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software: code, documentation, artifacts of a software system

artifacts: historical, testing results, … about the software

engineering: scientific, mathematically-based discipline

software engineering: (Pressman) establishment and use of engineering principles to obtain economically built software

(Henry) application of scientifically-based engineering principles and practices to build high quality software on time and within budget

If SE is engineering, we would be able to

- trade off cost and quality -> money and time for functionality

- compare designs based on science, math and economics

Craft
- > Production ->
Commercial
-> Science/Math ->
Engineering

- virtuosos

- support of tools/automation/ practice

- analysis



- intuition

- skilled craftsmen

- experiment and theory



- waste

- economic concern for labor, materials, time

- theory supports advance of practice

- brute force is often acceptable



- progress in the field is based on science





educated and certified or licensed class of professionals
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What do we know?

1995: 12%/yr increase in $ spent on software - $435 B

2005: 10 – 15% increase in $; 20 – 30 % increase in volume

What is volume?

- What about autogenerated code?

- What about PLC?

1. Software is big business

2. What constitutes software is changing

3. Demands on software continue to grow; size, complexity, application; hardware

Observed Laws

1. Continuing change
A software product will continue to change through its life cycle

2. As a software product changes; its complexity increases and design organization degrades.

3. Software evolution is a self-regulating process – time governs the amount of change, complexity and functionality.

4. Conservation of stability – reluctance to change in respect to software reliability

5. Conservation of familiarity – very reluctant to change solution methods and design structure in respect to learn knowledge and understanding of system.

To make significant improvements in software, need to improve on multiple dimensions.


- in other words, improvement in one area will have diminishing returns in respect to effort & resources – software has interdependencies.

Software is observed to have actively competing goals for which the tradeoffs are severe and unavoidable.


- Maintenance v. Development cost




Size




Speed




Portability




Extendability


- Testablity


- Reliability


- Extendability

What Do We Do?

SE Project – organize it

1. Development team lead by project manager

- requirements experts

- design lead (or team)

- coders

2. Quality assurance lead by quality assurance maanger

- standards reviewers

- testers

- configuration management

Requirements Team

- Learn customer process

- Elicit requirements

- Specify, refine, update requirements

Design Team

- Create, compare, and specify design

- Specify, guide, and revise implementation

- Specify, guide and implement maintenance

Coders

- Implement, comment, test and correct code and design

Standards Reviewers

- Review and compare software products to product standards

Testers

- Review requirements, design and code

- Create, execute and maintain tests

- Record and track defects through correction and retest

Configuration Management

- Controls software products through access change & build procedures – largely done with tools
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Diagram

Assume:

1) There is software in place

2) There is a need for new software

Groups in an organization

- users

- non-users impacted by software

System in place: hardware, people, software

Processes

1) Organizational process

2) Actual process

Need:

Based on ROI – there is a balance between Benefit and Cost (diagram)
- benefit – productivity, cost, profit, insight

- cost – investment by organization

- cost to support construction, testing, installation and maintenance

Benefit – the software provides functionality that drives, causes or critically supports system or process improvements.

- Core requirements

Cost

- financial

- usability

- reliability

- correctness

- longevity

Diagram

The slope of the benefit line needs to be greater than the cost line

It’s all cost until installation, but meeting the core requirements means benefits start immediately at installation.

Maintenance is a jagged line that extends from deployment on

Quality at the beginning affect the benefit line far into the future.

Benefits don’t start at 0 like cost. On installation they start above 0.

Systems Analysis

Computer Science View – opinion

1. People who can’t program or do math

2. Field of chit chat

Old Fashioned View

1. Lucrative consulting field for business process – specialist

2. Political marketing driven field

New Valuable Systems Analysis

1. Process driven

2. Quantitatively based

3. Cost/benefit identification

4. Clearly identified software factors & characteristics

- core requirements

- training

- maintenance

Steps to New Systems Analysis

1. Understand organization and people

2. Integrate system functionality into process

3. Identify critical (core) functionality that supports/provides the most benefit

4. Estimate the benefit of software on the process/organization in quantitative terms (hard, imprecise, debatable) – targets

