1 3ansarue Neb

1.1 CrpyKtypbl

Panee Mbl paccMoTpest METO/Ibl ONpejiesieH sl B paGOThl ¢ MACCUBAMH U NE€PEUHCTUMBIMH T
namu. Tenepb paccMOTpUM OMpejieieHHe H HCTOJb30Banue cmpykmyp. CTPYKTypa B s3bIKe (
— 3T0 00'be/IHHEeHNE HECKOJIbKHX KOMITOHEHT MPOM3BOJIbHBIX THIIOB, TO €CTh 3TO aHAJIOT MOHSIT
«3anucb» B A3biKe [Tackaib.

OnpeiesieHre CTPYKTYpbl UMEET BUJL

struct <rer CTPYyKType>
{
<CNMCOK OIpenejieHuN MoJien>

}i

CrHcoK onpejieneHHit osieil IMeeT TOUHO TaKoi 2Ke BUJL, KaK U B cJlyuae ornpejie/eHHst ToKaJlbH!
WJIM [106aJ1bHbIX [IepeMeHHbIX (0JHAKO MHULMANIU3aUus He gomyckaercs). Hanpumep,

struct circle
{
double x, vy, r;
int c;
}i
JInst Toro, uTOObI ONpPEIEUThL TEPEMEHHYIO IAHHOTO THIA, KaK U B CJIyyae MepeurcJUMbIX THIIC
HY>KHO MCII0JIb30BATH TET CTPYKTYPbl BMECTE C KJI0UEBbIM CJIOBOM struct. Hanpuwmep,

struct circle cl;

OO6paTute BHUMaHHe, UTO B OTJHUKE OT si3blka Cu++ UCT0/Ib30BaHKE KJIOUEBOTO CJI0BA Strud
C TErOM CTPYKTYpbl 0043ameabvHO.

Bce teru (cTpyKTYp, 06beIMHEHNI, MepPEUHCIeHHI) BMECTe 00pasyloT OTAeJbHOE MPOCTpa
CTBO UMEH, TO €CTb TerH He nepeceKaloTes ¢ WIeHTU(PUKATOPAMK M METKAMH.

Mmena nosieit CTpyKTypbl J10/KHBI ObITh YHHKAJBHBI B Npeeaax 3Toi CTPyKTypbl. B pasH
CTPYKTypax AOIyCKalOTCs 10JIs, UMEIOLHe OJJMHAKOBOE UMSL.

CTpyKTypa MOXKET coJlepKaThb OMpeaeeHHs APYTHX CTPYKTYP HJIH NEPEUHCAUMbBIX THITOB, HC
9TOM CJlyuae BJOKEHHOE orpejiesieHre Oy/leT BUHO Ha TOM 2Ke JIEKCHUECKOM YPOBHE, Ha KOTOP(
onpeesieHa cama cTpykrypa. Hanpumep,

struct foo
{
struct bar
{
double x;
}r
int Vi
struct bar z;
}i
struct bar t;
sIBaisiercst nonycTUMbIM hparMeHTOM Ha Cu.
JIJ1st CTPYKTYPHBIX THIIOB JIOMYCKAeTCsl HEMoJHoe omnpejle/ieHde THna. BBoauTest TOJbKO T
CTPYKTYpPBI, HO HE OTIpe/iesisieTCs], Kakue MoJisi COePKHUT JaHHas cTpyktypa. Hampumep,



struct tree;

Pasmep Tako# CTpPYKTYypbl HeOMpeaeséH, 1 MOTMBITKA OnpejiesieHnst 00beKTa TaKoro THIa (HarpHi-
Mep NepeMeHHOH) BbI30BET OLIMOKY 10 TeX Mop, MokKa CTPyKTypa He GyjeT orpejiesieHa T0JHO-
CTbIO, KaK MOKa3aHo Bbillle. TeM He MeHee, MOXKHO OIpe/ieJIATh epeMeHHble THIIA yKa3aTesst Ha
9Ty CTPYKTYPY.

