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1 Oprasm3amnusg BBoJa-BLIBOga m3 aiiyia

B GoapmuHCTBEe 0MMMINA IO HH(PpOPMATHKe BXOIHBIE JAaHHBIE BBOIATCS U3 TEKCTOBOTO
daiiia U BBIBOAUTHCS JOJKHBI Tak ke B (paita. OdeHb peaKo BO3HHKAET HEOOXOAMMOCTH
CUYNTHIBATH JIaHHBIE U3 (baflyia ABazKbl; OPTaHU3ATOPHI CTAPAIOTCs M30erarTh TaKWX 3a7ad.
Mpbl paccMOTpUM METO, KOTOPBIil MO3BOJUT YUTATh U MHCATH JaHHbIe U3 (HailjoB Tak Ke,
KaK ¢ KOHCOJIM — 9TO HO3BOJUT U30€2KATh IIYTAHUIILI U 00JIErYUTH IPOIECC OTIAIKH.

B Jsiexiusix Mbl OyJeM paccMaTpUBATh IMporpaMMbl Ha a3bike Pascal (styurne ucmoss3o-
BaTh komnuisTop Delphi nim Pascal, a emge siyume Beryants si3bik C).

Nraxk, nepeiijieM K pacCMOTPEHWIO OPraHU3AIMN BBOJA-BbIBOMA. JlomycTum, mepej HaMu
CTOUT 3aJla9a CJIOXKHUTH JIBA TMEeJBIX YucJIa, He mpeBocxomaimux 1mo moayao 10000. Bxoansie
JIaHHBIEe HAXOdATCd B paitie input.txt, BIBOI J0/IKEH OCYIIECTBAAThCS B baiia output.txt.

PacemorpuMm perrtenne 9Toi 3a1a9u:

var
i, j : longint;

begin
assign(input, ’input.txt’);
reset (input) ;
assign(output, ’output.txt’);
rewrite (output) ;

read(i, j);
write(i, j);
end.

[Tporerypa assign nepeHanpasJisieT CTaHapTHBINA TOTOK BBOja (input) Ha daiin (input.txt),
a Jyig OTKpbiTHs (ailja Ha YTEHHe HCIOJIb3YeTcs Hpoleypa reset ¢ yKasaHueM IIOTOKA.
[ToHOCTHIO AHAJIOTHYHO B CJICAYIONIEH CTPOKE TTePEHATTPABIACTCA CTAHIAPTHBIH MOTOK BhI-
BOJIa (JIJIT OTKPBITUS MOTOKA HA 3aMUCh MCIIOJIbB3YeTCs IPOIeypa rewrite).

CrouT 3aMeTUTh, YTO MPH UCIOJB30BAHUHM TOIO METO/a HeT HeOOXOJIUMOCTH HCIOIb30-
Barh close jyis 3akpoiTus BailioB, T.K. CTaHJAPTHLIE OTOKH 3aKPbIBAIOTCA aBTOMATHYECKH
B KOHIIE pabOTHI IPOrPAMMBI.



JLnst oTIaIKK JOCTATOYHO 3aKOMMEHTHPOBATH CTPOKH, TTEPEHATPABJISIONINE BBOI-BBIBO/T
B ailyr, ¥ TOrJa MporpaMMa OyIeT CYUTHIBATH H BBIBOJIUTL JAHHBIE HA KOHCOJIb. QOparuTe
BHUMAaHHUe, ITO CJaeJyeT He 3a0bIBaTh yOpaTh KOMMEHTAapHil mepes OTIPABKOH pelleHus Ha,
IPOBEPKY.

2 HWHTyuTuUBHOE NMOHATHE CJOXKHOCTU AJITOPUTMA

Onenkoit 3pPeKTUBHOCTH peau3aliyi pPelleHus] MPUHITO CYATATH BpeMsd pabOThI MpO-
rpaMMbl U KOJIMYIECTBO UCHOJIB3yeMoil namsatu. CrangaprHbie COOOIIEHNsST TeCTUPYIONeit cu-
CTEMBI O TIPEBBITIEHN MAaKCHMAJIBHBIX JUMUTOB 00b1aHO HOCAT BU TL (Time Limit exceed,
npesbiten gumut 110 Bpemenn) u ML (Memory Limit exceed, mpeBbitiieH JUMAT 10 TAMsITH).

Db deKTHBHOCTD NPOrpaMMbl OOBIYHO OIPEIEsIeTCsl, UCXO0/Id U3 COYeTaHUsS BPEMEHH pa-
OOTBI TPOTPAMMBI U MCIIOJIB3YEMOIr0 00beMa IMaMsITH, TPUIeM BarKHOCTb KazKJIOr0 U3 KOMIIO-
HEHTOB OLPEJIE/ISETCS B 3aBUCUMOCTH OT 33/a4u. B ciiydae ke 0JIMMITNaIHOTO IIPOrPAMMUPO-
BaHUS CJIEyeT MCIOJIb30BATH eIle OJNH PEIraoiinii KOMIOHEHT ONeHKHN 3 dekTuBHOCTH —
BpeMs, 3aTpadeHHOe Ha HAIUcaHue nmporpaMmbl. Takum obpasom, Hanbosiee 3(HHEeKTUBHBIM
pelieHneM OJIMMITHAIHON 3a1a9n 110 HH(MOPMAaTHKe MOYKHO CYUTATH pPelIeHue, YKJIAIbIBAIO-
meeca B TL u ML, u nanucanHoe 3a KpaT4daiilllee BpeMd.

OcHoBHasT 9acTh BpeMeHHU pabOThl MPOrpaMMBbl COCTOUT W3 IPOM3BEJIEHUsST KOJTUIECTBA
urepanuii uKaa (T.e. CKOJIBKO pa3 ObLIM BBHILIOJHEHB! JefiCTBI) Ha BPeMsl BBIIOJHEHUS KO-
MaH/[{ B IUKJe. Bpems BHINOJHEHNsI YCIOBHO Oy/1eM Ha3bIBaTh «KOHCTAHTON» (HEe 3aBUCSIIER
OT BXOJHBIX JIAHHBIX), & KOJUIECTBO UTEPAIMA — <«CJIO0KHOCTBIO» anropurma. JlomycTuM,
AJITOPUTM JIMHEHHBIH, T.e., HAIpUMep, Ha BXOJ gaeTcs N 4Yuces, U CJIeAyeT MOJACIUTATh UX
cymmy. Torma croxkuocTh anroputma Gymer obosuadarhes kKak O(N) (O-6oabmioe or N).
Koncranra e ajs 910 332491 MOXKeT Pa3IndaThCd B 3aBUCUMOCTH OT KOHKPETHBIX YCJIO-
Buii. Hampumep, j1s meibix qucesi KOHCTaHTa Oy/1eT B HECKOJBKO Pa3 MEHbINe, YeM I Be-
MIECTBEHHBIX (T.K. IIeJIOYUCIeHHbIe OEeDAIUU BBIIIOJHAIOTCS B HECKOJIBKO pa3 ObicTpee). s
KBaJIPATHYHOTO AJrOPUTMA (HATPUMED, JJIsi COPTUPOBKH MY3BIPHKOM) CJIOXKHOCTH 3aIUChHI-
Baetcs kKak O(N?). CIoXKHOCTb MOYKET 3aBHCETh W OT HECKOJBKHX MapaMeTpOB, CIH OHHU
OLPeJE/IAI0T KOJMYeCTBO IUK/I0B. TOrjia CI02KHOCTh MOzKeT 3anuchiBarbes Kak O(N2+ M3).
Ecnu B anropurme HET MUK/IOB, 3aBUCAIUX OT BXOJAHBIX JAHHBIX, TO FOBOPST, 9TO OH «pPa-
Goraer 3a KOHCTaHTY», T.e. 3a O(1).

