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1 bwuroBble onepaiun

Kaxk u3BecTHO, B KOMIBIOTEPAX OOBIYHO TPUMEHSETCS TBOUYHOE ITPeJICTaBJIeHHne THCIIA.
Ceituac Hac He OyJIeT MHTepPECOBATH MpeJCTABIEHHE YHNCJIa B apXuUTeKType X86, Mbl OyiaeMm
CYUTATh, YTO YUCJIO 3alUCHIBAETCH TaK, KaK TO HPUHATO: CJEBA CTOAT CTapIlue pa3ps/ibl,
cIpaBa — MJIAJIIIHE.

Ml u3ydum cjeyioniue onepanuu, KOMOMHAIIUSAMEI KOTOPBIX Oy/IeM JJ00UBATHCA HY KHBIX
pe3yabraroB: orpunanue (3amena Bcex 0 Ha 1 w Ha0b6OpPOT), WM, W, UCKIOYAKOIIEe WIH
(mopaspsijiHoe cJIoXKeHne 110 MO0 2). Omepaliu 3aMiChBAIOTCsI, COOTBETCTBEHHO, KaK
I, &, ~.

Kpowme Toro, cyrmiecTByer erie jiBe onepaiii, KOTOpble HaM IIPUTOJLATCH: CABUT BJIEBO U

) 3
CJIBHT BIPABO (¢ TOMOJIHEHHEM HYJISIMU CIIPABA U CJI€Ba COOTBETCTBEHHO). OHI 0003HAYAIOTCH,
KakK << # >>,
PaceMoTpuM HECKOTBKO TPUMEPOB.

1. YcranoButh k-biif cnpapa OuT uuciaa n B 1. Pasmeanm omepanmio Ha JBa dTama: Co-
3/laHKe YHCJa C eJMHCTBeHHOW 1 Ha k-O0ff MO3UIMKM U JIOTMYECKOe MJIM C IePeMeHHOM

B 6urosbIx Oollepanugx TaKxKe MOXKHO HCIIOJIb30BaTb COKPalll€eHHYIO 3allUCh onepaunﬁ.

2. Tlpoeeputs, siByisiercs Jin k-biit 6uT mepeMeHHON N e IMHATEH. 3/1eCh BCE JIe/1aeTC TOUTH
TaKKe.



Ecan j otmmano ot 0, To k-b1it 6T ObLT 1, mHAYE (.

3. I[lpoBeputh, €cThb JIU B IBOMIHOM 3amucH dnucaa n xoTs 061 ogun 0. Maes 3akmouaercs
B CJEIYIONIEM: CO3/IaJINM ITepeMEeHHYIO, MOJHOCTBIO COCTOSIIYIO0 W3 €IUHUI], a 3aTeM
CpaBHUM C N.

J=0;

J= 71
Eciu n n j coBnamaroT, TO HU OJTHOIO HYJIS B 3allUCH N HET.

4. YcranoButh k mpaBbeiX OuT mepemennoit n B mysm. g pemenus 9Toi 3aga4Yd BOC-
MOJIb3yeMCsl TIPUMEHEeHUEeM Oleparyii ¢JBura Bupaso (IPH 9TOM CaMble TPABbIe GHTHI
yﬂaﬂHTCH) 1 CABHI'a BJICBO Ha TO K€ KOJINYCCTBO 9JIEMCHTOB (STI/I ITO3UINHN 3aIIOJTHATCA

HYJISIMU ).
n >>= k;
n <<= k;

5. Jlano n uncesi, KazxKa0€e U3 KOTOPHIX BCTPEYALTCH B IIOCJEI0BATETbHOCTH JIBA WA KPaT-
HOE JIBYM YHCJIO pa3, KpoOMe OJIHOT0, KOTOPOe BCTpedaeTcs HedeTHoe dnciio pa3. Heob-
XOIUMO HAUTH 3TO YHCJIO.

g penrerns 3TOU 337291 CJAelyeT BOCIOJIB30BATHCS CJEIYIONIUMHI YTBEPKIeHUSIMHU:
x Az =0 («r UCKI0YAIIee WK T TOXKJIECTBEHHO PABHO HYJIIO» WM <X HCKIHOYAIO-
mee win x papao 0 st 060ro x») u (z Ay) Az = y. Vexoast u3 9TUX cooGpazkeHuit
MOZKHO TPOCTO IPUMEHHTDH MCKJIIOYAION(ee Wil (<«IIOKCOPHTH» ) BCE YUCJIA, U B PE3YJlib-
TaTe OCTAHETCS MCKOMOE JUCJ0, T.K. BCTpedaloleecd YeTHOe KOJUYEeCTBO pa3 ducia
COKPATSATCH.

k = 0;

For (i, n) {
scanf ("%d4d", &x);
k "= x;

}

JIoBOJIBHO YACTBIM IIPUMEHEHHEeM OMTOBBIX OIEepalluii ABISIIOTCS OUTOBBIE OYIEBCKHE MacCH-
Bbl (OHH 3aHMMAIOT B 8 pa3 MeHbIIIe HaMsITH, 9eM OObIYHBbIe OyJIeBCKHE MAaCCHBbBI, T.K. s
XpaHeHHsT 3HAYeHUsT <HCTHHAY WJIH <JI0XKb» JOCTATOYHO OJHOTO OWUTA).

OrnpejiesiiM KaK KOHCTAaHTY MaKCHMAJIBHBIN pa3zmMep MaccuBa. Mbl OyieM UCIOIb30BaTh B
KadecTBe HOCUTEJsI TUII int, KOTOPBIH cocTouT u3 32 6uT (B COBPEMEHHBIX KOMITUIATOPAX ).

#tdefine MAXN 1000
int bitarr[MAXN];

Taxum obpazom, Mbl oryduM mMaccuB u3 32000 owur.

Omnuriem tpu yukiun set(n) — ycranoBky n-ro 6ura B 1, unset(n) — ycTaHoBKYy n-ro
outa B 0 1 get (n), KoTopas OymeT BO3BpalIaTh 3HaUeHne n-ro 6uta. Bee st onepanun Mbl
yKe paccmarpuBaiu (yeraHoBky 6uta B 0 u 1 u mosydeHue 3HaYeHus: OUTA), HOITOMY MPHU-
BeJIEM IIPUMEDP TOJBKO OJHOM n3 yHKIMil, HapuMep, get (int n), a ocTajbHbIE HECJOAKHO
C/IeJIaTh 10 AHAJIOTHH.



int get(int n)
{
int seg, off, j = 1;
seg = n / 32;
off = n % 32;
j <<= off;
if ((bitarr[seg] & j) != 0) return 1;
else return O;

}

31ech seg — WHJEKC 3J7eMeHTa B MAacCUBe, Ky/la NoaieT JaHHbIH OuT, a off — HOMep OuTa
B 9TOM 3JIEMEHTe.

Ciieryer 3aMeTuTh, 9TO TAKO MeToy padboraer MejjieHHee, 4eM OObIYHbI OysieBCKuit
MaCCHB ¥ JIOJIZKEH HMCIOJIb30BATHCH TOJBKO B CAy4YadX, €CJAU HAM O4eHb KPUTUYHA MTaMATh
UM CYIIECTBYET HEOOXOIMMOCTH B KakKoil jinbo crenupuydHoil mpoBepke, HAIIPUMeEp, HaWTH
xoTs Ob1 onuH 0 cpegu GOJBIIOTO KOJIUYIeCTBa, 1.

