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TYPES USING LINEAR PROGRAMMING MODEL ON XYZ 
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aurino.djamaris@bakrie.ac.id 

2) Adi Budi Priyanto, Industrial Engineering Department, Bakrie University, Indonesia, 

adi.budipriyanto@bakrie.ac.id 

3) Ferry Jie, School of Business IT & Logistics, RMIT University, Australia, 

ferry.jie@rmit.edu.au 

 

Abstract 

Transportation contributes significantly to the overall company operating costs. 

Transportation cost on logistics system for delivery depends on delivery area and type of 

trucks. XYZ company as third party logistics (3PL) that used others transporters companies 

would be expensed different rental costs depend on the transporter charges. Best selection of 

the transporter and the type of truck could achieve the minimum point of transportation cost. 

This research attempted to get the minimum transportation costs, by using linear 

programming models. Linear programming model is decision making tools to maximize or 

minimize various linear inequalities relating to some situation and finding the "best" value 

obtainable under certain conditions.  

 

Keywords: Transportation Cost, Type of Truck, Route Plan, Linear Programming 

Model. 

 

INTRODUCTION 

An enterprise operational activity requires a linkage from one place to another. One form that 

links the company's operational activities is transportation. Transportation is usually the 

largest single cost expenditure in most logistics operations. Transportation provided a 

significant impact on logistics performance [8], because it is the most important resource in 

the distribution system [4] [23]. Transportation services play a central role in seamless supply 

chain operations, moving inbound materials from supply sites to manufacturing facilities, 

repositioning inventory among different plants and distribution centers, and delivering 

finished products to customers [7] [20] [21] [24].  

Transportation contributes significantly to the overall company’s or logistic systems 

operating costs. Therefore companies should choose the appropriate transportation to 

minimize operational costs. This study focuses on reduce operation costs of inland 

transportation in a 3PL company logistics activities in order to provide better logistics 

efficiency. The XYZ company-Indonesia uses an external expedition companies or other 

transportation service firms (transporters).  The cost of transportation in this company is the 
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cost of renting the use of vehicles for the delivery of goods. The variables that affect the cost 

of rent is the maximum capacity of trucks, delivery mileage, and availability of the trucks 

fleet that can be provided that each transporter.  

TRANSPORTATION ECONOMIC FACTORS: LITERATURE REVIEW 

The transportation economics are driven by seven factors [4], namely distance, weight, 

density, storability, handling, liability, and market. The farther the distance, would be more 

expensive the costs. The second factor is load weight carried, the scale of economic exists for 

most transportation movement [12] [19] [25]. The density as the third factor is the 

combination of volume and weight, vehicles are typically more constrained by cubic capacity 

than by weight. The fourth factor is storability that refers to how product dimensions fit into 

transportation equipment [13]. Odd packages sizes and shapes, as well as excessive size and 

length resulting in wasted cubic volume capacity. Handling is the fifth factor that refers to 

special equipment to handle loading/unloading the trucks. The sixth factor is liability that 

includes product characteristics that can result in damage. And the seventh factor is Market 

refers to lane volume and balance influence transportation cost.  In this study, transportation 

economic factors that considered being included are Distance and Volume and Weight. The 

other factors are considered as not being constrained to the model, such as the weight factor 

already considered in density factor, storability, handling and liability was already considered 

in goods packaging. And the market factor already considered in rental fees [9] [10] [11].  

LINEAR PROGRAMMING MODEL: LITERATURE REVIEW 

Linear Programming (LP) is a mathematical technique design to help operation manager plan 

and make decision relative to the tradeoff necessary to allocate resources [3] [6] [14] [15] 

[16] [22]. The use of  Linear Programming in this study beside of Tabu Search, GA, and 

Simulated annealing widely use by logistics managers was due to seek optimal solutions. The 

heuristic approach of TS, GA and SA that using algorithms involving heuristic method do not 

guarantee the optimum point, producing acceptable solution within a reasonable amount of 

time [17] [29]. 

