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1 Oprasmsamnusg BBoJa-BbIBOAa m3 (aiiia

B GoapmmHaCTBEe OMMMIINA 10 HH(POPMATHKE BXOJHBIE JAaHHBIE BBOIASTCS M3 TEKCTOBOIO
daiiia ¥ BBIBOAUTHCS JIOJZKHBI TakK 2Ke B aitn. OdeHb peako BO3HHKAET HEOOXOAUMOCTD
CYMTHIBATDH JIaHHBIE U3 bail/la ABaXKIbl; OPraHU3ATOPHI CTAPAIOTCs M30erarb TaKUX 3a1ad.
MBI paccMOTpUM METO, KOTOPBIH MO3BOJUT YUTATHL U MHCATH JaHHBIe U3 (PailloB Tak xKe,
KaK ¢ KOHCOJIM — 9TO HO3BOJIAT U30€xKaTh IIyTAHUIIBI U O0JErYUTh MPOIECC OTIAIKH.

B nexmusax mbl Oy/ieM paccMaTpuBaTh TporpaMMbl Ha g3bike C. B wactnocTu, g nurry-
mux #Ha C, peKOMeH IyeM NCIoabh30BaTh On0In0TeKy stdio . h /s peaan3annn BBOIa-BbIBOIA
BMECTO iostream u JApyrux OHUOJIHOTEK JI/id PaOOTHI ¢ MOTOKAMH BBOJIa-BBIBOA. DTOT BHIOOD
CBSI3aH €O 3HAYUTEILHO OoJiee BBICOKOH HPOM3BOAMTEIHLHOCTHIO OubanoTekn stdio.h. s
HOJIB3YIOMIUXCA Java PeKOMEHIyeTCs CAMOCTOSTE/IbHO U3y YUTh (DYHKIHUK 111 PAOOTHI C 0-
TOKAMHU BBOJA-BBIBOJA, & J[JI HCIOJIb3YIOIMMUX i0Stream — U3y4YUTh 3Ty OHOIMOTEKY WX
nmepeiTi Ha MCIOAb30BaHne stdio.

Wtak, mepeiigeM K paccCMOTPEHHIO OpTaHU3AIMK BBOJA-BBIBOAA. JlomycTuM, neper HaMu
CTOUT 3ajlava CJIOKHUTH JIBa MMEeJBIX YhcJIa, He mpeBocxomamux mo moayao 10000. Bxoansie
JIAHHBbIE HaxodTcs B daiiyie input.txt, BbIBOJL JI0JI2KEH OCYIIECTB/IAThCA B daiti output.txt.

Pacemorpum pertenne 9Toil 3a,1a9u:

#include <stdio.h>

int main(void)

{
int i, j;
freopen("input.txt", "r", stdin);
freopen("output.txt", "w", stdout);
scanf ("/d/%d", &i, &j);
printf ("%d", i+j);
return O;



[Mepras dyHKIHMs freopen MepeHANPABIISET CTAHIAPTHBIN TTOTOK BBOA (stdin) Ha daiia
(input.txt) agst arenns (r. IIOJHOCTBIO AHAJOTHIHO B CJIEYIONIEH CTPOKE MEpeHAIPABJIsIeT-
¢4 CTAHJAPTHBIN IMTOTOK BBIBOJA.

CTOUT 3aMETUTD, YTO TPHU UCIOIBb30BAHUE ITOTO METOa HET HEOOXOAUMOCTH UCIOJIb30-
BaTh fclose jig 3akpbiTug BailjioB, T.K. CTAHIAPTHBIE IIOTOKH 3aKPbIBAIOTCA aBTOMATUYECKU
B KOHIIE pabOTHI IPOrPAMMBI.

g oTyIa kK| TOCTATOYHO 3aKOMMEHTHPOBATh CTPOKH, IIePEeHAIPABISIONINE BBOI-BBIBO/T
B aiiyr, ¥ TOraa mporpaMMa OyIeT CYUTHIBATH H BBIBOIUTHL JAHHBIE HA KOHCOJb. QOparuTe
BHUMAHHE, UTO CJeayeT He 3a0bIBaTh yOpaTb KOMMEHTApPHil Imepe OTIPAaBKO pelneHns Ha
[IPOBEPKY.

2 VHTynTHUBHOE IIOHATHE CJOXKHOCTU AJITOPUTMA

Onenkoit 3pOEKTUBHOCTH Peau3alui PeHieHns HPUHITO CUUTATh BpeMst PabOThI MPO-
rpaMMbl U KOJIHIECTBO UCIOJB3yeMoil namaru. CrangapTHbie COOOIEHNs TeCTUPYIONEeH cu-
CTEMBI O TIPEBBITIIEHNH MAaKCHMAJIBHBIX JUMUTOB 06brdHO HOCAT BU TL (Time Limit exceed,
npesbiinen JumuT 110 Bpemenn) 1 ML (Memory Limit exceed, npeBbiiiieH JUMUAT 1O TTAMSITH ).

Db deKTHBHOCTD NPOrpaMMbl OOBIYHO OIPEIesieTCsl, UCXO/Id U3 COYeTAHUS BPEMEHH pa-
OOTHI TPOTPAMMBI U HCIIOJIB3YEMOTr0 00beMa MaMSATH, TPUUIeM BarKHOCTb KayKJI0T0 U3 KOMIIO-
HEHTOB OIPEeJIEISeTCS B 3aBUCHMOCTH OT 33/1a49u. B ciydae ke 0JIMMITNATHOTO ITPOTPAMMEIPO-
BaHUS CJIEyeT MCIOJTb30BATH €Ile OJNH PEIraioIiunii KOMIOHEHT ONeHKHN 3 (MeKTuBHOCTH —
BpeMs, 3aTpadeHHOe Ha HAIIMcaHue MmporpaMMmbl. Takum obpasom, Haubosiee 3hHeKTUBHBIM
peleHneM OJTUMITHAIHONR 3aJa9n 110 HH(MOPMATHKe MOYKHO CYUTATH pelleHue, VKJIAIbIBAIO-
meeca B TL u ML, u nanucannoe 3a KpaT4Jaiiliiee BpeMd.

