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IMPOTHO3YBAHHSI PIBHIB MAVBYTHIX ITPOJAXKIB
JAJA CUCTEM HVIAHYBAHHA PECYPCIB NI AITPUEMCTB

YV yiti cmammi pozensanymo memoou npoeHo3y8anHs PieHie MAUOYMHIX NPOOANCI8 T MONCIUBOCMI iX 6U-
KOPUCMAHHA Y CYYACHUX CUCMEMAX NAAHy8anHs pecypcié nionpuemcmea. Ha npuxnadi Dynamics 365
BusinessCentral posenanymo npaxmuyte 3aCmocy8aHHs MaKux mMemooie, y momy 4ucii 3 00nOMo2010 me-

Mooi6 MAUUHHO20 HABYAHHS.

Taxoorc nio uac pobomu OY10 00CTIOHCEHO HAABHE PIUUEHHS, W0 DA3VEMbC HA AHANIZT YACOBUX PAOIG
(timeseries), i 3anpPONOHOBAHO OONOBHEHHS I3 3ACMOCYBAHHAM KIACMepHo20 ananizy (clustering).

KarwuoBi cioBa: manyBaHHS pecypciB HiIPUEMCTBA, TPOTHO3YBAHHS MPOJAXKIB, MAIIMHHE HABYAHHS,

4acoBi psiliU, KJIacTepu3allis.

IIporno3yBanHs piBHIB MaiOyTHIX MPOAAXiB
OyI10 1 3aJIMIIAETHCSI OMHUM 13 KIFOUOBHX 3aBIaHb,
II0 CTOSITh HA MIISAXY O €()eKTUBHOTO YIIPABIIiHHS
pecypcaMu Ha BEIHKUX HiOIPHUEMCTBAX HaHpi3-
HOMAHITHIIIIUX TaJTy3ei, a 0cOOIMBO po3aApiOHOI TOp-
riBni. HemooTpumani npuOyTKH BiJl BTpadyeHHX
mpojaxiB uyepe3 Opak aCOPTUMEHTY UM, HaBIAKH,
HaJMIipHI BUTpaTH Ha 30epiraHHs HeOakaHUX TO-
BapiB MOXYTh NPU3BECTH A0 BTPATH HO3UIIN Ha
KOHKYPEHTHOMY PHHKY, IPU3yITHHUTH PO3BUTOK
KOMIIaHii ab0 i, BpeITi-pernT, IpU3BECTH 110 i 6aH-
KpYTCTBa.

Okpewmi cremiaixicTd, a iHOJI MiAPO3AIIHU 3a-
HMAaIOThCS aHATI30M ICTOPUYHUX JaHUX 13 METOIO
nnanyBaHHs. Lleii mporec Moxe BigOyBaTHCs Mix
TaKUMH KpalHOIIAMU, SIK PyTHHHE MHOKEHHS T10-
Ka3HUKIB MHHYJIHX TEPiOAiB Ha SIKUHCH CTaJHii
KOe(]iIieHT, 3 OMHOTO OOKY, Ta «BralyBaHHS) I0-
TpiOHUX 00’€MiB CHiBpOOITHHKAMH 3 100pe po3-
BUHEHOIO IHTYIIi€r0 — 3 iHIoro. Ha mpaktuili x
I MiJIX0AN KOMOIHYIOTECS, KON PYyTUHHY YacTH-
HY BUKOHYIOTH CIEIliaTi30BaHi CHCTEMH Ha OCHO-
Bl IPOCTHX aJNTOPUTMIB, & OTPUMAHHUNA PE3yIbTAT
KOPUTYIOTh CHEIiaJiCTH Ha OCHOBI BJIACHOTO JIO-
CBiJly Ta 3HaHb IPO BINIUB 30BHIIIHIX YHHHHKIB
(K-OT MapKETHHIOBA AiSUTbHICTh, CE30HHICTD, I0-
rojia TOulo).

Ille monemaBHa moOymoBa cucteM, o Oynu 6
3M1aTHI JJOTIOMOTTH JIIOJMHI y IbOMY MPOIEeci, 3/1a-
Bajacs 3aHA/ITO CKIIATHOIO 200 XK 3aHaITO TOPOTOIO,
OCKIUTBKH NMOTPiOHO BpaxoBYBaTH Ayke Oarato 4nH-
HUKIB.

