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Products
(repeat from topic 3)

Refinement of customer needs

Documentation of all requirements and constrai nts
— functional

— nonfunctional

« Lifecycle considerations

¢ Acceptance Test Plan

Should not begin a project without a
GOOD CONTRACT
that completely describes customer expectations
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M ethod-based requirements analysis
(repeat from topic 3)
* Most widely used approach to requi rements analysis

— Depends on the application of some structured methods to
understand the system

— Results are expressed in a set of system models

— Methods have different emphases: some are focused
exclusively on requirements elicitation/analysis, others are very
closeto design

¢ Structured methods usually include:

— Process model (datafl ow analysis, control scenario identi fication)

— System model ing notations (di agrammati ¢, f orm-based, lingui stic)

— Rules applied to the system model

— Design guidelines

— Report templ ates

Spring 2000

Topic 7 q ication 6
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System Contexts System Modds

¢ Early inthe anaysis process, the boundaries of the fc‘)ff:jeg eln;oc;l 1S an abstract description of  the system
system have to be defined P

* Example:

Parti cular requi rements analysis methods choose a set of
system models as part of the method

— dif ferent system model s contribute i n dif ferent ways to the understanding of
the system (thereisno i deal system model, nor is there an ideal method to

develop such models!)
Branch Account . .
accounting system | database | « Different system models are based on dif ferent

ATM approaches to abstracti on (functional, data)

Branch Usage  Typical kinds of system models:
counter system database — data-processi ng model

Maintenance

Security
system

!

— composition model

!

system — classification model
— stimulus-response model
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System Modds, continued

Requirements Specification
¢ Widely used system model s:

¢ Structured natural language
— Data-flow models: — Extended, more detail ed f orm of textual requirements def initi on
« Show how data is processed by a system — Advantage:
« Data-flow model s are basi ¢ system models of Structured Systems * Usesexpressiveness and understandability of natural language
Analysis[ DeMarco,1978] — Problems:
— Semantic data models:

« Inherent ambiguity of natural language

« Requirements are not patitioned eff ectivdy by the language itself
(it'sdifficult to find related requirements)

— Example: Usage of standard f orms

« ldentify the data entities, their attributes, and i nter-relationships
« Examples: Entity-Relationship M odeling [Chen, 1976]
SDM [Hammer/McLeod,1981]
RM/T (extension of the relational model) [Codd,1979]
— Object models:

Function Add node

« Represent data and its processi ng (together with structure of the data)

« Various notations: [Booch, 1994], [Coad/Y ourdon,1990] Inouts
[Rumbaugh et al.,1991], [Col eman et dl.,1994] P

Description Adds anode to an existing desgn. The use selects

the type of node, and its postion. [....]
Node type, Node position, Design identifier
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TDEC7 RﬂulenentSSpalflmllm 10

Requirements Specification, continued Requirements Specification, continued
« Requirements/Program description languages

¢ Semi-formal/Graphical notations
— A PDL isderived f rom aprogramming | anguage (e.g., Ada), but usually — Graphical notations have a loose semantics associated with the
adds more abstract constructs to i ncrease its expressive power

structure
— Various special -purpose requirements specif ication | anguages have been

designed, e.g. PSL/PSA [Tei chrow/Hershey,1977], RSL [Alford,1977] — Widely used, e.g. SADT [Ross, 1977], SSA [DeMarco,1978]

[Gane/Sarsen,1979] [Y ourdon/Constantine,1979]

p——— ¢ Formal/Mathematical notations
Example: A PDL description bagn — Formal spe_cificati ons base on aformal semantics
of ATM operation %Eﬁid m{;oﬁ: PIN, Vald_card); (malheman cal COnCGFI)
o P — Specifications are unambiguous (reduce the arguments
Get_account (Acc_no, Balance); Get_service (Servie); . .
w:‘g:‘ase(v‘r%:isﬁemedhosé‘ - . { ) ) between customer and cortractor about system functionality)
mewL — Difficult to understand for customer
endif; .. . .
o — Examples: Finite State Machines, Petri Nets[Peterson,1977],
. Algebraic Specifications, Z [Hayes,1987], VDM [Jones,1980]
TDEC7 Rﬂuvenemssghmllm 11 TDEC7 Rﬂuvenemssghmllm
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Structured Systems Analysis

« Semi-formal technique using graphics to specify software
— Developed in the 1970s: [DeMarco,1978], [Gane/Sarsen,1979],
['Y ourdor/Constantine, 1979]
¢ Data-flow models (datafl ow diagrams) used to show how
data flows through a sequence of processing steps
— dataistransformed at each step before moving on to the next
— simple and intuitive (users participate in validating the analysis)
— track and document how data associated with each process
moves through the system (determine the logical data flow)
« Data-flow models show afunctional perspective (each
transf ormation represents a single function)
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Structured Systems Analysis, continued

