Kak nucaTtb
NpaBubHblE
NporpamMmmel

B koHLe 60-x rogoB MHOMO FOBOPWUIOCH O BO3MOXHOCTM aBTOMaTMYeCKon Bepudmkaumm nporpamMm. K
COXaneHuio, 3a NocreaytoLmne AecaTUNETUS HUKAKUX CUCTEM aBTOMATUYECKO NPOBEPKU Tak M HE NOSIBUIIOCH.
HecMoTps Ha OTCyTCTBME pe3ynbTaTa, UCCeA0BaHNS, KOTOpble Bbinn NpoBeaeHbl B 061acTy Bepudmkaumm
nporpaMMm, Aanu Ham ropasao 60sblle, YeM YepHbIN LMK, NepeBapuBatoLLMiA NPOrpamMMy U BblAatoLuii Bep-
AVKT «XOpOLLAs» UK «Noxas», — oAU AOCTUMIN NMOHUMAHUS FTyBUHHBIX OCHOB NMPOrpaMMUMpPOBaHMSI.
Llenb 3Tol rnaBbl — NOKa3aTb, KaknM 06pa3oM NMOHMMaHWE 3TUX OCHOB MOXET MOMOYb B HaNUCaHWUK
nporpamMm. OauH U3 yMTaTenei oxapakTeprsoBan noaxos 60MbWMHCTBA NPOrPaMMMCTOB K 3TOMY BOMPOCY
cnepyowmm obpasoM: «HanuwmTe nporpamMmy, nepebpocbTe ee TEKCT Yepe3 CTEHKY B COCEAHWI KabUHET, 1
NyCTb OTAESbl rapaHTUM KayecTBa U TECTUPOBaHUS pa3bupatoTcs C owmnbkamm». B 3Toi rnase Mbl ONMLIEM
anbTepHATUBHbLIN Noaxoa. Mpexae YemM 06paTUTLCS K CaMOo TEME, Mbl PACCMOTPUM €€ CO BCEX CTOPOH.
YMeHune nNpaBubHO KOAMPOBaTb — NULLL OAHO U3 MHOXECTBa TPeBOBaHMIN ANs HANUCAHWUS NPaBUIbHbIX
nporpamMm. Camoe C/o)KHoe — TO, O YeM Mbl FOBOPUIM B NPEeAbIAYLIMX TPEX rnaBax, — NpaBuSIbHO NOCTaBUTb
3aflavy, pa3paboTaTb anropuTM U BbIBPaTb NOAXOASILLYIO CTPYKTYPY AaHHbIX. ECnv Bbl CNpaBUTECH € 3TUM,
KOAMPOBaHWE, CKOPEe BCEro, He BbI3OBET NpobeM.

4.1. 1BONYHbIMA NOUCK BpOCaeT BbI30OB

[axke ecnn Ha 3Tane pa3paboTku Bce 6bi10 NpoaenaHo Hannyylwnm obpa3omM, NporpaMMUCTa 3a4acTyto
OXXMAAET HanMcaHmMe BeCbMa COXHOro Koaa. JTa rnaBa NocssileHa O.El,HOﬁ 3a4aye, and KOTOpOﬁ Tpe6yeTc;|
0COHEHHO aKKypaTHOe KOAMPOBaHWe, — ABOMYHOMY MOUCKY. Mbl y)xe pacCMOTpenn paHee 3Ty npobnemy u
caenanv Habpocok anropuTMa. Tenepb Mbl BOCMOSIb3YEMCS OCHOBHbIMM MpUHLUMNaMy Bepucmkaumm, 4todbl
NpaBuUIbHO HaNMCaTb NporpamMmMy.
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Bnepsble Mbl CTOIKHYUCb C ABOMYHbBIM NMOMCKOM B pasgene 2.2 (CM. rnaey 2), rae Hy»XHo 6bi1o onpeaenuTsb,
COLIEPXUT NN OTCOPTUPOBaHHbIM Maccus X [0. .n-1] anemeHT t'. Mbl TOYHO 3HaNM, YTO N HEOTPULIATENBHO W
YTO KaXabli Mocneayowmii 3eMeHT MaccBa He MeHbLLe npeabiayuero. Kpome Toro, Mbl 3Hanu, 4To ecnv
n=0, To MaccvB NycT. Tun anemMeHTOB t 1 X COBMaAaeT; NCeBAOKOA paboTaeT 0ANHAKOBO XOPOLLO C LebIMUA U
BELLECTBEHHbIMM YMCaMK 1 CO CTpokamu. OTBET NoMeLLaeTcs B Lenoe uncno p (OT ¢nosa no3uums): ecnu
3/1EMEHT B MaccmBe OTCYTCTBYET, B p MOMeLaeTcs YMcno -1. B NnpOTMBHOM Criydae p HEOTpULATENbHO U He
npesbilaeT n-1, n t==x[p].

AnropuTM ABOMYHOIO NOMCKa peLlaeT 3a4advy, yMeHbLas pa3Mep nogananasoHa, B KOTOPOM MOXET
HaxoanTbcs t (ecnm 3To uncno Boobule ecTb B MaccuBe). B Hauyane AvanasoHoOM SBNSIETCS BECb MaccuB. 3aTeM
€ro CpefiH1i 371eEMEHT CpaBHUBAETCA C t, NOC/e Yero NoMoBMHa AMana3oHa MCKIYAETCS U3 PpacCMOTPEHWS.
Mpouecc NpoAo/MKAETCA A0 TEX MOP, NOKa YMcro t He ByaeT HalAeHO MK NOKa AManasoH, B KOTOPOM OHO
JO/MKHO HAaXoAMTbCS, HE OKaXkeTcst NycT. [N MaccMBa M3 N 3/1IEMEHTOB ABOMYHbBIM MOUCK BbIMOHSET OKO/O
Iog, n cpaBHeHWN.

BONbLMHCTBO NPOrpaMMUCTOB MOSAratoT, YTO NO NOAOHGHOMY ONMUCAHMIO HaNMcaTb NPOrpaMMy He COCTaBNseT
Tpyaa. OHu owmnbatoTca. EAMHCTBEHHBIM CNOCO6 3acTaBUTb Bac MOBEPUTL B 3TO: OTIOKUTE KHUTY U
nonpobyiTe camn HanucaTb NporpamMmy. MNonpobyiTe!

