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Ha npuknagi po3pobku onTumasb-
HOI  apxiTeKTypu NpPOrpamHoro
3abe3neyeHHss CTBOPEHOr0 Ha MOBI
nporpamyBaHHsi python nokasaHo
pilleHHs ofHiel i3 3agady aHanisy
BENMKWX [AaHWX [AA MPOrHO3yBaHHS
BIATOKY KnieHTiB (churn pre-
dict) TenekomyHikawiiiHOi KoMnNaHii.
loka3saHO CTBOPEHHA  CUCTEemMu
NPUAHAT TS pilleHb 3 THYYKOH MO-
[YNbHOK CTPYKTYPOK Ta 3 onTw-
Mi3alliet0 4acoBMX Ta PECYPCHMX
BUTPAT Ha PoO3po6Ky NporpamHoro
3a6e3neyeHHs.

© A.M. NaBpeHtok, C.1. JlaBpeHtoK,
M.I". TynbunHcbKuia, 2017

KomnbloTepHas maTemaTuka. 2017, Ne 1

YIIK 004.4, 004.9, 004.42, 004.67, 004.915, 004.75

AM. JIABPEHIOK, C.|. JIABPEHIOK,
MN.r. TYIbYUHCBKUN

MmAaxia A0 ONTUMISALLI
NMPOrPAMHOIO 3ABE3MNE4YEHHA
ANg AHANI3Y BEJIMKUX OAHUX

Becryn. TMpu piweHHi 3afadi NporHo3yBaHHSA
BIATOKY K/IEHTIB Te/IeKOMYHiKaLinHOT KOMNaHiT
MPOBOAUTLCSH aHani3 BENIMKOro 06CAry AaHux,
a[Xe TeNeKOMYHIiKaLiiHi KoMnaHif:

— MatoTb KieHTCbKy 6a3y Big 1000000
i GinbLue, faHi HeobXifgHO 6paTh 3a OCTaHHI TpK
micau;

— [Ana nobynoBu Mofeneil Ta TecTyBaHHS
MPOrHO3yBaHHS Ha MeplIoMy eTani AoCTaTHi
JaHi AN TeNeKOMYHiKauiiHUX KOMMaHin, Lo
MICTATBCA Y BiAKPUTMX MKepenax [1, 2];

—  npy po3pobui nporpaMHOro 3abesneyeH-
HA Ta /Oro BNpOBafpkKeHHi HeobXiAHO 36anaH-
COBYBATU TPU KOMMOHEHTMU, L0 3HAYHUM YAHOM
BNAMBalOTh Ha pesynbtar: T —yac, C — pecypcu
(nropu, rpowwi), Q — AKICTb;

— rporpamHe 3abe3neyeHHs Mae byTun: mac-
LTaboBaHe, MyNbTUMNNATPOPMHE, MaTU HU3bKY
CYKYMHY BapTiCTb BOMOAIHHS;

— Heob6XigHICTb pob0TU MpOrpamHoro 3a-
6e3reyeHHs Ha pisHKUX NpucTposx (pobodi cTaH-
uii, cmapTdoHn, nnaHweTy ...), a iHTepdeiic
MporpamHUX CuUcTeM Mae ByTW pPO3paxoBaHuii
Ha pobOTYy PI3HUX KaTeropii criBpoBITHMKIB.
OfHili rpyni KopucTyBadiB HeobxigHa Oinblua
IHTEPaKTMBHICTb 3 MOX/IMBICTIO NMPOBOAUTU Ca-
MOCTINHO pi3He MpeACcTaB/ieHHst pe3ynbTaTiB Ta
pO3paxyHOK AOLATKOBMX MOKasHWKiB. [na apy-
roi rpynu HeobXifHO LIBMAKO OTPUMYBATK
TOYHI  pe3y/bTaTh  PO3PaxyHKiB  OCHOBHUX
MOKa3HWKIB AN  MPUAHATTA  YNpaBiHCbKUX
pilleHb. ToMy iHTepdeic Mae MICTUTU TifIbKK
HeoOXiAHI daHi, NpauloBaTh LWBUAKO Ha PI3HUX
MPUCTPOSAX Ta CUCTEMAX.
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FAKWO po3pobnaTy pi3Hi MOAYNI Ha Pi3Hi onepauiiiHi cucTeMy Ta NPUCTPOI ANs
Pi3HMX rpyn KopucTyeadiB 6yayTh 3Ha4HO 36inbLuUeHi T, C npu Q = const:
T=T,+AT,C=C,+AC, 1)
ae AT >1,AC > 1.

