Muxawna I'ycrokaimmuH. ApudmMeruka m 4UCJI0BbIE AJITOPUTMBI.

1 HGJIO‘{I/ICJIGHHLIG TUIIBI JAHHBIX 1 NX MNCIIOJIBb30BaHUE

Ha nanublii MOMEHT HA OJIMMIMAIAX WCITOJIL3YIOTCS, B OCHOBHOM, 32-OMTHBIE CHCTEMBI U KOMIUISATOPHI. 1IpuBemem
TabInIly, B KOTOPOil YKa3aHbl MAKCUMAJILHBIE M MUHUMAJIbHBIE 3HAUEHWS JIsT OCHOBHBIX THUIIOB ePEMEHHBIX:

HasBanmue Baitr | Muaumym | Makcumym
unsigned char 1 0 255
char 1 —128 127
short 2 —32768 32767
unsigned short 2 0 65535
int 4 —2147483648 | 2147483647
unsigned int 4 0 4294967295
int64 (long long) 8 —203 203 — 1

Crenyer 3aMeTUTD, YTO OLEPANNY € int64 BBIIOIHAIOTCS HECKOIBKO MeJIeHHee, 9eM ¢ JPYTUMHU THITAMH eJOYHCIEHHBIX
JIAHHBIX.

IIpu mporpaMMupPOBaHUH ClIEAyeT CTAPAThCA UCIOJIB30BATH THII int KpoMe CUTyanuil, KOrma UCIOIb30BAHNE MEHDIIETO
THUIIA TTO3BOJNUT yA0KATHCA B ML nim Tpebyercs 3aBegoMoO OOJBINHA T TaHHBIX.

OTMernM HEKOTOPBIE OCOOEHHOCTH UCIOJIB30BaHME THIIA 1nt64 B a3bike C. Bo-nepBBIX, B HEKOTOPBIX PEATH3ALUAX
oH oBo3Hauaercsi Kak __int64, B HekoTOphIXx Apyrux (B ocHorHOM B UNIX-cmcremax): long long. Kpowme Toro, Ha

PA3IMYHBIX WIAT(HOPMaX UCIOIB3YEeTCs CBOs (hOPMATHAS CTPOKA /i BBOIA-BBIBOAA int64. YHUBEDPCAIBHBIN BBIBOJ
MPOTPAMMUPYETCS € TTOMOIIBI0 MAKPOKOMAHT M BBITJISIIUT CAELYIOMIAM 00pPa30oM:

#ifdef WIN32

printf ("%I644d", n);
#else

printf("%11d", n);
#endif

OrMeruM, 9TO B HEKOTOPBIX CUTYalWsaX He XBATAET Aaxke Tumna int64. MHorma, eciu JaHHbIE HE HAMHOTO MPEBBINIAIOT
pa3Mep int64, MOXKHO BOCIIOJIB30BATHCH TUIIAMHE [TEPEMEHHBIX C ITaBamomiei Toukoil. Tak long double MOXKET XPaHUTH
6e3 ommbOK 1eI0e 9nucao amHol 10 19 jecarudnbix 3uakoB. OHAKO Cjle/lyeT HOMHUTD, YTO BEIECTBEHHBIE THIIBI
00pabaThIBAIOTCS 3HAYUTEIBHO MEMJIEHHEe, He MOT'YT BBICTYIATh B KAYeCTBE WTEPAIMOHHON MEPEMEHHON B IIUKJIE
for, Iy HUX He ONpeJiesIeHbl OMepaIuy B3ATHs OCTaTKa W jJeneHus Hareno. HecmoTpsa Ha 3TO, Bce )Ke CYIMEeCTBYIOT
CUTYalluN, KOTAa WX HUCIOJIb30BaHUE ONPAaBIAHO.

Knaccudeckuii nmpumep Ha TeMy BBIOOpA THIA MEPEMEHHBIX BBIMIAIUT TAK: JAHBI ABa 4ncaa X u Y 1O MOIYJIIO
MenbIue, yeM 231, ciieyer BoIBecTH UX cyMMy. Y YaCTHHK CMOTDPHT HA, JAaHHbIe, BHIOMpAeT THI int u nmoryyaer ommobKy,
T.K. PE3YJIbTAT CJIOKEHUS MOYKET He YMECTUTHCS B 3TOT THUI JAHHBIX.

Ecnu ke He XBATaET U ITUX MIEPEMEHHBIX, TO €INHCTBEHHBIN BHIXOJ — HCIOJb30BAHUE [JIMHHON apudMeTuKu, T.e.
apudMeTUKY HA MACCUBAX, 9eMy U OyIeT NOCBSIIEHA CAEAYIOMAs YaCTh JIEKIIUH.

2 JIAWHHBIE YMCJIA M OIepanuu HaJd HUMU

[Ipu paccMoTpeHnn 3TON TEeMBI HaM TTOTPEOYIOTCS 3HAHWS, IOy YeHHbIE B HAYAJIBHON 1Ko/e. B 9acTHOCTH, BRITOTHEHNE
apudPMeTHIECKUX OIepaInii «B CTOJIOUK>.

