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Abstract 

In today’s competitive business world, every company wants to be more profitable. In order 

to keep the profit margin high, the companies need to work more. It is very hard to find any 

company which works on a single project. Actually it is not only any specific company’s 

practice rather it is a practice of the entire human being to do multiple works at the same 

time. The practice has also become quite common in the companies. 

Although the practice of working on multiple projects simultaneously has become popular for 

the companies overtime, the important thing is to manage all the projects efficiently so that 

all projects can be finished according to the plan. Multiple project management deals with a 

lot of challenges in terms of resource and time. The facts like resource sharing and resource 

constraint add more complexity to the management of such multiple simultaneous projects. It 

is difficult to understand the correct workload during the project and the effects of running all 

the simultaneous projects to the project deployment time. The situation becomes even critical 

if the projects run in a dynamic environment which may provide changes during any phase of 

it. Software development is such a process that deals with multiple projects and also the 

dynamic environment. The master study will focus on such case where the study has 

conducted in a software development company named ActionWave Development AB. 

ActionWave Development AB is dealing with multiple projects with having resource 

constraint.  

In this study, readers will come to know about the challenges of ActionWave Development 

AB in terms of resource scenario and deployment time in case of managing multiple projects 

simultaneously. The study will analyze the effect of having multiple simultaneous projects to 

the limited resource of ActionWave Development AB and will also show the effects on 

projects deployment time. The study does the analysis for the current case and an imaginary 

test case. Later solution has been provided to overcome the problem. Further 

recommendations were made in order to conduct an effective project management within the 

company. 

Keywords: Multiple project management, Dynamic environment, Software development  
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1. Introduction 

This master thesis is based on the application of project management in a software 

development company where multiple projects are running simultaneously. In this 

competitive business world, everybody wants to make more profit and at the same time being 

more efficient. Companies are running multiple projects simultaneously in order to be more 

profitable. It is not beneficial to do many things at the same time until all the things are done 

in an efficient way. This thesis will basically focus on the effective management of projects 

in a multiple project environment. 

1.1. Thesis background 

In this section the background of the thesis is focused. At first company background is 

discussed where the reader will have an idea about the company and their working field. 

Finally, problem background is discussed where the reader will get idea about the 

surrounding environment of the problem. 

1.1.1. Company background 

This master thesis is conducted at ActionWave Development AB. ActionWave Development 

AB is a software developer company which was founded in 2010 by merging two companies. 

This is a new company with a great vision and great potential. Right now it is a growing 

organization which is planning to expand later on. This new company has just started their 

journey with limited resources and they are continuously developing. As a part of their 

continuous development, this master thesis work is conducted.  

As a company, ActionWave Development AB develops software for computer systems with 

special emphasis on industrial applications, websites, complete web applications or 

components to existing systems, graphics for websites, printed form and others. ActionWave 

Development AB also delivers virtual servers, cloud computing solution, CRM Support and 

other consultancy. 

1.1.2. Problem background 

Actionwave Developments AB works on three basic categories such as system development 

management, web application and graphic design. When the company gets any project from 

their client, they receive it and usually divide the project into some parts and each part are 

being developed according to client’s demand by their own experienced team. Finally it is 
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been tested properly and to make certain debugging (if any) before hand it over to the 

customer as a finished project. 

The company is running several projects at the same time and the problem occurs based on 

the management of all the projects. For an instance, they are working on multiple projects 

and still they are getting new projects. In this case, they usually accept the project and to 

develop it accordingly. So, they experience problems in managing multiple projects. While 

developing a project they need to go through some iterative activities/phases in which they do 

not how many times the repetition will occur and when, which also delays their project. On 

the other hand, the company has limited resources with only three persons working in it. 

These resources are not only employed in different projects but also employed in general 

works and management such as general administration, marketing and sales of the company. 

Among the three resources, one resource is out for another project of the company for full 

time, so the availability of that resource is maximum 20% while another resource is available 

at a maximum rate of 25%. Only one resource is available at 100%. So, their resources get 

overloaded very often which also lead a probable delay to their projects. It happens quite 

often that they need to make choice between their project workloads and their general 

administrative works. That is why the company wants to do a study on project management 

within the company where it is required to schedule the company’s workload of multiple 

simultaneous projects and other official stuffs so that they can work more effectively. 

1.2. Aim of the project 

The aim of the project is to analyze the problem and to solve the problem. As the company 

has resource constraints, it would be helpful for the company if an analysis could be 

determined that would deal with the resource scenario in the multiple project environment. At 

the same time, analysis will be done that how the multiple simultaneous projects can affect 

the company in terms of project time. The project also aims to deal with any “what if” 

situation of the company. Recommendation can be provided after analyzing the solution 

regarding making of an effective project management plan for the company. 

1.3. Project directives 

The project is planned to conduct an analysis on the entire project management approaches of 

the company. In order to do so, scheduling of the projects should be done considering the 

multiple project environment. The client handling process should be studied with respect to 

time period and resource allocation. Analysis should be done by any suitable project 

management tool. While analyzing, consideration should also be given on the development 

process of software. 
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1.4. Problem statement 

 ActionWave Development AB is dealing with multiple projects which are running 

simultaneously. In each project they have some activities to conduct to complete it. 

On the other hand, in order to run the company and all the projects within the 

company, they need to do some general activities like administration, marketing and 

sales. At the same time they have resource constraints as the rate of maximum 

availability of the three resources are different. All these factors make an impact on 

management of projects within the company in terms of resource and time. That is 

why a study is required to analyze the scenario of having multiple simultaneous 

projects in the company and to show the effect of multiple projects on resource and 

time.  

 Based on the analysis, ways should be found to make the management more effective. 

The analysis should be done in two different cases. In the first case, the analysis 

needed to be done considering the current scenario and in the second case the analysis 

should be done considering a “what if” condition. The “what if” condition will show 

the resource allocation and time requirement considering the company is starting one 

new project in every month for a year. 

1.5. Project limitations 

There are some limitations of the project. 

 The study is basically limited to the project management approaches for the company 

as it concentrates more on project management rather than software development. 

However the conception and knowledge of the study can be applied in similar 

companies who are working on project basis in similar arena. 

 

 Although this project has link with the software development procedure, it does not 

provide a technical solution to change the software development process in terms of 

coding and others. 

 

 All the analysis was done based on the required data and estimation given by the 

company personnel.  

 

 The results that have obtained in the study are based on the data of maximum 

availability of resources that have been given by the company personnel. Other than 

this no such uncertainty was considered. 
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 All the sample projects are considered of having same critical path for the test 

scenario. However, the critical path can be changed depending on the project type and 

workload which would be more realistic. 

 

 Time was another limiting factor of the project. More detailed analysis could have 

done along with more theories if more time were assigned. 

  



12 
 

2. Theoretical background and solutions 

method 

Software development has become more structured over time. Due to advancement of 

research and development, the software development process has become enriched day by 

day. Software development is no longer restricted to only two essential steps, namely 

Analysis and Coding. However, these two steps are integral part of not only software 

development process but also any other program development (Royce, 1970). This was a 

very simple and basic concept which was used to develop software long ago. However, this 

basic concept of developing software was not adequate for developing any kind of software 

as it was found that the concept was somewhat helpful for developing the smaller ones only. 

For bigger software it is yet to prove its effectiveness. Development process of bigger 

software is not limited to only these basic steps rather there are some more additional steps. 

The emerging requirement of software developing process provides the opportunity of 

incorporating new and effective changes within the development process which ultimately 

helped to establish new concepts in later days. At the same time the software development 

process becomes more complex which ultimately help people to think about other parameters 

governing the development process. As a result new and improved software development 

process has been created over time to meet critical requirements (Jacobson, 2000). 

2.1. Software development process 

Software development process has been improved day by day. This is done because the 

developers are experiencing more challenges and they had to fulfill new requirements. In the 

earlier stage, the development process has been treated as a linear process, that is, after 

finishing one step it moves on to the successive steps. The whole process has been improved 

further as it has been discovered that the process should be iterative (Royce, 1970). There is a 

connection between the preceding steps and the successive steps and at the same time the 

developer needs to go back to preceding steps if it is required so. Still there the basic steps 

like analysis and coding is present but it has been modified due to the requirement of the 

developing process. 
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Figure 1: Software development process (Source: Royce, 1970) 

 

2.1.1. Waterfall development model 

The basic requirement for software development is reflected in the model showed above. In 

this model, it helps to establish the idea of iterative nature of the development steps. This 

model has proved to be a breakthrough as the continuation of the model leads to provide 

another establish model which is known as the “Waterfall Model” of software development. 

The concept of the model is given by Winston W. Royce which has been modified later on by 

other researches in this field. Waterfall model is actually inspired by the concepts of the 

model which has been illustrated before. Waterfall model demands that the accuracy of 

previous steps. If the steps are designed in a perfect way then waterfall model helps to save 

time otherwise it creates problems and ultimately to waste time and money. As for example if 

the design is not correct it will create problem to the later steps, that is, the implementation 

phase will not provide the solution that is expected. Implementation of wrong design will 

provide nothing but the loss of money and time. 
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Figure 2: Waterfall model of software life cycle (Source: Barry W .  Boehm, 1988) 

Waterfall method is a simple development approach which appears to be structured and 

disciplined. Due to the facts, perhaps the model can be used as a beginning approach of 

software development. Although the model is simple and structured, it is suitable for some 

kind of trivial projects with stability. If the project is having stable requirements then it is 

more likely that the designers can predict problem in the design phase which helps to make 

proper implementation, otherwise the model faces some problems to do so. As for example, it 

may happen that the developers failed to predict any change is design phase before 

proceeding to the next phase. In those cases it creates problem as the changes might require a 

change in either system requirement or software requirement or both. So this model lacks 

when it used to face any sort activities when is not certain. 
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2.1.2. Agile methodology 

The continuous improvement of software development process enables the opportunity of 

making the process more realistic and at the same time it is handling critical demands. The 

changing environment within development process requires some flexible model which can 

even deal with the uncertain changes in any phase of development. As the waterfall method 

fails to deal with the unpredictable changes in development process, it is the time to develop 

some model which can deal with the same. Due to the emerging needs within the 

development process, it needs iteration rather than simple linear development. There could be 

a change in design phase which might have discovered in coding phase or implementation 

phase. Change could also occur in any phase of development process due to the change of 

requirement set by the customer. In each case it requires to go back and to fix it and then to 

move forward until the desired result is achieved. So, it incurs iteration of one or more stages. 

