ukcupoBaHHOE IIEJI0€ YHUCIIO,
npuueMm 0<B<1000, 1 M — Hekoropoe moamHoxecTBo B {0,1,2,...,B-1}.
ITycTh Takxke mMeercss HEKOTOPBIUA LEJIOYHUCICHHBIM MAacCUB a pa3Mmepa nN.
TpeOyercst moacYMTaTh KOJIMYECTBO AJIEMEHTOB MAacCHBa a, MPUHAJICKA-
X MHOXeCTBy M.

DnemeHTl MHOXecTBa M 3ammmem B maccuB Set pasmepa m,
rie M — momHocTh MHOxecTtBa M. Ilycts, mms mpumepa, B=1000,
M={1,10,100,500}. TIlostomy B ganmHOM ciy4ae Int set[4] =
{1,10,100,500}.

Jliis 3G heKTHBHOM NPOBEPKHM Ha MPUHAIICIKHOCTH DJIIEMEHTOB Mac-
cuBa @ MHOXKecTBY M paccmorpum cienyromiuii anroputm. Ilycts flag[B]
— MAaCCHB, COCTOSIIUN U3 HYJICH U €IUHUII, KaXKIBIH HHJIEKC KOTOPOro Oy-
JET COOTBETCTBOBATH 3JIEMEHTaM MHoxkecTBa M: eciu snement i, 0<i<B,
NpHHAICKUT MHOXeCTBY M, To onpenenum flag[i]=1, unaue, flag[i]=0.
Tenepb HMPOBEpHTHh HA MPHUHAMICKHOCTH IPOU3BOJILHOTO 3jeMeHTa ali]
MHOkecTBY M moxxkHOo ouenwb mpocto: If (a[i] >= 0 && a[i] < B &&

flag(a[i]]).

#define B 1000
#define N 100  /* pasmepHocTh MaccuBa a */

/* BBIYHMCJICHHE KOJINYECTBA AJIEMEHTOB MaCcCHBa 4,
npuHaIIeKamux M: */
int Count (int *a, int n, int *set, int m)
{
int flag[B] = {0},
int i, count;
for (I=0;1<m;i++)
flag[set[i]] = 1;

count = 0;
for (i =0;i<n; i++)
if (a[i] >=0 && a[i] < B && flag[a[i]])
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count++;
return count;

}

int main()

{
int set[4] = {1, 10, 100, 500};
int a[N];

.../* 3anmoyHsieM maccuB a */

printf(“%d\n”, Count(a, N, set, 4));
return O;

}

IIpumep 8. O6o6mmM npenpiaymuii mpumep. [lycts A u B — Heko-
Tophlie 1eabie uncia, npudeM -1000<A<B<1000, u M — HekoTopoe moj-
MHO)KecTBO B {AA+l, A+2,...,.B-1}. IlycTh Takke UMEETCS HEKOTOPBIU
IIEJIOUYMCIICHHBIA MaccuB a pa3Mepa N. TpedyeTcs moacunuTaTh KOJIUUECTBO
AJIEMEHTOB MaccHBa a, mpuHajiexanux Muoxectsy M. Ilocne MmoaepHu-
3aMy aIrOpuUTMa W3 TPEApIayliero mpumepa 3(h(PEKTUBHBIN alropuTM
pelieHus JaHHOM 3a7a4u OYJIeT BBITJISIACTh CIAEAYIOIIUM 00pa3oM:

#tdefine A -1000
#define B 1000

#define N 10
int Count (int *a, int n, int *set, int m)
{

int flag[B — A] = {0};

int i, count;

for (I=0;1<m;i++)
flag[set[i] — A] = 1;

count = 0;
for I=0;1<n;i++)
if (a[i] >= A && a[i] < B && flag[a[i] — A])
count++;
return count;

}
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15,
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5.3. 3agaum

Ilycts nmeercs maccuB pazmepoM N. BeiBecTH cHavdaa ero 3JeMEHTHI
C YETHBIMU MHJIEKCAMH, a 3aTEM — C HEUETHBIMM.

IIycte mMeeTCA LENOUYNCIEHHBIM MAacCUB & pa3MepoM N. BeiBecTr HO-
Mep TIEPBOr0 U3 TE€X €ro JIeMEHTOB a[i], KOTOphIC YIOBICTBOPSIOT
nBoitHomy HepaBeHcTBY a[l]<ali]<a[n].

ITomeHsATh MECTAMU MUHUMAJIbHBIA U MAKCUMAJIbHBIW 3JIEMEHTHI MAC-
CHBA.

OcCyIleCcTBUTh HMUKINYECKUN CIBUT 3JIEMEHTOB MacCuBa BIPaBO Ha
OJHY TO3HULHIO.

ITycts umeercst maccuB 1enbIX yucel. [IpoBeputs, yepeayrorcs o B
HEM YETHBIC U HEYETHBIC YUCIIA.

Onpenenutp, SBISETCS A JAaHHBIM MACCUB & CUMMETPUYHBIM, TO €CTh
UMEET JIM MECTO OBITh PABEHCTBO MEPBOTrO W MOCJIEIHETO DJIEMEHTA,
BTOPOT'O Y MPEANOCIETHETO U T.I.

OnpenenuTe KOJUYECTBO PA3JIMYHBIX AJIEMEHTOB MACCUBA, €CIIM W3-
BECTHO, YTO 3JIEMEHTHI JAaHHOTO MaccHuBa OOpa3yloT BO3PacCTAIOIIYIO
MOCJIEI0BATEIIBHOCTb.

JIaHO NEWCTBUTENIBLHOE YUCIIO I' U MacCUB pazMepoM N. Hantu sneMeHT
MaccHBa, KOTOpbIKM HanOoJiee OJIM30K K TaHHOMY YHCITY.

Haiitu HOMepa nByX ONMMKaWIIMX YKCENl MACCUBA.

Onpenenuth MakCUMAJIbHOE KOJIMYECTBO OJIMHAKOBBIX 3JIEMEHTOB
MAaCCHBA.

JlaH LenoYnciIeHHbI MaccuB pasMepom N. Hazosem cepuei rpyiiry
MOJPSAT UIYIIUX OJUHAKOBBIX 3JIEMEHTOB, a JJIMHOW CEPUU — KOJIUYE-
CTBO 3THX 3JIEMEHTOB. BBIBECTH Ha SKpaH JJIMHBI BCEX CEPUN TAHHOTO
MAaCCHBA.

Y 1anuTh U3 MacCHBA BCE HYJICBBIC JJIEMEHTHI.

B maccuBe menbix 4yncesl HauTU JJIMHBI YY4aCTKOB CTPOTrOW MOHOTOH-
HOCTH.

JlaHbl aBa MaccuBa a M D, 3JIEMEHTHI KOTOPBIX YIOPSA0YEHBI 110 BO3-
pactanuto. OOBEIUHUTL 3T MACCUBBI TaK, YTOOBI PE3yJIbTUPYIOIIHIA
MACCHUB OCTaJICS YHOPSTOYECHHBIM.

YHopsA104uTh MAaCCUB Pa3MepOM N MO BO3PACTAHUIO.

ITycTte mMeeTcss MacCuB JEUCTBUTENBHBIX YUCEN. BBIBECTH HMHIEKCHI
MAacCHBa B TOM MOPSJKE, B KOTOPOM COOTBETCTBYIOIIUE UM 3JIEMEHTHI
00pa3yloT BO3pacTaIOIYIO MOCIEI0BATENIbHOCTb.
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Paznenuth MaccuB Ha ABE YacTH, IOMECTHUB B NIEPBYIO0 OTPUIIATEILHbBIC
AJIEMEHTHI, @ BO BTOPYI0 — HEOTPHULATEIbHbIE (MOPSI0K CJICAOBAHUS
AJIEMEHTOB B KaXKJI0M U3 TPYMIl JOIKEH OCTAThCS IIPEIKHUM).

[TycTh mMeeTcst MacCuB @, COCTOSIIITMN U3 HYyJIEH U eTuHUIl. Tpedyercs
YIOPSI0YUTHL MAacCUB &, MCIIOJIB3Yys He 00Jiee OTHOTO MPOXOXKIACHUS
110 JAHHOMY MACCHBY.

3aoauu ons camocmosmenvHou pabomoi

Haitu MUHHUMaNIBHBIA 3JEMEHT U3 BCEX DJIEMEHTOB MAacCHBa pa3Me-
poM N > 2, y KOTOPBIX UHJEKC KPaTeH 3.

Jlan MaccuB pasMepoM N, rjae N — yeTtHoe 4nucio. [lomeHsaT mectamu
€ro MNEPBBIN 3JIEMEHT CO BTOPBIM, TPETUU — C YETBEPTHIM U T.1.
Onpenenutsp, SBIAETCS JIM MACCUB YIIOPSAOUYECHHBIM M0 BO3PACTAHUIO.
Jlanel 1Ba MaccuBa @ W D omuHakoBoro pasmepa N. ChopMHpOBaTH
HOBBIM MAacCCHB C TOTO k€ pa3mepa, KKAbIM 3JIEMEHT KOTOPOTO PaBEH
MaKCUMAaJbHOMY M3 3JIECMEHTOB MacCUBOB @ U b ¢ TeM ke uHaeKcoM.
Jlan maccuB a pazmepom N. ChopMupoBaTh HOBBIM MaccuB D Toro e
pasMepa 1o CIIeIyIoneMy TIPaBIITy: dJIEMEHT Dy paBeH cymme deMeH-
TOB MaccuBa a ¢ Homepamu ot 1 110 K.

YBEIUYUTh BCE YETHBIE YMCIA, COJEPKAIIUECS B MACCUBE, HA UCXOI-
HO€ 3HAYEHUE MEPBOT0 YETHOr'O Yncia. ECu yeTHbIe Yhcia B MacCCUBE
OTCYTCTBYIOT, TO OCTaBUTh MAacCCHUB 0€3 N3MEHEHUI.

Jlan MaccuB pasMepoM N, BCE 3JIEMEHTBI KOTOPOr0, KPOME MOCIEIHE-
ro, ynopsiio4eHsl Mo Bo3pacTaHuto. CaenaTtb MacCuB YHOPSAOYECH-
HBIM, IEPEMECTHUB IOCIEAHUM AJIEMEHT HA HYKHYIO TTO3ULIUIO.

Jlan maccuB pasMepoM N, BCE 3JIEMEHTBI KOTOPOTO, KPOME OJHOTO,
yHOOPSAIOYEHBI MO BO3pacTaHuio. CrenaTte MacCHB YIOPAIOYCHHBIM,
MIEPEMECTUB DJIEMEHT, HAPYIIAOIINNA YIIOPSIAOYEHHOCTh, HA HYXHYIO
MTO3UIIUIO.

JlaH 1eno4YrciieHHblil MaccuB pazmepom N. I[lpoayOnupoBaTh B HeM
BCE YETHBIE YHCIIA.

Y 1anuTh U3 MacCHBa BCE MUHUMAIIbHBIE SJIEMEHTHL.

JlaH 1EIOYMCIIEHHBIA MacCUB pa3MepoM N > 2. YaanuTh U3 MacCHBa
BCE AJIEMEHTHI C YETHBIMU HOMEpaMH (2, 4, ...). YCIIOBHBII onepaTop
HE UCTIOJIb30BATh.

Y 1anuTh U3 MacCHUBA BCE OJMHAKOBBIE DJIEMEHTBI, OCTABUB UX IIEPBbIC
BXOXKJICHUA.
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31.

32.

33.

34.

35.

36.
37.

JlaH 1e10YMCIEHHBIN MaccuB pazMepoM N. Onpenenutb, ABIASICTCA JU
OH MEPECTAHOBKOM.

Haiitn HamOoJplIee KOIMYSCTBO OJMHAKOBBIX JJICMEHTOB MAacCHBA,
UYIIUX TOIPS,.

Beruncinte cymMMy 3JIEMEHTOB MACCHBAa HAXOAIIMXCS MEXKAY MEp-
BbIM MUHHUMAJIbHBIM 1 MOCJIEIHUM MAaKCUMaJIbHBIM 3JIEMECHTAMU.
JlaHbl 1Ba YIOPSAOYEHHBIX IO BO3PACTAHUIO MACCHBA ILEJBIX YHCET
a u b. HaiiTu koa1u4ecTBO pa3IMUYHbIX YHCENl, KOTOPhIE MPUCYTCTBYIOT
1 B MacCHBE @, U B Maccuse b.

ITycTh nmMeeTcss MacCuB @ NEHCTBUTEIBHBIX YUCEN pa3MepoM N. 3amnu-
caTh B MacCUB D Bce 3JIeMEHTHI MacCHBa a B MOPSAKE BO3pACTaHUSA U
0€3 MOBTOPECHUIA.

CdopmupoBaTh MACCHB IIPOCTHIX MHOKHUTEICH 3aJaHHOTO YHCIIA.
Hantu Bce mpocTeie uncna B quana3one ot 2 a0 N. Peanusosars pe-
IIICHWE JaHHOM 3a/Ja4yd B BHUJE ajaropuTMa 'peinero Jpatocdena’,
KOTOPBII OCHOBAH Ha cieayromieM npuHIiuie. CHadana B HaOope 9m-
celn 2, 3, ..., N BRIYEPKHUBAEM BCE YMCJIIA, JEJAIIMECS HA 2, KpOME Ca-
MOH 2. 3aTeM pacCMaTpPUBAEM YHCJIO 3 U BBIYEPKUBAEM W3 JAHHOTO
HaOopa Bce yucia, aensmmecs Ha 3, kpome 3. Jlanee paccMarpuBaemM
CJIEIYIOIIEE MOCe 3 HEBBIYEPKHYTOE YHUCIIO, TO €CTh 5, U BRIYEPKUBA-
€M BCE MOCJIeAYIOINE AesAInecs Ha Hero yucia. 1 tak ganee.
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6. MHOI'OMEPHBIE MACCHUBBI

6.1. OnpenesieHue U MHUIMAJIU3ANMS JIBYyMEPHBIX MACCHBOB

B s3pike Cu nMeeTcsi BO3MOXKHOCTh CO3/1aBaTh N-MEPHBIE MACCHUBBI.
Cranmapt ANSI npenycmaTpuBaeT, 4TO 3HA4€HHE N MOXKET OBITH IO
KpaitHel Mepe JIF0ObIM YMCIIOM B nipenenax oT 1 o 12.

B nanHoM pazgene OyAayT paccMaTpuUBaThCs JBYMEPHBIE MACCHUBBHI.
Takue MacCUBBI OMUCHIBAIOTCS CIEAYIOMINM 00pa30M:

int a[10][20];

To ecth TeM caMmbIM OIpenaeicH ABYMEPHBIH MAacCHB ICNIBIX YHCEI @, CO-
crositiaid 3 10 ctpok u 20 cTonbmoB. Kakaplid 371eMEHT IBYMEPHOTO Mac-
CHBa OJIHO3HAYHO ompeeisercs mapoit ungekcos i u j: a[i][j], rae | — Ho-
Mep CTPOKH, a | — HoMep cTojiona. Kak u B ciydae oJHOMEpPHBIX MacCH-
BOB, HyMepalys 1o nepeMeHHbIM | 1 | HauuHaeTcs ¢ Hys: a[0][0] — aue-
MEHT, HaXOJISAIIUICS Ha TIEPECCUYCHUN HYJICBOM CTPOKH M HYJIEBOI'O CTOJIO-
ua... a[9][19] — sneMeHT, HaXOOAIIMICS HA TIEPECCUCHUU IEBATON CTPOKHU
Y OEBITHAIIIATOrO CTOJIOIIA.

JIByMEpHBIN MacCHUB MOXKHO HHHUIIHAIM3UPOBATH MPHU €ro OO0bsBIIC-
HUH:

int a[3][2] = {{1, 2}, {3, 4}, {5, 6}}:

[Ipu 3TOM 3HaueHus B (PUTYpHBIX CKOOKaX rpyHIHUPYIOTCS 1o cTpokam. Eciu
JOTOJIHUTENbHBIE (PUTYPHBIE CKOOKH HE MPUCYTCTBYIOT, TO YHUCIA paclpe-
JEJISIOTCS 110 CTPOKaM: CHayaJla 3aIloJIHAETCs HyJIeBasi CTPOKa, 3aTeM I1epBast
u T.1. Hanpumep, MaccrB @ MOKHO MHULIMAJIM3UPOBATH U TaK:

inta[3][2] = {1, 2, 3, 4, 5, 6};

Eciau mist kakoi-mub0 CTPOKM yKa3aHO HEAOCTAaTOYHO 3HAYCHHH, TO
OCTaBIIMECS 3HAYCHUS JAHHOW CTPOKH MHUIHAIU3UPYIOTCS HyassMu. Ha-
mpuMep, €Clii MaTPUIly & HHUITHAIM3UPOBATh TAKUM 00Pa3oM:

inta[3][2] = {{1}, {3}, {5}};

TOT/Ia BTOPOU CTOJOEI] JAaHHOW MaTpHIlbl OyJeT coJepkKaTh HyJIEBbIe 3HA-
YEHHS:

1 0
3,0
5 0
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Ecnm HeoOXoIuMO Bce 3JIEMEHTHI MaTPHUIIBl HHUITUATIU3HPOBATh HYJISIMH,
TO JIJIS 3TOTO WHHITUATU3AIMIO IOCTATOYHO MPOCTO 3aUCaTh CIEIYIOIUM
o0pa3om:

int a[10][20] = {0};

6.2. Ilpumepsl ¢ IByMEPHBIMHA MACCUBAMHM

Hpumep 1. Manunanusanys 1 BbIBOJ ABYMEPHOTIO MacCCUBA Ha JK-
paH.

#include<stdio.h>

#include<stdlib.h>

#include<time.h>

#define M5  /* Yucno ctpok matpuiisl */

#define N 10  /* Yucno cTonbiioB MaTpHIbl */

/* 3amoTHEHWE MAaTPHIIbI CIIydYalHbIMU ynciiaMu oT 0 10 99 */
void Init(int a[][N], int m, int n)
t

Inti, J;

for (I=0;1<m;i++)

for j =0;j<n;j++)
a[i][j] = rand()%100;

}

[* BBIBOJT MaTpHIILI HA DKpaH */
void Print(int a[][N], int m, int n)
o
inti, J;
for (I=0;1<m;i++)
{
for j =0;j <n; j++)
printf("%5d", a[i][j]);
printf("\n");
by
¥

int main()

{
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inta[M][N]; /* matpuma pasmepa M na N */
srand(time(NULL));

Init(a, M, N); /* uHHMIMAIA3AIUS 2IIEMEHTOB MAaTPHUIILI */
Print(a, M, N); /* BeIBOI MaTpHIIbl Ha SKpaH */

return O;

}

[Tpu 3TOM 3aMeTUM OYCHb BaxkHbIi MOMeHT. Maccus int a[M][N] sB-
JSICTCST OTHOMEPHBIM MAcCCHBOM pa3mepa M, KaIblii 3JIEMEHT KOTOPOIO
SIBJIICTCS 1IEIOYMCICHHBIM MacCHBOM pa3MepHOCTH N, TO eCTh KaK/Iblii W3
M siemenToB MaccuBa a umeeT Tun int a[N]. B cooTBeTcTBUU ¢ JaHHOM
Jorukoi amemeHT a[0] sBisieTcs OJHOMEPHBIM MacCHBOM, IPEICTaBIISIO-
MM IIEPBYIO CTPOKY MaTpuibl a. [Toaromy afi] — ogHoMepHbIii MaccuB,
NPEICTABIISIFOIINM I-YIO CTPOKY MaTPHIIBI a.

JIByMepHOE TIpeICTaBICHUE ATO BCETro JUIIb YI00HBINA criocod pado-
ThI ¢ MACCHBOM, HCITOJIb3YS JIBA MHJIEKCA — HOMEP CTPOKH U HOMEP CTOJIO-
1a. B mamMsATH KOMIbIOTEpa TaKOW JBYMEPHBIN MacCHB XPaHUTCS IMOCIIEIO-
BATCIILHO B BHJE OJJHOMEPHOI0 MacCHBA: CHavaja CAeayeT IepBas CTpPOKa
MAaTPHIIbI, 3aTeM BTOpas U T.1I.

Takum 00pa3oM, ¢ KaxJ0il CTPOKOW MaTpuilbl & MOXKHO padOTaTh
KaK C OOBIYHBIM OJHOMEPHBIM MACCHBOM, YTO HILIIOCTPHPYETCS B Clle-
IYIOILIEH TPOrpamMMme.

#include<stdio.h>

#include<stdlib.h>

#defineM 5  /* Yucio ctpok Marpuiibl */
#define N 10 /* Yucno ctonb1oB MaTpuilsl */

/* 3amoJIHEHHE OJJHOMEPHOT'0 MAaCcCHBA a CIIy4YalHBIMH YHhCIamMu */
void Init(int *a, int n)

{ - -
inti;
for (I=0;1<n; i++)
a[i] = rand()%100;
b

/* BBIBOJI OTHOMEPHOT'O MAacCHBa & Ha 3KpaH */
void Print(int *a, int n)
t
Inti;
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for(i = 0; i <n; i++)
printf("%5d", a[i]);
putchar(\n');
b

int main()
{
inti, a[M][N]; /* marpuua pasmepa M na N */
/* MHULMATU3aIKs KaKI0H CTPOKH MaTPHUIIbL: */
for (i=0;i<M;i++)
Init(afi], N);
/* BBIBOJ 3JIEMEHTOB MATPHI[bI IOCTPOYHO: */
for (I=0;1<M; i++)
Print(afi], N);
return O;

}

Ipumep 2. ITycte umeercs aymepHbiii maccu int a[M][N] u ox-
HoMmepHbIH MaccuB int B[MN]. TpeGyercs anemenTs MaccuBa b moctpouno
3alMcaTh B MAaTPHILY a.

JInist perieHust JaHHOHM 3ajjadd yuTeM Ba)KHOE 3aMEUYaHUE W3 TPEIbI-
aymiero npumepa. Ecim npencraButh asymepHbiii MmaccuB a[M][N] B Bume
MOCIICTIOBATEIPHO PACIIONIOKEHHBIX OJHOMEPHBIX MaccuBoM pa3mepa N,
To K-b1ii 31eMenHT (0 < K < MN-1) mony4eHHOro ‘00JIbII0ro’ 0JHOMEPHOIO
maccuBa cooTBeTcTBYeT a[K/N][K%N] ameMeHTy MaTpHIIbI, 4TO CIETYET U3
OJTHO3HAYHOTO pa3yIokeHus unciia K mo moysto uucia N:

k=i1*N+j,0<j<N.

[TosToMy pemuTh 3a7a9y MOKHO C TIOMOIIBIO TAKOTO aJITrOpPUTMA!
int k;
for(k = 0; k < M*N; k++)

a[k/N][k%N] = b[K];

3aMeTHM, YTO JAHHBIM aJTOPUTM SIBJISETCS JCHCTBCHHBIM, HO HE
HNPAKTUYHBIM, TaK KaK MCIOJb3YETCs OICpAIMs JICACHUS B Ka)KJIOM BUTKE
uTeparuu. HaMHOTO MpakTUYHEEe WCTONh30BaTh aApeCHYI0 apu(pMETHKY B
ATOM CIIy4ae, 0 KOTOPOMl peub MOUAET B cieayroniel riase. C UCnoiib30-
BaHUEM aJ[peCHON apru(METHKH aJITOPUTM OYJET UMETh TAKOH BU;

for(k = 0; k < M*N; k++)
*(*a + k) = b[K];
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rae *a — aapec MepBOro AJIEMEHTa MaTpulbl a, *a + K — aapec K-ro ae-
MeHTa MaTpuibl, *(*a + K) — 3nauenue K-ro sjaemMeHTa.

Ecim xe TpeOyercs, HaoOopoT, B MaccuB b 3ammcarh mocienoBa-
TEIHHO CTPOKHU MATPHIIBI 8, TO 3TO JCJIAeTCS TAKHM 00pa3oMm:

for 1=0;1<M; i++)

for(j =0; j <N; j++)

b[i*N + j] = a[i][];

Ecnu ydecTs 3ameuanue, cBs3aHHOE C 3((PEKTUBHOCTHIO MCIOJIB30-
BaHUsI aJpeCcHON apu(PMETHKH, TO JaHHBIA aJITOPUTM MOXKHO 3arlucaTh B
Takou Gopme:

for(k = 0; k < M*N; k++)
b[k] =*(*a + k);

Hpumep 3. [logcuntaTe KOMTUYECTBO CTPOK LEITOYUCICHHON MaTPH-
1bl, YIIOPSIIOYEHHBIX 10 BO3PACTAHHUIO.

#include<stdio.h>
#include<stdlib.h>
#define M 5
#define N 10

/* mpoBepKa 0JJHOMEPHOTO MacCHUBa Ha YHOPSAI0YEHHOCTD */
int IsSort(int *a, int n)
L

Int1;

for(i=0;i<n && a[i-1] <= aJi]; i++)

return (i >=n);

}

int main()
{
int a[ M][N], i, count;
Init(a, M, N); /* ¢dyaknus u3 nepBoro npumMepa */
for(i=count=0; i < M; i++)
if (IsSort(a[i], N))
count++;
printf("count = %d\n", count);
return O;

}
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Ipumep 4. IlycTte uMeeTcs HEKOTOpas KBaJpaTHash MaTpuila & pas3-
Mepa N. TpebGyeTcst BRIBECTH Ha SKpaH BCE MOAMATPHUIIBI JAHHOW MaTpHUIIbI
nopsiaka 1, 2,...,N.

#include<stdio.h>
#define N 5

/* BBIBOJI ITOJAMATPHIIBI TIOPSIKA SIZE, JIeBasi BEPXHsIs BEpIINHA
KoTopoi umeeT koopauHatsl (10, j0) B MaTpuIie a:

*/

void Print(int a[][N], int i0, int jO, int size)

L
inti, J;
for (I1=10; i <10 + size; i++)
{
for (j =j0; j <jO + size; j++)
printf("%5d", a[i][j]);
printf("\n");
¥
printf("\n");
b

/* GhyHKIMSA paccMaTpUBaeT BCE MOIMATPHIIBI B MaTpuiic a */
void SubMatrix(int a[][N], int n)
{

inti0, jO, size;

for(size = 1, size <=n; size++)

for(i0 = 0; 10 < n - size + 1; i0++)
for(j0 =0; jO <n - size + 1; jO++)
Print(a, i0, jO, size);

}

int main()

{
int a[N][NT];
.../* MHUITMAIH3aIUs MATPHIIBL & */
SubMatrix(a, N);
return O;

}
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o

10.

11,

12.

13.

14,

15.

6.3. 3agaun

Hana matpuna pazmepoM M X nN. HalTu CymMMBI 3JIEMEHTOB BCEX €€
YETHBIX CTPOK.

Jlana marpuua pazmepom m x N. HalTu MUHUMAJIBHOE 3HAYEHUE CPe-
1 CyMM DJIEMEHTOB BCEX €€ CTOJIOIIOB M HOMEpP CTOJIOIa C 3TUM MH-
HHUMAaJIbHBIM 3HAUCHHUEM.

Hakitn MUHUMAJIBHBIN 3JIEMEHT CPEIM MAKCUMAJIBHBIX 3JIEMECHTOB Ka-
KJIOU CTPOKU MATPULIBL.

BeiBecTH HOMEpP MEpBOUM CTPOKH MATPHIIBI, COJAEPKAIIECH paBHOE KO-
JINYECTBO IIOJIOKUTEIBHBIX M OTPHUIATEIIBHBIX 3JEMEHTOB, MPHUYEM
HYJICBBIC 3JIEMEHTHI HE YYUTHIBAIOTCHI.

Hait Komm4ecTBO CTPOK MATPHIIbI, BCE 3JIEMEHTBI KOTOPBIX Pa3JIMYHBI.
Jlana xkBaapaTHas maTpuua nopsaka N. Hautu cymmy 3J1€EMEHTOB €€
TJIAaBHOW U 0OpaTHOM JuaroHaseu.

Jlana xBajgpaTHas Marpuila nopsijaka N. TpeOyercs TpaHCHOHUPOBATH
JaHHYIO MATPUILY.

Jlana xBajapaTHas Marpuua nopsiaka N. HaiTu cyMMBI 3JEMEHTOB €€
JIAaroHaliey, MapajulelIbHbIX TJIABHOM, HAaYMWHAas C OJHOXJIEMEHTHOU
JIMaroHau.

JlaHa xBagpaTHas Marpuia Nnopsjaka N. 3aMEHUTh HYJISIMA 3JIEMEHTBI,
JIeKaIre OJHOBPEMEHHO BBIIIIE TJIaBHON M OOpaTHOM JuaroHasiei.

VY nanuTh Bce CTOIOIBI MATPUILLI, COAEPIKAIIUE TOJBKO MOJOKUTEIIb-
HBIC DJICMECHTBI.

Havitu BCe pasnmuuHble 3JIEMEHTHI LIEJTOYMCIEHHON KBaJApaTHOM Mart-
PHIIBIL.

Jana matpuua. Hanucats nmporpammy, KOTopas yrnopsiJiouuBaeT CTPO-
KM 3TOW MaTpPULbI IO BO3PACTAHUIO CYMM 3JIEMEHTOB €€ CTPOK.

Jlana matpuua pasMepoM M X N, rae M u N — yerHble uyncia. [lome-
HSTh MECTAMHU JIEBYIO BEPXHIOIO W MPABYI0 HUXKHIOKO YETBEPTHU MaT-
PUIIBIL.

Hameuarats BCE 3JIEMEHTBI MATPUIILI C UX UHICKCAMU, SBIISFOIIUECS
MaKCHMaJIbHBIMU B CBOEH CTPOKE 1 MUHUMAJILHBIMH B CBOEM CTOJIOIIE.
JIB€ CTpOKH MaTpHIbl HA30BEM 3KBHUBAJICHTHBIMU, €CJM COBIIAJAIOT
MHO>KECTBA 3JIEMEHTOB, BCTPEUAIOIIMXCS B 3TUX CTpokax. Hautu ko-
JIMYECTBO CTPOK, SKBUBAJICHTHBIX IMIEPBOM CTPOKE.
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16.
17,

18.

19.

20.

21.

22.

23.

24.

25,

26.

217,

28.

3aoauu ons camocmosmenvHou pabomoi

Haiitn MuHMMaIbHOE 3HAYEHHUE B KAXKJIOM CTOJIOIE MaTPHUILIBI.
IIpeoOpa3oBaTh MaTpuily, IOMEHSB MECTaMH MHUHHMAJIbHBI U MakK-
CHUMAJIBbHBIN 3JIEMEHT B KaXJ10M CTPOKE.

BriBecT HOMEp MEPBOUM CTPOKHW MATPUIIBI, KOTOPAs COJECPKUT MaK-
CUMAJILHOE KOJIMYECTBO OJMHAKOBBIX JIEMEHTOB.

Jlana BeliecTBEHHas KBajapaTHas marpuua nopsaka N. CocTraBUTh
MIPOrpaMMy BBIYMCIICHUS CYMMBI 3JIEMEHTOB, PACTIOJIOKECHHBIX BBIIIE
TJIAaBHOW M HIDKE 0OpaTHOM AuaroHasieH.

Havitu makcumanpHbiil 2iieMeHT MaTpullpl. [lepecrasiisis ee CTpOKU U
CTOJIOIBI, TOOUTHCS TOTO, YTOOBI MAaKCHMAJIBHBIN AJIEMEHT OKa3ajcs
B JIEBOM BEPXHEM yIJIy MAaTPHIIbI.

CocTaBuTh NporpaMmy HaxXOXXJAEHUS 4YKCIa CTPOK MATPHUIIbl, MUHU-
MaJIbHBIN 3JIEMEHT KOTOPBIX OTPUIIATEIbHBIM.

CocTaBuTh IpOrpaMMy HaXO0XKJAECHUSI MUHUMAIIBHOTO U3 BCEX MOJIO0XKHU-
TeJIbHBIX 2JIEMEHTOB B Ka)KJI0OM CTOJI0II€ MaTPHUIIbI.

3aMEHUTh HAUMEHBIIMN AJIEMEHT KaXKJI0M CTPOKH MATPHIIbl, HAUMHAs
CO BTOPOM, HAUOOJIBIITUM DJIEMEHTOM TIPEJBIAYIIECH CTPOKHU.

3agaHa kBaJpaTHas Matpuia nopsaka N. MCKiItounTs U3 HEe CTPOKY U
cToJyIOeI], Ha TIePEeCEUCHUH KOTOPBIX PACIOJIOKEH MUHUMAIbHBIN 3J1e-
MEHT T'JIaBHOM JHaroHalu.

Onpenenutpb, €CTh JIK B MACCUBE Pa3MEpPOM M X N OJMHAKOBBIE CTPOKH.
OnpenennuTp, SIBISETCS I MAaCCUB MarudeCKUM KBaJApaTOM, TO €CTh
COBMAJAET JIM B HEM CyMMa Ka)KJI0h CTPOKH, KaKJ0TO CTOJIOIA U ABYX
naroHaleu.

Jlana uenouncieHHas marpuna. HaliTu HOMep mepBOro U3 ee cToJo-
1IOB, COJIEPKAIINX TOJbKO HEUETHBIC YMCIIA.

Harmucare niporpamMmy, KoTOpast ynopsaa04YUBAET CTPOKU MATPUIIbI T10
BO3PACTAHUIO MUHUMAJIbHBIX 3JIEMEHTOB €€ CTPOK.
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/. YKA3ATEJIN 1 MACCHUBBI

7.1. Yka3zarenu u aapeca

VYkazarenu npeacTaBlsSIIOT OO0 MEepEeMEHHbIC, 3HAYECHUSIMHU KOTO-
pBIX SIBISAIOTCA aapeca namsatu. Eciaum B "oObryHOM" mepeMeHHOU copaep-
KUTCSI HEKOTOPOE 3HAUYECHUE, TO YKA3aTeNb COJECPKUT aApeC TOM WIH UHOU
nepeMeHHON. "OObUHASA" TIEPEMEHHAS HenocpeocmeeHHO CChIIaeTCs Ha
3Ha4YEHUE, YKa3aTeJb )K€ CChUIACTCS Ha 3HAUCHUE KOCBEHHO.

CuHTaKCcuC CO3/1aHUA yKa3aTelsl UMEET CIEeAY O BU/L;

TUI *UMS_TIEpEMEHHOM,

IJIe TUI — TUIT TIEPEMEHHOM, aJpec KOTOPOil OYJET COMEepPKAThCS B yKa3aTe-
Jie, UMsI_TIEPEMEHHON — MMs MIEPEMEHHOIN THUIIA yKa3aTellb, CUMBOJ ' 3BE3-
J04YKa" O3HAYaeT, YTO OObSBIIsIEMasl IEPEMEHHAs SIBJISIETCS YKa3aTeIIEM.

[Iycth X — HEKOTOpasi mepeMEHHasA, HapuMep, Leyoro tumna (int), a
pX — yKazarellb Ha MEePEeMEHHYIO 1IEJI0T0 TUMa. Y HapHas omnepanus & omn-
peaensieT aapec 00ObEKTa:

int X, *px;
pXx = &X; [* Teneps nepeMeHHas pX COAEPIKUT aapec ImepeMeHHoi X */

ITocne Takoro mpucBaMBaHUs NepeMeHHas PX OyJIeT cojiepKaTh ajapec Ie-
peMeHHON x. EAMHCTBEHHOE OTrpaHMYEHHUE HCIIOIB30BaHUS Omepanuu &
COCTOMT B TOM, YTO €€ HEeJIb351 UCMOJIb30BaTh K OOBEKTY C KJIACCOM MaMsITH
register. 3aMeTUM, 4TO aJIpeC pa3MEIICHUs MEPEMEHHON BBIOMPACTCS KOM-
IIBIOTEPOM U MOKET U3MEHSITHLCS IIPU OUEPETHOM 3aIyCKE MPOrpaMMBL.

OueHb NO0JE3HO HHUTAJIM3UPOBATL YKA3aTCJIb HYJICBBIM 3HAYCHHUCM
(NULL) npu ero oObsIBIICHUU, €CJIM 3apaHee HE M3BECTHO, aJpec KaKoi
epEeMEHHOM OH OyJIeT UMETh B KaueCTBE CBOECTO 3HAUCHUS:

double *pd = NULL;

Tak kak yka3arellb COACPIKHUT aipec 00BEKTa, ITO TaeT BO3MOKHOCTh
KOC8eHH020 JTOCTYIA K 3TOMY OOBEKTY Uepe3 yKaszareslb. Y HapHas orepa-
nus * (omepaius KOCBEHHOM ajapecaluu) oOpaliaeTcs Mo 3TOMY ajpecy,
9TOOBI U3BJICYL COACPKUMOE OOBEKTA, HA KOTOPBIM CChIJIACTCS yKa3aTellb.
Hampumep, oneparop

printf(“%d”, *px);

Halie4aTacT COACPKUMOC HGpGMGHHOﬁ X.
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B kadecTtBe THMIIa TEPEMEHHOM-YKA3aTENIsi MOXHO HCIOJIb30BAaTh
KioueBoe cyioBo void. [Ipu sToM mepemeHHas-yka3zaTellb MOXET COJAEp-
&KaTh aJpec J000ro 00bEKTa, TOJBKO K TAKOMY YKa3aTEJ0 HEb3sl MPUMe-
HSATH YHApPHYIO ONEpanuio * u apuMeTHIeCKUe oneparuu.

VYka3zarein MOXXHO CPaBHMBATh C NMOMOIIBIO OIEpAllMid CpPaBHEHUS
(<, <=, >, >=, ==, |=). TonbKo B CpaBHEHUH JIOJDKHBI y4acTBOBaTh yKa3a-
TEJIM HA JAHHBIE C OJHUM U TEM K€ THIIOM.

7.2. Yka3zaTeJu U apryMeHTbl (DYHKIUI

CylecTByIOT ABa Criocoba nepeaadu napaMmeTpoB PyHKIMU: IO 3HAa-
YeHUIO0 U MO cchbuike. B s3pike Cu nepenaya apryMeHTOB (PYHKITUAM OCY-
IIECTBJISIETCSA IO 3HAYEHUIO; BbI3BaHHAsI (PYHKIUS HE UMEET HEMOCPEJCT-
BEHHOW BO3MOXHOCTU HM3MEHUTh IEPEMEHHYIO W3 BBI3BIBAIOIICH MPO-
rpamMMBl.

Hanpumep, B mepBOM BapuaHTE CICAYIOIIEH MPOTpaMMBbl MOCIE BbI-
30Ba pyHkIu Swap(a, b) 3HaYCHUS IepeMeHHBIX a U b B dhyHKIKr main()
OCTaHyTCsl 0€3 U3MEHEHUS.

/* mepenaya 1o 3Ha4eHUro */ /* mepenaya 1o cchuike */
void Swap(int a, int b) void Swap(int *pa, int *pb)
{ {
int buf; int buf;
buf = a; buf = *pa;
a=b; *pa = *pb;
b = buf; *pb = buf;
} }
int main( ) int main()
{ {
inta=1,b=2; inta=1,b=2;
Swap(a, b); Swap(&a, &b);
return O; return O;

} k

YtoObl NEHUCTBUTENHHO MOMEHSATh 3HAYEHUS JTAHHBIX MEPEMEHHBIX,
OOBSIBJICHHBIX B (PYHKIIMM main(), mporpaMmma JI0J»KHa BHUJ BTOPOTO Ba-
puanta. B nmaHHOM ciyyae mpoOMCXOIUT mepeliadya apryMEHTOB (DYHKIIUU
Swap() mo ccbuike, TO €CTh (DYHKIMHU TMepefaroTcs aapeca MepeMEHHBIX
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a u b, mocrme vero s W3MEHEHUS 3HAYCHHUU JAHHBIX IEPEMEHHBIX KC-
MOJIB3YETCS OTmepalusi KOCBEHHOM aapecaruu (*).

PaccMOTpuM HECKOJIBKO MHTEPECHBIX MPUMEPOB, B KOTOPHIX UCIIOJIb-
3yeM yKa3zaTeu B KaueCTBE MapaMeTpoB (YHKITU.

Ipumep 1 (3pdexTuBHOE yaanenue 3jeMeHTOB). [IycTh TpeOyeT-
CA yAAIUTh W3 LEJIOYMCICHHOTO MACCHUBAa a pazMepa N BCE DIIEMEHTHI CO
3HAYEHUEM X.

Hwxke mpuBenen odeHb 3G ()EKTUBHBIN aNTOPUTM PEUICHUS JAHHON
3amaun. CHavalia B TaHHOM aJIFCOPUTME MPOOETraroTcsi BCE AJEMEHTHI Mac-
cuBa a (HaunHas ¢ a[0]) 10 nmepBoOro BX0OXKJACHUS JIeMEHTa X (€C/IU TaKOU B
naHHOM MaccuBe umeercs). ITycte a[j] = X — nmepBoe BXOXKIEHHUE dJIEMEHTA
X. HaunHas ¢ J-ro siieMeHTa B MaccuBe a OyjeM Iepe3anuchiBaTh (mepe-
CTaBJISITh HA HOBBIC MO3UIIMH) BCE DJIEMEHTHI, HE PaBHBIC 3HAUYCHHUIO X.

/* DOyHKIUS yIaIeHHS dJIEMEHTa X U3 MaccuBa a pa3mepa n */
void Del(int *a, int *pn, int X)
{

inti, j;

for(j = 0; j < *pn && a[j] = x; j++)

for(i = j+1; 1 <*pn; i++)
if (afi] 1=x)
a[j++] = ali];
[* B mepeMeHHYI0 N 3alMchIBaeM HOBBIN pa3mep MaccuBa a. */
*pn =J;
by

int main()
{
inta[]=41,2,3,4,1,1, 1};
int i, size;
size = sizeof(a) / sizeof(*a); /* pasmepHocTh MaccuBa a */
Del(a, &size, 1); /* ynansem u3 maccuBa a Bce SIUHUIIBI */
/* BBIBOJUM HOBBIN MacCHB Ha 3KpaH: */
for(i = 0; i <size; i++)
printf("%d ", a[i]);
return O;
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3aMeTUM TaKOW OYCHb BAXKHBIM MOMEHT: JUJIS yJaJICHHS DJIEMCHTOB
CO 3HAYCHHEM X B MACCHBE A COBEpIIACTCS MHHHUMAJbHOE YHCIIO Iepe-
CTAaHOBOK, IOATOMY JAaHHBIM aJICOPHTM YK€ HENb3s 00JIee ONTUMU3HPO-
BaTh.

3aMEeTUM TaKXe, YTO JAaHHBIM aJrOPUTM MOYKHO IMPHUMEHSTH JIJIS ya-
JICHUS DJICMEHTOB MacCHBa, 00JIaJIafOIIMX HEKOTOPBIM cBokicTBoM Q (Ha-
IIpUMEpP, CBOMCTBOM OBITh IMOJIOKHUTEIBHBIM YUCIIOM W CBOMCTBOM OBIThH
YETHBIM YHCIIOM W T.A.). Torma aaropuT™m yAajeHHUs OyJIeT BBIMJISIACTH
CICAYIOIIUM 00pa3oMm:

void Del(int *a, int *pn)
o
inti, j;
for( = 0; J <*pn && 1Q(a[i]); j++)

for(i = j+1: i < *pn; i++)
if (1Q(a[i]))
a[j++] = a[i];
*pn =j; [* HOBBIIA pa3Mep MaccuBa a */

}

Hpumep 2. [IycTe uMeeTcss MaccuB a LENBIX yncen pasmepa n. Tpe-
OyeTcsi HATU Cpeid BCEX MOJOXKUTEIbHBIX 3JIEMEHTOB MAacCHMBa & MHHU-
MaJIbHBIN (MIN) 1 MaKCUMabHBINA (MaX) 3JICMEHTHI.

[TockobKy MUHUMAJIBHBIA U MAaKCUMAJIBHBIN 3JIEMEHTHI UIYTCS HE
Cpelli BCEX BJIEMEHTOB MACcCHBa a, & TOJIBKO CPEIM MOJIOKUTEIbHBIX, TO B
KayeCTBE HAYaJIBHOIO 3HAYCHMS JJIA IePEMEHHBIX MIN ¥ Max Mbl He MO-
’KeM B3STh IMPOU3BOJIbHBINA 2JIEMEHT MaccuBa a (Kak 3TO JIFOOST JieJlaTh He-
KOTOpBIE HAYMHAIOIIME MPOrpaMMUCThI). [103TOMY TepBBIM JEJIOM B Ha-
IIeM aJIrOpUTME OYyJIeM HCKaTh TEPBBIM MOMABIIMICA TOJIOKUTEIbHBIN
9JIEMEHT, KOTOPBIH M OyJeT HauaJbHbIM 3HaUCHUEM U1 Min u max. danee
OCTaHETCS MPOOEkKATh BCE OCTABIIMECS AJIEMEHTHI MACCUBA & U T€ U3 HUX,
KOTOpPBIE SIBJISIIOTCSI MOJOKUTEIbHBIMU, CPABHUBATH C TEKYIIUMH 3HAYeE-
HUSMH MIiN B Max.

MoxeTr oka3zaTbCsl, YTO B MACCHMBE & BOBCE HET IMOJOXHUTEIbHBIX
9JIEMEHTOB, 1Mo3TOMYy (yHKIHs MinMax() moncka MUHUMAJILHOTO U MakK-
CHMAaJIbHOTO 3JIEMEHTOB B CJIEAYIOIIEM AJITOPUTME SIBIISIETCS JIOTUYECKOM.
JlanHass (yHKIMS BO3BpaliaeT HyJeBoe (JI0Kb) 3HAUYCHHE, €CIU TaKHUX
AJIEMEHTOB B MACCUBE HET U | — nHaue.
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#include<stdio.h>
#tdefine N 5

[* pmin, pmax — yka3aTeiau Ha MUHUMAJIbHBIM U MaKCUMAaJIbHBIN
DJICMCHTHI
*/
int MinMax(int *a, int n, int *pmin, int *pmax)
L
inti;
for(i=0;i<n &&a[i] <=0; i++)
/ *€CJIM B MACCUBE HET MOJIOKUTEIbHBIX JJIICMECHTOB, TO
BO3BpAlllaeM HYJIEBOE 3HaUeHUE */
if (i>=n)
return O;
else
{
*pmin = *pmax = a[i];
for (;i<n;i++t)
if (a[i] > 0)
if (a[i] < *pmin)
*pmin = a[i];
else if (a[i] > *pmax)
*pmax = a[i];
return 1;
by
by

int main()
{
int min, max, a[N] = {10, -20, 30, -40, 50},
if (MinMax(a, N, &min, &max))
printf("min = %d max = %d\n", min, max);
else puts(*no positive elements");
return O;

}

3amMeTuM, YTO JAaHHBIA aJTOPUTM OYEHB JIETKO PACOpPOCTPAHIETCS Ha
mr000H IpyroM cirydai, Korjaa TpeOyeTcss HalTH MUHUMAJIbHBIM U MaKCH-
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MaJIbHBIN 3JIEMEHTHI MacCHBa & U3 BCEX JIEMEHTOB, 00J1aal0lUX HEKOTO-
pbIM CBOMCTBOM Q:

int MinMax(int *a, int n, int *pmin, int *pmax)
{
inti=0;
while (i < n && 'Q(a[i]))
I++;
if (i>=n)
return O;
else
{
*pmin = *pmax = a[i];
for (;i<n;i++)
if (Q(a[i]))
if (a[i] < *pmin)
*pmin = a[i];
else if (a[i] > *pmax)
*pmax = a[i];
return 1,
by
by

IIpumep 3. B oqHOoMepHOM MaccuBe a pa3Mepa N 3aMEHUTh BCe MOJI-
PAX UIyLIUE JIIEMEHTHI CO 3HAYEHUEM X OJHUM DJIEMEHTOM CO 3HAYECHUEM X.

void Zamena(int *a, int *pn, int X)
{

inti, j, k;

1=]=0;

while(i < *pn)

{

K =0; /* KoIM4eCcTBO MOAPST UAYIIUX IJISMEHTOB X */

while(i < *pn && afi] == x)

U
i++;
K++:

}

if (k>0)
a[j++] = x;

78



while (i < *pn && a[i] '=x)
a[j++] = a[i++];
¥

*pn=j;

}

int main()

{
inta[]=4{1, 1, 2, 2, 3, 2, 2};
Int i, size;
size = sizeof(a) / sizeof(*a);
Zamena(a, &size, 2);
for(i = 0; i <size; i++)

printf("%d ", a[i]);

return O;

}

Ecnu H€O6XOI[I/IMO pelInTh 3aaa4y 3a MUHUMAJIbHOC YUCJIO IIEpECTa-
HOBOK, TO 3TO OYCHb JICTKO CACJIATh CJICAYOIIUM O6p330MI

void Zamena(int *a, int *pn, int X)
{
inti,j, k;
if (*pn<2)
return;
for(j =1;j <*pn && 1(a[j-1] == X && a[j] == X); J++)

=) +1
while(i < *pn)
{
k=0;
while(i < *pn && a[i] == x)
{ I++;
K++:
¥
if (k>0)
a[j++] = x;
while (i < *pn && a[i] '=x)
a[j++] = a[i++];
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o
*pn =j;

}

IIpumep 4. B oqHOMEpHOM MaccuBe a pa3mMepa N 3aMEHUTH KaKIYIO
CEPHIO TOAPS HAYIINX OJUHAKOBBIX JICMEHTOB Ha OJUH 3JICMEHT JTaHHOM
cepun. Hanpumep, maccus 1,1,2,2,2,3,3 nomkeH npeoOpa3oBaThCs B Mac-
cuB 1,2,3.

void Zamena(int *a, int *pn)
v
inti, j;
if (*pn<1)
return;
for(i=]=1;i<*pn; i++)
if (afi] != a[i-1])
a++] =allf;
*pn =j;

}

int main()

{
inta[] ={1,1, 2,2, 2,3, 3}
int i, size;
size = sizeof(a) / sizeof(*a);
Zamena(a, &size);
for(i = 0; i <size; i++)

printf("%d ", a[i]);

return O;

7.3. YKa3zare/im 1 MACCHUBBI

JIi14 Havaa 3aMeTuM, 4TO0, KaK U Y BCIKOM MEPEMEHHOM, Y NIEPEMEH-
HOM THUIIAa MAaCCHB JOJDKHO OBITh HEKOTOPOE 3HaueHHE. 3HAUCHUEM Iepe-
MEHHOU TUIIa MACCUB SIBIIIETCS aAPEC MEPBOIO JIEMEHTAa MAaCCHUBA:
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all] 1] N a[MV-1]

[ToaTOMY TOIIyCTUMO CIIEIYIOIIEE IPUCBOCHUE:

int a[10], *pa;
pa=a,

B nanHOM ciydae mepeMeHHas-ykaszaTenb pa OyJaeT MMEeTh B KadyeCcTBE
CBOET0 3HAYEHHUS aJI[pec MEPBOIrO AIEMEHTA MACCUBA a. 3aMETHUM, YTO MPHU-
CBOEHHE Pa = & MOXHO TaK»Ke 3aIMCaTh U B TAKOW 3KBUBAJIEHTHOU (opme:
pa = &a[0].

3anuch WM CUYUTHIBAHHME JIAHHBIX B MACCUB IMPOUCXOMAST CJICAYIO-
M 00pazom. 11 3TOro KOMIUJISATOP BBIUMCIISAET apeC COOTBETCTBYIO-
IIEro 3JIEMEHTA, YYUTHIBAS pa3Mep AJIEMEHTOB, U3 KOTOPBIX MACCHB CO-
CTOWT, U BEJIMYMHY CABUTa OTHOCUTEIBLHO MEPBOro 3jemMeHTta. Hampuwmep,
YTOOBI 3aIMCATh WM CYUTATh I-H 31emMeHT MaccuBa double a[10], kommu-
JATOP YMHOXHUT 3HAUCHHUE CcIBHTa | Ha pa3mep aneMmenTa tuma double (To
ecTh Ha 8) W mojyuut 8*i OalT. 3aTeM KOMIMIATOP JOOABUT K aapecy
TIEPBOTO 3JIeMEHTa MaccuBa 8*i OalT cBUTA U TEM CaMbIM BBIYHCITHUT a]l-
pec I-To AyIeMeHTa TaHHOTO MaccuBa. [locie aToro mo maHHomy aapecy I-i
AJIEMEHT MOKHO CUUTATh, JIMOO HEKOTOPOE 3HAUEHUE MO JTAHHOMY aJIpecy
MO>KHO 3aIUCaTh.

KoMmnunsaTop He KOHTpOJIUPYET BBIXOJ 3a IpaHuIlbl MaccuBa. Ecnu,
HaIlpyuMep, MPHU 3alUCH WM CUUTHIBAHMHM JTaHHBIX OyAET YyKaszaH ajapec
a[20], TO KOMIWIATOP 3aMUIIET UM CUYUTAECT B AYEUKY IO aapecy, CIBU-
HyToMy Ha 160 GaliT OTHOCUTENBHO aJpeca MEPBOro 3JIEMEHTa MAacCCHBA,
HEKOTOpoe 3HaueHue. B manHOM ciydyae BbIOpaHHasi 00JacTh MaMATH MO-
KET MPUHAJICKATh APYTrol MEpPeMEHHON, U pe3yJIbTaT MPOrpaMMbl MOXKET
OBITh HEMPEJACKA3YEMbIM.

CymectByeT a8 POpPMBI 3aMUCH JJIsl IOCTYIA K 3JIEMEHTOM MacCH-
Ba. [lepBbIit criocoO (MHIACKCHBIN) CBs3aH C UCIIOJIB30BAaHUEM OIepalu [],
nanpumep af0], a[5].

BTopoii cmoco6 cBs3aH ¢ UCIMOJIB30BAHUEM aAPECHBIX BBIPAXKCHHM.
3aMeTuM, 4TO NpH MPUOABICHUM €TUHUIBI K 1IEJION IepeMEeHHOM ee 3Ha-
yeHue yBenuuutcs Ha 1. Ho ecnu npubaBuTh €IMHUIYY K MEPEMEHHOM-
yKazaTes, TO €€ 3Hau€HUEe YBEJIMYMUTCS Ha YUCI0 OailT Toro Tuma, Ha
KOTOPBIN OHA yKa3biBaeT. Hampumep, eciau equHUIly NpuOaBUThH K yKa-
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3atento Ha float, To 3HaUYeHHE JaHHOTO yKa3areys yBeauuuTcs Ha 4. [1o-
3TOMY 3HadeHHe a[i] MOKHO 3amucaTh ¢ TOMOIIBIO aJIPECHOTO BBIpaXKe-
Husg:. *(a+i). To ecTe 3HaueHWe a+i SBIAETCS agpecoM I-TO 3JIEMEHTA
MaccuBa a, a *(a+l) ABIsgeTcs 3HaUCHUEM I-T0 dJIEMEHTa JTaHHOI0 MacCH-
Ba. 3aMETHUM TaKXe, 4To 3anucu &afi] u a+i SABIAIOTCS SKBUBAJICHTHBIMU.
JIroboe BeIpaxkeHue Buaa a[i] Bcerna mpuBoaMTCsS K BUay *(a+i), To ecTh
WHJICKCHOE BBIPAXKCHHE MPE0Opa3yeTcs K aipeCHOMY.

Hwxe npuBeeHbl 1BE SKBUBAICHTHBIC MTPOIPAMMBI, TIPHUEM ITepBast
nporpaMma Beerjia Ipeodpas3yeTcsi KOMIMISTOPOM KO BTOPOMY BapHaHTY.

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

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

#define N 10
int main() int main()
{ {
int a[N], /* maccus a pasmepom N */ | int a[10], /* maccus a pazsmepom N */
i [* cueTyuk */ I; [* cueTyuk */
for (i=0;1<N; i++) for (I=0;1<10; i++)
{ {
a[i] = rand()%10; *(a+1) = rand()%10;
printf("%d ", a[i]); printf("%d ", *(a+i));
} }
return O; return O;
} }

Ewie pa3 noguepkHem, 4TO UMs1 MAacCHUBA HE SBJISIETCS IEPEMEHHOM,
II03TOMY HEJIb3s, HaIpUMEp, 3anucaTh at+, XO0Ts MOXKHO 3anucars pat+.
HNmeercs Tpu BapuaHTa Iepeayd MAacCHBa B KayeCTBE IapamMmeTpa

GyHKIMH:

1. ITapameTp 3amaeTcsi Kak MAacCHB C yKa3aHUEM €ro pa3Mepa, Ha-

IPUMED

uMsi_pynkiuu (int a[100])

2. TlapameTtp 3amacTcs Kak MacCuUB 0e3 yka3aHHUs €ro pasMmepa, Ha-

npumep

uMsl_pyakun (int af])

3. [TapameTp 3agaercs Kak yKas3arejb, HallpuMep

uMsi_pyHkiuu (int *a)
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Korpa xoMnmisiTop BCTpedaeT B KadyecTBE IapaMeTpa OJHOMEPHBIN Mac-
cuB, 3anucaHHbIi B ¢opme int a[100] mium int @[], To oH mpeobOpa3yeT S3TOT
napaMmeTp K Buay int *a.

Wcxons u3 cKka3aHHOTO BHINIE, IPUBEACM IIPUMEDP BBIUMCICHUS CYM-
MBI 2JIEMEHTOB MaCcCHBa 4Yepe3 yKa3aTelln:

[* ucrionp30BaHUe apUPMETHKH yKazaTenen */
int Sum (int *begin, int *end)
{
int sum = 0, *pa;
for(pa = begin; pa < end; pa++)
sum += *pa;
return sum;
b
int main()
{
int sum, size, a[] = {2, 3, 5, 10, 20},
size = sizeof(a)/sizeof(*a); /* komuuecTBO SnEMENTOB B Maccuse */
sum = Sum(a, a + size);
printf(sum = %d\n", sum);
return O;

7.4. Onepauum ¢ ykazareJasaMu

B s3pike Cu nMeroTcst 6a30BbI€ onepaliu, KOTOPble MOYKHO BBITOJI-
HSTh C yKa3areisiMu. PaccMOTprM 3TH oneparuu.

Onepauus npucBamBaHUA. YKa3zaTellsIM MOXKHO IMPUCBaWBaTh a-
peca sdeek nmaMsaTi. Hame BCero yka3arelto MPUCBAUBAETCS aapec NMepBO-
ro dJeMEHTa MaccHuBa (KOTJa MacCHB IlepeaaeTcss (PyHKIIMU B KayeCTBE
napameTpa) Wiu aJipec MEePEMEHHOM C MOMOIIBI0 YHAPHOU omepanuu &.
Harmpumep:

int a[N], b, *pa, *pb;
pa=a; /* pacomepKuT aapec MepBOro dIeMeHTa MaccuBa a */
pb = &b; /* pb comepxut agpec nepemennoii b */

Takxke MOXHO K 3HAYECHHUIO OJIHOTO yKa3aTelysl MPUCBOUTH 3HAYCHUE JIPY-
roro, HarpuMep
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char *pc;
int *pa;
pa = (char *)pc;

B nanHOM mnpuMepe BBIIIOIHEHO MpuUBEAcHUE TUNOB. Eciu ke 3Toro He
CeJIaTh, TO TaKas 3alMKUCh OYJET SBJISTHCS OMIMOKOM.

Onpenenenue 3HaueHusi (pa3bIMeHOBaHHUeE). YHapHas omnepanus *
BO3Bpalla€T 3HAYCHUE MEPEMEHHOW, HA KOTOPYIO YKAa3bIBAET yKa3aTelb.
Hanpuwmep,

inta=0, *pa;
pa = &a; /* ykazaTelb Pa COACPKUT aapec epeMeHHO a */
*pa=1; /* Teneps 3HaUCHHE IEPEMEHHOM & paBHO 1 */

3aMeTuM, 9TO MCXOJIS U3 ONpEeaeSIeHUs ornepanuii & u *, MOYKHO C Tepe-
MEHHOW ONEPUPOBATH CIEAYIOIINM 00Pa30M:

int a;

*&a = 123; /* B mepeMeHHYIO a 3amucaHo 4ucio 123 */

Anpec yka3zareasi. Kak u no0asg nepeMeHHasi, IepeMeHHas-yKa3a-
TeJb UMEET aJipec U 3HAYCHUE, MOITOMY C MOMOIILI0 YHAPHOH omepaiuu
& MOKHO OIpeNesiATh aipec CaMOl MepEeMEHHOM-yKa3aTels:

int *pa;
printf("%p\n", &pa);

IIpudaBiaeHue K ykasarTearo Hegoro yuciaa. C nomomsro onepa-
LIMU + MOYKHO K yKa3aTento MpuOaBuTh Lenoe yucio. [Ipu 3toM 310 1enoe
YHUCJIO CHayajaa YMHOXAETCAd Ha KOJUYECTBO OANT THUIMA JAHHBIX, HA KOTO-
pBIi yKa3bIBaeT yKa3arellb (TUIl yKa3aTelsd), a 3aT€M 3TO 3HAYEHUE IpH-
OaBJISIETCS K 3HAYEHUIO yKa3arels (TO €CTh K apecy, KOTOPBIA SIBIIAETCS
3HaueHHeM ykazarteins). [IpuBenem npumep.

int a[N], *pa;
pa =a; /* pacomepXuT agpec IePBOTO IEMEHTa MaccuBa a */
pa += 2; /*Teneph pa coaepKuT aapec daeMeHTa a[2] maccuBa a*/

NuakpemMeHT 3HaYeHus ykaszaress. K ykazaTenro MOXHO TpUME-
HATH OINEPAINI0 MHKPEMEHTUPOBaHUS (++1) 3HAUEHUS, [P ITOM 3HAUCHUE
yKazaTessl yBEeJIUYMBAETCS Ha KOJIMYECTBO OalT THUIA yKa3aTels.

BoluuTanue 1eJJOYHCIeHHbIX 3HaYeHuil. C MOMOIIBIO Onepauu —
MO>KHO BBIYHUTATh LEJIO€ YUCIIO OT 3HaUYeHUd ykazarens. [lpu 3Tom 310 11e-
JI0O€ YUCJIO CHauyajia YMHOKAeTCs Ha KOJIMYECTBO OalT TUMa JAaHHBIX, Ha
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KOTOPBIN YKa3bIBAECT yKa3aTelb, a 3aT€M OT 3HAYCHHS yKa3aTels BbIUMTa-
€TCsI TOJTYYEHHOE YHCIIO.

JlekpeMeHT 3HaYeHUs yKa3artes. K ykazareinto MOXHO MPUMEHSTh
OIepalIuio JeKPEMEHTUPOBAHUS (--).

Bobrunciaenue pasHocTH yKa3zareaeil. MOXXHO BBIUHCIATh Pa3HOCTh
JIBYX yKa3aTeJeu.

CpaBHenue yka3zarened. Ecnu ykazaTenum MMEIOT OJIMH U TOT K€
THII, TO K YKa3aTEJIsM MOKHO NPUMEHSTh OOBIYHBIEC ONEPAIIN CPABHEHUSI.

7.5. Yka3areau ¢ Tunom vVoid

PaccMoTpum ocoOeHHOCTH yKasartesel, nMeromue T Void. UtoOsl
IPHCBOUTH 3HAYCHMIO yKa3aTellsd ¢ TUIOM VOid 3HaueHue APyroro ykasa-
TEIIsA, TO B JAHHOM CJIy4ae He TpeOyeTcs IPHUBEICHUS TUIIOB:

char c;

int a;

double x;

void *p;

p=&C; p=4&a; p=&X;

TakuMm 00Opa3om, K yKaszareito ¢ TUIIOM VOid MOXHO IIPHCBOMTH 3HA-
YeHHe ykazaTens Jroboro Tuma. [Ipm 3ToM 4TOOBI MCMOIB30BAaTh ONEpa-
10 *, HE0OXO0MMO SBHOE MTPUBEACHUE THUMIA!

double x;

void *p;

p = &X;

*(double *)p = 0.5;
printf("%f\n", *(double *)p);

Tak>xe 4TOOBI MPUMEHSATH apU(PMETHUECKHE OTIEpallii, HEOOX0UMO
SBHOE MPUBEACHUE TUTIA!

int a[5] ={1, 2, 3, 4, 5};
void *p;

p=a,

((int *)p)++;
printf("%d\n", *(int *)p);
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7.6. Moguduxartop const

Ecnu 3HadueHue mepeMEeHHON HE JOJDKHO U3MEHSThCA, TOTAAa MEpen
€€ 0OBSBIICHUEM CIIETYET MOCTaBUTh MOAUGPUKATOP const, HAPUMED:

const inti=10;

Oco0eHHO AaHHBIM MOAWU(MHKATOpP IOJIE3CH IIPU Iepejaye apryMEeHTOB
dbyukun. HecMoTpst Ha TO, 94TO BCe BBI3OBHI B S3bIKe CH — 3TO BBI3OBBI 110
3HAYCHUIO, MTPU KOTOPHIX (YYHKIIMH TIePEA0TCS KOIMUHM apryMEHTOB U, W3-
MEHSS 3TH CaMbI¢ KOIIMH IIEPEMEHHBIX, CAMH IIEPEMEHHBIC B BBI3BABIICH
(GYHKIIMM OCTarOTCS HEW3MEHHBIMH, WHOT/A JKeJaTeIbHO TMOKa3aTh, UYTO
MepelaHHOE 3HAYCHUE HE JOJDKHO M3MEHAThC. Hanmpumep, ecnn pyHKININ
B Ka4yeCTBE apryMEHTOB IEPENArOTCSI MaccUB a (BepHee, yKas3aTeidb Ha
IIEPBBIA AJICMEHT MAacCHBa) U €ro pa3MEepHOCTH N, IPHYEM JIEMEHTHI Mac-
CHBa HE JOJDKHBI M3MEHSATH CBOE 3HAUCHHE M Pa3MEPHOCTH N OHKHA OC-
TaBaThCS IMOCTOSHHOM, TOTJla MOYXHO OOBSBUTH (PYHKIIHIO CJCAYIOITUM
obpazom:

ums_byaknuu (const int *a, const int n)

Ecnu mpoucxonuT mombITKa W3MEHUTh 3HAYEHUE apryMEHTa, KOTOPBIN
ObLT 00OBSIBIIEH ¢ MOAU(UKATOPOM const, TOT/1a KOMIIWISATOP BBIAACT IIpe-
AynpexkeHne 1mbo cooduieHue 00 ommoxe.

