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Part I

Verifying Requirements Mathematically

Also See: http://research.microsoft.com/specncheck/docs/necula.ppt
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What We Want…

• We have a system design and some set of 
system requirements.  We want to:
– Verify the requirements are complete, 

unambiguous, and consistent.
– Verify the system design meets the 

requirements (without doing more work than 
designing the system).

– Generate the system automatically.
• Are we there yet?  

No…

6

Verification or Validation

• According to Webster:
– Valid: (2) producing the desired results, (3) legally 

sound and effective
– Verify: (2) to determine or test the truth or accuracy of, 

as by comparison, investigation, or reference

• Different domains use verification/validation to 
represent the same fact – the models represent the 
system or meet the requirements

• Unless there is a theoretician in the house, it 
doesn’t really matter (i.e., V&V are used together 
in much of industry)
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Verification and Validation
ISO/IEC 12207 Definitions

• Verification: Confirmation by examination and 
provision of objective evidence that specified 
requirements have been fulfilled.

• Validation: Confirmation by examination and 
provision of objective evidence that the particular 
requirements for a specific intended use are 
fulfilled.

• (Exasperation: Trying to figure out the difference!)

8

V&V
(continued)

• Typically, verification is more general 
than validation.

• Validation is usually understood as the 
verification of user requirements … 

• … as opposed to verification of software 
requirements, architectural design specs, 
and detailed design specs.
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What is the Purpose?

• Ensure the system meets the requirements
– Represent the system
– Represent the requirement
– Ensure the system representation does, in fact, 

meet all of the requirements
• How can we be sure the actual system is 

represented accurately/correctly?
– Testing
– Engineers
– Hope? Magic?

10

Approaches to  Verification
• Traditional Approaches

– Test
• Execute the actual system on selected inputs

– Demonstration
– Analysis
– Inspection

• Understand the behavior on classes of inputs (code walk-throughs, 
code inspections)

– Certification
– Similarity
– Not Applicable

• Formal verification
– Prove mathematically correctness for all inputs

• Simulation
– Simulate a model of the system on selected inputs
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Traditional Verification Methods

Test: Verification by test involves operation of the 
system and requires instrumentation for recording 
and evaluation of quantitative data.  Acceptability 
of the item is determined by a comparison of the 
data with the specified quantitative parameters and 
tolerances.

12

Demonstration: Verification by demonstration 
involves operation of the system and requires 
evaluation of functional responses.  Acceptability 
of the item is determined by a qualitative 
comparison of the data with the specified 
functional performance.

Traditional Verification Methods
(continued)
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Analysis: Verification by analysis involves 
mathematical and/or analytical examination of the 
system design or test data.  Acceptability of the 
item is determined by a comparison of the 
analytical results with the specified performance.  

Traditional Verification Methods
(continued)

14

Inspection: Verification by inspection involves 
physical and visual measurements or examinations 
made under fully controlled and traceable 
conditions.  Acceptability of the item is 
determined by a comparison of the data with the 
specified requirements.

Traditional Verification Methods
(continued)
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Certification: Verification that a specification 
requirement is met by a documented certification 
of compliance.

Similarity: Verification by similarity will be 
allowed in lieu of the other verification methods 
for products previously qualified.  This will 
require evidence of product similarity as well as 
documented test results that prove the 
requirements were met.

Traditional Verification Methods
(continued)

16

Not Applicable: Verification is not required 
because the specification paragraph is a heading, 
title, or general introduction paragraph containing 
no specific “shall” requirements.
– Used for completeness to show that every paragraph of 

the requirements document was accounted for

Traditional Verification Methods
(continued)
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Limitation of Traditional Verification

• Testing
– Widely used, bugs can get through 
– Not feasible for “real” systems

Program testing can be used to show 
the presence of bugs, but never to 
show their absence.

E. W. Dijkstra

18
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Often lumped
together

Often lumped
together
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Formal Verification Approaches

• Theorem proving
– Mathematical system description
– Formal, mathematical proofs of correctness

• Model checking
– Explicit vs. symbolic model checking 
– System and requirements are described
– Determine if the system always meets the specifications

• Software models
• Actual source code

22

Formal Verification?

