CISC 839
Software Engineering of
Usable Computing Systems

T.C. Nicholas Graham

http://stl.cs.queensu.ca/~graham/cisc836

So0me ways of describing a
user interface

Screen mockups
Scenarios
Task-oriented specification
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Current Interface

Web pages give
List of courses
List of courses offered this year
Some courses have web pages with details

Course schedule is on paper
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offered jointly with an advanced undergraduate course are expected to do the amount of work normally required to
earn a creditin a graduate course. Graduate students in the department may include in their programs relevant
courses from other departments such as Biology, Electrical Engineering, Mathematics or Psychology. The
department currently offers the following courses:

Theory of Computation

CISC-843* - Very High Level Programming Language Processors
CISC-850% - Topics in Computer Applications and Algorithms
CISC-862* - Cryptology and Data Security

CISC-865* - Introduction to Programming-Language Theory
CISC-867* - Algorithm Design and Analysis

CTL * - Computational Geometry

CISC-869* - Advanced Topics in Programming - Language Theory
CISC-870* - Topics in Theoretical Aspects of Computing
CISC-871* - Algorithmic Graph Theory

CISC-872* - Parallel Algorithms

Computer Systems

CISC-833* - Operating Systems

CISC-835* - Topics in Computer Systems
CISC-836% - Topics in Software Systems
CISC-837% - Computer MNetworks

CISC-838* - Software Engincering

CISC-841% - Advanced Computer Architecture
CISC-842* - Paralle]l Languages and Architectures
CISC-845* - Requirements Specifications & Design
CISC-846* - Software Design and Implementation
CLEC-847* - Software Verification and Validation
CISC-849* - Software Engineering Environments
CISC-858* - Programming Langnage Processors
CISC-860* - Topics in Programming Languages

Applications
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Fall 2000
CISC 832
CISC 334
CISC 235
CISC 838
CISC 435837
CIEC 842
CISC 845
CISC 490/850
CISC 458/838
CIsC 829
CISC 865
CISC 363

CISC 2372

Winter 2001
CISC 833
CISC 441/841
CISC 347
CIZC 369
CIsCcen

CIS Graduate Course Information

DataBase Management Systems

Real World Applications and their Algorithms
Intro. to the Automatic Analysis of Software Artifacts
Design of Usable Computing Systems
Computer Networks

Parallel Lanpuages and Architectures
Requirements of Specification and Design
Grammars for atural Languages
Programming Lansuage Processors

Pattern Fecognition

Introduction te Programming-Language Theory
Computational Geometry

Computational

Parallel Algorithms

Advanced Operating Systems

Advanced Computer Architecture

Software Verification and Validation
Advanced topics in Programming-Language
Algorithm Graph Theory

Pat Martin

David Rappaport
Tuergen Dingel
MNick Graham
Hossam Hassanein
David Skillicorn
Greg Philips
Michael Lewison
Tom Dean

Dorothea Blostein

BEob Terment
Henk Meijer

Selim Ald

Mick Graham
David Skillicorn
Terry Shepard
Eob Tennent

Eobm Dawes

Mockups

Low fidelity

Pen and paper drawings
Rough sketches with drawing package

High fidelity

Professional drawings with details included
Animations: motion GIFS, Macromind Director

Prototypes

Visual Basic, Graphical mockup in Visual Builder




E.g., Low-Fi Mockup of Web Page

Table of Queen’s Logo...
Contents Links back to department page,
Queen’s University Page...

1. Environment
2. Master’s
Degree

Program \ Links display...

2.1 Admission
2.2..

3. Doctoral Page contents from
Degree handbook

Program

3.1..

4. Etc...

=.g., navigation structure or
screen-based application (much
abbreviated)

Undergraduate
Students

Graduate
Courses
Students
Graduate | Jf piondbook
Students
Course
Calendar

Descriptions

List of Program 2000/01
Students Description Courses
Course
Pages...

Scenarios

Tell a story to describe
how system used
interaction design of system

Many different kinds
Narrative scenario
Storyboard
Precise scenario (e.g. UML)

Help in design, explanation, evaluation

E.g., Narrative Scenario

Nick has just begun an M.Sc. in computer science, and needs to figure out what courses
he wants to take. His first step is to find out what courses are offered. He decides to
try the departmental web site. He sees there is a link for “Students” and follows this.
He then sees a page with information for both undergraduate and graduate
students. A drop down menu gives him a list of “quick links”. He is not sure which
choice to select, but decides that “handbook” is likely to tell him about courses. At
the handbook page, he finds a long table of contents. In this, he finds an entry for
“Graduate Courses”. He clicks this, and in the window’s main pane, finds a list of all
graduate courses. These courses are organized by topic area. He is interested by the
idea of theory courses, so clicks on a number of them, and looks at their content. He
decides that CISC 867, Algorithm Design and Analysis looks very interesting.
However, he is a little worried that the course might be too mathematical, so sends
an email to a friend who took the course last year.



