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Routing for tourist and excursion bureaus based at
parametric network models

Abstract. This study is devoted to applying parametric network models for the process of defining a guided
tour route within route networks on the example of Denmark. This is caused by difficulty in determining
variations when organizing guided tours. Under the actual digitization conditions, tourist and excursion
bureaus are being restructured from static organizations administering various excursions into dynamic
ones. They are actually getting adjusted to the customers’ needs and demands, taking into account the
actual possibilities for covering a certain topic by the tour party within a route. The main problem encountered
by tourist and excursion bureaus is the following. Although the nomenclature of presented guided tours is
established by the economic entity independently, those are not always carried out according to a clearly
defined itinerary and on the same conditions for all participants. When providing such services, customers’
demands and service peculiarities are not known in advance. The purpose of the present study is to provide
a substantive basis for routing in tourist and excursion bureaus, based on parametric network models and
taking into account the peculiarities of dynamically adaptable tables containing the best routes. To achieve
the research goal, network planning methods were used, such as analytical, tabular, cloud computing in the
AnyLogic Cloud environment.

As a result of the study, a substantive basis of routing of the tourist route was presented for tourist and
excursion bureaus, through their parametric network models. The study was implemented at the sample
of the Denmark Tour -Your Guide Office, a company founded within cooperation with Russian, Ukrainian,
and Denmark partners and providing travel services within the Denmark tourist market. The Office includes
about 20 affiliates in Denmark, where route networks have already been adapted to designing tours in
practice and parameterization of such networks is well underway, in particular by shifting the focus from the
route distance rate to minimization of transfers between attraction sites. However, to provide a substantive
basis for the routing in a tourist office, parameters of the routing networks should be determined not only
based on the list of actions (activities) to be carried out, but also on their minimum and maximum possible
duration. A lack of due attention to the servicing time for the tour groups will lead to breaking tour schedules.
Thus, in 2020, as a result of the inefficient parameterization at Denmark Tour - Your Guide, about 5-6 tours
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around Aalborg and its vicinity were cancelled monthly. Denmark Tour- Your Guide incurs monthly profit
losses at 15% in 4-6 tours around Aarhus and its surroundings, Jursland peninsula, rated at a fixed cost,
as the result of payment of a fixed cost for the selected excursions. A similar situation, with breaking tour
schedules and monthly losses incurred, is common with tourist and excursion bureaus in various countries
around the world, including Ukraine.

According to the results of the study, it is marked that the routing of tourist itineraries designed by tourist
agencies, based on parametric network models turns their static time reserves and operational metrics into
dynamic values depending on the duration of the tour activities. This not only ensures following schedules
properly in all tours but also minimizes monthly profit loss, at an estimated EUR 2,250 for the Aalborg and
its surroundings routes. Meanwhile, there may be situations where it is not possible to change the total tour
cost. For example, in the company Denmark Tour - Your Guide, when working with intermediate parties, this
price is fixed. To prevent incurring monthly losses within 15% of the profits for 4-6 tours of Aarhus and its
surroundings, Jursland peninsula, Aalborg and Surroundings, it is necessary to make some quite specific
adjustments in some activities at the sites. These should take into account the time reserve values on the
longest route. A special tour activity complexis to be completed, with a maximum difference in early and late
schedule times, standard and urgent pricing for the site operations). A procedure is compiled for minimizing
losses in routes (over 8K euro annually), providing for completion of the activity complex within the schedule
with a minimum additional charge to the operating metric (the route price), since it is not reimbursed by
the tourists. It is important that the results presented should identify the path adjustments of each route
simultaneously, taking into account the actual time reserve (available based on the tour group location and
the previouisly completed schedule items on the tour).

Prospects for practical implementation of the presented substantiation basis for the itinerary routing to be
used in tourist and excursion bureaus, based on parametric network models, are in establishing facilities for
creating dynamic graphic images of the whole tour procedure, in the form of a directed graph of the route
network.

Keywords: Excursion; Bureau; Routing; Route; Network Model; Route Network; Excursion Design; Network
Analysis

JEL Classification: C46; C61; C80

Acknowledgements and Funding: The authors received no direct funding for this research.
Contribution: The authors contributed equally to this work.

Data Availability Statement: The dataset is available from the authors upon request.

DOI: https://doi.org/10.21003/ea.V191-08

Macnuran O. O.

KaHaMaaT EKOHOMIYHUX HayK, AOLEHT Kadeapu Typusmy i reorpadii

MykadiBCbkunii oepxaBHuin yHiBepcuTeT, MykayeBo, YkpaiHa

Toabepiwko E. B.

acnipaHT, kadegpa eKOHOMIKM Ta PiHaHCIB,

MykadiBCbkunin gepxaBHUN yHiBepcuTeT, MykayeBo, YkpaiHa

Xyxkoe C. A.

[OKTOP EKOHOMIYHUX HayK, CTapLUWIA HayKOBUIA CRIBPODITHUK,

DOLUEHT, npodecop kadenpwn HisHEC-aAMIHICTPYBaAHHS, MAPKETUHIY T2 MEHEOXKMEHTY,

YXropoacbknii HaLioHaNbHUI YHIBEPCUTET, YXropoa, YkpaiHa

Kawka M. 1O.

KaHAMAAT iICTOPUYHUX HAaYK, OOLEHT Kadenpu Typusmy,

YXXropoAacbKnii HaLiOHaNbHUI YHIBEPCUTET, YXropog, YkpaiHa

MapuwpyTusauis TYypucTCbKO-eKCKYPCiiHMX 610pO Ha OCHOBI NapaMeTPUYHUX MepeXeBUx moaenen

AHoTauiqa

Y cratTi BiA3HAYE€HO BUCOKY MPIOPUTETHICTb BMKOPUCTAHHS nMapamMeTpu4HUX MepexeBux mopenen ans
NPOLLECY BU3HAYEHHSA eKCKYPCIMHOro MapLUpyTy B MapLUPYTHUX Mepexax Ha npuknagi Jaxii, wo aymosneHe
TpyOoHOWAMM BM3HAYeHHS Bapiauin Woao opradisauii ekckypcin. B ymoBax umdposizauii TYpUCTUYHO-
E€KCKYPCiliHi 610p0 NepenaluToBylOTbCSA 3i CTAaTUYHOI opraHisaudji Ha 3annTu KIIEHTIB 3 ypaxyBaHHSM
MOXJIMBOCTEN PO3KPUTTSA MEBHOI TEMU ONS ekcKypcirHoi rpynu. OcHoBHa npobnema TYypUCTUYHO-
E€KCKYPCINHMX Olopo nonsirae B TOMY, LIO Xo4da Cy0’eKT rocnogaploBaHHS CaMOCTIMHO BCTaHOBIOE
HOMEHKNaTYPY EKCKYPCiil, BOHU HE 3aBXau NPOBOAATLCS 3a HiTKO BU3HAYEHOI0 NPOrpamMolo i Ha O4HAKOBUX
D151 BCiX y4acHWKIB ymoBax. [Mig,4ac HagaHHs Takux Mocayr 3annT Ta 0cobMBOCTI 00CNYroByBaHHS KIEHTIB
3aspanerigb He BioOMi.

MeTa Haworo AOCNiIOXEHHS — npeacTaBfeHHs 3MICTOBHOI OCHOBM MapLipyTm3auii ons TYPUCTCbKO-
E€KCKYPCiINHMX OIOpPO Ha OCHOBI MapaMEeTPUYHUX MepexXeBUX MOoOenen, BUXOAsYM 3 0COoONMBOCTeNn
OMHaMIYHO aganToBaHNX TabNnLb, K MICTATb ONTUMaJbHI MapLpyTW. s AOCATHEHHS METU AO0CNIOXKEHHS
BUKOPMCTAHO METOoAV MEPEXEeBOro MiaHyBaHHA, a came: aHasiTU4Hi, TabAn4YHi, XMapHi 0BYNCNEHHSA B
cepeposui AnyLogic Claud.

