50 anropnTtMmoB, KOTopble A0KeH
3HATb Ka*KAblM MNPOrpammmcT

OIZIIXNSWXYMh oo P

naBa 1: O630p anropnuTMOB

lnasa 2: CTPYKTYpbl AaHHbIX, NCNO/b3yeMble B aJAropuTMmax
nasa 3: AIropnTmMbl COPTUPOBKM MU NOUCKA

lnasa 4: [poeKTUpoBaHUE aNroOpUTMOB

. Thasa 5: Anroputmebl rpados

naBa 6: AMropuUTMbl MalLNMHHOTO 0by4vyeHuns 6e3 Hag3opa

. ThaBa 7: TpagMUMOHHbIE aNropUTMbl 06y4YeHMA Noa, HaA30POM

[naBa 8: ANropuUTMbl HEMPOHHbIX CETEMN

lnaBa 9: MpoaBMHYTblE anropuUTMbl yb6oKoro obyyeHuns
naBa 10: Anroputmbl 06paboTKM ecTecTBEHHOIO A3blKa
lnaBa 11: IBUXKKM peKomeHaaunm

. hasa 12: AiropuUtmbl AaHHbIX

lnasa 13: Kpuntorpadua
lnaBa 14: KpynHomacwTabHble anropmutmel



Pasgen 1: OCHOBbI U OCHOBHbIE aNrOPUTMBI

B sTom pasaene npeactaBaeHbl OCHOBHbIE acneKTbl aArOPUTMOB. Mbl
PAaCcCMOTPMM, YTO TaKOEe aNrOPUTM U Kak ero NpoeKkTnpoBaTb. Mbl Tak:ke
Y3HAaeM O CTPYKTYpax AaHHbIX, UCNOb3yeMbIX B aNroputmax. B atom
pasgene TakXKe npeacTaBaeHbl aATOPUTMbl COPTUPOBKU U NMOUCKA, a TaKKe
aNropuUTMbl ANA pelleHnna rpapuyecknx 3agad. Nnasbl, BKAOYEHHbIE B 3TOT
pasgen, cneayoume:

* Inasa 1, 0630p anzopummos

[nasa 2, CmpyKmypsi OGHHbIX, UCMO/b3yemble 8 an20pUummax
[}

[nasa 3, Anzopummel copmupos8KU U Noucka
. [nasa 4, [IpoekmuposaHue an20pummos
lnasa 5, Ancopummel epagos

3Ta KHUra oxBaTbIBaeT MHPOPMaLUIO, HeobXxoaANMYIO ANA MOHUMAHUA,
KnaccuduKaumm, Bbibopa 1 peanmsaumm BarKHbIX aAropmMtmoB. NMommnmo
00bACHEHMA UX NIOTUKWN, 3Ta KHUMA TaKKe pacCMaTpUBaEeT CTPYKTYPbI
AAHHbIX, cpeapbl pa3paboTKM N NPOU3BOACTBEHHbIE Cpeabl, NoaxoanaLLne
ANA PA3/IMYHbIX K/1aCCOB aNrOPMUTMOB. ITO BTOPOE U34aHME 3TON KHUMU. B
3TOM BbINYCKE Mbl 0COBEHHO COCPEA0TOUYN/TNC HA COBPEMEHHbIX
aroOpUTMax MalMHHOro oby4yeHnna, KOTOpble CTaHOBATCA BCE bonee
Ba*KHbIMWU. [TOMMMO NOTUKKN, NPUBOJATCA NPAKTUYECKUE NPUMEPDI
MCNONIb30BAaHMA aNTOPUTMOB ANA peleHUA peasibHbiX NOBCeAHEBHbIX
3a4a4. JTa rnasa AaéT npeacTassieHMe 0 OCHOBax anroputmos. OH
HaYMHaeTca ¢ pa3gena o 6a30BbIX KOHUENUKUAX, He0BXoAMMbIX ANS
NOHUMaHUA PabOTbl Pa3NIMYHbIX AaNTOPUTMOB. YTODObI 4aTb NCTOPUYECKYIO
NepcrneKkTUBY, 3TOT pa3aen KPaTKO ONUCLIBAET, KaK Nt04AM Havanm
MCMNONb30BaTb a/IOPUTMbI 411 MAaTEMATUYECKOTro GOPMYIUPOBAHMUSA
onpeaeneEHHOro Knacca 3agay. TakKe YyNnOMUHAKOTCA OrpaHNYeHmnA
Pa3/INYHbIX aNfTOPUTMOB. B cheaytowem pasaene 06bACHAOTCA pPa3/INUHbIe
cnocobbl 3a4aHnA N0rMKM anropmutma. Mockonbky Python ncnonbsyetca 8
3TOM KHUTe ANA HanucaHuA aAropuTMoB, 06bACHAETCSH, Kak HaCTPOUTL
cpeay ANA BbIMOJAHEHUA NPUMEPOB. 3aTemM 0OCYKAAtOTCA pPa3INYHbIe
cnocobbl KONMYECTBEHHOM OLLEHKWN U CPaBHEHUA NPOU3BOAUTENBHOCTH
anAropuTMma c gpyrumun anroputmamu. HakoHeu, B 3ToM rnaBe



paccMmaTpmBaloTCA pPa3nYHble cnocobbl NPOBEPKN KOHKPETHOM
peanusaummn anroputma. B ntore, sta rnaBa oxBaTbiBaeT cieaytolime
OCHOBHbIE MOMEHTbI:

* Yrto Takoe anropmtm?

da3bl anropnUTma

Cpepna pa3suUtuA

MeToabl NPOEKTUPOBAHUA aITOPUTMOB
« AHanus apdeKkTnBHOCTH
Banngauua anroputma

YTO TaKoe anropmtm?

Mpoue roBopa, aArOPUTM — 3T0 Habop NpaBUA ANA BbINOJHEHUS
HEKOTOPbIX BbIYNC/IEHUN C LEeNbio peleHna 3agadun. OH npegHasHaveH
ANA NoNy4YeHUA pesynbTaTtoB Ana Ntoboro 4onycTMMOro Bxoaa B
COOTBETCTBMM C TOYHO ONpeaenéHHbIMU MHCTPYKUMAMKU. ECnn nonckaTb
CNOBO «anroputm» B cnosape (Hanpumep, American Heritage), oHo
onpeaenaeTcs cneayowmm obpasom:

An20pumm — 3Mo KOHEeYHOe MHOMECMB0 0OHO3HAYHbIX
UHCMpykyul, Komopsle rnpu onpedenéHHomMm Habope Ha4YanbHbIX
yca08uli Mo2ym 8bIMosIHAMbLCA 8 3a0aHHOU nocnedosamesnbHOCMU
0718 docmuxceHusa onpedenéHHoU ueanu u umerom y3Hasaemolli Habop
KOHEeYHbIX ycrnosudl.

MpoeKkTUpoBaHME anropuTMa — 3TO MOMbITKA CO34aTb MaTEMATUUYECKUIA
peLenT MakCUManbHO 3GPEKTUBHBIM CNOCOOOM, KOTOPbIN MOXHO
MCNONb30BaTb A/ PEWEeHNA peasibHOM 3a4a4uM. DTOT peLenT MOXKeT
CNY*KUTb OCHOBOWM ANA pa3paboTKn 6Bonee MHOrOKPaTHOrO U
YHMBEPCANIbHOIO MaTEMATUYECKOTO PeLIEHNA, KOTOPOE MOXKHO
NPUMEHUTb K Bonee Wnpokomy Habopy NogobHbIX 3a4au.



da3bl anroputma

Pa3nnuHble 3Tanbl pa3paboTku, pa3BepTbiBaHMA U, HAKOHEL,
MCNONIb30BAHMA aNrOPUTMa NOKa3aHbl Ha pucyHKe 1.1:
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Algorithm -~
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Development
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Deploy
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PucyHok 1.1: PaznuyHbie amansl paspabomku, BHeOPEeHUS U UCMONb308AHUS
aszopumma

Kak BMAHO, Npouecc HaYMHAeTCcsa C NOHMMaHMA TpeboBaHMt U3
bopMyNNPOBKM 334341, B KOTOPbIX NOAPOOHO ONMUCHIBAETCS, YTO HYXKHO
caenatb. Koraa npobnema YETKO M310XKEHa, 3TO NPUBOAUT HAC K 3Tany
pa3paboTKM. ITan pa3paboTKM COCTOUT U3 ABYX 3TAMNOB:

A. ®a3a npoekTMpoBaHMA: Ha aTane NpoeKTMpOoBaHMA 3a4yMbIBatOTCA U
AOKYMEHTUPYIOTCA AeTanu apXUTEKTYPbI, NOTMKU U peannsaumnm



anroputma. MNpu paspaboTke anropnuTtMma Mbl y4nTbIBAEM U TOYHOCTD,
M NPOU3BOAMUTENBHOCTb. 1PN NOUCKE HaUNYYLLEro peLleHns
KOHKPETHOW 3aZ1a4n BO MHOIMX Cly4asax y Hac bypet 6onee ogHoro
KaHAMAaTa aAropuTMOB. Tan NPOEKTUPOBAHMA aNropuTMa — 3TO
NTEPATUBHBIN MNPOLECC, BKAOYAOLWMNA CPAaBHEHME PA3/IUYHbIX
KaHAMOATOB anroputMoB. HekoTopble afiroOpUTMbl MOTYT NpeanaraTb
NpocTble 1 BbICTPble peleHma, HO MOryT MATU Ha KOMAPOMMCC C
TOYHOCTbIO. [lpyrne anropuTmbl MOryT BbITb O4E€Hb TOYHbIMK, HO
MOTyT Tpeb0oBaTb 3HAYNTENLHOIO BPEMEHM Ha BbINO/IHEHUE U3-3a
CBOEW C/IOXKHOCTN. HEKOTOpPbIE U3 3TUX CIOXKHbIX aITOPUTMOB MOTYT
6b1Tb 3pdeKTMBHEE apyrux. MNepen Bbibopom cneayeT TwaTeIbHO
N3y4YUTb BCE MPUCYLLNE KOMNPOMMUCCHI KAHANAATCKMUX aITOPUTMOB.
OcobeHHO ANnsA CNoXHOM 3a4a4m BaXKHO pa3paboTtatb apPeKTUBHbIN
anroputm. NMpaBunbHO pa3paboTaHHbI aNTOPUTM NPUBEAET K

3 PeKTMBHOMY peLleHnto, cnocobHOMY O4HOBPEMEHHO
obecneynBaTb y40BNAETBOPUTE/IbHYIO NPON3BOAUTENBHOCTD U
pa3yMHYH TOYHOCTb.

b. ®a3a KogMpoBaHMA: Ha 3Tane KogMpoBaHMA pa3paboTaHHbIN
anroputm npeobpasyeTca B KOMMbIOTEPHYIO Nporpammy. BaxHo,
4yTOObI NPOrpaMmma peann3oBasia BCIO IOFUKY U apPXUTEKTYPY,
NpeanoXeHHble Ha 3Tane NPOEKTUPOBAHUS.

TpeboBaHMA K BU3HEC-3a4a4e MOMKHO Pa3aennTb Ha GYHKLUMOHANbHbIE U
HepyHKUMOHaNbHble. TpeboBaHMA, KOTOpPbIE NPAMO ONpeaenstoT
OXMAAEMble XapaKTEPUCTUKN peLleHUI, Ha3blBatoTC GYHKLMOHANbHbIMMU
TpeboBaHUAMN. PYHKUMOHANbHbIE TPE6OBAHUA NOAPOOHO ONUCbIBALOT
oXunaaemoe noseaeHue peleHma. C gpyroi CTOPOHbI,
HepyHKLUMOHaNbHble TPeOOBaHUA KacaroTca NPOM3BOANTENIbHOCTH,
MacwTabmpyemoctu, yaobcTea MCNOIb30BaHUA U TOYHOCTM aNTOPUTMA.
HedyHKUMOHaNbHble TpeboBaHUA TaKKe POPMUPYIOT OXKUAAHMUA
OTHOCUTENIbHO 6e30NacCHOCTU JaHHbIX. Hanpumep, NnpeanonoKnm, 4To
Ham Heobxoanmo pa3paboTaTb aNrOPUTM ANA KPEeAUTHON KOMMNaHWUMY,
KOTOPbI/ CMOXKET BbIABAATb U OTMEYaTb MOLUEHHMYECKME TPAH3aKLUUMN.
TpeboBaHMA K PyHKLMAM B STOM NPUMepPe 3a4a10T OXKngaemoe
noseAeHWe AONYCTUMOrO peLleHns, NpeaocTaBnAs AeTa v OXKUAAEMOTO
BbIXO4a Npw onpeaenéHHoOM Habope BXOAHbIX AaHHbIX. B aTom cnyyae



BXOAHble AaHHble MOTyT COAEPXKaTb AeTa/n TPaH3aKLUMN, a BbIBOA, —
H6uHapHbIM pnar, KOTopbi 0603HAYAET TPAH3aAKLUMIO KaK MOLLEHHUYECKYIO
NN HEMOLLEHHNYECKUN. B aTom npumepe HedpyHKLMOHAbHbIE
TpeboBaHUA MOTYT YKa3blBaTb BPEMA OTK/MKA KaxKA0ro 13 npeackasaHuii.
HedyHKUMOHaNbHble TpeboBaHMA TaK¥Ke YCTaHaBAMBAKOT A4OMNYCTUMbIE
MOpPOrM TO4HOCTU. [TOCKOAbKY Mbl UMeeM Aeno ¢ GUHAHCOBbIMU AaHHbIMU
B 3TOM Npumepe, TpeboBaHMA K 6€30NacHOCTH, CBA3AHHbIE C
ayTeHTUdUKaLuMen nonb3oBaTesien, aBTopusaumen m
KOHOUAEHUMANbHOCTbIO AaHHbIX, TAKXKE OXMAAIOTCA KaK YacTb
HedYHKUMOHANbHbIX TpeboBaHMt. O6paTUTE BHUMAHUE, YTO
bYHKLMOHaNbHbIE U HeDYHKLMOHaNbHble TpeboBaHMA HanpaBaeHbl Ha
TOYHOE onpeaeneHmne, YTo HYXKHO caenaTb. Pa3paboTKa peweHna — 3T1o
NOHATb, KaK OHO ByaeT peann3oBaHo. A peannsauma NPOEKTUPOBAHUA —
3TO peanbHOe pelleHne Ha BbIbpaHHOM BaMM A3blKe NPOrpamMmMmUPOBaHMUS.
Co3pgaHue an3aiiHa, NONIHOCTbIO YA0BNETBOPAIOLLIErO Kak
bYHKLMOHANbHbBIM, TaK U HEDYHKLMOHANbHbIM TpebOBaHUAM, MOXKeET
notpeboBaTb MHOro BpemeHu 1 ycuaunii. Beibop noaxoaawero A3blka
NPOrpamMmmMmnpoBaHnA 1 cpeabl pa3paboTkn/Npon3BoacTBa MOXKET 3aBUCETb
oT TpeboBaHMI 3ag4a4n. Hanpumep, nockonbKy C/C++ — 3T0 A3bIK bonee
HU3KOro YpoBHA, 4em Python, oH moxeT 6bITb y4WMMm BbiBOpOM AN
anroputmos, TpebyloLmMx COrnacoBaHHONO KoAa M HU3KOYPOBHEBOM
onTumMu3aumun. NMocne 3aBepLUeHMA 3Tana NPOEKTUPOBAHUA U 3aBEPLUEHMA
KOoAMPOBaHMA afIfOPUTM rOTOB K pa3BepTbiBaHUIO. BHeapeHue anroputma
BK/IlOYAET NPOEKTUPOBaAHNE HEMOCPEACTBEHHOM NPOU3BOACTBEHHOM
cpepnbl, B KOTOpOM ByaeT BbINONHATLCA KoA. [pon3BoACcTBEHHas cpeaa
AOMKHA BbITb CNPOEKTMPOBAHA C Y4ETOM AaHHbIX M NOTpebHocTen
anroputma B 0bpaboTke. Hanpumep, ana napannennsmpyembix
anropuTmoB A1a 3pEeKTUBHOIO BbINOJHEHMA aNropuTMa notTpebyetcs
KNnacTep C COOTBETCTBYHOLLMM KOJIMYECTBOM KOMMbIOTEPHbIX Y3/108. A
aNropmMTMoB, paboTatoWMX C MHTEHCUBHbBIMM AAHHbIMU, MOXET
notpeboBaTbcs pa3paboTka KOHBeMEepa BXo4a AAHHbIX U CTPaTEruto
K3LWMPOBAHUA N XPaHEHUSA AaHHbIX. [IpoeKTUpoBaHUE NPON3BOACTBEHHOMN
cpeabl noapobHo obceyrkpaeTtca B 21a8e 14 «Anzopummesl KPYrnHoO20
MacwTtaba» un enase 15 «lpakmuyeckue coobpaxceHusa». Nocne
NPOEKTUPOBAHUA N peann3almm NPon3BoLCTBEHHOM cpeabl aNropUTM



BHeAPAETCA, KOTOPbIA NPUHUMAET BXOAHbIE AaHHble, 06pabaTbiBaeT nx u
reHepupyeT BbIXOAHbIe AAaHHbIE B COOTBETCTBUM C TPeOOBaHMAMM.

Cpena pa3sutuA

Mocne pa3paboTKmM anropuTMmbl HEOBXOAMMO peasnin3oBaTb Ha A3bIKe
NPOrpamMmMMPOBAHMA COMNACHO NPOEKTY. 1A 3TON KHUTK Mbl BbiIbpanm
A3bIK NporpammupoBaHma Python. Mbl Bbibpanu ero, notomy 4to Python
— I'MBKUIN M OTKPbITbIN A3bIK NporpammupoBaHms. Python Takke asnsaetca
OAHWUM M3 A3bIKOB, KOTOPbIE MOXHO UCMO/Ib30BaTb B PA3/IMYHbIX 06/1a4HbIX
NHPPACTPYKTYpPax, Taknx Kak Amazon Web

Services (AWS), Microsoft Azure n Google Cloud Platform (GCP).
OdurumanbHan rnasHana ctpaHuua Python goctynHa no agpecy
https://www.p ython.org/, rae Tak»e ecTb UHCTPYKLMW MO YCTaHOBKE U
Nnosie3Hoe PYKOBOACTBO A/1A HOBMYKOB. 115 nyywero noHMMaHuA
KOHLENLWM, U3/T0XKEHHbIX B 3TOM KHUTe, TpebyeTca 6a3oBoe NOHMMaHKUe
Python. na 3TON KHUTM Mbl OXKMAaem, 4YTo Bbl byaeTe MCnonb3oBaTb
nocnegHtoto sepcuto Python 3. Ha momeHT HanucaHuA camon nocnegHemn
Bepcuein apnaetca sepcua 3.10, KOTOPYH Mbl UCMONb3YEM ANS
BbIMO/IHEHUA YNPAXKHEHUIN B 3TON KHUTE.

Mbl 6yaem ncnonb3osatb Python Ha NpoTAKeHMN BCelrt 3TON KHUTH.
Mbl TakKe byaem ncnonb3osatb Jupyter Notebooks ans 3anycka
Koga. OcTanbHble IaBbl 3TOM KHUIM Npeanonaratot, 4to Python
YyCTaHOB/EH, a HOYTOYKM Jupyter KOppPEKTHO HACTPOEHbI K paboTaloT.

Python-naketbl

Python — 370 A3blIK obuwero Ha3HauyeHua. OHa cnepyet ¢unocodpum
«baTapen BKAKOYEHbI», YTO O3HAYaeT, 4YTO CyWwecTBYeT CTaHAapTHaA
6ubnmnoTteka, Kotopas poctynHa, 6e3 HeobxogMmocTM nosb3oBaTens
CKAuMBaTb OTAeNbHble nakeTbl. OAHAKO CTaHOAPTHble 6ubAMOTeYHble
MOAYNN NPenoCTaBAAT /INWb MWHUMMANbHYKO (QYHKUMOHANAbHOCTL. B
3aBUCMMOCTM OT KOHKPETHOrO C/ly4asa UCMO/Ib30BaHMA, HaZ KOTOPbIM Bbl
paboTaeTe, BO3MOXHO, noTpebyeTcA yYCTAaHOBUTb AOMONHUTE/bHbIE
naketbl. OdUUMANBLHBIN CTOPOHHWUI pPEno3UTOPUI naketoB Ha Python
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Ha3biBaeTcA PyPi, uto pacwundposbiBaetca Kak Python Package Index. OH
pa3mellaeT nakeTbl Ha Python KaKk B BMAe McxogHoOro Koga, Tak U B BUAeE
npeasBapuUTenbHO CKOMNUIMPOBAHHOIO Koaa. B HacToAwee BpemA Ha PyPi
pa3smeweHo 6onee 113 000 naketoB Ha Python. Cambin npocToi cnocob
YCTAHOBUTb [AOMNONHUTENbHbIE MaKeTbl — 4epe3 CUCTEMY YMpaBAeHUA
nakeTamu pip. « Pip » — 3TO 3aHyAHas peKkypcuBHas abbpesumaTypa,
LUMPOKO BCTpevaroLwanca B A3blike Python. Pip pacwmndposbiBaeTca Kak «Pip
Installs Python». Xopowaa HoBoCTb B Tom, 4TO C Bepcum 3.4 Python no
YMONIYaHMIO YCTaHaBAMBaeTcA pip. YTobbl NPOBEPUTL BEPCULIO PipP, MOXKHO
BBeCTU B KOMBH,EI,HOVI CTPOKe: pip —--version

3Ty KoMaHIy pip MOXHO MCMNO/Z1b30BaTb ANA YCTAHOBKU

OONONTHUTENDbHbIX NAKeTOB: pip install 'PackageName'

MakeTbl, KOTOpble  y¥e  OblAM  yCTaHOBAEHbI,  TpebytoT
nepuvoamnyeckoro Oo6HOBAEHMA AN MNOAYYEHMA  NOCNeAHEeN
dYHKUMOHANbHOCTU. ITO AOCTUraeTcs C MNOMOLLbIO dnara
obHoBNEHUA:

pip install 'PackageName' -—-upgrade
A 4yTOObI YCTAaHOBUTb KOHKPETHYIO BEPCUIO NaKeTa Ha

Python: pip install 'PackageName==2.1"

[lobasneHne npaBUNbHbIX BUBAMOTEK U BEPCMI CTANO YACTbIO
HACTPOMKK cpeabl NnporpammmnpoBaHuna Ha Python. OgHol 13 pyHKumMN,
NOMOTaoLWKUX NOALEPHKMBATL 3TN BUBANOTEKN, ABNAETCA BO3MOXKHOCTb
co3aaHua ¢arna TpeboBaHMN, B KOTOPOM NePEYNCNEHbl BCE
Heobxoanmblie nakeTbl. Pann TpeboBaHUN — 3TO MPOCTOMN TEKCTOBbIN
dann, cogepxawmm nmeHa 6MbAMOTEK N CBA3AHHbIE C HUMM BEPCUMN.
Mpumep pannos TpeboBaHUM BbITNAAUT caenyowmm obpasom:



scikit-learn==0.24.1
tensorflow==2.5.0

TeHz30pbopn==2.5.0

10 KOHBEHUWUUN requirements.txt Pa3mMeLLaeTCA B BEpPXHeM KaTanore
MNPOEeKTa.

Mocne co3ganua gann TpeboBaHMI MOXKHO MCNOb30BaTb ANA
HACTPOMKK cpeabl pa3paboTKn, ycTaHOBMB Bce bBubanotekn Python

M CBA3aHHbleé C HUMUN BEPCUN C MOMOLLBIO CJ'IE,EI,yI-OlJ.I,EVI KOMaHAbl.

PIP Install -r requirements.txt

Tenepb AaBanTe PaCCMOTPUM OCHOBHbIE MaKeTbl, KOTOPble Mbl Byaem
MCMONb30BaTb B 3TOW KHWUTE.

JKocuctema SciPy

Scientific Python (SciPy) — npousHocuTca Kak sigh pie — ato rpynna
nakeToB Ha Python, co3gaHHbIX 414 Hay4yHOro coobuectsa. OH cogepKuT
MHOeCTBO QYHKLUM, BKIIOYAA LWMPOKUM CNEKTP reHEePATOPOB CYYaMHbIX
yucen, npoueaypbl AMHEenHoM anrebpbl n onTUMM3aTopsbl. SciPy — aTo
KOMM/IEKCHbIM MAKeT, U CO BpEMEHEM NH0AMN Pa3paboTann MHOMXKeCTBO
pacwmpeHmnin, 4Tobbl HAaCTpPamMBaTb U PaCLLUMPATb MAKET B COOTBETCTBUM CO
cBOMMM noTpebHocTaMK. SciPy paboTaeT apPeKTUBHO, TaK Kak AencreyeT
KaK TOHKaA 06E&pTKa BOKPYr ONTUMM3NPOBAHHOIO KOAa, HANMCAHHOIO Ha
C/C++ nnu Fortran. Huxe npuseaeHbl OCHOBHbIE NaKeTbl, BXoAALLUE B 3TY
3KoCUCTEMY:
e NumPy: [Jna anroputmoB o4YeHb Ba*KHA BO3MOXKHOCTb CO34aBaTb
MHOFOMepPHbIe CTPYKTYPbl AAHHbIX, TAKME KaK MaCcCUBbI U1
maTtpuubl. NumPy npegnaraet Habop TMNOB AaHHbIX MacCMBa U
MATpPWUL,, BaXKHbIX ANA CTAaTUCTUKM U aHANN3a AAHHbIX.
MogpobHocTn 0 NumPy MOMKHO HalTu Ha http://www.nump y.org/.
e scikit-learn: 3710 pacwmpeHme ana mawmHHOro obyvyeHna — o4HO 13
CaMbIx NonynAapHbIX pacwmnpeHni SciPy. Scikit-learn npepoctasnser



http://www.numpy.org/
http://www.numpy.org/
http://www.numpy.org/
http://www.numpy.org/
http://www.numpy.org/
http://www.numpy.org/
http://www.numpy.org/
http://www.numpy.org/

LUMPOKUI CMEKTP BaXKHbIX aATOPUTMOB MALLUNHHOIO 0by4YeHus,
BK/IKOYAA KNaccndumKaumio, perpeccuio, Kiactepumsaunto 1
Basingauunto mogenen. bonobwe nHpopmaymm o scikit-learn moxkHo
HalTh Ha http://scikit-learn.org/.

e pandas: Pandas coaepuT Tab/IMYHYIO CIOKHYIO CTPYKTYPY AaHHbIX,
LLMPOKO MCNOJIb3yeMyto AN1A BBOAA, BbiIBOAA U 06pabOoTKM TabAMNYHbIX
[IaHHbIX B Pas3/INYHbIX anroputmax. bubnmoteka pandas cogep>ut
MHOECTBO None3HbiX GYHKUMIN U NpeanaraeT BbICOKO
ONTMMU3UPOBAHHYIO NPOMN3BOANTENBHOCTbL. Bonee nogpobHyto
MHOPMaLMIO O NaHAaX MOXKHO HanTW Ha http://pandas.pydata.org/.

o Matplotlib: Matplotlib npegoctaBnaeT MHCTpyMeHTbI 4ns co3gaHuA
MOLLHbIX BU3yannsaumn. laHHble moryT 6bITb NpeAcTaB/eHbl B BUAE
NIMHENHbIX rPadUKOB, AMarpamMm paccesHua, CToNbYaTbix Anarpamm,
FMCTOrpamMm, KPYroBbix gMarpaMm m Tak ganee. bonblie
NHOPMaLIMM MOXKHO HalnTU Ha https://matplotlib.org/.

Mcnonb3osaHue Python Notebooks Mol 6yaem ncnonbsosaTb Jupyter
Notebook 1 coBmectHyto nabopatopuio Google B kauectse IDE.
MoapobHee o HacTpolike 1 ncnonb3oBaHum Jupyter Notebooks n Colab
MOXHO HalTU B NPUIOXKeEHMAX A n B.

MeToabl NPOEKTUPOBAHUA A/ITOPUTMOB

ANropuTM — 3TO MaTeEMaTMYECKOE peLleHMe peanbHoM 3aaauun. MNpu
NPOEKTUPOBAHUM AaNTOPUTMA Mbl Y4UTbIBAEM CneaytoLime TPM acnekTa
NPOEeKTUPOBAHUA Npu paboTe Hag NPOEKTUPOBAHMEM U TOHKOM
HACTPOMKOW aNropPUTMOB:

* Bonpoc 1: laéT i1 3TOT a/IFOPUTM OXMOAEMbIN Pe3ynbTaT?

Bonpoc 2: AsnaeTca M 3To CaMblM ONTUMaA/IbHbIM COCO60OM
NONYyYNTb TaKMe pe3ynbTaTbl?

Bonpoc 3: Kak anroputm byaet pabotatb ¢ 6onbluinmmn Habopamm
AaHHbIX?

BaXHO NOHATb CNOXKHOCTb CAaMOM 3ada4yn, npexge 4yem pa3pa6aTb|BaTb eé
peweHune. HanplAN\ep, HaMm NMnomoraeT pa3pa60TaTb nogxogdaliee peweHume,
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€C/IM Mbl XapaKTepmnsyem npobaemy c TOUKM 3peHUA eé noTpebHocTen n
CNIOXKHOCTU. B Le/IoM anropuTMbl MOXKHO Pa3aeinTb Ha cieaytoLine TUnbl
B 3aBUCUMMOCTM OT XapaKTEPUCTUK 3a4a4MK:

o Anroputmbl, paboTarowme ¢ 60AbLINM KONMYECTBOM aHHbIX:
anropuTmbl, paboTatowime ¢ 60nblWIMM 06 BEMOM AaHHBbIX,
pa3paboTaHbl Ana paboTbl ¢ 60AbWIMM 06 BEMOM AaHHDbIX.
OXunpaetca, 4To K HUM ByayT OTHOCMTENIbHO NpocTble TpeboBaHUA K
0bpaboTke. ANTOPUTM CXKATUA, NPUMEHAEMbINA K OTPOMHOMY panny,
ABNAETCA XOPOLMM NPUMEPOM aNIFOPUTMOB, paboTatowmx ¢
60NbWMMM AaHHBIMWU. NA TAaKUX aATOPUTMOB pasmMmep AaHHbIX
OXMpaaeTca 3HauYnTeNbHO bonblle, Yem NamaTb 06paboToyHOro
ABWXKKa (04HOro y3na nnu Knactepa), M MoXKeT noTpeboBaTbCA
pa3paboTKka NTepaTUBHOro gM3anHa 06pPaboTKKN AaHHbIX ANA
adpdpeKTMBHOM 06pabOTKM AaHHbIX B COOTBETCTBMU C TpeboBaHUAMM.

e ANTOPUTMbI, MUHTEHCUBHbIE HA BbIMUC/IEHUAX: ANTOPUTMbI C BbICOKOM
Harpy3Kown Ha BblYMCAEHUE TPeObyroT 3HaUMTEeNbHbIX TPeboBaHUM K
0bpaboTKe, HO He TpebytoT bonblunX 06 bEMOB AaHHbIX. [TpocToi
npumep — aaropuTmM NOUCKa 04eHb 60bLLIOFO NPOCTOro YncAa.
MoWCK cTpaTernm pasgeneHuna aaroputma Ha pasHole ¢asbl, YTOObI
X0TA 6bl YacTb a3 H6blM NapanNenvHbl, ABAAETCA KIHOYOM K
MaKcumusaumm sGPeKTUBHOCTM aNropuUTMma.

o Kak anroputmbl, Tak v BbIMUCAUTENIbHDIE aITOPUTMbI: CYLLLECTBYHOT
aNropuUTMbl, KOTOpble paboTatoT ¢ 601bIMM 06 BEMOM AAHHbIX U
TpebyoT 3HAYNTEIbHbIX BbIMUCAUTENbHbIX TPEOOBAHMN. ANTOPUTMbI,
MCNoNb3yemble AN AHAIN3a HACTPOEHUIM B MPAMbIX BUAEONOTOKAX,
ABNAIOTCA XOPOLWMM NPUMEPOM TOTO, FAe U AaHHble, U TpeboBaHMA K
0b6paboTKke MMEeT OrpOMHOEe 3HaYEeHNE ANA BbINOAHEHUA 334a4M.
TakMe anNropuUTMbl ABAAIOTCA CAMbIMKW PECYPCOEMKUMU U TpebytoT
TLATENIbHOIO NPOEKTUPOBAHUA aNTOPUTMa U Pa3yMHOro
pacnpeaeneHma gOoCTyNHbIX PECypCcoB.

YT06bI OXapaKTepn30BaTb 33434y C TOYKU 3PEHUA €€ CNIOXKHOCTU U
noTpebHoCTel, NONE3HO MybKe NU3Y4YnUTb €€ AaHHbIe N BbIYNCIUTD
Pa3MepPHOCTH, YTO Mbl CAENAEM B C/IEAYIOLLEM pa3aene.



N3mepeHne gaHHbIX

[ns KaTeropmsaumnm MsmepeHuns AaHHbIX 3a4a4M paccMmaTpmuBaem eé
06BbEéM, ckopocTb 1 pa3Hoobpasue (3V), KoTopble onpeaenarTca
cneayowmm obpasom:

e O6bem: O6BEM — 3TO OXKMAAEMDIN Pa3mMep AaHHbIX, KOTOpble
anroputm byaet obpabaTbiBaTh.

° CKOpOCTbZ CKOpOCTb — 3TO OXNaaemaAd CKOpPOCTb reHepaunm HOBbIX
AaHHbIX MPU UCNOJIb3OBAHNU a/ZITOPUTMA. 3TO MOMKeT bbITb HO/b.

« PasHoobpasue: MHoroobpasme KonM4YecTBEHHO onpeaenserT, C
KaKMMM TUNaMM JAHHbIX aITOPUTM A0NXKeH paboTaTb ¢ pa3paboTKo.

Ha pucyHke 1.5 noka3saHbl 3V gaHHbIx 6onee noapobHo. LieHTp aTon
AnarpamMmmbl NOKa3blBAeT CaMble NPOCTbie BO3MOXHble AaHHbIE, C MaJibiM
06BEMOM M MasibiM pa3HoobpasmMem U CKOpocTbio. Mo mepe Toro Kak mbl
OTXOAMM OT LEeHTpPa, CIOXKHOCTb AaHHbIX yBennunsaetca. OH MOXKeT
YBE/MYMBATLCA B OAHOM UM HECKOIbKUX U3 TPEX n3mepeHuin. Hanpumep,
B Pa3MepPHOCTM CKOPOCTW Yy HaC CaMblii MPOCTOM NaKeTHbIN NPoLecc, 3aTem
nepmnogmyYecKknin NPoLLecc, a 3aTem NPOLLECC NOYTU B peasibHOM BPEMEHMN.
HakoHel, y Hac ecTb Npouecc B peabHOM BpeMeHU, KOTOPbIN Camblif
CNIOXHbIM AN 06pabOTKM B KOHTEKCTE CKOPOCTU Nepesaym AaHHbIX.
Hanpumep, Konnekuma npambix BUAEOMNOTOKOB, COOPaHHbIX rPynnown
MOHUTOPUHIOBbIX Kamep, byaeT umeTb 601bLION 06BEM, BbICOKYHO
CKOpPOCTb U BbonblLOe pa3Hoobpasne u MmoxKeTt noTpeboBaTb
COOTBETCTBYIOLLErO AM3arHa AN 3GPEKTUBHOIO XpaHeHUA U 06paboTKm
AaHHbIX.
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PucyHoK 1.5: 3V 0aHHbIX: 06BEM, cCKOpOCMb U pa3Hoobpasue

Hanpumep, ecnm BxoaHble aHHble — 3TO NPOCTOM csv-baitn , TO 0OBEM,
CKOPOCTb M pa3Hoobpa3ne AaHHbIX 6yayT HU3KMMKU. C ApYro CTOPOHBI,
€C/IN BXOAHble AaHHble — 3TO NPAMan TPaHCNALUMA BUAEOKAMEpPbI
HabntoaeHuA, To 06BEM, CKOPOCTb U Ppa3Hoobpasue AaHHbIX byayT
[OBO/IbHO BbICOKMMM, U 3Ty Npobaemy cnenyeT y4nTbiBaTb Npu
pa3paboTke anroputma.



BbluncantenbHasa pasmepHoOCTb

[NA XapaKTePUCTUKN BbIYUCIUTENBHOM Pa3MEPHOCTM Mbl aHAIN3UPYEM
noTpebHocTM B 06paboTKe KOHKPETHOM 3a4a4K. [ToTpebHOCTM anropmuTma
B 06paboTKe onpenenaAroT, Kakon TN An3alHa Ana Hero Hanbonee
adpdeKTMBeH. Hanpumep, CIOXKHbIE a/ITOPUTMbI B LLEIOM TpebytoT
60/1bLIOM BbIMUCANTENBHON MOLWHOCTU. NA TaKNX aITOPUTMOB MOXKET
ObITb Ba*KHO MMETb MHOTOY3/10BYIO NapanneibHy0 apXUTEKTYPY.
CoBpeMeHHble ryboKne anropuTMmbl 06bI4YHO TPEDYIOT 3HAUYUTENBHOM
4ynucneHHom 06paboTkM N moryT Hy*KaaTbca B mowHocTM GPU unam TUP, KaK
obcyxaaetca B es1aee 15, lpakmuyeckue coobpaxceHus.

AHanun3 spPeKTMBHOCTH

AHanu3 Npoun3BoAUTENIbHOCTM aITOPUTMA ABNAETCA BAa*KHOW YacTblo ero
npoeKkTMpoBaHua. OanH 13 cnocoboB oueHKM 3GGEKTUBHOCTU aNropuTma
— 3TO aHaNU3 ero C/I0XKHOCTU. TeopmA CIOXKHOCTU — 3TO U3y4YEHUE TOrO,
HACKO/IbKO C/IOXKHbl aITOPUTMbI. YTObbI BbITb NOIE3HBIM, 060N aNTOPUTM
[ONIKeH 061a4aTh TPEMA KAHYEBbIMU OCOBEHHOCTAMM:

e [LONXKHO 6bITb NPABUIbHbBIM: XOPOLLMIN aNTOPUTM AOJIKEH 4aBaTb
NpaBuAbHbLIN pe3ynbTat. YTobbl noaTBEPAUTD, YTO anropuTm paboTaet
KOPPEKTHO, ero HeoH6Xxo4MMO TLLATENbHO NPOTECTUPOBATb, 0COHEHHO
NPY TECTUPOBAHUM KPAMHUX C/Ty4aEB.

e [LONKHO 6bITb MOHATHO: XOPOLUMIN ANTOPUTM AOMKEH ObITb NOHATEH.
Jly4dwinin anropmutm B Mmpe He OYeHb NONE3EH, €CAN €0 CIULIKOM
CNOXHO peann3oBaTb HAa KOMMNbHOTEPE.

e flonxKeH 6biTb 3P PeKTUBHbIM: XOPOLLMI aNITOPUTM [0NKEH BbITb
adpdeKTMBHbIM. [laXke ecnm anropuTm SAET NPaBUIbHbIA pe3ynbTaT,
OH Ma/10 NOMOXET, eCM 3TO 3aMMET TbicAYY NeT nnm notpedbyet 1
MUANMapa Tepabant namaTu.

CyLiecTByeT ABa BO3MOXHbIX TUMNA aHaNM3a ANA KOIMYECTBEHHOW OLLEHKM
CNOXHOCTU aIfOPUTMa:



e AHa/IM3 NPOCTPAHCTBEHHOM CNOXKHOCTU: OLLEHMBAET NOTPEOHOCTM B
MaMsATU BO BPEMS BbINOHEHMA aNropuTma.

e AHANINU3 CNOXKHOCTU MO BPEMEHMU: OLLEHNBAET BPeMs, KoTopoe
notpebyeTcs anroputTMy ANA 3anycka.

[laBainTe N3y4ymMm nx No ogHOMY:

AHaNM3 NPOCTPAHCTBEHHOW C/IOXKHOCTH

AHann3 NPOCTPAHCTBEHHOM C/IOXKHOCTU OLLEHUBAET 06beM NamATH,
HeobxoanmbI anropuTmy ans 06paboTkM BXOAHbIX AaHHbIX. [Tpu
06paboTKe BXOAHbIX AAHHbIX aNTOPUTM LO/XKEH XPAHUTb BPEMEHHbIE
CTPYKTYpPbI AaHHbIX B NaMsaTK. Cnocob NpoeKTMpPOBaHUA anropMTMa BANAET
Ha KOZIMYECTBO, TUMN U pa3mep 3TUX CTPYKTYP AaHHbIX. B anoxy
pacnpeaenéHHbIX BbIYUCAEHUN N BCE HONbLUNMX 0OBEMOB AaHHDbIX,
Tpebyowmnx 06paboTkM, aHaN3 NPOCTPAHCTBEHHOM CNOXKHOCTH
CTAaHOBUTCS BCE 6onee 3HaUMMbIM. Pazmep, TUM M KOJIMYECTBO 3TUX
CTPYKTYP AaHHbIX onpeaenatT TpeboBaHUA K NnamaTK ans 6a3oBoro
060pyaoBaHnA. CoBpeMeHHble CTPYKTYPbl AaHHbIX B NAMATH,
MCNoNb3yemble B pacnpeaeN€HHbIX BblMUCAEHUAX, AO/IKHbI UMETb

3¢ PeKTUBHbBIE MEXAHU3MbI pacnpeseneHma Ppecypcos, y4mTbiBatowme
TpeboBaHUA K NaMATM Ha Pa3HbIX 3Tanax BbINOJIHEHUA aArOPUTMA.
CnoxHble aNIroOpUTMbI, Kak NMPaBUIO, UMEKOT UTEPATUBHDIN XapaKTep.
BmecTo Toro 4tobbl cobpaTh BCO MHGOPMaLMIO B NAaMATb CPasy, Takue
aNroOpUTMbl UTEPATUBHO 3aMOJIHAOT CTPYKTYPbI AaHHbIX. 1A Bbl4MUCIEHNSA
NPOCTPAHCTBEHHOM CNOXHOCTM BaXKHO CHaya/ia KnaccupmumpoBaTtb TUM
NTePaTUBHOIO aNrOPUTMA, KOTOPbIA Mbl NIAaHUPYEM UCMOb30BaTb.
NTepaTnBHbIN anropuTM MOXKET MCNONb30BaTb OANH U3 CAeAYOLLNX TPEX
TUMNOB UTEpaLUN.

o Cxopawmeca utepayun: no mepe NPoxoXaeHna aNroputMmom ob6beEm
obpabaTbiBaeMbIX UMM AaHHbIX B KaXX40M OTAE/NbHOW UTepaumm
yMeHbLUuaeTca. Jpyrummn cnoBamm, NPOCTPAHCTBEHHAN CIOKHOCTb
YMEHbLLIAETCA NO MEPE NPOXOXKAEHMS aNrOPUTMa Yepes CBOU
nTepauunmn. MaBHas 3agadya — CNPaBUTHCA C MPOCTPAHCTBEHHOM
CNOMKHOCTbIO HaYaNbHbIX UTepaunii. CoBpemMeHHble



MaclwTabupyemble ob6nauHble MHPPACTPYKTYPbI, Takne Kak AWS u
Google Cloud, nyylwe Bcero noaxoAAaT ANA BbINONHEHUA TaKUX
aNropuTMOB.

o Pacxogawmecsa urepauum: no mepe nNpoxoxaeHna anroputTMmom
06bEm 0bpabaTbiBaeMbIX UMW AaHHbIX B KaX40W OTAENbHOM nTepaumnm
yBennumpaetca. 1o mepe pocta NPOCTPAHCTBEHHOM CAOXHOCTU MO
Mepe Nporpecca aAropuTma Yepes ntepaumm BaxKHO yCTaHaBAMBaTb
orpaHWYeHunn, YTobbl NPeaoTBPaATUTL HECTAOMABHOCTb CUCTEMBI.
OrpaHWYeHns MOXKHO YCTaHaBANBATb, OFPaHMYMBAA KOIMYECTBO
ntepaumn n/unun yctaHaBanBasa IMMUT pasMmepa HavyalbHbIX AaHHbIX. e
Mnockune utepayumn: no mepe NPOXOXKAEHUA a/ITOPUTMOM 0OBEM
obpabaTbiBaeMbIX UMW AaHHbIX B KaXKA0M OTAE/IbHOM nTepaumu
OCTAéTCA NOCTOAHHbBIM. [TOCKONIbKY CNOXKHOCTb NPOCTPAHCTBA He
MEHSAETCA, 31aCTUYHOCTb MHPPACTPYKTYPbI HE HYXKHA.

YT106bI paccynTaTh NPOCTPAHCTBEHHYIO C/IOMKHOCTb, HYXKHO
COCPEeAOTOYNTLCA Ha OAHOM M3 CaMbIX CIOXKHbIX UTepaunii. Hanpumep,
ANS aNropuUTMa, UCNONb3YIOLETO KOHBEPTUPYHOLWME UTEPALIUM, Mbl
MOKEM BblOpaTb OA4HY M3 HaYa/ibHbIX UTepaLmit. Mocne BbiIbopa Mbl
oueHMBaem obLLNM 06BEM UCNONb3YEMOMN aITOPUTMOM NAMATK, BKIKOYASA
MaMsATb, UCNOIb3YEMYIO €r0 BPEMEHHbIMU CTPYKTYPaMM AaHHbIX,
BbINOJIHEHWE M BXOAHbIE 3HaYeHUs.

3TO AaCT HAaM XOPOLLYH OLEHKY NPOCTPaHCTBEHHOM CNOXKHOCTH
anroputma. Huxe npmseneHbl pekomeHaaumMm no MMHMMM3aUMn
CNIOXKHOCTM NPOCTPAHCTBA:

* 1o BO3MOXKHOCTHM CTapanTeCb NPOEKTUPOBATL a/IFTOPUTM KaK

® utepatmBHbIN. MpPKU NPOEKTUPOBAHUM UTEPATUBHOIO a/IFOPUTMA,
Koraa ectb Bbibop, npeanoynTanTe 60sbluee KOIMYECTBO UTepaLui,
a He meHblee. OXKnaaeTca, YTo NPU MeIKo3ePHUCTOM bonbLuem
KONMYecTBe UTepaumn byaet MeHblUe NPOCTPaHCTBEHHOM
CNOXKHOCTW.

e ANFOPUTMbI AO/I}KHbI NepenaBaTb B NaMATb TONbKO TY MHGOPMaLMIO,
Heobxoanmyto ana Tekyuwen o6paboTkn. BCE, YTO HE HYXKHO, AO/IKHO
6bITb BbIMbITO M3 MAMATW.



AHann3 NPOCTPAHCTBEHHOM CIOXKHOCTM Heobxoanm ana sdPeKTUBHOro
NPOEKTUPOBAHMNA aNrOPUTMOB. ECav Nnpm NpoeKTUPOBaAHNM KOHKPETHOTO
aZIropUTMa He NPOBOAMUTCA NPABU/IbHbBIMA aHA/INM3 NPOCTPAHCTBEHHOM
CNOXHOCTU, HEAOCTAaTOK AOCTYNHOCTM NAMATU ANA BPEMEHHDbIX CTPYKTYP
AAHHbIX MOXKET NPUBECTU K HEHYXXHbIM NepenmMBam AUCKA, YUTO MOXKeT
CYLLECTBEHHO NOBANATbL Ha NPOM3BOAUTENBHOCTb M 3PPEKTUBHOCTb
anroputma. B aTor rnase mbl rnybxKe pacCMOTPUM BPEMEHHYH CIOXKHOCTb.
MpocTpaHCTBEHHAA CNOXKHOCTb ByAeT paccMoTpeHa B esase 14,
«KpynHomacwmabHeie anzopummei», bonee nogpobHoO, rae Mol
paccMoTPUM KpynHomacwTabHble pacnpeaenéHHble anropuTmbl €
CNOMKHbIMW TPEOOBAHUAMM K NAMATN BO BPEMS BbINOJHEHUA.

AHaNN3 BpeMeHHOM CNOXKHOCTU

AHanns BpeMeHHOM C/I0XKHOCTM OLEHMBAET, CKO/IbKO BPpEMEHM
notpebyeTca anropMTmy ANA BbINONHEHUA HA3HAYEHHOM 3a4a4M, UCXo4A
N3 ero CTPYKTypbl. B oTanumne ot NnpoCcTpaHCTBEHHOM C/IOKHOCTH,
BPEMEHHAsA CNOXKHOCTb HE 3aBUCUT OT annapaTtHoro obecneyeHus, Ha
KoTopom byaeT paboTtatb anroputm. AHaIM3 BPEMEHHOW COXHOCTHU
NO/IHOCTbIO 3aBUCUT OT CTPYKTYPbl CamMoro aaropmtma. Obuwana uenb
aHa/Nn3a BPeMEHHOM C/IOXKHOCTM — NOMbITAaTbCA OTBETUTb HA 3TK ABa
BaXKHbIX Bonpoca: byaeT M 3TOT aAAIfOPMTM MacliTaburpoBaTbca? XopoLo
CNPOEKTUPOBAHHbIN a/ITOPUTM A0/1KEH ObITb MONHOCTbIO cnocobeH
MCNO/Ib30BaTb COBPEMEHHYIO 31ACTUYHYO MHOPACTPYKTYPY, AOCTYNHYIO B
061a4HbIX BbIYMCAEHUAX. ANITOPUTM AO/IKEH BbITb CNPOEKTUPOBAH TaK,
4yTObObl OH MOT UCMO/Ib30BaTb AOCTYN K HOoNbLIEMY KONNYECTBY
npoueccopos, BbluncautenbHolx agep, GPU n namatn. Hanpumep,
anropuTm, UCNONb3yembl anA obyyeHmna moaenm B 3aga4e MALWNHHOIO
oby4yeHuA, ooNKEH YMETb UCNONb30BaTb pacnpeaenéHHoe obyyeHue no
Mepe yBEIMYEHUA YMCNa NPOLECCOPOB. TAKOW a/ifOPUTM TaKKe A0/KEH
ncnonb3osatb GPU 1 4ONOAHUTENbHYO NaMATb, €CAM OHWU AOCTYMNHbI BO
BPEMA BbIMOJIHEHMA aNrOPMUTMaA. HaCKOIbKO XOPOLLO 3TOT a/IF0PUTM
cnpaBuTca ¢ bonbwmmmn Habopamm AaHHbIX? YTOObl OTBETUTL Ha 3TH
BOMPOCHI, HAM HY}KHO onpeaennTb BANAHME Ha NPOU3BOAUTENBHOCTD
anropmMTMa no mepe ysesim4yeHua pasamepa AaHHbIX U ybegmTtbesa, 4to
aNropuTM CNPOEKTUPOBAH TakK, YTOObI OH OblN1 HE TONBLKO TOYHbIM, HO U



Xopowo macwTabuposanca. Npon3BoanTENbHOCTb aITOPUTMA CTAHOBUTCA
BCE Bbonee BarkKHOM ANs 6onblWNX HABOPOB AaHHbIX B COBPEMEHHOM MUpe
«B6ONbLWNX AaHHbIX». BO MHOTMX Cly4aax y HAac MOXKeT ObiTb HECKO/IbKO
NoAxo40B K NPOeKTUPOBaHMIO anroputma. Llenb npoeBeaeHnA aHanusa
BPEMEHHOWM C/IOXKHOCTW B @HHOM Cnyyae byaeT cneaywowein: «Mmes
onpeodenéHHyo 3a0a4y u bosnee 00HO20 AN20pPUMMA, KAKOU U3 HUX
Haubornee aghpekmuseH C MOYKU 3peHUA 3¢hgpeKmusHocmu ro

gpemeHu ?»CyLuecTByeT ABa OCHOBHbIX NOAX0AA K BbIMUC/IEHUIO
BPEMEHHOW C/IOXKHOCTU anropmuTMa:

« Moaxop npopmnmpoBaHna nocne BHeAPEHUA: B 3TOM Noaxosae
peannsyoTcA pasinyHble KaHANAATbl AITOPUTMOB M CPAaBHUBAOTCA
nx 3GPEeKTUBHOCTb.

« TeopeTuueckuii nogxoa A0 peanmsaymum: B STOM nogxoae
NPOM3BOANTENBHOCTb KaXKA0ro a/iropMTMa MaTemMaTUYECKMU
OLLeHWBAETCA Nepes, 3anyCKOM anroputma.

MpermyLLECTBO TEOPETMYECKOIO NOAX0AA B TOM, YTO OH 3aBMCUT TOJIbKO OT
CTPYKTYPbl CAMOTr0 anropmMTmMma. 910 He 3aBUCUT OT KOHKPETHOTO
annapaTHoro obecneyeHuns, KOTopoe byaeT MCNONb30BaTbCA AN1A 3aMnycKa
anropuTMa, BbiIbopa NporpaMMHOro CTeKa, BbIbpaHHOIo BO Bpems
BbINOJIHEHWS, UK A3blKa NPOrPAaMMMUPOBAHUSA, UCMONb3YEMOTO A5
peannsaumnmn anropuTma.

OueHKa nponsBoanUTEIbHOCTHU

Mpoun3BoANTENbHOCTb TUMUYHOIO aNIrOPUTMa byaeT 3aBUCETb OT TUNA
[laHHbIX, KOTOpPble eMy NPeAOoCTaBAATCA Ha BXod. Hanpumep, ecan
[laHHbIe y}Ke OTCOPTUPOBaHbl B COOTBETCTBUM C KOHTEKCTOM 334auu,
KOTOPYIO Mbl NMbITaEMCA PELINTb, aITOPUTM MOXKET paboTaTb OYeHb
6bIcTPO. ECin OTCOPTUPOBAHHbIM BXOA, MCNONb3YyeTCA AN 6eHYMapPKUHIa
3TOr0 KOHKPETHOrO a/iIr0PUTMa, TO OH AACT HEPEANTMCTUUYHO BbICOKUM
NMokKasaTe/ib NPOU3BOANUTENIbHOCTU, KOTOPbLIN He ByaeT TOYHbIM
OTPa)KeHWem ero peasibHol NPoM3BOAUTENBHOCTU B HONbLUMHCTBE
cueHapues. YTobbl CNPaBUTLCA C 3TON 3aBUCUMOCTbIO aITOPUTMOB OT



BXOAHbIX AaHHbIX, Y HAC €CTb Pa3Hble TUMbl C/Iy4aeB, KOTOPbIE HYXKHO
YUYMTbIBaTb NPU NPOBEAEHUM aHaIN3a NPOU3BOAUTE/IbHOCTH.

Jlydwinm BapmaHT

B nyywem cnyyae AaHHble, NpeaoCcTaBAsemMble B KaYecTBe BXoaa,
OpraHM30BaHbl TakK, YTobbl aNropUTM obecneymsan HauayyLlyo
NPON3BOANTENBHOCTb. AHANN3 B /IyULLIEM C/lyYae AAET BEPXHIO rpaHuLy
NPon3BOAUTENBHOCTMU.

Xyawum cnyyam

BTopoit cnocob oueHNTb NPOM3BOAUTENBHOCTb aAITOPUTMA — MNOMNbITATLCS
HaMTU MaKCMMaIbHO BO3MOXHOE BpemMs, HeobxoamMmoe ANs BbIMNOJIHEHUSA
3a4a4M Npu 3aaHHOM Habope ycnoBuin. ITOT aHaM3 aAropuTMma B
XyALeM c/ly4ae BeCbMa MoJie3eH, Tak Kak Mbl rapaHTUpyem, YTo
He3aBUCMMO OT YC/I0BUI NPOM3BOAUTENBHOCTb arOPMTMa Bceraa byaet
Nyylle, Yem Ymcaa, NoayYeHHble B pesynbTaTe Hallero aHanaunsa. AHanus B
XyALeMm c/iyd4ae ocobeHHO NoneseH AnA OUEHKM NPOon3BOAUTE/IbHOCTH
NPWU pPeLleHNN CNOMXKHbIX 3a4a4 ¢ 6onblIMMN Habopamn AaHHbIX. AHanu3 B
XYALEeM c/lydyae AaET HUXKHIOW rpaHuuy 3¢GEeKTUBHOCTM aNropmTma.

O6bIYHbIN CNyyai

3TO HaYMHaeTCA C pasaeneHusa PasINYHbIX BO3MOXHbIX BXOAHbIX AaHHbIX
Ha pas/inYHbIe rpynnbl. 3aTemM NPOBOAUTCA aHaNN3 3GHEKTUBHOCTHM Ha
OCHOBE OZIHOIO M3 NPeACTaBUTE/IbHbIX BXOAHbIX AAaHHbIX KaXKA0M rpynnbi.
HakoHel, OH paccymnTbiBaET CpeHee 3HaYeHUe pesyNbTaToB Kaxkaolh 13
rpynn. CpeaHnii aHann3 cly4aeB He BCeraa ToUYeH, Tak Kak Heobxoanmmo
YUYUTbIBATb BCE Pa3INYHble KOMOUHALMM M BO3MOMKHOCTM BBOAA B
aNIrOPUTM, YTO He BCeraa Nerko caenartb.



Bbibop anroputma

Kak noHATb, KaKoe pelueHne nyyie? Kak NoHATb, KaKOW aNropmuTm
paboTaeT bbicTpee? AHaIN3 BPEMEHHOW CNOKHOCTU aNATOPUTMA MOXKeT
OTBETUTb Ha Takne Bonpocbl. YTobbl NOHATb, rAe 3TO MOXKET ObITb NONE3HO,
PaccMOTPUM NPOCTOM NPUMEP, Fae uenb — OTCOPTUPOBATb CMMCOK YMCen.
CyLLecTByeT MHOMECTBO a/IOPUTMOB, KOTOPbIE MOTYT CMPaBUTLCA C 3TOM
3aga4yeit. Bonpoc B Tom, Kak BbibpaTb NpaBU/IbHYI0. Bo-nepBbiX, MOXKHO
caenatb HabaogeHMe: ecin B CNUCKE He CAIMIKOM MHOTO Yncen, To
HeBaXKHO, KAKOM a/iIrOPUTM Mbl Bblibepem AN COPTUPOBKU Ymcen. Takum
obpasom, ecnn B cnucke Bcero 10 yncen (n=10), To HEBAXKHO, KaKoM
aNropuTM Mbl Bblbepem, Tak Kak Aarke Npu o4eHb NPOCTOM aAropUTMe 3TO
3aMMET He H6onblue HEeCKOIbKUX MUKPOCEKYHA,. HO No mepe yBennyeHusa n
BbIOOP NPaBUABLHONO aNrOPUTMa HaunHaeT MMeTb 3HauveHue. Nnoxo
CNPOEKTUPOBAHHbIN aITOPUTM MOXKET 3aHATb NapPy 4acoB, a XOPOLIO
NPOAYMAHHbIA aNrOPUTM MOMKET 3aKOHUYUTb COPTUPOBKY CNKUCKa 3a Napy
cekyHA,. Moatomy ans 6oablIMX BXOAHbIX HAOOPOB MMEET CMbIC/
NOTPaTUTb BPEMA N YCUANA, MPOBECTU aHaNMN3 NPOMU3BOAUTENIBHOCTU U
BbIOpaTb NPaBMAbHO Pa3paboTaHHbIA anrOPUTM, KOTOPbIN BbIMOAHUT
Heobxoanmyto 3aaauy 3dPpeKTUBHO.

HoTaumua Big O

HoTtaumusa Big O 6bin1a BnepBbie BBegeHa baxmaHom B 1894 roay B HayyYHoOM
paboTte gna npnbanxKeHma pocta anroputma. OH Nucan: «... C NOMOLLbH
cumBona O(n) Mbi BbipaxKaem BeNMUYMHY, NOPALOK KOTOPOIA OTHOCUTENbHO
N He npesblwaeT nopaaka n" (Bachmann 1894, c. 401)". Takum obpasom,
HoTauma Big-O nsmepser acCUMNTOTUYECKYIO NPOM3BOAUTENBHOCTb
anroputma. Ytobbl 06bACHUTL, KaK Mbl UCMOb3yeM 0603HauveHume Big-0,
paccmoTpum ase yHKumnm: f(n) n g(n) — Kak dpyHKUMKU. MOXKHO CKaszaTb,
yto f = O(g) Toraa v TonbKo KOraa n yBennymBaeTcs A0 6ECKOHEYHOCTH,
ecnm



g(n)

orpaHu4yeH. PaccmoTpmm KoHKpeTHY ¢yHKumto: f(n) = 1000n2 + 100n +
10 u g(n) = n2. ObpaTuTe BHMMaHME, 4YTO 06e PpyHKuMK byayT
NPUBAMKaTbCA K BECKOHEYHOCTH, KOraa n NpubaunkaeTtca K
b6eckoHeyHocTU. [laBaliTe BbisicHUM, uTo f = O(g), npumeHunB onpeaeneHue.



CHayana nycTb BbIYMUC/IUM

g(n)

KoTopas byaeTt paBHa






1000n°+100n+10

0000000




(n)

g(n)

OrpaHMYeH 1 He byaeT NpMbanKaTbCA K N, NpUbANKatoLEenca K
6eckoHeyHocTU. Takmum obpasom, f(n) = O(g) = O(n2). (n2) obo3HayaeT, 4To
CNOXHOCTb 3TOM GYHKUMWN YBENIMYMBAETCS NO MEpe KBaZpaTta BXOA0B N.



Ecnuv yaBOMTb KOIMYECTBO BXOAHbIX 3/IEMEHTOB, OXKMAAETCS, YTO
CNOXHOCTb yBennuuTcs Ha 4. Obpatute BHUMaHMe Ha cneayolme 4
npasuna npu pabote c HoTauunen Big-O.Mpasuno 1: [laBalite paccmoTpum
CNOXHOCTb LUMK/IOB B anroputmax. Echm anroputm BbinonHaet
onpeaenéHHy NocaeaoBaTe/IbHOCTb LWAros N pas Ha
npousBoauTenbHocTb O(n). MpaBuno 2: [laBalite pacCMOTPUM BAOXKEHHbIE
LMKl aNropUTMOB. ECv anropuTm BbINOHAET PYHKLUUIO C LMKAOM M3 nl
Laros, a A/1A LMKAa BbINOAHAET ewé n2 wara, obuian
NPOM3BOAUTENBHOCTb afropmutma pasHa O(nl x n2). Hanpumep, ecam
anropuTm npeacrtasnseT coboii BHELWHWE U BHYTPEHHWE NET/IU C N LLAroB,
TO CNOXHOCTb aNroputTma byaeT npeacrasneHa Kak O(n*n) =
O(n2)NpaBuno 3: Echn anropmutm BbinonHAeT GyHKuUmto f(n), KoTopas
BbINO/IHAET N1 wara, a 3aTemM BbINOJHAET APYryto ¢yHKUMIO g(n) — n2
lwara, To o6wan NpomM3BOAUTENBHOCTb a/IFOPUTMA PaBHa
O(f(n)+g(n)).NpaBuno 4: Ecnn anroputm npuHmnmaet O(g(n) + h(n)), a
dyHKUMA g(n) 6onblie 6onblie(n) ana 60nbWOro N, NPOU3BOAUTENBHOCTb
anropuTMa MoXHo ynpoctutb Ao O(g(n)). 91o o3HayvaeT, yto O(1+n) = O(n)
n O(n2+ n3) = O(n2) NMpasuno 5: MNpwu pacueTe CNOKHOCTM aNropmuTMa
UrHOPUPYITE NOCTOSIHHbIE KpaTHble. Ecnn k — noctoaHHasn, To O(kf(n))
pasHa O(f(n)). Takxke O(f(k x n)) — 370 TO e camoe, yto O(f(n)). Takum
obpasom, O(5n2) = O(n2)U O((3n2)) = O(n2)Ob6paTnTE BHUMAHMUE, YTO:

® CNnoXKHOCTb, KOIMYECTBEHHO M3Mepsieman HoTaumen Big O, asnaeTcs
® nvwb oueHKol. Ana HebonblMX 06 BEMOB AaHHbIX HAac He BOMHYeT
BpemMeHHas cNoXXHOoCTb. N0 Ha rpadmKe onpeaenaeT Nopor, Bbile
KOTOPOro Ham MHTEPECHO HAWUTK BPEMEHHYHO C/IOXKHOCTb. 3aTeHEHHAnA
obnactb onucbiBaeT 3Ty 061acTb MHTEPEC], F4e Mbl aHaNU3NPYEM
BPEMEHHYI0 CNIOXHOCTb.
e T(N) BpemeHHas CNOoXKHOCTb 6osblle, YeM UcxoaHan GyHKUMA.
Xopowwii Bbibop T(n) nonbiTaeTca co3aaTtb YETKYIO BEPXHIOKO rPaHMLy
ana F(n)

Cnepytouan Tabanua cymMmmnpyeT pasainyHble TUnbl o6o03HavyeHuns Big O,
obcyrKaaemble B 3TOM pasaene:

Ha3BaHMe Knacca c/IoXKHOCTU Mpumepsbl onepauni



0O(1) KoHcTaHTa/lo6aBUTb, NONYYNTL NPeaMET, 334aTb 3/IEMEHT.
O(logn)  Norapuédmunyeckue MoncK anemeHTa B OTCOPTUPOBAHHOM
maccuse. O(n)  JIMHENHbIN KONWMPOBATb, BCTaBAATb, YAANATD,

nTepmnpoBatb nLogn  JIMHeMHO-NorapuPmmnyeckas COpTMPOBKA CMUCKA,
CANSIHME — COPTUPOBKA.

n2 KBagpaTuiHbIN BnoXeHHble netiu

CnoXHocTb noctoAHHOro Bpemenun (0(1))

Ecnn anropntm BbINOAHAETCA OANMHAKOBO, HE3AaBUCUMO OT pasmepa
BXO4HbIX AaHHbIX, FOBOPAT, YTO OH paboTaeT 3a NocToaHHOe Bpems. OH
npeacTtasneH Kak O(1). BosabMém npumep A0CTyna K N-My 31eMeHTy
maccmBa. HezaBncMMo OT paamepa MmaccuBa, NoNyvYeHue pesynbTaTos
3aMMET nocTosiHHOoe BpemMsA. Hanpumep, cneayow,aa GyHKUMA BEPHET
NepBbli 31EMEHT MacCMBa U UMeeT CNIoXKHOCTb O(1):

[10] 1 def getFirst(my_list):
2 return my_list[0]

The output is shown as:

[11] 1 getFirst([1, 2, 3])

[12) 1. getFirst(il, 2, 3, 4, 5, 6, 7, 8, 9, 18]}

,ﬂ,06aBJ'IEHVIe HOBOTIO 3/1eEMeEHTa B CTEK C NOMOLLbIO push U yganeHue



3/1IEMEHTA U3 CTeKa C MOMOLLbIO pop. He3aBMCMMO OT pa3mepa CTeka,
nobasneHne A yaaneHune anemeHTa 3aMMéET o4MHaKoOBOE BPeEMA. o
[ocTyn K anemeHTy X3w-Tabanupl (Kak obcyrkaaetca Bo smopoli enase
«CmpyKmypbl OGHHbIX, UCM0/b3yemMble 8 aa20pUmmax»).

« CopTMpOBKa No Beapy (Kak obcyxaaetcs Bo emopoli enase
«CmpyKmypbl OGHHbIX, UCM0b3yEMbIE 8 Aa120pUMMAX»).

CnoXXHocTb nHenHoro Bpemenun (0O(n))

ANropuTM Ha3bIBAETCA UMEIOLWMM CNOXKHOCTb IMHENHOTO BPEMEHMH,
npeactasneHHyto O(n), ecnn Bpema BbINONHEHUS NPAMO
NPONOPLMOHaNbHO pa3mepy BXOAHOro cMrHana. MNpocTtoi npumep —
[06aBUTb 3/1EMEHTbI B OAHOMEPHYIO CTPYKTYPY AaHHbIX:

1 def get_sum(my_1list):

| sum = 0

for item in my_list:
sum = sum + item

return sum

Ui & W N

O6patnTe BHMMaHME Ha OCHOBHOM LKA anroputma. Konmyectso
nTepauuii B r1aBHOM neTae yBeMYMBaeTcsa IMHENHO C yBEIMYEHNEM
3Ha4YeHus n, 4To NPUBOAMUT K O(N) CNOKHOCTM Ha CAeAYOLLEM PUCYHKE:



1 get_sum([1, 2, 3])

1 get_sum([1, 2, 3, 4])

10

HekoTopble gpyrue npumepbl onepauunii ¢ MaccMBamu cieayroume:

®* lMowuck anemeHTa

HaxoxxgeHne MMHUMA/IbHOro 3HaYeHMA cpeamn BCex 3/1IeMeHTOB
MacCCHBa

CnoXXHoOCTb KBagpaTmuyHoro spemenun (0O(n2))

foBOPAT, YTO aNArOPUTM paboTaeT B KBaApPaTUYHOM BPEMEHMU, eC/TIN BPEMS
BbINONHEHUSA a/IFOPUTMa NPONOPLMOHAaNbHO KBaApaTy pa3mepa BXxoaa;

Hanpumep, NPOCTyto GYHKLUMIO, KOTOpaa CYyMMUPYET ABYMEPHbIN MacCuB
cnegytowmm obpasom:



1 def get_sum(my_list):
2 sum = @

3 for row in myList:
4 for item in row:
5 sum += item
6 return sum

O6paTnTe BHUMaHME Ha BNIOXKEHHYIO BHYTPEHHIOK NETAI0 BHYTPU APYroi
OCHOBHOW NeTNN. ITOT BAOXKEHHbIN LUK NPUAAET NpeablayLlemy Kooy
cnoxKHocTb O(n2):

[13] 1 get_sum([[1, 2], [3, 4]])

10

[15] 1 get_sum([[1 ,2 , 3],[4 , 5, 6]1])

21

[pyroit npumep — anropuTMm COPTUPOBKMU NMY3bIPbKOB (KaK ONMCaHO BO
emopoli enase «CmpyKkmypsl OQHHbIX, UCMO/b3yemMble 8 aa20pUmmax»).



CnoxHocTb norapupmuyeckoro spemenu (O(logn))

Anroputm cumtaetca paboTatowmm 3a norapuPmmnyeckoe Bpems, ecnm
BpemA BbIMOJIHEHMA aATOPUTMA NPONOPLIMOHANBHO Iorapndmy pasmepa
Bxoaa. C Kaxkaomn ntepaumen pasmep BXoga YyMeHbLUIAETCA Ha NOCTOAHHbIN
MHOXuUTeNb. [Tpumepom norapnuPmMmmyeckoro aaropmtTma ABAAETCA
ABOUYHbIN MOUCK. BUHAPHbIM aNrOPUTM MOUCKA MCMONb3YeTCA ANA MOUCKA
onpeaenéHHOro afleMeHTa B O4HOMEPHOM CTPYKTYype AaHHbIX, HANpumep,
B CNMCKe Ha Python. DnemeHTbl B CTPYKTYpPE AaHHbIX A0MKHbI ObITh
OTCOPTUPOBaHbI B ybbiBatowem nopAaake. bBUHapHbIM anropnTm NoOmUCKa
peann3oBaH B GyHKLMKM C Ha3BaHWeM searchBinary, cneayrowmm obpasom:

1 def search_binary(my_list, item):

2 first = 0

3 last = len(my_list)-1

4 found_flag = False

5 while(first <= last and not found_flag):
6 mid = (first + last)//2

7 if my_list[mid] == item:

8 found_flag = True

9 else:

10 if item < my_list[mid]:
11 last = mid - 1

12 else:

13 first = mid + 1

14 return found_flag

OcHOBHaA NeTaa ncnoab3yeTt TOT PaKT, YTO CNMCOK ynopAagoyeH. OH gennt
CMMCOK NOMONAM C KaxKao0M ntepaumen, Nnoka He AOCTUTHET pe3yabTaTa:
MNocne onpegeneHna pyHKUUN TECTUPYETCA NOMCK ONpeaeNEHHOro
anemeHTa B CTpoKax 11 n 12. Anaropntm 6MHaApHOro nomcka nogpobHo
paccMaTpuUBaETCA B 271a8€ 3, «As120pUMmMbl COPMUPOBKU U NMOUCKA».
Ob6paTuTe BHUMaHUE, YTO U3 YeTbIpEX TMNoB HoTauum Big O O(n2) umeet



XyALwyto nponsBoanTenbHocTb, a O(logn) — nyywyto. PaKkTnyeckm,
npousBoauTenbHocTb O(logn) MOXKHO cUMTATb 30/10TbIM CTaHAAPTOM ANA
paboTbl Ntoboro anropntma (XoTa 3TO He Bceraa gocturaetca). C apyrou
cTopoHbl, O(n2) He Tak nnox, Kak O(n3), HO anropUTMbI, OTHOCALLMECA K
3TOMY KNaccy, Heb3A UCNOoNb30BaTb A5t 6ONbLIMX AAHHbIX, MOCKO/IbKY
BPEMEHHAsA CNOXKHOCTb OFPaHNYMBAET 06 bEM AaHHbIX, KOTOPbIE OHU
peanbHO moryT obpaboTtatb. OaMH N3 cNocob60B CHU3UTL CIOKHOCTb
aNropuTMa — 3TO KOMMNPOMMCC C €ro TOYHOCTbIO, CO34aBasA TUN
aNropuMTMa, HasbiBaeMblit NPUBAUIKEHHBIM aITOPUTMOM.

Bannpgaumna anroputma

MpoBepKa aAropuTMa NoATBEpPKAaEeT, YTO OH AENCTBUTENbHO
NpeAocTaBiAeT MaTeMaTUYecKoe pelleHme 3a4a4mn, KOTOPYo Mbl
nblTaemca pewnTb. MNpouecc Baanaauum AoNXKeEH NPOBEPATb Pe3yAbTaTbl
Ha MaKCUMa/IbHOE KOJIMYECTBO BO3MOKHbIX 3HAYEHUIN 1 TUNOB BXOAHbIX
3HAYEHUN.

ToyHble, NPUBAMKEHHbIE U PAaHAOMU3NPOBAHHbIE aNTOPUTMbI

Bannpgauma anropntma TakxKe 3aBUCUT OT TUMNA a/IFOPUTMA, TaK KaK
MeTOoAbl TECTUPOBAHUA OT/INYAtOTCA. [laBaliTe CHayaa pasiMyaem
AeTEPMUHNPOBAHHbIE U PAHAOMU3UPOBAHHbIE aNropUTMbI. nA
AEeTEPMUHNPOBAHHbIX aITOPUTMOB ONpeaeNEHHbIN BXOA, BCeraa
reHepupyeT TOMHO OANHAKOBbIN BbIXo4. HO AN HEKOTOPbIX KNaccos
aNITOPUTMOB TaKKe NPMHUMAETCA NOCNe[0BaATENbHOCTb C/TY4aMHbIX YMCen,
YTO AenaeT BbiBOA Pa3HbIM NPM KaxKaA0M 3anyCcKe afiroputma. Anroputm
Knactepusaumm kmeans, nogpobHO onncaHHbIN B 2s1a8€e 6 «An2opummel
HEeKOHMpPOosUpyemoz20 MAauwUHHO20 06yYeHUs», ABNAETCA NPUMEPOM
TAaKOro anropuTtma:



slaquinp wopuey

Algorithm Output Input Algorithm Output

Deterministic Algorithm Randomized Algorithm

PucyHok 1.2 [lemepMUHUPOBAHHbIE U pAHOOMU3UPOBAHHbIE A/120PUMMbI

ANropuUTMbI TaK¥Ke MOXKHO pa3aennTb Ha cieaytoline ABa TUNa Ha OCHOBeE
NPeAno/IOXKEeHUI AU NPUBAUIKEHUIA, UCMONb3YEMbIX A/1A YNPOLLEHMA
NNOTUKKN N YCKOPEHUSA UX paboTbl:

e TOuHbIX anroputm: OT TOYHbIE a/ITOPUTMbI OXKMUAAETCH, YTO OHU AaAYT
TOYHOe pelweHne 6e3 BBeAeHUA NPeaNON0KEHNN UAN NPUBINKEHUNA.

MpuUbANIKEHHDIA aNTOPUTM: KOTAa C/IOXKHOCTb 334341 C/INLIKOM BbICOKA
ANA 3a4aHHbIX PECYPCOB, Mbl YNPOLLLAEM 33434y, Ae/1asa HEKOTOPbIe
npeanonoXKeHna. ANMropnTMbl, OCHOBaAHHbIE HA 3TUX YMPOLLEHNAX AU
NPeANno/OXKeHNAX, Ha3blBAOTCA NPUBAMIKEHHBIMM ANTOPUTMAMMU, YTO HE
AAET TOYHOro peweHuna. JaBante pacCMOTPUM NPUMEP, YTOObI MOHATb
PasHULY MeXAY TOYHbIMU U NPUBAUNMKEHHBIMM aNTOPUTMaMnN —
3HaMEHMUTYIO 33434y KOMMUBOAXKepPaA, KoTopaa bblna npeacTaBieHa B
1930 rogy. KommuBoskep 3a4aET BamM 33434y HAUTU CaMbI KOPOTKUM
MapLpYyT ANA KOHKPETHOrO KOMMMBOAXKEPA, KOTOPbIA NOCELLAET KaXKabli
ropog (13 cnmcka ropoaos), a 3aTem BO3BPALLAETCA B UCTOYHUK, NO3TOMY
ero Ha3blBalOT KOMMUBOAXKePOM. [lepBas NoNbITKa HaUTK pelleHne byaeT
BK/1IK0MATb reHepaLMio BCEX NepecTaHOBOK ropoAoB M BbIBop camom
AeweéBor KombuHaumm ropoagos. O4eBMAHO, YTO BPEMEHHAA CIOXKHOCTb
HaA4YMHAeT CTaHOBUTbLCA HeynpaBaaemowm 3a npegenamm 30 ropoaos. Ecnm
4yucno ropogos npesbiwaeT 30, o4HUM U3 CNOCOOBOB CHUMKEHUA CNOKHOCTH
ABNAETCA BBEAEHNE HEKOTOPbIX NPUBANKEHNI 1 NpeanonoKeHni. Ana
NPUOAMKEHHDBIX aATOPUTMOB Ba*KHO YCTAaHAB/INBATb OXNAAHUA TOYHOCTHU
npu cbope TpeboBaHUi. Banngaumna anroputma annpoKkcMmaumnm



3aK/10YaeTCcA B NPOBEPKE TOro, YTO OWMBKa pe3ynbTaToB HaxoauTcA B
npuemaemom ananasoHe.

OB6BACHMMOCTb

Korga anroputmbl MCNOAb3YOTCA ANA KPUTUYECKUX C/ly4aeB, CTAaHOBUTCS
BaXXHO MMETb BO3MOKHOCTb 0ObACHATL MPUUYMHbBI KaXKA0ro pe3ynbraTa,
Koraa 3To HeobxoamMmo. 3To HeobxoaMMO AnA Toro, YTobbl pelueHmns,
OCHOBaHHble Ha pe3y/ibTaTax aAfToPUTMOB, HE NPUBOAMAN K NPEAB3ATOCTY.
CnocobHOCTb TOYHO oONpeaennTb NPU3HAKK, KOTOPbIe UCMONb3YHOTCA
NPAMO UM KOCBEHHO ANA NPUHATUA KOHKPETHOrO peLleHns, Ha3blBaeTca
06bACHNUMOCTbIO anropuTMa. ANropUTMbI, UCNOJIb3YEMbIE B KPUTUYECKUX
CNyYasnx UCNONb30BaHMUA, AONKHbI OLLEHMBATLCA Ha npeameT
NpPeAB3saTOCTM U NPEeAB3ATOCTU. ITUYECKUI aHaNNU3 a/ITOPUTMOB CTan
CTaHAAPTHOM YacTblo NpoLecca BaamMgaumm Tex aaropuTMoB, KOTopble
MOTYT BANATb HA MPUHATUE PELUEHUIN, KaCaoLWMNXCA *KU3HN ntoaen. Ona
anNropuTMoB, paboTatowmx ¢ MyoboKnMm obydyeHrnem, 06 BACHUMOCTb TPYAHO
AOCTUYb. Hanpumep, ecav anroputm MCNob3yeTca ANA OTKas3a B
MNOTEYHOM 3asiBKe Ye/IoBEKa, BaXKHO 06/1a4aTb NPO3PavyHOCTbIO U
CNOCOBHOCTbIO 0O BACHUTL NPUYNHY. ANTOPUTMUYECKan 06 bACHUMOCTb —
aKTMBHaA obnactb nccnegosaHmn. OaHOM N3 HeAaBHO pa3pPaboTaHHbIX
apPeKTMBHbIX MeTOA0B ABNAIOTCA JIOKaNbHble UHTEPNPETUPYEMDIE
o06bAcHeHna mogenen (LIME), npeanoxeHHble B MaTepuanax 22-u
Accouunaumm BbluncantTenbHoi TexHnku (ACM) npu CneumanbHom rpynne
No OTKPbITUIO 3HaHUM (SIGKDD)) MexayHapoaHaa KoHpepeHuuna no
MOWUCKY 3HAHWM K aHanun3y aaHHbIx B 2016 rogy. LIME ocHoBaH Ha
KOHLENUMKU, Npu KOTOPOM BXOAHbIE AaHHbIE A5 KaXA0ro aKk3eMmnasapa
NHAYUNpPYIOTCA HebonblLMe U3SMEHEHMA, @ 3aTEM NPeANPUHMMALIOTCA
NONbITKKU OTOOPAXKUTL NOKANbHYIO TPaHULLY PELLEHNA ANS 3TOro
3K3emnasapa. 3aTem OH MOKeT KOIMYECTBEHHO OLLEHUTb BIUSIHUE KaXKa0M
nepemeHHOM ANA AaHHOro Cayyas.

KpaTkoe coaepKaHue

3Ta rnaBa NOCBALLEHA U3YYEHUIO OCHOB aNropMTMmoB. CHayana Mbl y3Hanu
0 pPa3/IMYHbIX 3Tanax pa3paboTku anropmutma. Mbl 06cyannm pasnmyHble



cnocobbl onpeaeneHnsa N0rMKM anroputma, Heobxogmmole ANa ero
NPOEKTUPOBAHUA. 3aTEM Mbl M3y4Ya/iv, KaK NPOEKTUPOBATb aIfOPUTM. Mbl
N3y4Ynnun ABa pasHbix cnocoba aHanmsa apHeKTUBHOCTM aNropUTMa.
HakoHel, Mbl U3y4yanu pasnnyHble acnekTbl Banamgaummn anroputma. Mocne
N3y4YeHUs 3TOM rNaBbl Mbl AONXKHbI CMOXXEM MOHATb NCEBAOKO,
anroputma. Mbl A0/1KHbI MOHUMATb Pa3Hble 3Tanbl Pa3paboTKY U
BHeApPeHUA anroputma. Mbl TaKKe Hay4yManCb UCMNOJIb30BaTbh HOTauMto Big
O ANns oUEHKM NPOU3BOANTENBHOCTU anroputma. Cneayrowas rnasa
NocBALLEHA CTPYKTYPAM AAHHbIX, UCNONAb3YEMbIM B anroputmax. HauHém c
PAacCMOTPEHUA CTPYKTYP AaHHbIX, AOCTYNHbIX B Python. 3aTem mbl
PAaCCMOTPUM, Kak MOMKHO UCNONb30BaTb 3TU CTPYKTYPbI AaHHbIX A1
co3aHuA 6onee CNOXKHbIX CTPYKTYP AaHHbIX, TAKUX KaK CTEKU, ouepean u
flepeBbs, Heobxoanmble AN1A Pa3pPaboTKM CIOMKHbIX aATOPUTMOB.

OceanfPDF.com

2 CTPYKTYpbl AQHHbIX, UCMO/Ib3yeMble B
a/IF0OPUTMax

MpucoegmHanTechb K Discord-npocTpaHCTBY HaLLEN KHUTU

https:// packt.link/40Algos

ANropuTMam Hy»KHbl HE0bX0ANMbIE CTPYKTYPbI AaHHbIX B MAaMATU, KOTOPbIE MOTYT XPaHUTb
BPEMEHHble JlaHHble BO BPeMsA BbIMOAHEHUSA. BbI6Op NpaBUAbHbIX CTPYKTYP AaHHbIX
KpariHe BaXkeH gns ux apdpeKTMBHOM peanmsaumnn. HekoTopble KAaccbl aAropuTMoB
ABNAIOTCA PEKYPCUBHBIMU UAWN UTEPATUBHbLIMM B JIOTUKE M TPebYHOT cneumanbHo
pa3paboTaHHbIX CTPYKTYP AaHHbIX. Hanpumep, peKypCcuBHbIA anroputm MoXKeT bbiTb
peannsoBaH NpolLLe, AEMOHCTPMPYA NyYLLIYIO NPOU3BOAUTENbHOCTb, EC/IM UCMO/Ib30BaTh
BNOYKEHHbIE CTPYKTYPbl AaHHbIX. B 3TOI rnaBe CTPYKTypbl AaHHbIX pacCMaTpMUBatOTCA B
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KOHTEKCTe aAroputmos. MocKonbKy Mbl ncnoniblyem Python B 3Toi KHUre, 3Ta rnaBa
cocpenoTodeHa Ha CTPYKTypax AaHHbIX Python, HO npeacTaBieHHbIE B HEM KOHLEeNUMK
MOTYT UCNONb30BATbCA U B APYIMX A3bIKAX, TaKMX KaK Java n C++. K KOHLUY 3TOW r1aBbl Bbl
OOMKHbI NOHATb, KaK Python 06pabaTbiBaeT CNOXKHbIE CTPYKTYPbI AAHHbIX M KaKNe N3 HUX
cnepyeT UCNONb30BaTb AN ONpeaenéHHOro TMna AaHHbIX. [T03TOMy BOT OCHOBHble
MOMEHTbI, 06Ccy»Kaaemble B 3TOW rnase:

MN3yyeHMe BCTPOEHHbIX TUNOB AaHHbIX B Python
Ncnonb3oBaHue pagoB 1 gatappeiimos
N3yyeHne maTpumu, 1 MaTPUYHbIX ONepaymmn
MoHMMaHKWe abCTPaKTHbIX TMNOB AaHHbIX (ADT)

N3yyeHMe BCTPOEHHbIX TUMOB AaHHbIX B Python

B nto60m A3biKe CTPYKTYPbI AaHHbIX MCMOb3YHOTCA A8 XPaHEHUA U 06PabOTKM CNOMKHbIX
AaHHbIX. B Python cTpyKTypbl AaHHbIX — 3TO KOHTelHepbl 414 3GHEKTUBHOIO
ynpaBaeHusn, oOpraHn3aLmm U Nnoncka gaHHbiX. OHM UCNOb3YIOTCA AN XPAHEHMA TPYNMbI
3/1EMEHTOB AaHHbIX, Ha3bIBa€MbIX KONEKLMAMMU, KOTOPblE HEOBXOAMMO XPaHUTb U
obpabaTbiBaTb BMecTe. B Python BaHble CTPYKTYpbl AaHHbIX, KOTOpPblE MOTYT
MCMNONb30BaTbCA ANA XPAaHEHUA KOANEKLMIA, NpuBeaeHbl B mabauue 2.1:

[daHHble  KpaTkoe ob6bAcHeHMe Mpumep
CTpyKTypa
Cnucku YnopagoyeHHasn, BO3MOXKHO BNOXKEHHAA, U3MeHAeMas Noc1ea0BaTe/IbHOCTb
["John", 33,"Toronto", True]

3N1E€MEHTbI.
KopTex Ynopsao4éHHas HeM3MeHHan nocneaoBaTeNbHOCTb («KpacHblM»,  «3enéHbliiiy,
3/1eEMEHTOB «CUHWUIY, «KENTbINY)
CnoBapb HeynopagoyeHHbI Habop Nap KNOY-3HAYEeHMe {food":  'spam', ‘'taste":

'yum'}

JekopaunmHeynopsaaoyeHHbI HAboOp 31EMEHTOB {'a', 'b', 'c'}

Tabnuua 2.1: CTpyKTypbl AaHHbIX Python
[aBanTe paccmoTpum ux nogpobHee B NpeacTOALWMX NOApa3aenax.

Cnucku

B Python cnncok — 3TO OCHOBHOM TN AaHHbIX, UCNONb3YEeMbI A5 XPAaHEHUA
N3MeHAEeMOM NOCNeaoBaTENbHOCTU 3N1eMeHTOB. [locneaoBaTENbHOCTL 3/IEMEHTOB,
XPAHALLUXCA B CNIUCKe, He 06A3aTeNbHO A0NKHA 6bITb 04HOrO TMNA. CMMCOK MOXHO
onpeaennTb, 3aK/Il0UYUB 3NEMEHTDI B [ ], M UX HY}KHO pasaenunTb 3anatoit. Hanpumep,
cneayowmii Kog, co34aéT BMECTe YeTblpe 3/IeMeHTa AaHHbIX Pa3HbIX TUMOB:



>>> list a = [«Ixou», 33, «TopoHTO», True]
>>> print(list_a)
[«IOxon», 33 roma, «TopoHTO», True]

B Python cnncok — 310 yao6HbIN cnocob co3gaHna og4HOMEpPHbIX 3anNMncbiBaeMbIX

CTPYKTYP AaHHbIX, KOTOpPbIE ocobeHHO HeO6XOﬂ,MMbI Ha Pa3/IMYHbIX BHYTPEHHUX 3TaNax
aJiIrtoPUTMOB.

Mcnonb3oBaHMe cnUckos

YTunurtapHole d)yHKLI,MM B CTPYKTYpaX AaHHbIX AeNnatloT UX O4eHb NOJ1E3HbIMU, TaK KaK UX
MOXHO MCNOZIb30BaTb AN1A yNnpaBaeHNA AaHHbIMUX B CNUCKaX. Jasaiite NOCMOTPUM, KaK UX
MOXHO Mcnosb3oBaTb:MHAEKCaumMAa cnncka: NMOoCcKoNbKY NONOXKEHME INeMeHTa B CNUCKe
A0eTePMNUHNUPOBAHO, UHAEKC MOXXeT NCNOJ1b30BaTbCA A/1A NO/Iy4eHUNA 31eMeHTa Ha
onpegenéHHomn nosnumn. Cneayowmn Kog 4eMOHCTPUPYET 3TY KOHLENLMIO:

>>> bin colors=['Kpacuem', '3Senéuwni', 'Cunumi', 'XénTeni']

>>> bin colors([1]
«BeJIEHBI»

YeTbIpEXaN1EeMEHTHbIN CMUCOK, CO34aHHbIA 3TUM KOAOM, NMOKa3aH Ha pucyHKe 2.1:

Red Green Blue Yellow Values
1

Indexes

PucyHok 2.1: YemeoipéxanemeHmHbil criucok 8 Python

Obpatnte BHUMAHME, 4YTO B Python — 3TO 53bIK C HYN1E€BbIM MHAEKCUPOBAHUEM. ITO
3HAYMT, YTO HaYaNbHbIN MHAEKC N0OOM CTPYKTYPbI AaHHbIX, BKAOYAA CNUCKK, byaeT paBeH
0. A «3enéuriz », TO €CTb BTOPOW 3/IEMEHT, MONY4aeTCA MHAEKCOM 1 , TO eCTb

bin color([1] .CnavcuHr cnnuckos: MonyyeHrne NOAMHOMKECTBA 3/IEMEHTOB CMIMCKA NYTEM
yKa3aHuA AnMana3oHa MHAEKCOB Ha3blBaeTCcs CNacMHIrom. Cnegyowmin Kog MOXKeT ObITb
MCNONb30BaH A1 CO34aHMA cpe3a CNUCKa:

>>> bin colors=['Kpacuem', '3Benéuwm', 'Cunmin', 'Xénremi']



>>> bin colors[0:2]
['"KpacHem', 'BemnéHb']

Ob6paTnte BHUMAHME, YTO CNMUCKU — OAHA U3 CaMbIX MONYAAPHbIX O4HOMEPHbIX CTPYKTYP
OaHHbIX B Python.

Mpu Hape3Ke cNUCKa gMana3oH o603HavaeTca cnegyrounm o6pa30M: nepsoe 4Yyncino

(BKNOUUTENBHO) M BTOPOE YMCNIO (IKCKNIO3MBHO). Hanpumep, bin colors[0:2]
byner

BKAKOYaMTe bin color[0] W bin color[l], HO He bin color[2]. ﬂpM
MCNos1b30BaHUN CMNUCKOB 3TO CTOUT MOMHWUTb, TAdK KAaK HEKOTOPbIE MO/Ib30BATENN
A3blKa Python »kanytoTca, 4To 3T0 He 0OYEeHb MHTYUTUBHO.

[aBaiiTe NOCMOTPUM Ha cneayowmii GparMeHT Koaa:

>>> bin colors=['Kpacuemt', '3Senéuwni', 'CuxHui',
>>> bin colors[2:]

['Cyuum', 'XénTem']

>>> bin colors[:2]

['Kpacuet', 'Benéuwn']

"XeénTem' ]

Ecnn HayanbHbIM MHOEKC HE YKa3aH, 3TO 03HAYaeT Hauya10 CMMUCKA, @ ECIN KOHEYHbIM
MHAEKC He YKa3aH — 3TO KoHeLl, CMUCKA, KaK NOKa3aHo B npeablaywem Koae.
OTpuuatenbHaa nHaekcauma: B Python Tak»ke ectb oTpuuaTenbHble MHAEKCHI, KOTOPbIE
YYUTBIBAKOTCA U3 KOHLLA CNMUCKA. 3TO NPOAEMOHCTPMPOBAHO B Caeayolem Koae:

>>> bin colors=['Kpacueit', '3Benéuwni', 'Cuuumt', 'XémTeni']
>>> bin colors[:-1]

["Kpacuem', 'Benéuem', 'Cuuun']

>>> bin colors[:-2]

['Kpacuet', 'Benéuoit']

>>> bin colors[-2:-1]

["Blue']

O6paTMTe BHUMaHUWe, YTO OTpUL,aTe/IbHble MHAOEKCHI 0COHEHHO NoJe3Hbl, Korga Mbl XOTUM
MCNONb30BaTb NOCAEAHUIN 3N1EMEHT B KaYeCTBE TOYKN OTCYETA BMECTO nepsoro.
BnoxkeHue: dneMeHT cnmucka MmoxKeT bbITb N1toboro Tmna AaHHbIX. 9TO NO3BONAET
BAIOXKEHME B CNUCKU. [NA nTepaTUBHbLIX U PEKYPCUBHbBIX aITOPUTMOB 3TO obecneyunBaer
Ba*XHble BO3MOKHOCTU. ﬂ,aBaﬁTe paccMmoTpum cnep,yrom,m‘/'l KoA, KOTOprl\;I ABNAETCA
NPUMePOM CNUCKa BHYTPU CNUCKa (BJ'IO)KeHVIe):

>>> a = [
>>> max (a
300

>>> a[2][1]
200

1,2,[100,200,3001,6]1
(2]

)



WUTepauwma: Python nossonseT nepebupaTtb KaxKablit 3N1€MEHT CNNCKA C MOMOLLbIO LykIa
for . 9TO NPOAEMOHCTPUPOBAHO B CAeAyHOLLEM NPUMEpPE:

>>> bin colors=['KpacuHem', '3Senéuwni', 'Cunumnt', 'XénTeni']
>>> mna this color B bin colors: print (f"{this color}
Square)

KpacHas momanb
Bené€Hada nJjomanb
Tonybasa njomanb
XEnTEM KBaOpaT

O6paTnTe BHUMAHKE, YTO NpeablayLinii Ko, NPOXoAnUT Mo CNUCKY M NevyaTaeT Kaxkabli
3/1IEMEHT.

PyHKLUMA JANbHOCTH

(DyHKLl,VII'O Anana3oHa MOXHO UCNO/Ib30BaTb A1 CO34aHUNA 60nbLWOro cnucka ymcen. OH
MCnoab3yeTca AnAa aBTo3ano/IHEHUA HOCHEAOBaTeﬂbHOCTeVI 4Yyncen B Cnmcke. cDyHKLI,l/IFI
naneHOCTM MPOCTA B UCNONIb30OBAHUN. Mbl MmOXKem MCnoib30BaTh ero, NPOCTO YKa3saB
KOIMYECTBO HYXHbIX 3/IEMEHTOB B crKcKe. [10 YyMONYaHUIO OH HAYMHAETCA C HYAA U
yBeNN4YnBaeTCA Ha eANHNLY:

>>> x = QJaJIbHOCTL (6)
>>> X
[0,1,2,3,4,5]

TaKe MOXHO YKa3aTb KOHEYHO€E YNC/10 K War:

>>> odd num = mmanasoH(3,29,2)
>>> odd_ num
(3, s, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27]

Mpeaplaywan GyHKUMA AMana3oHa AacT HAM HeYEéTHble YMcaa, HaumHatowmecs ot 3 go 29.

BpemeHHaA CNOXKHOCTb CMUCKOB

BpeMeHHYH CNOXKHOCTb Pa3nnYHbIX GYHKLMIA CNUCKA MOXKHO PE3IOMMUPOBATL CNEAYHOLLMM
obpa3om ¢ nomoubto 0603HauveHus Big O:

Pa3Hble meToabl BpemeHHas C/I0XKHOCTb

BcraBbTe anemeHT O(1)

Ynanutb anemeHT O(Nn) (B XyALwWwem cnyyae MOXKeT NPUAETCA NOBTOPATb BECb CMUCOK)
BbipesaHue cnunckaO(n)

N3BneuyeHne anemeHToB O(n)

MpuHAaTo O(n)



O6paTuTe BHMMaHKe, YTO Bpems, Heobxogmmoe ana AobaBaeHns OTAeNbHOrO 31EMEHTA,
He 3aBUCUT OT pasmepa Cnucka. pyrme onepauuu, yKasaHHble B Tabanue, 3aBUCAT OT
pa3mepa cnucka. Mo mepe pocTa CNMcKa BAMAHUE Ha NPOM3BOAMUTENbHOCTb CTAHOBUTCA
BCE bonee 3aMeTHbIM.

