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Abstract
Software Project Scheduling Problem (SPSP) is a problem 
of task and employee scheduling by satisfying soft and hard 
constraint. Number of techniques are designed to solve SPSP 
problem. It includes Genetic Algorithm (GA), Tabu Search (TS). 
SPSP problem is solved by using these technique also. These all 
techniques are a Meta-heuristic techniques.
A Novel Ant Colony Optimization (ACO) is a new Meta heuristic 
technique that are used to solve SPSP problem. For solving SPSP 
problem heuristic information as well as pheromone value is used. 
Heuristic information is calculated by using previous solution, 
eort, importance of task and allocation of employees. Six dierent 
strate- gies are used to calculate heuristic information. For 
solving SPSP problem construction graph is created, construction 
graph includes all possible path from one task to another task. 
Pheromone value is based on probability of maximum selected 
path in construction graph.
The Experimental results of ACO solution shows that this approach 
gives best result. The proposed algorithm is very effective and 
efficient as well as very promising for solving SPSP problem and 
it achieves more accurate result.
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I. Introduction
DEVELOPING an eective and ecient tools for project management 
is a challenging and critical task. Project management is an 
application of knowledge, skills, tools and techniques to solve 
project scheduling problem. SPS Problem is related NP-hard 
problem[3]. This problem consist of number of resources, the 
important resource is human. i.e Software engineers. To allocate this 
engineers to a particular task with minimum salary and minimum 
duration and complete a project is basic requirement in project 
scheduling. SPS Problem is simillar to RCPS Problem which nd 
an optimal schedule that meets the precedence requirement and 
minimize the project duration and cost [2]. The SPS Problem 
is dierent than RCPS Problem is that in SPSP employee is 
considered with multiple skill and in RCPSP number of resources 
are considered. Classical meta heuristic approach is applied 
to solve SPS Problem. ACO are used to solve many NP-hard 
combinatorial problem eectively such as ACS:TSP(Travelling 
Salesman Problem)[8],ACO for job shop Scheduling[9], Train 
Scheduling using ACO technique[9]. The 1st application of ACO 
was RCPSP[4]. In this paper two technique are used to solve the 
SPS Problem. 1st is solve SPS Problem using ACO and 2nd is 
domain knowledge has been found to be helpful for improving 
the performance of the scheduling algorithm. We have used ACO 
meta heuristic search technique for solving project scheduling 
problem.

The paper is organized as follows
1. Section II Literature survey.
2. Section III SPS problem is covered in this section.
3. Section IV explaination of ACO algorithm.
4. Section V presents the simulation results and comparison.
5. Section VI we concluded the paper in this section.

II. Literature survey

A. RCPSP Model
The RCPSP is a rst model in project management which is used 
to solve NP- hard problem. It is used to schedule the tasks of a 
project subject to precedence and resource constraints. To generate 
a schedule, it needs to determine order of tasks which satisfy task 
precedence constraint and make task list.
tp1, tp2 .......... tpn     (1)
Where (p1,p2,...,pn) is a permutation of (1,2,...,n). The task list 
denes the task priorities to consume resources when conflict 
occurs. RCPSP solve the problem of project scheduling but it 
does not consider the issue of employee allocation matrix. The 
RCPSP is not a perfect model to solve the problem of project 
scheduling.

B. Employee Allocation Model
In these models, the problem of how to assign employees to dierent 
tasks is addressed. The objective is to minimize the number of 
constraint violations or to minimize project duration and cost [5-6]. 
The aim of these model is quite dierent , they solve the problem 
of employee allocation matrix which is in RCPCP model.

where Whij means the working hours of the i-th employee for 
task Tj
These employee allocation models are helpful for managing human 
resources. This model lack the consideration of task scheduling. 
To solve the project scheduling problem, project manager need 
to not only the allocation of employee but also consider the start 
and end time of each task [6]. working duration of the task is 
dependent on allocation of employee to that task, scheduling 
of task and employee at the same time ,these two activities are 
unpredictable [6]. In addition, the employee allocation matrix has 
no idea about how to solve this resource conflict. The employee 
allocation models for software project planning have to implicitly 
assume that a task can be conducted by an unlimited number 
of employees and an employee can be assigned to an unlimited 
number of tasks at one time, which is usually not the case in 
practice [6].
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C. Multi-Skill Scheduling Model
This model use the reference of RCPSP model for scheduling the 
employee and task for executing the sequence of task. Branch and 
bound algorithms and tabu search were developed for the problem 
compared with the models aforementioned. MSS model is derived 
from the RCPSP and combination of above model. this model solve 
both problem of employee allocation matrix and task scheduling 
problem. this model only consider the allocation of employee to 
task at only one time, no con ict is occur but they does not consider 
the preemption of task. This model reduces the human resource 
allocation exibility. If one of the employee is busy in other task at 
that time the whole team has to wait till that employee is released. 
This drawback reduces the eciency of the project.

