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ABSTRACT: Project Management is one of the most important fields in business and industry. 

One important aspect of the project management is to acquire the information related to an 

optimum balance between the project’s objectives. The three interrelated and conflicting 

objectives of any project are time, cost and quality. These objectives are dependent on the related 

features of the activities of that project. The purpose of this paper is to develop mathematical 

models of cost, time and quality tradeoffs in conditions that time parameters of the project 

activities are estimated by triangular fuzzy number. The model is formulated in the form of 

Fuzzy Linear Programming. This paper helps practicing project engineers to have realistic 

expectations of the method. 
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1 INTRODUCTION 

Project management is one of the most important fields in business and industry. Every task in 

an organization can be taken into account as a project. In scheduling a project, it is generally 

considered to expedite the duration of some activities through expending extra budget in order to 

compress the project completion time. This process can be considered under either some fixed 

available budget or a threshold of project completion time. This problem is known as Time Cost 

Trade Off Problem (TCTP) in project management literature. The main objective of the TCTP is 

to determine the optimal amount of duration and cost assigned to the activities so that the overall 

cost is minimized. Hence this problem leads to a balance between the project completion time 

and the project total cost. 

There are three main points that are the most important factors for a successful project: (1) a 

project must meet the customer requirements, (2) it has to be within project and (3) it has to be 

on time. These three criteria are often referred to as The Iron Triangle. 

One important aspect of the project management is to acquire the information related to an 

optimum balance between the project’s objectives. According to the Iron Triangle, time, cost and 

quality are important objectives of a project. Heretofore, extensive researchers have been 

conducted to develop cost-time trade off problems. Nowadays, the quality of a project is also 

added to the project time and cost. The aim of these problems (TCQTP) is to select a set of 

activities for crashing as well as an appropriate execution method for each activity such that the 

project cost and time is minimized while the project quality is maximized. 
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1.1 TIME COST AND QUALITY TRADE OFF PROBLEMS IN DIFFERENT NATURE 

 

Babu and Suresh [5] presented the first paper considering the influence on project quality by 

project scheduling and developed three inter-related linear programming models to study the 

trade off among time, cost and quality in a deterministic CPM network. Each of the three 

proposed models, one of the three entries (ie) time, cost and quality by assigning desired levels to 

the other two entries. The linearity and deterministic assumptions led to simple solvable 

mathematical program which enabled the authors to investigate the idea of Time Cost and 

Quality Trade Off Problem (TCQTP). In Khang and Myint [14], the model proposed by Babu 

and Suresh [5] was applied to an actual cement factory construction project. The purpose was to 

evaluate the applicability of the method by highlighting the managerial insights gained, as well 

as pointing out key problems and difficulties faced. The problems investigated by Babu and 

Suresh [5], Khang and Myint [14] can be categorized in the class of continuous time, cost and 

quality trade off problem. Thereafter, many researchers have developed mathematical 

programming model for these kinds of problems. 

In El-Rayes et al. [10] for the first time, the discrete Time Cost Quality Trade Off problem was 

investigated. They used a real world example and suggested new functions to enable the 

consideration of construction quality in the time, cost and quality optimization problem in 

construction industry. To estimate the project quality, they introduced some quality indicators, 

and used the weighed sum of the quality levels sassed by indicators as the project quality. In 

another work, a discrete model of time, cost and quality trade off was proposed by Tareghian  

[25] using three integer programming in which activities are performed in one of several 

available alternatives. The purpose of suggested model is to complete the project at a given 

deadline such that total accost is minimized and overall quality is maximized. Similar to Babu 

and Suresh [5] all the three entries are assumed to be deterministic parameters and consequently, 

the CPM framework were too applied to this research.  

The authors employed a discrete multimode model using activity based resource utilization 

options to transform the time cost trade off to a time, cost and quality trade off model and solved 

it by genetic algorithm. Other works by Rahimi and Iranmanesh et al. [21], Johnson-Pollack and 

Liberatore [20] have been presented to optimize the discrete multi-mode model to TCQTP. 