O6s19HO 32 O-607b1T0E 0003HATAIOT CIOKHOCTH B Xy/IIeM ciaydae. HekoTropsie aaroput-
MBI pabOTAIOT OYEHb MO-PA3HOMY B 3aBHCHMOCTH OT BXOJHBIX JAHHBIX, B 9TOM CJIy4Yae MbI
Oy/1leM OT/JE/IbHO YKA3bIBATH «CJIOXKHOCTH B CPEJIHEMS.

Ouenb 9acTO B MPOIECCE MOICYETa CJA0KHOCTH aJITOPUTMA UCIOIb3yeTca pyHukius log N
(«morapudm ot N»). B mporpamMmupoBaHun Mbl 0OBI9HO GyJ€M HCMOIH30BATH JBOWYHBIH
aorapudm. On ompenengerca Tak: 22V = N. B nanpneiimem moj 3amuceio log N Mbl
oyneM moHUMaTh log, N. IlHTepecHass ocobeHHOCTD JorapudMa 3aKI0IaeTCs B TOM, YTO OH
pacrer oueHb Meayenno mpu pocre N. Tak mpu N =8 :log N = 3, N = 65536 : log N = 16,
N = 4294967296 : log N = 32. Ckopoctb pocra jorapudmMa HAMHOTO MEHBIIIE, 9eM JarxKe Y
KBa IpaTHOro KopHd. [Toaromy npu 60/1b1uxX 3nadenngx [N aJropuTM co CJI0XKHOCTbIO log N u
0O0JIBIION KOHCTAHTOM Oyner adpdekTrBHEe JUHEHHOTO aJrOpUTMa, ¢ MaJIEHbKOW KOHCTaHTOM.

Ha sTom 3aKkoHYHM BBeJeHHE B TEOPUIO CJIOXKHOCTH AJITOPUTMOB.



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

Ha manubrit MOMEHT Ha OIUMIINAAX WCMOTB3YIOTCS, B OCHOBHOM, 32-OUTHBIE CHCTEMBI
u kKoMmnuagTopbl. [IpuBejgem Tad/iuily, B KOTOPO yKa3aHbl MAKCUMaJibHbIe U MUHUMAJIbHbBIE

SHa4UeHud AJid OCHOBHBIX THUIIOB IIE€PEMEHHDBIX:

Hazsanawme | Baiit | Muaumym | Makcumym
byte 1 0 255
shortint 1 —128 127
smallint 2 —32768 32767
word 2 0 65535
integer 4 —2147483648 | 2147483647
cardinal 4 0 4294967295
int64 8 —263 203 1

Chemyer 3aMeTUTD, YTO OIEPAIUH ¢ int64 BBIMTOIHAIOTCS HECKOJIBKO MeJjIeHHee, YeM C
JIPYT'UMH THIIAMH [EJIOYMCJACHHBIX JIAHHBIX, & TaKKe IepeMeHHble Tula int64 He MOryT ObITh
UCIT0JIB30BAaHbl B KA4YecTBe ureparopa muk/ja for, a Takzke /s HUX He pabOTa0T ONepaIun
div u mod.

IIpu mporpaMMupOBaHUHU CJIeAyeT cTapaThCd UCIOJb30BATh THUI int KpoMe CHUTYaIuid,
KO UCIOJIb30BAHUE MEHBIIETI0 TUIIA MO3BOJIUT YI0KUTHCA B ML nim Tpebyercst 3aBeaoMo
OOJIBITINI TUIT JaHHBIX.

B HekoTophIx cuTyanugx He XBaTaer jlazke Tuna int64. Muoraa, ecin JaHHble HE HAMHOTO
MPEBBIAIOT padMep int64, MOKHO BOCIOJB30BATHCA THUIAMH TEPEMEHHBIX € IIJIaBaIONe
toukoii. Tak extended MoxKeT XpaHHTH 0e3 OIMIKOOK IEJ10e YUCI0 AIUHON 10 19 J1ecaTUuIHBIX
3HakoB. OJIHAKO CjIeayeT HOMHHUTD, YTO BENIECTBEHHBIE THIBI 06padaTHIBAIOTCS 3HATHTEILHO
MeJIeHHee, 1JIg HUX He oIpeleeHbl OIePAllul B3ATHA OCTAaTKa U dejieHns Hateao. Heemorps
Ha 9TO, BCE XKe CYIIECTBYIOT CUTYaIlUU, KOIJa UX UCIOJIb30BaHUE ONPABIAHO.

Knaccuuecknit npumMep Ha TemMy BbIOOpa THUITA MTEPEMEHHBIX BBITJISIAT TaK: JAHBI JIBa
qucaa X 1 Y 10 MOy o MeHbIne, deM 23!, cieqyer BRIBECTH UX cyMMYy. Y YaCTHHK CMOTPHT
Ha JIaHHBbIe, BRIOMpaeT THII integer W moIydaeT OMMOKY, T.K. Pe3YIbTAT CJIOKEHUST MOXKET
HEe YMECTUTHCI B 3TOT TUIT JAHHBIX.

Ecin ke He xBaraer M 9TUX HEPEMEHHbIX, TO €JMHCTBEHHBIN BBIXOJ — HCIOJb30BaHUE
JIIMHHON apuMeTnKH, T.e. apupMeTHKn Ha MaCCUBaX, YeMy H OyJ/IeT MOCBAIINEeHA CJIeTy I0Iast
4aCTh JIEKIUU.