2 Crekn

CTekoM HA3BIBAETCS CTPYKTYPA JAHHBIX, B KOTOPOil JaHHbIE, 3AITMCAHHBIE TEPBBIMU, 13-
Biekatorcst nocaeqaumu (FILO: First In - Last Out). Hanpumep, ecjin Mbl 3alucand B CTeK
yncaa 1, 2, 3, To IpU TOCJENYIONEM U3BJIeYeHUN TTOaydIuM 3, 2, 1.

V100HO 1IpeJICTaBUTh CTEK B BUJIE Y3KOI'O KOJIO/IA MM PIOK3aKa, B KOTOPBIH Mbl MOXKEM
KJIACTDh MPeJIMET TOJHKO HaBepPX W 3a0UpaTh TOJbKO BEPXHUIl IIPeMeT.

M#b1 Oyzmem peasn30BBIBATH CTEK Ha OJHOMEDHOM MaCCHBE, a yKas3aTejeM Ha BEepITNHY
creka ([mepBblil ¢cBOGOIHBIN JIEMEHT B MACCHBE) B TAKOM CJIydae Oy/IeT MeJOYHCTeHHAs TTepe-
MeHHas — WHJeKC cBOOOMHOTO yteMeHTa. g cTeka ompeiesiensl aBe onepanuu push(x) —
3alMCATh B CTEK 3JIeMEHT (B HAIIEM CJIydae — 4ucio) u pop() — U3BJIEUDb U3 CTEKA JIEMEHT.

Pasmep creka, Kak 1 00BIYHO, OLPEJICJINM B BHJIE KOHCTAHTHI:

#define MAXN 1000

CaM crek Oy/ieM OIHUCHIBATH B BHJIE CTPYKTYPHI.

typedef struct
{

int sp;

int val[MAXN];
} stack;

Mpb1 MOXkeM co37aBaTh CTEKH, IPOCTO HAaNKcaB, HAITpUMep, stack a, b;.

[Ipu nepeade napameTpoB (pYHKIIMH HAM HYKHO OyIeT YKa3bIBaTh, ¢ KAKUM KOHKPETHO
CTEKOM Mbl XOTUM PaboTarb, a 4TOObI JAHHbIE HE KOIMPOBAJIKUCH, OY/JIeM lepejaBarb UX 110
yKa3aTeJto.

void push(stack *s, int x)
{
s->val[s->sp++] = x;

}



int pop(stack *s)
{
return s->val[--s->spl;

}

B dyunkmuu push mbl 3anucbiBaeM J1I0O6ABISEMbIil 3/IeMEHT B MEPBYIO CBODOJHYIO MO3U-
IIWIO, & 3aTeM YBeJNYnBaeM ee HoMep (HOCTHHKpeMeHT). B yHKInu pop Mbl yMeHbITaeM
yKa3aTesib Ha BEPIIMHY cTeKa (IPeIEKPEMEHT), a 3aTeM BO3BPAIaeM 3HAUYEHUE U3 TOCTe THel
3aHATON d4YelKu.

JIJ1sT CTEeKOB CO3MAHHBIX B CTATHYECKOI TaMATH (TaK, KaK MBI CO37aBAJIN UX B IPUMepe),
BBI30BBI (DyHKIUI OyayT BbiNIgaeTh Kak push(&a, x); x = pop(&a); rae x — 4ucio, a
a — crek. [lepea 3TuM HEOOXOINMO WHUIHAIH3UPOBATH YKA3aTEIb Ha BEPINHY CTEKa HYJIeM
(s.sp = 0).

CroxkHOCTh 00eux oneparuit Haj crekoMm cocrasiser O(1).

Ecimm mam OyayT HEOOXOAUMBI KAaKHUe-TO JIOHNOJTHUTENbHBIEe (DYHKIUHA PAOOTHI CO CTEKOM,
(HampuMep, oIpe/iesIeHne IyCT JIM CTeK WM KOJIMIeCTBa SJIEMEHTOB B HEM ), TO BCIO HEOOXO/H-
MyT10 nH(MOPMAIIIO MBI MOXKeM HaiiTu B mosie sp. HamoMmuanM, 910 sp — TekyIiee KOJInIecTBO
3JIEMEHTOB B CTEKeE.

[Ipu mmanupoBaHuu pa3Mepa CTEKa HAJ0 YUHTHIBATH He 00Ilee KOJUYECTBO JIEMEHTOB,
a MaKCHMAaJIbHOE KOJMYECTBO OJHOBPEMEHHO HAXOJSAIINXCS B CTEKE JEMEHTOB (XOTS 4acTo
9TH 3HAYEHHS COBIIAJAIOT).

CTekn HMCIOAB3YIOTCI JOCTATOYHO YacTO W B OOJBIIMHCTBE APXHUTEKTYP KOMIIBIOTEDOB
peann3oBaHbl anmapario. OIHO W3 TPUMEHEHWH CTEKOB MBI PACCMOTPUM HUZKE.

3 QOuepenan

Odepenb UMeeT HHTYUTHBHO MOHSATHOE Ha3BaHUe. DJIEMEHT, KOTOPBIA MOMaI B OUYepe/ib
paHbIe, BHIHIET U3 Hee TaKzKe PaHbIIe (T.e. JeMEeHTHl U3BJICKAIOTCS B HOPSIKE MOCTYILIe-
uust). [To-anrmiicku ouepesp HazbiBaeTcst queue («kbioy) win FIFO (First In - First Out).

Odepenb MbI Oy/IeM peaH30BBIBATH HA OJHOMEDHOM MAaCCHBE, AHAJOTHYHO CTeKy. 1yT
HaM IIPUJIETCA HEMHOIO OTOWTH OT aHAJOIHUH ¢ PeaJbHOCTBIO I HOBBINIEHUS IIPOU3BOJIN-
TeJIbHOCTH. Ec/ peaan30BhIBATD OUepeIb B IIPOrpaMMe Kak Ouepeb B MarasuHe, Ie JIOLH
IIOCTEIIEHHO JIBUTAIOTCS K KACCe, TO U3BJIEUYEHHE JJIEMEHTa U3 odepenu Oyjer uMeTh CJIOK-
#HocTh O(N), rie N - KOJIMYeCTBO 3JIEMEHTOB B 04Yepe/ii ), T.K. BCe 3JIeMeHTh Oy/1eT HeoOX0o1u-
MO TIepeIBUHYTh. [0pa3mo yaobHee B HaIel CUTYaluu MepeMeInarTh «Kaccy», T.e. M3MEHATh
yKa3aTe/b Ha HAYAJ0 OUePe/In.

OIHAKO B 9TOM CJIydae BOSHHKAET JIpyTrasi MpoOIeMa: ecJIi B IPEJBIIYIIEM CIy4ae pa3Mep
OYepe I OrPAHUIMBAJICH KOJUIECTBOM OJIHOBPEMEHHO HAXOJSAIIAXCA B Hell 3/1eMEeHTOB, TO
3J1€Ch HAM HEOOXO0AUMO OyIeT CO3/aBaTh OUepe/Ib ¢ PA3MEPOM, PABHBIM O0IIEMY KOJIHIECTBY
3JIEMEHTOB, KOTOPHIE B Hell TTOOBIBAIOT.

D1y mpobIeMy MBI PEIINM, 3aKOJbIEBaB 0uepeib. MOKHO MpeIcTaBUTh KPYT, IJ1e MoMe-
YeHbl JIBe MO3HIMH — C KAKOH YXOIMTh, M HA KAKYIO CTAHOBHTHCA HOBOMY 3jeMeHTy. Jljig
9TOrO B peasiu3aliuu Mbl OyeMm Oparhb 0ba ykasaress 1o moaysaio MAXN.