This also establishes a concept of incorporating customer presence during the whole 

development process.  McCauley (2001) believes that the requirements of software projects 

are not open even before the design or development phases in case of traditional development 

process and so she backs for a more flexible method which would be agile and also more 

adaptive to allow any changes during process. The concepts are also reflecting on the Agile 

Manifesto where they put twelve principles for the agile development. The Agile Manifesto 

accept the concept of requirement changing even in the later phase of the development 

process which means it allows the iteration in any phase of development process. It also 

incorporates customer satisfaction and close cooperation between the business people and 

developers which makes the process to be simpler (Fowler & Highsmith, 2001). The projects 

can be delivered in shorter times as there are more customer communication and better 

understanding. So, if the process requires any change, it can be detected in the earlier phase 

and can be fixed. The chances of iteration at the later phases go down as the progress of the 

development process. Agile method has some remarkable characteristics as it focuses more 

on short term planning than the longer ones (Ronkainen, et al., 2002). It accepts multiple 

iterations in the total development process and also it allows less documentation than the 

process oriented development models while it encourages more face to face interaction 

between the customers and developers.  

2.1.3. Scrum development 

Scrum is a management technique for projects. Basically the technique is more related to 

project management but it has use in software development also. In case of software 

development, it supports the iterative and incremental approach which is the basic of agile 

development. Scrum is developed based on empirical study so it is flexible and adaptive 

(Schwaber & Beedle, 2002). This empirical approach has been designed especially for the 

changing environment that is why it has to be capable of accepting changes at any time and 

any phase of the development process which makes it flexible and adaptive as a whole. 

According to Schwaber (1995), system development may incur many changes in a 
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development process and the changes might be informs of requirement, resource, time, 

technology or environment. So, there must be a process which should be capable of accepting 

the changes and to respond it accordingly as the changes could more likely to be complex and 

unpredictable. 

 

Figure 3: Scrum development process (Source: Ronkainen, et al., 2002) 

Schwaber & Beedle (2002) describe the phases of scrum and according to them scrum 

basically has three phases namely Pregame, Development and Postgame phases. As it has 

mentioned early that scrum, as a whole, is a kind of project management approach so it deals 

with everything regarding a project. As a management approach scrum can be used in other 

development projects. It starts with the pregame phase where there are two sub phases 

namely Planning and Architecture. In planning sub-phase system definition is created first 

which is followed by creation of a Backlog List. Backlog list, which is continuously updated 

after each iteration, includes all the requirements and priority along with the estimation of 

effort needed. Other information like formation of project team, technology, resources, tools, 

risk management controlling issues and other relevant issues are also included in detail in the 

planning phase. On the other hand, a high level design is created according to the 

requirements of the backlog in the architecture sub phase. It can also include the changes may 

need and problems may cause for improvement of an existing system (Ronkainen, et al., 

2002). 
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Development phase of scrum supports the basic of agile approach where it accepts any 

unpredictable and complex changes in requirement, resource, time, technology or 

environment. According to Schwaber (1995) the parameters are observed and controlled 

through various scrum practices during the Sprints of the development phase. In scrum 

development, Sprints enable agile approach as they are iterative and incremental cycles 

which consist of all the phases of software development. On the other hand, when the scrum 

comes to its Postgame phase, it means that all the requirements are fulfilled and there is no 

more iteration left. At that time the software is ready for deployment.  

2.2. Management of software development 

Now we come to know about different software development methods and how they work. 

From the above discussion we can conclude that the development process of software is a 

method which is improving continuously. Here in this paper, we only concentrate on the 

important development process which are used widely and from that discussion we can find 

that new concepts have been added into the development process over time. The concept of 

changing environment and iterations in the different phases of the whole process made it 

clear that it is no longer a simple development process. So, it is equally important to know 

about the proper management of it. It is true that the continuous improvement of the methods 

add a lot of flexibility to the development. These improvements are much needed because the 

nature of software development itself, that is, the development process may incur any 

unexpected changes of both environmental and technical variables (Schwaber, 1995). 

Accepting these changes means the necessity of iteration in the process. As the improved 

methodologies are accepting these changes, they are providing enough flexibility to the 

development process. It is very important that the development process becomes flexible but 

at the same time the management is also becoming complex and challenging. At the 

beginning of each project there must be a project management plan. The forecast made at that 

time is based on the requirements present there but when requirement changes new project 

management plan is created. It may not require the changes of whole plan; it could be partial 

depending on the situation. The project time and deployment date may also be changed but 

the challenge is to keep the project finished date same even if after the changes. So, it could 

be better if the project can afford the impact of the changes which indicates the need of an 

impact dynamic model. 

2.3. Project management and Dynamic environment 

Project management is an important management practice to achieve specific goals of the 

projects. It manages different factors such as resource, time, organizing, budget and risk of a 

project which is necessary for a goal oriented project. It is a structured procedure which starts 

with customer requirements followed by defining project objectives. Every project has three 

variables to control. 
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1. Time 

2. Resource 

3. Money 

There is another important thing to consider, that is, the scope of a project and the scope of 

the project should be managed primarily as it reflects everything within the project. Project 

management enables to determine the scope of the project which defines what would be done 

in the project to meet the objectives and also how the project would be managed in terms of 

time, resource and money. Project management is the efficient management of the variables 

present in every project. It is all about how the project is managed efficiently with limited 

resource and with time constraint along with limited project budget. So, it is a challenging job 

to do and the primary challenge is to achieve project goals while having typical constraints of 

scope, time and budget (Cleland & Ireland, 2006).  

 

 

Figure 4: Project variables 

The resources that are allocated for different phases of the project have to be optimized in 

such a way that the project could be done accepting the mentioned constraints and also 

achieve the project goal. Usually a typical project consists of five different phases to 

complete.  

Project variables 

Money 

Resource 

Time 
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1. Initiation phase 

2. Planning phase 

3. Execution phase 

4. Monitoring phase 

5. Completion phase 

Successful project management is the sum of efficient management of all these phases. All 

the phases are important but as it is mentioned early that the scope of a project is more 

important than the others. This is because of the fact that the later phases of the project is 

developed and controlled according to this phase.  

 

 

 

 

 

 

 

 

 

Figure 5: Phases of project management 

As for example, in the initiation phase, company come to know about the customer demand 

and based on the customer requirement project goal is created. Project goal helps to 

determine the scope of the project and after defining the scope planning and design is done. 

Planning and design varies from project to project. Planning phase, where resource and time 

are allocated, is done considering the scope of the project. Once the planning and design is 

Initiation 

Planning 

Execution Monitoring 

Completion 
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done, the project can march on to execution phase where the construction is done according 

to the design. Construction also includes any sort of development that may vary over projects 

and their requirements. Monitoring and is the effective management of resources which tries 

to control the time and budget constraints. Finally after successful completion of all the 

phases the projects come to its completion phase where it is ended and launched. The project 

management steps could be varied over projects as different projects have different 

requirements but the basic principle is the same. In some projects it may require multiple 

execution of any phase, especially the projects which operate in the changing environment. 

Software development process incurs changes in requirement and environment also, so in a 

sense it basically deals with the dynamic environment. For dynamic environment project 

management is difficult but not impossible. Before that we first understand what a dynamic 

environment really is. Collyer & Warren (2009) believes that all projects have some certain 

degree of dynamism and so no project can neither be dynamic nor not dynamic. The 

dynamism depends on the level of changes present in that project. There could be some major 

changes and also could be some minor ones. Some changes can affect the project severely 

and others may not, that is, some changes can lead to change the project management plan a 

lot while some other does not require that much. Some changes can put and affect on the 

project finishing date while some others may not do the same. Depends on the changes, 

dynamic projects can be described as: if a project subjects to changes more than the normal 

level then it can be treated as a dynamic project (Collyer & Warren, 2009). Dynamic projects 

are categorized into High technologies and Low technologies depending on the level of 

development work needed, although in both cases they encounter high level of uncertainties. 

If the amount of development work is more than it is treated as a high technology project and 

vice versa. Another important characteristic is that high technology projects usually have a 

number of design cycles which means they are iterative but the low technology projects have 

one design cycle in general. So, based on the category, computer and software development 

projects are treated as a high technology project as they are iterative and they may need to 

have changes in design and development phases (Shenhar & Wideman, 2000). On the other 

hand construction projects are treated as low technology projects as they usually do not need 

to have changes in design phase. 



21 
 

Figure 6: Dynamism in projects (Source: Collyer & Warren, 2009) 

The figure above shows the dynamism in different projects. The dynamism depends on the 

changes occurred in different phases of a project. Here in the figure, Project A has been 

treated as an operational project as the projects involves very less changes in it. Some 

manufacturing process could be the example of this kind if the process is almost same for its 

all of the products and it may involve only a small change in parameter. Construction projects 

could be an example of B type projects where there are more unknowns and uncertainty at the 

beginning and it decreases over time. It is quite usual that the changes occurs at the beginning 

of this type of projects, especially in the design phase and it might require one or two 

iterations at that time, once the design is finalized it does not require to have more changes 

usually and so it does not incur changing environment that much. C type projects are dealing 

with changing environment. The requirements can change not only at the beginning of the 

project but also at the end of it. Due to the uncertainties in projects, changing of requirements 

and also the iterative nature of the projects, software development process belongs to this 

category. In this kind project unknowns have to be resolved at a faster rate than appear, that is 

the rate of resolving should be at least the same or more than the total number that occurs 

during the project (Collyer & Warren, 2009). 
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2.4. Approaches of project management in a dynamic 

environment 

Collyer & Warren (2009) have prescribed a number of approaches of project management in 

a dynamic environment. Here in this paper we would focus on some of them. The approaches 

are discussed below. 

2.4.1. Project environment 

Dynamic environment involves changes in requirements and also changes in environment 

during a project. The changes make the project dynamic. The problem is that it makes the 

management of the project difficult. One way to mitigate the problem could be making the 

project more static rather than dynamic, that is, to accept lesser changes during the project. 

This can be done by rejecting more change request (Collyer & Warren, 2009). Changes might 

occur in any phase of the project but the project team could follow a simple practice. The 

team may accept changes only in those phases which cannot be avoided to keep the project 

goal(s). As for example, the changes in design phase could be accepted to maintain the 

project goal(s) but changes in some other phase which may not affect project goal(s) could be 

avoided. The target of this approach is to keep project goal(s) same as at the time of start. In a 

project, changes may often try to divert project goal(s) and to set a new project goal(s) by the 

project team. This approach prescribes not to divert the initial project goal(s). This approach 

also suggests a reduction or delay in accepting new and unproven technologies instantly in a 

project. For a time constraint project, instant use of unproven technologies may lead to a 

probable time delay. On the other hand, if the project goal(s) is already defined and the 

changes which occurred at later stage demand changing of core technology then the approach 

suggests it might not be wise to accept that.  

2.4.2. Planning approach 

Project management is concentrating more on the planning of a project. Project management 

of projects having clear and well defined goals and methods are simpler but it is a bit tricky 

for the projects which do not have those well defined. According to the Project Management 

Body of Knowledge (PMBOK), project management is more like a management as planning. 

