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Q.1 Attempt any FIVE of the following : [10]
Q.1(a) Define software & software engineering. [2]
Ans.: Software:  

From software engineering's perspective software consists of program, documentation and 
data. 
 
Software engineering: 
Software engineering is the establishment and use of sound engineering principles in order 
to obtain economically software that is reliable and works efficiently on real machines. 
 

Q.1(b) List any 4 types of software. [2]
Ans.: System software: System software is a collection of programs written to service other 

programs. Some system software (e.g., compilers, editors, and file management utilities) 
process complex, but determinate, information structures. Other systems applications (e.g., 
operating system components, drivers, telecommunications processors) process largely 
indeterminate data. In either case, the system software area is characterized by heavy 
interaction with computer hardware; heavy usage by multiple users; concurrent operation that 
requires scheduling, resource sharing, and sophisticated process management; complex data 
structures; and multiple external interfaces. 

 

Real-time software: Software that monitors/analyzes/controls real-world events as they 
occur is called real time. Elements of real-time software include a data gathering component 
that collects and formats information from an external environment, an analysis component 
that transforms information as required by the application, a control/output component that 
responds to the external environment, and a monitoring component that coordinates all other 
components so that real-time response (typically ranging from 1 millisecond to 1 second) can 
be maintained. 
 

Business software: Business information processing is the largest single software application 
area. Discrete "systems" (e.g., payroll, accounts receivable/payable, inventory) have evolved 
into management information system (MIS) software that accesses one or more large 
databases containing business information. Applications in this area restructure existing data 
in a way that facilitates business operations or management decision making. In addition to 
conventional data processing application, business software applications also encompass 
interactive computing (e.g., point of-sale transaction processing). 
 
Engineering and scientific software: Engineering and scientific software have been 
characterized by "number crunching" algorithms. Applications range from astronomy to 
volcanology, from automotive stress analysis to space shuttle orbital dynamics, and from molecular 
biology to automated manufacturing. However, modern applications within the 
engineering/scientific area are moving away from conventional numerical algorithms. Computer-
aided design, system simulation, and other interactive applications have begun to take on real-time 
and even system software characteristics. 
 
Embedded software: Intelligent products have become commonplace in nearly every 
consumer and industrial market. Embedded software resides in read-only memory and is 
used to control products and systems for the consumer and industrial markets. Embedded 
software can perform very limited and esoteric functions (e.g., keypad control for a 
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microwave oven) or provide significant function and control capability (e.g., digital functions 
in an automobile such as fuel control, dashboard displays, and braking systems). 
 
Personal computer software: The personal computer software market has burgeoned over 
the past two decades. Word processing, spreadsheets, computer graphics, multimedia, 
entertainment, database management, personal and business financial applications, external 
network, and database access are only a few of hundreds of applications. 
 
Web-based software: The Web pages retrieved by a browser are software that 
incorporates executable instructions (e.g., CGI, HTML, Perl, or Java), and data (e.g., One of 
the most comprehensive libraries of shareware/freeware can be found at 
www.shareware.com) 

 
Q.1(c) What is SRS? [2]
Ans.: A software requirements specification (SRS) is a complete description of the behavior of the 

system to be developed. It includes a set of use cases describe all of the interactions that the 
users will have with the software. In addition to use cases, the SRS contains functional 
requirements and non functional requirements. Functional requirements define the internal 
workings of the software: that is, the calculations, technical details, data manipulation and 
processing, and other specific functionality that shows how the use cases are to be satisfied. 
Non-functional requirements impose constraints on the design or implementation (such as 
performance requirements, quality standards, or design constraints). 

 

 The purpose of SRS document is providing a detailed overview of software product, its 
parameters and goals. SRS document describes the project's target audience and its user 
interface, hardware and software requirements. It defines how client, team and audience 
see the product and its functionality. 

 
Q.1(d) List different project cost estimation approaches. [2]
Ans.: (i) Empirical Estimation Techniques 
   Expert Judgment Technique 
   Delphi cost estimation 
    
 (ii) Heuristic Techniques 
   
 (iii) Analytical Estimation Techniques 
   Length and Vocabulary 
   Program Volume 
   Potential Minimum Volume 
   Effort and Time 
   Length Estimation 
   
Q.1(e) Define Software Risk? List types of software risk. [2]
Ans.: Software Risk:  A software risk is anything which can cause a delay in software or stops 

the progress of a system or even terminates the software project. 
 There are two basic types of risks: 
 (a) Generic Risk: Generic Risk is the general purpose possible threat to every software 

product. 
 (b) Product Specific Risk: Product Specific risk can be find out only by those with a clear 

understanding of the technology going to be used for that project, the people and the 
environment that is particular to the software that is to be built. 
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 Different Categories of Risks:  
 (a)  Project Risk: Threaten the project plan. That is if project risk become real it is likely 

that project schedule will slip and that costs will increase. Project risks identity 
potential budgetary, schedule, personnel, resource, customer and requirement problem. 

 (b) Technical Risk: Threaten the quality and timeliness of the software to be produced. If 
technical risk becomes real, implementation may become difficult or impossible. 

 (c) Business Risk: Threaten the viability of the software to be built. Business risk often 
jeopardizes the product or the project. 