/.7. MaccuBbI IEpEeMEHHOT0 pa3Mepa

OnHoMepHbIe MacCUBBI HauOoJee paciHpOoCTpPaHEHBI B MPOrpaMMU-
poBanuu. Ecnu 3apaHee HeM3BECTHO, KAaKOTO pa3Mepa MacCUB HaM IOHa-
TOOUTCS, TOTJIa UMEET CMBICI UCIOJIb30BaTh JUHAMUYECKUE MacCUBHI. B
TOT MOMEHT BPEMEHH, KOTJla TTOHAJOOUTCS MAacCUB TOTO WJIM MHOTO pa3-
Mepa Il XpaHEeHHs JaHHBIX, HEOOXOAUMO BBIACIUTh TUHAMUYECKYIO Ta-
MSTh TpeOyeMoro oobema, a Korja oHa CTaHeT HEe HY>XKHa, TO OCBOOOJIUTh
ee. DTO O4YeHb YJI00HO, TaK KaK MPH OOBSIBICHUU CTATUYECKOTO MACCHUBA
HEOOXOIMMO 3apaHee OMPEACIUTh €ro pa3Mep BO BpeMs CO3JIaHHS IPO-
rpaMMbl, U TaKOW MacCUB OyJeT 3aHMMAaTh NaMATh Ha BCEM MPOTSKEHUU
pabOoThI TaHHOM MTPOTPAMMEI.

YtoObI co31aTh TMHAMHYECKUN MAacCUB, HEOOXOIUMO yKa3aTh (DYyHK-
uuu calloc() Tun sneMeHTOB MaccuBa U uX KoiaumdectBo. Hampumep, ecnu
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TpeOyeTcs nuHamuyeckuid maccuB a u3 100 anmementoB tuna double, Toraa
HEOOXO0MMO BBITIOJTHUTD CIICIYIOIICE:

double *a; /* yka3arenp Ha TUHAMHYECKHI MacCHB */

/* 6nok u3 100 snementos tumna double: */
a = (double *)calloc(100, sizeof(double));

Oyukius calloc() Bo3BpaTUT aapec MEPBOrO AJIEMEHTa BBIJICICHHOTO OJIOKa
MaMsITH TPU YCIEIIHOM HCXOJE, B MPOTHUBHOM XK€ CiIydyae — 3HAYCHHE
NULL. Bce aneMeHThI BbIICIEHHOM 00JIaCTH MaMITi OOHYJISFOTCS.

Co3math TMHAMUYECKHI MACCHUB TaK)K€ MOXKHO MPH MOMOIIH (yHK-
un malloc():

double *a;

/* ook u3 100 rnemenToB tuna double:*/
a = (double *)malloc(100 * sizeof(double));

B otimnuwme ot dynkuuu calloc(), aneMeHTsI BBIICICHHOW 001aCTH aMsTH
HE OOHYJISFOTCHI.

Ecnmu nuHamMudeckuit MaccuB a mmocie paboThl ¢ HUM OOJIbIINe HE HY-
’KCH, TO BBIJCIICHHYIO II0J] HErO MaMsITh MOXKHO OCBOOOAWTH (DYHKIIMCH

free():
free(a);

Hwxe MNPpUBOAUTCA NPUMCP CO3JaHUA TUHAMHWYCCKOIoO MaCCHBa.

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

/* BBIBOJI DJIEMEHTOB MAacCHBa Ha dKpaH */
void Print(const int *a, const int n)
{ - -

inti;

for (I=0;1<n;i++)

printf("%d ", a[i]);

printf("\n");

¥

int main()

{
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int *a, [* anpec mepBoOro BIIeMeHTa AMHAMUYIECKOTO MaccuBa */
size,  /* pa3zMmep TMHAMHYECKOTO MaccuBa a */
1 /* cueTuuk */
scanf("%d", &size); /[* BBoauM pazmep MaccuBa C KJIaBHATYPHI */
a = (int *)calloc(size, sizeof(int)); /* Beinensem namsars nox maccus */

if (@ ==NULL)

printf(" HemocraTouno mamsatu ");
else
{

/* 3aMOJIHSICM 3JICMEHTBI MacCHBA MPOU3BOJIBHBIMH YHCIaMH */
for (I1=0; 1 <size; i++)
a[i] = rand()%10;
Print(a, size);
free(a); /* ocBOOOXKIaEM MaMSATh, BBIJICICHHYIO 10T MACCUB */

}

return O;

}

Ecnmu Bo Bpems paboOTHl ¢ JUHAMHYECKHMM MAaCCHBOM HEOOXOIUMO
U3MEHHTH €T0 pa3Mep, TO B 3TOM cirydae moMoxeT GpyHkius realloc():

void *realloc(void *p, size t size)

Oynkius realloc() 3aMensieT Ha size pa3Mep 00bEKTa, HA KOTOPHIM yKa3bl-
BaeT ykazatenb P. [ns Toil yactu, pasmep KOTOpOW paBeH HaUMEHBIIEMY
U3 CTApOro U HOBOTO Pa3MEpOB, COAEPKUMOE HE U3MEHUTCA. Eciu HOBbIN
pa3zMep OoJIbIlIE CTApOro, TOrAa JOMOJIHUTEIBHOTO MPOCTPAHCTBA HE UHHU-
uaau3upyeTcs, B 3ToMm ciiydae QyHkuus realloc() Bo3Bpaiiaer ykazaTenb
Ha HOBOE MECTO MamsTH. Eciu e maMsatu 3ampanmBaeMoro oobemMa Her,
torna gynkiusa realloc() Bo3Bpamiaer 3Hauenne NULL, npudem *p npwu
HTOM HE U3MEHSETCA.

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

void Print(const int *a, const int n)
{ - -
int i
for (I=0;1<n;i++)
printf("%d ", a[i]);
printf("\n");
}
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int main()

{
int *a, [* anpec mepBoOro sIeMeHTa IMHAMHYECKOro MaccuBa */
size,  /* pa3zMmep TMHAMHYECKOTO MaccuBa a */
new_size , /* HOBBIN pa3mep maccuBa a */
1, /* cueTunk */
*tmp;

scanf("%d", &size); /* BBoauM pa3Mep MaccuBa C KJIaBHATypPhbI */
a = (int *)calloc(size, sizeof(int)); /* Beigensem nmamsrs mox Maccus */

if (a==NULL)
printf("Hemocrarouno mamsTu");

else

{

for (I1=0; 1 <size; i++)

a[i] = rand()%10;
Print(a, size);
new_size = 2 * size; [* HOBBI# pa3Mep MaccuBa a */
tmp = (int *)realloc(a, new_size * sizeof(int));
if (tmp '= NULL)
{

a =tmp;

for (i = size; i < new_size; i++)

a[i] = rand()%10;

Print(a, new_size);
¥
free(a);

¥

return O;

}

7.8. MaccuBbl yka3areJeii

MaccuBbl MOkHO (POPMUPOBATH TaKkKe€ U U3 yKazarened. OdeHpb vac-

TO MAacCHBBI yKa3aTeJel UCIONb3YIOTCS sl padOThl C MaCCUBAMU CTPOK.
Kaxaplil 3JIeMEHT Takoro MaccuBa SIBIISIETCS yKa3aTejIeM Ha HEKOTOPYIO
CTPOKY, WJIH, 00JIe€ TOYHO, KAkl SJIEMEHT COJEPKHUT aJpec HYJIECBOTO
CHMMBOJIA COOTBETCTBYIOILIEH CTPOKHU.
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Hampumep, 00bSIBUM M MHHIMAIA3UPYEM MACCUB yKaszaTelieh color,
COCTOSIIIMIA U3 Ha3BAHUM TPEX LBETOB (COCTABJISIOIIME IIBETA B KOMIIbIO-
TepHOU rpaduke):

Char *color[3] = {“red”, “green”, “blue”};
CxeMaTHYHO MAacCHB yKazaTenei COlor MOKHO M300pa3uTh CIIEIyIONTUM
00pa3oM:

color(0] [ —— 7 [ %’ [ 47| 507 |

colar[1] .__pl;g:'l e ENESE S

EDIDI"[E] l——pl '-'b?l £? | 0t | e’ | :-u:lpl

Kaxnpiii ykaszaTesb CChUIACTCSI HA HYJIEBOM CHMBOJI COOTBETCTBYIOUIEU
ctpoku. [loaToMy MaccuB ykazateneil color MOXKET cChlIaThbCsl HA CTPOKHU
MPOX3BOJIBHOM JIJIUHBL.

Paccmorpum eme onua npumep. Co3gaauM MacCUB yKas3aTellew W3
10 351eMEeHTOB, B KOTOPOM OyAYyT XPaHUTHCS aJIpeca MAaCcCHUBOB LIEJIOTO TH-
na, MpUYeM MAacCHUBBI OYIyT UMETh PA3IMUHYIO JJTUHY, HAIIPUMED !

a0] [ ——{ 10]
a1]| ——{ 1020

al2] —— 1020 [ 30|

A8 —— {1020 [30] 40 50] &0 ] 0] =0 ] 90100

#include <stdio.h>
#include <stdlib.h>
int main()
{
int *a[10] = {NULLY}; /* uanmmamusupyem Bce sneMeHThl MaccuBa Hyssimu */
inti, j;
for (1=0;1<10; i++)
{
a[i] = (int *)calloc((i+1), sizeof(int));
for (j=0;)<=1i; j++)
a[i]j] =j*10 + 10;
}

for (1=0;1<10; i++)
{
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for(=0;j<=1i; j++)
printf("%d ", a[i][j]);
printf("\n");
¥
for (I=0;1<10; i++)
{
free(a[i]);
a[i] = NULL;
}

return O;

}

7.9. JIBymMepHbIe MACCHBBI IIEPEMEHHOI0 pa3Mepa

Co3nmaTh JUHAMUYECKUN JABYMEPHBIH MAacCHB MOYXHO HECKOJbKHMH
criocobamu. PaccMoTpuM HEKOTOphi€ M3 HUX. B KauecTBe nmpumepoB Oy-
7€M paccMaTpuBaTh IUHAMHYCCKHE MATPHIBI pasMepa M Ha N TUNa
double. Tannblii THIT MOKHO 3aMEHHUTH Ha JI000# IPYyroi TUI JTaHHBIX.

1 cmoco6. Camblii TPOCTO# CITOCOO 3TO BBIICIUTH B MAMSITH KOMITb-
IoTepa  JUHAMUYCCKMKM  (OJHOMEpHBIM)  MacCMB @  pa3mepa
m*n*sizeof(double) Gaiit. To ecTh Bcero MaHHBI MacCUB OyJeT cojuep-
XaTh M*n snementoB tuma double. Eciu (ycimoBHO) pa3ieauTh JTaHHBIC
M*N s1eMeHTHl Ha OJOKHW JUIMHBI N, TO MOJYyYUM pOBHO M OjokoB. Kaxk-
OBl Takoi OJOK OyJeT COOTBETCTBOBATh OYEPEIHOM CTPOKE MATPHIIHI.
Toraa saeMeHT MaTpHIIBI ¢ MHJICKCAMU | U | ©MeeT ajapec a+i*n+j B mac-
cuBe @, mpu 3ToM *(a+i*Nn+j) sBIgeTCS 3HAYEHWEM JAHHOTO JJICMEHTA.
Htak, oOpaIieHue K 2JIeMeHTaM MaTPHUIbl OyAeT UMETh CIICAYIOITHI BU/:

*(ati*n+j), 0<i<m,0<j<n.

[TponutrocTprpyeM 3TO Ha CIIEIYIONIEM IPUMEDE.

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

/* pa3merieHue OJJHOMEPHOTO MacCHBa B MaMsITH KOMIIbIOTEpa */
double *Allocate(int m, int n)

{

return (double *)malloc(m*n*sizeof(double));

}
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[* vEUNMaIu3anys dJIEMEHTOB MaccuBa */
void Init(double *a, int m, int n)
t

inti, j;

for(i=0;1<m;it+)

for(G=0;j<n;j++)
*(@+i*n +j) = rand()%10;

}

/* BBIBOJ 2JICMEHTOB MacCHBa Ha SKpaH */
void Print(double *a, int m, int n)
L
inti, j;
for (I=0;1<m;i++)
{
for (j =0; j<n;j++)
printf("%.1f ", *(a + i*n +)));
printf("\n");
by
b

int main()
{
double *a; /* qgunamuueckuii maccus */
int m, n;
scanf("%d%d", &m, &n);
a = Allocate(m, n);

if (a)

{
Init(a, m, n);
Print(a, m, n);
free(a);

¥

return O;

}

2 cnoco0. B naHHOM cityyae TakKe 1 JBYMEPHOTO MacCHUBA BhIJIE-
JSETCST OJIMH OJIOK TaMSTH, TOJBKO HEMHOI'O OOJIBIIEro pa3Mepa, 4eM B
NpeIbIIyIIeM cydae, The oOpallleHHe K 3JIEMEHTaM IPOUCXOIMIO II0
npaBuny *(a+i*n+j). UroObl HCIIONB30BaTh IMPHUBLIYHOE OOpAaIliCHHE K
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ayeMeHTaM (auHamudeckoi) Marpuiel a[i][j] HeoOxomuMo K OJIOKY pas-
Mepom B Mm*n*sizeof(double) Gaiit m00aBUTH TOTOJHUTCIBHBINA OJIOK,
uMeromuii pasmep m*sizeof(double *) Gaiit, B koTOpOM OymyT XpaHHUTHCS
yKa3aTejid Ha COOTBETCTBYIOIINE CTPOKU MaTpullbl. JlaHHBIN OJIOK moMec-
THUM IIepe]1 0JIOKOM ¢ OCHOBHBIMH JAaHHBIMU (3HAUYCHUSIMHU MATPHIIBI).

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

/* pa3MellieHre MacCuBa B MaMsTU KOMIIbIoTepa */
double **Allocate(int m, int n)

{
double **a;
inti;
a = (double **)malloc(m*n*sizeof(double) + m*sizeof(double *));
if (a)
{
for(i=0;i<m;it++)
a[i] = (double *)(a + m) + i*n;
return a;
by
else return NULL;
¥

[* vHUNIMaIU3anMs dJIIEMEHTOB MaccuBa */
void Init(double **a, int m, int n)
v

inti, j;

for(i=0;i<m;i++)

for(j=0;j<n;j++)
a[i][j] = rand()%10;

}

/* BBIBOJI DJIEMEHTOB MAacCHBa Ha YKpaH */
void Print(double **a, int m, int n)
LS
inti, J;
for (I=0;1<m;i++)
{
for j =0;j <n; j++)
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printf("%.1f *, a[il[j]);
printf("\n");
}
}

int main()
{
double **a;
int m, n;
scanf(*'%d%d", &m, &n);
a = Allocate(m, n);
if (a)
{

Init(a, m, n);
Print(a, m, n);
free(a);

¥

return O;

3 cmocod. PaccmoTtpum apyroit cnocoO, KOTOPBIN sABIISIETCS HAMOO-
Jee 4acTO MPUMEHSIEMBbIM M OJIATOTPUSITHBIM I U3MEHEHUs pa3MEpOB
JIBYMEPHOTO MaccuBa. Eciu B JBYX MNPEIbIAYIIMX CIIydasX CO37aBajcs
€IMHBI MOHOJIUTHBIN OJIOK MaMsITH, TO JUISl CO3/IaHUSI IBYMEPHOTO MaCCH-
Ba B JJAHHOM CIJIydae CHadana TpeOyeTcs BBIICIUTh MaMsATh IS OJHOMEP-
HOTO MacCHBa yKa3aTeJel Ha OJHOMEPHBIC MACCHBBI, 4 3aT€M BBIJCIHUTH
HaMsITh JIJIsl OJHOMEPHBIX MaCCHBOB.

Hampumep, nycte TpeOyeTcsi co3aaThb NMHAMHYECKHUI JIBYMEpHBI
maccuB a[m][n] tuma double:

a

ao | —C_ 1T 1T — T 1 |
al11| ~—] [ [ 1 [ |

s~ T T T T ]

afm-1]] =g I [ - [ | |

B npencrasienHnoi Huxke nporpamme ¢yHkiua Dispose() B LIUKIIE TPOXO-
JIUT M0 MAacCUBY yKa3arelied M OCBOOOXKIAaeT MaMsATh, 3aHUMAEMYIO KaxK-
IBbIM 3JIEMEHTOM, & 3aT€M OCBOOOKIa€T MaMSTh, 3aHUMAEMYIO CAMUM Mac-
CHUBOM YyKa3aTeJieu.
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Oynakmus Allocate() cHagana BeIACISET MaMATh I MacCUBa yKa3a-
TEJIEH, a 3aTEM B IIUKJIE IPOXOJUT MO JAHHOMY MAaCCHBY yKa3aTeJlel U Bbl-
JensieT maMsITh I OJHOMEPHBIX MacCUBOB. Eciii Ha KakOM-TO II1are ure-
panyMyd TaMATh BBIJICTUTh HEBO3MOXKHO, TO BBI3BIBACTCS (YHKIIUS
Dispose() a1 0cBOOOKIEHNS YCIEIIHO BbIACICHHOW MaMATH JJ1sI HEKOTO-
PBIX OJHOMEPHBIX MacCHUBOB, a cama (pynkius Allocate() Bo3BpaiaeT 3Ha-
yenre NULL. IIpu ycnemrHoM BbIIENEHNUH TTAMSTH U1 BCETO IBYMEPHOTO
maccuBa (yHnkius Allocate() Bo3BpamaeT ykaszaTelb Ha OJHOMEPHBIN
MAacCCHUB yKa3aTele.

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

/* ocBOOOXKIEHNE TTaMSITH, 3aHUMAaeMOM IByMEPHBIM MacCHUBOM a */
void Dispose(double **a, int m)

t
inti;
for (I=0;1i<m;it+t+)
if (a[i] '= NULL)
free(a[i]);
free(a);

}

/* BbIACIEHUE TAMATH 1OJ] ABYMEPHBII MaccuB a */
double **Allocate(int m, int n)
{
double **a;
int i,
int flag; /* mormueckast nepemennas */
a = (double **)malloc(m * sizeof(double *));
if (a!=NULL)
{
1 =0;
flag = 1;
while (i <m && flag)
{
a[i] = (double *)malloc(n * sizeof(double));
if (a[i] == NULL)
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flag = 0;

else i++;

by

if (flag)

{
Dispose(a, m);
a = NULL;

}

b

return a;
¥

/* 3amoHeHne PJIEMEHTOB IBYMEPHOI'O MaccuBa */
void InitArray(double **a, int m, int n)

o
inti, j;
for (I=0;1<m;i++)
for j =0;<n;j++)
a[i][j] = rand()%10;
by

/* BBIBOJI Ha KPaH JIEMEHTOB JBYMEPHOTO MaccuBa */
void PrintArray(double **a, int m, int n)

t
Inti, J;
for (i=0; i <m;i++)
{
for (j =0; j <n; j++)
printf("%.1f ", a[il[i]);
printf("\n");
by
¥

int main()

{

double **a;

int m, n;

scanf("%d%d", &m, &n);
a = Allocate(m, n);
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if (a!=NULL)

{
InitArray(a, m, n);
PrintArray(a, m, n);
Dispose(a, m);
a=NULL,;

}

return O;
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8. CUMBOJIbBI U CTPOKH

8.1. IlpeacraBiienne cMuMBOJILHOM HHPopMannu B JBM

CumBosibHas HHPOpMALIUS XPAaHUTCS U 00pabaThIBA€TCS B KOMIIbIO-
Tepe B BUJIe HU(PPOBOro Kojia, TO €CTh KaXJOMY CHUMBOJIYy CTaBUTCS B CO-
OTBETCTBUE HEKOTOPOE YHUCIO-KOA. {11 pa3HbIX TUIOB KOMIIBIOTEPOB U
ONEPAlMOHHBIX CHUCTEM HCIOJB3YIOTCS Pa3IMYHbIE HAOOpPHI CHMBOJIOB.
HeoOxoauMmbiit HaOOp CUMBOJIOB, MPEAYCMOTPEHHBI B TOM WA HHOM
KOMIIBIOTEPE, OOBIYHO BKJIIOYAECT:

® VIPaBISAIONIME CHUMBOJIBI, COOTBETCTBYIOUIME OMPEACICHHBIM
byHKIUAM;

o wudps;

e OyKBBHI ali(haBuUTA;

® cCrenualibHbIC 3HaKU (MPoOes, CKOOKH, 3HAKU MPEHUHAHUS U T.1.);

® 3HAKHU ONEpaLUN.
Jl1s mpecTaBieHus CHMBOJIbHOM MH(OpPMAIIMK B KOMIIBIOTEPE Yallle BCe-
ro UCIOJB3YyeTCs an(aBUT, COCTOAMMN 13 256 cuMBOIOB. Kaxapiii crum-
BOJI TAaKOTO aj(aBrUTa MOKHO 3aKOJAUPOBaTh 8 Outamu (1 Oailtom) mamMsiTu.
Bce cumBosibl mpoHyMepoBaHbl oT 0 10 255, mpuueM KaKJIOMy HOMEpY
COOTBETCTBYET 8-pa3psianbii qeondnbiid kog ot 00000000 o 11111111.

Cpenu HaOOpOB CUMBOJIOB HAMOOJIBIIEE PACIPOCTPAHEHUE TTOTyUIa
tabmuna komupoBku ASCII (American Standard Code for Information
Interchange — amepukanckuii CTaHIAPTHBIA KO JIT 0OMEeHa MH(pOpPMAIIH-
eil). B nanHol Tabnuile CTaHIAPTHBIMH SIBISIOTCS TOJBKO MepBbie 128
CUMBOJIOB (cuMBOJIbI ¢ HOMepamu oT 0 go 127). CHavana pa3memarTcs
yopasJisitonne (HeoToopakaemMbie) CUMBOJIBI (CUMBOJIBI ¢ HOMepamu oT 0
1o 31). Jlanee uayTt OyKBbI JaTUHCKOTO andaBuTa, HU(pbI, 3HAKU MPEHU-
HaHUsI, CKOOKH M HEKOTOPBIC APYTHe CUMBOJIBI, PUYEM JIATUHCKHUE OYKBBI
pacrojararoTcs B aipaBUTHOM TMOPsJIKE, ITUPPHI TakxKe yrnopsaodeHsl ot 0
10 9. Ocranphble 128 komoB Tabmuiel cuMBosioB ASCII ucnonb3yrorcs
JUISL pa3MEIeHUs] CUMBOJIOB HAallMOHAIBHBIX aj()aBUTOB, CHMBOJIOB IICEB-
norpaduKy U HAYYHBIX CHMBOJIOB.

Jlst mpesicTaBaeHUs] CUMBOJIBHBIX MEPEMEHHBIX B si3blke CH UCIIONb-
3yerca TUN char. 3HaueHHeM MepeMeHHOU Tuna char siBnsercst 8-OUTHBIN
KO/JI, COOTBETCTBYIOIINI TOMY UM UHOMY CUMBOJY.
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8.2. bubdamorexka 00padoTKH CHUMBOJIOB

bubnuoTtexka 06paboTku cuMBOJIOB (<ctype.h>) comepkut QyHKIIUHU,

BBIIIOJIHAIOIIHUEC ITPOBCPKU M OIICpallM C CUMBOJIbBHBIMH JdHHBIMH. Kax-

nasi QYHKIUS TOJy4aeT B KAa4eCTBE apryMeHTa IIeJI0€ YUCII0, KOTOpOe
n0JKHO ObITh 3HaueHueM unsigned char mubo EOF. ®ynkuuu Bo3Bpara-
I0T HEHYJIEBOE 3HAUCHHE (MCTUHA), €CIIM apTyMEHT C yIOBIETBOPSIET YCII0-
BU10, U 0 (JIOXKb) — MHAYE.

IIporoTun

Onucanue QyHKIIUN

int isdigit(int c)

MIPOBEPKa, SIBJISETCS JIM CUMBOJI C JECATUYHOM 1Tudpoit

int islower(int c)

MIPOBEpKa, SIBJSETCS JIM CUMBOJI C JJATUHCKON OYKBOM
HUKHETo peructpa (‘a’ — ‘z’)

int isupper(int c)

MIPOBEPKA, SBJSETCA JIU C JIATUHCKON OYKBOM BEPXHETO
peructpa (‘A’ — ‘7’)

int isalpha(int c)

IIpOBEpPKa, SIBJISCTCS JIU C JATUHCKOU OyKBOM

(isalpha(c) = islower(c) || isupper(c))

int isalnum(int c)

OykBa 1160 nudpa
(isalnum(c) = isalpha(c) || isdiglt (c))

int tolower(int c)

MepeBOJ JIATUHCKOTO CUMBOJIA C HA HIDKHUMN pEerucTp

int toupper(int c)

NEepeBOJ1 JATUHCKOTO CUMBOJIA C HA BEpXHUU PETUCTP

int isspace(int c)

poBEpKa, sIBJsieTCs Jin C mpodesiom (¢ 7), CMEeHOM
ctpanuibl (‘\f”), HoBo cTpokoii (‘\n”), Bo3Bparom
kapeTku (‘\r’), TaOymnsauei (‘t”), BepTUKAIbHOMN
TaOyssmeit (\v’)

int iscntrl(int c)

IIPOBEPKA, SABJIACTCA JIM C YIIPaABIAOIIUM CUMBOJIOM

int isprint(int c)

MIpOBEpKa, ABJISCTCS JIM C TIedaTaeMbIM CIMBOJIOM,
BKJIIOYas Mpooer

int isgraph(int c)

MIPOBEPKa, SBJISCTCS JIM C TIeYaTaeMbIM CUMBOJIOM,
KpoMme mpobena

int ispunct(int c)

MIPOBEPKA, SABJSETCA JIU C IeYaTa€MbIM CUMBOJIOM,
Kpome npobera, OyKBbl WU HUDPHI

Hanpumep, nocne nuHCTpyKIUU
printf("%s%s%s\n", "5 ", isdigit('5") ? "is " : "not is ", "a digit™);

Ha KpaHe MOSBUTCA CIIeyIoIIas cTpoka: S is a digit.
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8.3. Ctpoku B s3bike Cu

B s3pike Cu HET Takoro OTJIEIBHOrO TUIIA IAHHBIX, Kak cTpoka. B Cu
MOJT CTPOKOW MOHUMAETCS MOCIEA0BATEILHOCTh CUMBOJIOB, KOTOpas 3a-
kaHuuBaeTrcs cuMBOJIOM ‘\0’. CTpOKYy MOXKHO ONPEICIUTh HECKOJIbKUMH
crocobamu.

CTtpoka kak MacCHMB CUMBOJIOB. BO-TIEpBBIX, CTPOKY MOKHO OIpe-
JIETIUTh KaK MAaCCUB CUMBOJIOB, KOTOPBIN 3aKAHUYUBAETCS HYJECBBIM CHUMBO-
aoM \0’. Hynb-cumBon (‘\0’) mcmonb3yercs i TOTo, YTOOBI OTMEYaTh
KoHel cTpoku. B tabnuiie cumBonoB ASCII qaHHBIN CHMBOJI HIMEET HOMEP
0. IIpu ompeneneHun CTPOKM KaK MacCHBa CMMBOJIOB €l MPUCBAMBACTCS
MM M YKa3bIBAETCS MAKCUMAaJIbHOE KOJIMYECTBO CUMBOJIOB, KOTOPOE MO-
KET COJEpkKaTbCsl B HEM C ydyeToM HyJeBOoro cuMmpoiia. Hampumep, char
S[10]. Takoe OOBSIBIICHHE CTPOKH B BHJC MAacCHMBAa CUMBOJIOB TPEOYET OII-
PEIEIIEHHOTO0 MECTA B MaMATH JJISl IECATHU DJIEMEHTOB. 3HAYCHUEM CTPOKHU
S SABIIAETCS aJApEC €€ NMEPBOr0 CHMBOJA, YEpPE3 KOTOPBIM OCYILIECTBISETCS
JOCTYT KO BCEM €€ DJIEMEHTaM.

Hanpumep, B cienytoiieid mporpamme OOBbSBISETCS MACCUB CUMBO-
JIOB S, KOTOPBIM 3aloJIHSIETCS IOJh30BaTEeM C IOMOIIBI0 (YHKIIUU
fgets(), a 3areM BEIBOAWTCS Ha dKpaH Npu moMmorw GyHKiww Puts().

#include <stdio.h>

int main()

{
char s[10]; [* maccuB cUMBOJIOB */
printf("BBeauTe He 6ostee 9 cuMBOJIOB: );
fgets(s, 10, stdin);
puts(s); [* BBIBOJ CTpOKH */
return O;

}

IIpu 00OBsBIIEHUH CTPOKA MOXKET OBITh Cpa3y K€ MHUIIMAIM3UPOBAHA,
TO €CTh OHA MOXXET OBITh MPUCBOEHA MAaCCUBY CUMBOJIOB:
char s[] = “moon”;
[Tpu TakoM OOBSIBIEHUM CO3/IA€TCSI MACCUB S, COCTOSIIIIUMN U3 5 3JIEMEHTOB:
‘m’, ‘0’, ‘0’, ‘n’, \0’. OTHenbHBIC CUMBOJILI BHYTPH MacCHBa MOT'YT U3MeE-
HATHCS, HO caMa MepeMeHHas S OyAeT yKa3blBaTh Ha OJHO U TO K€ MECTO

IIaMATH.
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OOBsABNIEHNE CTPOKM B BHAE MAacCHBa CHMBOJIOB C IOCIEAYIOMICH
MHUIHATIU3AIMeH MOXKHO 3aliCcaTh TaKXKe CISAYIOMNUM 00pa3oM:

char s1[5] = {‘'m’, ‘0’, ‘0’, ‘n’, \0’};

char s2[7] = {‘m’, ‘0’, ‘0’, ‘n’, \0’}.
[Tocne Takoro oObSIBIECHUSI MaCCUBBI CUMBOJIOB S1 U S2 OyAyT UMETh Ta-
KOU BUI:

sl: m o | o n | \0

S2: m o | o n 0o \0 \0

To xe camoe MOXHO cJiesiaTh B B OoJiee y100HOH (popme, a MIMEHHO:
char s1[5] = “moon”;
char s1[7] = “moon”;

[loguepkHeM, 4TO HAJIMYKE HYJEBOTO CMMBOJIA O3HAYAET, YTO KOJIU-
YECTBO 3JIEMEHTOB MacCHBa CHMBOJIOB JIOJKHO OBITh MO KpailHel Mepe Ha
OMH OO0JbIIE, YeM MaKCHUMaJIbHOE KOJMYECTBO CUMBOJIOB, TUIAHUPYEMBIX
IUTSl pa3MEIEHUS B TAMSITH.

3amMeTuM, 4TO nocjae OObABICHUSI CTPOKHU, HAITpUMEP

char s[10];
a0COJIIOTHO HCOOITYCTHMaA 3aIIMCh BHU /1A

s = “Hello”;

TO €CTh UMsI MACCHBa HEJb3sI UCIIOJIH30BaTh B JICBOM YacTH OINEpaIlUH MPH-
CBaMBaHUAI.

CTtpoka kak yka3zartejib Ha nepBblii cMMBOJI. CTPOKY MOXKHO TakK-
Ke OMPENENIUTh U JPYTHMM CHOCOOOM — C HCIOJb30BAaHMEM YKa3zaTess Ha
cuMBoJI. Eciii 00BbsIBUTH char *PS, TO 3TUM caMbIM 33a/1a€TCsl IEpEMEHHAs
PS, KOTOpasi MOXKET COAEPkKaTh aJpec MEpPBOTO CHMBOJIA CTPOKH. B 3TOoM
Ciy4dae He MPOUCXOJIUT PE3EPBUPOBAHUS MTAMITH ISl XpaHCHHUS CHMBOJIOB,
KaK B ClIydyae ¢ MacCHUBOM CHMMBOJIOB, U caMa NEpPEMEHHas PS HE MHUIIUA-
JU3APYETCS KOHKPETHBIM 3HAUCHHUEM.

Ecnu rae-to B nporpamme nociie 00bsiBiieHUs1 char *pS BcTpeuaercs
MHCTPYKIMS BUJA PS = “SUN”, TOrJa KOMIIMJISITOP MPOU3BOJIUT CIEAYIOIINE
JEHUCTBUSI: B HEKOTOPYIO 00JIaCTh aMSTH (CKOpee BCEro B 00J1aCTh MaMsITH
read only) mociieroBaTeIbHO APYT 3a APYTOM 3alMCHIBAIOTCS CHMBOJIBI ‘S’
‘v, ‘n’ 1 \0’; mepeMeHHOM PS MPHUCBAMBACTCS apec MEPBOr0 CHMBOJIA, TO
€CTh, B HallIEM CiIyuae, aapec cuMBoia ‘s’. [lociie nHUIMaI3aum CTpOKU
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PS K KaXKJIOMY €€ CHMBOJIY MOKHO oOpamaThes depe3 unaekc: ps[0], ps[1],

ps[2].

Hwuxe npuBoauTCs MpUMEpP UCMOJIb30BAHUS YKA3aTENS HA CTPOKY !

#include <stdio.h>
int main( )
{
char s[17] = "this is a string";
[* mepeMeHHO ps MPUCBaUBAETCs IPEC MEPBOTO CUMBOJIA CTPOKH S */
char *ps =s;
inti;
for (1=0;1<16; i++)
/* oOparieHre K 3JIeMEHTaM CTPOKH PS TI0 UX UHJEeKcaM: */
printf("%c", psli]);
printf("\n");
ps=ps+8; [*ykazaremo pS npucBauBaeTcs aapec OyKBoI ‘a’ */
printf("%s\n", ps);  /* BeIBOJ Ha SKpaH HOBOM CTPOKHU */
return O;

}

B PE3YJIbTATC HA DKPAHEC IMOABATCA ABC CTPOYKH:
this is a string
a string

Kak u B ciiyyae ¢ MacCUBOM CUMBOJIOB, CTPOKY, OOBSBJICHHYIO Yepe3
yKa3aTellb Ha MEPBBIM CUMBOJI, MOKHO Cpa3y K€ MHUIIUAIU3UPOBATh, Ha-
nmpuMep

char *ps = “sun”;

B sTom ciiydae co3naercs nepeMeHHas-yKazarelb PS, KOTopas yKa3bIBaeT
Ha CTPOKY “sun’.

3aMeTHM, 4YTO CTpPOKa, OIpeleiicHHAs KaK yKa3aTelb Ha IepBBIH
CHUMBOJI CTPOKH, MOKET OBITh TTOMEIIICHA B HEU3MEHAEMYIO 001acTh TTaMsi-
TH, TO €CTh 3HAYCHHSI PJICMEHTOB B 3TOM CJIy4ac M3MEHUTH OyAET HEb3s,
XOTsI MO’KHO OyJIeT U3MEHHMTh 3HAaUCHHE CAaMOI0 yKa3aTels ]S.

Eme pas momyepkHeM, 4TO NMPH OOBSBICHHH CTPOKH KaK MacCHBa
cumBoJIoB (Hampumep, char S[10]) mpoucxoauT pe3epBHpOBaHUE MeCTa B
MmaMsTH, B TO BpeMs Kak oObsiBIIeHHE yKa3zatens (char *s) TpeOyeT mecto
TOJIBKO JIJIS CaMOTr0 yKa3aTelss, KOTOPbIH MOKET YyKas3blBaTh Ha JIIOOOM
CHUMBOJI MJTU MaCCUB CUMBOJIOB.
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Hwuxe mpuBOASTCS HECKOJIBKO MPUMEPOB pabOThI ¢ CHMBOJIAMH U
CTPOKaMHU.

IIpumep 1. [IpeobpazoBanue CTPOKU S B LETOE YUCIIO.

int Atoi(const char *s)

{ - -
inti, n;
I=n=0;
while (s[i] >="0"' && s[i] <='9")
{
n =n*10 + (s[i] - '0");
I++;
¥
return n;

}

B manHOM ciyuae Beipaxkernue S[i] — ‘0’ maer yuciieHHOE 3HAYCHUE CUMBO-
Ja, KOTOPBIA XpaHUTCS B S[1], MOCKONBKY B TabiuIle cCHMBOJIOB ITUdpsI ‘0’
‘1°, ..., ’9” uayt noapsaa. To ectb ‘0’ mpeobpaszyercsa B 0, ‘1° mpeobpazy-
eTcsa B 1 1 Tak 10 cuMBoJIa ‘9’, KOTOpBIN MpeodpasyeTcs B uucio 9.

IIpumep 2. IIpeoOpazoBaHue MPONUCHOrO JATUHCKOrO CHUMBOJA B

cTpouHblil. Ecniu ke cUMBOJI HE SIBJIETCS MPOMUCHON JIATUHCKOW OYKBOH,
TO OH OCTaeTcs 0€3 U3MEHEHUS.

int ToLower(const int c)

{
if (c>="A'&&c<='2Z)
return'a’ + (c - 'A');
else return c;
}

Hpumep 3 (3dpdexkTUBHOE YyaajleHHEe CHMBOJOB U3 CTPOKH).
OyHKIUS yIAIEHUS U3 CTPOKH S BCEX CUMBOJIOB, COBITA/IAIOIINUX C CHMBO-
JIOM C.
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B ¢dyukiuu DeleteSymbol() 6ynem nepezanuchiBaTh BCE CUMBOJIbI,
BXOJISIIIME B CTPOKY S, TaKUM 00pa3oM, YTOOBI CpeAu HUX HE OKazajics
CHUMBOJI C.

void DeleteSymbol(char *s, const int c)

{
inti, j;
for(j = 0; s[j] && s[j] !=c; j++)

for(i = j; S[i]; i++)

if (s[i] '= c)
sfj++] = s[i];
s[j] = \0"

}

B nanHOM (yHKIMM HE COBEpPIIACTCS HU OJHOW JIUIIHEH IMEePECTaHOBKH,
IIOATOMY OHa SIBIISICTCS 04YeHb d(P(HEKTUBHON U ONITUMATILHOM.

IIpumep 4. OnpeneneHrie MIMHBI CTPOKU 0€3 ydeTa CUMBOJIA KOHIIA
ctpoku \0’.

int Strlen(const char *s)

{
inti=0;
while (s[i] = \0")
i++:
return i;

}

IIpumep 5. KonupoBaHue cTpoku t B CTpOKY S.
void Strcpy(char *s, const char *t)

{
inti=0;
while ((s[i] = t[i]) '="\0")
i++;
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IIpumep 6. Jlob6aBneHue cTpoku t Kk CTpoke S.

void Strcat(char *s, const char *t)

{ - - -
inti, j;
1=j=0;
while (s[i] I="0")
i++;
while ((s[i++] = t[j++]) 1="0")
}

8.4. ®yHKuUM 00pPadOTKM CTPOK

Hwuxe NpUBCACHBI OCHOBHBLIC (I)YHKHI/II/I onepaunﬁ Haa CTpOKaMH

(bubmmoTeka <string.h>):

[IporoTun

Onucanue GyHKIUH

int strlen(const char *s)

BO3BpaIacT JJIMHY CTPOKH S

char *strcpy(char *s, const char *t)

KOIIUPYET CTPOKY { B CTPOKY S,
BKirodas ‘\Q’; Bo3Bpamaer S

char *strncpy(char *s, const char *t,
size_tn)

KOIIUPYET He 00jIee N CUMBOJIOB

cTpoku t B S; Bo3Bpainaer S. J{o-

IOJIHSET PE3yIbTaT CUMBOJIAMHU

“\O’, ecitt cuMBOJIOB B t MeHBbIIIE,
yeM N

char *strcat(char *s, const char *t)

NpUIUchIBaeT t K S; BO3Bpalaer S

char *strncat(char *s, const char *t,
size_tn)

PUIUCHIBAET He 0ojiee N CUMBO-
joB t Kk S, BO3Bpalaer S

int strcmp(const char *s,
const char *t)

cpaBHuBacT S U t; Bo3Bpamaet <0,
ecim S<t, 0, ecmu S ==t, u >0, ecin
s>t

int strncmp(const char *s, const char *t,
size_tn)

ananornuHa GyHkuuu stremp(),
TOJIbKO CpaBHUBAIOTCS HE OoJee N
NEePBBIX CUMBOJIOB B CTPOKax S u t

char *strchr(const char *s, int c)

BO3BpalllacT yKa3aTellb Ha IIEPBOC
BXOKJICHHE CUMBOJIA ¢ B CTPOKY S,
6o NULL, ecaam Takoro cumBosia
HE 0Ka3aJI0Ch
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char *strrchr(const char *s, int c) BO3BpalllacT yKa3aTelb Ha MOCIC-
HCC BXOXKICHHUC CUMBOJIA ¢ B CTPO-
Ky S, 6o NULL, eciu Takoro
CHUMBOJIa HEC OKa3aJIOCh

char *strpbrk(const char *s, BO3BpalllacT yKa3aTelb B CTPOKE S
const char *t) Ha TICPBBIA CUMBOJI, KOTOPBIHA COB-
1aj ¢ OJJHUM U3 CUMBOJIOB, BXO-
nsmx B t, mu6o NULL, eciu Ta-
KOBOTO HE OKa3aJIOCh

char *strstr(const char *s, const char *t) Bo3Bpaimaer ykaszareib Ha IEPBOE
BXO0XJIEHUE CTPOKU { B CTPOKY S,
mu60 NULL, ecnim Takoi moacTpo-
KM B S HC OKA3aJIOCh

char *strtok(char *s, const char *t) UIIIET B S JIGKCEMY, OTPaHUYCHHYIO
cumBoJiamu u3 t. Bo3Bpamaer yka-
34TCJIb HA HepBBIﬁ CHUMBOIJI JICKCC-
Mbl, 1100 NULL, ecin j1iekceMbl
HE CYLIECTBYET

[TpuBenem npumep ucnons3oBanust ¢yHkuuu strchr(). Ilocie BbI-
MOJTHEHUSI CIEAYIOIIUX CTPOYEK MPOrpaMMBbl

char *s, c;

s = "check";

c='e,

printf("%s%c%s%s%s\n", "symbol ", c, strchr(s, ¢) ? " was " : " was not ",
“found in ", s);

Ha DKpaHEe MOSIBUTCS TAKOW PE3YJIbTAT:
symbol e was found in check.

qDYHKHI/IIO strchr MOXHO HCIOJIBL30BAThH I IoACHYE€Ta KOJIMYECTBAa CUMBO-
JIOB CTPOKH S CO 3HAYCHHUEM C.

int Count(char *s, char c)

{

int count = 0;
while(s = strchr(s, ¢))

{

count++;
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S+

}

return count;

}

C nomomnipio GyHKuuid Strchr u Strcpy MoKHO OpraHM30BaTh yaajcHUE
BCEX CUMBOJIOB C B CTPOKE S:

void Del(char *s, char c)
{
char *ps =s;
while (ps = strchr(ps, ¢))
strepy(ps, ps + 1);
}

3aMeTUM MpHU 3TOM, YTO €CJIM CUMBOJIOB C B CTPOKE S OyIeT 0oJiee 0JJHOTO,
TO JaHHBIN alroput™M Oynet HedhPekTuBHBIM. IHPEKTUBHBIN AITOPUTM
JUIsl TIPOU3BOJIBHOTO Clly4asi PEIIeHUs JAaHHOW 3ajauu ObUT MPUBEACH B
¢ynkuu DeleteSymbol() B npeasinyem maparpade.

PaccMoTpuM Takxke npuMep UCIoIb30BaHus GyHKIUU strstr():

char *s, *t:
s ="this is a test!!":
t = "a test":

printf("%s\n", strstr(s, t));

ITocne BBITONIHEHUS JAHHBIX CTPOK Ha 3KPaHe MOSIBUTCS TAKOM PE3YJIbTAT:

a test!!l,
OyHKUHO SrStr MOXKHO TakKe MCIOJB30BaTh IJIs MOJCYETAa KOJIMYECTBA
BXOKJICHUS HEKOTOPOM CTPOKH t B CTPOKY S:

int Count(char *s, char *t)
{
int count = 0;
while (s = strstr(s, t))
{
count++;
S++;

}
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return count;

}

C nmomoimbto QyHKIMit Strstr u Strcpy Takke MOXHO OpPraHM30BaTh
yAaJICHUE BCEX BXOXKJICHUN CTPOKH t B CTPOKY S:

void Del(char *s, char *t)
{

int len;

char *ps;

len = strlen(t);

pS = S;

while (ps = strstr(ps, t))

strepy(ps, ps + len);

¥

Oynkuus strtok() nmpuMeHsiercst s pa3OreHus CTPOKU Ha JICKCEMBI,
OTpaHUYCHHBIC PaA3JICTUTEIBHBIMUA CHMBOJIAaMU (TIPOOEIIbI, 3HAKU IYyHK-
Tyaiun). IlepBoe oOpaienue k strtok() Bo3BpamiaeT 3HaueHUE yKas3aTemls
Ha TIEPBBI CUMBOJI TIEPBOM JIGKCEMBI B CTPOKE S W 3alMCHIBACT HYJIEBOMH
cumBoJ (\0’) B S HEMOCPEACTBEHHO 32 BO3BPAIIICHHOU JICKCEMOIA.

#include <stdio.h>
#include <string.h>
#define DELIMITERS " .,;;;\n\t"  /* cumBounbI-pa3aenurenu */

int main( )
char sentence[500]; /* cTpoka, pa3orBaeMas Ha JISKCEMBI */
char *word;  /* agpec Hayana ouepeaHOM JIEKCEMBI B CTPOKE */

fgets(sentence, 500, stdin);
word = strtok(sentence, DELIMITERS);
while (word !'= NULL)
{

puts(word);

word = strtok(NULL, DELIMITERS);
¥

return O;

}
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[Ipu mocnenyromux 0OpallleHUsIX ¢ HYJIEBbIM 3HAUYEHHEM IIEPBOTO apry-
MeHTa QyHKuus strtok() mpomoixaeT pa3OuBaTh Ty K€ CTPOKY Ha JIEKCe-
Mbl. AprymeHT NULL moka3biBaeT, 4to Ipu BbI3oBe strtok() oKHa mpo-
J0JKaTh pa3OMeHue ¢ TOrO MECTa CTPOKH sentence, KOTOpoe ObLIO 3aIlu-
CaHO MpHU MOCTETHEM BbI30BE QYHKIHMH. BONbIIMM HEAOCTATKOM JaHHOTO
MeTo/a SBIISIETCS TO OOCTOSITENIBCTBO, YTO CTPOKa SENtence mocie aencT-
Bus pyHkmuuy Strtok Oyner ucnopuena. Huxke OyaeT moka3zaHo Kak MOYKHO
M1caTh CBOU (0YEHBb OBICTPHIE) AITOPUTMBI BBIJICTICHUS CJIIOB U3 CTPOKH.

[IpuBeneHHble Bbille (PYHKIMU U3 OUOIMOTEKH <string.h> MOXkHO
JIETKO MPOMHUCATh U caMoCToATeNIbHO. Huke, B kKauecTBe mpumepa, rpuBe-
JeHBI ABa BapuanTa pyHkuuu Strlen() ¢ ucmosnb30BaHUEM yKaszaTeneu, Ko-
TOPBIE BO3BPAIIAIOT JUTMHY CTPOKH S.

int Strlen(char *s) int Strlen(char *s)
{ {
inti=0; inti=0;
while (*s) while (*s++)
{ I++;
S++, return i;
++: }
by
return i;
¥

Taxxke mpuBenem BapuaHThl (QyHKIUU Strcpy() KONUpPOBaHUS CTPOKH t
B CTPOKY S.

void Strcpy(char *s, char *t)
{
while ((*s = *t) 1="0")

{
S++:
t++;

by
by

void Strcpy(char *s, char *t)

{

while (*s++ = *t++)
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8.5. ®yHKIUM NPe0OPaA30BAHUA CTPOK

Hwxke mpuBogsTcs dyHkiuu mpeoOpazoBaHusi CTpok (OuOiImoTexa
<stdlib.h>).

IIporoTnn Onucanue GyHKIUH
double atof(const char *s) HIEPEBOJAUT CTPOKY S B JICHCTBH-
TCJIIBHOC YHCJIIO
int atoi(const char *s) TIEPEBOUT CTPOKY S B IEJI0C YHCIIO
long atol(const char *s) IIEPEBOJIUT CTPOKY S B JTTMHHOE

OocJIoC 4Ynucjio

double strtod(const char *s, char | npeoGpa3yeT nmepBbie CUMBOJIBI
**endp) cTpoku S B T double, urHopupysi
HaYaJIbHBIE CUMBOJIBI-Pa3ICTUTEIIH;
eciu endp He NULL, To yka3zare-
10 *endp mpucBamBaeTcs ajpec
CHUMBOJIa, KOTOPBIN SBIISICTCS TIEp-
BBIM CHMBOJIOM CTPOKH-OCTaTKa
nociie mpeoopa3zoBaHus

long strtol(const char *s, char npeoOpa3yeT MepBhIe CUMBOJIBI
**endp, int base) CTpokH S B THM lONg, urHOpupys
HadaTbHbIE CHMBOIIBI-Pa3IeTUTENN;
yKkazarelno *endp npucBanBaeTCs
aJipec CUMBOJIA, KOTOPBIN SBISIETCS
TIEPBBIM CHMBOJIOM CTPOKH-OCTaTKa
nocye npeoOpa3osanus; base — oc-
HOBaHME, TI0 KOTOPOMY TIPOU3BO-
AUTCsl MpeoOpa3oBaHue

unsigned long strtoul(const char *s, | paboTaeT Tak ke, kak u strtol(),
char **endp, int base) TOJIEKO BO3BpaIllaeT Pe3yJIbTaT TH-
na unsigned long

Hanpumep, Huke npuBOASITCA ABE MPOTPAMMBI, BBITIOJIHSIIOIIAE OJHO
Y TO € JICCTBUE 3a CUET JIByX YKBUBAJICHTHBIX HHCTPYKIIHI

x = atof(s); m X =strtod(s, NULL);

[* mpumep bynxmuu atof() */ [* mpumep bynxmuu strtod() */
#include<stdio.h> #include<stdio.h>
#include<stdlib.h> #include<stdlib.h>
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int main() int main()

{ {
char *s ="1.5"; char *s ="1.5";
double x; double x;
X = atof(s); X = strtod(s, NULL);
printf(“x = %f\n”, x); printf(“x = %f\n”, x);
return O; return O;

} }

Ecnu Tpebyercss mpousBecTH oOpaTHOE MpeoOpa3oBaHME YKCIA B
CTPOKY, TOr/a B 3ToM nmoMoxeT ¢pyukius sprintf(). Hanpumep:

inta=123;

char s[10];
sprintf(s, "%d", a);
puts(s);

8.6. Ilpumepsnl padoThI €O CTPOKAMH

Ipumep 1. lano uenoe uucio N, 1 < n < 26. 3anucarsb B CTPOKY S
NEpPBbIE N MPOMUCHBIE JATUHCKHE OYKBBI.

#include <stdio.h>
void Init(char *s, int n)
{ - -

inti;

for (I=0;1<n; i++)

s[i] ="'A" +1;

s[i] = "0

¥

int main()
{
char s[27];
int n;
printf("n ="); scanf(*"'%d", &n);
Init(s, n);
puts(s);

111



return O;

}

Ipumep 2. Jlana crpoka, m3o0pakaromias I€J10€ MOJOKUTEIbHOE
yucio. Haiitu cymmy nudp sToro unca.

#include <ctype.h>
int Sum(const char *s)
{
inti, sum;
I =sum=0;
while (isdigit(s[i]))
{
sum += (s[i] - '0Y;
I++;

}

return sum;

Hpumep 3. 3anucaTte B CTPOKY N CIyYaNHBIX JATUHCKUX CUMBOJIOB,
Cpeau KOTOPBIX C BEPOSITHOCTHIO 1/4 MOJKHBI IPUCYTCTBOBATH MPOOEIIHI.
Takyr0 CTpOKY MOXHO MHTEPIPETUPOBATH KAK MPEIJIOKEHNUE, COCTOAIICE
U3 CJIOB, Pa3/IeJICHHBIX MPOoOeIaMH, U UCIOIb30BaTh JJIsI HEKOTOPBIX TEC-
TOBBIX AJITOPUTMOB.

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

#define N 20

void Init(char *s, int n)
{ - -
inti;
for(iI=0;i<n-1;i++)
if (rand()%4 == 0)
s[i]="",
else s[i] ="a" + rand()%26;
s[n - 1] =0,
}

112



int main()

{
char s[N];
srand(time(NULL));
Init(s, N);
puts(s);
return O;

}

Ecnu ctpoky S HE0OXOAMMO 3aMOJIHUThH CIy4alHBIMH CHMBOJIAMH U3 HeE-
koTopoii crpoku SET, To dynkumro Init() u3 npeasiaymed mporpaMMel
MO>KHO TIPOIKCATh CIEAYIOIMUM 00pa3oM:

#include<stdio.h>

#include<stdlib.h>

#include<time.h>

#define N 20

#define SET "abcdefghigklmnopqrstuvwxyz .,;:"

void Init(char *s, int n)

{
inti, len;
len = strlen(SET);
for(i1=0;1<n-1;i++)

s[i] = SET[rand() % len];

s[n - 1] ="0";

by

int main()

{
char s[N];
srand(time(NULL));
Init(s, N);
puts(s);
return O;
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IIpumep 4. [IycTh nMeeTCs 1IEJ10€ HEOTPUIATEIBLHOE YHUCIIO N B Jie-
CATUYHOM CHUCTEME CUUCIIEHUS M HEKOTopoe 1enoe uyucio 2 < p < 36.
Tpebyercss Hanucath (QYHKIUIO, KOTOpasl 3alMChIBAET B CTPOKY S MPE.-
CTaBJICHUE YUCJa N B P-il CUCTEME CUUCIIEHUS.

#include<stdio.h>
#define SET "0123456789ABCDEFGHIGKLMNOPQRSTUVWXYZ"

void Itoa(int a, int p, char *s)
{
inti, j, buf;
1=0;
/* renepupyeM nudpsl B 00paTHOM MOpsAIKE */
do
{
s[i] = SET[a % p];
al=p;
i++;
} while (a !'=0);
s[i] ="\0’;
/* TmepeBOopaunBaeM CTPOKY */
j=i1-1
1=0;
while (i <j)
{
buf = s[i]; s[i] = s[j]; s[j] = buf;
I++; J--;
¥
b

int main()

{
char s[100];
Itoa(123, 16, s);
puts(s);
return O;

}
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IIpumep 5. Paccmotpum oOpaTHyro K mpeabiayiieid 3amade. [Iycth
CTpPOKa S COAEPKUT NPEACTABICHUE HEKOTOPOTO LETOTO0 HEOTPULIATEIBHO-
ro 4yucja B P-UYHOM cucTteMe cuuciieHus, rjae 2 < p < 36. Tpebdyercsa u3
CTPOKH S cOOpaTh caMo YHUCIIO.

Ilycts S="8;...218p” — NPEACTABIEHUE HEKOTOPOTO YHCIA B P-UYHOU
cucteme cumcienus, rae Bce 0 < a; < p. Torga caMo 4uCiIO paBHO TakOu
CyMME:

ap' +...+ a;p+ay.

#include<stdio.h>
#define SET "0123456789ABCDEFGHIGKLMNOPQRSTUVWXYZ"
int Atoi(char *s, int p)
{
int i, a, digit[256] = {0};
for(i = 0; SETIIi]; i++)
digit[SET[i]] = 1i;
for(i=a=0; s[i]; i++)
a = a*p + digit[s[i]];
return a;

}

int main()

{
printf("%d\n", Atoi("FF", 16));
return O;

}

Ipumep 6. IIycts SET — HexkoTOpoe MHOKECTBO CUMBOJIOB. Tpedy-
€TCA B CTPOKE S IOJACYNATATH KOJHMYECTBO CHMBOJIOB, MPUHAILIEKAIIUX
MHOXecTBY SET.

#include <stdio.h>

#include <string.h>

#define N 1024  /* pa3mep ctpoku s */
#define SET "ABC0123"

int Count(char *s)

{

inti, n;
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for(i =n=0; s[i]; i++)

if (strchr(SET, s[i]))
n++;

return n;

}

int main()
{
char s[N];
fgets(s, N, stdin);
printf("n = %d\n", Count(s));
return O;

}

3aMeTuM, 9TO JJIsl PEUICHUsS JTaHHOM 3amadn Oojiee merrecoodpa3Hee mpu-
MeHUTh QyHKIHIO strpbrk():

int Count(char *s)

{
char *ps =s;
int count = 0;
while(ps = strpbrk(ps, SET))
{
count++;
pS++;
¥
return count;
by

3ameuanue. B aByx npeasinynux ¢pyHkuusx Count() UCHONIB3YIOT-
cst pynkmum strchr() u strpbrk() uz 6mdmmorexn <string.h. CiioxxHOCTD a-
ropuT™Ma B CpeaHeM cirydae Oyzaer paHa O(m*n), rme m u N — IIUHBI CO-
oTBeTCTBYIOIMMX CTpoK SET u S. D10 He ouenb xopoio. [Tocmorpum, kak
MO>KHO ONTUMH3UPOBATH JAHHBIN aJITOPUTM.

[Tycts int flag[256] — nmoruueckuii MacCuB, Ka)KIblii UHIACKC KOTO-
pOTO COOTBETCTBYET TOMY WJIM MHOMY CHUMBOJY U3 TaOJWIIBI CUMBOJIOB
ASCII. Bce snementsl MaccuBa flag, HHAEKCHI KOTOPBIX COOTBETCTBYIOT
anemeHTaMm ctpoku SET, ompenenum eauHUIIaMH, a BCE OCTaJbHBIE ie-
MeHTBI — 0:
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int flag[256] = {0};
for(i = 0; SETIi]; i++)
flag[SETIi]] = 1;
Teneps uTOOBI MPOBEPUTH, SABISACTCS JIM HEKOTOPHIA CUMBOJ C 3Jie-
MeHTOM cTpoku SET, mocraTtouHo 3amucars.
if (flag[c])
Takum o6pazom, ¢yskiuio Count() MOXHO YCOBEPIIEHCTBOBATh
CIEAYIOIINM 00pa3oMm:

int Count(char *s)
{
int i, count, flag[256] = {0};
for(i = 0; SETI[i]; i++)
flag[SETIi]] = 1;
for(i = count = 0; s[i]; i++)
count += flag[s[i]];
return count;

}

Cn0KHOCTh aJITOPUTMa B JAHHOM CJy4yae paBHa M-+N, TO €CTh ajiro-
puTM OyzieT paboTaTh OUYE€Hb U OYEHBb OBICTPO AJISI JIFOOBIX CTPOK.

Hpumep 7. Tana ctpoka S. Iloacuurare KOIMYECTBO COIEPKAIUXCS
B HEM IIACHBIX U COTJIACHBIX JIATUHCKUX OYKB.

#include <stdio.h>

#include <string.h>

#include <ctype.h>

#define N 500 [* pa3mep ctpoku S */

#define VOWEL "AEIOUYaeiouy" /* rmacHble maTuHCKHE OYKBBI */

void Count(char *s, int *ng, int *ns)
t
inti;
for(i = *ng = *ns = 0; s[i]; i++)
if (isalpha(s[i]))
if (strchr(VOWEL, sJi]))
(*ng)++;
else (*ns)++;
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int main()

char s[N];
int ng, [* xonu4uecTBO riIacHbIX OykB  */
ns; /[* KonM4YecTBO COrjaacHbIX OYKB */

fgets(s, N, stdin);

Count(s, &ng, &ns);

printf("ng = %d ns = %d\n", ng, ns);
return O;

}

Kak u B mpenpiaylieM MpuMepe, MOXKHO 3HAYUTCIIBHO YCOBEPIIECHCTBO-
BaTh aJITOPUTM, BBEIS JOMOJHUTEIbHBIN MaccuB int flag[256]:

void Count(char *s, int *ng, int *ns)
{
int i, flag[256] = {0};
for(i = 0; VOWEL]I]; i++)
flag[VOWEL]I]] = 1;
for(i = *ng = *ns = 0; s[i]; i++)
if (isalpha(s[i]))
If (flag[s[i]])
(*ng)++;
else (*ns)++;

Hpumep 8. /lana Hexkotopas crpoka S. Onpenenurs CKOJIbKO pas-
JIMYHBIX CUMBOJIOB BCTPEUYACTCSI B CTPOKE S, HE paccMarpuBasi CUMBOJ \0’.

OnsTh ke g 00NbIeH CKOPOCTU PEIISHUs TaHHOM 3a1aun TIpruMe-
HUM JIOTIOJTHUTENsHBIA MaccuB flag, kak u B 1ByX mpenplIyIux 3ajadax.
Jliist Toro, yToOBI IpOrpaMMa MoOTJIa padoTaTh U C PyCCKUMHU CUMBOJIaMH,
OyjieM Bce CUMBOJIBI PUBOAUTH K TUITY UNSigned char.

typedef unsigned char UCHAR,;

int Count(char *s)

{
int i, count, flag[256] = {0};
for(i = 0; s[i]; i++)

flag[(UCHAR)s[i]] = 1;
for(i = count = 0; i < 256; i++)
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count += flag([i];
return count;

}

Hpumep 9. [lana vexotopas ctpoka S. [IpoBeputs, BCe I CUMBOJIBI
JTAHHOM CTPOKU IOIMAPHO PA3JIAYHBI.

typedef unsigned char UCHAR,;
int Check(char *s)

{
int i, flag = 1, count[256] = {0};
for(i = 0; s[i] && flag; i++)
{
count[(UCHAR)s[i]]++;
if (count[(UCHAR)sJi]] > 1)
flag = 0;
}

return flag;

}

3aMeThM, 4TO BO3MOKHOCTU si3bika CH MO3BOJISIFOT 3amucath QPyHK-
uto Count() B 6oJiee KOMIAKTHOW U ONITUMAJIBHOU PopMme:

int Check(char *s)

{
int i, count[256] = {0};
for(i = 0; s[i] && ++count[(UCHAR)s[i]] < 2; i++)

refurn s[i] =="0";

}

Hpumep 10. /lana HekoTOpas cTpoka S. BeIaenuTs B TaHHOW CTPOKE
BCE 1IEJIbIC HEOTPUIIATEIILHBIC YHACJIA U HAleYaTaTh UX.

#include <stdio.h>
#include <ctype.h>

void Print(char *s)

{ - -
Int1, a;
119



/* TIporrycKaeM BC€ CHMBOJIBI, HE sIBJIIOIIMECS Iudpamu: */

for(i = 0; s[i] && lisdigit(s[i]); i++)

while (s[i])
{
a=0;
/* mpoGeraeM 1o BceM MOAPSA UAYIIUM HU(pam, BXOISIIUM B
COCTaB OYEPETHOTO YHCIIA:
*/
while (s[i] && isdigit(s[i]))
{
a=a*10 + (s[i] - '0");
I++;

}
printf("%d\n", a);
/* mporyckaeM Bce CUMBOJIBI, HE sBJISIIOIMEC nudpamu: */
while (s[i] && lisdigit(s[i]))
I++;
by

}

int main( )

{
char s[N];
fgets(s, N, stdin);
Print(s);
return O;

}

Ipumep 11. Ilycts SET — HEKOTOpOE MHOKECTBO CUMBOJIOB U3 Ta0-
il cuMBojioB ASCII, He comeprkariee cumBout \0’. TpeOyercs B CTpoke
S yIaJIuTh BCE CUMBOJIBI, MPUHAISKAIEe MHOKeCTBY SET.

[Tyctes, Hanpumep, SET = {*A’, ‘B’, ‘@’, ‘b’, ‘!I’}. [IpuBeaem o4cHb
¢ pexTUBHBIN anropuTM perieHus: gaHHou 3agaun. Ilycts int flag[256] —
JIOTUYECKU MACCUB, KaXJbld MHIEKC KOTOPOTO COOTBETCTBYET OIpPE]Ie-
JIEHHOMY CUMBOJY U3 Ta0auibl cuMBojioB ASCII. Bce anemeHThl Maccu-
Ba flag, MHIEKCHI KOTOPBIX COOTBETCTBYIOT djieMeHTaM MHoOxecTBa SET,
ONpeAeNINM €IUHUIIAMU, a BCE OCTalbHbIE 3eMeHThl — 0. /{1 Hanucanus
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aJropuTMa y4yTeMm Ipumep S5 myHKTa 5.2 U 3aMe4aHue K npumepy 4 naH-
HOTO ITYHKTA.

#define SET "ABab!"
typedef unsigned char UCHAR,;

void Del(char *s)
{

int 1, J, flag[256] = {0};

/* Bce anementsl maccuBa flag, nHaeKch KOTOPBIX
COOTBETCTBYIOT dJIeMEHTaM MHoO)kecTBa SET,
onpeensieM eIUHUIIAMU:

*/

for(i = 0; SET[i]; i++)
flag[(UCHAR)SET(i]] = 1;

/* TIpoberaeM Bce CUMBOJIBI CTPOKH, HE TIPHUHAIJICKAIIIAE
MHOkecTBY SET:

*/

for(j = 0; s[j] && !'flag[(UCHAR)s[j]]; j++)

/* IlepecTaBiisieM Ha HOBBIC MIO3UIIMHU BCE CUMBOJIBI B CTPOKE S,
HE MIPUHAJIeKAIINE MHOXeCTBY SET:
*/
for(i =j; s[i]; i++)
if ('flag[(UCHAR)s[i]])
sfj++] = s[i];
s[j] ="\0’;
}

Ipumep 12. ITycTh S u t — HEKOTOpBIE CTPOKU. TpedyeTcst HamucaTh
(yHKLHIO, KOTOpasi ONpeaeiseT KOJIUYECTBO CHUMBOJIOB, OJIHOBPEMEHHO
BXOJISIIMX B 00¢ JaHHBIC CTPOKH Oe3 yuera cumBoa \0’.

