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E-sports organizations with franchised networks:
formalization of technological and economic development
based on optimal operation and upgrade of the hardware

Abstract. The paper focuses on the priority given to the technological and economic development of
e-sports organizations with franchised networks. Attention is paid to the specificity of the process of timely
upgrading of e-sports hardware, which involves the upgrading and introduction of new, more sophisticated
and advanced gaming and other devices, which determines the number of e-sports disciplines and available
e-sports events for the e-sports arena. The success of franchising networks depends on the quantity of the
c-sports hardware, which should be similar to the hardware used by the main arena in order to ensure the
functionality of a well-structured state-of-the-art training process for e-sport athletes.

The purpose of the study is to present a basis for the technological and economic development of e-sports
organizations with a franchising network within the formalized system in terms of finding optimal solutions
to the problem of hardware upgrades.

The study presents a model of technological and economic development of all e-sports organizations with
franchised networks as a content area, posing the rules of operation, regulating the process of hardware
upgrades and focusing on the sustainability of development.

Dynamic programming methods based on Bellman’s equations and the formalization of the problem of
hardware replacement through graphic notations, cloud computing in the AnyLogic environment are used
to identify and illustrate the features of such solutions.

The result of the research is a description of technological development of e-sports organizations with a
franchise network with the use of a model that approximates the optimal way of operation and upgrade
of related hardware. This development illustrates the optimal way of operation and hardware upgrade of
Blizzard Arena and Overwatch League, represented by participants from the United States, the United
Kingdom, Germany, France, South Korea and Ukraine. The franchised Overwatch League includes the main
arena (Blizzard Arena), as well as Florida Mayhem Club (Miami-Orlando, USA), New York Excelsior Club
(New York, USA), London Spitfire Club (London, UK), Vault Club 15 (Kyiv, Ukraine), Immortals Club (Los
Angeles, USA), NRG E-sports Club (Berlin, Germany), Misfits Club (Seoul, South Korea), PS4 Training Base
(Beijing, China) and Xbox One Training Base (Paris, France).

According to the obtained data, the formalization of the technological and economic development of Blizzard
Arena suggests a solution to the problem of finding an optimal strategy relevant to optimization of hardware up
to the moment of its transfer to the franchised network. Such formalization is highly relevant. They rely on the
possible state of the system proposed in our research. That system state identifies the functional Bellman
equations. Naturally, emerges a possibility to significantly reduce investment in the e-sports environment of
the main arena and the franchise while controlling the quality and functionality of e-sports hardware.

The organizations’ focus on two-stage upgrades will reduce investment in major hardware. The study
illustrates the formalization of the techno-economic development of the Blizzard Arena through a two-stage
upgrade of the Aerocool Advanced Technologies franchise (primary franchise - from producer, secondary
franchise - from franchise Blizzard Arena operator). Based on the specific features of the Bellman equations,
the development of the Blizzard Arena must take into account the model which determines the feasibility of
hardware transferring to a franchised network during the third period of operation, where it operated as long
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as franchisees enter the maximum profit area. When using the Bellman equations, we suggest that the arena
focus on the moment when the function values will correspond to the replacement state of the hardware and
the franchise member on the stability of the environment.

The formalization of the technical development will make it possible to orient the e-sport organizations with
franchised networks to search for conditions sufficient for optimal operation and upgrade of their hardware.
As aresult, there will appear an optimized system with a content area, which will provide a stable environment
for e-sports events at the arena and athletes’ training in franchise clubs.

Keywords: E-sport; Franchise; Blizzard Arena; Overwatch League; Hardware; Upgrade; Bellman Equations;
Graphic Notations; Dynamic Programming
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Yusmap . I.

acnipaHT, kadegpa eKoOHOMiKM Ta diHaHCIB,

MykadiBCbkunii gepxaBHuin yHiBepcuTeT, MykayeBo, YkpaiHa

Nlo6nunk B. B.

[OKTOP EKOHOMIYHMX HayK, Npodecop, nepLUmnini NPoOPeKTop,

MykadiBCbkunii fepxaBHUiN yHiBepcuTeT, MykayeBo, YkpaiHa

Ki6epcnopTueBHi opraHisauii 3 ppaH4aii3SMHIOBUMUW MepeXaMu:

dopmanizaunia TexHiKoO-eKOHOMIYHOro po3BUTKY Ha OCHOBI ONTUMAanbHOI cTpaTeril

ekcnjyaTtauii Ta OHOBJIEHHS 00s1agHaHHS

AHoTaujia. ABTOpamMu BiA3HAYEHO BUCOKY MPIOPUTETHICTb TEXHIKO-EKOHOMIYHOIO PO3BUTKY KiDEPCMOPTUBHMX
opraHizauji i3 ¢paH4Yan3vHroBUMK Mepexamn, sdka OoOyMOBNeHa BrJIMBOM CBOEYACHOMO OHOBJIEHHS
KibepcnopTnBHOro obnagHaHHs, Wo nepenbadyae OHOBEHHS, BMNPOBALXEHHSI HOBMX, OiNbll AOCKOHAIMX i
MPOrPECUBHMIX iIMPOBUX Ta iHLLMX NPUCTPOIB. ns KIbepCNOPTUBHOI apeHM TEXHIYHMIA PO3BUTOK BU3HAYAE KiSlbKICTb
KiOepCrnopTUBHUX AUCLIMMIIIH, LLIO AOCTYMHI A58 KibepcnopTUBHOI nogji. YCMilHICTb PO3BUTKY MEPEX 3aNeXnTb
BiO, KiNIbKOCTi KiOepCrnopTMBHOIrO obnagHaHHs, AKe MOBUHHO OyTW MOBHICTIO aHasIoMyHMM OO0 OOnaaHaHHS,
sIke 3aCTOCOBYETLCSH OCHOBHOIO apeHolto, Wb no GyHKLIOHANBHOCTI 3ab6e3ne4nT NpaBuibHO BMOYOyBaHUN,
Cy4acHWI TpeHyBaslbHUIA MPOoLLEC KibepcnopTcMeHis. MeToo AOCHiAYKeHHS € NpeaCcTaBeHHs 3MiICTOBHOI OCHOBM
TEXHIKO-EKOHOMIYHOIO PO3BUTKY KIGEPCMOPTMBHMX OpraHidauii i3 dpaHy4alisvHroBUMM Mepexamm B Mexax
dopmanizoBaHoi cuctemu, chopMOBaHOI PiLLEHHAMM 3aBAaHb ONTMMAasbHOI CTpaTerii OHOBIEHHS 061agHAHHS.
MepenbavyaeTbCcs NOJAHHA MOAEsi TEXHIKO-eKOHOMIYHOIO PO3BUTKY BCiX KiDepCnopTUBHUX OpraHisalii
i3 PppaH4YaN3nNHroBUMK Mepexamu y BUrnsai 3MiCTOBHOI ob6nacTi. Y uiri obnacTi npencrasnieHi npasmna
onepyBaHHA 6e3i44to NPOoLECiB eKkcrnyaTtalii Ta OHOBNEHHS 00NnagHaHHA Taknx opraHi3auin (Buxoasaym 3
3aBAaHHs Moro 3aMiHm 3i cneumdivyHo opieHTauieo Ha CTilKICTb PO3BUTKY). AnsintocTpadiiocobnmeocTel
BMUKOHAHHS Takoro 3aBAaHHS BUKOPWUCTAHO METOAU OAMHAMIYHOrO nmporpamMyBaHHSI Ha OCHOBI PIBHSHb
BennmaHa, a Takox popmanisalis 3aBgaHHs 3aMiHM 061agHaHHS Ha OCHOBI rpadivyHNX HOTaLL Ta XMapHi
obumcneHHs B cepenoBuili AnyLogic Claud.

PesynbratomM AO0CRiOXEHHs CTaB OMMC 3MICTOBHOI 00NacTi TEXHIYHOrNO PO3BUTKY KiBEpPCNOPTUBHUX
opraHisauin 3 ¢ppaH4an3nHIroBOIO Mepexeto 3a A0NOMOrol Moaeni, ska Hagae npaemna HabNMXeHoro
ONTUMasnbHOIrO YMpaBfiHHA eKkcryaTalielo Ta OHOBMEHHAM ob6nagHaHHa. [pu uboMy cknageHa
dopmanisauis TexXHIYHOro po3BUTKY B rpadiyHii HoTauji HabAMXeHO ONTUMAaNbHOro YMpaBfiHHSA
eKcrJyaTauieto Ta OHOBJIEHHAM ycTaTtkyBaHHs Blizzard Arena Ta MixkHapogHoi ¢dpaHyan3nHroBoi Mepexi
Overwatch League, npeacrtasneHoi ocepeakamu B CLLUA, BennkobputaHii, HimeuunHi, @paHuii, MiBaeHHin
Kopei Ta YkpaiHi. ®paHyaiamHrori mepexi Overwatch League 06’egHytoTb OCHOBHY apeHy (Blizzard
Arena), a Takox ocepegaku: knyd Florida Mayhem (Masami-Opnanpo, CLLUA); kny6 New York Excelsior
(Hbio-Mopk, CLLA); kny6 London Spitfire (JlTonaoH, BenukobpuTtanis); kny6 Vault 15 (Kuis, Ykpaina); kny6
Immortals (Jloc-Angxenec, CLLA); kny6 NRG Esports (bepniH, Himeuwunna); kny6 Misfits (Ceyn, MiBoeHHa
Kopes); TpeHyBanbHy 6a3y PS4 (MekiH, Kutaii); TpeHyBanbHy 6a3y Xbox One (Mapux, @paHuis).