PegynstatoMm gocnigXXeHHs CcTtano NoAaHHA 3MICTOBHOI OCHOBWM MapLupyTuaauii TYpUCTUYHOro MapLupyTy
ONsl TYPUCTCbKO-EKCKYPCiriHMX Bopo B BUMNAAI iX NapaMeTpudHuX MepexeBux moaenen. JocnigxeHHs
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peanizoBaHo Ha npuknagi Owpo «[aHiaTyp — Baw rig», sIke CTBOPEHEe CniflbHO 3 POCINCbKUMMU,
YKPaiHCbKUMW, AaHCbKUMM NPEACTAaBHUKAMM Ta HAAA€E EKCKYPCIiNHI NOCYrn Ha TYPUCTUYHOMY PUHKY JaHii.
Biopo mae 6nm3bko 20 npeactaBHUUTB Yy [aHii, B 9knx MapLlUpyTHi MEpeXi BXe afanToBaHi A0 MPaKTUKu
€KCKYPCINHOIo NPOEKTYBaHHSA, N akTUBHO Mae napamMeTpusaLis Takmx Mepex, 30okpema, yeary 3MilleHo
3 KinoMeTpaxy ekckypcii Ha MiHiMi3auilo nepemilleHb Mk o6’ektamu. OgHak ONns NogaHHA 3MiCTOBHOI
OCHOBW MapLupyTm3auji 6i0p0o Ta MOro NPeacTaBHULTB MOBWUHHI BU3HAYaTUCS NapaMeTpy MapLupyTHUX
MepeX He TiNlbK1 BUX0As4mM 3i cnucky Ain (pobiT), siki Tpeda BUKOHATHK, ane TakoX iX TPMBanocTi (MiHiManbHO
W MakcMManbHO MOXNNBOI). BiacyTHICTb HanexHoi yBarn OO0 TepMiHiB 0OCNYroByBaHHSA €KCKYPCIMHUX
rpyn Bege 0o nopyweHHs rpadikiB ekckypcin. Y 2020 poui B pe3ynbtati HeedeKTMBHOI napamMmeTpusadii
«[laniaTyp — Baw rig» WoMicausa ckacoByBanoca 5-6 ekckypcin no Aanbopry ta okonuuam. «daniatyp —
BallU rig» 3a3Hae LWoMicaYHi BTpaTu B Mexax 15% Big npmnbyTky no 4—6 ekckypcism no Aanbopry, Aapxycy
Ta niBocTposy Opcnang i3 ¢pikcoBaHO BaPTICTIO BHACAIAOK CNaaTty TEPMIHOBOI BApTOCTi 32 OKPEMUMU
E€KCKYPCiHMMK poboTamMn. Taka cuTyauis xapakTepHa Oas TYPUCTCbKO-eKCKYPCIHUX BIpo B PIiSHUX
KpaiHax CBiTy, 3oKkpema 1 B YKpaiHi.

3a pesynbratamMmu OOCNIOXKEHHS BiA3HAYEHO, WO MapLIpyTM3auia TYPUCTUYHOIO MapLupyTy TYPUCTCbKO-
E€KCKYPCiHUX BI0PO Ha OCHOBI MapaMeTPUYHNX MEPEXEBUX MOAENEN NMEPETBOPIOE CTATUYHI iX pe3epsu
Ta onepauiiHi METPUKN Ha AMHAMIYHI BENNYMHU, LLO 3anexarb Big TPMBaNocTi eKcKypciiHux pobiT. Llie
[03BOJISIE HE NPOCTO 3a6€e3NeYnTH YiTke OTPUMaHHS rpadiky BCiX EKCKYPCIlt, a 1 MiHIMI3yBaTu LLLOMiICSAYHUWIA
HeZLoOTPMMaHMN NPUOYTOK, OLHIOBaHMN NpnbnnsHo B 2250 TUC. €BpO 3a MaplipyTtoM Aanbopr. Pasom
i3 TUM MOXNUMBI cUTyaLji, KONu 3MiHa 3aranbHOi BApPTOCTi eKCKypcii Hemoxnunea. Hanpuknag, npu poborTi
3 nocepegHukamu. LLLo6 3anobirt womicayHmum BTpatam y mexax 15% Big npubyTky HeOoOXxigHi 4oCUTb
crneundivyHi KOpUryBaHHsa 3 Oeskmx pobiT Ha 06’ekTax, WO BPaxOBYOTb 3HAYEHHS TMMYACOBUX PE3EepBiB
Nno MakcrmMasibHOMY MapLUpyTHOMY Wsxy. HeoOxioHnM kKoMnnekc ekKCcKypciliHMx pobiT i3 MakCUMasnbHO
PI3HULLEIO Y PaHHIX i Ni3HIX TEPMiHAX BUKOHAHHS MiXX HOPMasbHOIO i TEPMIHOBOIO LIiHOIO pOBIT Ha 06’eKTax.
dakTnyHo, Wob MiHiMi3yBaTM BTpaTn NpMBYTKY 3a MapLupyTaMu (SKi 3a pik NepeBuLLYyOTb 8 TUC. EBPO),
BM3HAYaETLCS, 9K 32 MiHIMabHy AONaaTy A0 onepauinHOi METPUKIN (LLIHOKO MapLUPYTY) MOXHa 3aBepLUnNTA
KOMMeKc pobiTy HEOOXiAHWI TEPMIH, OCKINbKM LA AonaTta eKCKypcaHTaMu He BiAWKOAOBYETbCS. Baxnuneo,
WO npeacTtaBfieHi pe3ynbTatnm napanesibHO iAeHTUPIKYIOTb KOPUIYBAHHS LUJISIXY KOXHOMO OKPEMOro
MapLUpyTy 3 ypaxyBaHHAM GakTUYHOIO pe3epBy Yacy (SKUn OOCTYMHUI, BUXOOAYN 3 NNOKaLii eKCKYPCINHOI
rpynu iA nonepeaHix eKckypciiHnx pooiT).

lMepcnekTBM 3aCTOCYBaHHSA MpPEeACTaBfEHOI 3MICTOBHOI OCHOBM MapLupyTusauii gns TyYpPUCTCbKO-
€KCKYPCiNHMX O10p0 HAa OCHOBI NapaMeTPUYHNX MEPEXEBUX MOOENEN NONAralnTb Y MOXINBOCTI GOPMYBaHHS
OVHaMiYHUX rpadivyHMX 306paxeHb YCbOro NopPsAKY BUKOHAHHSA EKCKYPCIMHUX POOBIT y BUrMSiAi OPIEHTOBHOIO
rpadika MapLUpyTHOI Mepexi.

Knio4yoBi cnoBa: ekcKypcis; MapwpyTu3aLis; MapLlpyT; MepexesBa MoAeslb; MapLupyTHa Mepexa;
E€KCKYPCIiHE NPOEKTYBAHHS; MEPEXEBUIN aHai3.

MacnuraH E. A.

KaHOuOaT 3KOHOMMYECKNX HayK, OLEHT Kadeapbl Typnama v reorpadpuu,

Myka4eBCkuii rocyaapCTBEHHbIN yHMBepCUTeT, MykayeBo, YkpanHa

Toabepuwiko E. B.

acnmpaHT, kadpenpa 3KOHOMUKU U PUHAHCOB,

MykayeBCKUin rocygapCTBEHHbIN yHMBEPCUTET, MykayeBo, YkpanHa

Xykoe C. A.

DOKTOP 9KOHOMUYECKMX HAYK, CTapLUNA HAyYHbIA COTPYAOHVIK,

DoueHT, npodeccop kadenpb OU3HEC-AOMUHNCTPUPOBAHWS, MAPKETMHIA U MEHEOKMEHTA,

YXropoackuin HauMoHasbHbIN YHUBEPCUTET, YXXKropon, YkpanHa

Kawka M. 10.

