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FoPadvarced: Sultwars Design

Lecture Objectives

After this lecture, you will
+ understand why design is important,
- appreciate how DLD fits in a personal process,
» know the principles and ideas that apply to design,
+ recoghize what a complete design is,

+ be able to represent your designs in the PSP templates.
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Lecture Topics

Why Design Software?

Design Considerations

Importance of Design Representations
The Role of Design in the PSP

The PSP Design Templates

Software Design Exercise

Alternative Design Representations
Design in the TSP
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Why Design Software?
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See next slide for discussion points.
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PSP Advanced: Software Design

Why Design Software? \'7

Software design starts with a problem (expressed as requirements) and
generates a “blueprint” for a solution to be implemented in software.

The design process should generate an overall view of the solution
unobscured by low-level implementation details.

The design process does not construct the solution, but explores the
potential solution space and makes decisions about the structure and
behaviour of the intended software product.

The resulting design will guide the subsequent construction process.

Effective design will minimize defects that arise from inconsistent or
incomplete understanding of the software to be buiilt.

208 Cannegre Nelker Urreersity %
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PSP fdwanced: Boltarars Design -
- - -
Design is an Investment - 1 *,‘

Experienced programmers do not need to produce designs to write
most small programs.

The critical skill is for developing components to be used as parts of
larger systems or when quality is critical.

Based on data from 8,100 PSP programs, programmers who produced
designs

+  spent 53% more time than those who did not
- wrote programs that were 46% smaller

Design is a key practice to achieve scalable software development. The
investment in design aims to reduce the effort finding and fixing defects
later in the project.

Note: if doing good design leads to smaller sized programs, this will typically
reduce productivity as measured in LOC/hour, although the total development
time may be unaffected. This does identify one of the weaknesses of relying
excessively on LOC/hr as a productivity measure and highlights the difference
between individual productivity and organizational productivity (functionality
delivered per developer per month).

Note: if people do good design, Program 7 will be straight forward, if they don't
"oh oh" (and instructor can follow up on day 4 with the data to reinforce the
point).
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Designed Programs are Smaller

Design is an Investment - 2

Design Takes Longer

8185 Progra =z
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From the overall database of 8,100 programs written by 810 engineers in PSP training

courses, the developers for 80 of the programs spent between 100 and 150% of coding time

in design time. Those who spent more time were omitted because their excessive design
time was often due to poor design practices or requirements misunderstandings. Of this
same group, 151 had design times of less than 25% of coding time.

151 code intensive programs
80 design intensive programs

Average development time increase for design-intensive programs is 53%.
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PSP Advanced: Software Design

Design is Creative

Software design is a creative process.
The design process cannot be
« reduced to a routine procedure
+ automated
- precisely controlled or predicted
The design process can be structured to
- separate the routine from the creative activities
- ensure that the design work is performed properly
« identify effective design tools and methods

& 209 Tomeghe Ballan Usdeseslty §
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PSP Advanced: Software Design

Design is a Learning Process

Design involves discovery, invention, and intuitive leaps from one
abstraction level to another.

While the design must reflect the requirements, requirements usually
are not stable until the product has been used, if then.

Design work is iterative, and it must be driven by feedback from all
involved parties.

The critical problem is knowing when to freeze the design to produce
the next iteration.

wCa0E Tarneds Kblln Unbesentty &
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The Design Framework E

Initial requirements

Gather data on
user requirements

Analyze the
requirements
data
Validate the Obtain ansyrers
design against to requirenents
the requirements uestions
Congeive of a
high-level
design

Refine and
document the
design

Completed design
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Structuring the Design Process

Good software designers follow a dynamic process. They
jump from concept to detail
simultaneously consider issues at several design levels
explore multiple altematives

A structured design process can help you to manage the dynamics of
design.

- capture what has been learned
record and manage issues
track design status

A properly-implemented design process will reduce rework, manage
routine tasks, and give the designer the freedom to be creative.

Sl Uity
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PSP Advanced: Software Design

Design Considerations it

>

During design, there are many issues to consider
« requirements uncertainty
- unfamiliar technologies
- scalability and quality concerns

- prototyping

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 12
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Requirements Uncertainty

For most new software systems, requirements will not be completely
known until after the users have used the finished product.