Wnes peanusanuy OJIMHHBIX YHCEJ 3aKJ/OYAETCH B MCIOIL30BAHUNA MACCHBOB, COCTOAIINX M3 UHUCE] «KOPOTKHX»
(onu 6yayT urparb posb uudp). Bysem npuaep:kuarThCs corsialienus, YTO YUCIAA IPUKATHI K «IIPABOMY KDalo», T.e.
MJIAJIIME PA3Psi/bl CTOAT B A4efKax ¢ DOIbLIMM HOMEDPOM.

Bo-miepBrix, onpenesnM MaKCUMAIBHYIO JUIMHY IJIWHHOTO 4Yucaa. B obmem ciaydae — 310 HeDaHAJbHAS 337a4a,

U 9TOT MAPAMETD OMPEIeNsercsi ¢ MOMOINBIO0 KOMOMHATOPHBIX (DOPMYJ, HO MOXKHO HOCTAPAThCSA MOm0OPATH 3aBEIOMO
YIOBJIETBOPSIOIIEee HAIUM IIOTPEOHOCTSM 3HAYEHHE.

Vaobuee Bcero onpeseauTb OJUH Pa3 MAKCUMAJIbHOE 3HAYEHUE [IJIMHBL (KOJIMYECTBA JEMEHTOB B MACCUBE), 4TOObLI

MOXKHO OBLJIO YMEHbIIATH ero AJjs 6osiee ya00HOM OTIaaKK. DTO [eJaeTCs C IOMOUIBIO CIEIYyONIel MAKPOIIOACTAHOBKY:

#define MAXLEN 1000

Mur1 onpenenunau MakcuMaabayio muHy maccusa B 1000 «uudp». Kpome Toro, ymobHo onpenemTs CTPYKTYPY JJist
XpaHEeHUs 9HuCIa;



typedef struct

{
int val[MAXLEN+1];
int st;

} vlong;

ITone st Gymer ykasbBaTh Ha TY HO3ULIMIO, C KOTOPON HAYUHAETCH OCMBICJIEHHAH YaCTh YUCIA (T.€. HAYUHAIOTCH
OTJINIHBIE OT Hy/sd MU(PHI; B JaJbHEHIIIEM MbI YBH/IUM, 9TO PA3yMHOE HCIIOJB30BAHUE STOTO MO M30aBIsger HAC OT
OIPOMHOrO KOJIMYIECTBA, BECTIONe3HbIX oneparumii). Makponoacranoska typedef menaercst mjsg TOro, 9Tobbl He THCATH
KaxXkaplil pa3 ciaoBo struct. [Iporpammupytorme na C+-+ u Java moryr co3zmars Kjace u majbHeinme byHKIIN
3alMCBIBATH B BAJE IIEPEOIPEIeJIeHHBIX OIePaTOPOB 3TOr0 KJacca.

BenomunM, Kak OCyIIeCTBIIsIeTCsT CAOXKeHne B CToNOMK. Mbl HaumHAeM WATH ¢ MJIAAMINX Pa3PsiioB, CKJIAILIBACM
1 pbI, CTOAIINE HA AAHHBIX MO3UINAAX, IPHOABIIEM TO, UTO OBLIO «B YME», HOBOE 3HAUEHHE «B yME» PABHO IEJIOH
JaCTH OT JIeIeHUS MOTYIeHHOTO pe3yabrara Ha 10, B UTOTOBOE YHC/IO HA ATY TMO3UIINIO — OCTATOK OT JTEeJIEHUS PE3y/IbTaTa,
Ha 10. Tak MbI HOBTOPsiEM 70 T€X MOp, MOKa 00a YUCIa He KOHYATCd (T.e. MbL HE JOHIeM 10 Haua/ia GOJIbIIero Yucia), B
CJIydae JKe, eCIM «B YM€e» He HOJIb — MBI JIONUCHIBAEM 3Ty udpy B HAYaT0. B peanmu3anuu AMHHOTO CJTIOXKEHUS — BCE
TO K€ CaMO€e, TOJbKO JIJisl 9KOHOMHUY BPEMEHU W MEeCTa Mbl MOXKEM HCHOJIb30BATh, HAIIPUMED, HE CUCTEMY CUUCIEHU
c ocuoBanueM 10, a cucremy ¢ ocHoBanuem B 10000 (st corokenust Mbl MOzkeM BbIGpaTh U Gosbinee 3Hadenue). s
peasu3amuu 3TOr0 MeTO/Ad |, OIATh 2Ke, Oojee yao0HON OTIa KU YA00HO 33/1aTh KOHCTAHTY C OCHOBAHHEM CHCTEMBbI
CUUCJIEHUS:

