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A B S T R A C T  A R T I C L E   I N F O 
The vehicle routing problem with split deliveries and pickups is a hot research 
topic in recent years, where a customer can be served multiple times with split 
deliveries and pickups. The objective is to minimize the travel distance, use the 
fewest number of vehicles and increase the load rate, which will further reduce 
the carbon emissions that damage the environment. In this paper, we use a 
two-stage construction heuristic approach to solve this problem. First, parti-
tioning algorithms based on the multi-restart-iterative sweep algorithm are 
adopted to partition the customer domain into sub-domains according to the 
vehicle capacity, and to determine the split points and the corresponding val-
ues. Second, a modified Clarke-Wright savings algorithm is used to check the 
possibility of each point in each route based on the load of each point and the 
vehicle load limitation. The three case studies with 12 instances per each from 
the reconstructed Solomon benchmark datasets were conducted to evaluate 
the effectiveness and feasibility of the proposed approaches-Unsplit, Both-Split 
and Enhanced-Both-Split. The comparison among these approaches reveals 
that the splits reduce the total travel cost and vehicles used, and increase the 
average loading rate considerably, especially when customers have larger de-
mand values. Our computation results proves that the vehicle routing problem 
with split deliveries and pickups is highly beneficial for transportation and lo-
gistics enterprises. 

 Keywords: 
Vehicle routing;  
Split deliveries and pickups; 
Two-stage construction heuristic; 
Clustering first and routing later; 
Partitioning algorithms; 
Modified Clarke-Wright savings 
algorithm 

*Corresponding author:  
mjn3862@126.com 
(Min, J.N.) 

Article history:  
Received 15 October 2021 
Revised 27 February 2022 
Accepted 5 March 2022 

 
Content from this work may be used under the terms of 
the Creative Commons Attribution 4.0 International Li-
cence (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] Awaga, A.L., Xu, W., Liu, L., Zhang, Y. (2020). Evolutionary game of green manufacturing mode of enterprises under 

the influence of government reward and punishment, Advances in Production Engineering & Management, Vol. 15, 
No. 4, 416-430, doi: 10.14743/apem2020.4.375.  

[2] Cucchiella, F., D’Adamo, I., Gastaldi, M., Koh, S.C.L., Santibanez-Gonzalez, E.D.R. (2020). Assessment of GHG emis-
sions in Europe: Future estimates and policy implications, Environmental Engineering and Management Journal, 
Vol. 19, No. 1, 131-142, doi: 10.30638/eemj.2020.014. 

[3] Sadati, M.E.H., Çatay, B. (2021). A hybrid variable neighborhood search approach for the multi-depot green vehicle 
routing problem, Transportation Research Part E: Logistics and Transportation Review, Vol. 149, Article No. 
102293, doi: 10.1016/j.tre.2021.102293. 

[4] Parragh, S.N., Doerner, K.F., Hartl, R.F. (2008). A survey on pickup and delivery problems, Journal für Be-
triebswirtschaft, Vol. 58, No. 1, 21-51, doi: 10.1007/s11301-008-0033-7. 

[5] Dror, M., Trudeau, P. (1989). Savings by split delivery routing, Transportation Science, Vol. 23, No. 2, 141-145, doi: 
10.1287/trsc.23.2.141. 

[6] Dror, M., Trudeau, P. (1990). Split delivery routing, Naval Research Logistics, Vol. 37, No. 3, 383-402, doi: 10.1002/ 
nav.3800370304. 

https://doi.org/10.14743/apem2020.4.375
https://doi.org/10.30638/eemj.2020.014
https://doi.org/10.1016/j.tre.2021.102293
http://doi.org/10.1007/s11301-008-0033-7
http://doi.org/10.1287/trsc.23.2.141
http://doi.org/10.1287/trsc.23.2.141
https://doi.org/10.1002/nav.3800370304
https://doi.org/10.1002/nav.3800370304


 

[7] Dror, M., Laporte, G., Trudeau, P. (1994). Vehicle routing with split deliveries, Discrete Applied Mathematics, Vol. 
50, No. 3, 239-254, doi: 10.1016/0166-218X(92)00172-I. 

[8] Nagy, G., Wassan, N.A., Speranza M.G., Archetti, C. (2015). The vehicle routing problem with divisible deliveries 
and pickups, Transportation Science, Vol. 49, No. 2, 271-294, doi: 10.1287/trsc.2013.0501. 

[9] Bektaş, T., Laporte, G. (2011). The pollution-routing problem, Transportation Research Part B: Methodological, Vol. 
45, No. 8, 1232-1250, doi: 10.1016/j.trb.2011.02.004. 

[10] Zhu, X., Zhao, Z., Yan, R. (2020). Low carbon logistics optimization for multi-depot CVRP with backhauls – Model 
and solution, Tehnički Vjesnik – Technical Gazette, Vol. 27, No. 5, 1617-1624, doi: 10.17559/TV-20200809211109. 