3anponoHoBaHa apxiTekTypa. Buxogaum 3 HasBHOro Aocsigy nobyzosu npo-
rpamMHOro 3abesneyeHHs AN NPOrHo3yBaHHA fAaHuX [3] Ta 418 006pPO6KM BEIUKMX
o6cariB gaHux [4], NpoBiBWW pPAL eKCNepUMEHTIB, 3arnponoHOBaHO AN PilleHHS
3afadvi aHanisy BeNMKUX [aHWX BMKOPUCTATM MOBY NporpaMyeaHHs python,
6i6bnioTekn, WO HEOOXiAHI ANF MalMHHOrO HaBYaHHA Ta MPOrHO3yBaHHA: pandas,
numpy, sklearn Ta iHLLi.

JouisibHO BUKOPUCTATU TPUAPYCHY apXiTeKTypy: cepsep 6a3 AaHuX, Cepsep
Jopjatkis Ta poboui craHuii kopucTyBadiB. OCHOBHY 3agady 3 06pO6KM [aHuX,
MaLLUMHHOMY HaBYaHHIO Ta MPOrHO3yBaHHIO Bi3bMe Ha cebe cepsep fOAATKIB. Tak AK
[ANA MalMHHOrO HaBYaHHS B python Ha 6a3i 6i6nioTekn sklearn BUKOPUCTOBYETLCA
He npocTo 6ibnioTeka numpy, a numpy+mkl, To 6yae 3abesneyeHa LOCTATHA LUBUA-
Kogisi, a django go python gae moxnuBicTb nobyaysatn Be6-gogatok (web-applica-
tion) 3 BMCOKOI LUBMAKOAIEKD, THYYKICTIO Ta MynbTUNAATPOPMHICTIO. Beb-ao4aTok
MPOBOAUTL aHani3 faHux, byaye iHTepdeinc kopucTysaya AN ApYrol rpynu KopucTy-
BauiB, Ta MpaBW/IbHO MpPaLOE Ha Pi3HWUX MpUCTposx. Jupiter notebook Be6-foAaTOK
ANS CTBOPEHHS iHTepdieicy Ana NepLUoi rpynu KopucTyBsadis (puc. 1).
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PUC. 1. ApxiTeKTypa nporpamHoro 3abesneyeHHs
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Anpo cuctemmn — 06pobKa Ta aHasi3 AaHuX, TakoX CrifibHI Mpoueaypu focTyny
[0 [aHWX BUHECeHi B OKpeMi MOAY/I Ta € CMiSIbHUMK 419 BOX CUCTEM. TaKUM YMHOM,
NpaBuIbHO BUAINMBLUKM CNifbHI Npoueaypw, (YHKUIT, 3’egHaBwn iX i3 NepLloto
Ta Apyrot cuctemamu OTPUMYEMO:

T =T,+AT,,C=C,+AC, ©)

pe AT, <AT,AC, <AC,Q =const, AT, = 0, AC, = 0.

Cnip 3a3HaunTH, WO TEXHONOriT MMOMHHOIO HaBYaHHA Ta METOAM MalUMHHOIOo
HaBYaHHSA YCMiLHO BUKOPUCTOBYIOTLCA Y BE/IMKMX 06CArax faHux npy NpoBefeHHI
aepoKOCMIYHMX crocTepexeHb [5, 6]. Tomy 3anponoHOBaHWiA aBTopamy Migxif,
MOXHa 6y/ie yCnilLHO BUKOPUCTATK B iHLUNX rany3sx.

