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ABSTRACT

Adistribution activity in a company will related the problem ofvehicle routing. There
are several of Vehicle Routing Problem variants and one of them is Heterogeneous
Fixed Fleet Vehicle Routing Problem. The problem has several main characteristic
which are there is several different type of vehicles with limited number in a fleet
which has also different capacity and also cost. The objective is to design the vehicle
routes that minimize the total relevant cost with satisfying all customers demand,
visiting each customer exactly once, and originating and terminating at a depot. In
(his research a classical heuristic Holmes and Parker algorithm used to solve cost
minimization ofHeterogeneous Fixed Fleet Vehicle Routing Problem. The proposed
algorithm is easy to implement and understand and also can provide a good solution.
'The solution generated by proposed algorithm shown the better than the current route
in the total relevant cost that implemented by the company.

Keywords: distribution, vehicle routing problem, heterogeneous fixed fleet, Holmes
and Parker algorithm
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CHAPTER I

INTRODUCTION

LI Background

Heterogeneous Fixed Fleet Vehicle Routing Problem (FIFFVRP) is a variant of

Vehicle Routing Problem (VRP) that occasionally exists in the company for

distribution activity. HFFVRP is the extension of VRP with addition terms of the

heterogeneity of vehicle used with fixed fleet. Feiyue et. al (2007) explain the words

of heterogeneous terms respect to different in capacity, fixed cost, and variable cost of

the vehicle in the distribution activity while fixed fleet represents the number of

available vehicle used in a fleet is limited. The problem is related with designing a set

of vehicle route to distribute the goods in order to satisfy the customer needs andalso

to minimize the sum of the total relevant cost (fixed cost and variable cost). The route

that designed must ensuring that each customer visited exactly only one times by one

vehicle with the route start and ending at a depot, the accumulated cargo cannot

exceed the capacity of each vehicle and also use no more vehicles than those

available.

The research of HFFVRP firstly suggested by Tailard (1999) with the name of

Vehicle Routing Problem with Heterogeneous Fixed Fleet. The first published

research about HFFVRP done by Tarantilis et. al (2003) that used a method called

List Based Threshold Accepting (LBTA). Until now, the HFFVRP research mostly

focused on the method used. Only one researcher Tuntuncu (2010) that extended the

 



HFFVRP to becomes Heterogeneous Fixed Fleet Vehicle Routing Problem with

Backhauls. The other different also mostly about the asymmetric and symmetric

distance that used, urban transport or Euclidean calculation, and the involvement of

fixed cost (used or not used). Different with the mostly research about VRP that use

homogeneous vehicle and unlimited number of vehicle, HFFVRP has more level of

difficulties. Several researchers stated some difficulties to solve the HFFVRP for

exact solution. Gencer et. al. (2006) stated that HFFVRP becomes one of the most

difficult and complicated in the VRP. Brandao (2011) mentioned that FIFFVRP is

categorized as nondeterministic polynomial time combinatorial problem, it means this

problem requires long computational in order to find the optimal (exact) solution. The

problem is also becomes harder if the problem has the ratio of customer's total

demand and the total capacity of the vehicle is close to one and the demand in various

number, means even to find a feasible solution can be very difficult.

The problem that faced by a company where the research conducted is current

vehicle routes created has not considering to minimize the total relevant cost and

distance yet. The current vehicle routes created based on the estimation of the drivers

to divides the distribution area into two west and east. In the real condition,

implementing of vehicle routes always related with the cost that yielded from the

summation of vehicle fixed cost and variable cost (from the multiplication of distance

traveled and fuel pnce), so that, for the company considering the cost to creates a set

of vehicle route is important to save the money spent in distribution activity. With

minimized the total cost, it will impact the distance traveledby vehicle getting shorter.

 



This research will design a set of vehicle routes that considering minimizing

the total relevant cost in the newspaper distribution which has specific name

HFFVRP. To design a new set of vehicle routes, this research will use Holmes and

Parker algorithm.

1.2 Problem Formulation

Based on the background, the problem that can be defined in routing of vehicles of

Heterogeneous Fixed Fleet for a company as follows:

a. How is the design of vehicle routes that minimizes the total relevant cost

by using Holmes and Parker algorithm?

b. How long the distance of the new vehicle routes created from Holmes and

Parker algorithm?

1.3 Research Scope

The research scope contains of two things which are problem limitation and

assumption. There problem limitations can be described as follow:

a. The Objects of the research are in the PT. Aksara Solopos and Koperasi

Solopos.

b. The regions that will be used are only East Solo and West Solo.

c. The distance is measured in real urban transport.

d. The distance is between two nodes are in asymmetric condition.

 



There are also several assumptions used in this research so that appropriate

with the mathematical model proposed, which are:

a. The customers demand is deterministic.

b. The speed fluctuation and obstacles such traffic light, railway crossing,

and parking area that can influence of variable cost spent (fuel used) are

assumed to be ignored because difficult to measured.

1.4 Research Objective

The objectives of the research arc

a. To determine the vehicle routes for the company so that the total relevant

cost is minimized.

b. To determine the minimum distance traveled of the vehicles.

1.5 Research Benefit

The benefits of the research are:

a. Enrich the knowledge of Vehicle Routing Problem, especially for

Heterogeneous Fixed Fleet Vehicle Routing Problem and its problem

solver method.

b, For the company can improve the current set of vehicle route into the

better one.

 



1.6 Thesis Structure

To becomes an organized writing of research, here below the arrangement of writing

systematic:

CHAPTER II LITERATURE REVIEW

Literature review is the backbone to determine the current study

from the previous related ones. It contains information about the

result of related previous studies and supporting literatures

underlying the research.

CHAPTER HI RESEARCH METHODOLOGY

Research methodology contains flow chart, model that used, the

requirement to build the model, the method to analysis the model,

and how the data is taken from the source and the tools to get the

data.

CHAPTER IV DATA COLLECTING AND PROCESSING

In this sub chapter contains of the recapitulation the data

collected, model building, data processing and analysis. This sub

chapter becomes the basic for result discussion in sub chapter V.

 



CHAPTER V DISCUSSION

Results and analysis contains the results after the data are

processed and analyzed.

CHAPTER VI CONCLUSION AND SUGGESTION

Conclusion and suggestion are the end of the research, consists of

the conclusion of the reserach and suggestion for the next

reserach.

REFERENCE

APPENDIX

List of Table

List of Figure

 



CHAPTER II

LITERATURE REVIEW

2.1 Previous Research

PT. Aksara Solopos is one ofNewspaper Company in the Surakarta city that produces

a well known newspaper Solopos. The company provides newest update of national,

Surakarta city, and surrounds region news. This type ofbusiness requires distribution

activity inevery day. The newspaper as the finish product has to be delivered to theall

customers in the early morning time. One main concern in the distribution activity is

about assigning of vehicles or some vehicles to deliver the products. PT. Aksara

Solopos, has two types ofvehicles that distribute newspaper for Surakarta region. The

two types of vehicles have different capacity, fixed cost, and variable cost. The current

routes are created based on the estimation of the drivers and didn't consider the cost

(fixed and variable). Considering that situation, assigning which customers must be

served by which vehicle is becomes important thing because it is related with the

satisfying the customers with minimize the money spent by company. So that inorder

to get those objectives, the company requires good routing for distribution vehicles.

The problem exist in the PT. Aksara Solopos is related with Vehicle Routing

Problem (VRP) with particular name is Heterogeneous Fixed Fleet Vehicle Routing

Problem (HFFVRP). Heterogeneous Fixed Fleet corresponds to the heterogenic

vehicles (capacity, fixed cost, and variable cost) in the limited number (two vehicles

in a fleet). As stated in the chapter one about the difficulties of HFFVRP, all

 



researches has conducted using heuristic. The HFFVRP research begun from the

suggestion of Taillard (1999) that heuristic column generation method is applicable to

HFFVRP. Then Tarantilis, et. al. (2003) began their research to solve HFFVRP using

List Based Threshold Accepting (LBTA). Tarantilis et. al. (2004) continued their

research to solve HFFVRP using Back Tracking Adaptive Threshold Accepting

(BATA) algorithm. Gencer, et. al. (2006) solved HFFVRP by Passenger Pickup

Algorithm that has principle to make clustering of customers first then routing the

vehicle for the customers clustered. Feiyue, et. al. (2007) solved HFFVRP by Record

to Record Travel algorithm. Jalel and Habib (2010) have solved HFFVRP by using

Hybrid Tabu Search algorithm. Tuntuncu (2010) used Greedy Randomized Adaptive

Memory Programming Search (GRAMPS) to solve HFFVRP. Xiangyong, et. al.

(2010) combined Multistart Adaptive Memory Programming (MAMP) and path

relinking algorithm to solve HFFVRP. Kewei et. al. (2010) used Parallel Improving

Tabu Search algorithm and provide a mathematical model of HFFVRP. Brandao

(2011) using Tabu Search algorithm to solve the HFFVRP.

This research will use a classical heuristicFlolmes and Parker algorithm (1976)

that an extension of Clarke and Wright algorithm (1964) to solve the problem faced by

the company. Holmes and Parker (1976) tested this algorithm to the Heterogeneous

Fleet Vehicle Routing Problem (HVRP) type. This research uses the Holmes and

Parker algorithm to solve HFFVRP which is variants of VRP. The different between

HVRP and HFFVRP are in the number of vehicle available unlimited and limited

(Tarantilis et. al., 2003). HVRP is more appropriate for strategic decision to purchase

or hire the vehicles required by the company, while HFFVRP the vehicles are already

in the company.

 



2.2 Theoretical Background

2.2.1 Vehicle Routing Problem

Vehicle Routing Problem (VRP) becomes one of the optimization problems in

Operational Research that has practical role in the distribution activity. The

distribution activity concerns with the service, in a given time period, for a set of

customers by a set ofvehicles, which are located in one or more depots, operated by a

set of crews (drivers), and perform their movements by using an appropriate road

network (Toth and Vigo, 2002). The Vehicle Routing Problem lies at the heart of

distribution management. It is faced each day by thousands of companies and

organizations engaged in the delivery and collection of goods or people (Cordeau et.

al, 2007). Much progress has been made since the publication of the first article on

the "truck dispatching" problem by Dantzig and Ramser (1959). The Classical Vehicle

Routing Problem (VRP) is one of the most popular problems in combinatorial

optimization, and its study has given rise to several exact and heuristic solution

techniques of general applicability. Toth and Vigo (2002) gives a brief introduction

for the basic things from Vehicle Routing Problem (VRP). This problem has several

basic important things that will always exist in any kinds of VRP types. Here below

the explanations of VRP.

In particular, the solution of a VRP calls for the determination of a set of routes

that each perfonned by a single vehicle that starts and ends at its own depot, such that

all the requirements of the customers are fulfilled, all the operational constraints are

satisfied, and the global transportation cost is minimized. There are several main
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characteristic or components of VRP which are road network, customers, depots,

vehicles, and drivers, the different operational constraints that can be imposed on the

construction of the routes, and the possible objectives to be achieved in the

optimization process.

The road network, used for the transportation ofgoods, is described through a

graph, whose arcs represent the road sections and vertices may correspond to the

depot, terminal, and customer locations. The arcs can be directed or undirected,

depending on whether they can be traversed in only one direction (for instance,

because ofthe presence ofone-way streets, typical ofurban or motorway networks) or

in both directions, respectively. Each arc is associated with a cost, which generally

represents its length, and a travel time, which is possibly dependent on the vehicle

type or on the period during which the arc is traversed. The arc representation in

distance dcan be in symmetric d0 dj{ or asymmetric d0 fdSi. The distance also can be

measured in Euclidean or in real urban transport.

Figure 2.1 Directed Graphs (a)and Undirected Graphs (b)

The customers also have several characteristics. Each customer has own

demand and possibly in different number that must be collected (waste collection) or

delivered (newspaper). The demand itself can be in deterministic and stochastic,
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depend in the cases faced. The routes performed to serve customers start and end at

one or more depots, located at the vertices of the road graph. Each depot is

characterized by the number and types of vehicles associated with it and by the global

amount of goods it can deal with.

Transportation of goods is performed by using a fleet of vehicles whose

composition and size can be fixed or can be defined according to the requirements of

the customers. Usually the vehicle is starting at a depot and returning can be to the

initial depot or terminal (other depot or home). Vehicle has capacity and usually

represent by maximum weight and volume that the vehicle can load. The capacity of

vehicle can be homogeny or heterogenic and also the number can be limited or

unlimited. Also there is a special vehicle that has special capability depends on the

goods carried (refrigerator inside). The vehicle also has two works like loading and

unloading the goods. There are several costs that occur in operating vehicle such

variable cost (per distance unit, per time unit, per route, etc.) and fixed cost

(insurance, maintenance, driver wages, etc).

The routes has to satisfyseveral of operational constraints. The constraints can

becoming from the nature of the transported goods, on the quality of theservice level,

and on the characteristics of the customers and the vehicles. Some general operational

constraints like along each route, the current load of the assigned vehicle cannot

exceed the vehicle capacity; the customers served in a route can only the delivery

(unloading goods) or the collection of goods, or both possibilities can exist; and

customers can be served only within their time windows and the working periods of

the drivers associated with the vehicles visiting them. Precedence constraints can be
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imposed on the order in which the customers served in a route are visited. One type of

precedence constraint requires that a given customer be served in the same route

serving a given subset of other customers and that the customer must be visited before

(or after) the customers belonging to the associated subset. This is the case, for

instance, of the so-called pickup and delivery problems, wherein the routes can

perform both the collection and the delivery of goods, and the goods collected from

the pickup customers must be carried to the corresponding delivery customers by the

same vehicle.