« DFDs can be expressed at a number of different levels of

abstraction
_
\ /'

— In practice, information about the system is acquired about
different levels at the same time

— Lower-level models may be developed first then abstracted to
create a more general model

TDEC7 RﬂulenentSSpalflmllm 15
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Structured Systems Analysis, continued

» Notation:
— Circles represent processing steps
— Arrows annotated with the data name represent flows
— Two lines represent data stores (or data sources)

Checked and

signed order +
order notification
Signed order Sendto |
o suppler
Order detals + Completed Signed
plrkorgrom /7N orerfom order form
omplete
—( Es
form \

order S o
detais form

Orders file

Order amount+account
detals

Budget fle
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Structured Systems Analysis, continued

¢ SSA approach of Gane and Sarsen [Gane/Sarsen,1979]
— Step 1: Draw the DFD

— Step 2: Decide what sections to computerize and how
(batch/online)

— Step 3: Put in the details of data flows

— Step 4: Define the logic of the processes (e.g. decision
trees/tables)

— Step 5: Define the data stores

— Step 6: Define the physical resources

— Step 7: Determine the input/output specifications
— Step 8: Perform sizing

— Step 9: Determine the hardware requirements

Entity-Relationship Modeling

« Emphasize of SSA ison actions--> ER Modelingisa
semi-formal data-ori ented techni que for specifying a
system

— Definition of the logical form of data processed by the system
— Originally developed in 1976: [Chen,1976]
« since then various extensi ons (e.g., including sub-typing, etc.)

« Datamodels are often used to suppl ement the

information provided on DFDs

« ER models have been widely used in database design

— Relational schemas can be easily derived from ER models
(usually in third normal form)
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Entity-Relationship Modeling, continued

« Notation:
— Entities (with entity attributes)
— Relations (with relation attributes)
— Cardinality of relationships (1:1, 1:m, n:m)

Name n Course#
Student-ID Student 1 Course Description

Professor
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Finite State Machines
¢ State machine modelling assumes that the system is
aways in one of anumber of possible states
* Example: v,
Switch on \
= Switch off =
= ‘. / = \
\ Current State
Action off on ¥~ Switch off
Switch on On On @ ‘
Switch on
Switch off Off Off Switch off Switch on
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Finite State Machines, continued

« Example: Safe with combination lock [Brady,1977]

« Combination lock with 3 positions: 1,2,3

* The dial can be turned left L or right R

+ Any time there are 6 possible dial movements,
1L, 1R, 2L, 2R, 3L, 3R

« The combination of the lock is: 1L, 3R, 2L

« any other dial movement causes the alarm

to go off
any other
dial move any other
dial movement
Safe Safe
locked unlocked,
L
Topic 7 Requirements Spedif ication

Petri Nets

« A major problem with specifying concurrent systemsis
coping with timing
— real-time systems, f or instance, requi re caref ul specification of timing
aspects

 Petri nets[Petri,1962] are widely applicablein software
engineering
— especiall y usef ul f or descri bing concurrent interrelated activities

¢ A Petri net consists of 4 parts: o
— A set of places P O\(’
— A set of transitions T . //\\“O
— Aninput function | . 3
— An output function O O §
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Finite State Machines, continued

¢ Basic elements of a state machine (JK,T,S,F):
— afinite, nonempty set of states J, including
« theinitial state S
« theset of final states F
— afinite, nonempty set of input events K
— the transition function T: (\F) x K ->J
« specifies next state given the current state and an input event,
no transitionfor fina states
— For specifying a system, a useful extension of FSMs isto add
aset of predicates P:
the transition functionisthen T: (AF) x K x P ->J

« specifies next state given the current state and an input event when the
predicateis true

TDEC7 RﬂulenentSSpalflmllm 20

Finite State M achines, continued

¢ Useof FSM approach is widespread in computing

applications:

— Every menu-driven user interface is implementation of a FSM
« FSM approach is more precise than other graphic, semi-

fromal approaches, but almost as easy to understand
* Problem:

— For large systems the number of (state, event, predicate) triples

grows rapidly
— Timing considerations are not handled in the basic formalism

— Extension of FSMs = statecharts [Harel et a.,1990]
similar extension isused in UML

TDEC7 RﬂulenentSSpalflmllm 22

Petri Nets, continued

« A marking of a Petri net

— isan assignment of tokens to that Petri net represented by a
vector, eg. (1,2,0,1)

— atransition is enabled if each of itsinput places has as many
tokensin it as there are arcs from the place to that transition,
eg.

tlgis enabled (ready to fire), because there are tokens in p2 and
p4 Py
— if t1 fires, one token is removed from |
p2 and one from p4 , oneispl i
— the number of tokensis not c =
i.e. only one token is placed in p1

Spring 2000
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Petri Nets, continued