KaHAMAAT UICTOPUHECKMX HaYK, AOLEHT kKadeapbl Typusma,

YXropoackmii HauMoOHaNbHbIM YHUBEPCUTET, YXropoa, YKpanHa

MapLipyTu3aums TYpUCTCKO-3KCKYPCUOHHbIX 610p0 Ha OCHOBE NapaMeTpPU4ecKnX ceTeBbiX Mmoaeneil
AHHOTaAUUA

B cratbe OTMe4deHa BbICOKas MPUOPUTETHOCTb UCMONL30BaHUA MapamMeTpU4eckux CeTeBbiX Mopenen
DN npouecca onpeneneHnss 3KCKYPCMOHHOMO MapLupyTa B MapLUPYTHbIX CETSX, 4TO 0OYCnoBJIEHO
CNOXHOCTSIMU ONpeaeneHmns BapuaLmin B OTHOLLIEHUN OpraHn3aLmm SKCkypcuin. B ycnosusax umbposusaumm
TYPUCTCKO-3KCKYPCMOHHbIE BIOPO NepecTpanBaloTCs CO CTaTMYECKOM OpraHn3aummy pasimnyHbIX 9KCKYPCUi
Ha AMHAMWNYECKYIO, MPU KOTOPOW OHU KOPPEKTUPYIOTCS Nog, NOTPEeOHOCTM 1 3anpocChl KITMEHTOB C YYETOM
BO3MOXHOCTEN PaCKPbITUSA OMNpPEeneneHHON TeMbl CrnefoBaHus SKCKYPCUMOHHOW rpynnbl. OCHOBHadA
npobnemMa TYpPUCTCKO-3KCKYPCUMOHHbLIX OOpO COCTOMT B TOM, 4YTO XOTS CYObekT XO3\MCTBOBaHUSA
CaMOCTOSATESIbHO YCTaHaBIMBAET HOMEHKNATYPy NpeacTaBigeMblX 3KCKYPCUI, OHW He BCerga NnpoBOAATCS
Nno 4YeTKO OMNpeneneHHoOW nporpamMme W Ha OOVHAKOBbIX AN BCEX YYaCTHMKOB ycnosusx. B xone
npeacTaBfieHns Takux YCNyr 3anpocbl U 0COBEHHOCTU OBCNYXMBAHUS KIIMEHTOB 3apaHee He M3BECTHbI.
Llenb Hawero nccnenoBaHa — npeacTaBfieHne coaepXKaTenbHOM OCHOBbI MapLUpyTU3auum TYPUCTCKO-
3KCKYPCUOHHBIX OOpPO Ha OCHOBE MNapaMeTpUYecKux CeTeBbIX Monaenen, GopMMpyeMbIX UCXOAA U3
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0COOEHHOCTEN AUHAMMYECKN aganTupyemblx Tabnuu, cogepxawmx Hanbonee oNTUMasbHble MapLLPYTHI.
Ona [ocTuxeHnsa uenu uccnefoBaHUsi UCMNOJSb30BaHbl METOAbl CETEBOrO MAAHMPOBAHMA, @ WMEHHO
aHanuTnyeckme, TabnmyHble, obnayHble BbluncneHus B cpeae AnyLogic Claud.

Pesynetatom unccnegoBaHusa  CTasio  MPeOCTaBfeHVE  COOEPXaTeNbHOM  OCHOBbI  MapLupyTM3auum
TYPUCTUYECKOrO MapLipyTa OJ1s TYPUCTCKO-3KCKYPCUMOHHbIX 60po B BUAE WX NapamMeTpUyHecKmx CETEBbIX
mMogaenei. MiccnengosaHue peann3oBaHo Ha npumepe 6iopo «daHmaTtyp — Baw rmg», co3gaHHOro COBMECTHO
POCCUNCKUMMN, YKPAUHCKUMU 1 JATCKUMW NPEACTaBUTENSIMN U NPEAOCTaBNSAOLWENO SKCKYPCUOHHbBIE YCNYrn
Ha TypuUCTMYEeCKOM pbiHke HdaHun. Biopo mmeeT okono 20 npeacTtaBUTeNnbCTB B [JaHuU, B KOTOPLIX YXe
a[anTUpPOBaso MAPLLPYTHLIE CETU K MPAKTUKE SKCKYPCUOHHOIO MPOEKTUPOBAHUSA, akTUBHO paboTaeT Hap,
napamMeTpusaumen Takux CeTen, B HaCTHOCTU, BHUMaHNE NMEPEOPUEHTUPOBAHO C KNIOMETPaXa 3KCKypCum
Ha MUHUMM3ALMIO NepeMeLLEeHN Mexay oObekTamu. OgHako oS NpeAcTaBNeHNs CoaepXKaTesibHOM OCHOBBI
MapLIpyTU3aummn Takoro 61opo AOMKHbI ONPeaensaTbCs NapaMmeTpbl MapLUPYTHLIX CETEN HE TOMBbKO MCXOAS
N3 cnvcka AencTeuii (paboT), KOTOPbIE HAAO BbINOHUTbL, HO U X MUHUMAJIBHO Y MaKCUMasibHO BO3MOXHOW
npoaomknTensHocT. OTCYTCTBME OO/MKHOIO BHMMAaHUS K CPOKaM OOCNY>XMBaHUS 3KCKYPCUMOHHBLIX Mpymnmn
BEOET K HapyLweHuio rpadurkoB akckypeuii. Tak, B 2020 r. B pe3ynbrate HeaddEKTUBHOM NMapamMeTpmnsaumm
«[daHnaTtyp — Baw rug» exemMecsyHo OTMEHSAN0Ch 5—6 akckypcuii no Aanbopry 1 OKPeCTHOCTAM. «JaHnatyp —
Bawu rmg» HeceT exxemecsa4Hble notepu B npeaenax 15% o1 npmbbinu no 4—6 akckypcuam B Aanbopr, Aapxyc
N Ha nonyoctpoB HOpcnaHa C GUKCMPOBAHHOM CTOMMOCTBIO. AHANorMyHas CuUTyaums xapaktepHa ans
TYPUCTCKO-3KCKYPCUOHHbIX BI0PO0 B PasfinyHbIX CTaHax M1pa 1 YkpaumHe.

Mo pesynbTatamMm MccnefoBaHUs OTMEYEHO, YTO MapLUpPyTU3aumsa TYPUCTUHECKOrO MapLupyTa TYPMUCTCKO-
3KCKYPCUOHHBIX OIOPO Ha OCHOBE MapamMeTpUYecKMX CETEBbIX MOAENEN MNpeBpallaeT BPEMEHHbIE WX
pe3epBbl 1 OMNEPaLMOHHbIE METPUKU B ANHAMUYECKNE BENUYMHBI, 3aBUCALLME OT MPOOOIHKUTENBHOCTU
9KCKYPCUOHHLIX paboT. OTO NO3BONSET He MNPOCTO obecrneynTb YeTkoe cobnogeHve rpaduka Bcex
9KCKYPCUIA, HO 1 MUHUMN3NPOBATbL EXEMECSAYHYIO HELOMOJYHEHHYIO MPUBLISb, OLLEHMBAEMYIO MPUMEPHO
B 2250 TbiC. €BpO NO MapwpyTy Aanbopr. BMmecTte ¢ TeM BO3MOXHbI CUTyauUumn, Koraa U3MeHeHne obLie
CTOMMOCTU 3KCKYPCUM HEBO3MOXHO. Hanpumep, B «daHuaTtyp — Baw rmg» npu paboTte ¢ nocpeaHMkamm
Takasi CTOMMOCTb (PUKCUPOBaHHas. YToObl NpenoTBpaTuTb eXeMecsyHble notepu B npegenax 15% ot
npubbln No 4-6 skckypcusam B Aanbopr, Aapxyc 1 Ha nonyocTtpos tOpcnaHa, HeobxoauMbl A0CTATOYHO
cneumounyeckne KOpPeKTUPOBKN MO HEKOTOPLIM paboTaM Ha 06bLEKTaX, YHUTbIBAOLLME 3HAYEHNSA BDEMEHHbIX
pPE3EPBOB MO MaKCUMalbHOMY MapLUPYTHOMY MyTWU (BKJOYAKOLWME OCOOLIA KOMMIEKC 3KCKYPCUOHHbIX
paboT C MakCUMasbHOW PasHULEN PaHHUX N MNO3OHUX CPOKOB, HOPMasibHOW N CPOYHOW LieHOWM paboT Ha
0b6bekTe). DakTnyeckn, YToObl MUHUMU3NPOBATL MOTEPU MNPUOLIIM MO MapLlipyTaM (KOTopble 3a rop,
NPEeBbLILAIOT 8 ThIC. EBPO), ONPEAENAETCS, Kak 3a MMHMMAJTbHYIO AONAaTy K ONepauMoHHON METPUKE (LeHe
MapLUpyTa) MOXHO 3aBEPLLNTb KOMIMIEKC PaboT B HEOOXOAVMbIN CPOK, MOCKOJIbKY OHA 9KCKYpPCaHTaMu He
BO3MeLLaeTcs. BaxHo, 4To npeacTaBneHHble pe3ynbTarbl napanienbHO NAEHTUDULMPYIOT KOPPEKTUPOBKM
NyTW KaXA0ro OTAENbHOro MapLupyTta C yd4etoM hakTMHeckoro pesepBa BPEMEHU (KOTOPbIN AOCTYMNEH
ncxoas U3 NoKaLmMmM 9KCKYPCUOHHOM rpynnbl U NPEALLECTBYIOLLMX 3KCKYPCUOHHbIX paboT).

