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Abstract: Project Management involves the application of knowledge, skills and techniques to execute projects
effectively and efficiently. Three common factors that influence the performance of a particular project are time,
cost and resources. To satisfy all these factors, appropriate project management approaches need to be
adopted. This paper presents a review of project management techniques and optimization methods that can
be applied for project management to ensure the successful implementation of a project. The Work Breakdown
System (WBS), Gantt chart, Critical Path Method (CPM) and Project Evaluation and Review Techniques (PERT)
are evaluated in order to reveal their strength and weaknesses.Likewise, the optimization techniques such as
Ant Colony (ACO), Genetic Algorithm (GA) and Particle Swarm (PSO) are discussed to assess the possibility
of integrating these techniques with the traditional project management methods. The review indicates that the
most suitable approaches to be adopted in small to medium project management were identified as Ant Colony
and CPM/PERT. Subsequently, systematic convergence of these approaches, can minimise the overall project
cost, time and resources whilst improving project performance.
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INTRODUCTION that are completed on-time and on-budget. This is applied

Projects  can  be defined as building blocks that has and material. Fails to plan a project will only bring the
starting and ending time and utilising cost and resources whole process to downfall [3].
to accomplish specific objectives. The ultimate goal of a According to [4] the amount of project management
project is to attain return on investment, profit, feature, education and certifications increased over the past 25
competition and marketability in an organization [1]. years, however, the delivery of services still continue to
Specifically, project management is the application of struggle with low performance. The two most significant
knowledge, skills and techniques to execute projects domains that require efficient project management are the
effectively and efficiently. It is a strategic competency for construction industry and information technology (IT) [4].
organizations which enable them to be competitive in the A construction project focuses on increasing resource
marketing arena [2]. efficiency, reducing construction duration, minimizing

Project management techniques are essential to be total cost and measuring construction quality [5]. As for
looked into as a success factor for a project. A classic the IT sector, it focuses on the affecting factors for
analysis on IT projects by The Standish Group back in project success which include stakeholders, project
1995 reported the statistical analysis as below: It was communication, partnership and information sharing
concluded that 31% of projects will be cancelled before mechanism as well as project management process [6].
they even get completed while 52% of projects will cost Time, cost and performance are the three main dimensions
over 189% of their original estimation. On the success in project management through which projects are
side, the average is only 16.2% of the software projects featured [7, 8]. Time and cost must be minimized and at the

to any other projects that involved cost, human resources
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same time the performance must be maximized. These size, complexity and stakeholder’s needs [20]. There are
three dimensions are highly correlated [2]. Despite this, few techniques that have been applied which are Work
problems faced in project management included low Breakdown Structure (WBS), Gantt chart, Critical Path
quality and performance, increased costs and broken Method (CPM) and Project Evaluation and Review
schedule [9, 10]. Therefore, a project must be managed in Techniques (PERT). CPM and PERT arecommonly
order to optimize all these dimensions. Different project usedmeant for planning and schedulingof activities in the
organizations possess scopes and characteristics which construction, IT, manufacturing and defence
are unique from each other. In practical engineering, every organizations [19]. These techniques can also be applied
model has a large number of successful examples and to solve many problems in project management and in the
there are also large numbers of failures [11]. programming of large-scale projects. At the same time, the

