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ABSTRACT 

Software organizations every day meet new challenges in the workflow of different projects. Scheduling the 
software projects is important and challenging for software project managers. Efficient Project plans reduce the cost of 
software construction. Efficient resource allocation will obtain the desired result. Task scheduling and human resource 
allocation were done in many software modeling. Even though we are having large number of scheduling and staffing 
techniques like Ant Colony Optimization, Particle Swarm Optimization (PSO), Genetic Algorithm (GA), PSO-GA, there is 
a need to address uncertainties in requirements, process execution and in resources. But many of the resource plans was 
affected by the unexpected joining and leaving event of human resources which may call uncertainty. We develop a 
prototype tool to support managing uncertainties using simulation and simple models for management decisions about 
resource reallocation. We also used some real-world data in evaluating our approach. This paper presents, a solution to the 
problem of uncertain events occurred in the software project planning and resource allocation. This paper presents a 
solution to the uncertainties in human resource allocation. 
 
Keywords: resource constrained project scheduling problem (RCPSP); software project scheduling problem (SPSP); ant colony algorithm 
(ACA), genetic algorithm (GA). 
 
INTRODUCTION 

Software project plans play vital role in the end 
product of software. Software project managers take 
responsibility for plan the software project. In planning 
project scheduling and resource allocation are interesting 
issues. Scheduling is the process where tasks in the project 
are ordered to execute by the time. Resource allocation is 
the process in which available resources are assigned tasks 
in order to execute the given project. Scheduling and 
allocations are usually complex depending on the 
constraints and factors considered in a project. Efficient 
project plan reduces the Software Construction Cost which 
will make the companies to be succeeding [1]. The task 
scheduling, problem has been solved for years and is 
known to be NP complete [2]. Project Scheduling employs 
by Software project managers frequently to perform 
preface time and resource estimates, general assistance, 
and analysis of project alternatives [3]. Planning of 
software projects using computer software is a challenging 
task, because activities and resources are mostly human 
intensive. Various Software modeling techniques are 
present for scheduling and human resource allocation. But 
many of the modeling techniques have not considers the 
variations in joining and leaving event of human 
resources. An event based ACA was proposed to handle 
the event of joining and leaving. This approach 
represented a plan by a task list and a planned employee 
allocation matrix. In this way, both the issues of task 
scheduling and employee allocation can be taken into 
account. The basic idea of the EBS is to adjust the 
allocation of employees at events and keep the allocation 
unchanged at non-events. This paper addresses a solution 
to the problem of uncertain events which may occur in the 
software project planning and resource allocation. 
 

LITERATURE REVIEW 
Assigning the right task to the right person at the 

right time is a challenging job of project manager. To 
solve the resource allocation and scheduling problems, 
traditional models and tools are required for project 
management and the techniques which are comprehensive. 
For Software Project Planning, Search Based optimization 
is the remarkable approach.  In last decade, the thought of 
software engineering planning as search-based problems 
were increasing attention [4], [5]. P.Brucker et al., 
proposed RCPSP which  find  an  optimal  schedule  that  
meets  the  preceding  requirement  and  minimize  the  
project duration and cost. RCPSP do not consider the 
human resource allocation with various skills. [6]. Daniel 
merklel et al., [7] proposed an ant colony optimization 
algorithm for RCPSP which addresses both the problem of 
human resource allocation and task scheduling. But 
neither do not consider the task preemption. 

Enrique Alba et al., [8] proposed a genetic 
algorithm for managing software projects. The main goal 
is to reduce the time and cost of a project. But these two 
goals are in conflict. GA is quite flexible and accurate 
techniques for this application and can be an important 
tool for project managers. This is suitable for small 
projects and for large tasks it is difficult to solve and it 
was expensive in their solution and project with more 
employee is easy to address and can be successful in short 
time.  The problem of dealing with a large set of tasks 
needs to be addressed. 

Lai-Hsi Lee [9] proposed an Taguchi’s parameter 
design approach which considers human resource 
allocation problem using preemption rules. Project 
preemption allows resources flow passively from one 
project or task to another. So that flexibility of human 
resource usage can be increased. 
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Cedric pessan [10] Proposed branch and bound 
method to address the problem of project scheduling for 
maintenance activities in an organization. Preventive 
maintenance activities are usually planned in advance. So 
that production is stopped and all maintenance activities 
should be processed as fast as possible in order to restart 
the production early. The Branch-and-Bound method uses 
two lower bounds. The first one is based on a 
compatibility graph it checks which activities can be 
processed at the same time. The second lower bound is an 
adaptation of energetic reasoning that checks if the 
mandatory parts of the activities during an interval can be 
processed on the available resources, respecting skill 
constraints.  

