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1. Cnuckm

OnHamnyeckue CTpPYKTypbl OaHHbIX

YacTo B cepbe3HBIX IPOrpaMmax HaJI0 MCIOJIb30BaTh JAaHHBIE, pasMEP U CTPYKTypa KOTOPBIX
JOJKHBI MEHSITBCS B Ipolecce paboThl. /[uHaMuuecKkre MacCuBbI 37I€Ch HE BBIPYUarOT, TOCKOJIbKY
3apaHee Hellb3sl CKa3aTh, CKOJIBKO MaMSTH HAJ0 BBIIEIUTH — 3TO BBISICHSAETCS TOJBKO B IpoIecce pado-
Tel. HanpuMep, Haf0 npoaHaIn3upOBaTh TEKCT U ONPENEINTh, KAKHE CI0BA U B KAKOM KOJIMYECTBO B
HEM BCTPEUaroTCsl, IPUYEM 3TH CI0BA HY’KHO PACCTaBUTh 10 all(haBUTY.

B Takux ciy4asx NpPUMEHSIOT JaHHBIE 0CO00HM CTPYKTYpBl, KOTOpHIE

MIPEJCTABISAIOT COOON OTIENbHBIC AJIEMEHTHI, CBA3aHHBIE C MOMOILIBIO CCHLIOK. ‘ Aa.."..b.e cebl m(y.
Kaxxnpiii nieMeHT (y3eJ1) COCTOUT U3 JIBYX OOJIACTEH MaMsTH: MOJIsl JaHHBIX U / + \
ccblIOK. CCBUIKM — 3TO ajpeca Ipyrux y3J0B 3TOrO e TUIA, C KOTOPBIMU JaH-
HBIH 3JIEMEHT JIOTMYECKU cBsi3aH. B s3pike Cu 17151 opraHu3aliiy CChIJIOK MCIOIb3YIOTCS IEPEMEHHbIE-
ykazatenu. [Ipu noOaBiaeHnn HOBOTrO y3i1a B TaKYIO CTPYKTYPY BBLAEISAETCA HOBBIA OJOK MaMATH U (C
MIOMOIIBIO CCBIJIOK) YCTAHABJIMBAIOTCS CBSI3U ATOTO 3JEMEHTa C yXke cyluecTByomumu. s o6o3Ha-
YeHUs1 KOHEYHOT'O 3JIEMEHTA B 1IETIN MCIIOJIb3YIOTCS HyJIeBble cChIKU (NULL).

JINHEenHbIN CNUCOK

B mpocteiimem cirydae Kaxablid y3ell COIEPKHUT BCETO OJIHY CChUIKY. JlJis ompeneneHHOCTH Oyaem
CUMTaTh, YTO PEIIaeTCs 3a7a4ya YaCTOTHOTO aHallu3a TeKCTa — OIpeIeJICHHs BCEX CIIOB, BCTPEYAIOIINX-
¢Sl B TEKCTE U UX KoandecTBa. B 3TOM cjy4dac O6J13_CTI> AAHHBIX 3JICMCHTA BKJIFOYACT CTPOKY (I[HHHOﬁ
He O6osiee 40 CUMBOJIOB) U 11€JI0€ YHUCIIO.

Head—»‘ JaHHble ‘ o{»{ JaHHble ‘ .M [aHHble |

Kaxplii 271eMEHT COAEPKUT TAK)KE CCHUIKY Ha CJIEAYIOIIMI 32 HUM AJIEMEHT. Y MOCJIEIHErO B CIIUCKE
3JIEMEHTA M0JIe CChUIKU conepXUT NULL. UToOBl HE MOTEPATh CHMCOK, MBI JIOJKHBI I71e-TO (B Iepe-
MEHHOM) XpaHUTh aJIpeCc €ro MepBOro y3ja — OH Ha3bIBAETCSl «TOJIOBOM» crnucka. B mporpamme Hano
OOBSIBUTH J1BA HOBBIX THIA JaHHBIX — y3el cnucka Node u ykazaTtens Ha Hero PNode. Y3en mnpen-
CTaBJIsIeT COOOM CTPYKTYpY, KOTOpasi COAEPKUT TPU MO - CTPOKY, LIEJI0€ YUCIIO M yKa3aTelb Ha Ta-
koii ke y3en. [IpaBunamu si3bika Cu onyckaetcs o0ObsBIEHUE

struct Node {
char word[40]; // obmacTe maHHHX
int count;
Node *next; // CccCmKa Ha clIegywommMi ys3ein
};

typedef Node *PNode; // Tun paHHHX: yKasaTejNks Ha y3el

B nanpHeiimeM MbI OyJieM cuuTaTh, 4TO yKa3zaTenb Head yka3blBaeT Ha HA4allo CMHCKA, TO €CTh, 00b-
SIBJICH B BUJIE

PNode Head = NULL; |

[TepBast OykBa «P» B Ha3BaHuM TUNa PNode MNpOUCXOIUT OT CJIOBa pointer — ykaszarenb (aHri.) B
Havasie paboThl B CIUCKE HET HHU OJIHOTO DJIEMEHTA, II03TOMY B yKa3zatellb Head 3amuchiBaeTcs HyJie-
BOIf azipec NULL.
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Co3pgaHue anemeHTa Cnucka

Jiist Toro, 4To0bI 100aBUTH Y3€l K CHUCKY, HEOOXO0AUMO CO3/aTh €ro, TO €CTh BBLICIHUTDH MaMSTh
NOJT y3€J W 3allOMHHUTH aJpec BbIIEIEHHOro Oyioka. byneM cuurtarh, yTO HaZO A00ABUTH K CIIHCKY
y3€eJl, COOTBETCTBYIOIIUM HOBOMY CJIOBY, KOTOpo€ 3amucaHo B nepeMeHHoi NewWord. CocraBum
GbyHKIUIO, KOTOpasi CO3/1aeT HOBBIH y3€ell B MaMsATH U BO3BpallaeT ero aapec. O6patute BHUMaHHUE, YTO
IPY 3aIIMCH JaHHBIX B Y3€J1 UCIOJIb3yeTCsl OOpaIleHUe K TOJISIM CTPYKTYPBI Uepe3 yKa3aTelb.

PNode CreateNode ( char NewWord[] )

{
PNode NewNode = new Node; // ykasaTenr Ha HOBHM y3ej
strcpy (NewNode->word, NewWord); // BanmucaTe CJIOBO
NewNode->count = 1; // cueTumk cmos = 1
NewNode->next = NULL; // cnepymomero ysjia HeT
return NewNode; // pesyneTaT QyHKUMM — ampec ysja

}

[Tocne aToro y3en Hago 100AaBUTH K CHUCKY (B Hayaslo, B KOHELl WIIM B CEPENIUHY ).

HNo6aBneHune y3na

Hob6aeneHue y3na e Hayaso crnucka

[Tpu noGaBnenun HOBOro y3na NewNode B Hadajo chucka Hajuo 1) yCTaHOBUTH CCBUIKY y3I1a
NewNode Ha rojioBy CylIeCTBYIOIIErO CIIMCKA U 2) YCTAaHOBUTH I'OJIOBY CIIMCKA HA HOBBIHM Y3€ll.

1) 2)
i

NewNode —»— naHHblEe NewNode —

Y

ITo Takoit cxeme paboraet npoueaypa AddFirst. [Ipeanonaraercs, 4ro agpec Hayajla CIUCKa Xpa-
HUTCA B Head. BaxkHo, 4TO 3/1ech U Jajiee ajpec Hayaja CIMCKA MepelaeTcs no ccevlike, TaK Kak Mpu
J00aBJIEHUH HOBOT'O Y3J1a OH U3MEHSETCS! BHYTPU IPOLIETYPHI.

void AddFirst (PNode &Head, PNode NewNode)
{

NewNode->next = Head;
Head = NewNode;

JHob6aeneHue y3na nocrsie 3ad0aHHO20

[Jan agpec NewNode HOBOTO y371a U aJpec p OJHOTO U3 CYLIECTBYIOIIMX y3JI0B B crucke. Tpe-
OyeTcsl BCTaBUTh B CIIMCOK HOBBIM Yy3€J MOCIE y3Jia C a[pecoM p. JTa orepalys BbIIOJHSAETCS B J1Ba

JTamna:
1) yCTaHOBHTB CCBUIKY HOBOTO y3JIa Ha y3ell, CIelyIOInii 3a JTaHHbBIM;
2) YCTaHOBHTbH CCHUIKY JaHHOIO y3ia p Ha NewNode.
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1) 2)
NewNode —» NewNode .
P P
AN

AN
--------- »{ [laHHble ‘ o—\-»‘ [laHHble ‘ .{» —»‘ [laHHble ‘ ‘ [aHHble ‘ 0+

IlocnenoBaTenbHOCTh ONEpALUi MEHATh HEJb3s, IOTOMY YTO €CIIM CHayaaa MOMEHSTh CChUIKY y y3/a
P, OyJleT moTepsiH aJpec CAeAYIOLIEro y3ia.

void AddAfter (PNode p, PNode NewNode)
{

NewNode->next = p->next;

p—>next = NewNode;
}

Job6aeneHue y3na neped 3adaHHbIM

Ota cxema no0aBneHus camasi ciokHasd. [IpoGiema 3akirodaercs B TOM, 4YTO B IpOCTeiieM
JMHENHOM CIHUCKE (OH Ha3bIBACTCS 0OHOCBA3HbIM, TIOTOMY UTO CBS3M HAIPaBJIEHbI TOJIBKO B OJIHY CTO-
POHY) Ul TOTO, YTOOBI MOJXYYHUTh AJpPeC MPEAbLAYIIEro y3i1a, HYy>KHO MPONTH BECh CIUCOK CHaydaja.
3amaua cBeneTcsa JIMOO K BCTaBKE y3ja B HAa4allo CIMCKA (€CIM 3aJaHHBIA y3ed — MepBblii), 1100 K
BCTaBKeE I0CJIE 33JJaHHOTO y37a.

void AddBefore (PNode &Head, PNode p, PNode NewNode)

{
PNode q = Head;

if (Head == p) {
AddFirst (Head, NewNode); // BcTarka mnepep MNEepPBHM YS3JIOM
return;
}
while (q && g->next!=p) // mmemM yse;n, Ba KOTOPHM clenyeT p
q = g->next;
if ( q) // ecnm HammM TaKOM y3eln,
AddAfter (q, NewNode); // OOBAaBUTE HOBHII IIOCJIE HEro

}

Takast mporierypa obecreunBaeT «3anuTy OT Aypaka»: €Clid 3a7aH y3eJl, He MPUCYTCTBYIOMNN B CITH-
CK€, TO B KOHIIE IUKJIa yKa3aTelb g paBeH NULL 1 HUYero He IPOUCXOIHUT.

CylecTByeT elie OJMH UHTEPECHBIA TPUEM: €CIIM HaJ0 BCTaBUTh HOBBIM y3ei1 NewNode 10 3a-
JAHHOTO y3JIa P, BCTABISIOT y3€J1 MOCJIe ATOT0 y3J1a, a TIOTOM BBITIOJIHAETCS OOMEH TaHHBIMUA MEXTY
y3namu NewNode u p. Takum 00pa3om, 1Mo ajpecy p B caMoM Jiefie OyAeT paciooKeH y3€l ¢ HOBBI-
MU JaHHBIMH, a 10 ajipecy NewNode — ¢ TeMu JaHHBIMHU, KOTOpbIE OBLIU B y3J€ P, TO €CTh MBI pelln-
JM 3a1ady. DTOT MpHeM He cpaboTaer, ecnu ajpec HOBOro y3ia NewNode 3amomMuHaeTcs rie-TO B
MPOrpaMMe U IOTOM HCIIONb3yeTCs, MOCKOIBKY TI0 3TOMY aJipecy OyayT HAXOAUTHCS APyTHUe JaHHbIC.

JHobaeneHue y3na e KOHey, cnucka

J1s pelenys 3aja4yu HaJ0 CHa4alla HAWTH MOCIEAHUN y3€ll, Y KOTOPOro cchlika paBHa NULL, a
3aTeM BOCIIOJIB30BAThCs MPOLETypOil BCTaBKU MOCie 3aJaHHOro ysna. OTaenbHO Hajno obpaboTath
ClIy4ai, KOra CIIMCOK ITyCT.
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void AddLast (PNode &Head, PNode NewNode)

{

PNode g = Head;

if (Head == NULL) { // ecnm cmomcok nycT,
AddFirst (Head, NewNode); // BcTaEnsieM NEepEHII BJIEMEHT
return;
}

while (g->next) g = g->next; // umeM nocnepHuil SJEMEHT

AddAfter (q, NewNode) ;

}

NMpoxoa no cnucky

Jlst Toro, 9TOOBI MPOWTH BECH CITMCOK M CIIETATh YTO-THOO0 C KaXKIbIM €T0 3JIEMEHTOM, HaJ[0 HaYaTh C
TOJIOBBI U, HCTIONIBb3YS YKa3aTelb next, MPOJABUTAThCA K CIACAYIOIEMY Y3ITy.

PNode p = Head; // Havanu C T'OJIOBH CHOMCKA
while ( p != NULL ) { // nmoka He jounu OO KOHIA
// memaeM uTO-HMOBYOB C yBJIOM P
P = p->next; // nepexomuM K CclemyoleMy yS3iy
}

NMowuck y3na B cnucke

Yacro TpeOyeTcs HallTH B CIIMCKE HYXHBIN JIEMEHT (€ro ajpec WiM aanHele). Hago ydects, uto
TpeOyeMOoro 3JieMeHTa MOXET M He ObITh, TOTJa NPOCMOTP 3aKaHYMBAETCS NPU JOCTHXKEHUH KOHIA
cnucka. Takol moaxo NPUBOAMT K CIEAYIOLEMY AJITOPUTMY:

1) HayaTh C rOJIOBBI CIIUCKA;

2) moKa TEeKYILIUH 3JIEMEHT CYLIECTBYeT (yKa3areab — He NULL), IpOBEpUTh HY’KHOE YCJIOBUE U Iie-
pEITH K creayrouemMy 3JIEMEHTY;

3) 3aKOHYMTH, KOI'/Ia HalIeH TpeOyeMbIil JIEMEHT WM BCE 3JIEMEHThI CIIUCKA IPOCMOTPEHBI.

Hampuwmep, cnenyromast pyHKIHS UIIET B CIIUCKE 3JIEMEHT, COOTBETCTBYIOLIUI 3aJaAHHOMY CIIOBY (IS
KOTOporo mnojie word cOBIAJaeT ¢ 3aJaHHON cTpokoil NewWord), ¥ BO3BpalllaeT €ro ajapec Wiu
NULL, ecau Takoro y3sija HeT.

PNode Find (PNode Head, char NewWord[])
{
PNode g = Head;
while (q && strcmp (g->word, NewWord))
q = g->next;
return q;
}

Bepremcs k 3aiade mocTpoeHust andaBUTHO-4aCTOTHOTO cioBaps. s Toro, 4ToOBl 700aBUTH
HOBOE CJIOBO B HY>KHOE MecCTO (B ajpaBUTHOM TOpsAKE), TpeOyeTcss HaWTU ajpec y3ia, neped KOTO-
pPBIM HaJ0 BCTaBUTHh HOBOE CJIIOBO. JTO Oy/eT MEepBbIi OT Hadajga CHHCKA y3eld, ISl KOTOPOTO «Ero
CJIOBO OK@XXeTCsl «0O0JbIIe», 4eM HOBOE cloBO. [l03TOMy J0CTaTOYHO MPOCTO U3MEHUTH YCJIOBUE B
ke while B ¢pyakiun Find., yuuteiBas, yTo QyHKIUS Strcmp BO3BpAIIAET «Pa3HOCTHY IEPBO-
r'0 U BTOPOTO CJIOBA.
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PNode FindPlace (PNode Head, char NewWord[])
{

PNode q = Head;

while (g && (strcmp (g->word, NewWord) > 0))
q = g->next;

return q;

}

Orta (QyHKUMS BEpHET ajapec y3ia, mepel KOTOPhIM HaJl0 BCTAaBUTh HOBOE CIIOBO (Korga (yHKUUs
strcmp BepHET MONIOKUTENbHOE 3HaUeHUE), il NULL, eclii CJIOBO HaJ0 J0OAaBUTh B KOHEI] CIIHCKA.

AndaBUTHO-4aCTOTHbIN CrOBapb

Teneps MOXXKHO MOJHOCTHIO HAIMCATh MPOrpaMMy, KoTopasi oOpabaTeiBaeT (aiim input. txt u co-
CTaBJISICT JUISI HETO aipaBUTHO-YACTOTHRIN CIIOBaph B (aiiyie output. txt.

void main()

{
PNode Head = NULL, p, where;
FILE *in, *out;
char word[80];
int n;
in = fopen ( "input.dat", "r" );
while (1 ) {

n = fscanf ( in, "%s", word ); // umraeM cnoBo mu3 odainna
if ( n <= 0 ) break;

p = Find ( Head, word ); // wmeM CIOBO B CIOHMCKe

if ( p '= NULL ) // ecnu Haunm CJIOEO,
p->count ++; // YBEINYUTE CUYeTUUK
else {

p = CreateNode ( word ); // coszmaeM HOBmII yB3en
where = FindPlace ( Head, word ); // mueM mMecTO
if ( ! where )
AddLast ( Head, p )
else AddBefore ( Head, where, p );
}
}

fclose (in) ;

out = fopen ( "output.dat", "w" );

p = Head;

while ( p ) { // nmpoxonm mo cCmmMCKy M BHBOJI PeS3yJIbLTAaTOB
fprintf ( out, "%-20s\t%d\n", p->word, p->count );
P = p->next;
}

fclose (out) ;

}

B mepemeHHOI n XpaHUTCS 3HaueHHe, KOTopoe BepHyJa ¢yHkuus fscanf (koaumuecTBO yaayHO
IIPOYUTAHHBIX JIEMEHTOB). Eciu 3TO 4MciI0 MEHbIIE €AUHULBI (UTEHHE MPOIIO HEYJAa4HO WJIMU 3a-
KOHYWJIMCH JIaHHBIC B (aiiiie), MPOUCXOJUT BBIXO/ M3 MKJIa while.

CHayana mblTaeMCsl UCKAaTh 3TO CJIOBO B CHMCKE ¢ nmomoupto ¢pyHkuuu Find. Ecnu Hanum —
MIPOCTO YBEJIUYMBAEM CUETUMK HailleHHOro y3ia. Eciiv ¢10BO BCTpPETUIIOCH BIIEPBBIE, B MAMATH CO3/a-
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€TCSl HOBBIM y3€J M 3aIOJHASTCS JaHHBIMH. 3aTeM ¢ moMoInibio GyHKIuu FindPlace onpenensiem,
nepe KakuM y3JIOM CITMCKa Ha/I0 ero J00aBUTh.

Koraa cniucok rotoB, oTKpeiBaeM (haiii1 st BEIBOIA U, UCTIOIB3Ysl CTaHIAPTHBIA MPOXOJT IO CITH-
CKY, BBIBOJMM HallJICHHbIE CJI0OBA U 3HAYEHUSI CUETYUKOB.

YpaneHue y3na

Ota npoueaypa TakKe CBA3aHa ¢ MOMCKOM 3aJJaHHOTO y3J1a [0 BCEMY CIUCKY, TaK KaK HaM HaJ0
IIOMEHATH CCBUIKY Y IPEABIIYILETO y3J1a, a IEPEUTH K HEMY HENOCPEACTBEHHO HEBO3MOXKHO. ECiu Mbl
HalUIX y3€ll, 33 KOTOPBIM HJIET yAAIAEMBIN y3€ll, HaJ0 IIPOCTO NEPECTABUTD CCHUIKY.

q /\
—\:‘ [aHHble ‘ { ‘ ‘ [aHHble ‘ o{—»{ [aHHble ‘ o—\-»

OldNode

OtnenpHO 0OpabaTbIBaeTCs Cllydaid, Korjaa yjaajisieTcsl mepBblil anemMeHT cnucka. [Ipu yaanenuun ysna
0CBOOOKaeTCsl MaMATh, KOTOPYIO OH 3aHUMAJI.

OTaenbHO paccMaTpuUBaeM clyudai, KOTJa yJaisieTcs MepBbIi 3JeMEeHT crucka. B aTom crydae
aZpec yaajasieMoro y3Jja COBIAAAET ¢ apecoM ToyloBhl cnivcka Head u Hajo npocto 3anucaTtsh B Head
aZipec CJIEIYIOIIETO AIEMEHTA.

void DeleteNode (PNode &Head, PNode OldNode)
{
PNode g = Head;
if (Head == OldNode)
Head = OldNode->next; // ynansieM nepBHIA B3JIEMEHT
else {
while (g && g->next != OldNode) // mueMm sneMeHT
q = g->next;
if ( g == NULL ) return; // ecnum He HawmM, BHXOJ
g->next = OldNode->next;
}
delete OldNode; // ocBoBoxmaeM namsiTh
}

Bapbepbl

Br1 3aMCTUJIU, YTO AJIA paCCMOTPCHHOI'O BapHaAHTa CIIMCKa Tpe6yeT051 OTACJIBHO O6pa6aTBIBaTB
TpPaHUYHBIC ClIydau: I[OG&BHGHI/IC B Hayalio, IIOGaBJIeHI/Ie B KOHCI, YAAJICHUC OAHOTI'0 U3 KpaﬁHHX 62 (3
MEHTOB. MOXHO 3HAQUHUTEILHO YOPOCTUTh MPUBCACHHBLIC BBIIIC MPOOCAYPBI, €CJIIM YCTAHOBUTL IABa
Oapbepa — (DUKTUBHBIE TEPBBIN M MTOCICIHUMA IeMEHThI. TakuM 00pa3oM, B CIIMCKE BCET/a €CTh XOTS
OBl IBa aneMeHTa—6apbepa, a BCC pa60qI/Ie Y3JIbI HAXOOATCS MEXKAY HUMMU.