Vehicle Routing Problem also has several objectives that want to be

accomplished, such as;

a. minimization of the global transportation cost, dependent on the global

distance traveled (or on the global travel time) and on the fixed costs

associated with the used vehicles (and with the corresponding drivers).

b. minimization of the number of vehicles (or drivers) required to serve all

the customers.

c. balancing of the routes, for travel time and vehicle load.

d. minimization of the penalties associated with partial service of the

customers.

2.2.2 Heterogeneous Fleet Vehicle Routing Problem

Heterogeneous Fleet Vehicle Routing Problem (HVRP) is a variant of VRP that has

heterogeneous vehicle in a fleet. The vehicles inside the HVRP have different capacity

and also the cost (either fixed andvariable cost or only variable cost). This HVRP also
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has several variants; two of them are Heterogeneous Mixed Fleet Vehicle Routing

Problem (FhMFVRP) and Heterogeneous Fixed Fleet Vehicle Routing Problem

(HFFVRP).

A. Heterogeneous Mixed Fleet Vehicle Routing Problem

Heterogeneous Mixed Fleet Vehicle Routing Problem; Shuguang et. al, (2009)

explained that Heterogeneous Mixed Fleet Vehicle Routing Problem (HMFVRP) has

todecide how many vehicles ofeach type to use given a mix ofvehicle types differing

in capacity and costs. The fleet is heterogeneous and the available number of vehicles

for each type remains unlimited. The objectives are to find both the fleet composition

and the vehicle routing that minimize the summation of variable cost and fixed cost.

Some times the HFMVRP is only named as HVRP.

B. Heterogeneous Fixed FleetVehicle Routing Problem

Heterogeneous Fixed Fleet Vehicle Routing Problem; Heterogeneous Fixed Fleet

Vehicle Routing Problem (HFFVRP) is the variant of VRP, extension of HVRP.

HFFVRP has same characteristic with HMFVRP (HVRP) which is the used of the

vehicle is heterogenic. The differences are in the objective and the size of vehicle

fleet. Brandao (2010) explained that HFFVRP consists of defining a set of routes and

the vehicles assigned to them so that the following constraints; use no more vehicles

than those available, satisfy customers' demand, visit each customer exactly once, a

vehicle route starts and finishes at the depot, and do not exceed the capacity of the

vehicle. The objective of HFFVRP is to design a set of vehicle route to distribute the
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goods in order to satisfy the customer needs and also to minimize the sum of the fixed

cost and variable cost with subject to the previous constraints. For HMFVRP the

objective are to determine the fleet composition and also make a set of route that

minimizes the total cost. Another difference is the number of vehicle in a fleet for

HFFVRP is limited while HMFVRP is unlimited. For the mathematical formulation of

HFFVRP will be given in the chapter III. This research is focused on HFFVRP. To

solve the HFFVRP, this research will use an algorithm coming from the classical

heuristic called as Holmes and Parker algorithm. To be more understands of the

method that used in this research tosolve HFFVRP, here below the explanation.

2.2.3 Clarke and Wright Algorithm

Route construction methods were amongthe first heuristics for the VRP and still form

the core of many software implementations for various routing applications. These

algorithms typically start from an empty solution and iteratively build routes by

inserting one or more customers at each iteration, until all customers are routed.

Construction algorithms are further subdivided into sequential and parallel, depending

on the number of eligible routes for the insertion of a customer. Sequential methods

expand only one route at a time, whereas parallel methods consider more than one

route simultaneously. Route construction algorithms are fully specified by their three

main ingredients, namely an initialization criterion, a selection criterion specifying

which customers are chosen for insertion at the current iteration, and an insertion

criterion to decide where to locate the chosen customers into the current routes

(Cordeauef. al., 2007).
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Clarke and Wright algorithm was developed by Clarke and Wright (1964).

Clarke and Wright algorithm classified as classical heuristic. This algorithm is a

constructive algorithm that gradually builds a feasible solution while keeping on eye

on solution cost. Clarke and Wright was introduced a concept called as savings.

Savingss becomes the main point of the algorithm work.

Figure 2.2 Savings Concept

Figure 2.3 shows the different of condition without savings (a) and with

savings (b). Saving is the reduction of distance if the vehicle doing the loop 0-1-2-0

without return again to the depot 0-1-0-2-0. Saving between depot 0 and two

customers / andy is formulated below;

Sjj= Saving value of customer / and /

Sij~di0 + d0ij - dij i tj, ViJ- 1,2,3,...,« (2.1)

The algorithm can work in two versions which are sequential and parallel

version. The algorithm works as follows:

Step 1 (savings computation). Compute the savings as in the equation (2.1). Create n

vehicle routes (0, it 0) for / - l,...,n. order the savings in a non increasing fashion.
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Step 2 (parallel version). Starting from the top of saving list, execute the following.

Given a saving sih determine whether there exist two routes, one containing arc or

edge (0,7) and the other containing arc or edge (/, 0), that can feasibly merged. If so,

combine these two routes by deleting (0,y) and (/, 0) and introducing (/', /).

Step 2 (sequential version). Consider in turn each route (0, /, ..., j, 0). Determine the

first saving ski or sjt that can feasibly be used to merge the current route with another

route containing arc or edge (kt 0) or containing arc or edge (0, /)• Implement the

merge and repeat this operation to current route. If no feasible merge exist, consider

the next route and reapply the same operations. Stop when no route merge is feasible.

2.2.4 Holmes and Parker Algorithm

Holmes and Parker algorithm was developed by Holmes and Parker (1976). This

algorithm is using the Clarke and Wright algorithm with parallel version as the

foundation in generating routes. There are several additional concepts in this

algorithm from Clarke and Wright algorithm which are suppression schemas. With

these schema, the solutions that produced by Clarke and Wright algorithm can be

explored deeper and a new better solution can be found. The suppression means the

prohibition of an ordered pair to involve in the current iteration. The suppression

schemas are temporary suppression and permanent suppression. The temporary

suppression is applied to an ordered pair /, j (with specific rule) to the current best

solution for the next iteration so then a new solution is produced. When the new

solution result is better than thecurrent best solution, the ordered pair i,j is suppressed

permanently to avoid the ordered pair i, j chosen again for the next iteration. To apply

the Holmes and Parker algorithm into FIFFVRP, there are some additional
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modifications. In the step 4.4.1, the additional rule added so that the solution will not

violate constraint (3.2). Then in the step 4.5 the Total Cost TC calculated based on the

objective function ofHFFVRP (3.1). The additional rule is added in the step 4.4.3 that

limits the total distance of each vehicle to the distance maximum (use the current

vehicle routes distance). This research using Holmes and Parker algorithm because the

Clarke and Wright algorithm can be used to create a solution for HFFVRP as stated by

Taratilis et. al. (2003). As the beginning of Holmes and Parker algorithm, the

initialization is required for the basic of the algorithm works. The steps ofHolmes and

Parker algorithm shown below:

A. Initialization

In initialization step, there are several steps used to generate the distance matrix then

saving matrix.

Step 1: Distance matrix

1.1 Construct an initial distance matrix D, such that D - [dtj]; i, j= 0,1,2,..,/*

where 0 represent depot and 1,2,...,« iscustomer. When /!=j, letdtJ= 0.

1.2 Determine the demand of each point ct, the number of vehicle of type t is

N, and the capacity of each is Ct.

Step2; Construct the saving matrix [a-/(/]

1.1 Compute saving sfj as in the equation (2.1);

ifstj < 0, set Sfj - 0. Set stJ = 0 for all / =•-/

 



1.2 Letsii0 ^ soj --/, ViJ = 1,2,3...,«. note that.s,v - -1 indicates the presence

of (if) in a current solution.

B. Iteration

The iteration begins to create an initial solution without any suppression schema.

After the initial solution generated, the suppression schema is begun.

Step 3: Determine a candidate pair

3.1 Find the ordered pair ij with the greatest feasible saving such that s^ =

max [Sjj] where (i,j) is defined over all ordered pairs such that sir0 and s0J f

0. Go to step 4.

3.2 Ifsjj - 0, go to step 4.6.

Step 4: Join the point / and/ on a route

4.1 If neither of the points is on a route, construct a new route z and compute

the required demand cz such that

Cz-Cf i cj (2.2)

Then go to step 4.4

4.2 If one point is currently assigned to a route, say z (ij)y attempt to join the

new pair (j,k ) with unassigned point (k) to z. compute total demand cz

where
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cz ~> cz + ck (2.3)

Then go to step 4.4

4.3 If both point are currently assigned to routes, say u (if) firstly selected,

then v (kj) after u selected, attempt to join both routes into one route, z.

Compute the total demand cz where

cz = cu » cv (2.4)

Then go to step 4.4

4.4Join (merging) keyconcept has several principals.

4.4.1 First, check the routes whethertwo same points are in the same route or

not. As an example the ordered pair selected i,j and j,k from the

descending from the largest saving as sid; sjtk respectively. If there is an

ordered pair that has smaller saving value than two ordered pairs before,

and it is suggested (feasible to be selected) such as k,i with saving skJ,

this merged cannot be performed because it is not allowed to visit the

point or node more than one time by one type of vehicle which is in the

example is point i. Then, like the example .s>,( is set to be 0. Then go to

step 4.4.2. This step is added to Holmes and Parker algorithm, so that the

result generated will not violate the constraint (3.2)

4.4.2 Second, Check the capacity restrictions. For the condition 4.1, select the

vehicle with the smallest capacity first C, such that C, > cz , if no such Ct

exist, sets0= 0 and proceed to step3. For the condition in step 4.2, if the
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capacity of the vehicle is not enough, then the merged cannot be

conducted and set the sjk 0 and proceed to step 3. For the condition

step 4.3, If the cz is exceed the capacity of vehicle Cu separate the u ftJ)

and v fkj) then select the next vehicle for the last ordered pairv (k,l) that

has smaller capacity (if exist) or same capacity or larger capacity and

proceed to step 3. The priority of vehicles used is the lowest capacity

first. Then go to the step 4.4.3.

4.4.3 Third, check the distance restrictions. The routes that created can not

exceed the maximum distance stated. In order to make easy the distance

are converted to the cost which can be calculated from multiplying the

distance with each vehicle variable cost.

4.5 Update the savings matrix after an ordered pair selected such that Sjj = -1,

sp = 0 and si,0 - s0J = 0. Repeat the iteration from step 3 until the

condition of step 3.2 happen.

4.6 Save all pair with its saving value sid that already join for every vehicle.

Then compute the total cost TC of all routes as in the equation (3.1). Then

go to step 5.

Step 5: Save the best solution

5.1 If this is the first solution (initial solution), save the cost TC\ such that TC

- TC. Maintain all routes and the order in which points werejoined. Go to

step 6.

5.2 If this is not the first solution and TC > TC, set TC TC, the suppression

number increase, for first suppression L=l; second suppression L=2 and so
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on, and then set stj= 0 in the saving matrix. Note that (i,J) is the pair just

suppressed (suppressed temporally) and further that (ij) remains

suppressed (suppressed permanently) in all subsequent solution. Go to

step 5.4.

5.3 If TC < TC\ let/,-/ Go to step 5.4.

5.4 Maintain the routes formed and the order in which point were joined.

Proceed to the step 6.

Step 6: Suppress specified pairs

6.1 If there is still feasible ordered pair in the current best solution that has not

been suppressed exist, suppress (suppressed temporally) the ordered pair

that joined next in the current best solution, say (i\j") such thatsrj- =-= 0 in

the saving matrix and begin iteration with return to step 3.

6.2 If there is no more joined pair in the current best solution that can be

suppressed, terminate the algorithm.

This algorithm assisted by the tree diagram to know the next suppression pair

and the summary of the solution.
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CHAPTER III

RESEARCH METHODOLOGY

This research methodology contains several sub chapter such research object, model

development, model analysis, data requirement, data processing and analysis, research

result, tools, and research framework. The detail steps of the research arranged in sub

chapters as below:

3.1 Research Object

This research conducted in the Circulation Division and Koperasi of PT. Aksara

Solopos located at Griya Solopos, Adisucipto Street, No. 190, Solo. The Circulation

Division of PT. Aksara Solopos provides service for the customers (agents) for the

newspaper request, inspection of newspaper production, and complaint management;

while The Koperasi regulates the driver and vehicles used to support the newspaper

distribution.