This creates a challenge for designers.

Analysing the impact of every change to requirements is important.

ST Lo ie Belbw Irimaih 13
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Unfamiliar Technologies

The computing industry is continually developing new and updating
existing technologies for software.

Examples
- operating systems
« programming languages
« middleware
- databases
A design needs to
- satisfy the users’ requirements, AND

- be efficiently implementable in the implementation technology

52010 Carieg o Mallon sl 14
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Scalability and Quality Concerns @

Many desirable or essential properties of a software product require a
global perspective.

Examples
- security
» safety

- scalability of memory usage, execution time, bandwidth
requirements

Considering these issues during design is better than trying to retrofit
them to a finished but unsatisfactory software product.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 15
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Prototyping

Developing a prototype can help resolve many of these issues
+ requirements uncertainty
- unfamiliar technologies
- scalability concerns

Before developing a prototype, specify its purpose and define the
questions it is to answer.

Commonly, prototypes are discarded once they have served their
purpose.

If part of a prototype is to be included in the product, additional effort is
required to ensure that it meets normal development standards.

M9 Tarnsgs Melan nmsity 18
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Design Quality ﬁﬁ%aﬁ

Design is a defect prevention activity.

Poor quality designs are a major source of rework, maintenance, and
user dissatisfaction.

A quality design
- is complete and precise
- is documented sufficiently so it can be reviewed
- meets the users’ needs

- precisely guides implementation

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 17



PSP Advanced: Software Design

Users of Design Information ':ﬁ

The principal users of the design are
« implementers
» design reviewers and verifiers
» testers and test developers
» documenters, maintainers, and enhancers
These users potentially need a large amount of material.
« Not all information is needed immediately.
- Some information can be obtained from other sources.

« It is wise to limit the design workload as much as possible.

e ol Bl Wnkesrstly 18
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PSP Advanced: Software Design

Essential Design Information

The information that designers should provide includes
- where the program fits into the system
- adescription of how the program will be used
- a specification for all classes and parts
+ a structural view of the product
+ a specification of all external calls and references
- alist of all external variables, parameters, and constants
- aclear statement of the program’s logic

The essential design information can be categorized into static or
dynamic views, and internal or external views.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 19
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Design Views

Static

Dynamic

External

Inheritance

Class Structure

Services

Messages

Internal

Attributes
Program Structure

Logic

State Machine

1. External-static: This category defines the static relationships of this part to
other parts or system elements. Examples are the call-return behavior and the

inheritance hierarchy.

2. External-dynamic: This category defines the interactions of this part with other
parts or system elements. Examples would be used scenarios, system or
regression-testing scripts, or real-time interrupt-response behavior

3. Internal-static: This category contains a static description of a module or part,
such as its detailed logical structure.

4. Internal-dynamic: This category defines the part’s dynamic characteristics.
Examples of internal-dynamic behavior are state machines, response-time
specifications, and interrupt-handling performance.
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Importance of Design Representations

It is important to separate two issues.
« how to do design
- how to represent the design when it is completed

Since the PSP can be used with any design method, it does not specify
a specific design approach.

However, the PSP does address design representation.

LZIS Lamegie Blie Jenersiy L
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Poor Design Notations Cause Defects ﬁ
':

~ 1/
Py &

Design visibility
- Complex designs are difficult to visualize.
- A poor representation compounds visualization problems.

- A well-represented design captures all design decisions
unambiguously.

Design redundancy
» A redundant design is often inconsistent.
+ Inconsistency breeds errors and causes defects.
- A quality design has minimum duplication.

» Where possible, use design tools to ensure consistency.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 22
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Requirements for Desigh Representations 74 7("
et

The design notation must

« precisely define all significant design aspects

- be commonly understood

- communicate the designers’ intent

- help identify design problems and omissions

- be suitable for representing a broad range of designs
The design should also

« be concise and easy to use

« provide a complete and accessible reference

« have minimum redundancy

Formal notations meet these criteria.

22513 Samegie Wl Lateaty 23
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Design Defects

Defects introduced during design are often difficult to detect.