4 JIJuHHbIE YHCJIa U onepanuu HAaJd HUMN

[Ipun paccmoTpenuu 3Toil TeMbl HaM HOTPEOYIOTCSA 3HAHUSA, MOJYyYeHHLIE B HAaYaJIbHOM
mkoJsie. B gacTHOCTH, BBINIOIHEHNE apH(pPMETHICCKHUX OIEPAIHA «B CTOJOHUKY.

WNnesa peanusanuu JITHHBIX YHCET 3aKTI0YAETCS B UCTOJIB30BAHUN MACCHBOB, COCTOATIIIX
M3 9HCeJ «<KKOPOTKHUX» (OHU OyyT urparh poJib nudp). Byem npuaep:kuBaThes Coralienus,
YTO YUCJIA MPUKATHI K «ITPABOMY KPA0», T.€. MJIAJIINE PAa3Ps/Ibl CTOAT B T4eiiKax ¢ OOJIBITUM
HOMEPOM.

Bo-nepBbIx, omnpeiesuM MaKCUMAJIBHYIO JJIHHY JJIXHHOrO Yuciaa. B obmeM ciaydae — 910
HebaHaIbHAS 3aJlada, W ITOT HapaMeTp OIpeJessieTcss ¢ MOMOIIbI0 KOMOMHATOPHBIX (hop-
MyJI, HO MOZKHO IIOCTAPaThCs 10100PaTh 3aBE/IOMO Y/IOBJIETBOPSIONIEE HAIIUM ITOTPEOHOCTIAM
3HaUYeHNe.



Vi06Hee BCero ompee/uTh OJMH pa3 MAaKCHMAJbHOE 3HAYEHUe JTHHB (KOJIHYIeCTBa e~
MEHTOB B MaCCHBE), 4TOObI MOZKHO OBLIO YMEHbIIAThH ero jijid 6osee yaobHoit orragku. OHO
3a/1a€TCA B BHUJIE KOHCTAHTHI B pasjese const:

MAXLEN = 1000;

Mpl onpenennin MakcuMmaabHyio aauny maccuBa B 1000 «mudp». Kpome Toro, ymooHO
OIIpeJe/INTL 3allUChb JJId XpaHEeHUA YUCjia:

type
vlong = record
val : array[0..MAXLEN] of integer;
st : integer;
end;

[Tosie st Oyjer ykasbiBarb HA TY IO3UIUIO, C KOTOPOH HAYMHAETCH OCMbIC/IEHHAS YaCTb
qucJIa (T.e. HAQYUHAIOTCA OTJIMYHBIE OT HYJIA I_[I/ICbpr; B ,ZLaJ'IbHGIU/H_HeM MBI YBUJAHUM, 4YTO pa-
3yMHOE HCIOJIb30BAHUE ITOTO MO/ W30aB/IsgeT HAC OT OTPOMHOI0 KOJUYECTBA OECIIOIE3HBIX
onepauﬂﬁ).h&aKponoACTaHOBKaxtypedef,ueﬂaETCﬂgaﬂﬂ TOr0, 9TOOBI HE IMUCATH KaKIbIi pa3
caoBo struct. Ilporpammupyromue na C++ u Java moryT co3garh Kjaace U JajdbHeiine
dYHKIIMYU 3alUCHIBATH B BUJIE 1I€PEOLIPE/IEJIEHHBIX OIIEPATOPOB ITOI0 KJIACCA.

]ESCHOMHI/IM7 KaK OCyHIeCTBJIAeTCA CJIOKEHHE B CTOJI6I/IK. Mu1 HadHHaeM HATH C MJAJIHAX
pa3psiIoB, CKAIbIBaeM IMUMPHI, CTOSINE HA JaHHBIX MO3UIUIX, NPUOABIsIEM TO, 9YTO OBLIO
«B YMe», HOBOe 3Ha4YeHHe «B yMe» PABHO IEJIONH 4acTH OT JeJIeHUs IIOJYIEeHHOI'O pe3yabTaTa
Ha 10, B ©TOTOBOE YHCJIO HA 3TY MO3UIUI0 — OCTATOK OT JiejieHus pe3yabrara Ha 10. Tak MbI
IIOBTOPSIEM JIO TeX MOP, MOKa 00a YUC/Ia He KOHIATCS (T.e. MbI He JI0iIeM 70 Hadasaa GOIbIIero
qHCﬂa),B caydae ¥Ke, eC/Ii «B yMe» He HOJIb — Mbl JIONHUCBhIBaeM 31y nudpy B Havdajuo. B
peaJin3aluu JJUHHOTO CJI0YKEHNS] — BCe TO YKe CaMOoe, TOJIbKO /15l 3KOHOMUHU BPEMEHU U MeCTa
MBI MOKEM HCII0JIb30BaTh, HAIIPUMeED, He CHCTeMY CUHCJIeHus ¢ ocHoBaHueM 10, a cuctemy
¢ ocuoBanneM B 10000 (mast cioxkeHust MbI MOXKeM BHIOpaTh u GoJbliee 3uadenue). s
peasu3anu ITOT0 METO/A ¥, ONATDH Ke, OoJiee YI0OHONH OTIAIKN YI0OHO 3a/1aTh KOHCTAHTY
C OCHOBaHHUEM CUCTEMblI CHUCJICHUI!

SYS = 1000;
[Tepeiiem coOCTBEHHO K ONMUCAHUIO (DYHKIUU CJOKEHUS:

procedure add(var opl, op2, res : vlong);
var

mxop, mnop : vlong;

i, flag, st : integer;

begin
if opl.st > op2.st then begin
mxop := opl;
mnop := o0p2;
end else begin
mxop := 0p2;
mnop := opl;



end;

flag := 0;

st := mnop.st;

for i := MAXLEN downto mxop.st do begin
res.val[i] mxop.val[il + mnop.vall[i] + flag;
flag := res.vall[i] div SYS;
res.val[il res.val[i] mod SYS;

end;

for i := mxop.st - 1 downto mnop.st do begin
res.val[i] := mnop.valli] + flag;
flag := res.vall[i] div SYS;
res.val[i] := res.vall[i] mod SYS;

end;

if (flag <> 0) then begin
dec(st);
res.val[st] := flag;

end;

res.st := s8t;

end;

CaenaeM HEKOTOpbIE TOSICHEHUsT K 1porpamme. [lepBbiM gesioM oHa BhIOMpaeT OOJIbIee
U MEHBIee 10 KOJUYECTBY 3HAKOB YHCJIO. 3/€Ch ONATH Ke IOJHAs aHAJOTHSA CO CJIOXKEHMH-
eM Yncesl B CTOJIOWK: TOKa y Hac oDa YucJa elle He KOHYMJIUCH, Mbl CKJIa/IbIBAEM 110 BCEM
IpaBUIaM, a 3aTeM IIepelrchbiBaeM HA4vaJI0 OOJIBIIEero 4uc/ia, He 3a0blBag PO 3HAUEHHE «B
yMe».