[lepemenHble OZHOTO M TOTO K€ CTPYKTYPHOTO THIA MOXKHO MTPUCBAUBAaTh APYT Apyry. JIBa ne-
peMeHHble CUMTAIOTCST OJIHOTO W TOTO XK€ THIIA, eCJIH MPH UX OTpeiesieHHH Obll KCIOb30BaH OJIHH
1 TOT 2K€ Ter CTPYKTYPHbI (9KBUBAJIEHTHOCTb THIIOB M0 HMeHH ). JIBa THMA CTPYKTYpBbI C pa3HbIMH Te-
ramy, Jaxe CojeprKallide OJHH U Te 2Ke 110J151 He CUUTAIOTCS SKBUBaJeHTHBIMH. CTPYKTYPbl MOXKHO
nepenaBaTh B KauecTBe NMapaMeTpoB (yHKIHH (TepealoTest 110 3HaUeHHIO ) K BO3BpalllaTh B Kaue-
CTBE pe3yJsbrarta (hyHKLHH.

JlocTyn K MoJio rnepeMeHHOl CTPYKTYpPHOTO THITA MPOU3BOJUTCS yKa3aHHeM HMeHH TepeMeH-
HOI1, 3aTeM orepaTop «Touka» 1 umMs nosst. Hanpumep,

a.b, al[l0].b, a.foo.bar;

Pasmep cTpyKTyphl, onpezensiemMblii onepauueil sizeof, MoxeT ObiTh 00JIblIE, YeM CyMMa
pa3aMepoB BCeX COCTABJISIIOLLNX €€ roJ1el. APXHUTEKTYpa, Ha KOTOPOH KOMIHJIHPYETCs] TPorpamma,
MOKeT, HanpuMep, Tpe6oBaTh, YTOObI LieJible YHCJ1a OblIM BhIpABHEHbI 110 'paHuLie cJioBa. [TosTomy
KOMITHJISITOP MOXKET OCTaBJISITh HEHCII0/1b3yeMoe NPOCTPAHCTBO MEXKLY MOJSIMH 1151 o6ecreueH st
TpeOOBAHUI aPXUTEKTYPHI.

1.1.1 PeKypcuBHbI€ TUNbI JAHHbIX

Tun cTpykTypbl He MOXKET UMeTb I10J151 THI1A CaMOIi 9TO CTPYKTYPbI U HEMOJIHbIX THIIOB, OJHAKO
JIOTyCKAIOTCs yKa3aTesk Ha THIT CaMO CTPYKTYpbI 1 Ha HerloJiHble THIbl. Hanpumep, Tui ssnemeHTa
CIHCKa MOKeT ObITb 00bSABJICH CJleyOLLUM 00pa3oM:

struct list

{
struct list *next;
int data;

}i

A ecn Tpe6y€TCﬂ B3auMHO peKprI/IBIIbIIU/I THUIT JaHHBIX, MO2KHO UCITI0JIb30BATLH HEIMOJIHOE 00b-
sIBJICHHUE!

struct node2;

struct nodel

{
struct node2 *ptr;
int data;

}i

struct node2

{
struct nodel *ptr;
double data;

}i

[TamATb MO/ 3/1eMeHTbl PeKypCUBHBLIX THIOB BbLIEJSETCS, KaK MpaBUIo, B Kyue, U paboTa ¢
HUMH Bea&Tcsl uepes ykasaTesu. [1ycTb p o6bsiB/IEH Kak

1.5.4 Onepauus ,

Onepauust , («3ansTas» ) NocJAeL0BATENIbHO BbIUHC/IET 00a apryMeHTa. 3HaueHHeM onepall
sIBJISIETCS 3HaUeHHe BTOPOro apryMeHTa, 3HaueHue epBoro TepsieTcsl.

1.6 ¥YnpaxHeHus

l. ﬂaH yKasaTteJib Ha HayvaJ/Jo OJHOCBSI3HOI'O CIHCKa K3 3JIEMEHTOB THIIA int. Hanuuire beKHIJ.P
freeilist, KoTopast OCBOéO)KILaeT BCIO MMaMsiThb, 3aHUMaeMylIo 3JIEMEHTAMH CITMCKa.

