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\ ABSTRACT

The objective of Open Systems Interconnection (0SI) #ill not
. be achieved unless systems can beﬁtested to show conformance

to  standards. The .- X.25 standard/” recommendation, is

‘vespecially, imoortant since it is recommended by IS0 and

_ CCITT as the protocol standard for the lower three layers of_

the O8I’ Reference Model This standard has matured over . a
number of * years, and now prov1des severalt implementation
options, The probability of 1nterwork1ng between different

implementations-of XFZSﬂData Terminating Equipments (DTES),

with implementations -of“Data Circuit Equipment  on the™

network has .to be increased through stendard"test}ng.
Towards this objective ISO has undertaken work to produce

standard.X.25 DTE test suites.

:

This thesis is directed towards the design and

speczflcat;on of an OSI standard X. 25 DTE conformance test

suite. Using the test methods proposed in the ISO framework

for 'conformance testing, we develop a methodeolegy. for
de51gn1ng a standard X.25 DTE test suite. We use the Tree
Tabular Combined Notation (TTCN) to specify a standard

abstract test suite for the Data Link layer of X.25.

& o S



> " In this thesis we propose a new épproach for designing -

Ll

X.25 LAPB protocol specification. This test design method is

‘applicable to real protocol implementations like the X.25

DTE. In this method wé‘emphagise the use of Propgr, Improper

~and™ Inopqutune interactions in the abstract test suite

.design. The results indicate that this is a very practical
and useful method for generating standard state transition

tests.

i

~C

test cases based on the Finite étaée Mééhine modellof the'

i)
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_ CHAPTER | .
INTRODUCTION TO CONFORMANCE TESTING

1.1 InTRODUCTION

The X.25 protocol standard specifies recommendations for

accessing a public packet-switchéd network, This standard

- —

N

defines the interface between Data Term;natihg Equipment
(YTE) and Data Circuit-Terminating Equipment (DCE) in three
ayers, namely, Physical layer, Data Link léyér, and Packet

layer. This recommendation which was first adopfed in 1976

has been. revised both in 1980 and 1984. .Details are in

[CCITX25a,CCITX25b,CCITX25¢]). Changes and additions
resulted in a number of versions of 'X.25 as documented in

[BartoB4].

The X.25 Egcommendations"are“ defined by -CCiTT_ ({1976,
1980, 1984), from the point of view of the DCE. This allows
for vaféous interpretations,of the re;ommendationﬁ from the ~
point of view of the DTE. The ISO X. 25 DTE standards
[IS08208,1I807776] also allow various implementation choices
for the DTET 'As a result, implementors of DTEg face a'w&dg
range of implemeﬁtation ‘choices [SheriB86}. Fo;‘ reliable

communication between a bTE < and a DCE, _the_ DTE

ménufacturer's interpretatiqn of X.25 should be compatible



-
|."‘ . ‘ . - . 2
B ‘ i

with the network's implementation‘of X.25 .(i.e., the DCE

viewpoint).

One.-way of assessing thg compatibiiity between a spécigic
DTE and a‘ particular ﬁetwofk's DCE is to test the
conformance of the DTE :to ;Ehe particplar view of R.ZS
.implgmented-in the ﬁetwork; However, tﬁe cbnforménce-ofﬁa
DTE with a given network;é implementation of X.25 does not
guarantee confbrﬁanée with implementations of X.25 in other

networks due to variations in options and differences in

interpretation of X.25 recommendations.

To eliminéte'the buirden on DTE manufactures in testing
the conformance -of their DTE implementation with ‘each
network, IS0 is currently working towards a ‘standardized
X.25 DTE confgrmaﬁce test suite {DP88821,DP88823]. In this
chapter we will introduce £he basic terminology of protoco}
tesﬁing and the - concepts of conformance test standards.
Then we introduce the abstractitest specificaiion language
f?CN - (Tree énd Tabulér::Combined Notation’. which 1is an
interim standard notation for test suite specification.
Finally, we give a summary of the main tesults of this

thesis and an outline of the remaining chapters.

1



1.2 Basic OSI ReFERENCE MoDEL TERMINOLOGY

We shall be concerned with:thg fggting of implementations.of

O0S1 standard X.25 protocols. We firsf review some of the

—basic tefmS'anq concepté of 0SI. In the next section, we
. , :

review the main ideas bghind X.25 and relate them to the QéI

concepté, For more detail see [Zimeer,Pava84].‘

N

1.2,1 * ServIcE LAYERING

To reduce design complexity, dgta communiﬁation netw&rks are
organized as akhierarchy of LAYERs; ~The purp&se of .each-
layer is to offer certain sServices to the next higher layefu
so £hat layer-N of one machine could éoﬁmun%cate to‘léyér;N

of another machine, using the _service provided by layer N-1. -

S
The set of rules for this communication ”is -bollectévely
calle§ the N-protocol. The Intérnational Organization for
Standardization (ISO) has standardized a seven layér
;reference model for “data communicafion networks. Tﬁis . 1s
called the Open Systems Intercﬁnnection (08I) reference
model. The 0S! reference model is éhown in Figure 1.

‘The X.25 protocol standards spécifi&s tﬁE— rules. for .

communication in the first three layers of the 0SI reference

mode{;

An (N)-SeErvice PRrovIDER denotes a process offering some
communication service (an .(N)fservice) to some other

processes ((N)-Service users).



- ;
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| Layer 7 | Layer :7 protocol | Layer 7 |
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| Layer 1 | X¥.21 protocol | Layer 1 = | |
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e Tt e itttk Fmmm e ——— +_|
f PHYSLCAL_TRANSMISSION MEDIUM l
o e e e T Y e - +

Figure 1: The OSI 7 Layer Reference ‘Model

~As shown iﬁ Figure 2,. an (N)-ENTITQ is an (NLl)-Servide
user which’pémﬁunicates Qith other (N)-Entities,lby mééns of .
the (N-l)—Service.P}ovider, te provide an 9nhanced'serviée
{ the (N)-Servicg). The other (N)-Entities are often referred

to as PEER ENTITIES  ©r simply peers.

Typi ally,'(N)-Entities will be distributed over machines

"in different geographical locations. Protocol testing, the

main subject of this thesis, _ means the <testing of
implementations of (N)-Entities. Conformance testing is the
testing of - implementations of (N) - Entities to show

conformance to the N-protocol standard.
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‘Figure 2: P;otbgol'Entifies and Service Layers

S

An -IMELEﬁENTATmN Unper TesT (IUT) is the part of an open
system whith'implemehts a protoépl and which is to be tested
for‘conforman;e to_thaf_protoeol. It is an'implemeﬁtagion
of oné or mbre adjacent layers of protocols. Tpé SYSTEM.

Unper TesT .(SUT). is the real open system in which the IUT

resides [IS503909].

Three  types of data and control interactions between
layers need to be . consideréd, namely Service Data Units
(SDUs), Protocol Data Units:. {PDUs) and Abstract Service

Primitives (ASPs).



1.2,1.1. Service Data Units
The abstract service prov1ded by a laye; can be expressed

-~

‘more concretely in terms of Data Unlts Ihesp arencalled»

SErRvICE DATA- UnITs, (N)-Service users utilize: (N)-SeRrvIcE

"DATA UNITS ((N)-SDUs). to ‘communicate with'eéch othef over

N .

nthe (N)-Service. They submit_these, together w1th relevantﬁ

control 'informafion, . to. (N) Entity: The {N)=- Entlty
attempts  to pass (N) -SDUs to a.peer (N) Entity by packaglng

_them ln81de {N.>-ProTocoL DATA UNITS ((N)-PDUS) whlch ‘are

transferred betweenh(N)—EntitigsAihside (N-1)-5DUs. Refer

“to Eigure 3, for an illustration of PDU and SDU exchanges,

]

- S e rv.ic.e Prowvider

- .
1
[}

Figure 3: Relationship between PDU and SDU

1
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;1.2.1;2 ProTocoL DATA UNITs |
;As‘ has - ai:eédy been mentioned, (N)-PDUS éfe gxchanged
‘ bé%wéeﬁ.(N);Entities uﬁihg-thé3(N-lj:SDU tfangfer'service of

',

‘the ‘(N-1)-Service Provider.”

(N)-PDUs have the féllowing attributes;-

[N i

- 4 type; B
.- (N)-Protocol controllinformatiop beirig exchanged between
communicating (N);Entifies;
‘- some fypes of (N&-PDU also contain part of an (N)-SDU, a
whole (N)—SDU or several (N)—SbUs. The way in which

successive (N)-SDUs are - distributed over successive

———

(N)—PDUs depends on the (N)-Protocol.

An  {(N)-ProTocoL -is_ran agreed“ upon proéédure fof
‘transferring. (N)-SDUs and control information between
-(N)-Entities by means of an underlying (N-1)-Service. The

(N)-Protocol is wusually expressed eithef in terms of
(N)-SDUs at thg N-Service interface and (N-1)-SDUs at the
(N-1)-Service infefface, or by the (N)-PDU exchange between

the (N)-Entities. , =

In the case of CONNECTION ORIENTED protocols (e.g. X.25
switched virtual circuit) there is some initial dialogue in
the protocol to establish a ldgical relationship

(connection) between communicating (N)-users, and some final



'8
dialogue - ' (connection release) “to " dissolve that
. . . N . R '

relationship. .

1,2,1.3  ABSTRACT SERVICE PRIMITIVES
As shown in Figure 4, an (N)-Entity's behaviour can be
specified in terms of interactions with its users above and

interactions with the (N-1l)-Service Provider below. These

interactions are known as «{N)-ABSTRACT SERVICE PRIMITIVES

((N)-ASPs) and  (N-1)-ABSTRACT  SERVICE PRIM{TIVES

4

respectivély [PavDw84&].

Figure 4: Abstract Service Primitives (ASPs)

. .

These are called' ABSTRACT |betause, for any given

implementation, an ASP will represent a particular set of

sequences ' of real interactions called service primitives,
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for example, procedure calls or interprocess messages. The

detailed characteristics of service primitives are left up

. to the IUT manufacturer.

From the (N)-Entity's point df view, (N)-ASPs have the

following attributes:-

- a type:

- items of (N)-Protocol contrél informaéion of .varying -
number and .significance,' -exchanged _betweén ‘ the
(N+1)-Entity and the (N)-Entity. {as opposed .to the

(N)~Protocol contreol information in (N)=-PDUs which is

) e’xchlanged between (N)-Entities); ' b

- somerxgges of (N)-ASP also“have an associated (N)-SDU
which may not be interpretqa by the (N)uEnti£yJ
{N-1)-ASPs have the following attribu{es‘ from the

(N)-Entity's point of view:-

- a type;
- some items of {N-1)-Service . Previder control
information; ~ B

- some types also have an associated-(N—l)-SDU Confaining
one, or more (N)-PDUs. The permitted number of (N)-PDUs¥\

per (N-1)-SDU depends on the\%articular (N)-Protocol.

_ -~
- .\‘/
N '
In the higher layers of the€ OSI reference model the ASPs

can be clearly defined and are used for standard test
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specifications. In the Data Link and Physical layers of X.25

the ASPs are not '‘clearly defined and so PDUs are used for

standard test specification. . ' -

1.2.2 X.ZS_SPEC{FICAT[QN AND RELATION To OSI REFERENCE
MoDEL ‘

Effectiye_ utilization of data communication networks is
pessible through dynamic allocation of the transmission
,medium's bandwidth. For*.. this purpose, information 1is
exchahged as blocks of a limited size or packets. The
Phygical layef of X.25 éeals with the hardware connection
and the specificaticns for the electrical signals. This is
presented in the X.21 and the X.21 bis. specifications. Thys
layer is not within the scope of software testing. The D;T;'
Link layer of the 0SI reference model provides the functions
of link initialiiation, frame synchronization, flow control
and erfgr control. This is done in the LAPB (Link Access
Procedure-B} of X.25. The CCITT X.25 Recommendations also
specify the LAP procedure as optional, but this procedure
will ﬁd% be discussed in this thesis. The third layer of
~tﬁe 0SI reference model is the Network Layer, and the .Packet
.layer ‘is a sublayer .to this layer. The Packet layer.
supports multiple logical connections, <called Permanent
Virtual Circuits (PVC) and/ or Switched Virtual Calls (SVC).
Each of thesé logical channel has an Endependent flow
" control and independent error recovery procedure. Tﬁe DTE
to DCE and DCE to DTE interconnections for X.25 are

schematically shown in Figure 5.
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‘ X.25 DTE: X.25 NETWORK.: X.25 DTE
- NEEREY N .
. U +
e e et + LINK A7 i ] LINK b ——— +
., IDIP| S TP S —— | |
(P |7A | H | I | | Remo-|
UILAI]ITI!] Y |--Logical--~] X.25|=~~} X.25|~Logical~~| te |
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‘thdre 5: -The X.25 Network Connectiens

o

_ The, Packet Layer also provides varidus facilities 1like,

closed user ° group .(CUG), delivery- . confirmation, .-

o

registration, etc..

Thus”fhe_x.ZS standard specifies the basic communication
service required for the network. The OSEk reference model
facilitates the ‘interworking of different types of machines

“«.through the X.25 standards.

:1.3  StanparDs For CoNFORMANCE TESTINS

v . - ce -
The objective of O0SI is to promote interworking between

Qifférent pétworks and machines by.providing internationélg

4

standards and‘recommendations. This pbjgctive of OSI will

not be complétely achieved tntil systems can Be tested in

L)

order to determine whether they conform' to the releﬁant'

%

-E,

o

e

protocol standards. Towards this end the "International
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Organizationlfor Standa;dization (Isd) undertooﬁ a p}oject
supervised by the técpnical Commitfee 97, subcommittee 21
(TC97) SC- 21). in cooperation with .CCITT subgroup VII
question.47 (CCITT SG VII Q&?).”‘This working groué of IS0
TCQ'?_(T"SCI. 21 'I\as produced a document which is a proposed
;tandgrd for Coﬁformance Testing'Methodology and Framework
[150909). ﬁ?his.g;aft“proposal (N909) 1is close to becoming
an internﬁtional"étandard-and iélg basic reference for this

'thesis [1S0909,Rayne8S].

’

L s . ' ' <
_.-Simultaneously another .suﬁcommittee, (SCB) has been

working on a. standard- conformance test: suite for the X.25

Recﬁ%mendatiohsﬂA The purpose of the standard X.25 test
suite is to ensure that the 5&5'5 (Data Tefminating
Equipment) ihterpretaﬁiéﬁ of X.25 is co;patiblé with the
DCE's ‘ (network ‘equiﬁment'g) interp;étatipn of  X.25
[SEeriSB]. Therefofé,‘ the ﬁurpoﬁe of ?his standard test

suite- is qfo increase , the probability that different

" implementations are able to interwork. \

Conformance ~ testing 1is different from PERFORMANCE

.

TESTING. In -the latter case the performance of the IUT

under varying conditions of load and network traffic are

: tested. . Performance testing.1s outside tle scope of this
thesis. )

' - AN

. The work of developing this standard X.25 DTE test suite

is divided between two working groups (TC97/ SC6 WGl and -

[
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WG2}. Working group 2 is entrusted with the X.25‘packet
level- -test suite tN3566,N3891]‘and workiné group 1 is for
the 'X.25 Data Link Level test suite. The author of this
thesis along with other members of the Protocols Research
“;Gfoup, University ofxoftawa, has made contributions towards
these standard X.25 test suites. The auther of this thé§is
has subﬁitted a TTCN test specification f;r the Data Link
layer to TC97/ SC6 ﬁGl [CacSCB6B6). Presently it is under
consideration by IS0 and is thg.current offibiél Canadian

position on the standard X.25 Data Link Level test suite.

A stdndard conformance test copsists_of several steps.
First, an appropriaﬁé_ test method is selected. This 1is
'}ollowea by a,:épatic conformance review, involving the
verificatién of £heASUT manufacturer's claims against the
nappropriate standards. Dynamic conformance testing may start
after these two éteps. Finally, aﬁ;lysis of the dynamic
‘test resulté and the static review results are done tq
arriﬁe' at a wverdict about’ tﬂé. IUT's conformance to the

standards [IS0909;Rayne85].

1.3,1  AssTrRACT TE;T'METHDDS

The abstract test method represenhts the testing architecture

for each abstract conformance test suite. .The abstract test

e 1

method defines the points of control ‘and observation for the

It

purposé of designing the abstract conformance test suite.

These points of observation and control are constrained by

v
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the architecture of the, SUT. For example, in X.25. DTE
:.tesﬁing;‘it is coﬁﬁoh for the m#ﬁufacturer to. not provide
access to.thecgppe:.interfaée of the Data Link layer. .The
revised ‘version 'Céan Diego, “Aptil 1986) of the. 0SI
Conformance Testfhg Methodofogyﬁ énd" Frémewprk "(N909)
[IéOQOé] defines five general categories'of asstract test
méthpds. In each of tﬁese five categories, testing can be
'performed for a single layer (é), multiple layers (ﬁ&, or a
single layer émbedded (E) in other layers. Eiéure 6,

illustrates single‘and multi~layer IUTs.

| P
(N)}-ASPs o | (N+n)-ASPs
| | -+
. Yo m + brmm————— Vo ——— +
| ! | (N+n)-IUT }
| (N)-IUT - k i
I - |
Fmmmene 4 pe— + N ° IUT °
| ]
| |
v {NY=-AUT |
(N-1)-ASPs fmmmmm- N +
|
v
(N-1)~ASPs
(a) Single Layer IUT (b) Multi-layer IUT

Figure 6: 3Single .and Multi-layer IUTs.

First we will define the five categories and then describe

the three subcategories (i.e. S, M and E}.
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(1) Local Test Method (L): In this method the control and
observation points are at the local, service, boundaries,’

above and below the entity (entities) under test (see

Figure 7.
3
. [
- +
| | o
‘ | Upper | ‘. ~
| Tester)
|
+--;5(--+
| .
| o,
(N)-ASPs
-
v
F o e +
| |
| 1UT |
| o
fmmmm +

(N}-PDUs or (N-1)-ASPs

|

| Lower |
| Tester| ~
| i

s
Fiéure 7: The LS Test Method.

The Local test method is .a typical "in house" test

method where both the service interfaces are

accessible. 3/(7‘
(2) Distributed Test Method (D): In this method the points

of control  and observation are at the service

boundaries above the entity (entities} under test and
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at the oéposité side of the (N-l)-éefvice Provider from

‘ tﬁe (N)—Eﬁtity.‘ The upper tester is :ét ‘the upper
serviée ‘boundary and the lower tester is at: the

-

opposite side using the (N-1) service. access point (see

Figure 8. s
tmmme——— + . Fomm - +
: | | ' _ | Upper |
[ Lower |<m==w=-e--- TCP----~--=->| Tester|
| Tester{ 7 . 0 M
* f : I ' Frmmmm +
o )
| ,
| | (N)-ASPs
| I . T |
i I . ' \
| | | $ommmmo- +
|- I ‘ | |
- | <mmm (N)~PDUS~==noc—o=- >|  IUT |
ISR EE | !
/\ | |
! [ I
(N-1)-ASPs I 1
L I I |
. v | I
o e - A -+
| .. :‘-(N—l)-Service Provider |
4 : . I
o o et e i o o o o +

Figure 8: The DS Test Method

1

A  Test Coordination Procedure (ICP) is uéed to
coordinate test execution actions b‘ the upper and
lower- testers. . The essential distinguishinq‘
characteristics of this test method is that the points
of observation and control are distributed over two

differente~locations.



(3) The Coordinéfed Te;t Methed (C): The—Coogdinated ;ést
‘method is an enhanced version Af the Distribﬁted
Methéd, using a‘ standardized upper tester and the
definition of a tést management protocﬁl to realize the
test coordination précedures 'betﬁeen the upper and
lower testers. There is:only a:single ppint‘of control
and  cobservation at the - dpposite side of the
(N-1)-Service Provider from the.entity (eﬁtities) uﬁder

test. This test method is shown in Figure 9.

- + - ———— +
| I [ Upper. |
| Lower |<=Z----TM-PDUs~=====--- >| Tester|
| Tester| | - |
f il | I
| B +mmmomne +
[ I .. | I
| | <===mm (N)=PDUS~~~=mems > IUT |
B + | -
/N | |
I - |- I
(N-1)~ASPs - | |
I CC I I
v &', | |
T e o e e - e ———————— =+
| (N-1)-Service Provider |
‘ I
o o - ——— +

Figure 9: The CS Test Method

.The distinguishing- characteristic of this method is
that there is only one SAP, although an upper tester is
.used. . The':uﬁper tester interface to the IUT is
inaccess;bie. In this case the uppér‘te;ter is usually

v

implemented Qy the IUT manufacturer.
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(4) The Remote Test Methoed (R)}: In this method . the poinﬁs’of.
observation ang sontrol are on‘the opﬁosite side of the
(N-1)-Service Provider from the entlty (entléles) under
test._The test events are spec1f1ed remotely in terms
‘of ASP s .and - PDU s, Some requirements for testj_-
coordlnatlon may be implied or 1nformally expressed 15
the abstract ‘conformance - test suite, but thelr
realizatisn wéuld be ‘imblementation dependest (e.qg.
drivér ihtervéntion from the IUT, etc.).. Tﬁis'%test
method is illustrated in Fiéurq, 10. The test
cosrdination procedure (TCP) and the upﬁsr testsp‘are

implementation dependent.

I . + - - - -
I | |. Upper |
. | Lower |<-—=—==a--- TCP--mmm e > Tester
" | Tester| | |
[ : 3 }
T | bz .o
! I S |
] | <mmmmm (N) -PDUS~&=mm=== >|  1UT |
. + : |‘ |
/N | |
| . ! | I
(N-1)-ASPs | ]
| I I
v 1 I
o i — —  —  —  — — — — — — —— — — ————  ——_— i —— =

| (N-1)-Service Provider !

Figure 10: The RS Test Method

(5) Relsy Test Method (Y): This test method is applicable

while testing relay systems from one subnetwork to
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éhoth—ﬁ\7 There are two - abstract test methods under : -

B

" this’ category

(a) Loop —tback Test. Method (YL) In'this method there are

two p01nts of observatlon and control on the same 51de

_of-one eubnetwoxk (see Flgure 11). For connectlonless

protocols the PDUs are lboped\back within the second
subnet and returned to the second point of observatlon-

and control In connection -- oriented protocals\the

-looping back ean pe from , the relay "6r the second

subnetwork.
tem e ———— + bmm e ————— +
I [ | (N)-Relay
Tester| R SUT [ » T \
f | | : I .
------- + il R T N P
A v | v 1
v | (N-a)-asPs || - | |
‘ +-£|--|---——_, -------- [=~]=-+ +--j-| ———————————— +
. ] |
l S | l
' A |
Subnetwork 1 | Subnetwork 2 |
e —————— + e e +

Figure 11: Loop - Back Test Method (YL)

(b) Transverse Test Method (YT): In this test method the

-0
£

&
p01nts of observation and control are on opp051te sides

]

of the eervice provider from the (N)-Relay,’one on each

‘subnetwork (see Figure 12), '
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tmmmm——— T tmmm e ———— + +----—-!+

I I | (N)-Relay | | |

| Tester| | sUT | | Tester|

| 1| | o |2

formr e ——— + Fmm e m e ————— + dommmmm— +
/5\ 1 /ﬁ A|\ :

(N-a)-ASPs (N-a)-ASPs (N-a)-ASPs
‘I | a
v v Y v

e R et I R R e | -==+

| i b1 | |

| R |

| Subnetwork 1 I Subnetwork 2 |

ot e r - —-— = —-——— L R e e -

Figure 12: Transverse Test Method (¥YT)

o

Apart ffom the Relay Test Method, the other four teit

methods can be subclassified according to single (86,

multiple (M) or embedded (E) layer IUT.

(5) Single-layer Test Methods (LS, DS, CS, RS): This test

method is applicable for single layer IUTs. The test

events are specified in terms of (N)-ASPs above the IUT

and (N-1)-ASPs and (N)-PDUs below the IUT.

(M) Multi~layer Test Methods (LM, DM, CM, RM): In this test
method all the layers of a multi=layer IUT is tested as

a whgle. The .combined allowed behaviour of the multi-

~ layer implementation must be known, without controlling

- or observing any of the intér—layer boundaries within

the IUT.
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(E) Embedded Test Methods (LSE, DSE, CSE, RSE): In this test

method the testing of -a layer is done eéembedded within a

multi-layer IUT. The . abstract test suite specifies

protocol activity in the layers above the one being
tested but without specifying control or observation at
service boundaries within the multi-layer IUT: Thus in

a multi-layer IUT from layer (N) to (ﬁ+n)ﬂ ‘abstract

- test cases for testlng 1ayer (N+i) shall 1nclude the )

spe01f1cat10n of the PDUs in layers (N+i+l}) to (N+n) as

well as those in layer (N+i)“ The DSE test method is

shown 1n Flgure 13

S - | -Uppex |
Lower |<-—====e--- TCP-~~~wwcee-=>| Tester]
Tester -

zZ
: +
]
oo
0
2]
0

|

- v
tm—————— ¥
~=~(N+n)-PDU I (N+n) I

<====~ca2=(N+n)-PDUS=-~-==- > +n
e to B
/N (N+i)-PDUs | | -
v | .| (N+#i) |IUT

. | ' I
| |
| I

e - ———— o ——_— _-I_-_____I

| . (N-1)-Service Provider ‘ I

tom e ———-— T +

Figure 13: The DSE Test Method

!
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1.3.2  ConrFoRMANCE REQUIREMENTS. AND CONFORMANCE STATEMENTS
The most,abpropriate test method for a péfticular IUT is
dependent on the specific ﬁrotocol layer as well as the
IUT's characteristics (service interface accessibility,
etc.). Conformance stétements of the IUT (IUT ménufacturer‘é
cla?ms) are checked against the Conformance requirements
during the static conformance review. Atlthe end of this
review, an appropriate éest method is selected (depending OH\Q”
the Conformance statement) and further dynamic conformance
testing may be undértakén. During testing only fhose tests
that are éppropriate te the IUT as claimed in lthe
conformance statements, are allowed to exegute.
. A - :
The conformance reqguirements. of an implementation.

~claiming conformance to a standard/ recommendation are:-

(a) mandatory, requirements - these must be implemented and

satisfied during the testing of the IUT;

(b) conditional requirements. - these must be satisfied
during testing only when the conditions set out in the

standard/ recommendation apply:

(c) options - these are protocel features in the standard/

recommendation that”:can be selected to suit the

implementation. Any requirements on which the options
depend or which depend on the options must be satisfied’

during testing.
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For example, according to CCITT X.25 1984, essential

23

facilities such as registration packets; are mand%tofy
requirements; additional facilities such as delivery
confirmhtion, can be either conditiéﬁal requirements or

cptions,

| 1.3;2.1 STATIC CONFORMANCE REQUIREMENT (SCR)

Provisions which define the requirements of sets of
capébilities are placed,in 0S1 étandards/ recommendations t§
facilitéte iﬂterworking. These provisions are called the
static conformance- requirements. The SCR forms the.kernel
set of .requirements in the protocol standard/ recommendation
to be }hplementaﬂ by a conforming IUT. An example of a
proposed standard X.25 Static Conformance Requirements for
the packet level can be found in [N639]. An example of\a
mandatory conformance reqﬁirement'for X.25 DTE at the Data
Link layer is the frgme structuré for médulo 8 operation of

the send/ receive sequence numbers. The extended mode of

operation (modulo 128) in LAPB is an option.

1,3,2.2 ProTocoL IMPLEMENTATION CONFORMANCE STATEMENT
(PICS)
The IUT is always to be tested against all"mandatory

requirements given in the SCR. In addition, the. DTE

manufacturer submits a Protocol Implementation Cénformance_.

Statement,épecifying in a tabular form the mandatory and

optional features that have been implemented.'. In some

N
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cases, - the test organization may develop the PICS - in
consultation wifﬁ'the manufacturer. 'The.PICS is used during

testing to select tests appropriate to optional features. As

well, it is checked for consistency against the SCR during
. ) s

the Static Conformance review.

The }PICS should distinguish between the following

categories of information:-

(a) Capabilitges éf the protocol implementation both at the
) broad level of grouping functional units and options,”
and also at the detailed level of ranges of protocol
parameters and timer wvalues supported. Capabilities
which are not explicitly stated to be mahdatory in the
SCR are implicitiy optional.

(b) Information related to the optional and conditiohal\\

static conformance reguirements for multi-layer
- 7

dependencies. For example, Packet la?éf information is

usually required during testing of the X.25 Data Link

Lavyer.

(c) Other information which has to be specified (e.g. to
assist testing) but which is not related-to conformance
regquirements as such. For example, information

regarding access to service boundaries,wpreferred test

method, procedures for DTE initiated actions, etc.

“ewa

L]
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. An example of PICS for X.25 Data Link level is_given'and”fJ

-

R Wi

briefly explained in Appendix B. A proposal for X.25 Packet
level PICS can be found in [N640}. e

1.3.3 " SPECIFICATION AND - IMPLEMENTATION OF TesTs

The conformance test method is an abstraction”éf'therpesting

arch:tecture The test architecture is a concrete moddié

‘

level desc*;ptlon of the 'test -equipment requ1red and thelr»'

~

1nterconnectlons. Similarly, the test sulte spec1f1catlon is
an abstraction of the concrete test suite impléﬁenté%ion.'”

The%ef@ré, the-prccéss'of-ﬁesﬁ\suite implementatiqn*&s the

translation . of ~ the abstract‘ £ést. cases into a " real

executable _test::languagé. The- details of 'the particular.

test implementation language dependsJ};Qn » the testing

equipmenf ané the ;es£ driverje .

1,34 Test Execution AND REPORTING

Test execution is the step in- conformance testing whlch
p*cduces the flnal result (veydlcg) abOut‘thelconformance gf
the IUT to the standard. In order to'prquce consistency of
_tesf results, the test executidnistep:has téube specified in
. ?ermg.pf the tesging method used, test driﬁgf'usgd, claimé
fn the PICS and the characteristics f the  SUT. For
f%xampie, in X.2%-DTE Data Link léyer cgﬁforﬁande testiﬁq the
.'wprggifation before_ﬁest execution will include'éhecké on the
physical bonnéct&oﬁ:(Physicgl layer). During test execution

’

the test driver should detect and report any failure in the

A LT
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Phy51cal layer whlle the hlgher layers are belng tested

Thls ‘is 1mportant for assurance of cohsrstency of test

results for the the hlgher layers

. e

TEST REPORTING consists of summary reports and detailed-

error reports The summary report of conformance’ testlmg 1s

L a combination of results obtained during the static and
: A _ - .
*dynamic tests. The cutcome of each individual test case‘is_“

‘eﬁ%lYZed to oroduce this summary report. The final verdict

offconformaﬁce testing is obtained by comparing. the sUmmary

results with the SCR and PICS. .’

