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Abstract— Present paper discusses about the hybrid method 

(genetic algorithm) of multi-objective optimization for 

studying time-cost trade-off problems (TCTP). In 

construction system the main objectives are less time taken, 

higher quality product, satisfaction of employer/clients, less 

waste of resources, cost-effective use of resources, products 

are sustainable. In a project management system main target 

is either to minimize the overall cost or to minimize the total 

time. Different hybrid techniques like simulated annealing 

(SA), random search (RS) and complex/simplex have also 

been discussed. Multi-objective hybrid optimization is the 

best method to optimize the results. The present study will 

focus on these objectives and how to minimize the total idle 

time or delays by optimization technique so that an effective 

and efficient scheme should be developed for any 

construction system. At the end we will find the combination 

of activities cost and their duration for achieving the goal of 

optimum results. MATLAB will be used to code the 

mathematical problem. 
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I. INTRODUCTION 

Optimization of a construction project is necessary for 

enriching the output of it. A multi-objective optimization 

problem (MOP) focuses on the maximization or 

minimization of the objective function. It is also known as 

multi-criteria, multi-attribute optimization. It is a decision 

making methods in which a more than one function being 

optimized like time, cost and safety risk. In this trade-off 

among conflict objectives have been optimally decided. To 

formulate an optimization problem set of quantities which 

are independent and an objective function which is 

dependent need to be known. In the mathematical form of 

multi-objective problem can be expressed as, 

𝐹(𝑥) = 𝑚𝑖𝑛(𝑓1(𝑥), 𝑓2(𝑥), … … , 𝑓𝑛(𝑥)) 

𝑥 = (𝑥1, 𝑥2, … … , 𝑥𝑛) 

Where 𝑓1(𝑥), 𝑓2(𝑥) 𝑎𝑛𝑑 𝑓𝑛(𝑥) are the n objective 

functions and 𝑥1, 𝑥2 𝑎𝑛𝑑 𝑥𝑛are the objective parameters. 

One can do the minimization or maximization of the above 

problem depends on the targeted value. Now a day weighing 

method has been utilizing to increases the performance 

which also known as multi-objective weighing (MOW) 

analysis or utility analysis.  

Figure 1 indicates the relationship between the cost 

and time. It can be observed from the figure that with 

increase in project duration direct cost decreases while 

service cost increases. One can notice that there is the time 

when optimal total cost has been achieved, that is also 

known as E.O.Q. (economic order quantity). The dotted line 

represents the optimum project duration and project cost for 

a project management system. 

 
Fig. 1: Relationship between project cost and project time 

Genetic algorithms are a particular class of 

evolutionary algorithms inspired by evolution. It is based on 

the theory of evolution that was given by Darwin “Survival 

of the fittest”. This theory mainly defines that those 

individuals which are adaptable to changing environment 

are thus fits in that scenario will move further and the rest of 

the weak population will be eliminated. The concept of 

genetic evolution is been increasing in data mining field as it 

has various advantages over other local algorithms 

implemented till date. Genetic algorithms are implemented 

by showing chromosomes as representations and various 

operations on them so as to find the optimal results. In 

general, the solutions are represented in form of 0’s and 1’s 

i.e. binary representation.  

Mokhtari et al1 studied a hybrid approach for 

stochastic time-cost trade-off problem (STCTP) of project 

management system for programme evaluation review 

technique (PERT) with linear cost activities function. They 

targeted their study towards enriching the project 

completion time. They utilized Monte-Carlo and cutting 

plane method to elucidate the modelled nonlinear problem. 

They utilized MATLAB 7.6.0 to code the problem. They 

have solved the problem in two stages, in first stage they 

used cutting plane for STCTP and in second stage they 

enriched each iteration time and each path time. They found 

that their model can improve the STCTP optimum time. 

Sonmez and Bettemir2 studied about hybrid 

methods for discrete time-cost trade-off problem (DTCTP) 

analysis. They utilized different methods for DTCTP 

problem like genetic algorithm (GA), hybrid meta-heuristic 

(HMH), simulated annealing (SA), quantum simulated 

annealing (QSA) and Hybrid algorithm (HA). They 

compared the results obtained by different methods and 

found that use of SA and QSA advances the convergence of 

GA while HA enriches the DTCTP performance.  