OcHoBHast 9aCcTh BpeMeHH pabOThI MPOrPAMMBI COCTOUT W3 MPOU3BEIEHUS KOJIMIECTBA
uTepanuii uKaa (T.e. CKOJIBKO pa3 OBLIH BBHIIOJHEHB! IefiCTBI) Ha BPeMsl BBIIIOJHEHUS KO-
MaH/[[ B IUKJIe. BpeMs BbINOJHEHUsI YCJIOBHO Oy/1eM HA3bIBATH «KOHCTAHTOMW» (HEe 3aBUCSIIIEN
OT BXO/JHBIX JIAHHBIX), & KOJUIECTBO UTEPAIMH — <«CJIO0KHOCTBIO» anropurma. JlomycTumM,
AJITOPUTM JIMHEHHBIH, T.e., HAIpUMep, HA BXOJ maercsa N 4YHces, U CJIeAyeT MOJACIUTATh UX
cymmy. Torma ciaoxkuaocts aaropurma Oymer obosnadarbes Kak O(N) (O-6oabmoe or N).
Koncranra e ajs 370 33291 MOXKeT Pa3IndaThCd B 3aBUCUMOCTH OT KOHKPETHBIX YCJIO-
Buii. Hampumep, /1151 1esbix amcest KOHCTaHTa Oy/IeT B HECKOJBKO Pa3 MEHbIe, YeM JIJIs Be-
MIECTBEHHBIX (T.K. IeJIOYNCIeHHbBIe OEePAIMI BBIIIOJHSAIOTCS B HECKOJIBKO pa3 ObicTpee). s
KBaJIPATHYHOTO AJTOPUTMA (HATIPUMED, JJIsi COPTUPOBKH MY3BIPHKOM) CJIOXKHOCTH 3aIUChHI-
paercss kKak O(N?). CiloxHOCTh MOZKET 3aBHCETh U OT HECKOJIbKHX HapaMeTpoB, e/ OHU
ONPEJIE/ISIOT KOJMYIECTBO UK/I0B. Toraa cJI0KHOCTh MOKeT 3anuchiBaTbes Kak O(N 2+ M 3).
Ecnu B anropurme HeT IMUKJIOB, 3aBUCAIIUX OT BXOJAHBIX JAHHBIX, TO TOBOPSIT, 9TO OH «pPa-
foraer 33 KOHCTAHTY», T.e. 32 O(1).

O6s19HO0 32 O-60ab1T0E 0003HATAIOT CIOKHOCTH B Xy/IIeM ciaydae. HekoTropsie aaroput-
MBI PabOTAIOT OYEHb MO-PA3HOMY B 3aBHCHMOCTH OT BXOJHBIX JAHHBIX, B 3TOM CAyYae MbI
Oy/ieM OTIEeTbHO YKA3bIBATH «CJOKHOCTH B CPEJIHEMS.

Ouenb 9acTO B MPOIMECCE MOICYETa CJI0KHOCTH aJITOPUTMa UCIOIb3yeTca (hyHukius log N
(«orapucdbm ot N»). B mporpaMMupoBaHuH Mbl OOBIYHO GyJ€M HCIOJIH30BATH JBOMYHBIH
ngorapudm. On ompenenserca Tak: 212 = N. B nagpneitmmem moj 3amuchio log N MblI
oyneM moanMaTh log, N. IlHTepecHas ocobeHHOCTD JorapudMa 3aKT0IaeTCS B TOM, YTO OH
pacrer odyenb mejienno mpu pocre N. Tak upu N =8 :log N =3, N = 65536 : log N = 16,



N = 4294967296 : log N = 32. Ckopocth pocra jorapugma HAMHOTO MEHbIIe, 9eM JTaXKe y

KBaJIpaTHOro KopHs. [losTroMmy npu 601bImuX 3Ha9eHHSIX [N aJITOPUTM CO CJIOKHOCTDBIO log N 1

OO0JIBINON KOHCTAaHTOf OyIeT apdekTrBHEe JIMHEHHOT0 aJITrOPHTMa ¢ MaJIEHHKOM KOHCTaHTOM.
Ha sTom 3akoHYNM BBeJeHIE B TEOPUIO CIOKHOCTHU aJTOPUTMOB.

3 ]_[eJIO‘—II/ICJIeHHbIe TUIIBI JAHHbBIX N1 X MNCIIOJIb30BaHUE

Ha manHBIfl MOMEHT Ha OMUMIINAJAX WCIHOJIB3YIOTCS, B OCHOBHOM, 32-OMTHBIE CHCTEMBI
u koMmuugTopbl. [IpuBejem Tadjiuily, B KOTOPOH yKa3aHbl MAKCUMaJibHbIe U MUHUMAJIbHbIE
3Ha4YEeHUs JIjIsi OCHOBHBIX THIIOB II€PEMEHHbBIX:

HaszBanne Baiit | Muanmym | 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 —263 203 —1

Cremyer 3aMeTHTh, 9TO ONepaIii ¢ int64 BBIMOIHIIOTCA HECKOJIBKO MeIJIeHHee, YeM C
JAPYTUMH THUIIAMHA TEJOYNCITEHHBIX JTAHHBIX.

[Ipu mporpaMMUpOBaHUHU CJIeAyeT cTapaThCsd WCIOJH30BATh TUI int KpoMe CUTYaIui,
KOIJIa UCIOIb30BAHUE MEHBIIET0 TUIIA MO3BOJIUT YI0KUTHCA B ML nimm Tpebyercst 3aBeoMo
OOJIBIMNY TUI JAHHBIX.

OrmeTnM HEKOTOPBIE 0COOEHHOCTH MCIOIb30Banne Tuia int64 B s3bike C. Bo-mepBoix, B
HEKOTODBIX PeATH3AIMsIX OH 0003HAYAETCsT KaK __int64, B HEKOTOPHIX JAPYIUX (B OCHOBHOM B
UNIX-cucremax): long long. Kpome Toro, Ha pasindHbiX maardopMax UCHOIb3YeTcs CBOs
dopMaTHas CTPOKa JIjIsI BBOJA-BBIBOIA int64. YHHBEPCAJIbHBIA BBIBOJ IIPOrPAMMUPYETCS C
HOMOIIBIO MAKPOKOMAH/| ¥ BBITVISJUT CJIEIYIONIUM 0Opa3oMm:

#tifdef WIN32

printf ("%I64d", n);
#else

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

B HekoTOpBIX cHTyanmugax He XBaTaeT jazkKe Tuma int64. Horma, ecyim JaHHBIe HE HAMHOTO
MMPEBBIITAIOT pa3Mep 1int64, MOXKHO BOCIOJb30BATHCA THIIAMH IIEPEMEHHBIX C IJIABaONIeH
Toukoii. Tax long double MOKeT XpaHNUTH O€3 OMMUOOK TeJI0e YUCTO0 JTUHON 10 19 necarmd-
HBIX 3HaKOB. O,ZLHaKO cjaeagyer IIOMHHUTb, 9YTO BEIIECTBCHHBLIC THIIbLI O6pa6aTbIBaIOTCH 3Ha4YU-
TeJIbHO MedJjieHHee, J1Jid HUX He OlIpeaesIeHbl Oepaluu B34dTHA OCTaTKa W ACJICHHUA HaIleJIo.
HecmoTpst Ha 3T0, BCce Ke CYIHIECTBYIOT CHTYaIlMH, KOT/Ia UX UCIIOJIB30BAHNE OMPaBIAHO.

Knaccuueckunit mpuMep Ha TeMy BbIOOpa THUIA TEPEMEHHBIX BBIIVISIUT TaK: JAHBI JIBA
gyucaa X u Y 110 MOy 10 MeHbInze, yeM 23!, ciieiyeT BBIBECTH UX CyMMY. YYaCTHHK CMOTPUT
Ha JIAHHbIe, BbIOMpaeT TUI int M Hojiydaer omwuOKy, T.K. Pe3y/bTaT CJIOKEHHUS MOYKEeT He
YMECTUTBCA B 9TOT THUII JaHHBIX.



