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FMABA 1. HAHANO PABOTDI
CANMTOPUTMAMA

PA3AEN 11. APUMEP AITOPUTMUNYECKOU 3A4AUYN

AJITOpUTMHYECKasl 33/lava, PellaeMasi ¢ IIOMOIIBI0 aJTOPUTMa, 3aJAeTcsl OIMCAHUEM BCETO
MHO>KECTBA 3K3eMILISIPOB, KOTOPBIE /I0JDKEH 06paGoTaTh aJTOPHUTM, M BBIXO/A, TO €CTh Pe3yJIbTa-
Ta, ITOJTyYaeMOro IocJIe 06paGoTKHU OJHOTO M3 3TUX 3K3eMILISIPOB. OTIHCaHHe OJTHOTO K3 IK3eMILIS-
POB 33jIa4¥l MOKET 3aMETHO OTJIMYAThCS OT GOPMYIHPOBKH OOIIEH 3a/Jauu.

Harpumep, ITocTaHOBKa 3aJjada COPTUPOBKU JiejlaeTcss TakuM oopasoM: [Skiena:2008:ADM:1410219]

e 3anmauva: CopTUpOBKaA

e Bxomurble ma”HHEbIe: [lociemoBaTeJIbHOCT U3 N 3/IeMeHTOB: a_1, a_2, ..., a.n.
e Brixom: IlepecTraHOBKa BXOJZHOM  IIOC/IEIOBAaTeJbHOCTH TaKuUM  00pasoM, 4TO:
a'_1 <=a'_2 <= ... <= a’'_{n-1}<= a’_n

B xauecTBe IpuMepa COPTUPOBKU MOKeT BBICTYIIaTh MacCUB CTPOK, HarmpuMep { Haskell, Emacs },
WIU TI0CTIeIOBaTeIbLHOCTE urces, HapuMmep { 154, 245, 1337 }.

AJITOPUTM — 3TO IIPOLIeypa, KoTopasi IpUHUMAET JIF0601 13 BO3MOKHBIX BXOJHBIX 9K3eMILIS-
POB 1 ITpeoOpasyeT ero B COOTBETCTBUH C Tpe6OBaHUSIMH, YKa3aHHBIMU B YCIOBHUH 3a/[aull.

PA3AEN 1.2. HAYANO PABOTbI C MPOCTbIM AJITOPUTMOM FIZZ BUZZ
HA A3bIKE SWIFT

Jlnst TeX, KTO TOJIbKO HauMHaeT IPOrpaMMUPOBATh Ha s13bIKe IIporpaMMUpoBaHus Swift, a Tak-
JKe JJISL TeX, KTO IIPUIIIesI U3 [PYTHX S3bIKOB IIPOrpaMMHUPOBaHNs, TaKKX Kak Python wiu Java, aToT
pasges 6yJeT BecbMa I10JIe3eH. B HeM MBI pacCMOTPHUM IIPOCTOE pellleHHe [JIS pea3aliiy aro-
PHUTMa Ha 0CHOBE BO3MOXKHOCTeH si3bIKa Swift.

Fizz Buzz

Bo3MO>KHO, BB BCTpeyuasy TepMuH Fizz Buzz moj ;pyruMy Ha3BaHUSIMH, TAKUMHU Kak FizzBuzz
n Fizz-Buzz — Bce 0HM 0603HAYAIOT OJJHO U TO Ke. ITOT «IIPEMET» U SIBJISIETCS 0CHOBHOM TeMOH
CETO/THSIIHET0 PasroBopa. Bo-mepBrIx, uTo Takoe Fizz Buzz?

JTOT BOIIPOC YaCTO 33/]al0T Ha cobeceJOBaHUIX IIpU ITpueMe Ha pa6oty. IIpeficTaBbTe cebe psif
yuces oT 1 7o 10.

12345678910

Fizz u Buzz oTHOCSTCA K JIFOOBIM YKC/IaM, KpaTHBIM 3 ¥ 5 COOTBETCTBEHHO. [IpyTUMU CJI0BAMY,
€CJIM YMCJI0 KpaTHO 3, TO 0HO 3aMeHsieTcs Ha «fizz», a ecsti KpaTHo 5, To Ha «buzz». Eciin uucio of-
HOBPEMeHHO KpaTHO 3 U 5, TO 0HO 3aMeHsIeTcsl Ha caBocoueTanue «fizz buzzy. ITo cyTy, aTo aMyJIs-
1I¥S1 U3BECTHOM JIeTCKOI UTPHI «fizz buzz».



8 ImaBa 1. Hayano pa6oTbl C anropurMamm

UTOoGHI PENINTh 3Ty 3afiauy, OTKpoiiTe Xcode /yIs1 cO3aHKS HOBOM ITPOTrpaMMbl ¥ HHUIHATA3H-
PYIiTe MacCcUB, KaK II0Ka3aHO HIDKE:

// Hanpumep
let number = [1,2,3,4,5]
// 3pecb 3 — ato fizz, a 5 — buzz

Yro6sl HaWTH Bee ‘fizz’ U ‘buzz’ ymciia, MBI JOJDKHBL 000MTH BeCh MaCCUB U IIPOBEPUTH, KaKUe
yucia sBisitoTes ‘fizz’, a kakue — ‘buzz’. [list aToro co3maguM UK for, KOTOpEIM 6y/ieT BBHIIOJ-
HATH UTEpaLUIo 110 UHUITHAIU3UPOBAaHHOMY MaCcCUBY:

for num in number {
// Teno nporpammbl U pacyeTsl

}

ITocsie 3TOT0 MBI MOXKEM IIPOCTO UCII0IL30BaTh YCJIOBHEIM onepaTop «if else» u omepaTop geje-
HUA 110 MOZYJIt0. B swift 3To — % 717151 TOTO, UTO6H! HaliTu Bee ‘fizz’ u ‘buzz’.

for num in number {
if num % 3 == 0 {
print(“\(num) fizz")
} else {
print(num)

}

OTnyHO! BRI MOJKeTe ITepedTH B KOHCOJIb OT/IafKU B IpuiokeHuH Xcode Swift Playground,
YTOOBI IIOCMOTPETh BBHIBOJ pesyJbTaTa paboThl IporpaMMElL. Bel yBUUTeE, YTO BCe BXOXKAEHUS
«fizz» 6BLIN HaliIeHbI B BallleM MacCHBe.

JUIs OCTaBIIIEHCS YaCTH YHICEJT, KOTOPBIE SIBJISIOTCS «buzz», MBI Gy/IeM HCII0Ib30BaTh TY >Ke Ca-
MYI0 TeXHUKY. ITorrpo6yiiTe caMu foIKCcaTh OCTABIIYIOCS YacTh PelleHHs, IPeKe YeM ouUTaeTe
3TOT pasfe 10 KOHIIA, a I0TOM CpaBHUTE Pe3yJIbTaThl.

for num in number {
if num % 3 == 0 {
print(“\(num) fizz")

} else if num % 5 == 0@
print(“\(num) buzz")
} else {
print(num)
}

IIpoBepbTe Balll BHIBOJ HA IKPaH.

Bce [10BOJIBHO ITPOCTO — BBI BBHIIIOTHILUIY [ieJIeHHe 110 MOZYJ/II0 Ha YUC/I0 3, K eC/Id 0CTAaTOK OT
ZeeHus moyumiy 0 (a 3SHAUUT IPOBepsIMOe YKCJIO AeJIUTCS Halleslo Ha 3), To BeIBesX Bee fizz,
TO JKe caMoe IIPojieJIajIk C YKUCJIOM 5 ¥ BhIBeJIU Bce buzz. Terephb yBeJU4bTe KOJIUIECTBO YHCeE B
MaccuBe:

let number = [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15]
Ms&I yBesIM4n/Iu fuamnasoH yuces ¢ 1-10 1o 1-15, 4To6bI IIpOIeMOHCTPUPOBATh, KAK HAUTH KOM-

6unarmw «fizz buzz». Ilockoabky urcio 15 kpaTtHo 3 1 5, ero ciefiyeT 3aMeHUTD Ha «fizz buzz». ITo-
IIPOOYITE PEIIUTH 3TY 3a/a4y CAMOCTOSATEILHO U IIPOBEPBTE OTBET.
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BoT pelreHue:

for num in number {
if num % 3 == 0 & num % 5 == 0 {
print(“\(num) fizz buzz"”)

} else if num % 3 == 0 {
print(“\(num) fizz")

} else if num % 5 == 9 {
print(“\(num) buzz")

} else {
print(num)

}

}

Ho mocToriTe! 3T0 ele He Bce! OCHOBHAas I1e/Ib aITOPUTMa — OIITUMUSUPOBATH BpeMs BBIIOJI-
HeHud. IIpefcTaBbTe, UTO AUANa30H yBeauuuTcs ¢ 1-15 1o 1-100. IIporpaMMa IIpoBepUT KaXKioe
YHCJIO0, YTOOBI OIIpe/ie/IUTh, IeJIUTCS JIX OHO Ha 3 M Ha 5 0fHOBPeMeHHO. 3aTeM IIporpaMMa CHOBa
«IIPOTOHHUT» BCE YUCJIA, YTOOBI IIPOBEPUTH, IBJIAIOTCA JIU OHU KpaTHBIMU 3 WK 5. To eCTh 110 CYyTH
IIporpaMMe IPUAETCS ABaXKABI IIPOBEPATH B MaCCUBe OJHO U TOXKe 4nc/I0. CHadyala Hafo BBIIIOJI-
HUTB JieJIeHHe I10 MOZYJ/I0 Ha 3, a II0TOM U JieJIeHHe I10 MOJYJII0 Ha 5.

YT0OBI YCKOPUTH IIPOIIECC, MBI MOXKeM IIPOCTO yKasaTh Halllell IIporpaMMe JieJIUTh YKCia cpa-
3y Ha 15.

