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Abstract  

Nowadays, business processes of firms and organizations have encountered many complications. On the other hand, business 

owners tend to maintain competitive market and increase profitability of their businesses. Therefore, they put the efforts to 

improve their business processes in the form of decreased costs and increased quality of product and customer satisfaction. 

Thus, business owners try to consider the optimization of business processes using suitable methods for a continuous and 

structured improvement of business processes. There are many methods most of which based on complicated mathematical 

relationships; evolutionary algorithms have become more popular. Hence, the present study attempts to optimize the process 

using an evolutionary method based on non-dominated sorting genetic evolutionary algorithms. However, the objective here 

is to customize the algorithm properly in order to achieve efficient and reasonable results. 
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Introduction 

Due to increasingly expanded utilization of information 

systems, business architecture and modelling have been 

considerably interested
1
. During recent fifteen years, many 

authors studied business area
2-4

. Changes in organization make 

it necessary to make changes in modelling business processes 

over time
2,5,6

. Extraction of AS-IS model and development of 

information systems based on them is ineffective; because these 

systems often need changes and system will encounter many 

challenges or breakdowns, if implemented. Extraction of TO-

BE model is often time consuming and in cases completely 

impossible
6-8

. A proper solution to achieve a developable 

business process model (BPM) is to optimize AS-IS model
9-11

. 

The present study provides and examines proper algorithmic 

methods to extract an optimized model from AS-IS model of 

organization.  

 

An optimized model involves feasibility and optimality of 

internal and external efficiency. Internal efficiency of a business 

process can be measured by measuring parameters such as 

resource consumption (cost) and external efficiency is measured 

by criteria such as response time, operational power etc.
12,13

. 

The present study considers an algorithm to find optimal 

designs of business process as evolutionary double-objective 

optimization algorithm which randomly produces possible states 

of business process and then finds optimal states among them. 

 

Generally, evolutionary optimization is helpful because it can 

discover process designs which may have been ignored. These 

methods are able to evaluate alternative designs and determine 

the best and most proper one based on particular goals
12

. 

 

Literature Review 

Optimization of business process is conducted to decrease run 

time and cost, improve quality of product and promote 

satisfactory of customers and personnel
10,14

. 

 

In relation to optimizing business processes, a business process 

is considered as a series of tasks when correctly connected a 

correct business operation is conducted
6,16,17

. Although there are 

many methods for modelling business processes, only few can 

optimize business processes; since, they mostly either use 

complicated mathematical models or consider a fixed design for 

the process which only tasks participating in the design are 

optimized
13,14,18,19

. Optimization of business processes have a 

more formal landscape compared to other business areas
10,13

. 

 

Hofacker et al.
12

 worked on optimizing business processes by a 

genetic algorithm (GA); however, their work did not provide 

satisfactory results. Their developed model was highly 

complicated due to numerous mathematical formula and 

limitations; hence, GA hardly can generate optimal solutions.  

 

Tiwari et al.
18

 developed their mathematical model and used 

multi-objective optimization algorithms such as NSGA2 and 

SPEA2 reporting satisfactory results. 

 

Tiwari et al.
4
 initially graphically modeled a pilot business 

process and formulated its formal (mathematical) model 

considering total constraints and essential variables. The 

formulation was based on minimizing two objectives: cost and 

run time. Then to find optimal solution from their own model, 

they used three evolutionary algorithms including NSGAII, 

SPEAII and MOPSO. They finally compared solutions of three 

algorithms using efficiency index. 
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Vergidis et al.
20

 initially developed a schematic model of a 

general process by total input and output resources and its 

activities; theydetermined activities and their related costs as 

well as objective functions required for minimizing cost and run 

time and maximizing productivity of resources using 

mathematical modelling. Then, they determined required 

parameters for three developed evolutionary algorithms and 

compared them to find optimal solutions. 

 

A breakdown for most of these methods is to use complicated 

mathematical modellings as well as evolutionary algorithms in 

their traditional form. The present study tries to overcome more 

effectively on these breakdowns. Moreover, current study is 

different from other ones on that how internal and external 

parameters are organized and used to analyze alternative 

optimal processes. 

