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Abstract— The problem of locating hospital departments so 

as to minimize the total distance travelled by patients can be 

formulated as a Quadratic Assignment Problem (QAP).In 

general, (QAP) is one of the Combinatorial Optimization 

Problems and always high dimensional. Therefore, the use 

of meta-heuristics that generates good solutions in 

reasonable computer time becomes an attractive alternative. 

In this paper, a proposed artificial bee colony (ABC) 

algorithm is used to optimize QAP. The main idea is to use 

different crossover techniques for employee and onlooker 

bee stages and use exchange position operator for scout bee 

stage. The results of ABC algorithm show the efficiency and 

capabilities of proposed algorithm in finding the optimum 

solutions, compared with results of GA and SA in all test 

problems. The purpose of this paper is to apply the QAP in 

Azadi hospital in Kirkuk city to minimize the total distance 

travelled by patients. The application involves determine the 

flow matrix and the distance matrix to solve the problem. 

The results related that QAP model was presented suitable 

framework for clinics allocation and optimum use.  

 
Keywords-  Quadratic Assignment Problem; Artificial Bee 

Colony; Hospital Layout; Healthcare Management.  

I. INTRODUCTION  

 

There are many scientific questions raised "What 

is the optimal way to wire a computer backboard?”, 

“How are the locations of clinics within a hospital 

decided?", " How is deciding on the sites of colleges and 

departments on campus? ","How was the access to the 

current arrangement of the keyboard?". What possible 

linkages could there be between these problems? Most 

would agree that at first glance, they are seemingly 

unrelated beyond the fact that both are decision problems. 

One might even propose that such decisions are made 

arbitrarily. However, it is the solution to these and 

countless other problems that contains the key to their 

correlation.  They are all modeled by one of the most 

challenging problems in combinatorial optimization 

[23,25]. This problem has been a focus of researchers for 

over five decades; it is known as the Quadratic 

Assignment Problem [6]. 

The Quadratic Assignment Problem (QAP) was 

originally introduced in 1957 by Koopmans and 

Beckman who were trying to model a facilities location 

problem. Since then, it has been among the most studied 

problems in all of combinatorial optimization. Many 

scientists including mathematicians, computer scientists, 

operations research analysts, and economists have used 

the QAP to model a variety of optimization problems 

[18]. 

In general, Quadratic Assignment problems are 

NP-hard problems, that is, unlikely there is no an 

algorithm that can find an optimal QAP solution in 

polynomial time. In practical, this means that the 

processing time required to solve such problem will 

quickly and enormously grow as the problem size grows. 

For this reason, truly optimal solution is quite difficult to 

be found. Therefore, meta-heuristic techniques such as 

genetic algorithm, simulated annealing, tabu search, 

artificial bee colony etc. are also employed to obtain 

optimum solution [4,21]. 

In general, the main advantages of meta-heuristic 

are: they do not require the objective function to be 

differentiable or continuous, they do not require the 

evaluation of gradients, and they can escape from local 

minima [2].  

In this paper, a proposed artificial bee colony 

proposed to solve quadratic assignment problems. The 

purpose of this paper is to apply QAP in a public hospital 

in Iraq. The application involves determine the flow 

matrix and the distance matrix to solve the problem.  

The paper is organized as follows: In section 2 the 

main idea for QAP is presented as well as the 

mathematical formulation.  The ABC algorithm to solve 

QAP problems has been proffered in Section 3. In section 

4 numerical experiments and the Apply of QAP for Azadi 

hospital is presented in section 5. The last section 

concludes the paper.           

   

II. A BIT FROM QAP AND ABC 

A. Quadratic Assignment Problem  

Quadratic Assignment Problem (QAP) is one of 

the challenging classical combinatorial 

optimization problems. QAP was presented by 

Koopman and Beckman in 1957 [18]. It is a model 

for many practical problems like backboard 

wiring, campus and hospital layout, and 

scheduling [6,9,23,25]. 

To have an instance of QAP, the full list of 
distances among available locations (   ) and 
material flow among facilities (    ) and should 
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be visible. There are N facilities and each of 
them can be interchanged with each other. On the 
other hand, there are N locations each of them 
can be provided for only one facility. Hence, 
the QAP can be modeled as follows [20]:  

There are a set of N facilities and a set of 
N locations. For each pair of locations, a 
distance (    ) is specified and for each pair of 

facilities a flow (   ) is specified. The problem 

is to assign all facilities to different 
locations with the goal of minimizing the sum of 
the distances multiplied by the corresponding 
flows. Formally, let     and     be two N*N 

matrices and let    be the set of permutation of 
{1, 2,.., N}. 

