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The role of complexity and flexibility of the
instance in the joint solution approach
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Abstract Many pieces of research address the developmer@wflgorithms and
new solution techniques for decision-making; howewaost of them do not con-
sider the characteristics of instance in their gsia) such as the complexity and
flexibility of the instance. Building a complex m&ld such as a joint model, re-
quires a huge amount of time and effort while tbsufting solution of such joint
models may or may not be the best solution fothalactors involved in the pro-
cess. Therefore, it is important to make an indeptalysis of the instance before
investing the time and effort to build a joint mbde this regard, this paper pro-
vides an instance evaluation procedure to helpsacimakers decide whether to
use joint decision or not for a particular instance
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1 Introduction

The traditional decision-making process is ususdlguential where the best deci-
sion is taken for the first stage of the procegbthen this output of the first stage
is used as a basis for the next stage decisions@mh. However, by using a se-
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guential decision-making process it is difficultrelach an overall optimal solution
as the final decisions completely depend on thet-fitage decision. To overcome
this limitation a joint decision approach offersgeeat opportunity to reach an
overall optimal solution by enlarging the searchcg Joint decision-making can
have many implications since, besides the intriesist and time to develop the
joint model, it may involve a possible change ia tirganizations in order to al-
low different actors to share information and tospade global goals instead of
local goals. This requires a close collaboratiott emordination among the differ-

ent actors involved in the overall process. Intémgl/, many operations man-

agement researchers assume that “integration isst’ rand that cross-functional

coordination and integration are necessary (KetpRi®06). However, in later re-

search, Turkulainen et al. (2012) argued that greefits of integration and cross-
functional coordination are context-dependent aowhetimes disaggregation is
beneficial.

Joint decisions usually result in a paradox sirtee different actors may not
achieve the optimal solution for their sub-openadiin order to achieve an overall
optimal solution. Therefore, a joint decision-makiprocess could be attractive
for some circumstances and unappealing in otheatiins. Considering this par-
adoxical nature of joint decisions, this researtternapts to explore “When is it
advisable to use a joint decision-making procesbveimen is it better not to use it?
The contribution of this paper is to create an tdnse evaluation procedure”
based on the complexity and flexibility of the irste to help the decision-makers
to decide before investing their time and efforthe preparation of a joint deci-
sion model. To this end, the authors argue thit liighly important to consider
instance characteristics before setting out onra gtecision model.

1.1 Characteristics of the | nstance

The instance is the complete set of data that égfihe problem space e.g. in the
case of a scheduling problem the number of dayskews, job shops, production
lines, units to produce and so on. One of the nmgbrtant characteristics of an
instance is the size of the problem, which is deiteed by the number of continu-
ous and binary variables that represent all thaticglships among variables and
parameters. The problem size is considered as armaptributor to the com-
plexity of the instance. However, there are mamgpfactors that need to be con-
sidered when analyzing the instance complexity. ddraplexity and flexibility of
the instance plays a crucial role in the decisi@akimg process. For dynamical
systems theory the complexity measures are usualtyputational complexities
that are a measure of the interactions (Adami, R08inilarly, Heylighen (2008)
highlighted that a fundamental part of any com@gstem is the connected parts
via interactions. These parts can be distinct ancdonected as well as autono-
mous and/or to some degree mutually dependent.ifteéilependence can create



conflicting goals since the improvement of one panld lead to the decrement of
the other part. Therefore, just considering thaltotmber of variables present in
a problem space as the only parameter/measurengilegity is not the right ap-
proach. Many other factors need be considered \ahatyzing the complexity of
an instance. An important work in this regard is \tgnhoucke and Maenhout
(2009) where they characterize the Nurse schedplinglem. In their work, they
highlight four factors to analyze the complexitytbé indicators: a) problem size,
b) the preference distribution measures, c) the@me distribution measures, and
d) the time related constraints.

Similarly, flexibility of an instance is anotherykeharacteristic that needs to be
considered when analyzing a joint decision. Flditjbis “the ability to change or
react with little penalty in time, effort, cost, performance” (Upton, 1994). Thus,
a flexible instance of workers means the extenwhach the employees can per-
form different tasks. In this research, we proposasidering three new factors
while analyzing the instance characteristics. THastors include preference dis-
tribution, coverage distribution and cost dispaisio

2. Factors for instance analysis

In this section we propose and define three indibes need to be considered
when analysing an instance for a joint decisioresehfactors are discussed brief-

ly.

2.1 Preference distribution (PD)

The preference distribution measures the dispem@inang the needs or require-
ments of resources by the different entities oherdcheduling horizon. If all the
requirements are similar the preference of distidlouwill be low, on the other
hand if all the requirements are different thiseixdvill be high. It can be meas-
ured using equation 1. WheFEatity; is the requirement of resources of the entity.