KopTexku

BTopas cTpyKTypa AaHHbIX, KOTOPAs MOMET MCMO/Ib30BaTbCA ANA XPAHEHUA KONNEKUUN, —
3TO KOPTEXK. B oTAnuMe OT CNMCKOB, KOPTEXM — 3TO HEM3MEHHbIE (TONbKO A8 YTeHUs)
CTPYKTYpPbI AaHHbIX. KOPTEXM COCTOAT U3 HECKO/IbKMX 31EMEHTOB, OKPYKEHHbIX ( ). Kak n
CMUCKW, SNEMEHTbI BHYTPU KOpTEXKa MOryT BbiTb pa3HbiX TUNOB. OHM TaK¥Ke A0oNycKatoT
CNIOMKHbIE TUNbI AaHHbIX ANA CBOUX 3/1eMEHTOB. TaKMM 06pPa3om, BHYTPU KOPTEXKa MOXKET
6bITb KOPTEXK, NPEAOCTaBAAOWMIA CNOCOO CO34aHUA BNOKEHHOWN CTPYKTYPbI AaHHbIX.
B03MOKHOCTb CO3aBaTb BNOXKEHHbIE CTPYKTYPbI AaHHbIX 0COBEHHO nonesHa B
NTEPATMBHbIX U PEKYPCUBHbIX anroputmax. Cneayowmin Kog, 4eMOHCTPUPYET, Kak
C034,3aBaTb KOPTEXKM:

>>> bin colors=(«KpacCHE», «3eJEHB», «CHMHMI», «KEITHII»)
>>> bin colors([1]

«3eJIEHBIM»

>>> bin colors[2:]

(«CyHMTY» , «<KENTHIV»)

>>> bin colors[:-1]

(«KpacHB», «3eJ€HB», «KCUHMI»)
# BJOXeHHas CTPYKTypa HOaHHBIX
KopTexa >>> a =

(1,2, (100,200,300),06)

>>> max(al[2])

300

>>> a[2][1]

200

Mo BO3MOMXHOCTM C/ieayeT NpeanoynTaTb HEM3MEHseMble CTPYKTYPbl AaHHbIX
(Hanpumep, KopTeXK) nepen U3MeEHAEMbIMM CTPYKTYPaMM AaHHbIX (Hanpumep,
CMMCKaMM) 1U3-3a BbICOKOM NpounssoguTenbHocTn. OcobeHHo npu paboTe ¢ 6onbwnmmm
AAHHbIMW, HEM3MEHAEMbIE CTPYKTYPbI AAaHHbIX 3HAYUTENBHO BbICTPEE U3MEHAEMBIX.
Korga cTpyKTypa AaHHbIX nepeaaétca pyHKLMU KaK HEU3MEHsAeMasn, eé Konusa He
TpebyeTcs, Tak KaK GyHKLUMA HE MOXKET €€ N3MEHUTb. TaKMM 06pa3om, BbIXoa, MOXKET
OTHOCMUTBCA K CTPYKTYPE BXOAHbIX A@HHbIX. ITO Ha3blBaeTcA pedpepeHTHON
NPO3PaYHOCTbIO U YNyYLIAET NPOU3BOANTENBHOCTb. 32 BOSMOXHOCTb MEHATb
3/1EMEHTbI Al@aHHbIX B CMIUCKAX CTOUT NAATUTb, U HY}KHO TWATENbHO aHa/IM3UPOBATD,
AENCTBUTENbHO 1N 3TO HEOHXOAMMO, UTOObI peanin30BaTb KO B BUAE TONbKO
YnTaeMbIX KOPTEKEN, YTO ByaeT ropasao bbicTpee.



O6paTnTe BHMMAHME, YTO NOCKO/bKY Python — 3TO A3bIK C HyN1E€BbIM MHAEKCOM, a[2]
OTHOCMUTCA K TPETbEMY 3/IEMEHTY, KOTOPbIN ABNSETCA KOPTEXKOM (100,200,300) . a[2] [1]
OTHOCMTCA KO BTOPOMY 3/IEMEHTY B 3TOM KOPTEXKE, KOTOPbIN pPaBeH 200

BpemeHHan CNOXKHOCTb KOpTeXKeN

BpemeHHyI CNOXKHOCTb Pa3IMUHbIX GYHKLMIM KOPTEXKEN MOXKHO PE3IOMUPOBATH
cnepyowmm obpasom (c ncnonblosaHmem obosHauyeHus Big O):

JononHeHne No BpemeHu

cnoxHoctn dyHKumm O(1)

Ob6patute BHMMaHMe, yTo Append — 3To GyHKLMA, KOTOpas A06aBAAET aNeMeHT banke K
KOHLLY YXKe CyLecTBytoLLero Koptexa. Ero cnoxHoctb pasHa O(1). ChoBapu n mHokecTBaB
3TOM pasaene Mbl 06CyaUM MHOXKECTBa U C/I0BapM, KOTOPbIE UCNO/b3YIOTCA A1A XPaHEHUS
AAHHbIX, HE UMEILNX ABHOFO UM HeABHOTO nopsaaka. U cnosapb, M HAbopbl A0BOJIbHO
NOXOXW. PasHuLa B TOM, YTO C/I0Bapb MMEET KoY U Napy 3HavyeHnin. Habop MOXKHO
npeacTaBUTb Kak Habop YHMKaNbHbIX KAtoyeit. [laBalTe pacCMOTPUM MX MO OAHOMY

Cnosapwu

XpaHeHMe AaHHbIX KaK Nap KA4Y-3HaYyeHne 0cobeHHO BaXKHO B pacnpenenéHHbIX
anroputmax. B Python Konnekums sTux nap KA4Y-3Ha4YeHMUe XPaHUTCA B BUAE CTPYKTYpPbI
OaHHbIX, Ha3blBaemoli cnoBapem. [1na co3aaHusa cnosapa cnenyet BbiOpaTb KAHOY KaK
aTpuMObyT, KOTOPbLIN /lydLLe BCEro NoaxoauT ANa naeHTUdMKaLmMmn AaHHbIX B Npouecce
06paboTKKN AaHHbIX. OrpaHUYEeHNE 3HAYEHMA KAtoYel 3aKN0YaeTCs B TOM, YTO OHMU
OO/IKHbI BbITb XelWMpyeMbIMU TUMAaMU. XelMpyemble — 3TO TUM 06EKTOB, Ha KOTOPbIX
Mbl MOXeM 3anycKaTb Xew-QyHKLMI0, FeHEPUPYSA XELW-KOA, KOTOPbIA HUKOTAA He MeHAETCS
B TeYEHME CBOEWN KM3HWU. ITO rapaHTUPYET, YTO KAKOYM YHUKANbHbI, @ MOUCK KNtoYa
6bICTPbIN. YMcnoBble TUMbI U NIOCKME HEM3MEHSIEMbIE TUMbI Str — BCe X3lWmnpyemble U
ABNAIOTCA XOPOLNM BbIBOPOM AN KAoUen coBaps. 3HaYeHNe MOXKET BbiTb 31eMeHTOM
noboro TMNa, Hanpumep, YMCA0M UK CTPOKOW. Python Tak:ke Bcerga ncnonb3yer
CNIOXKHbIE TUMbI AAHHbIX, TAKME KaK CMUCKKU, B KAYECTBE 3HAYEHUI. BnoxKeHHble cnoBapu
MOHO CO3aTb, UCNONb3YyA CNI0BAapPb B KAYECTBE TUMNA AaHHbIX 3HaYeHus. YTobbl co3aaTb
NPOCTOI CNOBapb, KOTOPbLIN MPUCBANBAET LBETA Pa3INYHbIM NEePEeMEHHbIM, NapPbl KAOY-
3HayeHue A0/XKHbI ObITb BKAOUYEHbI B { }. Hanpumep, cheayowmin Kog co3gaét npocTomn
CNoBapb, COCTOALLMMN N3 TPEX Nap KAKOY-3HaYEeHMe:

>>> bin colors ={

"manual color": "Xénrem",
"approved color": "3en&mem",
"refused color": "KpacHwm"

}

>>> print (bin colors)



{ 'manual color': 'Xémremi', 'approved color': 'Senéuwmii', 'refused color':
'KpacuHem' }

Tpn napbl KAOY-3HAYEHUE, CO3A4aHHbIe NpeablayLLMM KOAOM, TaKXKe NOoKa3aHbl Ha
cneagyrowem CKpUHLoTe:

keys values
'manual_color' = 4 ‘Yellow’

‘approved_color' {= -ﬂ ‘Green’
'refused_color' - ——% ‘Red’

bin_colors

PucyHok 2.2: lNapebi KAtoy-3HavyeHuUe 8 npocmom crosape

TéﬂeprOCMOTpMM,KaKHOﬂyHMTbV|06HOBMTb3HaHEHME,CBﬂ3aHHOECIUHOqOMIqTO6H
noNy4YnTb 3Ha4YeHne, CBA3aHHOE C KTKOYOM, MOXXHO NCNO/1b30BATb NNB0 dyrxIm0 get,
NMBO KNoY B KayecTee MHAOEKCA:

>>> bin colors.get ('approved color')
«3eJIEHE»
>>> bin colors['approved color']

«3BeJIEHH»
YroOel OOHOBUTH 3HAUEHME, CBS3aHHOE C KJIOUOM, MCIOJIb3YUTe CJenyolMuy KOII:

>>> bin colors(['approved color']="duonerossnit"

>>> print (bin colors)

{'manual color': 'Xémnremi', 'approved color': 'ouomeroswii', 'refused color
'KpacHet' }

O6paTMTe BHMMaHWUeE, 4TO I'Ipe,Cl,pr,yLU,VIﬁ KO/, NOKa3bIBAET, KAK MOXXHO 06HOBUTb
3Ha4YeHune, CBA3aHHOE C OI'Ipep,el'IéHHblM KA4yem, B csiosape.

MHox<ecTBa

TecHo cBA3aHHbIM CO C/I0BAapPEM ABNAETCA MHOMECTBO, KOTOPOE onpenenaeTca Kak
Heynopsaa04YeHHbI HAbopP PAa3NIMYHbBIX 3N1EMEHTOB, KOTOPbIE MOTYT BbITb Pa3HbIX TUMOB.



OAMH 13 cnocobos onpeaeneHna MHoOXectBa — 3aK/1l0O4YUTb 3HAYEHNA B { } Hanpmmep,
NOCMOTPUTE Ha cnep,yrou.l,mﬁ 610K Koja:

>>> zenéHemt = {'Tpara',

>>> NPUHT (3eJIEHEIN)

{'Tpara’,

'nmucTea’'}
'nmucTrea'}

>>> 3eJIEHHMN {'Tpara’',
(3estéHu)
{'Tpara’',

'nmucTea'}

Onpep,enmou.l,eﬁ XapaKTepMCTMKOl;'I MHOXeCTBa ABNAETCA TO, YTO OHO XPaHWUT TOJIbKO

'mcrea', 'oucTesa '}

OTAEeNbHOE 3HaYeHMe KaxKaoro anemeHTa. Ecnm mbl nonbiTaemca Ao6aBuTh ewwe oamH
N36bITOYHbIN 3/IEMEHT, OH MPOUTHOPMPYET 3TO, KaK NOKA3aHO HUXKe:
>>> MNPUHT

Anarpammbl BeHHa:

Y1obbI npoaAeEMOHCTPUPOBATDL, KaKME onepayunn MOXHO BbIMO/IHATb Ha4 MHOXXECTBaMU,

p,aBaﬁTe onpeaenmm ABa MHOXecCTBa: MHOXeCTBO C Ha3BaHMEM )-KéI'ITbIl)'I, B KOTOpPOM eCTb
KenTble anemeHTbl. Jpyroe MHOXeCTBO C KPAaCHbIM, r4e eCTb KpacHble 3/IEMEHTbI.

O6paTVITe BHMUMaHWNE, 4HTO HEKOTOPbLIE O6UJ,VIe YepTbl Mexay asTMMUN ABYMA MHOXKeCTBaMU.

Ob6a MHOXKecTBa M UX B3aMMOCBA3b MOMXKHO npeacrtasuTb C NOMOLLBHO CI'IG[I,VFOLLI,GVI




PucyHok 2.3: fluazpamma BeHHa, noka3bisarowaa, KaK anemMmeHmol XpaHAmMcA 8
MHOMecmeax

Ecamn mbl XoTMM peanmn3oBaTh 3TM ABa Habopa Ha Python, Kog 6yaeT BbIrnsaAeTb Tak:

>>> xénrtet = {'omyBaHuuku', 'HDOXapHBEM I'MIOPAHT', 'Jmcrba'}
>>> kpacHulM = {'nmoxapHe rumpaHT', 'kpoBb', 'poza', 'smmcrba'l

Tenepb paccMoTpMm CaeayoWwmii Koa, KOTOPbIA AE@MOHCTPUPYET onepaLn MHOXECTBA C
ncnonb3osaHnem Python:

>>> XEJITHM | KpaCHBIN

{'omyraHuMkmM', 'moxapHbM I'MOpaHT', 'KpoBb', 'poza', 'mwmcTesa'}
>>> XEJITO-KPAaCHEIN

{'moxapHet rMOpaHT', 'JIucTtea’'}

KaK nokasaHo B npeablayliem ¢parmeHTe Koga, MHOXecCTBa B Python moryT nmetb
onepaumm, Takne Kak obbeanHeHns n nepeceveHms. Kak n3sectHo, onepaumsa
obbeamHeHUs obbeMHAET BCe 3/1eMeHTbl 060MX MHOKECTB, @ Onepauus nepeceyeHmn
[ACT MHOKECTBO OBLNX 3N1EMEHTOB MeXAY 3STUMU ABYMA MHOXecTBamu. ObpatuTe
BHUMAHWE: x&nTer | kpacHsii MCNOMb3YeTCA A4 NoAyYeHMa obbegmHeH A AByX
npeAblayLwmnx onpeaenéHHbIX MHOXECTB . Xénro-kpacHsii MCNOMb3YEeTCA A4 onpeaeneHuns
nepeceyeHmnn Mexay *KENTbIM U KPacHbIM.

AHanun3 BpemMeHHOW C0XKHOCTU A9 CI0Baps U MHOMKECTB
Huke npuBeaEH aHANU3 BPEMEHHOM CNOMKHOCTU A1 MHOMECTB:

MHoxecTBa CnoXKHOCTb
[JobasuTb anemeHT O(1)
Monyuntb anemeHT O(1)
MpuHAaTo O(n)

BarKHO, UTO NpU aHaNM3e CNOXKHOCTU CI0BAPA UAM HABOPOB BaXKHO OTMETUTb, YTO OHMU
MCNONb3YHOT XeLW-Tabanubl N8 4OCTUXKEHUA nponsBoanTenbHOCcTH O(1) Kak npwm
CNIOXKEHWUWN 3IEMEHTOB, TaK U Npu noucke. Takum obpasom, Bpems, Heobxoanmoe ans
NoNly4eHMA NN YCTAHOBKM 3HAYEHUA KtoYa, MONHOCTbIO HE 3aBUCUT OT pa3Mmepa C/oBaps
NN MHOKeCTB. ITO CBA3AHO C TEM, YTO B C/I0Bape xel-QyHKLMA OTOOpaXkaeT KAtouu B
LeNloe YMC/I0, KOTOPOE UCMONb3YeTCA AN XPAaHEHUA Nap KAo4Y-3HavyeHme. bubnaumoreka
pandas ymeno ncnonbsyet xeww-pyHKLUNIO, YTOObl NPEBPATUTL NPOU3BO/IbHbIN KoY B
WMHAEKC NocneaoBaTeIbHOCTM. ITO 03HAYaeT, YTO BpemMs, Heobxoaumoe s NoayvyeHmn
napbl KNOY-3HAYEeHMeE, B C/I0BAapb PAa3MepPOM TPM COBMAAAET C BpeMeHem, Heobxoanumbim
ANA NONYYEeHMA Napbl KNKOY-3HAaYEHME B C10Bapb PAasMepom O4UH MUAANOH. B



MHOXeCTBaX XEWNPYKOTCA N XPAHATCA TOJIbKO K/1KOYK, YTO NMPUBOAUT K TOW e BpeMeHHOl\;I
C/NIOXXHOCTMU.

Koraa nonb3oBaTbcs CoBapem, a Korga — Habopom?

Mpeanonoxmm, 4To Mbl ULLEM CTPYKTYPY AAHHbIX 414 Halero Tefled)OHHOI'O CNpaBOYHUKa.
Mbl XOTUM XpaHUTb HOMep TesiepOHOB COTPYAHUKOB KOMMNaHUK. [Jna 3TOro choBapb — 370
npaBUAbHaA CTPYKTYpPa AaHHbIX. MMA KaxKaoro CoTpyaHUKa byaeT KAo4YoM, a 3HaYeHne —
Homepom TenedpoHa

TenedpoHHasa xHUTa = {

«Vxpema Xamza»: «555-555-5555»,
«IIxoric ITocToH»: «212-555-5555»,

Ho ecnn mbl xoTum XPaHWUTb TOJIbKO YHUKA/IbHYHO ULEHHOCTb COTPYAHUKOB, TO 3TO HYXXHO
AenaTtb C NOMOLLbO Ha60pOB.

COTPYIOHUKM = {

"Ikrema Hamza",

"Joyce Doston"

}

Mcnonb3oBaHue pagoB M Kaapos AaHHbIXO6paboTKa AaHHbIX — OAHA U3 K/OYEBbIX
3afa4, KoTopble He0HX0AMMO peannsoBaTb NPU peanmsaummn 6oNbLIMHCTBA aITOPUTMOB.
B Python 06paboTKa AaHHbIX 06bIYHO OCYLLECTBAAETCA C UCNO/Ib30BAHUEM PA3/IUYHbIX
bYHKUMI U CTPYKTYP AaHHbIX 61ubanoTekn pandas. B aTom pasgene mbl paccMoTpUM
cnepyloune ABe BaXKHble CTPYKTYPbI AaHHbIX 6ubanoTekn pandas, KoTopble 6yayT
MCNONb30BaTbCA AR Peannsaumm pasInyHbIX aATOPUTMOB B 3TON KHUre.Cepusa:
O4HOMEpPHbI MaccuB 3HaveHuMDataFrame: aBymepHas CTpyKTypa AaHHbIX,
ncnonb3yemas gnsa XpaHeHuA TabanyHbIX AaHHbIx[JaBalTe cCHaYana paccCMOTPUM

CTPYKTYPY AaHHbIX PAAOB.
Cepua

B 6ubnnoTteKke naHA Cepms — 3TO OAHOMEPHbIN MAcCUB 3HAYEHUN ANA OAHOPOAHbIX
OaHHbIX. MOXHO NpeacTaBuTb Series Kak 0aHY KOIOHKY B Tabaunue. MoXHO npeacTaBuTb,
YTO pAAbI COAEPHKAT Pa3Hble 3HAYEHMA oNpeaenEéHHOM NnepeMeHHON. Paa MoXKHO
onpeaennTb cneayrowmm obpasom:

import pandas as pd

pd.Series(['red', 'green', 'blue', 'white', 'black'])



ObpaTnTe BHUMAHME, YTO B CTPYKTYpPaXxX AaHHbIX Ha OCHOBE CepMi NaHAabl CyLLeCcTBYeT
TEPMUH KOCb», NCNONb3YyeEMbIA AnA 0603HaYEeHUA NOCNeA0BaTE/IbHOCTM 3HAYEHWUI B
onpeaenéHHOM UamepeHun. Y paaa ectb ToNbKO «ocb 0», MOTOMY YTO OHA UMeeT TONbKO
OAHO namepeHune. Mbl yBUANM, KaK 3Ta KOHUENUMA ocu npmumeHaeTca K DataFrame B
cnepyolem pasaene, KOTopbln NpeacTaBAAeT coboM ABYMEPHYIO CTPYKTYPY AAHHbIX.

DataFrame

DataFrame NocTpoeH Ha CTPYKType AaHHbIX Series n XpaHWUT ABYMepPHbIe TabanyHble
AaHHble . OTO 04HA U3 BaXKHEWMLLMX CTPYKTYP AaHHbIX 419 aATOPUTMOB, UCNOAb3yemasn ann
06pabOoTKN TPAAMUMOHHBIX CTPYKTYPUPOBAHHbIX AaHHbIX. PacCMOTpMM cneayioLLyto
Tabnnuy:

id name Bo3pact
peweHune 1 Tapnodbl 32
BepHo

b EneHa 23 J1oXKHble

B CrtuseH 40 Tpy

Tenepb NpeAcTaBMM 3TO C MOMOLLbIO DataFrame . [IPOCTON DataFrame MOXHO CO34aTb,
MCMONb3yA CNeAyOLWN Koa,:

>>> YMIIOPTUPOBATL IaHO kKak PD
>>> df = pd. DataFrame ([
['1l', 'Fares', 32, True],

['2', 'Elena', 23, mnoxb],
... ['3', '"Crumen', 40, True]l)
>>> df.columns = ['id', 'name', 'age', 'decision']

>>> df
id name age pemenme 0 1
Tapuder 32 BepHO
A 2 Enena 23 Jloxb
B 3 Cruen 40 Tpy

O6paTuTe BHMMaHKUE, YTO B NpeablAyLLeM KoAe df . column — 3TO CMMUCOK, YKa3bIBatoWMA
MMeHa cTtonbuos. B DataFrame oauH cTtonbel, Mam CTpoKa HasbliBaeTcA OCblO.

DataFrame Tak»e MCcnonb3yeTca B 4pYrnx NONyAAPHbIX A3bIKax U ppernMBOpKax gnsa
peanunsauum TabanyHoM CTPYKTYpbl AaHHbIX. Mpumepbl — R 1 ppelimeopk Apache
Spark.

Co3agaHue nogmHoxKectBa DataFrame



Mo cyTwn, cylLecTByeT AiBa OCHOBHbIX cnocoba co3aaHua nogmHoxecTtsa DataFrame
(Hanpumep, Ha3BaHWE NOAMHOXECTBa — myDF ):

Bbibop cTonbuos
Bbibop cTpoK

[laBaiiTe NOCMOTPUM UX MO OAHOMY.

Bbibop KONOHOK

B anropntmax mallMHHOro obyyeHuns Bbibop NpaBuAbHOrO Habopa NPMU3HAKOB ABNAETCS
Ba)XKHOI 3a4a4eit. M3 Bcex MPM3HAKOB, KOTOPbIE Y HAaC MOTYT BbiTb, HE BCE MOTYT BbITb
HeobxoaMMbl Ha onpeaenéHHOM 3Tane aaroputma. B Python Bbibop npusHakos
OCYLL,ECTB/IAETCA C NOMOLLBIO BbIbOpa CTON6L0B, YTO OOBACHAETCA B 3TOM pasgene.
Cronbeu, MOXKHO HAaWTW NO razsaumo , KAK CAeayloLLee:

>>>

df [ [ "name', 'before']]
no 0 apmapoxk 32

A EseHa 23

B Crueen 40

MonoxeHune ctonbua B DataFrame getepmuHmnpoBaHo. Ctonbew, MOXKHO NOAYYNTb NO eé
nosunumm cnepyowmm obpasom:
>>> df.iloc[:, 3]

BepHo

A Jloxb
B BepHO

Ob6paTtnte BHMUMaHMe, YTO B 3TOM KOAE Mbl Nosy4aem Bce cTpoku DataFrame.

Bbibop cTpokK

Kaskaas ctpoka B DataFrame cooTBeTCTBYeT TOUKe AaHHbIX B Hallem npobiemHom
npocTpaHcTBe. Ham HyXHO BbINONHUTb BbIBOP CTPOKM, €C/IM Mbl XOTUM CO34aTb
NOAMHOECTBO 3/1EMEHTOB AaHHbIX, KOTOPblE HAXOAATCA B HAlWleM NpobiemHoOM
NPOCTPaHCTBE. ITO NOAMHOXECTBO MOXKHO CO34aTb, MCMOb3YA OAUH U3 ABYX CleayoLmX
METOA,0B:

YKa3biBadA UX NoONoOKeHune
3apaBas ¢unbTp

NogmHOXKecTBO CTPOK MOXHO NOAYy4YnUTb NO €ro nosnunn cneayrowmm o6pa30M:

>>> ¢
ID Name Age Decision
A 2 Emena 23 Joxb



B 3 CruBen 40 Tpy

O6paTnTe BHMMaHKUeE, YTO NpeablAyLLMA KOZ BEPHET BTOPYIO M TPETbIO CTPOKK NALOC BCe
ctonbupl. OH Ucnosb3yeT meTog, iloc, KOTopbIA NO3BONAET MNOAYYaTb AOCTYN K 3/1EMEHTAM
Nno MUX YUCNOBOMY MHAEKCY. YTOBbI CO34aTb NOAMHOMECTBO C YKaszaHnem GpuabTpa,
Heobxo4MMO UCMONb30BaTb OAMH UAM HECKONbKO CTONBLIOB A8 onpeaeneHua Kputepus

Bblibopa. Hanpumep, NOAMHOXECTBO 3/1eMEHTOB AaHHbIX MOXET 6bITb BbI6paHO
cneayowmm MeToA0M:

>>> df [df.BospacT>30] 4 Ou
HasBaJl Bo3pacT pemeHue 0 1
Tapuder 32 VICTMHHO

2 3 CruBeH 40 Tpy

>>>

df[ (df.age<35) & (df .decision==True)] id
name age decision 0 1 Tapwuder 32 True

O6paTVITe BHMMAHWeE, YTO ITOT KOZ, CO34aET NOSMHOMXKECTBO CTPOK, yaoBneTsopAoLWnx
ycnosuio, yCTaHOB/IEHHOMY B d)MI'Ipre.

MaTtpuupbl

MaTpuua — 3To ABYMEpHaA CTPYKTYpPa AaHHbIX C PUKCUPOBAHHbIM KONNMYECTBOM
CTON6L0B 1 CTPOK. KakapbliA 3/1eMeHT MaTPMLbl MOXKHO Ha3blBaTb CBOMM CTONBLLEM U

CTPOKOW. B Python maTpuuy MOXKHO €034aTb C MOMOLLbIO Maccusa numpy , KAK MOKa3aHO B
cneayolem Koge:

>>> myMatrix = np.array([[11, 12, 13], [21, 22, 23], [31, 32, 3311)
>>> print (myMatrix)

[[11 12 13]

[21 22 23]

[31 32 33]]

>>> print (type (myMatrix))
<xJjiacc 'numpy.ndarray'>

ObpaTtute BHUMaHME, YTO NpeablayLnii Kog co34acT MaTPULYy C TPEMA CTPOKaMU U Tpems
cTonbuamm.

MaTpuyHble onepauymmn

CyLLecTByeT MHOXeCTBO onepaumii s o6paboTKM MaTPUYHBIMKU AaHHbIMKU. Hanpumep,
nonpobyem TPaHCNOHMPOBATbL NPeAbIAYLLY0 MATPULY. Mbl UCNONb3YEM by kim0
transpose (), KOTOpaa npeobpasyeT cToN6Lbl B CTPOKKU, @ CTPOKM — B CTONOLLbI:

>>> MmaccuB myMatrix.transpose ()
(fr112, 21, 311, I[12, 22, 321,
[13, 23, 3311)



O6paTnTe BHMMaHKNE, YTO MaTPUYHbIE onepaLMm 4acTo UCMO/b3YHTCA B My/IbTUMEAMNIAHOM
06paboTke AaHHbIX. Tenepb, KOraa Mbl Yy3HaAM O CTPYKTYpax AaHHbIX B Python, nepeiigém
K abCTPaKTHbIM TMNAM AaHHbIX B C/1eAyHOLLEM pasaene.

N3yuyeHne abCTPaKTHbIX TUNOB AaHHbIX

A6cTpaKTHbIe TUNbI gaHHbIX (ADT) — 3TO BbICOKOYpOBHEBble abCcTpakLumm, noBeaeHne
KOTOpbIX onpeaenaetcs HAOBoOPOM nepemeHHbIX M Habopom cBA3aHHbIX onepaunit. ADT
onpenenaroT PYKOBOACTBO MO peanunsaunm «4ero» cneayeT 0XXuaatb, HO JAK0T
nporpammmcTty ceoboay B TOM, Kak UMEHHO 3To byaeT peannsoBaHo. Mpumepbl —
BEKTOPbI, 04epean MU CTEKMU. ITO O3HAYAET, YTO ABA PA3HbIX NPOrpammmncTa MoryT
MCNoab30BaTb ABa Pa3HbIX NOAX04A ANA peann3aumm cTtekos, NogobHbix ADT. CkpbiBas
OeTann Ha ypoBHe peann3aunm n npeaocTaBaaa Nob30BaTENO YHUBEPCA/IbHYIO,
He3aBUCUMYIO OT peaaunsaummn CTPYKTYPY AaHHbIX, ucnonb3oBaHue ADT co3paér
aNropuUTMbl, KOTOPbIE NPUBOAAT K Honee npocTtomy n yuctomy Koay. ADT moryT 6bITb
peann3oBaHbl HA N10O6OM A3blKe NPOrPAaMMMPOBAHMA, TAKOM Kak C++, Java u Scala. B atom
pasgene mbl peannsyem ADT c nucnonbzosaHnem Python. HauHém ¢ BEKTOPOB.

BekTop

BekTop — 3TO ogHOMEpPHas CTPYKTypa ANA XPaHEeHMA AaHHbIX. OHU ABNSAIOTCA OAHOW M3
caMbIX NONYAAPHbIX CTPYKTYP AaHHbIX B Python. CywiecTsyeT aBa cnocoba co3aaHus
BeKkTopoB B Python: Mcnonb3oBaHue cnvcka Python: Cambiit npocToit cnocob co3aatb
BEKTOP — MCMNONb30BaTh CNMCOK Python, cnegytowmm obpasom:

>>> myVector = [22,33,44,55]
>>> print (myVector)

[22 33 44 55]

>>> print (type (myVector))
<Comcokx KJIaCCOB>

O6paTtute BHMUMaHME, YTO 3TOT KOZ, CO3AACT CMUCOK U3 YETbIPEX 3/IEMEHTOB.
Mcnonb3oBaHWe maccusa numpy : ELLE OAMH NONYNAPHbIA CNOCO6 cO3AaHMA BEKTOpa —
ncrnonb3zoBaHue maccus NumPy, crnegyrowmm obpasom:

>>> myVector = np.array([22,33,44,55])
>>> print (myVector)

[22 33 44 55]

>>> print (type (myVector))

<kJjlacc 'numpy.ndarray'>

O6paTMTe BHMMaHWME, YTO Mbl CO34a/IN myVector C TOMOLWbBKO np.array B 3TOM KOAE.

B Python mbl moxem npeacTaBAATb Lenble YNCAa C MOMOLLbIO NOAYEPKMBAHUA ANA
pasgeneHuna yacten. ITo genaet nx bonee YNTaeMbIMU U MEHEE NOABEPIKEHHbBIMU



ownbkam. 3To ocobeHHO nonesHo npu pabote ¢ 6oabWNMM Ynchamn. TakKum obpasom,
OOVH MUANMAPA MOXKHO NPeacTaBuTb Kak a=1

Cteku

CTek — 3TO INHEeHaA CTPYKTYpPa AAHHbIX 41A XPaHEeHMA O4HOMEPHOro cnucka. OH
MOMKET XpaHUTb TOBapbl Kak B popmarte Last-In, First-Out (LIFO), Tak u First In, Last-Out
(FILO). Onpepenatouien ocobeHHOCTbIO CTeKa ABNsAETCA cnocob AobaBneHns 1 yaganeHus
anemeHToB. HoBbIV aneMeHT f06aBNAETCA HAa O4HOM KOHUE, M 3/1eMeHT yaanseTca
TO/IbKO C 3TOr0 KOHLA. HuyKe npuBeaeHbl onepauum, CBA3aHHbIE CO CTEKAMMU:

isEmpty: Bo3BpallaeT UICTUHHOE, eC/IN CTEK NYCT
push: lobaBnaeT HOBbIM poOp 3n1eMeHTa: Bo3spallaeT
[006aBNEHHbIN NOCNIEAHUM 3/IEMEHTOM U yAANAET €ro

PucyHok 2.4 noka3sblBaeT, Kak MOXHO MCMNoAb30BaTb onepaumm push 1 pop ans
AobaBneHus 1 yaaneHus gaHHbIX U3 CTeka:

push \L

PUSH

~ Blue Blue
Green Green Green
|_Red | Red Red Red

pop
pop

<
0
<}
=
=)
c
7
)

Yellow

Blue Blue POP
Green Green Green Green
Red Red Red

Stack

PucyHok 2.4: Onepayuu push u pop

BepxHAas yacTb pucyHKa 2.4 nokasbiBaeT UCNONb30BaHWe onepauuin push ana nobasneHuns
3/1eMeHTOB B CTeK. B warax 1.1, 1.2 u 1.3 onepauuu push ncnonb3ytotca Tpu pasa ans
[006aBNEHNA TPEX INEMEHTOB B CTEK. HUKHAA YacTb NpeaplayLien Anarpammol
NCNONb3yeTCA ANA U3BNEYEHUA COXPAHEHHbIX 3HAYEHWUIM U3 cTeKa. B warax 2.2 n 2.3
onepauumn pop UCNONb3YHTCA ANA U3BEYEHUA ABYX 3/1eMEHTOB U3 cTeka B popmarte LIFO.
[aBaiiTe co3gagmMm Knacc nog HassaHuem Stack Ha Python, rae mbl onpeaenum sce
onepaumu, cBA3aHHbIe C Kaccom cTeKa. Koa atoro knacca byaeT cnegyowmm:



CTex KJIaCCOB:
def init (self):
self.items = [] def
isEmpty(self): return
self.items == [] def
push (self, entem):
self.items.append (item)
def pop(self):
BepuyTs self.items.pop ()
Def Peek(self):
Return self.items[len(self.items) -
1] def size(self): return len(self.items)

[na nepenaum YeTbipEX 3N1EMEHTOB B CTEK MOXKHO MUCMNO/1b30BaTh CEeAYHOLLNIN KOA:



Populate the stack

In [2]: | stack=Stack()
stack.push('Red’)
stack.push( 'Green’)
stack.push("Blue")
stack.push("Yellow")

Pop

In [3]: stack.pop()

Out[3]: ‘'Yellow'

In [7]: stack.isEmpty()

Out[7]: False

ObpaTtuTe BHUMaHME, YTO NPeablayLLIni Kog, CO3AaET CTEK U3 YETbIPEX 3N1EMEHTOB
OaHHbIX.

BpemeHHaa CNOXKHOCTb CTEKOB



[laBaiiTe paCCMOTPUM BPEMEHHYIO CIOMKHOCTb CTEKOB (C MCMONb30BaHMEM HOTauuK Big
0):

OnepaunOHHaA CIOXKHOCTb
TONKHU 0O(1)

non 0O(1)
pasmep  O(1)
nuk O(1)

Ba*KHO OTMETUTb, YTO NPOM3BOAUTENBHOCTb HU OAHOM U3 YETbIPEX Onepauuii,
YNOMAHYTbIX B NpeablayLiei Tabanue, He 3aBUCUT OT pa3mepa CTeka.

MpaKTUYecKunit npumep

CTeK MCNoNb3yeTca B KAYECTBE CTPYKTYPbl AAaHHbIX BO MHOTMX C/Ty4asnX MUCMNOJ/Ib30BaHUS.
Hanpumep, Koraa nosib3oBaTeNb XO4ET NPOCMOTPETb UCTOPUIO B BeEB-Hpaysepe, 3To
wabnoH goctyna K AaHHbIM LIFO, n aAns xpaHeHUA UCTOPUM MOMKHO UCMONb30BaTh CTEK.
[pyroi npumep — Koraa nob30BaTe/lb XOUYET BbINONHUTb onepaumo «OTMEHUTH » B
TEKCTOBOM peaaKkTope.

Ouepegu

Kak u cTeKkn, ouepesb XPaHUT N 31€MEHTOB B O4HOMEPHOM CTPYKTYpE. DNEMEHTbI
pobasnatotca n yaanatotca B popmarte FIFO. OguH KoHel, ovepeamn Ha3blBaeTCA TbIJIOM, a
apyron — nepeaHum. Koraa snemeHTbl yganatoTca ¢ ppoHTa, onepaumna Ha3blBaeTca
BbIXOAOM U3 ouepegu. Koraa anemeHTbl gobaBnatoTCcA c3aam, onepaums HasblBaeTca
enqueue. Ha cneaytowen cxeme BepXHAA YacTb MOKa3bIiBaeT onepaymto enqueue. LLaru
1.1, 1.2 n 1.3 no6aBnAOT TpM 31IeMeHTa B ouepeab, U NosydYeHHas odepenb oTobparxkaeTtcs
8 Bepcum 1.4. O6patmTe BHUMaAHUE, YTO KENTbIN — 3TO 3a[4HAA YACTb, @ KPACHbIN —
nepeaHunii. HMXHAA YacTb CneaytoLen CXemMbl NOKa3blBaeT ONepaLuio Bbixoga mUs
ouepeaun. Warun 2.2, 2.3 1 2.4 yoanAtoT 3N1eMeHTbl U3 oUepeam oaunH 3a APYrMM C NEPBbIX
pALOoB:
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PucyHok 2.5: Onepayuu 8bl4ucaeHuUs 8 o4epeosb U 8bIXx00a U3 oyepedu

Ouepenb, NOKasaHHaA Ha NpeablayLen Anarpamme, MOXKeT 6biTb peasnm3oBaHa ¢
NMOMOLLbIO C/IeAyHOLLEro Koaa:

class Queue (object) :
def init (self):
self.items = [] def
isEmpty (self) :
return self.items == []
def enqueue (self, item):
self.items.insert (0, item)
def dequeue (self):

Return
self.items.pop () def
size(self): return

len(self.items)

[laBaiiTe NocTaBMM B ouepe/b M BbIBEAEM U3 oYepeam 31eMEeHTbI, Kak NoKa3aHo Ha
npeablaywei guarpaMmme C MOMOLLBIO C1eAyOLWEro CKPUHLIOTA:



Using Queue Class
In [2]: queue = Queue()
In [3]: gqueue.enqueue( 'Red')
In [4]: queue.enqueue( 'Green’)
In [5]: queue.enqueue('Blue’)
In [6]: queue.enqueue('Yellow')

In [7]: print(queue.size())

4

In [8]: print(queue.dequeue())

Red

In [9]: print(queue.dequeue())

Green

ObpaTtnuTe BHUMaHMe, YTO NpeablayLWnit Kog CHavYana co34aéT oyepesb, a 3aTem
NnOMeLLLAET B HEE YeTbipe INeMeHTa.

OcHOBHasA naea NCNoaAb30BaHUA CTEKOB U oqepep,eﬁ



[aBaiiTe pacCMOTPUM OCHOBHYHO UAEH MCMO/Ib30BAHUA CTEKOB U oYepesen C NOMOLLbHO
aHanoruun. MpeanonoXKMMm, YTO y Hac ecTb Tabanua, Kyaa Mbl Knagém Bxoasiime nnucbma
OT Halel NoYToBOM cNy*bbl, Hanpumep, Canada Mail. Mbl cknagbiBaem UX B CTOMKY,
NMoKa He ycneem OTKPbITb M NOCMOTPETb NOYTY N0 0AHOMY. ECTb AiBa BO3MOMKHbIX cnocoba
CAenaTb 3TO: Mbl KNagém NUCbMO B CTOMKY, U KOF4a Nosy4yaem HOBOE NUCbMO, KNagém ero
CBepXy CTOMNKKU. Koraa Mbl XOTUM NPOYUTATb MUCbMO, Mbl HAYMHAEM C TOTO, YTO CBEPXY. ITO
TO, YTO Mbl Ha3biBaem cTekoM. O6paTUTe BHUMAHWUE, YTO NocaeaHee NMCbMo byaeT
YKa3aHo cBepxy 1 byaet obpaboTtaHo nepBbim. MNogHATUE BYKBbI C BEPXHEN YaCTW CMMCKA
Ha3blBaeTcA onepayueli pop. Korga npuxoaunT HoBasA byKBa, pa3melleHne eé ceepxy
Ha3blBaeTcA onepayueli push. Echy y Hac nonyunTca 6onbLIas CTOMKA M NOCTOAHHO
NPUXOANT MHOTO NMUCEM, ECTb LLAHC, YTO Mbl HUKOrAA He ycneBaem A4ob6paTbcsa A0 OYeHb
BaXXHOro MMCbMa, KOTOPOE XKAET HAaC B HUXKHEN YacTu CTONKK. Mbl CKnaabiBaem NMCbMO B
CTOMKY, HO XOTMM CHa4asa B3iTb CAMOE CTAapOoe NMUCbMO: KaXKAbI pa3, KOraa Mbl XOTUM
NOCMOTPETb OAHO UAN HECKONIbKO BYKB, Mbl CTapaemMca CHavyana B3sTb CaMoe cTapoe. 3To
TO, YTO Mbl Ha3biBaem o4yepeabto. [lobaBneHne 6yKBbl B CTONKY Ha3blBaeTca onepayueli
enqueue. YoaneHune byKBbl U3 CTONKW Ha3bIBaeTCA onepayueli 8bixo0a U3 o4epeou.

[epeso

B KOHTEKCTe anropUTMOB AEPEBO ABNAETCA OAHOM U3 CaMblX MNONE3HbIX CTPYKTYP AaHHbIX
6narogapa CBOMM MepapXmMYeCcKUM BO3MOMNKHOCTAM XpaHeHMA AaHHbIX. Mpu
NPOEKTUPOBAHUN aITOPUTMOB Mbl UCMONb3YEM AEePEBLA TaM, FAE HY}KHO NPeacTaBUTb
nepapxmyeckme OTHOLIEHUSA MeXAay 3/leMeHTaMU AaHHbIX, KOTOPbIE HY}KHO XPaHWUTb UK
obpabaTbiBaTh. [aBaiTe noapobHee PacCMOTPUM 3TY MHTEPECHYIO U A0BO/IbHO BaXKHYHO
CTPYKTYpPY AaHHbIX. Kaxaoe AepeBo MMeeT KOHeUYHbI Habop Y3108, TaK YTO B HEM eCTb
Haya/ibHbI 3N1€MEHT AaHHbIX, Ha3blBAaE€MbI KOPHEM , U MHOECTBO Y3/10B, COEANHEHHbIX
CBA3AMMW, Ha3blBa€MbIMM BETBAMM.

TepmnHonorua
[aBaiTe pacCMOTPUM HEKOTOPbIE TEPMMHbI, CBA3AHHbIE CO CTPYKTYPOWN AaHHbIX AepeBa:

KopeHb Y3en 6e3 poauTens HasbiBaeTCcA KOPHEBbIM y310M. Hanpumep, B
cnegywouwem ysne  [uarpamma, KopHeBor y3en — A. B anroputmax, Kak npaBuo,
KOPHEBOW y3€/ COAEPKUT CaMoe BaXKHOEe 3HauYeHUe B CTPYKType Aepesa.

YpoBeHb PaccTtoaHne oT KOpHEBOro y3/1a — 3TO YpPOBEHb y3n1a. Hanpumep, B .
chegyAa guarpamme, yposeHb y3nos D, E n F paseH gsym.

y3en

BpaTba u cecTpbl [lBa y3na B AepeBe Ha3blBaOTCA OHPATbAMM U CECTPAMM, EC/IU OHU

Haxo4ATCA Ha O4HOM ypoBHe. Hanpumep, ecam yanbl  Mbl CMOTPUM CAeAyIOLLYIO
anarpammy: y3nbl B u C — 6paTtbA.



Peb6éHok Y3en F, agnaetca notomkom y3na C, ecnm o6a HanpAMyr CBA3aHbI U
ypoBeHb U  y3en C meHbue y3na F. Haobopor, y3en C ssnaetca poautenem ysna F.
poauTenbckun y3en Y3anbl C u F Ha cneayowen gmarpamme NoKa3sbiBakOT 3TO
OTHOLLEHUE poauTenb-pebEHOK. y3en

CreneHb CTeneHb y3/1a — 3TO KOANYECTBO NOTOMKOB, KOTOPbIE Y Hero ecTb.
Hanpumep, B . cheaya avarpamme, ysen B umeet cteneHb gse.
y3en

CreneHb CTeneHb AepeBa paBHa MAaKCMMaIbHOWM CTEMEHU, KOTOPYHO MOXHO HaWTU cpeam

COCTaBNAOLWMX Y3/10B gepeBa. Hanpumep, gepeso, npeacTaBleHHOe Ha cne,u,yrou.l,ef&
Anarpamme, uMmeet CteneHb ABa.

Moaaepeso Moaaepeso AepeBa — 3TO YacTb AEPEBA, rae BbibpaHHbIN y3en asnaeTca
KOPHEBbLIM Y3/10M NOAAEPEBA, a BCE AeTM — y3/1aMu AepeBsa. Hanpumep,
noaaepeso B y3ne E aepesa, NpeAcTaBNeHHOro Ha CieAylowen anarpamme,
COCTOMT U3 y3na E Kak KopHEeBOro y3na 1 y3na G u H Kak ABYX NOTOMKOB.

Nnct  Y3en B pepese 6€3 NOTOMKOB Ha3bIBAETCA IMCTOBLIM y3/10M. Hanpumep, B
y3ne HuKe Ha pucyHke D, G, H u F — yeTbipe AnUCTOBbIX y3na.

BHyTpeHHUI JTtoboM y3en, KOTOopbI He ABNAETCA HN KOPHEM, HU JINCTOBLIM Y3/I0M,
ABNAETCA BHYTPEHHUM y310M. BHYTpeHHMI y3en byaet Kak MUHUMYM OAWH POAUTEND U
KaK MMHUMYM OOMH O0YEPHUM y3en.

ObpaTtnuTe BHUMaHME, YTO AEPEBbA — 3TO CBOErO PoAa CeTb UM rpad, KOTopble Mbl
b6ynem n3yyatb B 2s1a08€ 6, «A120pUMMbl HEKOHMPOAUPYEMO20 MAWUHHO20
o0byyeHuA». Ana rpadoB 1 ceTeBOro aHaan3a Mbl UCNONb3YEM TEPMUHbBI KCCbIJIKa»
nUnun «pebpa» BMeCTo OTBETBIEHUIN. BO/IbLLIMHCTBO OCTa/IbHbIX TEPMUHOB OCTaNOCh
6e3 UsMeHeHUN.

Bunabl nepesbes

CyLLEeCTBYHOT pas/iMyHble TUMbI ePEBLEB, KOTOPbIE 06BACHAIOTCA CAeayowmm obpasom:
BuHapHoOe faepeBo: ecv cTeneHb AepeBa paBHa ABe, 3TO AepPeBO Ha3bIBAETCA OUHAPHbLIM
O0epesom. Hanpumep, AepeBo, NOKa3aHHOE Ha Cneayowein gMarpamme, ABAsSETCA
H6UHapHbIM AEPEBOM, TaK KaK €ro cTeneHb paBHa Age:
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PucyHok 2.6: [lsouyHoe Oepeso

O6paTMTe BHMMaHWMeE, YTO Npedblayuwan Anarpamma nokKasbiBaeT AepeBo C HeETbIPbMA
YPOBHAMU 1 BOCEMbIO y31aMu. [10/IHOe AepeBo: NOJIHOE AepeBO — 3TO TO, B KOTOPOM
BC€E Y3/bl Op,VlHaKOBOﬁ cteneHun, KoTopan 6yp,eT paBHa cTeneHU gepesa. Cnep,yrom,aﬂ
Anarpamma noKasbiBaeT BUAbl AEPEBLEB, 06CY)Kp,aBLUMXCFI paHee:

Root-Node
Root-Node Root-Node

A
] (a2 ()
/D - /B\ . Internaj Node InternaiNode
Internaf Node InternatNode Interna) Node InternaiNode
y ® é e
OO O & B e O ONONO),
ol Interhal Node Interhal N & Leaf Node Leaf Node af Node
Leaf Node Leaf Node Lot Node Leaf'Node Leaf Node ;
() (w) & )
Leaf\Node LevfNode LeafNode LenENode
Eull o Full, perfect tree
Non-full, non-perfect tree ull, non-perfect tree

PucyHok 2.7: NonHoe depeso

O6paTtuTe BHMUMaHKeE, YTO BMHapHOE AepeBo C/ieBa He ABNAETCA NOMHOLEHHbIM ePeBoM,
TaK Kak y3esn C UMeeT cTeneHb OAMH, a BCe OCTa/ibHble Y3/1bl — cTeneHb Age. [lepeso
nocepeauHe v gepeso cieBa — oba nonHble Aepesba. MaeanbHoe aepeso: NaeanbHoe

[epeBo — 3TO 0CObbIM TUN NONHOLLEHHOTO AepeBa, Y KOTOPOro BCe /IMCTOBbIE Y3/bl
HaxoaATcA B



Ha Tom e ypoBHe. Hanpumep, 4BOMYHOE AepeBO CNpaBa, KaK NOKa3aHo Ha
npeaplaywen anarpamme, ABNAETCA COBEPLLUEHHbIM, MOJIHOUEHHbIM AePEBOM, TaK KakK
BCE JINCTOBbIE Y3/1bl HAXOAATCA HA OAHOM YPOBHE, TO €CTb Ha YpOBHeE 2. YNopAaoYEHHOEe
Aepeso: Ecnn getn yana opraHu3oBaHbl B onpeaenéHHOM nopaake no onpenesiéHHbIM
KpuUTepuam, 4epeBo Ha3bIBAETCA Yyrnopsa00YEHHbIM OepesomM. Hanpumep, AepeBo MOXKHO
ynopAAoYMTb CNEBA HAMNPABO B BOCXO4ALLEM NopAgKe, NPW 3TOM Y3/bl Ha O4HOM YPOBHE
6yayT yBEANUYMBATLCA B CTOMMOCTU NPU ABUMKEHUM CNeBa Hanpasgo.

MpaKTMYyecKkme npumepsl

Ab6CTpaKTHOE AepPEeBO TUMOB AAHHbIX — OAHA U3 OCHOBHbIX CTPYKTYP AAHHbIX,
NCNoNb3yeMblx NpY pa3paboTKe AepeBbEB PELUEHUI, KaK ByaeT pacCMOTPEHO B 2s1a8e 7,
«TpaduyuoHHbIe an20pUMMbl KOHMpPOsAUpyemozo obyyeHusa». bnarogapna cBoem
NepapxnMYecKomn CTPYKTYPE OH TaKKe MNOony/aspeH B aIfOPUTMaX, CBA3AHHbIX C CETEBbIM
aHa/IN30M, YTO byaeT NnoapobHO PaCCMOTPEHO B 2s1a8€e 6, « Asl20pUummel
HeKoHMpPOoAUpyemMo20 MaWUHHO20 0by4yeHUA». [epeBbA TaKKe UCNOb3YOTCA B
PasNINYHbIX AITOPUTMAX NOMCKA U COPTUPOBKM, FAe HEOOXOAMMO peasin3oBaTb CTpaTernm
pasgenamn u BNacTeym.

KpaTkoe cogeprkaHue

B 3ToiM rnaBe mbl 06CyAMAM CTPYKTYPbI A@aHHbIX, KOTOPblE MOYKHO MCMNO/Ib30BaTh A1
peanusaumm pas/iMyHbIX TUNOB afIfOPUTMOB. [oc/ie N3yyeHUs 3TOM rNaBbl Bbl CMOXeTe
BbI6paTb NPaBUAbHYHO CTPYKTYPY AaHHbIX 414 XpaHeHUsA U 06paboTKM AaHHbIX
anropuTMOM. Bbl TaK»Ke A0/IXKHbI MOHMMATb NOCNeACTBUA Halero Bbibopa ans
NpPoun3BOAUTENbHOCTM anropuTma. Cneaytollas rnasa NocBsAWEHa COPTUPOBKE U MOUCKY
anropuTMOB, rae mMbl 6yAem UCNOoNb30BaTh HEKOTOPbIE CTPYKTYPbI AAHHbIX,
npeacTaBNeHHble B 3TOM rnaBe, Npu peannsauum aaropuTmos.
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3 ANropuTMbl COPTUPOBKM MU MOUCKA

MpucoegmHantecob K Discord-npocTpaHCTBY HALLEN KHUMM

https:// packt.link/40Algos

B 3TOW rnase Mbl PacCCMOTPUM anropPUTMbl, UCNONAb3YEMblE A8 COPTUPOBKM M NOUCKA. ITO BaXKHbIN Kaacc
aNropmuTMOB, KOTOPbIE MOTYT MCMO/1b30BaTbCA CAMOCTOATENIbHO UAN CAYXKMUTb OCHOBOM ANA 6onee CNOMKHbIX
anroputmos. K HUM oTHocATca obpaboTka ectecTBeHHOrO A3bika (NLP) M anroputmbl n3snedeHus
WwabnoHOB. ITa rNaBa HauMHaETCA C NPeACTaBAEHUA PA3ANUYHbIX TUMNOB aNrOPUTMOB COPTUPOBKM. B Helt
CPaBHMBAIOTCA pPe3ybTaTbl Pa3/INUHbIX MOAXOA0B K NPOEKTUPOBAHMIO aArTOPUTMa COPTUPOBKM. 3aTem
noapobHOo npeacTaBneHbl HEKOTOPbIE aArOPUTMbI MOUCKA. HakoHeLl, n3yyaeTtca NpakTUYecknin npumep
aNropmTMOB COPTMPOBKM U MOMCKA, MPeACTaB/eHHbIX B 3TOM rnase. K KOHLY 3TOW raBbl Mbl CMOYKeM MOHATb
pasNnYHble aArOPUTMbI, UCMOb3yeMble A7 COPTUPOBKM U MOUCKA, U ONPeaennTb UX CUbHbIe U cnabble
CTOPOHbI. MOCKONbKY afiropPUTMbI MOMCKA U COPTUPOBKU ABASAIOTCA CTPOUTENbHBIMU BNOKAMM 418 MHOTUX
CNIOMKHbIX aATOPUTMOB, UX NOAPO6HOE MOHMMaHWE MOMOKET HaM Nydlle NOHATb COBPEMEHHbIE CNOXKHble
aNropmuTMbI, Kak 3TO TaK»Ke NpeacTaBaeHo B nocaeayowmx rnasax. OCHOBHbIE KOHLUEeNuun, obeyskaaemblie B
3TOW rnaBe:

BeeaeHue anropMTMoB COPTUPOBKM

BeeaeHue anropMTMoB Nomncka

AHann3 Npoun3BOAUTENLHOCTU aATOPUTMOB COPTUPOBKM U
noucka MpakTuyeckoe NpMMeHeHne COPTUPOBKM N NOUCKA

ﬂ,aBaVITE CHa4az1la paCCMOTPUM HEKOTOpPbIE aNTOPUTMbl COPTUPOBKMN.

BBeaeHve anroputMoB COPTUPOBKM

Bo3MOXHOCTb 3pHEKTUBHO COPTUPOBATL U UCKaTb 3/1IEMEHTbI B C/IOMHOM CTPYKTYpe AaHHbIX BaXKHa, TaK Kak
OHa HeobxoaMMa MHOMMM COBpeMeHHbIM anropuTmam. MpaBuabHaa cTpaTerMs COPTMPOBKM M MOUCKa
JaHHbIX ByAeT 3aBUCETb OT UX pa3mepa U TUNa, Kak 06CyKAaeTcaA B 3TOM rnaBe. XOTA KOHeYHbl pe3ynbtaT
abCcontoTHO 0ANHAKOB, ANA 3GPEKTUBHOIO peLleHUA peanbHoM 3a4aum NnoTpebyeTca NPaBUAbHbIN aNropUTM
COPTUPOBKM U NMomcKa. Mo3ToMy BayKHO TLIATENbHO aHaNM3NPOBaTh PaboTy 3TUX arOPUTMOB. ANTOPUTMbI
COPTUPOBKM LLIMPOKO MCMOMb3YIOTCA B pacnpeaenéHHbIX CUCTeMaX XpaHeHMA AaHHbIX, TaKUX KaK
cospemeHHble NoSQL 6a3bl AaHHbIX, KOTOPbIE NO3BOAIOT CO34aBaTb KAacTepHble 1 obnavHble
BbIYUCAUTENbHbIE aPXMTEKTYPbI. B TaKMX cUCTEMAX XPaHEHWUA AaHHbIX 31eMEHTbI aHHbIX HE06X0ANMO
perynsipHo CopTUPOBaTb U XPaHUTb 41A 3bPEeKTUBHOIO M3BeUYeHus. B 3Toli rnaBe npeacTaBaeHbl
cneayloume anropuTMbl COPTUPOBKM:
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CopTMpOBKa Ny3bipbKOB
CnunsiHme, COpTUMPOBKA

. CopTupoBska BCTaBKK

« CopTnpoBKa No 060s104Kam
CopTrpoBKa Bbibopa

Ho npexae yem nNpeacTaBUTb 3T aNropUTMbI, AaBaliTe cHayana 06CcyamMmM TEXHUKY 3aMeHbl MepemMeHHbIX B
Python, KoTopyto Mbl Byaem Mcnoib3oBaTh B KoAe, NpeAcTaBNeHHOM B 3TOM rnase.

MNepectaHOBKa nepemeHHbIX B Python

Mpu peannsaumm aaropuTMOB COPTUPOBKM M MOUCKA HYKHO MOMEHATb 3HAYEHUA ABYX NepPeMeHHbIX. B
Python cyuwiecTeyeT CTaHAAPTHLIM CNOCO6 MOMEHATbL MECTaMU fBE NepemMeHHble cneayrowmm ob6pasom:

var 1 =1 var 2 = 2
var_1l,var 2 = var 2,var_1

3TOT NpocToi cnocob obmeHa 3HAYEHUAMM UCMOJb3YETCA BO BCEX a/irOPUTMax COPTUPOBKM M MOMCKa B 3TOM
rnase. HauHéM C anropMTMa COpTUPOBKM NY3bIPLKOB B CAeAyIOLLEM pasaene.

CopTupoBKa Ny3bipbKOB

My3blpyaTas COPTMPOBKA — OAMH U3 CaMblX MPOCTbIX U MeAJIEHHbIX aITOPUTMOB, UCMO/b3yeMbIX ANA
COPTUPOBKM. OH YCTPOEH TaK, YTO HaMbo/bluee 3HaYEHWNE B CNIUCKE AaHHbIX MOOHUMAEemcs HaBepX no
Mepe MPOXOXKAEeHWUA uTepaunii anroputma. Mysbipyatas COPTMPOBKa TPebyeT mano NamATU BO BPeMs
BbINO/IHEHMSA, TaK KaK BECb YNOPAA0UYEHHbIN NPOLLECC MPOUCXOANUT BHYTPU UCXOAHOW CTPYKTYPbI AaHHbIX.
HoBble CTPYKTYpbl AaHHbIX He TpebyloTca B KayecTse BpemeHHbIx 6ydepos. Ho B xyawem cnydyae
npoussoauTenbHoctb — O(N2), uTo ABNAETCA KBaApaTUUHOW BpeMeHHOW CNOKHOCTbIO (rae N —
KO/IMYECTBO COPTUMPYEMbIX 3N1eMEHTOB). Kak 06Cy»KaaNnoch B CnesyoLem pasgene, pekoMeHayeTcs
MCNo/Ib30BaTb TO/IbKO A/18 HEB6ONbLIMX HAaBOPOB AaHHbIX. PaKTUYECKME peKoMeHAyeMble Npeaenbl pasmepa
[AaHHbIX 418 UCNONb30BaHNA COPTUPOBKU C My3blPbKamm 3aBUCAT OT NaMATM U AOCTYMHbIX PeCcypCcos
06paboTKK, HO obLiee NpeanoXKeHe CYMTaeTca CoXxpaHeHem Koandectsa anemeHToBs (N) Huke 1000.

MoHMMaHWe Noruku COPTUPOBKU NY3blPbKOB

My3blpyaTas cCOPTMPOBKA OCHOBaHa Ha Pas/IMYHbIX UTepaLMAX, Ha3blBaeMblx Npoxoaamu. [1na cnmcka
pasmepa N bubble sort 6yaeT umetb npoxodel N-1. YTobbl NOHATBL, YTO 3TO paboTaeT, faBanTe
COCPesoTOYMMCA Ha NePBON UTepauun: Nepsoit. Llenb nepsoro npoxoga — NOAHATb HauBbICLLEE 3HAYEHME
B CaMbli1 BbICOKUIA MHAEKC (B BEPXHEN YaCTU CNUCKA). JpyrMmun cioBamu, Mbl YBUAMM, KaK HauBblicLee
3HaYeHue CNUCKa MoOHUMaemcsa HaBepX No Mepe NPOABUKEHUA NepBOro Npoxoaa. JIornka CopTUPOBKM
My3bIPbKOB OCHOBAHA Ha CPaBHEHMM 3HAYEHUIA coceHMX coceaei. Ecnm 3HaveHne npu 6onee BbICOKOM
WHAEKCE BblllEe, YeM 3HaYeHMe Npu bonee HU3KOM MHAEKCE, Mbl OBMEHNBAEMCA 3HAYEHUAMM. ITa
UTepaLMa NPOJO/IKAETCA 0 KOHLA CMUCKA. ITO NOKa3aHo Ha pucyHKe 3.1:



25 | 21 | 22| 24 | 23| 27 | 26 | Exchange

21 | 25 |22 | 24 | 23 | 27 | 26 | Exchange

21 | 22 | 25 | 24 | 23 | 277 | 26 | Exchange

21 122 124 125 |23 27 26 Exchange

21 122 | 24 |23 | 25 | 27 | 26 | NoExchange

21 | 22 | 24 | 23 | 25| 27 | 26 | Exchange

21 |22 |24 | 23 |25 |26 |27

—?«rgﬂpass

Bubble Sort

PucyHok 3.1: Anzopumm copmuposBKuU ry3bIpbKos

[aBaliTe Tenepb NOCMOTPUM, KaK Ny3bipyaTas COPTUPOBKA MOXKET 6bITb peannsosBaHa c nomolbto Python.
Ecnm mbl peannsyem nepeaady ny3bipbKoOBOW COPTUPOBKM B Python, aTo ByaeT BbirAAeTh CaeayoL MM
obpasom:

last element index = len(list)-1
print (0,1list) mna idx B
omanasoHe (last element index): if

list[idx]>1ist[idx+1]:
list[idx],list[idx+1]=1list[idx+1],1list[idx] print (idx+1,list)

(25, 21, 22, 24, 23, 27, 26]
[21, 25, 22, 24, 23, 27, 26]
[21, 22, 25, 24, 23, 27, 26]
[21, 22, 24, 25, 23, 27, 26]
[21, 22, 24, 23, 25, 27, 26]
[21, 22, 24, 23, 25, 27, 26]
[21, 22, 24, 23, 25, 26, 27]

M4 A wuo e

O6paTuTe BHMMaHWE, YTO NOC/E 1epeo2o MNPoxooa

Hanbonbluee 3HaYeHMEe HaXO4MUTCA B BEPXHEN YacTu CNUCKa, XpaHaweroca B idx +1 .
Mpu BbINONHEHMM 1EP8020 MPoxoda aNropUTM AOMMKEH CPABHUTb KaxAbli1 3/1IEMEHT CrncKa no
OTAENbHOCTU, YTOBbI «MY3bIPUTL» MaKCMMalbHOE 3HaYeHMe B 3TOT BEpX.

Mocne nepeozo npoxoda anropuUTM NepexoauT Ko 8mopomy. Lienb 8mopozo npoxoda — nepemectuTb
BTOPOE MO Be/IMUMHE 3HAUYEHME Ha BTOPOW MO BEIMUMHE MHAEKC CNUCKa. 18 3TOro aAropuTm CHOBA



CpaBHMBAET 3HAYeHMA cocesieil, 0OMEHNBAACL UMK, €C/IM OHWU He CoBMaAatoT. Bropolt npoxod ucknoyaet
3HayeHuMe B BepXHEM MHAEKCe, KoTopoe Bbl10 NOCTaBAEHO B HYXKHOE MEeCTO Npu rnepesom rnpoxooe. Taknm
obpasom, y Hero byaet meHblUe 04HOro 3nemeHTa AaHHbIX. Mocne 3aBepLueHUA 8mMmopo2o npoxooa
aNropmuTM NPOAONKAET BbINONHATL TPETUM NPOXOA, M NoCNeayioLLMe, NOKa BCe AaHHble CNUCcKa He byayT B
nopsagke pocta. Aaroputmy notpebyetca N-1 npoxoabl AnA cnncka pasmepa N, 4Tobbl NOAHOCTbIO
OTCOPTMPOBATL ero. Peannsauma ny3bipbKoBOW COPTUPOBKM B Python Bbirnagut cnepyrowmm obpasom: Ml
YNOMAHYNN, 4YTO Npon3BoanTe/IbHOCTb — OA4HO U3 Ol'paHM‘-IEHMﬁ aJTopuTMa COPTUMPOBKM IY3HPbBKOB.
[aBaiTe KONMYECTBEHHO OLEHUM NPOU3BOANTENBHOCTb copTuposxy MY3bIPbKOB C MOMOLLIbIO aHaN3a
3¢ dEKTUBHOCTU aNropUTMa copruposku NMY3blPbKOB:
def bubble sort (cnmcok) :
# PaccraBbTe 3JieMeHTH B mopsanke last element index
= len(list)-1 mna pass no B
nuanasoHe (last element index,0,-1):

myisa idx B AmanaszoHe (pass_no) :
eciam list[idx]>list[idx+1]:

list[idx],list[idx+1]=1ist[idx+1],1list[idx] return
list

OnNTUMM3aLMA COPTUPOBKM My3blPbKOB

MpuBeaEHHanA BbllLe peannsaums Ny3bliPbKOBOM COPTUPOBKMN HE MOXKET UCMOJb30BaTb NPEVMMYLLECTBA
NOJIHOCTbIO OTCOPTUPOBAHHOMO UM YaCTUYHO OTCOPTUPOBAHHOIO CNMCKA. N5 COPTUPOBKM AaHHOTO CNMCKa
HY>KHO ByAeT NPOMNTU Yepes NoJIHbIe BHYTPEHHWUE U BHELIHME UMK/bI, U 3TO ByAeT MMeTb BpEMEHHYIO
cnoxHocTb O(N2), aaxke ecnm Bxog NnpuBeaEH NONHOCTbIO OTCOPTUPOBAHHbIN CNUCOK. A onTuMmnsaumm
aNropuTMa COPTUPOBKM MY3blPbKOB MOXKHO MPOBEPUTb, ECTb JIN KaKasa-1nbo onepauma nepectaHoBKU Npu
BbINO/IHEHMW ONpeaenEéHHOro npoxoaa (BHYTPEeHHUI uuKn). Ecnv nepectaHOBKa He NPOUCXOAMUT HU B
O4HOM MPOXOAE, 3TO 03HAYAET, YTO AAHHbIM CMUCOK MOJIHOCTbIO OTCOPTUPOBAH, U Mbl MOXKEM BbIATU U3
Hero. Tak MOXXHO MUHUMM3MPOBATb KOIMYECTBO NPOX0A0B. HUxKe NpuBeaeHa peannsaums
ONTMMW3NPOBAHHOIO aNrOPUTMa COPTUPOBKM My3blPbKOB:

AHanu3 NpomnsBOAMTENbHOCT COPTUPOBKM MY3blPbKOB

Jlerko 3ameTuTb, 4YTO COPTUPOBKA NY3blIPbKOB BK/IKOYAET ABa YPOBHA LMKNOB:

BHeLLHAA NeTns: 3TO TaKXKe Ha3blBaloT Npoxogamu. Hanpumep, nepsbiii Npoxog, — 3TO Nepsas
nTepaumsa BHeWHeW NeTan. BHYTPEeHHMIA UMKA: 3TO KOr4a OCTaBLIMECA HEOTCOPTUPOBAHHbIE 3/1EMEHTbI
CMMCKa COPTMPYIOTCA A0 TexX nop, noka Hanbonbliee 3HayeHne He ByaeT pasmelleHo Bnpaso. B nepsom
npoxoae 6yayT cpasHeHus N-1, Bo BTopom — N-2, a Kaxabli cheaytolmii npoxoa, CoKpallaet
KO/IMYECTBO CPaBHEHUI Ha oAHO.

BpemeHHasn cioxKHOCTb anroputma Tvna bubble Bbirnaaut cneaytowmm obpasom:

Jlyuwinii BapmuaHT: ec/iv CNINCOK Y¥Ke OTCOPTUPOBAH (MM MOYTU BCE 3NEMEHTbI OTCOPTUPOBAHDI), TO
C/IOXKHOCTb BbINO/HEHMA paBHa O(1)

XyAaLwmii cnyyaid: eciv oTCOPTMPOBaHbI HU OAMH WM OYEeHb Masio 3/1IEMEHTOB, TO HaUXyALWasA
CNIOXKHOCTb BO Bpems BbiNoAHeHUs — O(n2), Tak Kak anroputmy npuaEtca NoNHOCTbio NPOMTH Yepes
BHYTPEHHME U BHELLHWNE LIMKbI.

Tenepb gaBaiiTe pacCMOTPUM aarOPUTM COPTUPOBKM NO BCTaBKeE.

CopTupOBKa BCTaBKU



OcHOBHasn naea COPTUPOBKM Yepes BCTaBKY 3aKN0YaeTCs B TOM, UTO B KaXKA0W UTepaL MM Mbl yaansem TOUKy
[AaHHbIX U3 UMEIOLLECA CTPYKTYPbl AaHHbIX M 3aTeM BCTaBAAEM e€ B HyXXHOe MecTo. BoT nouemy mbl
Ha3blBaem 3TO a/IFOPUTMOM COPTMPOBKM MO BCTaBKe. B nepBoi nTepaunm mbl Bbibpaem Ase TOUKU AaHHbIX
N COpTUPYEM MX. 3aTeEM Mbl pacluMpsaem BbI6op, BbIBUPaem TPETbIO TOUKY AaHHbIX U HaX0AUM eé
npaBMAbHOE NOJIOXEHME MO 3HAYEHUI0. ANTOPUTM ABUMKETCA [0 TEX NOpP, NOKa BCE TOYKM AaHHbIX He byayT
nepemelLeHbl Ha CBOM MPAaBWU/IbHbIEe NO3MLMKU. ITOT NPOLECC NOKA3aH Ha CAeayoLWweln anarpamme:

25 | 20 | 22 |24 | 27 | 23| 21 | Insert25

25 | 20 | 22 | 24 | 27 | 23 | 21 | Insert26

22 | 25 | 26 | 24 | 277 | 23 | 21 | Insert22

22 | 24 | 25 | 26 | 277 | 23 | 21 | Insert24

22 | 24 | 25 | 26 | 27 | 23 | 21 | Insert27

22 | 23 | 24 | 25 | 26 | 27 | 21 | Insert23

21 22 23 24 25 20 277 Insert 21

Insertion Sort

PucyHok 3.2 Anzopumm copmuposKu rno 8cmasKe

ANTOPUTM COPTMPOBKM MO BCTaBKE MOXKET BbITb 3anporpammmnpoBaH Ha Python cheaytowmm obpasom:

def insertion_sort (asnemeHnTH) :
mia 1 B guanasoHe (1), len (3J1eMeHTH) ) :
3 o= 1i-1
Next = sjeMeHTHI[1]
# CpaBHUTE TEeKywWMi SJIEMEHT C CJIEIYILMM
B TO BpeMsa Kak (2jeMeHTH[]] >
crnenyoumM) n (j >= 0):
syeMeHTE [j+1] = syeMeHTH[]]
j=j-1 snemeHTH[J+1] = crlenmyoumme
BOBBPATHLE BDJIEMEHTE

O6patnTe BHUMAHWE, YTO B OCHOBHOM LiMK/IE Mbl MOBTOPSIEM BECb CMMCOK. B Karkaol ntepauun aga
cocegHux anemeHTa — list [§ ] (TeKywWwnint anemeHT) U 1ist[i] (cneayrowmii



cTuxmA). B 1ist[§] > element next M j >= 0 CPABHUBAEM TEKYLLMI INEMEHT CO CEAYIOLMM 3NEMEHTOM.
[aBaliTe paccmMoTpym NPOU3BOAUTENBHOCTb aITOPUTMA COPTUPOBKMU BCTaBKM.

AHann3 Npon3BoANTENBHOCTU COPTUPOBKU BCTaBKM

M3 onncaHuA anropMtma o4eBMAHO, YTO EC/IN CTPYKTYPa AAHHbIX YKe OTCOPTUPOBAHA, BCTaBKa COPTUPOBKM
6yaeT paboTaTb o4eHb bbICTPO. Ha camom fene, eciv CTPYKTYpa AaHHbIX OTCOPTUPOBAHa, TO BCTaBKa
COPTUPOBKM BYAET UMETb JIMHEHOE BPEMA BbiNoHEHUS; To ecTb O(n). XyAwunit cnyyail — Koraa Kaxkaas us
BHYTPEHHUX NeTe/b AO/IXKHA NepemMecTUTb BCe 3/1eMEHTbI CrcKa. Ecan BHYTpeHHMIA KOHTYP onpegeneH Kak
i, TO HaMxyALWwan NPON3BOANTENBHOCTb aNTOPUTMA COPTUPOBKM BCTABKM ONpeaenserca caeayowmm
obpasom:

ol N-1)N N2_N
2 2

w ~ _N? = O(N?

B LLesioM, BCTaBKa MOKET UCMO/b30BaTbCA Ha HEBONbLUMX CTPYKTYPaX AaHHbIX. 1A 60AbWMX CTPYKTYP
JaHHbIX COPTUPOBKA BCTaBKM HE PEKOMEHAYETCA 13-3a KBaAPaTUYHOW cpeaHei Npon3BoanTENbHOCTY.

CnAnaHune, cCOpTMPOBKa

Ha faHHbIN MOMEHT Mbl NPeACTaBUAMN ABa aAroPUTMa COPTUPOBKMU: COPTUPOBKY My3blPbKOB U COPTUPOBKY
BCTaBKW. Mpon3BoOANTENLHOCTL 06enx ByaeT yJlle, ecan AaHHble YacTUYHO OTCOPTUPOBaHbI. TpeTuit
anropuTM, NPeACTaBieHHbIM B 3TOM r1aBe, — 3TO aArOPUTM COPTUPOBKM CAMAHUA, pa3paboTaHHbIl B 1940
rogy JxoHom ¢poH HelimaHom. Onpeaenstoleit 0cobeHHOCTbIO 3TOrO aIFOPUTMa ABASETCA TO, YTO ero
NPOVM3BOAUTENbHOCTb HE 3aBUCUT OT TOTO, OTCOPTMPOBAHbI /M BXOZHbIE AaHHble. 3TO XopoLo paboTaeTt Ans
60/1bLMX HABOPOB AaHHbIX. KaK 1 Apyre anropntmbl 60AbLLMX AaHHbIX, OH OCHOBaH Ha CTpaTeruu
«pasgenait v BnacTeyi». B nepsom sTane, Ha3biBa@MOM pacLLenieHnem, aaropuTm npoao/KaeT
PEKYPCUBHO AENUTb AaHHbIE Ha ABe YacTu, MOKa UX pasmep He YMEHbLUMTCA 3a onpeaenéHHblii nopor. Bo
BTOPOW ¢a3e, Ha3biIBaeMOW CNIUAHWMEM, aFOPUTM NPOAOIKAET CAUAHUE U 06pabOTKy A0 NoNyYeHUs
KOHEYHOro pesy/bTaTa. J/IorMka 3Toro anroputma obbACHAETCA Ha CleaylolLeid anarpaMmme:



| 44 | 16 | 83 | | 67 | 21 [ 34| 45 | 10 |

| 44 | 16 | 83 | 7 21 | 34 [ 45 | 10 |

- -
gaan] 16 AR

Phase 1: Splitting the List 45| [10]

| a4 | 16 | |

| [e7 ] [21] [34] [4s]

| 7 |16 | 44 | 83 |

| 10 | 34 | 45 |
|

]10]21|3v4|45|67|
|

h_4
| 7 [ 10] 16 [ 21 |34 ][44 ]| 45 | 67 | 83 |

Phase 2: Merging the Splits

PucyHok 3.3 Anzopumm copmuposKU CAUAHUA

ﬂaBaMTeCHaHaﬂapaCCMOTpMN\HCGBAOKQqaﬂFOpMﬂwaCOpTMpOBKMCnMﬂHMﬂ
merge_ sort (3JeMeHTH, Hadajio, KOHel)
if (Hauaso < KoOHel)

midPoint

= (xoHey - crapr) / 2 + start merge_sort
(syiemMeHTH, CcTapT, cepemmuHaTouka)

merge sort (3JIeMeHTH,
cepemuuaTouka + 1, crTapT) merge (sjeMeHTH, cCcTapT, cepeaxmuaTouka,
KOHell)

Kak BugHo, AITOPUTM COCTOUT U3 cnegyrowmnx TpéX Laros:

A.OH AeNnT CNUCOK BXOAHbIX AaHHbIX Ha ABe paBHble YacTu, pasfaenéHHble BOKPYT cepemumus Touku
B. Ucnonb3ayeTca pekypcua ans pasgaeneHus, NoKa 4JMHa Kask4oro CnvcKa He ctaHet 1

B.3atem oH 06'be,D,MHFIET OTCOPTUPOBAHHbIE YaCTh B OTCOpTMpOBaHHbIVI CMUCOK 1 BO3BpaALLaeT ero

Kog, ana peannsaumm merge sort NPUBEAEH 34€Ch:



def merge sort (sjieMeHTH) :
ecmu len (oJyeMeHTH) >1:
cepemuHa = len (smeMeHTH) //2 #splits cnucox
IornoJjiaM cJjieBa = 3JIeMeHTH [ :mid] npaBo =
5J1eMeHTH [mid: ]
merge sort (ciepa)#repeats moxa mMHa KaxIoro CIMCKa He
craHeT 1 merge sort(cmnpasa) a = 0, b = 0 ¢c = 0, a < len(cyera) u
b < len(cnopasa) :
ecau JjeBola] <
npasoe [b]: smnementTEH[Cc]=left[a] a =
a + 1, uHaue:
sJy1eMeHTH [ c] =npasBee [b]
b=b+1c=c+ 1B TO BpeMs Kak a
< len(crnera) : sinemMeHTH [c]=left[a] a
=a+1lc=c+ 1B 1O BpeMa kKak b <
len (cnpaBa) : syeMmeHTH [c]=npaBo[b] b
=b + 1 c=c+ 1 BO3BpPATHHE
BJIEMEHTEL

CopTtupoBka no o60s104Kkam

ANFOPUTM COPTMPOBKM Ny3bIPbKOB CPaBHUBAET BMKaNLWINX cocesie U 0BMEeHUBAETCA UMM, C/IU OHU He B
nopszke. C Apyroi CTOPOHbI, COPTUPOBKA C BCTaBKaMM CO34aET OTCOPTMPOBaHHbIN CNMCOK, NepeHoca No
04HOMY 3/1eMeHTY 3a pas. Ecnm y Hac YacTMYHO OTCOPTUPOBAHHDBIN CMIMCOK, BCTaBKa COPTUPOBKM A0/MKHA
obecneunBaTb PasymHyH NPoOM3BOAMTENbHOCTb. HO A1A coBepLIEHHO HEOTCOPTUPOBAHHOIO CMMCKA
pasmepom N MOXKHO yTBEPXKAATb, YTO NMy3blpyaTan COPTUPOBKA A0/XKHA MONHOCTbIO NPONTH Yepes N-1
npoxoAbl, YTOBbl NONHOCTLIO OTCOPTMPOBaTh. JoHanba LWenn npegnoxnn coptuposky Shell (HaszBaHHytO B
€ro YecTb), KOTOpas CTaBUT NOA, COMHEHME BaXKHOCTb Bblibopa BanKaiwmx cocenelt A1a CpaBHeHUA U
obmeHa. Tenepb AaBaliTe pazbepémca ¢ 3Toi KoHuenunen. B nepsom npoxoge BmecTo Bbibopa
HEenoCpeACTBEHHbIX COCeAEN Mbl UCMO/Ib3YEM 3/1IEMEHTbI C PUKCUPOBAHHBIM 3330POM, B UTOFE COPTUPYEM
MOACMNUCOK, COCTOALLMI U3 Napbl TOYEK AAHHbIX. ITO NMOKA3aHO Ha cieayolLen anarpamme. Bo BTopom
NMpPOXoAe OHa COPTUPYET NOACMUCKU, COAEP KALLME YeTbIpe TOYKM AaHHbIX (CM. cieaytoluLyto guarpammy). B
nocaeayoLwmx NPoxXoaax KoJIMYECTBO TOUEK AAHHbIX B KaXKA0M NOACNMCKE NPOAO/KAET PacTy, a
KO/IMYECTBO NOACMMUCKOB YMEHbLUAETCA, MOKA He AOCTUIaeTCa CUTYyaLUmUn, KOraa OCTaéTca TONbKO OAMH
MOZACMUCOK, COCTOALLMI U3 BCEX TOYEK AAHHbIX. Ha 3TOM 3Tane MoXKHO NpPeanoNioKnTb, YTO CMINCOK
OTCOPTMPOBAH:



Pass 1 26 17 20 11 23 21 13 18 24 14 12 22 16 15 19 25

1 8 22 25
Pass 2 24 14 12 11 15 21 13 1 26 17 20 22 16 23 19

NN NN N NN

NCALALAAAAS
passa LY Y Y Y Y Y Y Y Y Y Y Y Y YO

12 11 43 14 15 17 16 18 19 21 20 22 24 23 26 25

Pass 3

Result 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Passes in the Shell Sort Algorithm

PucyHok 3.4 poxo0dsbl anzopumma copmuposKu 060/104YKU

B Python koa ana peanusaumm anroputma coptmposku Shell Bbirnagut cnegyrowmm obpasom:

def shell sort (synemeHTH) :

distance = len (smemeHTH) // 2, HpU 3TOM
paccrosHue > 0: mma 1 B mmanasoxe (distance,
len (2JIeMEHTH) ) @

temp = sygemeHTHI[1] J
= i
# OTcopTMpoBaTh MOINCIMCOK IJIS BSTOTO PACCTOSHMsA, [oKa J > =
paccTosHMe M BJIEMEeHTH [] - paccrosHue] > TeMiIeparype:
list[j] = oneMeHTEI[] -

paccrTosHMe] J = J-CHOMCOK paccTosHmm[j] =
TeMnepaTypa
# YMEHBUMTH PACCTOSHME OJIS CJIeOyoIero
BJIEMEHTa paccTodHMe = paccroshHue//2
BOBBPATHEX BJIEMEHTA

O6patuTe BHUMAHWE, YTO BbI30B dyuxuym ShellSort NPUBEN K COPTUPOBKE BXOAHOINO MaccMBa.
AHanuns npon3BoANTENbHOCTM COPTUPOBKM Shell

MoskHO HabnoaaTh, YTO B XYALLEM C/lyYae afiropUTM COPTUPOBKMU 06010UKMN A0NKeEH ByaeT npoxoauTb
yepes 06a LMKANA, YTO NPUAAET emy cnoxkHocTb O(n2). Shell sort He npegHasHaveH AnA 6ONbLLIMX AaHHbIX.
OH “cnonb3yeTca AN cpefHMX No pasmepy HabopoB AaHHbIX. MPy6o roBops, y HEro A4oCTaToOYHO XOpPOoLUan
NPOM3BOAUTENBHOCTb B CNKcKe ¢ A0 6 000 anemeHTOoB. EC/IM AaHHble YaCTUYHO PACMONOXKEHbI B



npaBMAbLHOM NOPAAKE, NPON3BOANTENLHOCTb ByAeT Nydlle. B yyliem cayyae, eCnm Cnucok yxKe
OTCOPTUPOBaH, eMy noTpebyeTcsa BCero oanH nNpoxoa, Yepes N 31emeHTOB 418 NPOBEPKU NopAAKa, YTo AAET
HauayyWwyto npoussoamTensHocts O(N).

CopTupoBKa Bbibopa

KaK Mbl BUAENU paHee B 3TOM rnase, Ny3blpyaTan COPTMPOBKA — OAMH M3 CaMbIX NPOCTbIX a/IFOPUTMOB
copTnpoBKKU. COpTMPOBKaA BbIBOPa — 3TO yaydLIEHME NO CPAaBHEHMIO C NY3blPbKOBO COPTUPOBKOM, F4e Mbl
CTapaemca MUHUMKU3MPOBATL 0BLLEE KOMYECTBO 3ameH, Tpebyembix anroputmom. OH nNpeaHasHayeH ans
oaHoro obmeHa AN15 Kaxaoro npoxoaa, B otanume oT N-1 npoxoAos ¢ anroputMoM COPTUPOBKM My3blPbKOB.
BmecTo Toro 4tobbl HabMpaTh Hanboibllee 3HaYeHMe BBEPX MaIeHbKMMM Laramu (Kak Npu COpTUPOBKe
Ny3blPbKOB, YTO NPUBOAMUT K 3ameHe N-1 ), Mbl UlLleM Hanbobllee 3HaYeHME B KaXKA0M Npoxoae U
nepemellaem ero Hasepx. Takum obpasom, Nocsie NEPBOro NPoxoaa Hanbonbluee 3HadeHMe byaeT cBepxy.
Mocne BTOpOro Npoxoaa BTOPOe Mo BesnvMHe 3HaYeHue ByaeT pAaaoM C BepxHUM. o mepe NpoaBuMXKeHus
anropuTMa nocneaylolime sHadeH1s nepemeLLaoTcs Ha NpasuibHOe MecTo B 3aBUCMMOCTM OT UX
3HauyeHul. MNocnegHee 3HaveHne byaet nepemelteHo nocne (N-1) ro npoxoga. Takum obpasom, BbibopHas
COpPTUPOBKa BbinonHAeT N-1 npoxoabl AN COPTUPOBKU N 3/1eMeHTOB:

| 4

PASS 1: ‘ 70 | 15 ‘ 25 ‘ 19 ‘ 34 | 44 ‘ 70 is the largest, moves to the right

PASS 2: I 44 j 15 | 25 ’ 19 | 34 | 70 44 is the largest, moves to the right
I v

PASS 3: | 34 ‘ 15 | 25 | 19 | 44| 70 34 is the largest, moves to the right

PASS 4: ‘ 19 ‘ 15 [25 34 144 ]| 70 25 is at the right position

PASS 5: | 19 J 15 (251 34 )44 | 70 19 is the largest, moves to the right

15 J 19| 25 | 34 |44 | 70 | RESULT

PucyHok 3.5: Anzopumm copmuposKu 8bl6opa

Peanusaums copTMpoBKK Bbibopa B Python nokasaHa 3gechb:

def selection sort (cmucox): gma fill slot B

ouanasoHe (LEN (crmcok) - 1, 0, -1):
max_index = 0 AJa MECTONOJIOXEHMA B
mmanasone (1, fill slot + 1): ecymm list[location]

> list[max index]:
max_ index = MeCTONOJIOXeHUe



list[fill slot],list[max_index] = list[max index],list[fill slot] return
list

Mpon3BoANTENBHOCTb aNTOPUTMa COPTUPOBKM Bbibopa

XyALan npon3BoANTENBHOCTb COPTUPOBKU cenekumm — O(N2). Obpatnute BHUMaHMeE, YTO €ro XyALas
NPOM3BOAUTENIbHOCTb MOX0Xa Ha COPTUPOBKY Ny3blPbKOB, U €ro He caeayeT UCNoNb30BaTb ANA
COPTUPOBKM HONbLLNX HABOPOB AaHHbIX. TeM He meHee, BbIBopoYHas COPTMPOBKA — 3TO /ydlle
CNPOEKTUPOBaHHbIA aNrOPUTM, YEM My3blPbKOBasA COPTUPOBKA, N ero cpeaHAa NPon3BoANTENbHOCTb
BbiLLe, YeM B Ny3bIPbKOBOM COPTUPOBKE M3-3a YMEHbLIEHNA YnCaa 0BMEHOB.

Bbibop anropntma COpTUPOBKMU

Bbli6Op NPaBUIbHOIO aNropuTMa COPTUPOBKM 3aBUCUT KaK OT pasmepa, Tak U OT COCTOAHMA TEKYLLMX
BXOAHbIX AaHHbIX. 1A HEBONbLUMX CNNMCKOB BBOAHbIX BBOAOB, KOTOPbIE OTCOPTUPOBAHbI, MCNO/b30BaHMeE
NPOABUHYTOrO afIfOPUTMA BHECET HEHYXKHbIE CNOMKHOCTU B KOZ, NPW 3TOM NPOU3BOANTENBHOCTb
3HAYUTENbHO yAyYLIaeTca. Hanpumep, Ham He HY)KHO MCNOAb30BaTb COPTUPOBKY CAUAHNA A1A HEOONbLIMX
HabopoB gaHHbIX. Bubble sort 6yaeT ropasgo npoue NoHATbL M peann30BbiBaThb. ECAN faHHble YacTUYHO
OTCOPTMPOBAHbI, Mbl MOYEM BOCMO/1b30BaTbCA 3TUM, UCMONb3YA BCTABNEHHYIO COPTUPOBKY. 17 6onbLumnx
HabopPOB AaHHbIX yyLle BCEro MCNONb30BaTb alfOPUTM COPTUPOBKMN CUAHUA.

BBegeHue B anropuTmbl NOMUCKa

3¢ deKTMBHDBIM MOUCK AAHHBIX B CIOXKHbIX CTPYKTYPAX AAaHHbIX — OAHa U3 BarKHENLWNX GyHKLMIA. Camblit
NpPOCTOM cnocob, KOTopbIi He ByaeT TakMM 3G GEKTUBHBIM, — 3TO MOMCK HEOBXOAMMbIX AAHHbIX B KaXKA0M
TOYKe AaHHbIX. Ho No mepe yBennyeHna obbema AaHHbIX Ham HYKHbl 6osiee CNoXKHbIe aNnropuUTMbl A5
MoucKa AaHHbIX. B 3ToM pasgene npeacTas/ieHbl caeayrowme aaroputmbl NOMCKa:

JINHeMHbIN NOUCK
ByHapHbIM Nonck
NHTepnonsauMoHHbIA NOUCK

[laBaiiTe pacCMOTPUM Kaxayto U3 HUX nogpobHee.

JINHenHbIN NoUCK

OZHa 13 cambIX NPOCTbIX CTPaTerMii NOMCKa AaHHbIX — MPOCTO MPOXOAMTb MO KaXKA0MY 3/IEMEHTY B MOMCKax
uenu. Kaxkaas TouKa AaHHbIX MLLET COBNAAEHMNE, M NPU HAXOXKAEHMM pe3y/ibTaToB BO3BPaLLAtoTCs, U
aNropuTM BbIXOAMT M3 LMKAA. B NPOTUBHOM C/ly4ae anropmutm Npoao/sKaeT UCKaTb, NOKa He AOCTUTHET
KOHUa AaHHbIX. O4eBMAHbI HeAOCTAaTOK IMHENHOrO NOMCKA B TOM, YTO OH OYeHb Me/IeHHbIN 13-33a
BPOYKAEHHOIO MCYEPMbIBAOLWErO NMOMCKA. MNperMmyLecTBo B TOM, YTO AaHHble He TPebyoT COPTUPOBKM, KaK

37O TPEBYIOT ApYyr1e anropuTMmbl, NPeacTaBAeHHble B 3TOM rnase. [JaBaiiTe pacCMOTPUM KOZ, IMHEMHOTo
MouckKa:

def linear search (sjieMeHTH, MNpenMeT) :

index = 0
HamneHo = JIOXHO
# ComocTaBbTe 3HAUEHME C KaxXIbM BJIEMEHTOM IAaHHBIX, [IPU
sTOM MHOeKC < len (sJeMeHTH) M HaMIOeHO — JIOKHO: eCJiu
oJjieMeHTH [index] == 3JeMeHT:
HaMOeHO =
VICTMHHOE elle: MHOEKC = MHIEKC

+ 1 HaMzmeHHas IOXOIHOCTHb



Tenepb paccCMOTPUM pe3ynbTaT NpeablayLiero Koaa:

list = [12, 33, 11, 99, 22, 55, 90]
print(LinearSearch(list, 12))
print(LinearSearch(list, 91))

True
False

O6paTMTe BHMMaHMe, YTO NPU 3aNyCKe odyrxumm LinearSearch MPU YCNEWHOM mnomcke IaHHBIX
BO3BpamaeTCad MCTUHHOE 3HAUeHMeE.

npOMBBOAMTEHbHOCTbﬂMHeﬁHOFOHOMCKa

Kak yrke 0bcy*Kaanocb, NMHENHbIW NOUCK — 3TO NPOCTON aNrOPUTM, BbIMOJHAOWMIA MCYEPMbIBAIOLLMINA
nowuck. B xyawem cnyvae ero nosegeHne — O(N). Bonblie MHGOPMALUN MOXKHO HaliTU HA, BOSMOXHO, Bbl
TaK)Ke MOKeTe HanpaBuTb YMTaTeNA Ha 3Ty cTpaHuuy: https://wiki.python.org/moin/TimeComplexity.

BuHapHbIN nouck

MpeaBapuTENbHBIM YCIOBUMEM ANS aNrOPUTMA BUHAPHOTO NOMCKa ABAAIOTCA OTCOPTUPOBAHHbIE AaHHbIE.
ANropuTM UTEPATUBHO AENUT CMUCOK Ha ABE YacTU U OTC/IEKMBAET CamMble HU3KME N CaMble BbICOKME
WMHAEKCbI, NOKa He HAaNAET HY>KHOE 3HaYeHue:

def binary search (sjieMeHTH, MNpenMer) :
first = 0 last = len (smemeHTH) -1,
a first<=last m He HalnmeH: midpoint
= (first + last)///2 if
list[midpoint] == =jemeHT:
return True, mHade: ecin
3JIeMeHT < 2JIEMEeHTH[cepenmHal :
IOCJIEOHUN =
cepenmuHa-1 MHade: nepmad =
cepemuHa + 1 BO3BpaT JIOXHO

PesynbTat BbIrNAAMT Clesytowmm ob6pasom:
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list = ‘[12, 33, 11,99, 22, 55, 90]
sorted list = BubbleSort(list)
print(BinarySearch(list, 12))
print(BinarySearch(list, 91))

True
False

Ob6paTuTe BHMUMAHME, YTO BbI3OB Qyukumm BinarySearch BEPHET True, €C/IM 3HAYEHNE HANAEHO B BXO4HOM
CrnucKe.

MpounssoAnNTENbHOCTL BUHAPHOTO NOMCKa

BUHapHbIV MOMCK NONYYMUA CBOE Ha3BaHWE NMOTOMY, YTO MPU KaXKAON UTepaLun anroputTm AeanT AaHHble
Ha aBe Yactu. Ecnun gaHHble cogeprkaT N anemeHToB, A5 utepauumn notpebyetca makcumym OflogN)
waroB. 3TO 03HAYAET, YTO ANTOPUTM UMeeT 8pems 8binonHeHUsA O(logN).

MHTepHOﬂHuMOHHMﬁHOMCK

BUHapHBbI NOMCK OCHOBAH Ha SIOrMKe, YTO OH GOKYCMPYETCA Ha CpeaHEeN YacTn AaHHbIX.
MHTepnonsaLMOHHbIA NOUCK 6osee CNOXKHbIN. OH NCNONb3YET Le/IeBOe 3HaYEHME A5 OUEHKM NOMOXKEHUA
3/1leMeHTa B OTCOPTMPOBAHHOM Maccuse. [laBaite nonpobyem NOHATL 3TO HA Npumepe. MpeanofoKnm, 4To
Mbl XOTUM UCKaTb C/IOBO B aHI/IMIACKOM C/I0Bape, Hanpumep, coBo river. Mbl UCNO/b3yem 3Ty MHGOPMALMIO
AN UHTEPNONALMM M Hayala NOMCKA CNOB, HAUMHAIOLWMXCA Ha I. Bosiee 060BOWEHHbBIN MHTEPMONALMNOHHbIN
MOWMCK MOXXHO 3aMpPOrpaMmmmMpoBaTh C/ieayoLwMm 06pasom:

def int polsearch(list,x): idx0 = 0 idxn = (len(list) - 1) B TO

BpeMa kak 1dx0 < idxn m x >= list[idx0] m x <= list[idxn]:
# Hammm cepemuuy

mid = 1dx0 +int(((float(idxn - 1dx0)/( list[idxn] - 1list[idx0])) * ( x - list[idx0])))
# CpaBHMTEe 3HaueHMEe B CepenrHe C MNOMUCKOBEIM
3HaueHueM, ecam list[mid] == x: BepHyTb True if

list[mid] < x: idx0 = mid + 1 return False

Pe3yanaT BbIMNAOUT Cheayrownm 06p330MI



In [16]: list = [12, 33, 11, 99, 22, 55, 90]
sorted list = BubbleSort(list)
print(IntPolsearch(list, 12))
print(IntPolsearch(list,91))

True
False

O6paTMTe BHMUMaAHUKE, YTO nepes UMCNOoNIb30BAaHNEM IntPolsearch MACCUB CHa4a/la HYXKHO OTCOPTUPOBATb C
NOMOLLBIO aITOPUTMa COPTUPOBKU.