• Computer systems are getting more complex and pervasive
• Safety-critical applications: bugs are unacceptable.

– Mission critical systems
– Medical systems

• Bugs are expensive: the earlier we catch them, the better
• Testing takes more time than designing.

• Automation is key to improve time-to-market.
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What is Formal Verification?

• Provides tools and techniques as design aids to 
produce “high-assurance” systems.

• Steps:
– Build a mathematical  model of the system.
– Understand possible behaviors.
– Formalize correctness requirements. The correctness 

claim is a precise mathematical statement.
– (Formal) verification either proves or disproves the 

correctness claim.

24

Algorithmic 
Formal Verification

• Algorithmic analysis (computer-aided 
verification).

• Analysis is performed by an algorithm (tool).
• Analysis gives counter-examples for debugging.
• Typically requires exhaustive search of state-

space.
• Limited by computational complexity.
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Theorem Proving

• Formal methods
– Formally, mathematically describe the system 

(hardware or software)
– Formally, mathematically describe the properties 

you want to verify/validate (i.e. specifications)
• Using available tools, mathematically PROVE the 

system will always exhibit the desired properties

• Do not have to use the same language to 
describe the system and the properties
– calculus-based languages, logic based languages, 

temporal languages, etc.

26

Interactive
Formal Verification

• Analysis reduces to proving a theorem in a logical 
formalism.

• Uses interactive theorem prover.
• Requires considerable expertise to guide the theorem 

prover.
• May get stuck. (For 300+ years. Recall Fermat’s Last Theorem?)
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Model Checking

• It’s a type of algorithmic formal verification.
• Term coined by Clarke and Emerson in 1981 to 

mean checking a finite-state model with respect to 
the temporal logic CTL.

• Advances: 
– Model need not be finite.
– Requirements can be in many different formalisms.
– Provides diagnostic information to debug the model.

28

Symbolic Model Checking

• McMillan
– Symbolically (mathematically) describe the system
– Symbolically (mathematically) describe the system 

properties
– Ensure the system has the required properties by 

exploring the system description (symbolically)  
• No enumeration!
• System exploration instead of proving
• Has been very useful in verifying hardware (VLSI)
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Limitations of Model Checking

• Appropriate only for control-intensive applications with 
interesting interaction among components.

• Decidability and complexity remains an obstacle
• Some rigidity in setting up the problem.
• Model, and not system, is verified.
• Only stated requirements are checked; they may not 

capture “full” correctness.
• Finding appropriate abstraction requires expertise.

30

Available Tools

• PVS
– Prototype Verification System

• Larch
• SMV

– Symbolic Model Verification
• SCR 

– Software Cost Reduction
• VeriSoft
• etc.
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PVS
• Specification language based on typed higher-

order logic
• Built in data types: booleans, integers, reals, sets, 

tuples, records, enumerations, abstract data types
• Specs are arranged into parameterized theories, 

which can contain assumptions, definitions, 
axioms, and theorems

• GUI is EMACS
• Tools include type checkers and “theorem 

provers”
– Theorem provers are really proof checkers

• Users must be trained in the input language and 
familiar with HOL to be effective

32

PVS Example
Phone_3: THEORY
BEGIN

N : Type
P : Type
B : Type = [N-> setof[P]]

nm, x : VAR N
pn : VAR P 
bk : VAR B

Emptybook(nm) : setof[P] = ∅
FindPhone(bk, nm) : setof[P] = bk(nm)
AddPhone(bk, nm, pn) : B = bk with [(nm) := {pn} ∪ bk(nm)]
DelPhone(bk, nm) : B = bk with [(nm) := ∅]
DelPhoneNum(bk, nm, pn) : B = bk with [(nm) := bk(nm) \ {pn}]

FindAdd : CONJECTURE pn ∈FindPhone(AddPhone(bk, nm, pn), nm)
DelAdd : CONJECTURE DelPhoneNum(AddPhone(bk, nm, pn), nm, pn) = 
DelPhoneNum(bk, nm, pn)

