OCHOBDbI
AaNTOPUTMMN3ALNN



NcTopuA

HassaHne "anroputm" npousowno ot
NNATUHCKON  POPMbl  MMEHU BeAUYauliero
cpeaHea3naTcKkoro matematnka Myxammepa
mbH Myca an-Xopeamu  (Alhorithmi),
*uswero B /83—850 rr.

B cBoen KHure "O6 MHAMMCKOM cyeTe' OH
M3NOXWUA NpaBuna 3anncuU  HATypPaabHbIX
4Ynucesn ¢ NOMOLLbIO apabcKkux undp n npasmna
OEeNCTBUM HAQ HUMK "cTonbukom", 3HaKomble
Tenepb Kaxkaomy wkKonbHUKY. B Xll Beke 3Ta
KHUra 6blna nepesBedeHa Ha /aTblHb WU
nony4ynaa LWMPOKOEe pacnpocTpaHeHne B
EBpone.




ANTOPUTM

* Aaroputm — 3dpaHee 3a4aHHOEé NOHATHOE U
TOYHOE npeannmcaHne BoO3ImMOXKHOMY UCNONHUTENTO
coBepunTb onpepeneHHyro nocnenoBateNbHoOCTb

AEeNCTBUMA ONA NOJMYyYeHUA peleHuA 3aAayuum 3a
KOHEeYHOoe YUC/IO LaroB..




McnonHWUTEeNb anropmuTma

* AicnonHutenb anroputma — 3TO HeEKoTopas
abcTpakTHaa  uAM  peanbHaa  (TexHWYyecKas,
buonornyeckas wunm bUMOTEXHUYECKaA) CcUCTema,
CcrnocobHas BbINOJIHUTb NencTeunA,
npeanucbiBaemble a/ITOPUTMOM.

* McnonHUTEeNA XxapaKTepusyloT:
* cpeaa
* 3/1eMeHTapHble AEI?ICTBMH
* Cuctema KoOmaHpg,
¢® OTKa3bl



CBOWMCTBa a/ITOPUTMA

e 1eTePMUHUPOBAHHOCTb (ONpeaesIeHHOCTb) — Npu
3a4aHHbIX UCXOAHbIX AaHHbIX obecrneynBaeTca
OHO3HAYHOCTb MCKOMOFO Pe3ynbTaTa;

* AUCKPETHOCTb — BO3MOXHOCTb pa3bmneHmna airopntma
Ha OTAe/IbHble 3Tanbl, BbIMOJIHEHME KOTOPbIX HE
Bbl3blBaeT COMHEHUN.

* pe3ynbTaTUBHOCTb — Ppeasin3yemblil BbIYUCIUTENbHbIN
NPoLLecc BbINO/IHAETCA 38 KOHEYHOE YMCNO0 3TaMNoB C
BblAa4yei OCMbIC/IEHHOrO pe3y/bTaTa;

* MacCOBOCTb — MPUTOAHOCTb ANA 33434 AAHHOMo TUNa
NPU UCXOAHbIX AaHHbIX, NPUHAAEeXKaLWMX 3aJaHHOMY
NOAMHOMECTBY;



Tvnbl aNTOPUTMOB

* - ANTOPUTMbI IMHENHOWN CTPYKTYPbI;
* - A/ITOPUTMbI PA3BETBNEHHOWU CTPYKTYPb;

* - A/ITOPUTMbI LUKINYECKOMN CTPYKTYPDI.

* ANTOPUTMbI PELLEHNA NPAKTUYECKNX 33434 0ObIYHO
MMEIT KOMOUHMPOBAHHYIO CTPYKTYPY, TO €CTb
BKAOYALOT B cebs Bce TpM TUNa



DOPMbI 3aMnCK

CNOBECHbIN ( 3anNnCK Ha eCTeCTBEHHOM A3blKe);

CTPYKTYPHO-CTUIN30BaHHbIN (3anmncK Ha
a/ITOPUTMUYECKOM fI3bIKE U NMCeBAOKOA);

rpadpuyeckmnin ( usobpaxkeHue cxem u rpadpuyeckmnx
CMMBOJ10B);

NPOrpammHbIN (TEKCTbI Ha A3bIKaXx
nporpammmupoBaHus).



