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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 researchisto 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 4,
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. AllWalmarthubs 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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Model; Service User; System; Walmart Hub; Walmart-Salvador
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PauioHanizauisa ynpasniHHS MepeXXeBUM puteinnom i3 GyHKUi€o 3MIHHOI TOpriBAi

Ha OCHOBi MaTeMaTU4HOro onucy NpoLeciB y 30Hi MacoBOro o6¢cnyropyBaHHs

AHoTauiqa

ABTOpamMK BIA3HAYEHO BUCOKY MPIOPUTETHICTL paLiioHani3aujii ynpaBniHHA CYKYMHICTIO onepauin, sKi
BUKOHYIOTbCS B CEepi MEPEXEBOro puTenny, npu 6esnocepeaHboMy KOHTaKTI 3i croxmneadem nocnyr. Jns
00’eKTiB MepexeBOro putenny 3 GyHKLIE0 3MiHHOT TOPriBNi Bax/MBa peanidaLis NpsMoro Ta nocTiiHOro
BMJIMBY SIK Ha CTPYKTYPY Takoi CUCTEMW, Tak i Ha ©6a30Bi NPOLLECUM B 30Hi MAcCOBOrO0 TOProBESIbHOMO
006CNyroByBaHHS HACENEHHS, OPIEHTYIOYMCh HA BUBYEHHS MOTOKIB 3asiBOK HA 0OCTYroBYBaHHS, LLLO HAAXOAATb
Yy CUCTEMY 11 BUXOOATh i3 HEl, TPMBANOCTI OYiKyBaHHS 1 AOBXUHM Yepr. YCNILWHICTb PO3BUTKY TaknMxX Mepex
pUTEIANY 3aNexXunTb Bif, THY4KOCTI Onepawiin, ki BUKOHYIOTbCS BUKOHaBLLEM Npu 6e3nocepenHboMy KOHTaKTi
3i cnoXmnBayem rnocnyr.

MepenbayaeTbCa pPO3MNAHYTUM OCOONMBOCTI paujoHanisauii  ynpaBniHHA MepexeBUM PUTENSIOM i3
PYHKLiIMM 3MIHHOCTI (FHY4YKOCTI) TOpPriBni, WO BM3HAYalOTb TakKy CTPYKTYPY CUCTEMU OOC/YroByBaHHS
CNoXmBadiB MNOCAYr i NPOLECIB, WO B Hil NPOXOAaTb, NPU AKiA 3anNUTX KIEHTIB HA 0OCNYroByBaHHS, L0
BM3HAYalOTb NaHUOr GOPMYBaAHHSA JOXOAY, MOXYTb OYyTU OLHEHI, HE3BaXaloyn Ha Te, L0 iIHTEHCMBHICTb
NMOTOKY 0OCNYyroByBaHHS NOKYMLB € BENIMYMHOIO HEMOCTIHOIO.

MeTa gocnigxXeHHs — pauioHanisauia yrnpasaiHHS MePEXEeBUM PUTENNOM i3 GYHKLIEIO 3MIHHOI TOPriBni Ha
OCHOBi MaremMaTrnyHoro onucy i Garatopa3oBoOro «NporpaBaHHs» BCIX MPOLECIB, AKi 3HAXOOATLCS B 30Hi
MacoBOro 06CnyroByBaHHS.

[na nopaHHA 3MiCTOBHOI 06nacTi pauioHanisauji ynpasniHHA MEPEXEBUM PUTENNTOM 3 PYHKLIED 3MiIHHOI
TOpriBfi Ha OCHOBI MaTeMaTU4YHOrO OnNKncy N GaraTtopasoBOro NPOrpaBaHHs BCiX NPOLECIB, AKi 3HAX0AATbCSA
B 30Hi MAcoBOro 06CNyroByBaHHS, BUKOPMCTAHO METOAU TeOPIi MMOBIPHOCTEN | MaTEMATUYHOI CTATUCTUKMN,
a TakoX xMapHi o64mcneHHs B cepenosuLli AnylLogic Claud, cepsic AnyLogic.