D. Time Line Based Model
To solve the problem of human resource allocation and task 
scheduling using very ecient way, the new technique that combine 
both the solution together is a time line based model. Dierent 
from the previous models, this model generate the time-line 
axis to solution representation and make a feasible plan which is 
three-dimensional employee allocation matrix. where Wij is the 
working hours of the i-th employee for task tj at time t. The three-
dimensional representation is able to overcome the disadvantages 
of the RCPSP and the employee allocation models. This model 
has two problems. First, assign workload period by period instead 
of task by task, the plans produced by this model may assign 
two completely dierent groups of employees to the same task in 
dierent periods.

E. Aco for Job Shop Scheduling
Job shop scheduling is a well known benchmark problem. This 
probelm is solved by using many methods such as branch and 
bound etc. The job shop problem is
n/m/G/Cmax     (2)
where n is the number of job, m is the number of machine, G is 
the parameter indicate that job are connected with technological 
production rule. This order is specied in the technological matrix T. 
An ex-ample for T could be: A row of the matrix represents a job, 
specifying the sequence of machines to be scheduled. Each element 
of the matrix T is referred to as an operation. The processing time 
of each operation is specied by matrix P: The matrices T and P 
together dene a job shop problem. The parameter Cmax stands for 
the minimum makespan of the jobshop. The number of operations 
in the job shop then the number of edges in the graph is given. Each 
edge has associated a pair of values cij, dij presenting its amount of 
pheromone and the heuristic distance between its nodes.

F. Train Scheduling Using ACO
In this model train scheduling problem is considered.This planning 
has been carried out manually and by trial and error methods. 
In a manual method, the train arrival and departure times from 
each station are identied based on the individuals experience 
and information. The solution quality and building time in this 
method are closely related to the individuals experience and 
ideas. Mathematical programming, simulation, expert systems, 
heuristic and meta heuristic methods, and combinational methods 
are designed for train scheduling. A mathematical model for train 
scheduling on a single track line is presented. Objective function in 
this model is to minimize the total train delays in the stations.

G. Traveling Salesman Problem Using ACS
In this model TSP(Traveling salesman problem) is solved using 
ACO. TSP is a well known bench mark problem which is solved 
using ACS : TSP. ACS use cooperating ant for nding the solution 
set. Each ant select a solution and communicate to each other by 
using pheromone. The results show that ACS outperforms other
nature inspired algorithms such as simulated annealing and 
evolutionary computation. This model uses the basic formula 
for selecting next node. This model update local pheromone using 
this equation. This model is very easy and its result is best than 
other heuristic algorithm.

III. Problem Definition
A project schedule is an assignment of the tasks to the employee 
by considering all the constraints of the project to get the best 
optimal solution with minimum cost and duration. A project 
contain various tasks which are to be scheduled to obtain a optimal 
schedule with respect to cost and duration.

Let P is a Project.• 
Each project has a set of tasks.

Let T be a set of tasks:• 
T= {T0, T1,....,Tn-1) where n is the Total number of tasks,

let E be a set of employees• 
E={E0, E1,....,Em-1} where m is the Total number
of Employee, Each task requires a set of skills and an eort.

Let S be a set of skills.• 
S={ S0, S1,....,Sj-1} where j is the Total number of Skills,

Eort be the eort required for the task t in T.• 
Eort={ Effort0, Effort1,....,Effortn-1} where n is the Total number 
of tasks,

For each task requires number of skills which is represented • 
by a 2d matrix.

Let ST be a set of skills required for each task.
ST={ { 1,2,4 }0, { 2,4,5 }1, ..., { 3,6,8}n-1 } where n is the Total 
number of tasks,

Let SE be a set of skills having each Employee.• 
SE={ { 1,2,4 }0, { 2,4,5}1, ..., { 3,6,8}m-1 } where m is the Total 
number of Employee,

Let TPG be the matrix containing dependency between the • 
tasks.

Let M be the solution matrix which is a schedule of Employee • 
and Task.

