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1 Scope

In 2001, a working group at the OMG started developing a UML Profile deditatModelbased testing, called

UML Testing Profile (UTP). I't is a standardized | anguat
designing, visualizing, specifying, analyzing, constructing, and documentirgtifaets commonly used in and

required for various testing approaches, in particuladehbased testing (MBT) approaches. UTP has the potential

to assume the same important role for mdmeded testing approaches as UML assumes for raodeln system

engineering.

UTP is a part of the UML ecosystem (see figure below), and as such bie cmbined with other profiles of that
ecosystem in order to associate-tesatedartifacts with other relevant systeamtifacts, e.g. requirements, risks, use
casesbusiness processes, system specifications etc. This enables requirements engineers, system engineers and test
engineers to bridge the communication gap among different engineering disciplines.

- S/ -
Ve

Figure 1.1 - The UML Ecosystem

As the interest of industry in modbhsed testing approaches and languages increased, UTP attracted more and more
users. UTP was the first standardized language for nizaseld approaches to help in tladidation and verification

of softwareintensive systems. Modélased test specifications expressed with the UML Testing Profile are
independent of any methodology, domain, environpaarype of system.

Eight years later, the UTP working group (WG) lagseed on consolidating the experiences and achievements of
UTP in order to justify the move from UTP 1.2 to a successor specification. These efforts resulted in a Request For
Information (RFI) for UML Testing Profile 2 (UTP 2), which was aimed at eligitind gathering the shortcomings

of the current UTP and the most urgent requirements for a successor specification from the OMG abdseddel
testing community.

Some of the main issues in the RFI responses are that UTP 2 should:
be able to design testadels of differentest leves

address testing of nefanctional requiements

be able to reuskest logs for further test evaluation and teshgration
meet industryrelevant standards

integrate with SysML for requirements traceability

and so forth

=A =4 =4 =4 4 -4

The UML Testing Profile 2 (UTP 2) was designed to meet the requirements derived from the RFI responses.
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People may use the UML TestiRgofile in addition to UML to:

)l

Specify the design and the configuration of a test system: Designing a test system includes the identification
of thetest item(also known as system under test or abbreviated as SUT), its boundaries, the derivation of
test componest and the identification of communication channels between interconestégns test
componerg over which data can be exchanged.

Build the modebased test plans on top of already existing system models: The possibility to reuse already
existing (systemartifacts, e.g. requirements, interface definitions, type definitions etc.

Modeltest case: The specification dkst casgis an essential task of each test process in order to assess
the quality of theest itemand to verify whether thiest itemcomplies with its specification.

Model test environments: A test environment contains hardware, instrumentation, simulators, software
tools, and dier support elements needed to conduct a test (according to IEEE 610).

Model deployment specifications of tegiecificartifacts : By relying on the UMLGOGS
specification capabilities, the actual deployment of a test system can be done in-basedelay.

Model data Modeling ofdataincludes the data values being used as stimuli inteeitétemas well as for
responsg expected from thist itemsuch as the test oracle.

Provide necessary information pertinent to test scheduling optimization: Test scheduling optimization can
be based on priorities, riglelated information, costs etc.

Documentest cas@xecution results: To associdgst case with the actual outcome of their execution
within the very same model in order to perform further anglgsikulate specific metrics, etc.

Document traceability to requirements and other UML madifiacts: Requirements traceability within

test specification is important to document and evaluate test coverage and to calculate other metrics such as
progress reports. Native traceability is given by the underlying UML capabilities. UTP aloef$en

different concepts for traceability other than that provided by UML

The intended audience for the UML Testing Profile are users who are able to reashasmietest specifications
expressed within the UML Testing Profile models including:

il

=A =4 =4 -4 -4 4

Testengineers
Requirements Engineers
System/Software Engineers
Domain experts
Customer/Stakeholder
Certification authorities

Testing toolstest casgeneratorsgatageneratorsschedulers, reporting engines, test script generators,
*etc.).

The intended audience of this UML Testing Profile specification itself includes, among others:

il

f
f
f

People who want to implement UML Testing Profiiempliant tools.

People who need to/want ti&é to teach the UML Testing Profile.

People who want to improve the UML Testing Profile specification.

People who want to tailor the UML Testing Profile to satisfy needs of their specific project/domain/process.

UML Testing Profile 2 (UTP 2), 2.3
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2 Conf ormance

As a native profile specification of the UML, the UTP 2 has to abide by the conformance types declared for
compliant UML profiles. The corresponding conformance types of UML can be found in section 2 "Conformance
of the current UML specificatiofJML] . This guarantees that the underlying environment of any UTP 2
implementation is a UML modelingnvironment that is conformant with the UML. The UTP 2 adopted version of
UML's conformance types are defined as follows:

1 Abstract syntax conformance: All concrete stereotypes and tags are implemented in the profile
implementation

1 Concrete syntax conformmce: Support for the visual representation (i.e. icons) of the UTP concepts is
provided by the profile implementation

1 Model interchange conformance: (delegated to underlying UML)
Diagram interchange conformance: (delegated to underlying UML)

1 Semantic onformance: All UTRconstraing are enforced, either directly in the model with OCL (assg
underlying OCL support) or indirectly by any other suitable means of the underlying modeling
environment

=

In addition to the fundamental conformance types of the UML and its profiling mechanism, UTP 2 specifies two
compliance levels for its respedticoncepts:

1 Mandatory: concepts that are deemed mandatory have to be implemented in order to claim UTP 2
compliance

9 Optional: concepts that are deemed optional might be implemented. If they are implemented, they have to
be implemented exactly how they lealveen specified by the UTP 2 specificatior., optional concepts
are still normative, but when they are implemented, they have to abide by the conformance types imposed
by the underlying UML and its profiling mechanism.

The decisions, which concefee considered as mandatory and optional, have been based on the typical use cases
of UTP 2 (see section 63/pical Use Cases of UTBH.2The main objective of UTP 2 is to desigst cass,

potentially in an automated manner, and to describe the test architecture in order totexecase, potentially in

an automated manner. Except from that, UTP 2 provides further helpful concepts for the design and implementation
of a test environment that supports various activities of the test process, suclmalysst, manual and automated

test design, test execution and evaluation. The concepts required for these activities are grouped by corresponding
sections within this specification. The following relates the test process activities with the respetitine séthe

UTP 2 specification and indicates whether a feature (a set of concepts grougedtiofais normative,

mandatorypr optional:

UML Testing Profile 2 (UTP 2), Version 2.3 3



Test Process Phase Normative Mandatory

1 Test AnalysisActivities
- Section 8.3.Iest Analysis X -

i Test DesigrActivities
- Section 8.3.Z'est Design
- Section 8.4 Test Architecture
- Section 8.5.1 Testpecific Procedures
- Section 8.5.1 Procedural Elements
- Section 8.5.1 Testpecific Actions
- Sectbn 8.6.1 Data Specifications

XX X X X X
XXX X!

il Test Execution and Evaluation Activities
- Section 8.6.Data Values X -
- Annex CNon-normativedatavalue extensions - -
- Section 8.7.JArbitration Specifications X -
- Section 8.7.2 Test Logging X -

In additian to these concepts, UTP 2 specifies three model libraries for UTP 2. The conformance considerations for
the libraries are as follows:

UTP 2 Model Libraries Normative Mandatory
i Section 9.1UTP Types Library X X
1 Section 9.2 TP Auxiliary Library X -

Any implementation that wants to claim conformance with UTP 2 specification has to abide by the adopted UTP 2
conformance types for each normative concept. If the concept is deemed mandatory in additioplesngritation
that wants to claim conformance with the UTP 2 specification, has to provide those mandatory concepts to the user.
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3 Terms and Definitions

The following terms and definitions aressammaryof theConceptual Modedlescribed in clausé For further
examples and details refer to the respectivesadion in Clausé.

Name Description Source
abstract test case | A test cas¢hat declares at least of@mal parameter UTP2
abstract test A test configuratiorthat specifies theest item test componest UTP 2
configuration and their interconnections as well as configuration data that st

be abstract test data.
actual data pool A specification of an actual implementation adata poal UTP 2

actual parameter A concrete value that is passed over topgteeedureand replaces | UTP 2
theformal parametewith its concrete value.

alternative A compound procedural elemehtt executes only a subset of it UTP 2
containedbrocedural elemestbased on the evaluatioha
boolean expression

arbitration A set of rules that calculates the eventtedictof an executed UTP 2
specification test casgtest set or proceduralement.

artifact An object produced or modified during the execution of a proc{ UTP 2
atomic procedural | A procedural elemerthat cannot be further demposed. UTP 2
element

boolean expression An expression that may be evaluated to either of these values;| UTP 2
"TRUE" or "FALSE".

check property A test actiorthat instructs the tester to check the conformance | UTP 2
action propertyof thetest itemand to set therocedural element verdict
according to the result of this check.
complement A morphismthat invertdata)i.e., that replaces thdata itens ofa | UTP 2
given set oflata itens by their opposites).
compound A procedural elemenhat can be further decomposed. UTP 2
procedural element
concrete test case | A test case¢hat declares nformal parameter UTP 2
concrete test A test configuratiorthat specifies th&est item test componest UTP 2
configuration and their interconnections as well as configuration data that sk
be concretelata
constraint An assertion that indicates a restriction that must be satisfied t [UML
any valid realization of the model containing tunstraint
create log entry A test actiorthat instructs the tester to record the executioa UTP 2
action test action potentially including the outcome of thatt actiorin
thetest case log
create stimulus A test actiorthat instructs the testes submit astimulus UTP 2
action (potentially includingdatg to thetest item
data A usually named set afata itens. UTP 2
data item Either avalueor aninstance UTP 2
data partition A role that somelataplays with respect to some ottdata UTP 2

(usually being a subset of this ottuztg with respect to someata
specification

data pool Somedatathat is an explicit or implicit composition of othgata | UTP 2
items.

data provider A test componerthat is able to deliver (i.e., either select and/or, UTP 2
generateflataaccording to alata specification

data specificatio A namedboolean expressiocomposed of data typeand a set of | UTP 2

constrains applicable to somgatain order to determine whether
or not itsdata itens conform to thiglata specification
data type A type whosénstancs are identified only by theiralue UML
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Name Description Source

duration Thedurationfrom the start of éest actioruntil its completion. UTP 2

Error An indication that an unexpected exception has occurred while UTP 2
executing a specifitest ®t, test casgeor test action

executing entity An executing entitys a human being or a machine that is UTP 2

respnsible for executing st caser atest set
expect response A test actiorthat instructs the tester to check the occurrence of UTP 2
action or more particularesponss from thetest itemwithin a given time
window and to set therocedural element verdiatcording to the
result of this check.
extension A morphismthat increases the amountdzta(i.e., that adds more UTP 2
data itens to a given set afata itens).
Fall A verdictthat indicates that thest itemdid not comply with the | UTP 2
expectations defined bytast settest caseor test actiorduring
execution.
formal parameter | A placeholder within @rocedureahat allows for execution of the  UTP 2
procedurewith differentformal parametexthat are provided by
the procedure invocatian
Inconclusive A verdictthat indicates that the owliance of gest itemagainst = UTP 2
the expectations defined bytest settest caseor test actiorcould
not be determined during execution.

loop A compound procedural elemehtt repeats the execution of its| UTP 2
containedbrocedural elemest

main procedure A procedure invocatiothat is consideredsathe main part of gest = UTP 2

invocation caseby thetest casarbitration specification

morphism A structurepreserving map from one mathematisglicture to [WikiM]
another.

negative A compound procedural elemehgt prohibits the execuatn of its | UTP 2
containedbrocedural elemestinthe specified structure.

None A verdictthat indicates that the compliance dkat itemagainst = UTP 2

the expectations defined bytest settest caseor test actiorhas
not yet been determined (i.e., it is the initial value wéadict
when atest settest casgor test actiorwas started).

parallel A compound procedural elemehft executes its contained UTP 2
procedural elemestin parallel to each other.

Pass A verdict that indicates that thest itemdid comply with the UTP 2
expectéions defined by gest settest caseor test actiorduring
execution.

PE end duration Thedurationbetween the end of the execution gfracedural UTP 2
elementand the end of the execution of the subseqpeatdedural
element

PE start duration Thedurationbetween the end of the execution gfracedural UTP 2
elementand the beginning of the execution of the subsequent
procedural element

postcondition A boolean expressiaihat is guaranteed to be True afteest case UTP 2
execution has been completed.

preconditon A boolean expressiahat must be met beforet@st casenay be UTP 2
executed.

procedural element  An instruction to do, to observe, and/or to decide. UTP 2

procedural element A verdictthat indicates the result (i.e., the conformance of the | UTP 2

verdict actual properties of thest itemwith its expected properties) of
executing dest actioron atest item

procedure A specification that constrains the execution order of a number UTP 2

procedural elemest
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Name
procedure
invocation

property
refinement

response

sequence

setup procedure
invocation

stimulus
suggest verdict
action

teardown procedure
invocaion

test action

test case

test case log

test case verdict

test component

test component
configuration

test configuration

test context

test design dirgive

Description

An atomic procedural element of a procedure that invokes ana
procedure and waits for ithmpletion.

A basic or essential attribute shared by all members of a class
test itens.

A morphismthat decreases the amounteta(i.e., that removes
data itens from a given set afata itens).

A set ofdatathat is sent by th&est itemto its environment (often
as a reaction to stimulug and that is typically used to assess th
behavior of theest item

A compound procedural elemehtt executes its contained
procedural elemestsequentially.

A procedure invocatiothat is consideredsgpart of the setup by
thearbitration specificatioand that is invoked before anyain
procedure invocatian

A set ofdatathat is sent to theest itemby its environment (often
to cause @aespons@s a reaction) and that is typically used to
control the behavior of thest item

A test actiorthat instructs the tester to suggest a particular
procedural element verdittt the arbitration specificationf the
test casdor being taken into account in the firtakt case verdict
A procedurénvocationthat is considered as part of the teardow
by the responsiblarbitration specificatiomnd that is invoked
after anymain procedure invocation

An atomic procedural elemetitat is an instruction to the tester
that needs to be executed as part telsapocedure of a test case
within some time frame.

A procedurehat includes a set of preconditions, inputs and
expected results, developed to drive the examinatiortextatem
with respect to somist objective.

A test logthat captures relevant information on the executioa o
test case

A verdictthat indicates the result (i.e., the conformance of the
adual properties of th&est itemwith its expected properties) of
executing dest casagainst dest item

A role of anartifactwithin atest configuratiorthat is required to
perform atest case

A set of configuration options offered by artifactin the role of a
test componenthosen to meet the requirements of a partidelstr
configuration

A specification of the test item and test components as well as
their interconnection and configuration data.

A set of information that is prescriptive for testing activities whi
can be organized and managed together for deriving or selecti
test objective, test design technigsgest design inpgtand
eventuallytest case.

A test design directivis an instruction for a test designing entity
to derive tesartifacs such agest sef, test cass, test
configuratiors, dataor test execution schedwsdy applyingest
design techniguseon atest design inpufThe set of assembleest
design techniqueare referred to as the capabilities a test desig
entity must possess in order to carry outttet design directive
regardless whether it is carried out by a human tester or a test
generator. Aest design directivis a means to support the
achievement of dest objective
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Name
test design input

test design
technique

test execution
schedule
test item

test item
configuration

test level

test log

test log structure

test objective
test procedure

test requirement

test set
test set log

test set purpose

test set verdict

test type

time point
verdict

Description Source
Any piece of information that must or has been used to derive | UTP 2
testingartifads such agest cass, test configurationanddata

A specification of a method used to derive or seiest UTP 2
configuratiors, test case anddata test design technigsere

governedby atest design directivand applied to &est design

input. Suchtest design techniggecan be monolithically applied ¢

in combination with othetest design technigeeEachest design
techniguehas clear semantics with respect totest design input

and theartifacss it derives from théest design input

A procedureghat constrains the execution order of a numbeesf UTP 2
case.

A role of anartifactthat is the object of testing withintest UTP 2
configuration

A set of configuréion options offered by aartifactin the role of a| UTP 2
test itemchosen to meet the requirements of a partidelstr

configuration

A specfication of the boundary of st itemthat must be UTP 2
addressed by a specifiest context
A test logis theinstanceof atest log structuréhat captures UTP 2

relevant informationrbm the execution of gst caser test set

The least required information to be logged is defined byetste

log structureof thetest log

A test log structurspecifies the information that is deemed UTP 2
relevant during execution oftast caser atest setThere is an

implicit defaulttest log structuréhat prescribes at least the start

time point theduration the finally calculated verdict and the

executing entity of a test case or test set executionwgtiould be

logged.

A desired effect that st caser test seintends to achieve. UTP 2
A procedurghat constrains the execution order of a numbeestf| UTP 2
actiors.

A desired property oni@st caser test setreferring to some UTP 2
aspect of theest itemto be tested.
A set oftest case that share some common purpose. UTP 2

A test logthat captures relevant information from the execution| UTP 2
atest set

A statement that explains the rationale for group@sy case UTP 2
together.

A verdictthat indicates the result (i.e., the conformance of the | UTP 2
actual properties of thest itemwith its expected properties) of
executing dest setgainst dest item

A quality attribute ofatest itemthat must be addressed by a UTP 2
specifictest context

Thetime pointat which atest actionis initiated. UTP 2
A statement that indicates the result (i.e., the conformance of t UTP 2
actual properties of thest iten with its expected properties) of
executing dest setatest casgor atest actioragainst dest item
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5 Symbol s

No special symbols have been used in this specification.
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6 Addi ti onal | nf or mati on

6.1 How to read this document

This specification is intended to be read by the audience listed below in order to learn, apply, implement and support
UTP 2. To understand how UTP 2 relates to other testing standards, all readers are encouraged to réad Clause
(Additional Informatior). In order to learn more abouttisonformance of UML and UTP 2 as well as the

compliance levels between the UTP 2 specification and the UTP 2 tool implementation, please redl Clause
(Conformance Some references to other standards are list€thimse3 (References For convenience, Claude

(Terms and Definitionscontains a brief summary of the cepts described in more detail in Cladse

((Informative) Conceptual Model [STUBRB]

The definition of the UML Testin@rofile itself can be found in the Chapter8.TClause 7((nformative)

Conceptual Model [STUB]starts with the definition of a pure conceptual model of UTP 2 independent of any
implementation measures. Tbenceptual model is informative (i.e. ranrmative) but provides the big picture of

the intended scope of UTP 2. The mapping of the conceptual model to the UML profile specification is described in
Clause 8rofile Specification [STUB] The stereotype mappings abide by the semantics of the conceptual
elements in general. Only additional aspects of the semantics regarding the integration of a stereotype with related
UML metaclasses will be added in Clase

Claused (Model Libraried describes the predefined UTP 2 model libraries. e Auxiliary Library provides
predefined elements for reuse across multiple modeling projects. The UTP Types Library provides additional types
that have been proven helpful for the definition of tests.

The Annex sections provide further informative material for UTI Particular an examples section that shows
differentmethodologies ohow to apply UTP 2 technically and conceptually. The Annex sections are living
sections that means they may change among future versions.

Modeling tool vendors should read the whdteeument, including the annex chapters. Modelers and engineers are
encouraged to read Annex A to understand how the language is applied to examples.

This document may be read in both sequential anegsegqoential manner.

6.2 Typographical conventions

A setof typographical conventions have been applied to the editorial part of this specification that should help the
reader in understanding and relating things to their proper context. These conventions are subsequently explained:

1 Concepts of the conceptual del are written in lower letters and colored blue, indicating a link to the
section of the conceptual element. Examitst context

1 UML metaclasses start with aippercaseetter and are written in camebseand are set bold and blue
Example:Constraint, BehavioredClassifier

1 Stereotypes are start with appercasdetter and are written in cameése, surrounded by guillemets.
Example: d’estContext

1 Properties of metaclasses or tag definitions of stereotypes are stated in italic: Examples:
constrainedElemer{from UML metaclass ConstraingrbitrationSpecificatior(from stereotype
«ProceduralElemen)

1 Values of Properties or tagged values of tag definstiare stated italic: Exampldalse true
1 OCL constraints as formalization of natural language Constraint descriptions are set in Courier. Example:
context  TestComponent

not self.base_Property.class.getAppliedStereotype('UTP:: Testlten) - >
oclisUndefined()
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6.3 Typical Use Cases of UTP 2

This section briefly summarizes typical use casdsMEt Testing ProfileV2 (UTP 2) by means of a simple UML
use case model. It is intended to give the interested reader an initial idea of who and what for UTP 2 may be used in
the context of developing and testing complex systems.

The following use case diagram summarizes typical UTP 2 users and their use cases of UTP 2.

() /"'/- 1‘""‘\ .
[ implement tool \I
‘. supportforUtP2 / evaluate test
- implement resulfs

automatic test
case execution

Tool Vendor

@
}T h.( . implement
implement test onboard test execute test
componerﬂs cases
cases
System Test Designer
Designer N

Test Design

generate test

i design unit
case instances

tests

update test
specifications

design system
tests

test leve

___tincluden

select test test level

data

design test
specifications

. test level design
design test ¥ integration tests
cases %

' test level

aspect to be tested

provide test
data

v

aspect to be tested

design
acceptance tests
aspect to be tested

design test
data

design test cases
for a data-intensive
system

wincluden

design test cases
for a system that
includes humans

design test cases for
a system with
time-critical behavior

Quality Assurance e o \\\\
/ check )
IR traceability
T S wextendy \‘-\ /

Requiremen- Certifier .~ A -
ts Engineer f
’ 4 ldncluden
QA Manager

\  specifications  / \ test coverage
P Ny A
\-‘\_4/// “‘1_;_/

System Product Project
Operator Manager Manager

e I @

Figure 6.1 - UTP 2 Use Cases

The following table characterizes the users (represented as UML actors) introduced in the diagram above and lists
for each user the use cases related to UTP 2 she or he may directly or indirectbutarry
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Table 6.1 - Typical UTP 2 Users

User Type
Certifier

Human Test Executor

Machine Test Executor

Product Manager

Project Manager

QA Manager

Requirements Engineer

System Designer

System Operator

Test Designer

Description
A role of a person responsible for

certifying a safetycritical or mission

critical system or product.
A role of a person responsible for

executingtest casg and/or evaluating their

outcomes.

A machine or device that executes test
cases and/or evaluates their outcomes.

A role of a person havinthe overall
responsibility for a system or product.

A role of a person having the overall
responsibility for the development,
procurement, implementation, or adaptiol
of a system or product or a part of it.

A role of a person responsible to guarant
the appropriate quality of a system or

product.
A role of a person responsible for

gathering, expression and managing the
requirements on a systemmoduct.

A role of a person that designs, builds,
extendsmaintainsor updates a system or

product.

A role of a person that utilizes a system c

product.

A role of a person that designs, builds,

extendsmaintainsor updates test
specifications of a system.
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Use Cases
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check traceability
review test specifications

evaluate test results
execute test cases

evaluate test results
execute test cases
determine test coverage
check traceability

review test specifications
determine test coverage
check traceability

determine test coverage

check traceability

review test specifications

design test cases

design acceptance tests

design integration tests

design systentests

design test cases for a data
intensive system

design test data

design test cases for a system t
includes humans

design test cases for a system w
time-critical behavior

design unit tests

generate test case instances
review test specifications

check traceability

implement automatic test case
execution

implement onboard test cases
implement test components
select test data

review test specifications

check traceability

design ést cases

design acceptance tests

design integration tests

design system tests

design test cases for a data
intensive system

design test data

designtest cases for a system thi
includes humans

design test cases for a system w
time-critical behavior

15



Tool Vendor

A role of a person that develops a tool
implementing at least some aspects ef th
UTP 2 specification.

design unit tests
generate test case instances

design test specifications
implement automatic test case
execution

implement onboard test cases
implement test components

1

1

9 provide test data
1 select test data
1
1
1

update test specifications
implement tool support for UTP ¢
implement automatic test case
execution

implement onboard test cases
implement test components
select test data

E

The following table briefly describes the use cases introduced @liaheam above.

Table 6.2 - Typical UTP 2 Use Cases

Use Case
check traceability

design acceptance tests

design integration tests

design system tests

design test cases

design test cases for a data
intensive system

design test cases for a system the

includes humans

design test cases for a system wit
time-critical behavior

design test data

design test specifications

design unit tests

determine test coverage

16

Description

Verification of the traceability between requirements and test cases in or¢
detemine the coverage of a system by a set of test cases.

The design ofest case that are used to perform an acceptance test of a s
or product, i.e. that the sponsor/customer may decide on the acceptance
system or product.

The design ofest case that are used to perform an integration test of a sy:
or produt, i.e. the verification of the interoperability among its internal
components as well as with its environment conforms to its specification.
The design ofest case that are used to perform a system test of a system
product, i.e the verification that the system or product (typically viewed as
black box) fulfills its requirements.

The design, elaboration and adaptation of test sets comprising test cases
order to verify thee@quirements and/or to validate the goals of a system or
product.

The design ofest case for a system whose functionality includes complex
processing of data that is of a highly complex structure and/or of large da
volumes.

The design ofest case for a sociotechnical system that includes technical
systems as well as humans collaboratively performing complex processe
The design ofest case for a system that must comply to soft or hard-tiead
constraints on its behavior.

The design and production of data that is of a highly complex structure ai
of large data valmes.

The elaboration and compilation of all information necessary for cargtihg
verification and validation procedures of a system or product. This includt
specifying tesbbjectives, test strategies, test procedures, test data, test
configurations, evaluation criteria and more.

The design ofest casg that are used to perform functional tests of an
individual component of a system or product.