3aBnsgKkH €(EKTUBHOCTI CY9aCHUX AITOPUTMIB,
JOCTYIHOCT]I BUCOKOIIBUAKICHOTO alapaTHOTO 3a-
Oe3MnedyeHHs Ta XMapHHUX 00YUCIIeHb, BUKOPUCTAHHS
MaIIMHHOTO HAaBYaHHS ISl IPOMUCIOBHX IOTPEO
CTaJI0O MOXXJIMBHM Y peajibHOMY 4aci. Lle mae 3mory
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BUKOPUCTOBYBATH HOTO JUIsl IOJCHHHUX MOTPEO y
HaWpI3HOMAHITHININX Taldy3sAx, 30KpeMa JIs 3ra-
JTAHOTO BHUIIIE TIPOTHO3YBAHHS Ta IUIAHYBaHH.

CucreMn nJIaHyBaHHS pecypciB
niAnpuemMcTBa

KoxxHe Oi3Hec-pillleHHS IPYHTYEThCS Ha MPOTHO-
31 THX IepeBar, ki BOHM MOXYTh IPUHECTH y Maii-
OyTHBOMY. Bynb-sIKHil POTHO3, CBOEIO YEProl0, He-
MOJIMBHUH 0€3 3HaHb, OTPUMAHUX 13 MOMEPETHBO-
ro gocsimy. JUIs MiANTPUEMCTB TaKUM JOCBiIOM
€ He 1Io iHIIle, K iCTopis omepalii abo Ail, 10
CTOCYIOTBCS BCIX MOXJIMBHX acCIHEKTiB HOTo Mio-
JIeHHOT po0OTH, peecTp NPUHHATUX PillleHb 1 pe-
3yJNBTYIOYMX (PIHAHCOBHX IMOKa3HHKIB. Came Taka
icropuyHa 0a3a HAKOMUYYETHCS, OOPOOIIETHCS Ta
30epiraeTbcs 3 JOMOMOTOI0 CUCTEM IJIaHYBaHHS
pecypciB miAMPUEMCTBA, SKi 4aCTO TaKOX Ha3H-
BaroTh ERP-cuctemMamu (BiJ aHIIIHCHKOT HAa3BH Ta-
KHX IIPOTPaMHUX NPOAYKTiB — EnterpriseResour-
cePlanning).

IInanyBaHHS pecypciB MiIIPUEMCTBA — 1€ MOX-
JIUBICTh HAJIATH IHTETPOBAHHUK MAKeT MPOTPAMHOTO
3a0e3mneueHHs 1 Oi3Hecy, 110 00’ €THaHUH CIiTb-
HUMH TIPOIeCaMH i MOJEISIMU NaHUX, IIHPOKO Ta
IMOOKO TOKPUBAE HACKPI3HI MPOIIECH, IO CTOCY-
10ThCsl (DiHAHCIB, YIPABIIHHS MMEPCOHAIOM, MOCTa-
YaHHs, BUPOOHULITBA Ta JUCTpuOyLii [3].

CrBOpeHHs a0 BIIPOBAHKECHHS TAKUX IIPOTPaM-
HUX KOMIUIEKCIB JI0TIOMara€e BUPIIIUTH HU3KY MPO-
OJeMm, 13 IKHMH MOXKYTh CTHKATUCS CydYacHi MiIIpH-
€MCTBA y CBOI/ MisSTBHOCTI:

— aBTOMAaTH3yBaTH IPOIECH, IO 0 IBOTO HE
Oynu (hopmaitizoBaHi, BUKOHYBanucs abo mif-
TBEPIDKYBAIIUCS Ha Narepi abo 3 JOMOMOTO0
CJICKTPOHHUX Ta6J'Il/Illb, BUMarajiu 3Ha4YHUX
3aTpar yacy 3 00Ky CIiBpOOITHHUKIB,
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Puc. 1. CtpykTypa THIIOBOI CUCTEMU IIJIaHyBaHHS
pecypciB mianpueMcTBa

— yHiQiKyBaTH OJHOTHIIHI JaHi, IO HAJIXOJATh
BIJI pI3HUX MiIpO3iiB a00 € HACIAKOM BHUKO-
HaHHS PI3HUX TPOIIECIB 13 METOIO TIOJIETIIICH-
HS 1X TIOAABIIOTO aHAI3Y;

— CHCTEeMaTH3yBaTH Ta 00’ €HATH 3arajbHy iH-
(hopMartiro y BUIIISII aHAIITHIHKX Ta (hiHAHCO-
BUX 3BITIB, HEOOXIIHUX JUTsl IPUUAHSTTS yTIpaB-
JIHCBHKUX DillIeHb Ta Mpe3eHTAallil pe3y/IbTaTiB
iX poOOTH BIACHHKAM, aKI[iOHEpaM abo pery-
TSAIAHUM OpraHam.