3.2 Model Development

3.2.1 Description

The mathematical formulation is adopted from the inductive study that proposed by

Kewei et.al. (2010) named as the Heterogeneous Fixed Fleet Vehicle Routing

Problem (HFFVRP). HFFVRP is a variant of Vehicle Routing Problem (VRP), which
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makes routes for a heterogeneous fleet of vehicles with various capacity, fixed costs,

and variable costs. This problem called as fixed fleet because it has fixed number of

the vehicle fleet. The problem is to find a set of routes which minimizes the total cost

that starts and ends at the depot such and each customer visited exactly once with

demand from the customers can not more than the capacity of assigned vehicle. The

cost related in this research composed from the fixed cost and variable cost of each

vehicle,

Based on the description above, the mathematical formulation of the problem

can be shown below:

Notations:

/ : index for origin point depot 0 and customers (1,... ,n).

j : index for destination point depot 0 and customers (1,...,«).

dij distance from origin point / to destination pointy.

dmax: maximum distance stated.

C; demand of customer i, and i = (1,... J).

Ct : vehicle capacity type /.

cvk : variable cost of each vehicle A.

cct : fixed cost of vehicle type/.

k vehicle index (1,... ,/f).

TC : total cost.
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V : vertex/node/point.

S : subset of vertex V.

Nt : number of available vehicles in a fleet.

Xj decision variable for customer /, and / = (1,...,/).

aijk : decision for archy/,/^ (1,...,/) with vehicle index £, k=(\,...,K).

Pkt '• decision variable of vehicle type t, t =(\7...,T) with vehicle index k, £=

(1 AT).

Min(TO= lkEK [(«7fc(Zie/ Zjeii*jdij.aiJk))+ (cct .Zter&t)] (3.1)

Subject to:

Zfceir^fe = l Vie/ \{0} (3.2)

ZiG/atok^l v^tf (3-3)

I,jei«ojk= 1 v*etf (3-4)

Eye/, ;>(flyt - Z;e/, /*<*,•* = 0 Vi EI \ {0}, Vk GK (3.5)

IiE/\{0}*;fc • Q < Zterfttt -Q V/c 6 X (3.6)

Zfcejf/?ftt £ Nt Vt€T (3.7)

Z>g5j*» Ziejayfc < \S\ - 1 VS c K\{0},|S| > 2,Vk 6 K (3.8)

cvk ( Zie/ Eye/ i*y dij. aijk) < {cvk . dmax ) VkeK (3.9)

The decision variables are:

- 1, if vehicle k serves customer / and;

0, other wise.
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It decides which customers / are served by which vehicle k.

1, if arc (v/t y,) is served by vehicle k\

"- 0, other wise.

It decides the visiting sequence of the vehicle.

1, if vehicle k is of type /;

he -<

Sw 0, other wise.

It decides the type of used vehicle k.

The objectives function of the HFFVRP shown in the formula (3.01).

Constraint (3.2) shows that any customer can only served by one vehicle except depot.

Constraint (3.3) and (3.4) shows that the routes are starting and ending at the depot.

Constraint (3.5) confines the balance between the flow in and flow out in each node

except depot. Constraint (3.6) shows the capacity limit for each vehicle. Constraint

(3.7) shows the used number of vehicle must be less than or equal to the available

fleet number. Constraint (3.8) shows the sub tour elimination constraint that

guarantees every vehicle conduct one route. Constraint (3.9) the total variable cost of

each vehicle k can not more than the total maximum variable cost of each vehicle k.

 



27

3.3 Model Analysis

Based on the mathematical formulation of HFFVRP above, there are several

parameters that must be calculated which are distance between nodes (distance

matrix), number of demand for each customer, vehicles capacity, variable cost,

maximum distance traveled by each vehicle k, and fixed cost of each vehicle.

3.3.1 Distance Matrix

The graph used is directed graph (digraph) with the distances are asymmetric which

means the distance from / toy will be different with the distance j to /' dtj f- dSi. The

distance calculation based on the real urban transport condition (non-euclidean) and

measured using software Google earth version 5.0.

3.3.2 Demand Conversion and Vehicle Capacity

The demand converted into a unit called as bulk. One bulk contains three bundles

whichare Soloraya, Solopos, and Sisipan and those three called as subnewspaper. The

number of subnewspaper in a bundle is in variant. The number of newspaper in one

bulk may contain less than 200, exactly 200 called as a koli, and more than 200

newspapers called as head. If one bulk of newspaper contains 1 to 200 newspapers, it

will be located in one location in the vehicle (in the box or cabin). If the number of

newspaper in a bulk is more than 200, suppose 350, it is still used in one location

because it is categorized as head. If the number of newspaper in a bulk suppose 450,

then it will located in the two locations, one location for 200 newspapers ( one koli)

and the rest 250 newspapers (head) in another location. The reason of the newspaper
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placement is to avoid a missing newspaper and to make easier for the driver for

newspaper placement that there are three times of docking process for a bulk of

newspaper. The production of Soloraya finished at 12 pm, Solopos at 3 am, and

Sisipan at 3.30 am. There are two docking area which first docking are provides

Soloraya and Sisipan, the second provides the Solopos. There are two versions

(possibilities) of newspaper placement inside the box as drawn in the Figure 3.1 and

3.2.

Figure 3.1 Dimension of Vehicle's Box to the Newspaper Dimension (First Version)
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Figure 3.2 Dimension of Vehicle's Box to the Newspaper Dimension(Second

Version)

Where:

L„ fan) = newspaper length

Wn fcm) = newspaper width

hbt fcm) = vehicle's box type / length

Wbt fcm) = vehicle's box type t width

The calculation of the capacity of vehicle is involve the dimension of length

and widthboth newspaper and vehicle. The formula to calculate the capacity is shown

below.

The first version:

Vehicle capacity (7>z//fe;-- ffWIV,) * fWht/Ltf) t 2 (3.10)

The second version:
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Vehicle capacity (bulks)- f(Lb/Ln) * (W^WJ) - 2 (3.11)

The additional value of two bulks newspaper onabove formula is because utilizing the

space 90 centimeters beside the driver's seat for two bulks of newspaper and some

promotion newspapers with the position like in the second version. The version that

will be used is the version with biggest capacity.

3.3.3 Vehicle Variable Cost and Fixed Cost

Several costs that related with this problem are variable cost and fixed cost. The

variable cost related with the traveling cost for each vehicle to serve node to node and

it will be accumulated in monthly calculation, while fixed costs that occurred also

measured in a month. The formula of the vehicle cost shown below.

The variable cost formula:

cvk (IDW meter/ month) = fuel rate consumption of vehicle fliter/ meter)* 30 (days) *

fuel price (IDR) (3.12)

The fixed cost formula:

cct (IDR/ month) = driver wages (IDR) + maintenance in a month fIDR) + insurance

(IDR) (3.13)

Related with the maximum distance of each vehicle k (dmax)9 it can be stated by

determine the rational maximum distance that vehicle must traveled.
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3.4 Data Requirement

The data used for the research mentioned below:

a. General Profile of Company

b. Newspaper Dimension

c. Vehicles Profile

d. Customers Profile

e. Recent Routes

f. Fuel Cost

The data above taken from some ways, which are:

a. The interview method, which is done by asking directly some questions to

the relevant parties.

b. Field study, directly measure and record the data such as vehicle type and

its capacity, customer demand, and the data related with cost.

3.5 Data Processing and Analysis

The data that already collected then processed by using mathematical calculation

which appropriate with the model of HFFVRP and analyzed by using Holmes and

Parker algorithm. From the data processing and analyzing, the result can be generated

and will be used to provide conclusion for the research.
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3.6 Research Result

After the result that generated after the data processing and analysis has done, then

continued for discussion to know the result from this research and will be used for the

suggestion for the next research.

3.7 Tool

The research conducted with some supporting tools to assist for data collecting and

problem solving. GPS built in from digital camera of PANASONIC DMC-TZ10 is

used to collect the coordinates of depot and customers. The coordinates is placed in

the Google Earth version 5.0 is used to measure the distances between depot and

customers. Microsoft Excel 2007 is used to recordof the data required also processing

data. Data that recorded in the Microsoft Excel 2007 are the distances between nodes

(customers and depot). The processing data using Holmes and Parker algorithm also

conducts in the Microsoft Excel 2007.

3.8 Problem Solving Framework

A study can be said to be correct if the steps to be taken can be categorized

appropriately. This because the steps are correlated each other, so, to understanding of

the problems that occurred, then a framework to solve the problem created. Flow chart

contains the framework of solving the problem shown in below.

 



CHAPTER IV

DATA COLLECTING AND PROCESSING

4.1 Data Collecting

4.1.1 Company Profile

PT. Aksara Solopos and Koperasi Solopos are parties of business in in the Griya

Solopos. PT Aksara Solopos becomes the front company in the Griya Solopos that has

main business related with the news collector to produce as printed newspaper or

published in the web. There are several divisions which exist; such news editorial

division, Human resource division, circulation division, radio, and advertisement

division. Especially for the Circulation division where this research is taken place,

there are two shifts called as morning circulation division and night circulation

division. The morning shift regulates the customer request and complaints, make a

billing for customer request, and distribution of newspaper in general. Night shift

work asthe inspector ofthe after production process which are ensuring thenumber of

customer delivery to customer, informs the obstacles that happen in the night

production as allowance when there is a complaint from customer (lateness of

newspaper delivery). For Koperasi Solopos regulates as koperasi in general, provide a

cafeteria for employee, and has special task which is regulates driver and car that used

for daily operational in the Griya Solopos. Driver wages, car maintenance, insurance

of car, and fuel cost are handled by Koperasi.
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There are several cities of solopos printed newspaper consumer, such

Surakarta, Kartasura, Solobaru, Sragen, Karanganyar, Sukoharjo, Wonogiri, Klaten,

Jogja, Boyolali, Salatiga, Semarang, and Purwodadi. For Surakarta itself there are two

region, which are west Solo (Kartasura and west Surakarta) and east Solo (east

Surakarta and Solobaru). Vehicles that are used have several types such truck with

four tires and pick up car.

Solopos newspaper divides into three parts, Soloraya, Solopos, and Sisipan.

The production of Soloraya finish on 12 pm, Solopos 3 am, and Sisipan 3.30 am. The

docking process done in two places, Soloraya and Sisipan is in the old machine and

the Solopos in the new machine. In the normal situation, the schedules of vehicle

departure are:

a. Semarang, Salatiga, Boyolali on 3.30 am serviced by kijang pickup

b. Klaten and Jogja on 3.45 am serviced by kijang pickup

c. Purwodadi on 4 am serviced by kijang pickup

d. Sragen and Karanganyar 4.15 serviced by kijang pickup

e. Sukoharjo and Wonogiri on 4.30 serviced by suzuki carry

f. East and west Soloon 4.45 serviced by truck and panther pick up.

4.1.2 Newspaper Dimension

The dimension that used to measure the newspaper are only length and width. Length

(/«)= 35cm ; width (wn) = 29cm
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Figure 4.1 Newspaper Dimension

4,1.3 Vehicle Profile

In this research, the focus only in the Surakarta region only (east and west Surakarta),

so the vehicle used are only two vehicles, which are:

a. Truck 4 tires HINO DYNA 2004, 3700 cc, fuel solar, fuel rate

consumption 1litre: 8000 meters;

Inner box dimension box length (lb/) = 247 cm and width (wb}) = 166 cm.

Driver wages = IDR 1.100.000

Maintenance cost = IDR 220.000

Insurance = IDR 150.000

b. Pantherpick up low deck with full box type 2005, 2500cc, fuel solar, fuel

rate consumption 1litre: 10000 meters;

Inner box dimension box length (lb2) = 188 cm and width (wb2) =151 cm.

Driver wages = IDR 1.100.000

Maintenance cost = IDR 140.000
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Insurance - IDR 150.000

The figure of both vehicles are in the appendix.

4.1.4 Customer Profile

The customer profile includes several things; name, coordinates, and demand.

Table 4.1 Depot and Customer Profile

No Name Longitude Latitude
Demand

(newspaper)
0 Depot (solopos) 110.779 -7.5466 0

1 Taji Nasrudin 110.789 -7.55 2125

2 Surya 110.824 -7.5686 1080

3 Teguh 110.824 -7.5708 840

4 Matahari 110.825 -7.5694 680

5 ABC 110.826 -7.5711 295

6 Sendang Mulia 110.832 -7.5695 573

7 Muhammad dkk 110.82 -7.5822 430

8 Indomet 110.814 -7.6028 450

9 Prasasti 110.819 -7.6085 290

10 Palang kereta Hotel Agas 110.808 -7.5593 475

11 Iskak 110.82 -7.5615 660

12 Kendall 110.821 -7.5635 85

13 HadiS 110.817 -7.5685 187

14 Agus 110.798 -7.5631 340

15 Budi Sondakan 110.787 -7.5594 126

16 MajuMapan 110.783 -7.5562 340

17 RS Yarsis 110.771 -7.5585 70

18 Londo 110.739 -7.551 815

19 Bandara 110.749 -7.513 110
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4.1.5 Current Route

The original or current route that conducted by driver to deliver the newspaper in the

Surakarta is shown below.

Truck: Depot-Taji Nasrudin- Surya- Teguh- Matahari- ABC- Sendang Mulia-

Muhammad- Indomet- Prasati- Depot (0-1-2-3-4-5-6-7-8-9-0). The distance

traveled is 260.92 meters in a day.

Panther: Depot- Palang Kereta Api Hotel Agas- Iskak- Kendali- Hadi Sondakan-

Agus- Budi Sondakan- Maju Mapan- RS Yarsis- Londo- - Bandara Adi

Soemarmo- Depot (0-10-11-12-13-14-15-16-17-18-19-0). The distance

traveled is 29.725 meters in a day,

The current route graph are in the appendix.

