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ABSTRACT

This study is motivated by a real-life application of the multi-trip vehicle routing problem (VRPM). The VRPM relaxes a
strong assumption that each vehicle can perform only a single trip. Even though this problem setting is more suitable for many
applications, the literature on the VRPM is limited compared to the other variants of the Vehicle Routing Problem. In this paper,
we propose a construction matheuristic based on a set covering approach, and provide the results of computational experiments
for a more involved variant of VRPM.

Keywords: Vehicle routing, matheuristic, real-life application

SANTA FE-ENDONEZYA iGiN COK-SEFERLi ARAC ROTALANMA PROBLEMI iCiN
KURUCU BiR MAT-SEZGISEL

0z
Bu ¢alisma, ¢ok-seferli ara¢ rotalama probleminin (VRPM) gergek hayattaki bir uygulamasi ile motive edilmistir. VRPM
her aracin sadece tek bir yolculuk yapabilecegi varsayimini gevsetir. Bu problem tipi birgok uygulama i¢in daha uygun olsa da,
VRPM ile ilgili literatiir Ara¢ Rotalama Probleminin diger ¢esitleriyle karsilastirildiginda sinirhidir. Bu ¢alismada, belirli bir kiime

kaplama yaklasimina dayanan kurucu bir mat-sezgisel yontemi gelistirilmis ve daha kapsamli bir VRPM varyanti i¢in sayisal

deneylerin sonuglar1 sunulmustur.

Anahtar Kelimeler: Ara¢ rotalama, mat-sezgisel, ger¢ek hayat uygulamasi

* Jletigim yazari
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1. INTRODUCTION

The vehicle routing problem (VRP) and its variants
have been vastly studied in the literature. Most of the
studies assume that vehicles will be assigned to a single
route. However, when the number of vehicles is rather
limited as it is observed in the small-sized logistics
companies or the vehicles have small capacities because
of the traffic regulations, this assumption does not hold.
So, we may need to assign multiple routes to a vehicle
while determining the minimum-cost routes.

There are many applications where the multi-trip
VRP (VRPM) is suitable. Distribution problems in city
logistics are of that kind since generally only small-
capacity vehicles are allowed in urban areas by laws
and regulations. For example, the routing problem for
online grocery shopping is a specific application of the
VRPM gaining popularity especially in cities that has to
use small vehicles to meet such regulations and customer
requirements in a timely manner.

Despite the number of applications which can benefit
from the VRPM setting, this problem has not received
as much attention as the other variants of the problem
in the literature. Taillard et al. [13] propose a three-step
tabu search heuristic. They assume a fixed number of
vehicles with a limit on the planning period duration.
Brandao and Mercer [3] compare the results of their tabu
search algorithm with Taillard et al. [13]. Although they
do not provide the details on the solution quality, they
report that their approach outperforms the competitors
on the infeasible instances. Salhi and Petch [11] propose
a multi-step heuristic that iteratively generates a diverse
set of routes to increase the chance of finding better
solutions. Olivera and Viera [8] develop an algorithm
based on adaptive memory programming principle.
Yang and Tang [14] introduce a filter and fan approach
to the problem. They first create an initial solution using
a tabu search based on insertion, swapping, and 2-opt,
then improve the solution using a dynamic local search
procedure. Mingozzi et al. [7] present an exact method
which is based on set-partitioning. Cattaruzza et al. [4]
develop a hybrid genetic algorithm for the problem.
They adapt the split procedure developed by Prins [9]
and introduce a new local search operator.
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The studies integrating the time-windows to the
problem are much more recent. Azi et al. [1] propose
the frst exact solution method for the VRPM with time-
windows (VRPMTW). They use column generation
embedded in a branch and price algorithm. Hernandez
et al. [6] provide a two-phase exact algorithm for the
VRPMTW. They enumerate the routes subject to the
maximum allowable duration in the frst phase and choose
the best set of routes by a branch and price approach in
the second phase. Azi et al. [2] propose an adaptive large
neighborhood search. The underlying mechanism is to
destroy a part of the current solution and reconstruct it
to obtain a better solution.

Although these methods in the literature are very
competitive in terms of the solution quality, it is still
challenging to solve large instances in reasonable
times. Moreover, the problems in practice often pose
scenarios that are considerably more complicated than
the ones studied in the literature. For instance, to the
best of our knowledge, there is no study in the literature
on the VRPM with time windows and pickup and
delivery. Motivated by a real-life problem provided by
a distribution company in Jakarta which runs a milk run
system with their heterogeneous feet, in this paper, we
present a set covering-based construction matheuristic
for an inclusive variant of the VRPM. Since many
express delivery companies run a milk run system with
a large feet of vehicles as high utilization rate is one of
the main goals, the insights drawn from the case study
may apply to the express delivery industry.

The rest of the paper is organized as follows. In
Section 2, we describe Santa Fe case study in detail. In
Section 3, we present our set covering-based construction
matheuristic. In Section 4, we propose new methods
to create routes and present the computational results.
Finally, we present our final remarks in Section 5.

2. DESCRIPTION OF THE CASE STUDY

Santa Fe Indonesia is a company that offers relocation
services to individuals as well as companies. They have
a single warehouse in South Jakarta and heterogeneous
feet to perform three different types of transportation,
namely inbound shipments, outbound shipments and
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local moves.

Inbound shipments arrive at the (air)port of Jakarta
and once released from customs, they are brought to
the warehouse. These shipments are then prepared to
be transported to their final destinations in Jakarta (or
beyond). Most shipments arrive in containers at the
port of Jakarta. After custom procedures are completed,
shipments are released and transported to the warehouse.
Goods are transferred to liftvans and delivered to the
final destination upon request of the customer. Outbound
shipments are packed into liftvans at the site of origin,
and then transported to the warehouse. Here the shipment
is prepared for air or sea-freight transportation. The last
type of transport is local moves; both the origin and
the destination are located within the neighborhood of
Jakarta office. These shipments may be transported to
the destination directly or via the warehouse.

Although, Santa Fe is serving a small number of
customers, the problem they face is quite inclusive.
Inbound shipments must be handled at a predetermined
time interval after custom operations are done. Similarly,
outbound shipments are scheduled for specific vessels,
so they need to arrive at the airport accordingly. The
vehicle fleet consists of three types of vehicles, K={1, ...,
KL+ k2 )P+ 1., kY, where &2 is the number of
vehicles of type p. The vehicle distinction is based on
the capacity differences. The customer set is partitioned
into two: NV, is the set of customers with positive demand
(delivery) and N, is the set of customers with negative
demand (pick-up). The company generally allows a
route to have either only delivery or pickup customers.
This is motivated by the fact that many companies in
the express delivery industry use milk run systems as
helps to decrease the inventory holding cost, balance the
utilization and work-load of the vehicles, and increase
the speed of transportation.

Most shipments involve household goods including
appliances, consumer electronics and other fragile items.
Valuable items need to be placed into custom-made
wooden crates before transportation. So, intense labor
is required at the origin and the destination site. For
this reason, a joint crew and routing approach would be
suitable since an item could not be transported before it
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is carefully packed. However, in this case study we do
not take the crew assignment into consideration because
temporary crew members can be hired at all times with
small cost if needed. We consider regular crew working
hours a day, though.

In Santa Fe case, the main reason behind assigning
multi-trips to the vehicles is the capacity restriction.
Having to connect the routes to arriving and departing
fights is another reason since it is not preferable or
feasible to carry a package scheduled for an afternoon
fight all day in the truck. In addition to those, there
are many other operational constraints and regulations
motivating the multi-trip vehicle routes. Companies may
need to limit the total value of the items they carry on a
vehicle due to insurance purposes. For example, one of
the services of Brinks is providing cash distribution to
ATM’s from banks. In such kind of operations, lowering
the risk of theft becomes as important as providing a fast
service, which motivates carrying less on a vehicle and
operating multiple trips. Similarly, safety regulations in
city logistics may also require making the distributions
in smaller amounts. For example, distribution of oil to
gas stations is subject to such regulations.

3. A SET COVERING-BASED
CONSTRUCTION MATHEURISTIC

We represent the problem on a graph G =(N, A)
where N = {0,..., n} is the set of nodes and 4 is the set
or arcs. Node 0 corresponds to the depot while others
correspond to customers.

The matheuristic we propose uses a set covering
approach: We frst construct a set of feasible routes, J,
and then choose a subset to ensure that each customer
is visited once while obeying the allowable service time
for each vehicle with minimum cost.

While generating the set of feasible routes, a
route is allowed to have either only a delivery or
pickup nodes to align with the company operations.
Managing the heterogeneous vehicle capacities
requires partitioning the route set J. The capacity-
based partition is as follows: J= {1,...,r,, r'+1,..., 7%
r+1,..,r}, whereJ = {1, ..., 7} is the set of routes
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that can be assigned to vehicles of type p (p” smallest
capacity). Note that J, cJ, < J, since each route in J,
that can be served by a vehicle having the smallest
capacity can also be served by a vehicle with medium
or large capacity as well. The set covering formulation
ensures the optimal solution if J includes all feasible
routes, yet solving the problem may not be feasible
considering the computation-time requirements in
practice. Therefore an effort must be made to choose
small number of high-quality routes into set J. For a
given set of feasible routes J, the set covering [SC]
formulation for the problem described in the previous
section is as follows:

[SC] min Yyex ax M

5. to
Yjej Lkek LheH aijxf;c =1 Vie Ny UN, 2)
Yigxh <1 VYheH k€K

(3)
“)
(5)
6)
(@]

x> gl

ho>xf vheHkeK,je]

w4t -M1-x})<tf* VheHkekK,je]

< T < Ly

T,’c'+tj—M(1—x}}c)ST+ak

ejxfi; VheH,ke€K,je]

VheHkeEK,jE]

xf, =0 VheH ke, .. k'},j €. (8)
xf, =0 VhEH, k€fl,...k*},j €]\, (9)
>0 vheH ke€{l,..,Kk?} (10)
xfi €{0,1} VheHkEK,jE] (11)
a =0 VheEHkEK,j€E] (12)

where parameter /; is the duration of route j, e; and /,
are the earliest and latest dispatching times of route j,
T is the total allowable duration of routes assigned to a
vehicle, K is the number of vehicles, H is the maximum
number of routes that can be assigned to a vehicle. By
slightly abusing the notation, we use K and H also for
the set of vehicles and set of routes that can be assigned
to a vehicle, respectively. Recall that N, is the set of
nodes with positive demand and N, is the set of nodes
with negative demand. a is a binary parameter whose
value is 1 if node i is on route j, 0 otherwise. M is a
big number. X]-’,L( is the binary decision variable that
equals 1 if vehicle & serves on route j in the 4" order
within its tour. The nonnegative continuous decision
variables are tJ'and ay. 7} is the starting time of
the A" route served by vehicle &k and a, denotes the
maximum allowable overtime for vehicle k. The
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objective function (1) minimizes the total overtime.
Constraints (2) impose visiting each customer node.
Constraints (3) assign at most one route to a position.
Constraints (4) prevent assigning a route to position
h +1 before any assignment to / is done. Constraints
(5)-(7) ensure that each route starts between its earliest
and latest dispatching time. Constraints (8) and (9)
ensure the load-vehicle compatibility. Constraints
(10) and (12) are nonnegativity and constraints (11)
are the binary set constraints.

Note that in SC model, as suggested by the real routes
provided by Santa Fe in the next section, we assume that
the time windows are large enough such that changes in
the truck dispatching time do not affect the duration of
a route. Otherwise, depending on the truck dispatching
time ), waiting at a customer node would differ and
constraints (5)-(7) would not work as intended, so
necessary adjustments should be carried out.

4. COMPUTATIONAL RESULTS

In this section, we present the computational results
of the matheuristic based on an SC approach. Since there
is no study in the literature which focuses on the same
SC problem faced by Santa Fe, we do not have a direct
comparison basis. Therefore, we simplify our model
ignoring the time windows and assuming a homogeneous
vehicle feet. We compare our results with the best
solutions presented in Rochat and Taillard [10] on some
instances so that we can develop a sense of performance
of the SC approach.