MepcnekTuBblI MPUMEHEHUS NPEACTABIEHHON COAepXaTeibHOM OCHOBLI MapLUPyTU3auumn ans TYPUCTCKO-
3KCKYPCUOHHBIX OOpO Ha OCHOBE MapaMeTPUYECKMX CETEBbIX MOAENEN COCTOST B BO3MOXHOCTU
dOopMMPOBaHNS AVHAMUYECKUX rpadUyeCcKuxX N300pakeHnin BCEro Nopsiaka BbINOAHEHNS SKCKYPCUOHHbIX
paboT B BUAE OPUEHTMPOBAHHOIO rpada MapLLUPYTHOM CETU.

KnioueBble cnoBa: SKCKypCus; MapLipyTu3auus; MapLlupyT; ceTeBass MOAeNb; MapLupyTHas CeTb;
3KCKYPCUOHHOE NPOEKTMPOBAHNE; CETEBOWN aHaNmn3.

1. Introduction

The study refers to the scope of optimization in the tour design procedure. Namely, it relates
to the field of implementing automatic identification of itinerary and servicing peculiarities for
tourist groups within the route network, especially in cases where the travelling itinerary is in-
tended to provide full treatment of a certain topic (excursion subject). The necessity for shifting
to network-based routing models in tour designing arises from the fact that currently tour agen-
cies’ activities are quite specific and associated with a selection of network routes interacting
with one another. This is due to the fact that, against the background of digitization, such eco-
nomic entities are being restructured in their activities, from simply static organization of va-
rious tours (with unchanged tourist routes) to a dynamic organization pattern. Dynamic routes
are adjusted according to the customers’ demands and requests, and topics within a tour group
itinerary. The main problem for tourist and excursion bureaus is that they are targeted for ser-
vicing unorganized tourists staying in hotels and spa resorts, or those arriving on company-or-
ganized tours. At the same time, although the economic entity may itself establish a range of
presented guided tours, these are not always conducted according to a clearly defined pro-
gram and under the same conditions for all visitors. In the process of providing such services,
the personal demands and servicing peculiarities of the customers are not known in advance.
Age ranges (including children tourists), state of health, numbering of tourists in groups, and
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their requests may lead to making adjustments in the visiting sequence for historical, natural,
and other attraction sites; servicing duration and the tourist itinerary proper.

According to data by Pricewaterhouse Coopers, 25% of modern sightseeing tours and topi-
cal coach trips provided by tourist agencies have deviations from the original traveling itinerary.
Therefore, approaches to tour designing are changing.

For example, the «Alik’s Tours» agency (providing guided tours and trips in Alania travel mar-
ket) and Questtour (providing non-standard guided tours and trips in Czech Republic travel
market), instead of clear travelling itinerary for tourist groups (from one location to another, by
predefined roads, streets, and other transport corridors), have been using route networks for
transferring since 2017.

Since 2018, the agency Denmark Tour - Your Guide (providing guided tours in Denmark tra-
velling market) and the agency Italy with Us, providing guided tours in the Vatican, Rome, Venice,
Florence travel markets) not only use route networks for travel but also cluster them according to
the the tour program participation cost and service peculiriarities for tour groups.

These innovations derive from the fact that tourist agencies have to plan their costs and all pos-
sible routes for the tours before actually introducing the tour services. It is necessary to conclude
contracts for the rental of vehicles in advance, those with catering companies, theatres, and other
facilities for visiting them later during tours. In doing so, even when costs have already been in-
curred, it is extremely difficult to design all possible variations in the tour organization, including
travelling within the route network and any probable arising of additional costs associated with the
immediate service cost.

To provide for obtaining profit from the tour route, tourist agency experts draw attention to the
importance of the clear definition of basic parameters in network models (completing each tour
event ahead or behind of schedule, time reserves, critical track (longest within the network), avai-
lability of urgent cost of services), influencing operational metrics (prices) and tour duration.

It is the basic parameters that should form the basis for the routing of the tourist trip, i.e. en-
sure an automatic process for determining the optimal trip route/track, taking into account the pa-
rameters of the route network in general and the current location of the tourist group in real-time
mode.

2. Brief Literature Review

There are many studies on the importance of solving issues in optimizing the guided tour de-
sign process for different types of guided tours. However, experts in this field describe, in an ab-
stract way, the peculiarities of splitting a tour project into route operations (determining the num-
ber of nodes in the route network) required to move to the sightseeing sites. It is proposed to
use specialized closed, open, homogeneous (those defined by the number of routes within the
network), as well as non-specialized network models (assuming that the number of routes in the
network cannot be typified). At this, by utilizing various statistical, probabilistic (alternative and
not alternative) methods of analysis for the selected network models of routing operations, pos-
sible improvements are identified in the movement of tourists on a particular route (or optimal
route) before or during its implementation.

In particular, we have selected these authors (Dorigo, M., and Stutzle, Th, 2009, Bonaveairr,
E., Dorigo, M., and Theraulaz, G., 1999). They suggest utilizing closed network models of routing
operations and accompanying tour activities (with a constant number of routes in the network) and
analyzing them using the ant colony behavior model, which tends to a food source. Open network
models (where any numbers of routes are possible) are not considered by the authors, although
it is noted that such models could be developed in the peak season (Bonavear, E., Dorigo, M.,
and Theraulaz, G., 1999). At this possible improvements in the tourists moving along the route are
identified within the framework of metaheuristic optimization. It is pointed here that an ant colony
can be viewed as a network model in which each agent (ant) functions autonomously according
to a very simple rule - finding the optimal path. Naturally, this behavior of agents ensures the op-
timum of all route operations for the colony. The disadvantage of the approach is that a common
calendar schedule is compiled, defining a fixed beginning and completion for each route opera-
tion, as well as its coordination with other operations within the network of routes. However, de-
termining parameters within the framework of metaheuristic optimization, such as early or late
completion of a tour event, reserve time, the critical track is not envisaged (Dorigo, M, 1992). It is
therefore difficult to complete routing of a tour itinerary via metaheuristic optimization.
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According to these studies (Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and
Clifford Stein, 2009, etc.) there are closed, open (determined by peak and low seasons) and ho-
mogeneous (in case the number of routes circulating in the network is conditionally constant)
network models of route operations and tour activities. These models are analyzed using various
graph alternative models representing relationships between random values defined by the tour
group location and the network type. Possible improvements in the movement of tourists along
the route are identified by various methods. Specifically, with the help of Control Graph (T. Filatova,
J. G. Polhill, and S. van Ewijk, 2015); Directed Tree (l. Lorscheid, B-O. Heine, and M. Meyer, 2012);
Syntactic Trees or Sorting Trees (Y. Li, 2017); Petri Networks and others (Jovanovi¢, V. and
Njegus, A., 2008). According to this approach, a calendar schedule is compiled, defining the be-
ginning and completion for each routing operation, as well as its coordination with other network
operations (including those allowing for a transfer of the tourists between individual sections of
the itinerary or a route adjustment). The optimization result will only identify critical operations re-
quiring special attention for completing the tour servicing within the standard time. As for the pa-
rameters of the network model shaping the routing basis (such as the completion date for each
excursion event; time reserves for route operations), they are not defined.

Some researchers (Xiaochen Chou, Luca Maria Gambardella, and Roberto Montemanni, 2019;
Papapanagiotou, V., Montemanni, R., and Gambardella, L. M., 2015, etc.) suggest rejecting the
type-design practice for network models, substituting it with subdividing tours within the route net-
work into clusters of network routing sub-models. According to the authors, the type of route network
does not affect the probability of deviation from the complex of scheduled activities during tour routes
(Schwartz, Z., Uysal, M., Webb, T., and Altin, M., 2016; Caicedo-Torres, W., and Payares, F,, 2016). At
the same time, it is suggested that the possible deviations and improvements in the tourists’ itinerary
for each sub-model should be determined based on a statistical test method (namely, the Monte-
Carlo method). Naturally, the search for the optimal path is ensured by a numerical model, using ran-
dom-value generators. The optimal route is replayed repeatedly, based on parameters of each clus-
ter of network submodels, i.e. distances between locations (Papapanagiotou, V., Montemanni, R.,
and Gambardella, L. M., 2015). A drawback of the approach is in its labor-intensive nature, which
creates issues with routing.

For example, to determine the average distance between two random points in a route within
the network, the following tasks are to be completed:

1) to take into account the coordinates of a large number of random pairs of points within the peri-
phery of the attraction site (Li, X., Pan, B., Law, R., and Huang, X., 2017; Bangwayo-Skeete, P. F,
and Skeete, R.W., 2015);

2) to calculate the distance for each pair of points within the boundaries of a given circle of the at-
traction site (Li, G., Song, H., and Witt, S. F,, 2016; Gunter, U., and Onder, ., 2015).

