CHAPTER 2: SYSTEM DEVELOPMENT LIFE CYCLE METHODOLOGY
PART 2
SYSTEM DEVELOPMENT LIFE CYCLE (SDLC)

SDLC is a set of activities that analysts, designers and users carry out to develop and implement an information system.

· Activities are closely related and usually inseparable.

· Determining sequence difficult as different parts of a project can be in various phases at the same time

· SDLC is a continuous iterative process

“SDLC is document driven” ( at crucial stages during the process, documentation is produced.

· Phase incomplete until appropriate documentation is produced – referred as Deliverables.

· Deliverable = substantial written document, a software artifact, a system test plan or even a physical object such as a new piece of technology that has been ordered and delivered.

“SDLC can also be viewed from a more process oriented perspective.” ( Parallel nature of activities and presents activities such as system maintenance as an alternative to a complete re-design of an existing system. The advantages of this system are as follows:

· Better planning and control

· Documentation for better communication and control

· Compliance of standards for better quality

· Phases are milestones for manager/user review & signoff

From the perspective of the IS Audit, the following are the possible ADVANTAGES of SDLC:

1) IS Auditor has clear understanding of various phases if detailed documentation of SDLC

2) IS Auditor can report on compliance

3) IS Auditor, if has a technical knowledge in the area of SDLC, can guide SDLC phases

4) IS Auditor can evaluate the methods & techniques used in SDLC phases

(-SDLC helps Auditors and Auditors help SDLC-)

RISKS Associated with SDLC / SHORTCOMINGS of SDLC

1. Development team - find it cumbersome

2. Users- end product is not visible for a long time

3. Rigidity of approach may prolong project duration

4. Not suitable for small/medium sized projects

PHASES IN SDLC
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STAGE I - THE PRELIMINARY INVESTIGATION

Objective

To determine and analyze the strategic benefits in implementing the system through evaluation and quantification of - productivity gains; future cost avoidance; cost savings, and Intangible benefits
A preliminary investigation is normally initiated by some sort of system request. Steps involved:

1) ID Problem [user request -> analyse -> report to committee]

2) ID Objective [lakshya]

3) Delineation of scope [just like audit scope]

4) Feasibility Study 
“The following issues are typically addressed in the Feasibility Study” (-determine-):

1) Solution as per business strategy

2) Existing system can rectify the situation without major modification

3) Time frame for which the solution needed; Cost

4) Vendor product offers a solution

Document / Deliverable: A preliminary investigation report/ feasibility study for management

(1) Identification of Problem:

· Several rounds of discussions with user group

· Impact on organization?

· Shifting business requirements, changing organizational environments, and evolving IT 
· Managers and users submit a request to IS department

· System analyst make preliminary investigation & submits proposals to steering committee

Purpose - to evaluate project request, it is neither a designed study, nor it includes the collection of details to completely describe the business system. Rather it relates to collection of information that permits committee members to evaluate the merits of the project request and make an informed judgment about the feasibility of the proposed project

The analyst working on the preliminary investigation should accomplish the following objectives:

· Clarify and understand project request

· Determine the size of the project

· Technical and operational feasibility of alternative approaches

· Assess costs-benefits of alternative approaches

· Report findings to the management with recommendation outlining acceptance or rejection

(2) Identification of Objective

After ID of problem, E.g. Railway’s inability to provide a convenient reservation system to public, Objective - “to introduce a system - book a ticket from source to destination, faster than in real-time”
(3) Delineation of Scope

Scope of a solution defines its boundaries. Should be clear, comprehensible. The following questions should be answered while stating the scope:

· Functionality requirements: What functionalities required?

· Control requirements

· Constraints: of input data?

· Data to be processed

· Interfaces

· Performance requirements: Level of response time, execution time & throughput?

· Reliability requirements: Remain uncorrupted despite misuse?

While eliciting information to “delineate the scope”, few aspects need to be kept in mind:

1) Different users will represent the problem and required solution in different ways. The system developer should bring out need from the initiator (aka champion / executive sponsor)

2) While the initiator of the project may be a member of the senior management, the actual users may be from the operating levels in an organization. Understanding their profile imp
3) Understand the impact of the solution on the organization- its structure, roles and responsibilities. Wide impact -> greater resistance E.g. ERP implementation

4) Quantify economic benefits to the user organization

5) Other factors besides economic benefit have to be given weight-age too

The two primary methods with the help of which the scope of the project can be analyzed are as follows (-Conducting the Investigation, analyst collect data-):
· Reviewing internal documents- Examine organisation charts, study written operating procedures. E.g. For inventory system proposal, analysts try to understand inventory department operations, who are managers/supervisors

· Conducting Interviews: Interviews reveal details, nature and reasons for requests by managers and supervisors. Gives further details and users’ views on current operations merits of proposed system

(How do Police conduct investigation? - Through Saboot and Poochch-Tachch -)
(4) Feasibility Study

· After possible solution options are identified, project feasibility - the “likelihood that these systems will be useful” is determined

· FS by system analysts - process of evaluating alternative systems through cost/benefit analysis so that most feasible system be selected

The Feasibility Study of a system is evaluated under following dimensions:

· Legal: Is the solution valid in legal terms?