The examination dfest set andtest casg with the focus on the coverage
provided by of thoséest set andtest case with respect to the requirements
and/or implementation aspects of a system or product in order to determi
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suitability of thetest sed andtest case for a given purpose.

evaluate test results The examination of the results of an executed testrsstecuted test case in
order to determine the verdict of the test set or test case.

execute test cases The manual or automatic execution of test procedures according to a giv
specification composed of sets and/at Eases.

generate test case instances The manual or automatic production of specific test case instances from .

given test specification composed of generic sets and/or test cases.
implement automatic test case The implementation, provisioning and configuration of test infrastructure
execution required to perform and evaludtst set ortest case automatically.
implement onboard test cases The implementation of test components and test procedures as part of a
or product in order to make it able to perform defits while it is in operation
implement testomponents The implementatiorprovisioning,and configuration of auxiliary test
components in order to automate or at least to simplify the execution of t¢
sets or test cases.
implement tool support for UTP 2| The implementatiorprovisioning,or configuration of a tool in order to
supports the utilization of UTP 2. This could e.g. be a UML Profile
implementing UTP 2 for a particular UML modeling tool or a test executio
toal that supports the concepts of UTP 2.

provide test data The provisioning of dedicated data that is used to perform test sets or tes
cases.

review test specifications The qualityassurance of a particular test specification in order to fulfill giv:
quality goals.

select test data The selection and potentially transformation of available operational data
order to use this data during the executiotesf sets or test cases.

update test specifications The adaption ofest objectivs, test strategieest procedure testdatg test

configuratiors, evaluation criteria etc. according to changing requirements
goals of an already exisg system or product.

6.4 Relation to testing-relevant standards

The landscape of software/system testing standards is diversified. Many ekpaeific standards (e.g.,

[I[EC61508) set requirements on how a test process should be conducted. In addition, there are a number-of domain
and methodologyndependent testingelevant standards (e.§1.5029119), to which UTP 2 can define integration

points. In the following section, the spication describes some of these standards and discusses how they can be
integrated with UTP 2.

ISO/IEC/IEEE 29119 Software Testing Standard
The ISO/IEC/IEEE 29119 Software Testing Standard is a family of standards for software testing, which consists of
five parts:

1 Concepts and definitions
Test processes

Test documentation
Test techniques
Keyword-driven testing

=A =4 =4 =

[1SO29119]Jis a conceptual standard, in the sense that it ddetefioe technical solutions, specific languages or
methodologies, in contrast to UTP 2. Instgé8029119]standardizes a number of concepts and definitions, some
of which have been adopted by UTHIS029119}2 specifies the structure of test processes and distinguishes
different levels for test processes: organizatiptest management and dynamic test processes. The first two
processes deal with managemesiated aspects of test processes, and the dynamic test process is mainly about
derivingtest casg, implementing and executitgst case and evaluating executéskt cass.
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UTP 2 is designed to support the dynamic test process. That means, it provides concepts that enable the
derivation/generation, specification, visualization and documentation @frtéats such agest casg, datg test
configuratiors, test set andtest contexd.

Furthermore, UTP 2 provides necessary concepts to gefi&@@t29119}3-compliant test reports and
documentations out of a UTP 2 model.

A set of standardizest design technigsesuch as equivalence partitioning or stadsed testing, has been

adopted ifISO29119}4 made technically explicit as part of the UTP 2 language. Test engineers can utilize UTP 2
to spedy test design technigsdo be applied on a cam test design inpute.g., a description of the intended

behavior of thaest item which is represented as a state machine or interactioajidition to these standardized

test design technigsetest engineers may define additioleak design technigsef required.

The relation td1S02911915, which deals with standardizing the concepts of the keydowen testing paradigm,
is of an implicit nature. UTP 2 can be effectively employed to setup and drive kegviairty testing approaches.
For further infemation on the relation of UTP 2 to keyweddven testing see sectigtelation to keywordiriven

testing

ISTQB and its glossary

The ISQTB[ISTQB] and its glossary defines a set @dlgplly standardized terminologies and definitions of testing
related concepts. The ISTQB nomenclature was deemed equally important for the definition of UTP 2 concepts as
the[ISO29119]definitions. Hence, UTP 2 adopted a set of definitions, terminologies andestetesign

techniqus from the ISTQB glossary and syllabi.

To keep the aalogy with[ISO29119] UTP 2 is deigned to support activities of test analysis and test design of the
ISTQB fundamental test process. Test implementation and test execution are supported rather indirectly by means of
arbitration specificatiosy precise semantics st actios and the definition aest execution schedsle

Test evaluation activities are supported by means degtdoging capability of UTP 2, which enables a system
independent representation of a test execution. For example, ¥EPI@g can be exploited for metrics
calculations or supporting other analysis.

ETSI Testing and Test Control Notation 3 (TTCN3)

ETSI TTCN-3 [ES20187301ktandardizes a test programming language and architecture of a test execution system.
It enables a platforAmdependent implementatiori executabldest casg. As such, it provides test engineers a set

of language features that has been proven efficient in the development of large and complex test suites for software
intensive systems of various domains, including telecommunication, transportation, and automotive airborne
software. In addition, TTCMB provides oncepts that address reusability and simplicity in the specification of large
test suites, such as using wildcard values to ease the definition of exgsgedss from thetest item

UTP 2, as a successor of UTP 1, is influenced by the capabilities of -BTONP 2 adopts some TTCBlconcepts
such agest componesttest configuratios andtest actios. Moreover, some of the TTCBlwildcards definitions
(e.g., regular expression, any value) have been adopted by UTP.

Although UTP 2 definegest case (due to being dependent on UML) at a much higher level of abstraction than
TTCN-3, it is possible (and has been done in numerous approaches) to generat8 fioGMes from UTP 2 test
models.

ETSI Test Description Language (TDL)

The Test Description Language (TDL) standardized by E[ES8Z0311901][ES20311902]ES20311903]
[ES20311904)is a MOFbased graphical modeling language for describing test scenaridegnocass) by a

similar notation to Messagequenc&€harts (MSC) or UMLsequenc®iagrams (SD). TDL represents the next
generation of testing languages in the ETSI testing technology stack and exploits the advantages of MBT. TDL is
used primarily but not exclsively - for functional testing.
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According to ETSI, TDL can bring a number of benefits, including:
1 higher quality tests through better design
1 easier to review by netesting experts
1 Detter, faster test development
1 seamless integration of methodologyldaols

TDL and UTP 2 share a set of common concepts sutdssomponentest configuratiorandprocedural

elemens. This is partially due to the same onigif TDL and UTP 2: TTCMB. In that regard the two languages are
compatible. However, UTP 2 has a bigger scope than TDL, which so far mainly focuses on functional testing and
the manual definition of test scenarios. UTP 2 offers several features beyaagdbdity of TDL, such as
specifyingtest design technigseand application thereof ontdest design inpulJTP 2 offers explicit concepts for

test generation. Another feature of UTP 2 is the flexible handlimglitration specificatios Finally, UTP 2 offers
concepts to organize testing activities based on test management conceptdestatoates, which resemble the
semantics oflISO29119]test process or test sypbocesstest typs, test objective andtest sed.

6.5 Relation to model-based testing

ModelBased Testing (MBT) is a testing technique that uses models of a seiittearsive system under test to

perform certain testing activities such as test analysis, test design and test implementation in both an automated (e.g.,
generation ofest case anddatg and manual manner. Such a system under test is cdbstlilemin the context of

the UTP.

The UTP definition of MBT is adopted and slightly adjusted from[B#&202951definition. "Modetbased testing
(MBT) is an umbrella of techniques that uses starmal models as enginerg artifact in order to specify and/or
generate testingelevantartifacts, such agest cass, test scripts, and reports." Other valid definitions of MBT are:

I "Testing based on or involving model$ISTQB], Glossary)
1 "An umbrella of techniques that generates tests from mofeB202951]

MBT has been thoroughly ingdgated in the academic literature and has also been of great interest in a variety of
industry domain§UPL2012] [UL2007]. The idea of MBT is to utilize models (so called test models in the context
of UTP 2) that represent the expected behavior ofabteitemor test case ofthetest itemat a higher level of
abstraction. Such abstraction enables test erginto focus exclusively on the logical aspects ofdbiitem

instead of beingpothered by technical details of the eventual implementation. Low level dettdlst ahsg, for
example, syntactical details of a scripting language or completendataafan be taken care of by domain specific
generators eventually producing executdb$t cass, which can finally be executed againsttin item

UTP 2 b an industrial standard that dedicatedly supports MBT by relying on UML. UTP covers a variety of
concepts that are deemed mandatory seshcasgdatg and Arbitration &verdict It also dedicatedly and
exclusively defines concepts govern the derivation of tegelevant information (such &sst cass, dataetc.) by
means of test directives atmbt design technigseAdditionally, it also provides a few test managenref#ted
concepts that are required for defining complete test specification documents (compatifii§@2®119) such as
test congéxts (called test process/test sutmcess iflISO29119), test level test typeandtest l0g.

UTP 2 is agnostic of any MBT methodology, and thus, supports a variety of MBT approaches. Some of the key
aspects include: 1) Moded test case for atest itemusing stereotypes from the profile; 2) Modeling the expected
behavior of theest itemfor test derivation using stereotypes from the profile; 3) Modd#stycasepecifications in
domain specific languages implementing UTP.

Basd on the philosophy of (test) modeling, UTP allows creating test models at various levels of abstraction ranging
from test models that have no concraéttg test models that have somh&tg and test radels that have all concrete
dataavailable.

UML Testing Profile 2 (UTP 2), Version 2.3 19



6.6 Relation to keyword-driven testing

Keyword-driven testiig (KDT) is an industrial déacto standard that is suitable for both manual and automated test
execution. KDT methodologies define logical functions that can be performed msthiemin an implementation
independent format (i.e., keyword) at a higher level of abstraction. Keywords are used to design so called keyword
test case (sed1S02911915). In order to execute the keywdrsbt case against théest item it is required that
implementations of the keywords can be executed by a keybased test execution system. Keyword
implementations are usually organized in a test library.

The keywod-based test execution system is responsible to establish a connection between the keyword
implementations and the actual implementation otdlseiten) run keywordest cass, and execute the keyword
implementations against the actual implementation ofeteitem

In the literature, there exist a number of keywdriven testing frameworks. For example, Tang eflalM2008
proposed a keywordriven testing framework to transform keywebdsedest case into different kinds of test
scripts. Hametner et §dWT2012] proposed a keywordriven testing approach to specify keywdedt casgin a
high abstraction level, as tabular format using predefined keywords, and automatically generated ejestutable
case from the keywordest caseThere are a number of commercial apgnsourcetools available for KDT.

UTP 2 is defined to facilitat®!BT, but it does not explicitly cope with the design and implementation of test
execution systems. HowevéfTP 2 defines concepts such alstract test casenddata specificatioexplicitly to
enable automated generatiorcohcrete test casenddatafrom abstract ones. This idea conforms to the idea of
KDT in terms of raising the level of absttamns by defining keywordest cass.

Keywords can be represented by nuous concepts of the underlying UML within UTP 2. For example, Operations
of Interfaces may be interpreted as the logical functions that can be performedest tteen Additionally, UTP 2

can be used to define or generat®t case that are based on these UMased keyword representations. UML
behaviors such as Activities or Interactions are suitable means to represent keywsstsdae in UTP 2, which

are eventually exported into the keyword format required by the utliegdordbased test execution system. As
such, UTP 2 is suitable to be used as a standardized and visual language for keywords anddstyeassd

UTP 2 could even go one step further. Due to the fact that UTP 2 is based on UML, it is even possible to provide an
executable specification of the test library (i.e., the implgaten of a keyword) by means of other standards such
as fUML.

As a summary, UTP 2 can be efficiently leveraged as the language for the (automated or manual) design,
visualization, documentation and communication of keywords, keytestadtase and even implementations
thereof.

6.7 Relation to the MARTE Profile

Modeling and Analysis of Redlime and Embedded Systems (MARTE) is a UML profile thapecifically

designed for modelling and supporting analyses (e.g., performance and schedulabilityjtiorereald embedded
systems. MARTE is developed to replace its predecessor UML profile, i.e., the UML profile for the Schedulability,
Performanceand Time specification (SPTP).

At a very high level, the MARTE profile is organized into four main packages: MARTE foundations, MARTE

design model, MARTE analysis model, and MARTE annexes including: MARTE model libraries, Value

Specification Language, drRepetitive Structure Modeling. Out of these four packages MARTE analysis model is
outside the scope of UTP since it doesndt aim to suppol
focuses on the test case generation. Nonetheless, Uff Banssed for supporting modehsed performance and

schedulability testing and such modelling can be supported with MARTE foundation package on which MARTE

analysis model relies on.

The most relevant packages for UTP from MARTE include{Ranctional Prperties Modeling (NFP), Time

Modelling (Time), and MARTE Library. The NFP package provides a generic framework for modelling NFPs using
UML modeling elements. The package defines stereotypes such as «Nfp» to define new NFPs for a particular
application andUnit» for defining new measurement units by extending the existing ones provided in the MARTE
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model library such as TimeUnitKind and PowerUnitKind. Notice that NFPs defined in MARTE can be used
together with UTP to support test case generation.

The Time package is specifically designed for modelling time and its related concepts specifically-fioneeaid
embedded systems. Since Time and
conjunction with the UTP for supporting mod®dsed testing of regiime embedded software/system with a focus

on time behavior. The extensive model library of MARTE provides extended basic data types such as Real and
DateTime and a rich collection of operations on them. In addition, it also pravidieie variety of measurement

units such as TimeUnitKind and LengthUnitKind, general data types such as IntegerVector and Integerinterval,
predefined data types such as NFP_Percentage and NFP_DataSize and TimeLibrary supporting modelling such as
logical and ideal clocks. These types can be used for modé#stgtens andtest componestthat require extended

data types rather than the basic data typesostgapby the UML. In addition, the modelling support for a variety of
clocks, i.e., logical and ideal clocks, can be used for modelling complex time behategisir itfns andtest

behavior

ar e

tightly

componerd.
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7 (Il nformative) Conceptual Mo

This section isnformative, i.e.nornrnormative and not relevant for actual profile implementations. However, it is
included here to help the reader to get a better understanding of the concepts behind UTP 2. This section illustrates
some of the semantics for the concepts defined in tusrdent by means of a pragmatic application of the OMG
specification Semantics of Business Rules and VocabulafteBVR]. This pragmatic application of SBVR

includes the following:

1 A number of concept diagrams visualize tomcepts as well as their interrelationships (in SBVR called
"verb concepts") organized around different subject areas. Furthermore, any SBVR definitional rule related
to the concepts shown is also visualized on the diagram.

1 For each concept diagram, thee statements of each definitional rule shown are listed. The styling of
those rule statements is simplified comparefBBVR] in the sense that no colors/formatting is used. The
only styling that is shown is that concepts defined within the document are shaderiinedand represent
an intradocument hyperlink.

1 For each concept diagram, the semantics of easbept shown on the diagram is defined, usually by
means of an intensional definition as suggestefd3®108%1]. Here underlined words also represent
hyperlinks to the mentioned concepts. When defined, additional properties of concepts such as synonyms,
examples, generalizations, specialization, etc. are also listed. Furthermore, for each bersmpte of its
definition is specified.

71 Test Planning
7.1.1 Test Analysis
7111 Test Context Overview

The following concept diagram represents important semantic aspeess obntexaind associated other concepts
such agest settest casedaia andtest design input

A test contexis defined as a hub for information that specifeest typetest leve] prescribesgest design technique
and refers taatg data poaqltest design inputrbitration specificatiortest setandtest caseA test contexalso

refers to other important test melcelements, such as the setexft casg, dataand thetest design inputA test
contextalso provides information for test management, where planning and strategies for the test are defined.
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Figure 7.1 - Test Context Overview

The following concept diagram represents important semantic aspgets objective andtest requiremestand
how they relate to requirements on a system to be tested.

A test requiremeris designed to megdst objective andtest contexspecifiegest objective. Atest casés
designed to meet one or mdest objective and thus theest casenust satisfy the associategbt requiremetof
test objective. In other words, test objectivespecifies the goal of st casand is defined for a certaiast
context A test objectives realized bytest requiremerdnd implemented biest cass.

The diagram below also shows htegt requiremestare related to concepts[8ysML]. A test requiremernefers to
system specification item and associated with requirements of the system. A requirement is further specialized into

functional requirement and ndanctional requirement.
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SysML etc.

functional
requirement ~
requirement "~ |system specification
L item
non functional e | ™
requirement
refers fo A
‘ test objective ~is designed to meet I test requirement
specifies A W|s designed to meet
test context refers tol test case verifies

Figure 7.2 - Test Requirement and Test Objective Overview

7.1.1.2 Concept Descriptions

test context
Definition

Examples
Source

test level
Definition

Examples
Source

test objective

Definition
Examples

Source

test requirement
Definition

Synonyms

A set of information that is prescriptive for testing activities which can be orgar
and managed together for deriving or selectégj objectivs, test design
technigus, test design inpstand eventualliest case.

acceptance s, smoke test, system test, ...

UTP 2

A specification of the boundary oftast itemthat must be addressed by a specific
test context

integration test, system test, componertt tes
UTP 2

A desired effect that g&st cas®r test seintends toachieve.

i Provision of information about the qualities of the product to a certifica
authority or other stakeholders

1 Provision of information that the product has met stakeholder expectal

i Provision of information thaequirements of a product are fulfilled (i.e.
regulatory, design, contractual, etc.)

UTP 2

A desired property on i@st caser test setreferring to some aspect of thest item
to be tested.
test condition
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Examples 1 Test case must ensure 80% path coverage of use case XY.
1 Test case must check that an IPv6 multicast message is carriedeo a
GeoBroadcast message into the correct geographical area, with a GV/
manually configured.
Source UTP 2
Isa requirement
test set
Definition A set oftest case that share some common purpose.
Source UTP 2
test set purpose
Definition A statement that explains the rationale for group@sg case together.
Source UTP 2
test type
Definition A quality attribute of dest itemthat must be addressed by a spec¢dst context
Examples functionality test, usability test, conformee test, interoperability test, performanc
test, ...
Source UTP 2

7.1.2 Test Design

7.1.2.1 Test Design Facility Overview

The following diagram summarizes the concepts of UTP 2 test design facility. The test design facility enables the
specification otest design techniggehat must be applied ortest design inpuih order to derive tesrtifacts such

astest sed, test cass, test configuratios, requirediataor test executiondhedules. Whether the test derivation

process according to the specifiedt design technigsds carried out manually or automatically does not matter
whatsoever. Suctest design technigseare assembled and governed lgsa design directivelhus, thdest design
directiveis a specification of the capabilities a test designing entity (e.g. a human tester or test generator) must offer
in order to perform the deritian activities according to the assembiest design techniggeThe UTP 2 test

design facility is agnostic of any implementatian toolspecific details and simply offers the ability to describe,

select and extend the set of potentially available and applitsgildesign technigse
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test design directive assembles a set of test design
technique and applies them to test design input

test design
technique

test design input

assembles a set of and applies them to

test objective

supports achievement A

test design directive

test design directive
Definition

Source

test design input
Definition

Examples

Source
Is a

test design technique
Definition

Examples
Source

produces v produces v produces V produces v
test set test case data test execution
schedule
Figure 7.3 - Test Design Facility Overview
7.1.2.2 Concept Descriptions

A test design directiviss an instruction for a tesedigning entity to derive test
artifacts such agest sed, test casg, test configuratios, dataor test execution
scheduls by applyingest design technigseon atest design inpufThe set of
assembledest design technigseare referred to as the capabilities a test designi
entity must possess in @dto carry out théest design directiveegardéss whether
it is carried out by a human tester or a test generatstAdegin directiveis a
means to support the achievement tést objective

UTP 2

Any piece of information that must or has been used to derive testifacs such
astest cass, test configurationanddata

a state machine specifying some expected behavior of the test item used to de
some test cases, a requirements catalog used to derive some test cases, ...
UTP 2

model

A specification of a method used to derive or seiestt configuratios, test case
anddata test design technigseare governed bytast design directivand applied
to atest design inputSuchtest design technigsecan be monolithically appd or
in combination with othetest design technigeeEachest design techniqueas
clear semaiits with respect to thiest design inpuaind theartifacss it derives from
thetest design input

equivalence testing, structural coverage

UTP 2
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7.2 Test Architecture

7.2.1 Test Architecture Overview

The following concept diagram represents important semantic aspects in the cotgsitoffiguratiorand
associated other concepts sucleas componentest itens andtest case. Atest caseelies on at least ortest
configurationto execute. Aest configuratiorspecifies how théest itemandtest componestare interconnected and
what configuration data are needed. Configuration data are specified as patesf iteen configuratioandtest
component configuratiofor thetest itemand eachiest component

We explicitly classifytest configuratiorninto two categoriesabstract test configuraticand concrete test
configurationsuch that enabig the generation afoncrete test configuratisrfrom anabstract test configuration
would be possible.

test set artifact

[ o,
s role ofy (s role ofy

test item test component

i ber of
s membero A specifies the configuration of A specifies the configuration of A

test item
configuration

test component
configuration

R R

test case DRTRO! test configuration DRTRO2

=dlis declared for

abstract test ~dderived from concrete test
configuration configuration

Figure 7.4 - Test Architecture Overview

Definitional Rules shown on "Test Architecture Overview"

Table 7.1 - Structural rules shown on Test Architecture Overview

Name Rule statement

DRTRO1 It is necessary thaachtest item configuratiospecifies the configuration aft least on¢est
item.

DRTRO02 It is necessary thaachtest component configurati@pecifies the coiguration ofat least one

test compaent

7.2.2 Concept Descriptions
abstract test configuration
Definition A test configuratiorthat specifies théest item test componestand their
interconnections as well as configuration dat ghould be abstract test data.
Source UTP 2

Isa test configuration
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artifact

Definition An object produced or modified during the execution of a process.
Synonyms work product
Examples q Software XY.
i Software Requirements Specification.
1 Coffee machine.
1 Coffee bean.
Source UTP 2

concrete test configuration

Definition A test configuratiorthat speciis thetest item test componestand their
interconnections as well as configuration data that should be codatate

Source UTP 2

Isa test configuration
test component
Definition A role of anartifactwithin atest configuratiorthat is required to performtast
case
Examples T A test driver
1 A test stub
i Coffee machine that grinds the coffee beans to be tested.
Source UTP 2
Subcategories data provider
Is role of artifact

test component configuration

Definition A set of configuration options offered by artifactin the role of aest component
chosen to meet the requirements of a partidelstrconfiguration
Source UTP 2

test configuration

Definition A specification of the test item and test components as well as their interconne
and configuration data.

Source UTP 2

Subcategories 9 abstract test configuration

 concrete test configuration

test item
Definition A role of anartifactthat is the object of testing withintast configuration
Synonyms System Under Test, SUT
Examples i Software XY to be tested.
1 Software Requirements Specification to be reviewed.
1 Coffee machine to be tested.
i Coffee beans to be tested.
Abbreviation SUT
Source UTP 2
Is role of artifact
test item configuration
Definition A setof configuration options offered by amtifactin the role of gest itemchosen
to meet the requirements of a particust configuration
Source UTP 2
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7.3

7.3.1

7.3.11

Test Behavior

Test Cases

Test Case Overview

The following concept diagram represents important semantic aspects in the context ofesheasés and what
its components are. st casénvokesatest procedurdescribing the execution order of individuesét actios (not
shown here, seBest ProceduresndTestspecific Actionsor details). Atest casés specialized intabstract test

caseandconcrete test cagstepending b the availability ofata If all thedatarequired for gest casés available, it
is classified as aoncrete test casmdabstract test cas#herwise.

As shown inTest Context Overvieytest case may be grouped intest set. Atest execution schedupeescribes

execution order of this set tdst case. All, test casg, test procedureandtest execution scheduteay regire a
preconditorand may guaranteepmstcondition each of which play the role bbolean expression

is member of = |

test set

specifies =

‘ data

uses

test case

v

requires

| concrete test case

prescribes as setup Y prescribes as teardown y

abstract test case

~dllinvokes

‘ procedure

R

preconditon

‘ test procedure R
__ DRICOI DRTCO8
requires =" guaranteesa.
—-—-"';"‘"requires . gucron’reesﬂ;""""-—-—
boolean expression__
«is role ofn «is role ofy

R R R

DRTCO2DRTCO3DRTC04

Figure 7.5 - Test Case Overview

Definitional Rules shown on "Test Case Overview"
Table 7.2 - Structural rules shown on Test Case Overview

Name
DRTCO1
DRTCO08

7.3.1.2

Rule statement
It is necessary th@achtest casénvokesat least on¢est procedure
It is impossible thahtest execution scheduilevokesatest procedure

Concept Descriptions

abstract test case

Definition
Soure
Isa

A test cas¢hatdeclares at least ofi@ermal parameter
uTP2
test case

boolean expression

Definition

30

test execution
schedule

v

guarantees

postcondition

R R R

DRTCOS5DRTCO6DRTCO7

An expression that may be evaluated to either of these values: "TRUE" or "FAl
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7.3.2.1

Synonyms
Source

concrete test case

predicate
UTP2

Definition A test cas¢hat declares nformal parameter
Source UTP2
Isa test case

postcondition

Definition A boolean expressidiat is guaranteed to be True aftéest casexecution has
been completed.

Source UTP2

Is role of boolean expression

preconditon

Definition A boolean expressiaihat must be met beforet@st casenay be executed.

Source UTP2

Is role of boolean expression

test case

Definition A procedurehat includes a set of preconditioitgyuts and expected results,
developed to drive the examination akeat itemwith respect to someest
objectives.

Source UTP2

Isa procedure

Subcategories  abstract test case

test execution schedule

9 concrete test case

Definition A procedurehat constrainghe execution order of a numberteét cass.
Source UTpP2
Isa procedure

7.3.2 Test-specific Procedures

Test Procedures

The following concept diagram represents important semantic aspgetscefiurs as they are used in UTP. UTP
distinguishes three different typesgybcedurs: test execution schedgldest case andtest proceduig which are
all special forms oprocedurs. In generalprocedurs may invoke otheprocedurs. Furthermore, afpfrocedurs
may declare one or mofermal parameterwhich are replaced kactual parametsruponprocedure invocatian

A procedureprescribes the execution orderanet ofprocedural elemesf which are eithesitomic procedural
elemens (such agrocedure invocatianor individualtest actios) orcompound procedural element

A compound procedural elemdsta container that groups a séprocedural elemestintosequencs, loops, and
other control structures.