END Phone_3
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PVS Proof Tree

• Prover has many 
powerful commands
– apply-extensionality
– grind

• Prover relies on 
standard HOL proof 
concepts

• Prover is “user 
guided”
– i.e. really a proof 

checker

34

SMV
• McMillan was involved in design/implementation
• FormalCheck is a commercial “big-brother”
• Specific input language defined 

– Describe systems as finite state machines
• Asynchronous and synchronous
• Finite data types: Boolean, scalar, fixed arrays, structured data 

types

• Computation Tree Logic (CTL) is used to describe 
temporal properties
– Safety, liveness, deadlock freedom

• OBDD based SMC algorithm is used to verify if 
CTL specifications are satisfied
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SMV Example Spec

MODULE main
VAR

request : boolean;
state : { ready, busy };

ASSIGN
init(state) := ready;
next(state) := case

state = ready & request : busy;
1 : { ready, busy };
esac;

SPEC
AG(request -> AF state = busy)

36

SCR

• Heitmeyer
• Idea: Reduce software cost by ensuring the design 

meets the specs, AND that the specs are consistent
– Table-based finite state machine specification
– Both requirements and design are specified (SRS, SDS)
– Tools for use with SCR:

• Consistency checker
• Simulator
• Model checker
• Dependency graph browser

– Some support for source code generation
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SCR

• SCR specs can be checked with SPIN or 
SMV verifiers
– SCR spec must be transformed into the 

language of the verifying tool
• SPIN is an explicit model checker
• Current work with SCR involves methods 

for abstracting an SCR specification
– Removing irrelevant variables
– Removing detailed monitored variables (in 

some cases)

38

VeriSoft

• Developed by Bell Labs, Lucent Tech.
• Model checks actual source code

Modeling languages Model Checking

Programming
languages VeriSoft

ab
st

ra
ct

io
n

state space exploration

state space exploration

ad
ap

ta
tio

n
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VeriSoft

• Only searches state space for
– Deadlock
– Assertion violations
– Livelocks
– Divergences

“From a given initial state, VeriSoft can always guarantee 
a complete coverage of the state space up to some 
depth.”

“VeriSoft is not a panacea: scalability limited by “state-
explosion” problem…”

40

Hybrid Methods

• HyTech : Model checker for hybrid systems 
(Henzinger, UC Berkeley)
– Digital components must sometimes interact with an 

analog environment
– Modeled using hybrid automaton 

• SyMP : Combining model checking and theorem 
proving (Berenzin & Groce, CMU)
– Specification language
– “Designed to support most of the existing model 

proving techniques”
– “SyMP is best viewed as a front-end to other lower-

level techniques” 
– SyMP currently only supports SMV as a back-end
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Research on Formal Verification

• Theorem proving and model checking
– PVS now includes a BDD based decision procedure, 

providing an experimental integration of theorem 
proving and model checking

• Hybrid systems
– Applying techniques to systems that contain both 

continuous and discrete components
• Large systems

– How can we apply either theorem proving or SMC to 
large (i.e. real-world) systems?

• Verifying hardware/software systems
– Most current tools are applied to models.  How do these 

models change to represent both hw/sw systems?

42

Research on Formal Verification

• Model Abstraction
– What level of detail should the models represent?

• Usually, implementation details should not be represented.  
Many domain specific details do not need to be represented.

• SMC for testing
– Use SMC to determine test suites for the final system 

(since we are all going to do some amount of testing 
anyway)

• Scalability
• Usability

– Do we need to hire a mathematician to verify a design?
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Part II

Evaluating Agile Software Engineering

(adapted from Object-Oriented and Classical Software Engineering, Sixth Edition, 
WCB/McGraw-Hill, 2005, Stephen R. Schach)

44

Evaluating Life-Cycle Models

• The following life-cycle models are 
presented and compared:
– Code-and-fix life-cycle model
– Waterfall life-cycle model
– Rapid prototyping life-cycle model
– Extreme programming and agile processes
– Synchronize-and-stabilize life-cycle model
– Spiral life-cycle model
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Code-and-Fix Model

• No design
• No 

specifications
– Maintenance 

nightmare

• The easiest 
way to develop 
software

• The most 
expensive way

46

Waterfall Model
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Waterfall Model
(continued)

• Characterized by
– Feedback loops
– Documentation-driven

• Advantages 
– Documentation
– Maintenance is easier 

• Disadvantages
– Specification document

48

Rapid Prototyping Model

• Linear model

• “Rapid”
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Extreme Programming 
and Agile Processes

• Somewhat controversial new approach
• Stories (features client wants)

– Estimate duration and cost of each story
– Select stories for next build
– Each build is divided into tasks
– Test cases for a task are drawn up first

• Pair programming
• Continuous integration of tasks
• etc.