 (d) Market Risk: Building product that no one wants 
 (e) Strategic Risk: Building a product that no longer fits into the business strategy 
 (f) Management Risk: Building a product that the sale force doesn’t understand. 
 (g) Budget Risk: Losing budgetary or personnel commitment   

OR 
 (a)  Performance risk: The degree of uncertainty that the product will meet its 

requirements and be fit for its intended use. 
 (b)  Cost risk: The degree of uncertainty that the project budget will be maintained. 
 (c)  Support risk: The degree of uncertainty that the resultant software will be easy to 

correct, adapt, and enhance. 
(d)  Schedule risk: The degree of uncertainty that the project schedule will be maintained 

and that the product will be delivered on time. 
 
Q.1(f) State benefits of ISO standards. [2]
Ans.:   Well defined and documented procedures improve the consistency of output 
   Quality is constantly measured 
   Procedures ensure corrective action is taken whenever defects occur 
   Defect rates decrease 
   Defects are caught earlier and are corrected at a lower cost 
   Defining procedures identifies current practices that are obsolete or inefficient 
   Documented procedures are easier for new employees to follow 
   Organizations retain or increase market share, increasing sales or revenues 
   Improved product reliability 
   Better process control and flow 
   Better documentation of processes 
   Greater employee quality awareness 
   Reductions in product scrap, rewords and rejections. 
 
Q.1(g) Define CPM and PERT. [2]
Ans.: Critical Path Method (CPM): CPM is a technique that is used in projects that have 

predictable activities and tasks such as in construction projects. 
  It allows project planners to decide which aspect of the project to reduce or increase 

when a trade-off is needed. 
  It is a deterministic tool and provides an estimate on the cost and the amount of time 

to spend in order to complete the project. 
  It allows planners to control both the time and cost of the project. 
 
 CPM differs from PERT as follow: 
  The Program Evaluation and Review Technique (PERT) is a project management technique or 

tool which is suitable for projects that have unpredictable activities while the Critical Path 
Method (CPM) is a project management tool which is suitable for projects that have 
predictable activities. 

  CPM uses a single estimate for the time that a project can be completed while PERT 
uses three estimates for the time that it can be completed. 

  CPM is a deterministic project management tool while PERT is a probabilistic project 
management tool. 
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  CPM allows project management planners to determine which aspect of the project to 
sacrifice when a trade-off is needed in order to complete the project while PERT does 
not. 

OR 
 

PERT CPM 
The Program Evaluation and Review 
Technique (PERT) is a project 
management technique or tool which is 
suitable for projects that have 
unpredictable activities. 

Critical Path Method (CPM) is a project 
management tool which is suitable for 
projects that have predictable 
activities.  

PERT uses three estimates for the time 
that it can be completed. 

CPM uses a single estimate for the time 
that a project can be completed. 

PERT is a probabilistic project 
management tool. 

CPM is a deterministic project 
management tool. 

PERT does not allows project 
management planners to determine 
which aspect of the project to sacrifice 
when a trade-off is needed in order to 
complete the project. 

CPM allows project management planners 
to determine which aspect of the 
project to sacrifice when a trade-off is 
needed in order to complete the project.

PERT tool is basically a tool for planning CPM also allows an explicit estimate of 
control of time, costs in addition to 
time, therefore CPM can control both 
time and cost. 

PERT is more suitable for R&D related CPM is best suited for routine and those 
projects where the project is 
performed for projects where time and 
cost estimates can the first time and 
the estimate of duration be accurately 
calculated are uncertain. 

PERT uses event oriented Network. CPM uses activity oriented network. 

 
Q.2 Attempt any THREE of the following : [12]
Q.2(a) Draw neat labeled diagram of software engineering layered technology approach & 

explain it. 
[4]

Ans.: Software Engineering - Layered Technology 
IEEE has defined software engineering as follows. 
 

"The application of a systematic, disciplined, quantifiable approach to the development, 
operation, and maintenance of software; that is, the application of engineering to software." 
 

Software engineering is layered technology which helps in developing quality software within 
time and cost. The organization must constantly improve its own process. The focus is on 
quality, which can be achieved by selecting proper process, method, and tools.      
 

 
 
 
 
 
 

A quality focus
Process
Methods
Tools
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Process is a set of activities with results.  Process helps in developing software in time with 
quality. Process forms the basis for management control of software project.  Method provides 
technical details of how to perform a task. Different tasks to be performed during software 
project are analysis, design, planning, coding, testing and support. Tool helps in automating the 
activities to be performed. Software engineering tools supports semi or full automated support 
for the process and methods. The integrated set of tools is CASE computer aided software 
engineering. 

 
Q.2(b) Explain 4P management spectrum. [4]
Ans.: Effective software project management focuses on the four P’s: people, product, process, 

and project. 
 
 People 
 Software Engineering Institute has developed a people management capability maturity 

model (PM-CMM), “to enhance the readiness of software organizations to undertake 
increasingly complex applications by helping to attract, grow, motivate, deploy, and retain 
the talent needed to improve their software development capability” 

 
 Product 
 Before a project can be planned, product1 objectives and scope should be established, 

alternative solutions should be considered, and technical and management constraints should 
be identified. Without this information, it is impossible to define reasonable estimates of 
the cost, an effective assessment of risk, a realistic breakdown of project tasks, or a 
manageable project schedule that provides a meaningful indication of progress. 

 
 Process 
 A software process provides the framework from which a comprehensive plan for software 

development can be established. A small number of framework activities are applicable to all 
software projects, regardless of their size or complexity. A number of different task sets-
tasks, milestones, work products, and quality assurance points. 