Ecan ke He XxBaTaeT W 3TUX NEePEMEHHBIX, TO €JIMHCTBEHHBIN BBIXOJ — HCIHOJIb30BAHNE
JUTHHHOM apudMeTHKH, T.e. apu(pMEeTUKH Ha MACCUBAX, YeMy U OV/IeT IOCBSIIEHA CJIe/ Ty IOasT
qacTh JEKITUH.

4 JInuHHBbIE YUCJIa U onepanuu HAaJd HUMN

[Ipu paccmoTpeHwr 3TOit TeMBI HaM MOTPEOYIOTCS 3HAHWS, TMOJTYUYCHHBIC B HAYATHHOM
mkoJie. B gacTHOCTH, BBINOJHEHNE apU(PMETHIECKUX OlePallnii «B CTOJIOUKS.

Nneqa peanuzanum JJIMHHBIX YUCES 3aK/TI0YAETCA B UCIOIb30BAHUN MACCUBOB, COCTOSTITUX
M3 YHCeJ «<KKOPOTKUX» (OHU Oy/IyT UrpaTh poJib nudp). ByaeM npuiep:KuBaThCs CONIAIICHNU,
YTO YHCIA MPUZKATHI K «ITPABOMY KPAIO», T.e. MJIAJIIINE PA3PSIbl CTOAT B d4eifikax ¢ OOIBITHM
HOMEPOM.

Bo-nepBbix, ornpejeinM MaKCUMaJIbHYIO JUIMHY JJIMHHOTO Yuc/a. B obimeM ciaydae — 310
HeOaHATbHAS 337@49a, W 9TOT MapaMeTp ONpeaesseTcs ¢ MOMOIIBI0 KOMOMHATOPHBIX (Hop-
MYJI, HO MOZKHO TIOCTapaThcd MOA00paTh 3aBE/IOMO YAOBIETBOPLIONIee HAITUM TOTPEOHOCTIM
3HAYEHUE.

Vi106Hee BCEro OMpeIeuTh OJINH PAa3 MAKCHMAJIbHOE 3HAYEHUE JITUHBL (KOJIHYIeCTBA JJTe-
MEHTOB B MACCHBE), 9TO0BI MOKHO OBIJIO YMEHBIIATH ero s bosee yaoOHOH OTIajiKu. DT
JleJIaeTcs ¢ MOMOIIBIO CIeYIONTell MaKPOIIO/ICTAaHOBKH:

#define MAXLEN 1000

Mm1 onpenennin mMakcumasbuyto aauay MaccuBa B 1000 «mudp». Kpome Toro, ymooHO
ONPeIEeNTh CTPYKTYPY I XPAHEHHST IHCIIA;

typedef struct

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

} vlong;

[Tone st Gyjer ykasbiBaThb HA TY IMO3UNKIO, C KOTOPOH HAYMHAETCH OCMBIC/ICHHAS YaCThb
qHucJIa (T.e. HAQYUHAIOTCA OTJIMYHBIE OT HYJIA I_[I/chpbl; B ,ZLaﬂbHefH_HeM MBI YBUJHUM, YTO pa-
3yMHOE HCIIOJIb30BAHUE ITOTO 10 W30aB/IdeT HAC OT OIPOMHOI0 KOJUYeCTBA OECIIOIe3HBIX
onepauﬂﬁ). MakpomnoactanoBka typedef menaercs s TOro, 9TOOB He TUCATH KaXKIBIH pa3
caoBo struct. Ilporpammupyomue Ha C++ u Java moryT co3zaTh Kaace U JadbHeRne
(YHKIMYN 3alUCHIBATH B BUJE IEPEOIPEJIEJICHHBIX OIEPATOPOB ITOI0 KJIACCA.

BCHOMHI/IM, KaK OCYIIeCTBJIAeTCA CJIOKEHNE B CTOJI6I/IK. MBI HadynHaeM HATH C MJAAJITNAX
pPas3psi0B, CKJIAJIbIBaeM IMHUMPHI, CTOAIINE Ha JAHHBIX MO3UNKALAX, HPUOABIAEM TO, YTO OBLIO
«B yMe», HOBOe 3HaUeHUe «B yMe» PaBHO IeJIOW YacTH OT JieJIeHUs TMOJYIeHHOrO Pe3yabTaTa
Ha 10, B ©TOTOBOE YHCJIO HA 3TY MO3UITUI0 — OCTATOK OT JiejieHus pesyabrara Ha 10. Tak Mbr
IIOBTODSIEM JI0 TeX MOP, MOKa 00a Yncjia He KOHIATCs (T.e. Mbl He JI0i1eM J0 Hadasa 60JIbInero
qHCsIa), B CJIydae JKe, eCJU «B yMe» He HOJIb — Mbl JONHCHIBaeM 3Ty mudpy B Hadaso. B
peann3arun JIIMHHOTO CJIOYKEHUS — BCe TO YKe caMoe, TOTBKO JJ1sT SKOHOMUT BPEMEHW W MeCTa
MBI MOXKEM HUCIIOJIb30BaTh, HAIIPUMED, HE CUCTeMy CUUCJeHHs ¢ ocHoBaHmeM 10, a cucremy
¢ ocuoBanneM B 10000 (mast cioxkeHHsT MBI MOXKeM BBHIOpaTh U GoJbliiee 3uavenue). s
peajm3aluu 3TOr0 MeTo/a u, OlsTh ke, boJiee yA00HOH OTJ/Ia/IKK Y/I00HO 3a/1aTh KOHCTAHTY
C OCHOBaHHUEM CUCTEMBbI CHUCJICHUAI!



#define SYS 10000
[Iepeitgem coOCTBEHHO K ONMHCAHUIO (DYHKIUU CJAOKEHUS:

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

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

CrenaeM HEKOTOpBIE TOsCHeHUus K mporpamme. [lepBbiM jeioMm oHa BeIOHpaeT OO0JIbIee
U MEHbIIee MO KOJMYECTBY 3HAKOB YHMCJIO. 3JIeCh OISATh Ke IOJHAs aHAJOTHA CO CJIOXKEHH-
eM JHuces B CTOJIOMK: IOKa y Hac 00a YHCIa ellle He KOHYUIUCH, MBI CKJIAIBIBAEM II0 BCEM
HpaBU/IaM, a 3aTeM IepernrchbiBaeM Ha4vaJ0 OOJIbIIero 4uc/ia, He 3adbiBas PO 3HAUYEHUE «B
yMes.

