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Rationalization of network retail management
with a shift trading function based on the mathematical
description of processes in the mass service area

Abstract

The authors highlight the high priority of rationalization in the management of the totality of transactions
carried out in the sphere of network retail, in close contact with the service consumer.

For network retail objects with a shift trading function, it is important to implement a direct and permanent
impact, both on the system structure and on the basic processes in the area of mass trade services. This
impact focuses on studying the flow of requests, service inputs and outputs of the system, as well as the
length of waiting times, and the length of queues. The success of development in such retail networks
depends on the flexibility of the operations performed by the contractor in close contact with the service
consumer.

Itis envisaged to consider peculiarities in the rationalization of network retail management with trade turnover
(flexibility) functions. The latter define the structure of the service delivery system for service consumers
with processes running, in which client demands for services, as defined in the income chain, even though
the intensity of the customer service flow is not constant.

The purpose of the researchis to present the informative field for rationalization in network retailmanagement
with the function of shifting trade, based on the mathematical description and repeated «playing» of all
processes within the area of mass service.

To represent the informative area for rationalization in network retail management with a shift trading
function based on a mathematical description and repeated play of all processes within the public service
area, Methods of probability theory and mathematical statistics have been used, as well as cloud computing
in AnyLogic Claud environment, AnyLogic service.

The results of the study was the presentation of new possibilities for rationalizing network retail management
by groups of network objects based on the concept of a mass service area, and in view of the fact that there
is an n-channel system of mass service with an unlimited queue, where the request flow has the intensity 1,
and the service flow is the intensity u.

The study was implemented with the example of one of the hubs Walmart-Salvador, uniting 90 supermarkets
ofthe company. AllWalmart hubs combine only the same supermarket type, supporting the trade changeover
function within a single graph (half-yearly). Similar Walmart hubs are developed in Mexico, Great Britain,
Brazil, China, Canada, South Africa, Chile, Japan, Costa Rica, Guatemala, Argentina, Honduras, Nicaragua,
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El Salvador, and Ukraine. At the same time, all network nodes contain objects that apply multi-channel
service systems, most common in the network retail with an unlimited queue and an option to add a new
service node. It is the Walmart-Salvador hub that has a fairly high percentage of customers’ refusals due to
the busy service devices (this estimate ranging from 19% to 25%). As a result, Walmart’s lost annual profit
reaches up to USD 25.5 million approximately.

The rationalization in the management of the network retail for the Walmart-Salvador hub objects is
implemented with a breakdown into 8 groups, united according to common input parameters, the
latter providing a solution for the optimal number of service devices, and their required reserve and
runoff are calculated, as well as efficient productivity resulting from the consistency of the input and
output flows in the service channel and the stability in the mass service system. At the same time,
programming for solving the problem of the management rationalization is realized using rate fixing
for the basic processes in the area of mass service. In this way, mass service system sustainability is
ensured, with the average timing for the application staying in the mass service system being crucial.
In particular, implementing such a standard could allow avoiding losses caused by waiting for servicing
and unproductive ones. Among other relevant factors are: associated timing, probability or other values
(necessary for transformation operations in the characteristics of the mass service area, performed for
generating target values of this indicator).

Perspectives of implementing the mathematical description of the processes in a mass-service area
are in the fact that it will provide for significantly simplification in the processes of rationalizing the retail
management in shift-trading facilities, regardless of the frequency of quantity and quality product range
changes.
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PauioHanisauis ynpaBniHHA MepeXXeBuM pUTensiom i3 pyHKLIED 3MiHHOI TOPriBi

Ha OCHOBI MaTeMaTU4YHOro ONUCYy NPOLECiB y 30Hi MacoBOro o6GCNyroeyBaHHs

AHoTauia

ABTOpaMM Big3HAYEHO BUCOKY MPIOPUTETHICTb pauioHanisauii ynpasniHHS CYKYMHICTIO onepauin, ki
BUKOHYIOTBCS B chepi MepexeBoro puteniny, npm 6e3nocepenHboMy KOHTAKTI 3i crioxuBadyem nocnyr. ns
00’eKTiB MEPEXEBOIO pUTENNY 3 QYHKLiEI 3MIHHOT TOPriB/i Bax/MBa peanisawis NpsiMoro Ta NocTinHOro
BMIMBY SIK HA CTPYKTYPY Takoi CUCTEMM, TakK i Ha 6Ga30Bi NPOLECK B 30HI MACOBOro TOPrOBESbHOro
06CnyroByBaHHS HACEIEHHS, OPIEHTYIOYNCh HA BUBYEHHS MOTOKIB 3a9BOK HA 0OCYrOBYBaHHS, L0 HAOXOASATb
Yy CUCTEMY 1 BUXOOSATb i3 HEl, TPMBANOCTI O4iKyBaHHS 1 JOBXMHKM Yepr. YCiWHICTb PO3BUTKY TakUX MepPeX
pUTENY 3aNeXuTb Bif, THYYKOCTI OnepaLuii, aKi BAKOHYIOTbCA BUKOHABLLEM Npu 6e3nocepegHbOMY KOHTaKTI
3i cnoXxmBayem NOoCnyr.

MepenbayaeTbcsl PO3MAHYTM 0COBAMBOCTI  paujioHanisauii ynpaeniHHA MepexeBUM pUTENNIoM i3
GYHKUIAMW 3MIHHOCTI (FHYYKOCTI) TOpPriBfi, WO BU3HA4YalOTb TakKy CTPYKTYpPYy CUCTEMU OOCIYyroByBaHHS
CroXnBayiB NOCAYr i MPOLIECIB, L0 B Hill NPOXOAATb, NPU AKIN 3anNUTW KIEHTIB HA 0OCNYroBYBaHHS, LLIO
BU3HA4Yal0Tb NaHLUOr GOPMYBaHHS O0X04Y, MOXYTb OyTM OLHEHI, HeE3BaXalo4n Ha Te, WO iIHTEHCUBHICTb
NOTOKY 06CNYrOBYBaHHS MOKYIILB € BEIMYMHOIO HEMOCTIAHOIO.

MeTa nocnigxeHHs — pauioHanisauia ynpasniHHA MepeXXeBUM PUTENSTOM i3 PYHKLIEID 3MIHHOT TOPriBNi Ha
OCHOBiI MaTteMaTn4yHOro onucy i 6araTtopasoBOro «MporpaBaHHsA» BCiX MNPOLECIB, SKi 3HAXOAATbLCS B 30Hi
MacoBOro 06CnyroByBaHHs.

nsa nopaHHSA 3MiCTOBHOI obnacTi pauioHanisauii ynpaBiiHHA MepeXeBuM PUTENIOM 3 PYHKLLIEIO 3MiIHHOI
TOpriBfi HA OCHOBI MaremMaTnU4yHOro OMNMCy 1 BaratopasoBOro NPOrpaBaHHs BCixX NPOLLECIB, Ki 3HAXOAATLCS
B 30Hi MACOBOIro 06CNyroByBaHHs, BUKOPMCTAHO MEeTOAU Teopii UMOBIPHOCTEN | MaTeEMaTUYHOT CTaTUCTUKN,
a TakoX xMapHi obuncneHHs B cepenouli AnylLogic Claud, cepsic AnyLogic.

