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. generated by ITSG are 1nc1uded.

ABSTRACT . SR

An TInteractive Test Sequence “‘Generator has 'been

"designed and implemented. 1TSG rbrovideé an . interface

1:‘:;’ . . \ N . . Lt . . . rJ
between a tester and a logic specification for_;the purpose

-

of generating testcases from a given logic’ spec1flcat10n. Aa

nglC spec1flcatlon is a collectlon of™ Horn claﬁses codpd ;n

e

Prolog descfkibing the _externally observable behav10r of a

~

system. ITSG facilitates a controlled- traversal of executlon
T

pafhs of the system described by the glven loglc speqlflca—
tlon‘aﬁd is, wrltten in C_Prolog running under UNIX, 4 2 “on

VAX 750. | : . | L
Logical’ implicationsy of & specifidgtion“are often

implicit ;and difficult to understand and remember.A IqsG'f

2

keeps track of the loglcal 1mp11catlons and detalls of-xthe

=

protocol py follow1ng the ‘given logic spe01f1catlon and mak-‘_

., -

1ng readlly avallable to the testerrspec1f1cataon facts ~and

consequences oﬁ cb01ces made earller by<{the tester.

.,

An example conformance test suite' For Transport proto-.

“col “Class 0 Implementatlons has been de51gned and presented. .

A

Sample, representatlve testcases of thlS CTS which have been"

. i



ACKNOWLEDGEMENT
| Tﬁe authot'wishes‘to thank his”supervisor Dr. H. Ural
f "‘his gu1dance and 1nstruct10n in the fleld of protocols
and Eor hls efforts to 1mpart to me the sav01r faire' of
Mtechnlcal writlng. Many thanks also to my other teachers{
particularly to Dr;:Probert and Dr. Cheung and also to the

- : P, . e .
professors and students who participated 1n the meetings of

.h .the PRG (protocof'research group).

. e = .
- < BN ' -
(] . :
. K S o
- .



. TABLE OF CONTENTS

ABSTRACT -
. ACKNOWLEDGEMENTS
. TABLE OF CONTENTS “
LIST OF FIGURES R e T
l.i‘INTRODUCTION‘ P. 1
l.1. Protocol Implementation Testlng P2
1.2. Motivation P, 4
. ;1.3. Objectives and Contrlbutlons of the Thesms P. .5
2. LOGIC SPECIFiCATIONS P. 7
' 2.1. Transitions Part P. 9
2.2. Extensions Part P. 13
2.3. A Logic Specification Example P. 15
2.4. Logic Specifications of Composite Systems P. 19
3. THE INTERACTIVE TEST SEQUENCE GENERATOR P. 21
3.1. Outline of ITSG's Functionality P. 22
-3.1.1. .Help/Display Facility P. 22
3.1.2. Protocol Processing Facility p, 23
3.1.3. Management Facility P. 24
3.2. ITSG Help Functions’ P. 25
3.3. "ITSG Processing Functions P. 28
3.4 ITSG Management Functions P. 32
4. THE CONSTRUCTION OF CONFORMANCE TEST SUITES P. 36
4.1, Criteria for a Standard Protocol CTS P. 37
4.2. Strategy for the“Standard CTS Criteria v P. 40
4.3. Example CTS for the Transport Protocol Class 0 P. 44
4.3.1. Test Suite Plan . P.. 45
4.3.2.- Typicals.- Co P. 47
4.3.3. Atyplcals - P.-49
4.3.,4. Unspecified Receptions - P. 50
4.3.5. Parameter Errors . P. 52
4.4. Generatlon Of Test Cases P. 54~
- 4.4.1. Format of Testcases P. 54
4.4.2. "Example .Test Cases P. 56
5. CONCLUSIONS P. 61
6. REFERENCES - - . ‘ . - T ) P. 64
7. APPENDICES .
Appendix.A. Logic Specification for the ) P. 71
Transport Protocol Class 0 g '
Appendix B. Paths : : P. 81
Appendix C. Testcases : - P. 83

Appendix D. ITSG Listing P. 122



FIGURE
FIGURE
FIGURE

FIGURE

FIGURE

1.