We frst describe the methods we use to create the
set of feasible routes J, and then present the simplified
SC formulation. The frst group of methods we use to
generate feasible routes are the ones from literature.
These are namely savings heuristics [5], insertion
heuristic [12] and route-frst cluster-second method.
In route-frst cluster-second method, given a VRPM
instance, we frst solve the traveling salesman problem
(TSP) in the route-frst phase for the entire node set.
Then, following the order of the nodes on the TSP tour
and obeying the vehicle capacity and maximum duration
constraints, we create the feasible routes. That is, each
feasible route 7, which starts from the depot and visits all
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the nodes between (i+1)" and j* nodes on the giant tour
is accepted to the set J, where 0 < i <. In addition to
these classical methods, we also use some new methods
to enrich the feasible route set.J avoiding to increase the
cardinality undesirably. These methods can be listed as
follows.

1. Modified savings algorithm: Instead of computing
the savings just considering the distances as in the
classical savings algorithm, we also consider the polar
angles between the nodes and the depot while merging
the routes with the aim of decreasing the zigzags around
the depot. We compute the savings in this modified
version as follows:

do; + dop — dip,
® =1 (dog + dop — dip)
0l op ip 9i‘9p’

if9i=ep

s ,
otherwise

(13)

where d,, is the distance between nodes i and p and
0, is the polar angle between node i and the depot.

2. Distance -polar angle insertion: While generating
the routes using the insertion method, we frst initialize a
route, then at each iteration we determine the next node
u to insert between nodes i and p on the existing routes.
In our insertion methods, we use different rules than the
ones in the literature. Distance - polar angle insertion
method considers the polar angle difference between the
nodes 7 and u in addition to the increase in the distance
caused by this insertion. The criterion we use for this
insertion rule is as follows:

el = (diy + dyp — dip)(0; — 6) (14)

At each iteration, we choose the nodes (i, u, p) with
the minimum cl?;, for insertion.

3. Segment -polar angle insertion: In this method,
we define a new criterion to determine the next node
to insert into the existing routes. Assuming that all the
nodes in the node set are enclosed with a circle whose
diameter is the maximum node-to-node distance, we try
to minimize the movements between the segments along
with the movements around the polar angle with the
depot. For this purpose, we use the following criterion to
measure the movement while inserting node u between
nodes and is as follows:
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|d0i - dou”ei - 9u| + |d01_ dUuHej - aul_ldui - dl)]llgi - 9/' (15)

u

dmax gmax

where d is the maximum distance in the graph and
0, . is the maximum polar angle between the customer

max

nodes and the depot node.

4. Route -patching: In the SC formulation, we try
to keep the number of routes in set as small as possible
due to computation-time concerns. Even though small
number of arcs can result in infeasibility, increasing
the number of routes to ensure feasible solutions can
be avoided by generating node-patches for the existing
routes. We create the node-patches as follows. After
generating the routes according to the aforementioned
rules, for each node u we search for a possible insertion
with the minimum-cost. The cost of insertion is the
increase in the distance. Node u can be patched to
a current route only if the vehicle capacity and the
allowable route duration limit are not violated in the
case of patching and it is not already on that route. By
using node-patching we avoid generating more routes
and storing more data. We denote the set of node-patches
by J".

Having defined the route generation rules, the
simplified SC formulation is as follows:

[Simplified SC] min ¥ ;e; Yxex ij}c (16)
s. to

Yjes Xkex f’fij?f}c =1 Viev a17)
YjeyGxf <T vk € K (18)
xF<xf + (1 -by)) vrejPkeK,jE] (19)
xfwj + e pp(wpbyxk) < C vrejPkeK,jE] (20)
xf €{0,1} vkeK,je]J @0

where b,; is a binary parameter which equals to 1 if
route 7 is patched to route j, 0 otherwise, c/.(wj) is the
total cost (demand) of the customers on route j, C is the
vehicle capacity, V is the set of nodes. x}‘ is the binary
decision variable that equals to 1 if route j is assigned
to vehicle k. The objective function (16) minimizes the
travel distance. Constraints (17) make sure that each
node is visited, and constraints (18) ensure that allowable
duration for a vehicle is obeyed. Constraints (19) impose
that a patched route cannot be chosen unless the route
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it is patched to is chosen. Constraints (20) satisfy that
the total demand on a route and its patches will not
exceed the vehicle capacity. Constraints (21) are binary
set constraints.

We compared the construction results of the
simplified version of our set covering formulation with
Rochat and Taillard [10] on the nine instances from the
literature shown in Table 1. Algorithms are coded in C
and the problems are solved using Cplex 12.6 on Xeon
X5660 or near equivalent processors.

To generate the routes for the simplified SC model,
we run the six aforementioned heuristics once for
capacity C. Since the construction heuristics try to insert
a node into an existing route as long as the constraints
are not violated, the final routes’ loads are close to the
maximum allowable capacity. Therefore, it is difficult to
patch a node to these routes. To create more opportunities
for node-patching, we created additional routes using
smaller capacities. We tested different combinations of
different capacities for the six construction heuristics. To
generate additional routes, we ran the savings heuristic
with 0.8C and Solomon’s insertion heuristic [12] with
0.5C and 0.8C as we obtained the best results on average
among the others. We also used the entire set of routes
generated by the set partitioning method. The number of
routes generated is determined by the number of nodes,
capacity of vehicles, demand of each node, distances
between the nodes, maximum allowable driving duration
and number of node patched. The number of routes for
each run is also provided in the Table 2 below for K =
1. z5¢. denotes the objective function value of the model

Table 1. Test Instances From the Literature

Instance | Number of customers | Vehicle Capacity
CMTI1 50 160
CMT2 75 140
CMT3 100 200
CMT4 150 200
CMTS5 199 200

CMTI11 120 200

CMT12 100 200
F11 71 30,000
F12 134 2,210
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based on the SC approach, #(sec) is the computation time
in seconds, and #routes is the cardinality of the route set
J.

In these experiments, as the allowable driving
duration 7, we used the results found by Rochat and
Taillard with 10% slack, i.e., 7= 1.17%", where z*" is the
solution obtained by Rochat and Taillard [10]. Despite
being limited to a small number of routes, simplified SC
model can still find good initial solutions in seconds.
Moreover, we see that creating node-patches can improve
the solution. Comparing to Rochat and Taillard [10], we
see that the SC model can create good initial solutions,
which would make the improvement process faster
especially on larger instances.

Table 3 provides further computational results for
different numbers of vehicles. We can still find solutions
in less than a second for many instances.

Even though our focus is on a more involved
problem, the computational results of the simplified
model show that the SC approach can provide good
initial solutions within very short times. This stands out
as an advantage of the SC approach since the problem
described in Santa Fe case study is a computationally
more demanding version of the VRPM.

Having shown that the SC-based matheuristic is
promising for the VRPM, we now provide computational
results for Santa Fe instances, which are small in size,
and the larger instances we obtained by modifying the
instances in the literature. An example data for a typical
working day of Santa Fe is given in Table 4. The type
column specifies which kind of service is requested by
the customer. Load is the space requested. Time windows
indicate when the customer is available. Driving time is
how long it takes from the depot to the customer location.
Service time is the estimated material handling time at
the customer site.

In Table 5, we provide the computational results. In
this table, N is the number of customers, #routes is the
cardinality of route set, which is created by accepting
all feasible routes due to small number of customers,
U% is the fleet utilization rate, as the ratio of the total
operational time to the total time available, and ¢ (sec)
as the computation-time to solve the problem using
CPLEX 10.



Table 2. Comparison of Simplified SC Model with Rochat and Taillard [10] with Different Number of Patches
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Simplified SC (1patch) Simplified SC (7 patches)
Instance zRfT[10]
z5¢ t(sec) #routes z5¢ t(sec) #routes

CMT1 524.61 579.11% 2.99 557 571.59 3.32 857
CMT2 835.26 907.39 0.06 716 903.26 4.20 1166
CMT3 826.14 886.83 0.17 1425 886.83 0.90 2025
CMT4 1028.42 1134.74%* 0.21 2156 1134.74* 5.22 3056
CMT5 1291.44 1395.74 0.26 2717 1395.74 4.21 3911
CMTI11 1042.11 1071.07 0.17 2069 1068.09 0.26 2789
CMTI12 819.56 828.59 0.07 1202 825.87 0.59 1802
F11 241.97 256.19 0.13 1295 256.19 0.31 1721
F12 1162.96 1219.32 0.32 2916 1219.32 8.07 3765

(* T = 115287 /K)

Table 3. Computational Results of Simplified SC Model for Different Number

of Vehicles for one Node-Patch

Instance K T z5¢ t(sec) #routes

1 604 579.11* 0.24 557
2 303 579.11* 0.99 557
CMT1 3 202 597.38* 5.59 559
1 919 907.39 0.06 716
2 460 907.39 3.51 716
CMT2 3 307 907.39 10.26 716
1 909 886.83 0.17 1425
2 455 886.83 0.59 1425
CMT3 3 303 886.83 1.11 1425
1 1198 1134.74 0.4 2156
2 599 1134.74 2.19 2156
CMT4 3 400 1134.74 3.31 2156
1 1421 1395.74 0.26 2717
2 710 1395.74 0.86 2717

CMTS5 3 - - - -
1 1147 1071.07 0.17 2069
2 573 1071.07 0.76 2069
CMT11 3 382 1071.07 23.11 2070
1 902 828.59 0.07 1202
2 451 828.59 0.32 1202
CMTI12 3 301 828.59 0.68 1202
1 267 256.19 0.13 1295
2 133 256.19 0.43 1297
Fl1 3 89 256.19 0.57 1141
1 1280 1219.32 0.32 2961
2 640 1219.32 1.47 2961

F12 3 - - - -

(* T = 115287 /K)
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Table 4. A Typical Working Day of Santa Fe

Load Driving time Service time
Customer Type (liftvan) Time window (min) (min)
1 Pick-up 4 9am - 3pm 30 90
2 Delivery 3 8am - 11am 60 60
3 Pick-up 3 12am - 4pm 60 75
4 Pick-up 1 8am - 11am 30 60
5 Delivery 1 12am - 4pm 60 90
6 Pick-up 2 8am - 4pm 90 30
7 Pick-up 2 8am - 4pm 90 30
8 Pick-up 2 8am - 4pm 90 30
9 Delivery 3 8am - 4pm 30 30
10 Delivery 3 8am - 4pm 30 30
11 Delivery 1 10am - 6pm 90 60
Table 5. Results of Scheduling Santa Fe activities
Day N #routes U(%) t(sec)

1 11 22 66 6.2

2 7 18 38 1.2

3 20 51 1.6

4 7 18 35 1

CMT1 and CMT11. The reason we chose these two
instances to modify is that CMT]1 is representative of
randomly distributed nodes and CMT 11 is representative
of clustered nodes (Figures 1 and 2).

Since the Santa Fe instances are small in size,
we performed further computational experiments to
better observe the behavior of our SC formulation on
larger-sized problems with similar attributes. For these
experiments, we generated new instances by modifying

Figure 1. CMT11
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For each instance, we divided the nodes into two
groups such that one group contains the nodes for
delivery and the other group contains the nodes for
pickup. This division is done in three different ways and
we name the new instances as CMT1,, CMT1,, CMT1,,
CMT11,, CMT11,, and CMT11,.

To create CMT1,, CMT1, and CMT1,, the first 15,
25 and 35 customers of CMT1 are assumed to request
delivery while the rest are assumed to request a pickup
service respectively. To create the variants of CMT11,
customers in the clusters 1-2-3, 1-3-5 and 2-4-6 are

Table 6. SC Results on Versions of CMT1

assumed to request a delivery while the rest request a
pickup service. For these new instances, we assume that
there are two vehicles available with capacities C[1] and
C[2], where C[1] + C[2] is equal to the original vehicle
capacity for the corresponding instance, and we use the
same T as before. We do not include the time window
attribute since node patches cannot be used when there
are time windows. The results are shown in Tables 6 and
7. For these instances, the optimal solution values are
not know. Our observations regarding the behavior of the
SC-based model are as follows. Required computation

Instance Patch C[1] C[2] z5¢ t5¢(sec) #routes
1 50 110 812.35 1.02 514
5 50 110 812.35 3.67 714
CMTI, 15 50 110 812.35 26.07 1214
1 60 100 840.26 1.73 475
5 60 100 839.32 3.6 1075
CMT1, 15 60 100 828.73 37.95 1175
1 70 90 842.74 0.93 434
5 70 90 842.74 4.62 634
CMTI, 15 70 90 839.94 99.29 1134
1 50 110 837.64 1.57 494
5 50 110 837.64 5.51 694
CMT1, 15 50 110 815.64 21.22 1194
1 60 100 831.75 1.9 459
5 60 100 831.75 3.84 659
CMT1, 15 60 100 821.75 35.66 1159
1 70 90 841.41 0.67 420
5 70 90 839.62 4.48 620
CMT1, 15 70 90 837.74 65.21 1120
1 50 110 861.87 1.31 492
5 50 110 859.19 4.73 692
CMTl1;, 15 50 110 857.02 50.84 942
1 60 100 871.25 1.6 456
5 60 100 868.28 3.76 656
CMTI, 15 60 100 857.4 43.7 1156
1 70 90 889.26 1.21 421
5 70 90 884.44 4.5 621
CMTI, 15 70 90 876.29 80.39 1121
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times to solve the SC model on these instances are
still very short. Different capacity allocations result
in different solutions; yet, we do not observe a pattern
between the change in the vehicle capacities and the
solution values. Using node-patches helps improving the
solution for randomly distributed nodes (CMT1), while it
has very little effect in the clustered case (CMT11). The
reason is that when the nodes are clustered, the routes
are more likely to be composed of the nodes belonging
to the same cluster. In that case, the patching procedure
will try to patch a node from another cluster and fail

Table 7. SC Results on Versions of CMT11

due to exceeding the travel duration limit. Therefore, it
becomes more difficult to find a proper patch when the
nodes are clustered.