CnoBecHaa popma

e ChoBecHbIM cnocob6 onucaHmAa anroputma npeacrtaBaser cobowu
OonucaHWe nocnenoBaTesibHbIX MPOHYMEPOBAHHbIX 3TanoB 06pPaboTKM
NAHHbIX U 334aeTca B MPOM3BO/IbHOM W3/I0KEHUM HA €CTECTBEHHOM

A3blKe.

* JloCTOMHCTBA:
* [lpocToTa

* HepocTtaTku
* MHOrocnoBHOCTb
e OrTcyTCcTBUE CTPpOron popmanmsaunm
* HeOp,HOSHa‘-IHOCTb



[Tpmepbl

ANropmTtm cnoxkeHusa asyx ymcen (a n b)

1.

2.
3.
4

Cnpocutb, 4yemy paBHO YUC/O a.
CnpocuTtb, Yemy paBHO 4ncno b.
Cnoxutb a n b, pesynbtaT NpUCBOUTbL C.
CoobWwmnTb pesynbrar C.



[Tpnmep

[Tox HedhopMAUZ0EAHHBIM AA20PUIMMOM DYIeM IIOHHMATE AJITOPHTM,
H3JI03KeHHBIH B BH/Ie HaOopa MeHCTBHH, OMHCAHHBIX Ha PYCCKOM SA3BIKE.

3apava: 1. OTEpbITL CNPaBoYHUE TEPMHHOB

Monoxum, Bel npuwnun & bnbnuotery m Bam 2, BuiBpaTh KHUTY W3 peecTpa

HYHO HANTH NMTEpaTYPY NO IKOHOMWUYECHON

TeOpPUWH. Bbl paccyMTbIBAETE NOAYUMTE 3. Pa306paTh Ha2BaHME KHUTH
HeoBXOOMMYH NMTERATYPY, NOAbIYACH

PEECTPOM KHUM BMBAMOTEKM M NOMOLLBKD 4. ECM Ha3BaHWe HeW3BECTHO, 0BPaTMTLCA K
BuBnnoTekapA. TpebyeTcA ONKMCATE aNTOPUTM. bubnuoterapio

5. ECiM H3ZBaHWE HEW3BECTHO, MPONYCTUTL KHMIY

6. ECNK KHWIa CBAZaHa C TEMOW, 3aHECTH 2E B CMIMCOK
nUTepaTypbl

7. ECNW NpOCMOTPEHDI HE BCE KHWIM, BEPHYTBCA K MYyHKTY
2

8. MonpocKTb Yy BUbnuoTekapA BoIDPaHHbIE KHWUIW




[Tpnmep

3apaya: 3anucatb aAropuTM HaxoXaeHua Haubonbluero obuiero
nenntensa (HO/M) aByx HaTypanbHbIX yncen (anropnutm IABKAMAA).

ANropmnTM MOKET ObITb CIeAYIOWLMM:
1. 3a4aTb ABa 4YMUCN3;

2. ecnu uucna pasHbl, TO B3ATb Nt0H60e N3 HUX B KauecTse OoTBeTa U
OCTaHOBUTbLCA, B MPOTUBHOM Cay4Yae NPoAo/I}KUTb BbIMOAHEHUE
aIfOPUTMa;

3. onpeaenuTtb bonbluee U3 Yyucen;

4. 3amMeHnTb bonbluee M3 Yymcen PasHoCTbio 6onblLEero u
MEHbLLEro n3 yncen;

5. NMNOBTOPUTb a/ITOPUTM C LLAlra 2.



[lceBaoKOA

* CTPYKTYPHO-CTUIM30BAHHbIN cnocob onncaHua afroputma OCHOBAH Ha
3anucn  anroputmoB B GOPMasM30BaHHOM  MpeacTaBAeHUM
npeanucaHuin, 3aJaBaemblX MyTeM MCMNO/b30BaHUA OrpaHUYEHHOro
Habopa TUNOBbLIX CUHTAKCUMYECKUX KOHCTPYKLMMN, Ha3blBaEMbIX 4acTo
ncesAoKoAamMm.