Any procedural elememhay be constrained by tinwghich is expressed by its possible fact statementisefpoins
andduratiors. A procedural elememhay be constrained on whétrs to be performed as well as how long it is to be
performed by the tester.
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sequence loop procedural element starts PE start
duration after completion of the
previous procedural element
parallel

n PE start duration

alternative ‘

,l after completion of the previous luis role of
setup procedure
invocation compound | procedural elemenl‘ R duration
dural el ~
] procedural elemen 1 DRTPOI :
main procedure \
invocation 4 B \ after completion of the previous
\ ! atomic procedural Ec(is role ofn

teardown procedure |\

. " L.eni ! PE end duration |
invocation FAN .
N ‘ procedural element ends PE end
arbitration procedure - “_~___|durafion after completion of the
specification invocation . |previous procedural element

specifying
procedural element

formal parameter leads to= verdict
for L |

decl A ~alinvokes |
provides eclares R
actual parameter procedure DRTPO2
I._prescribes the execution order of =
test execution test case | test procedure
schedule
DRTPO4 DRTPO3

procedure invocation provides actual parameter for formal parameter specifying arbifration

Figure 7.6 - Test Procedures

Definitional Rules shown on "Test Procedures”
Table 7.3 - Structural rules shown on Test Procedures

Name Rule statement

DRTPO1 It is necessary thalhe PE start durationf aprocedural elemeris smaller thathe PE end
durationof the samegrocedural element

DRTPO2 It is necessary thatachprocedureprescribes the execution orderatfleast on@rocedural
element

DRTPO3 It is necessary thatachtest procedurprescribes the execution orderatfleast ongest adon.

DRTPO4 It is necessary thaachtest casénvokesat least onéest proceduras amain procedure
invocation

7.3.2.2 Concept Descriptions
actual parameter

Definition A concrete value that is passed over topgteeedureand replaces thiermal
parametewith its concrete value.

Source UTP 2

alternative

Definition A compound procedural elemeahat executes only a subset of its contained
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Source
Isa

procedural elemesatbased on the evaluation df@olean expression
UTP 2
compound procedural element

atomic procedural element

Definition
Source

Isa
Subcategories

A procedural elemerthat cannot be further demposed.
UTP 2

procedural element

9 procedure invocation

9 test action

compound procedural element

Definition
Source

Isa
Subcategories

UTP 2
duration
Definition
Source

Is a

formal parameter
Definition

Source

loop
Definition

Source
Is a

main procedure invocation

Definition

Source
Isa

negative
Definition

Source
Isa

parallel
Definition

A procedural elemerthat can be further decomposed.
UTP 2

procedural element

alternative

loop

negative

parallel

sequence

E I EE ]

Thedurationfrom the start of &est actioruntil its completion.
UTP 2 WG
duration

A placeholder within g@rocedurehat allows for execution of therocedurewith
differentformal parametes that are provided by thpocedire invocation
UTP 2

A compound procedural elemehtt repeats the execution of its contained
procedural elemest

UTP 2

compound procedural element

A procedure invocatiothat is considered as the main part tést casdy thetest
casearbitration specification

UTP 2

procedure invocation

A compound procedural elemehtt prohibits the execution of its contained
procedural elemestin the specified structure.

UTP 2

compound procedural element

A compound procedural eleméahat executes its containedocedural elemestin
parallel to each other.
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Source
Isa

PE end duration
Definition

Source
Is role of

PE start duration
Definition

Source
Is role of

procedural element
Definition

Source
Subcategories

procedure
Definition

Source
Subcategories

procedure invocation
Definition

Source
Isa
Subategories

sequence
Definition

Source
Is a

UTP 2
compound procedural element

Thedurationbetween the end of the execution gifracedural elemerand the end
of the execution of the subssntprocedural element

UTP 2

duration

Thedurationbetween the end of the execution gfracedural elemergnd the
beginning of the execution of tlsetbsequenprocedural element

UTP2

duration

An instruction to do, to observe, and/or to decide.
UTP 2

9 atomic procedural element

9 compound procedural element

A specification that constrains the execution order of a numhgioocédural
elemens.

UTP 2

1 testcase

9 test execution schedule

9 test procedure

An atomic procedural element of a procedure that invokes another procedure i
waits for its completion.

UTP 2

atomic procedural element

I main procedure invocation

9 setup procedure invocation

i teardown procedure invocation

A compound procedural elemeahtt executes its containedocedural elemest
sequentially.

UTP 2

compound procedural element

setup procedure invocation

Definition

Source
Is a

A procedure invocatiothat is consideredsapart of the setup by tlabitration
specificationand that is invoked before anyainprocedure invocatian

UTP 2

procedure invocation

teardown procedureinvocation

Definition

A procedure invocatiothat is considered as part of the teardown by the respon:
arbitration specificatiomnd that is invoked after amyain procedure invocation
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Source
Isa

test procedure
Definition
Source

Isa

time point
Definition
Source
Isa

UTP 2
procedure invocation

A procedurehat constraia the execution order of a numbertest actios.
UTP 2

procedure

Thetime pointat which atest actionis initiated.
UTP 2
time point

7.3.3 Test-specific Actions

7.3.3.1 Overview of test-specific actions

The following concept diagram represents important semantic aspeess attios as parts afest proceduie A

test actioris a specialization of aatomic procedural elemeand is to be interpreted as an instruction to the tester
responsible for executingtast caseAny test actiorleads tca procedural element verdiite., influenceghe final

test case verdixt

Mosttest actios check certain aspects of tiest item The most important aspects of teet itemare its observable
behavior (i.e., itsesponss) and its measurable properties.
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" atomic procedural
element
create stimulus action permits
to send stimulus to test item
test action :
A -
- permits to send
R create stimulus T to create stimulus
action ~ action forbidds
DRTAO1 — T forbidds to send stimulus fo send stimulus
= '. to testitem
o to - it n
response ‘ expect response
E— - action expects
- expects to receive to receive
R expect r;:nsponse T response from
acrtion o~ from
.
DRTAOZ - - does not expect toreceive|
\ i expect response action
I e R LR TR does not expect toreceive
from response from test item
n < of
‘ test item ‘
R { check property checks property ‘
DRTAO3 action P
- T~ against data ‘
T

create log entry
action

suggest verdict
action

check property action checks
property against data

Figure 7.7 - Overview of test-specific actions

Definitional Rules shown on "Overview of testspecific actions”
Table 7.4 - Structural rules shown on Overview of test-specific actions

Name

DRTAO1
DRTAO2
DRTAO03

7.3.3.2

Rule statement

It is necessary thatcreate stimulus actiopermits to sendt least onatimulus
It is necessary thaexpect response acti@xpects to receivat least oneesponse
It is necessary thatcheck property actioohecksat least on@ropertyof thetest itemagainst

thedata

check property action

Concept Descriptions

Definition A test actiorthat instructs the tester to check the conformari@propertyof the
test itemand to set therocedural element verdiatcording to the result of this
check.

Source UTP 2

Is a test action
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create log entry action
Definition

Source
Isa

create stimulus action
Definition

Source
Isa

expect response action
Definition

Source
Isa

property
Definition
Source

response
Definition

Source

stimulus

Definition

Source

suggest verdict action
Definition

Source

Isa

test action
Definition

Synonyms
Source

Is a
Subategories

A test actiorthat instructs the tester to record the executiomtest action
potentially including the outcome of thiist actiorin thetest case log
UTP 2

test action

A test actiorthat instructs the tester to submitanulus(potentially includingdatg
to thetest item

UTP 2

test action

A test actiorthat instructs the tester to check the occurreficme or more
particularresponss from thetest itemwithin a given time window and to set the
procedural element verdiatcording to the result of this check.

UTP 2

test action

A basic or essential attribute shared by all members of a cléesst dens.
UTP 2

A set ofdatathat is sent by thtest itento its environment (often as a reaction to
stimulug and that is typically used to assess the behavior dégtétem
UTP 2

A set ofdatathat is sent to thgest itemby its environment (often to cause a
responseas a reaction) and that is typically used to control the behavior tdghe
item.

UTP 2

A test actiorthat instructs the tester to suggest a partiquiacedural element
verdictto thearbitration specificationf thetest caséor being taken into account ir
the finaltest case verdict

UTP 2

test action

An atomic procedural elemetttat is an instruction to the tester that needs to be
executed as part oftastprocedure of a test case within some time frame.

test step

UTP 2

atomic procedural element

check property action

create log entry action

create stimulus action

expect response action

suggest verdict action

E R
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7.4 Test Data

7.4.1 Test Data Concepts
The following concept diagram represents important semantic aspects aditteStestdataor more generally just
datamay be modeled at two different levels:

1 Extensional level modelelements that actually represent sota¢acomposed as a set of individuddta
items.

1 Intensional level model elements that specify some criteria that sdate must comply with, i.e. the
specification of the meaning data

At the extensional levellataalways represents specific set oflata itens and is covered by concepts suclias
pool, actual data pophnddata partition The conceptdata poolhndactual data poakpresent containers data the
former is a logical container, the latter a physical container such as a concrete datalaasgaftitiorrepresents a
subset of another set déta itens in which alldata itemare conformant to a particuldata specification

In contrast, at thantensional leveldatais represented by a boolean expression that may be used to datdiftens

as member diatg i.e, it represents the intended meaningataand is covered by concepts sucllak specification

data type andconstraint A daa specificatioris composed of a basitata typeplus a set ofonstraing on thatdata

type The entire concept ofgata specificatiomay be considered as a category in the sense of "Category Theory" in
mathematics (see for examgM/ikiCT] or [SEP20148] Thus, twodata specificatioh might be interpreted as
categories that are related to each other by means of different dependenciesnuadfgdshs”. These may be
considered as structupgeserving maps supporting the following three informal semantics:

1 A morphismof type 'extensiofi increases the amount détg i.e. they add mordata itens to a given set of
data itens.

1 A morphismof type 'fefinement decreases the amountdsts i.e. they removeata itens from a given set
of data itens.

1 A morphismof type 'tomplemeritinvertsdatg i.e. it replaces thdata itens of a given set adata itens by
their opposites.

A data provideis atest componerthat is able to deliver (i.e. either select and/or genedatijaccording to aata
specification

In the context of gest casedifferent places of gest caseypically refer to different levels of tedata

9 Test cassetypically refer tadataused as preconditions as welldegato be supplied with stimuli to be sent
to thetest item

9 Test casetypically refer tadata specificationin postconditions adatareturned by responses in order to
determine or influence theerdictof thetest case
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~dprovides data according to

R data provider | | test component actual data pool
DRTDOS . | » . . -
provides| | reads i is the manifestation of |y
has:asiSxichsion B data partition data item data pool
I I
data specification applied to data results in data porﬁ‘rionl Extensional Level
I confains | §
«is role ofyn
data specification | ) data
applied to
-_—- | <llis extension of
data type R i
specifies[ = J ~js refinement of
= 1 DRTDO1 T -
constraint “=dlis complement of
specifies[= J {
R DRTDOT extension
~iidrgets DRIDO4 morphism > 44 refinement |

~demanates from R

complement |
. DRTDO3
Infensional Level

Figure 7.8 - Test Data Concepts

Definitional Rules shown on "Test Data Concepts"
Table 7.5 - Structural rules shown on Test Data Concepts

Name Rule statement

DRTDO1 It is necessary thatachdata specificatiospecifiesat least onelata type

DRTDO02 It is necessary thaachdata specificatiospecifesat least ongonstraint

DRTDO03 It is necessary thamorphismemanates froraxactly onedata specification

DRTDO04 It is necessary thamorphismtargetsexactly onedata specification

DRTDO5 It is necessary thatachdata provideprovides data according & least onglata specification

7.4.2 Concept Descriptions
actual data pool

Definition A specification of an actual implementation adaa poal
Examples i the specification of the database of type "Customers" on disk DK13 or
machine XYZ.

Source UTP 2

Isa data pool

complement

Definition A morphismthat invertgdata)i.e., that replaces thaata itens of a given set alata
items by their opposites).

Source UTP 2

Is a morphism

constraint

Definition An assertion that indicates a restriction that must be satisfied by any valid
realization of the model containing thenstraint

Source UML]
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data
Definition
Synonyms
Examples

Source
Subcategories
Is instance of

data item
Definition
Source

data partition
Definition

Source
Is role of

data pool
Definition
Examples
Source

Is a
Subcategories

data provider
Definition

Source
Is a

data specification

Definition

Synonyms
Examples

Source
Subcategories

A usually named set @fata itens.

concrete data

42.

"John".

"Some people": {"John", "Greg", "BR", "Aline"}

"Example customer": Sherlock Holmes, living at Baker Street in Londa
The contents of a database "CUBRD" containing customers.

E I E ]

UTP 2

data pool
data structure

Either avalueor aninstance
UTP 2

A role that somelataplays with respect to some ottaata(usually being a subset
of this otherdatg with respect to somgata specification

UTP 2

data

Somedatathat is an explicit or implicit composition of othéata itens.
1 the specification of a database type named "Customers"
UTP 2

data

actual data pool

A test componerthat is able to deliver (i.e., either select and/or gengedaita
according to alata specification
UTP 2

test component

A namedboolean expressiccomposed of data typeand a set ofonstraing
applicable to somdatain order to determine whether or notdista itens conform

to thisdata specification
abstract data

1 40...50.

1 "Jo(h)?n".

1 "odd numbers"ij.e. numbers where self mod 2 = 1

1 "right-angled triangles", i.e. triangles where a2 + b"2 = c"2

i "young, Germarspeaking customers" i.e., customers, where language:
'‘German' and age < 18

1 any/all/295 customers having the forename "John" and living in Lmndo

UTP 2

data type
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data type

Definition A type whosénstancs are identified only by theiralue
Source UML]
Is a data specification
extension
Definition A morphismthat increases the amountd#ta(i.e., that adds mordata itens to a
given set oflata itens).
Source UTP 2
Is a morphism
morphism
Definition A structurepreserving map from onmeathematical structure to another.
Source WikiM]
Subcategories 1 complement
I extension
M refinement
refinement
Definition A morphismthat decreases the amountata(i.e., that removedata itens from a
given set oflata itens).
Source UTP 2
Isa morphism
7.5 Test Evaluation
7.5.1 Arbitration Specifications
75.1.1 Arbitration & Verdict Overview

The following concept diagram represents important semantic aspeeiafs and how they are derived.

An arbitratin specificationis defined as a set of rules that should be followed to determine the instancradita
of an executedtest caseAn arbitration specificatio should be specified forgrocedurenhich describes the

behavior oftest casétest proceduneor atest execution schedufassociated to the execution of a setest cass).

An arbitration specificatiorcalculates aerdictwhich can bdrail, PassInconclusiveandNone

R test set R
DRASO2 dq_r?f?f o — DRTY03
S procedural element
arbitration specification R curbi_l[uiion ~dlrefers to
determines verdict from verdict specification ~lrefers to procedure
- DRASO1
A L\ \
test set verdict det .
[~ Getermines from test case test execution test procedure
- | verdict schedule
test case verdict l R
procedural element DRTCO9
verdict ~
uis instance ofy I ! .
uis instance of uis instance ofy s instance ofy - uis instance ofy
Fail Pass Error

UML Testing Profile 2 (UTP 2), Version 2.3

Inconclusive ‘ ‘ None ‘
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Definitional Rules shown on "Arbitration & Verdict Overview"
Table 7.6 - Structural rules shown on Arbitration & Verdict Overview

7.5.1.2

42

Name
DRASO1
DRAS02

Definition

Source

Error
Definition

Source
Is instance of

Fail
Definition

Source
Is instance of

Inconclusive
Definition
Source

Is instance of
None
Definition
Source

Is instance of

Pass
Definition

Source
Is instance of

Rule statement

It is necessary thatnarbitration specificatiodeterminesxactly ondype ofverdict

It is necessary thah arbitration specificatiodeterminegxactly oneof atest set verdictatest
case verdicbr aprocedural element verdict

Concept Descriptions
arbit ration specification

A set of rules that calculates the eventtalictof an executetkest casetest set or
procedural element.
UTP 2

An indication that an unexpected exception has occurred while executing a sp
test settest casgeortest action

UTP 2

verdict

A verdictthat indicates that thest itemdid not comply with the expectations
defined by dest settest caseor ted actionduring execution.

UTP 2

verdict

A verdictthat indicates that the compliance dkat itemagainst the expectations
defined by dest settest caseor test actiorcould not be determined during
execution.

UTP 2

verdict

A verdictthat indicates that the compliance dkat itemagainst the expectations
defined by dest settest casgor test actiorhas not yet been determined (i.e., it is
the initial value of averdictwhen atest settest casgeor test actiorwas started).
UTP 2

verdict

A verdictthat indicates that thest itemdid comply with the expectations defined
by atest settest casgor test ation during execution.

UTP 2

verdict

procedural element verdict

Definition

Source
Is a

test case verdict

Definition

A verdictthat indicates the result€., the conformance of the actual properties o
thetest itemwith its expected mperties) of executing @st actioron atest item
UTP 2

verdict

A verdictthat indicates the result (i.e., the confonoe of the actual properties of
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Source
Isa

test set verdict

thetest itemwith its expected properties) of exding atest cas@gainst dest item
UTP 2
verdict

Definition A verdictthat indicates the result (i.e., the conform@mn€the actual properties of
thetest itemwith its expected properties) of exeitgft atest sehgainst dest item

Source UTP 2

Is a verdict

verdict

Definition A statement tht indicates the result (i.e., the conformance of the actual propert
thetest itemwith its expected properties) of executinteat setatest casgor atest
actionagainst dest item

Source UTP 2

Subcategories 9 procedural element verdict
i test case verdict
1 test set verdict

Instances  Pass
1 Inconclusive
1 None
1 Error
1 Fail

7.5.2 Test Logging

7521 Test Log Overview

As defined by[ISTOB] atestlogi s fia chronol ogi cal record of relevant
such is an important means for test evaluation and reporting activities. Thus, the purpose of theddTR&ing

facility is twofold:

1.) It helps establish a trace link betwederst cas®r an entirdest seand one or potentially more executions

thereof. Essential informaiti of atest logare, for example, the date and theationwhen the correspondirtgst

casewas executed; thexecuting entityi.e., a human tester or automated test execution system) or entities (in some
domains it is not uncommon thigist case are executed over several days by potentially more thagxeceating

entity), and finally, thetest case verdicThese so calletést logheader information are the minimal required
information in order to achieve full traceability betweest objectivs, test requiremesttest cassftest set and

finally the execution thereof. Full traceability among thagédact enables the computation of test metrics such as
the status of test execution (how maest case have eventually been executed at a certain point in time), coverage
of requirements (not part of UTREst requiremestortest objectivs, etc.

2.) It supports a deeper analysis of what was going on during the executitesbfaser test setSince the

execution ottest caser test seis a transient set @ést actios performed by apxecuting entityagainst theest

item, the capturing of detailed information about the perforiestiactios in atest logis the only way for a
stakeholder, usually a test analyst or test manager, to be able to comprehend what has really happened during
execution without being part of the executing entities. Such a chronological record lefddefarmation of an
executedest caser test sefs in UTP 2 calledest logbody information. They optionally supplement thet log
header information of UTP.

Since the understanding of what information is really relevant during the executidestéaseor test seheavily
depends on domaitnd/or progctspecific requirements, UTP 2 enables the definition of-deéinedtest log
structures that specify what information or data deemed relevant in the respective (test) context and additionally the
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minimal required header information mentioned above.

Representingest log on model level contributes to a harmonized and homogeneous view on redsvag

information in the dynamic test process. Usually, a test execution toolscape comprisd¢samgrsttone tool. Tools

for functional testing might beomplemergd by specialized toslsuch as those for performance testing (stress, load
etc.), security testing or Ul testing. Ttest log of such heterogeneous toolscapes are basically heterogeneous, too.
Thus, a comprehensive, detailed analysis (e.g., for the calculation of metrics over tools etc.) requires access to the
proprietary st stestcldgforma. She TP 2estlaging facdity mitigates the heterogeneity of

test log by offering an extensible framework to describe arbitrary complex and strugstéaformats. The

following use cases depict the scenarios the UTds®ogying facility was intended to cope with:

Apply UTR2
test logging facilities

«includes»

«includes»

Capture test log
information

Visualize captured
test logs

Specify test log
structure

«includes»
7
7

~
~ «extends»
~
~

I'«extends»

Capture test log bod
information

Extend default tesy
log structure

Capture test log heade
information

Capture logs of
test suites

Capture logs of
test actions

Capture logs of
test cases

Figure 7.10 - Use Cases of UTP 2 test log XE "test log" ging Facility

The use cestbgsip@ecenmgybl es testers to specify which infc
execution of in the given test process in addition to the predefined minimal remdiinedation. If no additional

information is desired, the tester can rely on the impliditudietest log structureThis ensures that testers can

employ the UTP 2est logying facilities immediately out of the box.

The wuse c destéogi mMGaoprtmartet ono i s about capturing the inform
appeared during the execution dkat casgtest sebr even gest actiorin accordance with thiest log structure
Incorporaing thetest logheader information is mandatory, while representindtidly part, in contrast, is optional.

The use case Mtdilgpuoa |diezael sc awpittuhr eetbstdogisfarmagon in Aneapmpréaet ur e d
representation. Since there is no common definition of the most appropriate fotesdtlofs, UTP 2 does not

prescribe how that information must be visualized. Thus, it is up to tool vendors to decide about the most
appropriate and helpful visual representation(s) of captestdoginformation.
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testlog verdict

captures \
time point

test log structure | execution started atl> |

«is instance ofy duration
execufion lasted for= |

execuling entity

execution performed by \

~allcaptures execution of | test case log =l comprises test set log captures execution of =
test set

R captures ? R captures V

DRTLO2 DRTLO1
test case test case verdict test set verdict

Figure 7.11 - Test Log Overview

Definitional Rules shown on "Test Log Overview"
Table 7.7 - Structural rules shown on Test Log Overview

test casdog

Name Rule statement
DRTLO1 It is necessary thatachtest case logapturesexactly ongest case verdict
DRTLO2 It is necessary thatachtest case logaptures execution @xactly ondest case
7.5.2.2 Concept Descriptions
executingentity
Definition An executing entitys a human being or a machine that is responsible for execu
atest caser atest set
Source UTP 2

Definition A test logthat captures relevaimformation on the execution oftast case

Source UTP 2

Is a test log

test log

Definition A test logis theinstanceof atest log structur¢hat captures relevant information
from the execution of gest caser test setThe least required information to be
logged is defined by thiest log structuref thetest log

Source UTP 2

Subcategories 9 test case log

Is instance of

test log structure
Definition

Source
Instances

i test setlog
test log structure

A test log structurspecifies the information that isel@ed relevant during
execution of dest cas®r atest setThere is an implicit daulttest log structure
that prescribes at least the starte poin{ theduration the finally calculated verdic
and the executing entity of a test case or test set executioh gloald be logged.
UTP 2

test log
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test set log
Definition
Souce

Isa

A test logthat captures relevant information from the executiontebaset

UTP 2
test log
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8 Profile Specification
This se&tion specifies the stereotypes that are defined by the UML Testing Profile.

8.1 Language Architecture

The UML Testing Profile consists of the profile definition and three normative model libraries, which can be
imported and applied if required. The profilself is independent of thefibraries ands a selfcontained package.

The normative model libraty TP Auxiliary Libraryuses concepts from UTP and defines concepts that can be used,
extended or specialized by the users.

The UTP Types Libraryoffers helpful types and values, in particular the default verdict type and the default verdict
instances. Since some of the definitions and constraints in the profile are based on predefined types, the profile
imports theUTP Types Library

The UTP Aukxiliary Library offers the following concepts:
1 ISTQB terms for test levelad test set purposes
1 Predefined test design techniques and test design technique structures

Overview of the technical, higlevel UML Testing Profile language architecture is given next.

UML Scope
«profilen
UML Standard Profile
_ «importy
UTP Scope «apply» | «applynf
«importy . |
worofilen «model library»
UTP UTP Auxiliary Library

__ «apply»

«model libraryn
UTP Types Library

gimportn

Figure 8.1 - Language Architecture
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8.2 Profile Summary

The following table gives a brief summary on the stereotypes introduced by the UML Testing Profile 2 (listed in the
second column of the table). The first column specifies the mapping tortheptual model shown in the previous

section and the third column specifies the UML 2.5 metaclasses that are extended by the stereotypes.