On the other hand, the scenario is not the same for an ever changing environment. It depends 

on the degree of changes. If the changes are more rapid than expected and at the same time 

very speedy then the management may not work as the same. Long term planning could 

cause waste of resource and time also for a speedy and rapid changing environment. This is 

due to the fact that the uncertain events happen much faster (Collyer & Warren, 2009). In a 

rapidly changing environment, project plan may need to upgrade or change frequently. That 

is why a detailed long term plan might not be appropriate for the entire tenure of the project 
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rather an intermediate plan which is known as the milestone plan could be even more 

effective. Information regarding project definition, project goal along with the project 

responsibility chart can be presented in detail level in a milestone plan. Depending on the 

degree of uncertainty and rapidness of changes software development process may need to 

have milestone plan as well. Usually bigger projects with completely new unproven 

technologies could provide such kind of scenarios while software development with common 

technology could be managed in a typical way. 

 

Figure 7: Project management approaches in dynamic environment 

2.4.3. Scope control 

This approach articulates that projects can be managed according to controlling the scope of 

it within a dynamic environment. Scope control can be achieved by dividing the main project 

into smaller phases and for each phase individual scope could be set. The phase which has the 

smallest scope can be the beginner and gradually move forward to the phases with greater 

scope. The benefit of the approach is that it provides more flexibility to the project. If the 

project is divided into phases, there are opportunities for the project team to perform different 

kinds of management on different phases if they require so. As for example, the phases which 

involve more changes can be treated separately as the others. This approach provides the 

opportunity to manage different phases into different project management approach. This 
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could be done based on an empirical study, that is, the phases which have less changes can be 

managed by traditional project management technique and the phases which involve more 

changes can be management based on the iterative approach. At the same time, there is a 

possibility to run those uncertain phases by traditional project management because the 

pattern of changes of requirement and time required for the changes can be known by the 

iterations that have done before in other phases in other projects.  

2.4.4. Experimentation approach 

In a dynamic and rapidly changing environment, the approach of experimentation could be 

useful. Experimentation approach can provide benefit to the high technology projects. High 

technology projects are those dynamic projects that usually incur rapid changes and deals 

with a lot of uncertainty. Experimentation approach provides the idea of testing in uncertain 

parts. In this case the main project is divided into sub parts based on the uncertainty and 

rapidness involve in it. There could be a number of sub parts and among these parts; the 

important uncertain parts are taken into action to do individual testing. It is like doing 

prototyping. This approach is useful in case of bigger high technology projects where it is 

required to find out the usability of a new technology (Collyer & Warren, 2009). As for 

example, NASA did this kind of prototyping before they have launched the Lunar Module. 

This approach can be found in big companies like car manufacturer where they need to test 

their new technologies before using it. In software development, it can be used for testing 

new unproven technologies or new development method to find out the effectiveness of the 

same. It is a part of the research and development work which can provide useful result to the 

developers. The benefit of this approach is the feedback that is observed can be acquired from 

the real world. The result from the observation could be positive or negative but whatever 

may be the result is, it provides a more informative guideline. At the same time, it can 

minimize the risk involved in the whole project. 

2.4.5. Choosing the right approach 

From the above discussion we come to know about different approaches available in dynamic 

environment. It may not be possible to use all of the approaches at the same time. The 

implementation of these approaches depends on the requirements of each project and also on 

the scenario within the project (Payne & Turner, 1998). Furthermore it is more like a 

management decision to use the right approach. That is why many researchers believe that 

the use of a specific approach should be determined as per requirement (Highsmith, 2004). 

Many researchers have been defined different managerial approaches and also the applicable 

uses of these approaches. Molin (2003) has provided an informative distinction of different 

managerial approaches. According to him, planning approach is more likely to be 

predetermined goal oriented while learning approach is more task oriented. Planning 

approach is quite rigid as the goal is predefined and so it requires development of detailed 
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planning and once the planning is done it tries to implement that well defined plan throughout 

the project. It is more directive approach. This approach is mostly suitable for the Waterfall 

model of development as the development model is more goal oriented and it also requires 

stability of the environment. On the other hand, learning approach is more like participative, 

that is, it requires more participation throughout the entire project. It treats the project as a 

combination of a number of tasks. There is a goal at the start of the project but the goal is 

updated over time as the approach allows projects to be working in a changing environment. 

This approach holds the concept that there might be changes in any phase of the project 

which could allow changing the project goal also. There are some other types of approaches 

also deal with the changes involved in the project. As for example, planning for every step is 

done at the end of every preceding phase in case of rolling wave approach while every phase 

may run more than one time in case of iterative approach. Rolling wave approach allows 

single run of each phases but it also ensures good environment to the projects as planning for 

every next phase is developed just after finishing the previous phase. On the other hand, agile 

approach concentrates more on communication. The benefit of this approach is to ensure 

speedy and frequent delivery which is maintained by ensuring customer communication and 

keeping the scope of the project small. Iterative approach can be helpful if there is a lack of 

knowledge regarding project environment within the project as the approach offers iterative 

testing to collect important information. The feedback of testing helps to do required 

corrections to finish each phase. That is why feedback has been given more priority than 

others in this approach. So, it is important to choose the right approach in a project. At the 

beginning of a project, there are some factors to be under consideration. As for example, it is 

important to know about the type of the project which has to be done and at the same time the 

working environment of the project (Collyer & Warren, 2009).  

Laufer & Hoffman (1998) believe that the maximum potential to influence the project 

outcome occurs at the beginning of the projects so it is helpful to spend more time at the early 

stage of any project so that the planning is good enough to withstand any sort of 

uncertainties. According to them it is not wise to make hurry in the planning stage of the 

project. A well defined plan can lead the project to its success in a steady environment but in 

case of a dynamic environment it is not the case. Developing a detailed plan and to work 

according to the plan is not everything for a dynamic environment rather it is more important 

to work according to the plan with less changes. It is helpful to meet the customer 

requirements and to be capable of working with the changes. So, the planning system should 

be capable of working with the changes. 

It is important to set the project objective before the planning phase and to plan according to 

the customer requirements. Customer requirement should be reflected in the project objective 

as this allows flexibility to the project. Flexibility should be one of the objectives of a project 

running in a dynamic environment (Laufer & Hoffman, 1998). In a dynamic environment, 

project teams may create a number of functional plans and the plans should be developed in 

such a way that they could help the project to run smoothly as far as they can. This because of 

the fact that a project can never be successful only with the individual plans rather it is 
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important to have a good coordination with each other. So, it is more effective to develop a 

well defined project goals and to set the milestones according to the objectives with right 

level of motivation and then to perform project management for a dynamic environment with 

flexibility. This can prove to be even better idea than to form a high level of detailed project 

plan with no flexibility (Collyer & Warren, 2009). 

2.5. Management of multiple projects 

Multiple projects scenario is very common in almost every organization as the organizations 

do not usually have only project to develop. Due to the keep the profitability high, 

organizations are working on multiple projects at the same time. The size of multiple 

simultaneous projects usually is smaller than that of other single process running alone but 

sometimes multiple projects could be bigger in size (Payne, 1995). Working on multiple 

simultaneous projects provides some challenge to the organization. There is some internal 

interface of the project along with interface between projects. Payne (1995) has classified the 

internal interfaces into five tiers: 

1. Capacity 

2. Conflicts 

3. Commitment 

4. Context 

5. Complexity 

Here the term capacity refers to the availability of resource that the organization have. In a 

project there resource has to be allocated properly for each phase of the project. In some case 

they may need extra resources and while in some other cases they may need less resources. 

So, the organization should allow overtime in some cases and also there might be surplus of 

resources for any specific phase. If the resources are surplus for any specific phase then how 

they manage their resource as any organization does not want to keep their resource unused 

(Payne, 1995).  The challenge is to manage the resource pool and allow them to work when 

needed. The management is even tricky for multiple simultaneous project environments as 

the organization has to put resources for all of the phases for multiple projects. 
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Figure 8: Internal interfaces of a project 

Payne (1993) has discussed how the conflicts may occur in a project. According to him there 

are three sources of conflicts such as- people issue, system issue and organization issue. 

Allocation and shuffling of resources can cause conflicts in a project in terms of people issue. 

In a multiple project environment, if any resource is shifted to another project then it may 

cause conflicts. This type of conflicts may happen if a functional manager is changed several 

times in a project because new manager usually changes plan according to his perspective 

which may lead to conflict sometime. On the other hand, work scheduling can cause conflict 

in terms of system issue and project organizational structure can cause conflict in term of 

organization issue (Payne, 1995). Different types of organizational structure for different 

project may lead to this sort of conflict in case of a multiple project environment. 

Other interface like commitment is caused by resource uses, that is, use of resource for each 

project. While the nature of the project, surrounding culture, procedures and norms put 

context base influence on a project. Finally, complexity is the sum of all those inferences in a 

project which can be occur due to the presence of any other inferences. 

In case of managing multiple projects, there are a number of challenges to meet. The 

challenges of every single project are there. So, in a multiple project environment, if several 

projects are running at the same time then the challenges of each project will be summed and 
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also it will create even complex scenario apart from their individual challenges when each of 

them are working simultaneously. The challenges are classified in four tiers. 

1. Resource constraints 

2. Time constraints 

3. Budget 

4. Project priority 

The first challenge is the sharing of resources within different projects. As the organization is 

working on multiple projects simultaneously, the resources needed for each projects should 

be allotted properly. It may happen that some of the resources are shared in different projects 

and in those cases efficient resource management is needed. The challenge is experienced 

more if the organization has shortage of resource. If the resource is overloaded in any phase 

then the company needs to put more resources in that phase that can be taken from some 

other project and for that. The choosing of resource should be picked in such a way that even 

if it is picked then project which does not have any problem in working with shortage of 

resource for the time being. If all those shared resources are needed by different projects at 

the same time then it should be scheduled considering the project time and budget 

constraints. Priority based use of those sharing resources could provide a good solution in 

those cases (Dooley, et al., 2005).  

Time constraint is also related to resource constraint and budget of the project. Every projects 

have a expected deadline to be finished but in multiple projects to keep the deadline for all 

the projects is a challenge as the sharing of resource uses in other projects could lead to a 

probable delay (Dooley, et al., 2005). In some cases the organization may hire more resources 

or they may allow probable delay if the available shared resources is used at the same time in 

different projects. If they hire resource which might be axed by the budget constraint and for 

allowing delay could be axed by time constraint. In that case they have to make a choice and 

the choice itself is a management decision to make. 

Budget and project priority are also challenging factors in a project. From the discussion of 

previous section we have got the picture that how budget can be treated as a constraint in a 

project. Actually resource, time and budget are correlated in a multiple project scenario. On 

the other hand, project priority has effect on the project. Usually a project which starts first 

has to be developed first but based on the priority of other projects the projects are scheduled. 

