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Abstract
One of the most important problems for distributmempanies is to find the
best locations for depots and to find proper roftesransportation vehicles to
optimize their supply network. This study intendsdevelop a model for the
problem of location-routing in post offices. Soneaw bi-objective location-
routing problem for locating town post office amslting parcels is defined.
This problem is modeled through the mixed-integerathamatical
programming. The aim of the proposed model is tecsgotential post offices
and to find optimal routes for transportation védgcwhiletime constraints are
taken into account. The proposed model is appliearieal case study including
eight main post area and 21 regional offices inrdeh Iran. A goal
programming approach is proposed to solve thisbp@ative optimization
model. An optimization Software is used to code aotlle the associated
mathematical model. Some required parameters oitbdel such as demands
are estimated using Geographical Information Sys(&if) and simulation
methods. The results of proposed model including dbjective functions,
decision variables, and proposed routing of vehitlave been compared with
the existing practical solutions. Sensitivity arsgdyon main parameters of the
proposed models is accomplished and the resuligragzed. This comparison
illustrates the efficacy and applicability of ouoposed approach.
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1- Introduction

Location-routing problem (LRP) is a combinationtefo types of planning. In LRP, decisions are
made about the location of facilities (equipmemps, depots, storages, points, etc) and the raftes
transportation vehicles. Finding a proper solutionLRPs can help managers to make right decisions
about the positions of facilities (distribution ¢ers and depots) and transportation plans. The main
difference between LRP and classic location prokitethat in the former (after determining the piosis
of facilities), the routes among customers andifees are considered as a network; on the othed hia
the latter, it is assumed that there are directesomamong customers and facilities. This incredses
distribution’s costs. Therefore, in contrast taliti@nal location problem, in location-routing ptetn, the
aim is to find the optimal locations for facilitiesd also the optimal routes. Maranzana (19@4¢d that
the costs of transportations are highly affectedthy location of factories, depots, and distributio
centers.

LRP has a lot of applications in the real worte of which is its application in post distrilmurti
systems. In fact, in such networks, the locatiohfaailities must initially be selected in order have
easy access to sub-locations and customers. Tietest routs must be found for the delivery amd th
collection of postal parcels. Looking at the stanetof post distribution networks reveals that ¢hisra
very close relationship between such networks hadtructure of LRPs. First, in the postal systets,
locations of facilities (or post offices) are sa¢gt In the process of location-selection, somarpaters
are important, such as the location of officeseastibility, etc. If proper locations are selected fost
offices, finding the optimal routes for the shiprheh postal parcels is faster, easier, and chedper.
number of parameters are important in the procdssoating, such as time constraints, type of
transportation vehicle, traffic, and type of postvices requested by the customer. Based on theeabo
mentioned issues, an efficient location-routing hodt in post system reduces various expenses and
increases customer satisfaction. Burns et al. (R@@0e among the first researchers who studied the
problem of location-routing in post distributionsggms. Their study was done in the post network of
Switzerland. The aim of their study was to solveation problem and to minimize expenses.

Since an efficient system for distribution ofspa parcels is crucial in large cities, managergehto
design macro-plans to improve the efficiency of tpsgstem. Tehran, as a metropolitan, is not an
exception. Since Tehran is among the high-crowdgekcan efficient plan is necessary for findimg t
proper locations of post offices and the best éde transportation vehicles. This study is cordddn
Tehran Post Office (TPO), which includes 8 maintaweas. These areas are associated with postffic
(minor areas). Every post office is considered sglset or a branch of a main post area.

As mentioned, Tehran has eight main post amssh) one including a number of post offices. The
number of these offices in each area is dependettieosize of the area and its population. Theze2ar
regional offices across Tehran. The main post cafigtributes postal parcels among post areas ksod a
receives and collects parcels sent from these .af&asreceived parcels are prepared to be serthéw o
cities. The routes for the transportation of poptakcels are selected on the basis of perviousipigrn
order to prevent any delay in delivering postalcpi. Figure 1 shows the schematic view of eighhma
post areas in Tehran.