Lis dopmanisauis aktyanbHa, OCKifIbKM, OPIEHTYIOHYNCb HA MOXITMBI CTaAHW CUCTEMM «O0XiA, Big ekcnnyartadii
ob6naagHaHHSA — LWOPIYHI BUTPaTK, NOB’A3aHi 3 ekcrnnyartauieto i MoaepHisauieto obnaaHaHHSa — 3annLKoBa
BapTiCTb OONafgHaHHS / BapTiCTb HOBOro 00OMagHaHHS» (9Ka BU3HAYAETBCS 3a QYHKUiIOHANbHUMM
piBHAHHAMU Bennmana F (t)), 3’ABNSETbCA MOXIMBICTb 3HU3UTM OOCAr IHBECTULIN B 0ONawTyBaHH:A
KibepCnopTMBHOIO CEPENOoBMLLA OCHOBHOI apeHn I ¢paHWn3nm 3a YMOB KOHTPOJIO SIKOCTI Ta
dYHKLIOHaNbHOCTI KIBEPCNOPTUBHOIO 061aaHaHHS.

3MeHLNTN 0bCcar iHBEeCTULiN B OCHOBHe 00NlaaHaHHSA O03BOJINTb OpPIEHTALs PO3B’A3aHHS 3adadi Ha
OBOCTYNEHEBE OHOBIEHHS. Y OCNiOXKEHHI NPOointocTpoBaHa dopmManisaLis TEXHIKO-EKOHOMIYHOIO PO3BUTKY
Ha OCHOBI ABOCTYMEHEeBOro OHOBMIEHHs obnagHaHHA 3a dpaHwun3o Aerocool Advanced Technologies
(nepBuHHa — Big, BUpoOHMKA, BTOPUHHA — Bif onepatopa ans dpaHyan3mHroBoi mepexi). Buxoasun 3
OoTpYMaHunx piBHAHb Bennmana F (t), po3suTok Blizzard Arena mae 3abesneqyBarTvcs 3 ypaxyBaHHAM
JouinbHOCTI Nepeaadi obnaaHaHHSA 0o ppaHyar3nHroBoi Mmepexi B 3-My nepioai Moro ekcnsyaradii, 4e BOHO
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NOBWHHO EKCMJIyaTyBaTUCS, MOKM 3ab6e3neydye NoTPansHHS B 30HY MakCUManbHUX NpMOyTKiB. MponoHyemMo
apEHi OPIEHTYBATMCS HA MOMEHT, KONU 3Ha4YeHHS GyHKLUiT OyayTh BiANOBIAATY CTaHy 3aMiHW 06nagHaHHs, a
yyacHuKy ppaHyali3MHroBoi Mepexi — OpiEHTYBaTMCSA Ha CTilKICTb cepenoBuia (TOGTO AOMOKN 3HAYEHHS
r(t) i u(t) 3HaxoAATbLCS B 30HI MaKCUMalnbHUX NPUOYTKIB).

dopmanisauist TEXHIYHOro PO3BUTKY A03BOSIUTL OPIEHTYBATM KiIOEPCNOPTMBHI OpraridaLli 3 ppaH4yan3MHroBUMMN
MepexXamy Ha NoLLYK YMOB, AOCTATHIX 415 ONTUMaUIbHOI eKcnyartaLlii Ta OHOBNEHHS iXx obnaaHaHHS y BUMAAi
CUCTEMM 3i 3MICTOBHOIO 06/1aCTHO, L0 3a6e3neyye 4718 apeH CTilike CepeaoBULLE MPOBEAEHHS KIDePCNOPTUBHNX
nopain, a ong enemMeHTiB Mepexi — CTilike cepeaoBULLE TPEHYBAJILHOIO MPOLECY KIDEPCNOPTCMEHIB. Po3LumpeHe
YSIBJIEHHS NP0 0COBAMBOCTI Takoi 3MICTOBHOI 0651acTi 3abe3neyarb OTprMaHi HaMmu rpadiyHi HoTauji, aKi TakoX
afanTyloTbCH 00 MOAESIOBAHHSA Ta NPOEKTYBAaHHA NPOLLECIB PO3MOAiny KOLUTIB.

KniouoBi cnoBa: kibepcnopT; dpaHwmaa; Blizzard Arena; Overwatch League; obnagHaHHS; OHOBJIEHHS;
piBHSHHSA BennmaHa; rpadiyHi HOTaLji; AMHAMIYHE MPOrpamMyBaHHS.

Yusmap U. U.

acnupaHT, kadegpa 3KOHOMMKN N PUHAHCOB,

Myka4eBCkuin rocyaapCTBEeHHbIN yHMBepcuTeT, MykayeBo, YkpanHa

Noonbik B. B.

[OKTOP 3KOHOMUYECKMX HayK, Npodeccop, NepBbln NPOPEKTOP,

MykauyeBCkuii rocyaapCTBEHHLIN YHMBepcuTeT, MykadyeBo, YkpanHa

Kn6epcnopTtueHbie opraHusauuu ¢ ¢paH4aii3NHroBbIMU CETAMM:

dopmanmsauns TEXHNKO-3KOHOMUYECKOro pa3BMTUSA Ha OCHOBE ONTUMAaJibHOM cTpaTernm
aKcnnyaTauuv u oOHoOBNeHus o00opyAoBaHUs

AHHOTaums. ABTOpamMM OTMEYEHaA BbICOKAs MPUOPUTETHOCTb  TEXHUKO-3KOHOMUWYECKOrO  pPas3BuTUS
KnMGepCnopTUBHbIX OpraHn3aLumii ¢ GpaHYan3nHroBLIMI CETIMU, KOTOpas 06ycoBaeHa cneundnkon npouecca
CBOEBPEMEHHOIO0 OOHOBNEHUNST  KMOEPCNOPTUBHOrO 000pPYAOBaHWA, npednonaraloero O6OHOBNEHVE W,
BHEOPEHME HOBbIX, BO1Iee COBEPLLEHHbIX U MPOMPECCUBHBLIX MMPOBbIX 1 OPYMMX YCTPOMCTB. [nst KnbepCrnopTMBHOMN
apeHbl TakOe pas3BUTUE ONpeaensieT KOIMYeCTBO KNOEPCNOPTUBHBIX AVCUMMIIVIH 1 OCTYMHbIE KNOEPCMOPTUBHbIE
CcoObITUSA. YCMELLHOCTb PasBUTUS CETEN 3aBUCUT OT KOMYecTBa KMOepCcrnopTUBHOro 060pyaoBaHusl, KOTOPOoe
DOMKHO ObITb aHANOMMYHBIM 000PYA0BaHUIO, MPUMEHSIEMOMY OCHOBHOW apeHoM, 4ToObl N0 QYHKLUMOHASTLHOCTM
0becneynTb NPaBMIbHO BbICTPOEHHbIA, COBPEMEHHbI TPEHUPOBOYHBIN MPOLECC KUOEPCNOPTCMEHOB.

Llenbio nccnepoBaHnsa ABNSETCA NpeacTaBfieHne CcoAepXXaTeflbHOM OCHOBblI TEXHUKO-3KOHOMWYECKOro
pasBUTUS KUOEPCNOPTUBHBIX OPraHM3aLmii ¢ GpaH4Yan3nHIOBbIMU CETSIMU B paMKax popMann3mpoBaHHOM
cucTeMbl, CPOPMUPOBAHHOW PELLEHNSIMI 33434 ONMTUMANbLHONM CTpaTternm obHOBNEHUS 000PYAOBaHUA.
Mpennonaraetcs npencraBfieHNe MOOENN TEXHUKO-3KOHOMUYECKOrO PasBUTUS BCEX KMOEPCMOPTUBHBIX
opraHmaauuii ¢ GpaHYan3nHIoBbLIMU CETAMU B BUAE COOEPXaTENbHOM 06/1aCTW, B KOTOPOW NpeaCcTaBeHbl
npasufia ONEPUPOBAHNS MHOXECTBOM MPOLLECCOB 3KCryataumm n oOHOBAEHUS 060pya0BaHUS Takmx
opraHmsaumin, mMcxoas M3 3agadn ero 3amMeHbl CO Cneumduyeckom OpUEHTALUMEN HA YCTOMYMBOCTb
pasBuTUS. [1ns BbISBAEHUS U MAKOCTPALMM OCODEHHOCTEN peLleHus Takol 3a0a4M MCNOJb30BaHbl METOObI
OVHaMUYEeCKOro nporpamMmMrnpoBaHns Ha OCHOBE ypaBHeHUN bennmaHa, dopmanusauus 3agaqym 3aMeHbl
0060pynoBaHMs Ha OCHOBE rpaduyeckrx HoTaLuii, a Takxe obnadHble BeluncneHus B cpene AnyLogic Claud.
PesynstatoMm uMccnenoBaHUs CTano OMNUCaHME COOEPXaTeNbHOM 00nacTu TEXHUYECKOro pasBuTUS
KMB6EepCnopPTUBHBIX OPraHn3aLmMii ¢ GpaH4an3MHIOBOM CETBIO MPY NOMOLLM MOAENW, KOTOpas NPeaAcTaBnseT
npaeswia NPUOAMXEHHOrO ONTUMASIBHOIO YMpPaBfeHUsT 3KchyaTaumen n obHOBAEHMEM OBOPYOOBaHUS.
CoctaBneHa popmManmaaums TEXHNHECKOro pasBuTUS B rpadmnyeCckoi HoTauym NpUBANKEHHO ONTUMaIbHOIO
ynpaBneHus akcriyatauuern u obHoBneHmemM obopynoBaHua Blizzard Arena v mexayHapOAHOM
dpaHyaim3nHrosoi cetn Overwatch League ¢ npeacrtasutenscteamu B CLLIA, BennkobputaHuu, lepmanmn,
®paHumn, KOxHo Kopeun n YkpanHe. @paHyarsnHrossle ceTn Overwatch League 06beanHSIOT OCHOBHYIO
apeHy (Blizzard Arena), a Takxe kny6 Florida Mayhem (Masmu-Opnango, CLUA); kny6é New York Excelsior
(Hblo-Mopk, CLUA); kny6 London Spitfire (JTonaoH, BennkobpuTtanus); kny6 Vault 15 (Kues, YkpanHa); kny6
Immortals (Jloc-Anpxenec, CLLA); knyd NRG Esports (bepnuH, lepmanus); knyd Misfits (Ceyn, HOxHaa
Kopes); TpeHmpoBoyHas 6asa PS4 (MekuH, KuTait); TpeHupoBoyHas 6a3a Xbox One (Mapux, @paHums).

