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Abstract

This paper deals with a multi-term technician routing and programming problem with a different concept. The problem is that
technicians with various skills form teams, and these teams perform the tasks that take in distinct locations. Technicians have daily duty
capacities while performing tasks. The cases where overtime costs are allowed by combining different technician numbers are analyzed.
Paper provides a single-purpose mixed integer programming method for modeling the problem because the model implemented aims
to optimize the travel cost while simultaneously minimizing the amount of overwork. The main issue also specifies the division of
technicians with different skills into teams, assignment of tasks with different skill requirements to teams, and routes for each team at
the same time. The number of customers visited on a route within the daily customer limit. In addition, the model included exceeding
the daily customer limit in the model and bound it to a constraint. The various combinations of the daily normal and over-work number
of customers were evaluated and examined their effects on the objective function. Finally, the paper presents computational experiments
and analyses to evaluate the efficiency of the proposed mathematical formulation and solution approach. The results show that daily
task constraints are effective in employee selection and amount of use.
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Teknisyen Rotalama ve Cizelgeleme Probleminde Giinliikk Gorev

Kisitlamasinin Incelenmesi

Oz

Bu makale, farkli bir konsepte sahip ¢ok donemli bir teknisyen rotalama ve programlama problemini ele almaktadir. Sorun, gesitli
becerilere sahip teknisyenlerin ekipler olusturmasi ve bu ekiplerin farkli konumlarda yapilan gorevleri yerine getirmesidir.
Teknisyenlerin gorevleri yerine getirirken giinliik gorev kapasiteleri vardir. Farkli teknisyen numaralarinin birlestirilmesiyle fazla mesai
maliyetlerine izin verilen durumlar analiz edilmistir. Caligma, problemi modellemek igin tek amagli bir karma tamsay1 programlama
yontemi saglar, ¢linkii uygulanan model ulagim maliyetini optimize ederken ayn1 zamanda fazla ¢alisma miktarini da en aza indirmeyi
amaglar. Ana konu ayrica farkli becerilere sahip teknisyenlerin ekiplere bdlinmesini, farkli beceri gereksinimlerine sahip gérevlerin
ekiplere atanmasini ve her ekip i¢in ayn1 anda rotalar1 belirtir. Giinliik ugranan miisteri sayis1 belirlenen limit dahilinde gergeklesir.
Ayrica model, giinliik miisteri limitinin asilmasin1 da modele dahil etmis ve bir kisitlamaya baglamigtir. Misterilerin giinliik normal ve
fazla ¢aligma sayilarmin gesitli kombinasyonlar1 degerlendirilmis ve amag¢ fonksiyonu iizerindeki etkileri incelenmistir. Son olarak,
makale, Onerilen matematiksel formiilasyon ve ¢6ziim yaklagimmnin etkinligini degerlendirmek igin hesaplamali deneyler ve analizler
sunar. Sonuglar, giinliik gorev kisitlamalarinin ¢alisan segiminde ve kullanim miktarinda etkili oldugunu géstermektedir.

Anahtar Kelimeler: Dal ve sinir, Cok periyotlu, Minimizasyon, Teknisyen ¢izelgeleme, Teknisyen rotalama
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Avrupa Bilim ve Teknoloji Dergisi

1. Introduction

Technician routing and scheduling problem (TRSP), this type
of problem exists in communication networks and maintenance-
repair services. The sustainability of such services in a healthy and
planned way is highly dependent on routing and scheduling. In
addition, firms or institutions require to manage limited labor
resources effectively. The services provided by the firm or
institutions involve different types of complex tasks to be
performed by technicians with various skills. Also, technicians
need to visit distinct geographic areas to meet customer demands.
TRSP can be defined as a branch of the vehicle routing problem,
[1] including time windows. Therefore, it is NP-Hard [2-3].