Ly . ‘"‘
. .

The detalled report of conformance testing provides the

a

'detalled traceSAof“tach test case execution. These reports

also contaln dlegnostlc information. The detailed report is

v Y

useful in determining the reasons for test failure or

nonconformance.

, . .
{F"'\, . . '

1.4  Test SPecirFicATION LANGUAGES ',

*

Abstract test suite is specified usiné an abstract test
notation. Iﬁ;'specifyihg test ‘cases the use of a Forme}
Description Technique like LOTO8 has been suggesteo
EBrinkBE]. ihe‘ISO study committee on conformance (SQG'ano
SC21) has aemeIOped an interim test notation TTCN, pending

agreement on the appllcablllty of a more formal notation

(EDT). - The Tree Tabular Comblned Notatloﬁ/}TTCN has,-in

the .- meantlme, gained wider acceptance and standard
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cohformance test suites have been specified using , this

notation [KanunBS,CasSis6].‘

The peét notation TTCN serves the following purposes 4;: '
(af. to provide a common reference for assessing otherl.t
notations; ; ‘ ) .

{b) to promote a étandatdl syntax. and seﬁéntics for
' ~-evaluation of teéts ahdlio examine the problems arising
Ain teét suite design;

{c) to provide a basis for the‘tranglationvof tests into

other notations or into.executable languages;

(d) to be used to develop trial test suites.

A test suite contains_ test -group which contain teét
éubgroups,:contgining:tesf cases. Test cases consist of tes£
steps which-éonsist of test events..bn this hier;rcby, TTCN
is used to sﬁecify test cases and below. In this thesis TTCN
is used to specify a comprehenngE’;:;te of test cases fof
the Data Link layer of X.25 DTE. A summary of the syntax and
semantics of TTCN is presented in the{next subsection. A

more detailed description of TTCN can be found in Part2:

Annex D to N909 (San Diego revision) [IS0%09]).

1.4.1  Tree TapurAr ComsIned NotaTion (TTCN)

As stated above, TTCN is an abstract test specification

language. Test suites written in TTCN has three parts:

27



_ 28
a) Declara;iaﬁs - the alpﬁaﬁet of the events to befﬁsed in
the test | |
b% Dynamlc part - tables containing trees of beha§1our
c) Constraints part ‘- tables giving the ASP and PDU

parameters.

The declarations contain lists for the service access points
(SAPs), far. example, [Li is SAP at the lower tester rand [U)]
is SAP at khe upper téster. Declaration' tables are also used
for ASP or PDUs and Timers. An example of a TTCﬁ PDU

declaration table is shown in Figure 14.

o - - - A A B e R A e e e e e
| PDU Declaration

o - - e e - - - Y ettt el e e e e e T T e ——
| PDU : DISC | Restrictions on use : Always used with poll

|  (DISConnect) | __ bit set

F o - Mt — e e~ e e = =
| ‘ Protocol Control Information
e e — - - -—-————— Yo - . o e e e e .- -——-———
| Parameter Name| Range of values l Comments
b ——————— e e ———-—
i ADdress (AD) | 'HO1, 'HO3 ! ' 1
' Poll bit (P) | 'BO, 'Bl |

| | - i

F o o - - o e . . L —_ L = ———— ————— e e e e

Figure 14: Example TTCN Declaration table

In Figure. 14, the‘ declarhtiqn consisté‘ of the ‘PDU name
(DISC), restrictions on use‘ which are ‘sidnificant for
testing, and protocol con%rol informétiqn. The protocol
control information contains a list of PDU Contro}‘

parameters (address and poll bit setting) and the range of




29

- N —— e s N
P R ~

acceptable Qgﬁﬁéé;?Hérevfhe_PDU‘address parameter may be 01

or 03 in hexadecimal. The poll bit may be 0‘or.1 in binary.

The .dynamic part contains tables having érheading for
‘test reference and purpose followed by 'behaviour trees.
Behaviour trees éisplay‘successive eyents aeross the page
and alternativé events at the same indentation ffom the left
(i.e.,” in the same column). An example of a dynamic TTICN

table is showﬁ in Figure 15.

o = - o et - e -+
| Reference: Group/subgroup/ |Test Purpose: -"This is an| Page 1|
! N Test name |example, showing tempor-| .

| Test ID : Test_case_id . jal ordering of events. .| Of 1|
foammmmmm————— o L L e fm—————— Fomm e ————— oot
[ Behaviour Description | Labe’l [PDU/ASP|{ Comments |Results|

l _ o R . | Ref. | I
o —————— [ - o ————— o —— [ YR R—— )

| Test-name’ [L, U]

-

| | | | P

| ; | | | | |
[ L! <event_1> | .| s0 |send event| |
[ L! Start timer_1 | | | : "
! U? <event_2> | | |receive | |
} U? Otherwise . | - { | | Fail |
] . | | | | |
i U! <event_3> | | s1 | send’ J | .
| L! <event_4> { | | N |
i ==>-.] : ! | | go to 1 |Ingcenc.| .
| - i | R
| L? <event_5> | | l ' | Pass |
| L! Cancel timer| | 1 | 1
| -1 | I t | |
l L! Timeout tim-| ! | |
| er_1 | | | | Fail |
et tomem Fmm Fmm e b +
} Extended Comments: Temporal order of Events i

O > ' |

: r .
Figure 15: Example TTCN Dynamic Behaviour Table
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Underlined tree names refer to the root of the current tree.
A tree name may be followed by a list of SAP names enclosed
in brackefs{ e.g., Test-name [L, U]. By copvention,‘namES‘of

" events to be initiated by a tester are prefixed by "!" and

£ ’

'those_pOSSible for a tester to receive are prefixed by L

:Thesé are event 'verbs' which areiprefixed by the SAP name,’
‘fér example, L? <event>, means‘"receivéd at. lower SA?véheh
<event>". Events may be labeled in the ")abel" column. If an
event is labeled, it is permitted to "go. to" the choice
among events at ﬁge level of the labeled évent Erom a po%ﬁt
lower in the tree (fu?tﬁer to the right). to the laﬁeied
choice. This is done by using a "==>",' for example,' ==>
<label>, mean "go”fé Fhé e%ent with the <label> abo&e”. A
subtree . itself canlbe used in -place of an event name by
prefixing the subtree name with a "+". For example, +L1STATE
meané an event denoted by the entire subfreé "ﬁlSTATEhl

4

This provides modulardization.

Curly brackets, ("™{",. "}") .with a 'fol%owihg integer
enélosing a test step name Br part of a tree are usgd to
describe repeatea behéviour. An event ma¥ be quaiified by a
Boolean expression by wfiting'that expression in parenthesis

("(", ")") after the event name.

The "comments" column contains short remarks or
references. The "results" column gives a -verdict on the

result of a test at all possible final events of a test.

~ -
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This verdict‘is.gfben with respect to the test purpose as

PASS or INCONClusive or FAIL.-

[

A number of predefined primitive events are prqvidee for
timer managementi' These are Start <timer_name>, Timeout
<timer_name> and Caneel <timer_name>, In additicon, the
shorthand =~ notation, Timer = <timer_name> specifies an

inactivity timer, for example, waiting for some event to

occur.

The 'Otherwise' predefined pseudo-event denotes any event
at the SAP which may possibly be received by the tester, but

for which no tree or subsequent behaviour is given.

The final section of the TTICN specificatiohs is :the
constraints section. This eection describes in detail -the
coding of parameters in PDUs and ASPe, indexed for reference
in the dynamic behaviour section of the TTCN specification:.
Figure 16, 1is an example of a partial TTCN constfaints
table.

In Figure 16, the constraints on the DISC PDU'is shown with
reference to its wuse in ‘the dynamic tables using the
reference list names SO and S1. In the usage of PDU DISC
ueder the.list name S0, the address is‘assigned the wvalue of
03 hexadecimal and the poll bit is assigned a wvalue of

binary 0. ‘
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e L TPy gy sy iy gy gy g g
| Constraints Declarations

At A e A Y = = - o
| PDU DISC (DISConnect)

n e U e mmmm—————— .-
| List Name . | Field Name | Comments I
] : I e i R e take +

I(Referencé) | Address | P [

o g b e e e m e m e ————————
| S0 | "HO3 | "BO - | Address is value |
| sl | "HO3 | 'Bl | corresponding to |
| | - ! | 'A' in standard. |
o - ———— o e m e m—— g g

Figure 16: Example Constraints, Table in TTCN

1.4.2 Use orF OTHER TEST SPECIFICATION TECHNIQUES

Apart from TTICN specification technique, there are other

specification techniques being considered by IS0 as a

standard test suite notation. LOTOS and Time Sequence

'

‘Diagrams a@#re two such notations under consideration by ISdﬁ

<

1.4.2.1 LOTOS

LOTOS 1s a Formal Description Technique (FDT) used as a

- specification language for the description of communibating ‘
procésseé.ulﬁ LOTOS, systems (for our purpose, test suites)
are described in terms of behaviour of PROCESSES [BrinkB85}|.
A process communicates with i1ts environment by means of
interactions through GATES, For example, a service access
poiﬁt is a gate. The format of a process defined in LOTOS
is:

PROCESS <process-identifier> <parameter-part> :=
<behaviour-expres$ion>

ENDPROC



The choice oberator {[]) 1is used in HEQTOS‘ to denote
alternative choiées of events. STOP is used to dehote the
términation of a process. EXIT is used to transfer control
to the initial state of a successor process. The,operator
enabling operator (»>), 1is used for sequential compositlcﬁ.
For'example, Bi>>B2 means process Bl terminates successfully
and B2 begins. The notation N!CONreq means a connection

request at gate (SAP) N and N_1!CONreq means connection

request at gate (SAP) N-1.

Using this brief repertoire of LOTOS we now give an
example of a process and a test case in LOTOS. A more
T T T
detailed study can be found in [Brink85,Brink86]-.
The following is a specification of a progess which sends
a connection request{'féceives a connection confirmation and

:fiihfffiff/fﬁﬂ/ﬂgia-phase or alternatively terminates the

‘connection using a Disconnect request.

PROCESS Serntder [CONreq, CONconf, DATAreq, DISreq] :=
Connection-Phase [CONreq, CONconf]
>> Data~Phase [DATAreg, DISreq]

ENDPROC
WHERE
PROCESS Connection-Phase [CONreqg, CONconf] :=
CONreg ; CONconf ; EXIT
ENDPROC
PROCESS Data-Phase [DATRreq, DISreq] :=
( DATAred ; Data-Phase [DATAreq, DISreq]
[]-DISreq ; STOP
ENDPROC
ENDPROC
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The following is .an example test case in tOTOS. The purpose

of this test is to test the successful entry into the Data

s

transfer phase.

PROCESS test [N, N_1] : result
:= N! CONreg
; N_1! CONreqg -
- ; (7 N_1! CONconf
] N_1! DISreq ; EXIT (Inconclusive)
)
; N! CONconf
; N! DATAreg

; N_1! DATAreg ; EXIT (Passed)
‘ENDPROC . '

In the above example, the SAP gates are declared as N and
b

N_1l for the process test. This process returns a result as a

~

parameter. The EXiT(Paésed) is the point where the result

value is returned as Passed. The indentation is used to show

——

the sequence of events. However, this is done as a good
programming style and 1s not a part of, the LOTOS definition.
) ~

Alternative choices, e.g. N_1! CONconf and N_1! DISreq, are

at the same level of indentation. This 1is a wvery simple
test case without complex protocol - parameters or
constraints. In the experience of the author, LOTOS 1is

inadequate in specifying test cases with several parameters

and PDU constraints.
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1.—‘;.2.2 TiMe Seauvence DiAcrams (TSD) . 3

Time Sequence Diagrams are informal description techniques

for showing sequence of PDU exchanges between the tester and

the IUT over time. An exchange of PDUs at a'given SAP is_
r ;

showri . as a, directed arrow with the PDU name (e.g.

SABMureo—aame— > ). The service .interface is' shown as a

-

vertical 1line. The events are ordered along this line

/_’—

r’ (service 1interface), downwards in ascending order of time.

\\ Figure 17 is an example of a X.25 Data Link Layer test case

N

\Tﬁ‘QSQL_More examples can be.found in [DP88823].

LOWER TESTER (N-1)-SAP ‘ ] 1UT
DISC/P=1l =rmrmemeeeemmm = >| | .
[ . I et UA/F=1 or DM/EF=1
[ R el tad et DISC[ /P=1]
DM[/F=1] =--mmemmmmimma=>| |
- [ R i SABM[ /P=1]
UA[/F=]] =emcrereeemaeem > | "
. [ |[€=mmm e e ~ 1/UD=1000FBOO
RR[/F=0] ==-=-=cmmmmmnn > | [/B=0]
Figure 17: Time Seguence Diagram.. Initialization Step for

Information Transfer Phase

In the example t%me sequence diagram’ of Figure 17, the_
iink set—ub dialogue for an active DTE is Egllowaﬂ'by an
information frame by the IUT. The I-frame sent is actually a
restért packet, which is acknowledged by the tester. The
drawback of this notation is that thé choices between
alternative possible- events .can not be specified.. This

notation is also inadequate for specifying timer management

—
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functions, like starting or cancelling a timer or timing out

Ccn a response.

£

-
'

1.5 THesis OBJECTIVES

<

The objective of this thesis is to investigate the available

test methods for X.25 DTE conformanée testing. Using the

" proposed standard for conformance testing (N909), we develop

a FSM directed test case. design methodology. The main goal
in this design process is .to efficiently specify real
X.25-DTE conformance test cases in an abstract test notation
(TTCN). This work is proposed té ESO as a standard X.25 DTE

3
conformance test suite.

1.6 SumMARY OF MAIN RESULTS

The main results of this investigation are as follows:-

(a) The Finite State Machine (EFSM) representation of
X.25-DTE is wuseful for® test sulte design  and

development.

{b) The original contribution  of the author in the design
- of FESM. directed test cases is the three step state
transition specification of tests. The three steps are

Initialization, Evaluation and Verification stepé.

{(¢) The test 1angua§e TTCN was found to be flexible as well
-as expressive as a test notation. The author along with

meémbers of the Protoccls Research Group, University of

A
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Ottawa, has made original contributions to ISd)SCZl for
the development of TTCN as a test language, and’ to
ISO/SC6 tg.illustrate the usefulness of TTCN_as a test

.suité specification language.

(d) Thg TTCN Data Link layer conformance test suite for
CCITT X.25 02@84).and ISO 187776 is partially listed in
Appendix C to Appendix NAof this thesis. Tgis suite is
the first complete test suite to be developed accordi;g
to international standards for conformance testing and

the first specified in a standard test specification

“languayge (TTCN) « «

1.7 OutLINE oF THESIS e

In -Chgpter 2 we will discuss fhe design process for
conformance test guites with ex;mples from the design of our
standard X.25 Data Link layer test suite. In Chapter 3 the
FSM representation of X.25 LAPB protocol will be discussed
and an augmented state t;ansition table will be derived for
;ﬁecifying the state traﬁsition tests. The three step method
for transition tests will be formulated.in Chapter 4'and in

the conclusion a comparison of this method with the W.P

method will be made.

“agr
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X.25 DTE CONFORMANCE TEST SUITE DESIGN

Based on the rdquirements and ébjectives of iconformance .
testing introduced in'th% previous chapter, we now present
the test suite desiqnﬂﬁéocess. Theory.of protocol ‘testing
is yet in the nascent stage, but an attempt will be made in
this chapﬁép to illustrate some of our findings using CSP
(Communicating Sequential Processes)'[Hoare&S], as the basic
formalism. . Issues. relating to test coverage and some test

methods will also be discussed in this chapter.

Three related design activities of interest are software
design, protocol software design, and test software design.

We now briefly describe the last two activities.

w4+ In protocol software design the emphasis 1is on the

service requirements of each layer. The software for the
protocok-lqygrs are usually designed ana implemented bottoms-
up from §'specification of the lower layg; service provider.
The service specifica'tions“;re ‘derived directly from the
protocol standards, in tﬁis case, X.25 standards
[CCITX25¢c, 1507776, 1508208}%. In addition, the testiné and
maintenance requirements for the software are taken into

" e

."{,
account.

- 38 -
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._The‘degign of test software consists of two major stages,

- >

namely architectural désign -and detailed design.\ The

architéctural design is the preliminary dgéign stage and .

involves the selection and ' refinement .of . the most
apbropriaté; test method. Compietfng the garchitectur;l
design for péotoc?l conformancé teﬁ#ing consigts of deciding
on,tﬁe testrenvirqnment{ defining servite ggéess points‘aﬁdc
choosiné a method for observatibn and control at the ﬁpper
anﬁ lower tesgeré.',on'this basis the Rgmote, Distributed,

Coordinated and Local test ,architectures hawe evolved as.

pessible test " methods for X.25 .cohfqrmance. testing

(DP88821, Rayne85,N909]. During the architectural design

stage, the emphasis is on the abstract representatidn of the

+

systeh as relationships betwéeﬁ\ modules. The detailed.
, s e .
design stage involves transfofming the system structure

propesed by the aféhitectural design stage into a procedural

-
-

descriétion'of a software system.

2.1 Test Surve Deston Process -

Thia above discussion was on general sbftWafe.design and the

use of hierarchical design 'decomposition techniques. He
+apply. these pgiiiip}égﬂio the design of a standard X.25 DTE

o

conformance test suite.

The test suite design process is a series éf refinements.
- The 0SI test reference model states :° 'only the external

behaviour of Open Systems is retained és\the"étandard of

39.

.
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) :behavipur of real  6pen Systems.' [130909]: Hence, the
-iﬁternal "details “of the ‘system under test (SUT) ~ are
invisible £o.the_tester. Only the expefngl behaviour is
specified in the standards. Thus external’ ﬁehaviour
‘;9quirements form the baéis for the test suite'requi;ements:
| The steps in the standard test’ éuite. design iprocess are
giﬁen in Eigure‘IB, namely:
(I) formulate test requirements,
(2) formally represent the spgcificaéiod of the IUT. In our
| case this is'a FSM state diagram of the X.25 Data Link
"layer protocol;
(3) derive the f?m .state transition tables ;ugmented by
proper, impropér‘aﬁd inopportune PDU réceptions at " the

"DTE;

{(4) dérivq_ formal abstract test suite ‘specification
(typi¢ally in TTCN);  *
(5) derive executable test .suite implementation.

r
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"DTE Developer

[
[
|
o momo oo - -+ l -
| X.25 | | | X.25 |
| Standards | | | DTE |
L b ————— + i N b s
| ] I
! | Voo o v
tmmem—f————— + BT 1 e e L e + < | N L +
| Valid- | | Test Requirments | | | SUT |
| dation +--+ {objectives) ] | | Profile |
e ——— + - ———— o ——— + | o —— e ——+
| | |
I [ v | v
ot + #eVemmcmecommmeeaaaoy [ tommm -t
{ Valid- | | FSM Model & | | | |
| dation +-~+ Tranaition Tables]| | | PICS |
o ———— + bmmm - b m e ————— + | D e
| I I
v I U * A
| | | | | Upper tester |
v v ] | _ jimplementation|
tomm - + tommmr e m——n- + | I | (optional} |
| Test | | Test Suite | | | o o~ o
| Plan | | Users Guide| = | | |
ot -t tomm—————— t——— | | v
S | I |
I | v | | |
I etttk + | | |
|[Valid- | .| Test Suite | | | |
|dation +=--+Implementation| | | |
o ————— + tmmm e ————— + | [ |
I | I I
[ S | I
- e N \Y \Y
| . '
| Conformance testing of X.25 DTE
l .
e - - Rl I e R R e o mam o - - - - - -
| I
v v
| Test i | .Leog |
| Reports | | files |
rmm e —-—-— + - ——— +
Figure 18: Conformance . Test Suite Development. The

correspondence between test suite development
and the testing processes.
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Formulating the test suite :équirements is the first
step in the design of-ﬁ standard X.25 DTE test suite.
The test suite requirements comprise the set _of
ocbjectives to be realized by the test suite designer.
From a system testing viewpoint [Myers79], the objective
is to éoméare the behaviour of the System Under Test to
its original objectives as specified in the protocol
standards. But these standards also allow several
implementation choicés for the "SUT. This suggests that
the set‘of test design objectives be decomposed into (i)
tests for mandatory requirements and (ii) tests for

optional requirements.

The test suite requirement ¢an be viewed as an
abstraction of the aétual_ test plan. The test plan
specifies the test suite‘ih terms of individual groups
of tests and their functional requirements. After the
formulation and validation of the test suite
regquirements, the second step 1is the selection of a
proﬁocol specification technique by which fhe behaviour
of the SUT can be formally specified. 1In our case the

Finite State Machine (FSM) specification technique for
the X.25 protocecl has been adopted. The State
Transition Table is derived using the FSM model of the
X.25 protocol. Figure 18° on page 41, shows the
interrelation between these stages of test suite
development, as well as a division of reoles of test

designer and DTE Developer.
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Following thelspecification pf‘the staté transition
:tables; the test planh;s the fourth step‘in the design
process. An example of a standard -X.25 test plan can be
found in the U of Ottaﬁa, X.25 DTE Conformance Test Plan
[Laﬁonaeb]. - The test plan uses. formal (TTCN) or
informal notation to describe the test.caseé under each

test group. The test plan also partitions the test

groups according to functional modules,

The fifth. and final step is the test suite
impleméntation and execufidh. The implementation of the
test suite from TITCN to an executable language is a
straightforward translation process. The .implementation
is checked against a standard conforming IUT (feﬁerence‘
DTE). The execution of the standard test suite againét a

IUT produces the final test results.

2.2 STRUCTURE OF STANDARD TEST SuITE

The test suite structure can be viewed from‘severai angles.

A test event 1is the smallest element of the test suite

structure. A test event is an indivisible unit of test.
specification at. the lowest level of abstraction of the

specification (e.g. sending or receiving a single:test PDU) .
A test step is a subdivision of a test used to modglariz;
test cases and are constructed from test events. For

example, a sub-tree of DTE behaviour is a test'step which

may be shared by more than one abstract test case. At the

-
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next level is a test case which is conétructed from test
steps to achigve a specific test purpose. A set of‘rela}ed
test éases form a test group. A test subgroup is a_subset of
a test group. A fest suite is the the largest membe; of
this hierarchica1 structure. A test suité is a complete set
of test groups necessary to perform conformance-testing for

an IUT or a layer within an IUT.

"Another way of defining a test suite structure is -in
order of application during eﬁecution of the test suite
[Hornb86]. Accordingly, the test suite is _étructured as
indicated in Figure 19. The primary decomposition'in the
case of X.25 test suite is according to layer - i.e., a data

link layer group and a packet layer group. -
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Figure 19: Test Suite Structure

2.2,1 Basic INTERCONNECTION TESTING
This test group is designed to detect severe cases of
nonconformance before trying to perform thorough testing.

These tests provide limited testing of the main features in
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a standard/ recommendation, to establish that there is
R i i 4 A ;

sufficient conformance for interconnection to be possible..

. . .
Basic interconnection tests are standardized in a separate

test suite, which can be used on its own or together with a

. conformance test suite.

2,2,2 CApABILITY TESTS 4

This test group checks for the presence or absence of
opticnal features/ facilities and also Sﬁecks their validify"
with respect .to the SCR and the PICS. The Capability Tests
enable efficient ;election of behaviour tests to be made for
a particular IUT. Tests fof caquilities which are optional
in the standard/ recommendation and are not claimed to be

supported by the IUT are automatically cancelled during

¢
subsequent test sessions.

2.2,3 FuncTionAL RANGE TESTING
These tests are a subgroup of the Behaviour Test GrouE.
These tests are intended to provide as thorough testing of

an implementation as is practical, over the full range of

v
-

dynamic. conformance regquirements specified in ' a standard/

recommendation for—various protocol parameters and timers.

3

2.2,4  STATE TRANSITION TESTS
In our specification of conformance tests, the finite state
model is used. The State Transition tests\provide a thoréugh

testing of an implementation to cover every possible

transition of the IUT from one state into a new state as
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defined according to a state transition table repregenE?tion
. of the ;.ZS‘protocél (see Aépéndix A for state transition
fablé at the data link level). The state transitio? ﬁeéts
aée deqigned to place the‘iUT in a particular state, apply
éhe test PDU, verify the observed fesponse,‘and confirm that
the IUT has entergd the expected next state. In cases where

the correct response is no response, the test case attempts

to verify that no response was made by the IUT.

The State Transition tesfs are a subgroup to Behaviour
?ests and in the case of X.25 Packet leﬁei these tests are
further subdivided into subgroups for Switched Virtual Calls
(SVCs);and Permanept Virtual Circuits (PVCs). Tesfs in each
of these subgrouﬁé consisg of tests for responses tq all
proper PDUs, tests for IUT response to improper PDUs, and
tesés for IUT response to inopportune PDUs (see section 3.2

item 1%for definition of these terms).

2.2,5 TIMER TESTS
These test group determines whether or not the IUT times out
in specific, normal operating situations in such a way as to

“conform to the X.25 standard/ recommendation for DTES.



- . o 48
2.3 Test CONSIDERATION: NoNDETERMINISM IN IUT BEHAVIOUR
Protocéi specificationé alléw the DTE developer some
impleméﬁfation cbdices which can be viewed és resulting in
] ﬁon&étérministic:IUT behaviour. Forlexamplg: the active or
péssive nature of IUT [Sheri86] may be gigrécterized by
nondeterminist;c OR of test evengs during link setup and
disconnect at the Data Link Layer [Kanun86] of - X.25

implementations. Other similar examples of nondeterministic

IUT behaviour can be found in [Bochm82]. -

Communicétiné Sequéntial Processes (CSP} by C. A. R.
Heoare, deals wiﬁh the mthematical approach to the stﬁdy of
concurrent éhd coﬁmunicating processes. In CSP the
‘nondetermiﬁistic OR {]||) can 1&2 used tb define a procesé
which exhibits a ‘range of possible behaviours; howevgr; the
environment of the process does not have aﬁy ability to
influence or even observe the selection between the

alternatives [Hoare85].

Hoare in CSP [Hoare85] and Milner in CCS [Milne80] have
formally defined such. nondeterministic behavicur for
communicating systems. Hoare defines it as follows:
Definition : . If P and Q are processes, and || is a
nondeterninistiq or operator, then Qe define -

P Il Q (meaning, P "non~deterministic or" Q),
to denofe a process which behaves either like P or like ¢,

where the selection between them is' made, without the
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knowledge or control of .the external environment. In the
case of protocel testing, P and Q are twé distinct behaviour
trees and the external environment is\the¢test'suite used
for conformance  testing. Hoare points out that

nondeterminism is useful for maintaining a high level of

abstraction in description of +the behaviour of:- .physical

systems and machines.

-

In the testing of IUT behaviour, the process P or Q@ can-
be atomic events or even entire test cdses. There exists
nondeterminism in the occurrence and sequencing of possible

valid events in a test. All such valid behaviour, over which

the tester has no control and which are selected by the IUT

via some internal event‘ (Milne80] or érbitré}ily by the
system as a whole, have to be specified -and represented in
the test cases. For example, at the X.25 Data Link level,
the possible link reset by.the IUT on entering the error
state is decided by some internal event transparent to the
tester. The tester only observes the outcome of this
internal event. So, the choice here is Between observing the
continuation of the error state or receiving PDU for Link

reset.

IUT behaviour for a particular test execution or for a
deterministic test case, can be represented as a trace of

events. A trace is a possible sequence of events in a test

case. Hoare has defined trace as follows -
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Definition : A trace of the behaviour of a process is a
finite sequence of symbols recording the actual events in

which the process has engaged up to some moment in time.

For example, to say that ?'and Q have potential traces
<a, b>» and <a, c>
'réspectively, means that these are possible valid sequence

of events in these respective processes.

A process can be pictured as a tree with unlabelled nodes
and the events as brancﬂes.[milneBO]. Nendeterministic OR
can be represented in a picture by a node from which eherges

two or more unlabelled branches {HoareB85] or branches with

the same Llabel [Milne80]. Figure 20 a, b, c are all

oL

pictorial descriptions 0of nondeterministic processes

represented as event trees, where P and Q are sub-trees.

/\¢ / \ A\

rc b/P\i /Q\ b/P\d

o]

o

o}

(a) (b) | (c)

Figure 20: Nondeterministic processes

It is obvious that while (a) and (b) in Figure 20 represent
finite trees, {c) 41is an example o¢f an infinite or

potentially divergent +tree [Hoare85]. We do not allow
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infinite nondetermiﬂistic paths in test case design. If such
paths ;;e present, it is considered to be an error in the
test case implementation, because it leads to a test case
which.may never terﬁinate. All test cases should terminate

after a finite time. Such cases of divergence are regarded

as errors in process calculli [Hoare85,Milne80].

2,3.1 LAws oF NONDETERMINISTIC PROCESSES

The laws for nondeterministic processes have been well

formulated in process algebra by Hoare and Milner. They

are: -

Law 1: PI|J| P=P ) . {idempotency)
Law 2: P|| NULL = P _ (nullity) -
Law 3: Pll Q=9 || P fcommutativity)
Law 4: §_|| (Q [l Ry = (P || &) |l R (assqciativity)
Law 5:1 P.(Q||RY=P. Q|| P.R (distributivity)

The last law of distributivity states that the
nondeterministic OR between @ and R is prefixed by the
process P. This law is not valid for recursive processes. In
fact, Milners CCS deoes not allow distribuf;vity. For
example in LOTOS [Brink85], which is based on CCS, the trees
in Figure 21, model distinct behaviours -

The reason is that when the environment (or the tester in
our case) wants to perform event pA , it does not resolve the.
choice in process Q. A nondeterministic selection is made

internally in the process Q between A with possible future

! This law is used only in CSP and not in CCS.
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Figure 21: Tree behaviour for nondeterministic processes

B or A with possible future C. In ‘process P the

nondeterministic selection between B and ¢ is made by the

process P after the event A has occured and not before.’
Both P and © have identical traces, wviz. {ab, ac}) but @ can
deadloci whereas P cannot under the given get qf traces.
'%helheé§i8¢kuin W will occur if the left branch is chosen by

the process on input é, then input c is Ebplied or if the

right brafich was chosen on jnput'a;~then_b is applied. Thus
P and Q “ire considered to model different behaviour.

1

" Because CCS and LbTOSIfejectiﬁhe distributive law, it can

i no longer take languages (sets of strings} as the .behaviour :

of machines. Hence, dJdbservation and comparisen of traces is °

_considered -insufficient to test the behaviour of the IUT.