B COOTBETCTBMM C MNOJSyYEHHbIMW OAHHLIMWU NpeacTaBneHa dopmManusauns TEXHUKO-IKOHOMUYECKOrO
pa3BuTus Blizzard ArenaHa 0CHOBE peLLEeHNs 334241 ONTUMalIbHOM CTpaTernm oOHOBNEHNS ee 060PYA0BaHMSA
B MOLLIAroBon OonNTMMM3auMm OO MOMEHTa ero nepefadqm ydactHukam dpaH4yan3vHroBor ceTtu. Takasd
dopmanusaums KpamHe akTyanbHa, NOCKOJbKY, OPUEHTUPYACH Ha BO3MOXHbIE COCTOAHNSA CUCTEMBI «40X0[,
OT 3Kcnyataumm o60pyaoOBaHMS — exXerofHble 3aTpaTthl, CBA3aHHbIE C SKCMlyaTtaumen n MogepHmu3aumen
060pya0BaHNS —OCTaTOYHAA CTOMMOCTbL 060PYA0BaHUS/CTOMMOCTLHOBOIO 060pya0BaHUS» (ONpeaensaeTcs
no ¢yHKuMoHanbHbIM ypaBHeHVaAM Bennmana F, (t)), NosBnseTcs BO3MOXHOCTb 3HAYUTESIbHO CHU3UTb
06beEM MHBECTULMIA B OBYCTPOMCTBO KMOEPCMOPTUBHOW Cpenbl OCHOBHOWM apeHbl M (paHwmnadbl npu
KOHTPOJIE Ka4yecTBa N GYHKLMOHANBHOCTU KMOEPCNOPTMBHOrO 060pyA0BaHMS.

CHM3NTb 06bEM MHBECTUUMIA B OCHOBHOE 060pyaOBaHWe MO3BOAUT OPUEHTaUMUs pELLEHM 3adadn Ha
OBYXCTyrneH4yaToe 0b6HOBNeHMe. B pamkax nccnenoBaHmsa NpouIiOCTPUPOBaHa UMEHHO dopManusaums
TEXHUKO-3KOHOMMYECKOr0 pPas3BUTUS Ha OCHOBE [OBYXCTYMNEH4YaTtoro OOHOBNeHMa 000pyaoBaHMS Mo
¢dpaHwunize Aerocool Advanced Technologies (nepsuyHas — OT NPON3BOLANTENS, BTOPUYHASA — OT orneparopa
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Ana ppaH4ar3MHroBom cetu). Mcxoasa ns ocobeHHocTen ypasHeHuii bennvana F (t), passutune Blizzard
Arena po/mxHO obecneymBaTbCs C yd4eToM akTOpPOB, ONMpPenensiomx LenecoobpasHoCTb nepenayun
ob6opynoBaHns BO GpaH4Yan3nHroByto CeTb B 3-M Nepuoge ero aKcnjayaraumu, rae OHO SKcniayaTupyeTcs,
noka obecneyMBaeT yyacTHMKaAM CEeTM MonajaHue B 30HYy MakCuMmasbHbiX npubbinen. lMpepnaraem
npu ncnonb3osaHuy F (t) apeHe OpMEHTMPOBATLCH Ha MOMEHT, Koraa 3HadeHus yHkumm F (t) OyaoyT
COOTBETCTBOBATb COCTOSIHWIO 3aMeHbl 000pYAOBaHUS, a Y4aCTHUKY (paH4Yaln3nMHroBOM cCetn — Ha
YCTOMYNBOCTb CPEAbl, T.€. €CTb NOKa 3Ha4YeHUs r(t) 1 u(t) HAXOOATCS B 30HE MaKCUMaJsIbHbIX NPUOLINEN.
MpencraeneHHas dopmMannsaumm TEXHUHECKOro passmTms no ¢yHkumm F,(t) No3BOIUT OPUEHTMPOBaATbL
KnGepcrnopTUBHbIE OpraHmM3aumn ¢ @paHYyain3mMHroBLIMU CETAMWU Ha MOUCK YCNIOBUS A0CTAaTOYHOrO
ONs ONTMMaNbHOM SKCnayatauum n 0OHOBNEHMSA MX 060pyAOBaHMA B BMOE OMNTUMASIbHOW CUCTEMBI C
copepxartenbHo obnacTbio, obecneymBatoLein N apeH YyCTONYMBYIO cpeay NpoBeneHus cobbiTuii no
KnGepcrnopTUBHLIM ANCLUMIINHAM, a 4151 9JIEMEHTOB CETU — YCTONYMBYIO Cpeny TPEHMPOBOYHOIO NpoLiecca
knbepcrnopTcMeHoB. Mo HalleMy MHEHMIO UMEHHO PacLUMPEHHOE NpeacTasneHne 06 0cCo6eHHOCTSX Takow
coaepxarenbHoM obnactn obecneyar nosyyeHHble HamMu rpadpuyeckne HoTauum, KOTopble Takke MOryT
ObITb a4anTUPOBaHbI K chepe MOAENTNPOBAHNS 1 MPOEKTUPOBAHMS MPOLLECCOB pacnpeneneHns CpeacTs,
4yTO OenaeT npegjaraemblil NOAXOA mnaeanbHbiM O obecnevyeHnsa CTabunbHOCTU cpeapbl COObITMIA MO
KnbepcnopTUBHLIM ANCUUNINHAM U TPEHMPOBOYHOIO NpoLiecca KnbepcnopTCMEHOB.

KnioueBble cnoBa: kubepcropT; ¢paHwuni3a; Blizzard Arena; Overwatch League; o6opynoBaHue;
obHoBNEHWVE; ypaBHeHME Bbennmana; rpadunyeckne HoTauum; AMHaMUYeCckoe NPorpaMMmMpoBaHME.

1. Introduction

The study focuses on the technical and economic development in global e-sports organiza-
tions, representing one of the fastest-evolving scopes in the digital economy. Particularly, this
technological advance is a priority to systematically benefit from specific business interactions
oriented towards the e-sport virtual space. The audience of e-sports tournaments numbers mil-
lions of spectators. For example, in 2019, EPICENTER Major’s events on e-sports, including
Dota 2, were attended by some 46 million spectators.

During the period between March and August 2020, the number of spectators increased
to 80 million (Blizzard Arena, 2020). Every competition in Overwatch at the Blizzard Arena
was watched by approximately 489,000 people, compared with only 370,000 people in 2017
(Blizzard Arena, 2020). Each viewer promotes expansion of the media, gaming and competi-
tive streaming training space in e-sport, as well as a growing demand for evolutionary deve-
lopment of technology to provide for integrated organization and management of this busi-
ness. As a result, since 2017, all e-sports arena operators (including RFRSH Entertainment,
PTWP Event Center Sp. z 0. 0, and Tencent) have been transforming into global franchisers.

Nowadays, the arena owners in major e-sports events are not simply billing themselves as orga-
nizations majoring in events in specific e-sports disciplines but rather as parties that grant their rights
for business activities related to a specific e-sport discipline, by implementing an already elabora-
ted business model of its management and technological development (i.e. via hardware franchise).

Actually, the main e-sports arenas act as operators of franchised networks (franchi-
sers). These franchisers are the following: the Blizzard Arena by the Overwatch League opera-
tor (tournaments and Overwatch tournament finals, Los Angeles); the Spodek Arena by the
PTWP Event Center Sp. z 0. o (tournament finals in Intel Extreme Masters, Katowice), the Sta-
ples Centre by the NA LCS operator (tournament finals by the League of Legends, Los Angeles);
Sang-am World Cup Stadium by the Tencent operator (tournament League of Legends, Seoul)
and the E-sport Arena from the RFRSH Entertainment operator (tournament by CS: GO, Kyiv).

At first the transition to franchising by gaming corporations such as NA LCS and Overwatch
League caused fierce controversy among gamers but eventually has proven a success since
that time. In the case with the Overwatch League, the franchising approach was implemented in
launching a whole range of global clubs and hubs, including Florida Mayhem, New York Excelsior,
London Spitfire and many more.

Geographically bound participants began to engage more people in gaming discussion, thus
commercializing it, so the Overwatch League also represented a model of technical development.
Currently, operators of e-sports franchises are developing multifunctional e-sports platforms
(arenas) and their global networks, represented by single-format specialized clubs, home arena
hubs for e-athletes, constituting training centers in specific e-sport disciplines. The main concept
of the franchising approach is to create technically advanced clubs and training centers, intended
for teams representing their native regions where they will have fans. The teams must have home
arenas for local e-sports events.
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A necessary condition for e-sports organizations with franchised networks to become a suc-
cess in technical development is defined by the quality and functionality of their e-sports hard-
ware. For the major e-sports arena, it serves to determine the number of e-sports disciplines and
available e-sports events.

The initial selection, installation and customization are carried out according to the hardware
franchise from the leaders of the gaming industry market. Thus a high marginality of events in
e-sports disciplines is ensured (Blizzard Arena, 2020; Rardin, 2015). However, effective upgrade
management remains an outstanding issue in order to guarantee a sustainable environment for
holding events in e-sport disciplines.