* MceBAoKoa npeactaBnaet cobom cuctemy ob603HaAYEHUM U NPaBU,
npeaHa3Ha4YeHHyYo ANa eaAMHO0bpPa3HOM 3aNnUCK aNrTOPUTMOB.

* JlIOCTOMHCTBA

* BAM30CTb K A3bIKaM NPOrpPaMMUPOBAHUA

* HepocTtaTku

* CNOXXHOCTb OCBOEHMA



OCHOBHble CNy*KebHble C/10Ba
anr (anroputm) CUM (CMMBONbHBbIN) [AHO ana ha
apr (aprymeHT) NNT (MNTEepHbIN) Haao oT HeT
pes (pe3ynbTar) nor (nornyeckun) ecnum [o npwu
Hay (Ha4ano) Tab(Tabnumua) TO 3Hay BblOOP
KOH (KoHeLl,) HU, (Ha4ano umkna) MHaye n BBO/,
uen (uenbiin) KU (KoHewl, umMKna) BCe nnn BbIBO,
Bell, (BeLLecTBEHHbIN) ANWVH (annHa) nokKa He yTB




ObWwmm BNA anropmuTma

AND HAaSBAHME allopMTMa (AapTYMeHTH M pe3yNIbBTATH)
DaHO YCIOBMA IPMMEHMMOCTHM alTopMTMAa
Hago LIk BHIIOJMHEHMA alropuTMa

HaY OIMCaHMe NPOMeXYyTOUYHREX BelIMUMH

| MOCIeOOBATENIEHOCTE KOMAHIO (Telo alropMTMa)
KOH

[IpuMepsl IpEeNIOKEHUN AJIT'

* aiar O0beM u mIomaas unuHApa ( apr Bem R, H, pe3 Bem V, S)

« aar Kopau KBYp (apr Bem a, b, ¢, pe3 Bemr X1, X2, pe3 aur t)

* aJar Hckmouuts snemeHT ( apr mea N, apr pe3 Bem tad A[1:N] )

* aar /Ilnaronans ( apr mea N, apr mesa taé A[1:N, 1:N], pe3 aurt Otvet)



[padunyecknin cnocob

* Mpadunueckun cnocob onucaHuA anropuTma npeanonaraet, Yto ANS
OMNUCAHUA  CTPYKTYpPbl  aAroputmMa  WUCNO/JIb3yeTCA  COBOKYMHOCTb
rpadunyecknx unsobparkeHnn (6n10KoB), coeaUHAEMbIX JUHUAMMU
nepegavm ynpassieHunAa. Takoe un30bparkeHne Has3biBaeTcss Memooom
6510K-cxem.

* baok-cxema anroputma — 3T0 rpaduyeckoe npeacTaBAeHUE XOAa
pelleHns 3aauun.



baounvie cumeonnvt (610xu).

Hazeanue 6n1oka Buo 010Kka u npumep 3anonHeHuUs Ymo ooo3nauaem
|
IIpouecc y:x/ 2 Boiuuchumenwvnoe oeiicmeue
|
Penrenue %a @ e Ilpoeepka ycnosuii
MOI[I/I(l)I/IKaIII/IH |:1, 50, 2\ Hauano uyuxkna
|
|
BBoa/BLIBOI / a,b,c / B600/6b1600 6 00uem euoe
|
HyCK/ OCTaAHOB ( Hauauo ) Hauano, koneuy anzopumma

JlokyMeHT

Ileuarn

Buv1600 pe3ynomamoe na neuamo



ba3oBble anropUTMMYECKMe CTPYKTYPbI

. j1a HeT >
Jledicraue | 1 @ ¢ @ HeT

A4

eiictame 2 Jleicrame | Jleitcrane 2 JleiicTaue
L T | Aty
| | )
a 6 2

* crredosaHue - 0603HavyaeT nocaefoBaTe/IbHOE BbINOJHEHUNE

* gemesieHUe - COOTBETCTBYeT BblbOpy OAHOro W3 ABYX BapUaHTOB
NencTeunit

* YUKA-MoKa - onpegenser nNOBTOPeHWE JAeNCTBUIA, NOKa He byaer
HapyLlleHO YC/A0BMe, BbINOJNHEHME KOTOPOro nposBepseTcs B Hayane
I E