Ouepenpb TakKe peajnsyeM B BUJE CTPYKTYPbL:

typedef struct



int qh, qt;
int val[MAXN];
} queue;

Terepb MBI MOXKEM CO3/1aBATh OYEPE/H, IPOCTO HAIMCAB queue a, b;/
Jlnst ogepenn cymecTByer JiBe Omepaliy: U3BAedb djeMeHT u3 rofossl (head) owepen
(deq) u n06aBuTH 3y1eMeHT B XBocT (tail) ouepenu (enq)

void enq(queue *q, int x)

{
q->val[(q->qt++) LMAXN] = x;
}
int deq(queue *q)
{
return q->val[(g->gh++)%MAXN];
}

Kak u B mpornuisiit pa3, HeobXoauMo mnepejiaBaTh B (DYHKIUHA yKa3aTesb, T.e. UX BbI30B
JIOJI’KEeH BBITTIAIeTh Kak: enq(&a, x); x = deq(&a); rme x — umcso, a a — odepenb. Tax
JKe, KaK M B CJIydae cO CTeKOM, Mbl JIOJ’KHBI TPeIBAPUTENHbHO HHATIHATU3NPOBATE 00a YKa-
3aTesd ouepeau HyaaMmu: a.qt = 0; a.qgh = 0;

[Tpuznakom TOro, 9T0 OYepe/h MyCTa WU MEPEIO/HUIACH, CJAeAYeT CAUTATh PABEHCTBO
nosteit qt u gh. KommaecTBo as1eMeHTOB B 09epenn onpe/iensieTcs Tak: qlen = (qt-qgh)%MAXN.

Odepeii 9acTO UCHOJIB3YIOTCA B KadecTBe OydepoB ¥ BO MHOIUX YCTPOMCTBAX peasin30-
BaHBI alllIapaTHO.

4 Jlekn

Hexom (deque) HasbIBaeTCsl CTPYKTYPA, B KOTOPOIi 100aB/IEHIE U U3BJIEICHIE SJIEMEHTOB
BO3MOYKHO € JIBYX CTOPOH. T.e. 9T0 HEKOTOpas cMech CTeKa W OUePe]Ih.

Jl1d neka MOXKHO HCIOJTB30BATH aOCOMIOTHO Ty YKe CTPYKTYDPY, UTO Il OdYepeju, HO
dbyuknuii 6ymer yxe 4 (obabienne u u3BI€YCHEE B HAYa 0 U B KoHen). /{nga Takoii cTpyk-
TYPBI JJAHHBIX Mbl IPUBEJEM TTPOCTO UCXOIHBII TEKCT, BCE JIEJAETCs TOJTHOCTHIO aHAIOTHIHO
CTeKaM U OvYepessM.

typedef struct

{
int dh, dt;
int val[MAXN];
} deque;

void push_front(deque *d, int x)
{
if (d->dh < 1) d->dh += MAXN;
d->val[(--d->dh)%MAXN] = x;



void push_back(deque *d, int x)

{
d->val[(d->dt++)%MAXN] = x;
}
int pop_front(deque *d)
{
return d->val[(d->dh++)%MAXN];
}

int pop_back(deque *d)
{

if (d->dt < 1) d->dt += MAXN;
return d->val[(--d->dt)%MAXN];
}

EjauncrBennoe yc/jioKHEHHE COCTOUT B TOM, 4TO Mbl JI0O0ABUJIM ITPOBEPKY HA TO, YTOOBI
yKa3aTesu He CTAHOBUJIMCH OTpHUIATE/hbHBIMU. TOT/1a onpejeeHne KOJINIecTBa 3J1eMEeHTOB B
JieKe OyJeT BhITJIsIIeTh CJIeytonmM oopasom: dlen = a.dt>a.dh?(a.dt-a.dh)MAXN:MAXN-(a.dh-a.dt)?
YTO SKBHBAJICHHO 3aIIUCH:

if (a.dt > a.dh) dlen = (a.dt-a.dh)MAXN;
else dlen = MAXN - (a.dh-a.dt)%MAXN;

3nech a — jgek. HamoMuuM, 4TO mepej HCIOJIb30BAaHUEM JeKa CJIeIyeT YCTAHOBUTH B HOJIb
noJst dh u dt.

5 Kyun

Kyua (mo-anrawmiickn heap) — cTpyKTypa JaHHBIX, KOTODast
MOKET BbIJIABATh MUHUMAIBHBIN (MM MaKCHMAJIbHBI) SJeMeHT 1
3a O(1), mobaBienne HOBOrO JI€MEHTA U yIaJeHHEe MHHAMAJIb- 6
roro anementa npoucxomut 3a O(log N) (e N — Koamdectso
3JEMEHTOB B Kyue). /Ipyrue onepanun HaJl Kydeil He OMpeeaeHbl
(xoTst Ipu HEOGXOAMMOCTH MOTYT ObITh BBEJIEHBI, OJHAKO 3 dek-
TUBHOCTH WX OY/JeT HEBBICOKOH, W OHU OOS3aHBI MOJIEPKUBATH
CBOMCTBA Ky4H).

Jlpyroe HazBaHWe Ky4YW — O4Yepelb C MPUOPUTETAMH, UTO H
OTPazKaeT ee CYIIHOCTD.

Cpa3y nepeiiieM K PacCMOTPEHWIO PeAJM3AINN KydId Ha OjHOMepHOM Maccuse. HazoBem
9JIEMEHTBI C MHICKCAMH ¢ X 2 + 1 1 ¢ X 2 + 2 mOTOMKaAMU 3JIEMEHTa C UHIAEKCOM 7. DJIeMEeHT
1 Oy/leT Ha3bIBATHCS TPEJIKOM ITUX 3TeMeHTOB. Hec0:KHO 3aMeTHTh, 9TO TOTOMKH JIBYX
PA3HBIX 9JIEMEHTOB He MepPeceKaroTes, M KayK/IbIi JIeMeHT, KpOMe HYJIEBOTO, SIBISeTCA IbUM-
60 moToMKOoM. OCHOBHOE CBOMICTBO KYUHM: KayKJbIHl 3JIeMeHT He OOJIbIe CBOMX MOTOMKOB.

Hanpumep, maccus 1, 6, 8, 7, 12, 9, 10 mMoxkeT siBAsiThCst Kydeil (HAIIOMHUM, 94TO WHJIEK-

Puc. 1: [Ipumep kyun

Callid B MaCCHBE Ha4YMHaAECTCA C HyJ’IH).



st XpaHeHus: Ky4u CO3J/Ia/IUM CTPYKTYPY, AaHAJOTHIHYIO TPEJIBI LY ITAM:

typedef struct
{

int hs;

int val[MAXN];
} heap;

Omnurtmem Tpu dysKImu. B mepyro odepesas HamuiieM (DyHKIUIO, BO3BPAIIAIOILYI0 HAU-
MeHbIui 31eMenT. OHa OyIeT 0OUYeHb MPOCTasd, T.K. U3 CBOMCTBA KYUHU CJIeyeT, YTO MUHUMYM
HAXOJUTCS B HYJIEBOM dJeMeHTe:

int get_min(heap *h)
{
return h->val[0];

by

[lepen ucnoab3oBaHneM 3TOH (DYHKIMHA HEOOXOIUMO 00s3aTeTHHO TIPOBEPUTDH, UTO Kyda
He mycTa!