5. CONCLUSION

Motivated by a real-life application provided by a
distribution company in Jakarta and lack of a solution
method in the literature for involved multi-trip vehicle
routing problems with different attributes, in this paper
we study a variant of the VRPM. We present a cons-

Instance Patch C[1] C[2] z5¢ t°¢(sec) #routes
1 50 150 1624.01 25.45 1785
5 50 150 1624.01 39.5 2265
CMTI11, 10 50 150 1623.52 68.64 2865
1 70 130 1693.84 17.89 1546
5 70 130 1693.84 33.77 2026
CMTI11, 10 70 130 1693.45 64.98 2626
1 90 110 1805.3 13.48 1346
5 90 110 1805.3 27.65 1826
CMTI11, 10 90 110 1805.17 553 2426
1 50 150 1729.18 25.48 1780
5 50 150 1728.92 4391 2260
CMTI11, 10 50 150 1728.92 75.59 2860
1 70 130 1726.64 18.14 1558
5 70 130 1726.64 34.21 2038
CMTI11, 10 70 130 1726.64 80.94 2638
1 90 110 1807.02 14.56 1341
5 90 110 1802.41 27.89 1821
CMT11, 10 90 110 1798.13 59.5 2421
1 50 150 1605.53 24.55 1800
5 50 150 1602.4 39.36 2280
CMTI11; 10 50 150 1601.44 65.65 2880
1 70 130 1674.31 18.71 1571
5 70 130 1674.31 34.49 2051
CMT11, 10 70 130 1671.33 60.97 2651
1 90 110 1817.17 14.4 1370
5 90 110 1816.87 29.12 1850
CMT11; 10 90 110 1811.55 163.43 2450
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truction matheuristic based on set covering approach.
Since this is the frst study on the VRPM with time
windows and delivery and pickup, we did not have a
direct comparison basis in the literature. Therefore, we
simplified our approach and compared it with Rochat
and Taillard’s [10]. This comparison showed that our
SC approach can provide good solutions in seconds. We
presented the results for the real-life instances provided
by Santa Fe and also on the instances which are created
by modifying the instances from the literature which are
larger in size. Even though this is not the frst time a set
covering approach is considered as a solution method in
a routing problem, to the best of our knowledge this is
the frst study integrating different attributes in a VRPM

REFERENCES

1. Azi, N., Gendreau, M., Potvin J. Y. 2010. "An Exact
Algorithm for a Vehicle Routing Problem with Time
Windows and Multiple use of Vehicles", European Journal
of Operational Research, 202 (3): 756-763.

2. Azi, N., Gendreau, M., Potvin J. Y. 2014. "An Adaptive
Large Neighborhood Search for a Vehicle Routing Problem
with Multiple Routes", Computers & Operations Research,
41: 167-173.

3. Brandao, J., Mercer, A. 1997."A Tabu Search Algorithm
for the Multi-Trip Vehicle Routing and Scheduling
Problem", European Journal of Operational Research, 100
(1): 180-191.

4. Cattaruzza, D., Absi, N., Feillet, D., Vidal, T. 2014. "A
Memetic Algorithm for the Multi Trip Vehicle Routing
Problem", European Journal of Operational Research, 236
(3): 833-848.

41

5. Clarke, G. U., Wright, J. W. 1964. "Scheduling of
Vehicles From a Central Depot to a Number of Delivery
points", Operations Research, 12 (4): 568-581.

6. Hernandez, F., Feillet, D., Giroudeau, R., Naud, O.,
2014. "A New Exact Algorithm to Solve the Multi-trip
Vehicle Routing Problem with Time Windows and Limited
Duration", 40R, 12 (3): 235-259.

7. Mingozzi, A., Roberti, R., Toth, P. 2013. "An Exact
Algorithm for the Multitrip Vehicle Routing Problem",
INFORMS Journal on Computing, 25 (2): 193-207.

8. Olivera, A., Viera, O. 2007. "Adaptive Memory
Programming for the Vehicle Routing Problem with
Multiple Trips", Computers & Operations Research, 34
(1): 28-47.

9. Prins, C. 2004. "A Simple and Effective Evolutionary

Algorithm for the Vehicle Routing Problem", Computers

& Operations Research, 31 (12): 1985-2002.

Rochat, Y., Taillard, E. D. 1995. "Probabilistic

Ddiversification and Intensification in Local Search for

Vehicle Routing", Journal of Heuristics, 1 (1): 147-167.

11. Salhi, S., Petch, R. J. 2007. "A GA Based Heuristic for the
Vehicle Routing Problem with Multiple Trips", Journal of
Mathematical Modelling and Algorithms, 6 (4): 591-613.

12. Solomon, M. M. 1987. "Algorithms for the Vehicle Routing

and Scheduling Problems with Time Window Constraints",

Operations Research, 35 (2): 254-265.

Taillard, E. D., Laporte, G., Gendreau, M. 1996.

"Vehicle Routing with Multiple use of Vehicles", Journal

of the Operational Research Society, 47 (8): 1065-1070.

Yang, Y., Tang, L. 2010. "A Filter-and-fan Approach to

the Multi-Trip Vehicle Routing Problem", In Logistics

10.

13.

14.

Systems and Intelligent Management, 2010 International
Conference, IEEE.



Endiistri Mihendisligi Dergisi Ozgiin
Cilt: 29 Sayi: 3-4 Sayfa: (42-50) Makale

BiR BOYUTLU KESME PROBLEMI IGIN uc AMACLI BIR
MATEMATIKSEL MODEL VE GOZUM ALGORITMASI

Nergiz Kasimbeyli*, Duygu Demirci

Endiistri Miihendisligi Boliimii, Eskisehir Teknik Universitesi, iki Eyliil Kampiisii, Eskigehir
nkasimbeyli@anadolu.edu.tr, dmrcdyg@gmail.com

Gelis Tarihi: 11.06.2018; Kabul Edilis Tarihi: 23.01.2019
0z
Bu makalede, bir boyutlu kesme ve ana malzeme se¢imi problemi ele alinmistir. Bu problemin matematiksel modelinin kurulmasi
ve ¢oziilmesindeki temel zorluklarindan biri, kesme planlarinin parametre kiimesi olarak kullanilmak istenmesidir. Olusturulmasi
gereken kesme planlarinin toplam sayisinin ¢ok fazla olmasi, hem kesme planlari kiimesinin olusturulmasini hem de problemin
¢Ozlim siirecini oldukea zorlastirmaktadir. Bu makalede, s6z konusu problem i¢in 6nceden kesme planlari kiimesi olugturulmaksizin,
yeni bir i¢ amagli matematiksel model Onerilmistir. Amag fonksiyonlari, kesme kayiplari (fire), farkli ana malzeme tiirii sayisi

ve talep fazlasi kesilen tiriin miktarlart minimize edilecek sekilde formiile edilmistir. Gelistirilmis olan matematiksel model i¢in
¢6zlim algoritmasi sunulmus ve hem model hem de algoritma test problemleri iizerinde yorumlanmstir.

Anahtar Kelimeler: Bir boyutlu kesme problemi, ana malzeme se¢imi problemi, ¢ok amagli optimizasyon, kesme kaybi1 en
kiigiiklenmesi

A THREE OBJECTIVE MATHEMATICAL MODEL FOR ONE DIMENSIONAL CUTTING STOCK
PROBLEM AND SOLUTION ALGORITHM

ABSTRACT

In this paper, a one-dimensional cutting stock problem is studied. One of the main difficulties in formulating and solving mat-
hematical models for one-dimensional cutting stock problems, is the use a set of cutting patterns as a parameter set. Since the total
number of cutting patterns to be generated may be numerous, both the generation and the use of such a set, lead to computational
difficulties in solution process. In this paper, a new three-objective linear integer programming model that does not use a set of
cutting patterns, is formulated. The objectives are related to the trim loss amount, the total number of different standard lengths
used, and the production amount that exceeds the given demand for each cutting order. A solution algorithm for the presented
mathematical model is given. Both the mathematical model and the solution algorithm are illustrated on test problems.

Keywords: One dimensional cutting stock problem, stock size selection, trim loss minimization, multi objective optimization