PesynbtaToM [oCnigXeHHs CTano npeacTtaBieHHs HOBUX MOXIMBOCTEN pauioHanidauji ynpasniHHS
MepexXeBM pUTENIOM 3arpyrnamm o’ ekTiB MepeXXi Ha OCHOBI ySIBNIEHb MPO 30HY MACOBOIro 0OC/TyroByBaHHS,
BUXOASYM 3 TOrO, WO € 71-KaHaslbHa CUCTEMA MaCOBOIro 06CyroByBaHHS 3 HEOOMEXEHOIO YEProto, B SiKii
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NOTIK 3a9BOK Ma€ iIHTEHCUBHICTb A, @ NOTIK 0OCNYroBYBaHHS — IHTEHCUBHICTb 4. [LOCNiAXEHHSA peanidoBaHo
Ha npuknagi ogHoro 3 xabie Walmart — CanbBagop, ki 06’egHye 90 cynepmMapkeTiB komMmnaHii. Xabwu
Walmart 06’egHy0Tb BUHATKOBO OAHOTUMHI CynepMapkeTu, aKi NiATPUMYOTb GYHKLLI0 3MiHHOCTI TOPriBfi B
pamMkax eguHoro rpadgika (no niBpivyyax). AHanorivyHi xabu Walmart possuHeHi B Mekcuui, BennkobpuTanii,
Bpasunii, Kurtai, KaHapgi, MNiBoeHHO-AdpukaHcbkin Pecnybniui, Yuni, Anonii, Kocta-Piui, 'satemani,
ApreHTuHi, fongypaci, Hikaparya, CanbBagopi, YkpaiHi. Mpu uboMy BCi By31n Mepexi MiCTaTb 06’ eKTH, sKi
3aCTOCOBYIOTb HaMbIiNbLL NOLWMPEHI B MEPEXEBOMY pUTENNI BaratokaHanbHi cMCTeMU 0OCYroByBaHHS 3
HEOOMEXEHOID YEPro Ta MOXJIMBICTIO JOAABAaHHSA HOBOMO By3na 00CyroByBaHHS.

Came xab Walmart — CanbBagop y mepexi Walmart mae 4ocuTb BUCOKY HaCTKY KIIEHTIB, SKi BiAMOBNSAOTLCS
BifL MOKYMKW B 3B’A3KY 3 3aMHATICTIO 00CNYroByBajibHUX MPUCTPOIB (AaHWMA NMOKa3HMK KOJIMBAETLCS Big,
19 no 25%). Y pe3ynbTarti Uboro HegooTpMMaHui pivHKn NpubyTok Walmart cknagae npnbnmsHo 25,5 MiH.
nonapis CLLUA.

PauioHanizauisa ynpaBniHHA MepexeBuM puTennoMm 3a ob’ektamum xaba Walmart — CanbBagop
peanisoBaHo B po3pidi 8 rpyn, 06’egHaHNX 3a 3arajibHUMMW BXiGHUMW NapaMeTpamu, 3a SKUMU 3HANAEHO
PilleHHS WOoA0 ONTMMAasbHOI KiNbKOCTi 0O6CNYyroByBajibHUX MPUCTPOIB, BCTAHOBMEHO iX HEOOXigHWA
pes3epB i HAAAMLLOK, a TaKoX ePEKTUBHY NPOAYKTUBHICTb HA OCHOBI Y3roA>XEHOCTI BXiAHOIrO 1 BUXIAHOIO
MOTOKIB 3asiBOK KaHasly 0OCNyroByBaHHs W CTIMKOCTI cucteMn mMacoBoro obcnyrosyBaHHst (CMO).
Mpu uboMy NporpamMmyBaHHA pilleHHS 3aaadi pauioHanisauii ynpaBfiHHA peanisoBaHO 3a AOMNOMOIO0
HOpPMYBaHHS 6a30BUX MPOLLECIB Y 30Hi MACOBOIro 00CNyroByBaHHS. Lle rapaHTye 3abe3neyeHHs CTiNKOCTi
CMO, ons sIkoro 3Havyywum € cepepHini yac nepebyBaHHs 3aaBkm B CMO (BCTaHOBJIEHHSA TakOi HOPMWU
MOrno 6 J03BONUTU YHUKHYTW BTPAT Bif, O4iKyBaHHS 0OCNYroByBaHHS) Ta CYMyTHS MOMY KiflbKiCTb Yacy
abo0 iHLi BEMNYUHMN.