Only such calculations, in the opinion of the approach representatives, will allow for calcula-
ting the average arithmetic distance for the transit to the event site (Zhang, G., Wu, J., Pan, B.,
Li, J., Ma, M., Zhang, M., and Wang, J., 2017). In addition, values of parameters, such as ear-
ly, late completion dates for each tour event, time reserves are not important for optimization
(Vansteenwegen, P, Souffriau, W., Vanden Berghe, G., and Van Oudheusden, D., 2009; Chou, X.,
Gambardella, L. M., and Montemanni, R., 2018).

The selected approaches provide a generalized picture of the tour operations and their typical
routing operations on the network, as they do not provide for the following: 1) finding basic para-
meters for the network model; 2) modifications of the excursionitinerary inthe networkaimed atim-
proving it; 3) analysis of the tour group location. In other words, it is necessary to have not abstract
but parametric network models of the tour route operations. They form the substantive basis for
a quick definition of a tour route in networks, as related to the process of maximizing its beneficial
characteristics from the already existing tour group locations. Based on the results of the network
simulation, there is a need for some dynamically adaptable table for the tour group location, in
which several optimal routes are possible, rather than one (Pai, P. F., Hung, K. C., Lin, K. P, 2014).
However, the optimization processes involved in typifyng and separating network model clus-
ters, lead to parameter duplication and complicate the tour network plan unnecessarily (Montesy
Gomez et al., 2016). Therefore, most modelling experts are focused on smart model simplification
(Vdovenko N. M., 2015; Muzi Zhang, Junyi Li, Bing Pan, and Gaojun Zhang, 2018), by combining
simplicity and maximum precision. Naturally, in the process of routing a tourist trip, the type and
sub-model clusters placed in the network model can be neglected.
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3. Purpose

The purpose of the study is to provide a substantive basis for the routing of tourist and excur-
sion bureaus, based on parametric network models shaped taking into account the characteris-
tics of dynamically adaptable tables containing the best routes.

4. Methodology and Data

It is intended to present the substantive basis of the routing for tourist and excursion bureaus
in parametric network models. Actually, the classical network model featuring parameterized
routing operations is used. The latter, together with self-regulating technical means, serve as a
means of configuring main attributes of the tour activities. It is assumed that the configuring is
performed based on the tourists’ travel peculiarities within the itineraries and the trip timing re-
serves. To identify and illustrate the peculiarities of the solutions to this problem, we used network
planning methods (in particular network analysis), namely analytic ones (including calculations
with formulae), tabular ones (including the transmission of the arguments attributes in the route
network serving as identifiers for a specific route), cloud computing in AnyLogic Cloud environ-
ment. Proceeding from the applied methods in network models, the data are set with a table, and
the whole process of presenting the substantive basis of routing is described through their analy-
sis in the AnyLogic Cloud environment (which has a free tariff on computational functions, among
which the compilation of network parametric models).

The tourist and excursion office of DenmarkTour - Your Guide, founded by Russian, Ukrainian
and Danish representatives, and providing sightseeing services in the Denmark’s tourist market,
is chosen as the base for the study. This office was chosen, considering that it not only has about
20 affiliates throughout Denmark (in Aarhus, in the cities of Jursland peninsula and in Aalborg), but
has already adapted its route networks to the practice of tour designing.

DenmarkTour-Your Guide staff are actively working on the parameterization of such networks,
in particular, the focus is shifted from the tour mileage (namely, decreasing the total distance
covered by the group tourists) to the minimization of transfers between sites. The office has al-
ready purchased locator devices with the aim of launching automatic routing in the real-time
mode. The focus is on the tour route including various attractions featuring shrines, castles and
other buildings.

Therefore, this entity has already formed a basis for parameterizing the complex of activities
and transfers between these sites (a nomenclature of all activities within the route has been
compiled, and their approximate sequence has been established). However, that is not suf-
ficient. To provide a substantive basis for the routing, tourists and sightseeing offices should
determine the parameters in the route networks, not only based on the list of actions (activi-
ties) to be carried out, as well as their sequences (i.e. previous ones), but also their minimum
and the maximum possible duration. This is important, since lack of attention to the time ta-
ken for servicing tour groups (in particular, the timing of the start and end for each activi-
ty) will lead to breaking tour schedules. Thus, in 2020, as a result of inefficient parameteriza-
tion, DenmarkTour-Your Guide cancelled 5-6 Aalborg and Surroundings tours monthly. Taking
into account that the amount of profit for the Office, per 1 such tour, makes about 550 euros,
the profit lost monthly is estimated at 2,250 thousand euros (DenmarkTour-Your Guide, 2020).
Also, DenmarkTour-Your Guide incurs monthly losses within 15% of the profit from 4-6 guided
tours with a fixed cost (within the directions of Aarhus and Surroundings, Jursland peninsu-
la, Aalborg and Surroundings). Losses arising as a result of payment of a fixed cost for selec-
ted tours (including ordering individual tours with sightseeing sites, tours compiled to match
working schedules of the attraction sites, etc.). Taking into account that the profit from such
a tour makes up to 800 euros per a group of 20 tourists, the monthly loss is estimated at 0.72
thousand euros (DenmarkTour-Your Guide, 2020). The total annual losses and profit lost by
DenmarkTour-Your Guide exceeds 35,64 thousand euros. A similar situation is typical for tou-
rist and excursion bureaus in various countries of the world, including Ukraine (Ernst & Young
Global Limited, 2020). Due to this range of problems, it is suggested to calculate the tour cost
based on the maximum mileage, and process of identifying transfers within the route network
should be defined through a normal or accelerated sequence of completing individual tours
and their entire complex (shaping based on reserves of travel time).

In the study, the route network of DenmarkTour-Your Guide is defined as a multiple set named
4, consisting of possible events j (by showing combinations of tour attractions) and scheduled
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works 7 (operations or planned activities by the guide in the routing environment, as set by the tour
program) with flexible time and operational markers. The combinatorics of sites in such a route
network is provided by their networkization by clusters of tour attraction sites, combining mu-
seums, monuments, possible places for organizing nutrition, and leisure time. It is not unexpec-
ted that basic parameters of route network models in routing of tourist route itineraries are the fol-
lowing: critical route within the network; reserves of event time, taking into account combinatorics
of the tour attraction site locations, operations, and roads to them (or maximum allowable amount
of time for a delay in events, activities and roads without increasing the total tour schedule timing).
The study complements such basic indicators with several supporting indicators, allowing for their
sequencing to be taken into account for the analysis of possible and actual transfers of the tourists
on the route network. The list of parameters of the route network, which became the basis of the
routing of DenmarkTour-Your Guide is highlighted in Table 1.

Presentation of such substantive basis of routing at DenmarkTour-Your Guide allows for taking
into account the importance of time metrics and identifying possible complexity of tourist routes.
Consequently, this framework creates the potential for rapid decision-making on the permissibility
of increasing/reducing the duration of all tours in total by each way individually. Since the analysis
of a parameterized routing network by ¢(L,,,,) and t'(L;,) is most accurate in simple routing net-
works, the following values are most important in the process of investigation:

Table 1:
List of parameters serving as the basis of routing in DenmarkTour-Your Guide
Parameter groups Detailed data argument Algorithms Characteristics of parameter
Time reserves of total travel reserve L, or YR - tiP - tij The maximum time of postponing or increasing the
events, activities R(LR) B* operation ttj without adjusting the overall time for
and ways completion of the set of operations. If R(ij) = O the
task is critical
time reserve for completing t" - tf A time-frame within which an event j can be
event j, or R; A* postponed without exceeding the time-limit for the
completion of all tours
available reserve of working tP-tf-t; Maximum time to delay the activity start or increase
time (i,j), or r;“% A* the operation timing, provided that all network
events occur early
full reserve of time work (i,j), t(Lkp) - t(Ln) = Tke- Tn | Tolerable increasing of all tour activities, as a sum of
or r,-,-R A* travel Ln relative to Lg
private reserve of time type 1 R(i,j) = RR(i,j) - R(i) A part of the full time reserve by which the duration
or Ry A¥ of task can be increased without changing the time of
the late event start
private time reserve of type 2, RR(ij) - R(G) Part of the full time reserve by which the duration of
or free reserve of operational the task can be increased without changing the early
time (i,j) Rc, or R(i,j) A* deadline of the final event
Critical way duration of the critical way L. RR(i,j) - R(i) - R(j) An abstract sequence of tasks determining the design
or T., or R(i,j) B* date for the start or end of tours
Early and Late early t7 / late due date of the - t m 3 for a given trip activity duration / t m 3 for
Events, Works Jj-th event completion, or visiting an attraction site (which will not break the
and Ways t” B* normative time for execution of subsequent works)
early term of start work tf min m * operation start with the given duration of
(i,j) t:i7" / end term of tour work / min m * end of this trip for a given period
operation end (i,j), or t;”° B* tP+t; of work duration
late term of work start (i,j), or tR- b max m start for the task, when extra tour activity can
£ A* be completed within the scheduled time
late term of task end (i,j), or tf max end m for the task, when extra tour activity can
t° A* be completed within the scheduled time
travelling time LR A¥* t(Lr); deadline for completion of all works
task duration, or tex(i,j) A* (3tmin(i,J) + 2tmax(i,j)) / 5| random value can take any amount within a given
range
dispersion, or S°(i,j) A* 0,04(tmax(i,j) - tmin(i,j))> | Range of possible values around the expected level
Work intensity coefficient of intensity of work (t(Lmax) - t'(Lwp) / Time pressure for the task (i,j), determining the
(i,j), or k' B* / (Tip - t'(Lip)) probability/tolerance of the tour duration increase
coefficient of complexity C. B* n,,a,,2 / Neop? Determines the complexity of route network.
Networks with Cc1.0 to 1.5 are simple, those within
1.51 to 2.0 are of medium complexity, and those
over 2.1 are complex
t(Lmax) A* . Duration of the maximum non-critical way transiting
through the task
Lmax OF t'(Lip) A* Duration of part of the critical activity within the way
considered

Notes: ' - n,,;, - the number of events, units; 2
3 - the minimum possible occuring time, ] t mm
* Parameter groups: basic (B); auxiliary (A)

Source: Calculated by the authors

a

b the amount of activities, units;
- minimum/maximum possible time (min,/max m),
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- Coefficient of the intensity of work. The value of the coefficient may vary from O (for activities
where the segments of the longest track do not coincide with the critical track and consist of
dummy activities with zero duration) to 1 (for tasks in the critical track). The closer a coefficient
value to 1, the more difficult it is to complete the work within a given time;

- Coefficient of complexity. The value of the coefficient determines the complexity of the route
network. Routing networks with a coefficient of complexity up to 1.5 - are simple (here the ana-
lysis by ¢(L,,,)and t'(Ly,)is the most accurate). Routing networks with a complexity factor of
1.51to 2.1 are complex, their analysis by {(L,,,.)and ¢'(L,,)is possible after simplification down
to structures with a complexity factor of up to 1.5.

To ensure the presentation of the sustentative basis for routing, the sightseeing events and the
work of DenmarkTour-Your Guide are transformed into a combinatorial view displaying their attri-
butes, in the form of a route network z] in the directions of Aarhus and Surroundings, Jursland
peninsula, Aalborg and Surroundings. Thus, input data for the DenmarkTour-Your Guide route
network in 2021 are presented in Table 2.

For elements within a route network #j, the following concepts are introduced:

1) minimum rating ¢,,,,(%,j), determining the duration of a given tour operation under most favora-
ble circumstances;

2) maximum ¢,,,.(%,7) determine the duration of a specific tour in the most unfavorable condi-
tions.

The values ¢,,,(7,j) and ¢,,,.(i,7) allowed enriching the data about the DenmarkTour-Your Guide
route network. The duration of the operation is also considered as a random value, which, as a re-
sult of implementation, may accept any value within a given interval. Such estimates are called
probabilistic (random) and allow to identify their expected te(i,j) value and the range of possible
values dispersion around the expected level, as required to represent the substantive basis in the
parameterized DenmarkTour-Your Guide route network.

5. Results

Considering that the results obtained should provide the substantive basis of the paramete-
rized DenmarkTour-Your Guide route network, based on input data it is important to maximize the
description of their route operations and processes z,] employing basic and auxiliary characte-
ristics and properties highlighted in Table 1. The parameterization results for DenmarkTour-Your
Guide route network are highlighted in Table 3. The routing of tourist and excursion bureaus
based on parametric network models serves for converting the time reserves in a tour route and
their operational metrics into dynamic values, depending on the duration of the tour operations.
Respectively, the following factors are important:

1) a sequence of tasks best determining the start time or end time for a route;
2) the combinatorics of combinations i,j defining the detailed cost/time reserve ratios in the

DenmarkTour-Your Guide route network.

In particular, it is evident that the parameterization forms an opportunity not only to determine
the duration of all activities for each ¢,j route network but also to adjust it on the spot. For exam-
ple, according to the data obtained, it is clear that in the Aarhus and Surroundings itinerary, the
maximum duration of a tourist route is 10 hours 33 minutes, with a minimum duration of 7 hours 15
minutes. The total cost of the tour will change from 1837 to 2614 euros. For the Jursland peninsu-
la, the maximum duration of a tourist route is 10 hours 40 minutes and the minimum one is 7 hours
40 minutes. Typically, the total cost of the tour will vary from 1833 to 2081 euros. For Aalborg and
Surroundings, the maximum duration of a tourist route is 10 hours 50 minutes and the minimum
one is 5 hours 50 minutes. Here the total tour cost will change vary 1620 to 2450 euros. With the
parameterized approach it is possible to take into account the tour group requests, since it is pos-
sible to define on the spot the increase or reduce in the duration of the activities within the given
track, provided that the total completion time for the whole scope of operations does not break
the general tour schedule (taking into account the scheduled hourly load). Thus, the results of
the parameterization (presented in Table 2) can be used for network analysis and identification of
time reserves, if there is a need to optimize routes (for example, if the group is significantly behind
the tour schedule or the site arrival time). It will also minimize the of profit loss. The latter which ex-
ceeded 27,000 euros in 2020 (DenmarkTour-Your Guide, 2020). However, there may be situations
where the total cost of a guided tour cannot be changed. Thus, in DenmarkTour-Your Guide, when
selling tourservices through intermediaries, on all route networks, the price is fixed. To prevent
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Table 2:
The input data for the DenmarkTour-Your Guide route network in 2021
) Cost . 5 :‘5)
'S |Combinatorics|Time characteristic, parameters, "-5 o 'g_ XoE
5] minutes euros Sn S >N 6% g <
~ w3 Sn Y 85 c « 3 E’ '6, 0~
X 8 - S A = 250 | @A °©338E Sg= o980
§ £ | «x 82 |5 2| E 2 £28| X 23593 PeLaSE
5l s | 5| ES | % =S| Ex | By  gRE| &3 5TeE SESCSE
o 3 s 6 e 3| 5% 23 | S5E| a% %389 £505%82
z| - 2 zS | o s | 28 5% |HTE| o z88&e zal85& 8
1 2 3 4 5 6 7 8 9 10 11
1 1 2 130 90 130 177 114 64 Aarhus and Surroundings: | 1)
2 2 60 45 31 32 54 9 (1) Huset Carmel; visit to the
3 3 60 35 54 144 50 25 (2) Vor Frue Kirke; museum;
4 1 40 42 37 88 40.8 0.16 | (3 Mathilde Fibigers Have; | (2)
4 5 60 30 50 72 48 36 (4) K@N - Gender Museum | excursion at the
5 6 20 10 33 49 16 4 Denmark; attraction site;
6 3 60 30 30 74 48 36 | (5) Sirene: (3)
7 3 60 45 55 122 54 9 (6) Springvandet Endless excursion with
7 6 20 12 14 26 16.8 2.56 | Connection; visual
8 7 120 90 1400 1830 108 36 (7) Toldboden; Den Gamle | reconstruction;
Post & Telegrafbygnin; (4)
(8) Aarhus Theatre excursion with
2 1 3 120 90 142 195 108 36 Jursland peninsula: panoramic
2 2 45 35 30 62 41 4 (1) Tved Kirke, Kirke; presentation;
4 4 40 20 60 67 32 16 (2) Knebel Kirke; (5)
4 8 40 30 55 62 36 4 (3) Porskaer Stenhus; lunch;
3 5 20 10 23 31 16 4 (4) Vistoft Church; (6)
5 6 60 40 130 142 52 16 (5) Molbo Stotten; monument viewing;
6 3 60 40 30 40 52 16| (5) Molbo Stotten; (7)
7 3 60 45 30 32 54 9 (6) Mollerup Gods; visit of the festival,
8 6 60 45 33 20 54 9 (7) Kalo Hovedgaard, digustatory;
9 7 120 90 1300 1410 108 36 Bregnet Kirke, Egens Kirke, | (8) _
Baunhoj Molle Grenaa; excursion by guide
(8) Vindpust og vandkunst, | with event
Ostjylland Grenaa; localization
(9) Orum Kirk; technique.
3 1 1 60 30 107 212 0 0 Aalborg and Surroundings:
2 2 120 45 60 100 0 0 (1) Aalborgtarnet,
3 2 60 40 54 104 0 0 Gug Church;
3 5 60 20 55 100 0 0 (2) Lindholm Hoeje
4 4 30 20 50 80 0 -44 Museum;
5 4 60 40 50 30 0 0 (3) Aalborghus Castle,
6 3 60 30 30 74 0 0 Utzon Center;
7 6 30 10 50 100 104 0 (4) Salling Aalborg,
7 7 30 15 64 150 0 0 Jens Bang's Stenhus,
Apotekersamlingen;
7 8 120 80 1100 1500 0 0 (5) Kongelig Toldkammer &
Toldbodsplads;
(6) Monastery
of the Holy Ghost;
(7) Springtudser;
Jomfru Ane Gade;

