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Some Relevant OMG Standards

Test cases

Requirements

Allocations

Test components
Verdicts

Systems Modeling Language UML Testing Profile

(SysML) (UTP)

Unified Modeling Language

(UML)

System architecture
System behavior
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A Layered Approach

top-down A

Requirements

Implementation Model I Test Model/Specification

v bottom-up
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SysML

* Specifically geared towards * An allocation is a cross-cutting
systems engineers construct
— but applicable also to software — indicates that one thing maps
engineers to another in some way,
— a scaled down variation of undecided how (e.g. logical
UML with specific extensions class to physical node, use

_ _ case to class, etc.)
* Most important feature is the

requirement diagram * Numerous other concepts that

are out of scope for this

* Used to show requirements presentation

and their relationships

. <<requirement
— to other requirements SRE
— to model elements  _ reouirements=
Text = "The purchase shall be declined if the credit card has been reported stalen”
— to test cases e =5
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Why Model Requirements?

* Requirements always drive any * Coverage analysis
development project — which requirements have been
— determines what should and implemented?
(indirectly) should not be done — which parts of the code are not
* Requirements are typically based on requirements?
expressed textually * Derivation analysis
— in Word or Excel — how many files in the code are
— in RM tools (such as DOORS) affected if a requirement
changes?

* The major reason to model
requirements is to enable
traceability — what other parts of the system

would be affected if a

component is rearchitected?
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Requirements Visualization

* Visualization of requirements

— show relationships graphically

using a standard notation

— simple to establish traceability

links in the context of the

model

<4requinement

SRE

HE q
==recuirement==

Text = "The purchase shall be declined if the credit card has been reported stalen”

Il = "5

<4requinement »
SRY

o ==reguirement==
Text = "The purchase shall be refused if the total amount exceeds F2500"
Id = 7"

* Allows easy integration
between requirements tools
and modeling tools

— a complementary way to
define requirements

BEX]

¥ Formal module ‘fSandbox/VideoStore’ current 0.0 - DOORS

File Edit Wiew Insert Link Analysis Table Tools User TaU Help

HEE s v = = 2 | O
[Standard view || [areves ]| S LB Y ZE w B
=I- WideoStars D |This madule was exported from TaAL J

+- 1 Credit card payment -
+12 Cash paymert SRl 1 Credit card payment
SRz 1.1 Credit card acceptance
SR3 1.1.1
SR4 1.2 Credit card refused
SRS The card shall be refused if there are insufficient funds in the account
SRE  The purchase shall be declined if the credit card has been reported stolen
j SR7  The purchase shall be refused if the total amount exceeds $2500

SR8

1.3 Credit card not readable

e

SR9  Purchase by credit card shall be declined if card is not machine readable

SR 2 Cash payment
SR11 2.1 Large bills
SR12  Allbills $50 and up shall be verified by ultraviolet light

J o]

Uzermame: korgan

Erclusive edit mode
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Relating Requirements

* Contain * Derive
— arequirement may contain — arequirement can be derived
(sub-)requirements from other requirements
— pretty much the same way a — typically from system
book may contain chapters, requirements to user
headings, and text requirements, etc.
<4requirement = " <4requirement = "
SR1 SR10
= E" YideoStore [javareq.uz] wn _ o .
E| Requirement Diagram] ;:redc_qLurFin?lecrrtbd:_;t d " :lqredc_qu|n=inlecnt:~; -
5 SR1 1 Cred card payment e = Cred cerdpene o= Cestpane
+ SRZ2 1.1 Credit card acceptance

= SR4 1.2 Credit card refused
SRS 1.2.0-1 The card shall be refused if there are insufficient Funds in the account ' '
SRE 1.2.0-2 The purchase shall be declined if the credit card has been reported stalen == deriveRect== ==derivERect=»
SR7 1.2.0-3 The purchase shall be refused if the tatal amount exceeds $2500 N N
SRS 1.3 Credit card nok readable i 0
SR9 1.3.0-1 Purchase by credit card shall be declined if card is nok maching readable W W

- SR10 2 Cash payment <<raquiremnent -
+ SR11 2.1 Large hills UR2

= ==requirement==
Text ="4 customer zhall be ahle to pay cash or with credit card”

el ="14"
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Storyboarding

e Storyboarding describes high- * Typically expressed in the form
level system functionality of activity diagrams
— “pseudocode” — to show workflow or performed
— simulatable actions

— may be partitioned to show
control flow between different
classes

* Provides a logical model that is
common to implementation and

test models _
* Usually tied to use cases

— activity partitions correspond to
actors
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A Sample Storyboard

‘Select DVDs'

