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ANropuTmbl U CTPYKTYpPbI AaHHbIX (1/2)

mYactb | TeopeTmnyeckme ocHOBbl MHOOPMATUKMU
- CDOpMaI'Il/BaLI,MFI NMOHATUNA a/ITOPUTM
" MawwHa TblOpUHra
= Anropndmbl MapKoBa

mYactb [l  CTpyKTYypbl AaHHbIX
" O ananektax Cu
® CocTaBHble TUMNbl AQHHbIX
" AGCTPAKTHbIE TUMbl AAHHbIX



ANropuTMbl U CTPYKTYpPbI AaHHbIX (2/2)

mYactb lll OcHoBbI TeOPUU aNrOPUTMOB
" AHann3 spPeKTUBHOCTM AaNTOPUTMOB
" Pekypcua

mYactb IV OcHoBHble (6a30Bble) anropuTmbl
" 334341 COPTUPOBKU
" 330a4M NOUCKA
" [MonckK Ha rpadax



Jlntepartypa ?

ISBN: TbicayY Tbicay

978-5-8459- ctpaHuy pybneu

A3bIK nporpammunposaHua C. 0986-2 1,0 3,0
Jlekumn n ynpa*XKHeHuA
A3bIK nporpammmnpoBaHmna C++. 2048-5 1,2 3,0
JleKummn n ynpaxXKHeHuA
[lporpammuposaHue. NpuHUMNbI K 1949-6 1,3 2,9
NPaKTUKa C ucnonbsosaHnem C++
A3bIK nporpammmnpoBaHuna C++. 1839-0 1,1 2,2
ba3oBbin KypcC
ANropuTMmbil. 2016-4 1,3 3,8

[locTpoeHne n aHanms3
Anroputmbl Ha C++ 2070-6 1,1 2,9



https://www.ozon.ru/context/detail/id/19421023/
https://www.ozon.ru/context/detail/id/31924225/
https://www.ozon.ru/context/detail/id/33852757/
https://www.ozon.ru/context/detail/id/26348781/
https://www.ozon.ru/context/detail/id/33769775/
https://www.ozon.ru/context/detail/id/31924296/

[lpepycnosue — ymeHuma...

dJITOPUTMNYECKUN MbIC/TUTD

Mo Ho nposepuTb ¢ nomoubto http://lightbot.com

dopmasibHO U3naraTb peLleHme 3aa4u

MoxHo nposepuTb ¢ nomoubto https://drakon-editor.com

CaMoCTOATEeNbHO Mn3ydatb All

MoxHo nposepuTb ¢ nomoubto http://cs.mipt.ru/c_intro



https://drakon-editor.com/
http://cs.mipt.ru/c_intro

U3 Bukuneaum (1/2)

m MMporpammunposaHue
" npouecc co34aHNA KOMMbKTEPHbIX NpPOorpamm

= KomnbloTepHaa nporpamma

1.

KOM6VIHaLI,VIH KOMMNbKOTEPHDbIX MHCTPYKLUMM N AQHHbIX,
MNO3BOJIAKOLWAA AlNNdpPaTHOMY obecnevyeHuUo BbIYNCANUTENBHOWU

CUcTtembl BbIMNOJZIHATb BblHNC/1EHNA UNITN (I)yHKLI,VlVI ynpasaeHuMA

(ctanpapT ISO/IEC/IEEE 24765:2010)4!;

CUMHTaKCMYeCcKan eiMHMLA, KOTopaa COOTBETCTBYET Npasuiam
onpeaenéHHOro A3blka NPOrpaMMmUpPOBaHUA, COCTOALLLAA N3
onpeneneHnii n onepaTopos AN UHCTPYKLMN, HEOBXOAMMbIX
Ana onpenenéHHon GyHKUMM, 334a4n UNK peLleHuns npobaemsi
(ctanpapT ISO/IEC 2382-1:1993)12,



https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/IEC
https://ru.wikipedia.org/wiki/IEEE
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%82%D0%B0%D0%BA%D1%81%D0%B8%D1%81_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0

U3 BuKkuneaumn (2/2)

m Mporpamma (oT rpey. mpo — npea, rpey. ypappa — 3anmcb)
TEPMWH, B NepeBoJe O3HaYaoLWmii «npeanmcaHme», To ecTb NpeaBapuTesibHoe

onucaHme npeacToAawmx cobbiTun nnm aenctenin. [laHHoe noHATME
HenocpeAcTBEHHO CBA3AHO C MOHATUEM aJrTOPUTM. ...