E.g., storyboard

Same idea as narrative scenario, but illustrated with
pictures

(In this example, I'm using screen snapshots of the real
system)
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offered joinily with an advanced undergraduate course are expected
earn a credit in a graduate course. Graduate students in the departry
courses from other departments such as Biology, Electrical Enginee:
department currently offers the following courses

Theory of Computation

CISC-843* - Very High Level Programming Language Processors
CISC-850% - Topics in Computer Applications and Algorithms
CISC-862* - Cryptology and Data Security

CISC-865* - Introduction to Programming-Language Theory
CISC-867* - Algorithm Design and Analysis

CTL * - Computational Geometry

CISC-860% - Advanced Topics in Programming - Language Theory

CISC-870* - Topics in Theoretical Aspects of Computing
CISC-B71* - Algorithmic Graph Theory
CISC-B72* - Parallel Algorithms

Computer Systems

CISC-833* - Operating Systems

CISC-835* - Topics in Commputer Systems
CISC-836% - Topics in Software Systems
CISC-837% - Computer Networks

CISC-838* - Software Engineering

CISC-841% - Advanced Computer Architecture
CISC-842* - Paralle]l Languages and Architectures
CISC-845* - Requirements Specifications & Design
CISC-846* - Software Design and Implementation
CIEC-847* - Software Verification and Validation
CISC-849* - Software Engineering Environments
CISC-858* - Programming Langnage Processors
CISC-860* - Topics in Programming Languages

courses. These courses are
organized by topic area. He is
interested by the idea of theory
courses, so clicks on a number of
them, and looks at their content.
He decides that CISC 867,
Algorithm Design and Analysis
looks very interesting.

11.1 HTML form
11.2 Hardcopy form | Applications
& == [t Awnan o5 que sy cairadH andbooky/course desc. imiCISC-867

=
4 o

. B &

Address  Attach  Optione  Spelling Save

Send  Quote

| last year.

&
(%5

e
—

E . To:l

leon@fortheloot . com

Subject: [CISC 865722

Priarity: INorrnaI j

INormaI j

[vaiabiewian =] [z =] [zl A 4 A #

Mick

Hey dude, how's ife for the rich people?

I was wondering about this cisc course -- like, do they
expect vou to know math?77?

File Edit ‘iew Inset Fomat Took Communicator Help  Mathematical, so sends an email

fle Edt View Go Communicator Help

S Graduate Handbook. Queen's Compul

ting Department - Netscape

® 3 4

A @ & & & @

3.3.3 Research Proposal
34 PhD Thesis

3.5 Summary
3.6 Bequirement to Withdraw

4. Financial Support
4.1 Approzimate Fees and Living

Expenses 1333-2000
4.2 Health Insurance

4.3 External Support
4.4 Types of Support

5. Length of Support
5.1 Schedules of Payment
5.2 Patterns of Suppart
5.3 Bules about Funding

6. Graduate Courses

7. Progress Reports

8. Review Of Academic
Decisions

9. Policy On Publication Of
Thesis Work

10. Further Information

11. Application Form
11.1 HTML form

11.2 Hardeopy form

Forod  Relbad  Home  Seach MNelscape  PFirt  Secuily  Shop  Gip
. == - X * ) n n
3.32 Depth =] CISC-867* Algorithm Design and Analysis

Advanced topics in the design and analysis of efficient computer algor
problems. Subjects to be studied include: algonthms for parallel comp
bounds on the ional of problems; the theory of 1]
approzimation algorithms.

CISC-868* Computational G eometry

A study of fund, 1 tect for developing effective algorithms
problems. Topics include - algorithras for computing convez hulls, trial

diagrams, point location problems; intersection problems, path planning, and hidden surface algorithms

CISC-869* Ad

d Topics in Progr:

Consists of formal lectures and the study and discussion of research papers appearing in the current iterature
Students will be expected to participate in the presentation of the lecture material. Topics chosen for study will be

by arrangement with the department.