 

The proposed Algorithm to Find Optimal Designs of Business 

Process: Those elements which participate in the process 

include tasks participating in the process, characteristics and 

properties of tasks and resources needed to fulfill tasks as well 

as external resources for process of same products generated by 

the process. Sorting input and output resources of tasks can 

determine how tasks are interconnected in the process. 

Characteristics and properties of a process totally can be 

achieved by characteristics and properties of tasks. Generally, 

characteristics and properties of tasks are used to analyze 

quantitative (time, cost …) and qualitative (satisfaction of 

customers, quality of product and etc.) parameters
13

. 

 

The proposed method considered several alternatives for total 

tasks. There are particular resources and properties for each 

alternative; this varies designs. The figure 1 shows the proposed 

algorithm to find optimal designs of business process. 

First part of algorithm

 
Figure-1 

The proposed algorithm to find optimal designs of business 

process 

The first part of algorithm needs to evaluate input parameters 

and variables used for (some notations are derived from 
10,13

): m 

is number of tasks available in task library participating in the 

process and represented as Tlibrary={t1,t2,t3,…,tm}. n is number of 

tasks belonged to a particular design represented as 

Tdesign={t1,t2,t3,…,tn }, Tdesign⊆Tlibrary. k is number of available 

resources and represented as R={r1, r2 , r3 ,…, rk}(Tasks need to 

resources to perform their jobs). Subseries RGIN and RGOUT are 

total input and output resources for the process by which 

feasibility of a process can be evaluated. In fact, a business 

process design needs to consume total resources available in 

RGIN and produce total resources available in RGout. Input and 

output resources of the task i available in the library are 

represented as the series Ri={{Rin},{Rout}}, Rin⊆R and Rout⊆R 

(resources needed for tasks need to be available in resource list). 

Each task has i characteristics which are maximally p 

represented as ai={ai1,ai2,…,aip}. 

 

The proposed algorithm considers two matrices for each process 

design: one holds sequence of tasks (process design) and the 

other maintains characteristics of tasks. The former is a two-

dimensional matrix called as Task-Resource (TR) matrix and 

holds input and output resources of a task. 

 

TR is an×k matrix representing ,”n” rows which show number 

of tasks available in process design and “k” as columns which 

show number of resources needed for a task. Then, the matrix 

shows total input and output resources available in the design. 

Followings are considered to develop the matrix: i. Resource j 

given that j ∈ R and task i given that i∈Tdesign. ii. Let resource j 

be neither an input nor an output resource for task i; then 

TRij=0. 

 

TR is able to hold business process and form basis of new 

designs. 

 

The matrix TA is the same as TR. TA maintains values for 

characteristics of tasks participating in the process used for 

evaluating business process based on properties and 

characteristics of the task. 
 

TA is n×p matrix representing “n” rows which show number of 

tasks and “p” as columns which show number of characteristics 

considered in the process. Then, we have: TAi1= {ai1}, TAi2= 

{ai2}… TAip = {aip} 
 

Value of characteristic j for the process can be calculated by 

total values corresponding to that characteristic for n tasks. 

Thus, we have: 

pA j =               (1) 

 

In general, performance of the process is evaluated by TR and 

TA matrices. 

 

According to figure 1, inputs of the algorithm include one-

dimensional array of a task library, chromosome size, available 
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resources, resource vector (containing input and output 

resources needed for a task), characteristic vector (containing 

values for time and cost of a task) and conditions for feasibility 

of a design (total input and output resources). By input 

information, the first part of algorithm starts to produce random 

solutions followed by developing TR and TA matrices for 

solutions). Feasibility conditions can determine unfeasible 

solutions and repair them as much as possible; then some 

penalties are considered for their occurrence (next section 

discusses their repair and estimation of penalty function). 

 

Penalty Function: For each condition of unfeasibility in 

random solutions, some penalties are considered which are 

added to objective function. 