ABYCBA3HbIN CNMUCOK

MHorue npobeMbl Py padoTe ¢ OHOCBI3HBIM CITMCKOM BBI3BaHBI TEM, YTO B HUX HEBO3MOYKHO
NEPEUTH K MPEIbIAYIIEMY DJIEMEHTY. BO3HHUKAET eCTeCTBEHHAs UAES — XPAaHUTh B MAMATU CCBLIKY HE
TOJIBKO Ha CJ'IGI[ymHIHﬁ, HO U Ha Hpe[[I)IIIYHII/Iﬁ DJIECMECHT CIIHUCKAa. I[J'IH A0CTyIIa K CIIMCKY HUCIIOJIB3YCTCSA
HE OJ[HA MepeMEeHHasI-yKa3aTellb, a JIBe — CChITKA Ha «TOJOBY» crucka (Head) 1 Ha «XBOCT» - MOCIIE/-
Hul anemeHT (Tail).
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Head

'

[aHHble ‘ ,Jj;‘—' ‘ [aHHble ‘ ,41;'4 ‘ JaHHble

?

Tail
Kaxxnpiii y3en comepkuT (KpoMe MOJIE3HBIX IaHHBIX) TaKKe CChUIKY Ha CJIeIYHUIUi 32 HUM y3e (1o-
ne next) u npeasinyuuil (noje prev). [lojge next y nociaeaHero 3JieMeHTa U M0Jie prev y MepBoro
conepkat NULL. Y3en oObsIBISIETCS TaK:

struct Node {
char word[40];
int count;
Node *next, *prev; // ccmnkmu Ha cCocCegHME Yy3JIB

}i
typedef Node *PNode;

// oblacTe IaHHBIX

// THUI JaHHHEX «yKasaTesNk Ha y3el»

B nmanpHeiimem mMbl OyneM cuuTaTh, 4TO yKa3aTeidh Head yka3pIBaeT Ha Hayajao CIUCKA, a yKa3aTelb
Tail — Ha KOHEI] CIUCKA:

| PNode Head = NULL, Tail = NULL;

Jlyis mycToro crucka oba yka3atest paBHbI NULL.

Onepauvm C ABYCBA3HbIM CITUCKOM

HobaeneHue y3na e Ha4aso criucka
[Tpu no6aBnenun HOBOTO y31a NewNode B Hauaio CIUCKa HaI0

1)

2)
3)
4)

YCTaHOBUTH CCHUIKY next y31a NewNode Ha rojloBy CYIIECTBYIOIIETO CIIMCKA U €r0 CChLI-
Ky prev B NULL;

YCTaHOBHTH CCBUIKY prev OBbIBIIEro IepBOro y3ia (eciu OH cyliecTBoBal) Ha NewNode;
YCTaHOBUTH I'OJIOBY CIIMCKA Ha HOBBIN Y3€ll,

€CJIM B CIIUCKE HE OBUIO HU OJJHOTO 3JIEMEHTA, XBOCT CIMCKA TAK)KE yCTaHABIMBAETCS Ha HO-

BBIN y3€Il.
1) NewNode

('[N8 NaHHble

3) NewNode

“l!ﬂ AaHHble °

}
L L

| paHHble | o>  Head | ¢ | nanHbie | o=

2) NewNode

'[N8 NaHHble

NI naHHble E

I[To Takoii cxeme paboTaet ciaemyromnas mporeaypa:

Head Head —»

void AddFirst (PNode &Head, PNode &Tail, PNode NewNode)
{
NewNode->next = Head;
NewNode->prev = NULL;
if ( Head ) Head->prev
Head = NewNode;
if (! Tail ) Tail

NewNode ;

Head; // »ToT »neMeHT — nepBH
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Hob6aeneHue y3na e KoOHey criucka

bnaronaps cummerpun nobaBieHue HOBOro y3ina NewNode B KOHEI[ CIIMCKA MPOXOAUT COBEp-
IIEHHO aHAJIOTHYHO, B MPOLEAype Haao0 Be3ze 3aMeHUTh Head Ha Tail u Hao0OpOT, a TaKXKe MMOMe-
HATHh prev U next.

Job6aeneHue y3na nocrsie 3a0aHHO20

[an agpec NewNode HOBOTO y37a U aJpec p OJHOT0 U3 CYLIECTBYIOIUX y3JI0B B crucke. Tpe-
Oyercs BCTaBUTh B CIIMCOK HOBBIM y3en mocie p. Ecinu y3en p sBisercs MOCIEIHUM, TO ONepanus
CBOJUTCA K J00aBJIEHMIO B KOHEL cnucka (cM. Bbllie). Eciu y3en p — He mocieqHuil, To onepanus
BCTAaBKH BBITIOJHSETCS B JIBa dTara:

1) ycTaHOBHUTH CCHUIKM HOBOTO y3J1a Ha CIEIYIOIIMIA 3a JaHHBIM (next) W mpeauiecTBYOMUI

emy (prev),
2) yCTaHOBHUTH CCBUIKH COCEIHHUX Y3JI0B TaK, 4YTOOBI BKIIOYNTH NewNode B CITHCOK.
1) NewIIode 2) NewNode
[laHHble ‘ o ‘ [laHHblEe ‘ ° ‘

p

<—!-U

g
<+- ‘ [aHHble ‘ ._p,ﬂ—‘ ‘ [laHHble ‘ o—~—> <—}- ‘ [iaHHble ‘ ‘ [iaHHble ‘ -—k»

Takoli MeToJ1 peau3yeT MpUBEICHHAs HIDKE MpoIeaypa (OHa YYUTHIBACT TAaKXKE BO3MOXHOCTh BCTaB-
KM DJICMCHTA B KOHCI[ CIIMCKA, UMCHHO I 3TOTO B HapaMeTpax IMCPpCAarOTCA CCBIJIKKM Ha I'OJIOBY U
XBOCT CITHCKA):

void AddAfter (PNode &Head, PNode &Tail,
PNode p, PNode NewNode)
{
if ( ! p->next )
AddLast (Head, Tail, NewNode); // BcTaBka B KOHEl] CIMCKa
else {
NewNode->next = p->next; // MeHsieM CCHUIKM HOEBOTO yS3Ja
NewNode->prev P’
p->next->prev = NewNode; // MeHsIeM CCHIIKM COCEIHMUX ySBJIOB
p->next = NewNode;

}

}

ﬂ06aBJ'IeHI/IC Yy3J1a nepea 3aJaHHBIM BBITTOJIHACTCA aHAJIOT'MYHO.

Mouck y3na e cnucke

HpOXOI[ M0 ABYCBA3HOMY CIIMCKY MOXCT BBIIIOJHATHECA B JABYX HaIPaBJICHUAX — OT I'OJIOBBI K
XBOCTY (KaK JJIA OI[HOCBHSHOFO) HJIK OT XBOCTA K I'OJIOBEC.

YOaneHue y3na

Orta mporeaypa Takke TpeOyeT CChUIKM Ha TOJOBY M XBOCT CIHMCKA, MOCKOJIBKY OHH MOTYT H3-
MCHUTLCA IPU yAAJICHUU KpaﬁHeFO sneMeHTa croucka. Ha NEPpBOM 3TAlNIC YCTAHABJIMBAIOTCSA CCBIJIIKU
COCEITHUX Y3JIOB (€CJIM OHU €CTh) TaK, KaK eClii Obl YJaIsIeMOro y3Jia He Obl1o OBI. 3aTeM y3en yaais-
€TCSI M TTaMsITh, KOTOPYIO OH 3aHUMAeT, OCBOOOKIAETCS. DT 3TaIlbl MOKa3aHbl HA pUCYHKE BHHU3Y. OT-
JIENTLHO TIPOBEPSICTCS, HE SIBJISICTCS JIU YAAISEMbBIN Y3€J1 MIEPBBIM HIIU ITOCIICAHUM Y3JIOM CITUCKA.
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OldNode

~* | paHHble | & [+ ° naH:;;~§:1\q\» | paHHble | o

void Delete (PNode &Head, PNode &Tail, PNode OldNode)

{
if (Head == OldNode) {

Head = OldNode->next; // ymansieM nepBHI 3JIEMEHT
if ( Head )
Head->prev = NULL;
else Tail = NULL; // ymanuam emOMHCTBEHHHM 5SJIEeMEeHT
}
else {

OldNode->prev->next = OldNode->next;

if ( OldNode->next )

OldNode->next->prev = OldNode->prev;

else Tail = NULL; // ymanunu nocyenHuiI SJIeMeHT

}
delete OldNode;

}

Llnknnyeckme cnucku

HMHorna crmcok (OI[HOCBHSHHﬁ 50048 HBYCBHSHBIﬁ) 3aMBbIKAIOT B KOJIBIIO, TO €CTh YKAa34aTCJIb next
TOCJICAHETO 3JICMCHTA YKA3bIBACT HA HepBBIfI QJICMCHT, (,I[J'If[ ABYCBA3HBIX CHI/ICKOB) YKa3aTeilb prev
NIEpBOT'O 3JICMCHTA YKa3bIBACT Ha nociegHui. B Takux crmckax MOHITHE «XBOCTa» CIHHCKA HE MMEET

CMBICJIa, OJIA pa60T1>1 C HUM HAIA0 HUCIIOJIbB30BATh yKa3aTenL Ha «FO.IIOBy», HpI/I‘IeM ((FOHOBOﬁ)) MOXHO
CUYUTATH JTIOOOH DIIEMEHT.
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2. CteKkun, oyepenun, oeku

CTpyKTypbl, IEPEYUCIICHHBIC B 3aT0JIOBKE pa3zeiia, MPeCTaBIsAIOT COO0N CIHUCKH, JIJIsi KOTOPBIX
pa3pelieHbl TOJNIBKO ONepalluy BCTABKU U YJIaJIeHUs IEPBOTO U/UITU MOCIEIHEr0 AJIEMEHTA.

Crek

CTek — 3TO yNOPAI0YCHHBIH HA0OP 3JIEMEHTOB, B KOTOPOM J100aBJICHHE HOBBIX U yJJAJICHUE CYIIECT-
BYIOIIMX 3JIEMEHTOB JAOIYCTUMO TOJIBKO C OJHOIO KOHIA, KOTOPBIN HAa3bIBACTCS BEPIIMHOM CTEKA.

Crek HazbiBatoT cTpykrypoit Tuna LIFO (Last In — First Out) — OCIEIHUM MPUIIEII, IePBbIM yIIIEIL.
CTex MoX0X Ha CTONKY C MOJHOCAMHU, YJIOKEHHBIMHU OJIMH Ha APYToi — 4TOOBI JOCTaTh KAKOW-TO TOJI-
HOC HAJI0 CHSTh BCE MOAHOCHI, KOTOPHIE JIEKAT HA HEM, a MOJIOKUTh HOBBIM MOJHOC MOHO TOJIKO
cBepxy Bceil cronku. Ha pucyHke mokaszaH cTek, coaepkaiuii 6 2J1eMeHTOB.

yAaJICHUC ,HO6aBJ'I€HI/Ie

JJIeMeHTa \ / 3JIEMEHTa

ol BLNS 2 VSN BN RO, ) o)

B coBpeMeHHBIX KOMIIBIOTEPAX CTEK UCTOJIb3YETCS JUIs
® pa3MelleHus JIOKAJbHBIX IEPEMEHHBIX;
® pa3MellIeHus MapaMeTpoB NPOLeIyphl WK GYHKINH;
® COXpaHEHUs ajpeca Bo3Bpara (110 KaKkoMy aJpecy HaJ0 BEPHYTHCS U3 NMPOLETYPbI);
® BPEMEHHOI'0 XpaHEHUs! JaHHbIX, 0COOEHHO MPH NMPOrpaMMHUpPOBaHUU Ha Accemobiepe.

Ha ctex BeigensieTcst orpaHuueHHast 00JacTh naMsaT. [Ipu Kax1oM BBI30BE NMPOLIEAYPHI B CTEK 100aB-
JISIIOTCSL HOBBIE 3JIEMEHTHI (IIapaMeTpbl, JOKaJbHBIE MEepeMEHHbIe, ajpec Bo3Bpara). [losTomy ecnu
BJIOKEHHBIX BBI30BOB OyJET MHOIO, CTEK MepenonHuTcs. OueHb ONacHO B OTHOLIEHWU HEpPEnoJIHe-
HUS CTEKA SIBIISIETCS. PEKYPCHs, TIOCKOJIbKY OHA KaK pa3 M IPEIoJIaracT BIIOKEHHBIE BBI30OBBI OJJHOU U
TOM ke mpoueaypsl uian GyHkiuu. [lpu ommbke B mporpaMMe peKypcusi MOXKET cTaTb OECKOHEUHOM,
KpPOME TOT0, CTEK MOXET MEePENOTHUTHCS, €CIIH BIOKEHHBIX BBI30BOB OyI€T CIUILIKOM MHOTO.

Peanusauusa cteka ¢ noMoLWbO MaccuBa

Ecnn makcumanbHbIN pa3Mep CTEKa 3apaHee U3BECTEH, €r0 MOXKHO pealn30BaTh B IpOrpaMMe B
BUJIE MaccuBa. Y 1I00HO 0OBEUHUTH B OJJHOW CTPYKTYpEe caM MaccuB U €ro pazMep. OObSIBUM HOBBIN
TUII JAaHHLIX — cTeK Ha 100 3J1eMEeHTOB-CUMBOJIOB.

const int MAXSIZE = 100;
struct Stack {
char data[MAXSIZE];
int size;
};
Jlst paboThI CO CTEKOM HaJ0 OMPEEIUTh, KaK BHITIOJHSIOTCS JIBE ONEpaIuy — 100aBJICHUE JIEMEHTa
Ha BepIIUHY cTeka (Push) u CHATHE 3J€MEHTa ¢ BEPIIMHBI cTeka (Pop).
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void Push ( Stack &S, char x )
{
if ( S.size == MAXSIZE ) {
printf ("Crex nepenosnxen") ;
return;
}
S.data[S.size] = x;
S.size ++;
}

[Tockonbky HyMmepauus 3J€MEHTOB MaccuBa data HaumHaeTcs ¢ HyJs, HaJ0 CHadaja 3alucaTh HO-
BbIi 2JIeMEHT B S.data[S.size], a 3arem yBenuuuTh pazMep creka. B mpouenype npeaycMoTpeHa
00paboTKa OIIMOKH «IEpErnoHeHHE CTeka». B 3ToM ciydyae Ha sKpaH OyJeT BBIAAHO COOOIIEHHE
«Ctek nepenonHen». MoXHO Takxke cienaTh QyHKuo Push, koropas Oyer Bo3Bpaiuath | B ciydae
ynaqHoro no0asieHus snemMenTta u 0 B ciydae OmmOKH.

OOparure BHUMaHUE, YTO CTEK S MeperaeTcs B MPOLEAYpPYy MO CChUIKE, TO €CTh, (PaKTHUECKH T1e-
penaeTcs agpec 3TOro creka B maMatu. [1oaTromy Bce oneparnuu co CTeKOM B IIPOLELYPe BBITOIHIIOTCS
HEMOCPEICTBEHHO CO CTEKOM BBI3BIBAIOLIEH MTPOrpaMMBbl.

char Pop ( Stack &S )
{
if ( S.size == 0 ) {
printf ("Crex nyctT") ;
return char (255) ;
}
S.size --;
return S.data[S.size];
}

@yHK1KS Pop BO3BpAIAE€T CUMBOJI, «CHATBI» C BEPIIMHBI CTEKA, IPU 3TOM pa3Mep CTeKa yMEHbIlIa-
eTcs Ha eauHMIly. Ecnu ctek myct, pyHKIMs BO3BpaIlaeT CUMBOJI C KOJAOM 255 (KOTOPBIH HUKOTIa HE
MOKET HAXOJHUTHCS B CTEKE MO YCIOBHIO 33/1a4U M CHTHAIM3UPYET 00 OImoKe).

3anauya. BBecTH CUMBOJIBHYIO CTPOKY, KOTOpasi MOXKET CO/EpKaTh TpH Buaa ckobok: (), [ u {}. Omn-
peAenuTh, BEPHO JIM paccTaBlIeHbl CKOOKHU (CMMBOJIBI MEXKIY CKOOKaMu He yuuThiBaTh). Hampumep, B
ctpokax () [{}] w [{} ([]) ] ckoOku paccTaBieHbl BepHO, a B cTpokax ([)]1 m 111 ((( - HeBep-
HO.

Jlis oHOTO BHJIA CKOOOK pELIEHHE OYEHb MPOCTO — BBECTU CUETUHMK «BIIOKEHHOCTH» CKOOOK, MpO-
CMOTPETh BCIO CTPOKY, YBEIMUMBAsA CYCTUHK JJIS1 KQXKIOM OTKPbIBAIOIIEH CKOOKM M YMEHbIIAs €ro s
Ka)KJI01 3aKpblBatollieil. BeipaxeHue 3ancaHo BEpHO, €CJIM CYETUMK HU pa3y HE CTajl OTPULATEIbHBIM
1 TIocyie 00pabOTKH BCEH CTPOKM OKa3ajCs paBeH HYJIIO.

Ecnu ncnonp3yloTcst HECKOJIBKO BHJIOB CKOOOK, CUETUYHMKM He nomoraioT. OnHako 3Ta 3aj1ada
HMMeEeT KpacuBOE pEIICHNE C NOMOLIbI0 cTeka. BHavane crek myct. [IpoxoanM BCO CTPOKY OT Hauana
10 cuMBoJIa ¢ koJoM 0, KOTOpbIi 0003HA4YaET KOHEL CTPOKU. Eciiu BCTPETUIIM OTKPBIBAIOILYIO CKOOKY,
3aHOCHM €€ B CTeK. Eciii BCTpeTHIIN 3aKphIBAIONLy 0 CKOOKY, TO Ha BEpIIMHE CTEKa JOJKHA OBITh CO-
OTBETCTBYIOLIasl €il oTKphIBaroliast ckoOka. Eciiu 310 Tak, cHumaem ee co creka. Eciu crek myct uiu
Ha BEpUIMHE CTeKa HAaXOJHUTCA CKOOKa Ipyroro BUja, BeIpakeHHE HEBepHOe. B KoHIe mpoxoja cTek
JOJIKEH OBITh ITYCT.

B npuBeneHHON HuXe MporpaMme UCHOJb3YIOTCS HalMCaHHbIE paHee OOBSABICHUE CTPYKTYpPhI
Stack u onepaunu Push u Pop.
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void main ()
{
char brl[3] = { '(', '[', '"{'" }; // orkpmeamume CkOBkM
char br2[3] = { ")', ']1', '}' }; // Bakpseanmme CkKOGkM
char s[80], upper;
int i, k, OK;
Stack S; // cTex cuMBOJIOB
printf ("BeemuTe BRHpPaxeHme co ckobkamm> ") ;
gets (s );
S.size = 0; // crHauama cTek nycT
OK = 1;
for (i = 0; OK && (s[i] '= '\0'); i ++)
for (k =0; k< 3; k ++ ) // nposepurs 3 BMOa CKOBOK
{
if ( s[i] == brl[k] ) { // orkpmmammass ckobka
Push ( S, s[i] ); break;
}
if ( s[i] == br2[k] ) { // BakpmBammass ckobka
upper = Pop ( S );
if ( upper !'= brl[k] ) OK = 0;
break;
}
}
if ( OK && (S.size == 0) )
printf (" \nBepaxenune npaBunsHOe\n") ;
else printf ("\nBmpaxenue HempaBuiabHOoe \n") ;
}

OTKpbIBaroOIIMEe W 3aKpBIBAIOIINE CKOOKHM 3allMcaHbl B MaccuBax brl u br2. B camom Hauane crek
MYCT U €T0 pa3Mep paBeH Hyo (S.size = 0). [lepemenHas OK CITy>XKUT JUIsE TOTO, YTOOBI BHIUTH U3
BHEIITHETO ITMKJIA, KOT/1a OOHapysKeHa omuroKa (M He paccMaTpuBaTh OCTABIIYIOCS YacTh CTPOKH). OHa

YCTaHaBJIMBACTCA B HYJIb, €CJIU B CTCKC O6H3py>KGHa CKOOKa APYroro Tvuia Ujin CTCK OKa3aJiCs IyCT.

Peanusauunsa cteka ¢ NnoMoLbIO CNUCKA

PaccmoTpuM nmpuMmep creka, B KOTOPOM XPAHSATCS CUMBOJIBI (3TO MPOCTEHIINI BapHaHT, JIEMEH-
TOM CTE€Ka MOTYT OBITh JIOObIE TUIMBI JAaHHBIX WJIN CTPYKTYp, TaK Xke, Kak U Ui CIHcka). Peanusyem
CTEK Ha OCHOBE JBYCBSI3HOIO ciucka. [Ipy 3TOM KOJIMYECTBO JIEMEHTOB CTEKAa OIPAaHUYMBAETCS TOJb-

KO JOCTYITHBIM 00BEMOM ITaMATH.

struct Node {
char data;
Node *next, *prev;
}i

typedef Node *PNode;

Yrobbl HE paboTaTh ¢ OTIENBHBIMU YKa3aTEISIMH Ha XBOCT M T'OJIOBY CITMCKA, OOBSIBUM CTPYKTYpY, B

KOTOPOI OyJ1eT XpaHUTbCS BCs MHPOPMALIUS O CTEKE:

struct Stack {
PNode Head, Tail;

};
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B camom Hauasie Hago 3anucarh B 00€ CChUIKM cTeka NULL.

