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1)

2)

1 OueHKH CJI0KHOCTH AJITOPUTMOB

Jlasxxe ecii TEOPETHUYECKH JO0KA3aHO CYIECTBOBAHUE ANTOPUTMA I PELICHUS 3a-
Ja4M, TO €ro MPAKTUYECKasl peaju3alysl MOKET HATOJIKHYThCS Ha MPOOJIEMbl HEXBATKU
pECYPCOB KOMIIBIOTEPA AJIs TOJIYUYEHHs PELICHUs 3a NpuemieMoe Bpems. OLEeHKH CII0XK-
HOCTH aJITOPUTMOB BBEJIEHBI JUIsl TOTO, YTOOBI MOKHO OBLIO CpaBHUBATh 3()(PEKTUBHOCTH
pEelIeHs] OJTHOM M TOM K€ 3a7a4yd Pa3HbIMU aJIrOpPUTMaMH, a TAKKe JUJIS OLIEHKHU 3aTpaT
Ha peajn3alyio JaHHOTO AJITOPUTMA.

Co>XHOCTh aJTOPUTMOB OLIEHUBAETCS IBYMs ITApaMETPaMHu:

T(n) — epemennasn croxcHocmv pelIeHUs 3ala4d ¢ Pa3MEPHOCTHIO MCXOHBIX JAHHBIX
JUTHHBI N; TIO3BOJIIET OIICHUTH BPEMS PEIICHUS 3a/1a4H;

M(n) — npocmpancmeennas (emkocmuas) CiloHCHOCMb, 3TO KOJTMYECTBO JOMOTHUTEIIb-
HOM MaMsTH (MOMUMO MaMSITH JUIsl UCXOJIHBIX JaHHBIX), HEOOXOAUMOM JIJIsl pelieHus 3a-
Ja49¥ pa3MEPHOCTH N; OIICHUBACT 3aTPATHl TAMSTH.

[IpuHSTO B KaueCTBE OLIEHOK MCIOJIH30BaTh ACUMIITOTUYECKOE TTOBEICHUE QYHKITUI
T(n) u M(n) npu gocraTouHo O6ombimx N. [Tapamerp N — pa3MepHOCTH 3aaYH.

Bpemennas s¢dexkruBHOCTS T(N) M3MepseTcs MyTeM IOJCYeTa Yhcia OCHOBHBIX
OTIepalni, BHIMOJIHAEMBIX B anroputMe. [IpoctpancteenHas 3gdextuBaocts M(N) orre-
HUBAETCS B BUJE KOJIMYECTBA JOMOJHUTENBHBIX €AMHUI] TAMSITH, TPEOYyEeMbIX JJi padOThI
aNropuT™Ma.

OrieHKa BpEMEHHOH CITOKHOCTH aroput™a T(N) onpeaensercst Kak nopsook pocma
(order of growth) konruecTBa OCHOBHBIX OINEpalUii ¢ TOYHOCTHIO J0 MOCTOSHHOTO MHO-
xwuress. s 0003HaYeHHs CTENeHU pocTa GyHKIuK npumensiercss O-CUMBOJIHKA.

OcHo6ubiMu, WA 6A308bIMU ONEpayusMu, Ha3bIBAIOTCS ONEPALUU, KOTOPhIE BHOCST
HauOOJBIINK BKJIaJ B oOliee BpeMsl BBINOJHEHUS ajaroputMa. Kak mpaBusio, cOCTaBUTh
CIHMCOK OCHOBHBIX ONEpalUi alropuTMa COBCeM HETpyAHO. OOBIYHO B HEro BKIIIOYAIOT
HanOoJiee IUTENbHbBIE [0 BPEMEHHU ONEPAIH, BBIMOJHAEMbIE BO BHYTPEHHEM LIUKIIE aJI-
roput™Ma. Hanpumep, B OOJIBIIMHCTBE aJTOPUTMOB COPTUPOBKU HCIOJIB3YETCS METOJ]
CpaBHEHUS JIBYX DJIEMEHTOB (KJIIOYeil) CIMCKa, KOTOpbIA copTupyetcs. st mogobHoro
THIA AITOPUTMOB OCHOBHOM SIBJISIETCS ONEpAlMsl CPABHEHUs KJIKOYEH. OCHOBHBIE OmEpa-
LMU: YMHOXXEHHE M cliokeHre. Ha OONbIIMHCTBE KOMIBIOTEPOB KOMAHJa YMHOKEHUS
JBYX LIEJIBIX YMCEJ BBINOJHIETCS HAMHOTO JOJIbIIE, YeM cioxeHue. [loatoMy oHa sBis-
eTcsi 0e3yCIIOBHBIM KaH/IUJATOM Ha BKJIIOUEHHUE B CIIUCOK OCHOBHBIX OMEPALIMM.

OrneHnBas puMEpHOE BpeMs pabOThl aIrOpUTMa, BaXKHO IMTOHUMATh, YeM MBI IIpe-
HeOperaeM, a 3a 4eM clieuM (Y4TOOBI HE MPOMYCTUTh TJIABHOE M HE KOMAThCA B HECYIIIE-
CTBEHHBIX JIeTallsix ). PacripocTpan€HHBIN ITOAX0 — OIIEHUBATh BpeMs pabOTHI alropuT™Ma
KaK YUCJIO 3JIEMEHTAPHBIX MIAroB anroputMa (Kak GyHKIHIO OT pa3Mepa Bxoja N) ¢ Tod-
HOCTBIO JI0 OTPaHUYEHHBIX MHOXHTeNeH. [Ipu 3ToM ommbKka B 1Ba paza Win JaXXe B ThI-
CA4y pa3 CUUTAETCA JIOMYCTHMOM, B TO BPEMS KAaK pa3HULA MEXAY N U n? cumTaercs Cy-
IIIECTBEHHOM.



[Tpu TakoM MOX0/C HET HATOOHOCTH pa30MPaThCS B IITUTCILHOCTH 3JIEMEHTaPHBIX
OIepanui, XOTsI B pealibHBIX MPOIECCOPaX pa3HbIe KOMAH/Ibl pa3jiararoTcs B MOCIEI0BA-
TEJIBHOCTh MUKPOKOMAH/T Pa3HOM JUIMHBI M 3aHUMAIOT pa3HOe Bpemsl. BayKHO TOJIBKO, YTO
BpeMs JIIO0OH orepaiuy OrpaHWYCHO HEKOTOPOH KOHCTaHTOW. JIpyroe cieicTBUE TOTO
JKe TOIXOJA: €CIIH, CKaXKEM, allOPUTM BBIIONHSET 5n° + 4n + 3 dIeMeHTapHBIX omepa-
Wi Ha BXOJIe pa3Mepa N, MbI MOXKEM OTOPOCHTD ciiaraeMbie 4N U 3 (KOTOpbIC MPHU OOJTb-
WIEX N CYIIECTBEHHO MEHbIIe, 4eM 5n°). Boee TOro, MbI MOXeM OTOPOCHTD H MHOXKH-
TeMb 5 B CTapIIeM cllaraeMoM (4epe3 HECKOJBKO JIET KOMIIBIOTEPHI CTaHYT B IATH pa3
GBICTpEe) 1 CKa3aTh, 9TO BpeMst paboTs! anropurma ectb O(n°).

O0BsscHUM cMbIC ATUX O-0003HAYECHU.

Onpenenenne 1. 'oBopst, uro ¢yakmusa f(n) npunamnexutr muoxkectBy O(g(n)),
yto 3amuckiBaeTcs kak f(n) € O(g(n)), eciu cymiecTByeT MOJOKHUTEIbHAS KOHCTAHTA C U
HaATypaJbHOE YHUCIIo Ny Takoe, uto f(n) <c-g(n) mms Bcex N > N.

Onpenenenne 2. 'oBopsaT, uro ¢ykmus f(n) npuHamiexkut MHOX)ecTBY €(g(N)),
qto 3anuckiBacTcs kak f(n) € ©Q(g(n)), ecim cymecTByeT MONIOXKUTEIbHAS KOHCTAHTA C |
HaATypaJbHOE YHUCIIO Ny Takoe, uto f(n) > c-g(n) mms Bcex N > n.

Onpenenenne 3. I'oBopsaT, uro ¢yakmus f(N) mpuHamiexkut MHOX)ecTBY GXg(Nn)),
uro 3amuckiBaercs kak f(n) € &(g(n)), ecnu CymecTBYIOT MOJIOKUTEIbHBIC KOHCTAHTHI ]
U Cp, @ TAaK)Ke HATypaJIbHOE YHCIIO Ng Takoe, uto c-g(n) < f(n) < c;-g(n) mns Bcex n >
No.

3amucek f € O(g) MoxHO umTaTh Kak « f < ¢ ¢ TOYHOCTBIO 10 KOHCTaHTHD». Ilpu
aToM, ckaxem, 10n € O(n).

O-0003HaueHus MO3BOJISIOT CPABHUBATH MOBEACHHUE (PYHKITUN TP OOJIBIINX N .

Hanpumep, mycth ofuH anroput tpedyer f; (N) = n° mraros, a Bropoii — f>(n) = 2n
+ 20. Kakoit u3 Hux sayumie (puc. 1)? 9T0, KOHEUHO, 3aBUCUT OT 3HAYEHUs N: TIEPBBIi
Jy4IIIe BTOPOro npu N < 5, HO CHIILHO XYK€ TIPH OOJIBIIIOM N .
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Puc. 1. CpaBHeHHEe KBaApaTUIHON U TUHEHHON (YHKITHIA



B O-0003HaueHusX I JaHHOTO MpUMeEpa MOXHO ckasath, 4to f, € O (f), HO
f; ¢ O(f,). B camom jerte, oTHOIIIEHHE

2n + 20 2 20
n n n
OTrpaHHYEeHo, a
n? n?
>—=—
2n+ 20 22n 22

— HCT.