PegynstatoMm [OCHIOXEHHA CTano MpPencTaBfeHHd HOBUX MOXJIMBOCTEM pauioHanisauii yrnpasniHHA
MepeXeBMM PUTENSIOM 3a rpyrnamm 06’ eKTiB MEPEXi HA OCHOBI YSIBJIEHL NP0 30HY MAaCOBOIr0 06C/TyrOBYBaHHS,
BMXOAS4M 3 TOrO, O € 7-KaHanbHAa CUCTEMA MACOBOIro 0OCYyroByBaHHS 3 HEOOMEXEHOIO Yeproto, B sKii
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NOTIK 3aBOK MA€ iIHTEHCMBHICTb 4, @ NOTiK 06CNYroByBaHHA — iIHTEHCMBHICTb 4. JLOCNiAXEHHA peani3oBaHo
Ha npuknagi ogHoro 3 xabis Walmart — CanbBagop, skuin 06’egHye 90 cynepmMapkeTiB KoMnaHii. Xabu
Walmart 06’eaHyI0Tb BUHATKOBO OAHOTUMHI CyNepMapkeTu, ki NigTpuMyoTb QYHKLiK0O 3MiHHOCTI TOPriBAi B
pamMkax eguHoro rpadika (no niBpivyax). AHanorivyHi xabu Walmart possuHeHri B Mekcuui, BennkobpuTanii,
Bpaaunii, Kutai, Kanapgj, MiBoeHHO-AdpukaHcbkin Pecnybniui, Yuni, Anowii, Kocta-Piui, MBartemani,
ApreHnTuHi, fToHaypaci, Hikaparya, CanbBanopi, YkpaiHi. [pu upoMy BCi By3n Mepexi MicTsaTb 00’ €KTU, SAKi
3aCTOCOBYIOTb HANOINbLL NOLMPEHi B MEPEXEeBOMY puUTenni baratokaHanbHi cucteMn 06CNYroByBaHHS 3
HEeOoOMEXEHO YepPro Ta MOXJIMBICTIO J0AABAHHS HOBOIO BY3/1a 06CyroByBaHHS.

Came xab Walmart — CanbBanop y mepexi Walmart Mae 4OCUTb BUCOKY HaCTKY KJIEHTIB, sIKi BioMOBASAIOTLCS
BiJ, MOKYMNKM B 3B’A3KYy 3 3alHATICTIO 0OCNYyroByBaJibHUX MPUCTPOIB (JaHWI NMOKA3HMK KONMBAETLCS Bif,
19 no 25%). Y pesynbrarti Lboro HegooTpUMaHuii pivHmii nprubytok Walmart cknagae npnbnumsHo 25,5 miH.
nonapis CLUA.

PauioHanizauia ynpaBniHHA MepexeBuM puTtennom 3a ob’ektamm xaba Walmart — CanbBagop
peanizoBaHo B po3pisi 8 rpyn, 06’egHaHNX 3a 3aralbHUMU BXiGHUMUW NapaMeTpamu, 3a SKuMu 3HanaeHo
PiLLEHHS LWOAO ONTUMAsbHOI KiNIbKOCTI O0OCNyroByBasibHUX MPUCTPOIB, BCTAHOBMEHO iX HeoOXioHWI
pes3epB i HAONLLOK, a TaKOX e(PEKTUBHY MPOAYKTUBHICTb HA OCHOBI Y3ro4)XeHOCTi BXigHOro n BUXigHOro
NMOTOKIB 3asiBOK KaHany OOCNYyroByBaHHSI W CTIAKOCTIi cucTeMU MacoBoro obcnyroByBaHHa (CMO).
Mpn ubOMy NporpamMyBaHHs pilleHHS 3agadi pauioHanidauii ynpaBfiHHA peani3oBaHO 3a A4OMNOMOroto
HOPMYBaHHs 6a30BUX NPOLIECIB Y 30Hi MACOBOIro o6cnyropyBaHHS. Lle rapaHTye 3abe3ne4eHHs CTiNKOCTI
CMO, ong 9koro 3Havyywmm € cepenHin yac nepebyBaHHa 3agBku B CMO (BCTaHOBNEHHS TaKOi HOPMU
Morno 6 A03BOMUTU YHUKHYTU BTPAT Bif, O4ikyBaHHS O0OCNYyroByBaHHS1) Ta CyNyTHS MOMY KiflbKiCTb Yacy
abo iHWI Benn4nHu.

MepcnekTBM 3aCTOCYBaHHA MaTeMaTU4yHOro OMuUCy MPOLECIB Yy 30HIi MacoBOro 0O6C/YyroByBaHHS
nonaralnTb Y MOX/IMBOCTI 3HAYHOro CMPOLLEHHS MPOLECIB paLlioHanisauii ynpasfiiHHA pUTENNOM Ha
06’exTax i3 PyHKLUiEO 3MIHHOI TOPriBNi HE 3aNEXHO BiJ, 4aCTOTU KifIbKiCHOT Ta IKICHOI 3MiHV ACOPTUMEHTY
TOBapiB.

KniouoBi cnosa: mepexeBuii putenn; 3MiHHa TOPriBAg; pauioHanisauis; MeHeXMeHT; 30Ha MacOBOro
o6cnyroByBaHHs; MoAeslb MacoBOro 06CyroByBaHHS; CNoXuead Nocnyr; cuctema; xab Walmart.

Kenoman B. [.
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Koponosuu O. O.

KaHAMOAT 3KOHOMMUYECKMX HayK, A0LEHT kadeapbl yieTa U Hanoroob10XeHUs 1 MapKeTUHra,
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PauuoHanusauus ynpassieHUs ceTeBbiM pUTEisiom ¢ hyHKLUE CMEeHHOW TOProBaun

Ha OCHOBe MaTeMaTU4eCKOro onucaHus NpoL,eccoB B 30He MaCCOBOIro 0GCNy)XUBaHNS
AHHOTaAUMA

ABTOpaMM OTMEYEHa BbICOKasi NIPMOPUTETHOCTb PaLMOHaNM3auum ynpasneHns COBOKYMHOCTbLIO Onepaumi,
BbIMOJIHAEMbIX B cepe CETEBOIro putenna, Npm HeNocpeaCcTBEHHOM KOHTaKTe ¢ noTpebutenem ycnyr. ns
0ObLEKTOB CETEBOro pUTenna ¢ GyHKLMEeNn CMEHHOM TOProBn BaxHa peannsaums npsMoro U noCTosHHOIo
BO34ENCTBUSA KakK Ha CTPYKTYPY TakO CUCTEMBbI, Tak 1 Ha 6a30Bble NPOLECChl B 30HE MaCCOBOIro TOProBoro
obCcny>XMBaHUSA HACeIeHUs, OPUEHTUPYACH Ha N3y4eHne n 06CNyXrnBaHMe NOTOKOB 3ad9BOK, MOCTYNAOLLNX B
CUCTEMY, N BbIXOOALWMX N3 HEE, OANINTENLHOCTb OXUOAHMA U OJIMHY o4epeen. YCNelwHOCTb Pa3BmuTns Takmx
ceTel puTenna 3aBMcuUT OT MMOKOCTU onepaunii, BbINONHAEMbIX UCMOJIHUTENIEM NPU HENOCPEACTBEHHOM
KOHTakTe ¢ NoTpedbuTtenem ycnyr.

