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- An Editor for 1SO's Protocol Tegt Notation.
W . o~ for Test Suite Management

<. - srinlvas Eswara

A software tool is developed to lnteractlvely edly protocol test speclﬁcaxlons wiit- -

ten In a notatlon called the 'Dee and Tdbular Comblned Notanon (TTCN). 'me '1'I’CN ,

)s a language developed by the International Standards Orza.nlzatlon (1s0) %to specll‘y

ﬁ

pmtocol conformance tests abstractly. 'Ihe tool perrorms syntax checks on the Input

speclﬂca.tlon and u'anslaxes It to the machlne pnocessable form. 'l‘I’CN-MP A method

of sutomatic translation: of test sequ_ences obtalned. from a test zeneratlon toot, called 'y

B CONTEST-ESTIL; to TI‘CN and the execution of TTCN test sultes 1s presented.

N .
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~ - .CHAPIER 1 INTRODUCTION

-~
-

. Introduction //110 ISO and OST + . ‘
Computer networks started galning conslderable attention around the world with
‘the success of networks such as the ARfANET [1] and CYCLADES |[2]. The com-
merclaj applications of such netwo‘rks soon became apparent'and'tecluuques suéh as
packet switching, satellite technology and local network technology, combined with the
ever decreaslng cost of hardware made these networks even more attractive. It also
became- clear that to take advantage of the tremendous potfent.\a.l' of mtbmet‘worldng..
«Standards would be required to make different networks from different vendors com-
miunicate mea.ninzfully. The International Organlzation for Asmndardlzauon ‘(ISO)
forgped a technical commitiee (TC 97) to look Into this issue. In 1078, & baslc iayered
,architecture thch w_ou]?i constitute the framework for the development of communlca-
tion standards was adopted as the basls for the develop-ment‘or standards for Open
Systems Interconnection within the ISO, "Ihls basicv?inodel' came to be known as the
OSI reference mc;del and became an International Standard (1SO*7408) (3] 1n the
Spring of 1083, It was also accepted by, the' International Telegraph and Telephone

Consultative: Committee (CCITT), as Recommendation X.200.

. 3
¥ . .

1.1 : The OSI Model and Layered Architecture.

Y

The ‘geﬁerél architecture of a tommunlcating system is shown in Fig. 1.1.. The

user interfaces with the top layer, .and as such, It must be suﬁlclenﬂy abstrgpt and

' independent of the physical characteristics of the connecting medium, the means of

routing the information from sender to recelver, etc. The 'bot:pm layer .takgs care of

Interfacing with the “medium, controlling the links and routing issues and other imple-
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mentation dependent features. The transport layer serves as the bridge between ‘t_he

application orlented layers and the network orlented layers by pmvldln_m- an abstract

service to the layer above. The appn‘canon and nework layers are rux"ther renr:?ed. o

bring about the seven layer model as shown In Fig. 1.2. The boundaries betwee.n’ the

layers have been selected. as a res~ult, of the experience galned by previous standards
vlw; '

1.1.1: Protpcols ;

Each layer x;erforms a well defined functlon, opgraxing according to a set of well
deflned rules. This s done by exchanging messages contalning both data and control
Information with a corresponding (peer) layer in ;mother system.;These messages ‘are
referred to as Protocol Data Units (PDU) and the set of rules s referred 0 as a proto-

-

col.

~

The Interface between each layer Is well defined, with the layer above depending .

. . {
on the services provided by the layers beneath. Each layer can thus be 1mplemenqed

- independent of the other layers, while providing & stand&'d Interface to the layer

above. These layers exchange what are known as Abstract Service Primitives (ASP) as

‘a means of speclfylng and using the services of the layer below. Conceptually, there-

fore, each. layer cox'nmunlca.igs loglcaly with a peercfayer according to a defined proto-
col, but 1n reality, the (N}PDUs are passed by of the (N-1) services primitives
provided by the next lower layer, co'dea as (N-1) Service Data Units (SDUs). (Refer to
Fig. 1.3). Layer“(N-ll) encapsulates t.he' (N-1)-SDU with 1ts own Protocol Control
InfolrmaJtion (PCI) to form the (N—1)-PbU. A duality exists between services and pro-

toé&ls In that, If the conventional OS] model is rotated through 90 ‘degrees, one finds
+ that the commuﬁ]ca.tlon bevv;'een adjacent iayers in the same System "across a service

_boundary resembles the-communication between peer layers (protocol) In the tradi-

fional sense.
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1.1.2 : Logical Architecture !
. o Application Oriented Layers .

These are the layers which are concerned with the protocols that allow two end

yser applications, to lnterwork. These appllcanons are ususlly oﬂ‘eréd by the local

o Operating system with dlstnbuted functionality, and whose mandate Is 1o mask the net-

working detalls from the user to pnovide a clean lnterrace, llke any local service.

A Application Layer

*

The appllcat.lon layer Is prlmarlly concemed with the semantlcs of the commun!-

cation application. User appllcatlons reside In the appllcaﬂon layer, although only the

1



part of the process concerned with snierprocess communication s in the real OSI sys- '
B - ]

tem. Protocols such as file transfer, virtual terminal etc., all reside In this layer, :

B. Presentation Layer - i

. [
i

a

The purpose of the presentation layer‘ls to shield the application pro es from

differences In data representation or syntax between the communlcating ertities,

. C. Sesston Layer ~ .

$

Thwurpose of the session lxa\yerg Is to provide the structure for "contmlllnn the
interactions between application pnocessés. It does this by providing for full duplex or

half duplex operation, establishment of synchronlzation polnts and the definition of

. speclal tokens to structure the information exchange.

Qi %
D. i?ans;mrt Layer 1 . '
¥ Z . ° ;

The .purposeb of\tpe trénsport layer Is to provide transparént transfer of data
between end systems, even though the underlying network may‘be ;1 series of con-
catenated disparate networks. This ugua.lly represents the boundaxjy between the custo-

\

mer and the carrier in that 1t provides for optimal use of the network services and

greater reliabllity than that supplied by the underlylng service';,.

4

e Network Oriented Layers
E. Network Layer ' E

The new}ork layer shields the user from having to know the tra.nsrer‘technolo’gy
and the detalls of routing In the case of corf®atenated networks. It also masks from the
transport layer all the pecullarities of the physical medium transmission, be it optcal ~

fiber, cable, packet switched, satelllte etc.
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F. Data Link Layer \ . o

n'»' ) . s

The dala 1Ink layer provldes for error free transmission of data framcs for point

%

to polnt and mul)upolnt communicanons wlt.h!n the same network or local area network
(LAN). Typlcal ’prgtocols are HDLC (ng_h level Data Link Control) for polnt-to-polnt

4nd multipoint communications and IEEE 802 for LANs. At this level, the protocol

used depends very much on the characteristics of the transmisslon medlum.

»

-G. Physical Layer .

!

The physlcal layer deﬂnes the mecpanlca] electrlcal and functional standards
required of devices which access the physical medlum
. ‘ )
1.2 : Scope and Contribution of thesis

’ N o T o

The purpoee of the standard commlttees Is to allow lmpiementors to unambigu- “n
ously understand the requirements set forth for open systems Internetworking. - The .
clalm by the vendors that their lmplement.axlons conform to the necessary standards has ¢/
to be lnvesuzated and with reasonable accumcy. be proven to be conrormlng Thus we S/
come to the maln tople of, this t.hesls. conrormance testlng and formal way to represent /
these tests. Chapter 2 deflnes the term conformance testing and describes the test

’

methods and types of tests as defined ln\ﬁhe standards, using example tests. /s

‘The standards presently describe the services and protocols whieh are reqtiired by
open systems 1n an Informal way, using English as the language of specification. The .

complexity of the systems involved soon made obvious th%\eed o use formal tech-

" plques to speclfy these requirements, to accompany the Engllsh specification. So an ad

hoc group on Formal Description Techniques (FDT) for communl'caﬂon\sysvems was

formed to Investigate formal techniques suitable for protocol specification. In Chapter

‘ 4
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3, tl)e/ two FDTs whlch were developed and lnvesugaxed by this sub gmup. Estelle and -

Ldtos are explalned briefly to serve as an Introduction to later chapters, where Estelle

, 1s used in speclifylng test cases. The st;andai'dlzed test speclfication language, the Tree |

and Tabular Combined Notation (TIC’N}, Is also Inwoduced In chapter 8 and Is the
test speclfication language ot lntefesﬁ‘ln this thesls. Chapter 4 describes TTCN In

detall, uslng an editor which was developed for this nowuon.

&

Chapter 5 explores the lnner structure of the edltor ‘and itz various runct.long

units. In chapter 6, some example test speclﬂca.tlons in ’I'I‘CN are glven a.nd

a

explained. The protocols under test are \mplememaﬂons of the applitation layer proto-
col, File Transfer, Access and Management (FTAM), and an lmplementation of the

Class 4 tz'ahsport, protocol. . . ’

~

v eN . ) T
Chapter 7 describes a test generation tool based on an FDT (Estelle) and the

converélon of 1ts text sutput Into test sequences In the standard” TTICN notation. The

execution of TTCN and the feasIbilly of coriyers}on of TTCIN test cases Inw Estelle

modules 'to facllltate test execution are discussed in this chapter.

Chapters 1 through 3 repnesent; a tutorial introduction to the baslc concepts used

in later chapters. Chapters 4 through 7 describe the original contnbuuons of this thesls.

The maln thrust of thls work is_to Integrate the editor for TTCN with test generanon

“ tools and to derive an executable representation of the test cases in order to produce a

well rounded tool to al& test designers and lmplementors. In this direction, implemen-

@on of the-algorithms described In the later chapters comblned with the capabllities

' of the editor will go a long way towards making the goal of conformance testing of all

P

ISO protocols possible.

. o




el s . . I N

w

) ImeODUdHON
‘This chapter looks at the formal dehnlt_lon of the term‘conrgxmance testing and its

role in the process of ereating ’qpen’systems. ,The various methods and architectures-for

. performing these tests are Introduced- here, using éxgmple test se—tiue]nces for
¢\ claificatiol. The term test sulte is introduced along With the récommended streture

, of a conformance test sulte. . : o
. . . .

A ' . T

é.l : Conformance Testing . .

‘Conformance Testing lnvolveé testuig r.beA capabllﬁ‘les and behaviour of a.n‘lmple- .
mentadon°agalns\t the conformance requirements given 1n the protocol standard. Con-
rormahc;a testing 1s llmited to testing the lmplemént.anon wmm; 1ts capabllitles as™
4 ©* = stated in the Protocol Implementation Co;ﬂ’ormance Statement (PICS - a statement by

thé' implementor of the protocol regarding the capabllmee and the suppc;rted features of

the product) and does not Include assdssment of the performance, robustness or rella-

A .
Y billty, The purpose’qf Conformance testing Is to Increase the confldence that different
implementations are able to internetwork. o .

An ISO standards document describes the 'geneml‘ concepts of -confonnance‘testt

Ing, the methodology , types of ‘conformance tests and a test speclfication language

' . called Tree and Tabular Co'mblned Notation (TTCN), vJ:hJch is explained in Chapter 3
(4], In the next secuons; we take a look at the types of tests @d t’.he-te'si arcl‘ntecmre's'

recommended 1n this standard. . ' .

v e
E



2.2:'I‘yp&ofTests.

3

There are rour wpes of tests, classlfied accordlng to the extent o whlch each tests

for conrorma.nce. 'I‘hese are

-Basic Interconnechon Tests: Baslc Interconnection tests are done to verify that the

IUT has enough' conformance to go ahead with rurt.her testing. Thege tests are used for

detecﬂng severe cases of non-conrormance, fe,, n‘ne TUT is not even capable of Inten

)

connecung with the tester, e];c

?

\ Capablllty tests: There are a set of static conformance requirements defined In the
standard which define the minimum set of capabllmes requlred by an implementaton.
Proper formation of PDUs, services offered by the rUT etc., fall In this category [5].
These tests proylde testﬁg of the statlc requirements and the dapabllities clalmed 1}& toe
Protocol Imp]ementa.tlon Conformance étatement (PI.CS) provided by the vendor.
-Behaviour tests: these test the TUT, within its stated capablll‘ues,’ﬁvex" the full range
of conformance requirements s as specified In the standard,

-Conformance Resolution 'Ihsts.are used to test, as near td definitive as possible, the
IUT for part.lcul;ar requl\mfnents. oo [\

{

2.3 : Abstract Test Methodology

The test archltecmres defined In the standard (ISO 9646-1 ‘&'2) all refer 1o an

abstrao tgest methodology based on the OSI reference model. The term end-system s

“-used from now on refers to a rull or partial Implementation or the OSI model In a sys-

tem {n which the communlcauon mquest/iesponse,onzmaxes/temunates 88 opposed
the concept of a relay system, whose function Is to brldge dlfrerent, networks or pro-
vlde a related service such as routing. Abstract test methods are described In terms of
what outputs from the entity under test in an end—,system are observed and what Inputs
to It can be’ controlled. They also ldentify t.he polnts closest 1o the Implementation

Under Test (IUT) at which control and observation can be exercised. These polnts are

t\;’

-

5



called Polnts of Control and Observation (PCO); which usually are the Service Access

¥

Points (SAPs) of the different layers. i
The OSI protocol standards define allowed behaviour of a ptotocol entity In terms
of the FDUs and ASPs above and below t:hax entity. Thus the conceptual testing
methodology (Fig. 2:1) shows the en/my or IU1’ as‘a black box with two absﬁ'act_lons
for conttol hnfl observ‘atmn above and below ’the IUT. The Lowc;r Tester (LT) 1s the
abstraction of the method of providing cox;tml and ';abservablllw at the lower boundary
of tht(a IUT. This 1s 'usuglly the locatlon of thé/acmal fe“s:pr'(\)cedul'gs which cor}ml the
test operation. It could be elther at the end-system ltself or lqcateq remotely, In. which
T ‘casq/. the LT relles on the (N—l)-servlée, which Is assumed to have —been tested previ-

ly It should be noted here that the LT 1s, In some cases, a reference implementa-
+ ’ N r

‘

\ : . ) :
ton of that layer along with exceptlon generators, etc., although 1t may not be clear

.

that this is the case from looking at the conceptual model,

)

3 a.
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. - The Upper Tester (UT) Is the means of providing dunnz test executlon, contaol
. and observation at the upper service boundary of the IUT The need for coordination

S ) between the upper and lower testers Is apparent and the rules for such & cooperstion

are called the test coofdination pﬁ:i,z:‘édures. .
Test architectures are also déffied for TUTS where the Interfaces to the l&ver are

.

not visible externally and the testing procedures have o be deslzned consldennz the
TUT as an emhedded element in a multl-layer system. These methods are outside the

scope of this thesls and all the methods deﬁned here and later refer to slngle layer

L , -
' ' ;

implementations.

L ' '
s - B -

" 2.3.1: The Local Single Layer Test Method )

The deal Single Layer test method (Fg. 2.2) assumes that the- PCQOg for the IU?I‘

are at the servlce boundarles above and below the layer. Th\stast events are specified

., 1n termps of the (N)-ASPs , (N-1)ASPs and (N)-PDUs. The lower tester contmls and
observes the latter two test events. The requirements to be met by the- test coordlnanon

procedures only have to'bé defined.

Fig. 2.2. Local Single Layer Architecture. (
, ’ ¢ \
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23.1.1: An Example
) %

Fig. 2.3 gwei; a ime sequence diagram of the test events used In this example.
: ;

The following is a fest 'sequence Intended to-test basic connection refusal neﬁulrements

of a transport 1mplemeﬁtanon; L stands for the SAP at the lower tester and U: stands

for the SAP ?t the 'upper tester. This test assumes that the network connectlon has been
established already and that It exlsts. \ N

L sends NDatalnd with the data part decoded as CR (Connect Request) PDU.

U should receive TConInd from IUT with the proper parameters.

U ‘sends a TDiscReq —-refusing the establishment request.

L_should. recesve NDataReq with data part encoded as QR (Disconnection Request)

PDU. ‘ . C e
" Uppar Testar IUT ¢ |Lower Testar|’
NDATAind
| (R)
TOONind / '
ICreg [~
\ -
: , NDATAreq
" - T »*(DR)

Fn

‘Fg. 2.3, Time Sequence Dlagram.

RN
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2.3.2: The Distributed Single Layer Test Method " .
_ The Dlst"zibt‘xted Single Layer abstract test method (Fig. 2.4) defines the PCOs as

belng the service boundaries above the TUT and .above the (N:lf-sgwice provider at

¢ the remote site. The test events are specified In terms 61’ (N>ASPs above the TUT and s
(N-1)-ASPs and (N)-PDUs remotely. These remote (N—'l_)—ASPs are rerer;red"to as (N- |
1}ASP"s, to differentiate them from the local ASPs. m; me't.hgd o;ercomes the res-
uiction’ of the Local method In that the test site can be refoxlotely located, but the
requirement of havlng an Upper 'I‘ester at the, systerfRunder test ls stll present. Test

b ¥oord]naﬂon pnocedures are require t.hough only t.helr nequlrements are needed to be

defined. ' ) ‘ . v

N-PDUs ..___.. N
/ ! ; IUT

A lég.y"l)- A@'S ’ -
1% ' - !

1Y

Fig. 2.4. Distributed Single Layer Architecture,

2321 An Example

. ‘The followlng 15 the same. st case as the habove modified for the distributed test

: . architecture. It should be noted that the direction of lnidication and reqiest to and from
the Lower Tester (L) Is reversed with resl;ect to those In the local test architecture. .

The reason for thls 1s the fact that there now exists a network between the TUT and the

&

.-v:_ | . ' . . | . | ) ’ * | T (\
) .
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. Lower Tester.

o

. L sends NbataReé with dat;z part encoded as CR PDU.
U should receive TConind with the proper para;nctcrs. ) ‘ )
N : U acnds TD1sRegq.
L must/rcccwc NDatalnd wzlh data part decoded as DR PDU,
S0 ’ o .
" 2.3.3% The Coordinated Single Layer Test Method

. . , . \ 5
This 1= an enhanced version of the Distributed method in that the Upper Tester Is

standardized and a test management protoc¢ol is deflned to reallze the test coordination -

Al

between upper ‘and lower testers These two need not be the same for all tests. The

4

only PCQ avallable 1Is the one above the (N—l)—servlce provider at the remote SAP.

.The .abstract model Is shown in Fg. 2.5.°
C ]

- - “‘\f ' . . |
} S . LT ‘Test Cocidination - U T
e ! \ ! Procedures
h ' ) . [ ———= T™ - PDUS >
. 7 ]
oy ~
- o AN ,
oy N-PDUs +> )
- ) ~ ) I U T -
. |, 09-2)- AsPs i 7.
~.' ’ \v” k
\‘ { * Fg.2.5 Coordnated Single Layer Architecture, | '
~ 2.3.3.1 : An Example
. " The f&b\ilng Is the same sequence used In ‘the Local method but modified for )

[}

« 4 1'\
R '
- \ . . “
- - . P
v t ™ ) . ~ X . . 3 v ' o Y
. - . wn
i ! , -4
* N ‘ “ - ’ '4 "ﬂ
. . .

» L o



the: Coordlnated tnethod. Here the lnitiation 1s done by the lower taster trying to estab-
lish a transport connection using. TM-FDU (Test Management PDUs), for coordination
between LT. and UT. Each T™-PDU has a special s\zmncance understood by both
Lower tester and Upper Tester. |

L sends NdataReq with data encoded as CR PDU iwhose' data is encoded as Discon- .
nect IM PDU. . . L

4 .
a N -

—-This tells the Uppei tester to refuse the connection 'requ'efsted.
L should receive NDatalInd with data part encoded as DR PDU.

Lo
- y
= A .
. ) [=7— 7>
e e -k
I LT Mwo;'dinatim : urT , <
4 Procaedures | |
bmd b e - ['
I
N-.PDUS g —> T
a IU0T
(er)—ASP's
Service Provider '
" l J

P ’ : - :
' Fig. 2.6. Remote Single Layer Archltecture,

" ' R ‘
. .
R ¥
. - - v,

»

-

5  '234: 'IheRexmteSmgleLayerTestMeﬂmd )

]
- —

e "As can be seen rrom Fig. 2.8, the Remote Pest, method speclﬂes the PCO as |
" belng above the (N-1)-Service provider at the SAP remote from the (N)-Exmw under

[
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test, No access Is assumed of the gayei- above the TUT. Test coordination procedures
need to be Informally specified only. Test laboratory and the client have to negotiate
the method by which actions to be inltiated by the IUT need to be specified and exe-
cuted. The X.25 tests [6][7] which are being standardized are specified In terms of this

method.

AN

The example for &Qs_gpthod Is the same as the the one given for the coordinated
1

«  method wlrt.h the differerice that, since the coordination procedures are informal, there

will be no TM PDUs as such. Coordination between the tester at the remote site and

‘ 'the one at the site has to be done uslng procedures such as telephonic coordination.

2.4 : Test Suites and their Structure ' . \ Co.

*

An ISO test sulte Is made up of all the tests that are necessary to perform confor-
_ mance testing or basic Interconnection testing for an IUTor a pxﬁtocol within an TYT,
"along with information about the order in Which the tests are 1o be executed. These
test sultes are h’lemrchlca.lly structured.into fest groups and lest cases. (Fig. 2.7). ["'—"
h 'Ihe‘se Qom wlt.;n a Ibrary of test steps form an ISO test sulte. A test sulte can,lt.her '
be structured as test groups and test cases under these groups or Ju;t a flat specification

o'rlall the test casesobqt not both. Tests which achleve related purposes are structured

" Into sets called groups. These In turn can be divided Into groups untl we come to test

cases which achleve a speclfic test purpose such as verlfylng whether the TUT can sup-
port the packet slzes as stated and 5o on. Thesg test cases have references to test ste

whic uped Into a library to be called flom anywhere. They are used to m§du- 9

larize test cases. Test Cases can also make use of 1cally defined test steps. These test
steps a.re Invisible to other cases. A tést cvent 1s the smallest test unlt which can be
specified, for example, the sending or recelving of an ASP. Verdicts of the test case

are assigned at this Jevel. : S
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Fig. 2.7. Test Sulte &gucmre. } r
v 7
,;‘/\ [ ‘ R )
* The following example is glven to clanry protocol téstlng in a.n OS] env!ronment.
Tne following strucmred sequence of tests 1n t,he test group would be speclﬂed In the
‘samé manter in TTCN. The purpose of the group Is to test the response .of the [UT to
T "~ valid peer behaviour. This s further divided Into three (sub)gfbups. i . .
1. The connection establlshment tests. . )
2. The data transfer tests.: .
- 3. The disconnection tests.
[] -
The ﬂrst. sub-group’ can be further dlvlded Into three groups. C e ‘
1.1 Events sent to the l"UT L .
1.2 Evéms recelved from the TUT. _ " : :
13 Interaction events between the TUT and peer.