 
 Project 
 We conduct planned and controlled software projects for one primary reason-it is the only 

known way to manage complexity. And yet, we still struggle. In 1998, industry data indicated 
that 26 percent of software projects failed outright and              46 percent experienced 
cost and schedule overruns. 

 
Q.2(c) Explain Cardinality and Modality with example. [4]
Ans.: Cardinality   
 1) Cardinality specifies number of occurrences of one object related to number of 

occurrences of another object. 
 2) That is the maximum number of object relationship is represented by cardinality. 
 3) Shows different relationship like one to one, one to many and many to many. 
 4) Example  many employees occupy one room. 
 
 Modality                   
 1) A modality of relationship is zero if occurrence of relationship is optional and modality 

of relationship is 1 if occurrence of relationship is mandatory (i.e. compulsory). 
 2) The modality specifies the minimum number of relationship. 
 3) Shows maximum 1 to minimum or compulsory 1. 
 4) Example  exactly one (maximum 1 and minimum 1) room is occupied by zero or many 

(maximum many and minimum 0) employees. 
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Q.2(d) State & describe four principles of Project scheduling? [4]
Ans.: Basic Concepts 

Reasons for why software is delivered late: 
 An unrealistic deadline established by someone outside the software development group and 

forced on managers and practitioner's within the group. 
 Changing customer requirements that are not reflected in schedule changes.  
 Predictable and/or unpredictable risks that were not considered when the project 

commenced. 
 Technical difficulties that could not have been foreseen in advance. 
 Human difficulties that could not have been foreseen in advance. 
 Miscommunication among project staff that results in delays. 
The following steps are recommended in this situation : 
(i) Perform a detailed estimate using historical data from past projects. Determine the 

estimated effort and duration for the project. 
(ii) Using an incremental process model, develop a software engineering strategy that will 

deliver critical functionality by the imposed deadline, but delay other functionality until 
later. Document the plan. 

(iii) Meet with the customer. 
 
Basic Principles 
 Compartmentalization: The project must be compartmentalized into a number of 

manageable activities and tasks. 
 Interdependency: The interdependency of each compartmentalized activity or task 

must be determined. 
 Time allocation: Each task to be scheduled must be allocated some number of work 

units. 
 Effort validation: Every project has a defined number of staff members. 
 Defined responsibilities: Every task that is scheduled should be assigned to a specific 

team member. 
 Defined outcomes: Every task that is scheduled should have a defined outcome. 
 Defined milestones: Every task or group of tasks should be associated with a project 

milestone. A milestone is accomplished when one or more work products has been 
reviewed for quality. 

 
Q.3 Attempt any THREE of the following : [12]
Q.3(a) Distinguish between waterfall and RAD model. [4]
Ans.:  

 Waterfall RAD 
Time Sticks to a planned schedule, needs 

to start back at the beginning if 
significant changes emerge 

Open-ended, the project is done 
when the client is satisfied 

Ideal Size of 
the Project 

Very small and very large projects Small and medium-sized projects 

Developer 
Team Size 

Can be small to large Needs to be small 

Developer 
Experience 
Level 

Can be junior to senior if the 
specs are clear 

Multi-talented, very experienced 
and flexible 

Ideal Project 
Type 

On-premise, desktop applications Web-based, mobile apps 

Ideal Client Extremely hands-off, knows 
exactly what he/she wants from 
the beginning 

Good communicator, open to 
suggestions, has the big picture, 
available 
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Worst client Changes mind frequently, wants to 
be involved all the time, scope 
creep 

Inaccessible, indecisive, 
uninterested 

Risk Risk assessed at the beginning is 
accounted for, but not in the 
middle 

Respond and prepare for risks 
continuously 

Approach to 
change 

Change is extremely negative Change is welcome 

Best time for 
changes 

At the very beginning Anytime 

Use of new 
technologies 

No changes after specification 
are set 

New changes can be brought in 
anytime 

Feature 
Management 

Every feature in the specification 
is built 

Only features that prove to be 
useful are built 

Updates and 
Versions 

Planned and methodical Ad-hoc and quick 

Costs Fixed costs, assuming no changes Variable, depending on the number 
of iterations 

Prototype Delivered after the entire app is 
fully functional 

Working model delivered as soon 
as possible 

 
Q.3(b) Describe any 4 software planning principles. [4]
Ans.: Communication helps us to identify the requirements and define the goals.  Planning helps in 

achieving the goals. Following principles apply to planning. 
(i)  Understand the scope of the project: Without understanding the scope it is not 

possible to reach the destination. 
(ii) Involve the customer in the planning activity: The customer can set priorities for the 

functionalities which can help in proper planning. 
(iii)  Recognize that planning is iterative: Planning is iterative activity, throughout the 

project life cycle the plans will undergo change. 
(iv) Estimate based on what you know: Estimates gives us idea regarding how much 

effort, time, cost, resources are required for the project depending on the 
understanding of the requirements. If requirements are vague and unreliable the 
estimates will also be unreliable. 

(v) Consider risk as you define the plan: The plan must accommodate changes required to 
manage risk. 

(vi) Be Realistic: Mistakes are bound to occur, no one is 100% right.  Plan must take care 
of these mistakes. 

(vii) Adjust granularity as you define the plan: Granularity indicates the level of details 
considered during planning. At initial stage of the project the plan shows fine granularity, 
project tracking and monitoring occurs frequently. At later stages of the project the plan 
shows coarse granularity i.e. less details. 