ABTOpamMn OyayT pPacCMOTPEHbl OCOBEHHOCTU pauMoHanu3auum yYNpaBieHUss CETEBbIM PUTENSIOM C
OYHKUMAMU CMEHHOCTU (rMBKOCTW) TOProBAM, KOTOPble NpegnonaralT Takyld CTPYKTYPY CUCTEMbI
obcnyxmBaHus NoTpeduTenen ycnyr n npoTekarLiye B Hel NpoLUecehl, NP KOTOPbIX 3anpoChl KIIMEHTOB
Ha oOcny>xmMBaHue, onpeaensawoLme uen GopMmnpoBaHns 4oxXo4a, MoryT ObiTb 06pabdoTaHbl, HECMOTPS Ha
TO, YTO MHTEHCMBHOCTb MNOTOKA 0OCY>XMBaHMS Nokynartenei BennymHa He NoCTOSAHHAs.

Llenb nccnepoBaHunst — npeacTaBneHme coaepXkarenbHoi 06nacT paumoHanmsauuvs ynpasiieHUs CEeTEBbIM
puTeENNoOM ¢ yHKUMEN CMEHHOW TOProBAM HA OCHOBE MATEMATUYECKOro OMMUCAHUS U MHOFOKPaTHOro
«MPOUrpbIBaAHNSA» BCEX MPOLECCOB, KOTOPbIE HAXOAATCSA B 30HE MAaCCOBOIro 0OCNY>XXNBAHUA.

Ona npencraBneHmns cogepxatefibHOM obnacTu paunoHanm3aumsa yrnpaBfieHUs CeTeBbIM PUTENNIOM C
dYHKUMEN CMEHHOW TOProB/IM HA OCHOBE MaTeEMAaTMYECKOro ONMCaHMsa 1 MHOTOKPaTHOrO NPOUrpbiBaHUS
BCEX MPOLLECCOB, KOTOPbIE HAXOAATCH B 30HE MAcCOBOIro 06CNyXMUBaHUSA, UCNONb30BaHbl METOAbl TEOPUM
BEPOSATHOCTEN N MaTeMaTUYeCKOl CTaTUCTUKM, a Takxke obnadHble BbluucieHus B cpeae AnylLogic Claud,
cepsuc AnyLogic.

PesynbTatom nccnenoBaHus ctano NnpeacTaBieHne HOBbIX BO3MOXHOCTEN pauyioHanusaumy ynpaeneHms
CeTeBbIM PUTENNIOM MO rpynnamM OObLEKTOB CETUM Ha OCHOBE MNpencTaBieHuMAn O 30HEe MaCCOBOro
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ob6CNnyXMBaHMS MCXoOs U3 TOro, YTO MMEETCSH 7-KaHasjlbHash CUCTEMa MacCOBOro o6CnyXuBaHus C
HeorpaHM4YeHHOW OYepeablo, B KOTOPOK NOTOK 3a9BOK UMEET MHTEHCUBHOCTL 4, @ MOTOK 06CNY>XMBAHUS —
WHTEHCUBHOCTb .

MccnenoBaHue peanm3oBaHo Ha npumepe ogHoro n3 xabos Walmart — CanbBagop, KOTOpbIi 06beanHaeT
90 cynepmapkeToB KomnaHum. Xab — y4yacTok mMexayHapogHom cetu puteinna Walmart, o KoTopom
Ha/IMYeCcTBYIOT BCe HEOOX0AMMbIE AaHHbIE A1 MaTeEMaTUYEeCKOro ONMcaHus NPoLECcCOB B 30HE MaCCOBOIr0O
obcnyxmBaHua. Xabbl Walmart noeanbHbl B kadecTBe 6a3bl MCCNEeLOBaHUS, MOCKOJIbKY OObeANHSAIOT
NCKIOHYNTENBHO OQHOTUMHbBIE CyNepMapKeThl, noaaepXmaaoLime GyHKUUIO CMEHHOCTY TOProBnN B pamMKax
enuHoro rpaduka (no nonyroamsam). AHanornyHble xadbbl Walmart pazsutel B Mekcuke, BennkobputaHum,
Bpasunuun, Kutae, Kanape, KOxHo-AdpukaHckon Pecnybnuke, Yunu, AnoHnn, Kocta-Puke, Batemane,
ApreHTtuHe, loHaypace, Hukaparya, CanbBagope, YkpauHe. [pu 3TOM BCe y3Nbl CETU coaepXaT 0ObEeKThI,
KOTOpble MPUMEHSIOT HauboJsiee pacnpoCTpaHEHHbLIE B CETEBOM PUTEANIE MHOrOKaHaslbHble CUCTEMBI
06CnyXnBaH1a C HEOrPaHMYEHHOW O4EPEbI0 M BO3MOXHOCTbIO Ha 1,06aBEHNS HOBOMO Y3512 06CNYXNUBaHUS.
MmeHHo xab Walmart — CanbBagop B ceTn Walmart nmeeT 40CTaTO4YHO BbICOKYIO 00 KIIMEHTOB, KOTOPbIE
0TKa3bIBAOTCS OT MOKYMKW B CBSAI3M C 3QHATOCTbIO OOCIY>XMBAKOLIMX YCTPOMUCTB (OAHHbIN MnokasaTesb
konebnetca oT 19 no 25%). B pesynbrate HepononydeHHas rogosasi npubbinb Walmart coctasnser
npnénnanTensHo 25,5 mnH. gonnapos CLLA.

PaunoHanusaums ynpaBneHusi ceTeBbiM puTeiniom no obbektam xaba Walmart — CanbBapop
peann3oBaHaBpa3pese 8rpynn,06beagNHEHHBIX MO 0OLLMMBXOAHbLIM MapaMeTpam, NoKOTOPbIM HANAEHO
peLleHne No onTUMasbHOMY KOJIMYECTBY OOCYXMBAKOLWMWX YCTPOMUCTB, YCTAHOBNIEH NX HEOBXOANUMbIA
pe3epB 1 N30bITOK, a TakXxe apPeKTMBHAS NPOU3BOANTENBHOCTb, NPOAYLIMPYEMAs COrNMaCOBaHHOCTbIO
BXOOHOIO M BbIXOAHOIO NOTOKOB 3asiBOK KaHana 06CnyXXnBaHUsS N YCTONYMBOCTbIO CUCTEMbI MACCOBOIO
obcenyxuneaHms (CMO). Mpur 3ToOM NporpamMMmMpoBaHme peLlleHns 3a4adum pauoHanm3aumm ynpasneHus
peann3oBaHo C NOMOLLbIO HOPMMPOBaHMSA 6a30BbIX MPOLLECCOB B 30HE MACCOBOro 06CcnyXnsaHus. 3T1o
rapaHTupyeT obecneveHune yctonynsoctn CMO, ons KOTOpoOro 3Ha4MMo cpefHee BpeMs npebbiBaHUSs
3asaB8kn B CMO (ycTaHOBNEHME TaKOW HOPMbI MO0 Obl NO3BONUTL U30eXaTb Kak NOTEPb OT OXMOAHUS
0b6CcnyXnBaHmsl, Tak U HENPOU3BOAUTESIbHbIX MOTEPL) M CONYTCTBYIOLLME EMY KOJIMHECTBO BPEMEHU UTN
apyrne Benn4nHel.

lMepcnekTVBbl NPUMEHEHUST MaTEMATUYECKOro ONMCaHUs MPOLECCOB B 30HE MACCOBOr0 OOCNYyXMBaHUS
COCTOSIT B BOSMOXHOCTW 3HAYUTENBbHOIO YNPOLLEHUS NMPOLLECCOB PALMOHANN3ALLNN YIPABIEHUS PUTENIOM
Ha 0ObekTax ¢ QYHKLMEN CMEHHOW TOPrOBAN HE3ABMCUMO OT YaCTOThbl KOJIMYECTBEHHOMO N KAYECTBEHHOIO
N3MEHEHNS aCCOPTMMEHTA TOBAPOB.