Such defects have the potential to cause significant rework if they are
not detected early.

Design reviews offer the first and best opportunity to identify and
remove design defects.

Later phases tend to assume the design is correct and are focusing on
other types of defects.

For a design review to be effective, the design must be precise and
comprehensible so omissions, inconsistencies and ambiguities are
readily apparent.

S 200 Tumsis Melloa Uasrsity 24
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The Role of Design in the PSP QZ

The PSP is specifically designed for individual developers constructing
small programs and components for larger systems.

Consequently, design in the PSP focuses on detailed-level design.

However, the principles of design scale to systems of any size and the
importance of good design increases with the size of the overall
system.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 25
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The PSP Design Process ;l‘

Since there is no single best design method, the PSP supports multiple
methods.

The PSP focuses on what a complete design should contain.
The goal is to eliminate requiremeants and design defects.
The PSP uses design templates to provide

« criteria for design completensss

+ reviewable designs

IV Coaly Wallow Wiksraty T8
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The PSP Design Templates ;l‘

Four design templates are used in the PSP to cover the four design
views

« operational specification temiplate
- functional specification template
- state specification template

« logic specification template

These four temiplates provide the framework for completely and
precisely recording a software design.

The templates were not created to aid you in producing that design

Go through this slide quickly. Detailed examples will follow.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 27



PSP dsanced: Sofowara Design
Mapping Templates to Views

External Internal

) Functional Specification Logic Specification
Static Template Template

§ Opsrational Specification Stats Spacification
Dynarmic Template Template

22916 Camugls Bwion

Urtsrsty

Note, this differs from the chart in the book which shows the functional
specification template in the external dynamic block as well as the external static
block. Discussion with Watts revealed he could not recall why it was there so |

removed it (db 04/09).

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University
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PSP fudsanced: Boftwara Design

Operational Specification Template

s
B x

The operational specification template (OST) describes the users’
normal and abnormal interactions with the system.

It contains the
- principal user actions and system responses
- anticipated error and recovery conditions
The operational specification template can be used to
- define test scenarios and test cases
«+ resolve development questions about operational issues

« resolve requirements discussions with users

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 29
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E 1
Example Operational Specification Template
Diate
et and stundard deviation Program = /
Laognage s

Construct operational scenarios to cover the norinal and abnormal program uses, incloding
user efrors.

Scenario Number: /| User Objective: find mean and sid._devierion of N nembers
Scenario Objective: ideniify normeal case inferaciions
Source Step | Action Co
Elser i/ SEIrEs progrom
Program 2 requests jife mame jife contains mumbers
e 3 inputs file name
Pr 4 outputs her of data points, mean,
and std. deviation and ferminates

5204 Corvacts Ballon Unlearsiy 39

Just an example of what one looks like. No need to walk through Template step
by step. The student will get practice during the design exercise, as well as with
each programming assignment.
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PSP fudsanced: Boftwara Design

Functional Specification Template - 1

The functional specification template (FST) allows you to
unambiguously define the external functions provided by the product.

+ classes and inheritance

» externally visible attributes

» external functions pravided

+ relationships with other classes or parts

Where possible, specify the behavior of each function or method with a
formal notation.

Carsgh Wwer dnlarey 31
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PSP fudsanced: Boftwara Design

Functional Specification Template - 2 —

Farent Classes

Method Declaration
int size (LIST

alue, |/ sizeti)

vishic sid_devil IST ip)

Just an example of what one looks like. No need to walk through Template step

by step. The student will get practice during the design exercise, as well as with
each programming assignment.
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Functional Specification Template - 3

To produce a functional template, you must
- decide how to build the product
- define the product’s functions
- define the key product attributes

The functional specification is usually developed in steps.
» Produce an initial design.
«+ Refine the elements of that design.

- Revise the functional specification template as you better
understand how to build the product.