4.1.6 Fuel Prices

Both vehicles are using same type of fuel which is solar with the prices is IDR 4.500

per liter.

4.2 Mathematical Model Building of Heterogeneous Fixed Fleet Vehicle

Routing Problem

To build the model of HFFVRP, there are several data need to be processed first,

which are customer's demand, distance between vertex (distance matrix), vehicles
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capacity, vehicle's variable cost, the maximum distance of each vehicle, and vehicle's

fixed cost.

4.2.1 Demand Conversion

The demand of newspaper that shown in the Table 4.1 must be converted first to bulk

measurement. Here is below the conversion of newspaper demand.

Table 4.2 Demand Conversion

No Name
Demand

(newspaper)
Converted Demand

(bulk)
0 Depot (solopos) 0 0

1 Taji Nasrudin 2125 10

2 Surya 1080 5

3 Teguh 840 4

4 Matahari 680 3

5 ABC 295 1

6 Sendang Mulia 573 2

7 Muhammad dkk 430 2

8 Indomet 450 2

9 Prasasti 290 1

10 Palang kereta Hotel Agas 475 2

11 Iskak 660 3

12 Kendali 85 1

13 HadiS 187 1

14 Agus 340 1

15 Budi Sondakan 126 1

16 Maju Mapan 340 1

17 RS Yarsis 70 1

18 Londo 815 4

19 Bandara 110 1
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4.2.2 Distance Matrix

The distance between node-to-node (depot to customer, customer-to-customer, and

customer to depot) are measured as real urban transport. To calculate the distance

firstly must know the coordinate of every node, and then the distance measured by

using a tool called as ruler from software Google Earth 5.0. The step of using Ruler to

measure the distance is below:

1. Find the Ruler in the toolbar

File Edit View Tools Add Help

* St.MKh

Fly To Find Busnesses Orectiorts ^Hf^^^^H

-*< ^^^^*" *-^j_ ; i

Show Ruler^K

"""^•Hit,
F!y to-.- . . _ J. .J . • .JB*# M 1 <» ;• 7 "/ '" -

^^^^^^^M

1
«r 1

» f'LiiL»s AddContent *W^W :^«tt>

Jtf>A,
^"^T "

' 4 •. ^\
• Q tg MyPlaces ' Bfflfl^B '~^?W_* ;•* " •*'

-••%•> 3f» ~?M
• J CD Iyrl-._hA: lityi

s£K3i wU^Ki:

Figure 4.2 Step 1 Measuring Distance Using Google Earth
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2. Choose path to measure the distance

WL.

• '-'*•• .iu h Ut -•* ' -K •— «
FlyTo Fnd Businesses ' Directors

FlytCK . .".";" '1.",i"r '•,

Ruler ''l % ...•;, |o

Line Path

,...

Length: 0.00 . '" i*j

w 1
Mouse Navigation ! cleat

•HL^
• PI.ki.-i, ',
- a **? My Places - ^^4MflNHfr '^CliMSBP'S

Figure 4.3 Step 2 Measuring Distance Using Google Earth

3. Measure the distance

i$ Google E«1h JHf^I
File Edit Vie* Tools Add Help

» Sh;h'-Is

RjTo FndBusinesses • Drectsns

Hy to -

r Plji.i.-L AddContent

0*5? My Places
• J D Tur[ihat-lihat k.

^ gusiSO
J nidrjloka6A

' k5g
ta bah

Figure 4.4 Step 3 Measuring Distance Using Google Earth

The distance matrix is shown below and the graphs are attached in the appendix.
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- ((188 cm/ 35 cm) * (151 cm/ 29 cm)) + 2

- ((5,3) * (5,2)) + 2

-(5* 5) + 2 -27 bulks

The second version of capacity calculation will be used for this research.

4.2.4 Vehicle Variable Cost

Variable cost calculated based on the fuel price and fuel rate consumption of vehicle

in a month. The calculation based on the formula number 3.11.

Truck variable cost cv} (IDR/ meter/ month) = fuel rate consumption of truck

(liter/ meters)* 30 (days) * fuel

price (IDR)

= 1liter/8000 meters * 30days *

4500

- IDR 16,875/ meter /month

Panther variable cost cv2 (IDR/ meter /month) = fuel rate consumption of truck

(liter/ meters)* 30 (days) * fuel

price (IDR)

- lliter/10000 meters * 30 days *

IDR 4500

= IDR 13,5 /meters / month
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The maximum distance of each vehicle stated at 30.000 meters.

4.2.5 Vehicle Fixed Cost

The calculation of fixed cost of every vehicle will use formula number 3.12.

Truck fixed cost (cc}) (IDR/ month) = driver wages (IDR) + maintenance in a

month (IDR) + insurance (IDR)

= IDR 1.100.000 + IDR 220.000 + IDR

150.000

= IDR 1.470.000 /month

Panther fixed cost (cc2) (IDR/ month) = driver wages (IDR) + maintenance in a

month (IDR) + insurance (IDR)

- IDR 1.100.000 + IDR 140.000 + IDR

150.000

= IDR 1.390.000/month
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4.2.6 Mathematical Formulation of Heterogeneous Fixed Fleet Vehicle Routing

Problem

Objective function from equation 3.1

Minimize Total Cost

22=i [(cvk (Eft, Zjloj.i dij •aijk )) + (cct. YU &)]

Subject to:

Constraint 3.2

X},1 T *U = I,' X2j + X2,2 = 1,' X3,l - X3,2 = 1 ,' X4,l + X4,2 = 1 ,' X5J +" XS,2 = 1 ,' X6J I X6>2 =

1 ; x7,i - ^7,2 = 1 •' xSJ + xSt2 = 1 ; x$j - x9,2 = 1 ; xl0,i \ x10i2 = 1 ; xJU + xn,2 = 1 ;

X/2,l ' J/2,2 = 1 ; Xjsj - XJ3.2 = 1 i *M,/ I XJ4.2 = 1 i *VJ,7 + X-15,2 = 1 i *;<S,/ + -*/tf,2 = 1 \

X}?,i - -V/7,2 = 1 ; •*;#,/ ; *y«,p = 1 ; Xjgj + X/<?J = 1

Constraint 3.3

19

t=i

19

_ =1 fc = 2

t=l

/ , aiOk =

 



Constraint 3.4

19

= 1 k-1\r j *v2_,ao)k =

19

2^ aojk =1 *=2
;=i

Constraint 3.5

19 19

£ «yk- ^ «jik =0 i=(l). /c-(l,2)
j=0J*i }=OJ*i

19 19

^ ayiE- £ a/fft =0 i=(2), *=(1,2)
j=0.j*i j=0,j*i

19 19

^ «yfc " Yj aJik =° *=(3)' fc =(1'2)
j=0.j*i j=0,j*i

19 19

]T a(/fc- £ ay/ft =0 i=(4), fc =(l,2)
j=0,j*i j=0.j*i

19 19

^ «yft- J] a** =0 <=(5)' ^C1-2)
j~0,j*i j=0,j*i

47
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19 19

2, aUk ~ ^ aJik =° «=(15)' *=(1.2)
j-0,j*i j=0,j*i

19 19

^ «tJk- Y< aJ* =0 /=(16)- fe =a2)
j=0,j*i }-0,j*i

19 19

^ aijk- Y "tt^® i=(17)> *=(«)
j=0,j*i j=0,j*i

19 19

^ ayk- ^ a;ffc =0 i=(18), k=(1,2)
j=0,j*i j=0,j*i

19 19

^ «i;fc- Y attk =0 <=(19)' ^=(1.2)
j=0,j*i j=0,j*i

Constraint 3.6

19

Yx*- ci - YPkt'Ct k=1
i=i t=i

19

^\fe. ^< ^&.Q k=2
i=i t=i

Constraint 3.7

Pn<\\p22<\
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Total cost = (16,875 (1093 . 1 + 5015 . 1 + 333 . 1 + 167 . 1 + 316 . 1 + 1090 . 1 +

2490. 1 +2405. 1 + 1521 . 1 + 11662. 1)+ 1.470.000. 1 ) + (13,5 (3520 , 1 + 1502.

1 +309. 1 + 1062. 1 +2140. 1 + 1319. 1 + 773 . 1 + 1613 . 1 + 3913 . 1 +6170 . 1

+ 7404. 1 )+ 1.390.000. 1) = IDR 3.701.590 per month

4.3 Total Cost Minimization of Heterogeneous Fixed Fleet Vehicle Routing

Problem Using Holmes and Parker Algorithm

To analyze the data, this research applies the Holmes and Parker algorithm. Below are

the steps of the algorithm.

4.3.1 Initialization

Before beginning the iteration, the initialization is required to ease the iteration

process. The initialization steps are below:

Stepl

This step already finished in the sub chapter 4.2.1 and 4.2.2.

Step 2

2.1 In this step, to calculate the saving of each pair, the formula 2.1 is used.

The calculations are:

si.2 = difi + d0,2 - du - 5815 + 6303 - 333 - 11785

There are several savings that have negative value st>j < 0. Then the value

is changed to 0 which are s!9j, sjsj, siw, and s}9>9 = 0
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The other saving calculations are recorded in the saving matrix below.

2.2 This step the value of pairs; s0J, s0i2, s0,s, s0i4, s0t5, s0i6, s0j, s0,s, s0<9, s0,m,

So,!!, So,12, So.13, So,14, $0,15, So,16, S(),!7, So,18, SQJ9, S],(), S2j>, Sjj), Sjj), A'j.ft S6>0, i'7pft

•v«,o, •vp.o, s10,o, sno, sua Sao, s14i0, s15i0, s16i0, ,577,0, s!8,o, and S19.0 are changed

to-1.  
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4.3.2 Iteration

The iteration begun with creates initial solution without any suppression or solved in

the parallel version of Clarke and Wright algorithm. The suppression schemas start

after initial solution found.

A. Initial Solution

The initial solution created without any suppression schemas.
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There are several savings that feasible selected, but infeasible to be merged.

The reason is because the saving violating the principle in the step 4.4. The infeasible

merging saving are:

Violating step 4.4.1 = s9j, s5j, ssj, s6i4, s2,4, s2,i3, snj3, sw.i3, Sm,i6, Si9,u

Violating step 4.4.2 = s}4J3, sw,i4, sij3, sj0,i, sio.m, sJ9,b

Total cost - (16,875 (1093«a/,/ + 1658«/,M,y + 763a]6jSli + 1309«/5,k/ + 3203«M/7,/

+ 3913a77.7s,/ + 6\70a18j9tJ + 7404amj)+ 1.470.000 fin )+ (13,5 (5434^,2 +

1049a,w + 172a4l3l2 + 1347aj,7,2 + 2405aw + 1521«w + 5670a9,5,2 + 1090a5,<u

+ I092a6,2,2 + 902a2,u2 + 3\7al2,n,2 + X5\5a1Uo.2 + 3490a;w) + 1.390.000 p22)

Total cost = (16,875 (1093 . 1+ 1658 . 1 + 763 . 1 + 1309 . 1 + 3203 . 1 + 3913 . 1 +

6170. 1 + 7404. 1)+1.470.000. 1) +(13,5 (5434 . 1 +1049. 1 + 172 . 1 +1347, 1

+ 2405 . 1 + 1521 . 1 + 5670 . 1 t 1090 . 1 + 1092 . 1 + 902 . 1 + 317 . 1 + 1515 . 1

H3490. 1)+1.390.000, 1)-IDR 3.641.586 permonth
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Figure 4.5 Initial Solution's Tree Diagram

B. First Suppression

58

The first suppression saving is taken from the current best solution (initial solution)

which is s8,9 and set ss,9 ^ 0 in the currentsavingmatrix.
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The infeasible merging saving are:

Violating step 4.4.1 = ss,7, ssj, ss,3, $6.4, s2j, s2j3, su,i3, sl0,i3, s14>16, s!9j,

Violating step 4.4.2 = s14iI3, s](U4, Sij3, sWj, s!0j6, s19.13

Total cost - (16,875 (1093%;,; + 1658a/,/(U + 7tta16il5,i + I309a15j4j + 3203aM77,/

+ 3913«/7,/*,/ + 6\70aiH,i9,i + 7404a,w) + 1-470.000 pu )+ (13,5 (5434a0,l3j +

\049a]3:4,2 + \72a4,3,2 + \347a3.7,2 + 3470aw + 1858aw + 4343aSi5,2 + \090a5,6,2

+ I092a6i2,2 + 902a2J2,2+ 3\7aa/u + 1515«u;(U + 3490a10,o,2 ) + 1.390.000p22)

(16,875 (1093 . 1+ 1658 . 1+ 763 . 1+ 1309 . 1+ 3203 . 1 + 3913 . 1 + 6170 . 1+

7404 . 1 ) + 1.470.000 . 1)+(13,5 (5434 . 1 + 1049 .1 + 172 . 1 + 1347 . 1 + 3470 .

1 + 1858 . 1+ 4343 . 1 + 1090 . 1 + 1092 . 1 + 902 . 1 + 317 . 1 + 1515 . 1 + 3490 .