BoT 0KOHUaTeIbHBIA BapUaHT IIPOrPaMMBEL:

for num in number {

if num % 15 == 0 {
print(“\(num) fizz buzz"”)
else if num % 3 == 0 {
print(“\(num) fizz")
else if num % 5 == {
print(“\(num) buzz")
else {
print(num)

-~ o~~~

}

Kak BupiiTe, HIUETO CI0’KHOTO HET. PelrieHre 110 3TOMY CII0Co6Y MTOOU/ET /15t IF060T0 PYTOTo
SI3bIKA IIPOTPaMMUPOBAHUSL.
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PA3SAEN 2.1. «© BOJIbLUOE»

B oT/IMUHe 0T MaTeMaTHYeCKoro 0603HaueHus «O GOJIBITIOE», KOTOPOe ITPeICTABIISIET COGOH TOJIh-
KO BEPXHIOI0 IPaHUIly BpeMeHH paboThl HEKOTOPOT0 aJIrOPUTMA, «O G0JIbII0e» — 3T0 60JIee TOUHAs
BeJIMYMHA, OTpa)karolljasd BpeMs pab0oTHI aIr0pUTMa U JieXkalljasd Me>Kly BepxHel 1 HIDKHel IpaHu-
IIaM¥ BpeMeHH pa6boThl aaroput™Ma. TouHas rpaHUIIA SIBJISIETCS HanboJlee IPUOJIHKEHOH K peaTbHO-
MY BpeMeHU paboThl aJIT0PUTMa, HO OHA B TO YKe BpeMsI U 6oJiee CJI0’KHA JJIs1 BHIYMCIEHUSL.

MaTteMaTtuieckasi QyHKIA «O 6osibinoe» cuMMeTpuyHa: T (x) = 6(g(x)) <=> g(x) = 6(f(x)).
VHTYUTHBHO MOYKHO ITOHATH, uT0 T (X) = 6(g(x)) o3Hauaer, uro rpa¢uku f (x) ug(x) pacTyr
C OTUHAKOBOI CKOPOCTHI0, MJIH UTO TPAGUKH «BeAyT CeO6s5I» OMUHAKOBO IPH A0CTATOUHO GOIBIIHX
3HAUEHHUSX X.

ITosiHOE MaTeMaTHYeCKOe BEIpa’>keHune «0 60JII)I_HO€‘»BBII‘JIH/II/IT C/IeIYHOIITUM 06pa30M:

8(f(x)) = {g: N@ -> Ru cl1, c2, n@ > 0, rae c1 < abs(g(n) / f(n)), ans
Kaxgoro n > n@, a abs - Mogynb uucna}

IIpumep

Ec/u alropyuT™ 1 BXOJHOTO n TpebyeT 42n*2 + 25n + 4 omepaliuii, TO MBI TOBOPUM, YTO
€T0 CJIOXKHOCTH cocTaBJsieT O(NnA2), HO C TAKKM JKe YCIIEXOM OHA MO>KeT ObITh paBHa U 0(n*3), n
0(n*100) U T. 1. OMTHAKO B 3TOM KOHKPETHOM CJIy4yae BRIYUCJIUTENIbHAS CJI0KHOCTD, BRIpasKeHHast
yepes «0 6oJib1I0e», paBHa UMeHHO 0(n*2),aHe 0(n*3) uHe 0(n*4) U T. . AITOPUTM, BBIUHC-
JIUTeNIbHAs! CJI0’KHOCTb KOTOpro paBHa 6(f(n) ), Takke MOXKET HMeTh BEIUYUCIUTETBHYI0 CJI0XK-
HOCTH, paBHyH0 O (f(n) ), HO He HA060POT.

dopMaJIbHOE MaTeMaTHUYECKOe OIpeieieHue
IIyctb 6 (g (X) ) — HEKOTOpOE MHOKECTBO QYHKITHIA.

08(g(x)) = {f(x) Takaa, 4YTO CywecTBYWT MOSOXMUTESNIbHbIE KOHCTaHTh c1, c2,
N Takue, 4To B <= cl*g(x) <= f(x)<= c2*g(x) pna Bcex x > N}

Oyukuug f(x) NpUHAAIESKUT MHOXeCTBY 6(g(x)), ecau CYI[ecTBYIOT IOJI0)KUTeIbHbIe
KOHCTAHTHI ¢ ¥ €2, TaKWeE, YTO IIPU JIOCTATOYHO GOJIBINMUX N 3Ta QYHKIIHS MOXKET GBITH 3aKJII0-
yeHa B paMKH Mexxay c1*g(x) u c2*g(x). Ilockosmbky 6(g(x)) mpeacraBisieT co60i MHOXKe-
CTBO, MOXKHO 3amucaTh «f(x) € 6(g(x))», uTo6kI yKa3aTh TOT QAKT, uTO f(X) SIBJISTIETCS YUIEHOM
0(g(x)).BMecTo 3TOr0 O6BIYHO UCIOIL3YIOT IKBUBAJEHTHYIO 3aIUCh «f(Xx) = 0(g(x))».

Besikuit pas, korma B dopmysie mosiBisietcs 6 (g (X)), MBI MHTepIIPeTUPYeM ee Kak 0003Haue-
HUe HEKOTOPOY aHOHUMHOH QYHKITUH, KOTOPYI0 MBI MO>KeM He Ha3bIBaTh. HalrpuMep, ypaBHeHHe
T(n) = T(n/2) + 6(n) o3navaet,uto T(n) = T(n/2) + f(n),rme f(n) — dyHKUIUSA, IpU-
Haj|jIesKanas MHOXKeCTBY 6 (n).