“ ‘ . TS
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Group 1.1 can be divided ifito test cases as given below.
1.1.1 Varying test events for each state of the IUT
1.1.2 Timing variations. ' ’ .
1.1.3 Varying the encodings

ete. This Is a typical breakup of a test sulte as recommended In [4].
8 ' .
There are three levels of deflning test cases. They are :

e A generic test case Is defined in the style of elther the Remote or Distributed test

" methods. An Inltial state of the test body ls defined and the test body Is specified

_using, preferably, TTCN. No attempt is made to give \mplementation detalls or how to

drive the test body Into the required Initial state, etc. Generlc test cases produced

beforé the abstract test cases are useful In the deslgn process because théy glve a com- -
g pul

. Mon structure to all possible abstract test sultes, independent-of the test method used.

“The abstract test sultes derlved from the generic test sulte will have slmilar test pur-

pose;s. though the means of achleving them fnay be different. '

e An abstract test case 1s speclfied In terms of a particular test method and an addl-
tional requirement Is that a preamble and postamble be speclfied for each test case to
drive the test body Into the required Initlal state and to take It back to a chosen stable

state. The body of test case may be different from that of the corresponding generic
, _ »

4

test case If the test methods are different.

¢ An executable test case, derlved from an é.bsu-act test case, 1s dM&

able form to be used on a real system without further processing. For example, in an
abstract test sulte defined In TTCN, the test designer Is allowed to use user-defined

operations without having to specify how to reallze them..



f‘i!.

INTRODUCTION a

\

CHAPTER 8 FORMAL DESd]RIP'HON TECHNIQUES
| :
!

-~ &
This chapter looks at the role ¢f formal descripion techniques (as opposed to an
Informal English language description) 1h specifylng the ptotocols and services

required of systems In the- OSI environment "Ihe techniques of Interest here are

. Estelle, Lotos, ASN.I and TTCN. A brief déscription of these specification langusages

wlill be given and thelr underlylng models explained. ,z\

3.1 : Formal Description Techniques (FDT) °\‘,,;\~\ ' ety

. - \“\“;J/.,f/”y/
It was apparent from the Inception of the Open Systems cQucept that formal tech-
niques had to be used to describe these protocols and services so “hat implementors

anywhere could develop correct and Intérworkable systems. The ISO / TC97 / SC 18 /

", WG1 ad hoc group on Formal Description Techniques was formed for this specific

reason. 1 \
1

The following, which is taken from Annex E of an early verﬁlon of the Rer'erence

Model, show that an FDT Is necessary to provide :. , ,

an unambiguous, clear and concise, specification of a service, protocol, Interface

—~

of the reference model; . -

a basis for determining the completeness of the specification;

gfoundaﬂon for the analysis of the specificaion as to 1ts correctness, efficlency, ‘
etc;' )

a ba;ls ro'r the verification that the specification meets all the requl;v(emems of the
OsI; ] ' .

a basls for determlning the conformdnce of implementations o the OSI standard



specification; o
a basis for determining the consistency of OSI standards with each other;

a basis for developing tmplementation support.

In this chapter, we take a 160k at .the FDTs which are undergoing the process of
standardization, speclfically, Estelle and Lolos. These FDTs are orlented towards
specm(lnz open systems but do not lend themselves easlly to specifylng ~te5t; pro-
cedures. Hence, a new notation, the Tree and Tabular Combined N;)tation (TTCN) 1s
presently belng standardized and 1t Is expected that test cases for lmplementations will

be specified in TTCN test sultes.

3.2':F3telle. o

L

A subgroup of WG1, subgroup.B, was formed to deal with the development of an

FDT based on the Extended Finite State Machine concept. The underlylng model 1s a
finite” state automaton which has memory and the state space of which 1s determined
by a set of varlables; a state 1s the set of of the different values which these varlables

. P
can take. An Important variable 1s the STATE variable which s the state of the finlte

- automaton. The variables are also referred to as context variables to differentiate them

from the STATE variable, also called the major-state. w

This model describes t.lie system or protocol as a collection of entitles or

, modules. Each module 1s a finite state machlne capable of having memory and com-

mugcaxe with each other as well as the external environment over channels These

channels operate as First In First Out (FIFO) queues. The language of Estelle Is based‘

on Pascal with some extenslons to facllitate protocol speclfication. WHEN clatses are
usei?o speclfy the arrival of an lnput Interaction and FROM/TO clauses are used to

definé the Inltal and final state of the machine. OUTPUT statements are used to

speclfy the:output of a transition and PROVIDED clauses are used to speclfy
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conditions required to fite that transition. Transitions with no WHEN ciake are called

spontaneous and are used to.describe nondeterminism. DELAY clauses are used to
speclfy timing requirements. The collection of the transitions and the relevant declars-

tions make up the body of a module.

It 1s possible to seml-automatically generate executable code using traxi‘sla.tors

developed for thls purpose [8]. The present definltion of Estelle has reached Interna-

tlonal Standard status. [9]. # .

S

Lotos is an algebralc speclﬁcatlonggéed on the calculus of cornmunicating sys-
terms (CCS) of Mllner [10][11]. c&s 1s used to define the obse'rvabl'e behaviour of
pmgésses. L'otos. lncorporate§ a powerful abstxl'ilwt. data type description language called
ACT ONE [12]. ACT ONE s used to“define interaction primitives as well as 'static
data. The dynamlc behaviourls expressed as a process aigebra as 8 set“or operations
wméh Include recurslve procedu;'al calls to Instantiate multiple cgples of -ihe same pro-
cess. Thie Interaction type Is the renciavous type with value pBSflnz and value match-

Ing at the synchronization pqlnﬁ. Further detalls can be found in [13].

-
. 4

3.4 : The Abstract Syntax Notation KOne (ASN.1)

ASN1 i14] has been defined as an abstract syntax for the meaningful transfer of
da_t% between two, application entities. This abstract syntax defines the structure of the
PDUs to be transferred hut the conc;ete syntax may be different en different
machines. The presentatlor; layer assoclated with each application entty performs a

sultable transformation to and from this syntax If 1t happens to differ from the local

" syntax. ASN.1 also defines an encoding method to produce the. PDU In a standard

-

»

[ , »
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syntax form and can alsoébe used to deflne the service prtmltlve‘s a.ngl PDUs of other

layers. : t. , ”
A, definition in ASN 1 of a set of PDUs belonzlng 10 a particular pmtocol entity
#s defined af a module, ’I‘he definltion of the module body Is placed between BEGIN
and END statements and successive deﬂnmons are glven uslng a tree strucbure with
the leaves belng one of the predeflned types, elther pmmhve (lntezer, boolean, blt-

string, etc.) or constructor (Integer, Bitstring, sequence, ASCII character strings, etc.) .

e

i;ypes.

>

3.6 : Requirements for a Test Notation

[N

hY

To cc;nstruét‘ an abstract test sulte, a test notation is.needed to standardize the <
representation of a sequence .of tegt steps or test cases. The necesslty of introducing a o
new test notation instead of usll[jxlsﬂng formal descﬂpﬂon technlques may be ques-
tioned. The reasoning. behind the introduction of TTCN as the standard test not.anon
can be seen by considering the criterla for an FlzT 10 be sult;able as a test nota.tl?n.
3.5.1 : Evaluation criteria for a test notation.

e Does the test notation have the right expressive power? This criterion lnclugles such_
categories as emphasls on the maIn paths of the test, specifylng tming eve_nts. speclfy-
Ing related verdlets to egch paths of the test ,ete. . |

e Is the test not;auon equally applicable to all test architectures?

e Is the test notation easlly readable, clear, understandable and slmﬁle? Tﬁls ralses
questions such as how much complexity must go .Into the language and how much Into
the description. . J ‘

e How cap. the test notatlon asslst In denving executable ests from abstract test
speclfications? '

» Is the test potation sultable th ot.her‘stages of the testing procss?

s
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e Is the test notation widely used and stable? Do experence and documentation exist?

In this respect, Lotos and Estelle have a‘décldqd advantage over any new notation,

P R

¢ Does the test notatlon support the validation of tests?

A

e How can the, test notation assist In derlving tests for one architectire from tests for
another architecture? For example, deriving the remote or atsmbuted architectures

from the local architecture. Of course, this may not be necessary in all cases.

- L]

Taking the above cHteria lmﬁ consideration, ISO has recommended TTCN ss a
pn;}erned test: no@on. TICN Is a s;ml-rormal notation with algorltmnlc'a.lly defined
semantics. The defined purpose of TTCN -ls :*

a) to provide ‘a. common reference for assessing other test notations and to assist in
examining the problems arising 1n test caée and test sulte design;

X - N
b) to provide a basis for the translation of test cases 1nto other test notations.

3.6 : Syntax Forms of TTCN

TTCN lIs provided in two forms, graphical and machine processable (TTCN-GR
and TTCN-MP). The TTCN-GR notation Is defined using a nuprer of tablg proformas.
TTCN-GR s geared towards humz\.,n readabllity and understanding. TTCN-MP 1s a
linear form of TTCN-GR with the difference ‘that tokens serve as dellmiters between
flelds instead of tables. TTCN-MP is more sultable for machine processing, such as
communicating test sultes between different sites or for further automated processing
of a test sulte such as the tm.nsia.t.\on of test cases into other test notations. Examples
will be given in the next Chapter showlr;g tables using the TTCN-GR notation and 1ts

equlvalent TTCN-MP form to make the distinction clear. -

AN

‘.
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3.7 : TTCN ‘Test Suite Structure . '

As wm; seen In Chapter 2, a test sulte for an OSI ~lmplemeqtatlon 1s considered o -
be strucﬁn:ed hierarchically into:
e Test Groups. ,
o Test Cases.

e Test Steps:

e Test Events.

This same structure 1s preserved In TTCN lq.}.hat 1t allowg the partitioning of the test
suite into a hlerarchfca]-groupl'ng by allowing global referencing of test cas~es In terms
of the name of t.t;e sulte, t.]he component sub-groups and finally, the case itself. The. test
sulte 1s also permitted to be 'completel'y flat with no groups, If so deslred. Test Steps
can be referenced In the same way to permit a llbrary of steps to promote mq‘d_ulax}'lw

in sulte design.

4

8.7.1 : Comiponents of a TICN Test Suite N ' \\ B

The followlng four sections make up a TTCN test sulte :

. & Sulte Overview

" . The Sulte Overview part contalns information needed for overall understanding of the

test sulte and Its purpose, All the test case, test step and default references have to be

* entered here. The strycture of the reference determines the position of the paricular

case or step In the sulte hierarchy.
e Declarations Parp o . | \
e Declarations section contains Information about the set of test events and all com-
\znents which, are used In the test sulte. There. are eleven different declarations Which
- can be made In a test sulte. The three Sorts of tést events deflned hex_je'are: abstr;zcg

service primitives (ASPs) which occur at the PCQs used by the UT and LT and timer

L]



events.

. Tl_le other test sulte components specified here are thé user defined types, user
defined Operators, test sulte parameters, ;;lobal ‘constants, global ‘va.nablés. PCOs, and
PDU (Protocol Data Unlt) data types. PDUs carry the Anformation trom peer layer to
peer layef. The ,user defined types are for the types which.do not ralll In the predefined .
types In TTCN such as Integer, boolean, bitstring, octet, ete. * : ;o YT
. Ds}namlc Part \ | ‘ )

The dynamic behaviouf part of a test sulte consists of the xpalﬁ body of the-sulte. The
.test cases, steps 'é.nd default behaviour are deﬁned-here. ‘The tree notation is used t_;em
" to describe the sequence of events which can possibly occur in ; test case or Step or
defauit. In TTCN-GR, Indentation 1s used to show what events can occur at a particu-
lar 1nstant o'r time. Events at the same l;;rel of lndenmtIonr»are alternative evegts at that

Instance of testing and events occurrng one after another are*shown line after line,

siccessive events being Indented once from left to right. For example
: 3

Events In sequence:-
EVENT_A
EVENT_B-
EVENT_C
Alternative events and events in sequence:
EVENT_A

* EVENT_B -

EVENT_B1 ) -
EVENT_C : ‘
EVENT_B“and EVENT_B1 are the set of possible events which can oceur after

E\”ENT " A. Slnce EVENI_C Is given af‘ier EVENT_BI1, It is understood that

EVENT_C can occur only If, out of thci7 two possible events at the second level of ‘

v

e
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)

indentation, EVENT_BI”. oceurs. A ; -

¢ Constraints Part . _ ° \
This section speclfies values for th; ASPs, PDUs and thelr parameters which are used
In the dynamlc behakur as the test events. L q |

~

These four components will be explained 1n more Yetall In the next chapter along with

the . editor which was created to enable the test designer enter the test sulte In ;he

graphlcal format and automatically get the TTCN-MP form, which Is reqtﬂned;ror
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CHAPTER 4 THE EDITOR AND TICN
INTRODUCTION

- This chapter Infroduces the tool developed as an ‘ald to the testing process and

* uses the TTCN language to explain the various.features oﬁhe tool. The four pars of °

TTCN arg shown t0 be supported completely by the tool and.some example proformas
are glven. ° o | !
H !

4.1 : Survey of Language Editors

s 3

. An editor, In computer t)ermlnology at least, 1s a system program that allows the

+ user to Interactively enter and modify his/er’ pmgréms or text, as the case 'may be,

A

. a ‘ B '

" providing maintenance and structure and relevant fillng Information. As programs get
-more and more complex, the major problem facing programmers Is managing and *
nfa.lntalnlng large software systems: The concept of passtve editors, which just accept

* anything the user types In without regard to the content or structure, 1s generally not

o

found to be‘usef\ul enough In the sort;ware development process. Lengthy compllation

L3
v

time also adds to ‘the problem because the user has to re-edit If the compllation came

4 up wlith any syntax errors.

%

Recent work has focussed on language oriented editors which are armed with a

?

l;nowle,dge c;r“t.he language’s syntax, and {n some cases, the assoclated semanﬂéﬁ. This

knowledge can be used to detect elther local (co‘nth, rrge) or global (context sensi- |
‘uve) e'ljrors as they are cpnﬁmiﬂed. [15] discusses the dé}/elopme?t of such a system
called the Synt.heslzerngeneratbr.' (18] discusses tlhe guldelines for developing sttems
capable of.generating language orlented edltors Smétg environmeits). WYSIWYG (

What You See Is What You Get) editors also belong .to this class, cuting down
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f considerably on the ime required for document prepai'anon.

ITEX [47] 1s a commerclal system undér development by Swedish Telecom for
* the malntenance and execution of test sultes specified in the TTCN notation. This sys-

tem has been Implemented in the LOOP‘S oblect ‘orlented programming environment. It

-

_consists of a synlazr driven editor for entering TTCN sultes and a translator module for
‘transiation_of the sulte Into various exécut,able' languages. Syntax driven means that
syntéx checking s performed as the usér enters thqg' various parts of TTCN. This
chécking can ajso< be turned off. The system is golng thx:ugh the pbcess of belng
ported to the UNIX and SUNVIEW envnqnment. .

4.2 : The Editor
( ‘ ‘

The process of designing a test sulte to t€st Mplementations which @lalm confor- -

e

mance to a particular standard Is a very cgmplex one with no mcogmiéd procedure for
test generation, automatic or otherwise. There are many techniques avallable, each -with A
d . L i

* |t own disadvantages and advantages. Once the designer has dectded upon & particular
method to generate the test sequences, his/er next objecEﬂVe Is to represent these iests '

/

in the standard notation to achléve wide* acceptance and approval of the sulte. Having /
- /

© 8 tool which can be useful at £ﬁls's_;t'ep of the design process is very desirable Indeed. ,/

" This.!s the motvation behind the de;'elqpment of an editor'which

e creates the tabular forms In a user fﬂexidly environment, on which the test sulte
! IR e

specification could be entered ' O _ ~

o creates the hard coples of the tables required -

¢ < -t . - -y ® R s - . :r¢#',=;ﬁ‘1*'~a
¢ converts the specification to TTCN-MP after syntactic and semantic checks '

©
-~ o, t‘

o takes a speclfication In TTCN-MP andoailows' the user view the MGR

. ) . ‘
P
PS .
, o . . -
e .
. @
R .
-

LR
o

(e

[
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' form of the specification. T , T

The last two steps are required when ol needs to exchéhﬁ'e test specifications with

other teép sites because TTCN-MP is the transfer syntax of cholce,

- 4.3 ; Editor Structure’ - ' o -

The edltor, nick-named CO . en impleme entirely 1n the. C.

language 1n the SUNVIEW environment on SUN workstations runmnz the SUNOS 3.0
and up. It s inenu driven with a simple user Interface and requires a minimum of prior
exposure to the environment In which the tool operates. Fig. 4.1 shows ‘the structure

¥y

of the tool. The function of each inodule 1s explalned In detall In the next Chapter. .

Y 2
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" The different components of t.hel language will be explalned, taking example

- 4
declarations and behaviour descriptions. The form of TTCN used here 1s TICN-GR.

—~ ‘4.4.1 : Suite Overview :

g, ;1.2 shows t.hé Inltdal screen when the user lnvbkes'the editor. The screen

" representation of the sulte overvlew table Is shown in Fig. 4.3. This corresponds

'éxgl;ﬂy‘ to standard proforma as defined In [4]. Mouse location dictates which field or

‘col“fxmp Is getting the Input. Moving the mouse into the top panel, the user can enter

the sulte Identifier, Protocol Implementation Conformance Staternent ('PICS) reference,

t.ﬁe test method used, etc. Moving the mouse to the rightmost column below this panel,

the user can enter the test casef:ldenuﬁexs and the test case references !n the next

| column. As can be seen from the figure, the menu which 1s called up when the mouse

button 1s clicked anywhere on the frame contalns an ltem calléd proforma. This is

~ used to change .the proferma for test steps and defaults to enter the information for

these two components of the Dynamic Behaviour."
. f *

Selecting the hardcopy ltem on the same roenu produces the table shown In Rg.

- . ‘
4.4, which Is the standard proforma for the sulte overview part of a test sulte.

4.4.2 i Declarations . '

. This section contalns information about the‘ set of test events and all the com-

ponents which are used in the test sulte. There are ten différent declarations which can
\ .

¥

be'i' made In & test sulte. These are explained one by one using exainples.

—

4
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2
SUITE OVERVIEW
Suite Name: , Example
Reference © Standards None
Reference © PICS None
Relem)ce © PIXOT None

How Used: » Demonstration of ol
Test Methods Quite informalt
Comments .
o
Test Case Identifier | Teat Case Reference | Page | Doseription
4] ! Example groupl Acase 1 First case

Example group? tcase? B Second

Test Step Identifier Tost Step Reference | Poge Dco;rlpdon -
Default Identifier Default Reference Page Doscription
.\. o
Fig. 4.4. Sulte Overview Example Table.
Abbreviations

These are used to deflne strings which are frequently used In the dynamlc

behaviour aé a short ldentifler or to simulate éendlng or recelving PDUs as test events

Instead of ASPs. In the example table, (Fg. 4.5), CR-TPDU may be used instead of

NDatalnd [UserData™CR] where ~ represents "decoded as™ In TTCN.

ABEREVIATION DECLARATIONS
Abbreviation ] Expansion l " Comments -
CR-TPDU ?NDatalnd |UserData™CR) CR-TPDU may be used
. in the Behaviour
CC_TPDU ?NDatalnd |UserData™ CC} Tables
Fig. 4.5. Abbreviations Example Table.

Operators which.are. specific to a test sulte may be 1ntroduced by the user If the

predefined arithmetic, relatlional and boolean operators do not sausfy all the designer's

needs. In order to do s0, the rOIIOWIng Information needs to be provided :

e a name for the operation




) "o the signature of the operation which is made up of .
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a l1st of the Input types
a name for each Input argument

the type of the result.
- ) .
e a textual \gescﬂpuon of the operation, l.e., ¢gnly an abstract rmﬁuonal description

without any Implementation detalls.

’

»

~Slde effects are not allowed in operations, l.e., the Input arguments are ‘unchanged by -

the operation. Flg. 4.0 1s an example op:aratlon definition of substr whlch takes an
'ASCII string as Input along with two integer arguments, start and length and produces

a string of length length starting from start of the Snglna.l input string. \\

OPERATION DEFIN'TION -
24 .
! A

Operation Name : substr

4 Argument Types : IA5string, integer, integer

Amixmenm . | source, start, length ,
Resuit Type . 1ABstring

! DESCRIPIION
subst(source, start, length) s the string of length length starting from index start of source

' " Fig. 4.8. Operators Example Table.
User Types | ‘

TTCN supports a ﬁumber of predefined (base) types such as integer, Boolean,
bitstring etc., and also provides a mechanism to allow the user to define wpes\ specific
to é.test sulte. 'I‘hese types can be defined In two ways‘:

e TTCN tabular method . ,

¢ ASN.1 method N

An example TTCN type definition Is shown In Fig. 4.7. The column labeled Base
Type may be left blank if the type belng Aeﬂned \mplicltly refers to the base type.
This column Is used only when the type s a subset of a previously defined type. The
Definition column can also refer to an ASN.1 type If avallable In the standard. The

first entry In the example declaration defines a type called llajspon Classes. There Is
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S

Do base type entered because the definition conslsts of an enumerated wpe with the
values explicltly defined. Fig. 4.8 shows the t.'ab!e for an ASN.1 type definition for a
Wpe used In the FTAM (Flle Transfer Access and Management) protocol.

