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Last Week

• Efficient Software Development
– Class-mistake avoidance
– Development fundamentals

• Management fundamentals
• Technical Fundamentals
• Quality-Assurance Fundamentals

– Risk management
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Lecture 3

Efficient Development (II)
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Development Fundamentals
Quality-Assurance Fundamentals

How much does it cost not to find a defect
Error-Prone Modules

Testing
Reviews
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Q-A Fundamentals
• When a software product has too many defects, 

developers spend more time fixing the software than 
they spend writing it.

Source: RD
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95% of defect removal seems to achieve 
shortest schedule, least effort, and highest level of user satisfaction.
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Q-A Fundamentals
How much does it cost not to find a defect

• Each hour spent on quality-assurance activities such as design 
reviews saves from 3 to 10 hours in downstream costs.

• A requirement defect that is left undetected until construction or 
maintenance will cost 50 – 200 times as much to fix as it would have 
cost to fix at requirements time.

• More generally, a defect that isn’t detected upstream (during 
requirements or design) will cost 10 – 100 times as much to fix 
downstream (during testing) as it would have cost to fix at its origin.

• Studies have found that reworking defective requirements, design, 
and code typically consumes 40 to 50 percent of the total cost of 
software development (Jones 1986b; Boehm 1987a).
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Increase in Software Cost-to-fix vs. Phase (1976)
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Boehm (2006), “A View of 20th and 21st Century Software Engineering”, ICSE 2006 Keynote Address
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Q-A Fundamentals
Error-Prone Modules

• An error-prone module is a module that's responsible for a disproportionate 
number of defects. On its IMS project, IBM found that 57 percent of the 
errors were clumped in 7 percent of the modules (Jones 1991).

• Barry Boehm reports that about 20 percent of the modules in a program are 
typically responsible for about 80 percent of the errors (Boehm 1987b).

• Error-prone modules tend to be more complex than other modules in the 
system, less structured, and unusually large. They often were developed 
under excessive schedule pressure and were not fully tested.

• If a module's error rate hits about 10 defects per 1000 lines of code, review 
it to determine whether it should be redesigned or re-implemented. If it's 
poorly structured, excessively complex, or excessively long, redesign the 
module and re-implement it from the ground up. You'll save time and 
improve the quality of your product.
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Q-A Fundamentals
Testing

• Two types of testing:
– Unit tests (by developers)
– System tests (by independent testers)

• Effectiveness varies greatly
– Unit testing can find 10% – 50% of the defects in a program.
– System testing can find 20% – 60% of a program’s defect.
– Cumulative defect-detection rate is often < 60%.
– The remaining errors are found either by other error-detection 

techniques such as reviews, or by end-users.
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Q-A Fundamentals
Reviews

• Technical Reviews – to detect defects in requirements, design, 
code, test cases, etc.
– Walkthroughs: can detect 30% – 70% of the errors in a program

(two heads are better than one!)
– Code reading: a more informal review process applied to code.  Code-

reading can detect twice as many defects per hour as testing (Card 
1987)

– Inspections: can detect 60% - 90% of the defects in a program; can be 
used in early development cycle; can produce net schedule savings of 
from 10% - 30%.

• Reviews are more effective than testing
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Risk Management

RD, Chapter 5

Risk Management
• Identify, address, and eliminate sources of risk
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Table 5-1. Levels of Risk Management
1. Crisis management Fire fighting; address risks only after they have become 

problems.
2. Fix on failure Detect and react to risks quickly, but only after they have 

occurred
3. Risk mitigation Plan ahead of time to provide resources to cover risks if they 

occur, but do nothing to eliminate them in the first place.
4. Prevention Implement and execute a plan as part of the software project to 

identify risks and prevent them from becoming problems.
5. Elimination of root causes Identify and eliminate factors that make it possible for risks to 

exist at all.

Source: RD
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Risk Identification
Table 5-2. Most Common Schedule Risks

1 Feature creep
2 Requirements of developer gold-plating
3 Shortchanged quality
4 Overly optimistic schedules
5 Inadequate design
6 Silver-bullet syndrome
7 Research-oriented development
8 Weak personnel
9 Contractor failure
10 Friction between developers and customers
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• These 10 common risks are detailed in “classic mistake” of chap. 3.
• Check out Table 5-3 of RD, which helps you identify risks.
• Table 5-3 is a really long table enumerating potential schedule risks.  

