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ABSTRACT 

The development of large scale software systems is a complex and lengthy activity. The development of 
large scale systems different types of stockholders (e.g. customers, system users, system analysts, 
designers, and software developers) have to take part and work with one another. Requirement engineering 
is considered to be the most important activity in the development of software systems [6]. If the system 
under development is a large and complex system, then the importance of the requirement engineering 
becomes even more important and necessary. There are many problems and challenges that the 
development organizations are facing in the requirement engineering phase for large scale systems. The 
software engineering community is working day and night in this area and they have proposed many 
solutions and lessons for addressing these problems and challenges faced. This paper presents the main 
contribution of the research work that have been conducted in recent years to identify the  requirement 
challenges faced in large scale development systems and proposed lessons learned addressing these 
challenges. In this paper we have presented two challenges that were observed by us in [LSS] projects. This 
paper also identifies issues and questions which are still open for further research and thus it will serve the 
future researchers as a guide map for doing research in requirement engineering. 
 
Keywords: Requirement engineering [RE], large scale system [LSS], challenges faced, lessons learned. 
 

1. INTRODUCTION 

Requirement engineering is a vast field which 
covers a broad range of works; these works can 
be in the form of technical tools that are used for 
analyzing and organizing requirements, these can 
be in the form of working on organizational 
development for establishing new practices for 
the discussion with the customer regarding their 
requirements. Requirements engineering is 
particularly important to software engineering, 
because it is necessary to understand the needs of 
the customer who is going to purchase the 
software. The IEEE Computer Society's 
Software Engineering Body of Knowledge 

(SWEBOK) defines requirements engineering as 
the area of software engineering concerned with  

 

the acquisition, analysis, specification, 
validation, and management of software 
requirements. If requirement engineering 
activities are properly carried out and properly 
managed, then it proves helpful in shortening the 
development time and provides the basis for 
developing such products that responds to the 
needs of the market [5]: 

Requirement engineering has the greater impact 
on the success of large scale development 
systems and is considered to be the most 
important activity for developing large systems 
[5]: A large scale project comprise over several 
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distributed teams that works in conjunction for 
project development. High quality requirement 
engineering is a baseline among multiple teams 
and provides a base for planning, validating and 
testing. A system that does not fulfill the 
customer requirements and expectations has 
more chances of failing [6]: Another reason for 
proper requirement engineering need is that the 
cost of error correction in the requirement phase 
is low than the cost of error correction in the 
later phases. If the errors are not corrected in the 
requirement engineering phase, the project can 
be cancelled due to time and budget overrun. 
Bob Glass’s in his book “Software runaways” 
says that improper requirement engineering 
management has often proved to be the biggest 
cause of the software projects disasters [7]:   

There is a lot of research going on requirement 
engineering, but there are still not enough 
practical guidelines documented for identifying 
challenges faced during large scale systems and 
their corresponding lesson learned, that can help 
in large scale development systems. In order to 
address this problem we collected challenges 
faced and lessons learned for the large scale 
development systems from different research 
papers and other sources of knowledge  and 
combined them in this paper that will serve as a 
guidelines documentation in future research for 
the requirement engineering for large scale 
development systems. We believe that these 
lessons learned on the basis of challenges faced 
in different [LSS] are generally applicable and 
will enhance the probability of success in 
projects facing similar challenges. 

In the remaining part of the paper, we discuss in 
section 2, overview of large scale systems. In 
section 3, we describe the requirement 
engineering challenges faced in [LSS]. In section 
4, we present the lessons learned while 
addressing these challenges. Finally in section 5, 
we make a conclusion based on all the discussion 
in this paper and discuss possible future work to 
be done. 
 