Fig.1. Areas of Tehran Post Office

LRP has a lot of applications in daily life ofagple. This study intends to show the importanat an
applications of this problem in post distributiopstems. Finding a solution for this problem makes i
possible to offer better services to the peopleaBee of the largeness of post distribution systamnas
the nature of their services, a lot of problemsabserved in these systems. By a full descriptibthe
problem and finding the source of the problems,might obtain an optimal solution in order to reduce
the costs. The expenses of transportation in pesems and post offices are clear. Sine this rekear
intends to find the best locations for post offiaasl the best routes for the transportation of gbost
parcels, it may offer an efficient solution for seproblems in the post system.

The next sections of this paper are organizeilisvs. In Section 2, a brief literature of reddtpast
research works is reviewed. In Section3, the ma#tieal model of the study is proposed and the swlut
procedure is also presented. In Section 4 thestasly and the results are discussed. Finally, oii@e5
the conclusion remarks and future research dineetie presented.

2- Review of literature of past works

The idea of combining location and routing pevh$ originates from an article written by Maranzana
(1964). Transportation costs are highly correlatéth the location of factories, depots, and supply
centers. The work by Maranzana (1964) is considedok the first article written on location-rowgin
problem. However, it only focused on finding therbst route and the locations. Rond (1976) observe
that some experts were aware of the danger ofa@h@ simultaneous attention to locations and nouti
However, the relation between these two subjects wgaially neglected and many experts tried to solve
the problem of location without the inclusion ofitimg.

The first exact algorithm for the solution of BRvas proposed by Laporte and Nobert (1981). lim the
study, a station was chosen and several transiporteéhicles were used. They employed Branch and
Bound (B&B) Algorithm. They found that rarely thedi location for the station is the closest knaht®
center of gravity. Laporte et al. (1983) examinkd tocation problem of several stations with fixed
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expenses. In that problem, there was only one leshicthe station and the assumptions of excluding
minor trips were taken into account.

Ting and Chen (2013) suggested an Ant Colony Atgorifor solving LRP. They used 3 ant colonies
for the location of facilities, directing passergeand routing. The first colony opened a number of
facilities and selected them on the basis of phermndata, the proportions of facility capacity, and
expenses of reopening. The second colony direttegassengers on the basis of pheromone data and
their distance from facilities. The mechanism gbaie was used handling the constraints of facility
capacity. Therefore, the first two colonies prodlieesolution for facility location problem (FLP)h&
third ant colony focused on producing a solutionviehicle routing problem (VRP) for every faciliand
its passengers. Routes were selected on the Basisromic considerations and pheromone data.

Jarbouri et al. (2013) suggested Variable Neighdod Search (VNS) Algorithm for LRP considering
no capacity limitation. They employed Variable Ndigrhood Descent (VND) Algorithm as a part of
least squares method. They proposed five varidblethis method of solution. The first four variabl
were related to passengers (passenger entrandeang; passengers’ sequential entrance, reversed
sequential entrance). These four variables werd feeinter-routes and intra-routes. The fifth adle
was related to the closing of a facility and theemipg of other facilities in a random manner. Igith
numerical calculations, they concluded that by gisiemi-random strategy, the movement stage produced
the best results.

De Camargo et al. (2013) studied ‘many-to-manytiocarouting problem’ (MMLRP). They assumed
that exactly one depot should be assigned to ossepger. Every passenger should use a depot ome tim
The location of a passenger is considered as a lozdtion. Their aim was to minimize the expenskes o
establishing the centers, management expensesafisfdérring goods to the depots, fixed expenses of
assigning vehicles to opened depots, and expeakdsd to the distances in the routes. They condbine
the suggested model with the model of Travelinge§akn Problem (TSP). A satisfactory optimal
solution was found by branch and cut method. Ineor test the model, they used depot locating
problems with 10-100 passengers. The largest prollkich was optimally solved by analysis algorithm
had 100 passengers. This was an outstanding rémdguse the problem with 100 passengers was
consistent with the problem with ten thousand gateatss.

ZareMehrjerdi and Nadizadeh (2013) studied LRRsiering unclear demands as fuzzy variables. In
order to solve the problem, they used Nadizad&989) clustering method, which was suitable fozfuz
problems. In order to find the real demands of @agsrs, probability simulation was used. The method
was used for three problems. They posed this quettiat whether a vehicle should return to thdifgci
and board passengers to its full capacity. Thelteesbtained by this method were compared without
taking into account the capacity of vehicles aruilifaes.