· Operational: How will the solution work?

· Schedule / Time: Can the system be delivered on time?

· Behavioral: Is the solution going to bring any adverse effect on quality of work life?

· Economic: RoI?

· Technical: Is the technology needed available?

· Financial: Is the solution viable financially?

· Resources: Are HR reluctant for the solution?

(- LOST BET and thus, Financial Resources -)

Technical Feasibility: Related to hardware / software. Analyst ascertains technical issues during the feasibility stage of investigation:

· Application is implemented with existing technology?

· Equipment has the technical capacity to hold data?

· Necessary technology exists or be acquired?

· Guarantees of accuracy, reliability, ease of access, and data security?

· Expanded?

· Provide adequate responses to inquires, regardless location / no. of users?
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Legal Feasibility: Conflict between a newly proposed system and the organization’s legal obligations. E.g. financial reporting requirements

Operational Feasibility: Get views of workers, employees, customers and suppliers about the use of computer facility. Technically feasible solutions can fail due to human problems. Questions which help in testing the operational feasibility of a project-

· Is there sufficient support from management, users?

· Are current business methods acceptable to users?

· Have the users been involved in planning and development of the project?

· Will proposed system enhance productivity?

· Will accessibility of information be lost?

Schedule / Time Feasibility: Design team’s estimate -> how long it will take new system to become operational -> communicating to steering committee (accept/reject)

Behavioral Feasibility: It refers to the systems which will be designed to process data and produce the desired outputs. No input = No success.

Economic Feasibility/Cost-Benefit Analysis: Evaluation of all incremental costs (time-money) and benefits.

Financial / economic questions raised by analysts during preliminary investigation are for the purpose of estimating:

· Cost of conducting a full systems investigation

· Cost of hardware and software

· Benefits from reduced costs or fewer costly errors

· Opportunity cost if proposed system is not developed

Financial Feasibility: Proposed Solution may be prohibitively costly for the user organization.

Resources Feasibility: This focuses on HR. Implementing sophisticated software solutions difficult in nonmetro locations because of reluctance of skilled personnel to relocate.
Estimating COSTS and BENEFITS: After possible solution options are identified, an analyst should make a primary estimate of each solution's costs and benefits.

Cost: System costs can be sub divided into Development, Operational and Intangible costs.

1. Development costs Include costs of the system development process such as:

• Training and other start up costs

• Salaries of analysts and programmers

• Cost of testing and documenting the system

• Cost of converting and preparing data files, manual etc

• Cost of preparing new or expanded computer facilities

( - Cost of developing staff (training, salaries), systems (testing, data files, computer) -)

2. Operating costs Operating costs of a computer based information system include:

• Salaries of computer operators, others

• Salaries of analysts and programmers

• Overhead charges of the business firm

• Hardware/software rental or depreciation charges

• Cost of maintaining physical infrastructure

• Cost of data input

• Cost of data processing supplies

( - Costs of operating staff (salaries, overheads), systems (hw-sw, physical infra, input supplies) -)

3. Intangible costs are costs that cannot be easily measured.

• Loss of employee productivity or morale

• Loss of Customer sales and goodwill due to errors

• Disruptions caused by system change

(- Costs of staff (productivity, morale), systems (disruption) -)

Benefits: resulting from developing new or improved information systems that utilize EDP are-

· Tangible benefits can be accurately measured and are directly related to the introduction of a new system. E.g. decrease in data processing cost.

· Intangible benefits such as improved business image are harder to measure and define.

Reporting Results to Management:

· Analyst reports alternative solutions, cost-benefits

· Report summarizes results with scope, recommendations

· Management uses report to decide on alternatives. Projects may not be accepted or may fail to pass feasibility test ->

· Rework, resubmit, use workable part

· Investigation may suggest non-IS solutions. E.g. improvement in management and supervision
STAGE 2: SYSTEM REQUIREMENT ANALYSIS

Objectives:

· Thorough & detailed understanding of current system

· Identify areas for modification to solve problem

· Determination of user/managerial requirements

· To have fair idea about various systems development tools
Activities
· Collection of information

· Analysis of current system

· Analysis of proposed system

· Preparation of SRS document

Collection of information
Analysts interact with users to assess organisation and user needs. 
Various fact-finding techniques, which are used by the system analyst for determining these needs / requirements, are as follows:

1. Questionnaires: Under traditional system development approach, users and managers complete questionnaire. Large amt. of data collected from many users quickly. Responses analyzed rapidly on PC.

