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Please identify as many errors in the diagram in
page 12 as much as you can & be prepared to
discuss in class.

Read the lecture as slowly or as quickly as you like,
and then go over it as carefully as you need to In
order to do the exercise

Domain Modeling Introduction, CS577a, Fall 2006 2 9/14/2006
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OOA&D is a process for getting:
— from: a development project’s requirements — negotiated by the critical stakeholders

— to: a set of classes, with all their attributes and methods, from which code can be
written

There are lots of different ways to do OOA&D

We'll start out by discussing a simplified version of OOA&D that’s appropriate for
developing many web services applications — i.e., many, but not all, 577 projects

We’'ll then consider additional OOA&D activities that must be done for other
project types, including:

— Web services applications with very tight level of service (L.O.S.) requirements
— Embedded systems
— Safety-critical systems

Domain Modeling Introduction, CS577a, Fall 2006 3 9/14/2006



P

University of Southern California

G I - I —I Center for Software Engineering

Many, but not all 577 projects require some form of
OOA&D. Your team should:

— perform OOA&D if you are:
» developing an application from scratch (custom development)

 reverse engineering an application to maintain and/or enhance it —
assuming that it doesn’t already come with an adequate set of
OOA&D models.

— not perform OOA&D if you are:

» developing a COTS-based application (CBA) -- except, possibly, for
complex custom code components or complex wrappers

» performing a feasibility study, other than one involving the feasibility
of developing custom software

Domain Modeling Introduction, CS577a, Fall 2006 4 9/14/2006
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We will be using the Unified Modeling Language (UML), version 2, for
documenting a significant part of our OOA&D activities

UML is an industry standard, OO-specific, analysis & design
(diagramming) language

UML includes various types of diagram; the ones we will use in our initial
discussion are

— Class diagrams

* You may already be familiar with class diagrams:
— Either from an OO programming course

— Or, in slightly different form (different syntax)
» Chen’s Entity-Relationship (ER) Diagram for database design

« A form of UML Static-Structure Diagrams
— Use-Case diagrams
— Sequence diagrams

Domain Modeling Introduction, CS577a, Fall 2006 5 9/14/2006
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We will use an Internet Bookstore development

project as our running example throughout the initial
discussion of OOA&D

The requirements for the Internet Bookstore given
as list of plain English statements on the next slide

— Rather than in CSCI 577 SSRD format

Domain Modeling Introduction, CS577a, Fall 2006 6 9/14/2006
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The bookstore shall

accept orders over the internet

maintain a list of accounts for up to 1,000,000 customers
provide password protection for all accounts

provide the ability to search the master book catalog

provide a number of search methods on that catalog, including search by author,
search by title, search by ISBN number, and search by keyword

provide a secure means of allowing customers to pay by credit card
provide a secure means of allowing customers to pay via purchase order
provide a special kind of account that is pre-authorized to pay via purchase order

provide electronic links between the Web and database and the shipping fulfillment
center

provide electronic links between the Web and database and the inventory management
system

maintain reviews of books and shall allow anyone to upload review comments
maintain ratings on books based on customer inputs

Domain Modeling Introduction, CS577a, Fall 2006 7 9/14/2006
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On the previous slide, the requirements are stated as English sentences

They cover only “functional capability” requirements

— l.e. only requirements about what the internet bookstore software shall/must
do

They don’t include quality requirements

— aka “level of service (LOS)”, “non-functional”

— e.g. Required

Level of security assurance
Transaction rate

Degree of usability

Budget

Schedule

Domain Modeling Introduction, CS577a, Fall 2006 8 9/14/2006
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In MBASE, functional & quality (LOS) requirements are

— Specified informally & at a relatively high-level as capabilities & goals
(respectively in the Operational Concept Description (OCD)

* For management & relatively non-technical reviewers
— Refined during Win-Win Negotiations

— Specified rigorously in System and Software Requirements Definition
(SSRD)

As in CSCI 577, OCD & SSRD are typically MS Word
documents

— See OCD and SSRD in guideline section from the class website

Domain Modeling Introduction, CS577a, Fall 2006 9 9/14/2006
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Our first step is to understand the domain in which the system being
developed/modified will operate

A description of

— Classes and objects in the project’s Problem Domain
 e.g. selling book over the internet

» Typically UML Class & Object Diagrams plus text
— Subsets of the UML Static-Structure Diagram

