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A B S T R A C T A R T I C L E   I N F O 
In this paper, a global simulation optimization approach is developed to imi-
tate and optimize the performance of the Pharmaceutical Supply Chain (PSC). 
Firstly, a hierarchical hybrid simulation model is developed in which aggre-
gate and detailed data levels are addressed simultaneously. The model con-
sists of two types of interdependent paradigms: the system dynamics para-
digm, which depicts the echelons of pharmacies and wholesalers in the PSC, 
and the discrete event paradigm, which simulates the manufacturers with 
their detailed production operations, as well as the echelons of suppliers. 
Secondly, the "As is" scenario analysis and a screening process are performed 
to extract significant input parameters as well as sensitive outputs of the 
model. The final step optimizes the performance of PSC. The proposed ap-
proach validity is appraised by being applied to the PSC of a leading pharma-
ceutical company in Jordan. As a result, the opportunity loss cost has consid-
erably decreased for both the manufacturer and wholesalers’ echelons and 
the service level has improved throughout the PSC.  

 Keywords: 
System dynamics; 
Discrete-event; 
Simulation optimization; 
Hybrid simulation; 
Scatter search; 
Tabu search; 
Artificial neural networks (ANN); 
AnyLogic simulation software; 
OptQuest optimization package; 
Pharmaceutical supply chain 

*Corresponding author: 
Safwan.altarazi@gju.edu.jo 
(Altarazi, S.)

Article history:  
Received 31 December 2022 
Revised 8 April 2023 
Accepted 15 April 2023 

Content from this work may be used under the terms of 
the Creative Commons Attribution 4.0 International 
License (CC BY 4.0). Any further distribution of this work 
must maintain attribution to the author(s) and the title of 
the work, journal citation and DOI.

References 
[1] Othman, O., Rahwanji, S., Jeitan, A., Altarazi, S. (2017). A conceptual model of healthcare supply chain network, 

In: Proceedings of International Joint Conference - ICIEOM-ADINGOR-IISE-AIM-ASEM, Valencia, Spain, 301-308. 
[2] FDA, U.S. Food and drug administration. Drug shortages: Root causes and potential solutions, Report 2019, from 

https://www.fda.gov/media/131130/download, accessed on December 25, 2022. 
[3] Shah, N. (2004). Pharmaceutical supply chains: Key issues and strategies for optimisation, Computers & Chemical 

Engineering, Vol. 28, No. 6-7, 929-941, doi: 10.1016/j.compchemeng.2003.09.022. 
[4] Abdulghani, I., Bermamet, H., Altarazi, S. (2019). Pharmaceutical supply chain cost optimization model consider-

ing multiple echelons and multiple drugs, In: Proceedings of 2019 IEEE 6th International Conference on Industrial 
Engineering and Applications (ICIEA), Tokyo, Japan, 709-713, doi: 10.1109/IEA.2019.8715157. 

[5] Lapierre, S.D., Ruiz, A.B. (2007). Scheduling logistic activities to improve hospital supply systems, Computers & 
Operations Research, Vol. 34, No. 3, 624-641, doi: 10.1016/j.cor.2005.03.017. 

[6] Peirleitner, A.J., Altendorfer, K., Felberbauer, T. (2016). A simulation approach for multi-stage supply chain op-
timization to analyze real world transportation effects, In: Proceedings of 2016 Winter Simulation Conference 
(WSC), Washington, USA, 2272-2283, doi: 10.1109/WSC.2016.7822268. 

mailto:Safwan.altarazi@gju.edu.jo
https://www.fda.gov/media/131130/download
https://doi.org/10.1016/j.compchemeng.2003.09.022
https://doi.org/10.1109/IEA.2019.8715157
https://doi.org/10.1016/j.cor.2005.03.017
https://doi.org/10.1109/WSC.2016.7822268


 

[7] Rabelo, L., Sarmiento, A.T., Helal, M., Jones, A. (2015). Supply chain and hybrid simulation in the hierarchical 
enterprise, International Journal of Computer Integrated Manufacturing, Vol. 28, No. 5, 488-500, doi: 10.1080/ 
0951192X.2014.880807. 

[8] AbuKhousa, E., Al-Jaroodi, J., Lazarova-Molnar, S., Mohamed, N. (2014). Simulation and modeling efforts to sup-
port decision making in healthcare supply chain management, The Scientific World Journal, Vol. 2014, Article ID 
354246, doi: 10.1155/2014/354246. 

[9] Gjerdrum, J. (2001). Problems in the optimum planning of multi-enterprise supply chains, Ph.D. thesis, Imperial 
College, London, United Kingdom. 

[10] Martins, S., Amorim, P., Figueira, G., Almada-Lobo, B. (2017). An optimization-simulation approach to the net-
work redesign problem of pharmaceutical wholesalers, Computers & Industrial Engineering, Vol 106, 315-328, 
doi: 10.1016/j.cie.2017.01.026. 

[11] Kochan, C.G., Nowicki, D.R., Sauser, B., Randall, W.S. (2018). Impact of cloud-based information sharing on hospi-
tal supply chain performance: A system dynamics framework, International Journal of Production Economics, Vol. 
195, 168-185, doi: 10.1016/j.ijpe.2017.10.008. 

[12] Abidi, M., Lattouf, A., Altarazi, S. (2018). A system dynamics simulation modeling for managing the inventory in 
multi-echelon multi-product pharmaceutical supply chain, In: Proceedings of the Annual Simulation Symposium, 
San Diego, USA, Article No. 3, 1-10. 