#define SYS 10000
Ilepeitnem cOOCTBEHHO K OMUCAHMIO (DYHKIIMH CJIOKEHUSI:

void add(vlong *opl, vlong *op2, vlong *res)

{
vlong *mxop, *mnop;
int i, flag=0, st;
mxop = opl->st>op2->stZopl:op2;
mnop = opl->st<=op2->st?opl:op2;
st=mnop->st;
for (i=MAXLEN; i >= mxop->st; i--) {
res->val[i] = mxop->val[i] + mnop->val[i] + flag;
flag = res->vall[i] / SYS;
res->val[i] %= SYS;
}
for (i=mxop->st-1; i >= mnop->st; i--) {
res->val[i] = mnop->val[i] + flag;
flag = res->vall[i] / SYS;
res->vall[i] %= SYS;
}
if (flag) res->val[--st] = flag;
res->st = st;
}

Cremaem HEKOTODBIE MOsiCHEHUS K mporpaMme. IlepBbiM meoM oHA BhIOMpAeT OOJIBbINEE U MEHbIIee 0 KOJTUIECTBY
3HAKOB YHCJIO. 3J€eCh OINATh K€ IIOJIHAS AHAJOIHMSA CO CIOMKEHHEeM YMCe] B CTOJIOMK: IIOKa y Hac 00a 4YuCiIa elne He
KOHYWJIACH, MBI CKJIAIBIBAEM TI0 BCEM IIPABUIIAM, & 3aTEM MEPEINCHIBAEM HAYAIO0 OOJBIIEro Yncia, He 3a0bIBas PO
3HAYEHUE «B yMeE».

OO6bLIYHO BOIBLIIINE TUCIA, UHUTTUAJTUSUPYIOTCST KAKAMU-JIHO0 MAJIBLIMU SHAYCHUAMU, HaJ KOTOPBIMHA 3aT€M IIPOU3BOOATCSA

omepanuu, KOTOPbIE W MPUBOIAT K POCTY ITOTO 9MCjia. T.e. KOPOTKOe YHC/IO HAJA0 3amuchbiBarh B x.val [MAXLEN], a
x.st ycranaBiuBaTh B MAXLEN.

Ecau a, b u c - mepemennsie Tuma vlong, TO BBIBOB (QYHKIMU JOJMKEH BbINIAAeTh Kak add(&a, &b, &c). dto
CJIEJIAHO JJIsL TOrO, 4TODbI IEPEJABAJIOCH HE CAMO 3HAYEHUE CTPYKTYPbL, a yKa3areb Ha Hee (1 He ObLI0 HeOBXOAuMOCTH
B KOTTUPOBAHMWH).

BriBecTn 3naueHue JIMHHOTO YUC/IA MOXKHO CJI€IYIOIINM 0Opa3oM:

printf ("%d", c.vallc.stl);
for (i=c.st+1; i<=MAXLEN; i++)
printf ("%.4d", c.vallil);



Ob6paruTe BHUMAaHHE HA TO, UTO II€PBOE YUCJIO BBIBOAUTCS O€3 BeayIIUX HYyJEH, a KarkJIoe CJenylolee JTOJKHO
BBIBOAUTCS C Beaylmumu HyjagMu. Ilpu usmenennn 6a30B0it cucrembl cumcienus (B Hamem ciaydae 3ro 10000) uHazo
3aMeHATh TudPY B BbIpaKeHun %.4d HA KOJIUYIECTBO HyJIell B OCHOBAHUU 3TOH cucreMbl. [IpOCTO BHIBOOUTH 7€MEHTHI
MaccuBa ¢ moMoIbio %d Hesnb3da! Takyio ommbKy JH0CTATOYHO JIErKO JOMYCTUTb U OY€Hb CJIOXKHO HAWTH.

Cnoxuoctb mosydennoro aaropurma nomyuniack O(N), rae N — KOJIU4ecTBO pas3paios B Gosbiiem uucie. Ecau
OBl MBI He HCIOJIB30BAJIH MO St, TO HAM KaXKIBIH pa3 MPUILIOCH ObI CKIaabBaTh Bce MAXLEN pa3psiioB, a ¢ yIeToM
TOrO, 4TO OYEHb YACTO UCIOJIb3YETCd HE BECh MACCUB (B IIPOIECCE BHIUUCJICHUS TUC/IA, PACTYT, UJIA Mbl HE MOYKEM TOYHO
OIIPENEUTh JJINHY 3aPaHEeE), TO CJIIOKHOCTD IPOrPAMMEDOBAHUS OIIPABIBIBAETCS IPOU3BOJUTENHHOCTHIO.

JTMHHOE BBIMUTAHUE OCYIIECTBIIAETCH aHAJIOTUIHO. VConb3y0Tes Te XKe uiaen, YTO ¥ B BIYUTAHUU B CTOJIOHK.