 

Conditions of unfeasibility are initially considered and value of 

their penalties is determined as follows: i. One or more output 

resources are not generated (α% penalty). ii.  One or more input 

resources are not consumed by tasks available in TR (β% 

penalty). iii. There is a disconnection in the design which can 

not be alternated by tasks based on available resources (γ% 

penalty). 

 

To obtain penalty function needs estimation of exact value for α, 

β and γ as well as number of occurrences of these conditions 

representing as n, m and k, respectively. Then, penalty function 

is: 
 

Fpenalty =α × n + β × m + γ × k, α < β < γ               (2) 

 

As noted above, when feasibility random solutions generated by 

the first part of the proposed algorithm is evaluated, best 

solutions are selected by the proposed evolutionary algorithm to 

generate population and next generation. As required 

generations are iterated, a series of optimal solutions can be 

obtained based on optimization purposes. To perform second 

part of the algorithm correctly, it is required that evolutionary 

operators can be customized efficiently. 

 

Customized Crossover Operator: Since genetic operators are 

used to diverse solutions available in population and to expand 

query space, this section addresses how these operators are 

customized. First, customization of crossover operator is 

studied. 

 

Two random members are initially selected from population; 

then, two random numbers are selected between 1 and nd and 

total tasks between these two random numbers are paired 

compared according to optimization purposes. Two sequential 

tasks with timeless than or equal to a minimum time and 

implementation cost  greater than or equal to a minimum cost 

are selected and combined in a task; combined task is entitled 

from two tasks prior to attachment. Then, time, cost and 

resources of combined task are considered as figure 2. 

 

Figure-2 

Code for customized crossover operator 

 

According to above conditions, TAi1 is time and TAi2 is cost of 

implementing taski (instead of i, any task can be used). K 

represents name of combined task. 

 

Customized Mutation Operator: To customize mutation 

operator, a member of population is randomly selected; then a 

random number is selected between 1 and nd and corresponding 

task is evaluated in terms of both optimization purposes. Under 

this condition, it is evaluated that whether selected task time is 

greater than or equal to maximum time and its cost is greater 

than or equal to minimum cost and less than or equal to  

maximum cost. If so, considered task is divided to two tasks 

running parallel to each other. Then, time, cost and resources of 

parallel task are considered as figure 3. 

 
Figure-3 

Code for customized mutation operator 
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The proposed Evolutionary Algorithms: A NSGAII 

evolutionary algorithm is used to find Pareto optimal solutions. 

However, some changes are made for multi-objective 

optimization of business processes. 

 

NSGAII is derived from GA; however, NSGAII is able to run 

multi-objective optimization in more efficient way than GA. 

NSGAII can well perform in discrete optimization settings; 

however, the only breakdown to NSGAII is its low rate in 

finding optimal solutions. This is because each step to generate 

new population needs to find optimal solutions of Pareto 

population and determine priority or rank of each solution; this 

is time-consuming. Despite this fact, NSGAII is highly efficient 

and its performance is improved by adding crossover and 

mutation operators. Table 1 shows tuning of parameters in 

evolutionary algorithms. 

 

Table-1 

Parameters available in evolutionary algorithms 

NSGA2 

Population size: 100 

Number of generations:250 

Probable mutation: 0.7 

Probable crossover: 0.9 

 

Real Studied Case: To run proposed algorithm on a real-world 

process, reservation process of a tourism agency is considered 

[3]. There are four tasks in this process; two alternatives with 

different time and cost are developed for each task. There are 

also four resources. Then, we have: 

Tdesign = {t1, t2 , t3,t4},  Tlibrary = {t1, t2 , … , t8},  Rdesign={r1 , r2, 

r3,r4}                               (3) 

 

Results and Discussion  

Here, results from running the proposed algorithm on 

considered process are run and derived results are compared to 

NSGAII proposed by Vergidis
3
. Values for parameters of 

NSGAII are considered as follows: 

 

Figure 4 shows the results from running algorithms proposed by 

Vergidis. According to the table 2, three optimal processes can 

be listed from different values of time and cost. Figure 5 shows 

results for running the proposed optimization algorithm on 

NSGAП. 