Hashemi Doulabi and Seifi (2013) studied loaatiarc-routing problem (LARP) considering no
capacity limitations. Their aim was to reduce thimltexpenses of establishing and installing faesliand
also fixed and variable expenses of vehicle routiffiey considered an upper border for a number of
open facilities and a number of routes which haénbgelected for each facility. They suggested two
formulas: one for the time that one facility is opmd another one, for the time that several fesliare
open. They combined this formula with several \y@da in order to solve the problem rapidly. To solv
the problem, they suggested a repetition proce#ls sicombination of arch-variable approach and
location assignment. The first thing to do was igit\the route and assigned it to the closestifgciit
each stage, LARP was considered as the gate ofdbt which can go beyond the upper limit of a
number of facility routes and combine with eacheotione by one. Location assignment approach
repetitively showed facilities open and close.sisigned routes to various facilities. Routing amchtion
assignment continued until the time that no pragress observed.

Govindan et al. (2014) investigated two-echdlBf within a time-window. They opened the facilitie
of echelons considering fixed expenses. Routes wadoelated at two echelons and two objectives were
investigated: (1) Reducing the overall of fixed tsosf re-opening of facilities and variable expeneé
routing of vehicles; (2) The impact of the systememvironment. These researchers presented a comple
integer programming model on the basis of archaldels with 49 types of equation. The calculations
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were made for 12 random samples with 4-12 zerolecheets, 8-18 one-echelon fleets, and 12-30
passengers. By taking into account the four varfanstions of the model, it was compared with multi
objective genetic algorithm.

Rieck et al. (2014) studied many-to-many LRPhwseveral types of goods and the possibility of
movement between collection and delivery locatidrfarious types of goods were produced in one or
several locations. Also, every type of goods cdédrequested by one or several locations. Thereawas
fleet of similar vehicles at the center. These &lelsi could go through three types of route: (1) tMul
station pick up route which in which the vehicleegan emptily, and (before delivering any passenger)
passed one or several locations and then retuonibe tcenter fully or emptily; (2) Direct routestiveen
departure and arrival centers; (3) Multi-statiotiviey routes which are filled by one center anefone
delivering any passenger, pass one or severaidosaand embark passengers and finally returnéloeto
center emptily. Every vehicle went into one routsd\ it had to move along the routes continuousity u
it reached to its destination.

Burns et al. (2000) studied post parcels defiyeoblem. In their research, postal parcels vairectly
sent from post centers to postal parcels procesgnters. Finally, they were sent to delivery unitsese
postal parcels were delivered to the customerselicles that passed several stations (processirigrse
were delivery depots). The objective was to selleetlocations of delivery and transportation oftpos
parcels toward processing centers and deliverirgy parcels to the customers. In this problem, sute
were the mediations between customers and deloamiers. Burns et al. (2000) modeled the case using
LRP. They included the expenses into the problethcaaiculated an approximation of these expenses.
Regarding the expenses of routing, an approximaiifothe length of route must be included into the
problem. In this way, the problem of location-roigtiwvas made smaller and was turned into a location
problem of a simple system. The problem was sabyeBranch and Bound method.

Wasner and Zapfel (2004) investigated parcalicemproblem which was closely related to many-to-
many LRP. Vehicles had to pick up and to deliverplarcels. The main location and the routes h#e to
selected. All depots had to be connected to eaudr dity the mediation of a center. In this problem,
hierarchical approach was used. The routes of leshigere selected by a heuristic method.

Lischak and Triesch (2008) investigated manyaamy LRP postal parcel services. Postal parcele wer
directly transferred among depots. Locations of riegority of depots which were connected to each
other by the center were initially selected. Withamy regard to the locations of other depots, the
capacity of all depots had to be determined. Tlmynted depots and used pick up-and-delivery method
to calculate routing expenses. Also, they obtaaredpproximation of the length of the route.

Hosseininezhad and Jabalameli (2016) presentedulti-objective continuous covering location
problem in fuzzy environment. The presented modes an extension of the discrete covering location
models to continuous space. A fuzzy programming apgalied for converting the model to a single
objective one. Finally, a numerical example witmsstvity analysis was expressed to illustrate the
presented model. Kordjazi and Kazemi (2016) propasehree-objective model in location-allocation
problems using combinational interval full-rankiagd maximal covering with backup model. Mohamadi
and Yaghoubi (2016) proposed a multi-objective nhadedetermine the location of transfer points and
hospitals to provide timely quick reaction for tieg injured people as well as to determine unbédia
and reliable depots for the distribution of medésrand medical equipment. To solve the model, the
hybrid meta-heuristic algorithm was proposed.