(viii) Define how you intent to ensure quality: The plan should indicate the measures to be 
taken to achieve quality. e.g. FTR Schedule, pair programming where programs are 
developed in pairs. 

(ix) Describe how you intent to accommodate change: Change is bound to occur, specify 
the method to make change in the project. 

(x) Track the plan frequently and make adjustments as required: Monitor the status of 
the project every day and if the project is slipping from the plan, take corrective 
measures. 
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Q.3(c) Describe DFD for library management system for level 0 and level 1. [4]
Ans.: Level 0 DFD for Library Management System 

 
 

Level 1 DFD for Library Management System 
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Q.3(d) Explain LOC & FP in details. [4]
Ans.: Lines of Code (LOC) 
 LOC is the simplest among all metrics available to estimate project size. This metric is very 

popular because it is the simplest to use. Using this metric, the project size is estimated by 
counting the number of source instructions in the developed program. Obviously, while 
counting the number of source instructions, lines used for commenting the code and the 
header lines should be ignored. 

 

 Determining the LOC count at the end of a project is a very simple job. However, accurate 
estimation of the LOC count at the beginning of a project is very difficult. In order to 
estimate the LOC count at the beginning of a project, project managers usually divide the 
problem into modules, and each module into submodules and so on, until the sizes of the 
different leaf-level modules can be approximately predicted. To be able to do this, past 
experience in developing similar products is helpful. By using the estimation of the lowest 
level modules, project managers arrive at the total size estimation. 

 

 Function point (FP) 
 Function point metric was proposed by Albrecht [1983]. This metric overcomes many of the 

shortcomings of the LOC metric. Since its inception in late 1970s, function point metric has 
been slowly gaining popularity. One of the important advantages of using the function point 
metric is that it can be used to easily estimate the size of a software product directly from 
the problem specification. This is in contrast to the LOC metric, where the size can be 
accurately determined only after the product has fully been developed. 

 

 The conceptual idea behind the function point metric is that the size of a software product 
is directly dependent on the number of different functions or features it supports. A 
software product supporting many features would certainly be of larger size than a product 
with less number of features. Each function when invoked reads some input data and 
transforms it to the corresponding output data. For example, the issue book feature (as 
shown in figure) of a Library Automation Software takes the name of the book as input and 
displays its location and the number of copies available. Thus, a computation of the number 
of input and the output data values to a system gives some indication of the number of 
functions supported by the system. Albrecht postulated that in addition to the number of 
basic functions that a software performs, the size is also dependent on the number of files 
and the number of interfaces. 

 
Q.4 Attempt any THREE of the following : [12]
Q.4(a) State any 8 features of agile software development. [4]
Ans.: Agile programming is an approach to project management, typically used in software 

development. It helps teams react to the instability of building software through 
incremental, iterative work cycles, known as sprints. 

 
 Features of the Agile Software Development Approach: The name “agile software 

process”, first originated in Japan. The Japanese faced competitive pressures, and many of 
their companies, like their American counterparts, promoted cycle-time reduction as the 
most important characteristic of software process improvement efforts 

 

 Modularity: Modularity is a key element of any good process. Modularity allows a process to 
be broken into components called activities. A software development process prescribes a 
set of activities capable of transforming the vision of the software system into reality.  

 

 Iterative: Agile software processes acknowledge that we get things wrong before we get 
them right. Therefore, they focus on short cycles. Within each cycle, a certain set of 
activities is completed.  
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 Time-Bound: Iterations become the perfect unit for planning the software development 
project. We can set time limits (between one and six weeks is normal) on each iteration and 
schedule them accordingly.  

 

 Parsimony: Agile Process is more than a traditional software development process with 
some time constraints. Attempting to create impossible deadlines under a process not 
suited for rapid delivery puts the onus on the software developers. This leads to burnout 
and poor quality Instead, agile software processes focus on parsimony. That is, they require 
a minimal number of activities necessary to mitigate risks and achieve their goals. 

 

 Adaptive: During an iteration, new risks may be exposed which require some activities that 
were not planned. The agile process adapts the process to attack these new found risks. If 
the goal cannot be achieved using the activities planned during the iteration, new activities 
can be added to allow the goal to be reached. Similarly, activities may be discarded if the 
risks turn out to be ungrounded. 

 

 Incremental: An agile process does not try to build the entire system at once. Instead, it 
partitions the nontrivial system into increments which may be developed in parallel, at 
different times, and at different rates.  

 

 Convergent: Convergence states that we are actively attacking all of the risks worth 
attacking. As a result, the system becomes closer to the reality that we seek with each 
iteration.  

 

 People-Oriented: Agile processes favor people over process and technology. They evolve 
through adaptation in an organic manner. Developers that are empowered raise their 
productivity, quality, and performance. 

 

 Collaborative: Agile processes foster communication among team members. Communication 
is a vital part of any software development project. When a project is developed in pieces, 
understanding how the pieces fit together is vital to creating the finished product. 

 
Q.4(b) Describe any 4 principles of Software Deployment. [4]
Ans.: The key principles of deployment are: 
 1. Customer expectations for the software must be managed 
  Before the software delivery the project team should ensure that all the requirements 

of the users are satisfied. 
 2.  A complete delivery package should be assembled and tested 
  The system containing all executable software, support data files, tools and support 

documents should be provided with beta testing at the actual user side. 
 3.  A support regime must be established before the software is delivered 
  This includes assigning the responsibility to the team members to provide support to the 

users in case of problem. 
 4.  Appropriate instructional materials must be provided to end users 
  At the end of construction various documents such as technical manual, operations 

manual, user training manual, user reference manual should be kept ready. These 
documents will help in providing proper understanding and assistance to the user. 