Stereotype
ActualParameterValue
ActualResponseLogEntry

UML 2.5 Metaclasses
Slot
InstanceSpecification

Concepts
actual parameter

Alternative CombinedFragment, alternative
StructuredActivityNode

AlternativeArbitrationSpecification BehavioredClassifier arbitraton specification

AnyValue Expression data specification

ArbitrationResult InstanceSpecification

ArbitrationSpecification BehavioredClassifier arbitration specification

ArbitrationSpecificationBinding

ArbitrationTarget
AtomicProceduralElement

AtomicProceduralElementArbitrationSp

cification

AtomicProceduralElementLogEntry

BoundaryValueAnalysis
CauseEffectAnalysis
ChecklistBasedTesting
CheckPropertyAction

CheckPropertyArbitrationSpecification

CheckPropertyLogEntry
ClassificationTreeMethod
CombinatorialTesting

InstanceSpecification

BehavioredClassifier

InstanceSpecification
InstanceSpecification
InstanceSpecification
InstanceSpecification
Constraint, ObjectFlow
BehavioredClassifier
InstanceSpecification
InstanceSpecification
InstanceSpecification

atomic procedural element
arbitration specification

test design technigue
test design technigue
test design technigue
check property action
arbitration specification

test design technique
test design technique

Complements Dependency complement
CompoundProceduralElement CombinedFragment, compound procedural element
StructuredActivityNode
CompoundProceduralElementArbitratio BehavioredClassifier arbitraton specification

Specification
CreateLogEntryAction InvocationAction create log entry action

CreateLogEntrArbitrationSpecification

CreateLogEntryLogEntry
CreateStimulusAction

CreateStimulusArbitrationSpecification

CreateStimulusLogEntry

BehavioredClassifier
InstanceSpecification
InvocationAction, Message
BehavioredClassifier
InstanceSpecification

arbitration specification

create stimulus action
arbitration specification

DataPartition Classifier data pool
DataPool Classifier data pool
DataProvider Classifier, Property data provider
DataSpecification Constraint data specification

DecisionTableTesting

EquivalenceClassPartitioning

ErrorGuessing
ExpectResponseAction

ExpectReponseArbitrationSpecification

ExperienceBasedTechnique

InstanceSpecification
InstanceSpecification
InstanceSpecification
Message Trigger

BehavioredClassifier
InstanceSpecification

test design technique
test design technique
test design technique
expect response action
arbitration specification
test design technigue

ExploratoryTesting InstanceSpecification test design technique
Extends Dependency extension
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FormalParameterReference
GenericTestDesignDirective
GenericTestDesignTechnique
InvocationLogEntry
InvocationLogEntryStructure
Loop

LoopArbitrationSpecification
MessageEventLogEntry

MessageEventLogEntryStructure

Morphing
Negative

NegativeArbitrationSpecification
NSwitchCoverage
OpaqueProceduralElement

OpaqueProceduralElementyBntry

overrides
PairwiseTesting
Parallel

ParallelArbitrationSpecification
ProceduralElement

ProceduralElementArbitrationSpecificat

on
Procedurelnvocation

ProcedurelnvocationArbitrationSpeiciit

ion
ProcedurelnvocationLogEntry

ProcedurelnvocationLogEntryStructure

Refines
RegularExpression
RoleConfiguration
Sequence

SequenceArbitrationSpecification

StateCoverage
StateTransitionTechnique
SuggestVerdictAction

SuggestVerdictAritrationSpecification

SuggestVerdictLogEntry
TestCase

TestCaseArbitrationSpecification

TestCaselLog
TestComponent
TestComponentConfiguration
TestConfiguration
TestConfigurationRole
TestContext

UML Testing Profile 2 (UTP 2), Version 2.3

Property
InstanceSpecification
InstanceSpecification
InstanceSpecification
Classifier
CombinedFragment
StructuredActivityNode
BehavioredClassifier
InstanceSpecification
Classifier

Dependency
CombinedFragment
StructuredActivityNode
BehavioredClassifier
InstanceSpecification
NamedElement
InstanceSpecification
Dependency
InstanceSpecification
CombinedFragment,
StructuredActivityNode
BehavioredClassifier

BehavioredClassifier

CallBehaviorAction,
InteractionUse
BehavioredClassifier

InstanceSpecification
Classifier

Dependency
Expression

Constraint
CombinedFragment,
StructuredActivityNode
BehavioredClassifier
InstanceSpecification
InstanceSpecification
InvocationAction
BehavioredClassifier
InstanceSpecification
Behavior, BehavioredClassifier

BehavioredClassifier
InstanceSpecification
Classifier, Property
Constraint
StructuredClassifier
Classifier, Property
Package

formal parameter
test design directive

test design technigue

loop

arbitration specification

morphism
negative

arbitration specification
test design technique
procedural element

morphism
test design technique

parallel

arbitration specification
procedural element
arbitration specification

procedure invocation

arbitration specification

refinement

data specification
test configuration
sequence

arbitration specification
test design technigue
test design technique
suggest verdict action
arbitration specification

i test case

i abstract test case

9 concrete test case
arbitration specification
test case log

test component

test component configuration

test configwation

test configuration
test context



TestDesignDirective
TestDesignDirectiveStructure
TestDesignlinput
TestDesignTechnique
TestDesignTechniqueStructure
TestDirective
TestDirectiveStructure
TestExecutionSchedule
Testltem
TestltemConfiguation
TestLog

TestLogElement
TestLogEntry
TestLogStructure
TestLogStructureBinding
TestObjective
TestObjectiveTrace
TestProcedure
TestRequirement

TestSet
TestSetArbitrationSpecification
TestSetLog

TestTechnique
TestTechniqueStructure
TransitionCoverage
TransitionPairCoverage
UseCaseTesting

verifies

8.3 Test Planning

InstanceSpecification
Classifier
NamedElement
InstanceSpecification
Classifier
InstanceSpecification
Classifier

Behavior

Classifier, Property
Constraint
InstanceSpecification
InstanceSpecification
InstanceSpecification
Classifier
Dependency

Class

Dependency
Behavior

Class

Package
BehavioredClassifier
InstanceSpecification
InstanceSpecification
Classifier
InstanceSpecification
InstanceSpecification
InstanceSpecification
Dependency

test design dirgive
test design directive
test design input

test design technique
test design technique

test execution schedule
test item
test item configration

test log

test log structure
test log structure
test objective

test procedure

test requirement
test set

arbitration specification
test set log

test design technique
test design technique
test design technique

Test analysis and test design deals with determining the identifying test basis for specific testing activities,
determination ofest objective, and eventually the selection and application of appropriateghdesign
techniqus to achieve thogest objective. UTP organizes concepts provided for carrying out test analysis and
design activities into two parts: concepts for descrilbés) contexg, test objectivs, test requiremest and concepts

to specify test design activities.

8.3.1 Test Analysis

The test analysis concepts are means to argue and justify why certain testing activities have to be carried out as well

as how these testing activities with all required or helaftifacts are organized.

In order to grouprtifacts and information that are deemed necessary for certain testing activitiest thentext

concept (represented by the stereotypes«Context) is introduced. It offers the capability to bundhtifacts (e.g.,

any PackageableElement) in a shared scope (e.g., the Namespace), to hide information from other scopes and to
import elements from other scopes. This enables a high degree of orgamizatuisability of information.

In dynamic testingtest case are eventally produced by the test design activities in order to execute them. For
certain reasongest cass are often assembled and executed togetheteist ae{or test suite, which is a synonym
of atest set In UTP, atest seis represented by the stereotydeestSes which has the ability to assemble, import

and reusgest cass.

The definition of certain coverage criteria and/or objectivesttigatesting activities have to meet is essential for

50

UML Testing Profile 2 (UTP 2), 2.3



test planning. In UTP, the planning activities are supported by means of the céeseptsectivdimplemented by
the stereotypekestObjective), test requiremeniimplemented by the stereotypgestRequiremen), a
verification dependency among developmeantifacts andtest objective ortest requiremest(represented by the
stereotype werifies»). In order to stay as close as possible to the SysML definition of requileiBgsitiL], both
test objectiveandtest requiremestare designed &ktensios to the UML metaclasSlass Such a stereotyped
Classis capable of defining me properties solely, whereas most of the capabilities of the met&ilzssare
forbidden byconstraint such as owning Port§perations, Behaviors etc.. The stereotypeerifies» extends the
UML metaclass Dependency in order to behtdacally compatible with SysMISysML], too.

These concepts enable testers to adhere tekweln and stablished industrial testing standards such as ISTQB
[ISTOB] or ISO 291191S029119]when creating modddased test specifications. Wheréast objective are

intended to describe higher level goals the testing activities have to achieve in a certain context (e.g., coverage of all
high priority requirements at system level testing3t requiremestare intended to pinpoint a single and testable

aspect of th¢est item As suchtest objective describe often the test ending criteria for the testing activities in a

certain context (e.g., system level testing), g requiremestleverage the developmentte$t design input

definitions ortest case. Eventuallytest requiremestare realized biest casg, which is similar to the coverage of

test requiremest Test requirements contribute to the fulfilmentestt objective.

Bothtest objective andtest requiremestcan be used independently of each other or in joint manner or not at all.
This is contextually up to the respective testing methodology. UTP does not presctibe tighese concepts.

8.3.11 Test Context Overview

The stereotypesTkestContext and destSeb are defined in UTP. Both represent a container for dedicated
elements, thus, they aeatensios of the UML Package. As such they inherit the concept of nested Packages,
Package templates, owned and imported members as well as visibility. However, it is not prescribed that the
visibility concepts have to be respected by eogforming UTP tooling. The decision whether or not to utilize the
visibility and import mechanism of UML is up to the tool implementation. However, the derived associations of
«TestContext and destSet, however, are based on UML visibility and import.

nestedPackage * umetaclassy
0.1 Package
nestingPackage  /
wextendsy wextendsy

*

_ ustereotypen wstereotypen purpose
umetaclassn testType {concepts = test context} {concepts = test sef} [0..1 Iumefcc.\?ss»r
ValueSpecification TestContext TestSet - ValveSpecification
{Abstract} * * |purposeOf {Abstract}

testLevel ID : String [0..1] 1D : String [0..1] '

*| futilizedBy 0..1

* 1.*

/testCase | [testSetMember

ustereotypen
{concepts = test case,abstract test case,concrete test case}
TestCase

ID : String [0..1]
description : String [0..1]

Figure 8.2 - Test Context Overview

8.3.1.2 Test-specific Contents of Test Context

The UML profile specification for theest contextoncepts is shown in the following diagram. Most of the
relationships among the concepts of @@ceptual Modedre already covered by the underlying UML metamodel.

In order to allow users of the UTP an easy access to related elements, a set of derived associations is defined that
retrieves the desired element for a currently processed stereotype. As an exathplddsign decision, please see

the derived associations betwedregtCont&t» and destCase. In theConeptual Modelt is stated that gest
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contextrefers to a set dest case.

Since destContext extends the UML metaclass Package ahestCase extends a subclass of a

PackageableElement, there are several nativediven by the UML metamodel) possibilities on how to reflect the
conceptual 'refers to' relationship. First, a Package may contain PackageableElements; second, a Package may
import PackageableElement, either by using Elementimport (i.e., only that spedsrifient) or by Packagelmport

(i.e., all visible and accessible elements in the imported Package). The derived associations of the UTP stereotypes
follow the UML metamodel capabilities to collect all concrete PackageableElements stereotypékbatitage

that are either contained in or imported by theanlyihg «TestContext Package. The advantage is that the test
engireer does not have to implement or even know the details of the UML metamodel to retrieve the desired
elements.

umetaclassy
Package
wextendsy uextendsy
«sferebiype» N N c(s‘rere.owpen usterectypen
{concepts = test sety |~ /testSet {concepts = test context} . ftestlog * | {concepts = test log}
TestSet freferencedBy TestContext I gl Testlog
freferencedBy {Abstract)
0..1
fres1Configuro1iQn umetaclassn
15| [testSetMember | _ StructuredClassifier
x freferencedBy {Absfract}
«stereotypen B
{concepts = te ... * {utilizedBy * |
TestCase JtestCase ustereotypen
* freferencedBy + {concepts = arbitration s ...
/referencedBy * /arbitrationSpecification Arblhu?:g?ﬁae;g?callon
[referencedB [referencedB
[referencedBy v ¥ /referencedBy
*| HestObjective ,"reszequiremem‘ . /testDesignTechnique . /testDesignDirective . /testDesigninput
«sfsreéﬁype» usterectypen ‘ ustereotypen ustereotypen umetaclassy
{concepts = test ... {concepts = testre ...| | {concepts = test desi ... | |{concepts =TestD ... NamedElement
TestObjective TestRequirement TestDesignTechnique TestDesignDirective {Abstract)
{Abstract} {Absfract}

Figure 8.3 - Test-specific Contents of Test Context

8.3.1.3 Test Objective Overview
The following diagram shows the abstract syntax foitélseobjective concepts.
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umetaclassy «metaclassy
Class Dependency
wextendsy wextendsy wextendsy uextendsy
wstereotypen wstereotypen wtereotypen wstereotypen
{concepts = test objective}| |{concepts = test requirement} verifies TestObjectiveTrace
TestObjective TestRequirement
ID : String [0..1] | ID : String [0..1]
* references : String [*]

0..1 -
vspemf\cohon

*

i specification

wmetaclassy

ValueSpecification
{Abstract}

8.3.14

8.3.1.4.1 TestContext
Description

Extension
Attributes

Associations

Figure 8.4 - Test Objective Overview

Stereotype Specifications

TestContextA set of information that is prescriptive for testing activities which «
be organized and managed together for deriving or seldehgbjectivs, test
design technigue test design inpis and eventualliest case.

A test contexmay import the packaged elements of anotéstr contextn order to
access and reuse visible elements of thomtedtest contextThis is inherently
given by the native UML aacepts Packagelmport or Elementimport. Whether ol
not the visibility of elements contained inest contexts respected is up to the toc
implementation.

Since a &estContext is an extended Package, it is possible to decontpste
contexs into more finegrainedtest catexis. For example, gest contextlefined br
thetest levelSystem testing' might be decomposed in accordantteetest typs
that are addressed at thest level(e.g., functional system testing, security systen
testing etc.).

Package

ID : String [0..1]

An optional identifier to unambiguously distinguish between anytésbcontexs.
If it is set, it has to be unique for all the teshtsxts in the scope of the model.
ltestCase : TestCase [*]

Thetest cases that are accessible by the giVe@stContext. This feature is derivel
by the set of directly owned or via Elementimport or Packagelmport for importe
test cases.

testLevel : ValueSpecification [*]

The test levels that the testing activities within the giveasé«Context have to
cope with.
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Constraints

Change from UTP 1.2

testType : ValueSpecifi cation [*]

The test types that the testing activities within the givEestContext have to cope
with.
ltestSet : TestSet [*]

Refers to the test sets that are known by this test context. It is derived from bo
contained and imported Packages willestSetapplied.
/testObjective : TestObjective [*]

Refers to the test objectives that are known by this test context. It is derived fre
both contained and imported Classes witlestObjective» applied.
ltestRequirement : TestRequirement [*]

Refers to the test requirements that are known by this test context. It is derivec
both contained and imported Classes witlestRequirement» applied.
ltestConfiguration : Structur edClassifier [*]

Refers to the test configurations that are known by this test context. It is derive
from both contained and imported StructuredClassifier witstConfiguration»
applied.

ltestDesigninput : NamedElement [*]

Refers to the test design inputs that are known by this test context. It is deriver
both contained and imported NamedElements witbs¢Designinput» applied and
the NamedElements that are referenced blyradivn «TestDesignDirective» as
their test design input (i.e., referenced by the tag defini@stbesigninpyt The
latter part of the derivation algorithm is necessary, because the use of the
«TestDesigninput» stereotype is not mandatory, and somegiveesnot possible.

/testDesignDirective : TestDesignDirective [*]

Refers to the test design directives that are known by this test context. It is der
from both contained and importéastanceSpecifications with a concrete subclas
of «TestDesignDirective» applied.

ltestDesignTechnique : TestDesignTechnique [*]

Refers to the test design techniques that are known by this test contedérivésl
from both contained and imported InstanceSpecifications with a concrete subc
of «TestDesignTechnique» applied.

/arbitrationSpecification : ArbitrationSpecification [*]

Refers to tharbitration specifications that are known by this test context. It is
derived from both contained and imported BehavioredClassifiers with
«TestDesignTechnique» applied.

ltestLog : TestLog [*]

Refers to the test logs that are knowrtlis test context. It is derived from both
contained and imported InstanceSpecification with a concrete subclabssbf &g»
applied

Restriction of extendable metaclasses

«TestContext shall not be applied to instances of the wiats Profile.

Changed from UTP 1.2. In UTP 1.2 «TestContext» extended StructuredClassi

and BehavioredClassifier as well as incorporated the concepts TestSet,
TestExecutionSchedule and TestConfiguration into a single concept.
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8.3.1.4.2 TestObjective
Description

Extension
Attributes

Constraints

Change from UTP 1.2

TestObjective A desired effect that st caser test setntends to achieve.

The stereotypekestObjective extendsClass test objective enables tester to
define the test ending critarfor the testing activities in a certd@st contextA test
objectivecan be expressed with detail or very abstractly, dépgrah the
underlying methodology.

As pure test analysis concept, it is very likely tlest objective have to be
traceable to and from test environment tools, which first and foremost would b
management tools. Therefotest objective have the ability to specify a unique
identifier represented by the tag definition ID. However, the use of the explicit
identifier isoptional and simply enables the most primitive kind of traceability
within a test environment.

The specification of gest objectivei.e., the reason whyst case are created and
eventually executed, is expressed by means of the tag definition specification.

If a BMM profile (see[BMM]) is also loaded into a model containing the UTP 2.
profile, this stereotype may be considered as a BMM objective (i.e., merged wi
BMM obijective).

Class

ID : String [0..1]

A unique identifier that unambiguously identifies thetobjective
specification : ValueSpecification [0..1]

The specification of the test objective. It might be represented in both unstructi
and structured text or any other concrete-clags ofValueSpecification.
Restriction of extendable metaclasses

«TestObjective» shall only be applied to instances of the metaclass Class.

Changed from UTP 1.2. In UTR2, «TestObjective» was called
«TestObjectiveSpecification».

8.3.1.4.3 TestObjectiveTrace

Description

Extension
Constraints

Change from UTP 1.2

A test objective tracenables tester texpress relationships betwetst objective
and any element that is considered to contribute to the fulfillmehbsttest

objectives.

A test objective traces a means to establish traceability among the fulfilling
elements and the test objecttbey are bound to.

A test objective trace must only allow client elements that are stereotyped with
«Testjective». The types of supplier elements are not restricted, meaning, ai
suitable element that may contribute to the fulfilment of the «TestObjective» is
allowed as supplier element.

Dependency

Only «TestObjective» as client elements allowed

Client elements of the underlying extended metaclass Dependency have to be
stereotyped with «TestObjective».

«TestObjectiv@race> was newly introduced by UTP 2.3
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8.3.1.4.4

56

Description

Extension
Attributes

Associations

Constraints

Change from UTP 1.2

TestRequirement

TestRequirementA desired property ontast caser test setreferring to some
aspect of theest itemto be tested.

The stereotypekestRequirementextendsClass(for integration with the SysML
stereotype «ragrement»). Atest requiremergnables testers to decompasngle
and distinct testable aspects of tast itemprior to test design. As sh, it is part of
the test analysis facility of UTRest requiremestare deemed helpful for both the
derivation oftest casg, test procedureand in particulatest design input
definitions.test requiremestare said to be realized st design inpudefinitions,
test caser test procedure The default UML metaclass Realize is intended to be
utilized to express this relationship.

As a pure test analysis concepts very likely thattest requiremesthave to be
tracedle to and from test environment tools, first and foremost test manageme
tools. Thereforetest requiremesthave the ability to specify a unique identifier
represented by the tag definition ID. However, the use of the explicit identifier i
optional and simply enables the most primitive kind of traceabilithiwia test
environment.

The specification of gest requiremerti.e., the textuatlescriptionof a single
testable aspect oftast requiremenis expressed by means of the tag definition
specification. Although it is typed by the PrimitiveType String,tds requirement
might be specified by means of a more formal or structured language (e.g., usi
Test Purpose Language (TPLan) standardizedTtSiE

Additional references to external resources (e.g., relevant standards, guideline
documents, websites etc.) can be added via the tag definition references.

If SysML [SysML] is also loaded into a model containing the UTP 2.0 profile, tt
stereotype may be considered as. (imerged with) the SysML stereotype
«requirement».

Class

ID : String [0..1]

A unique identifier that unambiguously identifies thet requirement
references : String [*]

Includes any additional references that are deemed relevant for the definition ¢
test requirement (such as relevant standards, papers, or any other meaningful
artifact)

/realizedBYy : TestCase [*]

References thiest case that realize the givetest requirementThey are derived
from the set of UML Realizain dependencies that point to the base Class of thi
stereotype and stem from a BehavioredClassifier or Behavior stereotyped with
«TestCase.

specification : ValueSpecification [0..1]

The specification of the test requirement. It might be represented in both
unstructured and structured text or any other concretelasb of
ValueSpecification.

Restriction of extendable metaclasses

«TestRequirement» shall only be applied to instances of the lastddiass.
«TestRequirememnthas been newly introduced into UTP 2.
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8.3.1.45 TestSet
Description

Graphical syntax

Extension
Super Class
Attributes

Associations

TestSet A set oftest case that share some common purpose.

A test seassemblegest caseg either via ownership or import. Thasst case are
called the members of thiest setOwnership assembly is based on the ability of
UML Packages to nest any PackageableElement. Import assembly is based or
ability of UML Packages to import PackageableElements either directly or
indirectly by importing thé”ackagethat contains the PackageableElement to be
imported. Atest casés transitively arextensiorof PackageableElement, thus, the
import mechanisms given by UML can be reused to gtesipcase intest ses by
either assembly kind.

Visibility of test case within atest sets defined in accordance with the visibility ¢
NamedElement in Namespaces as definetdkL. Since the use of visibility is not
mandatory by UML, it is also not mandatory to utilize visibility in UTP. Howeve
visibility is desired, it must comply with the UML semantics.

A test setan have an arbitrary numbertebt execution schedwsléextends
Behavior) either by ownership or import, similar test casassembly. Aest
execution schedulmust only schedule the executiohtest case that are members
of the respectivéest sed. If atest sedoes not contain an expli¢ést execution
scheduleit is semantically equivalent to an implicitly owniegt execution
schedulghat schedules the execution oftalit case assembled by the currdast
setin an arbitrary order. If gest sefs supposed to be executed, the decision whit
test execution schedwhll be taken into account for schedulirgniot defined
UTP, since dest setmay have more than just otest execution schedutiefined. A
viable method is to esthe UML deployment specification to implement the desi
test execution sclaelefor eventual execution by axecuting entity

If a test seassembles anoth&st setthe assemblingest sehas access to all
visible test case assembled by the assemltiest setin addition, the assembling
testsethas access to all visibtest execution scheddl®f the assemblgést set
This enables the comgition and decomposition ¢ést ses and their respectivtest
execution scheduse

The purpose of test sefs set of a ValueSpecifications that can be shared with ¢
test sed. If atest sehas more than one purpose, the purposes are logically com
by AND (i.e., if atest sehas the two purposes 'Manual Testing' and 'Regressior
Testing' it should be read as follows "Tthet ses purpose is 'manual regression
testing").

Package
ArbitrationTarget
ID : String [0..1]

An optional identifier to unambiguously distinguish between anytésbses. If it
is set, it has to be unique for all ttest sed in the scope of the model.
purpose : ValueSpecification [*]

Denotes the purposes why the test set has been assembled.
ltestSetMember : TestCase [1..*]

Refers to the TestCases that are assembled, either via ownership or import, b
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given TestSet, and thus, are members of that TestSet. A TestCase can be am
of more than one TestSet.

testSetAS : TestSetArbitrationSpecification [0..1]
Constraints Restriction of extendable metaclass

«TestSet» shall not only be applied to instances of the metaclass Profile.
Change from UTP 1.2 «TestSeb has been newly introduced by UTP 2. It was part of the TestContext
UTP 1.2.

8.3.1.4.6 verifies
Description The stereotypeverifies» extends Dependency and is intended to express
relatiorships among elements that are supposed to be verified (e.g., a requirer
an interface operation, a use case, a user story, a single transition or state, an
forth) and elements that support the verification thereof (etgstabjectiveatest
requirementatest caseatest sex

A «verifies» Dependency as a means to establish traceability within-badled
model elements. It weakens tbenstraing applied on SysML «Verify» in a sense
that UTP «erifies> allows targeting elements different than SysML «requiremel
This limitation is too restrictive foUTP, in particular in setups where, for exampl
use cases are the elements to be verified.

Since the semantics of Dependencies with respect tarynm contrast to binary,
1.mary, or n:tary Dependencies are not precisely defined, UTP considers by
default no difference among all the different ways on heerikes» Dependencies
can be expressed between more than two elements.

If a SysML profile (se¢SysML]) is also loaded into a model containing the UTP
2.0 profile, this stereotype may be considered as the SysML «Verify» stereoty
(i.e. merged with the SysML «Verify» stereotype).

Extension Dependency

Change from UTP 1.2 «verifies» has beemewly introduced into UTP 2. In UTP 1.2 the «verify»
stereotype from SysML was recommended.

8.3.2 Test Design

The UTP 2 test design facility describes a language framework for the specificaiésh ddésign technigseand
their application to &est design inpuelement. This includes behavioddscriptiors (e.g., UML state machines), or
structural information (e.g., interface definition®st design technigseare usually assembled by so catlest
design directivavhich is responsible for establishing the associations between atsst désign technigseand the
test design inpuélement thoseest design technigseamust operate on. #st design directivenay also link the test
design outputs elements that have been generated or derived by the set otegigliesign technigseThis allows
for a more comprehensible test design phase and is the key to comprehensive traceabilitestrmbjegrtivetest
requiremert, test design technigsgtest design inpuand eventually test design output elements.

The UTP 2 test desidiacility only represents the very core of the language framework. Since the stereotypes of the
core framework are based on abstract stereotypes and mostly derived (aolyaadons) associations, it is

possible to concretize and extend the test ddsigjlity as required by using stereotype specialization@ngerty
subsetting. A builin concretization of the core framework was done by means of the generic test design capabilities
and the predefinetkst design techniggelt enables test engineers to immediately utilize the test design facility or
develop proprietaryest design directiveeandtest design technigseTailoring of the UTP test design facility can be
done at metalevel M1 (model level) and metaleM2 (metamodel level).

The different mechanissfor tailoring are:
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1 Tailoring through structural features: BothestDesignTechniguweand d estDesignDirective extend the
UML metaclass InstanceSpecification with implicit attributes predefined by the respective stereotypes. In
addition to these predefined attributes, user may add@uifttributes to these two elements by using the
genuine InstanceSpecificatidiassifier association. Since both stereotypes extend InstanceSpecification, it
is possible to classify these InstanceSpecifications with multiple Classifiers. For thisgugdd provides
the stereotypeskestDesignDirectiveStructes and destDesignTechgueStructure. As a result, the user
may add as many additional attributes as desired or requiredrestDesignDirective and
«TestDesignTechnigue

9 Tailoring through use of&enericTestDesignDirectiweand «enericTestDesignTechnigueBy means of
the predefined stereotypeSenericTestDesignTechnige@nd &enericTestDesignDireige», users can
build on proprietaryest demn directives andtest design technigseby simply providing dedicated names
to the underlying InstanceSpecification (i.e., the InstanceSpecification @éheticTestDesignDirective
or «GenericTestDesignTechniguapplied. In combination with thextensiorthrough structural features as
just described above, the use GfenericTestDesignTechnigu@and &GenericTestDesignDirective
provides a flexible and powerful mechanism to tailor the UTP test design facility fosjpseific purposes.
For example, an InstanceSpecification witfegtDesignTechnigweapplied and name set to 'PathCoverage’
is one way to provide the test engineer with a tesvdesign technigsehat represents path coverage.