In ccs® and LOTOS the laws.of Observation Equivalence are-

" used to prove equivalence .{symbol is /% )between processes -

LA
H

P g is always true (assume)
e L 4
PR g iff ¥ s€A such that:
: k+1 ' C ' .
- ' . s
(i) if p ==> p' then for some gq', g ==3 g'"and p' & ¢
. P k

t .
s
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) . (4i) if g -"§= > q' then for some p', p £ p' and §' = p';
: K

. and qu iff ¥ k >= 0, paq, : . .
¢ ) k s
N ie. &= rlﬁ&f 7
.~ .k k- . ’

This concept of observation equivalence -is not an-

.

equivalence relationship .in the <c¢lassical sense. For

]

l"r.' . 'Informally this would mean that to prove absolute
observation equlvalence, we need to investigate all p0851ble
- bahav:.ours of P and 9 'under thé s - experiment. Now, since

1

S ranges over /\ (s € -A- , this would mean exhaustive

testing for a']:l, possiblg‘ behavidur. Such testing is not

)

.practical [RapWeB85].

“In our test sulte fi.esngn we, use observatlon eguivalence
. in a much weaker sense. we cons:Lder nondeter'nlnlsm in IUT

behav;our,‘ but the range of our s ranges oyver’ 'some typical

»
values in ./\.

2.4 TESTING ARCHITECTURE AND TESTPMETHdD
" The qeﬁe;:al- architecture for 'OSI conforman_ce testing was
pfes-entea in Chapt;__r. I. The abstract test architecture is
" closely related to the test suite design and als\o, to“tl"ie
‘pro;tocol la-yer under 'rtest. .The abstract architecture
. definés.-phe po’intg of obls'e.rvation'and control mas a first;.

. step in the test design process.

. e:-cau‘n;:;].e_l p':-?"Jq and and q_';ﬂ.-d:r does not necessarily imply pﬁ:‘if‘
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The (N - 1) abstract service_primitives (ASP) or the (N)

protocol dg;a units (PDU); can be bbserved and controlled by

the tester -from several different ~ points, directly or
. remétely. But all these different architectures are not

applicable in every teét'envirQnmént. The IS0 recommended

-~

architecture for X.25 testing igqthe Remote architecture. (RS

or‘RM) or the coordinated architecture_[180909j.‘ In some

——

cases, where the ‘upper interface ,is accessible, the

distributed ('D’) architectu:e could also be used. However,

in most instancés‘them'nf architecture is not applicable to

X.25 testing, because direct or indirect control of (N)-ASPs

1Y

may not be possiblé. Moreover, tﬁg (N)-ASPs ,are not clearly

- ' »

defined - for. the X.ZS‘ services ' in the standards

[ISO7776,1808208,CCITX25c].. To avoid. test synchronization

probléms we have used the Remote and Coordinated test

-

methods for out standard X.25 conformance test suite. -

The quggtion of TéST SYNCHRONIZATION is one of the maior
issues in selecting'thelkest architecture and designing the
testl suite. In eaflier‘ work‘ Sn test synchronization by'
Sarikaya [Saraqgéhf; rthe remote. testihg method was used
where the ﬁeéf;;éesponder had no knowledge of the lower
tester implementat;dn. In their testing archifecture, the
lower tester and the test responder are_distributed-over two
sites ﬁnd are only synchronizai‘through interéctiéns with

the .IUT. However, later the IS0 methodclogy |[IS0909]

established the 'C' and 'D' architectures in which the test
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regpbﬁder {or ‘uppef tester) and the 1o§er - tester have
explicit khowlédgé of the events.at the other's'SAP. In the
latter case synchronizati;n problems may arise when ane of
the sérvice interfaces are inaccessible or hidden. In the
coordinated single layer architecture the test suite can be
designed to have ﬁo -synchronizétion- problems ‘if the
foilowing c;nditions aré satisfied -

(a) The communication between the tester and test

responder can Dbe guaranteed over lossless FIFO

channels. |

(b) For all send events at the either the tester or fhe

test _résponder, \-the sending entity ‘sends - a
~synchronization message to the other entity. These are

the tesf management PDUs (TM-~PDUs).

-~ "
»

In our design of X.25 DTE'conformanée test éuite, welhave
used the remote architecture wiéh synéhfonization messageg.
for test starting operations (in ‘the DTE initiated té%t
cases) or the cobrdinated architecture with the use of an
additional test link to exchange the TM-PDUs (Lamon86a].
Figure é2 and Figure 23, shows the test architecture for

X.25 testiné.
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Figure 22: Remote Test Architecture

2.4,1  Test IMPLEMENTATION AND Execution .
| The design and specification oflxi25,DTE conformance test
'suiﬁe is foilOWed'byAac;ual implementation and“éxecution.
The test suite is -implementéd .inr a 'prbprieta}y testing
language developed fof the ﬁetwork Testing -System (NTSH
supplied by Bell-Northern 'Research {BNR) [Hornb86}. The
test suite validation is done by running the suite againsf
bﬁth reference and real.DTEs over a testing facility at the

University 6f Ottawa running NTS.

The Network Test System (NTS) provides all the facilities
for developing and executing X.25 test cases.. The NTS
includes a X.25 Interactive Protocol Tester (IPT), as shown

in Figure 22 and Figure 23 and a Test Language Driver

(TLAN) .
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Figqure 23: Coordinated Test Architecture

The IPT runs on Northern Telecoﬁ's DPN, Data Network System?
Access Module,‘while TLAN fﬁns on a Microvax® computer. This
system has evolved from an oide; protocol test - system
developed by Bell Northern Research and used fo tes% the

DATAPAC network [Weir78].

The capability of IPT's X.25 .data link and packet layer
interactive commands, combined with TLAN's programming power
and system management facilities, is a system well suited to

X.25 DTE test suite development. Test cases coded in TLAN

? DPN is a trademark of Northern Telecom Limited.

* Microvax is a trademark of Digital Equipment Corporation.
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drive the IPT to send test protocol data units (PDUs) to the

IUT in a contreolled .fashign',to an initia}k” condition
appfoﬁfiate .fér each particular' tesf case. PDUs received
from the DTE are -decoded by:thg_IPI and forwa?ded to the
- TLAN driver for checking and processing. Correctﬁess of
behaviour is judged on reéponse received from the IUT
according teo the programMed.logic of. the TLAN test case. If‘
unexpected, syntactically invalid, or inopportune responsés
rare observed, a test case 1s reported. to héve failed,
indicating nonconformity fo the test case purpose. If‘no
test case during the executioh- of the entirg test suite
fails, then the DTE is-declared pq.be in'full conformance

with the test suite.

In -the test implementafipn andu execﬁtionf oﬁ' X.25 test
suite, the correctness of behaviour is judged‘solely on ?DU
exchaﬁgeg_ at the DTE-to-DCE interface. Many test éases
ipvolve actions initiated by .the user layers above the IUT.
For example, in DTE switched virﬁual call initiation cannot
be controlled by sfiﬁulus at the DTE-to-DCE intefface. To
test ;uch cases invelve actiohs to be- initiated by the DTE.
The test toollbrovides a user-prompting terminal which helps
coordinate DTE—initiated‘actions. When a test case reguires
the IUT to initiate an a&tion, the test tool writes an user-
prompt message at the remote terminal (sée Figure 23 on page
57). The DTE operator performs the reqﬁested action and
acknéwledges the prompt. TLAN.then checks the IUT response

and reports the test result automatically.
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NTS has a set of test management facilities. Profile and
subroutine files cah bind hundreds of test cases into a
single test suite. NTé runs each test case in the profile
Bequentially.l Test case‘exgcution'is retfied several times
in case of failures. During the execution, report lines are
written on a file and trace data is included for faiied teét
cases. The outcome of each test case and é summary report is
generated automatically during test suite execution. Failed
ﬁest'case trace data can be énalyzed to decide what further

action shoﬁld be taken.

To facilitate the analysis‘of Test REPORTS ., the test
plan document is used albng’with the PICS and SCR. The test
plan contains the precise deséfiption of each test case in
%pe_test suite. The failure of a test is analyzed against
Q&e\ﬁest purpose and”the‘PICS. For a more detailed analysis,
the tesﬁ specification (in-TTCNS canﬂﬁe Eheckéd against the
test purpose. Ali this is done to determine the reason for
the failure of any test case. Note, however, that a test
case failuré does not necessarily .imply that the IUT is

-

nonconforming.

2.4,2 Test CoveRAGE CONSIDERATIONS

One of the important‘considerations in test suite design is
the Coverage considerations. This relates to the
effectiveness of the test suite or the testing J%thod, in

discovering errors in the implementation. In general, test
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coverage ciriteria [Myert79] can be applied to White-box
Testing or Black-box Teéting. Although conformance testing'
is considered to be Black-box testing, some of the criteria

of White-box testing also apply here.

L

In White-box testing, knowledge of the source code 1is
available to the test suite designer. The coverage criteria .
for White-box testing has been given by Myers [Myers79] as:

-

(a) Stapement coverage (nodé‘cougrage) ; This iné%lves
writiﬂé enough test cases so that every statement is
executed at least once. Statement coverage 1is a weak

3 criteria, because executing every statement does not

necessarily mean checking the program Llogic, or,
covering all the decision conditions (ﬁredicates)g
Moreover, appropriate test data for executing all the
program statements may not be available i.e., there
may exist nonekecutable statements.

(b) Path coverage ~ This involves writing enough test
cases to cover all the program paths at least once.
But, Path coverage is not a viable testing goal. This
is because most practical programs have a very large
number c¢f feasible paths. Particulariy, programs with
loops may have restrictively large number®of distinct
paths [RapWeB85].

(c) Decision coverage ~ Decision coverage, also called

Branch coverage, is a stronger coverage than

Statement coverage. In this c¢riteria enough test
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caseé are written s0 that each 'true' and 'false'
outcome of each decision is executed at leastf&nce.
Another way of étating is that each branch direction
must be traversed at least_once. It has been proved
[Myers79] that Decision coverage s#tisfies Statement
coverage. An extension of this criteria is the Multi-
way Decision coveraée where the goal is to exercise
-each possible outcome of all decisions at least once

and invcoke each point of entry at least once.

In the case of protecol conformance testing the source
Céde of the implementafion is in general not available to
the test designer. What is available, however, 1is the
detailed program specification in the form of the protocol
standards and the PICS. Some of the White-box testiné
criteria qan be applied once the IUT is modeled as a FSHM.
The states of the FSM are the nodes and the transitions are
the branches of the pgogram under test. The states of the
"FSM are functicnal groups of code in the IUT aﬁd may
possibly have multiple entry point. But the &efails of these
are ftransparent to the test suite desiéner. In.fhis case
the states are nodes with converging transitions [Gill62]
and the behaviour of the IUT at “different state's entry
point can bé nondeterministic. As we have pointed out
earlier, our test cases take into account nondeterminism in

IUT behaviour. It is noted, however, that not all cases of

nondeterminism are as a result of unknown entry points.
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In Black-bok testing the internal details‘or the source
code of the implementation are not available"to the test
suite designer. Only the functional specificationlin.terms
of input ~ output relationship is observable as the ekternal
behaviour of the system. Myers [Myers?gj has treated Black-
box testing on the Dbasis of 'equivalence class'
partitioﬁing.

(d)’EQuivalence class -~ Input domain is partitioned into
| equivalence classes such that one can reasonably
assume that a test of a representative value‘of each

class is -equivalent to a test of any other value.
Equivalence classes may overlap.

-

From the abévé criteria of Black-box testing the
following goals for testing can be derived:
- -Identify inferesting conditions to be tested.
- Form a minimal set of test conditions by using
equivalence partitioning.
- Testing time is best spent in different equivalence
partitions so: E

- Identify the equivalence class

- Define the test cases.

Identifying equivélence classes 1is largely a heuristic
process. Study of data communication protoccls show that the
set of proper, improper and inobportune PDUs in a given

state is an equivalence class (see section 3.2 item 1 for
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definition of these terms). Particular PDU parameters, for
example, the PDU 1engfh~or the sequence numbers alsc form
equivalence classes. The following heuristics can be applied
to test the funﬁfional range of these paraméters
{Myers79, 150909, Rayne85}:

(2) If the input parameter is a range of values, e.g. "the

retry counter can be from 1 to 10" then identify two

classes: o w
1l < retry count < 10 valid case.
10 < retry count invalid case

(b) If the input specifies a set of values, e.g. at the
Data Link léyer of X.25 for the module 8 operation,
the address can be {01 03}, then form two equivalen;'
classes {01}, {03} wvalid and {more than 03} invalid.

(c) If there is a range of values for a particular
parametér than test one value inside and one value
outside this range. For example in checking the
window size in X.25 this criteria could be épplied,

(d) Boundary value® analysis are those test cases that
focus on the edge of the input - output set. This
test criteria is applied in testing the maximum PDU
size. See for example, Appendix D, funétionai range
test for Data Link Layer N1 bits (maximum frame
sizei.

(e) Equivalence partitioning in the case of the Timer.

tests is done over the functional range of the timer.

r
N
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That is the valid range of the timer is one class,

and‘ at least one timer wvalue test is- performed

_ corresponding to the invalid class. This equiﬁalence
partition test verifies that the timer implemented in

the IUT has fhe éppropriaté time out wvalue, and is

functional over the range of this time wvalue.

Here we have .presented the basic test coﬁerage criteria
for conformance testing. A simiiar list is given in the test
requirements for X.25 DTE conformance test suite which which
was generated by the_author of this thesis [Kanun85]'. The
concept of equivalence claséés is uséful in X.25 DTE testing
for partitioning the.dynamic test groups by the type of the
PDU  exchanged. Branch coverage 1is a useful coverage

criteria for the state transition tests for X.25 DTEs.

2.5 OtHER TesT MeTHODS
The present trend in confeormance testing has been influenced
by experiences in protocol testing over the past few years

(RaynB2, SarBo82a,UraPr83, RafAn83,Raynel5].

Sarikaya and Bochmann [SarBo82a], reported their

eXperience 1in test sequence generation for protocols
d

medelled as finite state machines. Their method of test

sequence generation was derived from techniques used in the

area of testing sequential circuits [Kohav78], and

“ Part of the BNR DTE Conformance test suite project
undertaken at the U of Ottawa.
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experiences in testing software design modelled by finite
state machines '[Chow78]. _ Thus, the following methods of
test sequence generation' were applied by Sarikaya"and

Bochmann: - - : o .

TRANSITION TOURS - A test seqguence is calle@ a transitionl
' tour starting with the initial state if it{oouers all the
transitions in the state tablefatlleast onoer The’machlne
'under test is assumed to be mlnlmal strongly connected and
fully spec1f1ed (these terms are deflned in [011162]) This
o method detects errors in output functlon but does- not detect
all transfer Errors (errors of next state functlon) The
”appllcablllty Of tran51tlon tours for practlcal protocols is
'further llmlted by /its . 1nab111ty to adequately handle FSMs‘
“with lOOpS‘(l.e.'ln cases”where\the 1n1t1al state and the
final state are the same and can be reached by a sequence of

tran51tlons in a loop)

.lTHE, W—METﬁobu - This methsd is _based on -finding a
- —characterization set of.la minimal finite istate'lmaohlne
‘-dalled a;w3set [Ciiléz]r“ The WFset;ls'an input sequence
“that can_distlnguish between the behaviour'of every'palr of“
suetes in the‘FSM;‘ A'oharacterising:sequence‘is»a sequence
of interaotions:wnich can be used to‘verify an,uniﬁue state
reached_in the'FSM. A oharacterislng'sequence‘or diagnosing
experimentlbelongs to the W-set. P-is any:set of'inout:

sequence such that for each transition from .state Ai° to

I3
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state Aj on input‘x, there are input sequences p and Xx.p in
'P such that p, takes the machlne from the initial state, into‘

-

state Ai. This means: that P. consists oﬁ all. PARTEAL PATHS ‘in

- f%he‘ESM'[Chow78] The test sequence generated by the w-

- Vv vl

method con51sts of the copcatenatlon of P and W, 1.e._P.w is

-

the test sequence. o : - e

ut

o d

The "assumption about the machine. under tes€ ﬁs that the
machine is mihimal, has a fixed initiaii stateﬁ_and is
strongly' connected. This method lends _itseifwéto'\more

practicel application: than the transition.tour'method, but

the main draw back is that the W-set is not guaranteed to

-

“exist for incompletely specified machines: i For Remot% and
- Distributed test methods the W-method may have

ﬁsynchrbnizaﬁidn.probleme [SarBoSZb]. The FP.W sequence 1is

applied startiﬂé'with the initial state, hence a refurh to
the initial state 1is nece;sary after each sequence. If the
%eéuence-consists of an imprcper PDU'exchange—ieading to an
‘error.Etate then there must be aF least one. transition from
the error state to_the initial state, otherwise the test

method will deadlock. -

. . e ot
. -

CHeckINg Seauences (DS Sequence METHOD) .- The method of
Cﬁeckfhg Sequence 1s designed for machines ?haf Mhaue a
DISTINGUISHING SEQUENCE (DS), An input sequence for which

the output seguence produced by the machine is different for

each initial state. is cailed a distinguishfpg sequence.
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~sequence from the concatenation of v L, e

protocol. v .7 N R

A

Q;'

o
ad kl M -~ 3

(a) the initial. sequence.to brlng to 1n1t1a1 state
‘g

(b) th DS sequence for each xnltlal state

.
-

(c) the transxtxon checkzng sequenée which chec;g all

1nd1vidual transitzons in the state table

- . ' . ‘,l

It is assumed ¢hat the £1n1te state machine under test is

‘~'*anly co”uec.ed and has a dlstlngulshlng sequence The

.
i

hniquehDSJSequence'for the X.25, protoce%bISarBOBZbr;’ Hence

"on the basis of these methods for test ' sequence

qé&&rntion“some'tools for automatic test segquence generation

have be@n developed I‘Fpt ekample, the tool by Rafig and

-4

-fAnJart -(VADILOC and GAST) jRafAhBE}: can generate- test
’dqueﬁces for the ‘above mentioﬁed three methods if the FSM
_is; epecified“ ,Another'-approach _fet 'user guided test
fﬂeﬁgeeeetgeeefetion uses %ROHOG based &ogic speeif;catien
_fer  the :?SM‘ and 'then-vgenerates 'teet sequences from the
'sbecificationé’ iUraPrBB]. ﬁﬁr' ‘method of- test. case
';qenepaticn,' though ' net autcmatic ,at‘ this time, wuses a

ldifgereﬁt approach from the‘above'meﬁtioned,methods. Qur

method will be discussed in Cﬁapters III and IV.
Lo , ) '

Y [

The CHECKING'SsahéﬂCE METHOD is.the generation of & tfest’

.atudy byrSerlkayafand Bochmannqshows that  there exists no'

‘theﬂche?kihg seguence method is not‘epﬁlicable for the X.25
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There are a number of approachés to specifying protocols,

-

two .. of these are;: the state  machine ;~approach

- -

"[Bochm78,Bochm80, Zafir80a,ZafBr83], and the high-level

programmiﬁg languagg gpproach [Hu;asaéﬂaraJo78,CheH081].
Brand _and Zafiropulo [2afBr83] .find the FSM medel for
Qe5cribing protocols the least powerful, Eut ;elativeLy easy
to anélyze. In the FSM model of describing communication

-

protocols, the system including all the component processes

.and interconnectiug channels is mnodelled using states and

. . . ‘
transitions. Each pair of communicating processes is

connected by a full-duplex FIFO channel (the channel is

modeled by a separate FSM)\ There are no assumptions-about

the time a process spends ih a state or the time that .the

message spends in a channe The number of distiﬁquishable

. . . %
states in a state machlnﬁ}

.

for most practical ﬁrotocols
increasés-drastically Qith‘any increase in eomplexihy'of the
systam. To reduce  the total numbeér °of @istinguishﬁble
states in.the FSM mgdel, tﬁe.hybri& model using programming

language concegt, such gsvhonditional exeéution,'hés been
introduced tBochmBZ]. Another technique ﬁoadeal with large

FSM models is to group states according to protocol phases.
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This latter technique is used in this chapter for speéifying‘

the X.25 Data Link layer LAPB protocol.

3,1  OvERVIEW OF FSM TEsT SPECIFICATION |
In this thesis, "we attempt to formalize and augment the
DTEﬂs.pgrgpectivé of X.25 Data L;nk level. State .Diagrams
' for the.Pécket level of X.25 can be foﬁnd in [CCITX25c¢].
The formalism adapted for this attempt is based on the
finité state tr;nsition model and is particularly useful in
genefatibn of state transition tests as part” of a
conformance test suite.for X:25 DTE conformance teéting. As
a.first step, we define the sfate transitioh-diagrams for
the LAPB proto;ol. Nexf, Qe digcuss‘the use of a validation
tool to check the connectivity and completeness pfopefties
. 0f our finite state machine model. Thén we specify the
étafe transition tables as an .aid to test specification.
The sﬁate traqsition tests are derived uéing’the.augmented
state t#ansition tables. fhis is done using a Ehree step

method of test specificatidn. This three step method is

discussed in the next chapter. ‘

3.2 STATE TrRANSITION DIAGRAM FOR X.25 DATA LINK LAYER

The state transition diagrams shown in Figure-24, Figure 25,

and Figure 26, specify the behaviour of a DTE at the data’

link level of X.25 and are,based on the 1984 wversion of X.25

[CCITX25¢, ISO7776]. .

na
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I(P = 1) or (V(S) = N(R)) - (V(S) <= N(R) * k)
I RR (P=1) s

Figure 25: LAPB Information Transfer Phase
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N

SENDING
I - FRAMES

L4z ?21{(V(R) = N(S)

P =0)

SEQUENCE

BUSY CONDITION ERROR
L7 IREJ RECOVERY

L6

WAIT

ACK OF T~-FRAMES

SABM
L 43

Figure 26: LAPB Error Recovery Phase

W
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State trénsition diégrams have been used for specifying the
rei;ted HDIC class of profocols [BocCh77} and the physical
layer in X.21. [G&udaBS], "among. others. During the
derivation ;of test §§ecifications *from these X.25 state
transition diagrams, the- following cautions should be

obsarved:

1). DTE Anp DCE sTATE - the DCE states are not shown
separately, i.e., only the DTE states are shown. The DCE in
this. case is the tester, perhaps at a remote site, as in the

) ' T .
remote single/multi-layer testing architecture

[RayneB5,IS0909]. The testér follows the DCE state model
only in the 'ideal case', that 1is, for generating proper

protocol data units (PDU';) which are syntactically correct
and are acceptable at the current stété of the data link
layer. . Note’ that improper (syntacticaliy incorrect) and
incopportune (syntactically correct but having arrived at an
irrelevant state) PDUs_are not shown in the state transition

diagrams. Howevelr, they are part of the input set from the

tester to the implementation under test (IUT). : o~

The tester can send improper PDUs <o thé IUT to verify
its response to sﬁch PDUs. The inopportune PDUs are implicit
in the state transition diagrams in the sense that only
proper PDUQ are shown at each transition. 'For X.25 DTEs the
‘allowed responses to improper PDUs is dependenf‘on the state

of the DTE. These reéponses are spé&ified in the actions (A)

\
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row of the state transitibn table. Inopportﬁne PPUS are
discarded‘in all the X.25-DTE states, and in some cases it
is followed by a link reset. ,Thé expected output'ﬁrom the
IUT at any particulaf time is a subset of all proper PDUs
defined by the FSM representing the funnctionality of the
IUT. Reception at the tester of any PDU outside the.range

_of the expected outputs corresponds to a test failure for

the IUT.

2) GuArRDS ON THE STATE TRANSITIONS - the state.

~

tr%nsitions.'in this mgdel assume direct coupling as in
[Bochm8Q], for local interactions of an IUT through the N or
N-1 interface with the service user or lower service
provider, respectively..The transitions may be enabled by an:
enabling | predicate. For " example, the predicate
{(V(S)<=N(R)+k) represeﬂts the condition tha£ the send state
variable is' within the window, . and the action
LI{P=0), {V(S)<=N(R)+k) woulg mean 'send an I-frame with the
péll-bit nct set (i.e., P=0) provided tﬁe frame segquence
number is within the window'. Similarly, transitions in the
event of a time ouf {shown as Tl in Figure 24 on page 70)
are expressed with a sultable enabling predicate.'The'data
link 'layer uses command or response PDUs. These are
distinguished wusing wunderlined or normal type  font,
respectively. The '?'. symﬁol is used to denote a reception

and is used for a transmission. When neither 1is

specified this denotes both a reception and transmission.
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3.3 VaLipaTion of ProTecoL FSM REPRESENTATION
The next step involves validation of our FSM model for the
protocol, to cﬁeck its consistency and othzf properties.
ngerélf toecls are now availéble for -the Qalidation of
protocol specifications, for example
[RafAn83, RaMor85,Vuong86)]. - These tools are based bn
reachability analysis of the state machine or Petri Net
[Berth82) repreéentations. Reachability analysis § is
perfo;med to validate 'the protocol against potential errors
like state deadlocks, unspecified receptions and
nonexecutable interactions [Zafir80b]. In this thesis our
aim for wvalidation is not to find errors in the X.25
protocol but to chéck'the consistency of our FSM model for
the Data Link layer LAPB protocel with respect to the X.25
sﬂandards/ récommend;tions which are expressed in natural’
Aanguage. This FSM model was generated from the 1984

version of the X.25 standards/ recommendations

(CcCITX25¢, 1S07776].

The tool that is used for validating our ESM model 1is
VADILOC [RafAnB83]. In this tool the user describes FSM via
the state transitions. The syntax of this description is as

follows

<Event From-state Predicate To-state Action>
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He;g the Event is tHe test event, i.e. PDU send/ receive
or tiﬁer. event. Frém-s éte is the initial state for the
transitiohrahd To-state is the final state. The predicate is
a single ‘conditiéh under which the transition can be
" executed. When the predicate is absent the notation [] ié
used to specify the absence of any condition for the
execu;ion; of that transition. The action represents the
action performed by the execution of the transition. In the
case of seﬁding or receiving a PDU the action is the same as
the event. The entire FSM is speeified using a data base of

‘'such transitions.

Using this method the-FSM shown in Figure 24 on page 70,
is validated. To chéck the FSM's properties the following

commands were used: | . ' g
-> START-STATE STOP-STATE , R

This command checks the existance of a path from the start
R |

state to the stop state. This 1is used to check strong

connectivity of the FSM.

>> STATE-1 STATE-2 ... STATE-N

This command checks the reachability of all states starting
from the initial state. This property verifies that all

states are reachable from the initial state.

<< STATE_l [ | STATE_N
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This command checks if there are states from which it is not
possible _to reach other states. These states represent

potential omissions in the FSM specification.

All thgse propertie;lwere successfully verified for our

ESM of rFigﬁre 24 on page 70, 'However, the following

property to detect deadldcké and nonexecutable transitions
"could not be checked because of a limitation of the tool.
The tool fixes_an upper bound on the chaﬁnel capacity of

two. This  is very low ‘and unrealistic for practical

protocols. The command used is:

& STAaTE-P1 STATE-P2 N

L

where State-P1 and State-P2 are the initial states off two
communicaﬁing processeé'and N is the maximum channel bound.
For protocol; like X.25 Data Link layer therelexist loops.
Thus, a low bound on the channel is unrealistic for the

purpose of detecting deadlocks.

This tool also had the drawback of having to specify each
predicate as a single condition and not an expression‘of the
type If <condition[s}$ Then Action, etc;\ Another drawback
of test sequence generation via VADILOC and GAST is the
requirement of the-cqnstruction of a FSM for tﬁe DCE, if it
is different in behaviour fromithe DTE. The chrent version

r
of VADILOC does not consider the communication between two

dissimilar FSMs, i.e. the DCE and the DTE are considered to
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have similar behaviour if used for test geheration by GAST.
Thus, this tool was useful in verifying the connectivity

properties but not for detecting state deadlbcks.‘

1

3.4 AucMENTATION OF STATE TRANSITION TABLES FoR TEST
SPECIFICATION ~

-

The next step is to convert the state diagrams into the

j ‘ .
augmented state transition table (shown in Appendix A). The

columns in the state transition table contain the fhitial
1

states of the IUT. The states are labeled L1 to L7 and

correspond to the states shown in the ~ state diagramé;_Note
that state L4 can be subdivided intg three‘ inter-related
states as in Figure 25 on page- 71. Hdwaveg, to promote
clarity in the 'stgte transikion table, the ipférmatipn
'éransfer statéw is .shOWnrlin only oné column:‘ fhe rows
cérrespond to the inpu£ PDU ﬁy§é§ (Pfqper,_ imp;oper and
Inopportune PDﬁs). Eéch entry - in the table gives thé
expested response of the IUT as a S5-tupler o
' F=( S D T, 0 |
where, A = appropriate aétion(s) to _?e taken by IUT as
specified in [CCITX25c,IS07776],
S = next state after féking the appropriate .action(s)
D = diagnostic c¢ode (if any) in case‘ of ~a frame
reject condition
T = test iaentification for  easy .réference . and

‘automated test selr:ction

L4
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C = test 4‘group \ eorrespondinq to 'expected test
| -beﬁafiour. The test ‘group is catﬁgorlzed as (P)

proper, (I) 1mproper or (0) inopportune.
The ectioes éan_be-further spec1f1e§ uslng optlons (e.g.,
ACT1 and ACT2) to distinguish between different types of IUT
implementations. All such poss;bie actions are considered to

be valid IUT behaviours.

Multiple aﬁpropriate actions are Speeified in the-actioﬁ,
field. Fer example active DTE's perform the . Llnk Set up
procedure as soon as they enter the dlsconnected state Ll
Prior to llnk set up an active DFE's may rnltlate link
dlsconnectlon by transmitting a DISC(P 1) and g01ng to state
L3, or it might transmit an unsollc1ted DM(F 0} response to
request the DCE to initiate llnk set up, ‘or 1n1t1ate llsk
set up on its own by transmitting a SABM(P 1). All these
- possible alternatives are éLresented by 'ACT 1'. in the
state table. -“In this case, it is up to the implementor to
specify all details of ine link set up . precedure in the

protocol implementation conformance. claim {PICS) (see

Appendix B for details).

The normal link resetting procedureﬂis'shown as 'ACTION
2' in the state transition tables (Appendix A). The DTE has
the option of resetting the link by transmitting a DISC(P=1)
and going to state L3 or by transmitting a SABM(P=1) and

going to state L2 or it may ask the DCE to initiate link
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. . o »
. resetting by transmitting DM(F=0) qnd change state to Ll.
The test cases are designed to  handle all these possible

link résetting procedures.

The' test identifier in the scate’ transition. table

provides a unigue test <case identification to  allow,

selection of this test during a test session. Since, the
. . . . SRR

test case corresponds to a transition from a given state,
the state label appears as the  first field of the test

identifier. The remaining portion of the ideﬁfifier censists

. —_—

of the protocol label, cétegory of the test, and the test

number.