2. Hanwuiure beHKLLI/I}O merge, KoTopas CJIMBaCT ABa OJHOCBA3HbBIX CITUCKA C 3JICMEHTAMH THUIla int
OJIMH W BO3BpalllaeT yKadaTeJ/lb Ha ero HauaJio.

3. Hanummre dynkumio add_tree, 106aBasIOILYI0 HOBbIH 971€MeHT B GMHApPHOE JIePEBO MOKCKa.
4. Hanumte dynkumio madd, KoTopast CKJ1aibIBaeT JBe MaTPULIbI IPOU3BOJILHOIO pa3Mepa.
5. Hanummre dynkuuio getbit, Kotopast Bo3BpallaeT o 0AHOMY GHTY U3 BXOJIHOTO MOTOKA.



1.5 Onepauuu ++ u --

OcHoBHO 3 deKT onepaLyy — 3To BBIpaGoTKa HEKOTOPOTO 3HAUEHHUSI, KOTOPOE MOXKeT ObITh
JiaJiee HCIOJIb30BaHO B BblpaxKeHHH. [1060uHBIi 3¢hdeKT — 3T0 Ipyroe BO3feHCTBHE HA CPELY Bbl-
NoJIHeHHs! (HanpuMep, H3MeHeHHe 3HaUeHHs] TepeMEeHHO ).

B s13bike Cum onepauuu HHKpeMeHTa (yBeJIMueHHust Ha 1) nepeMeHHOM ++, U JleKkpeMeHTa (yMeHb-
IeHHs Ha 1) mepeMeHHOl —— CYLIECTBYIOT B IBYX (hopMax: NpehHKCHON U MOCTHHUKCHOH, KOTOpble
OTJIMUAIOTCS OCHOBHBIM 3(eKToM ornepatiu. [IpeuHKpeMeHT ++a — 3HaueHHe repeMeHHON BHa-
yasie yBeJIMUMBaeTcs Ha 1, U 3TO yKe yBeJHUEeHHOE 3HAUEHHE SIBJISIETCS 3HAUEHHEM OINepaLut, 1
Jlasiee B BbIpaxKeHHH MOKeT ObITb MCI0J/b30BaHO. [IoCTHHKpEeMEHT a++ — 3HaueHHeM 3TOH ore-
paluH sIBJsieTCs 3HauUeHne nepeMeHHoi 10 yBeandenus Ha 1. Hanpumep,

int a = 5, b, c;
b =5+ ++a;
c =5+ at+;

3HaueHHeM repeMeHHol b Oyziet 11, a nepemenHoii ¢ — 10.

1.5.1 Onepauuu << u >>

BunapHble onepaiuy << ¥ >> BbINOJHSIOT CBUT BJIEBO U BIIPABO CBOETO NEPBOr0O apryMeHTa
Ha KOJINUECTBO GHT, 3a/1laBaeMOe BTOPbIM aprymMmeHToM. Omnepanuu MpuMeHHMbI TOJBKO K apryMeHt-
TaM LeJblX THIIOB. Tur pe3yJsbrata coBrnajaeT ¢ TUIIOM [IEPBOro apryMeHTa. Eciu KosuecTBo GUT
C/IBUra OKAa3blBaeTcst OTPULIATENbHBIM WM OOJIbLIMM KOJlMuecTBa OUT B [1€PBOM apryMeHTe, pe-
3yJILTaT ONepaLlyy HeONPeaeIEH.

Orepatist >> MOKET BbITIOJIHSATh KAK 3HAKOBBIH (apH(MeTHUECKHIt ), TaK 1 G€33HAKOBBIH (/10—
TMYECKHI) CAABUT BIIpaBo. EcsiM THM MepBoro aprymeHta — 0€33HAKOBbIH, TO BHIMOJHSETCS J10-
TMUeCKHil CIBHT BJIEBO, TO €CTb Ha MecCTo crapiiero 6ura 3anucbiBaercst 0. Ecom tun nepsoro
apryMeHTa — 3HAKOBBIi, TO BBIMOJHSAETCS apU(METHUECKHI CIIBUT BJAEBO, TO €CTb CTAPIIMH GUT
CoXpaHsieTcs.