CnoXHOCTB IIPUBEJICHHOTO HUXKE anropuTMa paBHa

length(s)+length(t).

int Count(char *s, char *t)

{
int i, n, flag[256] = {0};
for(i =n =0; s[i]; i++)
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flag[(UCHAR)s[i]] = 1;
for(i = O; t[i]; i++)
if (flag[(UCHAR)t[i]])
N++:
return n;

}

Ipumep 13. [lycts umerorcs crpoku SET_A, SET_B u s. Tpebyert-
Csl POBEPUTH, YEPEAYIOTCA JIU B CTPOKE S DIJIEMEHTHI, MPUHAJIEKAIUE
ctpokam SET_A u SET_B. Hanpumep, ecnmu SET_A — cTpoka, cocTosiias
u3 natTuHCKuX OykB, a SET_B — cTpoka, cocrosimias u3 uudp, To TpedyeT-
Csl TIPOBEPUTH, YEPEAYIOTCS JU B CTpoke S OykBel M 1udpel. Unu ecnu
SET_A — crtpoka, cocrosimiasi U3 IJacHBIX JaTUHCKuUX OykB, SET B —
CTPOKa, COCTOAIIAS U3 COTJACHBIX JIATUHCKUX OYKB, TO TpeOyeTcsl MpoBe-
PUTh, YEPEIYIOTCS JIK B CTPOKE S TJIACHBIC U COTJIACHBIC JTATUHCKUE OYKBHI.

PaccmoTprM odeHb OBICTPBI W ONTUMAJBHBINA aJITOPUTM PEIICHUS
JTaHHOMW 3a7a4d, He HCIoNb3yIonmi Gyukmuro Strchr(), kotopas, Kak ObLIO
OTMEUEHO BHIIIE, OyJAeT TOPMO3UTh pabOoTy anropuTMma. 3aBefieM JBa Iie-
nouncieHHsix MaccuBa flag a m flag b, xaxxaplii U3 KOTOPBIX COCTOUT U3
256 3meMeHTOB (KOJUYeCTBO 3J1eMEeHTOB u3 Tabsuisl cumBoioB ASCII), u
nycTh i-biii 25eMeHT MaccuBa flag_a (flag_b) coorBercTByeT i-My 311eMeH-
Ty W3 TaOJUIlbI CUMBOJIOB. HampoTuB Kakaoro sjieMeHTa B MacCHBE
flag_a, xoropeie Bxomar B ctpoky SET_A, BeicTaBuM uiar, paBHbIi 1, a
BCE OCTalbHBIC 3JIeMeHTHI B MaccuBe flag_a ompenennm HyneBbIMu 3Haue-
HUSMH

int flag_a[256] = {0};
for(i=0; SET_A[i]; i++)
flag_a[SET_A[i]] = 1;

Touno Tak ke mocrynuM u ¢ MaccuBoM flag _b. ITocie aToro odeHs erko
M, CaMO¢ TJIaBHOE, OYEHb OBICTPO MOKHO MPOBEPUTH, MPHUHAIICIKUT JIN
oquH n3 cuMBoIIoB S[i-1] u S[i] crpoku S ctpoke SET_A, a npyroii — cTpo-
ke SET_B:

if (flag_a[s[i-1]] && flag_bl[s[i]] || flag_bl[s[i-1]] && flag_a[s[i]])
AJITOPUTM pelIeHUs TaHHOM 3a7a4u Terepb OyJeT UMETh TaKOM BU/I:

#define SET_A "ABCD"
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#define SET_B "xyz"

int Check(char *s)
{
int i, flag_a[256] = {0}, flag_b[256] ={0};
if (s[0] ==0)
return 1;
for(i=0; SET_A[i]; i++)
flag_a[SET_A[i]] = 1;
for(i = 0; SET_BIi]; i++)
flag b[SET_BIJi]] = 1;

1 =1;

while(s[i] && (flag_a[s[i-1]] && flag_b[s[i]] || flag_b[s[i-1]] && flag_a[s[i]]))
I++;

return s[i] =="0";

}

PaccmoTpuM Takxke 4acTHbBIM ciydail gaHHOU 3aaauu. [Iycte TpeOy-
€TCS IPOBEPUTH, YEPEAYIOTCS JIU B CTPOKE S TJIACHBIE U COTJIACHBIC JIaTHUH-
ckue OykBbl. B 3TOM ciydae, koHeUHO, MOXHO B cTpoky SET_A 3amucath
BCE€ TJacHbIE JaTUHCKHE OYKBHI, a B cTpoky SET_B — cormachbie u npu-
MeHuTh QyHKIM0 Check(), HO Bce ke B 3TOM Cllydae ajirOpUTM MOKHO
YIPOCTUTh U HEMHOT'O YCKOPHUTb.

ITyctb VOWEL — cTpoka, coaepkaiiiasi Bce TJIacHbIe JaTUHCKUE OY-
kBHI, a flag[256] — maccuB, B KOTOpOM KaskJ10H ITaCHON OyKBE COOTBETCT-
ByeT €IMHUIIA, & BCEM OCTAJIbHBIM cuMBoOIaM — 0. [ToaToMy eciii CUMBOJIBI
S[i-1] u S[i] ABIArOTCS JATUHCKMMHM OyKBaMM M OJIHA U3 HUX IJIaCHas, a
npyras cornacHas, To flag[s[i-1]]+flag[s[i]]==1. Ucnoas3yeM 31O CBOICT-
BO B CJIEAYIOIIEM alrOpUTME:

#define VOWEL "AEIOUY aeiouy"

int Check(char *s)
{
int i, flag[256] = {0};
if (s[0] ==0)
return 1;
if (isalpha(s[0]))
return O;
for(i = 0; VOWEL[i]; i++)
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flag[VOWEL]]] = 1;

=1

while(s[i] && isalpha(s[i]) && (flag[s[i-1]] + flag[s[i]] == 1))
I++;

return s[i] =="0";

}

Ipumep 14. Ilycts S — HEKOTOpAS CTPOKA, C — HEKOTOPBIA CHUMBOIL.
TpeOyeTcs B CTpOKE S KOKIYIO CEPUIO MOJAPS UAYIIUX CUMBOJIOB C 3aMe-
HUTbh OJHVUM CHUMBOJIOM C.

void Zamena(char *s, char c)
L

inti, j, n;

I :j =0;

while(s[i])

{

n=0; /* KOIUYECTBO MOAPST UAYIIUX CHMBOJIOB C */
while (s[i] && s[i] ==c¢)
U
i++;
n++;
}
if (n>0)
s[j++] = c;
while (s[i] && s[i] '=¢)
s[j++] = s[i++];
}

s[j] = "\0";
}

int main( )

{
char s[1024];
fgets(s, 1024, stdin);
Zamena(s, 'a");
puts(s);
return O;
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IIpumep 15. B cTpoke S 3aMEHUTh KXY CEPUIO TTOJPS UIYIINX
OJIMHAKOBBIX CUMBOJIOB Ha OJIMH CUMBOJ JaHHOU cepun. Hampumep, ctpo-
Ky S="aabbbccd” Heob6xoaumo mpeodpazoBath B S="abcd”.

void Zamena(char *s)
{
inti, j;
if (s[0] =="0")
return;
for (i=j =1, s[i]; i++)
if (s[i] = s[i-1])
s[j++] = s[i];
s[j] ="\0’;
¥

IIpumep 16. 13 cTpoku S ynanuTh BCe CIO0BA, UMEIOIINE B CBOEM CO-
CTaBe XOTs Obl OAHY LUPDPY.

#include <stdio.h>
#include <string.h>
#include <ctype.h>
#define DEL " .,:;\n\t"
#define N 1024

/* mpoBepKa, MPUCYTCTBYET JIM B MACCUBE S XOTS Obl 0HA LuPpa: */
int Check(char *s, int len)

{
int i;
for(i = 0; i < len && lisdigit(s[i]); i++)

return i >= len;

}

int main( )

{
char s[N];
inti, J, k, len;
fgets(s, N, stdin);
I=k=0;
while (s[i])
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while (s[i] && strchr(DEL, s[i]))
s[k++] = s[i++];

=i

wh_ile (s[i] && !strchr(DEL, s[i]))

I++;
len=1i-j;
it (Check(s + j, len))
{
strncpy(s + k, s + j, len);
K += len;
}
}
s[k] = "\0";
puts(s);
return O;

8.7. Pa30neHue CTPOKH HA JIeKCeMbI

PaccmoTpuM 3amady BBIAEIEHUS BCEX CIOB B CTPOKE-NIPETIOKEHHH.
O603HauMM 4yepe3 sentence MCXOAHYIO CTPOKY-TIPEAJIOKEHUE, B KOTOPOH
TpeOyeTcsl BBIACIUTh BCE CIIOBA, a yepe3 word — ouepeaHOe BBIICIICHHOE
CJIOBO B CTPOKE sentence.

Bo3MmoxkeH ciydaii, korja nepeMeHHas sentence sIBJIIeTCSI MaCCUBOM
CUMBOJIOB, HAIIpUMEP:

char sentence[1024];

Tak>xe BO3MOXKEH clly4yai, Korja nepeMeHHasi sentence siBJIsieTCsl yKazaTe-
JIEM Ha CTPOKY:

char *sentence;

To ke camoe MOXHO cKa3aTh M O nepemeHHoN word. [[aHHble ciydyau uc-
XOJISIT U3 TOW WJIM MHOM 3a/1auud pabOThI CO CTPOKAMH.

Cuayuan 1. PaccMoTpuM Takol ciydai: IyCTh IEPEMEHHAS sentence
ABJISIETCS MACCUBOM CHMBOJIOB M HEKOTOPBIE €€ 3JIEMEHTHI, HampuMmep,
CUMBOJIBI-PA3CIUTEIM pa3peniaeTcsi 3aMeHuTh Ha cumBoi '\0', a mepe-
MeHHasi word sIBJIsieTcsl yka3areyieMm Ha cTpoky. CocTaBuM mporpamMmmy, KO-
Topasi OyJIeT 3aMEHSTh MEPBBII CUMBOJ U3 KXKI0W CEpUU MOJPAT UAYIIUX
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cumBoIoB-pazaenureneii Ha '\0', a yka3arenar word OyJaeT KaK/Iblii pa3 co-
IEpXKaTh aJIpec IMEPBOTO CMMBOJA OYEPEIHOM JIEKCEMBI B NPEIJIOKECHUU
sentence.

st b dexTuBHOM peanu3anuy JaHHOTO aJiTOpUTMa BBEIEM JIOTHYE-
ckuii MaccuB int flag[256], B koTopoM moOpsIKOBbIC HOMEpa (MHICKCHI)
AJIEMEHTOB COOTBETCTBYIOT KOJlaM CHMBOJIOB U3 TaOJMIbI CHMBOJIOB
ASCII. DnemeHThl TaHHOTO MAacCHMBAa WHUIIMAIH3UPYEM CIECAYIOIMIHUM 00-
pa3oM: €CIIi CUMBOJI C KOJIOM | SIBJISICTCSI CHMBOJIOM-Pa3/ICIITENIEM, TO TI0-
naraem flag[i] = 1, unaue flag[i] = 0. 1 Tak nysg Bcex CHMBOJIOB U3 Ta0JIH-
el cuMBoJioB ASCIL (1=0, 1, ..., 255):

int flag[256] = {0};
for (i = 0; DELIMITERSJi]; i++)
flag[DELIMITERSJi]] = 1;

[Tocne nanHoTO ITMKIa MaccuB flag OymeT mMeTh TakoW BU:

[TJ1] v J.J 1. J1JoJt].. 1J1]... JoJo]. . JTaol . ]
9 10 .. 32 .. 44 45 48 ... 58 59 .. 65 66 .. @0 ..
ﬂllt? ﬂlllrlﬂ [ [ ﬂ_? i.:l ﬂ:? [ tﬂ:l tE:l :Z:‘

E E

Tenepr mpoBepka, SIBISIETCS JIM I-ii CUMBOJI CTPOKH Sentence CUMBOJIOM-
pazzenuresneM, OyIeT BBINISAETh CIEAYIOIHNM 00pa3oM:

if (flag[sentence[i]])

Hwxe npuBoauTcs oueHb 3()PEKTUBHBINA aJTOPUTM BBIJACICHUS CIOB
13 CTPOKHM sentence. 3aMeTUM, YTO CJIO0KHOCTh JITAHHOT'O aJIrOpUTMa paBHA
m+n, tae m — gmmHa ctpoku DELIMITERS, n — nqmmaa ctpoku sentence,
Py ATOM JAHHBIA METO]l pa3OMEHHs CTPOKH Ha cjioBa paboTaeT B pasbl
obicTpee yeM ¢GyHkius Strtok().

#include <stdio.h>

#define DELIMITERS " .,;;?\n\t"  /* cumBosBI-pa3zaenuTenn */
#define N 1024

typedef unsigned char UCHAR,;

int main()

{

char sentence[N];  /* ucxomnas ctpoka */
char *word; /* anpec Hauaja ouepeHOTO CJIOBA B MPEITOKEHUH */

inti, j, flag[256] = {0};
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fgets(sentence, N, stdin); /* BBOAMM CTPOKY C KJIIaBHATYyphI */
/* ecny CUMBOJI C KOAOM 1 SIBJISIETCS CUMBOJIOM-Pa3ICIUTEIIEM,
to nojaraem flag[i] = 1: */
for (i=0; DELIMITERS[i]; i++)
flag[DELIMITERSJi]] = 1;
/* mpoOeraeM CUMBOJIBI-Pa3ICIUTENIHN 10 IIEPBOTO CIIOBA B CTPOKE: */
for (i = 0; sentence[i] && flag[(UCHAR)sentence[i]]; i++)
/* BBIACISEM CJIOBA U3 CTPOKH: */
while (sentencel[i])
{
word = &sentence[i]; /* mo3uiusa HaYajga HOBOro ciioBa */

[* mpobOeraeM CHMBOJIBI OUEPETHOTO ClIoBa */

while (sentence[i] && !flag[(UCHAR)sentenceli]])

i++:
j=1; /* 3amoMuHaeM MO3UITUIO Havajaa CEPUU pa3aenuTencii */
/* mpoGeraeM 1Mo BCEM CUMBOJIAM-PA3IACIUTENSIM: */

while (sentence[i] && flag[(UCHAR)sentence[i]])

I++;
sentence[j] ='\0'; /* oTmedyaem KOHEI[ OYEPETHOTO CIoBa */
puts(word); /* BBIBOJIUM Ha SKpaH OuepeHOE CIOBO */

}

return O;

}

3amMeTuM, 4TO JAaHHBIM aJrOPUTM OYEHb JIETKO IrepenesiaTh B (PyHK-
IIUI0, KOTOPYI0 MOKHO BBI3BIBaTh TOCIIEIOBATENbHO, KaKk M (DYHKIIHIO
strtok. Tonmpko 3a cuer mcmonb3oBaHust maccuBa int flag mama ¢ynrkus
Oyzaetr paborath B pasbl ObicTpee, yeM Strtok. HazoBem Harry (yHKIIHIO
pa3OMeHMs CTPOKH Ha JiekceMbl MY Strtok m mms OosbIeii CKOpoCTH HC-
NoJIb3yeM B HEW ajpecHyro apupMeTuky. B nanHoil pyHKIMU HCTIONB3Y-
eTcsl IepeMeHHas-yKazareiab Deg, umeromias kinacc mamstu static. 91o 03-
Ha4yaeT, 4YTO JaHHas IMEepeMEHHas HE YHHYTOXKAETCs IOCJE BBIXOJa W3
dbyHKIIMHM ¥ coXpaHseT cBoe 3HaueHue. [loapoOHee o Kiaccax maMmsTH pac-
CKazaHo B pazjesie ' DyHKIuu' .

#include<stdio.h>
#define DELIMITERS " .;;;\n\t"  /* cumBonbI-pazaenurenu */
#define N 1024
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[* uanimanu3anus maccusa flag pasmepa 256 */
void Init(int *flag, const char *s)

{
inti;
for (i=0; 1< 256; i++)
flag[i] = 0;
for(i = O; s[i]; i++)
flag[s[i]] = 1;
by

/* pazbueHue CTpOKU Ha cloBa: */
char *my_strtok1(char *s, const int *flag)
{

static char *beg = NULL;

char *pword, *pbuf;

if (s 1= NULL)

{

for(pword = s; *pword && flag[(UCHAR)*pword]; ++pword)

beg = pword,;
by
else
pword = beg;
for(; *beg && !flag[(UCHAR)*beg]; ++beg)

pb[Jf = beg;
for( ; *beg && flag[(UCHAR)*beg]; ++beq)

*pbuf ="0"
return *pword ? pword : NULL,;
}

int main()
{
char s[N], *word;
int flag[256];
fgets(s, N, stdin);
[* nanmmanusupyem Maccus flag: */

Init(flag, DELIMITERS);
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/* pa3zObuBaeM CTPOKY Ha cjoBa: */
word = my_strtok1(s, flag);
while(word '= NULL)
{

puts(word);

word = my_strtok1(NULL, flag);
}

return O;

}

OTMeTHM CHIIBHBIE U cJTa0ble CTOPOHBI ITOJIYICHHOTO aJITOPUTMA.
Ilpeumywecmea:
® OueHB OBICTpPast CKOPOCTh ATOPUTMA.
Heoocmamku:
® TIOPTHUT CTPOKY;
® paboTaeT TOJBKO CO CTPOKAMH, OTIPEICIICHHBIMHI KaK MacCHB CUMBO-
aoB (char s[N], To ectb eciau ompeaenuTh CTpoky Char *s = "aaa
bbb", To k Hel TaHHBIN AITOPUTM MPUMEHSITh YKE HEIB3SI);
® ECIIM TIOMEHSATh CUMBOJIBI B BEIETIEHHOM CIIOBE WOrd, TO COOTBETCT-
BYIOIIIME CUMBOJIBI OYIyT W3MEHEHBI B CTPOKE-TIPEIUIOKCHHH SEN-
tence.

Cuayuan 2. Paccmorpum cnenyrommui ciaydau. [lycte uMeeTcs HEKO-
TOpasi CTPOKa-MpeJIOKEHUE sentence, MpUUeM NEpeMeHHasl sentence siB-
JsieTcst 00 yKazaTesleM Ha CTPOKY (TO eCTh, B 00IIEM cllydae, 3JIEMEHTHI
JAHHOW CTPOKH HEJIb3sl U3MEHSITh, TaK KaK CTPOKAa MOXET HaXOAUTHCS B
00JIacTH MaMsITH TOJBKO JIJII YT€HUS), MO0 MAaCCUBOM CHMBOJIOB, 3HaYe-
HUS 3JIEMEHTOB KOTOPOTO IO YCJIOBHIO 3aJaud MEHATh HEb3s. Takxke
MyCTh NMepemMeHHas word sBysieTcs IMHAMUYECKUM MAacCUBOM CUMBOJIOB, U
BCE CJIOBAa U3 CTPOKHU sentence TpedyeTcs moouepeIHO CKOMUPOBATh B TIe-
peMeHHyto word.

JIst Toro 4ToOBl AITOPUTM pabOTall OYEHb OBICTPO, B IAHHOM CITY-
yae ucrnoib3yeM maccuB flag, kak u B cirydae 1. [lpu 3ToM CloKHOCTB
JQHHOTO aJITOpPUTMa HE MPEBOCXOAUT Yucia M+2N, rie M — JjIMHa CTPOKU
DELIMITERS, n — niimna ctpoku sentence.

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
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#define DELIMITERS " .;;;?'\n\t"  /* cumBonbI-pazaenurenu */
#define N 1024
typedef unsigned char UCHAR,;

int main()
char sentence[N]; /* ucxonHas cTpoka */
char *word; /* ouepeaHOE CIIOBO B MPEIOKECHHH */

inti, j, flag[256] = {0};
for (i=0; DELIMITERSIi]; i++)
flag[DELIMITERS[i]] = 1;

fgets(sentence, N, stdin);  /* BBoguM CTpOKY ¢ KIaBHATypHI */
/* mpoOeraemM CUMBOJIBI-PA3ACIUTENHU A0 IEPBOTO CIOBA B CTPOKE */

for (i = 0; sentence[i] && flag[(UCHAR)sentence[i]]; i++)

wr{ile (sentenceli])

{

j=1; /* mo3uIKs HavaJia HOBOTO clioBa */
/* ompenesnsieM MO3UIIMI0 OKOHYAHUSI OU4EPETHOTO CII0BA B CTPOKE */
while (sentence[i] && !flag[(UCHAR)sentencel[i]])
I++;
/* BBIZIETIAEM TIAMSITh JJIsl OYEPETHOTO ClIoBa: */
word = (char *)malloc((i - j + 1) * sizeof(char));
/* KomupyeM B MEPEMEHHYIO0 WOr CHMBOJIBI OUYE€PEIHOIO ClIoBa */

strncpy(word, &sentence[j], i - j);

word[i - j] =\0’;

puts(word);

free(word);  /* ocBoOOXK1aeM TUHAMUYCCKYIO TaMATh */
word = NULL;

/* mpormyckaeM Bce pazaenurenu */
while (sentence[i] && flag[(UCHAR)sentence[i]])
I++;
by

return O;

}

Ecnu 3apaHee n3BeCTHaA MakCMMasbHas JIMHA CJIOB B MPEIIIOKEHUU
sentence, To MOXHO HE UCIIOJb30BaTh JUHAMUYECKUI MaccuB WOrd B mpe-
JBIAYIIEM aJITOPUTME M BBIJCIATH MaMATh IS KaXI0TO clioBa TpeOyeMo-
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ro pasMepa, a UCHOJIb30BaTh CTAaTUYECKUM MacCUB. Torjaa mpeablayliun
aJITOPUTM IIPUMET TaKOW BHU/I:

char sentence[N];  /* ucxomnas ctpoka */
char word[100]; /* odepeaHOE CIOBO B IPEIJIOKCHUU */

/* mpoGeraemM CUMBOJIBI-PA3ACIUTEIHN A0 TIEPBOTO CIOBA B CTPOKE */

for (i = 0; sentence[i] && flag[(UCHAR)sentence[i]]; i++)

wh’ile (sentencel[i])

{

1=1; /* mo3uIMg Hayajga HOBOI'O CJoBa */
/* ompenensieM MO3UITNI0 OKOHUYAHHS 0OUYEpPETHOTO CII0OBA B CTPOKE */

while (sentence[i] && !flag[(UCHAR)sentencel[i]])
I++;

/* xonupyeMm B IepeMeHHY0 word CUMBOJIBI OUYEPETHOIO CI0Ba */

strncpy(word, &sentencel[j], i - j);

word[i - j] ="\0’;

puts(word);

[* mpomyckaeM Bce pasmenuTenn */

while (sentence[i] && flag[(UCHAR)sentence[i]])
I++;

by

Kak u B cmydae 1, HanmmeM ¢yakmmio My _strtok, kotopyo MoXHO
BBI3BIBATH IOCNEnOBaTeabHO. Temepb GyHKIus My Strtok me Oyner mop-
TUTh CTPOKY, a OyJET BBIACIATh JMHAMHYECKYIO MaMSTh JJIs KaXKJI0T0 HO-
BOT'O CJIOBA U KOMUPOBATh BBIJCJIECHHOE CJIOBO B 3Ty 00JacTh namsitu. [1o-
CJIe KOIMPOBaHUS HOBOTrO ciioBa (GyHKIMs MY Strtok Oymer Bo3BpamaTh
aZpec BBIJICTICHHON 00JIaCTH MaMsITH, KOTOPYIO MOCJE UCIOJIb30BAHUS Ka-
KJIOT'0 HOBOTO CJIOBa HEOOXOAMMO OYHMINATH C TTOMOIIbI0 GyHKINH free.

#include<stdio.h>

#include<stdlib.h>

#define DELIMITERS " .,;;;\n\t"  /* cumBonbI-pazaenurenn */
#define N 1024

typedef unsigned char UCHAR,;

[* nannmanuzanusa Maccusa flag pasmepa 256 */
void Init(int *flag, const char *s)
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{
inti;
for (i=0; 1 < 256; i++)
flag[i] = 0;
for(i = 0; s[i]; i1++)
flag[s[i]] = 1;
}

[* pa3bueHue cTpoKH Ha cioBa: */
char *my_strtok2(char *s, const int *flag)
{
static char *beg = NULL,;
char *pstr, *pword = NULL;
int len;
if (s!=NULL)
{
for(pstr = s; *pstr && flag[(UCHAR)*pstr]; ++pstr)

beg = pstr;
by
else
pstr = beg;
for( ; *beg && !flag[(UCHAR)*beg]; ++beq)

if (*pstr)
{
pword = (char *)malloc(beg - pstr + 1);
if (pword '= NULL)
{
len = (beg - pstr) / sizeof(char);
strncpy(pword, pstr, len);
pword[len] ="0";
}

¥
for( ; *beg && flag[(UCHAR)*beg]; ++beg)

return pword;

}
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int main()
{
char s[N], *word,;
int flag[256];
fgets(s, N, stdin);
[* nanmmanmsupyem maccus flag: */
Init(flag, DELIMITERS);
/* pazbuBaem CTpOKY Ha cioBa: */
word = my_strtok2(s, flag);
while(word '= NULL)
{
puts(word);
free(word);
word = my_strtok2(NULL, flag);
¥

return O;

}

Ilpeumywecmea:
® HE IIOPTHUT CTPOKY;
e paboTaer ¢ JIOOBIMU CTpOKamu (Haxoisiuecss B 000U oOiactu
namsITH);
® ©CJIM IMIOMEHSATHh CHMBOJIBI B BBIJICJICHHOM CJIOBE WOrd, TO 3TO HUKaK
HE OTPA3UTCS HAa UCXOAHOU CTPOKE-TIPEITIOKEHUH Sentence.
Heoocmamku:
® 3HAYUTEIIHHO MPOUTPHIBACT B CKOPOCTH AIITOPUTMY M3 ciydas 1.

Cayuaii 3. Anroput™m u3 ciaydast 1 umMen CI0KHOCTh M+N. DTo 03Ha-
YaeT, YTO JIaHHBIM alropuTM paboTaeT HEeBEeposTHO ObicTpo. HemocraTok
JAHHOTO aJITOPUTMA 3aKJII0YaeTCsA B TOM, 4TO, Kak M ¢yHKuus Strtok(), mo-
CJI€ BBIJICJICHUS] BCEX CJIOB CTpoKa Sentence OyzaeT nucnopueHa (Tak Kak He-
KOTOPBIC CHMBOJIBI-pa3IeIUTEH OyayT 3aMeHEHBI CUMBOJIoM \0”).

AJITOPUTM M3 CiIydas 2 JIMIIEH 3TOT0 HEIOCTAaTKa, Tak KaKk B JAHHOM
clydae CJI0Ba KOIMUPYIOTCS B MAaCCHUB (JIMHAMUYECKUM JIMOO CTaTHYECKUI)
word. Tlpu 3TOM CIOXHOCTh aJTOPUTMa OIEHHWBACTCS CBEPXY YHCIOM
m+2n. Ha Bpemst paboThl airoput™Ma OyAeT TakKe BIUATh PYHKIUS JTHHA-
MUYECKOTO BbIAeeHus mamsatu malloc (mosromy mHOTA JTydIle HUCITONb-
30BaTh CTaTWYCCKUA MAacCHB WOIrd, KaK IOKa3aHO B KOHIIC ciiydas 2) H
byHKIMS KonupoBaHus StrNCPY. AJNTOPUTM CO CIOKHOCTBIO, HE TPEBbI-
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HIaromend yuciao M+2N, no-npexHeMy SBJISIETCS OY€Hb OBICTPHIM, HO BO3-
HUKAEeT BOMPOC, MOKHO JIM HANMCATh aITOPUTM BBIAECICHUS BCEX CIIOB M3
CTPOKU-TIPEIIJIOAKEHUS CO CIOXKHOCThIO Kak B ciydae 1 (M+N), HO JuUIIEH-
HBI OTMEYEHHOI0 BBIIIE HEAOCTATKA. [Ipn 3TOM paccmoTpum cityyau, KO-
rJa CUMBOJIbI CTPOKU-TIPEJIOKEHUSI MEHTh HEJb3sl TaKe Ha Bpems (Ha-
pPUMED, CTPOKA-TPEIIOKEHNE MOXKET HaAXOAUThCS B 001acTH namstu read
only). Ha sToT BOompoc MOHO J1aTh IOJIOKHTEIBHBIH OTBET, MpaBia B
ATOM CiIy4yae KaxJo€ CJIOBO yxke OyJeT paccMaTpHUBATHCS HE KaK CTPOKa,
3aKkaH4yuBamomascs cuMBojaoM ‘\0’ (kak B ABYX MPEIbIAYIINX CIIydasx), a
MMPOCTO KaK MAacCUB CUMBOJIOB OIIPEIIECIICHHOM pa3MepHOCTU. UHBIMU CIT0-
BaMH, B ciiydasx 1 W 2 KakJI0e OYepeJHOE BBIJACICHHOE ci0BO WOrd u3
CTPOKHM SENteNnce MOXHO, HAIpUMEpP, MEepeaaBaTh B KauyeCTBE MapaMmeTpa
(GYHKIMSIM, IPUHUMAOIIMM yKa3aTeldb Ha Hadauo cTpoku (Char *s) um pa-
OoTarmuX ¢ IEPEMEHHON S Kak co cTpokoil. Hampumep, MOKHO BBI3BATH
(GYHKIIMIO ompeaeiacHus JIuHbI cTpoku Strlen(word), ¢yHkuo mowcka
stschr(word, ¢) cumBoua C B cTpoke WOrd u T.11.

B nanHoM ciydae cioBoM OyZeM CUMTaTh MNOCJIEI0BATEILHOCTh CHUMBOJIOB
HEKOTOpPOM JUTMHBI. B 3TOM cllyyae MpueTcsi MponuchiBaTh COOCTBEHHBIE
MOJIb30BaTENbCKUE PYHKIIMU PAOOTHI C TAKUMHU CTPOKAMU, IPUHUMAIONINE,
KaKk MUHUMYM, B KQU€CTBE CBOMX apryMEHTOB aJpec Hayajaa CTPOKHU U €€
muHy. Hanpumep, B cienyromieM anroputme (CI0KHOCTA M+N) BbIjeIie-
HUSI BCEX CJIOB IMPOMNHUIIEM COOCTBEHHYIO (DYHKIIMIO BBIBOJA CJIOB Ha JK-
paH, Tak kak GyHkiuu puts() u printf() 3meck MpuUMEHATH yKe HEb3sl.

#include <stdio.h>

#define DELIMITERS " .,;;?\n\t"  /* cumBonBI-pa3aeauTenu */
#define N 1024

typedef unsigned char UCHAR,;

/* BBIBOJI MacCHBa CUMBOJIOB Ha dKpaH */
void Print(char *s, int len)
v

inti;

for (i=0;1<len;i++)

putchar(s[i]);

putchar(\n');

¥

int main()
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}

Kak u B IBYyX MpenbIyIINX CIIyqasx, HanumeM QyHKIuo my_strtok,
KOTOPYIO MOKHO OyJET BbI3BIBaTh IOCIIENOBATENBbHO. Teneps (yHKUIMSA
my_strtok Oymet mMmeTh yxe Tpu mapamerpa, MPU 3TOM TPETHH MmapameTp
OyZeT SABJISATHCS yKa3aTeJleM Ha IEJOYUCICHHYIO MEPEMEHHYI0, OTBEUYaAlO-

char sentence[N];  /* ucxognas ctpoka */

int i, j, flag[256] = {0},

for (i = 0; DELIMITERS]i]; i++)
flag[DELIMITERSII]] = 1;

fgets(sentence, N, stdin);  /* BBOAUM CTPOKY C KJIaBUATYypbI */
/* mpoberaemM CUMBOJIBI-PA3ACIIUTEIH 10 TIEPBOTO CJIOBA B CTPOKE */

for (i = 0; sentence[i] && flag[(UCHAR)sentence[i]]; i++)

wh’ile (sentencel[i])

{

J=1; /* mo3umms Hauajga HOBOIrO CliOBa */
/* ompezensieM MO3UINI0 OKOHUYAHHS 0UYEPETHOTO CII0OBA B CTPOKE */

while (sentence[i] && !flag[(UCHAR)sentencel[i]])
I++;

Print(&sentence[j], i - J);

/* mpomyckaeM Bce pa3enurenu */

while (sentence[i] && flag[(UCHAR)sentence[i]])
I++:
}

return O;

ITYI0 3a KOJIUYCCTBO CUMBOJIOB B OUCPCAHOM CJIOBC.

#include<stdio.h>

#define DELIMITERS " .,;;;\n\t"  /* cumBounbI-pa3aenurenn */
#define N 1024

typedef unsigned char UCHAR,;

/* medath CTPOKH S pazmepa N */
void Print(const char *s, const int n)

{

inti;
for(i=0;i<n;i++)
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putchar(s[i]);
putchar(\n";
¥

[* ununmanu3anus maccusa flag pasmepa 256 */
void Init(int *flag, const char *s)
{ - -
inti;
for (i=0; 1 < 256; i++)
flag[i] = 0;
for(i = 0; s[i]; 1++)
flag[s[i]] = 1;
}

/* pa30OneHue CTPOKHU Ha cioBa: */
char *my_strtok3(char *s, const int *flag, int *psize)
{

static char *beg = NULL,;

char *pword,;

if (s!=NULL)

{
for(pword = s; *pword && flag[(UCHAR)*pword]; ++pword)

be(j:; = pword;
¥

else
pword = beg;
for( ; *beg && !flag[(UCHAR)*beg]; ++beg)

*p’size = (beg - pword) / sizeof(char);
for( ; *beg && flag[(UCHAR)*beg]; ++beg)

return *pword ? pword : NULL;
¥

int main()

{

char s[N], *word,;
int flag[256], size;
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fgets(s, N, stdin);
[* nannmanusupyem maccus flag: */
Init(flag, DELIMITERS);
[* pazbuBaeM CTpOKy Ha cjoBa: */
word = my_strtok3(s, flag, &size);
while(word '= NULL)
{

Print(word, size);

word = my_strtok3(NULL, flag, &size);
¥

return O;

}

Ilpeumywecmea:
® O04YEHB OBICTpPAst CKOPOCTH ANTOPUTMA;
® HE IIOPTUT CTPOKY;
e paboTraer ¢ MIOOBIMH CTpOKaMHu (HaxomsdIIuecs B J000M oOjacTh
naMsITH).
Heoocmamku:
® ¢CJIM ITOMCHATH CHMBOJIBI B BBIZICIICHHOM CJIOBE WOrd, TO COOTBETCT-
BYIOIIINE CHMBOJIBI OYJIyT M3MEHEHBI B CTPOKE-TIPEIIOKCHHH SEN-
tence;
® CJIOBO MPEACTABISAETCS HE KaK CTPOKAa, a KAK MacCHB CHMBOJIOB OII-
pPEACICHHOM pa3MEPHOCTH.

Cayuaii 4. Anroput™bl u3 ciaydaeB 1 U 3 paboTaroT o4eHb OBICTPO,
HO B TIEPBOM CJTydae MCXOJHAsl CTPOKA-TIPEIJIOKEHUE Ha BBIXOJIE MOJTyda-
€TCA MCIOPYEHHOW, a B TPEThEM CJIydae IMOJ| CJIOBOM IMOJpa3yMeBaeTcCs
MacCHB CUMBOJIOB OTIPEACICHHON pa3MEepHOCTH (HE UCTIOIB3YETCSI CUMBOJI
"\0'), HO 3aTO MCXOJHAs CTPOKa-IPEIOKEHUE TOCTIe ISHCTBHS aaropuTMa
HE U3MEHSETCS (HE TOPTUTCH ).

AJTOpPUTM M3 cliy4as 2 JIUIIEH OTMEUEHHBIX HEJOCTaTKOB, HO HC-
nojp3yeT GyHkimu malloc u strncpy, 3a cuer 4ero mpourpeIBacT B CKOPO-
CTH aJaroputMaM u3 ciaydaeB 1 u 3.

[TompoOyeM HOCTUTHYTH KOMIIPOMUCCA, €CIIM 3apaHee U3BECTHO, YTO
CTpOKa-TIPEJIOKEHUE SIBJIIETCSI MAaCCUBOM CHMBOJIOB (TO €CTh €€ AJIEMEH-
Thl MOKHO MEHSTh), CiaeayronmuM odpa3zoM. Kak u B ciaydae 1, Oyaem 3a-
MEHSTh TEPBbIA CHMBOJI U3 CEPUU MOAPSA HAYIIMX CUMBOJIOB-pa3/IeIiiv-
tenei Ha \Q', mpeABapUTEILHO COXpaHUB ero B OydepHO#l HepeMeHHOM
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char buf. ITocie Toro, kak oyepeHOE BbIICICHHOE CIIOBO WOrd cTaHeT He-
HY’KHBIM, ITOMECTUM OOpaTHO 3aMEHEHHBIH CHMBOJI M IEpeleM K BbIfc-
JICHHUIO CICAYIOIEro ciioBa. Ilocie aeicTBHs alIropuTMa UCXOIHAsS CTPO-
Ka-TIPESAJIOKEHHE OyIeT MMETh MPEKHEE COCTOSHHE, TO €CTh HEe OYyIeT MC-
IOopYCHa.

#include <stdio.h>

#define DELIMITERS " .,;;?\n\t"  /* cumBonbI-pa3aenurenn */
#define N 1024

typedef unsigned char UCHAR,;

int main( )
{
char sentence[N];  /* ucxomnas crpoka */
char *word; /* agpec Hayana o4epeaHOrO CJIOBA B MPEIJIOKEHUU */
char buf;
int i, flag[256] = {0};
fgets(sentence, N, stdin); /* BBogum cTpoKy C Ki1aBUaTypsl */
/* eCm CUMBOJI C KOJIOM 1 SIBJIIETCSI CAMBOJIOM-Pa3CIUTEIIEM,
to monaraem flag[i] = 1:
*/
for (i = 0; DELIMITERS[i]; i++)
flag[DELIMITERSJi]] = 1;
/* mpoberaeM CUMBOJIBI-pA3ICIUTENN 10 IEPBOTO CIOBA B CTPOKE: */
for (i = 0; sentence[i] && flag[(UCHAR)sentence[i]]; i++)
/* BBIACISIEM CJIOBA U3 CTPOKH: */
while (sentencel[i])
{
word = &sentence[1]; /* mo3unusa Hayana HOBOTO cjioBa */
/* mpoGeraeM CUMBOJIBI OYEPEIHOTO ciioBa */

while (sentence[i] && !flag[(UCHAR)sentenceli]])
i++;

/* 3amoMHHaEM NIEPBbIA CUMBOJI pa3/IeTUTENb U3 CEpUn
pazaenurenci: */

buf = sentence[i];

/* 3amenseM pasnenutenb Ha '\Q': */

sentence[i] ="'\0’;

puts(word); /* BEIBOJMM Ha SKpaH OUepeHOe CIOBO */
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/* Bo3BpaIaemM 00paTHO CUMBOJI-pa3ACIUTENb: */
sentence[i] = buf;
/* mpoOeraeM Mo BCEM CUMBOJIaM-Pa3ACIUTeNsIM: */

while (sentence[i] && flag[(UCHAR)sentence[i]])
I++;
}

return O;

}

Jlnst maHHOTO Ciydas TakKe MOXHO IpeoOpa3oBaTh JaHHBIN airo-
put™ B GyHKIMIO MY Strtok takum oOpa3om, 4YTOOBI €€ MOKHO OBLIO BbI-
3BIBATh MOCIIEIOBATENBHO!

#include<stdio.h>

#define DELIMITERS " .,;;;\n\t"  /* cumBounbI-pa3aenurenu */
#define N 1024

typedef unsigned char UCHAR;

[* nanrmanmu3anus maccusa flag pasmepa 256 */
void Init(int *flag, const char *s)
v
int i;
for (i=0; i< 256; i++)
flag[i] = O;
for(i = 0; s[i]; i++)
flag[s[i]] = 1;
¥

/* pa3breHue CTpPOKHU Ha cjoBa: */
char *my_strtok4(char *s, const int *flag)
{
static char *beg = NULL;
static char buf ="\0"
static char *pbuf = NULL,;
char *pword,;
if (s!=NULL)
{
for(pword = s; *pword && flag[(UCHAR)*pword]; ++pword)
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beg = pword,;
}
else
{
pword = beg;
*pbuf = buf;
¥
for( ; *beg && !flag[(UCHAR)*beg]; ++beg)

pbijf = beg;
buf = *beg;
for( ; *beg && flag[(UCHAR)*beg]; ++beg)

*p’buf ="0";
return *pword ? pword : NULL;
}

int main()
{
char s[N], *word;
int flag[256];
fgets(s, N, stdin);
[* manmmanmsupyem maccus flag: */
Init(flag, DELIMITERS);
/* pa3OuBaeM CTPOKY Ha cioBa: */
word = my_strtok4(s, flag);
while(word '= NULL)
{
puts(word);
word = my_strtok4(NULL, flag);
by

return O;

}

Ilpeumywecmea:
® OYCHb OBICTPAsi CKOPOCThH ANTOPUTMA,;
® HE NOPTUT CTPOKY.
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Heoocmamku.

10.

11,

12,
13.

L4 pa60TaeT TOJIBKO CO CTPOKaMH, ONPCACIICHHBIMHU KaK MaCCUB CHUMBO-

aoB (char s[N]);

® ¢CCJIM ITIOMCHATH CUMBOJIbI B BBIJICJICHHOM CJIOBC Word, TO COOTBETCT-

BYIOITUC CHUMBOJIbI 6YI[YT U3MCHECHBI B CTPOKEC-TIPCAJIOKCHUU SEN-
tence.

8.8. 3agaun

BriBecTu Ha 3KkpaH Bce HUQPPHI, CTPOYHBIE U MPOMUCHBIE JIATUHCKUE
OYKBBI C X KOJIaMH.

JlaHo yeTHoe yncyio N > 0 U CUMBOJIBI C; U Cy. BBIBECTH CTPOKY JJIMHBI
N, KOTOpasi COCTOUT U3 YEPEIYIOIIUXCSI CHMBOJIOB Cq U Cj.

Jlana HexoToOpas cTpoka. BeIBECTH CTPOKY, COAEPKALLYIO T€ JKE CUM-
BOJIbI, HO PACIIONIOKEHHBIE B OOPATHOM MOPSIJIKE.

Jana ctpoka S pazmepom N. 3amucaTh B CTPOKY 1 pazmMepom 2N cUMBO-
JIbI CTPOKH S, MEXIY KOTOPHIMHU BCTABJIEHO MO OJHOMY MpoOeIy.

Jlana ctpoka S. Hanucarh gjorudeckyro (pyHKIHIO, KOTOpasi onpeesns-
€T, COJICP/KUTCA JIU B CTPOKE S ABA PSAIOM CTOSIINX OJUHAKOBBIX CHM-
BOJIA.

Jana ctpoka S. [logcuuraTh 4acTOTYy BXOXKICHUN KaKJI0TO CUMBOJIA B
CTPOKY S.

Jlano nemoe HeorpuuarenbHoe yucio. [lepeBectu ero B CTpOKOBYIO
NEPEMEHHYI0, HE UCTIOJb3YsI OMOTMOTEYHBIX (DYHKIUH.

JlaHa cTpoka, HM300pakaroiiasi JBOWYHYIO 3alUCh IEJIOTO MOJIOKHU-
TEJIBLHOr0 Yucia. BeIBECTH CTPOKY, N300pa)KarolIy0 JECATUYHYIO 3a-
MACh ATOTO YUCIIA.

JIaHbl CTPOKHU S U Sg. Y IAIUTh U3 CTPOKHU S MEPBYIO HMOACTPOKY, COB-
[1aar0LIYIO C Sp.

JaHbl cTpoku S U Sp. HaTh KOMMYeCTBO BXOXKIEHUU CTPOKU Sy B
CTPOKY S.

3aMEHHUTh B CTPOKE KXyl CEpUI0 MOJAPSA UIAYIIUX MPOoOEIoB Ha
OJIVH TIpo0e.

Jlana ctpoka-npemynoxenne. HalkTu KOJIMYECTBO CIIOB B CTPOKE.
Hammucate @ynkiuto void WordN(char *s, char *t, int k), koropas k-e
CJIOBO CTPOKHU S 3aIIMCBIBAET B CTPOKY I.
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14,

15.

16.

17,

18.

19.

20.

21,

22,

23.

24.

25.

26.
217,

JlaHa cTpoka-npemyioxkeHne. BbIBECTH CTPOKY, COJIEPIKAILYIO 3TH K€
CJIOBa, pa3/ieJICHHbIC OJHUM MPOOEIOM U PACIIONIOKEHHbBIE B 00paTHOM
MOPSIIKE.
JaHa cTpoka-npennokeHne. BpIBECTM Ha 3KpaH BCE CJIOBa JaHHOM
CTPOKH B aj(haBUTHOM MOPS/JIKE.
Jlana Hekotopas crpoka. BelieauTs B JaHHOW CTPOKE BCE IIEJIbIE HE-
OTPUIATEIbHBIC YHCIIA U BBIBECTH UX HA DKPaH.
Ilycts Sy, S; u t — HekoTOpBIE CTPOKKH. HaTh KOJIM4YECTBO CUMBOJIOB
ctpoku t (6e3 yuera cumBosia ‘\0’), KOTOpbIE IPUCYTCTBYIOT

a) OJIHOBPEMEHHO B CTPOKax S; U Sp;

0) XOTs ObI B OHOM M3 CTPOK Sy WU Sy;

B) HU B OJTHOM U3 CTPOK S; U S).
[Tycte SET — HEKOTOPOE MHOXKECTBO CUMBOJIOB. TpedyeTcs B CTPOKe
S MOJICYUTATh KOJWYECTBO PA3JIUYHBIX CHUMBOJIOB, MPUHAJIEKAIIUX
MHOxecTBY SET.

3aoauu ona camocmosmenbHou pabombl

Jlano nenoe unciao N, 1 < n < 26. BeiBecTu N MOCIEAHUX CMPOUHBLX
(TO ecTb MaJICHbKUX) OYKB JIATHHCKOTO ajipaBUTa B OOPATHOM MOPSI-
Ke, HaunHas ¢ OyKBHI ‘Z’.

OnpenenuTtb, CKOIbKO Pa3IMYHBIX OYKB BCTPEUAETCS B CJIOBE S.

JlaHO 1en0e HEOTPULATEIIBHOE YNCIIO. 3aIUCaTh IBOMYHOE MPEACTAB-
JIEHHUE TAHHOTO YHMCJIa B CTPOKOBYIO IEPEMEHHYIO.

Hana cTtpoka, n3oOpaxaromas JeCATHYHYIO 3alUCh LEIOr0 IMOJ0XKH-
TEIBHOTO YMCIIa. BBIBECTH CTPOKY, M300paKaOUIy0 JBOUYHYIO 3a-
NUCh 3TOTO KE YUCJIA.

3aMEHHUTb B CTPOKE KAXKIYIO CEPUI0 IOAPSAN HIYLIMX CHMBOJOB-
pazzenuTesei MexXIy cIOBaMH Ha OJIMH MPOOeE.

JIaHBI CTPOKHU S U Sp. YAAJNUTh U3 CTPOKHU S MOCHEAHIOK MOACTPOKY,
COBITAIAIOIIYIO C Sp. Ecam coBmagarommx moACTPOK HET, TO BBIBECTH
CTPOKY S 0€3 U3MEHCHUH.

HaHna crpoka-npemioxenue. Hautu KoJIMYECTBO CIIOB, KOTOPBIE CO-
JepKaT XoTsl Obl OJTHY OYKBY ‘A’.

Jlana cTpoka-tipeqyioxxenne. Hauty KommuecTBO CHMMETPUYHBIX CJIOB.
JlaHa cTpoka-npemiioxkeHne. BIBECTH CTPOKY, COJEPH KAILYIO 3TH K€
CJIOBa, pa3Jel€HHbIE OJHUM MPOOEIOM, U PACHOJIOKEHHbIE B ayda-
BUTHOM TOPSIIKE.
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28.

29,

Hamucate ¢ynxumro void FillStr(char *s, char *t, int n), xoropas
CTpOKy t 3amoyiHseT N MOBTOPSIOMIMMUCS KOMUSIMHU CTPOKHU-II1a0JI0-
Ha S.

YaanuTth U3 CTPOKH S TPYIIBI CUMBOJIOB, PACIOJOKEHHBIE MEXKIY
ckoOkamu ‘(‘ m ‘)’. Camu CKOOKH TOXe€ JOJDKHBI OBITH HMCKITIOUYCHBI.
[Ipeanonaraercs, 9To BHYTPH KaKJI0H Mapbl CKOOOK HET APYTUX CKO-
OOK.
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9. CTPYKTYPbI

9.1. OcHOBHBIE CBEeHUS 0 CTPYKTYypax

CtpykTypa — 00BEAMHEHHE OJHOIO WM HECKOJIbKHX OOBEKTOB, B
Ka4eCTBE KOTOPBIX MOTYT BBICTYNIaTh IEPEMEHHBIE, MACCUBBI, YKA3aTEIHU U
T.1. HekoTopbie 00BEKTHI, KOTOPHIE HMCHOJB3YIOTCA B KOHKPETHOWU MpPO-
rpamMme, TaKk WJIA WHAa4Ye MOTYT OBITh JIOTUYECKHU CBSI3aHBI MEXKAY COOOM,
HanpuMmep: abcimcca (double X) u opaunata (double y) MOTYT SBISATHCS
KOOpAMHATAMU HEKOTOPOM TOYKHM TUIOCKOCTH, wuiu (amunus (char
name[20]), rox poxaenus (int year) u rpymnmna (char group[30]) moryT co-
JEp>KaTh CBEICHUSI O TOM WJIM MHOM CTyJeHTe U T.4. [loaTomy mist yaoOct-
Ba pabOThl C TaKUMHU OOBEKTAMHU HX MOXXHO TPYNIUPOBATH IMOJ OJHUM
uMeHeMm. Ecnu maccuB mpeactaBisier co0oit Ha0Op OAHOTHITHBIX JaHHBIX,
TO CTPYKTYypa SBJISIETCSI 00JIe€ YHUBEPCAIBHBIM TUIIOM JaHHBIX, TOCKOJIBKY
OHa MOJKET COJIepKaTh OOBEKTHI PA3JIMUHBIX THUIIOB.

OOBsABIEHUE CTPYKTYPhl OCYIIECTBIISIETCS C MOMOIIBIO KIHOYEBOTO
cJoBa struct, 3a KOTOPBIM CIIeIyeT UMs CTPYKTYphI, U Jajee UIeT Iepe-
YUCJICHUE CIUCKAa 0OBEKTOB, 3aKIIOUCHHBIX B (pUrypHble ckoOKu. Harpu-
Mep, ONHCAHWUE CTPYKTYPHI, MPEACTABISAIONICH COO0M TOUKY IJIOCKOCTH,
BBITJISIAUT CIEAYIOIIUM 00pa3oM:

struct DOT

{
double x; [* abcuucca */
double y; [* opnunara */

¥

Onucanue ke CTPYKTYphl, KOTOpas MpeACTaBiIsieT cCOOOM CBEICHUS O CTY-
JICHTE, MOXKET BBITJIIETh TAKUM 00pa3oM:

struct STUDENT

{
char name[20]; [* bamunus ctynenra  */
int year; /* roa poXKICHUS */
char group[30]; /* rpynma */

1
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[lepemenHbie, 0OBSIBICHHBIC BHYTPH CTPYKTYPBI, Ha3bIBAIOTCS €€ JIEMEH-
TaMH. DJIEMEHTBI OJJHOW CTPYKTYPhl JOJKHBI UMETh YHUKAJIbHBIC UMEHA,
XOTS UMEHA 3JIEMEHTOB Pa3JIMYHBIX CTPYKTYP MOTYT COAECPKATh OJUHAKO-
BbIe MMeHa. Kaxxioe oObsIBIeHNE CTPYKTYPhI JOJDKHO 3aKaHUMBATHCS TOY-
KO C 3aIIsITOMN.

IIpu O0OBSBICHUU CTPYKTYPHl BHYTPH IIPOIpaMMbl PE3€pPBUPOBAHUS
MaMATH 10T HEE HE MPOUCXOAUT, OHA MPOCTO OMUCHIBAET HOBBIM THUII JaH-
HbIX. OOBSBUB CTPYKTYPY, MOKHO CO3/IaBaTh MMEPEMEHHBIC ATOT'0 THIIA:

struct DOT A, B; /* nepemennbie A u B tuma DOT */
struct STUDENT stud; /* mepemennas stud turra STUDENT */

DOTUM caMbIM MbI OOBSBUIIN JIBE TIEPEMEHHBIC-CTPYKTYphI A u B, KoTOphIe
MOT'YT COAEPXKATh KOOPAMHATHI TOYEK IUIOCKOCTHU, U OJHY IEPEMEHHYIO-
cTpyKTypy Stud. OOpalieHre K OTACIBHBIM 3JIEMEHTAM CTPYKTYPhI IIPOHC-
xomuT dYepe3 omepammio ''Touka” (.): AX, Ay, stud.name, stud.year,
stud.group. B crnenyromield mporpamMme BBOJSATCSA KOOPJAMHATHI TOYKH
IJIOCKOCTH A, a 3aTeM BBIBOJUTCS HA DKPaH PACCTOSTHUE OT dTOM TOUKH 10
Hayajaa KOOpJAWHAT.

#include <stdio.h>
#include <math.h>
struct DOT
{
double x;
double y;
I
int main()
{
struct DOT A;
scanf("%If", &A.X);
scanf("%If", &A.y);
printf("d = %.2f\n", sqrt(A.x*A.x + A.y*A.y));
return O;

}

BakHbIM MOMEHTOM MpPU OMUCAHUU CTPYKTYPHI SBISIETCS MECTO, T]IC
oHa oOBsBIsIeTCSI. Ecin 00BbsABICHNE TPOUCXOAUT BHE BCeX (yHKIUM (Ta-
Koe OOBSIBICHHE HA3bIBACTCS BHEIIHHWM), TOT/Ia 3TO OOBSIBICHHE MOXET
HCIIOJIh30BaThCSl BCEMHU (DYHKIIUSMHU, CIASAYIOIMMH 3a HUM. Ecmu ke
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CTPYKTypa OOBSBISICTCS BHYTPH KaKOW-TO (DYHKIIUM, TOTJIa 3TO OOBSBIIE-
HUE MOXET UCIOJI30BAThCS TOJIBKO 3TOU (DYHKITHEH.

Kak u maccuBbl, CTPYKTypHBIC MEPEMEHHBIC IIPU UX OMNpeeIeHUN
MOKHO MHUITUATIN3UPOBATH, HATIPUMED:

struct DOT A ={1.2,-2.5};
struct STUDENT stud = {"1Banos", 1990, "Kb-11"};

Ecnu crpykrypa nepenaercsi B KayeCcTBe aprymeHTa (pyHKIiuu, To, B
OTJIMYME OT MACCHUBOB, Iepe/iadya MPOUCXOUT MO 3HaYeHHI0. UTOOBI OCy-
IIECTBUTH TIepeAady CTPYKTYPHI MO CChUIKE, HEOOXOAMMO TMepeaTh €€ aji-
pec.

[ToMumo TOTO, 4TO (PYHKIIUAM MOXKHO NEpEeaaBaTh CTPYKTYPhI B Ka-
YECTBE apryMEHTOB, (DYHKIIMHM MOTYT TakKe€ BO3BpaIllaTh CTPYKTYpHI, Ha-
MpUMep:

#include <stdio.h>
struct DOT

{

double x;

double y;

}1
struct DOT Init(double x, double y)

{
struct DOT A;
AX=X;
Ay =y,
return A;

}

int main()
{
struct DOT B = Init(2.4, 1.5);
return O;
}
Ecinu nBe cTpyKTypHBIE IIEPEMEHHBIE UMEIOT OJIUH THUII, TO OJHY II€E-
PEMEHHYIO MOYKHO IIPUCBOUTH APYTOM, HAITPUMED:
struct DOT A ={1.2,-2.5}, B;
B=A;
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[Ipu 3TOM 3HAYEHUSIMU DJIEMEHTOB OJHOM CTPYKTYpHI OyIyT 3HAYEHUS CO-
OTBETCTBYIOIIMX 3JIEMEHTOB JAPYrOM CTPYKTYPBI, €CIHA JaXKEe CPEIH dJie-
MEHTOB CTPYKTYPbI IPUCYTCTBYIOT MaCCHUBBI.

Taxke MOKHO CO3/1aBaTh MAacCUBHI CTPYKTyp. Hanmpumep, MoxHO 3a-
IaTh MOCJIENOBaTESIbHOCTE U3 10 DJ1eMEeHTOB TOUEK INIOCKOCTH:

struct DOT a[10];

Torma obparmieHne Kk KOOpAUHATaM TOYEK OyAET MPOUCXOIUT CICAYIOIIIM
00pa3oM:

a[0].x, a[0].y,..., a[9].x, a[9].y

9.2. O0beaHEeHU A

OObeanHEeHNEe — Takas TMEepPEeMEHHas, KOTopas B pa3Hble MOMEHTHI
BPEMEHHU MOXKET XPaHUTh OOBEKTHI PA3JIUYHOIO TUIA U pazmepa. B kax-
NI ONPEACICHHBI MOMEHT BPEMEHH MOKET HCIIOJIb30BATHCS TOJIBKO
OJIUH U3 DJIEMEHTOB 00beauHeHus. [ 1aBHOM 0COOCHHOCThIO OOBETUHEHUS
SBJISIETCSI TO OOCTOATENHCTBO, YTO IS KAXJIOTO U3 OOBSIBICHHBIX JJIEMEH-
TOB BBIJICNIACTCS OJHA U Ta e 00JIaCTh MaMsITH, TO €CTh OHU MEPEKPhIBA-
oTcAa. [loaToOMy ecnu B JaHHBII MOMEHT BPEMEHH HCIOJIB3YETCS HEKOTO-
pBI 2JIEMEHT OOBbEAMHEHMS, TO 3HAYCHUSI OCTAJIBHBIX 3JIEMEHTOB CTaHO-
BATCSl HeonpeaeaeHHbIMUA. OOBEIMHEHUS DKOHOMSIT MMPOCTPAHCTBO BMECTO
TOr0, 4TOOBI MTPOCTO TaK TPATUTh MaMSTh HA HEUCIIOJb3yEMbIC B JaHHBIN
MOMEHT MEPEMEHHBIE.

Jlnst onucanusi 00beIMHEHUST UCTIONIB3YETCA KIKOYEBOE CIOBO union,
HanpuMmep:

union NUMBER
long I;
double d;
3nmech nepemenHas | mMeer pasmep 4 Oaiita, a mepemenHas d — 8 Oaidr.
IToatomy Ha mepemennyro tuna NUMBER Oyner orBeneno 8 0Oaiit, TO
€CTh JIOCTATOYHO, YTOOBI XPaHUTh CaMyIO OOJIBIITYIO U3 JIAHHBIX JIBYX ITC-
PEMEHHBIX.

[Tpu 0OBsIBICHHH 00BETUHEHUE MOYKHO WHHUIIMATU3UPOBATH TOJBKO
3HAYCHHEM, MMCIOIIMM THUIl €Tr0 MEPBOro 3JeMeHTa. TakuMm oOpa3oM, B
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HalleM ciiydae OObEIUHEHHE MOXKHO MHHUIIMAIU3UPOBATH TOJBKO 3HAYeE-
HUeM ThIa long, HampuMep MOKHO 3alcaTh

union NUMBER value = {10};  /* o ectb Value.l == 10 */
1 ObL1a OBI OIIMOOYHOI 3aIIMCh BUIA
union NUMBER value = {10.0};

Hwxe mpuBeneH HEOOIBIION TPUMEDP C MUCIOIb30BaHUEM 00beINHE-
HUS.

#include <stdio.h>
union NUMBER
{
long I;
double d;
}
int main()
{
union NUMBER value = {10};
printf("l = %d\n", value.l);

value.d = 5.0;
printf("d = %f\n", value.d);
return O;

}

OObenuHeHus: MOTYT BXOJIUTh B CTPYKTYpPbl U MaccuBbl. OOpaTHOE
TaK)X€ BO3MOXKHO. Hampumep, HUXKE NPUBOAATCS JBa SKBHUBAJIICHTHBIX
00bsiBNIeHUS CTPYKTYphl STR:

union NUMBER struct STR
{ {
long I; char s[10];
double d; union NUMBER
o {
struct STR long I;
{ double d;
char s[10]; } value;
union NUMBER value; };
2
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[Tocne oaHOrO M3 JaHHBIX OOBSBICHUN OOpAlllEHHE K AJIEMEHTOM CTPYK-
Typbl STR mporcxoauT cienyomum o0pa3oMm:

int main()
{
struct STR st = {"abc", 10};  /* st.s==‘“abc”, st.value.l == 10 */
printf("'s = %s\n", st.s);
printf("'l = %d\n", st.value.l);
st.value.d = 1.0;
printf("d = %f\n", st.value.d);
return O;
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10. IMPEKTUBbBI IPEITPOIECCOPA

[Ipenpoueccop — mporpamma, KOTopasi MPOU3BOJUT HEKOTOPHIE Ma-
HUIMYJALUN C UCXOJIHBIM TEKCTOM MPOTPAMMBI TEpe]l TeM, KaK OH IO/JI-
Bepruercs Tpancianuu. [Ipenpoiieccop 3amyckaeTcsi aBTOMaTHUYECKH TIPU
KOMITWJISIIUM TIporpaMMbl. Bce AUMPEKTUBBI Mpenpolieccopa HauYMHAIOTCS
co 3Haka #. [locie TMpeKTUB mpenporeccopa ToYka ¢ 3ansiTol He CTaBUTCS.

10.1. InpexTuna #include

HNupektuBa #include BKIIFOYaeT B TEKCT MPOTPaMMbl COJEPKUMOE
yKa3aHHOro (haitna. ITa TUpeKTHBa UMEET ABE (DOPMBI 3aITHUCH:

#include "ums daiina”
#include <ums ¢aitna>

Ecnu umsa (aiina ykazaHo B KaBbIYKaxX, TO MPEMPOIECCOP OCYLIECTBIISIET
MOUCK (paiiyia B COOTBETCTBUHU C 33IaHHBIM MapIIPyTOM, a MPHU €ro OTCYT-
CTBHM — B TeKyllleM karainore. Ecnu ums ¢aitna 3ajaHO B yIiIOBBIX CKOO-
KaX, KOTOpPbIE€ MCIOJB3YIOTCS sl (pailJIoB CTaHAAPTHOM OMOIMOTEKH, TO
NMouCK (paiiya MpoOU3BOIUTCS B CTAaHAAPTHBIX JUPEKTOPUSIX ONEPALIMOHHOMN
CHCTEMBI, 3aJaBaeMbIx komaHgou PATH.

HupektuBa #include oyeHb 4acTO HMCHOJIB3YETCS ISl BKIIFOUEHUS
CICAYIOUIMX 3arojoBOYHBIX (aiiioB craHmapTHOW OuOMoTeku: stdio.h
(crangapTHas O6ubamMoTeka BBOAA-BbIBOMAA), stdlib.h (hyHkMu obero Ha-
3Ha4yeHus), string.h (Oubnuoreka QyHKIHI, ONEPUPYIOUIUX CO CTPOKAMU)
U T.1.

10.2. JupexTuna #define

JlaHHas1 TUPEKTHUBA CIIYXKUT JJISI 3aMEHbI KOHCTAHT, ONIEPATOPOB HIIH
BBIpAXEHUN HEKOTOpbIMU HAcHTU(PUKaTopamu. NneHTudukatopel, KOTo-
pbI€ 3aMEHSAIOT CTPOKOBBIE WJIM YUCJIOBBIE KOHCTAHTHI, HA3BIBAKOT UMEHO-
BaHHBIMU KOHCTaHTaMH. WMaeHTudukaTopbl, 3aMmeHsIOmKe (parMeHThI
MPOrpaMM, Ha3bIBAIOT MAKPOOIPEICICHUAMU, IPUUYEM MAKPOOIPEICICHUS
MOT'YT UMETh APTYMEHTHL.
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Hupektusa #define nmeeT nBe Gpopmbl 3anucu:
#define maeHTU(dUKATOP TEKCT
#define uaenTudukatop (CNUCOK MapamMeTpoB) TEKCT

JlaHHasi TUpEKTHUBA 3aMEHSET BCE MOCIEAYIONINE BXOXKICHUS UACHTUPUKA-
TOpa Ha TEKCT. TakoW MpOLEcC HA3BIBAETCA MAaKPOMOJACTAHOBKOM. TeKCT
MOXXET TPEJICTaBIATh cO00#l nt000i (parmeHT mporpammbl Ha Cu 1100
MOKET ¥ BOBCE OTCYTCTBOBaTh. Hampumep, BcTpeTus omnpenaenenue #define
E 2.711828 (umMeHOBaHHasi KOHCTaHTA), NPEMPOLIECCOP 3AMEHUT BCE MOSIB-
JIEHWs KOHCTaHThI E Ha 4ynciieHHyro KoHcTaHnTy 2.711828.