At this stage, meta heuristic methods were still regarded as an appropriate tool for solving these 

kinds of problems, for example in some works of Afsar et al. [2], Huang et al. [12], Yang [27], 

Tareghian and Taheri [26], Liberatore and Johnson-Pollack [20] and Lakshminayaranan et al. 

[15] 

One of the most important issues in modeling this kind of problems is data uncertainty. This 

uncertainty is caused as the available information is often approximate or partial. The project 

managers require approximating the values of time, cost and quality of the activities and all these 

approximations deal with uncertainty. Many of the models, however, applied the crisp data as 

approximation of the parameters. These models neglect the inexact nature of such 

approximation. Some researchers include Cohen et al. [9], Abbasnia et al. [1], Ravi Shankar [19] 

and Zhang and Xing [28] considered the uncertainity problem of CTQT based on stochastic or 

fuzzy data. Meanwhile, Mokhtari et al. [17] developed a hybrid approach for the stochastic time-

cost trade off problem in PERT networks. Amiri and Golozari [3] applied fuzzy multi arrtibute 

decision making techniques in project planning. Salmasnia et al. [4] regarded quality as an 

additional aspect in the traditional time cost trade off while the parameters are considered as 
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stochastic. Seyed Hossein [24] developed a combination of fuzzy goal programming model and 

grey linear programming to solve the mathematical model.   

Different heuristic approaches were presented by Siemens and Moselhi and Deb [18]. Meta 

heuristics such as genetic algorithm were exploited in solving this problem by Feng et al. [7] and 

Chau et al. [8]. Multi criteria techniques based on simulation model, stochastic dominance rules 

and a multi criteria aggregation procedure. 

The research works in the field of time, cost and quality trade off, the subject of this research, 

can be categorized into two distinct categories: 

1. Continuous trade-off problems: in this category, the relation among time, cost and quality has 

been defined as continuous function. In these works, one of the three variables (usually time) is 

considered to vary independently and the two others are defined as functions of that variable. 

Research works of Babu and Suresh [5], Khang and Myint [14] are some examples. 

2. Discrete trade-off problems: in this class, the relation among time, cost and quality has been 

considered discrete. In other words, for each project activity, different modes of execution are 

defined, and for each mode, distinct time, cost, and quality are associated. So to trade-off among 

the objectives, one execution mode is selected for each activity. Works El-Rayes et al. [10], 

Tareghian and Taheri and Iranmanesh et al. [25] are a few to cite. 

When a project manager faces a project in which there are alternatives for executing activities, 

and each alternative have distinct time, cost and quality, discrete models are applicable. Project 

manager can select among these alternatives to optimize the trio of project objectives. The 

discrete models get impracticable in the projects that there are many activities, or there are many 

number of execution mode for each activity. In cases where the total number of the modes is 

very high (either because of high number of activities, or because of high number of mode per 

activity, or a combination), discrete models lose their applicability in two aspects: 

 The definition of the problem parameters and data gathering for all modes of the project 

activities is not practical for project managers. 

 The according problem gets very complex to be solved 

On the other hand, continuous models are suitable in projects that project manager faces with 

many alternatives, and a continuous relation (or an approximation) among the time; cost and 

quality of an activity can be defined. They are also applicable in cases that project activities are 

outsourced; therefore the time, cost and quality of each activity can be bargained: “how much it 

charges the company to reduce completion time of the activity or to improve its quality?” 

Defining a realistic relation among completion time, cost and quality of each activity, and 

specifying the parameters of the continuous model is not simple. An efficient relation among the 

three features of an activity has not been defined in the works available in literature. By reducing 

the activity’s time, its quality inevitably reduces; so it is impossible for a project manager to have 

a high quality activity with the lowest possible time. While in real world practice, it is possible to 

have an activity with the highest possible quality and the lowest time by spending more money.  

In this paper, we try to develop a practical model that defines a more realistic relation among 

time, cost and quality of activities of a project, practicable for real works projects. This is 

actually the main motivation behind this research effort.  