Notes: 1 Calculation of the expected value and measure of dispersion across the network 1:
te(1.2) =(3*130+2*130)/5 = 114; te (2.2) = (3*60+2*60)/5 = 54; te(3.3)=(3*60+2*60)/5 = 50; te(4.1) = (3*40+2*40) /5 = 40.8;
te(4.5)=(3*60+2*60)/5 = 48; te (5,6) = (3*20+2*20)/5 = 16; te(6.3)=(3*60+2*60)/5 =48; te(7.3) = (3*60+2*60)/5=54;

te(7.6) = (3*20+2*20)/5=16.8; te (8.7) = (3*120+2*120)/5 = 108; S2(1.2) = 0.04(90-130)2 = 64; S2(2.2) = 0.04(45-60)2 =9;
S2(3.3) =0.04 (35-60)2 = 25; S2(4.1) = 0.04 (42-40)2 = 0.16; S2(4.5) = 0.04(30-60)2 = 36; S2(5.6) = 0.04 (10-20)2 = 4;
S2(6.3) =0.04 (30-60)2 = 36; S2(7.3) = 0.04(45-60)2 =9; S2(7.6) = 0.04 (12-20)2 = 2.56; S2(8.7) = 0.04 (90-120)2 = 36.

2 Calculation of the expected value and measure of dispersion across the network 2:
te (1.3) =(3*120+2*120)/5 = 108; te (2.2) = (3*45+2*45) /5 = 41; te(4.4) = (3*40+2*40)/5 = 32; te(4.8) = (3*40+2*40) /5 = 36;
te (3.5) =(83*20+2*20) / 5 = 16; te(5.6) = (3*60+2*60)/5 = 52; te(6.3) = (3*60+2*60)/5 = 52; te(7.3) = (3*60+2*60)/5 = 54;
te(8,6) = (3*60+2*60)/5 = 54; te (9.7) = (3*120+2*120)/5 = 108; S2(1.3) = 0.04(90-120)2 = 36; S2(2.2) = 0.04(35-45)2 = 4;
S2(4.4) =0.04(20-40)2 = 16; S2(4.8) = 0.04(30-40)2 = 4; S2(3.5) = 0.04(10-20)2 = 4; S2(5.6) = 0.04(40-60)2 = 16;

S2(6.3) =0.04(40-60)2 = 16; S2(7.3) = 0.04(45-60)2 = 9; S2(8.6) = 0.04(45-60)2 = 9; S2(9.7) = 0.04(90-120)2 = 36;

3 Calculation of the expected values and dispersion indicators across the network 3:
te(1.1) =(3*60+2*60)/5 = 48; te(2.2) = (3*120+2*120)/5 = 90; te(3.2) = (3*60+2*60) /5 = 52; te(3.5) = (3*60+2*60)/5 = 44;

te(4.4) = (3*30+2*30)/5 = 26; te(5.
te(7.7) = (3*30+2*30)/5 = 24; te(

S2(3.2) = 0.04(40-60)2 = 16; S2(
S2(6.3) = 0.04(30-60)2 = 36; S2(

7.8
3.5
7.6

)
)
)
)

Source:

4) = (3*60+2*60)/5 = 52; te(6.3) = (3*60+2*60)/5 = 48; te (7.6) = (3*60+2*60)/5 = 48;
(3*120+2*120)/5 = 104; S2(1.1) = 0.04(30-60)2 = 36; S2(2.2) = 0.04(45-120)2 = 225;
0.04(20-60)2 = 64; S2(4.4) = 0.04(20-30)2 = 4; S2(5.4) = 0.04(40-60)2 = 16;
0.04(30-60)2 = 36; S2(7.7) = 0.04(15-30)2 =9; S2(7.8) = 0.04(80-120)2 = 64.

Compiled by the authors based on: Characteristics of the Daniatur-Your Tour Guide Network as of 2021

(a full dataset is available from the authors upon request)
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Table 3:
Results of the DenmarkTour-Your Guide route network parameterization, 2021

x g Early-term, Late-term, minutes Reserve time, Private reserve , _ g E »
] = minutes minutes minutes 8 . (55 .9
3 [ 2XQ B EE3
5 - 5 P.H. P.0 R.H s R.O R1 ) H3 c tgw 5 ] £
Z| "= | @ 5|startt; end t; " |start o t;; " |ending e t; full R;™ |specific Ry~ |I type, R;; | IItype, Ry |5 58 a6 5 €
11 1.2]114 0 114 -114 0 -114 0 -114 0 (7.3) 172

23] 0 114 114 0 0 -114 114 0 0 (7.6)

34| 0 114 114 0 0 -114 114 0 0

4.1]40.8 114 154.8 -40.8 0 -154.8 -40.8 -40.8 -154.8

4.5 48 114 162 -48 0 -162 114 -48 0

5.6 16 162 178 -16 0 -178 162 -16 0

6.3| 48 178 226 -48 0 -226 66 -48 -112

6.7 0 178 178 194.8 194.8 16.8 194.8 194.8 16.8

7.3] 54 178 232 -54 0 -232 -118 -232 -118

7.6]16.8 178 194.8 -16.8 0 -194.8 -16.8 -194.8 -16.8
2112 0 0 0 0 0 0 0 0 0 (1.3) 180

1.3] 108 0 108 -108 0 -108 0 -108 0

23] 0 0 0 0 0 0 108 0 108

34| 0 108 108 162 162 54 108 162 0

3.5] 16 108 124 -16 0 -124 108 -16 0

4.8| 36 108 144 162 198 54 0 0 54

5.6| 52 124 176 -52 0 -176 124 -52 0

6.3| 52 176 228 -52 0 -228 56 -52 -120

6.7 0 176 176 0 0 -176 176 0 0

7.3| 54 176 230 -54 0 -230 54 -54 -122
3112 0 0 0 0 0 0 0 0 0 (6.7) 104

23] 0 0 0 0 0 0 0 0 0 (7.8)

1.3 52 0 52 -52 0 -52 -52 -52 -52

3.5| 44 0 44 -44 0 -44 0 -44 0

45| 0 0 0 0 0 0 44 0 44

5.4| 52 44 96 -52 0 -96 -52 -52 -96

6.3| 48 0 48 -48 0 -48 -48 -48 -48

6.7 0 0 0 0 0 0 0 0 0

7.6| 48 0 48 -48 0 -48 -48 -48 -48

7.8| 104 0 104 0 104 0 0 0 0
Note:

' - combinations i,j are compiled automatically in AnyLogic Cloud, based on expenditure/time reserve ratios.

Source: Compiled by the authors based on:

RijP, RijH, | Type Rij, Il Type RijC, duration of critical track for the Network Settings of Aarhus and Surroundings
(Network 1); Jursland peninsula (Network 2); Aalborg and Surroundings (Network 3)

(a full dataset is available from the authors upon request); input data of the route network

by DenmarkTour-Your Guide, 2021 from Table 1

monthly losses within 15% of the profits in 4-6 tours of Aarhus and Surroundings, Jursland penin-
sula, Aalborg, and Surroundings, specific adjustments for the operations on site, taking into ac-
count the values of time reserves on the maximum route track. A set of tours is defined in the follo-
wing way:

1) with a maximum difference in early and late terms;

2) with the normal and urgent price of site operations.