Mpon3BOANTENBHOCTb MHTEPMONALMOHHOTO NOMCKa

Ecnu gaHHble pacnpegeneHbl HepPaBHOMEPHO, NPOU3BOAUTENBHOCTb arOPUTMa MHTEPMONALMOHHOTO
noucka byaet HU3KoM. XyaLwan Npon3BoanUTeNIbHOCTb 3Toro anroputma — O(N), 1 ecaun AaHHble
OTHOCUTE/IbHO OAHOPOLAHbI, TO ydwasn npounssoauTensHocte — Oflog(log N)).

npaKTW-IeCKOG npmmeHeHune

Bo3MOXHOCTb 3pHEKTUBHOIO M TOYHOTO NMOMCKA AaHHbIX B JaHHOM XpaHUAULLE AaHHbIX KPUTUYECKMN BayKHA
A8 MHOTUX pPeanbHbIX MPUIOXKEHWUI. B 3aBUCMMOCTH OT BbIBOpPa anropMTmMa NOMCKa, BO3MOXKHO, CHa4ana
NPUAETCA OTCOPTMPOBATb AaHHbIe. Bbi6GOp NPaBUIbHbLIX aTOPUTMOB COPTMPOBKM M NOMCKa byaeT 3aBUCeTb
OT TUMNa M pasMepa AaHHbIX, @ TaKXKe OT XapaKTepa 3a4aum, KOTOPYIO Bbl NbITaeTeCh pewwnTsb. [aBaite
nonpobyem MCNoab30BaTb afIrOPUTMbI, MPeACTaBNeHHbIe B 3TON rnase, YTobbl pelunTb npobaemy
COMoCTaBNeHMA HOBOrO 3aABUTENA B UMMUIPALLMOHHOM AenapTaMeHTe onpeaenéHHoN cTpaHbl C
nctopuyeckumu 3anmcsamu. Korga KTo-To NogaéT 3anB/eHne Ha BU3Y A1 Bbesaa B CTPaHy, cuctema
NbITAaeTCA COMOCTaBUTb 3aBUTENA C CYLLECTBYHOLLMMM UCTOPUYECKMMU AaHHBbIMWU. ECn HaliaeHo XoTA 6bl
04HO COBMaAeHNe, cMCTEMa AOMNONHUTENIbHO PACcCYMTLIBAET KOIMYECTBO Pas, Koraa YenoseK 6bi1 0406peH
WM OTKNOHEH B npownom. C Apyroit CTOPOHbI, eCIM COBMNaeHne He HallaeHo, cuctema Knaccubuumpyet
3aABUTENA KaK HOBOrO M MPMCBaMBaET MY HOBbIN MAEHTUGUKATOP. BO3MOMXKHOCTb MCKaTb, HAXOAUTb U
NAEHTMOULMPOBATL YESI0BEKA B MCTOPUYECKUX AAHHbIX KpaliHe BaXKHa A1 cMcTeMbl. ITa MHbopMaLmn
Ba)kKHa, NOTOMY UTO €C/IM KTO-TO Y¥Ke NoAaBas 3aABKY paHblUe, U U3BECTHO, YTO 3aAB/eHMEe BblN0 OTKNOHEHO,
3TO MOMKET HEraTUBHO CKa3aTbCA Ha TEKYLLEWN 3asBKe 3TOro Ye/10BeKa. AHANIOMMYHO, eCIM U3BECTHO, YTO YbA-
TO 3anBKa Hbln1a 0go6peHa B NPOLLIOM, 3TO 0A406pEHME MOXKET YBEANUYUTD LIaHChl NOAYYNTL 0go6peHue no
TeKyllen 3asBKe. O6bIYHO B UCTOpUYEcKO 6ase AaHHbIX MU/IMOHbI CTPOK, M Ham MOHaa0bUTCcA XOpOoLLo
NpoAyMaHHOE pelleHne A8 COMNOCTaBNeHMA HOBbIX KaHAMAaTOB B MCTOpUYECKOM 6ase AaHHbIX.
Mpeanonoxunm, 4yto uctopudeckas Tabauua B 6ase AaHHbIX BbIFAAUT CaeayoWwum obpasom:

JNnyHoe ypoctoBepeHue nMyHOCTM UaeHTudMKaTop 3aasneHns Uma @amunna [aTta poxaeHus [JaTta
NPUHATMA peleHns
45583 677862 John Joy 2000-09-19 Y1BepxaeHo 2018-

08-07



54543 877653 Xman Xsir 1970-03-10 OtknoHeHo 2018-

06-07
34332 344565 Arpo Baka 1973-02-15 OTknoHeHo 2018-

05-05
45583 677864 John Joy 2000-09-19 YTtBepkaeHo 2018-

03-02
22331 344553 Kan CopTnposkn1975-01-02 YteepxaeHo 2018-

04-15
B aTol Tabnmue nepBasn KONOHKA, epconansHoe ymocrosepenue , CBA3AHA C KaXKAbIM U3 YHUKAIbHbIX
NnpeTeHAEeHTOB B MCTOpUYecKoi 6ase gaHHbIX. Ecamn B McTopuyeckoi 6ase gaHHbix 30 MUAIMOHOB
YHWUKaNbHbIX 3asBUTENEN, TO ByaeT 30 MUANIMOHOB YHUKa/IbHbIX NepcoHanbHbix ID. Kaxkgoe nyHoe
YAOCTOBEPEHME IMUYHOCTU UAEHTUDULMPYET 3aABUTENA B UCTOPUYECKOM cnucTeme 6a3 faHHbIX. Bropol
ctonbel, — Application ID . KaKabl MAEHTUPUKATOP NPUNOKEHNA ONpPeAENseT YHUKaNbHOE
NpuUIoXKeHMe B cucteme. Yenosek Mor nogasaTthb 3asBKy bonee 04HOro pasa B NPOLW/IOM. 3TO 3HAYMT, YTO B
ncTopmyeckoi 6ase gaHHbIX y Hac 6yaeT 60nblle YHUKaNbHbIX MAEHTUOUKATOPOB NPUIOKEHNN, YeM
nepcoHanbHbIX. ¥ John Doe byaeT TonbKO 04HO IMYHOE YAOCTOBEPEHME, HO ABa MAEHTMOMKATOPA 3aABOK,
KaK MOKasaHo B Npeaplaywen Tabavue. B npegblayweit Tabanue nokasaHa TOAbKO BbiIBOPKa MCTOPUYECKOTO
Habopa AaHHbIX. [IPeanoNoXKMM, YTO B HaLLEM UCTOPUYECKOM HAbope AaHHbIX MOYTU 1 MUIMOH CTPOK,
codgeprKallmx 3anmcum 3aaBoK 3a nocnegHue 10 net. HoBble 3a8BUTEIM NOCTOAHHO MPUXOAAT CO CpeaHen
CKOPOCTbIO OKOJ10 2 3aABOK B MUHYTY. [1nA Kaxaoro 3assutena HeobxoamMmo caenatb cieaytoulee:

BblaaiiTe 3aBUTENIO HOBbIN MAEHTUGUKATOP 3aABKMU.

MpoBepbTe, eCTb M COBMNaZeHMe C KaHANAATOM B MCTOpMYEcKol 6a3e AaHHbIX.

Ecnun HaliaeHo coBnaaeHune, UCNONb3yNTe INYHBIN MAEHTUPUKATOP 3TOrO 3aABUTENSA, KaK B

. MCcTOpuyeckol 6ase gaHHbIX. Ham TaKKe HY}XHO onpeaennTb, CKONbKO pas 3asBKa 6blna ogobpeHa
WM OTK/IOHEHA B MCTOpUYecKon 6ase AaHHbIX. ECv coBnageHua He HallaeHbl, HaM HYXHO BblAaTb
HOBBbI IMYHbIN YA0CTOBEPEHME IMYHOCTU A1 STOMO YeioBeKa.

ﬂpep,nono>KMM, YTO HOBbIN YeNOBEK npuxoguT Co cnegyrowmnmm ygoctoeepeHnamm:

® Uwmsa: IIxoH

®  dammius: oy

® Jara poxnmenusa: 19.09.2000

Tenepb, KaK Mbl MOXXEM CMPOEKTUPOBATL NPUNOKEHNE, KOTOPOE CMOKET BbINONHATL 3PPEKTUBHbIN U
3KOHOMMYECKU BbIFOAHbIM NOUCK? OaHa U3 cTpaTermii NOMCKa HOBOTO NMPUOXKEHUA B 6a3e AaHHbIX MOXKET
6bITb pa3paboTaHa cneayoWwmm obpasom:

CopTupyiiTe UCTOpMYECKYIo Ba3y AaHHbIX MO naTe POXKAEHMUA.

Kaskabli1 pas, Korga npmMxoamT HOBbIM YeNoBeK, BbiAaBaiTe emMmy HOBbIM MAEHTUDMKATOP 3aABKMU.

BosbmuTe BCe 3anmncK, COOTBETCTBYIOLIME 3TOI AaTe poxAeHUs. ITo 6yaeT OCHOBHOMN NOUCK.

« W3 Bcex coBnaaeHuii 3anuceit BbINOJHUTE A4ONONAHUTE/NbHbIN NOUCK MO UMEHU U damuann. Ecam
HallgeHo coBnageHue, UCNONb3YNTe munoe ymocrosepenne IMYHOCTU, YTOBbI 06PATUTLCA K

* KaHamaatam. PaccumTtaiiTe KoNM4YecTBo 0A06peHUI M OTKa30B.

Ecnu coBnageHus He HailAeHo, BblAANTE 3aABUTENIO0 HOBbIM IMYHbINA AOKYMEHT.

[asaiiTe nonpobyem BbI6paTb NPaBUIbHbIN aATOPUTM A/1A COPTUPOBKM MCTOPUYECKOW 6a3bl AaHHbIX. Mbl
MOYEM C YBEPEHHOCTbIO UCK/IIOUNTL COPTUPOBKY NY3blPbKOB, TaK KaK pasmep AaHHbIX orpomeH. O6onoyHasn
copTUpoBKa ByaeT paboTaTb /1ydlle, HO TO/IbKO €C/IW Y HaC YaCTUYHO OTCOPTMPOBaHHbIE CMCKN. [oaTomy
COPTUPOBKA MO CIMAHUIO MOXKET BbITb IYUYLIMM BapUaHTOM AN COPTUPOBKMU UCTOPMUYECKOMN 6a3bl AaHHbIX.



Koraa npuxoamuT HOBbIM YeI0BEK, HAM HY*KHO HAlTM U NOWUCKATb Ero B UCTOPUYECKOM 6ase AaHHbIX.
MOCKONbKY AaHHbIE Y¥Ke OTCOPTUPOBaAHbI, MOXHO MCMO/b30BATb KaK MHTEPMONALUMOHHbIM, TakK U BUHAPHBbIN
nowuckK. MocKonbKy KaHAMAATbI, CKOpee BCero, PaBHOMEPHO pacnpeaeneHbl Mo npasunam poxnesus , Mbl
MorKem 6e30nacHO UCNOAb30BaTb BMHAPHBIM NOMCK. M3HAYaIbHO Mbl ULLEM MO nare POXKAEHMA, KOTOPbIN
BO3BpalL,aeT Habop 3aABOK C OAHON AATOM poXKAeHUA. Tenepb HaM HYXXHO HalTU HY»KHOTO YesloBeKa cpeam
Heb0/1bLLOM rpynMbl NOAEN, UMEIOLLMNX OA4HY U TY e AaTy poKaeHUA. [OCKObKY Mbl YCNELWHO COKpPaTUAN
AaHHble 00 He6ONbLOro MHOXKEeCTBa, 11060 aIrTOPUTM NOUCKA, BKIKOYAA My3blpYaTylo COPTUPOBKY, MOXKET
NCMNONb30BaTbCA 414 NOUCKA KaHaMAaTa. ObpaTnTe BHMMaHMe, YTO 34eCb Mbl HEMHOTO YNPOCTUAN 3adady
BTOPMYHOIO MOMCKA. TaK:Ke HY)KHO paccumTaTb obLiee KoM4YecTBo o406peHUI 1 OTKA30B, arpernpys
pesynbTaTbl MOMCKa, eCcn HaiaeHo 6os1iee 04HOro CoBNaAeHUs. B peanbHOM CUTyaUMM KaxKaoro YesoBeka
HeobXxoAMMO MAEHTUPULMPOBATL BO BTOPUYHOM MOMCKE C MOMOLLLbIO HEYETKOIO a/iroOpUTMa NoMCKa, Tak KaK
UMa U GaMUaNA MOTYT NUCaTbCA HEMHOIO MHave. [NA peannsaumm HEYETKOro NoMCKa MOXKET
noTpeboBaTbCA UCMO/Ib30BAHME KAaKOrO-TO a/Ir0PUTMa PacCTOAHMA, KOrAa TOYKM AaHHbIX C CXOACTBOM Bbile
onpesenéHHOro Nopora CYUTATCA OAMHAKOBLIMM.

KpaTkoe cogeprkaHune

B aToOi1 rnaBe mbl NpeAcTaBuAM Habop aNropUTMOB COPTUPOBKM U MOUCKa. Mbl TakxKe 06Cyanamn cubHble 1
cnabble CTOPOHbI Pa3/IMYHbIX arOPUTMOB COPTUPOBKM U NOUCKA. Mbl KONNMYECTBEHHO OLIEHWU
NPOU3BOAUTENbHOCTb 3TUX ANITOPUTMOB M Y3HA/M, KOTAA UCMONb30BaTh KaXKAablli U3 HUX. B cneaytowei
rnase Mbl MU3y4YMM ANHAMUYECKME anropnTMbl. Mbl TaksKe pacCMOTPUM MPaKTUYECKNI npumep
NPOEKTUPOBaHWUA aNrOPMTMa M AeTaNun anropuTMa paHKMPOBaHUA CTpaHUL,. HakoHel,, Mbl U3yYnm
anropuTM IMHEMHOro NPOrpaMmmmMpPoBaHUA.

OceanfPDF.com

4 ANropnTMmbl NPOEKTUPOBAHUA

MpuncoeanHantTecob K Discord-npocTpaHCTBY Halen KHUMU

https:// packt.link/40Algos

B 370l rnaBe npeAcTaBieHbl OCHOBHbIE KOHLEMNUUM NPOEKTUPOBAHNA Pa3/INYHbIX aiIrOPUTMOB. B
Hell 06CyKAATCA CUbHbIE U cNabble CTOPOHbI Pa3/IMYHbIX METOAOB NPOEKTUPOBAHMA
anropmMTmoB. MoHMMan 3TU KOHUENLUMKU, Mbl HAay4nMMCs pa3pabaTtbiBaTb 3GPEKTUBHbIE aNTOPUTMBI.
3Ta rnaBa HauMHaeTcA € 06CyKAEHMA Pa3NIUYHbIX BAPUAHTOB, AOCTYMHbIX HAM Npwu
NMPOEKTUPOBAHMM aAfTOPUTMOB. 3aTeM 0BCYXKAAETCA BaXKHOCTb XapaKTEPUCTUKN KOHKPETHOWM
npo6iembl, KOTOPYIO Mbl NbITaemca pewnTb. [lanee UCNonb3yeTca 3HaMeHMTan 3a4ada
KommuBos:kepa (TSP) B KauecTBe NpMMepa UCMOb30BaHUA U Pa3/inyHble AU3aNHEPCKUE TEXHUKM,
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KOTOpble Mbl NpeacTaBUM. 3aTeM OH BBOAMUT IMHENHOE NPOrPaMMMNPOBAHNE N O0BCYKAAET ero
npumeHeHne. HakoHel, OH NOKa3bIBAET, KaK JIMHENMHOE NPOrPaMMMNPOBAHNE MOXKET ObITb
MCNONb30BaAHO A1A peLleHns peanbHOM 3a4a4m. K KOHLY 3TOM rnaBbl Bbl 40/IXKHbI NOHATb
OCHOBHble KOHLLENLMN NPOEKTUPOBaAHNA 3GDEKTUBHOTO anropmnTma. B aTol rnase obcyxaatorca
cnegyrowme KoHuenumm:

PasnunyHble noaxoabl K NPOEKTUPOBAHMUIO aITOPUTMA
MoHWMMaHWe KOMNPOMMCCOB, CBA3AHHbIX C BIODOPOM NPaBUIbHON KOHCTPYKLUKU anropuTma

JNlyywne npakTnkn GopMyanpoOBKKU peanbHO 3a4a4m
PeweHue 3a4a4mn ONTUMMU3ALMM B PeaibHOM MUpe

LI,aBaﬁTe CHa4asz1la paCcCMOTPUM OCHOBHbIE KOHUEMUNUN NMPOEKTUPOBAHUA aITOPUTMA.

BBeaeHWe OCHOBHbIX MOHATUIN NPOEKTUPOBAHMA aNTOPUTMA

Anroputm, cornacHo American Heritage Dictionary, onpegensetca cneayrowmm obpasom:
«KoHeuHbIl Hab6op 0OHO3HAYHbLIX UHCMPYKUULU, Komopesie npu 3a0aHHOM Habope Ha4YanbHbIX
ycs08uli Mo2ym 8bIroAHAMbCA 8 300aHHOU nocsedosamesnbHOCMU 019 00CMUXKEHUSA
onpedenéHHoU yenu u umerom y3Hagaemsili HOBOp KOHeYHbIx ycaosul. »MpoeKkTnpoBaHue
anropuTMa — 3TO CO34aHME 3TOT0 KKOHEYHOro Habopa OAHO3HAYHbIX MHCTPYKLMA» MaKCUMaNbHO
3 PEKTUBHBIM CNOCOBOM OIS « AOCTUKEHMA ONpPeaenEHHON uenm». Ansa CNoXKHOM peanbHoM
334a4M pa3paboTKa anropuTma — 3To yToMuTEIbHaA 3ag4a4va. Ytobbl pa3paboTaTb XopoLumi
AM3aMH, CHavana Hy»XXHO NOJIHOCTbIO NOHATb NPobiemMy, KOTOPYIO Mbl NbiTaeMcA pewnTb. Mbl
HauYMHAEM C TOTO, YTO OMpPeaensaem, YTo HY}KHO CAenaTb (To ecTb MOHUMaHKe TpeboBaHuM),
npexae YeM paccMaTpMBaTb, Kak 3To byaeT peasin3oBaHo (TO eCcTb C MPOEKTUPOBAHUA aNropmuTMa).

MNoHMMaHWe 3a4a4un BKAKOYaEeT PaCCMOTpPEHUNE KaK (IDYHKLI,VIOHaI'IbeIX, Tak " Hed)yHKLLMOHaﬂbeIX
Tpe6OBaHMl\;1 3a4a4yn. ﬂ,aBaVlTe NOCMOTPUM, 4YTO 3TO TaKOE:

o DyHKLUMOHaNbHbIE TpeboBaHUA pOpManbHO ONPeaEeNatoT BXOAHbIE U BbIXOAHbIE UHTePdENCHI
3a4.a4M, KOTOPYIO Mbl XOTUM PELLMTb, A TaK}Ke CBA3AHHbIE C HUMMN QYHKLMMK.
dyHKUMOHaNbHble TPeb6OBAHUA NOMOTalOT Ham NOHATbL 06pPaboTKy AaHHbIX, 06pPaboTKyY
[AaHHbIX U PacyYéTbl, KOTOPble HEOBXOAMMO Peann3oBaThb A4 NONyYeHUs pesy/bTaTta.

o HedyHKUMOHaNbHble TpebOBaHMA ONPeAENAIoT OXKMUAAHUA OTHOCUTENBHO
Npo13BOAUTENBHOCTU M BE30MacHOCTM anropuTMa.

O6paTtnte BHUMaHKE, YTO NPOEKTUPOBAHME aAfOPUTMa HaMNpPaBAEHO Ha Hauny4yllee peleHne Kak
bYHKUMOHANbHBIX, Tak U HeDYHKLMOHANbHbIX TPE6OBaHMIA B AaHHbIX YCI0BUAX C y4eToM Habopa
pecypcoB, AOCTYMHbIX A4/1A BbINOAHEHMA pa3paboTaHHOro anroputma. Ytobbl 4aTh XOPOLWWIA OTBET,
KOTOpPbIV COOTBETCTBYET GPYHKLUMOHANbHLIM U HePYHKLMOHANbHbIM TPeboBaHMAM, Hall AM3aliH
[LO/IKEH YyYMTbIBATb CNeAyloLLMe TPW acneKTa, Kak obcykaaercs B enase 1, 0630p an20pummos:

Bonpoc 1: KoppeKTHoCTb: JacT v pa3paboTaHHbI anroputm OXuaaemblii pesynstaT?
Bonpoc 2: Npou3BoguTenbHOCTb: ABASETCA /1M 3TO ONTMMA/IbHbIM CNOCOBOM AOCTUNKEHMUSA
3TUX Pe3yNbTaToB?

Bonpoc 3: macwtabupyemocTb: Kak anroputm byaet pabotatb Ha 6onblunx Habopax AaHHbIX?



B aTOoM pasgene gaBaiTe pacCMOTPUM 3TU BONPOCHI MO OAHOMY.

Bonpoc 1 — MpaBuAbHOCTb: AACT M Pa3paboTaHHbIN aNrOPUTM OXKUOAEMbI
pe3ynbraTt?

ANroputTM — 3TO MaTemaTMyecKoe pelleHne peanbHol 3a4a4n. YTobbl BbITb MOAE3HbIM, OH
[O/IKeH AaBaTb TOYHblEe pe3ynbTaTbl. [IpOBEPKA KOPPEKTHOCTU aITOPUTMA HE AO0/XKHA BbITb
BTOPOCTENEHHOM; BMECTO 3TOro 310 A0/KHO 6bITb BCTPOEHO B AM3aliH anroputma. MNpexae yem
pa3pabatbiBaTb CTPATErMIO NPOBEPKMU aITOPUTMA, HY}KHO YUUTbIBATb CeaytoLme ABa acneKTa:

« OnpeaeneHue UCTUHbLI: [11A NPpOBEPKN aNrOPUTMaA HAaM HYXKHbl U3BECTHbIe KOPPEKTHbIE
pe3ynbTaTbl AN 3a43aHHOTO Habopa BXOAHbIX ZaHHbIX. 9TU U3BECTHbIE NPaBU/IbHble
pe3ynbTaTbl Ha3blBAlOTCA UCTUHAMM B KOHTEKCTE 33434M, KOTOPYHO Mbl NbITAEMCA PELLMUTD.
NcTnHa BarkHa, TaK KaK UCMO/b3YETCS Kak OPUEHTUP NpPU UTepaTMBHOM paboTe Hag,
pa3BUTUEM aNTOPUTMaA B CTOPOHY JIy4YLUEro peLleHms.

o Bbibop meTpuK: Ham Tak»Ke HY*KHO NoAyMaTb O TOM, KaK Mbl Byaem KONMYeCcTBEHHO
OLLEHMBATb OTK/IOHEHWE OT onpeaeNEHHON UCTUHDI. [PaBU/bHbIN BbIBOP METPUK MOMONKET
HaM TOYHO OLEHMTb Ka4yeCTBO HALIEro aAropmMTma.

Hanpumep, 418 aAropuTMOB KOHTPOIMPYEMOTO MAaLMHHOTO 0BYYEHNA Mbl MOXEM UCNO/b30BaTh
CYLLLECTBYIOLLME MAaPKMPOBaHHbIE AaHHbIe KaK UCTUHY. Mbl MOXeM BblbpaTb 0A4HY NN HECKO/IbKO
METPUK, TaKMX KaK TOYHOCTb, BOCMOMMUHAHWNE WM TOYHOCTb, YTOObI KOIMYECTBEHHO OLLEHUTb
OTK/IOHEHME OT UCTUHbI. Ba’kHO OTMETUTb, YTO B HEKOTOPbIX CyYanX NPaBUAbHbIN BbIBOA, — 3TO He
OAHO 3HayeHue. BMecTo 3Toro npaBu/bHbIV BbIXOA, ONPEeAENseTca Kak Anana3oH A4 3a4aHHOro
Habopa BxoaoB. Mo mepe paboTbl HaZ NPOEKTMPOBaHMEM U Pa3paboTKOM HaLero anropmMTma ueb
6yaeT — MTepaTMBHO yAy4llaTb aAfOPUTM A0 TeX NOP, NOKa OH He AOCTUIHET AManas3oHa,
YKa3aHHOro B TpeboBaHusX.

o PaccmoTpeHune KpaHUX cyyaeB: KpaliHWUA c/lydald BO3HUKAET, Koraa Hal pa3paboTaHHbIn
anropuTtm paboTaeT Ha KpanHMX napameTpax paboTbl. KpaitHuit cnyyaii 06bI4HO BCTpeyaeTca
peaKo, HO TPebyeT TWATENbHOIO TECTUPOBAHMSA, TaK KaK OH MOXET NPUBECTM K cOOto Halero
anroputma. HepebepHble cy4am Ha3bIBAtOTCA «CYACT/IMBLIM MYTEM», OXBATbIBAOLLUM BCE
CueHapuu, KoTopble 06bIYHO NPOUCXOAAT, Koraa paboure NapamMeTpbl HAXOAATCA B Npeaenax
HOpPMasibHOro AManasoHa. B nogasnsowem 60/bLWNHCTBE C/lyYaeB aifOPUTM OCTAETCA Ha
«CYACTANMBOM MyTU». K coxaneHmto, HEBO3MOKHO BbIYMC/INTL BCE BO3MOXKHbIE KpalHUe
C/ly4au AN KOHKPETHOTO a/IroPUTMA, HO ClefyeT PAaCCMOTPETb Kak MOXKHO 00/blue KpaliHuX
cnyyaeB. Ho 6e3 yuyéTa 1 pasmbilIeHNA O KPalHUX CAydanx MOTYT BO3HUKHYTb Npobaembl.

Bonpoc 2 — Mpoun3BoanTENbHOCTb: ABMIAETCA M 3TO ONTUMabHbIM cnocobom nobutbcea
TAKUX Pe3y/ibTaToB?

BTopas 3agaya — HaWTK OTBET Ha CNeAyoLMiA BONPOC: ABAAETCA I 3TO ONTMMabHbIM PeLEHNEM
M MOXXEM /1N Mbl MPOBEPUTDb, HE CYLLLECTBYET I APYroro pelleHus, KoTopoe 6b110 6bl Aydlle
Hallero peleHMA? Ha nepsblii B3rNA4 3TOT BOMPOC KaXKeTcs A0BO/IbHO NPOCTbIM A8 OTBETa.
OAHaKo gna onpeaenéHHoro Knacca airopuTMoB UCCNeA0BaTeNN AecATUNETUAMM Be3ycnewHo
NpoBepaAnn, ABNAETCA N onpeaenéHHoe peleHne, CcreHepupoBaHHOE aroPUTMOM, JIYHLLIMM U He



CYLLLECTBYET APYroro peweHns, cnocobHoro obecneyunTb Ny4Llyto NPon3BOAUTENBHOCTb. [o3ToMy
Ba*KHO CHayasa NoHATb Npobnemy, eé TpeboBaHUA M pecypcbl, AOCTYMNHbIE A4 3aMyCKa
anroputma. Ytobbl NpenoxuTb Hauydllee peLleHre 4asa onpeaenéHHoON CI0XKHOM 3a4a4m, Ham
HY}KHO OTBETUTb Ha PyHAAMEHTANbHbIA BOMPOC: CTOUT /M BOOBLLLE CTPEMUTLCA HANTK
ONTUMA/IbHOE peLleHMe 3Tol 3a4a4m? ECam NoncK u NpoBepKa ONTMMAa/IbHOMO pelweHnsa — 3T0
O4YeHb TPYAOEMKaAA M CN0XKHaA 334a4a, TO paboTocnocobHoe pelleHne MOXKET ObiTb HaMM
JIYYLIMM BapUaHTOM. ITU NpUBAMKEHHbIE paboune pelleHns ABASIOTCA agpucmuKkamu. Mosatomy
NOHWMaHWe NPobemMbl 1 e€ CIOKHOCTM Ba*KHO M MOMOTaeT OLLEHUTb NOTPEBHOCTM B pecypcax.
Mpexae yem mbl yrybnsemcs B 370, AaBaiTe CHa4Yana onpese M HECKO/IbKO TEPMUHOB:

MonMHOMMaNbHDIM aNrOPUTM: EC/IU ANTOPUTM UMEET BPEMEHHYIO CNOXKHOCTb O(nk), Mbl
Ha3blBaeM ero noAMHOMMAbHbIM a/ITOPUTMOM, rae k — KOHCTaHTa.

Ceptudmkar: MNpeanaraemoe pelleHne, Co3gaHHOE B KOHLLE UTepaLmm, Ha3biBaeTca
ceptuduKkaTom. 1o mepe UTepaTUBHOIO pelleHna KOHKPETHOM 3a4a4m Mbl 06bIYHO
reHepupyem cepuio ceptTudukatos. ECnn pelieHme ABUMKETCA K CXOAMMOCTU, KaXKablii
CreHepMpoBaHHbIN cepTUdMKaT byaeT Aydwe npeaplayLiero. B Kakoi-To MOMEHT, Koraa Hal
cepTMdmMKaT cooTBeTCTBYET TpeboBaHUAM, Mbl Bbibepem 3TOT cepTUdMKaT B KayecTse
OKOHYaTe/IbHOTO peLleHus.

B 2nase 1 «0630p anropntmMmoB» Mbl NpeacTaBuIv HoTauumto Big O, KoTopas moxeT
MCNoNb30BaTbCA AN aHANN33 BPEMEHHOM CN0XKHOCTM aiIropuTMa. B KOHTEKCTe aHanusa
BPEMEHHOW C/IOXKHOCTU Mbl paCCMaTPMBAEM CeAytoLLIMe PA3/INYHbIe BPEMEHHbIE UHTEPBAIbI:

Bpems, Heobxoanmoe anropuTmy s CO34aHUS NPeaaraemoro peleHns, Ha3blBaemoro
ceptudukatom (tr) Bpems, Heobxooumoe 018 NPo8epKuU npeds1a2aemoz20 peueHus
(cepmucpukama), ts

XapaKTepuUCTMKa CNOXKHOCTM 3a4a4un

3a 3TM rogbl uccnegoBaTeibCkoe COO6LLI,€CTBO pasaennno 3agadn Ha paszindHble Kateropmu B
3aBMCMMOCTU OT UX CIOXKHOCTU. [pexae 4yem mbl NblITaeMCA CNPOEKTUPOBATL PeLLeHne 3a4auu,
NIOTMYHO CHa4vaNa NoNbITaTbCA €€ oXapaKkTepm3oBaTb. B uenom cyuiectsyeTt Tpu TMNa 3ajauv:

Tun 1: 3a4a4m, AN KOTOPbIX MOXHO rapaHTUPOBATb CYLLLECTBOBAHME MOMHOMMUAIbHOTO
anropuMTMa, KOTOpPbIi MOXHO MCMOb30BaThb A1A UX pelleHns

Tun 2: 3a4a4u, AN KOTOPbIX MOXHO A0Ka3aTb, YTO UX HEMb3A PELWNTb NONMHOMMUANbHbBIM
aNropuTMom

Tun 3: 33434, 4NA KOTOPbIX Mbl HE MOYKEM HalTM NOAMHOMMANbHbIV aArOPUTM ANA UX
pelleHUA, HO TaK}Ke He MOXEM [10Ka3aTb, YTO NONMHOMMANbHOE PeLIeHNe ANa 3TUX 3a4a4
HEBO3MOXHO HalTW. [laBalTe PacCCMOTPUM PasINYHbIe KNacchl 3a4au:

o HepetepmnHupoBaHHbIt MHorouneH (NP): YTo6bl 3aaadva 6bina NP-3agayeit, oHa g4onKHa
COOTBETCTBOBATL C/leAyHOLLLEMY YC0BMIO:

FapaHTMPYeTCSA, YTO CYLLECTBYET NONMHOMMA/bHbIN aNTOPUTM, KOTOPbIA MOXKET 6bITb MCMOb30BaH
AN NPOBEPKM ONTUMaNbHOCTU KaHaMAaTa (ceptTudmkara).



« MonHoMmuHanbHbIe (P): 9TO TMNbI 334,34, KOTOPbIE MOXKHO PaccMaTpMBaTh Kak
nogmuoxectso NP. [lomumo BbinonHeHUA ycnosma 3agaum NP, 3agaum P gonxHbl
COOTBETCTBOBATH ELLE OAHOMY YCNOBUIO:

[apaHTMPOBAHO, YTO CYLLLECTBYET KAK MUHUMYM OAMH NOJMHOMMUANBHbBIN anrTOPUTM, KOTOPbI
MOKeT ObITb MCMO/Ib30BaH 415 UX pelleHns. Bsammocsasb mexay 3agadyamm P n NP nokasaHa Ha
pucyHke 4.1:



PucyHok 4.1: Bzaumoceass mexcdy 3adauamu P u NP

Ecnv npobnema — 310 NP, TO 310 TOXe P? 3To oaHa 13 Benndaiiwunx npobiem B
nHPopmMaTHKe, KOTopas OCTaéTca HepelléHHoM. KomnaHua Millennium Prize Problems,
BblbpaHHaa UHCcTUTYTOM maTemaTukm Knes, o6bsiBuia o npemun B pasmepe 1 MuaanoH
[ONNAPOB 3a pelleHme 3Tol 3a/a4um, NOCKOIbKY OHAa OKaXKeT 3HaUUTe/IbHOE BANSAHME Ha Takne
061aCTH, KaK UCKYCCTBEHHbIW MHTENNIEKT, KPUNTOrPapUA U TEOPETUYECKME KOMIMbIOTEPHbIE
HayKMu:
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PucyHok 4.2: Asnaemcsa au P = NP? [Toka Mbl He 3Haem
Mpoao KNUM CMUCOK PA3/IMYHbBIX KAacCoB 3a4auy:

o NP-nonHaa: NP-nonHaa KaTeropua coaepKUT camble CNOXKHbIe 3aga4m u3 scex NP-3agay. NP-
No/sHAaA 33434a YA0BNETBOPAET C/IeAYIOWMM ABYM YCNOBUAM:

He cyuiecTByeT M3BECTHbIX NOIMHOMMA/bHBIX aITOPUTMOB A/1A reHepauun ceptudmKara.
CyLLEeCTBYHOT U3BECTHbIE MNOIMHOMMAbHbIE aNTOPUTMbI A8 NPOBEPKMU ONTUMAIbHOCTM
npeasaraemoro ceptudmkara.



o NP-cnoxHo: NP-cioXKHaa KaTeropmsa coaep»KUT 3a4a4m, KOTOpble HE MEHEEe C0XHbI, Yem
nobas 3agaya us NP-kateropmm, Ho camu no cebe He 0653aTeNIbHO A0/XKHbI BbITb B
KaTeropuun NP.

Tenepb AaBaiiTe nonpobyem HapMcoBaTb Anarpammy, YTobbl NPOMANIOCTPMPOBATL Pa3Hble KNacchl
3agav:

Hardest

Hard

NP Medium

PucyHoK 4.3: Baaumocesaze mexcdy P, NB, NP-Complete u NP-Hard

ObpaTtnTe BHMMaHMeE, YTO UCCAeA0BaTENbCKOE COOBLLLECTBO BCE eLWé NpeacTomT A0Ka3aThb, YTo P =
NP. XoTsa 3TO NOKa He A0Ka3aHo, KpaHe BepoATHO, YTo P # NP. B aTtom cnydae ana NP-nonHbix
33,434 NOJIMHOMMANBLHOTO pelleHua He cyllecTeyeT. ObpaTuTe BHUMaHMeE, YTO NpeablayLuas
AMnarpamma OCHOBaHa Ha 3TOM NPEeANON0KEHUN.

Pasnnune mexay P, NP, NP-nonHbim n NP-TBEpAbIM
K coxaneHuto, pasnnume mexagy P, NP, NP-compete n NP-cnoXHbiM He ogHO3Ha4yHo. [aBaiite

noAabITOXUM U U3Y4YUM HECKOJIbKO NpUmepos, 4yTObbI Nyyvuie NoOHATb KoHuenuuu, 06CV)K,CI,aeMbIe B
3TOM pasaene:



* P: 3To Knacc 3afay, pelaembix 3a No/IMHOMMaNbHoe BpemMs. Hanpumenp:

Mouck no xew-tabauue

ANropuTMbl MO KpaTyalweMy NyTH, TakKMe Kak anropuTmbl JKUKCTPbI

JInHeliHble 1 ABOWYHbIE aNrOPUTMbI MOMCKA
NP-3agaua: 3a4aum HepaspeLwmrmbl 3a NoMHOMMUaAbHOe Bpemsa. O4HAKo MX pelleHme
MOXHO NPOBEPUTL 33 NOJIMHOMMAsIbHOE Bpems. Hanpumep: o anropntm wndposaHms
RSA.

o NP-CNOXKHO: 3TO CNOXKHbIe 3334u, pelleHNA KOTOPbIX NOKA HUKTO HE MOXKeT nNpeanoXutb. Ho
€C/In peLwnTb peLleHne, Noy4nuTcAa NOMHOMUaNbHoe Bpema. Hanpumep: onTMmanbHas
KN3cTepusaLma ¢ UCNOMb30BaHMEM anroputma K-cpesHux
NP-nonHble: NP-nosiHble 3aga4mM — camble «CnoXKHble» B NP. OHM 06a — NP-cioHbie n NP-
CNOXHble. Hanpumep:

o PacyéT onTMmanbHOro pelieHna 3agaum KOMMUBOAXKEpPA

UHpobokc: MNouck peweHus 0418 00Ho20 U3 Kaaccos (NP-caoxcHoz2o unu NP-nosnHo20) 03Ha4yasno
661 peweHue 018 ecex NP-wécmrux/NP-nosHbix 300a4.

Bonpoc 3 — macwTtabmpyemocTb: KaK anroputm byaet pabotaTtb Ha bonblinx Habopax
JaHHbIX?

Anroputm obpabaTbiBaeT AaHHble onpeaenéHHbIM 06pa3om, YTobbl NoYYnTb pe3y/bTat. B uenom,
no mepe yBeandeHusa pasmepa AaHHbix Tpebyetca BCE 6onblue BpemeHu Ha X 06paboTky K
pacuYéT HeobXoAMMbIX pe3ynbTaTos. TepmuH «bonblive AaHHbIe» MHOIAA UCMO/b3yeTca ANd
npubansnTeNbHOro 0603HaYeHMA HabopoB AaHHbIX, KOTOPbIE, KaK OXKUAaeTca, byayT CNOXKHbI gNa
paboTbl MHOPACTPYKTYPbI M aATOPUTMOB M3-3a UX 06bEMA, pazHOO6Pa3MA U CKOPOCTU. XOPOLLO
CNPOEKTUPOBAHHbI aNTOPUTM A0KEH BbITb MaclUTabMpyeMbiM, TO €CTb OH A0NXKEH 6bITb
CNPOEKTMPOBAH TaK, YTO, NO BO3MOXHOCTU, OH A0/IXKEH paboTaTb 3pPEKTUBHO, UCMONb30BATb
ZOCTYMHbIe Pecypcbl M NONYYaTb NPaBU/IbHbIE PE3yNbTaTbl B pasyMHble CPOKW. [lM3aliH anroputma
CTaHOBUTCA ewWé 6onee BakHbIM Npu paboTe ¢ 6ONbLWMMKN AaHHbIMU. YTOBbI KOANYECTBEHHO
OLEHMTb MaclITabrMpyeMoCTb airoPUTMAa, HY}KHO YUUTbIBaTb Ceaytolme ABa acrneKTa:

* ¥YBenuueHue TpeboBaHMI1 K pecypcam No Mepe yBeNMYEeHUA BXOAHDIX AaHHbIX: OLLeHKa

TaKoro Tp66OBaHMFI Ha3blBaeTCA aHa/IN30M I'IpOCTpaHCTBeHHOﬁ CNOXHOCTH.
YBennueHue BpemMmeHM BbINOJIHEHUA NO Mepe yBeInYeHUA BXOAHbIX AAHHbIX: OLEHKA 3TOro
Ha3blBaeTCA aHa/IM30M BpEMEHHOVI CNNOXXHOCTW.

O6paTtnte BHUMaHKNE, YTO Mbl }KMBEM B 3MOXY, ONpeaenaeMyto B3pbIBOM AaHHbIX. TepMUH
«bonbluMe faHHbIe» CTaN PACNPOCTPAHEHHbIM, MOCKOIbKY OTPaXKaeT pasmep M C0XKHOCTb
[aHHbIX, KOTOpble 06bI4YHO TpebytoTca Ans 06paboTKM COBPEMEHHBIMM aNropuTMamu. Haxoaach
Ha 3Tane pa3paboTKM U TeCTUPOBAHMA, MHOTUE afTOPUTMbI UCMO/b3YHOT NLLIb HEGO/bLLYHO
BbIGOPKY AaHHbIX. [PU NPOEKTUPOBAHUMN aNITOPUTMA BaXKHO YYWUTHIBATb acMeKT
MacwTabrpyemocT anropMTMoB. B 4aCTHOCTK, Ba*KHO TLATE/IbHO aHAIM3NPOBaThb (TO ecTb
TECTMpPOBaThb MAU MPOrHO3MPOBaTb) BAUAHMUE MPON3BOAUTENBHOCTU aNrOPUTMa No Mepe
yBeMYeHUA pa3amepa HabopoB AaHHbIX.

dnacTuyHocTb 0b1aKa M anropUTMMYeckan macluTabupyemocTtb



O6n1a4Hble BbIYUCIEHUSA OTKPbIIN HOBbIE BO3MOXKHOCTU AN pewweHnn TpeboBaHuii anropntma K
pecypcam. Ob6nayHble BblYMCAUTENbHBIE MHOPACTPYKTYPbI CNOCOBHbI NPegocTaBaATb 6onblue
pecypcoB no mepe pocTa TpeboBaHU K 06paboTKe. BO3MOXKHOCTM 061a4HbIX BbIYUCIEHUIA
Ha3bIBaOTCA 31aCTUYHOCTbIO MHPPACTPYKTYPbI U TENepb NPeaocCcTaBanatoT 60/blue BO3MOXKHOCTEMN
ANna pa3paboTkm anroputma. Mpwu passepTbiBaHUU B 061aKe anroputm MmorKeT TpeboBaTb
AOMNONHUTE/bHBIX MPOLECCOPOB UM BUPTYasIbHbIX MALLMH B 3aBUCMMOCTU OT pasmepa
obpabatbiBaembIx AaHHbIX. TMMWYHbIM aITOPUTM NyH6OKOro obydyeHmna — xopowuii npumep. Ana
0by4yeHus xopolwei mogenu rmybokoro obyueHns TpebyeTcs MHOrO MapKMpPOBAHHbIX AaHHbIX. s
XOPOLLO CNPOEKTUPOBAHHOIO anropmTma rmyboKkoro obyyeHns obpaboTtka, Heobxogumas gns
0byyeHns mogenu rmybokoro obyyeHumsa, NPAMOo NPONOPLMOHAbHA KOIMYECTBY NPUMEPOB UK
6113Ka K Hemy. Mpu 0byyeHUn moaenn rnybokoro obyyeHus B ob6a1aKe, No mepe yBe/MYeHus
ob6bema AaHHbIX Mbl CTapaemMca BblAenaTb 6o/blue pecypcos, YTobbl NoaAepKUBaTb BpemMs
0by4yeHus B ynpaBasembix Npegenax.

NMNoHnMmaHue an rOPUTMUNYECKUX CTpaTeFMl‘;I

XOpOoLWOo CNPOEKTUPOBaHHbI aAfOPUTM CTPEMUTCA MaKCMManbHO 3G dEKTUBHO ONTUMU3NPOBATL
MCNo/Ib30BaHMe AOCTYMHbIX PECYpPCoB, pa3aenssa 3agady Ha 6bonee menkue nogsagayu, rae sto
BO3MOKHO. CyLLLeCTBYIOT pasHble arOPUTMUYECKME CTPATETNMU A5 MPOEKTUPOBAHUA aIfOPUTMOB.
AnroputMmMYecKas cTpaTersa paccMaTpuBaeT cieaytolwme TpU acneKTa CnMcKa airopuTmos,
coAieprKallime acrneKTbl OTCYTCTBYHOLLErO aAropuMTMa. B 3Tom pasaenie Mbl NnpeacTaBuMm cieaytolme
TpW CTpaTernu:

Ctpaterua «pa3gaensai u BnacTeym»
CtpaTterua gMHamMM4YecKoro nporpammmMpoBaHms
CTpaTerva »kagHoro anroputma

MoHMMaHMWe cTpaTernm «pasaenam nu BNacTeym»

OfaHa 3 cTpaTterMii — HalTu cnocob pasgennTtb bosiee KpynHyto Npobaemy Ha MeHbLUNE, KOTOPbIE
MOJKHO PeLInTb HeE3aBMCMMO APYr OT Apyra. MNoAapelleHuns, NoNyYeHHble STUMKW NoA3adadyamu,
3aTem 06begMHAKTCA A1A NoAyYeHNs obLero peweHuma 3agadm. IT0 Ha3bIBaeTCa cTpaTernei
«pasgensan u BnacTeyim». MaTemaTMyecKkm, ecin Mbl NPOEKTUPYEM pelleHue 3adaum (P) cn
BXogamu, Tpebytolleli 06paboTkn Habopa AaHHbIX d, Mmbl Aenvm 3agadvy Ha k nogsagay — ot P1
Ao Pk. Kaxpana 13 nogsagay obpabartbiBaeT pasgen Habopa AaHHbix, d. O6bIYHO Mbl UCMONb3YEM
06paboTky ot P1 go Pk ot d1 K dk. [laBaiTe paccMOTPpMM MPaKTUYECKUN NpUmMep.

MpaKTUYeckuit npumep — NPUHLUMN pasaensn u BNacTeym, NnpMmMeHEHHbIN K Apache Spark

Apache Spark (https://spark.ap6onb. nang/) — 310 GpPeMMBOPK C OTKPbITbIM UCXOAHbBIM KOAOM,

MCMONb3YyEMbIN AN PELIEHUA CNOXKHbIX pacnpenenéHHbix 3agad. OHa peanusyeT CTpaTeruio
«pasgensn u BnacTeymn» ana pewenua npobnem. Ytobol obpabotath Nnpobaemy, oHa AenuT eé Ha
pa3/iMyHble noa3afaunm M obpabaTbiBaeT MX HE3aBMCMMO APYr OT Apyra. 3TM nodsagadyu moryT
BbIMONHATLCA Ha OTAENbHbIX MalluMHax, obecneuynBas ropM3oHTasbHOe macwTabupoBaHue. Mbl
NPOAEMOHCTPUPYEM 3TO Ha NPOCTOM NpuUmMepe NoAcYETa C10B U3 cnucKa. MNpeanonoKnm, 4to y Hac
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eCTb CJ'IE,D,WOLLI,VIVI CMNCOK CNOB: words list = ["IOuron", "Ara", "Orrasa", "HosocTtu", "Ama",
"OrTaBa"]

MbI XOTMM PaccYyMTaTb YACTOTY KaXKAOoro C/IoBa B 3TOM ClMCKe. 111 3TOro mbl MPUMEHUM
CTpaTernto «pasaensn u BNacTByi», Yytobbl 3o PeKTUBHO pewwmnTb 3Ty Nnpobnemy. Peannsaumsa
«pasgensan u BNacTBy» NoKasaHa Ha c/eayiollei agnarpamme:

Input Splitting Mapping Shuffling Reducing Output

python java

python java
ottawa news
java ottawa

ottawa,1

ottawa news
news,1

ottawa,1
ottawa,1

java,1
ottawa,1

java ottawa

PucyHok 4.4: Pazdensli u enacmsyli

MpuBeaéHHan Bbille AMarpamma NokasbiBaeT cieaytowme dasbl, Ha KOTOpble 3a4a4a AeNUTCA:

PaspeneHue: BxoaHble AaHHble AeNATCA Ha pasaesbl, KoTopble MoryT obpabaTbiBaThCa
He3aBMCUMO ApPYr OT Apyra. ITo Ha3blBaeTcA pacuenseHmem. B npedsidyuwem pucyHke ecTb
Tpw pasgena.

OTtobpakeHue: /liobas onepauma, KOTOpPasa MOKET BbINOJHATLCA HE3aBUCUMO Ha

paclienneHmnn, HasbiBaeTca oTobparkeHnem. Ha npeablaylien guarpamme onepaums

oTOobpaXKeHMa oxXxBaTbIBAET KaXkAoe C/I0OBO M3 pa3bueHuns B Napbl KAOY-3HaYeHMe.
B cooTBeTCTBUM C TPpEMs pasgeneHuaMmn, napannenbHo paboTatoT TPU oTobparkeHus.

« TacoBKa: TacoBKa — 3TO NpoLecc 06beaANHEHNA NOXOXKUX Katouel. Mocne Toro Kak noxoxue
K/touM 06begMHEHbI, MOXKHO 3anyckaTb GYHKLMM arperaumm Ha ux sHadeHuax. Obpatute
BHMMAHUE, YTO MACOBKA — 3TO onepauma, TpebyloLwas BbICOKOM NPOU3BOANTENBHOCTH, TaK
Kak HeobxoaMmo 06beaMHATL MOXOXKME KNHUM, KOTOPbIE M3HAYa/IbHO MOXHO pacnpeaenaTb
no ceTtu.

« PeayumnpoBaHue: 3anyck arpermpytowein GpyHKUMM Ha 3HAYEHUAX CXOKMUX KtoYel HasblBaeTcs

peayumpoBaHuem. Ha npMBea&HHOM Bblle AMarpamMMe HY*KHO NOCYUTATb KOJIMYECTBO C/I0B.

[aBaiTte NOCMOTPUM, KaK Mbl MOYKEM HanucaTb KO4 ANA peannsaumm storo. Ytobol
NPOAEMOHCTPMPOBATL CTPATENMIO PA3AENAN U BAACTBYM, HAM HY»KHa CTPYKTYpa pacnpesenéHHbIX
BbluMcneHun. Ansa atoro mbl 3anyctum Python Ha Apache Spark:

« Bo-neps.bix, 4To6bI MCcNonb3oBaTh Apache Spark, Mbl co34a4MM KOHTEKCT BbinosiHeHUsA Apache
Spark:



mvopT findspark findspark.init ()

n3 pyspark.sql mmnopra SparkSession

spark = SparkSession.builder.master ("local[*]").getOrCreate ()
sc = spark.sparkContext

« Tenepb gaBanTe co3gaanm NPUMEPHbIN CIUCOK C HECKONbKMMMK coBaMun. Mbl npeobpasyem
3TOT CMUCOK B HAaTUBHYIO pacnpeaenéHHyo CTPYKTYpY AaHHbIX Spark, HasbiBaemyto
yCTOMuMBbIM pacnpeaenéHHbiMm Habopom gaHHbIX (RDD):

wordsList = ['python', 'java', 'ottawa', 'ottawa', 'java',6 'news']
wordsRDD = sc.parallelize (wordsList, 4) # Pacneuarars Tun cjoBRDD

print (wordsRDD.collect())
OH OyneT HamnedaTaH:

[«IInTon», «ABa», «OrTaBa», «OrTaBa», «sBa», «HoBOCTM»]

.Tenepb,anaﬁTe MCNOoNb3yeM o¢yukuuo oToOpaxeHuUs, YTOOH Npeobpas3oBaTh CJOBa B Hapy
KJIOY—3HayYeHNeE :

wordPairs = wordsRDD.map (lambda w: (w, 1)) print
(wordPairs.collect ())

OH byoeT HanevaTaH:

[('Python', 1), ('Java', 1), ('Ottawa', 1), ('Ottawa', 1), ('Java', 1), ('News', 1)]

o [laBaliTe UCNONb3yeM dyukumo reduce A/ arPETMPOBAHNA U NONYYEHUA pe3y/ibTaTa:

wordCountsCollected = wordPairs.reduceByKey (lambda x,y: x+y)
print (wordCountsCollected.collect ())

OH neyvaraeT:

[ ('IImTou', 1), ('dea', 2), ('Orrama', 2), ('Homoctm', 1)]

3TO NOKa3blBaAET, KaK MOMHO MCMNO/b30BaTh CTPATErnIO pasaensaii U BNacTByM ANA NoAcUETa
KonunyecTtsa cnos. O6patute BHUMaHUE, YTO pasgenaii u BNacTBYM NoneseH, Koraa 3a4aqy MOXKHO
pasfenvTb Ha NoA33aJ4auu, U Kaxayt noa3anadyy MOXKHO XOTA 6bl YaCTUYHO PeLnTb HE3aBUCUMO
OT ApYrux nogsagad. 3To He Ny4ylmii BbI6Op A4 aNropmuTMOB, TPEBYIOWMX MHTEHCUBHO
UTEpPaTUBHON 06PaBOTKM, TaKMX aITOPUTMOB ONTUMM3ALMK. [INA TaKMX aATOPUTMOB NOAXOAMNT
AVHaMMYecKoe NporpammMmnpoBaHne, KoTopoe byaeT NpeacTaBieHo B CiedyolWwem pasgene.

CoBpeMeHHble 06/1a4Hble BblUMCAUTENbHbIE MHGPACTPYKTYpPbI, TakMe Kak Microsoft Azure,
Amazon Web Services u Google Cloud, gocturatot macwtabupyemocTun, BHeApPAA CTpATErmto
pa3gensan u BNacTByi NPAMO UM KOCBEHHO 3a KyaMCaMM.

MoHWMaHKWe cTpaTernm AMHaMMYECKOro NPorpammMmmnpPoBaHnA

B npeablaylem pasgene Mbl U3y4anu MeTos, «pasaenain n BNacTsyin», KOTOpbI ABnaeTca
MeTOoA0M CBEpPXY BHM3. B 0TAMUMeE OT 3TOro, AMHaMUYECcKoe NporpammMmnpoBaHmne — 3To cTpaTterus
CHM3Y BBepX. Mbl HauMHaemM C caMoi MafieHbKOW NoA3aAayum v NPOAOIKaeM KOMBUHNPOBaATb
peweHua. Mbl npodokaem 06beguHATb, NOKa He NPUAEM K OKOHYATENIbHOMY PeLUEHMIO.



[JnHamnyeckoe nporpammmpoBaHme, Kak U MeToA «pasaensal U BNacTBY», pellaeT 3a4a4M NyTém
KOMBUHMPOBAHUA peLleHnit nog3aaad. AMHammyeckoe NporpaMmmMpoBaHnE — 3TO CTpaTerus,
npeanoxeHHasa 8 1950-x rogax Puyapaom bennmaHom ana ontummsaumm onpeaenéHHbiX KNaccos
anroputmos. O6paTnTe BHUMAHKUE, YTO B AMHAMUYECKOM NPOrPaMMMUPOBaAHMM CNOBO
«lMporpammmpoBaHne» B 03HA4YaeT UCMOIb30BaHNE TaBANMYHOIO METOAA M HE CBA3AHO C
HanucaHuem Koga. B oTanume ot cTpaTernun pasgenai u BNacTByn, AMHaMMUYeCcKoe
nporpammmpoBaHMe NPUMEHUMO, KOTda NoA3a4aun He ABAATCA He3aBucMMbIMU. OBbIYHO OH
NPUMEHAETCA K 3aaa4am ONTUMMU3ALLUMM , B KOTOPbIX PeLleHNe Kaxgol nog3afadun umeet
onpenenéHHoe 3HayeHune. Hawa uenb — HalTK pelleHne C ONTUMaNbHbIM 3Ha4YeHNEM. ANTOPUTM
OVHaAMUYeCcKoro NporpaMmMmpoBaHUA peLlaeT KaXayto noa3aaadvy BCero oauH pas, a 3atem
coxpaHsaeT oTBeT B Tabsmue, Tem cambim nsberas paboTbl O NOBTOPHOMY BbIUYMC/IEHMIO OTBETA
NPW KaxK4oM CTafIKMBaHWUM C Nog3aaaden.

Ycnosua ncnonb3oBaHUA AMHAMUYECKOro NporpaMmmupoBaHus

3agava, KOTOPYH Mbl NbITAaEMCA PELLNTb C MOMOLLBIO AMHAMMUYECKOTO MNPOrPaMmmMmnpPOBaHmMA,
AONXHa MUMETb Be XapPaKTePUCTUKN.

A.OnTUManbHas CTPYKTypa: AMHAMUYECKOe NPporpaMmupoBaHme 4aéT Xxopoluune
npenmyLLLEecTBa B NPOM3BOANTENBHOCTU, KOrAa 33434y, KOTOPYHO Mbl NbITaeMCA PeLLnTb,
MOXHO pPa3genunTb Ha nogsanaun. JuHamuyeckoe NporpaMmmupoBaHme paboTaer 3a CHET
KOMBUHNPOBaHUA pelleHnid noa3agad. Mepsbiii War K MCNoAb30BaHUI0 ANHAMMYECKOro
NpPoOrpaMmmUpoBaHMA ANA pelleHns onpeaenéHHoN 3a4aun A — NpPoBEPUTb, HACKObKO
npobnema A nmeeT TakMe NOACTPYKTYpPbI.

b. MepeKpbiBalowmeca NoA3a4aum: OH OCHOBAH Ha UHTE/IEKTYaIbHOM MeXaHU3Mme
K3LMPOBaHUA, KOTOPbIM NbITAETCA MOBTOPHO UCMO/b30BaTh PE3Y/AbTaTbl CIOMKHbIX
BbIYUCNEHUIA. DTOT MHTENNEKTYa IbHbIA MEXaHU3M KILWMPOBaHMA Ha3biBAaETCA MEMOU3aLMEN.
Mopa3afayum YacTUYHO CBA3aHbl C BbIYMC/IEHNEM, KOTOPOE NOBTOPAETCA B 3TUX NoA33aAayax.
Maes B TOM, YTO6bI BbINONHUTbL 3TOT BbIYMCAEHUE OAMH Pa3 (4TO TpebyeT MHOTo BpemeHu), a
3aTemM UCMo/b30BaTb ero NOBTOPHO B APYrMX NoA3agadax. ITO AOCTUrAEeTCA C MOMOLLbIO
MeMOoM3aLMK, 4TO 0COBEHHO MONE3HO NPU peLleHNN PEKYPCUMBHbIX 33434, NPU KOTOPbIX
MOHO MHOFOKPAaTHO OLIEHMBaTb OA4HM U Te e BXxoAbl. ObpaTnTe BHUMaHKNE, YTO
pekypcusHaa GyHKUMA pellaeT KOHKPETHYIO 3a4a4y, Bbi3biBas CBOO KOMUIO U peLlan
MeHblUMe NoA33aAauM UCXOAHbIX 3a4a4.

BbluMCneHHble pelleHnA No433a4a4 XPaHATCS B TabanLe, Tak YTO MX HE HYXKHO NepedynciaTb.
MosTomy 3Ta TeEXHWKA HeobxoaMMa TaM, rae CyLLecTBYeT NepeKpblBatoLasnca noasagaya.
Hanpumep

A. BMHApPHbIV NOUCK HE UMEET NEePEKPbIBAIOLLMXCA N0oA3a4au.
B. B TO Bpemsa Kak peKypcuBHble nporpammbl yncen GrboHauyun MMeoT MHOMKECTBO
nepecekaroLmxca noasaaad.

MoHMMaHMe KagHbIX aJiIropUTMOB

Kak cneayet U3 Ha3BaHUA, aAHbI aNrOPUTM OTHOCUTENbHO BbICTPO AAET Xopollee peleHune, Ho
He MOMeT 6bITb ONTUMaNbHbIM. Kak M AMHAMUYECKOE NPOrpaMmMUPOBaHME, KaaHble aNropuTMbl B



OCHOBHOM MCMNONb3YIOTCA ANA PELIEHMA 33434 ONTUMMU3ALUUK, TAe CTpaTera «pasaenai u
BNACTBYM» HeNb3A. B }KagHOM anropuTme pelleHne paccynTbiBAeTCA No Nociea0BaTelbHOCTH
waros. Ha Ka*Kgom sTane aenaetca SIoKasibHO ONTUMaIbHbIN BbIOOP.

Ycnosua ncnonososaHmna *KagHoro MporpammuposaHmaA

*KafHOCTb — 3TO cTpaTerus, KoTopasa XopoLwo paboTaeT NpM pelweHnn 3a4ay ¢ 4ByMsa
XapaKTepuCTUKaMu:

A.TnobanbHbI OT NOKaNbHOrO: [106abHbIA ONTUMYM MOXKHO NOAYYUTL, BbIOPAB IOKAbHbIN
ONTUMYM.

6. OnTMManbHaa NOACTPYKTypa: ONTMMabHOE pelleHmne 3a4a4n GopMMpyeTcs Ha OCHOBe
ONTUMa/IbHbIX PELeHni noa3anay.

Y106bI NOHATL aJITOPUTM KagHOCTHU, ,u,aBaﬁTe CHa4ana onpeagennm ABa TepMUHa:

o ANlroputMunUyecKkre HaknagHbie pacxoapl: Koraa mbl NbiITaemMca HaUTU ONTUMabHOE peLleHne
onpenenéHHOM 3a4a4m, 3To 3aHMMAET Bpems. [1o Mmepe TOro Kak 3aga4um, KOTopble Mbl
NnblITaeMca ONTUMU3NPOBATb, CTAHOBATCA BCE C/I0XKHEE, BpeMA NOMCKA ONTUMAIbHOTO
peleHmnsa TakXKe ysenndmsaeTtca. Mbl npeacTtaBasem anropuTMUMYECcKUe HakAagHble pacxoapl
c nomoluupbto Q.

o [lenbTta OT ONTUMANbHOrO: A/1A 334aHHOM 3343a4M ONTUMM3ALMM CYLLECTBYET ONTUMA/IbHOE
peweHne. O6bIMHO Mbl UTEPATMBHO ONTUMMU3IUPYEM PELLEHME C MOMOLLBIO BbIOpaHHOIO
anroputma. A 3agaHHOM 3a4a4mM BCerga CyLLecTByeT COBEPLUEHHOE pelleHne, HasblBaeMmoe
ONTMMa/IbHbIM peLleHueM TeKyLLel 3aaaun. Kak yxe 0bCcyKaanocb, Ucxoas us
KnaccuduKaumm 3agaum, KOTOPYH Mbl MbITAaEMCA PELWNTb, ONTUMAIbHOE PeLUEHNE MOXKET
6bITb HEM3BECTHBLIM M/IM YTO Ha €ro PacyéT U NPOBEPKY NoTpebyeTcs HepasyMHO MHOTO
BpemeHun. Mpun ycnoBum, YTo ONTUMAIbHOE peLleHne N3BECTHO, PA3HMLLA OT ONTMMANbHOIO
ONA TEKYLLEro pelleHua B i-l umepayuu Ha3bleaemcs penbta oT ONTUMA/IbHOMO U
npeactaBneHa Kak Ai.

[nAa cnoXKHbIX 3a4a4 y Hac eCcTb ABe BO3MOMKHble CTpaTernu:

Crtparterusa 1: MoTpatnTb 60/bLUE BpeMeHM Ha NOUCK pelleHns, Hambonee 6aM3KOro K
onTMManbHoMy, 4Tobbl Aj Bbis1 KAK MOXCHO MeHbUIE.

Crparerusa 2: MMHUMN3NPOBATb aATOPUTMUYECKNE HAKNaAHble pacxoabl, Qi . Micrnons3ylime
6bicmpvoiii u npocmoli Nodxod u Npocmo pabomaroujee peuwieHue.

KazHble aAropuTMbl OCHOBAHbI Ha CTPATErnu 2, rae Mbl He NbITaeMcA HaWTU MobanbHbIN
ONTUMYM M NpeanoYnUTaemMm MUHUMMU3MPOBATb HAKNAAHbIE Pacxoabl aAropuTMma. Mcnonb3oBaHue
¥aZHOro anropuTma — 370 6bICTPan M NPOCTan CTpaTerns Noucka rMobanbHOro ONTMMasibHOro
3HaYeHMA AN MHOrOCTyneH4YaTbix 3a4a4. OH OCHOBaH Ha BbI6OpE /I0Ka/IbHbIX ONTUMa/IbHbIX
3HayeHuit 6e3 NOoNbITOK NPOBEPUTb, ABNAKOTCA /1N IOKaIbHbIe ONTUMa/IbHbIE 3HaYeHUA NM06anbHO
onTMManbHbiMU. KaK NpaBuio, ec/iv HamM He NOBE3ET, KaAHbl aNTOPUTM He AacT 3HaYeHue,
KOTOPOE MOXHO CYMTaThb rMo6anbHO ONTUManbHbiM. OAHaKO NOUCK rMob6asbHOro ONTUMaNbHOMO
3HaYeHMA 3aHMMaEeT MHOro BpeMeHW. Takum 06pa3om, KadHbli anropuTm bbicTpee no



CPaBHEHWIO C aNITOPUTMaMK Pa3aensaii U BNaCcTBY M AMHAMMUYECKMM NPOrpaMmMUpPOBaHMEM.
O6bIYHO ¥KagHbl aNrOPUTM ONpeaenseTca caeayowmm obpasom:

MpeAnonoXKMm, 4TO Y Hac ecTb Habop AaHHbIX, D. B 3Tom Habope AaHHbIX BblbepuTe anemeHT
* k

MpeanonoXmnm, 4tTo KaHANLATOM UAN cepTUPUKATOM ABAAETCA S. PAacCCMOTPUM BO3SMOMKHOCTb
BK/IlOYEHMA k B pelueHne — S. ECM ero MOXKHO BKAOYUTL, TO pelieHne — Union(S, e).

MosTOpAWTE Npouecc, NoKa S He 3anonHuUTcAa nam D He ucuepnaetca. Mpumep: anroputm Jepesa
knaccudmraumm n perpeccum (CART) — 3T0 »KagHbl aITOPUTM, KOTOPbIN ULWET ONTUMAIbHOE
pasaeneHune Ha BepxHem yposHe. lNpoLecc NOBTOPAETCA Ha KaXKAOM NocaeaytoLem ypoBHe.
O6paTtnte BHUMaHKeE, 4To anropmutm CART He paccymTbiBaeT M He NpoBepseT, NpMBeaET U
pacliensieHMe K MMHUMaNbHON BO3MOXHOM YMCTOTE HAQ HECKONbKO ypoBHen Huxe. CART
NCNONb3YET }KagHbl aITOPUTM, NOTOMY YTO MOMCK ONTUMA/IbHOTO AepeBa U3BeCTeH Kak NP-
nosHaA 3afava. Y Heé anroputmmyeckan cnoxKHocTb coctasnaet O(exp(m)) spems.

MpaKTnyeckoe NpMMeHeHNe — pelleHne 3a4a4mM NyTelecTBYOLWEro
Centnmana (TSP)

[asaliTe cHayana paccmoTpum bopmMynnpPoBKY 3aga4m ana TSP — XOpoLuo U3BECTHYIO 3a4a4y,
BBeAEHHYIO KaK BbI30B B 1930-x roaax. TSP — 3TO cn0XKHaA 3agava, ceaszaHHaa ¢ NP. [lna Havana
Mbl MOXEM Cly4alHbIM 06Pa3OM CreHepPMPOBaTb TyP, KOTOPbLIN COOTBETCTBYET YC/10BUIO
NocCeLeHNA BCEX rOPOA0B, He 3a60TACb 0 ONTUMaZIbHOM pPeLleHnK. 3aTemM Mbl MOXKeM paboTaTb
Hag yny4dlleHMem peLleHns C Kaxkaon ntepaumeit. Kaxabln Typ, CreHepupoBaHHbIii B UTepaumu,
Ha3blBaeTCA KaHAMAATHbIM pelleHneM (TakKe HasblBaeMbiMm cepTudmKkaTom). [loka3aTenbCcTso
ONTUMa/IbHOCTU cepTUdMKaTa TpebyeT IKCNOHEHLMaIbHOTO YBENMYEHNA BpeMeHN. BmecTo aToro
NCMONb3YHTCA Pa3INYHbIE PELIEHMA Ha OCHOBE 3BPUCTUK, KOTOPbIE CO3at0T IKCKYpCUun, banskme
K ONTUMa/IbHbIM, HO He ONTUMasibHble. KOMMUBOAXKEP A0/IXKEH NOCETUTL ONpeaenEHHbIN CNUCOK
ropoaos, YToObl BbINOAHUTbL CBOIO paboTy:

BXO/L, Cnncok 3 n ropoaos (0603HauYaemMbIx Kak V) U pacCcToAHMIA MeXKAY KaxKaom napom
ropogos, dij(1<i,j<n)

BbIBO/, Camblit KOPOTKUIA TYP, KOTOPbIM NOCELLAET KaXKabli ropoa POBHO OAMH pas u
BO3BpPALLLAETCA B UCXOAHbIN ropog,

ObpaTtnte BHMMaHWe Ha cneaytollee: PaccTosHMA MeXKay ropoaamMm B CNUCKE U3BECTHDI,
e Kaxkablil ropoa, B AaHHOM CMUCKE HYXKHO NOCETUTb POBHO OAMH Pas.

MoxemM N1 Mbl COCTaBUTb MNAaH MyTelwecTBus Ana npogasua? Kakoe pelueHune 6yaet
ONTUMANbHbIM, 4yTObbI MWHMMUN3NPOBATb obuee paccTosHue, nponaeHHoe
KOMMMBOSXKEPOM? Huke npuBeneHbl PaccTOAHMA MeXAy MNATbI0 KaHAACKUMW ropofamu,
KOTOpble Mbl MOXem ucrnonb3osatb gna TSP: OtraBa, MoHpeanb, KuUHrctoH, TOpOHTO
Capbepw.

OTraga - 199 196 450 484



MoHpeanb 199 - 287 542 680

KuHrctoH 196 287 - 263 634
Toronto 450 542 263 - 400
Capnbepu 484 680 634 400 -

o ObpaTnTE BHUMAHWE, YTO LLe/Ib — NOMYYUTb IKCKYPCUIO, KOTOPAA HaUMHAETCA U 3aKaHUYMBAETCA
B NepBom ropoge. Hanpumep, TMNMYHbIN TYp MoXeT 6biTb OTTaBa—Cagbepr—MoHpeanb—
KuHrctoH—TopoHTo—0OTTaBa ctoumocTbto 484 + 680 + 287 + 263 + 450 = 2 164. 310 TOT TYp, B
KOTOPOM NpPoAaBeL, AOMKEH NPE0A0NeTb MUHUMaNbHOE paccToaHMe? Kakoe pelweHune byaeT
ONTUMa/bHbIM, YTOObI MMHUMW3NPOBATL ObLLEee paccTOSHUE, NPOMAEHHOE
KOMMMBOANKEPOM? fl OCTaBNAIO BaM NOAYMATb U NOCYMTaTb.

Mcnonb3oBaHue cTpaTerum rpybo cunbi

MepBoe pelweHne, KOTOPOE NPUXOAUT Ha YM AN peweHus TSP, — aTo rpybas cuna, 4Tobbl
NPUAYMaTb CamMblii KOPOTKUI NyTb, MPU KOTOPOM NpoAaBeL, NocewaeT Kaxablii ropod, pPOBHO 04MH
pa3 1 BO3BpaLLaeTca B UCXOAHbIM ropoa,.

Takum obpasom, ctpaterma rpyboin cunbl paboTtaeT cieayrowmm obpasom:

A.OueHunTe BCe BO3MOKHble 3KCKYpCUM.
B. Bbibupaem TOT, 4151 KOTOPOrO Mbl MOJIy4aem CaMoe KOPOTKOE PacCTOSHUE.

MNpobaema B TOM, YTO A5 N FOPOAOB cyllecTsyeT (N-1)! BO3MOKHbIEe 3KCKYPCUU. ITO 3HAYUT, YTO
nATb ropoos npousseayT 4! = 24 Typa, 1 Mbl Bbi6epem TOT, KOTOPbIN COOTBETCTBYET
HaMMeHbLLemy paccTosHMo. OUeBNAHO, YTO STOT MeToA cpaboTaeT TONbKO Toraa, Koraa y Hac He
C/INLLKOM MHOrO ropofios. 1o mepe yBesnYeHns Yncia ropoaos ctpaTerus rpyboim cunbl
CTaHOBMTCA Hepa3peLnMoit U3-3a 6O/IbLLIOTO KOMYeCcTBa NepecTaHOBOK, BO3HMKAIOLWMX MpU
MCMONb30BaHUM 3TOTrO noaxoaa. Jlasainte NOCMOTPUM, KaK MOXKHO pPeann3oBaTth cTpaTermio rpybom
cunbl B Python. Bo-nepsbix, 06paTnte BHUMaHMe, 4To aKckypcua {1,2,3} npeacrasnset coboi
3KCKypCUIo No ropoay 13 ropoaa 1 s ropoa 2 v ropog, 3. Obliee pacctosHMe B Type — 3T0 oblee
paccTosaHuMe, NpoiaeHHoe 3a 04unH Typ. Mbl MPeAnoNoXKMM, YUTO PACCTOAHNE MEXKAY ropogamm —
3TO CaMOe KOPOTKOE PacCTosiHUE MesKAy HUMMK (TO ecTb eBKINA0BO paccTtoaHue). CHavana
onpeaennm Tpu GYHKLMUN NONE3HOCTK:

distance points : BbluMCNAeT abCONOTHOE PACCTOSHUE MEXKAY ABYMA TOYKAMM

distance_tour : BbluMcnseT obuiee paccTosHWe, KOTOPOE NPoAABeL, AOKEH NPEOAONET

3a 3a[l@HHbIV TYp generate cities : ClyyaliHbiM 06pasom reHepupyeT Habop u3 n
ropoA0B, PACMONOMKEHHbIX B MPAMOYFO/IbHUKE WWPUHOW 500

1 BbICOTA 300

PaccmoTpum cieaytoLmii Koa:

VIMOIOPT CJTy4dalHBEM
n3 itertools MMIOPTHEIE NEepPECTaHOBKU
alltours = HnepeCTaHOBKU

B npeapiayuiem Koae Mbl peanmsosann alltours us gyuxumm nepecranoeox MakeTa itertools. Mbl
TaK»Ke 0603HaYNAN PACCTOAHNE KOMMNEKCHBIM YNCNOM. ITO O3HaYaeT caeaylollee:



* BbluncneHune PaCCTOAHNA MeXAy ABYMA ropoaamu, a n b, TaK xe NPOCTO, KaK

paccrosaune (a,b). Mbl MOXeM CO34aTb N KOAMYECTBA ropogos, NpPoCTO Bbi3BaB

generate cities(n ).

distance tour (aTour) :
return sum(distance points(aTour[i - 1], aTour[i])
ona 1 B mmanasoHe (len(aTour))) aCity = xommjexc
DEF distance points (llepeeni, BTopas): BosspaT ABS ([lepBbli —
Bropeni) Def generate cities (number of cities): Iocer=111;
mmprHa=500; height=300 random.seed((number of cities, seed))
return frozenset (aCity(random.randint (1, mmpmua), random.randint(l, BeicoTa)) Inus
c B mmanasoHe (number of cities))

Tenepb onpegenmm GyHKUMIO, brute force , KOTOPAs reHepPUPYET BCE BO3MOMKHbIE Typbl MO
ropogam. Mocne Toro Kak OH CreHepupyeT BCE BO3MOXKHbIE MapLUPYTbl, OH BbibepeT TOT, y
KOTOPOro camasi KOpOTKan AUCTaHLUA:

def brute force (ropozma) :
«CreHepupyiTe BCE BO3MOXHEE TYypPhHl IO I'OpOXdaM M BHOEpUTE CaMblil KOPOTKUM Typ.»
Return shortest tour (Alltours(Cities)) def

shortest tour (Tours): return min (Tours, key=distance_tour)

Tenepb AaBaiiTe onpeaenm GyHKLMM NOAE3HOCTU, KOTOPbIE MOMOTYT HaM NOCTPOUTL LUTATbI.
Onpegenvm cneayolme GyHKLMM:

visualize tour :[lpOK/AaAblBaeT BCe ropoaa u CBA3M B KOHKPETHOM Type. OH Takxe
NOAYEPKMBAET ropos,

C Toro mecrTa, rae Ha4aNCA Typ.visualize segment IMCHOﬂb3VETCH
visualize tour ONA NOCTPOEHUA LUTAT U CCbIZIOK B CEFMEHTE.

MocmoTpuTe Ha CAedytoLLMiA KOA:

$matplotlib inline import
matplotlib.pyplot as plt def
visualize tour(tour, style='bo-'):
if len(tour) > 1000: plt.figure(figsize=(15, 10)) start

= 7yp[0:1]
visualize segment (Typ + cTapT, CTWUIb)
visualize segment (crapt, 'rD')

def visualize segment (cermeHT,
cTuib="'bo-") :
plt.plot([X(c) mna ¢ B cermeHre], [Y(c) mna c B cerMeHre], cTmib, clip on=False)
plt.axis ('mMacmrabuporauuent') plt.axis('off')

def X(roponm): «Ocb X»; return city.real def
Y(city): «Ocb ¥Y»; Return city.imag

Peanunsyem GpyHKUMIO tsp () , KOTOPas BbIMOAHAET C/ieaytollee:
* leHepupyeT Typ Ha OCHOBE a/NIfOPUTMa M KONMYECTBa 3aMpPOLLEHHbIX TOPOA0B

Bbluncnset Bpemsa, noTpebosasLieeca ANs 3anycka
anroputma, feHepumpyet rpapmk

MNocne omnpenenenus tsp() Mbl MOXEM UCNOJb30BaTb €ro ANA CO34aHuA Typa:



OT BPEMEHM UMIOPTAa BPEMEHM U3
koJulekuuy mMnoprta Counter def
tsp(algorithm,cities): t0 =
clock () tour =

algorithm(cities) tl = clock()
# Kaxmeli mopom NOABJIS€TCHS POBHO OOMH pas B Type
assert Counter (tour) == Counter (cities)

visalize tour (Typ)

print ("{}:{} ropoma => mmmHa Typa {;. 0f} (B {:.3f} sec".format (
name (algorithm), len(tour), distance tour (tour), tl-t0)) def
name (algorithm): return algorithm. name .replace(' tsp','"')

tsp(brute_force, generate cities(10))

brute force: 10 cities = tour length 1218 (in 10.962 sec)

O6paTnTe BHUMAHKE, YTO Mbl UCMONb30BaAM ero ANsA co3aaHusa Typa no 10 ropogam. Mpmu n =10
oH noreHepupyet (10-1)! = 362 880 BO3MOKHbIX NepecTaHOBOK. Ecan n yBennumsaercs,
KO/INYECTBO NepPecTaHOBOK PE3KO YBENNYMBAETCA, U MeToZ, rPybol Cubl HeMb3s UCNOMb30BaTh.

Ncnonb3oBaHMe KagHOro afiropmTma

Ecnn mbl UICNONb3yem KagHbl arOpUTM ANa pelleHns TSP, To Ha KaXKAom 3Tane Mbl MOXKEM
BbI6paTb ropos, KOTOPbIM KaXKeTcA pPasyMHbIM, BMECTO TOTO YTOObl MCKaTb ropos, 4718 NOCELLEHWA,
KOTOPbIV NPUBEAET K NydylemMy obuiemy nyTu. NosTomy, Korga Ham HyXKHO BbIGPaTb ropoa, Mbl
NPOCTO BbliOMpaem 6AMNKaMLWNIM ropos, He yTpy:Kaan ceba NpoBepKoi, YTo 3TOT BbI6Op NpnBeaeT K
rno6anbHoO oNTMManbHOMy NyTu. Noaxoa »aAHoro anropnTMma npocT:

A. HaunHaitTe c ntoboro ropoaa.

B. Ha Kaxaom sTane npofonkaiTe CTPOUTbL 3KCKYPCUIO, Nepeesskan B caeayoLmii ropoa, rae
6AnKalwuniA paiioH eweé He bbiBan.



B. MosTopute wae 2.

[NaBaiiTe onpegenvm GpyHKUMIO C Ha3BaHWEM greedy algorithm , KOTOPAA MOXET peann3osaTtb
TaKyo JIOTUKY:

def greedy algorithm(ropoma, Hauano=Her) :

city = cTapT wWiIM HOEepBEM Typ IO
ropomam = [city ]

unvisited = set(cities - {city }) npnu
HEeIOoCelmaeMOCTN

city = nearest neighbor(city , He

nocemaem) Typ.append(city )
unvisited.remove (city ) BO3BpamaoumMica Typ
def first(collection): return next (iter (collection)) def
nearest neighbor (city a, cities): return min(cities, key=lambda city :
distance points(city , city a))

Tenepb gasanTte Bocnonbayemca greedy algorithm, ytobbl co3aaTh Typ no 2000 ropogam:

tsp(greedy algorithm, generate cities(2000))

nn: 1991 cities = tour length 15846 (in 0.514 sec)

PucyHok 1: fopoda, omobpaxrcaemeoie 8 Jupyter Notebook

ObpaTtuTe BHMMaHMKeE, YTO Ha co3gaHue Typa no 2000 ropogam ywno Bcero 0,514 cekyHapl. Ecnm
Obl Mbl UICMONb30BAIM MEeTOZ, FPyboit cubl, OH 6bl creHepupoBsan (2000-1)! MepecTaHOBKK, YTO
noyTn 6eckoHeyHo. O6paTUTe BHUMAHME, YTO KaaHbl aArOPUTM OCHOBAH Ha 3BPUCTUKAX, U HET
[0Ka3aTeNbCTB, YTO pelleHne byaeT onTuManbHbIM. Tenepb gaBalTe PacCMOTPMM An3aliH
anroputma PageRank.



Mpe3eHTauuna anroputma PageRank

B KauyecTBe NPaKTUYECKOro Npumepa paccMoTpum anroputm PageRank, KoTopbii M3HaYanbHO
ncnonbsosasnca Google ana paHKMPOBAHUA PE3yIbTaTOB NOMCKA MO NOJb30BaATENIbCKOMY 3anpocy.
OH reHepupyeT YNC/I0, KOTOPOE KOMYECTBEHHO OLEEHUBAET BAXKHOCTb PE3Y/bTAaTOB NMOWCKA B
KOHTEKCTE BbINOJIHEHHOTO No/ib30BaTesIem 3anpoca. Ero paspabotanu asa acnupaHTa, Jlappu
Menax n Ceprent bpuH, B CTaHdpopae B KoHUe 1990-x roaos, KOTopble TaK:Ke ocHoBanu Google.
Aneopumm PageRank 6bin HazeaH 8 uecms Jlappu [lelidxncBrnepavie hopmasbHO onpedenusnu
3a0ayy, 0159 Komopol u3zHa4anbHo bbia paspabomaH PageRank.

OnpeaenexHune 3a4aun

Kaaplit pas, Korga nonb3oBaTelb BBOAUT 3aMpOC B MOWCKOBYHO CUCTEMY B MHTEPHETEe, 06bIYHO
nonyyaetca 60/1bWwoe KOAMYECTBO pPe3ynbTaToB. YTobbl pe3ynbTaThl OblIM NONE3HbI 419 KOHEYHOTO
NoNb30BaTENSA, BAaXHO PaHXMPOBaTb BE6-CTPaHULbI NO ONPeAeNEHHbIM KPUTEPUAM.
OTobparkaemble pesy/bTaTbl MCNOb3YIOT 3TO PAHKMPOBAHME 419 CYMMUPOBAHMA Pe3y1bTaToB
AN NONb30BaTeNA U 3aBUCAT OT KpUTEPUEB, ONPeaeNEHHbIX MCNONb3yEMbIM aifOPUTMOM.

Peannsaumna anroputma PageRank

Bo-nepBbix, Npn UCNO/Ib30BAaHUN AaNropmUTMa PageRank MCNONb3yeTCA cneaytoulee npeacraBaeHue:

® Beb-CcTpaHuMUbl NpeacTaBAeHbl Y31aMuy B

opueHTupoBaHHOM rpade. PEbpa rpada cooTBETCTBYHOT
rmnepccbiikam.

Camas BaxKHas 4acTb asiroputma PageRank — HaliTu nydwnii cnocob pacyérta BaXKHOCTU KaxKaom
CTPaHMUbI, KOTOPbIV BO3BPALLAETCA Pe3y/ibTaTaMm 3anpoca. PaHr KOHKpeTHOM BeB-CTpaHMLbI B
CEeTM PACcCUYNTbIBAETCS KaK BEPOSATHOCTb TOFO, YTO YENOBEK, CAyYaliHbiM 06pa3om nepexoanLumnii no
pEébpam (To ecTb KAMKaOLWMIA MO CCblIKam), NONaAET Ha 3Ty cTpaHMLUy. Kpome Toro, aToT anroputm
napameTpusmnpyetcs KoapoumumeHTom gemndmposaHma anbda, KOTOPbIN MMEET 3HAYEHME NO
ymonyanuto 0,85. 3ToT pakTtop aemnPmnpoBaHMA — BEPOATHOCTb TOFO, YTO NONbL30BaTENb
NPOAOMKNUT KNMKaTb. Ob6paTnUTe BHUMaHMeE, YTO CTPAHMULA C CaMbiM BbICOKMM PageRank asnsetcsa
CaMOW NpuBaeKaTeNbHOW: HE3ABMCMMO OT TOTO, C YErO Ye/IOBEK HAUMHAET, 3Ta CTPaHMLa C
Hanbo/iblLel BEPOATHOCTbIO CTAHET €€ KOHEYHOW Le/Iblo. AITOPUTM TpebyeT MHOXKecTBa
nTepaunii UNK NPOXoXKAEHUA Yepe3 Habop BeO-cTpaHuL,, YTOObI onpeaennTb NPaBuIbHYHO
Ba*KHOCTb (MM 3HauyeHuMe PageRank) Kaxkaoli cTpaHumubl. 1A BbIYMCNEHNA YUCAA OT 0 A0 1,
KOTOPOE MOKET KOIMYECTBEHHO OLEHUTb BaXKHOCTb KOHKPETHOM CTPAHML,bI, aIFOPUTM BKIOYAET
MHOOPMALMIO M3 CIeAYIOLLMX ABYX KOMNOHEHTOB:

« UHpopmauma, cneunduueckas gna sanpoca, BBEAEHHONO NO/b30BaTENEM: STOT KOMMOHEHT
OLEHMBAET, B KOHTEKCTE 3anpoca, BBEAEHHOTO No/b30BaTeNIeM, HACKONIbKO PeNeBaHTHO
cofeprKaHue Beb-CTpaHuULbl.

CoaepskaHue CTpaHuULLbl HAaNPSAMYIO 3aBUCUT OT aBTOPaA CTPAHMLLbI.

« UHPOpMaLma, He OTHOCALLAACA K 3aNpoCy, BBEAEHHOMY M0/1b30BaTe/IeM: 3TOT KOMMOHEHT
NbITAETCA KONMYECTBEHHO OLEHUTb BaXKHOCTb KaXK40W Be6-CTpaHMLbl B KOHTEKCTE €€ CCbINOK,
NPOCMOTPOB N OKPECTHOCTU. OKpYKeHMe BEB-CTPaHMLLbI — 3TO rpynna Beb-cTpaHuL,



HenocpeacTtBeHHO CBA3aHHbIX C onpe,u,enéHHoﬁ CTpaHMMEﬁ. OTOT KOMMNOHEHT CNOXHO

BHHMCHMTb,TaKKaKBe6%ﬁpaHMublHEOAHODOAHbLVIpa3p860TaTprMTepMM,KOTOpHe
MOXHO NPUMEHUTL B UHTEPHETE, CI0XKHO.

YT106bI peanmsosatb anroputm PageRank Ha Python, cHayana umnopTnpyem Heobxoanmble
6nbnnoTekn:

VIMIIOPT NUMPY KakK Np MMIOPT
networkx kxak nx MMIOPT

matplotlib.pyplot xaxk plt

ObpaTtnte BHUMaHMe, YTo ceTb — U3 https://networkx.org/. na AeMOHCTpaLMM NPeanONOKUM,
4TO Mbl aHA/IM3UPYyEM BCErO NATb BEO-CTpaHUL, B ceTw. [laBaliTe Ha30BEM 3TOT Habop cTpaHUL,

my pages U BMECTE OHW BXOAAT B CETb NOA, Ha3BaHUEM my web
my web = nx.

DiGraph ()
my pages =

nmamnas3oH (1, 5)

Tenepb ,u,aBaﬁTe NOAKNHYUM UX cnyqaﬁHbuv\ 06paSOM, yTObbI cMoAennpoBaTb peasibHYHO CeTb:
connections =

[(1,3),(2,1),(2,3),(3,1),(3,2),(3,4), (4,3), (5,1), (5,4) ]
my web.add nodes from(my pages) my web.add edges from(connections)

Tenepb ,u,aBaﬁTe NOCTPOUM 3TOT rpad)m(:
pos=nx.shell layout (my web)

nx.draw (my web, pos, arrows=True, with labels=True) plt.show()

OHa co34aéT BM3yanbHOE NpeacTaBiAeHMe Hallel ceTu, caeayoumm obpasom:


https://networkx.org/
https://networkx.org/
https://networkx.org/
https://networkx.org/
https://networkx.org/

PucyHok 4.7: BusyanbHoe npedcmasneHue cemu

B anroputme PageRank wabnoHbl BEG-CTpaHMLLbI COAEPIKATCA B MaTPULLE, Ha3biBaeMO
nepexoHoli matpuuen. CyLecTByrOT alroPUTMbI, KOTOPblE NOCTOAHHO OBHOBAAIOT MATPULLY
nepexoaos, 4To6bl PUKCMPOBATL MOCTOAHHO MEHsAtoLLEeecs cocToaHKe Beba. Pasmep maTpuupl
NnepexofoB paBeH n X N, r4e N — KONMYECTBO y3/10B. YMcna B maTpuLe — 3TO BEPOATHOCTb TOTO,
YTO NOCETUTENb NEePEeNaET K ITOM CCbINIKe U3-3a UCXOAALLEN CBA3K. B Hawem cnydae npeablayLimii
rpadumK NoKasbiBaeT CTaTUYECKYIO NAayTUHY, KOTopas y Hac ecTb. [JaBaiTe onpeaennm GyHKuUuto,
KOTOPYHO MOYHO MCMO/Ib30BaTb A4/1A CO34aHNA MaTpPULbl NEPEXOA0B:

def create page rank(a graph):
nodes set = len(a graph) M = nx.to
numpy matrix(a_ graph)
HapyXy = np.squeeze (np.asarray (np. cymma (M, axis=1l)))=

BEPOSATHO, HaApyXy = np.array(

[1.0/cuérT

ecim count>0 muaue 0.0 mna cuéra Hapyxyl) G
= np.asarray(np.multiply (M.T, prob outwards)) p =
np.ones (nodes_set) / float (nodes_set) if np.min(np.
sum (G, axis=0)) < 1.0: print ('WARN: G —
cybcToxacTudeckmuy Bo3BpaT G, p

ObpaTtuTe BHUMaHMe, 4To 3Ta GYHKLMA BEPHET G, KOTOpan NpeacTasaseT coboit maTpuuy
nepexofoB Ans Hawero rpada. [laBaiTe noreHepupyem mMaTpuLy Nepexonos A5 Hawero rpada:

G,p = create page rank(my web)



O 8 8 & 6

[0. 0.5 0.33333333||0. 0.5 ]
[0. 0. 0.33333333||o. 0. ]
[1. 0.5 0. 0. 0. ]
[0. 0. 0.33333333||0. 0.5 ]
[0. 0. 0. 1. 0. 11

PucyHok 4.8: Mampuya rnepexodoe

ObpaTtuTe BHMMaHMe, YTO MaTpMLa NepexoaoB Aas Hawero rpada pasHa 5 x 5. Kaxkapii ctonbey,
COOTBETCTBYET Karkaomy y3ny rpada. Hanpumep, ctonbel, 2 OTHOCUTCA KO BTOPOMY Y3Ay.
BepoATHOCTb TOrO, YTO NOCETUTENb NEPEMECTUTCA M3 y3na 2 B y3en 1 nau ysen 3, coctasnqaet 0,5.
O6paTnTe BHMUMAHWE, YTO AMArOHA/Ib MaTPULLbl MEPEXOLOB pasua 0 , KaK B Halwem rpade HeT
NCXOAALLEN CBA3M OT y3/1a K camomy cebe. B peasibHOM ceTu 3T0 BO3MOXKHO. ObpaTuTe BHUMaHME,
YTO MaTpMLA NEPEXOLO0B — 3TO PasperkéHHana maTpuua. Mo mepe yBeanYeHMA YMCAa Y3108
60/IbLIMHCTBO €ro 3HaYeHUn ByayT paBHbl 0 . Takum 06pasom, CTPYKTypa rpada U3B/IEKAETCA B
BUAE nepexodHol mampuysl. B maTpuue TpaH3aKUMIA, NpeacTaBsatoLLel y3/bl B CTONOLAX U
CTPOKax:

® Cronbupbl: YKa3biBaeT y3e/, Ha KOTOPOM HaxoauTca Beb-cepdep

CTpoKM: YKa3biBaeT BEPOATHOCTb TOr0, YTO cepdep NOCETUT ApYrne y3/bl U3-3a UCXOAALMX
cBA3en

B peanbHOM NayTUHe MaTpuMLa Nepexoaos, NuTatowasa anroputm PageRank, ctpontca 3a cuér
HenpepbIBHOIO NccNefo0BaHMUA CCbIIOK NayKamu.

MOHMMaAHME NMHENHOTO nporpaMmmunpoBaHnA

MHorue peanbHble 334341 CBA3aHbI C MAaKCUMM3ALMEN AN MUHUMWU3ALMEN LLENU C
onpeaenéHHbIMM 3a4aHHbIMKN OrpaHnyeHnAMU. OANH 13 NOAXOA0B — 334aTb LLe/Ib KaK IMHENHYHO
bYHKUMIO HEKOTOPbIX NepemeHHbIX. Mbl Takke dopmyanpyem orpaHnUYeHmsa Ha pecypcbl Kak
paBeHCTBA WM HEPABEHCTBA MO 3TUM NePEeMEHHbIM. ITOT NOAX0A, Ha3bIBAETCA 3aJa4el
JIMHEHOTo NPOrpPaMMMNPOBAHUA. Ba30BbIN aNropPUTM IMHEMHOFO NPOTrPaMMMUPOBaHNA Obln
paspaboTaH xopaxem daHuurom B KanudopHuinckom yHusepcutete B bepknum B Hauane 1940-x
rogos. [JaHuuMr ncnonb3oBas 3Ty KOHLEeNUMIo A8 SKCNePUMEHTOB C NJ1aHNPOBAHUEM IOTUCTUKN
CHabeHna U BMECTMMOCTUN BOWCK, paboTasa Ha BBC CLLUA. B KoHue BTopoit MMpOBOIA BOMHbI
HaHuur Hayan paboTatb B [leHTaroHe 1 pasBMA CBOM afIFOPUTM A0 TEXHWUKM, KOTOPYIO OH Ha3Ban
JIMHEWHbIM nporpammupoBaHnem. OH MCNONb30BaNCA A/1A BOEHHOro 60eBOoro NJAaHMPOBaHUS.
CerogHA OH MCNONb3YETCA AN1A PELIEHMA BAXKHbIX PeanbHbIX 3a4a4, CBA3aHHbIX C MMHMMM3AUMEN
AN MaKCMMU3aumen nepeMeHHON Ha OCHOBE ONpPeaen&HHbIX OrpaHMYeHnin. Hekotopble
npumepbl TaKUX 33434 cneaytoLime:



MWHUMKN3AUNS BPEMEHWN HA PEMOHT aBTOMObOWIS B MacTEPCKOM Ha OCHOBE Pecypcos
PacnpegeneHune fOCTYMHbIX pacnpeaenéHHbIX pecypcoB B pacnpenenéHHom
BbIYMCANTENBHOW Cpeae ANA MUHUMMU3AUMM BPEMEHWN OTKAMKA

Makcrummsaumsa Npmbbian KOMNaHUM Ha OCHOBE ONTUMAJIbHOIO pacnpeaeneHus pecypcos
BHYTPM KOMMNaHUM

dopmMynmpoBKa 3a4a4m IMHEMHOTO NPOrpPaMMMpPOBaHMA

YcnoBmA MCNONb30BaHNA IMHEMHOIO NPOrpaMmmMmnpoBaHmA caeayollme:

MbI 4O/KHbI UMETb BO3MOXHOCTb CPOPMY/IMPOBATL 3a4a4y Yepes
Habop ypaBHeHU. [epeMeHHble, UCNO/Ib3yeMble B YPaBHEHWM, AOKHbI
ObITb TMHENHbIMMW.

Onpepenenune ueneson GyHKLMM

Ob6paTtnTe BHUMaHUE, YTO Lieb KaKA0ro U3 TPEX NpeablayLmx NPUMepoB 3aKNH0YaeTCA B
MUHUMM3ALUM UV MAKCUMU3aLMK NEPEMEHHOM. 3Ta LeNib MaTeMaTUYECKM GOPMYINPYETCA KaK
NIMHeHaa GyHKLMA APpYrUX NepPeEMEHHbIX M Ha3bIBaeTCA Lenesoi opyHKumein. Llenb 3agaum
NMHEMHOro NPOrPamMMMUPOBAHNA — MUHUMU3MPOBATDL UM MAKCMMU3MPOBATDL LieNeByto GYHKLMIO,
OCTaBaACb B NpeAenax 3a4aHHbIX OrpaHUYEeHN.

OnpeaeneHune orpaHUYeEHMUI

Koraa nbitaelwbcss MUHMMU3MPOBATL MU MAaKCMMM3MPOBATL YTO-TO, CYLLLECTBYIOT OnpeaenéHHble
OrpaHUYeHNnA B peasbHbIX 3aJa4ax, KOTOPbIE HYXKHO yBaXaTb. Hanpumep, Npu nonbiTKe
MUHUMU3NPOBATb BPEMSA PEMOHTa aBTOMODOUASA, HYXKHO YYUTbIBATb, YTO AOCTYMHOE KOJIMYECTBO
MEeXaHMKOB orpaHnyeHo. OnpegeneHmne Kaxaoro orpaHMYeHns ¢ NOMOLLbIO IMHENHOTO
YPaBHEHWS ABAAETCA BaXKHOM YacTbio GOPMYIMPOBKM 33434MN IMHENHOTO NPOrPaMMNPOBaHMA.

MpaKTuyeckoe NnpuMeHeHne — naaHMpPoBaHWE NPOMNYCKHOM CNOCOBHOCTM C IMHEMHbIM
nporpammmpoBaHUEM

PaccmoTpum NpaKkTUYECKMIA CLeHapUii, rae AMHEHOe NPOorpamMmmMmnpoBaHne MOXKET bbiTb
MCNO/Ib30BaHO ANA PelleHUs peanbHbIX 3a4a4. MpeanonosKmMm, 4To Mbl XOTUM MaKCMMKU3MPOBaTb
NpubbiNb COBPEMEHHOro 3aBoAa, KOTOPbI NPON3BOAMT ABa Pa3HbIX TMMNa PoHOTOB:

MpoaBuHyTas mogenb (A): obecneymBaeT NONHYHO PYHKLMOHANBbHOCTL. M3roToBeHUe
KaKJ0W eaMHULbI NPOABUHYTON MOAENIN MPUHOCUT NPUbbINL B pasmepe $4,200.
BbasoBas mogenb (B): OHa npesocTaBnseT To/bKO 6a30BYH0 GPYHKLMOHANIBHOCTD.
M3rotoBneHme Kaxaon eanHuubl 6a3osoit mogenn npuHocuT npunbbiib B pasmepe $2,800.

Ona cosganua poboTa TpebyeTtca Tpu TMNa noaen. TouHoe KonmyecTso gHen, Heobxoamumoe ana
npou3BoAcTBa poboTa KaxKaoro TmMna, cieayoulee:

Tun po6oTaTexHUK — CNEeLUanmncT No MCKYCCTBEHHOMY UHTENNEKTY — UHXKEHep

Pob6oT A: npoaBuHyTana moaens 3 AHA 4 AHA 4 aHA



Po6oT B: 6a3oBas mogenb 2 gHA 3 gHA 3 aHA

3aBog, paboTaeT no 30-a4HeBHbIM UMKnam. OgmH cneunannct no UM goctyneH B TedeHne 30 gHel
B uMKne. Kaxkapblii U3 ABYX MHXKEHEPOB BO3bMET No 8 gHel oTabixa 3a 30 gHel. Taknum obpasom,
WHXKeHep AOCTYNeH TONbKO 22 AHA B UuMKAe. CywecTByeT OANH TEXHUK Ha 20 aHen B TeyeHune 30-
AHEeBHOro UMKna. B cnegytowei Tabanue nokasaHo KOAMYECTBO COTPYAHMKOB Ha 3aBoAe:

TexHukCneynanmucrt N0 UCKYCCTBEHHOMY UHTENNEKTY
UHKeHep

Konunyectso y4acTHUKOB 1 1 2

Obuwee Konnyectso aHen B umkne 1 x 20 = 20 aHen 1 x 30 = 30 aHen 2 x 22 = 44 paHs

3TO MOXHO CMOAENIMPOBaAThb CaeaytoMm obpasom:

MakKcumanbHas npubbiab =
4200A + 2800B 310 3aBUCUT OT
CNneayoLLero ycioBus:

A >0: Konnyectso NponsBeaeHHbIX NPOABUHYTbIX POBOTOB MOMET COCTaBAATb 0 U
6onee.