MepcnekTMBM 3aCTOCYBaHHS MaTeMaTU4HOrO OMUCY MPOLECIB Yy 30HI MacoBOro 06CAYyroByBaHHS
nonsaralTb Y MOXJIMBOCTI 3HAYHOrO CNPOLLEHHS NPOLECIB pauioHanisauii ynpaBniHHSA pUTENNoOM Ha
06’eKTax i3 PyHKLLiEO 3MIHHOT TOPriBSli HE 3a/EXHO Bifl, YACTOTU KiJIbKiCHOT Ta AKiCHOI 3MiHM aCOPTUMEHTY
TOBapiB.

KniouoBi cnoBa: mepexeBuin putenn; 3MmiHHa TOPriBAs; palioHanidaLis; MEHEIKMEHT; 30Ha MacOBOro
006CNyroByBaHHS; MOAENb MAaCOBOIr0 0OCNYrOBYBaHHS; CMOXWBAY NOCAYr; cuctemMa; xab Walmart.
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PaunoHannsauus ynpaesieHusi CETeBbIM PUTENJIOM C PYHKLMEN CMEHHON TOProBn

Ha OCHOBEe MaTeMaTU4eCKOro onMcaHus NpoL.eccoB B 30HE MaCCOBOIo 0GCNy)XUBaHUSA
AHHOTaUMS

ABTOpamMu 0TMeYeHa BbICOKAs NPMOPUTETHOCTb paLMoHaNM3aLmm ynpasneHms COBOKYMNHOCTbIO onepaumia,
BbIMOJSTHSIEMBIX B cepe CETEBOro puTenna, Npu HeNOCPEACTBEHHOM KOHTAaKTE C noTpebutenem ycnyr. ns
00BLEKTOB CETEBOrO puTenna ¢ GyHKUMEN CMEHHOM TOProBAX BaXKHa peanmaaumns NpsiMoro 1 NOCTOSHHOIO
BO3ENCTBMS KakK Ha CTPYKTYPY TakoW CUCTEMBbI, Tak U Ha 6a30BLIE MPOLLECCHI B 30HE MACCOBOIro TOProBOro
06CnyXnBaHNS HACENEHUS, OPUEHTUPYSICb HA U3Y4EHME N 0BCNY>XMBaHME MOTOKOB 3asiBOK, MOCTYMNAKOLLMX B
CUCTEMY, N BbIXOASALLNX U3 HEE, ANUTENBHOCTb OXUAAHUS N ANNHY o4epeaen. YCNewWwHOCTb Pa3BUTUS Takmx
ceTen putenna 3aBUCUT OT MMOKOCTU Oonepaumii, BbINOJHAEMbIX UCMOMHUTENEM NPU HENOCPEACTBEHHOM
KOHTaKTe C NoTpebuTenem ycnyr.

AsTOopamun OyayT paccMOTPeHbl OCOOEHHOCTM paLMOHANN3auMM yNpaBiieHUs CETEBbIM PUTENSIOM C
GYHKUMAMN CMEHHOCTU (rMBKOCTM) TOProBAM, KOTOPbIE MNPEeanofiaraldT Takylo CTPYKTYpPY CUCTEMB
obcnyxuBaHnsa NoTpeduTenei ycnyr n NnpoTekarLwme B HEM NPOLLECCHI, MPW KOTOPbIX 3anpockl KIMEHTOB
Ha obcnyxmneaHue, onpeaensiowme uenn GopMrupoBaHms Joxoaa, MoryT ObiTb 06paboTaHbl, HECMOTPS Ha
TO, 4TO MUHTEHCMBHOCTb NOTOKA OOCAYXVBaHWS MOKynaTenen BenminHa He NOCTOSIHHAS.

Llenb nccnepoeaHns — npeacTaBieHMe coaepKaTesibHoM 061acTy paumoHann3auns ynpaeneHnsa CETEBbIM
puTeENNomM C YHKUUEN CMEHHOW TOProBAM HA OCHOBE MAaTteMaTU4eCcKOoro OnMCaHms U MHOFOKPAaTHOro
«MPOUIPbLIBAHUS» BCEX MPOLLECCOB, KOTOPbLIE HAXOAATCS B 30HE MaCCOBOI0 0OCNYXXNBAHMS.