 

Linear programming helps in resources allocation decisions problems for several properties 

[22], such as: 

1. First LP property, problems seek to maximize or minimize an objective. 

2. Second LP property, constraints limit the degree to which the objective should be 

obtained. 

3. Third LP property, there must be alternatives availability.  

4. Fourth LP property, and Mathematical relationships should be linear. 
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There are three stages to develop LP model [3], they are: 

1. Formulation, the process that involves expression a problem in term of simple 

mathematical expressions. 

2. Solution, which is the step to solve mathematical expressions to find values for the 

optimal solutions of the model. 

3. Interpretation and sensitivity analysis, how to use the results after model solved. 

TRANSPORTATION IN “PT. XYZ” COMPANY 

Transportation used by the company PT. XYZ derived from transporters (shipping company). 

The rental charges based on delivery destination area where payment is based on the number 

of trucks are hired not based on the amount of goods carried. So that any quantity of goods 

delivered and for only using one unit of the truck then the company must pay rent a truck 

unit. Each transporter has rents that are different from each other. There is no standardization 

of rental trucks and truck rental price depends on the negotiations conducted between 

companies and transporters. Each transporter has limitations such as limitations in terms of 

number of trucks, types of trucks owned or delivery area. 

RESEARCH FRAMEWORK 

The use of mathematical programming models, consists generally of a function objective to 

be optimized and a set of constraints faced by the decision-maker most used for modelling, 

evaluating or planning the logistics network for 3PL [1]. In this research, the objective is to 

find the most optimum solution of Transporters and Truck Types by minimizing cost 

incurred. Further optimization results compared with the usual costs incurred by a company 

that uses heuristic approach in the allocation of types of trucks and the transporter. Figure 1 

shows the research design in this paper.   
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Figure 1. Research Framework 

 

MODEL DEVELOPMENT 

In order to develop a mathematical model which aims to minimize the cost of rental, we need 

some information, including plan delivery routes, transporters used and the types of trucks 

used. Plan delivery routes per day made with consideration of the deadline date of delivery, 

delivery area, as well as the maximum amount of volume and weight capacity of each type of 

truck [18].  

By minimizing the cost of rent is the cost of transportation is expected to minimize the cost of 

operations. To minimize transportation costs, this study will use linear programming model 

that is one of the techniques used to make decisions [26]. Linear Programming is used to 

successfully model numerous real world situations, abundantly used in logistics, 

transportation, finance and many other practical applications [27]. This study used three 

Mathematics 

Models: Linear 

Programming 

Heuristic Planning: 

Numbers, Types, 

Density, Destination & 

Route  

 

Alternative Solutions 

Recommendation 

Comparison of Costs to 

determine the alternatives with 

lowest cost 

Heuristic Planning: 

Transportation  Cost 
Alternative Solutions: 

Transportation Costs 

Modelling 

Secondary Data  

NOTE: 

Third Party Logistic: 
Volume, Type, weight, 

Destination, & Route  

Partner/Principals 

Transporter: Capacity, 

Cost, Type of Trucks 

(vehicles), & Route 



 

 

 
5 

alternatives to determine which alternative has the lowest transportation cost. All alternatives 

used an altered way of determining the type of trucks and transporters. This research was 

conducted with some limitations, such as: (1) Not considering the travel time variable, (2) 

Not considering loading/unloading time at each store, (3) Only focus on delivery to clients of 

PT. A and PT. B because the two clients are fully devolved to the company's logistics 

operations of PT. XYZ especially relating to the delivery of goods, (4) Only discuss areas of 

the island of Java, because this study only deals with land transport using truck 

transportation, (5) Preferred to minimize transportation costs, (6) Not considering the 

operational capabilities in the warehouse to perform loading and unloading process, and (7) 

Not taking into account the cost of insurance. 