O O O O ©°

B >0: KonnuectBo BbiNyLeHHbIX 6a30BbIX pOOOTOB MOXKET COCTaBAATL 0 U bosee.
3A + 2B £ 20: 9T0 orpaHuMyeHuma AOCTYNHOCTU TEXHUKA.

4A+3B < 30: 370 orpaHMYeHua AOCTYNHOCTM cneunanmcta no N. 4A+ 3B < 44: 310
OrpaHNYeHnA AOCTYMHOCTU MALLUMHUCTOB.

CHauyana umnopTupyem Python-nakeT ¢ Ha3BaHMEM pulp , KOTOPbIA UCMONb3yeTCA

4NA peannsaumm NnHenHoe npPporpaMmMmnNpPOBaHUNE: munopTHaa OyJbla

3aTem Mbl Bbi3blBaem dyuxumio LpProblem B 3TOM MNaKeTe ANA CO34aHUA KNlaCCa 3a4a4un. Mbl
Ha3blBaeM skzemMmnigp 3amadelr MaKCHMMM3aLUM HpM6HnMI

# BOMJIOTMTH Hally MOIEJIb Kjlacca MNPOOJIEMEl = LeJUJIoIo3a .
LpProblem("Profit maximising problem", pulp. LpMaximize)

3atem onpeaenaem aAse NNHelHble nepemeHHble — A U B . [lepemeHHas obo3Havaer

KOIMYECTBO NPOM3BEAEHHbIX NPOABMHYTbIX POHOTOB, @ NepeMeHHasa B — KOAMYECTBO 6a30BbIxX
po60TOB, KOTOPbIEe MPON3BOAATCA:

A = nyrabna. LpVariable('A', lowBound=0, cat='llenoe uucio')
B = nynena. LpVariable('B', lowBound=0, cat='lenoe umucjo')

Mbl onpegensem uenesyto GYHKLMIO U OrpaHUYEHUA caeayoumm obpasom:

# lleneBasd QyHKLMA

momesib += 5000 * A + 2500 * B, «IIpuOBLIBE»
# Orpannuenus

mMomeyip += 3 * A + 2 * B < 20

momesieir += 4 * A + 3 * B < 30

Mmomesyieir += 4 * A + 3 * B <= 44



Ucnonb3yem pyuxumo pemenns ANA FTEHEPALUU PeELLUEHUA:

# Pemn Hauy NOpoOJIEMHYID MOLEJb.
peun () NOyJabIy.
LpStatus[model.status]

3aTtem BbIBOAUM 3HAYEHUA A U B U 3HAYEHME LI,eI'IEBOﬁ dJYHKLI,MMI

# PacmeuaTaTb 3HAUEHUS IIePEeMeHHEBIX
NPUHATHKS PelleHus NedaTaThb
(A.varValue) pacrneuarTaTb
(B.varValue)

Pe3ynbTat Takom:

6.0

1.0

# PacmneuaraTh Hamy LeJIeByl QYyHKIMO,
3HaUeHMre [eyaTaThb

(pulp.value (model.objective))

OH mneuyaTaeT:

32500.0

JIHeHOe NporpaMmMmnpoBaHue LMPOKO UCMOb3YeTca B NPOU3BOACTBEHHOW OTpac/av gnn
MOMCKa ONTUMaNbHOMO KONMYECTBA NPOAYKTOB, KOTOPbIE A0/KHbI 6bITb MCNONb30BaHbI ANSA
ONTMMM3ALLMM UCMONb30BaHMUA AOCTYMNHbIX PECYPCOB.

M BOT Mbl MOAXOAUM K KOHLY 3ToM rnasbl! [laBaite NoAbITOXKMUM TO, YEMY Mbl HaYYMUAUCD.

KpaTkoe cogeprkaHune

B aTOW rnaBe mMbl U3y4ann Pa3nyHbIe NOAXOAbl K NPOEKTMPOBaHUIO anroputma. Mbl paccmoTpenmu
KOMMPOMMCCbI, CBA3AHHbIE C BbIBOPOM NPaBUAbHOIO An3aliHa aaroputma. Mbl paccmoTpenm
JydLLME NPAKTUKKN GOPMYIMPOBAHNA peasibHbiX Npobaem. Mbl Tak¥Ke Hay4yuauch pelaTb
peasibHble 33434 ONTUMM3aLUNN. YPOKK, U3BIEYEHHbIE U3 3TOM [NaBbl, MOXHO MCMO/b30BaTb 414
peanM3aumnmn XopoLLo NPoAyMaHHbIX airopuMTMOB. B cneaytoulei rnaBe Mbl COCPeAOTOUMMCA Ha
a/IrOPUTMax Ha ocHoBe rpaoB. HauHEM € pacCMOTPEHUS Pas/IMYHbIX CNOCO60B NpeacTaBAeHUA
rpadoBs. 3aTEM Mbl M3Y4YMM METOAbI YCTAHOBEHMA OKPYKEHUA BOKPYT Pa3/IMUHbIX TOYEK AaHHbIX
A9 NpOoBeAeHNsA KOHKPETHOro UccenoBaHus. HakoHel, Mbl M3y4MM ONTUMabHbIEe CNOCObbI
noucka uHdpopmaumm no rpadam.

OceanfPDF.com

5 Anroputmel rpacos

MpucoegnHanTech K Discord-npocTpaHCTBY HALLEM KHUMM

https:// packt.link/40Algos
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CyLw,ecTByeT KNacc BbIMMCAUTENBHBIX 33434, KOTOPbIE Nyylle BCEro NPeacTaBuTb C NOMOLbIO rpados. Takue
324,341 MOKHO PELLUTb C MOMOLLLbIO K/1acca aNropuMTMOB, HasbiBaeMblx rpadoBbIMU anroputmamu. Hanpumep,
anroputmbl rpadoB MOryT UCMO/Ib30BaTbCA A8 3PHEKTUBHOTO NOUCKA 3HAYEHUA B rpadpuyeckom nNpeacTaBieHmm
AaHHbIX. Ans 3bdeKTUBHOM PaboTbl 3TUM aNTOPUTMaM CHauana HYXKHO BbIBUTb CTPYKTYpY rpada. Mim Tak:ke
HY}KHO HalTW NPaBUbHYIO CTPaTEruio cnefoBaHus pébpam rpada, 4Tobbl YMTATb AaHHbIE, XpaHALLMECS B
BepLwmHax. MoCKONAbKY anropuTmbl rpadoB A0NKHbI UCKATb 3HAUYEHUA gna paboThl, 3ddeKTUBHbIE CTpaTernm
NMOWCKA NeXKaT B LLeHTpe NpoeKTUpoBaHua 3G deKTUBHbIX aNroputmoB rpadoBs. Mcnoib3oBaHWe aAropuTmMmoB
rpadoB — oAMH M3 cambix 3pPeKTUBHbIX CNOCOBOB NOMCKA MHPOPMALMK B CTOXKHBIX, B3AMMOCBA3aHHbIX
CTPYKTYpPaXx AaHHbIX, CBA3aHHbIX OCMbIC/IEHHbIMW CBA3AMMW. B COBpeMEeHHY0 3noxy 60/bWNX AaHHbIX,
COLMaNbHbIX CeTel M pacnpesenéHHbIX AaHHbIX TaKMe MeTOAbl CTaHOBATCA BCE Hosiee BaXKHbIMU M NONE3HbIMK. B
3TOW rnaBe Mbl HAYHEM C NPeACTaBAEHNA OCHOBHbIX KOHLENUMIA, eXKallMX B OCHOBE anroputmos rpados. 3atem
Mbl NPeACTaBUM OCHOBbI TEOPMM aHaIM3a ceTeil. Janee Mbl PACCMOTPUM Pa3UYHbIE METOAbI, KOTOPbIE MOXKHO
MCNoNb30BaThb A/ NPOXOXKAeHMA rpadoB. HakoHew, Mbl PaCCMOTPUM Keic-CTagm, NOKasbiBaloWMiA, Kak
anroputMbl rpadoB MOryT MCMO/Ib30BaTLCA A1 BbIABNEHWUA MOLWEHHNYECTBA. B 3TOM rnase mMbl pacCMOTPUM
cnepytolMe KoOHLENLMK:

PasnunuHble cnocobbl npeacrasieHus rpados

BeeaeHue aHann3a Teopun cetei

. [oHumaHune obxogos rpados

. Keic-ctagn: aHannTHKa MOLIEHHMYECTBA

MeTofbl YCTaHOBNEHWUA OKPECTHOCTM B HalWem NpobaeMHOM NPOCTPaHCTBe

K KOHLy 3TOi rnaebl Bbl XOPOLLO NOMMETE, YTO Takoe rpadbl U Kak C HUMK paboTaTb A NpeacTaBieHuUn
B3aMMOCBA3aHHbIX CTPYKTYP AaHHbIX, @ TaKXKe U3BedeHns MHGOPMaLMUN U3 CYLLHOCTEN, CBA3AHHbIX MPAMbIMK
WM KOCBEHHbBIMM CBA3SMM, A TaK¥Ke UCMO/Ib30BaHMA UX A8 PELUEHWUsA CNOXKHbIX PeanbHbIX 3a4au.

MpeactasneHus rpacdos

Mpad — 3To CTPYKTYpa, NPeACTaBAAOWANA AaHHbIE B TEPMUHAX BEPLUNH U pébep. Mpad npeacTaBAeH KaK aGraph =
(V, E), roe V — mHOXecTBO BepluuH, a E — mHoXecTBO pébep. O6paTnuTe BHUMAHMUE, YTO aGraph MMEET BEPLUMHbI
|V| v pébpa |E. BepwmHa v € V npeactasnaet cobolt peanbHblii 06bEKT, TAKOM KaK YesI0BEK, KOMMNbIOTEP UAN
aKTUBHOCTb. Pebpa, v € E, coeaunHsneT ABe BeplwnHbl B ceTn:e(vl, v2) | e € E & vi € VMa, npuseaéHHoe
ypaBHeHMeEM, YKa3bIBAET, YTo B rpade Bce pébpa npuHaanexaT mHoxKecTsy E, a Bce BEpLIMHbI — K MHOXecTBY, V.
Pebpo coeguHsneT ABe BepLUMHbI U, CleaoBaTe/IbHO, NpeacTaBAseT coboi CBA3b MeXay HUMKU. Hanpumep, oHa
MOXET NPeACTaBNATb CeAyoLMe OTHOLWEHNA:

Opyk6a mexay noabmm

Yenosek, cBA3aHHbIN ¢ gpyrom B LinkedIn

dusmyeckoe coeamHeHne ABYX Y3/10B B Knactepe
Yenosek, noceLlatowmin nccnesosaTenbekyo KoHbepeHumo



B 310l rnase mbl byaem Mcnonb3oBaTb naket networkx Python ansa npeacrasnexus rpados. [asaite
nonpobyem co3aatb NPOCToN rpad C NOMOLLbIO NaKeTa networtx HA Python. na Havyana nonpobyem co3patb
nycton rpad, aGraph, 6€3 BEPLUUHbI UM y31a:

VIMIIOPTMPOBaTh networkx
kak nx G = nx. Graph()

Jo6asum ogHy BepLUMHY:

G.add_node ("Mawnk")

TaKXe MOXHO /J,O6aBVITb MHOXeCTBO BEPLUNH C NTOMOLLbIO CMNCKa:

G.add nodes from([«AMmH», «Baccum», «Hux»])

TaKe MOXHO AOGaBMTb Oo4HO pe6po mexay CywectsyrowmMmm sBeplinHamMmm, Kak NoOKasaHo:

G.add_edge ("Mank", "AMmun")

Tenepb HanevyaTaem p&6pa 1 BEPLUMHDI:

In [5): 1 list(G.nodes)

Qut[5]: ['Mike', 'Amine', 'Wassim', 'Nick']

In [6]: 1 list(G.edges)
out[6]: [('Mike', 'Amine')]

O6paTVITe BHUMaHKMeE, 4TO eCn Mbl ,CI,O6aBllFIEM pe6po, 3TO TaKXe NnpuBoauT K AOﬁaBI'IEHVIIO COOTBETCTBYHOLWNX
BEPLUMH, €C/IN OHM eLLE He CYLLLEeCTBYHOT, KaK MOKa3aHo 34ecCh:

G.add_edge («AMMH», «VMpaH»)

Ecan mbl HaneyaTaem CNUCOK Y3108, TO Cﬂeﬂ,yIOU.LMVI pe3ynbrarT, KOTOprl;'I Mbl Ha6I1IOLI,aEMI

In [9]: I list(G.edges)

Out[9]: [('Mike', 'Amine'), ('Amine', 'Imran')]

Ob6paTnTe BHUMAHMWE, YTO 3aNpocC Ha A0baBAeHUe yiKe CYLLLEeCTBYIOLEN BepLMHbI MOYa UTHOPUpYeTCA. 3anpoc
WUrHOPUPYETCA MM PACCMATPUBAETCA B 3aBUCMMOCTU OT TMNa rpada, KOTopbIi Mbl CO34aNN.

3FOHEHTpMHHHeCETM



MpAmoe OKpecTMe KOHKPETHOM BEPLUNHbI, M, MOXKET COAEPKATb AOCTAaTOYHO BaXKHOM MHPOpMaL MK ana
NpoBeAeHNA OKOHYATEIbHOTO aHaM3a y31a. IroLeHTP, UK STOHET, OCHOBaH Ha 3Tol naee. IroHeT
onpeaenéHHol BepLWMHbI, M, COCTOUT U3 BCEX BEPLUMH, HENMOCPEACTBEHHO CBA3aHHbIX C M, NJOC CAaMOro y3/1a m.
Y3en m Ha3blBaeTcs 3ro, a O4HOXOMHbIe COCeaM, K KOTOPbIM OH COeANHEH, — anbTepamu. CeTb 3ro KOHKPETHOro
y31a 3 NoKasaHa Ha cieaytolem rpadumke:

Ego network for node 3
AN

Whole graph network

PucyHok 5.1:

O6paTnTe BHUMaHUE, YTO SrOHEeT NPeACTaBNAET OKPECTHOCTb OAHOM CTeneHn. 3TO NOHATUE MOXKHO PacUMPUTb Ha
N-rpagyCcHble OKPECTHOCTU, KOTOPbIE COCTOAT U3 BCEX BEPLUNH, HAXOAALLMXCA HA N-NMPbIXKKE OT UHTEepeCyoLwein
BEPLUMHBI.

AHanu3 coumanbHbIX ceTei

AHanus coumanbHbix ceteit (SNA) ABnAeTCA OAHMM U3 BaXKHbIX NPUMEHEHU Teopun rpados. AHaNn3 ceTesbIX
rpadoB cuMTaeTCA aHaNIM30M COLMAbHBIX CETEN, €CNN NPUMEHUMbI CedyIoLLmME YCNOBUA:

BepwwHbl rpada npeacTaBaAloT Ntogei.

MpaHMLbl MEXAY HUMM OTPaXKaloT CoLMaNbHble OTHOLWEHUA, TaKMe KaK Apyx6a, obuiee xo66u, poacTso,
CeKcyasibHble OTHOLEHWA, aHTUNATMM U TaK gasee.

Bu3Hec-BoNpoC, Ha KOTOPbIV Mbl NbITAEMCA OTBETUTL C MOMOLLbIO rPadUUECcKOro aHanM3a, UMeeT CU/bHBbIN
COLMaNbHbIN acnekxr.



Yenoseueckoe nosegeHune otpaxkaetca B CHC v Bceraa Ao/IKHO yumTbiBaTbCs nNpu paboTe ¢ CHC. Kaptorpadupya
yenoseyeckume oTHolweHus B rpaduke, SNA AaéT xopollee NOHUMaHUE YeNOBEYECKMX B3aUMOLENCTBUN, YTO
NomMoraeT Ham NoHATb ux aelctemA. Co3gaBan BOKPYT KaxKA0ro YenoBeKa coobLwecTBO U aHaM3MpPyA ero
AEeNCTBMA HA OCHOBE €ro COLMA/bHbIX OTHOLLEHWUI, Bbl MOYKETE MONYYUTb UHTEPECHBIE, @ MHOTAA U HEOXKMAAHHbIEe
MHCalTbl. ANbTEPHATUBHbIE NOAXOAbI K UHANBUAYANbHOMY aHAIM3Y OTAE/NbHbIX Il0AEN, OCHOBAHHbIE Ha UX
WHAMBUAYANbHbIX AONKHOCTHbIX QYHKUMAX, MOTYT AaTb /IMWb OFPaHUYEHHbIE MHCAWTbI. Taknm obpasom, SNA
MOXHO MCNO/b30BaTb A/1A CeAyOLWUX Lenei:

® TMoHMMaHMe AeiCTBMIN Nosib3oBaTeNel Ha N1aTGopPMax CoLMabHbIX CeTel, Takux Kak Facebook, Twitter nan

LinkedIn
[TOHMMaHMEe MmoLIEHHMYECTBA
MoHWMaHMe npecTynHoro noseaeHua obwectea

LinkedIn BHec 3HauuTeNbHbIN BKAAA B UCCNEA0BaHMA U pa3paboTKy HOBbIX MeToA0B, CBA3aHHbIX ¢ SNA.
dakTnyecku, LinkedIn Mo*KHO cuMTaTb MMOHEPOM MHOTUX aNTOPUTMOB B 3TOM 061acTu. Takum obpasom, SNA —
6narogapna cBoel pacnpeaenéHHon n B3aMMOCBA3aHHOW apXUTEKTYPE COLLMA/IbHbIX CETel — ABNAETCA O4HMM U3
CambIX MOLLHbIX CLLeHapMeB NpumeHeHua Teopumn rpados. Apyroi cnocob abcTparnposats rpad —
paccmaTpuBaTh €ro KaKk CeTb M MPUMEHATb aAropuTM, paspaboTaHHbI gns ceTeld. Bca ata 061acTb HasbiBaeTcA
TEOPWEN aHaIn3a ceTell, 0 KOTOPOW Mbl MOrOBOPUM Aasiee.

BeBeaeHue Teopum aHanmM3a ceTen

Mbl 3Haem, YTO B3aMMOCBA3AHHbIE JAaHHbIE MOTYT 6bITb npeAacTaBaeHbl Kak ceTb. B Teopum ceteBOro aHannsa mbl
n3yvyaem getanu METOA0N0rnN, pa3p360TaHHbIX ANA U3yd4eHna n aHa/sim3a gaHHbIX, NpeacTaBN1eHHbIX B BUae
ceTu. ﬂ,aBaﬁTe PaCCMOTPUM HEKOTOPbIE Ba*KHble aCNeKTbl TEOPUN aHaATN3a ceTel B 3TOM pasaene. Bo-nepsblx,
06paTMTe BHMMaHWMeE, YTO BEPLUMNHA B CETU BbICTYNaeT B pO/U 6a3oBoi eanHuubl. CeTb — 3TO B3aMMOCBA3aHHAA
CETb BEPLWMUH, rae Kaxaoe coegnHeHne OoTpaxKaeT B3aMMOOTHOLWEHUA MmeXAay Pa3nyHbiMn obbekTamu,
nccnegyembiMuca. BaxHO KonmyecTtBeHHO OLLEHUTb NOIE3HOCTb M 3HAYNMMOCTb BEPLUMHbI B CETU B KOHTEKCTE
334,a4M, KOTOPYIO Mbl NbiTaemcA pewunTb. CylecTByeT MHOXKeCTBO MeTO40B, KOTOpPble MOTryT MOMOYb HamMm
KO/INYECTBEHHO OLLEeHUTb €€ 3HaYeHue. ﬂ,aBaﬁTe PaCcCMOTPUM HEKOTOpPbIE BaXKHble KOHUEeNnuunu, ncnoab3yemblie B
TEOPUKN CEeTEBOIO0 aHann3a.

MoHMMaHWe caMoro KOpPOTKOro NyTK

MyTb — 3TO NOCNEA0BATENILHOCTL Y3/10B MEXAY HaYalbHbIM Y3/10M U KOHEYHbIM Y3/10M, MPU KOTOPOM HU OAMH
y3en He NoABAAETCA ABAXKAbl Ha 3TOM NyTu. MyTb NpeacTaBAseT cobon MapLIpyT MeXKAyY BbIOPaHHOM HavyaNbHOM
M KOHEYHOW BEPLUMHON. ITO ByAET MHOMKECTBO BEPLUMH P, COEAMHAOLLMNX HAYaIbHYIO BEPLUMHY C KOHEYHOM’. Hu
OfHa BepLMHA He NoBTOpseTcA B p. [L/IMHA NYTU BbluMCAsSETCA NYTEM NoACYETa coCTaBaaowWwmX pébep. M3 Bcex
BApPWaAHTOB MyTb C HAMMEHbLUEN AJIMHOWN HA3bIBAETCA CAMbIM KOPOTKMM NMYTEM. BbluMcieHne camoro KOpoTKOro
NyTV WKXPOKO UCNONb3YETCA B a/iITOPUTMaxX Teopum rpados, HO He BCeraa NErko BblMUCAUTb. CyLLecTBYHOT pasHble
aNroPUTMbl, KOTOPbIE NO3BONAKOT HAUTU KpaTYalLLMI NYTb MEXAY Ha4aIbHbIM Y3/TOM U KOHEYHbIM Y3/10M.
OZHMM M3 camblX MOMYAAPHbIX aAITOPUTMOB, KOTOPbIE MOXHO UCMONBb30BaTb A/1A MOUCKA CAMOr0 KOPOTKOIo
PaccToAHUA MeXAY HauaNbHbIM Y3/10M Y KOHEYHbBIM Y3/10M, ABAAETCA aNroputm JeiKcTpbl, onybiMKOBaHHbIN B
KoHUe 1950-x rogoB. OH BblYMCAAET CaMblii KOPOTKMI MyTb B rpade. OH MOXKEeT MCMNONb30BaTbCA YCTPONCTBAMM
rno6anbHOM cUCTEeMbI MO3NLMOHUPOBaHUSA (GPS) ans pacyéTa MMHUMAIbHOTO PACCTOSHUA MEXKAY UCTOYHUKOM U
NYHKTOM Ha3HayeHua. Anropntm [enKcTpbl TaKKe MCNOob3yeTcs B aITOPUTMAX CETEBOM MapLLpyTM3aL MK,
Mexay Google n Apple naét 6opbba 3a pa3paboTKy Ayylero aAropuTMma ana paboTbl HA CaMbIX KOPOTKUX
paccToaHuax ans Google Maps n Apple Maps. Wx 3agaya — cgenaTb aNropuTm JOCTaTo4HO BbICTPbIM, YTOObI
BbIYMCNNTb KpaTHaLLIMIA NYTb 3@ CYUTAHHbIE CEKYHADbI. [103}Ke B 3TOM r1aBe Mbl PacCCMOTPUM afIFOPUTM NOUCKA NO
wupuHe (BFS), KoTopbii MOXKHO MoanduLMpoBaTh A1a npeobpasoBaHua B anroputm enkctpbl. BFS



npeanonaraeT oAMHAKOBYHO CTOMMOCTb MPOXOXKAEHMA KAaXKA0ro NyTM B AaHHOM rpade. Ana anroputma [enkctpsl
CTOMMOCTb NPOXOXKAEHWUA rpada MOMKET OTAINYATLCA, U ero HeobXoANMMO BKNOUUTL ANA moguduKaumm BFS B
anroputm LenKkctpbl. KaKk yKasaHo, anroputm [enKcTpbl — 3TO aArOpUTM C OAHUM UCTOYHUKOM, KOTOPbIV
BbIYMCNAET KpaTYanLWKMi NyTb. ECN Mbl XOTUM PeLInTb BCE Napbl CAMbIX KOPOTKUX NMyTel, TO MOXKHO
ncnonb3oBaTb anroputm dGnoaa-Yopwanna.

Co3pgaHue panoHa

MoMCK cTpaTernin Co3gaHnsa OKPECTHOCTM BOKPYT MHTEPECYIOLLMX Y3/10B ABIAETCA KN0YEBbIM AR rpadoBbixX
anroputmMoB. MeToA0N0rMKN CO34aHMA OKPECTHOCTEN OCHOBAHbI Ha BbIBOpPe NPAMbIX aCCOLMMPOBAHHDBIX C
WHTepecytowei BepwnHon. OaMH M3 cnocoboB co3aaHMA OKPECTHOCTM — BbIBpaTb cTpaTernio nopsaaka k,
KOTOpas BbIGUPAET BEPLUMHDBI, HaXxo4ALWMeCA Ha K NPbIXKKOB OT MHTepecyloLei BEPLUMHBI. [JaBaiTe paccmoTpum
pas/NYHble KPUTEPUM CO34aHNA PAOHOB.

TpeyronbHUKK

B Teopuu rpacdoB BaXKHO HANTK BEPLUMHbBI, XOPOLLO CBA3AHHbIE APYT C APYroM, ANA uesei aHanmsa. OauH us
MEeTo40B — MOMNbITaTbCA AEHTUOUUMPOBATL TPEYFONbHUKK, KOTOPbIE NPeacTaBAAloT coboi nogrpad, cocroawmii
M3 TPEX Y3108, HENOCPEACTBEHHO CBA3AHHbIX 4PYT C A4PYroM, B ceTu. [laBaliTe pacCMOTPMM NpUMep BbiABAEHUSA
MOLLEHHMYECTBA, KOTOPbIM Mbl TaK¥Ke UCMOb30BaAAN B Ka4eCTBe NPMMEPaA B KOHLLE 3TOM rnasbl. ECin aroHeT y3na
M COCTOWT U3 TPEX BEPLUMH, BK/KOYAA BEPLIMHY M, TO 3TOT 3rOHET ABAAETCA TPEYroNbHUKOM. BeplwmnHa m 6yaeT
3r0, a AiBe CBA3aHHbIE BEPLUMHbBI — aNbTEPAMM, CKAXKEM, BEPLUMHA A 1 BeplumHa B. Eciv 0ba anbTepa M3BECTHbI
KaK MOLIEHHMUYECKME, Mbl MOMEM C YBEPEHHOCTbIO 06BbABMTL BEPLUMHY M MOLIEHHUYECKUM. EC/iM 0guH 13
aNbTePOB 3aMellaH B MOLEHHUYECTBE, Mbl HE MOXKEM HaWTW y6eanTebHbIX 40Ka3aTeNbCTB, HO HAM HYXHO
NPOBECTU AONOIHUTE/IbHBIA NOWUCK 40Ka3aTeNbCTB MOLIEHHWYECTBa.

MAaoTHOCTb

[agaliTe cHayana onpeaenMm NoAHOCTbIO CBA3aHHYIO ceTb. Mbl Ha3biBaem rpad, rae Kaxkaasa BeplumnHa
HanpPsAMYIO CBA3aHA C KaXKAO0M APYroi, NONHOCTbIO CBA3AHHOM ceTbto. ECAn y Hac ecTb NONHOCTbIO CBA3aHHAA CeTb
N, TO KonnyecTBo pébep B CETU MOMKHO NPEACTaBUTL CAeayioLmMM 06pasom:

N N(N —1
Edgestotal — 9 — >

BOT TYT M BCTynaeT B Urpy NAOTHOCTb. [1NOTHOCTb M3MepAET Koanyectso Habntogaembix pébep ¢ MaKCMMabHbIM
Konnyectsom pébep, ecnm EdgesObserved — 3To KonnyecTso pébep, KoTopble Mbl XOTUM HabaoaaTb. Ero moxHO
chopmynmposatb cnegyowmm obpasom:




b dg €Sobserved

density =
/ b dg EStotal

O6paTVITe BHMMaAHMe, YTO OANA TPeyrosibHUKa NNOTHOCTb CETK PaBHA 1, U 3TO MAaKCMMaA/IbHO BO3MOXKHa CBA3HaA
CeTb.

NMNoHMmaHWe mep UeHTPasIbHOCTHU

CyLLecTBYIOT pasHble NOKasaTeNn 418 NOHUMaHUA LEHTPaIbHOM PO/IM KOHKPETHOW BepLUMHbI B rpade nam
noarpade. Hanpumep, OHW MOTYT KOZIMYECTBEHHO OLLEHUTb Ba*KHOCTb YE/I0BEKA B COLMA/IbHOM CETU UK
3HAYMMOCTb 3/1aHUA B ropoge. B rpadoBom aHanM3e LWMPOKO UCMONb3YIOTCA CNeayioLLe Mepbl LLeHTPaAbHOCTM:

CreneHb
MpomeXKyToYHOCTb
Bbnunzoctb
Cob6CTBEHHbIN BEKTOP

[Oasalite 06cyanm mx noapobHo.
CreneHb

KonnuecTtBo pébep, CBA3aHHbIX C ONpeaenéHHOM BEPLUMHOW, Ha3blBaeTcs eé cTeneHblo. OHa MOXKET yKasblBaTb Ha
TO, HACKO/IbKO XOPOLLO CBA3aHa KOHKPETHas BEpLIMHA U eé CNOCOBHOCTb BbICTPO PacNpPOCTPaHATL coobLieHue No
ceTn. PaccMoTpuM aGraph = (V, E), rae V npeactaBnset MHOXeCTBO BepLMH, a E — MHoKecTBO pébep.

HanoMHWM, 4To y aGraph ecTb BepwuHbl |V | 1 pébpa |E. Echn genuTb cteneHsb y3na Ha (| V] -1), aTo Ha3biBaeTca

LI,EHTpalIbHOI‘;I CTeneHblo:

Tenepb AaBaliTe PaCCMOTPUM KOHKPETHbIM npumep. PaccmoTpum cneaytowmii rpadpuk:

Cpc, =



Whole graph network

PucyHokK 5.x:

Tenepb, B Npeaplaywem rpade, sepwmnHa C umeet cTeneHb 4. LLeHTpasbHOCTb CTENEHM MOKET BbITb BblUMCIEHa
cneayowmm obpasom:

deg(c 4
Cpc. = = = 0.44
T g 21 101

MpoMeXKYyTOUHOCTb

MpomeXKyTO4YHOCTb — 3TO Mepa LEeHTPaIbHOCTU B rpad)e. B KOHTeKcTe coumanbHbIX ceTeil OHa KONMYECTBEHHO
OuEeHMBaeT BEPOATHOCTb TOFO, YTO YeN0BEK ABNAETCA YacTblo KOMMYHUKauum B noarpynne. Ana KOMI'IbI'OTepHOﬁ
CeTU NPOMEXYTOYHOCTb KONM4YeCTBEHHO OUEeHUBAET HEraTuBHoOe BIMAHUE Ha CBA3b MeXXay I’pad)OBbIMM y31amMmu B



C/lyyae OTKasa BepLUMHbI. YTOBbI BbIYMCANTL MPOMEKYTOUYHOCTb BEPLIMHbI @ B ONpeaenéHHOM aGraph = (V, E),
cnenyiiTe cneayowmMm Waram:

A. BbluncanTe camble KOPOTKME NYTU MEXKAY KaXKAOW napon BepwnH B aGraph. [lasante npeacrtaBum 310

N shortesty i

b. Ot

TNl shortestr io

, MocunTaiTe KOAMYECTBO CaMbIX KOPOTKUX MyTel, NPOXOAALLMX Yepes BepLUMHY a. [jaBaiite npeacTaBum 31O

N shortest

B. Bblumcnmm npomexKyTouHOCTb C

Nshortest,

Cbetweennessa
N shortestr iy

Cn PaBegIMBOCTb U 61130CTb

[aaliTe BO3bMEM rpaduk, g. CnpaBesIMBOCTb BEPLUKMHDI a B rpade g onpeaenseTca Kak CyMmMa pacCcToaHMUA
BEPLUMHBI @ OT APYrUX BEPLUMH. O6paTUTe BHUMAHWE, YTO LLeHTPAIbHOCTb KOHKPETHOW BEPLUMHbI KOJIMYECTBEHHO

onpeaenseT eé obliee pacCToOAHUE OT BCEX OCTasIbHbIX BEPLUMH. [TPOTUMBOMNONOXKHOCTL CNPaBeaIMBOCTU — 3TO
61130CTb.

LleHTpanbHOCTb COHCTBEHHOTO BEKTOPA

LleHTpanbHOCTb COBCTBEHHOIO BEKTOPa AAET OLEHKM BCEM BepluMHaM rpada, M3MePAIOLLMX UX BaXKHOCTb B CETU.
OueHKa byaeT MHAMKATOPOM CBA3HOCTM KOHKPETHOTO y3/1a C APYrMMM BayKHbIMK y3n1amu Bceit ceTu. Koraa



Google co3pgana anroputm PageRank, KoTopbiii npuceanBaeT 6ann Kaxkaon Beb-cTpaHuue B MHTepHeTe (4TobbI
BbIPa3nTb €€ 3HAaYMMOCTb), naes bblna BbiBegeHa U3 Mepbl LLeHTPabHOCTU COBCTBEHHOIO BEKTOPA.

PacyéT MeTpUK LeHTpasibHOCTH ¢ nomoLbio Python

[Jasalite co3gaanm ceTb 1 nonpobyem paccumTaTb €€ METPUKU LeHTpasbHOCTU. Chegytowmii 610K Koga
WUANOCTPUPYET 3TO:

VMMIIOPTMPOBATh networkx kak nx,
nMnopruposaTh matplotlib.pyplot

xak plt vertices = range(1l,10)

pébpa = [(7,2), (2,3), (7,4), (4,5, (7,3), (7,5, (1,6),(1,7),(2,8),(2,9)]
G = nx. Graph()

G.add nodes_ from (BepumHer) G.add_edges_ from (pé&bpa)

nx.draw (G, with labels=True,node color='y',node size=800)

lpad, NonyyYeHHbIM 3TUM KOLOM, BbIFAANT ciegyowmm obpasom:

2
4/\7/3/

PucyHok 5.x:

[lo cvMx nop Mbl U3y4anu pasHble NOKasaTeNu LeHTpaabHOoCTH. [laBaiiTe paccumtaem mx AN NpuBeaéHHOTo
npumepa:



In [8]:
out[8]: ({

[}

nx.degree centrality(G)

0.25,

125,
-125%
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In [9]:
out[9]: {

nx.betweenness centrality(G)

.25,
.46428571428571425,

<6,
.7142857142857142,
.0,
.0}
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In [10]:
Out[10]:

)

nx.closeness_centrality(G)

B,
.6153846153846154,
.5333333333333333,
.47058823529411764,
.47058823529411764,
.34782608695652173,
- A2T2T2T27T27T271273;;
.4,
.4}

-

VONOU L WN -
[cjoNoNoNoNoNoNoNo]

T EE)E 1 centrality = nx.eigenvector centrality(G)
2 sorted((v, '{:0.2f}'.format(c)) for v, c in centrality.items())

Oout[1i]: [(1, '0.24%),
(2 20:245");
(3; "0.36"),
(4, *©6.32"),
(5, *©.32'),
(6, '0.08'),
(7, 20.59'),
(8; "6:16");
(9, '0.16')1

O6patute BHUMaAHUE, YTO METPUKM LLEHTPANIbHOCTU AO/KHbI 4aBaTb MEPY LEHTPAbHOM A1 KOHKPETHOM
BepwuHbI B rpade nam nogrpade. Cmotpsa Ha rpaduk, BepwnHa ¢ obo3HauyeHnem 7 Kaxetca Hanbonee
LeHTPa/IbHOM TOYKON. BeplwnHa 7 MMeeT camble BbICOKME 3HAYEHWUS BO BCEX YETbIPEX METPUKAX LLEeHTPabHOCTH,
YTO OTparKaeT eé BaXKHOCTb B AaHHOM KOHTEKCTe. Tenepb AaBaliTe NOCMOTPUM, KaK MOXHO NOAYYUTb
MHPopmaumto ns rpadukos. Mpadbl — 3TO CNOMXKHbIE CTPYKTYPbI AaHHbIX C 60bWMM KOAMYECTBOM UHPOpMaLmK,
XPaHALENCA KaK B BEPLUMHAX, TaK U B pébpax. [JaBaiTe pacCMOTPUM HEKOTOpPbIE CTPATErMU, KOTOPbIE MOXHO
MCNoNb30BaTb ANA 3GPEKTUBHOM HaBUraumm no rpadam u NosaydyeHna MHGopmaLmMm € HUX 4N1a OTBETA Ha
3anpochl.

MoHumaHue 06xoa08 rpacdos

[nsa ncnonbsoBaHuaA rpadprKkoB HEOBXOAMMO M3BAEKATb U3 HUX MHbOpMaLumio. O6xoa rpadoB onpesenseTca Kak
CTpaTerns, MCnoab3yemasn ANs TOro, YTobbl Kaxkaas BeplunHa U pebpo nocelanmcs B ynopafo4YeHHOM NopaaKe.
CrapaeTca ybeamtbea, UTO KaXkaas BeplunHa 1 pebpo nocewatoTca poBHO oauH pas; Hu 6onblie, HU meHblue. B
LesioMm, CyLLECTBYET ABa pasHbIX cnocoba nepemelteHns no rpady Ana Nomcka AaHHbIX B HEM. MoucK no



LWMpPUMHE Ha3blBaeTCA NOUCKOM no wupuHe (BFS), a no rmybunHe — nonckom no rnybuHe (DFS). NaBaite
NOCMOTPUM Ha HUX MO OAHOMY.

Mownck no wupuHe

BFS paboTaeT nyylue Bcero, Korga B aGraph ectb KoHUENUMA CI0EB UK YPOBHEW OKpecTHOCTeW . Hanpumep,
Koraa cBA3u YesnoseKa B LinkedIn BbipakeHbl B rpade, CyLLecTBYIOT CBA3M NEPBOro YPOBHSA, a 3aTeM CBA3eW
BTOPOrO YPOBHA, KOTOPbIE HANPAMYIO NepeBOAATCA Ha 3TU cion. Aaropmutm BFS HauMHaeTcA ¢ KOpHeBOW
BEPLMHbI U UCCNeayeT BEPLUMHBI B OKPECTHOCTAX. 3aTEM OH NEePEeXOAMUT Ha C/leayoWmnil ypOBEHb COCEACTBA U

nosTopaeT npouecc. [Jasalite paccmoTpum anroputm BFS. [1ns aToro cHavana paccMoTpum cneayowni
HEeOPUEHTUPOBaHHbIN rpad:

lmran

Faras

PucyHoK 5.x:

HayHEM C BblYMCNIEHWNA HENOCPEACTBEHHOM OKPECTHOCTM KaXK 40N BepLWMHbI U XPaHWM 3TO B CMIUCKE, HAa3biBAEMOM
CMMCKOM CMEXHOCTH. B Python mbl MoXKeM MCM0/b30BaTb CTPYKTYPY AaHHbIX C10BaPA ANA €70 XPaHeHMWs:



graph={ 'Amin' : {'Wasim', 'Nick', 'Mike'},

'BacuMm': {'Vmvpan', 'Amunu'},
'Mmpan' : {'Bacum', '®apac'},
'Faras' : {'Imran'},

'Mamk': {'AmMmu'},

'"Nick' : {'Amin'}}

YT06bI peannsoBath 3To Ha Python, mbl gelicTByem cneaytowmm obpasom. CHayana mbl 06BACHUM
WMHWULMANN3aLMIO, @ 3aTEM OCHOBHOW UMK/, MHMUmManmsaums

Mbl 6yaem Mcnonb3oBaTh ABe CTPYKTYPbl AaHHbIX:

nocetTuBLWNX: 34eCb COAEP)KATCA BCE BEPLUMHbI, KOoTOpble 6b1n noceuleHsbl.

MN3HayanbHO OH 6yﬂ,ET nycTbiM. queue : OH COLEPKUT BCE BEPLUNHbI, KOTOPblE Mbl XOTUM

nocCeTuTb B creayrownx nTtepaumax. lnaBHaAa netna

[anee mbl peanusyem oCHOBHOM UMKA. OH By4eT UMKAMPOBATLCA, NOKa B 04epeam He OCTaHeTCA HU OAHOro
anemeHTa. [11A KaxK4Oro y3na B o4epeam, eCnmn oH yxKe 6bln noceleH, OH nocewaeT cocega. Mbl MoXKem
peasniM30BaTb 3TOT OCHOBHOM LKA B Python creaytowmm obpasom:

1. CHauyana BbIBOAMM NEPBbIN Y3e1 U3 ouepeam 1 BbibMpaem ero TEKYLLMM Y310M 3TOI UTepauuu.

y3esn = queue.pop (0)

1. 3atem nposepAem, 4TO y3en OTCYTCTBYET B CMUCKe nocewaembix. ECnm 3To He TaK, Mbl A06aB/'IF|9M eros

CMWCOK NOCELWAEMBIX Y3/10B M UCNOAb3YEeM COoCeaen ANA NPeacTaBleHNA HEMNOCPEACTBEHHO CBA3AHHbIX
y3108

visited.append(node) neighbours
= graph[node]
1. Tenepb A06aBUM cocezielt y3/10B B ouepesb:

IoJIs cocemey B cocenax: queue.append (neighbor)

A.Tlocne 3aBepLUeHUA OCHOBHOTO LMK BO3BPALLL@eTCA nocellaeMan CTPYKTypa AaHHbIX, COAEepKallan Bce
NpPonaeHHbIe Y3/ibl.

B. MonHbIM KoA, C UHMLMANM3aLMEN U OCHOBHbIM LIMKAOM, ByAeT BbIrAAeTb cieayounm o6pasom:



def bfs(graph, start):
visited = []
queue = [start]

while queue:
node = queue.pop(0)
if node not in visited:
visited.append(node)
neighbours = graph[node]
for neighbour in neighbours:
queue.append(neighbour)
return visited

[aBaiTe paccmoTpum ncyepnbiBatolLMii NaTTepH 06xoaa Noncka Ansa rpada, KOTopbIA Mbl onpeaenuaun ¢
nomotibto BFS. Ytobbl noceTuTh BCe y3/bl, cxema 06xo/ia NOKasaHa Ha cieyiolem pucyHKe. MoXHO 3aMeTuTb,
YTO MPK BbINOJIHEHWUM OH BCEraa NMoAAEP}KUBAET ABE CTPYKTYPbl AaHHbIX:

Visited: cogepkunt Bce noceléHHble y3bl Queue:
COLEPHKUT Y3/1bl, KOTOPbIE elwé He BblNN NoCeLLeHbl

BoT Kak paboTaeT anroputm:

A. OH HauMHAETCA C NEPBOrO Y3/1a, KOTOPbIN ABAAETCA EAMHCTBEHHbIM Y3/10M, AMMHOM, Ha MEPBOM YPOBHE.
B. 3aTem OH NMepexoauT Ha BTOPOI YPOBEHb M NOCeLLaeT Bce Tpu y3na — Bacuma, Huka v Maiika no ogHomy.
B. Mocne 3Toro oH NepexoamT Ha TPETUI U YeTBEPTbIN YPOBEHD, FAe ecTb TO/bKO oAnH y3en — MmpaH 1 dapac.

Mocne nocelieHna BCex Y3108 OHM A06aBNAIOTCA B CTPYKTYPY AaHHbIX Visited, n uTepaumm npekpatiatoTcs:
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PucyHoK 5.x:

Tenepb aasaiiTe nonpobyem HalTU KOHKPETHOTO YenoBeKa No aToMy rpaduKy ¢ nomolubio BFS. [JasaliTe yTouHUM
[AaHHbIe, KOTOPbIE Mbl MLLEM, M TOCMOTPMM Ha pe3y/bTaTbl:

In [97]: bfs(graph, 'Amin')

Out[97]: ['Amin', 'Wasim', 'Nick', 'Mike', 'Imran', 'Faras']

Tenepb AaBalTe PacCMOTPUM anropuTM NOMCcKa no rybuHe.
Mouck no rnybuHe

DFS — aT0 anbTepHatmBa BFS, ucnonbsyeman gnsa nomcka gaHHbix no rpady. Pakrtop, otanyatowmii DFS ot BFS,
3aK/I0YAETCA B TOM, YTO NOCAE HAYaNa C KOPHEBOW BEPLUMHbI AAFTOPUTM OMNYCKAeTCA MO MAKCUMYMY MO KaXKA0OMY



M3 YHUKANbHbIX OTAENbHbIX NyTei No ogHOMY. 1A KaXKAoro nyTu, AOCTUFHYB KOHEYHOM TYy6UHbI, OH OTMeYaeT
BCE BEPLUMHbI, CBA3AHHbIE C STUM MYTEM, KaK noceLLéHHbIe. [Nocne 3aBepLueHns NyTy aJIr0PUTM BO3BpaLLaeTca
Hasag. Ecnm anropuTm moskeT HalTu Apyroi NyTb OT KOPHEBOIO Y313, KOTOPbIW ewé He Hbla NOrpyKEH, aropuTm
noBTOPAET NpeablayLLMNiA npoLecc. ANTOpUTM NPOAO/IKAET ABUIaTbCA B HOBOM BETKE, MOKa BCe BETKU He byayT
nobbITbl. 06paTMTE BHUMAHWE, YTO rpad MOXKET UMETb LIMKANYECKUI MeToZ. KaK yrKe yNoMMHANoCh, Mbl
ncnosbdyem 6ynesblvi dnar gns otcaexmBaHmMA 06paboTaHHbIX BEPLIMH U n3beratb UMKNOBOrO NOBTOPEHMUA. Ana
peanusaumm DFS mbl Byaem ncnonb3oBaTb CTEKOBYHO CTPYKTYPY AaHHbIX, KOTOpas NnoapobHo obcykaanack Bo
emopoli enase «Cmpykmypel 0aHHbIX, UCMOb3YeMblie 8 an20pummax». NOMHUTE, YTO CTEK OCHOBaH Ha
npuHyune «MocnegHuii Bowén — nepsblid Bbiwen» (LIFO). 3To oTiMyaeTcs oT ouepeam, Kotopan
ucnosb3oBanacb A1 BFS, u paboTaet no npuHumny First In, First Out (FIFO). na DFS ncnonbsyeTca cneayroLmia
Ko

def dfs(graph, start, visited=None) :

ecqan visited — None: visited = set ()

visited.add(start) print(start) nns

next in graph[start] - visited:

dfs (rpaduk, cremyommi,
NOCeWmEHHE) Bo3BpalmeHue MNOCEeTeHO

[aBaliTe CHOBa MCNO/b3yeM CNeAyIOLWMI KOg, ANA NPOBEPKN panee onpemen&HHON byHkuym dfs:

graph={ 'Amin' : {'Wasim', 'Nick', 'Mike'},
'BacuMm': {'Vmvpan', 'Amunu'},
'Mmpan' : {'Bacum', '®apac'},
'Faras' : {'Imran'},
'Mike' :{'Amin'},
'Nick' :{'Amin'}}

Ecnmn 3anyCTUTb 3TOT aJICOPUTM, pe3ynbTaT 6y,qu BbIMA4ETb Cheayrowmnm o6pa30M:
Out[94]: {'Amin', 'Faras', 'Imran', 'Mike', 'Nick', 'Wasim'}

[aBaiitTe pacCMOTPMM MCHEPMbIBAIOLLYIO CxeMy 06x04a 3TOro rpada ¢ nomoLbio metogonorum DFS:

A. Tepaumna HauMHaeTcA € BepxHero y3na — AmMuHa.

b. 3aTem nepexoauT Ha BTOPOW ypoBeHb — Bacum. OTTyAa OH ABMXKETCA K HUKHUM YPOBHAM, NOKa He
JocTturaet KoHua — y3nos MmpaH n dapec.

B. Mocne 3aBeplieHnA NepBoi NOHOM BETKM OH BO3BPALLLAETCA HAa3af, a 3aTeM HanpaBAAeTCcA Ha BTOPOM
YPOBEHb, YTO6bl HaBecTUTb H1Ka n Maitka.

Cxema nepemelleHMA NOKasaHa Ha caenyoWwemM PUCYHKe:
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O6patuTte BHUMaHMe, YTo DFS MOXXHO UCNONb30BaTh U B AepeBbaX.Tenepb PaCCMOTPUM KeWc-CTagm, KOTOpPbI
obbAcHAET, Kak obcykAaemMble B 3TOW rnaBe KOHLENLMU MOTYT 6bITb MCMONL30BaHbI ANA PELleHNA peanbHbIX
npobnem.

Kelc-cTaan — aHaNMTMKa MOLLIEHHUYEeCTBa

[aBaliTe NOCMOTPUM, KaK Mbl MOXKeM MCNoAb30BaTb SNA A1 BbiABAEHUA MOLLEeHHUYecTBa. [TOCKONbKY Ntoan —
COLMaNbHble CYLLEeCTBa, Ha Ye/I0BeYeCKoe NoBeeHNe BAUAIOT OKpyrKatolwme Tebs ntogun. Choso «romodunana»
66110 BBEAEHO A7 0603HaYEHMUA BAUAHUA UX COLMANIbHOM CETU Ha YesloBeKa. Paclumpsas 3Ty KOHLenumto,
romoduabHan ceTb — 3To rpynna Ntogen, KoTopble, CKopee BCero, acCoLUMUpPYHTCA APYT C APYFOM MO KAKOMY-TO
obuwemy dakTopy; Hanpumep, MmeTb 04MHAKOBOE MPOUCXOXKAEHNE UAN X066U, BbITb YaCTblo O4HOM GaHAbI NN
OZHOrO YHMBEPCUTETA, MK KaKoe-To codeTaHne Apyrnx Gpaktopos. ECamM Mbl XOTMM NpoaHann3mMpoBsaTtb
MOLLEHHMYECTBO B rOMO(UNbHOM CETU, Mbl MOXKEM BOCMO/1b30BaTbCA OTHOLIEHUAMMU MeXAy pacciedyemblim
NLOM U APYTUMM YYaCTHUKAMM CETU, Yel PUCK Y4aCTUA B MOLLEHHUYECTBE Y3Ke TLLaTeIbHO paccunTaH. MomeTky
Ye/IoBEKa M3-3a €ro KOMNAaHNM MHOTAA TaKKe Ha3blBaOT YyBCTBOM BUHbI NO accouuaumun. Ytobbl NOHATL NpoLecc,



[aBaiiTe CHa4yana PacCMOTPUM MPOCTOM cayYait. 1A 3TOro UCNob3yem CeTb C AEBATHIO BEPLWMHAMM U BOCEMbIO
pébpamu. B 3TOM ceTu YeTbipe BEPLUNHbI ABAAIOTCA U3BECTHLIMMU C/TYYaaAMU MOLIEHHUYECTBA U
KnaccuduumMpyoTCa Kak molueHHUYecTBo (F). MAaTepo M3 ocTaBLUMXCA N0AEN HE MMEIOT UCTOPUM MOLLEHHMYECTBA
N Knaccupuumpytotca Kak HemolueHHundeckune (NF). Mbl Hanuwem Koz, co cieayowmmMmm lWaramm ansa reHepawum
aToro rpada:

1. NaBainTe UMNOPTUPYEM Te MOCbIIKM, KOTOPbIE HAM HYKHbI:

VvnopTupoeaThk networkX xaxk NX,
nMnopruposaTh matplotlib.pyplot
xkak PLT

1. OnpepennTb CTPYKTYPbI AaHHbIX Bepmms U pé&bep :
BEPWMVHE = IajbHOCTH (1,10)
p&€bpa= [(7,2), (2,3), (7,4), (4,5, (7,3), (7,5, (1,6),(1,7),(2,8),(2,9)]

1. [laBanTe CHa4ana co3gaanm rpadmk:

G = nx. Graph()

1. Tenepb Hapucyem rpaduk:

G.add nodes from(BepmnHe)

G.add edges from(péfGpa) pos=nx.spring layout (G)
1. Onpegenvim y3nbl NF:

nx.draw_networkx nodes( G,pos,
nodelist=[1,4,3,8,9],
with labels=True, node color='g', node size=1300)

1. Tenepb ,a,aBaﬁTe COo34aanM y31bl, U3BECTHbIE KaK NPUYaCTHble K MOLWWEHHNYECTBY:
nx.draw_networkx nodes (G,pos, nodelist=[2,5,6,7],
with labels=True, node_color='r', node size=1300)

1. [laBaiTe co3gaanM MeTKM ANA Y3/10B:
nx.draw_networkx edges (G,pos,edges,width=3,alpha=0.5,edge color='b') wmerxu={} wmeTxkm[l]=r'l NF'
nx.draw_networkx labels (G,pos, labels, font size=16) Ilocne BbINOJ/IHEHNA NpeAblayuero Koga OH NOKaXkeT

rpaduK cnepyrowero:



PucyHoK 5.x:

O6patuTe BHUMaHUE, YTO Mbl YXKe NPOBeaU NoAPO6HbIN aHaAM3, YTobbl KnaccuduUMpoBaTb KaxKabli y3en Kak
rpad unm Herpad. NMpesnonoxum, 4To Mbl fo6aBNASEM B CETb €LLE OAHY BEPLUMHY C HA3BAaHUEM (], KaK MOKa3aHo
Ha cnesyowem pUCyHKe. Y Hac HeT npeagsapuTesibHOM MHOPMAaLMM 06 3TOM YeNloBEKE U O TOM, MPUYACTEH N
OH K MOLUEHHMYECTBY AN HET. Mbl XOTUM KnaccuduLMpoBaTb 3TOro YesioBeka Kak NF uan F Ha ocHoBe ero
CBA3€eM C CYLLeCTBYHOLLMMM YH4aCTHUKAaMM COLMANbHOMN CeTun:



PucyHokK 5.x:

MbI pa3paboTanu gsa cnocoba KnaccmduumpoBaTb 3TOr0 HOBOTO YEN0BEKA, NPEACTaBIEHHOTO Y3/10M (, Kak F
man NF:

Mcnonb3oBaHWe NPOCTOro MeToAa, He UCMO/b3YIOLWEro METPUKM LLEeHTPaIbHOCTU U IONOHUTE/IbHOM
MHbOPMaLMM O TUNE MOLLUEHHMYeCTBa. Micnoib3oBaHMe METOA0/10MMKN CTOPOXKEBOM DALHN — NPOABUHYTON

TEXHUKM, UCNO/b3YIOLLENA METPUKM LLEHTPAIbHOCTU CYLLECTBYHOLIMX Y3/10B, @ TaKKe AOMNONHUTE/bHYO
NMHbOPMaLMIO O TUNE MOLLUEHHUYECTBA

Mbl nogpo6HO 06CcyanMm KaxKablii MeTog,

MpoBeaeHMe NPOCTON aHANUTUKM MOLIEHHUYECTBA

MpocTas TeXHWKA aHa/IMTUKN MOLLEHHUYECTBA OCHOBAHA Ha NPeANo0XKEeHUN, YTO B CETU NOBEAEHME YENOBEKA
3aBMCWT OT JII0ZEMN, C KOTOPbIMM OH CBA3aH. B ceTu ABe BepLUMHbI C 60bLLE BEPOATHOCTHIO NPOSABAAIOT MOXOXKee
noBeAeHne, eCAN OHW CBA3AHbI APYT C APYrom. Mcxoan 13 3Toro npeanonoxeHns, Mbl paspabartbiBaem NpocTyto
TEXHUKY. EC/IM Mbl XOTMM HalTK BEPOATHOCTb TOrO, YTO ONpeaenEHHbINA y3en a, NPUHaANEXUT F, BepOATHOCTb
npeacrtasneHa Kak P(F/q) v BbluncaseTcs cieayowmm o6pasom:

1
degree Z w(n, ;) DOShormatized;
g 4 n;€Neighborhood,, |class(n;)=F

P(F|q) =



MpuMeHMM 3TO K Npeablayliemy pucyHRy, rae Neighborhoodn npeacrasnseT okpecTHOCTb BeEpLWMHbI N, a w(n, nj)
— Bec CBA3M mMexXay N 1 nj. Kpome Toro, cteneHb g — 3TO CTeNeHb y3/1a . Toraa BeposATHOCTb Bbl4MCAAETCA

cneayowmm obpasom:
Flq) = =z =-

CornacHo 3ToMy aHaM3y, BEPOATHOCTb Y4aCTMA 3TOrO YENOBEKA B MOLIEHHMYecTBe cocTaBnsneT 67%. HykHo
yCTaHoBUTb nopor. Ecav nopor 30%, TO 3TOT Ye/I0BEK BbILE NOPOroBOro 3HAaYEHMA, U Mbl MOXKEM C YBEPEHHOCTbIO
OTMETUTb ero Kak F. ObpaTuTe BHUMaAHWE, YTO 3TOT NPOLLECC HY)KHO NOBTOPATH AJ1A KaXKA0ro M3 HOBbIX Y3/10B B
cetu. Tenepb AaBaiTe pacCMOTPUM NPOABUHYTLIM CNOCOH6 NpoBEeAEHUSA aHANUTUKM MOLLEHHNYECTBa.

MNpeseHTauua MeToAoN0rMN aHA/IMTUKU MOLLEHHMYECTBA B CTOpO)KeBOﬁ bawHe

Mpeabliaywan, NpocTana TEXHNUKA aHan3a MOLEHHMYECTBa UMEET c/ieaytolmne ABa OrpaHNYeHuna:

OHa He OUeHMBAET BAa*KHOCTb KaXaoMm BepLWKnHbI B coumanbHom cetn. Ceasb Xa6OM, BOBJIEYEHHbIM B

MOLUEHHNYECTBO, MOXET MMETb UHble NOC/NeACTBMA, YEM OTHOLLEHMA C YAANEHHBIM, N30IMPOBAHHbIM

.

yesnoBekom. Korga mbl 0603HaYaeM KOro-To Kak M3BECTHbIN CﬂyanI mMouweHHun4yecTBa B Cyu.LeCTBYIOU.LeVI

CETU, Mbl HE YYUTbIBAEM TAXKECTb NPECTyn/1eHnA.

MeTo4,0/10rMA aHAIMTUKM MOLLEHHMYECTBA B CTOPOXKeBOM HallHe peLwaeT 3T1 aga orpaHudyeHns. CHavana
[laBaiiTe PAaCCMOTPUM HECKOJIbKO KOHLENUMIA.

OueHKa oTpULUaTeNbHbIX Pe3yNbTaToB

EcAm M3BECTHO, YTO YeNOBEK YYaCTBYET B MOLIEHHMYECTBE, Mbl FOBOPMM, YTO ¥ HErO eCTb HeraTUBHbIe
nocneacTeua. He Bce HeraTMBHbIE NOCNEACTBMA O4MHAKOBO CEPbEIHbI AN TAXKENbIE. YeN0BEK, N3BECTHbIN TEM,
4TO BbIAAET cebsA 3a 4PYroro Yenoseka, CTONKHETCA ¢ 6oee cepbE3HbIMM HEraTUBHbIMM MOCNEACTBMAMM, NO
CPaBHEHMIO C TEM, KTO NPOCTO NbITAETCA MCMO/b30BaTb MPOCPOYEHHYIO MOAAPOUHYIO KapTy Ha $20
MHHOBALMOHHbIM Crocobom, 4Tobbl caenatb eé gencrteutensHon. OT 1 4o 10 Mbl OLLEHUBAEM Pas/iMyHble
HeraTMBHbIE Pe3y/bTaTbl Cleayowmm obpasom:

OTpuuaTenbHbIA UCXoa OTpuuaTenbHbIA pe3ynbraTt
MopparkaHune 10

YyacTue B Kparke KpeauTHbIX KapT 8

MopaenbHbIN Yek 7
CyammocTtb 6
Het 3anucei 0

O6paTVITe BHMMaHWe, YTO 3TN OLEHKHN 6y,qu OCHOBaHbl Ha Hallem aHanunse cayvyaes MOLWLEHHNYECTBA U UX
B/IMAHUN Ha OCHOBE NUCTOPUNYECKUX AAHHDbIX.

CreneHb Nnogo3peHma



CreneHb nopo3peHus (DOS) KonnyecTBeHHO onpeaenseT Hal yPoBEHb NOAO3PEHUIN, YTO YE/IOBEK MOXKET ObITb
npuyacteH K moweHHuyecTsy. 3HadeHne DOS 0 03HayYaeT, YTO 3TO YE/TOBEK C HU3KMM PUCKOM, a 3HaveHne DOS 9
— YTO 3TO YEJIOBEK C BbICOKMM PUCKOM. AHAIN3 UCTOPUYECKUX AAHHBIX MOKa3bIBaeT, YTO NpodeccnoHanbHble
MOLLEHHWKM 3aHMMAIOT BaXKHbIE NO3ULMU B CBOMX COLMANbHBIX CeTAX. YTOObI BKOUNTL 3TO, CHavyana mbl
BbIYMCNIAEM BCE YETbIPE METPUKU LLEHTPA/IbHOCTU KaXKA0W BEPLUMHbLI B HALLeW ceTu. 3aTem Bepém cpeaHee
3HaYeHWeE 3TUX BEPLUMH. ITO OTPAXKAET BaXKHOCTb KOHKPETHOTO YesioBeKa B CETU. ECnM YyenoBek, CBA3AHHbIN C
BEPLMHOM, 3amMeLlaH B MOLIEHHMYECTBE, Mbl UIIOCTPUPYEM ITOT HEraTUBHbIN UCXOZ, OLeHMBAs ero no 3apaHee
3aZ@HHbIM 3HAYEHMAM, YKa3aHHbIM B Npeablaywien Tabaumue. ITo AenaeTtca Tak, YTobbl TAXKECTb NPecTynieHns
OTpakanacb B LEHHOCTU Kaxgoro otaenbHoro DOS. HakoHeL, Mbl yMHOXaem cpefHee cpeaHee MeTpUK
LEHTPA/IbHOCTN 1 OTPULLATE/IbHbIN Pe3yibTaT, YTobbl NoAYyYnTb 3HaYeHne DOS. Mbl Hopmanmsyem DOS, aens eé
Ha MaKcMmanbHoe 3HavyeHue DOS B cetu. Paccuntaem DOS s KaxKAoro U3 AeBATH Y3108 NpeablayLiei cetu:
Ysenl Ysen 2 Ysen 3 Ysen 4 Ysen 5 Y3en 6 Ysen7 Y3en 8 Ysen 9

CreneHb 0.25 0.5 0.25 0.25 0.25 0.13 0.63 0.13 0.13

LleHTpanbHas ponb

MpomerkyTtouHocTtb 0,25 0.47 0 0 0 0 0.71 0 0

bansoctb 0.5 0.61 0.53 0.47 0.47 0.34 0.72 0.4 0.4

CobcTBeHHbIV BekTOp  0.45 0.36 0.32 0.32 0.08 0.59 0.16 0.16

0,24

CpegHue 3HaveHnA 0.51 0.29 0.26 0.26 0.14 0.66 0.17 0.17
0.31

LleHTpanbHas ponb

MeTpukmn

OTpuuatensHaa 0 6 0 0 7 8 10 0 0

PesynbraT

DOS 0 3 0 0 1.82 11 6.625 0 0

HopmanusosaHo 0 0.47 0 0 0.27 0.17 1 0 0

DOS

Karkablii U3 y37108 M MX HoOpmanunsosaHHaa DOS NokasaHbl Ha CeayioLLEeM PUCYHKeE:



QS=0

PucyHokK 5.x:

Ons Bblunmcnerna DOS HoBoro f06aBAEHHOIO y3/1a Mbl UCNOb3YEM CeaytoLLyto Gopmyny:

DOSk = # Z w(n, nj)DOSnormalizedj

deg reek n;j€Neighborhood,

Mcnonb3ya cooTBETCTBYOWME 3HAaUYEeHMA, Mbl Bblumcanm DOS cnegytowmm obpasom:

0+ 1+ 0.27
DOSy = 3 = 0.42

370 ByAeT yKasblBaTb Ha PUCK MOLLUEHHWYECTBA, CBA3AHHOTO ¢ AobaBieHnem HOBOrO y3ia B cucTemy. 310
O3HayvaeT, YyTo no wkKasne ot 0 ao 1y atoro yenoseka DOS-3HaveHune 0,42. Ana DOS MOXKHO co3aaBaTh pasHble
rpynnbl PUCKOB, Cieayowmm o6pasom:

3HaueHue KnaccnpuKauum pucka DOS
DOS=0 bes pucka
0<D0S<=0.10  Hwu3KK pUck
0.10<D0S<=0.3 CpegHuii p1CK



D0S>0.3 BbICOKMI pUCK

Mcxoana U3 aTUX KpUTEPUEB, MOXKHO YBUAETb, YTO HOBbIN YENIOBEK OTHOCUTCA K rpynne BbICOKOTO PUCKa U AONKEH
6bITb 0TMeYeH. O6bIYHO NPU NPOBEAEHUN TAKOrO aHa/IM3a BpEMEHHOE 3MepeHUne He 3aaencTeyeTca. Ho ceituac
CYLLLECTBYIOT NPOABMHYTbIE METOAbI, KOTOPbIE M3YYatOT POCT rpaduKa co BpemeHem. ITo NO3BOAAET
nccnenoBaTeiaM M3yvyaTb B3aMMOCBA3b MeXAY BEPLUMHAMM MO Mepe Pa3BUTMA ceTu. XOTs TaKoW aHanms3
BPEMEHHbIX PAA0B Ha rpadax 3HAYUTE/IbHO YCOKHUT 3a4a4y, OH MOXKET AaTb AOMONHUTE/IbHOE MOHMMAHWE
[0Ka3aTeNbCTB MOLIEHHNYECTBA, KOTOPOE MHaYye 6bi10 6bl HEBO3MOKHO.

KpaTKkoe cogeprkaHue

B 3TOl rnaBe Mbl y3Ha/IM O a/iIrOPUTMax Ha ocHoBe rpadoB. B 310 rmMase MCMo/b30BaNNCh PA3/INYHbIE METOAbI
npeacTasneHuns, Noncka n 06paboTKM AaHHbIX, MPEACTaBAEHHbIX B Buae rpados. Mbl TakKe pa3Buin HaBblKK
L1151 BbIYUCNEHUA CAMOTO KOPOTKOTO PACCTOAHUA MEXKAY ABYMA BEPLIMHAMM W MOCTPOMUIN OKPECTHOCTU B HALLIEM
NpPo61eMHOM NPOCTPAHCTBE. 3TV 3HAHUA AO/KHbI MOMOYb HAaM MUCMO/Ib30BaTh TEOPUIO rPadoB ANA peLleHus
TaKMX 334,34, Kak 06HapyKeHWe MoLleHHMYecTBa. B cnepytowelt rase mMbl COCPEAOTOUMMCSA Ha Pa3/INYHBIX
aNropuTMax malliMHHOro obyyeHuns 6e3 Haasopa. MHorve TeXHUKM UCNOAb30BaHMA, 0bCy»Kaaemble B 3TOM r1aBe,
[AONOHAIT aNropuTMbl 0byyeHns 6e3 Haa3opa, KoTopble ByayT NoAPO6HO pacCMOTPEHbI B CNeAyoWwel rase.
O6HapyrKeHMe [0Ka3aTeIbCTB MOLLEHHNYECTBA B Habope AaHHbIX — NPUMEpP TaKMX C/ly4aes UCNOAb30BaHMUA.

OceanfPDF.com
Pasgen 2: Anropntmbl MalWWMHHOIO 00yYeHus

B sTom pasaene nogapobHo 06bACHAIOTCA Pa3/iMUHbIE TUMbl ANTOPUTMOB MALUMHHOMO 0BYYeHUA, TaKMe Kak

a/IfOPUTMbl HEKOHTPOIMPYEMOTO MaLIMHHOTO 0BYyYeHMs 1 TPAAMLMOHHbIE a/ITOPUTMbI C KOHTPOIMPYEMbIM
obyueHnem, a TakKe NpeacTaBieHbl aNropuTMbl 06paboTKM ecTecTBEHHOrO A3blKa. Pa3gen 3akaHumBaeTcs
3HAKOMCTBOM C PEKOMEHAATENbHbIMW CUCTEMaMM. [1aBbl, BKAOYEHHbDIE B 3TOT pasaen, cneaytolime:

® [nasa 6, Ancopummel MawuHHO20 0byyeHuUs 6e3 Had3opa

nasa 7, TpaduyuoHHbIe an20pummsl KOHMPOAUPYyemMo2o 0byyeHus
Inasa 8, Anzopummsl HelipoHHbIx cemeli

+ [nasa 9, Anzopummel 06pabomku ecmecmeeHHO20 A3bIKA

Inasa 10, [suxKu pekomeHOayuli

6 HeKoHTponpyemble anropuTMmbl MaLLUHHOIO 06yYeHUsA

MpucoeaunHanTeck K Discord-npocTpaHCTBY Halen KHUMM

https:// packt.link/40Algos
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3Ta rnaBa NocBALWEHA aITOPUTMAM MALWKUHHOIO 0byvyeHns 6e3 Haa3opa. [MaBa HAauYMHAETCA C BBEAEHUA B TEXHUKMU
ob6yuyeHua 6e3 Hag3opa. 3aTem Mbl y3HaeM O ABYX aZIFOPUTMaX KNacTepusaLnn: nepapxmieckom
KnactepupoBaHum k-cpeagHux n anroputmax DBSCAN. B cnegytowem pasgenie pacCMaTpmMBaeTcs airoputm
YMeHbLUEHUWA Pa3MEPHOCTH, KOTOPbIN MOKeT 6biTb adpdekTnBeH Npm 60NbLIOM YKCae BXOAHbBIX NEPEMEHHDIX.
Cnepytowwmii pa3gen NoKasblBaeT, KaK HEKOHTPOIMpyemoe 0byyeHe MOKET UCNOIb30BaTbCA A1A 06HapyKeHUA
aHOMaNM. HakoHeLl, Mbl PaCCMOTPUM OAHY M3 CaMblX MOLLHbIX METOA0B 00yyeHMA 6e3 Hag3opa — MalHUHT No
npasuaam accoumaumii. B aTom pasgene TakxKe 06bACHAETCA, KaK 3aKOHOMEPHOCTH, BbIIBIEHHbIE NPWU aHaM3e
npasua accoumnaLmii, NpeacTaBaAOT UHTEPECHbIE B3aMMOCBA3M MEXAY Pa3MYHbIMU 31IeMEHTAMM AaHHbIX B
pasHbIX TPAH3aAKLUMAX, YTO MOXKET NOMOYb HaM B NMPUHATUM PELLUEHWNI HAa OCHOBE AaHHbIX. K KOHLY 3TOM rnasbl
yuTaTeNb AOIKEH NOHATb, Kak 0byyeHMe 6e3 Haf30pa MOXKET ObITb MCMO/Ib30BaHO A/1A PELIEHUA PeaNbHbIX
3agay. YuTtatenb NoMmET 6a3oBble aAropuTMbl U METOA0/0TMM, KOTOPbIE B HAacToALLEe BPEMA UCNO/b3YIOTCA ANA
06yyeHuAa 6e3 Hag3opa. B 3Tol raBe Mbl PaCCMOTPUM CeaytoLme TEMbI:

O6yueHue 6e3 Hag3opa
ANropuUTMBbI KNnactepusaumm
. YmeHblieHWe pasmepHOCTy

o ANropuTMbl 0BHapPYKEHWA aHOMaNNA
Accoumaumsa ynpasnseT fobblueit NonesHbIX MCKoNaemMblxX

BeeaeHue obyyeHna 6e3 Hag3opa

Camoe npocToe onpeaeneHne HEKOHTPOANPYEMOro 0bydeHMs 3aKN0HAETCA B TOM, YTO 3TO NPOLLECC CO34aHUA
HEKOTOPOW CTPYKTYPbl HECTPYKTYPUPOBAHHbIX AAaHHbIX NYTEM 0BHAPYKEHUA U UCNONb30BAHMUA NPUCYLLUX UM
3aKOHOMepPHOCTAM. ECnu AaHHbIe He MPOU3BOAATCA CNyYaHbIM NPOLLECCOM, MEXAY 31eMEHTaMM AaHHbIX B
MHOTOMEPHOM MPOCTPAHCTBE 33Jay byayT MMeTb onpeaenéHHble 3aKOHOMEPHOCTU. AITOPUTMBI
HEKOHTPOMPYEMOro 0byyeHns paboTatoT, 0OHapYKMBaAA 3TM WABNOHbI U UCNOAL3YA UX AJ1A CO34aHUA CTPYKTYPbI
Habopa AaHHbIX. OTO NOHATME NOKa3aHO Ha cneaylolelt guarpamme:

e — e ——
2
o e
———Unsupervised Learning E > i Structured
Unstructured
Data
Data

O6paTnTe BHUMAHME, YTO HEKOHTPOMPYyemoe 0bydeHne A06aBASET CTPYKTYPY, OTKPbIBAA HOBblE 0COBEHHOCTH
U3 CyLLLeCTBYIOLWMX WabNoHOB.

HeKOHTpOﬂMpyeMOG O6Y‘-I€HM€ B XU3HEHHOM UHUKNE MaWHWHra AaHHbIX

Y106bI NOHATL POSIb 0OYYeHMA 6e3 Haf30pa, BaXKHO CHaYa a PacCMOTPETb 06N }KU3HEHHDBIN LIMKA NpoLecca
MalHWHIra AaHHbIX. CyLLEeCTBYIOT pa3inyHble METOA0/10TUKN, KOTOPbIE AENAT XKU3HEHHbIV LMKA Npouecca aHaAnsa
JaHHbIX Ha HE3aBMCUMbIE CTaguMK, HasbiBaeMble ¢pa3amu. B HacTosLLee Bpemsa CyLeCcTBYIOT ABa NOMNYAAPHbIX
cnocoba oTobpaxKeHUA KUIHEHHOTO UMKAA MalHUHIA AaHHbIX:

®  YKusHeHHbI uuKkn CRISP-DM (MeskoTpacneBoi cTaHAapTHbIN npouecce ans

aHaNN3a AaHHbIX)
Mpouecc aHanu3a gaHHbix SEMMA (Sample, Explore, Modify, Model, Access)



BK/1lt04aA

CRISP-DM 6bin pa3paboTaH KOHCOPLUUYMOM MaliHEPOB AaHHbIX, MPUHAANEKALLMX PA3/IMYHBIM KOMNAHUAM,

Chrysler n SPSS (CTaTUCTUUYECKMIA NaKeT A4NA CouManbHbIX HayK). SEMMA 6bin1a npeanoskeHa cuctemoi
CTaTUCTUUYECKOro aHanusa (SAS). [laBaliTe pacCMOTPMM OAHO M3 3TUX ABYX NPEACTaBNEHNIN XU3HEHHOTO UMKAA

MalHWHra aaHHbIx — CRISP-DM — 1 nonpobyem NoHATb POJib HEKOHTPOIMPYEMOTO 06yYEHMA B XU3HEHHOM

LUMKAe MaHWHIa AaHHbIX. O6patnte BHMMaHue, 4to y SEMMA ecTb Noxoue aTanbl }KU3HEHHOTO umMKna. Ecam
NOCMOTPETb Ha KMU3HEHHbIN UuMKA CRISP-DM, MOXKHO YyBUAETb, YTO OH COCTOUT M3 WIECTU Pa3/INYHbIX das,
NMOKa3aHHbIX Ha C/ieaytoWwem PUCyHKe:

Unsupervised Learning

Phase 1:START:
Business Understanding | | Hagez Data
g Data Understanding
Phase 3:
Data Preparation
I}& .. Data Engineering
7
Phase 6: End: ; Phase 5: \ f
Deployment W-No-- Evaluation A
Phase 4:
Modelling

Supervised Learning

[JaBalite pa3bepémcs no Kaxkgomy sTany:

« ®a3a 1: MoHMmaHue 6usHeca: 310 cbop TpeboBaHM U NONbITKA IYHOKO NOHATL NPo6eMy € TOUYKU 3peHuns

6usHeca. OnpegeneHme o6bEma 3a4aum 1 NpasuabHan eé GopmMyIMpPoBKa B COOTBETCTBMM C MOMOLLbIO
MaLWunHHOro obyyeHuns (ML) — BarkHas YacTb 3TOro 3Tana — Hanpumep, 4Ns 3a4a4n 6UHapHoOM

KnaccuduKaumm nHoraa nonesHo GopmynnposaTb TpeboBaHNA B TEPMUHAX TMMNOTE3bl, KOTOPYIO MOXHO

[O0Kas3aTb UM OTBEPrHyTb. ITa ¢a3a TaKXXe noceAlleHa JOKYMEHTUPOBAHUIO O)KVI,CI,aHVIﬁ OT moaenun

MaLWMHHOro 0by4YeHus, KoTopas byaeT 0byyaTbes Ha aTane 4 — Hanpumep, 414 3a4a4mn Knaccudurkaumm
HeobXxoAMMO 3aJ0KYMEHTUPOBATb MUHUMA/IbHO MPUEMIEMYIO TOYHOCTb MOZE/U, KOTOPYHO MOXKHO
MCNoNb30BaTb B NPOU3BOACTBE.

BakHO OTMeTUTb, YTo NepBas ¢asa KnsHeHHoro unkna CRISP-DM nocesieHa NoHMMaHWUIO 6UsHeca.
OHa cocpeaoToUYeHA HA TOM, YTO HYXKHO CAEeNaTh, @ HE HAa TOM, KaK 3To byaeT caenaHo.

« ®aza 2: MoHMMaHue faHHbIX: Peub MAET O NOHMMaHMM AAHHbIX, AOCTYMHbIX 417 aHaAM3a AaHHbIX. Ha aTom
aTane Mbl BbIACHUM, LLOCTYMHbI M NOAX04ALME HaboPbl AaHHbIX 410 3343a4M, KOTOPYIO Mbl NbITaemcs

pewunTb. Nocne naeHTMdMKaLmMm HabopoB AaHHbIX HYXKHO MOHATb X KA4ECTBO M UX CTPYKTYPY. Ham HyXHO



BbIACHUTb, KaKMe 3aKOHOMEPHOCTU MOXKHO M3B/IeYb U3 AaHHbIX, KOTOPbIE MOTEHLMANLHO NPUBEAYT Hac K
Ba*KHbIM MHCANTAM. Mbl TaK}Ke NOCTapaemcs HalTU NOAXOAALLYHO XapaKTEPUCTUKY, KOTOPYH MOMXKHO
MCMNONb30BaTb B KayecTBe METKU (MM LLeNeByto NepemeHHYIo) B COOTBETCTBMM C TpeboBaHMAMMU,
cobpaHHbiMK B Paze 1. Aaroputmbl 06yueHns 6e3 Haa30pa MOTYT CbIrpaTb BaXKHYHO POJib B AOCTUNKEHUM
ueneit BTopoi dasbl. HEKOHTPOAMpPYEMblE aIFTOPUTMbI MOTYT UCMO/1b30BATLCA AR CNEAYIOWMX LeNen:

YT106bI 06HAPYKMUTb 3aKOHOMEPHOCTU B Habope AaHHbIX

MoHATL CTPYKTYPY Habopa AaHHbIX NYTEM aHa/IM3a 06HAPYKEHHbIX

3aKOHOMepHoCTeN [11a BbIABNEHUA UK BbIBOAA Le/IEBOM NepeMeHHOMN

®aza 3: MoarotoBKa AaHHbIX: Peyb MAET O NOAFOTOBKE AaHHbIX A4/1A MOAEIM MALUMHHOTO 0byYeHus,

KOTOpyto Mbl byaem oby4yate B Pase 4. UMmetoLmecs MapKUPOBaHHbIE AaHHbIE AENATCA Ha ABe HepaBHble

YyacTu. bosbluan YacTb HasbiBaeTCs 06yyalOLWMMKN AAHHBIMU U UCMO/Ib3YETCA ANA 00y4YeHMA MOAENM Ha

aTane 4. MeHblUas 4acTb Ha3bIBAETCA TECTOBbIMU AaHHbIMU U UcNoNb3yeTcs B Pase 5 ana oueHKN mogenu.

Ha aTom 3Tane aAropuTmbl MaWMHHOIO 0byyeHus 6e3 Haa3opa MoryT 6bITb

NCMNONb3YeTCA KaK MHCTPYMEHT 419 NOATOTOBKM AaHHbIX — HanpuUMep, UX MOXHO npeobpasoBaTb

HECTPYKTYPUPOBAHHbIE AaHHble B CTPYKTYPUPOBaHHbIE, NPeAOCTaBAAA AONONHUTEbHbIE U3MEPEHUS,

nonesHole Ana obyyeHma mogenu.

« ®a3a 4: MoaenupoBaHue: ITo 3Tan, KOr4a Mbl UCMO/b3YEM KOHTpOMpyemoe obyyeHne ana GbopmmpoBaHua
BbIAB/IEHHbIX 3aKOHOMepHOoCTeW. OT HacC 0XXUOAeTCA YCneLwHan NOAroTOBKa AAaHHbIX B COOTBETCTBUM C
TpeboBaHMAMM BbIBPAHHOIO aITOPUTMa KOHTPOIMPYeMOro obyyeHua. Ha sTom atane Takke byaet
naeHTndULMPOBaHa KOHKPeTHaA 0cobeHHOCTb, KoTopas byAeT UCNO/Ib30BaTbCA B KayecTse MeTKU. B
TpeTbelt dpase Mbl pasgennan faHHble Ha TeCTOBble U 0byyatowme Habopbl. Ha aTom aTane mbl opmupyem
mMmaTemaTnyeckme GopMyInpPoBKK, YTODbI NPEACTaBUTb B3aMMOCBA3W B MHTEPECYIOLWMX HAM NaTTepHax. 3To
AOCTUraeTcs NyTém 0byYyeHna MoAen C UCNOb30BAHWEM 0OYYatOLWMX AaHHDBIX, CO34aHHbIX Ha aTane 3. Kak
YK€ YNOMMHANOCh, NOlyYeHHaA MaTemaTnyeckan GopmyanpoBKa byaeT 3aBuceTb OT Bbibopa anroputma.

« ®a3a 5: OueHKa: 3Ta dpa3a NocBALWEHA TECTUPOBAHUIO HOBOW 06y4eHHOM MOAEN C UCNO/b30BaHNEM
TecToBbIX AaHHbIX Pa3bl 3. Eciv oLeHKa COOTBETCTBYET OXKMAAHUAM, YCTaHOBAEHHbIM B ®Pase 1, To Ham
HY}XHO NPOMTK BCe NpeaplayLLme 3Tanbl 3aHOBO, HauyMHaA ¢ Pasbl 1. ITo NoKa3aHO Ha NpeablayLem
nsobpaxeHuu.

« 371an 6: BHegpeHue: Ecnn oLeHKa COOTBETCTBYET UM NPEBOCXOAMUT OXKUAAHUA, OnucaHHble B Pase 5,
0by4yeHHas moaenb BHeAPSAETCS B MPOM3BOACTBO M HAYMHAET reHePMpPOBATL pelleHne Npobiemsl,
onpeaenéHHon B dase 1.

Itanbl 2 (MoHMMmaHMe gaHHbIX) M Pa3a 3 (NoAroToBKa AaHHbIX) }KU3HeHHOro uuKkna CRISP-DM noceseHsl
NOHMUMaHMIO AaHHbIX U UX MOAFOTOBKE K 0BYyYeHUI0 MoAenn. ITU 3Tanbl BKAOYAOT 06paboTKy AaHHbIX.
HekoTopble opraHn3aumm HAaHMMAOT CNEeLMaINCTOB ANA 3TOro 3Tana UHXKeHepun AaHHbIX. O4eBMAHO, YTO
npouecc NpeanoXKeHma pelleHnsa npobaembl NONHOCTbIO OCHOBAH Ha AaHHbIX. [Ana dopmynnpoBku
paboTocnocobHOro pelleHna UCNob3yeTca CoYeTaHe KOHTPOIMPYEMOTO U HEKOHTPOIMPYEMOTO MaLINHHOTO
06yyeHusA. B 31Ol rnaBe BHUMaHMWe yaenseTcs YacTu peLleHmns, CBA3aHHoM ¢ obyyeHnem 6e3 Haasopa.
NHKeHepus AaHHbIX BKAOYaeT $asbl 2 U 3 U ABNAETCA CamMOol TPYL0EMKOM YacTbio MalMHHOIO 0byyeHuA. 3T
MOKET 3aHATb A0 70% BpeMeHu 1 pecypcoB TMNn4Horo ML-npoeKkTta. ANropuTmbl HEKOHTPOAUPYEMOTO 06yUYeHns
MOTYT UrPATb BaXKHYIO PO/ib B UHXKEHEPUW AaHHbIX. B cnepytowmx pasgenax npuseaeHa A0ONOJHUTEbHAA
MHPOPMaALMA O HEKOHTPOANPYEMbIX aITOPUTMAX.

TeKylwue TeHAEeHUNM nccnegoBaHnUM B 061aCTU HEKOHTPOAMPYEMOTO 0byyYeHums

B TeyeHMe MHOMUX NeT nccaenoBaHMA aAropmMTMOB MaLLIMHHOMO 06y‘4€HMF| 6b11m 6onblue cocpegoTo4eHbl Ha
meTogax O6y‘49HMﬂ noAa Haa3opom. MocKonbKy meToabl 06y‘4€HVIF| nog Haa3opom MOryT MCNoJIb30BaTbCA
HanpAMyr na BblBOAa, UX npenmyullectea B njiaHe spemeHn, CTOMMOCTU U TOYHOCTU OTHOCUTE/IbHO 1E€TKO



namepstoTca. B nocnegHee Bpems 6bla NpU3HaHa MOLLLb aITOPUTMOB MaLLMHHOTO 0byyYeHuns 6e3 Hagsopa.
MoCKONbKY HEKOHTPOIMPYEMOE 0byYeHUE HE HAaNPABAAETCA, OHO MEHEE 3aBUCUT OT NPEANOIOKEHUN U
NOTEHLNAIBHO MOMKET CXOAUTLCA K PeLLEHMIO B IIOOOM M3MepeHUN. XOTA KOHTPOMPOoBaTb 06bem U TpeboBaHMA
K 06paboTKe anroputmoB obyveHuUA 6e3 Hag3opa CloXKHee, OHM 061a4at0T 60/bLIMM NOTEHLMANOM AN
BbISIB/IEHMA CKPbITbIX 3aKOHOMEpPHOCTEN. MccnepoBaTtenm Takke paboTatoT Hag 06beAnHEHEM METOA0B
HEKOHTPO/IMPYEMOTO MALLMHHOIO 0BYyYeHNA C METOAAMWN KOHTPOIMPYEMOTro 0bydYeHna 415 CO34aHUA HOBbIX
MOLLHbIX a/ITOPUTMOB.

MpaKTuyeckne npumepsi

B HacTosLee Bpema A AyyLlero NOHMMaHUA AaHHbIX U MPUAAHUA UM CTPYKTYPbl UCMOb3YeTcs
HEKOHTpoIMpyemoe obyyeHne — Hanpumep, A8 CErMEHTALLMM MapPKETUHTa, BbIABIEHUA MOLUEHHUYECTBA U
aHa/M3a KOP3WHbI pbiHKa (4TO ByAeT pacCMOTPEHO Mo33Ke B 3ToM rase). [laBaiiTe pacCMOTPUM HECKO/IbKO
npMMepoB.

Kateropusauua rosnoca

O6yyeHve 6e3 HaA30pa MOXKET UCMOMb30BaTLCA ANA KAaccudUKALLMM OTAEbHbIX FOI0COB B rON0COBOM daiine.
OHa Mcnonb3yeT TOT GaKT, YTO ro10C Kaxk4oro Yenoseka 061a4aeT YHUKANbHbIMU XapaKTepUCTUKaMu, CO34aBas
NOTEHLMANbHO OTAE/bHbIE ayAMONATTEPHbI. ITU NATTEPHbI 3aTEM MOYKHO MCMO/Ib30BaTh A/1A Pacno3HaBaHWUA
rosoca — Hanpumep, Google UCNO/b3yeT 3Ty TEXHUKY B CBOMX ycTpoiicTBax Google Home, 4To6bl 06y4mnTb MX
pasnnyaTb rosioca pasHbix Aogei. Mocne obyyeHna Google Home moxKeT MHAMBUAYANbHO a4anTMPOBaTb OTBET
ONA KaXKAoro nosib3osatens. Hanpumep, Npeanonokmnm, 4To y Hac ecTb 3anMcaHHbI PasroBop TPEX YeNoBeK,
pasroBapuBaloLLMX 4PYT C A4PYrOM B TedeHMe noayyaca. Mcnonbaya anropuTMbl HEKOHTPOAMPYEMOTO 06y4eHUs,
Mbl MOXeM NAeHTUGULMPOBaATb ros0ca PasHbIX Ato4ein B 3TOM Habope AaHHbIX. O6paTuTe BHUMAHMWE, YTO C
NOMOLLbIO HEKOHTPOIMPYEMOTO 06yUYeHNA Mbl L06aBAAEM CTPYKTYPY K AaHHOMY Habopy HECTPYKTYPMPOBaHHbIX
[aHHbIX. ITa CTPYKTYpa AAET HAM AONONHUTENbHbIE NOJIE3HbIE U3MEPEHUA B Halem NpobaeMHOM NPOCTPaHCTBe,
KOTOPbIe MOKHO MCMOJ/Ib30BaTh AJ1A MOYYEHUA MHCANTOB M NOAFOTOBKM AAHHBIX A4/ BbIBPAHHOIO anroputma
MaLMHHOro 06yyeHuns. Creaylowan cxema noKasbliBaert, Kak obyyeHune 6e3 Hag3opa MCnonb3yeTcs Ans
pacnosHaBaHuA roaoca:

Voice of Elena

——Unsupervised Learning—D /‘* Voice of Mike
Audio Data \A

Voice of Amine

O6paTnTe BHUMAHMWE, YTO B JAHHOM C/ly4ae HEKOHTPOAMPyemoe obyyeHune nogpasymeBaeT AobaBaeHne HOBOM
bYHKUMM C TpemMA OTAENbHbIMU YPOBHAMM.

Knaccudumkauma 4OKYMEHTOB

ANropUTMbI HEKOHTPONIMPYEMOTO MALLUMHHOIO 06YYEeHUA TaKKe MOTYT NPUMEHATLCA K XPaHUAULLY
HECTPYKTYPMPOBAHHbIX TEKCTOBbLIX AaHHbIX — HaMpPMMep, eC/IM Yy Hac ecTb Habop AaHHbIX PDF-40KYMeHTOB, TO
HEKOHTPO/IMpyemoe 06yyYeHne MOXKHO UCMNOoNb30BaThb A1 BbINONHEHUA CAeayoWwmX 3a4au:



OTKpoliTe gns ceba pasiMyHble TemMbl B Habope AaHHbIX
CBA3bIBalTe Kaxablit PDF-40KYMEHT C OAHOM M3 0OHApPYKEHHbIX TEM

ITO MCNONb30BAHME HEKOHTPOMPYEMOTO 0BYyYeHNA ANs KnaccuduKaumm 4OKYMEHTOB MOKa3aHO Ha Caeaytowem
pUCYHKe. ITO ewWwé oaMH NpUMep, B KOTOPOM Mbl A06aBsem 6oblue CTPYKTYPbl K HECTPYKTYPUPOBAHHbIM
AaHHbIM:

Ottawa

Fashion

/"
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PucyHoK 6.4: Micnonb3oeaHue HEKOHMPOAUPyemozo oby4yeHusA 0158 KAAcCUPUKayuu 00OKymMeHmMos

O6paTnTe BHUMaHWE, YTO B faHHOM ciyyae obyueHune 6e3 Hag3opa npeanonaraet gobasieHne HOBOW GyHKLMM
C NATbIO YETKUMM YPOBHAMM.

MoHMMaHWe anropuTMOB Knactepmnsaumm

OAMH 13 cCamMbIX MPOCTbIX M MOLLHBIX METOA0B, MCMO/b3YEMbIX B HEKOHTPOANPYEMOM 06Yy4eHMMU, OCHOBAH Ha
rPYNNMPOBAHUMN CXOXKMX NATTEPHOB C MOMOLLLbIO aTOPUTMOB KaacTepusaumnn. OH UCNONb3yeTcsa A8 NOHUMaHMUA
onpeaenéHHOro acnekTa AaHHbIX, CBA3aHHOIO C 334a4Yeil, KOTOPYO Mbl MbITaeMCA pPeLnTb. AITOpUTMBbI
K/1acTepu3aumm ULLYT eCTECTBEHHYIO FPYMMNUPOBKY B 3/1IeMEHTaX AaHHbIX. [TOCKO/IbKY rpynna He OCHOBaHa Ha
KaKoM-M60 Lenn uav NpeanonoKeHUsax, OHa Kaaccuouumpyertcs Kak metog obydeHus 6e3 Hagsopa.
MPynnNUpPOBKK, CO34aHHbIE PA3ANYHBIMM aNTOPUTMaMM KNacTepm3aLmmn, OCHOBaHbI HA MOUCKE CXOACTB MEeXAy
Pa3/IMYHBIMM TOYKAMM AAHHBIX B MPOo6AeMHOM npocTpaHcTee. Jlyulunii cnocob onpeaennTb CXOACTBA MEXAY
TOYKaMM AaHHbIX ByAeT pasanyaTbCa B 3aBMCMMOCTM OT 334341 M 3aBUCMT OT XapaKTepa 3a4a4u, C KOTOPO Mbl
cTankunsaemcsa. [laBaiiTe pacCMOTPUM PasnyHble MeTOoAbl, KOTOPbIe MOXHO MCMNONb30BaTb A/1A PacyéTa CXOACTB
MeX Ay PasNYHbIMU TOYKAMU AAHHbIX.

KonnyectBeHHasn oLEeHKa CXoACTB

HazaéKHoCTb rpynnupoBKKM, CO34aBaeMol airopuTMamMm KiacTepmsanmm, OCHOBaHa Ha NpeanoioKeHU, YTO Mbl
MOYKEeM TOYHO KOIMYECTBEHHO OLEHWUTb CXOACTBA UM BAN30CTb MEXKAY Pa3IMYHbIMU TOYKaMU AAHHbIX B
npoba1emMHOM NPOCTpaHcTBe. ITO AeNaeTcA C NOMOLLBIO PA3NINYHbBIX M3MEPEHMIT PacCTOAHMA. HVxKe npuseaeHbl
TPY Cambix NONYAAPHbIX METOAA, MCMO/Ib3YEMbIX /1A KOMYECTBEHHOM OLLEeHKM CXOACTB:

* EBKAMA0BO U3mepeHune pacctoaHmA

MaHX3TTeHCKoe uamepeHue
PacCcToAHNA NO Mepe KOCUHYCa



[Hasalite nogpobHee paccCMOTPMM 3TM NOKa3aTeIM PACCTOAHUA.

EBKAMAOBO paccToAaHme

PacctoaHue MeXAay pa3HbiIMU TOYKaMUN MOXKET KONIMYECTBEHHO OLUEHUBATb CXOA4CTBO MeXA4y ABYMA TOYKaMU
AaHHbIX U LUMPOKO NCNONb3YEeTCA B HEKOHTPONINPYEMBbIX MEeTO4aX MalLMHHOTIO 06yH€HVIH, TAKUX KaK
Knacrepusauua. EBknnpgoso pacctoaHne — camasn paCI'IpOCTpaHéHHaFI M NPOCTaA mepa paCCToAHUA. OH
paccynTbiBaETCA I'IyTéM namepeHna HammeHbLlero pacCToAHNA mexay ABymMA TOYKaMU AaHHbIX B MHOTOMEPHOM

npocTtpaHcTBe. Hanpumep, paccmotpum gse Toukn — A(1,1) v B(4,4) — B ABYMEPHOM NPOCTPAHCTBE, KaK
NoKa3aHo Ha cneayolem rpaduke:



B(4,4)

4.25

Y-AXis

P!

A(1,1) 3 x(1,4)

(0,0) X-AXis

>

[Nna BbluMCNeHUA paccToAHMA mexay A u B — To ecTb d(A,B), MOXKHO MCMONb30BaTb C/eaytoLLyto Ndaropenckyto
dopmyny:

d(A, B) = \/(a2 b)) 4 (a — by)? = \/(4 124 (4-1)2%=079=425

O6paTnTe BHUMAHMWE, YTO 3TOT PAcUET NpeaHasHayeH gna ABYMEPHOro NpocTpaHcTea 3a4a4. [4as n-mepHoro
MPOCTPAHCTBA 3334 MOXHO BbIYUC/IUTL PACCTOAIHUE MEXAY ABYMA Toukamu A u B crneaytowmm obpasom:

n

d(A, B) — (az- — bz)2



PacctoaHne no MaHxaTTeHa

Bo MHOrMX cny4anx M3mepeHMe CaMoro KOPOTKOrO PAcCTOAHUA MeXAY ABYMSA TOYKaMM C MOMOLLBIO €BK/IMA0BOM
Mepbl PaccToAHMA He byaeT AeNCTBUMTENIbHO OTPaKaTb CXOACTBO UM BAN3OCTb MeXAY ABYMA TOYKaMU —
Hanpumep, ecin ABe TOYKM AaHHbIX NPeACTaBAAT MECTOMNONOMKEHNE Ha KapTe, TO GaKTUYecKoe paccTosiHMe oT
TOYKM A [0 TOYKM b ¢ NCNO/Ib30BAaHWEM HA3EMHOTO TPAHCMOPTA, TAKOTO Kak aBTOMOBWUAb UK TakeK, byaeT
60/1blle paccTOAHMA, PAaCCYUTAHHOTO EBK/IMAOBLIM PAaCcCTOSHUEM. B TaKMX CUTYaUUAX Mbl UICNOb3YEM
MaHX3TTEHCKOE paccTosiHMe, KOTOpPoe 0603HAYaeT caMbli AIMHHBIN MYTb MEXAY 4BYMA TOYKAMM U iydLle
OTpaKaeT 6/1M30CTb [BYX TOYEK B KOHTEKCTE MCTOKA M NYHKTA Ha3HAYEHUSA, K KOTOPbIM MOXHO A06paTbhCs B
0XUBNEHHOM ropoge. CpaBHEHWE MaHXITTEHCKUX U EBKANAOBbLIX U3SMEPEHUI PAacCTOAHMIA NOKA3aHo Ha
cnepytrowem rpadumke:

A

2\ B (4,4)

Y-AXIs
(E}’)
\

J, 7 4.25 (Euclidean distance)

A(1,1)

(0,0) X-AXIis

O6paTnTe BHUMaHME, YTO MaHXITTEHCKOE paccToAHMe Bceraa byaert pasHbIM Man 6oAbLUE, YEM COOTBETCTBYIOLLEE
€BK/IM40BO PACcCTOsAHUE, BblUMCAEHHOE.