91 Profile extension The third and most powerful tailoring to usgrecific needs comes along with profile
extension Similar to the provision of specialized stereotypes of the abstract stereotypes
«TestDesignTechnigweand d estDesignDirective as predefined concepts of the language itself, wsers
vendors may introduce proprietary stereotypes that specialize the abstract stereotypes provided by the test
design facility of UTP.

8.3.2.1 Test Design Facility
The following picture shows the abstract syntax of the very cateedf TP test design facility.

ustereotypen ustersotypen ustersotypen [ usterectypen
TestDirective TestDirectiveStructure TestTechniqueSiructure TesiTechnique

wstereotypen
{concepts = test design directive}
TestDesignDirectiveStructure

wstersotypen
{concepts = test design technique}
TestDesignTechniqueStructure
Hread-only, union, subsets subTestDirective} subDirective |

+ finstanceOf {redefines instance Of} .| finstanceOf {redefines instanceOf}
¥ 1 .
ustereotypen 1. ustereotypen
* |{concepts = Test Design Directive} | * 1.* {concepts = test design technique} .
TestDesignDirective . . . 1 TestDesignTechnique
{Abstract} /{read-only, union, subsets technique} capability {Abstract}

! o1 *| Hread-only, union, subsets subTestTechnique} subTechnique
ustereotypen
{concepts = test objective}
B

TestObjective

meet||p - Sting [0..1]

wmetaclassy
Element

| dataProvider {Abstract}

wsherectypen testDesignCutput {redefines output}
{concepts = data provider}

N urmnetaclassy
DataProvider

7 ValueSpecification
testDesigningEntity {Abstract}

urnetaclassy wstereotypen
LR NamedElement e {concepts = test design input}

{Abstract} TestDesigninput
testDesigninput {redefines input} uextendsy aninp

Figure 8.5 - Test Design Facility

8.3.2.2 Generic Test Design Capabilities
The generic test design capabilities of UTP 2 enable tester to immediately start off with spée#flydesign
directives and defining proprietary, usdefined or projeespecifictest design technigseif the predefinetest

design techniguedoes not suffice.
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+
[read-only, union, subsets subTestDirective} subDirective

usterectypen
* {concepts = Test Design Directive}
TestDesignDirective
{Abstract} - Hread-only, union, subsets subTestTechnique} subTechnique

. Hread-only, union, subsets technique} capability  1..%

{subsets subDirective} genericSubDirective !
ustereotypen

{concepts = test design technique}| «

{subsets capability} appliedTestDesignTechnigue 1..* TestDesignTechnique
gl {Abstract}

wsterectypen *

{concepts = test design direcﬁve]'
GenericlestDesignDirective

ustereotypen
{concepts = test design technique}
GenericTestDesignTechnique

Figure 8.6 - Generic Test Design Capabilities

8.3.2.3 Predefined high-level Test Design Techniques
The following diagram shows the predefined higheltest design technigeeThey belong to the so called
specificationbasedest design technigeeas categorized §i5029119}4.

ustereotypen
{concepts = test design technique}
TestDesignTechnique
{Abstract}

wstereotypen
{concepfts = test design technique}
DecisionTableTesting

wstereotypen
{concepts = test design technique}
CauseEffectAnalysis

ustereotypen
{concepts = test design technique}
ClassificationTreeMethod

ustereotypen
{concepts = test design technique}| |
UseCaseTesting

Figure 8.7 - Predefined high-level Test Design Techniques

8.3.2.4 Predefined data-related Test Design Techniques
The following diagram shows the predefirdatarelatedtest design technigseThey belong to the so called
specificationbasedest design technigseas categorized §15029119}4.
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wstereotypen

{concepts = test design technique}
EquivalenceClassPartitioning

nRepresentatives : UHIimiTedNoturul =1

wstereotypen
{concepts = test design technique}
TestDesignTechnique
{Abstract}

wstereotypen
{concepts = test design technique}
CombinatorialTesting

nCombination : Upl'\mifedNotural =*

ustereotypen

{concepts = test design technique}
BoundaryValueAnalysis

wstereotypen
{concepts = test design technique}
PairwiseTesting

nBoundaryRepresentatives : Integer = 1

nRepresentatives {redefines nRepresentatives} : UnlimitedNatural = 0

nCombination {redefines nCombination} : UnlimitedNatural = 2...

Figure 8.8 - Predefined data-related Test Design Techniques

8.3.2.5

Predefined state-transition-based Test Design Techniques

The following diagram shows the predefined staamsitionbasedest design techniggeThey belong to the so
called specificatiorbasedest design technigseas categorized 1502911914,

«stereotypen
{concepts = test design technique}
TestDesignTechnique
{Abstract}

i

«stereotypen
{concepts = test design technique}
StateTransitionTechnique

{Abstract}
«stereotypen «stereotypen «stereotypeyn
{concepts = test design technique} | |{concepts = test design technique}| |{concepts = test design technique}
StateCoverage TransitionCoverage NSwitchCoverage
1 1 [ switchStates : Integer = 0
* *
y toBeCovered \, toBeCovered
«metaclass» «metaclassy
State Transition

«stereotypen
{concepts = test design technique}
TransitionPairCoverage

switchStates {redefined switchStates} : Integer = 1

Figure 8.9 - Predefined state-transition-based Test Design Techniques
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8.3.2.6 Predefined experience-based Test Design Techniques
The following diagram shows the predefined experiefzzskdest design technigseas categorized by

[1ISO29119}4.

ustereotypen
{concepfts = test design technique}
TestDesignTechnique
{Abstract}

ustereotypen
{concepfts = test design technique}
ExperienceBasedTechnique
{Abstract}

wstereotypen
{concepfts = test design fechnique}
ExploratoryTesting

wstereotypen
{concepfts = test design technique}
ErrorGuessing

wstereotypen
{concepfts = test design technique}| |
ChecklistBasedTesting

Figure 8.10 - Predefined experience-based Test Design Techniques
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8.3.2.7 Stereotype Specifications

8.3.2.7.1 BoundaryValueAnalysis

Description

Extension
Super Class
Attributes

Change from UTP 1.2

According to[ISTQB]: Black box testing is gest design techniquie whichtest
casa are designed based on boundary values.

«BoundaryValueAnalysisis anextensim of «EquivalenceClassPartitioninghat
takes also values at the boundaries (left and right or upper and lower boundan
account. A boundary value is defined by ISTQB as "an input value or output v
which is on the edge of an equivalence partition dh@smallest incremental
distance on either side of an edge, for example the minimum and maximum ve
arange."

Since the boundary values already define representatives of an equivalence cl
the ordinary (i.e. nofboundary) representatives areiakly of less interest.

Therefore, the inheritepgropertynRepresatatives is redefined to obtain the defau
value 0. This ensures that no additional ordinary representatives of the equival
class are selected. However, it is still possible to specify that in addition to the
boundary values, ordinary representatioéthe corresponding equivalence class
will be selected by setting the value of nRepresentatives to a value greater tha

See[1SO29119}4 clause 5.2.BoundaryValueAnalysifor further information.
InstanceSpecification

EquivalenceClassPartitioning

nBoundaryRepresentatives . Integer [1] =1

Specifies the number of boundagpresentatives that have to be covered by the
resulting test cases. Default is 1.

nRepresentatives {redefines nRepresentatives}

UnlimitedNatural [1] =0

Redefines the number opresentatives to 0, in addition to the boundary values
meaning that by default only the boundary values will be selected.
«BoundaryValueAnalysis» has been newly introduced by UTP 2.

8.3.2.7.2 CauseEffectAnalysis

Description

Extension
Super Class
Change from UTP 1.2

According to[ISTOB]: A black boxtest design technigue whichtest casg are
designed from causeffect graphs.

See als¢lS0O29119}4, clause 5.2.7 Caudeffect Graphing for further information.
InstanceSpecification

TestDesignTechnique

«CauseEffectAnalysis» has been newly introduced by UTP 2.

8.3.2.7.3 ChecklistBasedTesting

Description

Extension
Super Class
Change from UTP 1.2

According to[ISTQB]: An experiencébasedest design techniquehereby the
experienced tester uses a highel list of items to be noted, checked, or
remembered, or a set of rules or criteria against which a product has to be veri
InstanceSpecification

ExperienceBasedTechnique

«ChecklistBasedTesting» has been newly introduced by UTP 2.
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8.3.2.7.4 ClassificationTreeMethod

Description

Extension
Super Class
Change from UTP 1.2

According to[ISTQB]: A black boxtest design technigue whichtest casg,
described by means of a classification tree, are designed to execute combinati
representatives afput and/or output domains. A classification tree is a tree
showing equivalence partitions hierarchically ordered, which are used to tkstig
case in the classification tree method.

See als§lSO29119}4, clause 5.2.2 Classification Tree Method for further
information.

InstanceSpecification

TestDesignTechnique

«ClassificationTreeMethod» has been newly introduced by UTP 2.

8.3.2.7.5 CombinatorialTesting

Description

Extension
Super Class
Sub Class
Attributes

Change from UTP 1.2

According to[ISTQB]: A means to identify a suitable s€i of test combinations t
achieve a predetermined level of coverage when testing an object with multiple
input parameters and where those parameters themselves each have several

The Property nCombinations specifies the number of how many pam@smetst be
combined with each other. The higher the number of combinations, the higher
number of derivedest case. By default, all combinations of input parameters wil
be covered, which is indicated by the asterisk (*). However, the value of the

Property nCombination has to be less than the number of the input parameter:

See[ISO29119}4 clause 5.2.5 Cobinatorial Test Design Techngiues for further
information.

InstanceSpecification

TestDesignTechnigue

PairwiseTesting

nCombination  : UnlimitedNatural [1] =*

The number of combinations of input parameters
«Combinatorial Testing» has been newly introduced by UTP 2.

8.3.2.7.6 DecisionTableTesting

Description

Extension
Super Class
Change from UTP 1.2

64

According to[ISTQB]: A black boxtest design technigtie whichtest casg are
designed to execute combinations of inputs and/or stimuli (causes) shown in a
dedsion table. A decision table is a table showing combinations of inputs and/c
stimuli (causes) with their associated outputs and/or actions (effects), which ce
used to desigtest case.

See alsglS0O29119}4, clause 5.2.6 Decisiorable Testing for further information
InstanceSpecification

TestDesignTechnique

«DecisionTableTesting» has been newly introduced by UTP 2.
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8.3.2.7.7 EquivalenceClassPartitioning

Description

Extension
Super Class
Sub Class
Attributes

Change from UTP 1.2

8.3.2.7.8 ErrorGuessing
Description

Extension
Super Class
Change from UTP 1.2

According to[ISTQB]: A black boxtest design technigue whichtest case are
designed to execute representatives from equivalence partitions. In priesiple
case are designed to cover each partition at least once.

Usually, the number of the representatives of each equivalence class that will |
used to derive thgest casgis set to 1 in order to keep the numbetest case as
low as possible. In certasituationsjt might be, for whatever reason, desired to
select more than just one representative per equivalence claggopkety
nRepresentatives enables the tester to set any number desired number of
representatives per equivalence class. By default, the value asls@eflecting the
usual application of thaest design techniglielf the value is set to unlimited (i.e.,
the asterisk (*)), all possible representatives of an equivalence class have to b
selected.

See[ISO29119}4 clause 5.2.1 Equivalence Partitioning for further information.
InstanceSpecification

TestDesignTechnigue

BoundaryValueAnalysis

nRepresentatives : UnlimitedNatural [1] =1

Indicates the desired number of minimal representatives that should be derive:
given equivalence class.

«EquivalenceClassPartitioning» has been newly introduced by UTP 2.

According to[ISTQB]: A test design techniquehere the experience of thester is
used to anticipate what defects might be present in the comporteat demas a
result ofErrors made and to design tests specificallgxpose them.

Seg[ISO29119}44 clause 5.£rror Guessing for further information.
InstanceSpecification

ExpeiienceBasedTechnigue

«ErrorGuessing» has been newly introduced by UTP 2.

8.3.2.7.9 ExperienceBasedTechnique

Description

Extension

Super Class

Sub Class

Change from UTP 1.2

According to[ISTQB]: A procedurdo derive and/or seletést case based the
testerds experience, knowledge and

Experienceebasedest design technigseare usually informal techniques
potentially supported by checklists Brror taxonomies.
InstanceSpecification

TestDesignTechnique
ChecklistBasedTestingrrorGuessingExploratoryTesting
«ExperienceBasedTechnique» has been newly introduced bp UTP

8.3.2.7.10 ExploratoryTesting

Description

Extension
Super Class
Change from UTP 1.2

According to[ISTQB]: An informaltest design technigughere the tester actively
controls the design of the tests as those tests are performed and uses informa
gained while testing to design new and better tests.

InstanceSpecification

ExperienceBasedTechnique

«ExploratoryTesting» has been newly introduced by UTP 2.
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8.3.2.7.11 GenericTestDesignDirective

Description

Extension
Super Class
Associations

Changdrom UTP 1.2

A predefinedest design directivthat is able to assemble at@gt design technique
available or known in a ceitacontext, including any usefefined
«GenericTestDesignTechmie». As such, the generiest design dirette makes no
assumptions about the capabilities of a test designing entity a priori.

Additional required information can be introduced by utilizingttst design
directivestructure concept.

InstanceSpecification

TestDesignDirective

{subsets capability} appliedTestDesignTechnique :
TestDesignTechnique [1..%]

Enables a generic test design directive to apply any known test design technig
the test design aefty.

{subsets subDirective} genericSubDirective :

TestDesignDirective [*]

Enables a generic test design directive to be potentially refined by any other ki
test design directive.
«GenericTestDesignDirective» has been newly introduced by UTP 2.

8.3.2.7.12 GenericTestDesignTechnique

Description

Extension
Super Class
Change from UTP 1.2

The predefined genertest design techniglis a semantidree test desigtechnique
that is intended to be used to specify proprietary test design techniques that at
part of the predefined UTP 2 test design facility. The name of the underlying
InstanceSpecification determines the name of the test design technique, boter
extended by structural information.

InstanceSpecification

TestDesignTechnigue

«GenericTestDesignTechnigue» has been newly introduced by UTP 2.

8.3.2.7.13 NSwitchCoverage

Description

Extension
Super Class
Sub Clas
Attributes

Change from UTP 1.2

66

According to[ISTQB]: A form of state transition testing in whithst case are
designed to execute all vakgquence of N+1 transitions.

N-Switch coverage was initially developed by [Chow], where n defines the nun
of switch states amongsgquenc®f consecutive transitions. The default is 0,
meaning that gest casenay only consist of a single transition. However, the
entirety of all transitions will be captured by the resultiest case.
InstanceSpecification

StateTransitionTechnique

TransitionPairCoverage

switchStates . Integer [1] =0

Specifies the number of switch states, and thus, implicitly the sequence of
transitions that will at least be covered by the resulting test cases.
«NSwitchCoverage» has been newly introduced by UTP 2.
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8.3.2.7.14 PairwiseTesting

Description

Extension
Super Class
Attributes

Change from UTP 1.2

8.3.2.7.15 StateCoverage
Description

Extension
Super Class
Associatons

Change from UTP 1.2

According to[ISTQB]: A black boxtest design technigue whichtest case are
designed to execute all possible discrete combinations of each pair of input
parameters.

«PairwiseTesting is a specializedGombinatorialTesting test design technigu
whosepropertynCombination is refined and set to the readly value 2, meaning,
that at least each pair of input parameters will be covered in the redeftirgpss.

See[1S029119}4 clause 5.2.5.4 Pawise Testing for further information.
InstanceSpecification

CombinatorialTesting

nCombination {redefines nCombination} : UnlimitedNatural
1] =2

The number of combinations for each input parameter is set to exactly 2 (i.e., ¢
combination of every pair of input parameters must at least be covered).
«PairwiseTesting» has been newly introducediby 2.

A coverage criterion for stateased testing that requires that test cases are desi
that execute a certain setstétes

If no State is referenced by theopertytoBeCovered, all States in the related stat
machine will e covered.

InstanceSpecification

StateTransitionTechnique

toBeCovered : State [*]

Refers to a set of States that will at least be covered by the test designer.
«StateCoverage» has been newly introduced by UTP 2.

8.3.2.7.16 StateTransitionTechnique

Description

Extension

Super Class
SubClass

Change from UTP 1.2

According to[ISTQB]: A black boxtest design technigtie whichtest casg are
designed to execute valid and invalid state transitions.

Test design directivethat assemble a concrete statmsition technique must refer
to at least one state machine agdtt design inputif more than one state machine
is referenced agst design inputhe concrete stateansition techniques are applie
to all state machines.

See alsglSO29119}4, clause 5.2.8 StafEransition Testing for further
information.

InstanceSpecification

TestDesignTechnique

NSwitchCoverageStateCoveragd ransitionCoverage
«StateTransitionTechnique» has been newlkpdiced by UTP 2.
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8.3.2.7.17 TestDesignDirective

Description

Extension
Super Class
Sub Class
Associations

68

TestDesignDirectiveA test design dirgtive is an instruction for a test designing
entity to derive tesrtifacts such agest sed, test cass, test configuratios, dataor
test execution scheddldy applyingest design technigeen atest design input
The set of assemblgdst designdchniqus are referred to as the capabilities a te:
designing entity must possess in order to carry outetftedesign directive
regardless whether it is carried out by a human tester or a test genetatdr. A
design directivés a means to support the achievementtetaobjective

The abstract stereotypd estDesignDirective extends InstanceSpecification and
brings all relevant information together that is requii@dautomatically or
manually derive tesdrtifacts from atest design inpufThe derivation process is
steered by the set tdst design techniggewhich the curreriest design directivse
refers to.

Eachtest design directiveas a basic set of structural elements, given by the tac
definitions of the &estDesignDirective stereotype. The fundamental and implici
structure can be extended by means of UML. SidastDesignDirective extends
InstanceSpecification, it is possible to add Classifiers to the underlying
InstanceSpecification which then define giddal structural information deemed
necessary in a specific context. This is the easiest and UML native mechanisn
tailor test design directivid specific needs.

Thetest design technigsdhat will be applied on thtest design inpudre captured
in the association end capabilities. This is a derived union, since it cannot be
foreseen whichest design technigseare required. Concrete subtypes have to
subset the derived union capabilities (see formgta
«GenericTestDesignDirectiw in order to enable certafast design techniqador
atest design directiveThosetest design techniggecan be combined with each
other by aest design directive

A test design directiveefers to a set of NamedElentems the input for the eventu
test design activities performed by a test designing entity. This input yields the
association endlestDesignlnputlt is not required that a referenced NamedElem:
has the stereotypél@stDesigninput applied. The assembléekt design technigse
by the givertest design directivare then applied on thest design inpuh order to
produce the test design out@utifacs.

A test dsign directivemay provide suldirectives by means of the association en
subDirective. Providing a subst design directivenables testers to refine the test
design activities for certain elements contained irteélsedesign inputAs an
example, this specification assunaeparentest design directiveefers to a
StateMachine as itgest design inpufThetest design directivalso assembles a set
of statetransition andlatarelatedtest design technigsehat will be applied to the
StateMachine by a test designing entity. This specification further assume that
StateMahine contains a submachine State (i.e., a reference of another StateM
that is considered to be copied to the location of the submachine State) which
referred to agest design inputy a sultest design directiveThis enables the
composition of different kinds dést design directivein order to meet differemgst
objectives.

InstanceSpecification

TestDirective

GenericTestDesignDirective

meet : TestObjective [*]

The test objectives that have to be fulfilled by putting the given test design dire
into effect.
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Change from UTP 1.2

Hread - only, union, subsets technique} capability :
TestDesignTechnique [1..*]

Refers to the set test design techniques that are assembled by the given test ¢
directive. The set is referred to as the capabilities a test designing entity (e.qg.,
generator in automated test design or human testeamual test design) has to
offer in order to be able to perform the test design activities imposed by the tes
design directive.

Hread - only, union, subsets subTestDirective}

subDirective : TestDesignDirective [*]

Refers to one or more test design directives that further refine the instructions
by the parent test design directive.
testDesignOutput {redefines output} : Element [*]

The outcome of the test design activities produced by the given test design
directives.
testDesigningEntity : ValueSpecification [*]

Identifies the test designing entity (e.g. a generator in automated tiggt dea
human tester in manual test design) that has produced (parts of) the test desic
output.

/instanceOf {redefines instanceOf} :

TestDesignDirectiveStructure [*]

Refers tahe testdesign directive structure of which the given test design directi
is an instance of. The test design directive structure is derived from all Classifi
with «TestDesignDirectiveStructure» applied that are referred as classifiers by
underlying InstaceSpecification.

testDesigninput {redefines input} : NamedElement [1..*]

Refers to the model elements that have to be incorporated by the test designe
generator in automated test design or a hutaster in manual test design) as inpl
to the derivation process.

dataProvider : DataProvider [*]

References the data providers that are supposed to deliver or produce the req
test data.
«TestDesignDirective» has been newly introduced by UTP 2.

8.3.2.7.18 TestDesignDirectiveStructure

Description

Extension
Super Class
Change from UTP 1.2

A TestDesignDirectiveStructuescribes usedefined or contexspecific
additional information that may augment any givestDesignDirectiveA
Classifier with d’estDesignDirectiveStructuseapplied might be of arbitrary
complexity. It enables the provision of information that are deemed relevant in
certain context but not required in a ditfat context.

Classifier

TestDirectveStructure

«TestDesignDirectiveStructure» has been newly introduced by UTP 2.
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8.3.2.7.19 TestDesignInput

Description

Extension
Change from UTP 1.2

TestDesignlnputAny piece of information that must has been used to derive
testingartifacts such asest cass, test configurationanddata

The stereotypekestDesigninput is an explicit, yet optional means to indicate th
the purpose of a given model element is to use it for test design activities (i.e.,
usually the derividon of test casg, testdata test configuratios etc.). The
application of this stereotype is declared as optional, because in general any k
model element might be used as input for the test design activities.
NamedElement

«TestDesigninput» has been newly introduced by UTP 2.

8.3.2.7.20 TestDesignTechnique

70

Description

Extension
Super Class
Sub Class

TestDesignTechnigue\ specification of a method used to derive or sdkesit
configuratiors, test case anddata test design techniggeare governed bytast
design directivend applied to gest design inputSuchtest design techniggecan
be monolithically appéd or in combination with otheest design technigeeEach
test design technigueas clear semaios with respect to theest design inpuand
theartifacs it derives from théest design input

The abstract stereotyp@estDesignTechniguweextends InstanceSpeciition and
integrategest design technigsewithtest design directivse Atest design technigue
is a concrete action, techniquepzocedureo derive test design output frontest
design inputA test design technigus basically independent of a dedicatest
design inpuelement, but can be reused across multgdédesign inputlements.
Sometest design techniggeonly make sense if a certd@st design inputlement
was selected (e.g., statansitiontest design techniggamake only sense if thest
design inpuelement is a StateMachine).

Eachtest design technigu®as a basic set of structural eletsegiven by the tag
definitions of the &estDesignTechnigwestereotype. The fundamental (and
implicit) structure can be extended by means of UML. Since
«TestDesignTechniguweextends InstanceSpecification, it is possible to add
Classifiers to the underlying InstanceSpecification which then define additiona
structural information deemecatcessary in a specific context. This is the easiest
UML native mechanism to taildest design techniggdo specific needs.

A test design techniqueay provide suitechniques by means of the association
subTechnique. Providing a stast design techniguenables testers to refine theest
design technigueefor certain elements contained in thst design inpuand also to
enrich existing (potentially prdefined)test design technigsen a certain context.
InstanceSpecification

TestTechnique
CauseEffectAnalysjClassificationTreeMethqdCombinatorialTesting
DecisionTableTestindequivalenceClassPartitioningxperienceBasedTechnique
GenericTestDesignTechnigugtate TransitionTechniquélseCaseTesting

Hread - only, union, subsets subTestTechn ique}
subTechnique : TestDesignTechnique [*]

Refers to one or more test design techniques that may further refine the paren
design technique.
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Change from UTP 1.2

f/instanceOf {redefines instanceOf} :
TestDesignTechniqueStructure [*]

Refers to additional structural information of the given test design technique. T
test design technique structures are derived from all Classifiers with
«TestDsignTechniqueStructure» applied that are referred to as classifiers by t
underlying InstanceSpecification.

«TestDesignTechnique» has been newly introduced by UTP 2.

8.3.2.7.21 TestDesignTechniqueStructure

Description

Extension
Super Class
Change from UTP 1.2

A test design techniqustructure describes usdefined or contexspecific
additional information that may augment any gitest design techniqué
Classifier with &estDesignTechnigueStructwrapplied might be of arbitrary
complexity. It enables the provision of information that is deemed relevant in a
certain context butot required in a different context.

Classifier

TestTechnigueStructure

«TestDesignTechniqueStructure» has been newly introduced by UTP 2.

8.3.2.7.22 TransitionCoverage

Description

Extension
Super Clas
Associations

Change from UTP 1.2

A coverage criterion for stafeased testing that requires thedt cases are designe
that execute a certain set of transitions.

If no Transition is referenced by tipeopertytoBeCovered, all States in the relatec
state machine will be covered.

InstanceSpecification

StateTransitionTechnique

toBeCovered : Transition [*]

Refers to a set of Transitions that will at least be covered by the test designer.
«TransitionCoverage» has been newly introduced by UTP 2.

8.3.2.7.23 TransitionPairCoverage

Description

Extension
Super Class
Attributes

Change from UTP 1.2

The «ransitionPairCoverageest design techqueis a specific (and often used)
«NSwitchGverage test design technigubat redefines the Property itghStates
to the reaebnly value 1. That means that the resultiest case should at least
cover allsequence of any two consecutiverdnsitions.

The semantics of transition pair coverage ar8vitch coverage with nSwitches s
to 1 is semantically equivalent.

