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Logistics problems involve a large number of complexities, which makes the development of models challenging.
While computer simulation models are developed for addressing complexities, it is essential to ensure that the
necessary operational behaviours are captured, and that the architecture of the model is suitable to represent
them. The early stage of simulation modelling, known as conceptual modelling (CM), is thus dependent on
successfully extracting tacit operational knowledge and avoiding misunderstanding between the client (customer of

the model) and simulation analyst.

simulation conceptual modelling discrete-event simulation agile method freight logistics

| 1. Introduction

Logistics problems involve a large number of complexities. These are introduced by the variety in vehicle fleet
composition [, vehicle allocation and routing &, shipment consolidation and dispatching 2, diverse types of
infrastructure, network design &, day-to-day variability of customer consignments, difficulty of obtaining accurate
parameter data B, and complex operational systems . Computer simulation methods including agent-based
simulation (ABS), system dynamics (SD) and discrete-event simulation (DES) have been used to deal with
randomness. They can represent the behaviour of logistics transportation systems with randomness: the process
workflow; logical structure and decision modules; parameters of different types; stochastic uncertainty; interactions
between agents; availability of resources; long-haul and short-haul and so on. Long-haul refers to intercity transport
between depots/warehouses, and short-haul is pickup and delivery between customer locations and the
depot/warehouse. However, a model must be created before it can be interrogated for results, and the complexity

of logistics problems makes this a difficult undertaking.

Conceptual modelling (CM) is the most crucial and challenging part of simulation modelling because it determines
the structure and accuracy of the future model &, |t provides the initial layout of the model, and increases the
validity of the final model 129 There are three main issues in the early modelling stage or the conceptual
modelling stage. The first is to design the architecture of the model 11, include the necessary factors, solicit the
tacit knowledge, and ensure the model is extendable and refinable. The second is to obtain data on the various
parameters and apply them to the simulation. The last is to validate the model, especially from the operational

perspective 12, Inadequacies in any of these stages may lead to technical debt in the future phases.
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The data approach involves the industry client providing the simulation analyst with the data. Disadvantages of the
conventional approach are the sometimes-unreasonable information burden placed on the client and the
introduction of errors into the model due to undetected deficiencies in problem definition and data. Consequently,
there is a risk of technical debt occurring, whereby the deficiencies are structurally incorporated into the
architecture of the model, which then may have to be substantially reworked at a future time. Structural changes to
models are effortful to change later because the validation partly depends on the structure of the model. This is
because any validation process involves an element of tuning of parameters, and those parameters are determined
by the structure of the model. Hence, reformulating the model at a future date involves changes to the tuneable
parameters, and therefore a need for revalidation. Communication and collaboration with the client are necessary
for model definition and validation. Client participation and facilitation improve the quality of the model, but can lead
to other issues such as problems in gathering sufficient data 3, paradigm incommensurability, and cognitive
difficulty (241,

Current methods for conceptual modelling have several weaknesses. First, there is a scarcity of simulation models
with a systematic and explicit method for involving communication and collaboration with the client. Previous
models including participative modelling and facilitated modelling have been proposed to alleviate these issues 13
(131 These methods mainly focus on client involvement rather than the model itself. Second, issues such as
knowledge boundaries and tacit knowledge elicitation are seldom explicitly included, at least not in the simulation
one. Third, client engagement is complex in terms of model definition, data acquisition, and data validation. There
is a need for better methods to solve multiple information issues. Fourth, the process for transforming the

conceptual model into a detailed model is not always clear.

| 2. Methods for Solving Logistics Problems

Logistics transportation problems can be categorised into long-haul (intercity transport between
depots/warehouses) and short-haul (pickup and delivery between client location and depot/warehouse). Typical
problems, which apply to both long- and short-haul differently, include vehicle allocation problems, vehicle routing

problems, shipment consolidation and dispatching problems, and network design problems &I,

2.1. Analytical Methods

Operations problems of simple to medium complexity may be solved by analytical methods such as linear
programming and regression analysis. Mixed-integer linear programming is a prevalent mathematical optimisation
method that includes objective functions and constraints. This method is frequently applied to transportation
problems; e.g., in multimodal transport 181171 scheduling 181129 rail transport systems 29, and transport energy
analysis [2. Although analytical models can be quickly developed, there are several limitations of these models.
One limitation is the difficulty in describing dynamic and transient effects. Additionally, analytical models are limited
to simulating randomness of the system due to the complexity of the calculations €, so these models normally

simplify real problems. For example, for routing models, analytical techniques lack considerations of path
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constraints and practical scheduling of vehicles [22. Moreover, clients may struggle to interact with these models

due to the mathematical formulations.