— Behavior relevant to domain

* i.e. what processes are part of project’s Problem Domain
— e.g. the “sell a book(s)” or restock process

» Typically UML Use-case & Sequence Diagrams plus text

— Important quality goals
* e.g. number of books sold each day
» Typically text

Not all OOA&D approaches look at all 3

Domain Modeling Introduction, CS577a, Fall 2006 10 9/14/2006
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A first draft of a domain Class Diagram for the Internet
Bookstore is shown on the next slide

Note

— The notation for UML Class Diagram is similar Chen Entity-
Relationship (ER) diagram used to design databases
» Uses similar syntax

Look over the domain class model in detail and then go on
to the following slide for explanations of some of the
notational aspects with which you might not be familiar

Domain Modeling Introduction, CS577a, Fall 2006 11 9/14/2006
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Each rectangle in the diagram represents a class of objects
— e.g. Account, Order, Book, Review, Catalog, etc.

2 lines on the previous diagram end in triangles at 1 end

— Indicates 1 class is a specialized form (subclass) of the other class
* e.g.
— Customer Review is a sub-class of Review
— Editorial Review is a sub-class of Review

— This kind of relation is called generalization

Each lines connecting a pair of classes that doesn’t have a triangle at 1 end,
describes a potential relation between instance(s) (objects) of the connected
classes

— Each line without a diamond on the end describes a “generic” relation
 This kind of relation is called association
* In a more complete class diagram, the relationships would be named

— The name would describe the relation
— Not shown in this draft diagram

Domain Modeling Introduction, CS577a, Fall 2006 13 9/14/2006



)

1

+ &

/
L' # $$%



University of Southern California

pa— I —_ I TI Center for Software Engineering

— Each Line with an unfilled diamond on 1 end describes a collection or set
» This kind of relation is called Aggregation in UML

» For example:

— The line between Search Result & Book Description with the diamond on the Search Result end says that
an instance of Search Result is a set of Book Description

— Each Line with a filled diamond on 1 end describes a “whole-part” relation
* This kind of relation is called Composition in UML

» For example:

— The line between Review & Book Description with the diamond on the Book Description end says that an
instance of Book Description may have a Book Review.

— A Integer or range of integers on the end of an association describes the number of
instance of that class be related to 1 instance of the class on the other end.
* e.g.
* The integer “1” at the Account end of the line from Billing Info to Account indicates says that
each instance of Billing Info is related to exactly one instance of Account

» The range of integers “1..3” at the Billing Info end of the line from Billing Info to Account means
that anywhere from 1 to 3 instances of Billing Info may be related to each instance of Account

Domain Modeling Introduction, CS577a, Fall 2006 14 9/14/2006
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In OOA&D Lecture Il we will come back to the domain class model and amplify it
to bring it closer to a class model from which we will be able to implement the
Internet Bookstore system.

At the moment, however, we turn our attention to adding detail to precisely what
IS needed to satisfy the functional requirements.

More specifically:

— we will use UML'’s “Use-Case” notation to record the details on what the Internet
Bookstore system will have to enable the users to do

— We will then have a look at a first draft of a GUI prototype for the Internet Bookstore
system based upon the Use-Cases

Note that once a draft of the Use-Cases and the GUI prototype have been
developed:

— They should be shown to, and discussed with, the client to determine if you’'ve correctly
interpreted what the system will have to do to satisfy the client’'s needs

— If the client isn’t completely satisfied, they should be iteratively refined until you arrive at
versions that do satisfy the client’s needs

Domain Modeling Introduction, CS577a, Fall 2006 15 9/14/2006
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A common way to describe the domain behavior for a
system is with Use-Cases

— Each use-case describes

« A way that the system is used
— A task or process
e.g. Browse Books

» What external people & systems work with the system to accomplish the
process

The behavior model is defined by
— 1 or more Use-Case Diagrams

— A description of each Use-Case

* Initially text that describes the details, step by step, of how the Use-Case
participants work with the system to accomplish the task specified by the
Use-case name

Domain Modeling Introduction, CS577a, Fall 2006 16 9/14/2006
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The following slide contains a single Use-Case
Diagram that shows all the Use-Cases in which an
Internet Bookstore customer participates

There are other actors that we will not show In this
part of the lecture

—for example
* Internet Bookstore employees
» Outside shippers (e.g., UPS or USPS)