Iycth f 1 g — 7Be QYHKIIHH, OTIpe/ieJIeHHbIe HA HEKOTOPOM IIOIMHOKECTBE I€ACTBUTENHHBIX
yucesn. f(x) = 6(g(x)) mpu x, cTpemsieMcsl K 6eCKOHEYHOCTH, BBIIIOJIHSIETCS IIPU YCI0BUH,
KOT/[a CYIIEeCTBYIOT TaKHe IT0JIOXKUTeTbHEIE TOCTOSTHHBIE K U L ¥ IeHCTBUTENLHOE YUCIIO X0, UTO
BBIIIOJTHSIETCS PaBEHCTRO:

Klg(x)| <= f(x) <= L|g(x)| mas1Bcex x >= x0.
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JanHoe orpeae/ieHre paBHOCUJIBHO TOMY, UTO:

f(x) = 0(g(x)) muf(x) = Q(g(x))

OmnpejesieHue Ha OCHOBe npejeaa QyHKIUUA

Eciu cymiecTByeT mpefies1 1imit (x->6eckoHeyHocTb) f(x)/g(x) = ¢ € (@,»),un 0H pa-

BeH HEKOTOPOMY HeoTpHIlaTeJIbHOMY YHCY, TO BeIoHseTcs T (x) = 0(g(x)).
O6urue Kjacchl BRIYUCIUTIBHOM CJI0KHOCTH
HasBaHune YcnoBHble 0603HaYeHUS n=10 n =100
KoHCTaHTHOE Bpems (1) 1 1
Jlorapuédmmyeckoe Bpemsi 0(log(n)) 3 7
JlvHeliHoe Bpems o(n) 10 100
JInHeHo-apupmeTndeckoe Bpemst |0 (n*log(n)) 30 70
KBagpatuyHoe Bpems 08(n*2) 100 10 000
JKCMOHEeHUManbHoe Bpemsi 6(2*n) 1 024|1.267650e+ 30
(C NMHEMHOWV 3KCNOHEHTON)
dakTopranbHoe Bpems (n!) 3 628 800| 9.332622e+157

PA3/E/ 2.2. CPABHEHUE ACUMNTOTUYECKUX OBO3HAUYEHUN

Hycts f(n) 1 g(n) — aBe GYHKITHH, OIpe/ie/ieHHbBIE Ha MHOXKECTBE TI0JI0XKUTEIbHBIX Belrle-
CTBEHHBIX YHCeNI, K C, C1, C2, N0 — II0JI0KUTEIbHbIE BEl[eCTBEHHbIe KOHCTAHTEL

YcnoBHble f(n) = O(g(n)) f(n) = Q(g(n)) f(n) = ©(g(n)) f(n) = f(n) =
0603HauYeHms o(g(n)) w(g(n))
dopmanbHoe |3 c>0, 3c>0, 3cl,c2>0, vc>0, vc>0,
onpegeneHne |3n0>0:vn>n0,{3n0>0:¥vNn>n0,{3n0>0:vn>n0,{3n0>0: |[3n0>0:
0<f(n)<cg(n) 0<cg(n)<fi(n) 0<clg(n) vn>n0, |[vn=>no,
f(n) < c2 g(n) 0<f(n)< [0<cg(n)<
cg(n) f(n)
AHanorus a<b ax>b a=b a<b a>b
mMexay
acmMmnTo-
TNYECKUM
cpaBHeHueMm f,
g v BeLecT-
BE€HHbIMU
yncnamu a, b
Mpumep n+10= nA3-34= 1/2nA2-7n= 5nA2 = nhN2=
O(n"2+n-9) Q(I0NA2-7n+1) | ©(NA2) o(nA3) w(nr3)
;F:?zl/lf*ewaﬂ f(n) = O(g(n)) cg(n) f(n) = Q(g(n)) f(n) f(n) = ©(g(n)) W)
n eTgLI,VIH cgn) f(n)
P ! ; ¢, g(n)
HO n ho n
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AcuMIITOTHYeCKHe 0603HaUEHUsI MOTYT OBITH Ipe/cTaBJeHbl Ha [rarpaMMe BeHHa ciefyio-
UM 06pasoMm:

O(g(n) Qg(n)

CCBIIIKH

Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, Clifford Stein. Introduction to
Algorithms.
PASAEN 2.3. «Q BOJIbLLUOE»

TepMuH «Q GOJIBIIIOE» UCIIOIB3YETCS I 0603HAUEHUST HYPKHEN aCUMIITOTHYECKOH IPaHHUIIbL

CDOpMa.JILHOG ompeaejieHue

Iycts f(n) u g(n) — /mBe GYHKITUH, ONpe/ieieHHbIe HA MHOYKECTBE IT0JI0’KUTENbHBIX JIeH-
CTBUTEJILHBIX urcesl. Tora BeimosHsieTes: £ (n) = Q(g(n) ), HO TOIHKO B TOM CJIy4ae, eCJIU CyIIe-
CTBYIOT II0JIO>KUTEIbHBIE KOHCTAHTHI C ¥ N0, TAKKE, YTO BBIIIOTHSETCS CJIEIYIOITIEE YCAOBHE:

@ < cg(n) = f(n) ona Bcex n = nod.

WubMu c1oBamy, f(n) = Q(g(n)) o3Hauaet, uto yHKIMS f(Nn) orpaHUYeHa CHU3Y QYHK-
nuei ¢+ g(n). To ecTh CymecTBYeT Takast KOHCTaHTaA C, A1 KoTopoit f(n) = ¢ + g(n) ma
BCEX N = n@.