1 )+ 1.390.000. 1 ) = IDR3.642.598 permonth
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Figure 4.6 First Suppression's Tree Diagram

C. Second Suppression

The current best solution still initial solution and the first suppression pair are returned

to its value in the current saving matrix. The second suppression pair is saving s7i8 and

set s7iS - 0 in the current saving matrix.
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The infeasible merging saving are;

Violating step 4.4.1 = sj,8, ss,3, s6,4, s2j, s2j3, snj3, s 10.13, Si4j6, s19j,

Violating step 4.4.2 = s!4j3, sw.14, si.u, s/oj, sioje, s19,13

Total cost - (16,875 (1093a0,ij + l65SaU6.i + 763a16JSJ + l309aJ5J4,i + 3203al4j7,i

+ 3913ay7(/s,7 + 6l70on8j9j + 7404at9,0,i) + 1.470.000 pn )+ (13,5 ($434ao.i3,2 +

1049cc/.U2 + 11204,3,2 + 3747«w + I52las,9l2 + 4193«9,72 + 1485«w + 1090a5.<«

+ \092a6.2j + 902a2j2,2 + 3\7aI2ju + \S\5a,,M2 + 3490a}0,o,2 ) + 1.390.000 P22)

Total cost = (16,875 (1093 . 1+ 1658 . 1 + 763 . 1+ 1309 . 1+ 3203 . 1 + 3913 . 1 +

6170. 1+ 7404. 1)+ 1.470.000. 1)+(13,5 (5434 . 1 + 1049. 1 + 172 . 1 +3747. 1

+ 1521 . 1 +4193 . 1 + 1485 . 1 + 1090. 1 + 1092. 1 + 902 . 1 + 317 . 1 + 1515 . 1

+ 3490. 1 )+ 1.390.000 . 1) - IDR 3.641.626 per month
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Figure 4.7 SecondSuppression's Tree Diagram

D. Third Suppression

The current best solution still initial solution and the second suppression pair are

returned to its value in the current saving matrix. The third suppression pair is saving

s9,5 and set sgts ~ 0 in the current saving matrix.
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The infeasible merging saving are;

Violating step 4.4.1 = s9j, s9J, s4t3, s6j, s6i2, s6j3, sjij3, sio,i3, si9j7

Violating step 4.4.2 = s}4j3, sw,i4, sij3, sin,i, sio,i6, s;9,i3

Total cost - (16,875 (I093a0,u + \65%aU6J + 763a]6j5J + \309aJ5j4,i + 3203aHi7j

+ 39\3ai7>lN,i + 6\70a18,i9j + 7404ai9,oj) + 1.470.000 pu )+ (13,5 (5434^i7.u +

944ct;W +333ai3j + 159^.5,5+ \475a5j,2 +2405aw + \52\a8,9i2 + 5702a9J.2 +

1086a,.w+ \936a6j2j +3\7al2,n,2 + \5\5alu0,2 +3490a,0.o.2 )+ 1-390.000 p22)

Total cost-(16,875 (1093. 1+ 1658.1+763.1 + 1309.1+3203.1 +3913.1 +

6170. 1+ 7404. 1)+ 1.470,000. 1)+(13,5 (5434 . 1 + 944 . 1 + 333 . 1+ 159 . 1+

1475 . 1 + 2405 . 1+ 1521 . 1+ 5702 . 1 + 1086 . 1 + 1936 . 1 + 317.1 + 1515 . 1 +

3490. 1 )+ 1.390.000. 1)~- IDR 3.645.811 per month
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Figure 4,8 Third Suppression's TreeDiagram

E. Fourth Suppression

The current best solution still initial solution and the third suppression pair are

returned to its value in the current saving matrix, The fourth suppression pair is saving

S3j and set s3j = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5t7, s4J, s6i7, s6i2, s!U3, s 10,13, smj6, sJ9j,

Violating step 4.4.2 = s,4j3, sw,i4, sU3, sJOj, s}0,i6, Si9,i3

Total cost - (16,875 (1093a0i/,; + \65%a,J6j + 763aJ6J5j •+ 1309a!5J4J +• 3203«K/7,/

+ 39\3cx!7j8j + 6l70ai8,i9,i + 7404a!W)+ 1.470.000 pu )+ (13,5 (5434a(K!3,2 +

944a13t2,2 + \673a2J,2 + 2405a78,2 + 1521aw + 5670aw + \69a5J,2 + \67a3,4,2 +

\0S6a4,6,2+l936a6Jl2 +3\7a12JU + \5\5a1Uo,2 + 3490aw,<u) + 1.390.000 fe)

Total cost -(16,875 (1093 . 1+ 1658. I + 763 . 1 + 1309. 1 +3203 . 1 +3913 . 1 +

6170 . I + 7404 . 1)+ 1.470.000. 1) + (13,5 (5434 . 1 + 944 . 1 + 1673 . 1 + 2405 . 1 +

1521 . 1 + 5670 . 1 + 169 . I + 167 , 1 + 1086 . 1 + 1936 . 1 + 317 . 1 + 1515 . 1 +

3490. 1 )+ 1.390.000. 1) - IDR 3.645.946 per month
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Figure 4.9 Fourth Suppression's TreeDiagram

F. Fifth Suppression

The current best solution still initial solution and the fourth suppression pair are

returned to its value in the current saving matrix. The fifth suppression pair is saving

s5i6 and set s5i6 = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5,7, s5J, sSl4, s2,6, s2J3, sIU3, s}0j3, sn.m, s,9J,

Violating step 4.4.2 - s}4J3, sWJ4, s}j3, s!0,it s/0,i6, sl9J3

Total cost - (16,875 (1093«,u/ + 1658aA/fU + 763a]6J5J + n09a1Sj4j + 32Q3al4j7,i

+ 39\3a}7jsj + 6\70ai8,i9,j + 7404«/w)+ 1.470.000 pn )+ (13,5 (5434a0,i3j +

2\32al3A2 +9S3a6A2 + \72aw + \347aw + 2405a7A2 + 1521aw + 5670«w +

502a5j,2+902a2,!2.2 + 317«u;u + I5\5a}1,w,2 + 3490am2) + 1.390.000 p22)

Total cost = (16,875 (1093 . 1+ 1658 . 1 + 763 . 1 + 1309 . 1 + 3203 . 1 + 3913 . I +

6170 . 1 + 7404 . \y 1.470.000. 1 )+ (13,5 (543 . 1 \ 2132 . 1 + 983 . 1 + 172 . 1 +

1347 . 1 + 2405 . 1 + 1521 . 1 + 5670 , 1 + 502 . 1 + 902 . 1 + 317 . I + 1515 . 1 +

3490. 1)+1.390.000. 1)- IDR 3.646.797 per month
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Figure 4.10 Fifth Suppression's Tree Diagram

G. Sixth Suppression

The current best solution still initial solution and the fifth suppression pair ,s returned

to its value in the current saving matrix. The sixth suppression pair is saving s4,3 and
set s4,3 ^ 0 in the current saving matrix.
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Theinfeasible merging saving are:

Violating step 4.4.1 - s9J, s5J, Ss,3, s4J, s4J3, s!U3, s10,13l ,sj4J6, s]9J,

Violating step 4.4.2 = s}4J3, sWJ4, sU3l sWih sWJ6l sJ9,,3

Total cost =(16,875 (\093a0,u + \65SaU6t! +763a!6J5j + \309a15,HJ + 3203ai4J7J

+ 39l3a]7,I8,i + 6170a!8,!9! + 7404a]9,OJ)+ 1.470.000 pu )+ (13,5 (5434a„,U2 +

944aa^ +333a2,3,2 +1347«w +2405a7,8j +1521aw +5670aw + 1090«Jftfi^ +

983aMi2+ lQ4Sa4,u2 +317au„,2 + \5\5a!U0t2 +349Qamj) + 1.390.000 (hi)

Total cost = (16,875 (1093 . 1+ 1658 . 1+ 763 . 1+ 1309 . 1+ 3203 . 1 + 3913 . 1 +

6170 . 1+ 7404 . 1)+ 1,470.000. I)+ (13,5 (5434 .1 + 944 . 1 + 333 . 1 + 1347 . 1 +

2405 . 1+ 1521 . 1 + 5670 . 1+ 1090 . 1+ 983 . 1+ 1048 .1 + 317 . 1 + 1515 . ] +

3490. 1)+ 1.390.000. I) - IDR 3.642.841 per month
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Figure 4.11 Sixth Suppression's Tree Diagram

H. Seventh Suppression

The current best solution still initial solution and the sixth suppression pair are

returned to its value in the current saving matrix. The seventh suppression pair is

saving ^,2 and set s6,2 -•= 0 in the current saving matrix.

 



N
o

.

1
0

11 32 13 14 15 1
6

F
ea

si
b

le

P
a

ir

8
.0

9

7
.0

8

9
.0

7

9
.0

5

5
,0

7

3
.0

7

5
.0

3

5
.0

6

4
.0

3

6
.0

4

6
.0

2

2
.0

4

1
3

.0
2

6
.1

3

6
.1

2

1
2

.1
1

Sa
vi

ng

1
9

9
1

0

15
11

1

1
5

0
9

9

12
44

4

1
2

4
3

2

1
2

4
2

7

1
2

4
1

1

1
2

3
1

7

1
2

1
0

9

1
2

0
3

6

1
1

7
5

8

1
1

7
5

4

1
0

4
7

0

1
0

2
4

4

1
0

1
3

0

9
8

9
1

Ta
bl

e
4.

12
Ite

ra
tio

n
of

Se
ve

nt
h

Su
pp

re
ss

io
n

M
er

ge
Fe

as
ib

ili
ty

Y
es

/N
o

y
e
s

y
e
s

n
o

y
e
s

n
o

y
e
s

n
o

y
e
s

y
e
s

n
o

y
e
s

y
e
s

n
o

y
e
s

y
e
s

X
I

c
i

13 12 11

R
em

ai
n

C
ap

ac
ity

R
o

u
te

C
2

(2
7)

C
I

(3
7)

P
an

th
er

(C
2)

2
5

3
7

0,
8,

9,
0

2
4

3
7

2
2

3
7

0,
7,

8,
9,

0

2
2

3
7

21
3

7
0,

7,
8,

9,
5,

0

21
3

7

1
7

3
7

0,
3,

7,
8,

9,
5,

0

17
3

7

15
3

7
0,

3,
7,

8,
9,

5,
6,

0
12

3
7

0,
4,

3,
7,

8,
9,

5,
6,

0
1

2
3

7

Te
m

po
ra

ry
su

pp
re

ss

3
7

3
7

3
7

3
7

3
7

0,
2,

4,
3,

7,
8,

9,
5,

6,
0

0,
13

,2
,4

,3
,7

,8
,9

,5
,6

,0

0,
13

,2
,4

,3
,7

,8
,9

.5
,6

,1
2,

0

0,
13

,2
,4

,3
,7

,8
,9

,5
,6

,1
2,

11
,0

T
ru

ck
(C

I)

0
0

 



T
a
b

le
4

.1
2

C
o

n
ti

n
u

e
d

N
o

.
F

e
a
s
ib

le

P
a
ir

S
av

in
g

M
er

g
e

F
ea

si
b

il
it

y

Y
e
s/

N
o

x
i

c
i

R
em

ai
n

C
ap

ac
it

y
R

o
u

te

C
2

(2
7

)
C

I
(3

7)
P

an
th

er
(C

2
)

T
ru

c
k

(C
I)

1
7

1
1

.1
3

9
5

3
4

n
o

2
3

7

1
8

1
8

.1
9

7
6

0
1

y
e
s

1
8

4
2

3
3

0
,1

8
,1

9
,0

1
9

1
2

3
2

1
9

1
1

.1
0

7
0

0
6

y
e
s

1
0

2
0

3
2

0,
13

,2
,4

,3
,7

,8
,9

,5
,6

,1
2,

13
,1

0,
0

2
0

1
0

.1
3

7
0

0
0

n
o

0
3

2

2
1

1
4

.1
3

6
8

1
7

n
o

0
3

2

2
2

1
0

,1
4

5
4

5
3

n
o

0
3

2

2
3

1
7

.1
8

5
2

8
4

y
e
s

1
7

1
0

3
1

0
,1

7
,1

8
,1

9
,0

2
4

3
5

.1
4

4
4

8
2

y
e
s

1
5

1
0

3
0

0
,1

7
,1

8
,1

9
,0

;0
,1

5
,1

4
,0

1
4

1
0

2
9

2
5

1
6

.1
5

3
1

3
1

y
e
s

1
6

1
0

2
8

0,
17

,1
8,

19
,0

;0
,1

6,
15

,1
4,

0

2
6

1
4

.1
6

3
1

2
1

n
o

0
2

8

2
7

1
4

.1
7

3
1

0
1

y
e
s

0
2

8
0,

16
,1

5,
14

,1
7,

18
,1

9,
0;

2
8

1
.1

3
2

1
8

9
n

o
0

2
8

2
9

1
0

.0
1

2
1

8
0

n
o

0
2

8

3
0

1
0

.1
6

1
4

9
1

n
o

0
2

8

3
1

1
.1

6
1

0
9

1
y

e
s

1
1

0
0

1
8

0,
1,

16
,1

5,
14

,1
7,

18
,1

9,
0;

3
2

1
9

.0
1

17
n

o
0

1
8

3
3

1
9

.1
3

1
6

n
o

0
1

8

C
O

4
*

.