A. Barreto [11] proposed an optimization based 
approach to the problem of staffing a software project. The 
Software Project Schedules the tasks to the employees 
based on the abilities possessed and are strongly related to 
process productivity and end product quality. Thus, one of 
the most important decisions to be made by a software 
project manager is how to assign the task to right staff in 
the project. This staffing problem is regarded as a 
constraint satisfaction problem. Hence the decision 
support tool was developed which takes the information of 
professionals, project activities and characteristics and 
utility function of the project as an input and then 
performs an optimization algorithm to give a suggested 
team for the work as a output. This output will give 
possible teams that satisfy the given constraints and also 
suggest the best optimal team to perform the work 
projects. This model should refine their dynamic aspects 
like developer motivation, learning curve and error 
propagation further. 

Chang [12] proposed a time-line-based model to 
address the problem of task scheduling and human 
resource allocation in a more flexible way. He considered 
task scheduling and employee allocation together. 
Different from the previous approaches, the time-line-
based model introduces the timeline axis to solve the 
scheduling and resource allocation problem and uses 3D 
employee allocation matrix. This model solves both the 
issues of task preemption and employee allocation and it 
overcome the disadvantages of RCPSP model. Because of 
using 3D matrix instead of 2D, the search space is 
increased in large amount. 

Ramasuamy [13] applied queuing theory to 
software maintenance projects. Podnar and Mikac [14] 
performed simulations of software maintenance for the 
function of estimating different process strategies rather 
than staffing the system. 

Bertolino [15] proposed Performance engineering 
technique based on the usage of queuing models and UML 
performance profiles, which assist project managers for 
decision making in teams and tasks. The search based 
techniques developed by Bertolino et al. suggests to 
managers the configuration capabilities to minimize the 
completion time and exploit the efficiency in resource 
usage. 

The selection of scheduling and staffing problem 
is a nonlinear problem presented by Gutjahr et al., [16]. 
He proposed Ant’s Colony Optimization (ACO), and GAs 
combined with a problem-specific greedy technique to 
solve the scheduling and resource allocation problem. The 
objective function aggregates two terms: Project gain and 
global.  

Many researchers have been paying attention to 
optimization techniques as computational intelligence. The 
techniques include evolutionary algorithms [17, 18], fuzzy 
logic [19] and constraint satisfaction [20] which reduces 
the problem search spaces. 

Barreto et al., [21] proposed Constraint Logic 
Programming (CLP) for scheduling and staffing problem, 
which was not based on the idea of search based 
optimization. CLP focuses on conveying maintenance 
requests to the majority of qualified team or to the team 
consisting of highest productivity. To this aim, they 
assumed the survival of a relationship between completion 
times and develop skills, which were not empirically 
sustained by data from real projects. As an alternative, the 
authors showed a tool for a manager who schedules the 
project improved and faster. 

Wei- Neng Chen [22] proposed an event-based 
scheduler (EBS) and an ant colony optimization (ACO) 
algorithm to solve software project planning. The 
presented approach had shown a plan by seeing the task 
list and the well planned employee allocation matrix. By 
this way, both problems of task scheduling and employee 
allocation were to be considered. In the EBS, the 
commencement time of the project, the time when 
resources are released from completing tasks and the time 
when employees join or leave the project are observed as 
events. The fundamental idea of the EBS is to adjust the 
allocation of employees at actions and maintain the 
allocation unchanged at non actions. The presented 
approach facilitates the modelling of resource variance and 
task preemption and conserves the flexibility in human 
resource allocation. ACO is considered for planning 
issues. 
 
PROBLEM STATEMENT 

Software project planning has to deal with both 
the problems of project task scheduling and human 
resource allocation. Already proposed Models for software 
project planning suffers from very large search space and 
restrict the flexibility of human resource allocation. 
Traditional models   consider task scheduling and human 
resource allocation as two separated activities and leave 
the job of human resource allocation to be done by project 
managers manually. Search based approaches makes the 
search space very large and suffers from the problem of 
desultory assignment of workloads. Event-based scheduler 
(EBS) and ACO approaches doesn’t handle uncertainty 
even occurred in the project planning. 