Jo6aeneHue anemMeHma Ha eéepwuHy cmeka

DaKTUYECKH ITO JT0OABJICHNE HOBOTO AJIEMEHTA B HA4aJIO JBYCBS3HOTO CIKCKA. JTa MpoLeaypa
yke Obljla HamKcaHa paHee, Tenephb ee MPHUISTCS HEMHOTO Tiepeiearb, YTOObl paboTaTh HE C OTHIENb-
HBIMH yKa3aTelIsIMU, a CO CTpyKTypol Tumna Stack. B mapamerpax mporenypsl yKa3bIBaeTcsl HE HO-
BBIIl y3€], a TOIBKO OaHHble JUIsl ATOTO y3J1a, TO €CTh 1esoe yuciio. [lamMsaTh mo HOBBIM y3en BblIes-
€TCsl B MPOIIeIype, TO €CTh, CKPbITa OT HAC U CHIKAET BEPOSATHOCTH OIIUOKH.

void Push ( Stack &S, char x )

{
PNode NewNode;
NewNode = new Node; // cosmaTe HOBHI yS3el. ..
NewNode->data = x; // M BanoJHUTE €ro IaHHBMN
NewNode->next = S.Head;
NewNode->prev = NULL;

if ( S.Head ) // mo6aBmuTe B HauaJO CIOMCKAa
S.Head->prev = NewNode;
S.Head = NewNode;

if (! S.Tail ) S.Tail = S.Head;

}

I'Ionyquue 8EpPXHe20 JJTIeMeHmMa ¢ eepuwWluUHblI cmekKa

CDyHKI_II/IH POp yHAajasaeT BCpXHI/Iﬁ 9JICMCHT U BO3BpallIaACT €T0 JaHHBIC.

char Pop ( Stack &S )

{
PNode TopNode = S.Head;

char x;
if ( ! TopNode ) // ecnm cTex mycT, TO
return char (255); // BEepHYTb CMMBOJI C KojmoM 255

x = TopNode->data;
S.Head = TopNode->next;

if ( S.Head ) S.Head->prev = NULL; // nepecTaBuTs CCHUIKKA
else S.Tail = NULL;

delete TopNode; // ocroBomuTe NaMsaATb
return x;

CncTeMHbIN CTEK B NporpamMmmax

[Ipu BbINOIHEHUH HPOTpaMM ONPEJENICHHAs 00JIacTh MaMATH OTBOJUTCS Ha CTEK IPOrPaMMBI.
Boinee Toro, B mpoueccope ecTh crienuanbHas sueika (perucTp), B KOTOpOil XpaHUTCs aipec BEPIINHbI
creka. [Iporpamma ucnonb3yeT cTek A XpaHeHUs

1) ampecoB Bo3Bpara u3 mporuenyp u GpyHkuuil (3T0 aapeca, Ha KOTOpPbIE MEPEXOAUT MPOrpaMMa
10CJI€ BBIMOJIHEHUS IPOLEAYPhl WIH (PYHKIUH);

2) mapameTpoB, IepeaaBaeMbIX B MPOIEAYPHl U GyHKIINH,

3) JOKalbHBIX IEPEMEHHBIX B MPOLEAYypax U QyHKIUIX;

4) BpeMEHHBIX JaHHBIX (B OCHOBHOM B IIpOorpamMmax Ha accemoOiepe).
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bonbiie Bcero mecra 3aHMMarOT B CTEKE JIOKalbHbIE MepeMeHHble. [loaToMy mamsTh moj Oosblune
MacCHUBBl HaJ0 BBIIENATh AMHaAMUuecku. Kpome Toro, >kenparenbHO HE NEpeAaBaTbh B MPOLEILYpPbI
OonblIMe CTPYKTYPhl, BMECTO 3TOrO0 MOXHO IepelaTh UX aJpec WIM HCHOJIb30BaTh Iepenady Io
CCBUIKE (TIpY ATOM IIEpE]] UMEHEM NTapaMeTpa AOHKEH CTOATh 3HAK &).

Ouepenb

Ouepenb — 3TO yHnopsiA0YeHHBIH HAOOP JIEMEHTOB, B KOTOPOM J00aBlI€HHE HOBBIX JIEMEHTOB J0-
IIyCTHUMO C OJJHOTO KOHIIa (OH Ha3bIBAETCS KOHILIOM O4YepeaH), a YJaJICHUEe CYIIECTBYIOIIUX 3JIEMEH-
TOB — TOJIBKO C JIPYTOro KOHIIA, KOTOPbIN Ha3bIBA€TCSI HAYAJIOM O4Yepeu.

Xopo1Io 3HaKOMOM MOJENbIO SIBISETCA ouepeab B MarazuHe. Ouepeap Ha3bIBAIOT CTPYKTYpOMl THIIa
FIFO (First In — First Out) — nepBbsIM TIpHILEN, IepBbIM yiea. Ha pucyHnke nzolOpaxeHa oyepenp U3
3-X 3JIEMEHTOB.

pobasneHune | | | | yoaneHue
anemMeHTa = B b A ™ anemeHTa
KoHell Ha4vano

Hanbonee m3BecTHBIC TPUMEpPHI TPUMEHEHHsI O4Yepeieid B MPOTPaMMHUPOBAHUH — O4Yepelb COOBITHI
cucteMbl Windows n et mogoOHbIX. Ouepeny HCIOMb3yIOTCS TaKXKe ISl MOJACTHPOBAHUS B 3a1a4ax
MaccoBOIo 00CayKUBAHUsI (HarTpuMep, 0OCITyKUBAaHHI KJIMEHTOB B OaHKE).

Peanusauuna oyepegm ¢ NoMoLbLIO MaccuBa

Ecnm makcumanibHBIN pa3Mep odepein 3apaHee U3BECTECH, €r0 MOYKHO Peain30BaTh B IIporpaMMe
B BUJIE MaccuBa. ¥ JOOHO 0ObETUHUTH B OJHON CTPYKTYpE caM MaccuB U ero pasmep. OObSIBUM HOBBIN
THUII JaHHBIX — ouepeab Ha 100 31emMeHTOoB (1esIbIX Yncen).

const int MAXSIZE = 100;
struct Queue {
int data[MAXSIZE];
int size, head, tail;

};

Ecnu y creka oiuH KOHEI[ «3aKperuieH» (He JBUTAETCS), TO Y OYEpeIu «IOJBMKHBD 00a KoHIA. YTto-
ObI HE CABUIaTb BCC 3JICMCHTBI B MAaCCUBE IIPU YAAJIICHHUU UIIN I[O6aBJ'I€HI/II/I DJIEMECHTA, OOBIYHO UCIIOIb-
3y10 JBe TiepeMeHHble head n tail — nepBas U3 HUX 0003HAYAET HOMEP MEPBOTO IEMEHTA B O4epe-
J1, a BTOpasi — HOMep nocienHero. Ecnyu oHM paBHBL, TO B O4€pEN BCETO OJIMH 3JIEMEHT. MaccuB Kak
OBl 3aMBIKAETCS B KOJBIIO — €CJIM MAaCcCHUB 3aKOHYMWIICS, HO B Hayaje MacCHUBa €CTh CBOOOJHBIC MECTa,
TO HOBBIH JIEMEHT JOOABJISETCS B HAYAJI0 MacCHBa, KaK TIOKa3aHO HA PUCYHKaX.

head tail tail head

Ll L TiTesfas ez Ss T es a5 (62

Jnist paboThI ¢ OYepeabI0 HAJIO OTIPENIEHUTh, KaK BHIITOJHSIIOTCS JIBE ONEPALUU — JOOABICHHE JIEMEHTA
B KoHell ouepenu (PushTail) u ynaneHue sieMeHTa ¢ Hadaja ouepeau (Pop).
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void PushTail ( Queue &Q, int x )
{
if ( Q.size == MAXSIZE ) {
printf ("Ouepenr nepenomuexna\n") ;
return;
}
Q.tail++;
if ( Q.tail >= MAXSIZE ) // BaMikaHMe B KOJIBLIO
Q.tail = 0;
Q.data[Q.tail] = x;
Q.size ++;

}

[Tockonbky odepeh MOXKET HAUMHATHCSI HE C Hadyalla MacCuBa (3a CUET TOT0, YTO HEKOTOPhIE JIEMEH-
Thl Y€ «BbIOpaHbI»), MOCJIE yBeIUYeHHUsd Q.tail Hajo MPOBEPUTh, HE BBILIUIM JIM MBI 33 IPaHUILY
MaccuBa. Eciiu 3T0 ciiyumiioch, HOBBIH 2JIEMEHT 3alIMChIBACTCS B HA4ajI0 MacCHBa (XOTs SBISAETCS XBO-
cToM ouepean). B mponenype npeaycmorpeHa o0paboTka OMNOKYU «IIEeperoJHeHne ouepean». B aTom
cilydae Ha 9KpaH OyzeT BbiaHo cooOmienue «Ouepepb nepenoaHeHay. MoXHO Takke caenaTrbh QyHK-
uuto PushTail, koTopas OyaeT Bo3Bpaiiarh 1 B ciiydyae yaauHoro nqo0asieHus nemenTa u 0 B ciy-
yae OIIMOKH.

OOparure BHUMaHUE, 4TO o4epesb Q MepeaeTcs B MPOLEAypYy MO CChUIKE, TO €CTh, (PaKTUYECKU
IIEPENaeTCs aipeC 3TOM CTPYKTYPHI B TAMSTH.

int Pop ( Queue &Q )
{
int temp;
if ( Q.size == 0 ) {
printf ("Ouepexner nycral\n") ;
return 32767; // curnan o6 oumbxe
}
temp = Q.data[Q.head];
Q.head ++;
if ( Q.head >= MAXSIZE ) Q.head = 0;
Q.size --;
return temp;

}
OyHk1Ms Pop BO3BpallaeT YMCIO, MOJYYEHHOE C Hayajla odepeau, MPU ATOM pa3Mep ouepenu
yMEHbIIIaeTcs Ha eauHuIy. Ecnm crek myct, ¢pyHKIMs Bo3Bpamaer 4ucio 32767 (mpeamosaraercs,
YTO OHO HE MOXET HaXOJUTHCS B OYEPEIU MO YCIOBUIO 33]]a4M U CUTHATIU3UPYET 00 OIIuOKe).

Peanusauusa o4yepenum C NOMOLLbLIO CNMMUCKaA

Ecnu makcuManbHBIN pa3Mep 3apaHee HEU3BECTEH WM TpedyeTcs caenaTh ero JMHAMUYECKUM,
JUISl pean3aly UCIIONIb3YIOT CIIUCOK. PaccMOTpuM npumep odepeau, 31€MEHTaMU KOTOPOH SBIISIOTCS
uensle yncia. [Ipy 3ToOM KOIMYECTBO €€ 3JIEMEHTOB OrPaHHYMBAETCS TOJIBKO JOCTYIHBIM O0OBEMOM
namsTu. HoBble TUIIBI TaHHBIX (Y3€J U yKa3aTellb Ha Her0) OOBSBIISAIOTCS TaK XKe, KaK JJIs CIUCKa!

struct Node {
int data;
Node *next, *prev;
}i

typedef Node *PNode;
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UYto0b!l HEe paboTaTh C OTJAEIBbHBIMU YKA3aTEIsIMU Ha XBOCT U I'OJIOBY CIIHUCKA, OOBSIBUM CTPYKTY-

Py, B KOTOpOii OyaeT XpaHUThes Best mHGoOpMaIus o0 ouepeu:

struct Queue {
PNode head, tail;
};

B camom Hauane Hajo 3amucath B 00€ cchulki NULL. 3aMeTuM, 4TO Takas jke€ CTPYKTypa UCIOJIb30Ba-
Jach U s creka. bonee Toro, pyHKIUS 171 OJTydeHUs IIEPBOTO 3JIeMeHTa ouepeau (Pop) CoBmagaeT

¢ QYHKIMEH CHATHS AJIEMEHTA C BEPIIUHBI CTeKa (HAMUIITUTE €€ B KAUYECTBE YIIPAKHCHUS).

JobaeneHue asileMeHma e KoHey, o4epedu

dakTHYeCKH ATO JT00aBIIEHWE HOBOTO JJIEMEHTa B KOHEI[ JIBYCBS3HOTO ChHcKa. B mapamerpax
MPOLIEYPhl YKA3BIBACTCSI HE HOBBIA y3€J, & TOJIBKO OaHHble ISl 3TOTO y3Jia, TO €CTh LIEJI0€ YHUCIIO.
[TamsATh MO/ HOBBIM y3€1 BBIACISAETCS B MPOLEAYPE, TO €CTh, CKPbITa OT HAC U CHIDKAET BEPOSTHOCTH

OIIHNOKH.

void PushTail ( Queue &Q, int x )

{
PNode NewNode;
NewNode = new Node; // cosmaTe HOBHIM yS3el
NewNode->data = x; // BanosHuTE yBeJ IaHHBMU
NewNode->prev = Q.Tail;
NewNode->next = NULL;
if ( Q.tail ) // mobaBuTe ysen B KOHEL CIOMCKAa

Q.tail->next = NewNode;

Q.tail = NewNode;
if (' Q.head ) Q.head = Q.tail;

}

ek

lex (deque) - 3T0 ynopsimoueHHbBI HAOOP JIEMEHTOB, B KOTOPOM J00aBJIEHNUE HOBBIX U yIAJICHHE

CYLIECTBYIOIINX 3JIEMEHTOB JIOMYCTUMO C JIF0OOT0 KOHIIA.

I[GK MOJKET OBITh pC€ain30BaH Ha OCHOBC MAaCCHMBaA WJIM JABYCBA3HOI'O CIIMCKaA. I[J'IH ACKa PaspCUICHbI

YeThIPE ONEePALNU:
1) nobGaBieHUE 2JIEMEHTA B HAYAJIO;
2) noOaBieHHUE AJIEMEHTA B KOHEIL;
3) ynajeHue 3JIEMEHTa C Havaja;
4) ynaneHue dJIeMeHTa C KOHIIA.
MX MOXHO peain30BaTh, UCIOJb3YsI HAMTUCAHHBIC BBIIIE MPOLEAYPHI TSl CTEKA U OUEPE/TH.
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3. [HepeBbs

YTo Takoe AepeBbA?
OCHOBHbIe NoOHSIMUS

JlepeBO — 3TO COBOKYIHOCTH Y3JI0B (BEpPIIHMH) W COSAMHSIONIUX MX HaIpaBJICHHBIX pedep (ayr),
NpUYEM B KaXIbIH y3eI (3a HCKIIFOYCHUEM OJJHOTO - KOPHSI) BEJIET POBHO OJIHA JIyTa.

Kopens — 3T0 HavasbHbIHN y3e1 JepeBa, B KOTOPbIH HE BeAET HU OJHOM AYTH.

[IpumepoM MOXKET CITyKUTh FeHeaJoru4ecKoe AepeBo - B KOPHE JIepeBa HAXOAUTECh Bbl CAMH, OT Bac
WUJIET JIBE AYTU K POJUTEIAM, OT KaXJI0T0 U3 POJUTENEH - BE IYTU K KX POAUTEISAM U T.[I.

Apucraxuit

| Kats | | Ilets | | Marma | | Cama |

Hampumep, Ha pUCyHKe CTPYKTYpBI @) U 0) SIBJISIOTCS IEPEBBSIMU, a B) U T) - HET.

IIpeaxom i y3ma x Ha3bIBA€TCS Y3€J IepPEeBa, U3 KOTOPOro CYIIECTBYET MyTh B y3€Il X.
IToTomMkoOM y371a X Ha3bIBaeTCs y3el JepeBa, B KOTOPBIH CyIIEeCTBYET MyTh (10 CTPEIKaM) U3 y3Ja X.

Poagurtenem uis y3na x Ha3bIBaeTCs y3€7 JAepeBa, U3 KOTOPOTO CYLIECTBYET HEMOCPEICTBEHHAs qyTra
B y3€I X.

CpIHOM y371a X Ha3bIBACTCS y3€J1 IEPEBA, B KOTOPHIN CYLIECTBYET HENOCPEACTBEHHAs yra U3 y3ia X.

YpoBHeM y3i1a X Ha3bIBaeTCs JUIMHA IMyTH (KOJIMYECTBO yT) OT KOPHS K JaHHOMY y3iy. Cunraercs,
YTO KOPEHb HaXOAUTCS Ha ypoBHE (.

JIucToMm epeBa Ha3bIBAETCA y3€J, HE UMEIOIIUN TOTOMKOB.
BHyTpeHHel BepIIMHON HA3bIBACTCS Y3€J, UMEIOIIUN TOTOMKOB.
BrbicoToii 1epeBa Ha3bIBACTCS MAKCUMAaJIbHBIN YPOBEHB JIMCTA JIEpEBA.

YnopsiioueHHBIM JepeBOM Ha3bIBACTCS JEPEBO, BCE BEPIIMHBI KOTOPOIO YMOPSAOYEHHI (TO €CTh
MMeeT 3HaUYCeHHE MOCIeA0BATENbHOCTh EPEYNCIICHUSI TOTOMKOB Ka)/I0T0 y3I1a).

Hanpumep, 1Ba ynopsiiO4€HHBIX 1€pEBA HA PUCYHKE HUXKE — pa3HbIE.
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PekypcueHoe onpedesieHue

JlepeBo mpezcTaBisieT cOOON TUIMMYHYIO PEKYPCUBHYIO CTPYKTYPY (OHpeAensieMylo uepe3 caMy
ce6s). Kak u moboe peKypcHBHOE OIpeIesieHIe, OTpeIeTICHHE AepeBa COCTOUT U3 IBYX YacTel — mep-
Bas ONpeeliaeT YCIOBUEe OKOHYAHUS PEKYPCHUH, @ BTOPOE — MEXaHU3M €€ HCIIOIb30BaHMSL.

1) mycras CTpyKTypa sBISeTCS ASPEBOMS;
2) nepeBO —3TO KOPEHb M HECKOJIBKO CBSI3aHHBIX C HUM JIEPEBBEB (IIO/IEPEBHEB).

Takum 00pa3om, pazMep MamsaTH, HEOOXOIUMBIN ISl XpaHEHUS JIepeBa, 3apaHee HEM3BECTEH, TOTOMY
YTO HEU3BECTHO, CKOJIBKO y3JI0B OyJET B HErO BXOJIUTD.

HeouyHblie depeebsi

Ha npakTrke HCIonb3y0TCs TIIaBHBIM 00pa3oM JIepeBbsi 0COOOTO BH/Ia, HA3bIBAEMBIC TBOMYHBIMHU
(OMHapHBIMH).

[I I[BOI/I‘IHBIM A€pPEeBOM Ha3bIBACTCA ACPEBO, KaXKJIbIM Yy3€J KOTOPOI'oO UMECT HE ooiee ABYX CBIHOBEH.

Mo:KHO onpeAeuTh JBOMYHOE IEPEBO U PEKYPCUBHO:

1) mycras CTpyKTypa SIBISETCS IBOMYHBIM JIEPEBOM;
2) nepeBO — 3TO KOPEHb U JIBa CBSI3aHHBIX C HUM JIBOMYHBIX JEPEBa, KOTOPHIE HAa3bIBAIOT JIEBBbIM U
NMPaBbIM IIO/JIEPEBOM .

JIBon4HBIE AEPEBBS YNOPAAOYEHbI, TO €CTh PA3IMYAIOT JIEBOE U IPABOE NOANEPEBbs. Tununy-
HBIM NIPUMEPOM JIBOMUYHOIO JIepeBa SBIIETCS I'eHealorndyeckoe nepeBo (ponxocioBHas). B nmpyrux
Clly4asiX JBOMYHBIE JIEPEBbsl HCIOJB3YIOTCA TOTJa, KOTJa Ha KaXkIOM 3Talle HEKOTOpOro Impolecca
HAJI0 IPUHSTH OJIHO pEIlIeHUE U3 JIByX BO3MOXHBIX. B nanpHeimem Mbl OyeM paccMaTpuBaTh TOJIBKO
JIBOMYHBIE I€PEBbSI.

CTporo 1BOMYHBIM 1€ePeBOM HA3BIBACTCS JIEPEBO, Y KOTOPOTO KaK/1asi BHYTPEHHsISI BEPIINHA UMEET
HEMYCTHIE JIEBOE U MPABOE MOAIEPEBbSI.

OTO 03HAYAET, YTO B CTPOr0 IBOMYHOM JEPEBE HET BEPILINH, Y KOTOPBIX €CTh TOJIBKO OJIHO MOAIEPEBO.
Ha pucyHnke nanbl n1epeBbs a) u 0) SIBJIAIOTCS CTPOTO ABOUYHBIMH, a B) U T') — HET.

AL A A

IMoHBIM ABOMYHBIM J€PEeBOM Ha3bIBACTCS JEPEBO, Y KOTOPOTO BCE JHUCThSI HAXOIATCS HA OIHO
YPOBHE U Ka)/1asi BHyTPEHHSS BEPIIMHA UMEET HEIyCThIE JIEBOE U MPaBOE MOACPEBbS.

Ha PUCYHKC BBIIIC TOJIBKO ACPEBO a) SABJIACTCA MTOJIHBIM IBOUYHBIM ACPCBOM.

Peanusauna AoBOUYHbIX AepeBbeB B A3blKe Cn

OnucaHue eepWwuHbl

Bepmuna nepeBa, kak U y3en J1I000H TUHAMHYECKOW CTPYKTYPBI, UMEET JBE TPYIIIbI JaHHBIX:
MOJIC3HYIO I/IHCI)OpMaL[I/IIO " CCBUIKHU Ha Y3JIbl, CBA3dHHBIC C HUM. I[J'Ifi ABOUYHOTI'O A€PEBA TaKUX CCBUIOK
6yz[eT JABE€ — CChIJIKA Ha JJ€BOIr0 CbIHA 1 CChHIJIKa Ha MPaBOro CbiHA. B PE3YJbTAaTC NIOJIYyYacM CTPYKTY-
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Py, OMHUCHIBAIOIIYIO BEPIINHY (MIpeArnoiaras, 4To MOJE3HBIMUA JAaHHBIMH JIJISl KaXKIO0W BEPUIUHBI SBJIS-
€TCs1 OJTHO 1IEJI0€ YHUCIIO):

struct Node {
int key; // nonesHile maHHBE (KIIOY)
Node *left, *right; // ykasaTenu Ha CHHOBeM
};

typedef Node *PNode; // ykxasaTens Ha BepUMHY

Jepeebsi MUHUMaIbHOU 8bICOMBbI

I[J'IH 60J'II)IHI/IHCTB8, HpaKTI/I‘-IeCKI/IX 3a1a4 HaI/I6OJ'Ie€ I/IHTGI)CCHI)I TaKHUC [[epeBLﬂ, KOTOpI)Ie NUMCIOT
MHUHHUMAJIbBHO BOSMO)KHYIO BBICOTy HpI/I 3a1aHHOM KOJIMYECTBC Bepan n. O‘IGBI/I,I[HO, qTO MUHUMAJIb-
Has BBICOTA JIOCTUTACTCS TOT/a, KOTJa Ha KaXIOM ypoBHE (Kpome, BO3MOXKHO, TOCIIETHEr0) OyneT
MAaKCHUMAJIBHO BO3MOXXHOC YHUCIIO BCpH_II/IH.

