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          Abstract 

In this study, a cross-docking system is designed at strategic and tactical levels. For making the strategic 

decisions, a multi-objective nonlinear location allocation model for cross-docks is presented based on a distri-

bution location allocation model by Andreas Klose and Andreas Drexl. The model is further developed to in-

clude the whole supply chain members and the objective functions are weighted by implementing AHP. A ge-

netic algorithm solution is designed for sample cross-dock location allocation problems. In the tactical stage, 

model was further simulated under two different distribution strategies to decide on the tactical parameters. As 

an example, the performance of the model is verified.  
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1. Introduction 

Cross-docking systems are known as distribution 

systems, including all the members of a supply chain, 

which transfer the products from suppliers to retailers 

through special warehouses known as cross-docks. In 

typical cross-docking systems, the arriving goods are 

transferred by vehicles and are delivered to the retail-

ers as rapidly as possible. Goods spend very little 

time in storage at the warehouse, often less than 12 

hours [24]. 

Cross docking involves holding no inventory in the 

distribution center but simply moving them through 

the distribution center when it arrives from suppliers, 

orders are disaggregated and sent to various stores 

based on the original orders that the stores placed 

[26]. The cross docking modeling problem can be 

handled as a supply chain optimization problem 

which in the strategic planning level, concerns the 

location of manufacturing and/or warehousing facili-

ties [18]. 

Donald Ratliff [20] has defined cross-docking as an 

operation strategy at flow consolidation centers. 

While Bartholdi [4], describes it as a logistic tech-

nique that eliminates the storage and order picking 

functions of a warehouse while still allowing it to 

serve the receiving and shipping functions. Cross-

docking has also been verified as a distribution sys-

tem in which merchandise received at a distribution 

center is not stocked but immediately prepared for 

onward shipment. The inward deliveries are trans-

ferred directly from the point of reception to the point 

of delivery with limited or no interim storage [6]. 

Therefore, it has a great potential to reduce transpor-

tation cost and time without increasing inventory [20] 

and since there is no double handling of goods, its 

efficiency is high [15].  

2. Literature review 

The cross-docking network design models can be 
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classified as an extension of generalized assignment 

problem or as an extension of supply-chain design 

model [25]. The generalized assignment problem   

can model a variety of real world applications in loca-

tion, allocation, machine assignment and supply 

chains [27].  

According to Melo et al. [18], in supply-chain de-

sign models, typical decisions concern the location of 

manufacturing and/or warehousing facilities. Al-

though facility location and configuration of produc-

tion-distribution networks have been studied for 

many years, a number of important real world issues 

have not received adequate attention. He further 

points out the inventory opportunities for goods, stor-

age limitations and etc. 

2.1. Supply chain location models 

The facility location problems in the supply chains 

have been widely studied in the literature and many 

models have been presented in the field.  

Referring to Amiri [1], an important strategic issue 

related to the design and operation of a supply chain 

system is the determination of the best sites for in-

termediate stocking points and the common objective 

is to determine the least cost of system design such 

that the demands of all customers are satisfied with-

out exceeding the capacities of the warehouses and 

plants.  

According to Lemoine [16], conceptual frame-

works have been developed to explain the relation-

ship between reconfiguration of supply chain / logis-

tics structures and transport. As an example, Lemoine 

[16] presented a model comprised of five layers: ma-

terial flow, transport operation, informatics operation, 

transport infrastructure and telecommunications in-

frastructure. 

The design of a supply chain network is considered 

by Eskigun et al. [9], regarding the lead times, loca-

tion of distribution facilities and the choices of trans-

portation modes by a Capacitated Network Design 

Model.  

The facility location problem in an integrated sup-

ply chain-based spatial interaction model is formu-

lated by Sheu [25], in order to determine the manu-

facturing centers’ locations and distribution centers’ 

locations with the goal of maximizing the potential 

rate of return on facility investment. A multi-

objective model is presented by Hugo [12], in order 

to determine the strategic decisions of selection, allo-

cation and capacity expansion of processing tech-

nologies and profiles and flows of material between 

various components within the supply chain with the 

objective of maximizing the net present value of the 

capital investment evaluated at the end of the plan-

ning horizon and minimizing the entire impact of the 

network on the environment. Apaiah et al. [2] have 

presented a linear programming model for a location 

allocation in a food company, which considers possi-

ble flows and quantities of products, by-products, 

refuses and production schemes. The goal is to mini-

mize the production and transportation costs with the 

condition of fulfilling the customer’s demands.   