KocnHycoBoe pacctoaHune

EBKANMA0BbLI U MAaHXITTEHCKME Mepbl PacCTOAHMA NNOXO pa60Ta10T B NMPOCTPAHCTBE C BbICOKOW pasmepHOCTbiO. B
NPOCTPaHCTBE 33444 C BbICOKO Pa3MepHOCTbIO PaCCTOAHME KOCUHYCA TOYHEE OTpa*KaeT 6130CTb mexay gsymsa
TOYKaMU OaHHbIX B

MHoromepHoe NPOCTPAHCTBO 334a4y. Mepa KOCMHYCHOrO PacCTOSHUA BblUMCAAETCA MYTEM W3MepeHus yrna
KOCMHYCa, CO34aHHOro ABYMSA TOYKaMM, COEAMHEHHBIMU C ONMOPHOM TOYKOMW. ECIM TOUYKM AaHHbIX 6AU3KK, TO yron
b6yaeT y3KMM, He3aBMCMMO OT UX pa3mepoB. C ApYyroit CTOPOHbI, €CIM OHU HaXOZATCA AaneKo, To yron byaert
6onbwnm:

A

A (2.5)

// ’ B (4,4)

Y-AXxis
\

7 Consine distance between A and B = cos(6)
/
@ >

X(0,0) X-Axis

TeKcTOBblE AaHHbIE MOYTU MOXHO CYUTATb BbICOKOMEPHbIM NPOCTPAHCTBOM. [TOCKONbKY Mepa KOCUHYCHOTO
paccToAHMA OTIMYHO paboTaeT ¢ h-mepHbIMM NPOCTPAHCTBAMM, OHa ABAAETCA XOPOLUIMM Bbibopom npu paboTe ¢
TEKCTOBbIMU AaHHbIMWU. O6paTUTe BHUMAHME, YTO HA NpeablayLiemM PUCyHKe KocuHyc yrna mexay A(2,5) v B(4.4)
paBeH PACcCTOAHUIO KOCUHYyca. OTCYET MeXKAY STUMM TOYKaMKM — 3TO Hayano KoopamHart, To ectb X(0,0). Ho Ha
camom aene Ntoban TouKa B NPobJeMHOM NPOCTPAHCTBE MOMKET C/IYXKUTb ONMOPHOM TOUYKOW AAHHbIX, U OHA He
0653aTeNIbHO J0/1XKHa 6bITb HAYa/IOM KOOPAMHaT.

Anroputm Knactepusaumum K-cpegHux

HasBaHuWe anroputma Knactepmsauum k-cpegHnx NpomncxoamT oT TOro, YTO OH MbITAeTCA CO34aThb PAL KNacTepos,
k, BbluMCAAA cpeacTsa ANA NMOMCKa 6M30CTM MeXAY TOYKaMM AaHHbIX. OH MCMNO/b3yeT OTHOCUTE/IbHO NPOCTOM
NoAaxoA, K Knactepmsaumu, Ho BCé ewé nonynapeH 6narogapsa maclutabupyemoctvt U CKOPOCTU. ATOPUTMUYECKM



Knactepusaumsa k-cpefHMX UCNOb3YET UTEPATUBHYIO NOTMKY, KOTOPAn NepemMelLaeT LEeHTPbI K1AcTepos Tak,
4yT0bbl OHM OTPa3NIM Hanbosee penpe3eHTaTUBHYIO TOUKY AaHHbIX TPYNMMUPOBKK, K KOTOPOI OHM NPUHAA/ENKAT.
BaKHO OTMETUTDb, YTO aNropuUTMbI k-cpegHuxX He 061a4atoT 04HOM U3 camblix 6a30BbIX GYHKLUMI, HEOBXOAUMBbIX
AnA knactepusaumu. Hegoctatowana GyHKLMOHANBHOCTb 3aKNH0YAETCA B TOM, YTO AR AAaHHOTO Habopa AaHHbIX
anroputm k-cpegHux He moxkeT onpeaennTb Hanbonee noaxoasLlee KOANYECTBO Knactepos. Hanbonee
noaxoasllee KoIMYeCTBO KacTepos, k, 3aBUCUT OT KOIMYECTBA eCTECTBEHHbIX FPYNMUPOBOK B KOHKPETHOM
Habope AaHHbIX. PunocodmaA 3TOro ynyLLeHUA 3aKN04aeTCA B TOM, YTOObI CAeNaTb aIfOPUTM MAaKCMMabHO
NPOCTbIM, MaKCUMM3UPYS ero NPOU3BOAUTENBHOCTb. TaKOM AN3aMH € 06LWKTLIM U cpegHUM aenaeT k-cpegHue
NoAXoAsALLMMM AnA 60bwNX HaboPOB AaHHbIX. MpeanonaraeTca, 4To ANa BbluMcneHua k 6yaeT ucnosb3oBaTbcs
BHELHWUA MexaHM3M. JTydwnin cnocob onpedenums k Gyaet 3aBUCETb OT 3343a4M, KOTOPYHO Mbl NbITAEMCA PELUUTD.
B HEKOTOPbIX CIy4asx k HaNPAMY0 ONpeaenseTca KOHTEKCTOM 334a4M KnacTepmsaumm — Hanpumep, ecam Ml
XOTUM Pa3fenunTb KNacc CTyAEeHTOB, U3YUatoLLMX HAyKy O AaHHbIX, Ha ABa KaacTepa: OANH U3 CTYAEHTOB C
HaBblKaMM HAYKM O AaHHbIX, A PYroi — C HaBblKaMK NporpammuposaHusa, mo k bynet aBa.

B HeKOTOpbIX APYrnX 3aga4ax 3HayeHne k MoXeT bbITb HeoUYeBUAHbBIM. B TakMx cnyyaax ans oueHkn Hanbonee
NoOAXOAALLEro KOIM4ecTBa KNacTepoB ANA faHHOro Habopa AaHHbIX HE06XOAMMO UCNONb30BaTh UTEPATUBHYIO
npoueaypy Npob u ownboK Nan 3BPUCTUHECKUIA aNTOPUTM.

JNloruka Knactepusauymm k-cpegHmx

B sTOoM pasaene onucbiBaeTcs N0rMKa aaropuTMa Kaactepusauum k-cpegHux. Jagainte nOCMOTPUM Ha HUX MO
oaHOMYy.

UHnumanmsauma

Lna ux rpynnmMpoBKM anroputm k-cpep,me MUCNONIb3yeT NamepeHune pacCtoAaHMA AnAa onpegeneHna cxoacrtesa Uaun
6namnsoctn MeXAy TO4KaMM gaHHbIX. [Nepes ncnonb3oBaHMemM anropnutma k-cpe,a,me HEOGXO,CI,MNIO Bbl6paTb
Hanbonee NoAXo4ALLYI0 Mepy paccToaHUA. 1o ymonyaHuio 6y,£I,ET MCNON1b30BaTbCA €BKINA0BO U3MmepeHue
pacctoaHmnA. Kpome TOro, ecnm B Ha60pe AaHHbIX €CTb BbI6pOCbI, HeO6XO,CI,MMO pa3pa60TaTb MeXaHU3m ana
onpegeneHna Kputepues U yganeHua Bbl6pOCOB n3 Ha6opa AaHHDbIX.

LWaru anropmutma k-cpeaHmnx

Warw, 3a,ﬂ,el‘/'ICTBOBaHHbIe B anroputme Knacrtepmsayumu k-Cpe,ﬂ,HVIX, cnegywoouime:

Lar 1 Bbibrpaem KonmMyecTBO Knactepos, k.
War 2 Cpeam ToYEeK AaHHbIX Mbl Clly4aiiHbiM 06pa3om BbibMpaem k ToYeK B KayecTBe LeHTPOB KnacTtepa.

LWar 3 Ha ocHoBe BbI6paHHOM Mepbl PACCTOAHUA Mbl UTEPATUBHO BbIYMCAAEM PACCTOAHUE OT KaXKAOM TOUKM B
npob1eMHOM NPOCTPaAHCTBE 40 KaXA0ro U3 k LeHTpoB Knactepa. Mcxoga us pasmepa Habopa AaHHbIX,
3TO MOMKET 3aHATb MHOTO BPEMEHM Lar — Hanpumep, ecam B knactepe 10 000 Touek u k = 3, 310
03HAYaeT, YTo HYXKHO BbluMcanTb 30 000 paccTosHUNA.

Lar 4 Mbl Ha3Ha4YaeMm Ka*Kayto TOUKY Jl@aHHbIX B NPo61eMHOM npocTpaHcTee baunkaliemy LeHTpY Kaactepa.

Lar 5 Tenepb Kaxaaa ToUYKa AaHHbIX B Hawem npob1eMHOM NPOCTPaHCTBE MMEET Ha3HaYeHHbIN LEeHTP Knactepa.
Ho Mbl eLLé He 3aKOHUYMIM, TaK KaK BbIBOP Haya/ibHbIX LLEHTPOB K/aCcTepOB OCHOBbIBAJICA Ha CyYalHOM
otbope. Hy»KHO NpoBepuTb, YTO TEKYLLME CYYaHO BbiBPaHHbIE LLEHTPbI KNacTePOB AeNCTBUTEIbHO
ABNAIOTCA LEHTPOM TAXKECTU KaXKA0ro cKonieHua. Mbl nepecumnTbiBaem LLeHTPbI KNacTepos, BbIYUCAAA
cpegHee 3HaYEeHME COCTaBHbIX TOYEK AaHHbIX KaX40ro n3 k KaacTepoBs. TOT War 06bACHAET, NoYemy 3TOT
aNropuT™ HasbiBaeTcs k-cpegHUMM.



Lar 6 Ecav LeHTpbI KNacTepa CABUHYIUCE Ha Ware 5, 3T0 03HAYaET, YTO HAaM HYXKHO MepecymTaTb Ha3HauYeHne
Knactepa ANA KarKA0W TOYKM AaHHbIX. J15 3TOro Mbl BEpHEMCA K Wary 3, 4To6bl NOBTOPUTL 3TOT
BbIUMCINTENbHDIV War. ECn LLeHTPbI KNacTepoB He CABUHYINCL UM EC/IM Halle 3apaHee onpesenéHHoe
YCNOBME OCTAHOBKM (Hanpumep, KOAMYECTBO MaKCUMMA/bHbIX UTepaumit) 6bI10 BbINOAHEHO, TO Mbl
3aKaH4YMBaEM.

Cnepytowwmii pUCYHOK NOKa3blBaeT pe3ynbTaT 3anycka anropmutma k-cpeHux B ABYMEPHOM MPOCTPaAHCTBE 3a4ay:

A
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X x
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x X x
x X % R
x -5
var2 % var2 cluster 1,7 x 1\ .7t
x x =~ x
x x x x ® x
x x x x
5 -
7 7
vari ; vari

(a) (b)

(a) Touku OaHHbIX 00 Kaacmepu3sayuu; (b) Pesynemupyroujue Kaacmepsl nocsae 3anycKka anzopumma
Knacmepu3sauyuu k-cpedHuUx

ObpaTnTe BHUMaHWE, YTO [Ba NOJYYEHHbIX KAACcTePa, CO34aHHbIX MOC/E BbINOJHEHNUA k-CpefHMX, B 3TOM C/lyyae
xopouwo anddepeHUMpPoBaHbI.

YcnoBue OCTaHOBKMU

[nsa anroputma k-cpegHUX No yMONYAHUIO YCI0BME OCTAHOBKM — KOr4a Ha ware 5 60/blue HeT cMelLeHus
LeHTPOB KnacTepoB. Ho, Kak M BO MHOTMX APYTUX aAropuUTMaXx, anroputmbl k-cpeaHmx MoryT 400 CXO4MTbCS,
0cobeHHO npu 06paboTke 60/bWKX HABOPOB AaHHbIX B NPOCTPAHCTBE 33434 C BbICOKOM pasmepHOCTb0. BmecTo
TOro YTO6bI }KAAaTb CXOAMMOCTU aNrOPUTMA, MOXKHO ABHO ONPEAENUTb YC0BKME OCTAHOBKM CeaytoLlmMm 0bpasom:

* 3agaBad MakcMmanbHoe BpemA BbINO/IHEHUA!
° Ycnosue oCTaHOBKMU: t>tmax, roe t — TeKkylwee Bpemsa BbINOAHEHUA, @ tmax — MaKCMmanbHoe
Bpema BbINO/IHEHWNA, YCTAaHOB/IEHHOE a/ITOPUTMOM. 3a,u,a|3aﬂ MaKCMMa/ibHOe KONn4yecTBo MTepaLLMD‘IZ
L)

, YcnoBue oCTaHOBKM: ec/iu m>mmax, fae m — Tekyllan UTepauns, a mmax — MakcumasnbHoe
KO/IMYECTBO MTepaumii, yCTaHOBEHHOE aIfOPUTMOM.

KogunposaHue anroputma k-cpep,me
[aBaiiTe NOCMOTPMM, KaK MOXHO 3anporpammmnpoBaTb anroputm k-means Ha Python:

1. CHayana UMNOPTMPYEM MaKeTbl, KOTOPble HaM NoHaAo6ATcA Ana anroputma k-cpesHux. ObpaTute
BHUMaHME, YTO Mbl UMMOPTMPYEM NaKeT sklearn ANA Knactepusaunu k-means:



V3 sklearn Import Cluster
Import Pandas as PD Import
Numpy as NP

1. Y106bI McnoNb30BaTb KaacTepmsaumto k-cpegHux, Aasaiite co3gaamm 20 TOYEK AaHHbIX B BYMEPHOM
NPOCTPaHCTBE 3a/a4, KOTOpPoe Mbl byaem UCNONb30BaTb A/1A KnacTepusaumm k-cpegHux:
Habop manHeEx = PD. DataFrame ({

'x': [11, 21, 28, 17, 29, 33, 24, 45, 45, 52, 51, 52, 55, 53, 55, 61, 62, 70, 72, 10],
'y': [39, 36, 30, 52, 53, 46, 55, 59, 63, 70, 66, 63, 58, 23, 14, 8, 18, 7, 24, 10] })

1. [laBaiTe co3gaanm ABa Knactepa (k = 2), a 3aTem co3gaamm KnacTep, Bbi3BaB PYHKLMU nonrouku:
myKmeans = xjacrtep. KMeans(n clusters=2)

myKmeans.fit (dataset)

1. NaBaiTe co34aauM NEPEMEHHYIO C UMEHEM centroid — 3TO MAaCCUB, COAEPKALLUMA PACTIONONKEHNE
LeHTPa chopMUPOBaHHbIX KNacTepoB. B Hawem ciyyae, npu k = 2, maccus byaet umeTb pasmep 2.
[aBaWiTe TakKe CO3434MM APYTyIO MepPeMEHHYI0 C Ha3BaHMEM label , KOTOpaA NpeacTaBadeT
Ha3Ha4YeHMe KaXKAoM TOYKM SaHHbIX O4HOMY M3 ABYX KnacTepoB. MockonbKy cyuwectsyeT 20 ToYeK
OaHHbIX, pasmep maccusa byaet 20:

ueHTpounsl = myKmeans.cluster centers meTku
= myKmeans.labels

1. Tenepb pacnevyataem 3T ABa MAaCCUBA — ueHTpoOUIE U MmeTKM

In [3]: print(labels)
1 111111190060606060060086800 1]

In [6]:
print(centroids)

[[57.09090909 15.09090909]
[16.77777778 48.88888889] ]

O6paTVITe BHUMaHMeE, 410 ﬂepBbIVl MacCCuB NOKa3bliBaeT Ha3Ha4YeHMe Knacrtepa Ka)K,D.OVI TOYKE OaHHbIX, a BTOpOl‘;I
— ABa UEeHTpPa Knacrtepa.

1. laBaitTe nocTpoum rpadmKk U paccCMOTPMM KaacTepbl C NOMOLBIO matplotlib :



In [16]: import matplotlib.pyplot as plt
plt.scatter(dataset['x'],dataset['y'], s=10)
plt.scatter(centers[0],centers[1],s=100)
plt.show()
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O6paTnTe BHUMAHME, YTO KPYMHbIe TOYKM Ha rpadmKe — 3TO LeHTpoUAbl, onpeaenéHHble anroputmom k-
cpeaHmx.

OrpaHuyeHue Knactepmsaumm k-cpegHnx

Anroputm k-cpegHux paspaboTaH Kak NpocToit 1 BbICTPbIN anropuTm. M3-3a HamepeHHOM NPOCTOTbl KOHCTPYKL MU
OHa UMeEeT cieayoLLMe OrpaHuYeHus:

® TnaBHoe OorpaHM4yeHuMe Knacrtepmsaumm k-Cpep,HMX 3aK/1l04aeTcA B TOM, YTO Ha4a/ibHOEe KO/INYeCTBO

Kn1actepoB A0/1KHO 6bITb 3apaHee onpegeneHo. lNepBoHavyanbHOe pacnpeneneHne LeHTPoB K1acTepos
R cnyqaﬁHo. 3TO 03HAYaEeT, YTO KaxKabln pa3, Koraa aAropuTMm 3anyCckaeTcAa, OH MOXKET BblA4aBaTb HEMHOIO
o Pa3Hble KNacTtepbl.

Kaskaan To4Ka AaHHbIX Ha3HAYaeTCA TO/IbKO O4HOMY
Knactepy. k-cpefiHAA KnacTepmusaLma YyBCTBUTE/IbHA K
Bblibpocam.

Nepapxnueckasa Knactepmsaums

K-cpegHsas Knactepusauma MCNob3yeT NOAX0A CBEPXY BHM3, MOCKO/bKY a/fir0OPUTM HAUYMHAETCA C CaMbIX BarKHbIX
TOYeK AaHHbIX, @ UMEHHO LIeHTPOB KaacTepa. CyliecTsyeT afibTepHATUBHbIN NOAX0A, Knactepusaumu, npu
KOTOPOM BMECTO Hayana CBepxy asiroPUTM HauMHaAETCA CHM3Y. B JaHHOM KOHTEKCTe 4HO — 3TO KaxKaasa us
OTZEe/IbHbIX TOYeK AaHHbIX B NP061eMHOM NPOCTPaHCTBe. PeleHne — NpogoaKaTh rpynnupoBaTh NOXOXKMUe



[JaHHble N0 Mepe NPOABUMKEHUA K LEHTPAM KaacTepa. ITOT aNbTePHATUBHbIN NOAX04, CHU3Y BBEPX MCMO/b3YeTCA
aNroPUTMamm MepapxmyecKom Kaactepusaumm n obcyxaaeTcs B STOM pasgene.

ATansl Mepapquecr(oﬁ Knactepunsauunm

Mepapxunueckas KaacTepusaLms BKIKOYAET Caeaytowme sTanbl;

A. Mbl cO34aéM OTAENbHbIN KNacTep A1A KaxA0M TOYKM AaHHbIX B Hawem npobieMHOM npocTpaHcTee. Ecan
Halle NpoCTPaHCTBO 3aaa4y coctont M3 100 ToueK AaHHbIX, TO OHO HauyHéTcA co 100 KnacTepos.

B. Mbl rpynnupyem To/IbKO Te TOYKK, KOTOpble HAaxoaATcs 61uKe BCero apyr K Apyry.

B. Mbl nposepaem ycnoBuA OCTAaHOBKW; ECnn ycioBue OCTaHOBKM eLLE He BbINO/IHEHO, MOBTOPAEM Liar 2.

MonyyeHHas KNacTepHan CTPYKTypa Ha3blBAaeTCA AEHAPOrPaMMON. B feHaporpamme BbiCOTa BEPTUKAbHbIX
JIMHWI onpeaenseT, HaCKo/IbKO B/1IM3KO HaXoAATCA 3N1EMEHTbI, KaK NMOKa3aHOo Ha cieaytowen anarpamme:

Stopping condition

Cluster 2

MON TUE WED THU FRI SAT SUN

Cluster 1

O6paTnTe BHUMAHME, YTO YCNOBME OCTAHOBKM NOKA3aHO NMYHKTUPHOW IMHUEN Ha NpeablayLLem PUCYHKeE.

KoampoBaHMe nepapxmyeckoro aaropMtma Knacrepmsaumm

[aBaliTe y3HaeM, Kak MOXKHO HanucaTb MepapxMyeckuin anropuTm Ha Python:

1. CHayana mbl UMNOPTUPYEM AgglomerativeClustering U3 6MBNNOTEKM sklearn.cluster BMECTE

C naxkeTamu pandas U numpy @

from sklearn.cluster import AgglomerativeClustering
import pandas as pd import numpy as np

1. 3atem mbl co3gaanm 20 ToYEK AaHHbIX B 4BYMEPHOM NPOCTPAHCTBE 3343au4:



Habop manHex = PD. DataFrame ({
'x': [11, 21, 28, 17, 29, 33, 24, 45, 45, 52, 51, 52, 55, 53, 55, 61, 62, 70, 72, 101,
'y': [39, 36, 30, 52, 53, 46, 55, 59, 63, 70, 66, 63, 58, 23, 14, 8, 18, 7, 24, 10] })

1. 3aTemM co34aéM MepapxmMYecKnin Knactep, 3agasas rmnepnapameTpbl. Mbl UCNOAb3YEM dyHKIM©O
fit predict Ana 06paboTkm anroputma:

cluster = AgglomerativeClustering(n clusters=2, affinity='eexymmor', linkage='ward')
cluster.fit predict (Habop naHHHX)

1. Tenepb pacCMOTPUM CBA3b KaXKA0M TOYKM AaHHbIX C ABYMSA CO34aHHbIMM KNacTepamm:

In [3]: print(cluster.labels )

[0O0OO0000O0O0O111111111110]

Bbl moxeTe YBUAETDb, YTO pacnpeneneHne Knactepos ANAa nepapxmieCknx n k—cpep.me aA/ITOPUTMOB O4YEHb
noxoxe.

OueHKa Knacrtepos

Llenb Ka4ecTBEHHOM KnacTepusaumm — 4Tobbl TOUKU AAHHbIX, NPUHAA/EKALLME OTAEbHbIM Knactepam, 6biiun
andoepeHuMpyembiMn. ITO NOAPA3YMEBAET CeaytoLee:

®  Touku AaHHbIX, OTHOCAWMECA K OAHOMY KNacCTepy, AO0/1KHbI 6bITb MaKCMManbHO

NOXOXXMMMW. TOYKM AaHHbIX, OTHOCALLMECA K OTAENbHbIM KacTepam, AONKHbI 6bITb
MaKCMMa/lbHO pPa3HbIMMU.

Yenoseyeckan MHTYMLMA MOXKET MCMO/b30BATLCA 417 OLEHKM Pe3yNbTaToB KAacTepusaumnm yepes Bu3yannsaumio
KNacTepoB, HO CYLLECTBYIOT MaTemMaTUYeCKMe METObl, KOTOPble MOTYT KOIMYECTBEHHO OLLEHWUTb KayecTBo
KnacTepoBs. AHaM3 CUAY3Ta — OAMH U3 TaKMX METOLOB, CPAaBHMBAIOLWLMIA NAOTHOCTb U pasaeneHune B Knacrepax,
CO34aHHbIX anropuTMom k-cpesHux. CuyaT pucyert rpadmK, KOTOPbIN NMOKasbiBaeT 61M30CTb KaX 40N TOUKM B
KOHKPETHOM K/acTepe OTHOCUTENIbHO APYrMX TOYEK COCEAHUX CKoMieHMit. OH CBA3bIBAET YMCo B AManasoHe [-0,
1] ¢ kaxabim Knactepom. Cregytoas Tabamua NOKasbIBaeT, YTO 03HaYaoT UMPbI B 3TOM AManasoHe:

3HayeHUe guanasoHa OnucaHue

0.71- OmaMyHO ITO O3HAYaEeT, YTO Knactepusaumsa k-cpeaHmx npuseno K GopMUPOBaHMIO Py, KOTopble
[LOBOJIbHO CUJ/IbHO

1.0 pasnuuuMmbl Apyr oT Apyra.

0.51- PasymHO  3To O3Ha4aeT, YTo Knactepusauma k-cpeaHnx npmeeno K GopmMpoBaHUIO rpynM, KOTOpble B

HEKOTOPOW CTENEHWN ABNAIOTCA

0.70 pasnnyYumMbl 4pyr oT gpyra.

0.26— Cnabbliit 9TO 03HayvaeT, YTo Knactepmsaums k-cpeaHUX npruBogmMaa K rpynnupoBKe, HO KauecTBo

0.50 Ha rpynnnpoBKy He CTOUT nonaraTbCeA.

<0.25 Het knacrepmsaumm Ncnonb3ya BbIbpaHHbIe NapameTpbl U UCNONb3yeMble AaHHble, CO34aTb
HEBO3MOXHOCTb 6bI210 HANTK MpynnupoBKa ¢ nomoLLbto Knactepusaumm K-cpeacrs.

O6paTnTe BHUMaHME, YTO KaxKAbli KnacTep B 3a4a4HOM NPOCTPAHCTBE MOAYYUT OTAE/bHYIO OLEHKY.



DBSCAN

DBSCAN (npocTpaHcTBEHHanA Knactepmusaumsa NPUAOKEHUI C LUYMOM, OCHOBaHHas Ha NJIOTHOCTM) — 3TO METOoJ,
0b6yuyeHuAa 6e3 Haz30pa, KOTOPbIV OCYLLECTBAAET KAACTEPM3aLLMIO HAa OCHOBE NJIOTHOCTM ToueK. OCHOBHan naes
OCHOBaHa Ha NPeANONOKEHUAX, YTO €C/IN Mbl CTPYNNMUPYEM TOYKW JAHHbIX B NEPerpy>KeHHoM Uan
BbICOKOM/IOTHOM MPOCTPAHCTBE, Mbl MOXKeM A06UTbCA 3HAUMMOM KaacTepumsaLmMm. ITOT NOAXOL K KaacTepusauum
MMeeT A1Ba BaXKHbIX BbIBOAA:

« Micnonb3ys 3Ty uaeto, anropuTm, CKopee BCEro, CrpynnupyeT CyLLEeCTBYHOLLME TOYKU BMECTE, HE3aBUCUMO OT
nx Gopmbl. ITa METOA0/I0TMUA MOMOraeT Co34aBaTb KNacTep NPou3BosbHbIX Gopm.

« B oT/IMune ot anroputma k-cpefHux, Ham He HYXKHO YKa3blBaTb KOIMYECTBO KNACTEPOB, U a/iTOPUTM MOXKET
06HaApYKMBATb COOTBETCTBYIOLLEE KONMYECTBO rpynn B AaHHbIX.

B anroputme DBSCAN y4yacTBYIOT caegytoLime waru:

o AJITOPUTM YCTaHAB/IMBAET OKPECTHOCTb BOKPYT KaXKA0M TOYKM AaHHbIX. ITO AOCTUraeTcs nyTem noacyéra
KO/IMYeCTBa TOUYEK AaHHbIX Ha PAaCcCTOAHUK, 0BbIYHO NPeaCcTaBAeHHOro nepemeHHol eps. PacctosHue no
YMO/IYAHUIO ONpeaenseTcsa eBKAMA0BOIN Mepoit PaccToAHUA.

o [lanee anroputm KONMYECTBEHHO OMPEeAEeNaeT NIOTHOCTb KaXKA0MN TOYKM AaHHbIX. OH ucnonbayer

nepemeHHble C MMeHeM min_samples. Ecam TouKa AaHHbIX COAePKMT Bonee min_samples, To OH

NAEHTUPULMPYETCA KaK OCHOBHOM 3K3emnasap. O4eBnAHO, 4To B 6oee NnepeHaceseHHbIX UAK NAOTHbIX

pervoHax 6yaeT 60/bLie OCHOBHbIX MHCTAHCOB.

Kaxkablii U3 naeHTMGULUMPOBaHHbIX coceaen naeHTMonumMpyeT Knactep. OKPECTHOCTb O4HOMO 3K3eMNAAPa

A4PA MOMKET COAEPKATb APYrie 3K3emMnAapbl Aapa.

Jlio6an TouKa AaHHbIX, HE ABMAIOLLAACA SK3EMIMIAPOM AA4PA UAN HE HAXOAALLAACA B OKPECTHOCTM

3K3emniApa A4pa, CHUTAETCA UCKHOUEHMEM.

[JaBaliTe NOCMOTPUM, KaK MOXKHO C034aBaTb KaacTepbl ¢ nomolbio DBSCAN B Python. CHavana mbl
MMnopTUpyem Heobxogmmble GyHKLUN U3 BUBAnoTeKM sklearn.

In [13]: from sklearn.cluster import DBSCAN
from sklearn.datasets import make moons

[Nasaite nonpobyem DBSCAN c OTHOCMTE/IbHO C/IOXHOM 3aJa4elt Kaactepmsalmm, HasbiBaeMol NoAyAyHaMMU.
Habop AaHHbIX MOXHO CO3AaTb C NOMOLLLbIO BCTPOEHHOW GYHKLMMK. ITa TecToBas 3aAadva NoaxoauT Ans
anropuTMOB, CNOCOBHbIX U3y4aTb HENMHEeWHbIe rPaHULLbI K1accoB. 1N 3Toro ceayowas dyuxuns make moons ()
CO34aCT BUXPEBOM y30p, UM ABE NyHbl. Mbl MOXEM KOHTPO/IMPOBaTb, HACKO/IbKO WyMHble GOpMbl JTyHbI U
CKO/IbKO 06pa3LLOB HY}KHO reHepMpoBaTb. Habop AaHHbIX BbIFAAMT TaK:
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Ons ncnonbsosaHma DBSCAN Heobxoanmo npeaoctaButb napameTpbl EPS 1 min_samples 1 o6cyanTsb:

In [ ]: dbscan = DBSCAN(eps=0.05, min samples=5)

In [3]: dbscan.fit(X)
Out[3]: DBSCAN(eps=0.05)

NpumeHeHMe Knactepusaumm

Knacrtepumsauma Mcnonb3yeTcs Tam, e Ham HYXKHO 6bl10 BbIABUTb CKPbITble 3aKOHOMEPHOCTM B Habopax
[JaHHbIX. B rocyiapCcTBEHHbIX C/y4YasX UCMONb30BAHMUSA KAACTePU3aLMA MOKET UCNONb30BaTbCA ANA CAeAyoWmX
ueneun:

AHanun3 ropaYnx ToUeK NpPecTynHocTm
demorpaduyecknin coumanbHbii aHaNn3

B MmapKeTMHroBbIX UCcCnefoBaHMAX KnacTepm3auma MOXeT UCNOAb30BaTbCA 414 CAenyoWwmxX u,enel‘/'lz

CermeHTauma pbiHKa
TapreTupoBaHHan peknama
Knaccudmkauma KnmeHTos

AHanu3 oCHOBHbIX KOMMNOHeHTOB (PCA) TaK}Ke MCnonb3yeTcs A1 06LLero n3ydeHms AaHHbIX U yaaneHus wyma
M3 JaHHbIX B PeasibHOM BPEMEHMU, TaKMX KaK TOProssia Ha GOHA0BOM PbIHKE.



YMeHbLleHue pa3smepHOCTH

Kaxpaan 0CO6EHHOCTb B HaWMNX AaHHbIX COOTBETCTBYET USMEPEHUIO B HaLLEM I'Ip06IIEMHOM NPOCTpaHCTBE.

MWHUMM3ALMA YMCNA MPUSHAKOB 417 YNPOLLEHMA NMPOCTPAHCTBA 33434 Ha3biBAETCA YyMeHbLUeHuem
pPa3MepHOCTU. 3TO MOMKHO CAENaTb OAHMM M3 C/eaytoLmX ABYX CNOco60B:

Bbl60p NMPU3HAKOB: Bbl60p Ha6opa NMPU3HAKOB, BaXXHbIX B KOHTEKCTE 3a4a4UN, KOTOPYHO Mbl NblTaemcA
peannsosBaTb

pewut

® Arperaumsa npusHakos: O6beguHeHne asyx uav 6osee NPU3HaKOB 41 YMEHbLIEHUA Pa3MEPHOCTH C
MOMOLLbIO OZLHOTO M3 CAeAYIOWNX aNTOPUTMOB:
(o)

, PCA: JIMHEMHbIN anropmuTM MalnHHOTO 0byyeHnn 6e3 Hag3opa
o JINHeHbIA AUCKPUMUHAHTHDIM aHanu3 (LDA): N1MHEeNHbI KOHTPOANPYEMbIN

aNropuTM MaWwmMHHOro obyueHnsa AHanM3 OCHOBHbIX KOMMOHEHTOB AApPa:
He/IMHEMHbIA anropuTm

[agalite nogpobHee paccCMOTPUM OAMH U3 MOMNYAAPHbIX aATOPUTMOB YMEHbLLEHUA Pa3MePHOCTH, @ UMeHHO PCA.

AHann3 OCHOBHbIX KOMMNOHEHTOB

PCA — 3TO meTo4 HEKOHTPOANPYEMOrO MAaLLIMHHOIO OGVHEHMH, KOTOprl‘;i MOXHO NCNONb30BaTb AN1A YMeHbLUEHNA
paamepHOCTeﬁ C NOMOLLLbIO NMHENHOTO ﬂp606pa3OBaHMﬂ. Ha cnepytowem pucyHKe mbl BUAMM ABa OCHOBHbIX

KomnoHeHTa — PC1 u PC2, KoTopble NoKa3sbiBatoT popmy pacnpeseneHns Touek gaHHblx. PC1 n PC2 moxHO
MCNo/b30BaTb 419 CYMMUPOBAHUA JAHHbIX C COOTBETCTBYIOLWMMU KOIPDULMEHTaMN:



o,"' “““\x x
x w2
var2 X
X X X %
X
X X X
N
>
vari

PaccmoTpum cnegytomin Koa:

n3 sklearn.decomposition import PCA
iris = pd.read csv('iris.csv') X =

iris.drop('Species', axis=1l) pca =

PCA (n_components=4) pca.fit (X)

Tenepb paccmoTpum KoaddpuumeHTbl Hawen mogenm PCA:

In [36]: print(pd.DataFrame(pca.components ,columns=X.columns))

Ob6paTtute BHMMaHMUeE, YTO OpUrMHaNbHbIK DataFrame nmeeT YeTbipe 0COBEHHOCTU: Immua Cenans |, liupusa
Jlenectxa, JInmua JIENECTKA U limprua NenecTka. Mpeapiaywmin DataFrame 3a03éT kKoaddmumneHTbl YeTbIpEx
OCHOBHbIX KomnoHeHToB: PC1, PC2, PC3 1 PC4 — Hanpumep, NnepBan CTPOKa yKasblBaeT KoadoduumeHTol PC1,
KOTOpPble MOYKHO UCMO/Ib30BaTb AJ/18 3aMeHbl UCXOAHbIX YeTbIpEX nepemeHHbIX. Mcxoaa ns atmnx
KO3hOULMEHTOB, Mbl MOXEM BblMMCIUTL KOMNOHeHTbI PCA ansa Hawero BxogHoro DataFrame X:



pca_df=(pd. DataFrame (pca.components ,columns=X.columns))
# Brumciaum PCl C [HOMOWBI INOPOXIEHHHX KO3QOMLIMEHTOB

X['PC1l'] = X['Sepal.Length']* pca df['Sepal.Length'][0] + X['Sepal.Width']* pca df['Sepal.Width']
# IaBaiiTe BHUMCIMM PC2

X['PC2'] = X['Sepal.Length']* pca df[''Sepal.Length'][1] + X['Sepal.Width']*

pca df['Sepal.Width'] #Let ewumcimTs PC3

X['PC3'] = X['Sepal.Length']* pca df['Sepal.Length'][2] + X['Sepal.Width']* pca df['Sepal.Width']
# IapalTe BRUMCIMM PC4

X['PC4'] = X['Sepal.Length']* pca df['Sepal.Length'][3] + X['Sepal.Width']* pca df['Sepal.Width']

Tenepb pacnevataem X nocne BbluncneHma KomnoHeHTos PCA:

Sepal.Length Sepal.Width Petal.Length Petal.Width PC1 PC2 PC3 PC4

0 5.1 3.5 1.4 0.2 2.818240 5.646350 -0.659768 0.031089

1 4.9 3.0 1.4 0.2 2.788223 5.149951 -0.842317 -0.065675

2 4.7 352 1.3 0.2 2.613375 5.182003 -0.613952 0.013383

3 4.6 3.1 1’5 0.2 2.757022 5.008654 -0.600293 0.108928

4 5.0 3.6 1.4 0.2 2.773649 5.653707 -0.541773 0.094610
145 6.7 3.0 5.2 2.3 7.446475 5.514485 -0.454028 -0.392844
146 6.3 25 5.0 1.9 7.029532 4.951636 -0.753751 -0.221016
147 6.5 3.0 5.2 2.0 7.266711 5.405811 -0.501371 -0.103650
148 6.2 3.4 54 2.3 7.403307 5.443581 0.091399 -0.011244
149 5:9 3.0 Sl 1.8 6.892554 5.044292 -0.268943 0.188390

Tenepb pacnedyataem KoapdUUMEHT gucnepcum u nonpobyem NoHATbL NOCAEACTBMA UCNOb30BaHMA PCA:

In [37]: print(pca.explained variance ratio )

[0.92461872 0.05306648 0.01710261 0.00521218]

KoadduumeHT gucnepcum ykasblBaeT Ha cneayolee:

o ECi1 Mbl pelinm 3ameHnTb NcxogHble YeTbipe npusHaka Ha PCL, To cmoxem oxBaTUTb npumepHo 92,3%
ANCNepcum NCXoaHbIX MepeMeHHbIX. Mbl BBegEM HeKoTopble NPUBANKeHUs, He yunTbisaa 100% ancnepcum
NCXOAHbIX YeTbIPEX NPU3HAKOB.

Ecnn mbl pelmm 3aMeHnTb UCXOAHble YeTbipe Npu3Haka Ha PC1 1 PC2, To nony4ymm AononHUTeNbHO 5,3 %
OMCNepcum UCXOAHbIX NepeMeHHbIX.

Ecaun mbl pelmm 3aMeHnTb ncxoaHble yeTtblpe oyHKuMn Ha PC1, PC2 n PC3, To Tenepb noayyumm ewé 0,017
e Y6 AVCMEPCUN NCXOAHDBIX MEePEeMEHHbIX.

Ecnm mbl pelimm 3amMeHUTb UCXOAHbIE YeTblpe NPM3HAKa YETbIPbMA 1aBHbIMU KOMMOHEHTaMM, TO NOAYYUM
100% pucnepcum UcxogHblx nepemeHHbix (92,4 + 0,053 + 0,017 + 0,005), HO 3amMeHa YeTbIPEX UCXOAHbIX
MPU3HAKOB Ha YeTbIPe OCHOBHbIX KOMMOHEHTa HeCcCMbICNEHHA, TaK Kak Mbl HE YMEHbLUMAN Pa3MEPHOCTU U
HUYero He AOCTUIIN.



OrpaHunyeHuna PCA

Huxe npuseaeHbl orpaHndeHmns PCA:

® PCA MOET MCMO/Ib30BaTbCA TOILKO A4Sl HEMPEPbIBHbIX MEPEMEHHbIX U HE MMEET 3HaYeHWs 4/1s

nepemeHHbIX KaTeropui.
Mpu arpervpoBaHun PCA annpoKCUMMPYET KOMNOHEHTHbIE NepemeHHble; ITO ynpoLLaeT npobaemy
Pa3sMepHOCTU B yLEP6 TOYHOCTU. ITOT KOMNPOMMUCC CAeayeT TILATEIbHO M3YYUTb Nepes UCMOoIb30BaHUEM
PCA.

Accoumaums ynpasnseT 4obbluein NonesHbIX MCKoNaeMbIx

MaTTepHbl B KOHKPETHOM Habope AaHHbIX — 3TO COKPOBULLE, KOTOPOE HY}KHO HalTW, MOHATbL U U3BAEYb AN
noay4YeHunn cogepkaluenca B HUX MHoopmaumm. CyliecTByeT BaskHbIM Habop aNropuTMOB, KOTOPbIE NbITatOTCA
COCPesoTOUNUTLCS Ha aHaIn3e NaTTepHOB B JaHHOM Habope AaHHbIX. O4MH 13 Hanbonee NONYNAPHbLIX
aNTOPUTMOB 3TOTO K/lacca a/IroPMUTMOB HA3bIBAaETCA aAFOPUTMOM MAUHUHIA NPaBUA accouMaLMm , KOTOpbIn
npesocTaBAsfeT Ham ceayowme BO3MOXHOCTH:

®  Cnoco6HOCTb M3MepPATb YACTOTY NaTTepHa

CnocobHocTb YCTaHaB/1MBaTb I'IpU‘lUHHO-CeraCITIGEHHyFO CB8A43b Memdy nammepHamu.
CnocobHOCTb KOIMYECTBEHHO OUEeHMBaTb NONE3HOCTb NATTEPHOB NYTEM CPaBHEHUA MX TOYHOCTU C
Cﬂy‘-iaﬁHblMM Aoragkamu

Mpumepbl NCNonb3oBaHUA

MalHUHT npasun accoumaymm Mcnonb3yeTca npu nccanegoBaHMM NPUYNHHO-CNEeACTBEHHbIX cBA3ENn mexay
Pa3snnYHbiMM nepemeHHbIMUN B Ha60pe OaHHbIX. HMXKe npnBegeHbl npymepbl BONPOCOB, HA KOTOPbIE MOXKET
NMOMOYb OTBETUTb:

® Kakue 3HaueHus BAaXKHOCTU, 06/1a4HOCTM U TEMMEePaTypbl MOTYT NPUBECTM K AOMKAI0 3aBTpa?

Kakolt tmn CTPaxoBOro MCKa MOXET YKa3blBaTb Ha MOLLEHHNYECTBO?
Kakue KOM6MHaLI,VIM NEeKapCTB MOTYT NPUBECTU K OC/TIOXKHEHNAM Y I'IaLI,VIEHTOB?

AHanus KOP3WnHbI PblHKA

B 3TOi KHWIe ABUraTenn pekomeHaaunin obcykaatTca B enase 8, «An2opummel HelipoHHbIx cemeli». AHanns
KOp3uHbl — 370 60/1ee NpocToi cnocob nsyyeHUs pekomeHaaumii. B aHasM3e KOP3WH HaluKM JaHHbIe CoaepKaT
TONbKO MHGOPMALMIO O TOM, KaKue ToBapbl BblAKn KynieHbl BmecTe. B HEM HeT nHdopmaLMmu o nosnb3osaTene uimn
0 TOM, MOHPABUINCH NN eMy OTAe/bHbIe NpegMeTbl. O6paThTe BHUMaHME, YTO NOAYYMTb 3TU AaHHbIe ropasgo
npoLye, Yem PenTUHrM. Hanpumep, Takne aaHHble reHepupyroTca Npum nokynke 8 Walmart, u ans nx nonydeHums
He TpebyeTcA cneunanbHasa TeXHUKA. ITU AaHHble, cobMpaemble B TeueHMe onpeaenéHHOro BpeMeHu,
Ha3blBalOTCA TPAHCHALMOHANbHBIMM AAaHHbIMK. KOraa aHaiM3 Npasua accoumaumm NnpMmeHseTcs K
TPaHCHaLMOHaNbHbIM Habopam JaHHbIX O TENIEXKKAX, MCMONb3YEMbIX B MarasmHax goma, cynepmapKeTax U ceTax
BbICTPOro NUTaHWUA, 3TO Ha3bIBAETCA aHAIM30M KOP3UHbI PbIHKa. OH M3MepAET YCNOBHYO BEPOATHOCTb
COBMECTHOW MOKYNKK Habopa TOBapOB, YTO MOMOraeT OTBETUTb Ha CleAyroLMe BOMpPOChI:

Kak onTMmanbHO pasmelLaTtb TOBapbl Ha noake?
Kak f01Hbl 0TOBparkaTbCA TOBapbl B MapKETUHIOBOM KaTasiore?
Y10 Ccnepyet pekomeHA0BaThb, MCXOAA M3 NOKYMNaTeIbCKMX MoAe/ei nonb3osatens?



MOCKO/IbKY aHaIM3 KOP3UHbI PbIHKA NMO3BONAET OLLEHWUTb, KaK TOBapbl B3aMMOCBA3aHbI APYr C APYrOM, ero 4acto
MCMO/b3YIOT B MacCOBOM PO3HMYHOM TOProB/e, TAaKOM KaK CynepmapKeTbl, MarasmHbl O0Ma, anTekn 1 ceTu
6bICTpOro NuTaHmA. NMpenmyLLecTBo aHaM3a KOP3MHbI B TOM, YTO Pe3y/bTaTbl MOYTU Camu Mo cebe NOHATHBLI, TO
€CTb WX JIErKO NOHATbL BU3Hec-nofb3oBaTensm. [JaBaiiTe NOCMOTPUM Ha TUNUYHbLIW cynepmapKeT. Bce
YHUKa/bHble NpegMeTbl, OCTYNHbIEe B MarasuHe, MoryT 6biTb npeactaBneHbl HAbopom,

= {NyHKT 1, 3N1eMeHT 2, ..., INEMEHT m }. ECM 3TOT cynepmapkeT npogaét 500 pasHbiX TOBApOB, TO



6yaeT Habop pasmepa 500. /lioam 6yayT NOKynaTb TOBapbl B 3TOM MarasuHe. Kaxaplit pas, Korga KTo-To
NOKynaeT TOBap M ONa4nMBaeT Ha Kacce, OH AobaBnseTcs B HAbOp TOBAPOB B KOHKPETHOM TPaH3aKLMMK,
Ha3blBaeMblit HA6opoM TOBaPOB. 3a OnpesenéHHbI Neprog BpeMeHM TPaH3aKLMM 06beaMHAITCA B

MHOXeCTBO, NpeacTtaBieHHoe KakK



, rae



={ti,t2,..

.,tn}. PaccmoTpum cneaytowme NpocTble AaHHble TPAaH3aKLMIA, COCTOALLME BCETO M3 YeTbIPEX
TpaH3aKLUMiA. ITH caenkun obobuyeHbl B ciegytowen Tabanye:

T1 Kanutku, Haknagkm T2
buTa, KANNTKK, HAaKNagKw,
wnem T3 Wnem, mau T4
BbuTa, HaknagKku, wnem

[aaliTe paccMOTpUM 3TOT NpumMep nogpobHee:



= {6uTa, KANIUTKKN, HAKNAAKM, LLAEM, MAY}, YTO NPEACTaBAAET BCE YHMKaAbHbIE NpeaMeTbl, A4OCTyMNHbIe B
marasmHe. PaccmoTpum oaHy U3 TpaH3aKumi, t3, ns



. ObpaTUTe BHUMaHMe, YTO NpeaMeTbl, KynaeHHble B t3, MoryT 6biTb NpeacTasaeHbl B itemsett3= {helmet,ball},
YTO O3HAYAET, YTO K/AMEHT Kynua gga npeameta. MocKonbKy B 3Tom Habope NpeaMeToB ABa NpegmeTa, pasmep

itemsett5 Ha3bIBaeTCA AByMS.

MpaBunaa accoumnaumnm

MpaBuKao accoumaLmmnm maTeMaTUYECKN ONMUCbIBAET 3/1eMEHTbI OTHOLLEHMIA, YHACTBYIOLIME B Pa3/IMYHbIX CAE/KaX.
370 AenaeTca NyTEM UCCAeA0BaHNA B3aMMOCBA3M MeXKay ABYMA Habopamu npegmeTtos B Buae X => Y, rae X C






. Kpome T0Oro, X n Y — 370 HenepeKpbIBatoWMeCa 3/IeMeHTbI; YTO O3HaYaeT, YTo

XﬂY:@

. Mpaeunio accoumaumm MOXHO onucaTtb caegyrowmnm obpasom:

{mem, Mgum}=> {Bejsocunen}

3necb {helmet,ball} — amo X, a {ball} — Y.



Buapl npasun

3anycKk accouMaTMBHbIX aITOPUTMOB aHaNN3a 06bIYHO NPUBOAUT K reHepauumn 6oNbLLOTO KoMYecTBa NpaBua U3
Habopa TpaH3aKumMi. BONbLIMHCTBO M3 HUX BecrnoniesHbl. YTobbl BbIGpaTb NpaBmaa, KOTOpble MOrYT AaTb
NonesHyo MHGOPMALMIO, Mbl MOXKEM KNAaCCUOULMPOBATL UX KaK OAMH U3 CAeAYHOLWMX TPEX TUMOB:

* TpusunanbHo

HeobbAcHMMOE,
noanexaliee
AencTeumio

[aBaliTe pacCMOTPUM KaxKAbli U3 3TUX TUNOB NogpobHee.

TpuBManbHble npasmna

Cpeam MHOXecTBa CreHepupoBaHHbIX NPaBUA MHOTME N3 HUX OKaXKyTcA 6ecnonesHbIMu, MOCKOJIbKY OHU
0606|.I.I,aIOT 06u.|,14e 3HaHWA o0 busHece. Ux Ha3biBatOT TPUBMANbHbIMKM NpaBuaamu. [laxke ecnm gosepue K
TPpUBUANbHbIM NPaBn/iamM BbICOKO, OHU OCTalOTCA 6ecrnonesHbIMUN U He MOoryT 6bITb UCNONb30BaHbI ANA NPUHATUA

DELLIEHMI;'I Ha OCHOBeE AaHHbIX. Mbl MOXXeM CMOKOMHO WrHOPMPOBATb BCE MeNIKMe npasuaa. Huke npuseaeHsbl
npumepsbl TOUBUAIbHbIX NPaBUAN:

Mo60i1, KTO NPBLIFHET C BbICOTHOTO 34aHUA, CKOpee BCero, NorvbHer.
YcepaHas pabota Be4ET K Ny4LIMM pe3ynbTaTaM Ha 3K3aMeHax.
Mpoaasku oborpesaTenell yBeAnYUBaKOTCA C NOHUMKEHVEM TeMNepaTypbl

BokaeHne aBTOMO6UAA C NPeBbILLEHNEM OFPAHNUYEHHOM CKOPOCTU Ha LLOCCE YBEIMYMBAET BEPOATHOCTD
asapwu.

HeobbsacHMMble NnpaBuna

CpeZv npaBuA, KOTOpbIe reHepUpPYoTCA Nocae 3anycka aAropuTmMa Npasua accoLMaLmnmn, camble COXKHbIE B
Mcnosb3oBaHUKN 6e3 oueBMAHOro 06bsicHeHMA. ObpaTUTE BHUMAHWE, YTO NPABUIO MOXKET BbITb NOE3HbIM
TO/IbKO B TOM C/y4Yae, ec/iv OHO NMOMOraeT Ham 0BHAPYXUTb U MOHATL HOBbIN MNATTEPH, KOTOPLIN, KaK OXUaaeTcs,
B KOHEYHOM UTOTe NPUBEAET K onpenenéHHOMY Kypcy AeUCTBUI. ECiv 3TO He TaK, U Mbl He MOXKeM 06 bACHUTB,
noyemy cobbiTve X npueesno K cobbiTuio Y, To 3T0 HEO6BACHMMOE NPaBUAO, MOTOMY YTO 3TO NPOCTO
MaTemaTnyeckan Gopmyna, KOTopas B UTore nccaeayet 6eccMmbICIEHHYIO CBA3b MeXAY ABYMA COBbITUAMMU, He
CBA3AHHbIMM W HE3AaBMCUMMbIMU. HUXKe npuBeseHbl NpUMepbl HEOHOBACHUMBbIX NPABUIL:

Jlloam, Hocalme KpacHble pyballiky, 06bI4HO Nydlle CAAl0T IK3aMeHbI.
3enéHble BesocMNeapl Yallle NoABepratoTca Kpaske.
Jlioam, KoTopble NOKYNaloT Orypubl, B UTOre NOKYNakoT MNOATY3HUKMK.

MpaKkTnyeckune npasuia

MpaKTnyeckne npasuaa — 3TO 30/10Tble NPaBKUIA, KOTOPbIE Mbl UWeM. VX TOHMMaeT BM3HEeC, 1 OHM NPUBOAAT K
MHcalTam. OHM MOTYT MOMOYb HaM BbIBUTb BOSMOKHbIE NPUYMHBI COBLITUA, €CM NPEeACTaBUTb ayauToOpUun,
3HaKOMOW c BusHec-chepoit — Hanpmumep, NPaKTUYECKME NPaBMaAa MOTYT YKasbiBaTb Ha Jlydllee pasmelleHue
KOHKPETHOro ToBapa B MarasmHe Ha OCHOBE TEKYLLMX MOKyNaTenbCKUX mogenei. OHU TaKkKe MOTyT NPeasioKuUTb,
KaKue ToBapbl pasmellaTb BMecTe, YTOBbl YBE/IMUMTb LAHCbl HA MPOAAXKY, TaK Kak No/b3oBaTenyn 06bI4HO
MOKyNatoT ux Bmecte. Huxe npuseaeHbl NpUMepbl MPUMEHUMbIX NPaBUA U COOTBETCTBYIOWMX UM AeNCTBUN:



o Mpasuno 1: OT06pa)'KEHVIe PEeKNaMbl Ha aKKayHTax nosib3oBaTenei B coumhanbHbIX CETAX yBENNYNBaAET
BEPOATHOCTb NPOAaX.

MpaKTUUYEeCcKuii aNemMeHT: Npea/iaraeT ajbTepHaTUBHbIE CNOCOBbLI PeKIambl NPOAYKTa

« Mpaeunno 2: Co3gaHune 60/bLIErO KONMYECTBA LLIEHOBbIX KaTeropuii yBeIMYMBAET BEPOATHOCTb NPOAAX.

[elicTBYIOWMIA TOBApP: O4MH TOBAp MOMKET BbITb PEKNAaMMPOBaH HA PAcNpPOAAXKe, A LeHa APYroro MoXeT
MOBbILWATHCA.

MpaBuna paHXMpoOBaHUA

Mpasunaa accoumaLmMm UIMepAOTCA TpemaA cnocobamm:
* TMoaaep»Ka (4actoTa) anemeHToB
Moabém

YBEPEHHOCTH

[asaiite paccmoTpum mx nogpobHee.

Moppeprkka

MokasaTenb NOAAEPMKKM — 3TO YMCNO, KOTOPOE KOIMYECTBEHHO ONpPeAesfeT, HAaCKO/IbKO 4acTo
paccmaTtprBaemas 3aKOHOMEPHOCTb HaXxOAMTCA B Halem Habope AaHHbIX. OH PacCHMTbIBAETCA CHadYana NyTém
noacyéTa KONMYECTBa C/Iy4aeB HalLero MHTEPECHOTO NaTTepHa, a 3aTeM Ae/IeHNa Ha obLiee KoAMYecTBo Beex
TpaH3aKumit. PaccmoTpum cneaytouyto Gopmyny Ans KOHKPETHOro itemsseta: numitemseta = Kosauyecmeo
mpaH3akyuli, codepxcaujux itemsetanumtotal = Obujee Konuyecmeo mpaH3aKkyuli

numltemset,

support(itemset,) =
nNUMtotal

MpocTo NoCMOTPEB Ha NOAAEPKKY, MOXKHO NMOHATb, HACKO/IbKO PeKo BO3HUKAET NnaTTepH. HM3Kasa noaaepikka
03Ha4aeT, YTo Mbl ULLLEM pesKoe cobbiTve. Hanpumep, ecnu itemseta = {waem, ma4} BCTpeyaeTcs B ABYX U3
LecTV TpaH3aKumit, To support (itemseta) = 2/6 = 0,33.

YBepeHHOCTb

[loBepue — 3T0 UNCI0, KOTOPOE KOIMYECTBEHHO ONpeaensieT, HACKONbKO CUIbHO Mbl MOXKEM CBA3aTb JIEBYIO
yacTb (X) c npaBoit (Y) NyTém BblMMCAEHUA YCAOBHOMN BEPOATHOCTU. OH BbIYUCAAET BEPOATHOCTb TOTO, YTO
cobbiTre X NpuBeaET K cobbITUIO Y, ecv npounsoLuno cobbiTve X . MaTemaTUyeckn paccmMoTpum npasuio X => Y.
YBepeHHOCTb 3TOro Npasua NPeACcTaBAeHa Kak YBepeHHOCTb (X => Y) 1 namepseTca ciedyowmm obpasom:

support(X UY
support(X

confidence(X = Y) =



[aBaiTe paccmoTpum npumep. PaccmoTpum cnegytoliee npasuo:
{wnem, mau} => {Kanntkn}

YBEpPeHHOCTb 3TOFO NpaBu/Ia BbIMUCAAETCA NO caeaytowein popmyne:

t(helmet, ball U wicket
con fidence(helmet, ball = wickets) = support(helmet, ball U wickets) _

=0.5
support(helmet, ball)

o:lmlcnlr—n

3TO 3HAYUT, YTO €C/IN Y KOTO-TO ecTb {Lem, MAYN} B KOP3NHE, TO BEPOATHOCTb TOTO, YTO Y HEro ToXKe byayT
Kanutkun, coctasnaet 0,5 nam 50 npoueHTOB.

MNoaAbEMHUK

[pyroit cnocob oLeHUTb Ka4ecTBO NpaBMaa — PAcCUMTaTb NOABEMHYIO cuay. NMoabEM BO3BPALLAET YMCO,
KOTOPOE KO/IMYECTBEHHO MOKa3bIBAET, HACKO/IbKO yaydLleHue 6b110 4OCTUTHYTO MO Npasuay Npu NpeackasaHmum
pesynbTaTa no CPaBHEHMIO C MPOCTbIM MPEANOoNoKEHUEM pe3ybTaTa Cnpasa B ypasHeHuK. Ecam 661 Habopbl
anemeHmos X n Y 6bInn He3aBUCUMbI, TO MOABEM BbIYMCAAETCA CeayoLWMM 06pasom:

support(X UY)
support(X) x support(Y)

Lift( X =Y) =

ANropuTMbl aHasIM3a accoumaumi

B 3ToMm pasgene mbl pacCMOTPUM C/iedytolime Ba airopMTMa, KOTopble MOXKHO MCNOb30BaTh AN aHan3a
accoumnaumun:

* Anroputm Anpuopu: npegsoxeH Arpasanom, P. u CpukaHtom B 1994 rogy.

Anroputm pocrta FP: ynyylweHune, npegnoxeHHoe XaHom 1 ap. 8 2001 roay.

[agaliTe pacCMOTPUM KaXKablii U3 3TUX aArOPUTMOB.

AnpUOpPHbIN aNTOPUTM

ANpUOPHbIN aNroOPUTM — 3TO UTEPATUBHbIN U MHOTOGAa3HbIN aNrOPUTM, UCMONb3YEMbIN ANA reHepaLmMm Npasmn
accoumaumin. OHa OCHOBaHa Ha NoOAX0A4e MOKONEHUA U TeCTUPOBaHUA. MNepes, BbINOAHEHNEM anpPUOPHOro

anropunuTma HEO6XO,CI,MMO onpeaennTb ABe NnepemMeHHble: NoOpOor nognepXKu n nopor gosepumA. AI'IFOpMTM cocTounT
13 cneayrowmx AByx aTanos:

® @dasa reHepauum KaHAMAATOB: reHepUpPyIOTCA Habopbl KaHAMAATOB, KOTOPbIE coaepsKaT Habopbl BCex

3/1EMEHTOB BbllLE NOPOra NOAAEPHKKM.

daza punbTpauun: oH GUALTPYET BCe NPABUIA HUKE OXKUAAEMOro Nopora A0Bepus.

Mocne ¢pnNbTPaLMM OTBETOM CTAHOBATCA NONYYEHHbIE NpaBua.



OrpaHMyYeHns anpmopHOro aairopmuTMa

OCHOBHbIM Y3KMM MEeCTOM B alpUOPHOM aaropuTme ABNAAETCA reHepauma KaHAMAATOB NPaBua B nepBoﬁ d)aae —

Hanpumep,

= {anemeHT 1, 3NeMeHT 2, ..., 3NeMEeHT m } MOXKET AaTb 2 MJ/IH BO3MOXHbIX Habopos anemeHTOB. baarogaps
MmHorodasHoMy AM3aiHy OH CHavana reHepupyeT 3TM Habopbl NpeaMeTos, a 3aTem paboTaeT Hag NOMCKOM
YacTbix HabopoB. ITO orpaHUYeHne NpeacTaBaseT coboi OrpoMHOE Y3Koe MECTO NPOMU3BOAUTENbHOCTU M AenaeT

ANITOPUTM aNPUOPHOTO NCNOJIb30BaHNA HEMPUTOAHBbIM ANA KPYMHbIX 3/1EMEHTOB.

AnropunTtm pocta FP

ANropuTM 4acToro pocta nattepHoB (FP-pocT) sBnseTcs yaydlweHnem anpruopHoro anroputma. HaumHaercs ¢
oTobpakeHnn FP-gepeBa YacTbix TPAH3aKLMI, KOTOPOE ABAAETCA YNOPAAOUYEHHbIM AepeBOM. OH COCTOWT U3 ABYX

3Tanos:



3anonHeHue FP-gepeBa
YacTble cxembl [06bI4M

[aBaiiTe pacCMOTPUM 3TV LIATU MO OAHOMY.

3anonHeHue FP-gepesa

PaccmoTpum paHHble TpaH3aKLMi, NoKasaHHble B cneaytollelt Tabavue. CHavyana npeacTaBMm 3TO Kak
pa3pexXEHHy maTpuuy:

ID buta Kanutkn Haknagku Wnem Msay
A O 1 0

1
B 1 1 1 1
B O O 0 1
ri o 1 1

o »r O O

,EI,aBaﬁTe BbIYUCNTUM HYaCTOTY KaxX40ro aieMeHTa 1 OTCOPTUPyem mnx B y6bIBaPOLLI,EM nopAagkKe no Yyacrtote:

Mpepmer

Yacrota
Konoaku 3
wnema 3 6uta 2
KanuTkm 2 mava 1

Tenepb ,Cl,aBal‘/llTe nepecMoTpUM TPaH3aKUNOHHbIE AaHHbIE B 3aBUCMMOCTU OT YaCTOTbl:

ID OpuruHanbHble npegmetbl MNepesakas

Mpeametbl T1 KannTku, Haknagku Haknagkm,

KaZIUTKN

t2 buTa, KaNUTKK, HaKNagKK, wnem LLinem, HakNagKK, KaAUTKK, buTa
t3 Wnem, may LLnem, mau

t4 BuTa, Haknagku, wnem LLnem, Haknagku, 6uta

Y1061 NocTpouTb FP-gepeBo, HaYHEM c nepsoli BeTBU FP-gepesa. FP-gepeso HaumHaetca ¢ Null B KayecTse
KOpHA. YTO6bl NOCTPOUTL AEePEBO, MOXHO NPEACTAaBUTb KaxAbll 91€MEHT Y3/10M, Kak NOKa3aHo Ha caeaytoLuLei
Avarpamme (gepeBo tl nokasaHo 34eck). ObpaTUTe BHUMaHUE, YTO METKA KaXKAO0ro y3/1a — 3TO Ha3BaHuWe
aNeMeHTa, a YacTtoTa gobaBnseTca nocie ABoeTounA. TakKe 06paTUTe BHUMAHUE, YTO 3/1EMEHT € MPOKAaAKamMuU
nmeet yactoty 1:



t1: {pads,wickets}

7~
> <
/ -
ID bat ~ wickets pads helmet ball
1 ./ 0 1 1 0 0
2 1 1 1 1 0
3 0 0 0 1 1
4 1 0 1 1 0

Mcnonb3ya TOT e WwabnoH, Hapucyem Bce YeTblpe TPaH3aKLUK, B pe3ynbTaTte Yero noayyntca nonHoe FP-gepeso.
FP-aepeBo cOCTOUT M3 YeTbIPEX IMCTOBBIX Y3/10B, KaxAbll U3 KOTOPbIX NpeacTaBaseT Habop anemeHTOB,
CBA3AHHbIX C YeTbIPbMSA TPaH3aKUMAMMK. OBpaTUTE BHUMAHME, YTO HYXKHO CYMTATb YaCTOTbl KaXKA0M0 31eMEeHTa U
YyBE/IMYMBATbL €€ NPU MHOTOKPATHOM MCMO/Ib30BAHUN — Hanpumep, Npu gobasneHum t2 B FPtree yactoTta waema
yBeANUYMBaANACh 40 ABYX. AHaNOrMYHO, Npu AobasneHun t4, ero ewé pas yBeamunam go Tpéx. NonyyeHHoe
[epeBo NoKasaHo Ha cieaylollei anarpamme:



t1: {pads,wickets}

P. 4
e t2: {helmet,pads,wicket, bat}
s " __ - t3: {helmet,ball}
- —
D bat”  wickets - — pads helmet ball _ _——
+ = - L e -

1 ./ o _ - 1 N 0
2 @1 1 A" e 1 0
3 @0 o 0 1 1
L @4 — __ 0 1 1 0

. t4: {helmet,pads,bat}

O6patute BHMMaHKe, 4To FP-aepeBo, creHepmMpoBaHHOE Ha NpeablayLiet Auarpamme, ABafeTca
YyNopAA0YEHHBIM AePEBOM.

YacTble cxembl A06bIYM

BTopas ¢asa FP-pocTa BKAOYAET M3B/IEeYEHME YacCTbIX NaTTepHOB M3 FP-aepesa. Co3gasasn ynopagouyéHHoe
AepeBo, Lenb — €c034aTb 3GPEKTUBHYIO CTPYKTYPY AaHHbIX, MO KOTOPOW MOXHO IEFKO OPUEHTMPOBATLCA ANA
MOMCKa YacTbIX WabnoHoB. Mbl HAYMHAEM C IMCTOBOIO Y3/1a (TO eCTb KOHEYHOTO y3/1a) U ABUTaeMCs BBEPX —
Hanpumep, HaYHEM C OAHOIO U3 31IEMEHTOB JIMCTOBOTO Y3/1a, NeTy4eid MbILK. 3aTeM HYXKHO BbIYUCIUTb
ycnoBHyto 6a3y naTrepHa AN1A netydeid MbiwKn. basa ycnosHoro wabaoHa BbluMcaAETCA NYTEM YKa3aHUA BCeX
nyTel oT y3a1a anemeHTa IMCTa A0 BEPXHEN YacTW. YCNI0BHAA OCHOBA NaTTepHa ana bat 6yaeT cnepyrowen:

Kanutka: 1 Haknagku: 1 Wnem: 1
Konoaka: 1 Wnem: 1

Yactbiit naTTepH 419 63ta byaer cregyowmm:

{kanumka, Haknadku, wnem} : 6uma {Haknaoka, wnaemj : buma

Kog ona ncnonbzosaHuma FP-pocta

[JaBaliTe NOCMOTPUM, KaK MOXKHO CreHepMpoBaTb NPaBMAA accoLmaLmMii C nomoLLbio anroputma FP-growth B
Python. [lns atoro mbl 6yaem UCNonb3oBaTb naxer pyfpgrowth. BO-NepBbIX, €C/IM Mbl HUKOTAA pPaHblue He
No/Ib30BaNIUCh pyfpgrowth, AlaBalTe CHaYana YCTaHOBUM €ro:

'pip install pyfpgrowth

3aTem UMNOPTUPYEM NaKeTbl, KOTOPble HAaM HYXHbl 4AA peanm3aLnm SToro aaropmTma:



VvnopT Pandas xak PD
VMIIOPT numpy kak NP
nmnopT pyfpgrowth xax FP

Tenepb Mbl cO34aaMM BXOAHble AaHHbIE B BUAE transactionSet :

dictl = { 'id':[0,1,2,3]1,
'mpenMerTr’ : [ ["xkammTkn", "xosonku"],
[«BuTa», <«KAIUTKM», «HAKJIAOKW», «IJIEeM»],
["wreMm", "mazo"],
[«jleTyuyasa MBIIB», «HAKJIAOKM», <IJIem»] ]

} transactionSet = pd. DataFrame

(dictl)

Mocne reHepaLm BXOLHbIX AAHHbIX Mbl CreHepupyem LIabIoHbl, OCHOBAHHbIE Ha MapameTpax, KoTopble Mbl
nepefanun B find frequent patterns() .(O6paTUTe BHUMaHWe, YTO BTOPOW NapameTp, NnepeaaBaemblii 3ToM
GYHKUMM, — 3TO MUHMMaIbHAA NOALEPIKKA, KOTOPan B JaHHOM Cayyae paBHa 1:

narrepHe = fp.find frequent patterns(transactionSet['items'],1)

WabnoHbl 6bian creHepupoBaHbl. Tenepb pacneyaTaem y30pbl. B BbIKpoiikax nepedncieHbl KoMBUHaLmm
NpeameToB C UX ONOPamMM:

In [39]: patterns

Out{39]l: {{"pad®,)z 1,
("helmet', 'pad'): 1,
('wickets',): 2,
('pads', 'wickets'): 2,
('"bat', 'wickets'): 1,
("helmet', 'wickets'): 1,
{'bat*, 'pads', 'wickets'): 1,
("helmet', 'pads', 'wickets'): 1,
('"bat', 'helmet', 'wickets'): 1,
('"bat', 'helmet', 'pads', 'wickets'): 1,
{'Bat",): 2,
("bat', 'helmet'): 2,
('bat', 'pads'): 2,
('‘bat', 'helmet', 'pads'): 2,
{‘pads’ )} 3,
("helmet',): 3,
("helmet', 'pads'): 2}

Tenepb AaBaliTe creHepupyem npasuna:



In [22]: rules = fp.generate association rules(patterns,0.3)
rules

Out[22]: {('helmet',): (('pads',), 0.6666666666666666),
{‘pad’ ;)¢ ({'helmet"',), 1.@),

('pads',): (('helmet',), 0.6666666666666666),
('wickets',): (('bat', 'helmet', 'pads'), 0.5),
('bat',): (('helmet', 'pads'), 1.0),

('bat', 'pads'): (('helmet',), 1.0),

('bat', 'wickets'): (('helmet', 'pads'), 1.0),
('pads', 'wickets'): (('bat', 'helmet'), 0.5),
('helmet', 'pads'): (('bat',), 1.0),
('helmet', 'wickets'): (('bat', 'pads'), 1.0),
(*Bat', ‘hHelmeE")s ((‘Bads".), 1.B),

('bat', 'helmet', 'pads'): (('wickets',),
('bat', 'helmet', 'wickets'): (('pads',),
('bat', 'pads', 'wickets'): (('helmet',),
('helmet', 'pads', 'wickets'): (('bat',),

Kaxgoe npaBu/io MMeeT NIeByH0 M NPaByIo CTOPOHbI, pa3aenéHHble AsoeTounem (:). OH TakKe JaéT Ham
NOAAEPKKY KasKA0ro U3 MpaBu/ B Hallem BXOLHOM Habope AaHHbIX.

lMpakTnyeckoe NnpuMmeHeHne — O6'beﬂ,VIHEHVIe MOXOXUX TBUTOB BMECTE.

ANrOPUTMbI HEKOHTPO/IMPYEMOTrO MaLLMHHOMO 0BYYEHUA TaKyKe MOryT NPUMEHATLCA B peaNbHOM BpemeHu Ans
obbeanHeHNsA NOXOXKUX TBUTOB. OHM AeNaloT cieaytoulee:

® WAT 1 — MogenuposaHue Tem: OTKpoiiTe ana cebs pasnnyHble TeMbl U3 3a4aHHOro Habopa TBUTOB
AT 2 — Knactepusauua: AccounmnpyinTe Kaxablit TBAT C 04HOMN M3 06HAPYMKEHHbIX TEM

9TO MCNONb30BaHNE HEKOHTPONPYEMOTO O6y‘-IEHMF| MNOKa3aHO Ha cne,u,y}ou.l,eﬁ anarpamme:

#0Ottawa

#BigData

§> Z\b #Toursim

Unsupervised Learning

>

Tweets

#Basketball

#Accident




O6paTnTe BHUMAHMWE, YTO B 3TOM Npumepe TpebyeTtca 06paboTka BXOAHbIX AaHHbIX B PEaNbHOM BPEMEHMU.
[agaliTe pacCMOTPUM 3TU LUATK NO oYepeam.

TemaTnyeckoe mogenmposaHue

TemaTuyeckoe MoaennpoBaHne — 3T0 NPoLEcc 06HapyKeHMA KOHLENUNA B Habope AOKYMEHTOB, KOTOpble
MOYKHO MCMNOAb30BaTh ANA UX Pa3AnuMA. B KOHTEKCTe TBUTOB peyb MAET 0 NoMCKe Hanbonee NOAXOAALMX TEM, Ha
KOTOpble MOYKHO Pa3aenuTb Habop TBMTOB. J/laTeHTHOe pacnpeseneHve Aupuxne — NonynsapHbIi anropuTm,
MCNoNb3yemMblli 419 MOAENAMPOBAHUA TeM. MOCKONbKY KaxKabli U3 TBUTOB — 3TO KOPOTKUIA JOKYMEHT 13 144
CMMBO/10B, 06bIYHO NOCBALLEHHBIN O4EHb KOHKPETHOM TEME, Mbl MOXKEM HanucaTtb 6onee NPOCTON anropuT™ aan
uenei MogennpoBaHMA TeM. AIrOPUTM ONUCbIBAETCA CaeayroWwmm obpasom:

A. TokeHM3UpyWTe TBUTLI.

b. NpeaBaputenbHo obpaboTaiiTe faHHble. YbepuTe cTtonsopabl, LMdpbl, CUMBO/IbI U BbINMOJHUTE CTEMMUHT

B. Co3paiite MmaTpuuy TepMuHa-goKymeHTa (TDM) ans 1eutoB. Bbibepute Ton-200 cN0B, KOTOPbIE Yallie BCero
BCTPEYAIOTCA B YHUKA/bHbIX TBUTAX.

I. BbibepuTe Ton-10 cnoB, KOTOPbIE MPAMO MAN KOCBEHHO OTPaXKatoT KOHLLeNUuio uamn temy. Hanpumep, moaa,
Hbto-MopK, nporpaMmmupoBaHue, ciy4aitHocTb. 3T1 10 coB Tenepb ABNAIOTCA TEMaMM, KOTOPbIE Mbl
ycnewHo 0b6HapYKMUAN U KOTOPbIE CTAHYT LiEeHTPaMK Knactepa 4S8 TBUTOB.

MNepenaém K cnegytoliemy stany — Knactepmsaumm

Knactepusauma

KaK TO/IbKO Mbl OTKPOEM TeMbI, Mbl Bbibepem KX B LiEHTP KaacTepa. 3aTem MOXKHO 3anyCTUTb a/iIr0PUTM
KaacTepmsaumnmn k-means, KOTOPbIN Ha3HAYNUT KaXkAbl TBUT OAHOMY M3 LEHTPOB Knactepa. UTak, 3To npumep
TOro, Kak Habop TBUTOB MOMKHO CrPYNMNMPOBaTh B U3yYeHHbIE TEMbI.

Anroputmbl 06HapyXeHnAa aHOMaNni

CnosapHoe onpeaeneHne aHoMaauu — 3TO HEeYTO, YTO OT/INYAETCA, aHOMAJIbHO, HeobblYHOE MK TPYAHO
Kl]aCCMd)MLI,MpOBaTb. JTO OTK/IOHEHME OT o6u.|,ero npasuna. B KOHTEKCTe HAYKM O JAaHHbIX aHOMANNA — 3TO TOYKA
AaHHbIX, KOTOPaA CUNIbHO OTK/ZIOHAETCA OT oXKmaaemon 3aKoHoMepHoCTU. MeToapl OﬁHapy)KEHMﬂ TaKNUX TOYEK
AaHHbIX Ha3bIiBalOTCA MeETO4aMU 06Hapy>KEHVIﬂ aHOManui. Tenepb AaBaVITe PacCMOTPMM HEKOTOpPbIE
npuUMeHeHnAa aiIropnuTmos 06Hapy)'KEHMH aHOManui:

MoLeHHNYECTBO C KPeAUTHbIMM KapTamu

O6HapyKeHune 3/10Ka4eCTBEHHOM OMYyX0/1IM HAa MarHMTHO-pPe3oHaAHCHOU Tomorpaduu (MPT)
. MpepotepalieHne HencnpaBHOCTEN B KNacTepax

o WMmuTauma Ha ak3ameHax

ABapuu Ha wocce

B cneaytowmx pasgenax mbl yBUAUM PasinyHbie MeToAbl 06HapPYXeHUA aHOMamniA.

Mcnonb3oBaHue Knacrepusauunu

ANropuTMbl KNactepmnsaumm, Takue Kak k-cpegHve, MOryT MCMo/b30BaTbCA A8 IPYNNUPOBKM MOXOXKMX TOUEK
AaHHbIX. MOXHO onpeaenunts Nopor, n Atobas TouKa 3a ero npeaeiamm Moxet 6biTb KnaccuouumposBaHa Kak
aHomanus. Npobsema Takoro Noaxoga B TOM, YTO FPYNMNMPOBKA, CO34aBaemMan Knacrepusaumei k-cpegHux,



MOKET BbITb NPeaB3ATON M3-32 HAIMUYNA AHOMAJbHbLIX TOYEK AAHHbIX M BAUATH HA M0/E€3HOCTb M TOYHOCTb
noaxoaa.

Ncnonb3oBaHMe 0b6HapyKeHUA aHOMaIMM Ha OCHOBE NJIOTHOCTU

Moaxoa, OCHOBAHHbIW Ha NJAOTHOCTH, NbITAETCA HAWTU NIOTHbIE OKPECTHOCTU. 1A 3TOM Lien MOXKeT
ucnosb3oBaTbcs anroputm k-6amKaiiwmx cocegeit (KNN). AHomanum, HaxogawMeca AaNeKo OT 06HAPYKEHHbIX
ryCTOHace/IeHHbIX PaioHOB, OTMEYAIOTCA Kak aHOMaNuu.

Mcnonb3oBaHue OMOPHbIX BEKTOPHbIX MallnH

Anroputm Support Vector Machine (SVM) moKeT MCNoab30BaTbCA ANA U3YYEHMA TPaHUL, TOYEK AaHHbIX. Jllobble
TOYKM 33 NpeAenammn 3TUX OTKPBITbIX FPaHNL, ONPeaenATCA Kak aHOMaANu.

KpaTkoe coaep»aHue

B 3TOW rnaBe mMbl PacCMOTPEIN Pa3/IMYHbIE HEKOHTPOJIMPYEMbIE METOAbI MAaWMHHOTO 06yyYeHns. Mbl
paccmoTpenn 06CcToATeNbCTBA, MPU KOTOPbIX PAa3yMHO NOMbITAaTbCA YMEHbLUNTb Pa3MePHOCTb 3aa4u, KOTOpYyHo
NbiTaeMcA peLnTb, U pa3anyHble MeToapl e€ BbINoHEHUA. Mbl TaKXKe U3y4yniv NpakTMYeckne Nnpumepsl, rae
MeTOAbl HEKOHTPOIMPYEMOTO MALLUMHHOIO 06y4eHMA MOTYT BbITb OYEHb NOAE3HbI, BKAOYAA aHAIN3 PbIHOYHbIX
KOP3MH 1 06HapyKeHWe aHoMannit. B cneaytolelt rnage mMbl PacCCMOTPUM PasNnYHble MeToabl 0byueHus nog,
KOHTposiemM. HaUHEM C IMHENHOW perpeccun, a 3aTem paccmoTpum 6onee CNoKHble MeToAbl KOHTPOANPYEMOTO
MaLMHHOIo 0by4yeHusn, TaKMe KaK airopuTMbl Ha OCHOBE AepeBa peweHnin, SVM 1 XGBoast. Mbl Takke usyuymm
HaMBHbIN anropuTm baeca, KOTOPbIN NlyyLle BCEro NOAXOAMUT A/1A HECTPYKTYPUPOBAHHbIX TEKCTOBbLIX AAHHbIX.
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/7 TpagUUMOHHbIE aNropUTMbl KOHTPOIMPYEMOTO
obyyeHus

MpucoeanHAanTech K Discord-npocTpaHCTBY HALLEN KHUTK

https:// packt.link/40Algos

«UckyccmeeHHbil uHMensnekm — amo Hoeas anekmpuyecmso.» ~IHOpro He.

B 3TOW rnaBe Mbl COCPEAOTOUMMCA Ha aNTOPUTMAX KOHTPOIMPYEMOTO MALLMHHOIO 0By4YeHUs, KoTopble ABNAIOTCA
O4HMM U3 BaXKHEMNLUNX TUTMOB COBPEMEHHbIX aNTOPUTMOB. OTIMYUTENLHOW YEePTON aNTOPUTMa KOHTPOIMPYEMOTO
MaLWHHOro 0byYeHMs ABNAETCA MCNOIb30BaHME MAaPKMPOBAHHBIX AaHHbIX 418 0byyeHMa mogenu. B atoli riase
Mbl NPeACTaBUM BCE aNTOPUTMbl KOHTPOIMPYEMOTO MaLMHHOTO 06Yy4YeHUs, 33 UCKAOYEHNEM HEMPOHHbIX CETEN.
Cnepytolive TpU r1aBbl NOCBALEHbI peasn3aLmn aTOPUTMOB KOHTPOIMPYEMOTO MALLIMHHOMO 0b6y4YeHus ¢
MCNosb30BaHWeM HeMPOHHBbIX ceTei. MpaBaa B TOM, YTO MPU TaKOM NOCTOSHHOM Pa3BUTUM B 3ToW obnactu
HeMpPOHHbIe CEeTU — 3TO KOMMJIEKCHas TeMa, A/1A KoTopoit TpebyeTcs 6onee ofHOM raBbl A8 NOJHOLEHHOTO
obcyRaeHus... B 3Toli rnaBe mbl CHa4yala No3HAaKOMUMCA ¢ YHAAMEHTANbHBIMU MOHATUAMM KOHTPOIMPYEMOTO
MalnHHOro obydyeHus. [lanee mbl NpeacTaBMM 4,B8a TUMNA MOAENEel KOHTPOAMPYEMbIX MaLLUMH — KaaccuduKaTopsl
1 perpeccopsbl. YTo6bl NPOAEMOHCTPUPOBATL CNOCOBHOCTU KNacCMPUKATOPOB, CHavana Mbl NpeacTaBum
peanbHylo 3a4a4y B KayecTBe Bbl30Ba. 3aTeM Mbl NPEACTABMM LUECTb PA3/IMYHbIX aATOPUTMOB Knaccuburkaumm,
KOTOPbIE UCMNONb3YIOTCA ANA PeLLEeHUA O4HOW M TOM e 3a4a4n. Janee Mbl COCPEAOTOUMMCA Ha aNropuTMax
perpeccuu, cHayana NpeacTaBuB aHaNOMMYHYIO 3a4a4y, KOTOPYIO HYXKHO PeLunTb AN Perpeccopos. 3atem
NpeacTaByM TPU aNropUTMa Perpeccum u CNosibayem Ux A1A peLleHns OLHOM U TOW e 3agauun. HakoHew, mbl
CPaBHMM pe3yNbTaTbl, YTOObI NOALITOXUTL KOHLENLWW, NPeacTaBAeHHble B 3Tl rnase. O6Las Lenb 3Toi rasbl
— MOHATb Pa3/IMUHbIE TUMbl TEXHUKM KOHTPOIMPYEMOTO MALLMHHOIO 06YYEHNA 1 MOHATb, KaK1e MeTobl
KOHTPO/IMPYEMOTrO MALLUMHHOTO 06y4YeHUA ABAAIOTCA NYYLUMMM ON5 ONpeaeNEHHbIX Knaccos 3asad. B aToit rnase
0bcyKAal0TCA Cnesytolme KOHLEeNLmMu:

MOHMMaHME KOHTPOMPYEMOrO MaLWMHHOMO 06y4YeHus
MoHMMaHMe anropuTMoB KaaccudmKkaumm
. MeToabl OLEeHKM NPOM3BOANTENBHOCTM KNaccMdUKaTopoB

« [oHMMaHMe anroputTmoB perpeccumu
MeToap! oLeHKM 3P HEKTUBHOCTU PErpecCUOHHbIX aITOPUTMOB

Ll,aBaﬁTe HAYHEM C PacCMOTPEHMNA OCHOBHbIX KOHLI,eI'ILI,VII?I KOHTPOIMPYyEMOTIro MallMHHOIo O6yl'leHVlﬂ.

MoHMMaHME KOHTPOIMPYEMOTO MalIMHHOIO 0by4yeHun

MawunHHoe o6yqume cocpenoTo4eHO Ha ncnoab3oBaHMn NoaAxoA40B, OCHOBAHHbIX Ha AaHHbIX, ANA CO340aHNA
AdBTOHOMHDbIX CUCTEM, KOTOPbIE NOMOTaOT HaM NPUHNMATb pelleHnAa C 4HenoBeyYyeCKUM KOHTpoOeEM U 6es3 Hero.
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[nAa co3paHna TakMx aBTOHOMHbIX CUCTEM MALUMHHOE 06YyYeHWe Ncnonb3yeT Habop anropuTMOB U METOL0/10TUI
ana obHapyxkeHna n GopmyanMpoBaHNA NOBTOPAEMbIX 3aKOHOMEPHOCTEW B flaHHbIX. Of4HOMN 13 cambix
NonynAPHbIX U MOLLHbBIX METOAONOMMI B MALUMHHOM O0BYYEHUN ABNAETCA NOAXOA C KOHTPOAUPYEMbIM
MaLMHHbIM 0By4yeHNeM. B KOHTPOIMPYEMOM MaLUMHHOM 06Y4YEeHUM anropuTmy 3agaéTtcAa Habop BXOAHbIX
AaHHbIX, Ha3blBaEMbIX NPMU3HAKaMM, U COOTBETCTBYHOLWMMMU UM BbIXOAaMM, HadbiBaemMbiMU MeTKaMu. Mcnonb3ya
OaHHbIN Habop AAHHBIX, aITOPUTM KOHTPOJIMPYEMOIO MALLUMHHOFO 06y4eHMA 0by4aeT Moaesib, OTpaXKatoLyro
CNIOXKHYIO CBA3b MEXAY NPU3HaKaMM U METKaMMU, NPeaCTaBAeHHbIMM MaTemaTUydeckon dopmynoi. ITa
0by4yeHHan mogaenb ABaaeTcA 6a30BbIM TPAHCMOPTHLIM CPEACTBOM, MCMONb3YEeMbIM ANA
NPOrHO3npPoBaHUA.CrocobHOCMb YYUMbCA HA CYWEecmayouux OaHHbIX 8 KOHMPOAUPYeMOM 0ByYeHUU CXOHa CO
CrNoCcobHOCMbIO Yesno8e4yecKko2o Mo32a y4umecs HA onbime. 3ma cnocobHOCMb K 06YYEHUIO 8 KOHMPOUPYEMOM
06yYeHUU ucnosb3yem o0Hy U3 XapaKmepucmuK Yeanoeevyecko2o Mmo3aa U AeaAAemcs hyHOAMeHmMaAAbHbIM
crnocobom omkpsimus 0eepeli, Yymobbl nepedams MAWUHAM CUAY U UHMesAekm 044 NpuHAmMuA
peweHull.PaccMoTpum NpumMep, Koraa mMbl XOTUM MCMOMb30BaTb TEXHUKM KOHTPOIMPYEMOTrO MaLIMHHOIO
obyuyeHua ana obyyeHma moaenum, KoTopaa MOXKeT KnaccuduumposaTb Habop NMcem Ha NEFUTUMHbIE
(Ha3bIBaemble NETUTUMHbBIMU) U HexKenaTesbHble (HadbiBaeMble cnamom). Bo-nepsbix, YTobbl Ha4YaTb, Ham
HY}KHbI NPUMeEPbI U3 NPOLUNOTrO, YTOObI MalUMHA MOTa NOHATb, KAKOW TUN NUceM cneayeT KaaccuduumpoBaTb
KaK cnam. ITa 3aga4a 06y4yeHmnn TEKCTOBbIX AAHHbIX HA OCHOBE COAEPKAHWUSA ABNAAETCA COXMKHbLIM NPOLLECCOM U
peanusyeTcsa C NOMOLLbIO O4HOTO U3 KOHTPOIMPYEMbIX aIFOPUTMOB MALWMHHOTO 06yYeHns. HekoTopble Nnpumepbl
aNTOPUTMOB KOHTPOJIMPYEMOTO MALUMHHOIO 0BYYeHUs, KOTOPbIE MOXKHO MCMO/b30BaTb A1 0byYeHUs Mogenn B
3TOM MPUMEpPE, BKIOYAIOT AEPEeBbA NPUHATUA PELLEHUI U HauBHble KnaccuduKaTopbl balieca, 0 KOTOPbIX Mbl
pPaccMoTPUM MO3Ke B 3TOM rnase.

dopmynunpoBaHme 3334 C KOHTPOIMPYEMbIM MALLMHHBIM 0OyYeHnEM

Mpexae Yem yrnybuTbCA B A€TaNN aArOPUTMOB KOHTPONMPYEMOTO MaLLMHHOIO 06yyeHun, AaBaiiTe onpeaeimm
HeKoTopble 6a30Bble TEPMUHbI B 061aCTM KOHTPOIMPYEMOTO MALLUMHHOIO 0ByYeHus:

TepmuHonorua O6bAcHeHue

Neiibn MeTKka — 3TO NnepemeHHas, KOTOPYIO Mbl XOTUM, YTOBbI Halla MOAE/b NPeACKasblBana,
Ha3bIBAaeTCs METKOW. B MOAEIM KOHTPOIMPYEMOTO MALLMHHOTO 06YYEHMA MOXKET BbITb TO/IbKO
oflHa MeTKa.

OcobeHHOCTMHabop BXOAHbIX NepeMEHHbIX, UCMOAb3YEMbIX ANA NPeACKa3aHNA MeTKW, Ha3blBaeTCA NPU3HAKaMK.

OcobeHHocTn  MpeobpasoBaHue yHKLMI ANA NOAFOTOBKM K BbIBPaHHOMY airoputmy KOHTPOAUPYEMOTO

MaLUMHHOTO 0ByYeHMA — 3TO UHKEHEPUA HA3bIBAETCA UHKEHepuen ocobeHHoCTeN.

BekTop Npu3HaKos Mepen nepenayeit BXOAHbIX AAaHHbIX aNTOPUTMY KOHTPOAUPYEMOrO MaLLIMHHOIO
0byueHunn BCce NpU3HAKM 06beANHAIOTCA B CTPYKTYPY AaHHbIX, HAa3biBaeMyO0 BEKTOPOM
NPU3HAKOB.

WUcTopuyeckue gaHHble [JaHHble U3 NPOLUAOro, UCMOb3yemble AN GOPMYNIMPOBKMU CBA3U MEXKIY METKOM U
NpU3HaKamu, Ha3bIBAKOTCA UCTOPUUECKUMU AaHHbIMU. MICTOpUYECKME AaHHble NPUBOAAT
npumepsl.

ObyueHune/TecTMpoBaHue UcTopuyeckre JaHHble C NPUMeEpPaMu AeNATCA Ha ABe YacTh — 6onbwmii Habop

OaHHbIX, Ha3blBaeMblii 06y4aoLWMMKN AAHHBIMM M MeHbLINM Habop AaHHbIX, Ha3blBaeMblli TECTOBbIMM
AAHHbIMM.
Mogenb MaTtemaTuyeckan GopmMynnMpoBKa NaTTePHOB, KOTOPAs yylle BCEro OTPAXKAET CBA3b MeXAY

METKOM U MPU3HAKaMMU.

O6yyeHuneCosgaHme moaenu Ha oCHOBe 0byYaloLMX AaHHbIX.



TectpoBaHne  OueHKa KavyecTBa 06y4YEeHHOM MOLENWN C UCMO/Ib30BAaHNEM TECTOBbIX
AaHHbIX. MporHo3 Ucnonb3oBaHMe oby4yeHHON mogenu AnA NporHo3npoBaHus
METKM

0b6yyeHHasA Modesb C KOHMPOAUPYyeMbIM MAWUHHbIM 0ByYyeHUem CrocobHa 0ename NPo2HO3bl, OUEHUBAA MemKy
Ha OCHOB8e NMpU3HAaKos. [laBaiTe npeacTaBMm 0603HaYEHUSA, KOTOpble Mbl Byaem Mcnonb3oBaTh B 3TON rase Ann
06CyKAEHNA METOLOB MALUMHHOIO 06yYeHun:

3HaueHue nepemeHHbIX

y PeanbHbili neiibn y
MporHosunpyemasa meTka d
Obuiee KoNNYeCTBO

npumepos b Konnuectso

obyuatowmx npumepos ¢ Konnuectso

NPUMepoB TECTUPOBAHMUA

Tenepb AaBanTe NOCMOTPMM, KaK HEKOTOPbIE U3 3TUX TEPMUHONOTUIA GOPMYNMPYIOTCA Ha NPaKTUKe. Kak Mbl
06CyKAanun, BEKTOP NPM3HAKOB ONpeaenfeTca Kak CTPYKTYpa AaHHbIX, B KOTOPOM XpaHATCA BCe nNpusHaku. Ecan
KO/IMYECTBO NPU3HAKOB PABHO N, @ KOJIMYECTBO 0ByYatoLWMX NPUMEpPOB — b, TO X_train NpeacTaBaseT coboit
BEKTOP 06yyatoLmx Npu3Hakos. Jaa obyyatowero Habopa gaHHbIX BEKTOP NMPU3HAKOB NpeacTasneH X_train
Ecnn 8 obyyatowem Habope [aHHbIX ecTb NpUMeEpbI b, o X_train ByayT cmpoku b. Ecnn ecTb n NepemMeHHbIX,
To obyuvatowmii Habop AaHHbIX ByAeT MMeTb pa3amepHOCTb N X b. Ucrnonsdyem eepxHuli uHOeKc 015 0603HaYeHUSA
HOoMepa cmpoKu oby4arowezo npumepa. 3mo KOHKpemHbil npumMmep 8 Hawem nome4yeHHom Habope
npedcmaenen Kak (FeaturesW,label®) = (XM, y!I), Utak, Haw nomeyeHHbI Habop AaHHbIX NpeacTasneH D =
{X‘”,y‘”), (X(Z)IY(Z))I _____ ,

(X9 y{@)}. Mbl aenmm 370 Ha ABe 4acTi — Dtrain Mp-recr. TakKUM 06pa3oMm, Hall HA6OP 0BYYEHNA MOXKHO
npeacrasutb Dtrain = {X(),y1), (X@,y?), ....., (X®)y®)}. Lenb o6yuyeHna mogenu 3akntovaeTca B Tom, 4Tobbl Ana
noboro i-20 npumepa B obyyatolwem Habope npeackasaHHOe 3HaYeHue LeneBoro 3HayeHun 66110 MakcMManbHo
6/1M3K0 K GaKTUYECKOMY 3HAYEHUIO B Npumepax. [pyrumu cnosamm,

Takum obpasom, Hal Habop TecTUpoBaHMUA MOXeT bbiTb NnpeacTasneH Dtest = {X,y@), (X2),y1), ..., (X9,y“))}.

MoHUMaHWe YyCN0BUIN, CNOCOBCTBYHOLLMX

KoHTponupyemoe mallMHHOE 06y4YeHne 0CHOBaHO Ha CMOCOBHOCTM anropuTMa 0by4aTb MOAE/b C MOMOLLbIO
NpMMepoB. AIFTOPUTM KOHTPOANPYEMOrO MalUMHHOIO 06yyeHUsa TpebyeT BbINOAHEHWA ONPeaenEHHbIX YCI0BU
[ONA BbINOAHEHUA paboTbl. ITW yCA0BUA CedytoLime:

[ocTaTouHO NPMMEPOB: aNrOPUTMbI KOHTPOIMPYEMOrO MaLIMHHOMO 06yYeHMs TPebyoT 4OCTaTOMHOrO
Ko/iMyecTsa NpMMepoB 418 06yyeHna mogenn. 3aKOHOMEPHOCTU B UCTOPUUECKUX AaHHbIX: NPUMEPbI,
ncnonbsyemblie A 06y4eHUsA MOLeNU, JONKHbI COAEPKaTb 3aKOHOMEPHOCTU. BepOoATHOCTb BO3HUKHOBEHUS
Hallero MHTepecyoLwero cobbiTA A0NKHA 3aBUCETb OT COYETAHUA 3aKOHOMEPHOCTEN, TeHAEHUMIA N COBbITUIA.
Be3 HUX Mbl UMeeM Ae/10 C CAy4YaliHbIMM AaHHbIMM, KOTOPbIE HeNb3A UCMO/b30BaTb A4/ 06yYeHNa Moaenu.



« flonyctumble npeanonoxKeHua: Korga mol obydaem moaesib KOHTPOMPYEMOTO MaLLUMHHOTO 0byYeHUs Ha
NpMMepax, Mbl OXKUAAEM, YTO NPELNONONKEHWUSA, MPUMEHUMbBIE K MPUMEPaAM, ByAYT TaKKe aKTyasibHbl B
6yaywem. [laBaiiTe pacCMOTPUM peasbHbli Nnpumep. Ecim mbl XoTUM 06y4nTb MOAENb MALLIMHHOO
obyyeHna ANA NPaBUTEIbCTBA, KOTOPAA CMOXKET NPeACKa3blBaTb BEPOATHOCTb BblAaYM BU3bl CTYAEHTY,
MOHMMAETCA, YTO 3aKOHbI U NMOJIUTUKU HE USMEHATCA NPU UCMONb30BaHUN MOAENU ANs NPOrHo30B. Ecan
nocne oby4yeHnA MOLENN MPUMEHAIOTCA HOBbIE MOJIMTUKM WM 3aKOHbI, MOZE/Ib MOXKET NoTpeboBaTbCcA
nepeobyvyeHna AnA BKAOYEHUA 3TOM HOBOM MHbOPMALLUN.

Paznnune mexay KnaccupukaTopamm n perpeccopamm

B mogenu mawmHHoro 06y‘4€HVIF| METKA MOMKET bbITb I'IepEMEHHOl\;i KaTeropuu nau HenpepblsHoﬁ I'IepEMEHHOf;i.
Tun meTKM onpegenser, Kakou T!n Mmoaenn KOHTpoanpyemoro malmHHOro o6yquV|$| Yy Hac ecTb. o cyTH, y Hac
€CTb ABa TuUna MOAE/’IEVI KOHTPO/IMPYyEMOIro MallMHHOIo 06y‘4€HVIHI

KnaccudukaTopbl: ecam meTKa ABAAETCA NepemMmeHHOoN KaTeropmm, Moge/b MallMHHOro obydyeHua
Ha3blBaeTca Knaccmbumkatopom. KnaccudukaTopbl MOryT MCNOIb30BaTLCA A/ OTBETA Ha C/eayloliue
613Hec-BonNpocChI:

o flBnAETCA M 3TOT aHOMa/IbHbI1 POCT TKaHM 3/10Ka4YeCTBEHHOW ONYX0/bio?