' : feme

- e

The follbwing example'illustfatéscéhe use of the éfate,
Fransition table with reference’ to column one (L1l), row one
“(DiSC)léf Appendix A. Consider ﬁh; entry shown in F;gurg 27,
The tester sends é DISC PDU with.Fhe poll bit set (P=1) to
the DTE which is known to be in state Ll. The action
performed by the DTE is éither a DM{F=1) response or ACT1
(as described earlier), both are allowed hy the pfototoll
The ﬁekt state is Ll if a DM response was senf-or L2 or L3
depending on ACT1 (in.the case of active DTEs). The test
tﬁnique identifier is L1LAPB10O1 and the test cati%?ry is *(P)

proper..

In the next chapter we describe in detail the design
‘method used for generating the test cases. The ftest steps
in the test cases are then expressed in the abstract test

specification notation TTCN.
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) LT P CHAPTER v - ' R
DETAILED T’EST SUITE SPEGIFICATION TR

a

Q:In this chapter we - w1ll develOp a test case spec1f1Eat1on o
lmethodology based on, the Flnlte State Machlne model and the
State Transxtlon Table developed 1n.the prevmous chapter lzq;;

';-U51ng thls method we generate détalled test spec1f1cat10n 1n o
TTGNﬁTxom the State Tran51tlon Tables 'Slnce TTCN 1sian
abstract eest spec1f1catlon language, jlt ‘as necessary to
.fﬁfthef- tnanelatel the. test suxte 1nto executable test

- v

1mplementatlon language ’ ThlS translatlon frmn TTCN 'to a

i
»

: exequtable test 1mplemen@atlon‘_language, is usually _qute*

straightférward: - For a discussion of - the corresbondingg

A -

: exetutable X.25 test:suite, see (HornB6). - - . - '
‘This method is applicable for deriving the .part of the
standard conformance test suite known as State Transition

L

Tests,. frem the State Transition Table specifications. Each

. . K . . .. -

entry in- the State Transition Table (the A,S$,D,T,C tuple) .
translates into anlunique transition_test‘in our test sgit?[
The transition Eests.are grouped” by initiai state and the;e
are seven sucn eroups. Each group is divided into subgroups

of bropef, improper and inopnortune test cases. The Dynamic v

tests part of ‘the standard conformance test suite for the -

g
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’X. 25 Data Llnk layer also 1nclude tests ‘for the xerifi#cation

-

;\? e -‘.- ,
- of'the Tl and T2 tlmers These tests are not specified by "]

<& 1 . o L .
L - ) v 4 P

the“state transrtlong tables - The , design,rﬁonsideretions

- PRI | " PR 4

dlscussed 4An ; chapter IIwunder test coveragefare also. used in=

J-. Rl

o : L

;these‘tlmerﬂtesticases. - P L ST
o - .. * . : - B o - i .

-’ « . - i . [ I
. . LY . at . -t v Y b
- : : . ' Py )
\ . RO - e - R :
R4 & k4

b, l- BERIVING DYNAMIG TESTs FRUM' STATEvTRANSITmN_TABLEs

B

The State Tran51t16n Tables rebresent valld Behatviour of the

W ye <- - R v

-

u.IUT for a q1Ven test PDU sent. from the tester! ﬁll valid

A e
alternatlvetbehav1purs are spec1f1ed Eor exampl& ACTl 1n
.the State Tran51t10n Table represents all vaﬂla lrnk set up

l

procedures. Active DTEs may ,1n1¢1ate‘ the llqk rset up

[ [ - L

= L N 2 Ty ——
procedure as soon”as fﬂg&‘enterdthe dlscdﬁnecteg state Ll.

« 4 e Y
"Prior to llnk set up, some-activa.gﬁEsﬂmay 1n1t1ate link

‘- *, B

dlsconnectlon by sendlng a DISC(P=1) PDU apd go to L3 stﬁte. I
. . i

: S L T
. The IUT may transmit an gpsolicitéﬁ DM()=0) PDU ﬁoyrEquest

! ' 0 . . - Ly - y 3
‘the DCE (1n, this case tester} t¢ imitiate 1link “set"iup.
?:h [ ) e - . ’ e
Alternatively, thp DTE may initiate link sef up “on rtsﬂown
’ * . : “ * - ‘:
by transmitting a SABM(P=1). Ard these~'alternatives arg,

-

represenmed by 'ACTl' 1n the State Tran51thn Table - The

w A g - -

JITCN test spec1f1tatloﬁs lmplemenxs these alternatlves as

- "'-' i .y ~t
o " ‘e " b .
possible valid IUT actlens.#_ _— v * -
-~ . ‘. -, . .
* 1 '"-L ' 3 v
& ) - s B LR

Test cases are derlved frqm the state trans;tlon tables .

k3 /"\ . ‘ . . "".:
t - T ...
(Appendlx A) using a three step procedure 2 -
(1) Test Inftlallzatlon Step > ' ' E . -
‘ an - - 4 B : s - '.l ¢
(2) Evaluatlon Ste‘p . " © . el oy i
N - . X - . i
: " -
(3) Verlflcatlon'Step y _ ¢ ™ ,
- ey _— :‘ “ . ‘_" - .
‘e . ’ e * ! 3
: - 4
o - L +
” . d -£~ ‘L . .
Fs £

r_; .-'.‘ ‘-‘ ™
1 i ‘ :‘F‘ ‘:83)-_ e

S
RS
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.- 742 Test INITIALIZATION STEP . v ¥ g

- E%st Inltiabizatlon step coh$1sts of brlnglng,the DTE £ the & d
- s 3 L -
- N tequlfed test ~statg. This ’step assumesf that the ... FSM S
..’ ‘\' 5‘\ \t" ¥l

descrlblng the behaviolr of “the” QIE is étrongly connected

= O
[Glil 62]. However, it should be notedithat spme BTE states'

2

W@,

. ® ‘.F..ﬁ ———
A llke busy £tate (L7) or- waltang DISCJacknowledgement,state o
L it . 1 ""‘ - rad e
. rey
w ” (L3) cannot "bd" guaranteed “to oe reached by‘“any actlons, s

X TN ~

A i

dlrected from the tester In order to perform tesxs 1n these &
states?g}a” D&E' 1n1t1atedfdfestl 1natra£r%ft;on step%Ldsﬁ Hﬁ .
v F\vf’ *regu;redf. How ‘the »DTE perforns t‘lffm.s;.1:1111t1all‘r:v;atn.<::n1ﬁ,,r is S
' 1mplementat:on dependent Alternatlvely, ap apper tester
Ltes} eSponderB"‘nay be dsédffas é@scrrbed ing the £ *

al

,gn oo (RQistributed Slngle Layef) testlng ﬂethod [IS@ 909] ‘*The DS
. N » H . ,;s
A method prov1des greater,control ouerimhe testlng process at B3

5

» the cqst of pOSslbke synchronlzatﬁon problems L§arB082bJ

Webhave adopted the RS testln& methodﬁas outllned in {IsC
M 3o om -

1 _ 8882/1] The reasons behlnd thg choice of thlS test method

i
. - . » n
L 'r‘ w o I

has already been dlscussed in @hapter ZY Themlnltlallzatlon{ A
bl ¥ o b3 ’

&
step ‘can be decomposed 1nto two substeps - ?

" {,a) transfer to the roob of theftestlng tree-[Chow78] hy

&

— .

use of a transfer sequence*(reset)ﬁ and

 r

e X -

1 -r

,_f(b) startlng at the root “find a part}ahypathF"P# to the

. i - ‘ » )
. given state. - _ ., T - S

. ., o . . B b e ) 4‘
- . ) . 5 :
- S (a) YThe root of the testing tree is the disgpnnected

R h

_ state (L1)- and the transfer seguence cgnszsts of [!DISC

\ IF)
. "

(?UA‘If?DM)]. Here concatenatlon (.),and OR» (|) have the

#

Ll -

u";k
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@ ‘
' mingmal partial path, "P_*{,_‘, caf-be chosen to bring th_e IUT to
‘ ,,;n .
. ‘; e L0
the rgqu;'red state. An algor‘lt.hm “for. bulld‘lng a testing tree P
# and deri&é—ing tl'i-‘g"u,partial -paths (in the tree is given in
. ._' 5 'T
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& trans:Ltlﬁm te_st or timer teé’c (trans:.tlons with tlme out '
LoV B e & v
_Jpredicate) or Mlnddw rg;:ati%n test (tran‘s:.t:l.on with state
5 % p
’*“*4 "'8 R .
varl,able predlcate) . Duging tge eva‘it,}atlon tist ste the
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of  proper,” 1rnproper or 1nopportune_¢,PDUs. Te"sb-ing ~:'all«f-’: :
J}" (""' :
: # .
e preper Jinteractlong“ is con51dered*' mandatory*d [180909.} R
f::- wnt By A S R fn B A Mo 4 g B Tap s Towf T ™
'Téstlngmlrnm:oper _;‘_,,OI’,L 1nopportune te?st c@ses .».can anbf pe SR
et n\, rl - e By ot .f‘. .
exh'austiqve. ‘A hlgﬁe:;':‘ prlg;-lty is gu@en fo;- tqstlng txp&cﬁl
situations rather than testing fo”r.’r botxhdary va-l‘ue cases. . .
" 1; 3 !

it ‘ﬁh
. e W 3 _
Tgé.%fevalqu ste#con51sts of a, single 1ntera€:1t:|.on (e g. /

e::(ecutlon of a D;’F‘E %l:ate trans:.tlorém_;. &:hl{ﬁ 1nt?‘mct};on . .
- o ; o N ik e '
consists of: g2, ?ﬂ . g T & R e F e
i & A . o
- sending PDU as test stimulusy, 3 A -
. e o ‘_'-. -
- verifying acceptable respons'ég(includingsgb r‘espon’éeﬁi{ﬂ
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# n o ) -»- .
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fﬂ" l;' b # b
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oy # =
The next state .is specified in t}:be ‘State tablfe i-rand the .
. f! e % heul
verificatjon step reduces to a diagndsing experiment,
. ‘ : N . . - &{ -3 o~ ‘ ‘;95 ny
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Ia Flgure 29, Ehe RRC command EDU forces a FRMR response
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£Lrom the IUT, PhiE 1s'ﬁharacter15t1¢‘of thé L5 state " (Frame

l.: A fr« "l’

F
G 87

‘..
,l

xi # - CE

RejecpfStatey- . . é?
B g B R & :
It %as observed that the test cases obtalned by the above
method were:very effectﬂve in Judgf%g the IUT's conformanoe
e 1 *
A#wlthou;‘requlrlng a very large'test sultes

’f',r

to the protocol

.cases were AE“

ficd

around 300).

o
similar test sulte was also developed'fonnthe packet level
"‘n

_ &
DDITIONAL STANDARD CONFORMANCE TESTS
‘tests

4.5

These are requiféd to cover igﬁtances of dynamic

e

behaviour that are not covered by the transition
e ‘-5 ~

g
tests. ™ The t¥mer testﬁ for the Data Link layer are instances

state

&f  suéh test%aca$g§. Thi%, is Dbecgpuse the actual ﬁime

¥ X R :
reguired for a transitiof is not adequately represented in

the FSM model. ¥ THe 1984 version of X.25, standafds/

recopmegﬁatlom% %Peclfy four timers T1, T2, T3, W4. The
! 4. # &
tlmers Tl and T2 are mandatory whereas the other two are
25 08 N

Tests aré 1ncl%ded in the s;andard test sulte to

A
-

£

L .A"

che%k theﬁfunétlonal ra@ge of timers Tl and T2 (seetﬂpgéndlx

A wefl te§t§ “are included to‘
'actigos le g. retransm1551on of tju; rusté transmltted PDU)
] ‘-g,._

are performed ;@ thé timer Tlﬁlé*allOWEd ﬁb time outd Fhe*

9“ i g fr, ‘ q'”

‘I.

D). verlfy th&g proper

idtter Qests are grouped as time-qut tésts *Flnally,:tests :

aré* also 1ﬂtluded to chﬁck the%maxlmum retﬂy ‘count parameter‘*
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;if :.constralnt in cur case (NTSY cah be “for example
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§ﬁzeq(N1.b1ts) for the X.25

aa SR e R
T (N2 count) and ‘the maximﬁm frame
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Data Lfnk %ayer*w‘TheSe test cases are aﬂbut fifteen? percent
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of the entlre test sﬁite
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i eENVTRONMEN?AL Issués

b

"‘. 'ln.-
to achleve the ultlmate objectlves of conformance

the overall verdlct concernlng conformance of an

‘\. . -

In order
testing,

IUT must be lndependent of_the testlng environment in*which
. - ) I .‘.‘.’ - . A
There are a large number of factors to

. L o~

g
testing takes place.
..'\"_n ko
independence

T o a : . N
be consideted to ensure of conformance test
. "

results from the test environment used;

IRy

*,

N

‘ some of the mores

' . ) y . ‘ o

.
important ones are:

(a)

R

S
Flexlblllty in the abstract test case spec1f1cat10ns to”
\T{

take 1§%o acébunt env1ronmental factors For examples

5 2

the test driver's IPT may be capab e of handllng only a *-;

. -~

.@. given . maxfmum PDU size. ( ecause "of buffer

restr;ctrpns)

- 1

1 1n thlS env1ronment and the reason f£dJr canqellation

1 should be reported. & A
\.‘.,“ . )

- .
—I.t- 1- : ¥ i !

b »
(b)
'."'r -.‘.ﬂ “"‘ T e ey TN,

whr@h are used to run the necebsary test ‘sufte. j Thzs

F '\' 3. W ) 1 J A >
v meanSﬂmhat an actuyal test drlve; (NTS env1renmenn in’
1"‘ -

“y
. H

should be flex1ble enough to' acoqunt for

S ?

The' énmlronmentai

out case)

dlfferent env1rqnmental cdhdltlbns
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Pests with longer PDUs must be cancelled

Flex1bfg1ty 1n5the spec1f1catlon of the tést’ drivers'
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Ele
e - m@xlmum number of' ASIM ports handled by *the driver.
£ T e
- Alsd the test conflguratlon used constrains the ch01ce
:\r_"' 3 * o)
~ m  .0of abstract test method. . #
* - N ) ‘ s 1Y
. o : < . R
3 (c) ?areful spec1f1catlon of the procedures to be followed
an A h, T ;
. o P tle
? . in determlnlng how the contents of the PICS are used,
o, - N S
% 4~ This is, done, ab strac‘:‘tlyw b¥, Kaving standard * PICS
. o
? proforma and concretely, by epéodlng'the PICS into teft
- "“ 4, -
P k” proceduremguards. Dﬁ the casg”of the NTS drlver the
- e Q_‘ . m 3 Y
. . rPICS are' coded dlrectly 1nto the SUT file for automatlc
A - EY f~ Yo
& . coe " ]
* N o ref%rence by the test isuite durlng executlon. oy
b * - .t s
" . R ,
. e % i r.-;." -:u.
e 1d) Carefu& ec1ffbatlon of ﬁhe procedures to *be followed
y SP
‘h_.—ﬁ T :i' "‘.. - M )“' “ ! “l‘
* Y by the test operators An eiample is the procedure for
S a ‘4:
. manual test dﬁordlhqtlon in the ¥oordinated test methbd
S " L e i, .
N » K ¢ [ Lamon&ﬁp ] : ‘ \. “ . . . L >
Lo N T N - N i . ;
d k) ) -~ ¥ i L
v - - f S' i | .
A ST P £y R )
- - ., ‘ . ") '_& o
- s v F .5‘ % ) by %
- ) : ¥ F ' t
- N - e x ”
o -~ A 3 ®
- 5 L LS 4. . .
+ 2 i,
h ~ 4 -, ' )
v < # 2 Y oa e
S . " h - > LA 4
v.oq . 2 = * . 3 e s v ™
4 » 1. ’ bl o # 3
- k-1 +
. " LAY ‘X
et N ; -,
< - Lo 4 - y . "‘. o, ‘
A ’ * P <X
- . - T o4t ! , 8 )
", . ’ ' 4, 4 .
" : ,
' x » . k! * % - L
s T - o % L T ' -
- . r :\'
] - ' « [ '.g £
T‘. 1, 4“‘ - l.{ "“ ;\ ‘J‘.. . TE‘ .J! Al . L]
w t i . e ¥ e "4 ™ 4
- ,{.I:Z na " s -
* (=4 L gL * .
» e . - . ¥ 4 kY
. a, E . i 3, - .
; 5 T S “" . b W
SO o, o
~L 3 e k] ' 4
. : <
’ Y T : -‘* oy - ' o (f R - ‘
_'.: . "r. . 5 . - ‘.. - ‘ " . '.r'::, ( -
s ~u £ " *. F 9\?-" = - . _

v
T W
gl

"



=

CHAPTER V .
_— ™. CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY )

e
N,

.
Cw

In“thig'chaptgr we conclude this thesis on the specification
anq%design qf 051 standard X.25 test 'suites by assessing the

effectiveness of., our method for test c¢ase design by

et

»~ comparing ft with another approach for generating test

-~

sequences, We discuss the limitations: of some test
— x. . i ™
notations% Pinally, we suggest areas of further research in™™
" e
conformance testing.
-, > el . R ¥
L "
5.1 BENEFITS OF METHOD ' ™~
The standard. test suite design method presented in this -
. thesis hfs the following benefits: -

(1) The FESM~ model for pfd?bcol specification 1is well
- s

develSped and there are many tools for its verifigation
v

i

'HeQEej test suites can be correctly developéa using the

* -~

walidated FSM specification for the protocol. =

-

(2). The three %tep method for dtrivin§ state - transition

14

tests is easy tg.use and considers the important cases

of proper, improper and inopportune‘test,stimulus.

.,

(3) Each test step in this method easily translates into a

TICN test. sub-tree. Hence, the standard X.25 test suite

b

can be easily specified in a standard test notation

(TTCN) . -

¥ _ ~ 90 - S



L

(4)

5.2

'v.“:é’.} A e 91
The abstract test specification <can be easily

translated from TTCN to an executable test language.

.

LIMITATIONS OF METHOD

Ko

This method for test suite design. and specification is based

it

en the finite state machine model. This model.was chosen as

is well understood and -“many tools are available for

validating such models. Moreover, the X 25 standard suggests

the

ey —_—

use of finite state macHine models and the state tables
4" ’

-, . . .
at the Packet level. Hence the same model is considered to

be suitable at the Dgta‘bink leyel. However, translation of

ke

ot

- T v

X.25.. spec1f1cat10n from . the informal describtion

vl . -4

.

(Engllsh) to the FSM spec;flcatlon pobes dlfflcultles such

as:

(1)

- - . -
Lo ‘< ,.-‘ LY B . [ ‘_
- . .
. e 2T et P " vt hd
) T, A . . N .o . .
3 1 e S T : . .
Vel i ; i

There is nq known algorlthm for determlnlng the number

of states requ1red 1n the flnlte state machlne SO that

1t is mlnlmaLn\ compLetely spec1f1ed and is a true,

- .
LA
'r . -

translatlan of the 1nformal descrlptlon To reduceé the

- -7 3 P - .

.complex1ty of “the model‘the-ﬂumber of states have to be

,.. .

kept w1th1n llmlts ThlS has been ‘dotia by predrcates and

St P )
N 3.

separatlon of protocol phases (modularlzatlonf o

Bl

o -

There s a p0551b1l1ty that the number of states in the

FsM model woula be- 1arge‘ N In that &case,, the stete

tran51t10n table w1ll become very large and testln.

» r
\

transitions for prppen, 1mproper andblnopportune PDUs,

- - - S

' w1ll become almost 1mpos§1ble Some-qthep:§e51gn methoq

T- i Lo ~ .,

may, in “that caee become netessary . a7 . o

T _:_ " i -

T
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(Q)the timiﬁg in executing a transition is 'mot clear in the
| &odel. .Fdr 'thié reason .precise‘ specificationl of
coﬁcu;rent eventé may become difficult to represent.
Synchronization of test events is possible;only if the
variations due ‘to transition execution delays are
ignored. . - .
(4) In the case pf multiple transitions between the same
. pair of states, aﬁd the ﬁimulténéous occurance of the
events corresponding to these‘ transitions, —it. is not
known which event will take precedence. This is
resolved bylassigning a priority‘gf events. In this work

the priority is: \5\

send event > receive event > timer event.

e RS

‘These are some of the drawbacks of the FSM model and

result “tn .limitations in the test method used in fhiq

——

thesis. The number of states in the FSM determines the state
tr ition table from which the transition tests ‘are
dqgived. The state transition table and the entries in it

-~ will become unmanageably complex 1f the number of_stafes
were to inorease. The transition execution time can become
‘critical if the test cases are to be synchronized (between

upper and lower tester). In the case of simultaneous -

F4

occuranée _of a send and receive event (over full:. duplex
“.channels) at the'tester“orntbe IUT, an arbitrary choice has.
'tojbe médé in brocessing the events, and this may lead to
,spurioué test failure in gome-casgs.

by
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There are other limitations to this method which are not

due to the FSM model. For example, there *is no guarantee

1]

that the execution of a transition will detect errors in the
~,

, implementation. Many protecol violations - may occur .. when

multiple transitions are executed in some sequence. In some

FsSM s it may not be possible to determine an unicue

verification step. In the «case of some hyper-active

implementations the .initialization step may bgcomé very

complex. The choice of impropér PDUs is based on testing
‘experience, and in some . test cases these may be
inappropriate.

e

5.3  LimiTATIONS OF TEsT NOTATIONS

P

Presently there is_.no standard test notation. There is an

interim test notation (TTCN), and, otHer formak;.inﬁorwal
. Nt - LIRS

notations under consideration by ISO. Many of the DTs under

‘consideration were not originally designed for tQ;'purpose
. ] ‘ - B
of specifyifig test cases. A FDT (like LOTOS) 1is very

abstraét in its description~of test ‘cases.~and it 1is.

BTN .

difficult to translate it into an executable test case.

5.3,1 TTCN Test Surtes = -

Some of the .main limitations of TTCN test suites are as
follows: = R - -
. . &
(1) “TTCN is fore informal than. the other FDTs and it's -~
defination is flexible. It is possible that different

test suite developers produce_diffg;entuinterpretations

i



' ' - ‘ s ea
of the abstract test specifications in TTCN because it:
1s less formal. = .. ~ LT L e \

(2) The TTCN test not:ai:ion" is -new ."and t:here{ore" not .. yet

widely used. There are 1nd1cat10ns tha$ t ”141 be used, ?‘
‘)",-.

but perhaps_qnly.by gcst su1t“ develope:s Under’ Suchv'

circumstances, the devéidpment £ - TTCN Wlll be slow fﬁ?

’

. - R

than® the other EDTS. S
. ‘ . = v

{3) In the prbcéé§ 6f';gaiﬁip§_pbnfi gnlce MT‘TTCN,.fhere ' . —

i éhould be both thgdry and tools to's péort the ‘notation.

nt this t1me there are no tools for the use of TTCN and

» . o
1 ’ ° 4 e B

£ .
thc theory of conformance testing is under development

- The ove'all 5umnary of the eva‘uatlon of TTCN ‘as a tést.

. ) : : J‘ Lo T
: hotanlon is that it satisfies all the” crlterla Qf Lan .,

.|“

effectlve test specification lanquage -but‘~1tsw compLété;

— T e ,'-‘.— Ve
AN , h gt Tes

development will take time "(as much tlme as the o{her FDTS“

" like 'LoTOS.Y).” ] T
tl« . - : - !"' _‘(f . . . 7
'5.3.2 _ InFoamaL NoTATIONS.™ - | B
. : , . e

. . . ‘. - ~_‘ ‘_-7. . N !f -
'The ~Anformal notations aré' qaedkgin -¢est spec1fxcatxon

..' “v o]
! LA

'-bccause other move formal notatlons Have noh yet stabll zqa &

In‘o*mal notat'ons are least effecplvg- in spec*f;catlons

PO T N v “T‘L

“_bepausc they are open to "various interpretationsn " For
,example,- Data "Link layer test- cases 1n . time seguence

- P . . ) L.
_d:nqrams [N048 !353] are. wery-informal'iﬂg_do not ‘express -

test cases clearly. = L%
LA
- -
" .~ - §
o h - { <
. A1 " = - - . '.‘)-.
o . b
Ay .
- * .A." 4 E-. .
. i
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ik t T

of _clariEy,. pfécisionﬂ,and standardization. "The time

i A ey : "’*

seqUEnce dlagrams (TSD) are 1nforma1 test notatlons which

may hi@e muyplple 1nterpretat10ns The declaratlon of PDUs

and parameters ;\e\not precise in. the time sequence diagrams

amﬁ ‘are potentlally confus1ng for test suite,deyeiopers.
S al

- S '. )

'Tlmer fUnct;ons can not be accurately expressed 1n TSD.

.Behav1ours at mére than one service access: pblnts can nét be.

-

proper}y shown im TSD. Overall, TSD *is unsuitable as‘a test,

.nefation. For - tﬁes% reasons TTCN was proposed to ISO and

-+ .. -~
has been “accepted as an interim standard. * ’
: e ‘
Temm wile e .- o o 4
.- . - - ". . [ -

5.4 Cong@Rlson WITH W-METHOD oF TEST CASE GENERATION

- R -

=~ In this sece%onawe will consider the automated generation of

~

ki -~ . .
te§g' sequenCes by.-*the W-method and compare ‘it with the

-
»

manuallyws en&rated TTCN test cases.-
) 1Y E} N ~ "
l-.‘ - L
o T “ e

o

-~ The eautomated test seguence generator GAST (Cenerateur

1

v Hn‘run on the Lfﬁk Setwup FSM of f;gure 24 _on page 70 ‘The use

.:_._',_.

N R
LY !b & -+

GAST can use three different technlques - Transition Tour

S e

(Tf* Chetklng Sequenoe (DS) and W-method. The DS seguence
ﬁ\."'* w

does not exist' for..X.25, so the w.PféBethod is the best

“Automatigue. de Sequences de Test) is used in.an experimentala

“SF -UAST must be preceeded by the usé of VADILOC [Refhﬁes].*'

qhg%ge for using GAST on X:25. The lifiitations of the W.P
I . -~

Bl

method are as follows: -

] . . o

- . - Y
oo

i L ’ ' ' t : .

(VLT

L&)

;The"main iimitations of ‘informal notations'.are the lack -,

i
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.
’ -~

. (aYy If the . same object is uéed as an input event and .as an

o=

e

'3

o« .

oA e T MU . :
action, it. means ,tpat the event is “*an element of
- 1 ~

communication (PDU) between two gommunicatirg automaté.

-

~(Ref§f to. Chapter 3, section 3.3, for syntax of -

- S

transitions in VADILOC, GAST). The result of this’
. - 1

“inﬁerp;etation is that a timeout action after sendindﬁ

]

or feceiving a PDU can not be adequétely expressed in

the trahéitiop base. . v

Al
- . f

£

(b) While the DS and TT::méEhods produce. a single input

(c)

-

Ea x ’
. st

(d)

sequence, the W-method produces Sever%& sequences each
b

starting from the initial state. The transfer sequence’
to the initial state™is to be added to the W.P seguence

ag'many times as there are test sequences. Hoyever, the.
. N -\‘_
transfer §sequence is not. generated automatically by

GAST. ' o, e -

i3

,JThe run :time required by the W-method is lgrge even. for

\ . .

small FSM models and hence expensive. The method also
1 < ! )

generates a lot of redundant test sequences in this

~ -
™ . v e N

time. — = i
. ) N B ; - . . - . ’
The success of the W-method depends to a large ‘extent

. . [
- - " Ty

on the 3pecification~of the traﬁsihién:baseédsed,by

a ’ u —_—

this tool.. The transition’ base must include

- PR

fspetificationsﬁﬁorfall impropei and inopporfune-PDUé,

o~

if these are to‘appear in the test cases. "

. :
: . S . 'R .

-~
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"5.5

From the above discussion it is clear that the manual method

used

increasingly becoming sophisticated. It is a question®of

" construction of. a new- FSM for the DCE.

b .'. - B LI -

L x . - 97 4

Addltlonal valldatlon ‘via VADILOC would requlre the »~,

. ¢
» L i o
- -

: v
L . '

. SUGGESTIONS FOR FURTHER RESEARCH" . i P

‘ *

e | Lk

“in this thesis is superior to the automatically A

= : -

. generated, test ca%es. But then, ® automated todls are

- )

-

time before these methods become comparable to the ‘manual

method.

'Sinpe protocols are specifﬁed By extended FSM, the -

regular. techniques for ’Qeqtiﬁé simple FSMs 'do not

- . . . O

ﬂécessarif} apply -to practical fp§3tocols.l'The techinique

used in this the51s applle= to X.25 protdcol which is today ’ «

-a

auémentea state ‘table develéped in tHis thesis has been

-t :
- &

very  important ' protocel in data cohmunicatlon. "The i

L

adopted by IS0 SC6 as a standard for LAPB Xf2§ conformance ~ 7

testing. LT e 0o N

Paa

5.5.1,

»

K

> A e

~

SUGGESTION FOR TTCN T00Ls > - o -

-

- i A
-

Many new tools are requlred for aldlng test su1te d§51gn and

B —.' —

spec1f1cat10n. These tools mu t be capable of handllng reow N
- _ : e _ .

abstract test specifications as welt as’ autométigé;hy

generdting test cases .from fhe protocol specifications.’ . -

- .
B L

S - . e

o

. Solne of the tools on which work. is in progress ih the

\ - v ' . -
o N .