A project having high priority attracts resource and time more than the others. In a multiple 

project environment, any phase of any specific project may have high priority although the 

whole project may not have so. However, it is always a bit tricky to handle different factors 

like resource, time and budget in case of simultaneous multiple project management as the 

effect of one leads significant changes to the others.  
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Figure 9: Challenges in multiple project management  
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3.  Applied solution procedures 

In the above section there were a discussion of different theories about software development 

and project management strategies. In this section appropriate theories will be chosen to solve 

the problem.  

3.1. Project information 

ActionWave Development AB is dealing with multiple projects which are running 

simultaneously. They have started with a project TA Development followed by another 

project named OF and then they have started a project called GK. After finishing the project 

TA Development, they need to start the maintenance of the project which is treated as a 

separate project and known as TA Maintenance. Finally they may start one new project called 

NSH within couple of months. Along with these projects they need to do their regular 

company management such as Administration, Marketing and Sales. So, every project has 

been treated separately. On the other hand they have three resources available with different 

maximum allocation to the each project.  

3.2. Problem formulation 

The objective of this study is to analyze the scenario of having multiple simultaneous projects 

in the company and to make the management more efficient. At the same time, the effect of 

multiple projects to the organizational management has been determined. In a resource 

constraint multiple project environment, how the projects are handled right now with their 

current available resources and what would be the effect of the resources to the project 

deployment time. Similar kind of analysis has been done considering a projected scenario in a 

simultaneous multiple project environment. All the necessary data have been given by the 

company to perform necessary analysis. In order to remove complicacy and to be closer to 

the reality some data have been estimated from the previous experience of their similar 

projects or similar activities of a project. 

3.3. Planning for solution 

The analysis based study which deals with the multiple simultaneous project management has 

been planned in such a way that the solution could help the company to get the real picture of 

different projects and resources. The planning is done considering the objective of the 

project. There are two steps of planning is done in the entire project to meet the project 

objectives. 
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 In the first step of planning, the whole workloads for different project are to be 

mapped and resources will be allocated as they have allocated so in their different 

projects. This will help us to know the current situation of multiple simultaneous 

projects within the company. Each project has been divided into necessary activities 

to perform to complete it as a whole. Resources are allotted to the activities of each 

project according to the data have been given by the company. Due to the limitations 

of resources and sharing of same resources in different projects, the expected date of 

deploying individual projects will be shifted. So, analysis would be done based on the 

data that provided and finally to make a conclusion that when all the projects would 

be completed by using their available shared resources. 

 

 In the second step of planning, current situation will be kept as it is and there will be 

addition of twelve projects of a regular workload. So, the company wants to know the 

effect of having all the projects if they consider of having one new project with a 

regular workload comes to their system in each month. It should be mentioned that 

the company will allot only the current resources they have for those new projects. So, 

in this case also there will be sharing of same resources which would shift the 

probable date of deploying for different projects. Finally, the analysis would be 

concluded that when all the projects would be deployed using their available shared 

resources and how the new projects affect their current state in terms of time and 

resources. 

 

3.4. Choosing appropriate technique and tool 

In the theory, a number of software development approaches have been discussed. Each 

approach has some advantages and disadvantages and also different approaches allow 

different level of flexibility to the process. Considering the merits and demerits of all the 

approaches, the company prefers to practice such an approach which is closer to the Agile 

development approach. The company wants to allow more flexibility to the development 

process. Agile development approach allows iteration to the development process. In the 

development process the company has to do many iteration to all of the projects. At the same 

time they are facing the challenges of a dynamic environment as the requirement changes 

some times in a project. So, in the analysis dynamic environment has been taken care off. 

The company focuses more on customer as they work with their customer closely. They want 

to make their customer happy and so they involve their customers to the whole process. As 

for example, when the company meets their customer of a project, the goal is set but after 

finishing design phase they need to meet their customer again and they may have some 

corrections or improvements. Doing all the necessary corrections they start development 

phase of the project and they meet their customer again after finishing development. At this 

stage they may also have some corrections from their customer end and finally after 

completing the necessary corrections they move on to the next phase and so on. This makes 
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the project environment really dynamic. Although, it causes a problem to the company, they 

want to prioritize their customer requirements. The problems incurs as they do not know how 

many times they will meet their customer throughout the project especially in the design and 

development phase where most corrections occurred and if they have any correction they 

need to go back to the design phase and fix it then develop that part again. So, the activit ies 

become iterative and also dynamic. This makes the management of the project critical and 

also allows probable delay to the project in terms of deployment time. 

In order to solve the problem, a number of actions have been taken. 

 

 Multiple project management scenario has been considered compare to project 

management of individual projects. 

 

 Unplanned activities such as customer meetings and number of iterations in each 

phase have been made more planned. This is done by acquiring the data from 

empirical study of different projects. 

 

 In order to collect more realistic time values for each activity and sub activity, 

Program Evaluation and Review Technique (PERT) has been used.   

 

 Emphasis has been given on project environment, planning approach and scope 

control. 

 

 

Project management is a technique which deals with planned activities. It does not have any 

applicability if the project itself does not have any plan. As for example if anybody does not 

know when a project will start or when it finishes or which steps would be followed by which 

ones then it is not possible to manage. So, it is rational to make unplanned into more planned. 

 

 

 

 

 

 

 

 

Figure 10: Management of unplanned activities 

 

 

As a tool, Microsoft Project is used to analyze the problem. Based on the empirical data that 

have been given by the company, PERT analysis is done to determine the Expected time (TE) 

for each of the activities for different projects. The project has been mapped into MS Project 

then and resource has been allotted to each activity of the project according to the data 

Unplanned Planned 
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collected from the company. So, every project has been treated separately first in MS Project. 

After mapping all the projects into MS project, finally all the projects have been marched into 

a master file which gives the solution to know the overall scenario for the whole. Then it was 

analyzed accordingly. 

          Management of multiple projects 
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Figure 11: Multiple project management 

3.5. PERT Analysis 

Program Evaluation and Review Technique (PERT) is a statistical tool (Ginzburg, 1988). In 

project management, this tool is used as an analyzer of the project. Generally, the tool is used 

along with Critical Path Method (CPM). PERT is used to determine the time required 

finishing each activity and it also can determine the minimum time required to finish a 

project (Malcolm, et al., 1959). In a development process, PERT can be used for planning 

and scheduling. PERT analysis calculates the Expected time (TE) of an activity by the 

following formula. 

 

 

  TE  =  
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TE  =  Expected time 

TO  =  Optimistic time 

TM  =  Most likely time 

TP  =  Pessimistic time 

  
  =  Variance 

In the above formula, Optimistic time is considered as the minimum possible time required to 

complete a project or an activity assuming that everything goes better than that was expected. 

Pessimistic time is considered as the maximum possible time required to complete a project 

or an activity assuming that everything goes worse than that of expected. Most likely time is 

considered as the normal possible time required to complete a project or an activity assuming 

that everything goes normally whereas, Expected time is considered as the best estimated 

time required to complete a project or an activity. 

In this multiple project assignment, PERT analysis is done to determine the Expected time 

(TE) for each of the activities of different projects. The values of Optimistic time (TO), 

Pessimistic time (TP) and Most likely time (TM) are collected empirically which were given 

by the company. 

PERT analysis is done in the project because the analysis gives pretty good result as it takes 

three different times compare to one single time. If only one time is considered then it might 

have given more error in calculation. Other benefit of using PERT analysis is that, it deals 

with the times which were experienced in real case. So, all the results will be even closer to 

reality. 

3.6. Process description 

ActionWave Development AB has divided the whole process of software development into 

eight main phases. These eight phases include all the things necessary for developing 

software. It starts with Customer requirement analysis and finishes with Deployment where it 

includes the key development process along with other necessary phases like strategic 

planning and education. 
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Figure 12: Software development process of ActionWave Development AB 
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3.6.1. Customer requirement analysis 

Customer requirement analysis is that phase of a project where project goal and scope are 

created. This is a very important phase because it will determine how the project will look 

like and what the project is all about. The phase will also determine the deliverables of a 

project. It starts with meeting the customer and their roles throughout a project. In this phase, 

customer tells the company about their demand and the company also offers them about what 

they can give in return. After finalizing by the customer, they come to an agreement that what 

the project would be about. Based on that, project deliverables are then set. Project goal is 

created after that and finally the scope of the project is determined. Project goal and scope of 

the project are very important milestones for a project as it has been discussed earlier in the 

theoretical background that proper scope control is needed in case of a dynamic environment. 

In a dynamic environment there will be lot of changes during the execution of project and the 

requirement sometimes may try to change the project goal and also the scope of the project. 

This is very rational that the scope of the project and the goal should not be changed during 

any phase of the project. That is why scope control is very important. In the theoretical part, it 

has been discussed more extensively that how the scope can be controlled. The company 

allows flexibility to the whole process and also they want to keep their customer happy. 

Although they do not change their project objective, it is important to remind them about the 

scope control so that they do not need to change the project objective in the middle of a 

project due to dynamic nature of the project environment in case of some other projects. 

3.6.2. Strategic planning 

In strategic planning phase, the whole project is planned according to customer requirement. 

So this is the process where project management of the project should be done. However, the 

company is more focused on preparing a bid. In order to prepare a bid they used to calculate 

the project cost based on the deliverables that are set in the previous step. Based on the earlier 

experience they have in software development, they set a project time span to develop the 

whole and deploy. They use a template for calculating the cost of the project. After 

calculating the cost, they prepare a bid and submit it to the customer. If the customer agrees 

with the bid that have given then project is officially approved and ready to design and 

develop, otherwise the company has to correct the bid and send it to the customer again until 

it reaches a bilateral agreement. Detailed risk management is not done here in this process. 

Detailed risk management is done only for bigger projects. According to the company, 

detailed risk management is more effective in case of big projects only otherwise for smaller 

projects there is not that much of risk management needed. The company runs their projects 

based on their own project management plan as they have estimation to complete each 

projects. The project management does not also done by using any computer software. 

Usually for each project they set an estimated time rather doing detailed project management 

plan or risk management. 
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3.6.3. Conceptual design 

In the phase of conceptual design, whole design of software is done by the company. It starts 

with technical requirement analysis in which they identify system, software requirement and 

other requirements. After determining technical requirements a content inventory is created 

and they also suggest their customer about the things which should be presented on the 

website. Sketching out of site design and architecture is done at an abstract level. In this case, 

they choose the correct template on which the website would be developed. Generally for 

website development they prefer an open source program called Joomla! They are using 

different templates of Joomla! for developing their websites and also they can use their own 

template. Furthermore, as Joomla! is an open source platform, so they can create templates 

according to their need. After choosing the appropriate template they need to define the site 

layout and navigation. It deals with the number of web pages that is to be contained by the 

complete website and also layout of the web pages including home page and others and also 

the content of each page. In this stage of conceptual design, the company tries to generate 

new idea in terms of design as they want to make their products unique. So, it incurs a lot of 

brainstorming and also exploration of different sites, references and quotations. The more 

they explore, they more the ideas will be created. The most interesting part of this stage is, 

they are applying a lot of creativity and usually they are thinking from the customer point of 

view and end users point of view. After finishing with the site layout and navigation, they 

move on to the graphical design step where they are designing graphic content of the site. 