[na npencraBneHns cogepXxartenbHOW 06nacTn pauMoHann3auvs yrnpaBfieHUs CETEBbIM PUTENOM C
dYHKLUMEN CMEHHOW TOPrOBAY HA OCHOBE MAaTEMAaTUYECKOro ONMCcaHms 1 MHOrOKPaTHOro nNpourpbiBaHUS
BCEX NPOLECCOB, KOTOPbIE HAXOAATCHA B 30HE MaCCOBOIro 0OCNYXXNBaHWS, MCNONb30BaHbI METOALI TEOPUN
BEPOSITHOCTEN N MaTeEMaTUYECKOWM CTaTUCTUKM, a Takke obradHble BbiuncneHns B cpene AnyLogic Claud,
cepsuc AnyLogic.

Pesynsratom nccnenoBaHus Cctano npeacTaBieHne HOBbIX BOSMOXHOCTEN pauMoHann3aunmnm ynpasieHums
CETEeBbIM PUTENNIOM MO rpynnaMm OOBbEKTOB CETU HAa OCHOBE MPEACTaBNEHUA O 30HEe MacCOBOro
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obcnyxmBaHus nUCxogs U3 TOro, 4TO MMEETCH 7-KaHalbHas CUCTEMAa MaccoBOro oOCnyXuBaHUS C
HEeOorpaHMYeHHOW O4epenbio, B KOTOPOW NOTOK 3aiBOK UMEET MHTEHCUBHOCTb A, @ MOTOK 0B6CNYXUBaAHUS —
VHTEHCUBHOCTb U.

ViccnenoBaHme peanm3oBaHo Ha npumepe ogHoro n3 xabos Walmart — CanbBanop, KOTOpPbI 06beanHAeT
90 cynepmapkeToB KOMMaHuM. Xab — yyacToK MexAyHapogHol ceTu puteiina Walmart, o KoTopom
HaNMYEeCTBYIOT BCE HEOBXOAMMbIE JaHHbIE OJ11 MaTEMAaTMYEeCKOro ONMCaHMS NPOLLECCOB B 30HE MACCOBOIO
obcnyxunBaHug. Xabbl Walmart noeanbHbl B kadectBe 6a3bl UCCNEeAOBaHUS, MOCKOJSIbKy OObeguHSAT
UCKITIOHYNTENBHO OOHOTUMNHBIE CYNEPMAPKEThI, NOAAEPXUBAIOLLNE PYHKLLNIO CMEHHOCTM TOPrOBM B paMKax
eavHoro rpadguka (no nonyroamsam). AHanorndHbele xadbbl Walmart pa3sutel B Mekcuke, BenmkobputaHun,
Bpasunnun, Kntae, Kanage, lOxHo-AdpukaHckon Pecnybnuke, HYunm, Anonmn, Kocta-Puke, Batemane,
ApreHTtuHe, floHgypace, Hukaparya, CanbBagope, YkpauHe. [pu aToM BCe y3/bl CETU codepxXaT 00beKThl,
KOTOpble MPUMEHSIOT Hambonee pacnpOCTPaHEHHbIE B CETEBOM PUTENNE MHOrOKaHaslbHble CUCTEMBI
06CNYyXXNBaHWS C HEOrPAHNYEHHOM O4YepPEeablO U BO3MOXHOCTbLIO Ha A,00aBNEHMS HOBOIO y31a 00CIy>XMBaHUS.
MimeHHO xab Walmart — CanbBanop B cet Walmart umeeT 4OCTaTO4HO BbICOKYIO 400 KIIMEHTOB, KOTOPbIE
0TKa3blBalOTCH OT MOKYMKM B CBA3U C 3aHATOCTbIO OOCAYXMBaOWMX YCTPOWCTB (AaHHbIA nokasaresb
koneobnetca ot 19 mo 25%). B pe3ynbrate HeponosiydeHHasa rogoBasi npubbinb Walmart coctaBnsiet
npudnuantensHo 25,5 mnH. gonnapos CLUA.