 5. Buggy software should be fixed first, delivered later. 
  Sometimes under time pressure, the software delivers low-quality increments with a 

warning to the customer that bugs will be fixed in the next release. Customers will 
forget you delivered a high-quality product a few days late, but they will never forget 
the problems that a low quality product caused them. The software reminds them every 
day. 
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Q.4(c) Explain RMMM in detail. [4]
Ans.: To assist the project team in developing a strategy for dealing with risk. An effective 

strategy must consider three issues: risk avoidance, risk monitoring, and risk management 
and contingency planning. If a software team adopts a proactive approach to risk, avoidance 
is always the best strategy. This is achieved by developing a plan for risk mitigation. 

 

 Risk Mitigation:  
 To mitigate this risk, you would develop a strategy for reducing turnover. Among the 

possible steps to be taken are: 
  Meet with current staff to determine causes for turnover (e.g., poor working conditions, 

low pay, competitive job market). 
  Mitigate those causes that are under your control before the project starts. 
  Once the project commences, assume turnover will occur and develop techniques to 

ensure continuity when people leave. 
  Organize project teams so that information about each development activity is widely 

dispersed. 
  Define work product standards and establish mechanisms to be sure that all models and 

documents are developed in a timely manner. 
  Conduct peer reviews of all work (so that more than one person is “up to speed”). 
  Assign a backup staff member for every critical technologist. 
 

 Risk Monitoring:  
 As the project proceeds, risk-monitoring activities commence. The project manager 

monitors factors that may provide an indication of whether the risk is becoming more or 
less likely. In the case of high staff turnover, the general attitude of team members based 
on project pressures, the degree to which the team has jelled, interpersonal relationships 
among team members, potential problems with compensation and benefits, and the 
availability of jobs within the company and outside it are all monitored. 

 

 Risk Management:  
 In addition to monitoring these factors, a project manager should monitor the 

effectiveness of risk mitigation steps. Risk management and contingency planning assumes 
that mitigation efforts have failed and that the risk has become a reality.  

 Risk management and contingency planning assumes that mitigation efforts have failed and 
that the risk has become a reality. 

 It is important to note that risk mitigation, monitoring, and management (RMMM) steps 
incur additional project cost. For example, spending the time to back-up every critical 
technologist costs money. Part of risk management, therefore, is to evaluate when the 
benefits accrued by the RMMM steps are outweighed by the costs associated with 
implementing them. 

 

Q.4(d) Describe Empirical Project cost estimation approach in detail. [4]
Ans.: Project Cost Estimation Approaches 
 Estimation of various project parameters is a basic project planning activity. The important 

project parameters that are estimated include: project size, effort required to develop the 
software, project duration, and cost. These estimates not only help in quoting the project 
cost to the customer, but are also useful in resource planning and scheduling. There are 
three broad categories of estimation techniques: 

     (i) Empirical estimation techniques 
 (ii) Heuristic techniques 
 (iii) Analytical estimation techniques 
 

 (i) Empirical Estimation Techniques 
  Empirical estimation techniques are based on making an educated guess of the project 

parameters. While using this technique, prior experience with development of similar 
products is helpful. Although empirical estimation techniques are based on common 
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sense, different activities involved in estimation have been formalized over the years. 
Two popular empirical estimation techniques are: Expert judgment technique and Delphi 
cost estimation. 

 

   Expert Judgment Technique 
   Expert judgment is one of the most widely used estimation techniques. In this 

approach, an expert makes an educated guess of the problem size after analyzing 
the problem thoroughly. Usually, the expert estimates the cost of the different 
components (i.e. modules or subsystems) of the system and then combines them to 
arrive at the overall estimate. However, this technique is subject to human errors 
and individual bias. Also, it is possible that the expert may overlook some factors 
inadvertently. Further, an expert making an estimate may not have experience and 
knowledge of all aspects of a project. For example, he may be conversant with the 
database and user interface parts but may not be very knowledgeable about the 
computer communication part. 

 

   A more refined form of expert judgment is the estimation made by group of 
experts. Estimation by a group of experts minimizes factors such as individual 
oversight, lack of familiarity with a particular aspect of a project, personal bias, and 
the desire to win contract through overly optimistic estimates. However, the 
estimate made by a group of experts may still exhibit bias on issues where the 
entire group of experts may be biased due to reasons such as political 
considerations. Also, the decision made by the group may be dominated by overly 
assertive members. 

 

   Delphi cost estimation 
   Delphi cost estimation approach tries to overcome some of the shortcomings of the 

expert judgment approach. Delphi estimation is carried out by a team comprising of 
a group of experts and a coordinator. In this approach, the coordinator provides 
each estimator with a copy of the software requirements specification (SRS) 
document and a form for recording his cost estimate. Estimators complete their 
individual estimates anonymously and submit to the coordinator. In their estimates, 
the estimators mention any unusual characteristic of the product which has 
influenced his estimation. The coordinator prepares and distributes the summary of 
the responses of all the estimators, and includes any unusual rationale noted by any 
of the estimators. Based on this summary, the estimators re-estimate. This process 
is iterated for several rounds. However, no discussion among the estimators is 
allowed during the entire estimation process.  The idea behind this is that if any 
discussion is allowed among the estimators, then many estimators may easily get 
influenced by the rationale of an estimator who may be more experienced or senior. 
After the completion of several iterations of estimations, the coordinator takes the 
responsibility of compiling the results and preparing the final estimate. 