The current literature on TRSP approaches from many
different aspects. The characteristics of TRSP may include time
intervals, skills for a technician, requirements for a task, team
building, clustering, learning method, multi-period, single-term,
service time, and related activities. Dohn et al. [4] aimed to solve
the problem of manpower allocation with a single period and time
intervals with an integer programming method. Cordeau et al. [5]
suggested single-term team building, routing, and scheduling to
perform maintenance-repair tasks in a communications firm.
Other single-term studies of the TRSP can also be found [2, 3, 6,
7]. Tang et al. [8] formulated a planned maintenance planning
problem for multiple days to maximize the sum of profit from
customers. Chen et al. [9] suggested using artificial neural
networks for a multi-term technician planning problem and stated
that the service time depends on the experience of a technician. In
their paper, the authors promote a TRSP under multiple terms,
length of service, and travel time and also assign available
technicians to teams. Lazakis and Khan [10] proposed an
optimization framework for short-term maintenance regarding
route planning, scheduling, and cost-minimization. They
performed different heuristic and clustering techniques
effectively. The reliability of the performed techniques is
experimented with by case studies. Cakirgil et al. [11] dealt with
the multi-skill workforce scheduling and routing problem in field
service operations by considering two objectives: completing
higher priority tasks earlier and minimizing total operational
costs. They proposed a mixed integer programming model to find
Pareto optimal solutions. Mathlouthi et al. [12] dealt with a
technician routing and scheduling problem by considering
multiple time windows for service, an inventory of spare parts
carried by each technician, and tasks. They performed a specified
Tabu search coupled with an adaptive memory. Irawan et al. [13]
proposed a large neighborhood search metaheuristic to solve the
deterministic maintenance routing problem in an offshore wind
farm by minimizing the total cost. In addition, they considered the
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maintenance activities as uncertain conditions and developed a
simulation-based optimization algorithm to deal with these
uncertainties. Graf [14] proposed a hybrid algorithm that consists
of a large neighborhood, local search heuristics, and a
decomposition approach to generate competitive solutions at a
tight time efficiently. Frifita et al. [15] dealt with a technician
routing and scheduling problem by minimizing a linear
combination of total weighted distance, over-time, and maximize
the served requests. They performed a meta-heuristic algorithm
that consists of variable neighborhood search with an adaptive
memory and advanced diversity management. Khalfay et al. [16]
proposed a greedy randomized heuristic coupled with simulated
annealing to deal with the service technician routing and
scheduling problem by considering time windows.

Pekel [17] proposed an improved PSO (IPSO) algorithm to
solve TRSP using a specific dataset and provided a detailed
comparison in the paper.

The rest of this research is organized as follows. Section 2
introduces a definition and mathematical model to the problem.
Section 3 explains the branch-and-bound algorithm. In section 4,
the case study and consequences are provided in detail. Finally,
Section 5 contains the conclusion and future research.

The proposed model structure can be easily applied in any
field dealing with technician scheduling. As a result, by providing
flexible alternative solutions, both more cost-effective and shorter
time to complete the work can be achieved.

The majority of the studies in this field relate to algorithm
development that gives better solutions to specified data sets.
However, unlike the studies, this paper contributes to the literature
by flexing the constraints in the data sets and investigating
whether there are better alternatives.

2. Mathematical Model

TRSP is a graph that consists of/and A sets and defined
as G(I,A). Vertex set I includes a set of ['scattered tasks and one
dummy node (o) designating the depot, and A represents the arc
set. A team k € K chooses pairs of techniciansm,n € M and
completes tasks. Each team k begins to complete tasks and returns
at the depot on each dayd € D. Each arc (i, j)EA relates a visiting
cost ¢;; that includes the service time p; related to each taski € I'.
In our model, tasks i and j is not equal to each other. The
proficiency level [ € L exists in skill requirement € Q. Next, a
solution provides a service plan for completing whole tasks
during the planning horizon. Table 1 shows all the notations of the
mathematical model.
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Table 1.Notations of the mathematical model.

Sets

D Days
I Tasks
1 Tasks and central depot
A Arcs A € (i,))]i,j eI

D,cD Allowed travel days of task i

Ajc A Arcs Ag € (i,))]i,j € landD;ND;
K Technician groups
M Technicians
L Proficiency levels
Q Skills

Parameters
Cij Traveling cost from task i to task j
Vig 1 if task i requires a proficiency {0 or 1} on skill g, 0 otherwise
Imq 1 if technician m has a proficiency {0 or 1} on skill g, 0 otherwise