[11] Archetti, C., Savelsbergh, M.W.P., Speranza, M.G. (2006). Worst-case analysis for split delivery vehicle routing 
problems, Transportation Science, Vol. 40, No. 2, 226-234, doi: 10.1287/trsc.1050.0117. 

[12] Archetti, C., Savelsbergh, M.W.P., Speranza, M.G. (2008). To split or not to split: That is the question, Transportation 
Research Part E: Logistics and Transportation Review, Vol. 44, No. 1, 114-123, doi: 10.1016/j.tre.2006.04.003. 

[13] Archetti, C., Speranza, M.G. (2008). The split delivery vehicle routing problem: A survey, In: Golden, B., Raghavan, 
S., Wasil, E. (eds.), The vehicle routing problem: Latest advances and new challenges, Springer, Boston, USA, 103-
122, doi: 10.1007/978-0-387-77778-8_5. 

[14] Archetti, C., Speranza, M.G. (2012). Vehicle routing problems with split deliveries, International Transactions in 
Operational Research, Vol. 19, No. 1-2, 3-22, doi: 10.1111/j.1475-3995.2011.00811.x. 

[15] Archetti, C., Speranza, M.G., Hertz, A. (2006). A tabu search algorithm for the split delivery vehicle routing problem, 
Transportation Science, Vol. 40, No. 1, 64-73, doi: 10.1287/trsc.1040.0103. 

[16] Archetti, C., Speranza, M.G., Savelsbergh, M.W.P. (2008). An optimization-based heuristic for the split delivery ve-
hicle routing problem, Transportation Science, Vol. 42, No. 1, 22-31, doi: 10.1287/trsc.1070.0204. 

[17] Belenguer, J.M., Martinez, M.C., Mota, E. (2000). A lower bound for the split delivery vehicle routing problem, Op-
erations Research, Vol. 48, No. 5, 801-810, doi: 10.1287/opre.48.5.801.12407. 

[18] Wilck IV, J.H., Cavalier, T.M. (2012). A construction heuristic for the split delivery vehicle routing problem, Ameri-
can Journal of Operations Research, Vol. 2, No. 2, 153-162, doi: 10.4236/ajor.2012.22018. 

[19] Liu, W., Yang, F., Li, M., Chen, P. (2012). Clustering algorithm for split delivery vehicle routing problem, Control and 
Decision, Vol. 27, No. 4, 535-541, doi: 10.13195/j.cd.2012.04.57.liuwsh.017. 

[20] Archetti, C., Bianchessi, N., Speranza, M.G. (2015). A branch-price-and-cut algorithm for the commodity con-
strained split delivery vehicle routing problem, Computers & Operations Research, Vol. 64, 1-10, doi: 10.1016/ 
j.cor.2015.04.023. 

[21] Ozbaygin, G., Karasan, O., Yaman, H. (2018). New exact solution approaches for the split delivery vehicle routing 
problem, EURO Journal on Computational Optimization, Vol. 6, No. 1, 85-115, doi: 10.1007/s13675-017-0089-z. 

[22] Min, J., Jin, C., Lu, L. (2018). A three-stage approach for split delivery vehicle routing problem solving, In: Proceed-
ings of 8th International Conference on Logistics, Informatics and Service Sciences (LISS), Toronto, Canada, 1-6, doi: 
10.1109/LISS.2018.8593226. 

[23] Min, J.N., Jin, C., Lu, L.J. (2019). Maximum-minimum distance clustering method for split delivery vehicle routing 
problem: Case studies and performance comparisons, Advances in Production Engineering & Management, Vol. 14, 
No. 1, 125-135, doi: 10.14743/apem2019.1.316. 

[24] Mitra, S. (2005). An algorithm for the generalized vehicle routing problem with backhauling, Asia-Pacific Journal 
of Operational Research, Vol. 22, No. 2, 153-169, doi: 10.1142/S0217595905000522. 

[25] Mitra, S. (2008). A parallel clustering technique for the vehicle routing problem with split deliveries and pickups, 
Journal of the Operational Research Society, Vol. 59, No. 11, 1532-1546, doi: 10.1057/palgrave.jors.2602500. 

[26] Wang, K.F. (2012). Research of vehicle routing problem with nodes having double demands, Doctoral dissertation, 
University of Shanghai for Science and Technology, Shanghai, China. 

[27] Wang, K., Ye, C., Ning, A. (2015). Achieving better solutions for vehicle routing problem involving split deliveries 
and pickups using a competitive decision algorithm, Asia-Pacific Journal of Operational Research, Vol. 32, No. 4, 
Article No.1550022, doi: 10.1142/S0217595915500220. 

[28] Yin, C., Bu, L., Gong, H. (2013). Mathematical model and algorithm of split load vehicle routing problem with sim-
ultaneous delivery and pickup, International Journal of Innovative Computing, Information and Control, Vol. 9, No. 
11, 4497-4508. 