The purpose of this paper is to develop mathematical model with three different objectives 

representing cost, time and quality tradeoffs under the conditions that time parameters of the 

project activities are estimated by triangular fuzzy number. The model is formulated in the form 

of Fuzzy Linear Programming. The proposed model minimizes either the total cost or total fuzzy 

time or maximizes the total quality of the project and this model concerns both direct cost and 
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indirect cost. This paper helps practicing project engineers to have realistic expectations of the 

method. 

 

2 PRELIMINARIES 

In this section, some basic definitions of fuzzy theory defined by Kaufmann, Gupta and 

Zimmermann, are presented. 

Definition 2.1 

The characteristic function A of a crisp set XA assigns a value either 0 or 1 to each member 

in X. This function can be generalized to a function 
A
~ such that the value assigned to the 

element of the universal set X fall within a specified range i.e. ]1,0[:~ X
A

 . The assigned 

values indicate the membership grade of the element in the set A. 

The function 
A
~  is called the membership function and the set }:)(,{(

~
XxxAA A    defined 

by )(~ x
A

  for each Xx is called a fuzzy set. 

 

Definition 2.2 

A fuzzy set  A
~

 defined on the set of real numbers R is said to be a fuzzy number if its 

membership function has the following characteristics: 

1. 
 

]1,0[:)(~ Rx
A

 is continuous. 

2. 0)(~ x
A

 for all ).,[],(  ca  

3. )(~ x
A

 is strictly increasing on [a, b] and strictly decreasing on [b, c]. 

4. 1)(~ x
A

  for all bx  where .cba   

Definition 2.3 

Triangular fuzzy number is a fuzzy number represented with three points as follows:  

A = (a1, a2, a3) this representation is interpreted as membership functions (Fig5.6). 





























32

23

3

21

12

1

310

)(

axaif
aa

xa

axaif
aa

ax

axandaxif

xA  

Definition 2.4: 

Let F(R) denotes the set of all triangular fuzzy numbers. Let us define a ranking function 

RRF  )(:  which maps all triangular fuzzy numbers into R. If  ),,(
~

cbaA   is a triangular 

fuzzy number, then the Graded Mean Integration Representation (GMIR) method to defuzzify 

the number is given by, 

4

2
)

~
(

cba
A


  

3 PROBLEM DESCRIPTIONS
 

One of the most important issues in industrial project scheduling is to determine the best amount 

of allocated resources to each activity, while minimizing total time and total cost of project. This 
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problem is a known and crucial decision making issue in project management because project 

planners are often interested to limit project total time by spending minimum amount of budget 

or to minimize the project total time by a fixed available budget. During recent years, it was 

suggested that the quality of a project should also be taken into consideration along with the time 

and cost tradeoffs. The purpose of this problem is to minimize the total cost of the project while 

complete the project at a given deadline and the quality of the project is maximizing. In this 

problem, a trade off among time, cost and quality is made, hence the Time Cost and Quality 

Trade off Problem is referred by an acronym TCQTP. Assigning higher amount of allocated 

budget to the activities, in a constant level of activity duration, may increase the quality of 

underlying task, but the overall project cost would be increased. Also, spending more budgets on 

an activity, in a constant level of quality, may shorten the activity duration. 

The total cost function of a project has two components: direct and indirect costs. Direct costs 

are incurred because of the performance of project activities, while indirect costs include those 

items that are not directly related to individual project activities and thus can be assessed for the 

entire project. In general, indirect cost increases almost linearly with the increase of project 

duration and usually assumed as a percentage of project direct cost. The project time cost trade 

off problem, thus, is reduced to determine project cost against project duration. A possible way 

to solve time cost and quality trade off problem is to use a mathematical programming model 

whose objective function is constructed so that project direct cost is minimized and the imposed 

constraints guarantee a desired project deadline, while the precedence requirements of the 

network are maintained. 

A project can be represented by an activity-on-arc network G = (V, A), where V = {1, 2,…n} is 

the set of nodes representing the milestones and A is the set of arcs representing the activities. In 

the network, node 1 and n represent the start and end of the project respectively. In this paper, 

the normal activity durations are assumed to be uncertain variables. 