In addition, the system used assumptions, such as: (1) The travel time is relatively the same; 

(2) Each truck can only be sent to the one area and are not sent to multiple areas; (3) All 

trucks have the same maximum volume capacity and weight for the similar type of truck 

although belonging to/came from different transportation service providers (transporters). 

This assumption is also used by PT. XYZ as a material planning consideration for the charge, 

(4) All transporters can ship to any shipping requested by PT. XYZ, (5) Weight and volume 

of each type of products are standard (homogeneous), (6) One trip is departure from the 

origin to the destination point only and does not include departure from the destination point 

to the origin, (7) The operational cost is the cost of shipping goods lease which is the entire 

transportation cost incurred for the delivery of goods (such as tolls, fuel, porters, drivers, 

waiting costs, etc.) and no other costs in addition to rental fees for the cost of shipping goods. 

This assumption is valid also for the company's owned trucks. 

The plan delivery route (routes plan) is not considered combining different areas so that each 

truck will be sent to the same area. The second information is data about each of these 

transporters. Necessary data, such as number and type of trucks owned trucks, delivery area 

which can be reached, and the average number of trucks per day are supplied to the company. 

The last information is the type of truck that will be used. It takes data such as volume and 

weight of the maximum capacity that can be taken of each type of truck. There are 6 types of 

trucks, including pick up, small trucks, medium truck, Light trucks, Tautliner trucks, and semi 

trailer trucks. Volume and weight capacity of each types of trucks can be seen in Table 1. 

 

Table 1. Maximum volume and maximum weight of cargo that can be carried 

by each types of trucks.  

Type of Vehicle  
Max Load Volume 

(Loadsize) 

Max Weight Load 

(Payload) 

 

Pick-up   1 m
3
      800 kg 

Small Trucks   7 m
3
   2.000 kg 

Medium Trucks 12 m
3
   4.000 kg 

Light Trucks 22 m
3
   7.000 kg 
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Tautliner Trucks 30 m
3
   9.000 kg 

Semi-Trailer 

Trucks 
45 m

3
 15.000 kg 

 

Source: PT. XYZ. 2010. (edited) 

 

This research tested the three alternatives and each alternative consists of two models that 

aim to determine the transporter and the type of truck that will be used to achieve a minimum 

cost. 

In the first alternative, the first stage is to allocate the number of trucks, trucks type and the 

transporters are fixed for each area. Allocation is a reference to every day of operations. 

Mathematical models in the first phase is represented by model A. Then in the second stage 

determines the number of trucks, truck type, and the transporters to be used by including the 

allocation of data obtained from the first stage. Mathematical models in the second stage is 

represented by the model B. 

In the second alternative, the first stage is to allocate the number of trucks, trucks type and 

the transporters by adjusting the demand for each delivery area. So if in an area then there is 

no demand for shipping in that area will not be allocated. Mathematical models in the first 

phase is represented by the model C. Then in the second stage determines the number of 

trucks, truck type, and transporters to be used by including the allocation of data obtained 

from the first stage. Mathematical models in the second stage is represented by model D. 

In the third alternative, the first phase of which was to determine the number of trucks and 

type of trucks that will be used. A mathematical model in the first phase is represented by the 

model E. Then in the second stage determines the transporter to be used. A mathematical 

model in the second stage is represented by the model F. Unlike the firts alternatives and  the 

second alternative, this alternative (third) did not need to do for  trucks allocation. 

Model A 

The mathematical model of the objective function at the first stage: 

    (1) 

Where:     

 = total allocation for the truck rental cost of each type of truck 

 ...,  = delivery areas;  , ...,  = transporters  

 = Truck rental fee per unit for the area a of the transporter i 
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 = The number of trucks allocated to the area a of the transporter i 

The mathematical model of the constraints function at the first stage:  

   (2) 

   (3) 

 for i and j     (4)  

  

Where : 

  = The number of trucks allocated to the area a of the transporter i (   always keep 

its value and be a reference for each day) 

  = Number of trucks owned by the transporter i      

  = The maximum number of trucks to the area  

Model B 

The mathematical model of the objective function at the second stage: 