[Toumep TIMHENHOIO a/ITOPUTMA

AJ'II‘OpI/ITM BbIUHMCJIEHUA SHAYECHUA

BhIpazkeHua K=3b+6a o
| HHH.&IHD)
_ e
EBeog mox. ganHer:, b, 3 / EBOA 3,
. Y
Boiqvcnedwe F ;= 3%h R=7h
EbrucneHure M = B3 ¥
M= B a
Eoiducnenue kK= H+h il
Ko= R+M
BolHucneHne K=3"h+E6%3 I '
7
Brigog pesyneTaTta: K /BhIEDﬂ K /




[Toumep TIMHENHOIO a/ITOPUTMA

(_— Ha4ano 7]
* /13BeCTHbI NN1OTHOCTb U TEOMETPUYECKUE
Pasmepbl LUMHAPUYECKOTO CNTKa, / R b /
NOJIY4EHHOro B META/INYPru4eCcKom
nabopatopun. Hantm obvem, maccy um v
NAoWaab OCHOBAaHUA CAUTKA. 572rR
* BXoOHble 0aHHbIe: R - paanyc U=.}R2h
OCHOBaHUA UMAMHAPA, h - BbicoTa 1
UMANHAPA, P- NJIOTHOCTb MaTepmMana I
C/INTKA. 1
BbixOOHble OaHHbIe: m - Macca CANTKA, / Y /

V - 06bem, S - nnowaab OCHOBAHMUA.




BeTBneHmne



BeTBneHume

* Ycnosue — n1ornyeckoe
BbICKa3blBaHUe

* [lpumep ycnoBun: A==5,
cost <100

* BHUMaHuUe: BeTBU MOXHO
NOMEHATb MeCTaMM, ecnu

U3IMEHUNTDb YC/10BUE HA
NPOTUBOMOJZIOXKHOE

* [TonHble n HenonHble BeTBU

Yenosue
MCTUHHO NoxHo

:

Mpouecc

l

Mpouecc




[loNHble M HenoJiHble BeTBU

-

dehctene 1

Yenopwe
BENONHASTCA?

l

HehcTene 2

Yonoewe
BRINANHAETCA?

+
v

defctane

l




[TpuMep: pelleHmne KBaapaTHOro ypaBHEHMS

D=B"2+4*A*C

Ada HET

F D<0
Aa HET
/ Kopre#t / @

HET

X=-B/(2*A) X 1=(-B+sqr(D))/(2*A)
X2=(-B-sqr(D))/(2*A)

/ Boison X / / BriBoa X1,X2 /
1 |
< T

[ KOHCL ]




LInKnbl



Tunbl ULMKNOB

e CyemHsble YUKnbl (UKLl ¢ 300aHHbIM KO/UYeCmeom
noemopeHuli) — 3To LUKANYecKkmne npoLecchbl, ANs
KOTOPbIX KO/INYECTBO NOBTOPEHUN U3BECTHO.

* UmepayuoHHbIe YUKsbl —3MO UNKINYECKME NPOLECCHI,
3aBepLlatoLLmeca no JOCTUXEHUN UM HAPYLLUEHUN
HEKOTOPbIX YCNOBUMN.

* [loucKosbie YUKsbl — 3TO LMKANYECKME NpOoLLecchl, U3
KOTOPbIX BO3MOHbI Ba BapMaHTa BbIxoaa:

¢ BbIXOA MO 3aBeplweHnIo npouecca,

e NOCPOYHbIN BbIXOA NO KaKOMY-1MOO AONONHUTENBHOMY
YC/I0BMIO.



