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Abstract 

With the trend of globalization and information technology, construction 

enterprises are facing fierce competition from domestic and foreign markets and 

profound changes in professional management model and information technology and 

their traditional organizational management capabilities and professional knowledge 

are being greatly challenged. Knowledge is an important asset of the construction 

industry, while knowledge management is a central subject in improving the 

competitiveness of enterprises. However, the organization dispersion of construction 

enterprises and uniqueness of individual construction project determine that 

knowledge management of construction enterprises is a complex systematic 

engineering. 

Data mining is a key part of the knowledge management system of construction 

enterprises and its essence lies in applying the data mining algorithms to explore the 

underlying data relationship in vast amounts of data, which directly determines the 

effectiveness of knowledge. This study focuses on the application of data mining in 

knowledge management system of construction enterprises, mainly studying on the 

relationship between data mining and knowledge management, researching on the data 

mining algorithm and exploring the data mining application based on knowledge 

management of construction enterprise.  

Firstly, the study describes the basic concepts of knowledge management, 

knowledge management systems and data mining and basic situations of the 

construction industry and construction enterprises, and studies on the relationship 

between data mining and knowledge management and their roles, as well as the 

algorithm and applications of data mining and priorities and hot issues of knowledge 

management of construction enterprises.  

Secondly, this study proposes the system architecture of construction enterprise 

knowledge management, especially the details of data mining part. Combined with the 

actual situations of construction enterprises, it designs a data mining model for 
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construction enterprises based on six major aspects of cost, schedule, quality, safety, 

environmental protection and risk.  

In addition, this study designs the algorithm and application of Generalized Fuzzy 

Network (GFN) combined with the data mining model of construction enterprises and 

characteristics of construction project data based on the latest research results of data 

mining algorithms. Experiments show that the generalized fuzzy network is superior in 

the efficiency and effectiveness compared with similar algorithms.  

Finally, the study describes the implementation and application of data mining 

part in the knowledge management system of construction enterprises.  

The data mining-based knowledge management system of construction 

enterprises shows the advantages of modular and network system architecture, and the 

necessity of application of data mining to the knowledge management system of 

construction enterprises. The research and application results of this thesis   mainly 

lie in the realization of data mining model, algorithm and application based on the 

knowledge management system with a strong practicability and guidance. 
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Chapter 1. Introduction 

1.1 Research Background 

Data mining is a key part of the knowledge management system of construction 

enterprises and its essence lies in applying the data mining algorithms to explore the 

underlying data relationship in vast amounts of data, which directly determines the 

effectiveness of knowledge. This dissertation focuses on the application of data mining 

in knowledge management system of construction enterprises, mainly studying on the 

relationship between data mining and knowledge management, emphasizing on the 

position of data mining in knowledge management and studying on how to use data 

mining to improve the knowledge management system of construction enterprises. 

In construction enterprises, there are extensive database systems used in corporate 

decision-making, business management, scientific research, project development and 

other fields. The changes in data environment are mainly reflected in two aspects: on 

the one hand, it lies in quantity, that is, the amount of data accumulated by enterprises 

has increased substantially; on the other hand, it lies in the application, that is, there are 

more and more relations between the data and the use of data becomes more and more 

complex. The two aspects of data environment changes result in that the online 

business processing cannot meet the demand for data analysis under the increasingly 

competitive conditions. Therefore, construction enterprises need to comprehensively 

and profoundly understand the data, analyze and mine the knowledge with guiding 

significance
[1]

 from the vast amount of data and extract implicit and practical 

information and knowledge from the massive, random, vague, incomplete and noisy 

data. That is the so-called data mining, a new field of database study, which integrates 

multi-disciplinary theories, methods and techniques, such as artificial intelligence, 

machine learning, database technology and statistics.  

In the knowledge management, particularly in knowledge discovery, a large 

number of data mining algorithms have been widely used. Among them, the research 

related to soft computing technology, such as neural network, fuzzy system and genetic 
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algorithm, is still growing, for example, algorithm combination
[2]

, algorithm 

innovation
[3]

 and algorithm application
[4]

.This dissertation, based on previous studies, 

identifies the data mining subjects of construction enterprises, proposes solutions to 

generalized fuzzy network algorithms, applications and related subjects appropriate to 

be used in construction enterprises with decentralized organizational structure and 

individual unique projects and realizes the data mining module based on the 

knowledge management system.  

1.2 Purpose and Significance of Research 

The traditional data mining module does not distinguish the specific meaning of 

data with various mining patterns, but its research and implementation of algorithm is 

less practical to actual issues of enterprises. Therefore, in the knowledge management 

system of construction enterprises, it has analyzed knowledge management data 

mining subjects of construction enterprises, studied related algorithms and achieved a 

specific application based on the provision of traditional loosely coupled data mining 

(what tools are used to mine what knowledge is fully depending on users’ settings).  

The data mining module of construction enterprise knowledge management is a 

solution integrated data mining algorithms with data warehouse, and the interface of 

data mining algorithms with the data warehouse is also designed to facilitate the 

update and maintenance of system algorithms in order to meet more demands for data 

mining. 

1.3 Research Status 

The successful application of data mining in business has promoted the rapid 

development of data mining modules. At present, the data mining modules used at 

home and abroad mainly include the following three types: 

1. General data mining software package, which is suitable for knowledge 

discovery in most fields, such as IBM Intelligent Miner, SPSS Clementine, SAS 

Enterprise Miner, Unica PRW, SGI MineSet Oracle Darwin, Angoss Knowledge 
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Seeker and Canadian Simon Fraser’s DBMiner system;  

2. Special soft package, such as KD1 in retail industry, the Options & Choices in 

insurance industry, DMW (HNC) used for detection of credit card fraud or bad debts, 

Explora used for supermarket sales analysis and SkyImage Cataloging and Analysis 

Tool (SKICAT), a quasars exploration tool in astronomy field; 

3. Large-scale systems of Decision Support System (DSS), Online Analytical 

Processing (OLAP) and Data Mining, such as Thought and Scenario (Cognos).  

In the scientific community, there are some well-known data mining prototype 

systems, such as the rough-set-based example learning system–LERS
[5]

developed by 

the University of Kansas, U.S., the ROSE developed by the Institute of Computing 

Science, Poznan University of Technology, Poland, the KDD-R developed by 

University of Regina, Canada, and Anders Torvill Bjorvand’s Rough Enough in 

overseas, and the MSMiner
[6] 

developed by Institute of Computing Technology, 

Chinese Academy of Sciences, the IDGS
[7] 

developed by Nanjing University, 

ARminer
[8]

– a association rule mining tool developed by Fudan University and the 

VisualDM
[9]

– a visual data mining system developed by Lanzhou University in China.  

1.4 Research Contents 

The data mining module of construction enterprises’ knowledge management 

system resolves construction enterprise data mining subjects facing five factors of cost, 

schedule, quality, safety and environmental protection and risk management on the 

basis of knowledge management function, proposes the generalized fuzzy network 

suitable for project data and provides such data mining functions as classification, 

clustering and association to address the data mining needs in knowledge management 

of construction enterprises. It mainly includes:  

1. Data mining module of construction enterprise knowledge management 

system; 

2. Data mining subjects of construction enterprises based on the schedule, quality, 

safety, environmental protection and risk management; 

3. Generalized fuzzy algorithm and the application based on generalized fuzzy 



 
Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management 
Chapter 1 Introduction 

4 

network algorithm. 
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Chapter 2. Data Mining and Knowledge Management 

In nowadays with rapid development in information technology, the accumulated 

data of human society is also fast growing exponentially. In the massive amounts of 

data in the knowledge management system, there is often valuable information hidden. 

However, knowledge will not be presented by some means such as search, sharing and 

statistics and there is a fact of lack of knowledge with information explosion. Data 

Mining (DM), since closely related with the database, often referred to as knowledge 

discovery in databases (KDD) 
[10]

, solves the key problem of construction enterprises 

to identify potential knowledge from mass data in knowledge management system.  

2.1 Foundation of Data Mining 

2.1.1 Data warehouse 

The father of data warehouse, Bill Inmon proposes the definition of
[11]

 of data 

warehouse in the Building the Data Warehouse that: Data Warehouse is a 

subject-oriented, integrated and stable data collection changing over time. Data 

warehouse supports the decision-making process in business management.  

The development of data warehouse keeps a close relationship with data mining, 

which is one of reasons for why data mining becomes hotter and hotter. But, data 

warehouse is not a prerequisite for data mining, because much data mining can directly 

find out information from the data source of information system.  

According to the definition of data warehouse, data warehouse has four main 

features:  

1. Subject-orientation 

Subject refers to the focus that users concern about in decision-making by use of 

data warehouse, for example, the efficiency of enterprises. Subject-orientation means 

that information within the data warehouse is organized by subjects. Subject is an 

abstract concept, and a subject is usually associated with multiple construction 

enterprise information systems. Subject-orientation is a complete, unified and 

consistent description about the data as the analysis object at a higher level, involving 

in the linkage between different data of enterprises.  
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Currently, the implementation of data warehouse is mainly based on relational 

databases with each subject is realized with a group of tables or views. The contents of 

tables and views are consistent with the data source data of the original various 

information systems in essential. However, in order to facilitate to support the data 

analysis and processing, there is certain restructuring and mining redundancy.  

2. Integration  

In general, the Information System database is associated with some specific 

applications. All databases are independent from each other and are heterogeneous. 

Integration refers to that the information in data warehouse is not simple extraction of 

data from various information systems, but processing, collection and cleansing of data 

in different information systems. Therefore, the information in data warehouse is 

consistent and global information about the enterprise.  

Integrated data source has two main tasks: one is the unity of contradictions at 

data source, such as the same name with different definitions, the different names with 

same definition and inconsistency of unit of fields; the other one is data integration and 

computing. Generally, the data integration of data warehouse is implemented within 

the data warehouse; in some cases, it is implemented in data extraction.  

3. Stability  

Stability means that when the data enters into data warehouse, it will be retained 

for a long term generally. That is to say, different with the information system 

database in which data has real-time changes with needs, there are lots of inserting 

and query operations in data warehouse, but less modifying and deleting operations. 

In general, it only needs to be loaded and refreshed periodically. From the point of 

view of data use method, the data in data warehouse shall not be updated and 

end-users can only use tools to query and analyze data, but cannot modify the data. In 

other words, in end-users’ opinions, the data in data warehouse is read-only.  

4. Changing over time  

Changing over time refers to that the information within the data warehouse is not 

about the business at a time point, but the information on the business in various stages 

from some time to now. There are three characteristics: firstly, the data warehouse 
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continues to add new data contents over time through generating database snapshots, 

which will be added into the data warehouse after processing and won’t modify the 

original database snapshots; secondly, the data warehouse continuously removes the 

old data content over time. When the amount of data exceeds the set storage period, 

data will be removed. However, the data period of data warehouse is much longer than 

that of information system database. For example, database usually has a data period 

of 60 to 90 days, while data warehouse has a data period of 5 to 10 years generally; 

thirdly, data warehouse contains a large number of integrated data mainly related to 

time, such as integrated data by time periods and sampling data by time slices. 

Therefore, all the primary key of data in data warehouse contains time items.   

2.1.2 Data mart 

The role of data warehouse in management and decision-making organization has 

been proved in practice, but it is still difficult to establish a data warehouse within 

large-scale construction enterprises. On the one hand, it is a complex issue about how 

to meet the management requirements at different levels; on the other hand, it is 

difficult to comprehensively understand the management requirements of enterprises 

and it may delay the project schedule, resulting in data warehouse cannot play its due 

role. Therefore, it is also common to see failures in data warehouse. However, Data 

Marts is an effective way to solve the above problems.  

The data warehouse provides supports required by various departments within the 

enterprise, while data mart is usually an application set at department level or of a 

particular subject. To this end, the data mart can be regarded as a data warehouse with 

particular application purposes or application range; while a part of data separate from 

the data warehouse can also be known as the department area or subject area. It mainly 

targets at some application with strategic significance or specific department-level 

application and supports users to apply the existing data to management 

decision-making. Usually, the implementation of data warehouse can start from the 

data mart of some department, and several data marts can be used to form a complete 

data warehouse. In addition to basic characteristics of data warehouse, data mart also 
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has the following characteristics: 

1. Small scale: it can be organized by a variety of ways (such as specific 

applications, departments, regions and subjects);  

2. The definition, design, implementation, management and maintenance are 

based on specific department;  

3. Low costs and low risk;  

4. Integration of toolset;  

5. Be conducive to further upgrade to a complete data warehouse or form a 

distributed data warehouse.  

The data marts are divided into dependent and independent data mart. In the 

knowledge management system of construction enterprises, taking the specific 

circumstances of investment into account, the independent data mart is firstly 

established to address urgent issues in the work and gradually develops into an 

enterprise-wide data warehouse according to the principle of overall plan and 

step-by-step implementation.  

There are five levels of demands for setting up data marts in knowledge 

management data mining subject of construction enterprise. From low to high, they 

are:  

1. Query: access to various data in various forms;  

2. Statements: presentation of format results;  

3. Online analytical processing: multi-angle and multi-level data analysis and 

processing;  

4. Knowledge mining: exploring and revealing the intrinsic link and law between 

the data;  

5. Prediction: the prediction, simulation and emulation of future trends. 

The five levels are related to each other with each part can meet some 

requirements of the enterprise.  

2.1.3 Online analytical processing 

Relational model put forward in the 1960s to promote the form of data in a table 
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instead of the file is stored, there has been an online transaction processing (OLTP, 

Online Transaction Processing) technology. In 1993, online transaction processing, 

based on Edgar • Cod (Edgar F. Codd) that the on-line transaction processing cannot 

meet the needs of users, but also proposed online analytical processing (OLAP, Online 

Analytical Processing) technology, including multi-dimensional database and the 

concept of multi-dimensional query and analysis.  

Online analytical processing to management, analysts and executives from several 

angles fast, consistent, interactive access from the original data conversion, to reflect 

the true nature of business and Witte information easy to understand and achieve a 

better understanding of the data. The main objective of OLAP is to help 

decision-making and multi-dimensional query and analysis needs.  

Online Analytical Processing is the core of online (Online), and 

multi-dimensional analysis (Multi Analysis) 
[12]

. Among them, the line can quickly 

respond to user requests and interact; multi-dimensional analysis of the normal data or 

relational data into multidimensional data, facilitate analysis. That is, a hypercube 

multi-dimensional database, to store data along each dimension, allowing users to 

analyze data according to the axis. Mainly in the form of drill up (Roll Up), drill down 

(Drill Down), cross-drill (Drill Across), through the drill (Drill Through), slice (Slice), 

cut into pieces (Dice), rotation (Pivot) operation. Among them, the drill is to change 

the dimension level, drill up a dimension in a low-level details will be set to 

summarize the overall high level of data, or reduce the number of dimensions, drill 

down from a high-level Overall the data down to low-level details, or to increase the 

number of dimensions; slice and dice is to select the part of the dimension value, visit 

another part of the dimension value, and if another part of the value of only two 

dimensions, is the slice, If another part of the dimension value is greater than or equal 

to three, is cut; rotation is the direction of change dimension, for different angles by 

rotating the data, such as the ranks of exchange.  

2.1.4 Data mining 

Data mining is an inter-discipline and applied discipline, which integrates 

multi-disciplinary theories, methods and techniques such as artificial intelligence, 
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machine learning, database technology and statistics, with a wide study range. The data 

mining promotes the application of data from a lower level of simple operation to a 

higher level of decision support. 

If D = {d1，d2，…，dn}is a data collection, the data mining is: 

1. A subset of D, D′, which is usually less than Din number and lower thanDin 

dimension;  

2. A hypothesis about D′, H(D′，C), in which, C refers to a context and H 

describes the data relationship within D′. 

It can be seen that, data mining is a process to obtain the hidden and unknown 

knowledge that users are interested in with potential values from a large number of 

data through analysis, mainly including generalized knowledge, characteristic 

knowledge, differentiated knowledge, relational knowledge, deviated knowledge and 

predictive knowledge 
[13]

 . 

The data warehouse integrates information from various data sources and 

organizes and stores data according to subjects to help users achieve their relevant 

requirements
[14]

. Online analytical processing refers to online data access and analysis 

on a particular issue, which implements multi-level and multi-stage analysis and 

processing of data and outputs results relying on fast, stable, consistent and interactive 

access. It is a top-down and deepening analysis and processing tool and responsible to 

find out detailed information of some issue and visually present after users propose 

questions and hypothesis.  

Online analytical processing method has a certain limitation. Firstly, the 

formation of star structure and data cube is connected with users’ subjective factors. As 

a result, there may be omissions in analysis results; secondly, the efficiency of online 

analytical processing is related to the dimension and amount of data, which will be 

greatly affected by the increase in the dimension and amount of data. If there is a linear 

relationship or interaction between independent variables, it is difficult for the online 

analytical processing to distinguish influencing factors; thirdly, the online analytical 

processing mainly targets at numerical data
[15]

. 

Compared with online analytical processing, data mining does not require users to 
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propose questions or hypothesis, which is an automated and intelligent integrated data 

analysis and processing method
[16]

. The object of data mining includes structured data, 

such as data in relational database, but also includes semi-structured data, such as 

heterogeneous data of texts and web pages, even unstructured data, such as data in 

spatial database and multimedia database. The data mining method can be either 

mathematical or non-mathematical, and either deductive or inductive. Through data 

mining, we can learn the existing knowledge, but also can find out the undiscovered 

knowledge. 

2.2 The Content of Data Mining 

2.2.1 Data mining task 

As a method of large-scale data processing, data mining tasks mainly include:  

1. Correlation analysis  

If information B can be derived from A, B depends on A
[17]

. Correlation analysis 

is a kind of important knowledge aiming at finding out the interdependence between 

data. The commonly used technique includes association rule, regression analysis, 

belief network and Bayesian network and so on.  

2. Deviation detection  

Deviation detection, also known as outlier analysis, is mainly used to find out 

significant differences between results and references
[18]

, including abnormalities not 

suitable for standard class, singular points appearing in the mode edge, changes in 

adjacent time information, the class different from parent or brother classes and 

deviation between results and model predicted value.  

3. Classification  

The purpose of classification is to propose a classification function or 

classification model able to map the data in database to some class in a given category. 

Its construction methods mainly include statistical method, machine learning method 

and rough set method
[19]

. As classification results are related to data features, it belongs 

to supervised learning. 
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Classification is different from clustering. In the field of machine learning, the 

former is a supervised learning, while the latter is a non-supervised learning. In 

classification, classes of target data are known in advance and it only needs to identify 

the class that each data point belongs to. However, the problem to be solved by 

clustering is to gather a few of given unmarked models and make them become a 

meaningful cluster. Clustering directly processes the data set, but which cluster the 

data shall be included into will not be known in advance. It needs to review all 

individuals and decides the cluster division according to characteristics of these 

individuals, and finally, the class is automatically determined by the algorithm. It is a 

dynamic process. 

4. Clustering  

Classification and clustering are two most common tasks in data mining. 

Different from classification with class marks, clustering is not marked
[20]

 and is 

automatically determined by unsupervised clustering learning algorithm. Clustering 

aims at minimizing the distance between individuals in the same class and maximizing 

the distance between individuals in different classes. Clustering methods include 

statistical method, neural network method and database-oriented method. Clustering 

can be used as a pre-processing step of other analysis algorithm in data mining, such as 

dimensionality reduction, but also can be used for the discovery of isolated points. 

When the data to be analyzed lacks of description or can’t be organized into any 

classification model, cluster analysis can be used. Clustering is to divide the data into 

multiple clusters by following a similarity measurement method. It belongs to 

unsupervised learning. There is a high similarity between individuals in the same 

cluster, but large differences between individuals in different clusters.  

It is able to change with changes in the data set. Fora particular data point, when 

there is change or increase and decrease in other points of data consolidation, its 

cluster may change. Clusteringand classification can be used interactively as a 

preprocessing step of data classification, also a stand-alone analytical tool for 

understanding the distribution of data. The purpose of clustering data mining is to find 

out differences between clusters, but also the similarities of data within a cluster.  
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In accordance with the scale that cluster analysis is based on, the clustering 

algorithm is divided into distance-based clustering, density-based clustering, etc. The 

distance-based clustering method determines the similar concept based on the distance 

between data points, which is sensitive to noise data or abnormal data and costs high to 

compute the distance between data points belonging to different clusters; while, the 

density-based clustering method believes that the cluster is a connecting area with the 

same density, which needs to define the unit of computing density and threshold of 

high-density areas. 

5. Modeling  

It refers to construct a mathematical model for activities or state through data 

mining
[21]

. The activities involving in include the identification of data and related 

processes, definition of data, guarantee for the integrity of data and definition of 

operational process and so on. 

6. Concept description  

Concept description refers to describe the meaning of certain cluster of objects 

and summarize their relevant characteristics. Feature description and identification 

description are two kinds of typical description. The former one gives the general 

characteristics of certain cluster of objects, while the latter one presents the difference 

between the given objects
[22]

. 

7. Data summary  

Data summary refers to concentrate the data and give its compact description. The 

data mining mainly involves in discussing the data summary from the perspective of 

data generalization
[23]

, while the so-called data generalization is a process to abstract 

data from low to high level.  

8. Prediction 

It refers to automatically obtain predictive information from large database 

through analysis on the known data. Different from classification and regression, 

prediction aims at determining the future output results rather than current behaviors. 

However, most of data mining technologies can be used for classification and 

regression also can be used for prediction
[24]

. 
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2.2.2 Data mining method 

The implementation of data mining requires pre-setting the algorithm and 

corresponding parameters. Common data mining methods are summarized as follows:  

1. Decision Tree Algorithm  

Decision tree algorithm is a classification function approximation algorithm 

suitable for processing non-numerical data. It presents decision set with tree structure 

and can be used for analysis and prediction. The construction of decision tree includes 

feature selection, node splitting, pruning
[25]

 and other steps. Commonly used 

algorithms include ID3, C4.5, CART, SLIQ and SPRINT, which use different branch 

indicators.  

2. Neural Network 

Neural Network (NN) is a computer program simulating the biological neural 

network
[26]

. It sets up nonlinear prediction model through training the data set and is 

easy to implement in parallel computer. This method has been widely used in some 

fields with a number of extremely complex issues, such as stock price forecast, robot, 

pricing of financial derivatives, language and image recognition. The artificial neural 

network can be divided into self-organizing learning network, relevant learning 

network and error correction learning network. 

3. Genetic Algorithm  

Genetic algorithm (GA) is a method used to randomized search for the target 

space based on the mechanism of biological evolution and genetics
[27]

, which is mainly 

characterized by the information exchange between population search strategy and 

individuals. It considers the possible solution to problem domain as a chromosome of a 

population, encodes every chromosome into symbol string, repeatedly takes replication, 

crossover and mutation of chromosome according to Darwin’s ideology of “survival of 

the fittest” and evaluates each chromosome according to the preset objective fitness 

function to realize the survival of the fittest and continuously obtain better 

chromosomes. Meanwhile, the global parallel search method is used to search for the 

best chromosome, so as to achieve the optimal solution to problem.  
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4. Association rule mining  

The association rule mining focuses on determining the links between different 

domains in the data and finding out the dependency among multiple domains meeting 

the given degree of support and confidence, which is one of the most widely used data 

mining methods. This method mainly targets at the business database and the market 

basket analysis is a typical kind of problems it solves
[28]

. 

5. Bayesian network  

Bayesian network, also known as causal network, probability network, influence 

diagram and cognitive map, can be used for classification, clustering, regression 

analysis, causal reasoning and representation of uncertain knowledge
[29]

 and so on. It 

connects uncertain events with each other in the form of directed network. In this 

network, nodes indicate uncertain events, while the directed edge with probability 

weight represents the dependency among uncertain events. 

6. Hidden Markov Model (HMM)  

If the state space is S = {1，2，…，N} , HMM consists of two random 

sequences{Xn，Yn}, in which,*Xn+ is a finite state Markov chain can’t be observed, 

which is called as state chain, while *Yn+ can be observed and is called as observed 

chain
[30]

. 

In addition, there are methods based on statistical analysis, support vector 

machines, principal component analysis, nearest neighbor method, expectation 

maximization method and so on.  

2.2.3 Data mining content 

Data mining is a repeated process. Each data mining algorithm has some 

characteristics and steps (such as input and output data format, algorithm structure, 

parameter setting method, training method, testing method, evaluation method and 

application field), as well as close correlation with specific applications (such as the 

objective of data mining and data integrity).  

Therefore, some domestic and foreign experts propose a number of systematic 

approach to describe data mining, such as SPSS’s 5A (Assess, Access, Analyze, Act, 
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Automate)
 [31]

, SAS’s SEMMA (Sample, Explore, Modify, Model, Assess)
 [32]

, a 

professional data mining consulting company– Two Crows’ model
[33]

 (Define Business 

Problem, Build Data Mining Database, Explore Data, Prepare Data for Modeling, 

Building Model, Evaluating Model, Deploy Model and Result) and Data Mining 

Special Interest Group’s cross-industry standard process for data mining 

(CRISP-DM
[34]

).In the CRISP-DM, data mining consists of six main phases
[35]

:  

1. Understanding of data mining business background, mainly including 

identification of business objectives, current situation assessment, determination of 

data mining objectives and project plan;  

2. Understanding of the raw data, mainly including raw data collection, data 

description, data checking and data quality certification;  

3. Data preparation, mainly including data selection, data cleaning, data 

integration and data standardization;  

4. Establishment of data mining model, mainly including data mining algorithm 

selection, identification of test model, model establishment and model assessment;  

5. Evaluation, mainly including evaluation of data mining results, data mining 

process view and work plan for the next step;  

6. Putting into practice, mainly including implementation plan of data mining, 

data mining surveillance and control measures, the final report of data mining and data 

mining engineering review. 

In the model described above, 5A emphasizes on the features and capabilities of 

tools used to support the process of data mining; SEMMA emphasizes on the 

application method combined with its mining tools; Two Crows is a model proposed 

from the point of view of self-understanding drawing from the aforementioned 

methods; while, Fayyad process model is a technical model, which starts from data and 

ends with knowledge, not involving in the use of knowledge; and CRISP-DM model is 

a model focusing on technical applications, which emphasizes on methods and steps of 

data mining from the perspective of methodology and focuses on how to combine the 

data mining data with business problems and how to deploy the model mined from 

applications. The data mining module of construction enterprise knowledge 
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management system mainly refers to the Fayyad process model. 

With respect to the implementation of data mining process step by step, different 

steps require different personnel with different expertise. They can be divided into 

three categories: 

1. Business analysts: Be able to explain the business object and identify business 

needs applying to data definition and mining algorithm according to various business 

objects;  

2. Data analysts: Be skilled in data analysis technologies and statistics and be able 

to choose the right data mining technique based on business needs;  

3. Data management: Be skilled in data management technology and data 

collection from a database or data warehouse.  

Data mining requires the cooperation of a number of experts. It is a process with 

high funds and technology inputs and should be repeated in order to continuously 

approach the essence of things and optimize the solution to problems. 

2.3 Foundation of Generalized Fuzzy Network 

2.3.1 Neural network 

Neural network is an algorithm similar to the structure of brain neural synapses 

connection and is usually optimized through a learning method based on mathematical 

statistics. The neural network consists of a large number of nodes (neurons) and 

connections between nodes (memory)
 [36]

. Each node represents a specific output 

function, called activation function; while, the connection between nodes represents a 

weighted value through the signal connection, known as weight. According to the 

method of connections, the neural network outputs weights and activation functions.  

Neuron is the basic unit of neural network, like the brain cell of people. It 

simulates the reflection of human brain cells on the information
[37]

.  
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Figure 2.1 The Model of Neuron 

The neuron consists of three basic elements
[38]

: 1) a group of connections 

(corresponding to the synapse of biological neurons). The connection strength is 

expressed by the weight value on each connection, with positive weight value indicates 

active and negative weight value indicates restraint; 2) a sum unit, used to obtain the 

weighted sum of each input signal; 3) a nonlinear activation function, which plays a 

role of nonlinear mapping and limits the neuron output amplitude within a certain 

range. 

In addition, there is a threshold θj. The above roles can be expressed in 

mathematical formulas as: 

Yj(t) = φ (∑ wjixi − θj

n

i=1

) 

In which, xi (i = 1, 2, ..., n) represents the input signal, wj is the connection 

weight of neuron j, θj is the threshold value, Yj is the output of neuron j and φ(∙)is the 

activation function. It is a mathematical expression used to describe how to convert 

input excitation into output.  

The commonly used activation functions include Sigmoid function, symbolic 

function, piecewise linear function, hyperbolic tangent function and so on. 
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Sigmoid function derivative is easy to calculate with monotonic increasing, and 

thus is more commonly used.  

The neural network consists of a large number of neurons.  

1. Vertical partition 

From the point of vertical view, the structure of neural network can be partitioned 

into three levels
[39]

: 

1) Neurons  

The role of neurons can be illustrated with three functions: aggregation function, 

role function and conversion function.  

2) Layer 

The layer is composed of a number of neurons with the same role. The role of 

layers includes normalized output, competitive output, competitive learning and so on.  

3) Network 

Network is composed of several layers with different roles. Its roles include 

learning and recalling and so on.  

2. Horizontal partition 

From the point of horizontal view, the structure of neural network can be 

partitioned into three
[40]

: 

1) Input Layer 

It receives the input data and distributes to different hidden layers. 

2) Hidden Layer 

Hidden layer may include a number of layers. Its neurons process the received 

data and send the results to the next layer. 

3) Output Layer 

Output layer processes the received data and generates results. The result output 

by the processing layer is the output of the entire system. 
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Figure 2.2 The Architecture of Neural Network 

In general, the neural network can be divided into supervised learning neural 

network and unsupervised learning neural network. 

Supervised learning is a process to learn or build a model based on some observed 

training examples (input and expected output) and thus to predict the result of new 

input values
[41]

. 

In the supervised learning, there is a “tutor” outside to provide a set of known 

input - output data, that is, the training sample set. The neural network can adjust the 

weight value of network according to the difference between the known and actual 

output (error signal). The commonly used learning algorithm has δ rules, general δ 

rules and LVQ algorithm and so on.  
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Figure 2.3 Supervised Learning 
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Unsupervised learning is also known as no-tutor learning. There is no tutor 

outside and the neural network regulates the weight in full accordance with some laws 

in provision of data by the environment to show certain inherent characteristics of 

external input. This kind of learning algorithm includes Kohonen Algorithm, 

Grossberg Algorithm and adaptive resonance theory and so on.  

Input
Output

Adjust winning unit to the weight of 

input layer

 

Figure 2.4 Unsupervised Learning 

 

2.3.2 Fuzzy system 

Fuzzy set is a kind of collection without distinct boundary. It is different but 

related to the general set. For the general set, any element either belongs to the set or 

not with a precise and clear boundary; while, for the fuzzy set, an element can be long 

to the set, but also not belong to the set without clear boundary or with fuzzy 

boundary
[42]

.  

For the fuzzy logic established on the basis of fuzzy set, any statement or 

proposition only has a certain degree of authenticity. Compared with the Boolean logic 

established on the basis of general set, fuzzy logic is a generalized logic. In the 

Boolean logic, there are only two propositions–logical truth and logical false. Usually, 

“1” represents logical truth, while “0” represents logic false. But in fuzzy logic, any 

value between“0” and “1” can be taken, such as 0.75, which indicates how the 
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proposition or statement is true or false. Taking the concept of “the old” as an example: 

in the general set, it is required to define a clear boundary, such as the ones over 60 

years are the old; while in the fuzzy set, there is no clear boundary in the definition set 

of the old, that is to say, the ones more than 60 years or 58yearsare the old, and the 

ones at 40years are the old to some extent only with different degree in belonging to 

the set of the old.  

The fuzzy set of Aon the discourse domain of X is usually determined by a 

membership function μ(). If X is between Area 0 and 1,μA(): X→[0, 1]，A={(x, 

μA(x)|x∈X)}, in which, μA(x) is used to represent the degree of x belonging to Set A. 

The value is greater, x belongs more to A.  

The expression used to show the intersection of two fuzzy sets, F and G in the 

discourse domain of X:  

      xGxFxGF   

      yGxFyxGF  ,  

      xGxFxGF   

The modeling approach of fuzzy theory is good at handling with data changes and 

data impurities to make knowledge more easily to be found. The fuzzy theory can 

express the gradient concept and fuzzy attribute, providing an interface for natural 

language and qualitative- and quantitative-expressed structure. And the characteristic 

of uncertainty can be applied to solve data missing and other problems. 

Fuzzy set can make an element belonging to some set to a certain extent and such 

an extent is depicted and described with a value between“0” and “1”–membership 

grade. However, how to map a specific element to an appropriate membership grade is 

achieved through membership functions
[43]

, which can be any shape of curves and has 

the only constraint that its value range is [0, 1].There are 8 kinds of membership 

functions often used in fuzzy system as below:  

1. Gaussian membership function 
2( )

x a

b
A e




  

The Gaussian membership function has two feature parameters of a and b. 