They first determine how many graphic content they will use and where to use and then they 

plan about those graphics that they need to develop by themselves. After finalizing the 

graphic content, they start designing required graphics. Sometimes they need to create the 

logo also. Logo creation is also done by them. They also think about the technical drawbacks 

of graphics to the website during graphic design phase. Graphics design is done basically in 

parallel with other activities. After collecting all the graphics and other past requirements, 

they check the user friendliness of their design before they meet their customer. Based on the 

customer feedback they are proceeding on to the next phase otherwise if they have correction 

in design then they fix it and get customer feedback again. This design iteration will occur 

until everything gets approved before move on to the next phase. Conceptual design is almost 

the same for all typical website development projects but it some activities may vary due to 

the specific requirement of a project. On the other hand, activities may change due to project 

requirement but still the basic will the same. 

3.6.4. Development 

In development phase, the whole website is developed according to the design that has been 

done in the conceptual design phase. At first, a test site is created in the test VPS and all 

development work is done on that test VPS until the website is completed. As it has discussed 

early that the company prefers Joomla! as a software development platform and they develop 

most of their sites by using that. They choose a development template based on the decision 
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of previous step. The template reflects the demand of customer requirement. If they do not 

have any available template then they can make their own template according to customer 

demand. Usually, they buy a template and customized it according to their customer demand 

later on. This is called Plug-in development. Each of the parts is developed according to the 

guidance of conceptual design part and finally they incorporate graphic contents, which are 

managed and developed by them, into it. Each website contains some special features. The 

amount of special features is dependent on the customer requirement. The special features are 

also developed based on the conceptual design phase. Finally, everything is incorporated 

together and partial testing is done before they take customer feedback. If there is any 

correction, they go back to the activity and fix it. It may happen that for fixing some 

corrections, they need to go back to the conceptual design phase and gradually move on to 

the next phase. There is iteration in process if they have corrections as they have to fix every 

correction until the customer is satisfied. 

3.6.5. Through testing (System test) 

The whole system has to test thoroughly in this phase. This is extensive testing of the whole 

system although partial component based testing is done while development phase. Partial 

system test is not done for all the features and components but the test is not extensive also 

whereas in this phase the project has to be tested extensively and that is why it is known as 

Through testing. In this phase, the complete website is tested in different computers of 

different Operating System (OS), in all web browsers and also in different screen resolutions. 

Testing of link is also done here. Finally usability and functionality of all the features are 

being tested thoroughly. Usually testing involves corrections to the development and they 

need to fix all the corrections and test again until it becomes error free. This process involves 

iteration. Generally one or two stage of iteration is needed based on the size and complexity 

of the project. In case of bigger projects it may require several stages of corrections. Usually 

the time required for successive iterations decreases over time. Finally, customer 

demonstration is done after finishing of through testing. 

3.6.6. Education 

In this phase, documentation of site administration is done. The creation of publisher-user 

manual is done which will guide the user to know about different features and the usability of 

those. It tells the customer that how to update data and other relevant information regarding 

the website. Sometimes, there are some features which require some general administration 

from the customer end; publisher-user manual also provides information regarding that. 
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3.6.7. VPS configuration 

This phase indicates that the project is approaching to the end as this step is done after 

finishing all the major earlier phases. A number of final configurations are done in this step. 

It has been mentioned early that the company has two VPS. When they develop the website,  

they do it in their test VPS. Testing is also done in the test VPS but when they prepare to 

launch it; they transfer it to the main VPS. In order to doing so, a number of setup and 

configuration such as SSH setup, privilege setup, DNS/CNAME configuration, mail 

configuration is done. 

3.6.8. Deployment 

This the final phase of a project which includes site approval before it is being published. 

3.7. Current scenario 

 

 There are five projects has been considered into the current scenario. The projects are 

as follows. 

 

 TA Development 

 OF 

 GK 

 TA Maintenance 

 NSH 

 There are another three repetitive activities present throughout the whole project in 

the multiple project environment. These activities have been treated as a project in 

term of representation in MS project software. They are as follows. 

 

 Administration 

 Marketing 

 Sales 
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3.7.1. TA Development 

 

 TA Development is a big project for the company which is an online scheduler and 

time reporting personal assistant. 

 

 It has so many features inside it so it takes a lot of time to develop and test. Due to 

privacy policy of the company, all the features and usability of the software cannot be 

discussed extensively. 

 

 TA development starts on 1
st
 September, 2008 

 

 The activities are quite similar to that have discussed in the process description part. 

The difference is that here the activities require more time due to the complexity and 

size of the project and at the same time, the activities requires different resource 

allocation compare to other projects. Some new activities have been incorporated here 

where some others have been deleted due to the project requirement but the 

development phases are the same (eight development phases). 

 

 TA Development has three resources but two of them are used throughout the project. 

Two of the resources are having maximum availability of 100% and another resource 

is available for 25%. Although the resource having maximum of 25% availability is 

not used in any activity throughout the project. 

 

 Overtime rate is the same as the standard rate of a project which is a company policy. 

 

 Project priority is in the default level. So all the activities of the project have default 

priority of 500 

 

 The whole project is expected to finish within 431.25 days 

 

Figure 13: Maximum availability of resources for TA Development project 
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Figure 14: Project priority of TA Development project 

3.7.2. OF 

 

 OF is a project of average workload for the company. This project is all about 

developing a website for a pre-school (förskola). 

 

 It has some general features and also few special features. Due to privacy policy of 

the company, all the features and usability of the software cannot be discussed 

extensively. 

 

 OF starts on 1
st
 October, 2010 

 

 As this is a typical website development project, the activities have already discussed 

in the process description part. All the eight development phases are done to develop 

this project. 

 

 OF also has three resources. This project has a different resource allocation scenario 

compare to the others. Due to availability of resources, this project has one resource 

of maximum 100% and others are 25% and 10% respectively. 

 

 Overtime rate is the same as the standard rate of a project which is a company policy. 

 

 Project priority is in the default level. So all the activities of the project have default 

priority of 500 

 

 The whole project is expected to finish within 72.88 days 
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Figure 15: Maximum availability of resources for OF project 

3.7.3. GK 

 

 GK is also a website development project of a golf club. This project is having some 

unique features along with general features. Due to privacy policy of the company, all 

the features and usability of the software cannot be discussed extensively. 

 

 GK starts on 1
st
 February, 2011 

 

 GK also has three resources. This project has a different resource allocation scenario 

compare to the others. Due to availability of resources, this project has one resource 

of maximum 100% and others are 25% and 20% respectively. 

 

 Overtime rate is the same as the standard rate of a project which is a company policy. 

 

 Project priority is in the default level. So all the activities of the project have default 

priority of 500 

 

 The whole project is expected to finish within 91.13 days 

 

Figure 16: Maximum availability of resources for GK project 

3.7.4. TA Maintenance 

 

 TA Maintenance is the continuation of TA Development project. After finishing the 

project TA Development, this project is stared.   
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 TA Maintenance has two phase of maintenance. One is the scheduled maintenance 

that is gone for four phases and another is the regular maintenance that will start after 

finishing the four phases of maintenance. All the maintenance have considered as a 

single project with different phases. 

 

 TA Maintenance starts on 1
st
 April, 2011 

 

 Although the company has three available resources, TA Maintenance uses two of 

them. The maximum availability of resources is 50% for all the phases. 

 

 The maintenance works are iterative basically activities. In the first phase of 

maintenance, it takes almost 50% working hour of each week and this maintenance 

repeats for a month then it reduces to 40% working hours of each week and goes 

through a month and so on until it reaches to 20% working hour a week for a month 

which is the fourth phase of maintenance.  

 

 Regular maintenance is also iterative activities and it is estimated that the regular 

maintenance will cover 20% of working hour a week. 

 

 As it is expected by the company that all of the projects will be finished by January 

2012, the repetitive maintenance activities will be repeated until January 2010. 

 

 Overtime rate is the same as the standard rate of a project which is a company policy. 

 

 Project priority is in the default level. So all the activities of the project have default 

priority of 500 

 

 The whole project is expected to finish within 219 days 

 

Figure 17: Maximum availability of resources for TA Maintenance project 

3.7.5. NSH 

 

 NSH is also a website development project. This project is a typical project with few 

special features. Due to privacy policy of the company, all the features and usability 
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of the software cannot be discussed extensively. The company has not get the project 

yet but they are optimistic about getting it. 

 

 If the company get the project then they are expecting to start it on 1
st
 November, 

2011 

 

 NSH will also have three resources. The maximum availability of resources would be 

50%, 25% and 10% respectively. 

 

 Overtime rate will be the same as the standard rate of a project which is a company 

policy. 

 

 Project priority is also in the default level. So all the activities of the project have 

default priority of 500 

 

 The project whole project is expected to finish within 58 days 

 

Figure 18: Maximum availability of resources for NSH project 

3.7.6. Administration, Marketing and Sales 

 

 Administration, Marketing and Sales are the activities that are done continuously in 

the company. As the company has resource constraints, these activities are done in 

parallel with other projects. These activities are repetitive and do not need more 

operating time in a week. 

 

 These activities have been treated as separate project for ease of representation and it 

is considered that all of these activities will be repeated until January 2012. 

 

 Two resources are allotted for these activities. The maximum resource availability for 

these activities is 90% and 10% respectively for Administration and Sales and 50% 

each for Sales. 
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Name of the activities Maximum availability of 

KN 

(%) 

Maximum availability of 

RD 

(%) 

Administration 10 90 

Marketing 50 50 

Sales 10 90 

Table 1: Maximum availability of resources for activities of Administration, Marketing and 

Sales in current scenario 

3.8. Test scenario 

The test scenario is an imaginary scenario where the effect of having one new project with a 

regular workload along with the current scenario will be judged. So, in this case all the 

existing projects will be there along with twelve new projects of regular workload. It is 

considered that one new project will come each month for a year. The resources will be the 

same for the company and the effect of all the projects will be judged. In order to do so, 

twelve new sample projects will be created. 

 It is assumed that the Sample Projects are basically website development projects. 

These projects will be a typical project with regular workload. 

 

 The first project will be started on 1
st
 December 2011 and one new project will be 

started in every month until 1
st
 November 2012. 