S npeanaran npogenate NoAobHyO paboTy cnywaTensMm Kypcos ans npodeccnoHanbHbIX NporpaMMmUCToB. MM
[laBanoCb HECKOJIbKO YacoB Ha TO, YTObbl caenaTtb NPOrpaMMy No AaHHOMY UM OMMUCAHMUIO Ha MPOU3BOJIbLHOM,
BbIGpAHHOM MMM 5i3bIKe, KpOME TOro, pa3peLlanocb BOCMOIb30BaTbCSA NCEBAOKOAOM BbICOKOrO YpOBHS. K
KOHLYy NpeAoKEeHHOr0 BPEMEHM MOYTU BCE OTBEYAN, YTO OHM FOTOBbI. Ha NpoBepKy MX KoAa C NOMOLLbIO
TECTOB OTBOAUIOCH elle TpuaLaTb MUHYT. CTaTUCTMKA MO HECKONbKMM KnaccaM, B KOTopbIx obyyanock 6onee
CTa yenosek, nonyunnace Takas: 90% nporpamMMUCTOB HalNun owmnbkn B CBOMX Nporpammax (M1 s He Bceraa
6bIN1 yBEPEH B NPaBWUILHOCTM TEKCTOB TEX, Y KOO SIBHbIX OLIMOOK 0BHapYy>XeHO He 6bi110).

S 6bin yameneH. MiMmest B 3anace npakTM4eckn HeorpaHnyeHHoe BpeMsi, Tobko 10% npodeccnoHanbHbIX
NpoOrpamMMUCTOB CMOMIN HaNUcaTb 3Ty HebOMbLLYO NPOrpaMMy NpaBw/bHO. JTa 3ajada oKasanacb He o
3yb6aM He TONbKO MOMM y4yeHuKaM: pasgen 6.2.1 TpeTbero ToMma KHurn KHyta «MckyccTBo nporpaMMmnpoBaHms
Anst OBM: copTMpoBKa 1 NOMUCK» MOCBALWEH UCTOPUM 3TOMO anropuTMa, U B HeM KHYT OTMeYaeT, uTo, XoTS
nepsas nporpaMmma ABOMYHOrO nouncka 6uina onybnukoesaHa B 1946 roay, nporpaMma, He cogep kallas
owmnbokK, nosiBmnack numiub B 1962 roay.

4.2. Nnwem nporpaMmy

OcHoBHas naes ABONYHOIO NOMCKa COCTOUT B TOM, YTO Mbl BCerga 3HaeMm, 4to ecnu t BOO6LLl.e €CTb B MaccuBe,
TO OHO JI0/TKHO ObITb B Bbl6paHHOM HaMK noaananas3oHe. Mol 6y.qu MCMNOJ1b30BaTb BbIpa>Xe€HUE mustbe
(range) Anga oTpa>KeHUsA Toro CbaKTa, yTo ecnn t eCcTb B MaccMBe, TO OHO eCTb U B UCCIeAyeMOM Ha JAHHOM
3Tane AnanasoHe range. Mbl

! OBpaTuTeck k 3afaye 1 B rnase 5 1 ee peLleHuio, eciii BaM HyXHa NOMOLLb B HAaBEAEHUM KPUTUKM Ha KOPOTKME MMEeHa NepeMEHHBIX,
dopmMaTt onpeseneHust yHKLUM ABOMYHOro noucka, 06paboTky owmnbok 1 apyrue NposiBNEHUs CTU/S NPOrPaMMUPOBAHUS, XXU3HEHHO
BaXkHble AN 60MbLUMX MPOrPaMMHbIX NMPOEKTOB.



4.2. MnweM nporpamMmy 55

BOCTIONIB3YEMCS 3TOH 3aTKCHIO, YTOOBI TPEBPATHTD ONMUCAHNME JBORUHOTO IOMCKA B Ba-
GpOCOK nporpaMmbl (JIMCTHHT 4.1):

Nucrudr 4.1, Habpocok nporpaMMbl ABOUYHOIO NOUCKA

ini1tialize range to 0 n-1
/% vHuunanuaupyeu auanason 0 n-1 */
Toop
/* uukn */
{ 'nvariant mustbe(range) }
/* uueapuaHT uyucno t pgonkHo OuTb B AmanaszoHe range */
1f range 1s empty. /* ecnv aManaszod nyct */
break and report that t 1s not 1in array
/* UWKN 3aBepuwaercsa, t B Maccuse HeT */
compute m, the middle of the range
/* Haxoawm m - CEepeinHy AvanaszoHa */
use m as a probe to shrink the range
/* ACNOnb3yeM 3HauyeHue m [NR CYKEHUA puanaszoHa */
if t 15 found during the shranking process
break and report 1ts position
/* ecaw npu 3TOM Haxoguw t ¥/
/* 3aBepwaeM YuKN W BO3BpawaeMm nosuyun t */

Ba)xHOM YacTblo 3TOWN NporpamMMbl ABNSEeTCA uHBapuaHT yumksia (loop invariant), 3aknOUYeHHbIN B
urypHble ckobkn. ITO yTBEPXAEHME, OTHOCSLWEECS K COCTOSIHUIO NPOrpaMMbl, Ha3blBaeTCs
UHB3PHaHTOM, NMOCKOJIbKY OHO OCTAETCS UCTUHHBLIM B HaYane 1 B KOHLE KaXaoWn 13 utepaumn; 3to
opmManunzaumsa Toro MHTYUTUBHOMO YTBEPXKAEHUS, KOTOPOE Mbl CAeNanu Bbille.
Tenepb 3alMeMCs YCOBEPLLEHCTBOBAHNEM HalLEN NPOrpamMMsbl, 3ab60TSACb O COXpPaHHOCTM MHBapuaHTa B
Xofe BCex Halumx aencTeui. MNpexae BCero, HaM Hy>XHO KaK-TO NpeaCcTaBUTb AManasoH. [ns 3TOro mbl
6yaem ncnonb3oBaTh ABa UHAEKCA I 1 1, 3aAaloLmne HUXKHIO M BEPXHIO MpaHuLbl AManasoHa L.u.
®yHKUMA ABOMYHOrO noucka B pasgene 9.3 rnasbl 9 NnpeacTaBnsieT AnanasoH ApyrMMm CrocoboM:
3af@aHMeM ero Hayana v AnuHbl. Jlornyeckas dyHkums mustbe(l, u) yTeepxaaet, 4to ecnm uncno t
BOObLLE eCTb B MaccvBe, TO OHO 0653aTeNbHO NPUHAANEXUT AnanasoHy X[1. .u], BKoYas rpaHuub
AnanasoHa.
3aTeM HYXXHO 3aHSATbCS MHUUManu3aumnen. Kakmmm gomkHbl ObiTb 3HaYeHns t n 1, 4Tobbl yTBEpXAEHME
mustbe(l, u) 66110 NCTUHHBIM? OueBMAaHBI BbIGOp: 0 1 N-1: yTBepxxaeHne mustbe(0, n-1) cBoaANTCS K
TOMY, YTO eCcnn ¢ ecTb B MaccmBe X, TO OHO NpuHagnexuT X[0. n-1], @ UMEHHO 3TO U M3BECTHO HaM C
camoro Ha4yana. CnegoBaTenbHO, MHULManu3aumus 6yaet cocTosTb B MpUCcBanBaHMmM 3HaveHni 1=0 un
u=n-I.
3aTeM HY>XHO NPOBEPUTb ANAMNa3oH Ha Hannume B HeM BoobLLE Kakux-NMBO 3/1EMEHTOB, NOC/e Yero
HaWTK ero cepeanHy T. [lanasoH 1. .1 SBNsSieTCs NycTbiM, €cnv 1>K1, 1 B 3TOM CyYae Mbl NOMELLAEM B
nepemMeHHyIo p cneuunanbHoe 3HaveHne -1, 3aBepLuas LmK.
if (1>u)