2. Bell-shaped membership function 



 
Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management 

Chapter 2 Data Mining and Knowledge Management 

23 

2

1

1 ( )
A

bx c

a

 




 

3. Sigmoid membership function 
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4. Differentiated Sigmoid membership function 

1 1 2 2( ) ( )

1 1

1 1
A a x c a x ce e


   

 
   

5. Multiplicative Sigmoid membership function 
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6. Trapezoidal membership function 
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7. Triangular membership functions 

The triangular membership function is a special case of trapezoidal membership 

functions (c = b). 

8. Normal membership function 
2( )    0k x a

A e k   
 

For example, a time series of μ(x) = (x(1), x(2), ..., x(n)), its model is: the time 

decreases at beginning and increases at end.  

The fuzziness of this model lies in what time is the starting time, what time is the 

end time and how about the range of increase and decrease value.  

In ordinary logic or Boolean logic, any statement only has two values, the true or 

false (“1” or “0”), that is to say, ordinary logic is two-value logic. The common 

relations between two-value logic include Logical AND, Logical OR, Logical NOT 

and Direct Product and corresponding logical operations include intersection operation, 

union operation, NOT operation and direct-product operation. The two-value logical 
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operation of Set A and B is denoted as
[44]

: 

AND operation: A∩B = {x∈A and x∈B}  

OR operation: A∩B = {x∈A or x∈B}  

NOT operation: { , , }A x A x U U   是全集  U is the universal set. 

Direct product: A × B = {(a, b) | a∈A, b∈B} 

Fuzzy logic is the promotion of ordinary two-value logic. In the fuzzy logic, any 

statement is expressed with a certain degree of authenticity and its value can be any 

real number between“0” and “1”. The corresponding fuzzy logical operations (logical 

AND, logical OR, logical NOT) are: 

Logical AND (A AND B): ( ) min( ( ), ( ))A B A Bx x x     

Logical OR (A OR B): ( ) max( ( ), ( ))A B A Bx x x     

Logical NOT (NOT A): 
( ) 1 ( )AA
x x  

 

The simplest form of IF-THEN rule is: “If x is A, then y is B”, while the complex 

IF-THEN rule has many forms, such as:  

IF m is A and x is B, THEN y is C, ELSE z is D;  

IF m is A and x is B and y is C, THEN z is D;  

IF m is A or x is B, THEN y is C or z is D;  

IF m is A and x is B, THEN y is C and z is D;  

Here, A, B, C and D are the semantic values of fuzzy sets in the discourse domain 

of M, X, Y and Z. The IF part is the premise or antecedent and the THEN part is the 

conclusion or seccedent. The interpretation of IF-THEN rule includes the following 

three processes
[45]

: 

1. Input fuzzification 

It is used to determine the truth degree of each proposition or assertion in the 

premise of IF-THEN rule(i.e., membership grade). 

2. Application fuzzy operators 

If the premise of the rule consists of several parts, the truth degree of the entire 

premise can be determined by use of fuzzy operators (that is, the membership grade of 

the entire premise).  

3. Application implication operator s 
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By using the membership function and implication operator of the premise, the 

truth degree of conclusions can be determined (i.e., the membership grade of 

conclusions).  

Fuzzy reasoning is a process mapping the input given by fuzzy logic to the output. 

Fuzzy reasoning includes five aspects: 

1. Input variable fuzzification, that is, to transfer the determined input into fuzzy 

sets described with membership grade.  

Input variable is a determinate number in the input variable discourse domain. 

Through fuzzification, the input variables are transformed to be a number between 0 

and 1 expressed with membership grade. Fuzzification is often achieved through 

membership function or table look-up. 

2. Apply fuzzy operators to the antecedent of fuzzy rule (AND, OR, NOT). 

After the fuzzification of input variables, we can know the degree of each 

proposition in the antecedent of each rule being satisfied. If the antecedent of a given 

rule consists of more than a proposition, fuzzy operators are required to obtain the 

degree that the antecedent of the rule is satisfied. The input of fuzzy operator is 

membership function value obtained after fuzzification of two or more input variables. 

The output is the membership grade of the entire antecedent, and the fuzzy logic 

operator can be any one of AND operator and OR operator. The commonly used AND 

operators include min (fuzzy intersection) and prod (algebraic product), while 

commonly used OR operators include max (fuzzy union) and probor (probability OR). 

The probor is defined as 

( ( ), ( )) ( ) ( ) ( ) ( )A B A B A Bprobor x x x x x x       

 

3. Inferring conclusions from the premise according to the fuzzy implication 

operation. 

Fuzzy implication can be considered as a fuzzy operator, its input is the degree of 

antecedent of the rule being satisfied and the output is a fuzzy set. The rule “If X is A, 

then Y is B” represents the fuzzy implication relationship between A and B, denoted as 

A -> B. 
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Commonly used fuzzy implication operators are: 

①Minimum operator (Mamdani) 

min{ ( ), ( )}A BA B x y    

②Algebra product (Larsen) 

( ) ( )A BA B x y     

③Arithmetic operations (Zadeh) 

min{1,1 ( ) ( )}A BA B x y      

④Maximum and minimum operation 

max{min{ ( ), ( )},1 ( )}A B AA B x y x      

⑤ Boolean operation 

max{1 ( ), ( )}A BA B x y     

⑥ Standards method operation (1) 

B1 ( ) ( )

0 ( ) ( )

A

A B

x y
A B

x y

 

 


  



当 时

当 时
 

when  

⑦Standards method operation (2) 

B1 ( ) ( )

( )
( ) ( )

( )

A

B

A B

A

x y

A B y
x y

x

 


 






  




当 时

当 时

 

when 

4. Compose the conclusion of each rule and draw the general conclusion.  

Fuzzy composition is also a kind of fuzzy operator. The input of this operator is a 

fuzzy set of each rule input, while the output is an integrated fuzzy output set obtained 

after composition of fuzzy sets. The commonly used fuzzy composite operator include 

max (fuzzy union), probor (probability OR) and sum (algebraic sum).  

5. Defuzzification, which transfers the output variables into the determinate 

output.  

Defuzzification transfers the output fuzzy set into the output of numeric values. 

Commonly used anti-fuzzy methods include:
 [47]

 

①Maximum average method 
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If m is the number of y when the membership function uB(y)taking the maximum 

value, then 

0

1

1 m

i

i

y y
m 

 
 

②Maximum midpoint method  

If y’ and y’’ are the maximum and minimum value of membership function uB(y) 

respectively, then  

0
2

y y
y

 


 

③Gravity method. Taking the weighted mean value of uB(y) as the exact value of 

Y  

0

( )

( )

B

B

y ydy
y

y dy







  

The gravity method is the most commonly used. 

2.3.3 Genetic algorithm 

Genetic algorithm is used to solve optimization problems, which is an 

optimization tool for random search. It is mainly developed based on Darwin’s theory 

of evolution, that is, the principle of “natural selection, survival of the fittest” and 

retains the chromosome with strong adaptability through “reproduction, crossover and 

mutation”
 [48]

.  

The genetic algorithm combines with engineering, mathematics and biology. 

Reproduction refers to the reproduction of organism and the reproduced filial 

generation can be same as, but also can be partly different from the parental generation. 

The purpose is to make the filial generation retain parental characteristics to avoid the 

disappearance of strengths of biological evolution over time. Since the reproduction is 

a process to select better individuals to replace poor ones, this action may also be 

known as “selection”
 [49]

. The crossover is a process to randomly select two parental 

generations and form another two filial generations through exchange of genes, 

expecting to retain good genes of the parental generation. However, the mutation is a 
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process to select one of genes in a chromosome and expect it to develop better 

chromosome. 

Genetic algorithm is a strong and effective random optimization search method. 

By simulating and learning gene-based and selective characteristics of natural 

organism, it retains individuals with strong vitality and adaptability through 

competition, so as to make problems converge to the global optimal solution instead of 

the regional optimal solution.  

1. Matrix initialization  

Setting the number of iterations for evolution of the matrix and the number of 

chromosome contained in the matrix. The greater the two numbers are, the greater 

opportunity to find out the global optimum value there is. And the corresponding 

convergence rate is slower
[50]

. Finally, set the crossover probability–μc and mutation 

probability–μm. After cluster centers are randomly generated, each chromosome will 

select data points based on the cluster center and every chromosome in the matrix will 

repeat this action until data points are used up.  

2. Calculation of fitness value  

The calculation of fitness value has two stages. In the first stage, the composition 

of cluster depends on the distance between cluster center and data point within the 

chromosome; in the second stage, the original cluster center in chromosome is 

replaced with the new cluster center calculated based on the distance between data 

point members of the cluster after the distribution of data points has been completed, 

cluster has formed and the cluster center has been re-calculated.  

3. Natural selection  

According to the ratio of fitness value of a single chromosome to that of all 

chromosomes, the chromosome is reproduced to the matching pool, in which, roulette  

wheel method is used to select the best chromosome. 

4. Crossover 

The number of individuals for crossover within the matrix is determined by the 

mating probability. The single-point crossover method is applied to two parent 

individuals and a crossover point is randomly selected. The generation interval of 
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crossover point is from 1 to the value from chromosome length minus 1. And then, the 

two individuals exchange all positions at the right of crossover point and form two new 

individuals. 

5. Mutation  

The number of mutations in each chromosome is determined by the mutation rate. 

When ν is 0, the mutation of figure contained in each gene location is carried out 

according to the method ofν±2*δ; when ν is not 0, it is conducted according to the 

method ofν±2*δ*ν. Among them, δ is a numeric value randomly generated by the 

method of uniformly distributing on the [0,1] and ν is figure stored in the location of 

genes. 

6. Whether meeting the termination condition  

If the termination condition is met, the algorithm comes to an end, or else, 

repeating the calculation of fitness value. The termination condition is satisfied when 

the maximum generation number is reached. What provided by the last generation 

number is the optimal solution string. In addition, the elite method is also used in this 

genetic algorithm. Therefore, the past optimal solution strings are also retained to 

compare with the last generation number. 
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Chapter 3. Data Mining Model, Subjects and Tools 

This chapter introduces the data mining model, subject and tool of data mining 

module in knowledge management system of construction enterprises, involving in the 

knowledge acquisition, representation, application and update. 

3.1 Data Mining Model 

3.1.1 Data Mining and Knowledge Management Process 

The data mining process of knowledge management system of construction 

enterprises is mainly based on the Fayyad and CRISP-DM process, attaching equal 

importance to the technology and application and combining the knowledge 

management optimization at the same time.  

 

Figure 3.1 The Processing Model of Data Mining and Knowledge Management 

1. Business understanding  

The business understanding phase focuses on the understanding of project 

objectives and needs from a business perspective and transferring them into data 
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mining problems, and preliminarily achieving the plan to meet project objectives and 

needs. For example, the business understanding of cost management, quality 

management and risk control. 

2. Data understanding  

The data understanding phase mainly covers a series of activities, such as data 

collection, data checking and data research with a main purpose to familiar with the 

data, study on the quality and applicability of data, explore connotation and hidden 

information of data and assess the data. For example, to collect data related to project 

objectives and needs in CDMS system, NC system, BI system and CRM system to 

implement data understanding. 

3. Data preparation  

The data preparation phase covers all activities from the initial original data set to 

the final input data set (input data of data mining module). The implementation in the 

data preparation phase may be more than one time in uncertain order. Tasks in the 

preparation phase mainly include the selection of tables, records and properties, as well 

as data conversion and cleaning. 

4. Modeling  

In the modeling phase, various modeling technologies are determined and applied, 

and parameters are optimized, such as the correlation analysis, classification, 

clustering algorithm and new generalized fuzzy network algorithm. In general, a type 

of data mining problems has several solution algorithms. As the solution algorithms 

have certain requirements for data, there may be return to the data preparation phase. 

5. Knowledge evaluation  

Prior to the knowledge evaluation phase, there are one or more high-quality 

models from the point of view of data analysis. However, it is required to 

comprehensively evaluate the data mining model and study on whether steps of data 

mining model correctly achieve project objectives and needs. At the same time, it 

needs to know is there any ignored or neglected problems. At the end of knowledge 

evaluation phase, it is required to determine how to use data mining results for 

decision-making. For example, does the application of project cost assessment model, 
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quality evaluation model and project risk assessment model in actual construction sites 

meet the project objectives and needs. In addition, knowledge evaluation results in the 

knowledge evaluation phase can be fed back to the business understanding phase to 

further deepen the understanding of business later.  

6. Knowledge storage  

Modeling does not mean the end of projects. Although the model is used to 

enhance the knowledge force of data, the obtained knowledge shall be organized and 

represented in the form available for users, which is often related to the use of Live 

Models able to support the decision making of enterprises
[51]

, such as the real-time 

personalized service on Web pages or repeated integration of sales database. However, 

as it is related to the specific needs, the knowledge storage phase can be considered as 

simple as generation of a report, or as complex as the implementation of an 

enterprise-wide repeatable data mining process. In most cases, the knowledge storage 

is completed by users but not data analysts. Since analysts do not complete the 

deployment, the understanding of what activities should be completed in previous 

phases in order to practically apply the established model is very important for users.  

7. Knowledge sharing  

How to make the knowledge discovered and stored in previous phases available 

for all members of the organization to share shall be achieved through knowledge 

transmission. In this phase, it is usually required to establish a platform for knowledge 

transmission (such as the Web-based blog, community, WiKi, forums, etc.), as well as 

an incentive mechanism for knowledge-sharing.  

8. Knowledge Application  

In this phase, knowledge management will achieve its ultimate objective: to 

provide support for the decision-making of organization. And then, all employees of 

the organization will carry out daily production, management and decision-making 

activities based on the knowledge. Of course, knowledge bias appearing in this phase 

will be fed back to the initial business understanding phases in order to get more 

in-depth business understanding to correct knowledge bias. 
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3.1.2 Data warehouse 

The database of various information systems is the basic database for construction 

enterprises to establish the data warehouse. In order to create a subject-oriented data 

warehouse, it is necessary to firstly determine data elements of the data source, to 

extract the required information and check the effectiveness of data before the data 

entering into the data warehouse, so as to avoid data redundancy and damage to data 

integrity. The main steps include data extraction, data conversion, data cleansing and 

data loading. 

The main base tables contained in database are shown in Table 3.1: 

Table 3.1 Main Base Table of Database 

Data table names Data contents 
Data sources 

Data  Survey  

Project Project basic information  Main Auxiliary 

Cost Project cost information Main Auxiliary 

Schedule Project schedule information Main Auxiliary 

Quality Project quality information Main Auxiliary 

SafetyAndEnvironmentalPr

otection 

Project safety and environmental 

protection information  

Main Auxiliary 

Risk Project risk information Auxiliary Main 

3.1.3 Data granularity 

Data granularity refers to the grade of refinement or generation degree of data 

stored in the data unit of data warehouse. The higher the refinement degree is, the 

lower the granularity grade will be; in contrary, the lower the refinement degree is, the 

higher the granularity grade will be. The data granularity determines the data volume 

in data warehouse and the ability of data warehouse to solve problems. 

In general, the dual granularity grade can satisfy the vast majority of requests, 

which is the default data granularity. Most of the processing of data mining module lies 

in the light integrated data. The data warehouse of data mining modules consists of 

three granularity lines:  

1. Time granularity line: Day -> Week -> Month -> Quarter ->Half of year ->Year  

2. Geographical granularity line: Street ->Township ->County -> City -> Province 
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-> Country  

3. Project granularity line: Sub-work ->Work ->Sub-project -> Project  

Various types of data are integrated according to the above three granularity lines. 

In general, the data volume above the granularity of “Day” has greatly reduced and 

thus no retention period is set.  

3.1.4 Data mining model 

Steps to build data mining models are:  

1. Collect and analyze business requirements;  

2. Create physical design of the data model and data mart;  

3. Define the data source;  

4. Select the data mart technology and platform;  

5. Extract data from the operational database and purify and convert them into the 

data warehouse; 

6. Select access and table tools;  

7. Select the database connectivity software;  

8. Select the data analysis and data display software;  

9. Update the data mart.  

The characteristics of data mart require a simple and subject-oriented model in 

order to facilitate the online data analysis. Many data warehouse modeling techniques 

have been developed and are still developing. The most popular multidimensional data 

model exists in star schema, snow model and their mixed form. The data mining 

module of construction enterprise knowledge management system mainly adopts star 

schema. 

Start Schema is composed of a large central table (fact table) containing a large 

number of data without redundancy and a small subsidiary table (dimension table). 

Such a model looks like break-out of stars with dimension tables present on the ray 

around the central table.  

A project has a lot of properties and each property is described with a dimension 

table. Both the relational database-based OLAP dimension table and fact table are 



 
Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management  Chapter 3 Data Mining Model, Subjects and Tools 

35 

stored in the form of two-dimensional relational table, so the extraction of facts shall 

be completed through connecting the dimension table to fact table, and each dimension 

needs ~ times of connection operation. Therefore, the connection operation between 

database tables of the system is the key to performance. 

With respect to the storage implementation of database in the system, it is planned 

to adopt SQL Server’s several RDBMS system optimization features for data 

warehouse applications in order to achieve an overall satisfactory performance result. 

First, the data partition and index partition technique is used in the fact table with a 

large number of data to fix the number of indexes or records in each partition block, 

and then SQL Server is adopted to manage the partition table, so that the performance 

of data table will not decrease with the increase in data amount; second, bitmap 

indexing technique is applied to the dimension table with limited number of dimension 

values and the index of main table, so as to prevent the access efficiency from great 

decrease caused by imbalance of binary tree due to the conventional B+ index
[52]

; third, 

pre-refining the commonly used data query that needs a large number of aggregation 

calculations and taking pre-processing with materialized view to greatly improve the 

access speed. The application of these technologies has a same basic strategy, namely: 

trading space for time, accelerating the data access speed through a large amount of 

pre-processing. With the rapid development of computer technology and rapid decline 

in hardware costs in nowadays, it is possible to create high-capacity data warehouses. 

Meanwhile, the requirements for basic data processing are unprecedented and the data 

collection, integration and processing spend more than half of the project workload.  

All data in the data mart are from middle database, where data are initially 

processed by ETL system tools, and have been in-depth processed in the process of 

entering into the warehouse, which are the main data source of front data display, 

mining and drilling of the system. All data are stored by levels according to subjects 

and granularity 
[53]

 . According to the source, data marts are divided into the following 

table groups: 

1. Project basic information table group: the basic situation and some 

variable data about the project, as follows: 
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Factors influence Project Quality
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Figure3.2 Factors Influencing on the Quality of Construction Projects  

Table 3.2 Project Basic Information Table Group 

Project ID Primary key 

Project Code  

Project Name  

Project Type  

Contract No.  

Scheduled Commencement Date  

Scheduled Completion Date  

Revision No.  

Revision Date  

Actual Commencement Date  

Actual Completion Date  

Contract Price  

Project Location  

Project Tel.  

Project Fax  

Project Mail  

Project Website  

Project Manager  

Investment Company  

Construction Company  

Supervision Company  

Insurance Company  

Project Level  
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Notes   

2. Project cost information table group: the composition of project costs and 

source information: 

Table 3.3 Project Cost Information Table Group 

Project ID Primary key 

Project Code  

Direct Cost  

Management Cost  

Start-up Cost  

Notes   

3. Project schedule information table group: mainly including the arrangement for 

the overall schedule information of the project; 

4. Project quality information table group: mainly including detailed information 

about quality control objectives and measures; 

5. Project safety and environmental protection information table group: mainly 

including safety and environmental protection information of the project; 

6. Project risk information table group: risk source identification summary 

information that the project may face; 

7. System function and control table group: information about the complete 

system functions and system control; 

8. Early-warning table group: early-warning setting, early-warning data and 

early-warning historical data; 

9. Data dictionary table group: All system static information that can be 

maintained; 

10. Parameter table group: information about parameters used for calculation of 

various models. 

3.1.5 Key Technologies 

Data storage and management. As data volume of the system grows rapidly in 

every year, the high-performance database system supporting large capacity of data 

becomes the first condition to implement data warehouse. It must support the data 

partition techniques and rapid indexing techniques, such as bitmap index technique and 
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optimization technology supporting decision-oriented query and multi-dimensional 

analysis query mode
[54]

. 

Data Mining: Data mining involves in mathematical statistic, fuzzy theory, neural 

network, artificial intelligence and other technologies with high technology content
[55]

. 

It is a mining tool, also an analysis tool able to effectively find out potential data 

models from large number of data and make predictive analysis. In the implementation 

of the system, a preliminary attempt in the application of DM has been made. 

Distributed Objects: It can adopt two protocols of DCOM and CORBA and 

three-tier browser / server architecture. In the three-tier application architecture, the 

system structure is divided into three levels of browser, application server and database 

server and the business logic is located in the application server. As a result, the 

system’s augmentability is greatly improved and the business logic can further 

facilitate the update and maintenance of data mart. 

At present, the domestic data warehouse construction project has unprecedented 

workload in base data processing and data collection, integration and processing 

occupy more than half of the project workload. The development of IT industry in 

China is hard in fact. Forsmall and medium enterprises, the development of software 

system in initial stage lacks guidance of systematic architecture, resulting in 

inconsistencies in data format and definition between different systems. And, the 

ETCL process used to import data of warehouse data has to take a lot of time and 

energy to meet the requirements. If you have no hand, you can't make a fist. Similarly, 

the data warehouse project constructed with great investment falls into a dilemma that 

is difficult to be put into application due to shortness of adequate and effective data. 

Therefore, it is necessary to pay sufficient attentions to the data cleansing and 

conversion work in early stage of project construction and take this part of work in 

advance in the development process.  

3.2 Data Mining Subjects 

3.2.1 Costs 

Cost management is one of cores in the project management of construction 
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enterprises. With the continuous development of science and technology, the dynamic 

and real-time management of project cost becomes more and more important. 

Therefore, the data mining module should assist to achieve the phased and multi-level 

cost management. Meanwhile, the cost calculation is constantly refined, covering from 

the estimation in project planning to budget in project implementation, and to 

settlement and accounting in project completion to gradually realize the refinement 

and precision calculation of cost management.  

In general, the cost management of construction projects is divided into six stages: 

cost objective, cost planning, cost control, cost accounting, cost analysis and cost 

assess
[56]

.  

3.2.1.1 Cost objective 

Cost objective means the cost estimation carried out before the commencement or 

during the initial stage of projects, which is a cost target value identified according to 

relevant department and project research of construction enterprises. Cost objective is 

created on the basis of cost projection. The main purpose of cost objective is to control 

various costs within an identified range during the life time of the construction project.  

The tender offer of construction enterprises for construction projects is composed 

by cost and profit, as shown in Figure 3.3. Through inspection and analysis on the 

main content of cost objective, different specific contents have specific objectives. In 

the project implementation, the specific contents are changing due to various factors. 

Therefore, it is difficult to carry out cost management. It requires inspecting, analyzing 

and adjusting the specific content according to the specific objective and index; while, 

the final project cost may not be equal to the tender offer.   

Among them, profit is the ultimate goal of project implementation, but the key 

lies in project cost control. 



 
Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management  Chapter 3 Data Mining Model, Subjects and Tools 

40 

Tender and Quote

Tentative Amount

Risk

Profit

Financing Cost

Higher 

Administrative 

Cost

Start-Up CostManagement Cost

Project Cost

Direct Cost

Price Fluctuation 

Factor

 

Figure 3.3 The Main Content of Cost Objective 

Provisional sums: It is the amount reserved by the owner and shall be used for the 

expense that have not yet been foreseen or determined in the tender offer, which is not 

inevitable cost; 

Risk: It is the forecast of construction enterprises prior to the tender offer, which 

is subjective; 

Price fluctuation factors: They are indexes for staff salary and goods price; 

Project cost: It includes direct cost, management fee and start-up cost, which is 

the cost actually controlled by the project department (site) in project implementation. 

3.2.1.2 Cost plan 

Cost plan refers to the cost design and resources allocation in project 

implementation of construction enterprises
[57]

. Different from cost objective, cost plan 

focuses on every aspect, which is a continuation of cost objective. If the cost plan of 

projects of construction enterprises can’t meet the requirements of cost objective, it is 

necessary for relevant personnel to re-study and determine the cost plan. From the first 
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draft to the final, cost plan is also many times of cost projections in fact, but also a 

process to explore how to reduce costs and a way to check the level and effect of 

schedule management and quality management.  

The preparation of cost plan mainly refers to the following contents
[58]

:  

1. Main schedule plan, especially the list of job contents, including the starting 

and ending time;  

2. Contract, such as job content and the unit price or total price of each job, as 

well as requirements for incomes and expenses of project funds;  

3. The resources allocation of each job;  

4. Resource quota;  

5. Construction business-related policies and provisions relating to the costs;  

6. Characteristics of the construction project and historical data of similar 

projects;  

7. Expert opinions;  

8. Risks;  

9. Requirements for costs, quality, schedule, safety and environmental protection 

proposed by project-related organizations or individuals. 

The cost plan for construction projects of construction enterprises is mainly 

implemented based on the cost objective. The cost objective is broken down according 

to the level of cost management, project and cost stage to determine the cost plan at all 

levels. It pre-specifies the planned general level of construction and production costs in 

the implementation of construction projects in the form of money. With cost plan for 

construction projects, the planned cost reduction amount and rate to be achieved by the 

total investment (or tender offer) can be identified and compared with. Otherwise, we 

can break down the cost plan by stages based on the cost management level, 

cost-related project and project schedule to develop cost implementation scheme at all 

levels.  

The collection of various construction project cost plans in enterprises aims at 

pre-planning a comprehensive plan on enterprises’ expected economic effects of 

production technology and business activities, which is also the foundation for 
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establishing enterprise cost management responsibility system, carrying out economic 

accounting and controlling the costs of production.  

The contents of cost plan can be divided into two categories:  

The one is cost budget. It reflects the production costs of enterprises by 

production elements and use of costs. According to what production elements reflect, 

the budget for materials expenses and wages can be prepared; while according to what 

the use of costs reflects, the budget for manufacturing costs can be developed.   

The other category of cost plan is prepared by product varieties. It is a product 

cost plan reflecting the estimated cost level of various products in the planning period. 

In general, product cost plan includes the unit cost plan for main products and the cost 

plan for all commodity products. 

The allowable value of cost plan is the basis for cost control and cost accounting 

and different methods are applied according to the specific content of costs
[59]

. 
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Figure 3.4 The Preparation Process of Cost Plan 

The preparation process of cost plan is:  

1.To develop the principle of cost plan preparation; 
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The preparation method of cost plan includes the unified and grading preparation. 

The unified preparation means that the financial and accounting department of the 

enterprise prepares product cost plan according to the requirements of comprehensive 

business plan in coordination with other departments. It is a top-down approach and is 

mainly suitable for small and medium enterprises or companies with a few of product 

varieties. However, grading preparation is a bottom-up approach and a participatory 

preparation mode: the senior management transmits the cost control target firstly, and 

the lower-level unit finally develops the overall cost plan based on this target and 

requirement of cost plan through communication and coordination with the same level, 

higher level and lower level. This approach is suitable for large enterprise groups and 

companies with a number of product varieties.  

2.To collect information;  

The information collection and collation are the basic work for cost plan. The 

main information to be collected includes: 

(1) Various cost reduction targets and relevant provisions;  

(2) Plans for production, material supply, labor wages and technical measures of 

enterprises within the planning period;  

(3) The consumption quota of various direct materials and direct labors and fixed 

working hours;  

(4) The planned materials price, budget of various departments and labor wage 

rate;  

(5) Information about the product cost in the past period;  

(6) Expense standards and relevant requirements. 

3. To estimate and analyze the completion cost plan in the previous year and 

identify the budget for production and marketing; 

4. To take trial balance of cost index;  

Based on the analysis on the completion of cost plan in the previous year, to take 

changes in various factors and production-increase measures in plan period into 

account, repeatedly estimate and identify the target cost of the plan period finally. The 

trial balance of cost index also requires an overall balance with other indexes of plans, 
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such as product materials plan, material supply plan, cost plan and fund plan.  

5. To prepare the cost plan.  

3.2.1.3 Cost control 

Cost control is a process that construction enterprises implement all necessary 

measures to ensure the cost objective
[60]

.  

The basic procedures and methods of cost control are:  

Cost control in the production process is to strictly monitor various factors 

generating costs according to the pre-developed standard and take timely measures to 

correct deviations in the product manufacturing process, so as to limit the consumption 

of various resources and expenses within the specified range. The basic cost control 

procedures are as follows:  

1. To develop cost standard  

Cost standard is the yardstick of cost control. Cost standard firstly includes 

various indexes specified in the cost plan. However, some indexes in the cost plan are 

comprehensive and can’t meet the requirements of specific control. Therefore, a series 

of specific standards is necessary. There are basically three methods to determine these 

standards:  

(1) Plan index break-down method
[61]

. It refers to break down the large index 

into small ones. Break-out can be carried out by departments and units, but also 

different product and process stages or parts of various products, even by procedures. 

(2) Budget method
[62]

. It refers to develop the standard of cost control by 

budgeting. Some enterprises develop their short-term (e.g. month) expenditure budget 

based on quarterly production and sales plan and take it as the standard of cost control. 

However, special attentions should be paid to the reality when this method is used to 

formulate the budget. 

(3) Quota method
[63]

. It refers to specify quota and limit of expenses and take 

them as the standard of cost control. In enterprises, if it is possible, such a quota or 

limit should be specified, such as the material consumption quota and limit of working 

hours. This method is conducive to the specification and routinization of cost control. 
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When the above method is applied to determine the standard of cost control, adequate 

research and scientific computing must be conducted. Meanwhile, it is required to 

correctly deal with the relationship between cost index and other technical and 

economic indicators, such as the relation with the quality and production efficiency in 

order to prevent one-sidedness through integrated balance from the perspective of 

completing the overall business objective.  

2. To form cost supervision  

It means the cost of regular inspection, appraisal and supervision on various items 

of cost according to the control standard. It not only needs to inspect the 

implementation of indexes, but also examine and supervise various conditions 

influencing the index, such as equipment, technology, tool, skills of workers and 

working environment. Therefore, the routine cost control should be conducted together 

with production control. Its main aspects include:  

(1) The routine control of material costs. The construction crew and technical 

inspectors shall supervise to operate according to the requirements of drawings, 

processes and tooling and to implement the first article inspection to prevent bulk 

scrap. The equipment specialist shall supervise the equipment maintenance and use 

according to the requirements of process specification and shall not allow starting 

production if requirements are not met. The material specialists of the supply 

department shall issue materials on a quota basis according to the specified varieties, 

specifications and quality and shall oversee the implementation of material picking, 

supplementing and returning system. The production scheduling personnel shall 

control the production volume, rational cutting and feeding, and shall monitor the 

implementation of standard of scheduled time and quantity. The routine control of 

material costs in workshops is generally under the charge of material accounting clerk, 

who should often collect information, take analysis and comparison, find out the 

reason and propose improving measures with relevant departments and personnel.  

(2) The routine control of salary cost. It mainly refers to the supervision and 

control over the adjustments in, bonuses and allowances for fixed working hours, 

attendance, work efficiency and labor organizations conducted by the labor and capital 
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coordinator in the workshop. In addition, the production scheduling personnel should 

supervise the reasonable arrangement of internal operation plan within the workshop to 

achieve reasonable operation and rational dispatching, and control slow work, 

slowdown and overtime work and so on. And the labor and capital coordinator (or 

rate-setter) in the workshop should be responsible for control and accounting of the 

above relevant indicators and to analyze deviation and find out reasons.  

(3) Routine control of indirect costs. The workshop expenses and enterprise 

management fees have a lot of items and may incur in various circumstances. For one 

with a quota, such a cost shall be controlled based on the quota; while for the one 

without a quota, the cost shall be controlled based on the budget for various expenses. 

For example, expense manuals, internal cost notes (also known as promissory notes 

and corporate internal currency notes) and other forms can be adopted to control the 

cost. Relevant staff shall be responsible to control and supervise various departments, 

workshops and shifts and propose improvements. 

Not only should special men be arranged to be responsible for and supervise the 

routine control of the above production costs, but also the handler of expenses should 

take self-control, which should be specified in the responsible system. By this way, the 

enthusiasm of all employees can be mobilized to create a mass foundation for the 

routine control of cost.  

3. To correct deviations in time 

It refers to identify the responsible one based on the causes of cost differences, 

propose improving measures according to the specific situation and priority and 

implement them. For the correction to major differences, the following procedures are 

applied generally: 

(1) To propose a problem. It refers to propose the problem of lowering cost based 

on a variety of reasons for cost overruns. The problem should firstly focus on the item, 

which has high potential to lower cost, is concerned by various parties and is feasible. 

And then, requirements for the problem should be proposed, including the purpose, 

content, reason, basis and expected economic benefits of the problem.  

(2) To discuss and make decisions. After the problem is selected, relevant 
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departments and personnel shall be initiated to take extensive research and discussions. 

For major problems, it is required to make a variety of solutions and choose the 

optimal one through comparative analysis.  

(3) To determine the method and steps for solution implementation and arrange 

the responsible departments and personnel.  