© YuyuTbiBaA TEKYLIME NOroAHble YC0BUA, ByaeT An 3aBTpa A0KAb?

° Mcxoaa n3 npoduns KOHKPETHOro 3aABUTENA, caeayeT m oao6puTb ero UNOTEYHYIO 3aABKY?
Perpeccopbl: ec/i MeTKa — HernpepbiBHas nNepemeHHas, Mbl obydaem perpeccopa. Perpeccopbl MOXHO
MCO/NB30BATb A4/17 OTBETA HA C/IeAYIOLME TUMbl BU3HEC-BONPOCOB:

o YuuTbiBasA TEKyLLME NOrOAHbIE YCI0BUSA, CKObKO A0XAA ByaeT 3aBTpa?

KakoBa byaeT LieHa KOHKPeTHOro Aoma C onpeaenéHHbIMM
XapaKTepucTuKkamm?

[aealite nogpobHee paccMOTPUM KaK KaaccudMKaTopsbl, Tak U perpeccopsi.

MoHUMaHMe aNropuTMOB KnaccuduKaumm

B KOHTPO/IMPYEMOM MALUMHHOM OBYYEHMM, ECNIN METKA ABAAETCA NEPEMEHHOW KaTeropuu, Moaenb
Knaccuduumpyertcs Kak Knaccudurartop:

McTopuyeckune aaHHble Ha3biBalOTCA MapPKUPOBAHHbIMM AAHHBIMMU.
Mpon3BOACTBEHHbIE AaHHbIE, AJ/1A KOTOPbIX HEOBX0AMMO NPEeLCKa3aTb MaPKMPOBKY, Ha3blBAOTCA
HEeMapKUPOBaHHbIMU AAaHHBIMM.

BO3MOXHOCMb MOYHO MAPKUPOBAMb HEMAPKUPOBAHHbIE OAHHbIE C MOMOUWbI0 0byYeHHol modeau — smo
HACMOoAWAA MOWb A120pUMMO8 KAdcCuguKkayuu. Knaccugpukamopbel npedcKassieaom memsu 015
HEeMapPKUPOBAHHbLIX OAHHbIX, YMObbI oMmeemums Ha KOHKpemHeili 6uzHec-gonpoc.lpexae Yem NpeacTaBuTb
AeTann aAroputMoB KnaccuduKkaumm, gasaite cHavana npeactaBum 6usHec-3aaady, KOTOPYy Mbl UCMONb3YeM B
KauyecTBe BbI30Ba 4/1A KNacCMPUKATOPOB. 3aTeM Mbl MCMO/b3YEM LIECTb Pa3/IMUYHbIX aNTOPUTMOB A1 PeLLeHns
OZHOM Y TOW »Ke 3a4a4M, YTO MOMOMKET CPABHUTL UX METOA0NOTMIO, NOAXOA U 3PEKTUBHOCTD.

Mpe3eHTaumMaA BbI30BA KNaccuPpUKaTopos

CHayana mbl NpeacTaBMm 06LLYIO 33434y, KOTOPYHO UCMO/Ib3yEM B KayecTBe Bbl30Ba A/1A TECTUPOBAHMUSA LWEeCTU
Pas/IMYHbIX aNTOPUTMOB KnaccudurKaumn. ITa pacnpocTpaHéHHasa npobaema B 3TOM rnaBe Ha3blBAETCA BbI3OBOM
KnaccudurKaTopoB. Mcnonb3oBaHMe BCex LWECTU KNAacCUPmUKaTopoB AN1A pelleHmsa O4HOM 3a4a4M NOMOXKET Ham
ABYMA cnocobamu:



Bce BXoAHble NepemMeHHble A0MKHbI 6biTb 06paboTaHbl M COBPaHbI B CI0XKHYIO CTPYKTYPY AaHHbIX,

Ha3blBaEMYIO0 BEKTOPOM MPU3HAKOB. MCno/ib30BaHME OAHOIO M TOTO e BEKTOPA NPM3HaKOB Nomoraet

n36exartb NOBTOPAIOLLMXCA NOATOTOBOK AaHHbIX A5 BCEX LWECTU aNrOPUTMOB. Mbl MOXKEM TOYHO
CpaBHMBATb NPON3BOAUTENBHOCTb Pa3/IMUYHbIX aITOPUTMOB, TaK KaK 1CMNOAb3YEM OAMH U TOT Ke BEKTOP
NPU3HAKOB 4/1A BXOAa.

3afaHue KnaccmpmnKaTopoB HaMpPasBAEHO Ha NPeACKa3aHWe BEPOATHOCTM TOrO, YTO Y€/10BEK COBEPLUMT MOKYMKY. B
PO3HUYHOM TOProB/e OA4HUM U3 CNOCOBOB MaKCMMM3aLMKN NPOAAXK ABNAETCA IyULlee MOHUMaHNE NOBeAeHN
K/IMEHTOB. 3TO MOMHO CAENaTb, aHa/IM3NPYA 3aKOHOMEPHOCTH, 0BHaPYKEHHbIE B UCTOPUYECKUX AAHHDbIX.
[aBaiTe cHa4vana U3Noxunm npobaemy.

®opmynnpoBKa npobnemsl

Y4nTbIBasA UCTOPUUYECKUE JAHHbIE, MOMKEM I Mbl 06Y4YUTb BMHAPHbIN KNnaccuduKaTop, KOTOPbIA CMOXKET
npeacKasblBaTb, KYNUT 1M KOHKPETHbIW NO/b30BaTe/b NPOAYKT HAa OCHOBE cBoero npoduna? CHavana
PaccMOTPUM UCTOPUYECKM MAPKUPOBAHHbBIN Habop AaHHbIX, 4OCTYNHbIN ANA peleHns aToi 3agaun:x € Rb, y €
{0,1}1n5 KOHKpeTHOro Npumepa, Korga y = 1, Mbl Ha3blBaeM 3TO NOOKUTENbHbIM Knaccom, ay =0 —
OTPULLATE/NIbHBIM KNAacCOM.XOMSA YpOBeHb MOMOHUMENbHO20 U 0MPUYamMesnbHO20 KAacco8 MOXHO 8blbpame
npou3eosbHo, xopowel npakmukoli aenaemca onpedesieHue NoAOXUMENbHO20 KAACCa KaK UHmMepecyowee
cobbimue. Ecau Mbl Nbimaemcs ommemume MOWEHHUYECKYH0 MPAH3aKYUH 015 6aHKA, MO 00X UMesnbHbIl
Knacc (mo ecmo y = 1) OonxceH 6bimb moweHHuUYeckol onepayueli, a He Haobopom.Tenepb AaBaiTe
paccMoTpum caeaytoulee:

® daktnyeckans meTka, o603HaYaemas Kak y

MNpeackasaHHaA MeTKa, 0b603Havaemas Kak y'

O6paTnTe BHUMAHME, YTO A41A HaLLEel 334a4M KNAacCMPUKATOPOB GpaKTUUECKOE 3HAaYEHME METKU, HagEeHHOW B
npumepax, NPeacTaBAeHO KaK y. ECM B Halem npyumepe KTO-TO Kynu Tosap, Mbl rosopum y =1.
MporHosnpyemble 3HauYeHUA NpeacTaB/ieHbl Kak y'. BeKTOp BXOAHbIX NPU3HAKOB, X, UMeeT pasmepHOCTb 4. Mbl
XOTUM ONpeaennTb, KaKoBa BEPOATHOCTb TOrO, YTO NO/b30BaTE/lb COBEPLUMUT NOKYMKY, YYUTbIBAA KOHKPETHbIN
BX04,. MTaK, Mbl XOTUM ONpeaennTb BEPOATHOCTb TOTO, YTo y = 1 MMeeT onpegenéHHoe 3HaYeHMe BEKTopa
NPM3HaKoB X. MaTeMaTUYeCKn 3TO MOXKHO NPeACTaBUTbL cneaytoLwmm obpasom:

y = P(y = 1|z) : where; x€R"

Tenepb AaBaiiTe NOCMOTPUM, Kak Mbl MOXem 06pabaTbiBaTb 1 COBMPaTb pasnyHble BXOAHbIE NepeMeHHbIe B
BEKTOpE NPM3HAKOB X. MeTog010rna COOpKM PasiMyHbIX YacTel X C MOMOLLbIO MPOLLECCOPHOro KoHBelepa
noapobHo paccmaTpuBaeTcs B Ceaytolem pasaene.

MH)KVIHMpMHI' NMPU3HAKOB C NCMNOJ1Ib30OBaAaHUEM KOHBeﬁepa O6pa6OTKM AaHHbIX

MoaroToBKa AaHHbIX 418 BbIOBPAHHOMO aNropMTMa MalMHHOTO 0ByYeHUsA Ha3blBaeTCA MHXKeHepueli NPU3HAKOoB U
ABNAETCA BAXKHOM YaCTbO KM3HEHHOTO LMK MALUMHHOIO 0byyeHus. PaspaboTka GyHKUMIA BbINONHAETCA Ha
pasHbIX 3Tanax uam atanax. MHOrocTyneHuYaTbii Kog 06paboTKK, MCNob3yeMblid Ana 06paboTKM AaHHbBIX, B
COBOKYMHOCTM Ha3blBaeTcsA KOHBeMepoM AaHHbIX. Co34aHVe KoHBelepa AaHHbIX C UCMO/b30BaHMEM
CTaHAAPTHbIX 3Tanos 06paboTKM, rae 3TO BO3SMOXKHO, e1aeT ero NOBTOPHO UCMO/b3YEeMbIM U CHUMKAET 3aTpaTbl
Ha 06y4yeHune mogenei. McnonbsosaHue 6osiee NPoBepPEHHbIX MPOrPaMMHbIX MOAYNEN TaKXKe NoBbiaeT
KauecTBo Koga. [laBaitTe NMOCMOTPUM, KaK CNPOEKTMPOBaTb MHOrOPa30BbIi MPOLLECCOPHbIN KOHBeep ans 3agaun



KnaccndurKaTopos. Kak yKe yNoMMUHaANoCb, Mbl NOAFOTOBMM JaHHbIe OAMH pas, a 3aTeM UCMO/Ib3yem MX ANA BCEX
KnaccudurKaTopos.

MmnopT AaHHbIX

McTopuyeckne OaHHble 3TOW 3a4auv, COAep)Kalive MPUMepbl, XpaHAaTca B daine nog HasBaHMEM dataset B

dopmare .csv . Mbl UCNONb3yem dyuxumo pd.read csv M3 pandas AnA MMNopTa AaHHbIX B BUAE Kagpa AaHHbIX:

dataset = pd.read csv('Social Network Ads.csv')

Bbibop dyHKLMI

Mpouecc Bbl6Opa NPU3HAKOB, PENEBAHTHbIX KOHTEKCTY 3aZayu, KOTOPYK Mbl XOTUM pPeLunTb,
Ha3blBaeTcA BbIGOPOM NPU3HAKOB. ITO HEOTHEMIEMASN YACTb UHKEHepUU GYHKUMI. MNocne umnopTa
daina mbl ybupaem crtonbel, User ID, KOTOPbIA MCMNONb3yeTca s UAEHTUPUKALMKM YeNloBEKa U
A01KeH ObITb UCKNIOYEH npun O6yHEHMVI MoAeNn: dataset = dataset.drop(columns=['User ID'])
Tenepb AaBaiTe pacCMOTPUM Habop AaHHbIX:

dataset.head(5)

Habop AaHHbIX BbIMSANT TaK:

Gender Age Estimated Salary Purchased

0 Male 19 19,000 0
1 Male 35 20,000 0
Female 26 43,000

@ O QO

2
3 Female 27 57,000
4 Male 19 76,000

Tenepb AaBaiTe NOCMOTPUM, Kak Mbl MOXeM Aasiblie 06paboTaTh BXOAHbIM HABOP AaHHbIX.

OaHodasHoe KoanpoBaHue

MHorue anropuTMbl MalMHHOTO 06y4YeHun TpebytoT, YTobbI Bce NPU3HAKKM Bblan HeNpepbIBHbIMK
nepemMeHHbIMWU. ITO 3HAUYUT, YTO €C/IM HEKOTOPbIE NPU3HAKMU ABAAIOTCA NepemMmeHHbIMWU KaTeropuii, Ham HYXKHO



HalTK cTpaTerunio ux npeo6pasoBaHMﬂ B HenpepbiBHbIE NepemeHHble. OAHO¢a3HOE KogunpoBaHne — OoAUH U3
camblix 3¢ PeKTUBHbIX CNOCOH0B BbINOSHEHUA 3TOro NpeobpasoBaHmA. [11a 3TOM KOHKPETHOM 33434m
€AMHCTBEHHOMN NepeMeHHON KaTeropun ABNAeTCA reunep . [laBaiiTe npeobpasyem 3TO B HENPEPbIBHYO
nepemMeHHY0 ¢ MOMOLLbI 04HODA3HOr0 KOANPOBAHUA:
enc = sklearn.preprocessing.OneHotEncoder ()
enc.fit (dataset.iloc[:, [0]])

onehotlabels = enc.transform(dataset.iloc[:, [0

1
T'enpeper = PD. DataFrame ({'Female': onehotlabels
result = pd.concat ([genders,dataset.iloc[:,1:]

1) .toarray ()
[:, 0], '"Male': onehotlabels[:, 1]1})
, axis=1, sort=False) result.head(5)

Mocne KOHBEPTaLUK AaBaliTe CHOBAa NOCMOTPUM HA Habop AaHHBbIX:

Female Male Age Estimated Salary Purchased

0 0.0 1.0 19 19,000 0
1 0.0 1.0 35 20,000 0
2 1.0 0.0 26 43,000 0
3 1.0 0.0 27 57,000 0
E 0.0 1.0 19 76,000 0

O6paTnTe BHUMaHMWE, YTO ANA Npeobpa3oBaHNA NePEMEHHON U3 KaTEropum B HEMPEPLIBHYIO NEPEMEHHYIO
ofHOropsAYan KoAMpPOoBKa NpeobpasoBana rexmep B ABa OTAENbHbIX CTONOLA — Myxckoit u XKeHckuit

YKasaHMe XapaKTepUCTUK U MaPKUPOBKM

,Cl,aBaﬁTe YTOYHUM XapaKTePUCTUKK N APbIKKU. B 3TOWN KHUre Mbl 6yp,eM MUCNonb30BaTb y ANA obo3HayeHus METKMH,
axX— anAa 0603HayeHun Ha6opa NMPU3HAKOB:
y=pesynbTart | 'KynmaeHo']

X=result.drop (columns=["'Kynmeno'])

X NPEACTaBNAET BEKTOP NMPU3HAKOB U COAEPKUT BCE BXOAHbIE NepeMeHHble, Heobxogumble ans obydeHuns
Mozenu.

PaspeneHune Ha6opa AaHHbIX Ha 4YaCTU TECTUPOBAHUNA U O6y‘-IeHMFI

Tenepb AaBaiTe pasgenmm obyyatowmii Habop AaHHbIX Ha 25% TecTUpoBaHKE U
759606yqamnuwxqaCTeﬁ C UCNO/Ib30BaHNEM sklearn.model selection mmmopTa
train test split

#from sklearn.cross validation mmnoprmpomaTh train test split
X train, X test, y train, y test = train test split(X, y, test size = 0,25, random state = 0)



370 c03[aN0 cepyowme YeTblipe CTPYKTYPbl AaHHbIX:

e X_train : CTPYyKTypa AaHHbIX, codeprKallas 0cObeHHOCTM 0byYatoLmx AaHHbIX
X_test : CTPYKTypa AaHHbIX, COAepIKaLLaa NPU3HaKM obydatowero recra
y_train :BeKTOp, cogeprKalLnin 3HaYeHNA meTKku B obydatowem Habope
naHHEX y test :Bekrtop, cop,epmau.l,miz'l 3Ha4YeHnA MeTKN B TECTOBOM

Habope AaHHbIX

MacwwTaburpoBaHune XxapaKTEPUCTUK

ﬂ,/’lfl MHOTUX aNfToOPUTMOB MalLINHHOTO 06y‘4€HVIFI XopouwaAa NPakKTnKa — MaCLLITa6VI|:)OBaTb nepemeHHble OT 0
00 1 . DTO TaK)Ke Ha3blBAaeTCA HOpManu3aumMen NPU3HaAKoB. [laBaiTe NpMMeHUM MacluTabupyemoe
npeobpasosaHue, 4To6bl 4OOUTLCA 3TOrO:

or sklearn.preprocessing import StandardScaler

sc = StandardScaler ()

X train = sc.fit transform(X train) X test
= sc.transform(X_ test)

MNocne MaCLLITa6MpOBaHMF| AaHHbIX OHU TOTOBbI K UCMOJ/1Ib3OBAHUIO B Ka4yeCTBe BXOAHbIX AaHHbIX AN1A Pa3/IMYHbIX
K/'IaCCMd)MKaTOpOB, KOTOpble Mbl NpeacTaBum B cneayrowmnx pasgenax.

OueHKa KnaccnduKkatopos

MNocne O6yLIEHMH MOAENN HYXKHO OUEHUTb €€ NPOU3BOAUTENbHOCTb. [11A 3TOro Mbl UCNO/Ib3yEM CJ'Ie,CI,YPOLLI,Ml\/'I
npouecc:

A. Mbl pa3genMm Habop AaHHbIX MapKMPOBKM Ha ABe YacTn — obyyatowmii pasgen u Tectobit. Mbl bygem
MCNONb30BaTb Pa3gen TECTUPOBAHUA ANA OLEHKM 0bydyeHHON Mmogenu.

B. Mbl byaem ncnonb3oBatb GyHKLMKM HaLLEro TECTOBOTO pasaena AN reHepauum MeToK AN Kax 4o CTPOKM.
370 Haw Habop NpeacKasaHHbIX METOK.

B. Mbl cpaBHUM Habop NPOrHO3MpPYyeMbIX METOK C peasibHbIMU METKaMMU, YTODbI OLLEHUTb MOZENb.

Ecau mbl He mbimaemcsa pewums 4Ymo-mo 0080sbHO MPUBUAsbHOE, NPU OueHKe modenu 6ydym 803HUKAMb
owubKu. To, KaK Mbl UHMeppemupyem 3mu HenpasusbHble KAaccugpukayuu 001 onpedesneHus Kayecmesa
modesnu, 3a8UCUM 0M Mo20, KAKUe MempUKU 3ghdhekmusHOCmMU Mbl 8bi6Upaem.Koraa y Hac ecTb Kak Habop
baKTUUECKMX METOK, TaK M NPOrHO3MPYEMbIX METOK, A5 OLEHKM MoLeNeil MOXKHO MCMO/b30BaTb MHOMECTBO
METPUK NPOM3BOAMTENbHOCTH. Jlyulian MeTpMKa ANA KOMYECTBEHHOM OLeHKM moaenu ByaeT 3aBuceTb ot
TpeboBaHWit BU3HEC-3a4a4mM, KOTOPYIO Mbl XOTUM PELLUTb, @ TaKKe OT XapaKTePUCTUK 0byyatowero Habopa
OaHHbIX.

MaTpu1ua nyTaHuLbl

MaTpuua nyTaHMLbl UCNOAb3YETCA A1A CYMMMPOBaHNA Pe3ynbTaToB OLEHKM KnaccudukaTopa. Matpuua
nyTaHWLbl A8 6UHAPHOTO KnaccuduKaTopa BbIMAAMT cneayowmm obpasom:



TP FN
(True Positiives) (False Negatives)

FP TN
(False Postivies) (True Negatives)

PucyHoK 7.1: Mampuuya nymaHuybl

Ecnu memKa Knaccugpukamopa, Komopolili mel 06yyaem, umeem 084 YPOBHSA, OHA HA3bl8aemcs GUHAPHbIM
KnaccudpukaTopom. [lepsbiM KpumMU4eCKUM MPUMepOM UCMO63080HUS KOHMPOAUPYemMOo20 MAWUHHO20 0ByYeHUs
— 8 yacmHocmu, 6UHapPHO20 Kaaccugukamopa — 6biao 80 s8pems Mepsoli Muposoli 80liHbI 0418 Pa3AUYUSA MeH Oy
Camonémom u nemarowumu nmuyamu. KnaccudrKaumio MOXKHO pasaenuTb Ha Cieaytolime YeTblipe KaTeropmu:

WUcTUHHbIE Nnosox)uTeNnbHble pesybtaThl (TP): nonoxuTtenbHble Knaccudukaumm, Kotopble 6biav NpaBuabHO
KnaccndumumposaHbl

WcTuHHbIe oTpuuatensHble oueHky (TN): OTpuuatensHble KaaccuduKaLumm, KotTopble 6biam NPaBUIbHO
KnaccndumumpoBaHbl

JNloxxHononoxutenbHble pesynbtathl (FP): N0N0MKMTENbHbIE KNacCUPUKaLMM, KOTOPble Ha camom aene 6bian
oTpULLATENbHBIMM

JNloxxHooTpuuaTenbHble pesynbtaTbl (FN): oTpuuatenbHble KaaccudmKaLmm, Kotopble A4elCTBUTENbHO Bbinn
NONOXKNUTENbHLIMK

[JaBalite NOCMOTPUM, KaK Mbl MOXKEM MCNOb30BaATb 3TU YETbIpPe KaTeropum ANA CO34aHMA Pa3IUYHbIX METPUK
Nnpou3BOAUTENbHOCTU. MaTpuLua NyTaHULbI AAET BaM KONIMYECTBO NPaBU/bHbIX KAaccudUKaLmii M owMBOK Ha
ocHoBe nogc4yéta TP, TN, FP 1 FN. To4HOCTb moaenun onpeaensaeTca Kak 40NA KOPPEKTUPOBOUHbIX
KnaccudurKaumii cpeam Bcex NpeacKkasaHuii U 1erko MOXKeT B6bITb MOAYYeHa U3 MaTPULbl NyTaHULLbI CeAYOLWUM



obpasom: Ecnun Hawmn gaHHble MMeIOT cbanaHCMPOBaHHbIE KAAcchl (TO ecTb 0bLLee KONMYECTBO NONOKUTENBHBIX
NPMMepPOoB NPUMEPHO PAaBHO YMCY OTPULLATENIbHBIX MPUMEPOB), TO TOYHOCTb AACT HAM XOpoLuee npeacTaBaeHue
o KavecTBo Halwei oby4yeHHON mogenn. TOYHOCTb — 3TO A0/1A KNaccUUKALMN KOPPEKLLUI cpeam BCex
npeackasaHuit.

Accurac Correct Classifications TP+FP
ura — =
y Total number of Classifications TP+FP+FN+TN

MoHMMaHWe BOCMOMUMHAHNA N TOYHOCTH

Mpu pacyéte TO4HOCTM Mbl He pa3nmyaem TP u TN. OueHka mogenm no TOYHOCTU NPOCTA, HO Koraa AaHHble
nMetoT ancbanaHcHble KNaccbl, KayecTBO 0byYeHHOW Moaenu He byaeT TOYHO oLeHUTb. Koraa AaHHble MMetoT
AncbanaHcHble Knaccol, ABE AONONHUTE/IbHbIE METPUKM /lyYLle KONNYECTBEHHO OLEHMBAIOT KauecTBo 0by4eHHOM
MOZeNM, BOCMOMWHAHWE M TOYHOCTb. Mbl NnpuBeaéM NpUMep NONyAsPHOro npolecca AobbiuM aaMasos, YTobbI
OOBACHUTL KOHLENUUK 3TUX A,BYX AOMONHUTENbHBIX METPUK. Ha NpOTAXKEHUMN BEKOB J,06bI4a aNNH0BMANbHBIX
a/nMa30B bbl1a OAHUM U3 caMblX NOMNYNSAPHbIX CNocob0B A06bIYKM aiMa3a U3 NECKOB PYCeN PeK Mo BCEMY MUPY.
M3BeCTHO, YTO ThiCAYENETHAA 3PO3MA CMbIBasIa a7 iMa3bl U3 UX MEPBUYHbIX MECTOPOXAEHUI B PeYHble pycaa B
pasHbIx YacTax mupa. Ana gobbium anmasos noam cobupatot necku ¢ 6epera peku B 60/1bLLIOIK OTKPbLITLIN Kapbep.
Mocne TWaTenbHON NPOMBIBKM B AME OCTAETCA MHOTO KamHel. Mogasnsatowee 601bLUMHCTBO 3TUX NPOMbITbIX
KamHel — 3To NpocTo 0b6blYHbIE KAMHU. MaeHTUdMKauMa ogHOM U3 NOPOZA, KaK aiMasa — PeaKoe, HO OYeHb
Ba*kHOe cobbiThe. BnagenbLbl WaxTbl SIKCNEPUMEHTUPYIOT C TOMOLLbIO KOMMbIOTEPHOTO 3pEHUA, YTOObI
onpeaennTb, Kakme U3 NPOMbITbIX KAMHEN ABNSOTCA OObIYHbIMW KAMHAMM, @ KaKMe — anmasamu. OHu
ncnosb3yoT Gopmy, LBET M OTpaxKeHue ansa KnaccudurKaumm NpoOMbITbIX KAMHEN C MOMOLLbIO KOMMNbIOTEPHOTO
3peHuA. B KOHTeKcTe aToro npumepa:

TP MpoMbITbIi KaMeHb, NPaBUIbHO MAEHTUOULMPOBAHHDBIW KaK aMas
TN BbIMbITbIN KameHb, NPaBUAbHO UAEHTUONLMPOBAHHBIN KaK KaMeHb
FP KameHb, 0lWMB0YHO MAEHTUDMLMPOBAHHDBIM KaK aimas

FN Anmas, olmnb0o4HO NaAeHTUOULMPOBAHHBIN Kak KaMeHb
[aBaiTe 06bACHNM, UTO TaKOE OT3bIB M TOUHOCTb, YHUTbIBAA STOT NpoLEecc A06blYM afiMasa U3 LLAaXTbI.

o BcnOMHUTb: ITO paccunTbiBaET npoyeHm nonadaHuli — QOO BbIABAEHHbIX COBLITUI, NPeaCTaBAAOLLMX
MHTEpEC, B OTPOMHOM XpaHuauLe cobbiTvit. pyrumu cioBamu, 3Ta METPUKA OLLEHMBAET Hally CnocobHOCTb
HaXoAWTb MW «MOMNaAaTb» B GONbLUMHCTBO MHTEPECYIOLWMX COBbITMIA, OCTaBAAA KaK MOXKHO MeHbLUEe
HenAeHTUOUUMPOBAHHBLIMU. B KOHTEKCTE BbIABAEHUA a/IMasHbIX AM, COAEPKaLMX BONbLIOE KOMYECTBO
NPOMbITbIX KAMHEW, KBOCMOMMUHAHME» — 3TO KONIMYECTBEHHAA OLEHKa yCrnexa «OXOTbl 32 COKPOBULLAMMU Y.
[ns onpegenéHHom AMbl, 3aN0NHEHHOW NPOMbITbIMU KaMHSAMMU, BYAEeT MCNONb30BaTbCA COOTHOLLEHME
KO/IMYeCcTBa HalAeHHbIX a/IMa30B K 06Lemy YnC/y aiMas3os B Kapbepe.



No. of correctly identified diamonds TP

Recall =
= Total number of diamonds in the pit TP + FN

MpeanosoK1M, 4To B AMme 6b110 10 6pUANNAHTOB, Kaabli cToumocTbio $1000. Haw anroputm mawmHHOro
0b6yyeHns cMor BbIABUTbL 9 13 HMX. Takum ob6pasom, oT3bis byaer 9/10 = 0,90

Takum 06pa3om, Mbl CMOMIM BEPHYTb 90% HalLMX COKpoBMLL, Mo 10N11apOBOI CTOMMOCTU Ham YAaNoCh BbIAEIUTb
$9,000 cokposuL, 13 obLwei ctoumocTtn $10,000
« TOYHOCTb: B TOHHOCTU Mbl COCPeA0TaUNBAEMCA TONIbKO Ha TeX TOYKaX AaHHbIX, KOTopble 0bydeHHasa Mogenb
OTMeYaeT Kak NoNoXuTenbHble, n oTbpacbiBaeT BCé ocTanbHoe. ECim Mbl 0TGUALTPYEM TONLKO Te cobbITHA,

OTMEYEHHbIe KaK NoMoXUTENbHbIE B Hawwel obydeHHoM moaenm (To ectb TP 1 FP), TO BbIMMCIUM TOYHOCTb,
3TO HA3bIBAETCA TOYHOCTbIO.

Tenepb AaBaliTe PpacCCMOTPUM TOYHOCTb B KOHTEKCTE NMpUMepa C Jobblyelt aiMa3oB. PaccmoTpum cuTyaumio,
KOr4a Mbl XOTUM C MOMOLLbHO KOMMbHOTEPHOTO 3PEHUA ONPEAENUTb aIMasbl CPEAU AMbI C BbIMbITbIMMW KAMHAMW U
OTNPaBUTb UX KNMEHTaM. MpoLecc foNKeH BblTb aBTOMATU3MPOBaH. ABCONIOTHO HexenaTenbHoe cobbiTue — 3To
KOr4a anropuTtm ownboYHO KnaccuduumpyeT KaMeHb KaK asimas, M3-3a Yero KOHeYHbIM KAMEeHT NoaydaeT ero no
noyTe M NOyYaeT 3a Hero naaTy. Mo3Tomy AONKHO BbITb OYEBUAHO, YTO A4/1A OCYLLECTBAEHMA 3TOrO Npouecca
TOYHOCTb A0/XKHA 6bITb BbICOKOM. 15 Nnpumepa ¢ Aobblyelt a/iMa3os:

No. of correctly identifed diamonds TP

Prectston = T tal number of rocks flagged as diamonds TP+ FP

MNoHnmaHne KOMMPOMUCCa Mmexay OT3bIBOM U TOYHOCTbIO

YT106bI NOHATbL BPOXKAEHHbIN KOMNPOMMUCC, CBA3AHHbIN C TOYHOCTHIO M 3aNOMUHAHWEM, BayKHO CHaYana NoOHATb,
KaK KnaccudmukaTop NnpMHUMaet peweHue. Npuaymatb peleHne 408 Kaskaon TOUKM AaHHbIX, YTO6bl 0603HaUNTL
e€ 0gHMM M3 ABYX KNaccoB, npeacTasaseT coboi asyxatanHbli npouecc:LUAT 1: Knaccndukatop reHepupyet
OLEHKY pelueHus, KoTopan npeacrasaseT coboi umcao ot 0 go 1.LUAT 2: KnaccudurKaTop MCNob3yeT 3HaueHne
napameTpa, Ha3blBaeMOro NOPOrom pelleHus, YTobbl Ha3HaYUTb OAMH U3 ABYX KNACCOB TEKYLLEN TOUKE AaHHbIX.
Noboit nopor NpUHATUA pelweHns (6ann > pelweHne) NPOrHo3npPYeTCs KaKk NOMOKUTENbHbIN, a 1060 TOUKY
OaHHbIX C MOPOrom pelleHus (bann < peleHre) NPOrHO3npPyeTca Kak oTpuuaTeNbHbli. YToObl 06bACHUTL
KOMMPOMMUCC MeXKAY TOYHOCTBIO U OT3bIBOM, Mbl BEPHEMCA K NpumMepy J,06blun anamasos. Ha pucyHKke 7.x
NOKasaHbl HECKOJ/IbKO KaMHel, OpraHM30BaHHbIX B MOPAAKE BOCXOAALLEro pesyabraTta no LUATY 1 anroputma.



O6patuTe BHMUMaHMUE, YTO KAMHM C/IeBA UMEIOT CamMblii HU3KUI 6ann U HaMMeHee BEPOATHO ABAAIOTCA a/IMasaMMm.
KamHu crnpasa MmetoT HamBbICWMA 6ann cnpasa U, CKOpee BCETrO, NPeacTaBnAloT cobol anmas. Ans
COBEPLUEHHOTO KaaccudmKaTopa KaMHU CripaBa OT Nopora NPUHATUA peLleHMA A0KHbI BblTb 6puanMaHTamu, a
KaMHW Ha 1eBOM CTOPOHE — KaMHAMM. Tenepb CHayana pacCMOTPUM PUCYHOK 7.X (a). Mopor NpUHATUA peleHunit
HaxoAuTcA B LeHTpe. Ecan NnocMoTpeTb CnpaBa Ha rpaHuLe peweHus (B 3awTpaHeHHom 610Ke), Bbl yBuauTte 3
npaBu/bHble KnaccupuKaumm n ogHy owmnbky. To ectb, Bbl HaliaéTte 3 TP 1 1 FP. CneBa oT nopora npuHATUA
peleHuit Bbl HaWAETe 2 NPaBUAbHbIX KnaccuduKaumm n 2 HenpaesubHbIX Knaccudukaumm. 31o 2TN u 2FN.
PaccumMTaem BOCNOMMHAHWE U TOYHOCTb 1A PUCYHKa 7.X (a)

Recall = No. of correctly identified diamonds TP 3
¢4 = Total number of diamonds in the pit TP + FN g Preriian

No. of correctly identifed diamonds _ TP
Total number of rocks flagged as diamonds TP + FP
_ 3
4

M3 pucyHKa 7.x (b) AcHO, 4TO NpY NOBbIWEHUM Nopora NPUHATUA pelleHuns 4o 0.8 Mbl genaem Kputepun ann
KnaccudurKaLmm KamHa ropasgo ctpormu. MoapasymeBaeTcs, YTO TOYHOCTb YBEANYMBAETCA, HO BOCMOMMHAHKWE
CHMXaeTca. Ha pucyHKe 7.X (C) Mbl YyMEHbLUMAW NOPOT NPUHATUA pelueHns. pyrMmmn c1oBamm, Mbl CHU3UAM
KpUTEPUM oA KNacCUPMKaLLMM KaMHSA Kak anmasa. Takum obpasom, FN (CoKpoBuLLEe NpomaxuBaeTcs) byaer
YMeHbLUATbCA, HO FP (TOXKHbIV CUTrHan) ToXe yBennumsaeTca. MTak, urpa ¢ LeHHOCTbIO rPaHuLbl NPUHATUA
pelleHns — 3T0 ynpaBieHue KOMNPOMUCCOM MEXKAY BO3BPATOM M TOYHOCTbIO. Mbl YBEIMUMBAEM FPaHULLY
NPUHATUA peLleHus, YTobbl MOMYYUTb NYYLLYIO TOYHOCTb, MU MOXKEM PacCYUTbIBaTb HA Hosbluee KONNYECTBO
OT3bIBOB. M Mbl CHU}KAaeM rpaHuLy pelueHus, YTobbl MoNYYUTb NYYLIKI OT3bIB, U MOXKEM PacCYUTLIBATL Ha
MEeHbLUYO TOYHOCTb.
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PucyHoK 7.2: Komnpomucc mexoy moYHOCMbto U 80CIIOMUHAHUEM: KOMHU PAHXCUPYIOMCA N0 OUeHKe
Kaaccugpukamopa. Te, KMo 8bluie NopPo2a NPUHAMUSA peweHus, cuumaromcsa aamazamu. Obpamume eHUMAHUE,
Yymo yem sbile Mopoe, mem 8blle MOYHOCMb, HO MEM HUXe — OMCB0A8AHE,

[asaliTe npoBeaéM rpaduK mexay TOYHOCTbIO U BOCMOMUHAHWEM, YTOBbI SlyyLle NOHATb KOMMPOMMCC.
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PucyHok 7.2: To4HOCM®b Npomus om3sied

Kakoi1 BbIbOp fBNAETCA NPaBUIbHBIM AN BOCMPOU3BEAEHUA U TOYHOCTU? YBEANYEHME 3aMOMUHAHUSA
LOCTUTaeTCA 3a CYET CHUMKEHUA KpUTEPUEB A1A ONPeAe/IeHMNA TOUYKM AaHHbIX KaK NOMOKUTeNbHbIX. OXKnpaercs,
YTO TOYHOCTb CHU3MUTCA, HO Ha PUCYHKE BbILLE OHA Pe3Ko nagaeT NpumMmepHoO Ha 0,8. 9T0 MOMEHT, Koraa Mol
MOKeM BblbpaTb NpaBUbHOE 3HaYeHWEe BOCMOMMHAHMA M TOYHOCTU. Ha npuBegéHHOM Bbille rpaduKe, ecam
BblbpaTh 0,8 B KauyecTBe 0T3bIBA, TOYHOCTb paBHa 0,75. Mbl MOXKeM MHTEPNPETUPOBATb 3TO TaK, ByATO cMOrK
oTMeTUTb 80% BCEX MHTEPECHbIX TOYEK AaHHbIX. TOYHOCTb 417 MOMETKM 3TUX TOYEK AaHHbIX cocTaBaseT 75%.
ECnn HeT KOHKPETHbIX 6U3Hec-TpeboBaHMUIi, A9 YHUBEPCANbHOIO C/ly4as UCMOAb30BAHMA 3TO MOKET ObITb
pa3yMHbIM KOMNPOMKUCCOM. [pyroi cnocob nokasaTb BHYTPEHHWIA KOMNPOMMUCC MEXKAY TOYHOCTbIO U OT3bIBOM
— MCNo/Ib30BaTb MPUEMHYIO onepauunoHHyto Kpusyto (ROC). ina sToro onpegenum Asa TepMUHA: UCTUHHO
NosIoXKuTeNbHbIN KoadpdpuumnenT (TPR) u FPR (FPR). laBaiTe paccmoTpmm Kpusyto ROC ¢ NOMOLLbIO PUCYHKA X.
Y1o6bI paccumTaTh TPR 1 FPR, Ham Hy»KHbl a/IMa3bl B LUAXTeE.



.. Truely identified diamonds TP __ Truely identified stones TN

ERER All diamonds in the pit TP+FN N All stones inthe pit TN+FP
Falsely indentified diamonds FP

FPR =

All stones in the pit TN+FP

O6paTnTe BHUMAHME:

A.TPR paBeH BO3BpaLLEHUIO UM CKOPOCTM NONagaHUM.

B. TNR MOHO CYMTaTb OT3bIBOM WJIM HYACcTOTOM NOMNAaZaHUSA HEraTUBHOMO cobbITA. OH onpeaenseT Haw ycnex B
NPaBUbHOM BbIABJEHUN HETaTUBHOIO COObITUA. EE TaKKe Ha3bIBatOT cneLmdrUUYHOCTbIO.

B.FPR=1-TNR =1 - CneundpuyHocTb

OueBunaHoO, 4to TPR 1 FPR g5 3TMX NOKa3aTenei MOXHO paccunTaTb cieaytowmm obpasom:

PucyHok Homep TPR FPR

Xx (a) 3/5=0,6 1/3=0,33
Xxx(b) 2/5=0,40/3=0
Xxx(c) 5/5=11/3=0,33

Ob6paTtute BHMMaHKe, 4To TPR nam oT13biB ByayT yBeIMYEHbI 3@ CYET CHUMKEHMA NOPOra NPUHATUA peLleHns. B
nonbITKe NOMY4nTb 60NbLUYIO YAaCTb a/IMA30B M3 LAXTbl Mbl CHU3UM KPUTEPUN A1 KNacCUPUKALLMM MPOMbITOrO
KaMHA Kak anmasa. B pesynbTaTte BCé 60/1blie KaMHeln ownboYHO KnaccuduLMpPyOTCA KaK anmasbl, 4T
yBennumsaet FPR. Obpatute BHUMaHUE, YTO KaUeCTBEHHbIN aAropuUTM KnaccudUKaLUmM JOTKEH YMETb
NpefoCcTaBAATb OLUEHKY peLlleHna ANA KaXA0ro KaMHA B Kapbepe, KoTopasa NPUMepHO COOTBETCTBYET
BEPOATHOCTU TOTO, YTO KaMeHb ABNAETCA a/iIMa3oM. BbIBOA TaKOro anropuTma nokasaH Ha pUcyHKe xx. Anmassbl
[O/MKHBI BbITb CIPaBa, a KAMHW — cieBa. Ha puCcyHKe, Korga Mbl CHU3WAW NOpor NpuHATUA pewwerusa ¢ 0,8 1o 0,2,
oXmnaaetca 3HauuTenbHo 6onee BbicoKMIA pocT TRP, uem FPR. dakTnueckn, peskuit poct TRP ¢ Hebonbwmnm
yBenunyeHmem FPR — oguH 13 nydlinx nokasaTenemn Kayectsa buHapHoro KnaccudumkaTopa. AAroputm
KnaccudurKaumm cMor reHepupoBaTh OLLEHKM peLleHnii, KOTOpble HANPAMYIO CBA3aHbl C BEPOATHOCTLIO TOTO, YTO
KaMeHb ABNSAETCA aiMa3oM. ECiv animasbl U KaMHU PacnoNoXKeHbl CNyYaiHbiM 06pa3oMm Ha OCU OYKOB peLleHus,
C PaBHOW BEPOATHOCTbIO CHUMKEHME NOPOra pelleHnsa NpuBeaET K dnary KamHen uam 6punanaHTos. 1o 6bin bbl
XYALWNIA BOSMOXHbIN BUHApPHbIN KnaccudpUKaTop, TaKKe HasblBaemblii paHAOMN3aTOPOM.
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PucyHok 7.3: Kpusasa ROC

MNoHMMaHWe nepenoaroHKn

Ecan mogenb mawmHHOro 0byyeHmsa oTAnYHO paboTaeT B cpege pPa3paboTKK, HO 3aMETHO YXyALIaeTcs B
NPOU3BOACTBEHHON, Mbl CYMTAEM, YTO MOAE/b NEPEerpy*KeHa. ITO 03HAYaeT, YTO 0BbyYeHHan MoAeNb CAULWKOM
6113Ko cnepyeT obyyatoliemy Habopy AaHHbIX. ITO yYKa3biBAaeT Ha TO, YTO B NPaBUIaxX, CO34AaHHbIX MOAENbLIO,
C/IMLLKOM MHOTO AeTanei. Komnpomuce mexay aucnepcueit Mogenu U CMeLLeHUeM NyyLle BCero oTpakaeT CyTb
naewn. aBainte pacCMOTPUM 3TU KOHLLENLUN NO O4HOMY.

CmeweHune

JNtoban moaenb MalmMHHOTo 0byyeHna obyyaeTcs Ha OCHoBe onpeaenéHHbIX NpeanonoxKeHui. B oblem cnyyae
3TU NPeANONONKEHNA ABNAOTCA YNPOLLEHHBIMU NPUBNUKEHUAMMN HEKOTOPBIX PeasbHbIX ABAEHUI. TN
NpeanoNOKeHUA YNPOLLAIOT peasibHble CBA3M MeXAy NPU3HAKaMMK U UX XapaKTepucTukamm n obneryatot
obyueHne moaenn. bonblie NPeanonoXKeHNn — 3HAUUT bosblue NpeaB3AToCTU. Taknum obpasom, npu obyyeHum
mogaenu 6onee ynpoLLEHHbIE NPEANONOKEHUA = BbICOKAA CMELLEHHOCTb, @ PEAIMCTUYHbIE NPEANONOKEHNUA,
6onee penpeseHTaTUBHbIE ANA PEaNbHbIX ABNEHUN = HU3KaA CMELLEHHOCTb. B uHeliHol peepeccuu
HenuHeliHOCM®b MPU3HAKO8 U2HOPUPYemcs, U OHU arnpOKCUMUPYOMCA KaK AuHeliHble nepemeHHble. Takum
obpaszom, nuHeliHble peepeccuoHHble Modesnu o ceoeli npupode ya38uMsl K 8bICOKOU cMmeujeHHocmu.



Oncnepcuna

JOucnepcua KONMYECTBEHHO ONpeaenfeT, HAaCKObKO TOYHO MOZAE/Ib OLLEHUBAET METKY, ECAKN AN1A 0byyeHuA
MCMOo/b3yeTca Apyroi Habop AaHHbIX. OH KOANMYECTBEHHO ONpeaenseT, ABAAETCA M MaTeMaTUYecKan
bopmynnpoBKa Hawel mogenn xopownm obobLieHnem 6a30BbIx 3aKOHOMepHocTel. Cneunduyeckme npasunia
nepeHacTPOMKN, OCHOBAHHbIE HA KOHKPETHbIX CLLEHAPUAX U CUTYaLMAX = BbICOKas AUCMEPCUA, a TaKKe NpaBuna,
0606LWEHHbIE N NPUMEHUMbIE K PA3/IMYHBLIM CUTYALMAM U CUTYaUMAaM = HU3KasA gucnepcua.Hawa yens 8
MAWUHHOM 06yyeHuUU — 0byyams modesnu, 0eMOHCMPUPYOUWUE HU3KYIO CMEWEHHOCMb U HU3KY ducrnepcuro.
Jocmuyb amoli yenu He ecezda npocmo u 06bi4HO He 0aém dama-calieHmucmy criadms o HOYaM.

KON\I'IpOMMCC mexay cmeweHnem 1 ,CI,MCI'IEpCMEVI

Mpy 06y4eHMM KOHKPETHON MOAENN MALLUMHHOTO 0BYYEHMUA COKHO ONPeaenTb NPaBUIbHbIN YPOBEHb
0606L1eHMA ANA NpaBW, COCTaBAAIOLWMX 0byYeHHY0 Moaens. bopbba 3a NpaBUIbHbIN YpoBeHb 0606LeHNSA
OTPaXKaeTcs yepes KOMMPOMMUCC MEXKAY CMELLeHWeM v gucnepcueit. Obpamume sHUMaHuUe, ymo bosnee
ynpowéHHele npednonoxeHusn = bonbwe 060buweHUA = HU3KAA OUCMepcusa = 8bICOKAA ducnepcusn.3ToT
KOMMPOMMUCC MEXKAY CMELLEHNEM U AUCMepCUEN onpeaensieTcs BbIBOpom anropmuTma, XxapakTepucTuKamm
[JaHHbIX ¥ Pa3IMYHBIMM FUNeprnapameTpamu. BaxkHO 4OCTUYb MPABUAbHOTO KOMNPOMMUCCA MEXKAY CMELLEHUEM U
ancnepcuen, ncxoga us TpeboBaHMn KOHKPETHOW 33434M, KOTOPYIHO Bbl MbITaeTECH PELLIUTD.

OnpepeneHune ¢pa3 KnaccuduKaTopos

Mocne NoAroToBKM MapKMPOBaHHbIX AaHHbIX pa3paboTka KnaccupukaTopos BKAOHAET 0ByYeHMe, OLEHKY U
BHeApeHne. 3TK TPW 3Tana peanmsaummn KnaccudurkaTopa nokasaHbl B *KU3HeHHOM LmKae CRISP-DM
(Me>KoTpacneBoit cTaHAAPTHbIM Npouecc Ana Ao6bluM AAHHDIX) Ha Cneaylowel gnarpamme (3KU3HEHHbIN LMKA
CRISP-DM noapo6Ho onucaH B 2s1aee 5, Anzopummbl rpados)
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PucyHok 7.4: Mu3HeHHebll yuxka CRISP DM

Training

Ha nepsbix ABYX 3Tanax BHeApeHUA KﬂaCCMd)MKaTOpa — 3TanNaX TeCTUPOBaHNA U o6yquvm — Mbl UCMNONb3YyeEM

MapKMpoBaHHble JaHHble. MapKMpOBaHHble JaHHble AeNATCA Ha ABa pa3gena — 6onbmnin pasaen, Ha3blBaeMbIM

obyyaloWUMM JaHHbIMU, U MEHbLUWIN pasaen, HasbiBaeMblli TECTOBbIMU AaHHbIMWU. MeTog, cny4yainHoi BbIGOPKM

ncnosb3yeTca anAa pasgesieHnAa BXOAHbIX NTOMEYEeHHbIX OaHHbIX Ha 06yl4arou.|.14e M TecToBble pa3aenbdl, YTO6bI

\/6e,£I,VITbCﬂ, yTo 0b6a pa3aena cogepat cornacoBaHHblIe WwabioHbI. O6paTMTe BHMMaHWE, YTO, KaK NMOKA3aHO Ha

npe,u,bl,qyu.l,eﬁ Anarpamme, CHa4dana eCtb 3Tan O6yquMﬂ, KOrga 06yt4arou.|.14e AaHHblE UCNONb3YIOTCA ONA

o6yl4eva mogenun. MNocne 3aseplueHUA atana 06y‘~IeHMﬂ o6yqaemaﬂ moaenb oueHMBaeTCA Ha OCHOBE OadHHbIX

TecTmposaHua. na KONNYECTBEHHOMN OLEHKMU npounssBoanUTeNbHOCTU OGYHEHHOVI mMoAaenn ncnosib3yrTca

pasfinyHble maTpuubl NPOU3BOAUTENBHOCTU. [locNe OLLeHKNM MOoAenun HacTynaeT aTan pa3BepTbiBaHUA, KOrga
06y‘-|EHHaF| MOZAeNb Pa3BepTbiBAETCA M NCNOMb3YETCA ANA BbIBOAA C LLENbIO peLleHMA peasibHbIX 3a4a4 NyTEM

B cneaytowmx pasgenax mbl PacCMOTPUM CeaytoLme anropmuTMbl Knaccubmukaumm:
®  Anroputm AepeBa NPUHATUA peLleHuit

MapKUPOBKN HEMAPKMPOBAHHbIX AaHHbIX. Ternepb hasanTe PaCCMOTPUM HEKOTOPbIE aITOPUTMbI Kl]aCCMd)MKaLI,MM.

Anropntm XGBoost
ANroputm cny4vaHoro neca
o« ANropuTM NOTUCTUYECKOM perpeccuu
L]

Anroputm Support Vector Machine (SVM)
HausHbI anroputm balieca

HayHém c anropuTma fepesa peLleHui.



ANroputm KnaccuduKaumm no aepesy NPUHATUA peLleHni

[epeBo NpUHATUA peLleHnit OCHOBaHO Ha NOAXOAE PEKYPCUBHOIO pa3bueHuns (pasaensaii M BNacTByli), KOTOPbIN
reHepupyeT Habop NPaBuA, KOTOpPble MOXHO UCMONbL30BaTb ANA NpeacKasaHUa MeTKU. OH HauMHaeTcA ¢
KOPHEBOM BEPLUMHBI U PA3SENAETCA HAa HECKOIbKO BETBEN. BHYTPEHHME y3/1bl NPeACTaBAAIT TECT NO
onpeaenéHHomy atpunbyTy, a pesyabTaT TecTa NpeAcTaB/ieH BETBEHNEM Ha C/iedytoLlmii yposeHb. [epeso
peLIeHNin 3aKaHYNBAETCA IMCTOBLIMM Y3N1aMU, COAEPKALWMMM peLleHns. NMpouecc ocTaHaBAMBaETCA, Koraa
pasbueHune nepecTaéT yayyluaTtb pesynbrarT.

MoHUMaHWe anropmuTMma Knaccudukaumm no gepesy NPUHATUA PELLEHNN

OTAnYUTEeNbHOM YepTol KnaccuduKaummn aepesa pelleHnii ABAAETCA reHepauma nepapxmm npasun,
MHTEPNPETUPYEMBIX YEIOBEKOM, KOTOPbIE UCMO/L3YHOTCA AN MPOrHO3MPOBAHUA METKM BO BPEMA BbIMOJHEHUS.
ANrOpUTM MMEET PeKypCcHBHYIO Npupoay. Co3gaHue 3ToM nepapxmu NpaBua BKAOYAET CAeAyHoLLMe Wwarku:

A. HaiiauTte camyio BaXKHY0 0CO6EHHOCTb: 13 BCEX MPU3HAKOB aJirOPUTM onpesensieT Ty 0COBeHHOCTb,
KOTOpas Nlyylle BCEro pasnyaeT TOYKM AaHHbIX B 0byyatolem Habope AaHHbIX No MeTKe. PacyéT ocHoBaH
Ha TaKMX METPUKaAX, KaK nosyueHne MHGopMaLmMm nam npumecn LKuHu.

b. Bifurcate: Micnonb3ys Hanbosee N3BECTHYIO BaXKHYO 0COBEHHOCTb, a/ITOPUTM CO34AET KPUTEPUIA, KOTOPBbIN
pasgenseT obyyatowmii Habop JaHHbIX Ha A,BE BETKMU:

©  TouKu AaHHbIX, COOTBETCTBYIOLIME
KpuTepuio. TOYKU AaHHbIX, HEe
COOTBETCTBYIOLIUE KPUTEPUIO

B. MpoBepbTe HaAMUME AUCTOBBIX Y3/10B: €C/IM KaKasa-MB0 pe3y/bTUpPYoLLas BETBb B OCHOBHOM COAEPKUT
METKM OAHOTO Kaacca, BETBJEHWE CTaHOBUTCA GMHANBbHOM M NOAYyYaeTCsa IMCTOBOM y3en.

I. MpoBepbTe YyCNOBUA OCTAHOBKU M MOBTOPUTE: EC/IN YKA3aHHbIE YC/IOBUA OCTAHOBKU HE BbIMOJIHEHDI,
aNropuTM BEPHETCA K wazy 1 ana cneaytollei utepaummn. B npoTMBHOM C/lyuyae MoAeNb OTMEYAeTCs Kak
0b6y4YeHHasn, 1 KaxKabli y3en pesybTMPYIOLLEro AepeBa pPeLeHmit Ha CaMOM HU3KOM ypoBHe 0603HavaeTcn
KaK IMCTOBOM y3e/. YCN0oBME OCTAaHOBKM MOKET BbITb TaKUM NPOCTbIM, Kak onpeaeneHne KoamyecTsa
UTepaumin, UM UCNONb30BaThb CTaHAAPTHOE YCI0BUE OCTAHOBKM, NMPM KOTOPOM aAropuTm ocTaHaBAMBaeTCA,
KaK TO/IbKO A0CTUraeT onpeaenéHHOro ypoBHA O4HOPOAHOCTM ANA KaXKA0M0 U3 INCTOBbIX Y3/108B.

ANropuT™ epeBa NPUHATUA PeLlEHNI MOXHO 06BACHUTL CneaytoLLeit AnarpaMmmoin:
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PucyHok 7.5: [lepeso npuHamus peweHuli

Ha npeaplayweit anarpamme KOpeHb COAEPKUT MHOMKECTBO OKPYKHOCTEN U KPeCToB. ANrOPUTM CO34a€ET
KPUTEPUIA, KOTOPbIN NbITAETCA OTAE/NNTb OKPYXKHOCTU OT KPecToB. Ha KakAoM ypoBHe AepeBo NPUHATUA
peLlleHnin co3aéT pasbreHns faHHbIX, KOTOpbIe, KaK oXuaaeTcs, byayT CTaHOBUTLCA BCE bonee 0AHOPOAHbIMU
HauMHasA c NepBOro ypoBHs U Bbiwe. CoBeplUeHHbIM KnaccudUKaTop MMEeeT JIMCTOBbIE Y3/1bl, COAEPIKALLUE TONbKO
OKPYKHOCTU UK KpecTbl. OByyeHne coBepLUeHHbIX KNaccudUKaTopoB 0ObIYHO C0XKHO U3-3a NpUCyLLel
Cny4yamHocTM obyyatowero Habopa AaHHbIX.

Mcnonb3oBaHWe anroputma Knaccudpurkaumm gepesa NPUHATUA pPeLEHUA Ann
3a/1a4M KnaccupmKaTopos

Tenepb AaBaiTe MCMO/b3yEM aATOPUTM KaaccudrKaumm aepesa NPUHATUA PeleHnid A8 PacnpocTpaHEHHOM
3a4a4M, KOTOPYHO Mbl paHee onpeaenuun, 4Tobbl NPeacKkasath, KYNuUT N KAUEHT NPOAYKT:

1. ns Hayana co3gagmm aaropuTm KaaccuduKaumm aepesa NPUHATUA pelleHnii u 0byunm mogens,
MCNoNb3ya 06yYatoLLyto HacTb AaHHbIX, NOAFOTOBAEHHYIO AN HALWMX KAaccudMKATOPOB:

Classifier = sklearn.tree.DecisionTreeClassifier(criterion = 'suTponmua', random state = 100,
max d classifier.fit(X train, y train)

1. Tenepb AaBaliTe UCNO/Ib3yeM Hally 0by4yeHHYo Moge b, YTobbl NpeacKasaTb METKU 4J1a TECTOBOM YacTu
HaLIMX MapKMPOBAHHbBIX AaHHbIX. [laBaliTe cO34aAMM MaTPULY NyTaHULbl, KOTOPas MOMOMKET Pe3tOMMPOBaTb
NpPOU3BOAUTENIbHOCTb Halen 06yYeHHOW Moaenu:

nMnopTupoeaTh sklearn.metrics kak MeTpUKU

y pred = classifier.predict (X test) cm =
metrics.confusion matrix(y test, y pred) cm



3T0 #aéT cnepyoWMin pesynbTaT:

out[22]: array([[64, 4],
[ 2, 30]])

1. Tenepb BbIYUCINM 3HAYEHWUA TouHOCTM , BOCTOMMHaHMA , ¥ TOYHOCTM 1jig CO3IaHHOTO KjaccudukraTopa
C MOMOLIBI aJITOPMTMa KJaccupuraumy OepeBa PeleHMI:

TOYHOCTh = metrics.accuracy score(y test,y pred)
recall = metrics.recall score(y test,y pred)
precision = metrics.precision score(y test,y pred)
print (accuracy, recall,precision)

0.94 0.9375 0.8823529411764706

MNoka3zaTenu 3¢¢EKTVIBHOCTM NOMOTatoT CPaBHUBATb pa3Hble MeToAbl MOAENTNPOBAHNA TOEHUPOBOK APYT C
Apyrom.

CunbHble 1 cnabble CTOPOHbI KNAaCCUPUKATOPOB AepeBa peLleHni

B sTom pasaene AaBaiTe pacCMOTPMM CUJIbHbIE U Clabble CTOPOHbI UCMO/Ib30BaHMA aNropuTmMa Knaccuduraumm
No Aepesy peLleHni.

CunbHbIE CTOPOHU

Hue npueeaeHbl CUAbHbIE CTOPOHbI KNAacCMGUKATOPOB AepPeBa PELLEHMIA:

« MpaBuna mogenei, CoO34aHHbIX C UCNOAb30BaHMEM aNITOPUTMA AePeBa peleHnii, MHTepnpeTupyembl
yenosekom. Takne MoAe/n HasblBaloTca 6enbimu AwmKamu. Mogenn 6e10ro AwrKa Heo6XoaMMbl BCAKMI
pas, Koraa TpebyeTcsa NPo3payHOCTb A5 OTCAEKMBAHUA AETaNeN U MPUYUMH NPUHATBIX PELLEHWH,
NPUHUMAEMbIX MOAENbI0. ITa NPO3PAYHOCTb KpaliHe BayKHa B MPU/IOKEHMAX, [4e Mbl XOTUM NPeaoTBPaTUTb
NpeaB3ATOCTb U 3aWNUTUTL YA3BMMble coobuiecTea. Hanpumep, mogens 6enoro Awmka o6bI4HO ABAAETCA
HeobX0AMMbIM AN KPUTUUYECKM BaXKHbIX C/ly4aeB UCMO/Ib30BaHMA B rOCYAaPCTBEHHbIX M CTPaX0BbIX
oTpacnsx.

« Knaccnoukatopbl gepesa pelleHnii paspaboTtaHbl 414 U3BneYeHNa MHGOpMaLLMM 13 ANCKPETHOTO
NPOCTPaHCTBA 334a4. ITO 03HAYaET, YTO HO/IbLIMHCTBO NPU3HAKOB ABIAIOTCA NEPeMeHHbIMW KaTeropui,
NO3TOMY MCMO/Ib30BaHME AepeBa peLleHul 418 obyyeHna Mogenn — XOpOoLUNiA BbIBop.

Cnabble mecTa

Huke npuseaeHbl cnabble MecTa KNaccMdUKaTopoB AepeBa peLleHui:



« Ecn pepeBo, creHepupoBaHHOE KNaccMPUKATOPOM AepeBa PeLLeHU, 3aX0aAnNT CIMLLKOM ry6boKo, npasmaa
0XBaTbIBAIOT C/IMLLKOM MHOIO feTasiei, YTo NPUBOAMUT K NepeHanpasaeHHol mogenu. Npu ncnonb3oBaHnm
aNropuTMa AepeBa NPUHATUA peLleHUi HYXKHO YYUTbIBATb, YTO AepPeBbs PELEHN I YA3BMMbI K NMepeHaroHy,
nostomy Heobxoanmo obpesaTtb AepeBo, KOoraa 3To HeobxoAMMO, YTobbl 3TOro NPeaoTBPaTUTD.

o HegoctaTkom KnaccndrKaTopoB AepeBa pelleHnid ABAAETCA UX HECNOCOBHOCTb 3aXBaTbiBaTb HEMHENHbIE
OTHOLUEHUA B NPaBMIaX, KOTOPbIE OHW CO34al0T.

CueHapuu ncnosb3oBaHUA

B aTom pasgene aaBaliTe pacCMOTPUM CLEHApPUM UCNOb30BAHMA, A1A KOTOPbIX UCNOJIb3YETCA aIfoPUTM AepeBa
peLieHun.

KnaccudmKaumoHHble pekopapl

KnaccuoukaTopbl 4epeBbeB NPUHATUA PELLUEHMI MOTYT MCNONb30BaTLCA AR KNAacCUbUKALMMN TOYEK AAHHBIX,
Hanpumep, B CeAYIOLWMX NPUMepax:

* MnoteuHble 3aaBKu: ObyyeHne BUHAPHOro KnaccuduKaTopa 415 onpeaeneHns BepoAaTHoCT gedonTa

3aasutenda.CermeHTaumA KNNEHTOB: Kl]aCCVId)MLI,MpOBaTb KIMEHTOB Ha K/IMEHTOB C BbICOKOM LLEHHOCTbIO,
. cpe,a,Heﬁ M HU3KOM CTOMMOCTbIO, YyTObbI MapKeTUHrosble CTpaTernm MOXHo 6b110 aanTUpoBaTb NoA
o KaXAYI KaTeroputo.

MepuuMHCKaa aMarHocTvka: ObyyaTb KiaccduUKaTop, KOTOPbIM MOXKET KnaccudumumpoBaTtbh
[06pOoKayYecTBEHHOE UK 310KaYecTBeHHOoe 0bpasoBaHme.

AHanus apPpeKTUBHOCTU NedeHun: ObyyeHne KnaccudUKaTopa, KOTOPbIA MOXKET OTMeYaTb NaLMEHTOB,
NONOXWTENbHO OTPEarMpoBaBLLIMX Ha KOHKPETHOE ieYeHme.

Bbibop dyHKUUNM

Anroputm KnaccuduKauumn gepesa NPUHATUA pelleHuni BblbupaeT HebonblIoe NOAMHOMXKECTBO NPU3HAKOB ANA
co3gaHuna npasua. 3ToT BbIGOP NPU3HAKOB MOXHO MCNONb30BaThb A/1A BbiIGOpa NPM3HAKOB ANA APYroro
anropuTMa MallMHHOro obyyeHuUs, ecm y BaC MHOTO GYHKLMIA.

MoHMMaHMe MeToa0B aHCaMbns

AHcamb1b — 3TO METOA, B MalMHHOM 0By4YeHUn, No3BoAAtoLLMIA co3aaTh 6onee 0AHOM Cnerka oTimMyaioLLencs
MOAE/IM C UCMO/b30BaHMEM Pa3/IMYHbIX MapaMeTpPoB U 3aTeM 06beaAMHUTL UX B arperaTHyto moaenb. YTobbl
co3aatb apPeKTUBHbIE aHCaMbBAN, HAM HY}KHO HaUTU KpUTEPUiA arperaunn Ansa reHepauum pesynstupyowei
mogenu. [laBaiTe pacCMOTPUM HEKOTOPble aHCambeBble anropuUTMbl.

Peanunsauna rpagneHTHOro 6yctuHra c nomoulbto anropmtma XGBoost

XGBoost 6b1n1 co3aaH B 2014 roay v OCHOBaH Ha NPUHLUMMAX rpagueHTHoro 6yctnHra. OH cTan o4HUM U3 CaMbIX
NonynsapHbIX aTOPUTMOB KnaccudmKkaumm aHcambneit. OH reHepnpyeT MHOMXKECTBO B3aMMOCBA3AHHbIX AepeBbeB
W UCNONb3YET rPaSUEHTHbIV CNYCK 418 MUHUMMU3ALUK

ocTaTo4Han owmnbKa. ITo AenaeT ero naeasbHbIM ANA pacnpeaenéHHbIX MHPPACTPYKTYP, TakMx Kak Apache Spark,
unn ana ob1ayHbIX BblYMCNEHWUI, TakuX Kak Google Cloud a1 Amazon Web Services (AWS).Tenepb NOCMOTPUM,
KaK MOXHO peanM30BaTh rpagueHTHoe BYCTUMHT ¢ nomoLlbto anroputma XGBoost:

1. CHayana mbl co3gaanm knaccudukatop XGBClassfier n 06yumm mogens ¢ nomolubio obydatoLein YyacTm

AaHHbIX:



In [20]: from xgboost import XGBClassifier
classifier = XGBClassifier()
classifier.fit(X_train, y_train)

Out[20]: XGBClassifier(base_score=0.5, booster='gbtree', colsample_bylevel=1,
colsample_bynode=1, colsample_bytree=1, gamma=0,
learning_rate=0.1, max_delta_step=0, max_depth=3,
min_child_weight=1, missing=None, n_estimators=100, n_jobs=1,
nthread=None, objective='binary:logistic', random_state=0,
reg_alpha=0, reg_lambda=1l, scale_pos_weight=1, seed=None,
silent=None, subsample=1, verbosity=1)

1. 3aTem Mbl creHepupyem NPOrHo3bl Ha OCHOBE HOBOW 0BYYeHHOM Mmogeni:

y_pred = xnaccupukarop.predict (X test) cm =
metrics.confusion matrix(y test, y pred) cm

[aét cneayrowmii pesynbrar:

Out[21]: array([[64, 4],
[ 3, 29]1])

1. HakoHew, Mbl KONMYECTBEHHO OLEHUM MPON3BOANTE/IbHOCTb MOAE/IN:

accuracy= metrics.accuracy score(y test,y pred)
recall = metrics.recall score(y test,y pred)
precision = metrics.precision score(y_test,y pred)
print (accuracy, recall,precision) 310 DAéT

cnepytoLmin pesynsTar:

0.93 0.90625 0.8787878787878788

[anee paccmoTpum anroputm caydaiiHoro neca.

Ncnonb3ya anroputm cayvyanHoro neca

Cny4yaitHblin nec — 370 TMN aHcambneBoro metoaa, KOTopbli paboTaeT NyTéM 06begMHEHMA HECKONbKMX
AepesbeB NPUHATUA peLLIeHMVI AONA yMeHbWeHNA KaK CMmelleHnA, Tak U amcnepcun.

O6y4yeHne anropmMTma Cny4amHoro neca

B npouecce obyyeHnsn 1ot anropmtm 6epeT N BbiIBOPOK 13 06yHatoWMX A4aHHbIX M CO34aET M NOAMHONKECTB
HaLMX 06LWMX AaHHbIX. DT NOAMHOMECTBA CO34a0TCA NYTEM Cy4aiHOro BbI6OpPa HEKOTOPbIX CTPOK U



CTO/'I6LI,OB BXOAHbIX AAHHbIX. AITOPUTM CTPOUT M HE3aBUCUMDbIX AepeBbeB peLueHm7|. 31n KllaCCMd)MKaLIMOHHbIe
AepesbA npegcrtassieHbl or C1 A0 Cm .

Mcnonb3oBaHMe cny4anHOro eca Ans npeackasaHum

Mocne obyyeHna moaenn eé MOXHO MCMOAb30BaATb 419 MAaPKUPOBKM HOBbIX AaHHbIX. Kaxaoe oTaenbHOe AepeBo

reHepupyeTt MeTKy. OKOHuaTeNbHbIN NPOrHo3 onpeaenaeTca ronrocosaHMemM No 3 TUM UHANBUAYA/TbHbIM
NPOrHo3am, Kak NOKa3aHo:

Training set

1

oo oo

E1ep MaN

Classification
models C, | C e .Cmd
PrEdiCtions Pl Pz "R Pm

' R

Final prediction P,

PucyHok 7.6: Cay4aliHell nec

Ob6paTtute BHMMaHKeE, YTO Ha NpeablayLlLein anarpamme m gepesbes 06y4atoTcs, YTo NPEeACTaBAEHO OT C1 40 Cm .
To ectb [epesba =

{C1,..,Cm}Kaxaoe 13 gepeBbeB reHepupyeT NpeacKasaHue, NPeacTaBeHHoe MHOoXKecTBOM: IHANBUAYaNbHbIE
npeackasaHusa = P= {P1,..., Pm}OKoHuYaTenbHoe npeackasaHue npeacrasneHo Kak Pf. OH onpegensetcs
60/1bWMHCTBOM MHAMBUAYANbHbIX NPOrHO308.

DYHKUMA pexuma MOMKET UCMONb30BATLCA AA NOWCKA pelleHna 60NbLIMHCTBA (pexim — 3TO YUCNO, KOTOPOEe
NOBTOPAETCA Yalle BCEro U HaxoAmMTca B 60NbLUMHCTBE). MHAMBMAYANbHOE NpeacKa3aHue U UToroBoe
npeackasaHue cBa3aHbl cneayowmm obpasom: Pf = pexkmm (P)



Pa3nnume anropntma cay4amHoOro sieca ot aHcambaeBoro 6ycTuHra

Kaxgoe aepeso, NopoXaEHHOE aNropuTMOM CyYaltHOro fieca, NOMHOCTbIO He3aBUCUMO Apyr OT Apyra. OH He
3HaeT AeTanen Apyrux Aepesbes B aHcambie. ITO OT/IMYAET ero OT APYrMX TeXHUK, TaKUX Kak ycuaeHue
aHcambns.

Mcnonb3oBaHWe anropmMTma cny4yamHoro fieca Ans 3a4auv KnaccudukaTopos

[JaBalite co3gaanm afropuTm c/ly4aliHOro Ieca U UCNoJib3yem ero Ana obydeHua Halen mogenm ¢

Mcnosb3oBaHMem obyyaloLWwmx AaHHbIX. 34€Cb Mbl PACCMOTPUM ABa K/KOYEBbIX TMNepnapameTpa:
L]

e n_estimators
max_ depth

T'mnepnapamMeTp niestimatorsOnpeAEHHQLCKOﬂbKOOIqeanHXAepeBbeBpemeHMﬁHOCTpoeHO,a
runepnapameTp max depth onpegenAaeT, HACKO/IbKO Fl'ly6OKO MOXKEeT MPOHUKHYTb KaXXgo0e U3 3TUX OTAE/IbHbIX
Aepesbes peLLIeHVIVI. WUHbIMK choBamu, Aepeso DELIJEHVII‘;I MOXET NPOoAO0NKAaTb PaclennATb U AeNNTbCA, MOKa He
NOSIBUTCSA y3e/, NPeaCcTaBAAWMNIN KaxKabli KOHKPETHbIN Npumep B 0byyatowem Habope. YcTaHaBAnBas
max_depth , Mbl OFPaHUUYNBAEM, CKOJIbKO YPOBHEW pa3geneHuii OH MOXKET NONYUYUTb. ITO KOHTPOMpPYET
CNNIOXHOCTb moaenun n onpegenaeTt, HaCKOJ/IbKO OHa COOTBETCTBYET 06y‘-ial0|.IJ,MM AaHHbIM. Ecamn O6paTMTbCﬂ K
cnepytolemy pesynbTaTy, n_estimators YNpPaBAAeT WWMPUHOW MOAENN CNYYaMHOro Neca, a max_depth —
rnybuHoM moaenu:

from sklearn.ensemble import RandomForestClassifier

classifier = RandomForestClassifier(n_estimators = 10, max_depth = 4,criterion = ‘entropy', random_state = 0)
classifier.fit(X_train, y_train)

Out[9]: RandomForestClassifier(bootstrap=True, class_weight=None, criterion='entropy’,
max_depth=4, max_features="auto', max_leaf_nodes=None,
min_impurity_decrease=0.0, min_impurity_split=None,
min_samples_leaf=1, min_samples_split=2,
min_weight_fraction_leaf=0.0, n_estimators=10,
n_jobs=None, oob_score=False, random_state=0, verbose=0,
warm_start=False)

Mocne obyyeHna Mogenn cayyaHoro seca Ucnonbayem eé Ana npeackasaHui:

y pred = knaccupmkarop.predict (X test) cm =
metrics.confusion matrix(y test, y pred) cm

Y10 AaéT pesynbraT Kak:

Out[1@]: array([[64, 4],
[ 3, 29]])

Tenepb ,ﬂ,aBal‘;lTe KO/IM4eCTBEHHO OUEeHUM, HAaCKOJZIbKO XOpOLlla Halla moae/b:

accuracy= metrics.accuracy score(y_test,y pred)
recall = metrics.recall score(y_ test,y pred)
precision = metrics.precision score(y test,y pred)



print (accuracy, recall,precision) Mer yBUOANM

cnemyowwmin pesynbrar:

©.93 0.90625 0.8/87/8/7/87/87/878788

[Jlanee pacCMOTPMM IOTUCTUYECKYIO PErpeccuio.

Jlornctnyeckasn perpeccus

Jlornctuyeckan perpeccusa — 3T0 aAropuTM KaaccuduraLmm, Ucnonblyemolit 4na buHapHoi knaccupukaumm. OH
MCMOJIb3YET JIOTUCTUYECKYIO QYHKUMIO A1 GOPMYINPOBKU B3aMMOAENCTBUA MEXKAY BXOAHbIMWU MPU3HAKAMU U
METKOM. 3TO OAMH M3 CaMbIX MPOCTbIX METOA0B KAaccubUKaLMm, UCNOb3YEeMbIN ANA MOLENNPOBAHUA BUHApPHOM
3aBMCMMON NepemMeHHON.

MNpepnonoxeHuna

Norvctnyeckas perpeccus npegnonaraet ciegyrowee: Obydarowmii HA6op AaHHbIX HE UMEET OTCYTCTBYIOLLErO
3HayYeHus.

o MeTKa aBnseTca 6MHapHOM NnepemMeHHOMN KaTeropuu.

MeTKa aBnaeTca NopaAaAKOM — APYrMMK CI0BAMMK, KaTeropmaanon I'IEDEMEHHOI;'I C yNopAL04YEHHbIMMN
3Ha4YeHnaAmMmMN.

o Bce NPU3HAaKN NAn BXOOHbIE NepeMeHHbIE HE3aBUCUMbI APYT OT Apyra.

YCTaHOB/IEHWE OTHOLLEHUN

[lna nornctmuyeckoin perpeccum npeackasaHHoe 3HaYeHne BbluncnaeTca cnegyrowmm obpasom: y= o (w X
+j)MpesnonoKum, 4to z = wX+ jUTak:

i |

e

MNpnBeaéHHOE COOTHOLEHUE MOXKHO rpacbmqecr(l/l NOKa3aTb ciegyroumm 06pa30M:
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PucyHok 7.7: MocmpoeHue cuemosudHoU (pyHKUUU

O6paTuTe BHUMAHWe, YTO €C/IN Z BE/IUKO, TO O (z) byaeT paseH 1 . Ecav z oyeHb Mano uam 6onbLuoe
oTpuuaTesbHOe Yncno, o (z) byaeT paBHa 0 . TakKe, Koraa z pasHo 0, To o (2)=0,5. Curmona, — ectecTBeHHan
bYHKUMA ANA NpeacTaBNeHnA BEPOATHOCTEN, TaK KaK OH CTPOro orpaHuyeH mexay 0 u 1. Llenb obyueHun
NOTUCTUYECKON perpeccMOHHON Mofe M — HalTU NPaBUJIbHbIE 3HAYEHUA Aa W K j./loeucmuyeckas
peapeccus Ha3bl8aemcsa no hyHKyuU 014 eé hopmMynuposaHusa — NOTUCTUYECKON UsU CUTMONAHOM
PyHKLMeN.

®yHKUMM YObITKOB M 3aTpaT

DYHKUMA noreps ONPESENAET, KaK Mbl XOTUM KOJIMYECTBEHHO OLEHUTb OWMBKY AN KOHKPETHOro npumepa B
HalMX 0byYaloWMX AaHHbIX. dyskims 3aTpat ONPEAenaeT, Kak Mbl XOTUM MUHUMMU3MPOBATb OWNBKY BO BCEM
Hawem obyyatolem Habope AaHHbIX. TAKMUM 06pa3oM, dyuxumsa moreps UCMOb3YETCS AJ1A OLHOMO U3
npumepoB B obyyatollem Habope JaHHbIX, @ byuxums sarpar — A/ 06LEN CTOMMOCTH, KOTOpas
KO/IMYECTBEHHO OLEHMBAET 06LLee OTKIOHEHMEe GaKTUYECKUX U NPOTHO3UPYEMbIX 3HaYeHU . OH 3aBUCUT OT
Bbl6opa W 1 h. DyHKUMA noTeps, WCNONAb3YEMas B NOTUCTUYECKOW perpeccumn ans onpeaenéHHoro npumepa i 8
obyyatowem Habope, BbIrAgMT cneayowmm obpasom: lMomeps (y(i), y(i)) = - (y(i) log y(i) + (1-y(i)) log (1-y(i)))
Obpamume BHUMaHWe, 4To Koraa y(i) = 1, Loss(y(i), y(i)) = logy(i). MuHnmmnsaumsa notepb npusenET K 6onbLiomy
3naveHunio Y Byayum curmonaHoii GyHKLMet, MakcumanbHoe 3HadeHue bygeT 1 . Ecam y(i) = 0, nomeps (y(i),
y(i)) = - log (1-y(i))). MuHMMM3auma NoTepb NPUBEAET K TOMY, UTO V(i) ByaeT MakcMmaibHO MasleHbKUM, To ecTb 0
. ®YHKLMSA 3aTpaT NOrMCTUYECKOW perpeccun cieaytowas:



1 D
Cost(w, b) = 7 ZLoss y( ),y(z)

Koraa ncnosiib3oBaTtb IOFMCTUYECKYIO perpeccuto

Jlornctuyeckan perpeccus oTIMYHO NOAXOANUT A5 BUHAPHBIX KnaccuduKaTopos. Jlornctuyeckan perpeccus
paboTaeT Ni0Xo, Koraa AaHHble OFPOMHbI, HO KAYECTBO AAHHbIX HE O4eHb Xxopollee. OH MOXKET OTPaXKaTb
OTHOLLEHWA, KOTOPbIE HE CIULIKOM C/I0XKHbI. XOTA 06bIYHO OHa He AA8T MaKCMMaslbHOW NPOU3BOAMUTENBHOCTH,
OHa 333ET 04YEeHb XOPOLUNI OPUEHTUP ANA HaYana.

Mcnonb3oBaHWe airopuTMa 10rMCTUYECKON perpeccumn ana 3a4aum
KnaccudukaTopos

B 3TOM pasaene mMbl PaCCMOTPUM, KaK MOXHO MCNONb30BaTb a/ITOPUTM IOFTMCTUYECKOM Perpeccun aaa 3agaum
KnaccuduKaTopos:

1. CHavana co3gaamm MoAeNb IOrMCTUYECKOM perpeccnmn n obyunm eé, Mcnonb3ys obyyatolime AaHHble:

us sklearn.linear model import LogisticRegression
classifier = LogisticRegression(random state = 0)
classifier.fit(X_train, y train)

1. [laBanTe npeacKkasaemM 3HAYEHUA Tecroseix AAHHbIX U CO3434MM MATPULY NYyTaHULbI:
y_pred = xnaccubpukarop.predict (X test) cm =

metrics.confusion matrix(y test, y pred) cm

Mpwu 3anycke NpeablAyLLEro KoAa Noyyaem CAeayowmin pesyasTar:

Out[1l1l]: array([[65, 3],
[ 6, 26]])

1.Teﬂepbﬂ§BamTepaCCMOTpMN\HOKa3aTenM npon3BoaANUTENBbHOCTU!

TOUHOCTL = metrics.accuracy score(y test,y pred)
recall = metrics.recall score(y test,y pred)
precision = metrics.precision score(y test,y pred)
print (accuracy, recall,precision)

1. Mpwu 3anycKe npeablayLWero Koga noaydaem cieayowmii pesybTar:

0.91 0.8125 0.896551724137931



Janee pagante nocmotpum Ha SVM.

Anroputm SVM

Tenepb Aasavte nocMoTpmm Ha SVM. SVM — 3710 KnaccudurKaTop, KOTOPbIA HaX0AUT ONTUMA/bHYIO
rMNepniIoCKOCTb, MAaKCUMU3UPYIOLLYIO 3aMEXHOCTb MeXAyY ABYMA Knaccamu. B SVM Hawa uenb ontummsaumm
— MaKCMMM3MPOBaATb MapKy. Mons onpeaenneTca Kak PaccToAHUE MEXAY Pasfenstollein rmnepnaocKocTbo
(rpaHunUel pelweHns) n obyyatowmmm obpasuamm, 6AnKaNLWLMMMK K 3TON TMNEPNNOCKOCTM, Ha3biBaeMbiMU
OMOPHbIMM BEKTOPaMU. UTaK, aBaiTe HAYHEM C OYEHb NPOCTOrO NPMMeEpPa C ABYMA UamepeHmamm — X1 un X2.
Ham Hy»KHa MMHKUA, OTAENAIOLWAA KPYTK OT KPecToB. ITO NOKa3aHo Ha cieaylollen anarpamme:

PucyHok 7.8: Aneopumm SVM

Mbl nposenu gse AnHUK, n 06e naeanbHO OTAENAIOT KPecTbl OT Kpyros. OgHaKo 40MKHA BbITb ONTUMasbHaA
JIMHUA AW TPAHMLA PeLUeHMSA, KOTOPan A4acT Ham HauaydLLMe WaHCbl NPaBUAbHO KnaccuouumposaTb
60/bLUNMHCTBO A0MONHUTENbHbBIX NPUMEPOB. PasyMHbIM BbIBOPOM MOKET BbITb IMHUA, PaBHOMEPHO

pacnonoXKeHHaa MeXAy STMMU ABYMSA KJaccamm, uTobbl co3aatb Hebosblol Bydep AN Kaxk4oro Kaacca, Kak
MoKasaHo:
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Decision boundary >~ — /
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PucyHok 7.9: [ToHamus, cea3aHHble ¢ SVM

Tenepb AaBaiiTe NOCMOTPUM, Kak Mbl MOXEM UCNoAb30BaTb SVM ans obydeHuns KnaccudmKkatopa 414 Hawwen
3aauv.

Ncnonb3oBaHume anropmutma SVM gna 3agaumn KnaccudPuKaTtopos

CHavana co3gaamm Knaccudpuratop SVM, a 3aTem Ucnosibayem obyyatoLLyto YacTb NOMEYEHHbIX AaHHbIX 418
ero obyyeHus. unepnapameTp Aapa onpeaensaer TMN npeobpasoBaHnA, NPUMEHAEMOTO K BXOAHbIM AaHHbIM,
4yTObbI CAENATL UX IMHENHO Pa3aenieMbiMu:

n3 sklearn.svm mMmnopt SVC

xiaccudpuxkaTop = SVC (ampo = «uHelHoe», random state =
0) classifier.fit(X train, y train)

1. Nocne obyyeHuns gasanTe creHepMpyem NPOrHo3bl U MOCMOTPMM Ha MATPULY NMyTaHULbI:
y pred = knaccupmkarop.predict (X test) cm =

metrics.confusion matrix(y test, y pred) cm

1. O6paTnTe BHMMaHWeE Ha CNeayoWMin pesynbTar:

Out[9]: array([[66, 2],
[ 9, 23]])

1. Tenepb fnaBalite PacCMOTPUM pPa3/IMYHbIE NOKa3aTe/ M NPOU3BOANTENbHOCTU:
TOYHOCTL = metrics.accuracy score(y test,y pred)
recall = metrics.recall score(y test,y pred)



precision

metrics.precision score(y test,y pred)
print (accuracy, recall,precision)

Mocne 3anycka npeaplayuiero Koga noayyaem cneaytouime 3Ha4eHnA B KavecTse BbiXxo4a:

0.89 0.71875 0.92

NMoHMMaHMe HamBHOro anroputma bamneca

OcHOBbIBaACb Ha TEOPUM BEPOATHOCTEN, HaUBHbIM ballec — 0AMH M3 cambliX NPOCTbIX AIFOPUTMOB
KnaccuduKkaumu. Mpu npaBMaAbHOM MCNONb30BaHMM OH MOXKET AaBaTb TOYHbIE NPOrHO3bl. HauBHbIA anroputm
baneca Ha3BaH sO Mo ABYM NpPUYMHAM:

OHa ocHOBaHa HAa HaMBHOM NPEANONOKEHUU, YTO MEXAY NPU3HAKAMU U BXOAHOWM HEDEMEHHOVI
cyuiecTsyeT He3aBMCMMOCTb. OHa OCHOBaHa Ha Teopeme baieca.

DTOT aNIrOPUTM MNbiTaeTca K/'IaCCVId)MLI,MpOBaTb 3K3emMmnaAapbl Ha OCHOBE BepOﬂTHOCTeﬁ npeabiaywmnx

aTpubyToB/3K3EMNNAPOB, NpeAnonaras NoAHy He3aBMCMMOCTb aTpnbyToB. CylLecTByeT Tpu TMNa
MeponpuUATUIA:

He3aBucumble meponpuATUA HE BANAIOT Ha BEPOATHOCTb NOBTOPEHMA HOBOTO cobbiTuA (Hanpwmep,

nosy4yeHve NUCbma C NpeaioXKeHnem 6ecnnaTHOro BXo4a Ha TEXHUYECKOe cobbimue U peopraHnsauns B
Ballen KomnaHum).

3aBucuMmble cobbITUS BANAIOT Ha BE€POATHOCTb NOBTOPEHUA APYroro cob6bITUA; TO €CTb OHW CBA3AHbI KAKUM-TO
o6pasoM (Hanpmmep, BEPOATHOCTb TOrO, 4YTO Bbl yCneeTe Ha KOHd)epeHLI,VIlO BOBpeEMA, MOXET 3aBUCETb N3-3a
3a6acToBKM COTpYyAHUKOB aBMaAKOMMaHUM nan peﬁcos, KOTOpPble MOTyT He BbINO/IHATbLCA BOBpeMﬂ).

« B3amHo uckntouatowme cobbiTva He MOTYT NPOUCXOANTL O4HOBPEMEHHO (Hanpumep, BepoATHOCTL BpocaTb
TPOWKY U WecTepKy Ha ogHOM Bpocke KybuKa pasHa 0 — 3TW ABa MCXO4a B3aMMOMCKIOYAIOT).

Teopema baieca

Teopema balieca ncnonbsyeTtca ANa BbIYUCAEHUA YCIOBHON BEPOATHOCTU MeXKAY ABYMA HE3aBUCUMbIMU
cobbiTuAMM — A 1 B. BepoATHOCTb Npousolleawero cobbituii A u B npeacrasneHa Kak P(A) u P(B). YcnoBHas
BEPOATHOCTb NpeAcTaB/ieHa Kak P(B[A), UTo ABAAETCA YC/I0BHOM BEPOATHOCTLIO NpousowegLero cobbitna B npu

ycnhosuu, 4To cobbiTne A npousowno:




BbluncneHmne BepoAaTHOCTEN

HaunBHbIli baiec ocHOBaH Ha OCHOBAHWW BEPOATHOCTHbIX NMPUHLMNOB. BEpOATHOCTb NPOMN30LWEHMA OAHOMO
cobbiTUA (HabnoaaTeNbHAnA BEPOATHOCTb) PAcCYMTLIBAETCA NYTEM Ae/IEHUA KOIMYECTBA TaKMX C/ly4aeB Ha obliee
4YMC/I0 NPOLLECCOB, KOTOPbIE MOTIN MPUBECTU K 3TOMY CObbITUIO. Hanpumep, Konn-ueHTp nony4yaet 6onee 100
3BOHKOB B NOAAEPKKY B AeHb, 50 pa3 3a mecAL,. Bam HY»XHO 3HaTb BEPOATHOCTb TOTO, YTO HA 3BOHOK OTK/IMKHYTCA
MeHee YeMm 33 3 MMHYTbI, UCXOAA U3 NPeablAYLWMX CayYaeB. Ecan Konn-ueHTp cymen noBTOPUTb 3TOT BPEMEHHOM
pekopa 27 pas, To HabaogaTenbHas BEPOATHOCTb TOro, 4To 100 3BOHKOB 6yAyT NPUHATLI MeEHee Yem 3a 3
MUHYTbI, ByaeT cneaytoweit: P(100 380HK08 Nod0epicKu meHee Yem 3a 3 muHymst) = (27 / 50) = 0,54 (54%) 100
3BOHKOB MOYHO MPUHATb MEHEE YEM 3@ 3 MUHYTbI MPUMEPHO 3a NON0BUHY BpemeHM, OCHOBbIBASCb HA 3anNMCAX
0 50 cnyyanx, Korga 3T0 NPOM30LLIO B NPOLLJOM.

MpaBuna ymHoXKeHus ana cobbitun AND

YT06bI paccymTaTh BEPOATHOCTb MPOUCXOAALLETO OAHOBPEMEHHO ABYX UK Bonee cobbITUIA, PaCCMOTPUM,
ABNAOTCA N COBLITUA HE3ABUCUMbIMU MW 3aBUCUMbIMU. EC/IM OHM HE33aBUCUMbI, UCMOJIb3YeTCA NPOCToe
npaBuao yMHOXeHuA:P(peaynemam 1 U peaynbmam 2) = P(peayabmam 1) * P(pe3synsmam 2)Hanpumep, anna
pacyéTa BEPOATHOCTM MOJyYeHUs NUCbMa ¢ 6ecnaaTHbIM AOCTYNOM K TEXHUYECKOMY COBbITUIO U
peopraHusaumen Ha paboyem mMecTe UCNo/b3YeTCs 3TO NPOCTOE NPABUIO0 YMHOXKEHUSA. ITU ABa cObbITUSA
HEe3aBMCKMMbI, TaK KaK BO3HMKHOBEHWE O4HOrO He BAUAET Ha BEPOATHOCTb MOBTOPEHUA Apyroro. Ecim
BEPOATHOCTb NOJAYYEHUA INEKTPOHHOIO NMCbMa O TEXHUYECKOM COBbITUM cocTasnAeT 31%, a BepoATHOCTb
peopraHusaumm nepcoHana — 82%, To BEPOATHOCTb TOTO, U 4PYrOro, PaccYMUTbIBAETCA Caeaytowmm obpasom:
P(aneKkTpoHHana nouyta U peopraHunsauma) = P(anekTpoHHas noyta) * P(peopranmnsaymsa) = (0,31) * (0,82) = 0,2542
(25%)

Ob6uwee NpaBMIO YMHOXKEHUS

Ecnu aBa unm 6onee cobbITUIN 3aBUCAT, MCNOAL3YETCA 0bLee NPaBUIO YMHOMXKeHMA. ITa dopmMmyna AeNCTBUTENbHA
KaK B CNy4Yanx He3aBUCUMbIX, TaK U B 3aBUCUMbIX cobbITUAX:P(ucxod 1 M ucxod 2)=P(ucxod 1)*P(pe3yabmam 2 |
pesynemam

1)O6patnTe BHUMAHUE, YTO P (ncxom 2 | wmcxom 1) OTHOCUTCA K YC/IOBHOM BEPOATHOCTM BO3HUKHOBEHWSA ucxona
2, €CN UCXoh 1 y)Ke npousowén. dopmyna yuuTbiBAaeT 3aBUCMMOCTb MeXay cobbituamu. Ecnm cobbitua
He3aBUCKMMbI, TO YC/I0BHas BEPOATHOCTb HE MMEeT 3HaueHMWs, TaK KaK OfMH UCXOA He BAUAET Ha BEpOATHOCTb
NOBTOPEHNA APYroro, a P (ucxom 2 | mcxonm 1) — 3TO NPOCTO P (ucxom 2) . 06paTVITe BHMMaHUeE, 410 cbopmyna
B 3TOM C/ly4ae MPOCTO CTAHOBUTCA MPOCTbIM NPABUIOM YMHOXKEHMUS.

MNpaBuna gobaBneHna ona MeponpuATUIA onepaLMoOHHOM

Mpu pacyéTte BEPOATHOCTU NPOU3LLECTBUA OAHOrO UAN APYroro cobbiTMA (B3aMMHO UCKIOYaIoLLEE) UCMOb3YeTCA
cneaytollee NpocToe Npasuno cnoxeHua:P(ucxod 1 UJIN ucxod 2) = P(ucxod 1) + P(ucxod 2)Hanpumep, KakoBa
BEPOATHOCTb BbINaAEHNA LIECTEPKUN MK TPOUKNU? YTOBbI OTBETUTH Ha 3TOT BOMPOC, CHayaa obpaTute BHUMaHuMe,
yTo 06a NCX0Aa HE MOTYT MPOMCXOAMUTb OAHOBPEMEHHO. BepoAaTHOCTbL BbIBPOCUTDL LWecTepKy pasHa (1/6), uTo
YK€ caMoe MOKHO CKa3aTb Ana bpocka 3:P(6 U/IN 3)=(1/6) +(1/6) =0,33 (33%)Ecnu cobbiTna He
B3aMMOWCKIOYAOT APYr APyra U MOTYT NPOUCXOAUTL OAHOBPEMEHHO, UCMOb3YiiTe cneaytowyo dopmyny
CNOXEeHUA, KOTopan Bceraa AenCTBYET Kak B ClyYasX B3aMMHOW UCKAOYUTENBHOCTH, TaK U NPU HEB3aUMHOM
UCKAYUTENbHOCTU: P(ucxod 1 UJIN pesyasmam 2) = P(ucxo0 1) + P(ucxo0 2) P(ucxo0 1 U peaynemam 2)



Mcnonb3oBaHWe HaMBHOIO anroputma baiieca 414 3a4a4n KnaccupuKaTopos
Tenepb p,aBaﬁTe BOCNO/Nb3yemMcCA HaUBHbIM aITOPUTMOM balieca Ana peweHna 3aga4vun KI'IaCCVId)MKaTOpOBI

1. CHayana UmnopTMpyem OYHKUMIO GaussianNB () U UCMONb3yemM eé ana obydyeHns mogenm:

n3 sklearn.naive bayes import GaussianNB
kJlaccupmraTop = GaussianNB ()
classifier.fit(X_train, y train)

1. Tenepb AaBaviTe Ucnonblyem obyyeHHy0 Mogenb ANA NPOrHO3MPOBaHMA pe3ynbTaToB. Mbl UCNONb3yeM ero
ANA NPOrHO3MPOBaHMA METOK AJ/1A Hallero TeCTOBOrO pasaena, KoTopbli X_test

[[POTHO3UPOBAaHME Pe3yJIbTaTOB TeCTOBOTO
MHOXeCTBa y pred =
classifier.predict (X test) cm =
metrics.confusion matrix(y test,
y_pred) cm

1. Tenepb paccMOTPMM MaTpULLy NyTaHULbI:

Out[1l@]: array([[66, 2],
[ 6, 26]])

1. Tenepb pacneyaTaem MaTpu1Lbl NPON3BOAUTENBHOCTU, YTOObI KOMYECTBEHHO OLEHUTL KaYecTBO Haluei
06y4YeHHOM moaenu:

accuracy= metrics.accuracy_score(y_test,y pred)
recall = metrics.recall score(y_ test,y pred)
precision = metrics.precision score(y_test,y pred)

print (accuracy,recall,precision) YTO AaéT pesynbrat
KaK:

©.92 0.8125 0.9285714285714286

Ana aAropuTmos KJ'IaCCI/I(I)MKaLI,VIM I'IO6€,EI,I/1TEI'I€M ABNAETCA

[aBaiTe pacCMOTPUM NOKasaTenn Npon3BoANTENbHOCTU Pa3INYHbIX aITOPUTMOB, KOTOPbIE Mbl MPeACTaBUAN.
3710 0606LLEHO B cieaytowen Tabanye:

Anroputm TouHocTb BocnomuHaHue TOYHOCTb
Jepeso pewennit 0.94 0.93 0.88
XGBoost 0.93 0.90 0.87
CnyyaitHbit nec . 0.93 0.90 0.87

Nlornctnyeckan perpeccna 0.81  0.89
0,91



SVM 0.89 0.71 0.92

HausHbIi baiec  0.92 0.81 0.92

CMOTpA Ha NPUBEAEHHYIO TabAWLLYY, MOXKHO 3aMeTUTb, YTO KaccudmKaTop AepeBa peLleHN NMOKa3bIBaEeT yyllme
pe3ynbTaTbl MO TOYHOCTM M 3aNOMMHAHMAM. ECAM Mbl ULLEM TOYHOCTb, TO €CTb CBA3b MeXKAy SVM 1 HanBHbIM
baltecom, Tak 4To NtO6OM BapMaHT Ham NOAOMAET.

MNoHMMaHWe anropuTMOB perpeccumu

Mogaenb KOHTPOIMPYEMOTO MALLUMHHOTO 06YYEHMA UCMONb3YET OAUH U3 PErPECCUOHHbIX aNTOPUTMOB, €C/IM METKa
ABNAETCA HEMNPEPbIBHON NepeMeHHON. B 3Tom cnyyae moaesib MalMHHOIO 06y4eHUA Ha3bIBAETCA PErPEecCOPOM.
B aTom pasgene mbl NpeacTaBum pas/iMyHble aaropUTMbl, KOTOPblE MOXKHO MCNO/b30BaTb 415 06y4YeHUa moaenm
perpeccun ¢ KOHTPOMPYEMbIM MALLUMHHBIM 0By4eHWEM — WK, NPOLLLE FOBOPA, perpeccopos. MNpexae yem
nepenTu K AeTanam aAropMTMOB, AaBaiTe CHaYala co343aMM 33434y 419 TECTUPOBAHMUA UX
NpPOW3BOAMUTENbHOCTU, BO3SMOXKHOCTEN U 3)EKTUBHOCTM.