CISC-870* Topics in Theoretical Aspects of Computing

Consists of formal lectures and the study and discussion of research papers appearing in the current literature
Students will be expected to participate in the presentation of the lecture material Topics chosen for study will be

by arrangement with the department

CISC-871* Algorithmic Craph Theory

An introduction to graph theory, and a survey of praph theoretic algorithms as applied to classic and contemporary
_ | problems in combinatorics and computer science. Topics include: colonring, isomeorphism, connectivity, network.
flow, matchings, planarity, shortest path preblems, NP-completeness.

Language Theory

—TAr=l
Nick is convinced, but first wants
to know whether the course
conflicts with his favourite
television show, Days of our
Lives. He can’t seem to find the
time at which the course is
offered. He reads the table of
contents carefully, but can’t locate
a timetable. Finally, he uses the
“Back” button to go exit the
handbook...
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choose their courses according to the current distribution requirsments. Graduats students | a9@lN...

5e

offered jointly with an advanced undergraduate course are expected to do the amount of worl normally required to

earn a credit in a graduate course. Graduate students in the department may include in their programs relevant
courses from other depattments such as Biclogy, Electrical Engineering, Mathematics or Psychology. The
department currently offers the following courses

Theory of Computation

CISC-843* - Very High Level Programming Language Processers
CISC-850 - Topics in Computer Applications and Algerithms
CISC-862* - Cryptology and Data Security

CISC-865* - Introduction to Programming-Language Theory
CISC-867* - Algorithm Design and Analysis

CISC-868* - Computational Geometry

CISC-869* - Advanced Topics in Programming - Langnage Theory
CTSC-870%* - Topics in Theoretical Aspects of Computing
CISC-871* - Algorithmic Graph Theory

CISC-872* - Parallel Algorithms

Computer Systems

CISC-833* - Operating Systems

CISC-835* - Topics in Computer Systems
CISC-836™ - Topics in Software Systems
CISC-837* - Compnuter Networks

CISC-838* - Software Engineering

CISC-841* - Advanced Computer Architecture
CISC-842 - Parallel Languages and Architectures
CISC-845* - Requirements Specifications & Design
CISC-846%* - Software Design and Implementation
CISC-847* - Software Verification and Validation
CISC-849* - Software Engineering Environments
CTSC-858* - Programming Language Processors
CISC-860% - Topics in Programming Languages

Applications
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3. Doctoral Degree Program 5| .
21 Admission And again...
3.2 Supervision

3.2.1 Management of the Ph.It

Program Department of Cormputing and Inf; Science,
3.2.2 Supervising Committee Queen's University

3.3 Reguirements

3.3.1 Breadth

3.3.2 Depth

3.3.3 Research Proposal
3.4 Ph.D. Thesis

59 S Graduate Studies Handbook
eepirernent to Withdraw

4. Financial Support This handbook 1z intended for distribution fo new graduate studenis as well as fo polential applicants for
4 1 Ao Foos £dl T our graduate program, Furiker deiails of research activi are in the arch Report
Apprommate Fees and Living

Expenses 1999-2000 annually by the department. This will be sent on request to applicants once their applications have been
Lzpenses 1455 2U0U

4.2 Health Tnsurance: received.
4.3 External Support

4.4 Types of Support Roger Browse

M5c Coordinator
5. Length of Support
5.1 Schedules of Payment
5.2 Patterns of Support
5.3 Rules about Funding

David Skillicorn
PhD Coordinator
Translation into HTML courtesy of Debby Robertson
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link to this year’s graduate
courses. This looks
promising, so Nick follows

Department of Computing .
Queens and Information Science

UNIVERSITY

(IS Graduate Information

Graduate Program Description Student Web Pages
Handbook Pre-Application Form
2000/2001 Graduate Coursgs Queen's Smdent Chapter of the ACH
List of Graduate Students Progress Report Form
Other sites School of Graduate Studies and Research
The Scciety of Graduate and Proft 1 Students

Send comments about these Web pages to webmasteri@cs. gueensi.ca
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Nick sighs with relief.