Domain Modeling Introduction, CS577a, Fall 2006 17 9/14/2006
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Humans or other (software and/or hardware) systems that
Interact with the application or system being developed

— Call actors

— Each actor is represented as a stick figure

Processes performed by actors and the application or the
system

— Call use-case
— Each use-case represented as an oval with the name of the process

A line connecting each actor to each use-case that represent
a process in which the actor participates

Domain Modeling Introduction, CS577a, Fall 2006 19 9/14/2006
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The name of each use-case describes an unique
process

—If 2 diagrams each have a use-case with the same name
(e.g. login)

* There is only 1 process

* The actors that participate in any execution the process are the
combine set of actors shown on each diagram

—e.g. if another Use-Case Diagram in our Bookstore project shows an
Administrator linked to the Login process, then a User and an
Administrator are required for every login

» An User can’t login without an Administrator participating
» An Administrator can’t login without an user participating

—We’ll look at how to correctly represent the desired behavior in class

Domain Modeling Introduction, CS577a, Fall 2006 20 9/14/2006
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Use-Case diagrams are useful as a quick visual representation of an
application’s (system'’s) actors and of its primary capabilities / activities

But, the diagrams themselves are the least important part of Use-Cases

Rather, the aspect of Use-Cases that is critically important for software
development is the statement, in clear, complete, unambiguous English,
of:

— Each Use-Case’s basic course

— Each Use-Case’s alternate courses

On the following slides we will examine the “basic courses” and the
“alternate courses” of some of the internet bookstore’s Use-Cases. (See
later slides for definitions of “basic course” and “alternate course.”)

Domain Modeling Introduction, CS577a, Fall 2006 21 9/14/2006
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Basic Course

The system displays the New Account Page. The
Customer types his or her name, an e-mail address,
and a password (twice), and then presses the
Create Account button. The system ensures that
the Customer has provided valid data and then
adds an Account to the Master Account Table using
that data. Then the system returns the Customer to
the Home Page

Domain Modeling Introduction, CS577a, Fall 2006 23 9/14/2006
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Alternate Courses

If the Customer did not provide a name, the system displays an error
message to that effect and prompts the Customer to type a name.

If the Customer provided an email address that's not in the correct form,
the system displays an error message to that effect and prompts the
Customer to type a different address.

If the Customer provided a password that is too short, the system
displays an error message to that effect and prompts the Customer to
type a longer password.

If the Customer did not type the same password twice, the system
displays an error message to that effect and prompts the Customer to
type the password correctly the second time.

If the account is already in the master account table, the system notifies
the Customer.

Domain Modeling Introduction, CS577a, Fall 2006 24 9/14/2006
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A Use-Case’s “basic course” is a description of how
the application (system) reacts when / if the actor
does “the right thing,” e.g., in this case If the
customer, attempting to create a new account:

—types his/her name

—types a syntactically valid email address

—types a sufficiently long password

—types exactly the same password for a second time

—has typed a name and an email address that don’t already
correspond to an Internet Bookstore account

Domain Modeling Introduction, CS577a, Fall 2006 25 9/14/2006
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A Use-Case’s “alternative courses” are descriptions of how
the application (system) reacts when the actor doesn’t do
“the right thing,” e.g., in this case if the customer, attempting
to create a new account:

— doesn’t type a name,; i.e., leaves the name box empty

— and / or types a syntactically invalid email address

— and / or types an insufficiently long password

— and / or doesn’t type exactly the same password for a second time
— and / or types a name and an email address that already correspond

to an existing internet bookstore account

Domain Modeling Introduction, CS577a, Fall 2006 26 9/14/2006
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A serious cause of software development failure is the developers’ failure
to identify and document all alternate courses of every Use-Case — a
very difficult activity for beginning software developers

So...itis a good idea to have the entire team participate in an initial use-
case brainstorming session — and to come back later for additional

sessions -- until the team is confident that all alternate courses have
been found

An equally serious cause of software development failure is basic and
alternate courses written in incomplete / unclear / ambiguous language

So...make sure to have those team members who are best at writing
English review and edit the Use-Case documentation for grammar, style,
completeness, clarity, etc.

Domain Modeling Introduction, CS577a, Fall 2006 27 9/14/2006
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In some approaches to OOA&D, Use-Cases are at
a more abstract, less implementation-oriented level,

than the ones we’re using.