To minimize profit losses with routes over 8000 euros per year, taking into account each tour
group location, a procedure is determined allowing for completing a scope of operations within
the required time for a minimum surcharge to the operating metric (route price), since such a sup-
plement is not reimbursed by the tourists. For this purpose, the routing in tourist and excursion
bureaus, based on parametric network models, should be supplemented by the option of analy-
zing all possible ij tracks by ¢(L,,, ), taking into account ¢'(L,, ) for all . Such analysis is most ac-
curate in simple route networks compiled by DenmarkTour-Your Guide. Based on the analysis re-
sults of parameterized route network DenmarkTour-Your Guide, its further simplification is not re-
quired (Table 4), and all possible variations of the route passing on ¢(L,,,, ) are highlighted, taking
into account ¢'(L,,) all tasks.

Based on the results of analysis of the route network by DenmarkTour-Your Guide at ¢(L,,,,)
taking into account t’(Lkp) for all activities, it can be stated that the time reserves of the tour route
and their operational metrics aren’t constant values. They are determined with the tour group lo-
cation and all previous tour activities. To enable for their minimal adjusting, the sequence of tasks
best determining the start or end of a route should be implemented as the last one.
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Table 4:
Analysis result for the route network by DenmarkTour-Your Guide on t(L,,.,) taking
into account t’(L,;) for all works, 2021

track /tasks by group track/tasks by group track/tasks by group
ij location and previous |t(Lmax), Kc? i,j |location and previous |t(Lmax), Ke? i,j |location and previous |t(Lmax),| Kc?
tasks euro? activities euro ! activities euro?
Operation | network 1 network 2 network 3
marker | for the duration of for the duration of for the duration of
(total 10 hours 33 min - 1837 euros 10 hours 40 min - 1886 euros 10 hours 50 min -1620 euros
price)  ["Price adjustment for t(Lmax) at Price adjustment for t(Lmax), at t'(Ly,) Price adjustment for t(Lmax), at t'(Lx,)
t'(Lkp) (7.3) and (7.6) - 79 euros, (1.2) - 53 euros, to provide temporary (6.7)(7.8) - 400 euros, to provide
to provide temporary reserves reserves at 30 minutes. temporary reserves at 60 minutes.
at 23 minutes.
recommended price adjustment recommended price adjustment recommended price adjustment
by 79 euros by 53 euros by 400 euros
1.2 (1.2)(2.3)(3.4)(4.5) 226 |simple| 1.2 | (1.2) recommended 0 simple| 1.2 (1.2)(2.3)(3.2) 52 simple
(5.6)(6.3) to accelerate 3
2.3 (1.2)(2.3)(3.4)(4.5) | 226 1.3 | (1.3)(3.5)(5.6)(6.3) | 228 2.3 (1.2)(2.3)(3.2) 52
(5.6)(6.3)
3.4 (1.2)(2.3)(3.4)(4.5) 226 2.3 | (2.3)(3.5)(5.6)(6.3) 120 3.2 (1.2)(2.3)(3.2) 52
(5.6)(6.3)
4.1 (1.2)(2.3)(3.4)(4.1) | 154.8 3.4 (1.3)(3.4) 108 3.5 | (1.2)(2.3)(3.5)(5.4) 96
4.5 (1.2)(2.3)(3.4)(4.5) 226 3.5 | (1.3)(3.5)(5.6)(6.3) 228 4.5 (4.5)(5.4) 52
(5.6)(6.3)
5.6 (1.2)(2.3)(3.4)(4.5) 226 4.8 (4.8)(8.6) 90 5.4 | (1.2)(2.3)(3.5)(5.4) 96
(5.6)(6.3)
6.3 (1.2)(2.3)(3.4)(4.5) | 226 5.6 | (1.3)(3.5)(5.6)(6.3) | 228 6.3 (6.3) 48
(5.6)(6.3)
6.7 (1.2)(2.3)(3.4)(4.5) 232 6.3 | (1.3)(3.5)(5.6)(6.3) 228 6.7 | (6.7) recommended 48
(5.6)(6.7)(7.3) to accelerate (7.6)
7.3 (7.3) 54 6.7 | (1.3)(3.5)(5.6)(6.7) | 230 7.6 | (6.7)? recommended| 48
recommended to (7.3) to accelerate (7.6) 3
accelerate 3
7.6 (7.6) 16.8 7.3 | (1.3)(3.5)(5.6)(6.7) 230 7.8 (6.7)(7.8) 104
recommended to (7.3) recommended to
accelerate * accelerate 3
Optimal reserve, minutes 172 230 106

Notes:

' The maximum track considering t’(Lkp) by tasks. It defines the minimal extra payment to the operating
metric (route price) the scope of work can be completed within the required timeframe;

2 network complexity through the intensity coefficient Kc;

3 track / activities are recommended for implementing last, to enable the time reserve.

Source: Compiled by the authors in AnyLogic Cloud, based on;

t(L,,,. ) Kc - Network Settings Aarhus and Surroundings (Network 1); Network Settings Jursland peninsula
(Network 2); Network Settings Aalborg and Surroundings (Network 3) (a full dataset is available from the
authors upon request);

1,]- Table 2, Table 3

6. Conclusions

Routing a tourist route in tourist and excursion bureaus based on parametric network mo-
dels serves for converting their time reserves and operational metrics into dynamic values, de-
pending on the duration of the tour activities. It allows for not only ensuring accurate following
of the schedule of in all tours (giving an opportunity for a tour booking and minimizing breaking
the group arrival schedule to their destination points) but also for minimizing the monthly pro-
fit loss, estimated at 2250 thousand euros for the route Aalborg and Surroundings. However,
there may be situations where a change in the overall tour cost is not possible. For example, in
DenmarkTour-Your Guide, when working with intermediate parties, the cost of tours is fixed. To
prevent a monthly profit loss in Aarhus, and Surroundings, Jursland peninsula, Aalborg, and Sur-
roundings directions, tours require adjustments in the site activities, taking into account the va-
lues of temporary reserves on the longest route track. Namely, those including a complex of tour
activities:

1) with a maximum difference in the timings (early and late) of their completion;
2) in the task pricings (normal and urgent) at the sites.

In fact, to minimize the profit losses on the routes (over 8,000 euros annually), a proce-
dure is defined for completing the scope of activities within the required time range with a mi-
nimum extra charge to the operational metric (the route price), since these extra payments are
not reimbursed by the tourists. For example, based on the analysis of the parameterized route
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network designed by DenmarkTour-Your Guide, with a fixed price for Aarhus and Surroundings
guided tour at 1837 euros, and a duration of 10 hours 33 minutes, it is possible to adjust the
dates (towards an earlier one) for a minimum extra charge to the operating metric at 79 euros.
This will ensure temporary reserves of 23 minutes for combinatorial elements (7.3) and (7.6). Al-
though, as the dispersion generator of random value for site activities shows, each route track
can be adjusted within (1.1) to (7.6) by an average of 172 minutes.

With the cost of the Jursland peninsula tour at 1,886 euros, and a duration of 10 hours
40 mines, it is possible to adjust the dates (to the earlier ones) for a minimum additional charge
to the operational metric at 53 euros. This will provide for temporary reserves of 30 minutes in
the element 1.2. However, as the dispersion generator of random value for site activities shows,
it is possible to adjust each of the route tracks within (1.2) to (7.3) by an average of 180 minutes.
With the cost of a tour of Aalborg and Surroundings at 1,620 euros and the duration at 10 hours
and 50 min, it is possible to adjust the dates (to the earlier ones) for a minimum additional fee
to the operating metric at 400 euros. This will provide a temporary reserve of 60 minutes for the
element (6.7)(7.8). At the same time, the dispersion generator of random value for site activi-
ties shows possible adjustments in each of the route tracks within (1.2) to (7.8) by an average
of 104 minutes.

Routing in tourist and excursion bureaus requires availability of a minimum (for a minimum
extra fee) and an optimal time reserve for all tours, taking into account their acceleration cost.
Using thisreserve, the results presented will identify the track adjustments for each route, based
on the actual time reserve (available based on the actual tour group location and prior tour ac-
tivities).

The implementing perspectives of the presented substantive basis for routing in tourist and ex-
cursion bureaus lie in the possibility of forming dynamic graphic images of the whole procedure
of carrying out tour activities in the form of a directed graph of a route network. This will allow for
introducing detailed illustrations of the modeling processes for a wide route variety, their further
analysis, and immediate adjustment.
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