1.5.2 Onepauuun &&wu | |

Onepaund && W | | BBIUMCJSIOTCS 110 KKOPOTKOI» CXeMe, TO eCTh eCJI 3HaueHHe BCEro Bbl-
paxkeHusi U3BECTHO T10CJIE BLIYMCJICHHSI [IEPBOTO OIEpPaH/id, BTOPOE BbIPAXKEHHE HE BBIUUCJISIETCSI.
Onepaimio a && b MOXKHO NOHUMATh TaK:

if (a) { if (b) 1; else 0; } else 0;
aonepaumio a || b Tak:

if (a) 1; else if (b) 1; else 0;

1.5.3 Onepauus ?:

Onepauus ? : TepHapHasi, TO €CTb HMeET TPH orepaH/ia, HarnpuMmep a ?b : c. CHauasa BbIUMC/IsA-
eTcsl yeJIoBHe a. Ec/ii OHO HCTHHHO, TOT/IA BBIUMCJISETCS b, a C He BLIUHCJISIETCS,  €CJIH a JIOXKHO,
TOTJIa BBIUUCJISIETCS C, @ b He BblUMC/IseTcs. DTa orepalys YATAeTCs CripaBa HaJleBo, TO eCThb Bbl-
paxkeHue a?b:c?d:e 3KBUBAJIEHTHO a?b: (c?d:e), BblpaxkeHue a?b?c:d:e 3KBUBAJEHTHO
a? (b?c:d) :e.

struct list *p;

TOIJla NaMsITh MO OJIMH 3JIEMEHT CMUCKA BbIE/SIETCs C MOMOLIbIO BbI30Ba calloc caeryioli
o6pasom:

p = (struct list*) calloc(l, sizeof(*p));

MpeNoUTHTEIbHEE UCTIOMb30BaTh calloc, TaK Kak Bbile/sieMasi MaMsiTh OyJeT B 3TOM CJyu
o6HyJIeHa.

Jlnsi paGoThl ¢ TOJISIMH uepe3 yKasaresb MOXHO MCIOJb30BATh KOMOMHALMIO . W
(*p) .next = 0;, HO 31ecb TpeGyloTCs CKOOKM M3-3a TMpuopuTera onepaumit. s c
KpalleHHo# 3anucu B Cu UCIOJIb3yeTcsl orepaliisi —>, To eCThb NPUBEAEHHBII Bbillle dparme
OyJIeT 3arMucaH cJelyolnM 06pa3oM: p—>next = 0;.

1.2 O6beauHeHus

O6benrHeHre — 3TO CTPYKTYpa JAHHBIX, OUeHb 110X0xKast Ha CTPYKTypy. Onpenenenne o6
€IMHEHHS BBIMJIAUT CJIeyI0LLHM 00pa3oM:

union <rer oBwvemmMHEHMUS>
{
<CHOMCOK ONpeleJIeHUN IoJen>

}i

Bce npoune acnexTbl paboTbl ¢ 00beIMHEHUSIMH, TaKHe KaK [IpaBuJla epeKpbiTHs, LOCTYI K I10J1s
— TOUHO TaKHe ke, KaK U /sl CTPYKTYp. EQnHCTBEHHOE OTyIMUKE CTPYKTYP OT 00bEAHHEHHI ¢
CTOMT B TOM, UTO BCE 3JIEMEHTbI, COCTABJIAIOLIME 00beIMHEHHE, PACIIOJIATraloTCs 110 OHOMY aj1pec
nepekpbiBast Apyr apyra. Hanpumep,

struct s { short 1low, high; };
union i
{

int val i;

struct s val s;

}i

710 crocolb, Kak MOXKHO pa3bHTh LieNoe 3HaueHHe Ha MJIAJIILYI0 H CTApIIyI0 MOJOBHHBI Shor
TpH YCJIOBHH, UTO THI int B JABa pa3a JuiMHHee short. O6paiaTbest MOXKHO 6€3 orpaHHueHH?
JIIOOBIM MOJISIM, HallpUMep

union i val i;
val i.val i = x;
printf ("%d, $d\n", val i.val s.low, val i.val s.high);

Becb KOHTPOJIb 32 TPABUJIBHOCTBIO TAKUX MAHUMYJISILMH BO3JIaraeTcst Ha POrPAMMHUCTA.