USER TYPE DEFINITIONS A
Name Base Type Definitlon ‘Comments
Transport,_Classes (Classo, Classl, Class?) Some Classes
Seq_num B INTEGER |- (0..128)

Flg. 4.7. TTCN User Types Example Table,_ o
USER ASN.1 TYPE DEFINI'TION -

Type Name : Access-Request

ASN.1 Definltion or Reference

Access-Request :'=[ APPLICATION 13} IMPLICIT BIT STRING
read (0), . -
insert(1),
replace(2),
erase(3), U
extend(4), L~ °
read- atiribute(5), ' -

change-atiribute(6), .
delete-file(7) } :

Fig. 4.8. ASN.1 User Tybes Example Ta}le.

Test Sulte Parameters

The Implementor of the protocol under test has to fill in t\vo" documents which are
meant to provide lnrormanon‘ helpful _ror{ conformance testing, such as‘ the features sup-
ported, constants used as parameters, timer values etc. These documents are the Proto-
col Implementation Conformance Statement (PICS) and Protocol Implementors eXtra
Information for Testing (PIXIT). This section of TTCN Is used to declare the constants
derlved from PICS PIXIT. These constants are referred to as the test sulte parameters.

Flg. 4.8 shows the tabular form for this declaration. Examples of test sulte parameters

are values for timers, values for credit, ete.

S



. TEST SUITE PARAMETERS
Name Type PICSFPIXIT Rel. Comuments
) R.TIME INTEGER 1ISO xxxx value for a timer
WIN_SIZE INTEGER SO xxxx Window Size for protocol
. Fig. 4.9. Test Sulte Parameters Example Table,
Constants .

This section Is used to deciare those constants not dedved from PICSA’IXIT and

whlch are constant thmughout the sulte. The name, type and value of each consta.nt are

given In the proforma shown In Flg. 4.10.

36 -

GLOBAL CONSTANTS

Name

Type

Value

Comments

WAIT_FOR_CC

INTEGER

20

Time Tester will wait to
est?,bhsh

depepdent

connection Implementation

i

-

Flg. 4.10. Constants Example Table.

[

This sectlon describes the set of polnts at which the TUT displays coi]tmllablllw

and observabllity. ‘An explanation of the location of these PCOs with relation to the

. testing environment Is also to be given In textual form. The number of -PCOs deperids

on the abstragt test architecture used, as was seen In Chapter 2. The PCO model Is -

A

baged on two First In First Out queues, one for control (stimulus) and one for observa-

tlon. This Information will be provided in the proforma shown In Fig. 4.11.

POO DECLARATIONS

Role

LT

Above the (N-1)-Service Proyider at the SAF remote

from the (N}-entity under

test.

UT,

SAP above the (N)-entity under test.

Fig. 4.11. PCOs Example Table.

'

-
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ASPs are abstra.cﬂy defined In the service standards, ﬁe set of ASPs which may
I\ .

occur at the PCOs declared before are declared here, along with comments about thelr

use. Like the User Type definltions, one can declare ASPs using the TTCN definition

or the ASN.1 definition. Fig. 4.12 shows the screen mp;‘esent.atlpn of the ASP table,

The menu has an Item Goto which allows the user to goto the next declaration or

declare a new ASP If required. The Parameter Name column contalns the list of

para.metgs’ of the servlce primitive with the type of these parameters belﬁg declared In

the next column. These types can be complex types but must have been defined before

Un the User Types If not belonging to one of the predefined types. Fig. 4.13 shows the

hard copy of the table produced by the Hard Copy ltem on the menu. The ASN.1"

declaration of service primitives parallels that of User Types.

ASP DECLARATION

ASP: NConReq PCO. L Comments.
(NConnect,_Request)
Service Control Information «
Parameter Name I . Type T Comments
CdA (Called Address) BITSTRING - of upper tester
CgA (Calling Address) BITSTRING

of lower tester

Sec (Security)

BITSTRING

'QoS (Quallty Of Service)

INTEGER

Implementation
dependant

Protocol Data Unls

Fig.

4.12. Screen Representation - ASPs.

!

This sectlon of TTCN Is used to ‘declare data types used In a test sultg. which are

IS

usually Protocol Data Units. User ’B’De definitlons are also used to deflne data types

but PDUs are glven a separate proforma because of thelr special significance. The
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- t
service-level Service-Level DEFAULT reliable,

attribute-groups Attribfite-Groups DEFAULT { },
calling-address Application-Entity-Title,

called-address-Application-Entity-Title,

89
PDU DECLARATION
PDU Name: INIrq | Comiments: Initialise request "%
(F-INITIALIZErequest) ' -
ProtocolControl Information
Field Name | Type | Comments
protocol_id Protocol-Version — This type is defined
presentation- context-management BOOLEAN ¥y ' N
service-level Service-Level i
service-clafle Service-Class
atribute-groups Atribute-Groups
 calling-address Application-Entity-Title
called-address’ Application-Entity-Title '
checkpoint-window- W INTEGER .
‘ s
r Fig. 4.14. TTCN PDU definition Example Table,
y ]
- , ASN.1 DATA TYPE DECLARATION
PDU Name : INIrq (F-INITIALIZErequest)
ASN.I Definition or Reference
F-INITIALIZE-request, :: =SEQUENCE { '
protocol-id Protocol-Version
DEFAULT { major version-1 , minor revisior-1}, 4

presentation-context-management (1] IMPLICIT BOOLEAN
DEFAULT FALSE,

t

<

- service-class Service-Class DEFAULT management-class, --should be Transfer-ciass--

checkpoint-window [8) IMPLICIT INTEGER DEFAULT 1

.8
4

' F1g. 4.15. ASN.1 PDU definition Example Table.



TTCN tabular declaration allox/vs the user to Eieﬂne the H)EJ fleld by field as shown in
Fig. 4.14. The example shows a PDU declaration for the F-INITIALIZE-request PDU
of the FTAM protocol. It has a number of fields w,hose types are wsuﬁed to have
been declared before using elther ASN.1 User Types or TTICN User Types. o'mg. 4.15

shows the same PDU declaration in ASN.1.

~
’

‘Global Variables

[

Variables which are common to both the dynamlc part and 'con’stralnts part are

N 4
declared In this proforma. These may be used to store values Obtalned from ASP or
PDU test events ln the behaviour description or as regular va.rlables as In any program-

ming language. An example table Is glven In Fg, 4.16. ’I‘he Valu& column is used to

lmtla.llze the values of these va.nables. ’ :

y GLOBAL VARIABLES
Name "I‘ype Value Comments
result INTEGER 1 This stores returned values
‘ ' of test steps

pass , INTEGER 1 These may also be declared
8s constants .

fall “ INTEGER 2 . E

Inconc INTEGER I &

Flig, 4.16. Global Variables Example Table.
Qlmers

This sectjon Is used to define tmer types by virtue of thelr duration. A tmer of *

the deflned type may then be used in the behaviour part and there s no restriction on

the number of timers which may be made use of. The duration Is to be glven using

N
Pyl pilag

séconds, milllseconds, microseconds and seconds as— possible time units. Fg. 4.17-

v ]
glves the proforma and some example timer types.

TIMER DECLARATIONS

< Timer Type Name Duration Comments
. A
Retransmission- Timer R_TIME sec Obtained from Test Suite Parameters

Fig. 4.17. Timers Example Table.

»
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44.3: Dynaxn’c Behaviour

Thls sectlon, deﬂnes the éequence of test events which are needed to accompnsh 8
speclﬂc test purpose. Tbese test cases may be hierarchically defilned as a tree structure
or can be flat. The tool allows the user to enter the casesjtepsAefaults In any order
but Keeps in merfxory the structure of the sulte as defined by the appmpﬂ;we references.
The user cah Interact with this structure, which can ,be displayed as a tree on the

screen, to browse throuéh t.hj sulte.

v

. There are three sub-sections-ln dynamic behaviour :

¢

¢ Test Cases .
o Test Stefis

¢ Default Behaviours

. TEST CASE DYNAMIC BEHAVIOUR
Reference: Examplt groupi Acaset . ¢
Identifier: u’ ; .
Purpose: demo ‘ . .
<Defauits Reference:none o s

R

-

, ) Behaviour Description | Label J CRaf V | Comments
Trees [L.V] . i

l:pulpz . }i:m

0THERWISE n-e) / ’ 1
Timeout ‘ ' . .

gOto labeH F
/ Comments sre preceded by 4 , -

EXTEINDED OCOMMENTS
1. Extended comments cas be entered here,

#can be used for continustion of long lines

for exampie
rasp1 [unrdl;a'cq B 3 -
fs 1] (1 :me2) N
1 the same » ' ' . . . o .
taspl [userdsa™CC) [ =] (0. -n) ' ’
- ’ ‘
. '.. ~ wr \
. + Fig. 4.18. Test Case Example Table.




™

42

Test Steps and Defaults_are used to modularize and to factor out recuwrring possi-
bllltdes of events, respectively, in a test case. In other words, test cases -are used to
speclry the Interesting paths through the test tree, leavlng the behavlour which is com-
mon, such.as D_lsco_nnectlon or Network Reset, which may occl’fmy tme, o the
dera'ulr, behaviour decla.i*ax,lon.~ ' .
Fig. 4.18 shows the smndard proforma for a test case descrlpt&on. Each test case
In a test sulve Is defined in a separaxe table In TTCN GR. The Tet Case Reference
fleld s used to speclfy the locadon or t.he test case In the sulte and Is of the form - -
Suite_Identifier / Group Identifier /[ .....-/ Tast Case Identzﬁcr. The gmuplng can be of
any deﬁth'.‘ The Test Casge Identifier fleld 1s use'd;to glve the test case a short unique . C

name because the Reference tends to be long. The TetPurpqse field glves an Infor-

‘mal description of the test purpose and the Défaulhs reference fleld 1dentifies the
S ) . _

" default behaviour description for this test case. | _ ' ’ .

While the top fields of the pnoforma provide aneral 1nformaﬁon about the test

case, the dynamfc description or the case Is gli'en in the columns t.té’ax appear below

.

. v ‘
This column descrlbes.t.he test case Atep behaviour in terms of the Tree Notation
: . .
which is explalned below. A behaviouf description may consig of a number of trees

. Beha’vmur Dscnphon Colurmn ‘ ‘ ' Sk ’

‘with the first tree entel;ed Beleg ‘the maln starfing polnt for the tgst ‘case. This tree can .

refer to the 1lbrary of test steps or may refer 1o locally defined test ste ';vmch are ’

”

lnvl$lble to the other test cases.

i ' ’ At . , r
443.1 : The Tree Notation. -/ S .
J _ .
The tree not.axlon is” characterlzed by uslng Indentation to xepresent events In tlme
y . /

Increasing order. Thus events at the same level of lndent.aﬂon are altemanves a.nd B

events 1x Inc lncre’&slng lndent.adon represent successtve events@br example. suppose the

rollowlng ’yems can occur durlng a uest, whose purpose Is wtabllsh a connecuon, L -

s
a [



Y

* The tree notatlon expresses$ thls sequence of events as :

‘exchange some data and disconpect. It 1s not enough t0 just specify the required and

+ . ’
expected events but also to speclfy all other events Which may occur and are not under

\

the control of the tester.

The maln sequence: . )
¢ CONNECTrequest, CONNECTconfirm, DATAreq, DATAwnd, DISCONNECTteq.
The following are the alternative sequences which may occur because’the service pro-

vider may be unable to continue with the service required.

o CONNECTrequest, COWWcanﬁrm DATAreq, DATAiryI,/ DISCONNECTind.

R CONNECTr<Maugt CONNECTzonfirm; DATAreq, DISCONNECTind,
. C’O]W\ECTchuest COM\ECTconﬁrm, DISCONNECTind.

. comcnequesz DISCOAMCHnd

"This sequence or a]remauve behavlouls can be vlewed as all the posslble paths of the

’aee shown be%ow starung at the R&ot, CONNECTreq.

4

< CONNECTraq
e TS -
oanmﬁy:u{ DISCONNECTind
" . _4, \\\ . ’
- . DATAYeq: DISCONNECTind

~

. -
DATAind  DISCONNECTind

. -
DISCONNECTreq  DISCONNECTind




TREE [L] . | ‘ ' w
L ! CONNECTregquest - | '
L? COMVEC%onﬁrm 1
L !pAI}Lrgq

7Y L7 DATHind - I S
" L ! DISCONNECTreq o
L ? DISCONNECTind -

L ? DISCONNECTind '

L ? DISCONNECTind

L? DISCOM\ZECTInd il ‘
Here. L stands for the PCO at which the lower tester exerclses the test. The symbols ¢

RS

and ! stand for recelye and send respectively. So, L -/-CONNECTtequest means that

@.

the tester transmits the CONNECTrequest primiti s the PCO L at that polnt In the
test. TREE [L] 1s the ldenu.ﬂer for this behaviour tree and L stands for the formal
PCO used. The tree ;dentlﬂer can also have formal parameters to pass vélues, although
these @rm_a]' parémeters and PCOs are useful only In a tree describing a test step, 'I\est'
Case’ tre;eé are lnﬂv}slble oubslde the test case behaviour table, whereas test_step ttees
can be defilned to be global ’lbst ‘Steps denned in the Test. Step llbrary are global

whereas Test Sﬁ)s deﬁned within a Test.Case as a sub-tree are not.

4.4.3.2 + Behaviorr Descfipﬁon Syx‘é{md Semantics.
. Esch line in thé Behaviow Description column Is referred o as an Event Line.
This can be any one of the followlng : . ‘
e An ;vent ::=Send | Recelve | Otherwise | Timeout | Elapse " L
) Wmenc -—'—Gotol.Amacthepeax» T e .8
e Pseudo Event ::==Boolean E}xpreslon IArlt.hmetlc E‘xpresslon | Tlmer Operanon.

- Here " | " stafds for alternste cholces .

-

- . P
o . ¢ , . X
. . ¢ ' "
. .
< - ‘ - . . ! . .
. . . . .
v . .

y ' * . )
. B . . . . . . . o
) . . . . A
. , o . . ‘ < ' : - L £ . xR



\__For example :

Event :

\ This type of test event Includes the basle -tést. procedure - the sending or mcelvlng‘
) of an ASP or PDU. These events always o;:cur ay & particular RCO which is specified
as In the example. If the-test sulte 1s defined using only one lzCO,'iTxen the ?CO need .
not be specified at all (for example, In test su!tes‘emp{oylng the remote test method), If

)

the event s a send event,’then one can use the Encoded As statement to enforce the

encoding of the SDU parameter of the ASP belng sent. | o
, :

L ! NDATAReq (UserData * CC_TPDU)

This ekample specifies that the tester at the PCOL 1s to trénsmltf the ASP NDA TAReq

whose UserData parameter 1s to be encoded ( ) as the CC_TPDU (Conneciion
Confirm T¥ansport PDU) which Is assumed to have. been defined before. Consuralnts
. - 13

can further be placed on this.encoding, as will be discussed later.

There can be only one encoded as expression by Itself for a PDU or an ASP on

an event line. There could be nested encoded as expressions though, specifying encod-

§

Ing requirements on the flélds of PDUs which are target for the first encoding state-

" ment. f‘ér example : ‘ .
L ! NDATAReq (UserData - CC_TPDU (UDATA - DISC_TMPDU))
Here, the UserData parameter of the ASP M)ATA.Req 1s to be encoded as CC_TPDU
whose 'UDA’DQ ﬂ'eld;.lfl turn, 1s to be encoded as the Disconnection Test ManageEnent

PDU used for Coordinated Test Architectures.
L ? NDATAInd [UserData ~ CC.TPDU]

L] -

. ' v-,.
'This event shows that thé tester at PCO L will receive the ASP NDATA}nd. whose

. R

UserData decodes ( ~ ) to the CC_TPDU. - . . ~

A, notation 1s provided calied Jmplicit Send 1n order to specify action to be taken

'by undefined (non-standard) Upper Testers. An example Is -
- . [

\
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»GOTO: :
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JUT! DR > ‘ ‘
Tals represents tnldation from the IIJ;I‘ side. This is useful to'speclfy test cases In the

Remote test architecture where no assumption is made about the Upper Tester. The
event specified Is the event to be ﬁansmlﬁed by the TUT and not the Upper Tester. It

1s assumed that the Upper Tester can stimulate the JUT in such a way as to cause this

El

actlon. " ‘ ; s

The Otherwise statement 1s used to speclfy the reception of unforeseen ‘Br don't
care events. Otherwise is used to specify that the upper tester or lower tester will
accept any event which has not been glven’ previously as® an alternative. Ot.herwlsé

2

need not be the last alternative.

For example : - S

PCO1'? 4 pass ) ¢
PCOI1 7 B pass

PCO1 ? Otherwise Jail ' ’ )

This statés that the tester at BCO PCO1 will accept A or B but for all other ei'ents, the

verdict Is fall.

r

The two statements Timeout and Elapse are essentlally timing events. The
timeout event speclfies the action to be taken on the explry of a glven or default timer.

The Elapse event 1s used to specify the length of time a tester will ‘be in a particular

set of alternatlves before taking some other action. Flg. 4.19 shows examples using

<

-

.

Timeout and Elapse events.

oy

Sta_tzet}ents:

1

There are three types of statements which are events by themselves, These are :

3

&

This statement Is used to unconditionally Jump to another part of a test tree which

Is lﬁbelgd usl.ng the second column’of the tést case proforma. The referenced event has

ﬁ\ L
" . A

P

W
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to be the first of the set of alternatives, If any. Tree_! In Fig. 4.20 shows the use of
GOTO. The Boolean guard tests the value of variable loop_var. If the value ls less
than 128, the GOTO statement Is enabled and execution continues from the statement

N

- next in line for possible execution.

TEST CASE DYNAMIC BEHAVIOUR

° Reference: Examplie groupl Acase?2
' Identfier © 3
Purpose: * To show how Timeout and Elapde 18 used
Defaults Reference: Nornie
. M ] - N . .
. Behaviour Description l Label [ CRet A [ Comments

Tree1 (U]
U | TCONreq{START retranstuission-tmer,T0) TCONTreq_! 1.

- ? TIMEOUT retransmission-tmer,T0 INCONC 1, '

U ? TCONind . "TCONind_1 i PASS " | 3

° U ? TDISind INCONC ,

U ? OTHERWISE FAILL '

9 Trea(U] :
. U | TCONreq TCONreq_1 ~ . '
— o U ? TCONind ’ . . TCONind_.1 PASS
U.? OTHERWISE ' INCONC | 4 -
7ELAPSE R_TIME sec . INCONC

v

EXTENDED COMMENTS

# Q| 1. Upper Tester sends TConreq and starts s umer TO of type retransmission-timer |
2. 11"TO umes out before U receives TCONind or anyting else, a verdict of
Inconclusive is given and the test stopped. .
3 1t U receives TCONInd, a verdict of Pass is given .

4. The Upper Tester will try to match the events at this levei.of indentauon
untl U recetves either TCONInd or something eise It U does not receive
. snything and s penod of R_TIME seconds has elapsed since the testel started
W process thus level of indentaudn, a verdict of INCONC is given and the : B
et stopged . . -

<

o~

“ _ Fig. 4.19. Timeout and Elapse Examples.

labeled loop. If the Boolean expression “returns FALSE, the alternatlve evept(s) are
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’

TEST CASE DYNAMIC BEHAVIOUR

Reference: Example group3Acase3
1denuber. <]
Purposs To show examples of GOTO, ATTACH and REPEA’

Delsults Reference: NONE . .

Behaviour Description .| Label | CRef {1 v T Comments

Tree1{L} . ‘ '
+NCONNECT , 1.
- +ICONNECT : ) N
(loop_var:=d) ' '
L | NDATAreq (UserDataDT) loop NDReq 1, DT.1
INOT (loop_var m=128) |
gow loop” ¢
+IDISC . .
+NDISC

TREEZ(PCO y
PCO | NDATAreq (UserDanDT) . ) {

.'17“3[1-'] ) . ¥

+NCONNECT . ‘ \
+TCONNECT o S
REPEAT JREE2(L] {COUNT} . - |s

* [COUNT >m127| . .
+IDISC g0 :
+NDISC ' '
"\]; o

-

EXTENDED OOMMENTS )

122 The TestStaps NCONNECT and TCONNECT are attched at thid point. These perform
v the connection of both natwork and Tansport laysrs . .
3 L sends NDATAreq contatmind Dsta FDU This event is Iabelgd as loop '
4 The next pseudo event tests the value of loop_var
It loop_var less than 128, the tast case resumes execution atswp 3
Else the Test staps for disconnection are activated

of the loop count COUNT Is automatically set 10 zero at the beginning R
and incremented once each ume if the boolean expression [COUNT >mm127)
ot false. . . . )
6. If COUNT is less tun 127 COUNT is incremented an TREE? (s executed.
Else the Test staps for disconnection are activated )

§. The Repest statsment uses the REPEAT_VARidentifier COUNT © keep wack o




-

o ATTACH : . ,

This statement s used to modularize test trees by acting es procedure calls. The

Attach statement (which 1 symbolized by "+') I1s used to speclfy that a particular test

8]

* step Is to be attached at that polnt of the tree. The test step referenced may be elther a

/
locally défined one or a library test step.