3a3Buyaii KOMITaHii CTOATH mepe BHoopoM — Oy-
JIyBaTH KOMIUIEKCHI CUCTEMH IIiJ] CBOT MOTPEOH UH
BIIPOBAKYBATH TOTOBE DIIIEHHS BiJ 30BHIIIHBOTO
mocTavyanbHuKa. BiaacHi po3po0Oku HAZAIOTh MOB-
HUM KOHTPOJIb HaJ KOIOM IporpaMHoro 3abesrie-
YCHHS 1 TepMiHaMU HOTO CTBOPEHHS, OJJHAK ISl HUX
MOTPIOHO MOCTIHHO YTPUMYBATH BIAMOBIIHUNA TIep-
coHaN Ta 1HQPACTPYKTYpy; HAJAIOTh MOPIBHIHO
MEHIIUN KiHIIEBUH 00CsT QyHKIIOHAIY, TPUUOMY
MOJAJIbIINKA HOTO PO3BUTOK LIOpa3y NOTpeOyBaTH-
Me JIOIAaTKOBUX BHCOKHX BUTpaT. CBOEIO Yeproro,
30BHIIIHI MOCTa4alIbHUKH MPOTIOHYIOTh YK€ TOTO-
Bl pillleHHs, 13 MPIIUM (YHKLI0HATIOM, THYYKOIO
MIATPUMKOIO Ta HABUYAHHIM, alie 3aJeKHICTIO Bil
MOCTaYalIbHUKA y Pa3i HeoOXiAHOCTI 3MiH abo mij-
TPUMKH [6].

Bubip migxomy Takox 3aJeKUTh BiJ po3Mipy Ta
piBHS 3pinocTi mignpueMcTsa. binbmi opranizarmii
3 (hopMaJIbHO OKPECICHUMHU BIACHUMH HPOIIECaMU
CXWJIBbHI BilZIaBaTH TiepeBary noOy0Bi BIACHUX Pi-
nIeHb. THMYACOM SIK YIIPOBAKCHHS TOTOBUX Pi-
IIeHb JIOTIOMAarae iHIIUM OpraHizalisM YIO0CKOHa-
JIUTH BJIACHI MPOIECH 3a PAaXyHOK ajanTaii iX mija
HalKpaIi raixy3eBi MPaKTHKH.

Ha ueit MoMeHT HaWOIIBIIMMH TOCTaYaIbHUKA-
MU rotoBux pimenb € SAP, Oracle Ta Microsoft.
Bonu HagaoTh il JiHIHKY K KJIACHYHUX CHCTEM,
TaK 1 «XMapHUX» cepBiciB (Softwareas a Service)
IUIAHYBaHHS PECYPCiB MiAMPHEMCTBA, M0 OXOIUTIOIOTH

HaMPI3HOMAHITHIIII TaTy3i Ta 3aiiMalOTh 3HAYHY JI0-
JII0 PUHKY [2].

Baxxnuo 3ayBaXkuTH, 110 Y HUHILIHIHN Yac, KOJIH
IHTErpalis MiX pi3HUMHU CHCTEMaMH BXe HE CTaHO-
BUTD BENMKOI IPOOIIEMH 3aBIISKN CTaHJAPTH30BAHUM
ixX01aM, HaJ{iifHAM 1 BUCOKO JJOCTYITHUM TPUKIIAI-
HUM NPOrpaMHUM iHTepdelicaM, MOBHA IIEHTpali-
3allisl TaHUX 1 MPOIECiB MOXKE HE HaJIaBaTH TaKUX
nepeBar, K paimnre. Lle mopomKye HOBI BHKIIHKH,
1 BIZIMIOBIHI 3MIHM NApaJMIM € Jy>Ke Ha daci.

IIporuo3yBanHs piBHIiB
Maii0yTHIX mpoaaxis

Po3yMiHHS IOTEHITIHHAX PiBHIB ITPONAXIB y Maki-
OyTHill mepiogax € BKpail HEOOXiTHUM, 0COOIUBO
JUTSL KOMIIaHi#, o MpaioTh Y cdepax po3npioHoi
TOPTIBIIi 1 HE MalOTh BIIACHOTO BUPOOHHUIITBA, Yepe3
TaKi IPUIUHH:

— HEJOOTPUMAaHHS NPUOYTKIB — KOMIaHii HECYTh
OpSIMHAN PU3HUK BTPATH MOXKIHBOTO MPHOYTKY,
SIKIIO HEMA€E BiJIIOBITHOTO aCOPTHMEHTY Y pasi
MiBUILIEHOTO TOMUTY;