Then, the QAP can be defined as follows: 

     ∑∑            

 

   

 

   

            

Where 𝜑 is a vector of permutations possible 
(1,2, ...., n), and that 𝜑     refers to the site 
which will be allocated to facilitate i, and in 
the end is the best solution of the problem, 
Each individual product               is the 

transportation cost caused by assigning facility 
i to location 𝜑 (i) and facility j to location 𝜑 
(j).  

Figure 1 and Figure 2 shows a map that 6 
different facilities located on 6 different 
locations. 

 

 

Figure 1: Assigning 6 Facilities to 6 Locations 

 

Here, is a permutation that gives formal 
definition of Figure 1. 

 

Facilities    

Locations                      

 

Figure 2: Permutation for Figure 1 

 

According to the allocation in Figure 2, 
facility 5 has been assigned to location 4, 
facility 6 to location 1 and so on. The fitness 
function (f) of this example can be calculated 
as follows: 

  ∑ ∑             
 
   

 
     …(2) 

 

The most important and used methods to achieve optimality 

for QAP are the Branch and bound and cutting plane as they are 

most efficient techniques. The Branch and bound procedures 

was firstly introduced by Gilmore [11] in 1962 who solved a 

QAP of size 8 = n. Traditional cutting plane algorithms for 

QAP first used by Kaufman and Broekx in 1978 [3]. 

Because of obvious difficulties experienced in the 

development of exact solution procedures, a wide variety of 

heuristic approaches has been developed for QAP. Heuristic 

algorithms do not give a guarantee of optimality for the best 

solution obtained. In this context, we consider heuristic 

techniques as a procedure dedicated to the search of good 

quality solutions. These approaches can be classified into the 

following categories: Construction methods [1] , simulated 

annealing[20], Genetic algorithms[28], Greedy randomized 

adaptive search procedures [19], and Ant colonies [27] and 

Artificial bee colony [4]. 

Over the years, the QAP has drawn the researcher’s 

attention worldwide and extensive research has been 

done. From the theoretical point of view, it is because of 

the high computational complexity: QAP is NP-hard, and 

even finding an approximate solution is a hard problem 

[7]. Moreover, many well-known classical combinatorial 

optimization problems such as the traveling salesman 

problem, the graph-partitioning problem, the maximum 

clique problem can be reformulated as special cases of 

the QAP. From the practical point of view, it is because 

of the diversified applications of the QAP. The QAP has 

been applied in many fields such as backboard wiring 

[18], typewriter keyboards and control panels design 

[23], scheduling [5], and many others. 

 

B. Artificial Bee Colony  

By simulating the forging behavior of bee colonies, 
artificial bee colony (ABC) algorithm, which is a swarm 
intelligence-based optimization algorithm, was proposed 
by Karaboga in (2005) for numerical function 
optimization [15]. The main steps of ABC algorithm can 
be described as follows. 

Initialization 

Repeat 

Employed bee stage: Place the employed bees on the food 
sources in the memory. 

Onlooker bee stage: Place the onlooker bees on the food 
sources in the memory. 

6 5 4 3 2 1 

1 2 3 4 5 6 
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Scout bee stage: Send the scout bees to the search area 
for discovering new food sources. 

Until (conditions are satisfied) 

In ABC algorithm, the colony consists of three kinds 
of bees: employed bees, onlooker bees and scout bees. 
Half of the colony is employed bees, and the other half is 
onlooker bees. The employed bees explore the food 
source and send the information of the food source to the 
onlooker bees. The onlooker bees choose a food source to 
exploit based on the information shared by the employed 
bees. The scout bee, which is one of the employed bees 
whose food source are abandoned, finds a new food 
source randomly. The position of a food source is a 
possible solution to the optimization problem. Denote the 
food source number as SN, the position of the i

th
 food 

source as xi(i =1,…, SN), which is a D dimensional 
vector [14,16]. 