(4) To implement the identified solution. In the implementation process, it also 

needs to supervision and inspection in a timely manner. After the implementation, it is 

required to check the economic efficiency and measure whether the expected objective 

is achieved.   

3.2.1.4 Cost accounting 

It is a business accounting on the incurrence of production and management 

expenses and the formation of product costs
[64]

. The cost accounting firstly checks the 

production and management expense to see whether it has incurred, whether it should 

incur and whether the incurred expenses should be included into the product cost, so as 

to real direct management and control over the production and management expense 

and product cost. Secondly, it allocates and accumulates the incurred costs by uses to 

calculate the total cost and unit cost of a variety of products, providing real cost data 

for cost management.  

Content of cost accounting:  

1.To fully accumulate various costs incurred by the cost accounting objects. 

2.To correctly calculate the transfer value of production materials and the amount 

of expenses that should be included into the current costs. 

3.To scientifically determine the object, item and period of cost calculation and 

methods of cost calculation and cost allocation to ensure the accuracy and timeliness 

of the cost of various products. The essence of cost accounting is a conversion process 

of data information processing, that is, a process to accumulate and allocate costs (the 

incurred expense of various funds) by certain methods and procedures based on the 

identified object or use range of cost accounting. The accurate and timely cost 

accounting is significant for enterprises to improve production capacity and achieve 
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high yield, high quality, low consumption and more accumulation.  

Cost accounting procedures:  

It refers to the entire cost calculation process starting from the production cost to 

calculating the total cost and unit cost of finished products. Generally, cost accounting 

procedures are divided into the following steps: 

(1) To audit the production expenses. Various incurred production expenses 

should be strictly audited according to relevant systems and regulations issued by the 

State, higher authorities and enterprises in order to prevent expenses not in line with 

systems and regulation, various wastes and losses or investigate and fix economic 

liabilities
[65]

. 

(2) To identify the cost calculation objects and cost items and to create a product 

cost ledger. Enterprises with different production types have different requirements for 

cost management. Therefore, the cost calculation object and cost item are different. As 

a result, the cost calculation object and cost item should be identified based on the 

enterprises’ characteristics of production and their requirements for cost management, 

and a product cost ledger should be created according to the identified cost calculation 

object.  

(3) To allocate the element expense. The incurred expenses of various elements 

should be accumulated to prepare the table of cost allocation for various elements and 

include them into the relevant detail account of production cost by uses. The direct cost 

consumed by some cost calculation object which is able to be identified, such as direct 

materials and direct salaries, should be recorded in the account of “costs of production 

- basic production cost” and related product cost ledger; while the cost unable to 

identify its calculation object should be accumulated and allocated according to its 

place of incurrence or use and respectively recorded under the “manufacturing costs”, 

“costs of production – auxiliary production cost” and “loss of waste” and other 

accounts of comprehensive costs. 

(4) To allocate the comprehensive costs. The comprehensive costs recorded in the 

“manufacturing costs”, “costs of production – auxiliary production cost” and “loss of 

waste” should be distributed with a certain method by the end of month and recorded 
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in the “costs of production – basic production cost” and related product cost ledger.  

(5) To divide the cost of finished products and unfinished products. Through the 

allocation of elements cost and comprehensive cost, as well as allocation of various 

incurred production costs, all the incurred production costs have been recorded in the 

“costs of production – basic production cost” and related product cost ledger. If there 

are no unfinished products, the production cost accumulated in the product cost ledger 

is the total cost of finished products; while, in there are unfinished products, it is 

required to divide the production costs accumulated in the product cost ledger with a 

certain approach between the finished product and monthly unfinished product, so as 

to calculate the cost of finished products and monthly unfinished products
[66]

.  

(6) To calculate the total cost and unit cost of products. When the category 

method and batch method are used, the finished product cost calculated in the product 

cost ledger is the total cost of products; while, when the fractional step method is 

applied, the total cost of products can only be calculated through gradual carry-over or 

parallel accumulation according to the order of cost ledger of various production steps. 

And then, the unit cost of product can be calculated by dividing the total cost of 

product by the number of product. 

Cost accounting principles  

The principles of cost accounting to be followed include:  

(1) The principle of legality. It means that all expenses included into the cost must 

comply with provisions of laws, regulations and rules. The expenses not in line with 

regulations shall not be included into the cost.  

(2) The principle of reliability. It includes the authenticity and verifiability. The 

authenticity refers to that the provided cost information is consistent with the objective 

economic issue, but not be adulterated or artificially increased or reduced. The 

verifiability refers to that the cost accounting information is accounted by different 

accountants according to a certain principles and same results can be gotten. The 

purpose of both authenticity and verifiability is to ensure the accuracy and reliability of 

cost accounting information. 

(3) The principle of correlation. It includes the usefulness and promptness of cost 
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information. Usefulness refers to that the cost accounting shall provide useful 

information for the management and shall support the cost management, forecasting 

and decision-making. And promptness emphasizes on the timeliness of acquiring 

information. The timely feedback is helpful to take measures timely to improve the 

work; while the outdated information often becomes useless.  

(4) The principle of staging accounting. In order to obtain the cost of products in a 

certain period, enterprises must divide the continuous production into different stages 

by a certain period (such as month, quarter and year) to respectively calculate the cost 

of products in various periods. However, the stage of cost accounting must be 

consistent with the fiscal month, quarter and year, so as to facilitate the calculation of 

profits.  

(5) The principle of accrual system. The expense that should be burden in the 

current period shall be included into the cost of current period no matter it is paid or 

not; while the expense that shouldn’t be burden in the current period (that is, the cost 

has been included into previous periods, or should be burden in subsequent periods) 

shall not be included into the cost if it is paid in the current period in order to provide 

correct information about various costs.  

(6) The principle of actual-cost pricing
[67]

. All raw materials, fuel and power 

consumed by production shall be calculated by the actual unit cost of actual 

consumption, while the cost of finished products shall be calculated by the actually 

incurred expenses, although the account of raw materials, fuel and finished products 

can add or deduct cost differences according to the planned cost (or fixed cost, 

standard cost) to reach the actual cost. 

(7) The principle of consistency. The methods used for cost accounting must 

always be consistent in order to unify the cost information in various periods and make 

the information coherent and comparable with each other. 

(8) The principle of importance. Particular attentions should be paid to items with 

significant impact on the cost and try to get accurate data, while the less important 

trivial items can be simply dealt with.  

The basic method of cost accounting:
 [68]
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• Category method 

• Batch method  

• Step-by-step carry-forward fractional step method  

• Parallel carry-forward fractional step method  

• Activity-based cost method 

• Combined use of cost calculation methods  

For an enterprise, the most appropriate cost calculation method should be adopted 

according to the production characteristics and production organization mode to 

calculate the cost of main products. However, this method may not meet all needs of 

the enterprise for cost calculation and cost management. 

As enterprises have complex situations, it is necessary to fully consider the 

specific production characteristics and production steps, scientifically and reasonably 

arrange the cost calculation procedures and methods according to the business size and 

level and combine various cost calculation methods to achieve the best cost calculation 

and optimal cost control. 

3.2.1.5 Cost analysis 

Cost analysis refers to use some methods according to certain principles to control 

the actual cost expenditure by use of cost plan, cost accounting and other relevant 

information, reveal the completion of cost plan, identify the reasons for increase or 

decrease in costs and seek for ways and means to reduce costs in order to achieve the 

purpose of getting the maximum economic efficiency with the least labor 

consumption
[69]

.  

The overall assessment on the completion of cost plan for all products is divided 

into three areas:  

First, to correctly evaluate the implementation results of cost plan through 

in-depth analysis on the basis of accounting data to improve the initiative of 

enterprises and staff to pursue for economic efficiency. 

Second, to reveal reasons for increase or decrease in costs and correctly identify 

various factors affecting the cost and their reasons in order to further improve the 
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corporate management level. 

Third, to seek for ways and means to further reduce costs. Cost analysis can also 

combine with changes in production and operation conditions of enterprises to 

correctly select the most appropriate cost level adapting to new situations.  

The cost analysis methods mainly include comparative analysis approach, chain 

substitution method and correlational analysis method.  

Comparative Analysis Approach
[70]

 

It is a method to expose the contradictions through comparing the data on cost 

index in different periods (or under different situations). With regarding to the 

comparison of cost index, we must pay attention to the comparability of indexes. 

Comparison form
[71]

 

(1) Comparison of absolute numbers. For example, the unit cost of products in the 

last year is 10 Yuan, but 9.5 Yuan in this year;  

(2) Comparison of increased or decreased numbers. For example, the cost of this 

year falls down 0.5 Yuan over the previous year;  

(3) Comparison of indexes. For example, the cost of this year decreases by 5% 

over the previous year. 

Chain Substitution Method
[72]

 

It is also known as chain replacement method. It is a calculation method used to 

identify the influence of various factors leading to change in some economic indicator. 

Applicable scope: When several interrelated factors jointly affect some indicator, 

this method can be applied to calculate the influence of various factors on change in 

economic indicators.  

Calculation methods 

(1) In the calculation of the impact of some factor on an economic indicator, to 

assume that only this factor changes, but other factors remain unchanged; 

(2) To determine the substitution order of each factor and then take calculation 

according to this order;  

(3) To compare this indicator with the factor before substitution to identify the 

impact caused by change in this factor.  
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Calculation principle  

If some economic indicator– A is composed of three factors of x, y and z, then the 

plan index - A0 is the result of multiplying three factors of x0, y0 and z0; while the 

actual indicator– A1 is the result ofmultiplyingx1, y1 and z1:  

A0=x0·y0·z0  

A1=x1·y1·z1  

The difference between planned and actual (V) indicator is: 

V=A1-A0  

In the analysis of the impact of changes in various factors on the indicator, firstly, 

to set the substitution order of three factors as x, y and z; secondly, to assume that two 

factors of y and z keep unchanged and calculate the impact of changes in the first 

factor, x on the indicator; and then, to calculate the impact of changes in these cond 

factor, y on the indicator on the basis that the first factor has changed. By the same way, 

the effect of changes in various factors can be calculated. It is expressed with a 

formula as below:  

The effect of changes in the first factor (V1) is calculated as follows:  

A0= x0·y0·z0 （1） 

A2=x1·y0·z0 （2） 

V1=(2)-(1)=A2-A0  

TheV1 in the above formula can also be calculated with the following formula.  

V1=（x1--x0）y0z0  

The effect of changes in the second factor (V2) is calculated as follows:  

A3= x1·y1·z0 （3） 

V2=（3）-（2）=A3-A2  

The effect of changes in the third factor (V3) is calculated as follows:  

A1= x1·y1·z1 （4） 

V3=（4）-（3）=A1-A3 

Integrating the effects of changes in various factors, the result should be equal to 

the total difference between the actual and planned: 

V=V1+V2+V3 
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Correlational Analysis Method
[73]

  

There is an interdependent relation between various economic indicators of 

enterprises. Once an indicator has changed, other economic indicators will be affected. 

For example, changes in production quantity will inevitably cause a corresponding 

change in the cost. By using mathematical methods for correlational analysis, to find 

out the inerratic links between economic indicators is the so-called correlational 

analysis method. 

3.2.1.6 Cost assessment  

In cost management, project cost is defined from the perspective of construction 

enterprises, which is all the expenses spent by construction enterprises on the 

construction project, and includes construction costs and administrative fees incurred 

at the construction site, but also indirect costs incurred by administration of 

construction enterprises. However, the construction cost is defined from the 

perspective of project management department and only includes construction costs 

and management costs incurred by construction teams at site. Under the management 

model of project method construction, the function of the project management 

department is highlighted: for the project management department, indirect cost is an 

uncontrollable factor
[74]

. Therefore, the core of cost management lies in the 

construction cost of projects, which mainly consists of labor costs, material costs, 

construction machinery use fees, other direct costs and field expenses. And the direct 

cost is composed of labor costs, material costs, construction machinery use fees and 

other direct expenses. The management over management fees and start-up costs and 

other public costs plays an irreplaceable role. 

Among them, the components of direct costs are shown in Table 3.4:  

Table 3.4 Components of Direct Costs 

Labor costs 

Material costs 

Machinery costs 

Project within the contract 

Project outside of the contract 

Consulting fees 
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„„ 

The components of management costs are shown in Table 3.5: 

Table 3.5 Components of Management Costs 

Transportation costs 

Entertainment expenses 

Cleaning fees 

Stationery costs 

Welfare expenses 

Travelling expenses 

„„ 

The components of start-up costs are shown in Table 3.6: 

Table 3.6 Components of Start-up Costs 

Management salaries 

Utilities  

Communication costs 

Training fees 

Office building fees 

Security charges 

Environmental protection costs 

Tool fees 

Insurance expenses 

Testing and inspection costs 

„„ 

With regarding to the prediction in direct costs, it often considers analyzing the 

impact of changes in some cost component or in main influencing factor on the cost in 

the case of other factors unchanged and predicting the trend of future costs. For 

example, to identify main factors composing and affecting the cost according to the 

sensitivity analysis and predict the future trend of costs on the basis of simple or 

multiple regression analysis after the conversion and clean-up of historical data by use 

of information technology.  

Regression is a process to predict the value of other variables based on the 

variables with known values, namely, the purpose of regression analysis is to find out 

the optimal model connecting input variables with output variables
[75]

. In the simplest 

case, regression adopts standard statistical technique, such as linear regression. In term 

of the forecast of project costs, the quantitative prediction of costs forecast the trend of 



 
Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management  Chapter 3 Data Mining Model, Subjects and Tools 

56 

future costs through mathematical models by using the numeric relationship between 

historical cost data, cost expenses and influencing factors. In the prediction of cost, 

commonly used quantitative prediction methods include high-low method, weighted 

average method, regression analysis, cost-benefit analysis and other methods. In the 

simple linear regression analysis, according to the mathematical relationship between 

costs and relevant factors, if the independent variable is expressed with x and the cost 

is a dependent variable and expressed with Y, then there is a formula: Y = a+bx, in 

which, a and b are two parameters. 

By using the principle of least square method, parameters of a and b can be 

obtained through the following formula:  

b =
n ∑ xy − ∑ x ∑ y

n ∑ x2 − (∑ x)2
 

a =
∑ y − b ∑ x

n
= y̅ − bx̅ 

For any construction project, there are a large number of cost control factors, and 

it is unable to, also not necessary to take accounting for each factor. Otherwise, it will 

result in higher information costs and losses more than gains. The cost-involving 

factors include resource consumption, price and the probability of changes in resource 

prices in actual operation of the project. For example, in the steel processing 

operations, the efficiency of workers, steel processing loss and change in market price 

of steels may become factors of cost accounting. The object of project cost accounting 

should be controllable costs. If the steel is uniformly procured by the enterprise or 

supplied by Party A, the market price of steel is uncontrollable cost for the project 

department and shall not be considered as a cost accounting factor. Otherwise, it 

should take analysis based on the proportion of steel costs accounting for the project 

cost and the probability of change in market price of steels to decide whether taking 

the steel price as a cost accounting factor. In term of the analysis methods for main 

factors, Pareto chart, ABC analysis, causal analysis diagram and other methods can be 

used.  

The sensitivity analysis on major cost components is one of the methods to set 

cost control limit. Through sensitivity analysis, it determines the strength of accounting 
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and control over some cost factor. For example, the planned cost of some project is 10 

million Yuan with a cost reduction target of 500,000 Yuan. The cost of steel is a major 

cost control factor of it, which accounts for 30% of the total cost, and the steel 

processing loss rate is expected as 1.5%. The sensitivity analysis taking steel 

processing loss rate as a cost control factor is as shown in Table 3.7.  

Table 3.7 Steel processing loss rate versus reduction of target cost 

Steel processing loss rate (control index)  0.5% 1.0% 1.5% 2.0% 2.5% 

Steel processing loss amount (ten thousand 

Yuan)  

1.5 3.0 4.5 6.0 7.5 

Impact of loss control target on the reduction of 

target cost  

-6.0% -3.0% 0.0% 3.0% 6.0% 

In the above example, the impact of loss control index on the reduction of target 

cost =(actual steel processing loss amount – expected steel processing loss amount) / 

reduction of target cost. It can be seen that the steel processing loss rate has few 

impacts on the completion of target cost reduction. To this end, project managers can 

control the actual rate of steel processing loss within 1.0% to 2.0%. And general 

management for the cost control over steel processing loss is ok.  

Linear programming is the most widely used system optimization method now. Its 

theory is quite mature and has been widely used in different fields, such as production 

planning, cost control, material dispatching, resource optimization allocation, task 

allocation and economic planning
[76]

. Usually, the standard form of linear 

programming is as follows: 

minZ=C
T
X 

s.t. AX=b 

X≥0 

In the project management of the construction party, the main components of 

direct costs include labor, materials and machinery. According to the requirements of 

scientific management, the principle of linear programming shall be used for the 

optimal allocation of resources and overall planning and arrangements. 
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3.2.2 Schedule 

Schedule management is a key function in project management, which is essential 

to control the progress of projects. The main content of schedule management is
[77]

 to 

achieve a scientific and rational allocation of time and complete the project within the 

agreed time and planned schedule specified in the contract to achieve the preset goals 

and investment objectives. Based on the scope management, schedule management can 

optimize the allocation of resources and expenses under the premise of meeting the 

time requirement of projects through identifying and adjusting reasonable working 

order and working period.  

The construction period cost refers to all costs incurred by taking appropriate 

measures in the construction period exceeding or shortening than the intended or 

contracted construction period in order to complete the contents of contracted project.. 

The goal of construction period is one of three major objectives of construction project 

management. Every construction project has its specific schedule requirements, while 

the guarantee for construction period often causes change in costs. In China, 

construction enterprises pay less attention to the construction period cost. Especially, 

the project management department has specific schedule requirements, but takes a 

few of in-depth study on the relationship between construction period and cost. 

Sometimes, it may blindly ask for progress, or the construction period may be 

extended abnormally due to a number of factors, resulting in additional project costs. 

The risk of increase in project cost caused by the factor of construction period 

may lead to construction period extension of local (project activity and sub-project) or 

the entire project and the project cannot be put into use in time. For example, if the 

owner fails to solve land acquisition and resettlement issues and provide “three side 

connections and one site leveling” as the schedule specified by the contract before 

signing the construction contract or in the implementation of contract, or fails to timely 

supply electricity and water according to provisions of the construction contract, or 

fails to supply a variety of qualified materials according to the requirements of 

municipal construction contract. Therefore, construction period management plays a 

critical role in the project cost management and schedule determines the efficiency of 
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resource use in the project implementation process. Accurate and efficient 

arrangements for the project schedule can optimize the allocation of resources. As a 

result, the cost will decline with the rational use of resources.  

Shortening the construction period is helpful to put the project into operation as 

soon as possible, reduce project management costs and create significant efficiency. So, 

it is necessary to shorten the construction period as far as possible
[78]

. However, 

over-shortening of construction period may increase the costs of technical measures for 

speeding up the construction work, but also may affect the quality of project, reduce its 

service life and finally increase the overall cost of project. For example, a certain 

sedimentation period must be guaranteed for the high-fill section in municipal projects. 

Therefore, a reasonable construction period is an important means used to control cost 

of the project.   

By using the decision tree analysis in data mining techniques, this dissertation 

takes a preliminary analysis on the cost at changes in construction period of project, 

find out the main influencing factors on project cost increase caused by changes in 

construction period and proposes suggestions for the cost management of project in the 

construction period based on the basic information about cost increase caused by 

changes in construction period accumulated in the process of project management.  

The total cost of the project mainly incurred in the period of organizing and 

managing the official project, in which, the direct purpose of inputting a lot of 

manpower and material resources is to achieve the schedule target at various stages 

recognized by the owner, obtain the process business income to make up process 

investment and ultimately realize the general goal of construction period and the total 

project revenues. The objective of construction schedule is achieved through the 

execution and control of a phased and sub-level schedule, the synchronous input, 

coordination and support of various human, financial and material resources based on 

the implementation of schedule and the integrated control. 

In the project management of the construction party, there are some construction 

period/ schedule control tools / methods as below:  

1. The key date table
[79]

 is the simplest form of schedule, which only lists some 
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key activities and dates.  

2. Gantt chart, also known as the line chart or bar chart, uses horizontal lines to 

represent the starting and ending time of each activity. Gantt chart is simple, clear, 

intuitive and easy to prepare and thus still a commonly used tool of small projects up 

to now. Even in large construction projects, it is also a useful tool for the senior 

management to understand the global and grassroot schedule arrangement.  

3. Critical path method (abbreviated as the CPM) is a tool to calculate the earliest 

and latest starting and ending time of each activity based on the network diagram and 

the time required by various activities (estimated value). The key to CPM is the 

calculation of the total time difference. The line consumed the longest time is the 

critical path of the project and shall be regarded as a key monitoring object in the 

schedule management of projects.  

4. Program Evaluation and Review Technique (referred to as PERT).  

The Program Evaluation and Review Technique (PERT) is developed by the U.S. 

Navy in late 1950s when the Polaris submarine system was developed, in order to 

coordinate more than 3,000 contractors and research institutions. Its theoretical basis 

lies on the assumption that the project duration and completion time are random and 

subject to some probability distribution. PERT can be used to estimate the probability 

that the entire project is completed within a certain period, which is significant for the 

quantitative measures of cost control. PERT and CPM are widely used in schedule 

planning and construction period control of project. And this dissertation will describe 

their specific applications in construction-period cost control of the project with an 

instance of municipal project.  

PERT estimates the completion time of each project activity according to the 

following three situations
[80]

:  

(1).Optimistic time: the time to complete a task in the case of everything goes 

well.  

(2). Most likely time: the time to complete a task under normal circumstances.  

(3). Pessimistic time: the time to complete a task under the most adverse 

circumstances.  
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It is assumed that the three estimates follow the β distribution, and then the 

expected time (ti) of each activity can be calculated:  

ti =
ai + 4mi + bi

6
 

In which, ai represents the optimistic time of activity i, mi represents the most 

likely time and bi represents its pessimistic time. 

According to the variance calculation method of σ distribution, the duration 

variance of activity i is:  

σi =
(bi − ai)

2

36
 

In the schedule model, decision tree analysis can also be applied to find out 

important factors affecting the schedule. The most important influencing factor 

variable is firstly selected in the decision tree and the less important factors forma 

branch then. By use of decision tree model, we can directly analyze the structure of 

schedule-influencing factors.  

The schedule model is obtained from a large amount of historical data through 

training and has been inspected and verified by test set data. Therefore, it is stable in a 

period of time. But, with the change and development of project business, variables in 

the original rules may change; thus, it is necessary to make appropriate adjustments in 

rule set to extend the life cycle of system.  

3.2.3 Quality 

With respect to the quality, the development and implementation of quality plan, 

quality control, quality improvement and update are mainly involved in. In1979, the 

Alliance of Science and Technology in Japan proposed the “new 7 tools” 
[81]

for quality 

management. Different from the original 7 tools focusing on the data, the “new 7 tools” 

also focus on the non-data and resolves related problems in Phase P in the PDCA cycle 

(Plan; Do; Check; Act). The “new 7 tools” are inter-relationship diagram, systematic 

diagram, matrix diagram, matrix data analysis, process decision program, arrow 

diagram method and KJ method. 

3.2.3.1 Development and implementation of quality plan 
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With respect to the quality management of project in construction enterprises, it 

mainly includes the development and implementation of quality plan, quality control, 

quality improvement and update. In1979, the Alliance of Science and Technology in 

Japan proposed the “new 7 tools” for quality management. Different from the original 

7 tools focusing on the data, the “new 7 tools” also focus on the non-data and resolves 

related problems in Phase P in the PDCA cycle (Plan; Do; Check; Act). The “new 7 

tools” are inter-relationship diagram, systematic diagram, matrix diagram, matrix data 

analysis, process decision program, arrow diagram method and KJ method
[82]

. 

3.2.3.2 Quality control 

Quality control is the key to quality management. The quality of projects in 

construction enterprises has the following features: 

1. Variability; 

2. Invisibility; 

3. Check limitation; 

4. Many influencing factors. 

Among them, the factors influencing on the quality ofprojects in construction 

enterprises include five aspects of personnel, materials, machinery, methods and 

environment as below:  
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Figure 3.5 Factors Influencing on the Quality of Construction Projects 
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3.2.3.3 Quality improvement and update 

The cost is included into the domain of quality economics, which is a new subject, 

gradually established in early 1950s with the development of science and technology 

and can be considered as the fruit of quality management penetrating into the project 

cost management. According to the analysis provided by some materials, the loss cost 

of most projects accounts for 70% of the cost of quality, even as high as 80% in some 

projects. It can be seen that quality management has great potential to reduce project 

cost. For this reason, it has a good reputation of “gold mine” in the sector of 

construction project management.  

The cost of quality refers to the expenses required to maintain the quality of 

projects above the specified level of quality, which includes preventive cost, appraisal 

cost, cost of internal failure and external failure
[83]

. In special circumstances, the 

external quality assurance cost shall be included. The cost of quality is an organic 

combination of controllable cost and resultant cost. Its control must focus on the 

source, particularly in the design phase. Only by this way, the total cost of quality can 

be significantly reduced. Of course, we can’t blindly pursue for quality to 

unrealistically increase preventive cost and appraisal cost, but should seek for the best 

combination point of quality and efficiency to achieve high quality, high efficiency and 

low cost to maximize the economic benefit. 
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Cost        Applicable area       Cost of quality  

 

Figure 3.6 Diagram for Relationship between Quality and Cost 

There is a relationship of unity of opposites between quality and cost. There is an 

optimum point between them, at where, the level of quality, Q0 can create the lowest 

cost, C0. And, there is an interval from Q1 to Q2 around this point, while the matrix 

domain between the two dotted lines is the best area for quality control cost. Q1 refers 

to the qualified level, while Q2 means the excellent level. When the quality level is 

greater than Q2, the cost (preventive cost) increases substantially and the area at the 

right of this quality level is known as the perfection area; when the quality level is 

lower than Q1, the cost (cost of failure, etc.) also increases significantly, and the area at 

the left of this quality level is known as the improvement area.  

Construction projects can be put into use and create benefits only when the 

quality requirement is satisfied. Therefore, the saving and reduction of project cost is 

possible only under the premise of ensuring the quality requirements. But, the quality 
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requirements should be reasonably determined, and the quality requirements of various 

sub-parts and sub-projects should be balanced as far as possible. The quality 

requirements of projects should be developed with a comprehensive consideration on 

the use features, reliability and security, economical efficiency and other aspects of the 

project and the cost of quality should be reduced as far as possible under the premise 

of satisfying the national standards and norms. Otherwise, the blind pursuit of high 

grade and high standards may not be able to create considerable returns on investment.  

Quality management is one of the three elements of project management, which 

plays an important role in and has great influence on the project management. The 

quality management of projects includes both the quality management over the product 

and project management process, because the process/ procedure is the guarantee for 

product quality, while the continuous high product quality can only be realized with a 

process / procedure consistent with the scientific standards. Therefore, the quality 

management of projects must reflect two aspects of product and management 

procedures and the neglect of any of them will cause negative effects. The standard of 

modern quality management is an important part of the implementation of modern 

project management.  

The significance of carrying out research on quality management:  

It is helpful to further deepen the quality management and improve the awareness 

of cost control in quality management.  

Through quality cost analysis, it can provide the direction of lowering the 

production cost; meanwhile, it also offers a basis to the continuous quality 

improvement and improvement in the management level. 

Through the management on the cost of quality in a period, the best ratio of 

components of the cost of quality for the enterprise and certain types of construction 

projects can be found out to determine the optimal quality level meeting customers’ 

requirements and thereby to improve the economic efficiency of enterprises. 

Through the analysis on the cost of quality, the effectiveness of quality 

management functions in enterprises and their projects and the effect of quality 

activities can be evaluated. 
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The implementation of quality cost management can help project managers 

understand the quality and help engineering technicians improve their economic 

concepts, and is conducive to improve the management level of enterprises and 

projects and enhance the competitiveness of enterprises. 

This dissertation takes a preliminary analysis on the quality cost of projects by 

using data mining techniques based on the basic information on project management 

process and business data, especially the records on quality, identifies the correlation 

causing main quality cost factors and puts forward initial recommendations at some 

aspects in prevention and treatment of the cost of quality.  

The cost of quality is the expense on achieving the quality target, referring to the 

sum of all costs used to ensure and improve product quality and all losses incurred 

since the quality standard is not met. The cost of quality is composed of four major 

components, including the preventive cost, appraisal cost, cost of internal failure and 

cost of external failure. Their specific components are:  

1. Preventive cost: It refers to all expenses used to prevent defective products and 

processes and other failures, also refers to all expenses used to prevent quality defects, 

guarantee and improve product quality and minimize the cost of failure and appraisal 

cost. The preventive cost consists of:   

a) Quality management operating expenses: the cost used to develop quality 

policy, objectives and quality plans and so on;  

b) Quality training fees: the expense on trainings for all project-related personnel;  

c) Wage and welfare funds: the total wages and welfare funds withdrawn for 

quality managers at all levels; 

d) Quality management activity fees: the costs incurred in the collection of quality 

intelligence and information, implementation of the quality system, publicity of quality 

objectives, quality management consultation and diagnosis, quality management 

incentives and other quality management activities.  

2. Appraisal cost: The cost used for test and inspection in order to assess whether 

products meet the quality level, that is, to assess whether the product meets the quality 

level determined by both contracting parties. Its specific components include:  
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a) Cost of material inspection and testing: the cost incurred in sampling inspection 

of raw materials, purchased parts and outsourced parts according to the national 

quality inspection requirements;  

b) Cost of process inspection: the cost incurred in sampling inspection on each 

completed process of the project;  

c) Cost of finished product inspection: the cost incurred in inspection on the 

completed project/ product; 

d) Test equipment purchase cost and maintenance cost: the cost used to purchase 

test equipment and costs of routine maintenance and calibration of test equipment, 

inspection tools, measurement instrument and apparatus. 

e) Quality review activity fees: the expense arising from quality grade assessment 

on the completed sub-project combined with other departments.  

The cost of internal failure: It refers to all expenses arising from losses caused by 

sub-projects failed to meet the delivery standard for the quality due to defects in 

quality and to be repaired or reworked. Its specific components include:  

a) Loss of waste: the loss from defects in products that can’t be repaired or from 

scrap of products as they are economically not worthy of repairing.  

b) Rework loss: the cost used to repair the unqualified product and make them 

meet the quality standard.  

c) Loss of quality degradation: the loss from degradation of products failed to 

meet the original quality requirements.  

d) Loss on work stoppage: the loss caused by equipment downtime due to various 

defects or failures in processes/products. 

e) Quality problem handling fees: the costs arising from quality problems caused 

by the internal management.  

Cost of external failure: It refers to all expenses arising from claim, repair and 

replacement as the completed project can’t meet the quality level agreed by both 

parties after delivery. The reputation loss also belongs to the cost of external failure, 

but can’t be measured with money. The main components of the cost of external failure 

include:  
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a) Loss on claims: the expense incurred for claim processing against users’ 

complaints due to the poor quality of products.  

b) Loss on return of goods: all expenses arising from return or replacement of 

goods by users due to poor quality of products. In construction projects, it refers to all 

the costs arising from scrap and re-construction of the whole project or a part of it that 

been found not meeting the agreed quality standard and losing its due functions in use.   

c) Loss on discounts: the loss resulting from sales of products under standard and 

level agreed by both parties at discounts upon consultation with users and the expenses 

therefore incurred.  

d) Warranty costs: all the expense incurred in the warranty period or used to 

provide repair services for users under the requirements of contract.  

From the above components, the cost of quality mainly consists of two aspects: 

the control cost and loss /cost of failure. The control cost includes preventive cost and 

appraisal cost, which is quality assurance cost and presents a proportional relationship 

with the level of quality, namely: the higher the quality of projects is, the higher 

appraisal cost and preventive cost; while the loss /cost of failure include loss of 

internal and external failure, which is expense on losses and presents an inversely 

proportional relationship with the level of quality, namely: the higher the quality of 

projects is, the lower cost of failure.  

The cost of quality is not a kind of functional cost. But, it is able to find out the 

most appropriate point of cost of quality through cost-of-quality analysis, so as to 

provide the basis for exploring the potential for the project management and improving 

the economic efficiency. 

The association rule mining in data mining is a helpful tool used to find out the 

interesting relation or associated link between item sets in large number of data. The 

association analysis is widely used to find out the interesting association models in a 

large amount of business fact database. In the research on the cost of quality, it refers 

to find out the relationship associated with quality cost management and meaningful 

internal law from the construction project database and apply them to the quality cost 

control. 
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There are a few of association rule mining algorithms, in which, the frequent 

set-based ones include: partition-based algorithm, Hash-based algorithm, 

sampling-based algorithm and reduction in the number of transactions, as well as the 

FP-tree-based algorithm. When we are constructing the association model algorithm, 

we mainly consider the following two issues: 

To reduce the I/O operation. The data sets of association rule mining sometimes 

may be up to GB or TB magnitude, while frequent I/O operations will affect the 

mining efficiency of association rules. The primary means to reduce the I/O operation 

is to decrease the number to scan data sets.  