Tree_2 .in Flg. 4.20 shows the use of ATTACH. In Lhé example shown,
ATTACH 1s used to modularize the preamble to most wransport tests, viz., the estab-

lishment 6f g network connection, followed by transport connection, ete.
e REPEAT: . '

The Repeat statement ls uséd to speclfy lteration over aﬁ test step & required

p——
-

number of times, the minimum beirg once. Boolean gusards may%e used io come out
of the loop. There 1s a predefined REPEAT VARIdentifier which may’ be used 83 a
counter through the looplng. This global variable 1s read only and is set to zero at

every REPEAT statement.

gt least once since the Boolean guards aré

v

REPEAT statements. are executed

tested only after one Iteration through the loop. .Y}ec_;3 in Fig. 4. 20 shows the use of

‘the REPEAT construct. TREE_2 will be traversed once before returning control back’

to Tree_S. If vadable COUNT happens to be 128, the REPEAT statement stops Iteib-
tion and control passes to the next level of Indentation. Note that R:EPEAT will
always sﬁcceed at least once and so it Is redundant to place any alternatives 1o 8
REPEAT statement. . '

L

~

Pseudo Events :
e Boolean & Arithmetic Expressions : : T

£ ¢ -
A pseudo event conslsts of boolean and arithmeti¢ expressions and timer opera-

tlons. These may be specified on a lipe by themselves or may follow regular events,

1
Boolean expressions are used as guards for events. Arithmete exprez:,slons are

"
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pen:ormed only If the event which precedes the exprgsslon can occur and any boolean
expression specified 1s satisfled. For example -
L ! NDATAreq [X >1] (a :=£)

Tbe ﬁxea.nlnz of this line 1s that NDATAreq Is sent and a Is set to 2 ox’uy If X 1s

greater than 1.

‘e Timer Operations :

Timer operations conslst of Start, Cancel and Read statements. START dpemﬂon
indlcates that the speclfied timer should be started, or if already running, be restarted.
CANCEL timer i1s used to inactlvate a tmer and READTIMER operation stores the

current value of a timer into a global variable.

These operations would be used tp test for the tlmnig requlrementé on an TUT in
the. following way. In the example, RET_Timer 1s the 'Dmer.T_vpe whose value is
equal to the fime the LT should walt for an acknowledgem‘entrberoren tlinlng out and
elther retransmitting or quitﬂng. R ‘

Behaviour ' ' ‘ Label )
L ! NDataReq (UserData * CR) (START RET_Timer, t1) | Start
L ¢ NDatalnd [UserData =~ CCJ |
~ ( CANCEL START RET_Timer, t1 )
fTIMEOUT START RET,_ Timer, U1
GOTO Start »
where ST@T operation is followed by the 'Dme—r Type RET_Timer and t1 1s a
specific Instdnce (varlable) of that type. On the reception of CC before the ex‘plry of

t1, the ttmer Is cancelled. If t1 explres, CR Is transmitted and t1 Is restarted.

LY

e Labels Column
The column Label Is used, appropriately enough, to iabel event lines as targets.
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"for the GOTO statement. GOTO statements must target only the first of a set of alter

natives. ’
° Constramts Refer;nee Column L.

The next column, Constraint Reference (CRef) Is used to speclfy constraints orf
the ASPs and PDUs In the event lines. There are two —ways of specifylng constralnts :
the full form and the si;ort form. A full form constralnt 1dentifles 1'expl»lcmy the ASP or
PDU on which tl}e constraint Is placed.’As 'an example:

Behaviour Description Constraints Reference

5,

P

L ? NDATAind [ UserData ~CR_TPDU] NDATAind[DT1], CR_TPDU[CRI1]
DTl and CRI are speclﬂc Instances of NDf}TAlnd and CR_TFPDU, respectively wn‘.‘h
speclfied valixes. This llne states that the tester at L. wlll accept an ATAInd which
has™ parameters identical to the ones glven In DT1 and whose UjerData parameter

decodes to CR_TPDU, whose fields are identical to Instance CR1.

The short form implies the ASP or the PDU the constraint Is placed on. -
L ? NDATAind [ UserData “CR_TPDUJ DTi1, CR1 | )

The requlrement 1s that the constralnt references have to be lri the same order the ta~

* gets appear In the event line,

Constralnts may be parametrized to allow the -passing of values from the
behaviour description. The next section dgscrlbes how constraints are peﬂned.
e Verdicts Colurmn

result of having traversed a particular

The Verdicts column Is used to record the
‘pat.h upto ;,he leaf. A verdict may be elther pr;‘ilmmaxyA or final, A global variable $R
Is avallable for each test case, lnluz;.llzed to 'None’. Possible px:ellmlnary results are
Pass, Fall and Inconclusive. The preliminary verdict Is glven for the test’case for some

aspect of the test purpose belng achleved. It s placed on thoseé events which do not

-

L o

/

. ,;zg\gsag
! ¥
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represent the final leaf of the testing tree. The flnal verdict glven to a case must be

conslstent with the value of $R. For example If "$R” is fall, then a final verdict of

" pass 1s considered Inconsistent.

4.4.3.3 : CONTEST-TTCN Behaviour Tables
Fig. 4.21 shows the way the screen appears when the user s entering the test
casé. The menu shown comes up when the user depresses the mouse button on the

frame. The menu items of Interest here are

, Suite-Tree : This ltem brings up a window which shows the structure of the sulte as a

tree with the sulte ldentifier as the root with chlldren representing groups and test
cases., The user can select the test case of Interest with the mouse and browse through
the sulte. Fig. 4.22 shows the structure of a typlcal sulte. The test case which has been
éelecwd can be seen to be the one on the screen. ‘

)Goto : This }tem can be used @Jumfn to a speclfied test case by glving the number or

to create a new test casel. ‘ C e {

Fig. 4.23 shows the menu which comes up when the user depresses the mouse
button u;" the behaviour description column. The user can seléct the ASP, PDU or
a.bbnevlguon required to "stuff” 1t at the required polnt. This eliminates spelllng. errors
and proves handy when defining large test sultes contalning ‘many ASPs.,;ac V-Hair
draws a vertica! bar following the mouse In the first column . Tins Is useful to allgn

events which are gt a distance from each‘other.

" Test Step and Default declarations are similar to test case declarations in terms of
proforma and syntax. A test step does not have a Purpose, It has an Objective. The
user -describes. the function Sr the particular test step in this fleld.. The order In which
the user enters the test cases, test steps or defaults 1s lrrelevant because the editor takes
care of ordering on the basis of the reference structure.

2
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The next and last section of TTCN 1s the Constraints declaration part, . ’

( : . 444: Constraints Declaration’ [ , ’~:.

K Thi sqc.tlon, Is probably the most volumlnous part of any TICN test sulte ~
; T " \ .

- because constralnts -have be defined for every occurrence of ASPs and PDUs In the ,
~,

Q }dynamlc behaviour. Met.hods have been provlded to pammeu'lze the constralnts, deﬂne
sub constralnts, defilne generlc constraints and generlc ﬂelds all a.lmed aL compacmess

o ~ Constralnts are similar for both ASPs and PDUs 50 only PDU. consu'alnt declaraﬂons'
’ L Y

- wl be. explamed

i > oBéslc'ITCNConstmlnts - .. L , ;.
l ) " The baslc method of defining a constraint s to take a”PDU defined in the ‘
- Declarations part and specify a set of values for all 1ts fields. Each oet' Is glven. ; name

and this name, along With the, PDU ldentfler, Is refer i 1o to the Dyna.fnlc behavlou'

wE -
Flg 4 24 shows the proforma for such a " constraln deﬁnltlon. Each constmlnt, on a, -

-

PDU requlres, a new proforma. .

. : , ,
PDU OCONSTRAINT

FDU Name: CR - Constraint Name. CR_1 l ]

K , “+ FeldName - , « Value rh Comments T

2 ' | caned_Address » IUT R ; Predefined OctetString * - ‘

Calling_A ddress ' LOWER_T . .| ‘The Base Constraint .

{" - N g L S must define values

~

o ' o0 N ‘ ' for all fields -

by

T

N . . . ’, . . | .
o ; ' ; CE

cooL Flg.424 TTCN PDU ConstralntExample Table. / ’ )
. .-oCompact,Constralpts ' - f; Q- e e ‘

e

¢ i The next, met\.hbd Is called the compa.cL constra.lnt declaration. In thls pmrorma., all S
- ST the constra.\nt§ on a pmﬂcular PDY are deﬂned using only ongé proforma. This-1s sult- ‘ B

able for PDUs Wlﬂll a small number of fields. The editor allows upto thirty Helds ﬂ be »
1 , .
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. defined l;; this manner. Fig. 4.26 shows the ‘scréen representation or’aA compact PDU
l:onsu'alnt. AK1'1s the name of the first const;'alnt on the PDU AK. Credit Is the ﬂ;st
lleld on which these.constraints are.placed. A value of "?" Implies that any single legal

. ché.raacter will be accepted& and a value "x" lmplles that 3 strlng of legal charactezs will
be accepted The menu shows two lterhs called Field Left and Field Right. These

‘ttems are used e} deﬁne new flelds or browse through the flelds. Only one fleld Is
“shown at a time on the screen. Selecting t.he Hard-Copy tem produces t.he table In

Flg, 4.26. Five flelds are .glven at a time 1n one table.

2

f A PDU OONSTRAINT LIST
PDU Narhee AK

¥

Flald Nomne
Constraint Name - T twe Corrrments.
CREDIT | DSTREF | YR_TUNR | Variable Part | L )
AKL . ' 15 DST1 NIL - NIL NIL
AK3 15 9| DST NIL NIL [ vwer
AK3 15 .|psm. |o - GIKSUMI—~ | NL
AKT4 0 DST1 NIL NIL NIL l
. , ) ‘

AKTS 15 DSTI ' | NIL SUB.SBQNO | LWEI

*

"Fig. 4.26. Compact PDU Constralnt EXaInple ’l‘a,ble. R
. Generlc Value and Fleld Constralnts

-

The -next method s to define generic constralits whlch may be _parametrized. A
number of ﬁelds In & PDU may be collapsed Into one generic name and a number of
values defined for this generic name for those helds For example, ln Fig. 4. 27 fields
‘SRC._REF and DST_REF both . refer’ to IUT REF for constralnt, CR2. CR2 Is

N

para.metrlzed by IUT_REF. IUT_REF Is” t.hﬂdentlﬁer for a generic value list. Fig. 4.28

shows the generic constralnt for IU'P_REF wlth tWwo constralnts C1 and C2 defined for

' flelds SRC_REF and DST_REF, respectively. Now, one can refer to CR_PDU In the
l o

W . e
dynamlc behaviour by b= o

W
.
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, ' CR_PDUjCR_ g(C1)] \ 2 ~

a \ ‘referring to generlc constralnt C1 placed on fields SRC_REF a,n>DST_REF‘ for the
constralnt CRJ ‘ |

A

¢

PDU CONSTRAINT LIST

s PDU Name CR .
' C Field Name

SRC_REF | DSTREF | DATA |

CR.l . R 0 | DATA_FIELD

]

Conswraint Name

¥

CR_2(IUT_REF) IUT_REF | IUT_REF | DATA_FIELD

' /’?g. 4,27. PDU Constralnt Example Table.

"

GENERIC VALUE LIST
1 Genenc Name JUT_REF

o L ‘ Field Name - :

g Cl : 1 4

PDU,Name 'CR_PDU

. o]
. 12 ] . '

Fig. 4.28. Generic Vﬁlue Constralnt Example Table. "
Flg- 4.20 Shows 2 tgble showlng a copstralnt for CR_FDU with fields REFER-
' ENCE and DATA REFERENCE Is not an actual fleld In the PDU but refers to & gen-

enc fleld constra.lnt declaration shown In Flg 4.30. So when one vefers t0 constnlnt

3\ ~  CR_1, the ﬁeld values are 1 for SRC_REF and 0 for DST.BEF
’/
PDU OONSTRAINT LIST -
'+ . | PDU Name: CR - )
, . Field Name "
.' REFERENG® | DATA | | | -
‘CR_1 ' REF_1 D1
CR_3 ‘ REF_2. D2 -~

Fig. 4.26. PDU Constralnt Example Table,

1)
— ! )

i ; . 6 ' } _m




; ' - GENERICFIELD LIST .

Generic Fleld Name' REFERENCE : e
al Field Name oo
Cons! t Name N menen
e SRC_REF | DST_REF | [ |
REF.1 } o ]
REF,? ° . 45 .12
Fig. 4.30. Generic Fleld Example Table, CL e

4¢ ASN.1 Constralnts ‘ : ' ’

' Z
L L e N\ *~
ASPs and PDUs whlch have been declared using the ‘ASN.1 notation In the
Declarations secuon may have constraints placed on them using t.he ASN.1 method
Fig. 4.31 shows a typlcal constralnt table. The constralnt is defined on the F’I.‘AM (File

'IY~ansrer Access and Management) PDU FINITIALIZEresponse.

3

i ASN.I VALUE CONSTRAINT DEQ.ARM{
' PDU Name  F_INITIALIZEresponse l Constraint Name: FINIT_1
) ASN.1 Value .
FINIT_1 ::={1] IMPLICIT SEQUENCE {
/ stateResult StateResult .
/ actionResult ActionResult
checkpointWindow [8] IMPLICIT INTEGER 1 .
} o b ,
/ . .

Fig. 4.31. ASN.1 Constralnt Example Table.

There Is a meéhanlsm called CE by which one méy define only some
values required for & speclfic constralnt. Forexample, on constraint FINIT. 1, one may
define FINIT_2' (Fig. 4.32) using ‘REPLACE for only. f.hoée 'ﬂclelds{ whose values are
different rrom.t.he base constralnt. One may also panixhetﬂze ASN.1 constralnts using’
the PUT and ‘GET keywords. For ekample : -

L ? NDATAind| UserData™ PDU_1] PDU_1[CONI(PUT VARL)]

g'm‘ . e



L ?NDATA;nJ/UschaWPDU 1. - . PDU 1/COM(G'E‘TVAR1)/

The first event speclﬁes that the event will match only I PDU_1 recelved is the sa.me

\j\Rl VARl is deﬁned as a global varlable of the same Wpe as the pammeter ln
CONTY The second event wlill mamh If t,he UserData Is decoded to be PDU_1 and the
lncomlng parameter value asslgned to VARl for later use, PUT Is tfe deiaun operation

If none ls speclﬂed < » ‘

ASN.1 VALUE GCONSTRAINT DECLARATION
PDU Name : F_INITLALIZEresponse | Constraint Name: FINIT_2
' ASN1 Value

S ‘ FINIT.2 ::=FINIT, 14
- REPLACE checkpointWindow BY {8} IMPLICIT INTEGER 8

- ' : ) }
- {
: c . .
. Fig. 4.32. ASN.1 Constraint with REPLACE Example Table.
- \ T
4.5 : TTCN-MP c A

]

TTCN-MP Is the machine processable form of TTCN. It Is a |inear representation

. of the information contalned in TTCN-GR. Keywords are used as delimiters instead of

columns and tables. Keywords start with the "$” sign. Another differénce s that Inden-
~ tatlon of the evenns in the Behaviour Descnpuon part Is denoted expllcmy in TTCN-
MP. For example, -
L! ASP1
L ?ASP?
This would be repneseated In TTCN-MP 'as
$Bchamouere $Line [0] L ! ! ASP1 $End_Bchakuerc
L $BehaviourLine $Line /4] L ? ASP? $End_Bchamouerc Here, the number In the
square brackets 1s the level of indentation, which Is equa.! to the number. of blank

'spaces before the event.

as PDU_1 encoded using the constra.lnt CON_1 with the formal parameter replaced by -



The following is the TICNW-eqiﬂvalenp of the' ASP declaration given In Fig.
4.13. ' | '
- $Begin_TTGN_ASP3Y! o
$ASPid NConReq (NConncct_chucst) . - : .
$§PCOs L L | . :
$scr ' s
$ASP_PARdcl

$ASP_PARid CdA (Called Address) . )
- $ASP_PARtype BITSTRING ‘ ) , ..

$End_ASP_PARdcl
, SASP_PARdc! o ‘ : o
-, $ASP_PARid CyA (Calling Addrcss) o .
$ASP_PARtype BITSTRING . : o X

"$End_ASP_PARdcl . .
$ASP_PARdcl |

-~ $ASP_PARid Sec (Sc unty)
$ASP_PARtype B ‘

‘ ‘$E'nd_A5P_PARdcl RO '
SASP_PARdcl -~ - ?‘ | T *
$ASP_PARid QoS (Qualzty of Scrv:cc) ‘ . )
$ASP_ >_PARtype BITSTRING . S
$End_ASP_PARdcl - "

" $End_SCI |

* . $End_TTCN ASPdcl
. S \
' <. Here, SCI stangds for Service Control Information, l.e., the list of parameters and thelr

_ 4 types of the ASP. Each parameter declaration 1s enclosed between the ﬁeyw_voxﬂs
o . - %ASP__‘_PARdcl and $End_ASP_PARdecl. The Service Control Information !s énclgséq
| | between the keywords $SC'I and $End_SCI 'The entire ASP declaration is enclosed
‘ beLween $Bcgm TICN_, ASPdel and $End TTCN_ASPdcl. TmS Is for T’DCN ASP

declaraxlons. ASNl ASP declarat.lons a.re glven after and the enﬂne ASP declaranon
section 1s enclosed between $ASPdcls and $End_ASPdcls. A simllar pattern Is fol-

<

lowed for all deciaraﬂons
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4.8': TTCN Semantics
TTCN ﬂsemanucs are denned using algorithmic approach. The execution of a

behaviour tree is explained hy a set of rules glven as a series of simple steps. The

algorithm takes each set of events, at the same level ‘of Indentation and gives the
semantics for that event to match. For example.'lr an event 1s qualified by a boolea.n‘ '

-expresslon, an asslgnment, and a constralnts rererence. the event will match and the

asslgnment, executed only 1f bot.h the boolean expression and the constraint hold. The
executlon of a test case terminates u an explicit inal verdlct 15 returned from’ the algo-

rithm.

» -

» The ‘alternatives A, .... A,,, contalned ln a level are processed In the order or thelr |

appearance. Since the semantlcs app}led are assumed to be snapshot semanucs. (the

; stams or any of the events cannot change during me event. matching process) the pro-

cessing of a set of alternatives 1s assumed to be nistantaneous. VAN ‘. "*v
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CHAPTER 5 MORE ABOUT THE EDITOR

INTRODUCTION
s .
This Chapter describes the construction of the editor In detall along with the data

structures used and the tools that are the bullding blocks of the program.

5.1 General Structure

The general strucmne of the tool Is once again glven in Fig. 5.1 for easy refer-
ence. The normal flow of oﬁeraﬁon Is from top to bottom. The test designer 1nvokes
the editor to enter the test.sulte and after completion, obt.gms the MP form of* the sulte’
after necessary syntactic and semanﬂc checks usli;g the niodule GR2MP. By se’manuc

3

errors, it I meant the use of ASPs PDUs or Test Steps whlch have not been defilned

In the test sulte. Tabular prlntouts of the test sulte may; be obtalned during the edmng ‘

process of Individual tables. .
. / - )
If the MP form of the test sulte 1s-already avallable, the module named MP2GR

Is Invoked which creates the necessary flles i the form required t;y the editor to

display and modify, If required, The modules above the dashed llne have already been

{
lmplememed and will be explaJned lnsdetall 1n the followlng sections.

The modules below the lipe are pmjected to be completed to enable the automam:'

generation of an executable notanon, elther ESl@E or any other language of cholce.

A

" These modules and the method of achlevlng these alms wul be dlscussed aL the end of -

“
’

the Chapter.

.~ e
. .
. '
. [



Fig. 5.1. Tool Structure.

‘S.Z‘K'I‘heEdilpox;l\;o‘dule; | _E | /

L " ] ': B /

The language of cholée for lmpiemenﬂng the e’dltér wa$ the C lanzuage ."Once :

me decision had been made to ‘use t.be windowing envlronment on the SUN system, -

the calls to t.ﬂe wanow creauon and cont:ol mutlnes are all In C and as such C wu
namra.lly declded upon. The SUNV]EW wlndowlng envlronmenb lends itself namrally
to the tsabular pmformas of TICN by providing different subwindows sultable to

different needs. It would have been possible to, have used normal ASCII ténnlnals

wf't.hout using speclal packages '_.to lmplenient the editor, but the deyelopment time

_would have been niuch longer \

a

The edltor Is t.he heart of the tool\'me maJn muunes whlch call the table genera-

-

A} .“ i -

o ' .
) .
' ’.a“‘ . » ) : ) \ w
A PR 4 ' f N - .
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tors for each proforma type are contained in this module. The tool makes use of vari-

‘ous bullding blocks which afe part of the SUNVIEW environment, the flnal effect

being to produce an Interactive editor with sophisticated facllities which 1s simple and

easy to use. All the Information pertalning to a test sulte 1s stored In flles which ‘use

" the ldentifier of the sulte as a preflx, making the managing of large sultes an easler

»

task. ) . ‘ S

5.2.1 Tool Building Blocks . ‘

The editor module makes use of the following structures which are part of the

SUNVIEW environment:
» FRAME 0 ’
o CANVAS

o TEXT SUBWINDOW
oPANﬂJ

Fig. 5.2 shows a generic Frame contalnlng some subwlndows The Frame s a struc-

tme upon which various other pes- or subwlndows may be created. In the SUNVIEW,

ﬁotauon. bhene Is a root Frame with subrrames ‘or subwlndows hanglng rmm lt. This
root Frame “owns™ the subwlndows. The subwlndows may be one the types listed

above, each orlented toward a specific function. For example, the Canvas Is a surface

. 'wnh bulit in ‘routlneg for drawlng.operaﬂons', ete. \

The events which are Input elther from the keyboard or the mouse or any other

pointing device are registeréd with an !nternal pnoceés called the Notifier which takes

U\ t
* care of passing the event to the Window which currently has the Input focus. In the

" tool, the Window 1n which the mouse 1mage lles Is the current Window. The location#

of the mouse ch'anges the Input context. The menu which comes up when a mouse but-

ton Is pressed depends on the location of the mouse.. For example, ﬁ’ the mouse -button

is pressed on the Frame anywherg; & menu pops up which fontélns functions pertaln-
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ing to the entire table such as saving, deleting, obtainlng a printout, etc. The menu
which pops up In a column would contaln 1tems such as finding out the line number of

-

the current entry, or reseting the column ete. '

t

P;anels are a type of Window which are generally used for limlted interaction with
the . user for functions such as confirming some actions or providing buttons for ltem
selectlc;u In the place of pop up menus. In the tool, all the parts of a table with a fixed
number of items have been created using Panels. Pressing <RETURN>moves the cur-

sor from one Item to the next In a cyclical order while the mouse s in the Pé‘nel.
The Text Subwindow 1s a mouse a};d keyboard driven text editor which is scroll-
able. All the columns of a table are made up of individual ’Dext subwindows. The user

Is prompted @enter corresponding entries in the columng one after a.nother by tagging

the «Eﬂ@ key so that the next column becomes the input .rOcus in a cycllcal

order. This allows quick entry of ﬂglés without having to move the mouse for each
fleld. This action may be circumvented by using the Line Feed key. The current polnt

of Insertion can be set by, polnung) with the mouse or using the cursor keys on the
nght of the keyboard. . '

- The Ca.nvas Is used In the tables for Test, Cases The structure of t.he sulte 1s
displayed as a tree with, me test case nodes belng mouse sensitive. The Ca.nvas Is a

window oriented towards graphlc applications. Drawlm_z, opemnons may be done on a

Canvas by obtalnlng the handfe to the wam of the Canvas. Thé Plxwin Is an abstrac-

ton of the portlon of the drawling surface of the screen which 1s owned by the Canvas.