m Anroputm

Ha6op NHCTPYKLIMN, OMUCbIBAaOWKNX MOPAAOK AEVICTBMI\& ncnoaHmnTena anAa
AOCTNXKEHNA HEKOTOPOIO pe3y/ibTaTa. <...> He3aBucumeole UHCTPYKLUUN MOTYT
BbIMO/THATLCA B MPOMN3BOJIbHOM NopAAKe, napaane/ibHO, eC/iIn 3TO NO3BOJTAKOT
ncnosblyemblie MCNONHUTENN

m MHcTpyKumua nnuv onepartop (aHrn. statement)

HaMMeHbLUAA aBTOHOMHAA YacCTb A3blKa NPOrPaMMMPOBAHMA; KOMaHAA UK
Habop KomaHa. MNporpamma obblvHO NpeacTaBnaeT cobon nocaesoBaTe/IbHOCTb
NHCTPYKLMMA.



https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%81%D1%82%D0%B0%D0%B2%D0%BD%D0%BE%D0%B9_%D0%BE%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80

[ToHATUA NporpammupoBaHUA

[Tporpamma
® o onpeaenéHHbIN Habop
nporpamMmmucT MPEANNCaRIN
I [1aHHbIe
HeonpeaenéHHbIN Habop
Mporpamma MHGOopMaL K
= [lpouecc
- OXupgaemblt Habop cobbiTnin
[Mporpammupyemad Moouece Pecprbl
AanHbie > (mc%ffmznb) m  Bpema paboTbl
- = [lporpammwmcra
jh = Cucrtembl
Pescd m  JHeprua

m [lpocTpaHCTBO



U3 onpepenenunin FOCT 33707 (1/3)
m [lporpamma

" JlaHHble, NpeaHa3HAYEeHHbIE A/15 YNPaB/IEHUA
KOHKPETHbIMMU KOMMNOHEHTaMMN CUCTEMDbI
06paboTKM MHGopMmaLUnm B Lenax peanmsaumnm
onpeaeneHHoro aJiropuTMma.

m A3blK NnporpaMmmmnpoBaHUA

"  JICKYCCTBEHHbIN A3bIK ANS U310XKEHUA TEKCTOB
nporpamm


http://www.internet-law.ru/gosts/gost/63428/

U3 onpepenenunin FOCT 33707 (2/3)

B ANroputm

= 2015: KoHe4HOe ynopAaao4YeHHOEe MHOXKeCTBO

TOYHO onpeaeneHHbIX NPaBUa ANA peLleHus
KOHKPEeTHOM 3343a4u

= 1984: KoHe4HbI Habop NpeanncaHunn,

onpeaensroLlmi peeHmne 3agadum nocpeacTsom
KOHEYHOro KOJIMYecTBa onepaumm

B ANTOPUTMUYECKUN A3bIK

" UCKyYCCTBEHHbIN A3bIK, NPeAHA3Ha4YeHHbIN ANA
BbIpa*XeHNA aArOpUTMOB

10


http://www.internet-law.ru/gosts/gost/63428/

U3 onpepenenunis TOCT 33707 (3/3)

m A3bIK cneundmnKkaumm

1.

A3bIK NPMKNAAHOro XapaKkTepa, KOTOPbIH,

YaCTO ABNAACb OPUEHTUPOBAHHbIM Ha
KOMMNbOTEPDbI CUHTE3OM €CTEeCTBEHHOIO A3blka U
MCKYCCTBEHHOTIO A3blKa,

MCNOb3YIOTCA ANA BblparkeHna TpeboBaHUM K
cucTeme UM KOMMOHEHTE,

AN ONMUCAaHUA UX KOHCTPYKLUMH,
a MHOTAA N NPOTOKO/1I0B NPOBEPKMN,
ANA NPOEKTUPOBAHUSA, UCCNEeA0BAHNSA U

NOKYMEHTMPOBAHUA YKAa3aHHbIX XapPaKTEPUCTUK.