Mpe3eHTaLmMA BbI30OBA PErpPeccopos

Nofo6bHO NoAXoAy, KOTOPbIN Mbl UCMO/L30BANN C AZITOPUTMAMM KAacCUdUKaLMM, CHaYana Mbl NPeaCcTaBUM
3afiavy 4/1A PELIeHMA KaK BbI30B A5 BCEX aITOPUTMOB perpeccun. Mbl Ha30BEM 3Ty PaCNPOCTPAHEHHYHO
npo6siemy BbI30OBOM PErpeccopoB. 3aTem Mbl UCMOJb3YEM TPU PA3/IUYHbBIX PErPECCUOHHBIX aNropuTMa 4/
peLueHmns 3TOM 3a4auu. ITOT NOAXOA C UCMOb30BaHEM 06LLei 3a4a4M ANA PA3INYHBIX PErPECCUOHHbIX
aNropuTMOB MMEET ABa NPENMYLLECTBA:

®  Mbl MOMKeEM NOArOTOBUTb AaHHble OAUH Pa3 M MCNOAb30BaTb NOATOTOB/IEHHbIE AAaHHbIE ANA BCeX TPEX

perpeCcCMOHHbIX aNTOPUTMOB.
Mbl MOXXemM CpaBHUTbL NPON3BOAUTENBHOCTb TPEX PErPECCUOHHbIX aATOPUTMOB C OCMbIC/IEHHbBIM CFIOC060M, TaK
KakK 6y,CI,ENl MCNo/1Ib30BaTb UX ANA pelleHnAa OZHOW W TOM e 3a4aun.

[Haealite paccmoTpum GopmMyIMpPOBKY 3a4a4M 3a4aHuA.

dopmynnpoBKa npobiembl BbI30Ba perpeccopos

B HalM gHM Ba)KHO NPOrHO3MpPoBaTb Npober pasHbix aBTomobunen. IPPpeKkTMBHbIA aBTOMOOUIbL NoseseH ans
OKpY*KatoLLeit cpeabl U TaKkKe 3KOHOMUYECKU apdeKTnBeH. MNpober MoXKHO OLLEHUTb MO MOLLHOCTM ABUraTeNs U
XapaKTepucTMKam aBToMobunsA. [lasaliTe co34aaMM BbI30OB 411 PErPeccopoB, YTobbl 06y4YnTb MoaEesb,
CNocobHy NpeacKasbiBaTb KOIMYECTBO MU/Ib Ha rainoH (MPG) aBToMO6UIA Ha OCHOBE €ro XapaKTepuUCTUK.
[agailiTe NOCMOTPUM Ha UCTOPMUYECKMI1 HABOP AaHHbIX, KOTOPbIA Mbl By4eM UCMOb30BaTb 414 06yYeHnn
perpeccopos.

MN3yuyeHne nctopmyeckoro Habopa AaHHbIX

HuKe npuseaeHbl 0cobeHHoCTH NCTOPUYHECKUX OAaHHbIX Ha6opa AaHHbIX, KOTOPbIe Y HAaC eCTb:

Ha3ssaHue Tun OnucaHue
HABBAHUE KateropusaOnpeaenset KOHKPETHOE TPaHCNOPTHOE CPEeaCTBO
UVJIVHIIPH HenpepbiBHoe Konndectso umamHapos (ot 4 ao 8)

OBBEM HenpepbiBHbIM Pabounini 06bém asuratens B Kybmyeckux grommax
JIOMAJIMHAS momzocTs HenpepbiBHAA MOLLHOCTb ABUraTeNs

YCKOPEHME HenpepblBHoe Bpemsa, Heobxoanmoe ans pasroHa c 0 4o 60 munb B Yac (3a cekyHAabl)



MeTKa g1 3ToM 3a4a4nm — 3TO HenpepbiBHanA nepemeHHas, MPG, KOTopas yKa3blBaeT pacxos Mpg ANA Kax4oro
TpaHCNopTHOrO cpeacTBa. [JaBaliTe CHavana CNPoeKTUpyeM KoHBelep 06paboTKu faHHbIX 41A 3TOM 3a4auu.

NHXMHUPUHT NPM3HAKOB C UCMOIb30BaHMEM KOHBelepa 06paboTKM AaHHbIX

[JaBaiTe NOCMOTPUM, KaK Mbl MOXeM CNPOEKTUPOBATb MOBTOPHO UCMO/Ib3yeMblii KOHBeep 06paboTku, 4TobbI
pewunTb Npobnemy perpeccopoB. KaK yKe ynoMnHanocb, Mbl NOArOTOBMM AaHHblE OAMH Pa3, a 3aTem
MCNoNb3yem WX BO BCEX aNTOPUTMax perpeccun. [JaBaiite cnegyem cnegyowmm Wwaram:

1. HaunHaem c mnopTa Habopa AaHHbIX, CAeAyoLUM

06pa3OM:dataset = pd.read csv('auto.csv')

1. Tenepb AaBaiTe NpeaBapuUTeNbHO PACCMOTPUM

Habop AaHHbIX: dataset.head (5)

BoT KaK byaeT BbIrnsaeTb HA6OpP AaHHbIX:
NAME CYLINDERS DISPLACEMENT HORSEPOWER WEIGHT ACCELERATION MPG

0 chevrolet chevelle malibu 8 307.0 130 3504 120 18.0
1 buick skylark 320 8 350.0 165 3693 115 15.0
2 plymouth satellite 8 318.0 150 3436 11.0 18.0
3 amc rebel sst 8 304.0 150 3433 12.0 16.0
4 ford torino 8 302.0 140 3449 105 17.0

1. Tenepb nepengém K Bbibopy dyHKLMI. Jasarite ybepém ctonbey, NAME, Tak Kak 3TO TO/IbKO
naeHTModUKaTop, HeobxoamMmblii Ans asTomobuneit. Ctonbupbl, UCNonb3yemble ANA UAEHTUOUKALLUMN CTPOK B

Hawem Ha6ope AAHHbIX, HE UMEKT 3HAYeHUA anq O6y‘-IEHm'-| moaenu. LI,aBaHTe y6€péM 3TY KOJIOHKY:
dataset=dataset.drop (columns=['NAME'])

1. laBaitTe npeobpasyem Bce BXOAHbIE NEPEMEHHbIE U NMPUCBOUM BCE HYNEBbIE 3HAYEHUA:

dataset=dataset.drop (columns=['NAME'])
dataset= dataset.apply(pd.to numeric, errors='coerce') dataset.fillna (0,
inplace=True)

MmnyTauma yayyluaeT KayecTBo AaHHbIX M TOTOBUT UX K 0ByYeHnto moaenu. Tenepb gaBaiTe NOCMOTPUM Ha
dUHaANbHbBIN wWar:
1. laBaiTe pa3genum gaHHble Ha TeCToBble M 0byyatowme pasgens:

Ot sklearn.model selection wmmnopT train test split #from
sklearn.cross validation mmmopT train test split
X_train, X test, y train, y test = train test split(X, y, test_size = 0,25, random state = 0)

370 CO34aN0 ceaytoLme YeTblipe CTPYKTYPbl AaHHbIX:



X_train : CTPYKTypa A@HHbIX, COAEpKalLan Npu3Haku obyyatowmx
OaHHbIX X_test : CTPYKTYpa AaHHbIX, COAEPKaLLAA MPU3HAKM
obyuvatowero Tecta y_train : BEKTOp, cogepKalimnii 3HaYEHUA METKM B
obyyatowem Habope nauumix y test :BekTOp, comep:Kawmin 3HaYeHns
METKM B TECTOBOM Habope AaHHbIX

Tenepb AaBaliTe UCMOb3yeM NOATOTOBEHHbIE AaHHbIE N0 TPEM PasHbIM perpeccopam, YTobbl CPaBHUTL UX
3¢ deKTUBHOCTb.

JInHeMnHan perpeccus

M3 Bcex MeTof,0B KOHTPOIMPYEMOTrO MaLLUMHHOFO 06Y4YEeHUA aNFOPUTM JIMHEMHOW perpeccum camblii NPOCTOM ans

NoHUMaHMA. CHayaa Mbl PACCMOTPUM MPOCTYHO IMHENHYIO PErpPeccuto, a 3aTemM PacLIMPUM KOHLENUMIO 40
MHOXeCTBEHHOM NMHENHOM perpeccuu.

MpocTaa nMHenHas perpeccusn

B camoli npoctoit popme nnHeliHas perpeccua GopmyInpyeT CBA3b MeXAY OAHOW HENPepbIBHOW HE3aBUCUMOM
nepeMeHHOI 1 OAHOW HenpepbIBHOW HE3aBUCUMOW NepemMeHHOM. (MpocTas) perpeccusa MCNob3yeTca Ans
AEMOHCTPALLMM CTENEHW, B KOTOPOI M3MEHEHUA 3aBUCMMOI NepeMeHHoN (oTobpaykaemoit No ocu y) MoryT 6bITb
CBA3aHbI C USMEHEHUAMM OBBACHUTENLHOW NepeMeHHOoM (MoKasaHHOM Ha xaxis). Ero MoXKHO npeacTaBuTb
cnegyowmm obpasom:

— W + &

F



3Ty popmMyny MOXKHO 06BACHUTD Ciedyowmm

® y — 3aBMCMMan nepemeHHas.
® X — He3aBMCMMan nepemeHHas.

— 3TO HAK/IOH, KOTOprVI NOKa3blBaeT, HACKO/IbKO IMHMA NOAHMMAETH NPU KAXKL0M

® @ — 370 nepeceyeHue, yKkasbiBatouee sHayekoga X = 0.

HekoTopble npumepbl CBA3EN MeXAY OAHOM HenpepbIBHOW 3aBUCUMOM NepeMeHHON U 04HOM HenpepbIBHOM
He3aBMCMMOWN NeEPeMeHHOW BKIKOYAOT cnesytowme:

® Bec uyenoseKka u ero notpebaeHue Kanopui
CTOMMOCTb f,OMa M ero NAoLWaab B KBagpaTHbIX GyTax B KOHKPETHOM palioHe,

B/IaXKHOCTb BO34yXa U BEPOATHOCTb 40X AA

[na nuHeltHOM perpeccun n BxogHan (HesaBucMman) nepemeHHas, v Lenesas (3aBMcnmasn) nepemeHHasn
[OMKHBI 6bITb YUNCNEHHBIMU. Hannyulliee COOTHOLIEHME JOCTUrAETCA MMHUMM3aLUMelt CyMMbl KBaApaToB
BEPTMKANbHbIX PACCTOSHUI KaxKA0M TOYKM NO NPSMOM, NPOBeAEHHOW Yepes Bce TOUKM. MpeanonaraeTcs, Yto
CBA3b MEXKAY NPegUKTOPHON NepemMeHHOoM U MeTKOM ABseTca IMHeliHoW. Hanpumep, yem bonblue geHer
BK/1aAblBAaETCA B UCCNe0BaHMA U pPa3paboTKy, Tem Bbllle Npoaaku. [asaiiTe pacCMOTPUM KOHKPETHbIV npumep.



[agalite nonpobyem chopmynnpoBaTb CBA3b MEKAY MAPKETUHIOBbIMM PACX04aMM 1 NPOAAKAMMN KOHKPETHOMo
npoayKTa. OHM OKa3bIBaAOTCA HaNPAMYHO B3aMMOCBA3aHbI APYr C Apyrom. MapKeTUHroBble Pacxoabl M NPOAAXKM
0TO6pParXKatoTCA HA ABYXMEPHOM rpadnKe 1 oTobparkaroTca CMHUMMKM BpuanmaHTamn. CeA3b yylle BCEro
NpubanKaeTca, NPoBeAa NPAMYIO IMHUIO, KaK Ha caeaytowem rpaduke:

1c5> y = 0.8845x- 4.8069 'S
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PucyHok 7.10: J/luHeliHas pezpeccus

Koraa NINHEWHAsA NHUA nposeaeHa, Mbl MOXXeM YBUOETb MaTEMATUYECKYIO CBA3b MeXXAY MapKeTUHIroBbiIMU
pacxogamun 1 npoaaxKamu.

OueHKa perpeccopos

JInHeHasa AMHKA, KOTOPYIO Mbl MPOBENU, NPeAcTaBAAeT coboi NPUBAMMKEHME CBA3M MEXKAY 3aBUCUMbIMU U
HEe3aBUCMMbIMKN NepeMeHHbIMK. [laxke nydluan cTpoka 6yaeT MMeTb HEKOTOPOE OTK/IOHEHME OT peasibHbIX
3HauYeHMUN, KaK NOKa3aHo:



. 4
/
PucyHok 7.11: OueHKa pezpeccopos

TUNUYHBIM CNOCO6 KONMYECTBEHHOM OLLEHKM NMPOU3BOAUTENBHOCTU IMHENHBIX PEFPECCUOHHbIX Mogenen —
MCMNo/Nb30BaHNE KOPHEBOW CpeaHEeKBaapPaTUUECKOoi owmnbKu (RMSE). 3To MaTemaTUYECKM BblYUCNAET
CTaHZAPTHOE OTK/JIOHEHME OWMBOK, AoNYyLEHHbIX 06y4yeHHON moaenbto. Hanpumep, B obyyatowem Habope
HOaHHEIX QYHKLMA IIOTEePb PAaCCUMTHBACTCA ClenywouyMm obpasom: [loTepwn (3’/(i)'y(i))= 1/2(\7“)- V(i)”23To npmeoauT K

cnepytoueit SYHKWMIATPAT o060 a g MuEMMUEMPYET NOTepu BCeX NPUMEpOB B oBydawlleM HaBope:

[Masalite nonpobyem nHtepnpetmposate RMSE. Ecaiv RMSE — 370 S50 Ana Halwero npumepa Mogenu,
npeacKasbiBatoLwen LeHy NPoAyKTa, 3TO 03HAYaeT, YTo OKoJ0 68,2% NPorHo3oB 6yayT COOTBETCTBOBATb
[eiCTBMTE/IbHOMY 3HaYeHuo B npeaenax $50 (To ecTb a). ITo TaKKe 03HavaeT, 4Tto 95% nporHosos 6yayT

COOTBETCTBOBaTb paKTUUYECKOMN CTOMMOCTM B npeaenax $100 (To ectb 2a). HakoHew, 99,7% nporHo3os 6yayT
COOTBETCTBOBATb peasibHOM CTOMMOCTU B Npeaenax $150.



MHoKecTBeHHasA perpeccua

®aKT B TOM, YTO HONBLIMHCTBO peasibHbIX aHaIM30B UMeLoT bosiee OfHOWM He3aBUCUMOW NepeMeHHOM.
MHoKecTBEHHaA perpeccua — 3TO pacluMpeHune NpocTol IMHeHOW perpeccun. Knoyesoe otanyume
3aK/Il04aeTCA B TOM, YTO A8 AOMNONHUTENbHbIX NPEAUKTOPHbBIX NEPEMEHHbIX CYLLECTBYIOT AONONHUTENbHbIE
KoaboduumeHTsbl beta. NMpn obyyeHnn moaenm uenb — HalTu 6eTa-KoadPULMEHTbI, MUHUMU3UPYIOLLME OWKBKK
NIMHeWHOoro ypaBHeHuA. JaBaiTe nonpobyem matemMaTMyeckn chopmynmpoBaTh CBA3b MeX Ay 3aBUCMMON
nepeMeHHOM M MHOXECTBOM HE3aBUCUMBIX NepPeMeEHHbIX (Mpu3Hakos). Mof06HO NpPoCcToOMy IMHEMHOMY
YpPaBHEHUIO, 3aBUCMMAA NEPEMEHHan Y KOJIMYECTBEHHO onpeaenaeTca Kak CymMa nepecevyeHns YaeHa natoc
npousseaeHne KoagpuyueHmos B, yMHOXKEHHOE Ha 3HaYeHUe X JNA KaXKAO0W U3 inpuskakos:y=a+p 1 X 1+p2 X 2
+...+ B ixi+¢& Ownbka npeactaBneHa € 1 yKasblBaeT Ha TO, YTO NpeAcKa3aHUA He ngeanbHbl. KosgpuyueHmeol
6 N03BONAIOT KaXKA0M NPU3HAKe OKa3blBaTb OTAE/IbHOE OLEHOYHOE BAUAHME Ha 3HaYeHue y U3-3a usmeHeHul y
Ha B i Npu KaKaoM egUMHUYHOM yBEeNuYeHun xi. Kpome Toro, nepeceyeHme (o) ykasbiBaeT Ha OKupaemoe
3HaYeHue y, Koraa Bce He3aBUCUMble NepemMeHHble paBHbl 0. O6paTuTe BHUMaHUeE, YTO BCE NEPEMEHHbIe B
npeablaywem ypaBHeHUN MoryT BbiTb NpeAcTaB/eHbl MHOXECTBOM BEKTOPOB. Lienesas u npeguktopHas
nepemeHHble Ternepb ABNAIOTCA BEKTOPAMMU C CTPOKOM, a KoaboduumeHTbl perpeccuun B 1 oWwMBKM € Takke
ABNAIOTCA BEKTOPaAMM.

Mcnonb3oBaHUe anroputma IMHENHOW perpeccum Ana 3a4a4um C perpeccopamm
Tenepb 06yyaem moge b C NOMOLLbIO 06yYatoleit YacTh Habopa AaHHbIX:

1. HayHéMm c MMNoOpTa NaKeTa IMHEMHOWN perpeccuu:

n3 mMnopra sklearn.linear model LinearRegression

1. 3aTem co3gaanm moaenb TMHENHOW perpeccumn n obyunm eé c nomollpto obyyatolero Habopa AaHHbIX:

regressor = JMHEMHad perpeccusd ()
regressor.fit (X _train, y train)

1. Tenepb NpeAcKaskem pesynbraTbl, MICNO/b3YA TECTOBYIO YacTb Habopa AaHHbIX:

y_pred = regressor.predict (X test) wus
sklearn.metrics mMmnopT mean squared error mus
math import sqgrt

sqrt (mean squared error(y test, y pred))

1. Bbixog, NONYYEHHbIM NPU BbINOAHEHMM NPeablayLero Koaa, noreHepupyer cneayollee:

Out[10]: 4.36214129677179

Kak obcykaanoch B npeapiaywem pasgene, RMSE — 3To cTaHAapTHOE OTK/IOHeHUe ownbKK. OH NOoKa3bIBaeT,
41O 68,2% NPOrH0308B HbyAyT COOTBETCTBOBATbL 3HAYEHUSI METKU B Npeaenax 4, 36 .

Koraa ncnonbsyetca IMHeNHana perpeccma?

NnHeliHas perpeccna ncnonb3yeTca AnAa peweHna MHOIrMxX peaabHbIX 3a4a4, BKAKOYaA chegyouime:



MporHo3nposaHue npoaax
MporHosnposaHne oNTUMaNbHbIX LLlEH Ha NPOAYKLMIO
KonuuectseHHan oLeHKa NPUYUHHO-CNEACTBEHHOMN CBA3M MeXAy cobblTueM 1 OTBETOM, Hanpumep, B

o KNUHUYECKUX UCMbITAHUAX TIEKAPCTB, UHXKEHEPHbIX UCNbITaHUAX 6e3onacHoOCT an MapPKEeTUHIOBbIX
nccnegoBaHmAxX

BblfBAEHNE 3aKOHOMEPHOCTEN, KOTOPbIE MOMKHO MCMOb30BaTh ANA NPOrHO3MPOBaHUA byayLLero NoBeAeHUA C
YYETOM M3BECTHbIX KPUTEPMEB — HaMPUMeEp, MPOrHO3MPOBAHUA CTPAXOBbIX C/y4Yaes, ylwepba OT CTUXMIMHBIX
6eACcTBUI, pe3ynbTaToB BbIGOPOB M YPOBHSA NPECTYNHOCTU

Cnabble mecTa IMHENHON perpeccum

Cnabble mecTa IMHENHOW perpeccum cneaytowme:

OH pa60TaeT TOJIbKO C YNCN1IOBbIMU NPU3HAKaMU.

KateropuanbHble gaHHble AOMXKHbI 6bITb npeasapuTesibHO O6pa60TaHbI.
OH nnoxo cnpasndaeTca ¢

OTCYTCTBYOWMMN AaHHbIMKU. OH aenaet

npegnonoxXeHma oTHOCUTE/IbHO AaHHbIX.

ANroputm perpeccMoHHOro aepesa

AI'IFODVITM perpecCMoHHOIo gepeBa NOXoXK Ha a/INPUTM Kl'IaCCVICbVIKaLI,VIOHHOFO Aepesa, 3a UCKIKoYEHNEM TOrO,
YTO METKa — 3TO HEMNnpepbiBHaA nepemMmeHHanA, a He NnepemeHHaA KaTteropun.

Mcnonb3oBaHUe anropntma perpeccMoHHOro Aepesa Ana 3a4a4m C
perpeccopamu

B 3TOM pasaene mMbl PpacCCMOTPUM, KaK aNropUTM PerpeccMoHHOro AepeBa MOMKET 6biTb MCNO/Ib30BaH A5 3a434M
perpeccopos:

1. CHavana o6yqaeM mozaeib C NMOMOLWbIO anropnuTma perpecCMoHHOro aepesa:

In [43]:  from sklearn.tree import DecisionTreeRegressor
regressor = DecisionTreeRegressor(max_depth=3)
regressor.fit(X_train, y_train)

Out[43]: DecisionTreeRegressor(criterion='mse', max_depth=4, max_features=None,
max_leaf_nodes=None, min_impurity_decrease=0.9,
min_impurity_split=None, min_samples_leaf=1,
min_samples_split=2, min_weight_fraction_leaf=0.9,
presort=False, random_state=None, splitter='best')

1. Nocne obyyeHns MOAeNM PErPecCMOHHOr0 AepeBa UCnoibdyem 0byyeHHYo Mmogens Ans

npeACKaSaHMH3HaHeHMﬁZy_pred = regressor.predict (X test)

1. 3atem mbl paccunTbiBaem RMSE a1a KonnM4ecTBeHHOW OLLeHKM 3GEKTUBHOCTU MOAENN:

sz sklearn.metrics mMmnopT mean_squared error us

math import sqgrt



sqrt (mean_squared error (y_ test, y_pred)) MBI

nosy4yaem cneayrowmin pesynbrar:

Out[45]: 5.2771702288377

ANropuTm perpeccum ¢ rpaaneHTHbIM byctom

Tenepb paccMOTPMM aIrOPUTM PEFPECcCUn € rpagueHTHbIM 6yctom. OH Mcnonb3yeT aHcambnb aepesbes
NPUHATUA pelueHnii ana 6onee To4HOM GOPMYIMPOBKM HA30BbIX 3aKOHOMEPHOCTEW B AAHHbIX.

Mcnonb3oBaHWe anropmMTma perpeccun ¢ rpagnmeHTHbIM BycTom A1 3a4a4m
perpeccopos

B 3TOM pasgesie Mbl PAaCCMOTPUM, KaK MOKHO MCMOJIb30BaTb aJifOPUTM PEFPECcCUN C FPagMEeHTHbIM BycTom ans
3a4,a4M C perpeccopamm:

1. CHayana 0by4yaem mogenb C MOMOLLbIO aTOPUTMa PErPECCUU C TPAAUEHTHBIM BycTOM:

In [5]: | from sklearn import ensemble
params = {'n_estimators': 500, 'max_depth': 4, 'min_samples_split': 2,
'learning_rate': ©.01, 'loss': 'ls'}
regressor = ensemble.GradientBoostingRegressor(**params)

regressor.fit(X_train, y_train)

Out[5]: GradientBoostingRegressor(alpha=90.9, criterion='friedman_mse', init=None,
learning_rate=0.01, loss='ls', max_depth=4,
max_features=None, max_leaf_nodes=None,
min_impurity_decrease=0.8, min_impurity_split=None,
min_samples_leaf=1, min_samples_split=2,
min_weight_fraction_leaf=0.8, n_estimators=500,
n_iter_no_change=None, presort='auto',
random_state=None, subsample=1.0, tol=0.0001,
validation_fraction=0.1, verbose=8, warm_start=False)

1. Mocne O6yl'IeHVIﬂ mMmogenu aaroputma Fpa,ﬂ,MeHTHOﬁ perpeccum mbl Ucnonblyem eé ana

anACKa3aHMﬂ3HaHEHMﬁ:yipred = regressor.predict (X test)

1. HakoHeL, mbl paccunTbiBaem RMSE 1A KONMHYECTBEHHOM OLEHKM MPON3BOANTENIbHOCTM MOLENN:

MvnopT n3 sklearn.metrics mean squared error us
math import sqgrt
sqrt (mean_squared error(y test, y pred))

1. 3anycT1B 3TO, Mbl NONYYMM BbIXOAHOE 3HAYEHWeE, CledyoLmMm 0b6pasom:



Out[7]: 4.834836373089085
N

na perpeccCMoHHbIX aArOPUTMOB I'IO6EAMTEI'I€M ABNAETCA

LI,aBaﬁTe pPaccMoTpMM NPOM3BOAUTENBHOCTb TPEX PErPeCCUOHHbIX aITOPUTMOB, KOTOPbIE Mbl MICNO/Ib30BaN HA
OOHUX N TeX e AaHHbIX 1 B TOYHO OAHOM U TOM Xe CUeHapun Ncnoib3oBaHUA:

Anroputm RMSE

JNInHeliHan perpeccus 4.36214129677179
PerpeccuoHHoe gepeso 5.2771702288377

Perpeccus c rpagmeHTHbIM 6ycTtom 4.034836373089085

Ecnv nocmoTpeTb Ha NPON3BOAMTENBHOCTb BCEX aITOPUTMOB PErpeccunn, O4eBUAHO, YTO MPOU3BOANTENIbHOCTb
rpagMeHTHo-6ycT-perpeccumn HanayyLwas, Tak Kak y Heé cambli HU3Kkuit RMSE. 3a sTum cnegyeT nnHelHan
perpeccua. ANropuTM perpeccMoHHOro AepeBa NoKasan XyAalue pesynbTathbl AN 9TON 3a4a4n.

MpaKTUYeCKNn NpUMep — Kak npeacKkasaTb noroay

[aBaiTe NOCMOTPUM, Kak Mbl MOXEM MUCMONb30BaTb KOHLENLMK, pa3paboTaHHble B 3TOM rnase, YTo6bl
npeackasatb noroay. NpeanonoXmnm, 4To Mbl XOTUM NpeackasaTth, 6yaeT M 3aBTpa A0 /Ab, OCHOBbIBAACH Ha
AaHHbIX, COBPaHHbIX 33 rof, N0 KOHKPETHOMY ropoay. JaHHble, AOCTYNHble A1A 06yYeHns 3To Moaenu,
HaxopgATca B CSV-panne nos HasBaHWEM weather.csv :

1. UMnopTupyem AaHHble B BUAE Kagpa AaHHbIX NaHAabl:

VMnopTrpoBaThk Numpy kak NP
VmnopT IlaHpn xak PD DF =
pd.read csv("weather.csv")

1. [laBaviTe paccmoTpum cTonbLbl pelrima AaHHbIX:

In [63]: df.columns

Out[63]: Index(['Date', 'MinTemp', 'MaxTemp', 'Rainfall', ‘'Evaporation', 'Sunshine’,
‘WindGustDir', 'WindGustSpeed', 'WindDir9am', 'WindDir3pm’,
‘WindSpeed9am', 'WindSpeed3pm', 'Humidity9am', ‘'Humidity3pm’,
'Pressure9am', 'Pressure3pm', 'Cloud9am', 'Cloud3pm', 'Temp9am',
‘Temp3pm', 'RainToday', 'RISK MM', 'RainTomorrow'],
dtype="object')

1. Nlanee paccmMoTpMM 3arosI0BOK Nepsbix 13 cTonbLoB AaHHbIX weather.csv:



In [124]: df.iloc[:,@:12].head()

out[124]:
Date MinTemp MaxTemp Rainfall Evaporation Sunshine WindGustDir WindGustSpeed WindDirSam WindDir3pm WindSpeedSam WindSpeed3pm

2007-11-

0 I 8.0 243 0.0 34 6.3 7 30.0 12 7 6.0 20
g 2Ol 140 26.9 36 44 97 1 390 0 13 40 17
2020 137 234 36 58 33 7 85.0 3 5 6.0 6
3 PR 133 155 3938 72 9.1 7 540 14 13 30.0 24
g 2007 76 16.1 28 56 106 10 50.0 10 2 200 28

05

1. Tenepb AaBaiTe NOCMOTPUM Ha nocieaHune 10 ctonbuoB AaHHbIX weather.csv:

In [127]: df.iloc[:,12:25].head()

Sy Humidity9am Humidity3pm Pressure9am Pressure3pm Cloud9am Cloud3pm Temp9am Temp3pm RainToday RISK_MM RainTomorrow
0 68 29 1019.7 1015.0 7 7 14.4 236 0 36 1
1 80 36 1012.4 1008.4 5 3 175 257 1 36 1
2 82 69 1009.5 1007.2 8 7 15.4 20.2 1 39.8 1
3 62 56 1005.5 1007.0 2 7 135 14.1 1 28 1
4 68 49 1018.3 1018.5 74 7 111 15.4 1 0.0 0

1. OaBalite ucnonblyem X Ana 0b603HaYeHUA BXOAHbIX MpPuU3HakoB. Mbl ybepém none Date gns cnuvcka

NMPU3HAKOB, TaK KakK OHO He NO0J1Ie3HO B KOHTEKCTe npe,a,cxa3aHm71. Mbl TaKkxe y6epéM METKY RainTomorrow: x =

df.drop ([ 'Date', '"RainTomorrow'],axis=1)

1. [laBanTe ucnonbsyem y oas 0603HauYeHUA METKM:
df ['Ioxnob3aBTpa ']

=
I

1. Tenepb pasfenum faHHble Ha train_test split

Or sklearn.model selection import train test split
train x , train y ,test x , test y = train test split(x,y , test size = 0,2,random_state = 2)

1. NocKonbKy MeTKa ABnAeTcA BUHAPHON NepemMeHHOM, Mbl 0bydaem Knaccmoukatop. MNosTomy AorucTmyeckan
perpeccus 3gecb 6yaet xopowum Bbibopom. CHavana gasaiTe NpeacTaBUM MOAEb JIOTUCTUYECKON
perpeccuu:

Momesib = Jlormcruyeckas perpeccus ()
1. Tenepb Mbl MOXeM UCNO/Ib30BaTb train x U test x ANA 06yquMH moaenun:
model.fit (train x , test x)

1. Mocne obyyeHna Moaenun AaBaiTe UCNOAb3yeM eé ANA NpeAcKasaHuii:

predict = model.predict (train y)

1. Tenepb AaBaliTe onpesenm TOYHOCTb Hallel 06y4YeHHO mogenu:



In [89]: predict = model.predict(train y)

In [99]: from sklearn.metrics import accuracy score

I

In [91]: accuracy score(predict , test y)

Out[91]: ©.9696969696969697

Tenepb 3TOT 6MHAPHbIN KNacCUGUKATOP MOMKHO MCMO/Ib30BaThb A8 NPOrHO3MPOBaHUA, ByaeT nn 3aBTpa foxab. C

KpaTKkoe cogeprkaHue

B 3TOW rnaBe Mbl Ha4anW € U3y4eHUA OCHOB KOHTPOIMPYEMOTO MALWMHHOMO 06y4YeHus. 3atem mbl 6onee
noApo6HO paccMoTpenu passiMuHble anropUTMbl Knaccuoukaumu. anee mbl pPaccCMoOTPeU PasinyHble MeToabl
OLEHKM NPOM3BOAMNTE/IbHOCTY KAaCCUPUKATOPOB U U3YYMIN PA3/IMYHBIE aITOPUTMbI perpeccumn. Mbl Takxe
PaCCMOTPENIM Pa3NINYHbIE METOAbI, KOTOPbIE MOXKHO MCMO/b30BaTb A5 OLUEHKU 3GPEKTUBHOCTU U3YUEHHbIX
anropuMTMOB. B cieayioLLeit mase mbl PacCCMOTPUM HEWPOHHbIE CETU U alIrOPUTMbI Fy6OKOro 0byyeHus. Mol
paccMoTPUM MeToAbl 06yHEHMA HEMPOHHOM CETH, a TaKXKe Pas/INYHbIE MHCTPYMEHTbI U GPEeMMBOPKK, AOCTYMHbIE
[ONA OLEHKM 1 Pa3BepTbIBaHMA HEMPOHHOW ceTu.
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8 ANropnUTMbl HEMPOHHDIX CETEN

MpucoegmHanTecs K Discord-npocTpaHCcTBY Halen KHUIm

https:// packt.link/40Algos

«Anzopumma 014 roMopa He cyuecmeyem». -- Pobepm MaHkog

CoyeTaHune pasnnUHbIX GaKTOPOB CAENaN0 HEMPOHHDIE CETU O4HOMN M3 BarKHEMLLMX COBPEMEHHbIX METOA0B
MaLWHHOro 0byuyeHus. K aTum dpakTopam OTHOCATCA HEOBXOAMMOCTb pelleHns BCé Bonee CNOKHbIX 33434,
B3PbIBHOM POCT fIaHHbIX U NOABNEHME TEXHONOTUI, TAKUX KaK 06a1ayHble BbluMCNEHMs, KOTopble obecneynBatoT
BbIYUC/IUTENIbHYIO MOLLHOCTb, HEOBX0AMMYIO AR NPOEKTUPOBAHMA U UCMOb30BAHUA OYEHb CIOMKHbIX
anroputMoB. Ha camom aene, UMeHHO 3Ta 061acTb UCCNea0BaHU BbICTPO Pa3BMBAETCA M OTBETCTBEHHA 33
60/bLUNMHCTBO OCHOBHbIX AOCTUKEHUM, 3aABAAEMbIX B NePefoBbIX TEXHONOTMYECKUX 061aCTAX, TAKUX KaK
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poboToTexHuKa, nepudbepuitHble BbluMCAEHUA, 06pabOoTKa ecTeCTBEHHOIO A3blKa U 6ecnunoTHbIe asTomobuau. B
3TOM I/1laBe CHa4a/la NpeAcTaB/ieHbl OCHOBHbIE MOHATUA U KOMMOHEHTbI TUMMYHOM HEMPOHHOW ceTu. Janee
npeAcTaB/ieHbl PAa3IMYHbIE TUMbl HEMPOHHbIX CETEN U O6BACHAIOTCA Pa3/IMYHbIE TUMbl aKTUBALMOHHbIX QYHKLNNA,
MCMO/Ib3YeMbIX B 3TUX HEMPOHHbIX ceTax. [lanee nogpobHo obcykaaeTca aaroputm o6paTHOro
pacnpocTpaHeHUA, KOTOPbIN ABAAETCA CAMbIM LUMPOKO UCNOJIb3YEMbIM aITOPUTMOM /1A 06y4eHUAa HEMPOHHOM
cetn. [lanee ob6bAcHAETCA MeToa TpaHChepHOro 06ydYeHMs, KOTOPbIA MOMKET 3HAUYUTENBHO YNPOCTUTL U YaCTUYHO
aBTOMATU3MpPOBaTb 0byyeHMe mogenei. HakoHel, aHaans Toro, Kak MCNo/b3oBaTb INybokoe obyyeHue ans
BbIAB/IEHUA MOLIEHHUYECKUX OKYMEHTOB, PAaCCMATPUBAETCS C MOMOLLbIO PEAIbHOrO NPUMEPa NPUNOKEHUA.
OcHOBHble KoHLenuun, obcyKaaemble B 3TON raBe:

® ToHMMaHMe HepPOHHbIX ceTel

3BONIOUMA HEMPOHHBIX ceTel
L]

., OObyueHue HelpoOHHOI ceTn
o MVHCTPYMeEHTbI U ppenmBOpKM
o TpaHcdepHoe obyyeHune

Ke#c-ctagu: ncnonb3oBaHue rny60|<oro 06y‘-iEHMF| AnAa BblABNEHNA MOLWWEHHNYeCTBa

[aBailiTe HaYHEM C OCHOB HEMPOHHbIX CETe.

IBO/OLMA HEMPOHHBIX CeTen

MN3yyan cTpyKTYypy HEMPOHHOM ceTn, e€ 6a30BOWN eguHULIEN siBAETCA HEMpPOH. CTMHHAs cuna HelpOHHOM ceTu
3aKNt0YaeTcs B €€ cnoCcobHOCTMN UCMONBb30BaTb CU/Y HECKOIbKMX HEMPOHOB, OPraHMU3ysA UX B MHOTFOC/IOMHYO
apXUTEKTYpYy. HEMPOHHaA ceTb CO3AaET MHOFOC/IOMHYIO apXUTEKTYPY, CBA3bIBAA HEMPOHbI B PA3/IMYHbLIX COAX.
CurHan npoxoguT Yepes 3TM C/IoM 1 06pabaTbiBaeTCs pasHbIMM CNOCcoBaMu B KaXKL0M U3 C0EB, NOKa He byaeT
nony4yeH OKOHYaTe/IbHbIM HE0O6X0AMMBIN BbIXoA. Kak Mbl yBUAUM B 3TOW [N1aBE, CKPbITbIE C/I0U, UCMO/Ib3yeMble
HEMPOHHLIMM CETAMM, BbICTYNAKOT B POM CN0EB abcTpaKLumm, obecrneunsan rybokoe obyyeHue, KoTopoe
LUMPOKO UCMOJIb3YETCA ANA peanm3aLmm MOLLHbIX MPUIOXKEHWUN, TaKUX Kak Alexa oT Amazon, nouck
nsobpaxkeHnin Google n Google Photos.

HemHoro uctopumu

BAoXHOBNEHHBIV paboToM HEMPOHOB B Ye/I0OBEYECKOM MO3re, KOHLLENLUMA HEMPOHHbIX ceTen bblna npeanoxeHa
®psHKkom PoseHbnaTtTom B 1957 rogy. YTobbl NONHOCTBIO MOHATL APXUTEKTYPY, NOJIE3HO KPATKO PacCMOTPETb
MHOTOC/IOMHYIO CTPYKTYPY HEMPOHOB B Yenoseyeckom mo3sre. (CM. pUCYHOK 1, 4Tobbl MOHATbL, KaK HEMPOHDI
YesI0BEYECKOro MO3ra CBA3aHbI MeXay coboit.)B yenoBeyeckom Mo3re AeHAPUTbI LeNCTBYIOT B PO/IN CEHCOPOB,
buKeupytowmx curHan. CurHan satem nepefaércs akCOHY — AJIMHHOW, TOHKOW NPOEKLMU HEPBHOM KNETKU.
®YHKLMA aKCOHa — MepeaaBaTb 3TOT CUTHAA MbILWLAM, Kenesam U Apyrum HelipoHam. Kak nokasaHo Ha
cnepyroLLen cxeme, CUrHaN NPOXOAMUT Yepes B3aMMOCBA3aHHbIe TKaHU, Ha3blBaeMble CUHaNcamm, 1 3aTem
nepefaérca Apyrum HelipoHam. O6paTnTe BHMUMaHUE, YTO Yepes 3TOT OPraHUYECKUIN KaHaa CUTHaA NPOLO/IKAET
pPacnpoCTPaHATLCA, NOKa He AOCTUFHET LLe/IEBOTO MblLILLbl AW XKenesbl, r4e OH Bbi3blBaeT Heobxoanmoe
Aencteume. OBbIYHO cUTHaNy TpebyeTca ceMb—BOCEMb MUANNCEKYHA, YTODbI NPONTU Yepes LenoYvKy HEMPOHOB U
O0CTUYb CBOEN LeNn:



Axon Synapse
Dendrites

Nucleus

.
ww
IR il “
1% Neuron 2" Neuron 3" Neuron

PucyHok 8.1: HelipoHsbl, c8A3aHHbIE 8 yenu 8 Yesn08e4eCKoOM Mo32e

BAOXHOBMBLUMCH STUM €CTECTBEHHbIM apPXMTEKTYPHbIM Weaespom 0b6paboTku curHanos, PpaHk Po3eHbnaTT
pa3paboTan TeXHUKY, N03BOAAIOLLYO 06pabaTbiBaTh LMPOBYIO MHHOPMALMIO CAOAMM ANA PELUEHUA CIOXHOM
MaTemaTnyeckon 3agayuun. Ero nepBoHavyasibHasA NOMbITKA CNPOEKTUPOBATb HEMPOHHYIO ceTb Bbla AOBONBHO
NpPOCTO U HANOMMHANA MOAENb IMHEHON perpeccun. 3Ta NPOCTan HEMPOHHAA CeTb HE UMeNa CKPbITbIX C/I0EB U
Ha3sblBanacb nepyenmpoHom. NMpocTas HempoHHan ceTb 6e3 c/10€B, Ha3blBaeMas NepLenTPoOHOM, cTasa 6a30BbIM
610KOM AN HEMPOHHbIX CeTeN.

Al 3uma u paccset Al BecHbl

K corkaneHuto, Korga Becb MHTEPEC K NpegsaraeMomMy NepuenTpoHy YTUX, TWaATeNbHbIM U AeTanbHbIA aHaNANU3
nepuenTpoHa OKasanca cepbEsHbiM orpaHuveHnem. B 1969 rogy MapsuH MuHcku u Ceimyp Manept nposoannmn
nccien0BaHUA, KOTOpble MPUBEN K BbIBOAY, YTO NePLLENTPOH HecnocobeH U3y4yaTb C0XKHYO NoruKy. Ha camom
Aene OHM NOoKasa v, YTo NepLenTpoHy ByaeT CI0XKHO OCBOUTb AaKe Takue NpocTble nornyeckme GyHKLMM, Kak
XOR. 3TO NPMBENO K CHUMKEHUIO MHTEPECA K MALLMHHOMY OBYYEHMIO B LLESIOM U K HEMPOHHBIM CETSIM B YaCTHOCTY,
M MONOXKWUIO0 HAYa/I0 3MOXe, HbiHEe N3BeCcTHOM Kak UU-3uma. UccnepoBatenn no Bcemy MMpy He BOCMPUHUMANN
6b1 UM BCepbES, cunTan, YTO OH He CNOCOOEH peLlaTb CoXKHbIe 3ada4n. OrnaabiBascb Ha3ag, O4HOM U3 IaBHbIX
NPWYMH TaK Ha3biBaemoW Al-3Mmbl 6b110 OrpaHUYeHne annapaTHbIX BO3MOMKHOCTEN, AOCTYMHbIX B TO BPEMS.
JInbo HeobxoaAMMas BblUMCAUTEIbHAA MOLLHOCTb He Bblna AOCTyNHa, 6o oHa 6bina HenomepHo aoporou. K
KOHUY 1990-x rogoB Npoun3oLWwén peskmii CABUI B OTHOLWEHUM nmuaxKa MM n ero sBocnpnHMmaemoro noteHumnana.
KaTannsaTopom 3TUX M3MEHEHWI CTann AOCTUXKEHUA B pacnpeaenéHHbIX BbIMMCAEHUAX, KOTopble obecneunnm
JIETKO AOCTYMHYIO M AOCTYMHY0 MHPACTPYKTYypy. YBMAEB NOTEHUMan, HoBble IT-rMraHTbl TOro BpemeHu (Takue
Kak Google) caenanu MM cBonm LLeHTPOM UcCeao0BaHWiA U pa3paboTok. Bo3poxKaeHHbIV nHTepec K UM npuBén K
OTTEeNMIO TaK HasbiBaemoi Al-3umbl. OTTenesb BAOXHOBMAA HOBYIO KM3Hb B UCCef0BaHMA B obnactn UN. B
nTOre 3TO NPUBEJIO K NPEBPALLEHMIO HbIHELLHEeN 3MOoXM B 3MOXY, KOTOPYH MOXKHO Ha3BaTb BecHoi UU, koraa
CYLLLEeCTBYET OrPOMHbIV MHTEpec K U/ 1 HEMPOHHbIM CETAM.

NMoHMMaHMe HEMPOHHbIX CeTeM

CHayana HayHéMm c cepALa HelMpoHHOM ceTn — nepuenTpoHa. MoXHO paccmaTpmBaTb OAUH NePLENTPOH KaK
CaMyHo NPOCTYHO BO3MOXXHYHO HeVIpOHHle CeTb, N OH ABNAETCA OCHOBOM COBPEMEHHDbIX C/TOXKHbIX
MHOIOYPOBHEBbIX APXUTEKTYP. HauHEM ¢ noHMMaHMA paboTbl NepuenTpoHa.

NMoHnmaHue MepcenTpoHa

OfMH NepuenTPoH MMEET HECKO/IbKO BXOAOB M OAMH BbIXOA,, KOTOPbIN YNPaBAAETCA UM aKTUBUPYETCA GYHKLMEN
AKTMBALMKU. ITO NOKA3aHO Ha pUCYHKe 8.2.
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PucyHok 8.2: [TlepcenmpoH

MepuenTpoH, NOKa3aHHbIN Ha PUCYHKe 8.2, UMeeT TpU BXOAHbIX NpusHaka; x1, x2 n x3. Takke aobasnaem
MOCTOAHHbIN CUIHAJ, Ha3blBaeMbli CMeLleHMeM. BXoaHble NPU3HaKK 1 CMeLLeHEe YMHOMKaoTCA Ha Beca U
CYMMMPYIOTCA B B3BELUEHHYIO CYMMY

T Nt e Y

Takum 06pa3om, B3BeLleHHan cyMma nepesaérca akTMBaLMOHHON GYHKLUMM, KOTOPan reHepupyeT BbIXOA, Y.
BO3MOMKHOCTb MCMOb30BATb LMPOKUI CNEKTP aKTUBALMOHHBIX GYHKLMI AN GOPMYIMPOBAHNA CNOXKHbIX CBA3EN
MeXay NPU3HAKAMMN U METKaMM — OfHA U3 CU/IbHBIX CTOPOH HEMPOHHbIX ceTeil. PasHoobpasune GpyHKLMi
aKTVMBaLMM MOXKHO BblBpaTh Yepes runepnapameTpsbi.

MNoHumaHue UHTYNuunn, nemau.l,eﬁ B OCHOBE HEP’IpOHHbIX cetei

B nocnedHeli enase mMmbl 06CyOunu HeKOmMopble MpPAoUYUOHHbIE A120PUMMbI MAUWUHHO20 06y4eHUA. Imu
mMpaduyuoHHbIe aa120pUMMbI MAWUHHO20 0OYyYeHUSs OMAUYHO M00X00am 015 MHO2UX 8AXCHbIX CUeHapues



npumeHeHus. Ho y Hux ecmo u oepaHu4eHus. Koeoa noduyépkusaemole wabsaoHbl 8 0byyarowem Habope OaHHbIX
HAYUHAOM CMAaHOBUMbCA HENUHEUHbIMU U MHO20MEPHbLIMU, OHU HOYUHAOM 8bIX00UMb 30 PAMKU
803MOMHOCMel mMpaduyUOHHbIX a120PUMMO8 MAUWUHHO20 0by4eHUs, Ymobbl MOYHO OMPAXAMb C/10HCHbIE
83aUMOCBA3U MeHOY MPU3HAKAMU U MemKoU. Imu HEKOMIAEKCHbIE, HECKO/bKO YrpOUEHHbIe
mamemamuyecKue popmMyaupoBKU CAOHCHLIX TaMmMepHOo8 NPUBoOAM K HEOMMUMAsbHOU
npouszsodumenbHocmMu oby4yeHHbIx modeneli 0a8 3Mux cyeHapues Ucrnonb308aHUA. B peanbHOM KU3HW BO
MHOIUX CYYanX CBA3b MEXKAY AP/bIKOM U XapaKTEPUCTUKAMUN NposaBaseTca bosiee C0XKHbIE 3aKOHOMEPHOCTY.
HelMpoHHble ceTV NPUXOLAT HA NMOMOLLb, MPEAO0CTaBAAA HAM MOLLHbII BapuaHT ans obydeHnsa mogenen c
HEKOTOPbIMW OrpaHUYeHUAMMU, 06CYKAaEeMbIMU NO3XKe B 3TOW rMaBe. [JaBanTe pa3bepémca ¢ HEKOTOPbIMM YacTo
BCTPEYAIOLLMMMCA 3aKOHOMEPHOCTAMM U NPOBAEMaMK, KOTOPbIe OHM CO34at0T ANsA Bonee NPOCTbIX aIFOPUTMOB
MaLUMHHOro 0byyeHuUs, NOA06HbIX MCMOMb3YeMOMY JIMHEHOM perpeccueit. MpeanonoXKum, 4To Mbl XOTUM
npeackasaTb 3apnaTy AaTa-caleHTncTa, UCNob3ys «rogpl, NpoBeaéHHble B 06pasoBaHMmMy». Y Hac ecTb ABa
pa3Hbix Habopa AaHHbIX, COBPaHHbIX U3 ABYX Pa3Hbix opraHM3aumii.Habop AaHHbIX 1, pucyHok 3(a): MoKkasaHa
OTHOCUTENbHO NPOCTasA CBA3b MEXKAY NPU3HAKOM U METKOM, AEeMOHCTPUPYOLWEN IMHENHOCTb. Ho npu nonbiTke
MaTemaTnyeckm cdopmynnpoBaTb €€ C MOMOLLbIO IMHENHOTO aNTOPUTMA CYLLECTBYET ABE C/IOKHOCTU B 3TOM
NPOCTOI cxeme: BO-MepBbIX, Mbl 3HaeM, YTO 3apn/iaTa He MOXeT BbITb OTpULATENIbHOW. ITO 3HAUUT, YUTO
He3aBMCMMO OT 3Ha4YeHMA X (TO eCTb 3apnaaThl), y He MOXKET BbITb OTPULLATENbHBIM. MOX0XKeE, YTO eCTb KaK
MWHUMYM OAMH MAAALINI CNELMANUCT NO AAHHBIM, KOTOPbIN, BO3MOXHO, TO/IbKO YTO OKOHYMA LWKOAY, NpoBeaA
OAMH rof, B 06pa3oBaHuK, U, COOTBETCTBEHHO, HE UMEET HMKAKOW 3apn/iaTbl, BOSMOMXHO, MPOXOAA CTAXKMPOBKY.
Takum obpasom, ans 3HauyeHuit x oT 0 Ao x1 3HauYeHue y ocTaéTtca paBHbIM Hyto. CM. puc. 3(a). Kak mbl yBuamm
nos:e, bnarogapa PeKTUPGULNPOBAHHOW INHENHOM aKTUBALMOHHOM OYHKLUUK, AOCTYNHOMN B HEMPOHHOW CeTH,
Mbl CMOKEM 3aXBaTblBaTb TaKME C/IOXKHbIE CBA3M MEXAY METKOW 1 NpusHakom.Habop gaHHbIX 2, pucyHok 3(b):
OH NoKa3bIBaeT HEJIMHEMHOCTb B3aMMOCBA3M MeXAy NPU3HAKOM U MeTKoM, cm. puc. 3(b). 3apaboTHas nnarta (y)
ocTaértca paBHow 0, Tak Kak x uameHsaeTcsa ot 0 4o x1. OH pacTéT OTHOCUTENIbHO PE3KO MO Mepe NpubankeHua
3HaYeHUA X K Xx2. Ho no mepe yBeIMYEHNS 3HAUYEHMA Y Bbllle X2 3Ha4YeHMe Y BbipaBHAeTCA. Kak Mbl yBUAUM
nosxe, bnarogapa GyHKUMM aKTUBALUM CUTMOBUAHOM CUCTEMbI Mbl CMOXKEM 3aXBaTblBaTb TaKMe B3aMMOCBA3Y,
MCMO/b3yA HEMPOHHbIE CETU.
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PucyHok 8.3: 3aprinama ~ [00bl 06pazoeaHus

Habop gaHHbIX 1: /InHelHble naTTepHbl (b) Habop AaHHbIX 2: HeanHelHble naTTepHbl

MoHVMMaHWe MHOTOYPOBHEBBIX APXUTEKTYP IMYyHBOKOro obyyeHus



[na 6onee cNOXHbIX 33434 UccaeaoBaTenn paspaboranm MHOrOCAOMHYIO HEMPOHHYIO CeTb, Ha3biBaeMyo
MHOrOC/NI0MHbIM NepuenTpoHom. MHOroypoBHeBas HeMPOHHan CETb COCTOUT M3 HECKOJIbKMX C/I0EB, KaK
MoKa3aHo Ha cieaytolleit Agmarpamme. ITU C0U cieayrolime:

« BXOAHDI cnoi: nepBblii CION — 3TO BXOAHbIN cnoit. Ha BXOAHOM ypOBHE 3Ha4YeHMA NPMU3HAKOB NOAATCA KakK
BXOAHble AaHHbIe B CeTb.

® CKpbITble CNOU: 33 BXOAHbIM C/I0E€M CNEAYET OAMH WU HECKONbKO CKPbITLIX C0EB. KaxKapbli CKpbITbIN Coi

— 3TO MAccvBbl aHANOTMYHOM QYHKLUM aKTUBALUW.

BbIXOAHOMW CNOI: NocneAHUA CION Ha3blBaeTCA BbIXOAHbIM COEM.

lpocmas HelipoHHaA cemb umeem 00UH CKpbiMblil cnol. [nybokas HelipoHHAA cemb — 3Mmo HelipOHHAA cemsb C
0syms unu bonee cKkpbiMbiMu ca0aMU. CM. pUCyHOK (8.4)

Simple Neural Network Deep Neural Network

@ Input Layer () Hidden Layer @ Output Layer

PucyHok 8.4: Mpocmas HelipoHHas cemeo u enyboKasa HelipoHHAs cemb

[anee nonpobyem NoHATb GYHKLMIO CKPbLITbIX CNOEB.
Pa3BuTHME MHTYULUM ANA CKPBITbIX CNI0EB

YT06bI Ny6KE NOHATH, KaK CKPbITble C/I0M 06beAMHAIOT M abCTPUPYIOT BXOAHbIE NPU3HaKK, AaBaiTe CHOBa
paccMoTpum npobaemy NPOrHO3MPOBAHMWSA 3apniaThl AaTa-caieHTUCTa. MpeanonoKMm, YTo Y Hac ecTb NATb
BXOAHbIX XapaKkTepucTmk: 1) OnbIT paboTbl 2) loabl o6pasoBaHus 3) Hasbiku SQL, 4) HaBbiKM NporpammmnpoBaHms
n 5) Anroputmuyeckne Knowledge.To NOHMMaHWE MHTYMLMU, NEXKALLYIO B OCHOBE CKPbITbIX CN0EB, KOTOPbIE Mbl
CO3a/11 Ha CKPbITOM YPOBHE C Tpems y3namu. Bxoa B nepBblil y3en CKPbITOro €10 — 3TO ONbIT PaboTbl U rogbl
06pa3oBaHMA. BepXHWUIM y3en CKpbITOro cios NpesocTaBUT OOMH Y3e/, KOTOpbI abeTparmpyeT adpdekT
KOMBUMHaLMM 3TUX ABYX NnepemeHHbIX. Mbl Ha3Banu ero «Background». BxoaHble aaHHble B cpeaHuit y3en
CKpbITbIX cnoés — 31o SQL Skills 1 Programming Skills, koTopble HasbiBatoTca Data Engineering Skills. Tpetnit yzen
CKPbLITOrO €101 COAEPKUT BXOAHbIE AaHHbIE, TAKME KaK HaBbIKM MPOrpaMmMMpPOBAHUA U aNropUTMHUYECKME
3HaHWA, U Ha3bIBAETCA HAaBbIKAMMW MALUMHHOIO 0OyYeHuUA.
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PucyHok 8.5: PeweHue 3a0a4 C UCM0/16308AHUEM HECKO/IbKUX C0€E8

CKONbKO CKpbITbIX CNOEB cneayeT MCNonb30BaTb?

O6paTMTe BHMMaHWeE, YTO ONTMMA/IbHOE KOJIMYECTBO CKPbITbIX CN0EB 6y,£I,ET BapbnpoBaTbCA B 3aBUCUMOCTU OT
3a4a4u. [lna HEKOTOpbIX 3a4a4 cnegyeT UCnoab3oBaTb OAHOC/NOMHbIEe Hei;IpOHHbIe cetn. lna gpyrmx ctont
,CI,O6aBMTb HECKO/IbKO CN0EB ANA nquueVl Npon3BOANTENBHOCTU. B LLeSloM 3TO 3aBUCUT OT C/IOKHOCTU MPUCYLLINX
SaKOHOMepHOCTeﬁ AaHHbIX, KOTOPble Mbl NbiITaeMCA C¢0pMylW|pOBaTb C nomoubo HeﬁpOHHbIX ceTe. [na 3apay
C YNPOLWEHHbIMM Yy30paMM UCNONb30BaHNE 60/1bLLIOro KOIMYEeCTBa CKPbITbIX C/I0EB NpuBEeAET K nepeHaroHy. C
p,pyroﬁ CTOPOHbI, ec/in peyvb NAET O CNIOXKHbIX 3a4a4ax, Hebo/ibLOoe KONYecTBo CKPbITbIX C/IOEB MOXKET He
CMOXeT NOJIHOCTbHO OXBATUTb U Cd)OpMynleOBaTb 3dKOHOMEpPHOCTU, npuBogAauLne K He,ﬂ,OO60py,ﬂ,OBaHHOl7I
moaenu. TLLI,aTeJ'IbeII\/'I aHanun3 I'IpOﬁJ'IeMbI N 3KCNEPUMEHTDI C 6a3oBoi 3KcnepmmeHTaan017| MoAeNbio NOMOTYT
Ham HalTn HY>KHO€ KOJINYeCTBO CKPbITbIX C/I0EB.

MaTemaTnyeckme oCHOBbI HeﬁpOHHbIX cetel
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PucyHoK 8.6: MHozocnoliHbill nepuyenmpoH

BaKHO OTMETUTb, YTO HEMPOH ABNAETCA HA30BOWN eAMHULLEN 3TOM CETU, U KaXKAblA HEMPOH €105 CBSA3aH CO BCEMMU
HelipoHaMu cneaytoLLero cof. Jaa CNOXKHbIX CETeN KONMYECTBO 3TUX B3aMMOCBSA3E pe3Ko Bo3pacTaeT, U Mbl
PaccmMoTPUM pasHble CNocobbl UX COKPALLEHNA, HE KepTBYA CANILKOM BonbliMm KadecTBom. CHavyana gasaiTte
nonpobyem chopmynMpoBaTh 3a4a4y, KOTOPYH Mbl MbITaEMCA peLlnTb. BXxog, — 3T0 BEKTOP NPU3HAKOB X
pa3mepHOCTU N. Mbl XOTUM, 4TOBbI HEMPOHHAA CEeTbHEMPOHHan ceTb NpeacKasbiBana 3HauyeHus. MpeackasaHHble
3HaYeHuA NpeacTasaeHbl Kak Y. MaTtemaTUYecKn Mbl XOTUM ONPeaennTb, YUnTbIBas KOHKPETHbIN BXOA,
BEPOATHOCTb TOrO, YTO TPAH3aKLUMA ABAAETCA MOLIEHHUYeCcKUM. [lpyrumm cnosamu, npu onpeaenéHHom
3HAYEHUW X KaKOBA BEPOATHOCTb TOFO, YTO ¥ = 1? MaTemaTUUYeCcKM 3TO MOXKHO NPeACTaBUTb Ceay oMM
obpaszom:

y = P(y = 1|z) : where; x€R"™

O6paTMTe BHMUMaHUE, YTO X — nX-MeprIﬁ BEKTOP, r4e NX — KONMYECTBO BXOAHbIX NepeMeHHbIX. 3Ta HeVIpOHHaﬂ
ceTb MMeeT yeTbipe cnoa. Cnon mexay BXOAOM M BbIXOAOM — 3TO CKpbITble cnon. Koandectso HeﬁpOHOB B
nepBoOMm CKpPbITOM C/ai0€e 0b03HauaeTcs Kak



[
n,

. CBA3M MeXKAY Pas3NYHbIMM y3N1aMW YMHOMKAIOTCA Ha NapameTpbl, HasbliBaemble secamu. ObyyeHue HeMPOHHOM
CeT — 3TO MOWCK NPaBWUbHbIX 3HaYeHUI ANA BecoB. [laBaiiTe NOCMOTPUM, Kak MOXKHO 06Yy4nUTb HEMPOHHYIO
ceTb.

Ob6y4yeHne HEMPOHHOM ceTn

Mpouecc NoCTPoeHMA HeMPOHHOW CEeTEBOI CETU C UCMOb30BaHMEM 3a[,aHHOrO Habopa Ha3biBaeTca 0byyeHnem
HEeMPOHHOW ceTeBO HEMPOHHOM ceTW. [laBalTe pacCMOTPMM aHAaTOMMUIO TUMNYHOM HEMPOHHOW CEeTEBOM CETH.
Korza mbl rOBOpUMM O TPEHUPOBKE HEMPOHHOM CETU, pedb MAET O PAacYETe HaUNYYLLUX 3HAYEHWUI ANA BECOB.
ObyueHune NPoBOANTCA UTEPATUBHO, UCMOb3Ys HABOP NPUMEPOB B BUAE 0ByYatoLLMX AaHHbIX. [TpumMepbl B
06YUalOLMX AAHHbIX COAEPIKAT OXKMAaeMble 3HaYEHUA BbIXOAA O/1A PA3NINUYHbBIX KOMBUHALMIA BXOAHbIX 3HAYEHWUNA,
Mpouecc 0by4yeHMs HEMPOHHbIX HEMPOHHbIX CeTelt OTAnYaeTca oT cnocoba obyyeHMsa TPAAUUMOHHbIX Mogenen
(koTopble obcyxaanvch B 21a8e 7, TpAdUYUOHHbIE An20PUMMbI KOHMPOAUPYeMo20 0bydeHns).



NMoHMMaHMe aHAaTOMUN HEMPOHHOM CeTH

LI,aBaﬁTe NOCMOTPUM, U3 YEero COCTOUT Hef;lpOHHaFI ceTb:

e Cnou: Cnon — 3TO OCHOBHbIE CTPOUTENbHbIE B0KM HEMPOHHOW CeTeBOM CeTU. Kaxabl cnoit — 3To moayib
06paboTKM AaHHbIX, KOTOPbIN BbICTYNaeT B posiv ¢punbtpa. OH NPUHMMAET O4MH UAN HECKOIbKO BXOA0B,
obpabaTbiBaeT Mx onpeaenéHHbIM 06pa3om M 3aTeM NPOM3BOAUT OAMH UM HECKOJIbKO BbIXOA0B. KaxKabii
pas, Korga AaHHble NPOXOAAT Yepes C/I0M, OHU NpoxogAT Gasy 06paboTKM M NOKa3bIBAOT 3aKOHOMEPHOCTY,
peneBaHTHble BU3HEC-BONPOCY, HAa KOTOPbIN Mbl MbITAEMCA OTBETUTD.
®dyHKUMA noTepb: GyHKLMA NoTepb obecneymBaeT cMrHana o6paTHOM CBA3K, UCMO/b3YEMbIIN B PA3/INYHbIX
utepaumax npowecca obyyeHus. GyHKLMA NOTepPb AAET OTKJOHEHME 15 OAHOTO NpUMepa.
®DyHKUMA 3aTpaT: PyHKUMA 3aTpaT — 3TO GYHKLMA NOTEPb HA NOIHOM Habope NpMmepos.
OnTMMM3aTop: ONTUMM3ATOP ONPESENsET, KaK byAeT MHTEPNPETUPOBATLCA CUrHAA 0BPaTHOM CBA3M,
e npepocTaBaaemblt QYHKLMEN NOTEPD.
BxogHble AaHHble: BxoaHble AaHHble CMONb3YIOTCA A1A 00y4eHnA HeMPOHHOM ceTeBon ceTU. OH 3a4aéT
® LeneBylo NepeMeHHyIo.
Beca: Beca paccumTbiBatoTCA C MOMOLLBIO TPEHUMPOBKM CeTU. Beca npMmepHO COOTBETCTBYHOT BaXKHOCTH
KaAoro us BXoA4HbIX AaHHbIX. Hanpumep, ecan onpefenéHHblli BXOL BaXKHEE APYruX, MOC/IE TPEHUPOBKU emMy
npuceamnsaeTca bosbluee 3HaYeHMe Beca, BbICTyNas B POAN MHOXKUTeNA. [laxe cnabblil curHan gas storo
BAXKHOro BXoAa HabupaeT cuay u3 60/1bworo 3Ha4YeHUs Beca (KoTopoe AelcTBYET KaK MHOXUTEND). Takum
obpasom, Bec B UTOre NOBOPAYMBAET KarKabl BXOA, B 3aBUCUMOCTU OT UX BAXKHOCTMU.
o PYHKLMA aKTUBALMU: 3HAYEHMA YMHOMKAOTCA Ha pa3Hble Beca U 3aTem arpernpyroTcs. TOYHOE TO, KaK OHU
6yayT arpernpoBaTbCsA U Kak UX 3HaYeHue ByaeT MHTepnpeTMpoBaThea, byaeT onpesensTbca TUNOM
BblIBpaHHOW GYHKUMKM aKTUBALUMN.

[aBaiiTe Tenepb pacCMOTPUM OYEHb BaXKHbIM aCNeKT 0by4yeHUn HeMPOHHbIM ceTAM. Mpu 0by4eHUU HEMPOHHbIX
ceTeil Mbl pacCMaTPMBaEM KaxKabli Npumep No ogHOMY. s KaXK4oro U3 MpMMeEpPOB Mbl reHepupyem pesynbTaT C
NMOMOLLbIO HalLen MoAeNn HEAOCTAaTOMHOrO 0bydYeHUA. Mbl PacCUMTbIBAEM Pas3HULYY MEXKAY OXUAAEMbIM U
NPOrHO3MPYyeMbIM pe3ynbTaTom. [Insa Kaxk[oro otae/IbHOro NpMmepa 3Ta pasHUUA HasbiBaeTcs noTepei. B
COBOKYNHOCTM NoTepsA no Bcemy yuebHoMy Habopy HasbiBaeTca cToMMocTblo. Mpoaonkaa obyueHne moaenu, Mbl
CTPEMMMCA HAWTK NPaBU/IbHbIE 3HAYEHMA BECOB, KOTOPbIE NPUBEAYT K MUMHMMA/IbHOMY 3HA4YEHMIO NoTepb. B
TeYeHMe TPEHMPOBKU Mbl MOCTOAHHO KOPPEKTUPYEM 3HAYEHUA BECOB, NMOKa He Hangém Habop 3HayeHu ana
BECOB, KOTOPbIV NPUBEAET K MUHUMA/IbHOM BO3MOXKHOM 06Lel ctoumoctu. Korga gocturaem MMHUManbHOM
CTOMMOCTM, Mbl OTMEYaeM MOZE/b KaK 06yUYeHHY!O.

OnpeaeneHune rpagUeHTHOro CnycKa

Llenb obyyeHna mogenm HeMpoOHHOM CeTU — HAWTU NpaBU/ibHbIe 3HAYeHUA AN BeCOB. Mbl HauMHaem
TPEHMPOBATb HEMPOHHYO CETb C MOMOLLBIO CAYHaWHbIX UAN CTAaHAAPTHbIX 3HAYEHWI BeCoB. 3aTem Mbl
UTEPATUBHO MCNO/b3YEM aZIFOPUTM ONTUMMU3ATOPA, HANPUMEP FPAANEHTHBIN CNYCK, YTOObl U3IMEHUTb Beca Tak,
4T06bI HALWM NPOrHO3bl yAyYWwanncb. OTNPABHOM TOUKOM aAropuTMa rpagueHTHOro CNycKa ABAAIOTCA CyYaliHble
3HayeHun BECOB, KOTOPble HEOHXOAMMO ONTUMMUINPOBATL NPU MPOXOKAEHUM aNropuTma. B Kaxkao ns
nocneayowmx UTepaunit anropuTm gencTeyet nyTem U3MeHeHMa 3HaYeHn BeCoB TakMM 06pa3om, YTobbI
MWHUMU3NPOBaTb CTOMMOCTb. Ceaytowan Anarpamma o6 bACHAET JIOFUKY anropuTMa rPagMeHTHOro Crycka:
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PucyHok 8.6: Aneopumm cnycka ro 2padueHmy

Ha npvBegeHHOM Bbile Anarpamme BXOAOM ABAAETCA BEKTOP Npu3HakoB X. PaKkTUUecKoe 3HauYeHue ueneBom
nepemeHHol paBHo Y, a NpeAcKkasaHHoe 3HaYeHue Lenesoi nepemeHHon — Y'. Mbl onpegensiem oTK/0HeHUe
baKTUYeCcKoro 3Ha4YeHUa oT npeacKasyembix. Mbl 0BHOBNAEM Beca M MOBTOPAEM LUArK, MOKa CTOMMOCTb He byaeT
MWHUMKU3NPOBAHA. To, KaK MU3MEHATb BEC B KaXKA0M UTepaLmm afiropuTmMa, 3aBUCUT OT C/ieayoLwmx AByX
¢daKTopoB:

HanpasneHue: B Kakom HanpaBaeHUN ABUTrATLCA, yTObbI noAy4ynTb MMHUMANIbHYHO d)yHKLI,M}O noTepb
Temn OGV‘IeHMﬂ: HACKO/1IbKO 3Ha4YnUTeNbHbIM OO0/TIXKHO 6bITb MU3MEHEHME B Bbl6paHHOM HanpaB/ieHUn

MpocToit UTepaTUBHbLIN NPOLLECC NOKa3aH Ha C/iedylowei guarpamme:

Current
Solution

urrent
Solution

Current
Solution

Minimum Loss Minimum Loss

Current
Solution

Minimum Loss Minimum Loss

PucyHok 8.8: Anzopumm 2padueHmHO020 CrycKd, MoUcK MUHUMYMO8

[narpamma nokasblBaeT, Kak, U3MEHAA Beca, rpagMeHTHbIN CNYCK NbITaeTCA HANTU MUHMMAJIbHYHO CTOMMOCTb.
CKOpOCTb 06y4YeHUnA 1 BbiIbpaHHOE HanpaB/ieHWe ONpeaensT CedyloLLyo TOYKY Ha rpaduKe ANa UsyyeHus.



Bbibop npasunbHO20 3HaYeHUA 0415 CKOPOoCmu obyyeHuUs saxceH. Ecau ckopocme 06y4YeHUA CAUWKOM Masna, 3a0a4a
moxcem 005120 cbauxcameca. Ecau ckopocmo oby4yeHUS CAUWKOM 8bICOKA, 3a0a4a He cxodumcs. Ha npedwsidyweli
duazpamme mo4ka, NpedcmasnsaowWas Hawe meKkyujee peweHue, bydem Konebamoca mexcoy 08ymMs
POMUBONOAOHHLIMU AUHUAMU 2pacha.Tenepb faBaiiTe NOCMOTPUM, Kak MMHUMMU3UPOBATL FPaaMEHT.
PaccMoTpMM TONBLKO ABE NepemMeHHble: X U y. TPafiueHT X U y BbluMCaAeTCA cieayowmm obpasom:

/\
gradient = =g

A\x

N8 MUHUMM3AUMKM TPaAMeHTa MOXKHO UCMOJIb30BaTb CNEAYIOLLMIA MOAXOA,;:

while (rpanuent!=0) :

ecom (rpamment < 0); coBur
BNpaBo ecyiu (rpammeHT > 0); [BuUTrancs
HaJIeBO

3TOT aNrOPUTM TaKKe MOMKET UCMO/b30BaTbCA A1 MOMCKA ONTUMA/bHbIX AU BAN3KUX K ONTUMANbHbIX 3HAYEHW
BECOB HEWPOHHOM ceTn. ObpaTTe BHUMAHME, YTO PACcYET FPpaIMeHTHOrO CMyCKa NPOMCXoamMT 06paTHO Mo Bcei
ceTu. Mbl Ha4YMHAEM C BbIYMCNEHUA FPaMeHTa NOCNeAHEro oS, 3aTeM NpeanocAefHero €101, a 3aTem
npeablayLwero, Noka He 4OCTUTHEM NEPBOro c10A. ITO Ha3blBaeTcA 06paTHbIM pacnpocTpaHeHNeM, KOTopoe
6b110 BBEAEHO XUHTOHOM, Ynnbamcom n Pymenbxaptom B 1985 roay. [Janee pacCMOTPUM aKTUBALMOHHbIE
byHKLMK.

DYHKUMKN aKTMBALUM

dyHKUMA aKTUBaLUMM GOPMYNMPYET, KaK BXOAHbIEe AaHHblE K KOHKPETHOMY HelipoHy byayT obpabaTbiBaTbca ANn
reHepaumu Bbixoga. Kak nokasaHo Ha cieaylowen guarpamme, KaxKapl HEMPOH HEMPOHHON HEMPOHHOM CeTH
MMEEeT aKTUBaLMOHHY0 QYHKUMIO, ONpeaensioLLyto, Kak byayT o6pabaTbiBaTbCA BXOAHbIE AaHHbIE:
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PucyHok 8.9: ®yHKyusa akmusayuu

Ha npvBeagHHOM Bbilwe gnarpamme BUAHO, YTO Pe3ynbTaTbl, NOYYEHHbIE aKTUBALMOHHOW GyHKLMEN,
nepenatoTca Ha Bbixog,. PyHKUMA aKTUBALMM 334aET KPUTEPUM MHTEPMPETALMU 3HAYEHUI BXOAHBIX AAHHbIX A1A
reHepauuu Bbixoaa. A TOYHO OAHMX U TeX XKe BXOAHbIX 3HaYeHWU pasHble GYHKLMU akTUBaLumn byayT
NPOU3BOAMUTbL PasHble BbIXOAbl. [TOHMMaHWe TOro, Kak BblIbpaTh NPaBUIbHYIO aKTUBALMOHHYIO QYHKLNIO, BaXKHO
NPV UCNONb30BaHMN HEMPOHHBIX CeTel ANA peleHnA 3aaa4. Tenepb AaBaiTe pacCMOTPUM 3TU GYHKLUK
aKTMBALMM NO OAHOW.

LLarosas ¢pyHKUUA

Camasn npocTas BO3MOXKHan QYHKLMA aKTUBaLMM — 3TO noporosas GpyHKLMA. Bbixod Noporosoit GyHKUum
6uHapeH: 0 nan 1. OH reHepupyeT 1 KaK BbixoZ, ecnu ntoboin Bxog 6osblue 1. 9T0 MOXKHO 06BbACHUTL Ha
cneaylouen cxeme:



lif x>0
0ifx<0

O .

* m
D wixi
i=1

PucyHok 8.10: LLlazosasa ¢pyHKYuA

O6paTnTe BHUMaHME, YTO KaK TOJIbKO B B3BELLEHHbIX CYyMMaXx BXOA40B 06HapYMBAOTCA NMPU3HAKM KU3HM, BbIXOA,
(v) npespawaetcs 8 1. IT0 AenaeT NOPOroByO aKTUBALMOHHYIO GYHKLMIO OYeHb YyBCTBUMTENbHOW. OH A0BONLHO
YA3BMM K OLIMBOYHOMY cpabaTbiBaHWMIO NPY Maneiluem CUrHane Ha Bxoge 13-3a c6oa Man Wwyma.

Curmong,

CUrMOBUAHYHO PYHKLMIO MOXKHO PacCMaTPUBATb KaK yay4dlleHne NnoporoBoi GpyHKLMU. 34eCb Mbl KOHTPOMPYEM
YYBCTBUTENbHOCTb QYHKLMM aKTUBALUM:
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PucyHok 8.11: ®yHKyuA akmusayuu cuemosudHol ¢opmel

CurmoBuaHas GyHKUMA Y ONpeaensetcs cieayowmnm o6pasom:

€y —

Ero moxHo peannsoBaTtb Ha Python cneaytowmm obpasom:

def sigmoidFunction(z): return
1/ (l+np.exp(-z))




OGpaTMTe BHUMaHME, 4YTO CHUXKaA YyBCTBUTE/IbHOCTb ¢YHKLJ,MVI adKTuBauun, mbl aenaem cbou Ha BXode meHee

Hapywatowmmmn. ObpaTuTe BHUMaHWE, 4TO BbIXOA, YHKLMM aKTUBALMM CUTMOBUAHOMN CUCTEMDI BCE ewwé
6uHapeH, To ecTb 0 uam 1.

PektudpunumposaHHana nnHeHasa eanHuua (RelLU)

BbiBOA, ANA NepBbiX ABYX GYHKLUMIA aKTUBALMM, NPEeACTaBAEHHbIX B 3TOM rnase, 6bl1 GUHAPHbBIM. ITO 3HAUYUT, YTO
OHM 6epyT Habop BXOAHbIX NEPEMEHHbBIX M NPeobpasytoT UX B ABOUYHbIE BbiXxoAbl. ReLU — 3To ¢pyHKLMA
aKTMBaLMK, KOTOPas NPUHUMAET Habop BXOAHbIX NEPEMEHHbBIX M NpeobpasyeT UX B OANH HENPEPbLIBHbIN BbIXOA,
B HelpoHHbIX ceTax ReLU ABnaeTcAa camow NonynsapHON akTMBALMOHHOM GyHKUMEl 1 06bI4HO UCMONb3YeTcA B
CKPbITbIX CNI0AX, F4e Mbl HE XOTUM NpPeobpasoBbIBaTb HEMPEPbIBHbIE MEPEMEHHbIE B KAaTEFOPUYECKNE
nepemeHHble. Cheayolas gmarpamma obobuiaeT GpyHKUMIo akTuBaumm RelU:

] o(x) = max(x,0)

k1 Wi X;
PucyHok 8.12: Pekmughuyupo8aHHas AuHeliHas eOuHUYa

O6paTtute BHMMaHMUe, 4TO Koraa X< 0, 3TO 3HaYMT y = 0. OTO 03Ha4aeT, 4YTo N06OoI CUrHAA OT BXOAA, PaBHbIN HYIO
WAV MEHbLLIe HYNA, NePeBOANTCA B HY/IEBbIN BbIXOA,:



IS
|

L
y =
X

Kak mosibKo x cTaHoBUTCA Bonblue HyAA, OH cTaHoBUTCA X. DyHKLMA RelLU aBnsetca o4HOM U3 caMblX 4acTo

MCMNO/Ib3YEMbIX aKTUBALLMOHHbBIX GYHKLUMI B HEMPOHHbIX ceTAX. Ero MoXKHO peannsoBaTtb Ha Python cneaytowmm
obpasom:

def RelU(x) :
ecyn x<0:
BepuyTs 0
vHaye :
BEPHYTH X



Tenepb AaBaiTe paccmoTpum Leaky RelU, KoTopbiii ocHoBaH Ha RelU.

Apipasbin RelLU

B RelLU oTpuuaTtenbHoe 3HaYeHWe A4 x AAET HyneBoe 3HaYeHWe AnA y. ITO O3HAYAET, YTO YacTb MHPOPMaL MK
TEPAETCA B NPOLLECCE, YTO YBE/IMYMBAET UMKl 06y4eHMA, 0cO6eHHO B Havane. DyHKUMA akTMBaunm Leaky RelLU

pewaeT 3Ty npobnemy. Jns Leaky ReLu npumeHumo cnegytoulee:

(
<

y
L
) —
L

flx) =
> =



0na

37O NoKasaHo Ha c/ieayloleit gnarpamme:

4 f(X)

<

f(x) = Bx X

PucyHok 8.13: [leipassili RelLu

3,Cl,erf3 — napameTp CO 3Ha4YeHNnem meHblle eanHULbI. Ero moxkHo peann3oBaTtb Ha Python cnegyrowmm
obpaszom:
def leakyReLlU(x,beta=0.01):
ecyn x<0:
Return (beta*x)

B mpyrom cisiyuae: Return
X

CywecTsyeT Tpu cnocoba ykasaHusa 3HaueHus ans R:

® MO¥HO 334aTb 3Ha4YeHMe No yMoNYaHuo — B,

Mbl moXem caenaTb B napameTpom B Hallel HEMPOHHOM CEeTeBOW CETU U MO3BO/IUTb HEMPOHHOW CETU
onpeaenuTb 3HaYeHue (3To HasbiBaeTcA NapameTpudeckum RelU).
Mbl Mmoxem caenathb 3 caydaiHbIM 3HaYeHUeMm (3To HasbiBaeTcA paHAO0MU3MpPOBaHHbIM RelU).

'Mnepbonunyecknin TaHreHc (tanh)

®yHKUMA TaHb NOX0XKa HAa CUTMOBUAHYI0 GYHKLMIO, HO CNOCOBHA TaKKe AaBaTb OTPULATE/IbHBIN CUrHA.
Cneaytolian cxema MANOCTPUPYET 3TO:
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PucyHok 8.14: [unepbonu4eckas KacamesnbHas

®YHKUUA Y BBITNAAUT Caepyowmm obpasom:

1 — 6—2:13
— €T 1 —
v=1 1 +e 2@

Ero MOXHO peann3osaTb cneayroWwmm KoOL4OM Ha Python:
Def Tanh (x):
Upcymrenbs = l-np.exp(-2*x)

3HaAMeHaTeJlb = l+np.exp (-2*x)



BO3BpallaeT ‘{MCJ’IMTEJ’IB/
3HameHaTesb Tenepb paccMoOTpUM
dyHKumio softmax.

Softmax

NHoraa ons BbIXoAa aKTUBALMOHHOM PyHKLMK TpebyeTcsa 6onee aByx ypoBHel. Softmax — a1o PpyHKuUmMA
aKTMBALMW, KOTOPAA NpefocTaBaseT Ham bonee ABYX ypoBHeW g Bbixoaa. OH ayylle BCEro NOAXoAUT ANA
334,24 MHOFOKNAccoBOW Knaccudmraumu. NpeanonoxKnm, YTo y Hac ecTb N KNaccos. Y Hac ecTb BXOAHbIe
3HayeHuA. BxoaHble 3HaYeHUs oTobpaXKaloT Knacchl cieayowmum obpasom: x = {x(1),x(2),.... x(n)}Softmax
paboTaeT Ha OCHOBE TeOpUM BEPOATHOCTEN. BbixogHan BEPOATHOCTb Kaacca eth MATKOro MakcMmyma
paccuuTbIBaeTCA caeayrowmm obpasom:

fL’S

€

n i
x
; €

115 6UHAPHbLIX KAaccugukamopoe (hyHKYUA akmueayuu 8 nocsieoHem caoe byoem cuemoudHol, a 044
MYAbMUKAACCOBbLIX KAACCUUKamopos — softmax.

prob\?’ =

NHCTpYMEHTbI U ppenMBOPKM

B s3TOM pasaene mbl NoAPO6HO paccMoTpUm GPENMBOPKM M MHCTPYMEHTbI AR Peanmsaumnm HeMpPOHHbIX ceTei.
Co BpemeHeM 6b1710 Pa3paboTaHO MHOMKECTBO Pa3INYHbIX GPEeNMBOPKOB 414 Peannsaumm HeMpPoHHbIX ceTei. Y

pa3HbIx GPeNMBOPKOB €CTb CBOU CU/bHbIE U Clabble CTOPOHbI. B 3ToM pasaene mbl cocpeaoToummea Ha Keras ¢
63keHgom TensorFlow.

Kepac

Keras — oHa 13 cambIx NONYAAPHbLIX U NPOCTbIX B UCNOAb30BAHUM BUBNNOTEK HEMPOHHbIX CETEN, HanMcaHa Ha
Python. OH 6bin HanucaH ¢ y4éTom yaob6cTBa MCNONL30BAHUA M NPeAOCTaBAsAET caMblii BbICTPbIN cnocob

BHeApeHus rybokoro obydeHus. Keras npeaoctaBaseT TO/NbKO BbICOKOYPOBHEBbIE 6/0KM M paccmaTpUBaeTcs Ha
ypOBHe mogenu.

3agHue gsuratenun Keras

Keras Hy»KHa 6M6/1MOTEKA HU3KOYPOBHEBOIO rY6OKOro 06y4YeHna A BbINOAHEHWUA TEH30PHbIX MaHUNYAALMIA.

3Ta 6UBAMOTEKA HU3KOYPOBHEBOIO rMYyH6OKOro 0by4eHns HasbiBaeTcAa 63KeHO-08UHKOM. BO3MOKHble 63KeHaHble
ABWKKM ana Keras BKNHOYAIOT caeaytolme:



® TensorFlow (https://www.tensorflow.org): 3To camblit NONYAAPHbIA GPENMBOPK TaKOro Poaa, OTKPbITbIN

Google.
TeoHa ( deeplearning.net/software/theano ): 9To 6blN10 pa3paboTaHo B nabopaTtopun MILA B

YHusepcutete MoHpeans.
« Microsoft Cognitive Toolkit (CNTK): 3To 6bi10 pa3paboTaHo KomnaHuen Microsoft.

(DopmaT 3TOro MOoA4yNbHOrIo CTeKa TEXHO/IOTUI rny6o+<oro OGVHEHMFI NMOKa3aH Ha cne,a,yrou.l,eﬁ Aanarpamme:

Keras

TensorFlow/Theano/CNTK

CUDA/cuDNN BLAS, Eigen

GPU CPU

PucyHok 8.15: Apxumekmypa Kepaca

MpenmyLLecTBo TaKOM MOAY/IbHOM apPXUTEKTYPbI INyOOKOro o6y4eHnsa B TOM, YTO 6aKeH , Keras MOXHO MeHATb
6e3 nepenuncbiBaHUA Koga. Hanpumep, ecam mol cuntaem, 4to TensorFlow nyyiwe Theona ana KOHKpPETHOW
3a4,a4M, Mbl MOXKEM MNPOCTO M3MeHUTb 6aKeHA Ha TensorFlow 6e3 nepenucbiBaHUA Koga.

Hu3KoypoBHEBbIE C/I0U CTEKA rNYyBOKOro obyyeHus

Tpu yNnomaHyTbIX HaMK 63KeHA-ABUXKKa MOTyT paboTaTh Kak Ha npoleccopax, Tak M Ha GPU, ncnonbsys
HW3KOYPOBHEBbIE C/IOM CTeKa. [INs NPOLLEeCcCOPOB UCMO/b3YeTCA HU3KOYPOBHEBANA BUBIMOTEKA TEH30PHbIX


https://www.tensorflow.org/
https://www.tensorflow.org/
https://www.tensorflow.org/
https://www.tensorflow.org/
https://www.tensorflow.org/

onepaumii, HasbiBaemasn Eigen. ina GPU TensorFlow ncnonbsyet 6ubnmoteky CUDA Deep Neural Network
(cuDNN) ot NVIDIA.

OnpegneneHune runepnapameTpos

Kak obcyxkaaeTcs B 21a8e 6 «An20pUmmbl HEKOHMPOAUPYEMO20 MAWUHHO20 0by4eHUs», TunepnapameTp — 3To
napameTp, 3HaYeHMe KOTOPOro BbibUpaeTca 40 Havyana npouecca obyyeHna. Mbl HaUMHAEM C PA3yMHbIX
LUEeHHOCTEM, a NOTOM MbITaeMCA UX ONTUMU3UPOBATb. [/ HEMPOHHLIX CETeW BaXKHble rnepnapameTpsbl
cnegyowme:

®  OyHKUMA aKTUBaALMK

CKopocTb 06y4eHusA
KonnyecTtBo CKpbITbIX CI0EB
Konunuyectso HEMPOHOB B KaXKA0OM CKPbITOM cnoe

,EI,aBaﬁTe PaccMOTPUM, Kak MOXHO onpeaenuTb mogenb ¢ nomolbto Keras.

OnpepeneHne mogenu Kepaca
[na onpepenenna nonHol mogenun Kepaca coctouT Tpm sTana:
1. Onpegenure cnom.

Mogenb ¢ ncnonb3osaHnem Keras MoXXHO NOCTPOUTL ABYMA BO3MOMKHbIMU cnocobamu:

« MocnepoBatenbHblii API: 3To No3BOIAET HAaM NPOEKTMPOBaTb MOAENN ANA IMHENHOTO CTeKa cnoés. OH
NCMOJIb3yeTCs ANA OTHOCMTENbHO NPOCTbIX MoAenel 1 seaseTca 06bluHbIM BbiIbopom a8 cOopKku mogenei:



Import Packages

[ ] import tensorflow as tf
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense, Activation, Dropout
from tensorflow.keras.datasets import mnist

Load Data

Let us load the mnist dataset

[ 1 (x_train, y train), (x_test, y_test) = mnist.load_data()

[»> Downloading data from https://storage.googleapis.com/tensorflow/tf-keras-datasets/mnist.npz
11493376/11490434 [ ] - 0s Ous/step

[ 1] model = tf.keras.models.Sequential([
tf.keras.layers.Flatten(),
tf.keras.layers.Dense(128, activation='relu'),
tf.keras.layers.Dropout(0.15),
tf.keras.layers.Dense(128, activation='relu'),
tf.keras.layers.Dropout(0.15),
tf.keras.layers.Dense(10, activation='softmax'),

1)

Ob6paTtute BHMMaHMUE, YTO 34eChb Mbl CO343a/M TPU C10A — MepBble AB8a C10A UMELOT GYHKLUMIO akTMBauum RelU, a
TpeTuit — softmax B KauecTse PpyHKLMM aKTUBALUN.

o DYHKUMOHaNbHbIN APIl: 3T0 N03BO/IAET HaM CO34aBaTb MOAE/NN OJ1A aLUMKAUYecKux rpados cioés. bonee
C/IOMKHbIE MOAENIN MOXHO CO34aBaTb C MOMOLLbIO GYHKLMOHAbHOrO API.

inputs = tf.keras.Input(shape=(128,128))

x = tf.keras.layers.Flatten() (inputs)
x = tf.keras.layers.Dense(512, activation='relu',name='dl') (x)
x = tf.keras.layers.Dropout(0.2)(x)

predictions = tf.keras.layers.Dense(1l0,activation=tf.nn.softmax, name='d2') (x)
model = tf.keras.Model(inputs=inputs, outputs=predictions)

O6paTtute BHUMAHUE, YTO Mbl MOXEM ONpPeAeNUTb OAHY U Ty ¥Ke HEeMPOHHYIO CeTb, MCNONb3YA KaK
nocneaoBatenbHble, Tak U GYHKLMOHaNAbHbIe API. C TOYKU 3peHUA NPOMU3BOAMUTENbHOCTM HE MMEeT 3HaYeHus,
KaKol noaxon Bbl BbibUpaeTe Ana onpeaeneHns moaenu.

1. Onpeaenute npouecc obyueHus.



Ha aTom 3Tane mbl onpeaensiem Tpu Bewym:

® Ontumusatop
® ®dyHKUMA noTepb
® MeTpuKM, KOTOPbIE KOIMYECTBEHHO OLEHAT KAYeCTBO MOAEN:

optimiser = tf.keras.optimizers.RMSprop
model.compile (optimizer= optimiser, loss='mse', metrics = ['accuracy'])

Note that we use the model.compile function to define the optimizer, loss function, and metrics.
1. Train the model.

Once the architecture is defined, it is time to train the model:

model.fit(x train, y train, batch size=128, epochs=10)

Note that parameters such as batch_size and epochs are configurable parameters, making them
hyperparameters.

Choosing sequential or functional model

The sequential model creates the neural network as a simple stack of layer. The sequential model is easy and
straightforward to understand and implement, but its simplistic architecture also has a major restriction. Each
layer is connected to exactly one input and output tensor. This means that if our model has multiple inputs or
multiple outputs either at the input or output or at any of the hidden layers, then we cneural networkot use a
sequential model. In this case, we will have to use the functional model.

Understanding TensorFlow

TensorFlow is one of the most popular libraries for working with neural neural networks. In the preceding section,
we saw how we can use it as the backend engine of Keras. It is an open source, high-performance library that can
actually be used for any numerical computation. If we look at the stack, we can see that we can write TensorFlow
code in a high-level language such as Python or C++, which gets interpreted by the TensorFlow distributed
execution engine. This makes it quite useful for and popular with developers.The way TensorFlow works is that
you create a Directed Graph (DG) to represent your computation. Connecting the nodes are the edges, the input,
and the output of the mathematical operations. Also, they represent arrays of data.

Presenting TensorFlow's Basic Concepts

Let's take a brief look at TensorFlow concepts such as scalars, vectors, and matrices. We know that a simple
number, such as three or five, is called a scalar in traditional mathematics. Moreover, in physics, a vector is
something with magnitude and direction. In terms of TensorFlow, we use a vector to mean one-dimensional
arrays. Extending this concept, a two-dimensional array is a matrix. For a three-dimensional array, we use the
term 3D tensor. We use the term rank to capture the dimensionality of a data structure. As such, a scalar is a
rank 0 data structure, a vector is a rank 1 data structure, and a matrix is a rank 2 data structure. These multi-
dimensional structures are known as tensors and are shown in the following diagram:



Rank 0 Rank 1 Rank 2 Rank 3 Rank 4
Tensor Tensor Tensor Tensor Tensor
scalar vector matrix

Figure 8.16: Multi-dimensional structures or tensors

As we can see in the preceding diagram, the rank defines the dimensionality of a tensor.Let's now look at another
parameter, shape. shape is a tuple of integers specifying the length of an array in each dimension. The following
diagram explains the concept of shape:

Rank 1 tensor; a vector with shape [3]

Rank 2 tensor; a matrix with shape [2, 3]
[l , 2y Buw]

(1., 2., 3.1, (4., 5., 6.]] Rank 3 tensor with
shape [2, 1, 3]
ceex., 2., 3.11, (7., 8., 9.111

Using shape and rank, we can specify the details of tensors.

Understanding Tensor Mathematics

Let's now look at different mathematical computations using tensors:

o Let's define two scalars and try to add and multiply them using TensorFlow:



In [13]: print("Define constant tensors")
= tf.constant(2)
print("a = %1" % a)
b = tf.constant(3)
print("b = %1i" % b)

Define constant tensors
a= 2
bi= 3

® We can add and multiply them and display the results:

In [14]: print("Running operations, without tf.Session")

c=a+b
print("a + b = %1" % c)
d=a*b

print("a * b = %i" % d)

Running operations, without tf.Session
a+b=
a*b=26

® We can also create a new scalar tensor by adding the two tensors:

In [16]: |[c=a + b
print("a + b = %s" % )

a + b = Tensor("add:0", shape=(2, 2), dtype=float32)

® We can also perform complex tensor functions:

)

In [17]: d = tf.matmul(a,
= %s" % d)

print("a * b
a * b = Tensor("MatMul:0", shape=(2, 2), dtype=float32)



Understanding the Types of neural networks

There is more than one way that neuralneural networks can be built. If every neuron in each layer is connected to
each of the neurons in another layer, then we call it a dense or fully connected neural networkneural network.
Let's look at some other forms of neuralneural networks.

Convolutional neural networks
Convolution neural networks (CNNs) are typically used to analyze multimedia data. In order to learn more about
how a CNN is used to analyze image-based data, we need to have a grasp of the following processes:

® Convolution
Pooling

Let's explore them one by one.

Convolution

The process of convolution emphasizes a pattern of interest in a particular image by processing it with another
smaller image called a filter (also called a kernel). For example, if we want to find the edges of objects in an
image, we can convolve the image with a particular filter to get them. Edge detection can help us in object
detection, object classification, and other applications. So, the process of convolution is about finding
characteristics and features in an image.The approach to finding patterns is based on finding patterns that can be
reused on different data. The reusable patterns are called filters or kernels.

Pooling

An important part of processing multimedia data for the purpose of machine learning is downsampling it. This
provides two benefits:

It reduces the overall dimensionality of the problem, decreasing the time needed to train the model in a
major way.

Through aggregation, we abstract the unnecessary details in the multimedia data, making it more generic
and more representative of similar problems.

Downsampling is performed as follows:

44 |32 |45 |10
2211181 |24 Ve 44 | 81
ax Pooling
66|78 |69 |33 /78 | 93
4522 (56 |93

Input

Output

Figure 8.17: Downsampling



Note that we have replaced every block of four pixels with one pixel, choosing the highest value of the four pixels
to be the value of that one pixel. This means that we have downsampled by a factor of four. As we have chosen
the maximum value in each block, this process is called max pooling. We could have chosen the average value; in
that case, it would be average pooling.

Recurrent neural networks

Recurrent neural networks (RNNs) are a special type of neuralneural network that are based on looped
architecture. This is why they are called recurrent. The important thing to note is that RNNs have memory. This
means that they have the ability to store information from recent iterations. They are used in areas such as
analyzing sentence structures to predict the next word in a sentence.

Generative Adversarial Networks

Generative Adversarial Networks (GANs) are a type of neural networkneural network that generate synthetic
data. They were created in 2014 by lan Goodfellow and his colleagues. They can be used to generate
photographs of people that have never existed. More importantly, they are used to generate synthetic data to
augment training datasets.In the upcoming section, we will see what transfer learning is.

Transfer Learning

Over the years, many organizations, research groups, and individuals within the open source community have
perfected some complex models trained using gigantic amounts of data for generic use cases. In some cases, they
have invested years of effort in optimizing these models. Some of these open source models can be used for the
following applications:

Object detection in video
Object detection in images
Transcription for audio
Sentiment analysis for text

Whenever we start working on training a new machine learning model, the question to ask ourselves is this:
instead of starting from scratch, can we simply customize a well-established pre-trained model for our purposes?
In other words, can we transfer the learning of existing models to our custom model so that we can answer our
business question? If we can do that, it will provide three benefits:

o Our model training efforts will be given a jump-start.
By using a well-tested and well-established model, the overall quality of our model is likely to improve. If
we do not have enough data for the problem we are working on, using a pre-trained model through
transfer learning may help.

Let's look into two actual examples where this would be useful:

« When training a robot, we could first use a simulation game to train a neural networkneural network model.
In that simulation, we could create all those rare events that are very hard to find in the real world. Once
trained, we could use transfer learning to train the model for the real world.

« Let's assume that we want to train a model that can classify Apple And Windows laptops from a video feed.
There are already well-established object detection models available as open source that can accurately
classify various objects in a video feed. We can use these models as a starting point and identify objects as



laptops. Once we have identified the objects as laptops, we can further train the model to differentiate
between Apple and Windows laptops.

In the next section, we will apply the concepts that we have covered in this chapter to building a fraudulent
document classifying neuralneural network.

Case study — using deep learning for fraud detection

Using Machine Learning (ML) techniques to identify fraudulent documents is an active and challenging field of
research. Researchers are investigating to what extent the pattern recognition power of neural neural networks
can be exploited for this purpose. Instead of manual attribute extractors, raw pixels can be used for several deep
learning architectural structures.

Methodology

The technique presented in this section uses a type of neural networkneural network architecture called Siamese
neuralneural networks, which features two branches that share identical architectures and parameters. The use
of Siamese neural neural networks to flag fraudulent documents is shown in the following diagram:

Feoture
Vector 1
1024x2014x1
e— Max Convolution Max Pooling Convolution
— Pooling ﬁ
CQutput
Authentic
Document Feat MOS
eqiure
Vector2
1024x2014x1
—D [ Max L
p— ¥ ax Convolution Max Pooling Convolution
— V| Pooling
Test
Document

Figure 8.18: Siamese neural networks

When a particular document needs to be verified for authenticity, we first classify the document based on its
layout and type, and then we compare it against its expected template and pattern. If it deviates beyond a certain
threshold, it is flagged as a fake document; otherwise, it is considered an authentic or true document. For critical
use cases, we can add a manual process for borderline cases where the algorithm cneural networkot conclusively
classify a document as authentic or fake.To compare a document against its expected template, we use two
identical CNNs in our Siamese architecture. CNNs have the advantage of learning optimal shift-invariant local
feature detectors and can build representations that are robust to geometric distortions of the input image. This
is well suited to our problem since we aim to pass authentic and test documents through a single network, and
then compare their outcomes for similarity. To achieve this goal, we implement the following steps.Let's assume
that we want to test a document. For each class of document, we perform the following steps:

A. Get the stored image of the authentic document. We call it the true document. The test document should
look like the true document.



b. The true document is passed through the neural networkneural network layers to create a feature vector,
which is the mathematical representation of the patterns of the true document. We call it Feature Vector 1,
as shown in the preceding diagram.