 

 All the Sample Projects will also have three resources. The maximum availability of  

 resources would be 50%, 25% and 10% respectively. 

 

 Overtime rate will be the same as the standard rate of a project which is a company 

policy. 

 

 Project priority is also in the default level. So all the activities of the project have 

default priority of 500. 

 

 It is expected that every sample project will be finished within 57.5 days. 
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Figure 19: Maximum availability of resources for Sample Projects 

 The activities like Administration, Marketing and Sales will be repeated until 

February 2013. 

 

 Two resources are allotted for these activities. The maximum resource availability for 

these activities is 90% and 10% respectively for Administration and Sales and 50% 

each for Sales. 

 

 All other projects of the current scenario will be kept the same. 

 

No. Name of the  project 

/ activity 

Start date of 

project / activity 

Maximum availability of resources 

KN 

(%) 

RD 

(%) 

CP 

(%) 

1 TA Development 2008-09-01 100 100 25 

2 OF 2010-10-01 10 100 25 

3 GK 2011-02-01 20 100 25 

4 TA Maintenance 2011-04-01 50 50 25 

5 NSH 2011-11-01 10 50 25 

6 Sample Project 1 2011-12-01 10 50 25 

7 Sample Project 2 2011-12-01 10 50 25 

8 Sample Project 3 2011-12-01 10 50 25 

9 Sample Project 4 2011-12-01 10 50 25 

10 Sample Project 5 2011-12-01 10 50 25 

11 Sample Project 6 2011-12-01 10 50 25 

12 Sample Project 7 2011-12-01 10 50 25 

13 Sample Project 8 2011-12-01 10 50 25 

14 Sample Project 9 2011-12-01 10 50 25 

15 Sample Project 10 2011-12-01 10 50 25 
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16 Sample Project 11 2011-12-01 10 50 25 

17 Sample Project 12 2011-12-01 10 50 25 

18 Administration 2011-01-03 10 90 - 

19 Marketing 2011-01-04 10 90 - 

20 Sales 2011-01-05 50 50 - 

Table 2: Overview of Test scenario 

3.9. Solution using MS Project 

It is clear that the whole problem have two scenarios. The background of the scenarios has 

been discussed in detail so far. In this stage, the problem will be mapped into MS project and 

it will be analyzed in detail in the next sections. 

So far it is clear that it is a problem of having management of multiple projects 

simultaneously. As there are two different scenarios and some data are different among the 

scenarios, two set of files needed to create in the MS Project software. The key procedure is 

illustrated briefly here. 

3.9.1. Current scenario 

 

 The projects TA Development, OF, GK, TA Maintenance and NSH have been created 

according to the Work Breakdown Structure (WBS). 

 In order to represent it simply and to ease of analyze, the repetitive activities 

Administration, Marketing and Sales are created as individual projects. 

 

 Start and end date for each activity are given along with the resource allocation for 

each activity of each project. 

 

 As PERT analysis is done in this problem for all the projects, Optimistic time (TO), 

Most likely time (TM) and Pessimistic time (TP) are collected for each activity of each 

projects. All data have been supplied by the company personnel and in some of the 

data are estimated in some cases. From the data, Expected time (TE) is counted for all 

the activities of all projects. These Expected times (TE) are used as a new duration for 

each activity throughout the problem. 

 

 In order to solve a multiple project assignment, the first thing to do is to create a 

common Resource Pool. Resource pool contains all the resources used in different 

projects. So, the sharing of same resources in different projects and activities are 
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controlled here. If the resource information is changed in the resource pool then it will 

automatically change the resource allotted in the different activities in different 

projects and vice versa. 

 

 From Common Resource pool, it can be determined that which resources are 

overloaded considering the use of sharing resources in all the projects even. For the 

first scenario, which is the current scenario, the obtained shared resource pool is 

shown below. 

 

Figure 20: Shared Resource Pool for first scenario (Current scenario) 

 The red marks indicate that those shared resources are overloaded by using all the 

projects simultaneously. 

 

 After creating Common Shared Resource Pool, a Master Project File has to be 

created. A master file represents all the projects under a main project. The main 

project is considered as the total scenario of the company. From master file further 

analysis can be done. As PERT analysis is done here in the project, the analysis is 

done in each subordinate project before formation of the master file. 

 

Figure 21: Master File for multiple project management for first scenario (Current scenario) 
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3.9.2. Test scenario 

 

 Twelve new separate Sample Project files are created according to the data provided. 

So, now there are seventeen files in total as five projects such as TA Development, 

OF, GK, TA Maintenance and NSH were created before. 

 

 Information of the projects such as TA Maintenance, Administration, Marketing and 

Sales are changed accordingly for Test Scenario. 

 

 PERT analysis is done to find Expected time (TE) for all the activities of all projects. 

These Expected times (TE) are used as a new duration for each activity throughout the 

problem in Test scenario. 

 

 New Common Shared Resource pool is created. For the second scenario, which is the 

test scenario, the obtained shared resource pool is shown below. 

 

Figure 22: Shared Resource Pool for second scenario (Test scenario) 

 The red marks indicate that those shared resources are overloaded by using all the 

projects simultaneously. 

 

 Finally new master file is created for the Test scenario. 

 

Figure 23: Master File for multiple project management for second scenario (Test scenario) 
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4. Results 

The solution has done in the study concentrating on two different scenarios. In this section 

the result which are observed are given below. The results will be shown in two different 

sections, one section will cover the current scenario and another section will cover test 

scenario. Further analysis will be presented in the Analysis part. 

4.1. Results of current scenario 

The results that are generated by the solution are given below. 

4.1.1. PERT analysis 

During PERT analysis, Expected times (TE) for all activities of all the projects are calculated 

from Optimistic time (TO), Most likely time (TM) and Pessimistic time (TP) using the PERT 

analysis formula that has been shown in the previous section. There are five complete 

projects and three repetitive activities (which are treated as an individual projects for ease of 

calculation) in the multiple project assignment for current scenario. It is not possible to show 

the results of PERT analysis for all the activities of all the projects as there are so many 

activities. That is why the summery of the results will be shown here.  

No Name of the project Total time 

Optimistic 

time (TO) 

(Days) 

Most likely 

time (TM) 

(Days) 

Pessimistic 

time (TP) 

(Days) 

Expected 

times (TE) 

(Days) 

1 TA Development 367.63 431.25 538.63 438.54 

2 OF 56.38 72.88 90.88 73.13 

3 GK 71.38 91.13 117.38 92.21 

4 TA Maintenance 216.13 217 221 217.52 

5 NSH 41.63 58 76.13 58.29 

Table 3: Result of PERT analysis for the projects (current scenario) 
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No Name of the individual 

activity 

Total time 

Optimistic 

time (TO) 

(Hours) 

Most likely 

time (TM) 

(Hours) 

Pessimistic 

time (TP) 

(Hours) 

Expected 

times (TE) 

(Hours) 

1 Administration 57 228 456 237.5 

2 Marketing 57 114 228 123.5 

3 Sales 57 114 1140 275.5 

Table 4: Result of PERT analysis for supportive repetitive activities for current scenario 

It can be mentioned that the supportive repetitive activities are the general tasks that the 

company needs to do in order to run the company. These activities are done in every week in 

any days. These activities should run for infinite time but for the ease of calculation it is 

considered that the activities will run as long as the final project ends for the current scenario. 

For these activities, PERT data has been collected considering the cumulative work hour of 

each activity in each week and then it is repeated until the end of all the projects. As the times 

of the activities were short so it is considered in hours first and later they are converted in 

terms of days. It has already mentioned that the activities are supportive and it will run until 

the end of all projects which is until January 2012, so the values for all the activities get 

bigger values in days at the end. For current scenario, the final duration for the activities 

Administration, Marketing and Sales becomes 280.5, 280.25 and 275.63 days respectively. 

4.1.2. Critical path 

In a multiple project scenario, two different critical paths can be determined. There are 

individual critical paths for different projects and finally there is a critical path for the whole 

project considering all the projects. It may be mentioned that after making the master project 

file the individual critical paths will be gone in the individual project files. The total critical 

path will be shown as a summery in the master file.  
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No Name of the project Length of critical path 

(Days) 

1 TA Development 438.54 

2 OF 73.13 

3 GK 92.21 

4 TA Maintenance 217.52 

5 NSH 58.29 

6 Administration 280.5 

7 Marketing 280.25 

8 Sales 275.63 

Table 5: Length of the critical path of all the projects in current scenario 

The final length of critical path in this multiple project environment for current scenario 

becomes 893 days. 

4.1.3. Resource loading diagram 

In this section, at first, we will have a look at the individual resource loading diagrams for 

different projects in the current scenario. Finally resource loading diagrams will be viewed 

for multiple projects. 

4.1.3.1. TA Development 

From the resource loading diagram, it is clear that the project has a resource overload for both 

the resources as the maximum availability of the resources were 100% each. Both of the 

resources have a maximum workload of 200, so it is overloading by 100%. 
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Figure 24: Resource loading diagram for TA Development project 

4.1.3.2. OF 

In this case, the project has a maximum resource workload of 200% for the resources RD as 

the maximum availability of the resources is 100%. The maximum availability of other 

resources is 10% and 25% for the resources KN and CP respectively.  

 

Figure 25: Resource loading diagram for OF project 
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4.1.3.3. GK 

In this case, the project has a maximum resource workload of 200% for the resources RD as 

the maximum availability of the resources is 100%. The maximum availability of other 

resources is 20% and 25% for the resources KN and CP respectively.  

 

Figure 26: Resource loading diagram for GK project 

4.1.3.4. TA Maintenance 

There is no resource overload for the project but the maximum availability of both of the 

resources is 50%.  

 

Figure 27: Resource loading diagram for TA Maintenance project 
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4.1.3.5. NSH 

In this case, the project has a maximum resource workload of 100% for the resources RD as 

the maximum availability of the resources is only 50%. The maximum availability of other 

resources is 10% and 25% for the resources KN and CP respectively.  

 

Figure 28: Resource loading diagram for NSH project 

4.1.3.6. Multiple project (Current scenario) 

In Multiple project (Current scenario), some interesting result are found. The resource 

loading diagram below shows the resource scenario throughout all the projects including the 

repetitive activity that the company need to do until the final project is over. This is very 

important because the company should think about their resource availability especially in the 

complex multiple project scenarios before taking a new project. Based on this, they may need 

to hire resource during a project. In this case, the result shows that they have maximum 

resource workload of 200% for KN and 240% for RD which is 100% and 140% overload for 

KN and RD respectively. It means that, in order to keep the project deadlines they need more 

resources on those activities dealing with these two resources. As the company has resource 

constraint, it would be very interesting that how can they manage their projects within their 
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available resource. In that case, the deadline for some projects will be shifted; this indicates a 

probable delay in deployment of those projects. In the Analysis part the effect of managing 

multiple projects with the resource constraint will be discussed. 