Andersson3 conducted survey of multi-objective 

optimization techniques utilized in design of engineering 

problems. They concluded that non-gradient optimization 

method perform well for engineering design problems. They 

discussed different design variables which affect the 

performance of engineering design. They told there are two 

types of optimization techniques derivatives and non-

derivatives or black-box methods. Black-box or non-
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derivatives methods further divided into simulated annealing 

(SA), genetic algorithm (GA), random search (RS), tabu 

search (TS) and complex/simplex method. They concluded 

that use of methods depends on the problem-set while they 

suggest that GA suits well for a complex problem. 

Afshar and Dolabi4 utilized genetic algorithm for 

time-cost analysis with multi-objective optimization 

method. They targeted their study towards the optimization 

of time and cost with safety risk. They have used three-

dimensional Pareto ranking method for selection criteria and 

to quantity safety risk a qualitative activity-based method 

has been used by them. They concluded that addition of 

qualitative activity-based method enriches the overall 

safety-risk. 

Li and Love5 used improved genetic algorithm to 

study she time-cost optimization. Tavana6 et al proposed a 

new multi-objective model for time-cost quality trade-off 

problem. Eshtehardian et al7 solved stochastic time-cost 

trade-off problem by fuzzy based MOGA approach. Ke8 

developed a GA based optimization with uncertain measure 

for time-cost trade-off problem. Reddy and Kumar9 studied 

the optimization method for reservoir system. Pishvaee and 

Razmi10 used fuzzy method for optimization of 

environmental supply chain network design. Abbasnia et 

al11 developed a time-cost trade-off method for construction 

project management using fuzzy logic approach. Narayanan 

and Suribabu12 utilize differential evolution algorithm for 

studying time-cost-quality trade-off for a construction 

project by multi-objective optimization. They targeted their 

study towards the maximum quality considering minimum 

cost and time. 

Gen and Cheng13 recently studied the weighing 

method and proposed some formulas shown below, 

Z+ = (Z𝑐
𝑚𝑎𝑥 − Z𝑡

𝑚𝑎𝑥) 

Z− = (Z𝑐
𝑚𝑖𝑛 − Z𝑡

𝑚𝑖𝑛) 

𝜔𝑐 =
1

Z𝑐
𝑚𝑎𝑥 − Z𝑐

𝑚𝑖𝑛
, 𝜔𝑡 =

1

Z𝑡
𝑚𝑎𝑥 − Z𝑡

𝑚𝑖𝑛
 

𝑓(𝑥) = 𝜔𝑐(Z𝑐
𝑚𝑎𝑥 − Z𝑐) + 𝜔𝑡(Z𝑡

𝑚𝑎𝑥 − Z𝑡) 

Where, Z𝑐
𝑚𝑎𝑥 = is the maximum overall cost in the 

existing population, 

Z𝑡
𝑚𝑎𝑥 = is the maximum overall time in the existing 

population, 

Z𝑐
𝑚𝑖𝑛 = is the minimum overall cost in the existing 

population, 

 Z𝑡
𝑚𝑖𝑛 = is the minimum overall time in the existing 

population, 

ωc= is the weighing constant for cost, 

ωt= is the weighing constant for time 

Tatar and Patil14 studied the optimization of project 

time utilizing minimum cost tool for a construction project 

management. They targeted their study towards limiting the 

critical activities time which bound the whole project time. 

They proposed two methods for time-cost optimization 

stochastic framework based on Monte Carlo Simulation and 

Non-linear integer programming based on Whats best 

solver. 