O603nayenune O(-) MOKHO CUMTATh aHAIOIOM <. AHAJIOTH JUIS > M = TaKue:

f € £Xg) (f pacTeT He MeIeHHEE (J, C TOYHOCTHIO 10 KOHCTaHTHI) 03HavaeT g e O(f).
f € ©(g) (f u g umeroT oAMHAKOBEIHN MOPAA0K pocTta) o3HavdaeT uto feO(g) u geO(f).
f € O(g) (f pacter He ObICTpee g, C TOYHOCTHIO 10 KOHCTaHTHI); § € Q(f).

Ha puc. 2 npuBenensl rpaguku, WITIOCTPUPYIONINUE 3TU 0003HAYCHHUS.
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c:g(n)

v

f(n) € O(g(m)

f(n) € Q(g(n))
Puc.2. Unmoctpanus O-0603HaueHUH

f(n) € Ag(n))

MoXHO (M HYXHO) yOpolIaTh OLEHKH, MpeHeOperas HECYUIECTBEHHbIMHU (IIpH

2
GombIux N) caaraemsivu. Hamprmep, MOkHO 3aMennTb 3n*+4n+5 na n”. TIpuBeneM He-
CKOJIBKO IPABWJI TAKOT'O POJA YIPOILEHUS:

1) MOCTOSHHBIC MHOKHUTEIIA MOYKHO OITyCKaTh; HAIIPUMED 14n® 3amensieM Ha N>

2) n? pacrer Gsictpee N° wist a>b; HANPEMeEp, B IPUCYTCTBUM CIIArAEMOT0 N’ MOYXKHO
npeHeOpedb ciaaracMbiM N;

3) mobas PKCIOHEHTAa pacTeT OBICTPEE JI0OOro MONMHOMA; HAIpuMmep, 3" pacTer
ObICTpEe n>:

4) mo6oii ToNMHOM pacTeT ObIcTpee Moboro jorapudma; Hampumep 1 pacrer
ouictpee (log n)?, n? pacrer 6eictpee N log n.

BoT HECKOJIbKO IPUMEPOB — BCE TIPUBEICHHBIC HI)KE YTBEPIKIACHHS CIIPaBEIJINBEI:

n e O(n); 100n+2 € O(n%); n(n-1)/2 € O(n®); n® ¢ O(n?); 0.0001n° ¢ O(n?),

n® eQ(®; n(h-1)/2 eQ(n®; 100n+5 eQ(n?); an’tbn+c eB®(n®) mpu a>0,

n’/6+sin(n) e®(n®); n*+ log n e®(n’).

YroObl onpeaesnTh, kKakas u3 aByx ¢yukiuit f(n) uau g(n) pacret ObicTpee yao00HO

II0JIb30BaThCS MpeAenamMu mpu N—o0o. Ecin:



J10)
g(m)
sHauenue: f e GXQ); momyctumo obo3znauenue . fe O(g) uf e £XQ);
J()

gm)
raembix; ooo3nauenue: f e O(Q); g ¢ O(f), ; g € Q2(f),

f(
c) lim,_, pr ))

racMmbix; ooo3Hauenne: f e £XQ); g € O(f);

a) lim,_, = const>0, to f(n) u g(n) uMerOT OAMHAKOBBIN MOPSIIOK pocTa, 000-

b) lim,,_, 4 =0, To f(n) pacrer memtennee g(n), u f(nN) MoxHO omyckaTh B clia-

= oo, 10 f(N) pacrer OpicTpee g(n), u g(N) MOKHO ONMycKaTh B Clia-

Hpumep 1. CpapauM HopsAaku pocTa byHKuuii l0g, N u v/n.

Pemrenue. Halinem npenen:

: logzn : (logzn) . (10923)/'” Vn
lim = 2log,e lim — =10

n-oo \/_ n—>oo (\/—) n—>oo 1/( \/—) n-o N
Otser. log,n € 0(Vn) , T.e. dynkuus log,n pacter MeieHHee V1, CIIPaBELINBO
Take Vn € 6(log,n).
Ipumep 2. CpaBauM nopsaku pocta Gpyrxmuii n! u 2",

Pewmenune. Bocnionb3yemcs ¢popmynoit CTupivHra:

n
n
n! = +v2mn (Z) JUTSL JOCTATOYHO OOJIBIINX N.

Torna

n n
: n! . VZTm(‘) : n™ : n\"
lim,,_, prri lim,,_,, ——%— = lim,_,, V21n Srgn = lim,,_,, V21n (Z) = 00,

Otser. @yHk1us n! pacrer 6picTpee, uem 2", T.e. 2"eO(n!
y p p

zn

3ananue 1. Iopaook pocma pynkuuii

Ucnons3ysa onpenenenus muoxects O, Q u ©, onpenenure, UICTUHHBI WX JOKHBI
MEPEUNCIICHHBIE HUKE YTBEPKICHUS.

1 € 0(n%),
2)——= € 0(n?);
3)—"(”“) € O(n®);
4)”("“) € Q(n).

)n(n+1)

n(n+1)

JInist Kaxxaoi U3 mpuBeICHHBIX HIKe QyHKImi ykaxute kiacc O(g(n)), k koropomy
otHocutcs pyukius. ([Ipu oTBeTe MCIONB3YITE MAaKCUMAIILHO MPOCTYH0 hyHKIHIO g(N)).
5) (n2+1)10;
6)V10n2 + 7n + 3;
7)2nlg(n +2)* + (n +2)’1g ()




8) 2n+1+3n-1;

Pacnonoxwure nepedyrcieHHble HUKe GYHKIUU B COOTBETCTBUM C UX MOPSAJKOM
pocTa (0T caMOro MeHbLIEro K CaMOMy OOJIbLIEMY ).

9) (n-2)!, 5 Ig(n+100)*°, 2%, 0.001n*+3n%*+1, In*n, ¥Yn, 3"

10) HoxkaxuTe, 4TO JIFOOOH MHOTOUYJIEH BHIA p(n)=aknk+ak_1n"'1+...+a0, rae
a>0, mpuHAaIeKHT MHOXKeCTBY O(N¥)

11) JlokaxuTe, 4TO MOPSAJOK POCTa IOKA3aTENbHONM (YHKIMH A" 3aBHCHT OT
3HAYCHHS €€ HEOTPHUIATSIILHOTO OCHOBAHMS a.

Hcnonp3ys onpeneneHus pacCMaTpUBa€MbIX MHOYKECTB, JOKAXKUTE WIM ONPOBEPT-
HUTE, IPUBENS COOTBETCTBYIOIINM KOHTPIIPUMED, CIEAYIOIINE YTBEPKICHUS:

12) Ecmu f(n) € O(g(n)), To g(n) € Q(f(n));
13) Q(a g(n))=Q(g(n)), rae a>0;
14)  6(9(n))=0(g(n)€2(g(n)).
JUtst KaX10M M3 IPUBEACHHBIX HIDKE Map (PYyHKUUN ONMPENEIUTe, COOTBETCTBYET JIH

nepBast (GyHKLUHS MOPSIIKY POCTa BTOPOM (PYHKIMHU (C TOYHOCTBIO JIO MOCTOSTHHOTO MHO-
KUTENIS), MEHbIIIE ero WK Oombiie. OTBET aaiiTe, ucnonb3yst O-0003HaYEHUS.

15) f(n)=n (n + 1), g(n)= 2000 n*;
16) f(n)=100 n? g(n)=0.01 n*;
17) f(n)=log, n, g(n)=Inn;

18) f(n)=(log, n)*, g(n)= log; n*;
19) f(n)=2""*, g(n)=2";

20) f(n)=(n-1)!, g(n)=nl;

JIns pemieHnst cucTeMsl U3 N JTMHEUMHBIX YPAaBHEHUM, re N — MPOU3BOJIBHOE LET0E
YUCJI0, UCIIOJIB3YETCS KJIACCUYECKUN AJITOPUTM IOCIENO0BATENBHOTO UCKItOUeHHs ['ayc-
ca, B KOTOPOM BBIIIOJIHSETCS n%3 YMHOXEHHUU, SIBISIOIINXCSI OCHOBHOM OIEpalven anro-
pUTMA:

21) ompenenute, BO CKOJIBKO pa3 J0JIbIIe OyAeT padoTaTh anroput™ ["aycca mis
pewenust cuctemsl 3 1000 ypaBHEHMI IO CPABHEHUIO CO BPEMEHEM PELIEHUS
cuctemsl n3 500 ypaBHEHUN.

22) TPEAINOoJIOKUM, BBl COOMpAETECh MPUOOPECTH KOMIIBIOTEP, OBICTPOICHCTBHE
kotoporo mpeBocxoaut B 1000 pa3 ObICTpOJEHCTBHE TOTO KOMITBIOTEpa, Ha
KOTOPOM BBI ceifuac paboTaere. Onpenenure, Ha CKOJIBKO MOPSIKOB OOJIBIIYIO
CUCTEMY YPAaBHEHHI CMOJKET PEIINTH 32 OJHO U TO K€ BPEMsI HOBBIN KOMIIbIO-
TEp MO CPAaBHEHUIO CO CTAPbIM.