 

 (ii) Heuristic Techniques 
  Heuristic techniques assume that the relationships among the different project 

parameters can be modeled using suitable mathematical expressions. Once the basic 
(independent) parameters are known, the other (dependent) parameters can be easily 
determined by substituting the value of the basic parameters in the mathematical 
expression. Different heuristic estimation models can be divided into the following two 
classes: single variable model and the multi variable model. 

  Single variable estimation models provide a means to estimate the desired 
characteristics of a problem, using some previously estimated basic (independent) 
characteristic of the software product such as its size. A single variable estimation 
model takes the following form: 

  Estimated Parameter = d
1 1c * e  
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  In the above expression, e is the characteristic of the software which has already been 
estimated (independent variable). Estimated Parameter is the dependent parameter to 
be estimated. The dependent parameter to be estimated could be effort, project 
duration, staff size, etc. c1 and d1 are constants. The values of the constants c1 and d1 
are usually determined using data collected from past projects (historical data). The 
basic COCOMO model is an example of single variable cost estimation model. 

 

  A multivariable cost estimation model takes the following form: 
  Estimated Resource = d d

1 1 2 2c * e 1 c * e 2 ...   
 

  Where e1, e2, … are the basic (independent) characteristics of the software already 
estimated, and c1, c2, d1, d2, … are constants. Multivariable estimation models are 
expected to give more accurate estimates compared to the single variable models, since 
a project parameter is typically influenced by several independent parameters. The 
independent parameters influence the dependent parameter to different extents. This 
is modeled by the constants c1, c2, d1, d2, …. Values of these constants are usually 
determined from historical data. The intermediate COCOMO model can be considered 
to be an example of a multivariable estimation model. 

 

 (iii) Analytical Estimation Techniques 
  Analytical estimation techniques derive the required results starting with basic 

assumptions regarding the project. Thus, unlike empirical and heuristic techniques, 
analytical techniques do have scientific basis. Halstead’s software science is an example 
of an analytical technique. Halstead’s software science can be used to derive some 
interesting results starting with a few simple assumptions. Halstead’s software science 
is especially useful for estimating software maintenance efforts. In fact, it 
outperforms both empirical and heuristic techniques when used for predicting software 
maintenance efforts. 

 

  Halstead’s Software Science – An Analytical Technique 
  Halstead’s software science is an analytical technique to measure size, development 

effort, and development cost of software products. Halstead used a few primitive 
program parameters to develop the expressions for over all program length, potential 
minimum value, actual volume, effort, and development time. 

 

  For a given program, let: 
  n1  be the number of unique operators used in the program, 
      n2  be the number of unique operands used in the program, 
   N1  be the total number of operators used in the program, 
  N2 be the total number of operands used in the program. 
 

  Length and Vocabulary 
  The length of a program as defined by Halstead, quantifies total usage of all operators 

and operands in the program. Thus, length N = N1 + N2. Halstead’s definition of the 
length of the program as the total number of operators and operands roughly agrees 
with the intuitive notation of the program length as the total number of tokens used in 
the program. 

  The program vocabulary is the number of unique operators and operands used in the 
program. Thus, program vocabulary n = n1 + n2. 

 

  Program Volume 
  The length of a program (i.e. the total number of operators and operands used in the 

code) depends on the choice of the operators and operands used. In other   words, for 
the same programming problem, the length would depend on the programming style. This 
type of dependency would produce different measures   of length for essentially the 
same problem when different programming languages are used. Thus, while expressing 
program size, the programming language used must be taken into consideration: 

      V = Nlog2n 
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  Here the program volume V is the minimum number of bits needed to encode   the 
program. In fact, to represent n different identifiers uniquely, at least log2n bits 
(where n is the program vocabulary) will be needed. In this scheme, Nlog2n bits will be 
needed to store a program of length N. Therefore, the volume V represents the size of 
the program by approximately compensating for the effect   of the programming 
language used. 

 

  Potential Minimum Volume 
  The potential minimum volume V* is defined as the volume of most succinct program in 

which a problem can be coded. The minimum volume is obtained when the program can be 
expressed using a single source code instruction., say a function call like foo( ) ;. In 
other words, the volume is bound from below due to the fact that a program would have 
at least two operators and no less than the requisite number of operands. 

  Thus, if an algorithm operates on input and output data d1, d2, … dn, the most succinct 
program would be f(d1, d2, … dn); for which n1  =  2, n2 = n.  
Therefore, V* = (2 + n2)log2(2 + n2). 

 

  The program level L is given by L = V*/V. The concept of program level L is introduced in 
an attempt to measure the level of abstraction provided by the   programming language. 
Using this definition, languages can be ranked into levels that also appear intuitively 
correct. 

 

  The above result implies that the higher the level of a language, the less effort it takes 
to develop a program using that language. This result agrees with the intuitive notion 
that it takes more effort to develop a program in assembly language than to develop a 
program in a high-level language to solve a problem. 