p=-1; break
OnepaTop break 3aBepliaeT BHyTPEHHUI UMK, K KOTOPOMY OH OTHOCUTCS. CrieaytoLlee BbipaxeHue
BblUMCNSIET 3HA4YeHNe m (CepeavHy Ananas3oHa):

m = (l+u)/2
34ecb MCNOMb3yeTcs LeNouncieHHoe aenenune: 6/2=3, n 7/2=3. W Tak, Halla yCOBepLLUEHCTBOBaHHas
nporpamMMa BbIrfiSiANT Tenepb cneayowmm obpasomM (MUCTUHE 4.2):
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JincTuHr 4.2, Bropas Bepcusi nporpaMmmbl ABOMYHOIO NOUCKa
1=0; u = n-1
loop
{invariant: mustbe(l,u) }
if 1>u
p = —-1; break
= (1 + u)/2
use m as a probe to shrink the range 1..u
if t 1s found during the shrinking process
break and note its position

/* PpYyCCKMI [epeBOI CM B [OpenpayimeM JIMCTUHTe */

m

Tenepb HY)KHO B IBHOM BU/E 3anuncaTb NocneaHne Tpu CTPokKu. [ns 3Toro HeobxoanMo cpaBHUTL t 1 X[T],
Mocrie Yero BbINOMHUTb ONpeaeneHHoe AeNCTBUE AN COXPAaHEHUS HBapuWaHTa. [eicteue 3T1o 6yaet
BbIMOSIHATLCS MO CieaytoLei cxeme:

case
x[m] < t action a
x[m] ==t action b

x[m] > t action c

[elictBne b, oueBnaHO, ByAET COCTOSTL B NPUCBAaMBaHUM P=T U BbIXOAE M3 LMKIIA, MOCKOMbKY BbINOSHEHNE
YCNOBMSI O3HAYaET, YTO Mbl HALL/IN 3NIEMEHT, paBHbIi t OcTaBLUMECS ABaA Cly4Yast CUMMETPUYHBI, Mbl 3alMeMcs
MepBbIM, @ BTOPOW MOJTy4YMM U3 HEFO MO COOBPAXKEHNAM CUMMETPUM (3TO OAHA M3 NMPUYMH, MO KOTOPbIM Mbl
6yaeM o4eHb akKypaTHbl NPy NpOBEPKe KOAa B CrieAyloweM pasgene).

Ecnn x[m]<t, Mbl noHnMaeM, uTo X[0]<=x[1]<= ..<=x[m]<t, no3TOMY t HE MOXET NpUHaANexXaTb AnanasoHy
X[0..m]. NMockonbKy Mbl 3HaeM Takxke, 4YTo t He MoXeT #e npuHagnexartb X[l..u], Mbl MOHMMaeM, 4To ecnn t
rae-Hnbyab ecTb, TO OHO NMPUHAANEXUT AnanasoHy X[m+l..u], yto Mbl 3anuwwem B hopme mustbe(m+l, u).
Mo3ToMy Mbl BOCCTaHOBUM MHBapWaHT mustbe(l, u) nytem npucsanBaHus | = m+1. YTouHuMB, Takum 06pa3om,
npeablayLwmnin Habpocok, NoyYnUM INCTUHT 4.3.

Jiucrunr 4.3, [1BoMYHbIA NOUCK Ha ncesaokoge: Bepcus 3

1=0 u=n-1
loop
{ mustbe(l wu) }
1if 1l > u
p=-1 break
m={(1+u) /2
case
xfm] <t 1 =m+ 1
x[(m] ==t p =m break
x{fm] >t u=m-1

MporpaMMa nony4nnacb KOPOTKOM: AECATOK CTPOK KOZa M OAMH MHBApWaHT. MpocTenwmii cnocob npoBepku
nporpaMmbl — 3anucb MHBapWaHTa U COXpaHEHME ero HEM3MeHHbIM B NPOLIECCe HanWcaHust NPorpaMMbl —
OKa3ascsl O4eHb NOME3HbIM MNP NepenucbiBaHMN Habpocka anropuTMa Ha nceBaokoae. TOT Npouecc Aan HaMm
HEKOTOPYIO YBEPEHHOCTb B MPOrpaMMe, HO Mbl HY B KOEM Clly4ae He MOXKEM CUMUTaTb ee NpaBubHON. Mpexae
YyeM yuTaTh Janblue, MOTPaTbTE HECKONIbKO MUHYT, YTOObI NPOBEPUTb, NPABW/ILHO NN OHa paboTaer.

4.3. NoHMMaHWe nporpaMmol

Koraa MHe NpuxoamnTcst CTaIkKMBaTbCS CO CIOXKHOM Npobnemon, TpebytoLel akkypaTHOro NporpaMMmMpoBaHus,
S NbITAOCb 3aMnMcaTb KOA C YPOBHEM AeTaNn3aumnm, KoTopbii
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TONBbKO YTO 6bI1 NPOAEMOHCTPUPOBAH. 3aTeM S UCNOb3YH METOAbI BepuUdUKaumm Ans noBbllLeHNs
CO6CTBEHHOM YBEPEHHOCTM B NPaBUIbHOCTM NporpaMmbl. Bepudumkaums Ha 3TOM ypoBHe
paccmaTpuBaeTcs B rnaesax 9, 11 u 14.

B 3TOM pasgene Mbl U3y4nM npouecc Bepudnkaumm nporpaMmmbsl ABOMYHOIO NOUCKa B ero Hambonee
noapobHoM Buae. Ha npakTuke s aHanu3npyo NporpaMMbl ropasfo MeHee opMasnbHO. TekcT
MporpamMmbl, MPUBEAEHHbIN B MNCTUHIE 4.4, HANOMHEH YTBEPXAEHNUAMU, (DOPMannN3yoLWMMK
NHTYUTUBHbIE COOBpaXKeHMS, NCNOIb30BABLLUMECS MPU HAMWCAHWUM KOAA.

XoTs koA paspabaTbiBancs cBepXy BHU3 (BHavane — obuwas naes, 3ateM — Aetanusaums), aHanms
KOppeKTHOCTH ByaeT Npom3BOAUTBLCS CHU3Y BBEPX: Mbl ByaeM paccMmaTpuBaTb CTPOKM MO OTAENBbHOCTY, a
3aTeM NOCMOTPUM, KaK OHWM paboTatoT BMeCTe MNpu peLlleHnn 3a4a4Mn.