Caenytomeit ompeeinM QyHKINIO H00aBIeHIs 1eMeHTa B Kydy. HoBbiit sjiemMeHT Oy/1em
,Z[O6aBJIHTb B KOHE€Il Ky4Hd, a 3aTeM O6MeHI/IBaTb ero ¢ mnmpeakoM, IokKa OH MEHbIIe, 9YeM €ero
IPEIOK WU MBI He JOCTULJIN HYJeBOro mHjekca. [Ipu sToM cBOHCTBO Kydn He HAPYIITHTCS.

(3)
10(7) 5(3) 10(7) 8(8) l0(7) 8(8)

Puc. 2: Jlobapiaenne B Ky4y (CpaBHUBBIEMBIE ST€MEHTHI BBIICICHDI)

void add_heap(heap *h, int x)
{
int y, pos=h->hs, npos;
h->val[h->hs++] = x;
npos=(pos-1)/2;
while (pos && h->val[pos] < h->val[npos]) {
y=h->val[pos];
h->val[pos]=h->val[npos];
h->vallnpos] = y;
pos=npos;
npos=(pos-1)/2;

Kax yzke HANICAHO BBIIIE, CIOKHOCTD J00aBIeHns 3eMenTa B Kydy cocrasiser O(log N) —
KayKJIblil pa3 WHEKC TEKYIero 3JeMeHTa YMEeHbITaeTCsS BIBOE.



Kpowme Toro, gacto Bo3HUKAET 3a/1a9a y1aeHusd MUHUMAJILHOTO d1eMenTa. Mbr 6yaem pe-
AJIN30BBIBATH 3TO CJEAYIOMHUM 00PA30M: 3alHIeM Ha MECTO HYJIeBOTO dIeMeHTa MOCIeTHU,
YMEHBIITUM pa3Mep Ky4ud Ha 1 W mpoceeM HYJIeBO 3JIEMEHT 1O Kyde TaK, YTOOBbl COXPAHUIOCH
CBOUCTBO Ky4H. ByaeMm peaan30BBIBATH MPOCEHBAHUE CJIEAYIONIMM 00Pa30M: €CJIU JeMEHT
HoJIbIlle, YeM MEHBINHI 13 CBOMX MMOTOMKOB, TO MEHSEM HX MECTaMU U ITPOJIOJIZKAEeM IIPO-
Iecc, MmoKa BBIITOJIHEHO YyCJIOBHE MJIM MbI HE BBIIIJIN 3a IIpeJae/bl Ky4dHu. B peajn3aliun 3TOro
aJITOPUTMa MpPUMeHeHa OJIHA XUTPOCTh, KOTOpas Oy/eT MOsSCHeHA HUZKe.

void del_heap(heap *h)

{
int minp, pos=0, y;
h->val[0]=h->val[--h->hs];
while (pos*2+1 < h->hs) {
y=pos*2+1;
minp=h->vall[yl<h->val[y+1]7y:y+1;
if (h->val[pos]>h->val[minp]l) {
y=h->val[pos];
h->val[pos]=h->val[minp];
h->val[minp]l=y;
pos=minp;
} else break;
}
}

Ha mepBwrit B3rig/1, € IMHCTBEHHBIH Cydail, TJie TEOPETHYECKH BO3MOXKHA ONTUOKA, KOTJA Y
HAC MMEeTCsl BCEro OJIMH MOTOMOK (T.e. pos*2+2 == h->hs). Takoii BApHAHT BO3MOKEH, eCjiu
KOJIMYECTBO 3JeMEHTOB B Ky4e 4eTHO.

B sTom ciaydae MBI BBIOMpaeM MUHUMYM W3 IIEPBOrO MOTOMKA M TIEPBOTO dJIEMEHTa BHE
Ky4H, 4TO, Ka3aJ10Ch Obl, gaBJisieTcs rpy0oii omunbkoit. Ho Mbl 3HaeM, 4T0 npocenBaeMoe 4ucjio
U TIePBOE YHCJI0 BHE KY4H, DABHBI. DTO rapaHTUDPyeT HAM, 9TO OOMEHa C 3JIeMEHTOM BHE KY4n
He TTPON30HIeT, a ecin HeoOX0 MM OOMEH ¢ e TMHCTBEHHBIM TTOTOMKOM, TO OH Oy/IeT BBITIOJTHEH
KOPPEKTHO.

6 JImHaMuyecku pacnimpseMble MacCUBbBI

JTo cux mop Mbl HCIIOJIB30BAJIU CTATUIECKUAE MACCUBBI, UX Pa3Mep ObLI OLPE/Ie/IeH 3apaHee
U HE MOT U3MEHSIThCSI B TIPOIECCe PADOTHI TPOTPAMMBL. DTO OOBIYHBIN 1 MPABUIBHBIN METO/I,
OTXOJIUTH OT KOTOPOI'O CTOMT TOJIHKO B HEKOTOPBIX cuTyanusax. Hanpumep, Korjga Mbl HMeeM
MHOT'O MAaCCHBOB, KOTOPBIE MOI'YT OBITh HPOM3BOILHOI JIJIMHBI, U W3BECTHO TOJBKO OI'DaHU-
deHMe Ha CyMMY WX JJIMH WA JJInHHAsE apudMeTuka (B 9TOM ¢JIydae HeOOXOIUMO XPAHUTh
udpbl B 0OpaTHOM HOPSJIKE, TPUZKATHIMU K JIEBOMY Kpalo, a He B IPAMOM IOPsJIKe, KaK 00
9TOM TMOBOPHJIOCH B MEPBOIi JeKIINH).

Bragase Mbl BbIIEIsSIeM KaK0e-TO KOJIUIECTBO TTAMATH O/, MACCHB,  3aTE€M, 110 MePe HeoO-
XOJMMOCTH, PACIIUpseM MaccuB. Ecid 10/b30BaThCs HAUBHBIM METOJOM, T.€. YBEIHYUBATDH
MAcCUB Ha 1 3JIeMEHT KarKIblii pa3, KOrIa MbI BBIILIA 33 TEKYIIUil pasmep, TO IPOU3BOIM-
TeJABLHOCTD OyaeT ouenb Masa. Ouepanus paciinpeHnst MacCuBa TpedyeT HEKOTOPBIX HAKJIAI-
HBIX PACXOJOB, CBA3aHHBIX ¢ padoroii OC 1mo mepepacnpesesenuio maMaTH, a B HEYIATHOM



caydae TpebyeTcs elre W KOMMPOBAHUE BCETO COEPKUMOTO MACCHBA, B HOBYIO 00JIACTH MaMsi-
TH. DTO CBA3aHO C TeM, YTO MacCUB B g3biKe Cu 00s3aH OBITH HENPEPBIBHLIM, a PACIIHPUTD
ero Ha CYIIECTBYIOIIEH MaMsATH He BCEIIa BO3MOXKHO.

Mpui OymeM pean30BbIBATH KOMIIPOMUCCHBIH 110 BpeMeHH U TpedyeMoil maMaTH BapHaHT,
oH Oyzer BbIIoNHATH log N Bbinenennii namsatu (rae N — KOJHIecTBO JIEMEHTOB B MACCHBE),
a HEHCITOJIb30BAHHOI OCTaHEeTCs He OOJIBINE MOJTOBUHBI MTAMSITH, BBIIEICHHON O MACCHB.