Based on review of past literatures, severabgap recognized in LRPs. Multi-objective variaots
LRPs have received less attentions during pastsyedthough, the real applications of LRPs are
involved in multiple objective problems. Uncertgiris another concepts existing in most to theodll
LRPs in real life problems. For instance, demardilify availability, routing, and cost parameters
usually are mixed with a great amount of uncenjaibdinfortunately, there were low numbers of undarta
LRPs in literature of past works. Few studies ha@en done on location arc-routing problem. Singe th
problem has a lot of applications in urban distiidru systems and also post systems, more work is
needed to be done on this problem.



In this study, we are going to develop and auste a bi-objective LRP in order to locate sitegpost
offices and to route the parcels from post offitesward customers using fleet of vehicles. Several
practical constraints will be considered in thegased model.

3- Proposed model and solution procedure

In this section, a model is proposed in ordehamdle the post office location and routing of tpos
parcels. The proposed model is a bi-objective mikxgeger mathematical programming optimization
which considers several practical real world caists. The first and second objective functions are
minimizing the total cost of the system and minimizthe total delivery time of parcels to customers
respectively. These two objective functions areflediive. On the other hand, minimizing the totalst
of the system will increase the delivery time, amidimizing the delivery time will increase the totast
of the system. Under such situation, finding compise solutions on the Pareto front of the problem i
interesting. Several set of constraints are astutia the vehicles, customers, and locations erb#sis
of real world situation.

3-1- Problem assumptions

Assumptions of the proposed model are summarizéallasss:

-Candidate locations for post offices are fixedinigithe period of planning.

- Customer demands in each region are known aimdaed during the period of planning.
- Costs of potential post areas are known and fikethg the period of planning.

- Every vehicle belongs to only one post area.

- Parcels of all customers must be delivered dutiegoeriod of planning.

- Route begins from a distribution center and endee same center.

- There is a maximum permissible delay for thewvae)i of parcels to the customers.

- The average speed of vehicles throughout theistknown and fixed.

- Transportation routes are known and fixed dutirgperiod of planning.

3-2- Notations
The notations used in the proposed model are prexsas follows.

Sets:

| Set of potential location nodésl,...,m

J Set of customer nodésl....,n

K Set of vehicles K=1,...,k

V Sets of customer nodes and location nddds

Parameters:

N Number of customers

K Number of vehicles

O Fixed cost of establishing the location in site

Py Transportations cost of vehidte

0 Fixed cost of transporting parcels frata Bbcationito customej
d; Distance between locatiand locatiorj

i Time of traveling from locatidrto locationj by vehiclek

Ex Maximum permissible length of the route for vehicle



Decision Variables;

1 If vehiclek goes directly from locatidnto customey
10 Otherwise

_[1 Ifalocation is established in site
|0 Otherwise

_{1 If customejj receives services from locatic
i

~ |0 Otherwise
T =20, Time of offering services to custom

3-3- Mathematical model

Considering the problem assumptions and notstidghe following bi-objective mixed integer
mathematical programming Model is proposed to hatik location of post offices and routing of post
parcels.
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y,0{0,4 OiOl 13
z,0{0,%4 0iO1I,jOJ (14)
T >0 (15

3-3-1- Description of proposed model

Objective function (1) minimizes overall cost the system, which includes the cost of establishin
distribution centers and cost of delivering parcelsthe customers as well as transpiration costs.
Objective function (2) minimizes the maximum tinfedelivering parcels to the customers in a routt. S
of constraints (3), which is written for each cumsew, guarantees that every customer uses only one
vehicle. Set of constraint (4), which is writtemr fmach vehicle, guarantees the maximum length utero
for every vehicle. Set of constraint (5), which ugitten for each vehicle, guarantees that the
transportation time for every vehicle is limiteddamust be lower than a given time T. Set of coirdtra
(6), which is written for each site location i, asalch vehiclé, guarantees that every vehicle must meet a
customer before leaving that location. Set of aast (7), which is written for each vehicle, guatees
that every vehicle returns to the same locatiomfwhich it begins its movement. Set of constra@)t (
guarantees sub-tour elimination in final solutidrtiee model. Set of constraint (9), which is writtfor
each customgr each site location and each vehiclie, guarantees that a given customer can be assigned
to a given location if there is passing route fromstomer to location (or vice versa) using vehiclSet
of constraint (10), which is written for each dibeationi, guarantees that if a location is established, a
vehicle is certainly assigned to it. Set of coristrél1) guarantees that there is no direct roraenfone
location to another location. Set of constraint)(1@3), and (14) defines the domain of decision
variables. Constraint (15) guarantees that the mmaxi time of delivery to customer is a continuous
positive variable.