BHMMAHUE
Janbwe 6yget ckyyHo. MNepexoanTe cpasy K pa3geny 4.4, eciiv novyBCTBYETE COHIMBOCTb.

HauHeM c nepBbIX Tpex CTpoK. YTBepxaeHue B cTpoke 1: mustbe(0, n-1) aBNSIeTCS NCTUHHBIM MO
onpeaeneHunto yTeepxaeHns mustbe — ecnum t BoobLue nmMeeTcs B MaccuBe, TO OHO AO/MKHO 6bITb B
avanasoHe X[0..n-1]. Onepaummn npuceameaHmsa B ctpoke 2 (1 =0 n u = n-1) genaoT UCTUHHBLIM
yTBepxaeHue B ctpoke 3: mustbe(l, u).

Tenepb Mbl NEPEXOAMM K CIOXXHOW YacTU: LUMKITY B CTpOKax 4-27. ApryMeHTUpOBaTb €ro NpaBUIbHOCTb
6yaeM TpeMs yTBEPXAEHUSAMU, KAXKA0E U3 KOTOPbIX CBA3aHO C MHBAPUAHTOM LMKNa.

e HMHuMumanusauma. IHBapmaHT SIBNSETCA M OCTAaeTCs UCTUHHBLIM MpU NepBOM Mpoxoae LuKna.

e CoXpaHHOCTb. ECi1 MHBapuaHT ABNSETCH UCTUHHBIM B Hayane UMKIa, TO OH OCTAHETCS UCTUHHBIM U
nocne OKOHYaHUS BbIMOSIHEHUS Tena uMKna.

e 3aBepLueHMue. BbinonHeHne umkna 6yaeT OKOHYEHO, a XENaeMbI pe3ynbTaT byaeT coxpaHeH (B
[aHHOM Cfny4yae pe3ynbTaT COCTOMT B TOM, YTO NMEPEMEHHON p NMPUCBaMBAETCS NPaBU/IbHOE 3HAYEHUE).
YT0ob6bl NOKa3aTb 3TO, HAM NMPUAETCS BOCMONb30BaTLCA CNeACTBUSMN U3 UCTUHHOCTU MHBapUaHTa.

[na pokasatenbCTBa NpaBUIbHOCTU MHULUMANU3ALMK OTMETUM, YTO YTBEPXAEHME B CTPOKe 3 coBrnaaaeT
C yTBEpPXAEHNEM B CTpoKe 5. [1ns AoKa3aTenbCTBa NPaBUIbHOCTM COXPAaHHOCTU M 3aBepLUEHNS Mbl byaeM
obpalatbcs Kk cTpokaM 5-21. Korga Mbl HauHeM obcyxaaTb CTPokn 9 n 21 (onepaTtopsl break), Mbl
yCTaHOBMM CBOWCTBA 3Tana 3aBepLUeHns, U ecsin Mbl JobepeMcs A0 CTPOKM 27, TO rapaHTUPYeEM
COXPaHHOCTb MHBapWaHTa, NMOCKO/bKY YTBEPXXAEHNE B 3TON CTPOKE COBMNAAaeT C YTBEP)KAEHNEM B CTPOKE
5.

Iinctunr 4.4. AHanu3 KOPPEKTHOCTY NPOrPaMMbt ABOUUYHOMO NOUCKa
. { mustbe(0. n-1) }
T =0, u=n-1
. { mustbe(1, u) }
loop
{ mustbe(1. u) }
if 1>
{1 >u && mustbe(l, u) }
{ t 1s not in the array }
p = -1. break
{ mustbe(1, u) && 1 <= u }
m=(1+u) /2

WOOONDU W

—
—_— O
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12. { mustbe(71, u) && 1 <=m <=y }

13. case

14. x[m] < t.

15. { mustbe(1, u) && cantbe(0, m) }
16. { mustbe(m+1. u) }

17. 1T =m+1

18. { mustbe(1., u) }

19. x[m]== t:

20. { xtm] ==t }

21, p = m; break

22. x[m] > t:

23. { mustbe(1, u) && cantbe(m, n) }
24. { mustbe(1, m-1) }

25. u=m-1

26. { mustbe(1, u) }

27. { mustbe(1l, u) }

YcrnelwHas npoBepka B CTPOKe 6 AenaeT BO3MOXHbLIM YTBepXAeHWe B CTpoke 7: ecnu t ecTb B MaccuBe, OHO
JOJMKHO BbITb Mexay anemMeHTamu | n u n npm 3tom I>u. U3 aToro cneayet cTpoka 8: t B Maccuee HeT.
Mo3TOMy Mbl KOPPEKTHO 3aBepLUaeM LMK B CTpoke 9, NpeaBapuTenbHO BbIMONHUB NpucBanBaHune p = -1.
Ecnu yTBEp>xaeHMe B CTPOKE 6 NOXHO, Mbl NepexoanM Ha cTpoky 10. MiHBapuaHT BCe eLle 0CTaeTcs UCTUHHbBIM
(Mbl He genanun HU4Yero, Y4To Morso 66l 3TO N3MEHUTDb). MOCKOSBKY YCI0BME B CTPOKE 6 0Ka3anoCh SIOXKHbIM,
Mbl yBepeHbl, 4To I<=u. CTpoka 11 ycTaHaBnMBaeT m paBHbIM CpeaHeMy 3TUX YMCEN, OKPYT/IEHHOMY K
6nmxanwemy MeHblueMy LenoMy. MockonbKy cpeaHee BCceraa NexuT Mexay ABYMSt BeIMUYMHAMU U
OKpYIrNeHMEe HE MOXET caenaTb ero MeHbluMM I, Mbl MOXEM caenaTh YTBEpPXKAEHNe B CTpoke 12.

Tenepb NpoaHanu3npyeM Bce TPy CUTyauun ornepaTopa case B CTpokax 13-27. lMpole Bcero pa3obpaTbes Co
BTOPOM anbTepHaTMBOW B cTpoke 19. Bcneactsue yTBepxaeHUst U3 CTPokM 20 Mbl MMEEM NPaBO NPUCBOUTL
MEPEMEHHO p 3HAYEHNE M U BbIUTU U3 UMKNA. DTO BTOPOE M3 [ABYX MECT, rA€ BO3MOXEH BbIXO4 M3 LUMKNa,
TaK YTO Mbl AOKa3an KOPPEKTHOCTb 3aBepLUEHNS NpoLeaypbl.