It is a n*m matrix of Task and Employee where employees are 
assigned to each Task 
where,
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A. Constraints
At the time of assignment of employee to task following Hard 
constraints must be satised.
1. No employee will work overloaded. i.e at the time of parallel 
execution its dedication  1.0.
2. All skills must be matched.
3. Select those solution whose salary and duration is minimum.

Fig. 1: SPP-ACO Architecture

B. Implementation
Assigning employee to a particular task by satisfying skill 
requirement is not a easy task be-cause there are n number of 
ways of assigning each employee to each task and their dierent 
dedication. so the time complexity of such algorithm is 2n. We have 
solve that problem by using ACO technique and generate a feasible 
solution. Feasibility of generated solution is to check by satisfying 
constraint. A solution is called feasible only if that solution satisfy 
all hard constraints. The main purpose of this paper is to generate 
schedule with minimum cost and minimum duration of the project. 
The solution must be generated in stipulated time with minimum 
cost and minimum duration so as to called optimized solution. 
This will help project manager to generate schedule in less time. 
Basically this tool is analytical tool for the project manager to test 
the performance of Ant Colony Optimization.
This paper explains the complete functionality designed and 
developed for making optimized software project schedule using 
Ant Colony Optimization. This tool is mainly used to generate 
a feasible schedule in less time along with hard constraint 
satisfactions. This tool is trying to minimize the cost and 
minimize the duration of the project. It is not intended to use it 
as an application to generate software project schedule. This can 
be used in testing schedules with constraint. This can be applied 
for Project Management, Making schedules. Use of this tool will 
denitely help you to get optimized solutions.
Software Project Scheduling Problem is solved by Using Meta 
Heuristic Approach and It is implemented with the help of 'C' 
programming. This problem is solved by considering four inter 
connected Modules.

1. Input Processing
This module is responsible to process the available data set. 
Here process means read the content of data set accurately and 
then prepare 4 the required meta data from that reading. In this 
module, system is reading the problem instance supplied as input to 
project and then outputs different relationship matrix as described 
in section 1.3

2. Draw CG & Initialization
In this module rst we initialize all matrix. such as solution matrix, 
pheromone matrix as well as initialize ACS parameter. Once 
we have initialize all values then use Split Algorithm to draw 
construction graph.

3. ACO
In this module, we Evaluated the solution which is generated by 
previous phase. Then checked tness value and apply ACO on 
that Solution. It means if solution is best according to constraint 
then update pheromone and calculate new heuristic information. 
This process will continue till we don't reach to termination 
condition.

4. Improvement Phase
This is the Final Module. In this Module we modify solution to 
reduces cost and duration. Some times this phase is consider as a 
optional phase. In this phaseWe print Solution employee as well 
as Task wise. We also print This schedule Month Wise.

The tness function is presented as following:

(3)
The details of SPP-ACO is described in following algorithm.
The Flowchart of SPP-ACO is presented in fig. 2.
Flowchart of the ACS algorithm is shown in gure. This flowchart 
describes the steps of ACS algorithm and working of main ACS 
algorithm. Termination criteria are considered in two way, either 
stop when best solution nd or when number of generations 
completed. 
In our method we consider the number of generations is a 
Termination condition. ACS algorithm describes the following 
flowchart.
Six diffrent heuristics are used to enhance the search ability of 
ants. When an ant travels on the path split by task Tk, it will nd the 
appropriate nodes according to the heuristic information.

Split Algorithm:
The split operation of a task in TPG is described as follows: 
After splitting the task ant select one by one edge and reaches to 
the next task. This path is straight forward.

IV. ANT Colony Optimization
Special insects like ants, termites, and bees that live in a colony 
are capable of solving their daily complex life problems. These 
behaviors which are seen in a special group of insects are called 
swarm intelligence. Swarm intelligence techniques focus on the 
group's behavior and study the decartelized reactions of group 
agents with each planning, train scheduling, rolling stock planning, 
and crew management. The study from biology of an ant colony 
shows that its behaviour is highly structured. one of the most 
studied cooperation phenomena among ants is the so-called 
foraging and recruiting behaviour.



IJCST Vol. 4, ISSue 4, oCT - DeC 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  409

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

This behaviour describes how ants explore the world in search 
of food sources, then nd their way back to the nest and indicate 
the food source to the other ants of the colony. To do so, ants use 
an indirect way to communicate through tracks of pheromone, 
a chemical substance that they can deposit and are attracted to 
each other. Fig. shows The ant's behavior: (a) the ants reach to 
the point of making a decision. (b) The ants choose one of the 
two paths randomly. (c) If the ants move with the same speed, 
the ants which have chosen the shorter path reach sooner to the 
point of making next decision. (d) The amount of pheromone in 
the shorter branch increases at a higher rate. The above behavior 
of real ants has inspired ant system, an algorithm in which a set of 
articial ants cooperate to the solution of a problem by exchanging 
information via pheromone deposited on graph edges.