 



85

The infeasible merging saving are:

V.olat.ng step 4.4, -,„ ,„ ,„^^^^^^

Vl°latlng St6p 4A2 — ^,s;,,,sWJ. IHM Sl913,

T«- coSt =(16,„s (lmaojj +1658fl_ +mai6isj +̂ ^ +̂ ^
+m3atTMI +6maiw +7404a/w/)+ ,470000 ^ )+ (i35 {5434a^
^ +22^ +maw +l347aw +2405aw+lmaw +5670a9s2 +
m0a5A2+ ^^ ma— +»'*"«.«» +3490^)+,,90.000/y

TotaIoost^,6.875(1093.H]65S.I+763.1M309.,+3203 ; +̂ ^
6170., +7404. 1)+1.470.000.1)+(I3,5 (5434.,+944.1+22] ,+m ,+

3490. D+l.390.000. I) =IDR3.642.369 per mo„th
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Figure 4.12 Seventh Suppression's Tree Diagram

I. Eighth Suppression

The current best solution still initial solution and the seventh suppression pair are

returned to its value in the current saving matrix. The eighths suppression pair is

saving s;3,4 and set si3<4 = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9J, s5J, s5t3l s6i4t s2i4, s&n, sNj6, s/9J

Violating step 4.4.2 =s}3J4y s!3J5, s!3j6t suo, si3J, s!9,w,

Total cost = (16,875 (1093%;,; + \65%aU6j + 763ai6J5J + \309ai5,i4,i + 3203aJ4,i7,i

+ 39\3a!7J8ii + 6]7Qai8,19,i + 7404a/w)+ 1.470.000 pu )+ (13,5 {3S20aQjna +

\5Q2aio,iu +309aiU2,2 +954aa4,2 + \72a4i3,2 + 1347aw+ 2405a7,s,2 + \52\a8,9t2

i~5670a9i5,2 + 1090a5,6,2+ I092a6,2,2 + 954a2J3,2 + 5423am2) + 1.390.000 p22)

Total cost -(16,875 (1093 . 1+ 1658. 1 + 763 . 1 + 1309. 1 +3203 . 1 +3913 . 1 +

6170 . 1 + 7404 . 1)+ 1.470.000. 1)+ (13,5 ( 3520 . 1 + 1502 .1 + 309 . 1 + 954 . 1

+ 172 . 1 + 1347 . 1 + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1

+ 5423 . 1 ) + 1.390.000. 1) = IDR 3.640.978 per month
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1st Suppression X~'X X XXX ^"\ / ~\ y-\ yy .----, ,,---, ,•--, '-~ ~———— -—— -_
IOR3,642,598 "v!V"^^

2nd Suppression /'X yy /"X/'""'• y"\ y~y .-~\ XX XX .X "X' X'' X:"' XX' v—' "'—' '••--' v--y
IDR 3,641,626 VWJ^J^

3rd Suppression XX /""X X~X /' X y"y .--'••- .--y ,-'-, XX ..-X X' X"' y; '--"' ~X v—"/ X-''
IDR3,645,811 V.^./H^^X^)(iT.l^n.io)^M^n^ia)^^ 2.3>^6)(9.4 >(s.7\^.5 V'̂ H'i*")

4th Suppression X~XX'XXX/'"X /""'> X~N yy yT-- /-'-• yy XX XX X;' XX '"r"' Xr"
IDRTMS4K 1,'l6n!4-,7}il6-l^Hi5,l4}-{i7,]«H:]],ioWlK,i9:./ii]iV6.i2X/n7V^XXX,XXlX/\XXyX..3,645,946 A^H^W^^

5th Suppression /'"X ''"'"--• /~\ yx y"y y--- y~y ,-X ,-X X-X XX XX X-;" 'XX Y
ll)R3,646,797 V^-^^J W4^Vi^,\ 0} \1M9)(i3,M}(2,13Vi3,6\(3,2)(mX^Ys,«V3.7'i

6thSuppressionXX X"\/~\ yy/"X yy /-y --y, XX y~X XX XX XX ">:'
IDR3,642,84i V^^ '̂̂ H?*'1^^^^J'IS/1?lJ^(!»-l»K?2.1!>(4.1 ^H,13*2)^ 2^ K*•* V^-3~>-/j.6';

7thSuppression XX y"\ y'y /-~y y-^ .--x ,--N X-y XX /X XX XX XT-"'
IDR 3.642,369 V^Pl^i [^M^Wl ,1 oVf^8,19>Jl 2,11>(6.12^ 13,2 >-^2,4 ^6.2 V-1,3 "}

8th Suppression X~"X/""X X~X'"'" ' -""X '"^ '"~~- <'"-• -'"y ••"••, -:-y -r-"
IDR 3,640,978 i' •' 6/(14-'7 h.l 6,15 H15,14} i17,1 S^l 0,11 V;i 8,19 Xn,12Vf 2,13 )/12,4\/] ^V62^

V /' -

Figure 4.13 Eight Suppression's Tree Diagram

J. Ninth Suppression

im;

(2,12

y~.

(is.14;

(16,15)

(14,17)
i

/U6 I

00 o
& 3

The current best solution is change to the result in eighth suppression and then the

eighth suppression pair is removed permanently from the current saving matrix sL%4
and set *„,, =0in the current saving matrix and remains zero in all next iterations.

The ninth suppression pair is saving s,„ and set *„., =0in the current saving matrix.
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The infeasible merging saving are;

V.olatmgstep4.4.1 =,,, ,„ ,,,, ,M, ,^ ^ ^ ^ ^

Violating step 4.4.2 =,-,,„, ,-,,„, ,-,,„, ,„.,, s,w

Total cost - (16,875 (W93a0JJ +1658«,,w +763„M/5, +^^ +̂
+39l3al7J8J +6I70«W,M,, +7404«„,0,,)+ J.470.OOO fin )+ (13,5 (5207a0,„., +
317a„.„, +1261«w.„ +,72«,w +,347^+2405^ . ,521aw +5670a,,.,
+1090«,,y 1092a,w +954a2,;« +1935a,U(U+3490«m, )+ 1.390.000fe)

Total cost =(16,875 (1093.1+ 1658.1+ 763. 1+1309. 1+3203.1 +3913.1 +
6170 .1+7404 . 1)+ 1.470.000. 1)+ (13,5 (5207 .1+317 .1+1261 .1+172 .1+
1347. 1+2405 .1+,521 .1+5670 .1+,090 .1+1092 .1+ 954 .1+,935 .1+
3490. ,)+ 1.390.000. 1) =IDR 3.647.755 per month
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2nd Suppression X,X XX,X, X"X /'"X /'"\ y~\ /"'\ /'~"\ /~X /"\ /"~y ,-~~y yy yy y-, .-"-\ yy yX
M,16XH,I7-16,15X;i5,H.:.iI7,18l^n,IOj!X|8,19Wl2,ll (2,12 X13,4Hi 6,2 V 4,3 X5,6 I(3,8 U7,5 ^97 U78^89^_ y \_ _./ \_y \ y \ / \ /\ / \ / \^ / \ / \v ,' \ / \ I \ 1 \ J \ j \_ J '• ;IDR3,64i,626 '''

IDR 3,64!!^
4th Suppression XX X~X '""X XX XX XX Xy XX XX /" ^ ''""X '""X X"y /"X -•""'•> <-,"JX
IDR3 645 946 V A '̂ H '̂yl15'14}^18^1*10 '̂'̂ 11^1 ^13,2 '̂ " ^ 4'6 'h '4 '' 5'3 ':'3J ^ 9,S '

5th Suppression /' X XX X"'~ /"""X XX XX XX <""X /'""\ y~y /"--, /"~y ,""•, .-"••-. Xy

IDR3646 797 \U6,Kv14'l7;ll '̂15)^5'iV\l7.|SXn',0}iv'8'19H12J1K^llx1^6/' 5'2 XMH4>3 V5-fi ,K 3'7 '

i^S^w^^
7th Suppression ,-yX X"X XX ,/"X X"X X'X XX X 'X /-"x /_~X •''X X'X -'"^IDR3 642 169 X^1^Hl4,17h[l6,15}{l5,HJU7.18 |̂l,|O^I8,19(/l2,ll)i6,12j\ 13,2'j 2,4 \{6,2 }( 4,3 i

8thSuppression X~~X X~X X'"- X'X X~N X~X XX X"X /"~y -""X ^^ x'x
1DR3,640,978 1^"^^

iz0('l3,4)

(2,13)(2,12V)

111,4^12,11)
X 7 x /
X-x .-X
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Figure 4.14 Ninth Suppression's Tree Diagram

K. Tenth Suppression

The current best solution still eighth suppression and the ninth suppression pair are

returned to its value in the current saving matrix. The tenth suppression pair is saving

s2,i3 and set s2J3 = 0 in the current savingmatrix.
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The infeasible merging saving are:

Violating step 4.4.1 =s9? ?„ «• ,

Violating step 4.4.2 = y,.,, *r sJ4tl3t S/0J4i sll3, sWJi S/0J6i Sl9J3

Total cost =(16,875 (1093a,,, +]658a, , +7«
^ +763a^-' +m9«^i +3203aH/7J^^,i +6170.w +7404awu)+ lmm ^ )+ ow (5^ +

89l«ayy2 +309«/;/„ n-954« , ,-«
*,W l^/as-7>2+2405<X7A2+l521a892 +

To,! Co^(1M75 (1093. 1+1658.1+763, +1309,+3203 ^^
-0. 1+7404. I)+ ,4,0,00, )+(13,5(5434.1+891.1 +309l+954'1 +

3490.1)+,.39o,00.1)^DR3.65o.94Ipermonth
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Figure 4.15 Tenth Suppression's Tree Diagram

L. Eleventh Suppression

The current best solution still eighth suppression and the tenth suppression pair are

returned to its value in the current saving matrix. The eleventh suppression pair is

saving .V///2 and set s;U2 = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5}7, s5t3, sfl,4, s2,4, si3j2, sw,i2, s 14,16, si9,i

Violating step 4.4,2 = sw,i4, sU2, sw.i, sw,}6, s19,12,

Total cost = (16,875 (\093a0J.i + 1658«UM + 763ai6J5J + \309al5,!4.i + 3203a14t 17.1

+ 39\3a17J8J + 6\70ai8.i9.i + 7404al9MJ)+ 1.470.000 pu )+ (13,5 (5207a0Jl2 +

954aa4i2 + \72a4-3,2 + \347a3,7,2 + 2405aw + \52\a8,9,2 + 5670a9J,2 + \090a5,6,2 +

\092a6J,2 +954a2,!3i2+S9lai3JU + I5\5a,u0,2 + 3490«wu ) + 1.390.000 #2)

Total cost-(16,875 (1093. 1+1658. 1+ 763. 1 + 1309. 1+ 3203. 1 +3913.1 +

6170 . 1 + 7404 . l)x 1.470.000. 1)+ (13,5 (5207 . 1+ 954 . 1 + 172 . 1 + 1347 . 1 +

2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1 + 891 . 1 + 1515 . 1 +

3490. 1 )+ 1.390.000. 1) - IDR 3.645.690 per month
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Figure 4.16 Eleventh Suppression's Tree Diagram

M. Twelfth Suppression

The current best solution still eighth suppression and the eleventh suppression pair are

returned to its value in the current saving matrix. The twelfth suppression pair is

savingsis,i9and set s!H,]9 = 0 in the currentsavingmatrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9j, s5j, s$j, s6%4, s2,4, sl3ji, si3iw,

Violating step 4.4.2 = s/3j4, s14,10, si3j3, sjjq, S13J, s}6jo, si3j9

Total cost = (16,875 (7372a0,i9,i + 6227a!9J8j + 3923a/8.i7.i + \882aJ7j5,i +

\309a1Sli4.i + 2058a!4,ic,i + l643ai6rU + 1103«Afl,y)+ 1,470.000 pu )+ (13,5

(3520a0f7o,2 + I502aw,ii,2 + 309an,i2,2 + 954aa4.2 + ^72a4X2 +- \347ah7i2 +

2405a7i8,2+ 1521a,w +5670«9,5,2+ 1090a5,<u + \092aw +954a2,!3,2+5423a}3,0,2 )

+ 1.390.000/b)

Total cost = (16,875 (7372 . 1+ 6227 . 1+ 3923 . 1 +• 1882 . 1+ 1309 . 1+ 2058 . 1+

1643 . 1+ 1103 . 1 )+ 1.470.000. 1)+ (13,5 (3520 . 1+ 1502 . 1+ 309 . 1+ 954 . 1+

172 . 1 + 1347 . I + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1 +

5423 , 1 )+ 1.390.000. 1) - IDR 3.641.046 per month
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s! Suppression X^^^^
IDR3,642,598 v. y X J

2nd Suppression {
IDR 3,641,626 'X_
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Figure 4.17 Twelfth Suppression's Tree Diagram

N. Thirteenth Suppression

The current best solution still eighth suppression and the twelfth suppression pair are

returned to its value in the current saving matrix. The thirteenth suppression pair is

saving s10,11 andsets10,11 = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5i7, s5_3, s6J, s2i4, s}3Ji, sI4J6, s]9J

Violating step 4.4.2 = sI4,n, sUI, si0j, sio,i6, si9,ii.