Tenepb pacCMOTPUM OZHY U3 ABYX CUMMETPUYHBIX BETBEN onepaTopa case. [oCcKkonbKy Npy HanncaHuM koaa
Mbl paboTanu C NepBoi BETBbIO, TENEPb Mbl 3aiMEMCS BTOPOM (CTPOKM 22-26). Bo3bMeM yTBEpPXAEHNE B
cTpoke 23. lNepBasi YacTb €ro — MHBApPWMAHT, KOTOPbIN HArAE paHee B LUMKIE He 6bin 3MeHeH. BTopas YacTb
WCTUHHA, NOCKONbKY t<x[m]<=x[m+1]<=...<=x[n-1], TaK 4TO Mbl MOXXEM ObITb YBEPEHbI, YTO t HE MOXET
ObITb paBHbIM OIHOMY U3 3/IEMEHTOB C MHAEKCOM, 60MbLIMM M-1; 3TO 3aNMCbIBAETCS KOPOTKO, Kak cantbe(m,
n-1). Jlornka roBopuT HaM, 4TO ecnu t AO/MKHO BbITb Mexay | n U, 1 OHO HE MOXET 6biTb «BbILLE» M UK
HaXoAWTbCS TOYHO B 3TOW MO3MUMKM, CNEAOBATENIbHO, OHO AO/MKHO 6bITb Mexay | 1 m-1 (ecnn oHo BoobLwe
rae-To ecTb); OTCioAa cneayeT u cTpoka 24. BeinosHeHWe CTpoKM 25 npu yCNnoBUM UCTUHHOCTU CTPOKKU 24
COXpaHsieT UCTUHHOCTb CTPOKM 26 — MPOCTO NO OnpeaeneHnto onepaumm npuceameaHus. Takum obpasom, aTa
BETBb OMNepaTopa Case 3aHOBO YCTaHABMBAET UHBAPUAHT B CTPOKe 27.

[oka3aTenbCTBO KOPPEKTHOCTU CTPOK 14-18 BbIrNSAMT TOYHO TaK Xe, MO3TOMY Tenepb Mbl MOXEM CUUTATh,
YTO Mbl AOKa3anu NpPaBUIbHOCTb BCEX TPeX BeTBel onepatopa case. OgHa 13 BETBEN KOPPEKTHO 3aBepLuaeT
UMKN, a Apyrne ABe COXPaHST UCTUHHOCTb MHBapuaHTa.

STOT aHaNM3 NOKa3bIBAET, UTO €C/M LMK 3aBEpLIAeTCs, TO 3HaYeHMEe p OKa3blBaeTCsl UCTUHHBIM. O4HAKO Mbl
BCe elle MOXKeM NonacTb B CUTYaumto C 6€CKOHEYHbBIM LIMKOM.
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Ha camoM gene uMeHHO TakuMm 6bin pe3ynbTaT ownboK, A0NYyLWEHHbIX 60NbLNMHCTBOM NPOdeCcCOHanbHbIX
NporpamMMuUCTOB.

[lokazaTenbCTBO KOHEYHOCTM UCMONb3YeT APYroi acnekT AvanasoHa |. .u. 3TOT AManas3oH U3HayanbHO MeeT
HEKOTOPbIA KOHEYHbIV pa3Mep (N), U CTPOKK C 6-11 NO 9-10 rapaHTUPYIOT, YTO UMKN ByAeT 3aBepLueH, Koraa B
[AMana3oHe OKaXeTcsd MeHee 0AHOro sneMeHTa. CrnefoBaTenbHO, HYXHO MoKasaTh, YTO AManasoH
YMeHbLUIAeTCsl Npy Kaxxaon utepaunm. CTpoka 12 roBopuT, 4TO m BCEraa NpUHAANEXUT TEKYLLEMY ANAMNA30HY.
O6e BeTBM onepaTopa case, B KOTOPbIX BbINO/THEHNE LMKA HE NpepbiBaeTcs (CTPOKM 14 1 22), uckovaoT
3Ha4YeHMe M M3 TeKyLlero AnanasoHa v, CriefoBaTelbHO, YMEHbBLLAIOT ero no MeHbLUen Mepe Ha 1 anemMeHT.
Takum obpasomM, nporpamma obs3aTenbHO A0MHKHA 3aBEpLUMTLCS.

Tenepb S NPAKTUYECKN YBEPEH, YTO Mbl MOXKEM MONTM Aasblue M 3aKkoaMpoBaTb GyHkumto Ha C. B cneaytolel
rniaBe Mbl 3aiMEMCSt UMEHHO 3TUM — peanum3aumen GyHKUMM Ha a3bike C 1 NPOBEPKON €€ KOPPEKTHOCTY U

3 dEKTUBHOCTM.

4.4. TpyHUUNbI

3TO ynpa)kHEHWE NPOAEMOHCTPUPOBAIO MHOXECTBO NMPENMYLLIECTB BeEpUdUKaLMM NPOrpaMm: pacCMOTpPEHHas
33/1a4ya A0CTAaTOYHO BaXkHa U TpebyeT akKypaTHOro KoAMpOBaHUS; Npu pa3paboTke NporpaMMbl Mbl
nonb3yemcs NpuHUMNamMm BepudurKaummn, a Npu aHaam3e KOPPEKTHOCTU UCMOb3YHOTCA AOCTaTOYHO obwme
MeToAbl. [NaBHbIM HEAOCTaTKOM 3TOr0 NnpuMepa ABNIAETCA YPOBEHb AETA/IU3aLUMN. Ha MPaKTUKE A pa60Ta|o Ha
ropasao MeHee popManbHOM ypoBHE. K cyacTblo, BCe 3TW AeTanu UANOCTPUPYOT Habop obLmnX NpUHLUMMOB.

YTBEpXxaeHua

CooTHoLlEHUS Mexay BXOoAHbIMM AaHHbIM, NEPEMEHHBIMU NPOrpaMmMmbl U PE3YNIbTaTaMM OMUCbIBAtOT COCTOAHUNE
nporpamMmsl. YTBep)KD,eHVIﬂ Aal0T BO3MOXXHOCTb NPOrpaMMUCTy ABHO 3arnncatb 3TU COOTHOLLUEHUA. MNx ponb Npun
HanncaHnn NporpamMmbl O6CY)K,EI,aETCFI B C/ieayoLleM pasaene ﬂaHHOVI KHUTU.

nOCﬂeﬂOBaTEHbHOE BbINOJIHEHUE
MpocTeiillas CTPyKTypa NporpaMMbl: «caenai 3To, NOTOM TO». ITU CTPYKTYPbl aHANM3UPYIOTCA MyTeM
PACCTaHOBKMN MeX/y HUMU YTBEPXAEHWUIN 1 pa3bopa KaXaoro 13 onepaTopos.