11


http://www.internet-law.ru/gosts/gost/63428/

[Okono]komnbloTepHble ABNEeHUsA

m Mopaenb —ynpouweHHoe
npeacTaB/ieHne 3aKOHOB
noBeAeHmA Yactem u
OTHOLIEHWN CUCTEMDI

m A3blK moaenu - 3HakoBad
noacucrema pukcauuu,
nepepaboTkn n nepeaaumn
MHPOpPMaLUM

@ MawwuHa — moaenbHbIN
MCNONHUTENb, KOTOPOMY
HanpaBaeHbl
npeAannucaHma Ha A3biKe
moaenu

(I PbIHKU )
m [loTpebutenu
CRENEDRY

\_ i J

m AITOPUTMbI
m [lporpammel

m Cuctema/AnnapaTtypa
m LiIndpoBsble cxembl
m AHa/10roBble cXembl

- ~N
m Pnsnyeckme asneHmAa B

_[He]nnHenHbIX CTpyKTypax |

12



HeKoTopblie [0OKON0]KOMMNbIOTEPHbIE A3bIKK

r

CISENERTY

m ANropuUTmbl

m [Iporpammol

m APXUTEKTYpPa «CUCTEMbI»
m ApXUTeKTypa annapaTypbl
m Bb/10KM apxXmnTeKTypbI

m Llnpposble cxembl

m AHaNoOroBble CXxembl

m Pusnyeckmne ABNeHUA B
[HE]NMHENHbIX CTPYKTYpPax

m A3bIkKn cneumndmKaumnm

B A3bIKM NPOEKTUPOBAHUA

m Anroputmuyeckme A3bIKK

m A3bIKM NporpamMmmmnpoBaHUuA

m A3blkM 0b6palleHU K «cucteme»
m A3blKM KOMaHA annapaTtypbl

B A3bIKMW MUKPOKOMaHA

m A3bIKM UMD POBLIX CXEM

m f3bIKM aHA/IOTOBbIX CXeMm

m A3bIKKM PU3NYECKUX Mmoaenen




ANropuTM MHTYUTUBHO

Monck HO/Ml(a,b), roe a,b>0,a<b
"Nepebop: 1 —-noaxoaut, 2-2,3-,..a-?
" ANropuTm IBKNANAA

1. Pazpenntb nepBoe Ha BTOPOE U NONYYUTb
OCTaTOK

2. Ecnn oCcTaToK paBeH HyAto, TO BTOpPOe —
pe3yabTaT

3. NlHaye: 3amMeHUTb NepBoe Ha BTOPOE,
BTOpPOE — Ha OCTAaTOK U NepenTn K wary 1

14



CBoncrTsa anropmtma

JNCKPETHOCTb AAHHbIX N AEUCTBUMN HA, HUMU

[1OHATHOCTb: AOCTYMNMHOCTb N OAHO3HAYHOCTb NMpPaBwUi

KOHEeYHOCTb: peweHune 3aadayvin 3a KoHe4vHOoe YNC/10 WaroB

OnpeneneHHOCTb: BOCNPOU3BOAMMOCTbL pe3y/ibTaTa

MaccoBoOCTb: NMPMNMMEHNMOCTDb K Pa3/IM4HbIM AdHHbIM

15



Anroputm ¢opmanbHoO:
OTCTYynN/eHne K GyHKUnu

NcxoaHble
AAHHble

PesyAbTaThbl

16



Anroputm ¢popmasibHO:

O O U1 & W N B

oTCTyn/eHue K mHoXectBam (1/2)

. INeMeHT MHOXecCTBa a

. MHOXecTBO A

. DNeMeHT NPUHAANEXKNT MHOXKECTBY acA
. He npuHaanexur agA

. A={a,b,c}

.0

. MoamHoectBo AcB<VacsA:aeB
.A=B <& AcCcBuBCA

17



Anroputm ¢popma’sibHO:
oTCTyn/eHue K mHoXectBam (1/2)

9. O6begnHeHune AUB
10.Mepeceyenune ANB = {acA:aeB}
11.Pa3HoCTb A\ B={acA:a¢B}

12.[lekapToBo (NnpaAamoe) nponsseaeHne A xB
A={0,1}, B={a,b,c}, Ax B ={0a, Ob, Oc, 1a, 1b, 1c}
A XA, XAz X ... XA,
A=, Al=A, A’=A x A,
A”=éxAxAx...xé

N
N

18



Anroputm dopmanbHoO:
dYHKUMA popmanbHO

m MHoecTBo F ecTb dyHKUMA U3 MHOXKecTBa A B B Toraa 1 TonbKo
TOrAa, Koraa BEPHO crieayloLlee.

1. Fc AxB,
2. ecnu ...
aeA,
b,ceB
abeF,
aceF,

HowonNpoe

... To b=c.