2 OcHoBHBIE KJIacchl 3(PPEeKTUBHOCTH

Bpemennyto 3¢ (peKTHBHOCTH OOIBINIOT0 KOJUYECTBA AJTOPUTMOB MOKHO OTHECTH
BCEro K HECKOJBKUM KJlaccaM. DTH KIJIaCChl, UX HAa3BaHUS, a TaK)KE€ HEKOTOPHIE MOsICHE-
HUS, IpUBEIeHBI B Ta0a. 1 B COOTBETCTBUM C BO3pacTaHHWEM UX Hopsaka pocta. B cronb-
ne (5) mpHUBe/IeHa OIEHKa BPEMEHH PaboThI AIrOpUTMa Ui 33124 pasmepHoctd N=10°
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9 6 )
npu cKOpocTH BbruncieHuil 10° onepanuii/cek. B cTonbue (6) — MakcumanbHasi pa3mep-
HOCTh 33J]aud N Ha TOM >K€ KOMIBIOTepE MPU OrpaHUYEHUH BPEMEHH pabOThI alropuTMa

30 cek.
Taomuna 1
OCHOBHBIC ACHUMIITOTHYECKHE KIIACCHI 3(1)(1)CKTI/IBHOCTI/I
Bpewms Maxkcum.
Yucno paboTbI n ecnu
Knacc | Ha3Banue Tunbl 3a0a4 omnepanuil | TpH CKO- | Bpems pa-
npu n=10° | pocru 10° 00THI
orep/cex 30 cex
1) ) @) (4) () (6)
1 Koncran- | B aToT Kitacc monagaeT oueHb HEOOIIb- 1 1 mkc He orpa-
Ta 10€ KOJIMYECTBO aIroputMoB. OOBIUHO HUYEHO
0(1) npu OECKOHEYHOM yBEITMYEHUH pa3Me-
pa BXOJHBIX JaHHBIX BpeMsl BBIMOIHE-
HUS QITOPUTMA TAK)KE CTPEMHUTCS K
0OECKOHEYHOCTHU
log n Jlorapug- | OBBIYHO TaKas 3aBHCHMOCTB mosiBIsier- | 10go(10°) 20 MKc 230000000
MUYecKas | Cs B pe3yJbTaTe COKpallleHUs pa3Mmepa
O(log n) 3aJ]aui Ha MMOCTOSIHHOE 3HAYCHUE Ha
Ka)KJIOM I1are utepanuu. B norapud-
MUYECKOM aJIrOpUTME HEBO3MOKHA pa-
00Ta co BCeMU BXOTHBIMU JAHHBIMU, B
3TOM CiIy4ae BpeMsl BBIIIOJIHEHHUSI JIF0-
6oro anroputMma OyaeT HaXOJUTHCS 110
MEHBIIIEH Mepe B JIMHEHHOW 3aBUCHMO-
CTH OT pa3Mepa BXOJHBIX TaHHBIX N.
Hanpumep, OnHapHbIN NOUCK B COPTHU-
POBaHHOM MAacCCHBE.
n JInneiiHasg | AJNTOPUTMBI IOCIIEIOBATENBHOTO IEPE- 10° I cex 3.10’
O(n) Oopa BceX UCXOTHBIX JTaHHBIX
nlogn | O(nlogn) | 3amaua pa3duBacTCs Ha MOA3a1a41 20-10° 20 cex 1,5-10°
MEHBIIIeH pa3MepHOCTH. 3aTeM pellie-
HUE T0Jy4yaeTcs MyTeM 00beTUHEHUS
peuienuii monzanad. Hampumep, copTtu-
POBKa CIIMSTHAEM, OBICTpasi COPTHPOBKA,
OpIcTpoe nmpeobpazoBanne Dypre
n’ KBanpa- AJITOPUTMBI, COJIEpKaIKE JIBa BCTPO- 10% 11,6 nueit 5,5-10°
TUYHAs eHHBIX. Hampumep, copTupoBKa «y-
o(n%) 3BIPHPKOMY W LEJIBINA PSIT OTIepaIui,
BBHITIOJTHSEMBIX HAJl MATPULIAMHU pa3Me-
pomM N x N
n’ Ky6wnue- AJNTOPUTMBI, COIEp KaIIIe TPH BCTPOCH- 10%®8 32 000 nteT 3,1.102
cKas HbIX IIuKIIa. Hanpumep, nepeMHoxeHne
o(n®) MaTpHIl pasMepoM N X N
a" DKCIIOHEH | AJITOPUTMBI, BBITOTHSIONIIE 00paboTKy 10301030, Bo mHOrO 25
LU ajJbHas BCCX MOJAMHOKCECTB HCKOTOPOI'0O MHOXKC- a=2 pas 00JIEL-
o(@@") CTBa, COCTOSIIEro U3 1 aeMenToB. Ha- e Bpe-
MpUMeEp, CUMIUIEKC- METO I PEIICHUS MEHH Cy-

3aga4 JIMHESHHOTO porpaMMHUpOBaHuA, ajl-
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TOPUTMEBL BETBEU U T'paHuI] IIEeCTBO-
n! dakTopu- | AJITOPUTMBI, BBIIOJIHAOIIHE 00paboT- 10”6709 BaHUs 11
aTbHbBIC Ky BCeX ITepeCTaHOBOK HEKOTOPOT'O Bceenen-
oY) MHOK€ECTBA, COCTOSIIIETO U3 N DJIEMEH- HO
TOB

B 001meM ciyuae, alropuTMBbl ¢ BpeMEHHOM cnoxHocThio O(a") HasbIBaroTCS noaU-
HOMUATbHBIMU.

ANTOPUTMBI, BpEMEHHAs! CJI0KHOCTh KOTOPBIX OOJIbIIE MOJMHOMUAIILHOM, Ha3bIBa-
I0TCA 9KCnoHeHyuanvHulmuy. K 3ToMy ke Kilaccy 00bIYHO OTHOCAT U (paKTOpUabHbIE all-
TOPUTMBIL. BOJBIIMHCTBO 3KCIIOHEHIHATBHBIX AIITOPUTMOB - 3TO MPOCTO BAPUAHTHI MOJI-
HOTO Tepedopa, B TO BpeMsl Kak MOJTUHOMHUAIIBHBIEC aJITOPUTMBbI OOBIYHO MOKHO MOCTPO-
UTh JIMIIIH TOT/Ia, KOT/1a yaaeTcs 6osee riry00Ko MPOHUKHYTH B CYTh PEIIaeMON 3a/1auu.

JleneHne Ha TOJMHOMHUAIBHBIE W SKCIIOHCHIIMAJBHBIE AJITOPUTMBI SIBIISIETCA OT-
MPAaBHBIM MIYHKTOM B OIPEIEIICHUN TPYAHOPEMIAEMBIX 3aAa4 U Teopun NP-monHbIX 3a-
nad. MiMeercst MMPOKO pacpOCTPaHEHHOE COIVIAIIEHUE, COTIIACHO KOTOPOMY 3ajJaya He
CUMTAETCA "XOpOILIO pemaemMoil” 10 TeX Mop, NOKa JJIsl HEE HE IMOJYYEH MOJIUHOMUAIIb-
HBIW AJITOPUTM.

3 D¢ deKTUBHOCTH AJTOPUTMA B PA3HbIX CJIy4Yasix

CymiecTByeT OOJIBIIOE KOJIMYECTBO AITOPUTMOB, BPEMSI BBINOJHEHUS KOTOPBIX 3a-
BHUCHUT HE TOJIBKO OT pa3Mepa BXOJHBIX JAHHBIX, HO TAK)KE U OT OCOOEHHOCTEW KOHKPET-
HBIX BXOJHBIX JIaHHBIX.

Hampumep, paccMoTpum 3aiady mocienoBaTeabHOro nmoucka. OHa pemnraercs ¢ mo-
MOIIIBIO TOBOJILHO MTPOCTOTO aITrOPUTMa, KOTOPBIM BBIMOIHSAET MOUCK 3aJIaHHOTO DJIEMEH-
Ta (xmoua noucka K) B crmcke, cocrosiiem u3 N snemeHToB. PaboTa anroputMa 3aBep-
maeTcsi, MO0 KOT/ia 3aJaHHbIN KIII0Y HaljeH, JU00 KOT/la BECh CIUCOK ucuepnan. Oue-
BUJIHO, YTO BpeMs pabOThI ATOTO aJrOPUTMa MOXKET OTIUYATHCS B OUYEHb IIMPOKUX TPE-
JieNax JUisi OJTHOTO M TOTO )K€ CIHCKa pazMepa N. B Hauxyminem ciydae, T.€. KOrja B CIU-
CKE€ HET MCKOMOTO 3JIEMEHTa JTMOO KOT/Aa MCKOMBIA JIEMEHT PacCIOJIOKEH B CITUCKE I10-
CIICIHUM, B aJTOPUTME OYJET BBIITOJHEHO HAWOOJBIIIEEe KOJIUYECTBO OTEPAIMA CpaBHE-
HUS KJIFOYa CO BCEMH N 3JIeMeHTaMu crrcka, Toraa T(n) € O(n). B Hawydmem ciayuyae,
COBIAJICHHE MPOu30iaeT Ha mepBoM 3jaemente U T(n) € O(1). lnsa Takoro poja airo-
PUTMOB BBOJST OLIEHKH 3 (HEKTUBHOCTH:

1) namxyamem ciydae — Omay;

2) B Hamiy4meM cirydae — Opin;

3) At TUIOBBIX MJIM CIy4aiHO 3aJaHHBIX BXOAHBIX JaHHBIX (B cpefHeM) — Ojyyg.

AHnanmu3 3Q(HEKTUBHOCTH alITOpUTMa JIJIsl HAUXYIIETO clIydasi O3BOJISICT MOJIYyYUTh
OUYCHb BaXHYIO HHGOPMAIHMIO O OBICTPOJICUCTBHM aJITOPUTMa B I[€JIOM, MOCKOJIBKY B
JAHHOM CJIy4ae pedb UJAET 0 MAKCUMAJIbHO BO3MOKHOM BPEMEHHU €TO BBINOJHEHUS.

Ananu3z 3QpPeKTUBHOCTH aNropuTMa JJisl HAUIY4IIero Ciay4yas HE TaK Ba)XKeH, Kak
U HAUXYyJIIIETO Caydasi, XOTS €ro Hellb3sl Ha3BaTh COBCEM YK OECMOJIE3HBIM, YUUTHIBAS
TOT (PaKT, 4TO AJII HEKOTOPBIX aITOPUTMOB UX BBICOKOE OBICTPOJEHCTBUE IJIA HAWTyU-
HIETO CIy4yasi COXpAaHAETCA U IS CIIydaeB ONM3KUX K HAMITYUIIeMy.
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OueHka B cpeHeM JaeT 0oJiee JOCTOBEPHYIO KapTHUHY, HO MPEACTABISET ropasjio
OoJiee TpyAHYIO 3a7a4y.