[13] Xu, X., Rodgers, M.D., Guo, W.G. (2021). Hybrid simulation models for spare parts supply chain considering 3D 
printing capabilities, Journal of Manufacturing Systems, Vol 59, 272-282, doi: 10.1016/j.jmsy.2021.02.018. 

[14] Eldabi, T., Brailsford, S., Djanatliev, A., Kunc, M., Mustafee, N., Osorio, A.F. (2018). Hybrid simulation challenges 
and opportunities: A life-cycle approach, In: Proceedings of 2018 Winter Simulation Conference (WSC), Gothen-
burg, Sweden, 1500-1514, doi: 10.1109/WSC.2018.8632465. 

[15] Brailsford, S.C., Eldabi, T., Kunc, M., Mustafee, N., Osorio, A.F. (2019). Hybrid simulation modelling in operational 
research: A state-of-the-art review, European Journal of Operational Research, Vol 278, No. 3, 721-737, doi: 
10.1016/j.ejor.2018.10.025. 

[16] Ammeri, A., Hachicha, W., Chabchoub, H., Masmoudi, F. (2011). A comprehensive literature review of mono-
objective Simulation optimization methods, Advances in Production Engineering & Management, Vol. 6, No. 4, 
291-302. 

[17] Glover, F., Kelly, J.P., Laguna, M. (1996). New advances and applications of combining simulation and optimiza-
tion, In: Proceedings of the 28th Conference on Winter Simulation, Coronado, California, USA, 144-152, doi: 
10.1145/256562.256595. 

[18] Ólafsson, S., Kim, J. (2002). Simulation optimization, In: Proceedings of the 34th Conference on Winter Simulation: 
Exploring New Frontiers, San Diego, California, USA, 79-84. 

[19] Chen, Y., Mockus, L., Orcun, S., Reklaitis, G.V. (2012). Simulation-optimization approach to clinical trial supply 
chain management with demand scenario forecast, Computers & Chemical Engineering, Vol. 40, 82-96, doi: 
10.1016/j.compchemeng.2012.01.007. 

[20] Franco, C., Alfonso-Lizarazo, E. (2020). Optimization under uncertainty of the pharmaceutical supply chain in 
hospitals, Computers & Chemical Engineering, Vol. 135, Article No. 106689, doi: 10.1016/j.compchemeng.2019. 
106689. 

[21] Zülch, G., Jonsson, U., Fischer, J. (2002). Hierarchical simulation of complex production systems by coupling of 
models, International Journal of Production Economics, Vol. 77, No. 1, 39-51, doi: 10.1016/S0925-5273(01) 
00198-0. 

[22] Laipple, G., Mosinski, M., Schönherr, O., Winter, E., Furmans, K. (2018). Aggregated hierarchical modeling and 
simulation in semiconductor supply chains, In: Proceedings of the 2018 Winter Simulation Conference (WSC), 
Gothenburg, Sweden, 3603-3614, doi: 10.1109/WSC.2018.8632453. 

[23] Saedi, S., Kundakcioglu, O.E., Henry, A.C. (2016). Mitigating the impact of drug shortages for a healthcare facility: 
An inventory management approach., European Journal of Operational Research, Vol. 251, No. 1, 107-123, doi: 
10.1016/j.ejor.2015.11.017. 

[24] Paltriccia, C., Tiacci, L. (2016). Supplying networks in the healthcare sector: A new outsourcing model for mate-
rials management, Industrial Management & Data Systems, Vol. 116, No. 8, 1493-1519, doi: 10.1108/IMDS-12-
2015-0500. 

[25] Dixit, A., Routroy, S., Dubey, SK. (2019). A systematic literature review of healthcare supply chain and implica-
tions of future research, International Journal of Pharmaceutical and Healthcare Marketing. Vol. 13 No. 4, 405-
435, doi: 10.1108/IJPHM-05-2018-0028. 

[26] OptQuest Optimization Software, from http://www.opttek.com, accessed on December 25, 2022. 
[27] AnyLogic Simulation Software, from http://www.anylogic.com, accessed on December 25, 2022. 
 

https://doi.org/10.1080/0951192X.2014.880807
https://doi.org/10.1080/0951192X.2014.880807
https://doi.org/10.1155/2014/354246
https://doi.org/10.1016/j.cie.2017.01.026
https://doi.org/10.1016/j.ijpe.2017.10.008
https://doi.org/10.1016/j.jmsy.2021.02.018
https://doi.org/10.1109/WSC.2018.8632465
https://doi.org/10.1016/j.ejor.2018.10.025
https://doi.org/10.1016/j.ejor.2018.10.025
https://doi.org/10.1145/256562.256595
https://doi.org/10.1145/256562.256595
https://doi.org/10.1016/j.compchemeng.2012.01.007
https://doi.org/10.1016/j.compchemeng.2012.01.007
https://doi.org/10.1016/j.compchemeng.2019.106689
https://doi.org/10.1016/j.compchemeng.2019.106689
https://doi.org/10.1016/S0925-5273(01)00198-0
https://doi.org/10.1016/S0925-5273(01)00198-0
https://doi.org/10.1109/WSC.2018.8632453
https://doi.org/10.1016/j.ejor.2015.11.017
https://doi.org/10.1016/j.ejor.2015.11.017
https://doi.org/10.1108/IMDS-12-2015-0500
https://doi.org/10.1108/IMDS-12-2015-0500
https://doi.org/10.1108/IJPHM-05-2018-0028
http://www.opttek.com/
http://www.anylogic.com/