 

  Effort and Time 
  The effort required to develop a program can be obtained by dividing the program 

volume with the level of the programming language used to develop the code. Thus, 
effort E = V/L, where E is the number of mental discriminations required to implement 
the program and also the effort   required   to   read   and   understand   the   program.   
Thus,   the programming effort E = V²/V* (since L = V*/V) varies as the square of the 
volume. Experience shows that E is well correlated to the effort needed for 
maintenance of an existing program. 

 

  The programmer’s time T = E/S, where S the speed of mental discriminations.  The value 
of S has been empirically developed from psychological reasoning, and its recommended 
value for programming applications is 18. 

 

  Length Estimation 
  Even though the length of a program can be found by calculating the total number of 

operators and operands in a program, Halstead suggests a way to determine the length 
of a program using the number of unique operators and operands used in the program. 
Using this method, the program parameters such as length, volume, cost, effort, etc.  
can  be  determined  even  before  the  start  of  any  programming activity. His method 
is summarized below. 

 

  Halstead assumed that it is quite unlikely that a program has several identical parts – in 
formal language terminology identical substrings – of length greater than n (n being the 
program vocabulary). In fact, once a piece of code occurs identically at several places, it 
is made into a procedure or a function. Thus, it can be assumed that any program of 
length N consists of N/ n unique strings of length n. Now, it is standard combinatorial 
result that for any given alphabet of size K, there are exactly Kr different strings of 
length r. 

  Thus  
   N/n  nn or N  nn+1  
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  Since operators and operands usually alternate in a program, the upper bound can be 
further refined into N ≤ n n1n1 n2n2. Also, N must include not only the  ordered set of n 
elements, but it should also include all possible subsets of that ordered sets, i.e. the 
power set of N strings (This particular reasoning of Halstead is not very convincing!!!). 

 

  Therefore, 
  2N = n n1n1  n2n2 

  Or, taking logarithm on both sides, 
  N = log2n + log 2(n1n1  n2n2) 
  So we get, 
  N = log 2(n1n1  n2n2) 
  (approximately, by ignoring log2n) 
 

  OR 
 

  N  = log2n1n1  + log2n2n2 
   = n1log2n1  + n2log2n2 
 

  Experimental evidence gathered from the analysis of larger number of programs 
suggests that the computed and actual lengths match very closely. However, the results 
may be inaccurate when small programs when considered individually. 

 

  In conclusion, Halstead’s theory tries to provide a formal definition and quantification 
of such qualitative attributes as program complexity, ease of understanding, and the 
level of abstraction based on some low-level parameters such as the number of 
operands, and operators appearing in the program. Halstead’s software science provides 
gross estimation of properties of a large collection of software, but extends to 
individual cases rather inaccurately.  

  Example: 
  Let us consider the following C program: 
  main( ) 
  { 
   int a, b, c, avg; 
 
   scanf(“%d %d %d”, &a, &b, &c); 
   avg = (a+b+c)/3; 
   printf(“avg = %d”, avg); 
  }  
 

 The unique operators are: 
 main,(),{},int,scanf,&,“,”,“;”,=,+,/, printf 
 

 The unique operands are: 
 a, b, c, &a, &b, &c, a+b+c, avg, 3, “%d %d %d”, “avg = %d” 
 

 Therefore, 
 n1  = 12, n2  = 11 
 

 Estimated Length     = (12*log12 + 11*log11) 
       = (12*3.58 + 11*3.45) 
       = (43+38) = 81 
 

 Volume                     = Length*log(23) 
       = 81*4.52 

        = 366 
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Q.4(e) Explain the concept of Gantt chart. [4]
Ans.: A timeline chart can be developed for the entire project. Alternatively, separate charts can 

be developed for each project function or for each individual working on the project. 
 
 It depicts a part of a software project schedule that emphasizes the concept scoping task 

for a new word-processing (WP) software product. All project tasks are listed in the left-
hand column.  

 
 The horizontal bars indicate the duration of each task. When multiple bars occur at the 

same time on the calendar, task concurrency is implied. The diamonds indicate milestones. 
 
 All project tasks are listed in the left-hand column. The horizontal bars indicate the 

duration of each task. 
 
 When multiple bars occur at the same time on the calendar, task concurrency is implied. The 

diamonds indicate milestones. 
 Once the information necessary for the generation of a timeline chart has been input, the 

majority of software project scheduling tools produce project tables-a tabular listing of all 
project tasks, their planned and actual start- and end-dates, and a variety of related 
information.  
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Q.5 Attempt any TWO of the following : [12]
Q.5(a) Sketch use case diagram for fingerprint biometric system with minimum 4 use

caser and 2 actors. 
[6]

Ans.: Use case diagram for finger print biometric system 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.5(b) Differentiate between validation and verification. [6]
Ans.:   

Sr. 
No. 

Validation Verification 

(i) Validation is a dynamic mechanism of 
validating and testing 

Verification is a static practice of 
verifying documents, design, code  

(ii) It always involves executing the 
code. 

It does not involve executing the 
code. 

(iii) It is computer based execution of 
program. 

It is human based checking of 
documents and files. 

(iv) Validation uses methods like black
box (functional) testing, gray box 
testing, and white box (structural) 

Verification uses methods like 
inspections, reviews, walk throughts, 
and Desk-checking etc. 

(v) Validation is to check whether 
software meets the customer 

Verification is to check whether the 
software conforms to specifications. 

(vi) It can catch errors that 
verification cannot catch. It is High 
level 

It can catch errors that validation 
cannot catch. It is low level exercise. 

(vii) Target is actual product a unit, a 
module, a bent of integrated 
modules, and effective final 
product. 