IIpumep 3. PaccmoTpuM 3a/1ady MoCiaeI0BaTENLHOIO MOMCKA 3aIaHHOTO 3JIEMEHTA
B MAacCCHBE IIEJIbIX YEThIpEeXOaNTOBBIX Uncen. AJrOpUTM MpuUBeNeH HUke. Pabora anro-
pUTMa 3aKaHYMBaETCA, TM00, KOT/JIa 3aIaHHbIN KIII0Y HaiiieH, 1100, Korjaa IpOCMOTPEHbI
BCE AJIEMEHTHI MacCHBa.

int index=SequentialSearch(int *A, int N, int K) {

// BXomHbIe maHHbIe: MaccuB 1enbix yrcen A[0..N-1] u kimrou moncka K

// BBIXO/HBIC NaHHBIC: MHAEKC MEPBOrO AJIEMEHTa MaccuBa A, KOTOpbIi paBeH K,

[/l mu6o -1, eciin 3aJaHHBIN DJIEMEHT HE HaWIEH

int i=0;

while ((i<N) && (A[i]!=K)) i++;
if (I<N) return i;

else return -1;

¥

Cnenaem 1Ba CTaHJAPTHBIX MPEIITOIO0KECHUS:

a) BEpOSITHOCTh YCIIEUIHOTO MOMCKa paBHa p, riae 0<p<l;

0) BEpOSATHOCTH MEPBOI0 COBMAJCHHS KJIIOYa C I-M DJIEMEHTOM CIMCKa OJMHAKOBa
11 JIFO0O0TO .

Tenepp MOXHO HaWTH CpEAHEE KOJIMYECTBO OIEpAlUil CPaBHEHHUS C KIHOYOM
Tavg(N). Ecau coBnasieHne ckito4oM HaifJeHO, TO BEPOSITHOCTb TOTO, YTO 3TO MPOH30LLIO
UMEHHO Ha i-OM dJIeMeHTe crucka, paBHa p/N mas ar000ro i; IpH 3TOM KOJIHYECTBO
orepaliii cpaBHEeHUsI paBHO I. Eciii coBmajieHue ¢ KIIFOUOM HE HaWICHO, TO KINYECTBO
onepauuii cpaBHeHus paBHO N, a BEpOSITHOCTb 3TOro coObiTHs paBHa (1-p). [Toaromy

Tavg(N):[l-%+2-%+---+i-%+---+N-%]+N(1—p)=

=2[142++ N+ N1 -p) =2E2+ N1 -p).

[Ipoananusupyem nojyueHHOe BbipakeHue. Eciau p=1 (MCKOMBIN 2JIEMEHT TOYHO
MPUCYTCTBYET B CIIMCKE), CpeIHee KOJUYECTBO OIEpariiii CpaBHEHHUS OYyJIET pPaBHO
(N+1)/2. Eciiu p=0 (MCKOMOTO 3JIEMEHTa B CITUCKE HET), CPEAHEE KOJIMUYCSCTBO OIEpariHid
cpaBHeHus Oynet pasHo N. B mobom ciayuae Tyq(N) € O(N).

4 MareMaTHYeCKH aHAJIN3 He PEKYPCHUBHBIX aJITOPUTMOB

1. BeiGepute mapametp (Wiiv mapameTphl), IO KOTOPOMY OyIET OIEHUBATHCS pa3Mep
BXOJIHBIX JIAaHHBIX aJITOPUTMA.

2. Onpenenute OCHOBHYIO onepaluio airoputma. (Kak nmpaBuio, oHa HaXOJIuTCs B
HanOoJee TIIyOOKO BJI0KEHHOM BHYTPEHHEM IUKJIE aJropruT™Ma. )

3. [IpoBepbTe, 3aBUCUT JIM YUCIIO BBITIOJIHIEMBIX OCHOBHBIX OIEpaIil TOJBKO OT
pa3Mepa BXOJIHbBIX JIaHHbIX. ECM OHO 3aBUCHUT U OT ApYyrux (HakTopoB, paCCMOTPUTE MPHU
HEO0OX0IUMOCTH, KaK MeHsieTCsl 3((HEKTUBHOCTh aJITOPUTMA JJIsl HAUXYAIIETO, CPEAHETO
Y HAWJIYYILEro CIIy4aeB.



4. 3anumuTe CyMMy, BBIPAKAIOITYI0 KOJUYECTBO BBIMOJIHAEMbIX OCHOBHBIX OMepa-
AN aJIrOPUTMA.

5. Ucnonb3ys ctangapTHbeie GOpMYJIbI U TTpaBUJIa CYMMHPOBAHUS, YIIPOCTUTE TOJTY-
YeHHYI0 (popMysTy JJIs KOJIMUECTBA OCHOBHBIX OIepanuii airopurma. Eciau 3To HEBO3-
MOYHO, OTIPEJICTTUTE XOTS OBl UX MOPSAOK POCTA.

IIpumep 4. PaccmoTpuM 3aauy novcka HanOOIBIIErO JIEMEHTA B MACCHBE U3 N
Henbix yrcell. [TpuBenem anroputm penieHus 3a1aquu:

double MaxElem(double* A, int N) {
//BXO/IHBIC TaHHbIC: MaccuB BemecTBeHHBIX gncen A[0..N-1]
//BBIXOJTHBIC JAHHBIC: 3HAYCHUE HAaUOOJIBIIIETO MIEMEHTa MacchBa A
double MaxVal=A[0];
for (int i=1; i<N; i++) {
If(A[i]>MaxVal) MaxVal=A[i];
b

return MaxVal;

¥

B sTOoM anropuTme pa3Mep BXOMHBIX JAHHBIX HYKHO OIICHUBATH IO KOJIMYECTBY
AJIEMEHTOB B MaccuBe, T.¢. gucioM N. Oneparuu, BHITOTHIEMBIE Yallle BCETro, HaXOAATCS
BO BHyTpeHHeM Iukiie for anropurma. Takux onepanmii ae: cpapHenue (A[i]>MaxVal)
u npucBauBanue (MaxVal=A[i]). Kakyio u3 Hux cuntath 6a3oBoit? I[lockosbKy cpaBHe-
HUE BBITMIOJHACTCS HAa KaKJIOM IIIare IuKja, a MPUCBAaMBaHWE — HET, JIOTHYHO CUUTATh,
YTO OCHOBHOMW OIEpalyen aropuTMa sBJISIETCS onepanus cpaBHEHUs. Tak Kak JJjis JIro-
6oro maccuBa pazmepoM N KOJMYECTBO OIepaluii CpaBHEHUS B PACCMATPUBAEMOM aJIro-
pUTME TIOCTOSIHHO, HE MMEET CMbICIAa OTACIBHO paccMaTpuBaTh d(PQPEKTUBHOCTH ajro-
pUTMa JJI XyJIIIEro, THTUYHOTO U JTYYIIEro CIy4yacs.

Onpenenum T(N) KonmnuecTBO 0a30BBIX ONEPALNiA, BHITOJHIEMBIX B alrOpUTME. 3a
OJIUH IIMKJ B aJTOPUTME BBITIOJHSIETCS OJIHA Omepalusi cpaBHEeHUs. UKNCIIO MOBTOpEHUN
nukia — N-1 (i usmensiercs ot 1 no N-1), mosTomy nosydaem:

T(N) =YN¥'1=N-1€ &n).

IIpumep 5. PaccMoTpuM 3aady NpoOBEPKH €IMHCTBEHHOCTH 3JIEMEHTOB. J(pyrumu
CJIOBaMH, HY>KHO YOEIUThCsI, UTO BCE DJIEMEHThI MACCUBA PA3JIMYUHBI.
AJITOPUTM pEILICHUSA 33]1a4H:

bool UniqueElem(double* A, int N) {
//BX0HBIC TaHHBIC: MaccuB BemiecTBeHHBIX uncen A[0..N-1]
//BBIXOJTHBIE JAaHHBIE: 3HaYeHHE true, eciiu Bce AIeMEHThl MaccuBa A
/lpaznmuunsl, u false B IpOTUBHOM ciydae
for (int i=0; i<N-1; i++) {
for(int j=i+1; j<N; j++) {
If(A[1]=A[j]) return false;
by
by

return true;
10



¥

Kax B mpeapiayiiieM npumepe, pasMep BXOJAHBIX TaHHBIX HYKHO OLIEHUBAThH 110 KO-
JUYECTBY 2JIEMEHTOB B MaccuBe, T.¢. uncioM N. [Tockonbky B Hanbosee riay0oKko Bio-
’KEHHOM BHYTPEHHEM LIUKJIE aJITOPUTMa BBITIOJIHATCS TOJIBKO OJIHA OTepalysi CPaBHEHHUSI
JIBYX 3JIEMEHTOB, €€ U OyJieM CUUTaTh OCHOBHOM omepaiueii 3Toro anropurma. Oo6paru-
T€ BHUMAaHHE, YTO KOJMYECTBO OINepaluii CpaBHEHUs OyI€T 3aBUCETh HE TOJIBKO OT 00-
miero uncia N 3JIeMEeHTOB B MAaCCUBE, HO M OT TOTO, €CTh JIU B MACCHUBE OJMHAKOBBIE 3JIe-
MEHTBI, U €CIIU €CTh, TO HA KaKUX MO3ULIHIX OHU PACIOI0KEHbI. OrpaHUYMMCS PACCMOT-
pEHUEM HAaUXYIIIEro CIIy4dasl.

a) Hauxynmmii cinyyaid BXOJHBIX JaHHBIX (T.€. KOTJa LUK BBINOJHSAETCA OT Hadaja
70 KOHIIA, a HE 3aBEpIIAETCA JOCPOYHO, MOXKET BO3ZHHKHYTh IPU 00pabOTKE MACCHBOB
JBYX TUIIOB: @) B KOTOPBIX HET OJJMHAKOBBIX 3JIEMEHTOB; 0) B KOTOPBIX JBa OJUHAKOBBIX
AJIIEMEHTa HaXOJATCS PSAIOM U PACOJIOKEHBI B CAMOM KOHIIE MaccuBa. B o0oux ciydasx
IIPU KaKJIOM [TIOBTOPE BHYTPEHHETO LIMKJIA B HALIEM aJTOPUTME BBINIOIHAETCS OJHA OIle-
panus cpaBHeHus. [Ipu 3TOM repeMeHHas BHyTPEHHETO IIHMKJIA j TIOCIEA0BATEIbHO TPH-
HUMaeT 3Ha4eHus oT | 1o N-2. Buemnwii ikt (mmo 1) Beinosasiercst N-1 pas. [omyuaem:

Tnax(N) = X7 X1 =2 (n - D) =+ D+ 1) =
— -2 . _ N-2)(N-1 N—-1)N 1
=YNRIN -1 - XN2 = (V- ) Ei - SRR S DR
To ecTh

N2,

Tmax(N) € O(n?).