* Jletigim yazari
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1. GIRI$

Bu calismada, bir boyutlu kesme ve ana malzeme
se¢imi problemi ele alinmuistir. Bir boyutlu kesme prob-
lemleri, genellikle ana malzeme olarak nitelendirilen
uzun bir ¢ubuktan (6rnegin metal, ahsap, plastik bir
cubuk veya sa¢ rulo vb.), siparis parcalar1 olarak nite-
lendirilen daha kisa pargalarin kesilmesi problemidir. Bu
tiir problemlerde, daha kisa pargalar, bu pargalara olan
talepler (siparis miktarlart) kadar kesilmek istenmekte-
dir. Siparis edilen pargalar, talepler dogrultusunda ana
malzemeden kesildiginde, ana malzemenin higbir siparisi
kargilamayacak kadar kisa olan arta kalan kismina fire
denir. Bu firelerin toplam miktar1, her bir ana malzeme-
den arta kalan firelerin toplam boyutuna esittir. Her bir
ana malzemeden arta kalan ve tek basina higbir siparisi
kargilayamayacak boyutta olan bu kiigiik pargalar aslinda
¢ok biiyiik paralar karsiliginda satin alinmis oldugundan,
onlarin da maliyeti iiretici firma tarafindan satilacak
iiriiniin fiyatina eklenmek zorundadir. Daha ¢ok fire,
aslinda daha yiiksek iiretim maliyeti demektir. Fire mali-
yetinin artmast, iiretici firmanin rekabet giiciinii olumsuz
etkileyen en dnemli faktorlerden biridir. Fire maliyetinin
diistirilmesi, bu ytizden 6nemli bir problem haline gel-
mektedir. Bu problem, hem optimal kesme planlarinin
bulunmasi problemi, hem de toplam kullanilan ana
malzeme boyutunun minimizasyonu problemi seklinde
ele alinabilmektedir. Literatiirde bu problem daha ¢ok
elde var olan tek cesit ana malzeme tiiriine gore toplam
fireyli minimize edecek kesme planlarinin bulunmasi
problemi seklinde ele alinmistir (Dyckhoff, 1990, Hinx-
man, 1980). Bu problem de aslinda iki farkli yaklagimla
ele alinabilmektedir. Birinci yaklagim, elde var olan ana
malzeme tiirii ve kesilecek siparis pargalariin boyutlari
dikkate alinarak ve olas1 “biitiin” kesme planlar1 olus-
turularak, bunlarin i¢inden talepler dogrultusunda fireyi
en kiigiikleyecek kesme planlarinin segilmesine dayanir.
Fakat bu yaklagim, olasi kesme planlarinin ¢ok biiyiik
sayida olmasindan dolayr hesapsal zorluklara neden
olmaktadir (Belov ve Scheithauer, 2002) (Gasimov vd.,
2007). Ikinci yaklasim ise, kesme planlarmin bir para-
metre olarak kullanilmadigi bir yaklagimdir. Bu durumda
matematiksel model, sadece optimal kesme planlarinin
bulunacag: sekilde formiile edilir.
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Bu makalede, birden fazla ana malzeme tiirtiniin var
oldugu durumda ikinci yaklasim kullanilmig ve hem
ana malzeme tiiriiniin, hem firenin hem de talep fazlasi
iiretimin en kiiciiklenmesi problemi ayni matematiksel
modelde ele alinmistir. Problemin ¢ziilmesi i¢in litera-
tirde gormeye alistigimiz yaklasim disinda bir ¢6ziim
Onerisi gelistirilmistir. Genellikle kesme problemleri,
hem matematiksel modellenmeleri agisindan hem de
¢Oziim tiretilmesi agisindan zor olarak bilinen tam say1l
problemler smifina aittir. Hatta bu problemler, ¢6ziim
zorlugu agisindan NP-zor (NP-hard) olarak bilinen prob-
lem sinifina dahil edilmektedir. Bu yiizden bir boyutlu
kesme ve ana malzeme sec¢imi problemi giiniimiizde de
giincel problemlerden biri olup, tizerinde yogun olarak
calisilan problemlerdendir. Literatiirde bu tiir problem-
leri ¢ozmek icin, genellikle kesme ile ana malzeme
seciminin ayri ayri ele alindig1 yaklasimlar daha fazla
aragtirilmistir. Bu makalede sunulan ¢alismanin en temel
Ozelliklerinden biri, hem kesme probleminin hem de ana
malzeme se¢imi problemini ayni matematiksel modelde
ele alinmasidir. Caligmamizin bir diger 6zelligi de kesme
planlar1 kiimesinin 6nceden tiiretilmesine ihtiyag duyul-
madan hem kesme probleminin hem de ana malzeme
secimi probleminin tek bir matematiksel modelde ele
almmasidir. Gelistirilen model kesme planlar1 kiime-
sini parametre kiimesi olarak kullanmamakta, sadece
optimal kesme planlarinin ¢6zim olarak iiretilmesini
ongormektedir. Bir boyutlu kesme problemleri i¢in, kes-
me planlarinin parametre kiimesi olarak kullanilmadig1
ilk matematiksel model, bilgimiz dahilinde Kasimbeyli
vd. (2011) ‘nin ¢alismasinda ele alinmis ve sezgisel bir
algoritma gelistirilerek ¢oztimler tiretilmistir. Bu makale,
Kasimbeyli vd. (2011) ¢alismasinin devami olup, o ca-
lismada gelistirilen matematiksel modele yeni bir amag
fonksiyonu eklenmis ve ¢6ziimleri bulmak i¢in de benzer
bir sezgisel algoritma kullanilmistir. Kasimbeyli vd.
(2011) calismasindan farkli olarak talep fazlasi tiretim
miktarlarinin minimize edilmesi, bu ¢alismada ek bir
amag fonksiyonu olarak arastirilmig ve sezgisel algorit-
ma da bu yeni amag fonksiyonunu da en kiigiikleyecek
sekilde giincellenmistir. Ayrica, bu makalede onerilen
algoritma, daha 6nceki ¢alismada 6nerilen algoritmadan
farkli olarak, amaglarin 6ncelik siralamasini da dikkate
alacak sekilde ve tiriin sayist kadar kesme plani iiret-
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mek yerine sadece bir adet (amagclarin 6ncelik tercihini
yansitan) kesme plani iiretecek sekilde tasarlanmistir.
Bu makalede 6nerilen sezgisel algoritmada her li¢ amag
fonksiyonunun oncelik siralamasimin nasil dikkate ali-
nacag1 ve buna bagli olarak da bu algoritmanin farkli
bir versiyonunun nasil uygulanacagi da agiklanmistir.

Yeni bir amag¢ fonksiyonunun modele eklenmesi
olusturulacak kesme planlarinin etkinligi agisindan ol-
dukca 6nemlidir, zira model, iiriin taleplerini saglamak
ve firenin kiigiiklenmesi i¢in bazi durumlarda talebin ¢ok
iizerinde iliretim yapilmasina izin verebilmektedir. Diger
amag fonksiyonlari ile birlikte, talep fazlasi iiretimin de
minimize edilmesi, bilgimiz dahilinde literatiirde ilk kez
bu makalede arastirilmistir.

2. PROBLEMIN MATEMATIKSEL MODELI

2.1 Parametreler

i ile ana malzeme indisi isaretlenmistir. m ¢esit ana
malzeme oldugu varsayilmaktadir, i=1,..., m;

j ile irlin ¢esidi indisi isaretlenmistir. n ¢esit lirlin
oldugu varsayilmaktadir, /=1, ..., n;

¢t ¢esit lirliniin boyutu (uzunluk);
L. i. gesit ana malzemenin boyutu (uzunluk);
dj : J. ¢esit iiriine olan talep miktari1 (say1);

K. : i. gesit ana malzemenin tretim siiresinde kulla-
nilabilecek maksimum miktari.

2.2 Karar Degiskenleri
1, i.¢esit ana malzeme k.kez kullanilirsa,

Y0, diger durumlarda

_ { 1, i.¢esit ana malzeme kullanilirsa,
.

i

diger durumlarda

Yy l-gesit ana malzeme k.kez kullanildiginda kesilen
J.tiriin sayisi.

2.3 Matematiksel Modelin Amac¢ Fonksiyonlar1
1. Toplam fire:
fi (6y,2) =5 Ticl, (L xge — Y1 ). (1)

2. Talepten fazla yapilan tiretim miktar:
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f2(xy,2) = Z?:l[ =1 lefi=1 Yijie = d}'] ()
3. Kullanilabilecek toplam ana malzeme ¢esidi:
fs(x,y,2) = XL, 7. 3)

Bu isaretlemeler dahilinde, problemin matematiksel
modeli agagidaki sekilde formiile edilir.

2.4 Matematiksel Model
Lixix — Z?:l CjYiji = 0, heriveherkigin, (4)
Ki .
i Xki1Yijk —d;j =0, herigin, (5)
Z’,fizl X < K;z;, her i igin. (6)

Yijk = 0 ve tamsay1, z; € {0,1}, x;, € {0,1} (7)
Kisitlari altinda;

min [f; (x,y,2), f; (x,,2), f3 (x,y,2)]- (P)

(P) probleminde;

* (4) kisitlari, her bir ana malzemeden kesilecek
pargalarin toplam boyutunun, bu ana malzemenin
boyutunu agmamasini garantiler.

* (5) kusitlari, her bir iirliniin toplam kesilecek
miktariin, en az talep kadar olmasini garantiler.

* (6) kusitlari ise iliskilendirme kisitlar1 olup, her
bir ana malzemenin sadece segilirse, iiretimde
kullanilabilecegini garantiler.

* (7) kusitlar,, modelde kullanilan karar degiskenle-
rinin deger kiimelerini ifade eder.

Amag fonksiyonlarmi kiyaslayacak olursak, bunlarin
¢elisen amaglar oldugu kolaylikla anlagilabilir. Talepten
fazla iiretime izin verilerek, aslinda toplam firenin daha
kiigiik olmasi saglanabilir. Fakat talep fazlasi iretim en
kiigliklendiginde, fire artisina katlanilacak sekilde bir
ddiinlesimin goz oniinde bulundurulmasi gerekiyor ki
bu da ¢ok amagli optimizasyonun temel unsurlarindan
biridir. Pratikte, talep fazlasi iiretimin en kiigiiklenmedigi
durumlarda, fire miktar1 kiigiik olsa da talepten fazla
iiretilen {irliin miktarinin biiyiik boyutlara ulasilabilecegi
goriilmiistiir ki, bu da ¢cogu zaman kabul edilebilir bir
durum degildir, ¢iinkii talep fazlasi tiretilen pargalar
da yonetim tarafindan fire olarak goriilebilir. Benzer
sekilde, birinci ve ligiincli amag fonksiyonlar: da gelisen
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amaclardir, 6yle ki ana malzeme tiirii en kiigiiklenmedigi
durumda, yani {iretici firma, deposunda “her ¢esit” ana
malzeme bulundurabilse aslinda fireyi de sifirlayabilir
veya problemi sifira yakin bir fire ile ¢ozebilir. Fakat
bunun i¢in ¢ok biiyiik miktarda ana malzeme ¢esidinin
depoda bulundurulmasi gerekir ki, pratik olarak boyle
bir seyin gerceklesmesi miimkiin olmamaktadir. Bura-
dan hareketle, “ne kadar fire”, “kag ¢esit ana malzeme”
odiinlesiminin ¢ok iyi analiz edilmesi gerektigi anlagilir.
Benzer bir ddiinlesim analizi, ikinci ve ii¢lincii amag
fonksiyonlar1 arasinda da yapilmalidir. Boyle bir ddiinle-
sim, amag fonksiyonlarina agirlik veya 6nem katsayilari
verilerek yapilabilir. Fakat bu durumda da kesin ¢6ziim
yontemlerini kullanabilmek icin, agirlik katsayilarin,
baska bir deyimle karar vericinin amag fonksiyonlari
acisindan tercihlerini yansitan 6nem derecelerini ve hatta
referans noktasi tercihlerini gdz oniinde bulundurma
olanag1 saglayan skalerlestirme yontemlerinin kulla-
nilmasi giindeme geliyor. Kesme problemleri zaten zor
¢oziilen problemler sinifina girdiginden, bu durum, kesin
¢Oziimlerin bulunmasini daha da zorlastirmaktadir. Bunu
g0z oniinde bulundurarak bu ¢aligmada, gelistirilmis olan
matematiksel modeli ¢ozmek igin sezgisel bir ¢6ziim
algoritmasi onerilmistir.

3. ¢0zOM YONTEMI

Bu béliimde, kesme ve ana malzeme se¢imi prob-
leminin bir 6nceki bélimde agiklanan matematiksel
modelinin ¢oziilmesi i¢in Onerilen sezgisel algoritma
aciklanacak ve algoritmanin performansi bir test prob-
lemi iizerinde tartisilacaktir.

Algoritmada, bir 6nceki boliimde aciklanan para-
metre listesine ek olarak asagidaki parametreler kulla-
nilacaktir:

s indisi, giincellenmis iiriin kiimesindeki ilk tirtiniin
numarasi.

h : segilen ana malzeme tiiriine yerlestirilebilecek s.
irtiniin maksimum sayisi.

t: izin verilen fire miktar1 i¢in {ist sinir.

a: izin verilen fire miktarini arttirmak i¢in kullanila-
cak adim uzunlugu.
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d: talep fazlasi iiretilecek miktar i¢in izin verilecek
ust sinir.

b: izin verilen talep fazlasi iiretim miktarmni arttirmak
icin kullanilacak adim uzunlugu.

COUNT: giincellenmis iiriin kiimesindeki “birinci”
tirliniin olusturulacak kesme planindaki sayisini gosteren
parametre olup, alabilecegi degerler, COUNT=0, 1, ...,
h, seklinde tanimlanmustir.

Makalede aragtirilan problem icin gelistirilen mate-
matiksel model tam sayili oldugundan, talebin tam olarak
belirlenen miktariin uygun ¢6zliim alaninin diginda
olmasi beklenen bir durumdur. Bu yiizden, biitiin iiriinler
i¢in, talebin tam olarak saglanacak sekilde kesme planla-
rinin olusturulmasi, her zaman miimkiin olmayabilir. Bu
durumda, talep fazlasi iiretime izin verilmesi istenen bir
durum olmasa da buna mecbur kaliabilir. Fire miktari-
nin, talep fazlasi tiretim miktarinin ve kullanilacak ana
malzeme sayisinin en kii¢iikklenmesi, bir biri ile ¢elisen
amaglar oldugundan, karar verici hangi amacin ne kadar
onemli oldugunu veya hangi amagtan ne kadar 6diin
verilebilecegini belirlemek durumundadir.

3.1 Algoritma

Baslangi¢c Adim. I= {1, ..., m} uzunluklarina gore,
kiigiikten biiyiige siralanmig ana malzeme ¢esidi kiimesi
olsun.J= {1, ..., n} uzunluklarina gore biiytiikten kiiciige
stralanmisg {irtin kiimesi olsun. Baglangig iiriin kiimesi J
= {1, ..., n} seklinde tanimlandigindan, s = 1 olacaktir.
(ilerleyen bir iterasyonda, J = {2, 1, 3,4 ..., n} olarak
giincellendiginde s = 2 olacaktir ve. s.) COUNT =0, i =
1,j=1, t=0, ve a parametresi i¢in uygun bir deger se¢ilir
(bu parametrenin degeri, irtinlerin uzunluklar1 6lgegi ile
orantili olarak belirlenmelidir, 6rnegin iiriin uzunluklari
santimetre cinsinden belirlenmis ve en kisa iiriin 10 cm
civarinda ise, @ = 1 cm veya 0.5 cm segilebilir).