Ecnu jxe TeKCT OTCYTCTBYET, TOT/Ia BCE IK3EMIUISIPHI UIESHTU(PHUKATO-
pa yJajstoTCs U3 MPOrpaMMBl.

Makpoornpenenenre 6e3 mapameTpoB o0padaTbIBaeTCs TaK e, KaK U
MMEHOBaHHasl KOHCTaHTa. HampuMep, MOXKHO 3anucarth

#define FOREVER for(; ;)

Y 3aTeM B MporpaMmme nucarh 0eckoHeuHbie 1ukibl B Bujge FOREVER.

Bo BTOpoii ¢opme 3anucu aupekTHBbl #define uMeeTcs crmcok ma-
pPaMETpPOB, KOTOPBIM MOXKET COJEpKaThb HECKOJbKO HIACHTU(DUKATOPOB,
pa3leIICHHBIX 3alsAThIMU. [lapaMeTphl B TEKCTE MAKPOOIPEAETICHUS OTME-
YaloT MO3UIUH, Ha KOTOPBIE JOJKHBI OBITH MOJCTABICHBI apPIYMEHTHI MaK-
POBBI30BAa. MaKpOBBI30OB JIOJIKEH OBITh OTMEIBHOW JIEKCEMOW U COCTOSITh
U3 uJeHTU(UKATOpPa U 3aKIIOUYEHHOTO B KPYTJble CKOOKM CIHCKa apry-
MEHTOB, KOJIMYECTBO KOTOPBIX HOJKHO COBIAAATh C KOJMYECTBOM Mapa-
METPOB.

B kadectBe mepBoro npumepa npuBeIEM MAaKpOONPEIEIIEHUE C OJ-
HUM I[IapaMETPOM Il HAXO0XKICHUs KBaJApaTa Yncia:

#include <stdio.h>

#define SQR(X) ((x) * (X))

int main()

{
printf("%d\n", SQR(5));
printf("%f\n", SQR(SQR(0.12)));
return O;

}

[TosicHUM 3HAYeHUs KPYIJIbIX CKOOOK mpu MakpoompeneneHun ((X) * (x)).
Koneuno, Mo>kHO OBLIIO OBI 3aIIMCATh

#define SQR(X) x* x
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Ho torma B xBaapar KOPPEeKTHO OyAyT BO3BOJUTHCS TOJBKO UMCIA, a HE
BbIpakeHus. Hanmpumep, eciiv B mporpaMme BCTPETHIIACH HHCTPYKIUS

r=SQR(a + b);
TOT/Aa TOCJe PadOThI IPEMPOIIECCOpa ATOT KO Pa3BEPHETCS B CICAYIOITUN
KO/.

r=a+b*a+b;
[TosToMy OyneT KOppEKTHEE 3aucaTh

#define SQR(X) ((x) * (X))

B kauectBe BTOpPOro npumepa mpuBEIEM MaKpOOINPEACIICHUE C JIBY-
Ms TapameTpamMu Il HaXOXICHUS MaKCHUMalbHO 3HAYCHUS U3 JTaHHBIX
MapaMeTpoB:

#include <stdio.h>
#define MAX(X, y) ((X) > (y) ? (X) : (¥))

int main()

{
intx=1,y=2;
int max = MAX(X, y);
return O;

by

10.3. JupexTuBa #undef

HupextrBa #undef ncnonb3yercs 11 OTMEHBI ISUCTBUS UPEKTHUBBI
#define. CuHTaKCUC TaHHON TUPEKTUBBI CJICTYIOIIHIA:

#undef unentudukatop

HupektuBa #undef ormenser aciictBue Tekymiero ompeneiacHus #dedef
Ul yKazaHHOTO uaeHTugukaropa. O0JacTh NeMCTBUS UMEHOBAHHON KOH-
CTaHTBI WM MaKPOOIIPEACIICHUS TPOCTUPAETCS OT MECTa UX ONpPEACIICHHUS
70 MeCTa UX OTMEHBI ¢ oMo #undef 1udo 1o koHma ¢aiina, ecnu Ta-
KHX OTMEH HE ObLIO.

OTMEHATHh MOKHO W HECYIIECTBYIONINE KOHCTAHTHI U MaKpOOTpe/ie-
aeHus. Taxke TOMyCcKaeTcs MOCiae OTMEHBI HEKOTOPOTO OIPEACIICHUs OTl-
peneauTh ero 3aHOBO ¢ TToMoIIbo #define.
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10.4. YcioBHAg KOMIWJISIUSA

Jupextubl #ifdef, #else u #endif. B o0miem Buae onepartop #ifdef
BBITJISIUT CICAYIOIIUM 00pa3oM:

#ifdef naenTudurarTop
II0CJICI0BATEIbHOCTh OIIEPaTOPOB
#else
ApyTas MoCle0BaTeIbHOCTh OIEPaTOPOB
#endif

[TIpu sTom nmupekTuBa #else moxkeT oTcyTcTBOBaTh. B IHpEKTHBE
#ifdef npoBepsiercs, onpezenen au ¢ nmomoinpio aupektuBsl #define x Te-
KyIleMy MOMEHTY uaeHTU(UKaTop, moMenieHHblid mocie #ifdef. Ecim
UACHTU(PUKATOP OMPEACIICH, TO BBIMOJIHACTCS MOCICI0BATEIHBHOCTD COOT-
BETCTBYIOIIUX OIEPATOPOB, B IPOTUBHOM K€ CIydae BBITOIHICTCS IOCIIC-
J0BaTEIIbHOCTh OIEPAaTOPOB, IOMEIICHHBIX ITOCJIC TUPEKTUBHI #else.

Yacro, HampuMep MpH OTJIAJIKE MporpamMm, TPeOyeTcs HMMETh BO3-
MO>KHOCTb BKJIFOYATh WJIM UCKJIIOYATh HEKOTOPBIC (PparMEeHTHI IPOrpaMMbI
Ha 3Tare KOMITHJISALNU:

#include<stdio.h>

#define DEBUG

int main()

{

#ifdef DEBUG
printf("Otnamouynas gacte");

#endif
return O;

}

Hupextusa #ifndef. [Iupexruna #ifndef, kax u #ifdef, ucnonpzyercs
coBMmecTHO ¢ nupektuBamu #else n #endif. lanHas nupexTtuBa 0O6padaThI-
BaeT yCJIOBHE, €CIM WACHTH(PUKATOP HE OMPECNICH, TO €CTh OHa TPEe]-
ctaBisieT orpunianue qupektusbl #ifdef. Dra nupexrTuBa wacto nmpumeHs-
eTCS JUISI OTIPEICIICHHS] KOHCTAHT MPH YCIIOBUH, YTO OHHM HE OBLIN OTIpe/ie-
JeHsl panee. Hampumep:
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#ifndef SIZE
#define SIZE 100
#endif

OOBIYHO JaHHAsI KOHCTPYKIUS HCIIOJIb3YETCS JUIsl TIPEIOTBPAICHUS

MHOKECTBEHHBIX ONPEACICHUH OHOrO0 M TOrO e Makpoca B ciydae
BKJTFOUCHHSI HECKOJIBKMX 3arojOBOYHBIX (hailJIoB, KaKIbId M3 KOTOPBIX
MOJKET COJIepKaTh JIaHHBIM WaeHTH(UKAaTOp. Takke OYeHb 4acTO TUPCK-
tuBa #ifndef ncronp3yrorcs s nperoTBpalieHrs MHOTOKPAaTHOT'O BKITFO-
YCHHS 3ar0JIOBOYHBIX (haiioB.
[IpuBenem mpumep. PazobreM mporpammy Ha nBa (aityia: 3arog0BOYHBIN
daiin file.h u daiin peanusanuii array.c. B 3aromosounom daiine file.h
C MOMOIIBIO AUpeKTUBHI #iNnclude moakaoynM Bce HEOOXOAMMBIC HaIei
nporpamme (Gaiibl cTaHaapTHONW OnOInoTeku s3bika Cu. B Hamem ciryuae
a10 (aitnbr <stdio.h> u <stdlib.h>. Taxxe B daiine file.h onpenenum Bce
HEOO0XOIMMbIC KOHCTAHTBI, TPOTOTHITBI QGYHKIMK U T.1. Dain peannsamnuii
array.c moakjiar4acT ¢ momolisio aupekTussl #include "file.h" 3aromosou-
Hei aiin file.h u comepxut peanuzanuro nporpaMmel.

I/ 3aronoBounsii daiin file.h.
#ifndef FILE_H
#define FILE_H

/] 3aromoBouHBIC (haKITBI
#include <stdio.h>
#include <stdlib.h>

/| KOHCTaHTBI
#define SIZE 100

/[ onipeeneHue TUIIOB
typedef unsigned long UINT;

I/ mpoToTUTIBI PYHKITUH

void Init(UINT *, int);

void Print(UINT *, int);
#endif

Il aiin peanuzanuii array.c
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#include "file.h"
// THULMAJIN3a1Hs DJIEMEHTOB MacCcuBa
void Init(UINT *a, int n)
{ - -

inti;

for(i=0;i<n;i++)

a[i] = rand() % 100;

}

// BBIBOJI 3JIEMEHTOB MAacCHBa Ha dKpaH
void Print(UINT *a, int n)
t
Inti;
for(i=0;i<n;i++)
printf("%u ", a[i]);
by

int main()

{
UINT a[SIZE];
Init(a, SIZE);
Print(a, SIZE);
return O;
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11. ®YHKLUU

11.1. OcHOBHBIE CBeleHUS 0 PYHKIUAX

OyHKIMSA — NOANPOrpaMMa, KOTopas OpraHu30BbIBAET TOT WM MHOU
AITOPUTMUYECKHUI MPOLECC W BO3BpallaeT HEKOTOpoe 3HaueHue. lIpo-
rpamMMa Ha s3bike Cu mMeeT mo KpaiHel Mepe oany GyHkmmo main(), Ko-
TOpasi aBTOMATHYECKHU BBI3BIBACTCA MPH 3amycke nporpamMmbl. Cama (yHK-
st main() MOKET BbI3bIBATh Apyrue (PyHKIIMH, a T€, B CBOIO OUepe/ib, Ca-
MU MOTYT BbI3bIBATh T€ WU UHBIE (DYHKIIHUH.

OyHKIMA COCTOUT U3 OOBSBICHHUN W ONEPAaTOPOB U MpeJHA3HAUYCHA
JUISL peIlieHUsl ompenesieHHoM 3anaun. Kaxnmas QyHKIusS J0KHA UMETh
UMsl, KOTOPOE UCIOJIb3YETCs AJIsl €€ OOBSIBICHHUS, ONPEICICHUS U BhI30BA.

Korna ums QyHkuumu BcTpeyaeTcs B mporpamme, TO YIpaBJICHHE Tie-
penaercs K Teay JaHHOW (yHKITUHU, TO €CTh OCYIIECTBIISIETCS BBI30B (PYHK-
uu. [Ipu BeI3oBe QyHKIMHM €l TIPU MOMOIIM apryMeHTOB ((pOopMabHBIX
MapaMeTpoB) MEpeAaroTcsi HEKOTOpbIe 3HauUeHUs ((haKkTHUUECKUE MapameT-
pBI), KOTOpPBIE UCTOJIb3YIOTCA (PYHKIIMEN BO BpeMst ee paboThl. JIto0oit ap-
TYMEHT (PYHKIHUH MOXKET ObITh KOHCTAHTOM, NMEPEMEHHON WM BBIpaXKe-
HUEM.

OO6muii popmat onpeaesneHuss PyHKIIMU UMEET CICAYIONTUNA BU/T:

TUIT_BO3BPAIIAEMOT0 3HAa4YeHUs UMS_(PYHKIMU (CIIHUCOK IMapaMepTOB)
OOBSIBIICHUS
onepaTophbl

}

Tun Bo3BpamaeMoro 3HaueHUs OOBSBIISACT THUIT 3HAYCHHUSI, BO3BPAIAEMOTO
dbynkuuent. Eciu ke pyHKIIMS He BO3BpaIllaeT 3HAYCHUS, TOT/Ia B KAUSCTBE
THTIA BO3BPAIIAEMOT0 3HAYCHHS BBICTYyMaeT mycTodl tum — Void. Ecim
GYHKIHS HE TOJydaeT apryMEHTBI, CIIMCOK IMapaMeTPOB TaKKe OOBSIBIISA-
eTcs Kak void.

OyHKIIMU MOTYT BO3Bpaiath 3HaueHus. [locie oOparmienus Kk pyHk-
IIUU OHA BBITIONHSAET HEKOTOPHIC JIEHCTBUS M B KA4eCTBE pe3yJIbTara CBOCH
paboThl MOKET BO3BpPATUTh HEKOTOpOe 3HadeHHe. C MOMOIIBI0 WHCTPYK-
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MU return TPOMCXOIUT BO3BpAT pe3yibTaTa OT BBI3bIBAEMON (PYHKIUU K
BbI3bIBatoIeH. [locie cioBa return MOKeT ciae0BaTh J000€ BhIpaKEHUE:

return BbIpake€HUE;

Bripaxenue, eciii 3To HE0OXOUMO, MPUBOUTCA K BO3BPAIIAEMOMY THUITY
byHKIUY.

CymecTByeT Tpu crioco0a BO3BpAILICHUs] YIPABJICHUS B TOYKY MPO-
rpaMMbl, U3 KOTOpoH Obuta BbI3BaHa (QyHKIuUs. [lepBbie nBa crocoba oT-
HOCSITCS K cllydaro, Korja (GyHKIHs HE BO3BpallaeT pe3yibTaT. B mepBomM
cillyyae yIpaBJIEHHE TepeaaeTcss MpU JOCTHXKEHUM TpaBoil (urypHoi
CKOOKH, 3aBepiatomeit pyHkuuo. Bo BTopoM ciiydae ymnpaBieHHe mepe-
JaeTCs TIPH BBITIOJTHEHUH OTiepaTopa

return;
B tpetheM ciydae, korjaa pyHKIMS BO3BpallaeT pe3yibTaT, orepaTop
return BBIpa)KeHI/Ie;

BO3BpaIaeT BbhI3bIBAIOIIEH (PYHKIIMU 3HAYCHNE BBIPAKCHUSL.

OmnepatopoB return B (YHKIIMU MOXET OBITH HECKOJbKO. Torma
JAHHBIE ONEpPaTopbl OyAyT (PUKCUPOBATH COOTBETCTBYIOIIME TOYKHU BbI-
X07a.

11.2. TlporoTunsl pyHKIMI

[IpoToTun ¢yHKIUKA COOOIIAeT KOMOWISTOPY THUIT BO3BPAIaeMOro
dbyHKIMENH 3HaYeHUS, KOJIMYECTBO MapaMeTpoB, MOJydaeMbIX PyHKIIUEH, a
TaKXe TUITBI MApaMETPOB U MOPSAOK UX ciienoBanus. KoMnuistop ocyiie-
CTBJIIET TIPOBEPKY COOTBETCTBUS THUIIOB IMEpeaaBaeMbiX (PaKTHUECKUX T1a-
paMeTpoB TUIIaM (POpMaIbHBIX TAPaMETPOB, TO €CTh KOMIUJISATOP UCIOJb-
3yeT MPOTOTUN (PYHKIMU JJIsI IPOBEPKU MPABWIHLHOCTH BBI30BOB JTaHHOMU
¢ynkuun. [IpoToTn GyHKIMM UMEET TaKOW ke BUI, YTO U OMNPE/ICICHUE
(GyHKIMU, C TOW JIMIIL Pa3HULICH, YTO TeJO (QYHKIMU OTCYTCTBYET, MPU-
yeM UMeHa (hOpMaJIbHBIX MapaMeTpPOB TaK)KE MOTYT ObITh omyIiieHbl. Eciau
npoTOTUN (DYHKIIMM HE 3aJIaH, a BCTPETHICS BBI30B (PYHKIIUHU, TO CTPOUTCS
HESBHBIN MIPOTOTHI U3 aHau3a (JOPMbI BbI30BA (PYHKIIUH.

Hampumep, B HUIKENPUBEAEHHOW MMPOTrpaMMe, KOTOpask 3arpalinBacT
IBa yncia a u b, mociie yero BRIBOIUT Ha 3KpaH CEpPeAMHY OTpe3Ka [a,b],
ucnons3yercs (pynkuus Middle(). IIporotun nanHON (QyHKIIMKU HUMEET
CIICIYIOUIAMN BU/I:
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double Middle(double, double);

JlaHHBIA MPOTOTUN yKa3biBaeT, 4To ¢yHkius Middle() umeer nBa apry-
MeHTa Tuna double 1 Bo3Bpaiaer pe3yiabtat TUma double.

#include<stdio.h>
double Middle(double, double);  /* mporoTun dpynknun */

int main()

{
double a, b;
scanf("%Ilf%If", &a, &b);
printf("middle = %f\n", Middle(a,b));
return O;

}

[* onucanue Gynkuuu Middle() */
double Middle(double a, double b)

{
return (a + b) / 2;

}

BaxxHoli 0COOEHHOCTBIO MPOTOTHUIIOB SIBJISIETCA MPUBEACHUE THUIIOB
aprymenToB. Hanpumep, ecnu dynkuun Middle() mepenath nBa 1esbIx
apryMeHTa 1 u 2, To JaHHBIE apTYMEHTHI CHadaa OyayT IPUBEICHBI K TH-
ny double (1.0 u 2.0), mpexJie 4eM BBIYMCIATh 3HAYCHHUE BBIPAKEHUS
(a + b) / 2. [Toatomy pe3ynbTar OyaeT BepHbIM: 1.5. Eciin Obl 1aHHBIC ap-
TYMEHTHI He ObLIM npuBeieHbl K Tty double, To dyHKIUS BO3BpaTHiia Obl
3HayeHue 1.0,

11.3. Kinacchbl maMsITH

Kaxnas nmepeMeHHass Kpome THUIIa, HIMEHU W 3HAYCHUS HUMEET elle
OJIHY XapaKTEepUCTHKYy — Kiacc mamsaTu. Krmacc mamsTtu XapakTepuszyeT
BpeMsl CYIIIECTBOBAHUS U MECTO XpaHEHUs] 00BhEKTa BO BPEMs BBITIOJTHESHHS
IporpaMmsel. B COOTBETCTBHM € KJIACCOM MaMSTH IIEpEMEHHAsi MOKET OBbITh
aBTOMaTHUYECKOM (auto), peructpoBoi (register), BHEIIHEH (extern) u cra-
THYECKOM (static).
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[To ymomyaHut0, €ClIM KJIacC MaMsATH OIYIICH, MPEIIoaracTcs, 9To
MepeMeHHas SIBJIICTCS aBTOMATHYECKOM.

OO06nacThiO ICHCTBUS aBTOMATHUYCCKUX, PETUCTPOBBIX M CTATHISCKUX
O0OBEKTOB SBISCTCSA OJIOK, TJ€ OHU OMPEICIICHBI, BKIIOYAs BIIOKCHHBIC
OJIOKM B JAHHBIM OJIOK, B KOTOPBIX HE COJEPKATCS MEPEONpPeaCTICHHBIX
MIEPEMEHHBIX C TEMH K€ HMEHAMHU.

Bpewms xu3HM 00BEKTa C KJaccaMu MaMATH auto U register coBIaaa-
€T CO BPEMEHEM BBITIOTHEHHUsI Oyioka. Takne OOBEeKThI CO3/IaI0TCS B MO-
MEHT BX0Jla B OJIOK M YHHUYTOXXAIOTCS TP BBIX0Je u3 Hero. [Ipu sTom me-
PEMEHHBIC C KJIACCOM IMaMSATH register, €CIu 3TO BO3MOXKHO, XPaHATCS B
MaIMHHBIX peructpax. OCOOCHHO ATO BaXXHO, €CIIM IepEMEHHAas OYCHBb
4acTO MCIIOJIB3YETCS, HapUMEp NEPEeMEHHBbIC-CUCTUMKHA, CYMMBI M T.II.
3amMeTHM, 4TO PETrUCTPOBBIC TTEPEMEHHBIE MOTYT OBITh TOJBKO IIEIOTO TH-
na. KoMmuisitop MoKeT MpOUTHOPHUPOBATh YKa3aHUE HA TO, YTO MEPEMEH-
HYIO KeJIaTebHO Pa3MECTUTh B MAIlIMHHOM perucTpe. B aToM ciydae Ta-
Kas TIepeMeHHas SKBHBAJCHTHA aBTOMATHYECKOW mepeMeHHor. Onrcanmne
PETUCTPOBBIX IEPEMEHHBIX BBITIISIUT CICAYIOIAM 00pa3oMm:

register int i;
register char c;

OObsaBieHUE register MOXXHO MPUMEHSTHh TOJBKO K aBTOMAaTUYECKUM Tie-
pEMEHHBIM U (popMalibHBIM TIapaMeTpam GyHkuuu. Hanpumep:

long Sum(register int n)
{
register long sum;
register int i;
for (i=sum=0;i<n, i++)
sum +=1i;
return sum;

}

Buemnue nepeMeHHble onpeAessitoTca BHE (QYHKIUM, TO3TOMY OHHU
JOCTYIHBI TIOYTH il JII0OO0M M3 HUX. Takue rnepeMeHHbIE CYLIECTBYIOT B
TE€YEHUE BBITIOJTHEHUSI Bceil mporpamMMbl. O0acTh ke JAEHUCTBUS BHEUTHEH
MEPEMEHHOM MTPOCTUPAETCS OT TOUYKU BO BXOJHOM (hailne, riae oHa 0ObsB-
JeHa, 10 KoHIa (aitna. Hanpumep, nmocie BHIMOJHEHUS CISAYIONMIEH Mpo-
IrpaMMBL:
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#include <stdio.h>
inti=1; /*BHemHssa nepeMeHHas */

void Print()
{
printf("%d\n", 1);
¥
int main()
{
Print();
I++;
Print();
return O;

}

Ha 3KpaHE NMOSBUTCS TAKOW PE3YyJIbTAT:
1

2
OpnHako, eciv JaHHYIO MPOrpaMMy 3alicaTh B TAKOM BUIE

#include <stdio.h>
void Print()
{
printf("%d\n", 1); /* ommOka */
}
inti=1; /*BHemHAA mepeMeHHas */
int main()
{
Print();
i++;
Print();
return O;

}

TO ATO MPHBEIET K OIMMOKe, MOCKOJIbKY (pyHKIMsA Print() HaxoauTcs BHE
o0jacTH JIeWcTBHs BHEIIHEH mepeMeHHO# i. Ecaum HeoOXxomuM AocTyn K
BHEIITHEW MEPEeMEHHOM /10 €€ 0OBSBJICHUS WM OHA OINpeAcieHa B APYyromM
HUCXOIHOM (haiinie, CeayeT BOCIOIb30BaThCs OMMCaHueM extern:
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#include <stdio.h>
void Print()
{ -
extern int i;
printf("%d\n", 1);
}
inti=1; /*BHemHss nepemenHas */
int main()

{
Print();
i++:
Print();
return O;

}

Crpoka extern int 1 0OBABISET 711 OCTaBIIEHCs YacTu (aitina, 4To mepe-
MEHHas | UIMeeT THI int, IPYU 3TOM IaMSATh JIJIs HEE HE BhIICIISACTCS.

NHuimanu3upoBaTh BHEIIHIOW MEPEMEHHYIO MOXKHO TOJIBKO TIPHU €€
onpejaeneHur. Eciu BHENTHSS TTIepeMeHHas OnpeesieHa, HO He MHULINAIU-
3UpOBaHa, TOTIa, 10 YMOJYAHHIO, OHA MOJIy4aeT HYJIEBOE€ HaYaJIbHOE 3Ha-
YeHHUeE.

3ameTum, 4yTo caMu (PYHKIUH SBJISIOTCS BHEIIHUMU OOBEKTaMU, TaK
Kak B si3blke CH OJIHY (DYHKIHIO 3alpenieHO OOBSIBISATh BHYTPHU APYrou
GyHKIMH.

Cratuyeckue nepeMeHHbIe (static) MOTYT OBITh JTOKAJIIBHBIMU U TJIO-
OanbHbIMU. JIOKanbHBIE CTATHYECKHE MEPEMEHHBIE BUIHBI TOJIBKO TOM
GyHKIMY, TI€ OHU OmNpeaesieHbl. TONMBKO B OTJIMYME OT aBTOMATHYECKUX
MEPEMEHHBIX CTATUYECKUE JIOKAIbHBIE IEPEMEHHBIE COXPAHSIIOT CBOE 3HA-
YeHHWE W TOCJIE BBIXOJa M3 (DYHKIMH, a HE BO3ZHUKAIOT U YHUYTOXKAIOTCS
pHU KaxJoM ee BbI30oBe. [Ipu ciemyromiem BbI30BE TaHHOW (PYHKIUU CTa-
TUYECKas JIOKaJbHAasl IEpEMEHHAs OyIeT UMETh TO 3HaY€HHE, KOTOPOE OHA
uMesa TMpu MOcjieAHEM Bbixone u3 Hee. Hampumep, mociie BBINMOJHEHUS

cleAyroleld MporpaMMbl Ha dKpaH OyayT BeiBeaeHbl uucia 10, 20, ...,
100:

#include <stdio.h>
void Print()

{

static inti = 10;
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printf("%d\n", 1);
| += 10;
¥

int main()

{ - -
int j;
for (j = 1;) <=10; j++)
Print();
return O;

}

I'moGanbHbIe CTAaTUUECKUE TEPEMEHHBIE JTOCTYIHBI BCEM (PYHKIUSIM
naHHOTO (haiiyia, pacmoIOKEHHBIM HIDKE UX ompenaenenus. Ho B npyrux
¢aiinax rmoOanbHbIC CTATUYECKUE TIEPEMEHHbBIE HEN3BECTHBI.

[Ipenpinyinii IpUMEP MOXKHO MEPENNUCATh B TAKOM BUJIE:

#include <stdio.h>
static int i = 10;
void Print()
{
printf("%d\n", 1);
| +=10;
}

int main()

{
intj=1;
for (j =1;) <=10; j++)
Print();
return O;

}

11.4. Yka3arenu Ha QyHKIUMN

®dyHKIMY, KaK U J100bIe SJIEMEHTHI JIaHHBIX, UMEIOT ajpeca. Kak u
MMsI MacCCHUBA SIBIISICTCS aJIpECOM IIEPBOTO BJIEMEHTAa MACCHUBA, TAK U UM
GyHKIUU SIBISETCS apecoM Hadalla MAlIMHHOTO KOJia TaHHOW (DYHKIIUH.
[ToaTOMYy MOKHO ONpeAeUTh yKazaTesb Ha (QYHKIUIO U paboTaTh ¢ HUM
Kak ¢ OOBIYHOM MepeMeHHOUN. YKa3aTenu Ha QYHKIIMU MOXHO NepeaBaTh
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ApyruM (QYHKLIHSIM B KaueCTBE apryMEHTOB, MO>KHO BO3BpalllaTh B Kaye-
CTBE PE3yJbTATOB pabOoThl (DYHKIIUH, MOKHO pa3MeniaTh B MACCUBAxX U T.J.

YToOBbl MONYUYUTH aAPEC TOW WU MHOU (PYHKIIMU, TOCTATOUYHO 3aIlu-
caTh e€e UM (KOTOPOE U COAECPKUT €€ aapec) 0e3 3aMbIKarolux CKOOOK, TO

ecth eciiu F() — HexoTopas ¢yukuus, To F — anpec nannot ¢pynkuun. Ha-
npuMep:

#include<stdio.h>
int Compare(int a, int b)
{
return a >= b;
L
int main()
L
printf("%p\n", Compare);
printf("%p\n", main);
getch();
return O;
¥
[TosToMy 4TOOBI TIepenaTh HEKOTOPOW (PYHKIMU aapec TOM WU HHOUN
(bYHKLII/II/I, AOCTATOYHO IICpCaaTh UM nepe):[aBaeMofI (I)YHKLII/II/I

Crnenyromuil npuMep WUIIOCTPUPYET NPUMEHEHUE YKazaTens Ha
GyHKIUIO.

#include<stdio.h>
int ShowMsg(char *msg)

{

return puts(msg);

}

int main()

{

int (*pFunc)(char *); [* ykazarens Ha QyHKIUIO */
pFunc = ShowMsg;

(*pFunc)("A message \n"); /* Bo3bIBaeM QyHKIUIO Yepe3 yKazaTeinb */
return O;

}

[IpuBenem eme npumep. Hanumem ¢yukiuto Count(), koTopast BbI-
YUCJISET KOJMYECTBO OOJBIINX MM MaJICHbKUX JJATUHCKUX OYKB B CTPO-
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ke S. Ilycre pynkmuum int Big(int ¢) n int Small(int ¢) cooTBEeTCTBEHHO OII-
PEIETSIOT, SBISCTCSA U CUMBOJI C OOJBIION WM MaJleHbKOW JATHUHCKOU
oykBoii. Eciiu B kauecTBe nmapamerpa pynkiuu Count() repemaercs aapec
¢bynkuun Big(), To oHa OyAeT BBIYUCIATH KOJWYECTBO OOJIBIIMX JIATHH-
ckux OykB B cTpoke S. Ecnu sxe manHoi QyHKIMU miepenaTs aapec PyHK-
nuu Small(), To OHa MOACUYMTAET KOJIUYECTBO MAJICHHKUX JIATUHCKUX OYKB
B CTPOKE S.
B 3aronorke ¢ynkius Count() UMeeT Takoi mapaMeTp:

int (*flag)(int)

DTO 3HAYUT, 4TO B KauecTBe aprymeHta pynkuusi Count() MOXKET MOJTy-
YUTh aJpec aOCOJIIOTHO JIFOOON (YHKIMU C TEM YCJIOBUEM, YTOOBI OHa
BO3Bpallajia pe3yJsibTaT 1IeJIOro THIa, a B Ka4eCTBE NapaMeTpa MpuHUMAasa
TuI int. 3aMeTuM, 4TO BOKpyT *flag HEOOXOIUMBI KPYTJIble CKOOKH, YTOOBI
COOJIFOCTU COOTBETCTBYIOIIUN MpUOpUTET oneparuid. Kpyriasie ckoOku
MMEIOT 00Jiee BHICOKUI MPUOPUTET, HEXKENM orepaius 3Be3nouka (*). ITo-
ATOMY €CJIU 3alUCaTh

int *flag(int)
TO 3TO 00BsIBIICHUE Oy/IeT 03Ha4YaTh (PYHKIHIO, KOTOpasi B KauecTBE Iapa-
MeTpa IMOJIydaeT 1EeJI0€ YUCIO U BO3BpAIAET yKa3aTellb Ha HEKOTOPOE 11e-
JIO€ YHUCIIO.

Oynkuusi, kotopas nepenaercs pynkuun Count() B KauecTBe napa-
MeTpa, BhI3bIBAETCS B yCIOBUH if:

It (*flag)(s[i]))

Pa3piMeHOBBIBaHNE ()YHKIIMK B JAHHOM Clydae HE0OXOIUMO, YTOOBI BBI-
3BaTh ATy CaMyl0 (PyHKIIHIO.

#include<stdio.h>
#define N 200

int Big(int); [* nmporotun pyukuuu Big() */
int Small(int); [* npororun pyukiuu Small() */
int Count(char *s, int (*)(int)); /* mpotorun pyukmuu Count() */

int Big(int c)

{
return (c >="'A' && ¢ <="'Z");

}
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int Small(int c)
{

return (c >='a' && ¢ <='7");

}

int Count(char *s, int (*flag)(int))
{
inti, n;
I=n=0;
while (s[i] '="0")
{
if ((*flag)(s[il))

n++;
I++;
return n;

}

int main()

{
char s[N];
fgets(s, N, stdin);
printf("%d\n", Count(s, Big));
printf("%d\n", Count(s, Small));
return O;

}

[IpuBegeM Takke mMpUMEp HCIIOJb30BaHUS MacCHBa yKa3aTeliel Ha
¢ynkuu. OnpenenmuM Tpu ¢yHKmu: Sum, Subtraction, Multiplication,
KaXKJ1asi 13 KOTOPBIX UMEET J[Ba IEJIOYMCICHHBIX TTapaMeTpa U BO3BpaIlaeT
HEKOTOpOE IIEJI0€ YUCIIO — Pe3yJbTaT OWHAPHOM OIepalnuu ¢ JaHHBIMU
yuciaaMu (CyMMa, pa3HOCTh, Mpou3BeAcHUE). Aapeca AaHHBIX (PyHKIMI
OyayT xpaHUThCS B MaccuBe f pazmMepom 3, KOTOPBI MHUIMATA3UPYETCS
CIEAYIOIIUM 00pa3oMm:

int (*f[3])(int, int) = {Sum, Subtraction, Multiplication};

[Tocse Toro kKak mojib30BaTelb BBEAET JBa IICJbIX Yucia (& u ) u Homep
apruMeTHYECKOM orepanuu Haj qaHHbIMU unciamu (0 — cymma, 1 — pas-
HOCTb, 2 — MPOM3BECHKE), MPUBEIACHHAS HIDKE MporpamMma BBIBEJICT Ha
9KpaH COOTBETCTBYIOIIUI pe3ybTar (a+h, a-b uau a*b).
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#include<stdio.h>

int Sum(int, int);

int Subtraction(int, int);
int Multiplication(int, int);

int Sum(int a, int b)

{
return a + b;
¥
int Subtraction(int a, int b)
{
return a - b;
¥
int Multiplication(int a, int b)
{
return a * b;
by
int main()
{
inta, b, i

int (*f[3])(int, int) = {Sum, Subtraction, Multiplication};
scanf("%d%d", &a, &b);
scanf("%d", &i);
if(1>=0&&i1<=2)
printf("%d\n", (*f[i])(a, b));
return O;

11.5. Pexkypcus

Pekypcust — Tako#t croco0 opranusaiy alropuTMHIEeCKOro mporec-
ca, Ipu KOTOPOM (PYHKITHS B MPOIECCE BBHITIOJHEHUS BXOJSAIINX B €€ CO-
CTaB OIEPaTOpPOB oOpalaeTcs cama K cebe HEMmOoCPeCTBEHHO MO0 uepe3

apyrue QyHKINu.
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Pexypcust MoxxeT ObITh npsamou Wi koceerHol. Ecau QyHKIIUS BbI-
3bIBACT caMy ce0s, TO peub UAET O MpsMor pekypcuu. Ecnu ke QyHKIus
BBI3BIBACT JIPYTYIO0 (PYHKIIMS, KOTOpPAsl 3aTEM BBI3BIBAET UCXOJIHYIO (PYHK-
110, TOT/Ia UMEET MECTO OBITh KOCBEHHASI PEKYPCHSI.

JIt00y10 peKypcUBHYIO (PYHKIHIO MOXXHO CJeJaTh HEPEKYpPCUBHOMU
(utepaTuBHOM). PekypcuBHbBIC aIrOPUTMbI HaubOOJiee MNPUTOJHBI B TEX
ClIy4asiX, KOrJla NCMOJIb3yEMbIE JaHHbIE OMPEAECIEHBI PEKYPCUBHO. Pekyp-
CUBHasi (pyHKIHSI OOBIYHO BBINJISIAUT KOpOYE W HarjsHee, HO TpeOyer
OOJIBIIIKX 3aTpaT MPOLIECCOPHOI0 BPEMEHHU U OOJIBIIIEI0 pacxoa IMaMsTH.

3ameTuM, 4TO Korja (QYHKIUS BBI3BIBAET caMy ceO0si, B TOM CiIy4yae
BBITIOJIHSIETCSl HOBasl KOMHMS JaHHOW (DYHKIIMHU, a CJIEIOBATENIbHO, JIOKAJb-
HbIE TIEPEMEHHbBIC BTOPOI BEPCUU UCXOAHON (PYHKIIMHU OyAyT HE3aBUCHUMBbI
OT JIOKJbHBIX MIEPEMEHHBIX UCXOAHON PYHKIIUH.

PexypcuBHas (QyHKIMS OJHOKPATHO BBI3BIBACTCS W3BHE. Y CIIOBUS
MOJTHOTO 3aBEPIICHUS pabOThl peKYPCUBHOM (DYHKIIUM JOJKHBI HAXOAUTh-
Cs B HEW CaMOMU.

11.6. IlpuMepbI ¢ HCNOIb30BAHUEM PEKYPCHH

Ipumep 1. [Tycte a u b — HEKOTOPBIE TIeNBIe Uncna, a<b. TpeOyercs
BBIBECTH BCE IIEJIBIE YUCIIA OT & /10 D BKIIIOYNTENFHO B TIOPSAKE BO3pacTa-
Hus: a, atl,...,b.

®yuknus Print() monydaer B kadecTBe mapamMeTpoB 3HaYCHUS @ U D,
IpOBEpseT UX Ha HEPABEHCTBO a<h W ecnu JaHHOE HEPaBEHCTBO HE BHI-
nojHsercs, pyHkius Print() Huuero He aenaer. B cioydae ycmenrHoi mpo-
BEpPKHU (PYHKIIMSI BHIBOJMT HA SKpaH 3HAYCHHUS YMCIAa 8 U BBI3BIBAIOT CaMy
ce0s yxe co 3HaueHusIMHU a+1 u b.

#include<stdio.h>
void Print(int a, int b)

{
if(a <=b)
{
printf("%d ", a);
Print(a+1, b);
b
}
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int main()

{
Print(1, 10);
return O;

}

Ecnu e Tpebyercs BRIBECTH 4Hciia OT @ 710 b, HO yxke B 00paTHOM IMOPSI/I-
ke (b, b-1,...,a), TO 3T0O MOXHO cleaaTh HECKOJIbKHMH criocobamu. Ha-
pHUMep, MOJKHO BBIBOAMTH Ha SKpaH 3HAUYCHHE BEpXHEH rpaHuibl b, a 3a-
TEM PEeKYPCHBHO BBI3bIBaTh QyHKIMIO Print(a, b-1). JInbo MOXHO MEHSTH
JICBYIO TPaHUILy, KaXIbIi pa3 yBeJIWYHMBas ¢ 3HAUYCHHUC HA CIMHHUILY, HO
1eyaraTh 3HAYEHHS DJIEMEHTOB IIOCIE TOT0, KaK PEKYPCHBHBINA BBI30B
GbyHKIME OyJeT BO3BpAIIAThCS CHU3Y BBEPX.

void Print(int a, int b) void Print(int a, int b)
¢ if(a <=b) ¢ if(a<=Dh)
{ {
printf("%d ", b); Print(a+1, b);
Print(a, b-1); printf("%d ", a);
b b
¥ by

Ipumep 2. B kadyecTBe JIpyroro MmpocToro MpuMepa pPaccMOTPUM
POrpaMMy, BEIYHCIISIONIYIO CYMMY BCEX IEIBIX YHCE B JHAMa30HE OT a
no b (3abymem Ha BpeMs O cyMMe apH(pMETHUYECKON MPOTPECCHH), TIe
3HaYeHWE N BBOAMTCS IOJIB30BaTENeM ¢ KiaBuaTyphel. Ilycte Sum(a,b) =
at+(at+l)+...+b. Torma OyayT UMeTh MECTO CIICIYIOIINE PABCHCTBA:

Sum(a, b) = Sum(a+1, b) + a mpu a<b;
Sum(a, b) = 0 mpu a>b.
[ToaToMy Harra mporpamma OyJeT UMETh CIICTYIONTUH BU/I:

#include <stdio.h>
int Sum(int a, int b)
{
if(a<=D)
return a + Sum(a+1, b);
else return O;
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¥

int main()

{
printf(""sum = %d\n", Sum(1, 10));
return O;

}

Ecnn wmcmonb30BaTh YCIOBHYIO TEPHAPHYIO ONEpaIuio, TO (YHKIIUIO
Sum() MoKHO 3amucaTh 00JIe€ KOMIIAKTHO:

int Sum(int a, int b)
{

returna<=b?a+ Sum(a+1, b) : O;

}

Ipumep 3. TpeOyeTcs cOCTaBUTHh PEKYPCHUBHYIO (DYHKITHIO
int Count(char *s, int n) menoro Tuma, KOTOpas BBIUUCISICT KOJIHMUYSCTBO
MaJIeHbKHUX JJATUHCKUX OYKB B CTPOKE S.

BBenem xapakrepuctuyeckytro ¢GyHKIMIO F Ha MHOXecTBe Bcex
cumBOJIOB 13 Tabymibl cumBoioB ASCII: F(c) = 1, eciiu cuMBOJI C SBIISICT-
Csl MAJICHBKOM JTaTUHCKOM OykBOH, 1 F(C) = 0 nHayve.

[Tycte nnuHa ctpoku S paBHa N. Torga koiauwyecTBo (count) MaJieHb-
KUX JIATUHCKUX OYKB B JAHHOW CTPOKE OYAET BBIYUCIATHCS IO TaKOMH
dbopmyie:

count = F(s[0]) + F(s[1]) + ... + F(s[n-1]).

PexypcuBnas @pynkuus int Count(char *s, int n) moguuHseTCS CAETYIOMINM
PEKYPPEHTHBIM COOTHOIIICHUSIM

Count(s, 0) =0,

Count(s, n) = Count(s, n - 1) + F(s[n-1]) mpu n > 0.

#include<stdio.h>
#define N 1024

int F(char c)
{

}

int Count(char *s, int n)

return (c >='a' && ¢ <='7");
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{
return (n > 0) ? Count(s, n-1) + F(s[n-1]) : O;

}

int main( )
{
char s[N];
fgets(s, N, stdin);
printf("count = %d\n", Count(s, strlen(s)));
return O;

}

3ametuM, uto QyHkuuio Count MoXHO 3amucath B 00Jiee KOMITAKTHOM
dbopme, ecii UCTIOIB30BaTh AAPECHYIO apU(PMETUKY:

int Count(char *s)

{
}

IIpumep 4 (renepupoBaHue nepecTaHoBoK). [IpuBenem Oonee uH-
TEPECHBIA MPUMEP C MCIIOJIB30BAHUEM PEKYpPCHBHOI'0O MeToaa. Tpedyercs
CTEHEPUPOBATH BCE N! MepeCcTaHOBOK N-3JIEMEHTHOTO MHOXECTBA.

bynem mnpeanonaraTh, 4YTO 3JIEMEHTHI MCXOJHOTO MHOKECTBA
{1, 2, ..., n} mopsaka N pacmoyioKeHbI B N-3JIeMCHTHOM MaccuBe a. Mes
CJIEYIOIIEr0 HECIIOXKHOTO aJrOpUTMa F'€HEPUPOBAHUS MEPECTAHOBOK CO-
cTouT B cienyroneM. CHadaia Ha MEpBOE MECTO MAacCHBa a MO OYEpEear
CTaBuUM uMcia 1, 2, ..., N, mpuYeM BECh MacCUB @ BCErla JOJDKEH COJIEep-
’KaTh BCE JIEMEHTHI MHOXecTBa {1, 2, ..., n}. [Tocie Toro kak 3;JIeMeHT Ha
IepBOM MECTe MaccuBa a 3a()MKCHUPOBAH, aHAJOTHYHO IMOCTYHaeM C OC-
TaBIIUMHUCS deMeHTaMu. Hanpumep, mycTh Ha 1epBoM MecTe 3aUKCUPO-
BaH 3yeMeHT 1. bysiem paccmarpuBaTh MOJIMAacCCHB MacCHBa &, COCTOSIIUN
U3 ocTaBIIMXCS N-1 31eMeHTOB. JJaHHBIN 1TOJIMACCUB COJIEP>KUT UMcia 2, 3,
..., N. Terepp B 3TOM moaMaccuBe OyJeM IO Ouepeau Ha IEepBOE MECTO
CTaBUTh umMcnaa 2, 3, ..., N u T.14. ITociae Toro kak Ha BceX MeCTax dJICMEHTHI
3a(hMKCUPOBaHBI — MIEPEJl HAMU OUYepeIHas EPECTaHOBKa.

return *s ? Count(s+1) + F(*s) : 0;

#include <stdio.h>
#define N 3
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/* dyHkums Print BBIBOAUT Ha SKpaH OYEPEIHYIO IEPECTAaHOBKY */
void Print(const int *a, const int n)
1

inti;

for I=0;1<n;i++)

printf("%d ", a[i]);

printf("\n");

¥

/* pyHKIHS Swap MEHSET MEeCTaMH 3HAYCHHUS MMIEPEMEHHBIX */
void Swap(int *pa, int *pb)
{
int buf;
buf = *pa; *pa = *pb; *pb = buf;
¥

/* dyukus Perestanovka reHepupyeT nepecTaHOBKH

* @ — UICXOJTHBIA MAacCCHB,

* Kk — HOMep anemenTa, T1e GUKCHPYETCS OUYEPETHON DIICMEHT
* N — pa3mep maccuBa a

*/
void Perestanovka(int *a, const int n, const int k)
v
inti;
if (k<n)
for (I=k;i<n;i+t)
{

Swap(&a[i], &a[k]);
Perestanovka(a, n, k + 1);
Swap(&a[i], &a[k]);

}

/* BBIBOJUM Ha SKpaH OYEPEAHYIO IEPECTAHOBKY */
else Print(a, n);

}

int main( )

int a[N], 1;
/* 3aroJIHIeM Ha4YaJIbHbIC 3HAUECHUS MaccuBa a */
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for (1=0;1<N; i++)

a[i] = i+1;
Perestanovka(a, N, 0); /* remepupyem Bce mepecTaHOBKH */
return O;

}

Ilpumep S. Crnenyromas pexypcruBHas (YHKIIUS BBIUYUCISIET CYMMY
1udp Meaoro yucha;

long Sum(long a)
{
return a ? a%10 + Sum(a/10) : O;

}

IIpumep 6. [Toacuer konnuecTBa HUQP B 1IEJIOM YKCIIEC A

int Count(int a)

{
return abs(a) <107 1 : (1 + Count(a/10));

}

IIpumep 7. B cruenyromeid pekypCcUBHOM (YHKIHUH TPOUCXOIUT
MpOBEpKa, ABJISETCS JIU MAcCCUB LIEJIBIX yncen a pasmepa N ymnopsjioyeH-
HBIM I10 BO3PaCTaHHUIO:

int IsSort(int *a, int *end)
{

returna+1<end? (*a<=*(a+ 1)) && IsSort(a + 1, end) : 1;

}

®dyukims 1sSort() Be3piBaeTcs Takum obOpaszom: IsSort(a, a + N), rme N —
Pa3MEPHOCTh MaccuBa a. 3aMETUM OYEHb BaXXHbIM MOMEHT. BTOopoe BbI-
PAXKCHUE YCIIOBHOW TEPHAPHOU OIEPALIUA UMEET BU/I
(*fa<=*(a+1)) && IsSort(a + 1, end)

OTHIOJIb HE clly4aliHbIM 00pa3oM. [IepBrIM omnepaHAOM HaHHOTO YCIOBHO-
r'O BBIpAXXCHHUS CTOUT IpoBepka (*a <= *(a + 1)). [loaTomy eciin Ha KakKOM
TO IIIare PeKypCHUM BBISICHUTCS, UTO JJAHHOE YCIIOBUE HE BEPHO, PEKYpPCHUB-
HBIN BBI30B TYT K€ 3aBEPIINTCS, TaK Kak 3HaueHUE omnepauun && Oyaer
B JII0OOM cllyyae J0KHbIM. HO eciii MOMEeHSITh JiBa YCJIOBUSI MECTAMHU

IsSort(a + 1, end) && (*a <= *(a + 1)),
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TO KaKOW Obl MacCHB HE ObLI, PEKyPCUBHBIM BBI3OB OYyJET MPOJOIKATHCS
70 TeX Mop, MoKa He Oy/ieT mpoBepeHa KaXk/ias mapa psijioM CTOAIIUX dJie-
MEHTOB.

IIpumep 8. B crnenyroiieM peKypCHBHOM aJITOPUTME MPOUCXOJUT
IPOBEPKA CTPOKU HA CHMMETPUYHOCTb.

int Sym(char *s, int i, int j)
{

returni>=j? 1: (s[i] == s[j]) && Sym(s, i+1, j-1);
by

int main()

{

char *s = "abba";
printf("%s\n", Sym(s, 0, strlen(s)-1) ? "symmetric" : "no symmetric");
return O;

}

Ecnu ncnonws3oBath apudmeTuky ykazarenen, To GyHKIHIO SYM() MOKHO
3amucaTh B TAKOM BUJIE:

int Sym(char *beg, char *end)

{
return beg >=end ? 1 : (*beg == *end) && Sym(beg+1, end-1);

}

int main()

{

char *s = "abcha":
printf("%d\n", Sym(s, s + strlen(s) - 1));
return O;

}

IIpumep 9. Crnenyromasi peKkypcuBHasi PyHKIMS BBIYUCISIET KOJTUYE-
CTBO 3JIEMEHTOB MAaCCHBa a pa3Mepa N, paBHBIX X.

int Count(int *a, int *end, int x)

{

returna <end ? (*a==x) + Count(a + 1, end, x) : 0;

}
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IIpumep 10. Tpebyercs moacYUTaTh KOJIHMYECTBO CHMBOJIOB B CTPO-
KE S CO 3HaUYE€HUEM C.

Jlmd pelieHuss TaHHOM 3a1auu UMEETCSl HECKOJIbKO moaxoaoB. Ha-
MPUMEP, MOKHO B3ATh HA BOOPYKEHHUE AITOPUTM MPEIbIAYIICH 3aJa4H,
TOr/a NoJiyyaeTcs Takast QyHKIIHS:

int Count(char *s, char c)

{
}

Taxke MOXKHO IPUMEHUTH (GYHKITHIO StIChr 1 anpecHyro apupMeTHKY:

return *s ? (*s == c¢) + Count(s+1, c) : O;

int Count(char *s, char c)

{
}

IIpumep 11. TpeOyeTcs BhIBECTH CIIOBA U3 CTPOKHU-TIPEIIIOKCHUS B
00paTHOM TOPSIIKE.

return (s = strchr(s, ¢)) ? 1 + Count(s+1, c) : 0;

#include<stdio.h>
#include<string.h>
#define DEL " .,::\t\n"

void Print(char *s)
{
char *word;
if (word = strtok(NULL, DEL))
{
Print(s);
puts(word);
}
}

int main()

{
char s[1024], *word;
fgets(s, 1024, stdin);
if (word = strtok(s, DEL))
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{
Print(s);
puts(word);
¥

return O;

}

IIpumep 12. HaliTu MUHUMABbHBIN 2JIEMEHT MAcCHBa C UCMOJIb30Ba-
HHUEM PEKYPCUH.

#include<stdio.h>
int Min(int *a, int *end)
{
int buf;
returna+1==-end ? *a: ((buf = Min(a + 1, end)) < *a ? buf : *a);

}

int main()

{
int a[5] = {1, -2, 3, -4, 5};
printf("min = %d\n", Min(a, a + 5));
return O;

}

IIpumep 13. TpebyeTca ¢ NOMONIBIO PEKYPCUBHON (DYHKIIUM HAUTU
CyMMY 3JIEMEHTOB LETOYUCIECHHON MaTpullsl a nopsaka M Ha N.

PexypcuBHBIC (DYHKIIMM MOKHO TIHCATh W JIJISI IBYMEPHBIX MaTpHII.
Bcnomuaum, uto oObasicHue int a[M][N] o3HauaeT ogHOMEPHYIO MAaTPHILY
pasMmepa M, KaxIIbIi 2JIEeMEHT KOTOPOU SBIISETCS IEJI0YNUCICHHBIM MacCH-
BoM pasmepa N, u mpoOexaTh BCE IJEMEHTHI JaHHOW MAaTPHUIIBI MOXHO
CJIEYIOIIUM 00pa3oM:

*(*a+1i), 0<i<M*N,

[Ipencrapnennas Huke GyHKIUMI SUMZ2() BEIYUCTSET CYMMY 3JIEMEH-
TOB MaTPHIIbI, UCIIOJIb3YSI UHACKCHOE 0OpallleHue K AJIEMEHTaM MacCHBa, a
dyukmmst SUm1() — agpecHyro apupMeTuKy.

#define M 5
#define N 10
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int Sum1(int *a, int *end)
{

returna <end ? *a + Suml(a+l, end) : O;

}

int Sum2(int *a, int i)
{
return i >=0 ? a[i] + Sum2(a, i-1) : O;

}

int main()

{
int a[M][N];
printf("sum = %d\n", Suml1(*a, *a + M*N));
printf(sum = %d\n", Sum2(*a, M*N - 1));
return O;

}

11.7. MeToa «pa3aeJsiii 1 BJACTBYH»

HexoTopsie airOpuTMBI UCIIOJIB3YIOT 1BA PEKYPCHUBHBIX BBI30BA, Ka-
XKABIA U3 KOTOPBIX pabOTaeT MpUOIU3HUTENBHO C IMOJOBHHOW BXOJHBIX
naHHbIX. JlaHHas peKypcuUBHas cxXeMa MpeJCTaBisieT co0oil HaumOoliee
BAXKHBIM CIIydyail XOpPOIIO HM3BECTHOIO METOAA «pPa3lueiisii UM BIIACTBYM»
pa3pabOTKH anropuTMoB. PaccMOTpUM HECKOJIBKO MPUMEPOB.

Hpumep 1. C nomMouip0 METOJA «Pa3JEisIi U BIACTBYW» HaAWIIEM
CyMMY 3JIEMEHTOB MacCHBa a.

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

#define N 10

int Sum(int *a, int |, intr)

{
return I ==r? a[l] : Sum(a, I, (1 + r)/2) + Sum(a, (1 + /2 + 1, r);

}
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int main()
{
inti, a[N];
srand(time(NULL));
for(i=0; i <N; i++)
printf("%d ", a[i] = rand() % 100);
puts(*\n");
printf("sum = %d\n", Sum(a, 0, N - 1));
return O;

IIpumep 2. C nomoipio METOAA «pa3lelisiii U BIACTBYW» HalijaeM
MAaKCUMAJIbHBIN 3JIEMEHT MacCHUBa a.

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

#define N 10

int Max(int *a, int [, intr)
{
Int max1, max2;
if (1==r)
return a[l];
else
{
max1 = Max(a, I, (I + r)/2);
max2 = Max(a, (I +r)/2 + 1, r);
return max1l > max2 ? max1 : max2;
}
}

int main()
{
int i, a[N];
srand(time(NULL));
for(i=0; i <N; i++)
printf("%d ", a[i] = rand() % 100);
puts(*\n");
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printf("sum = %d\n", Max(a, 0, N - 1));
getch();
return 0;

}

IHpumep 3. Haiinem ¢ moMoIiip0 JTaHHOTO METOAA KOJWYECTBO IO-
JIOKUTEIIbHBIX JIEMEHTOB LIEJIOYHUCIEHHOTO MacCHBa a.

int Count(int *a, int [, intr)
{

return | ==r? (a[l] > 0) : Count(a, I, (I +r)/2) + Count(a, (I +r)/2 + 1, 1);
¥

Ipumep 4. IIpoBepuM ¢ MOMONIBIO JAHHOTO METOJIA, BCE JIM 3JI€-
MEHTBHI LIEJIOYMCIEHHOTO MAaCCUBA A SABIISIFOTCA MOJ0KUTEIbHBIMU.

int Check(int *a, int 1, intr)
{

return I ==r? (a[l] > 0) : Check(a, I, (I + r)/2) && Check(a, (I +r)/2 + 1, r);
¥

IIpumep 5. Ecnu ke TpeOyeTcsi MpoBEpUTh, CYLIECTBYET JIU XOTS Obl
OJIH TIOJIOKUTEIbHBIA AJIEMEHT B 1I€JIOYMCIICHHOM MacCuBa &, TO JIOThYe-
ckas onepanus && B MPEABIAYIIEM TPUMEPE MPOCTO 3aMEHIETCS Ha ||.

int Check(int *a, int 1, intr)
{

return | ==r? (a[l] > 0) : Check(a, I, (I + r)/2) || Check(a, (I + r)/2 + 1, 1);
h

IIpumep 6. Eciin ipu Ka)XA0M PEKYPCHUBHOM BBI30BE MAacCCHUB M3 Ipe-
IOBIAYIIAX IIPUMEPOB HY)KHO JEIUTh HE IOIOJaM, a, HallpUMEpP, B OTHO-
meHuu 1:3, To npeapiaymue GyHKIUA Mpeoopa3yoTcs 0YeHb MPOCTO:

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

#define N 10
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int Sum(int *a, int |, intr)

{
return I ==r? a[l] : Sum(a, I, (3*1 + r)/4) + Sum(a, (3*I + /4 + 1, r);
¥
int Max(int *a, int I, intr)
{
int max1, max2,;
if(I==r)
return a[l];
else
{
max1 = Max(a, I, (3*I + r)/4);
max2 = Max(a, (3*I +r)/4 + 1, 1);
return max1l > max2 ? max1l : max2;
¥
¥
int Check(int *a, int I, intr)
{
return I ==r ? (a[l] > 0) : Check(a, I, (3*l + )/4) &&
Check(a, (3*1+1r)/4 +1,1);
¥
int main()
{
int i, a[N];
srand(time(NULL));
for(i=0;i<N; i++)
printf("%d ", a[i] = rand() % 100);
puts("\n");
printf("sum = %d\n", Sum(a, 0, N - 1));
printf("max = %d\n", Max(a, 0, N - 1));
puts(Check(a, 0, N - 1) ? "yes" : "no");
return O;
¥
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11.8. 3apgaum HA IpUMeHEeHUE PEKYPCUH

CocraButh pekypcuBHyto ¢yakmuio double Fact(double n) Bemect-
BEHHOI'0 THIa, BRIYUCIIAIONTYIO 3HaueHue ¢akropuana n! = 1-2-...-n.
CoctaButh pexkypcuBHyto dbyHkuuio double Fact2(double n) Bemiect-
BEHHOI'O0 THIIA, BBIYUCIISIONIYI0 3HAYEHHE JIBOMHOrO (Qakropuaia
n!l = n-(n-2)-(n—4)-..., rae nocaeHU COMHOKUTEb B MPOU3BEICHUU
paBeH 2, eclii N — YEeTHOE YUCTIO0, U 1, eclii N — HeYEeTHOE.

CocraButh pekypcuBHy0 ¢yHkiuio double PowerN(double X, int n)
BEIIIECTBEHHOTO THIIA, HAXOSAIIYI0 3HAYCHHUE N-I CTETIEHU Yucia X 110
dopmyre: X° =1, X" =xx" T mpun>0,x"=1/x" upu n < 0.
CocraButh pekypcuBHylo (ynkiuioo long Fib(long n) nemoro tuma,
BBIYHCIISIONIYIO N-H 3JIEMEHT MOCIIeI0BATEIbHOCTH Yuce OuboHaqyn.
CocrtaButh pekypcuBHy0 QyHkiuio int DigitSum(int n) menoro tuna,
KOTOpasi HAXOAUT CyMMY LUQP IEJI0r0 Yucia N, He UCIOJIb3ys omnepa-
TOPBI ITUKJIA.

CocTaBUTh PEKYPCUBHYIO (YHKIHMIO, KOTOpas BBIYHMCISICT MaKCH-
MaJIbHYI0 U(pY 11eJ0ro yrcia N.

BriBecTn MaccuB Ha 3KpaH, UCIIOJIb3YS PEKYPCUBHYIO (QYHKIIHIO.
CocTaBUTh PEKYypCUBHYIO (DYHKITHIO, KOTOpask BEIYUCIISIET CYMMY dJIe-
MEHTOB MaCcCHBA, CTOSIIIINX HA HEUETHBIX TTO3UIIMSIX.

CocTaBUTh pEKYPCUBHYIO (DYHKIIMIO, KOTOPas BEIYUCIISACT KOJIMUECTBO
HEYETHBIX PJICMEHTOB MAacCHUBA.

CocTaBUTh PEKYPCUBHYIO (PYHKIHMIO, KOTOpas BBIYKMCISIET MaKCH-
MaJIbHOE 3HAUYCHHE U3 BCEX DJIEMEHTOB MacCHBa.

CocrtaButh pekypcuHyro dynkmuto int DigitCount(char *s, int n) e-
JIOTO THUIA, KOTOpPAasi BRIUUCIAET KOJUYECTBO IU(p B CTPOKE S, HE HC-
MOJTB3YS ONEePATOPHI ITUKJIA.

CocraBuTh peKypcuBHYI0 (GyHKIHIO int Symmetric(char *s, int n) mo-
TUYECKOTO THIA, KOTOpasi ONMpeeNsieT, ABISICTCS U CTPOKa S TMajuH-
IpoMoM (TO €CTh YUTAETCSl OJJMHAKOBO CJIEBA HAIIPaBO M CIIpaBa HaJle-
B0). OnepaTop 1UKJa B Tejae PYHKIIMHU HE UCTOJIb30BaTh.

CocTaBuTh pEKypPCUBHYIO (DYHKITHIO JIOTHUECKOTO THIA, KOTOpas orpe-
JJISIET, SIBJISIETCS JIM MACCUB & YIOPSAIOUYECHHBIM 10 BO3PACTAHHUIO.
CocTaBUTh PEKYpPCHUBHYIO (DYHKITHIO IIEJIOTO THIIA, KOTOpas CUUTACT
KOJIMYECTBO BXOXKJICHHUM 3JIEMEHTA X B MACCHUB a.

CocTaBUTh PEKYPCUBHYIO (DYHKIMIO JOTUYECKOTO THUIIA, KOTOpas Oll-
penensieT, COASPAKUTCS JIM DJIIEMEHT X B MACCHUBE a.
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CocTaBUTh AITOPUTMBI MTY3bIPEKOBOW COPTUPOBKU U COPTUPOBKU ME-
TOJOM IIPSIMOTO BBEIOOPA C TOMOIIBIO PEKYPCHH.

CocTaBuTh PEKYpCUBHYIO (DYHKIIMIO JJOIMYECKOI'0 THUIA, KOTOpas OIl-
peleIISIET, BCE JIM JIEMEHTHI MAaCCHUBA & SABJISIOTCS Pa3JIMYHBIMU.

JlaHbl Ba HATypaabHbIX yncia @ > 1 u b > 1. Hanucats pekypcuBHyio
dynkuto Haxoxaenus HOJI(a, b). Mcmoiap30BaTh COOTHOIICHUS:
HO/i(a, 0)=HO/1(0, a)=a;

HO/I(a, b)=HO/I(a-b, b), ecnmu a> b;

HO/I(a, b) = HO/I(a, b-a), ecu b > a.

CocrtaButh pekypcuBHYI0 (GyHKIHI0 C(N,M) 11e70r0 THIa, HAXOAAITYIO
YHUCJI0 COYCTAaHUM M3 N 3JIEMEHTOB IO M, UCITOIB3YS (POPMYIIBI:
C(n,0)=C(n,n) =1, C(n, m) =C(n-1, m) + C(n-1, m-1).

@uIKa MOXKET JIBUTaThCS MO IO JUIMHBI N TOJNBKO Brepend. [inuHa
xoja ¢umku He 6osiee K. BeiBecTr Ha dKpaH pa3audHbIe MMYTH, IO KO-
TOPBIM (PHUIITKA MOKET IIPONTHU MMOJIE OT MO3MUIMU 1 10 ITO3UIUH N.
3amaya O HakJeWke Mapok. HMMerTcss Mapkh JOCTOMHCTBOM Ny,
Ny, ..., Ng pyOJsent (uucmna Ny, Ny, ..., N pa3IuyHbIC), U 3alac MapoK
CUMTACTCS] HEOTPAHWYCHHBIM. BBIUMCINTB, CKOJBKUMH CIIOCOOaMU
MOYKHO OILJIATUThH C TOMOIIBIO JAHHBIX Mapok cyMmy B N pyOnen, ec-
JU JIBa croco0a, OTIMYaroIuecs MOPSAKOM CllaraéMbIX, CUUTAIOTCS
pa3IMYHBIMU. BBIBECTH Ha PKpaH BCEBO3MOXKHBIE KOMOWHAIIMU JIaH-
HbIX MapokK. [Ipu HanmucaHuy peKypCMBHON (DYHKIIMHU BOCIIOJIb30BATh-
Cs pEeKYPPEHTHBIM COOTHOIIIEHHUEM

FIN)=F(N-ny) + F(N—-ny) +... + F(N—ny),

F(N)=0mpu N <0,

F(0) = 1.

B MaccuBe a pazmepoMm N yaaauTh MUHUMaJIbHOE KOJIUYECTBO HJIe-
MEHTOB TaK, YTOOBI OCTaBIIHMECS 00pa30Bajyd CTPOTO BO3PACTAIOIIYIO
MOCJIEAOBATEIbHOCTh (MUJIM, YTO TO kK€ caMoe, HAalTH MaKCUMaJIbHYIO
M0 JUTMHE CTPOr0 BO3PACTAIOIIYIO MOJIMOCIEI0BATEIFHOCTD MOCIEI0-
BaTEJIbHOCTH ay, 8y, ..., Ay).

B maccuBe a pazmepom N 1eNbIX Yucesl HAMTH MaKCUMAJIbHO JJTMHHYIO
MOATOCIIEIOBATEILHOCTh YUCET TaKyI0, YTO Ka)KIbIH IMOCIEIYIOIINi
AJIEMEHT MOAIOCEI0BATEIbHOCTH ASIUIICS Obl HaIlCJI0 Ha MPEabIIy-
000704 8
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12. PABOTA C BUTAMU TAMATH

12.1. butoBble onepanuu

[Ipexxae yeM paccMaTpuBaTh OWTOBBIC ONEpAIluy, YTOUHUM, KaKUM
MMEHHO 00pa3oM IIeJIbIC YHCjIa MPEACTABIIIIOTCS B JBOMYHOM BHIe. UTO
KacaeTcss O€33HAKOBBIX IIEJIBIX YHCEJ, TO 37eCh Bce mpocto. Hampumep,
8-pazpsaHbie O€33HAKOBBIC IIENIBIC YHCIIA TPEACTABISIOTCS CICAYIONIAM
o0pazoM:

HecsatuuHoe yucio | 8-pa3psaHOe IBOUYHOE MPEACTaBICHUE Yncia
0 00000000
1 00000001
2 00000010
3 00000011
255 11111111

Ecnu xe 1enoe 4nuciio siBiasieTcsl 3HAKOBBIM, TO JJISI TAKUX YKHCENT OOBIYHO
npuMeHseTcs Takas ¢popma 3anucu (KOIUpOBaHUs), KaK 0ONOJIHUMENbHbIU
K00. JIaHHBIM KOJ MPUMEHSETCS I TOTO, YTOOBI IIPU CIIOKEHUH JIBYX UH-
ceJl, UMEIOIIUX pa3HbIE 3HAKHU, OINEPAIMI0 BBIYUTAHHUS MOKHO OBLIO OBl
3aMEHUTH Ha OOBIYHOE CIIOKEHHUE.