Total cost =(16,875 (1093^/y + 1658aAM,7 +763ai6J5J + \309a!5J4,i +3203aHi7,i

+ -39X3(117^1 + 6\70a!8J9J + 7404a,9Ai)+ 1.470.000 pu )+ (13,5 (5027«MU +

309a!U2,2 +954au4.2 +X72a4j,2 + \347a3j,2 +2405a7l8t2+ 1521«w +5670a9tS.2

4 1090a5.w+ 109206,2,2 +954a2,i3.2+ 1935a»,/w + 3490a/w )+ 1.390.000 fe)

Total cost =(16,875 (1093. 1+1658. 1+763. 1+1309. 1+3203.1 +3913.1 +

6170 . 1+7404 . 1)+ 1.470.000. 1)+ (13,5 (5027 . 1 +309 . 1 +954 . 1 + 172 . 1 +

1347. 1 +2405. 1+ 1521 . 1 +5670. 1+ 1090.1 + 1092.1 +954. 1+1935. 1 +

3490. 1)+ 1.390.000. 1) = IDR 3.641,073 per month
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Figure 4.18 Thirteenth Suppression's Tree Diagram

O. Fourteenth Suppression

The current best solution still eight suppression and the thirteenth suppression pair is

returned to its value in the current saving matrix. The fourteenth suppression pair is

saving */7,«and set s}7j8 =0in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5t7, s5_3, s6i4, s2,4, sJ3jj, si3j,h si6j7, si9J

Violating step 4.4.2 = s13,14, s!4jo, S13J5, $13,17, si3,m, sijo, s^j, s!9!o,

Total cost - (16,875 (1093aft/(/ + 2798«,,,7y + 1882a,7,75,/ + n09al5j4,i + 205Sa]4j6,i

+ 5362yMS,y + 6\70a,8J9j + 7404al9Ai)+ 1.470.000 pu )+ (13,5 (3520a0,nu +

\502aio,n,2 + 309aJU2,2 + 954a!l4j + 172«w + 1347aw + 2405a7,s,2 +

1521aw + 5670aw + I090a5,6,2 + 1092a*w + 954a2il3,2 + 5432a}3A2 ) +

1.390,000 p22)

Total cost = (16,875 (1093 . 1+ 2798 . 1+ 1882 . 1+ 1309 . 1+ 2058 . 1 + 5362.1 +

6170 . 1+ 7404 . 1)+ 1.470.000, 1)+ (13,5 (3520 , 1+ 1502 . 1+ 309 , 1 + 954 . 1 +

172 . 1 + 1347 , 1 + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1 +

5432 . 1) + 1.390.000. 1)= IDR 3.684.229 per month
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Figure 4.19 Fourteenth Suppression's Tree Diagram

P. Fifteenth Suppression

The current best solution stills eight suppression and the fourteenth suppression pair is

returned to its value in the current saving matrix. The fifteenth suppression pair is

saving S}5j4 andset s15,14 = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5J, s5_3, s6i4, s2j, si3,ii, si3J0, si5J6, si9,i

Violating step 4.4.2 = si3J4, s}4jo, $13,16, sijo, s/3j, s/9io,

Total cost-(16,875 (1093^,/,/+ 1658a;,,M + 206&al6,14j + 1319aM/5,/+ I9\0a]5j7,i

+ 3913 a 17M} + 6l70aj8,i9.i + 7404al9,0,i)+ 1.470.000 pn )+ (13,5 (3520ailil0,2 +

I502a10,u,2 + 309aiU2,2 + 954a/z_u + \72aw + \347a3,7,2 + 2405a7,8,2 +

1521as.su -i 5670«9,5l2 + I090a5i6,2 + \092a6r2,2 + 954a2,!3,2 + 5432a!3A2 ) +

1.390.000 p22)

Total cost = (16,875 (1093. 1+ 1658. 1+2068. 1+ 1319. 1+ 1910. 1+3913.1 +

6170 . 1+ 7404 . 1 )+ 1.470.000. 1)+ (13,5 (3520 . 1 + 1502 . 1+ 309 . 1 + 954 . 1 +

172 . 1 + 1347 . 1 + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1 +

5432. 1 )+ 1.390.000. 1) = IDR 3.641.350 per month
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Figure 4.20 Fifteenth Suppression's Tree Diagram

Q. Sixteenth Suppression

The current best solution still eight suppression and the fifteenth suppression pair is

returned to its value in the current saving matrix. The sixteenth suppression pair is

saving sS6J5 and set si6J5 =0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 - s9i7t ss:7, ssj, s6j, s2l4, s]3ji, s/3jo, si9j

Violating step 4.4.2 = s!3ii4, ,si4j0, $i3,i5, S13.17, suo, si3,i, s!9i!o,

Total cost = (16,875 (1093a<u/ + \\95aU5J + \309aJSj4.i + 2058«My6i/ + I6l3a16j7,j

+ 3913 a 17,18,1 + 6\70a}H,i9j + 7404amu)+ 1.470.000 pu )+ (13,5 (3520«0i/o|2 +

\502aio,iU + 309aiu2,2 + 954a12,4,2 + \72aw + I347a3,7,2 + 2405al8,2 x

152108,9,2 + 5670a9t5i2 + 1090aw + I092a6,2,2 + 954«z,.u + 5432a13i0,2 ) +

1.390.000 p22)

Total cost -(16,875 (1093. 1 + 1195 . 1 + 1309. 1+2058. 1 + 1613 . 1 +3913.1 +

6170. 1 + 7404. 1 )+ 1.470.000. 1)+(13,5 (3520 . 1 + 1502. 1 + 309 . 1 + 954 . 1 +

172 . 1 + 1347 . 1 + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1 +

5432 . 1 )+ 1.390.000. 1) = IDR 3.628,187 per month
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Figure 4.21 Sixteenth Suppression's Tree Diagram

R. Seventeenth Suppression

The currentbest solution is change to the resuit in sixteenth suppression and then the

sixteenth suppression pair is removed permanently from the current saving matrix

s}3jand set Si3<4 = 0 in the current saving matrixand remains zero in all next iterations.

The seventeenth suppression pair is saving s!4j6 and set s!4,i6 = 0 in the current saving

matrix.

 



T
ab

le
4.

22
It

er
at

io
n

o
f

S
ev

en
te

en
th

S
up

pr
es

si
on

N
o

.
F

e
a
si

b
le

P
a
ir

Sa
vi

ng
M

er
ge

Fe
as

ib
ili

ty
Y

es
/N

o

xi
c
i

R
em

ai
n

C
ap

ac
ity

R
o

u
te

C
2

(2
7)

C
I

(3
7)

P
an

th
er

(C
2)

T
ru

ck
(C

I)

1
8

.0
9

1
9

9
1

0
y

es
8

2
25

3
7

0,
8,

9,
0

9
1

2
4

3
7

2
7

,0
8

1
5

1
1

1
y

es
7

2
2

2
3

7
0,

7,
8,

9,
0

3
9

.0
7

1
5

0
9

9
n

o
2

2
3

7

4
9

.0
5

1
2

4
4

4
y

es
5

1
21

3
7

0,
7,

8,
9,

5,
0

5
5

.0
7

1
2

4
3

2
n

o
21

3
7

6
3

.0
7

1
2

4
2

7
y

es
3

4
17

3
7

0,
3,

7,
8,

9,
5,

0

7
5

.0
3

1
2

4
1

1
n

o
1

7
3

7

8
5

.0
6

1
2

3
1

7
y

es
6

2
15

3
7

0,
3,

7,
8,

9,
5,

6,
0

9
4

.0
3

1
2

1
0

9
y

es
4

3
12

3
7

0,
4,

3,
7,

8,
9,

5,
6,

0

1
0

6
.0

4
1

2
0

3
6

n
o

12
3

7

11
6

.0
2

1
1

7
5

8
y

es
2

5
7

3
7

0,
4,

3,
7,

8,
9,

5,
6,

2,
0

12
2

.0
4

1
1

7
5

4
n

o
7

37

13
1

3
.0

4
1

0
5

3
4

Pe
rm

an
en

tly
su

pp
re

ss

14
1

2
.0

4
1

0
3

8
7

y
es

12
1

6
3

7
0,

12
,4

,3
,7

,8
,9

,5
,6

,2
,0

15
2

.1
3

1
0

2
9

5
y

es
13

1
5

3
7

0,
12

,4
,3

,7
,8

,9
,5

,6
,2

,1
3,

0

16
1

1
.1

2
9

8
9

9
y

es
11

3
2

37
0,

11
,1

2,
4,

3,
7,

8,
9,

5,
6,

2,
13

,0
t
o

 



T
a
b

le
4

.2
2

C
o

n
ti

n
u

e
d

N
o

.
F

e
a

si
b

le

P
a

ir

S
a

vi
n

g
M

er
g

e
F

ea
si

b
il

it
y

Y
e
s
/N

o

s
i

C
I

R
e
m

a
in

C
a

p
a

ci
ty

R
o

u
te

C
2

(2
7

)
C

I
(3

7
)

P
a

n
th

e
r

(C
2

)
T

ru
c
k

(C
I)

1
7

1
3

.1
1

9
5

5
9

n
o

2
3

7

1
8

1
8

.1
9

7
6

0
i

y
e
s

1
8

4
2

3
3

0
,1

8
,1

9
,0

1
9

1
2

3
2

1
9

1
0

.1
1

7
0

1
5

y
e
s

1
0

2
0

3
2

0
,1

0
,1

1
,1

2
,4

,3
,7

,8
,9

,5
,6

,2
,1

3
,0

2
0

1
3

.1
0

7
0

0
8

n
o

0
3

2

2
1

1
3

.1
4

6
8

2
6

n
o

0
3

2

2
2

1
4

.1
0

5
4

8
3

n
o

0
3

2

2
3

1
7

.1
8

5
2

8
4

y
e
s

1
7

1
0

3
1

0
,1

7
,1

8
,1

9
,0

2
4

1
5

.1
4

4
4

8
2

y
e
s

1
5

1
0

3
0

0
,1

7
,1

8
,1

9
,0

;0
,1

5
,1

4
,0

1
4

1
0

2
9

2
5

1
6

.1
5

3
1

3
1

P
er

m
an

en
tl

y
su

p
p

re
ss

2
6

1
4

.1
6

3
1

2
1

T
em

p
o

ra
ry

su
p

p
re

ss

2
7

1
4

.1
7

3
1

0
1

y
e
s

0
2

9
0

,1
5

,1
4

,1
7

,1
8

,1
9

,0
;

2
8

1
3

.1
6

2
8

6
8

n
o

0
2

9

2
9

1
.1

0
2

1
9

0
n

o
0

2
9

3
0

1
3

.0
1

2
1

7
8

n
o

0
2

9

3
1

1
.1

5
2

1
4

6
v

e
s

1
1

0
0

1
9

0
,1

,1
5

,1
4

,1
7

,1
8

,1
9

,0
;

3
2

1
6

.1
0

1
5

5
0

n
o

0
1

9

3
3

1
6

.0
1

1
1

0
6

v
e
s

1
6

1
0

1
8

0
,1

6
,1

,1
5

,1
4

,1
7

,1
8

,1
9

,0
;

3
4

1
9

.1
6

4
0

9
n

o
0

1
8

3
5

1
9

.1
0

1
8

n
o

0
1

8

t
o

-1
^

 



125

The infeasible merging saving are;

Violating step 4.4.1 = s9,7, s5,7, ssj, ss.4, s2,4t s}3i}1, s13,io, si9,i6.