2.2. Computer Simulation Methods

Typical simulation approaches here include ABS, SD, and DES. ABS focuses on individual entities who make their
own decisions; whereas DES concentrates on system analysis, and the process relies on model architecture.
Therefore, from the perspective of consultation and collaboration between simulation analysts and industrial
clients, DES is more straightforward, and has been widely implemented 23, Table 1 summarises recent

applications of simulations in logistics.

Typical DES software includes Arena, SIEMENS Plant Simulation, and SIMULS8. These use program diagrams with
logic to mimic real operational procedures [24. Compared with traditional mathematical models, simulation models
are able to analyse stochastic events by including logic functions (decision modules) and probability distributions
(using Monte Carlo methods), so uncertainties such as delay time, arrival time, and arrival rate can be reflected in

the system. Once the model is validated, simulations can quickly analyse different scenarios.

Table 1. Applications of ABS and DES on logistics.

Logistics Areas Problems Methods

Investigate truck platoon possibilities and evaluate waiting

Truck platoon planning (] ABS
Freight operations Evaluate freight-unloading operations 23 DES
ghtop Freight pickup and delivery (28] DES
el B Ut cle =t Analyse multimodal freight-routing system 27] DES
transport
Avoid collisions [28] ABS
Railway network design
Analyse queuing systems of rail network 4! DES
Design rail transhipment yard 22 ABS
Rail yard design Evaluate processing capabilities of rail yard % DES
Integrate high-speed rail lines with conventional railways 211 DES
Port operations Simulate container logistics 2 DES
Estimate last-mile distance 22! DES
Supply chain management
Conduct inventory analysis 34 DES

References

https://encyclopedia.pub/entry/24202 3/8



Conceptual Modelling in Operational Simulation of Logistics | Encyclopedia.pub

|1%mgtopp%%&'ﬁ“m&%wr/lgxé!?sﬂro‘?é!e?!lﬁﬁ platoon planning possibilities in road

_ freight transport using an agent-based simulation mode]. J. Simul. 2019, 14, 64-75. .
Slmu?a ons are used to solve real- orﬁdboperat%ns pro!)?ems, and this requlilres c&%boratlon between the mdustry

QieBilaad BrE arapmaFidase Fstdols Beldihargntivhal . sidolaliar g dddling untadsavyellimpisateenfhmhe most
critipebblepn viithnpasrengeds)lingcara plateeritalanatietihgctiemniténenogtinizaiion dydaxpdsed: conduction
[25] afpiorithimslaGam puldddipgr. fRReesf0R0 gd2€ral49m@rtaken by the analyst with partial industry client

%’a}r&ﬁgtr'ﬁ?&; Laporte, G.; Musmanno, R. Introduction to Logistics Systems Planning and Control; J.
Wiley: Hoboken, NJ, USA, 2004; ISBI 9730470349140.

inov, M.; Viegas| J. A mesoscopic simulation modelling methodology for analyzing and
evaluating freight trgin operations inf rail network. Simul. deel. Pract. Theory 2011, 19, 16—

Compiete Data collection - - . . Documéntation
5. Tavioh G.D. LogmdiesEngineering Handbgok, T4t e CRCPress: BOCa Rator, FLy USie b,
ISBN 978-0-8493-3053-7.

i i i i i i (6]
6. Robinson, S StiteasSiT EMation A B AR KSR S Simiiation PrOjEes; McGraw-Hill