LIk c npeaycnosmem

( Hayano )

™,

d Yconoewe

NPoOomKeHa

YCNOBUE —F
Mpouecc

' )

+ Ycnoswe

BblXO04 y

.
TENO UAKIA ¢
Y
( Korey )
Amvepurxancxar Homayua Cosemcraa nomayua

Baunmanwne! Teno MUKJIa MOKXCT HC BBIIIOJIHATLCA, B IIPUHIIHUIIC



LnKkn ¢ nocTycnosmem

TENO UMKNA Yonoeme ),

npoaomKeHa

:

Mpouecc

¢

Yenoswe

\ BbIXOOd y

I :
¢ ()

AHEPMF{{IHCKIIH HOmMayuAa Cosemeran HOMAYUA

BHumaHume! Teno umkna BbINOAHUTCA MUHUMYM 1 pa3



3aaa4a: Yragam 4mcno

* KomnbloTep 3aragbisaet yncno ot 0 go 10.

* [lonb3oBaTeNb yraabiBaeT YNCJ0 U BBOAUT €rO.
Ecnv BBeAeHHOE YMC/1I0 MEHbLUE nam bonblue
3arajaHHOro, To KOMNbOTEP BbIBOAUT “3aragaHHoe
ymncno bonblie”, “3aragaHHoOe YNcno meHblue”
COOTBETCTBEHHO. YragblBaHME NPONUCXOAUT A0 Tex

Nop, MNOKa NOJ1Ib30BaTE/Ib TOHYHO He yraaaeT YNCoO.

e Kakoun TMn unKnaa ncnonb3oBaTtb? Ecam B 3aaave,
nonb3oBaTenb XoTA 6bl 1 pa3 (06A3aTenbHO)
NOMIXKEH BBECTU YNCNO



HedopmannsoBaHHOE onucaHme

1. KomnbloTep 3aragblBaeT ymncso A
[Monb3oBaTenb BBOAUT YMcno B (monbiTKa yragaTb 4nMcno)

3. Ecau 3arapaHHoe yncno A 6bonblue yncna B, To BbiIBOAUM
“bOJ1bLLE”

4. Ecnn 3aragaHHoe 4Yncno A meHsblue Yynucna B, To BbiBOAUM
“MEHbBLLUE"

Ecnn uncno He yragaHo, To nepexoaum K n 2.
6. Ecauuucno yragaHo, To Bbioaum “Bbl YTAOATN YNC/TO”



@

Havano

K.3aragoisaer A MyHKT 1
of . |
1
v
/ Beoa B / MyHKT 2
A>B oA
HET / BO/bLUE [ NyHkT 3
m HET
MEHbLUE
A [ J MyHKT 4
DA v
1 HET
/[ YrApAM |/ MyHKT 6




LKA 1 M3BECTHbLIM YMC/IOM
MOBTOPEHUNN

e T Hagameyo e sHadeHHe
[THETA | CUETUHEA

= in, ik,di 1=7K L

Komednoe | Llar Himenema

SHAYEHHE CHETHIEA

TENGD LMKNA LT




3a4a4a: BblYMCIUTb GaKTOpMan

Ii- Hauano -:l
BxoOHble 0aHHbie: N-uenoe yncno, paktopman
KOTOPOro Heob6xoaAnMMO BbIYUCINTD. S 7
i

BbixoOHble 0aHHble: factorial- 3HaueHue factorial==|

dakTopmana umcna N, npomssegerHme ynucen ot 1 go

N, uenoe umncno.
tactorial =tactorial *1

[MpomexcymouHble OaHHsbIE: i- LENOYNC/IEHHAA
nepemeHHas, NpMHMMarLaa 3HadyeHnAa ot 2 oo N ¢
larom 1, napameTp UnKAa.

¥

‘,f'J factorial {;"
v

f.: K.omel :]




LInKAN C N3BECTHLIM YMC/IOM

MOBTOPEHNN (BaPUAHT 2)

l

I=in

o>

+

v

TENG LIMENA

v

mitdi |

BHUMaHMe: nepemeHHyHo i
Ha3bIBAOT NAapameTpom
LMKANQ, TaK KaK 3TO
nepemeHHasn, KoTopas
N3MEHAETCA BHYTPU LMKAA
no onpeaeneHHOMY 3aKOHY
N BAUAET Ha ero
OKOHYaHue.