 

3.1 THE PROPOSED MODEL AND ITS THREE FEATURES OF AN ACTIVITY 

The three features of an activity of the project i.e. quality, cost and time are interrelated. As for 

other interrelated variables, the relation among these features can be defined in different ways by 

different functions. The variety may be due to the type of function, degree of freedom, and 

explicit or implicit nature of the function. As it was stated in the introduction, the defined 

relations existing in the literature lack the characteristics of real world situations. The problem is 

rooted in the degree of freedom considered in the relation, that is considered with one degree of 

freedom (only time can vary independently), which lead to a curve in space; while the real and 

the other is dependent on the value of these two. For instance, the direct cost needed to execute 

the activity is dependent on the time and quality level selected, or the quality of an activity can 

be determined by knowing both the time and budget level specified for it.  

 

3.2 ASSUMPTIONS OF THE PROPOSED MODEL 

The following are the assumption of the proposed model: 

1. For each activity, the normal activity duration denoted by normal time, corresponding to the 

most efficient work method used to perform activity, and the minimal duration of an activity 

denoted as its crash time are defined. Associated with normal time, normal quality is defined, 

which is always less than the ultimate possible quality (100%). 

2. The cost of an activity can be categorized in three items: 

 Cost of executing the activity with normal time and normal quality 
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 Cost of expediting the activity (reducing time) 

 Cost of improving the quality of an activity (increasing quality) 

3. By reducing the time of an activity (by spending money), its quality inevitably reduces as well. 

So, if we want the activity to increase its quality (normal quality), the cost of the activity 

increases once more. 

4. If we want to have the activity with a quality better than normal quality, the cost of the activity 

increases. The amount of this increase is more when the time of the activity is less. 

To implement the mentioned concepts, a mathematical model is defined using three functions: 

i. The function )(cQij determines the planned quality of activity ji  . This function is considered 

linear. To obtain this function, we should have the quality of the activity in normal time and 

crash time and normal quality cost and crash quality cost. 

ii. The function )(tCij  determines the cost of executing activity with duration t . A linear relation is 

considered between time t  and cost )(tCij . This function can be obtained by having normal cost 

and the crash cost of activity. 

iii. The function )(cDij  determines the planned duration of each activity. 

 

4 FORMULATION OF THE DEVELOPED MODEL 

To formulate the time, cost and quality trade off problem, one of the important issues is to access 

the value of that time and the quality, total cost of the project. Clearly, project completion time 

can be calculated by determining the total completion time for the critical path. A critical path in 

a project is the path with longest duration. Moreover the total cost is equal to the sum of cost 

used for all activities. The main goal of this problem is in two folds: to minimize the total cost or 

to minimize the total fuzzy time of the project. 

The primary information obtained from traditional scheduling is basically activities start and 

finish timings and floats. The duration and the corresponding cost for an activity are selected 

optimally form their utility data to satisfy the objective function and the imposed constraints. If 

the start time of an activity is determined, the finish time can be specified by adding the selected 

activity duration, and vice versa. Parameters and decision variables of model are as follows: 

Parameters 

n                                            Number of actual activities 

ijND                                        Normal time for activity ji   

ijCD                                        Crash time for activity ji   

ijNC                                        Cost of doing activity in normal time (Normal Cost) 

ijQMin                                   Quality of doing activity in normal duration (Minimum Quality) 

ijQMax                                   Quality of doing activity in crash duration (Maximum Quality) 

ijs                                            Slope cost for activity ji   

T                                             Project completion time 

Q                                             Planned quality increase of the project 

ijt
                                            

Cost of increasing one percent of quality for activity ji   

Decision Variables: 

ijC         Total cost of time and quality;              ijQ          Planned quality of the activity ji    
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 iT          Starting time of node i;                        ijD          Planned time of the activity ji   
In this paper, time parameter and starting time variables are considered in triangular fuzzy 

number. 

 Precedence relationship constraint: 

The completion time of project could be constrained by one of the two methods. The first 

approach is to allow for a precedence constraint for each immediate preceding relationship in the 

project network. This approach was used in almost all existing optimization techniques. The 

second is to allow for one constraint for each path from the first activity to the last one in the 

project network. In the present model, the first approach will be adopted. 