In the approach that we’re using here:

—the GUI and the uses cases are developed iteratively, in
parallel with one another

—and...the Use-Cases actually spell out, in full clear detall,
what happens upon each possible type of interaction that

the actor has with the GUI

9/14/2006
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On the following slides we show the basic and alternative

courses of all the other internet bookstore customer’'s Use-
Cases, i.e., the:

— Log In Use-Case

— Search by Author Use-Case

— Browse List of Books Use-Case

— Edit Contents of Shopping Cart Use-Case
— Check Out Use-Case

— Track Recent Orders Use-Case

— Cancel Order Use-Case

Domain Modeling Introduction, CS577a, Fall 2006 29 9/14/2006
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Following the rest of the Use-Cases, we will show

screen shot of the pages of a first draft of a GUI
pased upon the uses cases.

~ollowing the slides containing the GUI, you'll find a
ore-class exercise that will require you to do a close
analysis of the connection between the Use-Cases
and the GUI, so be sure to read the Use-Case text

very carefully.
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Basic Course

The Customer clicks the Log In button on the Home
Page. The system displays the Login Page. The
Customer enters his or her user ID and password
and then clicks the Log In button. The system
validates the login information against the persistent

Account data and then returns the Customer to the
Home Page.
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Alternate Courses

If the Customer clicks the New Account button on the Login Page, the system
invokes the Open Account Use-Case.

If the Customer clicks the Reminder Word button on the Login Page, the system
displays the reminder word stored for that Customer, in a separate dialog box.
When the Customer clicks the OK button, the system returns the Customer to the
Login Page.

If the Customer enters a user ID that the system does not recognize, the system
displays a message to that effect and prompts the Customer to either enter a
different ID or click the New Account button.

If the Customer enters an incorrect password, the system displays a message to
that effect and prompts the Customer to reenter his or her password.

If the Customer enters an incorrect password three times, the system displays a
page telling the Customer that he or she should contact customer service, and
also freezes the Login Page.
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MBASE dictates that time be spent on creating a specific artifact only if
It's risky not to create it.

A software developer who has lots of experience with web applications
would probably not bother creating a Log In Use-Case, because s/he
would face little risk of implementing a bad version of Log In without it —
unless the Use-Cases were to be given to a less-experienced developer
to implement

Since most CS577 students don’t have lots of (professional level)
experience with web applications, they should probably include a Log In
Use-Case in their Use-Case documentation package — to avoid the
(relatively high probability) risk of (the relatively high valued, client-
satisfaction-wise) loss of value of implementing an inadequate Log In
procedure
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Basic Course

The Customer types the name of an Author on the Search Page and
then presses the Search button. The system ensures that the Customer
typed a valid search phrase, and then searches the Catalog and
retrieves all of the Books with which that Author is associated. Then the
system retrieves the important details about each Book, and creates a
Search Results object with that information.

Then the system displays the list of Books on the Search Results Page,
with the Books listed in reverse chronological order by publication date.
Each entry has a thumbnail of the Book's cover, the Book's title and
authors, the average Rating, and an Add to Shopping Cart button. The
Customer presses the Add to Shopping Cart button for a particular Book.
The system passes control to the Add Item to Shopping Cart Use-Case.
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Alternate Courses

If the Customer did not type a search phrase before pressing the Search
button, the system displays an error message to that effect and prompts

the Customer to type a search phrase.

If the system was unable to find any Books associated with the Author
that the Customer specified, the system displays a message to that effect
and prompts the Customer to perform a different search.

If the Customer leaves the page in a way other than by pressing an Add
to Shopping Cart button, the system returns control to the Use-Case from

which this Use-Case received control.
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Basic Course

The Customer clicks on a Category on the Browse Books Page. The
system displays the subcategories within that Category. This process
continues until there are no more subcategories, at which point the
system displays the Books in the lowest subcategory. The Customer
clicks on the thumbnail for a Book. The system invokes the Display
Book Details Use-Case.

Alternate Course

If the system does not find any Books contained within a given
Category, it displays a message to that effect and prompts the
Customer to select a different Category.
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Basic Course
On the Shopping Cart Page, the Customer modifies the quantity of an Item in the
Shopping Cart and then presses the Update button. The system stores the new
guantity and then computes and displays the new cost for that Item. The Customer
presses the Continue Shopping button. The system returns control to the Use-
Case from which it received control.