KnioueBble cnoBa: ceTeBO pUTENN; CMEHHAs TOProBJS; paumoHann3aums; ynpasneHme; 30Ha MacCcoBOro
06CcnyxXmBaHns; Moaeib MacCoBOro 06CnyxXxmBaHus; NnoTpebutens ycnyr; cuctema; xad Walmart.

1. Introduction

The study is aimed at rationalizing the management of retail operations totality, performed in
close contact with the service consumer. It is essential to have a permanent direct impact, both
on the structure of such a system and on its basic processes within the area of mass trade servi-
ces. This impact is guided with the flow of service requests being input and output of the system,
as well as with the waiting time duration and queues. The relevance of the study lies in the fact that
network-based retailing is currently one of the fastest-growing systematic profit-making activities.
The very concept of retail is limited to mass retail sales through shop trading objects with signifi-
cant visitor traffic.

In the list of world’s major enterprises to have sold goods worth over USD 50 billion in
2019-2020, there is the American multi-brand retailer Target (revenue of USD 75.1 billion),
Tesco’s largest food and non-food retailer (with revenue of USD 83 billion), French retailer net-
work Carrefour (with revenue of USD 101 billion), American hypermarket network Home De-
pot Inc (with revenue of USD 108 billion), the German family company Schwarz Group (with
revenue of USD 130 billion) and others (e.g., Ernst & Young Global Limited, 2020). In Ukraine,
among the largest retailers (in terms of total revenue) there is a wide variety of enterprises, in-
cluding ATB, Silypo, Ashan Ukraine, ECO Market, New Line, Eldorado. At the same time, the
largest revenue inflows during the pandemic and the economic crisis triggered by it, have re-
vealed retail chain enterprises oriented towards a constantly changing assortment of consu-
mer goods, according to the demands of an end-users, household appliances, food products,
building materials, and other groups of goods. For example, American Walmart, the USA’s
largest cash&carry chain (Costco Wholesale Corp), and Japanese retailer Aeon, supporting
shifting trading practices, keep the position of the leading retailers in terms of revenue. In
2020, Costco Wholesale Corp obtained over USD 166.76 billion of revenue, Walmart had some
USD 517 billion, and Aeon - USD 783 billion (according to Ernst & Young Global Limited, 2020).
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This specificity is also the case in Ukraine. In this country, the ATB network, as the largest food
retailer, occupies the second place among domestic revenue enterprises and supports the
practice of shifting trade.

The success in development by such retail networks depends on the flexibility of the operations
performed by the contractor in close contact with the service consumer. It isimportant to consider
the rationalization in the management of the retail chain with the functions of shifts (flexible) tra-
ding defining such a structure of consumer service and processes within, where customer service
demands shape the income chain, despite the level of customer service flow being not constant.
This phenomenon is explained by the fact that a customer staying in a mass service area, after
finding all of its channels (service devices) occupied, with a considerable duration (time) of ser-
vice waiting, will commonly leave such a system without buying. This leads to risks of reduced cus-
tomer flow, accumulation of dead articles in goods, disruption in the systematicity of drawing in-
comes, etc.

2. Brief Literature Review

F. Kelly and E. Yudovina (2014) as well as X. Gao and S. Deng (2016) highlight the fact that,
formally, shifts trading is a part of random processes, consequently there is a need to solve
probability problems related to the operation of service systems in the retail. This creates a very
specific area of rationalization in network retail management, aimed at the analysis of the rea-
sonableness, comprehension of the underlying basic processes in service systems, accepting
the single actions repeated routinely as the rotation producer leading to the shift system. Such
actions are described by analytic dependencies designed for a large number of tasks, though
they always assume the Markov nature of the process and therefore determine only the statio-
nary state within the system.

Masahiro Tanaka, Daichi Yanagisawa and Katsuhiro Nishinari (2019), point the intensity of the
service stream fluctuating constantly with shifting trade. It is important not only to establish an
analytical relationship between basic service processes, but also - their continuous monitoring
statically and regulation through standardizing. This group of researchers, therefore, draws their
attention to the mass service system (MSS) simulation method, widely used in retail and allowing
for analysis of systems with any structure.

A range of researchers (TSernov, 2019; Igwe, Onwumere, & Egbo, 2014, Weibing Huang,
Charles-Albert Lehalle, & Mathieu Rosenbaum, 2014) use MSS simulation models, but only as a
queue management tool. They indicate that in case of a too long waiting duration in queue being
uncomfortable for the customer, it is possible to simulate a rise of complaints and purchase refu-
sals. Kirill TSernov (2019) also points out that the following factors depend on the efficiency of the
mass-service simulation: the quality of trade services; the systematicity of profit making from the
use of property; the scope of sales of goods, work performance, or rendering services by network
retailers. The authors Weibing Huang, Charles-Albert Lehalle, and Mathieu Rosenbaum (2014) un-
derline the decline in effectiveness due to implementation of appropriate models in service sys-
tems where the queue waiting duration is unlimited, provided that the MSS simulation tools are not
a basic element for management rationalization and are not aimed at adding a new service node
by users. In our opinion, the conclusion is justified. The logistics basis of the retail chain is not on-
ly represented by commercial facilities but also by the processes of selling goods to consumers in
the retail space. It is only natural that we should agree with the conclusions drawn by Aiman, Nor-
fadzlia, & Tole (2016) who indicate the necessity of activities aimed at rationalizing the usage of
these facilities with an effect which cannot be fully identified through the classical system of finan-
cial performance indicators.

Alongside with the mentioned above, the studies by Karthik Ajay (2016), I. M. Toke (2014),
Peter O. Peter and R. Sivasamy (2019) may be singled out, highlighting the practicability of ap-
plying mass service simulation models as a basic element of rationalizing in network retail ma-
nagement with a shift trading function. The authors stress the significant influence of multiple re-
playing the system’s operation for the achievement of the target service results, provided the pa-
rameters are set up correctly. However, such researchers mostly describe possible peculiarities in
advantages of service systems abstractly, without presenting their mathematical description and
multiple «replaying» in a specific model.