B. The document that needs to be tested is called the test document. We pass this document through a
neuralneural network similar to the one that was used to create the feature vector for the true document.
The feature vector of the test document is called Feature Vector 2.

. We use the Euclidean distance between feature vector 1 and feature vector 2 to calculate the similarity score
between the true document and the test document. This similarity score is called the Measure Of Similarity
(MOS). The MOS is a number between 0 and 1. A higher number represents a lower distance between the
documents and a greater likelihood that the documents are similar.

[.1f the similarity score calculated by the neural networkneural network is below a pre-defined threshold, we
flag the document as fraudulent.

Let's see how we can implement Siamese neural neural networks using Python:

1. First, let's import the Python packages that are required:

import random import
numpy as np import
tensorflow as tf

1. Next, we will define the neuralneural network that will be used to process each of the branches of the
Siamese network:

def createTemplate():
return tf.keras.models.Sequential ([

tf.keras.layers.Flatten(),

tf.keras.layers.Dense (128, activation='relu'),
tf.keras.layers.Dropout (0.15),

tf.keras.layers.Dense (128, activation='relu'),
tf.keras.layers.Dropout (0.15),

tf.keras.layers.Dense (64, activation='relu'),

1)

Note that, in order to reduce overfitting, we have also specified a dropout rate of 0.15.

1. To implement Siamese networks, we will use MNIST images. MNIST images are ideal for testing the
effectiveness of our approach. Our approach entails preparing the data in such a way that each sample will
have two images and a binary similarity flag. This flag is an indicator that they are from the same class. Let's
now implement the function named prepareData, which can prepare the data for us:

def prepareData (inputs: np.ndarray, labels: np.ndarray):

classesNumbers = 10
digitalldx = [np.where(labels == i) [0] for i in range(classesNumbers) ]
pairs = list() labels = list()
n = min([len(digitalldx([d]) for d in range(classesNumbers)]) - 1
for d in range(classesNumbers) : for i in range(n):
z1l, z2 = digitalldx[d][i], digitalIldx[d][i + 1]
pairs += [[inputs[zl], inputs[z2]]] inc
random.randrange (1, classesNumbers) dn = (d +
inc) % classesNumbers
z1, z2 = digitalIdx[d][i], digitalIdx[dn] [1i]
pairs += [[inputs([zl], inputs[z2]]] labels += [1, 0]

return np.array(pairs), np.array(labels, dtype=np.float32) Note that
prepareData() will result in an equal number of samples across all digits.

1. We will now prepare the training and testing datasets:



(x_train, y train), (x test, y test) = tf.keras.datasets.mnist.load data()
X train = x train.astype(np.float32) x test = x test.astype(np.float32)

x train /= 255 x_test /= 255

input shape = x train.shape[l:]

train pairs, tr labels = prepareData(x train, y train) test pairs,

test labels = prepareData(x test, y test)

1. Now, let's create the two halves of the Siamese system:

input_a = tf.keras.layers.Input (shape=input shape) enconderl
= base network (input_a)
input b = tf.keras.layers.Input (shape=input shape) enconder2

= base network (input_ b)

1. Now, we will implement the measure of similarity (MOS), which will quantify the distance between two
documents that we want to compare:
distance = tf.keras.layers.Lambda (
lambda embeddings: tf.keras.backend.abs (embeddings[0] - embeddings[l])) ([enconderl, enconder

measureOfSimilarity = tf.keras.layers.Dense(l, activation='sigmoid') (distance) Now, let's train the

model. We will use 10 epochs to train this model:

[10] # Build the model
model = tf.keras.models.Model([input_a, input_b], measureOfSimilarity)
# Train
model.compile(loss="'binary_crossentropy',optimizer=tf.keras.optimizers.Adam(),metrics=["accuracy'])

model.fit([train_pairs[:, @], train_pairs[:, 1]], tr_labels,
batch_size=128,epochs=10,validation_data=([test_pairs[:, @], test_pairs[:, 1]], test_labels))

> Epoch 1/18

847/847 [ ] - 6s 7ms/step - loss: ©.3459 - accuracy: ©.8508@ - val_loss: ©.2652 - val_accuracy: ©.9105
Epoch 2/1@
847/847 [ ] - 6s 7ms/step - loss: ©.1773 - accuracy: ©.9337 - val_loss: ©.1685 - val_accuracy: ©.9508
Epoch 3/18
847/847 [ ] - 6s 7ms/step - loss: ©.1215 - accuracy: ©.9563 - val_loss: ©.1301 - val_accuracy: ©.9610
Epoch 4/18
847/847 [ ] - 6s 7ms/step - loss: ©.8956 - accuracy: ©.9665 - val_loss: ©.1087 - val_accuracy: ©.9685
Epoch 5/18
847/847 [ ] - 6s 7ms/step - loss: ©.8790 - accuracy: ©.9724 - val_loss: ©.1104 - val_accuracy: ©.9669
Epoch 6/18
847/847 [ ] - 6s 7ms/step - loss: ©.8649 - accuracy: ©.9770 - val_loss: ©.8949 - val_accuracy: ©.9715
Epoch 7/18
847/847 [ ] - 6s 7ms/step - loss: ©.8568 - accuracy: ©.9803 - val_loss: ©.8895 - val_accuracy: ©.9722
Epoch 8/1@
847/847 [ ] - 6s 7ms/step - loss: ©.0513 - accuracy: ©.9823 - val_loss: ©.0807 - val_accuracy: ©.9770
Epoch 9/1@
847/847 [ ] - 6s 7ms/step - loss: ©.8439 - accuracy: ©.9847 - val_loss: ©.8916 - val_accuracy: ©.9737
Epoch 10/10
847/847 [ ] - 6s 7ms/step - loss: ©.8417 - accuracy: ©.9853 - val_loss: ©.8835 - val_accuracy: ©.9749

<tensorflow.python.keras.callbacks.History at @x7ff1218297b8>

Note that we reached an accuracy of 97.49% using 10 epochs. Increasing the number of epochs will further
improve the level of accuracy.

Summary

In this chapter, we first looked at the details of neural neural networks. We started by looking at how neural
neural networks have evolved over the years. We studied different types of neural neural networks. Then, we
looked at the various building blocks of neural neural networks. We studied in depth the gradient descent
algorithm, which is used to train neural neural networks. We discussed various activation functions and studied
the applications of activation functions in a neural networkneural network. We also looked at the concept of
transfer learning. Finally, we looked at a practical example of how a neural networkneural network can be used to
train a machine learning model that can be deployed to flag forged or fraudulent documents.Looking ahead, in



the next chapter, we will look into how we can use such algorithms for natural language processing. We will also
introduce the concept of web embedding and will look into the use of recurrent networks for natural language
processing. Finally, we will also look into how to implement sentiment analysis.
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Section 3: Advanced Topics

Join our book’s Discord space
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As the name suggests, we will deal with some selected advanced topics related to
algorithms in this section. Cryptography and large scale algorithms are key highlights of
this section. We will also look into the issues related to large scale infrastructure
needed to train complex algorithm. The last chapter of this section explores the
practical considerations one should keep in mind while implementing algorithms. The
chapters included in this section are:

* Chapter 12, Data Algorithms

* Chapter 13, Cryptography

: Chapter 14, Large Scale Algorithms Chapter
15, Practical Considerations

12 Data Algorithms

“Data is the New QOil of the Digital Economy”: Wired Magazine

decision making around the world is increasingly data driven. Data captures the
information related to phenomenon and algorithms can help us extract and utilize this
in @ meaningful way. This chapter is about such data-centric algorithms and, in
particular, it focuses on three aspects of data-centric algorithms: storage, streaming,
and compression. This chapter starts with a brief overview of data-centric algorithms,
then we will discuss various strategies that can be used in data storage. Next, how to
apply algorithms to streaming data is described, then different methodologies to
compress data are discussed. Finally, we will learn how we can use the concepts
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developed in this chapter to monitor the speeds of cars traveling on a highway using a
state-of-the-art sensor network.By the end of this chapter, you should be able to
understand the concepts and trade-offs involved in the design of various data-centric
algorithms.This chapter discusses the following concepts:

Data classification
Data storage algorithms

* How to use algorithms to compress data
[ ] .
How to use algorithms to stream data

Let's first introduce the basic concepts.

Introduction to data algorithms

Whether we realize it or not, we are living in an era of big data. Just to get an idea
about how much data is constantly being generated, just look into some of the
numbers published by Google for 2019. As we know, Google Photos is the multimedia
repository for storing photos created by Google. In 2019, an average of 1.2 billion
photos and videos were uploaded to Google Photos every day. Also, an average of 400
hours of video (amounting to 1 PB of data) were uploaded every minute each day to
YouTube. We can safely say the amount of data that is being generated has simply
exploded.The current interest in data-driven algorithms is driven by the fact that data
contains valuable information and patterns. If used in the right way, data can become
the basis of policy-making decisions, marketing, governance, and trend analysis.For
obvious reasons, algorithms that deal with data are becoming more and more
important. Designing algorithms that can efficiently process data is an active area of
research. There is no doubt that exploring the best ways to use data to provide some
guantifiable benefit is the focus of various organizations, businesses, and governments
all over the world. But data in its raw form is seldom useful. To mine the information
from the raw data, it needs to be processed, prepared, and analyzed.For that, we need
to find a strategy to store it. Efficient methodologies to store data are becoming more
and more important. Note that due to the physical storage limitations of single-node
systems, big data can only be stored in distributed storage consisting of more than one
node connected by high-speed communication links. So, it makes sense that, for
learning data algorithms, we start by looking at different data storage algorithms.First,
let's classify data into various categories.

Data classification

Let's look into how we can classify data in the context of designing data algorithms. As
discussed in Chapter 2, Data Structures Used in Algorithms, quantifying the volume,



variety, and velocity of the data can be used to classify it. This classification can
become a basis to design data algorithms that can be used for its storage and

processing.Let's look into these characteristics one by one in the context of data
algorithms:

« Volume quantifies the amount of data that needs to be stored and processed in an
algorithm. As the volume increases, the task becomes data-intensive and requires
provisioning enough resources to store, cache, and process data. Big data is a
term that vaguely defines a large volume of data that cannot be handled by a
single node.

« Velocity defines the rate at which new data is being generated. Usually,
highvelocity data is called hot data or a hot stream and low-velocity data is called
a cold stream or simply cold data. In many applications, data will be a mix of hot
and cold streams that will first need to be prepared and combined into a single
table before it can be used with the algorithm.

o Variety refers to different types of structured and unstructured data that needs to
be combined into a single table before it can be used by the algorithm.

The next section will help us to understand the trade-offs involved and will present
various design choices when designing storage algorithms.

Presenting data storage algorithms

A reliable and efficient data repository is the heart of a distributed system. If this data
repository is created for analytics, then it is also called a data lake. A data repository
brings together data from different domains into a single location. Let's start with first
understanding different issues related to the storage of data in a distributed repository.

Understanding data storage strategies

In the initial years of digital computing, the usual way of designing a data repository
was by using a single node architecture. With the ever-increasing sizes of datasets,
distributed storage of data has now become mainstream. The right strategy to store
data in a distributed environment depends on the type of data and its expected usage
pattern as well as its non-functional requirements. To further analyze the requirements
of a distributed data store, let's start with the Consistency Availability
PartitionTolerance (CAP) theorem, which provides us with the basis of devising a data
storage strategy for a distributed system.



Presenting the CAP theorem

In 1998, Eric Brewer proposed a theorem that later became famous as the CAP
theorem. It highlights the various trade-offs involved in designing a distributed storage
system.To understand the CAP theorem, first, let's define the following three
characteristics of distributed storage systems: consistency, availability, and partition
tolerance. CAP is, in fact, an acronym made up of these three characteristics:

o Consistency (or simply C): The distributed storage consists of various nodes. Any of
these nodes can be used to read, write, or update records in the data repository.
Consistency guarantees that at a certain time, t1, independent of which node we
use to read the data, we will get the same result. Every read operation either
returns the latest data that is consistent across the distributed repository or gives
an error message.

« Availability (or simply A): Availability guarantees that any node in the distributed
storage system will be able to immediately handle the request with or without
consistency.

« Partition Tolerance (or simply P): In a distributed system, multiple nodes are
connected via a communication network. Partition tolerance guarantees that, in
the event of communication failure between a small subset of nodes (one or
more), the system remains operational. Note that to guarantee partition
tolerance, data needs to be replicated across a sufficient number of nodes.

Using these three characteristics, the CAP theorem carefully summarizes the trade-offs
involved in the architecture and design of a distributed system. Specifically, the CAP
theorem states that, in a storage system, we can only have two of the following
characteristics: consistency or C, availability or A, and partition tolerance or P.This is
shown in the following diagram:
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Figure 12.1: Write title here

The CAP theorem also means that we can have three types of distributed storage
systems:

* A CA system (implementing Consistency-Availability)

® An AP system (implementing Availability-Partition Tolerance) A
* CP system (implementing Consistency-Partition Tolerance)

Let's look into them, one by one.

CA systems

Traditional single-node systems are CA systems. This is because if we do not have a
distributed system, then we do not need to worry about partition tolerance. In that
case, we can have a system that has both consistency and availability, that is, a CA



system.Traditional single-node databases such as Oracle or MySQL are all examples of
CA systems.

AP systems

AP systems are the distributed storage systems tuned for availability. Designed as
highly-responsive systems, they can sacrifice consistency, if needed, to accommodate
high-velocity data. This means that these are distributed storage systems that are
designed to immediately handle requests from users. Typical user requests are to read
or write fast-changing data. Typical AP systems are used in real-time monitoring
systems such as sensor networks.High-velocity distributed databases, such as
Cassandra, are good examples of AP systems.Let's look into where an AP system can be
used. If Transport Canada wants to monitor traffic on one of the highways in Ottawa
through a network of sensors installed at different locations on the highway, an AP
system is recommended for implementing distributed data storage.

CP systems

CP systems have both consistency and partition tolerance. This means that these are
the distributed storage systems that are tuned to guarantee consistency before a read
process can fetch a value.A typical use case for CP systems is when we want to store
document files in JSON format. Document datastores such as MongoDB are CP systems
tuned for consistency in a distributed environment.Distributed data storage is
increasingly becoming the most important part of a modern IT infrastructure.
Distributed data storage should be carefully designed based on the characteristics of
the data and the requirements of the problem we want to solve. Classifying data
storage into CA, AP, and CP systems help us to understand the various trade-offs
involved when designing data storage systems.Now, let's look into streaming data
algorithms.

Presenting streaming data algorithms

Data can be categorized as bounded or unbounded. Bounded data is data at rest and
is usually processed through a batch process. Streaming is basically data processing
on unbounded data. Let's look into an example. Let's assume that we are analyzing
fraudulent transactions at a bank. If we want to look for fraud transactions 7 days
ago, we have to look at the data at rest; this is an example of a batch process.On the
other hand, if we want to detect fraud in real-time, that is an example of streaming.
Hence, streaming data algorithms are those algorithms that deal with processing data
streams. The fundamental idea is to divide the input data stream into batches, which
are then processed by the processing node. Streaming algorithms need to be



faulttolerant and should be able to handle the incoming velocity of data. As the
demand for real-time trend analysis is increasing, the demand for stream processing
is also increasing these days. Note that, for streaming to work, data has to be
processed fast and while designing algorithms, this needs to be always kept in mind.

Applications of streaming

IThere are many applications of streaming data and its utilization in a meaningful way.
Some of the applications are as follows:

® Fraud detection

System monitoring

Smart order routing

Live dashboards

Traffic sensors along highways

o Credit card transactions

User moves in multi-user online gaming

Now, let's see how we can implement streaming using Python.

Presenting data compression algorithms

Data compression algorithms are involved in the process of reducing the size of data.In
this chapter, we will delve into a specific data compression algorithm named the
lossless compression algorithm.

Lossless compression algorithms

These are algorithms that are capable of compressing data in such a way that it can be
decompressed without any loss of information. They are used when it is important to
retrieve the exact original files after decompression. Typical uses of lossless
compression algorithms are as follows:

* To compress documents

* To compress and package source code and executable files

o . . .
To convert a large number of small files into a small number of large files



Understanding the basic techniques of lossless compression

Data compression is based on the principle that the majority of data is known to be
using more bits than its entropy indicates is optimal. Recall that entropy is a term
used to specify the information that the data carries. It means that a more optimal bit
representation of the same information is possible. Exploring and formulating more
efficient bit representation becomes the basis for devising compression algorithms.
Lossless data compression takes advantage of this redundancy to compress data
without losing any information. In the late '80s, Ziv and Lempel proposed
dictionarybased data compression techniques that can be used to implement lossless
data compression. These techniques were an instant hit due to their speed and good
compression rate. These techniques were used to create the popular Unixbased
compress tool. Also, the ubiquitous gif image format uses these compression
techniques, which proved to be popular as they could be used to represent the same
information in a lesser number of bits, saving space and communication bandwidth.
These techniques later became the basis of developing the zip utility and its variants.
The compression standard, V.44, used in modems is also based on it.Let's now look at
the techniques one by one in the upcoming sections.

Huffman coding

Huffman coding is one of the oldest methods of compressing data and is based on
creating a Huffman tree, which is used to both encode and decode data. Huffman
coding can represent data content in a more compact form by exploiting the fact that
some data (for instance certain characters of the alphabet) appears more frequently in
a data stream. By using encodings of different length (shorter for the most frequent
characters and longer for the least frequent ones), the data consumes less space.Now,
let's learn a few terminologies related to Huffman coding:

* Coding: Coding in the context of data represents the method of representing data
from one form to another. We would like the resultant form to be concise.

* Codeword: A particular character in encoded form is called a codeword. Fixed-

* length coding: This is when each encoded character, that is, codeword, uses the

same number of bits.

Variable-length coding: Codewords can use a different number of bits.

Evaluation of code: This is the expected number of bits per codeword. Prefix

free codes: This means that no codeword is a prefix of any other codeword.

Decoding: This means that a variable-length code must be free from any prefix.
[ ]

For understanding the last two terms, you need to have a look at this table first:

character frequency fixed length code variable length code



L A5 000 0

M 13 001 101
N 12 010 100
X .16 011 111
Y .09 100 1101
z .05 101 1100

Now, we can infer the following:

* Fixed length code: The fixed-length code for this table is 3.
* Variable length code: The variable-length code for this table is 45(1) +.13(3) +
.12(3) +.16(3) +.09(4) +.05(4) = 2.24.

The following diagram shows the Huffman tree created from the preceding example:



Figure 12.2: Write title here

Note that Huffman encoding is about converting data into a Huffman tree that enables
compression. Decoding or decompression brings the data back to the original format.

A practical example — Twitter real-time sentiment analysis

Twitter is said to have almost 7,000 tweets every second on a wide variety of topics.
Let's try to build a sentiment analyzer that can capture the emotions of the news from
different news sources in real time. We will start by importing the required packages:

1. Import the needed packages:



import tweepy, json,time import

numpy as np import pandas as pd

import matplotlib.pyplot as plt

from vaderSentiment.vaderSentiment import SentimentIntensityAnalyzer
analyzer = SentimentIntensityAnalyzer ()

A. Note that we are using the following two packages:

6. VADER sentiment analysis, which stands for Valence Aware Dictionary and
Sentiment Reasoner. It is one of the popular rule-based sentiment analysis tools
that is developed for social media. If you have never used it before, then you will
first have to run the following:

pip install vaderSentiment

1. Tweepy , Which is a Python-based API to access Twitter. Again, if you have never
used it before, you need to first run this:

pip install Tweepy

1. The next step is a bit tricky. You need to make a request to create a developer
account with Twitter to get access to the live stream of tweets. Once you have the
API keys, you can represent them with the following variables:

twitter access token = <your twitter access token>
twitter access token secret = <your twitter access token secret>
twitter consumer key = <your consumer key> twitter consumer secret
= <your twitter consumer secret>

1. Let's then configure the Tweepy APl authentication. For that, we need to provide
the previously created variables:

auth = tweepy.OAuthHandler (twitter consumer key, twitter consumer secret)
auth.set access token(twitter access token, twitter access token secret)
api = tweepy.API (auth, parser=tweepy.parsers.JSONParser())

1. Now comes the interesting part. We will choose the Twitter handles of the news
sources that we want to monitor for sentiment analysis. For this example, we
have chosen the following news sources:

news_sources = ("@BBC", "@ctvnews", "QCNN","@FoxNews", "@dawn_ com")

1. Now, let's create the main loop. This loop will start with an empty array called
array sentiments to hold the sentiments. Then, we will loop through all five
news sources and collect 100 tweets each. Then, for each tweet, we will
calculate its polarity:



In [12]: # We start extracting 100 tweets from each of the news sources
print("...STARTING..... collecting tweets from sources")

# Let us define an array to hold the sentiments
array sentiments = []

for user in news sources:
count tweet=100 # Setting the twitter count at 100
print("Start tweets from %s"%user)
for x in range(5): # Extracting 5 pages of tweets
public tweets=api.user timeline(user,page=x)
# For each tweet
for tweet in public tweets:
#Calculating the compound,+ive,-ive and neutral value for each tweet
compound = analyzer.polarity scores(tweet["text"])["compound"]

pos = analyzer.polarity scores(tweet["text"])["pos"]
neu = analyzer.polarity scores(tweet["text"])["neu"]
neg = analyzer.polarity scores(tweet["text"])["neg"]

array sentiments.append({"Media":user,
"Tweet Text":tweet["text"],
"Compound" : compound,
"Positive":pos,
"Negative":neg,
"Neutral":neu,
"Date":tweet["created at"],
"Tweets Ago":count tweet})

count tweet-=1

print("DONE with extracting tweets")

...STARTING..... collecting tweets from sources
Start tweets from @BBC

Start tweets from @ctvnews

Start tweets from @CNN

Start tweets from @FoxNews

Start tweets from @dawn com

DONE with extracting tweets

1. Now, let's create a graph that shows the polarity of the news from these
individual news sources:



In [21]:

for

media in source:
mydf=sentiments df[sentiments df["Media"]==media]
plt.scatter(mydf["Tweets Ago"],mydf["Compound"], marker="o", linewidth=0, alpha=0.8, label=media,
facecolors=mydf.Media.map({"BBC": "pink", "ctvnews" : "purple", "CNN": 'red',
"FoxNews":"blue","dawn_com":"green"}))

plt.legend(bbox to anchor = (1,1),title="Media Sources")
plt.title("Sentiment Analysis of Media Tweets (%s)" % (time.strftime("%x")), fontsize=14)
plt.xlabel("Tweets Ago")
plt.ylabel("Tweet Polarity")
plt.xlim(101,0)
plt.ylim(-1,1)
plt.grid(True)
plt.savefig("Output/Sentiment Analysis of Media Tweets.png",bbox inches='tight')
plt.show()
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A. Note that each of the news sources is represented by a different color.
B. Now, let's look at the summary statistics:

In [22]:

Out[22]:

# Calculating the mean for each Media channel and storing to a dataframe

means _media trends=sentiments df.groupby("Media").mean()["Compound"].to frame()
#Resetting the index

means _media trends.reset index(inplace=True)

means _media trends

Media Compound
0 BBC 0.234137
1 CNN 0.057011
2 FoxNews 0.000000
3 ctvnews  -0.194618
4 dawn_com -0.025389

1. The preceding numbers summarize the trends of the sentiments. For example,
the sentiments of BBC are found to be the most positive, and the Canadian news
channel, CTVnews, seems to be carrying the most negative emotions.



Summary

In this chapter, we looked at the design of data-centric algorithms. We focused on
three aspects of data-centric algorithms: storage, compression, and streaming.We
looked into how the characteristics of data can dictate the data storage design. We
looked into two different types of data compression algorithms. Then, we studied a
practical example of how data streaming algorithms can be used to count words from
a stream of textual data.In the next chapter, we will look at cryptographic algorithms.
We will learn how we can use the power of these algorithms to secure exchanged and
stored messages.

OceanofPDF.com



https://oceanofpdf.com/
https://oceanofpdf.com/
https://oceanofpdf.com/

13 Cryptography
Join our book’s Discord space
https://packt.link/40Algos

“I carry my unwritten poems in cipher on my face!”-- George Eliot

This chapter introduces you to algorithms related to cryptography. We will start by presenting the background,
then we will discuss symmetric encryption algorithms. We will then explain the Message-Digest 5 (MD5)
algorithm and the Secure Hash Algorithm (SHA) and present the limitations and weaknesses of implementing
symmetric algorithms. Next, we will discuss asymmetric encryption algorithms and how they are used to create
digital certificates. Finally, we will present a practical example that summarizes all of these techniques.By the end
of this chapter, you will have a basic understanding of various issues related to cryptography.The following topics
are discussed in this chapter:

Introduction to cryptography
Understanding the types of cryptography techniques
Example — security concerns when deploying a machine learning model

Let's start by looking at the basic concepts.

Introduction to Cryptography

Techniques to protect secrets have been around for centuries. The earliest attempts to secure and hide data from
adversaries date back to ancient inscriptions discovered on monuments in Egypt, where a special alphabet that
was known by only a few trusted people was used. This early form of security is called obscurity and is still used
in different forms today. In order for this method to work, it is critical to protect the secret, which would be the
secret meaning of the alphabet in the above example. Later in time, finding foolproof ways of protecting
important messages was important in both World War One and World War Two. In the late-20%" century, with the
introduction of electronics and computers, sophisticated algorithms were developed to secure data, giving rise to
a whole new field called cryptography. This chapter discusses the algorithmic aspects of cryptography. The
purpose of these algorithms is to allow secure data exchange between two processes or users. Cryptographic
algorithms find strategies of using mathematical functions to ensure the stated security goals.First, we will look at
the importance of “the weakest link” in the infrastructure.

Understanding the Importance of the Weakest Link

Sometimes, when architecting the security of digital infrastructure, we put too much emphasis on the security of
individual entities and don't pay the necessary attention to end-to-end security. This can result in us overlooking
some loopholes and vulnerabilities in the system, which can later be exploited by hackers to access sensitive
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data. The important point to remember is that a digital infrastructure, as a whole, is only as strong as its weakest
link.

For a hacker, this weakest link can provide backdoor access to the sensitive data in the digital infrastructure.
Beyond a certain point, there is not much benefit in fortifying the front door without closing all the back doors.As
the algorithms and techniques for keeping digital infrastructure become more and more sophisticated, attackers
keep upgrading their techniques as well. It is always important to remember that one of the easiest ways for
attackers to hack digital infrastructure is by exploiting these vulnerabilities to access sensitive information.

In 2014, a cyber attack on a Canadian federal research institute—the National Research Council (NRC)—is
estimated to have cost hundreds of millions of dollars. The attackers were able to steal decades of research
data and intellectual property material. They used a loophole in the Apache software that was used on the
web servers to gain access to the sensitive data.

In this chapter, we will highlight the vulnerabilities of various encryption algorithms.Let's first look at the basic
terminology used.

The Basic Terminology
Let's look at the basic terminology related to cryptography:

Cipher: An algorithm that performs a particular cryptographic function.
° Plain text: The plain data, which can be a text file, a video, a bitmap, or a digitized voice. In this chapter, we
will represent plain text as P.
Cipher text: The scrambled text that is obtained after applying cryptography to the plain text. In this
« chapter, we will represent this as C.
Cipher suite: A set or suite of cryptographic software components. When two separate nodes want to
exchange messages using cryptography, they first need to agree on a cipher suite. This is important in ensuring
that they use exactly the same implementation of the cryptographic functions.
® Encryption: The process of converting plain text, P, into cipher text, C, is called encryption. Mathematically,
it is represented by encrypt(P) = C.
Decryption: The process of converting cipher text back into plain text. Mathematically, it is represented
. by decrypt(C)=P.

Cryptanalysis: The methods used to analyze the strength of the cryptographic algorithms. The analyst tries
e to recover the plain text without access to the secret.
Personally Identifiable Information (PIl): Pll is the information that can be used to trace an individual's identity
when used alone or with other relevant data. Some examples include protected information, such as a social

security number, date of birth, or mother's maiden name.

Let us first understand the security needs of a system.

Understanding the Security Requirements

It is important to first understand the exact security needs of a system. Understanding this will help us use the
correct cryptographic technique and discover the potential loopholes in a system. One way of developing better
understanding of the security needs of a system is by answering the following four questions:

Which individuals or processes need to be protected?

Who are we protecting the individuals and processes from?
Where should we protect them?

« Why are we protecting them?



Let us take the example of the a Virtual Private Cloud (VPC) in AWS Cloud. VPC allows us to create a logically
isolation network where resources like virtual machines are added to it. In order, to understand the security
requirements of a VPC, it is important to first identity the identities by answering the above four questions.

L]

How many individuals are planning to use this system?
What sort of information needs to be protected?

* Should we protect the VPC only, or we are passing message to the system that need to be encrypted and

communicated to the VPC?
L]
What is the security classification of the data? What are the potential risks? Why would anyone have an

incentive to try to hack the system?
Most of the answers to these questions will come performing the following three steps:

® Step 1: Identify the entities.
Step 2: Establish the security goals.
Step 3: Understand the sensitivity of the data.

Let's look at these steps one by one.

Step 1: Identifying the Entities

An entity can be defined as an individual, a process, or a resource that part of an information system. We first
need to identify that how users, resources, and processes are present at the runtime. Then, we will quantify the
security needs of these identified entities, either as individually or as a group. Once we better understand these
requirements, we can establish the security goals of our digital system.

Step 2: Establishing the Security Goals

The goal of designing a security system is to protect information from being stolen, compromised, or attacked.
Cryptographic algorithms are typically used to meet one or more security goals:

« Authentication: Simply put, authentication is how we prove that a user is who they claim to be. Through the
process of authentication, we ensure that a user's identity is verified. The process of authentication starts by
having the user provide their identity. This is followed by providing information that is only known by the
user and so can only be produced by them.

« Confidentiality: Data that needs to be protected is called sensitive data. Confidentiality is the concept of
restricting sensitive data to authorized users only. To protect the confidentiality of sensitive data during its
transit or in storage, you need to render the data so that it is unreadable except by authorized users. This is
accomplished by using encryption algorithms, which we will discuss later on in this chapter.

« Integrity: Integrity is the process of establishing that data has not been altered in any way during its transit or
storage. For example, TCP/IP (Transmission Control Protocol/Internet Protocol) uses checksum or Cyclic
Redundancy Check (CRC) algorithms to verify data integrity.

« Non-repudiation: Non-repudiation is the ability to produce unforgeable and irrefutable evidence that that a
message was sent or received. This evidence can be used later to prove the receipt of data.

Step 3: Understanding the Sensitivity of the Data

It is important to understand the classified nature of data. The data is categorized by the regulatory authorities
such as governments, agencies or organization based on how serious the consequence will be if it is
compromised. The categorization of the data helps us choose the correct cryptographic algorithm. There is more



than one way to categorize data, based on the sensitivity of the information it contains. Let's look at the typical
ways of classifying data:

Public data or unclassified data: Anything that is available for consumption for the public. For example,
information found on a company's website or a government's info portal.

Internal data or confidential data: Although not for public consumption, exposing this data to the public
may not have damaging consequences. For example, if an employee's emails complaining about their manager
are exposed, it may be embarrassing for the company but this may not have damaging consequences. o
Sensitive data or secret data: Data that is not supposed to be for public consumption and exposing it to the
public has damaging consequences for an individual or an organization. For example, leaking the details of a
future iPhone may harm Apple's business goals and can give an advantage to rivals, such as Samsung.

« Highly sensitive data: Also called top-secret data. This is information that if disclosed, would be extremely
damaging to the organization. This can include customer social security numbers, credit card numbers, or
other very sensitive information. Top-secret data is protected through multiple layers of security and
requires special permission to access.

In general, more sophisticated security designs are much slower than simple algorithms. It is important to
strike the right balance between the security and the performance of the system.

Understanding the Basic Design of Ciphers

Designing ciphers is about coming up with an algorithm that can scramble sensitive data so that a malicious
process or an unauthorized user cannot access it. Although over time ciphers have become more and more
sophisticated, the underlying principles that ciphers are based on remain unchanged.Let's start by looking at
some relatively simple ciphers that will help us understand the underlying principles that are used in the design
of cryptographic algorithms.

Presenting Substitution Ciphers

Substitution ciphers have been in use for hundreds of years in various forms. As the name indicates, substitution
ciphers are based on a simple concept—substituting characters in plain text with other charactersin a
predetermined, organized way.Let's look at the exact steps involved in this:

A. First, we map each character to a substitute character.

b. Then, encode and convert the plaintext into cipher text by replacing each character in the plain text with
another character in the ciphertext using substitution mapping.

B. To decode, bring back the plaintext by using substitution mapping.

Following are the examples of the substitutions based ciphers.

® Caesar cipher

Rotation13

Let us look into them in more details

Caesar cipher

In Caesar ciphers are based on a substitution mapping. A substitution mapping changes the actual string in a
deterministic way by apply a simple formula which is kept secret. The substitution mapping is created by
replacing each character with the third character to the right of it. This mapping is described in the following
diagram:
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Figure 1: The Substitution Mapping of Caesar Ciphers

Let’s see how we can implement a Caesar cipher using Python:

import string rotation = 3
C=’’ for letter in P: C
(chr (ord(letter) + rotation

C+

P = ‘CALM';
))

We can see that we applied a Caesar cipher to the plaintext, carm .Let’s print the cipher text after encrypting
with the Caesar cipher:

In [37]: print(C)

FDOP

Caesar ciphers are said to have been used by Julius Caesar to communicate with his advisers.

A Caesar cipher is a simple cipher and is easy to implement. The downside is that it is not too difficult to crack as
a hacker could simply iterate through all the possible shift of the alphabet (all 2626 of them). And see if any



sensible message appears. Given the current processing abilities of the computers, this is a relatively small
number of combinations to do. It should not be used to protect highly sensitive data.

Rotation 13 (ROT13)

ROT13 is another of the substitution-based encryptions. In ROT13, the substitution mapping is created by
replacing each character with the 13th character to the right of it. The following diagram illustrates this:

RiS|TFU|V ] W
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Figure 13.2: Working of ROT13

This means that if RoT13 () is the function that implements ROT13, then the following applies:

import codecs a message = 'CALM'
c="'"' c=codecs.encode (a_message,
'rot 13")

Now, let's print the encoded value of ¢ :

>> print (c)
PNYZ

Cryptanalysis of substitution ciphers

Substitution ciphers are simple to implement and understand. Unfortunately, they are also easy to crack. A simple
cryptanalysis of substitution ciphers shows that if we use the English language alphabet, then all we need to
determine to crack the cipher is how much are we rotating by. We can try each letter of the English alphabet one
by one until we are able to decrypt the text. This means that it will take around 25 attempts to reconstruct the
plain text.Now, let's look at another type of simple cipher—transposition ciphers.

Understanding Transposition Ciphers

In transposition ciphers, the characters of the plain text are transposed. Let's look at the steps involved for this:

A. Create the matrix and choose the size of the transposition matrix. It should be large enough to fit the plain
text string.

B. Fill in the matrix by writing in all of the characters of the string horizontally.

B. Read all of the characters of the string vertically in the matrix.

Let's look at an example.Let's take the ottawa Rocks plain text (P).First, let's encode P. For that, we will use a 3 x
4 matrix and write in the plaintext horizontally:

Otta
waRo
cks



The read process will read the string vertically, which will generate the cipher text— owctaktRsao .

The Germans used a cipher named ADFGVX in the First World War, which used both the transposition and
substitution ciphers. Years later, it was cracked by George Painvin.

So, these are some of the types of ciphers. Now, let's look at some of the cryptographic techniques that are
currently used.

Understanding the Types of Cryptographic Techniques

Different types of cryptographic techniques use different types of algorithms and are used under different sets of
circumstances.Broadly, cryptographic techniques can be divided into the following three types:

Hashing
Symmetric
Asymmetric

Let's look at them one by one.

Using the Cryptographic Hash Function

The cryptographic hash function is a mathematical algorithm that can be used to create unique fingerprint of a
message. It creates a fixed-sized output, called a hash, from plain text.Mathematically, this looks as follows:

C1 = hashFunction(P1)
This is explained as follows:

P1is the plain text representing the input data.
Clis a fixed-length hash that is generated by the cryptographic hash function.

This is shown in the following diagram. The variable-length data is converted into a fixed-length hash through a
one-way hash function:

ONE-WAY
Data — HASH —> Hash
FUNCTION

Variable length Fixed length
128 bit
160 bit

Figure 13.3: Figure 3: One-way hash functions



hash function has the following five characteristics:

A. It is deterministic. The same plain text generates the same hash.

B. Unique input strings should generate unique output hash values.

B. Regardless of the input message, it has a fixed length.

I. Even small changes in the plain text generate a new hash.

[.lt is a one-way function, which means that plain text, P1, cannot be generated from the cipher text, C1.

If we have a situation where each unique message does not have a unique hash, we call it a collision. That is, if
we have two texts, P1 and P2, in the case of collision, it means hashFunction(P1) = hashFunction(P2).Regardless
of the hashing algorithm used, collisions are rare. Otherwise, hashing wouldn't be useful. However, for some
applications, collisions cannot be tolerated. In those cases, we need to use a hashing algorithm that is more
complex but much less likely to generate hash values that collide.

Implementing cryptographic hash functions

Cryptographic hash functions can be implemented by using various algorithms. Let's take a deeper look at two of
them.

Understanding MD5-tolerated

MD5 was developed by Poul-Henning Kamp in 1994 to replace MD4. It generates a 128-bit hash. MD5 is a
relatively simple algorithm that is vulnerable to collision. In applications where a collision cannot be tolerated,
MD5 should not be used.Let's look at an example. In order to generate an MD5 hash in Python, we will use the
passlib library, which one of the most popular open source libraries, implementing over 30 passwordhashing
algorithms. If it is not already installed on your device, install it by using the following code in a Jupyter
Notebook:

'pip install passlib

In Python, we can generate the MD5 hash as follows:

In [36]: myHash
Out[36]: '$1$a6sQgH1F$j5iHhbCzmOzVwrxWDxnUu. '

Note that MD5 generates a hash of 128 bits.As mentioned, we can use this generated hash as a fingerprint of the
original text, which was myprassword . Let's see how we can do this in Python:

In [37]: mdS5 crypt.verify('"myPassword", myHash)

Outf{37]: True

In [38]: md5 crypt.verify("myPassword2", myHash)

Outf{38]: False



Note that the generated hash for the mypassword string matched the original hash, which generated a True value.
However, it returned False as soon as the plain text was changed to myPassword2 .

When to Use MD5

Looking back at history, weeknesses with MD5 were discovered in the late 1990s. Despite severalissues MD5
usage is still popular. It is ideal to be used for integrity checks for data. Note that MD5 message digest does not
uniquely associates the hash with its owner. As the MD5 digest is not a signed hash. The MD5 is used to prove
that a file has not been changed since the hash was computed. It is not used to prove the authenticity of a
file.Now, let's look at another hashing algorithm—Secure Hash Algorithm (SHA).

Understanding Secure Hashing Algorithm (SHA)

SHA was developed by the National Institute of Standards and Technology (NIST). Let's see how we can use
Python to create a hash using the SHA algorithm:
from passlib.hash import sha512 crypt

sha5l12 crypt.using(salt = "qIo0foX5",rounds=5000) .hash ("myPassword")
myHash=sha512 crypt.using(salt="qIo0foX5", rounds=5000) .hash ("myPassword")

Note the use of a parameter called salt . Salting is the procedure of adding random characters before
hashing.Running this code will give us the following result:

In [13]: myHash

Dutil3]: '$6%qlo0foXSsa.RA/OyedLnLEnWovzqngCghyy3EfqRtwacvWKsIoYSvYgRxCRetM3XSwraMxwdPqZt4KfbXzCpby
NyxI5j6o/’

Note that when we use the SHA algorithm, the hash generated is of 512 bytes.

An Application of the Cryptographic Hash Function

Hash functions are used to check the integrity of a file after making a copy of it. To achieve this, when a file is
copied from a source to a destination (for example, when downloaded from a web server), a corresponding hash
is also copied with it. This original hash, horiginal, acts as a fingerprint of the original file. After copying the file,
we generate the hash again from the copied version of the file—that is, hcopied. If horiginal = hcopied—that is,
the generated hash matches the original hash—this verifies that the file has not changed and none of the data
was lost during the download process. We can use any cryptographic hash function, such as MD5 or SHA, to
generate a hash for this purpose.Now, let's look at symmetric encryption.

Using Symmetric Encryption

In cryptography, a key is a combination of numbers that is used to encode plain text using an algorithm of our
choice. In symmetric encryption, we use the same key for encryption and decryption. If the key used for
symmetric encryption is K, then for symmetric encryption, the following equation holds:EK(P) = CHere, P is the
plain text and C is the cipher text.For decryption, we use the same key, K, to convert it back to P:DK(C) = PThis
process is shown in the following diagram:
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Figure 3.4: Symmetric Encryption

Now, let's look at how we can use symmetric encryption with Python.
Coding Symmetric Encryption

We will use Python's cryptography package, in this section, to demonstrate symmetric encryption. It is a
comprehensive package that implements many cryptographic algorithms, such as symmetric ciphers and
different message digests. When using it for the first time, we first need to install it using the pip command:

'pip install cryptography

Once installed, we can now use the package to implement symmetric encryption, as follows:

1. First, let's import the packages we need:
import cryptography as crypt from
cryptography.fernet import Fernet

1. Let's generate the key:

In [29]: key = Fernet.generate key()
print (key)

b'NbzXiNgKR25SEv_O8EpuW2Lr QO2vDStTDV4ex4WASU='

1. Now, let's open the key:
file = open('mykey.key', 'wb')
file.write(key) file.close()
1. Using the key, let's now try to encrypt the message:
file = open('mykey.key', 'rb')
key = file.read() file.close()
1. Now, let's decrypt the message using the same key:

from cryptography.fernet import Fernet
message = "Ottawa is really cold".encode ()
f = Fernet (key) encrypted =

f.encrypt (message)

1. Let's decrypt the message and assign it to a variable named decrypt :

decrypted = f.decrypt (encrypted)



1. Let's now print the decrypt variable to verify whether we are able to get the same message:

In [46]: print(decrypted)

b'Ottawa is really cold’

Let's look at some of the advantages of symmetric encryption.
The Advantages of Symmetric Encryption

Although the performance of the symmetric encryption is dependent on the exact algorithm that is used, in
general, it is a lot faster than asymmetric encryption.

The Problems with Symmetric Encryption

When two users or processes plan to use symmetric encryption to communicate, they need to exchange keys
using a secure channel. This gives rise to the following two problems:

Key protection: How to protect the symmetric encryption key.
Key distribution: How to share the symmetric encryption key from the source to the destination.

Now, let's look at asymmetric encryption.

Asymmetric Encryption

In the 1970s, asymmetric encryption was devised to address some of the weaknesses of symmetric encryption
that we discussed in the previous section.The first step in asymmetric encryption is to generate two different
keys that look totally different but are algorithmically related. One of them is chosen as the private key, Kpr, and
the other one is chosen as the public key, Kpu. Mathematically, we can represent this as follows: EKpr(P) = C

Here, P is the plain text and C is the cipher text.We can decrypt it as follows:
DKpu(C) =P

Public keys are supposed to be freely distributed and private keys are kept secret by the owner of the key pair.The
fundamental principle is that if you encrypt with one of the keys, the only way to decrypt it is by using the other
key. For example, if we encrypt the data using the public key, we will need to decrypt it using the other key—that
is, the private key. Now, let's look at one of the fundamental protocols of asymmetric encryption—the Secure
Sockets Layer (SSL)/Transport Layer Security (TLS) handshake—which is responsible for establishing a connection
between two nodes using asymmetric encryption.

The SSL/TLS Handshaking Algorithm

SSL was originally developed to add security to HTTP. Over time, SSL was replaced with a more efficient and more
secure protocol, called TLS. TLS handshakes are the basis of how HTTP creates a secure communication session. A
TLS handshake occurs between the two participating entities—the client and the server. This process is shown in
the following diagram:
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Figure 13.5: Secure Session between the client and the server

A TLS handshake establishes a secure connection between the participating nodes. The following are the steps
that are involved in this process:

A.The client sends a client hello message to the server. The message also contains the following:

The version of TLS that is used

The list of cipher suites supported by the client

A compression algorithm

A random byte string, identified by byte client

b. The server sends a server hello message back to the client. The message also contains the
following: A cipher suite selected by the server from the list provided by the client

o O o o

A session ID

A random byte string, identified by byte server

A server digital certificate, identified by cert _server , containing the public key of the server

If the server requires a digital certificate for client authentication or a client certificate request, the
client server request also includes the following:

The distinguished names of the acceptable CAs

O O O O o

[e]

The types of certificates supported

B. The client verifies cert _server .

I'. The client generates a random byte string, identified by byte client2 , and encrypts it with the public key
of the server provided through cert server .

[O.The client generates a random byte string and identifies encrypts with its own private key.

E. The server verifies the client certificate.

. Theclient sends a finished message to the server, which is encrypted with a secret key.

3. To acknowledge this from the server side, the server sends a finished message to the client, which is
encrypted with a secret key.

WN.The server and client have now established a secure channel. They can now exchange messages that are
symmetrically encrypted with the shared secret key. The entire methodology is shown as follows:
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Figure 13.6: Secure Session between the client and the server

Now, let's discuss how we can use asymmetric encryption to create Public Key Infrastructure (PKI), which is
created to meet one or more security goals for an organization.

Public Key Infrastructure

Asymmetric encryption is used to implement PKI. PKl is one of the most popular and reliable ways to manage
encryption keys for an organization. All the participants trust a central trusting authority called a CA. CAs verify
the identity of individuals and organizations and then issue them digital certificates (a digital certificate contains
a copy of a person or organization's public key and its identity), verifying that the public key associated with that
individual or organization actually belongs to that individual or organization.The way it works is that the CA asks
a user to prove their identity, with different standards followed for individuals and organizations. This could
involve simply verifying ownership of a domain name, or it could involve a more rigorous process that involves
physical proof of identity, depending on the type of digital certificate that a user is trying to obtain. If the CA is
satisfied that the user is indeed who they claim to be, the user then provides the CA with their public
encryption key over a secure channel. The CA uses this information to create a digital certificate that contains
information about the user's identity and their public key. This certificate is digitally signed by the CA. The user
can then show their certificate to anyone who wants to verify their identity, without having to send it through a
secure channel, as the certificate doesn't contain any sensitive information itself. The person receiving the
certificate does not have to verify the user's identity directly. That person can simply verify that the certificate is
valid by verifying the CA's digital signature, which validates that the public key contained in the certificate does,
in fact, belong to the individual or organization named on the certificate.

The private key of the CA of an organization is the weakest link in the PKI chain of trust. If an impersonator
gets hold of Microsoft's private key, for example, they can install malicious software onto millions of
computers around the world by impersonating a Windows update.



Blockchain and Cryptography

There is no doubt that in recent years there is so much excitement around blockchain and cryptocurrency. The
blockchain is said to be one of the most secure technologies every invented. The excitement about blockchain
started with Bitcoin and digital currencies. Although digital currencies were developed since 1980 but with the
Bitcoin, it became mainstream. The rise of Bitcoin was due to the widespread availability of distributed systems.
It has two important characteristics that made it a game-changer.lt is decentralized by design. It uses a network
of miners and a distributed algorithm called blockchain. Bitcoin is based on inherent incentives for miners to
compete to add a block to the blockchain by attempting to answer a very complex computational puzzle. The
winner miner is eligible to claim different bitcoins as a reward for his/her effort. Although the blockchain was
developed for Bitcoin, it has found broader use and applications. Blockchain is based on a distributed consensus
algorithm, using Distributed Ledger Technology (DLT). It has following characteristics:Decentralization: It is based
distributed not centralized architecture. There is no central authority. Each node in a blockchain system is
involved in maintaining the integrity of the DLT. There is a trusted consensus among all the participating nodes. In
this distributed architecture, the transactions are stored on the nodes of the constituent nodes, forming a P2P
network.Chain-like formations: All transactions of blockchain are accumulated in list of blocks. When several
blocks are added, it created chain-like formation and is the reason of its name. Immutability: The data is secure,
replicated and stored in immutable blocks. Reliability: A lineage or history is maintained for each transaction.
Each transaction is verified and recorded using cryptographic techniques.Under the hood, blockchain
transactions uses cryptographic hashes from each of the previous blocks in the chain. Hash functions are used to
create on-way fingerprint has of an arbitrary chunk of data. A Merkle tree or hash tree is used to verify data
stored, handled and transferred between different participating nodes. It uses SHA-2 for hashing. The diagram of
a particular transaction is shown below.
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Figure 7: The Merkle Tree of Blockchain

Figure 7 summarizes the working of blockchain. It shows how transactions get converted into blocks, which are,
in turn, converted into chains. On left hand side, four transactions, A, B, C and D are shown. Next, the Merkle
root is created by applying hash function. The Merkle root can be considered as a data structure which forms
part of the block header. As the transaction are immutable, the previously recorded transactions cannot be
changed. Note that the hash value of the previous block header is also becomes part of block, thus incorporation
transaction records. This creates chain like processing structures and is the reason of the name of
Blockchain.Each of the Blockchain user is authenticated and authorized using cryptography eliminating the need
of third party authentication and authorization. Digital signatures are used to secure transactions as well. The
receiver of a transaction has a public key. Blockchain technology eliminates the involvement of third parties for
transaction validation and relies on cryptographic proof for the same . Transactions are secured using digital
signature. Each user has a unique private key and establishes her or his digital identity in the system

Example — Security Concerns When Deploying a Machine Learning Model

In Chapter 6, Unsupervised Machine Learning Algorithms, we looked at the CRISP-DM (Cross-Industry Standard
Process for Data Mining) life cycle, which specifies the different phases of training and deploying a machine
learning model. Once a model is trained and evaluated, the final phase is deployment. If it is a critical machine
learning model, then we want to make sure that all of its security goals are met.Let's analyze the common
challenges faced in deploying a model such as this and how we can address those challenges using the concepts
discussed in this chapter. We will discuss strategies to protect our trained model against the following three
challenges:

* Man-in-the-Middle (MITM) attacks
Masquerading

« Data tempering

Let's look at them one by one.

MITM attacks

One of the possible attacks that we would want to protect our model against is MITM attacks. A MITM attack
occurs when an intruder tries to eavesdrop on a supposedly private communication to deploy a trained machine
learning model.Let's try to understand MITM attacks sequentially using an example scenario.Let's assume that
Bob and Alice want to exchange messages using PKI:

A. Bob is using {Preob, Pusob} and Alice is using {Praiice, Puaiice}. Bob has created a message, MBob, and Alice has
created a message, MAlice. They want to exchange these messages with each other in a secure way.

b. Initially, they need to exchange their public keys to establish a secure connection with each other. This
means that Bob uses PuAlice to encrypt MBob before sending the message to Alice.

B. Let's assume that we have an eavesdropper, X, who is using {Prx, Pux}. The attacker is able to intercept the
public key exchanges between Bob and Alice and replace them with its own public certificate.

I. Bob sends MBob to Alice, encrypting it with PuX instead of PuAlice, wrongfully thinking that this is Alice's
public certificate. Eavesdropper X intercepts the communication. It intercepts the MBob message and
decrypts it using PrBob.

This MITM attack is shown in the following diagram:
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Figure 13.6: XNow, let's look at how we can prevent MITM attacks.

How to prevent MITM attacks

Let's explore how we can prevent MITM attacks by introducing a CA to the organization. Let's say the name of this
CA is myTrustCA. The digital certificate has its public key, named PumyTrustCA, embedded in it. myTrustCA is
responsible for sighing the certificates for all of the people in the organization, including Alice and Bob. This
means that both Bob and Alice have their certificates signed by myTrustCA. When signing their certificates,
myTrustCA verifies that they are indeed who they claim to be.Now, with this new arrangement in place, let's
revisit the sequential interaction between Bob and Alice:

A.Bob is using {Preob, Pusob} and Alice is using {Praice, Puaiice}. Both of their public keys are embedded into their
digital certificates, signed by myTrustCA. Bob has created a message, MBob, and Alice has created a
message, MAlice. They want to exchange these messages with each other in a secure way.

b. They exchange their digital certificates, which contain their public keys. They will only accept the public keys
if they are embedded in the certificates signed by the CA they trust. They need to exchange their public keys
to establish a secure connection with each other. This means that Bob will use PuAlice to encrypt MBob
before sending the message to Alice.

B. Let's assume that we have an eavesdropper, X, who is using {Prx, Pux}. The attacker is able to intercept the
public key exchanges between Bob and Alice and replace them with its own public certificate, PuX.

I'. Bob rejects X's attempt, as the bad guy's digital certificate is not signed by the CA that Bob trusts. The secure

handshake is aborted, the attempted attack is logged with a timestamp and all details, and a security
exception is raised.

When deploying a trained machine learning model, instead of Alice, there is a deployment server. Bob only
deploys the model after establishing a secure channel, using the previously mentioned steps.Let us see how we
can implement this in Python.First let us import the packages that are needed.

from xmlrpc.client import SafeTransport, ServerProxy import
ssl
Now let us create a class that can verify the certirficate.

class CertVerify (SafeTransport) : def  init (self,
cafile, certfile=None, keyfile=None) :
SafeTransport. init (self)



self. ssl context = ssl.SSLContext (ssl.PROTOCOL_ TLSv1)
self. ssl context.load verify locations(cafile) if
cert:

self. ssl context.load cert chain(certfile, keyfile)

self. ssl context.verify mode = ss1.CERT REQUIRED def
make connection(self, host):

s = super () .make connection((host, {'context': self. ssl context}))
return s
# Create the client proxy s = ServerProxy ('https://cloudanum.com:15000",

transport=VerifyCertSafeTransport ('server cert.pem Let uslook into other vulnerabilities that our deployed

model can face.

Avoiding Masquerading

Attacker X pretends to be an authorized user, Bob, and gains access to sensitive data, which is the trained model,
in this case. We need to protect the model against any unauthorized changes.One way of protecting our trained
model against masquerading is by encrypting the model with an authorized user's private key. Once encrypted,
anyone can read and utilize the model by decrypting it through the public key of the authorized user, which is
found in their digital certificate. No one can make any unauthorized changes to the model.

Data and Model Encrpytion

Once the model is deployed, the real-time unlabeled data that is provided as input to the model can also be
tampered with. The trained model is used for inference and provides a label to this data. To protect data against
tampering, we need to protect the data at rest and in communication. To protect the data at rest, symmetric
encryption can be used to encode it. To transfer the data, SSL/TLS-based secure channels can be established to
provide a secure tunnel. This secure tunnel can be used to transfer the symmetric key and the data can be
decrypted on the server before it is provided to the trained model.This is one of the more efficient and foolproof
ways to protect data against tampering.Symmetric encryption can also be used to encrypt a model when it has
been trained, before deploying it to a server. This will prevent any unauthorized access to the model before it is
deployed.Let's see how we can encrypt a trained model at the source, using symmetric encryption with the help
of the following steps, and then decrypt it at the destination before using it:

1. Let's first train a simple model using the Iris dataset:

import cryptography as crypt from

sklearn.linear model import

LogisticRegression from

cryptography. fernet

import Fernet from sklearn.model selection import
train_test split

from sklearn.datasets import load iris

iris = load iris() X = iris.data vy =

iris.target

X train, X test, y train, y test = train test split(X, vy)
model = LogisticRegression() model.fit(X train, y train)

1. Now, let's define the names of the files that will store the model:

filename_source = 'myModel source.sav' filename destination
= "myModel destination.sav" filename_sec =
"myModel sec.sav"

A. Note that filename source is the file that will store the trained unencrypted model at
the source. filename destination is the file that will store the trained unencrypted
model at the destination, and filename sec is the encrypted trained model.



B. We will use pickle to store the trained model in a file: from pickle import dump
dump (model, open(filename source, 'wb'))

1. Let's define a function named write key () that will generate a symmetric key and store it in a file
named key.key :
def write key():
key = Fernet.generate key() with

open ("key.key", "wb") as key file:
key file.write (key)

1. Now, let's define a function named 10ad key () that can read the stored key from the key.key file:

def load key(): return
open ("key.key", "rb").read()

1. Next, let's define an encrypt () function that can encrypt and train the model, and store it in a file
named filename sec :
def encrypt (filename, key):
f = Fernet (key) with

open (filename source,"rb") as file:

file data = file.read()
encrypted data = f.encrypt(file data) with
open (filename sec,"wb") as file:
file.write(encrypted data)

1. We will use these functions to generate a symmetric key and store it in a file. Then, we will read this key and
use it to store our trained model in a file named filename sec :

write key() encrypt (filename source,load key())

Now the model is encrypted. It will be transferred to the destination where it will be used for prediction:

1. First, we will define a function named decrypt () that we can use to decrypt the model
from filename secto filename destination using the key stored in the key.key file:
def decrypt (filename, key): f =
Fernet (key) with
open (filename sec, "rb") as file:
encrypted data = file.read()

decrypted data = f.decrypt (encrypted data)
with open(filename destination, "wb") as file: file.write(decrypted data)

1. Now let's use this function to decrypt the model and store it in a file named filename destination :

decrypt (filename_ sec, load key())

1. Now let's use this unencrypted file to load the model and use it for predictions:

In [21]: loaded model = pickle.load(open(filename destination, 'rb'))
result = loaded model.score(X test, y test)
print(result)

0.9473684210526315



Note that we have used symmetric encryption to encode the model. The same technique can be used to encrypt
data as well, if needed.

Summary

In this chapter, we learned about cryptographic algorithms. We started by identifying the security goals of a
problem. We then discussed various cryptographic techniques and also looked at the details of the PKI
infrastructure. Finally, we looked at the different ways of protecting a trained machine learning model against
common attacks. Now, you should be able to understand the fundamentals of security algorithms used to protect
modern IT infrastructures.In the next chapter, we will look at designing large-scale algorithms. We will study the
challenges and trade-offs involved in designing and selecting large algorithms. We will also look at the use of a
GPU and clusters to solve complex problems.
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Large-scale algorithms are designed to solve gigantic complex problems.
The characterizing feature of large-scale algorithms is their need to have
more than one execution engine due to the scale of their data and
processing requirements. This chapter starts by discussing what types of
algorithms are best suited to be run in parallel. Then, it discusses the
issues related to parallelizing algorithms. Next, it presents the Compute
Unified Device Architecture (CUDA) architecture and discusses how a
single graphics processing unit (GPU) or an array of GPUs can be used to
accelerate algorithms. It also discusses what changes need to be made to
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the algorithm to effectively utilize the power of the GPU. Finally, this
chapter discusses cluster computing and discusses how Apache Spark
creates Resilient Distributed Datasets (RDDs) to create an extremely fast
parallel implementation of standard algorithms.By the end of this chapter,
you will be able to understand the basic strategies related to the design of
large-scale algorithms.The following topics are covered in this chapter:

® Introduction to large-scale algorithms
®* The design of parallel algorithms
Algorithms to utilize the GPU
* Understanding algorithms utilizing cluster computing
* How to use the GPU to run large-scale algorithms
How to use the power of clusters to run large-scale algorithms

Let's start with the introduction.

Introduction to large-scale algorithms

Human beings like to be challenged. For centuries, various human
innovations have allowed us to solve very complex problems in different
ways. From predicting the next target area of a locust attack to calculating
the largest prime number, the methods to provide answers for complex
problems around us kept on evolving. With the advent of the computer,
we found a powerful new way to solve complex algorithms.

Defining a well-designed, large-scale algorithm

Al well-designed, large-scale algorithm has the following two
characteristics:

o It is designed to handle a huge amount of data and processing
requirements using an available pool of resources optimally.

e It is scalable. As the problem becomes more complex, it can handle
the complexity simply by provisioning more resources.



One of the most practical ways of implementing large-scale algorithms is
by using the divide and conquer strategy, that is, divide the larger problem
into smaller problems that can be solved independently of each other.

Terminology

Let's look into some of the terminology that can be used to quantify the
quality of large-scale algorithms.

Latency

Latency is the end-to-end time taken to perform a single computation. If
Computel represents a single computation that starts at t1 and ends at t2,
then we can say the following:Latency = t2-t1

Throughput

In the context of parallel cloud computing, throughput is the number of
single computations that can be performed simultaneously. For example,
if, at t1, we can perform four simultaneous computations, C1, C2, C3, and
C4, then the throughput is four.

The Data Locality Principle

Traditionally, in parallel and distributed processing the data locality
principle is pivotal in deciding the optimal resource allocation. It
fundamentally suggests that the movement of data should be discouraged
in distributed infrastructures. Whenever possible, instead of moving data,
it should be processed locally on the node where it resides, otherwise, it
reduces the benefit of the parallelization and horizontal
scaling.Meanwhile, the advances in networking bandwidth have made
data locality principle less relevant. Network bandwidth can be quantified
by network bisection bandwidth which is the bandwidth between two
equal parts of a network. It is important when in distributed computing
with resources that are physically distributed. If we draw a line somewhere



in-between two set of resources in a distributed network, bisectional
bandwidth is the rate of communication at which servers on one side of
the line can communicate with servers on the other side as shown in
Figure 14.1. For distributed computing to work efficiently, this is the most
important parameter to consider. If we do not have enough network
bisection bandwidth, the benefits gained by the availability of multiple
execution engines in distributed computing will be overshadowed by slow
communication links.



Figure 14.1: Bisection Bandwidth

High bisectional bandwidth enables us to process the data where it is
without copying it. These days major cloud computing provides offer
Google's network great bisection bandwidth. For example, within a Google



data center the bisection bandwidth is as high as 1 PB/s of bandwidth. The
bisection bandwidth of other major cloud vendors is in this range as
well.With petabit bisectional bandwidth the new options and design
patterns for efficiently storing and processing big data emerge. The
communication is so fast that data-locality principle that was always
respected in the older Hadoop based Big Data architectures is no more
relevant. It no longer makes sense to transfer files and store them locally.
Instead, it makes sense to use the data from where it is stored.

Scaling Out

Horizontal scaling is used to divide a complex problem into smaller
problems that can be allocated to more than one computing resources.
For an efficient solution we are looking to implement the following two
characteristics in our infrastructure:

A. Elasticity: Ability of the infrastructure to provisioning more or less
resources according to the computing demands.

b. Load Balancing: Utilizing all available resources in optimal way to
optimize performance, availability, and reliability.

Let us look into them one by one:
Elasticity

Ability of the infrastructure to add or remove resources as the
requirements changes is called elasticity. Autoscaling in Cloud computing is
one way of achieving elasticity. Autoscaling is shown in Figure 14.2. Based
on the need, the server group can adjust the number of nodes in the
server group.
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Figure 14.2: Server Autoscaling

The three cloud computing giants, Google, Amazon, and Microsoft can
provide highly elastic infrastructures. Due to the gigantic size of their
shared resource pools, there are very few companies that have the
potential to match the elasticity of infrastructure of these three
companies.If the infrastructure is elastic, it can create a scalable solution to
the problem.

Load Balancing

Load Balancing is the mechanism of efficiently distributing workload
among the computing resources available. There are different mechanisms
that can be used to distribute the load. The simplest algorithm is the
round robin, which is the workload is distributed equally to the available
computing resources in a cyclic mechanism. This is shown in Figure 14.3.
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Figure 14.3: Load Balancing

There are two ways we can make load balancing more intelligent.By
Adding Load Distribution Rules: (instead of doing it in simple cyclic
manner) By Adding Server Autoscaling: This is shown in Figure 14.4.
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Figure 14.4: Intelligent Load Balancing with Rules and Server Autoscaling

The design of parallel algorithms

It is important to note that parallel algorithms are not a silver bullet. Even
the best designed parallel architectures may not give the performance
that we may expect. One law that is widely used to design parallel
algorithms is Amdahl's law.

Amdahl's law

Gene Amdahl was one of the first people who studied parallel processing
in the 1960s. He proposed Amdahl's law, which is still applicable today and
can become a basis to understand the various trade-offs involved when
designing a parallel computing solution. Amdahl's law can be explained as
follows:lt is based on the concept that in any computing process, not all of
the processes can be executed in parallel. There will be a sequential
portion of the process that cannot be parallelized.Let's look at a particular
example. Assume that we want to read a large number of files stored on a
computer and want to train a machine learning model using the data
found in these files.This whole process is called P. It is obvious that P can
be divided into the following two subprocesses:

e P1: Scan the files in the directory, create a list of filenames that
matches the input file, and pass it on.



¢ P2: Read the files, create the data processing pipeline, process the
files, and train the model.

Conducting sequential process analysis

The time to run P is represented by Tseq(P). The times to run P1 and P2 are
represented by Tseq(P1) and Tseq(P2). It is obvious that, when running on
a single node, we can observe two things:

e P2 cannot start running before P1 is complete. This is represented by
P1-->pP2
e Iseq(P) = Tseq(P1) + Tseq(P2)

Let's assume that P overall takes 10 minutes to run on a single node. Out
of these 10 minutes, P1 takes 2 minutes to run and P2 takes 8 minutes to
run on a single node. This is shown in the following diagram:

Figure 14.5: Time taken to run P1 and P2 (for example, feel free to change)

Now the important thing to note is that P1 is sequential in nature. We
cannot make it faster by making it parallel. On the other hand, P2 can
easily be split into parallel subtasks that can run in parallel. So, we can
make it run faster by running it in parallel.The major benefit of using cloud
computing is the availability of a large pool of resources and many of them
are used in parallel. The plan to use these resources for a given problem is
called an execution plan. Amdahl’s law is used comprehensively to identify
the bottlenecks for a given problem and a pool of resources.

Conducting parallel execution analysis

If we want to use more than one node to speed up P, it will only affect P2
by a factor of s>1:



1
Tpar (P) = Teq(P1) + ;Tseq (P2)

The speedup of the process P can be easily calculated as follows:

The ratio of the parallelizable portion of a process to its total is
represented by b and is calculated as follows:

seq (P2)

seq

For example, in the preceding scenario, b = 8/10 = 0.8.Simplifying these
equations will give us Amdahl's law:




1
S(P) = b
1 —b4 2

Here, we have the following:

®* Pisthe overall process.
® bis the ratio of the parallelizable portion of P. s is the
* speedup achieved in the parallelizable portion of P.

Let's assume that we plan to run the process P on three parallel nodes:
e P1 is the sequential portion and cannot be reduced by using parallel
nodes. It will remain at 2 seconds.
e P2 now takes 3 seconds instead of 9 seconds.

So, the total time taken by process P is reduced to 5 seconds, as shown in
the following diagram:
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Figure 14.6: Reduced timespan of P (feel free to change)

In the preceding example, we can calculate the following:

np = the number of processors=3 b =
® the parallel portion =9/11=81.81% s =
* the speedup =3

Now, let's look at a typical graph that explains Amdahl's law:
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Figure 14.7: A graph Representing Amdahl’s Law

In the preceding diagram, we draw the graph between s and np for
different values of b.

Airflow- A Practical Application

Use Airflow to author workflows as Directed Acyclic Graphs (DAGs) of
tasks. The Airflow scheduler executes your tasks on an array of workers
while following the specified dependencies. Rich command line utilities
make performing complex surgeries on DAGs a snap. The rich user
interface makes it easy to visualize pipelines running in production,
monitor progress, and troubleshoot issues when needed.DAGs are
designed to be run many times, and multiple runs of them can happen in
parallel. DAGs

65536



are parameterized, always including an interval they are “running for” (the
data interval), but with other optional parameters as well.Tasks have

dependencies declared on each other. You’ll see this in a DAG either using
the >> and << operators:

task3

task taskb —,
task4

task?2 —

taskb

Figure 14.8: Representation of a DAG



Understanding task granularity

When we parallelize an algorithm, a larger job is divided into multiple
parallel tasks. It is not always straightforward to find the optimal number
of parallel tasks into which a job should be divided. If there are too few
parallel tasks, we will not get much benefit from parallel computing. If
there are too many tasks, then it will generate too much overhead. This is
a challenge also termed as task granularity.

Enabling concurrent processing in Python

The easiest way to enable parallel processing in Python is by cloning a
current process that will start a new concurrent process called the child
process.Python programmers, although not biologists, have created their
own process of cloning. Just like a cloned sheep, the clone copy is the exact
copy of the original process.

Strategizing multi-resource processing

Initially, large-scale algorithms were used to run on huge machines called
supercomputers. These supercomputers shared the same memory space.
The resources were all local—physically placed in the same machine. It
means that the communications between the various processors were
very fast and they were able to share the same variable through the
common memory space. As the systems evolved and the need to run
large-scale algorithms grew, the supercomputers evolved into Distributed
Shared Memory (DSM) where each processing node used to own a
portion of the physical memory. Eventually, clusters were developed,
which are loosely coupled and rely on message passing among processing
nodes. For largescale algorithms, we need to find more than one execution
engines running in parallel to solve a complex problem:
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Figure 14.9:

There are three strategies to have more than one execution engine:

o Look within: Exploit the resources already on the computer. Use the
hundreds of cores of the GPU to run a large-scale algorithm. ¢« Look
outside: Use distributed computing to find more computing resources
that can be collectively used to solve the large-scale problem at hand.

¢ Hybrid strategy: Use distributed computing and, on each of the nodes,

use the GPU or an array of GPUs to expedite the running of the
algorithm.

Introducing CUDA

GPUs have been designed originally for graphic processing. They have
been designed to suit the needs of optimization dealing with the
multimedia data of a typical computer. To do so, they have developed
certain characteristics that differentiate them from CPUs. For example,
they have thousands of cores as compared to the limited number of CPU
cores. Their clock speed is much slower than a CPU. A GPU has its own
DRAM. For example, Nvidia's RTX 2080 has 8GB of RAM. Note that GPUs
are specialized processing devices and do not have general processing unit



features, including interrupts or means of addressing devices, for example,
a keyboard and mouse. Here is the architecture of GPUs:
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Figure 14.10: Architecture of GPUs

Soon after GPUs became mainstream, data scientists started exploring
GPUs for their potential to efficiently perform parallel operations. As a
typical GPU has thousands of ALUs, it has the potential to spawn 1,000s
concurrent processes. This makes GPUs the architecture optimized for
dataparallel computation. Hence, algorithms that can perform parallel
computations are best suited for GPUs. For example, an object search in a
video is known to be at least 20 times faster in GPUs, compared to CPUs.
Graph algorithms, which were discussed in Chapter 5, Graph Algorithms,
are known to run much faster on GPUs than on CPUs.To realize the dreams
of data scientists to fully utilize GPUs for algorithms, in 2007, Nvidia
created an open source framework called CUDA, which stands for
Compute

Unified Device Architecture. CUDA abstracts the working of the CPU and
GPU as a host and device respectively. The host, that is, the CPU, is
responsible for calling the device, which is the GPU. The CUDA architecture
has various layers of abstractions that can be presented as follows:
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Figure 14.11: Architecture of a CUDA

Note that CUDA runs on top of Nvidia's GPUs. It needs support in the OS
kernel. CUDA initially started with support in the Linux kernel. More
recently, Windows is now fully supported. Then, we have the CUDA Driver
API that acts as a bridge between the programming language APl and the
CUDA driver. On the top layer, we have support for C, C+, and Python.

Designing parallel algorithms on CUDA

Let's look deeper into how the GPU accelerates certain processing
operations. As we know, CPUs are designed for the sequential execution of
data that results in significant running time for certain classes of
applications. Let's look into the example of processing an image of a size of



1,920 x 1,200. It can be calculated that there are 2,204,000 pixels to
process. Sequential processing means that it will take a long time to
process them on a traditional CPU. Modern GPUs such as Nvidia's Tesla are
capable of spawning this unbelievable amount of 2,204,000 parallel
threads to process the pixels. For most multimedia applications, the pixels
can be processed independently of each other and will achieve a
significant speedup. If we map each pixel with a thread, they can all be
processed in O(1) constant time.But image processing is not the only
application where we can use data parallelism to speed up the process.
Data parallelism can be used in preparing data for machine learning
libraries. In fact, the GPU can massively reduce the execution time of
parallelizable algorithms, which include the following:

Mining money for bitcoins
* Large-scale simulations

* DNA analysis

Video and photos analysis

GPUs are not designed for Single Program, Multiple Data (SPMD). For
example, if we want to calculate the hash for a block of data, it is a single
program that cannot run in parallel. GPUs will perform slower in such
scenarios.The code that we want to run on the GPU is marked with special
CUDA keywords called kernels. These kernels are used to mark the
functions that we intend to run on GPUs for parallel processing. Based on
the kernels, the GPU compiler separates which code needs to run on the
GPU and the CPU.

Using GPUs for data processing in Python

GPUs are great for data processing in a multidimensional data structure.
These data structures are inherently parallelizable. Let's see how we can
use the GPU for multidimensional data processing in Python:

1. First, let's import the Python packages that are needed:



import numpy as np

import cupy as cp import

time

We will be using a multidimensional array in NumPy, which is a traditional
Python package that uses the CPU.Then, we create a multidimensional
array using a CuPy array, which uses the GPU. Then, we will compare the
timings:

### Running at CPU using Numpy

start time = time.time () myvar cpu
= np.ones ((800,800,800)) end time
= time.time () print(end time -

start time) ### Running at GPU
using CuPy start time =
time.time () myvar gpu =

cp.ones ((800,800,800))
cp.cuda.Stream.null.synchronize ()
end time = time.time ()

print (end time - start time)

If we will run this code, it will generate the following output:

[> 1.136657434463501
0.012250661849975586

Note that it took around 1.13 seconds to create this array in NumPy and
around 0.012 in CuPy, which makes the initialization of this array 92 times
faster in the GPU.

Cluster computing

Cluster computing is one of the ways of implementing parallel processing
for large-scale algorithms. In cluster computing, we have multiple nodes
connected via a very high-speed network. Large-scale algorithms are
submitted as jobs. Each job is divided into various tasks and each task is



run on a separate node.Apache Spark is one of the most popular ways of
implementing cluster computing. In Apache Spark, the data is converted
into distributed fault-tolerant datasets, which are called Resilient
Distributed Datasets (RDDs). RDDs are the core Apache Spark abstraction.
They are immutable collections of elements that can be operated in
parallel. They are split into partitions and are distributed across the nodes,
as shown here:

Partitions = Number of splits
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Figure 14.12:

Through this parallel data structure, we can run algorithms in parallel.
Implementing data processing in Apache Spark

Let's see how we can create an RDD in Apache Spark and run distributed
processing on it across the cluster:
1. For this, first, we need to create a new Spark session, as follows:

from pyspark.sqgl import SparkSession
spark = SparkSession.builder.appName ('cloudanum') .getOrCreate ()



1. Once we have created a Spark session, we use a CSV file for the
source of the RDD. Then, we will run the following function—it will
create an RDD that is abstracted as a DataFrame called df. The ability

to abstract an RDD as a DataFrame was added in Spark 2.0 and this
makes it easier to process the data: df =
spark.read.csv('taxi2.csv', inferSchema=True, header=True) Let's

look into the columns of the DataFrame:

In [3]: df.columns

Out[3]: ['pickup datetime',
‘dropoff datetime',
'pickup longitude',
'pickup latitude’,
‘dropoff longitude',
‘dropoff latitude',
'passenger count’,
'trip distance’,
'payment type',
‘fare amount',

'tip amount',
'tolls amount’,
‘total amount']



1. Next, we can create a temporary table from the DataFrame, as

follows: arf. createOrReplaceTempView ("main")

1. Once the temporary table is created, we can run SQL statements to
process the data:

In [9]: data=spark.sql("SELECT payment type,Count(*) AS COUNT,AVG(fare amount),
AVG(tip_amount) AS AverageFare from main GROUP BY payment type")

data.show()

o +o---- R T T +
|payment type|COUNT| avg(fare amount) | AverageFare|
R Fomme- R L E T N o +

| CRD|16000|32.384988999999784| 7.61713200000006 |
| Cas| 3080| 34.64730519480518|7.497457792207749|
e S e e +

An important point to note is that although it looks like a regular
DataFrame, it is just a high-level data structure. Under the hood, it is the
RDD that spreads data across the cluster. Similarly, when we run SQL
functions, under the hood, they are converted into parallel transformer
and reducers and they fully use the power of the cluster to process the
code.

The hybrid strategy

Increasingly, cloud computing is becoming more and more popular to run
large-scale algorithms. This provides us with the opportunity to combine
look outside and look within strategies. This can be done by provisioning
one or more GPUs in multiple virtual machines, as shown in the following
screenshot:
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Figure 14.13: GPUs in multiple virtual machines

Making the best use of hybrid architecture is a non-trivial task. This is
approached by first dividing the data into multiple partitions.
Computeintensive tasks that require less data are parallelized within each
node at the

GPUs.

Summary

In this chapter, we looked into the design of parallel algorithms and the
design issues of large-scale algorithms. We looked into using parallel
computing and GPUs to implement large-scale algorithms. We also looked
into how we can use Spark clusters to implement large-scale algorithms.In
this chapter, we learned about issues related to large-scale algorithms. We
looked into the issues related to parallelizing algorithms and the potential
bottlenecks created in the process.In the next chapter, we will look at
some practical aspects of implementing algorithms.
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15 Practical Considerations
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There are a bunch of algorithms presented in this book that can be used to solve real-
world problems. This chapter is about some practical considerations of the algorithms
presented in this book.This chapter is organized as follows. We will start with an
introduction. Then, we will present the issues around the of the explainability of an
algorithm, which is the degree to which the internal mechanics of an algorithm can be
explained in understandable terms. Then, we will present the ethics of using an algorithm
and the possibility of creating biases when implementing them. Next, the techniques for
handling NP-hard problems are discussed. Finally, we will investigate factors that should
be considered before choosing an algorithm.By the end of this chapter, you will have
learned about the practical considerations that are important to keep in mind when using
algorithms to solve real-world problems.In this chapter, we will cover the following topics:

* Introducing practical considerations
* The explainability of an algorithm

: Understanding ethics and algorithms
. Reducing bias in models

. Tackling NP-hard problems When

to use algorithms

Let’s start with the introduction.

Introducing practical considerations

In addition to designing, developing, and testing an algorithm, in many cases, it is
important to consider certain practical aspects of starting to rely on a machine to solve a
real-world problem. For certain algorithms, we may need to consider ways to reliably
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incorporate new important information that is expected to keep changing even after we
have deployed our algorithm. We need to carefully consider that whether incorporating
this new information will change the quality of our well-tested algorithm in any way? If so,
how does our design going to handle it?

Expecting the Unexpected

Most solutions of real-world problems developed using algorithms are based on some
assumptions. These assumptions may unexpectedly change after the model has been
deployed. For some algorithms use assumptions that may be affected by changing global
geo-political situation. For example, consider a trained model that is predict the financial
profit for an international company with offices all over the world. An unexpected
disruptive event like a war or spread of a sudden deadly virus may result in fundamentally
changing the assumptions for this model t the quality of predictions. For such use-cases,
the advice is to “expect the unexpected” and strategize for surprises. For certain
datadriven models the surprise may come from changes in the regulatory polices after the
solution has been deployed. When we are using algorithms to solve a real-world problem,
we are, in a way, relying on machines for problem solving. Even the most sophisticated
algorithms are based on simplification and assumptions and cannot handle surprises. We
are still not even close to fully handing over critical decision making to our own designed
algorithms.For example, Google's designed recommendation engine algorithms have
recently faced the European Union's regulatory restrictions due to privacy concerns. These
algorithms may be some of the most advanced in their field. But if banned, these
algorithms may turn out to be useless as they cannot be used to solve the problems they
were supposed to tackle. But, the truth of the matter is that, unfortunately, the practical
considerations of an algorithm are still after-thoughts that are not usually considered at
the initial design phase. For many use cases, once an algorithm is deployed and the short-
term excitement of providing the solution is over, the practical aspects and implications of
using an algorithm will be discovered over time and will define the success or failure of
the project.Let's look into a practical example where not paying attention to the practical
consideration failed a high-profile project designed by one of the best IT companies in the
world.

The sad story of an Al Twitter Bot

Let's present the classical example of Tay, which was presented as the first-ever Al Twitter
bot created by Microsoft in 2016. Being operated by an Al algorithm, Tay was supposed to
learn from the environment and keep on improving itself. Unfortunately, after living in
cyberspace for a couple of days, Tay started learning from the racism and rudeness of
ongoing tweets. It soon started writing offensive tweets of its own. Although it exhibited
intelligence and quickly learned how to create customized tweets based on real-time
events, as designed, at the same time, it seriously offended people. Microsoft took it



offline and tried to re-tool it, but that did not work. Microsoft had to eventually kill the
project. That was the sad end of an ambitious project.Note that although the intelligence
built into it by Microsoft was impressive, the company ignored the practical implications
of deploying a self-learning Twitter bot. The NLP and machine learning algorithms may
have been the best in the class but due to the obvious shortcomings, it was practically a
useless project. Today, Tay has become a textbook example of a failure due to ignoring the
practical implications of allowing algorithms to learn on the fly. The lessons learned by the
failure of Tay definitely influenced the Al projects of later years. Data scientists also started
paying more attention to the transparency of algorithms. That brings us to the next topic,
which explores the need and ways to make algorithms transparent.

The explainability of an algorithm
First, let us differentiate between a black box and a white box algorithm.

* Ablack box algorithm is one whose logic of is not interpretable by humans either
due to its complexity or due to its logic being represented in a convoluted manner. A
white box algorithm is one whose logic is visible and understandable for a human.

In other words, explainability helps the human brain to understand why an algorithm is
giving specific results. The degree of explainability is the measure to which a particular
algorithm is understandable for the human brain. Many classes of algorithms, especially
those related to machine learning, are classified as black box. If the algorithms are used
for critical decision-making, it may be important to understand the reasons behind the
results generated by the algorithm. Converting black box algorithms into white box ones
also provides better insights into the inner workings of the model. For example, an
explainable algorithm will guide doctors as to which features were actually used to classify
patients as sick or not. If the doctor has any doubts about the results, they can go back
and double-check those particular features for accuracy.

Machine learning algorithms and explainability

The explainability of an algorithm has special importance for machine learning algorithms.
In many applications of machine learning, users are asked to trust a model to help them to
make decisions. Explainability provides transparency when needed in such use cases.Let's
look deeper at a specific example. Let's assume that we want to use machine learning to
predict the prices of houses in the Boston area based on their characteristics. Let's also
assume that local city regulations will allow us to use machine learning algorithms only if
we can provide detailed information for the justification of any predictions whenever
needed. This information is needed for audit purposes to make sure that certain segments
of the housing market are not artificially manipulated. Making our trained model



explainable will provide this additional information.Let's look into different options that
are available for implementing the explainability of our trained model.

Presenting strategies for explainability

For machine learning, there are fundamentally two strategies to provide explainability to
algorithms:

* A global explainability strategy: This is to provide the details of the formulation of a
model as a whole.

* A local explainability strategy: This is to provide the rationale for one or more

individual predictions made by our trained model.

For global explainability, we have techniques such as Testing with Concept Activation
Vectors (TCAV), which is used for providing explainability for image classification models.
TCAV depends on calculating directional derivatives to quantify the degree of the
relationship between a user-defined concept and the classification of pictures. For
example, it will quantify how sensitive a prediction of classifying a person as male is to the
presence of facial hair in the picture. There are other global explainability strategies such
as partial dependence plots and calculating the permutation importance, which can help
to explain the formulations in our trained model. Both global and local explainability
strategies can either be model-specific or model-agnostic. Model-specific strategies apply
to certain types of models, whereas model-agnostic strategies can be applied to a wide
variety of models.The following diagram summarizes the different strategies available for
machine learning explainability:

Machine Learning
Explainability Approaches

GLOBAL: LOCAL:
@ Whole Model @Individual Predictions

- -

Model Specific: S
- TCAV Model Agnostic: Model Agnostic: Model Specific:

- Partial Dependence Plots - LIME (Local Interpretable -Integrated Gradients
- Permutation Importance Model-Agnostic Explanations) —Tree Feature Contribution

Figure 15.1:

Now, let's look at how we can implement explainability using one of these strategies.



Implementing explainability

Local Interpretable Model-Agnostic Explanations (LIME) is a model-agnostic approach that
can explain individual predictions made by a trained model. Being model-agnostic, it can
explain the predictions of most types of trained machine learning models.LIME explains
decisions by inducing small changes to the input for each instance. It can gather the
effects on the local decision boundary for that instance. It iterates over the loop to provide
details for each variable. Looking at the output, we can see which variable has the most
influence on that instance.Let's see how we can use LIME to make the individual
predictions of our house price model explainable:

1. If you have never used LIME before, you need to install the package using pip :

'pip install lime

1. Then, let's import the Python packages that we need:

import sklearn as sk import
numpy as np
from lime.lime tabular import LimeTabularExplainer as ex

1. We will train a model that can predict housing prices in a particular city. For that we
will first import the dataset that is stored in the housing.pk1 file. Then, we will
explore the features it has:

In [2]:  pkl file = open("housing.pkl","rb")
housing = pickle.load(pkl file)
pkl file.close()
housing['feature names']

Out[2]: array(['crime per capita', 'zoning prop', 'industrial prop',
'nitrogen_oxide', 'number of rooms', 'old home prop',
'distance from city center', 'high way access',
'property tax rate', 'pupil teacher ratio', 'low income prop',
'lower status prop', 'median price in area'], dtype='<U25")

Based on these features we need to predict the price of a home.

1. Now, let's train the model. We will be using a random forest regressor to train the
model. First we divide the data into testing and training partitions and then we using
it to train the model:

from sklearn.ensemble import RandomForestRegressor

X train, X test, y train, y test = sklearn.model selection.train test split(
housing.data, housing.target) regressor = RandomForestRegressor ()
regressor.fit (X train, y train)

1. Next, let us identify the category columns:



cat col = [i for i, col in enumerate (housing.data.T)
if np.unique(col) .size < 10]

1. Now, let's instantiate the LIME explainer with the required configuration parameters.
Note that we are specifying that our label is 'price' , representing the prices of
houses in Boston:

myexplainer = ex (X train,
feature names=housing.feature names,
class names=['price'],
categorical features=cat col, mode="'regression')

1. Let us try to look into the details of predictions. For that first let us import the pyplot
as the plotter from matplotlib

exp = myexplainer.explain instance (X test[25], regressor.predict,
num_ features=10) exp.as pyplot figure() from matplotlib import
pyplot as plt plt.tight layout()

1. As the LIME explainer works on individual predictions, we need to choose the
predictions we want to analyze. We have asked the explainer for its justification of
the predictions indexed as 1 and 35 :



In [9]: [ Ffor itant[d;, " 35]:
exp = myexplainer.explain instance(X test[i], regressor.predict,
num features=10)
exp.as_pyplot figure()
plt.tight layout()
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Figure 15.2:
Let's try to analyze the preceding explanation by LIME, which tells us the following:

* The list of features used in the individual predictions: They are indicated on the
yaxis in the preceding screenshot.

®* The relative importance of the features in determining the decision: The larger the
bar line, the greater the importance is. The value of the number is on the x-axis. The
positive or negative influence of each of the input features on the label: Red bars

show a negative influence and green bars show the positive influence of a particular

feature.



Understanding ethics and algorithms

The formulation of patterns through algorithms may directly or indirectly result in
unethical decision making. While designing algorithms, it is difficult to foresee the full
scope of the potential ethical implications, especially for large-scale algorithms, where
more than one user may be involved in the design. This makes it even more difficult to
analyze the effects of human subjectivity.More and more companies are making the
ethical analysis of an algorithm part of its design. But the truth is that the problems may
not become apparent until we find a problematic use case.

Problems with learning algorithms

Algorithms capable of fine-tuning themselves according to changing data patterns are
called learning algorithms. They are in learning mode in real time, but this real-time
learning capability may have ethical implications. This creates the possibility that their
learning could result in decisions that may have problems from an ethical point of view.
As they are created to be in a continuous evolutionary phase, it is almost impossible to
continuously perform an ethical analysis of them.As the complexity of algorithms
grows, it is becoming more and more difficult to fully understand their longterm
implications for individuals and groups within society.

Understanding ethical considerations

Algorithmic solutions are mathematical formulations without hearts. It is the
responsibility of the people responsible for developing algorithms to ensure that they
conform to ethical sensitivities around the problem we are trying to solve. These ethical
considerations of algorithms depend on the type of the algorithm.For example, let's look
into the following algorithms and their ethical considerations. Some examples of powerful
algorithms for which careful ethical considerations are needed are as follows:

® Classification algorithms, when used on society, determine how individuals and
groups are shaped and managed.

Algorithms, when used in recommendation engines, can match resumes to job
seekers, both individuals and groups.

Data mining algorithms are used to mine information from users and are provided to
decision-makers and governments.

Machine learning algorithms are starting to be used by governments to grant or deny
visas to applicants.

Hence, the ethical consideration, of algorithms will depend on the use case and the
entities they directly or indirectly affect. Careful analysis is needed from an ethical point of
view before starting to use an algorithm for critical decision-making. In the upcoming



sections, we shall see the factors that we should keep in mind while performing a careful
analysis of algorithms.

Inconclusive evidence

The data that is used to train a machine learning algorithm may not have conclusive
evidence. For example, in clinical trials, the effectiveness of a drug may not be proven due
to the limited available evidence. Similarly, there may be limited inconclusive evidence
that a certain postal code in a certain city is more likely to be involved in fraud. We should
be careful when we are judging our decision-making based on the mathematical patterns
found through algorithms using this limited data.Decisions that are based on inconclusive
evidence are prone to lead to unjustified actions.

Traceability

The disconnection between the training phase and the testing phase in machine learning
algorithms means that if there is some harm caused by an algorithm, it is very hard to
trace and debug. Also, when a problem is found in an algorithm, it is difficult to actually
determine the people who were affected by it.

Misguided evidence

Algorithms are data-driven formulations. The Garbage-in, Garbage-out (GIGO) principle
means that results from algorithms can only be as reliable as the data on which they are
based. If there are biases in the data, they will be reflected in the algorithms as well.

Unfair outcomes

The use of algorithms may result in harming vulnerable communities and groups that are
already at a disadvantage.Additionally, the use of algorithms to distribute research
funding has been proven on more than one occasion to be biased toward the male
population. Algorithms used for granting immigration are sometimes unintentionally
biased toward vulnerable population groups.Despite using high-quality data and complex
mathematical formulations, if the result is an unfair outcome, the whole effort may bring
more harm than benefit.

Reducing bias in models

In the current world, there are known, well-documented general biases based on gender,
race, and sexual orientation. It means that the data we collect is expected to exhibit those
biases unless we are dealing with an environment where an effort has been made to



remove these biases before collecting the data.All bias in algorithms is, directly or
indirectly, due to human bias. Human bias can be reflected either in data used by the
algorithm or in the formulation of the algorithm itself. For a typical machine learning
project following the CRISP-DM (short for Cross-Industry Standard

Process) lifecycle, which was explained in Chapter 5, Graph Algorithms, the bias looks like
the following:

Collecting
Unlabeled
Data

Labelin
N8 Model Evaluate

Collected Training
Data

Figure 5.3: X

The trickiest part of reducing bias is to first identify and locate unconscious bias.

Tackling NP-hard problems

NP-hard problems were extensively discussed in Chapter 4, Designing Algorithms. Some
NP-hard problems are important and we need to design algorithms to solve them.If
finding the solution for an NP-hard problem seems out of reach due to its complexity or
the limitations of the available resources, we can take one of these approaches:

* Simplifying the problem
* Customizing a well-known solution to a similar problem



¢ Using a probabilistic method

Let's look into them one by one.

Simplifying the problem

We can simplify the problem based on certain assumptions. The solved problem still gives
a solution that is not perfect but is still insightful and useful. For this to work, the chosen
assumptions should be as non- restrictive as possible.

Example

The relationship between features and labels in regression problems is seldom perfectly
linear. But it may be linear within our usual operating range. Approximating the
relationship as linear greatly simplifies the algorithm and is extensively used. But this also
introduces some approximations affecting the accuracy of the algorithm. The trade-off
between approximations and accuracy should be carefully studied and the right balance
suitable for the stakeholders should be chosen.

Customizing a well-known solution to a similar problem

If a solution to a similar problem is known, that solution can be used as a starting point. It
can be customized to solve the problem we were looking for. The concept of Transfer
Learning (TL) in machine learning is based on this principle. The idea is to use the
inference of already pre-trained models as the starting point for training the algorithm.

Example

Let's assume that we want to train a binary classifier that can differentiate between Apple
and Windows laptops based on real-time video feed using computer vision during
corporate training. From the video feed, the first phase of model development would be
to detect different objects and identify which of the objects are laptops. Once done, we
can move to the second phase of formulating rules that can differentiate between Apple
and Windows laptops.Now, there are already well-trained, well-tested open source
models that can deal with the first phase of this model training. Why not use them as a
starting point and use the inference toward the second phase, which is to differentiate
between Windows and Apple laptops? This will give us a jump start and the solution will
be less error-prone as phase 1 is already well tested.



Using a probabilistic method

We use a probabilistic method to get a reasonably good solution that is workable, but not
optimal. When we used decision tree algorithms in Chapter 7, Traditional Supervised
Learning Algorithms, to solve the given problem, the solution was based on the
probabilistic method. We did not prove that it is an optimal solution, but it was a
reasonably good solution to give us a useful answer to the problem that we were trying to
solve within the constraints defined in the requirements.

Example

Many machine learning algorithms start from a random solution and then iteratively
improve the solution. The final solution might be efficient but we cannot prove that it is
the best one. This method is used in complex problems to solve them in a reasonable
timeframe. That is why, for many machine learning algorithms, the only way to get
repeatable results is to use the same sequence of random numbers by using the same
seed.

When to use algorithms

Algorithms are like tools in a practitioner's toolbox. First, we need to understand which
tool is the best one to use under the given circumstances. Sometimes, we need to ask
ourselves whether we even have a solution for the problem we are trying to solve and
when the right time to deploy our solution is. We need to determine whether the use of
an algorithm can provide a solution to a real problem that is actually useful, rather than
the alternative. We need to analyze the effect of using the algorithm in terms of three
aspects:

® Cost: Can use justify the cost related to the effort of implementing the algorithm?

* Time: Does our solution make the overall process more efficient than simpler
alternatives?

* Accuracy: Does our solution produce more accurate results than simpler

alternatives?

To choose the right algorithm, we need to find the answers to the following questions:

Can we simplify the problem by making assumptions?

How will we evaluate our algorithm? What are the key metrics?

How will it be deployed and used?

Does it need to be explainable?

Do we understand the three important non-functional requirements—security,
o performance, and availability?



Is there any expected deadline?

A practical example — black swan events

Algorithms input data, process and formulate it, and solve a problem. What if the data
gathered is about an extremely impactful and very rare event? How can we use algorithms
with the data generated by that event and the events that may have led to that Big Bang?
Let's look into this aspect in this section.Such extremely rare events were represented by
the black swan events metaphor by Nassim Taleb in his book, Fooled by Randomness, in
2001.Before black swans were first discovered in the wild, for centuries, they were used to
represent something that cannot happen. After their discovery, the term remained popular
but there was a change in what it represents. It now represents something so rare that it
cannot be predicted.Taleb provided these four criteria to classify an event as a black swan
event.

Four criteria to classify an event as a black swan event

It is a bit tricky to decide whether a rare event should be classified as a black swan event
or not. In general, in order to be classified as a black swan, it should meet the following
four criteria.

A. First, once the event has happened, for observers it must be a mind-blowing surprise,
for example, dropping the atom bomb on Hiroshima.

b. The event should be a blockbuster—a disruptor and a major one, such as the
outbreak of the Spanish Flu.

B. Once the event has happened and the dust has settled, data scientists who were part
of the observer group should realize that actually it was not that much of a surprise.
Observers never paid attention to some important clues. Had they the capacity and
initiative, the black swan event could have been predicted. For example, the Spanish
Flu outbreak had some leads that were known to be ignored before it became a
global outbreak. Also, the Manhattan Project was run for years before the atomic
bomb was actually dropped on Hiroshima. People in the observer group just could
not connect the dots.

. When it happened, while the observers of the black swan event got the surprise of
their lifetime, there may be some people for whom it may not have been a surprise
at all. For example, for scientists working for years to develop the atomic bomb, the
use of atomic power was never a surprise but an expected event.

Applying algorithms to black swan events

There are majors aspects of black swan events that are related to algorithms:



e There are many sophisticated forecasting algorithms available. But if we hope to use
standard forecasting techniques to predict a black swan event as a precaution, it will
not work. Using such forecasting algorithms will only offer false security.

¢ Once the black swan event has happened, predicting its exact implications on broader
areas of society including the economy, the public, and governmental issues is not
usually possible. First, being a rare event, we do not have the right data to feed to
the algorithms, and we do not have a grasp of the correlation and interactions
between broader areas of society that we may have never explored and understood.
¢ An important thing to note is that black swan events are not random events. We
just did not have the capacity to pay attention to the complex events that eventually
led to these events. This is an area where algorithms can play an important role. We
should make sure that, in the future, we have a strategy to predict and detect these
minor events, which combined over time to generate the black swan event.

The COVID-19 outbreak of early 2020 is the best example of a black swan event of our
times.The preceding example shows how important it is to first consider and understand
the details of the problem we are trying to solve and then come up with the areas where
we can contribute toward a solution by implementing an algorithm-based solution.
Without a comprehensive analysis, as presented earlier, the use of algorithms may only
solve part of a complex problem, falling short of expectations.

Summary

In this chapter, we learned about the practical aspects that should be considered while
designing algorithms. We looked into the concept of algorithmic explainability and the
various ways we can provide it at different levels. We also looked into the potential ethical
issues in algorithms. Finally, we described which factors to consider while choosing an
algorithm.Algorithms are engines in the new automated world that we are witnessing
today. It is important to learn about, experiment with, and understand the implications of
using algorithms. Understanding their strengths and limitations and the ethical
implications of using algorithms will go a long way in making this world a better place to
live in. And this book is an effort to achieve this important goal in this ever-changing and
evolving world.
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