Anroputm GopmMasibHO: UTOr

'A={a1,a2,...,ap} - andaBuUT
EA*=AVOUATUA? U ...UA"—

MHOeCTBO BCEeX C/N0B,

cocToAWMX He bonee yem M3 N CUMBO/IOB.

mE: A* 5 A*

20



Hopb6epT BuHep

AHppeun Mapkos

21



[Mporpamma

Peannsauua dJIFTPUTMaA Ha A3blKeE

NnpPorpaMmmMmmMpoBaHnA, onpeaenstoLem...

1

2
3.
A

. [Jlencreusa - onepaumm n onepatopbl

. [lJaHHbIe - TUNbI U 3K3emnaApb.LI
KOHCTPYKLMIO CNOXHbIX AaHHbIX U AENCTBUMN
B3anmoaencremne co cpeaon

22



MacwTtabbl cobbITUM BaLlen Nporpammbli

m Baw ucnonHurtenb

Apgpo
npoueccopa
[NamaTb VBB
CoeagnHuTenb

m Baw npouecc

=  BbinosHeHue onepauumn

" N3meHeHue coCToAHUA

m [lpyrue npoueccol

KpynHee:
" (Cpepa pa3paboTku
=  PepaKtnpoBaHue
=  TpaHchauma

CBA3blBaHMe

" (Cpepa ncnosiHeHuA
=  3arpyskKa
= BblaeneHune pecypcos

=  HopmupoBaHue paboTbl u
pearmpoBaHWe Ha 3anpochl

= OcBobOXKAEHME pPeCYpCcoB

Menbye — 33 paMKamm cemecTpa

23



Co3paHue nporpammbl

PepaktupoBaHue

U TekcT nporpammbl

TpaHcnauus

U O6beKTHbIN KOA,

KoMnoHoOBKa

U 3arpysouHbiit Kog,

3arpy3ka

U UcnonHaembin Koa,

BbinonHeHue, oTnagka

U Pesynbrar

24



Co3paaHue nporpammbl BMmecTe

PepaktupoBaHue

U TeKcT nporpammbl < Bawn U3MEHEHUA BPYYHYIO

TpaHcnauus

U O6beKTHbIN Kog < bMbAMOTEUYHbIN NCXOAHbIN TEKCT

KomMmnoHoBKa

U 3arpy3ouHbiit Koz, < bnbanoTeyHbIM MalMHHbBIN KOA,
3arpy3kKa

U UcnonHaemblt Kopg, < PeweHunAa cpeabl NCNONHEHUA

BbinonHeHue, oTnaaka

U Pesynbrar & BHewHMe gaHHble, Koabl, cObbITUA

25



Co3aaHue nporpammbl B OKpY*XeHUuu

d MpeanucaHna pepakTopy

PepakTupoBaHue

U TekcT nporpaMmbi < Bawm UameHeHnA BPy4UHYIo
TpaHcnAuus = [pegnucaHnAa TpaHCNALUMK

U O6beKTHbIN Koz < bnbanoTeyHbIN UCXOAHBIN TEKCT
KoMnoHoOBKa = [MpegnucaHnUAa KOMMNOHOBKM

U 3arpysouHbliit Koa < bnbanoTeUYHbIM MALLMHHBIN KOA,
3arpy3ka = [pegnucaHna 3arpysKu

U UcnonHaembit Koa, < PeweHnAa cpenbl UCNONHEHUA

BbinonHeHue, otnagaka ™ lpeanncaHna MCNOAHEHUA

U Pesynbrar &< BHelwHMe gaHHble, Koabl, CObbITUA

26



(Camo)obman

m Y10 ecTb (camo)obmaH ?
" BpaTb YyrKOW KOA: Konupys, nepeHabupan, noarnagbiBan, npuHMman Gannoi
u HEDECKa3bIBaTbZ YCTHOE onncaHne Koga oagHMM 4ea0BEKOM APYyromy
" HaTtackuBaHue: nomolLlb Apyry B nOCTPOYHOM HalNMCaHUN 3a,c|,aHm‘/’1
" [Townck peweHnAa B CeETHU

- KOﬂMpOBaHME KOAda npeabliaywmnx Kycos N 3K3amMeHoB

m Y1o HE ecTb (camo)obmaH?
" O6BACHATb KaK NCN0/1b30BaTb MHCTPYMEHTbI UM CUCTEMB

" MomoraTb APYITMM B BOMPOCaxX KOHCTPYKLUNUN BEPXHETO YPOBHA

27