In ABC algorithm, the i
th

 fitness value i fit for a 
minimization problem is defined as [13]: 

                          

     {
 
      
⁄        

                 
                

Where  is the cost value of the ith solution. The 
probability that food source being j

th
 selected by an 

onlooker bee is given by: 

                     
     

∑      
  
   

                                                    

A candidate solution from the old one can be 
generated as: 

                     (       )                            

Where   {        },    ⋯ and   {       } 
are randomly selected indices,    [-1, 1] is a uniformly 

distributed random number. The candidate solution is 
compared with the old one, and the better one should be 
remained [16]. 

If the abandoned food source is xi, the scout bee 
exploits a new food source according to: 

                        (             )  … (6) 

Where        and       are the upper and lower 

bounds of the j
th

 dimension of the problem’s search space 
[14]. 

 

III. PROPOSED ABC TO SOLVE QAP 

In this section, we describe the ABC algorithm for 
solving QAP problems. 

Step 1: Initializing parameters of ABC algorithm 
and set Nd=0; 

Step 2:  
2.1: Define the matrices of QAP; 

2.2: Generate initial population; 

2.3: Evaluate the fitness value of the initial 

population; 

Step 3: Decade loop Nd=Nd+1 

Step 4: 
4.1: Search the new food source for employed 

bee; 

4.2: Apply a greedy selection process; 

4.3: If solution does not improve traili = traili 

+1, otherwise traili =0; 

4.4 Apply roulette wheel selection to choose a 

food source for onlooker bees; 

4.5 Search the new food source for onlooker 

bees; 

4.6: Apply a greedy selection process; 

4.7: If solution does not improve traili = traili 

+1, otherwise traili =0; 

4.8: If max(traili) > limit , replace this food 

source with a new food source produced; 

Step 5: Terminating Criterion Control; Repeat 

Steps 3-5 until a terminating criterion is 

satisfied; 

A. Input Information 

For QAP, the software implemented takes into 
consideration the following matrices: 

 F= (   ), where fij is the flow from facility i to 

facility j; 

 D = (dij), where dij is the distance from location i 
to location j; 

B. Fitness Function 

 Fitness function is a critical factor in the ABC 
Algorithm. Every Source of food in the ABC’s 
population has a fitness value, and it moves in solution 
space with respect to its previous position where it has 
met the best fitness value. In this paper, the fitness value 
is the cost function of QAP denoted as eq. (1) that must 
be minimized through the iteration process. 

C.  Generate an Initial Solution 

The encoding strategy for the QAP, which is one of 
the combinatorial optimization problems, the sequential 
encoding type is employed here. Then, each food source 
can be randomly generated an initial solution for the 
problem which assigns each department at exactly one 
dimension. Figure 3 presents the encoding of QAP for the 
30 departments, which shows the department 14 at the 
first position, department 5 at the second position, and so 
on. Thus, the initial solution is done after we deal with 
the encoding and to generate initial solution. 

 

14 5 28 24 … 12 11 23 

Figure 3.The problem representation of the QAP for 30 departments 

 

 The initialization phase is continued for FN times. FN 
is equal to the half of SN (the bees’ population). The best 
solution is taken from this step and GB keeps it. Also the 
Extent Memory (EA) keeps the half best solutions in this 
phase. 

D.  Search Mechanism 

 It is well known that both the exploration and 
exploitation abilities are necessary for the population 
based algorithms. How to balance these two abilities to 
achieve good optimization performance is very 
important. 
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The original version of ABC operates on real values. 

But QAP problem is a discrete problem. So we use new 

methods for the employed bee stage and the onlooker bee 

stage which are suitable for the problem. 

In the employed bee stage, an example of this 

operator is shown in figure 4. This operator is as below: 

1) Choose some cells (about 50% of cells) randomly in 

food source array (cells {1, 6, 2, 8 and 7}) 

2) Copy selected cells into new food source array. 

3) Scan whole of food source array from first to end. If 

there is any cell which is not in food source, copy it in to 

first empty cell (cells {5, 10, 3, 4 and 9}). 

 
      1 5 6 2 9 10 3 8 4 7 

       2 5 10 7 8 3 1 4 6 9 
New Food 1 5 6 2 10 3 4 8 9 7 

 

Figure 4. An example of employed bee stage operator 
 

The onlooker bee stage represents PMX (Partial 
Message Crossover). There are two versions of the 
method, including two point crossover and single point 

crossover. The PMX process is as follows： 

Step 1: Select two parents P1 and P2 randomly from 

population. 