 

Figure 29: Resource loading diagram for Multiple projects (Current scenario) 

4.2. Results of test scenario 

The results that are generated by the solution are given below. 

4.2.1. PERT analysis 

It has been discussed early that there will be twelve imaginary sample projects of regular 

workload will come to the multiple project environment once in every month. So, in this case 

there are total seventeen complete projects and three repetitive activities. PERT analysis is 

done to determine Expected times (TE) for all activities of all the projects. There are so many 

data in this calculation that is why only the summery is given below. 
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No Name of the project Total time 

Optimistic 

time (TO) 

(Days) 

Most likely 

time (TM) 

(Days) 

Pessimistic 

time (TP) 

(Days) 

Expected 

times (TE) 

(Days) 

1 TA Development 367.63 431.25 538.63 438.54 

2 OF 56.38 72.88 90.88 73.13 

3 GK 71.38 91.13 117.38 92.21 

4 TA Maintenance 216.13 217 221 217.52 

5 NSH 41.63 58 76.13 58.29 

6 Sample project 1 41 57.5 76 57.83 

7 Sample project 2 41 57.5 76 57.83 

8 Sample project 3 41 57.5 76 57.83 

9 Sample project 4 41 57.5 76 57.83 

10 Sample project 5 41 57.5 76 57.83 

11 Sample project 6 41 57.5 76 57.83 

12 Sample project 7 41 57.5 76 57.83 

13 Sample project 8 41 57.5 76 57.83 

14 Sample project 9 41 57.5 76 57.83 

15 Sample project 10 41 57.5 76 57.83 

16 Sample project 11 41 57.5 76 57.83 

17 Sample project 12 41 57.5 76 57.83 

Table 6: Result of PERT analysis for the projects (test scenario) 
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No Name of the individual 

activity 

Total time 

Optimistic 

time (TO) 

(Hours) 

Most likely 

time (TM) 

(Hours) 

Pessimistic 

time (TP) 

(Hours) 

Expected 

times (TE) 

(Hours) 

1 Administration 109 436 872 454.17 

2 Marketing 109 218 2180 526.83 

3 Sales 109 114 1140 236.17 

Table 7: Result of PERT analysis for supportive repetitive activities for test scenario 

In this case, the supportive repetitive activities will run until the end of all projects which is 

until January 2013, so the values for all the activities get bigger values in days at the end. For 

current scenario, the final duration for the activities Administration, Marketing and Sales 

becomes 540.52, 540.25 and 540.63 days respectively. 

4.2.2. Critical path 

In this Test scenario, critical path of all the previous projects are the same. Only new sample 

projects have got new critical path. As all the sample projects are same, the critical path will 

be the same for all the new sample projects. That is why critical path of Sample project 1 is 

shown below. 

No Name of the project Length of critical path 

(Days) 

1 Sample project 1 57.83 

Table 8: Length of the critical path of Sample project 1 in test scenario 

The final length of critical path in this multiple project environment for test scenario becomes 

1152.63 days. 
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4.2.3. Resource loading diagram 

In this section, at first, we will have a look at the individual resource loading diagrams for 

different projects in the test scenario. Finally resource loading diagrams will be viewed for 

multiple projects. As the first five projects are the same as current scenario and the resource 

loading diagrams are also shown in the previous section, so the resource loading diagrams of 

only new Sample projects are shown in this section. It can be mentioned that the resource 

loading diagrams are also the same with each other for Sample projects 1 to 12, so only 

resource loading diagram of sample project 1 is shown below. 

4.2.3.1. Sample project 1 - 12 

From the resource loading diagram, it is clear that the sample projects have a maximum 

resource workload of 100% for the resources RD as the maximum availability of the 

resources is only 50%. The maximum availability of other resources is 10% and 25% for the 

resources KN and CP respectively.  

 

Figure 30: Resource loading diagram for Sample projects 1 to 12 in test scenario 
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4.2.3.2. Multiple project (Test scenario) 

In this case, the result shows that they have maximum resource workload of 200% for KN, 

340% for RD and 50% for CP. It means that, in order to keep the project deadlines they need 

more resources on those activities dealing with these resources. As the company has resource 

constraint, it would be very interesting that how can they manage their projects within their 

available resource. In that case, the deadline for some projects will be shifted; this indicates a 

probable delay in deployment of those projects. In the Analysis part the effect of managing 

multiple projects with the resource constraint will be discussed. 

 

Figure 31: Resource loading diagram for Multiple projects (Test scenario)  
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5. Analysis 

In this section, the effect of multiple projects in terms of resource and time will be discussed.  

The company has resource constraints, that is why analysis has been done that how the 

company can manage their projects with their limited resources and if they want to do so then 

how it affects the project deployment date. The analysis is done in two scenarios. At first, 

analysis is done on current scenario and finally the same analysis is done on the test scenario. 

Before doing that it can be mentioned that project priority is important to consider. At first all 

the projects have the same priority. In MS Project the default priority is 500. If the priority of 

any activity is less than 500 then the activity will be leveled later than others. 

5.1. Current scenario 

In the current scenario there are five projects along with three repetitive activities. At the start 

of the project, all activities of all project had same level of priority but the priority is changed 

later on. The project GK and NSH will have different priority level in the analysis. There are 

appropriate reasons to change the project priority. In the project GK, the company has already 

finished development phase. They need some documents from their customer to finish it all 

but the problem is their customer is not providing them the required documents. Their 

customer is somehow making delay to provide the documents to the company and the 

company does not know when they will have those documents. Other than that part they are 

almost finished with the project. They cannot finish the project without those documents. 

They can start the rest of the phases of the project after getting the documents from their 

customer. That is why the project priority is changed. So considering the fact, the priority of 

the activities 64 to 87 has been decreased to 100 instead of 500 which mean the activity from 

64 to 87 will get lower priority and processed later stage while leveling. The company will do 

other activities of other project during that time. 

 

Figure 32: Revised task priority of activities 64 to 87 of GK project 
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Task priority has been changed to whole NSH project. This is due to the fact that the 

company has not got the project yet but they are very optimistic about getting the project. As 

they are very optimistic in getting it, they want to put it in their consideration and to make 

analysis of the multiple project environment. However, still there is some uncertainty to get 

the project and start it in due time. That is why the project priority has been changed to 200 

instead of 500. 

 

Figure 33: Revised task priority for NSH project 

After making required changes, the master file is leveled. Consideration has been made that 

the company will have only three resources throughout all the projects. It will help to provide 

results about how the company can manage all the projects and repetitive activities in 

multiple project environment in current scenario. It should be mentioned that, the analysis has 

done considering the changes that have been discussed so far, other than that there is no other 

consideration has made. So, there are chances that any unexpected event can violate the 

analysis. The result is given below. 
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Figure 34: Leveling of current scenario 

Resource loading diagram shows that a resource RD is still having an overload of 50% while 

other resources do not have any overload. It indicates that the resource RD is still overloaded 

after leveling which means that if the resource is put continuously 100% (40 Hours a week), 

still it will have some overload of 20 hours in a week in the later activities during the period 

of 2012-03-18 to 2012-04-30. It has observed that the resource RD was working at a 

maximum workload of 240% and it was running until 2012-01-30 in case of current scenario 

(not leveled). So, after leveling, it is more effectively used and it smoothes the fluctuating 

workload and finally uses most of it by itself. That is why all the projects get delayed. 

However, the resource RD cannot be leveled to 100% workload as it has a 50% extra 

overload for some months from 2012-03-18 to 2012-04-30. In order to solve the problem, 

either overtime should be provided for RD or extra resources should be needed in those 

phase. 
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Figure 35: Resource loading diagram for current scenario after leveling 

It also shows that the critical path has increased for the current scenario. The critical path 

duration was 893 days before but now the new critical path duration has become 955.5 days 

which means that the whole scenario of multiple projects will be prolonged by 62.5 days. At 

the same time, critical path length has been increased for GK and NSH projects and the 

repetitive activities will now also run for longer time in order to support the company and the 

projects. 

No Name of the project / activity End date Duration 

(Days) 

Change 

(Days) 

Previous New Previous New 

1 GK 2011-06-09 2012-04-26 92.21 322.75 264.46 

2 NSH 2012-01-20 2012-03-20 58.29 101 42.71 

3 Administration 2012-01-30 2012-04-30 280.50 337.25 56.75 

4 Marketing 2012-01-30 2012-04-24 280.25 333.50 53.25 

5 Sales 2012-01-23 2012-04-25 275.63 335.63 60 

Table 9: Comparison of the projects/activities before and after leveling (current scenario) 
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It has been illustrated that leveling has been done as the company has resource constraint. 

They want to run their projects with their available resources only. It is rational that the 

projects having critical resource scenario will be delayed as there are overload in the 

resources and the company does not want to increase resource for the time being. So, it is an 

informative picture for the company that how the multiple projects are affecting the use of 

resources and also critical path. 

 

Figure 36: Critical path length comparison of the multiple projects (Current scenario) 

However, the company should make a management decision whether to put overtime or 

recruit more resources. If they do so, it would be even more effective for them to do it early, 

that is, they do not need to level then rather they can crash the project by a definite time 

allowing overtime or more resources. Anyway, the leveling allows some delays in the 

multiple project environment. It is 62.5 days in number and almost 7% of the total project 

time. So, if all the projects are done by the limited resources then it will increase the length of 

the critical path for multiple projects and eventually to take 7% more time to finish. 
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Figure 37: Percentage extra time (current scenario) 

5.2. Test scenario 

In the Test scenario there are seventeen projects along with three repetitive activities. The 

repetitive activities have changed in order to support the projects and also the company 

during the execution of all the projects. It has known by the times that five projects are the 

same as current scenario and other twelve projects are imaginary sample projects. All the new 

sample projects have the same project priority of 500 while the priority of the activities 64 to 

87 of GK project has been decreased to 100 instead of 500 and priority of NSH project the 

has been decreased to 200 instead of 500. It was also present in the leveling condition of 

current scenario and the effect of this has been discussed before. 

After making required changes, the master file is leveled. Consideration has been made that 

the company will have only three resources throughout all the projects. It should be 

mentioned that, the analysis has done considering the changes that have been discussed so 

far, other than that there is no other consideration has made. So, there are chances that any 

unexpected event can violate the analysis. The result is given below. 
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Figure 38: Leveling of test scenario 

Resource loading diagram shows that both of the resource KN and RD are still having a 

maximum workload of 110% and 190% while other resource does not have any overload. 