Elivzl(Entityi—Ennty)Z
NumberO fEntities

Coverage = (1)

Entity



2.2 Extra coverage constrainedness (ECC) Rigidity / Flexibility

The coverage requirements are expressed by thegeverf the extra capacity
(availability) of all machines (resources). Wheisthumber is close to 0, we
could say that it is a rigid instance that theradsextra resource; when it is close
to 1 its means that it is a flexible instance megne have some extra resources.
This factor can be measured with the help of eqoai

requirementmachine>
capacitymachine

number of resources

ZMa.chine(1

Req = (2)

2.3 Cost dispersion (CD)

The cost dispersion is a measure that is usedaotify the variation of cost
among the different areas, in which the decisidhbe made together. We will
refer to the total cost of each part, for exampléhie case of the inventory it will
be the total cost of the inventory not the costaxth unit of inventory. It can be
measured using equation 3.

Z?Izl(Costi—Cost)Z
NumberOfCosts

CostDispertion = — 3)

In the next section, these factors are studiedguBinase studies where differ-
ent combinations of the preference distributiontraxcoverage constrainedness
and cost dispersion are tested. The size of tharios is constant and the amount
of resources available helps to characterize thtatte. The three indexes vary
between low (close to 0) and high (close to 1).

3 Case studies and Results

The computational experience was performed in adaiws-PC with an Intel

Core 7, 8 GB of RAM, running Windows 7, with theMWS 3.14 mathematical

modeler and Gurobi 6.0. A maximum stop criteriorB600 sec was set for all in-
stances.



3.1 Casestudy 1

In a car assembly line, the production sequencddhbe decided for the planning
period. Each workstation could deal with a prodarctiate, which means that a
workstation could install X high trim componentscleay cars. In the event that
the number of high trim components is higher, amaeutility worker has to come

to help, with a penalty cost. Each station installdifferent type of component
that needs to be next to the assembly line befaserieeded. The transportation
vehicles carry these components from the warehtmusige workstations where it

is assumed that all the components exist. Each Infadea set of characteristics,
such as engine, rims, tires, steering, etc. Thesgonents could have different
trims (Low or High). All the models are differembfn the other models in at least
one type of component. The components requirechett @orkstation are deliv-

ered as a kit. The model was implemented using anireeger linear program-

ming. A detailed description can be found in (Paliet al. 2014a). There are 3
main decisions that have to be taken and are ysiaddn sequentially.

1.The production sequence that minimizes the usetod etility workers.
2.The distribution cost of components that minimizassportation cost.
3.The inventory level that minimizes the inventorgto

The first index will be calculated as the deviatwinthe number of high trim
elements that each car requires, and the averaiye will be the one for which
the assembly line was designed. For the second,iritde machines will be the
workstation and transportation vehicle. The requast of workstations of the car
assembly line will be the requirement of each caddeh for this workstation,
while between the production ratios and for thengpmrtation vehicles, the re-
quirement will be the demand for the use of a Vehiand its capacity will be the
transportation capacity.

The results of the experimentation are presentetiaine 1. Where the first
column of the instance defines the instance witipeet to three indexes, and the
left part of the table is the result of the traahitil sequential approach while in the
right part is the result of the joint approach. mising results appear when the
preference distribution is high, and there is diitgramong the tasks that have to
be done. Also when there is extra coverage of ressuwsince there is flexibility of
the allocation. And finally when there is diversif/the cost there are promising
results, especially when the biggest cost contibig the last of the sequential
model.

Table 1 Result of Case Study 1.

PD,ECC,CD Sch  Transp Invent SeqD Sch Transgnvent JointD  Savings

L,L,L 504 1432 928 2954 638 1424 796 2858 3%



L,LH 594 716 9283 10593 638 715 7921 9274 14%
LHL © 1439 902 2341 0 1426 813 2239 5%
LHH o 720 9023 9743 22 716 7979 8717 12%
HLL 308 1435 944 2687 308 1434 834 2576 4%
HLH 308 718 9436 10462 396 714 8124 9234 13%
HHL © 1436 947 2383 0 1424 795 2219 7%
HHH 0 718 9469 10187 O 712 7952 8664 18%
3.2 Case study 2

The teaching hospital plays a key role in the lheadtre system. Inside the hospi-
tal, the main part of this structure is the opagatiooms, since the majority of the
patients go through the operating room

The scheduling of the surgeries is important stheevacant time of the operat-
ing room, the idle time of a surgeon, and the etiin@ cost of the operating room
impact directly on how the hospital functions. Aalked explanation of the model
can be found in (Pulido et al. 2014b). There amai decisions that have to be
taken and are usually taken sequentially.