Tenepb paccMOTpUM yMHOXKEHUE JAJIMHHOIO YUCJIa HA KOPOTKOEe (KOPOTKUM 4UC/IOM OyJeM Ha3blBarb 10, KBaADPAT
KOTOPOTO TIOMEIINAETCs B EPEMEHHYIO 3JIEMEHTAPHOTO THUIa, T.e. MeHbiiee SYS). Tlpu aroM DyHKIUIO yMHOXKEHUS Ha
KOpOTKOe OyJieM MucaTh Cpasdy C HPHUIIEJOM Ha HCIOJb30BAHNE B YMHOKEHUH JJIHHHOIO HA JJIHHHOE.

void mul(vlong *opl, int sh, int offs, vlong *res)

{
int i, flag=0;
int st = opl->st;
for (i=MAXLEN-offs+1; i <= MAXLEN; i++)
res->val[i] = 0;
for (i=MAXLEN; i >= st; i--) {
res->vall[i-offs] = opl->vall[i] * sh + flag;
flag = res->valli-offs] / SYS;
res->val[i-offs] %= SYS;
}
if (flag) res->val[--st-offs] = flag;
res->st = st-offs;
}

Cl0KHOCTD AIrOPUTMA YMHOYKEHHU s JJIMHHOIO YKUCIa Ha KOpoTKoe cocrasiser O(N ), rae N — KOIu4ecTBo pa3psios
B AnuHHOM ducse. C HCIOMb30BAHUEM JABYX MPEIbIAYIINX (DYHKITHN yMHOKEHHE JJIRHHOTO IUCIA Ha MIHHHOE PEATTU3YeT s
OYeHb IIPOCTO.

void mul_long(vlong *opl, vlong *op2, vlong *res)

{
int i;
vlong temp;
res->st = MAXLEN;
res->val [MAXLEN] = 0;
for (i=MAXLEN; i>= opl->st; i--) {
mul (op2, opl->val[i], MAXLEN-i, &temp);
add(res, &temp, res);
}
}

BrerzoB dyukiun ymuoxkenus Ha koporkoe: mul (&x, sh, 0, &res), rae x — 9TO JJIMHHOE YUCIO, Sh — KOPOTKOe,
res — pe3yabTar. Bpr30B DyHKIMN yMHOXKEHUs JIMHHOrO Ha AnuaHoe: mul_long(&opl, &op2, &res), rme opl u
Op2 — JJIMHHBIE YUC/IA, & Yes — UX [IPOu3BeJeHue.

Nannmanuzanmsa 3HaYeHn# 1 BBIBOJ OCYIITECTBIISETCS aHATOTHTHO CJIOKEHUIO.

C0KHOCTD YMHOXKEHUs! JJIMHHOTO 9uca Ha jiimHHoe oy uniack O(N x M), rae N u M — konu4gecTBo paspsijion B
onepannax. CymecrByior 6oJiee GbICTPbIE METOIbI yMHOKEHU JJIMHHBIX Ynce (Hampumep, Meros, Kapaiyobl), oqHako
B IIKOJBHBIX OJUMIHUAIAX WX IPUMEHEHNe TpeOyercsa KpaiHe PeiKo.

JTuHHOE fesieHre UCIIOIB3yeTCsi TOPA30 PEXKE U PEATIN3YeTCsT AHATOTUIHO JTEJIEHUIO B CTONOUK. JIJIMHHbBIE BellleCTBEeHHbIE
YMC/IA TaKXKe OcraBuM 0e3 BHUMAaHUs (MHTEPECYIOLIMECH MOIYT HAHTH CLOCOObI XPAHEHHs BELIECTBEHHbIX YHCe B
NaMATH KOMIBIOTEPA U PEAIM30BATH HEUTO IMOJ06HOEe HA MACCUBAX ).

Ha sTOoM 3aKOHYNM pacCMOTpPEHUE JTIWHHBIX TUCE.

3 JleauMoCTb M JI€JINTEN

OTBieyeMcsi OT TEXHUYECKUX Beleil u mepeiiiemM K mporpaMMe Kypca MaTeMaTUKA HAYAJIBHOU IITKOJIBI.

IIpocThiM YnCIOM HA3BIBAETCH HATYPATBHOE YUCI0, GoJibliee 1, KOTOpOe NeJUTCs HALIEJIO TOABKO Ha cebg u 1 (umeer
B HATYpaiabHbIX gesnuress). COCTaBHBIMU YHCJIAMHU, COOTBETCTBEHHO, HA3bIBAIOTCA BCE OCTAJIbHBIE HATYDPAJbHBIE
4qucsia, OOJIbIINe eINHULIBI.



[IpocThie umcIa UMEIOT MHOXKECTBO MOJIE3HBIX MPUMEHEHWH, a4 TAKXKe W CAMU 10 cebe HEPEIKO SIBJISIOTCH CYThIO
zamaun. Hambosiee m3BecTHOE NMPOMBINIJIEHHOE MPUMEHEHHE MPOCThIX yucen — B mmdpoBannu RSA ¢ OTKpBITHIM
KJTIO9OM.