Game consoles, system blocks for e-sport tournaments, game servers are sensitive to func-
tional obsolescence, deterioration, and their updating (by installing or replacement of individual
components) is extremely expensive and often not possible. The arena hardware should provide
for a stable environment for e-sports events in all available formats; it should be updated at the
time when the loss from early replacement is less than the loss incurred from its operation.

For e-sports athletes, training takes several hours every day to keep fit before the competition.
Achievements in network development depend on the number of e-sports hardware units, which
should be the same as that of the main arena. This is required to ensure functionality of the training
process of e-sports athletes. Hence, basic hardware is included into the franchise cost. However,
the franchiser transfers second-hand hardware to the franchise networks (since the latter recom-
mended for replacement in the arena, but suits perfect for the training process). In particular, this
hardware may cause technical issues related to a small input lagging or rarely a frame loss. Howe-
ver, it does not affect the quality level of the e-sports athletes’ training process. The remaining prob-
lem is the effective management of hardware upgrade, ensuring a stable training environment.

To earn money from e-sports disciplines, e-sports organizations engage franchising terms for
standardized hardware of a specific manufacturer. The hardware is not returned to the franchisor
until the expiry of its lifespan but is further transferred to the franchise network. At this, it is re-
quired to balance the technical development of the e-sports arena and its franchising network.
This is feasible by completing tasks of optimal operation strategy and hardware upgrade.

Technical and economic development formalization based on an optimal operation strategy in hard-
ware upgrade remains pertinent for Ukraine. Despite the public franchise offer by the E-sport Arena
(from Vincere), as well as that by foreign e-sports arenas (including the Overwatch League’s Blizzard
Arena), 98% of the e-sports corporate bodies work independently or through franchises from local
e-sports operators not possessing arenas and offering only discounts on hardware within a 2-5% range
of the cost (the PTWP Event Center Sp. z 0.0, 2020; the Blizzard Arena). Among such local operators
are the Cyber:X Community, Good Game, Strike Arena, and Colizeum. In this case, franchising net-
works sharers do not have sufficient funds to purchase the required number of functional hardware.

A prove to thisis the fact that 17% of those clubs have home arena hardware (i.e. provide for the
opportunity of holding spectacular e-sports events with no frame loss) while only some 37% are
equipped with consoles designed for multi-gaming training.

2. Brief Literature Review

There are many studies concerning the importance of meeting the challenges of technological
development through optimal operation strategy and hardware upgrade for different types of or-
ganizations. In general, experts in this field make only an approximate assessment of the impact of
the hardware operating duration period on the income (benefits) or total operating costs, without
ever specifying the essential terms of hardware operation. Further, implying dynamic program-
ming methods, the optimum solution to the issue of hardware upgrade is found.

Some individual scholars (Bhondekar, Vig, Singla, Ghanshyam, & Kapur, 2009) have suggested
that the brute-force (access scan) method (uniform Search Algorithms, grid-searching) should be
employed as an alternative to dynamic programming method in order to solve the existing prob-
lem. Although it is the simplest method of finding significant functions in hardware upgrade by
any cost criteria, dynamic programming methods are more effective in shaping a hardware up-
grade strategy. This includes a step-by-step optimization method or a hardware upgrade strategy
optimization method involving Bellman equations.

We have singled out a range of scientific works suggesting to study the factors shaping the
cost of capital stock overhaul using the following: Cobb-Douglas two-factor production func-
tion (Renshaw, 2016); the derivative of the constant elasticity-of-substitution production function
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(Chen, 2012; Renshaw, 2016); the Leontiev production function (Mishra, 2010); the linear produc-
tion function (Arrow, Chenery, Minhas, & Solow, 1961). In their studies, the scholars draw attention
to the advantages of applying each of the selected production functions, in particular, the simpli-
city of constructing the «cost - cost - utility», practical universality functional relationships.

Meanwhile, in the earliest studies (Arrow, Chenery, Minhas, & Solow, 1961), it is emphasised
that any production function expresses the relationship between production costs and the pro-
duct output, which makes this function highly dependent on the production factors utility. It is ty-
pical that these functions should suggest a mandatory increase in production ramp-up (or utility)
to increase in factor costs. However, it may not be appropriate when developing a hardware up-
grade strategy for e-sports organizations, since the increase in factor costs includes variable an-
nual costs due to the peculiarities of specialized hardware operations.

In particular, the following issues arise during the process of hardware operation:

1. Issues related to the operating system: computer viruses, unnecessary background computer
software and obsolete software remnants.

2. Issues of hardware obsolescence (in different ways, causing problems concerning the quality of
rendering cinematics, video standard quality, etc.).

3. Issues related to accrescent software requirements, etc.

In a number of instances, replacing an arena’s gaming hardware will be cheaper than its up-
grading, based on of each component specs. The increase in the production cost factors does not
always provide for an increased in their effectiveness.

According to the studies by Mensch & Blondel (2018), and Lapkina (2018), at the conditional
optimization stage, the dynamic programming method allows for discarding certainly useless va-
riants (with us, these are options to continue hardware operation). Dynamic programming pro-
vides for management of hardware upgrade with a standard approach, utilizing various cloud ser-
vices. A formalized description of key organizational destinations can be compiled requiring mini-
mal management intervention (Winter Simulation Conference, 2018).

A whole team of scholars (Taha, 2017; Bellman, 2010, 2013; Denardo, 2012; Zaidon, Wei, &
Honglei, 2009) suggest that the initial state of the hardware should be determined for this purpose
with further applying the step-by-step optimization method, which implies that the search for an
optimal solution is divided into a fixed number of stages (steps). Then a step-by-step comparison
is made between different variations in the hardware upgrade strategy.

Along with that, scholars like Zaidon, Wei & Honglei (2009) point out that the main conditions
for applying this dynamic programming method are an increase in repair and maintenance costs,
a decrease in productivity and marketable value.

These are not common cases for modern e-sport hardware. Not only general but also special
cases arise when completing tasks concerning staged hardware replacement. In our opinion, it is
important to consider the cases where the optimal conditions for maximizing profits for the orga-
nization are lost.

Carter, Price, & Rabadi (2019), Bertsekas (2012), Rardin (2015) consider special cases arising
when completing tasks concerning staged hardware replacement with the help of Bellman equa-
tions. The search for the optimal solution is divided into steps at the i-th stage, depending on the
actual state of the system. Rardin (2015), Lutsenko (2016), Lapkina & Malaksiano (2018) deter-
mine that the initial hardware state is relevant for the first k-step only. Bohner, Stanzhytskyi & Bra-
tochkina (2013) suggest that the Bellman equation content should be considered not simply as
differential in private derivatives but also as an equation with operating hardware conditions set up
for the latest moment. This approach will make it possible to take into account all models of the
optimal hardware upgrade strategy in e-sports organizations, because it allows for identifying the
following: cases where the upgrade scope contains elements where it is most appropriate to pre-
serve the initial hardware, since there are optimal conditions for maximizing profits; cases where
maintaining hardware is not appropriate, since an increase in costs needed for the hardware to
meet technical, system, or other requirements at a certain stage results in losing optimal condi-
tions for maximizing profits. Thus, the importance of the approach to dynamic programming is
supposed to be guided with optimal conditions in order to maximize profits. It is typical of an ap-
proach based on Bellman equations (Zerbini, Luceri, & Vergura, 2017).

In particular, the advantage of the dynamic programming method in optimizing the hardware
upgrade in e-sports organizations, along with the use of Bellman equations, is an opportunity to
analyze the technical environment to determine its sensitivity to changes in the state of the entire
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hardware complex in arenas, clubs and training centers until the i-th step. Some finite state is de-
fined taking into account the target function (win) at each i-th step.

3. Purpose

The purpose of the paper is to present an informative basis for the technological development
in e-sports organizations featuring franchising networks within a formalized system formed by
completing tasks in the optimal strategy relevant to hardware upgrade.

4. Methodology and Data

We suggest a presentation of the informative basis of the technical development in e-sports or-
ganizations to be compiled as operating rules for multiple operation and hardware upgrade pro-
cesses for the companies, based on the formalization of the replacement task, with a view to the
sustainability of the major arena development, as well as its franchising network. To identify and
illustrate the peculiarities in finding solutions, the following methods are used: dynamic program-
ming methods (based on Bellman equations); methods of formalizing the description of the hard-
ware replacement task based on graphic notations; cloud computation in the AnyLogic Cloud en-
vironment featuring a free tariff for computing functions, including finding solutions with complex
dynamic tasks (Bellman, 2010; Bellman, 2013).

The graphic notation is used as the main method for visual representation of resulting rules for
approximate management of the hardware operation and upgrade. The entire technical develop-
ment process in an e-sport organization is described with an event-functional chain of variables
controlling the hardware upgrade at each operational step.

The e-sport organization Overwatch League, an Overwatch trend hub to multiplayer first-person
shooter games, is selected as the base for the research (Donovan, 2018). The reasons for choo-
sing the technical development model of the organization as the basis for our scientific research is
its being typical for e-sports. In particular, this model unites the Blizzard Arena with global franchi-
sing networks represented by clubs and training centers operating with Aerocool Advanced Tech-
nologies’ unified gaming hardware. This franchising network includes Florida Mayhem, New York
Excelsior, London Spitfire, Vault 15, Immortals, NRG E-sports, Misfits, as well as PS4 and Xbox One
training centers. All members of this network have home arenas in the Overwatch discipline. At the
same time, the Blizzard Arena is a space for major events only in Overwatch computer sports. For
Overwatch League, as it is with similar organizations, the solution to the problem of hardware ope-
ration and upgrade is set with the initial data, taking into account the two-stage process: primary
arena hardware upgrade by the franchise directly from the manufacturer and secondary hardware
upgrades within the franchise network (Bellman, 2010; Noghin, 2018), namely:

- r(t) - income from e-sports events obtained within each planning period through the hardware
operation (including income from digital products, streaming, sales of media rights, sponsors);

+ u(t) - annual costs related to the operation and modernization of e-sports hardware, depending
on royalties, additional maintenance costs related to bringing the hardware in conformity with
technical and other requirements;

* s(t) - residual hardware value, taking into account functional obsolescence;

* p - original franchise hardware value, including required capital needs;

* q - number of hardware units required for a single game session for 450 athletes.