Protocols Research Group, University-of QOttawa are: - : -

.
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. N ) ‘~' A ' et '
wEF - TLAN to, TTCN 'i'ranslator -for , the Data L:Lnk and ,Packet
had o E : N » y " ¥ ',’"“ ] . A ¢
b laye’ far 4 L N R e L T
= % . "'. ‘ S vy ; v RO 3
CA 'I"I'CN to '@.AN 'I‘r%nslator foz; X. 25 2 E s ‘
> PO =
. . - J.Sl.‘-TCN Edltoﬁ * which is a tool for convert:.ng ay 'flat'
: * M B %
gepresentatlon@of the ev;ent..a i-rgto a ;froperly Jindented
& _.‘_ " L
e )
B paragraphed representatl:.on " 4 . "
B . % . . e
'4_ . N
Once these toolst are,avallable they can be ’ integrated
L
- . . - ' -
- J'.'nto a test too&, des:Lgn kalds 2 environment. In- this
a r S
environment the tools’ éan be selected ﬂ&'om % menuf Thegte's'.t*.z
r; -
. i -
* cases /can pe automatlcally classifired and lsaved 1.;1 an
I 'Aabst act test suite w1th1n the propewgroub or’subgroup Tﬁe
1!:5 _—
PR TTCN translator can - be made layer 1ndependent By
e - . '
1mplement1n’g a seperate t!bol fqe generatlng .E’DE“ llsts and
o K [ e .\ -
- - TTCN Declaration Tables interactively frby the. usmer of - the

- Cad

tool Subsequently, the TTCN translatpbr..-can Be called us:.ng Wb ~£-

e >
the TTCN Declaratlon Tables as the PDU database for the
- - - ~ Ry ;1_.. .
partlcular layer. ‘ _ ’ Yoe -
> . . Cow ! L . . f &\"' e
k N . > . 2 v

5.5.2 COMPLETENESS OF "Test SuiTEs

g h

The {:omple‘te X" 25" test sulte shou,.d 1nc,lud‘e the folfow1ng‘* -’

-
r

» ~{not included at present):
.o o v T A
. - X

- . - .
rr - - o Tow

FE ,

*

~

X . . . K . .
‘+ 41) Test Bases for simultaheous mul%iple;-connec_:tions ‘at the |

- & » o Lo .
! . Packet lewvel. E‘o};_’ example’, the“behavidur of .the DTE when '
’ : - *

.o

Y

b
" LI ~one conmnection is set up on one logical c¢hannel and

-" L0 g #

: Co
- another connection (is digconnected on another logical.

.- . . . .
’ -t ) C T . L -
_ channkl . ; . -
e , . . Ao
A ) . ;
¥ow
. - .
-
' ! - .. ) . Lt a
1 < . et . . \ 3 *
” .
- r - 3 ~ " 3 .
. -~ . - A " =
" ¥ ' -
b ol r - N R .
s
b " R =
” * Bl v g

x
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N . .
(2) Multldﬂllnk pﬂocedure TMLP) at the frame-? level will o
‘ _,requlre optlonal test cases to be executed when support
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o PICS FOR X.25 DATA LINK LAYER .
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ProtocoL IMPLEMENTATION CONFORMANCE STATEMENT. PROFORMA
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The- "PICS ptofoxma for the Data Llnk layer is ilWStrated
¢ .2 =
below, The’ -Atemt descrlptln column 1n the PICS proforma "
. ¥ » o

describes the details of the implementar's claims. As well,

guide llnes are prov1ded for ~the - sfandard tesg.mﬁthod to be S TRt
. 2N i L v ‘ﬂh i
used. The.;tem,numbﬁrs are serial, and indlcate the level )
™ ,‘ s - ’ A i . .. o TR ..),
of functional groupings. For example, item 5 is for the BRI

L R IRSTRE S
sequence numbering and *5.1,° 5.2 ¢ are npe s5 manggcory "

. I
.- _ . v
requitement of modulo® 8 and the optional modulo 128
. . hd
. ," It N e -J it y
respectively. R The mandatory/ option cﬁiumn clgarly S e
. . v+ -~ S" ? he i) y"jﬂ' £ o
indicates this 1mplementatxon choite. 'Ih cases wheregya " gL T
< - a2 ,A;" « i
value is supported by a partlcular protocol parameter the* S
. A L - - ,,3 :,,v
Value column i% used. For example, thé valu% of _the dtdjﬂ _
N " “;‘! - & J“g’ °
mandatory T1 timer is J3 ‘minutes. A dash (—f$is used to’ -
. . .
indicate not supported parameters. ifi the value cglumn. L :
. & X - -~
IUT Identifier: xxx99.9 , v i .
’ . . . X ‘ o
Test of Conformance-to: CCITT X.25 (1984) Data Link Layer
1UT Manufacturer: Name of Manufacturer. 5 _ .
" Wk ) . )
- 108 - . il .
. , B
‘_f J'l ';" -
f @ -



% . .t.‘ {
. - . . ) ) £ . "
‘ ch'a‘ o - - > - "109‘.
, i - , ‘ : .
ITEM : - ITEM ' MANDATORY/ SUPPORTED VALUE IF
L . ' ¥
NO. DESCR Iﬁ ION - OPTIONAL » (Y/N) SUPPORTED
: S -_“-w o A - . - 7 ‘o
» (BROTOCOL SECTION) «~ ™ . N .
. . < _ | o N - N e
g .- . hO -
Testing method allowed =y . - RS or CS
& S N e o
""_'l - —_ . .
Upper interface - ™ N -
accessible o -
) ‘fc:h‘-- ,&.."" s .
L ] .
s o - ' £ 28 ‘ o ' ¥
ASP or PDU to be - - ASP "
- . - . e
 f3p§¢rvggy“A o . f?é/ oo - .;
" : .o -~ r '
..we . ' , . . e *
Basic Interconnection 0 Y, - -
#  Test wession reguired R
. ' : . . 4
.1 Frame Sequence M ' Y . -
- number;nﬁfié-moddlo 8 + _ T
.2, F¥ame Sequence number: o N
of fodulo 128 supported -
! ;Ex]f;f:hded mode ) . ° .
- 5 i . . T A }
. " *“Multilikk Procedure - O N -
" suppurted :
e _
LAP Procédure also 0 N -
{ .sdpported .
v i .
-~ ; “ oy o~
Zink.Sefup Proéedure - .o
21 _ ™Passive ng L . L. N -
.2 7 7 Active DTE - V- N -
) ~ :-f'; ';l'_ . - ‘ -
.30 Hyperactive DTE:, 2 . - ' Y -
- e 0! .
ooz “h ! . >
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9,17 * T1 Timer” N M . Y 3 Min.
A o . o . < B
-9.2. T2 Timer . .M Y 15 .8ec.
9.3 T3 Timer _ -, 0 ‘ N o, - -
9.4 T4 Timer 0 i N N *
10. Maximum frame sdize B - = 4096 bits
Supported (N1 bits).. . <
11. Maximum retry cdunt . o] _ =" ' 10 B
. " [ .
" supported "(N2)
|' / " l.‘
12. Window size.of 7 M o -
‘supported - e - Y
L _ . .
12.1 Optional wintow ' o, - Y 2
‘size supborted -
" "
13. ‘DTE states forced
by upper tester |
13.1 Busy state ' - Y -
13.2 DTE waiting DISC .- Y -
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b TNTERCQUNECTION | Link set un and disconnect for , | l
~e | Past, ID :~DCFSARMDISC | basic interconnection operation lef = 2L
S e =g —t e e e S P aratee
| AFHAVIOR DESCRIPTION .., |LAREL| PDU/ASP | QOMMPNTS IrEsuLTsi
A - , o1 IkeFerencE] A
B . _— ——= ‘--—-+——$;-_—s— R e +
| DCESARMDISC -~ - ] { R 1
|- —_ : o o S |
1 It sTART TIMRR. (T1Y ol s 1 s ] b
st | L? DISC . J 1 niscin | N [ |-
[ 1,2 TIMEOUT rrLy} N2 | I |Rec”d,npthing | Fail |
l ¥ ‘A e | for §2 retrvs | I
1 1?2 UA (AD=07%, F=1) | |~ s | ipass |
4. n? DM (AD=03, F=1) - e 1 v | pass |
| : ' * l l for I |
| 1,2 DISC (AD=01, P=1). I l |Dpisc Collision | I
| ! UA . le. | uaisy | | . 1
I L? UA (aD=03, P=1 i | i . | pass |
I T2 TIMPOUT T 7 1 | /- | Fail |
| _ " | ! o | e ‘i
i ,? SARM (AD=01, ®=1) l | [SARM Collision | 1
! () | . ! | oM(s1y ! |
I T2 DM (AD=03, P=1) I l l | pass
1 - 2 TIMBOUT TL + | ol w1 : 1 Fail |
1 T,? Otherwise e e | | 'Fail |
- -— 3 et -- + +
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N Rmmm Rasic '| TEST PURPOSE : Verifv Link set |paGE: 2|
| "% “Intercomnection *~ L s . up ohaso o v
| Test D : * DCESARMDISC i - e e ore 2,
Y . A Rl =3 et —t
- J| RFHAVIOR DESGRIPTION ¢ |uLABEL| POU/ASP ] COMMENTS RESULTS |
s . S A, I _ IREFERFNCE! ~
. - : S . ' - T EC + -
- | DCesapMpESC ™ L P B [ [
: H . 4 fd . : i N | ' | ¥ .
* | {u1 sTART IrIMER m-\ [ U I R e
¥ LLC;A ! - Mm(qn, e m e
"l . L? TIMEDUT mﬂ N2 « | | Rec’d nothing | Fail |
1" - | | - (1) )
| t? UA. (AD=03, F=1) A I R ,Pass -
| .. ~ + HYPER s |  |Avoet active” .
| . S | |- + 1. DE oo 1
. .« % ey 1? BISC (ADOZ, PL) g | b % | l
| R AN 5 oA | Msv | | |
S i » 17 B (AD=03’ G TR | =k L e
b , - =1 | “ | - "k ~
o l | 1 e, 1 |
: I v? qm& (m—m p=1) | | s B A v | v
l , AR WM A bt | 1
| N T2 UA (AD=03) =11 | .- | 2 -F *‘ A
1 -0 == ] l | | ) -
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5 REFERENCE 3 Dceqmmsr'ﬁmm 'T'E'S'I" PURFOSE : Check if the DTE |PAGE: 1
g . N v is hvoeractive . |
lhuwm HYPER ave Twm l " , e lor : :
Lo :l*a}::ﬂa‘)_xoa DESCRIPPEON- : . ¢\t <, e o Imm.l‘ 'PDU/A.,‘%P | oM . ,‘m;;smmln .
I L I Im@! . A
‘ +— - - 4 T e ;
¢ | HYPER . . L | | | 1
| s : < & o [ X N ‘ I " l .
| v? ¥ (AD=01, P=0, Urhlonomop*\ | l Llor iy | c
S A A R S T AN | 1
| T.? RR (mn3 NR=1, F=1 | | l 2y l Pass |
% | (TSHYPER := 1) | o l l L | ‘ -
Yool L s w2 TIMER 1R Lo No resodnse ™ | Fdil
SR + INFO mrqupR, = [ | | Info Transfer | | .
- 't | | , | phass 3 b
| w2 1 =01, P—l,:.U[5=lOOOF'R'>”*\ I A I S 4 l I
I ouls . 4 l |- 163 | | |
w ¥ TTL2RR (AD=03, NR=17F= 1A % w b ‘ (2). l Pass ‘ :
1 * [TSHYPER = 1) R e a e 1
! + INFO TRANSEER sy« 3 " 3 %+ 4 & | Info Transfer | L
r l ﬁ:"‘ ?: [ -‘ l ]i N | Dhase l ) l .
P 1?2 TIMER (M) l I | o Jbweil } 7
T LOUTIMER (T1) ISHYPER = 0 I | DTE is no& | Fail |
. N . , | ik .| hvoer o \ . |
| 17 Otherwaide FISHYPRR 1= 0) | L » o | Fail |
‘;\. . I . -~ Aa " -;' \'--.! R ! » ! ! ps ~ ! o
Y -‘_ 4 ¥ ‘1 T v T
| FXTENDED COMMENTS : : . . | ‘
| (1. T™ig is a restart requpst packet 2 - | 2
| {7} ISHYPER is a global variahke mc'ilcatlnq a hvperactive DR { : . }
1 4 . - o i v A ey o
1. REPTIE ¥ .oFw & d
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| REFERENCH : NCESABMDISC/HYPER/ ] TEST PURPCSE : Check’ ‘information |PAGE: 1|
| INFO TRANSFER ‘ transfer phase zfter 1ink set £ ¢]
l SUBTRFE : ' INFO TRANSFER ., R oF : 1}~
‘__‘__ 1_‘_ } L ; . _%_ } {
1 BEHAVIOR DEQCRIWICN - »., |TAREL] PDU/ASP | COMMENTS RESULTS
I S - v 4 & 1 |REFERENCEI. D .
} - t - + —+,
| INFO-TRANSFER . ¢, E ,} - i {
l ~ T, A -
| %! RR Command (ISHYSER = 1) | I RRC(S1) | v, l
| I,? RR (AD=03, NR=1, F=1) oo i . - Failf |
at + T,INK_DISCON S Y I A P ¢ 1 |
| ™7 wR TIMER TTL) _ o | 1 + | Fail |
oo - l 1 1 '
1 L! RR Command (TSHYPER = 0 | . | » | |
l L? RR (AD=03, NR=0, F=1) | . RRC (ST | « aun lPass L
] + HINK DISCON l | I (2, LW l
| LYTIMR (Tl 1 | ! - ._.‘Fall |
T ot | I o ! * - . |
i s } T A : : I
o . . " + ' N
| EXTENDED QOMMENTS : S 2 T, ! |-
| (1) DTR must respond to this in info, transfer phase ' o |
| (?) The link is dlsconnpcteﬂ at the end of basic interconfiectivn |, .., 1.
l testing . . . l l
] N » R ‘.,. 1 ]
+— -t — 4
n T <
*
+ = t s | 4
| REFERENCE : DCESABMDISC/HYPER/ | TREST pURpoqE : Check proper Link |PAGE: 1l
| = INFO TRANGF'E:R/LINK DISCON . | disconnection after entering |
| SUBTREE : ULINK DISCON + ¥ infd transfer phase lor = 1l
&l BEEHAVIOR DESCRIPTION 'ILABE.L! PDU/ASP I COMMENTS RESULTS |
| o | IREF'ERENCF‘[ X o
| LINK DISCON 'l-' ] |
e : 1 . y
Ll pIsc - | pIsSC (51 | |
L? UA (AD=03, P=1) l | | l |
+ TL1CHK : 1 I, lverifv L1 statel Pass |* -
. T2 TIMER (T1) { . || No resporfd Fail :
i - v b
EXTENDED COMMENTS : g I
- ] o
; | SRR
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‘ ' TTCN TARLES FOR FUNCTIONAL? RANGE TESTS | , s Ak
- ) » . “ & - ’R ‘T 1 [ ‘f.:
R ; u - b X ' R ’ ’
. - ‘ K : . !‘.‘ % "
P . - [ 4N
f' : b4 X . o ?" ¢ -
. . T ST 5
3 . . .
| REFERENCE : | FUNCTIONAL RANGE‘. ™1 F TEST PURPOSE : Test the , |PAGE: 1|
Ts .+, TIMFRR 7 v, | ¥unctional range of the Tl I |
N I Mgst IB:  TUTIMER , I ‘ tlmer o X lcf : 1]L
T ¥ al KR == s
* ‘| BEHAVIOR DESCRIPTION ILABF‘LI oou/ise | commlrs  |RESULTS| ’
. | Imgece ]
} T1. TIMER \ 1 1 N { ‘
|+ LISATTE I ! lput in U1 statel’ & |
. T DM " I | M@0 | (1) | |
P (Tl TOLERANCE := T1 * 0.8)| = | | (2} \ I
* | % 1? TIMER (T} ¥ I I | No response | Fail
| : | - I I | |,
I L} SARM Y(AD=01, P=1) I | sarM(S1) 4 g l [ ¢
I __ T.! START TIMER I I o L |
- * (™1 TOLERANCE) b | o
l ] L7 TIMEOUT TI | I | * *Ylpags |
I - v (71 TOLERANCE) | |, |y ;‘f#\ I
| (L TOLERANCE 1= 71 % 121 | ., t.° & 1% @ |
| 1? samM(aD=01,P=03| & |7 . | | pass |
| + L2CHK I I © |verifv L2 Statel i
s s L2 TIMROUT TIMER: | ! | | Fail |
> . (T1 TOLERANCE) | | I I |
| 1.2 Otherwjse I |, | | Fail |
N + DM COLLISION | | |collision’ | pass |
| .. _+ DM DISC COLLISTON I I ISitivations Pass ‘
. [ N -7 I | |
| EXTFNDED |
| (bt ‘Sollcmt.ink set uo by UTE
{ (7% T1 checked 20% helow limit [
i d (3) Tl checked 20%t above limit , i I
N i : 4
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B TR ¢ UmM.ooLLIgION. . - MM oolhsim and check [ BN

4 N eua'mzs M QOLLISI ‘ :' I L funcbional range * SRR [+ AL § I

. 1 Pk i s e 1 0

-"‘. ) —r —t— o b1 (43 —5‘ L. i T !
g S l HEHJW.IOR mSCRIPnIm ; ¢ memﬂ PDU/ASP l‘ .QRMENTS '+ ' |RESBLTS|. -
f‘,. .‘ L “ e J]REF'ER‘ENCET N - ' * ".;‘
N \ 4 [ Y - - ; 1 } L) % e
. N T . R wt ‘- "\t . T 3 . ,1 'h L)
h vy oM @ COLLISTON . AR } . |l T, E N |
T L : RO DU
1 g2 M @Be03; 0K s o | (), R
g L?¢SABM (AD=N1, P=l) s -
» | (M  TOLERANCE := T1 * 0 8) R B A l“;et lower 1ﬁ'n1tl. |
SR LT START TIMER R | . o ¥ ) |
L O B -z - a
l (ML TOLERANCE) « . %* | \..;-A_I . N 1
v b o s +i4? TIMEOUT TIMER . | I ITimer went off | 1
- l (Tl TOLFRANCEY  , » | [ "4l too sdon . l .
[ $ X . l }" \ ] .- * - | L, I |
"t y ' L? SABM (AD=01 P-U ) [ A | |
I (M1 TOLERANEE :=>P1 * 1.2} .- T I (29 I
P = L) STAR® TIMER , - - . l . |
s ; * (T TOLERANCEY |~ . I oay | l
I S L? SARM(AD=01,,P=1) | |, b | A
P -+ LOGHK T | | Pass
« ~ L? TIMBOUT TIMER + ™~} = ] [
: . T (TU_TOLERANCE) * |i 1| Too late || Fail
N Ty , - - . .
4 < . e + & : 4
" | EXTENDED CORMENTS : ¥ . » | .
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| REFERENCE : T1 TIMER/DM DISC . | TEST BURPOSE : To resolve a IM  |PAGR: 1|
(I » COLLISTON | Collision and verify :
| SUBTREE : DM DM COLLISTON | functional range of Tl timer loe : 1
l REHAVIOR DESCRIPTION ItABEL PDU/ASP | OCMMENTS IRESULTS |
| | REFERENCE | |
| DM DM COLLISION i | { { {
i |
J{ T? DISC (AD=01, P=1) ! | | Active DIE | g
] (T1_TOLERANCE := T1 * 0.8) | | |
| T! START TIMER (T1 TOLERANCE) | ] 1
I L? TIMBOUT TIMER | l | Too soon
l (1 TOLERANCE) { | | '
‘ _
| L,? DISC (AD=N1, P=1) | !
| | (TL_TOLERANCE := T1 * 1.2 | | l
| T! START TIMFR | | t
| (T1 TOLERANCE) ‘ l
U7 TIMEQUT TIMER !
{T1 TOLERANCE) | | Too late
| |
l l
{ |

L]
T

oot
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Y l - 1
-

" | REFERENCE : Functional ranqe T2 | MEST PURPOSE : Funétional.range |PAGE: 1

|
+

TIMER 1 . _ test for T2.timer
| Test ID ¢ T2TIMER ' I . : ' oF : 1|
| BEHAVIOR DESCRIPTION f-'lLABELI an/Asp l COMMENTS,  |RESULTS
o o IRFF'ERFNCF‘ ‘

L
-

m o

l .
| T2 TIMER {quppom‘ T2 = 1)
[—

| + L19°ATE . )

i T,! START timerl (T1)
| Tl DM @IMIT := 0.2 % ™)
| ,? TIMEOUT timerl (TL)
I

|

[

|

{

i

Put DTS 1n 1

M (S Sollicite SABM

No response

Fall

L? SARM fAD=01, P=1) °
L! START timer? -(T2.

. L? Otherwise
L? TIMEOUT tnner?
(T2-LIMIT)

L! UA
.+ LACHK
.+ DM COLLISION (T2-TLIMIT)
~+'DISC COLLISION ('P?—LIMI'T‘)
L? Otherm.';e ‘

|-
I
I
|
-
|
(2) i
|
2|
i
|
I

|
|
|
I
|
i
-
| Iverifv L4 state| Pass |
o I . Pass |
| o N Pass
| f - | Fail
[ | |
|
|

EXTENDED COMMENTS. : l
{1) SUPPORT T2 = t'is a hoolean Expression quallfvmq ‘the entire |
tree. Tt checks if ™2 timer is supoorted bv the IUT, otherwise |
test is not executed. {°
Lower Limit (202 less) of T2 1s checker‘l {

|
|
i
1
|
|
1
I
l
|
I
i
|
] (3) Anything ==> anv PDU .°

<
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| REFERENCE : T2 TIMER/ TEST PURPOSE : Functional range . "pAGE- 1
« DM OOLLISION " check for T2 timer with DM S
. 7| SUBTREE : DM COLLISION . | collision. loP : 1
| REHAVIOR DESCRIPTION ILAREL| PDU/ASP |  OOMMENTS |RESULTS
] . |  |REFERENCE | o
: DM COLLISION (TIMER LIMIT) } { , E } - |
l L? DM (AD=03, F=0) | | l !
. L? SABM (AD=01, P=1) b | (L) !
| L1 START timer 1 [ | This is |
] (TIMFR IIMIT) | | l (0.8 * T2) {
L? Otherwise } P Too soon | Fail
| : | b | |
1 T2 TIMFOUT timer | | l |
1 (TIMER LIMIT) | i 1 |
| L! UA | | vasyy | l
| + ISHYPER DTE ‘ |handle hvper- I
| B |active DIE ,
+ LACHK l 1 |
' l | l |
+— o + +
| EXTENDED COMMENTS : N
|‘ (1) DIE resolves DM DM COLLISION . \
|- |
N
~ e
- W e [ .

a3
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A - oy © a0
5 . C_ . )
, ‘ REFERENCE : T2 TIMER/ " .| TEST PURROSE : Functional range |PAGE: 1
_ ~ ' DISC COLULISIN .1 test-for T2 with DM DISC |
I” SURTREE : DISC. COLLISION . "1+, collision lor s 1)
| BEHAVIOR DESCRIPTION . |tasew| PDU/ASP ' COMMENTS  |RESULTS
. I IREE'ERE*!CF‘ |
; DISC COLLISION (TIMER LIMIT) l| i SR | [
| U? DISC (AD=01, P=1) : l e
| T.! START timer (TIMER ! LIMIT) | L o | |
| L? Anvthing - B Too soon 1 Fail
| © T,? TIMBEOUT timer R
- (TIMER T.IMIT) .. A . : | |
| L!'DM ! | M(SL) | . S
+ LICHK { : " |verify Ll statel|.Pass
= FXTENDED COMMENTS : |l .
| l
- ~ ¥ t +
i
- i

Wt
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4 - ' . .
REFEREN@-‘ Fuctional ranqe N1 | TEST PURPOSE : Test the maximm |PAGE: 1 |
bits . ! number of bits (N1 bitsy -
| Pest ID : NIBITS - 1 allowed in an I-frame loF = 1}
| REHAVIOR DESCRIPTION |mnm.| PDU/ASP COMMENTS . |RESULTS |
l - | REFERENCE | |
! N1RITS (TESTER | m > DTE N1} } : { (L } 1l
| + L1STATE * | | | l i
|+ LINK UP | | lLink is set up | | -
| . | | lbv the tester | |
o | .+ TSHYPER DTE ° [ | lotr DTE in case | l
oo ' I l | lof hvper 1
l, L! START timer (T1) | | l | 1
i ) L1 I WD := {“Ha1} | | I(53) |Just right sizel !
l N1-321) | | (2) |
g | L,? TIMBEOUT timer (P1) | l | ‘ | Fail ‘
| 1? 1 (aD=01, P=1, | | Packet Level Pass
1 , UD=1000F8) 1 1 clear 1
| 1? Otherwise | | | | Fail |
+ TONG FRAME l [ l ] |
_ (DTE N1) | | : l l
! + ISNOTHYPER DTE (DTE N1) | | |Test is | Pass
<t - o | | |repeated for \ |
| N | | |passive DIEs. |
I - | I | | }
| EXTENDED COMMENTS : | |
| (1) Check whether the DTE’s N1 value is less than the maximum | |
|| output buffer size of the tester, otherwise do met run this |I Ii '
test,
| (2) User data field is set to (N1 - 32) octets of ASCII S\ | |

=t

- -
o~ s -~ -
L,
e
vy it e
. ™ -
LY. P « rh
e e
e hal ] A
e
Ay
_'.
PR
L .-
-
e Tha =z
R ] g
ik - Gt
H -,
ookt e e

Rlirs Ton o~

et
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M t""; .-'-y:,:"e‘(:“ =
po !
i ‘ g = P~
e R - I
ot e a
¥ - e .
~ R M
MET O
.-i-';"" -.f‘;'.f‘

Tm : NIRTTS/UONG FRAME

]
|
|

TEST PURPOSE : Test maximam  robPAGE: 11

frame size N1 with a lofgs

| SURTRFFY. : LONG FRAM® frame. NP !gé’?’Q |
| REHAVIOR DRSCRIPTION ILAREL] PDU/ASP COMENTS |RESULAES |

| REFFRENCE

s I

l
!

| LONG FRAMR | l | check buffer | ol

I , 1 ! | size e

| (TESTER N1 > DTS N1 + 8) 1 Lo l b |

I A I S - - |© T(s4). | Exception I~

i LI, START timer (T1 | I L |

l 1,7 FRMR (AD=03, F=1, l | FRR(S1 | ) |

| DIAG=Y*) | ()| Tl

I + LSCHK (DIAG) | " | Correct Pass |

! . } I | Diagnosticg:

l ‘L? TIMEOUT timer (T1) | i | No respohse | Faile

| 1,? Otherwise ] - | | Wwrong response! Fafl :

l : | | | -

} EXTENDED COMMNTS & et } -*w‘}
o - wu | ‘

. s N >
: ~ )
"\-—“q
o L



0 T 471 (TESTER NU > DTE N1+ 8)

L I -
o

LI

S L

-

L! START timer (T1)

. (AD=03, F=1,
DIAG=Y*)

+ LSCHK (DIAGW-

.J

e __&,.I" TIMROUT tmpr ™1
Cw? Othemlse
. v_n:ﬁ‘

<

!
!
1
1
L
1
!
|
1
!

1(5%)

|

|

|

!

i

| FRMR(
L s1(¥v))
!

|

{

l

|

o,

i

I Excention

l
l
|
|
|
|
l
!