Management factors such as project planning and development and improvement of these techniques still
control, internal integration, client participation and top continue [21].
management support can help in improving project [12].
While measuring project management implementation can The Work Breakdown Structure (WBS): WBS is
assist in the effort of solving this issue by providing a considered as a foundation concept of project
valuable framework for project performance improvement management [22]. It is one of the  tools  in  project
[10, 13]. Every project utilizes budget to be spent on each planning in outlining the project scope [23]. WBS divides
phase or certain area of a project during the project the  entire  project into its component elements as
execution. Large amount of money needs to be controlled depicted in Fig. 1, in order to establish a framework for
and managed in a scientific way such as by developing a effective control of the project scope, schedule and
budget before the project starts and monitoring and budget [24]. The framework gives an overview of the
controlling the spending of the allocated budget project which facilitates the assignment of tasks and
accordingly to prevent it from being overrun [14, 15]. In human resources in specific works [25]. In some Project
terms of time management, the completion time for each Management Software Packages, there are WBS templates
phase of a project has to be ensured that the project can available but they are of typical project meant to simplify
be completed within the time span [16] specified in the planning work [26].
contract. Hence, project scheduling in which include the Cost estimation and measures based on hypothesis
activities, milestones and deliverables for the intended testing over the Responsibility Assignment Matrix (RAM)
start and end dates is an integral part of project can be done using WBS [27]. The application was on
management. Managing a complex project without being construction project cost using a spread sheet to create
assisted by an appropriate computerised tool could not an early-stage budget allocation. In this case, the
guarantee successful completion of a project. application of WBS uses quantitative estimation of costs

Therefore, there are a number of techniques and with a qualitative approach using the RAM project
approaches that can be adopted in order to properly environment. WBS reduces uncertainty in cost estimation
manage a project. Traditional well known project during the pre-conceptualization of project to determine
management techniques such as Work Breakdown its viability.
Structure (WBS), Gantt Charts and PERT/CPM Networks In IT field, the WBS was applied as a process of
can be considered [17]. Some works has also been carried decomposing the IT project to several parts based on top-
out on the use of optimization in project management. down and bottom-up approaches. Sharon & Dori [28]
Among the popular optimization techniques for this implemented WBS for complex project in Project-Product
purpose are Ant Colony Optimization, Genetic Algorithm Life cycle Management (PPLM). PPLM approach is
and Particle Swarm Algorithm [18]. defined as building a comprehensive project–product

This paper reviews several project management model at the early stages of the combined project–product
techniques and optimization approaches to address their life cycle. Thus, integrating WBS based on PPLM
capabilities related to project management. approach would help in producing an efficient project

planning.WBS was also applied in a schedule
Project Management Techniques: The project planning management system for the air force system program
techniques are necessary to satisfy the project goals and office [29]. Schedule out of WBS provided logical
their identified requirements [19]. The selection of hierarchical tasks for the organization. It helps the air
techniquewill be different based on the project duration, force   system   as   WBS   offers   level’s    summary,  task
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Fig. 1: Work Breakdown Structure (WBS)

selection criteria and sort order which will support the The chart has significant visual capability while
clear communication of task details. Another preventing over plotting [36] in planning a project and can
implementation of WBS was on dynamic authorization be very useful to communicate and control the simple and
management model based on ASP.NET technology to set complex projects [35].
up the access control system in the.NET framework [30]. Since project management is highly related to cost,

Despite the mentioned capabilities of WBS, the the application of Gantt chart in previous research
drawback requires a significant amount of effort to build showed that the technique can be used in managing
and maintain the structure. The WBS enforces rigid investments and other business operations [35]. It helps
structure for the project. Hence, managerial flexibility to by giving easy reduction of the illustrated reports
initiate and lead changes during the project life cycle are regarding the current project’s stage so that the company
reduced [31]. For a large scales complex project, WBS is can control the flow of their money.
hard to create [26] as it needs dependency among tasks However, there are few shortcomings for this
and technique for the planner. technique. As shown in Fig.2, Gantt chart’s logic lines