Adim 1. i. ana malzeme ve J kiimesinin ilk elemani
olan s. siparig pargasi icin, fire miktar1 £’yi agmayacak
sekilde olas1 bir kesme plan1 asagidaki sekilde olustu-
rulur: i. ana malzemeye yerlestirilecek s. parca igin /4
degeri hesaplanir. 2 x ¢ <L ve h <d olacak sekilde en
biiylik tamsay1 /_degeri bulunur. (k2 - COUNT) kadar
iiriin ana malzemeye yerlestirilir.
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Adum 2. L - (h-COUNT)%c,) degeri hesaplanarak
ana malzemeden kalan miktar bulunur. Ana malzeme-
den kalan miktar, siradaki iriiniin yerlestirilmesine izin
veriyorsa, yani

L-((h-COUNT)*c) > c, (veya L~((h-COUNT)xc )
<c, fakat L -((h.-COUNT)*c ) > c,) ise bu iiriiniin kalan
miktara yerlestirilebilecek maksimum say1 olan £, be-
lirlenerek 4, adet 2. {irlin (veya /4, adet 3. {iriin), kalan
miktara yerlestirilir ve s. Bu siireg, kalan miktara baska
hic bir iiriin yerlestirilemeyene kadar devam ettirilir.
L. - ((h,- COUNT)xc + hxc,+ hxc, + ...) hesapla ve
Adim 3’e git.

Adum 3. Eger L - ((h - COUNT)%c_+ hxc, + hXxc,
+ ...) < tise, Adim 4’¢ git. Degilse, yani L, - ((h, -
COUNT)xc + h,xc,+ hx<c, + ..)>tise, Adum 5’e git.

Adim 4. (h - COUNT)xc_+ h,xc, + hxc, + ... sek-
linde bir kesme planinin olusturulabilmesi, hesaplanacak
talep fazlasi iiretim miktarina bagli olarak asagidaki
sekilde belirlenecektir. Bu planda yer alan s nolu, 2 nolu,
3 nolu ve s. iiriinlerin talep miktarlar1 d, d,, d, ve s. igin
min{d / h - COUNT, d/ h,, d,/ h; } sayisi belirlenir.
Eger p sayisi olarak bu sayidan kiiciik olan en biiyiik tam
say1 degeri secilirse, ve min{d / h - COUNT, d,/ h,,d./
h, } tam say1 degilse, bu kesme plani i. ana malzemeye
pkezuygulandigindad , d,, d, ve s. talep miktarlarindan
daha az miktar elde edilecektir. Bdylece bu iiriine (veya
tiriinlere) olan talebi saglayabilmek i¢in giincellenmis
(kesilen tiriin miktarini talepten gikartarak elde edilmis)
talep miktarlar1 icin stireci tekrarlamak gerekecektir.
Bu sekilde siireci devam ettirerek ve tamamen yeni bir
kesme plani olusturarak talep fazlasi tiretimi en kiigiik-
lemek miimkiin olabilmektedir. Fakat yeni bir kesme
plan1 beraberinde yeni bir fire miktar1 olusumunu ve
yeni bir ana malzeme ¢esidi kullanimini gerektirebilir.
Yani, p sayist bu sekilde segilirse, “talep fazlasi tiretimin
en kiigiiklenmesi” amacina, “firenin en kiigiiklenmesi”
amacina gore daha yiiksek oncelik verilmis olacaktir.
Ancak p sayisi olarak min{d _/ h - COUNT, d,/ h,, d./
h, } sayisindan biiyiik olan en kii¢iik tam say1 degeri
secilirse, ve min{d / h - COUNT, d,/ h,, d./ h, } tam
say1 degilse, bu kesme plani i. ana malzemeye p kez
uygulandiginda d,, d,,
fazla miktar elde edilecektir. Bu talep fazlasi miktar, izin

d, ve s. talep miktarlarindan daha
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verilen d sayist ile kiyaslanarak planin kabuliine veya
reddine karar verilir. Kabuliine karar verildigi durumda,
bu adima gelindiginde belirlenmis olan fire miktart ve
ayni ana malzeme ¢esidinin kullanimi garanti edilmis
olacaktir. Ornegin min{d / h - COUNT,d,/ h, d,/ h; }
=d,/ h,=2.3 olsun. Bu durumda p=3 olacak ve bu kesme
plan1 3 kez ayn1 ana malzemeye uygulanacak ve ayni fire
miktari 3 ile carpilacaktir. Bu plan 3 kez uygulanirsa 2.
tiriinden (3% £, - d,) adet fazla kesilmis olacak. Eger bu
fazlalik, izin verilen d sayisindan kii¢iikse bu plan, kesme
plani olarak kabul edilecek ve 2. iiriiniin talebi tamamen
karsilandigindan bu iiriin listeden cikartilacaktir. Bu
durumda, “firenin en kiigciiklenmesi” amacina, “talep
fazlas1 tiretimin en kiigiiklenmesi” amacina gore daha
yiiksek oncelik verilmis olacaktir. p parametresi i¢in
olasi iki versiyondan birinin se¢ilmesi, karar vericinin
goriisiine bagl olarak, daha az talep fazlasi iiretim, olasi
daha fazla fire miktar1 ve/veya daha fazla ana malzeme
¢esidi kullanimi arasinda bir 6diinlesimin g6z oniinde
bulundurulmasi gerektirir.

Bu “kesme plani kismimin” kabul edildigi durumda
Adim 8’e git. Eger talep fazlasi iiretim, izin verilen d
sayisindan biiyiikse bu plan, kesme plani olarak kabul
edilmeyecek ve bu durumda Adim 5 e git.

Adim 5. COUNT = COUNT +1 olarak giincelle. Eger
COUNT < h_ise Adim 1’e git. Degilse, yani COUNT >
h_ ise Adim 6’e git.

Adim 6. s = s+1 olarak giincelle. Eger s < n ise, bu
durumda J= {s, 1, ...s-1, s+1, ..., n-1, n} olacak sekil-
de giincelle ve Adim 1°e git; degilse, yani s > n ise, bu
durumda Adim 7’ye git.

Adim 7. i = i+] olarak giincelle. Eger i <m ise Adim
1’e git, degilse, yani i > m ise t = t+a ve i = 1 olarak
giincelle ve Adim 1’e git.

Adim 8. Adim 3’te i. ana malzemeden iiretilen kesme
plani kismi C olsun. Adim 4’te bu kesme plan1 kisminin
i. ana malzemeye p kez uygulanmasina karar verildigini
varsayalim. Bu kesme planini p kez uyguladiktan sonra
talep miktarlarini ve yeni talep miktarlarina karsi gelen
J trtin listesini giincelle (talepleri sifirlanan driinler
listeden ¢ikartilacaktir). Eger J = o ise biitiin {irlinlere
olan talepler saglanmustir, elde edilen kesme plani, karar
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vericinin tercihlerine cevap veren ¢oziimdiir — Dur: Eger
J # @ ise giincellenmis bu {iriin listesi i¢in Adim 1 e git.

3.2 Algoritma Uzerine Tartiyma

Bu boliimde kisaca, Algoritmanin nasil ¢alistigt ve
matematiksel modelde yer alan 3 adet amag fonksiyo-
nunun algoritma tarafindan nasil dnceliklendirildigi
acgiklanacaktir.

Oncelikle bu makalede arastirilan problemin, daha
once de vurgulandig lizere, Kasimbeyli vd. (2011)
calismasinin devami oldugunun ve o ¢aligmada gelis-
tirilen matematiksel modele yeni bir amag fonksiyonu
eklenerek ele alindiginin bir kez daha altin1 ¢izmek
istiyoruz. Matematiksel modele eklenen bu yeni amag
fonksiyonunun, ¢alismaya 6nemli bir yenilik getirdigini
de vurgulamakta yarar var, zira bu amag¢ fonksiyonu
olmaksizin bakilan matematiksel modelin ¢6ziimlerinde
talep fazlasi iiretimin epey yiiksek boyutlarda olabilecegi
aciktir ve ilerleyen boliimlerde bu durum érneklerle de
desteklenmistir. Bu ¢alismada ele alinan ti¢ amagli prob-
lem i¢in kullanilan ve yukarida kapsamli bir sekilde tarif
edilen algoritma da, Kasimbeyli vd. (2011) ¢alismasinda
verilen algoritmanin bu yeni modele uyarlanmasi gibi
goriinse de aslinda epey yenilikler igermektedir.

1. Oncelikle algoritmanin adimlar1 gayet kapsamli
ve hicbir soru isareti birakmayacak sekilde tarif
edilmistir.

2. Yeni algoritma ile eski algoritma arasindaki en koklii
fark, yeni algoritmanin sadece bir tane kesme plani
iiretmesi ve bu kesme planinin da karar vericinin
amaglar arasindaki tercih 6nceligini dikkate almasi-
dir. Algoritmanin bu konuda esnek bir yapiya sahip
olmasi, eski algoritmadan en biiytik farkliliklarindan
biridir. Ornegin, yukarida agiklanan sekli ile algo-
ritmada amag fonksiyonlarmin 6ncelik sirasi, Adim
4’te p parametresi i¢in segilecek degere bagl olarak:
“Fire” — “Talep Fazlas1 Uretim” —
Cesitliligi” veya “Talep Fazlasi Uretim” — “Fire”

“Ana Malzeme

— “Ana Malzeme Cesitliligi” seklinde olacaktir. Bu
arada, eski algoritmanin, her defa ¢alistirildiginda
iirlin say1sina esit miktarda kesme plani tirettigini ve
amag fonksiyonlarinin tercih sirasini net bir sekilde
yansitmadigini vurgulamakta yarar var.
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3. Yeni algoritmanin, amag¢ fonksiyonlarinin énem
strasini net bir sekilde yansitmasi, Algoritmanin 4 -
8 Adimlarinda tarif edilmistir. Oyle ki, Adim 4’te p
parametresi i¢in segilecek degere bagli olarak “Fire”
ile “Talep Fazlas1 Uretim” arasinda tercih yapilabi-
lecek. Fakat “Fire” miktar1 ve ayni sekilde “Talep
Fazlas1 Uretim” istenen diizeyde saglanmayana kadar
olasi tim “COUNT” degerleri ve olasi tiim s degerleri
(yani giincellenmis J kiimeleri) ayni ana malzeme
icin deneniyor. Eger biitin COUNT degerleri ve
biitlin s degerleri, yani iirtinlerin kesme planina hangi
sirada dahil edilmesini belirleyen olas1 tiim J kiime-
leri denenerek, fire ve talep fazlasi iiretim i¢in izin
verilen {ist sinirlari saglayan kesme plani tiretilemez
ise (bakiniz: Adim 5-6 ) bu durumda Adim 7’ye gi-
dilerek bir sonraki ana malzeme deneniyor. Boylece
aslinda ana malzeme ¢esidinin de en kii¢iiklenmesi
temin edilmis oluyor. Bu sebeptendir ki Algoritmanin
yukarida agiklanan sekli ile kullanimi, amag fonksi-
yonlarinin tercih sirasinin 2. sikta agiklandigi sirada
olmasini sagliyor. Sonug itibari ile yeni algoritma ¢ok
net bir sekilde, olusturulacak kesme planinda biitiin
ama¢ fonksiyonlarmin en kiicliklenmesini temin
etmis oluyor. Eski algoritmada ise, aynt “COUNT”
degeri, “fire” < ¢ esitsizligi saglanana kadar tiim ana
malzemeler deneniyor, olmayinca giincelleniyor.

4. Yeni algoritma ile eski algoritma arasindaki en
onemli farkliliklardan birisi de, yeni algoritma, karar
vericinin tercihlerini saglayan bir tek kesme plani
tiretirken; eski algoritmanin ise amag fonksiyonlari-
n1 en kiigtikleme sirasi i¢in tercihlere bakilmaksizin,
tirlin say1s1 miktarda kesme plani tiretip, onlarin i¢in-
den se¢im yapilacak sekilde tasarlanmis olmasidir.

