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Abstract - The paper focuses on the application of the decision support system, developed at our University, to the automation of the 
processes of a major enterprise, and namely to managing the construction projects of the corporation. We describe the challenges 
that the corporation might meet, discuss possible approaches, describe how we formalized the model and carried out the simulation 
experiments. We further conclude with what were the achieved benefits and the economic effect. 
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I. INTRODUCTION 
 

The problem domain of construction is the dynamically 
developing area, which requires the application of the state-
of-the-art technical decision. The management of the 
construction companies, as well as the other decision-
making people, meet the multi-criteria choices between the 
various alternatives on provision of all stages of 
construction works performed in time, when making 
strategic decisions. Effective planning of the construction 
works is the basis for achieving the specific indicators of the 
construction process duration together with the final cost of 
the created buildings. The dynamic nature of the 
construction process and the environment, the risks of 
unforeseen situations, require rapid reaction and flexible 
adjustments of the designed plans, from the decision-making 
people. The development of a simulation model for 
managing the construction corporation is the pressing task 
due to the growing demand in automation of decision-
making people labor in planning and monitoring the 
construction process.  

The problem-oriented systems of network planning, such 
as Microsoft Project and TimeLine, are used for decision 
support and construction management. The simulation 
systems, which allow the fine-tuning of the model for the 
specific requirements or provide the ready templates for the 
problem domain formalization, are used in practice as well. 
These include ARIS with the eM-Plant module, Arena, 
AnyLogic [1-2], the automated system for metallurgic 
production [3-5], BPsim [6]. Automation of the decision-
making process in construction management, based on the 
situational models of network planning is described in [7]. 

The management of the construction works assumes the 
two tasks: 

1. Planning the duration of works and the resource 
distribution, including labor, owned and sub-contracted; 
material, incl. owned and leased; financial, incl. owned and 
invested, per each kind of works. 

2. Live monitoring of the changes in the internal and 
external environments in parallel with the process execution, 
rapid adjustment of the plan in order to achieve the 
maximum effectiveness, following the time, financial, and 
resource limitations.  

The named problems can be considered under the 
different angles. Traditionally, the decision-making people 
are using the critical path method (CPM) [8] and the project 
evaluation and review technique (PERT) [9], while planning 
the works. Here the decision-making people use the 
dedicated tools, e.g. Microsoft Project and TimeLine, to 
design the interaction diagrams for the events and works, 
with such properties as duration, cost, and the required 
resources. Net charts and the Gantt diagrams are the 
examples of such diagrams. Analysis of the net charts, based 
on the critical path method, allows the identification of the 
bottlenecks [9-10], while planning the construction works. 
Further the decision-making people generate the alternative 
options of shifting the works, in order to avoid bottlenecks, 
such as overload of the owned resources, exceeding the 
costs for specific works, including due to the excessive sub-
contracting. Finally, these planning options are implemented 
with the number of the net interaction diagrams for the 
events and works. Analyzing these, the decision-making 
people select the most effective decision, considering the 
existing limitations.  

A disadvantage of this approach in planning the 
construction works is only partial nature of the automation 
of decision-making people’s work in designing the net 
charts and Gantt charts, as well as bottlenecks identification. 
At the same time the significant amount of work on 
generation of the alternative planning options and the 
selection of the most effective option is executed manually 
by the decision-making person, based on his qualification, 
experience and the applied heuristics for the different factors 
of the environment. Thus, here we consider an alternative 
approach to the management of construction works – the use 
of the simulation modeling.  

 



KONSTANTIN AKSYONOV et al: APPLICATION OF SIMULATION MODELLING AND NUMERIC METHODS . .  

DOI 10.5013/IJSSST.a.20.06.01                                             1.2                              ISSN: 1473-804x online, 1473-8031 print 

II. ANALYSIS OF APPROACHES AND SYSTEMS 
 

We formalize the management processes for the 
construction works with the aid of the multi-agent [11-12] 
resource conversion process model. It allows the dynamic 
estimation of the indicators of the process execution and 
cost, including the execution time, duplicate features, 
process cost, salary expenses, etc. Additionally, we can 
estimate the process effectiveness indicators, such as 
profitability, the ratio of the actual execution time within the 
planned time. The use of the simulation modeling, with the 
aid of the agents’ knowledge base [13-14], provides the way 
to formalize the model of the decision-making person. It 
also allows to accumulate the list of the possible scenarios 
of the problems within the scope of managing the 
construction works. The advantages of the multi-agent 
resource conversion process model, and the system, 
implementing it, the dynamic situations modeling system 
BPsim.MAS (coming from “business process simulation: 
multi-agent system), compared to the systems, mentioned 
above, include:  

• the problem orientation to the resource conversion 
processes, 

• use of the agent-based approach [15-16] in the 
model, 

• system orientation to the non-developer user (the 
decision-making person). 
 