OO6BIYHO OOJIBITINE YUCTIA WHUITHAJTHIUPYIOTCSI KAKUMHU-THOO0 MAJIBIMH 3HAUCHUSAME, HAI
KOTOPBIME 3aTeM MPOU3BOJSITCH ONEPAINN, KOTOPhIe W IIPUBOAAT K POCTY ITOT0 4YucJa. 1.e.
KOPOTKOE YHCJIO HaJI0 3aluchiBaTh B X.val [MAXLEN], a x.st ycranaBiusarh B MAXLEN.

Ecam a, b u ¢ - mepeMeHHBIe THIIA V1ong, TO BBI30B (DYHKIUHU JOJIZKEH BBHITJIAIETh KaK
add(a, b, c). BeiBecTu 3HadYeHHE JIUHHOIO YHUCJIA MOYKHO CJICIYIOIIIM 00Pa30M:

write(c.vallc.st]);
for i := c.st + 1 to MAXLEN do begin
j := SYS div 10;
while (c.vall[i]l < j) do begin
write(0) ;
j = j div 10;
end;
write(c.val[il);
end;

Ob6paTuTe BHEUMaHHE HA TO, YTO IIEPBOE YUCJIO BBIBOJUTCA O€3 BeAYINMHUX HYJIEH, a KaxK10e
CJIeIyIoNIee J0JIKHO BBIBOJIUTCS C BeIYIIUMA HYJIAMH. [1pocTo BBIBOAUTH 91eMEHTHI MAaCCHBa,
¢ TIOMOINbIo write Heab3st! Takyo ommbOKy I0CTATOYHO JIEFKO JOMYCTUTL M OY€HDb CJIOZKHO
Hafitu. OOparuTe BHUMAHWE HA TO, KAK U3SIIHO PEAJ30BAaH BbIBOJ MaccuBa Ha s3bike C u
ele pas3 mojyMaiiTe, yBepeHbl JU Bbl, YTO XOTUTE MPOAOJIZKATH IIPOrPAMMHUPOBATE HA S3bIKe
Pascal.



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.

procedure mul(var opl : vlong; sh, offs : integer; var res : vlong);
var
i, flag, st : integer;
begin
flag := 0;
st := opl.st;
for i := MAXLEN-offs+1 to MAXLEN do
res.val[i] := O;
for i := MAXLEN downto st do begin
res.valli-offs] := opl.vall[il * sh + flag;
flag := res.vall[i-offs] div SYS;
res.val[i-offs] := res.vall[i-offs] mod SYS;

end;
if (flag <> 0) then begin
dec(st);
res.val[st-offs] := flag;
end;
res.st := st;
end;

C0KHOCTD AJIrOPUTMa YMHOXKEHHsI JUTMHHOTO YHCaa Ha Koporkoe cocrasisier O(N),
rae N — KOJIMYeCTBO Pas3psiaoB B AIuHHOM uncie. C HCIOIb30BAHHEM IBYX IPEIBIIYITHX
dyHKIMH yMHOXKEHNE JJIMHHOTO YUCIa Ha JJIMHHOE PEAJIM3yeTCsl OY€Hb MPOCTO.

procedure mul_long(var opl, op2, res : vlong);
var
i : integer;
temp : vlong;
begin
res.st := MAXLEN;
res.val [MAXLEN] := 0;
for i1 := MAXLEN downto opl.st do begin
mul (op2, opl.vall[i], MAXLEN-i, temp);
add(res, temp, res);
end;
end;



Buizos (pynknum ymHoxkenusi Ha KopoTkoe: mul(x, sh, O, res), rjae x — 3TO JJIMH-
HOe YHcJ0, sh — KOpoTKoe, res — pe3yabTaT. Bpi3oB OYHKINH YMHOXKEHUS JIIMHHOTO HA
qauHHOoe: mul_long(opl, op2, res), rae opl m op2 — JJIMHHBIE YUCTA, & TeS — UX MPOU3-
BeJICHIIE.

Nuannuasm3anms 3Ha9eHuil 1 BIBOJL OCYIIECTBJISIETCA aHAJOTUIHO CJIOKEHUIO.

CA0KHOCTH YMHOYKEHUS IJIMHHOTO Ync/aa Ha niauHHOe nosaydniack O(N x M), tne N u
M — xonudecTBO pa3paa0B B omnepangax. CymecTByiOT 0ojiee OBICTPbIe METOJbI YMHOZKe-
HUsl JTMHHBIX 9ucet (Hampumep, Meton KapaiyGbl), OHAKO B ITKOJBHBIX OJUMIHAIAX X
npuMeHeHue Tpedyercs KpaifHe peko.

JliuHanoe jiejieHue MCHOIb3YeTCsl TOPA3/I0 PeXKe W Peajn3yercs aHaJOrMuHO JeJIeHUI0 B
CTOJI6I/IK. ,ZLHI/IHHBIG BCIIIECTBECHHBIC YNCJ/Ia TAKZKE OCTaBUM 663 BHUMaHUA (I/IHTepecyIO]l[I/IeCH
MOTYT HaTH CIIOCOOBI XpaHEHWS BENECTBEHHBIX YHCEST B TAMATH KOMITBIOTEPA U PeaTn30BaTh
HEYTO MOJ0OHOe HA MACCHBAX).

Ha 3toMm 3akoHYHM paccMOTpeHue JTHHHBIX YUCET.

5 JleauMocTb U JeJINTEJN

OrBiredeMcs OT TEXHHYECKUX Belleil u mepeiigeM K mporpamMme Kypca MaTeMaTHKH Ha-
YaJIbHOHI IIKOJIBL.

[IpocTbIM YHCJIOM Ha3bIBAETCS HATYpPaIbHOE YHCJIO, OoJiblnee 1, KOTOpoe AeJUTCS HAIEeI0
TOJHKO Ha cebsa u 1 (uMeer JBa HATYpATBHBIX jiesiuTesist). COCTABHBIMU YUCJIAMU, COOTBET-
CTBEHHO, HA3BIBAIOTCS BCE OCTAJBbHBIE HATYPAJbHBIE YUCJa, OOJIbIINE €JIMHUIbL.

[IpocThie Yncaa UMEIOT MHOYKECTBO IMOJIE3HBIX HMPUMEHEHHH, a Tak:Ke W caMu 10 cede
HEPEJKO SIBJISAIOTCS CyThIO 3ajaun. Hanbosiee m3BeCTHOE MPOMBITIIIIEHHOE TTPUMEHEHHEe TPO-
cThIX unces — B mudpoBanud RSA ¢ OTKPBHITHIM KJIIOYOM.