ITpuMevyanus

3amuck f(n) = Q(g(n)) o3Hauaet, yTo f(Nn) ACUMITOTUYECKH PACTeT He Me/IeHHee, YeM
g(n). To ecThb KOI7ja HeJIb3s cfielaTh O{HO3HAUHBIX BEIBOZIOB 0 GBICTPO/IEHICTBUY Ha OCHOBE II0JTy-
YeHHBIX 3HaUeHuH 6 (g(n) ) u/mmu 0(g(n) ), Torza Mel o6paiiaemcs K BeamunHe Q(g(n) ).

Cire/ICTBHEM U3 BEHIIIEIIPUB/IEHHBIX OIIpe/ieIeHHH SIBJISIETCS TeopeMa:

Jinst iByX mo6bIx GyHKIMH f (n) 1 g(n) BemosHsetcs f(n) = 6(g(n) ), HO JIUIIE TOINA, KOT-

n
maf(n) = 0(g(n)) n f(n) =Q(g(n)). padpmuecku «Q GOIHIITOE» MOXKHO IIPE/ICTABUTH CJIe-
IyOIIUM 06pa3oM:
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A =agm
f(n)

cg(n)

PaccmoTtpum npumep. IlycTs y Hac ecTh yHkus f(n) = 3n*2 + 5n — 4. Torjma HIDKHeH
IpaHUIled BRIYUCIUTENLHOM CI0XKHOCTH 71 Hee 6yzeT f(n)= Q(n”2). Takyke BEPHO U YTBEP3K-
gerwe f(n) = Q(n),wm gaxe f(n)= Q(1).

PaccMoTpuM Apyroii mprMep. PellleHre aaropuTMa IIOIIAPHOTO COBIIA/IeHuUs peGep rpada: ecu
YHCJIO BEPIIHH HEUETHOE, TO I0JDKHO OBITH BEIBEJIEHO «HeT IOMapHOro COBIIafIeH s», HHAUE He-
06XO0/IMMO ITepeGpaTh BCe BO3MOXKHBIE COBIIA/IEHUSL.

MBI X0TesIH OBl CKa3aTh, YTO aJTOPUTM TpeOyeT 3KCIIOHEHI[MaJIbHOTO BpeMeHH, HO Ha CaMOM
IieJie HEBO3MOXKHO /I0Ka3aTh HIDKHIOK IpaHuIly Q(n*2 ), UCII0JIb3Ysl 06BIYHOE OIIpefiesieHue (, I1o-
CKOJIBKY aJITOPUTM BBIIIOJIHSETCS 3a INHEeTHOe BpeMs /IJIsi He4eTHBIX . BMeCT0 3TOTr0 MBI 10JKHEI
ompenenuts f(n)=Q(g(n)), IpH yCIOBUM, UTO CYI[ECTBYET HEKOTOpast KOHCTaHTa Cc>0, TakKas,
uTo0 BhINONHAETCI T (n) = ¢ g(n) A M06bIX N. ITO JaeT XOpoIlee COOTBETCTBHE MeXKy BepXHel
u "HrokHel rpaHunamu: T (n)=Q(g(n)),ecmu f(n) ! = o(g(n)).

CCBLIKH

dopMabHOe onpefiesieHre U TeopeMa B3siThl u3 KHUTM Thomas H. Cormen, Charles E. Leiserson,
Ronald L. Rivest, Clifford Stein. Introduction to Algorithms.
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Omnpepenenue

O6o3Hauenre «O GOJIBIIOE» TI0 CBOEH CYTH SBJSETCS MaTeMaTHUeCKMM 0003HAYEHHEM, HC-
T10JIb3YE€MBIM JIJIS1 CPaBHEHUS CKOPOCTH CXOAUMOCTH QyHKIUH. [Iyctbn -> f(n) un -> g(n) —
(QYHKIHMH, OTIpe/ie/IeHHbIe HA MHOYKECTBE HaTypaJIbHBIX yrices1. Torma Mbl ToBOpuM, uTo f = 0(g)
TOIZIa U TOJILKO TOTMA, Korma f(n)/g(n) MMeeT KOHEUHBIH IIpe/esT TPH CTPEMJIEHHH N K GecKo-
HeuHOoCTH. [[pyrumu cioBaMu, f = 0(g) Tora ¥ TOJIBKO TOT/A, KOTJIa CYIIeCTBYeT KOHCTAHTa A,
Takas, 4To s Bcexn, f(n)/g(n) s A

Ha camoM fieste 061acTh IIpUMeHeHUsT 0603HaueHUs «O 60JIbII0e» B MaTeMaTHKe HeCKOJIbKO
IIMpe, HO JJIs IIPOCTOTHI MBI CY3HJIH ee [I0 GYHKIIMU, KOTOpas UCII0JIb3yeTCsl IIPH aHajIi3e BBIUMC-
JIUTEJIbHOM CJIOYKHOCTH aJITOPUTMOB: QYHKIIUY, OIIpeZieIeHHOM Ha MHOKECTBe HaTypaIbHBIX YU-
ceJI, UMelollleli HeHyJleBble 3HaUeHH, BKJII0Yas CJIydai, KoIfa N pacTeT 0 6eCKOHEUHOCTH.

YTo 3TO 03HAUaEeT?