— BUTpaTH Ha 30epiraHHs — ToBapu, mo 30epira-
IOTBCSI YIIPOIOBXK JOBIOTO Yacy, HOPOKYIOTh JI0-
JATKOB1 BUTPATH Ha OOCIIyTOBYBaHHS CKJIAJICh-
KHX TIpUMIIeHb. Miciie 6e3MocepeiHb0 Y MICIISIX
POy MOKHA OyJio O BUKOPHCTATH JIJISI TOBA-
piB 13 OLIBIIOO IMOBIpPHICTIO peastizamii;

— MapKeTMHIOBa aKTUBHICTh — BYACHO MOMiYCHA
mpobiemMa 3 HaIMIpHUMH 3aJIMIIKAMH TOBAapiB
JIa€ 3MOTY SIKICHIIIIE TNIAaHyBaTH KaMIIaHil i3 po-
CYBaHHS MEBHUX TOBAPiB, CTUMY/IIOIOUU MOMHUT
0e3 HermoTpiOHUX BTPAT;

— CIHCAaHHS — TOBAapH, IO HE MPOAAHI IMPOTATOM
JIOBTOTO 4Yacy, MaloTh OyTH CIHCaHi, [0 3MCH-
IIUTh 3araibHUN TPHOYTOK;

— IUIAaHYBaHHS TPOMIOBHX TMOTOKIB — OUTBIII TOYHUMA
MIPOTHO3 JIOXOIB BiJl peaizallii i, sk HaCJiJOK,
BUTPAT HA 3aKyIiBIIO Ta 30epiraHHs Ja€ MOX-
JUBICTH TOYHIIIC TUIAHYBAaTH (DiHAHCOBY aKTHB-
HICTbh, 30KpeMa, He pOOUTH BUTPATH Ha KPESTUTHI
KOIITH a00 X, HABMAaKH, OTPUMYBATH BiJCOTKO-
BUH IOXi] 32 JIECTIO3UTaMH.

ITix yac mporHo3yBaHHI PiBHIB MPOJAXKIB BHKO-
PHUCTOBYIOTh TaKi OCHOBHI ITiJIXO/IH, HE3aJIEIKHO BiJI
MOXJIMBOCTI iX aBTOMaTu3ariii [8]:

— KJIAcmepHuil aHali3 — METO, IO TPYHTY€ETHCS Ha
pO30UTTI BeMMKUX HAOOpIB JaHWX HA MEHIII 3a
JIOTIOMOTOI0 CITUTBHUX O3HAK, TAKUM CIIOCOOOM,
00 CIIPOCTHTH aHAII3 i MONETTIIUTH BUSABICHHS
3akoHOMIipHOCcTel. OTpuMaHi Kareropii Hajgam
MOXYTh OyTH BHKOPHCTaHI I Kiacuikarii
HOBHX €JIEMEHTIB (TOBapiB), 1100 CIPOTrHO3YBa-
TH TXHIO MaHOYTHIO MTOBEIIHKY a00 K JUTs O1TBIIT
TOYHOT pOOOTH B paMKax KOXKHOI KaTeropii;
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onucosull ananiz — MOJNATAE Y OMUCI MHHYIIHX
nofii Ta cipoOi oxapakTepU3yBaTH iX BIIJIUB
13 METOKO CIPOTHO3YBAaTH MOAIOHI MOIIT B Maii-
OyTHBOMY;

ananiz uxkudie — BUSBICHHS BUKHUIIB Y JaHUX —
HETHUITOBMX E€JIEMEHTIB, 1110 HE 301raroThCs 3 3a-
raJbHUMU TCHICHIIIMH. Taki eleMeHTH BUITyYa-
FOTh 13 3arajJbHOTO aHalli3y, MOKPAIYyIOUH HOTO
SIKICTb, 1 pO3MIAJAIOTH OKPEMO;

¢axkmopruil ananiz — aHali3 BIUIUBY IEBHHUX
YHHHUKIB Ha MIOBENIIHKY AaHUX. [[pOrHO3yBaHHS
Yy TaKOMY BHIIAJIKy 3HAYHOIO MipOIO 3BOIUTHCA
JI0 TIPOTHO3YBaHHSI [TOSIBU YNHHHUKIB, 1110 MAIOTh
HaWOUIBIINHA BIUIMB;

aHai3 Yacoux padie — MOCHiIOBHUHN aHaTi3
3MIHH ICTOPUYHHX JAHHUX 13 YACOM 13 METOI0
BHOKPEMHTH 3aKOHOMIPHOCTI 1 3aCTOCYBaTH ix
T MaiOyTHIX naHuX. basyeTbes Ha mpUIyIIeH-
Hi, [0 PiBHI ITPOJAKiB MOBTOPIOIOTECS 3 YACOM,
HaIpUKJIaJ, 3aJIeKHO BiJl CE30HHOCTI abo 3arab-
HMX TEHJICHIIIMN;