Hanpumep, 4T0o0BI MOSYYUTH 8-pa3psaHbIil JOMOJTHUTEIBHBIA KOJT
yucia -1, TpeOyercst mpojenarh cieayronme mard. Bo-nepBbix, chopmu-
pOBaTh TBOMYHBIN KOJ MOJYJIsS yKcia -1, a uMeHHo 1:

00000001.
Bo-BTOpBIX, MHBEPTUPOBATH BCE OUTHI JAHHOTO YKCIIA:

11111110.
B-tpethux, npubaBUTh K MOJYYECHHOMY YHCITY €IUHUILY

11111111,
OTO U e€cTh 3-pa3psi/IHbIA TOMOJHUTEIbHBIN Koa unucia -1. Eciau Tenepn
CJIOKHUTh JIOTIOJHUTENbHBIN KOJA 4Yuciaa -1 W JBOWYHOE NPEACTABICHUE
yycia 1, To MoJy4yuM Takoe YUCIIO:

100000000.
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[TocKONBbKY MOYYEHHOE YHCIIO TOKE PACCMATPUBACTCA KaK 8-pa3psiAHOE, TO
cTapmuii OuT 1 HE yYUTHIBAETCSA, U TEM CaMbIM S-pa3psaHBIM pe3ybTaT
cyMMupoBaHus paBeH 0.

Crapuiuii OUT TOTIOTHUTEIHHOTO KOJIa IBOMYHBIX YMCENl OTBEUYAET 3a
3HAK YMCIa: CTaplInidi OUT HEOTPUIIATENIbHBIX uncen paBeH 0, oTpuiiaTesnb-
HbiXx — 1. Huwxe npuBeneHa tabnuna S-pa3psIHbIX 3HAKOBBIX JIBOMYHBIX
YU CEIL.

Yucno | JlonmomHuTenbHbIM KO | Uucino | JIOMOTHUTEIBHBIM KO
0 00000000 -128 10000000
1 00000001 -127 10000001
2 00000010 -126 10000010
126 01111110 -2 11111110
127 01111111 -1 11111111

burtoBble omnepanuu paccMaTpUBAIOT ONEPAHABl KaK YHOPSA0YEH-
Hble HA0OPBI OUTOB, KX/l OUT MOXKET UMETh OAHO U3 JIBYX 3HAUCHUUN —
0 wim 1. Takue omepaluu MO3BOJISIOT MPOTPAMMUCTY MaHUIYJIUPOBATh
3HAYECHHUSIMU OTACIIBHBIX OUTOB.

Onepanuu Hasznauenue
& nopaspsagHoe U
| nopaspsaoe MJIN
A nopaspsaaHoe uckitovaronee NJIN
<< CIBUT BJIEBO
>> CIABHTI BIIPABO
~ nopaspsgHoe HE (nononHeHue 10 € IMHUIIbI)

Onepaum/l casura << g >> CIBUTrarOT OUTEHI IEepBOIro OI€paHaa BJIc-

BO WJIM BIIPABO Ha KOJWYECTBO OUTOB, 3aJJaHHBIX BTOPHIM onepaHioM. I1pu
ATOM OWTHI, YXOJSIIUE 3a TIPEebl Pa3psSAHON CETKH, TEPSIOTCS, a OCBO-
OOJUBITMECS JBOMYHBIC pa3psiabl 3alONHSAIOTCA HyIssMHu. Hampumep, s
8-pa3psmHoro 6e33nakoBoro umciia (Unsigned char) 27 umeror mecTo cie-
JYIOIIUE PaBCHCTBA:

00011011 << 1 = 00110110 (27 << 1 =54),

00011011 <<2=01101100 (27 << 2 =108),

00011011 << 3 = 11011000 (27 << 3=216),

00011011 << 4 = 10110000 (27 << 4 = 176),
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00011011 << 5=01100000

00011011 >>1 =00001101 (27 >>1=13),

00011011 >> 2 = 00000110 (27 >>2=06).
Ecnu omepanus caBura BnpaBo (>>) MPUMEHSETCS K IMEPEMEHHBIM 3HAKO-
Boro tuma (signed), TO OCBOOOIMBIIHMECS Pa3psiAbl 3AMOTHSIIOTCS €IUHU-
namu. Hanpumep, mis 8-paspsaHoro 3HakoBoro umcia (char) -27 uMeror
MeCTO OBITh TAKHE PABEHCTBA!

(27 << 5 =96),

11100101 << 1 = 11001010 (-27 << 1 = -54),
11100101 << 2 = 10010100 (-27 << 2 = -108),
11100101 << 3 = 00101000 (-27 << 3 = 40),
11100101 >> 1 = 11110010 (-27 >> 1 = -14),
11100101 >> 2 = 11111001 (-27 >> 2 =-7).

3aMeTUM, 4TO CIBUT BJIE€BO (BIPaBO) COOTBETCTBYET YMHOXKEHHIO
(IeJIeHUI0) JIEBOTO ONEpaH/a Ha CTENEHb YUCTA 2, PABHYIO 3HAYEHUIO BTO-
pOTO OIepaHa.

Onepanusi ~ SBJISIETCA OJHOMECTHOM, OHA M3MEHSIET KaXKAblii OUT
1[eJI0T0 Yucia Ha oOopatHbiid. Onepanuu &, | U — IByMECTHBIE; OTIEpaH/IbI
ATUX ONEpaIUi — IEIbIe BEJIMYUHBI OJUHAKOBOW JJIMHBI. Omnepaiuy BbI-
MTOJIHAIOTCS MOMAPHO HAJl BCEMU JBOUYHBIMHU PA3PAIAMU ONEPAH]IOB.

Onpenenenrie OUTOBBIX OTEPAIU:

bur nesoro bur npaBoro ~X X&Yy | X|y | x*y
onepanja (X) onepanja (y)
0 0 1 0 0 0
0 1 1 0 1 1
1 0 0 0 1 1
1 1 0 1 1 0
Harmpumep:
Omnepanus ~: | Onepanus &: | Onepanus |: | Oneparus ™
~01010101 | 01010101 & | 01010101 | 01010101~
00000001 00101011 01011010
10101010 00000001 01111111 00001111

[IpuBegeM Takke HEKOTOpHIC (POPMYIIBI C HCIIOIL30BAaHHEM OIIEpa-
i &, | 1, KOTOpbIE HaM MMOHAA00ATCS B TaJIbHEHIIIEM

x|[1=1, x|0=x,
X&1=X, x&0=0,
XN1=~x, xN0=x.




12.2. Tlpumepsl ¢ UCNOJIb30BAHUEM OUTOBBIX ONlePALMA

Ipumep 1. Hanucats GyHKIMIO, KOTOpas MevaTaeT ABOMYHOE MPEI-
CTaBJICHUE LIEJIOTO YHCIIA a.

Oynkuus DisplayBits mosyyaer B kauecTBe mapameTpa 4ucio a, Ko-
TOpoe TpeOyeTcsi MPeACTaBUTh B JBOUYHOM BHUJE, U KOJIMYECTBO 3aHU-
MaeMbIX JITAHHBIM YUCJIOM OUT paBHO N.

#include <stdio.h>

void DisplayBits(int a, int n)

{
int 1, bit;
for(i=n-1;1>=0;i-)
{
/* BeIACHSAEM 1-1 cripaBa OuT */
bit=(@>>1) & 1;
printf("%d ", bit);
b
b
int main()
{
int a;

scanf("%d", &a);
DisplayBits(a, sizeof(int)*8);
return O;

}

YToOBbl BBIBECTH JABOMYHOE MPEJCTABICHUE HEOTPULIATEIHLHOIO IIEJI0T0
YHUCJIa, MOXKHO UCIIOJb30BaTh PEKYPCHIO:

#include <stdio.h>
void Print(unsigned int a)
{
if (a)
{
Print(a >> 1);
printf("%u ", a&l);
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}

}

int main()

{
unsigned int a;
scanf("%u", &a);
Print(a);
return O;

¥

Ipumep 2. ITycte uMeercs 1enoe unciao a. TpeOyercs i-ii crpaBa
OWT B YKMCJIC @ YCTAHOBHUTH B 3HAUCHHC |, HE MCHSS 3HAUCHUS JIPYrUX OU-
TOB.

O0o3HauuM 4vepes3 b 1enmoe uncio, coaepsxaiiee 1 B i-m oure u 0 —
B OCTajbHBIX. Ero MoxHO monyumth Tak: b = 1 << I. Torma Tpebyemoe
YHCJIO MOJTyYaeTcss TakuM oOpa3oMm: a | b.

al=1<<i

IIpumep 3. O6006mMM TipeabIAyIIyIO 3a1auy. [IycTs uMeeTcs 1enoe
guciio a. Tpebyercs K moapsn uaymmx OWT, HAaYMHAs C I-i cipaBa Mo3H-
1MW, YCTAHOBUTH B 3HAUYCHUE |, HE MEHSsI 3HAUEHHUS APYTUX OUTOB.

PaccmoTtpum ymucio b=(0...01...1),, 3agaHHOE B JBOMYHOM BHJIEC, B
KOTOPOM CHayaja CJIEIyIOT TOJIbKO HYJEBbIE OUTHI, a 3aTEM CIEAYIOT POB-
HO K eTUHUYHBIX OUT. YUUTBIBasI GOPMYITY

1+2+2°+2 =21,
KOTOpas BEpHA JIIS JIFOOOTO HATYpabHOTO K, 9MCiI0 D paBHO 3HAYCHHIO vk
— 1, 4TO Ha sI3pIKE OMTOBBIX OIMEpaIuii 03HAYaeT TaKoe MPeACTaBICHUE:
b=(1<<k)-1.
JIJis penieHns TaHHOM 3a7a4M JOCTaTOYHO CABHHYTH BCE OWTHI B umciie b
Ha | TIO3UIWMIA BJICBO W MPUMEHHUTH omepanuto moourosoro NMJIN x moiry-
YEHHOMY YHUCJy U YHCITY a:
al((1l<<k-1)<<i).
B urore, mony4yaem Takoe BBIpaXKEHUE:
al=(l<<k-1)<<i.
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IIpumep 4. Ilycte umeetcs 1enoe unciao a. TpeOyercs i-ii crpaBa
OWUT B YHMCJIC @ YCTAaHOBHTh B 3HaducHHWe (), HE MEHSA 3HAYCHUS JPYTHX
OUTOB.

PaccmotpuM 1ienoe uwmcio b, comepkamiee 0 B i-m Oute u 1 — B oc-
taybHbIX: b = ~(1 <<i). Torma Tpedyemoe uncio nonxyvaercs Tak: a & b.

a&=~(1<<i);

IIpumep 5. B nenom yucie a tpedyercs HHBEPTUPOBATH I-U CIpaBa
OuT, He MEHSISl 3HAUCHUS JPYTUX OUTOB.

a’=(1<<i);

IIpumep 6. [lansl aBe mepeMeHHBbIE X U Y Lenoro tuma. Tpedyercs
I-ii cripaBa OMT IIEPEMEHHOM X IOCTAaBHTh Ha J-10 CIIpaBa IO3MIIMIO Tepe-
MEHHOM Y, HE U3MEHSISI IPU ATOM OCTaJIbHbIE OUTHI B Y.
CHavayia oOHYJUM Bce OWMTHI B NMEPEMEHHOW X, KpoMe I-ro crpaBa
OWTa Xj, KOTOPBIH MOCTaBMM Ha |-}0 CIIpaBa IMO3HIIHIO B X:
(x>>1) & 1) <<J.
3areM OOHYNIHMM |-i cripaBa OWT B TIEPEMEHHOH Y, HE M3MEHSS 3HAYCHUS
OCTaJIbHBIX OUTOB:
y & ~(1<<)).
Jlns pemieHus 3aga4u OCTaloCh MPUMEHHUTHh MOOUTOBYIO onepanuto MIIN
K OPEABIAYIINM JIBYM BBIPAKEHUSIM:

y=(x>>1)&1)<<]ly &~(1<<)).

Ipumep 7. HailTu ko1MuecTBO €UHUYHBIX OMTOB B LI€JIOM HEOTPHU-
ATEJIbHOM YHCIIE .

®Oyuknua BitCount kaxawlii pa3 MpoBEpsieT COCTOSHUE MIIAAIIETO
OuTa, MOCTENEHHO CIBUTasl BCE OWUTHI HA OAHY MO3UIIMIO BIPABO, U TaK JI0
TeX MOp, NOKa He OyIyT MPOBEPEHBI BCE N OMTOB L[ETOTO YHKCIIA.

short BitCount(unsigned int a, short n)

{
short count;
inti;
count = 0;
for 1=0;1<n;i++)
{
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if (a&1)
count++;
a>>=1;

}

return count;

}

Oynakmuio BitCount MO)XKHO HEMHOTO ONTUMHU3UPOBATH, YUUTHIBAS TO 00-
CTOSITEILCTBO, UTO €CJIM IOCJIE OYEPETHOTO CIBUTa BCEX OUTOB Ha OJHY
MTO3HITHIO BIIPABO YHCJIO & CTAHOBUTCS HYJIEBBIM, TO B HEM HET OoJiee eau-
HAYHBIX OUTOB. [103TOMY HET HEOOXOAMMOCTH BCErAa MPOCMaTPUBATh BCE
N OWTOB, a JUIIL 0 TEX MOp, MOKa HE OYyJIeT YYTEH caMblil cTapiiuii (Jie-
BBII) €TMHUYHBIA OWT.

short BitCount2(unsigned int a)
{
short count;
count =0:;
while (a!=0)
{
if(a&1)
count++;
a>>=1,

}

return count;

}

[TocnenHiow (YHKIIMIO MOKHO KOMIAKTHO 3aIlMCaTh C MOMOIIBIO PEKYP-
CUBHOM (DyHKIHUU:

int Count (unsigned int a)

{
k

IIpumep 8. Jlano menoe uncio N > 0, sBistoIIeecs HEKOTOPOM CTe-
c o — ok N .
IeHbI0 yncia 2: N = 2°. Haiitu 1ienoe uncio K — rmoxasareiis 3TO CTENEHH.

returna? (a & 1) + Count(a>> 1) : 0;
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int Degree(unsigned int n)
{
int k;
k=-1,
while (n)
{
n>>=1,;
k++:

}

return k;

}

IIpumep 9. [lycTh nMeeTcss HEKOTOpOE HaTypaiabHOe unucio N. [po-
BEPUTB, SABJSETCS JIA OHO CTEMEHBIO YUCIA 2, TO €CTh HAUAETCS JIU TaKOe
k
IeJI0€ HEOTpHIIaTeIhbHOE Yrciio K, aro N = 2.

int Deg_of 2(unsigned int n)
{

}

IIpumep 10 (aaroputm O6LICTPOro Bo3BeeHUNA B cTeneHb). [IycTh
TpeOyeTcst BHIYMCIINTS A, TJie @ U N — HEKOTOPBIE LeJIble YUCIa, TPUYeM N
> 0. PaccmoTpuM Takue CTETEHU Yucia a:

a,a’ a* a .. a?,
rae t = [log, n]. 3amMeTrnm, 4TO Ka)KJ0€ YMCIO M3 yKa3aHHOW IMOCJIEI0Ba-
TCJIIBHOCTHU IMOJIYHACTCA IYTCM YMHOXCHHA TPCAbIAYHICTIO YHUCIa CaMOrI'O

Ha ce0. HpeJICTaBI/IM YH1CJIO N B BUJEC TAKOTO Pa3JI0KCHHUA:
n=n2"+n_2" +...+n2+n,,

return (n & (n-1)) == 0;

rae No, Ni, ..., Ny — yucaa u3 Muoxkectsa {0, 1}. Torna yncno a" Moxker
OBITh BBIYUCJICHO TaAKUM 00pa3oM:
" = anoan1~2an2-4 anH-Z“lant-Zt

[105TOMy KOJIMYECTBO ONEpaLyii YMHOKEHHS [P BBIYUCIEHUU @' 1O JaH-
HOMY METOy He TpeBocxoaut 2 1og; n.

long Degree(long a, unsigned long n)

{

long deg, /* cremenu uucia a; a, a4, a*, a°,... */
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rez; /* pe3ynapTar BO3BEACHUS B CTEMCHB */

rez =1,
deg = a;
while (n '=0)
{

if(n & 1)

rez *= deg;
deg *= deg;
n>>=1;

}

return rez,

}

Ecnu 3anucate naHHyt0 (QYHKIIMIO C TTIOMOIIBIO PEKYPCHUH, TO MOTYyYUTCS
Takasi KOMIaKTHas QPyHKIIHS:

long Deg(long a, unsigned long n)

{
k

IIpumep 11. TpeOyeTcsa B LETOYUCICHHOW MEPEMEHHON a, 3aHU-
Maromie He MEHee aBa OaliTa MmaMATH, ITOMEHATH MECTaMH ITOCICIHUHI
(MyTaamuit) ¥ TpeanociaeIHui OaThI.

returnn ? ((n & 1) ? a*Deg(a*a, n >> 1) : Deg(a*a, n >> 1)) : 1,

a = (a & ~OXFFFF) | ((a & OxFF) << 8) | ((a >> 8) & OxFF);

IMpumep 12. Ilycth nMeeTCS MacCUB IENIBIX YKCET a pa3mepa N, co-
CTOSIIIIMUA U3 TOMAPHO Pa3JIMYHBIX 3JIEMEHTOB. BBIBECTH HaA 3KpaH BCEBO3-
MOYKHBIE ITOJIMHOKECTBA 3JIEMEHTOB, BXOASIINE B COCTAB MacCHBa a.

JIig HanuMcaHusl anropuTMa pelleHUs JaHHOW 3aJayd 3aMETHUM Clie-

ayroiee. [Tycts A = {ay, ..., a,} — HEKOTOpOEe MHOXKECTBO. Toraa arodoomy
HOAMHOKECTBY B MHOkecTBa A B3aMMHO OJHO3HAYHO COOTBETCTBYET
JABOMYHBINA BEKTOP Vg = (V4, ..., Vy), B KOTOPOM V;j =1 TOraa v TOJBKO TOT/a,

KOTJIa &j MPUHAJJIC)KUT MHOXKECTBY B. Bcero Takux pa3inuHbIX IBOWYHBIX
BEKTOPOB JUIMHBI N poBHO 2". Bee MaHHbIE TBOMYHBIE BEKTOPHI JUIMHBI N
CyTh JBOMYHas 3anuck uucen ot 0 1o 2"-1. [ToaToMy alropuT™ HONydaeT-
Cs CJICAYIOIIHM.
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#include<stdio.h>

void Print(int *a, int size, int v)

L
Inti;
for (| =0; 1 < SiZE; i++)
{
if (v&1)
printf("%d ", a[i]);
v>>=1;
}
printf("\n");
}

void Subsets(int *a, int size)
t
inti, n;
n=1<<size;
for(i=1;i<n;i++)
Print(a, size, i);
b

int main()

{
int a[5] ={1, 2, 3, 4, 5};
Subsets(a, 5);
return O;

}

IIpumep 13. 3ametum, uto onepanuro UCKIIFOYAOIIEE WUJIN (%)
MOYHO PaCCMaTPUBATh KaK CI0KEHHUE IO MOJIYJIIO 2 B KOJIbIIE BHIUETOB Z,.
[TosTomy BepHO TOX)IecTBO X" X=0 myist nodoro X u3z Z,. [lockonbky ore-
panus * SBJISETCS MMOOUTOBOM, TO TOXKAECTBO X*X=0 BEpHO TaK»Ke JJIs JIt0-
Ooi1 1enourcieHHoOM nepeMeHHon X. Mcxoas u3 maHHoro (akrta, MOCTPO-
UM QJITOPUTM, KOTOPBII MEHSIET MECTaMU 3HAYEHUS JABYX IEJIOUUCICHHBIX
MepeMeHHbIX 0€3 NCTO0JIb30BaHus Oy(depHON TepeMEeHHO.

intx=1,y=2;

X =y, [* x = x"Ny */
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y =X [*y=xty = (x"y)"y =x*/
X =y, [* X = xMy = (X Y)X =y */
[* Tenepp X=2, y=1*/

[Ipu 5TOM BCE omepanuu MOKHO 3alKCaTh B OJIHY CTPOUKY:

X/\:y/\:)(/\:y;

10.

11,

12,
13.

12.3. 3agaun

HaiiTu KoIM4ecTBO HYJIEBBIX U €AUHUYHBIX OUTOB B II€JIOM HEOTpHUIIA-
TEJILHOM YHUCIIE a.

[lycth uMeeTcst MaccuB @ pazMepoM N < 32, cOCTOAIIMUN U3 HYyJEH U
eauHuil. TpeOyeTcst 3amucaTh 3HAYEHUS AJIEMEHTOB MacCHUBa & B IIe-
peMeHHyI0 Tuma unsigned long B BHIE MOCIEA0BATEIHPHOCTH OWTOB
a[n-1] ... a[1]a[0].

Hanucath (yHKIIUIO MPOBEPKU HA YETHOCTH IEJIBIX YUCEN, UCTIOIb3YS
TOJILKO OUTOBBIE OTIEPAIUH.

[lycth naHo 1ienoe unciio a. BeiBecTn BHAuajae 3Ha4€HUs €ro OUTOB C
YETHBIMU UHACKCAMU, a 3aTEM — C HEUCTHBIMHU.

[Tycte mano nenoe uucio a. [IpoBeputk, yepeayroTcs U B HEM €IH-
HUYHBIC U HYJIEBbIC OUTHI.

B menom 4ucie a caBUHYTH BCce OMTHI BICBO Ha K IMO3HIIMIA, 3aMCHUB
OCBOOOAMBIIIAECS OUTHI €AUHULIAMU.

OcCyIecTBUTh MUKINYECKUI CABUT OMTOB B IICJIOM YHCIEe @ Ha K 1o-
3UIUHN BJIEBO.

OcCyIecTBUTh MUKINYECCKUI CABUT OMTOB B IICJIOM YHCIEe @ Ha K 1o-
3ULIAN BIIPABO.

Haiitn HoMep mniepBoro (ImocjiaeaHero) cupaBa €IMHUYHOTO OuTa B Iie-
JIOM YuCJIE a.

Haiitu HOMep mepBoro (MmociieTHEeT0) cIpaBa HyJ€BOTro OUTa B 11€JIOM
qucJe a.

Onpenenuth, pacroiaoXeHbl U OUTHI B IIEIOM YKCIE & B MOPSAKE
BO3pACTaHMs, TO €CTh MPEJCTaBUMO 1M JaHHOe uucio B Buje 2" — 1
TS HEKOTOpOTro N.

IlepecTaBUTH OMTHI B IIEJIOM YHCIIE B 0OPATHOM IOPSIJIKE.

[Iycth nmeercs uenoe uncio a > 0. 3anucate B CTPOKOBYIO IEPEMEH-
HYI0O BOCBMEPUYHOE MPEICTABICHUE JTAHHOTO YMCJIA, UCIOB3Ys Clie-
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14,

15.

Ayroliee MpaBujO: JIBOMYHOE MPEACTaBICHUE 4YHCiIa & pa30uBaeTcs
cIpaBa HaJeBO Ha TpUaibl (TPOMKHU UGp), U KaKaas Tpuaaa 3aMeHs-
€TCsl BOCbMepUUHOU LUPOi.

ITycte umeercs nenoe yuciio a > 0. 3anucarh B CTPOKOBYIO IEPEMEH-
HYIO0 IIECTHAALATEPUYHOE MPEICTABICHHUE TAHHOTO YKCIa, UCHOJIb3Ys
paBWIO W3 MPEABbIAYILIEH 3a/1auu, pa30ouBasi ABOUYHOE MIPEACTABICHUE
YKCiia Ha TeTPajibl (4eTBEpKHU 1Udp).

Hanucars ¢pyHkimio

unsigned long Perest(unsigned long X, unsigned char *pi, char n), ko-
TOpasi TIEPECTABIACT OUTHI B YKCIIE X B COOTBETCTBUU C NEPECTAHOB-
Ko# pi u3 S, (N = 32) 1 Bo3BpaIiaeT MoJy4YeHHOE 3HAYCHHUE B KAUCCTBE
pe3yJibTaTa.

194



13. PABOTA C PANJIAMU

13.1. ®aitjabl 1 NIOTOKH

@daiis1 — UIMEHOBAaHHAsA COBOKYMMHOCTh MPOU3BOJIBHBIX JAHHBIX, pa3-
MEIIIEHHAsl Ha BHEIIIHEM 3allOMUHAIONIEM YCTPOMCTBE, KOTOpas XPaHUTCH,
nepecepuiaeTcsi U oOpabaThiBaeTCa Kak enauHoe Iienoe. Palia MOXKeT Co-
JepKaTh OPOrpaMMy, YHCIIOBBbIE JAHHBIE, TEKCT, 3aKOJAUPOBAHHOE H30-
OpakeHHe u T.1.

B sa3pike Cu 10001 (aitn paccMaTpuBaeTCsl KaK MOCIEA0BATENbHBIN
MOTOK 0aNTOB, KOTOPHIA OKAHUMBAETCS MapKEPOM KOHIIa (haiia:

LI [ PP [ | [ mepxepxorma daima |
o1 2 3 4 5 |

Jlist Hayana 3aMeTUM, YTO BBOJMMBIC JaHHBIC OTHPABISIOTCS Ha
JUCK WM TeYaTarollee yCTPOUCTBO HE cpady. Tak kKak 3amuch JaHHBIX Ha
JUCK U UX CUUTHIBAHUE C JAMCKa TpeOyIOT JOBOJBHO MHOTO BPEMEHHU, TO
CHayaja OHM TOCTYMAalOT B OO0JAcTh MaMsTH, Ha3biBaeMylo Oydepom,
MpeJHAa3HAYCHHYIO JJIi BpeMEHHOro XpaHeHus uHdopmaruu. Korma Oy-
¢dep 3amonHseTcs, AJaHHBIE Pa30M HAMNPABISIOTCS HA JUCK WIA MPUHTED.
CuuTaHHbIE C AMCKA JAHHBIE TaKXKE€ MOPLMAMHU MOCTYNAKOT cHayana B Oy-
dbep.

Jl1st Toro 4TOOBI 3aMUCHIBaTh B (Dailyl TaHHBIE WJIM CUUTHIBATh UX U3
¢aiina, HeoOX0AMMO OTKPBITH (aitn ¢ nomoibio ¢pyHkuu fopen u3z Ouob-
muotekn <stdio.h>. OTkpbIThId (paiin Bo3BpamiaeT ykaszarelb (Ha3bIBae-
MBI (paitnoBsiM ykazaTenem) Ha cTpykTypy FILE, koTopas coaepXuT uH-
dbopMmaruio aist padbotel ¢ daitnom. JlaHHas CTPYKTypa COIACPKUT. aapec
Oydepa daiina; KOIUYECTBO CMMBOJIOB, OCTarOIMXCs B Oydepe; monoxe-
HUE TEKYIIIETO CUMBOJIa B Oydepe; OTKPHIT (daiil AJIsl YTSHHS WM 3aIiCH;
ObLIM JIK OUOKKU MpU padoTe ¢ (aillioM; HEe BCTPETUIICS JIM MapKepP KOHIIA
daiina.

[Ipu 3anucu B (aitsn uim ureHnu u3 ¢aiisia mporpamMmma Mnoayyaer He-
obxonumyro uHpopmanuto u3 ctpykrypel FILE. Ykazarens Ha gaHHYIO
CTPYKTYpPY OINpEIEseTCs CAECAYIOINUM 00pa3oM:

FILE *f;
®dyukmus fopen() Bo3BpamaeT yka3zareiab Ha (aii:
FILE *fopen(char *name, char *mode)
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Oo6pamienue k fopen() BRINIAIUT CleayomuM 00pa3oM:
f = fopen(name, mode);

[lepBbIit apryMeHT (name) — 3TO CTpOKa, coAepkaias ums (aitna. Bropoii
apryMeHT HeceT MH(OopMalMio O TOM, B KAKOM pexuMe (hailll OTKPhIBACT-
cs. Hioke mpuBeieHbl pesKUMbI OTKPBITHS (aiina:

Pexum Onucanune
rt OTKpbBITH (haidst st YTeHUsl. ITOT (paitia JOJKEH CYIIEeCTBO-
BaTh
"W" | OTKpBITH (paiii A 3aIucK; €Clii ATOT (paiiil paHee CyIecT-

BOBAJI, €r0 COAEPKUMOE YHUUTOKAETCS
OTKpbITH (haidst Jy1st 3anucu (n1ooaBieHus) B KoHell (paiiia.
Co3znats (aitn, ecim ero HeT

"r+" | OTKkpbITh (paitin OJHOBPEMEHHO ISl YTCHUS U 3amucu. Daiin
JIOJIKEH CYIIECTBOBATH

OTKpbITH (aidst Jyist yTeHus U 3anucu. Eciu oot daitn cyie-
CTBYET, TO €r0 COJIEP)KUMOE YHUUTOXKAETCS

"at+" | OTkpbITh (paiin s ureHus u nodasneHus. Co3narh daiin
3aHOBO, €CJIU €r0 HET

[TonbITKa OTKPBITh HECYHIECTBYIOIIMNA (haill i1 4YTeHUs cpazy
oOepHeTrcs omuOKo. MoryT UMeTh MECTO U JIPyTrHe OLIMOKH, HaIpUMep
MONBITKA YTeHUs (Dailyia, 3alIMUILIEHHOTO OT YTeHUs W T.4. Ecim mpu ot-
KpbITUH (paiina mpousonuia Ta WIK UHas omuoOka, To ¢pyHkuus fopen Bo3-
BpatuT 3HayeHue NULL. Hanpumep, cnenyromuye HHCTpyKUHUU

FILE *f;
if ((f = fopen(“c:\\a.data”, "r"")) == NULL)
printf(“File could not be opened\n”);

O3HAYaIoT MONBITKY OTKpBITUA (aitna “c:\\a.data” mns urenms. Ecou nipu
OTKpbITUK (hailia mpousonuia omudOka ((ailyioBell yKa3zaTtenb paBeH
NULL), Torma Ha skpan BbeiBoauTcs coobOmienue “ File could not be
opened”.

PaccmoTpuM ocHOBHBIE OuOnMOTEeYHble (QyHKIMU (OMOIMOTEKA
<stdio.h>) nys pabotsl ¢ aiimamu.

FILE *fopen ( const char *filename, const char* mode )
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®yukmus fopen() oTkpeiBaeT ¢aiii ¢ 3aJaHHBIM UMEHEM W BO3BpAIacT
ykazatenb Ha ¢aiin uiau NULL, ecnu daiin He ynanock OTKPHITh.

int ffilush(FILE *f)
[Tpou3BOaUT 103aMUCh BCEX OCTaBIIUXCS B Oydepe He3amnCaHHBIX JaH-
HbIX. JJ1s moToka BBOoJA 3Ta (PyHKIMA HeompeaeneHa. DyHKIUS BO3Bpa-
maeT EOF B ciyyae BO3HMKHOBEHUsS OIIMOKHU, B MPOTUBHOM ciiydae — O.
Nuctpykuus fflush(NULL) BwimosiHsieT yka3aHHbIE ACHCTBUSL JUJISI BCEX
MTOTOKOB BBIBO/IA.

int fclose(FILE *f)
3akpeiBaet Qaiin f. [lepen 5TUM MPOMCXOAMUT 3aIKCh €IE He3alMCaHHbIX
naHHBIX U3 Oydepa aTuOO CUMTHIBAaHUE €Ie HEMpPOYUTaHHBIX H3 Oydepa
naHHbIX. [Ipu 3akpeiTHH MOTOKA, Oydephl, 3aXBa4e€HHbIE CUCTEMOM, OCBO-
ooxnarorca. Oynkuus Bo3Bpamaetr EOF B ciaydae ommbku u 0 — B mpo-
TUBHOM CITy4ae.

int feof(FILE *f)
OmnpenensieT, AOCTUTHYT Ju KoHell (aiina. [Ipu ero qoctmxeHnn QyHKIUS
BO3BpAILIAECT HEHYJIEBOE 3HAUEHUE, B TPOTUBHOM Cilydyae Bo3Bpaujaercs 0.

int remove(const char *filename)
Yz[amleT (1)aI>JIJ'I C YKa3aHHbIM MMCHCM. B03BpamaeT HCHYJICBOC 3HAYCHHUC B
cily4dae olMOKH, B MPOTUBHOM ciiy4ae Bo3Bpaiaercs 0.

int rename(const char *oldname, const char* newname)
®yukmus rename() 3aMeHseT crapoe uMsa (Qaitta oldname HoBbIM
Nnewname; eCiin NOIbITKA U3MEHUTL UM OKa3ajlach HCY}Ia‘IHOfI, TO BO3-
BpamacT HEHYJICBOC 3HAYCHUC, B IIPOTUBHOM CJIy4adcC — 0.

int fputc(int ¢, FILE *f)
3amuceiBacT CUMBOII C B ¢aiin f. OyHKIMS Bo3BpamiaeT 3alicaHHbIA CHM-
BOJI IPU yCHIeNTHOM ucxoje, naaue — EOF.

int fgetc(FILE *f)
Yuraer ouepeaHoi cuMBoII U3 (aiina f, Ha KoTophIi yka3bIiBaeT (haiTOBbIHM
yKkazaTeiab. OYyHKIMS BO3BpaIAeT MPOYUTAHHBIA CUMBOJI MIPU YCIEUTHOM
HCXOJIE; €CIU K€ TOCTUTHYT KoHerl (aitna — EOF.

int fputs(const char *s, FILE *f)
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3anumchIBacT CTPOKY CUMBOJIOB S B (paiin f. Bo3Bpamaer koyimdaecTBo 3amnu-
CaHHBIX CUMBOJIOB; B cityuae omunoku — EOF.

char *fgets(char *s, int n, FILE *f)
YurtaeT cTpoKy CUMBOJIOB U3 (hailyia B MacCUB CUMBOJIOB S. [Ipu sTOM un-
TaeTcsi He Oosee N-1 CUMBOJIOB, MpeKpalias YTEHUE, €CIU BCTPETUIICS
cuMBod ‘\n’. B cTpoky S Takxke gobaBisieTcs Hyb-cuMBOJI \0’. DyHKIHS
BO3BpAIIIAET S; €CJIM ke (aiin ucuepman, Torga — NULL.

int fprintf(FILE *f, const char *format, argument 1, ..., argument n)
3anuceiBaeT CUMBOJIBI B (aiin f mox ynpasinennem popmara. Bo3spamaer
KOJINYECTBO 3alMCAaHHBIX CUMBOJIOB; B cityuyae omnoku — EOF.

int fscanf(FILE *f, const char *format, &argument 1, ..., &argument n)
Yuraer nannsie u3 (daiina f mox ynpasinenuem dopmara. Bo3ppamaer ko-
JUYECTBO MPeoOpa3oBaHHBIX JIEMEHTOB; B ciiydyae ommbOku — EOF. Jlan-
Hast QyHKIMs padotaer aHanoruwuHo pynknuu scanf() (cm. m. 2.2. dop-
MaTHBIA BBOJI-BBIBOJ).

int fseek(FILE *f, long count, int origin)

YcranaBnuBaeT ykazatenb ¢aiura f Ha onpenencHubiii 6aitT. Ilocnemyro-
€€ YTEHUE WM 3aluch OyAEeT MPOBOAUTHCS C AaHHOTO OaifTta (C JaHHOU
no3unuu). B ciaydae aBomyHOro (Qaina mo3uuus yCTaHaBIMBAETCS CO
CMEIIEHUEM count OTHOCUTEIBHO:

e Hauvana (aiina, eciM 3HAUYCHHE TIEPEMEHHOM Origin  paBHO
SEEK_SET;

® TEKyIIeW MO3UIMU, €CIU 3HAUYCHHE MEePEeMEHHOU origin paBHO
SEEK_CUR;

e KOHIA (aiya, eclid 3HAYCHHE TMEPEMEHHON origin paBHO
SEEK_END.

int rewind(FILE *f)
[Tepemenienue ykazatens B Hadasio ¢aina. J[aHHbIi oniepatop SKBUBAJICH-
TEH 3aIlUCHU

fseek(f, 0, SEEK_SET);

long ftell(FILE *f)
Bo3Bpammaer Tekymiyr mo3uiuio ykazatens ¢aina f; B ciayuae ommOkm
dbyHKIMA Bo3BparaeT -1.
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int ferror(FILE *f)

Bo3sBpaiaeT HeHyneBOe 3HAUCHHE, €CIIM MPU OYEPETHOU OIepaluu Mpu
pabote ¢ daittom f npousonnia ommbka, B MPOTUBHOM Cllydae BO3BpaIIa-
ercs 0.

13.2. TexkcToBbIE (haAlIBI

TexcToBblli (haiiml — MOCIEAOBATENIBHOCTh CTPOK, MPUYEM Kaxias
CTpOKa 3akaHuumBaeTcs cuMBOJIOM ‘\n’. TekcToBBI (aili coCTOMT u3
OOBIYHBIX MeuaTHBIX CUMBOJIOB (B Kogax ASCII), Bkitodast mpoOenbl, CUM-
BOJIBI HOBOM CTPOKH, CUMBOJIBI TaOysiiuu. Hanpumep, B TEKCTOBOM (haii-
Je 1esoe uncio 123 npencraBieHo Tpemsi cuMBoJiaMu-Iiudpamu ‘1°, 2° u
‘3’, KoTOphle B (paiiie pacmojOKEeHBI IPYr 3a JIPyroM, oOpas3ys CIOBO
“123”.

[IpuBeaeM mpUMEpPHI UCIOIb30BAHUSI OMOIMOTEYHBIX (PYHKIMN IS
paboTHI C TEKCTOBBIMU (paiiiamu.

Mpumep 1 (pynaxmus fputc()). Huxe npuBoautcs QyHKIUSA TOCUM-
BOJIbHOM 3anucu B ¢ain ¢ umenem fileName, koTopast mpoaoKaeTcst 10
T€X MOp, MOKa B CTAHJAPTHOM MOTOKE HE BCTPETUTCS UMUTALIUS MPU3HAKA
koHiia ¢aiina EOF.

MHorue onepanoHHbIE CUCTEMBI MTO3BOJISIIOT UMUTUPOBATH YCIIOBUE
KOHI[a (hailyia ¢ moMouplo KiaBuatypsl. B cucteme MS-DOS mnst aToro
UCIIOB3yeTCs KoMOuHanus kinaBuil Ctrl+z, mocne 4ero cieayeT HaxaTh
kiaBuiny Enter. B cpene Windows miist umuTanuu koHua (aiiiaa UCIob-
3yetcs komOuHarus kiaasum Ctrl+z, a B cpege UNIX — Ctrl+d.

int CreateTextFile(char *fileName)
{
FILE *f;
char c;
if ((f = fopen(fileName, "w")) == NULL)
return 1,
while ((c = getchar()) = EOF)
fputc(c, f);
fclose(f);
return O;

}
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IIpumep 2 (pynxmus fgetc()). BoiBoag coaepK KUMOro TEKCTOBOTO
¢aiina Ha skpaH. OYHKIUS CUYUTHIBAET U3 ¢aiiia Mo OJHOMY CHUMBOIY U
BBIBOJIUT CUATAHHBIE CUMBOJIBI HA SKPaH.

int ReadTextFile(char *fileName)
{
FILE *f;
char c;
if ((f = fopen(fileName, "r")) == NULL)
return 1;
while ((c = fgetc(f)) '= EOF)
putchar(c);
fclose(f);
return O;

}

Mpumep 3 (pynxomsa fputs()). IloctpouHoe 3amonHeHue (haiiia.
Kak u B mpumepe 1, B cieayroineii mporpaMMe BBOJ CTPOK COBEPIIACTCS
70 TeX IMOp, IMOKa B CTAHAAPTHOM IOTOKE HE BCTPETHUTCS MMMTALUS MPH-
3Haka koHua ¢aina EOF.

int CreateTextFile(char *fileName)
{
FILE *f;
char s[500];
inti;
if ((f = fopen(fileName, "w")) == NULL)
return 1;
while (fgets(s, 500, stdin) != NULL)
fputs(s, f); [* 3anuceIBaeM CTPOKY S B daiin  */
fclose(f);
return O;

}

Ipumep 4 (pynxuus fgets()). [Toctpounoe ureHue daiina.

int ReadTextFile(char *fileName)

{
FILE *f;
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char line[500];

if ((f = fopen(fileName, "r'")) == NULL)
return 1;

while (fgets(line, 500, f) '= NULL)
printf(line);

fclose(f);

return O;

}

®dyHk1uy, padboTarIre ¢ CUMBOJIAMHU U CTPOKaMU, MPeIHAa3HAYCHbI
TOJBKO JIJIS YTE€HUS U 3alMCH TekcTa. Ecnu TpedyeTcs 3anucarh WIM CUH-
TaTh U3 (aila JaHHBIE, COAEPIKAIINE YUCIOBBIC 3HAUYCHUS, TO HYXHO HC-
nosib30Bath QyHkuuu fprintf() u fscanf().

Mpumep 5 (pyuxums fprintf()). Ciaenyromas GpyHKIUs 3aUChIBACT
B TEKCTOBBIN (paiii cBeJCHUS 0 paOOTHUKAX HEKOTOPOM opraHu3aiuu: ¢a-
MuUIus pabOTHHKA, TOJ POXKACHHS, 3apaboTHas miata. BBoa JaHHBIX C
KJIaBUATYphI MIPEKpaIiaeTcss B TOM ciydae, Korja Ha 3ampoc BBECTH Ove-
peaHyIo (paMIINI0 pabOTHUKA MOIB30BaTENb BBEIET CTPOKyY “000™.

int CreateFile(char *fileName)

{
FILE *f;
char name[50]; /* hamunms */
int year; /* ron poxnaenuss  */
float earnings; [* 3apaboTrHas maTa */
if ((f = fopen(fileName, "w")) == NULL)

return 1;
printf("name: ");
scanf("%s", name);
while (strcmp(name, "000"))
{
printf(“year: ");
scanf("%d", &year);
printf("earnings: ");
scanf("%f", &earnings);
fprintf(f, "%s %d %.2f\n", name, year, earnings);
printf("name: ");
scanf("%s", name);
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¥
fclose(f);

return O;

}

IIpumep 6 (pyuxmus fscanf()). Urenne 3ammcedt u3 ¢aiina, comep-
Kalero cBelieHus: o pabotHukax. Cozganue naHHoro (aitia mpuBOAUTCS
B MPEIbIAYIIEM ITpUMeEpE.

int ReadFile(char *fileName)

{
FILE *f;
char name[50]; [* bamumus */
int year; /* ron poxxaeHuss ¥/
float earnings; /* 3apaboTHas miarta */
if ((f = fopen(fileName, "r")) == NULL)
return 1;
while (fscanf(f, "%s%d%f", name, &year, &earnings) == 3)
{
printf("%s %d %.2f\n", name, year, earnings);
¥
fclose(f);
return O;
b

Mpumep 7 (pynxomsa fscanf()). Cnemyromas yHkIus BwIgETSICT
BCE CJIOBA U3 TEKCTOBOTO (paiiyia, KOTOPBIC pa3/ieleHbI MPOOCIEHBIMI CHM-
Bostamu (“ °, ‘\t’, ‘\n’), ¥ BEIBOJMT JaHHBIC CIIOBA Ha SKPaH.

int ReadWords(char *fileName)
{
FILE *f;
char s[500];
if ((f = fopen(fileName, "r")) == NULL)
return 1;
while (fscanf(f, "%s", s) == 1)
puts(s);
fclose(f);
return O;
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IIpumep 8. B TexcToBOM (aiine 3aMeHUTH BCE MOJPST UAYIIHE CHM-
BOJIbI CO 3HAYEHUEM X OJTHUM CHMBOJIOM X.

int Zamena(char *fnamel, char *fname2, char x)

{
FILE *f, *q;
char c;
int n;
if ((f = fopen(fnamel, "r")) == NULL)
return 1;
if ((g = fopen(fname2, "w")) == NULL)
{
fclose(f);
return 1;
}
c = fgetc(f);
while (c '= EOF)
{
n=0;
while (¢ 1= EOF && ¢ == X)
{
n++:
c = fgetc(f);
}
if (n>0)
fputc(x, 9);
while (c 1= EOF && c 1= X)
{
fputc(c, 9);
¢ = fgetc(f);
}
}
fclose(f);
fclose(Q);
return O;
}
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13.3. /IBonuHbIe (ailiibl

JIBouuHBIN (paitn 0OBIYHO COCTOUT U3 MOCJIENOBATEIBHOCTH 3alucen
OJIMHAKOBOM JIYIMHBI U OJJTMHAKOBOT'O BHYTPEHHEr0 hopmara, MpuueM 3amu-
CH HETIPEPBIBHO CIICAYIOT APYT 3a APYrOM.

JIBonuHBIM PopMaT 03HAYAET, YTO YUCIIA COXPAHSIOTCS BO BHYTPEH-
HeMm Qopwmarte. J[Jisi cuMBOJia JBOWYHOE MPEJCTABICHUE COBMAAAECT C €T0
TEKCTOBBIM MpejcTaBiieHueM (nBoudyHoe npenacraBieHue ASCII kona cum-
BoJia). J{y1s urcen ke uX JBOMYHOE MPECTABICHUE OUEHb CHUIIBHO OTJINYa-
€TCA OT UX TEKCTOBOro mnpenactraBieHus. Hampumep, uucio 123 B nBouu-
HOU cucTeMme umeeT npeacrapiaeHue 1111011 u momemaercs B oauH OalT
naMaTi. B TekcToBOM ke opMare maHHOE YMCIIO 3aHUMajo Obl 3 Oaiita
MaMsITH.

JI71s 3aMKCu ¥ YTeHUS! TaHHBIX B IBOMYHOM (popmaTe UCIOIb3YIOTCS
cootBeTcTBeHHO (pyHkIimu fwrite() u fread(). 3amucas gaHHBIE C TOMOIIIBIO
fwrite(), MO’XKHO BO3BpaTUTh 3TU AaHHbIE ¢ noMolbio fread(). [IpoToTumnsl
TaHHBIX (DYHKIUN CIIETYIOIIHE:

size_t fwrite(void *ptr, size tsize, size_tn, FILE *f)

size t fread(void *ptr, size_t size, size_t n, FILE *f)
Oyukius fwrite() 3anuceiBaet B ¢aiin f u3 MaccuBa, ykazaHHOrO B Iiepe-
MEHHOU Ptr, N 31eMEHTOB, pa3Mep KOTOPBIX YyKa3aH MapameTpoM Size.
JlanHast (yHKIMUS BO3BpaIlaeT KOJIWYECTBO YCIEIIHO 3alMCAaHHBIX 3JIe-
MEHTOB.

®dynkmus fread() cunteiBaeT u3 daitna f B MaccuB, yka3aHHBINA B TIe-
pPEMEHHOI ptr, HE OoJiee N PIEMEHTOB, pa3Mep KOTOPHIX yKa3aH mapamerT-
poM size. JlanHas QyHKIIMS BO3BpaIlaeT KOJIMYECTBO YCIEITHO CYMTAHHBIX
AJIEMEHTOB.

Ecnu TpeOyeTcs, HanpuMep, 3amucarh B ABOWIHBIN (aiin f 3HaueHue
nepeMeHHou X tuma double, To 3T0 MOXKHO cliesIaTh TAKUM 00pa3oM:

fwrite(&x, sizeof(x), 1, f);
Ecnu xe TpeOyercsa 3amucath B (aill MacCUB IIEIbIX YHCET &, COJIepKa-
M N 3JIEMEHTOB, TO 3TO MOXHO CIEJaTh CIEIYIOIMIMM 00pa3oM:

fwrite(a, sizeof(int), n, f);

Jlist 3aganust Toro, 4yTo (Haiyl OTKPHIT B JBOMYHOM PEKUME, CIEAYET
100aBUTh K 3HAUYCHHUIO PEKMMa OTKPBITHS CUMBOJ ‘b’: “rb”, “wb”, “ab”,
“r+b”, “w+b”, “at+b”. PaccmoTpum mpuMepbl pabOThI ¢ IBOMYHBIMU (aii-
JIAMHU.
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Ipumep 1. 3anonHUM ABOUYHBINA (Paiii HEIbIMUA YHUCTAMU.

int CreateFile(char *fileName)

{
FILE *f;
int a;
if ((f = fopen(fileName, "wb")) == NULL)
return 1;
printf("a ="); scanf("%d", &a);
while (a !'=0)
{

fwrite(&a, sizeof(a), 1, f);
printf("a ="); scanf("%d", &a);
}
fclose(f);
return O;

}

IIpumep 2. YUrenue ¢aiina nenabix 4UCeN, CO3IaHHOTO B MPEAbIIY-
LEM IIPUMEpE.

int ReadFile(char *fileName)
{
FILE *f;
int a;
if ((f = fopen(fileName, "rb")) == NULL)
return 1;
while (fread(&a, sizeof(a), 1, f))
printf(a = %d\n", a);
fclose(f);
return O;

}

Ipumep 3. Cnenyromas ¢yHkius Size() Bo3BpamaeT KOJIMISCTBO
OaitToB, 3aHMMaeMbIX (aitiom ¢ umeneM fileName. Eciu takoro ¢aiina He

CYILIECTBYET, TOT/1a (PYyHKIIMS BO3BpaIllaeT 3HaueHue -1.

long Size(char *fileName)

{
FILE *f;
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long n;
if ((f = fopen(fileName, "rb")) == NULL)

return -1;
fseek(f, 0, SEEK_END); /* nepemeniaem ykasarens a kouel ¢aiina */
n = ftell(f); [* canThIBaeM TEKYIIYIO MO3HUIUIO yKazares */
fclose(f);
return n;
}
Ipumep 4. Utenne nBondHOro (paiiia 1meabix 9ucea B 00paTHOM I10-
paKe.

int ReadInverseFile(char *fileName)
{
FILE *f;
int a;
long i, n;
if ((f = fopen(fileName, "rb")) == NULL)
return 1;
n = Size(fileName)/sizeof(int); /* xomugecTBo kKoMmOHEHT B (aitne */
for(i=n-1;i>=0;i--)
{
fseek(f, i*sizeof(int), SEEK_SET);
fread(&a, sizeof(a), 1, f);
printf("a = %d\n", a);
by
fclose(f);
return O;

}

IIpumep 5. TpeOyercst 3aMeHUTh BCE JIEMEHTHI ABOMYHOTO (haitna
IIEJIBIX YHUCENT Ha UX KBaJpaThl.

int SquareRechange(char *fileName)
{
FILE *f;
long i, n;
inta;
if ((f = fopen(fileName, "r+b")) == NULL)
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return 1;

n = Size(fileName)/sizeof(int);

for (i = 0;i <n; i++)

{
fseek(f, i*sizeof(a), SEEK_SET);
fread(&a, sizeof(a), 1, f);
a*=a;
fseek(f, i*sizeof(a), SEEK_SET);
fwrite(&a, sizeof(a), 1, f);

}

fclose(f);

return O;

}

Oynkuus fwrite() Mo3BOISET 3aUCHIBATH B (DAl 11€JIbI€ CTPYKTYPHI,
KOTOPBIE 3aTEM MOKHO MPOYUTATh ¢ TomoInbio fread().

Ipumep 6. [TycTh uMeEIOTCS CBEeIEHUS O paOOTHUKAX HEKOTOPOH Op-
ranuzanuu: pamunusa pabOTHHUKA, TOJl pOKAEHUs, 3apadoTHas miata. O0b-
€IVHUM TEPEYNCIICHHBIE AJIEMEHTHI JaHHbIX B CTPYKTYypy WORKER:

struct WORKER

{
char name[20]; /* dhamums */
int year; /* ron poxkaenus ¥/
float earnings; /* 3apaboTHas maTa */

2

YtoObl 3amucaTh Ha JOUCK OYEPEIHBIC CBEICHHS O pabodyeM (OUepeaHyro
CTPYKTYPY), UCTIOJIB3YEM TaKyI0 HHCTPYKIIUIO:

fwrite(&worker, sizeof(worker), 1, f);

rae nepemenHas worker numeet Tum WORKER. Ananorudso, 4ToObl cuu-
TaTh OYEPEAHYIO CTPYKTYPY, BOCIIOJIB3YEMCS UHCTPYKIIUECH

fread(&worker, sizeof(worker), 1, f);

B npuBenennoit nuxke nporpamme ¢ynkius CreateFile() 3amonusiet
daiin cBenenuit o pabotHukax, a Gpynkius ReadFile() BeiBoguT comepxu-
Moe (paiina Ha FKpaH.
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#include<stdio.h>
struct WORKER
{

char name[20];

int year;

float earnings;

};

[* 3anonnenue daiina */
int CreateFile(char *fileName)
{
FILE *f;
struct WORKER worker;
if ((f = fopen(fileName, "wb")) == NULL)
return 1;
printf("name: ");
scanf(*'%s", worker.name);
while (strcmp(worker.name, "000"))
{
printf("year: ");
scanf("%d", &worker.year);
printf("earnings: ");
scanf("%f", &worker.earnings);
fwrite(&worker, sizeof(worker), 1, f); /* 3ammce crpykrypsl B daiin */
printf("name: ");
scanf("%s", worker.name);
¥
fclose(f);
return O;

}

[* arenue (aiina */
int ReadFile(char *fileName)
{
FILE *f;
struct WORKER worker;
if ((f = fopen(fileName, "rb")) == NULL)
return 1,
while (fread(&worker, sizeof(worker), 1, f))
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{

printf("%s ", worker.name);
printf("%d ", worker.year);
printf("%.2f\n", worker.earnings);

}

fclose(f);

return O;

}

int main()

{
char *fileName = "c:\\a.data";
CreateFile(fileName);
ReadFile(fileName);
return O;

}

IIpumep 7. Unorna tpedyercs mpocTo J00ABUTH OJIHY 3aIlUCh B KO-
Hell (aitna. [Toatomy MOXxHO 3amucaTh (YHKIUIO 3arojHeHUs ¢ailiia u3
IIPEABIAYIIETO IIPUMEPA B CIEAYIOIIEM BU/IE.

[* dbynkmus qoOaBIIeHHS 3alKMCcH B KoHel (aitna f */
int AddWorker(FILE *f, const struct WORKER *worker)
{
fseek(f, 0, SEEK _END); /* nepemernaem ykasaresb B koHell daiina f */
fwrite(worker, sizeof(*worker), 1, f);
if (ferror(f))
return 1;
else return O;

}

[* 3amonHenue daitna */
int CreateFile(char *fileName)
{
FILE *f;
struct WORKER worker;
if ((f = fopen(fileName, "wb")) == NULL)
return 1,
printf("name: ");
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scanf("%s", worker.name);
while (strcmp(worker.name, "000"))
{
printf("year: );
scanf("%d", &worker.year);
printf("earnings: ");
scanf("%f", &worker.earnings);
AddWorker(f, &worker); /* mo6asnsiem 3anuch B daiir */
printf("name: ");
scanf(*'%s", worker.name);
b
fclose(f);
return O;

}

IIpumep 8. Ouenp yacTo MpUXOAUTCS KomupoBath (aitnbl. Pac-
CMOTPUM OBICTPBIA AITOPUTM KOMUPOBAHUS (DAIIOB C UCIOIB30BAHUEM
oydepa oomena. Huwxe npuBonutces ¢pynkuus CopyFile(), koTopast konu-
pyet conepxkumoe ¢aiina fileNameln B daitn fileNameOut.

#define BUFSIZE 1024 /* pa3mep Oydepa */

int CopyFile(const char *fileNameln, const char *fileNameOut)
{
FILE *in, *out;
char buffer[BUFSIZE];
long n;
if ((in = fopen(fileNameln, "rb")) == NULL)
return 1;
if ((out = fopen(fileNameOut, "wb")) == NULL)
{
fclose(in);
return 1;
}
while (n = fread(buffer, sizeof(char), BUFSIZE, in))
fwrite(buffer, sizeof(char), n, out);
fclose(in);
fclose(out);
return O;
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13.4. IlIndpoBanue ¢aiiaos

Hanomuum, uyto B si3bike Cu 1000 (paitn paccmMaTpuBaeTcs: Kak Io-
CJI€OBATEIbHOCTh OalT, 3aKaHUMBAIOIIasACs MapkepoM KoHIa ¢aitna. Ka-
XKIBIA OaMT TAaKOM IOCIE0BAaTEIbHOCTH MOXKET IIPUHUMATH J1000€ 11e10¢
3HauyeHue B auanazoHe ot 0 1o 255. byaem cunrarh, 4TO KaXKIAbIA SJIEMEHT
(0aiiT) mocnenoBaTeIbHOCTH MPUHAIICKUT KOJIbIY BBIYETOB MO MOJYJIO
256 (Zys6). CnoxxeHue W BBIYUTAHUE, KOTOpbIC OyayT MCIOJIB30BATHCS B
JanbHEHIIEM, SIBISIOTCS COOTBETCTBYIOIIMMU OINEPALMSIMU B KOJIBIIE BBI-
YeTOB Zos.

PaccmorpuM anroputMm mmdpoBaHUs, HOCSIIMK Ha3BaHue mudpa
Bwxkenepa (o coBpeMeHHbIX IHdpax, 0COOCHHO HEB3JIAMBIBAEMbIX, MOXK-
HO ToYuTaTh, Hapumep, B [15, 16]). [Iycte X = X1X»...X, — Hociea0Ba-
TEIBHOCTh OalT ((paii), Kakapii 3aemMeHT (X, 1=1,...,N) KOTOpO¥ MpuHaI-
NeKUT Zysg. s mmdpoBaHus HCHOJIB3YETCS KIHOY — CIOBO (B oOIeM
cllydyae, XaOTHYHBIH HaOOp cuUMBOJIOB) B aidaBure Zsg. Ilycth key =
KiKs...Kg — HEKOTOpOE KIII0YeBOE CI0BO JUIMHBI d, rae Bce K; mpuHamieKaT
KOJIbIY Zysg. IlIndpoBanre npoucxoquT ciaeayronumMm oopazom. CunThiBa-
€M TIepBbI 0alT ucxoaHOTO (haityia u mudpyem ero ¢ MOMOIIbI TEPBOTO
Oaiita kmoua kq: y; = Xy + Ky (mod 256), 3ateM cumThiBaeM BTOpOM OalT
MCXOJIHOTO dhailia U mudpyemM ero ¢ moMoIlblo BToporo Oaita kiroda ko:
Yo = X + Ky (mod 256) m 1.1, (d+1)-b1ii cumTaHHBIA OalT mmMdpyercs
BHOBB KJIIOYOM Kj, TO ecTh, B 1iejom, ¢aiin f pasOuBaeTcs Ha OJIOKH M-
HBI d, Ha KOTOpBIE HAKJIAIbIBACTCs KiIFoueBoe ciioBo Key. Ilomydennas mo-
CJIEIOBATENIBHOCTD Y = Y1Y5...Yn U OyJET SIBIAATHCS 3allM(POBAHHBIM (aii-
oM. UtoOsl u3 3amudpoBaHHoro (daiina YyiY,...Y, 00paTHO MOJYIUTh HUC-
XOJHBIN (hai1 (TO ecTh pacmu@poBaTh 3aMKU(PPOBAHHBIN Qaiii YqYs...Yn),
HEOoOX0IMMO TIpojieiaTh oOpaTHbIe omeparuu: X; = Y, — K; (mod 256),
Xo=Yo- k2 (mOd 256) U T.O.

Cayuaii 1. Ilpennonoxum, 4to HeoOXoauMo 3amudpoBath aiii, He
yaansisa mudpyemyro nuapopmanuio. Hanprumep, Bbl XOTUTE 3aiuPpoBaTh
KaKOW-TO (a1 U OTOPaBUTH €r0 KOMY-TO IO JIEKTPOHHOU moute. B aTom
Cllydyae HET HEeOOXOJMMOCTH yAalsATh MCXOIHBIA (aiin. Huxke npusBeneH
anroputM mudppoBaHusi MeToJIoM BuxkeHnepa, B KOTopoM uH(popmaius u3
daiina mudpyercss U 3anuchbIBaeTCsA B HOBBIN (haitsi. UToObI anroputm pa-
OoTan odeHb OBICTPO, HCIONB3yeM Oydep oOMena buf, kyna Oymem cum-
ThIBaTh UH(POpMAIMIO U3 (aiiia 1eJbIMUA OJTIOKaMHU.
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#include<stdio.h>

typedef unsigned char UCHAR;

typedef unsigned long ULONG;

#define LENGTH 1024  /* pa3smep Oydepa oomena */

/* dpynkuus mudpyer cogepxumoe daiira fileNamel

U pe3yJbTaT MHU(PPOBAHMS 3aITUCHIBACT B HOBBIN

daitn fileName2, ocrarsis daiin fileNamel 6e3 u3meHeHus
*/
int Shifr(char *fileNamel, char *fileName2, char *key)

{
FILE *f, *q; /* BXOJHOM W BBIXOJHOM (hailyibl */
ULONG i_key,
L ], [* cuetyuku */
keyLen,  /* nnuHa Kiroua */
n_buf; /* nynHA cuuTaHHOTrO OJ10Ka B Oydep */

UCHAR buf[LENGTH]; /* 6ydep oOmena */

if ((f = fopen(fileNamel, "rb")) == NULL)

return 1;
if ((g = fopen(fileName2, "wb")) == NULL)
{
fclose(f);
return 1;
¥
keyLen = strlen(key); /* Beraucnsem muny Kimtoua Key */
I_key =0;
while (n_buf = fread(buf, sizeof(UCHAR), LENGTH, f))
{
for (j =0; j <n_buf; j++)
{
buf[j] += key[i_key];
I_key++;
if (i_key >=keyLen)
I_key =0;
¥
fwrite(buf, sizeof(UCHAR), n_buf, g);
¥
fclose(f);
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fclose(Q);
return O;

}

®yukius  Shifr()  BeI3BIBaeTCS  04YeHb  MPOCTO,  HAIPHMED,
Shifr(“c:\\a.data”, “c:\\b.data”, “password’). UroObl nmponucath QyHKIIHIO
pacmudpoBaHus, TOCTATOYHO CKONMMPOoBaTh GyHKIHI0 Shifr() n momMeHsTH
B HEU CTPOKY

buf[j] += key[i_key];
Ha CTPOKY

buf[j] -= keyl[i_key];

W Ha3BaTh 3Ty QyHKIMI0, Harpumep DeShifr().

Cayuaii 2. [Ipenmnonoxxum, 4To Bbl paboTaeTe 3a Uy>KUM KOMITbIOTE-
pOM M BaM HeoOXoaumo 3amudpoBath Baml (aiin (3amudpoBanHbii daiin
MOXHO OCTaBUTh Ha JJAHHOM KOMIIBIOTEPE A0 CIEAYIOIIETO BAIIEro Mmpu-
X0Jla WM 3amnucath Ha (iemiky). PaccMoTpeHHBIN BhINIe ciydail 1 31ech
y>K€ HE TMOJOWUIET, TaK KaK €CJM Bbl CO3JAaJAUTE HOBBIA IMIM(GPOBAHHBIN
(aiis, a cTapblid yJaanuTe, TO yAalIEHHbIA (paiiia BO3MOXKHO BOCCTAHOBUTD.
[ToaToMy B cieayromeM aaropuTMe Mu(pPOBaHUE MPOUCXOJUT HE B HO-
BbIi (aiin, a myTeMm Mepe3anuchiBaHUs (3aMEIlIeHHs]) UCXOAHOro (Qaiina
mudpoBaHHbM. [Ipy 3TOM cuuThIBaeTcs odepemanoir 010k B Oydep buf
ucxogHoro (aitna, mudpyercs, U MUPOBAHHBIA OJIOK 3aMUCHIBACTCS
BMECTO UCXOJHOTO.

[* dynkus mudppoanus */
int Shifr(char *fileName, char *key)
{
FILE *f;
ULONG i_key,
L ], /* caetuuku */
keyLen, /* nnuna kmaroua */
n_buf, /* nnmuaa cuntanHOrO OJIOKA B Oydep */

n; /* xonmmuecTBO 0J10KOB B (paitne ymmabel LENGTH */
UCHAR buf[LENGTH]; /* 6ydep oomena */

if ((f = fopen(fileName, "r+b")) == NULL)
return 1;
keyLen = strlen(key);
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n = Size(fileName)/LENGTH + 1;
I_key =0;
for (I=0;1<n;i++)
{
fseek(f, I*LENGTH, SEEK_SET);
n_buf = fread(buf, sizeof(UCHAR), LENGTH, f);
for (j =0; j <n_buf; j++)
{
buf[j] += key[i_key];
I_key++;
if (i_key >= keyLen)
I_key =0;
¥
fseek(f, I*LENGTH, SEEK_SET);
fwrite(buf, sizeof(UCHAR), n_buf, f);
¥
fclose(f);
return O;

}

Kak m B mpeaplaymieM ciydae, 4ToObI MpomucaTh (QYHKIUIO pac-
muQpPOBaHKs, JOCTATOYHO CKomupoBaTh GyHKIM0 Shifr() m moMeHsTh B
HEHN CTPOKY

buf[j] += key[i_key];

Ha CTPOKY
buf[j] -= key[i_key];

M, €CTECTBEHHO, Ha3BaTh ATy QYHKIUIO TIo-IpyroMy, Harpumep DeShifr().

