[bookmark: _Hlk91376917]Requirements Management Processes; an insight into the RMP activities in software industry and literature 
(A Case Study)

[bookmark: _GoBack]Abrar Ahmad1, Taimoor Hassan2, Mehmood Anwar3
Department of Software Engineering, The University of Lahore, Lahore1,2,3
ibe9212@gmail.com1      taimoorhassan9@yahoo.com2      	mehmoodanwar175@gmail.com 3
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I. INTRODUCTION
Requirements Engineering (RE) is a sub-discipline of Software Engineering, focused on determining and managing the requirements of software systems. Requirements Engineering encompasses Requirements Management and Requirements Development [BABOK] [5]. 

Requirements Management
Requirements are something that we discover before building the product, the product can be a software product or any other product. The requirement is a condition or capability needed by a user to solve a problem or achieve an objective [IEEE 610] [4]. Requirements must have met with the system or components of the system to satisfy a contract, standard, specification, or other documents [3].
A system is being built based on requirements must conform and conformance to the set of requirements define the success and failure of the system, it describes what requirements are, write the requirements in an organized way 
and track the changes made in it. Requirement management is a systematic way to elicit requirements, organize elicited requirements, and document these requirements. Requirements management also includes processes that establish and maintain agreement between customers and stakeholders on requirement change is requested. 

Requirement engineering activities include requirements elicitations, requirements analysis, requirement specifications, requirements verifications, and requirements management where requirement management particularly belongs to planning and controlling of all these activities [1]. The difference between requirement engineering and requirements management is, management is a more appropriate description of activities involved in this process and is highly important for tracking the changed requirements between stakeholders and project team where requirements engineering includes all the activities including requirement management, for more description requirement management, is one part of requirements engineering.

Requirements Management Problems
Requirement management problems which are highlighted in the literature are mentioned following:
Requirements can have many sources, requirements not clearly defined, different levels of requirements have several levels of details, in the case when requirements are not controlled then requirements become unmanageable, requirements can have same in multiple deliverables, the requirement can be changed over time. 
When these problems come together with improper requirements management skills and less expertise in the use of tools, many teams despair because they are never able to manage requirements up to the required level. To cover up the issue author propose a tool named as RequisitePro. This tool automates effective requirements management [2].

Research problem
The requirement management process has a significant role in requirement engineering to cover up the issues mentioned in the previous section. These issues are covered by different tools and techniques (such as RequisitePro) proposed in the literature by researchers and subject matter experts. The software industry is using these tools and techniques to solve the problems faced by the industry. Still, this is a thirsty area in research as many people from the industry are facing issues regarding requirement management, which are significant to solve the problems faced by the industry. 
To solve these problems, it’s important to study the industry to find the optimal solution to the problems from the literature. This study is carried out to find the gaps between the software industry and the literature. This study aims to find the tools and techniques used in industry but still lacking in the literature and vice versa. To find out the objectives of the study comparison analysis between industry and literature is performed.

Research questions:
1. Are the available requirements management tools and techniques used in the industry?
2. How many percent of the industry is aware and used these tools and techniques?
3. Are these requirement management techniques efficient enough to solve the complex problems faced by the software industry?
4. Are there any other techniques used by the industry and literature is still lacking?

The overall article is divided into multiple sections. In Section II, we describe research methods, the Results explain in Section III, Discuss the paper in section IV, conclude the paper in section V, and after that write up all references that used in this paper. 

II. RESEARCH METHODS
To carry out the research, initially, questionnaires are proposed with the intention of software requirements management process. These research questionnaires are defined as easy, precise, and accurate to the domain of interest. Furthermore, these questionnaires are needed to answer by someone expert or having some experience in the domain of requirement management and belong to the software development industry. 
For this purpose, the software industry is visited and an interview of the senior member of the software industry is performed and recorded with the permission of said person for further clarifications later. Once the answer to the questionnaire is recorded and manipulated properly, these answers are then compared with literature (such as BABOK and other published bibliography) to find out the answers to the research questions.
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Figure 1: Research Process
Initially, the questionnaire is proposed based on requirement management activities. This document questionnaire covers all five activities of requirement management which are mentioned and documented in the business analysis body of the knowledge book [5]. These questionnaires are open-ended to answer free because this study is based on identifications of gaps in industry comparison with literature and vice versa. 
Hence, it’s important to record all the answers to the questions in detail. At the very next step, industry based on software is visited for a question-answer session. 