Risk Evaluation and Prioritization
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Risk Probability 
of loss

Size of loss
(weeks)

Risk exposure
(weeks)

Additional features added by marketing 35% 8 2.8

Overly optimistic schedule 50% 5 2.5

Inadequate design – redesign required 15% 15 2.25

New programming tools do not produce the promised 
savings

30% 5 1.5

Addition of requirement to fully support automated updates 
from the mainframe

5% 20 1.0

Unstable graphic-formatting subsystem interface 25% 4 1.0

Project approval takes longer than expected 25% 4 1.0

Late delivery of graphics-formatting subsystem by contractor 10 – 20% 4 0.4 – 0.8

Facilities not ready on time 10% 2 0.2

Management-level progress reporting takes more developer
time than expected

10% 1 0.1

This prioritization ordered by risk exposure is rough!  
• Every number in the table is subjective.
• How to prioritize these risks is also subjective.

Risk Control & Monitoring
• Focus on high-priority risks
• Plan: who, what, when, where, why, and how to control a risk
• Resolution: 

– Avoid the risk
– Transfer the risk (from one part of a system to another)
– Buy information about the risk
– Eliminate the root cause of the risk
– Accept the risk
– Publicize the risk
– Control the risk
– Remember the risk

• Risk Monitoring
– Risk-level varies as a project progresses
– Need to constantly evaluate known risks and identify new risks
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Murphy’s Law
http://en.wikipedia.org/wiki/Murphy's_law

• Whatever can go wrong, will go wrong

• Anything that can go wrong, will—at the 
worst possible moment

• Whatever can go wrong will go wrong, and 
at the worst possible time, in the worst 
possible way
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Life-Cycle Models

17
Development Fundamentals / Management fundamental / Planning
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Lifecycle Planning
• Part of the management fundamental
• Every software project goes through a lifecycle

– Activities from beginning to the end
• There are several software lifecycle models

– Pure waterfall
– Code-and-fix
– Spiral
– Modified Waterfalls
– Evolutionary Prototyping
– Staged Delivery
– Design-to-Schedule
– Evolutionary Delivery
– Design-to-Tools
– Commercial Off-the-Shelf Software

19
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(1) Waterfall Model

Document driven
The project holds review at the end of each phase
The phases are discontinuous
Great with a stable product definition
Good for well-defined maintenance release of an existing product
Disadvantage: Rigid, needs to fully specify the requirements
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(2) Code-and-Fix

Advantage: 
1) no overhead, show signs of progress right away; 
2) requires little experience
3) good for tiny projects 

Disadvantage:

22

(3) Spiral

6 steps (options) in each iteration:
1) Determine objectives, alternatives, and constraints
2) Identify and resolve risks
3) Evaluate alternatives
4) Develop the deliverables for the iteration, and verify that they are correct
5) Plan the next iteration
6) Commit to an approach for the next iteration

•Advantage:
•As costs increase, risks decrease.
•Risk oriented

•Disadvantage:
•Complexity
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(4) Modified Waterfalls
Sashimi

• Waterfall with overlaps
• Reduced documentation needs
• Faster development speed 
• More ambiguous milestones
• Harder to track progress

24

(4) Modified Waterfalls
Waterfall with Subprojects

• Break implementation into subprojects that run in parallel
• Risk: unforeseen interdependences
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(4) Modified Waterfalls
Waterfall with Risk Reduction

• Try to reduce risks by clarify requirements at beginning
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(5) Evolutionary Prototyping

• Begin develop the most visible aspects of the system
• Demonstrate the part to the customer and then continue to develop 

the prototype based on the feedback
• Repeat the previous step until the prototype is good enough
• Complete the unfinished part of the system
• Very useful when requirements are changing rapidly
• It is impossible to know how long it will take to complete the product
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(6) Staged Delivery
(Incremental Implementation)

• Delivers partial products but useful products 
to the customer

• It will not work without careful planning at both the management and 
technical levels.
– Avoid components developed at stage 2 depend on stuff at 

stage 4.

28

(7) Design-to-Schedule
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(8) Evolutionary Delivery

Deliver core system functions first, as they
are unlikely changed by customers

30

(9) Design-to-Tools

• Tools
– “code” and “class libraries”
– Code generators
– Rapid-development languages

• This model can be combined with other flexible lifecycle 
models.