Brauaje Mbl cO37a/IMM MACCHB HEKOTOPOTO HA4YAJILHOI'O pa3sMepa, a KOTjia KOJUYeCTBO
UCIIOJIB30BAHHBIX 9JIEMEHTOB Oy/IeT NPpUOIHKATHCA K TEKYIIEeMY pasMepy — OyJIeM YBeJIHdH-
BaTh pa3Mep MAacCHUBa BIBOE. DTO U JACT HAM TpeOyeMylo CJI0XKHOCTH B log N BbImeneHuit
HAMSITH, & IOJOBHHA HEHCIIOJIH30BAHHON MaMSITH BOSHHKHET B CJIy4ae, €CJIH Mbl IPEKPATUIN
J00aBIeHNe /IEMEHTOB CPa3y MOC/Ie 0YeDPeTHOTO PACIITUPEHNsT MACCUBA.

g ucnosib3oBanus (GYHKIUN BbIIeJTeHUSA NaMATH B 3biKe Cu MBI JIOJT2KHBI TOJIKJIIOYUTH
oubmoreky stdlib.h.

JomycTuMm, mepes HaMH CTOUT 331293 CINTATh HEM3BECTHOE 3apaHee KOJIUIECTBO TUCET 10
KOHIA (ailia. DTO MOKHO Pean30BaTh C MOMOIIBIO CAEIYIONEro pparMeHTa IporpaMmMb:

int now=0, size=2, i, *a;
a=(int*)malloc(sizeof (int)*size);
while (scanf("%d", &alnow++]) == 1)
if (now >= size-1) {
sizex=2;
a=(int*)realloc(a, sizeof (int)x*size);

3

B koHIle mporpamMbl (HJIH KOTJA MACCHB IEPecTal ObITh HaM HYKHBIM), HEOOXOIMMO
OCBOOOJIUTD BBIJIEJICHHYIO AaMATh. JTO JieJlaeTcs ¢ moMoIbio dpyHkiun free(a) ;

B obmiem cirydae, JiuHAMUYECKN PACIIMPSEMbIE MACCUBBI SIBJISTIOTCS JIOBOJIBHO HEILJIOXUM
CPeACTBOM XpaHEHHs] HEM3BECTHOrO 3apaHee KOJHYECTBA JAHHBIX ¢ OTHOCHTEIBHO HEOOJIb-
NIMMU HaKJaIHBIMHA DAaCXOJaMU. B JANHAMHUYICCKNU PACIIUPACMBIX MaCCHUBaX MOXKHO J€JIaTh
BCE TO 7K€ CAMOe, UYTO U B OOBIYHBIX MACCHBAX, 9TO JEJIaeT X BeChbMa IIPUBJIEKATEbHBIMH.

Kpome Toro, mo HeoGXOIMMOCTH, pa3Mep MacCHBa MOXKHO YMEHBIIATH TOH »Ke caMoii
dyukmeit realloc; MOXKHO YMEHBINATH pa3sMep MaCCHBa BIBOE, €CJIH U3 HEro MPOUCXOIUT
yaasenne (JJOTHYHO JeIaTh 9TO B CJaydae, ecau now+2 < size). Ogaako, 9ro0bl n306eKaTh
CJUIIKOM YaCcTOr0 W3MEHEHNsT Pa3MepPOB MaCCHBa, KOMJAA OH MOYTH 3aIOJHEH, MOYKHO MTOCTa-
BHTH yCJIOBHE HA YMEHbIIEeHNe now*4 < size, HO pa3Mep MaCCHBA MO-IPeKHEMY YMEHbBIIATh
BJIBOE.

7 Cuouckn

PaceMorpuwM erie oy AHHAMAYECKYIO CTPYKTYPY JAHHBIX, HA3BIBAEMYIO CBA3HBIM CITHC-
koM. Kaxkaprit a/1eMeHT crmcKa mpejacTaBiasgeT coboit cTpyKTypy, OJHO HoJie KOTOPO comep-
KuT nHdOpMaIUIo (KJI04), & IPYroe — CChUIKY Ha cJieyiomuii saement. CyIecTByOT TakxKe
JIBYCBSI3HBIE CITUCKWA, B KOTOPBIX XPAHUTCS CCHLIKA HE TOJBLKO Ha CJEYIONHM 3JeMEeHT, HO
n Ha npeablAynii. Haunnaercs crmcok ¢ ykasaTesisd Ha 3JIEMEHT clucka. B 1meaom ero Bu
MOXKHO IIPEJICTABUTD CJIEIYIOIHM 00Pa30M:

O/IMH 3JIEeMEHT CIUCKa OYAeM OIMCHIBATH € MOMOIIBIO CJIeAYIONEeil CTPYKTYPhI:



////;7 key1 ////;7 key2 ;J key3
head

next next null

Puc. 3: Ob6muit Bua cuncka

typedef struct
{

int key;

struct _list *next;
} list;

Yr00bI paboTaTh CO CIUCKOM, HEOOXOAMMBI YKa3aTeId Ha JIEMEHT, KOTOPbIe 3aBOJISTCS
caemyomuM obpazoM: 1list *head=NULL, *temp; /loBOTbHO HEOOBIYHO MPOUCXOIUT OMEPA-
nusi 100aBJIeHUs] B CIUCOK: 9TO0Obl 100uThest cytozkaocru O(1), pobapjieHue MpOUCXOAUT B
HAYAJIO0 CIHCKA. JTO PeaTnu3yercs CAeAyomnM (pparMeHToM Koa:

temp = (list*)malloc(sizeof(list));
temp->key = newkey;

temp->next = head;

head = temp;

HepBaH CTPpOKa BbLAEJIAET IIaMATb IO HOBBII dJIEMEHT, BTOpad 3allUCbhbIBaeT HOBOE 3Ha-
qYeHune KJiro4da, OCTaJibHbI€e TOACHHUM PUCYHKOM.

71 keyl key2 ////;J key3
7
head [ ////Z

next next null

2 \] newkey 1

next

Puc. 4: JlobaB/jienue sjieMeHnTa B HA4aJI0 CIIHCKA

AHAJIOTHYIHO OCYIIECTB/ISIETCS BCTaBKa IIOCE JIEMEHTa, Ha KOTOPBIl MMeeTcs CChLIKA,
JOCTATOYHO 3aMEHUTh head B HallleM KOA€e Ha €ro moJjie next.

[Mouck smemenTa mo kiawo4y ocymecTBiasgercs 3a O(N) — HaM HeOOXOINMO MPOHTH BeCh
cuncok. Hanutem pyHKIMIO, KOTOpasi BO3BpaIlaeT yKa3arejb Ha JEMEHT 110 ero 3HAYeHHUIO
kmova nan NULL, ecsim 3jieMeHTa ¢ TAKUM KJIIOYOM HE CYyNIeCTBYET

list* find(list* head, int key)
{

list *now=head;
while (now != NULL) {
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}

list* del(list *head, int key)

{

if (key == now->key) break;

now = now->next;

return now;

OpHako, yaajIeHne 3JeMeHTa HEeBO3MOYKHO Peajn30BaTh TOJHBKO 3Has CCHLAKY Ha HETo
(T.K. HEOOXOAUMO, YTOOBI CHHCOK OCTAJCS CBSI3HBIM, a YJaJeHHe JeMeHTa CO31acT B HeM
«IBIPKY>» ). Hamumiem ormeibHyo (GYHKIUIO yIAJTCHUs JJI€MeHTa ¢ 3aJaHHBIM KJIHOYOM U
BO3BPIIYIOIIYIO CCBHIIKY HA HOBBIH CIUCOK (63 9TOT0 3JeMeHTa).

list *now=head, *prev;
if (key == head->key) {
head = head->next;
free(now) ;
} else {
prev = now;
now = now->next;
if (key == now->key) {
prev->next = now->next;
free(now) ;
}
}

return head;