Due to our best knowledge customizing Model((B) has some new insights in the field of planning
in post offices which can be summarized as follows:
- Incorporating two objective functions (i.e., fotast, and delivery time) has never been consitlere
previous work in the field of post office planning.
- Set of constraint (4), which guarantees the manr length of route for every vehicle, has nevarbe
considered in the field of post office planning lglit is an essential constraint in real world.
- Set of constraint (5), which guarantees thatrwesportation time for every vehicle is limitecddower
than a given time has never been considered iffiglte of post office planning while it is an essaht
constraint in real world.

3-4- Solution procedure

When a mathematical programming has more thae objective, i.e., the multiple-objective
programming, the objectives may show conflictivédagor in a way that optimizing all of them cannot
be accomplished through one unique feasible smlutiosuch cases multiple-objective decision making
(MODM) techniques may be utilized. Goal Programmif@P) is among the well-known MODM
technigue which makes generating compromise saolsitid a multiple-objective programming possible.

The main aim of GP is to achieve a set of objestsimultaneously (Charnes and Cooper, 1955% Thi
method was initially used by Charnes and CoopeBXL9Then, a number of other researchers such as
Lee (1972), Ignizio (1976), Romero (1991), and diavg1994) employed this method. It has been
proven that GP is consistent with the concept oéf®aoptimization (Jones and Tamiz, 2010).

3-4-1- Weighted Goal Programming

In weighted GP, a certain value is selectechasgbal for every objective. Then the related dbjec
function is formulated. The aim is to find an answhich minimizes the weighted sum of deviations of
each objective from its associated goal. In ordeexpress the problem by a mathematical language,
assume thaty, x,, x3, ..., X, are decision variablek is the number of objectives;; (j = {1,2,..,n}) is



thej-th coefficient decision variable in the objectiumctionk(k=1, 2, ..., K), andy is the selected goal
for k-th objective. It is intended to find an answer ethis as much as possible close to the goals as
demonstrated in Equations (16)-(18).

n

chlxj =0 First goal  (16)
j=1

n

ZC]ZXj =0, Second goal (17)
j=1

) :

Dy X, = g goalk (18
j=1

Since simultaneous examination of all goalsaspossible, GP can be formulated in the followivey
in which the objective is to minimize the sum o¥iddions from goals.

K n
Z= kzll (Zlcjkxj - gk)l (19)
R

The absolute term in (19) can be replaced with lhelp of some new auxiliary positive decision
variablesZ in (19) can simply be re-formulated using (20))(21

Ve =D CyeX =g (k=12,..,K) (20)
It
Z=21Yl (21)
k=1

Sincey, can take positive and negative values, their p@sidind negative elements can be replaced with
yi+,andy,- as positive variables, respectively. 34,can be rewritten as (22).

Yi =Y. =Y yLZO, y-kZO (22)
The GP model can be written as (23)-(26)
K
Minimize Z=> (y. - y.) (23)
k=1 K K
Subject to:
Z;cjkxj —(yl: - ylg): a (k=12,..,K) (24)
=
y.20,y.20 k=12.K (25)
X, >0 (G=12,..n (26)

Usually, in real cases, some objectives haliglaer significance compared to the other objestivie
addition, in a particular case, deviation from ideaone direction might be more significant congzhto
another direction. These differences can be induite the formulation by the help of weighted
coefficients W+, Wy-), which are related to variablgg-andy,+, respectively. These weighted
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coefficients measure the relative significanceestitts of deviations. Therefore, main objectiv&ef can
be written as (27).

K
Minimize Z :Z‘l(wﬁ Y, * V\/k yk) (27)

4- Case study and results

4-1- Case study of Tehran post offices

The proposed model of this study is implemeinea real case study of Tehran post offices in otde
optimize the location of post offices and to imprathe routing of post parcels. More formally, the
problem is how to select locations for Tehran Foffiice and how the routes of post parcel must be
chosen. In other words, we intend to select a numbkcations from among the potential locatioos f
post offices and also choose optimal routes forckehr There are 8 candidate locations for postedfin
Tehran. These new candidate locations have beemshd-igure 2 using red stars.