would get tangled while not allowing the length of the
Gantt Chart: The Gantt chart; a project management tool bars to be changed or flexibly moved around to make
intended for planning and scheduling projects [32] was tasks  clearer  [37].  The  bar chart depicts a non-explicit
invented in the early 1900’s by Henry L. Gantt [33] and critical  path  and  does  not  record  the differences
evolved from static paper chart to electronic medium [34]. between original plan and actual delivery execution of
One of the free software to create Gantt chart is Microsoft project [33].
Project Manager. Gantt chart pictures the project
development that concerns time where it allows the Critical Path Method (CPM): One of the cores of network
representation of activities in the bars form as shown in planning technology is Critical Path Method (CPM) which
Fig. 2. On the left side of the chart, tasks are often is an important and well known tool [38] for project
grouped into categories and each category can be management planning [39]. CPMis used for scheduling,
concluded as a summary of the task where the duration controlling and improving large scales project [20,40]. It is
summarizes all the tasks that are in the same category. a statistical technique of project management in which
While on the other side; the horizontal axis is time (linear) planning, scheduling, organizing, coordination and
notation. Each task is given its own horizontal band for control of well-defined activities takes place.CPM method
certain specified time where the calendar duration of the works on analysing projects by determining the longest
task is indicated by a box, line, or other object with a sequence of tasks with the slightest slack through a
variable horizontal dimension [33, 35]. Overall, this chart project network [41], earliest and latest event time [42].
pictures the beginning and ending dates as well as the The activity oriented network in CPM provides
important duration parameters that could help in information about project’s duration and critical path [43]
monitoring various projects over specific duration [32, 36]. as depicted in Fig. 3. 
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Fig. 2: Gantt chart using Microsoft office project 

Fig. 3: Critical Path Analysis (Method) example

Fig. 4: PERT example
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Mazlum et al., [19] proposed PERT, CPM and Project all the tasks within that category [33]. As it pictures
Management with Fuzzy Logic Technique to be timeline, it can be said that the main concern of this
implemented on business. CPM was used to plan the technique  are  deliverability  of  tasks and project
project of an online internet branch. The project is duration. Gantt chart helps to set realisticto set realistic
assessed by cost-time point of view with the help of timeframes and highly visible. The downside of Gantt
earned value techniques that were developed by project chart is the size of the taskbar which does not
management institute. indicatetheamount of work involved and must be

constantly updated.
Project Evaluation and Review Technique (PERT): CPM is a project management technique that
Program Evaluation and Review Technique (PERT) [44] is calculates total duration of a project based on individual
a project management tool that can be used to schedule, task durations and dependencies and identifies which
organize and coordinate activities in a project. It defines tasks are time-critical [52]. If both of the previous
and integrates tasks whilst organizing the sequence of techniques focus on deliverability of tasks, CPM
activities for achieving project objectives within specified concerns more on cost, which will help organization to
time [5]. Nevertheless, the details of activities are not overcome one of the most important success factors in
precisely considered in PERT. [45]. The most important project management quality [8]. CPM best suited for cost
criteria of PERT are the management of probabilities [5]. optimization and can also deal with predictable activities
However, it does not look for only one project to shorten project duration. However, this technique lacks
implementation timeline but focuses more on their on timeframe and it is not easily scalable for a smaller
alternatives [46, 47] as depicted in Fig. 4. project. It can be problematic if the plan changes during

The original PERT can be seen as an activity-on- project execution because the precedence diagram will
arrow network with one start and one finish event [48], have to be redrawn [53]. 
which represent the beginning and the end of a project. PERT  can be  used  to represent and analyze the
The disadvantages of PERT are the basic concept of the tasks involved in completing a given project [54] by
technique tends to underestimate the expected minimum simplifying  its  planning  and  scheduling which
project duration [49, 50] and does not explicitly treat risk especially useful for a large and complex project [46].
such as project delay [51]. PERT  is  concerned  with  the  time needed to complete

Miklos [10] has applied PERT in one of the highway each  task  and  the  minimum  time  needed  to  complete
construction projects. The plan is based on the the total  duration  of  a  project.  It  incorporates
Precedence Diagramming Method (PDM) that involves uncertainty to schedule a project while not knowing
1015  activities  and 1112 logical relationships. Aziz [5] precisely the details and durations of all the activities.
applied PERT in programming software namely the This technique is best suited for high precision time
Repetitive Project Evaluation Technique(RPERT) with a estimation  and  can  dealwith  unpredictable  activities
number of new and unique capabilities. The expected [46]. The comparison of these four techniques is compiled
project completion probability can be viewed according to in Table 1.
a set of specified durations per each identical
activity.Integration with project time calculations is Optimization Methods in Project Management:  Resource
alsoavailable. allocation optimization is one of the most challenging