In the question-answer session when the industry was not performing requirement management activities this process moved one step back to choose any other software industry. It’s happened in this study. Those software industries that perform requirement management activities are considered for this study. In this study “United Kingdom” based company working in Lahore, Pakistan is selected. This software industry is working with 100+ employees around different countries in the world like “India” and “UK”. 

Here, the meeting is arranged with a full stack developer of this software industry, and a question-answer session is arranged with the concerned person. Answers to the questions in the question-and-answer session are recorded with the permission of the concerned person. This session was held for around 100 minutes in two meetings. At the very next step, all the recorded answers are manipulated and documented in a well-meaning and précised way to carry out further analysis on this data. This recorded document was then reviewed critically and used for comparison with literature to conclude the findings and reported bugs.

III. RESULTS
4.1	Trace Requirements
Level of formality is performed, meeting with a client is arranged and requirements are noted, usually for this purpose weekly meetings are arranged with stakeholders. This activity is important as if we don’t do this activity client goals cannot be documented client demands can cause problems in later phases of the software development lifecycle.
Drive relationship is also used in this software industry by making the versions of required documentation. According to the industry if they do not use it there could be tracing requirement problems. They also used to depend on relationships as a necessary part of the system is implemented first and then the next part which depends on the necessary part is implemented. For example, mobile applications and web applications are needed to implement in the system then the mobile application is implemented first and then a web application that is based on mobile application is developed. Depending on the related industry implement necessity and effort both activities. 
If industries use these activities reusability is easy and if they don’t implement this activity then there could be difficulty in coding, performance can be decreased and processing can be increased, application size could be increased. Industry use plug-ins like code snifer and eslint for this purpose. Using these plug-ins system shows error in such cases when the program is written but not used as it contains memory, also shows error for duplication and extra variables reuse. 
Industry implements satisfy relationship as they document requirement in FSD document which contains all functionalities. Based on this document architecture is developed and hence, the application is developed based on this architecture. If the industry doesn’t implement this relationship verification problem can be occurred in case any requirement is not implemented. 
The software industry implements validity relationships by developing test cases. SQA team is responsible for this task. If this activity is not performed, then testing the requirements problem can occur in the later phase of the software development life cycle. The industry also performs traceability repository activity. For this task, they use tools like JIRA, Monday.com, TRALLO, and ASANA. If this activity is not performed, then a team task design problem can be occurred such as which developer will work on which requirements.

4.2	Maintain Requirements
Industry performed all three activities mentioned by BABOK. They maintain requirements as they use a template for this purpose, the template has different sections such as title page, introduction, etc. every requirement addition has a cost and by doing this cost is measured, if this activity is not performed there could be an issue regarding cost measurement. When maintain attributes activity is performed independent attributes and which requirement need to implement first is focused on. 
Verbal communication is done with stakeholders and documented. The purpose of requirements is also to analyze what part of the product will need to deliver first that can be according to the language of development. Stakeholder conflict can occur in case if this activity is not performed. The industry provides references like 3.1, 3.2, etc., and writes how they will implement it. Hence it can be used for reusing requirements. Duplication of write-up can occur in case this activity is not performed.

4.3	Prioritize Requirements
Prioritization requirement is performed for example two modules are needed to develop like web-based application and mobile application then this is specified which is needed to implement first and mostly dependency is checked for this purpose. If this activity is not followed then proper way of engaging other teams can be costly, for example, the SEO team is engaged at a specific point and if requirements are not prioritized and the proper way of requirements implementation is not described then other teams might have engaged early that could increase cost, time, etc. other than that conflict between stakeholders can occur. 
Industry analyzes all the things included in this process and provides options like how much time and cost or other recourses are required. Which technology will be used, how cost can be increased and decreased such as if technology is used and one application used for android and apple both cell phones then in some sense cost will decrease when users need to develop an application for both platforms? And if other technology is used and developed two different applications for two o0perating systems then cost will significantly increase. If this activity is not performed estimation of time and cost difficult to measure. Challenges of prioritization can be sorted out using discussion. Industry work like chain and they defined what work will have performed by which team and teams are engaged on required time. 
If these roles are not defined and the industry sends a person for requirement gathering who is not capable of doing this, then applications based on these requirements cannot be performed the required functionalities. For continual prioritization, the industry discusses requirements with client and lock documents that are not changed usually and if it needs to change and request come from the customer then it significantly increases time and cost for this project.