BeTtBneHnue

BeTBneHune ocyuiecTenseTcs onepatopamu if n case B pasnnyHblx opmax. Mpun BbINOHEHUN NPOrpPaMMbl
BbIGMpaeTCcs 0AHa M3 BO3MOXHbIX BETBEN. KOPPEKTHOCTb AOKA3bIBAETCS NyTEM MHAMBUAYANbHOrO pa3bopa
Ka)K.El.Oﬁ n3 BeTBeﬁ. dakT Bbl60pa .El,aHHOﬁ BETBW AAET BO3MOXHOCTb CAENIaTb HEKOTOPLIE YTBEPXAEHNA B
HalleM [10Ka3aTeNbCTBE; €C/IY Mbl BbIMOSIHAEM ONepaTop, cneayowmi 3a if i>j, To Mbl MOXeM caenaTtb
yTBEPXAEHNE, YTO i>j, pi NCNOJb30BaTb 3TO A4/19 BbIBOAA CleayloLwero noaxoasllero yTBepxXaeHus.
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Linknel
[ns fokasaTenbCTBa KOPPEKTHOCTU UMK HY)XXHO PacCMOTPETb TPY €ro YacTu: MHULMANU3aumto, COXpaHeHue
(vHBapuaHTa) n 3aBeplueHune (puc. 4.1

l WHuunanusauus
CoxpaHenue | 2 ... {AHBapunanT}

3asepiuetue

Puc. 4.1. Tpn cocTaBHble 4acTv uMkna
CHayvana Mbl [OKa3blBae€M, YTO MHBapUaHT UMK/a YCTaHaB/IMBAETCA Npu UHNLMaNn3alnmn, a 3aTeM
NnoKasblBaeM, YTO Ha BCEX UTepauusx ero UCTUHHOCTb COXPaHSEeTCs. DTU AiBa 3Tana rapaHTUMpyloT (no Metoay
MaTeMaTU4ecKom VIHD,YKLWIVI), YTO MHBAPUAHT OCTAETCA UCTUHHbBIM Nepea 1 nocne Ka)l(LlOVI nTepaunn UnKna.
TpeTMﬁ 3Tan: AoKa3aTeNbCTBO TOro, YTO Npw SIlobOM BapuaHTe 3aBepLUeHUsl UMKIa pe3yibTaT OKa3blBaeTCs
KOPPEKTHbIM. Bce 3TO BMECTe rapaHTUPYET, YTO eC/M LUMKS1 3aBEPLUMTCS, TO pe3ynbTaT 6yaeT NpaBu/IbHbIM.
CXOD,VIMOCTb OOKa3blBAETCA OTAENBHO (TVII'IVI‘-IHbIl‘/JI NpUMEP — A0Ka3aTe/bCTBO CXOANMMOCTU ABONYHOIO NMOUCKa,
npuBeAEeHHOe BblLLE).

DyHKUMM

[ns BepudurKaumn GyHKLMM Mbl AOMKHbI ONPEAeNUTb ee Ha3HAYEHME C MOMOLLbIO ABYX YTBEPXAEHWM.
I'Ipe.qycnosme onpenensaeT CoCtodHne, B KOTOPOM A0J1XXKHa HaXoANTbCA NMporpaMMa B MOMEHT BbI30Ba
(byHKLMM, @ NOCTYCNOBMEM Ha3bIBAETCSA TO, YTO ByAET rapaHTUPOBATLCS (DYHKLMEN NpU ee 3aBepLLEHUMN.

Takunm 06pa3oM Mbl MOXEM onpeaennTb QYHKUMIO ABOMYHOrO nomcka Ha s3bike C cneayowmm 06pasom:
int bsearch(int t, int x[]. 1nt n)

/* precondition x[0] <= x[1] <= . <= x[n-11]
postcondition.
result == -1 => t not present 1n x

0 <= result < n => x[result] ==
*/

OTu yCnoBusl NpeacTaBAstoT CO60M CKopee CornalleHns, Hexxenn akTbl. B HUX yTBepXXAaeTcsi, 4To ecnu
BbIMOSIHEHbI NPEAYCI0BUS, TO BbIMONIHEHME (DYHKUMKN NPUBEAET K UCTUHHOCTM NOCTYCNOBMIA. Mocne Toro Kak
6yneT fokazaHo TO, YTO Teno yHKUMKN 06nafaeT 3TUM CBOMCTBOM, COOTHOLLEHMEM MeXay Npea- U
MOCTYCNOBUSAMM MOXHO 6yaeT nonb3oBaTbcs 6e3 yrnybneHns B nogpobHOCTM peanusaummn. 3TOT NOAXOA K
HanucaHMIo NPoOrpaMMHOro obecneyeHnst HasblBaeTCs «NPOrpaMMMPOBAHMEM MO KOHTPAKTY».

4.5. CmbICcn BepdunKaumm nporpamm

Koraa oavH nporpaMMucCT nbiTaetcst yb6eanTb Apyroro B NpaBWIbHOCTM CBOEM NPOrpaMMbl, OH 06bIYHO
npm6eraeT K nNOMOLWWM TeCTOB. EepeTcn nporpaMmma u Kakon-nnéo BapUaHT BbIXOAHbIX AaHHbIX, @ 3aTEM OHa
BbIMOHAETCA BPY4HYIO. 3TO MOLLHOEe CpeacTso
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[nsl MOMCKa OWMOOoK, KOTOPbIM JIEFKO MoJib30BaThCA. OAHO M3 rMaBHbIX NPENMYLLECTB BepUdUKaumm
NporpaMM OMNMCaHHbIM Bbile CNOCO60M 3aK/oYaETCs B TOM, YTO MPOrpaMMUCT NOYYaeT A3blK, HA KOTOPOM
OH MOXET BblpasnTb CBOE NMOHUMaHWe TeKCTa MporpamMbl.

[Hanee B rnaBax 9, 11 n 14 gaHHOM KHUIM Mbl BOCMOMb3YEMCS METOAAMUN BepudMKaLmm nNpu paspaboTke
CNOXHbIX MporpamM. Kaxxayto HOBYHO CTPOKY Koda Mbl byaeM 06bsICHATb Ha STOM A3bIKe; OH 0COBEHHO ya06€eH
Anst BbIbopa MHBApMaHTOB UMKIIa. BaxkHble NosicCHeHMs 6yayT nNpeBpallaTbCs B YTBEPXKAEHUS B TEKCTE
nporpammbl. Bbibop yTBEPXXAEHWUI, KOTOPbIE HYXXHO BK/IHOYATb B HAaCTOSAILLME MPOrpaMMbl, — 3TO UCKYCCTBO,
KOTOPbIM MOXHO OBNAAETb INLLUb Ha MpaKTUKe.