2. Interviews: Provide complete in-depth picture of the problems and opportunities. Enables analysts to note user reaction first-hand and to probe further
3. Observation:

Analysts personally visit the place of work of users and observe their working. This process provides a clear view about the methods/procedures adopted by users to perform their task and working environment.

Under Prototyping approach- Necessary for successfully system development
Under Traditional approach- Not necessary but desirable
4. Documents: Documents are a very good source of information about user needs and current system. Easy to collect, convey a lot of information and provide objective data. Ensure that the collected documents are updated and accurate.

Document means manuals, input forms, output forms, system operation diagrams, organisation charts, users’ job descriptions etc.

Detailed investigation or Analysis of the PRESENT SYSTEM

To collect, evaluate facts about the system and the environment. Intensive survey of existing methods, procedures, data flow, outputs, files, input and internal controls to fully understand the present system and its related problems, the following areas should be studied in depth to “evaluate the effectiveness of the present system”:

1) Review historical aspects: Brief history of organisation - starting point for an analysis. Identify major turning points and milestones in growth. Review Annual Report, organisation charts. Identify management levels and functional areas, departments. 

2) Analyse inputs: Study source documents used to capture originating data because inputs are basic to manipulation of data. Outputs for one area may serve as an input for another area.

Understand details of each form, content, layout, authorization procedure, origination etc. to determine how these inputs fit into the framework of the present system.

3) Review data files maintained: Analyst should note department, number, size, location, usage frequency, users. Information on common data files and their size is essential and is contained in the systems and procedures manuals.

Must review all on-line and off-line files as they reveal information not reflected in any outputs. Important to study retrieving and processing costs of data
4) Review methods, procedures and data communications: Methods and procedures transform input data into useful output. (I -> O)

· A method is defined as a way of doing something.

· A procedure is a series of logical steps by which a job is accomplished.

· A procedure review is an intensive survey of the methods by which each job is accomplished, the equipment utilized and the actual location of the operations. Aim is to eliminate unnecessary tasks or to identify improvement opportunities.

Review and understand the present data communications methods, network type, equipments.

5) Analyse outputs: Outputs or reports should be scrutinized carefully to assess relevance. Aim is to eliminate irrelevant reports. Analysts must understand what, why, who, when and where of information needs.

6) Review internal controls: Locating control points helps visualize system framework. Locate weaknesses and eliminate them. Advanced methods, procedures and equipments allow greater control over the data.

7) Model the existing physical system and logical system: The flow charting and diagramming of present IS helps organize facts, disclose gaps and duplication, comprehend details and problems.

Proper documentation of logic of inputs, methods, procedures, data files, internal controls, data communications, reports etc.
The logical flow may be shown through system flow charts. The physical flow may be shown by employing data flow diagrams. The data flow diagrams are drawn after reviewing or developing system flow charts.

Data dictionary should also be developed in tandem

8) Undertake overall analysis of present system: Based upon the aforesaid investigation of the present IS, the final phase of the detailed investigation includes the analysis of present:

· Work volume

· Personnel requirements

· Benefits and costs
System analysis of proposed system
After the analysis of present system is performed, proposed system analysis and specification starts. The proposed system analysis is done, using the data collected in “collection of data” step and models prepared during the “analysis of existing system”.

The requirements specified from proposed system by users and shortcomings of present system are used to prepare the specification of proposed system in terms of:
· Output required from proposed system
· Database to be maintained 

· Input types, preparation, capturing and place of capturing for efficient data entry

· Methods and procedures followed between input and output

· Work load and timing for efficient working of proposed system

Output-to-input process: Outputs are directly related to the objectives, hence, starting point for compiling these specifications. Thereafter, infer what inputs, database, methods, procedures and data communications must be used.
System Specification

At the end of the analysis phase, systems analyst prepares a document called “Systems Requirement Specifications (SRS)”. A SRS contains -
· Introduction- Goals, objectives & description of software

· Information Description (input/output)- Problem description; Information content, flow and structure Hardware, software, human interfaces

· Functional Description (process/database)- Diagrammatic representation of functions; Processing narrative for each function; Design constraints etc