2. OVERVIEW OF LARGE SCALE 

SYSTEM 

 
Large-scale systems have been traditionally 
characterized by a large number of variables, 
nonlinearities and uncertainties. Their 
decomposition into smaller, more manageable 
subsystems, possibly organized in a hierarchical 
form, has been associated with intense and time-
critical information exchange and with the need 
for efficient co-ordination mechanisms. The 
trend in the design and development of software-
intensive systems today is toward scale that 
increases in every measurable way. Lines of 
code, complexity, dependency, communication, 
bandwidth, memory, datasets, and many other 
measures for our systems continue to reach and 
exceed the limits of our ability to produce high-
quality systems for all purposes. 
 
The last decade of the past century and the 
beginning of the 21st century have revealed new 
characteristic features of industrial and non-
industrial large-scale systems. The enterprise of 
the present time is to operate in a highly 
networked environment and there is an ever 
more increased concern for integration of various 
technologies and for economic, environmental 
and social aspects. Consequently the design of 
control systems must take into account more 
aspects and needs additional skills and tools. At 
the same time, the recent advances in computer 
and communication technologies can provide 
effective tools and adequate technical 
infrastructures to support the design and 
implementation of control systems for the large-
scale applications of the present time. 
 
It can be appreciated now that several subfields 
that are traditional for LSS events remain of 
interest to the scientific community, such as 
hierarchical and decentralized control, model 
reduction and optimization. Traditional 
applications of LSS methods, such as power, gas, 
transportation, manufacturing, water systems are 
still of interest. Other traditional application 
domains, such as agriculture, process industry ad 
robotics were scarcely represented. The new 
issues such as risk management and human 
decision in LSS were well received by the 
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participants. Among main ideas and trends one 
can include: a) large systems become ever larger 
(more complicated and networked) and b) there 
is still a need for practical solutions, possibly 
including new technologies with a view to 
attaining a correct balance between control 
techniques and computer and communication 
tools [1]: 
Systems of the future will push far beyond the 
size of today’s systems and systems of systems 
by every measure: number of lines of code; 
number of people employing the system for 
different purposes; amount of data stored, 
accessed, manipulated, and refined; number of 
connections and interdependencies among 
software components; and number of hardware 
elements. They will be large-scale systems. 
 
The characteristics of LS (Large Scale) systems 
are already beginning to emerge in some of 
today’s systems, such as the global Internet or 
the Google search engine, but in the future, these 
characteristics will be ubiquitous and will 
challenge all of the assumptions of traditional 
computer science, software engineering, and 
systems engineering. 
Software is the least well understood and the 
most problematic element of our largest systems 
today. Our current understanding of software and 
our software-development practices will not 
meet the demands of the future. To make 
significant progress in the size and complexity of 
systems that can be built and deployed 
successfully, we require a culture shift [2]: 
 

Challenges Faced 

DISTRIBUTED TEAMS 

SCALABILITY 

ROLES AND RESPONSIBILITIES 

LACK OF IN FORMAL 
COMMUNICATION WITH THE 
CUSTOMER 

CUSTOMER EXPECTATIONS 

MANAGEMENT 

TECHNOLOGY CHANGING 
MANAGEMENT 

TRACES MANAGEMENT 

SCOPE AND TIME MANAGEMENT 

PROJECT TEAM MANAGEMENT 

TRAINING MANAGEMENT 

TRUST MANAGEMENT 

 
3. CHALLENGES 
 
In this section we present the most important 
challenges that are faced almost in all the large 
scale development systems. These challenges 
include: 

3.1 DISTRIBUTED TEAMS  

In the development of large scale systems the 
teams are located at different geographical 
locations. They may be at different cities, 
different countries, and even at different 
continents [8]:  
Since the project teams for the development of 
large scale systems are located at different 
locations often across different continents. This 
distribution more often than not caused 
challenges such as communication and 
coordination among different teams [3]: 

3.2. SCALABILITY  

It is a property of system. Scalability is a 
desirable property of system which provides an 
indication that systems are capable of growing 
amount of work or processes [10]: 