The r(t) product value function has been replaced by the average income function from e-sports
events, r(t) =r(t) - u(t). Initially, hardware for e-sports arenas is donated by sponsors. If the original
hardware cost is not specified, the AnyLogic Cloud may perform the task based on the cost and
replacement function, (which is a task in capital investment planning). In any case, the variable for
controlling the hardware upgrade process at each k-step is a logical variable that can receive one
of two values: save (S) or replace (R) the hardware for the k-th year.

The formalization procedure of the Blizzard Arena’s technological development should not be
compiled simply based on the hardware operation interval but considering the technical develop-
ment within the entire Overwatch League franchise network where hardware transfer timing from
the Blizzard Arena to network members is important. The input data for the formalization of the
Blizzard Arena’s technical development including Overwatch League franchised networks based
on the optimal hardware operation and the upgrade strategy are presented in Table 1.

According to the input data, it is possible to formalize the technical development of the Blizzard
Arena by defining the task of an optimal hardware operating and upgrading strategy within
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step-by-step optimization starting from the actual timing transfer moment to the members of the
network. In order to accomplish this task, the basic strategy is to upgrade the arena hardware and
change the value of u(t), taking into account the flexible hardware franchise package envisaging
adaptation to operating conditions within the Overwatch League franchising network.

In particular, for each step, possible states of the average income function are determined
based on the Aerocool Advanced Technologies franchising terms (taking into account the values
t=1,2,3,4 for the game console Overwatch and t = 1,2,3 for other hardware). Consequently, for-
malization of the development model in e-sports organizations with franchising networks is deter-
mined with the functional equations of Bellman F (t) in the following format:

- provided k=4,3,2,1.
Step 1: k = 4. For step 1, the possible states of the system t = 1,2,3,4, at which the functional
equations have the form: F (t) = max(r(t), (S); S(t) - P +r(0), (R));

Table 1:

Input data for the formalization of the technical development of the Blizzard Arena’s League franchised
networks including Overwatch based on the optimal hardware operation and upgrade strategy in the
period between 2020 and 2024, USD

Notes:

' the hardware: 1 - Overwatch system block for the game console at USD 33,330 (lifespan before upgrade up
to 3 years); the hardware operation lifetime at the time of analysis, t = 0 (new); 2 - game console Overwatch at
USD 28,400 (lifespan before upgrade up to 4 years; 3 - game server and server hardware at USD 2,000,000.
(lifespan before upgrade up to 3 years);

2u(t) for t=1 - work and rest environments modelling; own processor load test; graphics performance estimate, a
memory speed and storage system speed estimate and gaming tests; u (t) for t = 2 - CPU overclocking; software
update; driver updates; cleanup; (t) for t = 2 - full upgrade; here u(t) for t envisages adaptation to operating
conditions in the franchise network;

3u(t) for t =1 - sound system connection and setup, electric component adjustment, integrated highlight upgrade;
u(t) for t = 2 - monitors upgrade; electric component adjustment, integrated highlight upgrade and RGB- highlight
upgrade; u(t) for t = 3 - upgrading the gaming workstation; electric component adjustment, integrated highlight
upgrade and RGB- highlight upgrade; DXRacer Racing upgrade; u(t) for t = 4 - full upgrade, including the
replacement of all monitors, seat tilting mechanism, footrest mechanism, the projecting hoist bracket mechanism
with the monitor, Bluetooth loudspeakers; here the design u(t) for t envisages adaptation to operating conditions
within the franchise network;

4u(t) for t = 1 - server software upgrade; u(t) for t = 1 - server software upgrade; replacement and upgrade of
embedded network controllers; u(t) for t = 3 - memory module upgrade, network and graphic adapters upgrade,
server software upgrade; effective management of the convergent environment; here u(t) fort envisages adaptation
to operating conditions within the franchise network.

Source: Compiled by the authors based on data by the Blizzard Arena: https://eu.battle.net/login/en/?ref=https://
eu.battle.net/oauth/authorize?response_type%3Dcode%26¢lient_id%3D057adb2af62a4d59904f74754838
c4c8%26scope%3Daccount.full%e2520commerce.virtualcurrency.full%2520commerce.virtualcurrency.bas-
ic%26state%3DeyJzdGF0ZUVudHJvcHkiOiJYWYOhRMTATSmdPOWIzQ2s2REIFYm9pV2RSROV]NHZsWHIOOHZrdX
JndVJzPSIsIndIZmVycmVyljoilL.292ZXJ2aWV3In0%253D%26redirect_uri%3Dhttps://account.blizzard.com/login/
oauth2/code/account-settings%26registration_id%3Daccount-settings&app=oauth

u(t), s(t) - Blizzard Arena Hardware Franchise Information Leaflet: https://drive.google.com/file/d/1xmM-Fw1 _
N2tKaHZwdweTnjlkgad13iJB/view?usp=sharing
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Step 2: k=3. For step 2, the possible states of the system t=1,2,3, at which the functional equa-

tions have the form: F,(t) = max(r(t) + F,(t+1) ; S(t) - P +r(0) + F,(1));

Step 3: k = 2. For step 3 the possible states of the system t = 1,2, at which the functional equa-

tions have the form: F,(t) = max(r(t) + F,(t+1) ; S(t) - P +r(0) + F,(1));

Step 4: k=1. For step 4, the possible states of the system t =1, at which the functional equations

have the form: F (t) = max(r(t) + F,(t+1) ; S(t) - P+ 1r(0) + F,(1));

- provided k=3,2,1.

For Step 1, the possible states of the system t=1,2,3, at which the functional equations have the

form: F,(t) = max(r(t), (C); S(t) - P +1(0), (R));

Step 2: k= 2. For step 2, the possible states of the system t = 1,2, at which the functional equa-

tions have the form: F,(t) = max(r(t) + F,(t+1) ; S(t) - P +r(0) + F,(1));

Step 3: k=1. For step 3 the possible states of the system t = 1, at which the functional equations

have the form: F (t) = max(r(t) + F,(t+1) ; S(t) - P +1(0) + F,(1)).

The optimization condition for calculating the possible states of the system) is presented in
Table 1. Under the optimization condition, k is hardware operation year and t is the actual age
of the hardware. Input data were used to define maximum profit zones/Blizzard Arena hard-
ware timing transfer to a franchised network (based on Bellman F, (t) equations and formalize
a graphic form for the approximate optimal operation and upgrade of the Blizzard Arena hard-
ware (compiling graphic notations). The formalized value for F, (t) is expressed through the ac-
tual state of the technical development of the arena based on its income maximization. At this,
u(t) is modified to meet the needs in the operating hardware upgrade aimed at achieving a sta-
ble event environment in the Overwatch e-sport discipline. The formalization substantiation is
isolation of F, (t) function values, namely those corresponding to the actual state by the hard-
ware replacement state. This reason is explained by the variable controlling the hardware up-
grade process at each k-step, being a logical variable, receiving one of two values: save (R) or
replace (3) the hardware for the k-th year.

Within a franchise network, the task of the optimal operation and the upgrade hardware stra-
tegy is completed in the same way, taking into account the maximum facility income and the total
hardware service life of the hardware (t actual = 8 for gaming hardware from Aerocool Advanced
Technologies, i.e. the task compiled for the franchised network taking into account the remaining
5 years of hardware operation, where k =5,4,3,2,1).

For franchising networks, we set the starting point data for the hardware operation and up-
grade, taking into account the transfer of the Aerocool Advanced Technologies franchise by the
Overwatch League network operator, namely:

* r(t) - income from training game sessions, obtained during each planning period through the
hardware operation, including income from streaming and sponsors;

- u(t) - annual costs related to operation of the e-sports training hardware, depending on royal-
ties and additional operating costs;

+ s(t) - residual hardware value with regard to its functional obsolescence; if the residual value is
constant for all s(t), the same parameter value is supposed to be accepted;

* p - cost of the original franchise hardware, including required capital investments;

* q - number of hardware units per single training session, based on the club needs.

Here, s(t) and u(t) are general values, due to the operating conditions similarity within the fran-
chise network. These values are assigned by the proportion method. The input data for the forma-
lization of the technical development in the Overwatch League franchises, based on the optimal
hardware operating and the upgrading strategy are presented in Table 2.

The formalization of the technical development in the Overwatch League franchise networks is
determined with functional Bellman equations F, (t) of various modes. The most desirable is the
hardware maintenance equation, where I (t) for k=5,4,3,2,1.

For step 1, the possible states of the systemt=1,2,3,4,5, at which the functional equations have
the form: F,(t) = max(r(t), (S); S(t) - P +r(0), (R)).

For step 2, the possible states of the system t =1,2,3,4, at which the functional equations have
the form: F,(t) = max(r(t) + F,(t+1) ; S(t) - P+ r(0) + F,(1)).

For step 3, the possible states of the systemt=1,2,3, at which the functional equations have the
form: F,(t) = max(r(t) + F, (t+1) ; S(t) - P +1(0) + F,(1)).