3.3 Algoritmada Ana Malzeme Cesidinin En
Kiigiiklenmesinin En Yiiksek Oncelige Sahip Oldugu
Durumun Gé6z Oniinde Bulundurulmasi

Algoritmanin yukarida Boliim 3.1°de aciklanan
seklinin, amag fonksiyonlarinin 6ncelik sirasinin “Fire”
— “Talep Fazlas1 Uretim” — “Ana Malzeme Cesitliligi”
veya “Talep Fazlas1 Uretim” — “Fire” — “Ana Malzeme
Cesitliligi” seklinde dikkate alindigi, bir 6nceki boliimde
de vurgulanmistir. Bu béliimde, dncelik sirast degistiri-
lirse, algoritmanin bdyle bir durumu nasil goz 6niinde
bulunduracagi agiklanmustir.
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“Ana Malzeme Cesitliligi” - “Fire” — “Talep Fazlas1
Uretim” veya “Ana Malzeme Cesitliligi” — “Talep Faz-
las1 Uretim”- “Fire” dnceliklerinin dikkate alinabilmesi
icin 3.1 Boliimiinde aciklanan Algoritmada Adim 7,
asagidaki sekilde degistirilebilir:

Adim 7. ¢t = t+a (ve gerekirse d = d+b) olarak
giincelle. Eger ¢ ve d degerleri, izin verilen maksimum
sinir degerinden kiiciik ise (ayni i icin) Adim 1’°e git. Bu
adimda fire Ust degeri ile talep fazlasi iiretim miktarlari
arasinda bir se¢im — tercih yapilarak oncelik sirasi be-
lirlenebilir. Eger ¢ ve d degerleri giincellendikten sonra,
izin verilen maksimum sinir degerinden kiigiik olmaz ise
i =i+1 olarak giincelle. Eger i <m ise ¢t =0 (ve gerekirse
d = 0) olarak giincelle ve Adim 1’e git, degilse, yani i
> m ise DUR — KARAR: kabul edilen fire {ist sinir ve
talep fazlasi iist sinir degerlerine karsi gelen kesme plani
yoktur. Boyle bir durumla karsilagilmasi son derece
ekstrem bir durum olup, “fire iist sinir” ve “talep fazlasi
st sinir” degerlerinin makul sinirlarda tanimlanmasi bu
durumu dnleyebilecektir.

4. ORNEK PROBLEM VE HESAPLAMA
SONUGLARI

Onceki boliimlerde agiklanan matematiksel model ve
bu modelin ¢6ziimii i¢in gelistirilen sezgisel algoritma
asagidaki problem {izerinde denenmistir. Bu makalede
gelistirilen matematiksel modelin ve yeni amag fonksi-
yonunun roliiniin vurgulanabilmesi ve sezgisel algorit-
manin da performansinin goriilebilmesi i¢in, problemin
cesitli versiyonlarinin GAMS program paketi ile de
¢oziilerek, elde edilen ¢oziimlerin karsilastirilabilmesi
acisindan, makul boyutlarda bir test problemi se¢ilmistir.

4.1 Test Problemi

Ana malzeme sayisi: m = 5;

Ana malzemelerin uzunluklart vektorii: L = (100,
120, 130, 140, 160);

Uriin sayist: n = 8;

Uriin uzunluklari vektérii: ¢ = (45, 36, 31, 14, 13,
12, 11, 10);

Uriin talepleri vektorii: d = (50, 70, 90, 30, 20, 14,
28,10).
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4.2 Sezgisel Algoritma ile Elde Edilen Coziim
Sonuglari

Gelistirilen sezgisel algoritmanin kullanilmasr ile 5
farkli “ana malzeme tiirtiniin” 4 tiirti kullanilmus, “talep-
ten fazla iiretim” = 0, “fire miktar1” = 68 olacak sekilde
bir ¢6zlim elde edilmistir. Uygulanmis olan algoritmada
ama¢ fonksiyonlarinin oncelik sirasi, “Talep Fazlasi
Uretim” — “Fire” — “Ana Malzeme Cesitliligi”seklinde
dikkate alinmistir, bakiniz Tablo 1.

Algoritma ile olusturulan kesme plani:

[(45*%1) + (10*1)] — 10 adet; 100 cm’lik ana
malzeme; fire=0;

[(45%1)+ (31*1)+ (12*2)] — 7 adet; 100 cm’lik ana
malzeme; fire=0;

[(45%1) + (11*5)] — 5 adet; 100 cm’lik ana malze-
me; fire=0;

[(36*2) + (14*2)] —15 adet; 100 cm’lik ana mal-
zeme; fire=0;

[(36*1)+ (31*1) + (11*3)] —1adet; 100 cm’lik ana
malzeme; fire=0;

[(45%1) + (36*1)+(13*3)] —6 adet; 120 cm’lik ana
malzeme; fire=0;

[(45%1) + (31*2) + (13*1)] — 2 adet ; 120 cm’lik
ana malzeme; fire=0;

[(36*1)+(31*3)] —26 adet; 130 cm’lik ana malzeme;
fire=1;

[(45*1)+(36*2)] — 6 adet; 120 cm’lik ana malzeme;
fire=3;

[(45*%2) + (36%1)] — 1 adet; 130 cm’lik ana malze-
me; fire=4;

[(45%3)] — 4 adet; 140 cm’lik ana malzeme; fire=5.

Boylece 100 cm’lik ana malzeme tiirlinden toplam
38 adet, 120 cm’lik ana malzeme tiiriinden toplam 14
adet, 130 cm’lik ana malzeme tiiriinden toplam 27 adet
ve 140 cm’lik ana malzeme tiiriinden toplam 4 adet ol-
mak iizere, toplamda 83 adet ana malzeme kullanilmistir.

Tablo 1. Sezgisel Algoritma ile (P) Problemi (U¢ Amagh
Model) i¢in Elde Edilen C6ziim Sonuglari

Amac¢ Fonksiyonu
Degeri
68

Fire

Talepten Fazla Uretim

Kullanilan Ana Malzeme Ttirli
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Makalenin bundan sonraki kisminda, “Talep Fazlasi
Uretim” amag fonksiyonunun ve gelistirilen algorit-
manin 6nemini drnekler lizerinde de vurgulamak igin,
problemin ¢esitli versiyonlar1 arastirilmis ve ¢oziim
sonuglar1 kiyaslamali olarak yorumlanmustir. Once tek
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amagli problem - sadece “fire” ‘nin en kiigiiklendigi
durum ele alinmis, daha sonra, {i¢ amagli (P) problemi,
bu boliimde ele alinan 6rnek problem iizerinde denenmis
ve GAMS program paketi kullanilarak bulunan ¢6ziimler

yorumlanmustir.

4.3 Problemin Sadece Tek Amach — Firenin En
Kiiciiklenmesi Seklinde Ele Alindigi Durum

Bu béliimde (P) problemi (bakiniz Boliim 2), asa-
g1daki (8) kisidi eklenerek ve amag fonksiyonlari kismi
asagidaki sekilde degistirilerek, yani sadece firenin en
kiigiiklendigi sekilde ele alinmistir:

21z <M 8)
(4) - (8) Kusitlar1 altinda
min f; (x, y, 2) (P1)

Burada M parametresi, olasi ana malzeme gesitlerinin
en Ust sayisidir. Bu problem yukaridaki test 6rnegi i¢in
GAMS program paketi CPLEX ¢oziiciisii kullanilarak
¢oOziilmiis ve asagidaki sonuglar elde edilmistir.

Sonuglar:

Tablo 2. (P1) Probleminin Amag Fonksiyonu I¢in Bulunan
Deger

Amac¢ Fonksiyonu Degeri

Fire 16

Tablo 3. (P1) Problemi I¢in Elde Edilen Ana Malzeme
Tiirleri

Kullanilan Ana
Malzeme Sayisi
(Adet)

Ana Malzeme Cesidi 1 (100 cm) 51

Ana Malzeme Cesidi 2 (120 cm) 74

Ana Malzeme Cesidi 3 (130 cm) 62

Ana Malzeme Cesidi 4 (140 cm) 72

Ana Malzeme Cesidi 5 (160 cm) 70
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Tablo 4. (P1) Problemi i¢cin Elde Edilen “Uretilecek Uriin”
Adetleri

Talep (Adet) Uretilen (Adet)
Uriin 1 50 55
Uriin 2 70 105
Uriin 3 90 523
Uriin 4 30 71
Uriin 5 20 464
Uriin 6 14 78
Uriin 7 28 794
Uriin 8 10 414

Yorum: Problemin amag¢ fonksiyonu degeri 16
olarak bulunmustur. Fakat kesilen tiriinlerin sayisina
baktigimizda, talepten ¢ok fazla iiretim yapildigi ve
toplamda 5 ¢esit ana malzemeden 329 adet kullanildig:
goriilmistir. Bu, gerek ana malzeme gerekse depo ma-
liyetinin artmas1 bakimindan istenmeyen bir durumdur.
Elde edilen sonucu, (P) probleminin, sezgisel algoritma
kullanilarak elde edilen sonugla kiyasladigimizda, “Fire”
= 68, “toplam kullanilan ana malzeme sayis1” = 83 ve
“talep fazlas1 tiretim” =0 olarak bulundugu g6z 6niinde
bulundurulursa, algoritmanin ve {i¢ amac¢lit modelin
etkinligi bariz sekilde goriinmiis olur.

4.4 (P) Probleminin GAMS Paketi ile Bulunan
Coziimlerinin Yorumlanmasi

Bu boliimde, makalede ele alinan (P) problemi
ve Ornek test problemimiz, esit agirliklar kullanilarak
skalerlestirilmis ve GAMS program paketi kullanilarak
¢oOziilmiis ve sonuglar yorumlanmigtir.

Amag fonksiyonlari i¢in elde edilen en iyi degerler
Tablo 5°te verilmistir.

Tablo 5. (P) Probleminin GAMS Paketi ile Bulunan Amag
Fonksiyonlar1 Degerleri

Amac Fonksiyonu
Degeri
Fire 74
Talepten Fazla Uretim 2
Kullanilan Ana Malzeme Tiirii 2




Nergiz Kasimbeyli, Duygu Demirci

Cozlim sonucu, iirlinler i¢in elde edilen tiretim mik-
tarlar1 Tablo 6°da verilmistir. Tablo’dan da gortldigi
lizere, 2. ve 4. uriinlerden birer tane fazla iiretilecek
sekilde bir ¢6ziim bulunmustur.

Tablo 6. (P) Probleminin GAMS Paketi ile Bulunan Uretim
Miktarlar1

Talep (Adet) Uretilen (Adet)
Uriin 1 50 50
Uriin 2 70 71
Uriin 3 90 90
Uriin 4 30 31
Uriin 5 20 20
Uriin 6 14 14
Uriin 7 28 28
Uriin 8 10 10

Problemin bu sekilde ¢dzdiirtilmesi sonucu, 1. Ana
Malzemeden 35 adet, 5. Ana Malzemeden de 34 adet
kullanilarak (bakiniz Tablo 7) en iyi ¢dziim hesaplan-
mistir. GAMS paketinin biitiin diinyada optimizasyon
problemlerinin ¢oziimii i¢in gelistirilmis olan en et-
kin paketlerden biri oldugu bilinmektedir. Kullanmis
oldugumuz test 6rneginin 6zellikle kii¢iik boyutta
secilmesinin sebebi, bu problemin skalerlestirilmis
versiyonunun GAMS tarafindan da kolaylikla ¢oziile-
rek en iyi ¢Oziimiiniin bulunabilmesidir. Bu durumda
bile, GAMS ile bulunan ¢éziimde 2 gesit ana malzeme
kullanilarak bir ¢6ziim bulunsa da, fire miktari (74 cm),
sezgisel algoritmanin buldugu degerden (68 cm) fazla
cikmigtir. Aslinda, talepten fazla iiretilen miktarlarin
bazi isletmelerde fire olarak degerlendirildigini de g6z
ontinde bulundurursak, GAMS ile bulunan ¢oztimdeki
fire miktarmin daha da arttig1 goriilmektedir (talepten
fazla {iretimin 2 adet 36+14=50 cm. oldugunu da fire
miktar1 74+50=124 cm). Benzer sekilde “talepten fazla
iiretilen miktar” amag¢ fonksiyonu i¢in de GAMS ile
bulunan deger (2 adet), sezgisel algoritma ile bulunan
degerden (0) fazla ¢cikmustir.

Bunun bir sebebinin, sezgisel algoritmada amag

fonksiyonlarinin 6nem sirasmin, “talep fazlasi retim
&l

50

- “fire” - “kullanilan ana malzeme sayis1” seklinde alin-
masi olsa da algoritmanin etkinliginin de bir gostergesi
oldugunu vurgulamak gerekir.