Fig.2. Candidate locations for establishment of post ef{fghowed by stars)

Since the number of customers of Tehran Post®f large enough, non-deterministic and usually
follows a probability distribution function, numbef customers who received services in all posisiod
Tehran in last 12 months was considered as thelsamgstimate the demand of areas. The geographic
coordination of all demand records during theseriihths was determined in Tehran. Then, map of
Tehran was gridded into 20 equal areas using haarand vertical lines as shown in Figure 3. Numbe
of request in each grid divided to all requestsrduthe last 12 months was assumed as an estimated
probability of a request from a grid. The centegadvity of requests in each grid was calculatedgus
geographical coordination of grids and the estichgbability. Twenty centers are shown in Figure 3
using blue stars. These star centers are goodagistimof requests in each area.
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Fig. 3.Estimated Demand Point of customers of Tehran Bfiste

Based on Figure 2, and Figure 3, the assocfatdzlem of the case study contains 20 demand nodes
and 8 candidate locations for establishment o§site

4-2- Associated weighted GP for proposed model
The following GP model (28) is proposed for smdvthe proposed Model (1)-(15).

Min = d, — | XW, + d; XW,
Costmax _ Cosf‘nln Tmax_ Tmm
fl(y,Z,X)_ d1+ + dl_ = gﬁost
fz(T)_d;"'dz_ =0
X OFS (28)
Where,d,"is a positive decision variable associated withpgbsitive deviation from the goal of first

objective,d; is a positive decision variable associated withrigative deviation from the goal of first
objective, d,” is a positive decision variable associated with piositive deviation from the goal of

second objectiveq, is a positive decision variable associated withriegative deviation from the goal
max -T min

of first objective,Cost™ — Cost™ is range of first objective function (1J, range of second
objective function (2)9..iS the goal value for the first objective functio@), is the goal value for the

second objective functionf,(y,z, X) is the equation of first objective function (),(T) is the

equation of second objective function ()] FSrefers to constraints (3)-(15), afd, andv, are the
relative importance of deviation from the goalghaf first and second objective functions, respebfi
It is notable that dividing thel, to Cost™* - Cost™, and alsod,” to T™ -T ™" results a

common range for both objective functions and miiee summation meaningful. The ranges of both
objective functions have been calculated usinglsiogtimization of each objective function. The diéb
(28) was codified in GAMS Software. The resultsl wé presented in the following sections.

4-3- Results

The results of single-objective optimization fbe first and second objectives on case study haee
presented in Table 1. In the single-objective ojaittion of cost, it is expected that only one depdbe
activated for the minimization of expenses. As banseen in the Table 1, the maximum time of trip is
141 hours, which is considered to be high. On therchand, in the single-objective optimizatiortiofe,
expenses are increased up to ten times, and thiemomaxtime of routes is reduced to one-tenth. Is thi
condition, all depots are active and there arefferdint routes for offering services to customers.|
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notable that the weights of objective functionsegaally set to 0.5 on the basis of experts in delpost
office administration center.

Table 1.Results of single-objective minimization on theecatudy

Expenses Time | Active locations Route(s)
Cost minimization | 5000302737 | 141 1 i1-14-1-4-12-11-13-6-
2-16-7-3-17-15-10-19-
8-5-9-20-18-i1
Time minimization | 5.95003E+10| 14 1-8 i1-19-1-16-17-18-i1
i2-11-i2

i3-14-i3
i4-15-7-4-i4
i5-20-5-3-i5
i6-6-10-i6
i7-12-9-8-i7
i8-13-2-i8

In order to obtain the maximum value of eacteotiye, every objective is optimized separatelye Th
results have been presented in Table 2.