The logical relationship between any two consecutive activities i and its immediate predecessor j, 

is expressed mathematically as 0
~~~

 ijij DTT  

 Project completion constraint: 

Project completion is controlled by the latest finish time of ending activities. If the number of 

ending activities is denoted by n, the project completion constraint is given by the equation, in 

which T is the desired deadline of the project. TTn

~~
  

The upper and lower bounds on T are the normal project duration and crash project duration 

respectively. 

 Bounded constraint of duration: 

The set of constraints mentioned below is used to constrain the values of duration of activities 

within the interval of crash duration and normal duration. It can be written mathematically as 

ijijij DNDDC
~~~


 

 Bounded constraint of quality: 

The set of constraints is used to constrain the values of quality of activities within the interval 

crash quality and normal quality. It is mathematically notated as 

ijijij CQQNQ   

 Cost constraint: 

The set of constraints mentioned in this section is used to calculate the cost of each activity based 

on the values of fuzzy duration and quality selected for that activity where the fuzzy duration is 

represented in the form of triangular fuzzy number. Instead of defining this set of constraint, the 

objective of the model can be written as 

)()
~~

( ijijijijijijijij QMinQtDDNsNCC 
 

 Quality Increase Constraint: 

If we want to increase the quality of the project so as to attain the maximum possible without 

exceeding the total quality cost. 

 
i

ijijij QCostQMinQt )(
 

Where QCost is the budget allotted to the quality increase. 

 

 Objective function: 

Our main objective of this linear programming model is to minimize the total cost of the project 

(both direct and indirect). The linear programming objective will be 

  
i j n

nij DuedateICostKCMin *  
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Thus the Complete Fuzzy Mathematical Model can be summarized as follows: 

Model 1: 