Tablo 7. (P) Probleminin GAMS Paketi ile Bulunan Ana
Malzeme Miktarlari

Kullamlan Ana
Malzeme Sayisi
(Adet)
Ana Malzeme Cesidi 1 (100 cm) 35
Ana Malzeme Cesidi 2 (120 cm) -
Ana Malzeme Cesidi 3 (130 cm) -
Ana Malzeme Cesidi 4 (140 cm) -
Ana Malzeme Cesidi 5 (160 cm) 34

5. SONUG

Makalede, bir boyutlu kesme ve ana malzeme se¢imi
problemi igin ii¢ amagli bir matematiksel model ve bu
model i¢in sezgisel bir ¢dziim algoritmast onerilmistir.
Algoritmanin basarisi bir test problemi tizerinde denen-
mis ve sonuglar ¢esitli problem versiyonlari igin GAMS
program paketi ile elde edilen ¢oziimlerle kiyaslanarak
algoritmanin ve matematiksel modelin etkinligi goste-
rilmistir.
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Sayi: 1-2 / Ocak-Haziran 2018

» Kaynak Makinelerinin Vardiya Bazinda Cizelgelenmesi Problemi
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Tugha Sarag, Kumsal Erten, Elif Yilmaz (Sayfa 2-14)
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Chinese Postman Problem
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2018 yillinda Endiistri Miihendisligi Dergisine katkilarindan dolay! hakemlerimize tesekkiir ediyoruz.



ENDUSTRIi MUHENDISLIGI DERGISI

Endistri mihendisligi  dergimiz akademik alan-
da, sektérde o6nemli bir yeri olan, bilim insanlari
ve uzmanlarin, ogrencilerin, miihendislik konula-
rina ilgi duyanlarin yararlandigi bir basvuru kayna-
gidir. Yaklasik 20 yildir bilimsel calismalara verdigi
katkiyla yayin hayatini siirdiiren dergimiz, kurum

ve kuruluslarda calisanlarin, bilim insanlarinin,

ogrencilerin, uzmanlarin teorik ve uygulamaya
yonelik calismalarina yer vermektedir. 3 aylik peri-
yotlarla yayimlanan dergimiz endustri miihendisleri,
endustri sistemleri mihendisleri, endistri ve sitem
mihendisleri, endiistriyel tasarim miihendisi, isletme

mihendisi, sistem mihendisi, isletme mihendisi, en-

dustri- isletme miihendisi lyelerimize, abonelerimi-
ze, Universitelerin ilgili bolimlerine, sektore ve kamu
kurumlarina Ucretsiz hizmet vermektedir. Ayrica,
www.mmo.org.tr/endustri adresinden de ihtiya-
cl olan herkesin erisimine sunulmaktadir. Miihendis
ve Makina dergimiz online kiitiiphane hizmeti sunan,
diinyanin en ¢ok kullanilan veri tabanlarindan biri olan
EBSCO’da ve International Abctracts in Operations Re-
seaRch tarafindan taranmaktadir. Ayrica, dergimize
online lzerinden erisebilirligi artirmak icin ulusal ve

uluslararasi bircok kurum/kurulusa basvuruda bulu-

nulmustur.
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Sekil 2. OMYS Yazar Ana Sayfasi ve Makale Gonderim Sayfasi

EM Dergisi Online Makale Yonetim Sistemine
Giris (OMYS)

Makale alimlari, Online Makale Yonetim Sistemi
(OMYYS) lzerinden, http://omys.mmo.org.tr/en-
dustri adresinden gerceklestiriimektedir. Dergimize
ilk defa makale gonderecekseniz, bu adres lizerinden

yeni kullanici olarak kayit olmalisiniz (Sekil I).

Kaydinizi yapip sifrenizi aldiktan sonra makalelerinizi
sisteme yiikleyebilirsiniz (Sekil 2). Géndermis oldu-
gunuz makaleler editor tarafindan 6n degerlendirme-
leri yapildiktan sonra hakemlere génderilir. Hakem
degerlendirmesinin ardindan makalelerinizin kabul
edilip edilmedigine, eksikliklerin olup olmadigina dair
bilgilendirme mesaji, makalelerin iletisim yazarlari-
na gonderilir. Kabul edilen makaleler en kisa siirede
dergimizde yayimlanirken, eksiklikleri bulunan ma-

kaleler icin “kor hakemlik” siireci devam ettirilir.

Bu makalelerin yazari veya iletisim yazarlari eksik-
liklerini tamamladiklari metinlerini yine ayni adres
Uzerinden sisteme yiikleyebilirler. OMYS biitiin bu
islemlerin yapildigi bir sistemdir. Kisacasi bu sistem,
makale yazarlarina gonderdikleri makalelerin ilk ve
son durumlarini gérebilme, yani makalelerinin han-
gi asamada (editor veya hakem siirecinde) oldugunu
ogrenebilme, mevcut bilgilerini glincelleyebilme, ma-
kaleleri hakkinda editorle diyalog kurabilme imkani

sunmaktadir.

Endistri Mihendisligi Dergisi, TMMOB-MMO tara-

findan yayimlanan siireli ve hakemli bir yayindir.
Hedef Okuyucu Kitlesi

Endiistri Miihendisligi (EM) ve Yoneylem Arastirmasi
(YA) konularinda arastirma yapan, egitim veren, egi-

tim goren ve bu alanlarda calisanlardan olusur.
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19.32
ISITMA SOGUTMA SiSTEMLERI URETEN BiR FABRIKADA
YALIN URETiM ARAGLARI KULLANILARAK

MONTAJ HATTI DENGELENMES|
Mehmet Riza ADALI, Hakan ERDEM

Yayin Amaclari

EM ve YA alanlarindaki gelismeler, ¢alismalar ve arag-
larla ilgili akademik nitelikli yayin yapar.

EM ve YA alanlarindaki basarili uygulamalarin yay-
ginlastirilmasi ve deneyimlerin paylasiimasi icin yayin
yapar. Meslek ile ilgili gérislerin aktarilmasini ve tar-
tisiimasini saglar. EM ve YA alanlarinda ortak bir dilin

olusmasina katkida bulunur.
Yayin ilkeleri

EM Dergisi, Yayin Kurulu (YK) tarafindan yayina ha-
zirlanir. YK yazilarin segimini hakem gorislerini ala-

rak yapar.
Yazarlara, okurlara ve kurumlara tarafsiz yaklasir.

Konu zenginliginin korunup gelistirilmesini tesvik
eder.

icerik, dil ve bicim agisindan nitelikli yayin yapar. Yayin

dili Tiirkge ve ingilizce’dir.
Makalelerini EM Dergisine gonderen yazarlar:

* Makalelerinin herhangi bir yayin organinda yayim-

lanmamis oldugunu,

* EM Dergisindeki degerlendirme siireci boyunca
baska bir yayin organinin degerlendirme siirecinde

yer almayacagin,

¢ Kabul edilen makalelerin yayin haklarinin EM
Dergisine gectigini ve baska bir dilde ve/veya ortamda,
yayincinin - onayl olmaksizin  yayimlanamayacagini

kabul etmis olurlar.
Yaz Tiirleri ve Degerlendirme

EM Dergisi, yayin amaglari ve ilkeleri dogrultusunda
hedef okuyucu kitlesini ilgilendiren Makale, Uygula-
ma, Teknik Not, ileti§im, Doktora Tez Ozeti ve Odiil

Almis Calisma gibi farkl tiirde yazilara yer verir.
Makale, literatiire katki saglayan 6zgiin yazidir.

Uygulama, mesleki pratige katki saglayan ve mesleki
bir konuda tutarli, rasyonel ve basarili uygulamalari

anlatan yazidir.

Teknik Not, makaleye goére dar kapsamli, literatiire

katki saglayan 6zglin yazidir.

iletisim  Yazilari, egitime, meslegin icrasi ve
uygulamalarina genel anlamda katki saglayan; mes-
lege yonelik felsefi tartismalar baslatma ve meslege
yeni aciimlar kazandirma potansiyeli tasiyan yazidir.
Meslek ve alanla ilgili eser, kitap ve yazilimlari tanitan

ve degerlendiren yazilar da bu kapsamdadir.
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Doktora Tez Ozeti, doktorasini son iki yil icerisinde

tamamlamis arastirmacilarin doktora tez ozetidir.

Odiil Almis Calisma, juri tarafindan belirli &lciitlere
gore degerlendirilmis ve odiile layik bulunmus yazi-
dir.

Makale, Uygulama, Teknik Not ve ileti§im Yazilari
EM Dergisi yayin amaglari ve ilkeleri isiginda YK ta-
rafindan 6n degerlendirmeye alinir, hakemlik stireci-
nin baslatiimasina ya da yazinin ret edilmesine karar
verilir. Hakemlik siirecine alinan yazi en az iki hakem
tarafindan degerlendirilir. Bu siirecte adlar iki taraftan
da gizlenir. YK, hakemlerin gorusleri dogrultusunda
yaziyi kabul veya ret eder veya yazinin revize edilme-
sini ister. Degerlendirme sirasinda tim haberlesme

iletisim yazari ile yapilir.

Doktora Tez Ozeti ve Odiil Almis Calisma tiirii ya-
zilar YK tarafindan degerlendirilir. Gerekirse hakem
gorusl alinir. Ayrica, EM Dergisinde tanitim yazisi,
haber, soylesi, ani ve ceviri gibi farkli yazi tirleri YK

degerlendirmesi ile yayimlanabilir.
Yazi Gonderme

EM Dergisi Yazi Kurallari’'na® uygun bir sekilde yazil-
mis yazilar, elektronik ortamda http://omys.mmo.
org.tr/endustri/ adresinden gonderilir. iletisim ya-
zarinin e-posta ve posta adresleri, faks ve telefon nu-

maralari agik¢a belirtilmelidir.
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MMO Endiistri- isletme Miihendislerine Yénelik Galismalar

ISTANBUL SUBE ENDUSTRI - iISLETME MUHENDISLIGI
HAFTASI ETKINLIKLERINI TAMAMLANDI

Endistri — isletme Miihendisligi Haftasi
ve Istanbul Yerel Kurultayr 17-22 Aralik 2018
tarihleri arasinda MMO istanbul Subesi'nde
gerceklestirildi.

Makina Miihendisleri Odasi istanbul Subesi
tarafindan gerceklestirilen Endistri — isletme
Muhendisligi Haftasi ve Yerel Kurultay! kap-
saminda yapilan etkinliklere toplam 195 kisi
katilirken; Akilli Fabrikalarda Uretim Yonetimi
(Mustafa Esenlik), EnduUstri 4.0'da Egitim, insan
Kaynagi ve istihdam (Gokhan Tungddken - Oz-
den AGRA), Dijital Pazarlama (Omirden Sezgin
- Tung Berkman) Makina Ogrenimi ve Derin Og-
renme (Mehmet Demir), Sonsuz Rota — “Daha
Yesil Bir Diinya icin 90 Giinde 14 Ulke” (Berkay
Sert - Su Sezer), E-Ticarette Veri Analitigi ve
Optimizasyonu (Sercan AKKAS) basliklariyla
sunumlar gerceklestirildi.

22 Aralikta ise Endustri ve isletme Miihen-
disligi Haftasi kapsaminda Il. Endustri ve Islet-
me Muhendisligi istanbul Yerel Kurultay! Sube
Konferans salonunda gerceklestirildi. Odamiz,
33. Dénem Genel Kurulu’'nda alinan karar uya-
rinca kurulan ve Endiistri-isletme miihendis-
ligine yonelik calismalarin koordinasyonunu
saglayan Meslek Dali Ana Komisyonu (EIM
MEDAK) eliyle basta kurultaylar olmak Gzere
cesitli konferans ve seminerler diizenlemekte,
dergi, bllten ve kitaplar yayinlamakta ve meslek
ici egitimler gerceklestirmektedir. Amacimiz;

’ Akilli Sistemlerde
Endiistri-Isletme Miihendislerinin
Gelecegi ve Yeni Egitim Alanlan

22 ARALIK 2018 @ MMO ISTANBUL SUBES] KONFERANS SALONU

Battal KILIC (MMO [st. Sb. Baskani) ve Tiilay YENER (EiM-MEDAK Baskani)

PANEL Akilli Sistemlerde Endiistri-isletme Miihendislerinin
Gelecegi ve Yeni Egitim Alanlari /11.30-13.00
Moderator: Dr. Biilent CERIT (ITU Ogretim Uyesi)

Konusmaailar: Tiilay YENER (EiM-Mt_'_DAK_ Bsk.)
Dr. Halil Halefsan SUMEN (Maltepe Uni. Ogt. Uyesi)
Umit TERZI (Ussal Yazilim Genel Miidiirii)

FORUM ' Endiistri-igletme Miihendislerinin Sorunlan ve Gelecegji/14.00-15.30
Moderatér: Ahmet ilhan DUZGUN (46. Donem EiM MEDAK Baskani)

Sonug Bildirgesi/ 15.45-16.00

E T Modgren,

RS T NODOI

TMMOB MMO Istanbul Subesi Katip Mustafa Gelebi Mah. Ipek Sok. No. 9, 34433 Beyoglu / ISTANBUL
Tel. 02122529500 | Faks: 02122498674 | E-posta: istanbul@emmo.org.tr

f /MMOistanbulsb « W / MMOistanbulsb + in / company/MMOistanbulsb « © /MMOistanbulsb

Endustri ve isletme Mihendislerinin meslek
dali komisyonlarimizda 6rgutlenerek, meslek
alanlarimizin dizenlemesi, gelistirilmesi, de-
gisen teknolojik ve sosyal kosullarda mesle-
gimizin bilim ve kamu yarari dogrultusunda
konumlandirilmasi, meslektaslarimizin nitelikli
muhendisler olarak ¢alisma hayatlarina devam
edebilmesi ve aday 6grencilerin nitelikli egitim
alabilmesini saglamaktir.