1) If Z𝑡
𝑚𝑎𝑥 is not equal to Z𝑡

𝑚𝑖𝑛and Z𝑐
𝑚𝑎𝑥is not equal to 

Z𝑐
𝑚𝑖𝑛, then 

𝑣𝑡 =
Z𝑡

𝑚𝑖𝑛

Z𝑡
𝑚𝑎𝑥 − Z𝑡

𝑚𝑖𝑛
, 𝑣𝑐 =

Z𝑐
𝑚𝑖𝑛

Z𝑐
𝑚𝑎𝑥 − Z𝑐

𝑚𝑖𝑛
 

𝑣 = 𝑣𝑡 + 𝑣𝑐 , 𝜔𝑡 =
𝑣𝑡

𝑣
, 𝜔𝑐 =

𝑣𝑐

𝑣
, 𝜔 = 𝜔𝑡 + 𝜔𝑐 

2) If Z𝑡
𝑚𝑎𝑥 = Z𝑡

𝑚𝑖𝑛and Z𝑐
𝑚𝑎𝑥 = Z𝑐

𝑚𝑖𝑛, then 

𝜔𝑡 = 0.5, 𝜔𝑐 = 0.5 

3) If Z𝑡
𝑚𝑎𝑥 = Z𝑡

𝑚𝑖𝑛and Z𝑐
𝑚𝑎𝑥 ≠ Z𝑐

𝑚𝑖𝑛, then 

𝜔𝑡 = 0.9, 𝜔𝑐 = 0.1 

4) If Z𝑡
𝑚𝑎𝑥 ≠ Z𝑡

𝑚𝑖𝑛and Z𝑐
𝑚𝑎𝑥 = Z𝑐

𝑚𝑖𝑛, then 

𝜔𝑡 = 0.1, 𝜔𝑐 = 0.9 
Pour et al15 utilized a novel hybrid genetic 

algorithm for time-cost. They proposed a new algorithm 

NHGA (Novel Hybrid Genetic Algorithm) which was based 

on meta-heuristic. This new algorithm converges quickly 

compared to conventional genetic algorithm because it 

involves hill climbing, reduction in hill climbing and 

mutation rate.Nguyen et al reviewed the study published on 

optimization utilizing simulation methods for building 

performance analysis. They conclude a figure which 

indicates the number of optimization studies conducted with 

each year shown in figure 2. 

 
Fig. 2: Relationship between numbers of optimization study 

with year 

II. GENETIC ALGORITHM PSEUDO CODE 

Initial population is chosen. 

Initially many individual solutions are randomly 

generated to form an initial population. The population size 

depends on the nature of the problem, but typically contains 

several hundreds or thousands of possible solutions.  

 Fitness of every individual in the population is 

evaluated.  

 Repeat  

 Best adaptive individuals from the population are 

selected. 

 Breed new generation t with help of crossover and 

mutation, give birth to new ones 

 Fitness evaluation of each offspring  

 Worst ranked portion of population is replaced with 

offspring  

Until <terminating condition> 

 The evolution usually starts from a population of 

randomly generated individuals and happens in 

generations.  

 In each generation, the fitness of every individual in 

the population is evaluated than multiple individuals 

are selected from the current population.  

 The new population is then used in the next iteration of 

the algorithm.  

 Commonly, the algorithm terminates when either a 

maximum number of generations have been produced, 

or a satisfactory fitness level has been reached for the 

population.  
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If the algorithm has terminated due to a maximum 

number of generations, a satisfactory solution may or may 

not have been reached. 

III. MATLAB OPTIMIZATION TOOLBOX 

There are different numbers of optimization toolbox in 

MATLAB they vary from linear to non-linear, quadratic of a 

single function to multi-objective function. Table 1 indicates 

al the optimization functions involves in MATLAB. 