Fig. 2: Flowchart [6]

To plan a software project, the project manager needs to estimate 
the project workload and cost and decide the project schedule 
and resource allocation. For workload and cost estimation, some 
famous models like COCOMO have been developed and widely 
used. For scheduling and stang management, similar to other 
projects (e.g., construction projects), management is usually 
conducted 

Fig. 3: ANT's Behaviour [M. Dorigo]
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by project management tools and techniques. For example,traditional 
project management techniques like Program Evaluation And 
Review Technique (PERT), Critical Path Method (CPM), and the 
resource-constrained project scheduling problem (RCPSP) model 
[5], have been applied in software project planning. Although 
these methods are important and helpful, they are increasingly 
considered to be  inadequate for modeling the unique characteristics 
of today's software projects.
The main reason for scheduling such project than dierent is that 
here we considering the employee who has multiple skills and skill 
prociency of employee. Dierent task requires dierent skills so each 
task has assign the employee who are most tted and whose salary 
is less. In this paper, we developed a practical and eective approach 
for the task scheduling and human resource allocation problem 
in software project planning with an Ant Colony Optimization 
(ACO) algorithm.

V. Result and Discussion

A. Experimental Result and Discussion
This project generates the schedule of employee and task of a 
Project. Each Project has multiple task & this tasks are dependent 
to each other. By considering their dependency and matching the 
skill of employee and task as well as tness value of the project, 
we schedule the employee and task in cost and duration of the 
project. For that purpose here number of generations are considered 
for result discussion. For execution here 10t 15e 5s instance is 
considered i.e. 10 Tasks, 15 Employees and 5 Skills. The Results 
are shown in graphs.
The results obtained by this system for dierent values of 
Employee, Task and Skills are presented. This section also deals 
with performance analysis and comparison of SPP:ACS with 
SPSP:ACO by Alba. In proposed system 

Table 1: Cost and Duration With varying Employee's
Employee Task Duration Cost
5 10 24.62 959910
10 10 16.20 981023
15 10 8.03 957209

Table 2: Comparison Table of Proposed System and Alba's 
Result
Emp Task Type Duration Cost

5 10 OUR 
Approach 24.62 959910

5 10 ALBA 23.6223 1,209,520

10 10 OUR 
Approach 16.20 981023

10 10 ALBA 15.2389 1,220,530

15 10 OUR 
Approach 8.03 957209

15 10 ALBA 8.8731 1,225,200
we consider 5 to 6 sets of Employee, Task and Skills. The 
performance of SPP:ACS can be evaluated using two terms 
namely Cost and Duration.

B. Computational results
Following are the results for the example case for the given 10 
task, 15 employee and 5 skills. Table 1 shows Employee, Task, 

Duration and Cost of dierent instances. The employee & task 
properties, employee & task skills, TPG of tasks are the input to 
our model. The main aim of project is to assign the employee to 
the task without violating the hard constraint. The generated nal 
solution is better optimal by comparing the cost, duration and 
overwork of other solution where ant select such path whose 
pheromone value is large.
Table 3 shows the comaparison table of our Approach and Alba's 
SPSP with ACO.

VI. Conclusion
Due to time complexity there are very few algorithms is 
implemented to solve such problems. There are also few algorithm 
of meta heuristic approach is presented such as Genetic Algorithm 
and Tabu search to solve SPSP problem. GA is also very good 
method to solve NP-hard problem. GA is also applied to solve 
SPSP problem but its success rate is not satisfactory. ACO is 
best method to solve SPSP problems. In this method, heuristic 
information and pheromone value is used to generate best solution. 
Local updating is used to change pheromone after every solution. 
Six strategies

Table 3: Cost and Duration With varying Skills
Emp Task Skill Duration Cost
15 10 4-5 9.41 959910
15 10 6-7 8.03 957209

Fig. 4: Duration VS Generations

Fig. 5: Cost VS Generations

are used to calculate heuristic information. Allocated dedication 
(AD) is best strategy to achieve best solution. This strategy reduce 
overwork of solution.
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Fig. 6: Fitness Per Generations
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