III. INFORMATION SUPPORT OF THE BUILDING 
CONSTRUCTION PROCESS 

 
The application of the hybrid agent technology [17-18] 

of the multi-agent resource conversion processes together 
with the intelligent agent of business processes re-
engineering, to formalizing the construction works allows 
the automation of the decision-making people work, 
particularly in the generation of the alternative solutions for 
various task. These include the search for investors and 
material suppliers, selection of sub-contractors, detection 
and elimination of the bottlenecks in planning and 
organizing the construction works. The use of the hybrid 
agent technology assumes the definition of the problem 
domain within the two different software solutions, 
integrated into the common decision support system: the 
dynamic situations modeling system BPsim.MAS, and the 
technical engineering system BPsim.MSN, where BPsim 
stands for business process simulation, MAS – the multi-
agent system, and MSN – for multi-service network. The 
technical engineering tool BPsim.MSN implements the 
intelligent agent technology, providing the use with the tool 
to develop the problem-oriented intelligent systems. The 
intelligent agent technology allows the automation of the 
decision-making people in analysis and synthesis of the 
business systems, such as business process re-engineering, 
project management, management of construction works.  

The dynamic model of the engineering and construction 
processes, implemented in BPsim.MAS, is based on the 
multi-agent resource conversion process model, which 
provides supports for work planning and evaluation of 
various options of the independent development. The 
decision search model, implemented in BPsim.MSN, lies in 
the foundation of the search of the effective solutions for the 
multi-criteria tasks [19-20] in managing the construction 
works: management of the current processes of construction 
and engineering. Thanks to the integration of the proposed 
models, we can achieve the comprehensive automation of 
the decision-making people labor in managing the 
construction corporation. 
 

IV. DEVELOPMENT OF THE MODELS OF THE 
CONSTRUCTION CORPORATION CHINA WANBAO 
ENGINEERING CORP. (BEIJING WANGXIANG LTD.) 

 
Research of the problem domain identifies the following 

stages of management of the construction work. 
• Preparation of the business plan, reflecting the 

supposed economic indicators of the holding activity at the 
certain initial conditions; 

• Getting a loan for construction, 
• Participation in the tender for the construction, 
• Planning engineering and construction works, 
• Sales/rent of the developed objects. 
BPsim.MSN was used to define the main classes, 

reflecting the content of the holding data warehouse, 
including the material suppliers, land properties and 
features, sub-contractors, holding structure, credit 
companies, etc. The intelligent agent for business planning 
was developed based on the class diagram, completed on the 
previous step. It provides the automatic generation of 
alterative options for the business plans of the construction 
works. The decision-making person compares the proposed 
plans and selects the most profitable one, from the economic 
point of view.  

The initial conditions of the selected business plan are 
sent to the inputs of the simulation model of the multi-agent 
resource conversion processes for the engineering and 
construction works, designed in BPsim.MAS. The model 
targets the evaluation of the management decisions and their 
influence on the dynamic features of the engineering and 
construction processes of the Wan Bao corporation. These 
features include the following items. 

• Actual cost of processes, 
• Resource redistribution between the processes 

(financial, material, labor), 
• Work downtime, 
• Specific process overload, 
• Discovered processes, requiring sub-contract, 
• Actual total amounts of work force and materials, 
• Actual process duration. 
Environment state estimation is done by the intelligent 

reactive agents within the model. 
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Consider the knowledge base of the following agents: 
• Operation agent AOp, responsible for discovery of 

operations, requiring sub-contract, 
• Distribution agent AD, implementing the seizure of 

the transact to perform an operation, and distribution of 
resources of the corporation RCorp and sub-contract 
resources during the Op operation. 

• The following operators for transact processing 
were used in the development of the agent knowledge base. 

• Select (z, Node) – transact z is seized by the Node, 
• Select (z, Node) <> 1 – transact z is not seized by 

the Node. 
• Additionally, the variables, matching simulation 

time to the calendar time, were used while designing the 
knowledge base: iRes43 correspond to the current day, 
iRes44 – current month. 
 
V. RE-ENGINEERING OF THE SIMULATION MODEL 

OF A CONSTRUCTION CORPORATION 
 

Experiments with the simulation model of the “Wan 
Bao” construction corporation revealed that the detail level 
for the construction works, proposed in the model, and 
containing over 120 operations and 90 resources, leads to 
the increased demand on the computational resources and 
the machine time. Apart from that, simulation of the 
construction of the two or more objects, lead to the overload 
of the individual operation chains, which in turn leads to the 
increased transact queues and the downtime of further 
works. This comes as a result of the initial implementation, 
allowing only one simultaneous construction object to be 
simulated.  