Ma and Davidrajuh [17] have presented an iterative 

approach that consists of a strategic and a tactical 

model  with the objective of maximizing the total 

profit and minimizing the delivery costs, inventory 

holding cost fixed costs. Eben-Chaime et al. [8] have 

presented serial scheduling methods for this real-time 

dynamic resource-constrained scheduling problem. 

The goal of their method is to maximize the percent-

age of jobs served on time, given the finite resource 

capacities.  

2.2. Cross-docking location models 

Ratliff et al. have established an integer-

programming model, allocating the required truck-

loads to the cross-dock routes, while satisfying the 

requirements of destinations in order to minimize the 

number of truck miles necessary to satisfy the fixed 

and predefined demands of the destination spots [20]. 

Ratliff et al. have also established a mixed-integer 

linear programming model, which determines the 

ideal number and location of cross-docks in the net-

work and how shipments should flow through them 

to minimize the average delay. Gue et al. [11] have 

developed a model for staging queues in cross-docks 

and have given simulation results for several configu-

rations. 

Bermudez and Cole [5] have presented a genetic 

algorithm for assigning doors in less-than-truck-load  

break bulk terminals aiming to minimize the total 

weighted travel distance. Murty et al. [19] have de-

scribed a variety of inter-related decisions made dur-

ing daily operations at container terminals.). Jayaram 

and Ross [13] have established a facility location 

problem, for determining the opening/operating cer-

tain number of cross-docks and origin spots by mini-

mizing the fixed costs of opening the facilities and 

transportation cost. The parameters concerning the 

performance of a cross-dock are discussed by Bar-

tholdi et al. which can be used in designing the cross-

dock layout and can be implemented as objectives in 

optimizing the utility of cross-dock facilities [4]. 

Chen et al. [7] have presented a local search tech-
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nique for assigning deliveries in the routes of a cross-

docking system, using Simulated Annealing and Tabu 

Search method.  

In this paper, the researchers have developed a new 

model that can define the location and the capacity of 

all cross dock for all the products. 

3. Methodology 

This study includes two stages for designing a 

cross docking system: the strategic and the tactical 

stages. 

In the strategic stage, decisions are made using the 

proposed multi-objective nonlinear cross-docking 

location allocation model. In the tactical stage the 

resulting network is simulated under different strate-

gies to decide on the tactical factors. 

If the results are not acceptable, the assumptions of 

the tactical or strategic stages are modified and the 

problem is solved under the new assumptions until 

reaching a suitable answer. The stages are shown in 

the Flow Chart 1.  

4. The model 

The presented cross-docking location allocation 

model is based on the CFLP
1
 model by Klose et al. 

2
. 

Necessary variables were added to the model to de-

termine the relationships between the suppliers and 

facilities and the capacity of facilities. The purposes 

of the modified model are:  

1) Locating the possible cross-docks (the possi-

ble cross-docks are either the already existing 

facilities or the ones to be constructed).  

2) Determining their capacity for each kind of 

product.  

3) Determining the amount and the routing of 

the products through the system. 

The modified model is: 

 

Min )(),()( 332211 jokjjojok Pfwzffwlfw +−  

     )(),()( 665544 jjjokj yfwylfwyfw ++−  

Subject to: 

   Jjyz jkj ∈∀≤− ,0         Kk ∈∀                  (1) 

                                                      

 
1
�Capacitated Facility Location Problem. 

2
�Appendix I. 
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Figure 1. The schematic picture of the cross-docking system. 
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Flow Chart 1. Designing a cross docking system. 
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4.1. Parameters and decision variables 

The parameters of the model are:  

K        The set of destination nodes. 

J         The set of potential cross-docks. 