In our opinion, the rationalization in network retail management with a shift trading function
should be carried out based on a mathematical description of all processes within the service
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area. In this case, their environment is planned, organized, activated, and controlled based on the

results of the repeated examination of the whole totality of all random events, defining their values

and properties. Having completed our analysis of scientific literature, we are enabled to distin-
guish the following values and properties that must be a part of such a mathematical description
and multiple «replaying» of the MSS functioning:

Values:

1) incoming flow of demands (D. Li, T. Miwa, T. Morikawa, & P. Liu, 2016; Weibing Huang,
Charles-Albert Lehalle, & Mathieu Rosenbaum, 2014). The value will allow to define the law of
distribution characterizing peaks of incoming buyers’ claims in the system (the demands mea-
ning the customers’ addressing cashier’s desk);

2) the service system structure, consisting of service nodes or service units or cashier’s desks
(Masahiro Tanaka, Daichi Yanagisawa, & Katsuhiro Nishinari, 2019). It allows setting up the
number of service devices needed, or 1 ;

Additional values:

1) an average number of channels, busy with servicing;

2) an average number of idle channels; average standby time MSS;

3) an average number of requests waiting in the queue;

4) an average number of serviced requests;

5) an average number of requests in the system (L. Chih-Chuan and W. Chin-Chieh, 2019;
J. Nityangini and B. Pravin, 2017).

Basic features:

1) buyer service time (request) by each service node (M. Haghani and O. Ejtemai, 2014; X. Hu,
S. Barnes and B. Golden, 2018);

2) Waiting discipline or set of rules governing the number of requests in the system at the same
time, namely in a system with refusals, in a system with waiting or with the introduction of addi-
tional devices (M. Haghani, O. Ejtemai, and M. Sarvi, 2014; S. Chetan and J. Indira, 2020).
Additional features: load intensity; the probability of the channel being free; probability of

servicing incoming requests; probability of a queue building up, probability of queue absence,

probability of having to wait for being serviced (Chih-Chuan Lin, Chin-Chieh Wu, Chi-Dan Chen,

and Kuan-Fu Chen, 2019; R. Obulor and B. O. Eke, 2016).

3. Purpose

The purpose of the study is to present the substantive area for rationalization in network retail
management with the function of shifting trade, based on the mathematical description and mul-
tiple «replaying» of all processes located in the area of mass service.

4. Methodology and Data

A sample for implementing the study was one of the Walmart-Salvador hubs uniting 90
Walmart supermarkets in a network. This hub is a section of the Walmart international retail
chain with all the necessary data available for a mathematical description of the processes in
a mass service area. Walmart hubs are perfect as a research basis, as they combine only si-
milar supermarkets, supporting the shift function in trade for fruit-and-vegetables and gro-
cery groups, within the framework of a single graph (by half-year). Similar hubs are deve-
loped in Mexico, Great Britain, Brazil, China, Canada, South Africa, Chile, Japan, Costa Ri-
ca, Guatemala, Argentina, Honduras, Nicaragua, El Salvador. There is also a Walmart hub in
Ukraine. At this, all Walmart network nodes contain objects applying the most common multi-
channel system in the network retail with an unlimited queue and the capability to add a new
service node.

To represent the substantive area for rationalization in network retail management with a
shift trading function (based on the mathematical description and multiple replays of all pro-
cesses in the service area), methods of probability theory, mathematical statistics, cloud cal-
culations in AnyLogic Claud environment were used. AnyLogic is designed to calculate all MSS
indicators online.

With respect to these peculiarities, the mathematical description of all processes in
AnyLogic Claud should be based on a mass-service area, assuming there is an n-channel
unlimited-queue MSS, with the demand flow intensity 4, and the service flow with the inten-
sity u. The rationalization in the management of the network retail is carried out at a small
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sample spacing (assuming the probability of the mass service system state and its perfor-
mance indicators).

Thus, the Walmart may be in one of the states S, S, ..., S, ..., S, ..., numbered by the
number of requests in the MSS.

The S state indicates that there are no requests in the system (all channels are free).

The S state indicates that 1 channel in the system is busy (but the rest are free).

The S2 state indicates that two channels are busy (but the rest are free),.. S that are busy
k channels (but the rest are free), and S that are busy all n channels (but there is no queue).

The state S _state indicates that all channels are busy plus another » number of requests
in the queue, therefore it is necessary to add new service devices.

The service flow intensity, as the number of requests in the Walmart MSS increases from O
to n, will rise from value u to nu, due to the increase in the number of service channels. When
the number of requests in the system exceeds n, the intensity of the service flow remains
equal to nu.

Thus, for Walmart, as for similar objects, the rationalisation in network retail management
with a shift trading function is set by the initial probability data (p) of unlimited queue rise (or
at small time spacing).

From the ratio, it follows that it is important to consider the limit probability of unlimited
queue rise to be integrated into the multiple mathematical description of all processes in the
Walmart Mass Area and to take into account all S, according to the features which we presen-
ted in Table 1.

It was predictable that the required content of a system of mathematical dependencies by p (as
a probability of unlimited queue rise) and S shape the idea of a substantive field of rationalization in
Walmart’s MSS management, if it is provided with an approximate description of all value classes
and properties, within the service zone. It is important to predict the MSS behavior as a real ob-
ject, guided with output parameters of its efficiency, namely: nominal MSS capacity; actual MSS
capacity (as a share of nominal capacity); the optimal number of service devices (channels), the
optimal queue scope (up to 3 requests). The content for a system of mathematical dependencies
(by p and S), with an approximate description of all value classes and properties within the service
area, is presented in Table 2.

In 2020, the Walmart-EIl Salvador hub facilities of the Walmart network show a fairly high per-
centage of customers with purchase refusals due to inavailability of service devices (this in-
dicator ranges from 19% to 25%). These are so-called «impatient» requests. As a result, the
Walmart hub had their lost annual profits at approximately USD 25.5 million over the period. The
Walmart hub had lost USD 1.5 million.

To rationalize the management of the MSS for 2021, we present a mathematical description
of the processes within the mass service zone in the hub, sorted by retail object groups with the
function of shifting trade. The possibility of such grouping arose because the hub objects have
similarity features in their input parameters (namely, the identity of the n-channel MSS, the re-
quest flow A rate, and the service flow of the MSS).

Input data for the rationalization in MSS management for the Walmart-Salvador hub facilities
of the Walmart network in 2021 are presented in Table 3.

In particular, the consistent MSS behavior at the Walmart-Salvador hub objects of the
Walmart network is calculated with a small step in time. With a sufficient number of iterations
of the behavior of the n system executed, the usual statistical processing can provide the

Table 1:

The basis of mathematical dependencies by p for taking into account the limit probability
of unlimited queue rise and the initiation of the rationalization processes in network retail
management with a shift trading function

The model for S, S, ..., Sk, .y Sn Differentiation p for $;, S, .., S, .., S
p0 pl pk pntl
» pz " pmHt -1 ) pk ptt
Ll Z Zxp0 [
1+1 +2'+ -+ +n'(n—p) 1|*p k'*pO n*n!*po
Launch management rationalization processes - launch operand (1) 0 0 0 1

Notes: * Product of natural numbers from 1 to the actual number (including this number).
Source: Developed by the authors
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Table 2:
The algorithmic content of a system of mathematical dependencies by p and .S, with an approximate
description of all classes of quantities and properties that are in the mass-service zone

Notes:
* request flow with intensity 4, and service flow with intensity (;
** if actual MSS performance approximating 100%.

Source: Developed by the authors

desired output characteristics in efficient performance and stability of the system. Therefore,
simulation mathematics is based on the repeated description for all processes within the area
of mass service up to MSS reaching optimal parameters.