IMpumep 6. J[aHHBIN aNTOPUTM MMO3BOJIAET OMPENETUTH KOJIMYECTBO Pa3psI0B, KO-
TOpoe OyAET UMETh MOJIOKUTEIHLHOE AECATUYHOE YUCIIO B IBOUMYHOM MPEICTABICHUMU.

int Binary (int N) {
// BXoaHbIe JaHHBIE: [IEJIOE MOJIOXKUTEILHOE ynciio N
// BBIXOJIHBIE TaHHBIE: KOJMY-BO Pa3ps0B B JBOMYHOM pecTaBieHny yucia N
int count = 1;
while (N> 1) {
count = count + 1;
N=N div 2;
¥
return count;
¥
3aMeTHM, 4TO B 3TOM ajroput™me omnepanus cpaBHerus (N > 1), koTopast BBITOJIHS-
eTCsl Yallle BCEro, He HaXOAUTCs B ero BHyTpeHHeM nukiie While. Oqnako ona onpenens-
€T, OYZICT JIK BBITIOJHATHCS BCE TEJIO0 MUKIA. [I0CKOIBKY KOJIMYECTBO BBITOHICMBIX OTIC-
paInyii cpaBHEHHUSI BCET/Ia HAa €IUHUILYy OOJIbINE, yeM 0OIee YUCI0 MOBTOPOB BHITIOTHE-
HUS [UKJIa, BBIOOP OCHOBHOW OIEpaIMyl aJlfOpUTMa HE UMEeT OOJIBIIOro 3HadeHus. by-
JIeM CUMTaTh YMCIIO BHIMOJIHEHHN nukia while. Xyxe 1o, uro while — He cuetumk. [ns
OTpeJeeHNs YKciia MOBTOPeHUH 1ukia while 3ameTrnm, 9TO Ha KaXIOM Iare muKjia
3HaueHue nepeMeHHor N yMeHbIaeTcs npuMepHo BaBoe. Tounas popmyna:
T(N)=Llog,N_+1 € &(log,N),
31ech omepauys |- | — 0603HaYaeT OKpyIIICHHE 10 MEHBIIIETO LIEJIOTO.
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OOBIYHO ANTOPUTM COCTOUT U3 MOCJIEA0BATEIHLHO BHINOJIHAEMbIX 0J10KOB. UTOOBI
OLICHUTHh BPEMEHHYIO CJIOKHOCTh TaKOTO aJITOPUTMA, CYMMHUPYIOT CIOKHOCTH BBINOTHE-
HUSL KKJIOro OJIoKa, pe3ysbTaT yHpOUIaloT, MCHOJb3ys cBoiicTBa O-0003HaueHUM, a
UMEHHO, 00111ast 3(pPEeKTUBHOCTD aITOPUTMOB, COCTOSIIIIUX M3 HECKOJIbKUX OJIOKOB 3aBU-
CUT OT HauMeHee d(PPEeKTUBHOrO 0JI0Ka, KOTOPBIM UMEET HaUOOJIBIINN MOPSIIOK POCTA:

Tl(n)E O(gl(n))
T2(n) € O(g2(n)) Ti(n)+...+ Tu(n) € O(max{ gi(n), ..., gu(M}
Tm(n) € O(gm(n))

PaccMoTpuM airoput™ ¢ yCJI0BHBIM MepPeXo0M:

HeT (c BepoAaTHOCTbIO 1-p) Aa (c BeposTHOCTbIO P)

A 4 Y

Ta(n)€ O(ga(n)) T3(n)e O(gs(n))

Jlornueckoe BBIPA’)KCHUEC BLIYMCIIACTCA BCCT/AA. HOHO)I(I/IM, 49TO BCTBb «Aa» BBIIIOJI-
HACTCSA C BEPOSATHOCTHIO P, @ BETBb «HET» - COOTBETCTBECHHO C BEPOATHOCTHIO l'p Torz[a,

T(n)= T1(n)+p-Ts(n)+(1-p)- T2(n)

[IpenebperaeM nocTosHHBIMU KO3 PuiiieHTaMu P U 1-p u cHOBa MoJTydaem:

T(n) € O(max{ 9:(n), g2(n), 9s(n)})

Ecnu anroput™ COAEPKUT UMKJIBI, TO CIEAYET pa3iuyaTh LUUKIbI 10 CYETYUKY U
LMKJIBI IO YCJIOBUIO. JIOMyCTHUM, UTO LIMKJI BBIMOJIHSAETCS M pa3

JIns 1MKJIa 10 CYETYMKY, BBIYMCIMTEIbHAS CIIOKHOCTH cuetunka T1(m) € O(m).
BeruncnuTenbHas cliokHOCTh Tenma mukna: 1,(n) € O(gx(n)). Torma BeYUCIHATEIbHAS
CJIO’KHOCTD BCETO [HKJIa paBHA:

T (n) = Ty(m)+ m-Ty(n) € O(max{m, m-g,(n)} = O(M-gz(n))
AHAJIOTHYHO CYMTACM JIJIs BIIOKCHHBIX ITUKJIOB.

JIJIsl IUKJIOB C BBIXOJIOM IO YCJIOBHMIO TOJIC3HO IOJIYYUTH OICHKH B HAMJIYUIIEM,
HauXyAIIeM CIy4yasx U B cpeHeM (CM. mpumep 5).

[Tpu He0OX0AUMOCTH OOJIee TOYHOTO aHAJIM3a OTACIBHO ONPEICIISAIOT OIICHKH YK CIia
omeparuii a) CIOXKEHUsSI M BbIYUTaHUsI, O) YMHOXXEHUs, B)aejeHus. [Ipumem miutenb-
HOCTh omepanuid ciokeHust U Boeramtanus 3a 1 T.(n) €0(1), Torma, cooTBeTCTBEHHO,
JUINTENIBHOCT  omepanu yMHOXeHus: T«(n)e O(n) u menenus T,(n) € O(n?), tme n —
YHCIIO IBOMYHBIX Pa3psIIOB YHCET, YIaCTBYIOIIUX B OTIEPAIIUsX.
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3anganue 2. AHanu3 HepeKypCUBHbIX A20PUMIMOB

1) DMmupuueckas qucrepcus BBIOOPKH, COCTOSIIIEH U3 N SJIEMEHTOB X1, Xo, ..., XN
BBIYMCIISIETCS 110 (POPMYIIE:
a) 2 Iiv=1(xi - f)z _ Zliv=1 Xi
s° = N —1 ,Taex = T
nim
0)

SZ — i= 1x (Z 1x ) / N

N-1
Haiinute u CpaBHUTC KOJIHUYCCTBO onepaum?l ACJIICHUS, YMHOXXCHUA, CIOXKCHUSA U
BbBIYUTAaHU A (HOCJIG,I[HI/IC ABC OIlCpaluu OOBIYHO O6T)CI{I/IH$IIOTC5I H CHHUTAIOTCA KaK
OIIHa), KOTOPBIC H€O6XOI[I/IMO BBITIOJIHUTD AJII BBIYMCIICHUA BMHHpI/I‘{CCKOﬁ AJuC-
IICPCHUHU I10 KaXXJI0M 13 IMPUBCACHHLIX BBIIIC q)OpMYJ'I. Kaxnm cnocoboM cunTarth
AUCIICPCHUIO 6BICTp€€?

3amgaun 2)-4). Jlns IpuBEICHHBIX HUKE AlITOPUTMOB OTBETHTE HA BOIPOCHI:
a) UTO BBIMHCISAETCS C TIOMOIIBIO 3TOTO aaropuTma’?
b) HazoBuTe OCHOBHYIO OTIEpAIIHMIO aJITOPUTMA.
c) K xaxomy kmaccy 3¢)(heKTUBHOCTH OTHOCUTCSI aJrOpUTM?
d) YcoBepuieHCTBYiATE 3TOT arOPUTM HJIH MPEUIOKHUTE IPYTON AITOPUTM H
orieHuTe ero kiacc a3 dexTuBHOCTU. ECM BaM HE yai0Ch, MOMBITAUTECH
JI0Ka3aTh, YTO STO HEBO3MOXKHO.