Spel_c?f%%ﬂ)r/]’s#n@la’}llgrw mY(?Jé' é\ely’elgpsnﬁe’n%%?t ;elgal?rw sthgSg (|)s7iZn%Z)Er5t%%tlfooa(l) ng)(J)e7cEt5.282c20'pe and model definition,

dat& oblinsiom, Sn€ oolaptaadmeiteinysoy simubationin oHatleageslikd srobd phecAdhadeintemSimutaitiolse
par@ehtare nieea(MeSGNAEsbIN e8I apilickliShs 8libddacavidrerstfdidtion B7E8 and methods to support
HOBSPRR S SRR A F1ML 1, EERAIE oS5 JnTEe B PRl AN B ARLIlSe e o
OB SIALF mo OGRS AERNaN b ARl R SO ABa . Iy of M are key
aspects 41 CM delivers crucial information to the future models [, The process may help identify relevant

iRrdRRRIDE N4, (QRGRANShISIRINNG: fAE Shandation Part I: Definition and requirements. J. Oper.
Res. Soc. 2008, 59, 278-290.

10! FFARGSEEN R P RI35S BB HAP6R RO BN SHB R T SRR ABBiication ST Mioaeting ahd

e a1 B B RN h g AT TS BN basad Order plekih s S SRR [EA BAsareb REIRS
appé?)\iaé isé‘r%ivilaécégﬁ%ged to the next 431, These methods all require complete scope definition at the outset, or

sequential decisions against predetermined objectives 4l In well-defined projects where the tasks are familiar to
1ParRPURROME3e PRARSIE URAMASIR NG FRioRBYIatRRN REpRST ARG RN LhRIaRISSidr REAstreams

an@%eltﬂinlﬁ‘gguirements, these methods struggle. The issues have been identified as ‘paradigm

ToceaRenes el adish coBrtika Mfic U Pt e iRy e AR IES o STRIRHGIARE (T8 cycle of a simulation
study. In Proceedings of the 1994 Winter Simulation Conference, Buena Vista, FL, USA, 11-14

| 4=Client-Participationiand Stakeholder-Facilitated Modelling

13. Franco, L.A.; Montibeller, G. Facilitated modelling in rational research. Eur, J, Oper. Res.
gonventiona"CM Iac%s stake olger engagement. ?nvo\vﬂ% stz%ﬁoﬂers ?n selmu at(l:on modeflmg %an |Fr2nprove the

creg‘l%ﬂ'l%’ gp%eélrsn%aglc.)%takeholder engagement is emphasised in methods such as hybrid modelling 22! and
lraciKiatiadisy t€ipAirgacsieling 881IHMg PSMs with hard OR methods: The philosophical and practical

challenges. J. Oper. Res. Soc. 2006, 57, 856-867.
Hybrid modelling introduces a second loop to involve stakeholders 13, [t illuminates that visualisation of simulation

models supports analysts to clarify modelling ideas. Stakeholders were involved through the iterative development

https://encyclopedia.pub/entry/24202 4/8



Conceptual Modelling in Operational Simulation of Logistics | Encyclopedia.pub

1Irodeswe STHY . y#iotiachs cén g @tetamie yhid. BatadingStake halittioto Batérightive nikatzyinlg ofddydppded to
cre&unautitiolatMio detee mual oaeketing obédine OEen \WirstereSimuubgt DR biarke peei (WEIE) dNa timriahtive
condephat, hdBelling AUSTFid Deke mbee20dfed using knowledge elicitation and abstraction, validity, credibility,

1tglllguan%feﬁtﬂlgg\'/sky, M.; Zhang, C.; Lang, M. ATime-Dependent Fuzzy Programming Approach for

n Multimodal Routin Prlmlh ail rV| | rtai nd R Traffi
FaC|I|tatCe; er%od L|Jntg w%%aproogste gto e%%ae%e t Fent i ?oug inte v%%t}gngr[,ﬁ? ‘ta qt% 6rlmgjdeot g sw%ulect:tlon

ana%/gp %e%gc? % fgg IFF‘)% Pdl r8elazt|(c)):r|ish|ps wit tﬁe client. Compared with the conventional expert mode, the
Ifacebendnes, relieRodtiguarlysrianeGliophsieNioidauttres Bignats TR fedtet Ha. d0pitien izt s fawittitm
skilisf steadiig cartiversitteracycecbaenalitidglaywataginginodal dpmaiicsr dadmpoaks. Blefks’ Sand Meanhfng
closlra0BbDEP, B300ei380.a hospital was developed, and a facilitated mode was included. The discussion with