[Ipennonaoxum, YyTo 3aJ1aHO N YKceN (X KOJIMYECTBO 3apaHee U3BECTHO). Tpedyercss moCTpOUTh
N3 HUX nepeBo MI/IHI/IMaHBHOI\/'I BBICOTEI. A.HI‘OpI/ITM peH_IeHI/IH 3T0ﬁ 3a1a4n HpeI[eHLHO HpOCT.

1. B34Th 0iHY BEpIIMHY B KaU€CTBE KOPHSI U 3allUCaTh B HEE MIEPBOE HEPACCMOTPEHHOE YHCIIO.

2. TlocTpouTh 3THM XK€ CIIoco00OM JIeBOE MO IepeBo u3 nl = n/2 BepuiuH (1Ie/IeHNne Hatelo!).

3. TlocTpouTh 3THM K€ CIIOCOOOM MpaBoOe MOAEPEBO U3 N2 = n—-nl-1 BepiIuH.

3aMeTHM, 4TO IO MOCTPOCHUIO JICBOE MOJJIECPEBO Beeraa OyaeT coaepikarhb
CTOJIBKO K€ BEPIIHMH, CKOJILKO TPaBO€ MOAIEPEBO, Wik Ha 1 Oonbie. s
MaCCHUBaA JaHHBIX

21, 8, 9, 11, 15, 19, 20, 21, 7

110 5TOMY aJITOPUTMY CTPOUTCH ACPECBO, IIOKA3aHHOC Ha PUCYHKE CIIpaBa.

Kak Oyner BeITIIsAAeTh 3Ta mporpamMma Ha sizbike Cu? Hago cHauama
pazo0paThCsi, YTO 0O3HAYAET «B3SATh OJIHY BEPIIMHY B KQU€CTBE KOPHS W 3alUcaTh TyJa MepBOe Hepac-
CMOTpPEHHOE 4YHCIIO». [1OCKONMBKY BEPIIMHBI JTOJKHBI CO3/AaBaThCS JAUHAMUYECKU, HAJO BbIIEJIUTH
NaMATh T0J] BEPIINHY W 3alKCaTh B MOJE JAHHBIX HYKHOE YUCJIO. 3aT€M M3 OCTABIIMXCS YUCEN MO-
CTPOUTH JIEBOE M TIPABOE MOICPEBbHSI.

B ocHoOBHOI1 nporpaMMe HaM HaJl0 0OBSBUTH yKa3aTellb HA KOPEHb HOBOTO JIEpPEBa, 3a/1aTh Mac-
CHB JIaHHBIX (B MPUHIMIIE MOXKHO YUTATh JaHHbIC U3 (paiiya) U BhI3BATh (YHKIIMIO, BO3BPALIAIOILYIO
yKa3areib Ha IOCTPOCHHOE AEPEBO.

int datal[] = { 21, 8, 9, 11, 15, 19, 20, 21, 7 };

PNode Tree; // ykasaTesnr Ha KOPeHBb HepeBa

n = sizeof (data) / sizeof(int) - 1; // pasmep Maccuea

Tree = MakeTree (data, 0, n); // umcnone30BaTEL N 3JIEMEHTOEB,
// HaumuHas c HoMepa 0

Cama ¢yHKIMsS MakeTree MPUHUMAET TPH MMapaMeTpa: MAaCCHB JJAHHBIX, HOMEP TIEPBOT0 HEHCIIONb-
30BaHHOTO 3JIEMEHTA M KOJMYECTBO AJIIEMEHTOB B HOBOM JiepeBe. Bo3BpaiaeT oHa yKa3zaTeinb Ha HOBOE
nepeBo (tuna PNode).

PNode MakeTree (int data[], int from, int n)

{
PNode Tree;

int nl1, n2;

if ( n == 0 ) return NULL; // orpaHuueHMe peKypCuUM
Tree = new Node; // BHOENUTE HNaMSTHE IO BEPUMHY
Tree->key = data[from]; // BanmcaTe paHHBE (KIIOU)
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nl =n/ 2; // pasMeps nozmepeBLEB
n2 =n -nl - 1;

Tree->left
Tree->right
return Tree;

}

Breinenennpie cTpOYKHM IIPOTpaMMBbl COAEPKAT PEKYPCUBHBIE BbI3OBBI. lIpu 3TOM JeBOE moanepeBo
COIEepKUT nl 3JIEMEHTOB MaccuBa HauuHas ¢ HoMepa from+1, Torma Kak ImpaBoe — n2 3JIEMEHTOB
HauyuHas ¢ HomMepa from+1+nl.

MakeTree (data, from+l, nl);
MakeTree (data, from+l+nl, n2);

0O6x00 depeea

OnmHO# M3 HEOOXOIUMBIX OIepaIuii pu paboTe C ACPEBBIMHU SBISICTCS 00X0/1 AepeBa, BO BpeMs
KOTOPOTO HAJI0 MOCETUTh KAXKIBIA y3el MO OJHOMY pa3y U (BO3MOXKHO) BBIBECTH MH(POpPMAIIUIO, CO-
JIePoKaIlyIOCs B BEPIIMHAX.

HYCTI) B pE3YJIbTATC 06xoz[a Haao HaredYaTaTb 3HAUCHUA ITOJIA JAHHBIX BCCX BCPIIMH B OIIPCIAC-
neHHoM nopsifike. CyIliecTByIOT TPM BApHAHTa 00X0/a:

1) KJII (kopenv — nesoe — npasoe): cHauana moceniacTcss KOpeHb (BRIBOIUTCS WHPOPMAIUS O
HEM), 3aTeM JIEBOE MOJIEPEBO, a 3aTEM — IIPABOE;
2) JIKII (1e6oe — kopenv — npagoe): cHauYaja MOCEIIAETCS JICBOE MOJACPEBO, 3aTEM KOPEHb, a 3a-
TEM — MIPABOE;
3) JHIK (1e60e — npasoe — kopens): cHauamna moceniaeTcs IeBoe MoAepeBo, 3aTeM IpaBoe, a 3a-
TEM — KOPEHb.
Jns mpuMepa HUXKE JaHa PEeKypCUBHas mpoleaypa mpocmotpa aepeBa B nopsiake JIKIT. Obparute
BHHUMAaHUE, YTO MOCKOJIbKY JIEPEBO SIBJISETCS PEKYPCUBHOM CTPYKTYpO#l JaHHBIX, MpU paboTe ¢ HUM
€CTECTBEHHO IIHUPOKO MPUMEHSITh PEKYPCHIO.

void PrintLKP (PNode Tree)

{

if ( ! Tree ) return; // nycToe mepeBO — OKOHYaHME peKypcum
PrintLKP (Tree->left) ; // o6xonm mneBoro nopzeperBa

printf ("%d ", Tree->key); // BHBOOm MHOOPMaALUM O KOPHEe

PrintLKP (Tree->right) ; // o6xonm mpaBoro mnoamepeea

}

OcTasibHbIe BapuaHThl 00X0/1a IPOTPaMMUPYIOTCS aHAIOTMYHO.

NMounck c nomowbI0 gepeBa

Kak 6bicmpee uckamp?

JlepeBbst oueHb yI00HBI JUIsl MOMCKa B HUX MHpopManuu. OnHaKo a7 OBICTPOro moucka Tpedy-
eTcs npeaBapuTeIbHas MOAr0TOBKa — AEPEBO HAJI0 MOCTPOUTH CIIEHUATbHBIM 00pa3oM.
[Tpenmnonoxum, 4To CyIecTBYET MAaCCUB JAHHBIX M C KaX/IbIM 3JIEMEHTOM CBSI3aH KIIIOU - YHCJIO,
110 KOTOPOMY BBINONIHsAETCS MOUCK. [TycTh Kiroun A 3JIeMEHTOB TaKOBBI:
59, 100, 75, 30, 16, 45, 250
JUis 3TUX NaHHBIX HaM HaJ0 MHOTO pa3 MpPOBEPATh, €CTh JIU CPEIU
KJIFOUel 3alaHHBIN KITI0Y X, U €CIIU €CTh, TO BBIBECTH BCIO CBSI3aHHYIO @
C 3TUM 3JIEMEHTOM UH(POPMALIHUIO. @ @
Ecnu nannble oprann3oBaHbl B BUJE MaccuBa (06€3 COPTUPOBKN),
TO JJIs IOMCKA B XYJILIEM cllydyae HaJo C/eJaTh N CPaBHEHUM dJIEMEH- @ 65 @
TOB (CpaBHHBasl TOCJENOBATEIbHO C KAXKIbIM 3JEMEHTOM IIOKa HE
HaWJETCsl HY >KHBIA WU TIOKA HE 3aKOHYUTCS MACCHB).
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Tenepb MPeANOIOKUM, UTO JAHHBIC OPraHU30BaHBI B BHJIC JIEPEBa, MOKA3aHHOTO HA PHUCYHKE.
Takoe gepeBo (0OHO Ha3BIBACTCS /IePeBO MOMCKA) 00J1aaeT CIEIYIONIUM BaXKHBIM CBOMCTBOM:

3HaueHUS KIII0YSH BCEX BCPIIIHH JIEBOI'O MOAACPEBA BEPIIHMHBI X MEHBIIC KIIHOYa X, 4 SHAYCHUS KITIO-
Yyel Bcex BCPIINH IIPaBOTO MOAACPEBA X OOJIBIIIE HITH PaBHO KIIIOYY BEPIIHUHBI X.

Jlis morcka Hy»HOT'O 3JIEMEHTa B TaKOM JiepeBe TpedyeTcst He Oosiee 3 cpaBHEHHI BMeCTO 7 MpH Mo-
UCKE B CIIUCKE WJIM MAacCHBE, TO €CTh MOUCK MPOXOIUT 3HAYUTENbHO ObicTpee. C pOCTOM KOJIMYEeCTBA
9JIEMEHTOB 3P PEKTHBHOCTH MOUCKA IO AEPEBY PACTET.

lTocmpoeHue depeea noucka

Kaxk KC, UMCAd MAaCCHUB NAaHHBIX, IIOCTPOUTDH TAKOC L[epeBo?

1. CpaBHMTH KJIIOU OUEPETHOTO PJIEMEHTA MACCUBA C KIOYOM KOpPHS.

2. Ecnu K104 HOBOrO 3J€MEHTa MEHbILE, BKIKOUUTh €r0 B JIEBOE MOAAEPEBO, €CIU OOJIbLIE WU pa-
BEH, TO B IIPaBOE.

3. Ecnu Tekyuiee aepeBo MycToe, CO3AaTh HOBYIO BEPIIMHY U BKJIIOYUTH B AEPEBO.

[Iporpamma, npuBeieHHAs HIKE, PEATTU3YET 3TOT aJITOPUTM:

void AddToTree (PNode &Tree, // ykasaTens Ha KOPEeHB (CCHUIKA)
int data) // nobaBisieMEli KJOY
{
if (! Tree ) {
Tree = new Node; // cosmaTe HOBHI yS3el
Tree->key = data;
Tree->left = NULL;
Tree->right = NULL;
return;

}

if ( data < Tree->key ) // moBaBuTe B HYyXHOE MNOLAEPEEBO
AddToTree ( Tree->left, data );

else AddToTree ( Tree->right, data );

}

Baxxno, 4To yka3zarenb Ha KOpeHb JepeBa HAJ0 MepeiaBaTh MO CChUIKE, TaK KaK OH MOXKET U3MEHHUTHCS
IIpU CO3JaHUU HOBOU BEPILIUHBI.

Hano 3ameruts, 4TO B pe3ysbraTe pabOThl 3TOr0 ajJrOpUTMa HE BCET/A MOJYYaeTCsl 1EPEBO MU-
HUMAaJbHON BBICOTHI — BCE 3aBUCUT OT MOpsAJKa BbIOOpa 3JeMeHTOB. [l onTUMHM3anMK MOWCKA HC-
MOJIB3YIOT TaK HAa3bIBAEMbIC COAJTAHCMPOBAHHbIE WU ABJI-IIepeBbﬂl JI€PEBbSI, Y KOTOPBIX IJIA JIIO-
00l BEpIIMHBI BBICOTHI JIEBOTO U MPABOTO MOJACPEBbEB OTIMYAIOTCS He Oonee, ueM Ha 1. JloGaBneHue
B HUX HOBOTO 3JIEMEHTA MHOT/Ia COMTPOBOKIAETCS HEKOTOPOU MEePECTPOUKOI IepeBa.

lMouck no depesy

Tenepp, korga 1epeBO COPTUPOBKH MOCTPOEHO, OYEHD JIETKO UCKATh AJIEMEHT C 3aJaHHBIM KIIIO-
yoMm. CHauasa mpoBepsieM KIIt0U KOPHS, €CJIM OH PaBEH UCKOMOMY, TO HallIu. Eciiu oH MeHbIIe ucKo-
MOTO, HWIIEM B JIEBOM IOIEpEBE KOPHS, €CM 0oJble — To B npaBoM. [IpuBenenHas GyHKIHS BO3-
BpalllaeT aapec HY>KHOW BEPIIUHBI, €CIU MOUCK yCHElIHbIi, 1 NULL, eciid TpeOyeMblil 3JIeMEHT He
HaleH.

! C6anancupoBaHHble JepeBbs HA3bIBAIOT TaK B 4YecTh H300peTaTeneil sroro meroma .M. Anenbcona-Bembckoro u
E.M. Jlannuca.
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PNode Search (PNode Tree, int what)

{

if ( ' Tree ) return NULL; // KoY He HaNiOeH

if ( what == Tree->key ) return Tree; // kmnwou HaugeH!

if ( what < Tree->key ) // uckaTe B nommnepeBRbsX
return Search ( Tree->left, what );

else return Search ( Tree->right, what );

}

Copmupoeka ¢ nomowbto depeea noucka

Ecnu nepeBo mowncka MoCTpOeHO, OYEHB MPOCTO BBIBECTH OTCOPTUPOBAHHBIC JTAaHHBIC. JICHCTBU-
tenbHo, 00xoa Tuna JIKII (zesoe noooepeso — kopenv — npasoe noddepeso) NacT KIOUU B MOPSAKE
Bo3pacrtanus, a ooxox tumna [1KJI (npasoe noooepeso — kopenv — nesoe noddepeso) — B IOPsIAKE yOBI-
BaHMSL.

Mouck oGuHakoebIx 351IeMeHmMoe

[IpuBenEeHHBIN aNroOpuTM MOXHO MOAU(PHUIMPOBATH TaK, YTOObI OBICTPO HCKATh OJUHAKOBBIC
3JIEMEHTHI B MaccuBe uncelsl. KoHeuHo, MOXKHO nepedpaTh BCE 3JIEMEHThl MacCUBa M CPABHUTh KA IbIH
CO BceMH ocTalibHbIMU. OJTHAKO JUIst 3TOro TpeOyeTcss O4eHb 0O0JIbIIoe YUCIO cpaBHEHUH. C OMOIIbIO
JIBOMYHOI'O JI€pEBAa MOXHO 3HAYUTEIIBHO YCKOPUTHb IOUCK. [l 3TOro Hamo0 B CTPYKTYpPY BEPILUMHBI
BKJTIOYHTH €IIIe OJHO IT0JIe — CYETYHK HAlJACHHBIX TyOINKaToB count.

struct Node {

int key;

int count; // cueTuux DyBIMKaATOB
Node *left, *right;

};

[Ipu co3manum y3ia B CUETUMK 3alKCHIBACTCS €IUHMIA (HalaeH onuH 3ieMeHT). [louck mybmukaToB
IIPOUCXOAMT I10 CIEAYIOIIEMY aIrOPUTMY:

1. CpaBHHTH KIIIOY OYEPETHOTO JIEMEHTA MACCHBa C KIIOYOM KOPHSL.

2. Ecnu k1104 HOBOTO 3JIEMEHTA PaBeH KUY KOPHS, TO YBEIHYUTH CUETYHK KOPHS U CTOIL.

3. Ecmu K104 HOBOr'O 3JIE€MEHTA MCHBIIIC, YCM Yy KOPHS, BKIKOYUTH €TI0 B JICBOC MOAACPEBO, CCIIN
0O0JIbIIIe WIIH PaBEH — B TIPABOE.

4. Ecnm Tekymee nepeBO MyCTOE, CO3/1aTh HOBYIO BEpPIIMHY (CO 3HaUYE€HHWEM cUeTuhKa 1) W BKIIO-
YHUThH B JIEPEBO.

Pa3bop apudpmeTnyeckoro BblpakeHus

Hepeeo Ons apugpmemuyecKo20 ebiparKeHusi

BbI 3axymMbIBaiCh Haj TeM, KaK TPAHCIATOP 0OpabaThIBae€T M BBINOJIHSAET apuPMETUIECKHE U
JIOTUYECKHE BBIPAXKEHMsI, KOTOpbIE OH BCcTpeuaeT B mporpamme? OAUH U3 BapUAHTOB - MPEICTABUTH
9TO BBIPAKEHHUE B BUJIEC JBOMUYHOIO JepeBa. Harmpumep, BIpakeHHIO

(a+b) / (¢ -d+1) 0
COOTBETCTBYET JI€PEBO, MOKA3aHHOE HA PUCYHKE cieBa. JIMCThA
conepmaT Yyucjia U MMCHa HepCMeHHBIX (OHepaHI[OB), a BHYTpeH- e e

HHUE BEPLIMHBI U KOPEHb — apu(pMETHYECKHE ACUCTBUS U BBI3OBBI e 6 e G
¢yHkuui. BeranciseTcs Takoe BbIpaXKeHHE CHHM3Y, HaUWHas C JIU-

cTheB. Kak BUIMM, CKOOKH OTCYTCTBYIOT, M JIE€PEBO MOJIHOCTHIO ° 6
orpezenseT NOPSA0K BHIITOTHEHUS ONepaliyii.
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PopMbI 3anucu apugpmMmemu4ecKo20 8blparKeHuUs

Terneps MOCMOTPHUM, YTO IOJIYYACTCS TPH MIPOXOKAECHUH TaAKHX JBOUYHBIX JI€pPeBbEB. [IPOXO0K-
JIeHHeE JiepeBa B IHUPHHY (KOPEHb — JIEBOE — MPABOE) JaeT
/ +ab+-cdl
TO €CTh 3HAK onepaiuu (KOpeHb) MPeIIecTBYeT CBOMM orepanaaM. Takas gopma 3amucu aprudmMeTu-
YECKHMX BBIPOKCHUI HasbiBaeTcs mpedukcHoii. [Ipoxoa B mpsMoM mopsijike (J€Boe — KOPEeHb — Ipa-
BOE) JIacT HH(PUKCHYI0 (POPMY, KOTOPask COBIAIAET ¢ OOBIYHOM 3alHMChI0, HO 0€3 CKOOOK:

a+b/ c- d+1
ITockonbKy CKOOOK HET, MO MH(PHUKCHOM 3amMcu HEBO3MO>KHO BOCCTAHOBHMTH HMPABUIIbHBIM MOPSAIOK
onepauui.

B TpanciATOpax MUPOKO UCIOIB3YETCsS NOCT(PUKCHAA 3aIIUCh BBIPAKEHUN, KOTOPAsl I10JIy4acT-
cs B pesynbTate o6xoma B nopsake JIIIK (meBoe — mpaBoe — kopeHb). B Hell 3HaK omepanuu CTOUT
nocJjie 000MX OINEePaHIOB:

a b + ¢ d-1/
[TopsAIOK BBIMTOJIHEHUS TAKOTO BBIPAKEHUS OAHO3HAYHO ONPEIEINAETCS CIEAYIOIHUM aJIrOPUTMOM, KO-
TOPBIN UCIIOJIB3YET CTEK:

[Toxa B mOCT(UKCHON 3aITMCH €CTh HEBBIOPAHHBIE DJIEMEHTHI,
1) B3SITH OYEPETHOMN DIEMEHT;
2) ecnu 3TO omnepaH] (He 3HaK ONepalyu), TO 3alUcaTh €ro B CTEK;
3) ecau 3TO 3HAK ONEpaIiH, TO
e BBIOpaTh U3 CTEKA BTOPOU OIEpaH;
e BbIOpaTh U3 CTEKA MEPBBIM ONepaH];
e BBHITIOJHUTH ONEPALIMIO C ITUMH JaHHBIMU U PE3yJIbTaT 3alKcaTh B CTEK.

[IpowrocTpupyem Ha IpUMepe BHIYMCICHNUE BBIPAXKEHUS B TOCT(HUKCHOM (hopme
a b + ¢ d4d-1/

CornacHo anroputMy, CHayaJa 3alylIeM B CTEK @, a 3aTeM b (pucyHok 1).

1 2) 3) 4)
d 1
b c c-d c-
a a+b atb a+b

PesynbTat BhINONIHEHUS onepaluu a+b 3anuiieM oOpaTHO B CTEK, a CBEPXY — BIOpaHHbBIE U3 BXOJIHO-
ro TIOTOKA 3HA4YEHUs MepeMeHHbIX ¢ U d (pucyHok 2). [lanpHeiimee pa3BUTHE COOBITHI MOKAa3aHO Ha
pucyHnkax 3 u 4. BeinmoigHeHue nociieiHel oneparyu (IeeHus) JUisl CTeKa Ha PUCYHKEe 4 TaeT UCKO-
MBbIW pe3yJIbTarT.