5. Results
The multiple launching of our suggested procedure for mathematical description of basic
processes located in a mass service zone facilitates to highlight the specificity of the ratio-
nalization of management in the Walmart-El Salvador retail chains by object groups with the
function of shifting trade. In particular, based on the results obtained (Table 4), for the net-
work objects united into 8 groups by similarity of input parameters, the following indicators
are selected:
1) the optimal number of servicing devices, required backlog for these, and excess;
2) efficient performance, produced by the consistency of input and output demand streams of
service request channels and by the MSS stability.
Special attention should be paid to facilities having the following:
1) the processes in the service area are unstable without the introduction of new service devices
(group 1 (half-year 2), group 2, 3, 4, 6 (half-year 1), group 7 (half-year 1, 2));
2) the service processes are stable, but p more n by over 20%. This leads to generating unproduc-
tive costs due to excess service channels performance.
According to Loch, such costs are evidenced at the level below two requests or a high probabi-
lity no-queue state. This is typical of groups 1, 3 (half-year 1), groups 2, 6 (half-year 2), and groups
4,5 (half-year 1, 2).
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Table 3:
Input data for the rationalization of MSS management on hub objects of Walmart-Salvador
of the Walmart network, 2020

a <
B o R "
é’ G < B @ o
c [V} o ~
2 So Z ¢® E g"o g
j i 1 o c 'C Q2 = s 23 o
Objects in the Walmart network - ; 2 8 & 23 > 5 3= =
- Q.= ] = Q '
s | 8 S E g E h & o £ - 8 E
Ke] 'S = N L~ B ° 'a w
£ ] w2 -] ) = 7] [ =
3 o n 0 S 0 ] < £ S = =
£ 0w o9 S Y~ 50X o Ve Sae o
o o= To = = € o |l ®® c e o
3 SE S9 agl! $e= [ s Sa o< -
3 £ 3 ge << | JE| 2 a3 £3 pye @
> 0 3
half-year v W= "1 21717 2 1] 2 <5 o <
1:2:16: 17: 35: 48: 52: 79 1 10 3 6 6 0.5 6 12 417 25 2.39
21121 15: 30: 47: 56: 65: 74: 51: > 9 6 6 3 2 0.5 12 6 512 22 2.59
8:19: 20: 36: 61: 76: 84: 41:55:
10: 11: 43: 33: 49: 67 3 11 3 3 3 0.33 | 12 9 617 19 2.69
12: 29: 37: 46: 77: 87 4 15 2 2 0.2 15 10 354 19 1.54
g‘z‘f gg: 45: 63: 80: 86: 32: 78: 22 3 3 4 |025]16 | 12 | 443 19.8 2.07
4:18: 34: 66: 70: 75: 42: 14: 26:
31: 62: 83: 89: 3: 38: 50: 27 6 16 5 4 5 4 3 0.33 | 15 12 732 26.8 4.5
Saanadi 7Tl 5972 73 7 6 4| s |a| s | 2 |o5|8]| 10| 760 | 337 | 59
5: .28: 53: 54: 64: 90: 39: 60: 68: 8 14 5 3 > > 6 0.5 | 10 6 713 23.3 3.82
82: 88
Notes:

' supermarkets by department: (San Salvador): 1-10 Ahuachapan; 11-15 Cabanas; 16-20 Chalatenango;
21-25 Sonsonate; 26-29 San Salvador; 30-33 Cuscatlan; 34-40 La Libertad; 41-50 Usulutan; 51-57 La Paz;
58-60 La Unodn; 61-66 Morazan; 67-80 San Miguel; 81-85 San Vicente; 86-90 Santa Ana;

2 the percentage of customers with purchase refusal due to busy service devices;

3 the indicator is defined based on the buyer’s average check at USD 23.

Source: Compiled by the authors based on the following sources:

- objects of the Walmart network, 11, A, M: https://corporate.walmart.com/our-story/locations/el-salvador
+ annual customer traffic, Percentage of customers with purchase refusal, lost profits, p - Data on mass
service systems by objects Walmart-Salvador, 2020. The dataset and calculations by each Group are
available from the authors upon request.

An effective solution to the rationalization in Walmart MSS management is to find a limited
probability of MSS states and its performance indicators, namely, those ensuring coherence
of input and output request flows and system sustainability. It should be kept in mind that the
capacity indicators of the MSS influence a rapid response to the customers’ requests. Re-
sult achievement is programmed by standardizing the basic processes in the Mass Service
Area, which is virtually non-existent in the practice of managing network retail with a shift
trading function. This is due to a lack of relevant data. At the same time, Walmart manage-
ment recognizes that sustainability of the MSS is relevant to both the average time for a re-
quest staying in the MSS (setting a rate could allow to avoid both losses due to waiting for
being serviced and unproductive ones), and the amount of time corresponding to it, as well
as probability, or other values needed for relevant converting operations for the features of a
public service area. This transformation is performed in order to generate a target value for
this indicator (Ernst & Young Global Limited, 2020). This is important because the average
time of a request staying in the CRM, as the basic rate in a mass service area, is considered
to be the equivalent of a production rate. This is particularly important as network retailers
in their actual practice often encounter so-called «impatient» requests. Such requests may
leave the queue if it exceeds the optimum value of 2-3 units. The example with the Walmart-
El Salvador retail network illustrates peculiarities in the use of mass service theory for set-
ting such a basic norm based on the content of a mathematical description of processes in
the represented mass service area. The specificity of using the results of a mathematical de-
scription of the processes in a mass-service area is further illustrated with the example of the
Walmart-Salvador Walmart Hub Objects, grouped by the similarity of the input parameters in
Group 1 (Table 5).
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Table 4:

Results for the rationalization in the MSS management within the Walmart-Salvador hub
of Walmart network, based on the mathematical description of the processes in the area
of mass service, 2021

Notes:

Twhite zone - servicing process will be stable (blue zone - p<n for over 20-25% - servicing process
stable, but still generating high unproductive costs due to excess productivity at servicing channels);
2 gray zone - servicing process will be unstable unless new servicing devices (channels) are intro-
duced;

3 for the groups of network retail objects with Loch more than 3 requests, it is appropriate to complete
the MSS with self-service devices.

Source: Formed by the authors in AnyLogic Claud environment based on input data for the rationaliza-
tion in MSS management by hub objects of Walmart-Salvador of the Walmart net data (from Table 3)
on the actual content of a system of mathematical dependencies by p and S with an approximate
description of all value classes and properties within the mass-service zone in AnyLogic Claud for
each group, namely:

« Group 1 (supermarkets 1, 2, 16, 17, 35, 48, 52);

« Group 2 (supermarkets 9, 13, 15, 30, 47, 56, 65, 74, 51, 81, 21);

- Group 3 (supermarkets 8, 19, 20, 36, 61, 76, 84, 41, 55, 10, 11, 43, 33, 49, 67);

« Group 4 (supermarkets 12, 29, 37, 46, 77, 87);

- Group 5 (supermarkets 24, 25, 45, 63, 80, 86, 32, 78, 22, 58);

- Group 6 (supermarkets 4, 18, 34, 66, 70, 75, 42, 14, 26, 31, 62, 83, 89, 3, 38, 50, 27);

« Group 7 (supermarkets 23, 40, 44, 57,71, 59, 72, 73, 85, 69);

- Group 8 (supermarkets 5, 28, 53, 54, 64, 90, 39, 60, 68, 82, 88).

The dataset and calculations by each Group are available from the authors upon request.