)()~~
(

)(

~~~

0
~~~

~~~
0

~

~*

1

1

ijijijijijij

i j

ijij

i

ijijij

ijijij

n

ijji

ijijij

i j n

nij

QMinQtxDNsNCC

QCostQMinQt

QMaxQQMin

eDuedatTT

DTT

DNDDC

T

tosubject

eDuedatICostKCMin




















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                                 (P1) 

5 ALGORITHM TO SOLVE THE FUZZY TIME COST AND QUALITY TRADE OFF PROBLEM 

In this section, a new algorithm for solving fuzzy Time, Cost and Quality Trade Off Problems 

through Fuzzy Linear Programming technique has presented. 

1. Formulate the chosen fuzzy time, cost and quality trade off problem (P) into the following Fuzzy 

Linear Programming Model (1) (i.e. (P1)) as mentioned in section (4). 

2. Convert the reduced Fuzzy Linear Programming Problem (P1) into Crisp Linear Programming 

Problem (P2) using Ranking function as given in the following: 

)()})()(*2){(*25.0(*
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(P2)0
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3. Solve the above Crisp Linear Programming Problem using LINGO software package. 

4. Substitute the obtained values from Crisp Linear Programming Problem in the Fuzzy Linear 

Programming Problem, the solution of (P) can be obtained. 

 

6 NUMERICAL ILLUSTRATION 

To illustrate the developed Mathematical model, consider the simple example project used by 

RaviShankar [19] and depicted by the precedence network shown in Fig. 1. Table 1 presents the 

description of the project. Critical path of the project is 1-3-4-6-7-8 and project fuzzy duration is 

(99, 103, 107) days and indirect cost of the project is Rs. 2000. In this project, time parameter 

and starting time variables are considered in triangular fuzzy number form. Activities 

information is given in Table 2 and Table 3.  

 

Table 1: Project Description 

Activity Description Activity Description 

21  
31  
41  
52  
43  

 

63  
 

Plan approval 

Site preparation 

Laying foundation 

Sanitary work 

Raising walls from 

foundation to windows level 

Interior arrangements 

54  
 

64  
 

75  
85  
76  
87  

Raising walls from 

foundation to windows 

level 

Making doors, windows 

and fitting them 

Roofing 

Electrical wiring 

Plastering 

White washing 

 

Fig. 1 Project Network: 

 

           

 

 

 

 

 

 

 

 

Table 2:  Details of Fuzzy time and Cost 

Activity Normal 

Duration 

Crash 

Duration 

Normal Cost, Crash 

Cost, Slope Cost 

 21   (A) (12, 14, 16) (9, 10, 11) 10000, 16000, 1500 

     31    (B) (17, 19, 21) (15, 17, 19) 10000, 12000, 1000 

41   (C) (17, 18, 19) (14, 15, 16) 40000, 45400, 1800 

52   (D) (12, 15, 18) (11, 13, 15) 2000, 4400, 1200 

43   (E) (18, 18, 18) (15, 15, 15 160000, 175000, 5000 

63   (F) (17, 19, 21) (15, 16, 17) 21000, 24900, 1300 

54   (G) (20, 22, 24) (18, 20, 22) 40000, 46000, 3000 

1 

4 

2 

3 

5 

6 

7 8 
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64   (H) (20, 24, 28) (20, 24, 28) 12000, 12000, nil 

75    (I) (27, 27, 27) (24, 24, 24) 50000, 54500, 1500 

     85    (J) (18, 20, 22) (14, 16, 18) 20000, 22000, 500 

76   (K) (21, 22, 23) (17, 18, 19) 14000, 19000, 1250 

87   (L) (17, 18, 19) (15, 15, 15) 7000, 11500, 1500 

 

Table 3: Details of Quality of the Sample Project 

Activity Max. 

Quality 

Min. 

Quality 

Cost per quality 

increase 

 21   (A) 80 60 250 

     31    (B) 85 95 250 

41   (C) 75 50 400 

52   (D) 90 80 120 

43   (E) 95 80 1000 

63   (F) 88 76 400 

54   (G) 90 80 200 

64   (H) 92 92 - 

75    (I) 95 90 500 

     85    (J) 91 82 125 

76   (K) 94 88 500 

87   (L) 92 84 300 

 

The complete Fuzzy Linear Mathematical Model (1) of the example has been formulated. The 

Fuzzy Linear Model on hand consists of 81 variables and 150 constraints.  
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                (P1) 

The project requires a total duration of (99, 103, 107) days to complete if all the activities are 

performed at their normal durations. However, the all crash solution produces a project 

completion time of (86, 89, 92) days. The all normal and all crash project durations are the two 

extreme project time limits. The project indirect cost is assumed to be Rs. 2000 per day. 

Procedure to solve fuzzy time cost trade off problems presented in section should be used in 
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order to solve this problem. As mentioned in step 2, problem (P1) can be changed in to Crisp 

Linear Programming Problem (P2) using ranking function mentioned in step 2. 

Similarly, the Complete Fuzzy Linear Mathematical Model (2) of the example has been 