     (5) 

Where :  

  = total cost of renting a truck for each area 

, ...,  = the transporters  

, ...,  = truck type 

 = Truck rental costs per unit of the transporter truck i with type j 

 = The number of trucks that use of the transporter i with truck type j  

Results of first alternatives will be represented on the value of Z and of objective 

function in model B. The  values  in model A will be incorporated into existing  

constraints on function in model B. Here is a mathematical model of the constraints function 

at the second stage: 

    (6) 

 

     (7) 
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    (8) 

 integer value     (9) 

 for all i  and  j     (10) 

Where  : 

 = The maximum volume per truck of transporter i with trucks type j  

 = Numbers of truck used by transporter  with truck type   

 = Maximum weight (payload) per truck of transporter  with truck type   

 = Request for delivery of goods in unit volume in cubic 

 = Request for delivery of goods in units of tonnage (weight) 

  = The maximum number of trucks that can be used of the transporter i with truck 

type j  

Model C 

Model C has a model similar to model A. the only difference being the value contained in the 

constraints  function. If the area is not there a demand for delivery of goods then  = 0 

so that the value = 0. This distinction is made because there are some areas that not every 

day you want to send. So if in an area there is no delivery can be allocated to other areas. 

Model D 

Model D similar with model B. Objective function and constraints are both have the same 

function. What distinguishes the value contained in  = 0 because the value of existing  

in model C is equal to zero. The results of two existing alternatives on the value of  and 

that exist in objective function in model D. 

Model E 

The mathematical model of the constraints functions at the first stage:: 

     (11) 

 

Where  :  

  = Total average cost estimate for the cost of renting a truck for each area 

, ...,  = Truck Type  

 = The average cost per unit of rental trucks of truck type  

 = The number of trucks that are used with this type of truck  

     (12) 
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      (13) 

 integer      (14) 

 for all j      (15) 

Where  : 

 = The maximum volume per truck of transporter i of truck type j 

 = The number of trucks that use of the transporter i of truck type j 

 = Maximum weight per truck (payload) of transporter i using  truck type j 

 = Request for delivery of goods in unit volume in cubic 

 = Request for delivery of goods in units of tonnage (weight) 

Model F 

The mathematical model of the constraints functions at the second stage: 

     (16) 

Where  :  

Z   = total cost of renting a truck for each truck type 

 ..., e = delivery area  

i, ..., m = transporter  

 = Truck rental fee per unit for the area  for transporter i 

 = Number of  truck for the area  of transporter i 

A result of alternative 3 is the value of  and  that exist in objective function in model F. 

The  values that resulted in the model E will be incorporated into existing  constraints 

on function in model F. Here is a mathematical model of the constraints function at the 

second stage: 

   (17) 

    (18) 

 for all i and j      (19) 

Where  : 

 = Number of trucks leased to the area  of transporter i 

 = The maximum number of trucks that can be rented from transporter i      

 = The number of truck demand for the area   
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SOLUTIONS TESTS 

The calculation of each model is conducted using add-in solver of Microsoft Excel. The 

solution of the six models for each of these alternatives then compared with the actual result 

the company. The model alternative solutions compared to the number of trucks used and the 

total cost of the renting cost based on the date of delivery. 

The number of trucks on three alternative dated June 4, 2010 produced minimum number 

trucks especially pick-up, small, and medium trucks. While Semi Trailer Truck increased due 

to shipment to Bandung area allocated using 1 unit of semi trailer truck. In spite of company 

actual shipment using 4 medium trucks 

On June 16, 2010, the number of types of light trucks in all three alternatives were 2 units 

more than the realization of the company operation. This is due to a unit used for Balaraja 

area where as the actual company operation were using 2 units of medium trucks, and 1 unit 

is used for the Surabaya area where the realization in the field using 2 units of medium 

trucks. 