Table 2. Results of single-objective maximization on theecatudy

Expenses Time | Active locations Route(s)
i1-3-7-13-i1
i2-9-8-6-19-1-10-i2
i3-18-i3

i4-11-i4

i5-14-i5

i6-20-16-i6
i7-2-17-12-i7
i8-5-4-15-i8
i1-14-1-4-12-11-13-
6-2-16-7-3-17-
15-10-19-8-5-9-20-
18-i1

Cost maximization | 59500464860| 40 1-8

Time maximization | 5000302637 | 141 1

Considering the minimum and maximum values aaddor objective functions of case study, the
goals and other parameters of GP are set as follows

Cost™=5950046486(
Cost™=5000302737
0.,,=5000302737
T "*=141
Tm™ =14
9r =14
w,=w,=0.5
The results of solving Model (28) are preserfite@iable 3. As shown in Table 3, there are 6 roated

6 active depots. The overall expenses are 42 mijllinich is different from its goal value. On thiner
hand, the maximum time of routes is 19, which @selto its ideal value (14).
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Table 3.Results of GP on the case study with 20 nodes atep8ts

Expenses (Billion)

Time

Active locations

Route(s)

42

19

1,3,4,6,7,8

i1-19-14-17-2-18-i1
i3-12-20-i3
i4-15-13-3-i4
i6-1-8-11-i6
i7-7-10-5-i7
i8-4-9-16-6-i8

On the other hand, the proposed GP can provigigakfied and compromise solution considering the
goals of both objective function.

4-4- Sensitivity Analysis on Parameters of Proposed M odel

In this sub-section the sensitivity analysispafameters of proposed model is presented. Onkeof t
most important parameters in sensitivity analysighie value of goals. So, the sensitivity analysis
accomplished based on the value of goals. Tabt®wsthe results of this analysis.

Table 4.Results of sensitivity analysis of goal values

First goal (Billion) | Second goal (Hour)| Expenses (Billion)| Time | Active locations Route(s)
il 817 19 20 4 9 16 6 2 18 i1
12 . 1 e L7 i7 7 12 15 13 3 11 5 14 1 10 if
i1 1920157 124916 62 i1
12 o 1 o L7 i7 13 311514 1 8 17 10 18 i1
i7 712 41513 3 115209
3 — g . ! 10 18 16 17 19 14 1 8 6 2 i7
i1 19 11 5 20 15 7 13 3 14 1 18
55 120 S 126 ! 16 6 2 12 4 9 8 17 101
i119 14 7 15 13 3 9_2i1
17 50 16.5 50 1,2,7 i116 4 5 1 12 11i1
i7 10 6 18 20 8 177
il1 18 4 11i1
2205 14 119 i2
31 30 29.5 30 1,2,3,7,8 i3 9215 7.3
i7 13 3 8 17 10 i7
i8 12 16 6_i8

It is notable that in the third column of Tabléhé estimation of cost does not include the routiogt. It
can be concluded form Table 4 that locations 1, Arade activated in the most cases. So, these two
locations are reliable and robust. These locaticars be assumed as suitable choice in presence of
variability of goals. Moreover, it can be seen ttet routing of a unique location is different be goals
changes.
Another important parameter is fixed locatiorstc&o, the sensitivity of results against fixedakion
cost of candidate facilities is accomplished aral ribsults are presented in Table5. The objectiw co
includes fixed location cost, and construction cdste values of first and second goals are set2as 1

billion and 50 hours, respectively.
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Table 5.Results of sensitivit

analysis of fixed locatiosst candidate facilities

Cost of Cost of Total cost Routing cost Time Active Route 1 | Route 2
location 1 location 7 (Billion) (Billion) locations
L 19 i712 15
redol 7 13 14
4 6 10 0.299 61 1,7 20 4 9
1862
25 Juf 18 7 7
10 il —
19 ir 7 13
L D 20 4 15
5 6 11 0.298 61 1,7 14 1 18
12 9 8
16 17 6 2 i
10 i1 -
12118 1 47 7 13
16 17 13711 20
6 6 11.5 0.314 62 2,7 19 5 14
1862 15 12 4
; 9 10 .7
i2
i119 11| iz 7 13
14 1 18| 3 5 20
4 5 9 0.256 61 1,7 16 17 8| 4 15 12
6 2 1|9 10 i7
i18 17 | i7 7 12
19 5 20| 4 15 13
5 5 10 0.281 61 1,7 9 18 16| 3 11 14
6 2 1| 1 10.7
L19 1713 3
11 14 1 5 20 4
6 5 11 0.256 61 1,7 8 17 16
6 2 18 15 7 12
: 9 10 7
il
1195 i712 4
Ve 8 15 7 13
4 7 11 0.284 61 1,7 17 10
16 6 2 311 14
: 1 18 i7
il
i110 16| i817 8
1195| 6 2 20
5 7 11 0.321 63 1,8 14 7 12| 4 15 13
9 18 il1| 3 11 .8
i18 6 1 i213 20
19 11 5 I
6 7 11.5 0.301 63 1,2 4 9 16
314 2 17 10
18 i i

As can be concluded from contents of Table &,attive locations are changes due to change éd fix
location cost of candidate facilities. Althoughsimme case no change is seen in the active locatioites
the optimum routing plans are changed.