OOBIYHO DOJIBITIHE YUCIA WHUIHAJIU3UPYIOTCI KAKIMHU-JTHO0 MAJIBIMU 3HAUCHUSAME, HAI
KOTOPBIMH 3aTeM MPOU3BOIATCA ONEpaIni, KOTOpble W MPUBOAAT K POCTY ITOTO Uncaa. T.e.
KOPOTKOE YHCJIO HAJIO0 3aluchiBaTh B x.val [MAXLEN], a x.st ycranaBiauarh B MAXLEN.

Ecin a, b u ¢ - nepemennble TUIA v1ong, TO BHI30B (PYHKIUN JIOJKEH BBIIVISIETh KaK
add(&a, &b, &c). DTo cAeAaHO AJIg TOTO, 9TOOBI MEeperaBalIoCh He CaMO 3HAYEHHE CTPYK-
TYDHBI, & yKa3aresb Ha Hee (M He ObIJIO HEOOXOAMMOCTH B KOIMHPOBAHWN ).

BriBecTu 3HadeHue JIMHHOTO YUCIA MOXKHO CJIEIYIONIIM 0OPa30M:

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

Ob6paTnTe BHEMaHIE HA TO, 9TO MEPBOE YHCJIO BHIBOAUTCS 0€3 BEAYIIHX Hy/eil, a KarxK-
Jioe CJeyIoIniee JI0JI2KHO BBIBOJUTCS C BeAyIuMu Hyaamu. [Ipu usmenenun 6a30B0it CUCTEMBbI
cuncaenus (B HareM caydae 910 10000) Hano 3aMeHsaTh udpy B BoIpazKeHuu % . 4d Ha KOJIU-
JeCcTBO HyJIell B OCHOBAHUNT 3TO# cucTeMbl. [IpocTo BEIBOIUTH 371eMEHTHI MACCUBA C TIOMOTIIHIO
%»d Hesp3st! Takyio ommubOKy A0CTATOYHO JIETKO JONYCTUTh W OY€Hb CJA0YKHO HANWTH.



CA0:kHOCTH TToMTyYeHHOTo anroput™a nostyaniaack O(N), rae N — KOJIH4ecTBO paspsiion
B OoJibiieM ducse. Ecjim ObI MBI He HCIIOJIB30BAJIM MOJd St, TO HaM KaxKJIblil pa3 IPUILIOCH
OBl ckJaabIBaTh Bece MAXLEN paspsioB, a ¢ y4eTOM TOT'O, YTO OYEHb YaCTO HCIOJIb3YeTCd He
BeCh MaccuB (B MPOIECce BHIYACTCHUS YUCTA PACTYT, UK Mbl HE MOXKEM TOYHO OIPEEeTUTD
JUTHHY 3apaHee), TO CJI0XKHOCTD ITPOrPAMMEDOBAHHUST OLIPABJIBIBACTCS TPOU3BOANTEILHOCTHIO.

ZLHI/IHHOG BbIUYUTaHUE OCYHICCTBJIACTCA aHAJIOTUYHO. I/ICHO.HBSYIOTCH Te 2Ke uJjeu, 94To U B
BBIYMTAHUHN B CTOJIOHK.

Temepb paccMOTPUM YMHOXKEHHE [ITTMHHOTO YUCIa HA KOPOTKOE (KOPOTKUM YUCJIOM BYIeM
HA3BbIBATH TO, KBAIPAT KOTOPOTO MOMEITAETCA B MEPEMEHHYIO 3eMEHTAPHOTO TUTIA, T.€. MEHb-
mee SYS). IIpu s10oM GyHKIMIO yMHOXKEHHsSI HA KOPOTKOE Oy/eM MHCATH CPa3y ¢ HPHUIIEIOM
Ha HUCIIOJIb30BaHUE B YMHO2KCHHUHU JJIMHHOTO Ha JJIMHHOE.

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->vall[i] = O;
for (i=MAXLEN; i >= st; i--) {
res->val[i-offs] = opl->vall[i] * sh + flag;
flag = res->vall[i-offs] / SYS;
res->vall[i-offs] %= SYS;
}
if (flag) res->val[--st-offs] = flag;
res->st = st-offs;
+

C0KHOCTD AJITOPUTMa YMHOXKEHUsI JTMHHOTO YHCaa Ha KopoTkoe cocrasiaser O(N),
rjge N — KOJUYeCTBO pa3psiaoB B IMHHOM 4ucie. C HCIOJb30BAHHEM JIBYX IPEIBIIYITAX
GYHKIUH yMHOXKEHNEe JJIUHHOTO YHCIa Ha JIAHHOE PEAJH3YeTCs OUeHb IIPOCTO.

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

{
int 1;
vlong temp;
res->st = MAXLEN;
res->val[MAXLEN] = 0;
for (i=MAXLEN; i>= opl->st; i--) {
mul (op2, opl->valli], MAXLEN-i, &temp);
add(res, &temp, res);
}
+

Buizos dbynknum ymaoxkenus Ha koporkoe: mul (&x, sh, 0, &res), rje x — 3TO JJIWH-
HOe 49ncja0, sh — KOPOTKoOe, res — pe3ysbTaT. Be30B OYHKINN YMHOKeHHs JIJIMHHOTO Ha
qauHHOoe: mul_long(&opl, &op2, &res), rae opl u op2 — JIWMHHBIE YHCJIA, & TeS — HUX
IPOU3BCICHUE.

Nuennnann3anms 3HA9eHUH 1 BBIBOJ, OCYIIECTB/ISAETCS aHAJOTHIHO CJIOXKEHUIO.



CA0KHOCTh YMHOYKEHUS IJIMHHOTO Ync/aa Ha niauHHOe nosaydniack O(N x M), tne N u
M — koswmdecTBO pa3psnoB B onepanmax. CymiecTBYIOT 6ojee OBICTPBIe METOJIbl YMHOMKe-
HUsl JTMHHBIX 9ucen (Hampumep, Meton KapaiyGbl), 0OHAKO B IMTKOJBHBIX OJUMIMAIAX X
IpUMeHeHne TpebyeTcs KpaiiHe peKo.

JITMHHOE fesieHne HCMOIb3yeTcs TOPa3fio perke W Peain3yercs aHAJIOIMIHO JeJeHHI0 B
crosbuk. JIIMHHBIE BeleCTBeHHbIE YHCJIa TaKKe OCTaBUM 0e3 BHUMaHUs (MHTePecyomnecs
MOTYT HaWTHU CIIOCOOBI XpaHEHWS BENECTBEHHBIX YHCET B TAMATH KOMITBIOTEPA U PeaTn30BaTh
HEYTO MOJ0OHOe HA MACCHBAX).

Ha 3toMm 3akoHYHM paccMOTpeHue JTHHHBIX YUCET.

5 JleaumMoCTh U JeJINTeJNn

OtBiledeMcd OT TEXHHYECKUX Bellleil U mepeiiieM K ImporpamMMme Kypca MaTeMaTHKH Ha-
4aJIbHON IIKOJIBI.