Based on the peculiarities of a request staying in the MSS, it may be stated that rates of ser-
vice flow intensity (converting a system from one state to another, based on the peculiarities of
a switch trading function) are not constant values. They decrease with an increase in the number
of requests in the MSS. When the reducing is no longer feasible, the number of service channels
is increased or there appears a necessity to upgrade the MSS with self-service devices.

6. Conclusions

The rationalization in network retail management with a shift trading function is a task solved
effectively based on a mathematical description and multiple replay of processes in a mass ser-
vice area. For most network retail objects, this is a task that must take into account that there is an
n-channel MSS with an unlimited queue and the possibility of adding an extra servicing channel.
The request flow entering the MSS and the servicing flow (based on the number of servicing devi-
ces) have different intensity level, which may have similarities in a range of facilities. The study has
shown that for hub objects Walmart-Salvador in the Walmart network there is a relatively high per-
centage of customers refusing to purchase due to the busy state of servicing devices (this indicator
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Table 5:

The specificity of using the results of the mathematical description of the processes
in the mass-service area for standardisation by groups on the objects of Walmart-Salvador
Walmart network, taking into account the function of shifting trade, 2021

Indicators for conversion transactions of

g- Probability of p;.., channels being busy servicing to identify mass-service area features for HT
o possible states Sy, S 2, <y Sk =y Su, %o Norm Generation T MSS MSS
(C] K, | Average idle time per| Toch, LMSS, minut’es
% | _channel (minutes) | minutes | units
och p pi°
1 | half-year 1: p;= 0.00947: p,= 0.0284: ps;= 0.0568, p,= 0.0853: 90| 0.53 | 0.474 | 0.614 1.228 9.7 3.23
ps= 0.102, pe= 0.102: p;= 0.0877 0.4 | 0.587| 0.48 0.48 14.89 2.43

2 half-year: p;=0,0003: p,=0.000336: ps= 0.00135: p,=0.00404:
ps=0.00969: pe=0.0194: p;=0.0332: pg=0.0498: py=0.0664:
P10=0.0797: p;;=0.087: p;»,=0.087: p;3= 0.0803: p;4= 0.0688

2 | half-year 1: p;= 0.056: p,= 0.000336: p;= 0.00135: p,=0.00404: | 90| 0.4 0.587 | 0.482 0.48 14.89 2.43
ps=0.00969: pe=0.0194: p;=0.0332: pg=0.0498: py=0.0664: 0.53 | 0.474 | 0.614 1.23 9.7 3.23
P10=0.0797: p;;=0.087: p;,= 0.087: p;3=0.0803: p14= 0.0688
half-year 2: p;=0.00947: p,= 0.0284; p3= 0.0568: p,= 0.0853:
ps= 0.102: pe= 0.102: p,= 0.0877

3 | half-year 1: p;=0,0056: p,=0.000336: p3= 0.00135; p,=0.00404: | 90| 0.413 | 0.587 | 0.482 0.72 14.89 3.72
ps=0.00969; pe=0.0194: p;=0.0332: pg=0.0498; py=0.0664; 80| 0.352| 0.648 | 0.43 0.646 | 10.937 3.65
P10=0.0797: p;;=0.087: p;>,= 0.087: p;3= 0.0803: p;,= 0.0688
half-year 2: p;=0.000896: p,=0.00403: p3=0.0121:

ps= 0.0272: ps=0.049: p=0.0735, p;=0.0945: pg= 0.106;
po= 0.106: p;o= 0.0957; p;;= 0.0783

4 | half-year 1: p;=0,0003: p,= 0,0025: ps= 0.000124; 90| 0.46 | 0.541| 0.52 1.3 18.9 6.3
p4=0.000466; ps= 0.0014; pe= 0.00354 p;= 0.00749: 80| 0.37 | 0.626 | 0.449 1.23 12.25 6.2
ps= 0.014: pg= 0.0234; p;o= 0.0351: p;;= 0.0479: p;,= 0.0599;
p13=0.0691; p14,=0.074: p;s= 0.074: p;e= 0.0694; p;,= 0.0612
half-year 2: p;= 0.000359: p,= 0.00179: p3= 0.00598:
p4=0.0149: p5=0.0299: ps=0.0498: p,= 0.0712: pg = 0.089:
Po=0.0989: p;e= 0.0989: p;;= 0.0899: p;,= 0.0749

5 | half-year 1: p;=0,003; p,=0,00255: p3=0.000124: p,= 0.000466: | 90| 0.46 | 0.541| 0.52 1.3 18.9 6.3
ps= 0.0014; pe=0.0035: p;=0.00749: pg= 0.014; po= 0.0234; 80| 0.374 | 0.626 | 0.449 1.12 12.2 6.12
P10=0.0351: p;;=0.0479: p;,= 0.0599: p;5=0.0691; p;4=0.074:
pP15=0.074; p1¢=0.0694: p;;= 0.0612

half-year 2: p;=0.000359: p,= 0.00179: p3= 0.00598:
pP4=0.0149: ps=0.0299: pe=0.0498: p;=0.0712: pg=0.089:
pPy=0.0989: p;,=0.0989: p;;=0.0899: p;,=0.0749

6 | half-year 1: p;=0,006: p,=0,0025: p5=0.000124: p,=0.000466: 90| 0.46 0.54 0.52 0.78 18.9 3.78
ps=0.0014: pg=0.0035: p;=0.00749: pg=0.014: py=0.0234: 0.413| 0.587 | 0.482 0.72 14.9 3.723
P10=0.0351: p;;=0.0479: p;,=0.0599: p;3=0.0691: p;4=0.074:
pP15=0.074: p1¢=0.0694: p;;= 0.0612

half-year 2: p;=0,0056: p,= 0.00033: ps= 0.00135: p,= 0.00404:
ps=0.00969: pe=0.0194: p;=0.0332: pg= 0.0498: py=0.0664:
pio= 0.0797: p;;= 0.087: p;,= 0.087: p;3= 0.0803: p14= 0.0688

7 | half-year 1: p;=0.00221: p,=0.00885: p3=0.0236: p,= 0.0472: 80| 0.33 0.67 0.41 0.41 9.6 2.4
ps=0.0755: pe=0.101: p;=0.115; pg=0.115; py=0.102: 0.37 0.63 0.45 0.45 12.2 2.45
P10=0.0818

half-year 2: p;=0.000359: p,=0.00179: p3= 0.00598: p,=0.0149:
ps=0.0299: pg=0.0498: p;=0.0712: pg=0.089: py=0.0989:
P10=0.0989: p;;=0.0899: p;»,=0.0749

8 | half-year 1: p;=0.00036: p,= 0.00179: p3=0.00598: p,= 0.0149: 80| 0.37 0.63 0.44 0.45 12.2 2.45
ps=0.0299: pe=0.0498: p;=0.0712; pg=0.089: py=0.0989: 90| 0.52 0.47 0.61 1.22 9.68 3.23
P10=0.0989: p;;=0.0899: p;»,=0.0749

2 half-year: p;=0.0095: p,=0.0284: p3=0.057: p,= 0.0853:
ps=0.102: pg= 0.102: p;=0.088

Notes: K'is Busy in Servicing indicator for channels; poch is Probability of queuing; Toch is Average
downtime per channel in MSS; LCMQO is Average number of requests in the system (i.e. requests already
serviced through the channel and those still waiting to be serviced); H T MSS is standard average time
for request staying in the MSS.