There are many models, techniques, methods and 
tools that different researchers have presented as 
the solutions for the problems of the industry. 
These most often than not, do not scale to the 
needs of the industry especially globally 
distributed companies. That is the main reasons 
these techniques, models, tools and methods are 
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difficult to be applied.  Most of the presented 
requirements engineering tools and techniques 
disintegrate when faced with large amounts of 
requirements. Another aspect of scalability is 
cost. Many methods for specifying requirements 
are too resource intensive which increases the 
overall cost. Therefore they are not adapted for 
large scale requirements engineering. [4] 

3.3 ROLES AND RESPONSIBILITIES  

Requirement engineering for the large scale 
development system generally consists of 
multiple roles and areas of responsibility that 
have to be fulfilled properly for the success of 
any [LSS] project. These roles and 
responsibilities include management roles and 
responsibilities, marketing roles and 
responsibilities, technical management to the 
architecture’s roles and responsibilities and 
going on to development roles and 
responsibilities. Technologies, techniques, 
methods, tools etc. developed for the successful 
completion of [LSS] needs to take into 
consideration that these technologies, techniques, 
methods, tools etc. are developed according to 
these roles and responsibilities and they map to 
these roles and responsibilities in every possible 
angle. 
 
3.4 LACK OF IN FORMAL 
COMMUNICATION WITH THE 
CUSTOMER 

Since the teams for the development of [LSS] are 
mostly distributed across geographical locations, 
therefore they cannot have informal 
communication with the customer most of the 
times. In case of [LSS] development the 
communication with the customer is mostly 
formal. In formal communication official 
submittal and review processes have to be 
followed on most issues [5]: This level of 
formality generally increases the time needed to 
get back feedback regarding any issue from the 
customer. Since the formal way of 
communication is followed in [LSS] 
development the developer teams and the 
customer cannot have free interaction with one 
another, therefore it can prove challenging for 

the development side to understand the 
requirements of the customer side properly. 
 
 
 
 
3.5 CUSTOMER EXPECTATIONS 
MANAGEMENT 
 
In [LSS] development the communication with 
the customer is informal. The progress regarding 
to the project development is normally shown to 
the customer in the form of prototypes. The 
customer develops their expectations regarding 
the final product on the basis of these prototypes. 
It is also very hard to manage their response 
regarding these prototypes.  It poses a big 
challenge to let the customer understand that 
there are only prototypes to show them the 
progress; the final product will be on the basis of 
the requirements that were agreed in the 
beginning of the project between the developing 
organization and the customer.     
 
3.6 TECHNOLOGY CHANGING 
MANAGEMENT 
 
Normally the [LSS] projects span over a long 
period of time.  The development period for 
[LSS] projects can even span over several years. 
As everybody knows there are many new 
technologies introduced every year. These 
technological changes during the development 
period had to be taken into account and 
accommodated for the success of the project, 
which poses great challenges for the 
development teams.   
 
3.7 TRACES MANAGEMENT  

Traceability means completeness of the 
information at every step in System 
Development Life Cycle. For the development of 
[LSS] project it is important to manage all the 
traces that come during the SDLC System 
Development Life Cycle).  Previous studies have 
proved that traces management is a very difficult 
task since it requires a handsome amount time 
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and manual effort during the development 
period.    

 
 
 
 
3.8 SCOPE AND TIME MANAGEMENT  
 
The development period for [LSS] is spanned 
over long time. As we are aware of that during 
this period the technologies are supposed to be 
changing! Due to changing technologies the 
business trends are also supposed to be changed! 
The customer demands changes and 
modifications in under development and 
developed products, because the customers 
normally believes that with the change of 
technologies the scope of the project should also 
go through changes. The customer’s scope 
change management poses great challenges for 
the developers since they yet have to manage the 
project in the time period that was agreed in the 
beginning. Previous studies have shown that it is 
almost impossible to avoid scope change in the 
development of [LSS] projects.  
 