[TpocThiM YKC/IOM HA3BIBAETCH HATYPAIbHOE YHUCJIO, DOJibIee 1, KOTOpOe AeJUTCH HAIEI0
TOJHKO Ha cebs n 1 (mveer aBa HaTypaiabHBIX gennTesist). COCTAaBHBIMU YUCIAME, COOTBET-
CTBEHHO, HA3bIBAIOTCH BCE OCTAJIbHBIE HATYPAJbHBIE YUCIa, OOJIBIINE €IHHUIb.

[IpocTble yncaa UMEIOT MHOXKECTBO IOJI€3HBIX HPUMEHEHHUi, a Tak:Ke W caMu 110 cede
HEPEeJKO SIBJIAIOTCS CyThio 3aja4un. Hambosiee m3BecTHOE MPOMBINLIEHHOE ITPUMEHEHHE PO-
cThiX ynces — B mudposanun RSA ¢ OTKPBITBIM KJIIOYOM.

B nepsyto ouepens HaM HEOOXOAUMO YMETh TPOBEPSITh, SIBJISETCS JIM YUCT0 N TIPOCTHIM.
T.e. HAM HEOOXOJMMO Y3HATH, CYMIECTBYIOT JIK TaKHe HATypalbHble dncaa x, y (1 < x,y <
N), atro x X y = N. Kpome toro, yciaoBumes, 9ro x < ¥, TOrJa MOXKHO CKa3aTh, YTO T
MeHbIITe JIH60 PaBeH KBaJIPATHOMY KOPHIO U3 4yucia N (ecjim 9TO yC/IOBUe He BBIIOJHEHO, TO
npousBesienne Oyger 3aBe oMo Gosbine N).

Takum obpazom, MOXKHO HAIKMCATH CJIAYIONY0 (PYHKIIHIO, KOTOpas OyaeT JT0BOJIHHO 3(h-
(EeKTUBHO HMPOBEPATH YUCJIO HA MPOCTOTY:

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 O;
return 1;

Yrobbl dyuknusa sqrt paborasa, HeoOXOIUMO MOAKIIOYUTH OnOIMoTeKy math. h.

[Tonb3ysich TeMu »Ke COOOParKeHHAMH, OYEeHb IIPOCTO HANMUCATH (DYHKITUIO, HAXOJIAIILYIO
BCE Pa3/IOKeHUs YUCIa Ha JIBa MHOXKHUTeId. g 9Toro JocTaTodHo yopaTh MPOBEPKY Ha
paBencTBO N IBYM U B 3aMeHHUTH return 0 Ha oO6pabOTKY JABYX HallIeHHBIX JeauTeseil i u
n/i.

O6a 3rux anropurma nveior cioxnocts O(vN).



6 HOJ/I n HOK. D1eMeHThI TeOpu OCTATKOB

HauGonbmum obmum gemuresem (HOJ) aByX HATYpAJIbHBIX THCE] HA3BIBAETCS TAKOE
MAKCHMaJIbHOE HATYPAJIbHOE UUCI0, KOTOPOE SIBJSIETCS JEJTUTETeM W MEePBOIO W BTOPOTO
ancsa. Hanvenbimum o6mmm kparaeiM (HOK) 1ByX HaTypasbHBIX 9HCe] HA3BIBAETCS Ta-
KO€ MUHHMAJIbHOE HATYPaJbHOE YUCI0, KOTOPOe JEJTUTCA HAIEeJa0 Ha 00a 3TUX YUC/IA.

Amnanornuno seoastes nonstusg HO n HOK muorux wunces. Ha npaktuke HOJl 1 HOK
MHOTHX YHCEJ CUYUTAIOTCS ¢ MOMOIIBIO Hocaea0BaTe1bHo monapuoro noiacdera HOJJ u HOK
(r.e. canraercs HOJI yke 06pabOTaHHO 9acTH M OYEPEIHOIO THCIA).

Bagaun, B KoTopbix HeoOx0anMO moacunTarb HOJL man HOK Bo3HHKAIOT J10BOIBHO 4a-
cto, ocoberno ausg HOJ. Tak, Hanpumep, B mojcdeTe KOANIECTBA TOUEK C IMEJTBIMUA KOOPIN-
HaTaM# Ha orTpeske ucnoabsyercs HO x u y koopauHat orpeska.

B mameii mkoste u3yvaercs aaroput™m EBkimga, koTopsii mo3sosser naiitu HO/ nByx
qucesi. B HeM nCnoJib3yroTcs CJIeyonme COOTHOIICHMST:

1) HO/1(a,0) = a

2) HO/I(a,b) =HO(a%b, b) =HO/(a, b%a)

Banumiem dyuxmuio nogcaera HO (GCD — Greatest Common Divisor):

int gcd(int ap, int bp)
{
int ¢, a = ap, b = bp;
while (b '= 0) {
c=at%b;
a = b;
b = ¢c;
}
return a;

}

DTOT AJITOPUTM OYEHBb MPOCT, €r0 CJIOKHOCTH B Xymamem ciaydae, pasaa O(log N), rae
N — DoJibliiee U3 4uceJ.

HOK wmozxkn0 uckarhb ucxoga u3 coornomrerns HO/(a, b)) x HOK(a,b) = a x b.

Cymectsyer ere onun crnocod moucka HO/I: 6bunapusiit anroputm EBkimma. dtor cro-
cob ocHoBbIBaeTcs Ha coornomrerusx HOJ(2 x a,2 x b) = 2xHO/(a,b), HO(2 X a,2 X
b+ 1) =HO(a,2 x b+ 1), HOA(2 xa+ 1,2 x b+ 1) =HOI(2 X (a — b),2 x b+ 1). Xora
DU UIOJIB30BAHUU STHX COOTHOINEHUH BpeMs HAIMCAHUA MPOrPAMMBI H COOCTBEHHO MOUCKA,
HO/I HeckobKO BO3pAcTeT (XOTs MO MPEKHEMY CJIOKHOCTH aJropuTMma OyaeT COCTaBIIsAThH
O(logn)), aror cnioco6 namuoro yaobuee npu noucke HOJT miunnbx auces. leficTBurenpHo,
B 0OBIYHOM asiropuTMe EBK/na HeOOX0MMa Olepalus B3ATHs OCTATKa OT JIeJeHUs JIJIHH-
HBIX YHCeJ, & B OMHAPDHOM — HAMHOTO GoJiee MPOCThIe ONEPaldy JJIMHHOTO BBIYATAHUS U
JeJeHns Ha 2.

B osiumimaHbIX 3aa49aX JIOBOJIBHO 4YaCTO Tpebyercst Hafimu 4ro-jiubo <m0 MO0
KaKOro-au00 9uc/ia, T.e. MOJCYNUTATHL OCTATOK OT JIEJEHUs pPe3y/ibraTa Ha 3aJaHHOe YUCIIO.
Teopust uncesr g0CTaATOYHO MOAPOOHO UBYUAETCA B MIKOJHHOM Kypce MaTeMaTUKHW U MBI He
OyaeM yriayOJsThCs B Hee, B34B JIMIIb HECKOJIBKO IPAKTUIECKH BAXKHBIX PE3Y/IbTATOB.