PaunoHanusauma ynpaBfieHUs CeTEBbIM puTeisiom no obbektam xaba Walmart — CanbBagop
peannsoBaHaBpa3pese 8rpynn, 00begNHEHHbLIX MO 06LWMMBXOAHbLIM NapaMeTpam, Mo KOTOPbIMHAKAEHO
peweHne No oNTUMasnbHOMY KOJIMYECTBY OOCNYXMBAIOLWNX YCTPONCTB, YCTAHOBNEH UX HEOOXOANMbIN
pes3epB 1 n3bbITOK, a Takxe 3pdeKkTMBHASA MPON3BOONTENBHOCTb, MPOAYLMPYEMAs COrMacoBaHHOCTBIO
BXOJHOIO U BbIXOAHOIO NMOTOKOB 3asiBOK KaHana 00CNyXnUBaHUS N YCTOMYMBOCTbIO CUCTEMBI M2CCOBOIO
obcnyxuanmsa (CMO). Mpu aToM NporpaMmMmMpoBaHne peLleHns 3a4a4m pauoHannsaumm ynpasneHus
peanm30BaHO C MOMOLLLbIO HOPMMPOBaHUS 6a30BbIX MPOLLECCOB B 30HE MACCOBOI0 0O6CYXXNUBaHUS. ITO
rapaHTupyeT obecnedyeHune ycroumsoctn CMO, ang KOTOporo 3Ha4MMo cpeaHee BpemMs npedbiBaHUS
3asBku B CMO (ycTaHOBNEHME Tako HOPMbl MO0 Obl MO3BONNTL N30eXaTb Kak NOTEPb OT OXNAAHUS
006CNYyXVBaAHUSA, TaK U HENPOU3BOAUTESNIbHBIX MOTEPL) U CONYTCTBYIOLLNE EMY KOJIMYECTBO BPEMEHU UMK
apyrue BeanymHbl.

MepcnekTMBbl NPUMEHEHNS MAaTEMaATMYECKOro OMMCaHUsA NPOLLECCOB B 30HE MaCCOBOro OBCy>XUBaHUSA
COCTOSAT B BO3MOXHOCTU 3HA4YUTENBHOMO YNPOLLEHMS NPOLECCOB pauoHanM3aumMmn ynpaBneHns puteniom
Ha oObekTax ¢ QYHKLNEN CMEHHOW TOProBAN HE3ABUCUMO OT YaCTOTbl KOJIMYECTBEHHOIO 1 KAYECTBEHHOIO
M3MEHEHUS1 aCCOPTUMEHTA TOBApPOB.

KnioueBble c/oBa: CETEBOW PUTEINI; CMEHHAs TOProBJs; paunoHann3auus; ynpasneHme; 30Ha MacCOBOMO
0b6CcnyXnBaHMN; ModeNb MacCoBOro 06CNyXnBaHus; NoTpedbuTens yenyr; cucrema; 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 is important 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 Sl, S2, Sk, Sn, ..., numbered by the
number of requests in the MSS.

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

The S1 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 N0 queue).

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

The service flow intensity, as the number of requests in the Walmart MSS increases from 0
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 pand §), with an approximate description of all value classes and properties within the service
area, is presented in Table 2.

In 2020, the Walmart-El 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, ., Sn Differentiation p for 5., S, .., S, .., S
p0 pl pk pntl
p pz " pn+1 -1 p pk pn+1
£ £ 4,5 ~ % p0 [l
1'*+2|+ +n'+n!(n—p) u*? kl*po n*n!*p()
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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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

Values and Properties | The system of The focus area of management Output Output
mathematical rationalization effectiveness parameters
dependencies parameters

Load Intensity (p) A*t,oru — 4 =4, | Impact on absolute capacity 4. The regulatory Nominal MSS The MSS

Average down time per p¥e, effect is achieved by rating the output flow of capacity sustainability

channel in MSS 1, serviced requests, taking the rate 4 = 4. (N =n/tin) (n must be > p,

(minutes) actual MSS then, MSS is

The probability for the 1' —py= Impact on total downtime of channels and performance as a |sustainable).

channel being free (p0) 1+Pl—,+_.+"$ probability that each of the existing service lines is | share of nominal |If p < n by over

Pl busy servicing, based on dependent algorithms to capacity 20%, service
n o Po S:p=2 *po_ _pa= »y o (Lien» / N)*¥100%* | process is
P =%* Po 1 nt *nominal perf.); |sustainabl, but

Average number of_ ] Ha= 2 Impaﬂc}uon optimal rate of busy service channels tanemobi:;t;n;?| Eﬁgfcrnztlecstive

channels busy servicing (K= T), based on dependent algorithms to S. servicing devices |costs.