B nepsyio ouepenb HaM HEOOXOAMMO YMETh MPOBEPATDH, ABJAETCS JU 9uCaA0 N mpocTbiM. T.e. HAM HEOOXOINMO
y3HATH, CYNIIECTBYIOT JIM TaKWe HATypajbHble ducia =, ¥y (1 < x,y < N), uro x X y = N. Kpome Toro, ycaosumcs,
910 = < Y, TOrJIA MOKHO CKA3aTh, YTO & MEHbINIE JU00 PaBeH KBAJAPATHOMY KOPHIO u3 uucaa N (eciu 3T0 ycaoBue He
BBINIOJIHEHO, TO Npou3BeaeHre Oyner 3aBegoMo 6obine N).

Takum 06paz3oM, MOKHO HAMMCATH CASAYIONIYIO PYHKINIO, KOTOPast 6yaeT J0BOIBLHO 3D HEKTUBHO IPOBEPATH THCTIO
HAa [IPOCTOTY:

int isprime(int n)
{
int i, j;
if (2 == n) return 1;
j = (int)sqrt((double)n)+1;
for (i=2; i<=j; i++)
if (' (n%i)) return 0;
return 1;

Yrobsr dyrKIMa sqrt paborana, HEOOXOOUMO MOAKJIIOYATE OnbanoTeky math.h.

[Tone3ysice Temu 2ke cOOOpPaKEHUSAMU, OY€Hb IPOCTO HANMKUCATH (DYHKIMIO, HAXOMAIILYI0 BCE PA3JIOKEHUs INCIIA HA
JIBA MHOXKUTEJIsA. J1JIsT 9TOT0 OCTAaTOYHO yOpaTh TPOBEPKY HA PABeHCTBO [N IBYM U B 3aMeHUTh return O Ha 0OpPabOTKY
JNBYX HAMWJEHHBIX jeauTenei 1 un/i.

O6a s1ux amropurma umeor cioxkuocts O(vVN).

4 HOJ/I n HOK. DnemeHTH TeOpUM OCTATKOB

Bepuemcs k mpocThiM guciam. JI1060e 9ucio MOXKHO TPEJACTABUTH B BUE MPOW3BEIECHUS TPOCTHIX YUCEJT, TPUIEM
9TO MpeCTABIEHNE OYIeT eIUHCTBEHHO.

O6bIYHO, TaKOe MPEJICTABICHUE BBILJISIIAT B BHJE OJHOMEPHOTO MAaCCHBA, COAEPYKAINErO MPOCTHIE YUCTA, U eIle
OJTHOT'O OJTHOMEPHOTO MACCHUBA, MIJ1s HEITOCPEICTBEHHOTO MTPEICTABICHUS IUCIIA, B KAKIOHN siuefike KOTOPOTo COMEePKUTCS
CTEIEeHb COOTBETCTBEHHOI'O IIPOCTO YHUCIIA.

Hanpumep, mycTh y HAC €CTh MACCUB IPOCTHIX duces [2,3,5,7, 11, 13], Torna maccus ¢ npeacrasierueM ducia 2600
Oymer BRITIAACTD Kak [3,0,2,0,0, 1] u3 KoToporo MoxkHO moayants 23 x 52 x 131 = 2600.

Takoe npezicTaBiIeHHE HEONPABIAHHO MEHEPUPOBATDH JIJId OJHOIO YHUCIa (ECaH 9TO He FABJIAETCS HEOOXOMUMBbIM
ycjaoBueM Jijid perenus 3ana4u). OHAKO, eciid 4uce] MHOIO, TO NPUBEJIEHHE MX B TAKOE IPEJICTABJIEHHE U 0OPATHO
MOXKeT DbITh BECbMa, [TOJIE3HBIM.

Hampumep, ¢ TOMOIIBIO TAKOTO MPEICTABIEHNS OUYeHb MPOCTO PEATN30BAThH YMHOXKEHNE. PacCMOTPUM HAIIEe YHUCIIO
2600 u uucno 11858, koropoe npejcrasasercs MaccusoM [1,0,0, 2,2, 0]. Yrobbl HOIYUYUTH IPOU3BEAEHHE ITUX UUCEN,
JIOCTATOYHO CJIOXKHUTH COOTBETCTBYIOMIME JIEMEHTHI MaCcCUBOB. Pesymbrarom Oymer maccus (4,0, 2,2, 2, 1], T.e. 24 % 52 x
72 x 112 x 13! = 30830800, =T0 COBIAIAET C PE3YIBTATOM yMHOMKEHISI.

[Tocste HEKOTOPBIX PA3MBIIIIEHAN MOXKHO TaKXKe PEATU30BATH JEJIEHUE C OCTATKOM, HO B PAMKAX JIEKIHH Mbl 3TOTO
JeaTh He OymeM, YKeJarolIe MOTYT CAMU MPUIYMATh AJITOPUTM.