For step 4, the possible states of the system t = 1,2, at which the functional equations have the
form: F,(t) = max(r(t) + F,(t+1); S(t) - P+ r(0) + F,(1)).
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Table 2:
The input data for the formalization of the technical development in the Overwatch League franchises, based
on the optimal hardware operating and the upgrading strategy in the period between 2020 and 2024, USD

tin Fy(t) Actual and expected data for the task of hardware upgrade, USD **
0 1 2 3 4 5
t Actual 3 4 5 6 7 8
Overwatch system unit for game consoles
(the r(t) value in USD is taken into account as the planned income from training sessions)
1 rit), $ 0 700,390
2 r), $ 0 728,405
3 rt), $ 0 1,050,585
4 rt), $ 0 1,071,596
5 rt), $ 0 1,093,028
6 rt), $ 0 332,290
7 rit), $ 0 502,370
8 rit), $ 0 2,693,033
9 rt), $ 0 2,209,011
Total values u(t),$? 1,203,430 1,406,430 1,608,430 1,809,430 20,013,030 2,205,500
for franchisees ? s(t), $ 6,489,087 5,289,087 4,089,087 3,969,087 2,796,087 1,569,087
g, units 450 450 450 450 450 450
Game console Overwatch
(the r(t) value is taken into account as the planned income from training sessions and streaming)
1 rt), $ 0 980,390
2 r), $ 0 1,019,605
3 r(t), $ 0 1,360,390
4 r(t), $ 0 1,071,596
5 r(t), $ 0 1,093,028
6 r, $ 0 442,290
7 r), $ 0 662,370
8 rt), $ 0 2,693,033
9 r), $ 0 2,209,011
Common values u(t), $ 1,539,000 1,631,340 1,539,001 1,631,341 1,539,002 | 1,631,342.1
for franchisees * s(t), $ 9,420,400 753,6320 602,9056 4,823,244 3,858,595 | 3,086,876.6
g, units * 450 450 450 450 450 450
Game server and server hardware
(the r(t) value is taken into account as the planned income from Overwatch games enhancement, through cloud servers)
1-7 - general r(t), $ 0 2,675,800
values u(t), $ 1,117,600 1,173,480 1,232,154 1,293,762 1,358,450 1,426,372
for franchisees * s(t), $ 1,100,000 880,000 704,000 563,200 450,560 360,448
g, units? 1 1 1 1 1 1
8,9- common rit), $ 0 2,945,900
values u(t), $ 1,422,400 1,493,520 1,568,196 1,646,606 1,728,936 1,815,383
for franchisees * s(t), $ 1,400,000 1,120,000 896,000 716,800 573,440 458,752
q, units? 1 1 1 1 1 1
Notes:

"u(t) and u(t) values common for franchisees, assigned by the proportional method, based on the (d) share, as defined
by submitted hardware applications: club 1 -d - 0.05; club2-d-0.09;club3-d-club4-d-0.12;club 5-d-0.12;
club6-d-0.04; club7 -d - 0.04; training center 1 - d - 0.1; training center 2 - d - 0.2. The u(t) value for t envisages
adaptation to operating conditions in the franchise network.

2 Franchisees: 1 (club Florida Mayhem); 2 (club New York Excelsior); 3 (club London Spitfire); 4 (club Vault 15);
5 (club Immortals); 6 (club NRG E-sports); 7 (club Misfits); 8 (training center PS4); 9 (training center Xbox One).
Su(t) for t =1 - full update for operating conditions within a franchised network; u(t) for t = 1 - modelling environments
rest and work; own CPU load test; graph performance estimate, memory speed and storage system speed estimate,
gaming tests and so on.

Source: Compiled by the authors based on data by the Blizzard Arena: https://eu.battle.net/login/en/?ref=https://
eu.battle.net/oauth/authorize?response_type%3Dcode%26client_id%3D057adb2af62a4d59904174754838c4c8
%26scope%3Daccount.full%e2520commerce.virtualcurrency.full%2520commerce.virtualcurrency.basic%?26state
%3DeyJzdGF0ZUVudHJvcHKiOiJYVOhRMTdTSmdPOWIzQ2s2REIFYMm9pV2RSROVjNHZsWHIOOHZrdXJndVJzPSiIsl
nJIZmVycmVyljoiL292ZXJ2aWV3In0%253D%26redirect_uri%3Dhttps://account.blizzard.com/login/oauth2/code/
account-settings%26registration_id%3Daccount-settings&app=oauth

r(t) - input data for the optimal Blizzard Arena hardware maintenance strategy with Overwatch franchise, 2023-2028:
https://docs.google.com/document/d/1A5sDW-PPF1YbmIIDO_ZcyzpslvugNUc7nTzU-IrvW2o/edit?usp=sharing

u(t), s(t) - Hardware Franchise Information Leaflet https://drive.google.com/file/d/1IFvwunkHHtbPjZp2cwcbMx9UN
6ZcrtjQ/view?usp=sharing

Chyzmar, |., & Hoblyk, V. / Economic Annals-XXI (2021), 187(1-2), 146-162

155


https://eu.battle.net/login/en/%3Fref%3Dhttps://eu.battle.net/oauth/authorize%3Fresponse_type%253Dcode%2526client_id%253D057adb2af62a4d59904f74754838c4c8%2526scope%253Daccount.full%252520commerce.virtualcurrency.full%252520commerce.virtualcurrency.basic%2526state%253DeyJzdGF0ZUVudHJvcHkiOiJYV0hRMTdTSmdPOWIzQ2s2RElFYm9pV2RSR0VjNHZsWHI0OHZrdXJndVJzPSIsInJlZmVycmVyIjoiL292ZXJ2aWV3In0%25253D%2526redirect_uri%253Dhttps://account.blizzard.com/login/oauth2/code/account-settings%2526registration_id%253Daccount-settings%26app%3Doauth
https://eu.battle.net/login/en/%3Fref%3Dhttps://eu.battle.net/oauth/authorize%3Fresponse_type%253Dcode%2526client_id%253D057adb2af62a4d59904f74754838c4c8%2526scope%253Daccount.full%252520commerce.virtualcurrency.full%252520commerce.virtualcurrency.basic%2526state%253DeyJzdGF0ZUVudHJvcHkiOiJYV0hRMTdTSmdPOWIzQ2s2RElFYm9pV2RSR0VjNHZsWHI0OHZrdXJndVJzPSIsInJlZmVycmVyIjoiL292ZXJ2aWV3In0%25253D%2526redirect_uri%253Dhttps://account.blizzard.com/login/oauth2/code/account-settings%2526registration_id%253Daccount-settings%26app%3Doauth
https://eu.battle.net/login/en/%3Fref%3Dhttps://eu.battle.net/oauth/authorize%3Fresponse_type%253Dcode%2526client_id%253D057adb2af62a4d59904f74754838c4c8%2526scope%253Daccount.full%252520commerce.virtualcurrency.full%252520commerce.virtualcurrency.basic%2526state%253DeyJzdGF0ZUVudHJvcHkiOiJYV0hRMTdTSmdPOWIzQ2s2RElFYm9pV2RSR0VjNHZsWHI0OHZrdXJndVJzPSIsInJlZmVycmVyIjoiL292ZXJ2aWV3In0%25253D%2526redirect_uri%253Dhttps://account.blizzard.com/login/oauth2/code/account-settings%2526registration_id%253Daccount-settings%26app%3Doauth
https://eu.battle.net/login/en/%3Fref%3Dhttps://eu.battle.net/oauth/authorize%3Fresponse_type%253Dcode%2526client_id%253D057adb2af62a4d59904f74754838c4c8%2526scope%253Daccount.full%252520commerce.virtualcurrency.full%252520commerce.virtualcurrency.basic%2526state%253DeyJzdGF0ZUVudHJvcHkiOiJYV0hRMTdTSmdPOWIzQ2s2RElFYm9pV2RSR0VjNHZsWHI0OHZrdXJndVJzPSIsInJlZmVycmVyIjoiL292ZXJ2aWV3In0%25253D%2526redirect_uri%253Dhttps://account.blizzard.com/login/oauth2/code/account-settings%2526registration_id%253Daccount-settings%26app%3Doauth
https://eu.battle.net/login/en/%3Fref%3Dhttps://eu.battle.net/oauth/authorize%3Fresponse_type%253Dcode%2526client_id%253D057adb2af62a4d59904f74754838c4c8%2526scope%253Daccount.full%252520commerce.virtualcurrency.full%252520commerce.virtualcurrency.basic%2526state%253DeyJzdGF0ZUVudHJvcHkiOiJYV0hRMTdTSmdPOWIzQ2s2RElFYm9pV2RSR0VjNHZsWHI0OHZrdXJndVJzPSIsInJlZmVycmVyIjoiL292ZXJ2aWV3In0%25253D%2526redirect_uri%253Dhttps://account.blizzard.com/login/oauth2/code/account-settings%2526registration_id%253Daccount-settings%26app%3Doauth
https://eu.battle.net/login/en/%3Fref%3Dhttps://eu.battle.net/oauth/authorize%3Fresponse_type%253Dcode%2526client_id%253D057adb2af62a4d59904f74754838c4c8%2526scope%253Daccount.full%252520commerce.virtualcurrency.full%252520commerce.virtualcurrency.basic%2526state%253DeyJzdGF0ZUVudHJvcHkiOiJYV0hRMTdTSmdPOWIzQ2s2RElFYm9pV2RSR0VjNHZsWHI0OHZrdXJndVJzPSIsInJlZmVycmVyIjoiL292ZXJ2aWV3In0%25253D%2526redirect_uri%253Dhttps://account.blizzard.com/login/oauth2/code/account-settings%2526registration_id%253Daccount-settings%26app%3Doauth
https://docs.google.com/document/d/1A5sDW-PPF1YbmlID0_ZcyzpsIvuqNUc7nTzU-IrvV2o/edit%3Fusp%3Dsharing
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For step 5, the possible system states t = 1, at which the functional equations have the form:
F,(t) = max(r(t) + Fy(t+1) ; S(t) - P +1(0) + F,(1)).

The formalized value for F, (t) serves for reflecting technical development is more preferable,
compared to the others, by its maximum income if we take into account the following: the actual
state vector u(t), the specific k (the year of operation) and t (the actual hardware lifespan). Thus,
we may suggest an optimal hardware operation model, up to reaching the F,(t) function values
corresponding to its replacement state (3), from the initial time point to the final time point.