 

Figure 2. Graph comparison of the number of trucks on alternative 1, alternative 2, 

alternative 3, and the realization of the company on June 4, 2010 

Trailer 
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Figure 3. Graph comparison of the number of trucks on alternative 1, alternative 2, 

alternative 3, and the realization of the company on June 16, 2010 

 

On June 25, 2010, the number of light trucks a unit higher for the three alternatives than 

actual company operation due to the Bogor area allocation. In all three alternatives for the 

area in Bogor using a medium truck unit and a light truck unit, whereas the actual company 

operated in the field using one small truck unit and 2 units of the medium. So one unit of light  

truck can replace one small and one medium truck units. While a tauliner truck that exist in 

all three alternatives will be used for the Jakarta area. One unit Tautliner truck is a 

replacement of two units of small trucks and a medium truck which was used by company in 

actual operation. 

Trailer 
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Figure 4. Graph comparison of the number of trucks on alternative 1, alternative 2, 

alternative 3, and the realization of the company on June 25, 2010  

 

Figure 5. Graph comparison of the number of trucks on alternative 1, alternative 2, 

alternative 3, and the realization of the company on June 30, 2010  

On June 30, 2010, the number of trucks of the three alternatives had more unit light truck and 

2 units of semi  trailer trucks than the actual company operation. One unit light trucks used 

for delivery to the Bogor area can replace 1 unit Pick-up truck and a medium truck unit. Two 

Trailer 

Trailer 
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units of trailer trucks used for delivery to an area of Jakarta and Surabaya.  One unit of semi 

trailer truck to replace 3 units of the medium trucks. 

Using of these models can make saving for the company, it is evident from the comparison in 

Table 2. Of the three alternatives that produce the lowest total rental cost is alternative 3 

based on delivery date. 

Table 2: Comparison of the total rental costs between alternative 1, alternative 2, 

alternative 3, and the company realization. 

Date Alternative 1 Alternative 2 Alternative 3 Realization 

04/06/2010 Rp25,757,105 Rp25,757,105 Rp25,677,945 Rp31,552,440 

16/06/2010 Rp17,197,355 Rp17,197,355 Rp17,078,010 Rp22,706,054 

25/06/2010 Rp21,179,502 Rp21,152,127 Rp21,022,960 Rp22,610,841 

30/06/2010 Rp15,655,370 Rp15,627,995 Rp15,586,153 Rp22,394,630 

Average Rp19,947,333 Rp19,933,646 Rp19,841,267 Rp24,815,991 

 

 

The average cost for alternative 1 is Rp19,947,333, the average cost for alternative 2 is 

Rp19,933,646, the average costs for alternative 3 is Rp19,841,267, and the average cost for 

actual company operation is Rp24,815,991. The average cost to the alternative 3 is the 

smallest cost among the three alternatives. When compared to the average rental costs of each 

alternative with the realization in the field, the third alternative has lower rental costs of the 

realization of the company operation. 

The difference between the average cost of renting alternative 1, alternative 2, and alternative 

3 to the realization of each field is Rp4,868,658, Rp4,882,345, Rp4,974,724. If it is assumed 

in the month there were 26 working days then by using one of the three alternatives that 

company can make savings of 19,62% to 20,05% per day or per month Rp129,342,824 up to 

Rp126,585,108. 

By comparing the heuristic method implemented by the company with the linear 

programming models applied to this problem, obtain transportation cost savings of 

approximately 20%.  

The Truck Renting Costs Factors 

Although the number of locations and number of delivery requests equal among the three 

alternatives and the realization of the company, but the number of trucks that use by three 

alternative less when compared with the realization of the company. So the cost of renting a 

truck in the actual company operation  is greater  than the three alternatives. So, with a more 

efficient route planning then the number of trucks that will be used sparingly so that the total 

cost of renting can reach the minimum point. 
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Differences in the number of trucks used are also caused by the selection of different types of 

trucks between the realization of the company and the three  alternatives. Difference in price 

of one type of truck to another type truck with larger capacity has only a small difference in 

rental prices. If the rental price compared with a maximum capacity of volume and weight, 

most large trucks will have a cost per cubic lease and rental costs per tonnage of the smallest. 