(11av) (channels),

Average number of idle | n.,=n— na the optimal queue

channels (ng) timing.

Probability of queuing P g 20 Impact on optimal queuing before the servicing.

(p och) n!(n-p) ! Hence, the probability of having to wait for being

Probability of queuing 1-py serviced is equal to the probability that all

away, p channels are busy, from dependent algorithms on

Probability of having to ® __wpg=p |SOHP.

wait for being serviced (n=1)t+(n—p) High probability of no-queue state generates

(pi) och unproductive costs.

Average number 2 poch —» X Impact on optimal average downtime MSS or

request in queuing P A _ Loch L )

optimal value up | Toch =—— (average waiting time per service
(Loch) 3-4 A .
to request request in queuing) based on dependent
algorithms to S. A low value of Loch generates
unproductive costs.

Average number of Lop=p Rationing of request, being serviced or waiting to

request service (L, ) be serviced, as well as the average staying time

Average number of Loch + Loy = per request in the MSS (Tsmo = %), provided

ri?vl;;;t in system - Tsmo the number of rejected request within the hour

( ) will be 1*p; = 0 requests/minutes.

Notes:

* request flow with intensity A, and service flow with intensity 75
** 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. Thisistypical 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

~ ~<
2 >
é’ e - g g >
c Q & N
£ £y | 2 3% 5 | Sy | &
Objects in the Walmart network! v ; 2 8 e Tz > ; [ c:_; =
- Q.= ) = ‘e
s | 8 S E g E h & o £ - 8 E
Ke] 'S = N L~ B ° 'a W
€ [ w3 28 " - 7] [ =
3 ° 0w n ER] 9 < g r S = =
£ P vy S Y~ R o Oc Sae 2
= 2= oo 25 s £ g I R 58 o
3 S € 00 29 S'e t S 33 ] 2
° a—) 3 pegi < L < E B8 - E 3 = s g
> =
half-year o n = 1 2 1 2 1 2 <5 aa -
1: 2: 16: 17: 35: 48: 52: 79 1 10 3] 6 | 3] 6 2 |05 6 | 12 417 25 2.39
2:1_13‘115: 30: 47: 36: 65: 74: 51: 2 9 6| 3 | 6| 3 2 | o5 |12 6 512 22 2.59
8: 19: 20: 36: 61: 76: 84: 41:55:
101 11: 43. 33: 49: 67 3 11 4| 3 033|121 9 617 19 2.69
12: 29: 37: 46: 77: 87 4 15 2 2 0.2 | 15| 10 354 19 1.54
;‘z‘f gg: 45: 63: 80: 86: 32: 78: 22 4| 3 | 4| 3 4 |025| 16| 12 443 19.8 2.07
4: 18: 34: 66: 70: 75: 42: 14: 26:
1% 63: §3: 89: 3¢ 381 50: 27 6 16 5| 4 | 5| 4 3 |033|15] 12 732 26.8 4.5
;gf gg: 44:57: 71 59:72: 73: 7 6 4| 5 | al| s 2 o5 |8 | 10| 769 33.7 | 5.96
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 Cabafas; 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;

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

3the 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, 7, 4, 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