| ang, ang, 1.;'Ning, ot arning Strategy for chedulin
%a%toldermm%ded rvod§l ugde.listandlﬁlg l\iace \éalﬂ\agﬂ oblem §8p{1gg a,P _|In£r0\§ en(tl I'I'he client
'”V%Vetﬁ“n%{‘z‘avtt%% SNt ah B PAINY iRLeT R A8 LIS NS SSBIRKST LTh e FSRYS %t‘r%stBe ful

faC'B'&ieé’ ?8?%””&?6“955%&"8”9'”9 =

19. tHekapvelabe €. dDaderoninatiogagé frery hioddesnonekerestsehastidetenvalvdnaend Geighticoingaidadimting
stagavingplifiad. DoBssdvdie se2€ibfedin &OB6taBd3Ce the time. However, the detailed complexity of the DES
TR 2 SR Ko Bou AR RSIMER e RIERY TS A AR ghmesnonsy Te

valldat|on of the facilita el w t C ation. The facilitator/analyst did not conduct enough
operations. Int. jt [‘-‘?rO(TOFC\1 %:{%a 'gé 5%&?—)—92@51 y g
operational observations to elicit tacit knowledge, which could not be noticed by stakeholders. Moreover, the

ZdoriuinaieRdtatetNlaWluiMighi-Destination Computation Offloading in Vehicular Networks. In
Proceedings of the 14th International Wireless Communications and Mobile Computing

i er]cee CN"CZ 18, Limassol, Cyprus, 25-29 June 2018; Institute of Electrical and
'Iect

nics Engineers Inc.: Limassol, Cyprus, 2018.

2Pk agitfamehadodieditiiore HicRoTaathgeMelomeaDpetditeds PODRYIY, dnaciod gt maximising collaboration

between pro ect stakeholders and directing work effort towards pro ressive development of the product [46][47]

,<og|er : Rauch, P, Discrete event S|mul%|on ofo[nultl | and unimogdal tr nsportatlondn theh
Agl evéloprent typically uses a minimum viable product (MVP) approach. This refers to a product that

wood supply chain: A literature review. Silva Fenn, 2018, 52, 9984,
embod?es tng ymary functllona tles with %e least detar] The 'MVP perspective is complementary to the scrum

2¢rodiesE, WRimhss B dhetRehisendn &) mat s)ieteransimeatatiom $aoeagin inoutramxg2Aék ghepse Gauripista

strodp@imkingsiEaduge@od 8 chifecdlre of the system correct at the early stages, which it does via a structured
AVBIFYERGFES: MG el RS S R e e ageess e
CO”éﬁ\”/‘.'r%”nar'nsé“H a ectPe%rt%CS?sdeﬁ’erent unloading infrastructure in an urban retail street. Comput. Ind.

g. 2019, 137, 106032,
Some recent 'examples” of the MVP software process are a hospital management system to improve

26nhiyuniéatiboi®), - cahargce sylitersFRdighteQperations ModelliFy fordUsberpbeliveryagach&ickdp The
methitth RkexibéeRadtipg:dClosterer raissjptirteM adeling |peggooratinggdisenetent veartekipmaati o BAdand
entf@pteradralsisubtisiess2 B24k-6pHSIEE. The key advantages of MVP are the improvement in communication
IR SRR SR AL PR MY IR AR RS Ay G A aigr ceoo =2
5 T 8RS58 ASHAEN, I R0bAER.Che ) S8, TS, S e i) sobton
Offsetting that advantage is the disadvantage that the product might never move beyond the minimal state.

However, MVP also requires resources, as recognised in the specific case of software start-up businesses 59,

https://encyclopedia.pub/entry/24202 5/8



Conceptual Modelling in Operational Simulation of Logistics | Encyclopedia.pub

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dalapati, P.; Padhy, A.; Mishra, B.; Dutta, A.; Bhattacharya, S. Real-time collision handling in
railway transport network: An agent-based modeling and simulation approach. Transp. Lett. 2017,
11, 458-468.