Anzopumm nocmpoeHusi depeea

[TycTth 3amano apudpmMeTudeckoe BeIpaxkeHne. Hajo MOCTpOuTh sl HEro JAepeBO CHHTAKCHUYe-
CKOTO pazbopa u pa3ndHbie (POPMBI 3aTTHCH.
YToOBI HE CIMIIKOM YCIIOKHSATH 33729y, pACCMOTPHUM CaMbIid IIPOCTOW BapUAHT, BBEIS CICIYTO-
M YIPOIICHUS.
1. B BbIpakeHMM MOTYT IPUCYTCTBOBATH TOJIBKO OJHO3HAYHBIE LIEJIbIE YUCIIA 3HAKU onepanuil +
- * /.
2. 3ampemaeTcsl UCIOJIb30BaHUE BHI30BOB (DYHKIWH, CKOOOK, YHAPHBIX 3HAKOB IUIIOC U MHHYC
(Hampumep, 3arpelieHo BeIpakeHne —a+5, BMecTo Hero Hajo mucath 0—-a+5).
3. [IpeamonaraeTcs, 9TO BBIpAXKECHHUE 3aMUCAHO BEPHO, TO €CTh HE JEJIAaeTCs MPOBEPKH HA Ipa-
BUJIBHOCTbD.
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BcnoMHuM, 4TO NOPAIOK BBINOJIHEHUS ONEpALUi B BBIPAXKCHUU OIPEACISAECTCS NPHOPUTETOM Olepa-
LM — TIEPBBIMU BBITMOJHAIOTCS OTepanuu ¢ 0oJyiee BBICOKUM MpuoputeToM. Hanpumep, yMHOXKEHUE U
ACJICHUEC BBITMTOJIHAIOTCA paHbIIC, YEM CJIIOKCHHUEC U BBIYUTAHUC.

bynem npaBuibHOE apudmeTnyeckoe BbIpakeHHE 3aIIMCaHO B BUE CUMBOJILHON CTpOKU ExXpr
nuHOU N. ITocTpoum nepeBo 1jisi 3JIEMEHTOB MaccuBa ¢ Homepamu oT first mo last (momHOe
JIEpEBO JAaeT IPUMEHEHUE 3TOr0 ajlropurMa KO BCEMY MacCuBy, TO ecTb Ipu first=0 wu
last=N-1). B cnoBecHOM Bujie aqrOpPUTM BBITJISIUT TaK:

1. Ecim first=1last (ocrancs oguH JIEMEHT — MEPEeMEHHAs WM YKCIIO), TO CO3/1aTh HOBBIN y3€ll
U 3aIucaTh B HETO 3TOT AjeMeHT. MHaue...

2. Cpenu snemeHToB oT £irst 10 last BKIIOYUTENHHO HANTH MOCJEIHIOK OINEPALUI0 C HaH-
MEHBIIIUM MPUOPUTETOM (TTyCTh HANJACHHBIN AJIEMEHT UMeeT HoMmeD k).

[98)

Co3znatb HOBBIH y3en1 (KOpEHb) U 3alKicaTh B HETO 3HaK onepanuu Expr [k].

o

PexypcuBHO MpUMEHUTH 3TOT aJITOPUTM JIBA pa3a:

e TIOCTPOUTH JIEBOE MOAJIEPEBO, pa300paB BHIpAKEHUE U3 SJIEMEHTOB MACCHBA C HOMEPAMH OT
first nok-1

e TIOCTPOUTH MPABOE MOAJEPEBO, Pa300paB BHIPAKEHUE U3 SJIEMEHTOB MacCHBa C HOMEPaMHU OT
k+1 10 last

OOBSIBUM CTPYKTYpY, ONUCBHIBAIOIIYIO Y3€JI TaKOro gepeBa. Tak Kak MbI UCIOJIb3YEM TOJBKO OJIHO-
3HAYHbIE LIeJIbIe YKCIIa U 3HAKU, 00J1aCTh JAHHBIX MOXKET COJEpPKATh OJUH CUMBOJL.

struct Node {
char data;
Node *left, *right;
};

typedef Node *PNode;

Janee Hamo ompenenuTh (QYHKIUIO, BO3BPAIIAIONIYI0 MPUOPUTET OINEPaldu, KOTOpas e mepenaHa.
Onpeaenum nMpuOpUTeT | TSl CII0KESHUS ¥ BBIYUTAHUS U TIPUOPUTET 2 JJIsl YMHOKEHHUSI U JICTICHHUS.

int Priority ( char c )

{

switch (¢ ) {
case '+': case '-': return 1;
case '*': case '/': return 2;
}

return 100; // 3To He apumpMeTHuUeckas omnepauus

}

[IpuBenenHas HUXKeE MPoLEAypa CTPOUT TpeOyemMoe AepeBO, UCIIONB3YS ATy (DYHKIIHIO, U BO3BPAIIACT
aJpec MOCTPOCHHOTO JiepeBa B mamMaTtu. OOpaTuTe BHUMAHUE, YTO MPU CPABHEHUH MPUOPUTETA TEKY-
nieil onepauuyd ¢ MUHUMAJIBHBIM MPEBIIYIIMM UCIOJIB3YETCS YCIOBHE <=. 3a CYET 3TOr0 MBI UIIEM
UMEHHO MOCJIEHIOI0 ONEPAIMI0 ¢ MUHUMAIBHBIM IPUOPUTETOM, TO €CTh, OIIEPAIHIO0, KOTopas Oyaer
BBITIOJIHATHCS caMoi mociennei. Eciu Obl MBI MCTIONIB30BaNIM 3HAK <, TO HAIUIA ObI MEPBYIO Orepa-
[IMI0 C HAUMEHBIIIUM MPUOPUTETOM, U JIEPEBO OBLIIO ObI TOCTPOECHO HEBEPHO (BBIYUCICHUS JAIOT HE-
BEpHBIN pe3yJIbTaT, €CIM BCTPEUAIOTCS /1B 3HaKa BHIYUTAHUS UM JICTICHHUS).

PNode MakeTree (char Expr[], int first, int last)

{

int MinPrt, i, k, prt;

PNode Tree = new Node; // cosmaTe B naMsiTM HOBYK BEPUMHY

if ( first == last ) { // xOHeuHass BepuMHAa: YUCIIO MU
Tree->data = Expr[first]; // IepeMeHHast
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Tree->left = NULL;
Tree->right = NULL;
return Tree;

}

MinPrt = 100;

for (i = first; i <= last; i ++ ) {
prt = Priority ( Expr[i] );

if ( prt <= MinPrt ) { // mueM nociemHIW0 ONepalm

MinPrt = prt; // C HaMMEeHBUNVM NPUOPUTETOM
k = 1i;
}

}

Tree->data = Expr[k]; // BHyTpeHHsis BepumHa (onepauus)
Tree->left = MakeTree (Expr,first,k-1); // pekypcCMBHO CTpOMM
Tree->right = MakeTree (Expr,k+l,last); // nommepeEmbs

return Tree;

}

Teneps 00x07 3TOTO JAepeBa pa3HBIMHU CIIOCOOAMU JTaeT pa3iuyHbIe (POPMBI IPEACTABICHHUS COOTBET-
CTBYIOILIETO apu(PMETHIECKOTO BBHIPAKCHHUS.

Bbi4ucrneHue ebipaxeHusi no depeasy

HYCTL AJIL HEKOTOPOIro apI/I(bMeTI/IquKOFO BBIPAXKCHUA ITOCTPOCHO ACPCBO U U3BECTCH €0 aApeC

Tree. HanummeMm ¢yHKIHMIO, KOTOpas BO3BpAIAET IEJI0€ YUCIO — PE3yJbTAT BBIUUCIICHUS STOTO BBI-
paskeHUs. YuTeM, 4TO JIeJICHUE BBIMOJHACTCS HAIleNo (OCTaTOK 0TOPaChIBAETCS).

int CalcTree (PNode Tree)
{

int numl, num2;

if ( ! Tree->left ) // ecnm HeT INOTOMKOE,
return Tree->data - '0'; // BEPHYJIUM YUCIIO
numl = CalcTree (Tree->left); // BHuUMCHAsIEeM NOAnEpPEeBbS

num2 = CalcTree (Tree->right) ;

switch ( Tree->data ) { // BHIIOJIHSIEM oOIepaLluio
case '+': return numl+num2;
case '-': return numl-num2;
case '*': return numl*num2;

case '/': return numl/num2;

}

return 32767; // HemsBecTHas onepaumusi, oumbxa'

}

Ecnu nepeBo He MMeeT MOTOMKOB, 3HAUUT ATO YUCIO0. YTOOBI MOTyUYUTh Pe3yJbTaT KakK LI€JI0€ YHCIIO,
U3 Koja 3Toi nudpsl HaAO BeYECTh KOA HUppel '0'. Eciau moTOMKH €cTh, BHIUKCISIEM JIEBOE U Tpa-
BOE MOJAJIEPEBhs (PEKYPCUBHO!) U BBINOJHAEM OIEpaIUIo, 3alMCaHHYI0 B KOpHe aepeBa. OCHOBHas
MporpaMMa MOKET BBITJISACTh TaK, Kak MOKa3aHO HIDKE.

void main ()
{
char s[80];
PNode Tree;
printf ("Beemure BRHpPaxenme > ") ;
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gets(s);
Tree = MakeTree(s, 0, strlen(s)-1);
printf ( "= %d \n", CalcTree ( Tree ) );
getch() ;
}

Pa360p ebipaxxeHusi co ckobkamu

HewmHOTrO yCioxHuM 3aavy, pa3peninB UCTOIb30BaTh B BEIPAYKEHUU CKOOKHM OJHOTO BUAA (I10-
MyCTUM, Kpyriibie). Torjga nmpu moucke B 3aJaHHOM JMara3oHe ONepaluy ¢ MUHUMaJIbHBIM PUOPUTE-
TOM HE HaJl0 OpaTh BO BHUMAHHE BBIPAYKEHUS B CKOOKaX (OHU BbIIEJICHBI HA PUCYHKE).

1 +|((2+ 3) *5+ 3) |*7

CampIii mpocToit crmocod J0OUTHCS 3TOro 3 (hekTa — BBECTH CUETYHK OTKPHITHIX CKOOOK nest. B Ha-
qaJjie OH PaBeH HYJIIO, C K&KIOH HAlJCHHOH OTKpHIBatomIel ckoOKoil OyieM yBeInuuBaTh ero Ha 1, a ¢
Ka)XJI0M 3aKpbIBaIOIIECH — YMEHbIIATh Ha 1. PaccmMaTpuBaroTCsl TOJIBKO T€ ONEpaluu, KOTOphIE Hale-
HbI IIpu nest=0, ToO eCTh, PacroyI0KEeHbl BHE CKOOOK.

Ecnu e HU OgHOM TakoW olepanyvu HE HAWJIEHO, TO Mbl UMEEM BBIPAKEHUE, OTPAHUYECHHOMN
cKOOKaMu, MO3TOMY HAJ0 BBI3BATH MPOLEAYPY PEKYpCUBHO s auanazoHa from+1. .last-1 (Ha-
IIOMHHMM, YTO MBI IIPEAINOJIAracM, YTO BBIpa)KEHUE KOPPEKTHO). I COKpalleHMs 3alliCH MOKa3aHbl
TOJIBKO T€ YaCTH IIPOLETYPbI, KOTOPBIE U3MEHSFOTCS:

PNode MakeTree (char Expr[], int first, int last)

{
int MinPrt, i, k, prt;
int nest = 0; // cuYeTuMK OTKPHTHX CKOBOK

PNode Tree = new Node;

MinPrt = 100;
for (i = first; i <= last; i ++ ) {

if ( Expr[i] == '(' ) // oTkpmBammast ckobka
{ nest ++; continue; }

if ( Expr[i] == ")"' ) // BakpmBammass ckobka
{ nest --; continue; }

if ( nest > 0 ) continue; // mpomyckaeM BCe, 4YTO B CKOBKax
prt = Priority ( Expr[i] )

if ( prt <= MinPrt ) {
MinPrt = prt;

k =1;
}
}
if ( MinPrt == 100 && // BCe BHpaxeHMe BBSATO B CKOBKM
Expr[first]== '(' && Expr[last]==")"' ) {

delete Tree;
return MakeTree (Expr, first+l, last-1);

}

return Tree;

}

ITockobKY HOBBIH y3el CO37aeTCs B caMOM Hadaie QyHKIMH, €ro HaJ0 yIaduTh, €CIIH BCE BBIpaXKe-
HHUE B3ITO B CKOOKU.
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MHo203Ha4HbIe Yucna u nepeMeHHbIe

I[.HH XpaHCHUSA MHOT'O3HAYHBIX YHUCCII U UMCH IICPEMCHHBIX HAA0 UCII0JIb30BATh MAaCCUB CUMBO-

JIOB B 00J1aCTH JaHHBIX Yy3J1a.

struct Node {
char data[40];
Node *left, *right;
};

typedef Node *PNode;

Bynem no-npexxHemMy cUUTaTh, YTO BBIPAXKEHUE HE COAECPKUT omMOOK. Toraa, ecim B CTPOKE HET HU
OJIHOTO 3HaKa apu(MeTHUECKOW omeparuu (BHE CKOOOK) M HET CKOOOK IO KpasM, BCE BBIpAKCHHUE
MPEJCTABISICT OO0 EAMHBIN AJIeMEHT (OH Ha3bIBACTCSI OMEPAHIOM) — YUCIIO MM UMs TICPEMEHHOM.
Jlyig 3amucu 3TOro 3yeMeHTa B 00JacTh JAHHBIX Yy3/a HCMHOib3yeTcs (QyHKIus strncpy , KoTopas
KOMUPYET 3aJJaHHOE KOJIMYECTBO CUMBOJIOB. OHa HE CTaBUT CHMBOJ KOHIIA CTPOKH, TOITOMY IMPHXO-
JIUTCS AeJIaTh 3TO BPYYHYIO.

PNode MakeTree (char Expr[], int first, int last)
{

int MinPrt, i, k, prt;

PNode Tree = new Node;

MinPrt = 100;
for (i = first; i <= last; i ++ ) {
prt = Priority ( Expr[i] )
if ( prt <= MinPrt ) {
MinPrt = prt;
k =1i;
}
}

if ( MinPrt == 100 )

if ( Expr[first]== '(' && Expr[last]=='")"' ) {
delete Tree;
return MakeTree (Expr, first+l, last-1);
}

else { // uucno unu nepeMeHHas
k = last - first + 1;
strncpy (Tree->data, Expr+first, k);
Tree->datal[k] = ‘\0’;
Tree->left = NULL;
Tree->right = NULL;
return Tree;

}

Tree->data[0] Expr[k]; //BHak omnepaumunu
Tree->data[l] = '\0’;

Tree->left = MakeTree (Expr,first,k-1);
Tree->right = MakeTree (Expr,bk+l,last);

return Tree;

}

Ecnn oGHapy’keHO 4uCII0 WM NIEpEeMEHHasA, CHavala BBIYUCIISIEM €€ JUIMHY U 3alMChIBAEM B IIEpEMEH-
Hyto k.

I[J'ISI BBIUHUCJICHUSA TAaKOI'0 BBIPAXKCHUSA TI0 JACPCBY HAAO0 HCECKOJIIBKO HW3MCHHUTDb (1)}/HKI_II/IIO

CalcTree cC yd4eTroM TOTO, YTO IOJI€ JAHHBIX y371a — CUMBOJNbHas cTpoka. /s mpeoOpa3oBaHus
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YKCJia U3 CHMBOJIBHOTO BUJIa B YMCIIOBOW HCIIOJIb3YEM CTaHAAPTHYIO PYHKIMIO atoi (11 3Toro Hajxo

MOJIKJTFOYUTH 3aT0JIOBOYHBIN (ailt stdlib.h).

int CalcTree (PNode Tree)
{
int numl, num2;
if ( ! Tree->left ) // ecnm HeT INOTOMKOE,
return atoi (Tree->data) ; // packomuMpoBammM UMCIO
// ... Banpme BCe TO Xe camoe...
}

KOHC‘IHO, JJIs1 TOrO, 9TOOBI BBIPAXKCHUC MOXXHO OBLIO BBIYUCIINTb, OHO HE AOJIKHO COACPKATH MMCH

INEPECMCHHbIX.

YnpouweHue ebipaxkeHusi ¢ noMouwbro depeea

HCKOTOpHe BBIPAXKCHUA MOXKHO Cpa3y 3HAYUTCIIBHO YIIPOCTUTD, UCIIOJIB3YsI OYCBUIHBIC TOXIC-

CTBa, BCPHBIC IJId JIF000TO X:

|
o

0 + x =x x + 0
0 - x=-x x -0

X 0 *
1 *

X =
X X =

[lycTs, HamlpuMep, Mbl HallLIU TaKkylo CTPYKTYpy, Kak IOKa3a- a) 6)
HO Ha PUCYHKE a. 3Hau€HHE BCEro MEPBOT0 BBHIPAKEHUS PABHO p

a, MOATOMY HaM HaJ0 clejaTh Cleqylollee: yKa3aTellb p Io-

CTaBUTh Ha BEPIIMHY @, a J[B€ HEHY)KHbIE BEPIIMHbI yIaIUTh e

U3 MaMSTH.

p

B cJIydac 6) AHAJIOTUYHO HAAO YKAa3aTeJib p IEPECTaBUTh a Q e @

Ha BCPIINHY CO 3HAYCHHUECM 0. IIpU 5TOM HAAO YYECTh, YTO BTO-

poii y3en (cCo 3HaYEHHEM a) MOYKET UMETh IIOTOMKOB, KOTOPBIX TAaK)K€ HAJl0 KOPPEKTHO yAAIUTh. JDTO

JIENaeTCsl PEKYPCUBHO:

void DeleteNode ( PNode Tree )
{
if ( Tree == NULL ) return;
DeleteNode ( Tree->left );
DeleteNode ( Tree->right ) ;
delete Tree;

}

Kpome Toro, ecnu 06a cblHa KaKOM-TO BEPILIMHBI SIBJISIOTCS JUCTBIMHU U COJAEPXKAT UUCIIA, TAKOE
BBIPAXEHUE MOXHO Cpa3y MOCUYUTATh, TAKXKE yIaIUB ABAa HEHYXHBIX y3i1a. OQUH U3 BaApUaHTOB peaju-
3allMU 3TOW ONEpaluy MPHUBEIEH HIXKe. 31ech ucnoib3yercss GpyHnkuus IsNumber, KoTopas BO3Bpa-

mracTt 1, CCJIN y3CJI ABJACTCA JIMCTOM U COACPIKUT YHUCJIO, U OB IMPOTHUBHOM CJIy4dac:

int IsNumber ( PNode Tree )
{
int i = 0;
if ( ' Tree ) return 0; // nycToe npepero
while ( Tree->data[i] ) // moka He AoWNIM [O KOHIIA CTPOKMU
if (! strchr("0123456789", Tree->data[i++]) )
return O; // ecnu He Hawnyu uMOpPy, BHXOL
return 1;
}

Cama nmpoucaypa BbIMUCICHUA BhIPAXKCHUSA BBITTIAAUT TaK:
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void Calculate (PNode Tree)
{

int numl, num2, result = 0;

if (! Tree || // ecnm HeNnb3sI BHUMCIMUTE, BHXOJX
! IsNumber (Tree->left) I
! IsNumber (Tree->right) ) return;

numl = atoi (Tree->left->data); // mnonyumTh: OaHHLEIE OT CHHOBE
num2 = atoi (Tree->right->data) ;
switch ( Tree->data[0] ) { // BHIOJHUTE OIepaLMio

case '+': result = numl + num2; break;

case '-': result = numl - num2; break;
case '*': result = numl * num2; break;
case '/': result = numl / num2; break;
}
delete Tree->left; // YyBanuTe HeHyXHhE MNOANEePEeBbSs

delete Tree->right;

sprintf (Tree->data, "%d", result);
Tree->left = NULL;

Tree->right = NULL;

}

depeBo urp

OnHO U3 NPUMEHEHUH JAEPEBBEB - UTPBI C KOMIIBIOTEPOM. PaccMoTpuM camblii MPOCTOM MpUMeEP
— UTPpY B KPECTUKU-HOJUKHU Ha 1oJje 3 Ha 3.

[TporpaMMa TOJKHBI AHAJTU3UPOBATH MMO3HLIHAIO M HAXOAMTH JIy4IIUi X04. I 3TOro Hy’>KHO OII-
pEeAEIUTh OLCHOYHYI0 (PYHKIHIO, KOTOpAs MOIydas MO3UIMIO HAa JOCKE U yKa3aHUE, YEM WUIPaeT Wr-
POK (KpPECTUKM WM HOJIMKM) BO3BpAIlaeT YUCIO — OLEHKY No3uLuu. YeM oHa BhbIlIe, TeM Oosiee BbI-
TOJIHA 3Ta MO3MLUSA Ui Urpoka. [IpumMepomM Takoil GyHKIHN MOXKET CITy>KUTh CyMMa CTPOK, CTOJIOIIOB
U AMaroHasei, KOTOpble MOXKET 3aHATh UTPOK MUHYC TaKasi k€ CyMMa JUIsl €T0 MPOTUBHHUKA.

Opnaxo, B 3TOM CUTyallMu NporpamMma He BEIET NPOCUET BIEpPE] U HE OLICHUBAET MO3HULINHU, KO-
TOpbIE MOTYT BO3HUKHYTb U3 TEKyLIeH. DTO HEAOCTATOYHO Ul NPEACKA3aHUs UCX0Ja UTPbl. XOTs IS
KPECTUKOB-HOJIMKOB MOKHO NepeOpaTh BCE BAPHAHTHI M HAWTH BBHIMTPHIIIHYIO MO3HUIINIO, OOJIBIINHCT-
BO WP CIUIIKOM CJIOKHO, YTOOBI JOITyCKAaTh TOJTHBIN TIepedop.