Classical management methods cannot prevent 
these kinds of unexpected problems. No matter how much 
effort is put in, no matter how many stones we turn over, 
the potential for uncertainty remains. It leads to a third 
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guiding principle for managing uncertainty. The existence 
of uncertainty is not due to an inherent failure to execute 
project management processes thoroughly. 
 
PROPOSED SYSTEM 
 
Aco 
 
Construction of task list 

A task list is an order of tasks (tp1, tp2 , . . . , tpn) 
that satisfies the precedence constraints defined by the 
TPG. Here we first define the pheromone and the heuristic 
for task list construction.  

Pheromone: To build a task list, an ant has to 
determine an order of the tasks. For the considered 
software project planning problem, since one task can be 
assigned to several employees, one employee can 
undertake several tasks simultaneously, and skill 
proficiency is considered, it is more difficult to define 
related tasks for the relation-learning model. Therefore, we 
adopt the absolute position model with the summation rule 
in the proposed approach. 

Heuristic: The minimum slack (MINSLK) 
heuristic is adopted for task list construction. A task with a 
relatively smaller MINSLK implies that this task is more 
urgent. 
Step-a: Estimate the shortest possible makespan of each 
task. 

Step-b: Based on the shortest possible makespan 
of each task, the earliest start time and the latest start time 
of each task can be evaluated, and the MINSLK is 
calculated by the difference between the latest start time 
and the earliest start time of the task. 

Construction procedure: To build a feasible 
task list, each ant maintains an eligible Set of the tasks that 
satisfy the precedence constraint. The construction 
includes the following steps: 

Step a: Put the tasks that can be implemented at 
the beginning of the project (i.e., the tasks that do not have 
any precedence tasks) into the eligible Set. 

Step b: For k = 1 to n, process the following sub 
steps b-1 and b-2, repeatedly: 

Step b-1: Select a task from eligible Set and put 
the task to the kth position of the task list. 

Step b-2: Update the eligible Set by removing 
the selected task from eligible Set and adding new feasible 
tasks that satisfy the precedence constraint into eligible 
Set. 

After Steps b-1 and b-2 repeat n times, a feasible 
task list is built.  

We have developed a new simulation framework 
that builds on the experience gained in our initial 
implementation. This section provides a little more detail 
on that implementation. 
 
MODEL DESCRIPTION 
 
Description of employee 

Software development is a people-intensive 
activity. To manage employees, an employee database is 
needed to record the employees’ information on wages, 
skills, and working constraints. The employees can be 
assigned to suitable tasks so that the tasks can be done 
efficiently. Suppose m employees are involved in the 
project, for the ith employee (i =1, 2, . . .,m)  all the 
attributes i.e., Eid (Employee identification), Ename 
(Employee name), BS (Basic Salary), HS (salary per 
hour), OHS (Over time salary per hour) NH (Normal 
working Hours), MAXH (Maximum working Hours) Join 
Time (The employee Join Time, Leave Time(Leave time 
of employee) Skill Set (The proficiency of employee) has 
to considered. Figure-1 shows the Description of 
Employee. 

 

 
 

Figure-1. Shows the description of employee. 
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Description of tasks 
In a software project, tasks can be any activity 

involved in software construction, for example, class 
design, programming, and testing. Tasks can be described 
using the parameters called Tid (Task Identification), 

TName (Task name), and Skill Set (Proficiency of Task), 
Duration (time need to complete the task) Cost (wages 
paid to task), NEMP (Number of Employees needed to 
complete), Penalty (Extra wages paid if not complete in 
Time). Figure-2 shows the Description of Tasks. 

 

 
 

Figure-2. The description of tasks. 
 
Resource allocation 

Work load will be assigned to each employee 
based on their skill set proficiency form description of 
employee and description of tasks.  
 
Employee allocation matrix 

Employee allocation matrix describes the 
structure of estimated working hours of the employees 
towards their tasks. This matrix addresses the problem of 
flexibility of human resources and task preemption in the 
project. Task preemption is achieved by making the 
regular employees to devote all their normal working 
hours to the project and by assigning their remaining 
working hours to some other efficient task. Hence the cost 
of hiring new employees to the work will be prevented and 
it also minimize the duration of the project. 
 