problems in project management. It is a combinatorial
Comparative Studies for Project Management problem with multiple objectives and taken into
Techniques: WBS divides the entire project into its consideration a number of factors such as project
component elements in order to establish a framework for duration confinement, resource-constrained allocation,
effective management control of the project scope, resource levelling and its size. The complexity of a project
schedule and budget [24]. This technique is normally grows exponentially as the number of activities, resource
used in project proposal and suitable for small-medium types and execution modes increase. Hence, the
projects. However, WBS requires a significant amount of appropriate method to be selected to facilitate project
effort to build and maintain the structure. In Gantt chart management will vary depending on project’s duration,
tasks are often groupedinto categories and each category size, complexity, personnel allocations and owner
can be treated as a summary task whose duration spans requirements [20]. 
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Table 1: Comparison among Project Management Techniques

WBS Gantt Chart CPM PERT

Concept Divides the entire project Tasks are often grouped into Is a statistical technique of project Is a project management technique

into its component elements categories and each category management in which planning, in which planning, scheduling,

in order to establish a can be treated as a summary scheduling, organizing, coordination organizing, coordination and control

framework for effective task whose duration spans and control of well-defined of large and complex projects [55]

management control of the all the tasks within that activities of a project [56] with uncertain activities.

project scope, schedule category [33]

and budget [24].

Main Concern Deliverability/tasks and roles Project duration Cost and time optimization. High precision time estimation

Advantages gives an overview of helps to set realistic deals with predictable/ deals with unpredictable/

  a project   timeframes   deterministic activities   probabilistic activities

normally used during highly visible has one estimation time has 3 estimation time

  project proposal can shorten project duration (optimistic, pessimistic, most likely)

Suitable for small-medium   ( crashing )

  projects [24].

Disadvantages extra effort to build and size of the bar does not lack of timeframe crashing concept not applicable

  maintain the structure   indicate the amount of work not easily scalable for activities must be defined as

Reduce managerial flexibility must constantly be updated   smaller project   independent

  to initiate and lead changes if the plan changes during project

  during the project life cycle.   execution then the precedence

Decomposition cannot be   diagram will have to be redrawn

  done to a deliverable that

  is far into the future.

Implementation Cost estimation [27] Manage investments in Integrationwith fuzzy on business Highway construction

public administration management [19] project [10]

institutions [35].

Optimization methods are designed to  provide  the ‘best’ proved to be very effective for network planning route
values of system design and operating policy variables network or computer network and the construction time
which lead to the highest levels of system performance. [53].
The   methods,   combined  with  more detailed and The application of optimization in project
accurate simulation tools, are the primary ways to build management scheduling is potential to reduce costs,
physical modelling. One example of its application is improve quality and shorten the project cycle. 
estimating the likely impacts of particular water resources
system designs and operating policies [59]. Ant Colony Optimization (ACO): Ant Colony

There are a number of optimization methods available Optimization (ACO) was introduced by Dorigo & Stutzle
such as Ant Colony (ACO), Genetic Algorithm (GA), [59]. It refers to any attempt to build an algorithm inspired
Particle Swarm Optimization (PSO) and,Memetic algorithm by the collective behaviour of the colony of insects or
Differential evolution and so much more that can be found other animal communities. A colony of insects is a
under the same topic. This paper focuses on three decentralized system for problem solving, composed of a
methods which are ACO, GA and PSO. Alba firstly number of relatively simple interacting individuals,
presented the model of the Software Project Scheduling characterized by self-organization, flexibility and
Problems  and  Genetic Algorithms (GA). Chang proposed robustness [60]. The ant algorithm is based on
a Time-line based model for using Genetic Algorithms observation of ant behaviour. They live in a colony and
while Xiao proposed the Ant Colony System [18]. their behaviour is directed more towards the survival of
Meanwhile, Particle Swarm Optimization (PSO) was the colony; rather than an individual survival [61].
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The basic understanding of ACO could be described Aziz et al. [5] applied GA in Project Financing and
as the random movement of ants finding foods, in the area Schedule Integration (PFSIGA). They developed the
around their colony As soon as an ant finds a food optimization software in order to search the optimal
source, it assesses both aspects of quantity and quality solution for all tasks in the project within contract time
of the food and carries back some of the food to the limit that maximize cumulative remaining overdraft and
colony. The chemical pheromone trails is deposited by the minimize daily funding.
ant during the return trip. The other ants will be guided to The drawback of GA is its complexity and in terms of
the food source according to the quantity of the calculation and it is not suitable for large projects. 
pheromone.