O        The set of existing origins.  

dko   The demand of the destination k for the prod-

ucts of the origin o. 

tjo    The capacity of cross-dock j for receiving and 

handling product o (kg). 

fcj       The fixed cost for opening/operating cross-

dock j. 

tdoj      The distance between origin o to cross-dock j. 

tdoj    The distance between cross-dock j to destina-

tion k.  

coj  The cost of traveling a unit of distance from 

origin o to cross-dock j. 

ckj   The cost of traveling a unit of distance be-

tween cross-dock j and destination k. 

tc        The truck capacity (kg).  

wo       The weight of per unit of product o (kg). 

mo    The production capacity of the origin o (kg). 

���

�
�  The minimum considered capacity of cross-

dock j for product o (kg). 

���

�
�   The maximum considered capacity of cross-

dock j for product o (kg). 

 

The four decision  variables of the model are: 

1=jy  if the node j is chosen as a cross-dock and 0 

otherwise.  

joP  defines the capacity of the cross-dock j for prod-

uct o. 

1=kjz  if the cross-dock j is assigned to the demand 

point k, and 0 otherwise. 

1=jof  if the cross-dock j  is assigned to the origin 

o, and 0 otherwise. 

jokl  indicates the amounts of the delivered good from 

origin o via cross-dock j to the demand point k. 

 

4.2. Constraints 

Constraint (1) in the CFLP model was modified so 

that each demand point can be served by at least one 

cross-dock. A similar constraint was added to the 

model for the assignment of the cross-docks to the 

origins. The Constraint (3) guarantees that each ori-

gin is connected to at least one cross-dock to send its 

products.  

The necessary relationships between jof  and jy  

were established to guarantee that not-considered 

cross-docks wouldn’t be assigned to an origin point 

in Constraint (4). 

Equation (5) determines the capacity of cross-dock 

j for product o while guaranteeing that non-chosen 

cross-docks would not have a capacity more than 

zero. In order to guarantee the adequate transship-

ment of the goods in the system, the Constraints (2) 

and (4) of the CFLP model were substituted by Equa-

tion (6). 

Constraint (6) guarantees that the handled products 

by the cross-docks are not more than the product ca-

pacity. The Equation (7), guarantees that the demands 

in the demand points are satisfied where the total 

amount of the goods flowing in the routes is exactly 

as mush as is needed in the destinations. Therefore no 

good is delivered to the cross-docks unless it is 

needed on the very same amount by a destination. 

Constraint (8) guarantees that the amount of dedi-

cated good to be transferred via each cross-dock 

wouldn’t be more than its capacity.  

4.3. The objective functions 

The model benefits both cross-docking design ob-

jective functions and supply chain location objective 

functions. The objective functions of the multi objec-

tive model are as follows:  

1) Minimizing the traveled distance costs between 

origins and facilities, and also between facilities 

and destinations:  

   ))()(()()(1 � � �
∈ ∈ ∈

=
Oo o

jo
Jj

jok
Kk

jojok
w

tc
tdlclf  

                � � �
∈ ∈ ∈

+
Oo Jj Kk o

kjjokkj
w

tc
tdlc ))()()(( . 
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2) Maximizing the usage of the roads with high 

quality:  

 

        � ���
∈ ∈∈ ∈

+=
Jj Kk

kjkj
Jj Oo

jojokjjo zqfqzff ),(2 , 

where ojq and kjq represent the quality of the 

road taken from the point the o to j and from 

j to k. 

3) Minimizing the cost of per unit of capacity for 

product o of the cross-dock j: 

 

     �
∈

=
Jj

joojo PsPf )(3 , 

where os  represents the cost of each unit of ca-

pacity for product o. 

4) Maximizing the benefits of being close to the fa-

cilities (electricity, data-links, water pipes etc.)  

 

     �
∈

=
Jj

jjj ygyf )(4 ,  

where jg indicates the degree of being close to 

the facilities. 

5) Minimizing the material handling costs in the 

cross-docks:  

 

     � � �
∈ ∈ ∈

=
Oo

jjo
Jj Kk

jokjjok ymclylf )(),(5 , 

where jomc  represents the material handling 

cost for each unit of product o in cross-dock j. 

6) Minimizing the fixed cost of constructing / im-

plementing a cross-dock: 

 

     j
Jj

jj yfcyf �
∈

=)(6 ,  

where jfc  represents this fixed cost of con-

structing /implementing cross-dock j. 