Source: Formed by the authors in AnyLogic Claud environment based on Table 4 data for Loch, n.
Data on the actual content of a system of mathematical dependencies by p and S with a approximate
description of all classes of values and properties that are in the mass-service zone in AnyLogic Claud
for each group, namely:

« Group 1 (supermarkets 1, 2, 16, 17, 35, 48, 52);

« Group 2 (supermarkets 9, 13, 15, 30, 47, 56, 65, 74, 51, 81, 21);

« Group 3 (supermarkets 8, 19, 20, 36, 61, 76, 84, 41, 55, 10, 11, 43, 33, 49, 67);

+ Group 4 (supermarkets 12, 29, 37, 46, 77, 87);

- Group 5 (supermarkets 24, 25, 45, 63, 80, 86, 32, 78, 22, 58);

- Group 6 (supermarkets 4, 18, 34, 66, 70, 75, 42, 14, 26, 31, 62, 83, 89, 3, 38, 50, 27);

- Group 7 (supermarkets 23, 40, 44, 57, 71,59, 72, 73, 85, 69);

+ Group 8 (supermarkets 5, 28, 53, 54, 64, 90, 39, 60, 68, 82, 88).

The dataset and calculations by each Group are available from the authors upon request.
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varying within a range from 19% to 25%). As a result, Walmart’s lost annual profit is approximately
USD 25.5 million. Based on this specificity, there is a need to rationalize the retail management by
the hub objects of Walmart-El Salvador’s network. The value of lost annual profits should be mini-
mized. The problem solution for the hub objects is implemented broken down in nine groups with
common input parameters, where a solution is found for the optimal number of servicing devices,
their required backup, and extra number, as well as efficient performance (generated by the con-
sistency of the input and output request flows in a service channel and by the MSS stability).

At the same time, the programming of the solution of the problem of management rationaliza-
tion is realized using basic processes standardizing in the area of mass service. This guarantees
the MSS sustainability for which the important factors are: average time for request staying in the
MSS (setting such a standard would allow to avoid losses due to waiting for service and unproduc-
tive ones) and the associated amount of time, as well as probability or other values required for the
MSS transformation operations. The transformation is performed in order to generate target va-
lues for this indicator. For example, groups of objects at the Walmart-El Salvador hub illustrate the
specificity of the basic processes standardizing in a mass-service area, taking into account the
shifting trade function fro each Group as follows:

Results for Group 1 (supermarkets 1, 2, 16, 17, 35, 48, 52) showed that the stability provides for a
nominal capacity of MSS within the limits of 3.5 requests per minute and actual capacity at 86% of
the rated one. The values in the first half-year will be achieved in keeping the average time rate for
request staying in the MSS up to 3.228 minutes, with three servicing channels being transferred
to a temporary backup. The second half-year is marked by an increase in the number of requests
in MSS, resulting in the system stability provided by an increase of MSS nominal capacity up to
7 requests per minute. The values will be achieved at updating the of the average time rate for re-
quest staying in the MSS up to 3.5 / 2.428 minutes, with the number of service channels at 14 units.

Results for Group 2 (supermarkets 9, 13, 15, 30, 47, 56, 65, 74, 51, 81, 21) showed the reduction of
MSS nominal capacity from 7 to 3.5 requests per minute (at a steady actual capacity). For balancing
input and output request flows need to be programmed at increasing the average time for request
staying in the MSS up to 3.228 minutes with forming a temporary backup of 7 servicing channels.

Results for Group 3 (supermarkets 8, 19, 20, 36, 61, 76, 84, 41, 55, 10, 11, 43, 33, 49, 67) showed
the reduction of MSS nominal capacity to 3.667 requests per minute with actual capacity 82%
over the rated one. In half-year 1, it is reasonable to reach the average time of a request staying
in the MSS up to 6.3 minutes, upgrading service channels by 3 units. In half-year 2, in order
to eliminate the MSS excess capacity and reach balancing between input and output request
flows, it is necessary to program reducing of the average time for request staying in the MSS up
to 6.2 minutes and transfer two service channels to the temporary backup.

Results for Group 4 (supermarkets 12, 29, 37, 46, 77, 87) showed the reduction of MSS rated ca-
pacity up to 2.4 requests per minute at the actual capacity of 82% over the rated one. To en-
sure MSS sustainability state it is necessary to program reducing in the average time of re-
quest staying in the MSS up to 6.2 minutes, transferring three service channels to the tempo-
rary backup for half-year 2. However, taking into account the demand for service channels for
half-year 2, it is necessary to upgrade the backup by two units.

Results for Group 5 (supermarkets 24, 25, 45, 63, 80, 86, 32, 78, 22, 58) showed a cutdown of
nominal capacity of MSS from 4.75 to 3.5 requests per minute and the actual capacity 86% over
the rated one. In half-year 1, it is appropriate to reach average time for a request staying in the
MSS up to 6.3 minutes, with three service channels being transferred to the temporary backup.
In half-year 2, MSS will remain in a sustainable state, although it is reasonable to program re-
ducing in the average time of a request staying in the MSS up to 6.12 minutes, with transferring
5 servicing channels to the temporary backup.

Results for Group 6 (supermarkets 4, 18, 34, 66, 70, 75, 42, 14, 26, 31, 62, 83, 89, 3, 38, 50, 27)
showed the reduction in MSS rated capacity up to 4.667 requests per minute and the actual
capacity 86% over the rated one. In half-year 1, it is reasonable to reach the average timing for
request staying in the MSS up to 3.78 minutes and upgrade the service channels by one unit. In
half-year 2, the MSS will remain in a sustainable state, although it is appropriate to program re-
ducing in the average time of a request staying in the MSS up to 3.723 minutes, with transferring
two service channels to the temporary backup.

Results for Group 7 (supermarkets 23, 40, 44, 57, 71,59, 72, 73, 85, 69) showed some reduction
in MSS nominal capacity at up to 6 requests per minute and the actual capacity 83% over the
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rated one. In half-year 1, it is reasonable to reach the average time for a request staying in the

MSS up to 2.4 minutes, by expanding the service channels stock by 4 units. In half-year 1, it is

appropriate to reach the average time of a request staying in the MSS up to 2.45 minutes and

expanding the service channels stock by 2 units.

Results for Group 8 (supermarkets 5, 28, 53, 54, 64, 90, 39, 60, 68, 82, 88) showed some reduction
of MSS nominal capacity up to 3.5 requests per minute and the actual capacity 86% over the rated
one. In half-year 1, the required rated average time of a request staying in the MSS must be equal
to 2.45 minutes with the number of service channels to be reduced by 2 units. In half-year 2, the re-
quired rated average time of a request location in the MSS must be equal to some 3.23 minutes. ltis
reasonable to transfer 5 service channels to the temporary backup (to remove the excess capacity).
Most supermarket groups in the Walmart-El Salvador hub have shown the following results:

a necessity in upgrading the MSS with CMO self-servicing devices in order to generate the

T MSS norm; specificity rating by indicators required for the generation of the relevant rate.

The applicability roadmap for the presented mathematical description of the processes in a
mass-service area will lie in the possibility of a significant simplification of the rationalizing pro-
cesses in the retail management at shift-trading facilities, regardless of the frequency of changes
in product range quantity and quality.
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