Correct

Diagnostics
O response

’ ot e o s I * . # "
Ny : . .
~ it s o f"!"‘ - P
St - - o 2 g . s 123
E sy e :'-.p'r . I
. e Fal * ,"-. - fow N
g ,,.- > o . .
@ FEV _ge - * s
- - o v 5 -
| m NIBITS/ISNOTHYPER | TFST PURPOSE : Test maximum .  |PAGE: 1
v i v | frame size for passive DTEs.. l .
e | qum'RzP.. ISNOTHYPER A B ' . oF &
o bk (3 - i 3 I
" A v L
'_ﬁf,ﬂﬁﬁAVIOR DESCRIPTION | \LAREL | POU/ASP ‘ COMMFN™S  |RESULTS
e 1 L | REFFRENCF, .
* A= — + ¥ —y
- | ISNGEMYFER _DTF. i | check buf fer,
e A Cwe size

T

(1
——

e

|

.l.'____

|
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| REFERENCE : Punctional range | TEST. PURPOSE : To test the DTR ,. |PAGE: 1k
' Test ID : N2COUNT MN2) value. . 10g " 1|

1

o

N2 COUNT i retransmissjon parameter
o

L? Otherwise

wrong frames

t—

+ | REHAVIOR DESCRIPTION L LAREL| PDU/ASP |  OOMMENTS IRE‘.SUL'I‘;l
| } REFERENCE | | I
| N2 COUNT ' /j 1 " . ][
| e » . - -
|+ UISTATE o l |[Put DTE in L1 |
I L! START timer rm P | |
e L? DM ' mM(S0) | : . |
. T.? TIMEOUT timer (T1) . | | Iagnored! | Fail
| {L? samMl N2 I | SABM({S2) (1} | pPass
! + TM_OOLLISION ooxmr - | Collision | pass |
} ‘ MN2) | | sitivations l

- + DISC cmmsxm_cmm* | | are resolved | Pass
l N2) I - 1
: . | | Wrong N2 or Fail
|
| ]
|

{1) Observe, GABM for N2 retransmssmns

|
I
|
!
.' | o
- . !

| I S

-1.-__
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- e v o : o i
) REFERENCE : N2OQUNT/ | TEST PURROSE : Resolve DM DM pac:a- 1|
B DM COLLISION CONT | collision and check NZ~
l qua'rma M ctk.t.zsmu oo™ | uaranet.er.. os' : 1l

5 -
l.o ,

-

Bﬁmgma 'DESCRIPTION

IIABF‘L “PDU/ASP |  COMMENTS iRESULTSI

1

f¢? SARM (AD=01, P=1)}

1,? Otherwise

1
l
|
|
|
L? SABM (AD=01, P=1) ll
|
I
L? Otherwise %

l
|
|
|
l
I
1
1
|

| - © REFERENCE | - |
L - ey + —+ “—t ————F
| m,cm.msxm odm- (N2} | I ] |t
i ] | . |
. 2 DM (AD=03, “ry | | | collision™ | .
! 1 | | resolved
| L? SABM (AD=01, P=1) l | |
[T {2 'samM Do, PELYY . x| | |
1 _ N2 -1) l b I (1) Pass
| L? Otherwise 3 | 1 | Wrona N2 valuel Fail
| 1,2, Otherwise S || } : Wrona frame Fail
i _
| EXTENDED COMMENTS : l
| ().) Observed N2 rntransmlssmn of SABM
‘ - o 7 1
| . | ]
| REFERENCE : N200UNT/ | TEST PURPOSE : Resolve DM DISC  |PAGR: 1
| “DISC COLLISION COUNT| collision and check N2~ . |
| SUBTRER : DISC_COLLISION_ COUNT | parameter - lor s 1
| REHAVIOR DESCRIPTION - LABEL| PDU/ASP |  COMMENTS |RESULTS |
| |REFERENCF, } | !
4 + $ -t
DISC COLLISION COUNT (N2) { ; l
— — | |
L? DISC (AD=01, P=1). lwas a collision| |
L1 DM (AD=01, F=0) | resolved by |l |

|tester
] .
|

| |
lWrong N2 value | Fail
|Wrong frame Fail

|

|

|

!

|

|

}

{ M2 - 1
|

|

} EXTENDED OOMMENTS
l

b Il
T 1

*
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[l L
T )

| REFERENCE : UAPB/HYPERACTIVE | tms:i TEST PURPOSE : For Hyperactive PAGE: 1
| | _DTE, this subtree handles the. .
| SUBTREE : ISHYPER DTE. | .packet level restart requests |OF : 1
| REHAVIOR DESCRIPTION |vAsREL | PDU/ASP COMMENTS lRESUL‘I‘Si
| o | IREF'EIRENCE |
}' ISHYPER DTE : } E } . }
| L? T (NS=NR=0, UD="H1000FB*) | 1(87) | Restart | T
| ' | | Indication | i
Ll I (start(™l)) | | 1(83) | Ack, Restart | l
! | | Confirmation ,
I\ L? RR (AD=03, F=0); I l l
| Cancel (T1) o | Pass |
l L? Timeout (T1} i i | Fail l
| L? Otherwise; Cancel (T1) I | Fail
l : | Restart packet |
{ L? T (NS=R=0, UD="H1000FB*) | T (S6) ll with poll bit | |
1 L! I (start (T1)) I 153y | » | I
| L? RR (AD=03, F=1}; | - 3 I
[ Cancel (T1) - | | - | pass |
| L? Timeout (TL) | 1 -1 Fail |
| L? Otherwise;. Cancel (T1) | ~ | Fail |
t ] 1 ! o |
|
I
|

e e
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Aprendix E

THON TABLES FOR INITIAUIZATION STEP o

<

3
REFFRENCE :

TAPB/L1STATE/Initial-step | TEST PURPOSE :

T

-1 TRST-ID : L1STATE | Put DTE into Ll state

| REHAVIOR DESCRIPTION |LABEL| PDU REF | COMMENTS |RESULT |

4 : - ¢ —t + _ — +,

:_ L1STATE [L} . ‘ || 1 ’ I |
- . ]

| { 1 nIsC &~ |ppu DISC(SU | l l

| L! START (T1) _ |-

| L7 TIMBEOUT(T1} } N2 1 | After N2 retrys | FAIL

1 L? UA (AD=03 & F&lY | & | l ‘

] ! CANCEL (TT) | | | | PasS

| 1? DM (AD=03 & F=1) | ! \ - |

| * LI CANCEL(ZL) - l i | | pass |

! L? DISC (AD=01 & P=1) | 1 | | |

| LI UB 1 | jUnnumbered frame| |

| ==> 1 [ | pDU UA(S1) | Collision l |

| L? Otherwise |- [Trv again | l

! == 1 1 l , | I

- 127 -
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REFERENCE : TLAPB/L2STATE/Initial-step | TEST PURPOSE : q
TEST-ID :  L2STATE . l Put DIE into L2"state.

i 1 X -
$ *

BEHAVIOR DESCRIPTION |LAREL|  PDU REF COMMENTS  |RESUL
| ' |

. I - ]
E

| S

]

=11t

o

Z‘ETATF ol

+LL‘-}’I‘ATE
I 1rm
T! START (1)
1> TIMEOUT (ML) } W2
1? SARM (AD=01 & P=1)

|
|
l 2 PbU ™ (S0)
L! CANCEL (T1) - ‘
|
|
|
[
|
|

|
I
|
|
|
3 |I ' { After N2 retrvs| FAIL
- |
I
|
|
1
1
I
l

PASS

‘L? DISC (AD=01 & P=1)
L1 CANCEL (T1)
L? UA
== A
L? DM (AD=03 & F=0)
== 3
L? Otherwise

kS

PDU UA(ST)

FAIL

—T
1

U U 1

e —

|
|
|
l
1
l

REFERENCE : mpa/ms'mm/ | TEST PURPOSE : To put DTE in L3 |
Initialization Step | | state |
SUBTREE : L3STATR o & lOF 1

=1

PAGE: 1|

3 '} 1
T T

BEHAVIOR DESCRIPTION ‘IABE‘.L PDU/ASP COMMENTS

RESUL’I‘S]
REFERENCE

|

DTE |

b — ‘_._._.'.1- T. ______

1

| L3STATE [U, Tl !
(UPTESTER = "PRESENT")
i U! DTE DISC TE
- DISC (S1)

L? DISC (AD=01, P=1)
L1 Start timer (T1)
L? DISC (AD=01, P=1)
L! Cancel (T1)
| L? Otherwise;
| B Cancel (T1)
L? Otherwise

!
|
n
(2) l}
|
|

Observed Pass
k .
Y Fail
Fail

!
|
i
|
|
|
i
Retransmission ]
|

1 [ -

EXTENDED COMMENTS : | : ‘ o
{1) Upper tester is required to run this steo Y
{?) DTE initiated DISC PDU E :

\ : ;

. N L —
' N T
' .
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| REFERENCE ': LAPB/TASTATE/ | TEST PURPOSE : To put DIE in L1 |PAGE: 1
| - Initialization Step | state
| SUBTREE : LASTATE l OF : 1]
| REHAYIOR DESCRIPTION |LAREL| PDU/ASP |  OOMMENTS ~ |RESULTS
| / | |IREFFRENCE| !
4 Y } $ -+ +
| LASTATE (HYPER DTE) { l| %

+ | - —_— ' - . -

| + L2STATE ‘ . ]
| Ul UA; Start (TD) ! | A (S1) | Ack Link uo
| L? I (UD=10N0FB*, NS=NR=0} | 1 (s7) | Hvper DTE
l (HYPER DTE := 1); B |
[ Cancel (T1) | | | | pass
| L? Timeout TL (HYPER DTE :=0) | l I | Pass
| L? Otherwise; Cancel (T1) } { = Wrong frame Fail
1

EXTENDED OCMMENTS :
l

! - N r . '
Y q“
M ¥ !
£ W L4 i
v N -
‘ - o
¥

E3 r ‘h'
i
¥ s * '
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L 1.
T

REFERENCE : LAPB/LSSTAW/ I TEST PURPOSE : To put DTE in LS PAGE: 1
Initialization Step | state
! : loF : 1

1 1
T

SUBTREFR. : LSSTATE

|
| BEHAVIOR DESCRIPTION LABEL| PDU/ASP | COMMENTS |RESULTS
1 g | REFFRENCE | |
| T5STATE { } ! |
N : ‘ .
|+ LASTATE (HYPER DTE) l | - ‘
l Ll T (HYPER DIE = 1); | | 189 | Exceotion NS
| Start (TI) ’
1 L? FRMR; Cancel (T1) FRMR(SO | Retain Pass .
| | wxyz)) | Diagnostics
| L? Timeout (T1) I l | no FRMR sent | Fail
| T.? Otherwise; ! | | : |
} Cancel (T1) { : { Fail
' |
| L! I (HYPER DTE = 0); ] | T (510) | Exception
| Start (TT) N l | |
| L? FRMR; Cancel (T1) ! | FRMR(SO | Check and Pass |
| | | WXY?)) | Retain | |
| : 1 | | Diagnostdc |
| L? Timeout (T1) l I l Fail
i T,? Otherwise; Cancel (T1) } 1 | Fail
{ EXTENDED OOMMENTS : o
£y .
I
; 2]
* +
¢
* * .
n » ¢ "
+ 4 e -
" n kel
¥ - x ’ . . - e *
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| REFERENCF. : ULAPB/L6STATE/ | TEST PURPOSE : Put DTE in L6 |PAGE: 1‘
| Initialization Step | ' state
| SURTREE : LASTATE oF : 1|
| BEHAVIOR DESCRIPTION ' |LAREL | PDU/ASP COMMENTS RESULTS |
| ! | REFERENCE :
| LESTATE { } { | |
| ————= ! T l
| + LASTATE (HYPER DTE) l | I l
A L! I (HYPER DTE =1 ( l | 1(38) | Wronq NS | |
| UD := "HO)) | | 1 |
I L} Start (T1) | | | |
| L? RET; Cancel (T1) | | REF(52) | | Pass |
| L? REIC; Cancel (T1) | | REIC(S2)] | Pass
) 1? REJC; Cancel (T1) | | REJC(53) | | Pass
1 L? Timecut (T1) | l | | Fail
| 1? Otherwise; | ! |
{ Cancel (T1) } _ Fail
| L! I (HYPER DTE = 0 ( l I{311) | Wrong NS
| , UD := "HO)) ] |
1 Ll Start (T1) ) |
| L? REJ; Cancel {T1) | RET(S3) | pass
| L? REJIC; Cancel (T1) | REIC(S4) Pass
| L? Timeout (T1) l Fail
y L? Otherwise; | ] |
! Cancel (T1) | | | Fail
| [ |
| EXTENDED OOMMENTS :
I ——
|
. bl a
.
4-“. ‘ | i -
” .. , ap * o X *
- N - . o e 2 . * 7 - - e P .
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| REFERENCE : TAPB/L7STATE/ | TEST PURPOSE : Put DTE in L7 |PAGE: 1
| Initialization Step | - STATE =~ |
| SUBTREE : L7STATE | oF : 1|
l BEHAVIOR UESCRIPTION IT..ABELI PDU/ASP COMMENTS . |RESULTS
| a | REFERENCE | |
: T..'7<3TA’I‘F: m, U } |I } : |
I (UPI'ESTER = "PRESENT™) | | | (D
[ + LASTATE (HYPER DTE) | | |put in L4 state
U! DIE BUSY (HYPER DTE = 1) |" RNRC (S2) | Make DTE BUSY |
1.? RNRC; Start [r1) RNRC (S2) - |
T,? RNRC; Cancel (T RNRC (S2) | Observe | !
: i ; Retransmission|
LI RR (NR := D) RR({S1) , Pass
L? Timeocut (T1}. Fail
L? Otherwise; , ' [ |
Cancel (T1} - . | Fail -
U! DTE BUSY (HYPER DTE = 0) | RNRC(S3) |Put in L4 state
L? RNRC: Start (T1) . RNRC (33)
| L? RNRC; Cancel (T1) | RNRC (S3} | Observe !
' Retransmission | |
L! RR (NR := 0) | I RrR(S1) | | Pass |
| L? Timeout (T1): | l | Fail |
i L? Otherwise; ' . i
{ _ Cancel (T1) n _ Fail

ot

| EXTENDED COMMENTS :
| (1) This test step requirps Uppertester for puting DTE in busv -
condition

e —— e —

j-

\
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REFERENCE : TAPB/LINK Up/ | TEST PURPOSE : DTE behavior to  IpaGe: 1|
Initialization Step | tester initiated link set up ‘
l SUSTREE : T.INK UP | O : 1
l BEHAVIOR UESCRIPT‘ICN roe ITABEL POU/ASP |  OOMMENTS |RESULTS |
| ! : | REFEIRENCE] |
| LINK l | |
| ——— | l l
| + TISTATE I l | 1
). o {u1 sARM; start (TU) P 1 | saEM(S1) |
|7 n? Timeout (T1) | |
1 ‘ ==>1 l l
| L? DISC (AD=01, p=1) | I
| L1 DM I mM(s1y | | ]
.] 1,? DM (AD=03, F=1) | . '
| L! Cancel (T | .
| c==> 1} N2 | [ | After retrys Fail |
7 ’T.'imemt_:' {T1) A - Fail
.? Otherwlse; .
| Cancel {T1) Fail
T2 SABM (AD=01, ™=1) l .
.o L! UA | va '
7?2 UA (AD=03, F=1); : Ack to Link
Cancel (T1) Set up recd. Pass
! L? UA (AD=03, F=1), | | | _
| Cancel (T1) ' [ i 1 | pass
| T.? Otherwise 1 l| Fail
l
t FEXTENDED COMMENTS : * - { - }
I | |

"y

e
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“ITCN TABLES FOR VERIFICATION STEP
>

| REFERENCE : LAPB/LISTATEVerifv-step ] TEST PURPOSE : |
| TEST-ID : L2CHK verify DIE into L2 state |
.| BEWAVIOR DESCRIPTION |taBenL| POU REF | COMMENTS © |RESULT|
} L2MKLl I | } |
| Ll TIMER(T1) l l |Wait T1 Second

[ #  y>oaBM (AR=0 & P=1) . | | | PASS |
| L? Otherwise [ | | FATT,.)

e

| REFERENCE : TAPB/L3STATE/ | TEST PURPOSE : Verify that DTE  |PAGE: 1
| , Verification Step | is in the L3 state. oo
| SUBTREE : L3CHK ‘

K 154

I
-

3
v ¥

|
LAREL| PDU/ASP COMMENTS | RESULTS
| .

-

| REHAVIOR DESCRIPTION
REFERENCE

(@]
]
"_l
R SR H 4

]

!

L! START timera (T1)
L? Timeout (TL)

|
l
| !

| L

| DTE time out

-~ L! START timerb (T2} - } l

|

| 1
A l

| l

|

|

AU SRR N

(1)
L? DISC (AD=01, P=1);: ’

Cancel (T2) DIE retranamits| Pass
| L? Timeout timerb (T2) ! Fail
l L? DISC {(AD=01, P=1) l Pass

' 1,7 Otherwise; Cancel ({T2) Fail
T.,? Otherwise; Cancel (T1) Fail
] K
| EXTENDED QOMMENTS : :
: 1) Test allows the DTE T2 time to react
3 - 1 1

- 134 ~
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| REFERENCE : LAPB/LASTATE/ | TEST PURPOSE : Verifv that DTE  |PAGE: 1l
- Verification step |  is in the L4 state |
| SUBTREE *LAGHK . -t oF : 1|
l*ﬁEHAVIOR DESCRIPTION | LARE Ll PDU/ASP | SOMMENTS Rmumsi
e | I REE‘E:RF»;CE# }
| LACHK (VS, VR) .l = || {~ i
— ) . |
| Ul RRC , | | RRC(S1( | l |
| _ I | VRY) | | |
| L! Start timer (T1) w | i | | |
| L? RR (AD=03, P=1} _ " l | . . I Pass |
| . L? RRC (AD—OB, p=1,* | RRC collision |
[ NR <= VS) | [ b I l
| L! RR; Cancel (T1) | | RR(S1¢ | | pass |
t _ I [ VRN e | l

[ L? I {AD=03, P=?, | l ™ (V) | pass

| NR <='VS): Cancel (™1) | l l l

- | L? Timeout timer (TU) | Fail

. ! 1,? Otherwise; Cancel (T1) | l | | Fail
;..-,‘_“ﬂ ‘ e | ‘ I l i

| EXTENDED COMMENTS : |
{1) DTE chooses to send a piqayback response L |
S
-~ .\-_—-,-‘
L. "
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| REFERENCE : LAPB/LSSTATE/ | TEST PURPOSE : To verify DIE is lpi(;e: 1
| verification Step | in LS state ‘ I
| SURTREE : LSCHK : | ok = 1
| BEHAVIOR DESCRIPTION 1%‘ PDU/ASP |  COMMENTS |R$um's
! ! REFERENCE | - g
! L1 RRC ' t | RRC(S1Y | (L) !
i Ll START timer (TD) | ! Ly !
1 L? FRMR (AD=03, F=1); l | FRMR(SO ‘ Diagnostic l
| Cancel (T1) i b wxyz)y) | check Pass
) L? Timeout timer (T1) | |- | : l Fail
} L? Otherwise; Cancel (T1} { : } { . | Fail
. _ ) ]
+= ps . - +
| EXTENDED COMMENTS . |
| (1) This supervisorv command will be discarded by the DTE, but ‘
l‘ +he P bit will be examined. .
. " o

e e e e A e ———— e iy ——— A} e TP e
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|
=y K2 —
EXTENDED COMMENTS : l
(1) The HYPER DTE_parameter tells us exoected NS, NR values are |
|
|

e

RF v
REFERFNCE : LAPR/LASTATE/ | TEST PURPOSE : To verify DTE-is |PAGE: 1
| Verification Sten in L6 state - ‘
| SUBTREE : L6CHK - , - oF : 1
| REHAVIOR DESCRIPTION e [LAREL| PDU/ASP ] COMMENTS' RESULTS |
(I - : | | REFERENGE | : . l
+— e + + — + ¢
| LACHK (HYPER DTE) { lt : lI 48] }
'I ——— . . "
| LI T (UD := "HO) (HYPER I¥E = 1) | v| 1(38) | Resend frame
[ L! START gLimer (T1) P |
| L? RR (AD=03, Frl, NR=1): | | « - | |
| Cancel (T} l ‘ | . | Pass
| .L? TIMEOUT timer (’1‘1\ l - Fail
| L? Othemlse, Cancel (T1) |I || : } ' | Fail
[ . ) I '
S R A | (UD := “HO) [HYPER D'E = 0) | I | [
o ! START timer (Tl) | 1 |
| L? RR (AD=03,~F=1, NR=0); ' | I .
o Cancel (tl), i | Pass
| L? TIMBOUT timef (Fiie | | . Fail
i L? Otherwise; Cancel (T1) | | ] | Fail
1 : w7 | ]
l
|

} ) 01, M rasoeg‘j:melv Ve
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| REFERENCE : UAPR/LISTATE/ TEST PURPOSE : To verifv that  |PAGE: 1l
| verification Sten ‘DIE is in L7 state |
| SURTREE : L7CHK ) oF : 1
| BEHAVIOR DESCRIPTION |LABEL| PDU/ASP l COMMENTS RESULTS
| | - IREFERENCE{ . -
L 7CHK } : { '
| L! RRC (NR := 0); Start (T1) | | RRC(S1) | |
L? RNR (AD=03, F=1, NR=?)" | I Still busy Pass |
L! Cancel (T1) |
L? Timeout (T1) | - I Fail
L? Otherwise; Cancel (T1) } : = - Fail
| : ‘ .

+ —_———— e —




. ‘ Appendix G

TTON TARLE FOR L1 TRANSTTION TESTS

REFERENCE : ©,)_TRANSITION/IMPROPER/ | TEST PURPOSE : DTR response to

LILAPR31LT |
TEST-ID :  LILAPR3L

| UA/F=0 (an inopoortune f

rame}

-+
L
<

BEHAVIOR DESCRIPTION ltAREL| DU REF

.- -—T-_——."-
=

i

COMMENTS  |RESULT

l

Tm—au .l |
|

| -
| +T,1STATE
| L! UA PDU UA (S0)
| L! TIMER(T1) |
| +1,1CHK ;
- L? DM (AD=03 & F=0) |
| +L1CHK |
| L? SABM (AD=01 & P=1) |
i ' +L2CHK |
| L? DISC (AD=01 & F=1)
| . 4L3CHK I
l .? Otherwise I

|
|
|
I
l
I
i
|
l
I
l
1
|
l

!

Frame discarded]|
verify L1 state]

Verifv L1 state
_ I
verifv L2 state|

verify L3 state}

PASS

PASS
PASS
PASS
FAIL

L N T
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REFERENCE : L1 TRANSITION/PROPER/ | TEST PURPCSE : DTE reponse
LILAPB103 I

| ToST-ID : LIGAPB103 to SABMfP—l Proper frame

l BEHAVIOR DESCRIPTION jaREL!  PDU REF [ OOMMENTS ]RE:SULTI

| L1-10310) i | | | 1

| - | | 1 |

| 4UISTATE | | - l |

I { L1 samM | iPDU SABM (S1) -

[ L! START (T'1) | | l |

| L? TIMPOUT(TLY b w2 11 | ] After N2 retrvs1 FAIL

| 1? UA (AD=03 & F=1) | | ]

[ L! CANCEL (T1) [ | | - |

| +LACHK I | verify L4 state| PASS .

| L? DM (AD=03 & F=1) | | |

| " L1 CANCEL (T1L) I, l | : |

| : +LICHK | | | verify L1 state| PASS |

| L? SARM (AD=01 & P=1) | | | l

| s $LCHK P | verifv L2 state| PASS |

| L? DISC (AD=01 & P=1)| I |

| 1UA | | | I ,

1 == 1 I | | l I

| L? Do (AD=02 & F=0) | I | l l

i ==> 1_ | ‘ ‘ I I

| L? Otherwise I l 1 | FAIL |

| REFERENCE : T.1 TRANSITION/IMPROPER/ | TEST PURPOSE : DTE response to |

| LILAPB212 1_

| TEST-ID : T, 1LAPB212 I frame/P=0 (an improper framn) |

| BEHMAVIOR DESCRIPTION |LABF'L| PDU REF | COMMENTS 1RESULT|

;m-?urm } l - : } |

| +LI1STATE I ] |

| Ll I | PDU I(SA) | Exception

1 LIl START (T1) | | .

| m TIMROUT (1) i | Frame discarded

| - +L1CHR . | verifv L1 state| PASS

| ,? DM (AD=03 & F=0) | |

| L1 CANCEL (T1) 1

| +L1CHK | verify L1l 'state| pASS |

l L? SABM (AD=01 & F=1) | \
L| CANCEL (T1) - , ! -

| +L.2CHK | | verify L2 state| PASS |

1 L? DISC (AD=0 & P=1) l

I L1 CANCEL (T1) .

1 +1,3CHK | verify L3 state| PASS

] 1,? Otherwise | B | FAIL

e —_—

i
T

e
-+

E



Appendix H

" PTCN TABLE FOR L2 TRANSITION TESTS

}
+—

S 1
T T

| REFERENCF : L2 TRANSITION/ - | TEST PURPOSE : verify DTE |PAGE: 1]
| PROPER/L2TAPB 101 | sends a DM response to DISC | | -
| TEST ID : L2LAPB101, L2LAPB102 | in L2 state loe. ;1]
l BEHAVIOR DESCRIPTION LA F\F‘L‘ POU/ASPE | COMMENTS IREsumsl
| | REFERENCE | |
| T,ZLAPB1NL } ll { }
‘ —
| + LPSTATE | | | [
| ! Start (T1) | . l 1
| L! DISC | DISC(S1) (1) |
| L? DM (AD=03, F=1); | l [
| Cancel (T1) | 1 o
i + L1CHK | A | ‘ Pass
| L? Timeout (TL) ! | Fail
| L? Otherwise; Cancel (T1) | : : } Fail
{
| L2UAPBLO2 l‘ } : l
N l
| + L2STATE | E
l L! Start (T1) l I
| L1 DISC | DISC (S0} | (1) |
| 1? DM (AD=N3, F=0);:: | l : t
Cancel (T1) 1 1 | l
+ TICHK | | Pass
L? Timeout (T1) | | Fail
1,? Otherwise: Cancel (T1) { } Fail
)
EXTENDED OCMMENTS : | l
{1y This is a SABM DISC cllision situation : %
| . - '

3
-+

ah mpe
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TEST PURPOSE : Verify DTE

REFERENCE : L7 TRANSITION/ | (
 PROPER/L2LAPB103 | sends a UA/F—l response to ‘ ‘
TEST ID : T,2LAPB1N3 . 1 SABI‘-VP 1. in L2 state t OF : 1
| BEHAVIOR DESCRIPTICN ]AR'F'Tl PDU/ASP | |RESULTS |
| | |REFERENCE| j | |
bl - | v v /l T T
L2LAPRLN3 } { /:.. { {
+ L2STATE I ' |
Ll Start (T1) |
L! SARM | | SABM(S1) 4N l
L? UA (AD=03, F= 1). | l
Cancel (TUL) |
L! UA ! | va@Ey ~
+ ISHYPER DTE I |
+ LACHR | | Pass
L? Timeout (T1} | | Fail
L? Otherwise; Cancel (T1) I| { | Fail
EXTENDED COMMENTS : > | |
(1) This is a SABM SARM collision situation

™
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: 4
K3
¢ . “un , L i '
REFERENCE : L2 TRANSITION/ | TEST PURPOSE :.Verify DIE PAGE: "1
PROPER/LZLAPR1NA | ™ sends a UA/F=0 in response to
| TEST ID : L2LAPB104 | SABM/P=0 in L2 state lor : 1
**| BEHAVIOR DESCRIPTION * |TAREL| PDU/ASP | COMMENTS  |RESULTS.
I, " | | REFERENCE | |
IL.2LAPB104 |l } . || I
—_— I
| + L2STATE ‘ \ I
| ! Start (TV) X |
| ! SABM ' | ! SABM(SQH | |
| L? UA (AD=03, F=0); | | | | .
| Cancel (T1) | l l |
| L! UA | | UA(s0) | l |
| + ISHYPER DTE | | I
| | + TLACHR I | | Pass
l T? Timeout (T1) l | | | Pail
‘ 1,? Otherwise: Cancel (T1) } l | Fail
| EXTENDED COMMENTS :
|
|
L » -
| REFERENCE : 1.2 TRANSITION/ | TEST PURPOSE : Verify DTE PAGE: 1|
| . PROPER/LZLAFPR105 | enters L1 state on Link
| TEST ID : L2CAPR105 l denial in L2 state oF : 1
| BEHAVIOR DESCRIPTION , |LABEL| PDU/ASP | COMMENTS  |RESULTS|
1 - N | REFERENCE | & I
{ LILAPBLOS } ‘ {
‘ + L2STATE | o | |
L1 ™M | | oMisLy | |
| 4+ LICHK | 1 | Pass |
| 1? Otherwise | | | : Fail |
| Y | l | |
EXTENDED OCMMENTS : I

4 —

+—




v ‘ 14

4 . :
\ "’ b * - hd

4

T

.TEST PURPOSE : Verify DTE enters |PAGF: ).
the info, transfer phase on

fREQERWCF : L2 TRANSTTION/
™ ! PROPER/LZLAPB106

E — —

| TEST ID : L2ZLAPB1NG* receiving ack in L2 state © |OF : 1
: b} ] 3 L N
*| BEMAVIOR*DESCRIPTION |LAREL| PDU/ASP | , COMMENTS lRESUL'IS
I | REFERENCE | _
| LLAPB10G : :
! e e
| + L2STATE | |
i nIUn l | DM(s1) |
l + ISHYPFR DTE | | |
l + LICGHK | | Pass
|  L? Otherwise Il b I Fail
|

A o e e e ———r——— e

@+ —— J}- ——— i, . e et e, b _}. ——— e e ey ey Ao

1 L}

REFERENCE : L2 'T'RANSI’QION/INOPPORI’UNE/ | TEST PURPOSE : DTE response to |
- LZLAPR315 | - i
v | DM/F=0 (an inopportune frame) |

TEST-ID : L2LAPB315

REFAYIOR DESCRIPTION * [LAREL| PDU REF |  COMMENTS  |RESULT|
| L2-3151T1 ! l | l I
| == A 1 | I | |
| 4L2STATE | -] | l
| Ll DM | | PDU DM(S0) | _ | |
1 LD ATMER (T1) | | | Frame discarded| |
| A +LOCHK | | | verifv L2 state| PASS |
-+ T‘{_ 4 T 1 T —

¥ L]
W4
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1 "r ~' - * I} .'. " ‘ - 1
.| REFERENCEs: L2 TRANSITION/PROPER/ | TEST PURPOSE : DISC and SARBM l
b L2LAER 101 \ collision
1 rRST™ID &, , L2ULAPBLOL a proper DISC frame sent 1
T4 : + 4 + $ + —
! 7 BEHAWIOR DESCRIPPION . itasen|  PDU REF | COMMENTS |RESULT

e - 1. + — t 4 4

| g2-1011m T Il . 1L . hl _ l %

| - | =

| +uoSTATR | | Y, e I

| LI DISC l leDU DISC (1) | , vl

t L! TIMER (T1) : | [ | No response | FAIL

] T2 DM (AD=03 & F=1) | 1 l L

l T,! CANCEL (T1) | | »| 1 \

I +1,1CHK l - | verifv L1 state| PASS

| T,? Otherwise | |

1

REFERENCE

TEST-ID : . L2LAPR206

| TEST PURPOSE : DTE reacts to
! undefined comm~nd
I (an improper frame) |

1

l

|

|

| BREHAVIOR DESCRIPFPION [LARELY  PDU REF |  COMMENTS |RESULTS
: -+ + 2 t + +
| T2=206 11, { = Il
| e N

| . +L2STATE | L | .

l T.1 SARM | [pDU SARM (S0) | This frame is

| \ | not defined

| . | | | in TAPR 1

| T, TIMER (T1) | | | Frame discarded

| ‘L2CHK | I | verify 1.2 state| PASS

1 L? SARM (AD=N1 & P=1) | 1 I | pAsS

1 T,? Otherwise l l l | FAIL |

"‘
-
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TTCN TABLE FOR L4 TRANSTTION TESTS

PR .
(1 L.
L3 L]

No response | Fail

T? Timeout (TL1) |
]l Wrong respons~! Fail

L? Otherwise; Cancel {T1)

E)Q'[‘ENDEDCII"!"IEI‘Q"T‘G:

| REFERENCE : L4 TRANSITION/ | TEST PURPOSE : Verify DTE send  |PAGR: 1|
.| . "ROPER/LATAPBI0L |  UA/F=1 response to a DISC/p=1 | -
| TEST ID : TAUAPRLOL |- command in L4 state joF': 1
l BEHAVIOR DESCRIPTION TABEL| PDU/ASP |  COMMENTS |RESULTS
| |RE:FERENCE| ; [
| LATAPBIOL - ’ | I | [
] ——— N I
l + TL4STATR
L! Start (TLY - l R
, L! DISC l .| pIsc (s
T? UA (AD=03, F=1); | ' ;
| Cancel (T1) [
| + LICHK } Verifv L1 st tel pass
- |
|
l
I
|

!
|
|
ke
I
1

T -

- 146 -
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| REFERENCE, : T,4 TRANSITION/
<| “ROPER/LATAPR102

A e —

L

“EST PURPOSE : Verifv D'E sends |PAGE: 1

UA/Fa) to a DISG/P=" in L4 |

'
A\l

S VUG Py

. | "™EST ID : L4LAPRLO? state loFr : 1]
BEHAVIOR DESCRIPTION W |LABEL.| PDU/ASP | COMMENTS ~  |RESULTS
o i REFERENCF. | ' bos
L4TAPB1N? { { L o 1
+ L4STATE | | - l
U! Start (T | l | [
.1 DISC e l DISC (S0) I
T2 UA (AD=03, F=0); | -
Cancel (T1) l | l |
"+ LICHK i | I |verifv L1 state] Pass«
L? Timeout (T1) Wl | No response Fail
T,? Otherise; Cancel (M) | l » Wrong fesvonsel| Fail |
I .| | |
g 1

| EXTENDED OOMMENTS 4
|
|

T

* -

L4

B

| REFERENCE : T.4 TRANSITION/
l PROPER/TATAPB103
| TEST ID : LALAPBIN3

" :
TEST PURPOSE : Verifv DTE sends

PAGE: 1
UA/F=1 response to a

4.