To reduce the number of item sets required to calculating the support(usually 

called as the candidate item set)
 [84]

 and make it close to the number of frequent item EI 

sets. The reduction in the number of candidate items can save computation time and 

memory space required to processing some candidate itemsets.  

When the mapping amount of system behavior feature is selected, it still needs to 

further clarify effective factors of system behaviors. If quantitative analysis shall be 

conducted, it is necessary to properly process the volume of system behavior feature 

and various factors and transfer them into non-dimensional data with broadly similar 

data magnitude by the role of operator.  

The association is divided into absolute association and relative association.  

3.2.4 Safety and environmental protection 

3.2.4.1 Safety 

The safety of projects is an important embodiment of the business management 

level and social responsibilities of construction enterprises. Due to the openness of the 

construction project, its safety is closely related to the public image of construction 

enterprises.  

3.2.4.2 Environmental protection 

The project of construction enterprises has contradiction and unity with the 

environmental protection. Contradiction refers to that the implementation of projects 
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under construction enterprises will inevitably make negative impact on the 

environment; while the unity means that construction projects also create better living, 

working and entertainment space and promote the social prosperity. 

3.2.5 Risk 

With the deepening of reform in the construction industry, the traditional project 

management model of construction enterprises is undergoing a fundamental change. It 

is more challenging to maximize the benefits through management. Successful 

enterprises use powerful technology to manage their assets in order to create more 

profits. However, there are more and more risks, which become more and more 

complex at the same time. How to face a variety of risks and how to effectively 

manage and prevent risks have become the key for construction enterprises to win the 

competitive advantage and achieve sustainable development. 

The construction period of projects is longer, unforeseen factors in each period 

will correspondingly increase and both the time-related external factor and internal 

factor will influence the scheduled completion of projects; due to the huge amount of 

investment, if there are changes in the finance, payment mode, interest rate or relevant 

contract terms, the cost will increase and the contractor’s profits will be thereby 

reduced; since the complex working processes, if the construction organization is not 

reasonable or there is rework, and there are claims at the same time, the project 

schedule, cost and quality will be greatly affected and the contractor’s interests will be 

damaged therefrom.  

Risk is used to refer to the situation of uncertainty results. The risk cost refers to 

the sum of all expenses must be paid to manage, prevent and treat different kinds of 

risks existing in the construction process of projects.  

Risk management process and several key steps:  

1. To identify all significant risks possible reducing the values of enterprise 

(leading to loss);  

2. To measure the potential frequency and degree of loss;  

3. To develop and select appropriate risk management methods, aiming to 
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increasing the business value of shareholders;  

4. To implement the selected risk management methods: to continuously 

supervise the implementation and applicability of risk management methods and risk 

management strategies of the company.  

In construction projects, the crisis management is the so-called risk management, 

that is, to take countermeasures to deal with unexpected and urgent emergencies failed 

to predict in advance happen in the process of project management. Risks include 

controllable/predictable risks and uncontrollable management risks. Different 

measures should be taken to respond to the two different kinds of risks. The 

controllable risk is a kind of crisis risk with a law to follow, which is a kind of risk can 

be prevented. Therefore, its management focuses on the planning and arrangements in 

advance in order to calmly face it through management planning and organization; 

while the uncontrollable risk is a kind of risk that can’t be identified or failed to 

identify in the risk source management. Such a risk is mainly treated relying on the 

intuition and capacity of main project managers, which also requires a higher 

requirement for the overall quality of project managers. 

The risk management objectives of construction projects include: to achieve the 

success of project, to create a safe environment for project implementation, to reduce 

the cost of project and control the investment, to ensure the construction is carried out 

as schedule, to reduce the disturbance of environmental or internal factors on the 

project, to make the project always been properly controlled, to ensure the project 

quality and the stable efficiency of completed projects.  

This dissertation firstly takes a risk source classification analysis on the risk-cost 

factors of projects, and then takes a questionnaire survey on and weight distribution for 

the weight of risk classification factors by use of the analytic hierarchy process, and 

initially establishes a risk assessment model based on the weight distribution of risk 

factors, providing a reference for the risk cost control and management of projects. 

According to the survey conducted by the JCEM on U.S. contractors’ distribution 

and importance of project risks, compared with the prosperous market period, based on 

the proportion of relative number, in the risky market period, the actual contract cost 
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increases by 4%, profits drop 25% and risks increases by 3 times
 [85]

. If the difference 

between actual bid prices is considered, the increase in absolute values will be greater. 

That is to say, when the component ratio of bid price is basically same, there is higher 

risk cost in the risky market period than in prosperous market period. In addition, the 

average percentage of risk quantity assumed by the owner and contractor in the project 

construction is 33.5% and 36.9% respectively, while the percentage of risk quantity 

jointly shared by them is 29.6%. With respect to the jointly shared risks, the owner 

often transfers the risk loss to the contractor as much as possible by taking advantage 

of the favorable conditions as the employer. Therefore, in the actual construction, the 

contractor of ten assumes a risk ratio of 60% or more. To this end, the correct analysis, 

control and management on the project contracting risk become extremely important 

for the contractor in order to achieve the purpose to smoothly implement the project 

and gain profits. 

There are risks in any construction project. For example, the extension of 

construction period, increase in the cost and revision of construction plans and so on 

will result in reduction in economic efficiency, or even the failure of project 

construction. As risks may cause great harms and damages, risk management has 

become an integral part of the cost management of municipal construction project. In 

addition, good risk management is helpful to gain significant economic benefits, but 

also helpful to improve the competition and management level of the enterprise and 

project. Therefore, great attentions must be paid to the risk management in the entire 

life cycle of construction projects from approval to completion. The risks in 

construction project have the following characteristics:  

1. The objectivity and universality of risks. As the uncertainty of loss, the risk is 

an objective existence independent of people’s will and beyond people’s subjective 

consciousness, and risks always go through the entire life cycle of project. 

2. The contingency of occurrence of a specific risk and the inevitability of 

occurrence of a number of risks. The occurrence of any specific risk is resulted from 

many risk factors and other factors, which is a random phenomenon. But, through the 

observation and statistic and analysis on a large number of data on risk accidents, an 
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obvious law of motion is found out, which provides a possibility for people to 

calculate the probability of risk occurrence and the degree of losses by using 

probability and statistics methods and other modern risk analysis methods, and also 

promotes the rapid development of risk management. 

3. The variability of risks. It refers to the change in quality and quantity of various 

risks in the whole process of the project. With the implementation of project, some 

risks are controlled, some risks may occur and be dealt with, at the same time, new 

risks may generate in every period of the project.  

4. The diversity and multilevel nature of risks. Due to the long cycle, largescale, 

involvement in a wide range and a number of risk factors in wide variety, construction 

projects have to meet a variety of risks in the entire life cycle. In addition, the complex 

inherent relationship among a number of risk factors and the cross-impact between risk 

factors and the outside world also make risks show a multilevel nature, which is a main 

feature of risks in construction projects.  

The implementation of enterprise-wide risk management covers schedule, cost, 

quality, design capacity, market and reputation and so on. There are 8 enterprise-wide 

risk factors, including the internal environment, goal setting, event identification, risk 

assessment, risk countermeasures, control activities, information and communication, 

and monitoring. All levels of the project cover the entire project and various functional 

departments, and risks in which include political risk, economic risk, legal risk, 

environmental and immigration risk and management risk.  

Risk management of construction projects is to try to reduce the possibility of 

risks and the adverse effects of risks on projects. It can be conducted through five 

steps: 

(1) To identify the potential source of risk in the project.  

(2) To analyze the impact of each risk on the project and select the risks with 

significant impact on the project for further analysis.  

(3) To comprehensively evaluate the overall impact of these major risks on the 

project.  

(4) To develop and implement risk control plan.  
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(5) To determine the method used to reduce the possibility and adverse effects of 

risks. 

In every step of dynamic risk management throughout the life cycle of 

construction projects, attentions should be paid to the integration of data and 

information to form qualitative knowledge in order to achieve a quantitative 

understanding of the whole.  

Inmunicipal construction projects, the construction party has to face the following 

risk categories: natural risk, political risks, economic risks, technological risks, 

management risks and other risks.  

Natural risks: force majeure risk and resource supply risk.  

Political risks: policy risk, risk of regulatory changes, environmental protection 

risk and administrative risk.  

Economic risks: credit risk, inflation risk and market risk.  

Technical risks: quality risk, completion/schedule risk and technological 

innovation risk.  

Management risks: cost risk, organizational risk, contract risk and financial risk.  

Other risks: personnel risk, operational risk and default risk.  

3.3 Data Mining Module 

3.3.1 Structure of data mining module 

Data mining module targets at the structured data warehouse in the knowledge 

management system of construction enterprises. Data warehouse obtains data from a 

variety of different data sources and has completed the data cleansing, extraction, 

transformation, loading and other steps. The data mining module aims at mining the 

data that has already been initially processed, which is conducive to improve the 

efficiency and effectiveness of data mining module. The structure of data mining 

module is shown in Figure 3-7: 
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Figure 3.7 The Basic Structure of Data Mining Module 

As shown in Figure 3.7, data mining module is in three-tier architecture, 

including the presentation layer, logic layer and data layer. 

Data layer is the lowest level, which mainly achieves the interaction with 

database. It has the functions to inquire, insert, delete and modify the data in database. 

Function modules contained in the data layer include: 

1. Data mart or data warehouse 

The data of data mart or data warehouse is mainly from the database and 

document library in various information systems of construction enterprises, and 

records of various activities conducted by organizations or individuals. 

2. Data mining library 

Data mining library shall dynamically select data in the data warehouse based on 

demands and provide for the algorithm in the algorithm manager for use.  

3. Knowledge base  

Not all the knowledge obtained from data mining is meaningful. So, the 

meaningful knowledge will be selected out and saved in the knowledge base through 

evaluation, selection and validation. 

The second level is the logic layer, which is also the middle layer and the most 

important part and is responsible to process clients’ requests and return results. The 

logic layer realizes access to the database through calling the data layer. As an 

important part of the logical layer, algorithm manager is a data mining algorithm 

library. It receives requests from the application layer, calls the appropriate data mining 
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algorithm and outputs results back to the application layer. 

Function modules contained in the logic layer include:  

1. Data selection  

The data mining mainly targets at the data mart and data warehouses. In general, 

data preprocessing has been completed here, so that dynamic selection of data and 

dynamic generation of data mining library can be achieved; 

2. Algorithm manager  

The algorithm manager consists of a wide variety of algorithm components.  

The third level is the presentation layer, which is a bridge between users and the 

system. Its main functional contents include information input and validation, 

submission of data mining requests, presentation of data mining results and knowledge 

management based on the data mining module.  

Function modules contained in the presentation layer include:  

1. Mining wizard  

It is mainly used for the data mining task selection, data mining algorithm 

selection and data mining parameter setting and to complete a certain data mining 

command according to the setting.  

2. Results presentation 

It is used to present the data mining rule and pattern. 

3. Knowledge management  

The function of knowledge management module involving in the data mining 

module mainly includes the knowledge view, knowledge search and knowledge base. 

There are mainly two ways to view the knowledge: the one is to view the knowledge 

map based on data mining task. In this knowledge map, the first layer of child node is 

data mining task and the second layer of child node presents the mining knowledge 

contained in the mining task; the other one is to view the knowledge map based on 

subjects. In this knowledge map, the first layer of child node is the data mining subject, 

which is similar to the data warehouse subject, and the second layer of child node 

presents the mining purpose contained in the mining subject.  
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3.3.2 Features of data mining module 

The features of data mining module based on the knowledge management system 

of construction enterprises:  

1. Project data management module  

It is mainly characterized by dynamic and integration. Dynamic refers to that the 

data mart or data warehouse of data mining module is able to provide project 

information in real time, such as the basic information and implementation, and able to 

automatically add new information after the completion of each process of the project. 

And integration means that the data mart or data warehouse of data mining module is 

integrated with the knowledge management system of construction enterprises and all 

data resources involving in the information of construction enterprises.  

2. Project knowledge discovery module  

The data mining module takes data mining in the data mart or data warehouse of 

core elements (cost, schedule, quality, safety and environmental protection) in the 

routine management of construction enterprises and puts forward important factors that 

haven’t been concerned about or highly valued and provides targeted management 

proposals, which is helpful to improve the comprehensive competitiveness of 

construction companies and their projects.  

3. Project risk identification module  

The data mining module implements data mining against the information about 

the project in various periods and assesses and predicts different types of project risks, 

which is conducive to identify and prevent project risks.   

3.3.3 Process of data mining module 

There is a large amount of engineering information and management information 

in various information systems of construction enterprises. If knowledge is the “gold” 

for enterprises, the large amount of engineering information and management 

information saved in the information system is their “gold mine”
 [86]

. The flow diagram 

of data mining module is shown in Figure 3-8: 
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Figure 3.8 Flow Diagram of Data Mining Module 

3.4 Data Mining and Knowledge Map 

3.4.1 Knowledge map 

The previous section has discussed the establishment of knowledge base, while 

this section will focus on analyzing the process of knowledge representation, storage 

and maintenance. The system takes the form of knowledge tree to present and store 

knowledge and maintain the knowledge in the knowledge base.  

The knowledge presentation refers to that the general knowledge is described 

through the method of computer identification and processing. The commonly used 

methods of knowledge representation include the rule, frame, predicate logic, artificial 

neural network and so on. By using the data mining system, users can analyze the data 

in the same data mining library with various data mining algorithms and can 
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implement mining against different fields in the same data table. As time goes on, the 

knowledge mined from the system increases rapidly and how to manage it becomes an 

important issue.  

The knowledge generated by data mining includes some meaningful rules and 

patterns, which is stored in the knowledge base. The knowledge base is established in 

the relational database. By taking advantages of the access mechanism and rich 

interfaces of the sophisticated database management system, it is conducive to access 

to the data. In addition, different knowledge in the knowledge base has a correlation 

with each other, in which, some knowledge is mined by the same algorithm and some 

knowledge is mined from the same data source. Such a relationship network can be 

expressed with the knowledge tree model, which can well solve the knowledge 

management problem of data mining system 
[87].

  

The so-called knowledge tree is a hierarchy constituted by knowledge. It adopts 

the structure of trees to organize the data records and contains a few of knowledge 

nodes. In the knowledge tree, the higher-level mode of two adjacent nodes is parent 

node, while the lower-level node is child node, and the same-level knowledge node is 

called brother node. The knowledge node without child nodes is leaf node. A node of 

the knowledge tree represents a set of records. According to the different values of 

various nodes, by dividing few knowledge records into different nodes, a knowledge 

map can be formed.  

By presenting the knowledge with knowledge map, there are a few of advantages, 

including there is a compact presentation form, it is able to more intuitively show the 

structure of knowledge map and is easy to be augmented, it is open and facilitates to 

augment and delete knowledge. In addition, the level of knowledge tree can be 

corresponding to some data structures in the database.  

The presentation, storage and maintenance of knowledge and rules shall not be 

independent from the support of knowledge base. Building a good knowledge base 

structure is very important for the realization of knowledge integration. Otherwise, in 

order to facilitate the presentation of knowledge in the form of tree on pages, it is 

necessary to design the data structure when building the knowledge base to meet the 
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needs of knowledge presentation. The data mining system of knowledge base is built 

on the basis of relational database, which shall complete the unified management of 

different knowledge. Such a knowledge base is characterized by openness, immediacy 

and accumulation. The knowledge base is composed of multiple tables from the 

relational database. Refer to 3.6 for the detailed composition of knowledge base.  

The system provides two kinds of knowledge trees to present the mining 

knowledge, which are the mining task-based knowledge presentation and mining 

subject-based knowledge presentation. By using the two ways to layer the mined 

knowledge in knowledge base, the child nodes in various layers will form a knowledge 

tree.  

3.4.2 Mining task-based knowledge map 

The links between knowledge nodes in the knowledge tree are very complex. 

Generally, people believe that there are mainly the following categories of relations 

between knowledge nodes: precursor/successor relation, inclusion relation, 

brotherhood relation and reference relation. In this system, the relationship between 

knowledge nodes belongs to the inclusion relation. By presenting various nodes in 

inclusion relation with diagram, a hierarchical tree structure can be formed.  

The logical structure of mining task-based knowledge tree organizes the 

knowledge according to different mining tasks; and then, it partitions each piece of 

knowledge by levels and adds child nodes on each mining task node to present the 

knowledge included in such a data mining task. As shown in Figure 4-2,the child nodes 

in first layer of the tree refer to the association, cluster and classification mining; the 

next layer of child nodes refer to various data tables, each of which can be mined 

through different algorithms. Therefore, it still needs to use child nodes for data table 

to mark the mining algorithm, so as to enrich the additional information of knowledge. 

And then, the lower layer is the ID of this mining task and the selected fields. For each 

table, task ID is automatically recorded by the system when the user conducts each 

mining, which is corresponding to the knowledge mined each time. As the difference 

in selection of mining fields may affect the mining result, it is necessary to record 
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corresponding mining fields, task ID and selected fields of the knowledge. The child 

node under some node is a batch of mining results of a particular mining. As the 

mining task-based knowledge tree can present all the knowledge in relational database, 

users can store knowledge, maintain the knowledge base, remove obsolete knowledge 

and add new mining knowledge through the Web interface.  

3.4.3 Mining subject-based knowledge map 

The mining subject-based knowledge tree partitions the knowledge by subjects, 

which has a strong applicability and can provide basis for the targeted decision-making. 

The knowledge on each subject is from the mining on a variety of data tables by 

different algorithms. Therefore, it re-organizes the knowledge tree based on mining 

tasks and extract relevant knowledge from database by subjects. Through the Web 

interface, users can store knowledge, maintain the knowledge base, remove obsolete 

knowledge and add new mining knowledge.  

The logical structure of mining subject-based knowledge tree organizes the 

knowledge according to different mining subjects; and then, it partitions each piece of 

knowledge by levels and adds child nodes on each mining task node to present the 

knowledge included in such a data mining subject. As shown in Figure 4-3,the child 

nodes in first layer of the tree refer to the mining subject, which is similar to that of 

data warehouse; the next layer of child nodes refer to sub-subjects of each subject, 

which are used to present the knowledge mined under each category of subject. For 

example, the sub-subject under the client subject includes the analysis on loss of 

customers and customer classification. As each sub-subject can be mined through 

different algorithms, it needs to increase child nodes to mark the mining algorithm. 

And then, the lower layer is the ID of this mining task and the selected fields. For each 

table, task ID is automatically recorded by the system when the user conducts each 

mining, which is corresponding to the knowledge mined each time. As the difference 

in selection of mining fields may affect the mining result, it is necessary to record 

corresponding mining fields of the knowledge.  
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3.4.4 Interface realization technology of knowledge map 

In order to present the knowledge in form of knowledge tree in the user interface 

layer, it needs to use the TreeView control. By using the node-adding method in 

TreeVeiw class, i.e.the Add() method, child nodes and brother nodes can be added. At 

the same time, in order to maintain the knowledge base, the selected node can be 

deleted by calling the Remove () method in TreeView class.  

In the interface display, the display of knowledge tree can be facilitated by taking 

the field combination as a leaf node and binding the knowledge of each group of child 

nodes to the datagrid control.  
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Chapter 4. Generalized Fuzzy Network 

The Chapter 4 proposes one of main algorithms to solve the problem of data 

mining subject mentioned in Chapter 3 – Generalized Fuzzy Network (GFN) 

combined with the characteristics of projects of construction enterprises based on the 

neural network algorithm.  

4.1 Summary of Generalized Fuzzy Network 

4.1.1 Foundation of generalized fuzzy network 

The neural network has been successfully applied to a large number of fields, 

such as the classification, modeling and control. In 1990s, the research of neural 

network mainly focuses on the improvement in learning ability, especially the fuzzy 

system and genetic algorithm 
[88]

.  
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Figure 4.1 The Learning Ability of Neural Network 

 

Among them, the fuzzy system brings about the fuzzy rule and fuzzy variable 
[89]

 , 

while the genetic algorithm brings about the parameter optimization and access to 

fuzzy rules
[90]

, which have improved the learning ability of neural network. The 

complementary relationship among the neural network, fuzzy system and genetic 

algorithms shown in Figure 4-2 lays a theoretical foundation for the realization of 

generalized fuzzy network: 
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Figure 4.2 The Relationship among Neural Network, Fuzzy System and Genetic Algorithm 

Among them, the “generalized” has two meanings. In terms of principle, the 

generalized fuzzy network is more general; in terms of content, the fuzzy rule 

extracted by generalized fuzzy network has good understandability, which not only can 

be used as a tool for knowledge discovery, but also can be used as a modeling tool.  

However, the generalized fuzzy network has some problems mainly in the 

following three aspects:  

1. Fuzzification and defuzzification of input and output data.  

The data of projects under construction enterprises is usually characterized by 

ambiguity, incompleteness and inaccuracy. It cannot guarantee to get the desired result 

by direct use of raw data. The generalized fuzzy network algorithm applies 

fuzzification, defuzzification and other means of processing based on data 

characteristics to ensure the effective output of system. In the process of fuzzification 

and defuzzification, the method of self-organizing feature mapping is used to process 

the fuzzy membership function.  

2. The generation and optimization of rule base.  

The initial state of rule base is the full connection of input and output fuzzy 

variables set. The generalized fuzzy network proposes to use the neural evolution 

method with substantial topology structure to generate the initial rule base and use 
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Q-Learning’s enhanced method for further study, so as to optimize the rule base. The 

series process of generation and optimization of rule base has improved the overall 

efficiency of generalized fuzzy algorithm and facilitates the defuzzification of rule 

base seccedent to get more accurate results, so as to achieve the rule presentation with 

the fuzzy input corresponding to accurate output.  

3. Application of T-S model based on genetic algorithm. 

It matches the fuzzy input variables set obtained from Step 1 with the data 

needing to be tested, compares the output value and expected value and corrects 

parameters and weight according to the error to achieve the effect of approaching the 

true value. As the TS model structure is easy to fall into local minimum, it is necessary 

to use the genetic algorithm to optimize and correct parameters and weight and achieve 

the global optimal search, so as to achieve the effect of approaching the optimal 

solution. 

4.1.2 Model of generalized fuzzy network 

The model of generalized fuzzy network is shown in Figure 4.3:  
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Figure 4.3 The Model of Generalized Fuzzy Network 

4.1.3 Hierarchy of generalized fuzzy network 

Generalized fuzzy network is a multilayer feedforward neural network of the 

whole network structure based on the connection mechanism. It is divided into five 

layers, including input layer, fuzzification layer, rule base layer, defuzzification layer 

and output layer and covers both the non-supervised learning and supervised learning 

methods. In the non-supervised learning phase, the membership function and fuzzy 
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rule of fuzzy variables are determined based on the sample data so as to determine the 

network structure; in the supervised learning phase, the genetic algorithm is combined 

and trained based on sample data in order to achieve network optimization. 

In the generalized fuzzy network, the signal transmits from left to right, in which, 

the left is the input part, while the right is the output part. 

The input part is presented as: 

 k

p

kkk

p

kk wwwuuufnetinput ,...,,;,...,, 2121  

Where, K refers to the number of layer.  

The output part is presented as: 

)( faooutput k

i 
 

Where, i refers to enter the node i in the next layer and a() refers to the excitation 

function.  

The mapping relationship between each layer of network and the input and output 

is further explained as:  

1. The first layer  

The neurons of the first layer are responsible for transmitting the input value.  
1

iuf 
 

fa   
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Where, w indicates the connection vector value.  

2. The second layer  

The neurons of the second layer are responsible for the fuzzy partition, and the 

input signal is output after operation with the membership function.  
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3. The third layer  

The neurons of third layer are responsible for the fuzzy rules. This layer transmits 
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the output strength of the second-layer neurons to the neuron input of the third layer 

through fuzzy and operation, and then the minimum value is taken for further output.  

 33
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4. The fourth layer  

The connection of the third layer to the fourth layer depends on the results of 

rules. Each neuron of the third layer outputs a result, but there are two methods to 

determine which neuron of the fourth layer is connected. It determines the number of 

neurons for fuzzy partition in the fourth layer from right to left. And it is fuzzy OR 

operation from left to right. It transmits signals of the third layer to different neurons of 

the fourth layer to excite different location and strength and conduct OR operation.  

 4
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5. The fifth layer 

The fifth layer is also divided into two parts. The fuzzy partition of the fourth 

layer is determined from left to right and from right to left, including the number of 

neurons and the membership function of normal distribution. The neurons from left to 

right are responsible for the solution to fuzzy operation.  
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4.2 Generalized Fuzzy Network Algorithm 

4.2.1 The establishment of rule base 

In general, there are four methods to establish the rule base 
[91]

 : 

1. Direct conversion of expert knowledge or operator experience; 

2. Monitoring and summarization on the control process of fuzzy controller; 
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3. Modeling of the controlled production process by using fuzzy set theory; 

4. Realization of self-organizing operation in the operation of control system. 

In a simple control process, the effective control rules are usually established 

through summarizing and inducing the experience of operators and domain experts. 

However, in a complex control process, it is difficult to establish complete control rule 

base depending on human experience and therefore, good control performance can’t be 

achieved
[92]

. In order to solve this problem, the fuzzy controller is equipped with 

self-learning capacity, so that it is able to automatically obtain the control rules based 

on the control target and correct the control rules. The research on self-organizing 

fuzzy controller has attracted more and more researchers’ interests, but these studies 

are mostly adjusted and achieved based on the initial rules developed by domain 

experts. The initial rules generally can guarantee the convergence of system, but there 

may be roughness and redundancy in rules, increasing complexity in time and other 

issues. In order to solve the problems occurred, we must start from the initial rules and 

optimize them, so that, the system convergence can guaranteed, but also the roughness 

and redundancy in rules can be avoided to improve the system efficiency. 

This dissertation proposes a method to achieve the rule optimization by obtaining 

initial rules of fuzzy control through the SOFM, combining with the Q-Learning and 

increasing the genetic algorithm of topological structure (NEAT) from the perspective 

of the generation of initial rules of fuzzy controller. Comparing the establishment 

procedures of construction cost estimation rule base by using this method with that by 

using other methods, this procedure is better than other algorithms with respect to the 

optimization of rules. 

In general, the rule base with simple process can be established through 

summarizing the experience of experts 
[93]

 .However, the establishment of rule base 

with complex process is often poorly satisfactory only through subjective 

determination. Even if the convergence of rule base can be guaranteed, it could not 

avoid more or less roughness and redundancy. As a result, the time to correct the rule 

base is increased.  

The self-learning capacity of rule base is an effective solution to solve the 

subjective establishment of rule base. There are two commonly used methods 
[94]

 :  
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The first method directly partitions the initial set averagely at various dimensions 

based on the definition of membership functions and initial rules, establishes the fuzzy 

space in the input and output space, then adjusts the parameter and weight of 

membership function with each rule premise corresponding to the conclusion by use of 

a certain algorithm and ultimately generates an optimized rule base; while the other 

method is to process the sample data with clustering approach firstly and then 

establishes the fuzzy rule base with Gaussian functions.  

Although the method of average partition of initial set guarantees the integrity of 

the input space without zero trigger point, it can’t avoid more or less randomness and 

blindness. Therefore, the generalized fuzzy network adopts the clustering method in 

design, which is targeted at the generation of rule base and can effectively avoid the 

defect of the first method.  

The generalized fuzzy network firstly clusters the sample data and targets to 

generate rules. With the self-organizing feature mapping method, the non-supervised 

learning feature improves the accuracy of selection of initial cluster centers and the 

network feature improves the generation number and covering space rules and reduces 

the possibility of missing space points, compared with the traditional clustering.  

In the generalized fuzzy network, the feature space is presented with the 

L-dimensional grid, while the related excitation node and neighborhood are presented 

with the output grid. It can be seen that the topological property is more important than 

the precise geometric location. In practical applications, the number of visible surface 

restrained by the dimension of feature space is usually presented with L = 1, 2 or 3. 

If the dimension of input space is 3, i.e. P = 3 and the dimension of feature space 

is 2, i.e. L = 2, which contains 12 neurons composed of 3*4 grids, i.e. m = [3 4], shown 

as below: 
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Figure 4.4 Sample Data Clustering 

Among them, YV is decided by the location of specified 2-D node V = [v1 v2] 

and 3-dimensional node WV = [w1V w2V w3V]. 

The generalized fuzzy network adjusts the weight by using the method of 

self-organizing feature mapping of a lot of sample data
[95] [96] [97] [98]

. The output can 

reflect the distribution of sample data. There are mainly six steps: 

1. To take initializing operation. Give random number Wj, j = 1, 2,..., m to various 

weight vectors at the output layer; initialize the winning neighborhood Nj * (0); and 

initialize the learning rate η. 

2. To enter data at the input layer. Randomly select input mode from the training 

set and get Xn, n ∈ {1,2, ..., N} through normalization.  

3. To seek for winning nodes. Get the dot product of Wj and Xn, in which j = 

1,2, ..., m, and then pick out the maximum one from these dot products, which is the 

winning node j*; If there is no normalization in input mode, the following formula 

3-12 should be followed: 

 
1

ˆ ˆmink k

i j
j m

x w x w
 

  
 

To calculate the Euclidean distance and find out the winning node with the 

minimum distance. 

4. To define the winning neighborhood Nj*(t). The initial neighborhood is large, 

but will gradually take up at a unit radius with the time goes on in the training process. 
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5. To correct the weight [20]. To correct the weight of modes in the winning 

neighborhood according to the following formula:  

 k

i

kk

i

k

i wxww ˆˆˆ 1  
 

Where, η(t, N) is the topological distance function of training time t from the 

neuronj in the neighborhood and the winning neuron j*.  

6. Finish. Check whether the network meets the classification criteria with new 

data. If not, the network shall be redesigned.  

In the establishment of rule base, the calculation of membership function consists 

of two parts: the similarity comparison and update. 

The method used for similarity comparison is: 

 
1
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Compare the data x with the center point of similarity cluster I, 
k

iŵ
, take the 

minimum value and identify the cluster that x belongs to. 

The method used for update is: 

 ( 1) ( ) ( ) ( )k

cloest closest closestm t m t x t m t   
 

The nearest neighbor method is used to adjust the membership function: 

j closest

j

m m







 

The mj and m closest are two adjacent central points of fuzzy partition, and 

presents the extent of mutual coverage, which is usually between 0.4-0.8. And then, the 

value of   in the membership function can be obtained according to the above steps. 

The calculation and correction involved in the network: 

1. Error calculation 
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2
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Among them, dy
refers to the network desired output; cy

refers to the actual 

output of network; and e is the error between the desired output and actual output. 

2. Factor correction 
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Among them, 
i

jp
 refers to the coefficient of network; a refers to the network 

learning rate; and jx
is the continued product of the membership grade of network 

input parameters.  

3. Parameter correction: 

( ) ( 1)i i

j j i

j

e
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j j i

j

e
b k b k
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Where,
( )i

jc k
 and 

( )i

jb k
refer to the center and width of membership function 

respectively.  

Error correction function:  

4.2.2 Optimization of rule base 

The topological structure and connection mode of traditional network model are 

defined by the manual (such as the BP network and Hopfield network) 
[101]

. The 

generalized fuzzy network is conducted on parameters and structure by using the 

genetic algorithm on the basis of evolutionary network. The optimization of rule base 

at the fifth layer is  divided into two parts, from left to right and from right to left, 

which are used to decide the fuzzy partition at the fourth layer, including the number of 

neurons and membership function of normal distribution. The neurons from left to 

right are responsible for the fuzzy operation. 

The algorithm can be achieved through the following six steps: 

1. The generation of central value, width, coefficient code and initial population 

Generally, the four-layer T-S network is able to solve all problems in nonlinear 

mapping relationship and is a very appropriate method to be used in construction 

project cost estimation. When the four-layer T-S network is applied, set the number of 

network input nodes as n, the number of first-hidden-layer nodes as p1, the number of 

second-hidden-layer nodes as p2, the number of output layer nodes as q and the 

population size as popsize. The ci presents the central value and its dimension is the 

product of the number of input nodes, n and the number of first-hidden-layer nodes, p. 
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It can be abbreviated as n × p; the bi presents the width value. Same as the ci, its 

dimension is also the product of the number of input nodes, n and the number of 

first-hidden-layer nodes, p, and can be abbreviated as n × p.  

2. Parameter setting  

The parameter setting includes two parts: one is the setting of genetic algorithm 

parameters, and the other one is the setting of network parameters. Parameters of 

genetic algorithm include the size of input population, pop size, crossover probability, 

Pc and mutation probability, Pm; while the network parameters include the number of 

network input nodes, n, the number of hidden layer nodes, p1 and p2, the number of 

output nodes, q, momentum coefficient and learning rate, γ1 and γ2. 