Abourraja, M.N.; Oudani, M.; Samiri, M.Y.; Boudebous, D.; El Fazziki, A.; Najib, M.; Bouain, A;
Rouky, N. A Multi-Agent Based Simulation Model for Rail-Rail Transshipment: An Engineering
Approach for Gantry Crane Scheduling. IEEE Access 2017, 5, 13142-13156.

Marinov, M.; Viegas, J. A simulation modelling methodology for evaluating flat-shunted yard
operations. Simul. Model. Pract. Theory 2009, 17, 1106-1129.

Abbott, D.; Marinov, M.V. An event based simulation model to evaluate the design of a rail
interchange yard, which provides service to high speed and conventional railways. Simul. Model.
Pract. Theory 2015, 52, 15-39.

Li, L.; Qiu, M.; Wu, B.; Wang, X. Simulation Research on Road Transport in Container Port Based
on Arena. In Proceedings of the 2010 International Conference of Logistics Engineering and
Management, ICLEM 2010, Chengdu, China, 8-10 October 2010; pp. 1880-1888.

Rabe, M.; Klueter, A.; Raps, J. Evaluating different distance metrics for calculating distances of
last mile deliveries in urban areas for integration into supply chain simulation. J. Simul. 2019, 14,
41-52.

Cigolini, R.; Pero, M.; Rossi, T.; Sianesi, A. Linking supply chain configuration to supply chain
perfrmance: A discrete event simulation model. Simul. Model. Pract. Theory 2014, 40, 1-11.

Montevechi, J.A.B.; Pereira, T.F,; Silva, C.E.S.d.; Miranda, R.D.C.; Scheidegger, A.P.G.
Identification of the main methods used in simulation projects. In Proceedings of the 2015 Winter
Simulation Conference (WSC), Huntington Beach, CA, USA, 6-9 December 2015.

Andreasson, H.; Weman, J.; Nafors, D.; Berglund, J.; Johansson, B.; Lihnell, K.; Lydhig, T.
Utilizing Discrete Event Simulation to Support Conceptual Development of Production Systems. In
Proceedings of the 2019 Winter Simulation Conference (WSC), National Harbor, MD, USA, 8-11
December 2019.

Chwif, L.; Banks, J.; Filho, J.P.D.M.; Santini, B. A framework for specifying a discrete-event
simulation conceptual model. J. Simul. 2013, 7, 50-60.

Penn, M.; Monks, T.; Kazmierska, A.; Alkoheji, M. Towards generic modelling of hospital wards:
Reuse and redevelopment of simple models. J. Simul. 2019, 14, 107-118.

Pereira, T.F.; Montevechi, J.A.B.; Miranda, R.D.C.; Friend, J.D. Integrating soft systems
methodology to aid simulation conceptual modeling. Int. Trans. Oper. Res. 2014, 22, 265-285.

Kotiadis, K.; Tako, A.A.; Vasilakis, C. A participative and facilitative conceptual modelling
framework for discrete event simulation studies in healthcare. J. Oper. Res. Soc. 2014, 65, 197—-

https://encyclopedia.pub/entry/24202 6/8



Conceptual Modelling in Operational Simulation of Logistics | Encyclopedia.pub

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

213.

Robinson, S. Conceptual modelling for simulation Part Il: A framework for conceptual modelling. J.
Oper. Res. Soc. 2008, 59, 291-304.

Salt, J. The seven habits of highly defective simulation projects. J. Simul. 2008, 2, 155-161.

Roberts, S.; Wang, L.; Klein, R.; Ness, R.; Dittus, R. Development of a simulation model of
colorectal cancer. ACM Trans. Model. Comput. Simul. 2007, 18, 1-30.

Furian, N.; O'Sullivan, M.; Walker, C.; VOssner, S.; Neubacher, D. A conceptual modeling
framework for discrete event simulation using hierarchical control structures. Simul. Model. Pract.
Theory 2015, 56, 82—-96.

Robinson, S.; Worthington, C.; Burgess, N.; Radnor, Z.J. Facilitated modelling with discrete-event
simulation: Reality or myth? Eur. J. Oper. Res. 2014, 234, 231-240.