formulated. The Fuzzy Linear Model (2) on hand consists of 81 variables and 150 constraints. 

                The values of minimum total cost and planned fuzzy duration and planned quality of the project 

have been determined using LINGO solver. A computer package called LINGO (LINGO 2000) 

is used on a personal computer to solve the mathematical model of the example project. LINGO 

is a commercial package using the power of linear and non-linear optimization to formulate large 

problems concisely, solve them, and analyze the solution. In all tested runs, the linear 

mathematical model of the example project requires less than one second on LINGO to obtain 

the optimal solution. 

 

6.1 RESULT ANALYSIS 

In the present fuzzy time cost and quality trade off problem, the time parameter and starting time 

of activity and specified project completion time are defined as triangular fuzzy numbers. The 

sample project is solved easily using Fuzzy Linear Programming technique and the 

computational results are tabulated. It is observed from the results obtained from Table 4 that the 

optimal total cost of this project is obtained at (94, 98, 102) days.  

 

Table 4: Obtained Total Project Cost at different Fuzzy Duration 

Project Fuzzy 

duration 

Project Cost 

(99, 103, 107) 5,14,200 

(98, 102, 106) 5,12,575 

(97, 101, 105) 5,11,700 

(96, 100, 104) 5,11,200 

(95, 99, 103) 5,10,700 

(94, 98, 102) 5,10,513 

(93, 97, 101) 5,10,950 

(92, 96, 100) 5,11,700 

(91, 95, 99) 5,13,950 

(90, 94, 98) 5,16,950 

 

The results clearly reveal that Fuzzy Time Cost and Quality Trade off Problem can be solved 

effectively by using Fuzzy Linear Programming model. The proposed model has the advantage 

of saving time, cost and computing effort. Therefore, the Linear Programming approach is an 

efficient way to obtain an optimal solution to the Fuzzy Time Cost and Quality trade off 

problems. 
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The above concept can also be extended to the following two models that concerns cost 

minimization and quality maximization as given below: 

 

 

Model 2: 
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Model 3:             
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7 CONCLUSIONS 

 

A fuzzy mathematical model has been developed which links the CPM with least cost 

optimization, mathematical programming in order to optimize the traditional time cost and 

quality trade off problem. The developed model is a stand-alone piece of generic technique 

which may well be applied to projects of any kind; provided the projects can be defined within 

the boundaries of the techniques used (i.e. project is being divided into precedence related 

activities, each with normal and crash time and cost data.) 

This paper investigated the time cost and quality trade off problem in the project network with 

several fuzzy parameters which makes this problem being complicated. The underlying idea is 

based on linear programming formulation.  

The proposed model is also applicable to more complicated project networks in real world. 

Clearly, the proposed approach is not confined to the fuzzy parameters of triangular type. This is 

illustrated by successfully solving an example with fuzzy parameters. Other types such as 

trapezoidal type and interval type are also applicable. The proposed model suits well for the 

fuzzy time cost trade off problem involving both direct costs and indirect costs. 

 

REFERENCE  

1. Abbasnia R, Afshar A, Eshtehardian E (2008) Time–cost trade-off problem in construction 

project management, based on fuzzy logic. JAppl Sci 8:4159–4165 

2. Afsar, A., A. Kaveh and O.R. Shoghli, 2007. Multi-objective optimization of time-cost-quality 

using multi-colony ant algorithm. Asian Journal of Civil Engineering (Building and Housing), 

8(2): 113-124. 

3. Amiri M, Golozari F (2011) Application of fuzzy multi-attribute decision making in determining 

the critical path by using time, cost, risk, and quality criteria. Int J AdvManuf Technol 54(1–

4):393–401 



International Journal of Advanced Scientific and Technical Research                  Issue 5 volume 2, March-April 2015 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 347 
 

4. Ali Salmasnia, Hadi Mokhtari, Isa Nakhai kamal Abadi, 2011. A robust scheduling of projects 

with time, cost and quality consideration, 2011. The International Journal of Advanced 

Manufacturing Technology, Volume 60, Issue 5-8, pp. 631 – 642. 

5. Babu, A.J.G. and N.Suresh, 1996. Project management with time, cost and quality 

considerations. European Journal of Operational Research, 88(2): 320-327. 