5. Cost/benefit identification/analysis

6. Software factors, requirements & planning

Requirements – documentation

TLR – Top Level Requirements Document - hits requirements at abstract level – synopsis of functionality/purpose

SPO – Software Project Outline – high level project plan – outlines the factors, pressures, limitations, risks, etc. facing project execution
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Time v. Information

- Sommerville says that 10% - 20% should be spent on requirements & analysis

- In practice 5 – 10% is spent on analysis


5- 10% is spent on specifications

- In reality, analysis and specification is on-going, haphazard, costly when done later

- 
20% on requirements analysis – investigation


20% on requirements specification – documentation


10% on design


Only leaves 20% for programming


20% on testing


10% on deployment

Stakeholders

Leadership – have goals for what the software is to do

- will describe at high level – through interviews to gather a list and/or clarify and understand goals

Users – people who will use software to do their jobs

- create both data & work flow diagram and then show how software fits in

Support – people who must maintain, configure & support software and hardware

- maintenance programmer tasks, system admin, db manager tasks – daily, weekly, yearly

How

Technology Assessment – what’s in place v what’s needed


“wish” v “need”

People Impact – training, usability, upgrade impact, social

Functionality List – core functions, “hard” functions, intersection of both

Scale – organizational input (what is needed from organization), storage space, deployment, support resources

Deployment – cost/schedule, time (have to fit into organization’s operation)
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TLR – 1st stab at requirements

Title Page

1.0 Introduction – 1-3 paragraphs overviewing system (people, hardware, software)

2.0 User Profile – 1-3 paragraphs describing each type of user

3.0 Scope – lawyer thing – 1-10 pages

- customer process – lock in what they do – in case they change it

-software functions (high level)

- software limitations – we won’t do X

- controls to time, effort, cost & functionality

- error handling (system, hardware, people)

-disclaimer

4.0 System Definition – meat of the software functions

– specify all parts of the system

- specify responsibilities & relationships between hardware, software, and people

- define subsystems (if pertinent)

- 4.1 – 4.x – define each software function and/or software subsystem function

5.0 Roles and Responsibilities – development, customer, other

6.0 Deliverables

7.0 Certification/Acceptance

8.0 Maintenance
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Why?

Issues for Commercial

- budget

- schedule

- speed to market

Start implementation as soon as possible within engineering process

Utilize development and testing staff

Early success – you feel like you have success if you can code

What?

Design drives implementation

Design limits/constrains implementation

Top-down

When: applicable across a wide range of applications

Why: GUI driven; if algorithm is critical; test high-level functionality

How: start implementation at highest level of abstraction (top level functions or user objects)

- this means that there will be calls to non-existing lower level functions or skeletal lower level functions

Positives: start implementation at high level of abstraction (closer to design & requirements)

- allows testing reviewing & troubleshooting of highest level of abstraction (design & requirements decisions)

Negatives: delay getting to implementation of high risk, most difficult and/or most time consuming parts

- reluctance to change high level code & design later in development

Bottom-up

When: high risk (schedule, cost, response, size, technical)

Why: real-time, proof-of-concept (that lower level features will work – otherwise, the design could be wrong_, reusable components 

How: start implementation at lower levels (basic functionality – error checking, assumptions)

Positives: attach & resolve risk areas

- delay project decisions until better knowledge

Negatives: sacrifice usability & overall system functionality (low level drives high level)

- wrong assumptions or specific assumptions reduce value of product

Vertical

When: applicable across wide range of apps

- release product with limited functionality

- when one function impacts implementation of others

Why: incremental or staged process

- limited team – one function at a time

- distributed team

How: develop a group of units that connect from top to bottom of a design

Positives: early success

- parallel effort (schedule and release date)

- force implementation decision – design & implementation lessons learned

Negatives: limit subsequent design and implementation options

- coordination and communication problems, especially when different teams are working on different parts

Horizontal

When: applicable when software has changing or interchangeable functionality

Why: building base of wide variety of users & software

How: develop by levels of layers

Positives: stable, defined layers of functionality

Negatives: expensive

- requirements wide (variety of function needs)
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