‘Hand ower D%Ds'

‘Hand aver money’

Custarmer 'Sign receipt’
["Cash"
'Give change & receipt’
'Hing up purchase' "Payment?"
Teller
["Card"]
S coid Decline purchase' Pl (e
Wisa ["Ves"]
“/alidate card' Accepted?
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Benefits of Storyboards

* A storyboard serves multiple
purposes
— helps understand how

requirements impact
implementation and test

— describes how a system or
part of a system is intended to
work “before the fact”

— documents system
functionality

* Communicate and verify
functionality with relevant
stakeholders

— often not technical or
programming savvy

11

* Conversely, storyboards can
be used to document legacy
code

— convey how a system actually

works “after the fact” (at a
higher level than code)
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Animating a Storyboard

.%[ ‘Select OVDs' H Hand over O%Ds'

-~

Fun-time prompting

Cust Favrment’y
Lstomer
Cash -
['Cash" Card | Run-time prompting
Accepted?
/ Mo
e
'Hing up purchase' "Payment?"
Teller
["Card"]
=
‘Swipe card \ Decline purcha
RO /f Q.
visa - ['Yes']
“alidate card' Accepted?
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Model-Code Synchronization

Zdimterface s

Ciavadlang: Object EntityBean

Bl Syztem Reguirements | EmailEntryBean.java |

EmailEntryBean

+ name . =tring
+ etmnail - String
+ address - String

+ EmailErttyBean ()

+ gethame () : String

+ getEmail 1 String

+ zetEmail [ newEmail ;. String)

+ getsddress () String

+ zethddress [ newlddress | String)

+ ejpbctivate ()

+ ejbStare ()

+ setEntityContext [ entityContext ;: Entity Contexd)

+ unsetEntityContext ()

+ gjbPassivate [

+ gjblaoad [

+ gjbRemove [

+ ejpCreate [ intMame ; String, intEmail : String, int&ddress © String) @ String
+ ejpPostCreste [ intMame : String, initEmail © String, intAddress @ String)

package emailBegistry.eijb; ”~

import Javax.ejb.*:
import Jjava.rmi.*:

pubilic class EmwailEntryEBean
extends Chiject
implements EntityEBean {

public Atring namme:
public String email:
public 3tring address:

4 public static int instanceCount = 0;

public EmailEntryBean() {
S/ int instancelNr = instanceCount++;
i

public String getlame () {
return name;
i

public S3tring getEmsili)
return email:
i

public woid setEmail (3tring newEmail)
email = newEmail;
i

public String getliddress() |
return company;
i

public woid setlddress(String newldddress) |
address= newlddress:
i

*
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Models and Requirements

e Satisfy * Most often, storyboards serve
— a model element can satisfy a as requirements for the
requirement implementation model

— satisfy or trace

2 <<u:-pemtiu:-n.'ac*ti1r'rt3r'ﬁ

EmailErttyBean z=gatisfy== RegisterEmail

v ==gatisfyss

<4requirement =

SR15

= ==requirement==
Text = "U=ers shall be able to register e-mail addreszes to receive newwsletters and bonus offers"
I ="17"
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Traceability Analysis

* A very simple but effective form

of analysis is to generate
diagrams showing
dependencies

— visualization of traceability
links

* More specialized tools can
provide extensive analysis
information based on the links

— all information is available in
the model and can be

processed in many different
ways

15

| 3

EmailEntryBean

Requirements | Help

List Requirements r
List Satisfied Requirements L
List Non-3atisfied Requirements r
; List Yerified Requirements r
==gatisty== List Mon-Yerified Requirements »
Y List Requirement Relations
<<u:-pemti-:-n.'ac'ti1r'rh,r'§
RegisterEmail
==gatisfy==
¥4

<<pequirement requirement Atrbuotes raquirement =

SR15

i .
==requirement:==
Text = "Uszers shall be able to register e-mail addresses to receive nevwsletters and bonus offers"

Ief ="17"
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Code and Requirements

* Indirectly e Satisfy

— linked only through model- — a piece of code can satisfy a
code synchronization requirement
— represented in code/tools as
B System Reguirements |EmaiIEnllyBean_iava 1] Registration B SRC overview | CommentS, annotatlonS, Or
package emailBFegistry.ejb: .A. dlreCt |InkS

import javax.ejb.¥®;
import i

,rww
* Realizes requirement /DOORS Database/Sandbox/VideoStore#3IR13
* Users shall bhe able to register e-mail addresses to receive B |
* newsletters and honus offers
Er

2 as= EmaillEntryEean
extends Chiject

implements EntityEean |

public 3tring name;
public Btring email;
public Zcring address:

/¢ public static int instanceCount = 0;
public EmailEntrvyEeani) |

/4 int instancellr = instanceCount++;
i
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UML Testing Profile

* Specifies a framework for
creating test suites

— at the same abstraction level
as the system(s) being
modeled

®* Describes test cases

— and the test components that
execute them

— defines a set of verdicts to
determine the outcome of a
test case

pass
fail

error

17

®* Provides a test context

— relates system under test with
test components and relevant
test cases

* The test model or test
specifications complements the
implementation model

— describes the relevant tests

— derived from the requirements
and corresponding storyboard
(or less ideally from the code)
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Test Cases

s Login test case |

* Test cases can be described
using any kind of UML

== e s Cnspone == eCUTes T
b e h aV| O r o ClerkTiC zut : Storelmventary
— interactions

| Login C'cuerntin®, 12300, clerk)

— activities | D
— state machines S

e Can capture synchronous as
well as asynchronous behavior AX im0 =00

— verdicts can be explicitly set or | Logoutg
derived from the actual D
message flow as tests are I
executed

Clerk&ctions
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System Under Test and Test Components

* System Under Test (SUT) ®* Test component
— any system, sub-system, — describes and executes test
component, or class being cases against SUT
tested * Each test context is standalone
- — composite structure diagrams
iMairtenance Storelnwerntary iLogin
<] ----------------------------- [::) <<Test Component » »
102: MaitananceTC
: i i
SUT ‘#
el , ,
st : S:;fnla-:;:-';mory St S:;fnl;:;:;rrtow
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Requirements and Test Cases

¢ Vel'lfy <<l:-|:-emti|:-n.Testl:ase>§'

Login

— a test case usually verifies
requirement(s)

— the test case is executed

. . . E E ==vErify=:=
against the (implementation) | e
model or the code ' §
W
<doperation,activity =4
-;:-:ci.'erif':l.';.'; Manage Accounts

1
'
i
<<requirement >

SR22

HE .
==reguirement:=:=
Heading = "Account Management”
Id ="15"
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Storyboards and Manual Test Scripts

* Much testing rely on testers * Storyboards can be used as
following test scripts in a input for producing the
manual fashion documents that make up the

test specifications

Storyboard \
Test specification

Code /
Application \

Tester
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Maintaining Legacy Systems

* Import Java code (or C#, or
C++) into the model

— automatically create diagrams
to quickly visualize
dependencies between code
structures

* For understanding

— produce high-level storyboards
to describe functionality

— provide links from code/model

* For detailed investigation

— produce sequence diagrams
that capture current
implementation in terms of
message passing

22

Determine new requirements
— don’t necessarily have to be
modeled, but should be recorded
Fit requirements into existing
storyboards or create new ones

— determine to what extent new
functionality is affected
Define new test cases or change
existing ones

Adapt implementation model to
deal with new or changed
functionality

— manually or automatically
synchronize the code
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Summary—Tying It All Together

<4requirement » »
SR1S

L7
. ‘Store in database’ ‘Send confirmation’
<=peguiremernts==
Text = "Users shall be able to register e-mail addresses to receive newwsletters and bonus offers” 5

.%[ Provide Email H Provide Password

[irong]

R
Javalang: Object ErtityBean

EmailErtryBean

', ChrE)

+ name : String
+ email - String
+ acdress : String

+ EmailErtryBean )
+ getiame () - String (

+ getEmail () String e e am =
+ setEmail ( newEmail: String)

+ getddress () String

+ setddress ( newAddress : String)

+ elbhetivate ()

+ ejpStore ()

+ setEnticyCortext  enfityCantext : ErttyCorted)

+ unsetErtityContext ()

+ elhPassivate ()

+ ejbLoad ()

+ EjpRemaove (1

+ efaCreate inktMame : String, intEmal: String, intAddress : String) : String
+ elhPostCreate (INithame | String, InkEmall - String, Intaddress : String)

public class EwailEntryBean
extends Object
implements EntityEean {

public String name:

pubrlic String email;
public String address;
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Conclusions

* Requirements provide the primary means to hold together any
development project

— through system design, test design, and implementation

* Depending on the desired granularity, it is possible to show
traceabillity to requirements all the way from code

— enables various kinds of analysis that makes it easier to plan and
control projects and maintain applications

® Larger organizations or longer or bigger projects must take this
more seriously

— there is always a tradeoff between level of effort and return of
Investment

— when the system grows bigger, an architecture model is a must

— smaller projects and systems can be pretty sweeping and “light”
on the requirements traceability and storyboarding
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Thank you

morgan.bjorkander @ telelogic.com
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