3/1eCb MBI OTJEIBHO PACCMATPUBAEM CJIydail, KOrjga HeOOXOMMMO YAAJUTh MEePBbIil dj1e-
MEHT CIUCKA, T.K. OH HE UMeeT MPeJIbIAYyIero. B mporuBHOM ciiydae Mbl JeaeM yIaieHue

COTJIACHO PUCYHKY:

key1
head ////”

next

7 key2 | key3
I next | null

prev

now —Ee null

Puc. 5: Yaanenue sjieMeHTa U3 CIHCKA

Hai ciiucKoM MOXKHO OTIPeJIETATh MHOZKECTBO PA3IHIHBIX (DYHKIMH (HapuMep, 00be/1u-
HEHUe JIBYX CIHCKOB, YIAJeHHe JIEMEHTOB, 003 ai0IX KAKAM-THO0 IPU3HAKOM | T.11.), HO

OHH BCE 6a3I/IpyIOTCH Ha M3JIOZKCHHDbIX BbLIIIEC MIECAX.
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8 CpaBHeHUE AMHAMUYECKUX CTPYKTYP

Mpb1 u3yunim 1Be CTPYKTYPHI B JUHAMHYECKOW MaMATH: IUHAMUYECKW PaCITHPSEMBbIi
mMaccuB (BoOOIE roBOPsi, MACCUB H3MEHSEMOr0 pa3Mepa, T.K. OH MOXKeT U yMEHBIIAThCsI) U
cinucku. Bo-nepBbix, omneHuM TpeOOBaHMA K NaMaTH. /[MHAMUYeCKu paciiupsaeMblii MacCHB
MOXKET MMETh TaKOe 2Ke KOJMYECTBO IYCTHIX 3JEMEHTOB, KaK U HEIYCTBIX, T.€. ero Tpedo-
BaHWe K MaMsTH, B XYJIIeM caydae, 3alucbiBaeTcd Kak 2*Nxsizeof (key), a1 cnimcka 910
TpebOBaHMe 3alMCBIBaeTcsd B 00ImeM ciaydae Kak N* (sizeof (key)+sizeof (xkey)). 3mech
N — KOJINYeCTBO JIEMEHTOB B CTPYKType, sizeof (key) — pasmep kioda, sizeof (xkey) —
pa3mep ykazaress (00brano 4 Gaiita). Tak qust karoda tuna int (4 Gaiita) xyammii caydai
JAUHAMHUYCCKU PaCHInpAeMOTro MaCCuBa COBITaJdaeT C O6bI‘{HBIM CJIy4aeM CIHCKa.

[Tpou3BOIUTETHHOCTD O BpeMeHH paboThl n3Mepsiiach B THkax (GetTickCount) Ha 107
JIEMEHTAaX:

Cozaanune | Ilouck | Yaanenune | Hoctyn
Maccus 422 31 78 0
Cnucok 4688 63 63 63

B o6oux ciaydadx cTpyKTYpPbl 3al0JIHAINCE HOCIe10BaTe bHpIME qrcaamu ot 0 1o 107 —
1, moMcK, ymajeHue U JOCTYI 110 MHIEKCY OCYIIeCTB/ISINCH K 37AeMeHTy ¢ HoMepoM 107/2.
Jlas 3amoJsiHeHusI, TOMCKA W YIAJIEHUs] JIEMEHTA B CIUCKE WCIOIb30BAINCH IIPUBEICHHBIE
BhITe (DYHKINH, TIPU YIAJEHUU SJIEMEHTA B CePeINHe MAaCCUBA, OCYIECTBIISAICS CABUT KOHIA
MaccuBa («IpIpKay He 00Pa30BBIBATIAC).

OcraBuM 3Ha4eHus B Tab/uie 6e3 KOMMEHTapUeB, U B JajbHelIneM OyIeM HCIOIb30BaTh
CIIUCKY B 3aJ1a4aX, TJIe KPUTUIHA TPOU3BOIUTETbHOCTD (BOJIBIIOE KOJHYECTBO JIEMEHTOB B
CIIICKAX) TOJIBKO B Cilydae Kpaifueil HeobxomumocTu. KpaiiHss HeoGX0AMMOCTh BO3HHUKAET,
KOI/Ia MPOUCXOUT MHOTO BCTABOK (HMJIM YIAJeHWil) B CPeAMHY U, OCODEHHO, €CJIH TMO3HITHSI
JJIsT BCTaBKHU (yJaJieHnst) He CHIBHO OTJIMIAeTCs OT TEKYIIEro MOJIO0KEHHUSI.

9 Xer-tabannmbl

Jomycrum, mepe HaMu CTOUT CJIEYIOINAast 3a1a49a;: HaM JaeTcs MHOXKEeCTBO KJIrouei (yHu-
KaJbHBIX 3HAYeHUil) U Tpedyercss yMeTh OBICTPO MPOBEPSTh, BXOAUT JIH KJIIOY B HAIIE MHO-
KecTBO. [Ipm 9TOM MHOXKeCcTBO KITIOUell MOYKeT H3MEHSThCH, T.e. KIIIH MOTYT JT00aBIAThHCA
U MCKJIIOUATHCS U3 MHOXKECTBA.

Ceitvac Mbl OyJieM paccMaTpWBaThL BCe HA YHCJIOBBIX npumepax. Jlomycrtum, nam gan
Habop neabx uucesa or 1 go 10000, a 3aremM wmjer cepus 3alpOCOB BHIA «ECTb JIM YHCJIO
X B muoxkectBe?s. Mbl MOxKeM c037aTh OyJIeBCKUil MaccuB, B KOTOpPOM OyJjieM IIOMedaTb,
BCTPEYAJIOCH JIAHHOE YUCI0 WK HetT. IIpu 9TOM CJI0KHOCTB onHOTo 3ampoca 6yaer O(1).

Ecau e ancen 6oJbIlie, TO MBI MOYKeM MOTTPOOOBATH MCMOIB30BATD I XPAHEHUS MPU-
3HAKa HAJIMYMS YUC/Ia BO MHOXKecTBe He 1 Daiit, a 1 OuT, 1oab3ydach OUTOBBIMU (DYHKIUSIMU.
DTO JACT HAM BO3MOYKHOCTH YBEJIUYUTH MAKCUMAJIBHBIA pa3mep ducia B 8 pa3. Ho u sToro
MOYKET He XBaTuTh. Hampumep, ecan umcia msmensiorcsa ot 0 1o 231, To Taxkyio Tabmmmy
HEBO3MOYKHO Pa3MeCTHTh B NAMATH, KOTOpAsd /TaeTcsd HAIlleMy DelleHuIo.

OTa 3a/lada UMeeT pellleHne B HEKOTOPBIX YACTHBIX cuaydasx. Hampumep, mycTh Makcu-
MaJibHbI# pa3mep mHozkecTBa paBed 1000, a KazKiblil 3j1eMeHT MOXKeT ObITh B 1pejesnax ot 0
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10 231, Ecam Mb1 Gyaem co3aaBaTh Tabauiy pasmepoM 23! sjeMenToB, To 6y1eT HCIoab30BaHa
MEHBIIIE €€ OTHON MWJIJIMOHHOM Y9aCTH.

Bynem pemarh Takoil Kiacc 3aja4 (KOrja KOJHYECTBO YHCEJ HAMHOIO MEHbIe MAKCH-
MAaJILHOTO 3HAUEHHsI) ¢ TIOMOIIBIO TAK HA3BIBAEMBIX XeI-TabJIuII.