Tunbl 06beMHeHHs] B OCHOBHOM HCIOJIb3YIOTCSl JUIsS MOJEJIMPOBAHHST «BapHaHTHLIX 3all
ceil», Kakde CyIIECTBYIOT B fA3blke [lackasb, W /151 MOJEIHPOBAHNS MeXaHH3Ma HacJefl0BaH
06'beKTHO-OPHEHTHPOBAHHBIX SI3bIKOB.

Paccemorpum Takoit npumep. Hacto B cTPYKTypax AaHHBIX THIA «JIePeBO» B yaJax Jepe
Heo6X0IMMO XPaHHTb JIPYTyIo HH(OPMALMIO, HEXKEJH B JIMCTbsIX. Tak, B lepeBbsiX CHHTAKCHUECK
ro pa36opa B y3/1ax XpaHsTCs KOJL OMepallii M CChIIKH Ha MOJJIEPEBbs], a B JIMCTbSIX — 3HaUeH
KOHCTaHT, UMeHa MepeMeHHbIX 1 T. . B 3ToM cJyuae mocTynalor c/iefylolum o6pa3om: coaat
MePeuHCAUMBII THIT, B KOTOPOM OTPEE/ISTIOT KOHCTAHTHI /7151 BCEX BO3MOKHBIX THITOB y3/1a Jeper
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OMpeeISIIOT CTPYKTYPbI WISl XpaHEHHs! JaHHbIX B y3J/1aX KaxKI0ro THIA, a 3aTeM 00beHHSIOT BCe 1.4 BbipaxeHus
CTPYKTYPbI B O1HO 00'beIHHEHHE.

1.4.1 TlepeuncneHue onepauui
enum node_ type {NODE_ADD, NODE MUL, NODE SUB, NODE_CONST };

union tree_node; 1. HauBblclinii npuoputeT UMelOT noctdHKCHble onepauud ++, --, [1, (), ., -
struct node binop { int tag; union tree node *left, *right; }; UuraloTesi cjieBa Hanpaso.
struct node const { int tag; int val; };
. - 1 ++ MMOCTHHKPEMEHT
union tree node
( - -= [IOCTAEKPEMEHT
int tag; [1] HHAEKCallksl MaccuBa, HaanMep alil]
struct node binop b; () BbI30B (DYHKLMH, HarpuMep sin (M_PI)

struct node_const c; . JOCTYI K IOJTIO

Vi -> JIOCTYTI K MOJIK0 Uepes yKasareib
PaGota ¢ TaKUM THIIOM y3J1a JiepeBa MOXKET POUCXOIUTb, HAlIPUMEp, TaK. 2. Culenyroliasi rpyrna orepatuil — npedHKcHble onepauui. uratorest crpasa HasleBo.
union tree node *p = (union tree node*) calloc(l,sizeof(*p)); 2 4+ [PEHHKPEMEHT
p->tag = NODE_CONST; -- NPEICKPEMEHT
p->c.val = 1; & B3siTHE ajJipeca
* pasbiMeHOBaHHEe
- HapHasi CMeHa 3HaKa
1.3 MHoromepHbie MaccHBbI + yrap
JIByXMepHble MaCCHBbI (MaTPHLLbl ) ONPEAEISIOTCS CJIEAYIOLIHM 00pa3oM ! JIOTHYECKOE OTpULIaHHe