B uacTHOCTH, HAM BayKHBI CJIepytomue cBoiictBa octatkos: (a + b)%n = (a%n + b%mn)%n
u (a x 0)%n = (a%n x b%n)%n. dtu croiicTBa 4ACTO OBIBAIOT TOJE3HBIMH, T.K. OOBIYHO
B 3aJa4aXx, e Tpe6yeTCH IOACYNUTATh OCTATKH, BO3ZHHUKAIOT JOBOJILBHO 60JIB]HI/I€ qucJja, 4"



YMeHbIICHHUEe pa3MEPHOCTHU ONTEPaHJ0B B IIPOMEZKYTOYHBIX BBIYUC/JICHUAX HAMHOT'O O6JIquaeT
3a/1a4y.

Taxke D0BOJBHO YacTO TpebyeTcs HANTH YIOBJIETBOPSIONIUN YCIOBUIO 3JEMEHT KaKOii-
a0 MOCIeOBATETFHOCTA O MOJY/IIO MTaHHOTO YHcaa. B 3ToM ciaydae MOXKHO COCTABUTH
«TabJINIy YMHOKEHUS» O MOIYJII0 N WM JPYTYI0 TabJIHMIy ¢ IpaBHIaMHU Hepexoja — 3TO
MOZKET 3HaYUTEJIbHO O6ﬂeF‘{I/ITb pemeHue 3aa9u.

7 PazjoxkeHune 4dmcJa HA IIPOCTbIe MHOXKUTEJIN

Bepuemcst k ipocthiM unciaM. JI106oe 9ucio MOZKHO TPEJICTABATH B BU/JIE TPOU3BE/ICHHS
MPOCTHIX THUCEN, TPUIEM 3TO IPeAcTaBIeHne OyAeT e INHCTBEHHO.

O06bIYHO, TaKOe MpeICTABJICHUE BBINISAIAT B BHJE OJHOMEPHOI'O MACCHBA, COIAEPIKAIIEIO
HPOCThIE YHCJIA, W €Ille OJHOIO OJHOMEPHOI'O0 MACCHBA I HEIOCPEICTBEHHOTO MpEeICTaB-
JIEHUSI 9UCJIa, B KaXK/I0f1 sideifike KOTOPOro COJEPXKHUTCS CTEHEHb COOTBETCTBEHHOI'O MPOCTO
qUCTIA.

Hanpuwep, mycth y HAC €CTh MacCHB MpocThiX ducea [2,3,5,7,11,13], Torma maccus ¢
npejcrapienneM ducsa 2600 6ymer BoInasaeTs kax [3,0,2,0,0, 1] #3 KOTOPOro MOYKHO HOJTY-
quth 2° X 52 x 13! = 2600.

Takoe TpecTaBIeHIe HEONPABIAHHO MeHEPUPOBATD JIJIsl OJHOTO YA (€C/IM 3TO He SB-
JISTeTCsT HeOOXOIMMBIM YCJIOBUEM Jiist petrienust 3a1aun ). OMHAKO, eCJIH Yuce] MHOTO, TO MPH-
BeJleHNe NX B TaKOe MpeaCTaBIeHne H 0OPATHO MOXKET OBITh BEChMa MOJIE3HBIM.

Hanpumep, ¢ mOMOIIbIO TAKOTO MpEJICTaBJICHUS O4YeHb IIPOCTO pPeau30BaTh yMHOZKe-
Hue. Pacemorpum Hamre umcsao 2600 m umesno 11858, KoTOopoe NpeacTaBIsgeTcss MacCHBOM
[1,0,0,2,2,0]. YToOBI MOSIyYIUTH MTPOM3BEJACHHUE ITUX UUCET, TOCTATOTHO CJIOKUTH COOTBET-
CTBYIOIHE 3/IeMeHThI MaccuBoB. Pesyibrarom Oyjer maccus [4,0,2, 2,2, 1], re. 24 x 52 x 7% x
112 x 13! = 30830800, 4TO COBIAMAET C PE3YILTATOM YMHOMKEHNUSI.

[Tocie HEKOTOPBIX pa3MBIILJICHHI MOKHO TaKzKe Peajin30BaTh JIeJIeHHe ¢ OCTATKOM, HO B
paMKax JIEKIIUA MBI 3TOTO JeJaTh He OyjeM, KeJIalolue MOT'YT CaMH HPHIYMATh aJIOPUTM.

W3 sToro npeacrapiaenus Takzke MoxKHO noayunth HOJ n HOK stux uncer.

st naxox aenust HOJI vajto BbIiOMpaTh MEHUMYM U3 CTenenedi (9To JIOrudHo, T.K. YHCJI0
X" xparao X*, ecom n > k). Jlns nopcuera HOK namo 6parh MakcumyM 3 creneneii. ITor
ke Meton padboraer aas noacdera HOJ m HOK npon3BOabHOINO KOJIUYIECTBA UNACET.

Jnsa mamux gucen 2600 u 11858, HO/, nmoacuutannbiii TaKuM 0Opa30M, IPEJICTaBHM
maccuoM [1,0,0,0,0,0], T.e. pasen 2, a HOK — maccusom [3,0,2,2,2, 1] u pasen 15415400.
C nomompio ajropurma EBKJIHIA HEC/IOKHO YOEAUTHCS, 9TO PE3yJIbTAT BEPEH.

Kpowme Toro, y pa3z/o:keHuss 9ucja Ha MPOCTbIE MHOXKHUTEIN CYIIECTBYIOT OoJiee creru-
dbuuHbIe HA3HAYEHNSI, KOTOPbIE BCTPETITCS IO XOAY PENeHnsT MPAKTHIECKUX TYPOB.

Haxoxaenue Beex mpocthix unces g0 N sanumaer O(N X VN ) BpeMeHH, MOJCIeT CTe-
neHeit 171t oHOTO Yncaa 3anumaer okosio O(N) BpeMeHu (ecsiu CTeleH: He CJIUITKOM GOJTb-
mue), u onepanuu ymMHoxkenust, Haxox aenuss HOJ[ u HOK sanumaior tTakxke O(N) BpeMeHH.
Takum o6paszom, cymmapuoe Bpenms coctasser 0k010 O(N x v/ N + N x M), rne N — max-
CUMAaJIbHOE U3 unces, a M — KOJUYecTBO ITUX UHCET.