S.N. Name (MATLAB) Problem 

1 linprog Linear programming 

2 quadprog Quadratic programming 

3 Fzero 
Scalar nonlinear zero 

finding 

4 Fsolve 
Nonlinear system of eq. 

solve 

5 Lsqlin 
Linear least square with 

linear constraints 

6 Lsqnonneg 
Linear least squares with 

non-negativity constraints 

7 Fminbnd 
Scalar bounded nonlinear 

function minimization 

8 Fmincon 

Multidimensional 

constrained nonlinear 

minimization 

9 fminsearch 

Multidimensional 

unconstrained nonlinear 

minimization 

10 Fminunc 

Multidimensional 

unconstrained nonlinear 

minimization 

11 Fseminf 
Multidimensional 

constrained minimization 

12 lsqcurvefit 
Nonlinear curve-fitting via 

least squares 

13 Lsqnonlin 

Nonlinear least squares 

with upper and lower 

bounds 

14 Fgoalattain 
Multidimensional goal 

attainment optimization 

15 Fminimax 
Multidimensional mini-

max optimization 

Table 1: MATLAB optimization functions 

IV. METHODOLOGY 

A. Flow Chart for the Present Problem 

The genetic process is represented with the help of a 

flowchart. The genetic algorithm is being shown below so as 

to clarify the whole functioning of the genetic algorithm:- 

In a construction project target is to either 

minimize the total cost or minimize the total duration. Any 

construction project contains number of activities. Each and 

every activity needs some time for its completion and 

resources. Paragraph below explains all the activities, their 

durations and resources available in detail.  

B. Activities 

A = [A1, A2, A3, A4, A5, A6, A7] 

Where symbol ‘A’ represents the activity and numbers 

represents activity number 

C. Duration 

D = [D1, D2, D3, D4, D5, D6, D7] 

Where symbol ‘D’ represents the activity duration for 

corresponding number of activity. 

 
Fig. 3: Genetic Algorithm Flow chart 

D. Resources 

R = [R1, R2, R3, R4, R5, R6, R7] 

Where symbol ‘R’ represents the resources and number 

represents resource number  

E. Fixed parameters 

 Number of activities 

 Activities durations 

 Number of resources 

 Activity relation with each other (Precedence) 

 Activity requirements of each resources 

F. Design Variables 

As design variable starting date of each activity of the 

project has been considered which indirectly dictates that 

the numbers of design variables are equal to the numbers of 

activity. 

G. Objective Function 

In the present problem target has been focused on the 

minimization of the project duration. That has been achieved 

with activity precedence and resources constraints 

satisfaction. 

Minimize T 

T = maximum (Si + Di) 

Where Si and Di are the starting date and activity duration 

for the corresponding activity 

Start

Applying crossover

Input data

Evaluate constraints

Calculate objective function
& fitness functio

Caculate the duration
for each resources

Duration
> fitness

Mutate the bit

Update values for duration

End

If no

If yes



Genetic Algorithm for Optimization of Time-Cost Trade-Off for Construction 

 (IJSRD/Vol. 4/Issue 06/2016/119) 

 

 All rights reserved by www.ijsrd.com 504 

H. Fitness Function 

Fitness function defines the solution richness, lesser 

duration means the more fit solution, it can be defines as 

reciprocal of total duration. 

𝑓𝑖 =
1

𝑇𝑖

 

Project considered in the present problem shown in 

table 1 have 7 numbers of activity and four different 

resources. Some activities also have some precedence which 

has also been shown in the second column of table 1. From 

table one can say that activity 1 needs 10 number of units 

from resource R2 and 20 units from resource R3 and 0 units 

from resources R1 and R2. One can say that activity A3 

does not complete without the completion of activity A1 

while activity A4 depends on the completion of activity A1 

and A2. 

V. RESULT AND DISCUSSION 

Activity Precedence 
Time 

R1 R2 R3 R4 

A1  0 10 20 0 

A2  30 25 40 10 

A3 A1 45 20 75 30 

A4 A1, A2 75 40 60 50 

A5 A2 30 35 40 70 

A6 A3 20 30 100 20 

A7 A4, A5 290 90 120 150 

Table 1: Activity duration for different resources and their 

relation with each other before GA 

Activity Precedence 
Time 

R1 R2 R3 R4 

A1  0 2 0 0 

A2  25 26 8 10 

A3 A1 20 21 27 30 

A4 A1, A2 40 43 50 52 

A5 A2 27 30 40 46 

A6 A3 20 20 20 20 

A7 A4, A5 88 90 116 112 

Table 2: Activity duration for different resources and their 

relation with each other after GA 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4: Comparison of duration before and after 

implementation of GA 

VI. CONCLUSION 

1) A Genetic algorithm (GA) model has been developed 

to figure out the best solution for a construction 

project. 

2) Total project duration has been found to me minimum 

after GA implementation. 

3) Model performance has been enhanced by utilizing 

crossover operators which helps in getting a feasible 

solution. 

4) The model has performed well for a construction 

project and has been verified for various examples. 

5) The genetic is an optimization technique that uses the   
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