Varlous runcuom exist to draw llnes and curved shapes along ‘with wrltlng text ax,

A
specifled locations with different ronts Lo

. The tool also makes use of the -text rormauing package called Troff which is
standard on UNIX machlnes. Troff involves wrting text lntersperse'd with formatting

and lipe’ drawlng commands. Macros are provided for sbme standard, commonly used
S . . ' ’

h‘

~- A
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*.ds RF continued on nezt page.... . : w\\-’/

o 6o
- : ‘ N

routines such'as creating tables, équaﬂons: etc. The macro Tb! Is used to create the

tabular proformas of TTCN. RN ' : .

On selecting the Hard-Copy 1tem from the menu, a file ‘named —printout 1s

created automatically. This flle contalns the Information along with the formating com-

o

mands and s sent to the laser printer, using the printer daemon.mlgvint for the systexm
on which the tool Is running. The following 1s a sample‘ Trofl flle with the tbl macro
calls. ' - . S

.ds LH ....continued from premous page ,
nr LL 6.5¢ ‘- - ) ,T
.nr PS 9 : D L X
IS H . ' . : .
tab (‘) box; * o o ’
§85866. - ' .
U CONS'IRAINTLIST v ' -

a'"

cb cbssss|cb . S
ch|c|ec 1\} FJ _ ,
Constraint teld Name‘Camments ) .

A A A A AN

‘bgiffﬁ' UTPDU_NR‘EQT ‘Vanablc _part’ Uscr_Data‘
w .

.TH° RN .- L ’

di’ .. . : - ‘

lw(lt) | lw(o. 5'i) |lw{0 5t) | lw(d 59) | lw(0. 51) | lw(O 51) | lw(1. 51).
DTt "' ‘D.‘S'ﬂ “0 ‘1*‘ '1% ‘U_QDAZU “

£

D31 DSTL0 1 ‘CHKSLUMz'U_DATAJ‘

..z . ' ' . : ‘ ,
. RF ‘ . .

N

@Flg 5.3 shows the output, of the ’I\'of{ ﬁle above. dn- the\ﬁput ﬂle, the wp two

commands define the page header and rooter to be used ln case the ’wble Bpans across

P »
o -—

,
- . N ' »
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1

xﬁone thah one page aAt. the end or the ﬁle, these two strlngs are set to null so that If

4
A the’ lable fits on a page, tﬁ header and rooter\wlll be dlsabled and not.blng appeaxs at |
, v the foot of t.he page ’Ihls Is one of t,he requlrements speclﬁed In t.he ’ITCN standard t
, . Pl . :
o Lor mult page Lables. 7.
L4 . r
L, .. The commands betwee.n .TS and .TE comma.hds are Tbl macros a.long with the
N ~t " ~ - N
o regulfu ’Doﬁ‘ commands These commands slgnlry the starting and-ending of a ta.ble. 4
" e . The .T& commalnd symbollzes % change. In the definltion. of the column ﬁeaders and”
8 , “" ronls within: aslngle table deﬁnltlon In the example, ter havlng, deﬁned the’ table
f v . header, @hlc‘b uses only a slngle column, the T& ma.cno Is invoked. The next llne K N
' 4 ’ 2 .
Ao deﬁnes the’ column headers for the body of ‘the fable. ’
.’,. v [ . Pduoomnvrms;'
(¥ . -| PDY Name DT . .
N ‘L Conq‘d ¢ Nome ‘ Field Name - 7 K Conl.tmtl
P PR {Qonarals “DST_REF | JPDUSNR | EOT | Vanati¢_part | User_m& ;
. . T R DT ¢ Ipsmt ©fo * 1 "] Np | upaTar |
F ’ . ) l‘ N . « e 3 . e, .
Py, e YN _DST1 =o 1| cixsumi | upATAl % - Sy,
L, PRSI )e ' : x Flg 5 3. Samplé TROFF outf:ut.. ’
! E :'D " % A \ ©
e 582 Pr am}{ileStruchn'e . : . N~ o~
. o ‘ 4 , '_“ ”\’E::*‘:’.“ '\ {/ . . . >
e b/ T ‘,, ! 4 "Tﬁ’§e organlzéd a?nunber of .C files whlch are llnked together at com-

) .

. Dlle’ um Tlaese les ééﬂch‘l'(sent the runctlons requlred for the different pmrormas

<

o _' ; and a(e ompletely Independent, This ms that the, user can have 8 number of tables

Mf

lev called mnc whlch contalns the c&ls to- t.he dlﬁerent, functions .ln t-‘he l

é

v ,° dlﬂ‘ere ﬁles All the global vu@les used ln the ﬁles are_ declaned 1n this file, gxch 8s
B the Jeon stmctunes and some chara¢fer array decl;ratlons ’mls flle 2lSo contalns the #,

-routines whlch ta.kes;are or system ermr handllng for all thé secﬂ0ns of ’l%CN ‘ C

v 7 a4 N ‘general structure of & programln the SUNVlEW,envl;onment I5aéven below.
) . o p L) o ' , o .

-l
.
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523 ’Ihe Intern‘al File Structure

,'chlar'ats'o‘m of t‘)a/r}'lzblcs and procedures.
o Main routine or procedure’ -

e Creation of the Mawn: Fram} and its subframes- . : e

. ch:stermg mtcrcstnrg inpu events with thc Notzﬁcr and lmlnng thc proccdures to be
‘ - G
The MaIn frame" and subfra.mes ~are slzed and placed so0 as to, repllcate me table

g

’ correspondlng o the secuon All the buffers and other vanables local to the files are

' declared asxswtzc $0. as not to interfere glm another table- wmch may be mnmnz in

3

parallel % . " o )
] ‘ ' ' ‘ ) ' !

. K4
Tht editor- malntalns a set or ﬁles for each table t.haz can be creaxed These files

all haye the common name of the sultp 1denuﬂe,gpmvlded by the user upon camng

o the program) with suﬂlxes identifylng which pnororma ey belong to. For most tables,

,Baszc__

there Is a file per column and a flle forvthe Panel contalning general Information about

. 't.he emr}cas in that table. For declarations which need to ha'\ie mm&r tables, like ASPs or '

3,
PDUs, these- sufixes have further numerical sufixes. Since there may be a large

fumber of tes't',%ases, test steps and defaults, these sectfons Just create one file per test

[

case Atép VYt.h delimiters marking the end of .different flelds. .
Fdr e ;mple, take a test sulte with the name Baslc_test. This’name 1s entered by
the . user at the beglnnlng of every sesslon with the editor. It may but need not be t.he

same 8s t.he formal Sulté Idenﬂﬂer wmch Is declafed In the Sulte Overv\ew Secuon.
;f

Tne ﬂles ’whlch contaln the lnrormaIIon for the Overview. secuon_are named
t a.l for the top feld comalmng genergl mr ation. ) o
Basic_test\a.c. /1-4/ for the four columns of the test case entries. N

5 i \
Bas' test. a.d. [1-4/ ror derault, steps, if am' - : '




‘~ v - : . ' ‘ -
An ASP table woulg create the following q1es The * represents the number of the
ASP In the order In which 1t was entered In rélation to the othér ASPS In the sulte.

‘ ’ - : . \

-Bugic_test_h. +.1 R g

H

. The * represents any number depending when the case was entered. For larlgetest,

sultes, the. standard UNIX packages Tar and Comipress ma& be used to keep compact

“3

This module has been lmglemented entirely uslng"standmxl_g. The module goes

—throuzh the flles with the prefix of the sulte Ident!fier which Is glven as the only argu-

t

menvto the program. The converslon Is do'ne in the same order as’ the sections In

I

v . 'I'PCN-MP During the converslons, nnked lfsts are malntalned ol’ perﬂnem; lnrormaxlon

ror later ,secuons. For example, ASP and PDU 1denﬂﬂers are stored to be checked
k ‘ AP
agalnst t.hosemed ln th¢ Dynamic Behaviour secuon.

T
» . *

1
.
ot

read In to create a tree stmct:ure containing the test groups ‘and subgroups. This tree, ls

%’- »
searched depth ﬂrst, to create the MP form }n the correct order as required. &

o

» ¥
g
®

Basic_test_h. *.é , C
s B}zeic_tcat_}l.*.s TN ] ' B " . R
T Basic_test_h.*.4 ‘ C . T
A Test Case would create ‘2 file with the name '
Baa:c_test_;o.*' X ; L I

Internal ﬂles for t.he editor. Far packages the whole directory, as one- }f’ile and Compress '

G"educes t.he slze by upto lﬁ ’ BN Q; '
¢ . These Internal kﬂles ﬁre all placed In & directory called siife_fles In the home
Y+ drectory of the user. ~ , )
63 The GR2MP module > ‘ L
. , o ‘ . '

For t.he Dynam!c Behavlour section, the test case,étep/dermxlt references are first

Vi



5.4, The MP2GR Module -

described above.

t

od

N ., 'This module $reaks up the lncomlng MP fite Into ihe Internal flles In me'}ormax

73

s module has-been wriwen using the UNIX tOOlS\ }ACC and LEX

« These two tools ehables the user to define; t.he rules of the lnput language using a nota-

ton slmllar to the

) (Backus Naur’ Fbrm) and to use the lex\ca} anglyZer to return

- : tokens recognlzed from the lnpuc file to pe parsed a&cordlng to the grammar rules,

R N i~

R L")
-

\:
R?

BNF rules for TI‘CN-MP are glven In the standard [4]. X
N ' . / Tms module performs- strlct wpe cheék].ng and other syntax checks on an Input '
"(_;'J 3 MP speclﬂcatlon Ir the specification passes all the checks, me png‘am creates the
3 T.gf . . mnernal ﬁles contaln?ng lnput for the edjtor 'Ihe rollowlnz is an example MP
‘< T ) . speél’ﬁcanon of & test sulte whose sulte ldentlﬂer Is Example with three Test Cases.
$Suite S ’ 2
_ < . $Suiteid Ezample : “
) $Bedfnf_$uitc00ervicw *

* $Susteld Ezample
$StandardsRef None
: .$PICSref None
\ $PIXTTref None
‘ $HowUsed Demonsiration of tool
$ TestMethods the mformal’
- $SuiteIndex

v ) . N

$ TestCaselndex ;

$ TestCaseld i1 '
$TestCaseRef Ezample/grouplftcasel
$Page 1 )
$Description '

. First Test Cuse

. T+ $TestCaseld t2

’
Led

STestCaseRcf Ezample/group2ficase?

$Page 2 -
- $Description

. $End TcstCaseIndez
S $Tcst$'tcpIndez

. Second Test Case cxam. N



P

' $End TcaLS'tcpIndcz . _
$Defovltinder ~ : . g o :
$End_Defaultindez o - ‘ ‘ ‘
$End _Sustelndez - . v s

. $Declarations$ End_Declarations ) s S

$ DynamicPart ' v : Co

$ End_DynamicPart
$ ConstraintsPart - . « ,
$ End_Constraints . »
$ End_Suste - .
Po]

MP2GR would create the following Jntermgd]ate files for the edltor to read con-

talnlﬁz the lril‘ormaﬂon as shown ! 9

¢ demo _a1 (« Flle contalmng Sulte Overview top fleld Information *) -,
Example’

"None . /
None - [ .
None, T | .
, . (
Demonstration of tool

Quite informal! ! \ - ~—

- o@mo 8.c.2 (» Flle con )ag first columm of Test Case declaraﬂons *)

e * Son

e demo_a.c.3 (* Flle contalnlng second column of ’Dest Case declaraﬂons *)
Emmplc/groupl ficasel

le/group2/ficase? > . '

‘¢ demo_a.c.4 (x Flle con't,ahfnng third column of Test Case declarations *)

1

9

. %c .5 (x Fle c;x‘lgnlng fourth column of Test Case declarations *)
F trst

* Second Rst‘Gasc ezample.

Fg. 54 shows'ﬂ the t.abl;e created by the tool once the user Invokes the tool with

the sulte 1dentifier given as demo.

[

.
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. ' 8
L3 2
\ .
s
¢
/
A %
- ! . * Yo,
/ - SUI'TE OVERVIEW 4.
£y ’ . N
Suite Name: ' / » Example
Reference to Standards: / None
Reference © PICS. . None
Reference 0 PIXIT: None Y
How Used: / ' Demonstraton of tool ’
Test Methos: ; Quits informal!
Comment' /
fr
Test Case Identifier | Test Case Reference | Page | - Description
u ) E!a':ample/kmupl,kcml 1 First case C
2~ .| Exampiegroup?2 Acase2 2 Second
Test Step Identifier Test Step Refcrence Pnge ‘Doseri ption o
Default Identifier Default Reference Page Description
e |
«
- N\t

!

!

§ 3

| :

!

} Fig. 5.4. Sulte Overview Example Table.

755 FDT Extractor For ESTELLE
This modu.,te Is usefulpln lpstances where a formal description of the protocol 1s

a
avallable. This module makes use of the NBS (National Bureau of Standards) compller

for the ES’]ELI;E formal description lé.nguage. A modified version of the flle contaln-
Ing the input réuunes for the lexical analyzer 1s used 1o extract the necessary informar
tion. This ﬁle’ called lezio. cV Is something of a preprocessor for the lex source. This
file contalns youtmes for reading the input specification line by llne to return tokensft:

the lexical analyser and some otber rouun!s to expand #nclude directives, etc

The utlne which reads a ling a&lnpum s modified so that every occurrence of

t.he keyword Channel 1s recognized. '1'9e information rollowlng ml the end of the

chmmel finitlon is read and placed ln{he proper internal files es has been defined In.

\ - o

N . i
. t N . .
. ’
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. the earller sectlon. | ' : .' ' ‘ )

For exg{nple, glven an ES’IELLE speclﬂcaﬂon of the transport. ls.yer :

a

S5 8pccgﬁcatzon ﬁ'anaport oo

reason_type =( TS, user_ tnitigted,’ wrong__optzons )

channel TCEP_ﬁrimitivca (-user, provider ); o <L -
by wser: | S - i

T COM\ECT rcq{ to_T_address : T addrcss typc,

I3 /

.'proposed_options : option_type )

| . T.CONNECT_resp( proposed_ optzons option_type ) B l
" TDISCONNECT.req;” .
T_DATA_req( TS _user_ data data_type ); : o
a uscr rcady{ length: mtegcr) ' T , %
by promdcr: ' . N ‘
. T CONNECT_snd( to_ T address : T_address_type, .
proposcd options : option_type ); ‘
ﬁCOMVECT_cor?f( 'proposed_options : option_type ); A } )
. I.DISCONNECT_ind( disconnect_reason : rcason;typc ) o
T_DATA_ind( TS_user_data - data_type; ~ IR

) , 'is_lastJragmei}t_of_fSDU : boolean ); |

|

/* rest of lhe specification ¥/ , . ‘\\ - . 1

.., The lnformatlon In the Channel defihition can be extm: ed o create’ the tables for

tbe ASP declaraﬂons ror a transport, test sulte In ESTELLE, C{mmels represent FIFO

.‘ “ -
PR

- queues between modules of an enwzy These Cha.nnels may be &fd to model SA.Ps lr-

P
R L

3
P
/

]
E
: .
m&u +
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2n they communicate with the external environment. So the program looks for the key-
word chaﬁnc_l and gets the ASPs and thelr parameters and thelr types. These types are - .
* kept In anothgr file for the user t lookup. For example, T_CONNECT.reqg is a prjmi-
tive which iIs dgﬁnéd In the service standard of the etranspox"t laye&.' This primitive
’ (acéordlng to this simplified specification) has two parameters: té_T__addrcss ‘m;d

proposed_options. . \ ’

L

- Of course, the user may have to enter some types used In the specification as ‘ §
o User Types in the TTCN sulte If they do not belong to the predefined types in TTCN.
In this example, both T._address_type and option_type have to be defined 11 the User

Types. Fig. 5.5 shows the table which contalns\‘the Information pertalning to the ASP

T_CONNECT_req. . \
~ . \ :
) ASPDECLARATION
ASP. T.CONNECT.req . |\ | Pco | comments
Service Control Information " ,
Parameter Name \| 7 Type ] Comments
to_T_address T_address_type _
prbposecl_opﬁ?‘ns . _option_type

. Y
/ Flg. 5.5\. ASP Example-Table.

PRERN
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This chapter glves some example test cases for two standard i)rotocols,' namely,
FTAM and TP4. The test cases are explalned along with the test purpose using the
TTCN-GR notation and the resulting TTCN-MP specification Is given for the FTAM

» LY

test case. The Remote, Coordinated and Distributed Test Architectures, as described 1n

Chapter 2, are used In specifylng these examples.

6.1 File Transfer Access and Management (FTAM) L

, The first protocol of Interest s the FTAM [18] protocol. FTAM 1s an application
layer‘ protocol for transferring, accessing and managlng flles and flle systems across
open computer systems. FTAM entitles operate in elther Inltlator or Responder mode.
FTAN also deflnes a Virtual Flle Store\(VFS) to ena.ble‘transrers between computers
with different Internal flle systems. The VFS presents an abstract flle system with gen-

P .

eric operations which are mappe.d to the system dependent operations. Fig 6.1 shows

the place of FTAM in the Application Layer.

The ,AP or Application Process Is the actual user of the services of FTAM. AP Is

part of the real operating system and could be elther a user progi'am or a human _belng.

*AE or application Entity 1s the prdgram In a system that deals with tpe lower layers.

UE or User Element Is the Interface between the user and the AE. ASE or Applice-

r

tlon Service Element )5 an lmplementanon of one of the typlcal appllcaxlons such as

k400 (electronig, ma.ll) or In this case, FTAM. SACF or the Single A&soclaﬂon Con-

trolling Function routes the AP to the appropriate ASE. At a glven time, an AP works

with a single ASE. The ACSE or Assoclation Contrpl " Service Elgment Is a speclal

.
T N .
« h

* .
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ASE that facllitates the opening and releasing the assoclation between two AEs that

e comniunicate by means of a presentation connection.
&3 ] v
UE ’ ~ UE
\ Application ' ‘
ity e Amcction[—— A
v 8| ASEl Function 1s | ASE1
A| ASE2 A | ASE2
° c NI “ ”
. F . F s
' "] asEn ; ASEn |
R ) '
r o ' - Presentation layer ) ‘ &
\ ’ ! N .
) T Fg. 6.1. FTAM Model. ;

'nme behavlour of the FTAM enuw can be divided Into rour phases called

regzmes In appllcnﬂon layer termlnology. 2

: e Application Assoclaﬂon Regime : This reglme exlsts during FTAM assoclation

_ " ‘' establishment and relesse. During this regime, the FTAM entitles communicate
LN . ‘ . ‘\
’ . -via the SAP with the ACSE.

o

% 7%

- a s File Selection Regfme ¢ During this regime, the selection of a particular-flle
be assoclated with the application Is carried out. k o S

. : 4 . .

s ;s\ .o Flle Open Regl\ﬁxe : During this period, particular sets of presentation contexts, ‘

: ’ "+ concurrehcy and commltme}it controls are selected to be in force through the




operations.

¢ Data Transfer Regime : This reglme exists for the perlod durlng which a partic-
ular access context and direetion of transfer are in force. Flle transfer and other

file operations are performed In this regime. - _ “0

The 1a§t three regimes use the SAP with the presentation layer. Every regime has dual

operatlons, l.e, for Flle Selection, there s a corresponding Flle Deselecuo‘g after the -

{

end of the operation.

6.1.1 FTAM Test case
L.
The example test’ case shown here uses the Remote Test Archltecmre <‘ I an

Implementanon of the Imuaxor wpe, DS archltectme could also be used. For an imple-
mentauon of the Responder, only the -Remote Test Architecture Is Indicated because
the service user In this case is the Virtual File Store and the service bolindary may not

be accessible, ;

The IUT In this test case Is an Implementation of the Inltlator side of FTAM. The
maln sequence s for the TUT to establish an assocl;moe and release 1t Immedlately.
This sequence belongs to the )&ppllcauon Assoclatlon Reglme and thus uses oniy“the
SAP between the Lower Tester, and the ACSE. This SAP Is referred to as A In the test
case. This sequehual progress may be thwarted any time ey an Ab()?c rg'om the usexc';'or
the serv"lee prov&de'r. The test purpose s to check whether the IUT Is capable of estab-
lishing and releasing assoclatlons by means of the ACSE. N .