Its first application was the combinatorial Particle Swarm Optimization (PSO): Particle Swarm
optimization problem of finding the shortest path between Optimization  (PSO)  algorithm  was  proposed by
groups of city coined as the Traveling Salesman Problem Kennedy and Eberhart in 1995. The method is based on
(TPS).  In the application, each city was visited only once. simulating group behaviour of a specific species of
After all cities had been visited, it will return to the animals like fishes and birds [67]. The exchange of
startingpoint. Anandkumar and Nickoles, [62] started with information among swarm populations was analysed by
the solution for TPS using ACO and showed how PSO algorithm where each particles sets its path to the
Polynomial Turing Reduction helps to solve Job Shop best previous position and also towards the best place
Scheduling and Knapsack Problems without making achieved by the nearby neighbour [68].
considerable changes in the implementation. Russell & James [69] introduced a new form of the

The probabilistic nature of meta-heuristic The particle swarm optimizer. The theory examined how
probabilistic nature of meta-heuristic algorithms, changes in the paradigm affect the number of iterations
especially ACO helps to a greater extent in avoiding required to meet an error criterion and the frequency with
parameter fine-tuning. which models cycle endlessly around a non-global

Despite the strength of ACO, there are some optimum. Three versions were tested which are (GBEST)
drawbacks as a meta-heuristic technique which requires model, where every agent has information about the
a frequent adjustment of parameters parallel to the new group’s best evaluation and two variations of the
problems. Besides, it is time consuming because deep (LBEST) version, one with a neighbourhood of six and
understanding of the problem domain is needed [63]. another one with a neighbourhood of two. The result

showed that the original GBEST produced the best
Genetic Algorithm (GA): Genetic algorithm (GA) is a performance.
stochastic search method [63] that implies some concepts D Comparative study for optimization and project
from nature and it is inspired by the principles of natural management approaches Table 2 depicts the comparison
evolution [64]. It starts with creating an initial population among  three  main  optimization  methods  which  are
that signifies a set of solution for the problem and uses a ACO,  GA  and  PSO  in  terms  of  concept,  adopted
process similar to biological evolution to improve initial nature, advantages and disadvantages and
solutions [65]. Genetic Algorithm is engaged to a large implementation.  Each  method  has  its  own  strengths
number of activity execution alternatives. and weaknesses that been applied to several project

The application of GA covers a number of spectrums management case studies. These methods mainly focus
such  as  in engineering design, distributed computing on finding the most optimal solution in order to achieve
systems and project management. In terms of a specific objectives.
construction project, Polat et al. [66] implemented GA for Figure 5 shows the implementation of project
subcontractor selection. This implementation focused on management techniques and optimization methods that
the objective to develop a multi-objective optimization are integrated in project management. Application of
model in order to select the most suitable subcontractors project management or optimization on its own is not
based on time-cost-quality performances. The most enough. Hence, Wang [70] integrate PERT, GA and ACO
appropriate subcontractors were selected successfully to solve large scaled project by minimizing the number of
using the GA based on the multi objective optimization nodes involved in project planning networks schedule.
model. A real-life trade centre project was selected as a Whilst Abdallah et al. [42] used ACO with CPM/PERT to
case study and the actual data regarding alternatives were solve project management problems by minimizing the
collected. network path.
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Management