Since a mixture of quantitative and qualitative ob-

jective functions are used in the modified multi-

objective model, a linear combination of the normal-

ized objective functions can be considered in order to 

be able to estimate the objective function of the 

model. The weights of the objective functions can be 

determined using the Analytic Hierarchy Process 

(AHP)
 3
.  

5. The advantages of the modified model  

The modified model is located in the intersection of 

supply chain design models and cross-docking loca-

tion allocation models, benefiting from advantages of 

both types.  

The past researches suggest that the location deci-

sion framework used by managers, predominantly 

emphasized quantitative analyses that trade off trans-

port costs, scale economies, and other cost based 

variables while other critical variables are considered 

in the modified model. 

While main focus of the supply chain design mod-

els is on minimizing the costs, delays and maximizing 

the benefits, the modified model is a multi objective 

concerning the qualitative objective as well. More-

over, deciding the capacity of the cross-docks is not 

considered in the previous cross-docking models, 

which is an important decision in constructing cross-

docks.  

Another major advantage is considering different 

types of products separately while it is assumed to be 

a general product flow in both cross docking and 

supply chain design models.  

When followed by scheduling, it serves best the 

strategic and tactical decisions in designing a cross-

docking system.  

As a cross-docking location allocation model, the 

modified model can be compared with the two mod-

els presented by Ratliff et al. known as the main and 

most important models in the cross-docking models.  

Ratliff, et al. have developed two models for cross 

docking networks: 1) an integer programming model 

for a truck network of the US Postal Service First 

Class Mail transportation system [20], and 2) a 

mixed-integer model for determining the number and 

location of cross-docks in a load-driven system in an 

automobile delivery system [21].  

The advantages of the modified model compared 

with these two models can be listed as follows: 

• The objective function: The objective function 

of the Ratliff’s first model is to minimize the 

number of truck-miles and that of the second 

model is to minimize the average delay time. 

While the modified model is a multi-objective, 

determining to optimize: the traveled distance 
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costs, costs of using the roads of poor quality, 

benefits of being close to the facilities (electric-

ity, data-links, water pipes etc.), material han-

dling costs for each type of product in the cross-

docks and the fixed cost of constructing / imple-

menting a cross-dock. 

• The constraints: The schedule-driven cross-

docking Network, considers truck capacity and 

the predefined flow of the demands as constrain-

ing factors. In the Schedule-driven cross-

docking Network, the constraints are only deal-

ing with the flow of the demands. While the fol-

lowing constraints, are considered in the modi-

fied model: the origin factories production ca-

pacity, the cross-docks capacity for each kind of 

deliveries, the requirements of each destination 

for the products of each origin. 

• The decision variables: None of the models 

have considered cross-docks’ capacity as a deci-

sion variable. Even the capacities of not-

constructed cross-docks are assumed to be 

known.  

6. Results 

An example for a cross-docking system was de-

fined. In the first stage, the location of the cross-

docks, the capacities and the deliveries’ routings 

through the system were determined using Genetic 

Algorithm. The necessary assumptions in this strate-

gic stage were as follows: distances between the 

points, destinations’ demands, cross-docks’ opening 

and constructing costs, material handling costs for 

each product, trucks capacity etc.  

The example consists of three cross-docks, two 

origin points and two destinations. The initial 

amounts of the parameters are shown in Table 1. 

In the first stage, the location of the cross-docks, 

the capacities and the deliveries’ routings through the 

system were determined using Genetic Algorithm 

[10]. In the next stage, the cross-docking system was 

simulated under two different strategies in order to 

choose the best scheduling parameters. 

Necessary assumptions and parameters were con-

sidered in both stages, such as the distances between 

the points, destinations demands, cross-docks’ open-

ing and constructing costs, material handling costs for 

each product, trucks capacity, deliveries’ size, lift 

trucks’ capacities, distances between the receiving 

and shipping doors, traveling duration within the 

cross-docks, available human resource for each activ-

ity, truck traveling durations, loading and unloading 

times of deliveries, queuing and serving strategies, 

priorities in loading and unloading goods, priorities in 

serving the demand points and etc. 