Bb100op xoma MOXkeT ObITh CYLIECTBEHHO YJIy4YILEH, €CIM MPOCMaTpUBaTh Ha HECKOJIBKO XOJOB
BIIEpe]. YPOBHEM NPOCMOTPA Ha3bIBAECTCS YMCIIO OyIyIIMX paccMaTpuBaeMblX Xo70B. Hauumnas c
110001 MO3MLIMK MOXHO MOCTPOUTH JI€PEBO BO3MOKHBIX IMO3UIMMH, MOIYYAIOUIUXCS MOCIE KaKJOro
Xo0Ja urpsl. /s KpeCTUKOB-HOJIMKOB HUXKE IPUBEJIEHO JIEPEBO C YPOBHEM IIPOCMOTpa 3 J1JIsl TOTO CIIy-
yasi, KOT/ia KPECTUKHU CAEJaIH MEPBBIA X0/ B LIEHTP JTOCKH.

+
X
o /\o
-3 -4
‘ﬁ\\t; A%\\\.;
o|x ol 1x o o x|o 0 0 0
+ X X XX X X X[ X X X
X X X
-2 -3 -2 -3 -4 -3 -4 -3
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O0603HaunUM UTrpoKa, KOTOPBIA XOIUT B KOPHEBOM MO3ULUH (B JaHHOM Clly4ae — HOJIMKH) 3HAKOM
«ILIIOCY», & €r0 CONEPHUKA — 3HAKOM «MUHYC». [lonbITaeMcst HAWTH JTydIInd X0, U1l UTPOKA «IUTFOC)» B
910l mo3unuu. [lycTe Bce BapuaHThI CIEIyIOIIMX XOJOB OBUIM OLIGHEHB! JJIsi Urpoka «Imiroc». OH
JIOJKEH BBIOPATh TaKOM, B KOTOPOM OIICHKAa MaKCUMaJIbHAs JUIsl HETO.

C npyroil CTOpOHBI, KaK TOJIBKO UTPOK «IUTIOC» CAETIAET CBOM XOJ, UTPOK «MUHYC» U3 BCEX BO3-
MOYKHBIX XOJIOB CIENAeT TaKOH, YTOOBI €ro OLIEHKA C MO3UIUHM UIPOKA «IUIOC» ObliIa MUHUMAJIbHOM.
[ToaToMy 3HaY€HHE MUHYCOBOIO y3JIa JUIsl UTPOKA «ILIKOCY) PABHO MUHUMAJIBHOMY U3 3HAYEHUI CBIHO-
BEll 3TOrO y3j1a. JTO O03HAYaeT, YTO HA KAXJOM IIare CONEPHUKU AEJAIOT HAWIy4dllUEe BO3MOXKHBIE
XO/JIBL.

Jlis Toro, 4To0bl BEIOpaTh ONTHUMAIBHBINA X0/ B KOPHE JI€pEBa, HA/0 OLEHUTH MO3UIMIO B €r0
mucThsX. Ilocne 3Toro kaxkaomy IIIOCOBOMY Y3JIy IPHCBAMBACTCS MAKCHMAJIbHOE U3 3HAYCHUH €ro
CBIHOBEH, a Ka)KIOMy MHUHYCOBOMY — MUHHMAaJIbHOe. Takol MeTO | Ha3bIBA€TCsI METOIOM MUHHMAK-
€a, TaK Kak 110 Mepe MPOABMKEHHsI BBEPX UCIOJB3YIOTCS MONEPEMEHHO (PYHKLMU MaKCUMyMa U MH-
HUMyMa. OO1as uaest MeToAa COCTOUT B TOM, 4TOOBI BBIOpATh JTyUIIUH X0 Ha Ciy4aid Xyamux (ams
Hac) JefcTBUN NMPOTUBHUKA. TakuM 00pazoMm, JIydIIHM JJIsl HOJIMKOB B KOPHEBOM MO3UIIUH OyAET X0
B yTOJL
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4. Npadbl

OCHOBHbIE NOHATUS>

OnpedeneHusi

Bo MHOTrHX KM3HEHHBIX CUTYalMsIX cTapasi MPUBbIUKA TOJIKAET HAC PUCOBATh Ha OyMare TOYKH,
o0o3HaYarOIMe JIOJIEH, TOpOoJa, XMMHYECKHUE BEIIECTBA, W IMOKA3bIBaTh JHHHUSIMH (BO3MOXHO CO
CTpeJIKaMu) CBsI3M MeX Ay HUMU. OnucaHHasi KapTUHKA Ha3bIBaeTCs rpadom.

|I I'pad - 5TO COBOKYNTHOCTH y3/10B (BEPIIMH) U COSIUHSAIONNX UX pedep (ayr).

Huke TOKa3aHbl IpUMeEpHI TpahoB
a) 0 e 6) c

@ &

© @ oRe

Ecnu nyru umerot HanpasieHue (BCIIOMHUTE YJIUIbI ¢ OAHOCTOPOHHUM JIBUYKEHUEM), TO TaKOu rpad
HA3bIBAETCS] HANIPABJIEHHBIM WM OPHEHTHPOBAHHBIM rpadom (oprpadom).

Henbio Ha3bIBaeTCA TOCIEIOBATEIHLHOCTh PEOEp, COCAUHSAIOMMX JBE (BO3MOXKHO HE COCEIHHE)
BEPIIMHBI U ¥ v. B HanpaBieHHOM rpade Takas Moc/IeI0BaTeILHOCT peOep Ha3bIBACTCS «IMYThY.

I'pad HA3BIBaETCS CBAIZHBIM, €CJIHM CYIICCTBYET IeTh MEKIY JII000M mapoi BepmmH. Eciu rpad He
CBSI3HBIN, TO €T0 MOXHO Pa30UTh Ha k CBSI3HBIX KOMIIOHCHT — OH HA3BIBACTCS K-CBSI3HBIM.

B mpakTrueckux 3aayax 4acTo pacCMaTPUBAIOTCS B3BeLIEHHbIE IPadbl, B KOTOPHIX KaxI0My peo-
py npunuceiBaeTcs Bec (wim AnuHa). Takoi rpad Ha3bIBaIOT CEThHIO.

Lnk/j0M Ha3bIBaeTCS LENb U3 KaKOW-HUOYIb BEPIIMHBI V B HEE CaMy.
JepeBoM Ha3biBaeTcs rpad 0e3 HUKIIOB.

IMMonubiM Ha3bIBaeTcs rpad, B KOTOPOM MPOBEICHBI BCE BOZMOXKHBIE pedpa (s rpada, UMEIOIIETo
n BepIIUH Takux pedep Oyner n (n-1) /2.

OnucaHue epaghoe

Jlng onucanus rpagoB 4aCTO MCIOJB3YIOT J1BAa THIA MATPHUI] — MATPULY CMEKHOCTH (11715 He-
B3BEIICHHBIX TPa()oB) M BECOBYIO MATPHUILY (JUIsI B3BEIICHHBIX).

Martpuna cmesxkHocTn rpada ¢ N BeplIMHaMu — 3TO MaTpula pasmepoM N Ha N, rie Kaxabli die-
MEHT C MHJIEKcaMHu (i, 7) SBIAETCS JOTMYECKUM 3HAYECHUEM U IOKAa3bIBA€T, €CTh JIM Ayra U3 Bep-
IIAHEI 1 B BEPIIUHY J.

YacTto BMECTO JIOTHYECKUX 3HAUCHUH (MCTHHA/JIOKB) MCTOIB3YIOT Tenbie gucia (1/0). Jlns He-
OpPHECHTUPOBAHHBIX Ipa)OB MATPHIIA CMEKHOCTH BCETIa CAMMETPHYHA OTHOCUTEIHHO TJIABHOW JIaro-
Hay (PUCYHOK a). J{71st opueHTHpOBaHHBIX rpadoB (PUCYHOK 0) 3TO HE BCEr/a TaK, IOTOMY YTO MOXET
CYIIECTBOBAThH IyTh M3 BEPIIMHBI 1 B BEPIIUHY j U HE CYIIECTBOBATH OOPATHOTO MYTH.

? DroT pasjen HamucaH Ha 6ase MaTepuana kaurn B.M. bonnapes, B.W. Py6munenkuii, E.I'. Kauko. OCHOBBI MPOrpaMMH-
poBaHus. — XapbkoB: «Dosmoy, 1998.
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o 6)
v
SN

Jlyist B3BENICHHBIX Tpad)OB HEJJOCTATOYHO MPOCTO yKa3aTh, €CTh JIM CBSA3h MEXKAY BepmnHamMu. Tpely-
€TCsl elle XpaHUTh B MaMsTH «BEC» KaXJ0ro pedpa, HampuMep, CTOUMOCTb IIPOe3ia UK JJIUHY Iy TH.
s 3TOrO HCNONB3yEeTCs BeCOBasi MATPHUIA.

moQw >

=1
_—_— o — |3
o~ oo ~0
oo —=—~|0O
coo—o|Hm
Mmoo QW

cocoo ool
— o oo —|W

&

OHOOHO
c oo~ ~|U
oo oo o|d

BecoBasi maTpuna rpada ¢ N BepimmHaM#u — 3T0 MaTpuiia pasMepoM N Ha N, T/1e KaXKIbIi 3JIEMEHT C
uHaekcaMu (1, j) paBeH «Becy» peOpa U3 BEpIIUHBI i B BEpPIIUHY J.

A B C D E A B C D E
A0 5 10 12 0 A0 5 10 12 O
B|5s 0 0 7 9 B{0O 0 O 7 O
cj10 0 0 8 0 cio 0o 0 0 O
D|12 7 8 0 0 D{o 0 8 0 O
E10 9 0 0 0 E{0O 9 0 0 O

3apava lNpuma-Kpackana

dopmynupoeka 3adaqu

33}13'{3. I[aHa IJIOCKad CTpaHa U B HeHl n TOpOodoB C U3BCCTHBIMH KOOpJAWHATAMU. Hy;I(HO COCIUHHNTDH
BCC ropoza TCHG(I)OHHOﬁ CCThIO TaK, YTOOBI JJINHa Teﬂe(l)OHHBIX JIMHUK OblJIa MUHUMAJIbHAS.

T'opon Oynem m3obpaxarts y3inom (Toukoit). TenedoHHBIE THHUU MOTYT Pa3BETBISTHCS TOJBKO HA Te-
JNeOHHBIX CTAHIMSIX, @ HE B YUCTOM ToJie. [TockonbKy TpeOyeTcs JIMHUS MUHUMAIBHON 00Imei 1iu-
HBI, B HEW HEe OyJCT IUKJIOB, IOTOMY YTO HHA4Y€ MOXHO ObLTO OBl yOpaTh OHO 3BEHO ITMKJIA U CTAHITUH
no-npekHeMy ObUTH OBl CBsA3aHbl. B TepMuHax Teopuu rpadoB 3Ta 3aj1a4a 3ByUUT TaK:

Han rpad ¢ n BeplIMHAaMU; JUIMHBL pedep 3aganbl matpuued {dij}, i,j=1..n. Haiitu HaGop pe-
0ep, COeqUHSIONMMNIA BCe BEpITUHBI rpad)a (OH HA3BIBACTCS OCTOBHBIM JIePeBOM) U MMEIOITUN MUHU-
MaJIbHYIO JUIMHY

Dta 3a7a4a — OJIHa U3 T€X HEMHOTHUX, JJIsi KOTOPBIX U3BECTHO TOUYHOE U HECIIOKHOE pEelIeHUE, IPUYeM
AJTOPUTM MPEIETHLHO MPOCT.

XadHble anzopummbl

[IpencraBuM cebe 3UMOBIIMKA, KOTOPOMY IPEIOCTABUIN HEKOTOPBIN 3arac MpOAYKTOB Ha BCIO
3uMy. KoHeuHO, OH MOXET cHavajla CheCTh BCE CaMO€ BKYCHOE — IIOKOJa/, MsCO H T.I., HO 3a TaKou
MOJIXOJ] MPUAETCS KECTOKO PACIUIaYUBATHCS B KOHIIE 3UMOBKH, KOTJIa OCTAHETCS TOJIBKO COJIb M Map-
rapyH.

[TogoOGHBIM 00pa3oM, eciii ONTUMAJIBLHOE PEIICHUE CTPOUTCS MO Iaram, OOBIYHO HEJb3s1 BBIOH-
paTh Ha KaXkJIOM 3Talle «camoe BKYCHOE» — 3a ATO MPHUJIETCS paclylauMBaThCsl HA MOCJIEIHUX IIarax.
Takue alropuTMBbl Ha3bIBAIOT KAAHBIMH.
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PeweHue

Y nuBuTENBHO, HO JUIsl HEpocTol 3anaun [Ipuma-Kpackana sxaqHblil aITOpUTM JAET TOYHOE OIl-
TUMAaJIbHOE pelIeHue. AJITOpUTM (HOPMYITUPYETCS TaK:

B mmkne n-1 pa3 BeiOpaTh U3 OCTaBIIUXCS pedep camoe KOpoTKoe pedpo, KoTopoe He obpasyer
IIUKJTA C YK€ BEIOPAHHBIMH.

Kak e mpocnenuts, 4roObl He OblI0 1UKIOB? OKa3bIBaeTCsl OUYEHb NMPOCTO: B CAMOM Hadyalie MoKpa-
CHM BCE€ BEpILUHBI B Pa3HbIE 1IBETA M 3aTE€M, BBIOpaB ouepeHOE peOpo MeX 1y BEepUIMHAMU 1 U J, T1e
i ¥ j uMeroT pa3HbIe IBETA, IEPEKPACUM BEPUIMHY j M BCE COEAMHEHHBIE C HEW (TO €CTh UMEIOIINE €€
uBeT) B 1BeT i. Takum oOpas3oM, mpu BeIOOpe pedep, COSTUHSIOMNX BEPIIUHBI PA3HOTO I[BETA, ITHKII
HE BO3HUKHET HUKOTJIA, a TIOCJe n—1 11aroB Bce BEPLIMHBI Oy1yT UMETh OJIMH IIBET.

Jst 3anucu nHGopManuu o pedpax BBeIeM CTPYKTYpPY

‘ struct rebro { int i, j; }; // pebpo coemuHsieT BepumHH i U j

npuyeM OyJIeM CYUTATh, YTO B IIApe HOMEP MEPBOM BEPIIMHBI 1 MEHbILE, YeM HOMEp BTOPOH J.
[IpuBeneHHas HIDKE MPOrpaMMa JICHCTBYET 110 CIEAYIOMIEMY «KaTHOMY» allfOPUTMY/

1. TlokpacuTh BCe BEpLINHBI B pa3HbIE I[BETA.

2. Cpaenath n-1 pa3 B UKIE
e BBIOpaTh pedpo (i, j) MUHUMAIBHOMN JUIMHBI, COCTUHSIONIEE BEPIIMHBI PA3HOTO IIBETA;
e 3aTIIOMHHTH €TO B MaccuBe pedep;
e [IEPEKPACUTH BCE BEPILIMHBI, UMEIOUIUE IIBET Jj, B IBET i .

3. BsiBecTu pe3ynbrar.

const int N = §5;

void main ()
{
int D[N] [N], Col[N], i, j, k, Dmin, jMin, iMin, col_j;
rebro Reb[N-1];
// Bmeck Hazo BBecTM MaTpuuy D
for (i =0; i < N; i ++ ) // noxpacuTe BCE BEepUMHEHI
Col[i] = i; // B pasHme nBeTa
for (k = 0; k < N-1; k ++ ) {
Dmin = 30000;
for (1 =0; i < N-1; i ++ )
for ( jJ = 1i+l; j < N; j ++ )
if ( Col[i] '= Col[j] && // wmmem camoe kopoTkoe pebpo,
D[i] [j] < Dmin ) { // He obpasywmee umkiIa
Dmin = D[i] [j]’

iMin = 1i;
jMin = j;
}
Reb[k].i = iMin; // BanoMHuTE HaliAeHHOe pebpo

Reb[k].j = jMin;
col j = Col[jMin];

for (i =0; i < N; i ++ ) // nepexpacuTe BCe BEpPUMHE, LBET
if ( Col[i] == col j ) // KOTOpHX COBHajN C LBETOM
Col[i] = Col[iMin]; // Bepumum jMin
}
// BAeck Hanmo BHBECTM HalJeHHe pebpa
}
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JloTIoTHUTENBHO MOKHO PacCUMTHIBATh OOILYIO JUIMHY BBIOPAHHBIX pedep, HO 3TO HE MEHSIET NPUHIIU-
HATEHO AJTOPUTM. DTOT ANTOPHTM TpedyeT mamaTu mopsaka n? (o6o3Hauaercs O (n’), To ecTh NpH
YBEIMYEHUHU N B 2 paza o0beM TpeOyeMol maMsaTu yBenuduBaeTcs B 4 pa3a). Ero BpemeHHas ClIox-
HOCTh — O (n), To ecTh NMpu yBenMUeHNH n B 2 pa3a BpeMs BHIUNCICHUI yBeTHUIMBAeTCs B § pa3 (Ha-
710 mpocMoTpeTh O (n) umcen u caenats 510 n—-1 pas).

Kpatyanwumin nytb

dopmynupoeka 3ada4vu

3agaua. 3ajaHa ceTb JOPOr MEXIY HACEJIEHHBIMU IMYHKTaMH (4acTh U3 HUX MOTYT UMETh OJIHOCTO-
poHHee nBUkeHue). TpebyeTcst HaliTh KpaTyailiuuil myTh MEXly IBYyMsI 3aJaHHBIMH ITyHKTaMH.

OOBbIYHO 337]a4y HECKOJBKO PACIIMPSIOT U HAXOJAT cpa3y KpaTyailIlive IMyTH OT 3aJaHHOW BEPILUHBI
KO BCEM OCTaJIbHBIM. B TepMuHax Teopuu rpad)oB 3a1aya BBITJISANUT TaK:

B CCTH, A€ YaCTb AOPOT UMECT OAHOCTOPOHHEC ABUIKCHUC, HaWTH KpaT‘IaﬁH.IPIe IIyTH OT 3aJaHHOMN
BCPIIHHBI KO BCECM OCTAJIbHBIM.

Anzopumm [felikcmpsbli

Hwxe ommchbiBaeTcsi anroput™, npeuiokeHHslil Jlelikerpod B 1959 r. Jlana matpuna {di;}

JUIMH Iy MEXJy BEpLIMHAMH, €CIIM AyTH MEXIy BeplUIMHaMU i U j HeT, To d;s=co. Ecau ceTb o0Opa-
3YI0T n BEPIIUH, TO IS peaIu3alyy alrOpUT™Ma TpeOyeTcs TpU MaccuBa JUIMHOM ni:

1.

MaccuB {ai}, B koTopoMm a;=0, eciii BEpIIMHA i elle HE PaCCMOTPEHA, U @; =1, eciiu BEpIIMHA i
yKe paccMOTpEHa.

MaccuB {b;}, B koTopoMm b; — TeKyIee Kparyaiiliee pacCTOSIHHE OT BRIOPAHHON CTapTOBOH Bep-
IIWHBI X 10 BCPIIWHBL i.

Maccus {c;i}, B KOTOPOM C; — HOMEP MPEANOCIEeIHEH BEPIINHBI B TEKYIIIEM KpaTyaiIlieM MyTH 13
BBIOPAHHOMW CTAPTOBOM BEPILMHBI X 0 BEPLIMHBI i.

Cam AJITOPUTM COCTOUT U3 TPEX 3TAIIOB: HHUIHUATIU3AlIUN, OCHOBHOI'O TUKJIa U BBIBOJA PC3YyJibTaTa.

NHuyuanusayus

[Tycth x — HOMep BHIOpaHHON CTapTOBOW BEPILUHBI.

1.
2.

3.
4.

3anoyiHUM Bech MaccHB a 3HaueHHeM O (IIOKa HU OIHA BEPIIMHA HE pACCMOTPEHA).

B i-plit 3nemMeHT MaccuBa b 3amuiieM paccTOsIHME OT BEpIIMHBI X 10 BEPIIMHBI i (ecnu myTu
HET, TO OHO PaBHO ©©, B MPOrPaMMe YKa)KEM O4€Hb OO0JIBIIOE YUCIIO).

3anojaHUM BECh MACCHB C 3HAYEHHUEM X (II0Ka PACCMAaTPUBAEM TOJIBKO MPSMBIE ITyTH OT X K 1).
PaccMoTpumM cTapToByto BepuinHy: npucBouM a [x]1=1 u ¢ [x]=0 (Hauano Bcex myTen).

OcHOBHOU Yukn

Cpenu HepacCMOTPEHHBIX BEPIIMH (1Sl KOTOPBIX a [1]=0) HaliTh Takyro BEpIIMHY j, YTO paccTos-
Hue by — MunnmanbsHoe. Paccmorpers ee:

1) ycranoButs a [ j]1=1 (BepiinHa pacCMOTpEHA);

2) cpenatb AJisl BCeX BEpIIMH k:

€CJIM IIyTh OT BEpLIMHBI X K BEpIIMHE k uyepe3 j Kopoue, 4eM YK€ HAUACHHBIA KpaT4ailluii
nyTh (TO ecTh bj+djx < by), T0 3amoMHUTE ero: ¢ [k]1=J n bx=b;+d;x.
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Bbie00 pe3ynbmama

MoHO /J0Ka3aTh, YTO B KOHIIE TAaKOW MpoOIeIypbl MaccuB b, OyJeT coiepxarb KpaTdaiiime
paccTosiHUA OT CTapTOBOW BEPIIMHBI X 0 BEPIIUHBI i (1 Bcex i). OmHAKo XOTenoch OBl elle moiy-
YUThb CaM ONTUMAaJIbHBIN IIyTh.

Oxa3zbIBaeTcsi, MACCHB C COCPKUT BCIO HEOOXOAUMYIO MH(GOPMAIHIO JUIS PEIICHUs 3TOW 3a1a-
yu. [IpennonokuM, 4TO0 HAJO BBIBECTH ONTHUMAJIBHBINA ITyTh M3 BEPIIMHBI X B BepmuHy i. Ilo mo-
CTPOEHUIO MPEANOCIEIHS BEPIINHA B 3TOM 1ienu uMeeT Homep z=c[i]. Tenepp Hag0 HAWTHU ONTH-
MaJIBHBIA MyTh B BEPIIMHY Z TE€M XKe crocodboM. Takum o0pa3om, MyTh «PacKpyUUBAETCS» C KOHIIA.
Korga Mb1 nostyunnu z=0, myTh 3aKOHYEH, Mbl BEPHYJIUCh B CTAPTOBYIO BEpIIMHY. B BHe anroputMa
3TO MOYKHO 3aIlACaTh TaK:

1) ycraHoBUTH z=i;

2) moka c[z] He paBHO HYJIIO,
e z=c[z];
e BBLIBCCTHU Z .