The multi-agent resource conversion process model was 
enhanced with the aid of the intelligent agent for re-
engineering in order to avoid the bottlenecks.  

Application of the intelligent agent for re-engineering 
allowed the analysis of bottlenecks and convolution/de-
convolution of the model. Re-engineering of the operation 
provided the decrease average wait time in model nodes, 
and overall decrease of the process execution time.  
 
VI. SIMULATION WITH THE MODEL OF THE “WAN 

BAO” CONSTRUCTION CORPORATION 
 

Simulation experiment with the model of the 
construction corporation assumed the following initial 
conditions and simplifications. 

• Total number of objects is 11, further sales of 
constructed areas, 

• Construction is performed fully at the expense of 
the interest-free loan, 

• Owned land plot, suitable for construction, 
• Materials, required for construction, available at the 

warehouse, 
• Income is calculated before taxation. 

The experiment estimates the dynamics of the following 
output features of the model: 

• Current loan expenses and salary for the workers 
fRes93, 

• Income from sales of the constructed areas fRes96, 
• Account balance fRes1=fRes96-fRes93, assuming 

the income before taxation, loan interest, land plot cost and 
material cost. 

Experiment results are exported into Microsoft Project 
and Microsoft Excel. According to the experiment, the trend  
for the growing account balance is related to the completion 
of the construction of the individual objects and significant 
increase of the sold areas. 

Experiment result match the statistical data of the Wan 
Bao Corporation in the recent 5 years. Thus, we can make 
the conclusion, that the developed simulation model of the 
multi-agent resource conversion process is adequate to the 
control object. 

Application of the re-engineering method in bottleneck 
analysis of the “Frame and wall construction stage” is 
discussed in [21]. 

Initial Model. Frame and wall construction stage lacks 
trucks, which leads to the operations downtime. The agent 
suggests increasing the number of trucks and wrap the 
parallel chains.  

Collapsed Model. Model was wrapped by removing the 
three parallel chains. Experiment results did not change, 
while the simulation time decreased. Need to increase the 
number of trucks.  

Initial Model 2. 30 trucks added, leading to queues. 
Second step was in model de-convolution (unwrap). De-
convolution resulted in the decrease of project duration by 
213 days.  

Alternative Solution. Introduce sub-contract and 
decrease the own truck fleet. It allowed to significantly 
improve the model features. Project length was decreased by 
additional 502 days.  

Sub-Contract Model 2. As a result of improvements 
made to the sub-contract agent, the total project duration 
was additionally decreased by 81 days. 

The sub-contract model acquires external tools when 
own tools are insufficient to complete the whole operation 
from the beginning till the end. The second sub-contract 
model re-considers, whether it is possible to cancel sub-
contract tools, on every step.  
 

VII. EXPERIMENT DESIGN FOR THE ESTIMATION 
OF AVAILABILITY OF ADDITIONAL OBJECT 

CONSTRUCTION 
 

Work conditions and resource potential of the discussed 
corporation impose a limitation on the amount of 
simultaneously constructed buildings. As a rule of a thumb, 
4 objects are usually constructed simultaneously. The task is 
to simulate the environment, analyze the achieved results, 
and make a conclusion whether the fifth object construction 
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is advisable. To solve it we need to consider the possible 
implementation stages of the projects already in progress, 
their caliber, and the replacement of the finalized objects 
with the new ones. 

Considering the project specifics, the three construction 
stages are substantial for analysis: 

• construction site preparation and laying of the 
foundation, 

• wall and roof construction, 
• finishing works. 
The company specializes in the two types of buildings: 

business centers and residential buildings. Further we 
consider the possible situations when a decision on starting 
the fifth object becomes relevant [22].  

We use combinatorial formulas [8] to determine the total 
number of possible situations. We have a total of the four 
objects, each can appear in one of the three identified stages, 
labeled 1, 2, and 3. We will label the initial stage as s, 
middle stage as m, and the final stage as f. Therefore, the 
elements of elementary outcomes of this experiment are 
contained within the combinations of 1 1 1 1 
(implementation of all objects is at the first stage), 1 1 1 2 
(three objects at first stage, one at second), etc. Additionally, 
the outcomes 1 1 1 2, 1 1 2 1, 1 2 1 1, and 2 1 1 1 are 
identical, since they describe the same situation – three 
objects at the first stage, one at second, i.e. the order of 
items in the sets is not important. This means that the choice 
is made of the three elements (stages) for four times (to 
define the 4 objects) ignoring the order of the projects at the 
same stage (the first stage occurred 3 times in the result 1 1 
1 2). To calculate the total number of the outcomes we use 
the formula of combinations with repetitions: 

C3
4= C 3+4− 1

4 = C6
4= 6!

4! 2!
= 15

               (1) 
These outcomes are listed below. 