All the possible solutions of the problem were con-

sidered. The fitness functions were calculated and all 

the strategic parameters were defined. The fitness 

functions are shown in Table 2, Figures 3 and 4. 

As can be seen, the solution 5 is the optimum solu-

tion. Other strategic parameters which were also de-

fined in this stage are:  

• Assignment of the cross-dock j to the origin o: 

                               0        1 

                               0        0  

                         1       1 

 

• Assignment of the cross-dock j to the destina-

tion k: 

 

                    

                                                                                

           

 

• Amounts of the delivered product of origin o 

through cross-dock j to the point k: 

 

 

                                                                  
   

                                                                                          

The best answer from the strategic stage is shown 

in the Figure 5. 

 

 

 

              

 

            

 

 

Figure 2. The cross docking model. 
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Table 1. The initial amounts of the example parameters. 

 

 

 

 

 

Table 2. The fitness function amounts. 

 
Solution 1 2 3 4 5 6 7 

Y matrix 001 010 011 100 101 110 111 

Fitness  

function 
0.1518 0.1432 0.135 0.139 0.0974 0.136 0.199 

 

 

 

 

 

 

 

 

 

 

 

 

  
o = 1 

j = 1 

k = 1 

o = 1 

j = 2 

k = 1 

o =1 

j= 3 

k = 1 

o = 1 

j = 1 

k = 2 

o = 1 

j =  2 

k = 2 

o = 1 

j = 3 

k = 2 

o = 2 

j = 1 

k = 1 

O = 2 

j = 2 

k = 1 

o = 2 

j =  3 

k = 1 

o = 2 

j = 1 

k = 2 

o = 2 

j = 2 

k = 2 

o = 2 

j = 3 

k = 2 

tdjo  1 0.375 0.525 1 0.375 0.525 0.625 0.250 0.075 0.625 0.250 0.075 

tdkj  0.420 0.100 0..03 0.600 1 0.90 0.420 0.100 0..03 0.600 1 0.90 

dko  4000   3000   3000   5000   

tc    10000            

cjo  400 350 450    275 350 425    

ckj  350 250 500 425 375 250       

qjo  0.6 0.4 0.5    0.9 0.8 0.9    

qkj  0.9 0.7 0.8 0.9 0.6 0.8       

mcjo  0.5 0.7 0.4    1 0.9 0.8    

gj  0.7 0.5 1.0          

fcj  1 0.374 0.667          

wo  20      10      

   pjo
min 

 10000 10000 10000    20000 10000 1500    

pjo
mx 

 90000 80000 80000    90000 90000 8000    

mo  100000      200000      
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Figure 3. Fitness functions of all the possible solutions. 
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Figure 4. The fitness function amount in each generation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The best answer. 
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The tactical stage solutions were made based on the 

results of the strategic stage. In the tactical phase, the 

internal relations and functions of the cross-docks 

were simulated by queues and distribution stocks. 

Usually in cross-docks, each shipping door is dedi-

cated to one destination and each origin sends its de-

liveries to a specific receiving door. The receiving 

doors were simulated with parallel queues, each re-

ceiving goods from a specific origin point and the 

shipping doors were simulated with stock points, re-

ceiving dedicated goods from related queues and 

sending them to a specific destination. 

The two simulation strategies concern the inter-

cross-dock prioroties for transporting orders from 

receiving doors to the shipping doors and also 

different assignment of the human resources in the 

shipping doors. The first strategy indicates that the 

nearest shipping doors and the overally smallest 

orders should be served first and the second one 

signifies that the biggest order and the farthest order 

should be sereved first 
4
. 

Applying the strategies result in different delivery 

leadtimes, delays, queuing times, storage costs, 

facility usage and transportation costs.  The utility of 

a startegy however, is decided based on the 

manegerial preferences in how to weight the time-

saving or cost-descreasing goals. The results of 

simulation with the two strategies are compared in 

the Tables 3 and 4 and Figures 7 and 8.  

The product delivery within the cross-dock is 

finished earlier by the first strategy and the receiving 

doors’ finishing times is ealier.  

