adis Jolw g o 5T ot i (51 9 Wu> sl oo (b 3 51 g Arwg

obolice s>
hamed.manshadian@ut.ac.ir 1, ;5 <)) 5 oKils (o  cwiige 0aSiils ( paass g xS

'S Joe §0lo (pmxo
amalniCK@ULAC.IT )] 1 ¢yl 5 o) o5 oSl culin camdige 0aSiils colin!

Satorabi@UL.ac.ir ol ! ol s oyl oKidls (bl waige saSiadls wlil

FRWLE

Cwloads R b‘)] oS aliws uS.: Q‘?’“c L OL..Q‘J QO o..\.;.bou.....lj)m ulfﬁb ).:.EJ é.o.s ulfﬁb 44‘&‘)] &./S)} o aJlin u.a‘ 5o

 alis liiacssy 3,8 5 ooliinl 3,50 ol e Bl 51 et o 3 3 3 alims 1) S ol & Sl e o5
J..\.A 05)60 )LEA.J Uw el 00 6)L...4J..\.A M?—duLﬁ) 9 MuLﬁ) aJ= o Ll G.Jhod..\.c GE} 6)J)Ml.‘)4 g_))}»o

Gl G5 o Sl wiails <l ol )5 (il e 45 o] 5T Tlamo Las ss5 5l 6 S Sauomy diwgm le) slad 5

Sy 450 9,05 )3 sy 3550 S50 Dyge &l T B8, 00,5 oo ol ladl 5 (g8, Sl Sl 4 e a5

;.9‘; 0o d‘f OMTW..\J J..\.A 0o )| J;,mw5o_\.‘o)f @)M J..\.,e),ca 6‘)4 RV é’L’ 6..: sJ..\.A )| 6,.:......43 oLsu‘ u.....wy

J> @l cwl 483 18 anglie g 2l 9 90 55UsT olsz Sl e ae )18, «uled 50 5 00l Jo 389 Ojg0 4 Sl

o oo las 09 5l (6 9 S les dwgn yloy Jow 4 als o ol

WS sLa8 1o Lol GhleJoe chlite morosas b3 (63,400 of3] i adss aliwy ol e Lol Olods

)
Jgine o gl



Developing and Assessing new models for the Free Patrol Vehicle Routing
Problem

H. Manshadian, hamed.manshadian@ut.ac.ir

PhD, School of Industrial Engineering, College of Engineering, University of Tehran, Tehran, Iran

M. Sadegh Amalnick, (corresponding author), amalnick@ut.ac.ir

Professor, School of Industrial Engineering, College of Engineering, University of Tehran, Tehran, Iran

S. Ali Torabi, satorabi@ut.ac.ir

Professor, School of Industrial Engineering, College of Engineering, University of Tehran, Tehran, Iran

Abstract

Vehicle routing problems are a category of complex mathematical problems in the field of
transportation and supply chain management, and a wide variety of these problems have been
introduced. One category within this field involves the collaboration of two different types of fleets
in a network, where in many cases, one of the fleets must patrol the graph as a support fleet and is
not subject to the same constraints as the other fleet, such as only visiting a vertex or an edge once.
Examples include refueling fleets or trucks providing services to drones, where these fleets patrol
the network so that the other fleet can use their services as needed.

In this paper, the problem of the free movement of such fleets on a graph is examined as a free
patrol problem, which can be used as a sub-problem in the modeling and solving of many routing
problems. To this end, the problem is modeled as a mixed-integer linear programming (MILP)
problem in both discrete and continuous time spaces. Generally, it is expected that the model in
continuous time space will exhibit lower computational complexity, but since modeling in
continuous time requires changes to the graph, leading to an increase in the number of vertices and
edges, its behavior needs to be more thoroughly investigated. On the other hand, another challenge
in analyzing this problem is that the objective of the free patrol sub-problem depends on the main
problem, as without the main problem, the free patrol problem may lose its objective, with a fleet
patrolling the graph within a designated time. Therefore, to decouple and make the free patrol
independent of the main problem, five different objective functions have been introduced for each
model, covering a wider range of comparisons, leading to ten models in total. Subsequently, all
ten models were solved exactly using randomly generated data for ten different graphs. Finally,
the behavior of the models was evaluated and compared from various perspectives. The numerical
results demonstrate the superior performance of continuous time model over the discrete time
model.

Keywords: Vehicle Routing Problem, Free Patrolling, Mixed Integer Linear Programming,
Continues-time mathematical models, Discrete-time mathematical models.
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