[lo ocobnmBocTeli gaHOi 3adadvi NOTPIGHO BiAHECTM Te, WO TeNeKOMYHiKaliiiHi
KOMMNaHIT HajalTb LUMPOKWIA CMEeKTP MNOCAYr Be/MKii KifbKOCTi aboHeHTiB. Tak,
Hanpukniag, € nocnyra MobifibHOro 38’A3Ky Ta IHTEpHeTY, a € noc/yra cTalioHapHOro
IHTepHeTY. BXigHi AaHi Takux rpyn aboHeHTIB YaCTKOBO BiApi3HAOTLCA. [ouifbHO
BECTW HaBYaHHA CUCTEMM Ha AaHUX MO KOXHIM rpyni okpemo. Tomy nporpamHe
3abesneyveHHs 4N 3agadv nogibHux go churn predict Mae WBMAKO HanawToOBYBaTUCH
Ha pi3Hi gaHi Ta WBKMAKO HaByaTmcs. MeTtog Support Vector Machines i3 6i6/1ioTekm
sklearn 3a6e3neyye L0 BUMOTY.

Pe3ynbTatn eKcrnepuMeHTa/IbHUX A0CNifjKeHb. EKCNepyMeHTU MpoBOAMAMCA
[NA NepLuoi rpyny aboHeHTIB Ha OCHOBI JaHWX abOHEHTIB MOBINbLHOr0 3B’A3KY, a Ans
JPYroi rpynu — Ha OCHOBI [aHWX abOHEeHTIB CTauioHapHOro IHTepHeTy. Pesynbrar
NPOrHo3yBaHHA 471 MepLUOl rPynu rnokasaHo Ha puc. 2. PesynbTar NporHo3ysBaHHA
AN 4pyroi rpyny nokasaHo Ha puc. 3. MpoBefeHi EKCNePUMEHTN NOKa3an BUCOKMIA
pe3ynbTaT SAKOCTi NPOrHO3yBaHHA Ta LUBMAKOCTI 06POOKM AaHMX.

Cnig 3a3HauMTW, WO Takui NPUHLMN No6yZoBM NPOrpamHOro 3abesneyveHHs
3meHwye 4acosi (T) Ta pecypcHi (C) BuTpatM Ha CynpoBif i MoAepHisauito
nporpaMHoro 3abesneyeHHs. A Le B CBOK Yepry 3abe3neynTb HU3bKY CYKYMHY
BapTicTb BonodiHHA (Total Cost of Ownership, TCO) nporpaMHUM 3a6e3rneyeHHsM.
Lo y cBow uepry nigBUWMTL KOHKYPEHTOCMPOMOXHICTb MpOrpaMHoro 3abes-
MeYeHHA CTBOPEHOro 3anporoHOBaHOro MiAXO4y Ta 3 apXiTeKTYpOoH MOKa3aHoH
Ha puc. 1.

BucHoBKMN.

1. MoBa nporpaMmyBaHHsi python Ta HasBHI KOMMOHEHTW [alOTb MOX/IMBICTb
nobygoBu ONTUMa/IbHUX MPOrpaMHUX CUCTEM NS aHasi3y BENUKMX OOCAriB faHuX,
09 MAalMHHONO HaB4yaHHS, Ta Ansa nobyfoBu MyNbTUNNATHOPMHUX Beb6-A0AaTKiB
abo gofatkis poboyoro ctony (desktop app) He KPUTUYHKX A0 BENMKOIT LUBUAKOZIT.

2. 3anponoHoBaHWin Nigxig A0 MOOYAOBM MPOrpaMHOro 3abe3neyeHHs Ans
aHasni3y Be/IMKMX faHux 6a3n MoBM NporpaMyBaHHs python.

3. 3MeHLYe CyKyMnHY BapTICTb BONOAIHHA (3MEHLUYE BWUTPaTU Ha CTBOPEHHS
nporpaMHoro 3abe3neyeHHs Ta Oro CynpoBig y NofanblioMy) Ta 36iMbluye KOHKY-
PEHTOCMPOMOXHICTb MPOrPamHOro 3abe3neyvyeHHss CTBOPEHOro 3 3anporoHOBaHOro

nigxoay.
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PUC. 2. Pe3ynbTaT NporHo3yBaHHA aboHeHTIB TenetoHil — churn.csv
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PWC. 3. Pe3ynbTaT NporHo3yBaHHA abOHEHTIB CTaLioHapHOTO IHTEpHETY
wa_fn-usec_-Telco-Customer-Curn.csv
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A.H. NaspeHtok, C.. NaepeHtok, MNM.I". Tynb4YnHCKNiA