B nepByio ouepeib HaM HEOOXOIMMO yMETh ITPOBEPSTH, ABASIETCS JIK YUCJI0 N MPOCTHIM.
T.e. HaM HEOOXOJAMMO Y3HATH, CYIIECTBYIOT JIM TaKhe HaTypajbHble yncaa &, y (1 < x,y <
N), ato x x y = N. Kpome toro, ycaoBumes, aro & < y, TOrJa MOXKHO CKa3aTh, 9TO T
MeHbIITe JIH00 paBeH KBaJApaTHOMY KOPHIO u3 qucsa N (ecjm 9T0 yc/loBHe He BBIIOJHEHO, TO
npousBesieHne Gyner 3aBe oMo Gosbine N).

Taxum 006pa30M, MOKHO HAIUCATD CJASAYIONLYI0 (DYHKINIO, KOTOpas OyIeT J0BOJIBLHO -
(EKTUBHO MPOBEPITH YUCIO HA MPOCTOTY:

function isprime(n : integer) : boolean;

var
i, j : integer;
begin
if (2 = i) then
isprime := true

else begin
j := round(sqrt(n))+1;
for i := 2 to j do
if (n mod i = 0) then begin
isprime := false;
exit;
end;
isprime := true;



end;
end;

[Tonb3ysich TeMu ke cOOOParKeHHAMHU, OUYEeHb ITPOCTO HANMHUCATH (DYHKITUIO, HAXOJISAIILYIO
BCE pa3JIOKeHUs YUCAA Ha JIBA MHOXKHUTeNA. g 9Toro JocTaTodHo yOpaTh NMPOBEPKY Ha
paBeHcTBO N JIBYM U B 3aMEHHMTHb BBIXOJI U3 (PYHKIMHU ¢ pe3y/ibrarom false na o0pabOTKY
JABYX HallJIeHHBIX JlejiuTeaeil 1 un div i.

O6a srux anropurma nveior cioxnocts O(vN).

6 HO/I m HOK. DjemMeHTbl TeOpuUM OCTATKOB

HauGoabmum obmum geurerem (HOJ) aByx HaTypasbHBIX 9GHCE] HA3BIBAETCS TAKOe
MAaKCHMaJIbHOE HATYPAJIbHOE UHCI0, KOTOPOE SIBJSIETCS JeJTUTEeM W MEePBOTO W BTOPOTO
ancsia. Hanvenbimum o6muM KpatabiM (HOK) 1ByX HATYpasbHBIX YHCe] HA3BIBAETCS Ta-
KO€ MUHHMAJIbHOE HATYPAJIbHOE YUCI0, KOTOPOe JeJIUTCS HAIea0 Ha 00a 3TUX YUC/IA.

Anasiornano sBojsites nousitusg HOJl w HOK muorux wuces. Ha npaktuke HOJI 1 HOK
MHOTHX YHCEJ CUYATAIOTCA ¢ IIOMOIBIO mocaeaoBaTeabHo nonapaoro moacaera HOJ m HOK
(T.e. canraercs HOJI yxke 06pabOTaHHO 9acTH M OYEPEHOIO THCIA).

Bamaun, B KOTOpbIX HeoOxomuMmo noacuntarb HO/ win HOK Bo3HEHKaOT 10BOJBHO Ya-
cto, ocobenno aiga HOZ. Tak, nanpumMep, B nojcdeTe KOJUIECTBA TOUEK C IEJTBIMUA KOOPIH-
HATaMH Ha oTpeske ucnoab3yercas HOJ x u y KoopauHAT oTpe3ka.

B murareit ikoste u3ygaercs aaroputM EBkimna, kotopsiit mo3sossier Halitn HOJ aByx
qucesi. B HeM HCTOB3YIOTCS CJIIYONNe COOTHOIITEHHS:

1) HO(a,0) = a

2) HOA(a, b) =HO(amodb, b) =HO1(a, bmoda)

Banumiem dyukmuio nogcuera HO (GCD — Greatest Common Divisor):

function gcd(ap, bp : integer) : integer;

var
a, b, ¢ : integer;
begin
a := ap;
b := ap;
while (b <> 0) do begin
¢ := a mod b;
a := b;
b := ¢c;
end;
ged = a;
end;

DTOT aNTOPUTM OYEHBb MPOCT, ero CJIOKHOCTH B XyameMm ciayvae, pasaa O(log N), rue
N — DGoJiblliee U3 YUCEI.

HOK wmozxkuo uckarh ucxojs u3z coornomrerus HOI(a, b)) x HOK(a,b) = a x b.

CymectByet ere oaun crnocod moucka HO/I: 6unapubiit anroput™m EBkianma. DToT cro-
cob ocuoBbiBaercst Ha coornomennsx HOJ(2 x a,2 x b) = 2xHO/1(a,b), HO/(2 X a,2 X
b+ 1) =HO/(a,2 x b+ 1), HOA(2 x a+ 1,2 x b+ 1) =HO/(2 x (a — b),2 x b+ 1). Xorsa
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IIpu UIIOJIB30BaHUMN 3TUX COOTHOIIEHU BpeMdd HallUCaHUA IIPOTrpaMMbl U CO6CTB€HHO IIONCKa
HO/I HecKoJIbKO BO3pACTeT (XOTsl MO MPEKHEMY CJIOKHOCTH aJropuTMa OyIeT COCTABJIATH
O(logn)), aror cnoco6 namuoro yaobuee npu noucke HOJI punubx quces. [leficTBuTebHO,
B OOBIYHOM aJToOpuTMe EBKINIa HEOOXOAMMA ONEpaIys B3ATHA OCTATKa OT JeJeHUs JJTHH-
HBIX YHCEJ, & B OMHAPHOM — HAMHOro 0oJjiee IIPOCTbIE ONEpPAIUuU JJIMHHOTO BBHIYUTAHUS U
JeJeHus Ha 2.

B omummnuaaneix 3ajadax JA0BOJIBHO YacTO Tpebyercd HalTH YTO-THOO «II0 MOJIYJIIO»
KAKOT0-JIn00 4ucjia, T.e. MOJCIYATATH OCTATOK OT JIeJICHUS Pe3yJbTaTa Ha 33aJaHHOe YUCJIO.
Teopust 4uces JOCTATOTHO MOAPOOHO M3YUAETCs B IMKOJBHOM KYpCe MAaTeMATHKU U MBI HE
6y,ZLGM yFﬂy6ﬂHTbCH B HeEe, B34B JIMIIb HECKOJIbKO IIPAKTUYCCKU BaKHBIX PE3YyJIbTaTOB.