· Behavioral Description (controls)- describes about tasks needed for connectivity to external systems and internal controls needed for security of system
· Validation Criteria (controls)- Classes of tests to be performed to validate functions, performance and constraints

· Appendix- DFD, Object Diagrams; Tabular Data; Detailed description of algorithms charts, graphs etc

SRS Review- It contains the following:
· Development team makes a presentation & hands over SRS document for review by user or customer

· Review reflects the team understands of the existing processes

· Only after ensuring that document represents processes accurately, should the user sign it. This is a technical requirement of the contract between users and development team / organization.
System development tools
Many tools and techniques are there which help the system analyst to visualize, analyze, document and design new system in faster and easier manner. These tools help to document the specification and designs of system to be developed
The major tools used for system development can be grouped into four categories based on the systems features each document has.

USER INTERFACE TOOLS: Help design interface between end users and the computer system.

1. Layout forms & screens- are used to construct the formats & contents of I/O forms ie input data entry forms and output reports
2. Dialogue flow diagrams- is used to describe flow of dialogue between system and user
DATA ATTRIBUTES AND RELATIONSHIPS TOOLS:   database in the information system is define, catalogue and design by this category of tools it includes:
1. Data dictionary 
2. Entity-relationship diagrams
3. File layout forms
4. Grid charts
SYSTEM COMPONENTS AND FLOWS TOOLS:

Help document the data flow among the major resources and activities of an IS

1. System flow charts- show the flow of data media as they are processed by the hardware devices and manual activities

2. Data flow diagram- uses symbols to show the data flow among external entities (such as people or organizations, etc.), processing activities and data storage elements

DETAILED SYSTEM PROCESS TOOLS: Help programmers develop detailed procedures and processes required in the design of a computer program.

1. Decision trees & decision tables- use a network or tabular form to document the complex conditional logic involved in choosing among the information processing alternatives in a system.

2. Structure charts- document the purpose, structure and hierarchical relationships of the modules in a Program.

(-System development tools should have User Interface like Windows XP so that Data attributes and their relationships can easily Flow into Components of System process -)
Description of some of the major tools (-documentation tools -)

· Structured English

· Flowcharts

· Data Flow Diagrams

· Decision Tree

· Decision Table

· CASE Tools

· System Components matrix

· Data Dictionary

· Layout form and Screen Generator, Menu Generator, Report generator, Code Generator

Structured English* (Pseudo Code)

· Use of English language with the syntax of structured programming
· Aim- Benefits of BOTH, Program logic that helps to attain precision & natural language that helps in getting the convenience of spoken languages. 
Its elements: 
· Operation statements written as English phrases executed from the top down.

· Conditional blocks indicated by keywords such as IF, THEN, and ELSE.

· Repetition blocks indicated by keywords such as DO, WHILE, and UNTIL
Example
1. Read taxable_income

2. IF taxable_income <=50000 

        Tax = 0

ELSE 

IF taxable_income <= 60000

Tax = (taxable_income -5000)*0.10

Flowcharts

· A graphic technique used by analysts to represent IPO of a business in a pictorial form.

· Represents an algorithm or process showing the steps as boxes of various kinds, and their order by connecting these with arrows
· Used in analyzing, designing, documenting or managing a process or program in various fields

Symbols used in Flow charts
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Types of Flow charts

Divided into four major categories:

1. Document flowchart, showing a document flow through systems

2. Data flowchart- data flows in a system

3. System flowchart- controls at a physical or resource level.

4. Program flowchart- controls in a program within a system

Benefits of Flowchart

1. Communication of system logic

2. Effective analysis of problem
3. Proper documentation

4. Efficient Coding- Act as a guide or blueprint during systems analysis, program development phase.

5. Proper Debugging

6. Efficient Program Maintenance

Limitations of Using Flowcharts

1. Complex logic: makes flowchart complex & clumsy

2. Alterations and Modifications: -> Complete re-drawing

3. Reproduction: FC Symbols cannot be typed, reproduction of flowchart becomes a problem

4. Flow lost amidst technical details
Data flow diagrams (DFD)

· Uses few simple symbols to illustrate the flow of data among external entities (such as people or organizations, etc.), processing activities and data storage elements
· A DFD is composed of four basic elements: data sources and destinations, data flows, transformation processes, and data stores. 4 symbols are combined to show how data are processed.
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Decision Tree or tree diagram

· A support tool that uses a tree-like graph or model of decisions and their possible consequences, including chance event outcomes, resource costs, and utility

· Used in operations research, specifically in decision analysis, to help identify a strategy most likely to reach a goal and to calculate conditional probabilities
Decision table

· Sometimes it is difficult to prepare a flowchart based on many decisions blocks or conditions because the flowchart will become very complex