3. Judgments and jump conditions of the local minimum 

Both the gradient descent research and genetic algorithm are applied to the 

subject here to jointly optimize the central value, width and coefficient. The 

determination of local minimum is carried out through judgment on the error 

comparison. For example, when the training error is large while the gradient is very 

small, we may judge that the local minimum has been caught, that is to say, the genetic 

algorithm has to increase the gradient when reducing the error, which is also the 

condition to jump out of the local minimum. 

4. Selection operator operation 

Before the selection operator operation, the objective function of genetic 

algorithm should be firstly determined and the objective function can be expressed as 

the following formula (3-47): 
*( ) ( )      1,2, ,      1,2, , lgi genE W E W i popsize gen tota en  

 

To search for the network central value, width and coefficient in the evolutional 

generations to minimize the sum of squared errors of network. As the genetic 

algorithm evolutes towards the direction of increasing the fitness function value, the 

fitness function needs to be constructed into the countdown form of objective function 

as follows: 

1
( )       1,2, ,

( )
i

i

fit W i popsize
E W

 

 

5. Crossover operator operation  
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In general, the weighted average calculation of two vectors, x1 and x2 is as 

follows:  

1 1 2 2x x   

If the multiplier λ1 and λ2 is limited to the form in the following formula (3-49):  

λ1 + λ2 = 1  λ1 >0  λ2 > 0 

Then, the weighted form is known as convex combination; if the non-negative 

restriction is removed, it is known as affine crossover.  

If the multiplier is limited to the form in the following formula (3-50): 

λ1 + λ2 <= 2  λ1 >0  λ2 > 0 

Then, the weighted form is known as linear crossover. As linear crossover can 

produce more solutions, the linear crossover is adopted here. 

6. Mutation operator operation  

This dissertation adopts the dynamic mutation operation, which is also known as 

non-uniform mutation, to improve the accuracy and the ability of fine regulation.  

It is a very difficult task to design an appropriate network topology 
[102]

. The 

method used to improve the evolution of neurons in the topology, referred to as NEAT, 

is a genetic algorithm for the evolution artificial neural network structure. The NEAT is 

designed by Kenneth Stanley etc. and completed in 2002. Although they are not the 

first one to improve the ANN topology and weights, their NEAT algorithm solves a 

number of problems that previous algorithms cannot address 

The NEAT has conquered all technical challenges in optimization of the structure. 

The historical markers line genes with the same origin up and allow the next 

generation network with different topologies to possess useful genetic description. By 

separating all the new nodes into different type targets, the new structure still has 

opportunities to be optimized after a few generations. In order to find out the simplest 

topology, population starts from the minimum structure and adds new network nodes 

and connections through genetic mutations with the increase of generations 
[103]

 . It is 

described in Figure 4-5. 
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Figure 4.5 Increase in Topology 

It is a simple example on how the NEAT evolves into a duplex structure 
[104]

. A 

node is added by separating a connection into two connections, while a connection is 

added by adding connection between two nodes without connection ever before (as 

shown with the dotted line in the figure).  

The NEAT uses historical marker to record genes in the population 
[105]

. Each 

network has a connection between the gene set and node gene set. At the moment 

when every structural mutation happens, new genes are assigned to a global innovation 

number (historical marker) to describe the appearance of chromosomes of genes. If 

different members of the population in the same generation have the same mutation, 

they will be assigned to same innovation number to prevent the historical marker of 

redundancy. In addition, it allows the parent genes are placed side by side in the hybrid 

process.  
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Figure 4.6 The Variation of Population Genetics 

In the figure, the innovation number is presented on top of each gene; while the 

connection description is located in the middle. The reason for why there are no 

mismatching genes lies in their innovation number greater or smaller than their parents’ 

maximum innovation number, which a are presented as disassembled or additional 

genes. If a gene does not play a role in its parents, it will not work in the offspring 
[106]

 . 

The offspring as shown in Figure 4-16 with a higher fitness has inherited parents’ 

disassembled or additional genes, and all the mismatching genes are randomly selected 

out from their parents. The small structure has faster optimization speed than the large 

one
[107]

.When a new structure is added to the network, the initial fitness value will 

reduce. So we said, due to the adjustment in the weights, the network with new 

mutation could not survive for a too long time. In order to solve this problem, the 

NEAT divides the population into different species, that is, to require individuals to 
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evolve within their species before competition with other individuals within the 

population.  

When a member of the population is evaluated, a fitness value is assigned to it. In 

the reproduction process, the network adopts the sharing strategy of dominant fitness 

value, so that they must share the fitness value within the network of their species. By 

this way, it prevents the phenomenon that any species monopolizes a population. 

Therefore, before reproduction, a next generation with potential different number is 

assigned to each species. The total number of the next generation, nk, assigned to each 

species is shown in the following formula:  

k
k

tot

F
n P

F


 

Where, the kF is the average fitness value of species k, totF refers to the mean 

value of the fitness of all species and 
P

 is the size of population. As the fitness value 

is shared, all the fitness values are positive; or else, the population size would change 

with generation by generation. In addition, the NEAT reproduction algorithm only 

takes the positive fitness value into account. In each species, the individuals with the 

best performance survive in the next generation, while the ones with poor performance 

shall be eliminated. The parents picked out for reproduction of the next generation are 

randomly selected in the remaining individuals.  

Historical markers are used to determine the network topology. When the network 

is assigned to the first species, which contains any member with distance of   and 

compatibility critical value of i . And, the dissimilarity of topology is used to 

determine the distance of between two networks. 

1 2
3

c E c D
c W

N N
   

 

Where, the E refers to the number of additional genes, D refers to the number of 

disassembled genes, W refers to the average weight deviation of matching genes and 

N is the number of genes that are used in larger genome for normalization of gene 

scale. The coefficient C1, C2 and C3 are used to adjust the important degree of 

dissimilarity of network distance. 

The NEAT+Q-learning algorithm uses NEAT to evolve ANN to approximate to 

the Q-learning value function
[108]

. Therefore, when using the error back propagation 
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trained network, it can better assess the value function by using this algorithm to 

evolve the network. The output of network represents the sum of discounted reward (Q 

value) for state-action pairs consistent for a long time, which is used to select the most 

satisfactory action, but also used to update the estimated value of other state-action 

pairs.  

The specific procedures for evolving ANN through combination of NEAT and 

Q-learning are shown as follows:  

//S: the set of all states, A: the set of all actions, C: output scale, P: population size  

//mn: node mutation rate, ml: connection mutation rate, g: number of iterations  

//e: the number of excitation at every generation, α: learning rate, γ: discount factor 

//λ：qualified decay rate, td: detection rate 

P[]← INIT-POPULATION(S,A, p)  // To generate new population P in the random 

network 

for i ← 1 to g do 

 for j ← 1 to e do 

N, s, s’ ← RANDOM(P[]), null, INIT-STATE(S)  //To select a random network 

repeat 

Q[]←c×EVAL-NET(N,s’) //To be used for evaluation on the current state calculation 

value 

with-prob(td) a’← RANDOM(A)  //To select a random detection rate 

else a’← argmaxkQ[k] 

if s != null then 

BACKPROP(N, s, a, (r +λmaxkQ*k+)/c, α, γ, λ)  //To adjust the weight based on the 

objective 

s, a ← s’, a’  

r, s’← TAKE-ACTION(a’)  //To take actions to transfer to the new state 

N.fitness ← N.fitness + r //To accumulate according to the number of N to update the 

total rewards 

until TERMINAL-STATE?(s) 

N.episodes ← N.episodes + 1 //The total number excitated for update of N 

P’[] ← new array of size p //New array used to store the next generation  
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for j ← 1 to p do 

P’[j]← breed-net(P[]) //New network generated on the basis of appropriate parents in P 

with-probability mn: ADD-NODE-MUTATION(P’[j])  //To add new nodes into the 

new network 

with-probability ml: ADD-LINK-MUTATION(P’[j])  // To add new connections into 

the new network 

P[] ← P’[] 

4.2.3 Application of T-S model 

Since Zadeh proposed the theory of fuzzy set in 1965, the fuzzy identification and 

fuzzy control of the complex nonlinear system have attracted people’s great attentions 

and been widely used in the industrial production. Among them, the T-S fuzzy model is 

based on the rule description. As it is proposed by Takagi and Sugeno, it is thus called 

T-S model for short. This model can overcome the drawbacks of too large fuzzy rules 

in the multi-dimensional fuzzy reasoning process and can generate complex nonlinear 

function with few fuzzy rules
[109]

.As the seccedent parameters of T-S model are related 

to the input, its performance of approximation is better than Mamdani fuzzy model. In 

1998, Ying proved that the T-S fuzzy model with linear conclusion can approximate to 

any continuous function at any precision
[110]

. Currently, in the research on fuzzy 

systems, T-S model plays an important role
[111]

.  

Compared with traditional fuzzy models, T-S fuzzy model has many unique 

advantages
[112]

, mainly including three: (1) this fuzzy model consists of two kinds of 

knowledge: one is the qualitative knowledge presented with the fuzzy IF-THEN rule 

and the other is the quantitative knowledge presented with the local dynamic model; (2) 

T-S fuzzy model can be seen as the expansion of piecewise linear approximation 

method widely used in non-linear control; (3) T-S fuzzy model is a universal 

approximator, that is to say, this model can be used at any precision ion to approximate 

to any continuous function on the compact set.   

T-S model designs the controller by using PDC method
[113]

. Specifically, it 

designs the local controller for each local subsystem respectively. By multiplying the 

obtained local controller by the weight of various local rules(usually the membership 

function of antecedent variables, whichever is greater), the sum of values is the overall 
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controller output. The design of local fuzzy controller can be conducted by using the 

linear design method or other sophisticated theoretical methods. This dissertation takes 

the simple linear design as an example.  

T-S model is characterized by that it not only can automatically update the weight 

value, but also can constantly correct the membership function of fuzzy sub-sets. T-S 

fuzzy system is defined with the following form of “if-then” rule, which is usually 

expressed as follows: 

If the variable is a set, Then action: 

For example, there is a very simple example about how to use the temperature 

regulator of fans:  

If the temperature is very low, Then stop the fan;  

If the temperature is low, Then slow down the fan;  

If the temperature is normal, Then maintain the current speed level;  

If the temperature is high, Then speed up the fan; 

In the case of rule
iR , the fuzzy reasoning can be expressed as follows:  

iR ：If 1x
 is 1

iA
, 2x

 is 2

iA
,…, kx

 is 
i

kA
 then iy

= 0

ip
+ 1 1

ip x
+…+

i

k kp x
 

Among them, 
i

jA
is the fuzzy sub-set of fuzzy system; 

i

jp
 (j= 1,2, ..., k) is the 

parameter of fuzzy system; iy
 is the output obtained according to the fuzzy rules; the 

if part refers to the fuzziness, while the then part refers to the specific value. The fuzzy 

inference process shows that the output is a linear combination of input.  

The model consists of the following parts: the input pre-processing module, 

reasoning module and output processing module. And, its core is the neural network 

module. 

Input pre-processing module  

If there is such a input x=[ 1x
, 2x

,…, kx
], according to the principle of T-S model, 

the membership degree of various input variables jx
 shall be firstly calculated. By 

using the membership function(1) to fuzzify the input value, the fuzzified layer will get 

the fuzzy membership value .  

  2

exp /i i i

j j j jA x c b   
  j=1,2,…,k;i=1,2,…,n 

The obtained membership function is used as the output data of input 
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pre-processing. In the formula, 
i

jc
and 

i

jb
are the center and width of membership 

function respectively (where we need to use the SOFM to obtain parameters); k refers 

to the input vector; and n refers to the number of fuzzy sub-sets. 

Reasoning module  

The calculation layer of fuzzy rules applies the formula of fuzzy continued 

multiplication (2) to calculate w. And then, the fuzzy operator is used as the continued 

multiplication operator to take fuzzy calculation for various membership degrees.  
1 2

1 2( )* ( )*...* ( )i k

j j j kw uA x uA x uA x
  i=1,2,…,n 

Where, the u refers to the input, and the n refers to the number of rules. 

Output processing module  

The output layer uses formula (3) to calculate the output of fuzzy neural network, 

which is taken as the output of output processing module. And then, the output value 

of fuzzy model iy
is calculated according to the results of fuzzy calculation. The output 

of fuzzy reasoning uses the weighted average method [4], that is,  

0 1 1

1 1

( ... ) /
n n

i i i i i

i k k

i i

y w p p x p x w
 

    
 

(1)The generation of central value, width, coefficient code and initial population 

Generally, the five-layer T-S network is able to solve all problems in nonlinear 

mapping relationship. When the five-layer T-S network is applied, set the number of 

network input nodes as n, the number of first-hidden-layer nodes as p, the number of 

second-hidden-layer nodes as P, the number of output nodes as q and the population 

size as popsize. The Ci is used to present the central value and its dimension is n × p; 

Bi is used to present the width value and its dimension is n × p; and Pi is used to 

present the coefficient value and its dimension is p，i=1,2,…,popsize. The chromosome 

is coded with floating points, and all the subsequent evolution operators are based on 

the form of floating points coding. Generally, the chromosome Ci, Bi and Pi are 

composed of randomly and uniformly generated floatingpoints between[-1, +1]. 

2. Parameter setting  

The parameter setting here includes two parts: one is to set genetic algorithm 

parameters, including the population size popsize, crossover probability Pc and 

mutation probability Pm, and the other one is to set the number of network input nodes, 
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n,the number of hidden layer nodes, p, the number of output nodes, q, momentum 

coefficient and learning rate, γ1 and γ2. 

3. Judgments and jump conditions of the local minimum  

Based on the above algorithm design, both the gradient descend research (referred 

to as GDR) and the extend genetic algorithm (referred to as EGA) are applied here to 

jointly optimize the central value, width and coefficient. The key problem is how to 

determine the situation of local minimum. The determination of local minimum 

encountered is shown in the following formula.  

1

E

M




  

When the training error is large and gradient is very small, it may have been 

trapped into the local minimum. It means that when the genetic algorithm is used, it 

not only need to reduce the training error, but also increase the gradient. 

4. Selection operator 

The objective function of the genetic algorithm is: 
*( ) ( )      1,2, ,      1,2, , lgi genE W E W i popsize gen tota en  

 

That is, to search for the network central value, width and coefficient in all the 

evolutional generations to minimize the sum of squared errors of network.  

As the genetic algorithm can only evolve towards the direction of increasing the 

fitness function value, the fitness function can be constructed into the countdown form 

of objective function as follows: 

1
( )       1,2, ,

( )
i

i

fit W i popsize
E W

 

 

(5) Crossover operator 

There are many crossover operations. For the floating points, the arithmetic 

crossover is most common. Generally, the weighted average of two vectors of x1 and 

x2 is calculated as: 

1 1 2 2x x   

If the multiplier of λ1 and λ2 is limited to: 

                           λ1 + λ2 = 1  λ1 >0  λ2 > 0     

Then, the weighted form is known as convex combination; if the non-negative 
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restriction is removed, it is known as affine crossover. If the multiplier is limited to:  

                         λ1 + λ2 <= 2  λ1 >0  λ2 > 0       

Then, the weighted form is known as linear crossover. As linear crossover can 

produce more solutions, the linear crossover is adopted here. 

(6) Mutation operator  

The dynamic mutation operation, also known as non-uniform mutation, is 

designed to improve the accuracy and the ability of fine adjustment.  

(7) After jumping out of the local minimum with genetic algorithm, the BP 

algorithm shall be used to continue the training until the desired errors or number of 

trainings are met through repeated operation. 

T-S is divided into two parts: antecedent network and succedent network. 

Theantecedent network includes the input layer, fuzzification layer, fuzzy rule 

calculation layer and normalization layer. And, the succedent network includes the 

input layer, middle layer and output layer. Therefore, we can combine the antecedent 

network with succedent network and regard it as 5 layers.  
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Figure 4.7 Five layer structure of a T-S Model 

The first layer: The input layer connects with the input vector ix
 and the number 
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of nodes is same with the dimension of input vectors.  

If there is a input x=[ 1x
, 2x

,…, kx
], then calculate the membership degree of 

each input variable according to the principle of T-S model. 

The second layer: the fuzzification layer uses the fuzzy membership function (1) 

to fuzzify the input value to get the fuzzy membership value .  

  2

exp /i i i

j j j jA x c b   
 j=1,2,…,k;i=1,2,…,n 

Where,
i

jc
and 

i

jb
represent the center and width of membership function 

respectively (where we need to obtain parameters by using SOFM); k refers to the 

input vector; and n refers to the number of fuzzy sub-set. 

The third layer: The calculation layer of fuzzy rules is also known as the fuzzy 

reasoning layer, which uses the fuzzy continued multiplication formula (2) to calculate 

w. 

 
1 2

1 2( )* ( )*...* ( )i k

j j j kw A x A x A x   
  i=1,2,…,n 

The fourth layer: The normalization layer uses formula (3) to calculate the 

normalized value of fuzzy neural network. 

1

/
n

i i i

i

a w w


 
                     i=1,2,…,n 

The fifth layer: the output layer using formula (4) Calculate the fuzzy neural 

network output. 

0 1 1

1

( ... )
n

i i i i

i k k

i

y a p p x p x


   
    i=1,2,…,n 

In the inverse transmission process of error signals, the output value of normal 

transmission is used to compare with the expected value of the database. If the error 

exceeds the allowable range, it shows the system lacks of accuracy. 

The fourth layer adopts comparison method:  

    2
2

1
totdE 

 

   totd 5  

Where, d(t) refers to the expected value, o(t) refers to the output value, E refers to 
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the error equation, δn refers to the transmitted signals, n refers to the layer number of 

network, and t refers to the times of learning. 

The third layer adopts factor correction method 

( ) ( 1)i i

j j i

j

e
p k p k a

p


  


 

 
1

/
m

i i

t t ji
ij

e
d o w w x

p 


  




 

Where, 
i

jp
 refers to the coefficient of the neural network; a refers to the network 

learning rate; and jx
refers to the continued multiplication product of network input 

parameters membership. 

The second layer adopts the parameter correction method. 

( ) ( 1)i i

j j i

j

e
c k c k

c



  


 

( ) ( 1)i i

j j i

j

e
b k b k

b



  


 

Where, respectively, for the membership function of the center and width. 

4.3 Generalized Fuzzy Network Experiment 

4.3.1 Experimental environment 

MATLAB is the abbreviation of Matrix Laboratory, which is a powerful 

mathematical tool software with efficient operations. It integrates the scientific 

computing, programming and visualization of results into an environment easy to use, 

and is characterized by efficient programming, convenience for users, good expansion 

ability, good interaction, good transplantation, good openness, efficient and convenient 

matrix and array operations and convenient drawing features. Most importantly, it is a 

fast interpretation program based on matrix operations, which interactively receives 

various commands entered by users and output results. In addition, MATLAB also 

provides an open integrated environment, so that we can run a large number of 

commands provided by the system, including data visualization, matrix computation, a 

large toolbox, drawing features, GUI design and Simulink simulation. By use of these 

powerful features of MATLAB, we can complete complex operations under a unified 
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platform to avoid a lot of repeated, complex and mechanical programming details, to 

focus on more challenging and creative problems and to make as many valuable results 

as possible within the shortest time.  

The overall process design can be divided into three steps:  

The first step is the fuzzification of input and output data. In the construction cost 

estimation, there are a lot of fuzzy and inaccurate data. If we directly input the accurate 

data for cost estimation, we often can’t achieve the desired effect. Therefore, it is 

necessary to take processing and re-processing for these data according to their 

characteristics to express the fuzzy characteristic with fuzzy form, providing a 

guarantee for the effective output of the system. Here, we use SOFM algorithm to 

calculate the fuzzy membership function of each input and output data in order to 

provide a guarantee for the later data processing.  

The second step is the generation and optimization of rule base. In this step, the 

initialization of rule base is the full connection between input and output fuzzy word 

sets. By using NEAT to study the word set, the rules useful for the adaptive system 

later then will be generated. And then, Q-learning is applied to optimize the rule base. 

This step can significantly improve the efficiency of the entire construction project 

cost estimating system. Finally, the accurate value can be obtained through 

fuzzification on the succedent of fuzzy rules, so as to achieve a rule expression with 

fuzzy input corresponding to accurate output.  

The third step is the T-S fuzzy reasoning system operation. To match the fuzzy 

input word set obtained from the first step with the data to be tested, compare the 

obtained output value with the expected one, and then to correct the parameter and 

weight according to errors in order to approach the real value. As T-S uses BP neural 

network structure for computation, while the BP neural network structure is very easy 

to fall into local minimum, it is necessary to carry out evolutionary algorithm 

optimization against the adjusted parameters and weights in order to achieve the global 

optimization of the system and approximate to the optimal solution. 

4.3.2 Algorithm simulation 

In order to fully explain evolutionary fuzzy neural network to other networks, 

compared the advantages of this project to be based on different network application 
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construction cost estimation error and time drawn comparison to validate the 

evolutionary fuzzy neural network fine effect. 

1. The model using BP algorithm and result analysis  

(1) BP algorithm model  

i. Algorithm process  

The BP neural network is divided into two parts of BP neural network 

determination and BP neural network prediction, of which, the BP neural network 

determination part determines the number of neurons in the hidden layer according to 

the number of input and output parameters of fitting functions and further determines 

the BP neural network structure. The BP algorithm calculates and obtains the output 

value through forward propagation, then the error is obtained through comparing the 

output value and expected value, and the weight and threshold is updated based on the 

error. At last, to judge whether the output value is within the permitted extent. If yes, 

the new data is used for prediction; otherwise, the weight and threshold should be 

updated. The specific processes are as shown below:  

Define
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Figure 4.8 Diagram of BP Algorithm Processes 

In this dissertation, as the fitting nonlinear function has seven input parameters 

and an output parameter, according to the idea of “The Research of Forward Three 

Layers Neural Network Structure with Tutors about Linear Basic Function” published 

on the Chinese Journal of Computers, the number of hidden layer nodes is determined 

as 10. Therefore, the set BP neural network structure is 7-10-1, that is to say, there are 

7 input layer nodes, 10 hidden layer nodes and 1 output layer node. And, there is a total 

of 7*10 +10*1 = 80 weights and 10+1 = 11 thresholds. There are 20 groups of input 

and output data randomly obtained from the nonlinear function, from which, 18 groups 

are randomly selected out and used as the training data for network training, 2 groups 

are used as the testing data and the sum of absolute values of training data prediction 

errors is used as indicators for evaluating the network performance
[114]

.  
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ii. Algorithm implementation 

The BP algorithm uses back propagation to optimize the initial weight and 

threshold of BP neural network, so that the optimized network is able to better predict 

the function output. The elements of BP neural network include the initialization of 

weight and threshold, forward propagation and back propagation. 

iii.  Programming implementation  

According to the theory of BP neural network, programming implements BP 

neural network nonlinear fitting algorithm in the MATLAB software.  

iv.  Result analysis of BP algorithm  

First, we use BP algorithm for direct training to obtain an error E = 2.9069 from 

the training process. But, the gradient is very small. At this moment, we can believe 

that it has fallen into a local minimum and the evolutionary algorithm is needed to 

optimize it, which not only need to reduce the training error, but also increase the 

gradient. 

 

Figure 4.9 BP Running Results 

As BP has a disadvantage of easily falling into local minimum, more and more 

researchers begin to combine the evolutionary algorithm with the BP neural network to 

escape from the shackle of this shortcoming. As a result, the GA-optimized BP 

network model is generated.  

2. The GA-directly-optimized BP network model and result analysis  
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(1). The GA-directly-optimized BP network algorithm model  

i. Algorithm process  

The optimization of BP neural network by evolutionary algorithm is divided into 

three parts, including the BP neural network determination, evolutionary algorithm 

optimization and BP neural network prediction. With respect to the BP neural network 

determination, the structure of BP neural network is determined based on the number 

of fitting functions’ input and output parameters to further determine the length of 

evolutionary algorithm. In terms of the optimization of evolutionary algorithm, the 

evolutionary algorithm is used to optimize the weight and threshold of BP neural 

network. Every individual in the population consists all weights and thresholds of a 

network. Its fitness value is calculated through fitness function. And then, the 

evolutionary algorithm will find out the individual corresponding to the best fitness 

value through selection, crossover and mutation operations. And, the BP neural 

network applies the evolutionary algorithm to get the initial weight and threshold 

assignment of the optimal individual, and then output the predictive function after 

network training. The specific processes are shown as below. 
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Figure 4.10 Diagram for the Process of GA-Directly Optimizing BP 

In this dissertation, the fitting nonlinear function has 7 input parameters and an 

output parameter, so the BP neural network structure is set as 7-10-1, that is to say, 

there are 7 input layer nodes, 10 hidden layer nodes and 1 output layer node. And, 

there is a total of 7*10 +10*1 = 80 weights and 10+1 = 11 thresholds. So, the length of 

individual code for evolutionary algorithm is 80 +11 = 91. 

There are 20 groups of input and output data randomly obtained from the 

nonlinear function, from which, 18 groups are randomly selected out and used as the 

training data for network training, 2 groups are used as the testing data and the sum of 

absolute values of training data prediction errors is used as the individual fitness value. 

The fitness value is smaller, this individual is better
[115]

.  

ii. Algorithm implementation 
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The optimization of BP neural network by evolutionary algorithm is to optimize 

the initial weight and threshold of BP neural network in order to help the optimized BP 

neural network be able to better predict the function output. 

The elements of BP neural network optimized by evolutionary algorithm include 

the population initialization, fitness function, select operation, crossover operation and 

mutation operation. 

(i) Population initialization  

The real coding is used as the individual coding method. Each individual is a 

string of real number and consists of four parts, including connection weights between 

the input layer and hidden layer, thresholds of the hidden layer, connection weights 

between hidden layer and output layer, and thresholds of the output layer. An 

individual contains all weights and thresholds of the neural network, which can form a 

neural network with determined structure, weight and threshold in the case of 

existence of a known network structure.  

(ii) Fitness function  

Based on the individual, to obtain the initial weight and threshold of BP neural 

network and the output of prediction system after training the BP neural network with 

the training data, and then, take the sum of absolute value of errors between the 

predicted output and desired output, E as the individual fitness F. The calculation 

formula is as follows:  

2

1

( ( ))
n

i i

i

F k abs y o


 
 

Where, n refers to the network output nodes; yi refers to the desired output of 

node i in the BP neural network; oi refers to the predicted output og node i; and k is a 

coefficient.  

(iii) Selection operation  

The selection operation of evolutionary algorithm includes roulette wheel method, 

championship contest and other methods. This dissertation adopts roulette wheel 

method, that is, the selection strategy based on the fitness proportion. The selection 

probability of each individual i, Pi is:  
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1

/
N

i i j

j

P f f


 
 

Where, Fi refers to the fitness value of individual i. As it will be better with 

smaller fitness, it is necessary to get the multiplicative inverse of fitness value prior to 

the selection of individuals. In addition, k is a coefficient; and N refers to the number 

of individuals.  

(iv) Crossover operation  

As individuals adopt the real number coding, the crossover operation method uses 

real number crossover method. The crossover operation of chromosome k, ak and the 

first chromosome, ai at location j is as follows: 

(1 )

(1 )

kj kj lj

lj lj kj

a a b a b

a a b a b

  

  
 

Where, b is a random number between [0,1]. 

(v) Mutation operation 

Select the gene j of individual i, aij for mutation. Its mutation operation is as 

follows: 

max

min

( )* ( )

( )* ( )

ij ij

ij

ij ij

a a a f g
a

a a a f g

 
 

   

Where, amax is the upper bound of gene aij; amin is the lower bound of gene aij; 

max( ) (1 / )f g r g G 
; r is a random number, meaning the current number of iterations; 

Gmax is the maximum number of evolutions; if the mutation probability is greater than 

0.5, the first formula should be adopted; if the mutation probability is less than 0.5, the 

second formula should be used
[116]

.   

(3). Programming implementation 

According to the evolutionary algorithm and theory of BP neural network, the 

programming implements nonlinear fitting algorithm of BP neural network optimized 

by evolutionary algorithm in the MATLAB software. The parameter setting of 

evolutionary algorithm covers the population size, evolution times, crossover 

probability and mutation probability.  

i. Fitness function  

The fitness function uses the training data to train BP neural network and takes 
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the prediction error of training data as the individual fitness. 

ii. Selection operation 

The selection operation adopts roulette wheel method to select individuals with 

good fitness from the population to form a new population.  

iii. Crossover operation 

Crossover operation, select two individuals from the population, according to a 

certain probability that new individuals cross.  

iv. Mutation operation 

Mutation randomly selected from the population individuals, according to a 

certain mutation probability that new individuals.  

v. The main function of evolutionary algorithm  

The main function process of evolutionary algorithms includes the following six 

steps: randomly initialize population, calculate the fitness value of population, find out 

the optimal individual, select, crossover, mutate and judge whether the evolution has 

finished. If not, then return to calculate the fitness value of population. 

vi. The function fitting of BP neural network optimized by evolutionary algorithm  

Assign the optimal individual obtained by evolutionary algorithm to the BP neural 

network, and then use this network to fit with nonlinear function.  

(4). Result analysis on GA-directly-optimized BP network algorithm  

By using GA to directly train the BP network, an error E = 1.0052 is obtained 

within 9.705276 seconds with an increase in the gradient. Apparently, it has jumped 

out of the local minimum. The results are shown as below: 

 

Figure 4.11 Results of GA Directly Training BP 

After a search for about 500 generations, the average fitness of chromosomes 



Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management   Chapter 4 Generalized Fuzzy Network 

116 

tends to be stable. The curve of sum of squared errors and curve of fitness are shown in 

the above figure. 

According to the above, the BP neural network optimized by evolutionary 

algorithm is indeed able to prevent the BP neural network from falling into the local 

minimum. However, due to the random initial setting of its weight and threshold, the 

error is still large and the system is not stable. In order to solve this problem, some 

researchers have proposed the GA-BP model early or later
[117]

.  

3. Result analysis of GA-BP algorithm model  

(1). GA-BP algorithm model 

i. Algorithm process 

The GA-BP algorithm is similar to the GA-directly-optimized BP neural network, but 

the only difference lies in that the length of evolutionary algorithms is determined by 

the updated length of weight and threshold obtained from BP operations. The detailed 

process is shown as below. 

Both of its algorithm and programming implementation are similar to the 

GA-directly-optimized BP neural network. Therefore, no further details are provided 

here. 
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Figure 4.12 Diagram for GA-BP Algorithm Processes 

ii. Algorithm implementation 

The GA-BP model uses the evolutionary algorithm to optimize the network 

weight and threshold fallen into the local minimum after training of BP neural network. 

It really integrates GA with BP and solves the problem in the restriction on optimized 

performance resulting from random values of weight and threshold when GA directly 

optimizes BP. Same with the GA-directly-optimized BP, it contains five elements, 

including the population initialization, fitness function, select operation, crossover 
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operation and mutation operation. 

(i) Population initialization 

The real coding is used as the individual coding method. Each individual is a 

string of real numbers and consists of four parts, including connection weights 

between the input layer and hidden layer, thresholds of the hidden layer, connection 

weights between hidden layer and output layer, and thresholds of the output layer after 

BP training. An individual contains all weights and thresholds of the neural network, 

which can form a neural network with determined structure, weight and threshold in 

the case of existence of a known network structure
[118]

.  

(ii) Fitness function  

Based on the individual, to obtain the weight and threshold of BP neural network 

after BP training and the output of prediction system after training the BP neural 

network with the training data, and then, take the sum of absolute value of errors 

between the predicted output and desired output, E as the individual fitness F. The 

calculation formula is as follows:  

2

1

1
( )

2

n

i i

i

E Y y


 
 

Where, n refers to the number of network output nodes; Yi refers to the desired 

output of node i in the BP neural network; and yi refers to the predicted output of node 

i.  

(iii) Selection operation  

The selection operation of evolutionary algorithm includes roulette wheel method, 

championship contest and other methods. This dissertation adopts roulette wheel 

method, that is, the selection strategy based on the fitness proportion. The selection 

probability of each individual i, Pi is: 

/i if k F
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Where, Fi refers to the fitness value of individual i. As it will be better with 

smaller fitness, it is necessary to get the multiplicative inverse of fitness value prior to 

the selection of individuals. In addition, k is a coefficient; and N refers to the number 
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of individuals. 

(iv) Crossover operation  

As individuals adopt real number coding, the real number crossover method is 

used as the crossover operation method. In this dissertation, the arithXover.m from a 

toolbox in the evolutionary algorithm developed by the University of Sheffield, Britain 

is used for the crossover operation.  

(v) Mutation operation 

The nonUnifMutation from a toolbox in the evolutionary algorithm developed by 

the University of Sheffield, Britain is used for the mutation operation
[119]

.  

iii. Programming implementation 

According to the theory of GA-BP algorithm, the programming implements the 

GA-BP nonlinear system fitting algorithm in MATLAB software.  

 

(2). Result analysis of GA-BP algorithm  

The results of GA-BP algorithm are shown in the following figure: 

 

Figure 4.13 Results of GA-BP Algorithm 

By using the GA-BP algorithm, an error E = 0.0059 is obtained within 7.892145 

seconds. Through a search for about 600 generations, the average fitness of 

chromosomes tends to be stable. The curve of sum of squared error and fitness curve 

and shown in Fig. 4.13.  