Step 2: Generate two crossover points cp1 and cp2 
randomly. Then, exchange two substrings, which defined 
by two positions, between parents P1 (4, 5, 6, 7 in Figure 
4) and P2 (2, 8, 3, 4 in Figure 5) to product C1 and C2. 

Step 3: Exchange the cells which are already in the 
substring from the parent P2 and P1, for example the 
second gene of     C1:2->4->7.   

 

Table 1: Benchmark functions (1-15) 

 

 

Figure 5: PMX process 

 

For scout bee stage, we choose two different 

cells randomly in food source array and then exchange 

them. This operator is illustrated in figure 6. 

 
Food 2        5 10 7        8 3 1      4     6 9 

New Food 2        5 6 7        8 3 1      4 10 9 

Figure 6. An example of scout bee stage for QAP problem 

IV. NUMERICAL RESULTS 

To verify the feasibility of the proposed 

algorithm to solve QAPs, some benchmarks problems 

were tested by using the software written in Matlab 8.1 

programming languages and executed in the Intel Core 2 

Duo 2.20 GHz. The results obtained for solving QAPs are 

compared with other algorithms. 

The proposed ABC is tested using 15 

benchmarks problems [24]. For comparison, Genetic 

Algorithm (GA) [28], and Simulated Annealing (SA) [7] 

are also executed on these 15 problems. Table 1 shows 

the details of test benchmark problems. The parameter 

settings of ABC algorithm are described as follows: 

number of bees NB is equal to 100, number of iterations 

is equal to 500 and the limit parameter is equal to 1. The 

algorithm is conducted 20 runs for each test problem. 

 

In Table 2, the performance of ABC algorithm is 

compared with GA and SA using statistical measures 

(Mean, Maximum value, Minimum value, and Standard 

Deviation, Error). The Error of each algorithm can be 

calculated as: 

                     
       

            
    …(7) 

 

V. CREATE QAP FOR AZADI HOSPITAL  

In this section, a real life quadratic assignment 
problem is presented. Azadi hospital in Kirkuk city was 
established in 1985 and it's currently provides a wide 
range of medical services, in a highest level under the 
supervision of the best specialist doctors  who have high 
experience in different medical fields. In this paper, we 
create a QAP to Azadi hospital. 

A. Desicription of the hospital layout 

The hospital building has 6 floors in addition to the 
ground floor and its contains about 398 beds supported 
with new medical equipment's the hospital contain 
emergency room provided with emergent medical 
equipment and also contain operating room for major and 
minor operations with different types of laboratories for 
give the best medical care to all people. 

The failure to regulate the clinics sites for some of 
them causes a lot of movements for patients, which in 
turn leads to obtain a serious delays. That is why the 
problem of determining the clinics location within the 
hospital is very important. The goal is to decide on the 

Optimal N Proble

m 

i Optim

al 

N Problem i 

7205962 60 Tai60a 9 2192 20 Chr20a 1 

608215054 60 Tai60b 10 14142 20 Chr20c 2 

818415043 80 Tai80b 11 3796 25 Chr25a 3 

273038 100 Will10

0 
12 5166 28 Nug28 4 

152002 100 Sko10

0a 
13 88900 32 Kra32 5 

153890 100 Sko10

0b 
14 28331

5445 

35 Tai35b 6 

8133398 150 Tho15

0 

15 30930 40 Lipa40a 7 

    24051

6 

40 Tho40 8 

                

01 9 8 7 6 5 4 3 2 0 :    

5 01 9 4 3 8 2 6 0 7 :    

            

01 9 5 4 3 8 2 6 7 0 :    
8 01 9 7 6 5 4 3 0 2 :    
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various clinics site to reduce the effort spent by patients 
while they moving from clinic to another, therefore the 
goal is to locate clinics within the hospital building to 
minimize the total distance to move patients through 
problem formulation as quadratic assignment problem. 

The study applied on consultancy services (facilities) 
only located on the ground floor for 30 services. That is 
because the greater part of the patients coming to this 
floor of hospital every day. Table 2 shows consultative 
clinics (facilities) located in ground floor. 

  Table 2. Consultative Clinics 

 

B. Description of the data 

Estimates of the patient flows between clinics were 

available on a yearly basis. Entries in the flow matrix 

were obtained by averaging the flow between each pair of 

clinics. The distances between locations were actually 

measured by tracing the paths taken by patients while 

moving from one location to another. It was noticed that 

a patient, after being through a sequence of visits to more 

than one clinic, must go to the pharmacy to mark off his 

card. The distance matrix can be taken to be symmetric. 