 
1 1 1 1 All objects at first stage 
1 1 1 2  
1 1 1 3  
1 1 2 2  
1 1 2 3  
1 1 3 3  
1 2 2 2  
1 2 2 3  
1 2 3 3  
1 3 3 3  
2 2 2 2  
2 2 2 3  
2 2 3 3  
2 3 3 3  
3 3 3 3 All objects at last stage 

 
This approach only takes the object stages into 

consideration. We introduce the additional parameter, 

reflecting the actual conditions of the corporation activity – 
the constructed object type. In order to do that, the set, 
defining construction stages of the individual objects, is 
extended with the building type property (business center b 
or residential building r). 

Thus 1b, 2b, and 3b correspond to the business center at 
first, second, or third stage of construction respectively, 
while 1r, 2r, 3r correspond to the residential buildings at 
each of the stages.  

Construction of the business center requires additional 
time and resources, compared to the residential building. 
The sample outcome in such experiment will be the 
combination of 1b 2b 3r 3r, when one of the business 
centers is at the first stage, another sat second, and two 
residential buildings at the third. In this case the total 
number of the outcomes will equal to: 

C6
4= C6+4− 1

4 = C9
4= 9 !

4!5 !
= 126

  (2) 
Running this number of the simulation experiments 

requires the significant time and resources. In order to 
identify the most realistic situations, additional analysis of 
the corporation activity was done. It showed that from the 
whole number of constructed objects, no more that two 
business centers are constructed simultaneously, thus the 
outcomes 1b 1b 1b 1b, 2r 1b 1b 1b, etc. are not possible. In 
order to calculate the total number of the outcomes, we 
select the following subsets. 

• All four buildings are residentials. Since the 
outcomes in such case are different only by the object 
stages, the total amount of the outcomes in this case was 
calculated above:  

C3
4= 15

   (3) 
• Objects consist of one business center and three 

residential buildings. Here the three combinations are 
possible for the residential buildings, considering the stages 
of the final business center object. E.g., 1r 1r 1r (meaning 
the three residential buildings at the first construction stage). 
The result combinations will include 1r 1r 1r 1b, 1r 1r 1r 
2b, and 1r 1r 1r 3b. The total number of the combinations 
for the three residential buildings will be: 

C3
3= C3+3− 1

3 = C5
3= 10

   
(4)

 
Each stage is extended with the 3 options (stages) for the 

fourth business center object. The total will be   outcomes. 
• The objects include 2 business centers and 2 

residential buildings. In this case the two pairs of objects can 
have the different stage combinations. This, the total number 
of combinations would be: 

  36
2!2!

4!
2

22
4

2
3

2
3 ==C=CC 






   

(5)
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  Therefore, the total number of the combinations, 
considering no more than 2 business centers, constructed 
simultaneously, equals to 15 + 30 + 36 = 81. 

The next aspect of the corporation activity, which 
impacts the terms and payback of the projects portfolio, is 
the partial sub-contracting of works. Two sub-contract 
models were selected based on the analysis. We got a total 
of 81 options for the stages and scale of the constructed 
objects, which, considering the applicability of each of the 
sub-contract models, brings us to the double amount of 162 
options. The new, fifth object, can be on two kinds: high or 
average number of storeys, implemented in one of the two 
sub-contract models. Ultimately, we end up with 162x2=324 
possible options.  

To complete the experiment, we need to consider that the 
finalized objects are transitioned into the new ones, 
otherwise we will be looking at the full resources being used 
on the decreasing number of the objects, which does not 
match the real situation. Apart from the new object, the 4 
buildings are constructed in parallel. 
 

VIII. CONCLUSION 
 

Based on the multi-agent simulation model of the 
construction corporation together with the BPsim softwre 
suite we evaluation the mathematical expectation (1503 
days) and dispersion (96 days) for the duration of the 
projects portfolio of Wan Bao corporation, considering the 
new fifth construction object.  

Application of the business process re-engineering agent 
together with the BPsim system in the management of the 
construction corporation provides the automation of the 
following analysis and synthesis tasks of the decision-
making people in the business systems: 

• Definition of the business plan for the works with 
the aid of the intelligent agent for business planning [23], 
designed in BPsim.MSN, 

• Scheduling project and construction works based 
on the evaluation of the dynamic process features, while 
carrying out experiments with the designed simulation 
model in BPsim.MAS, including the estimation of the sub-
contract works.  

The integration of the technologies of the dialog expert 
systems together with the simulation modeling provides the 
continuous comprehensive decision support in the area of 
managing the construction corporation. Application of the 
method resulted in the decreased duration of the 
construction by 5.94% or 81 days, and increased utilization 
of the tools compared to the purchase of trucks, as well as 
the raised revenue by 42.4%. The effect of using is 
estimated at 4.6 bn yuan.  
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