Task list 

Task list describes the priority order of tasks in 
which the resources have to be utilized. Task list is 
constructed using ant colony optimization approach 

through pheromone and heuristics values. The problem of 
resource conflict is addressed through the construction of 
task list. 
 
Event based scheduler 

EBS composed of task list and employee 
allocation matrix so it address the both the problems of 
task scheduling and employee allocation. The main goal of 
EBS is to adjust the allocation of employee whenever 
events occur and keep it constant when events do not take 
place. The following condition is determined as events  
 
1) Starting of the project 
2) Resource released by completed task  
3) Employee enters and leaves the project. 
 

EBS, Schedules the tasks to the available 
resources to complete the projects.  

Figure-3 show scheduling the Tasks to the 
available employee. 
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Figure-3. Show scheduling the tasks to the available employee. 
 
Construction of employee allocation matrix using ACO and event based scheduler: 
The employee allocation matrix specifies the originally planned working hours of employees to tasks. Figure-4 shows the 
Allocation of resources based on the task list. 
 

 
 

Figure-4. Shows the allocation of resources based on the task list. 
 

Task representation: Tasks have the following 
attributes that are taken into consideration for simulation: 
 Expected effort, the expected number of person hours 

required to complete the task. 
 Pessimistic effort, the pessimistic expectation of 

effort. 
 Presumed criticality, whether or not Microsoft Project 

considers this task critical. 
 Required skill sets, a list of skills required to complete 

the task. 
 

Task duration estimates: The simulation 
determines how long a task is actually going to take based 
on the estimates turned in to the project manager at the 

beginning of the project. Each estimate is made up of an 
optimistic, expected, and pessimistic estimate. The 
simulation determines the actual effort by selecting a value 
between the optimistic and pessimistic estimates, weighted 
by the implied confidence of the estimate. The confidence 
is inferred from the ratio of the pessimistic to expected 
estimates. As the confidences of the estimates go up, so 
does the probability of the actual duration of the task being 
closer to the expected estimate. 
 

Task reassignment parameters: The learning 
curve is represented as a penalty associated with resource 
reassignment. When a resource is reassigned to a task, it is 
expected that there will be some period during which the 
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resource is not operating at full capacity. For now, we use 
a simple cumulative Gaussian distribution. 
 

Task estimation uncertainty: The time 
granularity of the simulation is assumed to be daily, 

although any unit of time may be used. For each task, we 
have an initial estimate of the work required for 
completion. Figure-5 shows the handling the resource 
uncertainty. 

 

 
 

Figure-5. Shows the handling the resource uncertainty. 
 
PERFORMANCE EVALUATION 

In Figure-6 and Figure-7 we compare the results 
of both existing and proposed algorithm with parameters 
Costs and Time. Time taken to schedule and resource 
allocation in the project is very low in the proposed system 
compared to EBS and ACO, which is shown in Figure-6. 
Cost Performance taken to schedule and resource 
allocation in the project is very low in the proposed system 
compared to EBS and ACO, which is shown in Figure-7. 
 

 
 

Figure-6. Comparison of results of both existing and 
proposed algorithm with parameter Time. 

 

 
 

Figure-7. Comparison of results of both existing and 
proposed algorithm with parameter cost. 

 
CONCLUSIONS 

A new method for solving the software project 
planning problem has been developed. The main 
characteristics of the proposed method are in two aspects. 
First, the method introduces an event-based scheduler. 
Second, the method takes advantage of ACO to solve the 
complicated planning problem. Better insights into the 
criticality of tasks can help software development 
managers cope with the uncertainties that they face in 
project planning. We believe that simulation, with 
sufficiently accurate models, can do much better job of 
estimating task criticality than static analysis. However, 
managers must do project planning in the face of huge 
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uncertainties about how the project will unfold, and better 
insights into the relative criticality of those many 
uncertainties can help a manager construct a more robust 
plan. Ultimately our goal is to develop a decision tool that 
would help managers with better insights into the 
criticality of project tasks, as discovered by simulating the 
way the various uncertainties might unfold and interact as 
the project progresses. We recognize that some 
uncertainties are more benign than others, and we hope to 
provide managers with a tool that would help them to 
focus on the uncertainties that matter most. 
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