MMO Endiistri- isletme Miihendislerine Yénelik Galigmalar

iZMIiR SUBE ENDUSTRiI MUHENDISLIGI
BAHAR KONFERANSLARI

Her biri farkli ana baslikla gerceklestirilen konferanslar alaninda s6z sahibi kisileri katihmcilarla
bulusturmustur. Bu gline kadar diizenlenen etkinliklerde asagidaki konu basliklari ele alinmistir.

D 1. Rekabet Ustiinliigii Yaratmada Maliyetler//11 Mayis 2001

4
<
<
>
<
4

2. Endiistri Miihendisliginde Yeni Ufuklar // 25-26 Ekim 2002
3. Kurumsal Verimlilik ve Sistem Yaklagimi // 7-9 Ekim 2014
4. Proje Yonetimi ve Siireg lyilestirme // 3-4 Kasim 2006

5. Ergonomi // 10-11 Nisan 2009

6. Yalin Déniigiim // 4-6 Ekim 2013

7. Tedarik Zinciri Yonetimi // 28-30 Kasim 2019 |




MMO Endiistri- isletme Miihendislerine Yénelik Galismalar

iZMIR SUBE 5. KAIZEN PAYLASIMLARI ETKINLIGIi
GENEL KATILIMA ACIK OLARAK GERCEKLESTIRILECEK

22-23 SUBAT 2019

% | tmmob
makina miihendisleri odasi
izmir gsubesi

22-23 Subat 2019

MMO Tepekule Kongre ve Sergi Merkezi - [ZMIR

http://kalzen.mmolzmIr.org

izmir sube Endustri Mihendisligi Meslek Dali Komisyonu tarafindan organize edilen
5. Kaizen Paylagimlari Etkinligi 22-23 Subat 2019 tarihlerinde Tepekule Kongre ve Sergi

Merkezi'nde diizenlenecek.

Kaizen Paylagimlari Etkinliginde proje sergisinin yani sira “konferans”, “hizmette kai-

" u

zen”, “Uretimde kaizen"konularinda ve “mavi yakalilar”in deneyim paylasimlari, “dtinya

Ill

klasinda Gretime (WCM) giden yol” konusunda bir oturum gerceklestirilecek.

Etkinlige, aidatini 6demis Uyelerimizin katilimi tGcretsizdir. Kayit icin formumuza bulten
veya internet sayfamizdan ulasabilirsiniz. Kayit formunu doldurarak (Aidatini 6demis
Odamiz Uyesi hari¢ diger katilimcilar 6deme kaydi ile birlikte) Etkinlik Sekretaryasina

basvurmaniz durumunda kaydiniz isleme alinacaktir.



ENDUSTRI MUHENDISLIGI DERGISI YAYIN POLITIKASI
Endiistri Mihendisligi Dergisi, TMMOB-MMO tarafindan (i¢ ayda bir yayimlanan
streli ve hakemli bir yayindir.

Hedef Okuyucu Kitlesi

Endustri Mihendisligi (EM) ve Yoneylem Arastirmasi (YA) konularinda arastirma
yapan, egitim veren, egitim géren ve bu alanlarda calisanlardan olusur.

Yayin Amaglari

EM ve YA alanlarindaki gelismeler, calismalar ve araglarla ilgili akademik nitelikli
yayin yapar.

EM ve YA alanlarindaki bagarili uygulamalarin yayginlastirimasi ve deneyimlerin
paylasiimasi igin yayin yapar.

Meslek ile ilgili gdruslerin aktariimasini ve tartisiimasini saglar. EM ve YA alanlarinda
ortak bir dilin olusmasina katkida bulunur.

Yayin ilkeleri

EM Dergisi, Yayin Kurulu (YK) tarafindan yayina hazirlanir. YK yazilarin segimini
hakem goruslerini alarak yapar.

Yazarlara, okurlara ve kurumlara tarafsiz yaklasir.

Konu zenginliginin korunup gelistiriimesini tegvik eder.

igerik, dil ve bigim agisindan nitelikli yayin yapar. Yayin dili Tirkge ve ingilizce'dir.
Yazinin EM Dergisine génderilmesi,

e yazinin herhangi bir yayin organinda yayimlanmamis oldugunu,

*  EM Dergisindeki degerlendirme siireci boyunca baska bir yayin organinin
degerlendirme stirecinde yer almayacagini,

*  yazikabul edildijinde yazinin basim haklarinin EM Dergisine gectigini ve baska
bir dilde ve/veya ortamda, yayincinin onayi olmaksizin yayimlanamayacagini

gosterir.

Yaz Tiirleri ve Degerlendirme

EM Dergisi, yayin amaglari ve ilkeleri - dogrultusunda hedef okuyucu kitlesini ilgi-
lendiren Makale, Uygulama, Teknik Not, lletisim, Doktora Tez Ozeti ve Odlil Almig
Calisma gibi farkli tlirde yazilara yer verir.

Makale, literatire katki saglayan 6zgin yazidir.

Uygulama, mesleki pratie katki saglayan ve mesleki bir konuda tutarli, rasyonel
ve bagarili uygulamalari anlatan yazidir.

Teknik Not, Makale'ye gore dar kapsamli, literatiire katki saglayan 6zgiin yazidir.

iletigim, egitime, meslegin icrasi ve uygulamalarina genel anlamda katki sagjlayan;
meslede yonelik felsefi tartismalar baslatma ve meslege yeni acilimlar kazandirma
potansiyeli tasiyan yazidir. Meslek ve alanla ilgili eser, kitap ve yazilimlari tanitan
ve degerlendiren yazilar da bu kapsamdadir.

Doktora Tez Ozeti, doktorasini son iki yil igerisinde tamamlamig aragtirmacilarin
doktora tez ¢zetidir.

Odul Almis Galisma, (bilinen) bir 8diil igin juri tarafindan belirli élgitlere gére deger-
lendirilmis ve dddle layik bulunmus yazidir.

Makale, Uygulama, Teknik Not ve iletisim yazilari EM Dergisi yayin amaglar ve
ilkeleri 1s1ginda YK tarafindan 6n degerlendirmeye alinir, hakemlik stirecinin basla-
tilmasina ya da yazinin ret edilmesine karar verilir. Hakemlik stirecine alinan yazi en
az iki hakem tarafindan degerlendirilir. Bu siirecte adlar iki taraftan da gizlenir. YK,
hakemlerin gorusleri dogrultusunda yaziyi kabul veya ret eder veya yazinin revize
edilmesini ister. Degerlendirme sirasinda tiim haberlesme iletisim yazari ile yapilir.

Doktora Tez Ozeti ve Odil Almig Galisma tiirii yazilar YK tarafindan degerlendirilir.
Gerekirse hakem gorusu alinir.

Ayrica, EM Dergisinde tanitim yazisi, haber, séylesi, ani ve ¢eviri gibi farkli yazi tirleri
YK degerlendirmesi ile yayimlanabilir.

Yazi Gonderme

EM Dergisi Yazi Kurallar’'na uygun bir sekilde yazilmis yazilar, elektronik ortamda
http://omys.mmo.org.tr/endustri/ adresinden génderilir. iletigim yazarinin e-posta ve
posta adresleri, faks ve telefon numaralari agik¢a belirtimelidir.

Ucretlendirme

o Dergimize yayimlanmak i¢in génderilen makalelerden herhangi bir basvuru
Ucreti alinmamaktadir.

*  Yazarca dergiye gonderilip hakem tarafindan degerlendirilen bir makale yayim-
landiktan sonra, bir yillik aidat Ccreti Oda tyesi olan ilgili yazar veya hakemin
mevcut aidat borcundan disdilir.

JOURNAL OF INDUSTRIAL ENGINEERING EDITORIAL POLICY

Journal of Industrial Engineering (EMD) is a refereed periodical which is published
quarterly by TMMOB-MMO (Turkish Chamber of Mechanical Engineers).

Target Audience
The targeted audience of the journal comprises researchers, educators and prac-
titioners in the fields of Industrial Engineering (IE) and Operations Research (OR).

Objectives of Publication

It publishes academic manuscripts on the developments, processes, and tools in
the fields of IE and OR.

It publishes for the purpose of extending the successful practices in IE and OR and
enabling the sharing of experiences.

It provides a ground to transfer different views on the profession and discuss these
viewpoints.

It promotes the formation of a common professional language in the fields of IE and OR.

Principles of Publication

EMD is prepared for publication by the Editorial Board. The Editorial Board selects
the material to be published by consulting the referees.

It holds an objective attitude towards authors, readers, and institutions.

It ensures and encourages variety in topics.

It publishes manuscripts which are qualified in terms of content, language and form.
Publication language is Turkish and English.

The fact that a manuscript is sent to EMD indicates that:

. The relevant manuscript has not been published previously in another journal.

. It will not be under the editorial evaluation of another journal as long the
evaluation process in EMD continues.

. Once it has been approved for publication, EMD acquires the right to publish
the manuscript and the manuscript cannot be published in a different language
or domain without the approval of the publisher.

Types of Publication and Evaluation

In accordance with its publication objectives and principles, EMD gives place to a
diversity of studies that are of interest to its readers such as manuscripts, applications,
technical notes, communication articles, dissertation abstracts, and works which have
received an award.

A manuscript is an original work which contributes to the relevant literature.

An application is an article that describes the consistent, rational and successful
applications related with a professional topic, and thus, contributes to the practice
of the profession.

A technical note is an original article which contributes to the relevant literature but
which is limited in scope compared to a manuscript.

A communication article is an article which contributes to the practice and applications
of the profession and which has a potential to initiate philosophical discussions and
bring in new developments regarding the profession. Reviews of an article, a book
or software related with the field are treated in this category.

A dissertation abstracts is the summary of the dissertations of the researchers who
completed their PhD within last 2 years.

A prize-awarded work is an article which has been evaluated according to certain
criteria by a jury and deemed worthy for a prize (that is acknowledged).

Manuscripts, applications, technical notes, and communication articles are first taken
under pre-evaluation by the Editorial Board in accordance with the EMD objectives
and principles of publication and a decision is made whether to initiate the process of
referee evaluation or to reject the work. In the process of referee evaluation, the work is
evaluated by at least two referees. The names of the both parties are kept anonymous
inthis process. The Editorial Board approves or rejects the articles in accordance with
the comments of the referees or it asks for further revision of the articles. Throughout
the evaluation process, all the communication is carried out with the contact author.

Dissertation summary and prize-awarded articles are evaluated by the Editorial Board.
If needed, referee opinion can be asked.

In addition, works as diverse as reviews, news, interviews, and memoirs can be
published in EMD as long as they are evaluated by the Editorial Board.

Manuscript Submission

The manuscripts complying with the norms of publication in EMD are sent electronically
to http://omys.mmo.org.tr/endustri/. E-mail and postal addresses and fax and telephone
numbers of the contact author should be clearly stated.

Pricing
*  No application fee is charged for the articles submitted for publication to our
journal.

o After an article the author submits to the journal and the referee evaluates is
published, the annual subscription fee is deducted from the author’s or the
referee’s overall debt, if a member of the Chamber.