3.9 PROJECT TEAM MANAGEMENT 
 
One of the biggest challenges in the development 
of [LSS] project is project team’s management. 
These projects span across several years. It is 
natural that the team members comes in and go 
out during development activity. Providing all 
the details like upcoming deadlines, past 
deliveries, decision taken, project risks etc, are 
hard to convey to every team member especially 
to the new comers. Providing easy access to the 
project knowledge is also considered to be a 
possible challenge. 
 
3.10 TRAINING MANAGEMENT 
 
In the development of [LSS] projects the teams 
are distributed across geographical locations, 
therefore providing them proper training 
regarding customer’s expectations, customer’s 
changing demands, and changing tools and 

technologies training management can also be a 
challenging factor. 
 
3.11 TRUST MANAGEMENT 
 
Trust in one of the most important factors among 
different teams working on the same project. 
Trust management in the projects in which teams 
are distributed across different geographical 
locations can also be challenging. The teams 
have rarely face to face meetings. There can be 
misunderstandings during work regarding 
different points between different teams. These 
misunderstandings can lead to lack of trust on 
one another abilities regarding problems 
solutions. This lack of trust among different 
developing teams can prove harming for that 
organization.    
 

Lessons Learned 

LARGE NUMBER OF CUSTOMER 
REQUIREMENT 

PROTOTYPING SESSION WITH 
CUSTOMER 

FOLLOW DOCUMENTATION 
STANDARDS 

ESTABLISH EFFECTIVE REVIEW 
PROCESS 

PROVIDE PROJECT STATUS 
VISUALIZATION 

FOLLOW A FEATURE LIST 

CCA (CHANGE CONTROL AUTHORITY) 
FOR VERSION CONTROL 

MAINTAIN CONSTANT 
COMMUNICATION AMONG PROJECT 
TEAMS 

OTHER FACTORS IN RE LESSONS 
LEARNED 

 
4. LESSONS LEARNED 
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In this section we present the lessons learned 
while trying to address the above mentioned 
challenges. We believe that these lessons learned 
are generally applicable to almost all [LSS] 
projects. These lessons will contribute greatly for 
addressing the challenges discussed above. 
These lessons learned include: 
 
4.1 LARGE NUMBER OF CUSTOMER 
REQUIREMENT 
 
In large scale systems there are a large number of 
customer requirements. This large number of 
customer requirements posed a great challenge 
along with the fact that more often the customer 
does not have a proper understanding of the 
requirements. These challenges can be tackled by 
clarifying customer requirements early in the 
development phase. After capturing and 
understanding the requirements project team 
should agree upon requirement analysis 
template. 
 
It is therefore useful to discuss what kind of 
specification the supplier expects in the very 
beginning of the requirement analysis phase. A 
template based on these expectations can be 
developed, approved and used during 
requirement specification. 
 
4.2 PROTOTYPING SESSION WITH 
CUSTOMER 
 
For the successful completion of the [LSS] 
projects, the customer should be involved in the 
requirement engineering process. The techniques 
of involving the customer in the requirement 
engineering process through prototyping sessions 
can also produce fruitful results. The prototyping 
sessions provides effective communication with 
the customer. These also provide rapid feedback 
from the customer regarding the requirements, 
since they can see the progress made through 
these prototypes. By seeing these prototypes they 
will be able to reply that whether they are 
satisfied with the work done or they require any 
type of changes. 
 
4.3 FOLLOW DOCUMENTATION 
STANDARDS 
 
The teams in the development of [LSS] projects 
are located at different locations. The 
documentation made by one team at one location 

without any proper standard can be difficult to 
understand by other teams. Therefore the 
documentation standards must be followed. The 
documentation standards increase efficiency and 
consistency especially when the teams are 
distributed over geographical locations. 
Industrial standards, e.g. IEEE 830 document, 
can be used for documentation. 
 