YHunurtoxenue uHpopmauuu. [Ipenmnosnoxum, 4to y Bac UMEETCs
HEKOTOPBIA CEKpPETHBIN (ailyi, KOTOPbI HEOOXOUMO YHUUYTOXUTH. EcTe-
CTBEHHO, YTO MPOCTO YJAJIUTh HAHHBINA (ais (Harmpumep, ¢ MOMOIIBIO
dbyHKIIMKA remove()) HeOCTaTOYHO, TaK KaK €ro BO3MOXHO OyJeT BoccTa-
HOBUTS. LlenecooOpa3Hee B JaHHOM Cilydyae CHaudaja Ha MECTO yAaJIsieMOTo
(paiina 3anucaTh MOCIEAO0BATEILHOCTh HYJIEH (TAKOro e pa3smepa, 4To U
IPEeKHMIA (aiii1), a MOTOM yKe UCIOJb30BaTh GyHKIMIO remove().

#include<stdio.h>
typedef unsigned char UCHAR;
typedef unsigned long ULONG;
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#define LENGTH 1024 /* pa3smep Oydepa oomena */

int DestroyFile(char *fileName)
{

FILE *f;

ULONG i, size, q, r;

UCHAR buf[LENGTH] = {0};

if ((f = fopen(fileName, "r+b")) == NULL)
return 1;

size = Size(fileName); /* Beruncnsiem pasmep (aiina */

/* nanee Heobxonumo paznoxenue size = q*LENGTH +r,
rae r < LENGTH

*/

/* BBIUMCIISIEM KOIU4eCTBO 010K0B miuuHbel LENGTH:*/

q =size/LENGTH,;

r = size%LENGTH: /* Beruuciisiem octatox */

for (1=0;i<q; i++)
fwrite(buf, sizeof(UCHAR), LENGTH, f);
fwrite(buf, sizeof(UCHAR), r, f);
fclose(f);
remove(fileName);
return O;

13.5. 3apaum Ha TeKcTOBbIE (PAIIIBI

Nmeetcs TekcToBbIi (paiii. [logcunTaTh KOJUUECTBO COJIEPIKAIIUXCS B
HEM JIATUHCKHUX OYKB.

OnpenenuTb, CKOJBKO Pa3IWYHbIX OYKB BCTpeYaeTcsi B TEKCTOBOM
daitne.

JlaHna cTpoka S u TeKCTOBBIM (aiin. Hamucats GyHKIMIO, KOTOpas J0-
OaBJISIET CTPOKY S B KOHEI[ TEKCTOBOTO (haiiiia.

Jlano ums ¢aiina u nenoe yucio N, 1 < n < 26. Co3aaTh TEKCTOBBIN
daiis ¢ yKkazaHHBIM UMEHEM M 3alucaTh B HETO N CTPOK CIIETYIOIINM
00pa3oM: mepBas CTpOKa JOJKHA COJIepKaTh CMPOuHYO JTATHUHCKYIO
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10.

11,

12.

13.

14,

15,

16.

17,

OykBy "a", Bropas — OykBeI "ab", TpeThs — OykBbl "abC" u T.1.; mo-
CIEIHSS CTPOKA JIOJDKHA COJEpKaTh N HAYaJIbHBIX CTPOYHBIX JIATHUH-
CKUX OYKB B aJi)aBUTHOM TOPSIJIKE.

Haiitu nepByro caMmyto KOPOTKYIO CTPOKY B TEKCTOBOM (paitiie.

B texcToBOM (haiisie yaanuTh BCe MyCThIE CTPOKH.

[IponybnupoBaTh B TEKCTOBOM (paiijie Bce T€ CTPOKH, KOTOPBIE CO-
JepKaT CUMBOJI Mpooena.

3aMeHUTh B TEKCTOBOM (haiijie Bce MOAPSA UAyIIHe TpoOesbl Ha OJUH
npooe.

B TexcToBOM (aiize moacuuTaTh YUCIIO MOSBICHUN KaXKIOH CTPOYHOM
JIATUHCKOM OYKBBHI U CO37[aTh HOBBIA TEKCTOBBIN (paiiy, Kakaas CTpoKa
KOTOPOTO UMEET BUJ ' <OyKBa>—<4HUCJIO €€ MOSIBIECHUI™>". ByKBBbI, OT-
CYTCTBYIOIIIME B TEKCTE, B (haiijl HEe BKIIOYATh. ByKBBI JOJKHBI pacmo-
JaraTthCs B ali(paBUTHOM TIOPSIZIKE.

Jlan TekcToBbIi (Qaiin. HaiiTu koanyecTBoO ab3a1eB B TEKCTE, €CIIM a0-
3albl OTACIAKTCS IPYr OT Apyra OAHOM WIIM HECKOJBKHAMU ITYCThIMU
CTPOKaMH.

JlaH TeKCTOBBIN (aiii, coaepKalluidi TEKCT, BHIPOBHEHHBIN 1O JIEBOMY
kpato. Kaxxnast crpoka conepkut He 0oiiee 100 cumMB010B. BHIpOBHSATH
TEKCT IO TPaBOMY Kparo, 100aBUB B HAYaJI0 KaXK/I0M HEMYyCTON CTPOKHU
HY>KHO€ KOJIMYECTBO MPOOEIIOB.

JlaH TeKCTOBBIN (aii, B KOTOPOM KaXK/asi CTpOKa COJIEPKUT HE Ooee
100 cumBOJIOB. 3anucarth Bce CTPOKM (paidjia B HOBBIM (paiil, ”I3MEHUB
MOPSIZIOK CIIeIOBaHUS OYKB B KaX0M CTPOKE HA MPOTUBOIOIOKHBIM.
JlaH TeKCTOBBIA (paiiy, Kaxkaash CTpOKa KOTOPOro M300pa)kaeT Iesioe
YUCJI0, JOTIOJIHEHHOE CJIEBA U CIPaBa HECKOJBKUMU npodenamu. Haii-
TH KOJIMYECTBO ATUX YHUCEI U UX CYMMY.

JlaH TekcTOBBIM (hailyl, KOTOPBIM COAEPKUT TaOJIUIYy ILEJbIX YUCEeI
pasMepoM M x n. Hailitu cymmy 31eMeHTOB K-ro ¢Tos1011a TaHHOH Tao-
JIULIBI.

JlaH TekcTOBBIM (hailyl, KOTOPBIM COAEPKUT TaOJIUIYy ILEJbIX YHUCEeI
pasMepoM M X N. HalT CyMMBI 2JIEMEHTOB BCEX €€ YETHBIX CTPOK.
JlaH TEKCTOBBIM (Dail, KOTOPBIM COACPKUT TAOJHUIY IEJIBIX YHCEI
pazMepoM N x N. Haltu cymMMy 3JIEMEHTOB IJIaBHOW AWAaroHajlv JaH-
HOU TAOJIUILIBI.

JlaH TEeKCTOBBIM (hailyl, KOTOPBIM COACPKHUT TAOIHUILy IENBIX YHCEI
pasmMepoM N X N. 3amucath B IPyrol TEKCTOBBIN (Paiii Ty xe TadnuIy,
TOJBKO B TPAHCIIOHMPOBAHHOM BHJE. BBITOIHUTE 3TO C MCHOJIB30Ba-
HUEM U 0€3 UCTIOJb30BaHU JOTOJHUTEIBHOTO IBYMEPHOTO MAaCCHBA.

216



18.

19.

20,

21.
22,

23.

24.

25,

26.

217.

28.

29.

30.

Pacniedarath Bce cioBa U3 TEKCTOBOTO (paiiia, HE UMEIOIINE B CBOEM
COCTaBe HU OJHOU LUQPHI.

3anucarh BCE CJIOBa M3 MCXOJHOTO TEKCTOBOIO (paidjia MOCTPOYHO B
JPYToil TEKCTOBBIN (haii.

B TekcTroBOM (haitie HaTH camoe€ MEPBOE CIOBO, HAUMHAIOIIEECS Ha
0O0JIBIITYI0 OYKBY.

PacreuataTs u3 TeKCTOBOTO (haiiyia BCe CII0Ba MAKCUMAILHOM JITTHHBI.
Jlan TekcToBBIM (ai, KOTOPBIM COAEPKHUT TAONMILY ILENIbIX YHCEN
pasMepoM M X N, OpUYEM B 3aMKUCU HEKOTOPBIX UHCEI COJIEPIKATCA
IOCTOPOHHUE CUMBOJIBL. TpeOyeTcsi BEIBECTU KOOPIUHATHI BCEX TaKUX
HEKOPPEKTHO 3aIIMCAHHBIX YHCEIL.

Jlan TekcToBbIN (hailsl, KOTOPBIA COAEPKUT TAOIUILY CBEIECHUN O CTY-
nentax. [lepBoiii cTonOeI COMEPKUT PaMUIUU, BTOPOH — Tojla POXK-
JEHUs, TPETUN — cpenHui Oa. a) BeIBECTH TOJIBKO T€ CTPOKHU JaH-
HOM TaONMIBI, KOTOpPHIE COAEPKAT MAKCUMAJIbHBIM CpeaHU OaJll.
0) BeiBectn mH(pOpManMiO TOJIBKO O T€X CTYACHTaX, KOTOpbIE Cpelu
CaMBIX MOJIOJIBIX UMEIOT HAMBBICIIIUHA CpETHUIN Oajl.

B texcTtoBOM (haiisie MoaCcYUTaTh YUCIIO TOABICHUN KaXJO0TO CIIOBA U
CO3/1aTh HOBBIM TEKCTOBBIN (Paiij, Kaxkaasi CTpoKa KOTOPOTO UMEET BU/T
"<cnoBo>—<umcio ero nosiieHui>". CioBa JOJKHBI pacnoiaratbCs
B MOPSJIKE UX TIEPBOTO MOSBJICHUS B UCXOIHOM (paiiie.

3aoauu ona camocmosmenbHol pabomol

Jlan TekcToBbIM (paiiia. BeIBECTH KOJUYECTBO COACPKAIIUXCS B HEM
CTPOK.

Jano ums daiina u 1enoe uncio N, 1 < n < 26. Co3nath TEKCTOBBIN
(aiin ¢ ykazaHHBIM UMEHEM U 3alMCaTh B HETO N CTPOK JIJIMHBI N; CTPO-
ka ¢ HomepoMm K, kK = 1, ..., n, momkHa comepkath K HadaldbHBIX NpO-
nucHvix (TO €CTh 3arjaBHBIX) JJATUHCKUX OYKB, JOTOJTHEHHBIX CIpaBa
cuMBoJiamMu ' *" (3Be3gouka). Hampumep, aiist N = 4 ¢aiin 1omkeH co-
nepkath CTpoku "A***! "AB**" "ABC*", "ABCD".

Jlana ctpoka S u TekcToBbIi (aiin. Jlo0aBUTH CTPOKY S B Havasio (aii-
Ja.

Jlan TekcToBbId (aitn. I[loacuuTarh 4YacTOTy BXOXKACHUU KaKIOTO
CHMBOJIA B JaHHOM (paiie.

3aMEHUTh B TEKCTOBOM (hailie Bce MPOIMUCHBIC JATUHCKUE OYKBBI Ha
CTPOYHBIE, & BCE CTPOUYHBIC — HA MTPOIKCHEIE.

Haiitu nepByro caMyro JJIMHHYIO CTPOKY B TEKCTOBOM (paiie.
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31.
32.

33.
34.

35.

36.

37,
38.
39.

40,
41.

42.

43.

44,

B texcToBoM (haitsie Bce mycThie CTPOKH 3aMEHUTH Ha CTPOKY S.

Jlanbl 1Ba TeKCTOBBIX (haitma. JloOaBUTH B KOHEIl TIEpBOTo (haitia co-
JepKUMOE BTOporo (aiina.

[Ipony6aupoBaTh B TEKCTOBOM (paiijie BCe HEMYCThIE CTPOKH.

Han TexkctoBblid (aiin. Haiitu xomuyecTBo ab3aileB B TEKCTE, €CIU
nepBasi CTpokKa KakJoro ab3aila HayMHAETCS C O-TU MPOOEoB
("kpacnass cmpoka'). Ilyctble CTpOKM MEXIy ad3araMu HE YYHThI-
BaTh.

JlaH TeKCTOBBIM (paiija, KOTOPBIN COJAEPKHUT TAaOJMUIYy LENBIX YHCEN
pasmepoM M X n. Haiitu cymmy 31eMEHTOB K-ii CTpOKM AaHHOHN Tao-
JIUIBL.

JlaH TeKCTOBBIM (hailyl, KOTOPBIM COACPKHUT TAOJIUIlYy IEJIBIX YHCEI
pasmepoM N x N. HailTu cymMy 3J€ME@HTOB OOpaTHOM JuaroHa u JaH-
HOM TaOIUIBI.

B tekcToBOM (paitsie BBIBECTH MOCIEIHEE CJIOBO HAUMEHBIIIECH JIJTUHABI.
[ToacunTath B TEKCTOBOM (paiijie KOJIUYECTBO CUMMETPUYHBIX CIIOB.
Pacneuarats Bce ciioBa U3 TEKCTOBOTO (haiiyia, UMEIOIIUE B CBOEM CO-
CTaBe XOTs Obl OAHY LIUPPY.

Pacnieuatath U3 TeKCTOBOTO (paiisia Bce CJ10Ba MUHUMAIBHOM JIJTMHBI.

N3 ucxoHOro TeKCTOBOro (paiija MOCTPOUYHO 3amucaTh BCE CIOBA, B
KOTOPBIX HET 1u(p, B APYroil TEKCTOBBIN (hait.

JlaH TEeKCTOBBIN (paidsl, COIEPKAIINI TEKCT, BRIPOBHEHHBIH 1O JIEBOMY
kpato. Kaxxnast crpoka conepkut He 0oiiee 100 cumMB0I0B. BHIpOBHSATH
TEKCT 10 I[EHTPY, J0OaBUB B HAUaJI0 KaXKJAOW HEMYyCTON CTPOKH HYX-
HOE KOJIMYECTBO IPOOETIOB.

JlaH TeKCTOBBIA (paiiy, Kaxkaash CTpPOKa KOTOPOro M300pa)kaeT Iesoe
WU JICMCTBUTEIILHOE YKCJIO, JOTIOJHEHHOE CJIeBa M CIpaBa HECKOJIb-
KMMU TpoOeiaMu (BEIIECTBEHHBIEC 4YMCIa UMEIOT HEHYJIEBYIO JpO0-
HYIO 4acTh). BBIBECTH KOJIUYECTBO LIEJIBIX YACET U UX CYMMY.

®aiin coaepkut MHPOpPMaILIMIO O KHUTax: (pamMuins aBTopa, Ha3BaHUE
KHUTH, KOJIMYECTBO CTPaHUII, IIeHa. a) OnpeaeauTh CaMyro JICIICBYIO
KHUTY. 0) Cpeau caMbIX JTOPOTMX KHUT HANTH KHUTH C HAUMEHBIITUM
KOJINYECTBOM CTPAHMII.
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10.

11,

12.
13.

14,

13.6. 3agaun Ha ABOUYHBIE (PaiiIbI

B aiine nenpix yncen yaanuTh BCe OTpUIIATEIbHBIC YHCIIA.

Han ¢aiin BemectBeHHbIX ynces. Co3aaTh JBa HOBBIX (haiisia, mepBbIi
U3 KOTOPBIX COJEPKUT HJIEMEHTBhl UCXOJTHOIrO (aiijia ¢ HEYETHHIMU
HOMEpaMH, a BTOPOUl — C YETHBIMH.

Han daitn nensix yucen. IlpoayoaupoBaTh B HEM BCE DJIEMEHTHI C He-
YETHBIMU HOMEPAMHU.

Han daiin nensix yncen. Co3math HOBBIM (haiiin, coaepKaluii Te ke
AJIEMEHTBI, YTO ¥ UCXOJHBIN (hailyl, HO B 0OpAaTHOM MOPSIJIKE.
TpebyeTcsi 3aMEHUTh BCE AJIEMEHTHI ABOMYHOIO (hailyia 1ebIX Yucel
Ha UX MOJYJIH.

Han ¢aiin nensix yncen. [IpoBepuTs, SABASETCS JIM OH CHMMETPUYHBIM.
Jlanbl 1Ba TPOU3BOJIBHBIX (aiina. TpedyeTcs 100aBUTH K MEPBOMY
daiiny cogepxxkumoe BToporo ¢aiina, a ko BTopomy (daitry — coaep-
AKHAMOE TIEPBOTO.

Jlanbl nBa (aiiyia BEIIECTBEHHBIX YUCEN, DJIEMEHThI KOTOPBIX YIOpPSI-
JIOYEHBI 1O Bo3pacTaHuio. OObeAMHUTHh 3TU (ailibl B HOBBIA (hailn
TaK, 4TOOBI €ro AJEMEHThl TAKXKE OKa3aINCh YIOPSJOYCHHBIMU IO
BO3PACTAHUIO.

3anoaHuTh (Paia JeMCTBUTEIbHBIX YMCEN, 3aT€éM HaWTH KOJIUYECTBO
€ro Y4aCTKOB BO3PacCTaHHs.

Han daiin uensix yncen. YABOUTH €ro pa3Mep, 3alucaB B KOHell (aii-
J1a BCE €r0 UCXOJIHBIE AJIEMEHTHI (B TOM K€ TIOPSIAKE).

Han daiin uensix yncen. YABOUTH €ro pa3Mep, 3alucaB B KoHell (aii-
Jla BCE €ro UCXOHBIE 2JIEMEHTHI (B 00paTHOM MOPSIKE).

Jlan daiin 1enbix ynceil. Y mopsiIouUTh €ro 3J€MEHTHI 110 BO3PACTAHMUIO.
Nwmeercs aitn, comepxamuii KOOpAWHATHI To4eK TMiockoctu XOY,
Ka)K/1as 3alUCh COJIEPKUT a0CIUCCY U OpJIMHATy TOuKU. a) HaliTu Ko-
OpJIMHATHI BEPIIUH MPSAMOYTOJIbHUKA, KOTOPBINA OYJIET COlIepKaTh BCE
yKa3aHHble TOUkH. 0) HailTu paguyc OKpy»KHOCTH C LIEHTPOM B TOUKE
Hayajaa KOOpJUHAT, KOTOpasi OyJIeT COJIepKaTh BCE IAHHBIE TOUKHU.
Nmeetcs daitn, coctosmii U3 3anuceit 00 aBTomoouisax. Kaxnas 3a-
MUCh COJIEPKUT CIIEAYFOUIUE OIS

char mark[30]; /* mapka aBTOMOOMIS */

unsigned int year; /* rox Beimycka */

double mas, speed; /*macca u MakcumanbHas CKOPOCTH aBTOMOOMIIS™/
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16.

17,

a) HaiiTu, CKOIBbKO MMeeTCs caMbIX OBICTPBIX aBTOMOOMIIEH. 6) Harme-
yaTaTh BCE MapKu aBTOMOOWjel Oe3 moBTopeHui. B) Hailtm cpemu
CaMbIX CTapbIX aBTOMOOWJEH Haubojee CKopocTHhIe. I') HameuaraTh
MapKH TOJBKO CaMbIX HOBBIX aBTOMOOWJIEH B MOPSIAKE YBEIUUYCHUS UX
Beca.

Jlan HekoTOpbIi (aiin (TEKCTOBBIN WM ABOWYHBIN). Hanucate QpyHK-
117000)

void Sdvig(char *fileName, char k),

KoTopas 3amudposbiBacT ¢aiia ¢ umeHeM fileName merogom caBura
C TIOMOIIIBIO 11esToro Kitova K. JlanHbli MeTox mudpoBaHUsS COCTOUT B
cienyromeM. PaccMoTpuM MCXOAHBIM Paiiil Kak MOCIeA0BaTEIbHOCTh
OaiiToB (Tuma char), oTkpbeIB ero B nBonuHoM ¢opmare. ITycts K — He-
KOTOpoe (PUKCHpPOBAHHOE I1esioe yucio tumna char. CyuThiBas 3Haye-
HUE o4YepeaHoro OaitTa 3 (aiiyia 1 3amuChIBasi €r0 B IEPEMEHHYIO TH-
na char ¢, mpeoOpa3oBbiBacM ero takum obpasom: C += K. ITpu sTom
CJIOKEHHE MPOUCXOIUT MO MOAYJIro 256. IlomydeHHOE HOBOE 3HaYe-
HUE 3aMUChIBAEM Ha MECTO TOJIBKO YTO CUMUTAHHOTO OaiiTa B UCXOAHOM
¢aiine. I Tak co BceMu Oaiftamu paccmatpuBaemoro (aitna. UTtoos
YCKOPUTH aJNTOPUTM MKU(PPOBaHUS, )KEIATEIBHO CUUTHIBATh OANTHI U3
(aiinia nenpiMU OJI0KaMH, TPEOOPa30BbIBATh UX, a 3aTEM 3allMCHIBAThH
Ha TIPS)KHUE TMO3MIMHU. Takke HamucaTh (QYHKIHIO paciiudpoBaHUS
¢aiina. 3ameTum, 4TOOBI pacinppoBaTh (Paitin, HEOOXOAUMO MTPOU3BE-
cTH omeparuio € -= K co Bcemu Oalitamu 3ammdpoBanHOTO (haiina.
Jau daiin f. Hamucats GyHKIHIO

void Vizhener(char *fileName, char *key),

KOTOpas 3amu@poBBIBAET €ro MeTo10M BuikeHepa. A UMEHHO: MyCTh
key = kiks...Ks — HEKOTOpOE CIIOBO JUIMHBI S (KJIFOY 3amIu(POBAHUS).
CuutbeiBaeM NepBhIi OalT ¢aiina f u mmdpyem ero ¢ moMouILI0 KIro-
ya K (omucaHHBIM B IIPEABIAYIICH 3a/1aue ClIOCOO0OM), 3aTEM CUMTHIBA-
eM BTopol Oaiit daiina f u mmdpyem ero ¢ momormrsio kirtoua K, u T.71.
(st1)-#i cumranHBId OaliT mMdpyeTcs BHOBH KItOUOM Ki, TO ecTh, B
nesoM, (aiin f pazbuBaercs Ha OJOKM JUIMHBI S, HA KOTOPbIC HaKJIa-
IbIBaeTCs KiroueBoe ciaoBo key. Taxke Hamucath QyHKIMIO paciud-
poBanus (aiina.

Jan daiin f. Hanucats QyHKIHIO

void Zamena(char *fileName, char k[256]),

KOTOpas 3amu@poBLIBACT €r0 METOAOM MPOCTOil 3aMeHbl. OnuiieM
naHHbiil MeToll. IlycTh A — MHOXECTBO BCEX 3HAUYCHUU MEPEMEHHOMU
tuna char, S(A) — cuMMeTpudeckas rpyIia MoJACTAHOBOK MHOXECTBA
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19.

20.

21,

22,

23.

24.

25,

A. Ktodom 3amudpoBanus OyAeT SBIATHCSA MPOU3BOIbHAS (PUKCUPO-
BaHHas mojacTtaHoBka K € S(A). Eciu X1X;...Xs — coaepxumoe daitna f,
TO OHO IHPppPyeTcs B MHPPTEKCT YiYs...Ys = K(Xp)K(X2)...K(Xs). IIpo-
mecc ke pacmudppoBaHHUSA BBITVISIAUT  CICAYIOINIUM  00pa3oMm:
X1Xo...Xs = Ky (y2)... k™ (ys), toe k' — moncranoeka u3 S(A), 06-
paTHas K MOJCTaHOBKE K.

3aoauu ons camocmosmenvHol pabomoi

Han daiin nenbix uncen. Co3gaTh 1Ba HOBBIX (paiina, mepBhINA U3 KOTO-
PBIX COACPIKUT YETHBIC YMCIIA U3 UCXOTHOTO (haiiyia, a BTOPOM — HEUET-
HEIE.
Han ¢aitn BemecTBeHHBIX uncen. HaliTu cpenHee apupmMeTnueckoe
€ro0 3JIEMEHTOB U CYMMY €TI0 3JIEMEHTOB C YETHBIMU HOMEPAMH.
B ¢aiine menpix ymcen HaWTH KOJIWYECTBO CEPHUi, TO €CTh HAOOPOB
NOAPSAT UAYIINX OJIMHAKOBBIX 3JIEMEHTOB.
Han daiin nensix yucen. Co3aaTe HOBBIN (DAl LETbIX YUCET, CONep-
KaIUN JIJTMHBI BCEX CEPUi UCXoaHOTO (paiina.
B (ailsie BelleCTBEHHBIX YMCEIN MIOMEHATh MECTAMU MUHUMAJIBHBIN U
MAaKCHMaJIbHBIN SJIEMEHTHI.
Jlan ¢aiin BelIeCTBEHHBIX 4YMCeNl. 3aMEHHUTh B (paiyie KaKIbld 3Jie-
MEHT, KpOME IEPBOTO U MOCJIEAHEro, Ha €ro cpeaHee apudmernye-
CKO€ C MPEIBIAYIIAM U MOCIEAYOIINM 3JIEMEHTOM.
Hanbel N ¢aiinoB BemectBeHHbIX uncel (FILE *f[N]), anmemeHThI KOTO-
pPBIX YHOPSIAOYEHBI 10 BO3pacTaHuio. OObeNMHUTh BCE 3TH (Pailibl B
HOBBIM (Daill Tak, YTOOBI €ro 3JIEMEHThI TAKKE OKA3aJIUCh YMOPSI0-
YEHHBIMU 110 BO3PACTAHUIO.
Nmeetcsa daiin, coctosiimuii U3 3anuceit o crygentax. Kaxmas 3anuch
COIEPKUT CJICAYIOIINE TTOJIS:
char name[30]; /* bamunusa cryneHTa */
unsigned int year; /* To pOKICHUS */
struct SUBJECT mark[10];  /* maccuB npeameToB */
rae SUBJECT — ctpykTtypa, onpeaensemas CaeayomuM o0pa3om:
struct SUBJECT
{
char subjectName[30]; /* mammeHoBanue npeamera */
int z; /* olleHKa 10 TIPeIMETY */

};
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26.

217.

28.

Taxoke umeercs aitn, coepKaiui CBEICHUS O TIPenogaBaTesax:
char subjectName[30]; /* mammeHoBanue npeamera */
char name[30]; /* pamunus npenogaBatens */
a) HamewataTp peMTHUHT CTYJEHTOB IO YCIEBAEMOCTH, IPUYEM CTY-
J€HTOB, UMEIOIINX OJMHAKOBBIA PEUTHHT, PACIION0KHUThH M0 YBEJIUYE-
HUIO Bo3pacTta. 0) [ Kakaoro mperojapaTelis HamedaTaTh CIHMCOK
HanOoJiee yCIeBAIOIUX CTYIEHTOB 110 €ro MPeIMETY.
®aitn comepkuT UHOOPMAILUIO O pe3yJbTaTax CECCHUM HEKOTOpPOU
rpynmnel: @O cryaeHTa, OLUEHKH O MATH 3K3aMeHaMm. [logcuntaTth
KOJIMYECTBO CTYJIEHTOB, HaOpaBIIMX HAWOOJbIIEE KOJWYECTBO Oaj-
JIOB.
®aiin conepKut UHGOPMALIMIO O KHUTAX: (DaMuIus aBTOpa, Ha3BaHUE
KHUTH, KOJIMYECTBO CTPaHUI, IeHa. a) OnpenennuTs camyro JOPOryto
kaury. 0) Cpeau caMbIX JEHIEBBIX KHUT HAUTU KHUTH C HAMOOJIBIINM
KOJINYECTBOM CTPAHMUII.
daiin coaepKUT ONMKUCaHUS TOBAPOB, UMEIOIIUXCS B MIPOJAKE B TOProO-
BOM opranuzaiuu. OnrcaHve ToOBapa BKIIOYAET B c€0s Ha3BaHUE, lie-
HY W KOJWYECTBO ToBapa. a) OmpenenuTh caMblii JOpPOTroil TOBap.
0) Cpeau caMbIX MAJIOYMCIIEHHBIX TOBAPOB HAWTH CaMbI€ JOPOTHE.
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14. CTPYKTYPbI JAHHBIX

14.1. OqHoCBA3HBIE CIIUCKHU

CrnuckoMm Ha3bIBAa€TCS KOHEYHBIM HA0Op AMHAMHYECKHUX JIEMEHTOB,
pa3MeEIIAIONIMXCs B Pa3HbIX 00JIACTAX MaMSTH, JUHEHHO CBA3aHHBIX APYT C
JPYroM C MOMOIIBIO CIENHUAIbHBIX yKa3arenen. Kaxxapii 3J1eMEHT OIHO-
CBSI3HOT'O CIIMCKAa MMEET OJIHO MJIM HECKOJBKO MHMOPMAITMOHHBIX MOJIEH U
CCBUIKY Ha JPYTrOM 3JIECMEHT:

first

l

1 — 2 — 3 -——I--—I-l . |HT_TLL|

Kax b1 2JIeMEHT CIIMCKa ONMMCHIBACTCS CICAYIOINIUM 00pa3oM:

struct ELEMENT

{
int data; [* WHpOPMAIIMOHHOE MMOJIE CIIUCKA */
struct ELEMENT *next; /* ykasarens na ciaemyronuii sneMenT coucka */

¥

JIoCTyIT K CBS3HOMY CITUCKY OCYIIECTBIISIETCS depe3 ykazatenb first
Ha MEPBBIN AJIEMEHT CIIUCKA, KOTOPBIU ONIPENIENAeTCS TaK:

struct ELEMENT *first;

[Tocnenyrommue 3IEMEHTHI CHUCKA JOCTYHHBI 4Y€pe3 CChUIOYHBIE ITOJIS.
CchUtoyHOE MOJIE TMOCIETHEr0 D3JIEMEHTa HMEET HYJIEBOE 3HAYCHHE
(NULL), uTo0BI OTMETHTDH KOHEII CIIMCKA. JJlaHHbIC B CBSI3HOM CITHCKE Xpa-
HATCSI TMHAMHYECKUM 00pa3oM, TO €CTh CO3/Ia€TCSl HOBBIA AJIEMEHT WU
yAQISIETCS HEKOTOPBIN CYIIECTBYIOIIMUM JIIEMEHT CIHMCKA MO MEpPEe HE0OXO-
JTMMOCTH.

Ecin B Hayano OOBIYHOTO OJHOHAIPABIECHHOI'O CIHCKa J00aBUTH
JOTOHUTENLHOE 3BEHO, KOTOpPOE OYJIET pacCMaTpUBaThLCS HE KaK 3JIEMEHT
CIIMCKA, a KaK 3JIEMEHT, COAECPKAIIUI aIpec MEPBOTO JIEMEHTA CIIUCKA, TO
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MOJIYYUM CITMCOK C 3arjIaBHBIM 3B€HOM. YKa3aTejIb Ha 3arJIaBHBIN JIEMEHT
o6o3HaunM depe3 head:

struct ELEMENT *head;

head

| | 71— 1 | =1 2 [ 1> +~—>» » |HULL|

JIJIS TakuX CHUCKOB HEKOTOPHIC aJITOPUTMBI OOPaOOTKH 3amMCBHIBAIOTCS
IPOIIIe, TaK KaK B CIHCKE BCET/Ia €CTh XOTs ObI OJHO 3BEHO (Jake eclii OH
yCT).

B s3p1ke Cu 11 co3M1aHusl TMHAMHYECKHX OOBEKTOB HCITONIB3YETCS
¢ynkius malloc(), umerormas oMH mapameTp:

void *malloc(int size)

Oynkiusa malloc() Bo3BpalaeT ykazaTeiab Ha MECTO B MaMSTH JIsl OOBEK-
Ta pazMepa size. Eciu ke maMaTu 3ampamuBaeMoro o0beMa HeT, Torja
¢bynkiusa Bo3sparniaet NULL.

Hanpumep, ay1st BbigeaeHUs] TaMsITH T0J] JEMEHT CIHMCKa HEeo0Xo-
MO UCIO0JIb30BaTh IAHHYIO (PYHKIIMIO CIEAYIOMIMM 00pa3oMm:

struct ELEMENT *q; /* ykazaTenb Ha 3JIeMEHT cliucKa */
g = (struct ELEMENT *)malloc(sizeof(struct ELEMENT));

JlanHast QyHKUMS CO3[a€T JUHAMUYECKUM OOBEKT pa3Mmepa (B Oairtax)
sizeof(struct ELEMENT) u Bo3BpamaeT ajpec BBIICICHHOTO yJacTKa ITa-
MATH. JInHaMUYeckuii 0ObEKT, CO3MaHHBIN ¢ ToMoIbI0 GyHKIMK malloc(),
OyZIeT CyIecTBOBaTh BIIOTH JI0 3aBEPIIICHUS OCHOBHOW MPOTPaMMBI, JTHOO
70 TeX IMOp, MOKa OH He OyAeT yHndToxkeH ¢pyHkuuei free():

void free(void *p)

Oynkius free() ocBOOOXAaET 001aCTh NaMSITH, HA KOTOPYIO YKa3bIBaeT .
Ecnu p pasao NULL, Torna nanHast QyHKIMS HUYEro HE JeacT.

OueHb BaXHO 3aMETUTh, UYTO MOBTOPHOE MPUMEHEHHE (YHKIIUU
free() k aTOMY X€ yKazaTesaro IpUBEJET K omnbke B mporpamme. Hampu-
Mep, OIMOO0YHa OyIeT TaKasl 3aMucCh:

int *a;
a = (int *)malloc(sizeof(int));
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free(a);
free(a); [* omnbOka */

BozoB xe pynkiuu free() asist HyJIeBoro ykasaTens aOCONOTHO 6e3001e3-
HeHeH. [loaToMy pexomMeHayeTcs IMocie OCBOOOXKICHWS ITUHAMHYECKOU
00JJaCTH TIaMATH TPUCBAWBATh CBSA3AaHHOMY C HEH YKa3aTeNI0 HYJECBOE
3HaueHue. CiaenoBarenbHO, HCTIPABUTh MPEABIIYIIYIO OIMMOKY MOXKHO Ta-
KM 00pa3oM:

int *a;

a = (int *)malloc(sizeof(int));
free(a);

a=NULL;

free(a);

K nuHeitHbIM criicKaM OOBIYHO MPUMEHSIOTCS CIEAYIOIINE ONIEPAIIIH:

1) mowuck 3JeMeHTa ¢ 3aJJaHHBIM CBOMCTBOM;

2) meyaTh BCEX DJIEMEHTOB CITMCKA, HAUMHAS ¢ HEKOTOPOTrO JIEMEHTA;

3) ompeneneHre KOJIMIECTBA JIEMEHTOB B CITUCKE;

4) BcTaBKa JOIOJHHUTEILHOTO 3JIEMEHTa CITMCKA 70 WM TOCJE yKa-
3aHHOTO DJIEMEHTA;

5) ynajieHue 37eMeHTa C 3aJaHHBIM CBOWCTBOM;

6) coeqMHEHUE ABYX CITMCKOB B OJIMH CITMCOK TEM WJIM WHBIM OOpa-
30M (HampuMep, CIHMSHHUE JIBYX YIOPSIOYCHHBIX CITUCKOB C COXpaHCHHUEM
YIOPSATOYCHHOCTH);

7) pa3OucHUE CIMCKa Ha HECKOJIBKO ITOJICITHCKOB,;

8) ynalieHHe BCeX DJIIEMEHTOB CITHCKA.

Jloctyn k nHOOPMAITMOHHOMY U CCHJIOYHOMY TIOJIO 3JIEMEHTA CITH-
cka ( (eciu TOJBKO MO 3JIEMEHT ( paHee OblIa BhIACICHA MaMITh (DYHK-
et malloc()) ocymecTBiseTcs, CIeA0BaTEILHO, CISAYIOIIMM 00pa3oM:

(*qg).data
(*q).next

CymiecTByeT M Jipyrasi SKBUBaJIEHTHasi popMa OOpallleHusl K MOJIsAM dJie-
MEHTa (:

g->data
g->next
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Nmenno BTOpoit (popmMoit MbI 1 OyI€M TOIB30BATHCS B CICIYIOIIUX PH-
Mepax. CpaBHUTE, UIs TpUMeEpa, 0OpallleHHs] K TIOJISIM CJIEAYIOIIETO MOocie
g 2JIEMEHTA:

(*(*q).next).data g->next->data
(*(*q).next).next g->next->next

Taxke BMecTO TOTro 4YTOOBI KaxAbld pa3 HE mucarth struct
ELEMENT, ucnons3yem cpeactso typedef:

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

Tenepp MoxHO npocto nucatb ELEMENT, nanpumep ELEMENT (, a He
struct ELEMENT q.

14.2. Ilpumepbl padOTHI C OTHOCBA3HBIMU CIIUCKAMU

B nmpumepax ganHorO maparpada MCHOJIb3yIOTCS CIHCKHA C 3ariaB-
HBIM 35ieMeHTOM. B nHdopmanronnom nosie 3arnaBHoro snementa (head),
€CJIM TO3BOJIET CUTYyaIlMsl, MOKHO XPaHUTh CIYKEOHYH0 HHQpOpMaIIUIO,
HalpuMep KOJIUYECTBO JIEMEHTOB B CITUCKE U T.II.

IIpumep 1. TpeOyercs co3marh COUMCOK W3 3JIEMEHTOB MOCJEI0Ba-
TEJLHOCTH LIEJIBIX YHCEN, BBOJAMMBIX MOJb30oBatelieM. Takxke TpeOyercs
HanucaTh PYHKIUIO yIAJICHUS BCEX SJIEMEHTOB CIUCKA, UMEIOIINX HEKO-
TOpOE 3HAYCHUE X.

B peanuzanuu anroputrma peiieHUsl TaHHOM 3aJja4yd HaM NOTpeOyeT-
cs IepeMeHHas-ykaszarelb head, koTopas OyaeT coaepaTh aapec 3arjiaB-
HOT'O 3JIEMEHTa CIHUCKAa, U NIepeMEHHasI-yKka3arelb last, koTopas OyaeT co-
JEpKaTh B KaY€CTBE CBOErO0 3HAUEHHMS aJpec MOCIEIHETO 3JEMEHTA CIIHU-
CKa:

rad lfst
—— 5 | ] 2 | . +—17 [uuLL]
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Omnepanuio g00aBIEHUS HOBOTO dJIEMEHTa B KOHEI[ CIucka oopMuMm B
BUJIC OTJCITbHOU (yHKITUN

AddElement(ELEMENT **last, int x)

JlanHas GyHKIMS B KaueCTBE apryMEHTOB IMOJIYYaeT 11€JI0€ YUCIIO X, KOTO-
poe TpeOyercd 3anucaTh B MHOOPMALMOHHOE TOJIE CO3/1aBaEMOT0 JIEMEH-
Ta, U yKa3aTeJb Ha MEPEMEHHYIO-yKa3zaTelb last (3T0 JemaeTrcss moTomy,
4TO TIpU J00ABJICHUU HOBOTO BJIEMEHTa B KOHEI[ CHHCKA, aJpec AaHHOTO
arieMeHTa TpeOyeTcsl COXpaHUTh B MepeMeHHou last, moaTomy nepenaercs
aJpec NEPEMEHHON-yKa3aTes).

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

[* snement cnucka */
typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

[*  co3maHue 3arjiaBHOTO JIEMEHTA criucka — */
[* *head — yka3aTenp Ha 3arjaBHBIN JIEMEHT, */
[*  *last — yka3aresab Ha MOCIACAHMM dJeMeHT  */

void CreateHead(ELEMENT **head, ELEMENT **last)
{
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL,;
*last = *head,;

}

/* no0aBIlleHrEe HOBOT'O 3JIEMEHTA CO 3HAUCHUEM X B KOHEI] CITMCKA,
TO €CTh ITOCJIE DJICMEHTA, Ha KOTOPBIH yKa3bIBaeT yka3aTeb last
*/
void AddElement(ELEMENT **last, int x)
ELEMENT *q; /* "HoBBIi h1eMeHT ciucka */
[* BbIIEIsEM aMATh JJIs OYSPEIHOI0 FJIEMEHTA CIIMCKa: */
q = (ELEMENT *)malloc(sizeof(ELEMENT));
[* 3anonHseM MHPOPMALMOHHOE U CCHUIOYHOE IT0JI€ HOBOTO diieMeHTa; */
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g->data = x;

g->next = NULL;

/* CBSI3BIBAEM HOBBIN DJIEMEHT q C OCTAJIbHBIMH JJICMCHTAMU CITMCKaA,
TO €CTh B CCBUIOYHOE TT0JI€ AieMeHTa *last 3anmuceiBaeM aapec
HOBOT'O DJICMEHTA:

*/
(*last)->next = q;
*last = q;

[* Tenepnb 10OABIICHHBIHN 3JICMEHT CTAHOBUTCS ITOCIICTHUM
DJIEMEHTOM CITMCKAa
*/

[* BBIBOI HA KpaH BCEX DJICMCHTOB CIHCKa */
void Print(ELEMENT *head)
{
ELEMENT *q;
q = head->next;
while (q '= NULL)
{
printf("%d ", g->data);
q = g->next;
}
printf("\n");
}

[* ynaneHue BceX JIEMEHTOB CO 3HAYCHHUEM X */

/* 9TOOBI yAAUTH AMEMEHT CIHCKA CO 3HAYCHHEM X,
TpeOyeTCs KaK/IbIi pa3 MpOoCMaTPUBATh COACPKUMOE
CJIEYIOLIETO JIIEMEHTA TOCIIE JJIEMEHTA,
Ha KOTOPBIM YKa3bIBAET TEKYILLHUM yKa3aTemb g

*/

void DeleteElement(ELEMENT *head, ELEMENT **last, int x)

{
ELEMENT *q, *t;

q = head,;
while (g->next '= NULL)
{

if (g->next->data == Xx)
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{
t = g->next;
g->next = gq->next->next;
free(t);
}
else q = g->next;
}
*last = q;

}

[* yJIQJIEHUE BCETO CIMCKA, HE BKJIIOYAsl 3arjIaBHbIN 3JIEMEHT */
void Distruct(ELEMENT *head, ELEMENT **last)
{
ELEMENT *q, *t;
q = head->next;
while (g '= NULL)
{
t=q;
q = g->next;
free(t);
¥
head->next = NULL;
*last = head,;

}

int main()
{
ELEMENT *head, *last; /* 3arnasnbiii u mocnenumii smemenTs crincka */
int a;
CreateHead(&head, &last); /* co3maem 3arnaBHbIN semMeHT  */
printf("a=");
scanf("%d", &a);
[* hbopmupyem crucok */
while (a !'=0)
{
AddElement(&last, a); /* nobasnsiem k crmcky ouepeanoi snement */
printf("a =");
scanf("%d", &a);
¥

Print(head); /* meuataem crmcok */
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printf("deleted x =™);

scanf("%d", &a);

[* ynansem Bce 3JE€MEHTHI CIIMCKA, HMEIOIINE 3HaYeHue a */
DeleteElement(head, &last, a);

Print(head); [* medataeM HOBBII CIIMCOK */
Distruct(head, &last);  /* ymansem Bech crCOK */
return O;

}

IIpumep 2. MoOXHO OTpaHMYMUTHCA U OAHOM (YHKIIUEH CO37aHUs
CIIMCKAa M3 TMPEIbIAYIIET0 IpuMepa, He MPOMUCKHIBas OTIAEIbHO (YHKIIUIO
AddElement(). Tonpko Takoi BapuaHT HE COBCEM yaoOeH 1jisi 6osiee 00-
IIEro cliyyas — KOrja B MPOMEXYTKaxX MEXIy omNepanusiMu J00aBJICHUS
AJIEMEHTOB B CIHCOK TpeOyeTCsl MPOU3BOJUTh T€ WM UHBIE BBIYMCICHUS
WJIA MAHUITYJISIOAU CO CIIMCKOM.

3amMeTuM, 4TO B JJAHHOM Clly4yae HeOOXOJAMMOCTh B MEpeMeHHOM last
OTIAJIACT.

void CreateList(ELEMENT **head)
{ -
Int a;
ELEMENT *q;
/* co3maeM 3arjiaBHBIN dJeMEHT */
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL,;
q = *head,;
printf("a =");
scanf("%d", &a);
I* bopmupyem crucok */

while (a !=0)
{
g->next = (ELEMENT *)malloc(sizeof(ELEMENT));
q = g->next;
g->data = a;
g->next = NULL;
printf("a =");
scanf("%d", &a);
¥
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Ipumep 3. ChopMupoBaTh CIUCOK LETBIX YUCET, BBOJUMBIX MOJb-
30BaTelieM, B MOPSAJIKE BO3pacTaHUs U O€3 MOBTOPEHUN AIEMEHTOB. Bbi-
BECTHU DJIEMEHTHI CIIMCKA HA DKPaH U HAWTH CyMMY BCEX 3JIEMEHTOB CITH-
cKa.

B nannoii 3amaue He 00s13aT€NIbHO BBOAUTH NEPEMEHHYIO-YKa3aTellb
last Ha mocienHUN SJIEMEHT CNHMCKA, TaK KaK KaXIbli pa3 HEOOXOAUMO
MpoCMaTPUBATh €0 AJIEMEHTHI, HAUMHAS C Hayajia, 4YTOObl MOCTaBUTh HO-
BBIN 2JIEMEHT TaKUM 0O0pa3oM, YTOOBI BBHITIOJHSUIUCH BCE YCJIOBHS 3aJayu.
3a omepanui0 BCTaBKM HOBOTO »dJIeMEHTa OyJieT oTBeuarh (DYHKIHS
Insert().

Takxke B JaHHOM MpUMEpPE JUIsl pa3HOOOpa3usi HAMUIIEM PEKYPCHB-
Hy10 QyHKIMIO Print() BbIBOJIa BCEX 2JIEMEHTOB CIIMCKA Ha SKpaH.

#include<stdio.h>

#include< stdlib.h>

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

void CreateHead(ELEMENT **head)

{
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL,;

}

/* BcTaBKa HOBOI'O 3JIEMEHTA CO 3HAUCHUEM X */
void Insert(ELEMENT *head, int x)
{
ELEMENT *q, *t;
q = head,;
while (g->next '= NULL && g->next->data < x)
q = g->next;
if (q->next == NULL || x < g->next->data)
{
t = (ELEMENT *)malloc(sizeof(ELEMENT));
t->data = x;
t->next = g->next;
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g->next = t;
}
¥

/* pexypcuBHas (QyHKIHS, KOTOPask OCYIIECTBIISECT BBIBOJT
Ha DKpaH BCEX DJIEMECHTOB CITHCKa
*/
void Print(ELEMENT *q)
{
if (q !=NULL)
{
printf(*%d ", g->data);
Print(g->next);
¥
¥

[* cymMMa 31eMEHTOB cricka */
int SUM(ELEMENT *head)
{
ELEMENT *q;
ints =0;
q = head->next;
while (g '= NULL)
{
s += g->data;
q = g->next;
}

returns;

}

[* ynaneHue crucka u3 naMsats */
void Distruct(ELEMENT *head)

{
ELEMENT *q, *t;

q = head->next;
while (g '= NULL)

t=
q-= q->next;
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free(t);
}
head->next = NULL;

}

int main ()
{
ELEMENT *head;
int a;
CreateHead(&head);
printf("a=");
scanf("%d", &a);
while (a !'=0)
{
Insert(head, a);
printf("a=");
scanf("%d", &a);
¥
Print(head->next);
printf("\n");
printf("sum = %d\n", Sum(head));
Distruct(head);
return O;

}

IIpumep 4. Huxe npuBeneH airOPUTM MOCJIEA0BATEILHOTO MOUCKA
aJIeMEeHTa C 3aJaHHbIM 3HaueHueM X. DyHkius Find BosBparmiaer ampec
MIEPBOTO 3JIEMEHTAa CO 3HA4YCHUEM X. ECiuM 3jieMeHTa CO 3Ha4Y€HUEM X HET
B CIIMCKe, TO PyHKIUs Bo3BpaTtut 3HaueHue NULL.

ELEMENT *Find(ELEMENT *head, int x)

{
ELEMENT *g;

q = head->next;

while (g '= NULL && g->data !'= x)
q = g->next;

return q;

}
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IIpumep 5. IIycTh MMeETCS CIMCOK LEJBIX YHUCEN, DJIEMEHThI KOTO-
poro ymopsiioueHsl Mo Bo3pacTanuio. Hamucate QyHKIMI0, KOTOpas 1o-
OaBysieT B JNaHHBIM CHMCOK AJIEMEHT CO 3HAYEHHUEM X TaK, YTOObI CIIUCOK
OCTaBaJICA YIOPSAOYEHHBIM.

void Insert(ELEMENT *head, int x)
{
ELEMENT *q, *t;
q = head,;
while (g->next '= NULL && g->next->data <= X)
q = g->next;
t = (ELEMENT *)malloc(sizeof(ELEMENT));
t->data = x;
t->next = g->next;
g->next = t;

}

HpnMep 6. HOI[CLII/ITaTB MaKCHUMAJIbHOC KOJIHNYCCTBO OJHMHAKOBBIX
JJIEMCHTOB B CIIMCKC.

long MaxPovt(ELEMENT *head)
{
ELEMENT *q, *t;
long max, n;
q = head->next;
max = 0;
while (g '= NULL)
{
n=1;
t = g->next;
while (t 'I= NULL)
{
if (q->data == t->data)
n++:
t = t->next;
}
if (n > max)
max = n;
q = g->next;
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}

return max;

}

IIpumep 7. Hanucate QyHKINIO, ONPEAETAIONIYIO0, TyCT JIM CIUCOK
C 3arJlaBHBIM DJIEMEHTOM.

int ISEmpty(ELEMENT *head)
{

}

IIpumep 8. Hanucate PyHKIIMIO, KOTOpasi MEPEBOPAUYNBACT CIUCOK,
TO €CTbh MEPBBIM AMeMeHT (0e3 yueTa 3arIaBHOTO) CTAHOBUTCS MOCIETHUM,
BTOPOM — MPEANIOCICIHUM U T.]I.

ITycTh UCXOIHBIN CIIMCOK UMEET CIEAYIOLINN BUI:

lhe ad

return (head->next == NULL);

— 1 o 2| —— +—| n | JIILL

AJNTOPUTM COCTOUT B TOM, YTOOBI B CCBIJIOUHOE TIOJIE OUEPETHOTO IIEMEH-
Ta (, XpaHsiiee ajpec CICAYIOIIEro Mmocie (| AJIeMeHTa, 3alnucaTh ajapec
MPEBIAYIIETO AIEMEHTA.

Ha nepBoM miare B CChUIOYHOE MOJIE€ IEPBOro AeMeHTa (0e3 ydera
3arjaaBHOrO) 3amuchiBacM 3Hauenre NULL. I-i mar cxeMaTH4HO MOKHO
M300pa3uTh CIECAYIOIINM 00pa3oM.

a) IlepemenHas t comepXUT ajpec MOCIETHErO AJIEMEHTa HOBOIO
CITMCKa, a MIepeMeHHas (| COASPIKUT aJpec 0YEPETHOTO IEMEHTA UCXOIHO-
ro CIIKMCKa, B CCHUIOYHOE TOJIE KOTOPOro TpeOyeTcs 3amucaTh aapec die-
MeHTa L

t lq lr

puLifif—s —fe Ji1] [G]e—lirt[ o o——[n]wurL]

0) 3MeHsieM 3Hau€HUE CCHUIOYHOTO TOJISI 3JIEMEHTA (:
t q ¥

frorilije—s o Jia] [l o— «——[n o]
7
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B) [lepeonpenensem 3HaueHus 3eMeHTOB t 1 (:

t q

HI/I)KG HpeI[CTaBJ'IeH aJIFOpI/ITM HepeBOpa‘II/IBaHI/IH CIIMCKa.
void Reverse(ELEMENT *head)
{
ELEMENT *q, *r, *t;
q = head->next;
t = NULL;
while (q '= NULL)
{
r = g->next;
g->next = t;
t=q;
q=r,
}

head->next = t;

}

Ipumep 9. B crenyromel nporpamMme CO3Ma€TCS CIUCOK, KaXKIbIN
AJIEMEHT KOTOPOTO COACPKUT MHPOPMAIIUIO O paOOTHUKAX HEKOTOPOM Op-
TaHU3ALUN.

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

typedef struct WORKER

{
char name[20];  /* dbamuns */
int year; /* ron poxknenust ¥/
float earnings;  /* 3apabornas miara */

} WORKER,;

typedef struct ELEMENT

{
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WORKER worker;
struct ELEMENT *next;
} ELEMENT;

/* co3maHWe 3arjiaBHOTO DJIEMEHTA COUCKa  */

void CreateHead(ELEMENT **head, ELEMENT **last)

{
*last = *head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL,;

}

/* noOaBJIEHME HOBOI'O DJIEMEHTA B KOHEL cIcKa */
void AddElement(ELEMENT **last, WORKER *worker)

ELEMENT *qg; /* HOBBI# 2ieMeHT criucka */
/* BbIACISIEM TIAMSITh JI1 OYEPEIHOTO DJIEMEHTA CIUCKa: */

q = (ELEMENT *)malloc(sizeof(ELEMENT));

/* 3anonHsieM HH(OOPMAITMOHHOE U CCHUTOYHOE TT0JIE HOBOTO AJIEMEHTa: */
g->worker = *worker;

g->next = NULL;

(*last)->next = q;

*last = q;

}

/* BBIBOJ Ha KpaH BCEX AJIEMEHTOB CIHCKa */
void Print(ELEMENT *head)
{
ELEMENT *q;
q = head->next;
while (q '= NULL)
{
printf("%s ", g->worker.name);
printf("%d ", g->worker.year);
printf("%.2f\n", q->worker.earnings);
q = g->next;
¥
printf("\n");
¥
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/* ynaneHue BCero CIHMcKa, He BKJIIOUas 3arjaBHBIN 2JIEeMEHT */
void Distruct(ELEMENT *head, ELEMENT **last)
{
ELEMENT *q, *t;
g = head->next;
while (g '= NULL)
{
t=q;
q = g->next;
free(t);
}
head->next = NULL;
*|ast = head;

}

int main()
{

ELEMENT *head, *last;

WORKER worker;

CreateHead(&head, &last);

printf("name: ");

scanf("%s", worker.name);

while (strcmp(worker.name, "000"))

{
printf(“year: ");
scanf("%d", &worker.year);
printf(“earnings: ");
scanf("%f", &worker.earnings);
AddElement(&last, &worker);
printf("name: ");
scanf(*'%s", worker.name);

¥

Print(head);

Distruct(head, &last);

return O;

}
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14.3. 3a1a4u HA OTHOCBA3HBIC CMIUCKH

Haitu KonM4uecTBO MakCHMaJIbHbIX 3JIEMEHTOB CIIMCKA JIEUCTBUTEIb-
HBIX YHCEI.

Hamucats QyHKIuio, KoTopas Mo Cnucky L CTpouUT ABa HOBBIX CITH-
cka: L; — U3 moNOXUTENBHBIX 3JIEMEHTOB U Ly — U3 oTpuIaTenbHbIX
AJIEMEHTOB CIMCKa L.

Onpenenuts, SIBISETCS JIU CIIUCOK YHOPSIIOUYEHHBIM IO BO3PACTAHUIO.
CdopmupoBaTh CHUCOK IEIBIX YHUCE, BBOJUMBIX MOJIb30BATEJIEM, B
TOM MOPSJIKE, B KOTOPOM BBOJSTCS 3TH 4YHCJA, HO 0€3 MOBTOPEHUU
AJIEMEHTOB.

Hanucath GyHKIMIO, KOTOpas OCTaBJsAET B CIHUCKE L TOJIBKO TMEpBBIC
BXOXEHUS OJTUHAKOBBIX 3JIEMEHTOB.

OnpenenuTs KOJIWYECTBO PA3JIUYHBIX AJIEMEHTOB CIIHMCKA JIEMCTBU-
TEJbHBIX YKCEJI, €CJIM U3BECTHO, YTO €ro AJIEMEHThI 00pPa3yrT BO3pac-
TArOLIYI0 TOCIE0BATEIBHOCTD.

Nmeetcsa criicok 1enbix yuceln. [IpoayOnupoBath B HEM BCE YETHBIC
qucoa.

Hanucate ¢yHKIMI0, KOTOpas MO JIByM JAaHHBIM JIMHEHHBIM CHUCKaM
dbopMUPYET HOBBIN CIUCOK, COCTOAIINMI U3 3JIEMEHTOB, OJTHOBPEMEHHO
BXOJSIIIMX B 00a JJAHHBIX CIIHCKA.

Hanucate ¢yHKIMIO, KOTOpas Mo JBYM JMHEWHBIM cnuckam L; u L,
dbopMUPYET HOBBIN CUCOK L, COCTOSIIIUN U3 2JIEMEHTOB, BXOAIINX B
L;, HO He Bxomsamux B L.

Hanucate QpyHKIMIO0, KOTOpask B IMHEHHOM CIHMCKE U3 KaX0M TPyIIIbI
NOAPSIA UAYIINX OJMHAKOBBIX AJIEMEHTOB OCTABJISET TOJBKO OJIHH.
Hanucate dyHKIIMIO, KOTOpas yAaiaseT U3 CIHCKA 3JIEMEHTHI, BXOIs-
[I1E€ B HETO TOJBKO OJIUH Pa3.

Ilycth uMeeTcst ciucok Ly NeMCTBUTENBHBIX YHCE. 3anucaTh B CIH-
cok L, Bce aieMeHTHI ciucka L, B mopsake Bo3pacTaHUs UX 3HAYCHUM.
[lycth MMeeTCs CHHCOK JACHCTBUTEIBHBIX YHCEN &;—ary—...—a,.
CdopmupoBarh HOBBIN crmcok b;—b,—...—Db, Takoii xxe pasmepHo-
CTH TIO0 CJICAYIONIEMY IpaBUIy: 3JIEMEHT Dy paBeH cymMMe 3JIEMEHTOB
MCXOHOTO CIHCKa ¢ HoMepamu oT 1 o K.
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25,

3aoauu ons camocmosmenvHou pabomaol

Hanucath ¢yHKIMIO, KOTOpasi, MOJIy4YHB B KaueCTBE MMapameTpa yka3a-
TeJb (] HA OJUH U3 AJIEMEHTOB CIHCKAa U HEKOTOPOE YMCIIO X, T00aBIs-
€T HOBBIN AJIEMEHT CO 3HAYECHHUEM X Mocie (J0) AJIeMEHTa, Ha KOTOPhIi
yKa3bIBAET CChLIKA (.

Hamnucats ¢yHKIMI0, KOTOpasi, MOJYy4YHB B KaueCTBE MapaMeTpa ykasa-
TeIb (] Ha OJUH W3 BJIEMEHTOB CIIUCKA, YAAISET 3JEMEHT, pacloJio-
KEHHBI IIOCje 2JeMeHTa (caM DJIEMEHT), Ha KOTOPBIH YyKa3bIBaeT
CCBLIKa (.

CdopmupoBath CIHCOK AEUCTBUTEIBHBIX YHCEN. 3aTeM MpeoOpas3o-
BaTh €ro, MpuOaBUB K IMOJOXKHUTEIBHBIM YHCIIaM MaKCUMAaJbHBIN 3Jie-
MEHT.

VYaanuTh U3 cOHUCKa BCE JIEMEHTHI, BCTpeyaromuecss 0oyiee OJHOTO
pasa.

Jan cniucok nenbix uyncel. [Ipoxy0aupoBaTh B HEM BCE IPOCTHIE YUCIA.
Onpenenutb, €CTh JU B CIHCKE JACHCTBUTEIBHBIX YHUCEN AJIEMEHTHI,
MPEBOCXOAIINE CYMMY BCEX AJIEMEHTOB CITHUCKA.

Onpenenutb, 00pa3yroT JIM 3JIEMEHTHI CIIUCKA JIEUCTBUTEIBHBIX YHCEIT
r€OMETPUUYECKYIO MPOTPECCHUIO.

VY nanuTh U3 cucKa JAEHUCTBUTEIBHBIX YHCET BCE MaKCUMAJIbHBIC dJie-
MEHTBL.

[lycTh MMEIOTCSI J1Ba CIIUCKA, 3JIEMEHTHI KOTOPBIX YIOPSAIOYEHBI IO
Bo3pacTanuio. ChopMUpPOBATH HOBBIM CITMCOK M3 3JIEMEHTOB MEPBOTO
U BTOPOTO CIUCKA, JIEMEHTHI KOTOPOTO OyAYT YIOPSI0UYEHBI.
CdopmupoBarh CIUCOK JECUCTBUTEIBHBIX YUCEN a;—ay—...—a,, BBO-
TUMBIX TOJib30BaTesieM. 3aTteM CchOpMHUpPOBATh HOBBIM  CIHCOK
b;—by—...—b, Takoii ke pasMEPHOCTH IO CICAYIOIIEMY IPABHIIY:
AJIEMEHT Dy SIBJISCTCS MaKCHMAJIbHBIM M3 3JIEMEHTOB MCXOJHOIO CITH-
cka ¢ Homepamu oT 1 1o K.

[lyctb uMeercsi TekcTOBbIA (ais. Mcrnonb3ys JMHEHHBIA CIHUCOK,
MOACYUTATh YMCIIO TOSBJICHUIN KaXXJIOTO CJIOBA M CO3/IaTh HOBBIM TEK-
CTOBBIN (haiiy, Kaxk/1asg CTpOKa KOTOPOTO UMEET BUJ "'<CIIOBO>—<UUCJIO
ero nosieieHuir™>". CioBa JOKHBI pacroyaraTbCs B JeKCUKorpaduye-
CKOM TIOPSIJIKE.

[uknuueckui COMCOK — 3TO CIIMCOK, MOCIEAHUM 3JIEMEHT KOTOPOTO
YKa3bIBAET HA MEPBbIM. TaKOM CIIMCOK ITO3BOJISIET IIPOrPaMMeE CHOBA U
CHOBa MPOCMAaTPUBATh €ro MO KPYTry JI0 TEX MOP, ITIOKa B ITOM €CTh HE-
obxoaumocth. Hamucatrs yHKIMIO 70OaBICHUS 3JIEMEHTA B ITMKJIU-
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YECKUH CIUCOK M (PYHKITMIO TIeYaTH BCEX DJIEMEHTOB CITMCKA, HAUMHAs
C HEKOTOPOI'O 3JIEMEHTA.

26. 3anucaTh B IMUKINYECKUM CIUCOK N IEJIBIX YUCEN, BBOJUMBIX IOJIb30-
BareyieM. Take HamucaTh (YHKIIHMIO, KOTOpas MOJy4aeT B KauyeCTBE
apaMeTpoB yKa3aTelb Ha OJIUH U3 DJIEMEHTOB CIIMCKA (| U 11€JI0€ YHUC-
70 k> 0. lanHas pyHKIHS IpoOeracT Mo dJIeMEeHTaM CIIMCKa, HaurHas
C DJIEMEHTa (|, U OCTaHABIMBaeTCA Ha K-M 1o cuery ajeMeHTe, KOTO-
pBIM yAanseTcs, U CUET HAYMHAETCS CO CJICAYIOIIETO JIEMEHTA, U TaK
70 TeX IIOp, IOKa B CIIMCKE HE OCTAHETCA OJIMH dJIeMEHT. DYHKIIMS
BO3BpAIlla€T 3HAYCHUE JAHHOTO 2JIEMEHTA.

14.4. Cteku, ouepenn

CtexoM Ha3bIBaeTCsl KOHEUHBIM HA0OP AJIEMEHTOB, PACIOIO0KEHHBIX
B JIMHAMUYECKOW MaMsATH, B KOTOPOM J00aBJICHHE HOBBIX JJIEMEHTOB H
YIAJIEHUE CYIIECTBYIOIIUX BBIMOJHAETCS TOJIBKO C OAHOIO €ro KOHIA, KO-
TOPBIA HA3bIBAETCS BEPIIMHOW CTEKA.

Crek sABNSETCS YaCTHBIM CIIYYaeM JIMHEWHOTO OJTHOCBSI3HOTO CIIMCKA.
BBuUly BAXKHOCTH CTEKOB M OYEpEICil, UM MPUCBOUIIA COOCTBEHHbBIE MME-
Ha. Haj cTeKOM BBINIOJIHAOTCS CIEAYIOIIME OTIEPALUH:

1) moGaBicHUE B CTEK HOBOTO DJICMCHTA,;

2) OCTYII K MOCJICTHEMY BKIIFOYCHHOMY 3JICMEHTY (BEPIIUHE CTEKA);

3) MCKJIIOYCHHUE M3 CTEKa MOCIICTHETO BKIFOYCHHOTO 3JICMEHTA.

CTekn 04EeHb YacTO HMCIMOJIB3YHOTCS KOMIMIATOPAMHU IS OTCIEKH-
BaHUS (PYHKIMU U UX mapamMeTpoB. Beskuil pas, Korja NpouCcXOIUT BbI30B
dbyHKIMy, TaHHas QYHKIKS JOJDKHA 3HATH, KaK BEPHYTHCS K BBI3BIBAIOIICH
GyHKIIMK, TO3TOMY aJpec BO3BpaTa MOMeEIIAeTcs B cTeK. Eciau mpoucxo-
IUT LENbIA PA MOCIEA0BATEIbHBIX BBI30BOB, TO aJpeca BO3Bpara IMoMe-
IAFOTCS B CTEKE B TAKOM IMOPSIAKE: MOCIEAHUM MPHUILEI — IEPBBIM BBIIIEI,
TaK 4TO TMOCJE 3aBEPIICHUS BBINOJHEHUS KKI0W (QYHKIHUH MPOUCXOIUT
nepexo] K QyHKIHUH, €€ BbI3BABIICH.