BnoXeHHble LNK/bI

‘ Ha4ano




[Tomep KOMOUHUPOBAHHOTO
ANTOPUTMA

* Heobxoammo onpeaenntb HanbonbLni 06LLNI
AenunTtenb ABYX HaTypa/ibHbIX Yncen A un B.

* [1na pewieHna NocTaBlieHHOW 3a43a4M UCMO/Ib3yem
anropntm EBkNMAa, KOTOPbLIN 3aKN0HAETCA B
nocaenoBaTeIbHOM 3ameHe 6oblUero n3 Yymcen Ha
Pa3sHOCTb 60/1bIEro M MeHbLIEro, MOKa YMC/ia He CTaHyT
pPaBHbl. PaccmMoTpmm AaHHbIN aNATOPUTM Ha ABYX
npumepax.

* Mpumep (a): A=225, B=125. MprumeHAa anropmntm
EBKAnAA, nonyyaem gha An B HanbonbLLnM 06NN
nenuTenb, paBHbin 25,

* NMpumep (6): A=13, B=4. B 3TOoM c/iyuyae HanbobLIni
obLWMN gennTtenb AuB paBeH 1.



[Tpumep BCA
KOMOWHMPOBAHHOIO
aNropuTMa

A=A-B

B:=B-A




,ﬂ‘OI'IO!'IHI/ITefI bHblE€ aJ/ITOPUTMNHECKNE

CTPYKTYpPbI
Koxa
Koa | Koa 2 HHa4e
| |
Jeiicraue 1 | | Jeiicraue 2 | | Jlelicraue 3

Jledicreue |

Jlehcrene 2

Jleicreue 3

—r

J

I

* 8bl6Op - BbIOOP OAHOrO BapmaHTa U3 HECKOIbKUX B
3aBUCUMOCTM OT 3HAYEHUA HEKOTOPOWU BENNYMHDI
(puc. a, 6);




,ﬂOI’IO!’IHI/ITefI bHblE€ aJ/ITOPUTMNHECKNE
CTPYKTYpPbI

|

| JleAcTeHe
Jleiicraune
cr
HeT @ A
aa Jle#crame
g
A

* YUK/-00 - NOBTOPEHME HEKOTOPbIX AENCTBUN A0
BbIMO/IHEHMA 33a4aHHOIO YCN0BUA, NPOBEPKA KOTOPOro
OCYLLUECTB/IAETCA NOC/1€ BbIMNONHEHMNA AEUCTBUN B LUKA,;



,ﬂOI’IO!’IHMTGJ’I bHblE€ aJ/ITOPUTMNHECKNE
CTPYKTYpPbI

1=nl
i=nl.n2.h
JleicTame

Aa

Jedicrane

I ,

i=ith

—

=

* YUK/ C 3000HHbIM YUC/I0M Mo8mopeHul (cyemHsuili
UUKs1) — NOBTOPEHUE HEKOTOPbIX AENCTBUM
YKa3aHHOe Yncao pas;




KOHTPO/IbHblE BOMPOCHI

[aiTe onpegeneHmne anropnuTma.

[epeyncnnte oCHOBHbIE CBOICTBA a/IFOPUTMOB U PACKPOMTE UX
CYLLHOCTb.

Kak noapasaenatorca anropuTtMmbl No TUNY Peanmnsyemoro
BbIYMCAINTENBHOIO Npouecca?

Kakne cnocobbl onncaHms dJITOPNTMOB BaM N3BECTHbI?

Y10 noHnmaeTca noa rpadunyeckmum cnocobom onmcaHms
aAropuTMoB? B yem COCTOUT NPEeMMyLLEeCcTBO AaHHOro cnocoba
nepes cN0BECHbIM ONMMCaHMEM anropuTma’?

Ha3oBuTe 6a30Bble aNTOPUTMUYECKUE CTPYKTYPbI U MOACHUTE UX
Ha3HayeHue.

KakoBO Ha3sHa4yeHue A0NOAHUTENbHbIX a/IFOPUTMUYECKUX
CTPYKTYp? Kaknm obpasom oHu cBA3aHbI ¢ 6a30BbIMU
aNrOPUTMUYECKUMU CTPYKTYPaMM?