¢ Petri nets are nondeterministic
— if more than one transition is able to fire, then any one of them
may be fired
¢ Extension: Inhibitor arc
— A transition is enabled if there is at least one token on each of

itsinput arcs and no tokens on any of itsinhibitor input arcs
Py P,
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Petri Nets, continued

¢ Inclassical Petri net theory transitions are instantaneous
— motion from floor g to floor f takes place instantaneously

¢ For modeling practical situationstimed Petri nets are
needed (transitions with a nonzero time)
[Coolahan/Roussopoul 0s,1983]

Topic 7 Requirements Spedification

Use Case Actors

¢ Actorsaretypes of users
— Different kinds of people who use the system in different ways
— Often relates to the roles people play in a company or project
— For example, one actor might be a“visitor” to aweb site,
another actor is the “webmaster” of the site

« And you might also def ine types of visitors such asfirst-time visitors,
members, contributors, etc.

Topic 7: Requirements Specifi

Petri Nets, continued

« Example: Elevator button

EB, pressed Elevator in action F,

f Q Q EB;.. elevator button for

E8, floor f

Atoken in EB; denotes that
the button for floor fis

Fy illuminated
EB, d Elevator in act F, .
presse evator nacion ! Elevator is to travel from floor
@ 4.‘_.0 g to floor f (elevator is at
%, floor g)
Ft]
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Use Cases

¢ A “UseCase" isadescription of one small task the user
would do when using the system.

— Something that the user wants to accomplish.
e.g., “I would like to check the spelling of my paper.”

— A conscious and specific user goal.
« “Write a paper” is too high level.
« “Spell check adocument” isabout right.
* “Pressakey” istoo low level, and too system ori ented.

— Often corresponds to a feature of the system.
e.g., spell checker aword processor document.

28
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Use Case Diagrams

¢ Shows expected actors and use cases
» Show which actors do which use cases
« Show dependency and inheritance among use cases

Visit Page

«extends»
«extends»

Test Links
on Page
—
Webmaster Visitor
TDEC7 Rguvenemssghmnm 30
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Dependency and Inheritance

« A simple line between an actor and a use case means that
that actor is expected to perform that use case

« A line with an arrow head from an actor to an actor
defines a specia kind of actor: e.g., Student, Grad,
Undergrad

« A line with an arrow head from use case to use case is
|abeled

— «extends» : The bottom use case is a special way to do the
more general task

— «uses» : The bottom use caseis alarger task that includes the

top use case as one step
TDEC7 RﬂuvenentsSpalhmllm 31 o
Launching Argo/UML Using Argo/UML
* When you launch Argo/UML it automati cally makes a
Log in to an ICS Sun workstation and type class diagram and a use case diagram
/homeljrobbins/ar go ¢ Click on “use case diagram 1” in tree pane

Or you can download argo to run on your own PC Use the toolbar to place actors and use cases

http: /www.ar gouml.or g Actor

Use Case
Launching takes 30-60 seconds =
P U R R~ oo == ¥ ¥ Generalization
Y ou will also need to be able to run Argo/UML to N [£[ol-]Tle—=
complete some other homework assignments | ater %lrchstéegse_ Assodiation
diagram
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Us ng Argo/U ML, continued AsS gnment 4 .
Use cases for Virtual Mall Online
¢ Click and type to name actors or use cases
* You can use selection buttons or tool bar buttons to make « Define the actors and use cases for Virtual Mall Online
associations or generalizations — Hint: expect 3-5 actors and 4-8 use cases
« All generalizations are <<extends>> by default, use the » Use Argo/lUML to draw a use case diagram.
properties tab to change it to <<uses>> » Homework solution should incl ude:
— Printed use case diagram
il — Short textual descriptions of each actor and use case
@E — Describe one use case in detail: a paragraph with detailed steps
=
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Testing: System Test Plan

« Developed as part of requirements analysis and
specification

« Basic goal isto test behavior of each specified sof tware
feature

« Non-functiona testing of other behavioral features,
qualities stated in requirements specification
_ Ioadlstresstesting — security testing

N — safety testing
- performnce testing — real-time response testing

— reliability testing — documentation testing
— robustness/recovery testing — usability testing
. — compatibility testing
Qoré_r‘le tES.tI ng i — installability testing
— configuration testing
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Testing: Acceptance Test Plan

« An operational way of determining consistency between
the requirements document and the deli vered system

Ifthe system passes the tests demanded by this plan,
then the user has less basis for complaint

« Develop aplan for conducting tests to examine:
— functional requirements
— non-functional constraints
— subsets

System Test Plan Process

« For agiven requirement:

— Design test cases to test that requirement
« design typical test cases for functionality
« design teg casesfor non-f unctional agects
— robusiness
— safety
— security
— performance
« design special and bounday valuetest cases
— For each test case, provide the "values" of parameters and any
environment (e.g., persistent data) required
— Plan the order of the test cases for this requirements node
« initialize, set-up, process

¢ Plan the order of system testing
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