IIpumep 1. B cienyromem npumMepe co3aaeTcs CTEK, U €ro colep-
’KUMO€ BBIBOJIUTCSI HA DKPaH, MPUYEM MOCJE U3BJICUCHUS UHPOPMALIUU U3
OYEPEIHOI0 IEMEHTA CTEKA TAHHBIN DJIEMEHT YIAJISETCH.

#include<stdio.h>
#include<stdlib.h>
typedef struct ELEMENT

241



{

int data;
struct ELEMENT *next;
} ELEMENT;

/* no0aBlieHHE 2JIEMEHTA B BEPIIUHY CTeKa */
void Push(ELEMENT **first, int X)
{
ELEMENT *q;
q = (ELEMENT *)malloc(sizeof(ELEMENT));
q->data = x;
g->next = *first;
*first = q;
by
/ * 3Bieuenue I/IH(I)OpMaI_II/II/I N3 BCPHIMHBI CTCKA C MMOCJICAYIOIINM
YAaJICHUEM PTOH BCPIIHHBI. I/IH(I)OpMaI_[I/ISI N3 BCPIIMHBI CTCKA
first momMeraercs B DiIEMEHT X, a BE€pIINHA yaaIsI€TC.
*/
int Extract(ELEMENT **first, int *x)

{
ELEMENT *q;
if (*first == NULL)
return O;
*x = (*first)->data;
q = *first;
*first = (*first)->next;
free(q);
return 1;
}
int main ()
{

ELEMENT *first = NULL; /* Bepmuna creka */
inti, X;
for (1=0;1<10; i++)
Push(&first, 1);
while (Extract(&first, &x))
printf("x = %d\n", x);
return O;
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Jlpyrum crielMalibHbIM BUJIOM JIMHEHHOTO OJTHOCBSI3HOTO CITMCKA SIB-
asieTcs ouepenb. Ham ouepeibio BEIOMHSAIOTCS CIIEIYIONTUE ONEPAIIUH:

1) noGaBieHne B KOHEIl OYePEX HOBOT'O JICMCHTA,

2) IOCTYI K MIEPBOMY JIEMEHTY OYCpE/IH;

3) UCKITIOUCHHUE U3 0YEePE/IH IIEPBOTO dJIEMEHTA.

IIpumep 2. CozgaauM ouyepeb U3 UEIbIX YUCET U €€ COJACPKUMOE
BBIBEJIEM Ha JKpaH, MPUYEM IOCJe M3BJICYCHUST UH(POPMAIIUU U3 OUepe/i-
HOT'O 3JIEMEHTA OYEPEAN JAHHBIN 3JIEMEHT yIAJINM.

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

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

[* moGaBneHne 3NeMeHTa B KOHEI[ ouepenu */
void AddElement(ELEMENT **first, ELEMENT **last, int X)
{

ELEMENT *q;

q = (ELEMENT *)malloc(sizeof(ELEMENT));

g->data = x;

g->next = NULL;

if (*last == NULL)

*first = q;
else (*last)->next = q;
*last = q;

}

/* n3BneueHne MHMHOPMAIIMU U3 TIEPBOTO JIEMEHTA OYEPEIU
C TOCJEAYIOIIUM YJIaJICHUEM 3TON BEPIIMHBI
*/
int Extract(ELEMENT **first, ELEMENT **last, int *x)
{
ELEMENT *q;
if (*first == NULL)
return O;
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*x = (*first)->data;

q = *first;

*first = (*first)->next;

if (*first == NULL)
*last = NULL;

free(q);

return 1;

}

int main ()
o
inti, X;
ELEMENT *first = NULL, *last = NULL,;
for (I1=0;1<10; i++)
AddElement(&first, &last, 1);
while (Extract(&first, &last, &x))
printf("x = %d\n", x);
return O;

14.5. 3aga4yu HA CTEKM U oYepeau

CdopmupoBath CTEK LIEJBIX YKCEI, BBOJUMBIX MOJIb30BATENIEM, a 3a-
TEM €T0 COJEPKUMOE BBIBECTU HA DKPaH, HE YIS DJIEMEHTHI, U3 KO-
TOPBIX M3BJIEKaeTcs nHpopManus. Takxke Hanucath QYHKIUIO yaae-
HUS CTEKA.

Pacnoyio)kuth 31€MEHTHI LIEIOYMCIEHHOI0 MaccruBa pasMepoM N B 00-
PaTHOM MOPSAJIKE C UCIOJIB30BAHUEM CTEKA.

Hanucate ¢yHKIHIO, KOTOpas CjI0oBa B TEKCTOBOM (hailyie pacrnedaThl-
BaeT B oOpatHoM mnopsiake. [lo ¢ailny MOXHO TPONTH TOJBKO OAWH
pas.

DJIEMEHTHI 1EJIOYMCICHHOTO MacCUBa 3amucarh B ouepenb. Hamucath
(YHKIMIO U3BJICUCHUS 3JIEMEHTOB U3 OUYEpeau A0 TEX IOp, MOoKa mep-
BbIM DJIEMEHT OUYEPEIU HE CTAHET YETHBIM.

JlaHbI BE HEITYCTBIE OYEPEIH, KOTOPBIE COAEPKAT OAUHAKOBOE KO-
Y4eCTBO JIeMEHTOB. OOBEIMHUTH OUepe/Id B OJIHY, B KOTOPOU 3JIeMEH-
Thl UICXOJIHBIX OYEPEIEN YEPEAYIOTCA.
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6. /JlaHbl IBE HEMyCThIC OUepear. DIEMEHThI KaXI0H U3 odyepeae yIo-
pSAI0YEHBI 110 Bo3pacTaHuio. OObEAMHUTH OYEPEaH B OJIHY C COXpaHe-
HUEM yIOPSAI0UYCHHOCTH 3JIEMEHTOB.

7. Ilycte umeercs ¢aiin AEHCTBUTEIBHBIX YUCEN U HEKOTOpoe uucio C.
Hcnonw3ys odepenp, HamedaraTb CHA4ala BCE JIEMEHTHI, MEHBIIUE
yucia C, a 3aTeM Bce OCTAJIbHBIC DJIEMEHTHI.

14.6. /IBycBSI3HbIE CIIMCKHU

s 6onee ruOKOM pabOTHI C JTMHEHMHBIMHM CIIMCKAMHU KaXKIbIHA dJie-
MEHT MOXHO CHAOIUTH AOIOJHUTEILHBIM CCBHUIOYHBLIM II0JIEM, YTOOBI Ka-
KIBIN DJIEMEHT COJIepKajl CCHUIKH Ha JIBa COCEIHMX dJICMEHTA!

firat

NULL 1 *——» 2 *—r *——P» n |WULL

B nannoMm cnydae ympoiaercst onepauusi 100aBICHUS U yIAJICHUS 3JIe-
MEHTa CIIMCKA, a TaKXK€ MO>XHO MCCIIEJIOBATh CIKHCOK B JIIOOOM HampasJe-
HUU.

Crnenyromuii HeOOJIBIION MPUMEP UITIOCTPUPYET PadOTy C ABYCBSI3-
HBIMH CIIUCKaMH. B TaHHOM mpuMepe co31aeTcsl JBYCBI3HbBIN CIIMCOK BBO-
IVMBIX C KJIABUATYPbI YACEN B MOPAAKE BO3PACTAHUS.

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

typedef struct ELEMENT
{

int data,;
struct ELEMENT *prev, *next;
} ELEMENT;

/* co3maHue 3ariaIaBHOTO dJIEMEHTA COUCKa */
void CreateHead(ELEMENT **head)

{
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
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(*head)->prev = (*head)->next = NULL,;
}

/* BCTaBKa AJIEMEHTA B CIIMCOK C YCIOBHUEM YIOPSIOYCHHOCTH*/
void Insert(ELEMENT *head, int x)
{
ELEMENT *q, *t;
g = head;
/* WIIeM MO3UIINIO ISl HOBOT'O 3JIEMEHTAa CO 3HaUYCHUEM X: */
while(g->next '= NULL && g->next->data <= X)
g = g->next;
t = (ELEMENT *)malloc(sizeof(ELEMENT));
t->data = x;
t->next = g->next;
if (g->next '= NULL)
g->next->prev = t;
t->prev = q;
g->next = t;

}

[* BBIBOJI CIIMCKA HA dKpaH. */
void Print(ELEMENT *head)
{
ELEMENT *qg = head->next;
while(q '= NULL)
{
printf("%d -> ", g->data);
g = g->next;
¥
putchar('\n");
¥

int main()
{
ELEMENT *head;
int X;
CreateHead(&head);
while(scanf("%d", &x) == 1)
Insert(head, x);

246



10.

Print(head);
return O;

}

14.7. 3ana4yu HaA ABYCBSI3HbIE CIIMCKH

ITycTh MMeeTcs: OJHOCBSI3HBIM CHUCOK ACUCTBUTEIBHBIX YMCEN, KaxK-
IbI 3JIEMEHT KOTOPOI'O COJEPKHUT JOMOJHUTEIbHOE (HEepeaan30BaH-
HOE) cChuIouHOE Tose prev. [IpeoOpa3oBaTh NCXOIHBIN OJHOCBSI3HBIN
CITMCOK B JIBYCBSI3HBIN, B KOTOPOM KaX bl 3JIEMEHT CBSI3aH HE TOJIBKO
C MOCJIEAYIOUIUM 3JIEMEHTOM (C TOMOUIBIO MOJIA next), HO U C MpPeabl-
TyIIUM (C TTOMOIIBIO TOJIS Prev).

Hanucath ¢pyHKIUIO, KOTOpas 1O MPOU3BOJILHOMY yKa3aTeIl0 Ha OJIMH
U3 3JIEMEHTOB JIBYCBA3HOI'O CIMCKA MOACYUTHIBAET KOJIUYECTBO HJIE-
MEHTOB B 3TOM CITMCKE.

Hanucatb ¢yHKIMIO, KOTOpasi, MOJIy4HB B KaueCTBE IMapameTpa yka3a-
TeJIb Ha OJWH M3 AJEMEHTOB JBYCBS3HOIO CIIMCKA ACHCTBUTEIBHBIX
YuCell M JiBa YKclia, J00aBJISIET MEPBOE YUCIIO B HAYaAJIO CIIUCKA, a BTO-
pO€ B €r0 KOHEIl,

JlaHO 4KCIIO X M yKa3aTeab (| Ha OJIMH M3 AJIEMEHTOB HEIyCTOrO JIBY-
CBSI3HOTO CIIMCKA. BCTaBUTH 1OCIE TAaHHOTO AJIEMEHTA CIIMCKA HOBBIM
3JIEMEHT CO 3HAYCHUEM X.

Hanucatps pexypcuBHYI0 (DYHKIIHIO, KOTOpPas OCYILECTBIISIET BBIBOJI Ha
AKpaH BCEX AJIEMEHTOB JIByCBSI3HOT'O CIIMCKAa B OOpaTHOM HallpaBJie-
HUW, HAYMHAS C MMOCJIEAHETO JIEMEHTA.

NmeeTcst 1BYCBSA3HBIN CIIMCOK JIEMCTBUTENBbHBIX uncel. [Ipoay0aupo-
BaTh B HEM BCE IMOJIOKHUTEJIbHBIC YHUCIIA.

JlaHO HEKOTOpOE YHUCIIO X. Y TAIUTh M3 JIBYCBSI3HOIO CIIMCKA BCE DJie-
MEHTBI CO 3HAaYCHUEM X.

IlycTh MMeeTCss HEKOTOPBIN ABYCBSA3HBINA CIIMCOK JIEMCTBUTEIIBHBIX YH-
cen u Hekotopoe uncio C. TpebyeTcss mepecTaBUTh 3HAUCHUS DJie-
MEHTOB TaKMM 00pa30M, YTOOBI CHavaja clieAoBalu (B IPOU3BOJIHHOM
MOPSIZIKE) 2JIEMEHTHI, MeHblne 4yuciaa C, a 3areM 3JeMEHTHI, He
MeHbIue gucia C.

Onpenenuth, PacHoJIOKEHBI JIM 3JIEMEHTHI B JIBYCBSI3HOM CITMCKE
CUMMETPUIHBIM 00Pa30M.

OcylecTBUTh IHUKIWYECKUN CIABHUT AJIEMEHTOB JIBYCBSI3HOT'O CIHCKA
Ha K mo3unmii Bripaso.
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14.8. bunapHble qepeBbs

brHapHOE JEPEBO — 3TO KOHEYHOE MHOXECTBO 3JIEMEHTOB, KOTOPOE
100 MyCTO, TUOO0 COACPKUT OJAUH DJIEMEHT, Ha3bIBAEMbIM KOPHEM JIEpeBa,
a OCTAJIbHBIE AJIEMEHTHI MHOXKECTBA JIEISATCSI HA JBAa HEMEPECEKAIOIINXCS
MOJAMHOKECTBA, KaXKJI0€ U3 KOTOPBIX CaMO SIBIISIETCSI OMHAPHBIM JIEPEBOM.
DTH OJIMHOKECTBA HA3BIBAIOTCS TIPABBIM U JICBBIM TOIICPEBBIMH MUCXO/I-
HOTO JIepEeBa.

toot

!!|B|!! |1-IT_TLL|C|.!!
|woLL| D |WULL| | g | E |NWULL| | e | Fl o

[worl] ¢ [wure] [oel] B |woee|  [wurn| 1 {wwop]

Ha nanHOM pucyHKe nmpuBEIEHO AEPEBO U3 AECBATH BeplInH. Bepmuua A
ABJISIETCA KOpPHEM JiepeBa. JleBoe moanepeBo UMeeT KOpeHb B, a mpasoe
noaaepeBo — kopeHb C. OTCyTCTBHE BETBH O3HA4YaeT IIyCTOE IOIANEPEBO.
Hanpumep, y nonnepesa ¢ kopaeM C HET J€BOro NOAAEPEBA, OHO ITyCTO.
Taxke mycTo U nmpasBoe noanepeBo ¢ kopHeM E. buHapHbie mogaepeBbs
¢ kopasimu D, G, H u [ umeroT mycThI€e JIEBBIE U MPABBIE MMOIJIEPEBDSL.

Bepmmna, nMeromasi myCcTble IpaBoe U JIEBOE MOJJIECPEBhs, HA3bIBa-
€TCsl TEPMUHAIBHOW BEPIIMHOW WJIA JUCTOM. HerepMmuHaibHas BeplinHa
HAa3bIBACTCSl BHYTPEHHEM.

bunapHO€ 1epeBO Ha3bIBAETCA CTPOro OMHAPHBIM, €CIIA Ka)Aas €ro
BEPILIVHA, HE SBJSIONIASACS JTUCTOM, HIMEET HEMYCTHIE MPABOE U JIEBOE MO/~
JEPEBBA.

BepmmHa v, Haxoas1asca HEMOCPEICTBEHHO HUKE BEPIIUHBI U, Ha-
3BIBAETCS HEMOCPEACTBEHHBIM MOTOMKOM U. Ecnu BepmmHa U HaXOIUTCs
Ha I-M ypOBHE, TO BEpIIMHA-TIOTOMOK V Haxomutcs Ha (i+1)-M ypoBHe.
Hymepanust ypoBHer HaumHaercs ¢ 0, TO €CTh KOPEHb AEPEBA HAXOIAUTCS
Ha HYJIEBOM YPOBHE, €TO HENOCPEACTBEHHBIE IOTOMKHA — HA TIEPBOM YPOB-
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HE U T.J1. MaKCUMaJIbHBIN YPOBEHb KaKOW-THOO W3 BEPIIUH JEpeBa HA3bI-
BAETCA €TO BBICOTOM.

JITuHOM IyTH K BEpIIMHE V Ha3bIBaeTCs YMCJIO BeTBeH (pedep), Ko-
TOPBIE HY’KHO IIPOMTH OT KOPHS K BepumnHe V. To €CTh ecinu BeplIrHa Ha-
XOJHUTCS Ha I-M YPOBHE, TO JJIMHA IYTH K JaHHOW BEPIIMHE paBHA |.

JlepeBo Ha3bIBaeTCs HACATHLHO COAJTaHCUPOBAHHBIM, €CIU YHUCIIO
BEPIIMH B €r0 IPaBOM U JIEBOM MOJJIEPEBbIX OTIUYAECTCS HE Oojiee 4eM Ha
EAUHULLY.

bunapHoe nepeBo Ha3bIBaeTCsl AEPEBOM IOMCKa, €Clu Jitodasi Bep-
IIMHA V JaHHOTO JIepeBa 00J1aaeT TEM CBOMCTBOM, YTO BCE KJIIOUM B Ji€-
BOM MOJJIEPEBE BEPUIMHBI V MEHBIIE KJIIOYa BEPIIUHBI V, a BCE KIIIOYHU B
MPaBOM TOAAEPEBE BEPIIMHBI V OOJIbIIIE KIIF0YA BEPIIMHBI V. 3aMETUM, UYTO
BUJI JIEpPEBA MOKCKA, COOTBETCTBYIOIIUN HA0OPY JAHHBIX, 3aBUCHUT OT I1O-
CJI€AOBATEIbHOCTH, B KOTOPOM 3JIEMEHTHI 3THX JAHHBIX MOMEMIAIOTCS B
TEPEBO.

Kaxxnast Bepinaa 6uHapHOTO JiepeBa B si3bike CH OMHMCHIBACTCS CJIe-
TYIOIIUM 00pa3oM:

struct ELEMENT

{
int data; /* nHbOpPMAaIIMOHHOE TI0JIe */
struct ELEMENT *left; /* ykasarens na xopens jaeBoro nmoanepesa */
struct ELEMENT *right; /* ykasarens Ha kopens npasoro noaaepesa */

14.9. Ilpumepsbl ¢ HCNOJIb30BAHMEM OMHAPHBIX /IePEeBbEB

Ipumep 1. IIycts 1an N-351eMEHTHBIN MaccuB 1enbIx uncen. Cdop-
MHUPOBATh UICAIBHO COATAHCUPOBAHHOE JEPEBO U3 SJIEMEHTOB MacCHBa a.
3aTeM yJIalIuTh I€PEBO.

Oynakuus Node Ha BXOJe MOTydaeT KOJIUYECTBO N AJIEMEHTOB Jepe-
Ba, CO3JAET KOPHEBYIO BEPLIMHY U CTPOUT PEKYPCUBHO TEM XKE CIIOCOOOM
JeBoe mojzepeBo ¢ Nl = n/2 BepmmHaMu 1 paBoe moaaepeBo ¢ Nr = n — nl
— 1 BepmmHamu.

#include<stdio.h>
#include<stdlib.h>
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typedef struct ELEMENT

{
int data;
struct ELEMENT *left, *right;
} ELEMENT;
ELEMENT *Node(long n, int *a, long *pi)
{
if (n<=0)
return NULL;
else
{
long nl, nr;
ELEMENT *q;
nl = n/2; /* arcio BEpIIUH B JICBOM IogaepeBe  */
nr=n-nl-1;, /*4ucao BepiIuH B IpaBoM mojaepene */
q = (ELEMENT *)malloc(sizeof(ELEMENT));
g->data = a[*pi];
Cpi)++;
g->left = Node(nl, a, pi);
g->right = Node(nr, a, pi);
return g;
by
b
I* PEKYpCUBHOE yAaJIeHHE nepeBa  */
I* *(] — ykazaTelb Ha KOpeHb aepeBa */
void Distruct(ELEMENT *q)
{
if (q = NULL)
{
Distruct(g->left);
Distruct(g->right);
free(q);
¥
¥

[* nedats OMHApHOTO JepeBa */
void Print(ELEMENT *q, long n)
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{

if (q !=NULL)

{
long i;
Print(g->right, n+5);
for (1=0;1<n;i++)

printf(" ");

printf("%d\n", g->data);
Print(g->left, n+5);

}
}
int main()
{
ELEMENT *root = NULL;
long i;
inta[10]1={1, 2,3,4,5,6,7, 8,9, 10};

1 =0;

root = Node(10, a, &i);
Print(root, 0);
Distruct(root);

return O;

}

B nannoil nporpamme pynkuus Print() BBIBOAUT OMHApHOE JAEPEBO HA K-
paH. [Ipruem 35eMEHTHI iepeBa BBIBOIATCS HA DKPaH IO CJIOSIM, HauYMHAas
C KOpHEBOW BepiinHbl. Kaxnplii ypoBeHb OyAeT HAaXOAUTHCS HA SKpPaHE
BepTUKaJIbHO. Hanpumep, Takoe OMHapHOE AEPEBO

OyzieT UMeTh CIIeIyIoIee PeCTaBICHNEe Ha DKPaHe:

6
11
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8
12
9
10
5

IIpumep 2. IIyctb A — HEKOTOPOE CBOMCTBO, KOTOPBIM MPOU3BOJIb-
HBI 3JIEMEHT JepeBa ( aubo0 oOiamaeT, muO0 He obnagaeT (Hampumep,
CBOMCTBO OBITh MIPOCTHIM YUCIIOM JIJIs 1IEJIOUMCIICHHBIX 2JIEMEHTOB JIEPEBa,
CBOWCTBO OBITh MOJIOKUTEIBHBIM YUCIOM U T.1.). M ycTh TpeOyeTcst Hali-
TH KOJUYECTBO HJIEMEHTOB OWMHAPHOTO JepeBa, 00JagaloImuX JaHHBIM
cBoiictBoM A. Ompeaenum: A(Q) = 1, ecim 31eMeHT 001a1aeT CBOMCTBOM
A, u A(q) = 0 — B mpotuBHOM ciyuae. Torga GyHKIHS mojacyeTa KoJIHye-
CTBa DJIEMEHTOB OWMHApPHOTO JiepeBa, OOJaJaloONIUX CBOMCTBOM A, Oyner
BBITJISIACTD CIETYIOMINM 00pa3oM:

long Count(ELEMENT *q)
{
if (@ ==NULL)
return O;
else return A(q) + Count(g->left) + Count(g->right);

}

Hanpumep, enu TpeOyeTcs HATH KOJIMYECTBO 3JIEMEHTOB OMHAPHOTO JIe-
peBa, TO OMpeIeIMM CBOMCTBO A J1JIs1 BEpPIIIMHBI JiepeBa Kak CBONCTBO OBITh
HemycTod BepimnHOM. M Torma ¢yHKIuUs Mojcyera BEpPIIMH OWHAPHOTO
nepeBa OyJeT UMETh CIEAYIOIIUM BU/I:

long NodeCount(ELEMENT *q)

{
if (q ==NULL)
return O;
else return 1 + NodeCount(g->left) + NodeCount(g->right);

}

Crnenyromass (yHKIUS TOJCYATHIBAET KOJWYECTBO JIMCTHEB OWHAPHOTO
JepeBa;

long LeafCount(ELEMENT *q)
{
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if (q == NULL)

return O;
else
{
iIf ((g->left == NULL) && (g->right == NULL))
return 1;
else return LeafCount(q->left) + LeafCount(g->right);
}

}

Ipumep 3. Crnenyromas GyHKIIHAS MPOBEPSIET, SIBISCTCS U OWHAp-
HOE JIEPEBO HJICaJIbHO COaTaHCHPOBAHHBIM:

int Balance(ELEMENT *q)

{
If (q==NULL)
return 1;
else

{
if (abs(NodeCount(qg->left) - NodeCount(g->right)) > 1)

return O;
else return (Balance(g->left) && Balance(g->left));

}
k

IIpumep 4. Hanucate QyHKIMIO JOOABIECHHS 3JIEMEHTA X K Healb-
HO COQJIAHCUPOBAHHOMY JIEPEBY TakKuUM OOpa3oM, 4TOOBI MOJYYEHHOE Je-
PEBO OCTaBaJIOCh UI€aTHbHO COATaHCUPOBAHHBIM.

void AddElement(ELEMENT **q, int X)

¢ if (*q == NULL)
¢ *q = (ELEMENT *)malloc(sizeof(ELEMENT));
(*q)->data = x;
(*q)->left = (*q)->right = NULL;
}
else
{
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/* eCII KOJIMYECTBO DJIEMEHTOB B JIEBOM MogACPCBC BECPIIMHBI
q HC IIPCBOCXOJUT KOJINYCCTBA BCPIINH B ITIPABOM
MOJIIEPEBE JAHHOW BEPIIUHBI, TO CITYCKAEMCS MO JICBOU
BETKE, NHAYEC — MO MTPABOU

*/

if (NodeCount((*q)->left) <= NodeCount((*q)->right))

AddElement(&((*q)->left), x);

else AddElement(&((*q)->right), X);

}
}

IIpumep 5. IloctpoeHue nepeBa Morcka BBOAUMBIX IOJIB30BATEIEM
YUCeJl C TOMONIBIO PEKYPCHH.

| cmoco0. IlpuBenaennas Huwxe (yHkius Insert g00aBisieT HOBBIN
AJIEMEHT X B IEPEBO MOKCKA CIEAyOIUM 00pa3oM. CpaBHUBAaEM 3HAUEHUE
TEKyLIeW BepMHbI ( ¢ X. ECu 3Ha4YeHus COBIANA, TO YBEJIUYMBAEM I10JIE
count BepmmHbI (. Ecnu 3HaueHWE BEPIIMHBI ( MEHBIIE, Y€M X, TO IEpe-
XOJIMM BHM3 MO MpaBoil BeTke. Ecnu ke 3HaueHune BeplIMHbI ( OOiblIe
3HAYEHUS X, TO CITyCKaemcs M0 JeBOoM BeTke. Ecim BepmmHa ( mycras, TO
BCTABJISIEM HOBBIM AJIEMEHT CO 3HAYEHUEM X B 3Ty MO3UIIHUIO.

@ynkuus Display BEIBOOUT Ha 3KpaH 3HAUEHUSI BCEX KIIIOUEH JepeBa
IIOMCKA B MTOPSAIKE BO3PACTAHUS UX 3HAYCHUH C KOJIMYECTBOM MOBTOPECHUM.

#include<stdio.h>
#include<stdlib.h>
typedef struct ELEMENT
{

int key;

long count;

struct ELEMENT *left, *right;
} ELEMENT;

void Insert(ELEMENT **q, int X)
{
if (*q ==NULL)
{
*q = (ELEMENT *)malloc(sizeof(ELEMENT));
(*a)->key = x;
(*q)->count = 1;
(*q)->left = (*q)->right = NULL,;
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}

else
{
if ((*q)->key ==x)
((*a)->count)++;
else
if ((*q)->key > x)
Insert(&((*q)->left), x);
else Insert(&((*q)->right), x);

}
}

void Display(ELEMENT *q)
{
if (g '= NULL)
{
Display(q->left);
printf("%d : %d\n", g->key, g->count);
Display(g->right);
}
}

int main()
{
ELEMENT *root = NULL;
int a;
printf("a =");
scanf("%d", &a);
while (a!=0)
{
Insert(&root, a);
printf("a =");
scanf("%d", &a);
}
Display(root);
return O;

}

Il cmoco6. IlocTpouTh nepeBO MMOMCKAa PEKYpPCHUBHBIM CIIOCOOOM
MOHO M HECKOJIbKO MHaue, nepenanas B pyHkuuio INSert ue agpec nepe-
MEHHOM-yKa3aTesss (MHOTAAa 3TO CIO0XKHO JJIi MOHUMAaHMS HauyWHAIOUIUM
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porpaMMHCTaM), a ykazaTeslb Ha BepliuHy aepeBa. Ho B aToMm citydae He-
00X0JIMMO TEPBBIM JI€JIOM WHUIIMATU3UPOBATh KOPHEBYIO BEPIIMHY, a 3a-
TEM yK€E BCE OCTaJIbHBIE.

#include<stdio.h>
#include<stdlib.h>
typedef struct ELEMENT
{

int key;

long count;

struct ELEMENT *left, *right;
} ELEMENT;

[* co3manue BepLIUHBI AepeBa */
ELEMENT *Node(int x)
{
ELEMENT *q;
q = (ELEMENT *)malloc(sizeof(ELEMENT));
g->key = x;
g->count = 1;
q->left = g->right = NULL,;
return q;

}

/* noOaBIE€HUE BEPUIMHBI B JIEPEBO MOUCKA */
void Insert(ELEMENT *q, int X)
{
if (g !'=NULL)
{
if (g->key == x)
(g->count)++;
else if (q->key > x)
if (g->left == NULL)
q->left = Node(x);
else Insert(q->left, x);
else
If (g->right == NULL)
g->right = Node(x);
else Insert(g->right, x);

}
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}

int main()
{
ELEMENT *root = NULL;
int a;
scanf("%d", &a);
if (a!=0)
{
root = Node(a);
scanf("%d", &a);
while (a !'=0)
{
Insert(root, a);
scanf(*'%d", &a);
}
}
Display(root);
return O;

}

IIpumep 5'. [locTpoenue nepeBa moucka BBOAUMBIX MOJIb30BATENIEM
YUCCII C IIOMOIIIBHO I/ITepaHI/II/I.
| cmocoo.

typedef struct ELEMENT
{

int key;

long count;

struct ELEMENT *left, *right;
} ELEMENT;

/* urepaTuBHas PyHKIMS 100aBIECHUS dJIEMEHTA K JIepeBy Moucka */

void Insert(ELEMENT **root, int X)

{
ELEMENT **q;
q = root;
for(; ;) [* 6eckoHEUHBIN TTUKT */
{

if (*q == NULL)
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{
*q = (ELEMENT *)malloc(sizeof(ELEMENT));

(*a)->key = X;
(*g)->count = 1;
(*qg)->left = (*q)->right = NULL,
return;
}
else
{
If ((*q)->key == x)
{
((*a)->count)++;
return;
¥
else
if ((*q)->key > x)
g = &((*q)->left);
else q = &((*q)->right);
¥
¥
¥

int main()
{
ELEMENT *root = NULL;
int a;
printf("a ="); scanf("%d", &a);
while (a !'=0)
{
Insert(&root, a);
printf("a =");
scanf("%d", &a);
¥

return O;

}

Il cmoco6. Kak v B mpenpiayiiemM ciiydae, MOXKHO HalucaTth UTEpa-
TUBHBIN aJITOPUTM 100aBJICHUS BEPIIUHBI K ICPEBY MOUCKA 0€3 UCIOIb30-
BaHUS aJIPECOB NMEPEMEHHbBIX-yKa3aTeei.
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#include<stdio.h>
#include<stdlib.h>
typedef struct ELEMENT
{

int key;

long count;

struct ELEMENT *left, *right;
} ELEMENT;

ELEMENT *Node(int x)
{
ELEMENT *q;
q = (ELEMENT *)malloc(sizeof(ELEMENT));
g->key = Xx;
g->count = 1;
g->left = g->right = NULL;
return q;

}

void Insert(ELEMENT *root, int x)
{
ELEMENT *q;
q = root;
for(; ;)
{
if (@ ==NULL)
return;
if (g->key == x)
{
(g->count)++;
return;
}
else if (g->key > x)
if (g->left == NULL)
{
g->left = Node(x);
return;
}
else q = g->left;
else
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if (g->right == NULL)

¢ g->right = Node(x);
return;
by
else g = g->right;
by

by

int main()

{

ELEMENT *root = NULL,;
int a;
scanf('%d", &a);
if (@!'=0)
{
root = Node(a);
scanf('%d", &a);
while (a !'=0)
{
Insert(root, a);
scanf('%d", &a);

¥
¥
Display(root);
return O;

}

IIpumep 6. Huxe npuBoaUTCS peKypCUBHAs U UTepaTUBHAas (DYyHK-

[* pexypcuBHasE PYHKITUS TTOMCKA

snemMeHTa */
int Search(ELEMENT *q, int x)

if (q == NULL)

return O;

else

if (g->key == x)
return 1;

Ysl, KOTOpasi ONPEAEIACT, IPUCYTCTBYET JIM JIEMEHT X B ICPEBE MOUCKA!

[*uTepatuBHas QYHKITUS TOUCKA

anmeMeHTa */
int Search2(ELEMENT *root, int X)

{
ELEMENT *q = root;

for (;;)
{
if (Q ==NULL)
return O;
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else else

if (g->key > x) if (g->key == Xx)
return Search(q->left, x); return 1;
else else
return Search(qg->right, x); if (g->key > x)
} q = g->left;

else q = g->right;
}
b

Ilpumep 7. Hanucate QyHKIUIO yAaJIeHHS BEPIIMHBI C 3aJlaHHBIM
KJIFOUOM X U3 JIEpPEBA NTOUCKA.

IIpu yanennn BEpIIMHBI MOXKET BOSHUKHYThH OJIMH U3 TPEX CIYyYacB:

® BEPIIHUHEKI C KJIIOYOM, PABHBIM X, HET;

® BEpIIMHA C KIOYOM X UMEET He 00Jiee OJJHOTO MTOTOMKA;

® BEpIIMHA C KJIHOUYOM X UMEET JIByX NOTOMKOB.

Ecnn ynmamsemas BepIiMHa SIBJIISIETCS JIMCTOM, TO OHA yAAlseTCs, a
COOTBETCTBYIOIINM YKa3aTellb B €€ POAUTEIBCKON BEPIINHE YCTAHABJIMBA-
€TCs B HYJIEBOE 3HAUCHHUE.

Ecnmu ypnangemast BepuinHa UMEET TOJIBKO OJHOTIO IMOTOMKA, TO OHA
yIaJISIeTCs, @ COOTBETCTBYIOIMN yKa3aTellb B €€ POJAUTEIbCKON BEPILIUHE
YCTaHABJIMBACTCS HA 3TOTO MOTOMKA. B 3TOM ciyyae BepIIMHA-TIOTOMOK
3aHAMAET B JEPEBE MECTO YNAIEHHOW BEPIINHBI.

B TpetheM ciiyuae moctymaeM clienyroomuMm obpaszom. Ilycte ( —
yaansiemasi BepiinHa. Haxoaum BepmmHy Max jieBoro mojiaepeBa Bepiiu-
HBI (] C MAKCUMAJIbHBIM 3HaU€HUEM Kitoua. Bepmmua Max aBnsiercst camoit
IPAaBOM BEPIIMHOW JIEBOTO MOAAEPEBA BEPIIMHBI (. 3aTEM 3aMEHSIEM KIIFOY
M CUCTYMK BEPLIMHBI (] Ha COOTBETCTBYIOIIHWE 3HAYEHUSI BepuivHbl Max.
[Tocne sToro ynansiem Bepuinay Max.

/* 1 ciocod */ [* 2 cioco® */
ELEMENT *Max(ELEMENT *q) ELEMENT **Max(ELEMENT **q)
{
if (9 == NULL) IT ("q == NULL)
return NULL; return NULL;
while (g->right '= NULL) while ((*q)->right != NULL)
q = g->right; q = &((*q)->right);
return q; return g;
b }
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void Delete(ELEMENT **q, int x)

{
ELEMENT *t;
if (*q '= NULL)
{

if ((*a)->key > x)
Delete(&((*q)->left), x);
else
if ((*q)->key < x)
Delete(&((*q)->right), x);
else
{
if ((*g)->left == NULL)
{
= *q;
*q = (*q)->right;
free(t);
¥
else
if ((*q)->right == NULL)
{
t=>q;
*q = (*q)->left;
free(t);
¥
else
{
t = Max((*q)->left);
(*g)->key = t->key;
(*q)->count = t->count;
Delete(&((*q)->left),t->key);
¥
¥
by
b

void Delete(ELEMENT **q, int X)
{

ELEMENT *t;
if (*q = NULL)
{

if ((*a)->key > x)
Delete(&((*q)->left), x);
else
if ((*q)->key < x)
Delete(&((*q)->right), x);
else

{
if ((*q)->left == NULL)

{
= *q;
*q = (*q)->right;
free(t);
b
else
if ((*q)->right == NULL)
{
t=7*0;
*q = (*q)->left;
free(t);
}
else
{
ELEMENT **r;
r = Max(&((*q)->left));
(*0)->key = (*r)->key;
(*q)->count = (*r)->count;
t="r;
*r = (*r)->left;
free(t);
b
¥
by
¥

Ipumep 8. HaxoxaeHre BHICOTHI MMPOU3BOILHOTO OMHAPHOIO JIEpEBa.

long Height(ELEMENT *q)

{
if (q == NULL)
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return -1,
else
{
long i, j;
I = Height(g->left);
J = Height(g->right);
if (i >j)
return i+1;
return j+1;

}
}

Ipumep 9. OnpenencHue KOJMYESCTBA IJIEMEHTOB Ha K-M ypoBHE
Jepesa.

/* mepemeHHas level oTBedaeT 3a HOMEp YPOBHS BEPIIUHBI ( */
long Count(ELEMENT *q, long level, long k)
{
If (q==NULL || level > k)
return O;
else
if (level == k)
return 1,
else return Count(qg->left, level+1, k) + Count(g->right, level+1, k);

}

Ipumep 10. BeiBox Ha 3KpaH BCEBO3MOXKHBIX MYTEH, BEAYIIUX OT
KOPHS K JINCThSIM OMHApPHOTO JIepeBa.

| cmoco6. B nanHOM cityuae [ XpaHEeHUs BEPILUH JepPEBA, KOTOPHIE
BXOJAT B COCTAB OYEPEAHOrO IMyTH, MCHOJIB3YEM AUHAMUYECKUUA OIHO-
MepHbII MaccuB. [10CKOJIbKY MakcHUMalibHas JJIMHA U3 BCEX MMEIOIINXCS
nyTed, UAYIMKUX OT KOPHS K JINCThAM, B TOYHOCTU PaBHA BBICOTE JEpeBa
IUTIOC OJIMH, TO Pa3MEPHOCTh MaccuBa OyJIeT paBHA 3TOMY YHUCITY.

[* anmeMeHT OMHapHOTO JepeBa */

typedef struct ELEMENT
{

int data;
struct ELEMENT *left, *right;
} ELEMENT;
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/* BBIBOJI HAa dKpaH OYEPEIHOTO MyTH */
void PrintRoute(ELEMENT **a, long n)
{

long i;

for (I1=0;1<n;i++)

printf("%d ", a[i]->data);

printf("\n");

¥

[* 00xox 3eMeHTOB OUHAPHOTO AepeBa U GopMHUPOBaHUE IyTel */
void ObhodTree(ELEMENT *q, ELEMENT **a, long level)
{
if (q !=NULL)
{
a[level] = q; /* sanuceiBaem ouepeaHyro BepUIKHY B Maccus a */
/* ecnu BepIIMHA JepeBa SBISETCS JIUCTOM, TO BEIBOAUM
OYEPEIHOM IIYTh HA DKpaH
*/
if (g->left == NULL && g->right == NULL)
PrintRoute(a, level + 1);
else
{
ObhodTree(q->left, a, level + 1);
ObhodTree(g->right, a, level + 1);

by
¥
by
int main()
{
ELEMENT *root = NULL; /* xopens nepesa */
ELEMENT **a; /* MaccuB JJig XpaHEHUS IMyTen */
long h; /* BBICOTa JiepeBa */

.../* cozmanue OuMHapHOro aepena */

h = Height(root); /* Beruncnsem BoIcOTYy AepeBa */

/* BBIZCISIEM TIaMSITh JUIS XpaHEHHUS BEPIIHH JIepeBa, KOTOPHIC
BXOJISIT B COCTaB O4YEPEIHOTO MMy TH

*/

a = (ELEMENT **)malloc((h + 1)*sizeof(ELEMENT *));
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ObhodTree(root, a, 0);
free(a);
return O,

}

Il cmoco6. /lnsa peimieHuss MaHHOM 3aja4yu UCMOJIb3YEM JIOMOJHU-
TEIBHYIO CTPYKTYPY — JBYCBSI3HBIH CITUCOK, KOTOPBIM OyAET COIepKaTh
AJIIEMEHTHI ouepeaHoro myTu OmHapHoro aepea. @ynkuus ObhodTree()
pabotaeT cieayromuM odpazoMm. Eciu odepenHas BepIlMHA JiepeBa (| HE
HyJIeBasi, TOTJa

1) noGagisieM ajpec BEPIIMHBI ( B CIHCOK;

2) ecii BepIIuHa ( SBJISCTCS JUCTOM, TOI'/Ia ITleYaTacM CIIMCOK,

WHaYe, €CJIU BEpIIMHA (] TUCTOM HE SBJISETCS, TOTJa PEKYPCUBHO BbI-
3piBacM ¢yHkimo ObhodTree() mns sieMeHTOB JIeBOTO TOJCpeBa Bep-
IIWHBI (, @ 3aTeM JIJIs 2JIEMEHTOB MIPaBOTO MOJIePEBa JAHHOW BEPIITUHBI,

3) ynansieM BEpIIMHY ( U3 CITHUCKA.

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

[* ameMeHT OMHaApHOTO JepeBa */
typedef struct TREE_ELEMENT
{

int data;

struct TREE_ELEMENT *left, *right;
} TREE_ELEMENT;

/* 37I€eMEHT NBYCBSI3HOTO CITMCKa */

typedef struct LIST_ELEMENT
{
TREE_ELEMENT *node;
struct LIST_ELEMENT *next, *prev;
} LIST_ELEMENT;
[* CO31aHHUC 3arjIaBHOT'O 3JICMEHTA CITMCKa */
void CreateHead(LIST_ELEMENT **head, LIST_ELEMENT **last)

{
*head = (LIST_ELEMENT *)malloc(sizeof(LIST_ELEMENT));

(*head)->prev = (*head)->next = NULL;
*last = *head,;

}
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[* nobaBjicHHE K CIUCKY BEPIIHMHBI AepeBa t */
void AddToList(LIST_ELEMENT **last, TREE_ELEMENT *t)
{
LIST ELEMENT *q;
g = (LIST_ELEMENT *)malloc(sizeof(LIST_ELEMENT));
g->node =t;
g->next = NULL;
g->prev = *last;
(*last)->next = q;
*last = q;

}

[* meyaTh crircka (BBIBOJ HA KPaH OYEPETHOTO MyTH) */
void PrintList(LIST _ELEMENT *head)
{
LIST_ELEMENT *q;
g = head->next;
while (q '= NULL)
{
printf("%d ", g->node->data);
q = g->next;
by
printf("\n");
¥

[* yYAAJICHUE U3 CIIMCKA IIOCIECIHETO DJIIEMEHTA */
void DeleteFromList(LIST_ELEMENT **last)

{
LIST_ELEMENT *q;

q = *last;
(*last)->prev->next = NULL,;
(*last) = g->prev;
free(q);

by

[* 00x0x 371eMEeHTOB OMHAPHOTO JIepeBa U POPMHUPOBAHUE MyTeH */
void ObhodTree(TREE_ELEMENT *q, LIST_ELEMENT *head,

LIST ELEMENT **last)
{

if (q != NULL)
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{
AddToList(last, q);

if (q->left == NULL && g->right == NULL)
PrintList(head);

else

{
ObhodTree(q->left, head, last);
ObhodTree(q->right, head, last);

}
DeleteFromList(last);

}

int main()

LIST_ ELEMENT *head = NULL, *last = NULL,;
TREE_ELEMENT *root = NULL,;

... [* co3nanue buHapHOTO NEepena */
CreateHead(&head, &last);

ObhodTree(root, head, &last);

return O;

IIpumep 11. Ha kaxaom ypoBHe OMHApPHOTO AepeBa | LEJbIX YHUCEN

HAUTU MUHUMAJIbHBIH U MAaKCUMAaJIbHBIA 3JIEMECHTHI.

[Tycte Min 1 Max — aBa TMHAMHUYECKHX MaccuBa pasmepa h+1, rue
h — BeicoTa nepea T, mpuuem Min[i] (max[i]) Oyaer coaepxkaTth MUHU-
MaJTbHBIN (MaKCHMaJTbHBIN) 3JIEMEHT i-ro ypoBHs aepesa T, i=0,1,...,h.

[*VHULMAIN3auUs HaYaIbHBIX 3HAYEHUI DJIEMEHTOB MAaCCMBOB MIN 1 max:*/
void InitMinMax(ELEMENT *q, int level, int *min, int *max)
{
if (q)
{
min[level] = max[level] = g->data;
InitMinMax(g->left, level+1, min, max);
InitMinMax(g->right, level+1, min, max);
}
}
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[*norck MUHUMAJIBHBIX 1 MAaKCHMAJIbHBIX 3JIEMEHTOB Ha KXKI0M ypoBHE™/
void MinMax(ELEMENT *q, int level, int *min, int *max)
{
if (q)
{
If (g->data < min[level])
min[level] = g->data;
if (g->data > max[level])
max[level] = g->data;
MinMax(g->left, level+1, min, max);
MinMax(g->right, level+1, min, max);
}
}

int main()
{
ELEMENT *root = NULL,;

int *min, *max; /* nuHaAMHYecKue MAcCUBBI MUH. M MaKC. 3HAYCHUI */
inth, /* Beicora nepesa */

.../* dopmupyem nepeso T */

h = Height(root); /* Beruucisiem BBICOTY nepeBa */

/* BBIAEIIAEM NTAMAITh U1 JTMHAMUYECKUX MAacCUBOB MIN 1 max: */

min = malloc((h + 1)*sizeof(int));

max = malloc((h + 1)*sizeof(int));

/* MHUIIMATM3UPYEeM HauyaJbHbIC 3HAUCHUS: */

InitMinMax(root, 0, min, max);

[*uiem Ha Kaxaom YPOBHE MUHUMAJIbHOE U MAaKCUMAJIBHOE 3HaueHue:*/
MinMax(root, 0, min, max);

return O;

}

IIpumep 12 (4acToTHBIN cjoBapb). Vcnonb3ys JepeBO IMOUCKA,

co37aTh YaCTOTHBIA CJIOBAapb, COJAEPKAIIMI CIOBAa M KOJMYECTBO MOSBIIE-
HUM KaXKJI0T0 CJIOBA B TEKCTOBOM (haiisie B JIEKCUKOTPaPUIECKOM MOPSIKE.

| cmoco6. byaem mocTpodHO CUMTHIBATH TEKCTOBBIM (haiiyl U CTPOKHU

pa30uBaTh Ha CJIOBA C MOMOIILI0 (PyHKIMKU MY Strtok2 (moctpocHHOI B
naparpade «PazOueHue cTpoku Ha JEKCEMBI»).
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Kaxxplii a71eMeHT JepeBa moucka OyeT MMeTh TaKOW BU/I:

struct ELEMENT

{
char *key; /* nunamuueckas ctpoka */
long count;
struct ELEMENT *left, *right;

3

Bceromuanm, 9to ¢yHKIms My _Strtok2 mcnonssyer ¢pynkiuo malloc
U JUUIS KQXJAO0TO CJIOBAa BBIJETSAET HEOOXOAMMOE KOJIUYECTBO mamsaTu. [lo-
stomy noje Key crpykrypel ELEMENT Oyner comepikarh aapec Tekyie-
ro CJIoBa B AWHAMHYECKOM 00JacCTH MaMATH. Takod IOAXO0a XpaHCHHS
CJIOB B JIEpEBE MOMCKa 00JaJaeT TEM MPEUMYILIECTBOM, YTO MPOUCXOIUT
SKOHOMMSI TIaMSTH W JUIsi KaXKJOTO CJIOBa BBIJEISETCS MNaMSITH POBHO
CTOJIbKO, CKOJIBKO 3TO CJIOBO TOI'O TPEOYyeT.

3a mobaBeHUE OYEPETHOTO CJIOBA B JAEPEBO MOUCKA OYyJET OTBEYATh
¢ynkuus Insert. Jlannas QyHKuus SBIsIeTCS JIOTMUYECKON U BO3Bpamiaer 1,
eciau J00aBJIsIeMOro CioBa HE ObUIO B JIEPEBE MOUCKA, B MPOTUBHOM CIy-
yae pynkuus Bo3Bpamaet 0. Bo3Bpamaemoe 3HaueHUE HY>KHO BOT JJIsI Ue-
ro. I[Tycts wWord — odepenHoe BBIICIICHHOE CJIOBO C MOMOIIBIO (PYHKIIHH
my_strtok2. Ecnu B 1epeBe moucka Takoro cjioBa eIie He ObUIO, TO B HEM
co3maeTcsl HOBas BEpIMHA, 1Moje Key KOTopoi OyaeT comepkarh aapec
aToro ciosa. Ecim ske cimoBo word yxe umeercs B JepeBe MOUCKa, TO Clie-
IyEeT MOYUCTUTh TMHAMUYECKYIO NaMsTh, 3aHUMAEMYIO JAHHBIM CJIOBOM.

®dynukmus CreateSearchTree OymeT mpuHUMATh UMSI TEKCTOBOTO (haii-
Ja, aJipec KOPHEBOM BEPIIMHBI JIepeBa MOUCKA U CTPOUTH COOCTBEHHO 3TO
JIEPEBO MOKWCKA, BI3BIBAS JIJI KAXJ0T0 clioBa pyHKIUIO Insert.

#include<stdio.h>

#include<string.h>

#include<stdlib.h>

#define DELIMITERS " .,;;\n\t" /* cumBosbI-pa3aenurenu */
#define N 1024

typedef struct ELEMENT
{

char *key;
long count;

269



struct ELEMENT *left, *right;
} ELEMENT;

/* BcTaBka CTPOKH B JIEPEBO MoucKa */
int Insert(ELEMENT **q, char *ps)
{
if (*q ==NULL)
{
*q = (ELEMENT *)malloc(sizeof(ELEMENT));
(*a)->key = ps;
(*qg)->count = 1;
(*q)->left = (*qg)->right = NULL,;
return 1;

}

else
{
int rez = stremp((*q)->key, ps);
if (rez ==0)
{
((*q)->count)++;
return O;
b
else
if (rez>0)
return Insert(&((*q)->left), ps);
else return Insert(&((*q)->right), ps);

k
k

/* BBIBOJI HAa DKpaH 3JIEMEHTOB JepeBa MOUCKA B

JeKcukorpaduueckom nopsiake */
void Display(ELEMENT *q)
{
if (9 != NULL)
{
Display(g->left);
printf("%s : %d\n", g->key, g->count);
Display(g->right);
}
}
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void Init(int *flag, const char *s)
{ - -
inti;
for (1=0; 1< 256; i++)
flag[i] = O;
for(i = 0; s[i]; i++)
flag[s[i]] = 1;
}

char *my_strtok2(char *s, const int *flag)
{
static char *beg = NULL,;
char *pstr, *pword = NULL;
int len;
if (s!=NULL)
{
for(pstr = s; *pstr && flag[*pstr]; ++pstr)

beg = pstr;
by
else
pstr = beg;
for( ; *beg && !flag[*beg]; ++beg)

if (*pstr)
{
pword = (char *)malloc(beg - pstr + 1);
if (pword '= NULL)
{
len = (beg - pstr) / sizeof(char);
strncpy(pword, pstr, len);
pword[len] ="0";
}

¥
for( ; *beg && flag[*beg]; ++beg)

return pword;

}

271



[* moctpoenue aepeBa moucka */
int CreateSearchTree(ELEMENT **root, char *fname)

{
FILE *f;
char s[N], *word,;
int flag[256];
if ((f = fopen(fname, "r")) == NULL)
return 1,
Init(flag, DELIMITERS);
while(fgets(s, N, f) = NULL)
{
word = my_strtok2(s, flag);
while(word '= NULL)
{
if ('Insert(root, word))
free(word);
word = my_strtok2(NULL, flag);
}
}
fclose(f);
return O;
}

int main( )
{
ELEMENT *root = NULL;
/* mocTpoeHue iepeBa moucka */
CreateSearchTree(&root, "c:\\a.txt");
/* BBIBOJI HAa DKPaH CJIOB B JIEKCUKOTpahUUEeCKOM MOpsaKe */
Display(root);
return O;

}

Il cmoco6. Eciu ke xmoueBoe mone key ctpykrypsl ELEMENT siB-
JISIETCS MACCUBOM CHUMBOJIOB, TO JIJISI PEUICHUS 3a7a9d TOI0MAET QyHKITUS
my_strtokl (moctpoeHHol B maparpade «Pa3OueHue CTpOKH Ha JIeKce-
MbI»). Torma aaropuTM MOCTPOCHHS YaCTOTHOTO CJoBaps OyJET BBITJIA-
JIETh CIETYIOIMINM 00pa3oM.
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#include<stdio.h>

#include<string.h>

#include<stdlib.h>

#define DELIMITERS " .,;;\n\t" /* cumBosbI-pa3aenurenu */
#define N 1024

typedef struct ELEMENT
{

char key[50];

long count;

struct ELEMENT *left, *right;
} ELEMENT;

/* BcTaBka CTPOKU B IEpEBO MOUCKa */
int Insert(ELEMENT **q, char *ps)
{
if (*q ==NULL)
{
*q = (ELEMENT *)malloc(sizeof(ELEMENT));
strcpy((*a)->key, ps);
(*q)->count = 1;
(*q)->left = (*qg)->right = NULL;
return 1;
¥

else
{
int rez = strcemp((*q)->key, ps);
if (rez ==0)
{
((*qg)->count)++;
return O;
}
else
if (rez>0)
return Insert(&((*q)->left), ps);
else return Insert(&((*q)->right), ps);
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/* BBIBOJI Ha dKpaH 3JIEMEHTOB JepEeBa MOKCKA B

JIEKCUKOTpapuIeCcKoM mopsiake */
void Display(ELEMENT *q)
{
if (g !'=NULL)
{
Display(g->left);
printf("%s : %d\n", g->key, g->count);
Display(g->right);
¥
¥

void Init(int *flag, const char *s)
t
inti;
for (I1=0; 1< 256; i++)
flag[i] = 0;
for(i = 0; s[i]; i++)
flag[s[i]] = 1;
by

char *my_strtok1(char *s, const int *flag)

{
static char *beg = NULL,;

char *pword, *pbuf;
if (s!=NULL)

{
for(pword = s; *pword && flag[*pword]; ++pword)

beé = pword;
b

else
pword = beg;
for( ; *beg && !flag[*beg]; ++beg)

pbijf = beg;
for( ; *beg && flag[*beg]; ++beg)

*p’buf ="0"
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return *pword ? pword : NULL;

}

[* mocTpoeHue nepepa nmoucka */
int CreateSearchTree(ELEMENT **root, char *fname)
{

FILE *f;

char s[N], *word,;

int flag[256];

if ((f = fopen(fname, "r")) == NULL)

return 1;
Init(flag, DELIMITERS);
while(fgets(s, N, f) '= NULL)

¢ word = my_strtok1(s, flag);
while(word '= NULL)
¢ Insert(root, word);
word = my_strtok1(NULL, flag);
by
¥
fclose(f);
return O;
¥
int main()
{

ELEMENT *root = NULL,

/* mocTpoeHue iepeBa moucka */

CreateSearchTree(&root, "c:\\a.txt");

/* BBIBOJI Ha DKPaH CJIOB B JIEKCUKOTpapuueCKOM mopsake */
Display(root);

return O;

275



10.

11,

12.

13.

14,

15,

16.
17,

18.

14.10. 3apayu Ha OMHAPHBIE JepeBbA

Haiitu cymMMy 371€MEHTOB OMHAPHOTO JEpeBa.

Havitu BepuinHbl, y KOTOPBIX KOJIMYECTBO MOTOMKOB B JIEBOM MOZJE-
PEBE HE PABHO KOJIMYECTBY MOTOMKOB B IPABOM IOJIJIEPEBE.

Hantn BepmnHbl, 11 KOTOPBIX BBICOTA JIEBOTO MOAAEPEBA HE PaBHA
BBICOTE MPABOTO IMOJJECPEBA.

Hanucath ¢QyHKIMIO, KOTOpas ONPEAENsieT YUCIO BXOXKICHUM HJie-
MEHTa X B OMHapHOE JEPEBO.

Haiitn MakcuManbHbBINA 2JIEMEHT OMHAPHOIO JAEPEBA U KOJIMYECTBO I0-
BTOPEHUN MaKCUMaJILHOI'O 3JIEMEHTA B JaHHOM JIEPEBE.

Hamucats QyHKIIMIO, KOTOpasi ONpeessieT, eCTh JIM B OMHApHOM Je-
peBe XOTs Obl J1Ba OJIMHAKOBBIX JJIEMEHTA.

Hanucate (QyHKIMIO, OMPEACNSIONIYI0 MaKCHUMaJIbHOE KOJUYECTBO
OJINHAKOBBIX 3JIEMEHTOB OMHAPHOTO JAEPEBA.

Hanucate ¢yHKIUI0, KOTOpask OmpeaesseT, SBIsSeTCsS JU OMHApHOE
J€PEBO CUMMETPUYHBIM.

Hanucate QyHKIUI0, KOTOpass Ompeneiser, SBIsSeTcs JU OMHApHOE
JIEPEBO JEPEBOM MOUCKA.

BriBecTn Bce MUCTBS JIepeBa MOKUCKA B MOPSIAKE BO3PACTAHUS.

[Tycte umeetcsi OunapHoe aepeBo T. CdhopMupoBaTh JiBa WIEATBHO
cOaaHCUPOBAHHBIX JEpeBa U3 OTPHUIATEIIBHBIX U HEOTPUIATEIbHBIX
AJIEMEHTOB JiepeBa T.

BriBecTr Ha 3KpaH BCe MyTH, BEAYIIHUE OT KOPHS K JTUCThSIM OMHAPHO-
ro JIEPEBA, Y KOTOPHIX CYMMAPHBIN BEC 3JIEMEHTOB MUHUMAJIHHBIN.
Haiitu nocnenuuii HoMep U3 BCeX YpOBHEW OMHApHOTO JAepeBa, Ha KO-
TOPBIX €CTh MOJIOKUTEIBHBIE JJIEMEHTHI.

Ha xaxxnom ypoBHE OMHApHOTO JepeBa HAWTU MaKCUMAaJbHBIN 3ie-
MEHT.

Ha xaxxnoMm ypoBHE JiepeBa HAUTH KOJMYECTBO BHYTPEHHUX BEPILIHH U
KOJIMYECTBO JIUCTHEB.

Havitu cyMMBI 3JIEMEHTOB BCEX HEUETHBIX YPOBHEM.

HaiiTu MuHUManbHBIA U MakKCUMAJIbHBIA MyTH MEXIY JIUCThIMU OU-
HapHOTO JepeBa.

VY anuth U3 OMHAPHOTO JIepeBa HAMMEHBIIIEE KOJWYECTBO BEPIIMH Ta-
KHM 00pa3oM, 4TOOBI ITOJTYUYEHHOE JEPEBO OBLIIO CTPOro OMHAPHBIM.
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19.

20,

[TycTe nMeeTcst TeKCTOBBIN (haitl. Mcroap3ys aepeBo MOMCKa, CO3/1aTh
Ipyroi TeKCTOBBIN (Dailsl — YaCTOTHBIN CIOBaphb, COJEPKAIINUMA CIOBA U
KOJIMYECTBO MOSBJICHUM KaX0T0 CJIOBa B UCXOIHOM (paiine.
Hamucatrs (yHKIMIO, KOTOpasi OCYIIECTBISICT NOCAOUHbIUL 00X00 Ou-
HapHo20 Oepesa, TPU KOTOPOM 3HAUYEHUS BEPIIUH I€YATAKOTCS OT
YPOBHSI K YPOBHIO, HAUMHASI C KOPHEBOW BEPIIMHBI. 3HAYCHUS BEPIIUH
JIEPEBA HA KaXKJIOM YPOBHE I€YaTaroTCs clieBa HampaBo. /s peann3za-
[IUU aJITOPUTMA UCIIOIb30BaTh CTPYKTYPY OUYEpeab CIASAYIOIUM 00pa-
3oM. Ha mepBOM miare BCTaBUTH B OYEpE/lb KOPHEBYIO BEPIIMHY. 3a-
TEM MPOMHUCATh IUKJI, PA0OTAIONTUHN IO TAKOMY TIPUHIIUITY.
IToka ouepenp He mycTa:
1) Oepem U3 odepeau MEepPBbIi JIEMEHT (;
2) BBIBOJMM 3HAUYCHUE JICMEHTA (] Ha SKPaH;
3) ecnu y BepIIMHBI ( €CTh JIeBas BEPIINHA-IIOTOMOK B JIEPEBE, TO
100aBJIsIEM ATOT MOTOMOK B OUEPEb;
4) ecmu y BepIIMHBI ( €CTh IpaBas BEPIINHA-IIOTOMOK B JCpPEBE,
TO 100aBJIIeM 3TOT MTOTOMOK B O4YEpE/ib;
5) ynamseM u3 odepeau AIEMEHT (.
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Hpunoxenue 1. AJITOPUTMbBI IONCKA

IlycTh mMeeTCsi HEKOTOPBI MAacCuB a (Hampumep, AEHCTBUTEIbHBIX
yucen) pazmepom N. Hy>)XHO onpenenuTs, COAEPKUT JIM MACCUB & 3JIEMEHT
C HEKOTOPBIM HAIepe]l 3aJJaHHbIM 3HAY€HUEM X. ECIIM OTBET MOJIOKUTENb-
HBIH, TO TpeOyeTCsi BO3BPATUTh UHACKC 3JIEMEHTa CO 3HAaUYCHUEM X, B TIPO-
THUBHOM CJIy4ac — BO3BpPaTUTh 3HaueHUE -1. B m1anHoM pasznene mpuBeeHbI
TPU AITOPUTMA PEIICHUS JAHHOW 3aJaud:. JIMHEHHBIA IIOUCK, MOUCK C
O0apbepoM U JBOMYHBIN MOUCK.

1. JIuHeHHBIA MOUCK

AJNTOPUTM JIMHEWMHOTO MOUCKA 3aKJI0YaeTCsl B TOM, YTO MAacCUB IO-
CJI€A0BATEIHO MTPOCMATPUBAETCS 110 OAHOMY BJIEMEHTY JI0 T€X IMOp, MOKa
00 HE BCTPETUTCS MUCKOMBIM 3JEMEHT X, JIMOO He OyayT MPOCMOTPEHBI
BCE€ 3JIEMEHTHI MacCHBa (€CIM 3JIEMEHTA X B MAaCCUBE HET).

int LinearSearch(const double *a, const int n, const double x)

{

while (++i < n && afi] 1= X)

return (i<n) ?i:-1;

2. Ilouck ¢ 0apbepom

ANTOPUTM JUHEWHOTO TMOUCKA MOKHO HEMHOTO YCOBEPIICHCTBO-
BaTh, €CJIM B 1ukje while yOpaTh mpoBepKy BbIXOJa 3a IpaHUIly MacCHUBa
(i < n). Ho mist 3TOro Hago UMETh rapaHTHIO, YTO IJIEMEHT X 00513aTelIbHO
HaleTCs B MaccHBe @, 9YToObI MUK while octanoBuics. s 3ToH 1eiau B
KOHEI[ MacCHBa JIOCTaTOYHO IMOMECTUTh JOTIOJHUTEIbHBIA 3JIEMEHT CO
3Ha4YeHHeM X. Takoi 2JIeMEeHT Ha3bIBAeTCs OaphEePHBIM 3JIEMEHTOM.

int BarrierSearch(double *a, const int n, const double x)

t
int i
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a[n-1] = X; /* na nocnexnee Mecto craBuM GaphepHBIi deMeHT */
i=-1;
while (a[++i] = X)

return (i<n-1) 21 :-1;

3. /IBOMYHBIN IMOUCK

Ecnu 3apanee WU3BECTHO, UTO MACCHUB SIBISIETCS YIIOPSAIOYECHHBIM, TO
ITOPUTM TMOMCKAa MOKHO caenath oosnee dpdexktuBHbIM. [lycTh ams onpe-
NEJICHHOCTH MAacCHUB a YIIOPSAIOYEH 110 BO3pACTaHMI0. B ciexyromem anro-
PUTME PEANTN30BAH O8OUYHDIU NOUCK dTIeMEeHmA.

[Tycte | u r — coOoTBETCTBEHHO JieBas W MpaBasl TPaHUIIBI TOTO IO/I-
MACCHBa B MACCUBE @, KOTOPBIN MPEANOJIOKUTEIBHO COAEPKUT UCKOMBIN
AJIEMEHT X:

T T T - T=1 -1 T . | ]
a[l] ali] alr] a[l-1]

W3navanpHO 3HAaUeHUs | ¥ I 0XBaTHIBAIOT BeCh MacCHUB &, TO ecTh |1=0 u
r=n-1, rme n — pa3MepHOCTh MaccuBa a. Ha odepemHom 1miare HaxoauM ce-
penuny otpeska [l, r]: mid=(l+r)/2. Tlocne yero anemMeHT X cpaBHUBAEM CO
cpemHuM diemMeHToM a[mid] Tekymero moagMaccuBa (¢ rpanunamu | u r).
[Tpu >TOM BO3MOXHBI Takue curyaruu: X==a[mid], x<a[mid], x>a[mid]. B
IICPBOM CJIy4ae 3JIEMEHT X HalJIeH B MacCHBE a, M IOMCK MOYKHO 3aBEp-
IIMTh. B IBYX ApYyrux ciydasx Mbl MOKEM OTOPOCHTH ITOJIOBUHY TEKYIIlE-
0 MOoJAMAacCHBa IyTeM IepeonpeaeacHus 0o 3HaueHus |, 1100 3HaueHus
r. Hampumep, eciam x<a[mid], To MOHATHO, YTO MHTEPECYEMbIH HAC dJie-
MEHT MOXKET HaXOJUThCS JIO0 3JIEMEHTA ¢ MHACKCOM Mid, mo3ToMy Iepeor-
peneM 3HaYCHHE TIPaBOM TpaHUIlLI I, TOJI0KHUB F=mid-1, mocite yero re-
PEXOJIUM K CIICIYIONIeMY IIIary.
int BinarySearch(const double *a, const int n, const double x)

{

intl, /* neBasi TpaHHUIIA pacCMaTPUBAEMOTO MaccuBa  */
T, /* mipaBasi TpaHuUlla pacCMaTpUBaeMOro mMaccuna */
mid; /* cepenuna otpeska [l, r] */

| =0;

r=n-1;
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while (I <)

{
mid = (1 +r) / 2; /* BeruncnseM cepeauny orpeska [1, r] */
if (a[mid] ==x)
| =r = mid;
else
if (a[mid] < x)
| =mid + 1;
else r=mid - 1;
}
return (a[l] ==x) ? | : -1;

}

280



Hpuaoxkenue 2. AJITOPUTMbI COPTUPOBKHA

3amada — OTCOPTUPOBATH HEKOTOPHIM MAaCCUB & pasMepoM N MO BO3-
pacTaHuIo.