InstanceSpecification

NSwitchCoverage

switchStates {redefined switchStates} . Integer [1] =1

Restricts the number of switch states to exactly oregningthat every pair of
subsequent Transitions will at least be covered.
«TransitionPairCoverage» has been newly introduced by UTP 2.
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8.3.2.7.24 UseCaseTesting
Description According to[ISTQB]: A black boxtest design technigue whichtest case are
designed to execute scenarios of use cases.

See alsglSO29119}4, clause 5.2.9 Scenario Testing for further information.
Extension InstanceSpecification
Super Class TestDesignTechnigue
Change from UTP 1.2 «UseCaseTesting» has been newly introduced by UTP 2.

8.4 Test Architecture

Test architecture concepts specify structural aspects of a test environment, inchedicgiguration necessary
to eventually executest case against théest itenfs). The test environment comprises everything ithaecessary
to executdest case (e.g.test componest hardware, simulators, test execution tools etc.)td@$teconfiguration
describes how those parts of the test environment and represesitedmponest are connected with tlest item

Building a reliabletest configuratioris required for anyest casgbecause it determines ttesst itenfs) and how the
test environment (in UTP representedtbst conponens) interfaces to theest itengs).

Test architecturare mainly expressed by means of UML class and composite structure diagrams. In contrast to
UTP 1.2, bothltest componestandtest itens can be representeither as a standalone type or as a role that a certain
type may assume in a speciféstconfiguration However, UTP does not prescribe which option to use for
describing test architecture and both have advantages and disadvantages.

The test architecture concepts consist of
9 test configurationimplemented by the stereotyp€&estConfiguration

9 test configuratiomole, implemented by the abstract stereotypestConfigurationRobe as a superclass for
any known (even future) roletast configuratioomay assume

1 role configuration, implemented by the abstrstereotype RoleConfiguration as superclass for
configurations of concrete roles

1 test componenimplemented by the stereoy/pTestComponemstthat specializeskestConfigurationRobe

9 test component configuratipimplemented by the stereotyp&estComponentConfiguratierthat
specializes RoleConfiguration

9 testitem implemented by the stereotyp€estlten» that specializeskestConfigurationRoke

1 testitem configurationmplemented by the stereotyp€estitemConfiguratios that specializes
«RoleConfiguration

8.4.1 Test Architecture Overview
The diagram below showbké abstract syntax tifie test architecture concepts.
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wmetaclassy «metaclassy

StructuredClassifier Classifier umetaclassy umetaclassy
{Abstract) {Absfract} Property Constraint
wextendsy
wextendsy uextends» wextendsy

wstereotypen

{concepts = test configuration} wstereotypen stereotypen

« |{concepts = test configuration}| 1.* * {concepts = test configuration}

i role {ready-only, union N .
TestConfiguration g TestConfigurationRole ! { y v N ! N RoleConfiguration
ID: Sting [0..1] fpart {Abstract} [roleConfiguration {read-cnly, union} {Abstract)
wstereotypen ((stere61ypezl usterectypen wstereotypen
{concepts = fest component} {concepts = test item} {concepts = test item configuration}| | {concepts = test component configuration}
TestComponent Testitem TestitemConfiguration TestComponentConfiguration
1.* 1.* *|feonfiguration {subsets roleConfigurationy
/testComponent {subsets role} /testitem {subsets role}

Jeonfiguration {subsets roleConfiguration}

Figure 8.11 - Test Architecture Overview

8.4.2 Stereotype Specifications

8421 RoleConfiguration
Description The abstract stereotyp®&eleConfiguration extends the metaclass Constraint an
is used to specify the configurationtekt configuréion role within a certairtest
configuration

There are at least two ways a role configuration can be associatedt@sth a

corfigurationrole, both stemming from the underlying UML Constraints

metamodel:

i Classifieroriented: A Constraint with a concrete substereotype of
«RoleConfiguration applied is contained by a Classifier as its context v
a concrete substereotype dfestConfigurationRobe applied, or it refers tc
a set of such Classifiers by nmsaof the metassociation
constrainedElement

i Propertyoriented: A Constraint with a concrete substereotype of
«RoleConfiguration applied refers to one or more Properties with
«TestConfigurationRobe applied by means of the metasociation
constrainedElement

The Classifieroriented way has the advantage that all partesifconfiguratios
which are typed by a Classifier with a concrete substereotype of
«TestConfigurationRole applied, must abide by tlvenfigurations defined for that
Classifier. On the downside, this might prevent reuse, because it is not possibl
get rid of configurations (similar to the handling of Constraints in UML) express
on Classifier level.

The Propertyoriented way has the advantage that it enables the dedicated
configuration of singléest componenbles within atest configuration

Extension Constraint
Sub Class TestCompoantConfigurationTestltemConfiguration
Associations Irole {ready - only, union} : TestConfigurationRole [1..*]

Refers to the set of at least one test configuration roles.
Change from UTP 1.2 «RoleConfiguration is newly introduced in UTP 2.
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8.4.2.2 TestComponent

Description

Extension
Super Class
Sub Class
Associations

Change from UTP 1.2

TestComponentA role of anartifactwithin atest configuratiorthat is required to
perform atest case

The stereotypekestComponest specializes kestConfigurationRobe and declares
that a certain element (i.e., either a ClassifieProperty) is responsible for driving
the execution of gest caseTheuse of the stereotypdestComponemton
Classifier is optioniabut, if it is used, all Properties of that type must also have
«TestComponemtapplied, if they are used int@st configuration

Classifier, Property

TestConfigurationRole

DataProvider

/configuration {subsets roleConfiguration} :

TestComponentConfiguration [*]

Refers to the configurations that are defined for this «TestComponent». This s
configurations is derived from all Conaints with «TestComponentConfiguration:
applied that are either owned rules (in case of «TestComponent» is applied on
Classifier) of the «TestComponent» or inversely referring to the «TestCompon
(in case of «TestComponentConfiguration» is applie€anstraint without having
acontext butusingConstraint.constrainedElemett refer to the
«TestComponenty).

Changed from UTP 1.2. In UTP 1.2TestComponemtonly extended Class.

8.4.2.3 TestComponentConfiguration

Description

Extension
Super Class
Associations

Constraints

Change from UTP 1.2

74

TestComponentConfiguratio& set of cafiguration options offered by aartifact
in the role of gest componenthosen to meet the requirements of a partidelstr

configuration

The stereotypekestComponentConfiguratiorspecializeshe abstract stereotype
«RoleConfiguration. The evental set of configurations for a NamedElement wit
«TestComponemstapplied is derived from the union of &kt component
configuratiors declared for that NamedElement (i.e., eitheCtassifier or

Property level).

Constraint

RoleConfiguration

/testComponent {subsets r ole} : TestComponent [1..*]

Refers to the set of at least one test components that are configured by the giv
component configuration. The resulting set is derived from both the Classifier
stereotyped with «TestComponent» that is the context of the underlying Const
and alltest components regardless of whether Classifier or Property that are
referenced by the underlyir@@onstraint.constrainedElement

Ownership of «TestComponentConfiguration»

Each «TestCmponentConfiguration» shall refer to at least one «TestComponel
i.e., there is no «TestComponentConfiguration» that exists without referring to
«TestComponent».

«TestComponentConfiguratierhas been mely introduced into UTP 2.
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8.4.2.4 TestConfiguration

Description

Extension
Attributes

Associations

Constraints

Change from UTP 1.2

TestConfigurationA specification of the test item and test components as well i
their interconnection and configuration data.

The stereotypekestConfiguration extendsStructuredClassifier which

effectively extends a variety of UML metaclasses such as Class, Collaboration
Component, etc. Thiest configuratiorthen refers to the composite structure of tt
underlyingStructuredClassifier. Everytest configuratiormust have at least one
member stereotypediestitem» which is connected to at least one member
stereotyped with kestComponemt

Thetest configuratios of any two distinctest proceduiethat are intended to be
executed together, as part of a potentially thést procedureand must have a
compatibletest configurationCompatibility oftest configuratios is partially
defined by UML and the substitutigorinciple of Liskov, but also by means of the
idea of EncapsulatedClassifiers. The attempt to invekeproceduretogether will
most likely fail due to technical incompatibility.

Test cases dest proceduriemay come along with their owtest configuratios
expressed by means of their respective composite structures. In that case, the
application of the kestConfiguration stereotype will be done in addition to
«TestCase or «TestProceduse In case of sharddst configuratios it is
recommended, though not required, to facilitate the UML concept of a
«TestConfiguration stereotyped Collaboration. Collaborations are meant to be
reused by otheBtructuredClassifiers, including Behaviors, by means of
CollaborationUse and role bindings. Inheritance and redefinition, as defined by
UML, are additional means to express shared and reussbleonfiguratios, as
well.

StructuredClassifier

ID : String [0..1]

A unique identifier that unambiguously identifies the gitest configuation
/part : TestConfigurationRole [*]

Refers to the test configuration parts that are involved in this test configuration
They are derived from all members of the underh@gicturedClassifier that has
subclass of the abstract stereotype «TestConfigurationRole» applied.

Minimal test configuration

A StructuredClassifier with «TestConfiguration» applied must at leasifppae
part having «Testltem» applied.

«TestConfiguration has been newly introduced into UTHt2vas conceptually
represented by the composite structure of a «TestContext» in UTP 1.2.

8.4.2.5 TestConfigurationRole

Description

Extension

The abstract stereotypd estConfigurationRobe extends both Classifier and
Property.

The advantage of assigning the role to a certain part assumgsstrcanfiguration
that the very same Type of this part (i.e., Class or Component) can be reused
differenttest configuratiorwith different roles. This entails that the application of
concrete subclass offestConfigurationRobe on a Classifier is not required at all
and limits reusability of this Classifier. If a concrete substereotype of
«TestConfigurationRole is applied on a Classifier, any part dkat configuration
must have the very same concrete substereaipplied.

Classifier, Property
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Sub Class TestComponenfTestltem
Associations /roleConfiguration {read - only, union} :
RoleConfiguration [*]

Refers to the role configuration that is defined for this test configuration role.
Change from UTP 1.2 «TestConfigurationRobe is newly introduced in UTP 2.

8.4.2.6 Testltem
Description Testltem A role of anartifactthat is the object of testing withintest configuration

The stereotypekestiten» always indicates that a certairtifact(i.e., either applied
on Classifier or Property) specifies (parts of) the system under test. The use of
stereotype Xestlten» on a Classifier is optional, but if it is used, all Properties o
that type within gest configurationmust also havekestlten» applied, if they are

used in gest configuration

Extension Classifier, Property
Super Class TestConfigurationRole
Associations /configuratio n {subsets roleConfiguration} :

TestltemConfiguration [*]

Refers to the configurations that are defined for this test item. This set of
configurations is derived from all Constraints with «Testltem@umétion» applied
that are either owned rules of the «Testltem» (in case of «Testltem» is applied
Classifier) or that refer to the given test item using the underlying Constraint's
constrainedElemergttribute.

Change from UTP 1.2 «Testltem» has been newly introduced into UTP 2 and supersedes the «SUT»
staeotype in UTP 1.

8.4.2.7 TestltemConfiguration
Description TestltemConfigurationA set of configuration ojins offered by amrtifactin the
role of atest itemchosen to meet the requirements of a partidelsirconfiguration

The stereotypekestlitemConfiguratiom specializes the abstract stereotype
«RoleConfiguration. The eventual set of configurations for a NamedElement w
«Testltem» applied is derived from the union of &kt item configurationdeclared
for that NamedElement (i.e., either Gtassifier or Property level).

Extension Constraint
Super Class RoleCafiguration
Associations ltestltem {subsets role} : Testitem [1..*]

Refers to the set of at least one test items that are configured by the given
configuration. The resulting setderived from both the Classifier stereotyped wit
«Testltem» that is the context of the underlying Constraint and all «Testltem>»
elements, regardlesghether Classifier or Property, that are referenced by the
underlyingConstraint.constrainedElement

Constraints Ownership of «TestltemConfiguration»
Each «TestltemConfiguration» shall refer to at least one «Testltem», i.e., there
«TestltemConfiguration» that existsthout referring to a «Testltem».

Change from UTP 1.2 «TestltemConfigurabn» has been newly introduced into UTP 2.

8.5 Test Behavior

Test behavior is a collective term for concepts that can be executed as padtafedr test case
Since the behavioral descriptions of UML are orthogonal to each other to a certain extent, UTP introduces a set of
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test executiorelevant stereotypes independently of the underlying UML Behaviors or its constituting parts.
Integration with these Behavioisdone via partially multiplextensios.

The concepts for test behaviors are sepaiatedhe following blocks:
1 Concepts for tesspecificprocedurs (see sectiomestspecific Procedurgs
1 Concepts forprocedural elemerfsee sectioProcedural Elemenks
1 Concepts for tesspecific actions (sesectionTestspecific Action3

8.5.1 Test-specific Procedures

The fundamental executable concept in UTPpsogedure Any UML Behavior without «TestCase,
«TestExecutionScheduteor «TestProceduseapplied is considered apecedureA procedurecomprises
procedural elemestregardless whether the building blocks are calfestactionFragments (if theproceduras
realized adnteraction) or Action (if theproceduras realized as Activity). For example, theocedural element
loopis represented by the stereotyp@ep» and denotes a repeated execution of procedural elements that are
contaned in that loop. koop» extends the UML metaclasses Combimadiment (integrating witinteraction s)
and the StructuredActivityNodeop (integrating with Activities). Furthermore, it adds some-sgsicific
information such as the ability to providebitration specificatiosy when thdoopis part of atest procedure

Testspecificprocedurs areprocedurs that deliver aerdict(i.e., they can, or must in the case ¢ést casegbe

arbitrated (see section Arbitration Specifications for further information about arbitration). This includes that its
constituting procedural elements ambitrated as well and provide their respective verdict to a test case arbitration
specification, which potentially provides its test case verdict to a test set arbitration specification. UTP defines three
different testspecificprocedurs for:

1 test procedureaepresented by the stereotypeestProcedurse
1 test casgrepresented by the stereotypeestCase
9 test execution schedyleepresented by the stereotypeestExecutionSchedule

A test procedures a reusable behavior that compripescedural elemestand runs on gst configurationA test
caseinvokes one or morest procedureand assigns either of these roles: setup, main or teardown to the invoked
test procedureA test execution schedutepresents the invocation order dkat sestest cass.

The allowed invocation scheme for tagtecificprocedurs is as follows:

I Test execution scheduteust only invoke othetiest execution schedldest case orprocedurs. The
invocation oftest proceduieby atest execution scheduitenot allowed

9 Test casenust only invokeest proceduiorprocedurs, butmust invoke at least oriest proceduras its
mainpart. The invocation akst case ortest execution schedwsés not allowed

9 Test procedurenust only invoke othetest procedureorprocedurs. The invocation ofest case ortest
execution scheduseis not allowed.

Thetest configuratiorof the invokingtest caeor test procedurenust be comatible with thetest configuratiorof
the invokedest procedurdn the case of containgést configuratioa and inheritance thereof, compatibility is
given by the substitution jorciple of Liskov. In the case of sharegbt configuratios based on Collaboration,
compatibility is defined by UML.

8.51.1 Test Case Overview
The following diagram shows the abstract syntax of thesgstificprocedurs.
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«metaclassy wmetaclassy
BehavioredClassifier Behavior
{Abstract} {Abstract}

A

wextendsy wextendsy uextendsn wextendsn

ustereotypen ustereotypen ustereotypen
{concepts = test case,abstract test case,concrete test case}| {concepts = test execution schedule} |{concepts = test procedure}
TestCase TestExecutionSchedule TestProcedure
ID : String [0..1] ID : String [0..1]
description : String [0..1]

8.5.1.2

*|[realizedBy

N
[realizes

ustereotypen
{concepts = test requirement}
TestRequirement

8.5.1.2.1 TestProcedure

78

Description

Extension
Constraints

Figure 8.12 - Test Case Overview

Stereotype Specifications

TestProcedureA procedurghat constrains the execution order of a numbeesif
actiors.

A test procedures a reusable Behavior that constigitBe building blocks for other
test proceduikortest case. Atest procedureonsists oprocedural elemestin
particulartest actios.

A test procedurenust always run oni@st configuratiorgi.e., its constituting
procedural elemestare either executed bytest compoantor atest iten). Since
«TestProceduseextends Behavior (as such both StructuredClassifier as well as
BehavioredClassifier), gest procedurenay provide its own dedicateest
corfigurationdefined by its composite structures. In that case, compatibility witl
thetest configuratiorof any invoking tesspecificprocedurd(i.e., test procedurer
test casemust be ensured.

A test procedurenust only invoke othetiest proceduiorprocedurs and must
only be invoked by othdest procedureortest case. If invoked by dest casea
test procedurenay assume either of these roles: main, setup or teardowtesif a
procedurdnvokes anothetest procedurby means of Rrocedurelnvocationthe
attribute role of #rocedurelnvocationmust not be set. fest procedurés not
allowed to determine the role of othest proceduis because this role can only b
determined byest case. Implicitly, anytest procedurassigns their current role
assigned by the invokinigst caséo any othetest proceduréhey invoke. This
transitive assignment will be recursively continued until no niegeprocedureare
available. This recursion ensures consistency for the invaksigcase

Behavior

Test procedure operates on test configuration

A TestProcedure must always run ofpatentially implicit) TestConfiguration
comprising at least one instance of a TestComponent connected to a Testltem
Allowed invocation scheme

A TestProcedure must only invoke other TestProcedures or procedures.
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Use of «Procedurelnvocation»

A TestProcedure must not make use of the role attribute of «Procedurelnvocal
when used as ProceduralElement of the given TestProcedure.
Test case invokes one mairocedure

DRTPO4 It is necessary thatachtest casénvokesat least ongest proceduras a
main procedure invocation
Procedure sequentializes proceduratrelpt

DRTPO?2 It is necessary thatachprocedurerescribes the execution order aif
least ongorocedural element
Test procedure sequencializes test action

DRTPO3 It is necessary thatachtest procedurerescribes the executiamder ofat
least ondest action

Change from UTP 1.2 «TestProcedure» has been newly introduced by UTP 2.

8.5.1.2.2 TestCase

Description

TestCaseA proceduréghat includes a set of preconditions, inputs and expected results,
developed to drive the arination of dest itemwith respect to somiest objectivs.

«TestCase extends botlBehavioredClassifierandBehavior. According to the conceptual
model, atest casenust provide different functionality like defining pfgostconditios, being
executable etc., and the UML allows differ@rays for implementing theest caseoncept. In
general, dest casean be either defined as a standalBebavior stereotyped with
«TestCase or as a compound construct consisting offastCase BehavioredClassifier,
and a destCas» Behavior set as the classifierBehavior of theestCase
BehavioredClassifier In the secondilternative both theBehavioredClassifierand its
classifierBehavior are semantically treated as a single concept.

A testcasedescribes the interplay of thest itemwith its controllel environment, the so
called test environment, consistingte$t componest Atest casdas to operate ontast
configuration The composite structure of a StructuredClassifier withs¢Configuration
applied determines the different roles the composite strucissesne for thatst caseTest
cases may define their owest configuratios as part otheir dedicated composite structure
(e.g. in case the stereotypéestCase is applied on an instance of StructuredClassifier>, ¢
may operate on a share@lestConfiguration StructuredClassifier such as a Collaboration.
a «TestCase Behavior invokes a &estProceduseBehavior, the invokedest procedurbas
to operate on the same or a compatibte configuration

The pre andpostconditios of atest casare always declared by tBehavior with
«TestCase applied by means of the underlying UML capability that é2ehavior may
contan a number of Constraints as pamdpostconditios. Atest casenust be
parameterizable. This feature is also determined bdhavior with «TestCase applied.
Again, the mderlying capability of a UMLBehavior is reused by UTP.

A test casenay only invokeest proceduigas main, setup or teardown part or ordinary
procedurs. Atest casenust invoke at least ortest proceduras its main part. This can be
either done explicitly using the stereotygerecedurelnvocationor by using the underlying
native UML elements foBehavior invocation (e.g., CallBehdorAction, InteractionUse,
BehaviorExecutionSpecification etc.) If a native UNMEhavior invocation element is used
and refers to 8ehavior with «TestProceduseapplied, it is semanticallgquivalent with
explicitly applying the stereotypeéP&oceduratvocatior» on the UMLBehavior invocation
element and setting the tagged value of role to main.phogedural elemertihat is directly
contained irBehavior with «TestCase applied is considered semantically equivalent to a
explicit Behavior with «TestProceduseapplied that contains thpeocedural elemerand the
use of €rocedurelnvocationwithin the destCase instead of th@rocedural elemest This
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ensures flexibility and guarantees simplicity whenirde§ test case.

The semantics of the default arbitration specificatiba test case is defined by
«TestCaseArbitrationSpecification». The default arbitration specification is always activ
unless an explicit «TestCaseArbitrationSpecification» is bound to the «TestCase».

Graphical
syntax V
+ X
Extension Behavior, BehavioredClassifier
Super Class ArbitrationTamget
] ID : String [0..1]
Attributes

A unique identifier to unambiguously distinguish between anytégbcase. This is mainly
intended to interface easier with management taadh as test management tools.

description : String [0..1]

Usually, a narrative description of the givest case

Irealizes : TestRequirement [*]

Thetest requirements that are realized by the given test case.

They are derived from the set of UML Realization dependencies that point from the bas
BehavioredClassifier to UML Classes stereotyped BgstRequirememt

testCaseAS : TestCaseArbitrationSpecification [0..1]

Refers to the explicit static test case arbitration specification that overrides the implicit ¢
test case arbitration specification.

Constraints

Each test case returns a verdict statement

Any Behavior stereotyped a3 estCase returns a Valug&cification typed byerdictafter
arbitration had happened.

Use ofBehavioredClassifier

If «TestCase» is applied to a BehavioredClassifier that is not an instance of the metacle
Behavior, the 'classifierBehavior' of that BehavioredClassifier shall be Behavior with
«TestCase» applied.

Allowed invocation scheme

A TestCasenust only invokeTestProcedurer procedurs, but not othef estCass or
TestExecutionSchedule

Owned UseCases not allowed

A BehavioredClassifier or Behavior wittTestCase» applied must not own UseCases witf
«TestCase» applied.

Nested Classifier not allowed

80
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A Behavior with «TestCase» applied must not nest any other Behavior that has «TestC
applied.

Changdrom
UTP 1.2

Changed from UTP 1.2. «TestCase» extended Behavior and Operation in UTP 1.2.

8.5.1.2.3 TestExecutionSchedule

Description

TestExecutionSchedul@ procedureghat constrains the execution order of a numbeesif
case.

A test execution scheduile aBehavior with «TestExecutionSchedueapplied that schedules
the execution order of a numberTdstCass.

A test execution scheduéan be either defined standalone or related to one or tesireet. If
atest execution scheduierelated tatest setthetest execution scheduie only allowed to
schedule the execution tEfst case that belong to its relatedst setThis holds true, even if
manytest set share the santest execution schedulelowever, it is possible, due to the
semantics oBehavior, to specialize, invoke or reda@test execution schedwleThis enables
the mmposition and decomposition w@fst execution schedwslewhich, in turn, fosters
reusability. A standalongst execution s@dulehas the same semantics like definirtgst set
that owns theest execution scheduémd assembles all thest case scheduled for execution
by the standalontest execution schedulStandalon¢est execution schedslenay specialize
or invoke nonstandalongest execution schedsleHowever, the semantics of the standalo
test execution schedutemains the same.

A test execution schedumeay produce gest set verdigtcalculated by an implicit or exipit
arbitration specificatiofior thattest execution schedul&he semantics of the default arbitratio
specification of a test execution schedule is defined by «TestSetArbitrationSpecification»
default arbitration specification is always active, unless an explicit
«TestSetArbitrationSpecification» is bound to #TestExecutionSchedule

A test execution scheduteay invoke othetest execution scheddldest case or auxiliary
procedurs (e.g., to retrieve required tekdttg, however, dest execution scheduite not
allowed to invoke dest procedurdirectly (see Rrocedurelnvocationfor further information
on the allowed invocation schemes). InvocatioBelaviors relies on the underlying UML
concepts for invokin@ehaviors. Theg are for Activities and StateMachines
CallBehaviorAction, StartObjectBehaviorAction and StartClassifierBehaviorAction, and fo
Interactions InteractionUse. If such an invocation element is stereotyped with
«Procedurelnvocation and part of aTestExecutionSchedudBehavior, e.g., such as an
Activity, the following Behaviors can be invoked:

1 Behaviors with «TestExecutionSchedueapplied: Useful for decomposing and
reusingtest execution schedulelf the user assigns a ProcedurePhaseKind to the
invoked destExecutionSchedueit will not have an effect.

1 Behavia's with «TestCase applied: Useful for decomposing and reudiest cass. If
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the user assigns a ProcedurePhaseKind to the invalesiGase, it will not have an
effect.

1 Behaviors without < estExecutionSchedule «TestCase or «TestProceduse
applied: Such a Behavior invoked by Rrecedurelnvocationis considered as
auxiliary Behavior required to prepare the execution of succeeding
«TestExecutionSchedide, and thus, kestCase. The user may mark the invoked
Behavior as setup or teardown activity by means of the role attribute.

In the last case, a role might be assigned to an invBkbdvior. This role is either of setup or

teardown. If the role main is assigned, it will not have aectfBehaviors executed as setup (¢

teardownBehaviors will not be arbitrated by a corresponding arbitration specification. The

meaning of the ProcedurePhaseKind in the context tdstrexecution schedudge as follows:

i Setup: A means to declare that the execBigthvior is responsible to prepare the
execution of succeeding arbitratiedtcases contained in thaest execution schedule
UTP does not prescribehich verdictwill be assigned in case something goes wron
while executing the setup phase of an arbitrégstlexecution schedule

Teardown: A means to declare that the execBtdtavior is responsible to cleamp after the
arbitratedtest case of thistest execution scheduteve been executed. UTP does not prescr
which verdictwill be assigned in case something goes wrong while executing the teardow
phase.

Extension Behavior

Super Class | ArbitrationTarget
] ID : String [0..1]

Attributes

A unique identifier to unambiguously distinguish between anytesbexecution schedules.
This is mainly intended to interface easier with management tools such as test managem
tools.