 

Table-2 

Values for time and cost of optimal process in NSGAП
3
 

Process Time Cost 

1 8 34 

2 12 23 

3 16 16 

 
Figure-4 

Result from running NSGAП on reservation process of a 

tourism agency 
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Figure-5 

Result from running proposed algorithm on customized 

NSGAП 

 

As figure 5 shows, six optimal processes are generated with 

different time and cost. Values for each process are listed in 

table 3. 

Table-3 

Time and cost of optimal process in the proposed NSGAП 

Process Time Cost 

1 8 28 

2 12 22 

3 15 19 

4 16 17 

5 19 16 

6 22 8 
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As results of the proposed algorithm shows, number of optimal 

processes increased and their values became better. It is 

noteworthy that most tasks are different from tasks available in 

primary population; this is because of running attachment and 

parallel operators on qualified tasks of feasible solutions in the 

population (all attachments and parallelisms of tasks can be 

observed by running algorithm). To run such operators on 

population of solutions can improve time, cost and number of 

customers available in the process in an efficient way; in a 

broader sense, the process can be optimized in terms of 

objective parameters. 

 

Discussion: According to presented figures, this is possible to 

evaluate optimal business processes in terms of qualitative 

parameters of time and cost. Additionally, alternative process 

designs can be evaluated and analyzed in terms of qualitative 

parameter of customer satisfaction. To do so, customers’ 

satisfaction can be defined as formula below (number of waiting 

customers is 1000): 

  (4) 

 

where, number of progressing customers is equal to number of 

customers who serviced by the process at the end of a complete 

cycle (even though services are not completed). The more 

customers supported in each full cycle of process the more 

satisfaction for the process. The more satisfaction the higher 

quality process is. 

 

As noted above, time and cost are quantitative criteria of a 

business process. Now, another quantitative criterion called as 

operational power is calculated here: 

 

          (5) 

 

Here, productivity index is analyzed. Performance of business 

process can be analyzed by estimating value of the index for 

running each evolutionary algorithm on considered process. The 

index is formulated as follows
22

: 

             (6) 

 

Accordingly, the more useful process has more productivity. 

Table 6 lists values for time, cost, customer satisfaction, 

operational power and productivity of NSGAП. 

 

Conclusion 

The present study developed an efficient and structured method 

to optimize business process using NSGAΠ. The algorithm was 

modified so that it was able to optimize business processes in 

discrete settings in an efficient way. To do so, considered 

algorithm was customized. 

 

By developing the proposed algorithm, requisites were provided 

to implement a real-world example on the proposed 

optimization algorithm of business process. Then, reservation 

process of a tourism agency was implemented on the algorithm 

and its results were compared to reported results in Vergidis et 

al.
3
. The present study provided an opportunity to evaluate 

optimal processes using quantitative criteria including time, 

cost, operational power and qualitative criteria including 

satisfaction and productivity and analyze them in terms of 

internal and external criteria. 

 

Success of used method was related to analysis of quantitative 

and qualitative parameters in discrete setting of business 

processes compared to previous studies in terms of efficiency of 

the proposed algorithm. Previous studies put no effort on 

customizing evolutionary algorithms for optimizing business 

processes. However, current study combined evolutionary 

operators and modified NSGAΠ to use efficiently business 

processes. 

 

The proposed method allows using more evolutionary 

algorithms; to do so, a tree genetic algorithm, a gravitation 

search algorithm and a raindrop algorithm can be used. More 

quantitative and qualitative parameters can also be considered to 

find alternative designs. However, authors will use more 

parameters to optimize business processes in the future. 

 

Table-6 

Values for characteristics of NSGAП 

productivity  Operational Power  Customer ’s Satisfaction
  

Number Customers  Cost  Time  
Property 

Process 

0.558 125 0.0030 3 28 8 1 

0.1722 45.4545 0.0080 8 22 12 2 

0.5580 125 0.0050 5 19 15 3 

0.1722 45.4545 0.0080 8 17 16 4 

0.558 125 0.0040 4 16 19 5 

0.5580 125 0.0050 5 8 22 6 
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