50

Unusual Features of XP

• The computers are put in the center of a 
large room lined with cubicles

• A client representative is always present
• Software professionals cannot work 

overtime for 2 successive weeks
• No specialization
• Refactoring (design modification)
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Agile Processes

• A collection of new paradigms 
characterized by
– Less emphasis on analysis and design
– Earlier implementation (working software is 

considered more important than documentation)
– Responsiveness to change
– Close collaboration with the client

52

Evaluating Agile Processes and XP

• XP has had some successes with small-scale 
software development
– However, medium- and large-scale software 

development is very different
• The key decider: the impact of agile processes on 

postdelivery maintenance
– Refactoring is an essential component of agile 

processes
– Refactoring continues during maintenance
– Will refactoring increase the cost of post-delivery 

maintenance, as indicated by preliminary research?
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Evaluating Agile Processes and XP 
(continued)

• Agile processes are good when requirements are 
vague or changing

• It is too soon to evaluate agile processes
– There are not enough data yet

• Even if agile processes prove to be disappointing
– Some features (such as pair programming) may be 

adopted as mainstream software engineering practices 
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Synchronize-and Stabilize Model

• Microsoft’s life-cycle model
• Requirements analysis — interview 

potential customers
• Draw up specifications
• Divide project into 3 or 4 builds
• Each build is carried out by small teams 

working in parallel
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Synchronize-and Stabilize Model
(contd)

• At the end of the day — synchronize (test and 
debug)

• At the end of the build — stabilize (freeze the 
build)

• Components always work together
– Get early insights into the operation of the product

56

Spiral Model

• Simplified form
– Rapid prototyping 

model plus risk 
analysis preceding 
each phase
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A Key Point of the Spiral Model

• If all risks cannot be mitigated, the 
project is immediately terminated

58

Full Spiral Model

• Precede each phase by
– Alternatives
– Risk analysis

• Follow each phase by
– Evaluation
– Planning of the next phase

• Radial dimension: cumulative cost to date
• Angular dimension: progress through the 

spiral
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Full Spiral Model
(continued)

60

Analysis of the Spiral Model

• Strengths
– It is easy to judge how much to test
– No distinction is made between 

development and maintenance
• Weaknesses

– For large-scale software only 
– For internal (in-house) software only 
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Comparison of Life-Cycle Models

• Different life-cycle models have been 
presented
– Each with its own strengths and weaknesses

• Criteria for deciding on a model include:
– The organization
– Its management
– The skills of the employees
– The nature of the product

• Best suggestion
– “Mix-and-match” life-cycle model

62

Comparison of Life-Cycle Models 
(continued)
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Part III

Ethics in Software Engineering

64

Software Engineering Associations

• Association for Computer Machinery
– www.acm.org

• IEEE Computer Society
– www.ieee.org, www.computer.org

• IEEE Communications Society
– www.comsoc.org

• Internet Society
– www.isoc.org
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Ethics in Software Engineering

• Quote the from ACM Code of Ethics
“Computers have a central and growing role in commerce, industry, 
government, medicine, education, entertainment and society at large. Software 
engineers are those who contribute by direct participation or by teaching, to 
the analysis, specification, design, development, certification, maintenance and 
testing of software systems. Because of their roles in developing software 
systems, software engineers have significant opportunities to do good or cause 
harm, to enable others to do good or cause harm, or to influence others to do 
good or cause harm. To ensure, as much as possible, that their efforts will be 
used for good, software engineers must commit themselves to making software 
engineering a beneficial and respected profession. In accordance with that 
commitment, software engineers shall adhere to the following Code of Ethics 
and Professional Practice…”