JI71s1 BEIIOJIHEHMSI aNrOpUTMa HaJ0 N pa3 MPOCMOTPETh MACCUB b U3 n 2IIEMEHTOB, IO3TOMY OH UMEET
KBaJpaTHYHYIO CIIOKHOCT O (n?) .

lpumep

IlycTe maHa cerb mopor, IOKa3aHHas Ha pUCyHKe crpasa. Hainem
KpaT4allllie paccTOSHUS OT BEPIIMHBI 3 J0 BCEX OCTAJIbHBIX BEP-
mrH. [TokaxeM X0 BBIOJHEHU alropuTMa JIeHKCTpBI MO 1maram.

o I/Iﬂuuna.nmaum[. B PE3YJIbTATC 3TOI0 MIara mnojiydyacM TaKue

MaTpHLBbL:
1]2]3]4]5]6]7]8
alO 0 1 0 0 0 0 O
12 25 0 18 o ow o o
c|3 3 0 3 3 3 3 3

e OcHoBHoIi mukJI. [TocienoBaTebHO MaCCHBBI TPEOOPA3YIOTCS K BUILY:
1) minb;j=12ymj=1 2) minb;=18 i1 j =4

1/2|3[4[5]6]|7]8 1/2[3[4]5]|6]|7]8
all 0 1 0 0 0 O O all 0 1 1 0 0 0 O
b|12 25 0 18 o w o o b|12 25 0 18 o 38 o
c|3 3 0o 3 3 3 3 3 c|3 3 0o 3 3 4 3 3
3)minb; =25 1 j =2 4) minb; =381 =6
1[2]3[4]5]6]7]8 1[2[3[4]5]6]7]8
all 1 1 1 0 0 0 O ajl 1 1 1 0 1 0 O
b |12 25 0 18 47 38 o 60 b |12 25 0 18 47 38 62 60
c|3 3 0o 3 2 4 3 2 c|3 3 0 3 2 4 6 2
5) minb;=47111j=5 6) minb; =60 111 j =8
1/2|3[4[5]6]|7]8 1/2[3[4]5]|6]|7]8
all 1 1 1 1 1 0 O all 1 1 1 1 1 o0 1
b |12 25 0 18 47 38 61 60 b |12 25 0 18 47 38 61 60
c|3 3 0 3 2 4 5 2 c|3 3 0 3 2 4 5 2
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e BbiBoa KpaTuaiimero nmyru. Haiinem, Hanpumep, KpaT4yalllinid MyTh U3 BEPIIMHBI 3 B BEPIIUHY 8.
«Packpy4uBas» MacCuB C, IOJIy4acM 8¢—2«-3.

Aneopumm ®noida-Yopwenna

Ecnn Hano TOJNBKO BBIYUCIMTH KpaT4allIMe PACCTOSHUS MEKIY BCEMHU BEPLUIMHAMM, HO HE Tpe-
OyeTcst 3HaTh caMM KpaTyailliie MapuipyThl, MOXHO MCIIOJb30BaTh BECbMa 3JICTAHTHBIN M MPOCTOM
anroputm dionaa-Yopuieia:

for (k = 0; k < n; k ++)
for (i = 0; i < n; 1 ++4)
for (j = 0; j < n; j ++)
if ( d[i]1[3] > d[i]l[k]+d[k][3] ) {
d[i] [3] d[i] [k]1+d[k][3]~
plil[3] = p[k]l[]]’
}

Chnauvana B Mmatpune {d;;} 3ammcaHbl pacCTOSHME MEXy BEPIUIMHAMH HAIPAMYIO. 3aTEM paCCMOTPUM
BCE€ MYTH, KOTOPBIE MPOXOIAT YEPE3 NMEPBYIO BEpIIMHY. Ecin myTh yepe3 Hee Kopoye, 4eM HaIpsMyIo,
TO 3aMEHsEM 3HAYEHHE B MATPUIIE HA HOBBIM KpaTyauiuui nmyTh. B KoHIe sieMeHT MaTpuibl {d;j}
COJECPKMT JUIMHY Kpar4aimero myTd u3 i B j. Kaxknasd crpoka MaTpunsl {pij} CHayalla 3aloJHSACT-
Csl TaK, KaK MacCHUB € B aJITOpUTME JIEUKCTPEI, a B KOHIE JJIEMEHT {Pij} paBeH HOMEPY IPEINOCIIe-
HEW BEPILUMHBI U1 KpaTYaullero MyTH U3 BEPIIMHBI 1 B BEPIIUHY J.

OnTumanbHoe pa3melieHue

3adavya Ha MUHUMYM CYyMMbI

3apaua. MMeercss n HacelIeHHBIX IYHKTOB, B KaXJIOM H3 KOTOPBIX JKUBET P;i MIKOJbHUKOB
(i=1, ... ,n). Hamo pa3mMecTuTh MIKOIY B OJJHOM M3 HUX TaK, 4TOOBI 00IIee pacCTOSIHUE, IPOXO U~
MO€ BCEMH YYCHHKAMH I10 JIOPOTe B IIKOIY, ObLUIO MUHIUMAIIbHBIM.

DTa 3ajada mpoCcTO pemaercs Ha ocHoBe anroputma dmoitna-Yopmenna. CHavyana moixydaem
MaTpUIly MUHHUMAJIbHBIX IyTeH U3 KaxI0i BepIINHbI B Kaxayto {dij}. IlycTs mkomna pa3menaercs B
BepirHe ¢ HoMepoM k. Torma oOriee paccTossHEEe, KOTOPOE JAOKHBI IIPOMTH YYCHUKH M3 MIYHKTA j TI0
JIOpore B IIKOJTY, PABHO MPOU3BEICHUIO PACCTOSTHHUS MEK/y BEpIIMHAMH 1 M j Ha KOJIMYECTBO YUCHH-
KOB B BeplIMHE j, TO ecTh dij P3. CyMMHpPYys 3TH IPOU3BEICHUS I BCEX BEPILUH, HaiiieM oOliee
paccrosiHuE, KOTOpoe OyayT MPOXOIUTh YUYCHUKH, €CIIH IIKoJia OyAeT B myHKTe i. EcrecTBeHHO, HA0
BBIOPATh TaKyIO BEPUIUHY K, 11 KOTOPOU ATO YUCIIO OyIET HANMEHBIIUM.

PaccmoTpum ceTh, MoKa3zaHHYIO Ha pUCyHKe a). L{udpbl y Ay MOKa3bIBalOT PACCTOSHHE MEXKITY
HaceJeHHbIMU NMyHKTaMu. KonudecTBO yuyeHUKOB B myHkTax 1..7 3amano yucnamu (80, 100, 140, 90,

60, 50, 40).

a) 0)
1 2 3 4 5 6 17
1{0 9 10 15 11 17 24| 6120
219 0 5 6 5 10 17| 3440
3110 5 0 7 10 11 14| 3640
4115 6 7 0 8 4 1113800
511 5 10 8 0 6 19| 4560
6 (17 10 11 4 6 0 13| 4930
7124 17 14 11 19 13 0 | 8360
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Ha pucysnke 0) mokazana MaTpuIa JUIMH KpaT4almmx myTeil. B mocnennem crondue cocuntano odriee
paccTosiHue, MPOXOJUMOe YUEHUKAMH, €CIH 1IKoja OyneT B JaHHOH BepiunHe. [TockonbKy Hazno BbI-
OpaTbh HaUMEHbIIIEe PACCTOSHUE, TO UIKOJY Ha/0 pa3MellaTh B BEpIIUHE 2.

MuHumakcHas 3aday4a pa3meuweHusi

Hmeercss n HaceJIGHHBIX MYHKTOB, B OJHOM W3 KOTOPBIX HAJ0 Pa3MECTUTh CIEIIOApa3cicHHE,
KOTOPOE JIOJDKHO BBIC3)KaTh Ha BBI3OBBI MIPU CpabaThIBAHUU CUTHAIM3AIMU HA OJHOM U3 OXPaHICMbIX
00BekTOB. Halio pacmonoxuTh ero Tak, 4TOObl CaMblidl ATbHHUA OXpaHSEMbIH OOBEKT JOCTUTAJCS 32
MUHUMAaJIBHOE BPEMSI.

[Ipex e Bcero, HAXOAUTCS MATPUIlA KpaTYAUIIUX MyTei. 3aTeM B KaKI0M CTpOKe i BeIOMpaeTcs
MaKCHUMAaIIbHOE YHCIIO — 3TO OYAET pacCTOSHHUE 0 CAMOTO OTJAIIEHHOTO OXPaHSIeMOro 0ObeKTa, eCin
MTyHKT MOJUIIUN Pa3MECTUTDh B BEpIIUHE i. 3aTeM BBIOMpPAETCSA TaKOH MYHKT J, Ui KOTOPOTO 3TO YHC-
JI0 HAaMMEHBIIIEeE.

Boiee clI0KHOM SIBIISIETCSI MUHUMAKCHAs 3a71ada, B KOTOPOH JIOIYyCKAeTCs pa3MelaTh 0ObeKT Ha
pedpax ceru (Mexay myHKTamu). JIiisi pemieHus] 3TOH 3alaud MOXHO HCIOJIBb30BaTh CIEAYIOIINE
UJeH.

PaccmoTpuM pebpo Mexay BepmmmHaMu i 1 j. Eciii pacmosioKuTh MyHKT TOJUIUH HA HEM, TO
pacCcTOsSIHUE OT HETO JI0 APYTOi BEepIIUHBI k HE MOKET OBITh MCHBIIIE, YeM

6, =min(d,, djk )
Bbruncnus 3TH BETUUMHBI A7 BCEX BEpIIMH Kk, ONpeNenuM MaKCUMalIbHYIO U3 HHX. DTO YHCIO O,

Ha3bIBAETCSl HMKHeH olleHKoil pedpa (i, Jj), mockoabKy mpu 1000M BBIOOpE MecTa s yHKTa IMo-
JHMLUM Ha 9TOM pedpe pacCTOSIHUE A0 CaMOro JaJbHEro 0OBEKTa He OyleT MeHblle O,. Mbl yxke 3Ha-
€M MUHUMAaJIbHO BO3MOXKHOE€ PAcCTOSHHE 10 CAMOI0 JAJbHEro IyHKTa MpH pa3sMELeHUH OTpsia B
OJTHOM M3 Topo10B. OueBUAHO, UMEET CMBICI paccMaTpUBaTh TOJIIBKO T€ pedpa, /Ui KOTOPBIX HHXKHSSA
OLIEHKA HE MIPEBBILIAET 3TO PACCTOSHUE.

st xaxmoro pedpa (i,Jj) ¢ HKHEH OICHKOW, MEHBINE YK€ TOJTYYEHHOW, CIeNaTh CICAYIOIINe

oTiepaIum:

1. HaWTH caMyl0 JAJILHIOK BEPIIUHY K M3 BCEX TEX BEPIIHH, B KOTOPHIC HAJI0 €XaTh Yepe3 BEPIIUHY
i (toectb dix >djk);

2. HaWTH caMyl0 JAJIBHIOK BEepIIMHY 1 M3 BCEX TeX BEPIIHH, B KOTOPHIC HAJIO0 €XaTh Yepe3 BEPIIUHY
j (to ecth diz < dj1) ;

3. BBIYHMCIIUTH CEPEAMHY PACCTOSHHUS MEXAy BepmMHaMu k ¥ 1; ecii OHa IomajaeT Ha pedpo
(i,3) wm paccTosHHE MO CaMbIX JAIBHHUX BEPIIUH MEHBIIIE YK€ HAWICHHOTO, 3alIOMHUTH 3TO Me-
CTO

Hwuxe sTot AJITOPUTM 3allMCaH Ha Ha SA3BIKC Cu:

minDist = 32767; // 6osabmoe uMCIO
for (i = 0; i < N-1; i ++ )
for (j = i+l; j < N; j ++ ) { // nepebparer Bce pebpa (i,])

maxDi = maxDj = O0;
for (k = 0; k < N; k ++ ) { // nepebpaTe BCe BepumMHEH
if ( = i || == j ) continue;

if (D[j,k] < D[i, k])

if (D[j,k] < maxDj) maxDj = D[j, k]’
else

if (D[j,k] < maxDj) maxDj = D[j, k]’

}
dist = (maxDi + D[i][j] + maxDj) / 2;
if ( dist < minDist && dist > maxDi &&
dist < maxDi+D[i] [j] ) {
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minDist = dist; // BanoMHUTE HOBHII BapMaHT

3apada KoMmMmuBosKepa

dopmynupoeka 3adayu

Ota 3HaMeHuTas 3a/1a4a Obu1a chopmyaupoBana B 1934 r. B obnactu AUCKpeTHON ONTUMU3ALUU
OHa CTaJla UCTIBITATEIbHBIM MTOJIUTOHOM, Ha KOTOPOM MIPOBEPSAIOTCS HOBBIE MeTo bl [Tpobnema 3axito-
YyaeTcsl B TOM, YTO 3Ta 3aJjaua OTHOCUTCS K MHOTOYMCIIEHHOMY KJaccy 3ajiad, KOTOpbIE TEOPETUUECKU
HE peIlaoTCs UHaYe, 4eM IepedbopoMm.

3anaua kommuBosi:kepa. KommuBospkep (Opoasiuuii TOproseir) JOJKEH BBIUTH U3 IEPBOTO TOPOJa H,
MOCETHUB IO pazy B HEM3BECTHOM IOpsIKe ropona 2,3, . . . n, BEpHYThCA 00paTHO B MepBhIi ropoa. B
KaKoM TMOpSIKEe HaI0 00XOAUTH rOpojia, YTOOBI 3aMKHYTHIN Iy Th (TYp) KOMMHBOSDKEpa OBbLIT KpaTyaii-
muM?

MemoO epy6ol cunbi

DTOT METOJ IpeyCMaTpUBaET MPOCTO mepedop Beex BapuaHToB. CHavyama HaM HAJIO0 MOTYyYHUTh
HEKOTOPYIO JIOMYCTUMYIO TIOCJIECIOBATEIIEHOCTh 00X0aa BepinH. [lockonbKy mepBeiid ropon (1) 3a-
(UKCUPOBaH, BCETO TaKUX IMepecTaHOBOK Oyaer (n-1) !. [losyuuB odepenHyro mepecTaHOBKY HAJllO
HalTHU JUIMHY IYTH U, €CJIM OHA OKAXKETCSI MEHBILIE YK€ HAWIEHHOI0 KpaTyaullero myTH, €€ Halo 3a-
MIOMHUTB U NIEPEUTH K CIIEYIOIIEN epEeCTaHOBKE.

[TockoyibKy HaMU YK€ HallMcaHa MpoLeaypa MOJyYeHUs: BCEX MEPECTAHOBOK U3 LEJBIX YHCENT OT
1 10 N (cM. nyHkt Kombunayuu u nepecmanosku pazaena Pexypcus B rnase III), umeer cmbicn ee
UCTIONIB30BaTh. ¥ JOOHO BBECTH TTI00AIbHBIC IEPEMEHHBIE

int Pmin[N], // nydmass nepecTaHOBKAa
P[N], // Tekymas mnepecTaHOBKa
Lmin, // MuHUManBHasST OJIMHA
L, // Texymas niamHAa
D[N] [N] ; // MaTpuila paccTosiHUMI

OcHoBHas nmporpaMMa OyJeT WHULUAIU3UPOBATh II100aJIbHbIE IEPEMEHHBIE, BBI3bIBaTh PEKYPCUBHYIO
IpoLEeAypY MOCTPOCHHS ONTUMAJIBHOTO IIyTH U PaclevaTbiBaTh Pe3yJsIbTar:

void main ()

{

Lmin = 32767; // 6onbmoe umcio
L=20;

P[0] = 1; // nHauvanebHast BepumHa 1
Commi (1) ; // nocTpouTe TYp

for ( int i = 0; i < N; i ++ ) // BHBecTM pesynsTar
printf("%$d ", Pmin[i]) ;
}

Hwuxe npuBeneHa pexkypcuBHasi mpoleaypa, pelaronas 3a1adyy KOMMUBOSDKEpa, TPUBOJUTCS HUXKE.
Texymas JuyiMHA TyTH BEIYUCIISETCS MOCIEI0BATENBHO ¢ J0OaBIEHUE KaKI0TO HOBOTO 3BEHA.

void Commi( int g ) // q — umMCHnO y%e NOCTaBJIEHHHX BEepPUMH

{

int i, temp;
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if (g==N) { // nepecTaHOBKa MoJjy4YeHa

if ( L < Lmin ) {

Imin = L;

for (i =0; i < N; i ++ ) // 3anoMHMUTEL HOBHIZ MUHUMAJILHEI TYP
Pmin[i] = P[i];

}

return;

}

for (i =q; 1 < N; 1 ++ ) {
temp = P[q]; P[q] = P[i]; P[i] = temp; // P[q] <-> P[i]
L += D [P[g-1]] [PIql]; // moBaBure pebpo
Commi ( g+l ); // PeKypCHUEHBI BH3OB
L -=D [P[g-1]] [P[qall; // yBpare pebpo
temp = P[q]; P[q] = P[i]; P[i] = temp; // P[q] <-> P[i]
}

}

['maBHas TpyaHOCTH TaKOTO MEPEOOPHOrO Crocoda 3aKII0YAETCsS B TOM, YTO JIJIsi OOJBIINX n (HAMpHU-
Mep, i n>20) 9ucio KOMOWHAIIUM HaCTOIBKO BEJIMKO, 4TO TIepebop HepeasieH.

OpnnHako, 4acTo MOXKHO HaMTH Takylo CTpaTeruio nepedopa, npu KOTOpoil cpa3zy oTOpachiBaeTcs
1enasi rpynia BapuaHTOB, KOTOPBIE 3aBEAOMO HE Jydlle YK€ HailIeHHOTO0 MUHUMAJIbHOTO PELICHUS.
OnHUM U3 TaKUX aNTOPUTMOB SIBJIIETCSI METO/] BETBEHM U IPaHMUII.

Memod eemeel u epaHuy,

Wnes 3Toro mojaxoAa npocTa U €CTECTBEHHA: €CJIM YacTUYHasl JUIMHA Iy TH cTaja OoJIbIle JUIMHBI
CaMoro JIy4IlIero M3 yXe HalJCHHBIX TYpOB, JAJbHEUIIYIO MPOBEPKY AenaTh OeccMbicieHHO. [lpu
3TOM BTOPOH nuki £or B mpoleaype npruodpeTaeT BUI

for (i =q; 1 < N; 1 ++ ) {
temp = P[q]; P[gq] = P[i]; P[i] = temp;
L += D [P[g-1]] [P[qll;
if ( L < Lmin ) Commi ( g+1 );
L -=D [P[g-1]] [P[all;
temp = P[q]; P[gq] = P[i]; P[i] = temp;
}

Bce BapuaHTBI TYpOB MOKHO M300pa3uTh B BUJIE JIepeBa ¢ KOpHeM B BepmmHe 1. Ha mepBom ypoBHe
HAXOJATCS BCE BEpUIMHBI, B KOTOpble MOXXHO HMATH W3 BepmwiuHbl 1 u T.4. Ecnu Mbl momyuywiu
L>Lmin, TO cpa3y OTCEKaeTCs 1ies1asi BETKa TaKOro JIepeBa.

Anzopumm Jlummna

O} dexTuBHOCTh METO/Ia BETBEH M TpaHUI] OY€Hb CHJIBHO 3aBUCHUT OT MOPSAIKAa PaCCMOTpPEHUs
BapuaHToB. [Ipu ynauHom BbIOOpe cTpaTeruu nepedopa MOXKHO cpasy ke HalTH pelieHne, OIu3Koe K
ONITUMAIILHOMY, KOTOPOE TIO3BOJIUT «OTCEKATh» OYEHBb OOJIBIINE BETBH, JJISI KOTOPBIX HIKHSSI OLIEHKA
0oJIbIIIe, YEM CTOMMOCTD YK€ HalJCHHOTO KpaTdyaiiiero Typa. JINTTI ¢ coaBTOpaMu Ha OCHOBE METO-
Jla BETBEH U TpaHUI] pa3paboTail yJauHbIi alrOPUTM, KOTOPHIH MO3BOJISET BO MHOTUX CIydasx ObICT-
PO peUInTh 3a7a4y KOMMHUBOSKEPA.

Wnest oueHns npocta — pa30dUTh BCE BApUAHTHI HA KJIACCHI U MOJIyYUTh OLEHKHU CHU3Y IS KaX/10-
ro Kijacca (OLIEHKOW CHM3Y Ha3bIBAETCS TAKOE YHCJIO, YTO CTOMMOCTH JIIOOOTO BapHaHTa M3 JTaHHOTO
KJIacca 3aBEJIOMO HE MOXKET OBITh HUKE HETO).
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[IponemoHcTpupyem Ha mpumepe npuMmeHeHue meroa Jlurria. [lycts ectb 6 TOpOAOB U MaTpH-
1a a) 3a1a€T CTOMMOCTh C;j Mpoe3aa u3 ropoja i B ropox Jj. IIpodepk o3Havaet, 4To U3 ropoja i B
ropox i XOAUTh HEJIb3S.

a) 0) B)

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
1 - 6 4 8 7 14 - 2 0 4 3 10 - 0 0 3 3 6
2|6 - 7 11 7 10 0 - 1 5 1 4 0 - 1 4 1 0
314 7 - 4 3 10 1 4 - 1 o 7 1 2 - 0O 0 3
418 11 4 - 5 11 4 7 0 - 1 7 4 5 0 - 1 3
S{7 7 3 5 - 7 4 4 0 2 - 4 4 2 0 1 - 0
6 |14 10 10 11 7 - 7 3 3 4 0 - 7 1 3 3 0 -

[Tpennonoxum, 4To JOOPBIH M3p ropoaa j MOCTAaHOBWII BBIILIAYUBATH BCEM, KTO BBEJIET B €0 TOPOJ
5 nonnapos. [Ipu 3TOM U3 KaXJI0ro 3JIeMEHTa j-0ro CTOJI0La MaTpHUIlbl HaJ0 BbluecTh 5. Tak Kak B
Ka/0M Type HaJ0 BbEXaTh B rOPOJ j POBHO OAHMH pa3, TO BCE TypbI NIOACIIEBEIOT OAUHAKOBO, U OII-
TUMAaJIbHBIN Typ OCTaHETCS] ONTUMaNbHBIM. Tak ke eciau Mdp ropoja i OyJeT BbIILIauUBaTh 5 10JIIa-
POB KaKIOMY BbIeXaBIIEMY, U3 KaXXJO0r0 2JE€MEHTa i-oi CTPOKHM Haxo BbraecTh 5. Ho Bce Typsl no-
JICIIEBEIOT OAMHAKOBO, M 9TO CHOBA HE IOBJIUACT HA PE3YJIBTAT.