Table 3 illustrates the cost per cubic lease and rental costs per tonnage of each type of truck 

for Jakarta area. Cost is the average cost of all transporters. 

Table 3: Table Rental Cost per Cubic and Charges per Tonnage for Each Type of 

Truck 

Truck Types 

 
Pick-up 

Small 

Trucks 

Medium 

Trucks 

Light 

Trucks 

Tautliner 

Trucks 

Semi-

Trailer 

Trucks 

Maximum Volume (m
3
) 1 7 12 22 30 45 

Maximum Payload (kg) 800 2000 4000 7000 9000 15000 

Average Rental Cost  332,720  
           

374,695  

                

512,329  

         

864,918  

                

977,906  

                  

1,029,375  

Rental Cost per Cubic  332,720  
             

53,528  

                  

42,694  

           

39,314  

                  

32,597  

                       

22,875  

Rental Cost per kg 
   415.90  

             

187.35  

                  

128.08  

           

123.56  

                  

108.66  

                         

68.63  

 
Source: PT. XYZ. 2010. (edited) 

 

From Table 3 it can be concluded that the bigger the type of truck the cheaper rental costs per 

cubic per tonnage. Figures 6 and 7 describe the relationship between the costs of renting 

All three alternatives have the same number of units but the transporter trucks are used by 

each different alternatives result in the three alternatives cost of renting a truck are different. 

The use of the transporter may affect the cost of renting a truck for each transporter has a rent 

that is different. 
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Figure 6. Relationship between Rental Costs per Cubic with Maximum Capacity of 

Truck Volume 

 

Figure 7. Relationship between Rental Costs per Cubic with Maximum Capacity of 

Truck Payload 

Using appropriate types of trucks, the use of transporters that have the smallest rental costs 

and a more efficient route planning to make the total rental cost to a minimum. Figure 8 

below is a diagram of the cost of rental factor oftruck.  
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Figure 8. Factors of Trucks Rental Costs 

CONCLUSION 

The numbers of trucks that are used in all three alternatives have equal amount based on each 

type of truck. This indicates that the number of trucks that are used on all three alternatives 

have reached the minimum point in terms of the number of trucks. 

The number of trucks that are used on all three alternatives are less than the actual number of 

trucks used by the company.  

This is due to the different route planning. Route planning means that are used more 

efficiently than the three alternative routes in the realization of corporate planning 

The average cost of three different alternative although the number of trucks that are used 

together. If the average costs of the three alternatives sorted from largest to smallest result is 

alternative 1, alternative 2 and alternative 3. The average cost of the alternative 3 is the 

smallest compared to the three alternatives. The average cost difference of the three 

alternatives is caused by the use of different transporters. 

The average cost of these three alternatives is smaller when compared with the average of 

actual cost incurred by company. The implication of using the model the company need to 

work out a more efficient route planning then the number of trucks that will be used sparingly 

so that the total cost of renting can reach the minimum point. 

For further development, the model in this research can still be developed by adding a 

constraint which is a limitation in this research include loading and unloading time, the travel 

time variable, loading / unloading time at each store and warehouses and insurance costs; and 

others constraints such as products constraints, Water transport, Air transport, Storage and 

Warehousing limitations and Others. 

The manager should be considering the use of trucks, transporters, and delivery route 

planning can affect the total cost of the rental truck. The bigger the type of truck used, the 

smaller of rental fee per truck or per tonnage. Selection of the transporter with the lowest 

rents will minimize the total cost to rent a truck as a whole. With streamline the number of 

truck delivery routes will be much less so the cost of renting a truck becomes smaller. 

 

The use of the transporter 

with the smallest cost 

Efficient delivery route 

planning 

Use of the right type of truck 

 

Minimum Trucks Rental 
Costs 
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