The flow and distance data a can be compactly presented 

as in table 4 and table 5 respectively. 

 

C. Apply of QAP for Azadi Hospital 

At first, it should be noted that the study must be 

applied before starting the establishment of the hospital, 

because some of clinics need to special positions, i.e. 

Rays room needs his own bullets walls and some safety 

stuffs. 

Therefore, some clinics must have been installed in 

their current positions because of the difficulty 

transferred to another places, such as pharmacy, 

laboratory and rays and so on. Moreover, the hospital has 

a consulting rooms and consulting departments, and the 

positions of department differ from those of rooms (i.e. 

ENT department has four rooms: audiogram room, two 

rooms for nose and throat doctors and ear doctor's room 

and Gynecology consulate has one room only). 

Therefore, the problem will be divided consulting 

services (facilities) into three categories, the first 

category includes fixed consulting services, which must 

be installed for the lack of other similar places as entry, 

laboratory pharmacy, rays, computerized axial 

tomography, magnetic resonance imaging, 

electrocardiography and physical therapy. The second 

category represents consulting departments as dental 

department, ENT Department and Ophthalmology 

Department, while the third category represents 

consulting rooms like Echo, Straining the heart, 

Neurological, Lung functions, Ultrasound, Urologist, 

Pediatric, Vaccine, General surgery, Trauma room, 

Gynecology, The internists1, The internists2, Minor 

operations, Interactions skin, Dermatologic and  

Hematological. 

Figure 7 shows the outline of the locations within the 

hospital, the red locations represents the first category 

and the blue locations represents the second category 

while the white category represents the third category 

accounting for sites in red Class I and Class II blue color 

while the white color represents the third category. 
To know the distance traveled by the patients during 

their movement within the hospital, we use current 
permutations and calculate the cost function of QAP.  
The value is (8,974,071) meter per month. To minimize 
this distance, we used proposed ABC algorithm to 
resolve the quadratic assignment problem for Azadi 
hospital, taking into consideration the clinics (facilities) 
that installed in the same location (First Category). While 
the second and third category represent the first and 
second problems which have been solved sequentially, 
The clinics of third category have been installed in their 
location when finding the best solution to the first 
problem and then we install the best solution for the first 
problem when solve the second problem, then install the 
solution of the second problem when solve the first 
problem. The process will continue until reach to a state 
of stability. 

 After steady state has been obtained, the cost of the 
best solution obtained is (8,312,830) meter per month, as 
compared to the cost of the original layout which is 
(8,974,071)meter per month, i.e. a resulting decrease of 
approximately 7.37%. Figure 8 shows the scheme for the 
distribution of new sites for clinics (facilities) after 
solving the problem by using the proposed algorithm. 

 

 

 

 

 

 

Service i Service I 

Neurological  66 Entry 6 
lung functions 67 Pharmacy 2 

Ultrasound 68 Laboratory 3 
Urologist 69 Rays 4 
pediatric  22 Computerized Axial 

Tomography 
5 

Vaccine 26 Magnetic Resonance 

Imaging 
6 

General surgery 22 Electrocardiography 7 
Trauma room 23 Physical therapy 8 
Gynecology 24 Dentistry 9 

The internists0 25 Ear Nose and Throat 62 
The internists2 26 Ophthalmologic  66 

Minor operations 27 Endoscopy 62 
Interactions skin 28 Allergy and Asthma 63 

Dermatologic  29 Echo 64 
Hematological 31 Straining the heart 65 
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  Figure 7: The outline of the locations within the hospital 

 
 

Figure 8: The scheme for the distribution of new sites of clinics 

VI. CONCLUSIONS 

 This paper proposes a proposed Artificial Bee Colony 
(ABC) Algorithm for Quadratic Assignment Problem 
(QAP). The performance of ABC is evaluated using a set 
of well-known multi-dimensional benchmark functions. 
The results show the efficiency and capabilities of the 
proposed algorithm in finding the optimum. Amazingly, 
its performance is better than other algorithms such as 
GA and SA. The ABC described in this paper has led to 
an improvement of 7.37% in the total cost (expressed in 
terms of passenger meters travelled per month). 
Furthermore, the derived solution proved compatible with 
some medical considerations that management was keen 
to satisfy in the new layout. 
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