Both the evolutionary algorithm directly optimized BP neural network and 

GA-BP algorithm are a method used to optimize the ordinary BP neural network. If we 

consider the BP neural network as a predictive function, the evolutionary algorithm 

optimized BP neural network is equivalent to optimize parameters of the predictive 
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function, and the optimized BP neural network has better prediction results than that 

not optimized in general. But, there is a limitation in this algorithm
[120]

. It can only 

improve the prediction accuracy of the original BP neural network to a certain extent, 

but can’t optimize the BP neural network with large prediction errors to be the one be 

able to predict accurately. In particular, for the problem that the neural network has 

large predictive errors resulting from less samples and uneven sample analysis, the 

network prediction capacity can’t be significantly improved after optimization. 

Compared with BP or optimized BP by evolutionary algorithm, the fuzzy neural 

network, especially the T-S fuzzy neural network, has less errors and faster 

convergence. Therefore, it is more appropriate to be used.  

4. The model of fuzzy neural network and result analysis 

(1). Fuzzy neural network algorithm model 

i. Algorithm process 
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Figure 4.14 Diagram for Process of Fuzzy Neural Network Algorithm 

ii. Algorithm implementation 

The T-S fuzzy neural network consists of four layers, including the input layer, 

fuzzification layer, fuzzy rules computing layer and output layer. The input layer 

connects with the input vector ix
 and its number of nodes is same with the dimension 

of input vector. The fuzzification layer adopts membership function (1) to fuzzify input 

values and to get a fuzzy membership value ; the fuzzy rules computing layer uses 

the fuzzy continued multiplication formula (2) to get w; and the output layer applies 

formula (3) to calculate the output of fuzzy neural network
[121]

.  
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The learning algorithm of fuzzy neural network is as follows: 

(i) Error calculation 

 
21

2
d ce y y 

（1） 

Where, dy
refers to the desired network output; cy

refers to the actual network 

output; and e is the error between the desired and actual network output. 

(ii) Factor correction 
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Where,
i

jp
refers to the coefficient of the neural network; a is the learning rate of 

the network; and jx
is the continued multiplication product of network input 

parameters. 

(iii) Parameter correction 
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Where, 
( )i

jc k
and 

( )i

jb k
refer to the center and width of membership function 

respectively.  

 

(2). Result analysis of fuzzy neural network 

The results of fuzzy neural network are shown in the figure.  
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Figure 4.15 Results of Fuzzy Neural Network Training 

By using the fuzzy neural network, an error E = 0.0019 is obtained within 

197.460613 seconds. After90steps, errors tend to be stable. 

The fuzzy neural network reduces errors, but due to the random setting of 

parameters, actual problems are processed too idealistically. As a result, the network 

designed has a relatively low accuracy and poor generalization
[122]

. However, the 

evolutionary fuzzy neural network model we proposed can effectively improve the 

efficiency of fuzzy neural network. 

 

5. The model of generalized fuzzy network and result analysis 

(1) Evolutionary fuzzy neural network algorithm model 

i. Algorithm process 

The evolutionary fuzzy neural network is divided into three parts, including fuzzy 

neural network building, fuzzy neural network training and fuzzy neural network 

prediction. Among them, in terms of the fuzzy neural network building, the structure of 

fuzzy neural network is determined by the number of input and output parameters of 

fitting functions and the length of evolutionary algorithm is further determined 

therefrom. With respect to the optimization of evolutionary algorithm, it is used to 

optimize the weight and threshold of fuzzy neural network. Every individual in a 

population consists of all the weights and thresholds of a network and its fitness value 

is calculates through fitness function. And then, the evolutionary algorithm will find 

out the individual corresponding to the best fitness value through selection, crossover 

and mutation operations. And, the fuzzy neural network prediction applies the 

evolutionary algorithm to get the initial weight and threshold assignment of the 

optimal individual, and then output the predictive function after network training
[123]

. 

The specific processes are shown as below. 
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Figure 4.16 Diagram for Processes of Evolutionary Fuzzy Neural Network Algorithm 

ii.  Algorithm implementation 

In the fuzzy system, there are two presentations for fuzzy models: one is a fuzzy 

set taking the succedent of fuzzy rules as an output, such as NB and PB, namely, the 

Mamdani model; while the other one is a function taking the succedent of fuzzy rules 

as the input linguistic variable, such as a linear combination of input variables typically, 

that is, T-S model
[124]

. We have analyzed the advantages of T-S model in previous 

passages
[125]

, so, T-S model is adopted here.  

(i) Generation and optimization of T-S rule base  

As a multiple-input multiple-output system can be considered as a combination of 

multi-input and single-output system, we take the multi-input single-output system as 

an example here to describe the problem. If there is a fuzzy set with 7-dimension array 

as the input variable and a fuzzy set with 1-dimension array as the output variable, then 

the input variable has seven nodes and each node generates two fuzzy sets respectively 

in two types of large and small. So, there are 14 nodes at the fuzzification layer of 

second layer; because the output variable is 1-dimension, the output layer has a node. 

We divide the fuzzy set of this node into 7 categories, namely, the very large, large, big, 

medium, relative small, small and very small. According to the above classification, 

the reasoning layer should have N = 2^7*7 = 896 nodes (rules), that is to say, it 

requires 896 third-layer nodes. Through optimization by the evolutionary algorithm, 



Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management   Chapter 4 Generalized Fuzzy Network 

124 

we can get 30 third-layer nodes, which will generate 30 rules, as shown in Figure 4.17. 

 Table 4.1 Comparison of Two Methods 

 NEAT SOFM、Q-learning、NEAT and BP 

Non DisabledCon 88 94 

Hidden Nodes 30 27 

Max Fitness 59 1735.25 

 

 

Figure 4.17 Neat Output Results 

With the improved rule base optimization algorithm, that is, NEAT + Q-learning 

algorithm, as shown in Figure 4.18, the number of third-layer nodes is optimized to 27 

through Q-learning and error back propagation, less 3 nodes and 3 rules than the 

original NEAT system. Therefore, the NEAT evolutionary algorithm system based on 

Q-learning and error back propagation has better effects than the original NEAT 

system. 

 

Figure 4.18 System Output Results of SOFM, Q-learning and Combination of NEAT and BP 

From the perspective of calculation performance, it is more efficient to allow the 
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controller to evolve an appropriate ANN topology than to directly use network 

topology with poorly designed performance. We adopt Kenneth Stanley’s evolutionary 

method to increase neurons of topology. Through the application of evolutionary 

algorithms, this method can evolve to be a complex and appropriate topology from a 

simple neural network population, which can increase the probability for the network 

output to get closer to the value function. With respect to few problems, such as the 

significant subjective experience of experts and redundancy phenomena caused by 

separation initial rules from experts, it is proposed a method of combining SOFM, 

NEAT with Q-learning to evolve the neural network function approximator and use it 

to present the value function. Results show that this method can obtain better effects 

than single use of Q-learning or NEAT.  

(ii) T-S reasoning calculation  

If the fuzzy partition of each input component is determined by the SOFM, then 

the parameters need to be learned mainly include the connection weight of succedent 

network, and the central value and width of the membership function of various nodes 

in the middle layer of antecedent network. The error cost function is set to take by the 

following formula: 

21
( )

2
E Y y 

 

Where, Y refers to the desired output and y represents the actual output.  

(iii) Evolutionary algorithm optimization  

Evolutionary algorithm is an iterative process, which retains a group of candidate 

solutions in several iterations and generates a new generation of candidate solutions 

through selection, crossover and mutation operation by a number of iterative operators. 

This process shall be repeated until some convergence condition is met. 

Compared with traditional methods, evolutionary algorithm has better robustness. 

It is mainly characterized by using the code of parameter sets rather than parameters. 

The objective function of evolutionary algorithm guides the process of function 

evolution, but not gets the derivate or other theories. In addition, the evolutionary 

algorithm search for point groups instead of a point for optimization. 

After the evolutionary algorithm, when the new population converges to the 
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satisfactory solution, the decoding obtains parameter sets to replace the original 

parameters. If it not converges to the satisfactory solution, it will turn back to the 

original population from the new one for selection, crossover and mutation operations 

in order to re-generate a new population. 

iii.  Programming implementation 

According to the theory of evolutionary algorithm, T-S fuzzy neural network and 

BP neural network, the programming implements the nonlinear system fitting 

algorithm of optimized fuzzy neural network by evolutionary algorithm in MATLAB 

software
[126]

. The parameters of evolutionary algorithm are: population size, number of 

evolutions, crossover probability and mutation probability. The specific optimization 

process is similar to the foregoing BP neural network optimized by evolutionary 

algorithm.  

(2) Result analysis of evolutionary fuzzy neural network algorithm 

The results of evolutionary fuzzy neural network are shown as below: 

 

Figure 4.19 Results of Evolutionary Fuzzy Neural Network 

By using the evolutionary fuzzy neural network algorithm, an error of E = 0.0019 

is obtained within 11.678652 seconds. After a search for about 200 generations, the 

average fitness of chromosomes tends to be stable. The sum of squared errors and 

fitness curve are shown in Fig. 4.18. 

4.3.3 Comparison of algorithms 

In order to more intuitively understand experimental results, the following table 

lists the comparison results:  
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Table 4.2 Results of Evolutionary Fuzzy Neural Network 

Experimental algorithms Time used (s) Fitness value 

running for 

700generations 

Errors 

BP 20.507800 N/A 2.9069 

GA directly training BP 9.705276 0.531970 1.0052 

GA-BP algorithm 7.892145 1.175948 0.0109 

Fuzzy neural network  197.460613 N/A 0.0019 

Evolutionary fuzzy 

neural network 

11.678652 46898.204841 0.0019 

BP and fuzzy neural network is not involved with GA optimization, so the column 

of the fitness value after running 700 generations which based on GA does not 

applicable. 

From the above table, it can be drawn that the GA-optimized network takes less 

time to calculate errors than simple network. In the above three networks based on 

evolutionary algorithm, the evolutionary fuzzy neural network has the minimum errors 

and the maximum fitness value, which is better than the GA-directly-trained BP and 

GA-BP algorithm. From comparisons of the five algorithms, both fuzzy neural 

network and evolutionary fuzzy neural network have the minimum error rate of 0.0019, 

but the latter takes much shorter time than the former one. Therefore, we conclude that 

evolutionary fuzzy neural network is the best one in the five algorithms.  
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Chapter 5. Application of Data Mining 

Chapter 5 introduces the application of knowledge mining tools, mainly including 

construction project cost estimation, construction project bidding and material price 

fluctuation factor.  

5.1 Construction Project Cost Estimation 

It is an important step to determine the project costs in construction projects, 

mainly including preliminary project cost estimate, budget for the preliminary design 

phase and budget for the drawing design phase. Among them, the preliminary project 

cost estimate is the basis of cost management, which is conducive to the construction 

companies to determine the approximate project cost before bidding. The accuracy of 

cost estimate will directly affect the investment decision-making and competitiveness 

for bidding. Therefore, in the real circumstance with sustainable growth in demands 

and increasingly intense competition, the data mining technology is an effective way to 

solve problems in construction project cost estimate in addition to the improvement in 

construction technology and working conditions.  

5.1.1 Overview of construction cost management 

Currently, the cost management of construction projects is divided into two forms: 

one is construction project investment management; the other is the construction cost 

management
[127]

. Among them, the construction project investment management is a 

kind of investment management, covering the planning, forecasting, organizing, 

directing, monitoring and other activities conducted by construction enterprises in 

order to achieve the investment objective. It not only includes the microproject 

investment costs, but also the macro management of investment costs. However, the 

construction cost management is a kind of price management, which can be divided 

into two levels: the one is pricing, price fixing, bidding and other cost management 

activities conducted by construction enterprises in order to achieve management 

objectives on the basis of micro level; the other one is the legal, administrative and 

economic means adopted by the government according to the needs of social and 
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economic development on the basis of macro level.  

The objective of construction cost management is to achieve effective control 

over the project cost in all phases by using some management methods, to avoid all 

kinds of unnecessary expenditure as much as possible and reserve human, material and 

financial resources to the greatest extend and finally to achieve the most idealistic 

social and economic benefits. All stages mentioned here mainly include the project 

design phase, decision-making phase and construction phase
[128]

. 

At present, there are different construction cost management models in different 

areas. The main representative countries include the United States, Japan, Germany 

and the United Kingdom:  

1. United States  

The construction cost management in the United States is divided into two parts: 

the soft costs, that is the operating costs needed by enterprises, including financial 

costs, equipment costs, land costs, relocation costs and reserve funds, and the hard 

costs, that is the construction costs needed by enterprises, mainly including labor costs 

and material costs. In the U.S., there is a typical market price. The project estimates, 

budget, labor, materials and machinery quota are formulated by industry organizations, 

but not the government, and mainly based on the data of various construction 

enterprises’ projects and actual situation in various regions. They are not formulated by 

the government, but have been widely recognized and utilized by the community 

because of their science, accuracy and impartiality. Thus, we can see, the construction 

cost management model in the United States is: various advisory bodies develop the 

unit consumption of construction areas, the base price and cost estimate format, and 

then, the project cost is determined by the specific market transactions. 

2. Japan  

The Cost Planning Institute, Architectural Association of Japan is responsible to 

determine the manual for quota and estimates of construction sub-projects and 

regularly revise it and carry out dynamic management according to the law of changes 

in price. Such a work mainly includes three stages
[129]

: the first stage focuses on the 

feasibility study, that is, to determine the investment plan and construction mode 

according to project plans and standards and to implement adjustments and control 
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with a reference to similar construction projects and market prices; the second stage 

focuses on the design, that is, to identify the project budget based on the plan 

established at the first stage and to control the amount of investment within the plan; 

the third stage focuses on the construction, that is, to construct in strict accordance 

with construction drawings and calculate the engineering workload, strengthen the 

construction management and cost management to ensure the final account of project 

within the project budget.  

3. Germany  

In Germany, the construction project cost estimate is carried out under the 

“ National Quality Standard DIN”
 [130]

 and the estimate is strictly followed. The 

construction cost management covers throughout the whole process of cost 

management, schedule management and quality management. All the consulting firms 

have basically realized calculation by computers to estimate cost by multiplying the 

used amount by the unit price.  

4. UK  

The construction cost management has a long history in Britain, where there are 

unified rules for the construction cost management system and standards for 

measurement of building works, with scientific and standardized features. However, 

there is no uniform quota in Britain and the project cost is determined by the owner 

and contractor according to the “Standard Method of Measurement of Building Works- 

SMM”
 [131]

 with a reference to the cost index and information index issued by the 

government and various organizations.  

In summary, the project cost management system in the above countries is 

characterized by effective government regulation and control, multi-channel 

information release system, measuring method of separating quantity from price, 

rule-based estimate basis and developed project cost consulting industry.  

5.1.2 Issues of domestic construction cost management 

At present, the problem in construction cost management in China includes:  

1. Inadequate laws and regulations  

Making a general survey on the development of construction market in China, the 
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power of laws and regulations to restrict a variety of violations is still not suitable for 

the actual situation. Especially, there are many problems in the bidding for 

construction projects.  

2. In-coordination from project proposal to design, approval and construction  

Since the dispersion of management authorities, construction projects lack of 

coordination from proposal to design, approval and construction. For example, the 

proposed construction project hasn’t carry out a scientific feasibility study, resulting in 

blind investment of construction enterprises, false estimates and false budget, thus 

affecting the cost management of construction projects. In the construction cost 

management, construction companies often attach importance to the construction stage, 

but ignore the project proposal, design and even risks in investment, resulting in that 

construction projects usually become real wasteful projects. 

3. Imperfect restraint mechanism  

The mechanism used to restrict the contracting of construction projects is 

imperfect, such as monopolies and sub-contracting. As a result, a complete 

construction project is broken down into many parts, or there are a number of 

participants, and various participants have difference in the management, technology, 

resources and other aspects, which increases the complexity of projects.  

4. Non-standard market environment and transaction behaviors  

The life cycle of construction projects is very long, including the project proposal, 

design, construction, completion and other links. The non-standard market 

environment and transaction behaviors also increase the difficulty in project cost 

management.  

In summary, the inadequate laws and regulations, and non-standard market 

environment and transaction behaviors are problems in the macro environment and 

objective facts, which can’t be solved in a short term. Therefore, construction 

enterprises should start from the in-coordination from project proposal to design, 

approval and construction and imperfect restraint mechanism to improve the quality of 

construction cost management. 
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5.1.3 Issues of domestic construction cost management 

The main factors influencing the construction cost include:  

1. The management in design phase  

According to relevant data analysis, in all the factors affecting the construction 

cost, the preliminary design phase accounts for 75% to 95%, technical design phase 

accounts for 35% to 75%, and drawing design phase accounts for 5% to 35%. 

Therefore, the key to construction cost lies in the design phase 
[132]

 . 

However, the factors affecting the construction cost in design phase are divided 

into two parts: the one lies in the understanding of designers on the construction 

project, such as the quality of designers and arrangement of design personnel. However, 

the provision of few bidding programs will be an effective solution; the other one lies 

in the selection of construction company, materials and machinery decided by 

designers. For example, some designer receives kickbacks and therefore recommends 

some brand of equipment, which may increase the construction cost.  

2. The quality of construction enterprises  

Currently, the market economy covers every corner of the world without any 

exception in construction business. The importance of construction business 

management, quality and technology is self-evident
[133]

. But, some construction 

companies do not hold the principle of broaden sources of income and reduce 

expenditure, but seek for profits by using problems in the contract, such as 

construction conditions, engineering change, environmental protection, engineering 

equipment, definition and treatment of construction methods and process, resulting in 

the final account of project higher than the project budget. 

3. The complexity of construction projects 

The complexity of construction project often results in construction outside of 

drawings and concealed works
[134]

, which not only affects the quality of the project, 

but also affects the project cost.  

4. Cost management  

Cost management is a core element affecting the construction cost
[135]

, which 

mainly lies in two phases: the project planning and design phase, and project 

construction phase. Cost management methods may be different in different situations 
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and different phases of the project. Details have specifically described in the section on 

subject of data mining [35]. 

In conclusion, the main feature elements affecting construction costs generally 

include
[136]

: foundation type, structure type, house layout, storey height, number of 

storeys, standard width of a room, length of a room, types of doors and windows, 

building and floor decoration, roof, external decoration, interior decoration, utilities, 

engineering class, transportation distance, equipment procurement and characteristics 

of construction land. There is seldom exactly consistent construction project in reality. 

In general, the main feature elements to determine the construction cost estimate 

include: T = [foundation, structure, number of storeys, doors and windows, decoration, 

walls and flat combination]. 

5.1.4 Construction project cost estimation methods 

The construction project cost is affected by many factors, which are complex and 

changing with situations. Therefore, the construction cost estimate is a very complex 

task. However, an experienced cost engineer is able to use the neural network to 

estimate the cost roughly according to the type, features and specific situations of some 

project with a reference to the past working experience and information about the 

completed project, but don’t need to mechanically apply the quota and take a lot of 

tedious calculations from the beginning to the end. In addition, if there is more 

experience, more information is collected and the information is more comprehensive 

and accurate, the estimated construction cost may be more accurate 
[149]

.  

The traditional construction cost estimate method calculates work quantity 

according to construction drawings and calculates the project cost only by inputting the 

quota in various places. It is able to describe the price of various parts and components 

of the total price in details. But, it has low efficiency and can’t meet the bidding 

requirements. On the basis of traditional construction cost estimate methods, the 

computer realizes related construction project cost estimating software, which mainly 

calculates the work quantity through identifying drawings and calculates the project 

cost by inputting the unit costs in various places. But, it is very tedious to type in data 

for all the cost items, and the data input is a manual process.  
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There are a lot of project cost estimation models with each has their own 

characteristics and uses, such as the Study on and Application of Construction Cost 

Prediction System Built in Colleges and Universities Based on Artificial Neural 

Network proposed by Hu Qin from the Northwestern Polytechnic University
[150]

; the 

mamdani Type Construction Cost Estimation Method Based on Combined Fuzzy 

Neural Network proposed by Zhao Ping from the Northwestern Polytechnic 

University
[151]

; and the Study on Fast Estimation of Construction Cost under the 

Evolutionary Neural Network Model proposed by Liu Peng from the East China 

Jiaotong University
[152]

. By using the evolutionary fuzzy network, we not only can find 

the optimal solution, but also ensure a fast convergence.  

In the bidding for construction projects, the fast cost estimate method by using 

data mining technique has begun to be widely used. Especially in Europe, it is based 

on BP network with rapid development and few models. However, BP network is 

vulnerable to falling into the local minimum with some deficiencies in stability and 

convergence. To this end, scholars focus their researches on the BP network applying 

GA, T-S network and BP network under the fuzzy theory. Compared with BP network, 

BP network under the fuzzy theory or BP network applying GA, T-S network has less 

errors and fast convergence, but a certain shortcoming in generalization ability since 

the central value and width of membership function are randomly set. The generalized 

fuzzy network adopts clustering method to calculate the central value and width of the 

membership function. To a certain extent, it also includes some advantages of T-S 

network with some improvements in solving the problem in generalization ability 
[153]

. 

Reasons for why use the generalized fuzzy network for construction cost 

estimates:  

1. All theories involved in are complete and widely used;  

2. The construction cost estimation requires a certain degree of accuracy;  

3. The construction cost estimation allows a long training time, but the time to get 

conclusion must be as quickly as possible;  

4. Construction cost estimates has no real-time requirements.  

The generalized fuzzy network has a good versatility and adaptability, but not 

reject new samples. On the contrary, it will improve its generalization ability and 
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prediction capability with increase in the number of samples, which just meets the 

requirements for the establishment of a construction cost information system– to 

dynamically and adaptively extract useful information from a number of completed 

projects for prediction and decision support. As the uniqueness of construction projects, 

fundamentally, no two projects will be completely same. However, there is a similarity 

among many projects to a certain extent and the basic principles of cost estimation and 

analysis are based on the similarity of construction projects. For a project to be 

constructed, it is necessary to start from the analysis on the building type and 

engineering feature, find out few projects most similar to this one to be constructed 

from a large number of similar projects that have been completed, and then use the 

cost information of these similar projects as the raw data for reasoning and training the 

neural network to complete the mapping from input space (project characteristics) to 

output space (budget data). Such a mapping is highly nonlinear and is built on the 

combination of simple nonlinear functions, which can be used to present such complex 

phenomenon as project cost and to get the cost and other relevant data on the proposed 

project and. 

Construction cost plays an important role in the building work and different 

methods may be used in different design stages, such as the preparation of budget for 

the preliminary design stage and for the construction drawing design stage. However, 

the construction cost estimate in the initial construction period is the most important. 

As project cost estimate is the starting point for the overall management and the core 

of cost control, it is an urgent need of the construction industry to explore fast and 

efficient project cost estimate in such a rapidly changing market environment.  

The project cost estimate is affected by many factors, which are complex. 

However, an experienced cost engineer is able to estimate the approximate cost 

according to the project type, features and related information, the past experience and 

data without a lot of complicated calculations. At the same time, the estimated cost will 

be more accurate if there is richer experience and more adequate data. And, such a 

thinking mode of the human brain can be fully simulated by using data mining 

technology. Project cost estimate is a highly policy-oriented, knowledge-based and 

professional task with obvious hardships and difficulties. But, the most difficult thing 
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lies in the calculation of work quantities. The accuracy of work quantities is directly 

related to the quality of estimates. But, sometimes, there are errors in the calculation of 

work quantities and deliberately artificial increase in work quantities, which are 

resulted from subjective causes of cost engineers. Therefore, the study and application 

of stimulating the brain thinking mode of cost engineers by using data mining 

technology is greatly significant in actual projects.  

Prior to replace cost engineers with data mining technology, it is necessary to 

firstly analyze the main factors affecting the cost, and then extract quantitative values 

of these factors for data mining technology, so that the data mining technology will be 

able to generally estimate the project cost based on the project type and characteristics 

with a reference to the past experience and engineering data, so as to relief the physical 

and mental work load of cost engineers and prevent the impact of subjective reasons to 

improve the efficiency of project cost estimates.  

5.1.5 Establishment of knowledge base 

In the establishment of Knowledge Base, with a consideration to the complex 

structure, high systematicness and characteristics of mutual impact and constraints of 

subsystems, the system is classified by the principle of hierarchical classification. 

According to the main feature elements determined in the previous passages, seven 

indicators of foundation type, structure type, number of stories, doors and windows, 

exterior wall decoration, wall and flat layout are selected. The quantitative description 

is shown in Table 1. And the quantitative description is hereby established as shown in 

Table 5-1. 

Table 5.1 Quantitative Table of Construction Characteristics 

Quantitative 

values 

Foundation 

types 
Structure types 

Number 

of storeys 

Doors and 

windows 

Exterior 

wall 

decoration 

Walls 
Flat 

layout 

1 
Brick strip 

foundation 

Brick-concrete 

structure 
6 storeys 

Wooden 

doors and 

windows 

Dry wall 
Hollow 

bricks 

One 

bedroom 

and one 

living 

room  

2 

Reinforced 

concrete 

strip 

foundation 

Framework with 

prefabricated 

panels 

5, 7 

storeys 

Wooden 

doors and 

plastic 

windows 

Dry dash 
Standard 

bricks 

Two 

bedrooms 

and one 

living 
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room 

3 

Cement 

injection 

pile 

reinforced 

concrete 

strip 

foundation 

Cast-in-place 

workframe 

8, 9, 10 

storeys 

Wooden 

doors and 

aluminum 

windows 

Granitic 

plaster 

Building 

blocks 

Two 

bedrooms 

and two 

living 

rooms 

Three 

bedrooms 

and one 

living 

room 

4 

Raft 

reinforced 

concrete 

strip 

foundation 

Frame-shearwall 

structure 

11, 12, 13 

storeys 

Aluminum 

doors and 

windows 

Facing 

brick 

Reinforced 

concrete 

diaphragm 

plates 

Three 

bedrooms 

and two 

living 

rooms 

5 

Reinforced 

pile 

foundation 

 
14, 25, 16 

storeys 
   

Four 

bedrooms 

and two 

living 

rooms 

6 

Reinforced 

concrete 

box 

foundation 

 
17, 18, 19 

storeys 
    

…… …… …… …… 
…

… 

…

… 
…… …… 

And then, based on the matlab programming, firstly quantify the above text 

description as values and read into matlab, and then use the GA-FUZZY-BP algorithm 

for learning and store the result weights in knowledge base to establish a 

sub-knowledge base, providing assistance to the estimate of new samples.  

As Table 5-1 shows, each construction sample adopts seven indicators to achieve 

presentation of characteristics.  

Network input: 

  7,,...,2,1,,...,, 21  nmkPPPP nkkkk  

Where, there are m group of construction project samples in total and each sample 

has seven elements. 

In summary, the quantitative description of any construction project model is 

presented as:  
 ijiii tttT ,...,, 21

 

Where, Ti refers to the sequence number of construction project i (i = 1, 2, ...); tij 

(j = 1, 2, ..., 7) represents the quantitative value of characteristic j of project i. For 
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example, the number i construction project has brick strip foundation, brick-concrete 

structure, 5 storeys, aluminum doors and windows, dry-dash exterior wall, standard 

bricks and three bedrooms and one living room, and it quantitatively described as Ti = 

(1, 1, 2, 3, 2, 2, 3).If the characteristic consists of several types, its quantitative 

description is based on a weighted mean value calculated by proportion 
[154]

. 

Normalization not only can eliminate singular matrix, but also improve the 

accuracy of output data. As Table 5.2 shows, there are 18 typical samples obtained 

from 20completedconstruction projects in Hong Kong.  

Table 5.2 Quantitative Data on Typical Sample Characteristics of Completed Construction Project 

Case 

Number 

N 

Foundation 

types 

 ti1 

Structure 

types 

ti2 

Number 

of 

storeys 

ti3 

Doors 

and 

windows 

ti4 

Exterior 

wall 

decoration 

ti5 

Walls 

ti6 

Flat 

layout 

ti7 

1 1 1 2 1 1 2 2 

2 3 1 2 3 3 2 4 

3 3 1 1 1 2 2 2 

4 1 1 1 1 1 1 2 

5 1 1 1 3 2 2 3 

6 2 1 2 3 3 2 4 

7 3 1 1 1 2 2 4 

8 4 1 2 3 3 2 5 

9 2 2 4 3 3 3 4 

10 3 2 5 3 3 3 3 

11 4 2 6 3 3 3 4 

12 5 2 4 2 4 3 4 

13 5 4 6 3 4 2 4 

14 5 2 4 3 3 3 4 

15 6 2 3 3 3 3 4 

16 6 3 4 3 3 3 3 

17 6 2 4 3 4 3 4 

18 6 4 6 3 4 2 3 
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19 2 1 1 3 2 2 2 

20 5 4 7 3 4 3 4 

 

Normalization is the first step of classification and its code is as follows: 

load building.mat 

data=building; 

data=data(:,2:12); 

size(data) 

P1=data(1:18,1:7); 

P=P1'; 

[Pn,Ps]=mapminmax(P); 

5.1.6 Network design 

In view of the limitations of 7-dimensional space data visualization in Table 2, a 

3-dimensional space is thereby taken as an example, that is, to pick out 3 from the 7 

characteristics as input. 

The 5 main parameters are set as: 

1. Total number of samples: 

18nP
 

2. Dimension of input vector: 

3N  

3. The initial learning rate: 

1.00 
 

4. Number of nodes: 

6*6M  

5. Maximum number of learning: 

1000Maxepoch  

When the network starts training, the class mode uses the winner from the 

competition of input nodes, and then defines all the nodes within a certain radius by 

taking a winning node as the center, that is, the neighborhood node, and adjusts the 

similar weight matrix. With the training continues, the radius of the winning node k 
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will gradually decrease until only the winning node k left. It is to say, at the initial 

stage of training, not only is the weight of winning node adjusted, but also the 

surrounding geometric neighborhood nodes are adjusted accordingly. With the training 

process goes on, the weight matrix connecting with the winning output node will get 

closer and closer to the mode class it represents, and then the weight of winning node 

will be slightly adjusted and neighborhood will also be adjusted accordingly. At last, 

the weight vector connected by adjacent output nodes on the topological structure 

becomes both distinguished and related, which guarantees the input mode of a certain 

class
[155]

. 

In order to clearly describe the working process of SOFM, there are 6 steps as 

follows.  

(1) To design a two-dimensional self-organizing feature mapping network with 

6*6 neuron layers. The sample data distribution is shown in Figure 5-1. By using the 

following codes, we can observe the distribution diagram of sample data.  

plot(Pn(1,:),Pn(2,:),'*'); 

axis([-2 2 -2 2 -2 2]); 

 

 

Figure 5.1 Diagram of Sample Data Distribution 

(2) To establish a self-organizing network. By using the function newsom, to 

create a SOFM network with 36 neurons to classify the input vector. As a result, the 

structure of network competitive layer can be composed of 6*6 two-dimensional 

distributed neurons. The code can be written as follows. 

net=newsom(minmax(Pn),[6 6]); 

plotsom(net.layers{1}.positions); 
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Where, Pn is the input vector derived from Table 5-2; the minmax(Pn) defines the 

maximum and minimum value of input vector elements; the [66] means that the 

competitive layers building the network is in the structure of 6*6. As the network 

structure can be adjusted and the sample size here is not large, such a competitive layer 

is appropriate. And, the topology of neurons is shown in Fig. 5-2. 

 

Figure 5.2 Topological Structure of Neurons 

figure; 

plotsom(net.IW{1,1},net.layers{1}.distances); 

(3) In the initial state of network, the distribution of neuron weights is shown in 

Figure 5-3, from which, we can see, the network weight without training is located in 

the center of vector space. By using the following codes, the state of initial neurons 

can be observed. 

figure; 

plotsom(net.IW{1,1},net.layers{1}.distances); 

 

Figure 5.3 Distribution of Neuron Weights in the Initial State 

(4) Network training. To set the training parameters and apply the function train() 
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to train the network. In the training process, codes can be expressed as:  

net.trainParam.epochs=1000; 

net=train(net,Pn); 

The network weight then begins to move to the input vector. To draw the weights 

of network neurons, that is, the clustering center of each type of sample data as shown 

in Figure 5-4. 

 

Figure 5.4 Diagram for Weight Movement in the Training Process 

(5) To train the network. After training, network weights will narrow the scope of 

neighborhood gradually through sequencing. At last, each neuron in the competitive 

layer after adjustment presents an input area, and the position of adjacent neuron 

weight vector also reflects the topology of input vectors. The training code is: 

net.trainParam.epochs=3000; 

net=train(net,Pn); 

figure; 

plotsom(net.IW{1,1},net.layers{1}.distances); 

To draw the weight of neurons after re-training as shown in Figure 5-5.  

 

Figure 5.5 Diagram for Weights of Neurons after Re-training 
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(6) Network testing. The network after training will freely sort the input vector. 