2) int Mystery(int N) {
// BXOOHBIE JaHHBIE: LIEI0€ MOJI0KUATEIbHOE Ynuciio N
int S=0;
for (int i=1; i<=N; i++) {
S=S+i*i;
}

return S;

}

3) double Secret(double* A, int N) {
//Bxomnbie nanubie: MaccuB N BerecTBeHHBIX yncen A[0..N-1]
double minval=A[0];
double maxval=A][0];
for (int1=1; n<N; i++) {
if (A[i]<minval) minval=A[i];
if (A[i]> maxval) maxval=A[i];
¥
return maxval-minval;

¥

4) bool Enigma(double *A[], int N) {
//BXOHBIE NaHHbICe: MaTpuIa AeicTBUTeNbHBIX uncend A[0..N-1,0..N-1]
for (int i=0; i<N-1; i++) {
for (int j=i+i; j<N; j++) {
13



if (A[1,j]'=A]j,1]) return false;
¥
by

return true;

}

5) Vayummre peanusannio IPUBEICHHOTO HUXKE aJrOpUTMa YMHOKCHHUST MATPHII 32
CUET YMEHBIIICHUS KOJMYECTBA BBITIOIHAEMBIX OTepaluii cioxxkenus. Kak 3to oT-
pasutcs Ha a3 pextuBHOCTH padoTh! anroputMma? (Ilomckaska: mocMoTpuTe ai-
roput™ llITpaccena)

void MatrixMultiplication(double *A[], double *B[], double *C[], int N) {
//yMHOX€EHUE IBYX KBaJpaTHbIX MaTpull pazmepom NxN
//BXOJIHBIC TaHHBIE: JIBE KBaJipaTHbIe MaTpullsl pazmepoM NxN A u B
//BeIXOTHBIC NaHHbBIe: MaTpuiia C=AB
for (int i=0; i<N; i++) {
for (int j=0; j<N; j++) {
C[i,j]1=0.;
for (int k=0; k<N; k++) {
ClijI=Clij]+ALlL KI*B[k,j];
by

6) J1Jis MpUBEICHHOTO HIDKE aJlTOPUTMA OTBETHTE HAa BOITPOCHI:
a) OmpenenauTe KJIacCc BPeMEHHOM 3(pPEKTUBHOCTH 3TOr0 aJrOpUTMa.
b) Kakoe MecTo B 3TOM Kojie cpa3y OpocaeTcs B Ii1a3a u3-3a cBoci Heddek-

tuBHOCTH? Kak MOXHO mepenucarh 3TOT aITOPUTM, YTOOBI TOBBICUTD
CKOPOCTb pabOThI aJiropuT™Ma’?

void GE(double *A[], int N) {
//Bxonubie nanubie: Matpuiia A[0...N-1, O,N] BemecTBeHHBIX Yrcen
Ilpazmepom (NxN+1)
for (int i=0; i<N-1; i++) {
for (int j=i+1; j<N; j++) {
for (int k=i; k<N; k++) {
A[jK]= Alj K]-A[LKT*ALL AL,
¥
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5 MaremaTn4ecKuii aHAJIU3 PEKYPCUBHBIX AJITOPUTMOB

JIr060# anropuT™M MOXKHO MIEepenucaTh 6€3 peKypcuu, HO PEKypCcus MO3BOJISET CY-
IIECTBEHHO YIIPOCTUTH KOJ MpOorpaMMbl. PaccMoTprM, Kak MOKHO OLIEHUTH 3(PPEeKTHB-
HOCTb PEKYPCHUBHOT'O aITOPUTMA.

IIpumep 7. Bo3pMeM camblii IPOCTON PEKYPCUBHBIN aIrOpUTM BBIUKCICHUS (PAKTO-
puana N!. Imeem pexyppentHbie ypaBHeHus (1):
F(N) = N!=F(N-1)*N; (1)
F(0)=0!=1.
PexypcuBHas nporpamma BslunciieHust F(N) numeer Bua:

long Fact(int N) {
if (N==0) return 1,
return Fact(N-1)*N;
¥
JUist mpoCTOTHI OyIEM CUHMTATh, YTO Pa3MEP BXOJHBIX TaHHBIX AJITOPUTMA YKa3bIBa-
er camo yucio N, a He KOJInYecTBO OMTOB B €0 IBOUYHOM MPEICTABICHUU.
OCHOBHOM ONepanyen 3TOro ajJropuTMa sIBIIETCS YMHOKEHHUE, KOJIMYECTBO BBINOJI-
HEHUI KoTOpoi MbI 0003HaunM 4yepe3 T(N).
PekyppeHTHOE COOTHOILIEHWE W HAdaJlbHbIE YCIOBUS ISl KOJIMYECTBA OIEparuil
ymHOokeHus T(N) paccMaTpruBaeMoro HaMH ajaropyuTMa BEITIISIAT TaK:
T(N) =T(N-1) + 1, mms N>0; 2)
T(0) =0.

B dopmynax (2): T(N-1) — uucno onepartuii aas Beraucienust F(N-1) u no6asnsercs 1
— ymuoxenue F(N-1) va N. T(0)=0, tak kak npu N=0 omneparus yMHOKEHHUS HE BBINOJ-
HSIETCH.

VYpaBHeHus: (2) Ha3bIBAIOTCS PEeKYPPEHMHBIMU.

Pewate pexkyppeHTHbIE ypaBHEHUS (2) OyneMm memooom oopamuvlx NOOCMAHOBOK.

T(N)=T(N-1) +1 = nojcrasiasieM T(N-1) = T(N-2) + 1
=(T(N-2) +1) +1= T(N-2)+2= noactasisieM T(N-2) = T(N-3) +1
=(T(N-3) +1) +2= T(N-3)+3=

=T(N-i)+1i BBISIBUJIM 3aKOHOMEPHOCTH, €€ XOPOIIO OBl
000CHOBATh IO UHTYKIIUH,
[TpuMensieM HadanbHbIC YCIOBUS, pH 1=N:

T(N) = T(N-i)+i=T(0)+N=N e O(N)

Ipumep 8. PaccMoTpuM peKypCHBHBIN BapHAHT aarOpUTMa ONPEAECICHUS KOJIUYe-
CTBa pa3psiIOB B ABOMYHOM MpeacTaBiaeHnn ynciaa N (mpumep 5)

int BinRec (int N) {

// BXomHble JaHHBIE: 1EJIOE MOJIOKUTEIBLHOE ynciio N

// BoIXOJIHBIE JAHHBIE: KOJINY-BO Pa3psiioB B ABOUYHOM IpeacTaBieHun yucia N
If (N==1) return 1,
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return BinRec(N div 2)+1,

¥

JlaBaiiTe MOCTpONM pEKYpPEHTHOE YpaBHEHUE U 3a/1a] UM HadaIbHBIC YCIOBHS TSI
KosmuectBa onepaiuii cinoxerus T(N), BBIOTHICMBIX B TOM aJTOPUTME.

Eciu N>1, To KOM4ecTBO omepariii Co>KeHUsT TPU BEIYMCICHUH (DYHKIIUN
BinRec(N div 2), pasro T(LN/2J) mmoc oxna onepauus cinoxenust. [Ipu N=1 oneparuu
cnoxxenus HeT, U T(1)=0. Takum 06pa3zoM, peKyppeHTHOE YpPAaBHEHUE UMEET BU/I;

T(N) = TAN/2J) + 1, s N>1; 3)
T(1) =0.

Hanuuue B mapametrpe ¢ynknuu BinRec BeipaxkeHus [N/2] MIPUBOJUT K TOMY, YTO B
METO/Ie OOPATHBIX MOJCTAHOBOK CJIOKHO HUCIIOIh30BaTh 3HaUeHUS mapamerpa N, KoTo-
pBI€ HE ABJISIOTCS CTENEeHbI0 2. [loaTOMy cTaHIapTHBIM MOAXO0OM MPHU PEIICHUU TaKOTO
PEKYPPEHTHOTO OTHOLICHHS SIBISIETCS IIOUCK peltieHust Tonbko aist N = 2% ¢ mocienyro-
UM IPUMEHEHUEM TEOPEMBI, Ha3bIBAEMO MPABUIIOM CTilakuBaHus. B Hell yTBepxa-
eTCsL, YTO CEIAHHYIO OLCHKY Hopsiaka pocta Gyrkuun wist N = 25 MOKHO ¢ 0ueHb BbI-
COKOM CTETEeHbIO MPUOIMKEHHOCTH CUNTATh MTpaBUiIbHOM 1715 Beex 3HadeHuit N. Ilycthb
N = 2% torxa PEKYPpPEHTHBIE BhIpaKeHUs (3) MPUMYT BUI:

T =T + 1, wis k>0;

T@) =0, )
Tenepb MOKHO IPUMEHHUTHh METOJ] OOPaTHOM MOACTAHOBKHU:
TR =TE +1= noxcrasmsiem T(2¥Y) = T(2¥) +1
=(T(2*?) +1) +1= T(2"))+2= moxcrasmsiem T(2¥%) = T(2*%) + 1
=(T(2*?) +1) +2= T(2*?*)+3=
=T(2")+ i BBISIBUJIM 3aKOHOMEPHOCTb,

[TpumMeHsieM HadalbHBIC YCIIOBUS, IpH 1=K:
T(N) = T@“)+i=T(2°)+k=k.
OxonuarensHo, Tak kak N=2% to k=log,N. [TosTomy
T(N)=log, N € ©(log N).

OO6mwmii man ananu3a 3 HEKTUBHOCTH PEKYPCUBHBIX aJITOPUTMOB.

1. BriGepute mapamerp (Wiin mapameTpbl), 10 KOTOPOMY OyAET OLIEHUBATHCS pa3Mep
BXOJIHBIX JIaHHBIX aJITOPUTMA.

2. Onpenennute OCHOBHYIO ONEPALMIO AIITOPUTMA.

3. [IpoBepbTe, 3aBUCUT JIM YUCIIO BHITIOJIHAEMbBIX OCHOBHBIX OINEpaIfil TOJbKO OT
pa3Mepa BXOJHBIX JIaHHbIX. ECIM OHO 3aBUCHUT U OT APYrux (HakTOpOB, pACCMOTPUTE MPHU
HEO0OXOAMMOCTH, KaK MeHseTCs 3(D(PEKTUBHOCTD aNTOpUTMA JIJIsi HAUXYIIIETO, CPETHETO
Y HAaWJIYYIIEro CIIy4aeB.

4. CocTaBbpTe pEKypPEHTHOE YPABHEHHUE, BBIPAYKAOIIEE KOJUUECTBO BBITOIHIEMBIX
OCHOBHBIX OIlE€paluil aIrOpUTMa, U YKAXKUTE COOTBETCTBYIOIME HAYAJIbHBIE YCIOBHUS.