L}

Fig. 6.2 shows the Test Case In TTCN-GR. Fig. 6.3 shows an example ASN.1

" constraint which has been placed on the INIrg PDU to be sent:by the TUT. Applica-

tton Layer PDUs lend themselves to ASN.1 constraint speclfication because the AS&

definitions of most Application layer PDUs are avallable In the standards. It IS

-assumed here that the values glven to the varlous flelds are“ci& predefined or previously

defined User Types.

‘

&";‘.‘.“&’:;t o
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TEST CASE DYNAMIC BEHAVIOUR !
Raference: fam Basic /I1C1 . . . ‘
; Identfier: T . ' {
Purpose. Establish Associston and disconnect. immediately R
Defaults Reference:Nobe
Behaviour Description Label CRel Vv Commants
- Tree) {A) i .
QUT! AASSrq >(usrnf TNIra) ASm_1INfL MRE
A ? AASSin {usr_nf"INInq| ASin_1.INrq1 2
A | AASSp (usr inf “INIrp) ASmj__l.lNrp_l 3
<UT | ARELrq >{usr_inf"TERrq) ARLrq_1, TR ‘-
A ! ARELin |usr_inf"TER) ARLin_1, TR 3
A | ARELp (ugr_inf“TERrD) ’ ARLIp_1,TRIP_I PASS 6. )
A? UI}-!ERMSE ‘ FAIL s’
- t »
? ELAPSE WAIT_FOR_IND #ec INCONC 3
A ! OTHERWISE FAIL
\ A 5 X
EXTENDED COMMENTS Y “ ) _
1 The Implicit send construct is used to specify that the

TUT must be made © send the INITIALIZE request PDU © the
ACSE.
2. The lower tester must either receive a INIrq PDU as a parameter
of A-Associate indicauon. 1If it recerfes anytung eise, the-verdict
is FAIL. The Lower Tester waits for either AASSIN or any other incomong
event for WAIT_FOR_IND seconds and dmes out with a verdict of INCONCLUSIVE
3. Afer the LT receives INIrq, the LT sends a INITIALIZE response PDU t©
the IUT .
4. The Implicit send event specifies that the I?JT must be made to send
ASSOCIATION RELEASE Request primitive with the User Information Fleld
encoded ss Terminate Request FDU.
5. The Lower Tester must receive ASSOCIATION RELEASE indication from the
tye ACSE Any other incomning event is given s verdict of FAIL.
6 The LT sends ASSOCIATION RELEASE responss 1o It's ACSE and a verdics of
PASS Is given © the test,

0

; pt——— e —————— st ——
>
5 Fig. 6.2. FTAM Test Case. - )
- '
- ]
- aT ‘ - . i
» Bl . ' ‘ .
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4
v . - - / )
, T ASN.1 VALUE CONSTRAINT DECLARKTION -
PDU Name : INIrg | Constraint Name: INIrq_1
N ~ ASN.I Value - -
) INIrq_1 ;;m={0] IMPLIC‘!T SEQUENCE {
“ protocol-id ProtVemsion, -- These values have been defined
presentation-context-management {1) IMPLICIT BOOLEAN
‘ FALSE, - previously using ASN.1 User Types

service-level reliable,
service-class management-class, —

. : atribute-groups A#Groups, v
S . calling-address UT, - .
’ called-address LT, . : '
A\ checkpoint-window {8] IMPLICIT INTEGER 1

»

} . -

- Fig. 8.3, FTAM ASNI Constralnt..
6.1.2 TICN-MP specxﬁcahon of Test Case . .

" Below 1s glven the' TTCN-MP speclification of the FTAM test case. The two

/

speclﬁcpnons are semantically equlvalent.

.$DynathicPart .
" $TestCases . - &

o $ TesiGroup Te @ "
. STbstGroupId Busic - St
$Begin_TestCase , :

$TbatCaseRef ftam/Bastc/TCI . : ' ¢
$ TestCaseld TC1 - ‘ B -
$ TestPurpose .
. Establish’ Association and dwcormect tmmediately | -
$DefaultsRef None , N
$BehaviourDescriplion o

. $ TrecHeader Tibel [4]
$BehaviourLine $Line [1] <JUT! AASSrq >
(usr_inf"INIrg) $CRef AStq_1, INrg_1

$End_BehaviourLine : : T
$BehaviourLine $Line [§] A ¢ AASSin , .
[vsr_inf" INIrq] $CRef ASin_1, Iqu 1 o .

. SM_Bchamouerc
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$Bchamouerc $Line [7 A' AASSrp . -
Jusr_ mj‘ INIrp) $CRef ASrp_1, INrp_1 :
$End_BehaviourLine . : *
$BehaviourLine $Line [11] JUT! ARELrg >
(usr_ infTERrq) $ CRef rg_1, TRrq_l
$ End_BehaviourLine ’ ‘
$BehaviourLine $Line [16] A ¢ ARELin
[usr_inf W $CRef in_1, TRrq_l .

- -
" $End_BehavioyrLine K . -

- $BehaviourLine $Line [20 A’ AREL"P v

usr_tnf"TERrp) $ CRef rp_ _

($Vcrdsct PA.éS Pt mr‘p
$End_BehaviourLine ;
$BehaviourLine $Liné [1 6‘/ ? OTHERWLSE <
$Verdict FAIL -

$End_BehaviourLine .

$ BehaviourLine $Line [{] ¢ OTHERWISE s o
$ Verdict FAIL g - "
$End_BehaviourLine ~ ’
$BehaviourLine $Line [4] ? -ELAPSE WAIT, " FOR_IND sec $ Verdict INCONC
$End,;86hawouerc . ‘

" $End_BehaviourDescription | : ;
$End_TestCase

$ End_TestGroup
\$End_TestCases

$End_Dynamcc{jt
'6.2 'D'ansport éhss 4 (TP4)

-

-~

\]

P

. - This 1s"a protocol at layer 4 of the OSI seven layer model TP4 [10] 15 'n-a.nsport/
Class 4 which meanna.t lt Is sultable over unrellable network servlces. If the net--

work servlce provider uses datagrams, t.he’tmnsportflsyér has to mk:; care or sequenc-
»

lng and lost packets. This 1s the most complex of t.he OSI Transport pmtgﬁ')ls wlth a -

. wide variety of options and functions. Multiplexing over network SAPs and conqa.tena-

-

tion of NSDUé are some of the runcuon§ which are suppori‘%d by Class 4 ’IP)}

4

The Transport Layer px:ovldes services to the Session Layer and rethnés services
from the Ngtwork layer. Thus, the TUT wi]l have a SAP. between Se<<lon and Itself

. . 4 s i
B ‘. '
\ - " - - .
A ' ’
.o 3
. .

.
. . . f . .

)
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and 8 SAP between the Neczvork and lself, \i - T

- !
J L3

-

Elt.her Distributed Architecture ‘or Coordlnated &.mm;ecmrc can be used for tran-

sport protocols. In the example, a test case Is g In bot.h archlte tums. The purpose
of the test case Is t0 determine whether the IUT can suppa.u 8 'D'anspon Protocol Data

. * :
Uhlt slze of 8182, The test IS done by trying all the possible -values of TPDU size

4

. %
parameter of the Connection Request PDU.

6.2.1 TP4 DS Test Case | T

Fig. 6.4 glves ‘the Test Case specified in the Distributed Architecture and ‘Flg. 6.5
shows the same Test Case speclfied using the ‘Coordinated Architecture. ‘The procedure
ls qul'ggxmra.lght forward In bot.h}the tests. The Lower Tester atxempts to establish a
transport connection with the TUT after establishing the Network connectlon speclﬂed
in the Test Step J\CCON_LI. On recelving t,he'Connecdon Confirm PDU. the TPDU
8lze pamméter ls checked to see If the TUT has agreed 10 accept u;e legal value. The
Test Step SIZE Is attached at this polnt In tl:e tre;e. This Test Step accepts Mo parame-
ters, the TPDU size parameter of the sent CR PDU a_nd the TPDU slze parameter of
. the recélvéd cC P‘DU. A s\;ﬁple Bo‘ollea.n expression could have replaced SIZE but a

Test. St&ﬁ) is used because, 1r necessary, more para.metena could be passed, ‘'and more

z

" complex expresslon evaluated wlthout dlst.urblng t.he structure of the Test Case. If

~SIZE returns a value pass stored in the global Integer varla,ble ¥esult, a preliminary

verdlct of (PA.S'S) s given to the Test Case and the value of the TPDU size ls
f
increased and the nest repeated. At the end of the Test Case. the final verdict ls glven

as RESULT, which' evaluates to the value stored In the predefined variable $R. ’I‘tusﬁ

variable contalns the last preliminary verdict.
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-9 , 6 »
A 3
/ " . \x * -
] mrrc»szmmmomwom N L ,
“Reference: mpouu_xzmusr?mx.mu_sm - . FRE | SR
lm 003 . ot - o .
Purpa- 'Xdu‘yul possible vum lorﬂumlxlmum ‘!PDU size perameter of CR and CC(DS) o ' i L
P Delaults Relerbnon:' S . : :
.. Behaviour Dpscription | L.uﬂ " Ret .| 'V | Commens | T
3.003(L.) ’ b C ' < . o Lo
#NCON L1 =~ 'O , - ~‘ : .. . |
v {MAX_TPDU_GR: =428) ‘ N . oo ,
LINDamReq Userata"CR)X UserDan ' ] LOOP .| NDReqi, CR1. , - Lo
.| #.TPDU_size. MAX_TPDU_CR) . (MAX_TPDU_CR) e o
. UMTConlnd . ‘ ’ | TCImd1 PN P
. Ui TConResp - . . - “TCrespt . o : ' K IR S
- Lmnmndwmom'cq | Noinds, cC1 y s
. W(R_TPDU_SIZE si/MData. TFDU _size) . C : . N .
‘ W(DESTIN_REF 'mUsetData SRC_REF) NDReq1, AK34 . | T .
LINDauRsq(UsaData’AK) . " - ) B .
mzna.m:v_sxzm MAX_TPDU_CR) . | : AR N
. (mulu,.-] . ) . - (PASS) :
. . . : : N Lo,
(MAXIPDU.CR:«MAX_TPDU_CR » 2) ' I PR O S
+IDISC_LIDBESTINREF),  ° et . s "
[NOTMAX_TPRU8193]] - W A >
20w LOOP . oy . g
. -
+NDISC_L1 , i e .
[resulteball] - . ’ ' .- FAIL 4 . '
+IDISC_L1(DESTIN_REF) . I I ‘ . A .
- +NDISC_L1 \ . ' d . . _—
"OTHERWISE T ' ' FALL, . .
+NDISC_L1™ ; . , . Lo
: . * ELAPSE WAIT_FOR_CRsc - ) ' z 5 o
5 : gow LOOP =\ ' - . .
' . EXTENDED COMMENTS . - : N <
. 1) Sava t Source Ratsrence of the received CC > PDU for ’na.nspon ©ot oL ' Sl '
x Disconnecticn - . - T “
Q)nnewwwewtoranAt? ~- Q- o o L :
: 3) Checks if the Max. data recd.(octams ) in the i ,
‘ OC_TPDU is equal © the,Max. data in CR_TPDU : A e
T 4) Means that TUT doss’ bot suppor the requested ' B . o
© TPDUsn . * . ' :
C ' 8). WAITFOR_CR s & previously negotiated vaiue which . .. . : ‘ o
. , - . 18 set depanding on the QuAlItY ©f the DetwOLk service ' - . . - .
- A snd othet considersdons If ELAPSE occurs, it may be either =~ © ' '
- ) : due 1 [UT or i the Bework. So either » verdict of INOONC . .
. v mvbunnormlooptmdm LI » .
: i ~ 6) If the Twet Case Gotnes t this taet siap, the Verdict (s the same & ' ’
the preliminary verdict becanse none s specified. A verdtict ) " —
. . mmtuo-mban.\mmegtubydﬂmf'wmn ‘ o T
’ p ¢qual o $R is given © the Test Case. . \ N )
— . PR —_ . - ¢
A .
N . -~ N . E— TN
- mgo 6.4- IP4 DS 'Ibst C%e- - .. i ’v ;
. e X . - a
. . 1 - “
. - ¢
. ; b
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- ) I C mmswmmcmuwom
Reference; mmmﬁmusammv_sxm B ; , .
.| 1dentifiers 3_o0s o v o oo >
: Purposet ‘T Uy uu,amxbleovum lor the muumum 'xmu size paramater of CR and CC (m) ,
; . Defaults Reference: ¢ . 1 : v

N v . " ~_' .- R . \ . . * .

v

N °Bemmnuaim ‘ | Label | . Cwet 1 v .|  Comimed
‘ 3_003{L,U} R . , o ’ -
. | 4NCoN:L1 ’ . ’ . :
Y. * (MAX_TPDU_CR:m438) j - - T . 3o
‘ LINDaaReq (UserDaa'CR(UserDasn  * '+, [*LOOP: NDReq1 CR33 ). .
_. -t | #acepuTMPDUY - . o . | (MAXTPDU_CR) 8 .7
. . LYNDaulnd[UserDaza"CC) ' NDlnd_1,CC33 _— .
LT ‘ #(R.TPDU_SIZE:sUsetData TPDU_size) | ; o " ' i
. ’ ¥DESTIN_REF ‘saUséiData.SRC_REF) : . P o ‘
LINDassReq(UserDama'AK) T © | NDRea1/ AK34 2, e
’ : 4S1ZE(R_TFDU_SIZE. MAX_TPOU_¢R) - e : o To ]
[resultepess) ' ’ N " (PASS) Lo ,

' . (MAX_TPDU_CR:=MAX_TPDU_CR « 2) .
+TDISC_L1 (DESTIN.REF) | ' -+ -
¢ . [NOTIMAX_TPDU~8192}| . 1 L1 -
’ - gow LOOP . ’ , ;.
. . . +NDISC_L1 IR . . ‘ , 5 S §
L " Tresu mtul] - o A FAR | o
‘ : +IDISG_L1 (DESTIN.REF) A B S
: . 4NDISC_L1 I : . ; o ‘
o . 1Etipse WAIT.FOR_CCdec , - o 0) S
vt ! go%-LOOP ’ \ eo. : . . \

b " . ! mmbmm,nﬁ TS , , . 3 B N ” . :/
’ ‘ : 1) The UserDats fleld of CR 18 encoded a8 the Accept Test ° e L2 J
' Management PDU (lmpl!inenuuon dependent) ’ o ‘ . o
o vl ) Toisister the_Three way hand-stiake which is_pastof Classs TP N N ' B .
¢onnecoon Eitablishment . . . . N
< 3) Checks if the Max TPDU siza (octets.) in the T ,
: ' - ©or . CC_TPDU is equal ® the Max. TPDU size in CR_TFDU : N
' 4) Meaas that IUT does ot support the requestetl ) PRI NS . ’
\ . TPDU size. The verdictis FAIL hod the test ended  ~ © o V. .
CTNN ‘ §) RESULT is the current value of the variable SR which ‘. ' - . ‘ .
- ' " takes the value of the last prelimiriary reduit.If no . i :
. ' [ haal verdicu s specified upon resching competion of.te
. ) . test, the vilue of SR Is taken e the Verdict . - .
‘ ‘ ' 6) The Lower Tester will sit in the loop waiting for CC for -
: . , specified time and can either wy sgain if WAIT_FOR_CC . - ) ' . 1
t. ", . - elapses or may decide t Uy later .. < ' . {
‘i S
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%
‘The. Coordlnated ’Dest Case uses only the- SAP L between the LoWer Tester and

- the Net:work. The Lower 'I‘ester a.txempts to set up a connecﬂon w1t.h the IUT uslng 8

CR 'IPDU whose user data parameter has been encoded as t.he Accept_TMPDU ’Ihls

s

‘."D:st: Manazemem FDU 1s' recogmzed by bom systems and. ls assumed o have been
. 'pnevlousfly negoﬂated and’ standardlzed It tells the non-standard Upper Tester to aceept
" ints connecuorr. The test of t.he 1TPDU slze parameter Is perrormw }n a manner slmllar

. 1o the DS Test Case. It ls assumed that, the Test Step SIZE Is a. member of the global

Test SteT lerary a.nd thu.s accesslble o both Test Cases. Had the ’l\est Step been’

. deﬂned ‘In one 'Pest Case rellowlng the maln 'h-ee. it would be lnvlslble to ot.her ’Ibst

L4
t 1
Cases, o ’ )
.
(4
¢ _r ",! o v <
. w : .
;
‘ 3 -
1 *
\ . ’
—-\:& B v
[ R
f -
. .
N - .
Al v ~ L N
<,
. v » M
L2
1 -3
i ! ~
Y {
I3
. S
L} ¥
- . . - .
. I' .
- ©
-
v . v
.
) .
. ’
- -
' -
= Al — s
¥
ae
’ ]
n '
i
. - » 1 -
f
. R .
-
t
f
—_ - ~
v
.
2 .
’ ¢ PO «
.
- ~
.
\ -
- n
L]
3
It . B
, -
o
.
A L] v v o
-
-t
. -
.
-
. ..
i * -

- “

IV AN S

-
bt %
o 3

fxe c
pe e
ESEY A



I
i

v

"jnyiRODucmoN»'? o

.
’ N , . f
¥ 'r . *

This Chapter descr‘lbes a test, sequence zenemxlon tool called CON',[EST-ES'IL" A

) . {201 a.nd the tx‘anslatlon or these sequences o the abstract test notat.lon. ’XTI‘CRF The

eXecuuon of TTCN tests Is, also discussed: and some posslble, met.hods o( achlevlnz t.hls

'a.lm are lntmduced.

¥

' 7.1, 'oomm'r-m'm )

The. ES'IELLE based test deslgn methodology Is based on runcuonal pnozram

tcstlng of software. The pnotocol speclﬁcaﬂon ln ES'IELLE is analyzed and,

. transformed so that'it allows the decomposltlon or the speclﬁcauon into its functions.

Thls runctlonal analysls Is the basis of the test'design methiodology in [21].

A specification 1n ESTELLE can be modeled using graphs, one representing the

flow of control and the other representing the flow of data. Functlons of the protocol

" can be ldentified from the data flow graphis. It Is easy to derive the data flow graphs if

the specification is first transformed Into an equivalent form contalning only normal

form ﬁ'anbmoqs.

7.1.1 Transformations. -

"

The following constructs are removed In the normal’ form reoresentau:oh of the
ESTELLE speclfication, )
e Varlant Records. o
e Major state llsts In fROM and 'I‘O_clauses. ‘ )

» Conditional IF and CASE statements. ’ : .

¢ Procedure/function calls. - : | -



" .\ Variant records are Tineartzed b'y'ta;;gii:ig each type by the 12 used used 1n he 4.
‘ vanant. record definiton. MaJor, staxe llsts are el!mlnated in the FROM 'IO clauses by -

. generaung a normal form transmpn (NFT) correspondlng t each posslble stane value

' Symbollc execution or sequenﬂal programs’Is . used o remdve condmonal ‘statements
':a.nd local pnocedure and functional calls. A new path Is cneated ror every dlst:rnct path
ln the BEGIN block a.nd the PROVIDED clauses are modlﬂed to- neﬁect the condmons N
ror taklng those path Local p{ocedure and runcuon calls are ellmlnated by symboll-

- ally execuung them. Slmllar action s taken: wlth IF and CASE st.atements

L ; As an example, conslder a transmon from t.he speclﬁcaﬂon of the F’LAM pmto—
e .
¢ " trdhs . '
"'; ) when FFIqu .
{F -INIHALIZE prmutwe acceptable } ‘ -
provzdcd ﬂcchwsr_corr) and-{class=transf_class). |
from CLOSED to INITIALIZE. PD’ s

“begin '
" INIrgPDUY( { loca“l‘ procedure (sﬁbroutinc} }
{in) o
) prot_id, ﬁrcs cont _man, leve;l class, units, att_groups,

‘A

rollback, contents, in_id, acc, {s_passw checkp_wmd ) ‘ \
. PP i . .
{ out} ~

o PDU; Ty | - B
oulput ALAASSrq( X \‘ : ot / -.,
0 { Versionl }, CalledAET, CallingAET, ISO_8571_FTAM, PDU); |

| end, Lo ! ' . -

This would be normalized to the NFT named number 1 :

© lrans N o e =z




<

1

. . . . )
t{vhczz o finirq ' o : .
. prouvided (levcl =usr_corr) and (class —transf class),
jrom closed - .. L , /
to fnitsialize_pd , by A T
begin - / > 7 )7
pdu_tnirq. varot td :=prot_id, / . e
pdu,_snirg.v0.pres_cont_man :==pres_cont_man; o
pdu_inirg.v0.level . -=level; /
pdu_sntrg.v0.clags : -class;

pdu_snirg.v0.unils ==units; . /oo
pdu_snirg.v0.alt_groups :=alt. groups, .
o pdu_inirg.v0. rollback :=rollback; _ ‘

pdu_inirg.v0.cohtents :=contents; . — _ oY
pdu_inirg.v0.in_id ;=1in_id; )
+ pdu_snirg. v0.acc ‘=acc;
pdu_sniry.v0.fs_passw : -—fs_passw
. pdu_tnirg.v0.checkp_wind :==checkp_mwind
) output a.aassrq_snirq(0, calledaet, callingpet, ‘ -
- 150 8571_ﬂam pdu_tnirg)
end,

- As‘'can be seen, procedure calls INIlqPDU has been ellminated and its, body
reptaced within the transltic;n. PDU was originally defined as a varlant record with a

tag for al]l the types of PDUs. These ta@s removed and & record defined for eaph

type. Thus a PDU whose type was defined as INIrq would be converted to pdu_lnirq:

M ]
ESTELLE s not case sensitive and so case 1s not significant. Had there been some
. " /
control statements In the original

NFT. In thi$ case, the transition s

4

pped to a single normalifed twansition. |

;7.1.2 . F:(ovav grz;,phs.

v

The control flow graphs show the t:ha.nges'or. the valué 6r the maJ'orfsmt‘e vari-

able. THis Is the FlnlteqStaIé/ Machine mddel of the’ protocol. It fs(easlly constructed

from the FROM TO clausg¢s In the NFT's. The seque'pces which start and end ‘]n the,

inltial state are’ called Subtours. Fig.'7.1 shows: the conuol flow graph derived from a

specification of the F'TAM kernel functional unit. The arcs are labeled with the NFT
numbers assocla.tec%vlm transitons from the stdarting state to the resultlnz state, A
sample subtour w;{uld be the sequence 1 3 5 6.
/ N
/ . . | | -

-
~ i

, @

1tion, 1t would 1_fave produced more than ore -

-
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parametrized ’I'I‘CN test cases Is explalned, along with some examples.