S3bIK BepumKaLumm 4acTo UCNOb3YETCS NOCAE HanMcaHmsl Koga npu ero MbIC1eHHOM NporoHe. HapylweHus
YTBEPXAEHWI BO BPEMS TECTUPOBAHMSA NOMOratoT 06HAPYXXWUTb OLUMOKM, @ aHaNn3 3TUX HapyLUeHWUI
Nno3BoNnsieT n3baBUTbLCS OT OWMOOK, HE HaMI0AMB HOBLIX. BO BpeMsl oTnaaku crneyeT UCnpaBnsitb U Ko, U
HenpaBu/ibHble YTBEPXXAEHUS. Hy)XHO MOHMMaTb CBOK MPOrpamMMy B KaXabli MOMEHT BPEMEHU U HE
MoAAABaTLCS UCKYLLEHUIO «MEHSATb YTO-HMOYAb, NOKa OHa He 3apaboTaeT». B cneaytowlei rnaese
WNNOCTPUPYETCS POSib YTBEPXKAEHUM NPU TECTUPOBAHUW U OTNaAKe. YTBEPXKAEHMUS KU3HEHHO BaXXHbl B
NpoLEecce COMpOBOXAEHMSI MPOrpaMMbl: €CNN Bbl MbITaETECh Pa30bpaTbCsl B NPOrpaMMe, KOTOPYHO HUKOrAa
paHbLLE He BUAENM U KOTOPYHO HUKTO APYrOn TOXE HE BUAEN YXXE€ MHOIO JIET, YTBEPXAEHNS O COCTOSHUM
NporpaMMbl MOryT AaTb BaM HEOLIEHMMYHO MHMOPMaLMIO.

3TW MeTOoAbl — NWLWb Manas 4YacTb TOr0, YTO HYXKHO 3HaTb, YTO6bI MpaBUSIbHO NMCaTb NPOrpaMMbl. Kouom K
MPaBWULHOCTY YacTo ABASETCA NpocToTa koAa. C Apyron CTOPOHbI, HECKOBKO MPOhecCHoHanbHbIX
NpOrpaMMUCTOB, 3HAKOMbIX C 3TUMWU METOANKAMMU, NOAENMUANCL CO MHOM OMbITOM, KOTOPbIN BblT HE YyXA U
MHE CaMOMYy: MpWU HanMcaHMn NMPOrpamMMbl «C/IOXHAS» €e YacTb 06bIYHO paboTaeT C NepBOro pasa, Toraa Kak
OLIMBKM 0BbIYHO coaepXaTcs B MPOCTbIX YacTax. Koraa Bbl CTaNKMBAETECH C YEM-TO CIIOXKHBIM, Bbl
cocpeaoTovMBaeTeCh U UCMOMb3yeTe MOLHbIE hopManbHble MeToAbl. B nerkmx Mectax Bbl BO3BpaLlaeTech K
CTapbiM MeToAaM NpOorpaMMMpPOBaHNS U NONyYaeTe XapaKTepHble Ans 3TUX METOAOB pe3ynbTaThl 4 6bl cam B
3TO He noBepun, ecnn 6bl 3TO HEe CYYMIOCh CO MHOW. [oa0bHbIE BELM SBNSIIOTCA XOPOLIEN NpUUYMHOW Anst
6onee 4acToro MCNosib30BaHMS NPaBUIIbHbIX METOAOB.

4.6. 3agaum

1. XoTd Hawe [OKa3aTeNbCTBO NPaBUILHOCTU ABOMYHOIO NMOMCKa 6bi10 AOCTAaTOYHO TPYAOEMKUM, OHO BCe
elle He BMoJsiHe 3aKOHYeHOo. Kak Bbl JOKaXeTe, YTO NporpaMMa He COAEPXKUT OLUMOOK BPEMEHMW BbINOSHEHWS
(meneHve Ha HONMb, NEPENoNIHEHNE, BbIXOA 3a rpaHuLbl AnanasoHa unm Maccuea)? Ecnv Bbl 3HAKOMBbI C
AMCKPETHOW MaTeMaTMKOM, MOXETE NN Bbl (DOPMann30BaTh JOKA3aTENbCTBO B HEKOTOPOW JTOrMYECKON
cucteme?

2. Ecnwu 3TOT BapuaHT ABOMYHOMO MoMcKa 6bl1 As BaC CIMLIKOM MPOCT, NonpobyviTe BO3BpaLlaThb B
nepemMeHHOoW p NMo3MLMI0 NEPBOrO BXOXAEHUS t B MaccuB X (€CNM BXOXAEHWUIA HECKOMBKO, Hall anroputm
BO3BpalLLan Npou3BOSbHOE BXOXAEHME). Baw ko4 AomkeH 6biTb norapudMmUYeckuM no YMCy CpaBHEHWUN;
3ala4yy MOXHO pelunTb 3a log, 77 CpaBHEHUA.
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3. HanuwwuTte n npoBepbTe peKypCUBHYIO NpOrpaMmMy ABOMYHOrO NomMcka. Kakve 4actu koga u
A0Ka3aTesIbCTBa OCTaldTCA HEU3MEHHbLIMU MO CPABHEHUIO C MTepaLl,MOHHOﬁ Bepcmeﬁ, a Kakue MmeHsatoTca?
4, ﬂOﬁaBbTe BCNoOMOraTtenbHblE NEPEMEHHbBbIE AN14 ONnpeAENEHNA KOTIMYECTBa CpaBHeHMﬁ n MCHOﬂb3y1>'1Te
MeTo bl NPOBEPKU MPOrpaMMm Angd AOKa3aTesIbCTBa TOro, YTO 3TO KOJIMYECTBO ,Cl,el‘/JICTBVITeJ'IbHO
MpOMopLUMOHabHO NlorapudMy pasmepa MaccuBa.
5. [okaxuTe, 4TO NporpaMmma 3aBepLuaeT paboTy, ecnm X — NOJIOXKUTENbHOE LieNoe YNCHO:
while x != 1 do

if even (x)

X = x/2
else
x = 3*x + 1

6. [C. Sholten] OdsBua Npuc B cBoel kHUre «Hayka nporpammupoBanus» (David Gries, Science of
Programming) Ha3Ban 3Ty 3agady «3agaden o kodenHon baHke». [aeTcs kodelHast 6aHKka, B KOTOPOW eCTb
HECKOJIbKO YepHbIX 6060B 1 HECKOJIbKO 6enbIX, M, KpOMe TOro, AaeTcs 6osbliast Kyya yepHbix 6060B. 3aTeMm
CneayroLwmii NPoLIECC BLINOMHAETCS A0 TEX NOp, NMOKa B 6aHKe He oCcTaHeTcst oanH 606.

CnyuyaliHbiM 06pa3oM BbibupatoTcst ABa 606a. ECim OHM OAHOMO LBETA, OHW BbIKMABIBAKOTCS, @ BMECTO HUX U3
Kyun 6epeTcst YepHbI U KnafeTcs B 6aHKy. ECnv oHM pasHbiX LBETOB, 6enbiit 606 Bo3BpallaeTcs B 6aHKy, a
YepHbIN BbibpacbiBaeTcs.