4.4 ESTABLISH EFFECTIVE REVIEW 
PROCESS 
 
A review is conducted for the detection of errors 
and deficiencies in the development process.  An 
effective review process can detect the defects 
early in the development process and thus can 
reduce the cost for detecting defects.  
 
4.5 PROVIDE PROJECT STATUS 
VISUALIZATION 
 
In large scale systems the teams are distributed 
across different geographical locations. They 
should be provided with the project status 
visualizations, they can be provided this 
visualization either by email or by developing a 
project development website. The project status 
helps project members to identify issues and take 
corrective actions for their solution. The project 
status provides a summary to the higher 
management for monitoring the progress of the 
project. 
 
4.6 FOLLOW A FEATURE LIST  
 
Normally software requirement specifications 
are organized according to their features. A 
feature is an externally accessible service of the 
system. The project schedules are often made 
depending upon these features. If the features list 
is not properly managed this can cause problems 
later in the development phases. Since in large 
projects the teams are distributed over 
geographically locations not resolving the 
complexity of the features can lead to cost and 
time overrun. For preparing a feature list a 
handsome amount of time and effort is required. 
There should be several meetings with the 
domain and application experts in order to 
resolve interdependencies between different 
features. 
 
4.7 CCA (CHANGE CONTROL 
AUTHORITY) FOR VERSION CONTROL 
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Sometimes we even do not know about the 
changes. To do something new we have to ask 
always for the latest version“. Advanced tools 
shall be implemented to support multiple teams 
and provide online access for every team 
member. Establish clear responsibilities and 
priorities are very important to define project 
member roles and establish proper 
communication liaisons [3][5]: 
 
4.8 MAINTAIN CONSTANT 
COMMUNICATION AMONG PROJECT 
TEAMS 
 
There should be constant communication among 
different distributed teams working on a large 
scale project. Solutions gained through emails 
and phones are always not appropriate. 
Employees who lack fluent language skills are 
afraid to speak with the partner over phone. So, 
they could not get appropriate information 
regarding their problem from other employees. 
Advanced communication tools as 
videoconferencing are very effective and should 
be used extensively whenever possible to discuss 
the requirements and changes [3]: 
 
4.9 OTHER FACTORS IN RE LESSONS 
LEARNED 
 
There are some other factors those have a huge 
impact on requirement engineering which were 
raised by Kauppinen et al. in the requirements 
engineering literature that influence 
improvement in requirement engineering lessons 
learned. Many of these factors are related to 
learning. 
 
· Benefits of the requirements engineering 
process – everyone involved should see some 
benefits. 
· Cultural change – the development personnel 
needs to understand importance of customer and 
user requirements. 
· Continuous requirements engineering 
improvement – feedback on the requirements 
process must be collected and used to take 
action. 

· Evolutionary requirements engineering process 
improvement – use small-scale improvements 
before new expensive techniques. 
· Pilot projects – ensure that new processes are 
feasible through real pilot projects. 
· Training and education – this is essential for 
ensuring sustained change. 
· Simplicity of the requirements engineering 
process – multiple stakeholders from several 
functional organizations requires a simple 
interface [9]: 
 
5. CONCLUSION AND FUTURE WORK 

 
Despite a wide variety of literature on challenges 
faced and lessons learned in the development of 
large scale system, there is still a lack of research 
on how to achieve successful performance in 
large scale system development. Furthermore the 
lessons learned are also yet not properly 
documented. Managing requirements in large 
scale system development become a tough task if 
the process is not well defined and the teams are 
not experienced or prepared for cooperation 
among different team members. 
 
Challenges which are common are discussed in 
literature are mentioned here, lessons learned 
which are discussed here will contribute in the 
success of projects in future. There are numerous 
potential directions for future work. These 
lessons learned open a way and encourage the 
researchers to find Solution of ambiguities and 
problems which they could come in future. We 
have also presented two challenges “Training 
Management” and “Trust Management” which 
opens gateways for the future researchers to 
make research. 
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