Alternate Courses
If the Customer changes the quantity of the Item to 0, the system deletes that Item
from the Shopping Cart.
If the Customer presses the Delete button instead of the Update button, the system
deletes that Item from the Shopping Cart.
If the Customer presses the Check Out button instead of the Continue Shopping
button, the system passes control to the Check Out Use-Case.
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The system creates a Candidate Order object that contains the contents of the Customer's
Shopping Cart. Then the system retrieves the Shipping Addresses associated with the
Customer's Account, and displays these addresses on the Shipping Address Page. The
Customer selects an address, and then presses the Use This Address button. The system
associates the given Shipping Address with the Candidate Order. Then the system displays
the available Shipping Methods on the Shipping Method Page.

The Customer selects a shipping method, and then presses the Use This Shipping Method
button. The system associates the given Shipping Method with the Candidate Order. Then
the system displays the contents of the Billing Info objects associated with the Customer's
Account, on the Billing Information Page. The Customer selects a billing method and
presses the Use This Billing Information button. The system associates the given Billing
Info object with the Candidate Order. Then the system displays the Confirm Order Page.

The Customer presses the Confirm Order button. The system converts the Candidate
Order to an Order and destroys the Shopping Cart. Then the system returns control to the
Use-Case from which this Use-Case received control.
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Alternate Courses

If the Customer has not already logged Iin, the system
Invokes the Log In Use-Case.

If the system does not find any Shipping Addresses, it
iInvokes the Create Shipping Address Use-Case.

If the system does not find any Billing Info objects, it invokes
the Define Billing Information Use-Case.

If the Customer presses the Cancel Order button at any
time, the system destroys the Candidate Order and returns
control to the Use-Case from which this Use-Case received
control.
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The system retrieves the Orders that the Customer has placed within the
last 30 days and displays these Orders on the Order Tracking Page.
Each entry has the Order ID (in the form of a link), the Order date, the
Order status, the Order recipient, and the Shipping Method by which the
Order was shipped.

The Customer clicks on a link. The system retrieves the relevant
contents of the Order, and then displays this information, in view-only
mode, on the Order Details Page. The Customer presses OK to return to
the Order Tracking Page.

Once the Customer has finished viewing Orders, he or she clicks the
Account Maintenance link on the Order Tracking Page. The system
returns control to the invoking Use-Case.
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Alternate Courses

If the Customer has not placed any Orders within
the last 30 days, the system displays a message to
that effect on the Order Tracking Page.
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The system ensures that the Order is cancellable (in other words, that
Its status isn't "shipping" or "shipped"). Then the system displays the
relevant information for the Order on the Cancel Order Page, including
Its contents and the shipping address. The Customer presses the
Confirm Cancel button. The system marks the Order status as
"deleted" and then invokes the Return Items to Inventory Use-Case.

Alternate Courses

If the status of the Order is "shipping" or "shipped," the system displays
a message indicating that it's too late for the Customer to cancel the
order.
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One way that the team developing the Internet Bookstore
could have worked would have been to first write the Use-
Cases and to base a GUI design on it — periodically showing
their work to the client

Another way they could have worked — and, in this case did
— was:

— to have one group of team members work on the Use-Cases while
another worked on the GUI

— and to iteratively refine the two artifacts by:
 doing close comparisons to insure their consistency — with one another

» Showing both to the client and working with the client to improve both to
the point at which they satisfied him/her
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We have already seen the Use-Cases that one group has
developed

We will assume that the use-case group has already
discussed its results with the client and that the client has
been very impressed, as s/he feels that

— The Use-Cases cover all the required capabilities

— The Use-Case texts are extremely clear, comprehensive, and easy to
read / understand

— And, they represent exactly, or very nearly so, what will satisfy his/her
needs if they are faithfully implemented
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On the remaining slides you'll find screen shots of the GUI that the other group
has developed

On the surface they look fine, but if you do a detailed comparison with the Use-
Case texts, you will find that there are many inconsistencies between the Use-
Case texts and the GUI

Do the required detailed comparison and make a list of:

— Every way in which the GUI design doesn’t accurately correspond to the Use-Case
texts, 1.e.:
* Use-Case text X says...
* The GUI does ...

— all changes that should be made to the GUI design in order to reconcile each of the
inconsistencies

Hint: One of the greatest failings of CSCI teams — and one that often results in
project failure, both in CSCI 577 and in industry -- is to have separate groups
develop separate artifacts and to never compare and reconcile them for
consistency; so...in order for your team to succeed in its project...
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