Rationalization parameters MS
Rationalization to n = MSS capacity o
s £~ LS 22 g
3| = o= -] =8 > 5 2 £ o =
/8| gZEN |® oo " 538|880 % w2 SEegE.L
: SE 8> g 5= g oo%|=98% T =8 "=SES 3
= 288 o E= TuU 1) ';“g- EE-: 2 E& '-23':.'1:&
] d8w g =3 TR X Bcg| ogc= Uw O @ Y .caags
T naoms o o w 2gow | ZnkE <O0CcU HEooao
11 6<101 7 0 3 3683 |3.5=7/2 86%= (3 / 3.5)*100 n=8-10
1 2 12 = 102 14 4 0 2.89 7 86% n=11-13
1 12 = 92 14 4 0 2.89 7 86% n=11-13
2| 2 6<9 7 0 2 3.683 3.5 86% n=8-9
1 12 > 112 13 3 0 2.89 4.667 86% n=11:12:13
3| 2 9<11 11 0 0 1.937 3.667 82% -
1 15 = 152 17 2 0 3.93 3.4 88% n=15,16
4| 2 10<151 12 0 3 2.24 2.4 83% n=10-11: 13-15
1 16<22 19 0 3 3.93 4.75 84% n=22-20
5] 2 12<22 14 0 8 2.24 3.5 86% n=22-15
1 152 16 17 1 0 3.93 5.667 88% n=16
6| 2 12<16 14 0 2 2.89 4.667 86% n=16-15
1 B =62 10 4 0 1.63 5 80% n=6-9
712 10 = 62 12 5] 0 2.24 6 83% n=6-11
1 10<14 12 0 2 2.24 6 83% n=14-13
B | 2 6<14 7 0 7 3.863 3.5 B6% n=14-8

Notes:

' white 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
0 possible states Sy, S 3, ..., Sis eey Sy Yo 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: p;= 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: p3= 0.00135: p,=0.00404:
ps=0.00969: pg=0.0194: p;=0.0332: pg=0.0498: py=0.0664:
P10=0.0797: p1;=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: ps=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;1=0.087: p;,= 0.087: p;3=0.0803: p;4= 0.0688
half-year 2: p;=0.00947: p,= 0.0284; ps= 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; ps=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;4= 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: pip= 0.0957; p;;= 0.0783
4 | half-year 1: p;=0,0003: p,= 0,0025: p;= 0.000124; 90| 0.46 | 0.541| 0.52 1.3 18.9 6.3
p4=0.000466; ps= 0.0014; peg= 0.00354 p,= 0.00749: 80| 0.37 | 0.626| 0.449 1.23 12.25 6.2
ps= 0.014: po= 0.0234; p;po= 0.0351: p;;= 0.0479: p;,= 0.0599;
p13=0.0691; p14=0.074: p;5= 0.074: pie= 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:
p9=0.0989: p;o= 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
ps= 0.0014; pg=0.0035: p;=0.00749: pg= 0.014; py= 0.0234; 80| 0.374 | 0.626 | 0.449
P10=0.0351: p;;=0.0479: p;,= 0.0599: p;3=0.0691; p:4=0.074:
pP15=0.074; p16=0.0694: p;;= 0.0612
half-year 2: p;=0.000359: p,= 0.00179: ps= 0.00598:
p4=0.0149: p5=0.0299: ps=0.0498: p,=0.0712: pg=0.089:
pPe=0.0989: p,(,=0.0989: p,;=0.0899: p,,=0.0749
6 | half-year 1: p;=0,006: p,=0,0025: p3=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;2=0.0599: p;3=0.0691: p;4=0.074:
p15=0.074: p;6=0.0694: p,;,= 0.0612
half-year 2: p;=0,0056: p,= 0.00033: ps= 0.00135: ps,= 0.00404:
ps=0.00969: pg=0.0194: p;=0.0332: pg= 0.0498: py=0.0664:
pio= 0.0797: p;;= 0.087: p;»= 0.087: p;3= 0.0803: p;4= 0.0688

.3 18.9 6.3
12 12.2 6.12

[l I

7 | half-year 1: p;=0.00221: p,=0.00885: p3=0.0236: ps= 0.0472: 80| 0.33 0.67 0.41 0.41 9.6 2.4
ps=0.0755: ps=0.101: p;=0.115; pg=0.115; ps=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: ps;= 0.00598: p,=0.0149:
ps=0.0299: pe=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
pPs=0.0299: ps=0.0498: p;=0.0712; ps=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: p5=0.057: p,= 0.0853:
ps=0.102: pe= 0.102: p;=0.088

Notes: Kis 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, itis 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. It is
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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