.ﬁ'

SABM/P=1 command in T4 state |OF : 1
|
i

!
|
I
| BEHAVIOR DESCRIPTION . |TAREL| PDU/ASP COMMENTS RESULTS |
I | | REFERENCE |
LALAPRLNA } l | : =
| +LASTATE | | N |
L! Start (T1) | } | | f
T.! SABRM | | SaBM(S1) | |
L? UA (AD=03, F=1); | | l
Cancel (T1) l | l |
+ L2CHK l |verifv L2 state| Pass
L? Timeout (T1) | | Fail
1? Otherwise; Cancel (T1) { |l { F-~il

EXTENDED OOMMENTS

-

+
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| REFERENCE. : L4 TRANSITION/ TEST PURPOSE : Verify DTR ends \PAGE: 1
i PROPER/LALAPR104 © UB/F=0 response to a SABM/P=0
| TEST ID : ULALAPB104 | command in L4 state "olor: 1
TR : [ i 3 1 =Y
| BEHAVIOR DESCRIPTION lt;ABE:L PDU/ASP |  COMMENTS RESULTS
| REFERENCE | - _
|l LALAPB104 } ) l| ||
| + LASTATE , 2 I | I
| aL! Start (™) ol I i 1
| T,1 SARM i SABM (S0Y | .~ I
! L? UA (AD=03, F=0); | - |
| Cancel (T1) 1 | | | - |
i T, 2CHK l | |verifv L2 State| pPass |
| T.? Timeout (T1) . | [ | -] Fail
J 1,7 Otherwise; Cancel (T1) Il || { Fail
E EXTENDED OOMMENTS. : e } }
I v

Ll
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| REFERENCE : T4 transition/ .- | TEST PURPOSE : Verify DTE |PAGE: 1|
| PROPER/LALAPR 105 | initiates Link resetting pro- | l
| TEST ID : LALAPBL0S . | cedure in response ko DM/F=0 |OF T 1
" | REHAVIOR DESCRIPTION [ABEL| PDU/ASP l COMMENTS ‘RE':‘UUI‘S!
| . | REE‘ERENCE] |
| LALAPB105 ) | l : Ii l|
+ LASTATE e | | |
l ULl Start (ML) T | | | l
Lo . l ™(s0) | | |
L? DM (AD=03, F=0) Lo |DM DM collision| |
o L1 SARM l | SARM(S1) . l I
o T2 rm(m—m P l I |
aneél (M) | | | |
— | 4 T,4CHK [ | | Pass ‘
T,? Otherwise - | | Fatl |
L? SABM (AD=01}; P=1) l ! |
. woF TL2CHK o | | m | pass |
l 1,7 DISC AD=01, P=1) | I [ | |
I + L3CHK | | . \ | pass |
« T.? Timeout (T1) | L - f m=il |
| &? Otherwise t 1 - | Fail |
| SR I R | l l
% : t 4 = +— '
| EXTENDED OOMMENTS : - - !
s o .t i - % 1
.'.‘,'"*r__J A T - ~ . N
“ - ' - .
& [ :
P ot
“.:" - e ‘!" - 7 »
ﬂ-“ )
- .
_ali » . " an )
. E- o R
8 - .
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x ‘v ;
& & e, ﬂ, - -
S - - - - .
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| REFERENCE : L4 TRANSITION/ .
| . "ROPER/LALAR107
| TEST ID : LAUAPRLO7

 ——

TFST PURPOSE : Vérifv DTE sends |
" RR/F=0 or nothina to I/P=0 |
frame from tester |

1

TABEL| PDU/ASE |  COMMENTS RESULTS
| REFERENCE ‘ |

i A 4

| REHAVIOR DESCRIPTPION
!

LALAPBINT |
g

+ L4ASTATE; Start (T1)
L! I (HYPER DTF = 1)

Cancel (T1)
‘ + LACHK
. L? Timeout (TL)

+ LACHK'

!

I

i

' !

: L? RR (AD=03, F=0, NR=2);
|

|

l

l

T,? Otherwise; Cancel (1)

L! I(HYRER DTE = 0)

T,? RR (AD=03,

F=0, NR=1};"

Cancel (T1)
+ LACHK . :
1,? Timeout (T1) o

+ TLACHK

—— o —

T | SA N v

BRI

Pass

Pass
Fail

l
|
1
|
|
|
|
l
|
I
1
|
l
|
l
I
|
|
l

+
K]

e — ——— ks — ————— — — —

EXTENDED COMMENTS -
{

' N

|

i

I

|
| 7,2 Otherwise; Cantel (T1)
| |

|

I

|
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REFERENC& L;R;‘Rmsmon/
i TFST 1D : LALAPRIOR

PER /ATAPR10R.

.|'"

-
—_—rrr

resmonse to T frame without

™

L s

information field

-
L)

I
IOF L |

RFHAVIOR DESCRIPTION -

BF'LI PDU/ASP |

l-mwmmcﬂ

COMMENTS |

IRESULTS
L

|
I
I
|
[
I
I
|
l
|
I
I

TALAR]08

+ LASTRTR - 7

‘T,1 Start (T1)

LIS ¢ (HYPFR DTFE. =
T2 RR (AD=03, F‘ 0, NR=2);
Cancel T1) :

+ LACHK

L? Timeout (T1)
+ T,ACHK
L? Otherwise

! T (HYPER DTR =

= 1}

03

u

-

L? RR (AD=03, F=nj, NR=T)#

Cancel (™1

+ LACHK

"L?a Tlmeout mLy
+ T,ACHK

K4

9

7,7 Qtherwise; Cancel rI‘.'LI

*

=

I
I
l
I
1
b
|
I
|
I
I
I
l
I
I
|
I
!
|
|
I
I

-

*»

-

I
|
I
I‘
b,
| -
I
|
|
I
|
I
|
!
I
I
I
I

T (S14)

j-/'

¢

I
I
I
I
I
I
|
|
I
I
I
I
I
|
I
I
I
I

Pass -

Pass
Fail

Pass

Pass
Fail

I
I
+
I
I

QOMMENTS

«

-

|
I
I
I
I
I
I
I
I
I
|
A
|
I
I
I
I
I
|
I
|
I
|

+ ———t

e
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| REFERENCE. : L4 TRANSITION/ | TEST PURPOSE : Check DTE |eAGE: 1

| "~ "ROPER/LALAPRI(0 | resoonse to RR/F=0 frame in |

| TEST TD : LALAPRLNG |  ‘the L4 state - loF : 1]

| BEHAVIOR DESCRIPTION LARFT. | PDU/ASP |  COMMENTS |RESULTS | -

| | REFERENCE | S

| LALARPLNG I —|— { | 1

| + LASTATE | | B

| Tl Start (T1) ! | |
Tl RR (HYPER DTE = 1 ( | RR{SO) | l

- NR := 1)) I l | - l

| L? Timeout (ML) . | | Discarded | |

| + LACHK | | | Pass |

| U? Otherwise: Cancel (T1) } - \ | | Fail |

[ . | e I

| ! RR (HYPER DTE = 0 ( | l 1

I NR :=0)) | RR (S0} l

! L? Timeout (T1) | . | Discarded | |

I + LACHK . | l | Pass

I 1? Otherwise; Cancel (T1) | | | Fail

| oy [ | |

|

i

l

»

EXTENDED OOMMENTS

Al

4+ —— 3 ——
e e ——— i —
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| REFERFNCE : L4 TRANGITION/ | TEST PURPOSE : Verifv if DTR ‘PAGE: 1‘
IMPROPER/LATAPR201 | checks for non octet frames :

TEST ID : LATAPR201- | at Data Link Level o lor s
REHAVIOR DESCRIPTION : ‘LARF'L\ oDU/ASP |  COMMFNTS ‘RB%UL’TS]_

' REFERFNCEY - |

|
b .
| LILAPR2N1 [OCTET ALIGNMENT CHRCK | (1
| em——— = "Yes") |
| + LaSTATE l
1 L! Start (T1) |
1 ! I (HYPER DTE = 1) | T1(S1A) -
1 L? Timeout (T1) . | Discarded
I + L4CHK |
1,? Otherwise; Cancel (Tl) }

|

|

I

|

l

.U I (HYPER DTE = OV
L? Timecut (T1).
+ TLACHK
1,7 Otherwise; Cancel mu

l
|
l
|
!
}
|
: Discarded
|

|

non octet frame

e — e e . ————— ) et e —t
f

T

non octet frame

Fail

Fail

Pass

Tass .

EXTENDED COMMENTS : _ o '_
(1} This test is executed onlv if DTR claims octet alignment
check at Data Link Level.

"

4 —

T———71

|
|
|
I
[
[
|
|
l
I
|
|
|
|
|
l
|
1
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* LACHK
L? Otherwise: Cancel (T1)

I
1
1
l
l
|

Pass -
Fail

| REFERENCE : L4 TRANSTTION/ *-| TEST PURPOSE : Verifv the DT® ipage: 1)
| - IMPROPER/LALAPR20? | discards a short frame | |
| TRST ID : LATAPB202 - | (less than 22 bits) loe 1]~

| BEHAVIOR DESCRIPTION |LARET.| PDU/ASP | COMMENTS |RESULTS |
| . | | REFERENCE | | l
LALAPB20? : |I } : %
+ LASTATE | | | | |

v.| Start (T1) ‘ ‘ |

L! “HO3 . Sehd Hex stringl]

L? Timeout (T1) 1 } : Discarded =

| |

l | I

|
l
|
1
|
l
l
|
|

EXTFNDED COMMENTS :
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4
"‘b_ -~ -
‘ T L
[ ' "‘ r '
t ——t ——— + + }
| REFEREMCE : LA Tmmtm/ * | TEST PURPOSE : Verifv DTE sends |PAGR: 1]
| _ " IMPROPER/LATATR203- | FRMR/Y=1 in resoonse to a |
. ] TEST ID : LALAPR203 I lomg frar;n in L4 state lor : 1l
* *| REHAVIOR DESCRIPTION - | LABFL | PDU/ASP | COMVMFNTS  |RESULTS|
N . . . | - |REFERENCE| . :
+ ;} -+ 1 4
} LALAPR203  (TESTER N1 > DTE N1.4+ 8| } A lL l
—- Y - o "‘I ‘
| + LASTATE IR E | |
| T! Start (TL) : | al o l
T LI (HYPERDTE' 1 ( | | | . N
l := {"Ha1l N1+ syN |’ 1 1(54) |.Exceotion |
l L? FRMR (Y = “Bl); || FRMR( - (-
- Cancel (T1} i Psagm |o» _ | -
| + LSCHK IR | | Pass.
| L? Timeout (T1) | N . ! ] | Fail
i .? Otherwise; Cancel (T)) ]| |‘ |l { Fail
l ) %} ~
I T,! T (HYPER DTR = 0 ( | ] * ! 1 [
| D 1= 1-Ha1} ML+ )| | - I 1
| L? FRMR (Y = "Bl); | | FRMR | Exception | !
| Cancel (T1) ¢ | | 54 (‘m 'l ; l 1
l < ' LSCHK } | | . | Pass |
i L? Timeout (T1) | (I : | Fail |
| T,? Otherwise; Cancel (T1) = } : o7 } Fail lI
| ) v
| EXTENDED OOMMENTS : ‘ { ' :
i ) i 1 |
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| REFERENCE : L4 TRANSITION/

TEST PURPOSE : Verifv that DTE IPAGE: 1
| IMPROPER/LALAPB 204

discards a frame with FCS

U P ——

EXTENDED OOMMENTS :

| TFEST ID : LALAPR204 error lor 11\;
| BEHAVIOR DESCRIPTION ILAREL | PDU/ASP | COMMENTS |RESULTS |
| ! |REFERFNCE | | |
. LAUAPA204 : I| { { }
| + LASTATE 1 l l | [
T! Start (T1) o 1 | | |
T,! FCS ERROR - | I | Exceotion ! |

1,? Timeout (T1} | I |- Discarded I |
+ LACHK | | | | pass |
‘%,? Otherwise; Cancel (T1) ]l : I[ : Fail !
|
|
‘|

|
|
l
i
l
-
|
l
|

L
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.

| REFERENCE : L4 TRANSITION/ TEST PURPOSE : Verifv DTE sends |PAGR: 1
| IMPROPER/LATAPR205 | - FRMRM=1, CR=0 in response to |

| TEST ID : LALAPR20S | undefined command in L4 state |OF ¢ 1
| RFHAVIOR DESCRIPPION |LARRL| PDU/ASP | COMMENTS  |RESULTS|
| | *  |REFERFNCE| |

: LALAPR205 % l| I Il l
| + L4STATE l | ‘

| LI Start (T1) T l L

| T! SARM » | SARM(S0)| PBxception ¥

| L2 FRMR - (HYPFR DTE = 1); | FRMR(ST) |

| Cancel (T1) i |
| + LACHK | Pass |
| 1.? FRMR (HYPER DTE = 0); | FRMR (58) |
| Cancel (T1) | L ... ]
l + T.SCHK | I | Pass l
1 L? Timeout (") ‘ | H | Fail

] T? Otherwise; Cancel (T1) | 1 | | Fail |
| | | ! 1 I -~ |
| PTPDED OIS o
' ; l |
| —

T
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i

REFERENCE : L4 TRANSITION/
IMPROPER/LATAPR206

TEST PURPOSE : Verifyv DTE
responds FT&ELA&-I C/R=1 to

PAGE: l|

TEST ID : LALAPB206 undefined response in L4 stateIOF : 1]
REHAVIOR DRSCRIPTION [ ABEL! PDU/ASP COMMENTS RE‘SUL'['S'
| REFERENCE

| LALAPR206 ‘ II lI II :

+ LASTATE 1 I | |

L! Start (T1) 1 | | ]

_ L! “HOLWFF - l | Exception (1) ‘ |

| L? FRMR (HYPER | DTE = ;| FRMR (S5) | |

| Cancel (T1) l | l | |

* T.5CHK l | f- | pass |

1? FRR (HYPFR DTE = 0); | FRMR (S6) | | |

| + LSCHK I | | pass |

| T2 Timeout (T1) : | l | Fail J

I 1? Otherwise; Cancel (T1) | l| ‘ = Fail |
| .

| EXTENDED COQMMENTS @ | |

| (v A control field of “HFF is undefined { !

|
)

| REFERFNCE : L4 TRANSITION/ | TEST PURPOSE : Verify DIE |PAGE: 1]

| INOFFORTUNE/LALAPB301 | initiates Uink resetting in .| |

| TEST ID : L4UAPR30L o response to DM/F=1 in L4 state|OF : 1]

| REHAVIOR DESCRIPTION LARBET,| PDU/ASP COMMENTS [RESUTTS |

REFERENCE Lo }

L4LAPR30L
+ LASTATE
L1 Start (T1)
Ll ™ ;
+ LINK RESET

|
|
|
|
|
|
|
|
|

e ——— e e i e ——

|
|
|
|
!
|
|
|

Pass

l
|
i
|
l
|
|
1
|
|

EXTENDED OOMMENTS :

I
|
|
1
!
!
!
|
I
|
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1 ¥

TEST PURPOSE : Verifv DPE init- [PAGE: 1
iates TLink resetting procedurel
in resoonse to UA in T4 state |OF : 1

L i 1

REFERENCE : T.4_TRANSITION/
TNOSFORTUNE,/LALAPS 302
TEST ID : LALAPBI02, LALAPB303

—e— e — } _____..I-
e e e = e ———— e ——

BEHAVIOR DESCRIPTION LARET,| PDU/ASP \ COMMENTS |RESULTS
‘ | REFERENCE
TALAPR302 !l ) \l = %
| + LASTATE | [ | |
| L! Start (1) | I \ . |
I L! UA | I A . !
| .+ LINK RESET l| ll l| { Pass
| TALAPR303 } | l| l I|
| + LASTATE | l l
| ! Start (T1) | ‘ |
| L! UA { Ao |
| + LINK RESET | i t Pass
| l | l
| EXTENDED COMMENTS : |
|
i

T—

+
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| REFERENCE : L4_TRANSITION/ TEST PURPOSE : Verify DTE’s PAGE: 1|
| INOPPORTUNE/T.ALAPB 304 response to PR/F=1 in T4 |
| TEST ID : LAULAPR3N4 state OF : 1]

[P S ——

+—

BEHAVIOR DESCRIPTION IABELl PDU/ASP |  COMMENTS lREsULTsl

l !
| I REFERENCE | |
! LALAPB304 E ! i = }
| + LA4STATE l | 1 | |
l L1 Start (T1) l | l | |
| LI RR (NR := HYPFR DTE) l | RR(S1) {NRisOor 1 | v |
| L? DM (AD=03, ¥=1); | | | | |
l Cancel (T1) | | - | | |
+ L1CHK | l | | —ass
[ T,? SABM (AD=01, P=1); l | | |
| Cancel (T1) | | | l
| 4+ TL2CHK I ! Pass
1? DISC (AD=N1, P=1); I |
Cancel (T1) l |
+ L3CHK | | nass
l T.? Timeout (T1) l | I Fail
li L? Otherwise; Cancel (T1) { ! Fail
FEXTENDED OCMMENTS :

‘- —— -t ——_———_——— ——
.

|
I
l




Appendix J

TTCN TABLE FOR L5 TRANSITION TEST

]

| REFERENCE : 1.5 TRANSITION/

<

PAGR: 1

T

[F PU—

EXTENDED OCMMENTS

| TEST PURPOSE : Verify that DIE

| PROPER/LSTAPRLOL | responds UA to a DISC in LS
| TEST ID : LSULAPR1NL, LSUAPBLO2 | state joF = 1
| BEHAVIOR DESCRIPTION tameEnL | PDU/ASP | COMMENTS | RESULTS
l l | REFERENCR | |
{ LSLAPB10], { I } I i

————————— |
| + LESTATE | ‘
| 11 DISC; Start (TL) | DISC({S1) |
l L? UA (AD=03, F=1};. | | l i
| Cancel (T1) | | ‘
! + L1CHK i | Pass’
| T? Timeout (T1) . [ | Fail |
% T,? Otherwise; Cancel (™1) *. l| 1| J! Fail }
| LSLAPB102 | I I |
| — PR l l |
| + T.55TATE 1 l i l
| 1! DISC: Start (T1) | | pIsc(sny | |
I L? UA (AD=03, F=0); | | | |
I Cancel (T1) l | | : |
| + L1CHK | | | Pass |
| 1? Timeout (T1} | l Fail
% 1.? Otherwise; Cancel (1) % { Fail
I
|
|

e o — e e — e —— ——

[ T — e
[

- 161 -

Lo
S
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| REFERENCF : LS TRANSITION/ | TEST PURPOSE : Verifv DIE . |PaGeE: 1
| PROPER/LSLAPR 103 |  responds UA to a:SABM T
| TEST ID : LSTAPR103, LSTAFB1NA | - command in LS state . OF : 1
. - - =t 4 4 o 4
| BEHAVIOR DESCRIPTION LAREL | PDU/ASP | COMMENTS,. ]Rgsum;rs
[ _ ! '~ | REFERENCE | -
| T.SLAPR103 : { IR R { | |
| T oeer |
|l + USSTATR ' 1 |
Tl SABM; Start: (T1) - SaRM(S1Y I -, |
- \ L?UA (AD=03,F=1); b | i
| : Cancel (T1) ., [ Po © |
[ * LACHK | | | Pass |
] ~ L? Timeout (T1) 1 . | | Fail |
A 1? Otherwise; Caricel (T1) | 10 l | Fail
| . . o B P B l | . |
} LSUAPR 104 j I g; } lI
+ LSSTATE o o | N o
T,! SARMj: Start (T1) . e | osmmM@so) T . s
. L? Up (aD=03, F=0); .| SR B . I
- . Cancel {T1) .-~ : o
| . + L4CHR I | |" Pass
"7 Timeout (T1) ot | - | Fail
: 1? Otherwise; Cancel (T1) { Fail
| S 5 .
0 ;
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L d - v - - bk .
- ’ o
.‘ N s i . % o .‘ N
| : LS5 TRANSITION/ - - | 'r'_rfs'lf PURPOSE : Verify that DTR ‘PA : 1]
. PRGPRR/L‘RLAPBNS «:1*7 initiates link ré&setting in |
- ' TEST ID : LSTABRIOS ¢ | responds to m_w=n in LS statelor : 1]
' | BEHAVIOR DESCRIPTION ) LR T POO/ASE | COMMENTS ‘m;q;;mqf
l - ¢ IREFERENCE| |
LSLAPRL0S ' { I { AP R
s — ' . _ l
| LSSTATE . | s -
| L! Start (T} R N © o
i L! DM ) | IomMgoy -1 - S
" + LINK RESET - 7 | |- r » | pass
1 | »' l i | R l
| EXTENDED. COMMENTS - ,,‘11 ‘
| j
I a l
REFERENCE : X TRANSITION/ | TEST PURPOSE : Check Link Reset |PAGE: 1l
} - LINK RESET ! procedure !
| TES™ ID : LINK RESFT l {o.NERN B
|  BEHAVTOR DESCRIPTION T |LABET.| PDU/ASP |  COMMENTS  |RESULTS |
- : _ I | RFFERENCE | | l
R S, - . } + - t + {
| JTLINK ) REET - . { } : |
T R - |
- | t? DM (aD=03, F=0); Cancel (T1) L, I, | 1
- + LICHK A l | pass
. L? SABM (AD=01, P=1)% Carel (T1) | | - I
"t + LXXHK | ~ P Pass
* | ? DISC (P01, P=1); Cancel (T1) | \ 1 S
+ L3CHK . | | -+ | Pass
L? Timeout (T1) * L Jd0, I Fail
A I Otherws.se, Cancel (T1) k l }' oo L rail
. 3 , = 2 + i = } +
| EITRNDED OOMMENTS ) 1 |‘
« ! I
- 4 +



e

7./ ? %
. . ¥ T -
|. REFERENCE : ‘L5 TRANSITION/ | TEST wm:osn : Verify DTE |PAGF B
| Lo PFKVPER/LSIA‘PR'LOG .1 discards a RNAY/F=0. response I
| TEST ID : LSLAPR106 1 in LS statd . : ‘IOF 1l
| BEHAVIOR DESCRIPTION  |LABEL| PDU/ASP | COMMENTS  |RESULTS|
| - i RE‘:FFRENG‘I | o
| LSLAPRLOR o ! S
[ e T N I I | I
|+ LSSTATE (HYPER NTE) | I I I I
| L! Start (F1y — ‘ I I I I
| Ltanmn-nmnmm 1 RR(SM I NRisO0aqr 1l | I
! 12 Timeout (T | | | |- I
] . T ) -
. » ° . 12 Otherwise; . [ ol . | pass |
. : " Cancel (T1) R R B | . ! F‘aill_I
1 S [ VAN I b
| | ExTENDED mm : : o I E >
[N v l oL ' . . ' e . . . .- ",f
. L . \ | I
I - - S . — } ;
‘ RE‘-‘FF;P\IG-‘ RA rmrr'xov ¢ TEST PURPOSE : Verifv DTE . - PAGE: 1
SLAPRIN? | discards a RNR/F=0 response ‘| g R
I TEST ID : T.SLAPB107 R in LS state loF : 1l
| PEHAVIOR DESCRIFTION . I - I OOMMENTS |RS°;ULTS )
I . : - i Immmcpl :
I LSIAPBI.O‘J : | ; I | I
| —e I I I - |
I + USSTATE  (HYPER | DTE) ! ! I | N
o L! Start (T1) | | | - | |
o . L! RVR (NR := HYPER DTE)" | | RR(S0) | .NRis O or 1 | |
] L? Timeout (T A i | D1scarded : |
I + LSCHK : ! | | , Pass
_ I L? Otherwise; I l f Fail
o Cancel (T1) 1 I
', I ’ ‘ I i
?mﬂmm : .
! ~ ' " 1 1
- ﬁl Q“ ] o - 3 T
» " ‘
) ' ) g:" ~
‘ .
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- |, EFERENCE : L5 TRANSITION/ | TEST PURPOSE : Verifv DIE |PAGR: 1‘
* PROPER/LSLAPBIOR | ‘discards a REJ/F=0 response |

| TEST ID : LSLAPR108 o in L5 state | lor : 1l

| BEHAVIOR DRSCRIPTION . |uAmEG! PDU/ASP |, COMENTS | RF,ébLml .
i I o . | . |REFERENCEI -

i LSLADR108 { 1 - ! | |I |

| .+ LESTATE (HYPER DTE) | ‘ B . l
- L! Start (T1) ] 1 | [ .

| UL! REJ (NR := HYPER DTE) | ‘ RET (50) -

l L? Timeout (T1) | : | Discarded

| + LSCHK. l | A pass |

I L? Otherwise; | ! l Fail ="

| Cancel (T1) | | -
1 I | . .

| EXTENDED COMMENTS | l

| . l |

| | I
‘k',‘
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| ‘REFERENCE : L5 TRANSITION/ " | TEST PURPOSE : Verifv DTE IPAGE: 1|
|- IMPROPER/LSLAPB201 reaction to non octet fram in | !
| TEST ID : LSLAPR201 L5 state o loe + 1l
| BEHAVIOR DRSCRIPTION ‘ LAREL| PDU/ASE COMMENTS |rESULTS |
| - : REFERENCE ; | |
| LSLAPB201. (OCTET ALIGNMENT CHECK = | 1 | (1) | I
————————— - "Ye STr1 , |
+ LSSTATE (HYPER DTE) ' I
| U! Start (T1)" | - l - l
E L! I (HYPER DIE = 1\ . | | I(s16) I
f L? FRMR; Cancel (T1) . FRMR (S 3)
+ LSCHK . , Pass
L? Timeout (T1) l | | Pass
| 1.? Otherwise; Cancel (T1) I] l Fail
L! I (HYPER DTE = 0)
L? FRMR; Cancel (T1) FRMR (S4)
+ LECHK l |- Pass -
' T? Timeout (T1) < | Pass
L? Otherwsie; Cancel (T1) | . |: Fail
| : I | |
EXTENDED QOMMENTS : |
(1) Test is executed onlvy if octet ‘alignment check is claimed bv {
l

| IUT at Data TLink Laver .
| ' : i

[F A ——

+
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1
T

REFERENCE : L5 TRANSITION/

TEST PURPOSE : Verify DTE

! | |pAGR: 1|
| TMPROPER/LSTAPR202 | reaction to a short frame :
| TEST ID : LSLAPR202 | {32 hits) in L5 state OF : 1
LABEL| PDU/ASP |  COMMENTS

| REHAVIOR DESCRIPTICN
]

| REFERENCE |

-

l

|

LSLAPR20? ‘

+ TSSTATE: {WXYZ) ) ‘ l
T! Start (T1) .

L! “H03 i

L7 Timecut (T1) l

+ LSCHK (WXYZ) I|

|

|
|
l
|
1? Otherwise; Cancel (TU) {

1

Excention (1)
Discarded

|same diagnostic| pass

as before

—+

Fail

.‘-

- —

FXTENDED COMMENTS :
(1) This is a short frame, bounded bv flags

—_—f

——— e —

|
j
|

Ee

Y
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| REFERENCE : USTRANSITION/
IMPROPER/L‘SI.APBQO'%
: LSLAPB203 ‘

‘e

TEST ID-:

TEST PURPOSE : Verifv DIR’s

response to a lor_aq frame in
L5 state

l

5

ke

—
o
iigd
3
| and

I

BEHAVIOR DESCRIPTION

(1

LABELI PDU/ASP | CCMMENTS
|REFERFNCF‘| .

1
¢

“r

| LSLAPR203 (TESTRR N1 > DTE N1 + 8)

}

|

—————— l

+ LRSTATE (HYPER DTE} !

T.! Start (TU) l

L! I (HYPER DTE = 1 {

UD := {“H41} W1 + 8)))‘
r7 Timeout (T1)

L5CHK - - |

1,7 FRMR (AD=03, F=1) l

LSCHK |

L? Otherwise; Cancel (T1) i

l

l

|

|

I

|

| L! I (HYPER DTE = 0 (
| UD := {“H41l} (N1 + 8)))
| u? Timeout {TL)

! ) ‘ + L5CHK

| T? FRMR (AD=0?, F=1)

l + LSCHK

1 1? Otherwise; Cancel (T1)
l .

T

(L

1(54)

Exception

FRMR (S0}

Exceot ion

-

|
|
|
|
l
|
I
|
!
I(S5) !
|
FRMR(‘%O) I

|

l

e e e —— —

T T T T T T T T T TIT

LI S

EXTENDFD COMMENTS :°
(1) Check sufficient tester huffer.-

T

r
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| REFERENCE : T.5 TRANSITION/

- x 4 +
TEST PURPOSE : Verify DIE PAGE: 1l

\
| TNOPPORTUNE/LSTAPB30L | retransmits FRMR in response
| wE%ID : LSLAPB3N ] to I frame in L5 state oF : 1|
| BEHAVIOR DESCRIPIION |LAREL | PDU/ASP COMMENTS RESUL.TS\
l . 1 | REFERENCE,
l LSLAPRION. } } | | }
| + LESTATE . (HYPER DTE) - ' |
| L! Start (T |- | |
l L1 (NS := NR :=-9YPER DB ( | l - 1(318) 1
| *UD := THOOY) I |
- L? Timeout (TL1) ! !
I L! Start (T2) | |
| 1L? FRMR (AD=03, F=l)l FRMR (~0) |retransmission | Pass
] L! Cancel (T2) l 1 I
| .7 Otherwise; l | | Tail
| Canrel- (T2) | :
{ T,? Otherwise; Cancel (T2) } ll 1| Fail

EXTENDED OCMMENTS :

.