It can be concluded form Table 5 that the lac®til, and 7 are the most selected locations. Tthese
locations are almost selected under all scenaviosdsts.
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4-5- Obtained results versus practical experiences

As mentioned in this study, the aim is to sefmatential locations for the establishment of puffites
and to optimize the routing of vehicles of thestlggshed offices in order to offer suitable seegido
customers. Based on the values obtained by theopeopmodel of this study and the current practical
values of Tehran post Office, a comparison is maiies comparison has been shown in Table 4.

Table 4.Results of proposed model VS practical results

Active location: Number of active | Expenses (billior | Time of trip (hour
routes Tomans)
Practical 1,2,3,4,5,6,7, 17 73 28
experience
Proposemnode 1,3,4,6,7, 6 42 19

The data collected from Tehran Post Office sltiuat there 8 active post centers in Tehran. Alsexet
are approximately 17 routes. The expenses of toatatjon, locations, and time of trip have beeregiv
in Table 4. Based on the results obtained fromstiiation of the proposed model of this study, odly
centers and 6 routes were active. A comparisondmtwhese two sets of data shows thatthe proposed
model of this study can significantly reduce botpenses and time of trips. In fact, the resultaioled
in this research can help us to improve the cuisgnation of Tehran Post Office system to a sigaift
extent.

5- Conclusion and futureresearch direction

In this study a new type of bi-objective locatimuting problem was developed and customized for
post office location and routing problem. In themosed problem, the aim was to locate the posteoffi
sites and to optimize routing of vehicles transfigrithe post parcels to customers. The main objesti
were total cost of the system and the trip timeze8ad logical and practical constraints due to reanf
post offices and transportation fleets were alsasitiered in the problem. The problem was modeled
using a bi-objective mixed-integer mathematicalgpaonming. A solution procedure based on goal
programming was proposed to handle the model.

The proposed model was applied on a real dasly n Tehran's post offices wherein there were 20
demand points and 8 candidate site locations iera establish post offices. The demand pointewer
estimated based on geographical information systedhrequests received in the past 12 months. The
model was applied on case study and the results wempared with existing practical experiences.
Sensitivity analysis on main parameters of propasediels was accomplished and the results were
analyzed. The proposed model showed a consideradiletion in both total cost of the system and trip
time of delivery of parcels to customers. The psgsbmodel can be used in order to reduce cost and
improve the level of service to customers. The nadints and achievement of this study can be
summarized as follows:

- Customizing location-routing problem for locatingsp offices and delivery of post parcels

- Developing abi-objective mathematical programmirapei for the problem

- Solving the associated problem using weighted gamiramming approach

- Applying the model and solution methodology in al mase study

- Employing a sensitivity analysis on parametersroppsed model and comparing the results
with those of experimental procedure

Some suggestions can be made for future resarthe location-routing problem of this study waas
combination of the two problems of locating andtirmyt Location problem is a strategic problem. The
period of decision-making for this problem is bedwe5 and 20 years. On the other hand, routing
problems are operational problems. In these prohlatacisions are made on a daily basis. In multi-
periodic form of the problem, combining the expendated to locations over a long period of timd a
routing costs during the associated period of ismaore logical and produces better results.
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The proposed model of this study can be custniand used in other similar systems such as
electricity production-distribution, water resouroeanagement systems, pharmaceutical distribution
systems during crisis, blood supply-distributiorsteyns, waste collection networks, and snow removal
systems.

In this study, goal programming method was engaoin order to generate compromise solution. It is
notable that in GP varying goals will lead to diffiet answers. However, the variety among answers
cannot easily be recognized. Other multi-objectivethods can also be used in order to generateoParet
front of the problem including several non-domihg®lutions. In this way, decision-maker can select
the preferred answer from among the existing Paaeswvers. Heuristic and meta-heuristic methods can
be assumed as alternative solutions proceduresge-kcale problems.
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