noaxoa K ontMMn3AUniA MPOrPAMMHOIO OBECTIEYHEHUA ONA AHAJINSA
BO/IbLINX JAHHBLIX

Ha npumepe pa3paboTKuM ONTUMaSbHON apXUTEKTYpbl MPOrpaMMHOr0 06ecneyeHus CO3LaHHOrO0
Ha f3blKe MpOrpaMMMpoBaHMs python NOKasaHO pelleHWe OAHON M3 3ajay aHanusa 60MbLIMX
[aHHbIX N9 MPOrHO3MpoBaHWA OTTOKa KaueHToB (churn predict) TeneKOMMYHWKaLMOHHON
KomnaHuu. MoKa3aHO Cco3faHue CUCTEMbI MPUHATUSA PELLEHMWIA C TMOKOA MOAYNBHON CTPYKTYpOit
1 C ONTVMM3aLMeli BPEMEHHBIX U PECYPCHBIX 3aTpaT Ha pa3paboTKy NporpaMMHOro 06ecneyeHms.

A. Lavreniuk, S Lavreniuk., P. Tulchinsky

AN APPOACH TO SOFTWARE OPTIMIZATION FOR TELECOMMUNICATION COMPANY
BIG DATA ANALYSIS

Using optimal architecture development for software created with the help of Python programming
language, we find the solution of a BIG DATA analysis problem for telecommunication company
churn prediction. We demonstrate creation of a decision-making system with a flexible modular
structure and software development time and resource cost optimization.

1. Telco Customer Churn data set. https://www.ibm.com/communities/analytics
/watson-analytics-blog/predictive-insights-in-the-telco-customer-churn-data-set/.

2. Machine Learning Repository.
http://archive.ics.uci.edu/ml/?cm_mc_uid=15134185542514827482720&cm_mc_sid_50200000
=1485174656.

3. JlaBpeHiok C.W., MepeBoszunkosa O.J1., TynbumHckuin B.I"., XapyeHko A.B. ABTOMaTM4ecKoe
MOCTPOEHUE YNACMOBbLIX NPOrHo30B. KomnbioTepHas maTeMaTumka. 2010. Ne 2. C. 52 — 61.

4. JNaepeHtok A.H., JlaspeHtok C.W., HasapeHko E.B. Mogxoa K onTumm3aumm nporpammbl o6pa-
60TKM 60/1bLLINX 06BEMOB CEACMUYECKMX AaHHbIX Ha MpuMepe 3D MUrpaumy SynaeKCHbIX BOSH.
KomnbloTepHas maTeMaTuka. 2014, Ne 1. C. 69 — 75.

5. NaspeHtiok M., HogikoB O. TexHOMOris rMMOUHHOIO HaBYaHHA [/19 BENUKMX 06’EMIB [aHUX.
AepOoKOCMiYHI CNOCTEepPeXKEHHA B iHTepecax CTanoro po3snTKy Ta 6esneku, GEO-UA 2016.

6. Hosikos O., LLenecToB A., JlaBpeHiok M. Po3pobka MeToZiB MallMHHOINO HaBYaHHA B MPOEKTi
Google Earth Engine. AepOKOCMiYHI CMOCTEPEXKEHHS B iHTepecax CTanoro po3BUTKY
Ta 6e3nekn, GEO-UA 2016. 2016. P. 20 - 21.

OpeprkaHo 10.03.2017
llpo asropis:

NaspeHtok Anna MukonaisHa,
KaHAMAAT TEXHIYHMX HayK, JOLEHT
@i31KO-TexHiYHOro iHCTUTYTY HTY YKpainn «KIMI» im. I. Cikopcbkoro,

NaspeHtok Cepriii IBaHOBWY,

KaHAMAAT i3MKo-MaTeMaTUUYHMNX HayK, HayKOBUIA CMiBPOBITHMK
IHCTUTYTY KibepHeTuKM iMeHi B.M. Mywkosa HAH Ykpainu,
TynbumHcKwii Masno Mpuroposuy,

KaHAMAaT i3MKo-MaTeMaTUYHMX HayK, CTapLLUMIA HAyKOBMIA CNiBPOBGITHMK
IHCTUTYTY KibepHeTuKM iMeHi B.M. ywkosa HAH YkpaiHu.

KomnbtoTepHas maTemaTyka. 2017, Ne 1 125