When formalizing the technical development in e-sports organizations featuring franchised
networks (based on an optimal hardware operating and upgrading strategy), the replacement pro-
cess is considered as n-step and the operation period is split into separate n-steps. Typically, a
step towards optimizing the hardware replacement plan is an F, (t) sequence, from k to n years. If
equal F, (t) values are obtained during completing the formalization task, a hardware saving equa-
tion is compiled.

5. Results

Considering that the sought outcome should provide for presenting a basis for the technical
development in e-sports organizations with franchising networks, the formalization is presented
through a system of graphic notations. These allow for approximate describing for the processes
of optimal hardware operation and upgrade, engaging several elements. These include the follo-
wing: profit maximization, solutions, data and arrows determining dynamics of profit maximization
(based on the determined number of data points on the operation of the hardware). Formalization
of technical development on a graphic notation illustrating the approximate rules of the optimal
hardware operation and upgrading in the Blizzard Arena is presented in Figure 1.

The notation system is provided with a set of constants (kn), defining the rules for marking pro-
cesses of the approximately optimal management of the Blizzard Arena’s hardware received under
franchise. These constants are interconnected. Those suitable for the Blizzard Arena are oriented on
the hardware age (t) equal to 3 years (at the time of its transfer to the Overwatch League franchised
networks). This is due to the orientation on the scope with optimal conditions for maximizing profits.

The subsequent formalization of technical development for the approximately optimal ma-
nagement strategy of the hardware operation and upgrade is aimed at a set of graphic elements,
which possibly can be formed after its transfer to the franchised network. They are presented in
Figure 2.

Notes:

* S and R are the logical variables for the management of the hardware operation and upgrade for the k-th year.
**kn=1,.., where n-kis a constant defining the step number along t, and n are values at the constant defining
each element in the franchise network. The franchise network is formed by the following members: 1 (club
Florida Mayhem); 2 (club New York Excelsior); 3 (club London Spitfire); 4 (club Vault 15); 5 (club Immortals);
6 (club NRG E-sports); 7 (club Misfits); 8 (training base PS4); 9 (training base Xbox One).

Figure 1:

Formalization of technical development on the graphical notation illustrating the approximate rules
of the optimal hardware operation and upgrading in the Blizzard Arena in the period between 2020
and 2024, USD
Source: Compiled by the authors with the use of the AnyLogic Cloud computing environment based on Table 1
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Notes:

* kn(m) = 1,.., n - where k is a constant defining the step number along t. Here, n - are the values at the
constant defining each element of the franchise network. The franchise network consists of the following
members: 1 (club Florida Mayhem); 2 (club New York Excelsior); 3 (club London Spitfire); 4 (club Vault 15);
5 (club Immortals); 6 (club NRG E-sports); 7 (club Misfits); 8 (training base PS4); 9 (training base Xbox One).

Figure 2:

Formalization of technical development for the approximately optimal management strategy
of the hardware operation and upgrade in the period between 2023 and 2028, USD
Source: Compiled by the authors with the use of the AnyLogic Cloud computing environment
based on Table 1 and Table 2
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The system of graphic notations is accompanied by a set of constants kn(m), defining the rules
for denoting the processes of the approximately optimal management strategy of hardware ope-
ration in the franchised network Overwatch League.

The notations suitable for the Overwatch League franchise network are oriented on an area with
a stable income by Bellman equations F, (t) (by analogy with the Blizzard Arena).

Formalization of the technical development in the Overwatch League e-sport organization with
franchised networks, given in graphical notations comes as a result of utilizing ready-made soft-
ware, namely the Anylogic, a specialized environment for computing. Yet, the task of their con-
structing requires a common methodological approach to the formalization of technical deve-
lopment and to processing notations for the approximately optimal management strategy for the
hardware operation and upgrade. The computation results of Bellman equations should denote
the F, (t) function related to the maximum profits zones of the arena until the time of the transition
to the zone of the hardware transfer to the Overwatch League franchise network (Table 3).

Bellman’s Optimality Principle (Strakhov, 2013) serves as the basis for the peculiarities of the
stability environment in e-sport events. Taking it into consideration, the formalization of the techni-
cal development in the Blizzard Arena illustrates that the most favourable conditions for financing
the hardware upgrade are 3 years of operation in the arena, with a subsequent hardware transfer to
the franchised network. Thus, by the beginning of the first year of operation, the age of all Blizzard
Arena hardware will have increased per one time unitand be equaltot, =t + 1 =-1+1=0. The profit
will constitute an amount equal to F,(0) = 1. The optimal management strategy atk = 1, x,(0) = (S),
i.e. the maximum income level, from 0 to 3 or 0 to 4 years (per game server) is achieved in case the
hardware is not replaced. By the beginning of the second year of operation, the hardware lifespan
will have increased per time unitand be equaltot,=t, +1=0+ 1= 1. At this, small environment dis-
ruptions in cyber sports events are noticeable (although the average system state within the maxi-
mum profit area is satisfactory over the period). By the beginning of the third year of operation, the
hardware lifespan will have increased per one time unitand be equal to: t,=t,+1=1+1=2. Atthis,
apart from breaking stability values, the average I, (t) function for some hardware periodically shifts
from the profit area into the loss area. Completlng the task of the optimal arena hardware upgrade
strategy is described by the hardware upgrade or I, (0) = (S) = F,(1) = (S) = F,(2) = (S) = F,(3) = (R)).
Taking into account the differences in the stability environments in the e-sport arena and the trai-
ning process in e-sport clubs and training centers, the optimality in the operation and upgrading

Table 3:
Maximum profit zones / the Blizzard Arena hardware transfer to the Overwatch League franchise
network by Bellman equations, 2020-2024, USD

Maximum profit zones / hardware transfer zone (by Fk(t) function values, USD )
Hardware k/ t 3
1 2 Common values for 4
franchi
Overwatch system block 1 9,769,087 -
for game console units? 2 13,280,000 -110,913 -
3 9,880,000 3,400,000 -10,326,550 -
Game console Overwatch 1 24,399,800
2 21,653,500 14,750,600
3 18,110,200 12,004,300 4,108,200
4 9,649,200 8,461,000 3,543,300 -3,000,000
Game server and server 1 7,300,000
hardware 2 6,860,000 2,900,000
3 4,400,000 2,460,000 0

Notes:

' For Step 1, according to computing, the possible system states t = 1,2,3 at which the functional equations
become: F,(1) = max(9,880,000; 10,000,000 - 15,000,000 + 0) = 9,880,000 (C),

F,(2) = max(S 400,000; 5,009,087 - 15,000,000 + 0) = 3400,000 (S),

F, (R) max(-1,2400,000; 1,000,050 — 15,000,000 + 0) =-12,400,000 (S).

For Step 2, the possible system states t = 1,2, at which the functional equations become:

Fy(1) = max (9,880,000 + 3,400,000 ; 10,000,000 - 15,000,000 + 0 +9,880,000) = 13,280,000 (S),

F ,(2) = max (3,400,000 +-12,400,000 ; 5,009,087 — 15 000,000 + 0 +9,880,000) =-110,913 (3).

For Step 3 the possible system states t =1, at which the functional equations become:

F (1) = max(9,880,000 +-110,913 ; I0,000,000 - 15,000,000 + 0 + 13,280,000) = 9,769,087 (S).

The F, (t) function values corresponding to the state of hardware replacement (S) are highlighted in Table 1.

Source: Compiled by the authors with the use of the AnyLogic Cloud computing environment based on Table 1
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of the hardware, according to the Bellman equation, is also different. Formal ratios expressing suf-
ficient optimality conditions are not the same (Lapkina & Malaksiano, 2018).

Hardware in e-sports organizations with franchised networks is operated in stages. Thus,
Stage 1involvesthe hardware operation within the arena (untilthe maximum profitareais achieved).
Stage 2 involves the hardware operation in the franchise network (until the maximum profit area is
achieved). Naturally, the content of the Bellman equation for clubs and training centers is also set
with derivatives including initial and acceptable technical development conditions, based on the
state of the arena hardware after its transfer to a franchised network. Thus, the calculation results
should highlight the function F (t) values, according to maximum profit zones until hardware re-
placement in the Overwatch League franchise (Table 4).

The table shows the F, (t) function values, determining the state of hardware replacement. In
all cases, breaking the environment stability values also identifies possible hardware replacement
points. Such points have font markings in profit or loss zones in AnyLogic. In case the cells in se-
lected areas are distinguished with line saturation (compared to the main font), it means the zone
no longer provides the required income or becomes a loss zone. In other words, the optimal hard-
ware operation and upgrade strategy depends on its current state and the purpose, and is inde-
pendent of its background (Yatsenko & Svystun, 2019). This peculiarity of the Bellman equation al-
lows for shifting from the initial multi-step task of optimizing the hardware operation and upgrade
to the sequential completing several one-step technical development tasks in e-sport organiza-
tions with franchising networks (Rardin, 2015).

6. Conclusions

The formalization of the technical development in e-sports organizations is focused on
searching sufficient criteria for the optimal hardware operation and upgrade. An optimal stra-
tegy has a feature based on the following assumption: whatever the initial state and the ini-
tial solution may be, only the subsequent decision constitutes the optimal policy. Conside-
ring that the development of e-sports organizations with franchised networks lies in the fact
that at every step of hardware operation there is no need for an isolated Fn(t) function optimi-
zation, but rather for the optimal management of the maximum profit areas for all the subse-
quent steps. Thus, according to the data of the Blizzard Arena, we hereby present a formaliza-
tion of technical and economic development (based on completing the optimal hardware up-
grade strategy through step-by-step optimization until the moment of its transfer to the fran-
chised network members).