B wacTHOCTH, HAM BayKHBI CaeLyolnine cBoiicTBa octaTko: (a+b) mod n=(a mod n+b
mod n) mod n u (ax b) mod n=(a mod nx b mod n) mod n. tu coiicTBa YacTo GHIBAIOT MO-
JIE3HBIMH, T.K. OOBITHO B 33/1a4aX, T/l TpeOyeTcs MOJACIUTATH OCTATKH, BO3HUKAIOT JOBOJIHHO
OOJIBINIE YHUCJIA, U YMEHBITeHHEe PA3MEPHOCTH ONMEPAHIOB B ITPOMEXKYTOTHBIX BBITHCICHUSIX
HAMHOT'O O0Jierdaer 3ajadqy.

Takzke MOBOJBLHO 4acTO Tpebyercs HANTH yIOBIETBODPSIONINN YCIOBUIO SJEMEHT KaKOii-
b0 MOCIe0BATETHHOCTH IO MOJY/IIO JIAHHOTO YHCaa. B 9TOM ciydae MOXKHO COCTABUTD
«TabJIUILY YMHOXKEHHUsT» 110 MOJIYJIIO 1 WK JAPYTYIO TAOJUILY € TPABUJIAMU MEPEX0Ja — ITO
MOYKET 3HAYUTEIHHO OOJIETIUTh PENIeHre 3a,1aTH.

7 PazjioxkeHue 4duciia HA OPOCTbIe MHOXKUTEJIN

Bepuemcs x npocTbiM yucsaaMm. JIioboe 9ucio MOKHO IPeJCTaBUTh B BHJIE POU3BEICHHS
HPOCTBIX YHUCE], IIPUIEM STO IPeJcTaBIeHne OYIAeT eINHCTBEHHO.

OO0OBIYHO, TAKOE MPEJICTAB/JICHNE BBITVISIUT B BHJE OJJHOMEDPHOTO MACCHBA, COEPIKAIIETO
HPOCTHIE YHCJIA, U eIIe OJHOTO OJIHOMEPHOTO MACCHBA JJId HEIMOCPEJICTBEHHOTO MPEe/ICTaB-
JIEHUS YUCIa, B KaXKJI0il d4eiike KOTOPOI'O COJEPYKUTCHA CTENEeHb COOTBETCTBEHHOTO IIPOCTO
YUCTIA.

Hanpumep, mycTh y HAC €CTh MACCHB MPOCTHIX wucea [2,3,5,7,11,13], Torma maccus ¢
npejcraienneM ducia 2600 6yger Boirasgers kak [3,0,2,0,0, 1] 13 KOTOPOro MOKHO HOJIY-
9t 2% x 52 x 13! = 2600.

Takoe mpe/icTaB/IeHe HEOTPABIAHHO NeHEPUPOBATH JJIs OJHOTO YHcjIa (eCu 5TO He sB-
JIST€TCsT HeOOXOJUMBIM YCJIOBHEM JIJTsI petienus 3a1aun ). OIHAKO, eCJId Yuce] MHOTO, TO MPH-
BeJIeHHe WX B TaKOe MpecTaB/JIeHHe H 0OpATHO MOXKET OBITh BeChbMa MOJIE3HBIM.

Hanpumep, ¢ 1HOMOIIBIO TAKOIO HPEJCTaBJIEHUS OY€Hb IIPOCTO Peasin30BaTh yMHOZKe-
une. Paccmorpum Hatre ugmciao 2600 n umciao 11858, KoTopoe mNpeiacTaBisieTCsi MacCHuBOM
[1,0,0,2,2,0]. YTo6b MOIyYNTH TTPOU3BEICHNE STHX YUCEJ, JOCTATOYHO CJIOKHTH COOTBET-
CTBYIOIHE 3/IeMeHThl MaccuBoB. PesyabraTom Gyer maccus [4,0,2,2, 2, 1], T.e. 24 x 52 x 7% x
112 x 13! = 30830800, uTO COBIAIACT C PE3YILTATOM YMHOXKCHHUL.

[Tocme HEKOTOPBIX pa3MBINLICHHIT MOKHO TaKyKe Pean30BaTh JIeIeHHe ¢ OCTATKOM, HO B
paMKax JIEKIUHA Mbl 3TOTO JeJaTh He OyjeM, KeJIalonme MOTYT CaMH HPHIYMaTh aJrOPUTM.

N3 storo npeacrasnenus rakxke Moxku0 noayantb HOJ w HOK stux wucer.

st naxoxaenuss HO/I Hato BRIOMpATH MEHUMYM U3 CTemenedi (3T0 JIOrUIHO, T.K. THUCJI0
X™ kparno X*, eciu n > k). lna nogcuera HOK nazio 6paTh MakCuMyM U3 cTeleneil. Tor
e Meton paboraet s noacdera HOJ u HOK npou3BoabHOr0 KOJTUYIECTBA THCET.

Jlnsg mamux gucesn 2600 uw 11858, HOJI, noacunTanubiii TakuM 0O6pa30M, MPEJICTABUM



maccuBoM [1,0,0,0,0,0], T.e. pasen 2, a HOK — maccuBom [3,0,2,2,2, 1] u paBer 15415400.
C momoImpo aaropurMa EBKIHIA HECTOKHO YOEIUTHCS, 9TO PE3YJIbTAaT BEPEeH.

KpoMme Toro, y pasjioKeHHs YHCIa Ha OPOCThIE MHOMKUTEIH CYIIECTBYIOT 0OJIee CIely-
(buuHBIE HA3HAUEHNUSI, KOTOPBIE BCTPETSITCS TI0 XOY PeNieHusT TPAKTUIECKUX TYPOB.

Haxozxenne Beex npoctsix ancesn 10 N sanmvaer O(N x v/N) Bpemenu, mojacaer cre-
neHeil jyist omHOTO Yncaa 3arnMaer okosto O(N) BpeMeHU (ecsin CTeleH: He CJIUITKOM 60JTb-
mue), u onepanuu ymMHokeHust, Haxox nenust HOJ/[ u HOK 3anumator tTakzke O(N) BpeMeHH.
TakuM 06pazoM, cymmaproe Bpems coctapiser oko1o O(N x v/ N + N x M), rae N — vax-
CUMAaJIbHOE U3 Yucea, a M — KOJIMYECTBO STUX UUCEL.