— pezpeciinull ananiz — cpoda BUSBHUTH 3B’ SI30K
MDK HONUTOM Ta IHITMMH 3MiHHUMH BEJTHIHHA-
MU JI BUSIBIIEHHS 3aKOHOMIPHOCTEH, 1110 J1ayu O
3MOTY MOOYIyBaTH (YHKIIIIO MOBSIIHKH BiJ Mai-
OyTHIX 3Ha4YCHb TAKUX BETHUYUH. Y NPOCTHX BU-
maJIkax MOXKE 3aCTOCOBYBATHCS JiHIHHA perpe-
Cist — cTaHJApTHUH CTAaTUCTUYHUI METOI.
BuxopuctanHa 3aranbHHUX MiIX0AiB J0oOpe cede

3apEKOMEHTyBaJIO JUTS 3BUMHOTO PO3/piOHOTO Oi3He-
CY, KOJIM JUHAMiKa PUHKIB Oysia MOpPIBHSHO HOBLIb-
HOIO 1 TIOMUT MiAJaBaBCs KJIACHYHOMY aHauizy. Cu-
Tyallis 3MiHWIAacS Pa3oM i3 BUOYXOBHUM PO3BHUTKOM
CJICKTPOHHOI TOPTiBIi, KOIH MAapKETHHTOBI 1HCTPY-
MEHTH CTaJH THYYKIIINMH, 3MiHHU MOMUTY — JWHA-

MIYHIIIAMH, a KUTBKICTh JOCTYITHUX aHATITHYHUX
JIaHWX, K 1 YMHHUKIB, 10 BILTHBAIOTH Ha MPOJIaXi,
CYTTEBO 3pOCIIa.

OpmHUM 13 MOXJIMBHX MiJXOIIB IO BHPIMICHHS
i€l mpoOiIeMu € BUKOPUCTAHHS MAIIMHHOTO HaB-
YaHHS, SIKE 13 CyTO HAYKOBOTO 3aHATTS Ta TEMU IS
npoIbHUX CHEIianicTiB 1 opraHisaliil neperBo-
pHIIOCS Ha 3arallbHOOCTYNTHUN MEXaHi3M pOo3B’si-
3aHHS MPUKJIATHAX 3a1ad.

ITixxoau x0 mpoMucJI0BOI peaJizamii

TlocTauanbHUKK CHCTEM IUTaHYBAaHHS PeCypcCiB
MiANPUEMCTBA HAAAOTh 0araTo iHCTPYMEHTIB AJIs
MIPOTHO3YBaHHA PiBHIB MaiOyTHIX MpofaxiB. Po3-
DISTHEMO XapaKTepHi Mixoan Ha npukian Dynamics
365 BusinessCentral — cucteMu st MaJIOTO Ta ce-
pemHbOro Oi3HEeCy 3 JIIHIHKK MpomyKTiB Microsoft.

V 6a3o0Biii Bepcii cucTeMu MPOTHO3YBAaHHS TMO-
MUTY BiAOYBa€ThCS MEPEBAXKHO B PYIHOMY PEKHMI.
BianosinHa QyHKIIOHATRHICTE T HA3BOKWO Sales-
Budgeting nae xopucTyBadeBi 3MOTy BBOJUTH JIaHi
Ha OCHOBI BJIaCHUX OOpaxyHKiB i MPOTHO3iB, a Ta-
KOX TPOCIIIKOBYBAaTH BIAIMOBIIHICTh IJIaHIB (ak-
THYHUM TPOAAKaM y MaOyTHbOMY 3 JOMOMOTOIO
BIJINIOBITHUX 3BiTiB. CHCTEMa HaJla€ BCIO HEOOXiTHY
iH(opmariro, o0 MAKPIMUTH PIICHHS, aJ¢ B IIEH-
TPl BCE OMHO 3JIMIIAETHCS JIIOAWHA 3 11 BIACHUMH
BMIHHSIMHM T2 HABHYKaMU POOOTHU 3 IOCTYITHUMU iC-
TOPUYHHMH JTAHUMH. ABTOMATH3AIlisl TIPOIIECY B IIbO-
MY BHIAJKY € TOBOJIi 0OMEKEHOIO.