6. Baruch Keren, Yuval Cohen, Optimising project performance: the triangular trade-off 

optimization approach, 2012. International Journal of Engineering Management and Economics, 

vol. 3, no.1, pp. 152 – 170. DOI: 10.1504/IJEME.2012.048610. 

7. C.W. Feng, L. Liu and S.A. Burns, Using Genetic algorithms to solve construction time-cost 

tradeoff problems, 1997. Journal of Computing in Civil Engineering, vol. 11, no. 3, pp. 184-189. 

8. Chua. D.K.H., Chen W.T., Govindan K.A, 1997. Time cost trade off model with resource 

consideration using genetic algorithm. Civil Engineering and Management, 11, 193-202. 

9. Cohen I, Golany B, Shtub A (2007) The stochastic time–cost tradeoff problem: a robust 

optimization approach. Netw Int J 49(2): 175–188 

10. El-Rayes, K. and A.Kandil, 2005. Time - Cost - Quality Trade - Off Analysis for Highway 

Construction. Journal of Construction Engineering and Management, 131(4): 477-486. 

11. Hossein, Mahdiraji and Hashemi, 2013. A hybrid model of fuzzy goal programming and grey 

numbers in continuous project time, cost and quality trade off, International Journal of Advanced 

Manufacturing Technology, DOI: 10.1007/s00170-013-5463-2. 

12. Huang A., 2008. Time-cost-quality tradeoff optimization in construction project based on 

modified ant colony algorithm, 978 (1). 

13. Iranmanesh, H., M.R. Skandari and M. Allahverdiloo, 2008. Finding Pareto Optimal Front for 

the Multi-mode Time Cost Quality Trade - off in Project Scheduling. International Journal of 

Computer, Information, and Systems Sciences and Engineering, 2(2): 118-122. 

14. Khang, D.B. and Y.M. Myint, 1999. Time Cost Quality Trade off in Project management: A case 

study. International Journal of Project Management, 17(4): 249-256. 

15. Lakshminayaranan S, Gaurav A, Arun C (2010) Time–cost–risk tradeoff using ant colony 

optimization. JCDC 22–38. 

16. LINGO. (2000), LINGO user’s manual, LINDO system Inc., Chicago. 

17. Mokhtari H, Aghaie A, Rahimi J, Mozdgir A (2010) Project time–cost trade-off scheduling: a 

hybrid optimization approach. Int J Adv Manuf Technol 50(5–8):811–822 

18. Moselhi and Deb, 1993. Project selection considering risk construction management and 

economics, 11, 45-53. 

19. N. Ravishankar, M.M.K. Raju, G. Srikanth and P. Hima Bindu, Time, Cost and Quality Trade-

off Analysis in Construction of Projects, 2011. Contemporary Engineering Sciences, vol. 4, no. 

6, 289-299. 

20. Pollack-Johnson, B. and M. Liberatore, 2006. Incorporating Quality Considerations into Project 

Time/Cost Trade off Analysis and Decision Making. Engineering Management, IEEE 

Transactions on, 53(4): 534-542. 

21. Rahimi, M. and H. Iranmanesh, 2008. Multi Objective Particle Swarm Optimization for a 

Discrete Time, Cost and Quality Trade off problems. World Applied Sciences Journal, 4(2): 270-

276. 

22. Reza Ghodsi, Mohammad Reza Skandari, Morteza Allahverdiloo, Seyed Hossein Iranmanesh, 

2009. A New Practical Model to Trade off Time, Cost and Quality of a Project. Australian 

Journal of Basic and Applied Sciences, 3(4): 3741-3756. ISSN 1991-8178. 



International Journal of Advanced Scientific and Technical Research                  Issue 5 volume 2, March-April 2015 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 348 
 

23. Roya M. Ahari and S. T. A. Niaki, 2013. Fuzzy Optimization in Cost, Time and Quality Trade-

off in Software Projects with Quality Obtained by Fuzzy Rule Base, International Journal of 

Modeling and Optimization, Vol. 3, No. 2. 

24. Seyed Hossein Razavi Hajiagha, Hannan Amoozad Mahdiraji, Shide Sadat Hashemi, 2013. A 

Hybrid Model of Fuzzy Goal Programming and Grey Numbers in Continuous Project Time, Cost 

and Quality Tradeoff. International Journal of Advanced Manufacturing Technology, DOI: 

10.1007/s00170-013-5463-2. 

25. Tareghian, H..R. and S.H. Taheri, 2006. On the discrete time, cost and quality trade off problem. 

Applied Mathematics and Computation, 181(2): 1305-1312. 

26. Tareghian, H..R. and S.H. Taheri, 2007. A Solution Procedure for the discrete time, cost and 

quality trade off problem using electromagnetic scatter search. Applied Mathematics and 

Computation, 190(2): 1136-1145. 

27. Yang Q., 2009. Application of Time-Cost-Quality Tradeoff Optimization Model Based on 

Improved PSO Algorithm to Construction Project, APCIP '09 Proceedings of the Asia-Pacific 

Conference on Information Processing – Volume 02/ IEEE Computer Society Washington, DC, 

USA.  

28. Zhang H., Xing F., 2010. Fuzzy-multi-objective particle swarm optimization for time-cost-

quality tradeoff in construction, Automation in Construction, 19 (8), pp. 1067-1075. 
 