B HeKoTOpPBIX ciIydasgx HaM HEOOXOIUMO pa3JI0KUTD TOJBKO OJIHO YUCJIO HA IPOCTHIe MHO-
xxuteau. B takoit curyanun Haubosee 3ppeKTUBHBIM MeTOIOM OyaeT MoauduKanus pyHK-
IIK TIPOBEPKHU YHCJIA Ha TPOCcTOTy. JleficTBUTENbHO, ecan KaxKIblii pa3 Mpu HaXOXKICHUN
JeJIUTEsT MBI OyJIeM JIeJIUTh pas3JjaraeMoe 9ucJio Ha HEro J0 TeX 10p, MOKa OHO JeJuTcs (1



3alMOMHUHATD CTEMeHb, ¢ KOTOPOI 3TOT MeJUTelh BXOAUT B PA3JIOKEHNE YUCIa), TO MBI MOJIY-
YUM BCe IIPOCTBIE JIeJIUTEeTN KpoMe, BO3MOXKHO, OJHOTO. /leficTBUTe/IbHO, MTOUCK JlesuTeseit
HEOOXOTMMO OCYIIECTBJIATH 10 KBAIPATHOTO KOPHS W3 YUCJA, & B CIyYae, eCJIu TOCTe jeJre-
HUS OCTaJach HE €IMHUIA — ITOT OCTATOK TaKKe SBJSETCSI MPOCTHIM JeJIuTeIeM, NpudeM
CTeIIeHDb ero BXOzKJeHms Bcerda papa 1. Hampumep, 26 npencrasiserca kax 20 x 131, rae
13 — eMHCTBEHHBIN JAeUTE/b, OONBITHI KBAJIPATHOTO KOPHS.

8 DbpicTpoe BO3Be/ieHNE B CTENEHb

JI0BOJIBHO YaCTO BO3HUKAET 3a/1a4a OBICTPOrO BO3BEAEHUS YHUCJIA WM JIPYToro o0bexTa,
JIJIsT KOTOPOTO OIpejiesieHa onepalns yYMHOKEHNS, B KaKyo-1nbo cremnenb. HanBHBIN ajaro-
PUTM, KOTIJIa MBI IIPOCTO HYKHOE YHC/I0 pa3 YMHOKAEM YUCJIO Ha caMO cedsd, UMeeT CJI02KHOCTD
O(N), tie N — mokasaTesib CTEleHH.

IIpu Bo3Be/IeHNE B CTEIEHD YUCI0 PACTET OYeHb OBICTPO (& 3HAYNT, HaBepHSKa TPeOYI0OTCs
ONEpAINY C JUIMHHBIMA 9HCAaMHI). [109TOMY HAyIUThCS BO3BOIUTD YHCJIO B CTENEHb OBICTDee,
aem 332 O(N) — 10CTATOIHO BayKHAS 337a4a.

PaccmarpuBag crerneHn HEKOTOPBIX YHCEN, MOXKHO JIOTQIaThCsd O METOJe, KOTOPBIM CJie-
JIyeT ImoJb3oBarbesd. Hanpumep, a1 Bo3Belenud 3 B 4-10 cTelieHb HAM HYXKHO HpojeIarhb 3
omepanun yMHOKeHua. OHAKO, €CIM H3MEHATDH TOPsIOK JeiicTBril Ha Taxoii: (3%)2, To mo-
Tpebyercs Bcero jBa ymMHOXKeHusi. CJie/lyeT MOMHUTH, 9TO TIPU BO3BEIEHNN YHCJIA B CTEIIEHN
elre B KaKym0-1100 CTeeHb MOKAa3aTe/ Il CTeleHel mepeMHOKaTCA. VIMEeHHO Ha COKPAIeHTT
YeTHBIX CTeleHell OCHOBBIBaETCs e OBICTPOr0 BO3BE/ICHUS B CTEIEHbD.

[IpuBemeM TekeT (PpyHKIME, KOTOpasi BO3BOIUT YHCJIO G B CTEIEHDb N

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

c, k;

Kaxkaprii pa3, Korja cTenmeHb YeTHast, MBI BO3BOJIUM BCIIOMOTATEIbHYIO TIEPEMEHHYIO B
KBa/[paT, a [I0Ka3aTe/b cTeneHu jejiuM Ha 2. Eejin 4ucjio HedeTHoe, T0 yMHOXKAEM TEKyIee
BCIIOMOTATE/JIbHOE YUCJI0 Ha PE3yJIbTAT U yMEHbIIaeM ToKa3aresb cremenu Ha 1. Takum 00-
pa3oM XOoTs Obl OJIMH pa3 U3 JIBYX Y HAC TPOU30HIET YMEHbBITICHUE TOKA3aTe sl CTEIIEHH BJIBOE
M, UCXOJIsl U3 9TOTO, Mbl TTOJYIUM CI0KHOCTE agropurma O(log N).
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JlocTuzkenne Takoil CJI0YKHOCTH OYEHb MOJIE3HO, OCOOEHHO MPU MCMOJIH30BAHUN MeJTeH-
HBIX OIlepaluil ¢ JIMHHEBIME ducgaMu. TakuM 00pa3soM MOKHO BBIOpATh «yHUBEPCAJIBHBIHN»
PEIeNT: HCIO0JIB30BaTh OBICTPOE BO3BeJIEeHHE CTENeHb Be3le, TIe MOKa3aTelb MOKeT HMpPEeBhI-
math 100. C yueToM Toro, uTo GpyHKIHUS JOCTATOYHO MPOCTAsT, MOYKHO HCIIOIb30BAThH OBICT-
poe BO3BeJIeHNE B CTENEHb BO BCEX CIIydasX.

B aHraos3619HOI AuTEepaType aaropuT™M OBICTPOrO BO3BEIEHUS B CTEINEeHb 003BIBAIOT 3a-
H6aBHBIM cjioBocodeTanueM “Russian peasant algorithm”, 4ro mepeBojuTcs Kak «aJrOpUTM
PYCCKOTO KPeCThIHUHA».

9 Marpunsl 1 onepanuu HaJd HUMU

B pamkax Halleil cerogHsAIIHeH JeKIuu Mbl OyJeM paccMaTpPUBaTh TOIBKO KBaIpaTHBIE
MATPUIBL, COCTOSIME U3 ducesl. Marpuna sBasiercs, o CyTH, JBYMEPHBIM MACCUBOM, YTOOBI
HATJISIIHO MPEICTABUTD, 9TO 3TO TAKOE, MOXKHO OTKDBITH 3JEKTPOHHYIO0 Tabauiy. Kaxkmbrit
3JIEMEHT MATPHIBI OMPEICIACTCS UMEHEM 3TOIl MATPUIIBI W JBYMS YUCIAMH — HHICKCAMI
MacCUBa.

JIByMepHBIE MAaCCHBBI OY€Hb YaCTO UCIOJIL3YIOTCHA B IPOIPAMMUPOBAHUM I XPAHEHUs
JIAHHBIX, HO CErOJHsI Mbl OCTAHOBUMCSI HA AIre0PanvecKux CBOHCTBAX MATPUIL.

Marpuna gaBIgeTcss MaTeMATHIECKHM OObEKTOM, U JII Hee, KAK U I THCET, OTPe/Ie/Ie-
HBI HEKOTOPBIC OMEPAINH, B TaCTHOCTH, CJOXKEHUE U BhIYUTaHue MaTpull. Jlomycrum, aro A,
B u C' — KBajipaTHbIe MATPHUILI OJUHAKOBOrO pasmepa. Torga marpuna C, paBHas CyMMe
marpun, A u B oupenenserca nosrementno, kak C[i|[j] = A[i][j] + Bli][j]. Touno tax xe
ONPEIEIACTCA U PA3HOCTH MATPHIL. Y MHOYKEHHE MATPHUILI Ha YUCAO — 3TO MPOCTO YMHOZKE-
HHE KasKJIOTO 3JIE€MEHTa MATPUIIBI HA 9TO THUCJIO.