31

(10) Commercial Off-the-Shelf Software

• Buy commercial software
– Rarely satisfy the needs
– Available immediately

05/25/06 © USC-CSE 32

COTS: The Future Is Here
• Escalate COTS priorities for research, staffing, education

– Software is not “all about programming” anymore
– New processes required

CBA Growth Trend in USC e-Services Projects
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• CBA: COTS-Based Application
* Standish Group CHAOS 2000 (54%)

Boehm (2006), “A View of 20th and 21st Century Software Engineering”, ICSE 2006 Keynote Address
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Comparison between (5), (6) and (8)

(5) Evolutionary Prototyping
(6) Staged Delivery
(8) Evolutionary Delivery

(6)
(8)

(5)

34

Lifecycle model strengths and weaknesses

Lifecycle model capability 
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Work with poorly understood 
requirements 

Poor Poor Excellent Fair to 
Excellent

Excellent Poor Fair to 
Excellent

Poor to 
Fair 

Fair Excellent

Works with poorly understood 
architecture 

Poor Poor Excellent Fair to 
Excellent

Poor to 
fair 

Poor Poor Poor Poor to 
Excellent

Poor to 
Excellent

Produces highly reliable system Excellent Poor Excellent Excellent Fair Excellent Fair to 
Excellent

Fair Poor to 
Excellent

Poor to 
Excellent

Produces system with large 
growth envelope 

Excellent Poor to 
fair 

Excellent Excellent Excellent Excellent Excellent Fair to 
excellent 

Poor N/A 

Manage risks Poor Poor Excellent Fair Fair Fair Fair Fair to 
excellent 

Poor to 
fair 

N/A 

Can be constrained to a 
predefined schedule 

Fair Poor Fair Fair Poor Fair Fair Excellent Excellent Excellent

Has low overhead Poor Excellent Fair Excellent Fair Fair Fair Fair Fair to 
excellent 

Excellent

Allows for midcourse corrections Poor Poor to 
excellent 

Fair Fair Excellent Poor Fair to 
Excellent

Poor to 
Fair 

Excellent Poor 

Provides customer with progress 
visibility 

Poor Fair Excellent Fair Excellent Fair Excellent Fair Excellent N/A 

Provides management with 
progress visibility 

Fair Poor Excellent Fair to 
Excellent

Fair Excellent Excellent Excellent Excellent N/A 

Requires little manager or 
developer sophistication

Fair Excellent Poor Poor to 
fair

Poor Fair Fair Poor Fair Fair 

Review
• Development Fundamentals

– Management Fundamentals
• Estimation, Scheduling, Planning, Tracking, Measurement
• Planning: Life-Cycle Models

– Technical Fundamentals 
• Requirement, Design, Software Configuration

– Quality-Assurance Fundamentals
• Testing
• Reviews

35

Estimation

36
Part of Management Fundamentals
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Estimate-Convergence Graph

38

Estimate Multipliers by Project Phase

RD: Table 8-1

Table 8-1. Estimate Multipliers by Product Phase

Phase Optimistic Pessimistic Optimistic Pessimistic
Initial product concept 0.25 4.00 0.60 1.60
Approved product concept 0.50 2.00 0.80 1.25
Requirements specification 0.67 1.50 0.85 1.15
Product design specification 0.80 1.25 0.90 1.10
Detailed design specification 0.90 1.10 0.95 1.05

Effort and Size Schedule

39

Sample Estimate
• Project manager estimated 50 man-months

– Use 10 people  5 months
– Use 5 people  10 months
– Use 25 people  2 months

• Completed requirement specification 
• 50 x 0.67 = 34 (optimistic)
• 50 x 1.5 = 75 (pessimistic)
• Note the schedule uses different multiplier

40

Estimation vs. Control
• Most customers want more than they can afford
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The Process of Estimation
• Estimate the size of the project

– Number of lines of code
– Function points

• Estimate the effort (man-months)

• Estimate the schedule (calendar months)
– Use estimated project size
– Use historic data

42

Size Estimation

43

Size estimation methods
1. Function Points

• Use an algorithmic approach, such as function points or lines 
of code, that estimates program size from program features.

2. Program Features
• Use size-estimation software that estimates program size from 

your description of program features (screens, dialogs, files, 
database tables, and so on).