4.4	Access Requirements Change
Assessment formality is performed by using versions. For impact analysis activity tools are used such as regression tests used for dependency and impact analysis etc. when the industry makes a timeline, they provide best case time and cost, average-case time and cost, and worst-case time and cost to the customer. If this activity is not considered important and not performed, then cost and schedule will be affected. Impact resolution activity is also performed such as dependencies of change request on that base analysis is performed. 
Thereby, cost analysis, schedule analysis, and time analysis, etc. is performed. If this activity is not performed, then change requests can result in other modules and the required functionality of the product cannot be gained. Other than these activities proper UML diagrams are documented and provided to the customer at the agreed time.

4.5	Approve Requirements
The role of all the stakeholders is understood because of requirements gathering. All the roles are documented like if a developer needs something then who will give it such as manager, operations manager, etc. if this activity is not performed then how development team can interact for requirement gathering and communication gaps can be increased between stakeholders and development team. Conflict and issues are solved by documenting like if there is an issue which department will answer the question to solve this issue. If this is not documented, then the developer will assume itself that could cause problems later. 

To gain senses industry make FSD and take approval from the concerned department. If this activity is not performed, then the requirement document faces problems for approval. To track and communicate approval industry record all the meetings and generate email including all participation details like who attended this meeting and agenda of the meeting. If this activity is not performed there will be no record of members and agenda of the meeting including all discussions. 

Activities that are not documented here are industry-used BRD and FSD documents. Based on these documents proposal and timeline are defined. Database architecture and application architecture are developed in parallel. Based on these documents software quality assurance team plans to test and develop test cases for the further validation process. Documents and processes used in these activities are defined through the following figures.
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Figure 2: Document Process

IV. DISCUSSION
Requirement engineering plays a vital role in the field of software development. There is no development in software industries without proper requirements even functional requirements or non-functional requirements. Software development and its design parameters depend on software requirements, that derive out from different sources explained in the following figure 3: 
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Figure 3: Sources of SR
In the above figure, we see that there are multiple sources in terms of gathering the requirements like stakeholder/client, specific domain expert, end-users, developers, some previous experience, and tester who test the relevant system. 
In this paper, we analyze the case study based on an industrial survey. Collect data from the industrial questionnaire that is already discussed in the Result section (categorized in the trace, maintain, prioritize, access, and approve the requirements). So, we can say that a lot of different tools, techniques, and procedures are used in software companies to make successful software with the great help of software requirements. The employee of a specific company who fills the questionnaire, describes the different stakeholders’ roles, their communication gap, used model, different levels of documents prepared in software development. Elaborate requirements changing level, priority level, tracing level and after that analysis these all levels in the light of actual requirements that filter out from numerous stakeholders.
Sajjad, Nadeem, and Bilal say that the use of the UML (Unified Modeling Language) diagram, will efficiently the requirement engineering and their process. Apply the approach [6] on case study (File Sharing System) fetch the requirements, divide into functional and non-functional requirements, draft it with description and give the priority (high, medium, low), mapping the requirements in pre and post condition in use case scenarios. With the help of this technique, we will achieve the efficiency requirements for a small and low level of the project of different companies.
In the software development life cycle, requirement engineering is the most important phase. Abhijit, Mrinal, Ashraful, Ali presents an approach [7] that is related to requirement engineering with the help of a complex system Hospital as a case study. Analyzing different methods of software requirement engineering like OMT method, VORD, and Domain Based Approach. Describe the requirement engineering process, starting from the feasibility study to require documentation. LORD method of requirement analysis on the domain component of a hospital (patient, bill, nurse, medicine, doctor, etc.) after this evaluate the results in the light of the software development life cycle.
The development of software applications and selection of COTS (Customer-off-the-shelf) components face the different challenges of requirement engineering. Sohail and Mahrukh discuss several problems [8] in the domain of requirement engineering. The framework highlighted the major challenges that include technology issues and their crises, economical issue, external and internal issue, stakeholders’ conflicts with one and another. Challenges are sub-divided into different problems that are linked and a big challenge for the requirement engineering process. Also describe the requirement engineering process (specification, validation, analyzing, documentation) functional and non-functional requirements and their usage level in the proposed software system.
V. CONCLUSION
In this paper, elaborate the real concepts of software requirement engineering and their numerous concepts that using in multiple software companies and are very helpful to develop the software. With the help of an industrial case study, we filter out the required data from a specific company employee and map on the given questionnaire that based on tracing the requirements, maintaining them, prioritizing them, accessing the requirements changes, and finally approved the requirements that implement in the design phase and after that final implementation in software development. In the analysis of the given questionnaire, we summarize that a lot of numerous techniques, methods, tools like JIRA are used in software development nowadays but all these happen only when we have real and error-free software requirements, otherwise, there is no development successfully implemented in any stage.
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