Beenem nousitie xern-(OyHKIHH, KakK GYHKINH, 0TOOParKAONel MHOKECTBO KJIoueii (B
Haiem cjiydae uncesa or 0 go 23!) B Menbliee MHOKECTBO KJtoveil (COM3MEpHMOE C MaK-
CHMAJIBHBIM KOJIMYECTBOM 3JIeMeHTOB — B Hammem ciaydae ¢ 1000). Xerm-dbyHKIus T0KHA
00J1a1aTh JIByMsi OCHOBHBIMH CBOMCTBaMHU: ObITH OBICTPOIl U pAaBHOMEPHO reHEPUPOBATH KJIIO-
au (T.e. 9TOOBI OTHOMY U TOMY K€ KUY B MAJOM MHOYKECTBE COOTBETCTBOBAJIO TPUMEPHO
paBHOE KOJIMYeCTBO KJodeil B Gosbiiom MHOXKecTBe). HOrIa or xem-byHKium Tpebyor
HEYCTOHIMBOCTH (T.e. 4TOOBI P OIM3KUAX 3HAYEHHSIX KJHOUYell GOJIBITOr0 MHOXKeCTBa OHA
PeHEePHPOBAJIA CUTBHO OTJIHIAOIIHECs KIIOYH MAJOr0 MHOYKECTBA).

Pasmep tabuuisl (BooGIe TOBOps, OJHOMEPHOrO MaccuBa) st 3bdeKTHBHON paboThl
JIOJIPKeH OBITH 0OJIbIITe, YeM YABOCHHOE KOJUYIECTBO JIEMEHTOB MajIoro MHoxkKecTBa. O603Ha-
quM paszmep Tabjiuibl 38 N.

Bynem ucmno/ib30BaTh B KadecTBe Xeli-(DyHKIIHKA OLEPAIUIo B3ATHS OCTATKA OT JICJICHHUS
ancsia Gosibiioro MHOKecTBa Ha N (X % N). D710 mocrarodno xopornast (hyHKIHS: CAnTaeTCs
OTHOCHTEILHO OBICTPO U pacipejiesieHa paBHOMepHO. MTak, Mbl CYUTaeM OCTATOK OT JeJeHU
nHamrero guciaa X Ha N u 3anuceiBaeM X B sg4eiiKy c¢ magekcoM X 7% N. 3arem, npu mpoBep-
ke yucja Y, Mbl HpocTO cMOTpuM Ha s4veiiky Y % N u, ecim uucio Y HaXomuTcsd Tam, TO
BO3BpaIiaeM npu3Hak Hagnans. CJ0KHOCTH onaTh moaydaercsa O(1).

OHako BO3HWKAET MPOOJEMa — HECKOJBKO IUCeJT MOTYT MMETh OJMHAKOBBIN OCTATOK
ot jenenus Ha N. Takas curyanus Ha3biBaeTcd «KoJutusueity. CyimecTByeT HECKOJBKO CIIO-
cobOB paspelleHns KOJIM3UH, Mbl PACCMOTPUM CIIOCOD €O CHUCKAMU, KAaXKIbI M3 KOTOPBIX
COOTBETCTBYET OJJHOMY 3HAYEHHUIO OcTarKa (OMHON stuelike Xen-Tab/uip).

Homyctum, pa3Mep Haleil Xen-Tad/uibl paBeH 8 U B
Hee ObLIM BHeceHBI 3jemMeHTHl 6,19,27,11,16,22. Torma
oHa OyJIeT BBIIVISJIETh KaK Ha PUCYHKE.

Ucnonb3oBanne CHUCKOB B JIAHHOM CJIydae YMeCT-
HO, T.K. KOJIMYECTBO 3JEMEHTOB B Ka:KJIOM CIUCKe OymIeT
HebostbiuM. MOXKHO HCIOJIB30BATh W JIMHAMUYECKH Pac-
IMUpseMble MACCHBBI, €CJIU 3HAYEHUN B Xel-TabJiuie Jio-
CTATOYHO MHOTO. Ternepb g g00aBIeHUs JIEMEHTA HaM
HAJI0 MOJICYUTATH €ro Xem-(pyHKIHIO U IHOMECTUTH B CO-
OTBETCTBYIOIIUIl 3TOMY 3HAYEHUIO CIIUCOK. /IjIs1 mpoBepKH
HPUHA/JIEZKHOCTH JIEMEHTA MHOZXKECTBY HAM TaKXKe Ha/l0
HOCYHUTATH €ro Xel-PyHKIUIO U HOUBITATHCS HAWTH €ro B
HAIIIeM CITHCKE.

B cpeanem Takas xem-tabsuia Oyiaer paboTarh 3a
O(1), T.x. Ko/TH3UK OYAYT BCTPEUAThCsT PEIKO. e MOKHO «3aBAJUTHY» MO BPEMEHU TOJIBLKO
B Cjly4ae, eCc/ii TOYHO 3HATh pa3Mep TabJiMIlbl, a HPU UCIOJIb30BAaHUU HAOOpA TECTOB JIjisd
HPOBEPKH 3a/1a49M 9TO HEeBO3MOKHO. [lodToMy ciemyer BbIOMpPATH MPOU3BOJIBHBIN pa3zmep,
bosbimuit 2 X N, rime N — MakcuMabHOE KOJUYECTBO 3JIEMEHTOB, OJITHOBPEMEHHO HAXOJIsI-
IMUXCA B XeII-TabJInIIe.

Oyuknun paboThl ¢ XeH-TabauIeil MOXKHO peau30BaTh Tak:

11 27 19

N o o A WO =+ O

22 6

Puc. 6: IIpumep xerr-rabtuiint

typedef struct {
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struct -node *next;
int data;
} node;

node *x*xhashTable;
int hashTableSize;

int hash(int data) {
return (data % hashTableSize);
+

node *insertnode(int data) {
node *p, *p0;
int bucket;
bucket = hash(data);
p = (node*) malloc(sizeof(node));
p0 = hashTable[bucket];
hashTable[bucket] = p;
p->next = p0;
p->data = data;
return p;

void deletenode(int data) {

node *p0, *p;

int bucket;

po = 0;

bucket = hash(data);

p = hashTable[bucket];

while (p && (p->data !'= data)) {
PO = p;
p = p->next;

}

if (!p) return;

if (p0) pO->next = p->next;

else hashTable[bucket] = p->next;

free (p);

node *findnode (int data) {
node *p;
p = hashTable[hash(data)];
while (p && (p->data !'= data)) p = p->next;
return p;

+

[Iepen paboToit HEOOXOIUMO CO3ATH XEIMI-TAOIUIY B IMHAMHYECKON MaMSITH B yCTAHO-
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BHUTDH ee paszmep. Hampumep:

hashTableSize = 20001;
hashTable = (node**) malloc(hashTableSize*sizeof (nodex*));

Kpowme Toro, xem-dyHKIIE MOTYT UCTIOJB30BATHCA U B APYTUX CUTYAIIUAX, HATPUMED TTPH
CPaBHEHUHU CJIOKHBIX 00beKTOB. Mbl 3apanee cuuraeM Xen-pyHKITUIO OT KazKJI0r0 00bEKTa, a
3aTeM, MPU CPaBHEHUHU, B IEPBYIO OYepe/ib CPABHUBACM 3HAYEHUS Xell-(DYHKIU U POBOIUM
cpaBHEHUE JJIsi OOBEKTOB TOJTHOCTHIO TOJHKO B CJIy4Yae COBIAJICHUS XeIeil.