66

Professional Engineering

• National Institute for Engineering Ethics
– www.niee.org

• Codes of Ethics
– Accreditation Board For Engineering And Technology
– American Institute Of Chemical Engineers
– American Society Of Civil Engineers
– American Society Of Mechanical Engineers
– IEEE Code of Ethics
– NCEES Model Rules of Professional Conduct
– NSPE Code of Ethics for Engineers
– Software Engineering Code Of Ethics And Professional 

Practice
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NIEE Code of Ethics

• Engineers shall hold paramount the health, 
safety and welfare of the public in the 
practice of their profession.

• Engineers shall practice only in their areas 
of competence, in a careful and diligent 
manner and in conformance with standards, 
laws, codes, and rules and regulations 
applicable to engineering practice.

68

NIEE Code of Ethics - 2

• Engineers shall examine the societal and 
environmental impact of their actions and projects, 
including the wise use and conservation of 
resources and energy, in order to make informed 
recommendations and decisions.

• Engineers shall issue public statements only in an 
objective and truthful manner. If representing a 
particular interest, the engineer shall clearly 
identify that interest.
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NIEE Code of Ethics - 3

• Engineers shall sign and take responsibility 
for all engineering work which they prepare 
or directly supervise.

• Engineers shall act as faithful agents for 
their employers or clients and maintain 
confidentiality; they shall avoid conflicts of 
interest whenever possible, disclosing 
unavoidable conflicts.

70

NIEE Code of Ethics - 4

• Engineers shall ensure that a client is aware 
of the engineer's professional concerns 
regarding particular actions or projects, and 
of the consequences of engineering 
decisions or judgments that are overruled or 
disregarded. An employee engineer shall 
initially express those concerns to the 
employer.
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NIEE Code of Ethics - 5

• Engineers shall appropriately report any public 
works, engineering decisions, or practice that 
endanger the health, safety and welfare of the 
public. When, in an engineer's judgment, a 
significant risk to the public remains unresolved, 
that engineer may ethically make the concerns 
known publicly.

• Engineers shall commit to life-long learning, 
strive to advance the body of engineering 
knowledge and should encourage other engineers 
to do likewise.

72

NIEE Code of Ethics - 6

• Engineers shall promote responsibility, 
commitment, and ethics both in the education and 
practice phases of engineering; they should 
enhance society's awareness of engineers' 
responsibilities to the public and encourage the 
communication of these principles of ethical 
conduct among engineers.

• APPROVED BY THE NIEE BOARD OF 
DIRECTORS; OCTOBER 28, 2000
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Software Engineering Observations

• Software theft (the original remains)
• Viruses and Worms
• Domain Names and Uniform Dispute 

Resolution Procedure (UDRP) created by 
the World Intellectual Property 
Organization at the request of the Internet 
Corporation for Assigned Names and 
Numbers

74

Part IV

Web Engineering Techniques
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Web Engineering References

• Web Engineering Reference Library
– http://www.rspa.com/reflib/WebEngineering.html

• Engineering of Commercial Web 
Applications
– http://www.dur.ac.uk/cornelia.boldyreff/PPT/ucr-seminar2.ppt#17

• Web Personalization
– http://www.cnec.org/CONFERENCES/cnec8/praesentationen/san.ppt

76

Part V

Measuring User Satisfaction
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References

• Approach to Software Quality at Cisco 
Systems
– http://www.svspin.org/Events/Presentations/1

• Six Sigma Technology Roadmap
– http://cs.ua.edu/691Smith/Presentations/14

• Software Process Improvement Pays …
– Market Share is a Key Measure of Customer 

Satisfaction
– http://www.tucsonspin.org/Archive/20
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Part VI

Refactoring and Anti-Patterns
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Anti-Patterns and Refactoring

A reaction to the hype over design patterns:
• AntiPatterns identify common mistakes in software development; 

mistakes in architectural design, detailed design/coding practice, 
and even process management (this not covered by design patterns!)

• AntiPatterns also provide refactoring solutions (fixing the 
mistakes!).