From the analysis it can be determined that KN has a 10% overload from 2013-07-21 to 

2013-07-31 which can be mitigated easily. On the other hand, analysis shows that RD has a 

constant 50% overload from 2013-01-01 to 2013-07-31 excepting June 2013. It also has a 

90% overload in the last quarter of August 2013 and 40% overload in the first quarter of 

October 2013. This overload cannot be leveled anyhow. So the company should put either 

overtime or recruiting new resource for that period of time. 

 

Figure 39: Resource loading diagram for test scenario after leveling 
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It also shows that the critical path has increased for the current scenario. The critical path 

duration was 1152.63 days before but now the new critical path duration has become 1369.13 

days which means that the whole scenario of multiple projects will be prolonged by 216.5 

days. At the same time, critical path length has been increased for GK and sample projects 

and the repetitive activities will now also run for longer time in order to support the company 

and the projects. 

No Name of the project / activity End date Duration 

(Days) 

Change 

(Days) 

Previous New Previous New 

1 GK 2011-06-09 2011-06-27 92.21 105 12.79 

2 Administration 2013-01-28 2013-11-28 540.5 750.25 209.75 

3 Marketing 2013-01-29 2013-11-04 540.25 732.88 192.63 

4 Sales 2013-01-30 2013-11-29 540.63 752.13 211.50 

5 Sample project 1 2012-02-20 2013-05-31 57.83 391.10 333.27 

6 Sample project 2 2012-03-21 2013-10-11 57.83 465 401.17 

8 Sample project 3 2012-04-20 2013-10-07 57.83 438.38 380.55 

9 Sample project 4 2012-05-21 2013-09-30 57.83 412.25 354.42 

10 Sample project 5 2012-06-20 2013-09-10 57.83 376.50 318.67 

11 Sample project 6 2012-07-19 2013-06-05 57.83 286.65 228.82 

12 Sample project 7 2012-08-22 2013-09-10 57.83 331.50 273.67 

13 Sample project 8 2012-09-19 2013-08-20 57.83 296.50 238.67 

14 Sample project 9 2012-10-19 2013-08-09 57.83 267.88 210.05 

15 Sample project 10 2012-11-21 2013-08-09 57.83 245 187.17 

16 Sample project 11 2012-12-19 2013-08-13 57.83 226.13 168.30 

17 Sample project 12 2013-01-21 2013-07-26 57.83 191.50 133.67 

Table 10: Comparison of the projects/activities before and after leveling (test scenario) 
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The projects have been affected badly by the resource constraint of the company as the 

duration of critical path of the projects have increased a lot. It is rational that the projects 

having critical resource scenario will be delayed as there are overload in the resources and it 

is considered that the company will not want to increase resource over the analysis period. 

So, it is an informative picture for the company that how the multiple projects are affecting 

the use of resources and also critical path. 

 

Figure 40: Critical path length comparison of the multiple projects (Test scenario) 

Resource leveling allows huge delays in the multiple project environment for the test case. It 

is 216.5 days in number and almost 18.8% of the total project time. So, if all the projects are 

done by the limited resources then it will increase the length of the critical path for multiple 

projects and eventually to take 18.8% more time to finish. The result of the analysis gives an 

indication for the company to hire more resource in order to maintain the deadlines. Of 

course, they can also put overtime on the resources but it looks quite obvious that overtime 

cannot overcome the probable delays in the test case. Anyway, the company might like to 

avoid the leveling scenario rather to crash some parts of the project early but that is obviously 

would a managerial decision.  
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Figure 41: Percentage extra time (Test scenario)  
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6. Conclusion and recommendations 

This study was done in order to analyze the effect of multiple projects to the company in 

terms of resource and time. In order to understand the process better and find out bottlenecks 

from the process, some theoretical studies were done focusing on software development 

methods and project management approaches. Analysis was done extensively using some 

project management tools later on. The results and analysis provide the company with quite 

information which is believed to help the company in future. Although, it should be 

mentioned that no optimization is done here in the entire project rather the result and analysis 

shows the company about using their available resources in a best way. So, the solution 

shows, what would be the scenario for the company in terms of resource usage and time 

required if the use their available resources in a best possible way in case of current and test 

condition. Some possible ways has been described in order to overcome the problems in the 

earlier section but it is all about the company to make any ultimate decision. 

The author would like to make some recommendations in order to have an effective project 

management in the company. Some recommendations will focus on the process while some 

others will focus on the approaches that the company does. These recommendations are 

formulated based on the theories that have illustrated in this study and also by analyzing the 

practice of the company. 

 Project goals and scope of the project should be defined clearly and to work 

continuously focusing on those. This is important for the dynamic environment as 

they deal with projects which offer changes in any time during any phase. Sometimes 

the changes may affect the scope of the project or the project goal. The fact is also 

echoed by the theories of software development in dynamic environment. 

 Risk management should be done more extensively as the company has resource 

constraints and also some other uncertain interruptions sometimes. It could be 

beneficial to spend more time in measuring project risk and to make detailed 

contingency plan. Focus should be given on resource availability and customer co-

ordinance. This will also help them to prepare the bid. 

 Project management tool or any suitable project management software of their 

requirement should be used in case of scheduling and analysis of any project or the 

entire multiple project scenario. 

 Before making a bid, the company should do some extensive project management for 

every project considering multiple project scenario. Based on the analysis, the 

company will get good information regarding the time required to finish the project 

and then they consider some degree of safety time to their project so that it can never 

violate project deadline and also the resources would never be overloaded. They 

should include this phenomenon while calculating the project cost. 
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 Resource scenario should also be determined form the analysis. So, if they find any 

resource is critical then they can create back up plan for that resource. 

 There will be changes in every project and in some cases changes could not be 

avoided especially in a dynamic environment but it is important to accept changes 

with causing least effect. That is, the company should think about the changes and 

their effect on a project in terms of time and resources so that the changes could not 

violate the schedule of a project. 

 As they are working on iterative activities in some phases of a project, they can 

consider including some number of iterations during project planning. As their works 

are usually generic, they can do it based on their previous experience. As a result of 

this the project schedule would be more realistic and the management would be more 

rational. At the same time, it will help to make unplanned activities into planned. 

 During a project, the company should make an index of allowing changes by their 

customer. It may help them as they are allowing flexibility to their customers but the 

flexibility should not be too much so that it could pay the price. 

 They may also include some cost if the change of customer requirement after starting 

the project affects the entire project environment rapidly. 

 If it happens in a scenario that the company needs their customer assistance in some 

part of a project although the company have the ability to do it by themselves and the 

customer is delaying it, then the company should have the power to do it by 

themselves after delaying for a certain period of time. It may be included in their 

bidding condition. At the same time, the company should think about the number of 

time they should meet their customer in a project. 

 The information regarding time and resource should be documented properly in every 

project so that the company has the opportunity to compare it with their original 

project management plan. It will also help them in doing any further analysis later on. 

 If the company does not have sufficient workload then they may start developing 

something by their own which could be marketed as a finished product or service later 

on. 

The analysis and solutions are done considering their given data and the recommendations 

are made considering their whole process and approach. These solutions and 

recommendations can be utilized by the company which might help them to be beneficial.  

The conception and knowledge of the study can be applied in similar companies who are 

working on project basis in similar arena. 

Besides that, further analysis could be done by using PERT analysis where the probability of 

finishing any project or the multiple projects could be calculated from the result that was 

determined. At the same time, more analysis could be done on optimal crashing of the 

projects as well.  
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8. Appendices 

Typical Work Breakdown Structure for general website development for ActionWave 

Development AB 

Activity Name of the activities 
   

       1 Customer Requirement analysis 

1.1 Meet the customer and understand their roles throughout the project 

1.2 Determine the goals for the project 

1.3 Specify the needs of customer 

1.3.1 Notify customer demands 

1.3.2 Notify your basic offerings for customer 

1.3.3 Search for other special/additional features (source: other sites) 

1.3.3.1 Perform competitive analysis (List the likings and disliking in terms of design, 
contents, navigation, graphics etc) 

1.3.4 List the deliverables 

1.4 Finalize customer requirement 
       

2 Strategic planning 

2.1 Evaluate cost according to the deliverables 

2.2 Risk management 

2.3 Prepare bid 

2.4 Customer feedback  & Corrections 

       

3 Conceptual design 

3.1 Technical requirement (system, software and other requirements) 

3.2 Creation of Content Inventory to account for all expected site content 

3.2.1 Specify site content (Suggest The customer what to write) 

3.3 Sketch out a site design and architecture at an abstract level 

3.3.1 Representation of site (how will the site continue to reflect the desired company 

image)- Choosing of correct Template 
3.3.2 Define site layout and navigation (create a site map diagram) 

3.3.2.1 Site exploration from customer point of view 

3.3.2.2 Homepage layout (the things which are to be highlighted and can be assessable from 
homepage) Menu Selection 

3.3.2.3 Layout of other pages 

3.3.2.4 Examples/reference/quotation (what/where/how to put) 

3.3.3 Graphical design 

3.3.3.1 Graphic content of homepage and others (also check availability of any printed 
material) 

3.3.3.2 Color scheme and font control 

3.3.3.3 Idea for Logo creation (Not all the time) 

3.3.3.4 Technical drawbacks (loading time and others) 

3.3.4 Incorporate other features in the site (Ex: Web shop, Calendar, Booking system, 

Newsletter, contact forms etc) 
3.3.5 Consideration of user friendliness (think about customer perspective not from the 
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organization) 

3.4 Checking every feature has been incorporated  

3.5 Customer feedback 

3.6 Corrections 

       

4 Development 

4.1 Setup test site in Test VPS 

4.2 Collecting information regarding site content according to content inventory 

4.3 Activity database model 

4.4 Development of website structure (template, module, menu, category and others) 

4.5 Development and gathering of necessary graphics which are decided in the conceptual 

graphics design step 

4.6 Development of specific features which are decided in the conceptual design step 

4.7 Search Engine Optimization (SEO) 

4.8 Customer feedback 

4.9 Repeat the process (development iteration) until the design and usability goals are met 

& Further corrections 

       

5 System Test (Local System) 

5.1 Checking with all browsers 

5.2 Checking with other computers of different OS 

5.3 Checking with various screen resolutions 

5.4 Edit and review website presentation 

5.5 Testing of links and navigation 

5.6 Evaluate functionality through extensive testing, usability and field testing 

5.7 Further corrections (Iteration 2) 

5.8 Repeat the process (iteration) and perform quality assurance testing until all specified 

requirements (Ex: business, visual design, usability, user experience and other 

technical requirements) have been met 
5.9 Customer demonstration 

5.10 Total iteration time 

       

6 Education (Documentation of the site administration/publisher-user manual ) 

       

7 VPS configuration (VPS and site setup) 

7.1 Web site domain registration 

7.2 SSH setup 

7.3 Privileges setup 

7.4 DNS/CNAME configuration 

7.5 Mail configuration 

      

 

 

8 Deployment 

8.1 Site approval 

8.2 Publish 

 