· We can present such kind of problem’s solution in tabular form and such tables are called decision tables

	
	Allowing credit facility
	R1
	R2
	R3

	C1
	Monthly salary >5000
	Y

	Y
	N

	C2

	Holding present job from over 3 years
	Y
	N
	N

	A1
	Allow credit facility
	X

	X
	

	A2
 
	Reject credit facility
	
	
	X


Decision table consist of four parts

· Conditions: condition lists the basis for preparation of decision table. Conditions mainly resemble the inputs through which analysis is performed
· Actions: List the actions to be taken on satisfaction of different group of conditions. Actions are sort of output of programs
· Condition entries: lists the possible permutations of answer to the questions in the conditions column
· Action entries – lists corresponding to the condition entries, the actions contingent upon the set of answers to questions of that column
CASE Tools

· DFD and system flow charts that users review are commonly generated by systems developers using the on-screen drawing modules found in CASE (Computer-Aided-Software Engineering) software packages.

· CASE - automation of anything that humans do to develop systems and support virtually all phases of traditional system development process. Ideal CASE system has integrated set of tools and features to perform all aspects in the life cycle.

· Some of the features that various CASE products possess are - Repository / Data Dictionary; Computer aided Diagramming Tools; Word Processing; Screen and Report generator; Prototyping; Project Management; Code Generation; and Reverse Engineering.
System Components matrix

System components matrix: Useful in systems analysis and system design. Matrix showing resources used, activities performed and information produced by an IS. Highlights-

· IS Activities and processes- IPO, storage and controls

· How Resources- hardware, software and people can convert Data resources -> Information products

System component matrix

	Activities
	Hardware
	Software
	Users
	Database

	Input 
	Bar code reader
	Data entry form
	Sales clerks
	Customer, product database

	Processing
	Computer processor
	Sales order processing program
	Sales clerks
	Customer, inventory, sales, accounts

	Output
	Point of sales terminal, management reports
	Report generator
	Sales clerk, managers
	Do


Data Dictionary

Computers file containing descriptive information about the data items in the files of a business information system. Each computer record of a data dictionary contains information about a single data item used in a business information system. This information may include - the identity of the-

1. Identity of the Source document(s) used to create the data item

2. Names of files storing the data item

3. Names of programs that modify the data item

4. Identity of programs or users Permitted to access/process the data item

5. Identity of programs or users Not Permitted to access/process the data item

Data dictionary is updated when 1) data items, 2) data fields, 3) programs are introduced/ deleted
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“Accountants and auditors can also make good use of a data dictionary.”

· To Auditors. E.g. establish audit trail (IPO)

· To Accountants. E.g. help plan data flow while designing new system

· For internal control procedures, documentation
· It helps in establishing the data integrity and file security

Layout form and Screen Generator, Menu Generator, Report generator, Code Generator

These tools help in designing a prototype of interrelated data entry screens (forms) and management reporting display along with end user dialogue that links them together. For eg: screen generator and report generator.
These tools help to design data entry forms and output reports

Roles Involved in SDLC

1. Steering Committee

· Representation of affected parties

· Direction -> Cost & timetables -> Review of progress -> corrective actions like rescheduling, restaffing, redesign etc. 
2. Project Manager

· Handles multiple projects -> Client communications

· Review of progress -> Timely delivery within Budget

3. Project Leader

· Dedicated to a project-> ensure completion

· Reviews progress more frequently

· Entire project team reports to him

4. Systems Analyst / Business Analyst

· Conduct user interviews and understand requirements

· Link between users and programmers

· Requirements analysis & Design phase

5. Module Leader / Team Leader

· Project divided into manageable modules -> development responsibility for each of them

· Delivery of tested modules within stipulated time & cost

6. Programmer / Coder / Developer

· Converts design into programs by coding; test & debug

7. Database Administrator (DBA)

· Data has to be maintained by a specialist

· DBA handles multiple projects; ensures integrity and security; helps in performance issues

· Inclusion of new data elements only with his approval

8. Quality Assurance

· Sets standards for development -> checks compliance regularly

· X “independent” to carry out quality audits if participated in development process

9. Tester

· Jr. Level quality assurance personnel attached to a project

· Tests as per plan & prepare test reports

10. Domain Specialist

· Whenever a project team has to develop an application in a new field let say banking industry, may not have adequate experience
· Then they will take the help of person having expert knowledge of banking system working
· A domain specialist need not have knowledge of software systems

11. IS Auditor

· Member of a project team

· Ensures focus on control

· Involved @ Design Phase and final Testing Phase to ensure adequate controls are observed in developing application
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