And then, the vector M is applied to test the network through sim() function simulation 

and a group of new data M = [0.5; 0.5; 0.5; 0.5; 0.5; 0.5; 0.5] is used to test the 

network performance. The test code is:  

M = [0.5; 0.5; 0.5; 0.5; 0.5; 0.5; 0.5]; 

a = sim (net, M) can be obtained 

a =  

(29,1) 1 

Where, a refers to the network output, the first parameter (29,1) refers to the 

winning neuron and the second parameter 1 presents the output of neurons of the 

category. It can be seen that vector M can be assigned to the input category of the 

29
th

neuron.  

5.1.7 Classification and estimation 

Take the 7-dimensional feature parameter as an example of clustering result. 

Through analysis on the results, we can see that when the number of training steps is 

10, the samples numbered as 1,3 and 4 are classified into a class. Compared with Table 

2, the three samples are low-cost projects; while the samples numbered as 2, 5 and 6 

are classified into a class, which are medium-cost projects; samples numbered as 

9,10,11,12,14,15,16 and 17 are classified into a class, which are relatively high-cost 

projects; and samples numbered as 13 and 18 classified into a class, which are 

high-cost projects; otherwise, the sample numbered as 7 and 8 are classified into 

separate classes, which are extremely low-cost project and extremely high-cost project 

respectively. Thus, the network has already preliminarily classified these samples, 

which is accurate but not precise enough 
[156]

. 

When the training steps reach 100, number 13 and 18 samples are classified into a 

class, number 15 and 17 samples are classified into a class and others are classified 

into a class respectively. This classification is more refined.  

When the training steps reach 6,000, each sample is divided into a class, which is 

consistent with the actual situation. At this moment, if we strive to further improve the 

training step, it has no any practical significance. 
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Table 5.3 Clustering Results 

Training 

steps 
Clustering results 

10 30  24  30  30  24  24  36  3  4  4  4  4  1  4  4  4  4  1 

100 31  2  27  25  13  7  33  1  9  16  17  36  30  11  12  18  12  30 

6000 2  26  3  1  13  19  4  31  15  28  33  6  35  17  18  24  12  36 

When the training steps reach 6,000, each sample is divided into a class, which is 

consistent with the actual situation. At this moment, if we strive to further improve the 

training step, it has no any practical significance. 

Construction cost estimate:  

This dissertation is planned to adopt the engineering features of construction 

projects as the object of study and expected to use matlab to achieve the function of 

cost estimate. Engineering features have different categories of features. According to 

the “Building Construction Technology” mainly edited by Zhang Xi and published by 

the China Planning Press on March 2008, the standards for classification of 

construction projects adopts seven indicators as the feature indicators, including the 

foundation type, structure type, number of storeys, doors and windows, exterior wall 

decoration, walls and flat layout. Taking the engineering data of 11 construction sites 

as training samples, including the Tian Shui Wai Public Library, Sun Yat Sen Memorial 

Park and Swimming Pool in Hong Kong and Yuanzhou Village Phase 5, according to 

expert experience, we select 7 feature elements of construction projects here, including 

the foundation type, structure type, number of storeys, doors and windows, exterior 

wall decoration, walls and flat layout to obtain the cost v by unit cost per square meter 

(take the cost of wood as an example).  

Table 5.4 Data on 11 Construction Sites Used as Training Samples 

Site 

sample 

Foundation 

type 

Structure 

type 

Number 

of 

storeys 

Doors 

and 

windows 

Exterior 

wall 
Walls  

Flat 

layout 

Cost of 

consumed 

wood v 

1 1 1 2 1 1 2 2 0.006 

2 3 1 2 3 3 2 4 0.004 

3 2 1 1 1 2 2 2 0.007 

4 1 1 1 1 1 1 2 0.005 

5 1 1 1 3 2 2 3 0.005 

6 2 1 2 3 3 2 4 0.004 

7 3 1 1 1 2 2 4 0.004 
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8 4 1 2 3 3 2 5 0.004 

9 2 2 4 3 3 3 4 0.004 

10 3 2 5 3 3 3 3 0.003 

11 4 2 6 3 3 3 4 0.004 

 

 

We have known the quantitative data and project cost of 11 similar construction 

sites for training samples, as shown in Table 5-1.  

First, we use BP for direct training to obtain an error E = 2.9069 from the training 

process. But, the gradient is very small. At this moment, we can believe that it has 

fallen into a local minimum and the evolutionary algorithm is needed to optimize it, 

which not only need to reduce the training error, but also increase the gradient. 

5.1.8 Results analysis on GA-directly-trained BP network 

By using the GA to directly train the BP network [6], an error E = 1.0052 is 

obtained within 9.705276 seconds with an increase in the gradient. Apparently, it has 

jumped out of the local minimum. The result is shown in the figure below. 
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Figure 5.6 Results of GA Directly Training BP 

After a search for about 500 generations, the average fitness of chromosomes 

tends to be stable. The curve of sum of squared errors and curve of fitness are shown in 

the figure. 

5.1.9 Results analysis of GA-BP algorithm 

The result of GA-BP algorithm [1] is shown in the figure below:  

 

 

Figure 5.7 Results of GA-BP Algorithm 

By using the GA-BP algorithm, an error E = 0.0059 is obtained within 7.892145 

seconds. Through a search for about 600 generations, the average fitness of 

chromosomes tends to be stable. The curve of sum of squared error and fitness curve 

and shown in the Figure. 

5.1.10 Results analysis of fuzzy neural network 

The result of fuzzy neural network is shown in the figure below:  
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Figure 5.8 Results of Fuzzy Neural Network Training 

By using the fuzzy neural network, an error of E=0.0019 is obtained within 

197.460613 seconds. After 90 steps, errors tend to be stable.  

5.1.11 Results analysis of evolutionary fuzzy network 

 

The result of evolutionary fuzzy neural network is shown in the figure below: 

 

Figure 5.9 Genetic Fuzzy Neural Network Training 

By using the GA-FUZZY-BP algorithm, an error E = 0.0019 is obtained within 

11.678652 seconds. Through a search for about 200 generations, the average fitness of 

chromosomes tends to be stable. The curve of sum of squared error and fitness curve 

and shown in the Figure.  

In order to more intuitively understand experimental results, the following table 

lists the comparison results: 

Table 5.5 Comparison of Algorithms and Performance 

Experimental algorithms Time used (s) Fitness value running for 700 

generations 

Errors 

BP 20.507800 N/A 2.9069 

GA and BP 9.705276 0.531970 1.0052 
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GA-BP 7.892145 1.175948 0.0109 

F-BP 197.460613 N/A 0.0019 

Generalized fuzzy network 11.678652 46898.204841 0.0019 

BP and fuzzy neural network is not involved with GA optimization, so the column 

of the fitness value after running 700 generations which based on GA does not 

applicable. 

From the above table, it can be drawn that the GA-optimized network takes less 

time to calculate errors than simple network. In the above three networks based on 

evolutionary algorithm, the evolutionary fuzzy neural network has the minimum errors 

and the maximum fitness value, which is better than the GA-directly-trained BP and 

GA-BP algorithm. From comparisons of the five algorithms, both fuzzy neural 

network and evolutionary fuzzy neural network have the minimum error rate of 0.0019, 

but the latter takes much shorter time than the former one. Therefore, we conclude that 

the evolutionary fuzzy neural network is the best one in the five algorithms.  

5.1.12 Conclusions 

The improved algorithm is significantly makes network training speed faster, and 

overcome the shortcomings of BP like local minimum and difficulty in knowledge 

representation, to achieve global optimization. Genetic algorithms simulates the real 

event better, based on the uncertainty of probability to optimization, using random 

search and parallel computing therefore does not require the continuity and 

differentiability of the problem. 

The improved algorithm also has same disadvantages with the previous four 

algorithms:  

1. The prediction by using models needs a lot of training samples. If there is no 

enough data, the prediction accuracy will be affected, and even the intended purpose 

can’t be achieved;  

2. Factors used to determine the quantification not just include the seven 

mentioned here, but also include many social, economic and other unpredictable 

factors;  

3. The manner of transferring text descriptions in parameters into digital forms 

will also affect the predicted results.  
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5.2 Construction Project Tender Offers 

Tender offer is a decision-making process of construction enterprises taking the 

project price as the main decision criteria. The bid price decision refers to the optimal 

bid price decision made by decision makers by using the bid makeup decision model 

and own experience, intuition, etc. to adjust the budget offer, that is, to calculate the 

so-called “bid makeup” in order to achieve the basic objective of winning the bid and 

making profits after a decision on whether submitting a tender for project is made and 

the direct cost is determined by the contractor through a series of calculations, 

assessments and analysis. Tender offer is the core of project bidding, which is directly 

related to the success or failure of the contractor who submits a tender. A reasonable 

bid price plays a critical role in the tender. If the tender offer is too high, the bidder 

may lose the chance to win the tender; while the tender offer is too low, the bidder may 

suffer risks of loss even winning the tender. Therefore, engineering companies should 

control the total offer to a project from a macro perspective to provide an appropriate 

one in order to achieve the purpose of winning, but also to obtain better economic 

efficiency. 

The adjustment in bid price is a very important decision-making issue in the 

bidding process and its efficiency may be directly related to the survival and 

development of construction enterprises. Under normal circumstances, construction 

companies often have short preparation time and heavy workload from receipt of 

bidding documents to the submission of tender. During this period, a number of 

personnel may be involved in. In addition, the decision on the tender offer is often 

made based on the analysis and synthesis of a large amount of feature information at 

different levels. At present, there have been various construction project bidding 

models established by using different methods both at home and abroad. However, as 

the model of tender offer based on traditional technology requires extensive knowledge 

of mathematics and statistics and has a too high development cost, while the 

generalization of model based on early single intelligent method is not strong enough, 

their practical applications have been greatly restricted and they are unable to adapt to 

the fierce market competition and meet the practical needs of tender offer. Therefore, 
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from the perspective of theoretical development and practical application, the research 

on new models based on characteristics of tender offer becomes very necessary. 

Currently, a variety of Artificial Intelligence (AI) methods has been greatly 

developed and has been widely used in various fields. As the intelligent system 

independently implemented through a single method has some limitations, the 

combination of various artificial intelligence methods has become a focus of research. 

Neural network (NN) is a nonlinear dynamic system simulating the structure and 

function of human brain neural network, which is composed of a large number of 

simple processing units. It is characterized by massively parallelism, storage 

distribution, structure variability, highly nonlinear, self-organization and self-learning 

and so on. It is able to approach to the complex nonlinear relationship with high degree 

of robustness and fault tolerance. These characteristics provide it with broad 

application prospect in information processing, pattern recognition, intelligent control 

and other fields. However, the neural network is not suitable for the presentation of 

explicit knowledge. From the perspective of system modeling, the neural network 

adopts a typical black-box learning model. As a result, when the learning finished, the 

input-output relationship obtained by neural networks can’t be presented in an 

acceptable form, which reduces the intelligibility of this model. 

5.2.1 Model of bid price for construction projects 

1. The model of bid price based on probability theory  

In 1956, Friedman proposed the first model of bid price – friedman model, which 

wins the tender with the lowest bid price through calculating the rate of the contractor 

to win each competitor to calculate his winning probability
[157]

. It assumes the rate of 

contractor to win each competitor is independent and non-interfering and calculates the 

probability to win all competitors. Since then, many scholars have proposed some 

improved models on the basis of the Friedman model, but their common ground is 

based on the probability theory. 

In1967, Marin Gates improved the Friedman model, which takes the 

interdependence and interaction of various competitors’ offers when calculating the 

winning rate of the contractor
[158]

.  
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The decision-making model of bid price based on probability theory has a clear 

concept, clear thinking, simple principles and relatively easy solution process, which 

can reflect the historical situation of competitors. However, it only considers a single 

influence factor–conditions of competitors. This model requires to deeply 

understanding relevant data and information about competitors in the past tenders and 

assumes that competitors’ bidding mode keeps unchanged.  

However, it is difficult to obtain complete information on actual tenders. 

Moreover, the bidding strategy adopted by competitors shall never keep unchanged. To 

this end, the model of bid price based on probability theory has great limitations in 

practical applications.  

2. The model of bid price based on multi-decision-making analysis technique  

In1990, Ahmad applied the decision-making analysis technique to solve the 

problem of tenders
[159]

, which takes four factors and 13 sub-factors into account. In 

addition to A_hmad decision-making model, Seydel
[153]

 and other scholars also have 

made a lot of researches on the model of bid price based on multi-decision-making 

analysis techniques. This model is characterized by an increase in the output accuracy, 

which fully considers the uncertainty in cost prediction and distribution and allows 

decision makers to add subjective factors. So, it has clear thinking and is easy to be 

understood and easy to operate: 

But, a lot of inputs of this model are evaluated by experts with a high subjectivity. 

In addition, it assumes that all factors have positive impacts on weighted sum of 

projects, but not considers that some factors have negative impacts. So, it does not 

fully take factors influencing on tender offers into account. Otherwise, as its 

development cost is too high, it is difficult to promote in practice. 

3. Parameter-based model of bid price 

It is proposed by Wanous. In order to simulate the bidding decision-making 

process
[161]

, it is necessary to identify parameters affecting the decision making firstly. 

Wanous completes questionnaires through the designed six semi-structured 

face-to-face interviews to transfer the actual decision-making process into a brief 

model, extracts parameters of each influencing factor from the questionnaire and uses 

them to calculate the tender index rules and make bidding decisions based on the index 
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rules. This model is simple in form and easy to understand with a consideration on the 

positive and negative impacts of two types of factors on the tender. However, all the 

parameters are derived from the contractor’s judgments with high subjectivity and 

without use of historical data, and parameters obtained from statistics are regional, 

which means that it needs more work when this method is used in other areas.  

4. Model of bid price based on expert system  

The so-called expert system is an intelligent software system with automatic 

reasoning ability based on expert knowledge. Such a system divides the knowledge 

used by experts in the process of solving problems into facts and rules, stores them in 

the computer in appropriate form to constitute a knowledge base, applies the stored 

knowledge to select a reasonable reasoning mechanism, and simulates experts to solve 

problems based on the information provided by users. Then, Tavakoli and Utomo
[162]

 

and Dawood
[163]

 respectively apply the expert system to tender offers of construction 

projects and provide the bid price system with intelligent features. This method is 

simple to use and considers a variety of factors. However, the expert system is a 

rule-based system, while the bid price decision is dynamic and has a high degree of 

uncertainty, which determines that a set of rules defined therefrom can’t adapt to any 

environment of tender offers. Otherwise, it is very difficult to get the “experience” here 

and to ensure a high accuracy.  

5. Model of bid price based on artificial neural network  

The neural network is a robust and nonparametric method with strong nonlinear 

mapping ability, strong experience-learning capacity and a high classification accuracy. 

It adopts a distributed storage structure and is capable to process the untrained data, 

interfering or incomplete data with a good fault tolerance; it also can take massively 

parallel processing, continue to accept new samples and new experience and adjusts 

the model continuously with a strong adaptability, dynamic features and generalization 

capability. Therefore, this technology is applied to the study of model of bid price.  

In1993, Hegazy and Moselhi proposed a multi-factor NN model of bid price
[164]

, 

which takes many factors affecting the bid price into account and determines the 

weight. By using the 3 classes of data of the cases of tender offer (company’s own data, 

data required by the contractor to prepare the bid price for the current project and data 
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of typical competitors), it trains the neural network(single hidden-layer network BP 

algorithm) and determines the bid markup with a given wining rate. Heng Li studied 

the accuracy of ANN model in 1996
[165]

 and proposed the ANN model with a 

self-explanatory power in 1999
[166]

. Its rules extraction method has certain universality, 

providing an algorithm for the expert system to extract rules and build knowledge base. 

In 2002, Yang Lan rong also proposed an ANN-based markup-determining rule model, 

which determines the rules of bid markup through the neural network by use of 

Regulation Forming algorithm
[167]

. In 2003, Mohammed Wannous proposed a “Bid / 

No Bid” model
[168] 

based on the neural network, which has obtained fairly good results 

in practice. However, the neural network is a typical black-box learning model and the 

obtained weights have no specific meaning, which is difficult to be accepted by people. 

As a result, it has been restricted to be widely applied.  

6. Model of bid price based on fuzzy logic  

The advantage of fuzzy system theory lies in its logic and transparency, which has 

reasoning ability and higher information processing capability and is able to unify the 

previous system-related knowledge into the fuzzy rule set and present in a way easy to 

be understood by people.  

The bid decision-making is a fuzzy decision process indeed, while fuzzy logic is 

an effective tool applied to this process. Many scholars have done a lot of researches 

on this issue. M.He and his partners applied the fuzzy reasoning to the tender offer in 

1994 and proposed a computer implementation solution
[169]

. In 1998, Aminah proposed 

a competitive model of bid price based on the theory of fuzzy set and provided 

corresponding  software  systems-Project Estimating and Tendering Tool
[170]

. 

The fuzzy high-speed model of bid price has changed the subjective estimation by 

virtue of experience in the past due to lack of detailed information about the project. It 

adopts the theory of fuzzy mathematics for a reasonable quantitative, providing the 

more objective bid price, and also applies the membership degree of related feature 

vectors to solve the problems in site selection of similar projects as the original 

parameter of prediction. In addition, it comprehensively takes main factors affecting 

the project cost into account, covering all aspects of the project cost, and has the 

characteristics of intelligent algorithm. However, the extraction of fuzzy rules is not 
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self-adaptive and there are a large number of models on the basis of detailed 

knowledge, which limits its wide application. 

7. Case-based reasoning model of bid price  

The artificial intelligence tender offer based on case reasoning technology is one 

of hot research topics now. Yang Lanrong and her partners put forward a case-based 

reasoning model for bid makeup decision (CBRMBMD). Its basic idea is that the bid 

makeup of a new tender project can be obtained by analogy and searching for and 

adjusting the bid makeup decisions of previous similar projects. And then, Chua and 

his partners build a case-based reasoning bid system (CASEBID) according to four 

categories of factors that affect the bid makeup and use Monte Carlo method to test the 

effectiveness of system. However, the case-based reasoning method also has a certain 

limitations, which requires a lot of case libraries and knowledge bases. 

8. The model of bid price by combining a variety of intelligent methods  

As the bid price decision is highly dynamic, fuzzy and uncertain and any separate 

intelligent method has its own defects, it has become a trend in recent years to combine 

various intelligent methods and apply them to the tender offer. In 1998, Li and Love 

developed an expert system for bid price based on ANN and production rules
[171]

. 

Since the advantages and disadvantages fuzzy systems and neural networks are 

obviously complementary, the fuzzy neural network combining the self-learning ability 

of neural network and reasoning capacity of fuzzy network has unparalleled 

advantages in applications of tender offers, which therefore has become a hot research 

topic.  

In a word, the establishment of model of bid price for construction projects can’t 

be improved and resolved with a single method, however, the development and 

improvement of artificial intelligence technology and its inter-disciplines provide a 

possibility for accurate bid price decisions. Therefore, it is very necessary to research 

and explore a modeling method combining with the theory of artificial intelligence, 

which is significant for the survival and development of construction enterprises.  

5.2.2 Main factors affecting construction project quotation 

In the process of tender offer, it is very important to determine the main factors 
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affecting the bid price decision. Many researchers have proposed various combinations. 

Due to the fear of missing important variables, researchers usually consider variables 

as much as possible. But, if all variables are taken into account, it will lead to a large 

amount of calculation, but also may directly affect practical applications of the whole 

system. Therefore, this dissertation adopts nine factors after selection of variables in 

few documents as the input variable (their definitions and value ranges as shown in the 

table), the bid makeup as the output variable, 70 groups of data obtained from practice 

as training samples (including 10 groups of sample data as shown in the table) and 5 

groups of data as the test sample for generalization ability to simulate the above 

network. 

Table 5.6 List of Main Factor Affecting Project Costs 

Variables Cost-estimate 

Factors 

Definitions ValueRange 

X1 Market 

conditions 

Current market conditions in 

the construction industry 

Good=1; Medium=0.5; 

Poor=0 

x2 Number of 

competitors 

Number of companies 

submitting tenders 

Max=20; Min =1 

x3 Startup capital Estimated capital needed RMB/HKD 

x4 Indirect rates Indirect rate required Percentage  

x5 Labor  Adequacy of labors Yes=1; No=0 

x6 Project site Whether the project is within 

the Company’s business 

scope 

Yes =1; No=0 

x7 Project 

complexity 

Complexity of the project High=1; Medium=0.5; 

Low=0 

x8 Construction 

period 

Comparison with the time 

specified in the Invitation for 

Bids 

Advance=1; 

Scheduled=0.5; 

Delayed=0 

x9 Construction 

conditions 

External environment 

allowing the construction 

Good=1; Medium=0.5; 

Poor=0 

From the definitions of factors influencing the bid price decision in the table, it 

can be seen that market conditions, number of competitors and indirect rates reflect the 

current market economic conditions from different aspects; while the start-up capital, 

construction period, project site and project complexity describe various features of the 

project; and the construction conditions and labors reflect the operation of contractor 

from different aspects. 
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Table 5.7 Bid Price Markup 

Bid markup 

Market situations  

Market conditions 

Number of competitors 

Indirect rates 

Company situations 
Construction conditions 

Labors  

Project situations 

Project complexity 

Project site 

Construction period 

Startup capital 

5.2.3 Input and output data 

Table 5.8 Bid Price Estimation 

No. 

Market 

conditi

ons 

Number 

of 
competit

ors 

Startup 
capital 

Indirect rates Labors 
Project 
site 

Project 

comple

xity 

Construct

ion 

period 

Construct

ion 
condition

s 

Bid 

makeu
p 

1 0.5 4 0.1000 3.7 0.5 1 1.0 0.3 0.6 6.4 

2 0.0 9 0.0873 6.3 1.0 1 0.5 0.8 0.5 7.6 

3 1.0 7 0.0726 4.5 0.5 1 0.0 0.6 0.6 8.0 

4 0.5 6 0.0781 5.0 0.5 1 0.5 0.4 0.6 7.4 

5 1.0 4 0.0388 5.2 1.0 1 0.5 0.8 0.5 7.2 

6 0.5 5 0.1140 6.3 1.0 1 0.5 1.0 0.5 8.3 

7 1.0 8 0.0510 4.2 0.5 1 1.0 0.7 0.5 6.8 

8 1.0 6 0.0760 5.8 1.0 0 1.0 0.6 0.4 7.6 

9 0.5 7 0.0897 4.7 0.5 1 0.5 0.5 0.5 7.9 

10 1.0 5 0.0871 4.0 0.5 1 0.5 0.4 0.5 7.1 

„

„ 
„„ „„ „„ „„ „„ „„ „„ „„ „„ „„ 

5.2.4 Application settings 

Firstly, a normalized pre-processing is conducted for the sample data. The input and 

output values of samples are between [0.1,0.9], which is conducive to speed up the 

network’s learning speed and avoid the maximum value and minimum value of 

Sigmoid function. The nine factors after processing are used as the network model 

input. And then, the above mentioned fuzzy rules extraction method is adopted to: first, 

obtain the maximum number of useful rules, 70 from the 70 groups of training samples; 

then, delete rules with low appearance probability and integrate repeatable rules into 

one to get an effective number of fuzzy rules, 37; set 37 as the number of nodes in the 

third layer of antecedent network and the number of nodes in middle layer and 

multiplier layer of seccedent network. In the case of number of nodes in the input and 
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middle output layer is identified, the empirical formula h = (n + m + a)1/2 is used to 

initialize the number of nodes in the hidden layer, in which, n is the number of 

input-layer nodes, m is the number of middle-layer nodes in seccedent network and a 

is a constant between 1 and 10.Throughsimulating the identified network structure 

according to conditions provided in the table and adjusting the number of hidden-layer 

nodes, the number of nodes in the hidden layer is finally identified as 8.  

Table 5.9 Nodes in Hidden Layer of the Network 

Name of parameters Selecting methods 

Network input 9 

Desired output 1 

Number of hidden-layer nodes 8 

Initial central value Input the mathematical expectation of variables 

Initial weight -0.4~0.4 

Initial width Input the variance of variables 

Seccedent network learning rate 1.0 

Antecedent network learning rate 1e-5 

Number of trainings 200 

After 200 trainings in accordance with the above simulation conditions, the 

decrease in training error and generalization errors is no longer evident. 

5.2.5 Results 

Compared with the improved BP model and multi-input fuzzy neural network, the 

generalized fuzzy network model have more advantages in either error precision or 

generalization ability. Specifically, after 200 steps of network learning, the training 

error of the network model used here drops down to 0.0103, while the improved BP 

network and MFNN network have an error of 0.0437 and 0.0383 respectively.  

In the actual running process, as parameters to be adjusted in the generalized 

fuzzy network are less than in MFNN, every step of adjustment requires less time. So, 

the network we adopted here can achieve convergence with a faster speed.  

Since each tender couldn’t be identical with the past, the obtained actual data used 

for prediction will be different from the training sample data. In order to get better 

prediction results, it requires the network model with good generalization ability. So, 

the generalization ability of network is more important in practical applications. 

Compared with the improved BP network and MFNN network, the generalized fuzzy 
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network has better generalization ability due to its smaller network structure, can 

achieve a high error precision and promotes errors to a downward trend without 

oscillation. After 200 steps, the generalization error of improved generalized fuzzy 

network drops down to 0.0204, while that of the improved BP and MFNN network are 

0.0730 and 0.0509 respectively, from which, we can see the generalization ability of 

generalized fuzzy network has been significantly improved as shown in the table.  

Table 5.10 Comparison of Network Models and Performance 

Network models 
Final training 

errors 

Final generalization 

errors 

Average error 

rate 

BP 0.0437 0.0730 6.47 

MFNN 0.0383 0.0509 4.14 

Generalized fuzzy 

network 
0.0103 0.0204 

2.37 

5.3 Cost-price fluctuation factor 

The cost factors of Projects construction enterprises ups and downs because of the 

fluctuations in the market, such as staff salaries, administrative costs and materials 

prices. Mainly due to various internal and external environment of different factors. 

This section summarizes the type of the price fluctuation factor, extent and impact 

factors, the introduction of time series forecasting, the use of generalized fuzzy 

network and extent of mining factors inherent to achieve the construction business 

management needs. 

Price fluctuation factors has been applied to predict Hong Kong's bid cost, budget 

activities, such as price fluctuation factors based on cost projections estimated project 

cost of each part of the proportion of the contract amount. Traditional methods rely on 

the knowledge and experience, reliability, low error rate. Price fluctuations in the cost 

factor in completing the statistical tools of historical data, combined with the cost of 

price volatility factor time series forecasting method to report it, help to improve the 

science and accuracy. 

Generalized fuzzy network to address the cost price volatility factor of innovation 

embodied in the expert advice and parameter settings, as well as reduce the impact 

factors of dimension analysis. View of the broad scope of application of fuzzy network 
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wide price fluctuation factors in the cost do not establish a precise mathematical 

prediction models and assumptions. Experimental results show that compared with 

traditional methods, the use of generalized fuzzy network to solve the cost problem of 

price fluctuation factor has a higher accuracy and more complete prediction set. 

5.3.1 Time series model 

The time series prediction of cost-price fluctuation factors is to use certain 

methods to explore the features, development law and trend of cost-price fluctuation 

factor sequence and forecast the state of cost-price fluctuation factors at some future 

moment based on historical data of these factors.  

The time series is typically characterized by the dependence between adjacent 

observations. The traditional problems of time series are mainly solved by two 

methods. The first one is to build time series models according to the basic principles 

of data, such as the Capital Asset Pricing Model (CAPM).However, these models are 

usually built on ideal assumptions, but have a great gap with the reality in normal 

circumstances. Therefore, their practical applications are not ideal as expected; the 

other one is the statistical observation on time series. This method is based on actual 

data and applies statistics to study on the law of change. From the economic point of 

view, it lacks theory; but in practical applications, it is often more useful than the first 

method. The main models of the second method include auto-regressive (AR) model, 

moving average (MA) model, auto-regressive moving average (ARMA)model and 

auto-regressive integrated moving average(ARIMA) model, in which, the last one is a 

widely used model and achieves fitting of time series mainly based on the selection of 

model parameters and identification of model coefficient. In addition, the second 

method can be used to achieve model testing and evaluation in the first method. 

1. Auto-regression (AR) model  

The auto-regressive process refers to the change of a variable at some time point. 

Compared with the previous changes, the auto-regressive process is linear.  

In general, the correlation shows a trend of decrease in index with time goes on 

and will disappear within a relatively short period. For example, the second order 

auto-regressive (AR (2)) process is:  
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Cn = en + aCn−1 + bCn−2 

Where, Cn is the change of C at time point n, 0 ≤ C ≤ 1; a and b are constants 

with |a| ≤ 1and|b| ≤ 1; e is a noise sequence with the mean value and variance are 0. 

As the change of time n involves in changes in the last two cycles, it is called the 

second order auto-regressive (AR (2)) process. When the change of C at time point n 

depends on previous q cycles, there is a Qth order auto-regressive process (AR (q)). 

When the change of C at time point n depends on variable q and changes in previous q 

cycles are used as variables, it can be called as a regression. Generally, there is no 

long-term upward or downward trend in the mean or variance.  

In the high-frequency time series, there is usually obvious auto-regressive trend 

due to the most basic data and interaction between the data. However, if the time 

interval becomes longer, resulting in decrease in interaction between the data, this 

process may reduce an AR (1) or AR (2) process.  

2. Moving average (MA) model 

In the moving average model, the time series is the result of unobserved average 

moving of time series, such as: 

Cn = en−1C + en 

Where, e is an independent and identically distributed random variable; and c is a 

constant and|c| ≤ 1. 

The restrictions on the moving average parameter C guarantee the conversion of 

the process, because the future events will not affect the current events and the MA 

process is stable: e in MA process is similar to that in the AR process, which is an 

independent and identically distributed random variable with a mean value of 0 and 

variance of r.  

The time series C that has been observed is the moving average result of future 

observed random time series. In the moving average process, there is a linear 

dependence on the results of past and short-term memory. However, different from AR, 

MA only has one cycle of memory. 

3. Auto-regressive – moving average (ARMA) model 

In the auto-regressive - moving average model, there are auto-regressive items 

and moving average items. For example, 
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Cn = aCn−1 + et − bet−1 

Auto-regressive – moving average model is a hybrid model, called as ARMA (p, 

q) for short, in which, p is the number of auto-regressive items and q is the number of 

moving average items. That is to say, an ARMA (2,0) process is same with an AR (2) 

process, while an ARMA (0,2) process is also same with a MA (2) process; but, ARMA 

is also a non-memory process 

4. Auto-regressive integrated moving average (ARIMA) 

Two models of AR and ARMA can form a more general process, namely 

auto-regressive integrated moving average, which is mainly used for unstable time 

series. In the unstable process, there is a tendency to instability in mean value and 

variance. However, the result is stable due to the cumulate differential.  

For example, if there is a growth factor for a long term, the price sequence will be 

unstable and may increase without borders, resulting in the price no longer tend to the 

average value. However, the price changes are stable and the change in price is 

generally presented with percentage. So, the logarithmic difference, namely, first order 

difference can be used for presentation. In some sequences, the higher order 

differential can be used to stabilize the data. 

If Wt is a ARMA (p, q) process, then Ct is considered as the(p, d, q)th order 

integrated ARIMA.  

Where, p is the number of auto-regressive items, q is the number of moving 

average items and d is the number of differential operations required. If Ct is an 

ARIMA (p, d, 0) process, then Wt is an AR (p) process; if Ct is an ARIMA (0, d, q) 

process, then Wt is a MA (0, q) process. The typical ARIMA (p, d, q) model uses 

integer differential.  

5.3.2 Characteristics of time series of cost-price fluctuation factors 

The time series of cost-price fluctuation factors is often characterized by high 

noise, randomness and nonlinearity.  

Due to the impact of some external factors, the cost-price fluctuation factor may 

fiercely fluctuate to generate many “singularities”. The existence of singularities will 

greatly affect the performance of prediction methods, resulting in oscillation in the 
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solution process and even non-convergence. Therefore, the prediction method is 

required to have a strong stability 
[172]

 . 

The subject of cost-price fluctuation factor lies in changes in the market, while the 

complexity of market and the impact of future events may cause large prediction errors, 

which may dramatically increase over time. Different from general systems, with 

respect to cost-price fluctuation factors, the best matching of sample data can’t 

guarantee the best prediction. And the past and present performance of a prediction 

method can’t represent its future predictions. 

Moreover, the nonlinearity between cost-price fluctuation factors and variables 

influencing on cost-price fluctuation factors requires that the solution has a strong 

ability to deal with nonlinear problems. Currently, most of mature technologies mainly 

can solve linear problems and single-variable nonlinear problems, but can’t 

satisfactorily solve complex and general multi-variable nonlinear problems. The 

deterministic linear relationship causes simple behaviors, but the deterministic 

nonlinear relationship may cause chaos. 

The cost-price fluctuation factor is a multi-variable nonlinear system. Although 

there are some tools describing multivariable nonlinear systems, such as non-linear 

mathematics and dissipative structure theory, in practical applications, there are still 

problems in time series predictions of cost-price fluctuation factors. However, data 

mining provides a new solution, such as support vector machines and neural networks. 