N3 sroro npescrapnenus Takxke MoxkuO nosydutb HOJL u HOK stux unces.

Jna naxoxaenns HOJL Hano BeIGMpaTh MUHEMYM U3 cremeneil (3T0 jormuno, T.K. unciao X" kparno X%, ecim
n > k). Ona noncuera HOK mazo 6parb mMakcumyMm u3 crerneneii. Dror ke meroz paboraer i IPOU3BOJIILHOIO
KOJIMIECTBA IHCEI.

Jna mamux gmcesn 2600 u 11858, HOJ, noacunTannblii TakuM o6pasoM, upeacrasuM MaccusoM [1,0,0,0,0,0], r.e.
pasen 2, a HOK — maccusom [3,0,2,2, 2, 1] u pasen 15415400. C nomormpio anropurma EBKIUAA HECTOKHO YOSIUTHCS,
YTO PE3yJIbTAT BEPEH.

Kpowme Toro, y paznoxkeHus Tucia Ha TPOCThIE MHOXKUATEIN CYIIEeCTBYIOT Gosee crenndraHble HA3HAUEHU T, KOTOPHIE
BCTPETATCA TIO XOY PelieHns: TPAKTUIECKUX TYPOB.

Haxoxenne eex npocrbix guces 10 N sanumaer O(N x v/N) BpeMeHu, HOACYeT CTeleHef /i OJHOI0 YUC/Ia
sarumaer okoo O(N) BpeMeHu (ecu CTEeHH He CIUIIKOM GOJIBINE), U ONepanun yMHOKeHus, Haxoxaeaus HOJl u
HOK samumator taxxe O(N) Bpemenn. Taxum 06pazom, cyMmmapHoe Bpems cocTasisger okoao O(N x N + N x M),
roe N — makcuMajbHOe u3 unces, a M — KOMMYecTBO STUX THCEI.



5 beicTpoe Bo3BegeHNE B CTEIIEHb

J0BONBHO 9aCTO BO3HUKAET 3374298 GBICTPOTO BO3BEIEHUS THCIA MM JIPYTOr0 OOBEKTA, /I KOTOPOTO OMPEIETeHa
olepalus yMHOKEHUs, B KAKYI0-TM00 crenenb. HauBHBIH aniropuTM, KOI/a Mbl IIPOCTO HYXKHOE YHCJIO PA3 YMHOMKAEM
9HCII0 Ha caMo cebd, mmeer caokuocts O(N), rme N — cTeneHb.

IIpu BO3BEJEHUU B CTElIEHb YUCI0 PACTET OYEHb ObICTPO (& 3HAYMT, HABEPHAKA TPEOYIOTCs OlEPALUU C JJIMHHBIMU
qucnamu). [103TOMY HAYIMTHLCS BO3BOIMTE YUCIIO B CTEIEHDL ObieTpee, weM 3a O(N) — J0CTaToqHO BaskKHAS 331294,

PaccMaTpuBast CTEIeHH HEKOTOPBIX THCEIT, MOKHO JOTAJIATHLCS O METOE, KOTOPBIM CIEIYET NOb30BaThes. Hampumep,
JITsT BO3BEJEHWsT 3 B 4-10 CTENeHb HAM HYYKHO MPOJENaTh 3 oneparmun yMHOKeHus. OIHAKO, €CITM W3MEHATE MOPSITOK
neficteuit Ha Takoii: (3%)2, To moTpebyerca Beero mBa ymHOKenua. Cleayer TOMHAThH, 9TO IPH BO3BEJCHHWH HUHCIA B
CTEIIEHHU ellIe B KaKyI0-1100 CTEeHb 0KA3ATE M CTEIeHEl IepeMHOKaoTcd. IMEHHO Ha COKPAIIEHMU YE€THBIX cTeneHeii
OCHOBBLIBACTCS UJCSA OBICTPOTO BO3BEJCHWS B CTCMCHD.

ITpusenem TekeT GyHKIUM, KOTOPAs BO3BOAUT YUCIIO @ B CTENCHB N

int pow(int a, int n)

int b, c, k;
k = n;
b =1;
c = aj;
while (k)
if (1 (k%2)) {
k /= 2;
C *= c;
} else {
k--;
b *= c;
}
return b;

}

Kaxknpriit pas, Korga cremexb 49eTHasi, MbI BO3BOJHMM BCIIOMOTATEIBHYIO MMEPEMEHHYIO B KBaJpPAT, a TOKA3aTEIh
crenenu jejuM Ha 2. e auciio HedeTHoe, TO yMHOXKAEM TEKYIIee BCIOMOIaTeIbHOE YUC/I0 HA PE3YJIbTAT U Yy MEHbIIIAeM
mokasarenb cremenn Ha 1. Takum o6pazom xoTst ObI OMMH Pa3 W3 ABYX y HAC MPOU3OUIET yMEHBINEHUE MOKA3ATE IS
CTEIEHU BIBOE W, UCXO/s U3 ITOrO, MbI IOJydnM cjoxkHOCTh anropurma O(log N).