B HekoTOpbIX Cydasx HaM HEOOXOIUMO PA3/I0KUTh TOJIBKO OJHO YHCI0 HA IPOCTHIE MHO-
xurean. B rakoit curyarun nanbosee 3hPeKTUBHLIM METOAOM Oy/ieT Moudukanus QyHK-
UM IIPOBEPKH YHCJIa Ha HpoCTOTy. JleificTBUTEIbHO, ecii KayK/Iblil pa3 MpH HAXOXKJIEHUN
JeJTATENIsT MbI GyJIeM JIeJIATh pas3JjiaraeMoe YHCJI0 Ha Hero J0 TeX Top, MOKa OHO JequTcs (U
3aIMOMHUHATD CTEMEeHb, ¢ KOTOPOIl 3TOT JIEIUTETb BXOJIUT B PA3JIOKEHNE YUCIA), TO MBI HOJIY-
YUM BCE IPOCTHIE JIEJUTEIH KPOME, BO3MOXKHO, OJHOrO. JlefcTBUTEIBHO, OUCK JesiuTesieit
HEOOXOMMO OCYIIECTBAATh JI0 KBaJAPATHONO KOPHS U3 YHC/IA, & B CJIyJae, eCJIH MOCIe J1ee-
HUS OCTAJach HE eIUHUIEA — STOT OCTATOK TAaKyKe ABJIAETCS MPOCTHIM JEJTUTEIeM, TPUIEM
cTelleHb ero BXOKJIeHus Beersa pasHa 1. Hanpuwmep, 26 npejgcrasigerca kak 20 x 131 rie
13 — eMHCTBEHHBI JIeTUTeb, OOMBIIHA KBAIPATHOTO KOPHSI.

8 DbpicTpoe BO3Be/ieHNE B CTEIEHb

JI0BOJIBHO YaCTO BO3HUKAET 3a/1a4a OBICTPOrO BO3BEIEHUS YHUCJIA WU JIPYToro o0bexTa,
JIJIsT KOTOPOTO OTpejiesieHa onepalns YMHOKEHNS, B KaKyo-11nbo cremnedbh. HauBHbIN aaro-
PUTM, KOTIJIa MBI IIPOCTO HYKHOE YHC/I0 pa3 YMHOXKAEM YUCJIO Ha caMO cedsd, UMeeT CJI02KHOCTD
O(N), tie N — mokasaTesib CTEleHH.

IIpu Bo3Be/IeHNE B CTEHEHD YUCI0 PACTET OYeHb OBICTPO (& 3HAYNT, HaBepHSKa TPeOyI0TCs
ONEpAINY C JUIMHHBIMA 9uCAaMHA ). [109TOMY HAyIUThCS BO3BOIUTD YHCJIO B CTENEHb OBICTDee,
aem 33 O(N) — 10CTATOIHO BayKHAS 3a7a4a.

PaccmatpuBag crerneHn HEKOTOPBIX YHCEN, MOXKHO JIOTQaThCsd O METOJe, KOTOPBIM CJie-
JIyeT ImoJb3oBarbesd. Hanpumep, a1 Bo3Belenud 3 B 4-10 cTelieHb HAM HYXKHO HpojeIarh 3
omepanun yMHOKeHua. OHAKO, €CIM U3MEHATDH TOPsIOK JeiicTBril Ha Taxoii: (3%)2, To mo-
Tpebyercs Bcero jBa ymMHOXKeHusi. CJie/lyeT MOMHUTH, 9TO TIPU BO3BEIEHNUN YHCJIA B CTEIIEHN
elre B KaKym0-1100 CTeeHb MOKa3aTe/ Il CTeleHel mepeMHOKaTca. VIMEeHHO Ha COKPAIeHTT
YETHBIX CTeleHell OCHOBBIBaETCs e OBICTPOr0 BO3BE/ICHUS B CTEIEHbD.

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

function pow(a, n : integer) : integer;

var
b, ¢, k : integer;
begin
k := n;
b :=1;
c := a;

while (k <> 0) do
if (k mod 2 = 0) then begin
k := k div 2;
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C :=C * C;
end else begin

dec(k);
b :=b *x ¢;
end;
pow := b;

end;

Kaxkaprit pa3, Korga cremeHb YeTHAasl, Mbl BO3BOIMM BCIIOMOTATEIbHYIO HEPEeMEHHYIO B
KBaJIpaT, a MoKa3aTeJb CTeIeHN JeIuM Ha 2. Ecan 9mc/io HedeTHoe, TO YMHOKAeM TeKyIIee
BCIIOMOI'aTe/JIbHOE YUCJI0 Ha PE3yJIbTAT W yYMEHbIIAeM IoKa3aresb cremenn Ha 1. Takum 00-
pa3om xoTrs Obl OJIMH pa3 U3 JABYX y HAC IPOU30iiieT yMeHbITeHHe TOKa3aTe sl CTeIIeHN BIBOe
¥, WCXOJIs1 W3 TOTO, MBI TTOJYINM CJI0:KHOCTE agroputma O(log N).

JlocTrzkeHne Takoi CJI0KHOCTH OY€Hb IOJIE3HO, OCOOEHHO MPH MCIOJIb30BAHUH MeIeH-
HBIX OIepaluil ¢ JIMHHEBIME ducgaMu. TakuM 00pa3soM MOKHO BBIOpATh «yHUBEPCAJIHHBIN»
PEIENT: UCIOJAb30BATh OBICTPOE BO3BEJIEHUE CTEIEHb Be3/e, I/Ie MOKA3ATEIb MOXKET HPEBbI-
marb 100. C ygerom Toro, uro GpyHKIMS JOCTATOYHO MPOCTAsT, MOKHO HCIIOIb30BATH OBICT-
poe BO3BeJIeHNE B CTEMEHb BO BCEX CJIyUasX.

B aHrmog3619HOI IuTEpaType aaropuTM OBICTPOTO BO3BEIEHHS B CTENEeHb OO3BIBAIOT 3a-
baBHBIM cjioBocodeTanneM “Russian peasant algorithm”, ¥ro mepeBoguTcs Kak «aJrOpuTM
PYCCKOI'O KPECTbSIHUHAY.

9 Marpunsl u onepanuu HajJd HUMU

B pamkax mameit cerofusiineii JeKun Mbel OyJIeM paccMaTpPUBATH TOJTHKO KBaJIpaTHBIE
MATPHILBI, COCTOSIIIHE U3 drce. MaTpuna siBjisieTcst, 10 CyTH, JBYMEPHBIM MaCCUBOM, 4TOOBI
HALJISTHO TPEJCTABUTH, UTO 9TO TAKOE, MOXKHO OTKDPBITH JEKTPOHHYI0 Tabsuiy. KazxK bt
9JIEMEHT MATPHUIIHI ONMPEJEIACTC UMEHEM 3TON MaTPUIhl W JABYMS YUCJaMU — WHIEKCAMUI
MaCCHBA.

JIByMepHbIE MACCUBBI OUEHDb YaCcTO UCIOJIB3YIOTCS B MPOTPAMMUPOBAHUU I XPAHEHUST
JIAHHBIX, HO CEro/HsI Mbl OCTAHOBMMCsI Ha ajirebpandecKux CBOHCTBAX MaTPHIL.