Associations

testSetAS : TestSetArbitrationSpecification [0..1]

Refers to the explicit static test set arbitration specification that overrides the implicit defa
test set arbitration specification. An explicit test set arbitragfwactification has only an effect,
if the attributeisArbitratedis set tatrue.

Constraints

Allowed invocation scheme

If a Behavior with «TestExecutionSchedule» contains an Element®ithcedurelnvocation»
applied, the invoked Behavior shall have either none or one of the stereotypes
«TestExecutionSchedule» or «TestCase» applied. The direct invocation of «TestProcedu
Behaviors is not allowed from within a «TestExecutionSchedule»\Baha

Change from
UTP 1.2

«TestExecutionScheduehas been newly introduced by UTP 2. It was conceptually
represented as the classifier behavior of a «TestContext» in UTP 1.2.

8.5.2 Procedural Elements

Procedural elements constitute the builditarks ofprocedurs andtest procedure They can be realized by any
building block of UMLBehaviors (e.g. InteractionFragments in case of Interactionéctions in case of Activities
andTransitions/Vertices in case of StateMachines). The stereotypgsdoedural kemens reflect the minimal
language concepts that are deemed necessary for testers to spesjigdditprocedurs. Eachprocedural element
in a testspecificproceduréhas an effectivarbitration specificatiorassigned that deliverspgocedural element
verdictto the surrounding arbitration specification at runtime.

Since the UMLBehavior building blocks outnumber the UTgtocedural elemest testspecificprocedurs may
consist of more than just the few predefipedcedural elemest CombinedFragments of Interactipfte example,
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offer more than just the four predefinedmpaind procedural elemenbf UTP. Such a plain UML Behavior
building block provides implicitly the predefined verdict instanceseto the surrounding arbitration specification.
This default semantics can be overriddemi®ans of @paqueProceduralElement

In general, UTP provides the followingocedural elemeatout of the box:
1 procedural elementpresented by the abstract stereotypmeduralElement
9 atomic procedural elemerdgpresented by the abstract stereotypaecmicProceduralElemessd
1 compound procedural elemeepresented by the abstract stereotypempoundProceduralElement
1 opaqueprocedural elememepresented bthe stereotype@paqueProceduralElement

Specializeccompound procedural elemsrdomprises:
1 loop represented by the stereotyph@®ep»
sequenceepresented by the stereotypeeg8ence»
parallel represented by the stereotypakalleb
alternative represented by the stereotyflexnative»
negative represented by the stereotyidegative»
procedure invocatiorepresented bthe stereotypeRrocedurelnvocation

=A =4 =4 4 -4

Specializechtomic procedural elemengére described by the tesiecific actions (see sectidiestspecific Action$.

Theprocedural elemesthave been introduced by UTP to offer a harmonized view on technically different UML
behavioral building blocks.

8.5.2.1 Procedural Elements Overview
The following diagram shows ¢habstract syntax of the cquencedural elemest
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wstereotypen
{concepts = procedural element}
ProceduralElement

{Abstract}
1..* 1.%
«stereotypen «stereotypen
{concepts = atomic procedural element} {concepts = compound procedural element}
AtomicProceduralElement CompoundProceduralElement
{Abstract} {Abstract}
ustereotypen
wstereotypen {concepts = procedural element}
{concepts = procedure invocation} OpaqueProceduralElement
Procedurelnvocation
‘ wextendsy 0..1 0..1 .
role : ProcedurePhaseKind [0..1] | startAfterPrevious |/ \ endAfterPrevious
«extendsy ’ * «extendsy 7 «metaclassy
Duration
7 \ ? «metaclass»
NamedElement
«metaclassy «metaclassy {Abstract}
CallBehaviorAction InteractionUse
«enumerationy
1 ProcedurePhaseKind
\/invokedProcedure -
«metaclassn setup
Behavior Vocird
{Abstract} areown
main

Figure 8.13 - Procedural Elements Overview

8.5.2.2 Compound Procedural Elements Overview

The following diagram shows the abstract syntax ofctirapound procedural elemest
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«stereotypen

{concepts = procedural element} «metaclassy
ProceduralElement «metaclassy StructuredActivityNode
{Abstract} CombinedFragment {Abstract}
T «extendsy wextendsy
ustereotypen

{concepts = compound procedural element}
CompoundProceduralElement

{Absfract}
wstereotypen «stereotypen ustereotypen «stereotypen
{concepts = loop} {concepts = sequence} {concepts = parallel} {concepts = alternative}
Loop Sequence Parallel Alternative

((sfered’rype»
{concepts = negative}
Negative

Figure 8.14 - Compound Procedural Elements Overview
8.5.2.3 Stereotype Specifications

8.5.2.3.1 Alternative

Description Alternative A compound procedural elemdhat executes only a subset of its
containedorocedural elemestbased on the evaluation ob@oleanexpression

If «Alternative» is applied to CombinedFragement, the underlying
CombinedFragment must have the InteractionOperator&linot opt set.

In an Activity, «Alternative> must only be applied to CondititonalNode.

Extension CombinedFragment StructuredActivityNode
Super Class CompoundProcedatElement
Associations arbitrationSpecification {redefines

arbitrationSpecification} :
AlternativeArbitrationSpecification [0..1]

Refers to an alternative arbitration specification that overrides the default and
implicit arbitration specification, if set. It redefines the Property
arbitrationSpecificatiorof CompoundProceduralElement.

Constraints Application in Interactions

If «Alternative» is applied tacCombinedFragment, the underlying
CombinedFragmentmust have the InteractionOperatorKiald or opt set.
Application in Activities

In anActivity, «Alternative> must only be applied to @dititonalNode.
Change from UTP 1.2 «Alternative> has been newly introduced by UTP 2.
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8.5.2.3.2 AtomicProceduralElement

Description

Super Class
Sub Class

Associations

Change from UTP 1.2

AtomicProceduralElemen# procedural elemerthat cannot be further
decomposed.

«AtomicProceduralElementis an abstract stereotype that does not extend UML
metaclass at all. This means that its substereotypes have to define suitable U}
metaclass foextension

Atomic procedural elemesatresembles the semantics of UML Behavior building
blocks that are not able to be further decomposed. Message and
CallOperationAction are examples for concrete UML Behavior building block tt
adhere to the definition ohtomic procedural elemerih contrast,
CombinedFragment or LoopNode are examplegdonpound procedural element
for they contain potentially furtherocedural elemest

ProceduralElement

CheckPropertyActionCreatel ogEntryActionCreateStimulusAction
ExpectResponseActioiProcedurelnvocatigrSuggestVerdictAction
arbitrationSpecification {redefines

arbitrationSpecification} :

AtomicProceduralElementArbitrationSpecification [0..1]

Refers to an atomic arbitration specification that overrides the default and impl
arbitration specification if set. It redefines the ProparbitrationSpecificatiorof
procedural element.

«AtomicProceduralElement» has been neiwtyoduced by UTP 2.

8.5.2.3.3 CompoundProceduralElement

Description

Extension
SuperClass
SubClass
Associations

Change from UTR..2

86

CompoundProceduralElemert procedural elemerhat can be further
decomposed.

«CompoundProceduralElemernis an abstract stereotype that extends
CombinedFragment and StructuredActivityNode to interface with the UML
Behaviors Interaction and Activity.

A compound procedural elemaesembles the semantics of UML Behavior
building blocks that consist of othprocedural elemenAs such, it may obtain the
verdicts of its contained execut@adocedural edmens in order to calculate its own
procedural element verdicthe difference between an atorpiocedural element
verdictandcompound procedural elemerdrdictis that the latter is potentially
composed out of multiple atomprocedural element verdgct
CombinedFragment StructuredActivityNode

ProceduralElement

Alternative Loop, Negative Paralle] Sequence

arbitrationSpecification {redefines

arbitrationSpecification} :
CompoundProceduralElementArbitrationSpecification [0..1]

«CompoundProceduralElement» has been newly introduced by UTP 2.
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8.5.2.34 Loop
Description

Extension
Super Class
Associations

Constraints

Change from UTP 1.2

8.5.2.3.5 Negative
Description

Extension
Super Class
Associations

Constraints

Change from UTP 1.2

Loop: A compound proadural elementhat repeats the execution of its contained
procedural elemest

If «<Loop» is applied to CombinedFragement, the underlying CombinedFragme
must have the InteractionOperatorKilodp set.

In an Activity, < oop» must only be applied to LoopNode.

The nature of théoop (i.e., countercontrolledloop, conditionaicontrolledloop or
collectioncontrolledloop) is determine by the configuration of the underlying UN
element for expressirigops.

CombinedFragment, StructuredActivityNode

CompoundProceduralElement

arbitrationSpecification {redefines
arbitrationSpecification} : LoopArbitrationSpecification
[0..1]

Refers to a loop arbitration specification that overrides the default and implicit
arbitration specificatin if set. It redefines the Prope#ybitrationSpecificatiorof
CompoundProceduralElement.

Application in Interactions

If «Loop» is applied taCombinedFragment, the underlyingCombinedFragment
must have the InteractionOperatorKiloodp set.
Application in Activities

In an Activity, «.oop» must only be applied to LoopNode.
«Loop» has been newly introduced by UTP 2.

Negative A compound procedural elemehgt prohibits the execution of its
containedorocedural elemestin the specified structure.

If «Negative is applied to CombinedFragement, the underlying CombinedFrag
must have the InteractionOperatorKinegset.

In an Activity, «<Negative» must only be applied to StructuredActivityNode.
CombinedFragment, StructuredActivityNode
CompoundProceduralElement

arbitrationSpecification {redefines

arbitrationSpecification} :

NegativeArbitrationSpecification [0..1]

Application in Interactions

If «Negative is aplied toCombinedFragment, the underlying
CombinedFragmentmust have the InteractionOperatorKinegset.

Application in Activities

In an Activity, <Negative» must only be applied to StructuredActivityNode.
«Negative> has been newly introdad by UTP 2.
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8.5.2.3.6 OpaqueProceduralElement

Description

Extension
Super Class
Constraints

Change from UTP 1.2

8.5.2.3.7 Parallel
Description

Extension
Super Class
Associations

Constraints

Change from UTP 1.2

88

«OpaqueProceduralElemenadd the possibility to assigarbitration specification
to UML Behavior building blocks that are not covered by pFécedural elemest
Thus, it is a plain technical stereotype introduced for flexibility of UTP. Similar |
the semantics of opaque elements in UML (i.e., OpaqueBehavior,
OpaqueExpression, OpaqueAction), thiereo additional semantics for
«OpagueProceduralElemengiven apart from the ability to assigrbitration
specificatiors to UML elements for which no dedicatesbcedural element
stereotype has been defined.

NamedElement

ProceduralElement

Only appicable to UML Behavior building blocks

«OpagueProceduralElemerinug only be applied on instances of the UML
metaclasg\ction, InteractionFragment, Vertex andlransition.
«OpagueProceduralElemerttas been newly introduced by UTP 2.

Parallel A compound procedural elemehat executes its cteinedprocedural
elemens in parallel to ach other.

If «Paralleb is applied to CombinedFragentethhe underlying CombinedFragmen
must have the InteractionOperatorKipar set.

If used in Activities, the metaclass ConditionalNode is reused to describe para
execution ofprocedural elemest(i.e., ExecutableNodes). The branches that mu:
be executed in parallel are defined by the Clatis#tisare contained in a
ConditionalNode with Raralleb applied. If such a ConditionalNode is activated
and ready for execution, the evaluation of the Clauses by executing the test pe
executed as described by UML. In contrast to a plain ConditionalNode, where
most one Clause's body part will be exedy even if more than one Clause's test
part eventually enabled the Clause, all enabled Clause's body parts are execu
parallel, if the ConditionalNode ha®arallel applied.

CombinedFragment StructuredActivityNode

CompoundProceduralElement

arbitrationSpecification {redefines

arbitrationSpecification} :

ParallelArbitrationSpecification [0..1]

Refers to a parallel arbitration specification that overrides the default and impli
arbitration specification if set. It redefines the ProparbitrationSpecificatiorof
CompoundProceduralElement.

Application in Interactions

If «Paralleb is applied taCombinedFragment, the underlying
CombinedFragmentmust have the InteractionOperatorKipar set.

«Paralleb has been newly introduced by UTP 2.
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8.5.2.3.8 ProceduralElement

Description

Sub Class

Super Class
Associations

Constraints

Change from UTP 1.2

ProceduralElemenfn instruction to doto observe, and/or to decide.

«ProceduralElementis an abstract stereotype that does not extend any UML
metaclass. This means that its substereotypes have to define suitable UML
metaclasses faxtension

A procedural elemeri$ the lowest common denominator for the building blocks
the different UML Behaviors. If used as constituting part (possibly transitively)
test cas@xecution, everprocedural elemertelivers averdictdepending on both
the execution of the respectipeocedural elemerand the effectivarbitration
specificationof thatprocedural elemenEvery procedural element has an effectiv
arbitration specification assigned at evaluation time. This effective arbitration
specificaton is either the default arbitration specification of the respective
procedural element or an explicitly bound arbitration specification. If no explicit
arbitration specification is bound to the procedural element, the default arbitrat
specification beames the effective arbitration specification.

A procedural elemeradds the ability to specify the expected starting and end pi
of the execution oprocedural elemenelated to a previously executpobcedural
element represented by the tagfuhitions startAfterPreviousindendAfterPrevious
These timingrelated characteristics are represented by means of explicit tag
definitions in addition to the existing simple time concepts of UML and-teteted
information potentially available by furthh UML profiles such as MARTE. UTP 2
does not prescribe which of these timiredated concepts should be used. As a
recommendation, users should not mix different mechanisms to express timing
related information.

AtomicProceduralElemen€ompoundProceduralElement
OpagueProceduralElement

ArbitrationTarget

arbitrationSpecification :

ProceduralElementArbitrationSpecification [0..1]

Refers to a procedural element arbitration specification that overrides the defa
and implicit arbitratiorspecification for procedural elements.

startAfterPrevious : Duration [0..1]

Determines the Duration the execution détroceduralElement shall stattthe
earliest.

endAfterPrevious : Duration [0..1]

Determines the Duration the execution of this ProceduralElement shall end at
the latest.

Valid duration

DRTPOZ It is necessary thalhe PE start durationf aprocedural elemeris smaller
thanthe PE end durationf the samgrocedural element
«ProceduralElement» has been newly introduced by UTP 2.
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8.5.2.3.9 Procedurelnvocation

Description

Extension
Super Class
Attributes

Associations

90

ProcedurelnvocatiomAn atomic procdural element of a procedure that invokes
another procedure and waits for its completion.

«Procedurelnvocation» is a means to invoke procedures from within other
procedures. Since the constituents of UBkhaviors are not based on amegrated
metaclass, the concrete metaclassesPooceduraivocatior» depend on the
Behavior kind in which the #rocedurelnvocationis used. If it represents a
building block of an Activity or StateMachineProcedurelnvocationmust only be
applied on the metaclass CallBehaviorAction, StartObjectBehaviorAction or
StartClassifierBehawrAction. If it represents a building block of an Interaction,
«Procedurelnvocationmust only be applied on the metaclass InteractionUse.

The allowed invocation scheme for Rrecedurelnvocationis as follows:

9 If it constitutes grocedural elemertf atest execution schedulenly test
execution schedusetest case orprocedurs must be invoked.

9 If it constitutes a procedural element dkat casegonly test proceduieand
procedurs must be invoked.

9 If it constitutes a procedural element dkat procedureonly test
procedureor procedurs must be invoked.

If procedure invocatiois part of atest casé must assign &ole to the invokedest
procedureThisrole is eithermain, setupor teardown The serantics of theseoles
in UTP are:

1 main: Atest proceduréhat implements the reason why the ikivg test
casehas been designed, i.e., it contribute to the coveraggest abjective
or test requiremeniThe main part of gest casés relevant for calculating
coverage and controlling the progress.

1 setup: A means to declare that the exectdastprocedures responsible to
prepare the main part oftest case

1 teardown: A means to declare that the exectgsdprocedures
responsible to cleanp after the main part oftast casdas been exeited.

If procedure invocatiois pat of atest execution scheduitemay assign @&ole to an
invokedBehavior. Thisroleis either ofsetupor teardown The semantics of these
roles in UTP are:
1 setup:A means to declare that the execuBsdhavior is responsible to
prepare the execution of arbitratiedt case contained in thdest case
1 teardown: A means to declare that the execBtthvior is responsible to
cleanup after the ebitratedtest casg of thistest execution schedutave
been executed.
CallBehaviorAction, InteractionUse

AtomicProceduralElement
role : ProcedurePhaseKind [0..1]

The role, the invoked procedure assumes within the invokingpestfic
procedure.

arbitrationSpecification {redefines

arbitrationSpecification} :
ProcedurelnvocationArbitrationSpecification [0..1]

Refers to a procedure invocation arbitration specification that overrides the def
and implicit arbitration specification if sdt redefines the Property
arbitrationSpecificatiorof «CompoundProceduralElement».
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Constraints

Change from UTP 1.2

8.5.2.3.10 Sequence
Description

Extension
Super Class
Associations

Constraints

Change from UTP 1.2

/invokedProcedure : Behavior

The procedure that was invoked by that «Procedurelnvocation». If
«Procedurelnvocation» is appliedGallBehaviorAction, it is derived from the
property 'behavior' of the underlying CallBehaviorAction. If «Procedurelnvocati
is applied to InteractionUse, it is derived from the property ‘refersTo' of the
underlying InteractionUse.

Role onlyin context of test cases relevant

If «Procedurelnvocationis part of a ¥estProceduseBehavior, the tag definition
role must be empty. If it is empty, it will be ignored.
«Procedurelnvocation» has been newly introduced by UTP 2.

SequenceA compound procedural elemehat executes its containgdocedural
element sequentially.

If «<Sequence is applied to CombinedFragement, the underlying
CombinedFragment must have the InteractionOperatorstiizt or seqapplied.

In an Activity, <Sequence must only be applied to SequenceNode.
CombinedFragment StructuredActivityNode
CompoundProceduralElement

arbitrationSpecification {redefines

arbitrationSpecification} :

SequenceArbitrationSpecification [0..1]

Refers to a SequenceArbitrationSpecification that overrides the default and im
ArbitrationSpecification if set. It redefines the PropextiitrationSpecificatiorof
CompoundProceduralElement.

Application in Interactions

If applied on e&CombinedFragment the underlyingcombinedFragmentmust
have set InteractionOperatorKind::seq or InteractionOperatorKind::strict as the
interactionOperator

«Sequence» has been newly introduced by UTP 2.

8.5.2.4 Enumeration Specifications
Name Description Enumeration literals
ProcedurePhaseKinc An enumeration of the three | setup

possible values procedureor
test procedurean assume.

The invoked procedure or test procedure is conside
as a preamble of the test case or a test execution
schedule, intended to prepare the execution of test
cases.

teardown

Theinvoked procedure or test procedure is considel
as a postamble of the test case or a test execution
schedule, intended to cleam or finalize the executior
of test cases.

main

The invoked test procedure is considered as the
essential part of a test case's execution with respec
coverage.
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8.5.3 Test-specific Actions

UTP introduces dedicated tegiecific actions that denote actions a tester, regardless whether this is an automated or
human tesdr, can carry out in order to communicate withtéwt item In context of dynamitesting,

communicating with d@est itemeither means to stimulate thest itemwith acreate stimulus actiofimplemented

as stereotypeGreateStimulusActios) or observing and evaluating its acttedponss with the expeted ones

(represented by the stereotyp&xgectResponseAichn», «CheckPropertyActios).

Testspecific actions are specializptbcedural elemest As such, they contribute a dedicapedcedural element
verdictto the eventual calculation oft@st caser test set vedict. The tesispecific actions can be categorized by the
entity that contributes information to the calculation of the respeptiveedural element verdict

Theprocedural element verdgdf the following tesspecific actions are calculated by taking into considerdtien
information provided by th&est componertr tester. These tespedfic actions are henceforth call¢elst
componentontrolled actions, betise an erroneous execution of these actios indicates a misbehavior of the
test componer(submitting the wrongtimulus performing a tesspecific action too late/too early) or technical
issues in the test environment (e.g., bdeakn of connectivity etc.):

1 Createstimulusaction represented hiie stereotype&reateStimulusAction

1 Suggesverdictaction represented by the stereotyfeiggestVerdictActiom

1 Create log entry actiorepresented by the stereotypgereateLogEntryAction

It is highly recommended that therdicts calculated by thegest componentontrolled actions should onlyselt
in the predefinederdictinstancepassor error.

Theverdictof following testspecific actions is calculated by taken into consideration information received by the
test itens. These testpecific actions are henceforth caltedt itemcontrolled actions, because the arbitration of
these tesspecific actions depend on thesponse of thetest itens during execution and as such indicate deviations
between the expectedsponsand actuatesponse

1 Expectresponsection represented by the stereotypepectReponseActiom

1 Check property action represented by the stereot@heekPropertyActiom

It is highly recommended that the verdicts calculated byctasponentcontrolledactions should only result in the
predefined verdict instances pass or error.

8.5.3.1 Test-specific actions Overview
The following diagram shows the abstract syntax ofélseaction
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ustereotypen
{concepts = procedural element}

ProceduralElement
{Abstract}

«stereotypen
{concepts = atomic procedural element}
AtomicProceduralElement

{Abstract}
[ Co : I
ustereotypen ustereotypen
{concepts = create stimulus action} {concepts = suggest verdict action}
CreateStimulusAction SuggestVerdictAction
ustereotypen ustereotypen
{concepts = expect response action} {concepts = check property action}
ExpectResponseAction CheckPropertyAction
expectationKind : ImplicitExpectationKind = implicitForbid

ustereotypen
{concepts = create log entry action}
CreatelogEntryAction

Figure 8.15 - Test-specific actions Overview

8.5.3.2 Tester Controlled Actions
The following diagram shows the details of teet componentontrolledtest actios.

umetaclassy

«metaclassy InvocationAction
Message {Abstract}

wextendsn  |yaxtendsy «extendsy wextendsy
ustereotypen ustereotypen ustereotypen
{concepts = create stimul ... {concepts = suggest verdict action} {concepts = create log entry action}
CreateStimulusAction SuggestVerdictAction CreatelogEntryAction
1 1
* *
permittedElement, | forbiddenElement
«netaclassy
NamedElement
{Abstract}

Figure 8.16 - Tester Controlled Actions
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8.5.3.3 Test Item Controlled Actions

The following diagram shows the details of thet itemcontrolledtest actios.

«metaclassy «metaclassy «metaclassy «metaclassy
Trigger Message Constraint ObjectFlow
{Abstract}
wextendsy wextends» wextendsn wextendsy
wstereotypen ustereotypen
{concepts = expect response action} {concepts = check property action}
ExpeciResponseAction CheckPropertyAction
*
1 1
* . * * *
! expectedElement forbiddenElement | ., ignoredElement | checkedProperty
«metaclassy «metaclassy
NamedElement Property
{Abstract}

wenumerationn
ImplicitExpectationKind

implicitForbid
implicitignore
implicitExpect

Figure 8.17 - Test Item Controlled Actions
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8.5.3.4 Stereotype Specifications

8.5.3.4.1 CheckPropertyAction

Description

Graphical syntax

Extension
Super Class
Associations

CheckPropertyActionA test actiorthat instructs the tester to check the
conformance of aropertyof thetest itemand to set therocedural element verdict
according to the result of this check.

The stereotype&heckPropertyActiom extends Constraint (for integration with
Interaction's Statelrariant and StateMachines), and ObjectFlow (for integration
with Activities) and enables thied componento check certain properties of the
test itemtha cannot be checked via the publicly available or known APls dakettte
item. Thus it is not defined how th&est componerdccesses thest iten's

property

If used in Interactiongheck property actiois used as Constrdinf a
Statelnvariant that coverg@st componentSuch a Constraint mule contained by
Statelnvariants. The specification of the StatelnvariafttseekPropertyAction
Constraint is intended to determine the Property ofdbeitemthat must be
checked and the value the Property has to match with. As specification of the
«CheckPropertyAction Constraint, any kind of suitable ValueSpecification can |
utilized. For example, theGheckPropertyActiom Constraint may specify location
expressions witlOCL or Alf for declaring access and expected values offetbte
item's Property.

If used in StateMachinesheck property actiors expressed as statelnvariant
attribute of a State. Since the statelnvariant attribute is of type Constraint, the |
application and semantics is similar to theck property actionsed in Interactions
(i.e., use of Statelnvariant in Interactions).

If used in Activitiescheck property actiois expressed asGheckPropertyAction
ObjectFlow that emates from a ReadStructuralFeatureAction and is used to a
a StructuralFeature of thest item The expected value of the checked Property i
defined by the guard condition of tlineckPropertyAction ObjectFlow.

In addition, it is possible to point directly to the Property that will be checked by
check property actiohy means of the tag definition checkedProperty. This
information is helpful, if, for example, natural language is used to describe
«CheckPropertyActiom Constraint.

The defaultarbitration specificatiofor thecheck property actiois described by
«CheckPropertyAitrationSpecification.

X

Constraint, ObjectFlow
AtomicProceduralElement
arbitrationSpecification {redefines
arbitrationSpecification} :
CheckPropertyArbitrationSpecification [0..1]

Refers to a check property &t arbitration specification that overrides the defau
and implicit arbitration specification, if set. It redefines the Property
arbitrationSpecificatiorof test action.
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8.5.3.4.2

96

Constraints

Change from UTP 1.2

Description

Graphical syntax

Extension
Super Class

checkedProperty : Property [*]

Refers to set dProperties of a test item that is supposed to be checked by the ¢
property action.
Owner of Constraint

If applied on a&Constraint, the owner of thionstraint must only be &tate
(referring to theConstraint asStatelnvariant) or Statelnvariant.
Owner of Property

If ‘checkedPropertys not empty, the referenc@ioperty must belong to a
Testltemparticipating in the current tespecific procedure.
At least one property

DRTAOQ3: It is necessary thatcheck property actioohecksat least on@ropertyof
thetest itemagainsthe data
«CheckPropertyAction» has been newly introduced by UTP 2.

CreateLogEntryAction

CreatelogEntryActio: A test actiorthat instructghe tester to record the executio
of atest action potenially including the outcome of thast actiorin thetest case

log.