‘ (\

'fhe dam fiow graph models the -flow of 'mformanon n 2 norolzl form

speé!ﬂcaﬂon. There ar¢ four fpes or nodes defined ~ IOD and F (input,. outpun, con-
o text variables or cc\g‘nstants and daxa opemﬂons or functions) The data ﬂow graphs are ‘
pamuoned into blocks, each nepresentlng the ﬁow over dne context va.rzable Some of

these blocks can be merged to represent all the pnotocol A’unctlons like" addresslng,

disconnection, data transfer etc. Fig. 7.2 shows an exa.mple da;a ﬂow gréph of the

sameé speclﬂcatlon as above Nodes ax the top of Lhe graph nepresent the Input, nodes of

transitions and nodes at the bottom or‘t,he ‘graph represenp Output nodes: Thé rectangu- )

lar nodes In the middle of the graph represent data fiodes or D-nodes and. the nodes .

-y
5o

with diamond sides nepresent the function nodes or F-nodes. .

71.3‘Testmet'ho'dologr R - o A

4 w

" From the data ‘flow graph a block repnesentlng a runcﬂon is selected. Thls Is

LIRN

tested using all the subtours of the block. A subtour belongs 1o a.block I 1 contains

_ the NFT number belonglng to a block, The Input prlnimve panimeters-t.haﬁ belong' to ‘a )
. runcuon are determined. 'Ilhese are enumerated wmle all others are kept ﬁxed to cer-
taln values, Next, the output prlmluves and parametexs comspdndlng to the subtour: ‘

. .-'selected q.nd the functlon to be tested are, determined. The expected values “of the ,

-

femalning parameters are determlned from the fixed values of the”othet paraimeters.

This memodologyi,c‘ovexs all the control paths In the specification ‘and verifles the data-

. g
flow in each function. , ) ' .o

72 Ab eample - .

.
¥

In this sectldn. a soeclﬂcatlon of the FTAM kemel functional unlt Is taken and

.the above test met.hodology' applled In order to generate unparametrlzed test. sequences

for the testlng of lmplementaﬂons The methodology of translating such sequences o

N
-
. . o
)
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" Name of Function =>addrggsing

7.2 1 Subtours a.nd Test Sequences L o

, C 04
a .’, "' " ' AR 3 »

The: ex:a.mple spec\ﬁcanon under conslderax;qn \s 2 subset of the Flle 'Ihnsfer,

Access and Management, protocol. This protocol has,- a.mong others, three major runc-

e

tlonal units ¢ '

21

T OKemel,Unlt < ] N .

oReadUnlt. . o S,

' 'Tne kerﬁel unlt takes care or Assoclatlon Esmgllshment with the peer lmplementauon

and negdtiates such parametexs as passwonis cost. em., before proceeding to the other
file ~tra.nsrer runcuonS' "‘The test methodology has been applled to the kernel unit
speclﬁcanon and the resulting data flow was decomposed into fourteen functional ‘
blocks Each block lncludes a number of posslbly overlapp\ng normal form’ transitions,

R

Subtours which are obtained from the control now graphs of the same speclflcation are

_ selected’so that the coverage of each block Is comiplete. *

’, *

As an exa.mple consider the runctional block named Addrcssmg The namlnz and
A

.‘creation of runcuons is based on a knowledge of the pnotocol ln question, and “the
nodes cont,a,lned wlt.hin. Flg. 7.3 shows the data ﬁow graph shdwlng the functional

. block Ad(lrcssing. Thls block corftalns transitions numbered 1 and 5. Subtours which

U'avelse these transmons are chosen as approprlane testing sequences for this block.
Thus, ‘the subtours selected from thls function are those that cover these transitions and

are glven below,

) suﬁtours

subtour : 0

closed Jfinirg [a. aassrq inirq) 1-

snitialize_pd a. aasscf_imrp [1 firicf] / 8
" tnstialized [fterrg ﬂarequ _terrg/ 5 . .
terminate_pd - ¢ arelc/ terrp [f-fteref] 6 . L.
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* i}

; . T
‘ (TR
sublour : 1 _
closed [ finsrg [a.aassrq_tnirg/ ) S \y
initialize_pd  a.aasscf_inirp [/ finic]] s
mitialized [fselrg . [p. pdatrq_sequ/ g2
select_pd - p.pdatin: selrp (1 fselcf] 28
selected ffdesrq - - [p. pdatrq desrq/ 25
deselect_pd pdatm_dcsrp ) ¢{ descf] . 26
tnslialized A fsc rq .pdalrg_se rq} 22 . -
select_pd p.pdatin_selrp [1 fselef] 24, !
initialized [Jterrg « _[a.arelrg_terrg] 5 {
terminate_pd a.arelcf_terrp (I Jterd)] '

The rormat of the subtours ls one 1\5e per sequence. The equence Is glven in thls
! .

format : ‘
o Initial: State Input Ougput(s) NFT-number - . v

Inputs and outputs are preceded by the' Interaction potint of the modvle which could be
represented by Serv!cg Access Points for TTCN spe.clﬁgna.tlons. The itial state of t;be,
following sequence. glves the tfnélnstate for the currenp séquence. Thus, for subtour 0
for this fupcuon, line 1 stands for the transition whose NFT ﬂumbex; Is I, whose ém;b-
Ing state Is closcd? whose final state 1% imtial{zed_pd, whose ‘Jlgput, Interaction occurs
at the ‘SAP named f and whose output occurs at the SAP. named a. The output could
be a-list of events, possibly at different SAPs. It will be noticed thax, 8]l 1dentifiers ¢on-

sist of only lower case letters and that some primitives and Fﬁ e glﬂveon suffl xés.

These are the product or normallzation of var!am records, which gives rise to unique’

necord names. It 1s qulte stralght, forward to map to the real ASPs and PDUs rrom the -

4

normallzed specification to th orlglna.l Speclﬁcauon. : S , :
- -~
y - * -
72.2 'I&'anslaﬁon to TTCN L . .
N d . . P

The -translation o’ TTCN of the test sequences can be done by-following the st;ps .

-

glven below : : '

n

e The ES’IE{.,LE §peclﬁcanon 1s written from the polnt of view'of the TUT with

the SAPs belng Its external Interaction polnts. So, In order to convert the subtours

obtalned from the speclfication 40 test sequences, Inputs and Ouiputs are revémed and

i

e 2



g

h

- \ ‘ 4 A ,
3 . ‘ o
the resuling model maps naturally to the Local Test /Archlte{mre Inputs tg the IUT .
from the SAP between the Service User and the TUT map to the test evend to be sent
by the Upper Tester and the outputs from the IUT at the 1nteracﬂon polnt, betWeen t.he

Service Provlder the JUT becomdatest events obsewed by the Lower Tester. Slml-

larly, lnputs,-tb tﬁ'e IUT at the lower SAP become the test events-controlled by the

® LA

Lower tester and outputs by the TUT at the upper SAP are tht tést events observed by

\ . S
the Upper Tester. . . ‘ * ¥
’ ?

‘s The above step Is stralght forward' when dealing with transitions which contatn
»
clause, a dmenenk\pmcedure Is adopted. A Delay clause In ESTELLE specifie$ the
. ’_’I L L]

length 'or, tme the machine will remaln In a state before performing some action,

, unless the* necessary input comes In. before the time §peclﬂed‘ runs out. This clause
- / . "

may be used, for example, In specifying the ectiop o be taken Iijyan Acknowledgement
. ) s .

\ Lo

T timer clause 1s Invoked with a value equal

clause. The next level of indentation s the

to the mlnlmum value }
\ TIMEOUT statement roilowed by the output, If any from the IUT.

e This role reversal pmduces the bare skeleton of nhe Intended path of the Test

<

Case. Next, all those transltlons wmch may occur In the IUT spont,aneously when the .

TUT is in the same stme as the cun’ent’@; sequence need to be specified as alternanve

@ﬁfs This Is necessary to ensure that normaJ attion of t.he IUT is not mistaken as

unspecmed and ererone 85 erroneous behavlour
Fad o e, ” w’

After specifyl ..posSlble- a.lternauve behavlour from the speclfication, the next

“ possible alternative Is glven as PCO ¢ OTHERWISE, where PCO 1s the polnt of cor '
. s ' . Y

tol and observation at wﬁlcb the original event Is-to occur. This clause 1s used only If

the Original event is a Recejg.event. e, . - \
. . i
- L0 SR vl
e - R
' o I a

both Input and output. For transitions which do not contaln input %ut, use the Delay ,

. A

Lo e
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» Next, the constralnts have 10 be specified on the transmitied and recelved
PDUs. The Provided clause in the ESTELLE wransition may define the constralnts on
the ASP or PDU 1o be sent to the TUT because the Provided clause may specify con-

stralnts on the parameter of the When clause. If the parameters of the Provided clause

do not h@re anything to do with the parameter of the When clause, these constralnts

maybe on the general ﬁrlng constralnts on the transitlons such as the state of context

#
L}

variables, etc. In such a case;- It must be expected that the transi_uon may not ﬁr:e and
the sequence continued because the context varlables are not within the direct control
of the Upper or Lower Tester. The assignment statements within the body of the tran-
sltion speclfy. the constralnts on the ASP or PDU to be transmitied by the IUT, and
_ ‘ ébmspondlﬁgly. on the ASP or PDU o be recelved by elther the Upper or Lower Tes-

ter. ‘ !

e

The above steps ma':;' be used to translate a sequence to TTCN but If loops or
iterations are peeded; these have to be done by the test designer. The test sequences
obtained from the test genefaﬂbn tool CONTEST-ESTL, do not contain loops but rather
specify a particular path through the control tree. This me't,hod can be automated 0 a
large extent with the tesy deslgnér supplying some .steps which are subtle such as

retra?smisslon times for ELAPSE statements, et¢, which are lmplementanon dependent

and require a deeper knowledge of the protocol. .

723 Anlibcaniale | . - ;

A
L)

The example specification here Is the FTAM specification of the kerne! functional

(S

unit. The function under test(ls the ‘Addressing function which s part of the Assocla-

. tion Establlqhment phase. One of the subtours\whlch }s used ® test this function Is

e

given below. D - S v,

o

s



99

SUBTOUR r
. closed -« [finirg . - [a.aassrg mzrq] 1 S
tnitialize_pd a. aasach:rp [/ .finic}) S
snttialized S fterrg [a.arelrg_terrg] 5
R terminate_pd - a.arelef_terrp [I ftere]] 6

The Normal Form Transitions corresponding to the transitions in this subtour are -
-glven below to serve as a reference for the example. The final output of the test gen-
eration too! s in the form shown above. Translation to the TTCN equivalent Is the

next step, with as much automation as possible.

,

lrans

) whcn [ finirg
provided (lcvcl =usr. corr) and (class =--transf class)

from closed . : /

2 to snitialize_pd _ '
begin
pdy_snirg.v0.prot_sd :=prot_id,
. pdu_snirg.v0.pres_conl man :==pres_cont_man;
pdu_ mzrq v0.level :=level; Lo
v " pdu_snirg.v0.class '—class, .
pdu_inirg.v0.units :=units; -

pdu_inirg. v0.ail_groups : =att_groups‘
pdy_snirq.v0.rollback :==rollback; :
pdy, inirg. v0.contents :=contents; o
pdu_snirg.v0.in_sd :=in_id; ' ) -
pdu_; amrq v0.acc . r==acc; .
' pdu_inirg. vl fs_passw :=fs_passw; »
_ pdu_snirg.v0.checkp_wind :=checkp_wind;
oulput a. aassrq_mzrq(o calledaet, callingaet, 1s0_8571_ftam,
” pdu_ mzrq) »
end, . ‘

trans B R ey
{ 3 } \‘ ) ) S
when a.aasscf_snirp
proosdad {(protvers =0) and (rcs =ass acc) and ' )
us_in/.vl.stal_res =succ_res) and (us_inf.vl.acl_res =succ_act))

. Jrom snitsalize_pd
to snitialized _ - N
. begin ) ,
oulpul [, ﬁmcf(us inf.vl.slat_res, us_snfvl.act_res, :
. - us_mnf.vl.prot_td, us_tnf.vl.pres_cont_man, us_tnf.vl. umts

us_snf.vl, attr_groups, us_tnf.vl.rollback, us_snfvl. contents
” us_snf.vl. dmg, us mf vl. checkp_wind) ,
end, .

»
L T,
by




lrans } R ) ' < I o, e
5 ) ) - . v,: S .
. fvhcn [Jlerrq S c -
: } from snitialized . -
. to terminale_pd
begin -
ndoutput a. arcqu_terrq(norm, pdu_ terrq ) ) , ~
[ [ y . ' . ) -

trans ' o . - T
{6} | . -‘
when a.arelcf_terrp - ’ ‘
Jrom terminate_pd
to closed :
beas . t
gm
output f ftercf(us_tinf.vS.charg)
end,

In transition number 1, the TUT recelves froni the \SAP at f tile plimlu{'é FINIrq.
The provided clause checks the two parameters of this piimitve so these would serve. s
as the constralnts on this primitive before 1t Is wansmitied to the JUT by the’ Upper |
Tester at SAP J. The assignment stalements within the body of the tnmsmon serve a§
the cons'a'a.lnts of the PDU ‘which Is a parameter of the AASSrq primitive wh!ch 18
- . msmlmed to the Lower Tester at SAP a. ‘

. ‘ N,
' // .. 'The transiation of the remalining sequences is similar-and gives rise to.the TTCN

specification as given In Fig. 7.4.

7.3 Execution of TTCN Test cases « , N

The next Important step In the testing process Is the actual execution, or the trans-
lation of the TTCN cases Into an executable form, for performing the tests. The stan-
.dard document which defines TTCN glves an algorithmic explanation of t.he_'semanucs
S of the :'arlou's' TTCN dynafmc beha.vlourlconstmctsvln an Annex (dlsgussed in secnor;
4.8). As explalned In the Anhex, &ng does ﬁot purport to be a method of élrect execu-

N .
tion, but rather only serves as an.atd to undéxstandlng the language.

L Though 1t Is possible to find a method to dlrecuy execute ’ITCN 'Desb Cases, ‘the

converslon of the Test Cases "to another, Formal Description Technlque has some

I'd - . 4
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o TEST CASE DYNAMIC BEHAVIOUR  © - _ ,
. . Raference’ PrAMMn-m;/lCl e c ! . Lt

: Idenufier TC1 . 0 ; ' ' ' .
- Purpose . "Set up msociation and nlgse immediately (Loca) Test Mcmmmn) : j

Detaults Reference: NONE T - »
i k]

. . .oy .
]
B ,J! o

- . : Behaviour Deseription - | Labet J. - . CRet [ v | Commenu
© | Treet JAR) . . S 4 ,

©, | FIFNIg Tl START . | i1’ ° CRR ) .
. . A ? AASSrg- (usr_inf INIrg) . ASrq_1, INIrq _1 2) ¢
] A} AASSc! (usr_inf TNIm) © . © | ASef_t, INIrp _1 3) .
{ © F? FINIef FINcf_) . (PASS) | 4)
' "R 1 FTERM . FTRm_1 s)
e A ? ARELm [tsr_inf~TERmq) ’ ' ARrq_1, TERM_1 6)
A ¢ ARELe! (sr ol TERI) | ARct_1, TERmD,.1 7)
F ? FTERe! FTRc!1 . PASS 8)
. F ?* OTHERWISE FAIL
i A ? OTHERWISE * ’ : FAIL
. “'FYOTHERWISE . : B FAIL
. N ‘A ? OTHERWISE - ) FAIL

? ELAPSE WAIT_FOR_IND sec . C

GOTO START )

. A ~ B -t
C EXTENDED OCOMMENTS .

‘

- 1) Upper Tester transmits FINIrq ASP © the IUT
According 1o the. Trandinon (NFT 1), the parameters of the ASP
FINirg ievel and ciass should have the values usr_corr and transf_class

respectively This can be specified either as a boolean expression on

the same llx)e, or made part of the consgaint. In this example, .
FINrQ_1 conswant specifies fhe insmnce of the ASP FINIrg with the
above values {or the parameters level and class

2) Lawer Tester should receive AASSrq with the flelds of INIrq PDU

- . . settoall the correct values u:condmg to the assignment statements in -

. , Transiuon 1.

3) Lower Teswr Trynumis AASSc!

4) Upper Tester shouid receive FINIc! .

5) Upper Tester asks for & Termination 1

6) Lower Tesur should receive Associauon Release Request prlm.iuve
with Terminate Request PDU

7) Lower Testar confirms the Termination with TERMINATION Response
FDU. ) .

8) If the Upper Tester receives Terminanon Confirm pnmitive, s :
verdigt of PASS is given 1 the Test Case. All the evenu tll this

- line foliow directly from the test sequence All other events sre E , .

altarmatives placed aftefwards by the test designer. -

“y

g . ‘ Fig. 7.4. Example FTAM Test Case (Unparametrized). -
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’ ¢

advantages. For one thing, verification of ‘the tests can be done using techniques
already avallable for thg target FD'Ts and another, exgguﬂon of the target FDT may be
possible. ICons\der the FDT ESTELLE. A Test Case specified in ESTELLE can be
verified agalnst the speclfication of the standard and an executabl form (for example,
In the language C) may be obtalned using compliers avallable for ;.hls purpose. [22]
have Investigated the translation of TTCN test sultes Into L.OTO specifications for the

purpose of valldating TTCN test sultes.

7.3.1 Conversion to ESTELLE .

)

. A TTCN test sulte may be represented as an ESTELLE speclﬂcauon‘ with each
Test Case repiesented by a moduie definition with a common declarations pa;'t denvéd
from the Declarations and Consuaints part of TTCN. The conversion of the declara-
tions and the value instantiation using constraints from T'DCN to Pascal (ESTELLE
daIa)‘smctmes 1s, for the most part trivial, and will not be further considered here.
The-ESTELLE module declarations is of greater Interest and the behavieur Eonvemlon

is consldered bel/ow. The following paragraphs represent a preliminary investigation of

the feasibllity of translation and s explalned Informally’ giving some examples. The

Test Architecture of Interest Is the Remote Architecture because It allows the
speclfication’ ©of one module for the Lower Tester and does not need formal

specification of the synchronization issues between the Upper and Lower Testers.

It 1s assumed that the Test Case has been completely expanded before the conver-

ston procedure : l.e., all abbreviations have been replaced, all Attach statements have

been replaced by the corresponding Test .Steps and al! defaults have been appended,

Repeat statements are also assumed to have been replaced by the use of boolean

-expressions, Attach and Goto statements. This leaves only Sending and‘ReceMng

Events, Boolean and Arithmetic Pseudo Evénts, Timer events and Goto statements In -

the_ Test Case. . ’\

N
¥

i

Lt
il



.ELAPSE clause. The ELAPSE clause will be replaced by a transition whose When - /

' o 103

~

Each Test Case produces an equivalent ESTELLE module specification with a

number of transitions and a state list corresponding to the depth of lndeniaﬂon in the

"+ Test Case, If the Test Case Is seen as a tree with alternative events as siblings, ang' i

successive events as child nodes, all _ev?nts belonging to the same level in the tree.wll] -

'start in the same state, le., the From cﬁatgse wil) épeclry the same state name. The 7o

state wlil] be dlfr erent for the alternatlve events, . n e
Pseudo Events form spontaneous transitions with boolean expressions, If any,
making up the Provided Clause. A timing module s assumed to e present for global

use with a known lnteractlon' point 7' This timing module accepts the primltives Start

.with the parameters duration and Timer_id, Cancel with parameter Timer_id,

Timeout with the parameter Timer.id and Read with the parameter Timer_id. If a set
of alternatives contalns an ELAPSE event, the parent. transifion will send a Start /

Interaction to the "Umer module with a duration equal to the amount specified In the %

clause specifies a T Timeout Interaction. A GOTO clause Is an empty transition block //
)

. whose To clause specifies the ‘state name of the target set of events. . - .
. ' . - , . //
7.3.2 An Example l . . )
Qo /
B . N / .
Consider the TP4 Test Case specified In the Remote Test Architecture 1n-Fig. 7.5. \

A
s

This is the same Test Case for TP4 whlcq wsas given in Chapter’s speclﬂed in the RS

architecture. Assume, for the sake of simpliclty that the preamble NCON_LI and the .
PN -& ) ‘
postambles TDISC_LI and NDISC_L1 are not present, since they are not part of the '

maln body of the Test Case. Below Is given the ESTELLE m{dulé equivalent of the

-

: above Test Case.