• Refactoring should improve the design and hence
• the reliability, 
• the maintainability, 
• in the longer term: the productivity

• Bibliography:
• “Refactoring:...” by Fowler et al., AddisonWesley 1999.
• “AntiPatterns:...” by Brown et al., Wiley 1998.
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Aspects of an Anti-Pattern

• Recall aspects of Design Patterns: Context, Problem, 
Solution
• http://hillside.net/patterns/
• http://c2.com/ppr/

• Anti-Pattern aspects:
• Context and Causes
• Anti-Pattern (bad!) Solution
• Symptoms and Consequences
• Refactored Solution
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Key Concepts for Anti-Patterns

• Root Causes (a.k.a the seven software development sins)

haste; apathy; narrow-mindedness; sloth;
avarice; ignorance; pride.

• Primal Forces, eg.,
• meeting the user requirements
• achieving reasonable performance
• defining abstractions/managing complexity
• managing change/controlling evolution
• managing IT resources
• managing the transfer of technology

82

Key Concepts
(continued)

• Software Design (and Process) Levels

• Global/Industry: standards, Internet

• Enterprise: infrastructures, policies, reference models (local standards)

• System: interacting applications, metadata (schemas, ontologies)

• Application: requirements, interfaces, GUIs

• Macro-component/frameworks (optional): eg., EJB, .NET, design 
patterns

• Component: reusability, detailed design patterns

• Objects&Classes: detailed functionality
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Examples

• Management AntiPatterns
– Analysis Paralysis Not knowing when to stop worrying about details…

– Death by Planning Can’t get started until complete project plan…

– Smoke and Mirrors (Vaporware): Demo system is used by sales to make 
impossible claims and promises...

– Intellectual Violence You don’t know Lambda Calculus?!?

– Viewgraph Engineering Making your Java programmers spend too much time on 
Powerpoint...

– Blowhard Jamboree The expert said…  But the guru may be misinformed of 
biased...

From “AntiPatterns” by Brown et al., 
Wiley 1998

84

Example: Stovepipe Enterprise
This is a  software architecture antipattern
Context and causes

Multiple systems within an enterprise, designed independently;  lack of standard 
reference model;  lack of incentive for cooperation across development groups. Root 
causes: haste, apathy, narrow-mindedness. Unbalanced primal forces: change, IT 
resources, and technology transfer management. 

Antipattern solution: 
Ad-hoc enterprise-level architecture.

Symptoms and Consequences: 
[Metal stovepipe constantly corroded by wood fumes, constantly patched with 
improvised materials.]  

– Bad interoperability between systems: incompatible terminology and approaches.
– Undocumented  or incomprehensible architectures.
– Incorrect use of a technology standard.  
– Excessive maintenance costs when requirements change. 
– Employee turnover.

From “AntiPatterns” by 
Brown et al., Wiley 1998
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Stovepipe Enterprise
(continued)

Refactored Solution: Enterprise Architecture Planning
• Coordination of technologies at several levels

– Ruless in the spirit of “building codes”and “zoning laws”.
– Common infrastructure of basic services
– Dept/division infrastructure of “value-added” functional services

• For very large enterprises it is becomes worthwhile to add
– Open systems reference models (one/enterprise)
– Technology profile (one/enterprise )
– Operating environment (one/enterprise)
– System requirements profile (one/system family)
– Computing facilities architecture  (one/system family)
– Interoperability specifications (one/key interoperability point)
– Development profile (one/system family)

86

Example: The Blob
This is a  detailed design antipattern
Context and causes

Many contexts, especially with inexperienced programmers, or when non-OO legacy 
design is migrated into OO. Root causes: sloth, haste, ignorance. Unbalanced primal 
forces: meeting user requirements, achieving performance, managing complexity and 
abstraction. 

Antipattern solution
One part of a component (typically a single class) monopolizes the processing while 
the rest just encapsulates data.

Symptoms and Consequences
– Single class with too many attributes and/or operations.
– Unrelated attributes and/or operations in the same class.
– Operations with too many parameters and lost of code, typically involving many 

condition tests.
– This is against the spirit of OO design and coding.
– Blob classes are too complex for reuse.
– Blob classes are too complex for reliable testing!