5. Halinure pemieHne peKyppeHTHOIO YPaBHEHUS WUJITH, €CIIH 3TO HEBO3MOXHO, OIl-
penenuTte XoTs Obl €ro MOPSIOK POCTa.
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Ecnu B pekypCcHBHOM alNTOpPUTME BHIIOJTHSETCS 00JI€€ 0IHOTO BBI30BA €TI0 CaMoro,
TO JUUIsl aHAJIM3a TAKOTO aJITOPUTMA IOJIE3HO IOCTPOUTH AEPEBO €0 PEKYPCUBHBIX BBI3O-
BOB. Y3JIbI TAKOTO JIepeBa OyIyT COOTBETCTBOBATh PEKYPCUBHBIM BbI30BaM.

Crnenyroomuil npuMep WUTIOCTPUPYET ¢ KAKUMHU MTPoOJIeMaMU MOKHO CTOJIKHYThCS,
UCIIOJIb3YS PEKYPCHIO.

Ipumep 9. Yucna OudGoHay4u
PaccMOTpUM 3HAMEHHTYIO MOCIEA0BATEIBHOCTD LEJIBIX YHACE:
0,1,1,2,3,5,8, 13,21, 34, ...
Ee MoxHO onucaTh ¢ TOMOIIBIO PEKYPPEHTHBIX COOTHOIIEHU
F(N) = F(N-1) + F(N-2), mms N>1; (5)
F(0)=0, F(1)=1.
N3BectHa siBHas popmyna 3HadeHus N-ro anementa F(N) mocieoBaTeIbHOCTH YH-

cen OudboHavYn:
1 (145 1 [1-+5\"
=——) ——|— 6
r-7(557) -5(50) ®

[Ipu B3rnsae Ha 3Ty popmyny cpa3y BUAHO, 4TO pyHKuus F(N) numeer skcrioHeH-
1+v/5

2 )

[Ipoananu3upyemM HECKOJIBKO aIrOPUTMOB BbIYUCIEHUS yncesl PUOOHaYYH.

IHATBHBINA TTOPsIOK pocta, T.e. F(N) € O(y"), rae y = (

Aaropurml. [IpssmMoe UCNIONB30BAHUE PEKYPCHH.
long Fibl(int N) {
/l Berumcnenue uyncina @udoHaYUN ¢ MPUMEHEHUEM PEKYPCUBHOTO aJIrOpUTa
// BXOJIHbIE JaHHBIC: 11eJI0€ HEOTpHUIaTeIbHOE YHCIIO N;
// BeIxosiHbIe nanHbie: N-bIil 3JIeMeHT TociiefoBaTenbHOCTH yncen GudoHaquu.
if (N<=1) return N;
return F(N-1)+F(N-2);
¥
OcHOBHOI1 omeparifeil 3Toro ajroputMa siBisieTcs cioxenue. O003HaUMM yepe3
T(N) xonudecTBO omnepanuii ciaoxkeHus npu Beraucinernu Gynkmuu F(N). CnipaBeayuBb
CIIEIYIONTNE PEKYPPEHTHBIC YPaBHCHUS:
TIN=T(N—-1)+ T(N-2)+ 1, anasa N > 1 (7)
T0)=0, T(1)=0
Perrenue sroit pekypcun npusezieHo B [1] (ctp. 123-124) u naet oTBeT:
T(N=F(N+1) -1 € ©(y"), rae y = (25
UToOBl MOHATH MPUYUHY HU3KOH 3(P(HEKTHBHOCTH aJTOPUTMA, JOCTATOYHO B3TJIS-
HYTh Ha €T0 JIEPEBO PEKYPCUBHBIX BHI30BOB, MOCTPOECHHOE IO PE3YJIbTaTaM BBITIOJIHCHUS
anroputma. [Ipumep momobHoro nepesa, mocrpoernoro st N = 5 mpuBeneH Ha puc. 3.

) — J3KCIIOHEeHIHaJIbHAaA CJIOXKHOCTb
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F(3)

//\

F(4) F(3)

F(3) F(2) F(2) F(1)
F(2) F(1) F(1) F(0) F(1) F(0)

F(1) F(0)

Puc. 3. JlepeBo peKypCHUBHBIX BBI30BOB, IOCTPOCHHOE IS anropuTMa Fib1 Berumc-
neHus nocienoBareabHocTH ynucen Gudonauun mpu N =5

OOparute BHUMaHUE, YTO B 3TOM alIropuTMe (YHKIIMS C OJHUM U TE€M K€ 3HAYCHU-
€M apryMeHTa BBI3BIBAETCS 10 HECKOJIbKY pa3. [103ToMy 04eBUIHO, YTO TaKOM alrOpUTM
Oynet kpaiine Heph(HEKTUBEH.

[Tomyuutcst HamHOTO O0siee d(PPEKTUBHBIN anTOpPUTM, eciiu yncia PuOOHAYYHN BBI-
YHCIIATH MMOCIEIOBATEIBHO OJTHO 3a IPYT'MM B ITUKJIE, Kak B anropurMe Fib2.

Aaropurm2. ITepaTuBHBIN anropuTM.
long Fib2(int N) {
// Berurcnenue uncina @uOOHAYYN C MPUMEHECHUEM HTEpallHid
// BXOJIHBIE JAHHBIE: 11eJI0€ HeoTpUIaTeIbHOE YUCiO N;
// BeIxOgHbIe maHHbIe: N-BIil DJIEMEHT MOCJIEA0BAaTEILHOCTH uncena dudonayyn.
long F[2];
F[0]=0; F[1] =1;
for (int i=2; i<=N; i++) {
F[i & 1]=F[0] + F[1];
}

return F[N & 1];
b

OueBnaHO, 4TO B 3TOM anroputme BoinonHseTcs N — 1 onepauus cioxenus. Cre-
JIOBATEJIbHO, AJITOPUTM SIBJISICTCS] JIMHEWHBIM, €CJTM PaCCMaTPUBATh 3aBUCUMOCThH BpeMe-
HU ero padoTsl oT N.

Tpetunii cnoco6 Bbrumcienuss N-ro 3neMeHTa Mociaen0BaTebHOCTH yucen Pubdo-
Hay4M 3aKJI0YaeTCs B MCMOJB30BaHUM (PopMyibl (6). OueBuaHO, 4TO 3PHEKTUBHOCTH
ATOTO aIrOpuTMa OyneT ompeAesaThes (HPEKTUBHOCTHIO AJITOPUTMA, MCIOJIB3YEMOIO
JUTs BEIYHCIICHHS . ECIM 5T [eaeTcst myTeM MpOCTOro mepeMHoxenust \y Ha cedst N —
1 pa3, To anropuT™ OyaeT mpuHaAIeKaTh MHOXKECTBY O(N).

Hakonen, qyist Beuncnenuss N-ro ajaemMeHTa nocieaoBaTtesnbHocTu yucen dubdonau-
YK CYHISCTBYET elle oauH anroputM co BpemeneM padbotsl T(N) € ®(log N), B koTopom
MCIOJIB3YIOTCS TOJBKO I1elible yncia. OH OCHOBaH Ha PaBEHCTBE

FIN-1) FWN) 1_10 117 S
[ F(N) FWN+1D]~ [1 1] - ANl
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U ucnons3yet 3¢ pexTruBHBIE CIOCOOBI BO3BEICHUSI MATPUIL B CTETICHb.

BbiBO M3 TPOBENEHHOIO aHAIM3a: PeKYPCUBHble — ANOPUMMbL  Cledyem
UCNONBb308aMb 0UeHb OCHMOPONCHO, NOCKOIbKY 4aCMO 3a UX 6HeulHel KOMHAKMHOCMbIO
CKpbleaemcs Kpautss Heaghghekmusrnocme.

3ananue 3. AHanu3 peKypCcusHbIX an20pummos

3anaun 1)-5). Haiinure penrenue uist CIeyrOMUX PEeKYPPEHTHBIX OTHOIICHHIA
1) x(n) = x(n-1) +5, g n>1; x(1)=0
2) x(n) =3x(n-1) +5, qa n>1; x(1)=4
3) x(n) = x(n-1) +n, mg n>1; x(0)=0

4) x(n) = x(n/2) +n, ws n>1; x(1)=1 (nHaiigure pemerue mis N=2%)
5) x(n)=x(n/3)+1, ws n>1; x(1)=1 (maiizure pemenue ws N=3%)
6) [TpoaHamu3upyiiTe pPEeKypCUBHBIA aJrOPUTM BBIYUCICHUS CYMMBbI KyOOB

nepsbix N uucen S(N)=Y.N, i3.
long S(int N) {
// BXOJHbIE TaHHBIE: LIEJIO€ TOJIOKHUTENLHOE Yrciio N
// BBIXOJHBIE JaHHbIE; CYMMa KyOOB MepBbIX N LENBIX YHCEI
iIf(N==1) return 1;
return S(N-1)+N*N*N;

a) IlocTpoiiTe pekyppeHTHOE YpaBHEHHE ISl KOJIMYECTBA BBHITIOJHCHUH OCHOBHOM
ONEPALMH AITOPUTMA U HAWIUTE €TO PELIEHUE.
b) CpaBHHUTE 3TOT QIITOPUTM C MPOCTHIM HEPEKYPCUBHBIM AJITOPUTMOM.

7) JlaH peKypCUBHBIN aqTOPUTM
long Q(long N) {
if (N==1) return 1;
return Q(N-1)+2*N-1;
}
a) IlocTtpoiiTe peKyppeHTHOE ypaBHEHHUE JJIsl 3HAYCHHS 3TOW (PYHKIMHU, HAWIUTE
€ro peIIeHUE U ONPEICIIUTE, YTO BEIYUCIISETCS C MTOMOIIBIO TOr0 aIropuTMa.
b) IlocTpoiiTe peKyppeHTHOE ypaBHCHHE Ui KOJMYECTBA  YMHOXKCHHH,
BBITIOJIHSEMBIX B AJITOPUTME, M HAJIUTE €ro pelieHue.
c) IloctpoiiTe peKyppeHTHOE YpaBHEHHUE I KOJIMUYCSCTBA CIIOKEHUI/BBIYMTAHUH,
BBITIOJTHSIEMBIX B aJITOPUTME, U HAMIUTE €ro pericHue.