Marpura sgBjsieTcss MaTeMaTHIeCKiM 00beKTOM, U JIJIs Hee, KaK W JIJIsl YHCeI, Olpe/ieie-
HBl HEKOTOPBIE OIePaIiii, B YaCTHOCTH, CJIOYKEeHNe U BhlunTanue Matpuil. Jlomycrum, aro A,
B u C' — kBajiparuble MaTpUIlbl 0JMHAKOBOTO pa3mepa. Torma marpuna C, paBHas cymme
matpur, A u B onpenensiercs nosnementro, kak Cli, j| = Ali, j]+ Bli, j]. Touno Tak ke ompe-
JIeJIIeTCs U Pa3HOCTh MATPHUIl. Y MHOKEHHe MATPHUIBI HA YHUCIO0 — ITO MPOCTO YMHOKEHHUE
KarKJI0r0 3/IEMEHTa MATPHUIBI HA TO YHCJIO.

[To-apyromy npoucxoaut ymHoxenue marpur. Jomycrum, C' = A x B, torga C[i, j| =

Z;é(A[i,k] X Blk, j]), k uamensercs or 0 1o n — 1 (n — pa3Mep MaTpPUIBI, HyMepanus
HAMHHACTCS ¢ Hy/ls1). 3HAK Y O3HACaeT cymmy, T.e. Y, A[k] — 310 TO Ke camoe, =TO

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

Hepe;( HalluCaHuEeM IPOIEeAYpPbl YMHOXKEHUA MaTpHUIl OIIpeJe/IMM HEeCKOJBKO KOHCTaHT M1
THUIIOB JAHHBIX.

const
MAXN = 100;
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DTa KOHCTaHTa OY/IeT ONPEeIESITh pa3Mep MaTPHUIHI (ee YI00HO YMEHBINATh PH OTIaJIKe,
T.K. B OTJIa/IYMKe OY€Hb THAKEJO MPOCMATPUBATH GOJIBIITHE IBYMEDHBIE MACCHBBI).

type
matr = array[0..MAXN, O..MAXN] of integer;

Heobxoqumo co3mars HOBBIM THIT JAHHBIX, T.K. 3TO €IMHCTBEHHBII CIIOCOD IepegaTh MaT-
PHIBL B IPOLEAYDY

procedure mulmatr(a, b, ¢ : matr);
var
i, j, k : integer;
begin
for i := 0 to MAXN do
for j := 0 to MAXN do begin
cli, jl := 0;
for k := 0 to MAXN do
cli, jl := cli, jl + ali, k] * blk, jl;
end;
end;

PaccvoTpumMm erre oHO mOHATHE, KOTOPOE MO3BOJIUT HAM HPUMEHUTH XUTPOCTD, YCKOPSI-
oree padoTy MporpamMMbl B HECKOJIBKO Pas.

TpancnoHupoBaHHON MaTpulleil Ha3bIBACTCd TaKasd MaTPHIA, Y KOTOPOil CTOJIONBI CTaHO-
BATCA CTpOKaMH, a cTpoku — crosonamu. T.e. AT[i, j] = A[j,i] (AT - o6oznauenue Tpancio-
HUPOBAHHON MATPUIIHI).

B ciyuae ymHOXKeHUSI MATpuUIll Mbl OepeM CTPOKY OJIHOH MaTpullbl M CTOJIOel Jpyroi
U OCYTIECTB/IsIEM K HUM TIOCJI€0BATENbHBIN MOCTYH. B maMsaTi KOMIbIOTEPa MHOTOMEDHBIE
MaCCHBBI Pa3BOPAYMBAIOTCS B OJIHOMEDHbBIE, U JIOCTYI K CTPOKE WJET JOBOJHHO OBICTPO, 3a
cYeT ONTUMHU3ANUH KOMITHISITOPA IPH TOJCYeTe aJpeCHbIX BHIPAYKeHUI U KIMUPOBaHus (Bce
JAHHBIE JIeXKAT PAJOM H aBTOMATHYECKH TOMAIAIOT B KIII). B ciiydae ke co cToIONOM a/I-
pecHoe BbIpazkeHue (II0JOXKEHHE JIEMEHTa MAcCHBa B (PU3NUECKOH HAMATH KOMIIBIOTEPA)
HPUXOUTCH BBIUUCISITH 3aHOBO W JAHHBIE HE MOMAIAI0T B KIIIL.

B nameit ¢pynkimn Mbr obparmaeMcs K 0JlHOMY 1 TOMY ke cTosiomy MAXN pas, 3a cuyeT dero
IPOU3BOIUTETBHOCTh Pe3KOo majaer. Ecin mpeaBapuTeslbHO MPUMEHUTh TPAHCIOHUPOBAHUE
MATPHIIBI, & TOTOM BepHYTh ee 0OPATHO, TO HAM YAACTCA YCKOPUTh MPOrpaMMy B 3 — 5 pa3
6e3 UCIOJIH30BaAHUS JOMOTHUTEIbHON naMaTu. VI3menennas pyHKus OyaeT BHINISACTH TaK:

procedure mulmatr(a, b, ¢ : matr);
var
i, j, k : integer;
begin
for i := 0 to MAXN do
for j := 0 to i do begin

k :=bli, jl;
bli, j1 := blj, il;
blj, il := k;

end;
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for i := 0 to MAXN do begin
cli, jl := 0;
for k := 0 to MAXN do
cli, j1 := cli, jl + ali, k1 * blj, kI;
end;
for i := 0 to MAXN do
for j := 0 to i do begin

k :=bli, jl;
bli, j1 := blj, il;
blj, il := k;

end;

end;

B xomnre paboTbl pYHKIIUU MBI BO3BpaliaeM MaTpuily B B ee ucxomnoe cocrosguue. Tenepb
y HaC €CTh TOJBKO YMHOXKEHHE CTPOKH Ha CTPOKY, KOTOpOe HPOUCXOIUT 3aMETHO OBbICTpee.
MoxkHO ObLIO MCHOJIB30BATH W JAPYTIHE METOIbl XPAHEHUs] CTOJIONA, HAIPUMED, 3allAChIBasI
ero B OJHOMEPHBbIA MaCCuB.

Kpowme Toro, cyimecTByer TakzKe ONeparusi yMHOKEHHsT MATPUIIBI HA BEKTOD (OJHOMEp-
Hblii Maccus). Ilycte A — Mmarpuna, B - BEKTOp U3 YHCe], TOLJA B pPe3yJbTaTe YMHOMKE-
HHsT MBI TosyanM BekTop C', KOTOpBIi Gyjer omnpenensithes ucxoas u3 dbopmyasr Cli] =

Bli] x 3200 Ali, k).
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