In the course of the study, we come to the following conclusion. This formalization is generally an
outstanding issue for Ukraine as well, since a significant share of e-sports clubs operate indepen-
dently or through franchises of local operators of e-sports franchising networks with no arenas of their
own. Respectively, these clubs do not have sufficient funds to purchase the necessary hardware.

The above results of the studies can serve as tools for the following:

1) reorientation of national e-sports organizations towards cooperation with e-sports arenas func-
tioning as operators of franchising networks;

2) increasing the number of native arena owners in major e-sport events. The study prospects
are related to the fact that the proposed approach to the techno-economic development in
e-sport organizations is based on the possible system state - «the income from hardware ope-
rating - the annual costs related to the e-sports hardware operation and upgrading - the resi-
dual hardware value/original hardware value». The state of the system is identified with the use
of Bellman functional equations. There emerges a possibility to significantly reduce invest-
ments in the e-sports environment hardware in the main arena and the franchised ones while
controlling the quality and functionality of e-sports hardware.

The strategy of focusing on two-stage upgrade will reduce investment in major hardware. The
study illustrates the formalization of the techno-economic development of the Blizzard Arena
through a two-stage upgrade of the Aerocool Advanced Technologies franchise (primary fran-
chise from the manufacturer, secondary franchise from the Blizzard Arena franchise operator).
Based on the specific features of Bellman equations, the development of the Blizzard Arena must
be provided taking into account the model ¥ (0) = (S) = F,(1) = (S) ~ F,(2) ~ (S) » F,(3) = (R). The
latter serves for determining the feasibility of hardware transferring to a franchised network du-
ring the third period of operation, where it is operated as long as franchisees may enter the ma-
ximum profit area. The results illustrate the way gaming hardware investments can be reduced by
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Table 4:
Maximum profit zones / hardware transfer to the Overwatch League franchise network
by Bellman equations, 2023-2028, USD

%Y K/t Maximum profit zones / Nm Maximum profit zones / NE
El hardware transfer area by Fk(t), USD 1 3 hardware transfer area by Fk(t), USD 3
o 1 [ 2 [ 3 [ 4 | 5 E 1 | 2 [ 3 | 4 | 5 E
Game server and server hardware (joint operation) Game server and server hardware (joint operation)
1-7 |1 |6,894,782 6,476,859 23
2 5,645,354 | 5,392,462 5,346,342 | 5,024,479
3 4,328,004 | 4,143,034 | 3,948,816 8,9 (4,129,378 | 3,893,962 | 3,646,775
4 2,945,966 | 2,825,684 | 2,699,388 |2,566,777 2,830,084 | 2,676,998 | 2,516,258 | 2,347,481
5 1,502,320 | 1,443,646 | 1,382,038 [1,317,350]1,249,427 1,452,380 1,377,704 | 1,299,294 | 1,216,963 [1,130,517
Overwatch system block for game console Overwatch system block for game console
1,2| 1* | 2,100,838 3900,620 1
2* | 2,400,174 | 1,460,620 3,015,773 | 2,986,793
3* 11,840,255 | 1,759,955 | 830,551 1 [2,938,678| 2,101,946 | 2,091,146
4* | 1,270,287 | 1200,037 |1,129,887 | 209,656 216,669 | 2,024,851 | 1,206,299 [1,100,729
5% 640,218 630,068 569,968 | 559,918 |-350,262 1,281,844 | 1,252,864 | 1,129,204 | 294,902 | 184,472
3,4 1 |3,291,915 3,343,322 1
2 2,493,873 2,381,973 2,549,522| 2,426,432
3 12,669,326 1,504,231 (1,492,231 1 |2,684,118| 1544,963 | 15,317,634
4 11,799,684 | 1,759,384 | 602,489 |485,189 1,811,558 1,767,228 | 637,093 508,063
5 909,942 889,742 869,642 |[-424,752| 830,035 916,889 894,669 872,559 -408,825 | 828,991
56| 1 | 3,135,284 614,579 1
2 |2,547,341 | 2,323,541 383,306 | 338,546
3 | 2,314,227 1,576,198 |1,552,198 1 803,898 75,394 70,594
4 |1,583,085 | 1,502,485 | 780,856 | 546,256 543,985 527,865 -197,358 | -224,161
5 | 811,742 771,342 | 731,142 [-265,486] 65,1928 276,032 | 267,952 259,912 -468,231 | 244,070
7,8 1 |1,262,259 9,408,742 2
2 886,160 830,210 7,046,534 | 6,926,673
3 1,265,895 | 414,262 | 408,262 1 | 7,355,455 4,564,465 | 4,474,905
4 853,997 833,847 -13,686 | -72,336 4,933,837 | 4,873,387 | 2,112,697 | 2,053,286
5 432,048 |421,948.5 | 411,898 |-498,281 | 392,095 2,482,068 | 2,451,768 | 2,421,618 | -308,921 |2,362,208
9,1 1 |6,885414 Game console Overwatch 2
2 |5,181,489 | 4,957,689 4,503,348
3 |5,662,175 |3,094,364 3,070,364 1 |3,604,525]| 3,604,525
4 | 3,815,050 | 3,734,450 [1,183,039 | 948,439 2,701,085 | 2,705,702 | 2,701,085
5 |1,927,725 | 1,887,325 | 1,847,125 |-979,286 |176,7911 1,802,262 | 1,802,262 | 1,802,262 | 1,802,262
Game console Overwatch 898,823 903,439 898,822 903,439 898,822
2,31 4,380,545 6,004,746 2
2 3,507,760 | 3,507,760 4,807,490 | 4,807,490
3 2,626,665 | 2,634,975 | 2,626,665 2 [3,601,001] 3,610,235 | 3,601,000
4 1,753,880 | 1,753,880 | 1,753,880 |1,753,880 2,403,745]| 2,403,745 | 2,403,745 | 2,403,745
5 872,785 881,095 872,784 | 881,095 | 872,784 1,197,255 1,206,489 | 1,197,255 | 1,206,489 [1,197,255
45|11 4,481,060 3,870,737 2
2 3,588,911 | 3,588,911 3,103,977 3,103,977
3 2,686,605 | 2,696,762 | 2,686,604 2 |2,318,749]| 2,337,217 | 2,318,748
4 1,794,455 | 1,794,455 | 1,794,455 |1,794,455 1,551,989| 1,551,988 | 1,551,988 | 1,551,988
5 892,149 902,306 892,149 | 902,306 | 892,149 766,760 785,228 766,760 785,228 766,760
6,71 1,892,568 2,913,248 2
2 1,515,532 | 1,515,532 2,332,445 2,332,445
3 1,134,802 [ 1,138,496 | 1,134,802 2 [1,747,025] 1,751,642 | 1,747,025
4 757,766 757,766 757,766 | 757,766 1,166,222 | 1,166,222 | 1,166,222 | 1,166,222
5 377,036 380,729 377,036 | 380,729 | 377,036 580,803 585,419 580,802 585,419 580,802
891 12,269,361 9,450,649 2
2 9,821,029 | 9,821,029 7,567,907 | 7,567,906
3 7,358,846 | 7,372,697 | 7,358,846 2 |5,666,696| 5,685,164 | 5,666,695
4 4,910,514 | 4,910,514 | 4,910,514 4,910,514 3,783,953 | 3,783,953 | 3,783,953 | 3,783,953.
5 2,448,332 | 2,462,182 | 2,448,331 |2,462,182|2,448,331 1,882,743| 1,901,210 | 1,882,742 | 1,901,210 |1,882,742
Notes:
' Step 1: F,(t) = max(r(t), (S); S(t) - P +1(0), (R)), k
Step 2: F (t) max(r(t) + F, (t+1); S(t) - P+ 1(0) + F,,(l)) k=4;
Step 3: F. 4(t) = max(r(t) + F L(tF1);S(0) -P +1(0) + F (1)), k=3;
Step 4: F. ,(t) = max(r(t) + F. L(t+1);S(1) - P +1(0) + F. J1), k=2;

Step 5: F L(t) = max(r(t) +F o(t+1) 5 S(t) - P +1(0 )+F (1)), k=1.

2(1) The development model F (1) = (S) = Fy(2) » (S) F,(8) = (R) = F,(1) = (S) = F,(2) = (S) or hardware replace-
ment at the beginning of the th|rd year of operation;
(2) F (1) = (S) = F,(2) = (S) = F,(3) = (S) = F,(4) = (S) = F,(5) — (S). Replacement of hardware is not required after
5 years of operation. The development model is calculated through an algorithm similar to that used in Table 2
8 (1) club 1 (Florida Mayhem); (2) club 2 (New York Excelsior); (3) club 3 (London Spitfire); (4) club 4 (Vault 15);
(5) club 5 (Immortals); (6) club 6 (NRG E-sports); (7) club 7 (Misfits); (8) training center 8 (PS4); (9) training center
9 (Xbox One).

Source: Compiled by the authors with the use of the AnyLogic Cloud computing environment based on Table 1
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the franchised network development, being attracted by a standard e-sports arena with a capa-
city of 450 players. Namely, an investment is made into the following hardware: Overwatch sys-
tem units at the amount up to USD 15 million, gaming consoles amounting to USD 12.7 million,
and the game server and server hardware amounting to USD 4 million. A strategy for achieving
the required technical and economic development in a franchise network is also presented (with
minimal investments in basic hardware).

Graphic notations for approximate description of the optimal hardware upgrade management
is sufficient to create an extended event-driven process chain for extended notation of technical
development formalization chain in e-sports organizations with franchising networks.

The practical significance of graphic notations aimed at describing the optimal operation and
upgrade strategy for hardware units is in the possibility of their application in modelling (functio-
nal, information, behavioural) and distribution of funds. These will ensure the maximum stability of
the e-sports event environment and sustainable training environment for e-athletes.
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