1) Allowed number of technicians per technician group

Tw¢ost A unit cost of routine-work number

oweost A unit cost of over-work number

™M Daily maximum routine-work number
ot™ax Daily maximum over-work number

Decision variables

Xijkd 1 if technician group k completes task i and visits task j on day d, 0 otherwise
Vikd 1 if technician group k performs task i on day d, 0 otherwise

Zmkd 1 if technician m works for team k on day d, 0 otherwise

TWya Routine-work number k on day d

OWpg Over-work numberk on day d

Each team utilizes exactly § technicians, and § = 2 is chosen
as the authors do [18-19]. However, the mathematical model
enables different values for §. A team of technicians with different
individual skills has to meet the talent needs of each task. If teams
are overqualified than the task requires, no cost comes out. Team
arrangements are not allowed within the working day. However,
diverse team configurations on various days are allowed. A
technician works for at most one team per day. Equation (1) aims
to minimize the cost of traveling, routine-work, and over-work
number.

minZ = Z Z Z Cl']'xl']'kd + T(L)COSt Z Z TWka

(i,))€EA k€K deD keK deD

+ oweost Z Z owgg (1)

k€K d€D

ZZyikd=1 Viel' (2)

k€K deD

xijkd = yidei € II,Vk S K,Vd €D (3)
J:(L.J)EAq
Zx,,,-kd >1vdeD (4)

j:(0,)EAq kEK

Z Xiora =1 VA ED (5)
i:(i0)eAq keK

xih_kd_ Z xh]-kd=0 VhEI'.VkEK,Vd

J:(hj)EAq
€D (6)

i:(i,h)EAq
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szkd <1 VmeMVdeD (7)
keK

szkd=5 vkeK,vdeD (8)

meM

viquikd < Z gmqlzmkd Vi € I’, Vq € Q, vl e L, vk € K, vd
meM

€D (9)
TWrg < 0"™¥Vk € K,vd € D (10)
Wy < ot™*Vk e K,vd €D (11)

Xijkd» Yikar Zmka € {0,1}  V (i,j) € A, Vm € M,Vk € K,Vd
eD (12)

Equations (2) and (3) ensure to meet all duties are shared to
technician groups on the assigned days. Each technician group
begins and completes its planned duties within the central depot
in equations (4) and (5). Each day must have at least one
scheduled technician group. Equation (6) assures the sequence of
duties in a technician group and on a day in which visiting a task
location. Equation (7) ensures that a technician cannot be
employed by more than one team per day and Equation (8)
provides the technicians in each technician group. Equation (9)
ensures that the skills of the chosen technicians must meet the skill
requirements of a duty. Equation (10) ensures that the routing-
work number must not exceed the pre-defined value for the
routing-work. Equation (11) ensures that the routine-work number
must not exceed the pre-defined value for the over-work. Equation

(12) declares that x;jxq, Yika> Zmka are binary variables.
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3. Branch and Bound

Branch-and-bound is a divide-and-conquer strategy that
decomposes the problem into subproblems on a tree structure
called a branch-and-bound tree. The decomposition mechanism of
the algorithm: If S is decomposed into S1 and S2, thus defining
two sub-problems. Here, new sub-problems obtained by
decomposition can be decomposed into sub-problems in the
following process. This process is called branching. Sub-
problems S1 and S2 are called branches created at node S.
Therefore, each sub-problem obtained in solving the problem
represents a node in the tree. Branching is not necessarily
bidirectional, and multi-directional branching is possible [20].

For the minimization problem discussed in the paper, an
upper bound is updated along with the branch-and-bound
algorithm and used to prune the nodes. Nodes are pruned because
of infeasibility, insufficient bound, and optimal results. If a node
is not pruned, it is understood that the specified situations do not
occur. In this case, the decomposition process continues into
smaller subproblems.

4. Results

This part provides certain combinations of routine-work and
overwork limits. Limit ranges of 3 to 6 are preferred. The daily
limit amount that will be less than three will make the problem
infeasible, so daily lower limit combinations start from 3. While
the amount of overworking greater than six does not increase the
amount of overwork, it increases the amount of daily routine-
work. As a result, daily limit amounts between 3 and 6 were

Usage of technician
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reported. Table 2 shows the combinations of over-work and
routine-work numbers.