@209 Corngy Ballen Universty 12
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State Specification Template -1

The state specification template (SST) precisely defines
- the program states required
- transitions among the states
- actions taken with each transition
With the SST. you can
« define state machine structure
- analyze the state machine design

+ recognize mistakes and omissions

531D Tsrugle Falon Jalorsty 39
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PSP fudsanced: Boftwara Design

State Specification Template -2

The 88T specifies
- the name of every state
- a brief description of each state

- the name and description of any functions or parameters used in
the 88T

« the conditions that cause transitions from the state to itself or to
any other state

+ the conditions that cause transitions from any other state to this
state

» the actions taken during each transition

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 35



FPadvanced: Suteas Dasign

ef ]
Example State Machine

. D ®

A simple stopwatch has three buttons {start/stop, reset and hold) and a
single display. Initially, the stoepwatch displays zero.

Pressing the start/stop button causes the timer to start incrementing
and the display shows the timer values.

Pressing the hold button while the stopwatch is running causes the
display to hold its current value while the timer continues incrementing.
If the hold button is pressed again, the display again shows the timer
values.

Pressing the start/stop button when the stopwatch is running or on-hold
causes the timer to stop incrementing.

Pressing the reset button at any time causes the stopwatch to return to
its initial state.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 36
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Example State Diagram o

2099 Carmagla Wsllon Unsarsity 37
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Example State Specification Template s

State Name Description

ko
Stopped

Fun:

Bk B sfi
ates/Next States Tramsition Crndition Action

vhold

Just an example of what one looks like. No need to walk through Template step
by step. The student will get practice during the design exercise, as well as with
each programming assignment.
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Logic Specification Template -1

E |

5 x

D

The logic specification template (LST) precisely defines the program’s
internal logic.

Its objective is to describe the logic in a concise and convenient
notation.

» A pseudocode compatible with the implementation language is
often appropriate.

» Formal notation is also appropriate.

» Both the designers and the implementers must be famiiliar with
the notation used.

2070 Carmete Hllen Undversty 98
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Logic Specification Template -2

The logic specification template should specify

- the logic for each item or method, each part and class, and the
overall program

« the precise call to each program, part, or method

- any external references

.

special data types and data definitions

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 40
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Example Logic Specification Template . .
Student bue
Progeam e and séaden Progeam ¥
Tngirncior Langnage

Ohjfect list.c Function siz8

INCLUDES:  fsth
TYPE DEFINITIONS:

Declaration:

mic ;% o count member of Bist clements Y

Reference:

Logic reference | Program logic, in prendocode
nwmbers

NUEE )™

Just an example of what one looks like. No need to walk through Template step
by step. The student will get practice during the design exercise, as well as with
each programming assignment.
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Using Pseudocode

In producing pseudocode designs
- use spoken language
» where possible, avoid programmiing constructs

» where unavcidable, use constructs from the implementation
language

+ where the program’s action is clear, make a brief note

+ be more specific about complex constructs, loops, and state-
machine structures

Consider writing the pseudocode in your development environment.

Later, when implementing the program, include the pseudocode in the
comments.

203 Sarragte Vslon Unlsersty 42
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Alternative Design Representations

The PSP design templates have been successfully used by thousands
of PSP-trained engineers.

Using these templates in this course is required so you learn and
understand their benefits.

Before using an alternative design representation, you should be
convinced that it provides at least equivalent capability for

- precision
- completeness

« design review effectiveness

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 43



Unified Modeling Language (UML)}

The Unified Modeling Language (UML) provides a graphical notation for
describing software system structure and behavior that is widely used.

Since UML has many diagrams and methods, users typically work with
{small} UML subsets.

OCL {Object Constraint Language} is a precise language for describing
behavior that augments UML diagrams. It is not yet widely used.

BN oy Belkoa Lubesi 4

UML is based on notations developed by Booch Rumbaugh and Jacobson.
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Mapping UML and PSP Views

External Internal

Class & Method
Static Class Diagrams Specifications
(not directly in UML)

Use Seges Statechart Diagrams
Dynamic SequencefActivity Sequsnce Diaarams
Diagrams squencs biag

@209 Comagls Mallon Ubssreby <3

UML and the PSP templates are complementary:
*UML covers the logical and physical construction of a software system
*The PSP templates focus on precision descriptions of interfaces and system and component behavior

UML and the PSP Templates:

;ThelutML use case and sequence diagrams provide the same information as the PSP operational specification
emplate

*UML class and sequence diagrams provide relationship and interaction information that is not captured in the
PSP templates

*UML class diagrams record the method signature, but the behavioral specification should be documented with
the PSP functional specification

*The PSP logic specification template has no UML equivalent, so it should be used to record program logic
*The statechart and state diagram are equivalent

*UML does not have an equivalent to the state specification template

*In designing state machines with UML, record the finished design on the state specification template.