Ecimu u3 Bcex 3J€MEHTOB 1000 CTPOKH HIIA CTOJ'I6Ha BbIYECTh OJHMHAKOBO€ 4YMCJIO, TO MUHHUMAJIb-
HBIH TYp OCTACTCI MUHHUMAJIbHBIM

Tenepb BbIYTEM MHUHUMAIBHBIA 3JIEMEHT U3 KaKIOW CTPOKH M KaXJOro CTONOIa MaTpuisl a) (3Ta
orepalys Ha3bIBAaeTCs MPUBeJeHHEM M0 CTPOKAM) M MOJYyYUM MaTpuily 0) (Hago BeIYECTb uncia 4,
6, 3,4, 3 u 7 u3 cTpok 1-6 COOTBETCTBEHHO). 3aTeM M3 KaXXJIOrO CTOJIOIA BBIUTEM MHUHUMAIbHBIA B
HEeM 3JIeMeHT (uucna 2, 1 u 4 u3 ctonbios 2, 4 u 6, coorBeTcTBEHHO). [locie Takoro npuBeaeHus: Mo
€T0JI01aM TToJTy4uM MaTpuily B). Eciin Ham ynactcs HallTH MUHMMAJIBHBIA Typ B 3TOM MaTpuIle, TO OH
e OyJ1eT MUHUMAJIbHBIM M B UCXO/IHOM, TOJIBKO K €r0 CTOMMOCTH HaJlo NPUOaBUTh CyMMY BCEX YHCEII,
KOTOpbIE Mbl BBIYUTAIN U3 CTPOK U CTOJOLOB, TO ecTh 34. IlockoyibKy B MaTpHlle B) HET OTPULIATENb-
HBIX YHCeN, TO CTOUMOCTh MUHHMAJIBHOIO Typa B HEW OOJibIlle MM PaBHA HYJIIO, IO3TOMY OLEHKA
CHM3Y BCEX TypOB paBHa 34.

Tenepb HauMHAETCS OCHOBHOM IIar anropur™a. BhINOIHUM OLEHKY HyJiel cieayromum o0pa-
30M. PaccmoTpum Hynb B KieTke (1,2) Matpuisl B). OH 03HadaeT, 4To 1eHa nepexoaa u3 1 B 2 paBHa
0. A ecnu Mbl He noiieM U3 | B 2, TO BCe paBHO MpPUIETCS BbeXaTh B 2 (3a LIEHBI, YKa3aHHbIE B CTOJIO-
e 2 — aemieBye Bcero 3a 1 u3 ropojaa 6). Taxke mpumercs Beiexath u3 ropojaa 1 (3a 1ieHy, yKa3aHHYIO
B NepBOH cTpoke — aemenie Beero 3a 0) B ropon 3. Takum oO6pa3zom, eciiu He exath U3 1 B 2 «110 Hy-
JII0», HAJI0 3aIlJIaTUTh MUHUMYM 1. DTO U €CTh «OLEHKA HYJISD).

B matpurie ) moctaBieHbl BCe OLEHKH HyJIei, KOTOpbIe He paBHBI HYII0. BribepeM MakcuMaib-
HYIO U3 3THX OIEHOK (B MpUMeEpe - 1000 HyJIb ¢ OLIeHKO# 1, Hanpumep B kietke (1,2)).

r) n) €)

1 2 3 4 5 6 1 3 4 5 6 1 3 4 5 6
1|{- o o 3 3 6| 2- 1 4 1 of2]- 1 4 1 0
210" - 1 4 1 o 3|1 - 0o o 33|00 - 0o o0 3
311 2 - 0o o0 3 4|14 0 1 3|43 0o - 1 3
414 5 0 - 1 3 514 o 1 - 0|53 0 1 - 0
5(4 2 o 1 - o| 6|7 3 3 0 -]6|6 3 o -
67 1 3 3 0 -

[TycTs BeIOpano pedpo (1,2). Pazo6beM Bce Typhl Ha 2 Kiacca — BKIogaromue pedpo (1,2) u He BKITIO-
yaromue ero. [Ipo BTopoii kiiacc MOXKHO cKa3aTh, YTO TypbI 3TOTO Kiiacca «cTosi™» 35 u 6onee — 310
HWDKHSISI TpaHuIa kiacca. YToObl MCCIeoBaTh Najbllle MEPBBIA KIACC, BRIYCPKHEM M3 MATPHUIIBI T)
MIEPBYIO CTPOKY M BTOPOU CTOJIOCI — MOyIrM MaTpuily J). UToObl He OBLIO ITUKIIA, HAJO TTOCTABHUTH
3anpeTr B KieTke (2,1). DTy mMaTpHily MOKHO NMPUBECTH HA | MO mepBOMy CTOJIOIY, TAKUM OOpa3oM,
OIIeHKa 3Toro knacca — 35. OneHnuM HyJIM B 3TOM MaTpuile (CM. MAaTPHILY €)).
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CHoBa BbIOMpaeM kietky (3,1) ¢ HaubOonblIel oLeHKON Hyisl, paBHOM 3. OneHka Ui Kiacca
«6e3 (3,1)» paBHa 35+3=38. BeruepkuBaem CTpoky 3 u ctonben 1 u cTaBUM 3ampeT Ha IPEKIeBpe-
MeHHOe 3amblkaHue (2,3) (MaTpuia x)).

x) 3) n)
3 4 5 6 3 4 5 6 3 4 6
201- 4 1 ofl2]- 3 1 o] 2- 3 ¢
410 - 1 31|4]0 1 3] 4]0 - 3
510 1 - of5]0 0 - 0|50 0 -
63 3 0o -|61]3 2 0 -

DTa Marpuiia MPUBOAUTCS 1o cToiomy 4 Ha 1. Takum oOpaszoM, moiry-
yaeM MaTpHily 3) U OLeHKY kiacca 35+1=36. Hyns ¢ makcumanbHOU
OlleHKOH 3 HaxonuTcs B KieTke (6,5). oTpULaTeabHbId BapUaHT UMEET
olleHKy 36+3=39. [l OLIEHKH IMOJIOXKUTEIHbHO BapUaHTa BBIYEPKUBAEM
cToyiberr 5 u CTpoKy 6, a TakyKe CTaBUM 3arpeT B KiIeTky (5,6). [Tomy-
YUM MAaTpHIly M), KOTOpass HENpUBOJMMA M HE YBEIUYHBAET OLICHKY
kiacca. Jlanee moiydyaeM BETBIIEHHE IO BBIOOPHI pedpa (2,6), oTpuna-
TENbHBIN BapUaHT UMeEET OLleHKY 36+3=39. Jlanee BbIYEPKUBAEM CTPO-
Ky 2 ¥ cToJ0e1] 6 ¥ CTaBUM 3ampeT B KIETKY (5,3) - moaydaercst MaTpH-
1a k). Teneps, Koraa octagach MaTpulia 2 Ha 2 ¢ 3allpeTaMy IO JIuaro-
HaJM, JOCTpauBaeM Typ pedpamu (4,3) u (5,4). Mbl nonyuywnu typ 1-2-
6-4-3-1 croumocTtsio B 36. Ha pucyHke crpaBa moka3aHo JI€pEBO BETB-
JIEHUH U OLICHKHU BapUaHTOB.

Tenepb MOXKHO HaudaTh OTOpachiBaTh BapuaHThl. Bce kiacchl, uMeromue OneHKy 36 u BbILIE,
Jdydiiero typa He coaepxkar. [losromy oTOpacbiBaeM Bce BEpIIMHBI JiepeBa mepedopa, HMEroIue
OLIeHKY 36 M BBbIIIE, a TAK)KE BEPILIUHBI, Y KOTOPBIX «yOUTHD 00a nmoToMka. OcTajioch NMPOBEPUTH, HE
COJICPXKUT JIM JIy4Iiero Typa kiacc «6e3 (1,2)». s 3Toro B MpuBEICHHON MaTpPHIIC B) TOCTAaBUM 3a-
npet B ki1etky (1,2), mpusenem ctonber 2 Ha 1 u ouenuM Hynu. [lomydeHHast MaTpuLa J1) NpUBEJeHA
HIDKE.

uy) M)

1 2 3 4 5 6 1 2 4 5 6
Lf- - 0 3 3 6 20 - 4 o0 1
200 - 1 4 1 0 30 - 1 0 o 3
301 1 - 0 o0 3 414 4 - 1 3
414 4 0 - 1 3 514 1 1 - o
514 1 0 1 -0 6|7 0o 3 0 -
6|7 0 3 3 0 -

Onenka Hyneit gaer 3 nns (1,3), 103TOMy CTOMMOCTH OTpHUILIATENBLHOrO BapuaHTta 35+3=38 npeBocxo-
JUT CTOUMOCTD YK€ MOJIYyYEHHOTO Typa U OTpULIATEIbHbIN BapHaHT OTCeKaeTcs. J{iIsl OLleHKH MOI0KH-
TEJIHLHOTO BapUaHTa BBIYEPKUBAEM MEPBYIO CTPOKY U 3-H cronberr, ctaBuM 3ampeT B (3,1) u momyyaem
MaTpuiy M). OHa NpUBOJUTCA MO CTpOKe 4 Ha 1, MO3TOMY OIIEHKA MOJOXKHUTEIBHOTO BapHaHTa paBHA
35+1=36 u 3TOT KJIacc Takxke oTOpackiBaeTcsl. TakuM 00pa3oM MbI MOJTyUHIM MUHUMAJIBHBIN TYP.

XOTs TEOPETUYECKUX OLIEHOK OBICTPOJECHCTBUS 3TOTO U MOAOOHBIX AITOPUTMOB HE MOJIYUYEHO, Ha
MPAKTUKE OHU YaCTO MO3BOJISIFOT PEINTH 3a1a4uu ¢ n=100.

Memod cny4aliHbix nepecmaHOB80K

Jlig Toro, yToOBl MPUOIMKEHHO peliaTh 3a/adyy KOMMUBOSDKEpa AJis OOJNBIINX N, HA MPaKTHUKE
4acTO MCIOJIB3YIOT METO/l CIIyYalHBIX IIEPECTAaHOBOK. B anroputme noBTOPSAIOTCS CIEAYOIINE IIAru:

1. BpIOpath ciyqaitHeIM 00pa3oM HOMEpa BEPIIUH i1 U j B MEPECTAaHOBKE.
2. Ecnm npu nepecTaHOBKE BEPIIWH C HOMEpPAMH i M j JUIMHA IYTH YMEHBIIMIACH, TaKas IepecTa-
HOBKA IMMPHHAMAETCH.
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Takoi MEeTOJ HE TapaHTUPYET, UTO OyAET HAlZICHO TOYHOE PEIICHUE, HO OYEHb YacTO MO3BOJISET Hal-
TH IPUEMIIEMOE PEIIEHUE 32 KOPOTKOE BpeMs B T€X CllydasiX, KOrja Ipyrue aaropuTMbl HEIPUMEHHU-
MBI.

3agava o napoco4eTaHusAX

dopmynuposka 3adaqu

3agaya. Ecth m MyX4MH U n xeHIIMH. Kaxaplii My>)KunHa yKa3bIBaeT HECKOJbKO (0T 0 10 n) *eH-
IIMH, Ha KOTOPbIX OH COTJIaceH >KeHUThCs. Kaxkaast )KeHIMHa yKa3bIBaeT HECKOJIBKO MY>kuuH (0T 0 10
m), 32 KOTOPBIX OHA COIVIaCHA BBINTH 3aMysK. Tpelyercs 3aKIOUUTh HauOoJIblIee KOJINYECTBO MOHO-
raMHBIX OpaKoB.

Jlnis hopMyIMPOBKY 3a/1a4M B TEPMUHAX TEOPUH IpadoB HAJI0 BBECTH HECKOJIBKO ONPEACIICHUH.

JIBy10JBbHBIM Ha3bIBaeTcs rpad, Bce BEpUIMHBI KOTOPOTo pa3OuThl HA JBE A0NM (4acTu), a pedpa
IIPOXOJAT TOJIBKO MEXKIY BEPIIMHAMHU Pa3HBIX YacTeH.

ITapocoyeTaHueM Ha3bIBACTCS MHOKECTBO pedep, He MMEIOIMIMUX OOLINX BEPIIHH.

Takum o06pa3om, 3Ta 3a7a4a paBHOCUIIbHA CJICIYIOIICH:

3agauya o HaubGoJIbIIEM apocoYeTaHuM. B 3a1anHOM nBY0JbHOM rpade HaWTU HANOOJIbIIee apo-
COYETaHHE.

Jns onucanus rpada BBEAEM MaTpUIly BO3MOXKHBIX OpakoB A={aij}, rie aj;=1, €M BO3MOXKEH
Opak Mexay MyXuuMHOM i (i=1..m) u xeHmuHoi j (Jj=1..n) (0b6a corymacHsl) u a;;=0, eciu
Opak HEBO3MOJXKEH.

Hdocmuxumocmb eepuwiuH e 2paghe
I[J'I}I Ha4valla pelIuM BCIIOMOT'AaTCJIbHYIO 3a1a4y, KOTOpas l'IOHaI[O6I/ITC}I B ,Z[aJ'IBHCf/’IH_IeM.

3agaua o noctwzkumocTH. Haiftu, kakue BepIIMHBI JOCTHXHUMBI B 3alaHHOM OpPUEHTHPOBAHHOM TI'pa-
(e 13 TaHHOH BEpIIUHEI S.

DTa 3a71aua peniaeTcsi ¢ IOMOIIBIO AITOPUTMA, OYE€Hb MOXO0KET0 Ha alroput™M JlefikcTpel. 3aBeieM Tpu
BCIIOMOTaTeNbHbIX MaccuBa Q, R v P pasMepoM n, TAE€ n — YUCIIO BEPLLUUH:
e B MaccuB Q OyzieM 3amuchiBaTh HOMEPA BEPIIHH B MOPSAIKE UX MPOCMOTpPA (HAaUMHAA C S);
e B MaccuBe R dneMeHT R;=1, eciu y’ke HalJeH IIyTh U3 S B i, U R;=0, €ciau HU OJUH IIyTh HE
HaWeH;
® B MaccuBe P 3jieMEHT P; €CTh HOMEp MPEANOCIeIHEN BEpIINHbI HA MMYTH OT S K i, win P;=-1,
€CJIM HU OJIMH IyTh HE HAlJEH.

I[Be NEPpECMCHHBIC a U Z 0003HAYaIOT HAYAJIO U KOHCI «pa60qel71 obmacTh» MaccuBa 0. TenepL MOXHO
IMPUBCCTH AJITOPUTM. OH cocTouT U3 ABYX qacTeu.

NHuyuanusayus

Hadath ¢ BepiuHbl S, HE OJTHA M3 BEPIIIMH HE PACCMOTPEHA!
1. IlpucBouts a=0; z=0; Q[0]=s;

2. Jlna Bcex i mpucBouts R[1]=0, P[i]=-1;
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O6wul wae

B numkie paccmoTperh Bce BepIIMHBI oprpada, KOTOpble JOCTHKHUMBI HETOCPEACTBEHHO U3 Q[a].
Ecnm myTh 10 BepmmHb! k emie He ObLT HalieH (To ecTh Re=0), cienaTh

l. z ++; Q[z] = k; P[k] = Q[a]l; R[k] =1;

2. a ++;

[ToBTOPSITH OOIIMIL IIIAr TIOKA & <= Z.

[Tokaxem paboty anroputrMma Ha npumepe. Haiitu BepuinHbl JaHHOTO rpada, JOCTHKUMBIE U3 BEpIIH-
uel 1. [TocnenoBaTenbHO HMeeM

PaccmoTtpena BepiuHa 2: e

e Q9 = {1, 2}
S A o ot

e P=[-1,1, -1, -1, -1, -1, -1]
PaccmoTtpens! BepiiyHbl 3 u 4: e
e Q=1, 2, {3, 4}
e R=1[0,1, 1, 1, O, O, O]
e P=1[-1,1, 2, 2, -1, -1, -1]

Paccmorpena BepimnHsl S:
e Q=1, 2, 3, 4, {5}
e R=1(0,1,1, 1, 1, 0, O]
e P=[-1,1, 2, 2, 4, -1, -1]

[Tocne 3TOro HOBBIX JOCTHKUMBIX BEPIIMH HET, paboyas 30Ha MaccuBa Q (B (GUTYpHBIX CKOOKax) 3a-
KOHYMJIACh.

MaccuB P MOKHO «pacKpyTUTh» Kak B anroputMme [lelikctpel. Hanpumep, BepmnHa 5 10CTHXH-
Ma u3 4, BepmnHa 4 —u3 4, a 2 — u3 1, noaTOMy CylecTByer nytb 1-2—4-5.

Memod yepedyrowuxcs yeneu

3amaya 0 HauOOJIBIIEM TMAPOCOYETAHUU PEIIAETCS METOIOM
yepenayromuxcs uemneu. [lycte M — HEKOTOpoe MapoCOYETaHUE B JIBY-
noibHOM rpade B. PeGpa, koTopeie BXOaAT B M, OyjemM 0003Ha4YaTh
TOJICTBIMU JIMHUSIMH, @ BCE OCTaJIbHbIE — TOHKUMH. Llenb, B KOTOpyIO
BXOJISIT TIOOUYEPEAHO KHUPHbIE U TOHKUE peOpa, OyneM Has3bIBaTh 4e-
penytoeiics. Hanpumep, nens (1, 6, 2, 8) — uepenyromasicsa. Ilo
OTIPEICIICHUIO TIETh M3 OJJHOTO pedpa TOKE Yepeayonascs.

BepuimHbl, KOTOpBIE CBSA3aHbBI C KUPHBIMH peOpamu (y4acTBYIOUIMMH B ApOCOYETAaHUH), HA3bI-
BAIOTCS 3aHATHIMHU WK HAaChIIeHHbIMH). OCTanbHbIe BEPIIMHBI HA3bIBAIOTCS CBOOOIHBIMHU HJIH He-
HACBHIIEHHBIMU.

O4eBUAHO, YTO €ciH B rpade ecTh Ienb, KOTOpas HAUMHAETCS U 3aKaHYMBAETCS Ha CBOOOIHOM
BEpIIMHE, TO B HEl TOHKUX pebep Ha 1 Gomblie, yem KXUpHBIX. [[03TOMY Takylo Iemb MOXKHO «Iepe-
KpacuTh», TO €CTh 3aMCHHUTH BCE JKUPHBIC peOpa TOHKHMH © Ha000poT. [lpu sToM map craner Ha |
00JIbIIIe, TO €CTh PEIICHHUE YIIyUIIUTCs. Takas 1merb Ha3bIBACTCS YBEJIMYHBAKOIIEHCSI.

Mo>HO 10Ka3aTh, YTO MAPOCOYETAHUE SBIIAECTCS HAWOOJBIIMM TOT/Ia U TOJIBKO TOTJa, KOTJa B
rpade HeT yBenuuHuBarOMXcs 1eneil. Ha 3Toit naee ocHOBaH CleMyIONIHIA aIrOpPUTM.

1. TlocTpoum HayambHOE MAPOCOUYETAHUE «KATHBIMY» AITOPUTMOM: OyJeM OpaTh MO oyepeau Hesa-
HATBIE BEPILINHBI IEPBOM YaCTU U, €CIIU CYIIECTBYET AOMYCTUMOE pedpo, BBOAUTH €T0, HE AyMasi
0 MOCTIEICTBUSX.

2. CrpouM OpHEHTUPOBAHHBIN rpad Tak: Bce AyrH, BOLIEALIME B MAapocodYeTaHUE (KUPHBIE») Ha-
IIPABJIIEM BBEPX, & BCE OCTAJIbHBIE — BHU3.
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3. IIpocmarpuBaem Bce CBOOOIHBIE BEPIIMHBI MEepBOi 4acTu. Eciim cpeam AOCTHKUMBIX BEPIIUH
€CTh HE3aHsATAasl BEpLUIMHA U3 BTOPOU YAaCTH, TO €CTh YBEINYHUBAIOIIAsACA Lielb. Ee Hafo yBenuunTh

Y TIEPEITH CHOBA K MyHKTY 2.
4. Ecnu yBenIWYMBAIONINXCS IENEH HET, TOTYyYeHO HauOOIbIIee MapocodYeTaHue.

Hampumep, rpad Ha pucyHke a) (mapocoyeTaHUe MOTYUYEHO «KaTHBIMY» aJTOPUTMOM) TTOCIIC BBEACHHS
OpUEHTAIINH MPUHUMAET BUJI 0).

N3 cB0OOAHOM BEpIIMHBI S TOCTHXKUMBI BepiiuHbl 7, 3, 4, 9 u 10, npudem u3 HuX BepmuHa 10 cBo-
00/11Ha, TO €CTh CYIIECTBYET yBeIUuMBaromascs uens (5, 9, 4, 7, 3, 10). Ilocne ee yBenuuenus momy-

yaeM HauOoJIIblIee MapocovyeTanre (PUCyHOK 8).
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