JlocTuxkenne Takol CI0KHOCTH OY€HDb MOJE3HO, OCOOEHHO TIPY UCIOIH30BAHUN MEIJIEHHBIX OMEPANUil ¢ JIMHHBIME
qncnaMu. TakuM 06pa3oM MOKHO BBIOPATh «YHHBEPCAJBHBINS PEIENT: MCIOIB30BATh OBICTPOE BO3BEIEHHE CTEIEHD
Be3/Ie, rJie mokazaresb Moxker npepbimarb 100. C ygerom Toro, 9o dyHKIHS JOCTATOYHO IPOCTAst, MOXKHO UCIOJIb30BATD
OBICTPOE BO3BENIEHUE B CTETIEHDh BO BCEX CIIYUASX.

B anrnos3pranoil muTeparype ajaropuT™ ObICTPOTO BO3BEIEHHUS B CTEMEHb 0O3BIBAIOT 3a0aBHBIM CJIOBOCOYETAHUEM
“Russian peasant algorithm”, 4To mepeBomuTCsS KaK «aJrOPUTM PYCCKOTO KPECThIHUHAY.

6 Marpunbsl nu onepanuu HaJ HUMU

B pamkax Hamreii ceromusmiHel JEeKIuH Mbl GYIeM PACCMATPUBATH TOJBKO KBAIPATHBIE MATDPHIIBI, COCTOATINE W3
uncen. Marpuia ABIsSeTCSA, O CyTH, JIBYMEPHBIM MACCHBOM, 9TOOBI HATJISIHO MPEICTABHTH, ITO ITO TAKOE, MOXKHO
OTKPBITH SJEKTPOHHY0 Tabsmiry. Kazk iplii s;ieMeHT MATPHITBI ONPe/IeNIsIeTCsl KIMEHEM STOH MATPHIIBL U IBYM ST THCJIAME —
MHJIEKCAME MACCHBA.

JIByMepHBIE MACCUBBI OUEHBb YACTO MCTIONL3YIOTCA B MPOTPAMMHUPOBAHUY JIJIsi XPAHEHUS JAHHBIX, HO CETOTHS MBI
OCTAHOBUMCS HA anrefpandecKuX CBOHCTBAX MATDHIIL.

Marpuna SBIAeTCA MATEMATHIECKAM O0BEKTOM, 1 JIJIs Hee, KAK ¥ JJIs TUCEJl, ONPEIETeHbI HEKOTOPBIE OIIEPAITIH, B
YACTHOCTH, CJIOKEHUE U Bbrautanue Marpurl. Jomycrum, aro A, B u C' — KBaApaTHBIE MATPHIIBI OJMHAKOBOTO PAa3Mepa.
Torpa marpuna C, pashag cymme marpun, A u B onpegensiercs nosaementro, kKak C[i][7] = Al#][j]+ Bli][j]- Touno rak
JK€ OTIPENIENIACTCS W PASHOCTH MATPHUIL. Y MHOKEHWE MATDPUIIBT HA 9UCIO — 3TO MPOCTO YMHOKEHHE KAXKIOTO ITEMEHTA
MATDPHUIIBI HA 9TO THUCJIO.

[To-mpyromy mpoucxonut ymuokenue marpui. Jomnyerum, C = A x B, torma C[i][j] = Z;é (A[é][k] x Blk][4]),
k mamengercs or 0 10 n — 1 (n — pa3mMep MATPHIBI, HyMepAIus HAYMHACTCS C HyJd). 3HAK y |, O3HAYAET CYMMY, T.€.
Zi:o A[k] — a0 TO XKe camoe, uro A[0] + A[1] + A[2] + A[3] + A[4]. O6parure BHEManne, uTO A X B, BOOOIIE TOBODS,
He paBHO B X A.

[lepen nanucanmem HyHKIME yMHOKEHHS MATPHIL ONPEIETUM HECKOIBKO MAKPOIOICTAHOBOK.

#define MAXN 100



DTa MAKPONOACTAHOBKA OYIeT OMpelessiTh pa3Mep MATPHUIILI. Y I00HO 3aBECTH €e B BUJe KOHCTAHTHI, YTOOBI UMETh
BO3MOXKHOCTDb OTJIAIUTh OPOrpamMMy (Ha OT/IaJuuKe OYeHb TAKeJIO MPOCMATPUBATH OOJIbIINE IBYMEDHBIE MACCHBHI).