The support vector machine adopts the principle of structural risk minimization to 

transfer the problem of time series into a problem of convex quadratic optimization, so 

as to ensure the global optimality and uniqueness of solutions with a strong ability to 

deal with nonlinear problems. But, the network structure of support vector machine is 

a feedward network structure without feedback. Therefore, there is no memory in 

support vector machine, which limits its application to problems of time series. The 

generalized fuzzy network is an algorithm based on neural network and has a strong 

ability to deal with nonlinear problems; in addition, it can get the desired results even 

under the environment without unclear background. 

In a word, based on the characteristics of time series of cost-price fluctuation 

factor, and with a comprehensive consideration of advantages of nonlinear systems, we 

use the neural network-based methods to solve the application problem of cost-price 

fluctuation factors.  
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5.3.3 Application of generalized fuzzy network 

Neural networks are widely used in time series prediction problems and become 

successful. However, most of neural networks solve the problem of time series 

prediction mainly based on a precondition: a linear or nonlinear relationship between 

the historical data and future data 
[173]

 .For example, BP algorithm-based Multilayer 

Perceptrons (MLP) and Radial Basis Function (RBF) network attempt to identify the 

existing linear or nonlinear relationship, or use functions to present the historical data 

and future data, such as a time series Y(t)(t = 1，2，… ), 

Y(t + 1) = F[X(t)，X(t − 1)，…，X(t − n)] 

Where, Y(t + 1)refers to the output of system at timet + 1, and X(t)，X(t −

1)，…，X(t − n) refers to factors associated with Y. However, the time series 

problem of cost-price fluctuation factors can’t be presented with linear or nonlinear 

functions generally and even can’t be recognized; Moreover, the time series of 

cost-price fluctuation factors may have different features in different periods. If MLP 

or RBF network model is used, the previous network structure and parameters may not 

be applicable to the next step of prediction as time goes on. To this end, a neural 

network algorithm able to continuously modify the network structure and parameters is 

required to solve the time series problems of cost-price fluctuation factors.  

The generalized fuzzy network uses neural network to process fuzzified data or 

knowledge and output defuzzified prediction results. It forms hyper mapping with the 

output hyperplane in the input hyperplane to replace input and output functions of the 

analog network. In the application of cost-price fluctuation factors, compared with 

traditional neural network, it mainly has three features: 

1. Using fuzzy data; 

2. The network structure and parameters can be continuously modified, such as 

nodes and connections in the third layer and the learning speed of nodes;  

3. Node pruning and aggregation function. 

5.3.4 Evaluation criteria for prediction of cost-price fluctuation 

factors 

The generalized fuzzy network has a number of evaluation parameters, such as 

the setup time and training time, but the most important one is the accuracy of 
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predictions
[178]

. 

The evaluation index of accuracy is usually related to the prediction error, that is, 

the difference between the actual and predicted value. This section provides eight 

evaluation indexes on the accuracy, but each has certain advantages and limitations. 

If (ỹ1，ỹ2，…，ỹN)refers to the predicted value, (y1，y2，…，yN)is the 

actual value, N is the number of samples, h is the number of predictions, SỹandSyare 

the standard deviation of ỹand y respectively, r is the correlation coefficient of ỹand y, 

and y̅̃andy̅are the mean value of ỹand y respectively.  

1. Coincidence Ratio  

It refers to the coincidence ratio of the predicted trend and actual trend, which is 

one of the most practical methods to evaluate the predicted value. If the predicted 

value of cost-price fluctuation factor can reflect the increase and decrease of actual 

value, it can be said that the two are coincident. It is defined as follows: 

Coincidence Ratio =
1

N
∑ ai

N

i=1
 

Where, 

ai = {
1，(yi+1 − yi)(ỹi+1 − yi) > 0

0，(yi+1 − yi)(ỹi+1 − yi) ≤ 0
 

Even if there are deviations in the predicted specific increase and decrease, in the 

circumstance of the predicted trend coincident with the actual trend, the difference in 

predicted value only results in the deviation of specific increase and decrease in cost. 

As the cost-price fluctuation factor fluctuates up and down, when the coincidence ratio 

is higher than 80%, it can be considered as very successful. Therefore, in the case of 

coincidence ratio higher than80%, that is, the accuracy rate is significantly higher than 

the failure rate, the prediction for time series of cost-price fluctuation factors is very 

successful. 

2. Root mean square error (RMSE) 

RMSE = √
1

h
∑ (yi − ỹi)2

T+h

t=T+1
 

3. Mean absolute error (MAE)  
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MAE =
1

h
∑ |yi − ỹi|

T+h

t=T+1
 

4. Mean absolute percentage error (MAPE) 

MAE =
1

h
∑ |

ỹt − yt

yt
|

T+h

t=T+1
 

5. Theil Inequality Coefficient 

Theil Inequality Coefficient

= √
1

h
∑ (yt − ỹt)2

T+h

t=T+1
(√

1

h
∑ ỹt

2
T+h

t=T+1
+ √

1

h
∑ yt

2
T+h

t=T+1
)⁄  

6. Bias Proportion 

Bias Proportion =
(y̅̃t − y̅t)2

∑(ỹt − yt)2 h⁄
 

7. Variance Proportion 

Variance Proportion =
(sỹ − sy)

2

∑(ỹt − yt)2 h⁄
 

8. Covariance Proportion 

Covariance Proportion =
2(1 − r)sỹsy

∑(ỹt − yt)2 h⁄
 

The value of root mean square error and mean absolute error depends on the 

absolute value of the dependent variable. Therefore, it is required to use the mean 

absolute percentage error and Theil inequality coefficient to compare the prediction 

result of same sequence in different models. Among them, the smaller the mean 

absolute percentage error is, the higher the accuracy of prediction will be; the Theil 

inequality coefficient is always between 0 and 1, but the small the Theil inequality 

coefficient is, the smaller the gap between predicted and actual value will be; and the 

bias proportion, variance proportion and covariance proportion are mainly used to 

simulate the causes of errors: the bias proportion is used to examine the deviation of 

the mean of predicted value from that of actual value, presenting the system error; the 

variance proportion is used to examine the deviation of the variance of predicted value 

from that of actual value; and the covariance proportion is used to examine the 

remaining non-system prediction error. The sum of bias proportion, variance 

proportion and covariance proportion is 1. If the prediction is highly accurate, then the 
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bias proportion and variance proportion may be small and the covariance proportion 

may be relatively large
[171]

 . 

5.3.5 Selection of sample data and parameters 

1. Selection of sample data  

The selection of data to be predicted includes the selection of sample objects and 

sample size. 

The sample data selection of cost-price fluctuation factors relates to whether the 

prediction can accurately reflect the law of cost-price fluctuation factors and the 

performance of time series prediction model
[174]

. 

Selection of sample object: the time series of cost-price fluctuation factors is an 

unstable dynamic process, which is affected by various factors at home and abroad, 

such as market conditions and macro-control policies, which are important factors 

affecting the future trend. Therefore, sample objects need to select cost-price 

fluctuation factors under normal (stable) circumstances; otherwise, the model can’t 

obtain the main law of time series of cost-price fluctuation factors, but only a special 

law.  

The selection of sample size: In general, the time series of cost-price fluctuation 

factor is periodic and can be divided into long, middle, middle-short and short term 
[175]

. The size of the sample data is decided by the period length of different predictions. 

If the prediction period is long, the size of sample data will be relatively large; if the 

prediction period is short, the size of sample data will be small
[176]

. If there is a large 

size of sample data, the time series model of cost-price fluctuation factors will have 

strong promotion ability, but the accuracy of local trend will reduce and there may be 

difficulties in solving the model. Therefore, the selection of sample size is also very 

important. Summing up the above analysis, with a consideration to the practical 

application needs of cost-price fluctuation factors, the size of the sample data is 

decided as middle-short term and 100 to 200 sample data are selected as a training set 

and 10 to 20 sample data are selected as a test set.  

2. Selection of parameters 

In this section, the selection of parameters refers to the selection of factors 

influencing on the prediction objective, which is mainly based on two principles: first, 

the features contained in the input cannot be too few and the selected features must be 
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adequate to present the problem; second, the features contained in the input cannot be 

too many, or at least irrelevant features should not be contained. 

For the prediction of cost-price fluctuation factors, there are usually the following 

methods to select parameter types: the use of fundamental data, market data, technical 

indicator and time series data. Combining with the status of market, we can only use 

technical indicators and time series for prediction in short-term predictions. Technical 

indicators can be divided into three basic areas: structural indicators, flow indicators 

and demand indicators
[177]

. In this dissertation, we mainly adopt structural indicators. 

Structural indicators are mainly used to test the variation trend of various price indexes, 

market breadth, periods, volumes and other variables, but no any indicator is able to 

present all trends and their reversal. Therefore, it is necessary to use a series of 

indicators to commonly build a prediction assessment framework. Through several 

decades of development, there are hundreds of technical analysis indicators available 

with each has their own dedicated purposes and characteristics, but also limitations. At 

the same time, various indicators also have certain relevance with each other. In 

practice, in order to preserve the respective advantages of indicators and avoid their 

limitations, it is often necessary to select the indicator combination.  

The screening of indicators is a complicated and systematic project, which 

requires evaluators to have a full understanding of the evaluation system and 

comprehensive knowledge. Currently, screening methods mainly include expert 

consultation method, theoretical analysis, frequency analysis and combination of these 

methods. Limited to the actual conditions, this dissertation mainly uses frequency 

analysis and theoretical analysis and firstly selects those indicators with a higher 

frequency of use. 

Table 5.11 Input variables of time series indicators: 

Indicators  Meanings  

X1 Highest index of 

the month 

X2 Lowest index of the 

month 

X3 Month-end index 

X4 Annual mean index 

Table 5.1 Input variables of technical indicators:  

Indicators  Meanings  
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X5 %K 

X6 %D 

X7 Momentum 

X8 OSCP 

X9 A/D Oscillator 

X10 Annual mean line 

X11 RSI 

X12 BIAS 

X13 W%R 

The output variable y is the prediction value of next month.  

5.3.6 Data preprocessing 

There are three main steps in data preprocessing:  

1. Data validation: validation includes the accuracy and completeness of data;  

2. Indicator data: calculate according to various indicator formulas.  

3. Standardization: As the measured indicators are different, there is a large 

difference in the order of magnitude of each component value of the original sample. 

For some input node, if the input is too large, the update of corresponding weights is 

too excessive, so that the impact on the corresponding output item of hidden units is 

much greater than that on other components, which will cause that other components 

almost lose their role of control. Therefore, it is necessary to take appropriate 

normalized processing against original samples.  

The commonly used data standardized methods include simple arithmetic 

standardization and logarithm standardization
[179]

.  

Simple arithmetic standardization:  

xi
′ =

xi −
xmax − xmin

2
xmax − xmin

 

Logarithm standardization: 

xi
′ = ln (e−1 +

(e − e−1)(xi − xmin)

xmax − xmin
) 

In order to select an appropriate method of data standardization, we use the above 

two data standardization methods for data tests respectively:  
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Table 5.12 Two Standardization Method 

Simple arithmetic standardization Logarithm standardization 

Parameters Training 

error rate 

Prediction 

error rate 

Parameters Training error 

rate 

Prediction 

error rate 

Steel  Concrete 

8 1/200=0.5% 15/50=30% 8 4/200=2% 16/50=32% 

10 1/200=0.5% 15/50=30% 10 9/200=4.5% 18/50=36% 

Concrete Steel 

14 0/200=0% 15/50=30% 14 22/200=11% 18/50=36% 

16 0/200=0% 18/50=36% 16 27/200=13.5% 31/50=62% 

According to the experimental results, in the same circumstances, when the 

simple arithmetic standardization is used, the error rate of training back-substitution is 

smaller, same as the error rate of prediction back substitution. To this end, the simple 

arithmetic standardization is used here.  

5.3.7 Examples of prediction on cost-price fluctuation factors 

To test the ability to adapt to generalized fuzzy network, the paper selected steel 

and concrete, two normal price fluctuation factors in the cost for study. 

According to the cyclical nature of construction, selected the price fluctuation 

factors from January 1995 to January 2009 totally 180 months as training set, predicte 

the data from January 2010 to January 2011 totally 13 months. 

First is the network training function and learning function selection, the standard 

error mes set to 0. Considering the network performance and speed, and confirmed by 

testing the network's hidden layer neurons is set to 15 ideal, the number of structural 

layers of neurons of hidden layer neurons with the same number. Genetic algorithm 

initial population of 100, the selection probability of 0.05, crossover probability 0.3, 

mutation probability of 0.001, genetic algebra for the 500 generation. 

Two examples of the evolution shown in Figure, can be seen in 500 generations, 

the relative error sum of squares has stabilized and is very close to zero. 
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Figure 5.10 Evolutionary Results of Bitumen Price 

 

Figure 5.11 Evolutionary Results of Steel Reinforcement Price 
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Figure 5.12 Evolutionary Results of Portland Cement Price 

 

Figure 5.13 Evolutionary Results of Composite Labour Wages Price 

5.3.8 Singularity problems 

As the cost of market price fluctuation factors with distinctive characteristics and 

policy, the index sometimes some large fluctuations, so there have been many 

so-called singular point
[180]

. This generalized fuzzy network prediction model is 

applied to a singular point, and the observe forecast results when there is a singular 

point. 

Parameter settings: the initial population of 100, the selection probability of 0.05, 
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crossover probability 0.3, mutation probability of 0.001, 500 on behalf of the algebra. 

Sample selection: steel, from October 1995 to October 2006 totally 144 months as 

a training set of data, forecasts the index from November 2006 to February 2008 

totally 15 months. 

 

Figure 5.14 Evolutionary Results of Steel Reinforcement 

5.3.9 Comparison of experimental results 

Substituted the sample into the generalized fuzzy network and fuzzy neural 

network, define the number of iteration steps is 100, the effect shown in Figure 5.15, 

Figure 5.16. Compare two graphs, the error of Figure 5.15 is larger than Figure 5.16. 

Thus, it is very imporment to determine the center value and width of membership 

function for a better result. The calculation error of random value of the center value 

and width within the 100 steps is much larger than the value of center value and width 

which determined by generalized fuzzy network. 
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Figure 5.15 The error of Fuzzy Neural Network 

 

 

Figure 5.16 The error of Generalized Fuzzy Network 

Substituted test data into two models to predict the results as shown in Figure 5.17 

and Figure 5.18. Although the two models show a descending order of cost data in 

three districts, sample area III, sample area II, sample area I. However, the accuracy 

for prediction of generalized fuzzy network is closer to the actual sample values which 

are 1138.28, 498.76, 1185.84. 
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Figure 5.17 The sample error of Fuzzy Neural Network 

 

Figure 5.18 The sample error of Generalized Fuzzy Network 

From Figure 5.17 and Figure 5.18, the following conclusions can be obtained: 

1. The prediction result of generalized fuzzy network is closer to the actual values, 

which shows that the generalization ability of generalized fuzzy network is stronger. 
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2. Due to insufficient number of samples, the value does not meet the normal 

distribution, leading to prediction results are still not very satisfactory. The next 

consideration is how to improve the prediction accuracy when the number of sample is 

in insufficient. 

By using GA to directly train the BP network, an error E = 1.0052 is obtained 

within 9.705276 seconds with an increase in the gradient. Apparently, it has jumped 

out of the local minimum. The results are shown as below: 

 

Figure 5.19 Results of GA Directly Training BP 

After a search for about 500 generations, the average fitness of chromosomes 

tends to be stable. The curve of sum of squared errors and curve of fitness are shown in 

the figure. 

Result analysis of GA-BP algorithm 

The results of GA-BP algorithm is shown as the Figure below: 

 

Figure 5.20 Results of GA-BP Algorithm 

By using the GA-BP algorithm, an error E = 0.0059 is obtained within 7.892145 

seconds. Through a search for about 600 generations, the average fitness of 

chromosomes tends to be stable. The curve of sum of squared error and fitness curve 
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and shown in the Figure.  

Result analysis of fuzzy neural network 

The result of fuzzy neural network is shown as below:  

 

Figure 5.21 Results of Fuzzy Neural Network Training 

By using the fuzzy neural network, an error of E=0.0019 is obtained within 

197.460613 seconds. After 90 steps, errors tend to be stable. 

Result analysis of evolutionary fuzzy neural network 

The result of evolutionary fuzzy neural network is shown in the figure below: 

 

Figure 5.22 Result of Evolutionary Fuzzy Neural Network Training 

By using the GA-FUZZY-BP algorithm, an error E = 0.0019 is obtained within 

11.678652 seconds. Through a search for about 200 generations, the average fitness of 

chromosomes tends to be stable. The curve of sum of squared error and fitness curve 

and shown in the Figure. 

In order to more intuitively understand experimental results, the following table 

lists the comparison results: 
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Table 5.13 Experimental Algorithms and Results 

Experimental 

algorithms 

Time used (s) Fitness value running for 

700generations 

Errors 

BP 20.507800 N/A 2.9069 

GA directly training BP 9.705276 0.531970 1.0052 

GA-BP algorithm 7.892145 1.175948 0.0109 

Fuzzy neural network 197.460613 N/A 0.0019 

Generalized fuzzy 

network 

11.678652 46898.204841 0.0019 

BP and fuzzy neural network is not involved with GA optimization, so the column 

of the fitness value after running 700 generations which based on GA does not 

applicable. 

From the above table, it can be drawn that the GA-optimized network takes less 

time to calculate errors than simple network. In the above three networks based on 

evolutionary algorithm, the evolutionary fuzzy neural network has the minimum errors 

and the maximum fitness value, which is better than the GA-directly-trained BP and 

GA-BP algorithm. From comparisons of the five algorithms, both fuzzy neural 

network and evolutionary fuzzy neural network have the minimum error rate of 0.0019, 

but the latter takes much shorter time than the former one. Therefore, we conclude that 

the evolutionary fuzzy neural network is the best one in the five algorithms. 

5.3.10 Application scene 

Tender offer 

As described in Section 3.2.1, the cost-price fluctuation factor is the prediction for 

tender offer of construction enterprises, which is subjective. We believe that the 

cost-price fluctuation factor is one of components of the tender offer provided by 

construction enterprises. The cost-price fluctuation factor provides a reference for the 

tender offer, which is helpful for construction companies to more accurately calculate 

the cost of tender offer.  

In the bidding phase of projects, construction enterprises need to carry out 

preliminary cost estimates and budget preparation to make a commitment to the 

owners in terms of financial resources under the premise of reasonably and accurately 

predicting new projects based on the analysis on cost data of projects that have been 

completed. However, the construction period of new projects is different from that of 



Construction Knowledge Mining and Application of Generalized Fuzzy Network in Construction Decision 

Management   Chapter 5 Application of Data Mining 

178 

completed projects. Therefore, it needs to introduce the expansion / reduction 

coefficient of price
[181]

 to adjust cost estimates and reflect changes in price level in 

different periods. The most common adjustment basis is the tender price index
[182]

 

compiled quarterly. To this end, besides other factors, such as the amount of 

information may be obtained and the experience of estimator, the initial cost estimates 

depends largely on the reliable prediction for tender price index in certain periods in 

the future.  

When the tender price index is stable, such as sustained rise or falling, the 

regression models can provide accurate predictions. But, due to the complex and 

hidden relationship between the tender price index and its associated economic 

indicators, the construction price is greatly affected by market conditions and 

fluctuates severely. Such a remarkable nonlinear feature results that the traditional 

techniques have to face the lack of theoretical guidance and other problems in model 

building, selection of variables and even further analysis of the model. Therefore, we 

can try to use neural network technology to solve this problem
[183] [184]

.  

Now, the tender price index has been adopted in most developed countries and 

regions, but not yet been compiled in the Mainland of China. Our introduction on the 

research and application of tender price index in Hong Kong will provide a reference 

for the Mainland to introduce it. Currently, there are four commonly used tender price 

index sequence in Hong Kong, which are prepared by the following departments or 

companies respectively: Architectural Services Department (ASD), Hong Kong 

Housing Authority and Housing Department (HKHA & HD), Levett & Bailey 

Chartered Quantity Surveyors Ltd (L & B) and Davis Langdon and Seah Ltd. (DLS).  

Among them, the L&B sequence has the longest history, which starts from 

1968
[185]

, followed by ASD (from 1969)
 [186]

, DLS (from 1979)
 [187]

 and HD (from 1985)
 

[188]
. ASD and HD sequence cover all construction projects in the public sector, while 

L&B and DLS sequence cover all that in the private sector. Although changes in price 

of construction projects in the public sector and private sector are different, the change 

trend of their data sequence is consistent. We select L&B sequence, which is prepared 

earliest, as the research object. The L&B sequence reflects the price trend of 

construction projects in private sector. Compared with the index sequence reflecting 
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price changes in the public sector, L&B sequence is more sensitive to the economic 

environment. 

Summing up various documents’ study on the relationship between TPI and its 

macro-economic leading indicators
[189] [190] [191]

, with a consideration of the availability 

of relevant data in Hong Kong, we preliminarily select the following eight indicators 

as the leading indicators of tender price index in Hong Kong:  

With a view to changes in the connotation and statistical methods of some 

indicators, we take a calculation period from the 4th quarter of 1985 (Q4/85) to the 4th 

quarter of 2010 (Q4/10), so that, we can get xx groups of effective sample data.  

In order to calculate the connection weights of each node and the contribution 

selection coefficient of each input variable, the variable shall be determined with a 

criterion of less than 10%. The best lending rate (BLR) is firstly excluded. After years 

of development, the construction market in Hong Kong has become a relatively 

standard and developed market. The construction enterprises able to gain a foothold in 

this market often have strong overall strength with much less dependence on financial 

institutions than construction enterprises in Mainland China. The interest rate risk is 

often borne by the owner, while the best lending rate only has few significant impacts 

on the bid price of construction projects. Therefore, it is reasonable to exclude the best 

lending rate of variables.  

After the exclusion of the best lending rate, we can get a new subset of variables 

containing GDP, IGPD, CCPI, UR, M3 and GVCW. These six variables are used as the 

input to reconstruct the generalized fuzzy network for training. And then, the 

contribution selection coefficient will be removed according to the seasonally adjusted 

unemployment rate (UR). The influence of unemployment rate on tender price index is 

realized through changes in salaries (presented as changes in labor costs in 

construction costs). If the unemployment rate increases, the wage level will 

correspondingly decrease, resulting in declines in construction costs and tender price 

index. But, in general, the trend of changes in wage level is consistent with that in 

various price indexes. In the prediction for the tender price index, the impact of 

unemployment rate can be considered as contained in two variables that reflect 

changes in market price environment. And then, the unemployment rate adjusted 
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seasonally becomes the redundant variable.  

After removal of UR, a new neural network model will be built by taking GDP, 

IGPD, CCPI, M3 and GVCW as input variables. Through calculations, we find that all 

the 5 input variables have a proportion of contribution to output greater than 10%, so 

that there is no variables can be removed. Therefore, this model finally selects 

variables including GDP, IGPD, CCPI, M3 and GVCW. 

Trend of changes in price and analysis of causes  

The Construction Cost Index can be used to analyze the trend of changes in price 

and their causes. As the Construction Cost Index includes individual price index and 

comprehensive cost index, we can analyze and calculate the impact of changes in 

individual price on the project cost by using the individual price index
[192]

, but also can 

calculate the impact on construction cost by using the unit and individual cost index, 

such as contractor’s cost accounting, and financial planning and estimating, so as to 

provide reliable data for relevant departments, accurately estimate reasons for price 

changes in the construction industry and their impacts on the macroeconomic situation 

and provide basis for the State to develop appropriate control measures. 

Reasonable and dynamic settlement of project cost 

The Construction Cost Index is a basis for reasonable and dynamic settlement of 

project cost. In construction projects, the one with longer contract project is usually 

impacted by price fluctuations and other factors over time. However, the settlement of 

project cost in China now is basically in line with the winning bid price and is 

conducted based on the price adjustment documents issued by local project cost 

management departments. It fails to take the price fluctuation and other factors into 

account. As a result, contractors often suffer from losses. In order to avoid this 

phenomenon, it is necessary to take full dynamic factors into account in the settlement 

of project cost, that is, to incorporate a variety of dynamic factors into the settlement, 

so that, the settlement of project cost can basically reflect the actual consumption of 

project in order to get necessary compensation for price adjustment. 

According to international practices, the dynamic settlement of construction 

project cost generally adopts the adjustment formula method
[194]

, which should be 

decided when both parties signing the contract and used as the calculation basis for 
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price-difference adjustment.  

C’n – the payable contract price in the payment period n after adjustments; 

Cn – the payable contract price in the payment period n before adjustments; 

a – constant coefficient, means the weight coefficient not be adjusted in the 

payments of contract price;  

b, c. .. g refer to the weight coefficient of labors, materials, equipment, machinery 

and other resource elements accounting for the total contract price respectively;  

Lo, Eo ... Mo refer to the reference price of various relevant elements released by 

the project cost authority in the payment period n; 

Ln, En ... Mn refer to the reference price of various relevant elements released by 

the project cost authority in the base period.  

When the above formula is used to adjust the contract price difference, attentions 

should be paid to: ① the fixed coefficient is usually valued at about 0.15 to 0.35; ② 

the sum of fixed coefficient and various elements should be equal to 1; ③ in general, 

the cost of some high-price and typical labors and materials with large consumption is 

selected, such as the bulk of cement, aggregate, steel, wood and asphalt; ④ the 

contract should clearly specify the extent of price fluctuations for adjustment. In 

addition, attentions should be paid to the location and time of adjustment. 

In addition to some small-size projects with a construction project within one year, 

which adopt a fixed contract price, most of projects have a construction period of more 

than one year. In order to avoid potential risks caused by market price fluctuations, 

both contracting parties can sign a price-adjustable contract. The construction cost 

index reflecting changes in market prices can provide necessary conditions for 

achieving the dynamic settlement of project cost and make the price-adjustable 

contract be more reasonable and scientific. 
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Table 5.14 Reporting of Cost-price Fluctuation Factors 

 

Table 5.2 shows the application of price fluctuation factor tools in a Hong Kong 

site which can analyze, forecast and report the proportion and changes of project cost, 

the application results shows that project costs are significantly reduced compared with 

before. 

Reasonably determining the project cost at some time point  

The Construction Cost Index is the basis to reasonably determine the project cost 

at a time point. The calculation of statistical indicators based on the project progress 

and construction cost index provides a strong reference for the statistics department to 

check output values of the construction industry. Especially, it is more convenient and 

fast to report the Statistics Express and it is more close to the actual cost by taking it as 

a reference.  

Same as the price index and various stock indexes, the construction cost index is 

an indicator used to describe the relative trend of changes and magnitude of changes of 

individual price and comprehensive price in different periods, which is an important 

tool to study on the dynamics of project cost
[195]

. It is an indicator reflecting the impact 

of changes in market price on project cost in a certain period, which is the basis to 

adjust the price difference of project cost. The construction cost index reflects the trend 
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of changes in price respectively in the reporting period and base period.  

The construction cost index includes two types of individual price index and 

comprehensive cost index
[196]

.  

Individual price index: it is an indicator reflecting changes in the price of labors, 

materials and machine-team in reporting period compared with the price in base period 

in different periods of project construction
[197]

. In the process of economic 

development, the price level is dynamic and keeps constantly changing, which rises up 

quickly or rises up slowly sometimes, even decreases sometimes. In construction 

projects, the one with long construction period is often affected therefrom over time, 

mainly in labor costs, material costs, machinery costs, freight and other dynamic 

factors. 

Comprehensive cost index: it is a ratio of the comprehensive cost in reporting 

period to that in base period of sub-project, unit work, single project and building 

project in different period, which is a main basis to study on the trend of changes and 

changes in total cost
[198]

, such as the construction and installation cost index, 

construction project or individual project cost index, cost index of construction and 

installation direct costs and cost index of other direct costs and indirect costs. 

Table 5.15 Cost-price Fluctuation Factors in Hong Kong 

Names of materials Jan. 2008 Jan. 2009 Fixed base price index 

Gravel 56.6 74.3 131.27% 

Asphalt 198 220.4 111.31% 

Diesel 222.1 199.8 89.96% 

Steel bar 237.8 202.5 85.16% 

Galvanized mild steel 262.3 274.8 104.77% 

Portland Cement 82.3 93.3 113.37% 

Wood template 130.2 138.3 106.22% 

Preparation of construction cost index
[199]

: 

Preparation of individual (labor, materials, machinery costs, etc.) price index 

Material (mechanical, manual) price index 

Ki = Pi / Po 

Where, Po is the base-period price data, while Pi refers to the reporting-period 

price data.  
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In the components of project cost, the material cost approximately accounts for 60% 

of the total project cost. Therefore, the level of material price index affects the total 

project cost. 

From the above table, we can see that the price of fuel and local materials at the 

end of year has a large increase than that at the beginning of year, the steel price has a 

sharp decline and the cement price keeps stable. As the cost of materials occupies a 

large proportion of the total construction cost, construction companies should 

rationally face to and reasonably respond to the “price surge” of materials, and 

reasonably arrange the construction time under the premise of ensuring the schedule to 

prevent buyers from panic purchase and raise of the market price; at the same, 

construction companies can also adopt “tender orders” to purchase materials to reduce 

the price of materials as much as possible.  

Preparation of comprehensive cost index
[200]

:  

With respect to the preparation of construction cost index, in general, the 

individual price index should be firstly prepared according to the main elements; and 

then, the sub-project price index, unit-work construction cost index and the individual 

project or construction project cost index
[201]

.  

Construction cost index K = labor cost index × proportion of base-period labor 

costs accounting for the project cost + Σ (individual material price index × proportion 

of the individual material cost in base period accounting for the construction cost) + Σ 

(single construction machine-team index × proportion of the machine cost accounting 

for the construction cost) + comprehensive index of other direct and indirect costs 

×proportion of other direct and indirect costs accounting for the construction cost. 
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Figure 5.23 Application of Cost-price Fluctuation Factors to Develop the Revenue and Expenditure 

Plan of Site Construction 
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Chapter 6. Conclusions and Recommendations 

Chapter 6 summarizes the research and application achievements, including the 

research and application of data mining and generalized fuzzy network in knowledge 

management. In the end, the chapter discusses the future prospects; proposes further 

research and application recommendations. 

6.1 Conclusions 

Construction projects are often in great need of business history and experience, 

particularly as a result of differences with the staffs, regions, etc., the difficulties in 

construction enterprises project management of various regions turn into bigger, the 

efficiency and effectiveness of application of information and knowledge turn into 

worse. One of the problems solutions is data mining, the applications of data mining in 

the construction enterprise knowledge management are mainly discussed in the paper, 

which are summarized as follows: 

1. Summarization of data mining theory and implementation research. The 

theories of data mining are reviewed, the relationships between data mining and 

knowledge management are analyzed, and the previous researches in data mining, 

knowledge management systems, construction enterprises knowledge management are 

investigated. 

2. Data mining models and topics. In the paper, data mining tools were proposed 

based on construction enterprise knowledge management system. Besides, developed 

the construction enterprises knowledge management system data mining procedure 

model according to Fayyad and the CRISP-DM process, but concentrate on both 

technical and application; designed the construction enterprises knowledge 

management system data mining topics based on six aspects, i.e., cost, schedule, 

quality, safety, environmental protection and risk issues. 

3. Research and applications of the data mining algorithm, generalized fuzzy 

network. In the paper, data mining topics of construction enterprises and the 

characteristics of construction project data were investigated, as the design idea of the 

generalized fuzzy network (GFN) algorithms with applications. 
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Based on the research content above, the conclusions of the paper are made as 

follows: In the paper, the data mining models and topics are designed, with the 

research of data mining architecture, to support data mining plays a pivotal position in 

construction enterprises knowledge management; the characteristics of “generalized” 

in generalized fuzzy network which developed in the paper and the superior efficiency 

and effectiveness compared with similar algorithms, is an important algorithm in the 

data mining implementation, three representative application examples were 

completed to verification. 

6.2 Recommendations 

The application of data mining in knowledge management was investigated in the 

paper. According to the experience of characteristics of the construction enterprises 

and previous researches, proposed generalized fuzzy network and corresponding 

architecture and application examples. Summarizes the results of research, the 

recommendations are as follows:  

1. Generalized fuzzy network decided the calculation rules based on training 

cases, the number and representativeness of the training cases is closely related to the 

results. Therefore, the data in database should be updated and improved regularly, for 

example, review and change data according to the characteristics and of the project, to 

ensure the accuracy of case, to ensure the usefulness and accuracy of the results. 

2. There are a variety of types of construction projects, therefore, there may be 

some differences in specific applications indifferent types of projects, the application 

examples in the paper, should be adjusted in parameters, steps, guidelines and so on 

when applied in different projects and different areas. 

3. There are not too much descriptions in data mining part when integrated in 

construction enterprise knowledge management system, due to these works have been 

introduced inConstruction Enterprise Knowledge Management System. 
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