[Ipote, okpim 6a3oBoro pyHKIioHATY Dynamics
365 BusinessCentral mae 3MoTy CTBOpPIOBaTH po3-
MIMPEHHS K JUIsI KOHKPETHOI IMIUIEMEHTAIII1 CHC-
TeMU (BepTHKaJIbHI PillIeHH:), TaK 1 Ui MIUPILIOTO
JocTyny (TOPU3OHTANbBHI Pi-

< + B vswep o | eHHs). Ile 3abesnedyerses
. 3a nonoMoroto AppSource —
Sales Budget Overview €M TIOpTaN Kopriopari
Microsoft ais po3noBcro-
4l Previous Set 4 Previous Column P NextColumn W NextSet P NextPeriod 4 Previous Period - .
. JDKEHHSI PO3IIMPEHB J0 BCiX
General ii mpomykTiB. Ha mibomy mop-
Tali JOCTYIHE CTaHIapTHE
ftem Budget Name - - - - |N.H.UKMA | Viewby <o ooeoee |Day .¢|
(cTBOpEHE PO3POOHIKAMI CHIC-
Showaslings -+ - |tem | Rounding Factor - - [ None v| TeMH) O3IUIMPEHHs Ui Sa-
Show as Columns - | Period | ShowColumn Name - @ lesandInventoryForecast [7],
ShowValueas -~ | Sales Amount v| 10 Ja€ 3MOTy IHTEeTpyBaTH
CHCTEMY 13 30BHILIHIMU cep-
Sale Budget Overview Mt o BICAMH MPOTHO3YBAHHA.
e MoxyTh OyTH SIK CEpBi-
Code Nors vl o 20 CH BiJI CTOPOHHIX MOCTayallb-
18965 . ATHENS. tydpéyts [ 0,00 0,00 0,00 | | HMKIB, TaK 1 BJacHi. SIK ocHO-
| [1s00s | |PARISwierastucti, musta 000 | 000 | 000 | Ba I MOOYJOBH BJIACHOTO
19065 || ATHENS fikiuva jahsta % | % | o | cepicy B Azure Al Library
1908-5 | | LONDON-toimistotuoli, sin. 0,00 0,00 0,00

Puc. 2. bromket nponaxis y Dynamics 365 BusinessCentral

JOCTYITHUI MAa0JIoOH BiaIo-
BigHOT Mozei [4].
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Sales and Inventory Forecast Setup

Hew | Acions  Fewss options

B Setup Schedded Forecaring @ ) Open Azure Al Gallery

Puc. 3. Cropinka HanamrtyBaHHS PO3IIUPEHHS
Sales and Inventory Forecast

B ocHOBI MoJtei JIe)KUTh BUKOPUCTAHHS aJITr0-
putMmy MicrosoftTimeSeries, o peami3yeTbes 3 J10-
ITOMOTOI0 OJIOKY BUKOHAHHSI CKPHUITIB MOBOIO R.
AHFOpI/ITM CKJIada€ThCA 3 )IeKiJ'[LKOX YaCTHH.

— Autoregressive integrated moving average

(ARIMA);

— EeKCIIOHEHLIHHE 3MIaIKyBaHHs —exponential-

smoothing (ETS);

— Seasonal and Trend decomposition using

LOESS (STL).

Forecasting Model for Microsoft Dynamics 365 Business Central

YacTHHU aNrOpUTMY MOXKYTh BUKOHYBATHCS OK-
peMo abo kK KOMOIHYBATHUCS 3 METOIO OTPUMATH Hak-
HIDKYY CepeaHIO aOCOIIOTHY BiJICOTKOBY IOMIIIKY
(mean absolute percentage error).

3a pe3ynbraTaMy HaBYaHHS MOJEJ OTPUMYIOTh
IHANBIAyalbHI IPOTHO3U PiBHIB MalOyTHIX mpoga-
KIB JUIS1 TOBAPIB i3 JOCTAaTHBOIO KUIBKICTIO iICTOpUY-
HUX JaHuX (puc. 5).