[JlokaxknTte, 4YTo NpoLecc cxoamTcs. YTo Bbl MOXETE CKa3aTb O LBeTe NocneaHero ocraslerocs 606a B
3aBMCUMMOCTM OT Ha4a/IbHOro Konnyectsa 6enbix 1 YepHbix 606087

7. MoM1 konnera CTOMKHY/CA CO CreaytoLlen 3aaadent Npyu HanmcaHUM NporpamMmMbl, PUCOBABLUEN IMHWM Ha
pacTpOBOM 3KpaHe. MaccuB M3 /7 Map BELECTBEHHbIX uncen (a,b,) onpeaensan nnnHuin Buga y = ax + b;.
DTK CTpokM 6bIM ynopsiaodeHsl Ha uHTepeane [0; 1] B Tom cmbicne, yto y[i] < y[i] + 1 ans Bcex i mexxay 0 u
n-2 1 BCcex 3HadeHun x us otpeska [0; 1] (puc. 4.2).

—

Puc. 4.2, NitHumn He uMenis obLnx ToHEK Ha BEPTUKANbHbLIX MPAMbIX

Apyrumn cnoBamu, IMHUK He UMenun obLUMX TOYEK Ha BEPTUKaNbHbIX NPAMbIX (X = 0 1 X = 1). EMy HyXHO
6b1710 HAWTK ABE NIMHWUM, MeXAY KOTOPbIMW Haxoamnack NpoM3BO/ibHAs TOYKa C KoopanHatamu (X, y), rae x
npuHaanexana otpesky [0,1]. Kak MOXXHO 6bICTPO pelwnTb 3Ty 3ajady?
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8. [1BOWMYHbIN NOUCK paboTaeT NpMHUMNNAILHO BLICTPEE NnocneaoBaTeNlbHOro. s Noucka B MaccuBe M3 n
3/IEMEHTOB B IBOMYHOM MOMUCKE BbIMOHAETCA NPUMEPHO 10g, 77 CpaBHEHWI, @ AN NOCNEA0BATENLHOMO — B
cpeaHeM 71/2. XOTs 4acTo 3TOro BroJiHE AOCTAaTOYHO, MHOMAa NPUXOANTCS A06UBaThCS elle 6onee BbICOKOro
6bICTPOAENCTBUS. ECIN HENb3A YNyUWUTL NOrapudMUUEcKyto 3aBUCMMOCTb YMCIa CPABHEHMIA, MOXHO
nepenucaTtb Koj Tak, YTobbl OH CTan paboTaTb 6bicTpee? [N1s onpeaeneHHoCT NPeanosioXnTe, YTO BaM
HY>XHO HalTK YMCNO B OTCOPTMPOBaAHHOM Maccuee n3 n=1000 uenbix yuncen.

9. B KayecTBe ynpaxHeHWs B NPOBEPKE NporpamMM MnonpobyinTe TOYHO ONMcaTb NOBEAEHME HA BXOAE U
BbIXOAE CNefyoLMX NPorpaMMHbIX 6/10KOB M MOKaXWTE, YTO KOZ COOTBETCTBYET TpeboBaHuaM. MepBas

nporpaMma peanmsyeT BEKTOpHOe CrioXeHne a = b + C.
1 =0
while 1 < n
al1] = b[1] + c(1]
1= 1+1
3TOT M cneayowue aea pparMeHTa ucnosnb3ytoT umkn while Bmecto for i = [0, n). B cneaytowiem gparmeHTe
Bbll-IMCJ'ISI?'LIJ'(JIFI MaKCMMasibHOe 3Ha4YeHne B MaccuBe X.
max = X
1 =1
while 1<n do
1f x{11 > max
max = x[1]
1= 1+1
A 3Ta nporpaMMa nocneaoBaTenbHOro NoMcka Bo3BpaLlaeT nepeoe BxoxaeHue t 8 maccus X[0. .n-1].
v =0
while 1<n && x[1] '= t
3 1+1
1f 1 >=n
p -1
else
p

3Ta nNporpaMma BbIYUCNSET N-10 CTEMNEHb YMACNA X 3@ BPEMS], NPONOpLMOHanbHoe norapudmy n. Takyto
PEKYPCUBHYIO MPOrpaMMy JIErKo 3aKOAMPOBaTh U NPOBEPUTL; UTEPATUBHAA BEPCUSA [OCTAaTOYHO C/IOXKHA U

npeaocTaBndeTcd YMTaTento B Ka4eCTBe AONOMHUTENIbHOIO 3aJaHnA.
function exp(x n)
pre n >= 0
post result = x*n
1fn=20
return 1
else 1f even(n)
return square(exp(x n/2))
else
return x*exp(x n-1)

10. Jo6aBbTe OWMEKN B hYHKLIMIO ABOMYHOIO MOMCKA U NOCMOTPUTE, CMOXKETE JIN Bbl UX OBHAPYXUTb C
MOMOLLbIO METOAA NPOBEPKU M B YEM OHM ByayT NPOABNATLCA.

nwow

1
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11. HanuwmTe 1 AoKaXXMTe NPaBUIbHOCTb PEKYPCUBHOW (PYHKLMM ABOMYHOrO noucka Ha sisbike C mnm C++,
npuyeM yHKUMS AO/HKHA COOTBETCTBOBATb CEAYIOLEeN AeKnapaumm:

int Dbinarysearch(DataType x[], int n)

Mcrnonb3yiTe TONbKO 0fHY 3Ty (YHKLMIO N HE Bbi3blBalTE HUKAKMX APYrUX.

4.7. lononHuTenbHaa nutepaTtypa

«Hayka nporpammupoBaHus» [3suaa Mpuca (David Gries, Science of Programming, Springer-Verlag, 1987)
SIBNSIETCS NPEBOCXOAHbIM BBeAeHNeM B 06nacTb MeToamk Bepudmkaumm nporpamm. HaumMHaeTcs oHa ¢ Kypca
NOrMKKM, 3aTEM paccMaTpuBaEeT BepudmKaumio U pa3paboTKy nporpaMM ¢ (opManbHON TOYKN 3PEHUS U,
HaKOHeL, NepexoauT K 06Cy>XAEHNI0 MPOrpaMMMPOBaHMS Ha KOHKPETHbIX S3blkax. B 3ToM rnaee s nonbiTancs
HabpocaTb NOTeHUMaNbHbIE MPeMMYLLECTBA METOAA BepUdMKaLMK NPOrpaMM; eANHCTBEHHbIN Cnocob ans
nporpaMMmncTa HayunTbcs 3PEKTUBHO NOJIb30BATLCA 3TUMU METOANKAMUN — M3YUNUTb UX MO KHUre Hanoaobue
YKa3aHHOW.