Violating step 4.4.2 = s!3j4, s14j0, $i3,i6, suo, s]3t/t si6i!0, sJ9j0

Total cost - (16,875 (\646a0j6.i * \643aJ6iU + 1\95aU5,i + \309ctis.i4.i +• 3203aJ4.i7,j

+ 3913 a i7,i8,! + 6\70a18,19J + 7404a}9,(U)+ 1.470.000 pn )+ (13,5 (3520a0,w,2 +

\502a10Mt2 + 309alul2 + 954aJ2,4,2 •+ I72a4,3,2 + 1347«w + 2405a7,5,2 +

\52\a8,9,2 + 5670a9,sj f 1090«w + 1092a^,2 + 954a2,i3,2 + 5432«m2 ) +

1.390.000 p22)

Total cost = (16,875 (1646. 1 + 1643. 1 + 1195. 1 + 1309. 1 + 3203. 1 +3913,1 +

6170 . 1 + 7404 . 1 )+ 1.470.000. 1 )+ (13,5 (3520 . 1 + 1502 . 1 + 309 . 1 + 954 . 1 +

172 . 1 + 1347 . 1 + 2405 . 1 +- 1521 , 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . I +

5432 . 1 ) + 1.390.000. 1) = IDR 3.657.347 per month
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Figure 4.22 Seventeenth Suppression's Tree Diagram

S. Eighteenth Suppression

The current best solution still sixteenth suppression and the seventeenth suppression

pair is returned to its value in the current saving matrix. The eighteenth suppression

pair is saving j^^and set si6j7 ~ 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 = s9i7, s5i7, s5i3, s6J, s2,4t S13.11, s13,10, sJ9j7, s}6J,

Violating step 4.4.2 = s!3,n, s 14,10, sj3,i7, si,w, s!3,i, sm.io, s!9,io

Total cost = (16,875 (2771aftV7,y + 3913%,/5,/ + 6170%,/?,/ + 8480%./,/ + \\95aU5J

+ 1309 a i5M,i + 2058%,/tf,; + 1656%/,,,)+ 1.470.000 pn )+ (13,5 (3520a„i/0,2 +

\502aioju + 309a1U2t2 + 954al2,4,2 + I72a4,3,2 + 1347aj,w + 2405a7,8.2 +

I521a,w + 5670a9,5,2 + I090a5,6,2 + \092a6t2i2 + 954a2J3J + 5432%,o.2 ) +

1.390.000 fe)

Total cost-(16,875 (2771 . 1 + 3913 . 1 + 6170. 1 + 8480. 1 + 1195 . 1 + 1309.1 +

2058 . 1 + 1656 . 1 )+ 1.470.000. 1 )+ (13,5 (3520 . 1 + 1502 . 1 + 309 . 1 + 954 . 1 +

172 . \ + 1347 . 1 + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 . 1 + 1092 . 1 + 954 . 1 +

5432. l)x 1,390.000. 1) - IDR 3.675.387 per month
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{'l,16) (l4,]7} •:•!6,15>h^5,14X(J7,18 '̂>^0X(fS, 19h(l2.17;X2,i2'} {'13,4X (6.2 \(4,3 ^5,6 Vv, 3-?^X' XnjXK 9,s}{ S,9 j{ IS i
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Figure 4.23 Eighteenth Suppression's Tree Diagram

T. Nineteenth Suppression

The current best solution still sixteenth suppression and the eighteenth suppression

pair is returned to its value in the current saving matrix. The nineteenth suppression

pair is savingsU5and set S]j5 = 0 in the current saving matrix.
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The infeasible merging saving are:

Violating step 4.4.1 ^ s9t7t s5j, s5,3, s6.4, s2,4, s13,11, si3,io,

Violating step 4.4.2 = s!3,i4, si4,io, Si3,n, si,w, Si3,i> si9,io

Total cost = (16,875 (223&a0,i5,i + \309a]5,14,i + 2058«U/M + \6\3al6JU +

39\3ai7,i8,i + 6170 a }8,I9j + 8480ayJU/ + n03aIA!)+ 1.470.000 pn )+ (13,5

(3520a0,w,2 + \502aio,u,2 + 309«/AU2 + 954a}2,4,2 + \72a4,3>2 + I347a3,7j +

2405a7i8j+ \521a8,9J 4 5670a9,5,2+ 1090a5.w+ 1092au,2 +954a2xv +5432a75,,u )

+ 1.390.000 P22)

Total cost - (16,875 (2238 . 1+ 1309 . 1+2058 . 1+ 1613 . 1+ 3913 . 1+ 6170. 1+

8480. 1+ 1103. 1)+ 1.470.000. 1)+(13,5 (3520 . 1+ 1502. 1+ 309 . 1+ 954 . 1+

172 . 1+ 1347 . 1 + 2405 . 1 + 1521 . 1 + 5670 . 1 + 1090 , 1+ 1092 . 1 + 954 . 1 +

5432 . 1)+ 1.390.000. 1) - IDR 3.664.114 permonth
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1st Suppression X^^X/^XiXXrisX/njs\n,ioXs,iX^.i >'H 2x2) (n,X^,2''xf^.s^H 5,6 V( 3,7}{8,5 V^ 7.9) r^s ;^ sx ){is }
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Figure 4.24 Nineteenth Suppression's Tree Diagram

4.4 Total Cost and Distance Difference

The current vehicle routes compared with the best result from Holmes and Parker

aleorithm to know the difference of the routes based on the total cost. The best result
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of new vehicle routes from Holmes and Parker algorithm is in the sixteenth

suppression. The total cost of sixteenth suppression is IDR 3.628.187 per month.

The difference of Total cost =IDR 3.701.590 per month - IDR 3.628.187 per month

= IDR 73.403

The graph ofsixteenth suppression is in the appendix.

The difference ofdistance travelled between current routes and new routes for

every vehicle is below.

The difference of distance travelled by Truck

= Distance travelled by truck in current route - distance travelled by truck in

new vehicle route

- 26.092 meters per day - 24.755 meters per day

= 1.337 meters

The difference of distance travelled by Panther

=Distance travelled by panther in current route - distance travelled by panther

in new vehicle route

= 29.725 meters perday - 25.959 meters per day

= 3.766 meters

 



CHAPTER V

DISCUSSION

5.1 Result Discussion

This research has objective to find the set of a routes for HFFVRP that minimize the

summation of fixed cost and variable cost of vehicles used. Holmes and Parker

algorithm is used to determine the routes that appropriate with research object.

The result from the data processing and analyzing in chapter IV, the total cost

that produced from summation of fixed cost (driver wages, maintenance, and

insurance) and variable cost (the fuel consumption of each vehicle) in a month that

must be spent by the company for implements current routes is IDR 3.701.590 per

month,

The optimization process begins with converting the data collected so that can

be formulated into mathematical formulation of HFFVRP. Then the Holmes and

Parker algorithm then applied by using Microsoft Excel 2007. The route generation by

Holmes and Parker algorithm has three times of improvement. First improvement is

initial solution with total cost that spent by the company IDR 3.641.586 per month.

Then initial solution is improved by the eight suppression which produced total cost

IDR 3.640.978 per month. The last improvement is in the sixteenth suppression which

improved the eight suppression solution with total cost IDR 3.628.187 per month. The

best solution that can be reached by Holmes and Parker algorithm is in the sixteenth
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suppression with the routes are; Truck: Depot- Taji Nasnidin- Budi Sondakan- Agus-

Maju Mapan- RS Yarsis- Londo- Bandara- Depot, Panther: Depot- Palang Kereta

Hotel Agas- Iskak- Kendali- Matahari- Teguh- Muhammad dkk- Indomet- Prasasti-

ABC-Sendang Mulia- Surya- Hadi S- Depot.

The Holmes and Parker algorithm used the lowest vehicle first to build the

route until the capacity is full. It will affect the last vehicle chosen usually the largest

vehicle capacity one will get low of utilization, as in this research the utilization of

panther is 100 percents while the truck is only 48,6 percents. It happens because the

ration of the total demands and total vehicle capacity is not 1but 0,71 (46:64). If the

ration of total demand and total vehicle capacity is 1, it will give ahundred percents of

vehicle utilization. But when the ratio is 1, there is also probability of infeasible

solution occurs especially if the demands of customers are in vary number, not in

homogeny number. The balancing of vehicle utilization can be achieved by modified

the constraint capacity (equation 3.6) from ahundred percents becomes only 90 or 80

percents of capacity utilization so that the ration of total demands with total vehicle

capacity is closely to 1. The effect of this modification will lead to the different result

produced (from the hundred percents of capacity utilization) because capacity can

influence the vehicle route making.

The Holmes and Parker algorithm can solve a HFFVRP in designing routes

that minimized the total cost. The result shows that by using Holmes and Parker

algorithm the vehicle routes is better than the current routes implemented by the

company. The difference between two routes is IDR 73,403 per month with the new

vehicle routes total cost is IDR 3.628,187 per month, The new vehicle routes created
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by Holmes and Parker algorithm are: Truck: Depot- Taji Nasrudin- Budi Sondakan-

Agus- Maju Mapan- RS Yarsis- Londo- Bandara- Depot, Panther: Depot- Palang

Kereta Hotel Agas- Iskak- Kendall- Matahari- Teguh- Muhammad dkk- Indomet-

Prasasti- ABC-Sendang Mulia- Surya- Hadi S- Depot. The impact of difference total

cost between two routes also gives difference in distance travelled by every vehicles.

The current route gives distance to the truck 26.092 meters in a day and panther

29.725 meters in a day. The new route gives distance to the truck 24.755 meters in a

day and panther 25.959 meters in aday. The differences are 1.337 meters for truck

and 3.766 meters for panther.

 



CHAPTER VI

CONCLUSION AND SUGGESTION

6.1 Conclusion

Based on the discussions above, the researcher has made a conclusion in response to

the problems formulation in the previous chapter. The conclusion is as follows:

1. The Holmes and Parker result shows that by using Holmes and Parker

algorithm the vehicle routes is better than the current routes implemented

by the company. The difference of total cost between two routes is IDR

73.403 per month with the new vehicle routes total cost is IDR 3.628.187

per month and vehicle routes are Truck: Depot- Taji Nasrudin- Budi

Sondakan- Agus- Maju Mapan- RS Yarsis- Londo- Bandara- Depot,

Panther: Depot- Palang Kereta Hotel Agas- Iskak- Kendali- Matahari-

Teguh- Muhammad dkk- Indomet- Prasasti- ABC-Sendang Mulia- Surya-

Hadi S- Depot.

2. The Holmes and Parker algorithm generates the distance of two vehicles

to conduct the new routes are shorter than the current route. The distances

traveled by truck in the new route are 24.755 meters in a day and panther

are 25.959 meters in a day. With the difference with current route 1.337

meters for truck and 3.766 meters for panther.
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6.2 Suggestion

Finally, the researcher added some suggestions as aconsideration for the next future

research about Heterogeneous Fixed Fleet Vehicle Routing Problem:

1. To solve the HFFVRP with big problem (number of customers and

vehicle) using Holmes and Parker algorithm requires a computer

programming to produce solution in short time and also to solve the

HFFVRP which has ration oftotal demand invary and vehicles capacity is

close to one, it necessaries to modify the objective function to adequate

the infeasibility solution, especially ifusing Holmes and Parker algorithm.

2. It necessary to solve HFFVRP in the exact solution because there is still

no research to solve the HFFVRP with exact solution yet.

 



REFERENCE

Brandao, J., (2011). a tabu search algorithm for the heterogeneous fixed fleet vehicle

routing problem. Computer and Operations Research, 38, no. 1, 140-151.

Clarke, G., and Wright, J.W., (1964). scheduling of vehicles from a central depot to a

number of delivery points. Institute for Operations Research and the

Management Sciences, 12 no. 4, 568-581.

Cordeau, J.F., Gilbert, L., Savelsbergh, M.W.P., and Vigo, D., 2007. vehicle routing

problem. Handbook in OR and MS, 367-428. Elsevier.

Dantzig, G.B., and Ramser, J.H., (1959). the truck dispatching problem. Management

Science, 6, 81-91.

Feiyue, L., Golden, B., and Wasil, E., (2007). a record to record travel algorithm for

solving the heterogeneous fleet vehicle routing problem. Computer and

Operations Research, 34, no.9 , 2734-2742.

Gencer, C, Top, L, and Aydogan, E.K., (2006), a new intuitional algorithm for

solving heterogeneous fixed fleet routing problems: passenger pickup algorithm.

Applied Mathematics and Computation, 181, no.2, 1552-1567.

Holmes, R.A., and Parker, R.G., (1976). avehicle scheduling procedure based upon

savings and asolution perturbation scheme. Operational Research Quarterly, 27

no. 1,83-92.

 



Jalel, E., and Habib, C, (2010). ahybrid tabu search to solve the heterogeneous fixed

fleet vehicle routing problem. Logistic Research, 2, no. 1, 3-11.

Kewei, Z., Zhiqiang, L., and Xiaoming, S., (2010). an effective parallel improving

tabu search algorithm for heterogeneous fixed fleet vehicle routing problem. 1.

42-46.

Shuguang, L., Weilai, H., and Huiming, M., (2009). an effective genetic algorithm for

the fleet size and mix vehicle routing problems. Transportation Research Part

E, 45, no.3, 434-445.

Taillard, E.D., (1999). a heuristic column generation method for the heterogeneous

fleetvrp. RAIRO, 33, no. 1,1-14.

Tarantilis, CO., Kiranoudis, C.T., and Vassiliadis, V.S., (2003). alist based threshold

accepting metaheuristic for the heterogeneous fixed fleet vehicle routing

problem. The Journal ofOperational Research Society, 54 no. 1, 65-71

Tarantilis, CD., Kiranoudis, C.T., and Vassiliadis, V.S., (2004). a threshold accepting

metaheuristic for the heterogeneous fixed fleet vehicle routing problem.

European Journal ofperational Reserach, 152, no.l, 148-158

Toth, P., and Vigo, D„ (2002). The vehicle routing problem. SIAM. Philadeipia.

 



Tuntuncu, G.Y., (2010). an interactive GRAMPS algorithm for the heterogeneous

fixed fleet vehicle routing problem with and without backhauls. European

Journal ofOperational Research, 201, no.2, 593-600.

Xiangyong, L„ Peng, T., and Aneja, Y.P., (2010). an adaptive memory programming

metaheuristic for the heterogeneous fixed fleet vehicle routing problem.

Transportation Research Part E, 46, no.6, 1111 -1127

 



APPENDIX

Appendix 1. Figure of Vehicle Used in the Company (Truck and Panther)

Truck

Panther
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Appendix 3. Graph of Current Route
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Appendix 4. Graph of Sixteenth Suppression
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