Hampuwmep, mpocreiimuii cmocod moACIUTATE Xell-(PYHKITUIO OT CTPOKH — CJIOYKUATH KOJIBI
BCEX CUMBOJIOB, BXOJIAIINX B CTPOKY. Takas xemn-dbyHKIuA OyJIeT reHepupoBaTh OJIMHAKOBBIE
3HAYEHUS I CTPOK, KOTOPbIE COJIEPZKAT OJIMHAKOBbIE OYKBbI, HE3ABUCUMO OT IOPSJIKA.

CyIecTByOT U APyTHe METO/AbI MOACYeTa Xen-hpyHKIUNT OT CTPOKH, HAIPUMED MO/ICIeT
MOJITHOMA MO KaKOMY-JTHO0 MOMYITIO.

Xem-YHKIWSA OT CTPOKH OOBITHO JTOJIZKHA XOPOIIIO IEPECUUTHIBATHCS MPH Y/IaJeHHH TTep-
BOTO CHMBOJIA CTPOKH U JT0OABJIEHUU HOBOTO CUMBOJIA — 3TO TMO3BOJSIET HCIOTB30BATH TAKOEe
XEIMPOBAHKE [IPU HOUCKEe HOACTPOKH B cTpoke (Meron Pabuna-Kapua).

B npunnune, xemn-pyHKIUg MOXKET OBITH BBEJIEHA /g JTIOOBIX 00HEKTOB.

10 Mexaau3Mm 3airycka (pyHKIUA 1 peKypcus

Paccmorpum Mexanusm 3alycka (pyHKIME B ITPOrpaMMe.
[Ipu BBI3OBE DyHKIUE HEOOXOAUMO:

® COXPAHUTH TeKyIIue 3HavdeHUs PerucTPoB MPoIeccopa

® 3AIIOMHHUTH «TOYKY BO3BpaTay, T.€. TO MECTO, KYy/1a MBI JIOJIKHB BEPHYTHCS TOCJIE BbI-
nosiHenust byHKIUU (BOOGIIE TOBOPS, ITO TOXKE CIENUATBHBIE DETUCTPHI MPOIECCOPa)

e IepeJiaTh IMapamMeTpbl B (DYHKIIHIO

® BBIJICIUTH MECTO 101 JIOKAJIbHbIE ITepeMeHHble. CaM Ko (PYHKITUU XPAHUTCA 0TI/ IHHO
B OIIEPATUBHOU NMaMATH

Bce stu jjannble momeniaioTes B cTek. Takum oOpa3oM, OH UMeeT CJAe YOl BUI;:

CBoboaHas MaMsITh
JlokanbpHbIe IepeMeHHbie (PYyHKITIN
Ilapamerpsl pyHKIUN
3HadYeHUd PErucTPOB IIPOIECCopa M aJpec TOUYKMW BO3BpaTa
JlaHHbIEe, KOTOPBIE OLLJIM B CTEKE JO BHI30BA (PYHKIIUU

Kaxk Bugno, nyisg Ber3oBa GyHKIMU TpedyeTcs JOCTATOYHO MHOTO HAKJIATHBIX PAacXOOB,
HO3TOMY KOpOoTKHe (byHKIuH cjiejyer oopMItgTh B BHJE MAaKpPOCOB WJiM JiejiaTh ux inline
(BCTpamBaeMbIMH), UTO SBJSIETCS, TIO CYTH, T€M K€ MAKPOCOM B «OCOBDEMEHEHHOM» BH/IE.

[Tepeiimem Tenepb K peKyPCHUBHBIM BbI30BaM (DYHKIIUU. YCJIOBUMCS Pa3IeadTh «PYHK-
UI0> (MANIMHHBIA KO KOMaH (DYHKIMH) U «IK3eMILIIp DYHKIUA» (COBOKYMHOCTD COJIEP-
JKHUMOTO OBJIACTH CTEKA JIJIs ITON (hYHKIUH BMECTe ¢ MAIIUHHBIM KOJIOM ).

Pacemorpum juist ipuMepa cJie Iy oIy 1o IpocTy o PeKyPCHBHYIO QYHKIHUIO (CIeBa 33/ bl
HOMepa CTPOK):
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void rec(int n) {

if (n > 0)
rec(n-1);

printf("%d ", n);

1

2

3

4

5 %
6

7 int main(void) {
8 rec (2) ;

9 return O;

10 }
[Tepserit BEI30B (pyHKINN Tpon30iiger Ha cTpoke 8. Comep:KuMoe CTeKa mpu 3ToM Oymer

TaKUM (CO)lep)KI/IMOG AKTHUBHOT'O 3K3EMILJIAPa BblﬂeﬂeHO).

Ilapamerp ¢pyHknuu n = 2
Bozspar B ¢pyHKIMIO main nocyae cTpoku 8

BareM MPOUCXOANT CJIEAYIONNI BEI30B (DYHKINK U3 dK3eMiigpa 1 B ctpoke 3. ComepzKu-
Moe cTeKa OyJjieT BBIIVISJIETh TaK:

Ilapamerp dyskmum n = 1
BozBpar B nepsBblii 3k3eMiigp yHKIIMN I'eC IOCJEe CTPOKu 3
[Tapamerp dyukuu n = 2

Bozspar B (pbyHKIHIO main mnocje CTpoku 8

Barem enie OAMH BBI3OB M CO3JaHNEe HOBOT'O 9K3eMILJIdpas

Ilapamerp dysknuum n = 0
Bosepat BO BTOpOIi 3k3eMILIgp (PYHKIINHU rec IIOCJie CTPOKu 3
[Tapamerp dynkmuum n = 1

Bozspar B nepsblii 3k3eMILIsp (DYHKIUUA rec 10Cje CTPOKH 3
[Tapamerp dpyHKIUT N = 2
Bosspar B (pynkmuio main mnocje cTpoku 8

[TockonbKy mapamerp crai paser 0, TO CJIEIYIONIEro BbI30Ba He Mpou3oiiner. Bymer BbI-
BeJIeHO 3HadeHue mapamerpa (r.e. guciao 0) u nmpousoiiger Boixox u3 dyHKIHU (Iepexos K
TOYKE BO3BDATA M y/JajeHHe U3 CTEKa BCEX JAHHBIX TOT0 k3emiuigpa dyrkiun). T.e. crex
CHOBA NIPUMET CJICAYIONUNA BHJI;

Ilapamerp dysknum n = 1
BosspaT B nepBblii 3k3eMniigp YyHKIIMN reC TMOCJe CTPOKU 3
[Tapamerp dyukuu n = 2

Bozspar B (byHknuio main nocje crpoku 8
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[Tocne TpeTheit CTPOKM BTOPOTO 3K3EMILAIpa (PYHKIIUU HIAET TOJHKO BBIBOJ, MapaMeTpa
(T.e. BBIBOIUTCS 9UCTI0 1). Bosblile HUKAKUX JefcTBUiT B 9TOM 9K3eMILISpe He TPOUCXO/IHT, a
3HAYHUT IPOUCXOIUT BO3BPAT B MEPBBIH K3eMILIADP (DYHKIUK MOCTE TPEeThell CTPOKH U CTEK
AMeeT CACAYIOMUA BUT:

Ilapamerp ¢pyskuu n = 2
Bozsspar B dbyHKIIMIO main mocje cTpoKu 8

[Tepsbiit 9x3eMILIsIp (DYHKIMA [0CJTE TPETheli CTPOKH BBIBOAUT CBOI mapamerp (2) u 3a-
KaH4YuBaeT paboTy — MPOUCXOJAUT BO3BPAT B (PYHKIMIO Main, KOTOpas TaKyKe 3aKaHINBaeT
CBOIO pPaboTy.

Bruisoa nporpammbr oyaer 0 1 2.
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