By implementing the second strategy the lift truck 

waiting time will increase. Since all the lift trucks 

from different origins aim to serve a shipping door 

first by their large deliveries over a long period of 

time, their waiting time will increase. The lift trucks 

busy time is higher by the first strategy.  

The busy period of the personnel and facilities in 

the shipping doors seem to improve by the first strat-

egy. The low busy period of the node I in the second 

strategy is due to node’s waiting time for finishing 

the node II deliveries.  

7. Conclusion 

A multi objective nonlinear location allocation 

model is presented in this study to determine the 

cross-docks’ location, their capacities and the prod-

                                                      

 
  4�The total number of the required goods consider the size  

of an order.  

ucts’ routing through the system in the strategic stage. 

The model is simulated for comparing scheduling 

strategies in the tactical stage. Compared to previous 

literature on cross-docking location allocation prob-

lems and supply chain facility location problems, the 

proposed method has distinctive features:  

1) The quantitative and qualitative objective func-

tions of the model include the necessary fea-

tures concerning cross docking systems and 

supply chain management.  

2) The model suggests the best capacity for each 

product for the cross docks which was not con-

sidered in the cross docking models.  

3) The internal cross-dock layouts can also be de-

signed. The model can be further expanded to 

include the shape of the cross-docks and their 

centrality. It can be either the matter of choos-

ing between different cross-docks in different 

shapes or deciding the shape of the cross-dock 

to be constructed.  

4) Regarding the AHP weights, the problem 

shows to be more sensitive to the transporta-

tion costs, driven roads quality and construc-

tion costs.  

5) The trucks are considered exclusively for each 

destination and each origin. The availability of 

the trucks can also be included in the model by 

usage of 0-1 variables indicating the assign-

ment of the trucks to the tasks. However, enter-

ing a non-strategic decision into a strategic 

model is not suitable. The truck assignment 

problem can better be handled in the tactical 

stage.  

6) Some deliveries may not require cross-docking 

functions and a vehicle may be able to be sent 

directly from origin to the destination without 

passing through the cross-dock. The direct de-

liveries from origins to the destinations can be 

considered by defining necessary variables. 
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Figure 6. Receiving and shipping activities. 

 

 
Figure 7. Lift trucks busy period. 

 

 
Figure 8. Cross dock nodes busy period. 
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Table 3. Personnel and facilities’ function in the queues. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 4. Personnel and facilities’ function in the nodes. 

 

 
 Queue 

Start 

Time 

Finishing 

Time 
Idle time 

Busy 

period 

Cross-dock I Node I 33.67 168 0 100% 

Node I 34.07 217.42 0 100% 
Cross-dock III 

Node II 17.25 285.07 51.07 81% 

F
ir

st
 

S
tr

a
te

g
y
 

Mean 28.33 223.50 17.02 94% 

Cross-dock I Node I 33.67 168 0 100% 

Node I 16.92 180.25 116.33 29% 
Cross-dock III 

Node II 33.57 250.25 0 100% S
ec

o
n

d
 

S
tr

a
te

g
y
 

Mean 28.05 199.50 38.78 76% 
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L
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 I
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Cross-dock I Q I 0 151.33 16 16.33 89% 89% 

Q I 0 125.58 22.75 15.67 82% 88% 
Cross-dock III 

Q II 0 268.25 32.58 65.67 88% 76% 

F
ir

st
 S

tr
a
t-

eg
y
 

Mean 0 181.72 23.78 32.56 87% 82% 

Cross-dock I Q I 0 151.33 16 16.3 89% 89% 

Q I 0 125.58 15.9 15.6 87% 88% 
Cross-dock III 

Q II 0 283.57 48.5 81.8 83% 71% 

S
ec

o
n

d
 

S
tr

a
te

g
y
 

Mean 0 186.83 26.80 37.90 87% 83% 
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8. Suggestions for further researches 

• The probabilistic parameters such as orders, de-

livering times, productions and etc. can also be 

considered. The usage of uncertain parameters 

results a more realistic model. 

• In a cross-docking system, we should be able to 

switch between cross-docks when facing a 

problem. The possibility of having spare cross-

docks, the costs, the risks and benefits can be 

studied. 