Takui migxig ga€ MOMXIJIHUBOCTI JJISL MIUOIIOT
aBTOMATH3aIli] MPOIECY TUIAHYBAHHS Ta 3HIKCHHSI
BILTUBY JIIONICBKUX YHHHUKIB.
[IpoanamizyBaBImIK apXiTEKTy-
Py, QITOPUTMH, IPUHLIUIHN Ta
pe3yabTaTH poOOTH, OyITO0 BUSIB-
JICHO JIEKIJIbKA YHHHHKIB, 1[0 MO-

XKYTb TOHIKYBATH SKICTh TIPO-

Enter Data Manually Enter Data Manually va THO3y, IO NPOAYKYETHCA Ha-
SAMPLE DATA PARAMETERS SIBHUM PIilIICHHSIM:

R 4 — 32 BEJIMKOI KUTBKOCTi TOBapiB

CE30HHICTH ISl MPUHIIUIIO-

¥ ¥ o BO PI3HUX KaTeropiii ToBapis

@ ExecuteR Scipt va MOY€ 3HAYHO BiIPi3HATHCS,

GENERATE FORECAST

3DIAIDKYIOUH MPU [EOMY PO3-
MTOJIIJTH, OTPUMAaHI 3 JOITOMO-
TOI0 aHaJTi3y YaCOBUX PSJIIB;

— BUKOPHCTOBYIOTBCSl OJJHAKO-
Bl 3aKOHOMIPHOCTI JJIsl TIPO-
IyKTiB Ha pi3HUX (azax ix
KUTTS;

— MOXIIMBA 3HaYHa Pi3HUIS Y

v
m 3
[m Select Columns in Dataset ~ +/ J

ot

n .
[\ﬂl Select Columns in Dataset v ]

[MOBEMIHI]l OUIBII Ta MEHIII
HOIYJSIPHUX TOBapiB abo To-

Puc. 4. CtpykTypa mociipkyBaHol Mozeni

MIPOTHO3YBaHHS PiBHIB MPOIaXKiB

BapiB, 110 MAIOTh HOMHUT y
PI3HUX TPy MOKYIIIiB;

— TOBapu 3 HU3BKUM 000poO-
TOM MOXYTb BIUIMBAaTH Ha 3a-
raJIbHUH pO3MOALT.
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14

JOTIOMOTO0 OyNI0 pOo30UTO HasBHI

12

TOBapH Ha KJIACTEpU HA OCHOBI 3a-

10

rajgbHOI KiTBKOCTI MPOJAHUX TOBA-

PpiB 1 MapKUHAJIBHOCTI.

Jl1st mepeBipKyu HO3UTHBHOTO

. v / ~ edekty BiJ HaBelIeHOI TiMmoTe3H
s v TIPOTIOHYETHCS TIPOBECTH KUIBKICHY
. OIIIHKY Ha OCHOBI JIOCTYITHUX BEJH-
72233332 %9%%$38338388§833%8337 mx HaOOpIB JaHUX 1 MOPIBHATH pe-
= P . 2 .
E¥ 223832 £828528228525383 3YIBTAaTH CTaHAAPTHOTO PillleHHS 3
leropia Mporyoa

Puc. 5. Ilpukinaz icTopii pakTHYHHX PIBHIB HPOJAXKIB
1 IporHO3y MaiiGyTHIX piBHIB IPOJAXKIB IHAUBITYaIbHOTO TOBAPY

HactynHi kpoku

Jus Toro mo6 BHOKPEMHTH IPyNH TOBapiB i3
CYTT€BO Pi3HOIO OBEIIHKOIO, IPOTIOHYETHCS 3aCTO-
CyBaTH JTOZATKOBY MOJEIH i3 BUKOPHCTAHHSIM KJIac-
tepu3anii (k-means). Bukopucranus kiactepusarii
€ KOPUCHUM IIPH BH3HAYCHOCTI 3aKOHOMIpHOCTEH
4acoBUX po3monitiB [1], MOke 3a0€3MEUUTH OTPH-
MaHHS OUTBIII 3pyYHOTO Ta AKICHOTO MPOTHO3Y VIS
KOXKHOTO 13 BUJIIJICHHX KJIacTepis [5].

JonarkoBo, iHQopMalIlis PO HAJICKHICTh TOBA-
pIB 10 KOHKPETHHX KIACTEPiB caMa 1o codi Hece
KOPHUCHI JaHi JUIsl CIeNiajicTiB, 0 MPalIo0Th
13 KaTeropusailieo ToBapis abo 3aiimarorbcsa ABC-
aHaJI30M.

I3 MeTOI0 MepeBipkyU MOXIIMBOCTEH IS peartisa-
Iil TaKoro Migxomy OyJo YCIIIHO CTBOPEHO pillleH-
HS 3 apXiTEKTYpOIO, TIONIOHOK0 JI0 3ampONOHOBAHOI
Microsoft, a came oOymoBaHO MOJENb JJIsl KacTe-
pu3anii Ha OCHOBI MAIIMHHOTO HaB4aHHS y Microsoft
AzureMachinelLearningStudio, inTerpoBany 3 Dyna-

IBTEPHATHBHUM PIICHHSIM, 1110 Oy-
JIe TIPOBOJIMTH MOMEPEIHIO KIacTe-
pH3allio JaHuX.