Indeed, this is a list of

courses. However, to his

CIS Graduate Course Information

disappointment, there are
no times listed. Even
worse, CISC 867 isn't

Fall 2000 listed at alll However,
CISC 832 DataBase Management Systems CISC 870 looks similar in
CI8C 834 Real World Applications and their Algotithms content, so Nick tentatively
CISC 835 Iniro. to the Automatic Analysie of Software Artifacts substitutes 870 for 867.
CISC 836 Design of Usable Computing Systems However, he still has to
CISC 435/837 Computer Networks check with the paper
CISC 842 Parallel Languages and Architectures timetable in the office to
CISC 845 Requirements of Specification and Design check what time it is
IS 490/250 Grammars for Watural Langnages offered.
CISC 458/858 Programming Language Processors
CISC 859 Pattern Recognition
CISC 865 Introduction to Programming-Language Theory EBeob Tennent
CI5C 863 Computational Geometry
c15C 870 Computational Clomplexity
CIEC 872 Parallel Algori
Winter 2001
CISC 833 Advanced Operating Systems Mick Graham
CISC 441/841 Advanced Computer Architecture David Skillicorn
CISC 847 Software Verification and Validation Terry Shepard
CISC 369 Advanced topics in Programming-Language Beob Tennent
CISC 871 Algorithm Graph Theoty Rebin Dawes
ﬁ“rl‘;&»: \hm \Dncun;m D‘Dnre =

Task-Oriented Specification

Forms bridge between point of view of designer and
point of view of implementer
Provides specification of how tasks carried out with
particular system
Allows analysis of

Complexity of task-action mapping

Task coverage

Consistency

Sometimes called System Task Mode/

User Needs
Analysis Heuristic
Evaluation

User
Interface
Design

Task-
Oriented
Specification

Architecture
Design

Cognitive
Walkthrough

User-Centered
Design

User
Feedback

Implementation

Usability
Testing

Approach

Start with user task model
Prune parts of model that will not be handled by system

Refine model to show how actions carried out with
system

Simply refinement of tasks to include system information

Represents task-action mapping
Cf Norman'’s gulf of execution



New Task Types

-- Really represent actions, not tasks

User Task
£ Actions carried out completely by
=t the user

E.g., thinking, writing on paper
L Application Task
:.-==| ,:;:Lzrrhs completely carried out by
— E.g., performing some computation
Interaction Task
Performed by user using system

E.g., clicking “back” button to go to
previous web page

= |

In-class Exercise

Create system task model for “finding out
what courses I want to take”

Software Architectures for
Interactive Systems

User Needs User-Centered

Analysis Heuristic

Evaluation Design

User
Interface
Design

Cognitive

Task- Walkthrough

Oriented

Specification User

Feedback

Architecture
Design

Implementation

Usability
Testing



Software Architecture

Decomposing system into set of components,
connectors

Typically coarse grain
Design tool

Helps communicate proposed structure before
implementation

Serves as basis for dividing work packages
Supports analysis of implementation properties

very simpie sortware
Architecture Example

An e-commerce system supporting ordering of
books on the WWW

Customers use web browser to find books, read
about books, make orders

Inventory subsystem can estimate time before
book is sent

Some books in inventory, some need to be ordered
from publisher
After order is placed, sent to shipping
subsystem to be filled
For an example of such a system, see http.//www.amazon.com

/ Requests for

book info

Catalogue \

HTTP Server _
(e.g. Apache) Requests for ™| Inventory
Requests for book info,

delivery time
Request
availability
efc. placement

delivery times, orders,
Order

\\ System /
I HTML document

HTTP Client
ead (e.g., Netscape,
Internet Explorer)

Components and

Connectors
A software or hardware entity
Component implementing some part of the

system’s functionality

—_— Connector: a mechanism allowing
components to communicate. May
_— be a protocol, an operating system

mechanism or a programming
language feature. Connectors may
themselves involve complex code.



Example Connectors

HTTP Connector: source

s component issues HTTP requests,
target component responds with
HTML document

CGI Connector: source component

—_— calls target component; target
component responds with HTML
document

Java Call Connector: source
component calls method of target
-_— component using standard Java
method calling conventions; target
component returns some Java type

Analyzing Architectures

Some interesting questions to ask of this architecture
Availability: What are risks of system not being available (e.g.,
going down?)

Redundant servers?

Security: What are risks of (e.g.) credit card information being
intercepted

Perhaps use HTTPS connector instead of HTTP connector?
Performance. What are risks in case of many users?
Perhaps use array of servers, with server redirection?

Modiifiability: What if we want to add a WAP telephone ordering
service?

Architectural Styles

Architectural design is a creative process
Balance tradeoffs between solution properties

Availability, Modifiability, Security, Performance, Cost

to implement, ...
When designers create a solution to an

architectural problem, it is interesting to record

this solution

Others can reuse architecture without having to
experiment

Properties of solution well-understood
May help in code reuse

Architectural Styles

An architecture style is a set of rules of how to organize
a system into a set of components and connectors

Should be accompanied by

Syntax: explanation of how to combine components and
connectors

Domain description. explanation of where this style should be
applied
Reasoning framework: explanation of properties of this
architecture
In practice, the reasoning frameworks for architecture
styles are often poorly developed