Damodharan, S.; Muralidharan, V.; Muralidharan, V. Feature Driven Agile Product Innovation
Management Framework. In Proceedings of the 2020 IEEE Technology and Engineering
Management Conference, TEMSCON 2020, Detroit, MI, USA, 3-6 June 2020; Institute of
Electrical and Electronics Engineers Inc.: Detroit, MIl, USA, 2010.

Dennehy, D.; Kasraian, L.; O’'Raghallaigh, P.; Conboy, K.; Sammon, D.; Lynch, P. A Lean Start-up
approach for developing minimum viable products in an established company. J. Decis. Syst.
2019, 28, 224-232.

Bica, D.A.B.; da Silva, C.A.G. Learning Process of Agile Scrum Methodology with Lego Blocks in
Interactive Academic Games: Viewpoint of Students. IEEE Rev. Iberoam. Tecnol. Aprendiz. 2020,
15, 95-104.

Tona, C.; Juarez-Ramirez, R.; Jiménez, S.; Duran, M.; Guerra-Garcia, C. Towards a Set of
Factors to ldentify the Success in Scrum Project Delivery: A Systematic Literature Review. In
Proceedings of the 2019 7th International Conference in Software Engineering Research and
Innovation (CONISOFT), Mexico City, Mexico, 23—25 October 2019.

Younas, M.; Jawawi, D.N.A.; Mahmood, A.K.; Ahmad, M.N.; Sarwar, M.U.; Idris, M.Y. Agile
Software Development Using Cloud Computing: A Case Study. IEEE Access 2020, 8, 4475-4484.

Conoscenti, M.; Besner, V.; Vetro, A.; Fernandez, D.M. Combining data analytics and developers
feedback for identifying reasons of inaccurate estimations in agile software development. J. Syst.
Softw. 2019, 156, 126-135.

Nguyen-Duc, A.; Khalid, K.; Bajwa, S.S.; Lgnnestad, T. Minimum Viable Products for Internet of
Things Applications: Common Pitfalls and Practices. Futur. Internet 2019, 11, 50.

Grangel, R.; Campos, C. Agile Model-Driven Methodology to Implement Corporate Social
Responsibility. Comput. Ind. Eng. 2019, 127, 116-128.

https://encyclopedia.pub/entry/24202 7/8



Conceptual Modelling in Operational Simulation of Logistics | Encyclopedia.pub

54.

55.

56.

57.

58.

59.

Cheng, L.C. The mobile app usability inspection (MAUI) framework as a guide for minimal viable
product (MVP) testing in lean development cycle. In Proceedings of the 2nd International Human
Computer Interaction and User Experience Conference in Indonesia, CHIuXiD 2016, Jakarta,
India, 13-15 April 2016; Association for Computing Machinery, Inc.: Jakarta, India, 2016.

Xu, Y.; Koivumaki, T. Digital business model effectuation: An agile approach. Comput. Hum.
Behav. 2018, 95, 307-314.

Ghezzi, A. Digital startups and the adoption and implementation of Lean Startup Approaches:
Effectuation, Bricolage and Opportunity Creation in practice. Technol. Forecast. Soc. Chang.
2019, 146, 945-960.

Holvitie, J.; Licorish, S.A.; Spinola, R.O.; Hyrynsalmi, S.; MacDonell, S.G.; Mendes, T.S.; Buchan,
J.; Leppanen, V. Technical debt and agile software development practices and processes: An
industry practitioner survey. Inf. Softw. Technol. 2018, 96, 141-160.

Li, Z.; Liang, P.; Avgeriou, P. Chapter 9—Architectural Debt Management in Value-Oriented
Architecting. In Economics-Driven Software Architecture; Mistrik, I., Bahsoon, R., Kazman, R.,
Zhang, Y., Eds.; Morgan Kaufmann: Boston, MA, USA, 2014; pp. 183-204. ISBN 978-0-12-
410464-8.

Tripathi, N.; Oivo, M.; Liukkunen, K.; Markkula, J. Startup ecosystem effect on minimum viable
product development in software startups. Inf. Softw. Technol. 2019, 114, 77-91.

Retrieved from https://encyclopedia.pub/entry/history/show/58455

https://encyclopedia.pub/entry/24202 8/8