3. Similar Projects
• If you have already worked on a similar project and know its 

size, estimate each major piece of the new system as a 
percentage of the size of a similar piece of the old system. 
Estimate the total size of the new system by adding up the 
estimated sizes of each of the pieces.

Advantages of Using Function Points

• Technology and platform independence

• Available from early requirements phase

• Consistent and objective unit of measure throughout the life cycle

• Objectively defines software from the customer perspective

• Is expressed in terms that users can readily understand about their 
software

• More information on function point can be found at:
http://www.softwaremetrics.com/freemanual.htm

44
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Size Estimation
The number of function points in a program is based on the number 

and complexity of each of the following items:

1. Inputs — Screens, forms, dialog boxes, controls, or messages 
through which an end-user or other program adds, deletes, or 
changes a program's data. This includes any input that has a 
unique format or unique processing logic.

2. Outputs — Screens, reports, graphs, or messages that the 
program generates for use by an end-user or other program. This 
includes any output that has a different format or requires a 
different processing logic than other output types.
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Size Estimation
3. Inquiries — Input/output combinations (input + output) in which an 

input results in an immediate, simple output. 
– The term originated in the database world and refers to a direct 

search for specific data, usually using a single key. 
– Queries retrieve data directly from a database and provide only 

rudimentary formatting, whereas outputs can process, 
combine, or summarize complex data and can be highly 
formatted.

4. Logical internal files — Major logical groups of end-user data or 
control information that are completely controlled by the program. 
A logical file might consist of a single flat file or a single table in a 
relational database.

5. External interface files — Files controlled by other programs with 
which the program being counted interacts. This includes each 
major logical group of data or control information that enters or 
leaves the program.
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Function-Point Multipliers

Function Points Program 
Characteristic Low 

Complexity 
Medium 

Complexity 
High 

Complexity 
Number of inputs 3  4  6  
Number of outputs 4  5  7  
Inquiries 3  4  6  
Logical internal files 7  10  15  
External interface files 5  7  10  

Source: RD
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Example
Function Points Program 

Characteristic Low 
Complexity 

Medium 
Complexity 

High 
Complexity 

Number of inputs 
Number of outputs 
Inquiries 
Logical internal files 
External interface files 

6 3 18   
7 4 28   
0 3 0   

5 7 35   
9 5 45   

2 4 8   
7 5 35   
2 4 8   

2 10 20   
0 7 0   

3 6 18   
0 7 0   
4 6 24   
3 15 45   
2 10 20   

Unadjusted function-point total  304 
Influence multiplier  1.15 
Adjusted function-point total  350 

Influence factor ranges between 0.65 – 1.35 to consider factors such as 
data communication, online data entry, processing complexity, 
ease of installation, etc.

Source: RD
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Language Level Statement per 
Function Point

Excel, Lotus 123, Quattro Pro, etc. ~50 6
Smalltalk 80; Smalltalk/V 15 20
AWK 15 25
Perl 15 25
SAS, SPSS, other statistics packages 10 30
Visual Basic 3 10 30
dBase IV 9 35
Paradox 9 35
Focus 8 40
Oracle 8 40
Sybase 8 40
C++ 6.5 50
Quick Basic 3 5.5 60
Lisp 5 65
Ada 83 4.5 70
Modula 2 4 80
Cobol (ANSI 85) 3 - 5 90
Pascal 3.5 90
GW Basic 3.25 100
Fortran 77 3 110
C 2.5 125
Macro assembler 1.5 215
Assembler 1 320
*Adapted from RD

Approximate Language Levels
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Function-Points to LOC Conversion

Size in 
Function 
Points

Fortran Cobol C C++ Pascal Visual 
BASIC

1 110 90 125 50 90 30
100 11,000 9,000 12,500 5,000 9,000 3,000
500 55,000 45,000 62,500 25,000 45,000 15,000

1,000 110,000 90,000 125,000 50,000 90,000 30,000
5,000 550,000 450,000 625,000 250,000 450,000 150,000

Source: RD

Size in Lines of Code
Approximate Function-Points to Lines-of-Code Conversions
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Size Estimation

• The function point can then be compared to other 
projects within the same organization or other similar 
projects.
– To figure out how many people and how much time is needed.

• The function points can also be used to estimate 
schedule using Jones’s First-Order Estimation Practice 
(later)

• Size  Effort  Personnel, Schedule, and Cost

Reminder

• Assignment #1 due next week
– Business proposal
– 7-minute presentation
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