[To-apyromy mpoucxoaut ymuoxkenwe marpui. Jonycrum, C' = A x B, torga C[i|[j] =

Z;é(A[i] [k] x B[k][j]), k usmensiercss ot 0 10 n — 1 (n — pa3sMep MaTPHIIbI, HYMepaIusl
HAMHHACTCS ¢ Hy/lsi). 3HAK Y O3HAMAeT cymmy, T.e. Y, A[k] — 310 TO Ke camoe, =TO

Al0] + A[1] + A[2] + A[3] + A[4]. ObparuTe BHEMAaHHKE, uTO A X B, BOoOIIE TOBOPsI, HE PABHO
B x A.

[Tepes nanucanuem (PyHKIIMN YMHOXKEHUS MATPUIL OMPEIETUM HECKOJIBKO MaKpOTOJICTa-
HOBOK.

#define MAXN 100

DTa MaKpOIOICTAHOBKA OyIeT ONMpeIeaTh pa3sMep MaTpHUIlbl. YI00HO 3aBECTH ee B BHIE
KOHCTAHTBI, 9TOObI UMETh BO3MOKHOCTH OTJIJIUTh IPOrpaMmy (Ha OTJIaI9HKe OUeHb TIKeI0
IPOCMATPUBATH GOJIBIIIE JIBYMEPHBIE MACCHUBBI ).

#define matr(a) int a[MAXN] [MAXN]
DTO MOYKHO HCIIOJIB30BATh IIPOCTO JIjI YA00CTBA HAIIUCAHUSA.
#define For(a,b) for(a=0;a<b;a++)

Bo muorux 3ajauax ucnob3yoTcs MUKJIBI IO KAKOH-Tn00 mepeMeHHoi OT HyJIs 0 JIPyToi
nepemerHoil. Odenb yao0HO odopmadaTh ux B TakoMm Buje. T.e. komanma For(i, j) mepen
KoMmmsnueit 3amenutces Ha for (i=0; i<j; i++). Ecam OpUBBIKHYTH K TaKOMY CTHUJIIO,
TO OH IIOMOYKET KOHOMHTH BPEMs, KOTOPOe O4Y€Hb IeHHO Ha ojuMmiuaje. Tenepb nepeiijiem
HEIIOCPEJICTBEHHO K peajin3anuu (PYyHKITUN YMHOKEHUS MaTPUIL:
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void mulmatr(matr(a), matr(b), matr(c))
{
int i, j, k;
For (i, MAXN)
For(j, MAXN) {
clil[j] = 0;
For(k, MAXN)
clil[j]1 += alil[k] * b[k][j];

Paccmorpum erie o/1HO nmoHsTHE, KOTOPOE MO3BOJIUT HAM HPHMEHHTH XUTPOCTDb, YCKOPSI-
foree paboTy MPOrpaMMbl B HECKOJIHKO Pas.

TparCcIOHUPOBAHHON MATPHIlEHl HA3bIBaeTCA TaKad MATPHIA, Y KOTOPOI CTOJIOIIBI CTaHO-
BaATCA cTpokKami, a crpokn — crosonamu. T.e. AT[i][j] = A[j][i] (AT - obosnauenne Tpamc-
IIOHUPOBAHHO MATPUIIbI).

B ciayuae ymuoxKeHnusi MaTpuil Mbl OepeM CTPOKY OJIHOH MaTpHUIlbl M CTOJIOer Jpyroi
U OCYIIECTBJIIEM K HUM IOCJe0BATEbHBIH H0CTyN. B maMsaTn KOMIboTepa MHOTOMEPHbBIE
MAaCCHUBBI Pa3BOPAYUBAIOTCA B OJTHOMEPHBIE, W JOCTYII K CTPOKE UJET JIOBOJIBHO OBICTPO, 3a
cYeT ONTUMHU3ANUY KOMITHISITOPA IPU TOJCUYeTe aJiPECHBIX BHIPAYKEeHUI U KIMUPOBaHus (Bce
JIAHHBIE JIeZKAT PSJIOM W aBTOMATHYECKH IONAIaioT B Kau). B ciydae xe co crosbuom aji-
pecHoe BbIpazkeHue (IOJOXKeHHe JeMeHTa MAacCHBa B (PU3NIECKOH MaMATH KOMITBIOTEPA)
PUXOUTCSA BBIYUCIATH 3aHOBO M JIAHHDBIE HE MOMAIAI0T B KIIIL.

B nameit pynkiuu Mbl obpariaeMcs K 0JJTHOMY 1 TOMY ke cTosiomy MAXN pas, 3a cyeT 4ero
IPOU3BOIUTETBHOCTh Pe3KOo majaer. Ecin mpeaBapuTelbHO MPUMEHUTh TPAHCIIOHUPOBAHUE
MATPHIIBI, & TOTOM BEpHYTH ee 0OPATHO, TO HAM YAACTCA YCKOPUTH MPOrpaMMy B 3 — 5 pa3
6e3 UCI0/Ib30BaHMs JONOJIHUTENAbHON namsaTu. V3menennas GyHnkius O6y/1eT BbIIAIETH TaK:

void mulmatr (matr(a), matr(b), matr(c))

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

For (i, MAXN)
For(j, MAXN) {
clil[j] = 0;
For(k, MAXN)
clil[j1 += alil[k] * b[jl[k];

}
For(i, MAXN)
For(j, i) {

k = bli]l[j];
bl[il[j]1 = b[j1[i];
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b[jI1[i] = k;

B xomn1te paboThl (pYHKIIUU MBI BO3BpAIaeM MaTpuIly B B ee ucxomnoe cocrosguue. Temephb
y HaC €CTh TOJIbKO YMHOXKEHUE CTPOKH Ha CTPOKY, KOTOpPOe HPOUCXOJUT 3aMETHO ObIcTpee.
MozxkHo ObLIO HCIOJIB30BATH U JPYTUe METOILI XpaHEHUs CTOJIOIA, HAIPUMED, 3aIUChIBas
€r0 B OJJHOMEPHBIA MACCHUB.

Kpome Toro, cymiecTByer TakzKe OMepalius YMHOXKEHHsT MATPUIIBI HA BEKTOD (OTHOMED-
Hblii Maccus). Ilycte A — Marpuna, B - BEKTOp U3 YHCET, TOLJA B Pe3yJbTaTe YMHOMKE-
HUusT Mbl nosiyanM BekTOp C, KOTOpBIH Oyaer ompemeisithea ucxoas u3 dopmysast C [Z] =

BIi] % Y23 Al [K].
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