 —— —

1



¥
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| REFERFNCE : rﬁ_musrrfon/ | TEST PURPOSE : Verifv DTE ~ |paGE: 1]
_ IMPROPER/LSLAPB204 | discards a frame with FCS l '

TEST ID': LSLAPR204 ¥ ] error in L5 satate OF : 1
l BEHAVIOR DESCRIPTION _|LAREL i PDU/ASP COMMENTS |RESULTS
] l lm |
{ TLSLAPR204 ; } 1 |
[+ LESTATE (WXYZ) : . l |
| ! Start (T1) l | | |
| L! FCS_ERROR | Exception (1) ‘ I
| T? Timeout (T1) _ - l ] -
l + T,SCHK | | | | pass
l ‘1,2 FRMR | | FRMR(S0 | FRMR | Pass
| , | | (WXYz)) | retransmits |
| L? Otherwise; Cancel (T1) | | | | Fail
| - I 1 l
| EXTENDED COMMENTS I
[ (1) A Infor frame with FCS error is sent to DIE ]
| |




Ampendix K

TTCN TABLE FOR L6 TRANSTTION TEST

REFERENCE : L6 TRANSITION/

e e e e e A e —

FXTENDED COMMENTS :

5 | TEST PURPOSE : Vérifv DTE PAGE: 1
PROPER/LALAPR101 | response to DISC/P=1 in LA
TEST ID : L6LAPB1OL - state OF : 1
BEHAVIOR DESCRIPTION |LAREL| PDU/ASP |  COMMENTS IREGUI'_IPS‘
l | REFERENCE.| |
LELAPR1ON], R : I |I I | I
———— I I
+ LG6STATE I I
L! Start (T1) I |
T! DISC | DISC(S1) I |
L? Un (AD=03, F=1); I I
Cancel (T1) : | I ‘
4 LICHK .| ]Paqn |
L? Timeout (T1Y | l Fail |
L? Otherwise; Cancel (T1) { % | Pail
I
I
I
|

-1 -
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TEST PURPOSE :

REFERENCE : T.6 TRANSITION/ ] verify DIE B e FIRY
PROPER/LALAPB 102 l resoonse to DISC/P=0 in LG t

TEST ID. : LALAPBL02 I state , % jor : 1

BEHAVIOR DESCRIPTION anEL| PDU/ASP |  COMMENTS IRES'ULTS[

| REFERENCE | [

memn? I : { a ' II

+ LASTATE b ' ! 1

L! Start (TL) l _ | |

L! DISC DISC (SM) | |

\ .? UA (AD-03 F=N); | I | c ]

Cancel (T1)y : ! ! | I

| ' + LICHK | | | Pass |

L? Timeout (T1) | | | Pail |

L? Otherwise; Cancel (T1) l i | | Fail |

| | | - !

| EXTENDED' COMMENTS : = - l 1'
. / |

| ' |

/ °

— : — ‘ ; z

! PfE‘.FE:RENCB': L6 TRANSITION/ ] TEST PURPOSE : Verifv DIE PAGE: 1
‘ © PROPER/LALAPR103 ! sends a UA/F=1 in resoonse '

.| T™RST ID : TLALAPB1O3 |,  to SARM/P=1 in L6 state OF : 1]
| BEEAVIOR DESCRIPTION | LARETL, |‘ PDU/ASP | COMMENTS | RESULTS
| | |REFERENCE! |
l LALAPR103 ; { |
[ [,
| + UL6STATE |
| L! Start (T1)

L! SABRM SABM{S1)
L? UA {AD=03, F=1);
Cancel (T1l)
\ + LACHK Pass
L? Timeout (T1) _Fail
L? Otherwise; Cancel (T1) l Fail
| EXTENDED COMMENTS : ! }

+

k=

=
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a0 L)

| REFERENCE : 4 TRANSITION/

lPAGE: 1

TEST PURPOSE : Verify DTFE |
I PROPER/T.6LAPR104 serds a UA/F=0 in response ]
| TEST ID :'LGLAPRLDA 7 | to SABM/P=0 in U6 state oF : 1}
| BEHAVIOR DESCRIPTION |LAREL | PDU/ASP COMMENTS RESULTS
| . | REFERENCF.
E LELAPBLO4 l | - l :
| + LASTATE | I
l L! Start (T1) | :
| T,] SARM | SABM (S0)
| L? UA (AD=03, F=0); i
| Cancel (T1) | l |
+ TL4CHK | pass |
T.? Timeout (T1) l Fail |
= 7? Otherwise; Cancel (TU) } 1! Fail

| RXTENDED OOMMENTS :
1.
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IREFERENCE * L' TRANSITION/

| TEST PURPOSE : Verify DIE PAGE: 1
IMPROPER/LELAPB215 | sends FRMR to RR with info
TEST ID : LOLAPR215 | field in LA state ‘ oF : 1}
. REHAVIOR DESCRIPTION LABEL| pDU/ASP | OOMMENTS | RESULTS
| REFFERENCE | l
LELAPS215 - | { ] l
+ LASTATE (HYPER DIE) I
- L1 Start (TL) : |
L! “HO32111 (HYPER'DIE = 1) | Exception (1)
L? FRMR (RCF="H71, W=1, I s | :
X=1)
+ LACHK (WXYZ) Pass
L? Timeout (T1)- Fail |
T.? Otherwsie; Cancel (T1) | | | Fail
L! “HO31500 (HYPER DTE = 0) Exception (1)
L? FRMR ( CF="H15, w=1, | |
X=1) [
+ L5CHK (WXYZ7) | Pass
T? Timeout (T1) | | | Fail |
| 1? Otherwsie; Cancel (T1) ]| || Fail
|
| EXTENDED COMMENTS :
{1} This hex strina corresponds to a RR frame with one octet
info field : !

1
-
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| REFERENCE : L6-TRANSTTION/

1
+

| TEST PURPOSE : Verifv DTE sends |PAGE: 1

|
| IMPROPER/LATAPA21A |- FRMR with diagnostics for RNR |
. ] TEST ID : LELAPR216G l with info fleld in L6 state |OF : 1]
BEHAVIOR DESCRIPTION LARFT, | PDU/ASP I COMMENTS RESULTS |
REF'ERENCE| |
| LALAPR21A . l |
+ LASTATR.  (HYPER DTE) \
Start (T1) | |
L1 “HO33500 (HYPER DTE = 1) | Exceotion (1)
L? FRMR (RCF="H35, W=1, S (9) \ R
i _ X=1) | . |
I + LSCHK (WXYZ) I | .| pass |
¥? Timeout (T1) - l Fail
1? Otherwsie; Cancel (T1) ll ll Fail |
| ' -
1 L! “HO31500 (HYPER DTE = 0) [ | Exceptmn (L) | |-,
| I? FRR (RCF="H1S, W=1, | | |
I X=1) - -~ ] ‘ |
] + USCHK (WXYZ) ™ |l | Pass
| L? Timeout (T1) l l I i | Fail
k L? Otherwsie; Cancel 1) | I| l| ' Fail

EXTENDED COMMENTS :

1y This is an RNR PDU w1th one octet info field -

be

B P s o
o —— — 4



Appendix L

TTCN TABLE -FOR 17 TRANSITION TEST

L“'—."r

TEST PURPOSE : Verifv DTE sends |PAGE: 1
RNR in response to I frame
without info field in U7 statelOF : 1

| REFERENCE : T.7 TRANSITION/
PROPER/L7LAFBI12
| TEST ID ': LTLAPS112

A s

—,—e e e e ————

| REHAVIOR DESCRIPTION LARFL| PDU/ASP | COMMENTS | RESULTS
| | REFERENCE | P
| L7LAPRLL2 ' , R |
+ LISTATE (HYPER DTE) , l
|. Ul Start-(T1) — —- e |
L! I (HYPER DTE = 1) I(S14) | Exceotion (1) | I
? RNR (AD=03, F=0, NR=1) | = | - ' ' l
L1 Cancel [T1) . _ :
. + T,7CHK | Pass
L? Timeout (T1} . | Fail
L2 Otherwsie; Cancel (T'1) } | | Fail
| I !
l L! I (HYPER DIE = 0) | T(515) | Exception (1) |
| L? RNR -(AD=03, F=0, NK=0) | i I
! Cancel (T'1! , i |
+ L7CHK | | pass
L? Timeout (T1) | . | Fail
1? Otherwsie; Cancel (T1) l % : Fail
EXTENDED OOMMENTS : ‘ |
| -

- 176 -



| REFERENCE : T.7 TRANSITION/ | TEST.PURPOSE : Verifv DTE "p.m:;z: !
| + PROPER/LTULAPB1LL l response to RET response.
| TEST ID : L7LAPBLLL . | frame in L7 state. loF = 1
~ REHAVIOR DESCRIPTION LABEL| PDU/ASP OCMMENTS |n'e.<;um's‘l
‘ | REFERENCE .
LTLAPBILL { % ll ll 1
4 LISTATE (HYPER DTE) 1 l l L I
Tl Start (T1) b ! l | l
Ll REJ (NR := HYPER DTE} | RET(S1) ’ l 1
. L? Timeout (T1) l Discarded ., | ‘
+ LICHK | E l | pazs
L? Otherwise; Cancel (T1) * i i o { Fail |
ll

+ — e b —————e—r e o —— T

EXTENDED OOMMFNTS

-

¢
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! REFERENCE : L7 TRANSITION/ | TEST PURPOSF. : Verifv DTE |PAGE: 1|
| . IMPROPER/L7LAPR201. | response .to non octet A l
| TEST ID : LTLAPR201 . aligned I frame in L7 state lOF : 1|
‘| REMAVIOR DESCRIPTION . " |LAREL| PDU/ASP |  COMMENTS
l l REFFRFENCE,
+— +- + ——— +
l 'mm?m (OCTET ALIGNMENT CHRCK = | [ 1 8! Y l
| ———am "Yes") l : | l |
| + ULISTATE : | l . o
| L! Start (T1) l l I | |
i LI I HYPER DIE = U | 1 SV | |
| . 1,2 Timeout (T1) l I | ]
[ 4 LICHK | | | p as |
[, - " r? Otherwise; Cancel (T1) .| | | | Fail |
f S I N o | I
l L! T MEYPER OTE = 0) ! I e | | !
1 L? Timeaut (T1) | : | | |
! + TICHK | | | e |
| 1,2 Otherwise; Cancel (T} : Il l{ "1 Fail. l
! v . !
— : +— + +— - b}
| EXTENDED c:m-mm : | I
| (1) Test is executed only if octet aliqmment is checked at the l ;
| 7 Data Link Level - _ | g
l " o .t . ’ | v I
— 3 - - t F
< '
\: -._'w - e
o — .
i
N :
aty, wh [+ 4
-
\
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-, L
————r—t - n T
& . ¢ o X . .
v { . ‘ u - B ¥
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- £ 4 .
e - - .
: g « .',’ .
¢ .
-k

qui

| REFERENCF. : T.7_TRANSITION/ | TEST PURPOSE : Verifv DR = PAGg 1I
IMPROPER/L 7LAPS 2012 I discards a short frame while -

TEST ID : L7LAPR202 ‘in L7 ,state - e Iow-— i1[-
X L 1 Ty 1 et ] .
| BFHAVIOR DESCRIPTION . |LABET,| DDU/ASP |  OOMMENTS ‘,I_srsm'rs._.
o I |REFERENCE, | e T
+ ' + e R ~ A
| LTLAPR20? E I } s T, I 1
| o— " - : 'y o
| + L7ISTATE 5 I I I I I
.l Start (T1) TR I . ] :
| - L! THO3 : v I | Exception (13 | -
I . L? Timeout (T1) v [ | S
I + L7CHK | I I .
} L? Otherwise; Cancel (T1) } ‘ } - I

EXTFNDED COMMENTS
"{1) This is a short frame, less than 32 hits bounded by orcoer

flaas 4
- e
| REFERENCF, : L7 TRANSITTON/ | TEST PURPOSE : Verifv DTE PAGE: 11
| TNOPPORTUNE /[ TLAPB30T | initiates Link reet in res- -
| TRST ID : LTLAPR301 |  ponse to DM-frame in L7 state |OF : *1f
| BEHAVIOR DESCRIPTION |LABFL| PDU/ASP | COMMENTS  |RESULTS|
! ' | | REFERENCE | SR
L 1 1 1 I 1 1
| L7LAPB301 I " | - I
I — I |+ | e o
| + LISTATE | I I . |
| u! Start {TD ! | | I !
| L1 DM | iooMis1y | . - |
I + LINK_REER | | |- ' Pass |
I - L | | I | |
+— - — —— +— } -t : +
I - Y ‘ ' |
.‘- \ ’
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s . "“'_‘} ¢|| o “ . X‘ d! v o
. SRS AN ’
I _-J- 1_ . % 6 h ] - &
4 ey Ly
v | mgmqm %07 TRAN.SI’T‘IG\I,& 1 TEST PURP@%E : Verify DTE PAGF: 1
" ~| o _INOPPORI’UNE/L’JIAWBO? initiates Link réset in res-
;| ™Sy ID, - t.'mma,ahz BLTUAPR3A3 ponse ta UA frame,in 17 state lOF‘ : (|
g - it P4 - s B
# 4} REHAVIOR DESCRIPTIEN: ;- |LABET | PDU/A‘%PW tovrenTs RE‘S'UUTHE
=ty w  f A ! | REFERENCR g 21
RN 3 ' w .l N . A 3o g
I T N R R L ‘ =t
- _f L?&APBAOZ E - ;‘. Fo ' a0z « l | [y |
e 0] meme—— s nt o ‘ el
;b + WISTATR - T _ LA
O Ll Start- Sy yon CATH B | EEE O E
TS ST i Lo RN
| *.  * TINY RESET .o | . ¥ | Pass
1D : - + | s 1% n
.(._:\ ~'-"-‘ \‘ ‘ . ' . Ly
&l 'TTUAPR3N3,  + 2 A < fro | 2 1 |
Rt i S ST P AU AT PR
. iy & ., " k :{
o+ LiSTATE . 4. [ B P '|
% 7Ly Start @ ' N l e Aoy .
“' o L. A« 'p‘ - L v * : "ﬂ" | UA (50) ] oy > o :
s } ~ . + LINK RESET S R P - "\ Pass
| R “ - % | l ° !
. . L] LY N N : N L '.' Il
(! - ~ - ———pr—— T -_t T & - ha L
. . | ENTENDED COMMIN®S, =« . .1 v . * |I *
" .51 N R - \ - " - “ o .
L + Lt ] LT .ot w Ey £ |
b X - ) : - ) . < — .
=X {‘ (§ :\ L ) .&\‘-- 3 - :; . ¢ ;, _ I . \J
" - t ¥ i~
.- ) ! e ’ . &
av x . -..:- + s »
- ‘f‘l e "- " ’ ’ ‘ d .‘.:h - tr A ’ ) a
o A i st T .
- v T .- - * i &
! ot ’ a J«"' ~ el
< ve T s . B . \
., . - ot - - ~ *
A h | ! ) -
. - i i R * -
3 -: ) ' 5 ‘...‘ - ] . . .:'.‘ “ .‘r .
, P T * -
] ) - (9 ) -
| . N - “ y * ’
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an, El . ’;.,4
# = ;—'
e, o ¢ $
" ] |REFE‘.RENCE-L7TRANSII ITP‘%TPURPOSF-\fenfvm'F |PAGE: 1
Lo T F movpomm#/u 1=B304 I sends a RNR resvonsé to an
v | TEST ID 4 LILAPB304 I/p=1 frame vhile in L7 state |OF : 1|
o= e 2 x - i 4 o
%, & i pTHAVIOR DESCRIPTION 4 |LABE'L] POU/ASP | COMMFNTS  |RFSULTS
S R r wr I |REFERENCE} _ |
b o B aihe e i = R e +— y
T . W o ) & L
o - L’ithPB‘%Qd' O I | l | |
. ————— | - | l |
b, R | +"LJSTATE (HYPER DTF)JS l I & | |
By .ol Ul stapt R : L I l l
¥R e L) T NS := YR t= HYPER DIE, # l 1(510) l
o I, S, UD := 7HOO)) = I _
N LA " LZRWR (AD=03, F=1, | A A l
- NR=HYFER RTE) & | | e " |
b \:? | L! Cancel (T1V I# | ' ] |
C R U T + LTCHK | l W # | Pass l
4 | * 17 Timedut 1) & [ . ‘ Fail
| L? Oth%mlse Cancel (T'1) l | Fail |
R
.‘ D ST S U S S
| EXTENDER OOMMENTS : = ¥ ! |
1 v 5% 1 I
4 A ! ¢ & j # &t ! |
L woT ) ! "
4 g3 I
. . £ 'ﬁ’ o .
: 7@ S =
* .
‘1 ?
& )
» "*'\'.\ ". >
. a ig.]‘ "9
"""." “‘7‘??‘ l
voTE
-t “
" _ E
R g
“.
i
ga )
.

I
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Avpendix M K
5 . SR A 2
N ' TTON TARLE FOR DECLARATIGNG™" < 4
- SR PR
- ™ .
B [T » - _‘.-';
, _ ; N . ¥ 7 v::*:é_‘_
| " - Test Suite Parameters he ﬁ( I
y . Name | Range | by chmm'nts l
+— -+ ‘ + ——t
| 1 | As specified in 157776 b Time value, SCR Rp?’ l
o T2 | as specified in IS7776 . |jvime value, SCR Refi #
. N2, | As spedtified in 1IS7776 | Retry count, SCR Ref. . |
' “ Nl | As specified in 187774 | Maximm frame size, |
s l » | SCR Ref, to be used \
1 e l = ] -v.‘g- R
. — 2 : = = =, -5 -—+
- i ke S
" e .
. A -3 ,
| | , @np Declaration f
- L - (/ BN _{ -
' o ; % ' «
} SAP | - Role = | |
| L | sAP at! the -lower tester ccmtrollmq and o‘)servmq ) !
| | M protocol data units, user to thsma;, 1&wer &
| # | service. > " l
S l - I L" ¥ -? x4 4 i_
S ' 4 . ——la ; +
;,’.‘,EG “":.‘:. ”."
¥ Y Ca < PR P 4
. . ¥ - a8 =
(. : PDU#Declaration % S
y 1 A_-’*‘-__l - '
| PDU : DISC | Restrietions on use : Alwavsdised with poll bit set F
& | (DISConnect) I s -~ g -
1 i) L ey
- g ) ™ T
| *F Protocol Control lnformatlon & |
- | parametsr Name | "”QRanqe of values | Comments |
- il t - 1
+— 4 T pric] -t aal ¥
|  ADdress (ADY | “HO1, “HO3 | > |
poll bit () | . “B0, “Bl | |
. | | |
4 i) : ¥ t R t
- 182 -
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ET .“i 1’" o
o P AP
* ' ‘
A l : vy ol ™
) | el PR Declaration &,
| PDU : SABM Restrictions on use : Alwavs used with poll bit set

3§
% | (Set Asynchronous
| Ralanced Mode)

{z.

s e e e —— e ———— e —

R
¥R R 23 Protocol Control Information
l Parameter Name' | Range of values | Comments &
1 ' 1
| ADdress (ADY | “Hol, “HO3 i
_ | Poll hit (P) | B0, "B w |
Ry . [
i l | t‘h" -
+f? 4 }
. o
e B £ 4
£ : "
e ) T & I ‘
.I Py ‘ PDU Declaratitn & % I
| *ou | .
(Unmnnberedl | -~ "
| Acknowledgement) | 5
x B | * Protocol Control Information |
I - . ' !
N M : i A
|  Pparameter Name | Range of values | ., Comments I
1 1 . it - L
- - = - ™ ™
: ® | Apdress (AD) | ]W HO3 s |
i | Final bit ) | B ! |
o | | l ¥
= T«"" -:"'! X - T
| pbU Declaration | -
PDU : DM | = &
‘ “IDisconnected = )
%‘. > MQT ' |
' . . | Protocol Control Information |
| Parameter Name | Ranae of value | Comments [
- -ﬂ 1 i I 1
‘ & T T T - +
. |” ADdress (AD) | “HO1, “HO3 |
N | [Fimal bit (¥) l ‘80, ‘Bl |
» | = 5. e | #
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bag i 184
.‘.,Eg“—
iy ,_-5-_‘."2 ' ' . .
PR R
i - :
o = S —F - +
[ . B PDU Declatation |
+ ol = .. +
| POU : RR | Restrictions on use : Used only, as response POU ‘
.| (Rgceived Readv | -
v H | r&Sponse) F. . | |
+ '_:’;:3' . '
" | Protncol Control Tnformation ]
Name | Ranae of values | Comments |
h3 j% 1 1 - "
( B A P - - ' )
% cess (D) | & “HOL, "HO3 ‘ |
' nal bit (/) L 7 B0, "Bl @ |
eive Sequence g Modulo 8 e _
(
' l 1
¥ + } +
. ’ 2'{" +— - 1 }
# | i 5, PDU Declaration |
POU : RR nr'* | Restrictions on use : Used only as command PDU
A . (Receive Rea I i : ;
£ T Command) ~ | - |
| protocol Control Information I
| parameter Name g '‘Range of values . | Comments |
| ADdress (AD) | “HO1, "HO3 A ' |
| poll bit (m | "5 BO, "Bl | i |
| Receive Sequence | YModulo 8 . l |
| Number (NR) | ) I ) |
| | | |
2 ’ % -
o
i
. &,
-
e e
* # w W% T
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T =
W, T R ] o E 1
'\_‘u '.':Q'{' . e =3 ‘:‘ ) . |'T‘
B - 3 R R .
+— T S y +
- R L. T PDY, _Dec].aration«m,l ]
‘tg L 47 : "A:.‘:;‘ ; N =_;'| . ;" . ‘r
| PDU ¢ T ° = l':ﬂgstrictlons on use User Data field mav encode
I (Informati.gm it . Packet’ Level information ‘
4= —= o o +
| '?ri,p.‘_ pN Protocol Control Information |
— i ' o ‘ " ‘ ;
| Parametersame [ j-" Range of values” | i, ‘Comments |
| apdress (D) |t 2HOL, “HO3 % SN : !
| psit bithpy ‘1‘ : BO, <Bl 1
| User Data (Uﬁ) : g H].Oﬂﬁ?"* ¥y - User data may encode
_ | | w “BLO01¥ 57 ) . | packet leveligestart
f | ?,I ’W'g ASCET st:mq o, ’: or restart confirmation
} 3 P " on, LN 0 or ahv other
; N e dats on ION 1
; e wAn . | *
| send Gequphce {1 v, Modulo 8 ,
Numﬁ_r (NS) : ke
LN -“-?’l-. O
& l Recdtve Seguence | T Moduda. B . R
| Number (NRY [ e 1 !
| | e | x |
o B )4 ' ‘\? \rl:\‘.": :' ‘ 3, e ‘
5, B R, W
y v ‘. pey F'-; . w“!'ye
| PDU Declaration ’ |
| eDU : RNR N Restrictions on use : Used only as response PDU ]
(Received Notww | .. i ]
Readv responsel. iy & DiS . |
- N m e +
l 4. Protocol Control Information |
% | parameter Name | Range of values | Comments |
ADdress (AD) l “HOL, “HO3 1 |
Final bit () | “BO, "Bl |
-1 Receive Sequence | Modulo B
| Number (NR) -
| e V K ) i I :
1 ey t TR ’ R 1
R & ""’F o £ “J.- i 3’;\‘#
e ‘."' ' ;
pigh S,
-’ L S ;x r,
B po Sy .
% & . A% + ,
T4, * B e T

L
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E
1
+—

PDU Declaration

- —t

| DU : RNR Command

{Receive Not

Readv Command)

Restrictions on use : Used onlv as command PDU

~

-+
Protocol Control Information |
Parameter Name | Range of values - | Comments ]
ADdress (ADY | “HO1, "HO3 |
poll hit (P) - | B0, "Bl | .
| Receive Sequence | Modulo 8 !
| Numher (NR) | I
| | / | ‘
| - PDU Declaration |
— : : +
| POU : REJ | Restrictions on use : Used only as response PDU i
| (REJect response) | |
| ~rotocol Control Information i
| parameter Nam~ 7 Réhqge of values | Comments I
| ADAress (AD) oo -“HOL, "HO3 l |
| Final bit & | RO, “BL l ‘
| Receive Sequence | Modulo R 9 -
Number (NR) l| i ‘
. A:‘.‘}
+ = - P - .
oy ]
a o
e, > h v » 3
. -_‘ .
- 5- N ' v
’ T | ‘ h .
¥ ) ‘
) _
/'/ v
[ = .
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: Y
PIXJ Declaration

3
®

PDU : FCS ERROR Restrictions on use : This is an improper frame
{Frame Check
Sequence FRROR) | .

Ll

Protocol Control Inforlrlation

k4 _.____1. _..1-
g —_—t—t— 3 —+ — T

Parameter Name | Range of value ? | Comments
no parameter not applicable . l This is an I frame ith
R FCS error sent bv
! I tester -
I
I PDU Declaration ]
| PDU : SARM | Resfrictions on use : Improver frame in LAPB |
| (set Asynchronous| ‘
| Resporise Mode) |
| nrotocol Control Information |
+ 1 { . }
| Parameter Name | Range of value - Comments |
| ADdress (AD) © | _ HO3 I
I Poll bit (P 1 # 7BO, "Bl | .
| | CO
Ll ‘E: t T i T
N,
. ) -
L j
:?'- = had
- .
. P s 4 -
A, ' ,
..t. - l
E Feu ‘. W ™ T e
+ N b T et = )
.‘:l ) Ay, \ I3
N "R E *
¥ o » .
o Reas
wita . i TR g o i
= T )
" = * e, % N
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appendix N

. TTCN TARLE FOR OONSTRAINTS

—Gonstraints Declarations-

o e A ——

PDU DISC (DISConnect)

|
|
| | Field Name |
| List Name 4 : + Comments-
| | BDdress | 13 l
| S0 “HO3 | “BO | AD is address torresponding
l 51 “HO3 | “Bl | to “A” in standard IS7776
1 | | | P is poll hit
| Constraints Declarations - |
| . PDU -SARM  (Set Asynchronous Ralanced Mode) 1
R | Field Name l |
! List Name + +— : Comments !
| | ADdress ' | P | |
| 50 ‘w03 | “B0 | tddress is “A” as specified |

st “HO3 | "Bl | In 157776 _ .
| | ! o

i .
- 188 -



\

' _ 189
o o e e e e = e e —+
| Constraints Declarations X |
A e e e e +
N PDU UA  (Unnumbered Acknowledgement) |
U — ; - R ——r———t
| ) | Field Name | | |
| List Name T et Comments |
| | ADdress | F I |
P - 3 s il +
| 30 | “HOL | ~“BRO | AD is "B” as specified in l
sl { “HO1 l "Bl { IS 7776 |
PRI fmm————— = o e ey —
ER— - &\
| Constraints Declarations L
e e
| PDU DM (Disconneted Mode) bl
e +— e Hm e — e - +
l Field Name | |

List Name +— — —+ Comments |

l | ADAress | F ] |
- ————t e —————— e e +

S0 | “HOL | 0 | This is a link set uo request |

| | from tester (solicit link umy |

s1 “HOL | 1 | This is a link Set up denial |

| l | from tester ]

— - — —————t— = — —_—t
+ J R :
! Constraints-Declarations I
| PDU FRMR (FRaMe Reject) fwith contrgl field) |
! 3 } + - + : 4 4 + + +——

l - N Rejected | | 1

|List Namel aD | F - frame | NS NR | C/R ' W o X y | z',l
] | | .| Control | B I | b ! |
} 4= : +— —— - + 4 i ———t
| ss | “En3 1’81 | “HFF | “Bo0i1 | “BoOLl “B1 I|. “B1| 7BO| “BO| “BO]
|. s | 7Ho3 | “B1 1| “wFr | “B000n | “Boool "Bl | “B1l| *B0| “BO| “BO!
| sy | “HO3 | “BO | “HOF ‘o0l | “Boo1| “Bo™ | “B1| “BO| “BO| “BO
‘ s8 | “Ho3 | “B0 | “HOF “gooo | “soon| “Bo | “B1Y “mo| “BO| “RO

s9 .| “HO3 | "Bl | RCF | 2 2 1?2 | w I. X! vl =2

A S1n “H03 | “BO . t RCF | 2 ? I 2 | w ‘ x| vz |
4 | | : I 1 | l
S e + ! + ; 1 : } t } f—

& .
\
oy
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=
Constraints Declarations |
PDU I (Information) ° |
1 FIELD NAME | uenGeH | ]
List Name +— + $ t +— + | Comments |
| Ao | P | un I NSq | NR | PARAMETER| S
w02 | B0 | b | 2 | 2 | - | procer frame
| | | | | - I | UD is valiA
‘ | | . N ‘ User Data
| | “H03 | "Bl | UD | “BOOLl] “BN10| M1 -.32)] prover, W1 is
| | [ | | | 1 free variable |
| | 7103 " “B1 |"H1000]| “BOOO| 7ROOLI - | prover frame I
| | |\ | -FFo0] ! | | !
| | “H03 1 “BO™ |“H1000| “BOOO]| “BNO1! - | procer frame 1
! | | | ~FFOO| o l |
| g v “HoR | 7Bl UD | “rontl “BOO1! (N1 + 8) | Exception
| ge {1 “mo3 | 7Bl up | “moonl “Bo0O| (Nl + 8) | Exceotion
| sA | “HO1 | Bl w | 2 | = |proper frame
| 57 M “HO1 | “BO m |2 ? - N\~ proper frame
| s8 | “HO3 | "Bl up -| “Bolo| “ROO1 - | oroper frame
. b%9 l."#03 | 81 | “HO | “m001! “BOLO - ‘ improcer NR
: \ sio  |i7HO3 | “B1 | “HO | “BOOL| “BOOL - - | imoroper NR
sil.. |yHO3 | “B0 | OD | “BOOL| “BOOO|- | < -
l sib | ¥Yro3 | “B0  |“H4142] “BoO1| “BOOL] - |
L. os@ | iﬁoq | “B0.. |“H4142} “BONO| “BOOO| . - | |
| S14 [ “H03 | “BO - “gooL| “mno1l| T - | no user data |
| 913 | 7RO | "BO | - | “BONO| “BOOO - | no user Aata |
l stw, | “Ho3'| “B1 | “Bl .1.’B001| “BOOL - | non octet aliqnedl
l s17° 1 7mo3 | 7B1 | “BL | "B00O| “BDOO| = | non octet aligned
s1i8 | ‘g3 | U fom | 2 |2 | - I
| stey 1 -HO3 | "Bl | w_Jl. ? W:“"? | wwz=] proper frame I
l s2: |-Bo3.] "0 L. up [ 2 | 2 1 -  {proper frame !
rr, . ] : ] | lﬁ - I s 1 | l
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- - | Apdress |, F o~ | .NE A . R
Y ; i - 3 I i 2 - ~ - hd N
-, T 0 g T DS n = Y v = t
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| . h _ . Constraints’ Declarations ) w1
N T DU RETC: (REJect Command) . I
1 L l FIELD  NAME | ~ |
1 UistName 4 — — + Comments I
A ~| ADpdress | ® 1 NR | N |
f 1 1 [ . — AY 1
1 . s0, " | _'Ho3 | “B0 | © 2 , | NR-is free variable: |
SO B} O b HO3 - “m1 -l ? |
., 82 | “wo3 | “so | “BOOL | \ l
1~ =83 ~4 7m0z | ‘RU 1 ‘o0l | -
{ S4 | ~“mo3 | ‘B0 | “BOOD | - ' i
| | | S | |
+— % = = - - - :
- Constraints Declarations = |
| PDU DTE DISC (DTE initiated DISComnect) !
| | Field Name [ R |
| List Name +— + -+ Camments N l
o v | ADdress | o A ~ T ‘ |
Y 3 L 1 - i - \
| s1 R e 11 R B -1 " | porer tester implementation is
p = 1 e ] - ] | ‘required to aenerate this PDU
’ ! s ™~
47‘.. -‘ r - . : o’ -
P - . Constraints Declarations A L
Lo PDU SARM  (Set Asynchronous Resoonse Mode)

A — e i m ——

o e e e e e =

|
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50 {03 | %80 |° ‘HOF | Undefined frame in LAPB
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