• The decision variables that decide on the shape 

of the cross-docks can also be included in the 

cross-docking modeling problem. Where re-

garding the required receiving and shipping 

doors and cross-docks’ location and the rela-

tions with the origin and destination points, its 

desired shape be suggested by the model. 

• The origins’ productions are supposed to be 

ready to deliver. The origins’ production con-

straints can also be included in the model. 

Moreover, extra and substitutions for resources 

can be predicted in order to be able to switch 

between suppliers when needed. 

• Cross-docking system managing software can 

be designed for assigning resources to the tasks. 

The inter-cross-docks’ tasks and functions can 

be prescheduled to make necessary decisions 

and avoid shortages.  
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Appendix I: The basic model of Andreas Klose 

and Andreas Drexl  

The capacitated facility location problem by An-

dreas Klose and Andreas Drexel [14], is as follows:  
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≥                                               (4) 

   �
∈
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qJj
lkz 1                       QqKk ∈∀∈∀ ,       (5) 

    10 ≤≤ kjz                      KkJj ∈∀∈∀ ,       (6) 

    10 ≤≤ jy                      KkJj ∈∀∈∀ ,        (7) 

    }1,0{∈jy                      Jj ∈∀ .                     (8) 

 

where K is the set of the nodes and J ⊆ K denotes the 

set of potential facilities. 

1=kjz if the demand point k is assigned to the cross-

dock j and 0 otherwise. 

1=jy if the node j is chosen as a cross-dock and 0 

otherwise.  

js indicates the maximum capacity of the node j. 

kd indicates the demand of the node k. 

jf  represents the fixed cost for opening/operating the 

node j. 

kjc defines the variable cost.  

Appendix II: Weighting the objectives by AHP  

 

The Analytical Hierarchy Process Model was de-

signed by T. L. Saaty as a decision making aid. By 

reducing complex decisions to a series of one-on-one 

comparisons, then synthesizing the results, AHP not 

only helps decision makers arrive at the best decision, 

but also provides a clear rationale that it is the best.  

AHP was developed in the 1970’s by Dr. Thomas 

Saaty
5
.  

AHP is especially suitable for complex decisions, 

which involve the comparison of decision elements, 

which are difficult to quantify. It is based on the as-

                                                      

 
5 http://www.expertchoice.com/customerservice/ahp.htm 
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sumption that when faced with a complex decision 

the natural human reaction is to cluster the decision 

elements according to their common characteristics 

[3,22]. 

It involves building a hierarchy (ranking) of deci-

sion elements and then making comparisons between 

each possible pair in each cluster (as a matrix). This 

gives a weighting for each element within a cluster 

(or level of the hierarchy) and also a consistency ratio 

[23]. The necessary pair-wise comparisons of all the 

elements in each level relative to each element in the 

higher level were established. The final results, 

shown in the table1, indicate the weight of the objec-

tive function. The hierarchy relations of the objective 

functions are shown in the Figure 9.   

Appendix III:  Alternative options for the model 

1. The production capacity of the origin o is as-

sumed to be more than the destination demand. 

If the demands  were  more than the provided 

amount of products, the unsatisfied demand for 

the product of the origin o in the destination k 

is equal to: 
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jokkoko ldud  

2. Since the demand in the destination is never 

less than the transshipped product, the sum 

above is weather a positive amount or is equal 

to zero.   

3. If the number of the selected facilities should 

be equal to a desired amount of N, or should 

range between NL and NU, the following con-

straints can also be considered in the model:   

             �
∈

=
Jj

j Ny  

         �
∈

≤≤
Jj

UjL NyN  

4. The cross-dock capacity for a product implies 

the existence of the required material handling 

facilities and personnel in the cross-dock. The 

variable joP indicates the capacity (and implies 

its ability) of the cross-dock j for handling the 

products of the origin o. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f6 f5 f4 f3 f2 f1 

Fixed con-

struction costs 

Material 

handling 

costs 

Accessibility 

to infrastruc-

tures 

Cost        

of per unit 

of capacity 

Quality of 

the roads 

The     

traveled 

distance 

0.105 0.045 0.205 0.15 0.23 0.265 

Table 5. The objective functions' weights by AHP. 
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Figure 9. Hierarchy relations of the objective functions. 