1) CPM/ PERT

PERT and Project Management with 
Fuzzy Logic Technique and 

Implementation on A Business [19]

To improve an online internet branch 
and to plan the project of an online 

internet branch

2) PERT

Optimal constrained non-renewable
resource allocation in PERT networks 

with discrete activity times [75]

Optimally allocate a limited non-
renewable resource among the activities 

of a project, represented by a PERT-
Type Network (PTN)

1) Genetic Algorithm

Optimization of resource allocation and 
levelling using genetic algorithm [76]

The GA procedure then searches for an
optimum set of tasks’ priorities that 
produce shorter project duration and 

better-levelled resource profiles

2) Ant Colony

Solving software project scheduling 
problems with ant colony optimization 

[77]

Splitting tasks and distributing 
dedications of employees to task nodes 
to get the construction graph for ACO.

1) PERT + Genetic Algorithm + Ant 
Colony

Optimization Algorithms of PERT 
Network Diagram in Software Project 

Management System [71]

Solving large scale of project task by 
minimizing the number of nodes.

2) Ant Colony + CPM/PERT

Using Ant Colony Optimization 
algorithm for solving project 
management problems [43]

Solving path minimization problems

ProjectManagement Techniques Optimization Methods Project Management Techniques with 
Optimization Methods
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Table 2: Comparison among Optimization Approaches

Ant Colony Optimization Genetic Algorithm Particle Swarm Optimization

Concept  A heuristics approach for solving A metaheuristic search algorithm based A metaheuristic approach that optimizes
combinatorial optimization problem [59] bio-inspired natural selection which a problem by moving the particles (swarm)

drives biological evolution [71]. to the best solution in the search space
[72].

Adopted nature Ants/Insects in a colony Chromosomes/ DNA/Biological Animals that live in swarm such as
birds and fish

Advantages suitable for dynamic applications Potential to solve real life problems simple to be implemented as it involves
produces good solutions due to Generate high quality solution for   a few parameters adjustment.

  its positive feedback   optimization and search problem Can produce faster and cheaper result 
Improve system performance Concepts are relatively easy to understand Can solve multiobjectives based problems
Flexible and robust for the environment

  that is always changes
Premature convergence can be avoided

  due to distributed computation

Disadvantages does not follow same pre-determined path Not suitable for complex problem especially Highprobability to struck in local optima
Uncertain in terms of time to convergence   one that is high-dimentional and   due to regular path taken the particles
Performing the coding is not a   multimodal as it requires extensive fitness not discrete, which needs early mapping

  straightforward task   fuction evaluation.   ( parameters to be set)
Not suitable for dynamic systems due to

  early convergence of genames.
Not effective to solve problem which has two

  alternatives solutions.

Implementation suitable for real time problem such as Subcontractor selection using GA [68] Function optimization, Artificial Neural
the Travelling Salesman Problem, Application of GA and Fuzzy Gantt Chart Network training, system control
Job Shop Scheduling Problem and   to Project Scheduling with Resource
the Knapsack Problem [66]; Constraints [74]
Quadratic Assignment [73];

Fig. 5: Implementation of Project Management & Optimization Approaches in Project Management
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CONCLUSION 6. Fan, D., 2010. Analysis of Critical Success Factors in

This paper presents a review of project management
and optimization approaches which can be applied on
their own or as an integration. The integration of both
approaches in construction management domain is
promising due to the complexity and constraint nature of
the project. In the case of construction project
management, it is suggested that CPM/PERT can be
adopted due to the complexity and dynamic nature of the
project planning as the project proceed. CPM/ PERT
should solve problems of cost, material and human
resources. Equally important, the reviewed of meta-
heuristic optimization methods based on ACO, GA and
PSO show that they can be adopted to provide the ‘best’
values of system design and operating policy variables.
In conclusion, better decision making is expected to be
achieved with the right techniques and tools. 
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