~ noGUTOBOE OTPULIAHHUE

<Tun> <uMsa>[pasMm. 1 asMm. 21; .
(p Ip I sizeof  BbIUMC/EHHE pa3Mepa THIA

O6parute, 4TO Kax/J10€ U3 U3MEPEHHI MacCHBa 3aMUCLIBAETCs B OT/E/bHON ape KBaJPaTHbIX CKO- 0 NpHBe/EHHe THIa
60K. MaccuBbl 60JiblLell pa3MEePHOCTH ONpPeAeJAIOTCS aHaJOTHUHO.
B namsiTh MaccuBbl pa3MeLlialoTest o CTPoKam, To eCThb ObICTPee BCEro H3MEHSIETCST TOCIe/IHUI 3. Ocrasibble onepauu o Mepe yObiBauus WX npuopurera. Yuraioresi ciesa Harpar
. *
unjaekc. Hanpumep aist Mmatpuibl int x [2] [3] 3JeMeHTHI B TaMsITH OY/IyT pa3MeleHbl CIery- 3 YMHOXEHHE
oLKM 06pasom / JleJleHHe
o
% B3STHE OCTaTKa
x[0][0],x[0][1],x[0][2],x[1]([0],x[1]([1],x[1][2]
! ! ! ! ! 4+ CJI02KEHHe
[TockosbKy MaTpHuLa pacroJiaraercs 1o CTpOKaM, BblpaxkeHue x [1] umeer Tun int [3], To ecTb - BbIUHTAHHE
KaxK/1yl0 CTPOKY MaTpHLIbl MOXKHO pacCMaTpUBaTh Kak LieJloe (Halpumep, nepejiaBaTh napameTpom 5 << CJIBHT BJICBO
B (DyHKLMH ). AHAJIOTHYHO U JUISt MACCUBOB OOJIbLIEH Pa3MepHOCTH. > CJIBHT BIIPaBO
O6pallieHne K 3/1eMeHTy MacCHBa BBINVISIIUT Tak x [1] [J 1. Kakapli nHaeke Beeraa 3ammchbl- 6 <, <=, >, ollepalliii cpaBHemns
BaeTcsl B CBOEH Mape KBaJpaTHbIX CKOOOK. S=
[TpaBuia nepesaus MHOTOMEPHBIX MACCHBOB B KauecTBe MapaMeTpoB B (PyHKIIMH OTIMUAIOTCS 7 == 1= olepaLii cpasHenus
B C90 1 C99. B crapom crannapre sizblka Tpe6OBaNOCh, UTOObI PH Mepeiayd MHOTOMEPHbIX Mac- ] & MoGHToBast onepatist AND
CHMBOB B (DYHKLHH Y HUX JOJKHBI ObITh YKa3aHbl BCe H3MEPEHHs], Kpome nepsoeo. DTo CBsI3aHO C 9 - HoGHTOBas orepaiist XOR
TeM, UTO /151 BbIUMCJ/ICHUS ajipeca 3JeMeHTa MacCHBa KOMIUJISITOD [lO.H’)KeH 3HATb BCE U3MEpPEeHHS], 0| noGutosas onepaiia OR
KpOMe [1epBoro (HamuLuTe hopMyJly BbIUHC/IeHUS ajpeca U nposepbre!).
p p ( (hopmyny AP posepbrel) Il &s& JIOTHYECKOe «H1»
Crannapr C99 nomyckaeT MHOTOMEPHbIE MAaCCHBbI MepeMeHHoro pasdmepa. [losromy, Hanpu-
. 12 | JIOTHYECKOe <HJI»
Mep, QYHKIIHS MaTPHUHOTO YMHOKEHHST MOZKET HMETb CJIe/yIOIIHH 3ar0/I0BOK:
13 2: YCJIOBHAS! OllepaLusl, YUTaeTcs crpaBa HajleBo
void mmult (int n, double a[n][n], double b[n][n], double c[n] [n] )I 14 = TIpHCBaNBaHUe, UUTAETCS! CrpaBa HaJleBo
{ *= /=, TIpUCBaWUBAHHs C ONepalHel, UNTAeTCs CIpaBa HaJleBO
VYA 5=, 4=,
} -=, <<=,
B nporoTtinax dyHKLMi J0MycKaeTcsl yKazaHHe * BMeCTO MepeMeHHOro pasmepa: >>=, &=,
N= =
void mmult (int, double [*][*], double [*][*], double [*][*]); o |
15 , nocJiel0BaTe/IbHOE BbIUMCICHHE
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