The above table provides the number of customers visited on
a route within the daily customer limit. In addition, the model
included exceeding the daily customer limit in the model and
bound it to a constraint. The various combinations of the daily
normal and over-work number of customers were evaluated and
examined their effects on the objective function. It is seen that
ot™** and w™** values take values between 3-6. When ot™*
and w™** values are equal and equal to 3, the solution cost is
641.80, and 200 (31.16%) of this cost is due to over-work. The
solution cost tends to decrease when the ot™%* value is fixed at 3
and the @™** value is increased. When the ot™%* value is 4 and
the w™** value is increased, a downward trend appears again.
Finally, when the ot™%* value is 6, the solution cost reaches its
lowest value and the increase or decrease of the wmax values does
not affect it in any way. There is no over-work cost since the
number of jobs to be completed per day does not exceed 6 or
more.

Figure 1 shows the usage of technicians concerning different
work combinations. When Figure 1 is examined, it is seen that the
most used technician is 1 (37), 3 (27), 5 (27), 6 (20), 4 (18), 7 (14),
8 (12), and 2 (5), respectively. There is a 100% utilization rate as
the most used technician number 1 is used in all combinations.

Considering the daily limit combinations created, the usage
rate of the technicians used for each combination varies. In this
case, forming the daily usage amount with different constraints
creates a difference in the solution. This situation also affects the
cost and over-work cost.
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Figure 1. Usage of technicians with regard to different combinations
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Table 2.The attributes of different work limit combinations

ot™ax w™max Solution Cost Over-Work Cost Technicians Task of Route
3 3 641.80 200.00 {(1,4), (1,8), (3,5), (5,8), (3,4)} {5,5,5,5,5}
3 4 638.60 200.00 {(1,6), (3,7), (5,6), (1,7), (3,5)} {4,5,4,5,6}
3 5 636.60 200.00 {(1,6), (3,5), (1,4), (5.8), (3.4)} {3,3,7,7,5}
3 6 636.60 200.00 {(3,4), (1,7), (1,6), (3,5), (5,6)} {3,7,5,3,7}
4 3 588.60 140.00 {(5,6), (3,7), (1,4), (1,8), (3,5)} {6,5,5,5,4}
4 4 586.60 140.00 {(1,6), (1,7), (1,2), (3,7), (5,6)} {3,7,3,5,7}
4 5 586.60 140.00 {(1,6), (1,7), (1,2), (3,7), (5,6)} {3,7,3,5,7}
4 6 586.60 140.00 {(3,4), (1,8), (1,4), (5,8), (1,2)} {5,3,7,7,3}
5 3 538.60 20.00 {(1,4), (1,8), (1,2), (3,7), (5,6)} {5,5,4,5,6}
5 4 538.60 20.00 {(1,2), (5,8), (1,4), (1,8), (3,4)} {4,6,5,5,5}
5 5 538.60 20.00 {(1,4), (5,3), (3,5), (1,8), (3,4)} {4,6,5,5,5}
5 6 538.60 20.00 {(5,6), (1,3), (3,5), (1,7), (3,4)} {6,5,4,5,5}
6 3 491.80 0.00 {(3,4), (1,7), (5,6), (3,5), (1,6)} {5,5,5,5,5}
6 4 491.80 0.00 {(3,4), (1,7), (5,6), (3,5), (1,6)} {5,5,5,5,5}
6 5 491.80 0.00 {(3,4), (1,7), (5,6), (3,5), (1,6)} {5,5,5,5,5}
6 6 491.80 0.00 {(3,4), (1,7), (5,6), (3,9), (1,6)} {5,5,5,5,5}

5. Conclusion

This paper performed the branch and bound method to solve
TRSP without time windows. The TRSP consists of the
assignment of technicians into teams, the assignment of teams to
tasks, the construction of routes, and the selection of the day on
which a service is provided by considering the proficiency level
of workers and the proficiency requirement of the task. The
following findings were reached by considering the paper;

o Mostly the number 1 technician was used, and it has a usage rate
of 100% since it is preferred in all combinations.

e The usage rate of the technicians used for each combination
varies and this makes the solutions different.

o Due to the nature of this problem set, examining combinations
of daily transaction limits between 3 and 6 gives the opportunity
to evaluate different solutions.

Future studies may be carried out on alternative scenarios by
considering time windows and different exact and heuristic
methods.
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