#define matr(a) int a[MAXN] [MAXN]
9TO MOXKHO KCIIOJIB30BATh IIPOCTO JJisl yA00CTBA HAMCAHUS.
#define For(a,b) for(a=0;a<b;at+)

Bo mHOrEX 3amadax WCHOOJB3YIOTCS IUKJIBI M0 KAKOHW-THO0 MEpeMeHHOU OT HyJisi 10 Apyroi mepemenuoit. Ouenn
y106HO 0OopMIATE UX B TakOoM Buje. T.e. komanna For (1, j) mepen kommuisnueit 3amerurcs Ha for (i=0; i<j; i++).
Eciu npuBbIKHYTH K TAKOMY CTHJIIO, TO OH MOMOXKET SKOHOMUTH BPeMs, KOTOPOe OUYeHb IEHHO Ha oauMnuajie. lemepb
mepeiiieM HermoCPENCTBEHHO K peaan3anuid QyHKIINN YMHOKEHNUS MATPHIL:

void mulmatr(matr(a), matr(b), matr(c))
{
int i, j, k;
For (i, MAXN)
For(j, MAXN) {
c[i1[j]1 = 0;
For(k, MAXN)
c[i1[j1 += alil[k] = b[kI[j];

Paccmorpuwm errie 0qHO MOHSITHE, KOTOPOE TO3BOJUT HAM MPUMEHUTH XUTPOCTD, YCKOPSIONee paboTy mTpOrpaMMbl B
HECKOJIBKO Pas.

TpaHCTOHMPOBAHHON MATPUIIEH HAZBIBAETCSA TAKAS MATPHUIIA, Y KOTOPO CTOIOIBI CTAHOBATCS CTPOKAMH, 8 CTPOKH —
cronbmamm. T.e. AT[i][j] = A[j][i] (AT - obosHawenne TPAHCTOHHPOBAHHON MATPHITH).

B ciyuae ymMHOXKeHUMST MATPHUI MBI GEpeM CTPOKY OIHOM MATPHUILI M CTOJOEN APYrod W OCYIIECTBIIsIEM K HUM
MOCTIEIOBATENbHBIN AOCTyn. B maMsaru KOMIIbIOTEpa MHOTOMEpHBIE MACCHBBI PAa3BOPAYHBAIOTCS B OJHOMEDHBIE, U
JIOCTYII K CTPOKE HJIET JOBOJILHO OBICTPO, 33 CUYET ONTUMUBAIUN KOMIUIATOPA MPU MOJCYETEe a/IPECHBIX BHIPDAXKEHUHN 1
K3MupoBanus (BCe JAHHBIE JIEKAT PAIOM M aBTOMATHYECKHU TIONAIAIOT B K3I1). B ciydae e o cTOMBIIOM aIpecHoe
BhIpasKeHue (IOJIOKEHNE JEMEHTa MACCUBA B (DUBMUIECKON MaMATH KOMIILIOTEPA) IPUXOIUTC BLIUUCIATH 3aHOBO U
JIaHHBIE HE TIOMAIAI0T B KIIII.

B mamreit ¢pyuxmum Mbr obpaliaemMcsa K OTHOMY B ToMy ke ctoadiy MAXN pas, 3a cder 9ero mpou3BOAUTEILHOCTH
pesko nanaer. Ecim npeaBapuTesibHO TPUMEHUTh TPAHCIIOHUPOBAHUE MATPUIIBI, & TIOTOM BEPHYTH €€ 00PATHO, TO HAM
yIaCTCsA YCKOPUTH TIporpamMmy B 3 — 5 pa3 6e3 UCIoIb30BaHUsT JOTOTHUTEIBHON maMsTu. M3menenrnas GyHKIums Oyner
BBITJISIZIETH TAK:

void mulmatr(matr(a), matr(b), matr(c))
{
int i, j, k;
For (i, MAXN)
For(j, i) {
k = b[i1[j];
bl[i] [j] b[j1[i];
b[j][i] k;
¥
For (i, MAXN)
For(j, MAXN) {
clil[j]1 = 0;
For(k, MAXN)
c[il[j] += alillk] * b[j](k];

}
For(i, MAXN)
For(j, i) {
k = b[il[j];
bl[i]1[j]1 = b[j1[i];
b[j1[i] = k;
}



B xomnrme paborbl GpyHKIIMKE MBI BO3BpalmaeM MaTpuily B B ee mcxomuoe coctosinue. Temepb y HAaC €CTh TOJBKO
YMHOKEHHE CTPOKH Ha CTPOKY, KOTOPOe IIPOUCXOINUT 3aMeTHO ObicTpee. M0xKHO ObLIO UCIIOIB30BATh U JIPYIHe MeTO/IbI
XpaHeHUd CTOJOIIA, HATPUMED, 3AITUCHIBAA €r0 B OTHOMEPHBIN MACCHB.

Kpowme Toro, cymiecrByer TakKe onepanus yMHOMXKEHHsI MaTpUlbl Ha BekTOp (oaHoMepHblil maccus). Ilycr A —
MaTpuia, B - BeKTOp W3 YHCes, TOTa B Pe3yJIbTaTe yMHOKEHUST MBI TIOJIydnM BeKTOp C'; KOTOPHBIH OyIeT onpeaensaThes
ucxons u3 dbopmyssr Cli] = Bli] x S1—, Ali][k].