PaccmotpuM caydaii f(n) = 1060n*2 + 18n + 1 u g(n) = n*2.CoBepuIeHHO OYEBHU/THO,
yTO 00€ 3TH QYHKIIUU CTPEMSITCS K OECKOHEUHOCTH, IIOCKOJIBKY N CTPEMUTCS K 6€CKOHEUHOCTH.
Ho nHoOrma 3HaTh mpefiesl HeJJ0CTaTOYHO. MBI TaK)Ke XOTHM 3HATh CKOPOCTD, C KOTOPOU QYHKITUN
MIPUGIIDKAIOTCS K CBoeMy Iipefiesry. Takve HMOHSATHS, Kak «O 6oJbloe», IIOMOTaloT CpaBHUBATh
U KJIaCCUQUIUPOBATH QYHKITUU II0 CKOPOCTH MX CXOTUMOCTH.

BoisicHUM, puHAIEXUT U yHKnus f MHokecTy dynknuit 0(g) f = 0(g), mpume-
HUB paJ BeIunciaeHuil. UmeeMm f(n)/g(n) = 100 + 18/n + 1/n”2.I0CKOJBKY CIaraeMoe
18/n paBHO 10, Kora n paBHO 1 U yOBIBAET II0 Mepe BO3PAaCTaHUS 3HAUEHUS N, U MTOCKOIbKY
1/n*2 paBHO 1, KOTfla n paBHO 1 ¥ Taxoke yOEIBaeT IPX BO3PaCTaHUK 3HAUYEHHMS N, TO MOJTyIHM
f(n)/g(n) <= 100 + 10 + 1 = 111. Vcj0oBHe BBIIOTHSETCS, TaK KaK MBI HAIILJIX TPAHUITY
f(n)/g(n) (111), m moatomy f = 0(g) (B 3TOM Cay4ae roBopdT, uTo f siBIsgeTCs QyHKIHEH O

oTn*2uau 0(n*2)).

JT0 03HauaeT, 4To T CcTpeMUTCS K 6€CKOHEUHOCTH IPUMEPHO C TOH ke CKOPOCTBIO, UTO U g.
JTO0 MOXKeT II0Kas3aThbCs CTPAHHBIM, IIOCKOJIBKY MBI 00HapyKUiaH, 4ro f moutu B 111 pas 60Jb-
IIle, 4YeM g, WM, APYTUMU CJI0OBaMH, KOI7la g yBeJMuMBaeTcd Ha 1, f yBesnunBaeTcs MaKCUMyM
Ha 111. Mo)xeT I10Ka3aThCsd, UTO pocT B 111 pas — 3To He COBCEM «IIPUMEPHO Ta K€ CKOPOCTh».
U 1efiCTBUTENBHO, «0 60JIbIII0e» — He 04eHb TOYHBIH CI10C06 KyIaCCUPUKAIIUY CKOPOCTH CXOAUMO-
CTH QYHKITUH, II03TOMY B MaTeMaTHKe, KOI7la HaM Hy’KHa TOYHas OIleHKa CKOPOCTH CXOAUMOCTH,
MBI UCII0JIb3yeM aCUMIITOTUYeCKUY aHaau3. Ho [Id 1jesield pasfiesieHUs alfOPUTMOB Ha O0JIbIIINe
KJIaCChI 110 BHIYMCIUTEIBPHON CI0KHOCTH JOCTATOUHO U BeJUYUHEI «0 6oJbInoe». Ham He Hazo
pasmesaTh MeXXay cob0i QYHKIIUH, KOTOPBIE PAcTyT B QUKCUPOBAaHHOE YHCJIO pa3 ObICTpee ApyT
Apyra, a TOIBKO GYHKIIUY, KOTOPBIE PACTYT Ha IIOPS/0K OBICTpee ApyT Apyra. HarpuMep, ecv Mel
Bo3bMeM h(n) = n*2*log(n), To yBuguMm, uto h(n)/g(n) = log(n), KOTOPHIH CTPEMHUTCS
K 6€CKOHEYHOCTH C POCTOM N, TI03TOMY h He IIPUHAJIEKUT K KJIacCy QYHKIUH C BHIYUCIUTEIbHON
CJIOKHOCTBI0 0(NnA2), Tak Kak h pacTeT Ha OPS/IOK GBICTpee, YeM N2,

Tenephb CcefyeT cjejaTh HeGOJBIIOE 3aMedaHUe: Bbl, HaBepPHOe, 3aMETWJIH, YTO eCjId
f = 0(g),ag = 0(h),rof = O(h). Hampumep, B Hamem ciryyae Mbl imeeM f = 0(n*3),
mpusToM f = 0(n*4)... B aHauu3e CJI0XKHOCTU aITOPUTMOB YacTo roBopiaT f = 0(g), uMmes
BBugy,uto f = 0(g) ug = O(f), YTo MO’KHO IIOHUMATH KaK «g — HauMeHbIIIee «O 60JIbIII0e»
mst T». B MaTeMaTHKe TOBOPSIT, UTO TaKUeE QYHKITUHU SIBJISIOTCS «O GOJIBIITME» TPYT APyTa.
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Kak Bce 3T0 IPUMEHSATH?