8) JlaH peKypCHUBHBIH aJrOPUTM
double Minl(double *A, int N) {
// Bxonubie qanHbie: MaccuB A[0..N-1] BelecTBeHHBIX YKCes
iIf(N==1) return A[O];
double temp=Min1(A,N-1);
if (temp<=A[N-1]) return temp;
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return A[N-1];
¥

a) YTO BBIYUCIIACTCS C TIOMOIIBIO ATOTO aJIropuT™Ma?
b) IlocTpoiite peKyppeHTHOE YpaBHEHHUE I KOJUYECTBA BHIMOJIHEHUI OCHOBHOM
olepalyy ajJropuTMa U HalJIuTe ero pelieHue.

9) JlaH pEeKypCHUBHBIH aIrOpPUTM, B KOTOPOM BBIMIOJIHACTCS pa3jeieHue
MaccHuBa Ha JBe yacTu. [1epBblii pa3 oH Bei3biBaeTcs Tak: double r=Min2(A,0,N-1):

double Min2(double *A, int NLeft, int NRight) {
if (NLeft == NRight) return A[NLeft];
double t1=Min2(NLeft,(NLeft+NRight) div 2);
double t2= Min2(,(NLeft+NRight) div 2+1,NRight);
if (tl<=t2) return ti,
else return t2;

¥

a) YTo BBIUMCIIAETCS C MOMOIIBIO 3TOTO AIrOpUT™MAa?

b) ITocTpoiiTe peKyppeHTHOE YpaBHEHHUE JJIsl KOJMYECTBA BIMOJHEHHIH OCHOBHOM
OTepalliy aJITOPUTMA U HAMIUTE ero pelicHue.

c) Kakoit u3 amropurmoB — Minl waun Min2 — Osictpee? Moxkere M BBI
IPEJIOKUTh AJTOPUTM JUIS PEIICHUS 3TOH K€ 3aJadyd, KOTOPBIH OBLI OBI
s exTuBHEE TBYX PACCMOTPEHHBIX BBIIIE aJITOPUTMOB?

10)  Ompenenutens mMatpuibl A pasmepoMm N x N, obo3Hawaemblii kak det A,
MO>KET OBITh TIOCTPOCH CIEIYIOIIUM 00pa3oM.

a AN

azq a;n
A= .

ay1 -+ Q4ann

[Tpu N=1 det A= a;;. [Ipu N>1 ero MO>XHO BBIUMCIIUTH 10 MPUBEICHHON HUXE pe-
KYpCUBHOU (opmyie:

det A= Z?:l SjAqj detA],

B aroii popmyne anemMeHT Sj paBeH +1, eciiu ] HEYeTHOE, U -1, ecM j YeTHOE; ajj —
3JIEMEHT INEPBOIl CTPOKH U j-TO CTONOIa; Aj — AETEPMUHAHT MaTpuibl pa3mepom (N-
1)x(N-1), noay4eHHOM U3 UCXOAHON MaTPHUIIBI A MTyTeM BBIYCPKUBAHUS TICPBOM CTPOKHU U
J-ro crobiia.

a) IloctpoiiTe peKyppeHTHOE YpaBHEHHUE ISl KOJTUUECTBA OTepaluil YMHOXKCHUS,
BBITNIOJIHAEMBIX MPU BBIUKCICHUH JETEPMUHAHTA.

b) He pemrast 5To peKyppeHTHOE ypaBHEHHE, YTO BBl MOXETE CKa3aTh O €ro mo-
psiiKe pocTa B cpaBHeHHH ¢ (hakTopuaaom N!?
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Pe3ome

1.

9.

Paznmuuarot nBa Buma 3 PeKTHBHOCTH aITOPUTMOB — BPEMEHHYIO M TIPOTPAHCT-
BeHHY10. Bpemennas r¢phexkmuenocms ykazplBacT, HaCKOJIBKO OBICTPO BBIMOJHS-
€TCS allTOPUTM; HPOCMPAHCMEEHHAA IPheKmueHocmb TOKA3bIBAET, KAK MHOTO
JOTIOJIHUTEJIbHOW MaMsITU TPEOyeTCsl arOpUTMYy Jisi pabOTHI.

Bpemennas 3¢ heKTHBHOCTH alTOPUTMa B OCHOBHOM OIPEAEIIACTCS Kak (PyHKITHIS
OT pa3Mepa BXOJIHBIX JIaHHBIX, IyTEM M0JICYeTa KOJIMYECTBA BHIMOTHEHUS Oa30BbIX
onepauuii. bazosas onepayua — 310 onepaiysi, KOTopasi BHOCUT OCHOBHOM
BKJIaJl B 00111ee BpeMsi BBITIOJIHEHUSI aliropuT™Ma. OOBIYHO 3TO ornepalus ¢ Hau-
OOJIBIIIUM BpeMeHEeM paboThl B HanOoJiee riIy00KO BIIOKEHHOM IIHKJIE.

J7ist psiia anropuT™MOB BpeMsi pabOThI CYIIECTBEHHO OTIMYACTCS JJISI Pa3HBIX
BXOJIHBIX JIAaHHBIX OJHOTO U TOTO € pa3Mepa, YTo MPUBOAUT K 3PHEKTUBHOCTH
IUTSL HAUXYOuie20, Hauayuuieco i CpeoHe2o ciyuaes.

AHanu3 BpeMeHHOM 3P (HEeKTUBHOCTH AJITOPUTMA OCHOBBIBAETCS HAa TOPSIIKE POCTa
BpEeMEHU pabOThI aITOPUTMA MIPU POCTE pazMepa €ro BXOIHBIX JAaHHBIX 10 OECKO-
HEYHOCTH.

JI1st yka3aHus ¥ CpaBHEHUS aCHMITTOTHICCKUX TIOPSIKOB pocTa (DYHKITH, BRIpa-
KaromuX 3PGEeKTUBHOCTD AITOPUTMOB, UCTIONIB3YIOTCS O-, Q- 1 ®-0003HaueHMUS,
KOTOPBIE COOTBETCTBEHHO OMPEJEISAIOT: OIEHKY pOcTa (QYHKIIMK CBEPXY, CHU3Y U
COBMAJCHUE MOPSIKOB POoCcTa (PYHKITUI C TOYHOCTHIO 10 KoddduireHTa

O} pekTUBHOCTH MOAABISIOIET0 OOJIBIIMHCTBA aJITOPUTMOB MOApa3AesIeTCs Ha
HECKOJILKO KJIACCOB — KOHCHAHMHYI0, 102apudmuuecKkyio, tuneinyio, n 10g n,
Keaopamuynyo, Kyouueckyro i 9IKCHOHEHUUATbHYIO.

['MaBHBIM MHCTPYMEHTOM aHalin3a BPEMEHHOU 3(P(HEKTUBHOCTH HEPEKYPCUBHOTO
aJTOPUTMA SIBJISIETCS MOCTPOEHUE BHIPAXKEHUSI 1711 CYMMBbI KOJIMUECTBA BHITIOTHE-
HHI €ro OCHOBHOM OIEPAIIMU U BBISICHEHUE TTOPSJIKA €€ pOCTa.

['1aBHBIM HHCTPYMEHTOM aHaiu3a BPEMEHHOU 3(P(HEeKTUBHOCTH PEKYPCUBHOTO aJl-
rOpUTMa SIBIISIETCS MOCTPOCHUE PEKYPPEHTHOTO COOTHOIICHHMS JIJIsl KOJTMYECTBa
BBITIOJIHEHUW €r0 OCHOBHOM OTepaIiiu 1 BhISICHEHUE TIOPSIKA €0 POCTa.
JIakOHUYHOCTH PEKYPCUBHOTO AJITOPUTMA MOXKET CKPBIBATh €ro HeA((HEKUBHOCTS.

10.Yucna @ubonauyu npeacTapisioT coO0M BaKHYIO MOCIEA0BATEIBHOCTD 1IEIIbIX

YHUCEJl, B KOTOPOW KaKJIbIil 3JIEMEHT PAaacH CyMME JIBYX CBOMX IPEAIIECTBEHHU-
KOB. lIMeeTcst HeCKOJIbKO aNrOpuTMOB BbIUKCIeHUS yucesn OuOOHAYUH C CYIIEeCT-
BEHHO Pa3IMYHON 3(P(HEKTUBHOCTHIO.

KonTposabHbIe BONPOCHI

https://studfiles.net/preview/2213464/

an/IHFlTO CYUTATb, YTO aNTOPUTMBbI C NOJIMHOMMA/IbHOWN C/IOXKHOCTbIO ABAAOTCA «6bICprIMM», B TO BpemMA KakK
aA/ITOPUTMbI, CNOXXHOCTb KOTOPbIX 6onble ﬂOﬂMHOMMaﬂbHOﬁ, — «megneHHbIMmu». C 3TOM TOYKM 3peHnAa anro-
PUTMbI C 3KCI'IOHeHLI,VIafIbHOI7I C/IOXHOCTbIO ABAAIOTCA meaneHHbImu. O4HAKO, 3TO npeanosioxkeHme He coBcem
ToyHoe. [leno B TOM, 4TO BpemA pa6OTbI a/ITOPUTMa 3aBUCUT OT 3HAYEHUNA N (pa3MepHOCTM 3a,£|,aql4) n CconyTCcT-
BYHOUWNX KOHCTAHT CKPbITbIX B O-HoTaumu. B HEKOTOPbIX Caiy4aax ONnAa MaablX 3HAYEHWUM N NOIMHOMMANbHOE Bpe-
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B0
https://ru.wikipedia.org/wiki/O-%D0%BD%D0%BE%D1%82%D0%B0%D1%86%D0%B8%D1%8F

M8 MOXET NPEBOCX0AMNTb IKCNOHEeHUManbHoe. OaHaKo, AnsA 6obLINX 3HAYeHMIA N Bpema paboTbl anroputma ¢
3KCNOHEHLMNANbHOW C/IOXKHOCTbIO CyLEecTBeHHO boblue.
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