1.The doctor who perform the surgery that minimizes éxtra time. Each sur-
geon has a different expertise and could perfosurgery faster or slower.

2.The operating room schedule that minimizes the mMattane of the surgeons
and idle operating rooms.

The first index will be calculated as the deviatminthe length of the surgery
against the average surgery duration. In orderatoutate the second index the
machine will be the surgeons and operating roorhs. fEquirement of surgeons
will be the total length of the duration of the genies that could be performed by
a surgeon between the shift length (capacity) wihigerequirement of the operat-
ing room will be the total length of surgeries thah be performed in this operat-
ing room between the shift lengths.

Table 2 presents the results. First the indexed,uben the overtime, vacant
OR time and surgeon waiting time cost for the satjakedecision and the same
three cost for the joint decision, and the savifidge Joint Decision is advisable
with promising results when the preference dispars high, because when it is
low the results are negligible. The role of the Ei€@ninor, since it plays a com-
plicated role, as there is a penalty for the exdsources (vacant time cost). The
dispersion of the cost is also important, especiaten the cost of vacant time is
high.



Table 2 Result of Case Study 2.

PD,ECC,C Over Over

D T VacT WaitT SeqD T VacT WaitT JointD  Savings
L,L,L 1307 885 362 2554 1387 885 210 2482 3%
L,LH 980 885 620 2485 1040 905 360 2305 8%
L,H,L 0 1020 350 1370 13 885 210 1108 24%
L,H,H 0 1020 600 1620 0 1135 120 1255 29%
H,L,L 1027 1545 58 2630 1307 1065 58 2430 8%
H,L,H 770 1545 100 2415 980 1065 100 2145 13%
H,H,L 40 990 362 1392 40 1065 58 1163 20%
H,H,H 0 1050 540 1590 0 1035 100 1135 40%

4 Prescriptive framework

A prescriptive framework is developed based onltgsand acquired experience
is presented. With a more detailed analysis ofitipeit data, we can assess the
preference distribution of the instance, the egtraerage (flexibility/ rigidity) of
instance, and the homogeneity of the cost. If #wmilts of this preprocessing of
the data are promising, we can decide to takeehliegtep and start to build a joint
model.

When the preference distribution is low, which meeaimilar products or tasks
need to be produced/performed, the benefits ofdire Decision decrease. On the
other hand, if we have bigger diversity the resotisld be promising.

The extra coverage constrainedness plays a keyandevill depend on wheth-
er there is a penalty or not for having extra resest However, if there is no extra
coverage the possible savings will decrease.

The major influence that we found is cost dispergmce when it is low the
results are not so promising, but when there iggh Hispersion then it is neces-
sary know the position of the most expensive ceghés plays a key role. When
the highest cost is the final decision, the possiialvings increase considerably.

However, for choosing the right type of modelsiimportant to take into con-
sideration the number of actors or the size ofptfedblem since this will determine
if we use exact or non-exact methods. The goal guitlyi frequency of decision
and uncertainty should be taken into consideratioadvance in order to decide
on exact or non-exact methods.

For the reason mentioned previously, we suggedyzng the likelihood of
savings based on the preference of distributiongiage of the instance and ho-
mogeneity of cost. Figure 1 shows the proposeduatiah process/ procedure.



| Assessment of indexes: PD, ECC, CD |
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Determine the limitation of the model

|
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ks theosyslteen(l)too Nature of the decision = Financial impact
COmpIEX £ Supporting tools available

LYCS Decision makers = Organizational change

Explore non exact Evaluate Joint
methods. decision

Fig 1. Instance Evaluation process

5. Conclusion

The major benefit of a joint decision is the poksitost savings, thanks to the bet-
ter utilization of key resources. The decreasééndost is accompanied by an im-
provement in the key performance indicator sucthasise of resources or the de-
crease in overtime. As expected, the use of a joodel increases the size of the
model, the complexity and the solving time. Whea tomputational time is high
other non-exact solution methods should be evaluaith the risk of a decrease
in saving for non-achievement of the global optimum

The range of possible savings for the same problesitgg a joint model de-
pends on the data is quite large, but the bottomik close to zero. Then, before
deciding the type of model, we suggest pre-evalgatie instance as in some cas-
es the implementation cost can be higher thanatimgs. Therefore, in some cas-
es it is better to use the traditional sequentigraach since the preparation of a
complex model does not guarantee enough savingsstify the development of
the joint model. Hence, this research concludesahg possible savings of a joint
decision are case-dependent and every case shewdsddtuated before investing
time and effort in a joint decision approach. Thsefinstance should be evaluated
from its complexity and flexibility perspective.

As a further work we intend to test the proposeaniework using more case
studies, which can be generalized to other aredsytto help other researchers
and practitioners to decide when or not it is yeétiause a joint decision.
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