From “AntiPatterns” by Brown et 
al., Wiley 1998
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The Blob
(continued)

Refactored Solution: 

Refactoring of UML diagrams and code to move behavior away from the blob.

• Identify attributes and operations that are related according to functionalities in 
a more abstract view, or in use cases.

• Look for “natural homes” for groups of related attributes and operations. 
Create new classes if necessary.

• Identify unrelated functionality in the behavior of each operation. “Break-up” 
operations by creating auxilliary one in their natural homes.

• Eliminate “transient” object or variables (temporary variables), especially if 
they communicate data within a large operation.

88

Example: Poltergeists
This is a  detailed design antipattern
Context and causes

Many contexts, especially with large group efforts, also when architects do not 
understand object-orientation. Root causes: sloth, ignorance, pride. Unbalanced primal 
forces: meeting user requirements, managing complexity and abstraction. 

Antipattern solution
Components or classes with limited responsibilities, are made visible outside of their 
useful scope and beyond their useful life.

Symptoms and Consequences:
– Cluttered design.
– Poltergeists are hard to understand out of their useful context, leads to mistaken use, 

difficulties in maintenance.
– Stateless classes, used just for control.
– Single-operation classes.

Refactored Solution: 
Remove them! Replace the functionality they provided by modifiying/adding 
appropriate operations.

From “AntiPatterns” by Brown et 
al., Wiley 1998
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Refactoring Principles

• Refactoring is increasingly recommended, even without 
the antipattern terminology (Extreme Programming). 

• It often it comes down to replacing a pattern used badly in 
the context (some patterns are bad in all contexts :) with 
the right pattern.

• Effect big changes only as a result of many incremental 
small changes; this way you catch the bugs early.

• Each incremental change should preserve all the existing 
functionality!

• Testing (and retesting) is therefore essential.

90

Regression Testing, Self-Testing

– Regression Testing: for Incremental Processes and Design
• When you add new functionality, test both the new functionality and the 

old one (to see if the additions have not affected it)

– Refactoring relies on a form of regression testing: test the old
functionality to see if the refactoring has not affected it!

– This is best done through self-testing.    It is usually possible to 
instrument components or classes by inserting additional 
software that automates the testing (e.g., can check properties of 
the output). Of course, this assumes that the instrumenting 
software is itself correct!

– JUnit  (http://www.junit.org) Open-source testing framework 
(Beck & Gamma)
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Part VII

Conclusion
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Course Assignments
n Individual Assignments

n Reports based on case studies or exercises

n Project-Related Assignments
n All assignments (other than the individual assessments) will 

correspond to milestones in the team project.
n As the course progresses, students will be applying various 

methodologies to a project of their choice. The project and related 
software system should relate to a real-world scenario chosen by each 
team. The project will consists inter-related deliverables which are 
due on a (bi-) weekly basis.

n There will be only one submission per team per deliverable and all 
teams must demonstrate their projects to the course instructor.

n A sample project description and additional details will be available 
under handouts on the course Web site.
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Course Project
n Project Logistics

n Teams will pick their own projects, within certain constraints: for instance, 
all projects should involve multiple distributed subsystems (e.g., web-based 
electronic services projects including client, application server, and 
database tiers). Students will need to come up to speed on whatever 
programming languages and/or software technologies they choose for their 
projects - which will not necessarily be covered in class.

n Students will be required to form themselves into "pairs" of exactly two (2) 
members each; if there is an odd number of students in the class, then one 
(1) team of three (3) members will be permitted. There may not be any 
"pairs" of only one member! The instructor and TA(s) will then assist the 
pairs in forming "teams", ideally each consisting of two (2) "pairs", possibly 
three (3) pairs if necessary due to enrollment, but students are encouraged to 
form their own 2-pair teams in advance. If some students drop the course, 
any remaining pair or team members may be arbitrarily reassigned to other 
pairs/teams at the discretion of the instructor (but are strongly encouraged to 
reform pairs/teams on their own). Students will develop and test their 
project code together with the other member of their programming pair.