IIpu cpaBHEeHUU NIPOU3BOJAUTENHHOCTH JITOPUTMOB HAaC MHTepecyeT KOJUYeCTBO OIlepariui,
KOTOpBIe BBINOIHAET aJrOPUTM. 3TO HA3bIBAETCS BHIYMCIUTEILHOM CI0KHOCTBI0. B 3TOI Mofe-
JIX MBI CYMTaeM, YTO Kakjas 6asoBas ollepaliys (CI0XKeHHe, YMHOKeHUe, CpaBHeHHe, IIPHCBa-
UBaHUe U T. I.) 3aHUMaeT KOHeUYHoe KOJHUYeCTBO BpeMeHH, U IOACUUThIBaeM KOJIUYEeCTBO TaKUX
orepanyii. OGBIYHO MBI MOYKEM BBIPAsUTh 3TO YHUCJIO KaK GYHKIMIO OT pasMepa BXOZHBIX JaH-
HBIX N. I, K CO’KaJIeHHI0, 3TO YHUCJIO 04eHb OBICTPO BO3pACTaeT 0 66CKOHEYHOCTH C yBeJUdeHHeM
n (ecIM 3TOro He IIPOUCXOUT, MBI TOBOPUM, UTO aJropuTM BJsieTcs 0( 1) ). MBI pasziesisieM Hallld
aJITOPUTMBI Ha 60JIbIIIKe KJIaCChl CKOPOCTH, B 3aBUCUMOCTH OT «0 60JIBILIOrO»: KOIZIa MBI TOBOPUM
06 «0(Nn"2) anropuT™Me», Mbl IM€EM B BU[Y, UTO KOJIMUECTBO BBHIIIOTHIEMEBIX UM OIepalluii, BEI-
pa’keHHOe KaK QYHKIIMS OT n, paBHO O(n*2). 3To 03HAUYaET, UTO HAIIl aIrOPUTM paboTaeT IIpu-
MEPHO C TaKOM ’Ke CKOPOCTBI0, KaK ¥ aJrOPUTM, BBIITOJHSAIOLIMNA KOJIMYECTBO OIlepaliui, paBHOe
KBajipaTy pasMepa ero BXOJHBIX JaHHBIX, I HEMHOI0 ObICTpee. CJI0BOCOUeTaHUe «HEMHOTO ObI-
CTpee» yIIOTPeO6JISIeTCS, IOCKOIBKY MBI HCII0IH30BaIN 3HaUeHHe «0O 60sIbIIoe» BMeCTO «B 60JIb-
1110e», H0 00BIYHO TOBOPSIT «0 6OJIBITIOE», TOPA3yMeBast 0] ITUM «O GOJIBIIoe.

IIpu 1moficueTe oleparfuii 06BIYHO paccMaTPUBAETCS XYAIIUY CIyJail: HallpuMep, ecii y Hac
€CTh ITUKJI, KOTOPBIE MOYKET BBITIONHSTRLCS He 60JIee N pa3 M COIEPIKUT 5 oIepaItuii, To ob1ee Ko-
JITUECTBO OIEpaIyii GyIeT paBHO 5n. MOXKHO TaKKe pacCMaTPUBATh U CPETHIO CJIO>KHOCTb.

He6oJbIm10€ 3aMeuaHue: GBICTPHIE aJTOPUTM — 3TO TOT, KOTOPBIH BBIITOJIHSIET MaJIo OIIepaITuE,
TI03TOMY €CJTH KOJTMYEeCTBO OTIEPAIIHIA BO3PacTaeT /10 6eCKOHEUHOCTH ObICTpee, TO aJITOPUTM Pato-
TaeT MejieHHee: 0(n) Jyurte, yem 0(n*2).

MHor/a Hac TakoKe HHTePeCyeT IPOCTPAHCTBEHHAS CI0’KHOCTD Halllero aaropuTMa. [t 3Toro
MBI CUUTaeM KOJIMYEeCcTBO GalT B MaMSITH, 3aHUMAaeMbIX aITOPUTMOM, KaK QYHKITUIO OT pasMepa
BXOJHBIX JAHHBIX U aHAJIOTUYHO UCII0/Ib3yeM «O 60JIbII0e».

PA3/EN 3.1. NPOCTOM LUK

CJIe/Iy}OH_(aH ¢YHKHHH HaXomguT MaKCUMaJIbHBINA 3JIeMEHT B MaCCUBE:

int find_max(const int *array, size_t len) {
int max = INT_MIN;
for (size_t i = 0; i < len; i++) {
if (max < array[i]) {
max = array[i];
}

}

return max;

}

BXo/HOI pasMep — 3TO pasMep MacCHBa, KOTOPBIM 3a/laH B lepeMeHHOH len. laBaiiTe Iocuu-
TaeM KOJIMUEeCTBO OIlepariuii.

int max = INT_MIN;
size_t i = 9;

JTH [1Ba IIpYCBaMBaHUA BBITIO/JTHAIOTCA TOJIBKO OJUH pa3, TaK YTO 3TO [Be OII€pallyuu. Onepa-
ITH, KOTOPbI€ BBIIIOJIHAIOTCA B ITUKJIE, CJIETYIOIIHE:
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if (max < array[i]) i++;
max = array[i]

Tak Kak B ITUKJIE TPH OIIEPAIHH, a ITUKJI BBITOTHSETCS N Pas, TO K yyKe HMEIONTHUMCS IBYM OITe-
pamusM 1o6aBsieM 3n U ImojydaeM 3n + 2. TakuM 06pa3oM, [T HAX0KIeHHUsS MaKCHMaTbHOTO
3HAYeHUs Halllel QYHKIIUY TpebyeTcs 3n + 2 omepaliuy (ee BEIUMCIUTEIbHAS CJI0XKHOCTh paBHA
3n + 2).3T0 MHOTOUJIEH, B KOTOPOM CaMbIil GBICTPOPACTYIIHE WIEeH PaBeH N, II03TOMY €ro CJI0XK-
HOCTB cocTaBJszeT O(n).