HeckobKO CJI0B 0 CJI0KHOCTH aJropuTmMmoB

OnHy m Ty K€ 3aJa4y MOKHO PEIINTh Pa3HbIMU CIlocoOaMu (airo-
putmamu). [locime Toro, Kak ajiropuT™M COCTAaBJICH U JIOKa3aHa €ro mpa-
BWJIBHOCTh, HEOOXOJMMO MpoaHaIu3upoBaTh e€ro 3ddekTtuBHOCTh. [lpu
TaKOM aHaJIM3€ AITOPUTMA OMPEACACTCA KOJIUMYECTBO T€X WJIU UHBIX OIle-
paluii, BBIMOJHIEMBIX AJITOPUTMOM. B KauecTBe Takux oreparuil MOTyT
BBICTYIIaTh OTNEpallU¥ CpaBHEHUA, apupMeTHUYECKUE orepanuu 1 1.1. Ha-
MIPUMEP, B AJITOPUTMAX COPTUPOBKH YUHUTHIBACTCS KOJWYECTBO OMNEparui
CpaBHEHHS B 3aBHCHUMOCTH OT pa3mepa MaccuBa. [1oja CIOKHOCTBIO aliro-
puTMa OyJneM MOHMMAaTh KOJIWYECTBO TEX WJIM HMHBIX OIEpalui, BBIMOJI-
HSEMBIX aaropuTMoM. CII0)KHOCTh alirOpUTMa HE NMpUBA3aHA K TEXHUYE-
CKUM XapaKTEPUCTHKAM KOMIIBIOTEPOB, HO MO3BOJIAET MPHUOIUZUTEIHHO
OIICHUTh peaibHOE BpeMsi paboThl aiaroputrma. PaccMoTpuM clienyrorue
4acTO BCTpeUaromuecs GyHKIUU CI0KHOCTH:

O(log,n), O(n), O(n-log,n), O(n?).

JInst HarIsiAHOCTH TIPUOIU3UTEILHO BBIYMCIUM BPEMS BBIMIOJHEHUS
paboOThl aaropuTMa Ha KOHKPETHOM KOMIIBIOTEPE B 3aBUCHMOCTH OT
GYHKITMU CI0KHOCTU. PaccMOTpUM T0CTaTOUYHO MPOU3BOAUTEIBHBIN KOM-
npioTep ¢ mporeccopom 15-3450 ¢ gacrororr 3100 MI'm 1 omepaTUBHOM
namsaTbio DDR3 16 I'6 1600 MI'i. PaboTtaTh OyzieM ¢ N-3JIeMEHTBIMU Mac-
cuBa. Ha Takom kommeroTepe, Hanpumep, nauimanuzamnus 1 000 000 000
AJIEMEHTHOTO MacCHBa JJIUTCSL OKOJIO 2 ceKyH[ BpeMeHu. [loatomy Oynem
CUUTATh, UTO 00paboTKa MPOUCXOAUT co ckopocThio 500 000 000 smemeH-

TOB MAaCCUBA B CEKYHY.
2

[IyCTh CIOXXHOCTH alITrOpUTMa SIBIISIETCS KBaJIpPaTHIHOMN: W(n):n?.

I[IpumMeHnm TakoM aJuropuTrM K MacCUBY U3 N 3ieMeHTOB. Eciu
n =1 000 000, To anroput™ OyAET BHIMOIHATHCS TPUOIUIUTEITHHO

1000000 — 1000 cexynna =~ 16 MUHYT.
2-500000000
Ho ecan maccuB coctout u3 n=1 000 000 000 »ieMeHTOB, TO JAHHBIN aJ-

ropuTM OyJIeT padoTaTh NPUOIUZUTEIHHO
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1000000000" - 1000000000 cexyrn = 11574 cyrox = 31 rox.
2-500000000

[IycTh Teneps CIOXKHOCTH aIrOpuUTMa MpeacTaBicHa Takoh (QyHKITU-

y _n-log,n
eit: W(n)—T ¥ MacCHB COCTOHUT M3 TOT'O K€ MHJIIHApAa dJICMCHTOB.

Torga ganubIi aropuT™ OyaeT padoTaTh MPUOTUZUTEIHHO
1000000000 - |Og21000000000

2-500000000
[Tycte maccuB coctout u3z N=1 000 000 000 snementoB. B ciemxyto-

11(S71 Ta6J'II/II_I€ IPpUBCIACHA 3aBUCUMOCTDb PCAJIbHOI'O BPCMCHHU pa6OTBI aJIro-
puTMa OT €ro CJI0KHOCTH.

=30 cexyHz.

cliokHOCTh ajiro- | O(log,n) O(n) O(n-log,n) | O(n%)
pUTMa
BpeMsI paOOThI MHUKPOCEKYH/bI | CCKYHIbI | MUHYTBI T'OJIbI

1. Metoa npssMoro Bbidoopa

JlaHHBIA METOJ| OCHOBAaH Ha ciemyromieM mnpuHiune. Ha i-m mare
(i=0, 1, ..., n-2) mmercs MUHUMAJIBbHBIA 3JICMCHT W3 BCEX 3JICMCHTOB
MaccuBa ¢ umHAekcamu I, 1+1, ..., n-1, mocie 4ero 3TOT MHUHUMAJIbHBIN
9JICMEHT MEHSETCS MECTaMM C I-M 3JIEMEHTOM MacCHBa, M IEPEXOJUM K
CIICIYIONIEMY IIary.

C105)KHOCTh COPTUPOBKH B JIIOOOM ClIydae: O(nz).

void SelectionSort(double *a, const int n)

int 1, /* HOMEp TEKYIIero Iara */
1, /* cueTuuk */
k; /* MHAEKC MUHAMAJILHOTO dJIeMeHTa */

double min;  /* 3HaYeHHe MUHUMAJILHOTO 3JIEMEHTA */
for(i=0;i<n-1; i++)
k = I; /*HauanpHOE 3HAUYEHME MHIEKCA MUHUMAJIBHOTO deMeHTa™/
min = a[i]; /* maganbHOe 3HaUEHHE MUHMMAIILHOTO diieMeHTa */
forG=1+1;j<n;j++)
if (a[j] < min)
K=1j;
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min = a[j];

}
a[k] = alli;
a[i] = min;

Ha ocHoBe MeTona mpsMOro BbIOOpa MOXKHO pellaTh, HAMpPUMED,
CleAyIoIIUE 3aJa4u.

IHepememuBanue 3j1eMeHTOB B MaccuBe. [lycte ¢ MaccuBoM Tpe-
OyeTcs BBIMOIHUTD OIEPaIrio, MPOTHUBOIIOIOKHYIO COPTUPOBKE, & HMEHHO
neperacoBaTh (MepemernaTb) BCE 3HAYEHUS B HMCXOJHOM MaccuBe a. B
ATOM CJIy4ae MOXKHO MPUMEHUTH aITOPUTM, HEMHOTO IMOXO0KUH HA METO]I
npsiMoro BeiOopa: Ha i-m mmiare (1= 0, 1, ..., N-2) Npou3BOJbHBIM 00pa3oM
BBIOMpAETCS JIEMEHT M3 BCEX JIEMEHTOB ¢ MHACKcamu i, i+1, ..., n-1, mo-
CJIC YeTro TOT AJIEMEHT MEHSIETCS MECTaMU C 1-M JICMCHTOM MacCCHBA.

void InterMix(double *a, int n)
{
inti, k;
double buf;
for(i=0;1<n-1; i++)
{
K=1+rand()%(n - i);
buf = a[i]; a[i] = a[K]; a[k] = buf;
¥
¥

2. MeTton NMPAMOIo BKIIIOYCHUSA

OcHOBHas uaesi COPTUPOBKUA METOJIOM MPSIMOT0 BKIFOUEHHSI COCTOUT
B TOM, 4TO IIpU J00aBJICHUHW HOBOTO 2JIEMEHTAa B YK€ OTCOPTUPOBAHHBIN
MAacCHUB 3TOT JIEMEHT CTAaBUTCS Ha HY>KHYIO MO3UIIUIO TakK, YTOOBI MOJIy-
YHMBIIMICS MacCCHB CHOBA ObLT OTCOPTUPOBAaHHBIM. [1ycTh i-1 mepBhBIX 3i1e-
MeHTOB (I > 1) HCXOZHOTO MaccuBa yxke oTcopTHpoBaHbl. Ham TpeOyercs
NEPEeIBUHYTh BCE M3 JaHHBIX I-1 3JIeMEHTOB, OOJBIINE I-TO DJIIEMEHTA, Ha
OJIHY IO3MIIMIO BrpaBo. Ha ocBoOOAMBINICECS MECTO CTaBUM JAaHHBIN I-i

283



snmeMeHT. [locie 4ero Mbl y)ke MMeeM | OTCOPTHPOBAHHBIX MEPBBIX dJIe-
MEHTOB.

[TepBoIii 3€MEHT MaccHBa a SIBISETCSA OJHODJICMEHTHBIM OTCOPTH-
POBaHHBIM MacCHUBOM. [l03TOMy IOCIIEIOBATEILHO pacCMaTpHBAcM CIIy-
yan i =1, 2, ..., n-1.

CII0%HOCTb COPTHPOBKH B cpeHeM ciydae: O(n’).

void InsertSort(double *a, int n)
to
inti, j;
double buf;
for i=1;1<n;i++)
{
buf = a[i];
for(j=i-1;j)>=0&&a[j] > buf; j--)
alj+1] = alj];
a[j+1] = buf;
}
}

HaxoxaeHust HECKOJIbKUX MUHMMAJIbHBIX (MAKCHMAJIBHBIX) JJIeMeH-
TOB. B MaccuBe 1enbix gucen a pazmepa N Haittm M (M<N) MUHUMAaTHHBIX
snemenToB. Hanmpumep, B maccuse 10, 20, 10, 30, 40 npu m=3 pe3ynbTat
noJiKeH ObITh Takoil: 10, 20, 30. PaccMOTpUM alirOpUTM HaXOXIEHUS He-
CKOJIBKMX MHHHMMAJIBHBIX JJIEMEHTOB OJHOMEPHOIO MAacCHBa Ha OCHOBE
COPTUPOBKU BCTABKAMU.

#include<stdio.h>

#define N 10 /* pasmep maccusa */

#define M 5 /*konnuecTBO HCKOMBIX MUHUMAJIBHBIX 3JIEMEHTOB */
void Min(int *a, int n, int *min, int m)

t
inti, j;
min[0] = a[0];
for(i=1;i<m;i++)
{

for(j=1i-1;j>=0&& min[j] > a]i]; j--)
min[j + 1] = min[j];
min[j + 1] = a[i];
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¥
for(;i<n;i++)
{
if (a[i] < min[m - 1])
{
forg=m- 2;j>=0&& min[j] > a[i]; j--)
min[j + 1] = min[j];
min[j + 1] = a[i];
b
¥
by

int main()
{
inti,a[N], /* ucxomuwiii maccuB */
min[M]; /* maccuB 3 M MUHUMaJIbHBIX JIEMEHTOB */
Min(a, N, min, M);
for(i=0; i< M; i++)
printf(“%d *, min[1]);
return O;

3. Ily3bipbKOBasi COPTHPOBKA

IIpu my3bIPpEKOBOM COPTHUPOBKE COBEPIIAETCS HECKOJIBKO MPOXOJIOB
1o MaccuBy. [Ipu KaxJI0M TakoM POXOJ€ MPOUCXOAUT CPABHEHUE COCEI-
HUX 3JIEMEHTOB. ECM mOpsiIoK COCEAHUX 3JIEMEHTOB HEMPABWIIBHBIN, TO
OHU MEHSIOTCS MecTaMu. Eciiv mpu odepeHOM MPOXOJe 10 MACCHUBY BbI-
SICHSIETCS, YTO HET TAKOM Maphl PSAJIOM CTOSIIUX 3JEMEHTOB, MOPSII0K KO-
TOPBIX HEMPABUIbHBIN, TO €CTh MAaCCUB YK€ OTCOPTUPOBAH, TO AJITOPUTM
COPTHUPOBKHU 3aBEPIIACTCH.

B anroputme HuXe 1enodncieHHas nepeMmenHas flag Oymer oTse-
4aTh 32 TO, OCTAJIUCH JIU B MACCHBE PSIJOM CTOSIIIHAE AJIEMEHTHI, MOPSI0K
KOTOPBIX HeNpaBWIbHBIN. [10 3HaUeHUIO TaHHOW TIEpEeMEHHOM OYy/IeT BHU/I-
HO, CIIeAYyeT MPOJ0JKaTh MPOIECC COPTUPOBKU JIMOO MAaCCHUB YK€ OTCOP-
TUPOBAH.

ITockoybKy IIpH KaKI0M MPOXOKIACHUU TT0 MACCUBY MaKCUMAaJIbHbBIC
AJIEMEHTHI OYIyT IepeMelIaThCs B KOHEI MacCHBa, TO HET HEOOXOAUMO-
CTU KaXXJIbld pa3 MpoCMaTpUBaTh BCE Maphbl JIEMEHTOB. 3a BEPXHIOK I'pa-
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HUIlYy MacCHUBa, 10 KOTOPOM HY>KHO MPOBEPATH AIEMEHTHI, OYJIET OTBEYaTh

nepeMeHHas I.
2
CH0XHOCTh COPTUPOBKH B cpearem cirydae O(N%), B mydiem cirydae

n-1.
void BubbleSort(double *a, const int n)
{
inti, r, flag;
double buf;
r=n;
do
{
flag = 0;
fori=1;i<r;i++)
if (a[i] < a[i-1])
{
buf = a[i]; a[i] = a[i-1]; a[i-1] = buf;
flag = 1;
by
r--;
Iwhile(flag);
¥

4. IllleiikepHasi COPTHPOBKA

JlaHHast COPTUPOBKA SBJISAECTCA YIYUYIIEHUEM ITY3bIPHKOBOIO METO/IA.
AnropuT™M pabOThl IPU HMIEUKEPHON COPTUPOBKE cleayromuil. JIBrkeHue
110 MAaCCUBY MPOUCXOJUT MOOYEPEIHO BIEPEA M HA3AJ, U JOMOJHUTEIBHO
BBICTPAUBAETCS HAYaJ0 U KOHEI] MacCUBa B 3aBUCUMOCTU OT MECTa IIO-
CJICTHETO U3MEHEHUS.

void ShaikerSort(double *a, int n)
{

intl,ri,k;

double buf;

k=1=0;

r=n-2,

while(l <=r)
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for(i=1;i<=r; i++)
if (a[i] > a[i+1])
{
buf = a[i]; a[i] = a[i+1]; a[i+1] = buf;
k=1
}
r=k-1,
for(i=r;i>=1;1i--)
if (a[i] > a[i+1])
{
buf = a[i]; a[i] = a[i+1]; a[i+1] = buf;
K=1;
¥
=k + 1;

5. beicTpast copTUpOBKa

JIaHHBIA aNTOPUTM COPTUPOBKM OCHOBAH HA PEKYPCUBHOM METOJE.
bricTpas copTupoBKa (PUKCUpPYET 3JIEMEHT MaccuBa X, Ha3bIBa€MbIN OcCe-
BbIM, a 3aTEM MEPEyNOpPsSAOUNBACT MACCUB TaKUM O0pa3oM, YTO BCE HJie-
MEHTBI, MEHBIIINE OCEBOT0, OKA3bIBAKOTCS NIEPE] HUM, & OOJIBLINE JIEMEHTHI
— 32 HUM. DJTO MPOUCXOIUT clieayroumM oOpa3zoM. [IpocmarpuBaem sie-
MEHTBI MAacCHBa CJIEBA HANPABO, PACHOJIOKEHHBIE JO OCEBOr0O AJIEMEHTA X,
IIOKa HE BCTPETHUM JJIEMEHT a; > X. 3aTeéM NPOCMATPUBAEM BJIEMEHTHI Mac-
CHBa CITpaBa HaJEBO, PACIIOJIOKEHHBIE TIOCIIE OCEBOTO JJIEMEHTA X, ITOKA HE
BCTPETUM DJIEMEHT @; < X. ITocsie 3Toro MeHseM MecTaMu 3JIEMEHTHI ; U 3
MEeCTaMHU U MPOAOJDKAEM JaHHBIM MHpolecc. B Kaxaoi U3 4acten MaccuBa
AJIEMEHTHI HE ymnopsigouuBarorcsa. 3areM anroput™ QuickSort BeI3bIBaeTCA
PEKYPCUBHO JJISl KaXA0M U3 ABYX YacTel.

C0XHOCTB COPTUPOBKH B cpeaneM ciaydae O(n-log, n).

void QuickSort (double *a, int left, int right)
{

inti, j;

double x, buf;

287



| = left;

J = right;
x = a[(left + right)/2];
do
{
while (a[i] < x)
i++;
while (x < a[j])
I
if (i<=})
{
buf = a[i];
a[i] = a[jl;
a[j] = buf;
I++;
-
}
} while(i <=j);

It (left <j) QuickSort (a, left, j);
if (right > 1) QuickSort (a, i, right);
}

Jlns maccuBa a pasmepa N JaHHas COPTHPOBKA BBI3BIBACTCS CJICTYIONIUM
obpazom: QuickSort(a, 0, N - 1).

Bcerpoennasi pyHkuus 0bicTpoii coptupoBku gsort(). B 6mbmamo-
teke <stdlib.h> conepxurcs dynkuus qsort(), koropas copTupyer npous-
BOJIbHBI MAacCHUB OOBEKTOB JIAHHBIX METOAaM ' OBICTPOM COPTUPOBKHU' .
Jlannas pyHKIMA UMEET CIeAYIOMUN MPOTOTHII:

void gsort (void *a, size_t n, size_t size,

int (*compare)(const void *, const void *))

[lepBbIit apryMeHT MpeCcTaBiIsieT cO00M yKazaTeslb Ha COPTUPYEMBIH
maccuB a. Crangapt ANSI C nmomyckaer mpuBeIeHHE yKas3aTels Ha JIio-
Oble maHHBIE K TUMy ykazatenb Ha VOid. [loaToMy mepBEIii aprymeHT
dyHkiuu qsort() MojkeT cchUIaThCsl Ha MACCHB JIFOOOIO THUIIA.

BTopol aprymMeHT OTBEYAET 3a KOJUYECTBO COPTUPYEMBIX SJIEMEH-
TOB B MaccUBe d. B kauecTBe TpeThero napamerpa nepeaaeTcs pa3mep Ka-
KJOTO AJIEMEHTa MaccuBa a B Oaitax. Hampumep, eciu copTupyemblit
maccuB uMmeet Tun double, To B kadyecTBe TpeThero mapaMerpa nepenaeTes

288



sizeof(double). B To ke Bpems Ooyiee YHHMBEPCAIbHBIM CIIOCOOOM IIepe/ia-
M pa3Mepa JIEMEHTOB MacCHBa CITY)KUT BhIpaxenue Sizeof(*a).

YerBepThiii mapamerp ¢yHknuu (sort() onpenenser, B KaKOM HOPS/I-
K€ COPTUPOBATHh MaccuB a. [yt aTOoro mepemaercs ykasaTenb Ha (DyHKIHIO
CpaBHEHHUs JIBYX 3JieMeHTOB. IIpu 3ToM nanHoW (ynkmmm (compare) me-
penaroTcs He 3HAYCHUS DJIEMEHTOB, a yKa3aTelld Ha CpPaBHUBACMbIC dJie-
MeHThl. DYHKITUS compare() JobKHA BO3BpAIaTh OTPUIIATEIBLHOE IIETI0C
YHCIIO, €CJIM TIEPBBIA JIEMEHT JOJDKEH MPEAIIeCTBOBATh BTOPOMY B Mac-
CHUBE @, HOJIb, €CJIH DJIEMEHTHI OJIMHAKOBEI, U TIOJIOKUTEIBHOE T1€TI0€ YK C-
JI0, €CJIH TIEPBBIN 2JIEMEHT JOJKEH CJICIOBATh 32 BTOPHIM B MaCCHBE a.
[Mpusenem npumep. Ilycts TpeOyercs orcoptupoBars MaccuB double a[N]
o Bo3pacTaHuio. YToObl MpuUMEHUTHh (QYHKIUIO (SOrt(), Hy»KHO TOJIBKO
MPaBWJIBHO TpomHcaTh (YHKIIMIO CpaBHEHHS 3JIeMeHTOB compare(). Ha-
IpUMeEp, TO MOXKHO CJIeNaTh TAKUM 00pa3oM:

int compare(const void *pl, const void *p2)
{
[* mpuBoauM ykazarenu k tuiry double, aToOb1 UMeTh JOCTYIT
K DJIEMEHTBM. */
const double *al = (const double *) p1;
const double *a2 = (const double *) p2;
if (*al < *a2)
return -1;
else if (*al == *a2)
return O;
else return 1;

}

[Ipu 3TOM 3aMeTUM, YTO JaHHYIO (QYHKIIMIO MOXHO 3alucaTh 00Jee KOM-
NaKTHO:

int compare(const void *pl, const void *p2)

{

return *(const double *)p1 - *(const double *)p2;

}

Takum oGpa3zoM, mporpaMma COPTUPOBKH MacCUBa MPUMET TaKOW BU/I:

<stdlib.h>
#define N 100
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int compare(const void *pl, const void *p2)

{
ky

int main()

{

return *(const double *)p1 - *(const double *)p2;

double a[N];

.../* 3amonHseM maccus a */

gsort(a, N, sizeof(*a), compare); /* coptupyem maccus a */
return O;

}

3aMeTuM, 4TO BCTpoeHHas QyHKIMs ObicTpoii copTupoBku (sort() padora-
eT B pasbl MeieHHee Gynkmuu QuickSort(), mpexcraBiIeHHOM BBIIIE, TO-
ATOMY B aJITOPUTMAX HUXKE, TJe OyAeT MCIOIb30BaThCA MOAU(PUKAIIIS aJl-
roputMa OBICTPON COPTHUPOBKHU, OyJ€M NPUBOJIUTH B IEPBYIO OYEPEIb
dyukmmro QuickSort().

6. CopTupoBKa noaACYETOM

CopTHpOBKa MOJCYETOM SBJISICTCS CIIENHUATM3UPOBAHHBIM aITOPHT-
MOM, KOTOPBIi paboTacT HEBEPOSITHO OBICTPO, €CIU DJIEMEHTAMH JTaHHBIX
SIBIIAIOTCS LI€JbI€ YKCIIA CO 3HAYCHHUSAMHU, 3aHUMAIOIIUMH OTHOCHUTEIHHO
y3KHH auamna3oH. bosbiias CKOpocTh COPTUPOBKH MOACYETOM JOCTUTACTCS
3a CYET TOro, YTO IIPH ATOM HE IPUMEHSIOTCS OIEPallii CPaBHEHU.

[TycTh @ — MacCUB LEIBIX YHCEN, COCTOSIIMMA U3 N 3meMenToB. O00-
3HAYUM Yepe3 MIiN ¥ Max COOTBETCTBEHHO MUHHMAIIBHBIA U MaKCHMAajlb-
HBIM A1eMeHTH MaccuBa a. Torna 3Hadenus snmemedToB a[0], a[l1], ..., a[n-
1] MmaccuBa a OyAyT MpHHAIICKATh MHOXKECTBY {min, min+l, ..., max},
MOIITHOCTh KOTOPOT'0 HE IMPEBOCXOIUT 3HAUeHHs M = max — min + 1. To
€CTh B MacCCHBE a MMeeTCs He 0ojiee M pa3IudHbIX dJIEMEHTOB.

CopTHPOBKY MOJCUETOM HauHEM C CO3JaHUs MaccHBa COUNt pasmep-
HOCTH M, B KOTOPOM 3JIeMeHT count[i] Oymer coiepkaTh KOJIMYECTBO BXO-
KIEHUA diemMeHTa Min+l B MaccuBe a, roe | = 0, 1, ..., m-1. To ectb
count[0] Oymer conaepkaTh KOJMYECTBO 3JIEMEHTOB MacCHMBa a, paBHBIX
3Ha4YeHHIO MIN, smeMeHT Count[l] — kommMyecTBO 3JIEMEHTOB MaccuBa a,
paBHBIX 3HAYCHHUIO MIN+1 u T.1.
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[Tocne Toro xkak maccuB COUNt OyneT 3amoJIHEH, HAaUMHAEM Iepe3a-
MHUCHIBATh dJIEMEHTHI B MaccuBe a. CHavasa 3anuiieM count[0] smemeHToB
CO 3HaueHHeM MIn, 3aTeM Count[1] sameMeHTOB co 3HaYeHHEM MIN+1 u T.1.
[Tocne gero OyaeM UMETh OTCOPTUPOBAHHBIN MACCHB a.

[ min | ... | mim [mindk]l | . [ miel| ... | max [ ... [ max |

count[0] count[1] countm-1]

Cnoxuocts anropurma W(n,m) = O(n+m).
int CountSort(int *a, const int n)

{
int *count, m, i, j, k, min, max;
count = NULL,;
/* IICPBLIM ACJIOM HIIEM MUHHUMAJIBHOC U MAKCUMAJIbHOC
3HAUCHUA MaCCHUBa a
*/
min = max = a[0];
for (iI=0;i<n;i++)
if (a[i] < min)
min = a[i];
else if (a[i] > max)
max = a[i];

m = max - min + 1; /* pazmepHocTh MaccuBa count */

/* co3maeM TUHAMHUYECKHUM MacCUB count, BCE JIEMEHTHI
KOTOPOT'O M3HAYAJIHLHO PaBHBI HYJIIO

*/

count = (int *)calloc(m, sizeof(int));

if (count == NULL)
return O;

/* MOACUUTHIBAEM KOJIUYECTBO BXOXKICHUM KaX0TO JIEMEHTA
B MacCHBE a

*/

for (1=0;1<n;i++)
count[a[i] - min]++;

/* mepe3anuchiBaeM JIEMEHTHI B MacCuBe a */
k=0;
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for (1=0;1<m;i++)
for (j = 0; j < count[i]; j++)
a[k++] =1+ min;
free(count);
return 1;

}

[Ipeanonoxum, 4To TpeOyeTCss OTCOPTUPOBATH MACCUB, COCTOSIIUH,
B 00IlleM ciydae, U3 CTPYKTYp, MO LEIOYUCIECHHOMY KJIIOUYEBOMY IOJIIO.
Hanpumep, paccmorpum N-3nementHbI MaccuB INFO a[n], kaxasiii sme-
MEHT KOTOPOTO SIBJISIETCS CTPYKTYpPO

typedef struct {
int key; [* xiroueBoe nose */
char name[50]; /* ctpoka */

} INFO;

3agadeit ABISETCS OTCOPTHUPOBATH MACCHUB & IO KIOUYEBOMY OO
key, ecmu 3apaHee M3BECTHO, YTO MHOXKECTBO BCEX 3HAUYCHHM, KOTOPHIC
MOTYT XpaHUTHCS B JJAHHOM I10JI€, MMEET 'OTHOCUTEJIbHO' Y3KHIl Juara-
30H.

Tak kak Hall MacCUB COAEPKUT HE TOJBKO IIEJIbI€ 3JEMEHTHI, TO B
SIBHOM BHUJI€ COPTUPOBKY MOACYETOM MbI IPUMEHUTH HE MOxkeM. HemHoro
MOJICPHU3HPYEM aJTOPUTM COPTHUPOBKH mojcdeToM. IIycth min m max —
COOTBETCTBEHHO MUHHMAJIbHBIA U MaKCHUMAaJIbHBIN 3JIEMEHTHI KIIFOUEBOTO
nonst key maccuBa a. Kak m paHee, cHavajma CO3MaJUM JAMHAMHUYCCKUH
MaccHB COUNt pazmepa M = max — min + 1 u 3amoHUM ero TakuM oOpa-
30M, 94TOOBI AJIeMEeHT COUNt[i] ObUT paBeH KOJIMYECTBY KIIOYEBBIX AJIEMCH-
TOB MacCHBa @, paBHbIX 3HaUeHUIO Min+i, i =0, 1, ..., m-1.

[Tocne Toro, kak 3amoJIHEHHE MacchBa COUNt OyaeT 3aBepIleHo, mpe-
00pa3yeM 3JIEMEHTHI IAHHOTO MAacCUBa CJICAYIOIIUM 00pa3oMm:

count[i] = count[i - 1] + count[i], i=1,2,...,m-1.

Tenepp 3HaueHue COUNt[i] o3HAaYaeT KOJMYECTBO 3JIEMEHTOB MacCHBa 4,
KJIFOUEBBIC TIOJISI KOTOPHIX MMEIOT 3HAYEHUSI MEHbBILEC WM PaBHbIC YUCTY
min+i, 1=0, 1, ..., m-1.

typedef struct {
int key;
char name[50];
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} INFO:

/* MOMCK MUHMMAJILHOTO ¥ MAKCUMAaJILHOTO 3HAaYCHHI */
void Min_Max(INFO *a, int n, int *min, int *max)
{ - -
inti;
*min = *max = a[0].key;
for (I=1;1<n;i++)
if (a[i].key < *min)
*min = a[i].key;
else if (a[i].key > *max)
*max = a[i].key;

}

/* CopTupoBKa mojacueToM. Pe3ynbrar 3anuceiBacTcst B Maccus b. */

int CountSort(INFO *a, INFO *D, int n)
{
int *count, min, max, m, I;
Min_Max(a, n, &min, &max);
m = max - min + 1;
count = (int *)calloc(m, sizeof(int));
if (count == NULL)
return O;

for(i=0;i<n;i++)
count[a[i].key - min]++;

for(i=1;i<m;i++)
count[i] += count[i-1];

for (i=n-1;i>=0;i--)

{
b[count[a[i].key - min] - 1] = a]i];
count[a[i].key - min]--;

¥

free(count);
return 1;
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Ipunoxenue 3. COPTUPOBKA HHJIEKCOB M YKA3ATEJIEH

NHorna tpebyeTcs OTCOPTUPOBATh HE CaM MacCUB (HampuMmep, Mac-
CUB CTPOK, MacCHB CTPYKTYp), a JHIIb MacCHUB HMHJEKCOB (WJIU yKa3aTe-
Jeit) u, obpaiasch K ICXOJHOMY MAacCHBY 4€pe3 MacCUB MHICKCOB, UMETh
JTaHHBIEC B OTCOPTUPOBAHHOM BHJIC.

JIJist HarJISIAHOCTH PAacCMOTPUM MAacCCHUB JIEUCTBUTEIBHBIX YHCEN a.
TpebOyercs 3amucarh UHACKCH MacCHBa a B MacCHB MHJCKCOB INd (Takoro
e pa3Mmepa, 4YTO U MacCHB @) B TOM MOPSAKE, B KOTOPOM COOTBETCTBYIO-
I[ME€ UM BJIEMEHTHI 00pa3yrT BO3PACTAIONIYIO MOCIEA0BATEIIBHOCTD, MPHU-
4eM TMOpPSAIOK CJIEAOBaHUS JJIEMEHTOB B MAacCHMBE & JOJKEH OCTaThCs
npexxHuM. Hanpumep, ecii MacCUB & COCTOUT U3 DJIEMEHTOB

30, 10, 20, 50, 40,
TO MaccuB INd OYJET COCTOSATh U3 TAKUX DJIEMEHTOB:

1,2,0,4,3.

JIjist pereHust JTaHHOW 3a7ja4il MOKHO UCIIOJIB30BaTh aIrOPUTMbI COPTHPO-
BOK M3 MIPUJIOKEHUS 2 ¢ TOW MOIU(UKAIIUEH, UTO B TAHHOM CITydae CJIeIy-
€T MEepPECTABJIATh HE CAMH AJIEMEHTHl MAacCCHBA &, a NMEePECTaBIIATh COOTBET-
CTBYIOIIIME TAHHBIM 3JIEMEHTaM MHJIEKCHI B MaccuBe ind.

1. CopTupoBKa HHIEKCOB HA OCHOBE MeTO/1a IPAMOI0 BbIOOpa

#include<stdio.h>
#define N 10

/* BBIBOJ Ha DKpaH JIEMEHTOB MaccuBa a uepe3 maccus ind */
void PrintThroughlindex(double *a, int *ind, int n)

t
Inti;
for(i=0;i<n;i++)
printf("%4.0f ", a[ind[i]]);
printf("\n");
}

/* copTUpOBKa MHJEKCOB Ha OCHOBE METO/Ia MPSIMOTO BhIOOpa™/
void SelectionSortIndex(const double *a, int *ind, const int n)

{
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inti, j, k, buf;
double min;
/* MyCTh U3HAYATBLHOE PACIIOIOKEHHUE MHJIEKCOB B MaccuBe ind
COOTBCTCTBYCT IOPAAKY CIICAOBAHUA 3JICMCHTOB MAaCCHUBaA a:
*/
for(i=0;i<n;i++)
ind[i] =1;
for(i=0;1<n-1; i++)
{
k=1,
min = a[ind[i]];
forG=i+1;j<n;j++)
if (a[ind[j]] < min)
{
k=j;
min = a[ind[j]];
by
buf = ind[K];
ind[K] = ind[i];
ind[i] = buf;
¥
by

int main()
{
double a[N]; /* ucxonmusrit maccus */
intind[N]; /* maccuB unaekcoB */
.../* 3amojgHeHne MaccuBa a */
SelectionSortIndex(a, ind, N); /* coprupoBka unmekcoB */
/*BBIBOJI MacCHBa & B TIOPSIIKE Bo3pacTaHus yepe3 Maccus ind:*/
PrintThroughlndex(a, ind, N);
return O;
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2. CopTHpPOBKA HHEKCOB HA OCHOBE MY3bIPbKOBOIl COPTHPOBKHU

void BubbleSortindex(const double *a, int *ind, const int n)
{
inti, j, r, flag, buf;
for(i=0;i<n;i++)
ind[i] = i;
r=n;
do
{
flag = 0;
fori=1;i<r;i++)
if (@[ind[i]] < a[ind[i-1]])
{
buf = ind[i];
ind[i] = ind[i-1];
ind[i-1] = buf;
flag = 1,
¥
r--;
while(flag);
¥

3. CopTHpPOBKA HHAEKCOB HA OCHOBE OBICTPOM COPTUPOBKH

void QuickSortindex (const double *a, int *ind, int left, int right)
{
inti, j, buf;
double x;
I = left;
J = right;
x = a[ind[(left + right)/2]];
do
{
while (a[ind[i]] < x)
I++,
while (x < a[ind[j]])
-
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if (i<=))

{
buf = ind[i];
ind[i] = ind[j];
ind[j] = buf;
i++;
j=-

¥

} while( i <=}));

if (left <j) QuickSortIndex (a, ind, left, j);
if (right > 1) QuickSortIndex (a, ind, i, right);
}

int main()
{
double a[N];
int i, ind[N];
.../* 3amonHenne Maccusa a */
for(i=0; 1 <N; i++)
ind[i] =1,
QuickSortIndex(a, ind, 0, N-1);
return O;

}

Ecnu maccuB a sBisieTcs I‘J'IO6aJ'II>HI>IM, TO B 9TOM CJIyda€ MOXKXHO TaKKE

UCIIOJIb30BaTh BCTPOCHHYIO (yHKIM0 (sort() w3 omodmmorexkn <stdlib.h>
CIeAYIOIIUM 00pa3oMm:

#include<stdlib.h>
#define N 10

double a[N]; /* rmoGanbHbIi Maccus a */

int compare(const void *pl, const void *p2)

{

return a[*(const int *)p1] - a[*(const int *)p2];

}

int main()
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int i, ind[N];
.../* 3amonHeHne MaccuBa a */
for(i=0;1<N; i++)

ind[i] = 1;
gsort(ind, N, sizeof(*ind), compare);
return O;

4. CopTHpPOBKA IByMEPHBIX MACCHUBOB

[Tycte a[M][N] — HekoTopas MaTpuia. Ha MHOXKeCTBE CTPOK JaHHOM
matpuipl (a[0], a[1],...,a[M-1]) onpeaenum uucioyro pynkmuio F. Ha-
npuMmep, QyHkmus F MokeT Bo3BpallaTh 3HAYCHUE IIEPBOrO DJIEMEHTA
crpoku (F(a[i]) = a[i][0]), cymmy anemenToB crpoku (F(a[i]) = a[i][0] +
a[i][1] + ... + a[i][N-1]) u T.1. 3amaya COCTOUT B TOM, YTOOBI yIOPSI0-
YUTh CTPOKHM MATpPHIIBI TaKUM 0Opa3oM, YTOOBI IIOCICIOBATCIIBHOCTH
F(b[O]), F(b[1]),..., F(b[M-1]) Owuta HeyOBIBaroIIcH, TIE CHUMBOJIOM b
o0o3HaUYeHa HOBAas MATPHIIA, MOJyYCHHAsT W3 MATPHUIILI & MyTeM IepecTa-
HOBKH CTPOK.

JIid pelieHuss TaHHOM 3a1a4u UMEETCs HECKOJIBKO IOAX0J0B. Bo-
TICPBBIX, MOJKHO JCHCTBUTEIBHO MEPECTABIIATh CTPOKU MATPHIIBI @, HO JIIS
Matpuil ¢ 6oJbmuM 3HadeHrueM uuciaa N (ducio croiabioB) 3To HeIPhek-
THBHO. Bo-BTOpBIX, MOXHO 3aBectn MaccuB mHAekcoB int ind[M] ={0,
l,..., M-1} u nepecTaBiiaTh B HEM JIEMEHTHI TaKUM 00pa3om, 4TOObI T0-
cinepoBatenbHocTh F(a[ind[0]]), F(a[ind[1]]),..., F(a[ind[M-1]]) ynosie-
TBOpsJIa YCIOBHUIO 3amaun. [Ipu 3ToM Marpuiia a octaHercs 6e3 M3MeHe-
HUH, a oOpaleHue K “HOBOK” MaTpuiie b OyIeT IPOUCXOIUTh CICAYIOMNUM
o0pazom:

alind[i]l[j], 0<i<M, 0<j<N.

Taxoit moaxoa mjis OJHOMEPHBIX MacCHBOB MBI y)KE€ pacCMaTpPUBAIU BbI-
mie. [TosToMy (17151 pa3HO0Opa3usi) OCTAHOBUMCS Ha TPEThEM MOX0 1€ (COo-
NPSDKEHHBIM CO BTOPBIM), KOTOPBIN 3aKII0YaeTCS B PACCMOTPEHUH JIOTIOJI-
HUTEJIBHOrO MaccuBa ykasareneid int *pa[M], roe pafi] comepxkur agpec
I-0#f cTpoku MaTpuIls 4, i =0,...,M-1.
V3HavaibHO MacCUB Pa MHHUITHATU3UPYETCS CICAYIOIIMM 00pa3oMm:
for(i=0; i< M; i++)
pali] = a[i];

298



3aTeM ¢ IMOMOIIBIO AJITOPUTMa OBICTPOM COPTUPOBKH IIPOHUCXOIHUT MPEOO-
pa3oBaHHE MacCHBa YyKa3arejeil pa Tak, 4TOObI IOCIIEI0BATEIbHOCTh
F(pa[0]), F(pa[1]),..., F(pa[M-1]) ynoBierBopsiia Ha4albHOMY YCJIOBHIO.
B anroputMe Hike B KauecTBe QyHKIMM F BhIcTymaeT QyHKIHS, KOTOpas
BO3BpallacT MEPBbIM 3MeMeHT cTpoku. IToatomy BmecTo 3amucu F(pali])
OyJeM MCTOoIb30BaTh 3anuch * pafi].

#include<stdio.h>
#defineM 5 /* Hucno cTpok MaTpuibl */
#define N 10  /* Yucno cTonb1ioB MaTpHibl */

/* BBIBOJ MaTPHIILI HA SKpaH Yepe3 MaCCUB UHICKCOB pa */
void Print(int *pa[], int m, int n)
L
inti, J;
for (I=0;1<m;i++)
{
for (j =0;j <n; j++)
printf("%5d", pa[i][j]);
printf("\n");
¥
by

/* copTUpOBKa MaccuBa pa Mo MEePBbIM JIEMEHTAM MaccHBa a: */
void QuickSort (int *pa[], int left, int right)
{
int i, j, *buf;
int x;
I = left;
J = right;
x = *pa[(left + right)/2];
do
{
while (*pa[i] < x)
i++:
while (X < *palj])
|
if (i<=))
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{
buf = pa[i]; pa[i] = pa[j]; pa[j] = buf;

i++
-

}
} while( i <=j);
if (left <j) QuickSort (pa, left, j);
If (right > 1) QuickSort (pa, i, right);
}

int main()
{
inti, a[M][N], /* ucxonnas marpura */
*pa[M]; /* maccuB ykazateneit */
.../* MHALNMaIU3a1ys MaTpuIbL a */
/* MHUIMATU3aIlis MacCHBa MHJICKCOB pa: */
for(i=0;1<M; i++)
pali] = a[i];
/* BBIBOJ UCXOJHOM MaTpHIlhI . */
Print(pa, M, N);
/* cOpTUPOBKA 3JICMEHTOB MacCHBa yKa3aTenen pa */
QuickSort(pa, 0, M-1);
/* BBIBOJI YIIOPSIOYEHHOW MATPUIIBI IO IEPBHIM
AJIEMEHTaM CTPOK: */
Print(pa, M, N);
return O;

5. CopTHpPOBKA CTPOK

PaccMOTpHM aaropuTMbI COPTUPOBKH CTpOK. IIpm 3TOM 3amada co-
CTOHUT B TOM, YTOOBI BBIJICIIUTH CJIOBA W3 BBEJICHHON CTPOKH M PACIIONIO-
KUTh UX B JIekcukorpaduueckom mopsiike Ha ocHoBe ASCII xo1oB cruM-
BOJIOB. B KauecTBe OCHOBBI BO3bMEM OUYEHBb OBICTPHIC AITOPUTMBI BBIJIEIIC-
HUS BCEX CIIOB M3 CTPOKH, IpHUBEACHHBIC B maparpade 8.7, a B KauecTBe
COPTUPOBKH HCIIONB3yeM aaropuTM ObicTpoit coptupoBku (QuickSort),
TJIe CpaBHEHHUE CJIOB OyJIeT MPOUCXOIUTH C MTOMOIILI0 PYHKIMH Strcmp u3
oubmoreku <string.h>.
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Cayuaii 1. Ecau cioBa B cTpoke paszeicHbl cuMmBoiamMu \0° (cwm.
cinyuait 1 maparpada 8.7), TO MOKHO ONpeeTUTh MACCUB yKa3aTeseH, Co-
JepKanui ajpeca BBIICICHHBIX CJIOB. B 3TOoM ciydae cCOpTUPYIOTCSA
CCBUIKH HA TAHHBIE CJIOBA.

#include <stdio.h>

#include <string.h>

#define DELIMITERS " ..;;?\n\t"  /* cumBonbI-pa3aenurenn */

#define SIZE 100 /* maxcumanbHBIif pazsMep MaccuBa yKasaaTesei */

#define N 1024  /* pasmep cTtpoku */

[* copTUpOBKa CTPOK HAa OCHOBE OBICTPOI COPTUPOBKHU */
void QuickSortWords (char *a[], int left, int right)
{
inti, j;
char *x, *buf;
I = left;
J = right;
x = a[(left + right)/2];
do
{
while (strcmp(x, a[i]) > 0)
I++:
while (strcmp(x, a[j]) <0)
-
if (i<=))
{
buf = a[i]; a[i] = a[j]; a[j] = buf;
I++; J--;
}
} while( i <=j);
if (left <j) QuickSortWords (a, left, j);
if (right > i) QuickSortWords (a, i, right);
}

int main()

{

char sentence[N]; /* ctpoka-npeminoxenue */
char *pstr[SIZE]; /* maacuB yka3zareneit */

int i, j, flag[256] = {0}, n;
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fgets(sentence, N, stdin);

for (1= 0; DELIMITERSJi]; i++)
flag[DELIMITERSIi]] = 1;

for (i = 0; sentence[i] && flag[sentence[i]]; i++)
sentence[i] ="\0’;

n=0;

/* BbIAENISIEM CJIOBA B CTPOKE sentence U ajpeca CJIOB
3alMChIBAEM B MacCcuB PStr:

*/

while (sentence[i])

{
pstr[n++] = &sentenceli];
while (sentence[i] && !flag[sentenceli]])

i++;

J=1

while (sentence[i] && flag[sentence[i]])
i++;

sentence[j] = "\0";

}

/* copTuUpyeM CJ0Ba B CTPOKE YEPE3 MACCUB CCHUIOK pstr: */
QuickSortWords(pstr, 0, n - 1);
/* BBIBOJIMIM CJIOBA B JICKCUKOTPA(PUUECKOM MOPSAKE */
for(i=0;1<n;i++)

puts(pstr[i]);
return O;

}

Cayuaii 2. Ecnu cioBa BBIACISIIOTCA U3 CTPOKU-TIPEIIIOKEHUS TyTEM
KOMMPOBAHUS CJOB B JWHAMHYECKHE CTPOKH (CM. ciyuyail 2 maparpada
8.7), TO aapeca ITUX AUHAMUYECKUX CTPOK OyJeM COXpaHSATh B MacCUBE
CCBUIOK PStr, a TMOoTOM COpPTUpPOBaTh C MOMOLIBIO  (YHKIUU
QuickSortWords (13 npeapiayIiero ciydas) He caMH CTPOKH, a UX ajpeca.

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#define DELIMITERS " .,;;?\n\t"  /* cumBounbI-pa3aenuTenu */
#define SIZE 100 /* makcumanbHbIil pasMep MaccuBa yKkasaaTenei */

#define N 1024  /* pasmep cTpoku */
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int main()

{

char sentence[N];  /* ucxognas crpoka */

char *pstr[SIZE];

intn, i, j, flag[256] = {0};

for (i = 0; DELIMITERS[i]; i++)
flag[DELIMITERSJi]] = 1;

fgets(sentence, N, stdin);

for (i = 0; sentence[i] && flag[sentence[i]]; i++)

n=0;

while (sentence[i])

L
J=1
while (sentence[i] && !flag[sentence[i]])
i++:
/* BBIIEIIAEM TIaMSITh JUISl O9€PETHOTO coBa; */
pstr[n] = (char *)malloc((i - j + 1) * sizeof(char));
[* xormpyem odepeaHoe cioBo: */
strncpy(pstr[n], &sentencelj], i - j);
pstr[n][i - j]="0";
n++:
while (sentence[i] && flag[sentence[i]])
i++:
¥

/* dynkusa QuickSortWords nponucana B ciryqae 1 */
QuickSortWords(pstr, 0, n - 1);
/* BBIBOJIMM CJI0Ba B JIEKCUKOTpadUIECKOM Topsijike */
for(i=0;i<n;i++)

puts(pstr[i]);
return O;
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Mpunoxenue 4. COPTUPOBKA ®AMNJIOB U CITMCKOB

1. CopTupoBKa I1BOMYHBIX (pailjioB

B naparpade «/[Bonunsie (aitiby ObLI pacCMOTPEH MPUMEP C CO3-
JaHUEM U BBIBOJIOM JABOMYHOTO (haiisia, COAEPIKAIIEro CBEACHUI O PaboT-
HUKaX HEKOTOPOU opranuzanuu: GamMuins pabOTHUKA, TOJl POKICHUS, 3a-
paboTHas 1ata. OTcopTUpyeM Bce 3amucu B (Qaiiie, HapuMep Mo Toay
poxzaeHud. sl yCKOpeHus: alropuTMa HCHOJIb3yeM JUHAMUYECKUN Mac-
CUB, B KOTOPBIN BBITPY3UM BeCh (hailyl (ecim y Hac UMEeTCsl JOCTAaTOYHO
oTepaTUBHON MamsATH). B KauecTBe anropuTMa COPTUPOBKH ISl YI00CTBA
MOHWMAaHUs YUTATEJIEM HCIIOJIb3YEM Iy3bIPHKOBYIO COPTUPOBKY, KOTOpas
JIETKO MOJKET OBbITh TpaHC(hHOpMUPOBaHa B JIIOOOH APYroil airOPUTM.

#include<stdio.h>
struct WORKER
{

char name[20];

int year,

float earnings;

¥

[* pa3mep (aiina B 6aiitax */
long Size(char *fileName)
{

FILE *f;

long n;

if ((f = fopen(fileName, "rb")) == NULL)

return -1;

fseek(f, 0, SEEK_END);

n = ftell(f);

fclose(f);

return n;

}

/* copTupoBKa (haiijia Ha OCHOBE My3bIPbKOBOU COPTUPOBKHU */
int SortFile(char *fileName)

{
FILE *f;
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struct WORKER *a; /* nunamudeckuii MacCuB CTpyKTyp */
struct WORKER buf;
longn, i,r;
int flag;
/* oTKpbIBaeM (paitnn 1711 YTEHUs U 3amucu */
if ((f = fopen(fileName, "r+b")) == NULL)

return 1,
/* BBIUKCIIIEM KOJIMUECTBO 3amucei B daiie */
n = Size(fileName)/sizeof(struct WORKER);,
/* BBIAEIISIEM IIaMAThH JUIS JUHAMHUYECKOro MaccuBa */
a = (struct WORKER *)malloc(n * sizeof(struct WORKER));
/* IMPOBEPSCM YCIICIIHOCTDb BBIACJICHUA ITAMATH U

IbITaEMCS BBITPY3UTH (ailsl B Maccus */
iIf (@ == NULL || fread(a, sizeof(struct WORKER), n, f) !=n)
{

fclose(f);

return 2;
¥
/* cOpTUpPYEM MACCHUB a O TOY POXKICHUS */
r=n;
do
{

flag = 0;

for(i=1;i<r;i++)

if (a[i-1].year > a[i].year)

{
buf = a[i]; a[i] = a[i-1]; a[i-1] = buf;
flag = 1;
¥
r--,
twhile(flag);

/* ycTaHaBnuBaeM (hailIoBBIN yKazaTeab B Hadaio (paiina */
rewind(f);

/* 3amuchIBa€M OTCOPTUPOBAHHBIN MaccuB B (paiin */
fwrite(a, sizeof(struct WORKER), n, f);

fclose();

free(a);

return 0;
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2. CopTHpPOBKA JIMHEHHBIX CIUCKOB

OTcopTHUpyeM CIHCOK IEIBIX YHCET METOA0M IIPSIMOT0 BBEIOODA.

[* anemeHnT coucka */
typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

/* COPTUPOBKA JIMHEHHOI'O CIIMCKA METOIOM MPSMOro BeiOopa */
void SortList(ELEMENT *head)
{

ELEMENT *q = head->next, *min, *t;

int buf;

/* ecnu CIUCOK MyCTOM WJIM OJJHORJIEMEHTHBIM, TO COPTHPOBKA

He Tpedyetcs */
if(g == NULL || g->next == NULL)
return;
for(; q I= NULL,; g = g->next)
1
min = q;
for(t = g->next; t I= NULL,; t = t->next)
if (t->data < min->data)
min = t;
buf = g->data;
g->data = min->data;
min->data = buf;

¥

by
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Hpuaoxenue 5. COPTUPOBKA C YCJIOBUEM

YacTo BO3HHMKAIOT 3a7a4H, KOrga TpeOyeTcss OTCOPTUPOBATh HE BECh
MacCCHB, a TOJBKO T€ €ro 3JIEMEHTHI, KOTOPBIC 001a1al0T HEKOTOPHIM CBOT-
ctBoM Q (HampuMmep, YETHBIC DJIEMEHTHI, MOJIOKUTEIbHBIE W T.1.), TIPU
9TOM 3JICMEHTHI, HE OOjamarone cBoucTBOM Q, OJDKHBI OCTAaThCS Ha
CBOHX MECTaX M COXPAaHUTh MPEIKHHUI TOPSIIOK.

B sToM ciydae MOXHO HCIIOIB30BaTh aJTOPUTMBI COPTHUPOBOK M3
MPUJIOKEHUS 2 ¢ HEKOTOPBIMH MOJMGUKAIIUSIMU, HE MEHSIOIMUMHU TTPUH-
IIUIT caMuX anropuTMoB. OO1Ias cxema sBiseTcs Takou. [1ycTs a — HeKo-
TOPBIM MacCHB pa3Mepa N, B KOTOPOM TpeOyeTcs yHOpSIAOUNTh 3JIEMEHTHI
co cBoiicTBoM Q. O603HaYNM Yepe3 M KOJIMIECTBO TAKUX JIEMEHTOB Mac-
cuBa a (co cBoiictBoMm Q), mpu 3TOM oueBUIHO, uTo 0< M < Nn. BBenem J10-
MOJIHATEIbHBIA (IMHAMHYCCKHM) LIETOYHCICHHbBI MacCuB MHAEKCOB ind
pasmMepa M, B KOTOPBIN 3amuIlieM HHACKCHI BCEX JJIEMEHTOB MacCHBa 4,
obnagaromux cBoiicTBoM Q.

Hampumep, mycts MaccuB a coctout u3 anmementos 20, -10, 30, -20,
10 u TpeOyeTCs YyIOpsI0YNTh TOJIBKO MOJOKUTEIBHBIC JIEMEHTHI (TO €CTh
cBoMCcTBO Q 3aKIIFOYAETCA B TOM, YTOOBI OBITH IOJIOKHTCIBLHBIM YHCIIOM U
MOCJIe YIOPSIOYMBAHMS IO BO3PACTAHHUIO TOJBKO IMOJIOKUTEIBHBIX YHCEIT
MaccHuB a JOJDKeH mpuHATH Takoi Bux : 10, -10, 20, -20, 30). Toraga mac-
cUB MHIEKCOB INd OyaeT COCTOATh U3 TPeX 3JIEMEHTOB (M=3) U UMETh Ta-
koi By iNnd[0] = 0, ind[1] = 2, ind[2] = 4.

[Tocre Toro, kak maccuB INd chopMUpOBaH, MOKHO HCITOIH30BATH
COPTUPOBKH W3 NMPUJIOKEHHUS 2, B KOTOPBIX YHOPSIOYUBAIOTCS POBHO M
2JIEMEHTOB MAacCHBA a C UCIIOJIb30BAaHUEM TaKOM MHJIEKCAIUH:

a[ind[0]], a[ind[1]],...,a[ind[m-1]].

1. CopTupoBKka ¢ ycjaoBueM Ha 0a3e My3bIPbKOBOH COPTHPOBKH

#define N 10

/* TMOACYET KOJUYECTBA DJIEMEHTOB, 00Iamaromux cBorcTsoM Q */
int Count(const double *a, const int n)

L
int i, count;
for(i=count=0;i<n;i++)

It (Q(ali]))

count++;
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return count;

}

/* COPTUPOBKA My3bIPHKOM 3JIEMEHTOB CO CBOMCTBOM Q */
int BubbleSort(double *a, const int n)
{
inti, j, r, flag, *ind, m;
double buf;
/* BBIYKCIIIEM KOJHUYECTBO DJIEMEHTOB CO cBoiicTBOM Q: */
m = Count(a, n);
ind = (int *)malloc(m * sizeof(int));
[* 3anonusem maccus ind: */
for(i=]=0;i<n;i++)
if (Q(a[i]))
ind[j++] = 1;
/* copTuUpyeM 3JIeMEHTHI co cBoiicTBOM Q */
r=m;
do
{
flag = 0;
for(i=1;i<r;i++)
if (a[ind[i]] < a[ind[i-1]])

{
buf = a[ind[i]];
a[ind[i]] = a[ind[i-1]];
a[ind[i-1]] = buf;
flag = 1;
¥
r--,
while(flag);
free(ind);
return m; /* BosBpariaeM KOJIHYECTBO JIEMEHTOB CO CBOHCTBOM Q */
by
int main()
{
double a[N];

.../* 3amonHseM MaccuB a */
/* copTUpyeM 3JIeMEHThI MaccHBa a co cBoiicTBoM Q: */
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BubbleSort(a, N);
}

2. CopTupoBKa ¢ ycJ10BHeM HA 0a3e ObICTPOM COPTHPOBKH

#define N 10

/* MOACYET KOJUYECTBA DJIEMEHTOB, 00JIamaromux ceorcTsoM Q */
int Count(const double *a, const int n)
{ - -
Int 1, count;
for(i=count=0;i<n; i++)
if (Q(ali]))
count++;
return count;

}

/* OBICTpast COPTHPOBKA MaccHBa a uepe3 Maccus ind */
void QuickSort (double *a, int *ind, int left, int right)
L

inti, J;

double x, buf;

I = left;

J = right;

x = a[ind[(left + right)/2]];

do

{
while (a[ind[i]] < x)
I++:
while (x < a[ind[j]])
-
if (i<=))

{
buf = a[ind[i]];
a[ind[i]] = a[ind[j]];
a[ind[j]] = buf;
i++:
|
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ky
} while( i <=j);
if (left <j) QuickSort (a, ind, left, j);
if (right > i) QuickSort (a, ind, i, right);
ky

int main()
{
double a[N];
inti, j, m, *ind = NULL;
.../* 3amonHsaeM maccus a */
/* BBIYKCIIIEM KOJHUYECTBO DJIEMEHTOB CO cBOiicTBOM Q: */
m = Count(a, N);
if (m>0)
{
ind = (int *)malloc(m * sizeof(int));
for(i=j=0;i<N;i++)
if (Q(a[i]))
ind[j++] = 1;
QuickSort(a, ind, 0, m - 1);
free(ind);
b

return O;

3. CopTupoOBKA ¢ YCJIOBHEM JIBOUYHBIX (PailuioB

B naparpade «/[Bouunsie daitnb» ObUT pacCMOTPEH MPUMEP C CO3-
JAHUEM U BBIBOJIOM JIBOMYHOTO (aitia, colepKaiiero cBeJAeHust o padoT-
HUKaX HEKOTOPOW opraHuzainuu: (pamMuaus pabOTHHKA, TOJ POXKICHUS, 3a-
pabotHas mnata. [Ipenmnonoxkum, 4to TpeOyeTcss OTCOPTUPOBATH HE BCE
3amucy B (paiiie mo KakoMy-jiamoo Moo, a TOJIBKO T€ U3 HUX, KOTOPbIE 00-
Ja7al0T HEKOTOPBIM CBOMCTBOM Q, a OCTabHBIE 3aIMCH JOJIKHBI OCTAThCS
Ha cBoeM MecTe. Hampumep, MOXeT MoTpeOoBaThCs OTCOPTHPOBATH IIO
rojly pOKJAEHUS CaMbIX BBICOKOOIIJIAYMBAEMBIX paOOTHUKOB. OTCOpTHpPYEM
BCE 3alUCH B (pailjie 1Mo rogy poxiAeHHUs, KOTOpble 001adat0T CBOMCTBOM
Q. Omarp xe, TSI YCKOPEHUSI alrOpUTMa HUCIOJIb3yeM IMHAMUYECKUM
MacCHUB, B KOTOPbI BRITPY3UM Bech (hailsl. B kauecTBe anroputma copTH-
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POBKH HCTIONB3YEM TMY3BIPHKOBYIO COPTHUPOBKY, KOTOpasi JETKO MOXKET
ObITH TpaHC(HOPMHUPOBaAHA B JIIOOOH JPYroil alIropuTM.

#include<stdio.h>
struct WORKER
{

char name[20];
int year;

float earnings;

}

[* pasmep (aiina B Oaiirax */
long Size(char *fileName)
{

FILE *f;

long n;

if ((f = fopen(fileName, "rb")) == NULL)

return -1;

fseek(f, 0, SEEK_END);

n = ftell(f);

fclose();

return n;

}

[* xonudecTBO 3anmcei B (haiie, o0magarmux cBocTeom Q */
long Count(struct WORKER *a, long n)
L

long i, count = 0;

for(i=0;i<n;i++)

if(Q(alil))
count++;
return count;

}

/* copTupoBKa (haiiyia ¢ yCIOBHEM Ha OCHOBE My3BIPHKOBOM
COPTUPOBKH */
int SortFile(char *fileName)

{
FILE *f;
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struct WORKER *a; /* nunamudeckuii MacCuB CTpyKTyp */
struct WORKER buf;
longn, m, i,j,r;
long *ind; /* nuHAMHYECKHI1 MAaCCUB UHJICKCOB */
int flag;
if ((f = fopen(fileName, "r+b")) == NULL)
return 1;
/* BBIUKCIIIEM KOJIMUECTBO 3amucei B daiie */
n = Size(fileName)/sizeof(struct WORKER);,
/* BBIZIETIIEM TIaMSITh JJIsl JUHAMHUYIECKOTO MaccuBa a */
a = (struct WORKER *)malloc(n * sizeof(struct WORKER));
/* IpoBepseM YCIEUTHOCTh BBIJICJIICHUS MAMSTH U MIBITAEMCSI
BBITPY3UTh (haiii B Maccus */
iIf (@ == NULL || fread(a, sizeof(struct WORKER), n, f) !=n)
{
fclose(f);
return 2;
¥
/* BBIUMCIISIEM KOJIMYECTBO 3amucen B (paiie, 001agaronmx
cBorictBoM Q */
m = Count(a, n);
/* BpIOEISIEM ITAMSTh JJIS1 JUHAMHUYecKoro Maccusa ind */
ind = (long *)malloc(m * sizeof(long));
/* TIpoBepsieM YCIEIIHOCTh BBIACICHUS MaMATH */
if (ind == NULL)
{
fclose(f);
free(a);
return 3;
¥
/* 3amrChIBaeM MHJICKCHI JIEMEHTOB MacCHBa a, 00J1aaronmux
cBorictBoM Q */
for(i=]=0;i<n;i++)
If(Q(a[i]))
ind[j++] =1;
/* copTUpyeM PIIEMEHThI MaCCUB a, 00J1aIaroIue CBOMCTBOM Q,
4yepe3 MaccuB UHJEKCOB ind */
r=m,
do

312



{
flag = 0;
for(i=1;i<r;i++)
If (a[ind[i-1]].year > a[ind[i]].year)

{
buf = a[ind[i]]; a[ind[i]] = a[ind[i-1]]; a[ind[i-1]] = buf;
flag = 1;
¥
r--;
while(flag);

/* ycranaBnuBaem (aloBbIM yKazaTelb B Hadao ¢aiina */
rewind(f);

/* 3amuchIBaEM OTCOPTUPOBAHHBIN MaccuB B (aitn */
fwrite(a, sizeof(struct WORKER), n, f);

free(a);

free(ind);

fclose(f);

return O;

4. CopTHPOBKA C YCJIOBHEM JIUHEHHOTO CIIUCKA
Ha 0a3e My3bIPbKOBOIl COPTUPOBKH

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

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

/* TOACYET KOJIMYECTBA DJICMEHTOB, 00JIafaromux ceorcTeoMm Q*/
int Count(ELEMENT *head)

{
int count = 0;
ELEMENT *q;
for(g = head->next; q != NULL,; q = g->next)
if (Q(g->data))
count++;
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return count;

}

[* COPTHUPOBKA CITMCKa C YCJIOBUCM Ha Oase ITY3BIPbKOBOT'O METO1a */
void SortList(ELEMENT *head)
{

ELEMENT *q, **ind;

longm, i, r;

int flag, buf;

m = Count(head);

ind = (ELEMENT **)malloc(m * sizeof(ELEMENT *));

for(i = 0, g = head->next; q '= NULL,; g = g->next)

if (Q(g->data))

ind[i++] = q;
r=m;
do
{
flag = 0;

for(i=1;i<r;i++)
if (ind[i-1]->data > ind[i]->data)
{
buf = ind[i]->data;
ind[i]->data = ind[i-1]->data;
ind[i-1]->data = buf;
flag = 1;
by
r--,
}while(flag);
free(ind);
¥

int main()

{
ELEMENT *head;

.../* cozmanue crmucka */

SortList(head);
return O;

}
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5. CopTupOBKA C YCJIOBHEM JIMHEHHOTO CIMCKA
Ha 0a3e ObICTPON COPTUPOBKU

/* MoaCYET KOJMUYECTBA DJIEMEHTOB, 001aaomux ceoiicteom Q*/
int Count(ELEMENT *head)
{

int count = 0;

ELEMENT *q;

for(g = head->next; q != NULL; q = g->next)

if (Q(g->data))
count++;
return count;

}

/* ObICTpasi COPTHPOBKA CITUCKA Yepe3 MaccuB ind */
void QuickSort (ELEMENT **ind, int left, int right)
{
inti, J, X, buf;
I = left;
J = right;
X = ind[(left + right)/2]->data;
do
{
while (ind[i]->data < x)
i++;
while (x < ind[j]->data)
)
if (i <=j)
{
buf = ind[i]->data;
ind[i]->data = ind[j]->data;
ind[j]->data = buf;
i++:
-
by
} while( i <=});
If (left <j) QuickSort (ind, left, j);
if (right > 1) QuickSort (ind, 1, right);
by
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int main()
{
ELEMENT *head, *q, **ind;
inti, m;
.../* co3manue coucka */
m = Count(head);
ind = (ELEMENT **)malloc(m * sizeof(ELEMENT ¥*));
for(i = 0, g = head->next; g '= NULL; q = g->next)
if (Q(g->data))
ind[i++] = q;
QuickSort(ind, 0, m - 1);
free(ind);
return O;

}
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