94

Very eXtreme Programming (VXP)

• After teams formed, 1/2 week to Project 
Concept

• 1/2 week to Revised Project Concept
• 2 to 3 iterations
• For each iteration:

– 1/2 week to plan
– 1 week to iteration report and demo
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Very eXtreme Programming (VXP)
(continued)

• Requirements: Your project focuses on two application 
services

• Planning: User stories and work breakdown
• Doing: Pair programming, write test cases before coding, 

automate testing
• Demoing: 5 minute presentation plus 15 minute demo
• Reporting: What got done, what didn’t, what tests show
• 1st iteration: Any
• 2nd iteration: Use some component model framework
• 3rd iteration: Refactoring, do it right this time
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Revised Project Concept (Tips)

1. Cover page (max 1 page)
2. Basic concept (max 3 pages): Briefly 

describe the system your team proposes to 
build. Write this description in the form of 
either user stories or use cases (your 
choice). Illustrations do not count towards 
page limits.

3. Controversies (max 1 page)
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First Iteration Plan (Tips)
• Requirements (max 2 pages):
• Select user stories or use cases to implement in 

your first iteration, to produce a demo by the last 
week of class

• Assign priorities and points to each unit - A point 
should correspond to the amount of work you 
expect one pair to be able to accomplish within 
one week

• You may optionally include additional medium 
priority points to do “if you have time”

• It is acceptable to include fewer, more or different 
use cases or user stories than actually appeared in 
your Revised Project Concept
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First Iteration Plan (Tips)

• Work Breakdown (max 3 pages): 
• Refine as engineering tasks and assign to pairs
• Describe specifically what will need to be coded 

in order to complete each task
• Also describe what unit and integration tests will 

be implemented and performed
• You may need additional engineering tasks that do 

not match one-to-one with your user stories/use 
cases

• Map out a schedule for the next weeks
• Be realistic – demo has to been shown before the 

end of the semester
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2nd Iteration Plan (Tips): 
Requirements

• Max 3 pages
• Redesign/reengineer your system to use a 

component framework (e.g., COM+, EJB, CCM, 
.NET or Web Services)

• Select the user stories to include in the new system
– Could be identical to those completed for your 1st

Iteration
– Could be brand new (but explain how they fit)

• Aim to maintain project velocity from 1st iteration
• Consider what will require new coding vs. major 

rework vs. minor rework vs. can be reused “as is”
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2nd Iteration Plan (Tips): 
Breakdown

• Max 4 pages
• Define engineering tasks, again try to maintain 

project velocity
• Describe new unit and integration testing
• Describe regression testing

– Can you reuse tests from 1st iteration?
– If not, how will you know you didn’t break something 

that previously worked?
• 2nd iteration report and demo to be presented 

before the end of the semester
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2nd Iteration Report (Tips): 
Requirements

• Max 2 pages
• For each engineering task from your 2nd Iteration 

Plan, indicate whether it succeeded, partially 
succeeded (and to what extent), failed (and how 
so?), or was not attempted

• Estimate how many user story points were 
actually completed (these might be fractional)

• Discuss specifically your success, or lack thereof, 
in porting to or reengineering for your chosen 
component model framework(s)
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2nd Iteration Report (Tips): Testing

• Max 3 pages
• Describe the general strategy you followed for 

unit testing, integration testing and regression 
testing

• Were you able to reuse unit and/or integration 
tests, with little or no change, from your 1st

Iteration as regression tests?
• What was most difficult to test?
• Did using a component model framework help or 

hinder your testing?
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Project Presentation and Demo

• All Iterations Due
• Presentation slides (optional)
• See Online Signup Form for Dates and 

Locations
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Final Examination

• Take Home
• See Session 13 Handout:

– “Final Exam Specification”
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Readings

Readings
Slides and Handouts posted on the course web site
Documentation provided with software engineering tools
XP Explained (all sections)
Agile Software Development Ecosystems (all sections)
Extreme Programming Perspectives (ISBN:0201770059) by Giancarlo 
Succi, Michele Marchesi, James Donovan Wells, and Laurie Williams

Project Frameworks Setup (ongoing)
As per references provided on the course Web site

Final Exam
See Handouts: “Final Exam Specification”