The stereotype&reatelLogEntryAction extends InvocationAction which allows fc
using a variety of metaclasses for application. €reate log entrydionis atest

actionthatinstructs the tester or the test execution system to log certain inform:
about the execution oftast caseThis information is henceforth called content to
be logged. The content to be logged has to be provided as the argument Input
the underlying InvocationAction. It is not specified how the variety of potentially
logable contents is eventually be regented in the log. Test execution systems ¢
responsible for eventually writing the content to be logged into the desidbg

If used in an Interaction, the InvocationAction that is stereotyped with
«CreateLogEntryAction should be referenced from an
ActionExecutionSpecification that indirectly covers a Lifeline that represdets a
componentole in the underlyingest configurationindirectly means that the
corresponding start and end OccurenceSpecification of the
ActionExecutiorspecification cover theest componeriifeline.

If used in Activities or StateMachines, e.g., CallOperationAction could be used
invoke a (not standardized, yet proprietary) logging interface operation. Anothe
possibility is to use SendObjectAction without specifying the target Pin which F
the sematics to submit the information to be logged to the logging facility of the
test execution system without needing a dedicated interface. However, during
execution thereate log entry actiomust be made executable and eventually
carried out. This may include manually writing some infation into a papebased
document.

The defaultarbitration specificatiorfor thecreate logentry actionis described by
«CreateLogEntryArbitrationSpecification

InvocationAction
AtomicProceduralElement
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Associations

Change from UTP 1.2

arbitrationSpecification {redefines
arbitrationSpecification} :
CreateLogEntryArbitrationSpecification [0..1]

Refers to a create log entry action arbitration specificatiahoverrides the default
and implicit arbitration specification if set. It redefines the Property
arbitrationSpecificatiorof test action.

«Creaté ogEntryAction» has been newly introduced by UTP 2.

8.5.3.4.3 CreateStimulusAction

Description

Extension
Super Class
Associations

Constraints

CreateStimulusActionA test actiorthat instructs the tester to submitanulus
(potentally includingdatd to thetest item

«CreateStimulusAction extends Message (for integration with Interaction) and
InvocationAction (for integration with Activities and StateMachines).

Thecreate stimulus actiais performed by an instance ofest componerdand
represents a set of possible invocations otdékeitem potentially conveyed by a
payload. Invocation means that either a BehavioralFeatithetest itemis
invoked (e.g. using a Message or a SendSignalAction respectively
CallOperationAction) or by simply sendingsmulusto thetest itens (e.g.,
SendObjectAction or BroadcastSignalAction).

The set of stimuli to be sent is derived from the arguments of the underlying U
element and the elements specified by the tag definition permittedElement. Th
is then reduced by the elements yield by forbiddenElement. If the set of stimuli
empty(i.e., neither the underlying UML element yields arguments nor the
permittedElement tag definition yields an element), it is semantically equivalen
situation where any possible and known by the invokésg componergtimuli at
this point in time can be send to ttest item This set of any possible and known
stimuli is potentially reduced by the elements yield by forbiddenElement. In ca:
set ofpermitted elements and the set of forbidden elements are overlapping, th
elements in the intersection belong to the set of forbidden elements. If both se:
empty, every known stimuli can be send totdmt item

The defaultarbitration specificatiofor thecreate stimulus actiois described by
«CreateStimulusArbitrationSpecification

InvocationAction, Message

AtomicProceduralElement

arbitrationSpecification {redefines

arbitrationSpecification} :

CreateStimulusArbitrationSpecification [0..1]

Refers to a create stimulus action arbitration specificatianoverrides the default
and implicit arbitration specification if set. It redefines the Property
arbitrationSpecificatiorof test action.

forbiddenElement : NamedElement [*]

A set of elements that aexplicitly removed from the set of stimuli to be sent.
permittedElement : NamedElement [*]

Additional set of stimuli that contribute to the set of permitted stimuli.
Type of forbidden elements

The tag definitiorfforbiddenElementshall only contain instances of the following
metaclasses: Message, Event, Signal, BehavioralFeature, Trigger,
InstanceSpecification.
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Type of permitted elements

The tag definitiorpermittedElemenshall only contain instances of the following
metaclasses: Message/dnt, Signal, BehavioralFeature, Trigger,
InstanceSpecification.

At least one stimulus

DRTAOQL It is necessary Htacreate stimulus actiopermits to sendt least one
stimulus

Change from UTP 1.2 «CreateStimulusAction» has been newly introduced by UTP 2.

8.5.3.4.4 ExpectResponseAction
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Description

ExpectResponseActior test actiorthat instructs the tester to check the occurrence of
or more particularesponss from thetest itemwithin a given time window and to set the
procedural element verdiatcording to the result of this check.

The stereotypeExpectResponseActionextend Message (for integration with
Interactions) and Trigger (for integration with StateMachines and Activities) and denot
expectation of théest componertb receive an actuaésponsepotentially conveyed by
some payload, from thest itemat a certain point in time during test execution.

Actually received information from thtest itemcan be classified into one of the following
three sets:

1 expected elements: The actually received element is expectedtbgtthe
component

1 ignored elements: The actually received element may baveelcgom thetest
item, but if it is received, it will be ignored by ttiest component

1 forbidden elements: The actually received element is forbidden to be received
thetest item

The classification of received elements as member of one of the three sets helps calc
theverdictby thearitration specification of the executed expect response action. The
classification itself does not prescribe whigtrdictwill be produced for the currently
executed expect response action. It is the responsibility of the associated arbitration
specifi@tion to derive a verdict from the received elements and their classification. Fo
further details of the semantics of the default «<ExpectResponseArbitrationSpecificatio
refer to the corresponding sskction.

Basiscally, only two sets are requirechmexplicitly stated, the third set is then derived
from the complement set of the union of the other two sets. The decision, which set st
derived by the complement set of the union of the other two sets is determined by the
definition ‘expectatinKind'. In case of overlapping sets the followprgcedencieare
given: forbidden elements > ignored elements > expected elements. The reason for th
precedence is to reduce thessibility of ‘false negative' results.

In case of a Message extensibrh e expected response i s
and its arguments, if any. If more than one response type is expected at the same poi
time, the tag definition 'expectedElement' can be used to denote further expected resy,
in additionto the expected response denoted by the Message's argument. The eventu
number of expected responses is the union of the Message with «ExpectResponseAd
applied,includingits arguments, joined with the elements of the tag definition
‘expectedElementf the signature of the Message is left empty, the expect response a
accepts and consumes any kind of actual responses from the test item. In that case, {
definition 'expectationKind' shall be set to 'implicitExcept’ only. The effective set of
expected elements is eventually determined by the complement set of the union of for
elements and ignored elements.

In case of Trigger extension, the expected responses are the union of the MessageE\
obtained from the underlying Trigger and theected responses yield by the
expectedElement tag definition, if any. A Trigger with «ExpectResponseAction» that
defines an AnyReceiveEvent excepts and consumes any kind of actual responses fro
test item. In that case, the tag definition 'expeatéind' shall be set to ‘implicitExcept’
only. The effective set of expected elements is eventually determined by the complen
of the union of forbidden elements and ignored elements.

The defaultarbitration specificatiofor theexpect response actigmdescribed by
«ExpectResponseArbitration&gification.
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Extension Message Trigger

Super Class AtomicProceduralElement

Attributes expectationKind . ImplicitExpectationKind [1] =
implicitForbid

The expectation kind determines which of the three explicit sets in the context of an
ExpectResponseAction is implicitly merged (union) with the complesemf the union of
the other two sets. The following possibilities are:

1 Forbidden elements are implicitly unified (implicitForbid): Any received elemer
that does not belong to the set of expected or ignored elements will be unified
the explicit sebf forbidden elements during test execution. This prevents (or
reduces the likelihood of) 'false negatives'.

1 Ignored elements are implicitly unified (implicitignore): Any received element {
does not belong to the set of expected or forbidden eleméhbewnified with the
explicit set of ignored elements during test execution. Care must be taken whg
going for this mechanism, since it is prone to ‘false negative' results in case a
forbidden element was forgotten to be explicitly defined in the qooreting set.

1 Expected elements are implicitly unified (implicitExpect): Any received elemen
that does not belong to the set of ignored or forbidden elements will be unified
the explicit set of expected elements during test execution. Care musebe tak
when going for this mechanism, since it is prone to ‘false negative' results in ¢
forbidden element was forgotten to be explicitly defined in the corresponding ¢

Associations

expectedElement : NamedElement [*]

A set of elements that are expected fromtés itemduring test execution. Depending on
the expectéionKind for this €ExpectResponseAion» this set might be implicitly joined
with the complement set of union of the stishiddenElemenitand ignoredElemerit

arbitrationSpecification {redefines arbitrationSpecification}
. ExpectResponseArbitrationSpecification [0..1]

Refers to an expect response action arbitration specification that overrides the default
implicit arbitration specification if set. It redefines the PropartyitrationSpecificatiorof
test action.

forbiddenElement : NamedElement [*]

A set of elements that are forbidden to be received frortefitetemduring test execution.
Depending on thexpectationKindor this «ExpectReponseActiom this set might be
implicitly joined with the complement set of union of the setpectedElemehand
'ignoredElemerit

ignoredElement : NamedElement [*]

A set of elements that are ignored when being received frotegshgemduring test
execution. Depending on tlepectationKid for this «ExpectResponseActiorthis set
might be implicitly joined with the complement set of union of the gaqséctedElemeht
and'forbiddenElemerit

Constraints

Type of elements fathe explicit sets

The tag definitiondorbiddenElement 'expectedElemehand ignoredElemenshall only
contain instances of the following metaclasses: Message, Event, Signal, BehavioralFe
Trigger, InstanceSpecification.

At least ongesponse

DRTAOQ2: It is necessy thataexpect response acti@xpects to receivat least one
response

Enforced expectation kind 'implicitExcept’

In the cases, wherExpectResponseActions applied to a Message in the context of an
Interaction, and the Message's signature is left empty, or whgrectResponseActions
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applied to a Trigger that yields an AnyReceiveEvent,akgectationKintlof the
«ExpectResponseActionshall be set tamplicitExpect.

Changdrom UTP | «ExpectResponseActiorhas been newly introduced by UTP 2.

1.2

8.5.3.4.5 SuggestVerdictAction

Description

Graphical syntax

Extension
Super Class
Associations

Constraints

Change from UTP 1.2

SuggestVerdictActionA test actiorthat instructs the tester to suggest a particule
procedural element verditd the arbitration specificationf thetest caséor being
taken into account in the fingst case verdict

Stereotype 8uggestVerdictAction extends InvocationAction which allows for
using a variety of metaclasses for application. However, there must be at least
argument InputPin defined for the InvocationAction of the predfefinedugpdict
or subclasses thereof.

For example, a CallOperationAction could be used to ieveoknot standardized,
yet proprietary) arbitespecific interface operation. Another possibility is to use
SendObjectAction without specifying the target Pin, which has the semantics ¢
providing the Verdict instance to the arbitrating facility of a é&tcution system
without needing a dedicated Interface. However, during test executisandhest
verdict actiormust be made executable. This may include manually writing the
verdictinstance into a papdrased document.

If used in an Interaction, the InvocationAction that is stereotyped with
«SuggestVerdictActiom must be referenced from an ActionExecutionSpecificati
that indrectly covers a Lifeline that representseat componenble in the
underlying test configurationindirectly means that the correspamgistart and end
OccurenceSpecification of the ActionExecutionSpecification covetette

compmentlifeline.

The defaultarbitraton specificatiorfor thesuggest grdict actionis described by
«SuggestVerdictArbitrationSpecification

InvocationAction
AtomicProceduralElement
arbitrationSpecification {redefines

arbitrationSpecification} :
SuggestVerdictArbitrationSpecification [0..1]

Refers to a suggest verdict action arbitration specification that overrides the de
and implicit arbitration specification if set. It redefines the Property
arbitrationSpecificatiorof test action.

Type of Argument

The type of the argument InputPin must be the predefieetict type or a subtype
thereof.
«SuggestVerdictAction» has been newly introduced by UTP 2.
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8.5.3.5 Enumeration Specifications

Name Description Enumeration literals
ImplicitExpectation = Determineswvhich of the three | implicitForbid
Kind received element sets in the

Determines that the explicit set of forbidden elemen
is implicitly joined with the complement set of the
union of the explicitly expected and ignored elemen
sets.

context of an
ExpectResponseAction is
implicitly joined with the
complement set of the union o
the other two sets. The three
sets of elements that are
meaningful inthe context of an
«ExpectResponseActiomare
the expected elements, ignore
element and forbidden
elements. Two of these sets
have to be stated explicitly in
the context of an
ExpectResponseAction, the = Determines that the explicit set of ignored elements
third one is implicitly derived | implicitly joined with by the complement set of the
from the complement set of th¢ union of the explicitly expected and element sets.
union of the two exjitit sets.

implicitignore

implicitExpect

Determines that thexplicit set of expected elements
implicitly joined with the complement set of the unio
of the explicitly forbidden and ignored element sets.

8.6 Test Data

Testing is mainly about the exchangedataand the ability to compare actuakponss and their payload received
from thetest itemat test execution with the expected one stated iteitecaseTherefore, testers usually have to
take at least twdatarelated concepts into account. First, the specificatiadatsf i.e., the known tges and the
constrains applied on these types for derividgtavalues that abide by thesenstrains. Second, a flexible
mechanism to specifyatavalues and their allowed matching mechanismsdst casexecution.

Data specificatiofrelated concepts are provided and further described by the conceptPatdh®pecifications
chapter.

Data valuerelated concepts are provided and further described by the concept®atdhéalueshapter.

8.6.1 Data Specifications
This section specifies the stereotypes to implemenddke specificatiowoncepts introduced in section Test Data of
the Conceptal Model

8.6.1.1 Data Specifications Overview
The diagram below shows abstract syntax oftifia specificatios package.
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«metaclassy «metaclassy wmetaclassy
Constraint Classifier Dependency

{Abstract)}
ustereotypeyn A

{concepts = test component}

TestComponent wextendsy wextendsy wextendsn wextendsy
wstereotypen wstereotypen wstereotypen wstereotypen
{concepts = data specification}| {concepts = data pool} | | {concepts = data pool} | | {concepts = morphism}
DataSpecification DataPool DataPartition Morphing
. i {Abstract}
T T .
1..*| dataSpecifications *| dataSpecification \
*
ustereotypen ustereotypen
{concepts = data provider} {concepts = refinement}
DataProvider Refines
ustereotypen
{concepts = extension}
Extends
ustereotypen
{concepts = complement}

Complements

Figure 8.18 - Data Specifications Overview

8.6.1.2 Stereotype Specifications

8.6.1.2.1 Complements
Description ComplementsA morphismthat invertgdata) i.e., that replaces thdata itens of a
given set ofiata itens by their opposites).

The steeotype €omplements specializes the abstract steygat “Morphing» and
logically negates the specification oetmorphediata specification within the
morphingdata specificationThat means thatomplemenmorphismresult in a
complementinglata specificatiothat is the difference set of the complemented ¢

morpheddata specificion.

Extension Dependency
Super Class Morphing

Change from UTP 1.2 «Complements» has been newlyaauced by UTP 2.

8.6.1.2.2 DataPartition
Description DataPartition A role that somelataplays with respect to some ottoata(usually
being a subset of this othéatg with respect to somgata specification

The stereotypelxataPartitio» extends a UML Classifier and represents a set of
datathat complies with one or modata specification

Extension Classifier
Associations dataSpecification : DataSpecification [*]

Changdrom UTP 1.2 «DataPartition» has been newly introduced by UTP 2.
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8.6.1.2.3 DataPool
Description

Graphical syntax

Extension
Change from UTP 1.2

8.6.1.2.4 DataProvider
Description

Extension

Super Class
Associations

Change from UTP 1.2

DataPoal Somedatathat is an explicit or implicit composition of othdata itens.

The stereotypeataPoob extends a UML Classifier and represents a set of
physicaldata without complying to any particulatata specification

Classifier
Changed from UTP 1.2. In UTP 1.DataPoob extended both Classifier and
Property.

DataProviderA test componerthat is able to deliver (i.e., either select and/or
generateflataaccording to alata specification

The stereotypexataProvides is a specialization of stereotyp&estComponerst
Such aest componeris used to provide data partitionrepresented as@assifier
extended byhe stereotypexataPartitiow, by generating sonmeewdataor by
selecting some existindatafrom anothedata partitioror adata poolccording to
somedata specificatios (represented as a Constraint extended by the stereotyf
«DataSpecification).

Classifier, Property

TestComponent
dataSpecifications : DataSpecificatio n[1..*]

«DataProvider» has been newly introduced by UTP 2.

8.6.1.2.5 DataSpecification

Description

Extension
Constraints

Change from UTP 1.2

104

DataSpecificationA namedboolean expressiocomposed of data typeand a set
of constrain$ applicable to somgatain orde to determine whether or not iisita
items conform to thiglata specification

The stereotypeataSpecification extends Constraint and is used to describe tt
constraing within the context of one or more types, instances of those types ha
comply with. DataSpecificatios are used to build and defiDataPartitiors.

Since ®ataSpecification is anextensiornf Constraint the specification of the
Constraint is defined by a ValueSpecification. This specification might be akesi
as a LiteralString (e.g., natural language describingadnstrainf or as complex as
a formal language statement (e.g., Alf or OCL). UTP does not prescribe the nc
used for describing the specification of RataSpecificatiom Constraint.

In case a Constraint wittDataSpecification is directly contained in Classifier, it i
considered semantically equivalent @ataSpecificatiom Constraint defined
outside of this Classifier and with &efines Dependency established between t|
«DataSpecification Constraint and the Classifier.

Constraint

DataType in DataSpecification

DRTDOZ It is necessary thatachdata specificatiospecifiesat least onglata type
«DataSpecification» has been newly introduced by QTP
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8.6.1.2.6 Extends
Description

Extension
Super Class
Change from UTP 1.2

8.6.1.2.7 Morphing
Description

Extension
Sub Class
Constraints

Change from UTP 1.2

Extends A morphismthat increases the amountdzta(i.e., that adds mordata
items to a given set afata itens).

The stereotypekxtends specialized the abstract stereotyporphing» and
logically ORcombines the specification of the morphieda specification within
the morphingdata speification. That means thaxtensiormorphismresult in a
data specificatiothat is more general than the extended or morplag¢al
specificatiors.

Dependency

Morphing
«Extends» has been newly intregd by UTP 2.

Morphing A structurepreserving map from one mathematical structure to anott

The abstract stereotyp@lerphing» extendDependencyand is used to derivéata
specificatiors from othedataspecificatiors. This enables a high degree of
reusability of existinglata specification. «Morphing» is intended to be subclassec
and simply acts as a common superclass for shared semantics and constraint:

A Dependencystereotyped with a subclass dflarphing> always emanates from i
Constraint with «DataSpecification applied. It must point to a UMClassifier, to
a UML Packagecontaning some UMLClassifiers, or to aConstraint with
«DataSpecification applied. If it targets aDataSpecification Constraint, it
morphs the definitions of thafata specificatioficalled themorpheddata
specification into a newdata specificatioffcalled morphinglata specification If it
targets &Classifier (or a set ofClassifiers contained in &ackagg, all constraints
applied on thos€lassifiers or their attributes are considered as an implicit mory.
data specificatiomttached to th€lassifier which is eventually morphed into a
morphingdata specification

The exact effect of morphingdata specificatioimto anothedata specificatiois
defined by the concrete subclasses of the stereotvipepking.

Dependency

ComplementsExtends Refines

Clients of a «Morphing» Dependency

DRTDO03 As clients of éDependencystereotyped with aoncrete substereotype o
«Morphing» only the following eleents are allowedZonstraint with

«DataSpecificdon» applied.
Suppliers of a «Morphing» Dependency

DRTDO04 As suppliers of @ependencystereotyped with a concrete substeypet
of «Morphing» only the following elements are allowetionstraint with
«DataSpecification applied, UMLClassifier, and UMLPackage

«Morphing» has been newly introduced by UTP 2.
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8.6.1.2.8 Refines
Description Refines A morphismthat decreases the amountdata(i.e., that removedata
items from a gven set ofdata itens).

The stereotypeRefines specialized the abstract stereotypotphing» and
logically AND-combines the specification of the morptuzda specificatios within
the morphingdata specificationThat means thaefinemenimorphismresult in a
data specificatiothat is more specific than the refined or morpHeth

specificatiors.

Extension Dependency
Super Class Morphing

Change from UTP 1.2 «Refines» has been newly intradal by UTP 2.

8.6.2 Data Values

The payload of aexpect response actitmalso called gxectedresponsargument value as opposed to the actual
responsargument value. Duringrbitration specificationusually a comparator evaluates whetherattteal
responsenatches with the expected ones in terms of etyget and its payload. It is then the task of dhgitration
specificationto decide on thgerdictthat has to be assigned. In Udi&avalues are expressed by means of
ValueSpecifications to specify both the payload fetimulusand the payload of expectegsponss. In case of an
expectedesponsethe ValueSpecification doetsa implicitly define a matching mechanism used by a comparator
during arbitration in order to evaluate whether the expected payload matches the actual payload.

The implicitly applied matching mechanism is determined by the ValueSpecification usedrtbelas expected
payload argument in the context of an expectsponseThe prescribed matching mechanisms semantics,
inherently bound to ValueSpecifications, are defined by UTP as follows:

1 ValueSpecification (abstract metaclass): In general, any native UML ValueSpecification inéepsadity
matching mechanisme., the actual payload, also knownrasponsergument value, mugie exactly the
same as the expected payload. Any deviation will result in a mismatch.

Literallnteger: Checks for equality of the expected and actsglonséntegertyped argument value.
LiteralString: Checks for equality of the expected and acasgonsestringtyped argument value.
LiteralReal: Checks for equality of the expected and acasgplonsdrealtyped argument value.
LiteralBoolean: Checks for equality of the expected and agtgabnsd3ooleantyped argument value.

LiteralUnlimitedNatural: Check®r equality of the expected and actusdponsdntegertyped argument
value including infinity.

LiteralNull: Checks for absence of an acttedponsergument value of any type.

InstanceValue: Checks for equality of the expected and aespbnseomplexdata typenstance
argument value.

=A =4 =4 -4 4

=A =4

All these equality matching mechanisms are natively given by UML, whereas UTP adds just a few more
ValueSpecifications that provide matching mechanisms currently not given by UML. These kinds of
ValueSpecifications are sometimedl@a Wildcards (TTCN3) or Facets (XML Schema):

1 AnyValue Representa set of all possible values for a given type and checks if aeg@bnsargument
value is contained in this set. In case of optionality, the set of known values includes the absence of a value.
This is implemented as stereotypnyValue».

1 RegularExpressiarRepresents a set of values for a given type described by a regular expression and checks
if the actuaresponsargument value belongs to that set. This is implemented as stereotype
«RegularExpression

8.6.2.1 Data Value Extensions
The diagram below showke abstract syntax of the ValueSpecificatiomensios introduced by UTP.
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«metaclassy «metaclassy

Expression Dependency
«extendsy wextendsy «extendsy
ustereotypen ustereotypen «stereotypen
{concepts = data specification} {concepts = data specification} {concepts = morphism}
AnyValue RegularExpression overrides

Figure 8.19 - Data Value Extensions

8.6.2.2 Stereotype Specifications

8.6.2.2.1 AnyValue

Description The stereotypeAnyValue» extends ValueSpecification and represents an implic
set of known values for a given type. The expectsponsargument value
matches with each actuasponsargument value, as long as typempliance is
given. In case of optionality, the set of knowalues includes the absence of a
value.

Extension Expression

Change from UTP 1.2 Changed and renamed from UTP 1.2. In UTP 1Ahwalue» was called
«LiteralAny» and extended LiteralSpecification.
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8.6.2.2.2 overrides
Description

Extension
Constraints

Change from UTP 1.2

108

Overrides is a relationship between at leastltvetanceSpecificatiors, i.e., the
modifying InstanceSpecificaton and the modifiednstanceSpecification
Modifying InstanceSpecificatiors constitute the client elements of the underlyin
dependency, and consequently, modifiestanceSpecificatios constitute the
supplier elements of the underlying dependency.

A modifying InstanceSpecificationreuses all slot values of the modified
InstanceSpecificationin a way as if the slot values would have been copied intc
modifying InstanceSpecificationas its owned slots. Furthermore, the modifying
InstanceSpecificationis allowed to specify slots, which have not been declared
the modifiedinstanceSpecificationat all. This enables user to gradually complet
InstanceSpecificatiors and to reuse already or mayartially defined
InstanceSpecificatiors in order to create large setsdataby avoiding redundancy

Additionally, a modifyinginstanceSpecificationis able to overwrite slots with nev
values. A slot is considered to be overwritten if a modifyirgjanceSpecification
defines an owned slot that refers to the very same defining feature as the own
of the modifiedinstanceSpecification or to a feature that redefines, directly or
transitively, the slot's defining feature. An overwritisigtv salue list entirely
replaces the value list of the slot that is overwritten.

Madification requires type compatibility between the modifying and modified
InstanceSpecificatiors. Type compatibility is given if a modifying
I nstanceSpecificationdés classifier

InstanceSpei fi cati onbés classifier | ist.
modi fying I nstanceSpecificationbds ¢
I nstanceSpecificationés classifier
eachclassifer of the modi fying InstancesS

compatible with at least one classifier of the modifiestanceSpecification
classifier list. Type compatibility between classifiers is defined in the UML
specifications.

Cyclic modifications are not allowed. A cyclic modification describes a situatior
which a modifyinginstanceSpecificationestablishes a modification to a modifiec
InstanceSpecificationand the latter one already modifies, directly or transitively
the modifyinglnstanceSpecification

Dependency

Restriction of client and supplier

As client and supplier of the underlyibependency only InstanceSpecification
are allowed.

Cyclic modifications

Cyclic override are not allowed. A cyclic override means that an overridden
InstanceSpecificationtransitively overrides its overridinigstanceSpecification

«overrides» wasenamed by UTP 2. In UTP 1.2, it was nametbdifies».
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