[29] Wang, Y., Ma, X.-L., Lao, Y.-T., Yu, H.-Y., Liu, Y. (2014) A two-stage heuristic method for vehicle routing problem 
with split deliveries and pickups, Journal of Zhejiang University SCIENCE C, Vol. 15, No. 3, 200-210, doi: 10.1631/ 
jzus.C1300177. 

[30] Polat, O. (2017). A parallel variable neighborhood search for the vehicle routing problem with divisible deliveries 
and pickups, Computers & Operations Research, Vol. 85, 71-86, doi: 10.1016/j.cor.2017.03.009. 

[31] Qiu, M., Fu, Z., Eglese, R., Tang, Q. (2018). A tabu search algorithm for the vehicle routing problem with discrete 
split deliveries and pickups, Computers & Operations Research, Vol. 100, 102-116, doi: 10.1016/ j.cor. 2018. 07. 
021. 

[32] Min, J., Lu, L., Jin, C. (2022). A two-stage heuristic approach for split vehicle routing problem with deliveries and 
pickups, In: Shi, X., Bohács, G., Ma, Y., Gong, D., Shang, X. (eds.), LISS 2021. Lecture Notes in Operations Research, 
Springer, Singapore, 479-490, doi: 10.1007/978-981-16-8656-6_43. 

[33] Gillett, B.E., Miller, L.R. (1974). A heuristic algorithm for the vehicle-dispatch problem, Operations Research, Vol. 
22, No. 2, 340-349, doi: 10.1287/opre.22.2.340. 

[34] Min, J.N., Jin, C., Lu, L.J. (2019). Split-delivery vehicle routing problems based on a multi-restart improved sweep 
approach, International Journal of Simulation Modeling, Vol. 18, No. 4, 708-719, doi: 10.2507/IJSIMM8(4)CO19. 

[35] Díaz, B.D. VRP Web, from http://www.bernabe.dorronsoro.es/vrp/, accessed May 12, 2019.  
[36] Zhao, P.X., Luo, W.H., Han, X. (2019). Time-dependent and bi-objective vehicle routing problem with time win-

dows, Advances in Production Engineering & Management, Vol. 14, No. 2, 201-212, doi: 10.14743/apem2019.2.322. 

http://doi.org/10.1016/0166-218X(92)00172-I
http://doi.org/10.1287/trsc.2013.0501
https://doi.org/10.1016/j.trb.2011.02.004
https://doi.org/10.17559/TV-20200809211109
https://doi.org/10.1287/trsc.1050.0117
https://doi.org/10.1016/j.tre.2006.04.003
http://doi.org/10.1007/978-0-387-77778-8_5
https://doi.org/10.1111/j.1475-3995.2011.00811.x
http://doi.org/10.1287/trsc.1040.0103
http://doi.org/10.1287/trsc.1070.0204
http://doi.org/10.1287/opre.48.5.801.12407
https://doi.org/10.4236/ajor.2012.22018
https://doi.org/10.13195/j.cd.2012.04.57.liuwsh.017
https://doi.org/10.1016/j.cor.2015.04.023
https://doi.org/10.1016/j.cor.2015.04.023
https://doi.org/10.1007/s13675-017-0089-z
http://doi.org/10.1109/LISS.2018.8593226
http://doi.org/10.1109/LISS.2018.8593226
https://doi.org/10.14743/apem2019.1.316
https://doi.org/10.1142/S0217595905000522
http://doi.org/10.1057/palgrave.jors.2602500
http://doi.org/10.1142/S0217595915500220
http://doi.org/10.1631/jzus.C1300177
http://doi.org/10.1631/jzus.C1300177
http://doi.org/10.1016/j.cor.2017.03.009
http://doi.org/10.1016/j.cor.2018.07.021
http://doi.org/10.1016/j.cor.2018.07.021
https://doi.org/10.1007/978-981-16-8656-6_43
https://doi.org/10.1287/opre.22.2.340
http://doi.org/10.2507/IJSIMM8(4)CO19
http://www.bernabe.dorronsoro.es/vrp/
https://doi.org/10.14743/apem2019.2.322


 

[37] Barros, L., Linfati, R., Escobar, J.W. (2020). An exact approach for the consistent vehicle routing problem (ConVRP), 
Advances in Production Engineering & Management, Vol. 15, No. 3, 255-266, doi: 10.14743/apem2020.3.363. 

[38] Liu, M.L., Zhang, C., Wu, Q.L., Meng, B.R. (2021). Vehicle routing problem with soft time windows of cargo transport 
O2O platforms, International Journal of Simulation Modelling, Vol. 20, No. 2, 351-362, doi: 10.2507/IJSIMM20-2-
564. 

http://doi.org/10.14743/apem2020.3.363
http://doi.org/10.2507/IJSIMM20-2-564
http://doi.org/10.2507/IJSIMM20-2-564