Target is requirements specification, 
application and software architecture, 
high level, complete design 

User Admin 

Login 

Provide 
finger print

Capture 
finger print

Verify 
Finger 
P i
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(viii) Validation is carried out with the 
involvement of testing team. 

Verification is done by QA team to 
ensure that the software is as per 
the specifications in the SRS 
document. 

(ix) It generally follows after 
verification. 

It generally comes before Validation.

 

Q.5(c) Use COCOMO model to calculate
1. Effort   2. Development time  3. Average staff size   
4. Productivity of estimated size of project is 500 KLOC using semi detached 
model. 

[6]

Ans.: LOC = 500 KLOC 
 Project type  = Semi detached 
    a = 3.0 
    b = 1.12 
    b1  = 2.5 
    b2  = 0.35 
  

 1. Effort = a(KLOC)b 
   E = 3.0(500)1.12 
   E = 3162.04 PM 
 

 2. Development time = b1(Effort)b2 
  (Tdev) 
       = 2.5(3162.04)0.35 
     Tdev  = 41.96 Months 
 

 3. Avg. staff size  = 
dev

E
T

 

       = 3162.04
41.96

 

      S = 73.35 persons 
 

 4. Productivity = KLOC
E

 = 500(KLOC)
3162.04(PM)

 = 500000(LOC)
3162.04(PM)

 

  Productivity = 158.125 LOC/PM 
 

Q.6 Attempt any TWO of the following : [12]
Q.6(a) Describe six sigma for software engineering. [6]
Ans.: DMAIC    
 The DMAIC project methodology has five phases: 
 Define the system, the voice of the customer and their requirements, and the project goals, 

specifically. 
 

 Measure key aspects of the current process and collect relevant data. 
 Analyze the data to investigate and verify cause-and-effect relationships. Determine what the 

relationships are, and attempt to ensure that all factors have been considered. Seek out root 
cause of the defect under investigation. 

 

 Improve or optimize the current process based upon data analysis using techniques such as 
design of experiments or mistake proofing, and standard work to create a new, future state 
process. Set up pilot runs to establish process capability. Control the future state process 
to ensure that any deviations from target are corrected before they result in defects. 
Implement control systems such as statistical process control, production boards, visual 
workplaces, and continuously monitor the process. 
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 Some organizations add a Recognize step at the beginning, which is to recognize the right 
problem to work on, thus yielding an RDMAIC methodology. 

OR 
 DMADV or DFSS 
 The DMADV project methodology, known as DFSS ("Design For Six Sigma"), features five 

phases: 
 

 Define design goals that are consistent with customer demands and the enterprise strategy. 
 

 Measure and identify CTQs (characteristics that are Critical To Quality), product 
capabilities, production process capability, and risks. 

 

 Analyze to develop and design alternatives 
 Design an improved alternative, best suited per analysis in the previous step 
 Verify the design, set up pilot runs, implement the production process and hand it over to 

the process owner(s). 
 

Q.6(b) Explain various elements of analysis modeling in detail. [6]
Ans.:  

 
 Scenario based Elements 
 The system is described from the user’s point of view using this approach. This is often the 

first part of analysis model that is developed to serve as input for the creation of other 
modeling elements. 

 

 Class-based Elements 
 Each usage scenario implies a set of objects that are manipulated as an actor interacts with 

the system. These objects are categorized into classes–a collection of things that have 
similar attributes and common behaviors. 

 

 Behavioral Elements 
 The behavior of the system can have profound effect on the design that is chosen. The 

analysis model must provide modeling elements that depict the behavior. The state diagram 
is one of the methods for representing behavior of a system. 

 

 Flow-Oriented Elements 
 The information is transformed as it flows through the computer based system. The system 

accepts inputs in a variety of forms, applies functions to transform it; and produces output 
in different forms. The transforms may comprise a single logical comparison, a complex 
numerical algorithm or an expert system. The elements of the information flow are included 
here. 
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Q.6(c) What is requirement engineering & What are different tasks included in it? [6]
Ans.: Requirements engineering provides the framework for understanding user requirements in 

better manner. Following tasks forms requirements engineering. 
 Inception   Elicitation   Elaboration   Negotiation 
 Specification  Validation   Requirements Management 
 

 Inception: All software projects starts as need of the organization or need of some 
individual of an organization or person. It may be requirement of changing nature of 
business. It starts with formal communication.   

 Elicitation: Try to find out the requirements of users. What are, customer expectations 
form the product. Following problems makes requirements elicitation difficult. 
 Problems of scope. 
 Problems of understanding. 
 Problems of volatility (Requirements change over time). 

 Elaboration: Elaboration is to understand the requirements gathered during inception 
and elicitation in detailed. Models are generated during elaboration. The result of 
elaboration is an analysis model that defines the informational, functional, and 
behavioral domain of the problem. 

 Negotiation: Conflicts regarding requirements are resolved during negotiation.  All the 
stakeholders should be satisfied. 

 Specification: Specification is the final work product produced by the requirements 
engineering activity. It specifies all the requirements, constraints on the system. 

 Requirements Management: All the identified requirements are assigned an identifier, 
and a traceability table is developed. Each requirement is trace to some aspect of the 
system or its environment.  Following types are traceability tables are developed. 
 Features traceability table 
 Source traceability table 
 Dependency traceability table 
 Subsystem traceability table 

    Interface traceability table 
 

 
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 