Brl, HaBepHOe, 3aMeTHJIH, YTO IIOHSATHE «Ollepalivsi» He 04eHb YauHO olpe/ieseHo. Hampumep,
6pLI0 cKa3aHo, uTo if (max < array[i]) — 3To omHA omeparusi, HO B 3aBUCHMOCTH OT ap-
XUTEKTYPHI I10CJIe KOMIIWIAIUN OHA MOXKET IIpeo6pas3oBaThCsl, HAIIpUMep, B TPU HUHCTPYKIUU:
OJlHa — YTeHUe U3 [1aMITH, Of[Ha — CpaBHEHUE U OJlHa — BeTBJIeHHe. MBI TakKe CUMTAIU BCe
oIeparyy OJVHAKOBBEIMHU, HECMOTPS Ha TO, YTO, HAIIpUMeD, OIlepallii C IaMAThI0 OyAyT MeJjIeH-
Hee 0CTaJbHBIX, U UX IIPOU3BOAUTEIBHOCTE OyIeT CUJIbHO OTIMYaThCs, HallpUMep, U3-3a 3¢ deKTa
K3IIUPOoBaHUs. MBI TakyKe II0JHOCTHI0 IIPOUTHOPUPOBAJIHU OIlepaTop return, Ipyu cpabaThIBAHUHU
KOTOPOTO IIPOU30K/eT U3MeeHe CTeKa ITaMATH U T. . B KOHeYHOM UTOTe /I aHa/IN3a CI0’KHOCTH
3TO He UMeeT 3HaYeHMUs], [I0CKOJIbKY, KaKOH OBI CII0C06 IT0o/icYeTa olepariuidi HU 6bLUI 651 BEIOpaH,
HU3MEHSTCS TOJAbKO0 K03QQUITHEHT IIPU MHOKUTeJIe N ¥ KOHCTaHTa, II09TOMY pe3y/IbTaT BCe PaBHO
oyzet 0(n). CJI0)KHOCTH ITOKA3bIBAET, KaK aJTOPUTM MAcCIITaOUPYeTCs C pa3MepoM BXOJHBIX TaH-
HBIX, HO 9TO0 He e[IMHCTBEHHBIN aClleKT IIPOU3BOAUTEIbHOCTH.

PA3/E/ 3.2. BNOXEHHbIA LUK

PaccMOTpUM QYHKITHIO, KOTOPas ITPOBEPSIET HaJIUYKe Ay0JUKAaTOB B MAaCCHUBE, 0epst KaXK/IbIi
3JIEMEHT, 4 3aTeM BHITIOJIHSIS UTEPAIIHI0 110 BCEMY MACCHBY, UTOOBI ITPOBEPUTD, BCTPEUAETCS JI
ellle B HEM 3TOT 3JIEMeHT:

_Bool contains_duplicates(const int *array, size_t len) {
for (int i = 0; i < len - 1; i++)
for (int j = 0; j < len; j++)
if (i !'= j && array[i] ==
return 1;
}

{
array[j]) {

}
}
return 0;

}

BHYTpeHHUI LIUKJI BBIOJIHAET Ha Ka)K[JOM UTepaljuy KOJHUYeCTBO OIlepaliii, II0CTOSTHHOe
II0 OTHOIIEHUIO K N. BHEITHUI ITUKJI TaK)Ke BBIIIOIHSET HECKOIBKO IIOCTOSSHHBIX OIlepariui U 3a-
IyCcKaeT BHYTPeHHUM ITUKJI N pa3. CaM BHEITHUH IIUKJI BRIIIOJIHAETCS N pa3. TakuM 06pasoM, ore-
palivy BHYTPYU BHYTPEHHEr0 [IMKJIA BEIIIOIHSIIOTCS Pas, OIlepPaiiy BO BHEIITHEM ITUKJIE BBIIIOIHS-
I0TC4 N pas3, a IprcBavBaHUe 1 BBIIOJIHSAETCS 0JuH pa3. TakuM 06pa3oM, CJI0KHOCTh OYyeT UMeTh
BUJ an?2 + bn + c, a IOCKOJIbKY HAaUOOJIBIIINI YIeH paBeH Nn*2, To B 0603HaueHUU «0 60JIb-
1moe» 6ymeT paBHO O(nA2).

OnHaxo, KaK MOYKHO 3aMeTUTb, Mbl MOKEM YJIYUIIUTh aJITOPUTM, M30eKaB MHOTOKPaTHOTO BhI-
TIOJTHEHUS OIHUX U TeX K€ CPaBHEHHUH. Bo BHyTpeHHeM IMKJIe MbI MO>KEM HauaTb ¢ 1 + 1-i
3JIEMEHT, TaK KaK BCe 3JIEMEHTHI JI0 HETO yyKe OYyT IPOBEPEHEI Ha COOTBETCTBHE BCEM 3JIEMEH-
TaM MAacCHBa, BKJII0Yasl 3JIEMEHT C MHIEKCOM i + 1. 9TO IO3BOJISIET OTKA3aThCSd OT IIPOBEPKH
i==j.