¢ ESTELLE Test Module : /

module max_tpdu_slze_type process
ip {interaction polnt st }
L : N_access_polnt(user) individual queue;




- TEST CASE DYNAMIC BEHAVIOUR

Reference:
Jaentifier:
Purpose:

Defauis Reference:

3,003

"TP4 /CONN_ES TABLISHMAX_TYDU_SIZE

¢

#

To oy ail possible values for me maximum TPDV size parameter of CR and cc (RS)

Behaviour Descripiion

| Label |

- CRet

3_003{L.V
+INCON_L1 ’
(MAX_TPDU_CR: =t 28)

v

LOoP

[, +IDISC.L1 (DESTIN_REF) ' "

- [result -“Il]

LINDstaReq (UserDaaCR)

L?NDawlnd|UserData”CC]
#(R_TPDU_SIZE wkIserData TPDU_size)
$DESTIN_REF ‘ssUserDan.SRC_REF)

L!NDm}yq(Usele'AK) -

+EIZE(R_TPDU_SIZE, MAX_TPDU_CR)
Tresultmpess)

(MAX_TPDU_CR *MAX_TPDU_CR + 2) \,

INOTIMAX_TPDU=192)] ,
géo LOOP v

+Nmsc_,1.x s , -

+’ID!SCJ..I (Dm’I‘IN.BEF)
+NDISC_L1
_ TElapse WAIT_FOR_CC sec
gow LOOP X ™ T4

NDReq1.CR33

(MAX_TPDU.CR)

NDInd_1,CC33

i .
NDReq_1, AK34

-

(PASS)

FAIL

3)

8)
4)'

s

EXTENDED COMMENTS

. 1} The UsetDsta field of CR i3 encoded as the Accept Test

Managemens PDU (lmpiememanon dependent)

2) This is for the Three way hand-shake which 1s part of Class4 TP

connection Establishment
3) Checks if thie Max. TPDU size (octes ) In the

\

CC TPDUIsoquﬂbtbeMtx 'I'PDUlIle in CR.TPDU

4 Means that IUT does not luppon e requemd
TPDU size. The vendict is FAIL and the test ended.

_5) RESULT is the current value of the varisble SR which

takes the value of the last preliminary result.lf po

final verdict is specified upon reaching completion of the

test, the value of SR is taken ss the Verdict

6) The Lower Tester will sit in the loop walting for CC for

specified tme and can either wry again if WAIT_FOR_CC

elapses Or may decide to Uy later

*

.

“
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T n.mer_;access;pdlng(liégr) corm'nmqueue; S o R -

L

bodymax updu_slze bodyformax tpdu_slze Wpe - '» _ o o

+ < {Type definitions } T
. " " . {Any event whi¢h -assigns ‘2 final verdlct brlngs the macmne to E_smte} state
©L state ] .state_2state_ 3.state 4.1,state_4.2,state_ 5.80312 6.1, ,

]

- staw [} 2,sune 7 state 8.state o.E_srate, '
R tostate_,l . o et _ . co
S ' begin o e e o
: " énd; . T L, .

S ‘ , ' ' s + ";: ® L
A - ol T LT L

. £ -~ fmmsm 1 : ! " A ", @ . . . o .
’ IDBM_Z ’. . d! . B . : Yo ": - ' r(\'

. . begin LTy : . - \
. MAX_TPDU_ CR‘===128 Ce e : ok
‘ endv . . ’ ’ c ’ ' : . . . .

from ‘'state_2 . B e

Mo state_3 . R
L begin Lo ' ‘

-~ .. {form NDATAreq and’ CR_PDU accordlnz to constralnts NDxeql and CR33 }
output L.NDATAreq; - o

* output T.Start{T1, WAIT_FOR,_CC) . .
‘ * . { To take care, of the ELAPSE staxement n the sucoesslve events } e
L end, L L , o

.

: , ”ag? from state_3 ’ o ' e . T .- S
e tO StAte_4.1. ' o - . o ’ ‘
WhenL NDATAlnd o )
" pravided. {deeodlnz requiremerits -could be a primitive procedune call} - .
begin . .
R_TPDU_SIZE '=UserData.'1?DU _size;. - .
: . ' DESTIN_REF :=UserData.SRC_REF; S
. - . output TCancel(Tl) ) , ’
S end; B ) S : o
T - from state_3 . . ‘ g D - '
: to state_4.2 " A - .o o ;
when T’nmeout(Tl) AR . . ' ‘
- begln * - . ' ' ‘
AR end; o o -

: * -from state_4.1 " . . : L TN
1o state_5 ' : e ,
L o ' . - .
/ »
LN e N
L
" o > e
i 2 )
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trans

from state_7 , -
- to state_8 ST

N A \ ,
{ ‘-‘
begin - ’ | o *
{ form NDATAmq and AK PDU accordlnz to NDR.eq__l AK34 }
.output LNDATAreq.
end;

{ Test Step SIZE expands to two Pséudo events

|R_TPDU_SIZE =MAX_TPDU_CR] Wesult :==pass)
dnd
- [NOT{[R_TPDU_SIZE %x_mu_cn]] (résult :==tall)

\

<

from state_5 . . : T _
to state_8.1
vided R TPDU SIZE—MA.X ’IPDU CR
begln
result :==pass

end , i

N —4 . i
trans ¢ ] ‘ ‘
from state 5 . S

to state_ 8.2

. provided not (R_TPDU_| SIZE —-MAX__TPDU CR)

begin ‘
result:=tfal ‘ .

" end;

from state_6.1

"o state_7

provided result ==pass

_begln .

PR :=Pass

end;‘ ~ : N A ‘\ ' T -’
trans - ' -
from state_8.2 - . ¢
to E_state : . ;
provided result =fall : : T
bezhl ‘ B ) . o R
R :&==FAIL coet ) -

{ Disconnect 'namport and Networlg,connectlons }
end; . s

trans - L .

beglin.

'MAX’IPDUCR=(MAX'IPDUCR*2) e
“{ dlsconnect“l?ramport, connection } . '

end
. v ‘ - :
trans : =
- ‘e . “
-~ a .o -
) A
. 4 4
“r
a - - B
L4 i - "h " '
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a ( . ! . " N ' M - e
11 : S : ‘ , - . - 107 ;
b - . .-
,  -fromstate 8 - . . ’ .
: - to'state_0 ' - ) . " S
: . ’ pmvtded not (MAX TPDU_CR =8192) . T 1 ) )
| begin ‘ ' ‘ _ ot , : ‘
- end; - . ’ ‘ o
. " - ’ ’ i B ’ . ‘
! . trams - C o, . o
! ! * \ mm s ;g ‘ . ] ) .
: to state SR A ‘ LT - o
. begin’  « ’ :
h ‘ {This 1s for the GOTO smemenn If the MAX__TPDU SIZE Is less than 8192} /
C end; .
W [ ’ . - g T .
o o rnomstaxew S : . y
- . ,/ : tO state_2 . : ’ L - . e
o / begin . . C L
~ /<. {Thisls for the GOTO statement. after ELAPSE statement } '
e -end; " . ]
o { » 5 . ) . . g -
7."". ' Id
Yy y . ' ’ r
! fl‘ . ' - i i R e
. [P ) ] .. . . II' . . . B
<. * i" , »
. . , )  n § Iy . - ’. - a
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. 8.1, Conclusions - .»;‘

In this thesls, Hzeﬁt notation for protocol test sultes called the Tree and Tabular
Comblned Nqtatlon has been described and an editor gg;' defining and managing test
sultes specified In the TTCN Is Introduced. It has been seen that the editor can be used
as a starid alone system or, with some extensions, may be used in conjunction with a

test sequence éeneraﬂon'tool called CONTEST-ESTL.

The Importance 6f an editor 1n the test deslign process cannot be overstated., Typl-
cal test sultes are generally very large a.nd management 1S a common problem facecf by

sulte deslgners. Syntax errors are inevitable- when the tests are specified so the syntax
'] ' . -

’ ‘Yhécklng featme of the tool Is 1nvaluable. Since the tables of TTCN form the basic

structure or the la.nguage, automaxlc crea.ﬂon ©of these pnoformas 1s one of the stronz

polnts of hhe tool

L4

Experience with the tool Include deslgning tests for ’D'ansport Class 4 using the

Distributed Test Architecture [23] and for speclrylng some FTAM "Test Cases [24) It

a4

Is expected that as the use of the tool increases, more features may be added to make

the editor more functiona] and useful o the test designer.
R .

During the system design process. _a few polntB'WOnhy of mention have been

notIced by the author. As has been seen, the MP form of‘T’I‘CN 1s very wordy and a

. wplca] test sulte would require large amounts of storage space. Thls presents a few

problems when 1t 1s requlred to load and complle a test sulte written in TTCN-MP to
cc:mvert, to mm or for further processing. For large sultes, It may—be required to
break up the test sulte Into smadller sultes, each cox;talmng the declarau\orié pa;'b and
constralnts part and maybe a subgroup of the test case tree. Test Cases are Iddependent

of each other except that some may assume that a previous test case has determined

Y
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that some required behaviour Is present In the TUT. The results and ffarameters may be
stored for to be' used as parameters for the followlng tests. Therefore~1f the ordering of

the test cases'is preserved, partitioning of the sulte should‘present no problem.

8.2 Future Work and Improvements
The editor has been designed: to be very ﬁlodtﬂar to allow future extensions and
,r;lodlﬂcaxlons 1o the standard be incorporated with a minimum of effort. The file struc-
tums‘present a uniform Interface for a varlety of modules to Interact with and modlfy
the 1nfoqpaﬂonlndependenﬂy. This does not make for very efficlent storage a.nd- file
naming requirements. Streamlining of the Internal flle structures may be necessary for
the tool. The lssue of portabllity to different systems makes the use of the X-Wigdow
environment a desirable extenslon. Fortunately, the file structure need not be modified
A,to accommodate portz’xblllw nsqulremems.’ 2 )
Extensions to the tool In the dhjecupn of execution of test sultes Is necessary to
, ‘round off all the requlrements’ of a complete edltor/(exgcutor of the TTCN Janguage. To
this end, implementation of the algorithm glven In chapter 7 for the converslon to
ESTELLE modules may, be a feasible method. Some more r;eéearch"ls required In this

1
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' posslbly for automated processing.

APPENDIX
CONTEST-TTCN - USER’S MANUAL -

SECTION 1 - ' INTRODUCTION
v

ISO has recommended the Tree and Tabular Combined Notation (TTCN) as a
preferred test nota'tlon. TTCN 1s an Informal notatlon without precisely defined sem.an:

tics. The defined purpose of TTCN Is

a) to- provide a common reference for assessing other test notations ‘and 1o -asslst In

examlnlng the problems arlslng In test case and test sulte deslign;

b) to pnovlde a basls for the translation of test cases Into other test notations.

A test sulte written in TTCN has the rour;-qollowlug sections In order:
, ’ ~ )

a) Sulte overview

b) Declarations . -

*¢) Dynamic part

d) Constralnts part

¢ -
s .

raphical form sultable for human readablmi' and TTCN-MP is the machlne procéss-

able form more sultable for transmission of TTCN descriptions be@en machines and

*

L]

Thls editor was deslgned to help the test deslgner enter tests In standard TTCN- -

GR notation and to automatically get*the MPE-form of the specification. It Is assumed

N

T e '
b Py e -

.*TICN 1s provided In two formats: TTCN-GR and TTCN-MP. TTCN-GR Is the
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that the tool user has soﬁle knowledge of thg suntools ‘environment and of the pack-
ages contalned In It. Of course, .a thorough knowledge of the "syntax” of TTCN-GR Is
assumed The user would be well tidvlsed to have the BNF descripton of TTCN-MP

ha.ndy when entering sultes.
¥ 4

' SECTION2 - INSTALLATION INSTRUCTIONS
) . ) .
’CleEST-TD‘CN'g;onwa;e runs under the SUN-UNIX (4.2 release 3.3 and
release 4.0) operating syste;n. It uses the SUMW pac.kage and the programs are
written In C. A SUN grapmcs/ workstation 1s essential and the user must be In the
SUNVIEW environment to nvoke the editor. ' ‘ .‘
° FILES

The CONTEST-TTCN dlsm;:uon tape contalps all the source ﬂles in the direc-
tory CONTEST-TICN. R T
o Compiling -~ : .

“TAfter havlng copled the dlstrlbutlon tape to your local flle_system, the ﬁrst step I1s
to gl;a.nge ‘t.he working dlrectory to CONTEST-TTCN and type make to complle the

- edltor program and make gr2mp to create the. MP2GR pmgrﬁm.

SECTION3 - USING THE EDITOR. -,

-

" The name of the TTCN-GR edltor 1s wen. The editor 1s lxﬁoked by wﬁlnz ten
" and <teturn>x The user Is reqnlred to enter the name of the test sulte at this point. This

is Just.an ldentifier whose BNF definition 1s glven in the . TTCIN-MP document. ’I‘here

)



are seven items on the menu. These are selected using the left mouse button. The

items are sulte ovérview, declarations, maln behaviour, default behaviour, constraints:

and quit.-Each of the items are explatned below. The editor, when used for t.hg\ﬁrst

ume, creates a directory sulte_flles, In which are kept the data flles of the GR version.

Selecting this ltem brings up the tables for the sulte overYlew part of T’D(}N The
menu items are self eXplaﬁa:tmy for, the mos'c part. To enter flelds 1n top panel of the
table, move the arnow to that pa.nel and just type In text. <teturn’>takes the cursor to
the next neld ’Ib enter nhe flelds In bottom part of the table, move the mouse to that
_;ﬂeld. Hemember that one llne Is taken as one field. A newllne demarcates entries In
the same fleld. All the four flelds must be entered for each entry. A '_' can be used to
represent a blank. Remember to leave a blank line between the entries in each
field, ‘especlz‘dly for the 'purpose’ ﬁel& because this fleld Is free text. *Write-and
Retum saves “the ..chzmges and returns to the main menu. ‘Return’ destroys a.ny
changes made and returns to the maln menu, Pnororma brings up a pull right menu
to enter elther Test Cases, Steps or Defaults.

Declarations,
“'\

The declarations part of TTCN-GR 1s used to describe the set of test events and
all other annbute; 1o be used in the test sulte. All objects used In the dynamic part
should be declared In the declarations part except constramt declarations. The test
events are ASP's (abstracE service primitives) which occur at the PCO’s (polnts of con-
wol and opservation) and mer events. Other atiributes to be specified appear on pﬁe

. 1

menu when the 'Declarations’ ltem is seiecte% ‘

P
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Abbreviaﬁom.

This table contains three ﬂelds A newllne demarcates each emry \n the ﬂlst two '

ﬂelds A blank line is not necessary between entrles As before, there must be an

expanslon for every abbreviation entered. ¢ o .

Operators. ‘ R

‘Selecting this ¥em brings up & table consisting of & upper part with four entries,

" and a lower part consisting of one fleld for a free text description of the operation. In

the upper part, the first and fourth entries must'be entered. The second and dnrd
entries are optional, but If entered, must be given as a list separated by commas. The

menu ltems are sell explanatory. -

User Types. — e

o

This item brings up a menu for entering elther TFCN User Types or ASN.1 Uset

Types. The TTCN User Types table contalns four flelds in which the second fleld,

Base Type, Is optional for all entries. All other fields must be entered. The definition
syntax must follow exactly that given in the TTCN-MP syntax.

Parameters. -

]

This table contalns three flelds as shown and If there is an entry In the first fleld,

there must be a corresponding entry In the second field.

A}

Constants.

Thls table has four fields. The name, Wpe and value of each global constant must

¥

-”be entered here: The syntax must be same as in the standm'd. kS

.

[

1)
‘1
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. Variables.

' durauoxi. Examples are 1 ...

117

4

&

This table has three flelds and 1s used to declare global vanables global to both

the dynamic and consrralms part. Initially, all variables. are unbound.

PCO’s.

. This table lists the set of points of control and observation to be used in the test
\ x ) —

sulte. Both flelds must be entered for all entries and a blank line must be left .

between entries, especlally In the ROLE fleld.

The. entrles for thls table ang for those of PDU's are the same. Remember that
names are identiflers and as sucb, are composed of upper a.ndllowe:r case lewers,
numbers. hyphen ('-').and the undexscone ('_') only. Names glven In parentheses are
full identifiers.

ASN-1 entries.
- *

Tables for these definltions contaln two ﬂel‘d§. The first field .1s the \dentifier and
the second is the name of a flle céntalnlng the ASN-1 definition of the ASP or PDU.

_This table consists of three flelds. The first Is the timer name and second Is tmer

3 min, a to b‘sec, ete.

W;

M7Z. behaviour. .

Selecting the Dynamic Behaviour button on the maln menu brings up another

Y
o

R
PR
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A .

. menu. The second menu has’three ltems,-testcase, teststep-and defaults. The structure

- each fleld. Some other menu items of Interest in this sm)wlpdow are

. the sulte.

“of the sulte using this editor will be organized as & tree with the sulte name as root

/ -
.and all test cases as It chilldren. When' the menu 1s first called, the current test case

k]

number 1s 1.

In the bottom flelds, the first one Is the behaviotr description. Here, the Impom;.m
thing to remember Is that only tree names can start In column nufr;ber 1. Comments
can be entered using '/’ starting In column number 1. For GOTO ;meméntg. only
the word GOTO (In upper‘or lower case) s acceptable. In order to find out the present

llne number, tile left mouse button ls first pressed at the llhe In questlon. Then,

depressing the right button pops up a menu with the ltem "what.line #. Selecting this

! : .
Iterh displays the present line number. This facilitates entgrlng corresponding entries 1n

’

Suite-Tree : 'i‘hls Item brings up a window which shows the structure of the sulte as a

tree with the sulte identifier as the root with children representing groups ;md tesi

.cases. The user can select the test case of interest with the mouse and browse through

Y

Goto : This item can be used to Jump to a specified test case by glving the number or
to create a new test case, P
‘ )

ASPs, PDUs, Abbreviations: These items bring up pull right menus contalning all the

ASPs, PDUs ahd Abbreviatlons which have been entered for that sulte. The selected

“1tem 1s pasted at the current point of insertion. 'This eliminates spelling errors and

. \
provés handy when defiping q}arge test sultes contalning many ASPs, ete,

V-Hair: This item draws a vertical bar representing the mouse In the first column.

Pl

This is useful to align events which are at a distance from each other.
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Constraints

This sectloh brings up a menu with all the posslble' constraint entries, one for
ASPs and one foe PPUS. Slnce‘ASP constraints are similar to PDU constr;.lnts, only

PDU consnaln?s will be explalned. .

" PDU Constraints : R ‘
There are phree forms of PDU constralnts ‘'and two generic constralnt proformas.
" ) The first is the TTCN-FDU constralnts. This table Is displayed when PDU constraints
s seleéted. The top panel has two entries, PDU riame and constraint .naxﬁe. The bottom
part has t.hree fields. The first entry has the fleld name and the second the value, 'Ihe
edjtor does not support the compact constralnts table So. a different table has to be

called up for each TTCN-PDU constraint. ) ' a

‘. The second form of constraints 1s the compact 'cm‘xstralms where 1t s possible to
use one proforma per PDU to define all the constralnts on that PDU. Each constraint 1s
ehitered on one llne with values glven for all the flelds which are entered as column
names. One fleld column“ls displayed at a time with menu items to go the left and -

right flelds. , ' , |

‘ The third type of constralnt s the ASN-1 description of constralnts i’dr PDU’s -
and ASP's which have been defined uslng ASN.1. '

Hard Copies

Every table created by the editor has an ltem In the frame menu called hard copy.
Selecting this item automaucauy creaxes the necessary flle as lnput to the rormagpr
Troff for ouy % to a laser prlntbr Devlce Independent Troff (Dltroff) may be used to

make the ov.4ut files Independent of the printing device.

Eﬂfri‘ [
'
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The program gr2mp. tries to create the MP version of the sulte entered. The pro-

]

gram Is canegl by zlvh{g the sulte identifier as the argument. The error mes‘sages. It

' any come up, are self explanatory mostly. If there 1s an entry missing for-a field for

which there Is an entry in the. first fleld, the error message would be to say that there 1s

0o entry for the last.entry In the first field. This can be avolded by entering '_' for

any ﬁeld for which there 1s no entry. ’lms Is ‘beca,use. unless stated otherwise e)'cpllcluy

ﬁeld (except comments of course). This does not hold for the flelds In dynamic

behavlour and ASN-l constmlms and for the base type field in User Type deﬂnltlons

the identifier entered 1n the beglmnng -

-

The following 1s the list of Intermediate files created by the edltor as 2 data base.

The %' stand for digits which represent the orderlng of the entry In 1ts type of pro-

-

forma.

sulte overview ==tname_a.l .

tname_a.c.[2-5] , .
tname_a.s.[2-5] N . e 7
. tname_a.d.[2-5]

Declarations ; ¢

3

L]

abbreviations --—-mame b.[1-3] e
operators =tname_¢c.*.[1-2] -

user_types =tname_d.[1-4]

ASN.1 user types==tname_}.*.[1-2]

parameters =tname_e.[1-4]

. constants =mame_r.[1-4] v , il

PCOs =tname_g.[1-2]

ASPs =tname_h.*.[1-4]

ASN-1 ASPs =tname_}.*.[1-2] . o

‘PDUs =tmame_kK.x.[1-4] : . , N

ASN-1 PDUs =tname_l.x.[1-2] « ‘ «

global vars  =tname_m.[1-4] L
)
. é

-~

“In the BNF descrlptlon, every field must have an entry If there is an entry in the nm

The MP version, lr successful is stored ln the ﬁle sultename . MP where sultename 1s
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LN
. ’
timers =tname_n.[1-3] ~ . N\
Dynamlc Behaviour-
' “testcases  =tname_o+ . : ' '
. ' test steps =tname_0O.* Lo . ‘
' .. . default beh  =tname_p.x ) . ) :
Constralnts :
1 : °
)  PDU constralnts =tname_q..[1-4]

Compact PDU con =tname_z.x.[ <34| , -
ASN-1 PDU const ==tname_r.*,[1-2] .
' * " generic PDU con =tname_t.x.[<34] , ‘
gen. pdu flelds ==tname_s.*.[ <34)

ASP constralnts =tname_u.*.[1-4]
Caompact ASP con =tname_A..*.[ <34] o7 S

ASN-1 ASP const ==triame_v.*.[1-2] ’ e

generic ASP con =tname_w.*.| <34] ©

gen. asp flelds =tname_x.x.| <34] ’ ¥

-~ The program mp2gr attempts to' create the necessary lntermediate files from a

given MP flle for viewing and ediing by CONTEST-TTCN. This program 1s nvoked 5

by giving the MP file as the argument to the command. ;

—