The following material should really only discussed with a class full of UML users:

Use Cases

*Use-case diagrams link actors (external agents) with use cases.

*Each use-case describes a unit of functionality and is documented in text (UML does not define a format).
*A use-case describes sequences of normal and abnormal interactions among actors and the system

A use-case description is an external perspective, with the system viewed as a “black box”.

*UML activity diagrams can also describe usage details.

Sequence Diagrams

*Sequence diagrams map the use actions to the sequence of messages between objects and actors
*Sequence diagrams also specify the dynamic interactions among objects within a system

*Sequence diagrams describe the time ordering of the interactions.

*UML also provides collaboration diagrams which describe the structural interconnections among objects.

Class Diagrams

*UML class diagrams describe the static relationships between a system and its classes including associations
and inheritance

*UML class diagrams also specify the methods and attributes of the class and the class external interfaces.

Statechart Diagrams

;The .ltJ.ML statechart diagram describes all states that an object can have and the events that cause state
ransitions.

*A statechart diagram identifies
*The states associated with an object
«lts transitions (how an object changes state)
«lts activities (what an object does in a state)

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University
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Design in the TSP

Applying Design Principles Through the Design Manager Role.

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 46
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Self-Directed Teams

IManage their own work

Share responsibilities for managing the project through eight team roles:

Planning Manager Design Manager

Quality Manager Test Manager

Process Manager Customer Interface Manager
Support Manager Implementation Manager

Teams may customize or create special roles depending on the need

When all team members execute their role responsibilities, follow the defined
processes, and meet their goals and commitments, the team will perform
efficiently and effectively.

e e
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Design Manager Team Role g)
yd

Maintain a focus on design issues throughout the project
Identify and resolve all design issues
Document and confirm design issue resolution

Provide the team focus for anticipating and addressing product performance
and size issues

Lead the team in producing, refining, and verifying the product design

Ensure that all the design issues and assumptions are identified documented
and resolved

Mariage the design change process

Establish the standards and procedures the team will use to produce the design
materials

Reports weekly to the team on the status of design standards and product
design work

Sarrsqis eller Urizsrsity 43
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Questions to ask as Design Manager - 1 /gfg

Are the team’s design methods and notations capable of producing a
quality design?

Do all team members understand how to use these design
methods?

If some team members are not fluent with the design methods, what
remedial action do you recommend?

Is the team’s design work of high quality?
Has a sound system architecture been produced and documented?
Is the architecture properly controlled and maintained?

Does the architecture consider future product evolution?

Software Engineering Institute | CarnegicMellon © 2010 Carnegie Mellon University 49
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Questions to ask as Desigh Manager - 2

)

(e
C~

Does the design conform to the architecture?
Is the design propery documented and maintained?

Are the interfaces and other design dependencies with other related
teams properly identified and managed?

Are there any other design issues that the team should be aware of?

y W
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Messages to Remember

While design is a creative process, its routine aspects can be defined.

A goal of the PSP is to capture design information in a reviewable
representation so defects can be identified and eliminated early.

A good design notation will reduce design defects.

A precise design notation helps you to produce clear and correct
designs.

Software design is a skill that is developed through practice. review and
reflection on performance.

Use the PSP design templates in the course exercises. and whenever
you can do so in your work.

2 20 Taeragls Gsthon Unlvacsly 51
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Software Design Exercise

The exercise aims to give you practice with the PSP design templates
on a famiiliar problem (Program 3 from the PSP Fundamentals course).

Using a familiar problem lets you focus on understanding the
information to be recorded on the templates, rather than understanding
the problem requirements and creating a design to satisfy those
requirements.

22010 Sarmegle e o Unvenity 52
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