BucHoBku

Ha ueii MOMeHT y cucTeMax IIaHyBaHHS pecyp-
CiB MiANPHEMCTB OaraTo MpoLEciB, MOB’SA3aHUX i3
IUIAaHYBaHHSAM piBHIB MaiOyTHIX IpOmaxiB, BUKO-
HYIOTh Bpy4YHY, X04a i 3 IEBHUM PIBHEM aBTOMATH-
3amii. [TocTauanbHUKK 320€3MEYyIOTh MOXKIUBOCTI
JUTSL IHTETPYBaHHS 3 BiJIOBITHUMH CEpBiCAMH IS
rIMOII0T aBTOMAaTH3aIli1, 30KpeMa iHTeTpallito 3 cep-
BiCaMHM 3 BHUKOPHCTAHHSM MAaIIMHHOTO HaBYaHHS.
3ayBa)KUMO, ITI0 € YCBIIOMIICHHS BaXKJIUBOCTI TAKHX
cepBiciB 1 BiAOyBarOThCS il Ui 1X MONATBIIOTO
PO3BHTKY.

Ha mpuxmani Dynamics 365 BusinessCentral
OyJI0 BCTAaHOBIICHO, IO TOIIUPEHI CHCTEMH YIIPaB-
JHHS pecypcaMH MiANpUEMCTBA 3a0€3MeUyIOTh J10-
CTaTHIO THYYKICTh IS CAMOCTIHHOTO BIIPOBAIXKEH-
Hs piIIEHb 13 TIaHyBAaHHS IOMUTY, OfHAK (yHKIi0-
HaJbHICTh 0a30BUX Bepciii Moxke OyTH MOKpameHo
3 MeTOr 3a0e3neueHHs noTped KOPUCTYBauiB, L0
HEBIUHHO 3POCTAIOTh.
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S. Hrebenovych, R. Sinitsyna

SALES FORECASTING FOR ENTERPRISE RESOURCE
PLANNING SYSTEMS

This paper reviews sales forecasting methods and its ability to be used in modern enterprise resource
planning systems. Having Dynamics 365 Business Central as an example was reviewed for the practical
application of such methods, including those using machine learning techniques. During the described
work existing solution based in time series algorithms was investigated and analyzed in detail, suggestions
were made regarding the clustering techniques usage.

Enterprise resource planning is defined as an ability to deliver the business software that unifies pro-
cesses and data models within various areas such as finance, human resource management, supply chain
management, manufacturing, distribution, etc. This paper highlights the problems that can be solved using
this type of software, namely: automate the processes that were not formalized before; unify data captured
by different departments for its better analysis, collect, group, and aggregate information for analytical and
reporting purposes. Pros and cons for building its own solutions compared to implementation of solutions
from reliable vendors are presented. Top vendors on the market are identified.

Benefits of accurate sales forecasting and its importance to the business are identified: preventing missed
sales, decreasing storage costs, improving marketing activities, decreasing write-offs, and improving cash
flow. From another side, the common sales forecasting techniques are listed and described: clustering, de-
scriptive, factor, time series, and regression analysis methods. Machine learning is considered as a prospec-
tive option for efficient automation of the analytical processes.

Next, the specific implementation of enterprise resource planning system — Dynamics 365 Business Cen-
tral — is reviewed in scope of the sales forecasting problem. It is identified that the ability of the standard
solution is limited with Sales Budgeting functionality that can support manual sales forecasting but lacks
automation for the future sales figures. However, its system can be extended using Sales and Inventory
Forecast which in its turn can utilize the benefits of artificial intelligence techniques by means of Microsoft
Azure Machine Learning service. Existing experiment that was reviewed in scope of this paper, had been
based on Microsoft Time Series algorithm and combined the best results from the following techniques:
autoregressive integrated moving average (ARIMA), exponential smoothing (ETS), and seasonal and trend
decomposition using LOESS (STL).

The following potential areas for improvement were identified in the existing approach: for large item
portfolio the seasonality may significantly differ from one group of items to other, the same approach is
applied to items on different life cycle stage; there could be a huge difference in behavior of slow and fast
moving items; non-moving items may impact the overall picture.

As a potential improvement, the usage of the clustering analysis methods is proposed. The author sug-
gests splitting items into clusters using k-means machine learning method before performing time series
analysis and assessing the impact of this approach on a large verified data set.

Keywords: enterprise resource planning, sales forecasting, machine learning, time series, clustering.
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