2. uITSG ( Interactive TestSequence Generatar )

3.

4.

54

LIST OF FIGURES -

A Test Fa0111ty Model Wlth ITSG

 ITSG's Methodology Reference Model

A ReferencéﬂModeluof Logic Specifications

.Tran51tlons Part of Loglc Spe01flcat10n

(TP Class 0)

. 66
67
. 68
. 69

70



"~ called a communication protocol.

Y

1. INTRODUCTION

- In computer communication -networks [Tane 8l1],. the
interactions between communicating entities are based on the

exchange of messages. The orderly exchange. of messages

between"suéh entities”islgovernéd by a set of rules which iq\

———— -

-

\

The Inte:hétiohal Organization for. _Standardization
{ISO) defines a.ﬁiera;chy.of protocols in the Open Systems
Intercohnectiqn.(OSI) Reference'ﬁodel [zimm 80]. In this
model, protocol layer N provides a particular communication

service (i.e. N—serﬁicé) to layer N+l. The N-service Iis

specified 1in the N-service specification in terms of possi-

ble types and execution sequences of interactions (i.e., N-
sérvice priﬁitives) e#changed between layer N gnd layer N+1.
Accoréﬁﬁg to the 0OSI Réferenée Model, the N-service is pro-
vided by the collaboration pf protocol entities (i.é., N-
entities).in layer N over the (ﬁvl)—sérvice. That 1is, an
N-entity participates in pro&iding the N-service by communi-
caging with other‘N entities via the (N-1l)-service. The N-

" protocol specification describes the participation of an N-

entity in the provision of the'N—éervice in terms of  its
responses to requests (N-service primifiveleffom its users
((N+1)-entities), .to messaées (or Proﬁééol Data Units
(PDU's) from other N-entities received via the (N-1)-
service, to control messages ((N—l)—servicé primitives)

received from the (N-l)-service, and to internéT‘eveqts such
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as timeouts. Thet'is, the N—protocol' specificetion,.is an

abstrect representatlon of the behavxor of each lmplemented

:protocol entity in layer N. Thus, a complete 1mplementat10ﬁ

”5_of‘ an- N entlty (1 e., an N-protocol 1mplementat10n) may be

constructed by successlvely refinlng the N—protocol-speelfl-

cation. ' _ S

Each protocol implementution should conform to the par-

ticular brotoqol specification that.iﬁ-impleﬁeﬁts in eide}'*
td'esteblish-proper'interworking.between_implemeﬁtegiegs‘ief‘"‘
the. same ~ protocol speC1E1catlon ‘ ,Implemehteﬁions may'be
allowed to. lmplement only a common subset off the everallf-
functlonallty of the protoeol The subsetllmplemented by antﬁ

N

1mplementatlon is declared by 1ts PICS (proﬁocol 1mplementa~

N w
tion conformance statement). Implementatlons must then con-
form to the subset of the protocol._‘pe01f;eat10n whlch is

claimed to be implemented in their PICS.

-t Al

One way of accessing the conformance:of a protocol:

implementation to a particular pronCOl specification is via =

pﬁetocol‘implementation testing. In the following LSUbSégfll
tion, tHe issues related to proEbcol impleméntation testing

are briefly introduced.
l1.1. Protocol Implementation Testing

The aim of protocol implementetion testing is to demon—_
strate that a given protocol implementation conforms to the
particular protocol specification.  According-..to “typical °

- K T



. application~of-a‘su1te of testdases.

| proposed‘ test architectures [Rayn 82], a protocol implemen—

tation is tested as ‘a "black-box" over a communication

medium between an assessment site and a clleng 51te, as in’
*E;gure 1. The assessment 51te configuration 1ncludes an
“Active Tester" (AT). The client 51te conflguration includes

the protocol implementation under test '(IUT)- and "a "Test

_Responder" (TR) acting as, the user of the service prOVided

by the IUT.- During testing, the conformance of the IUT to

.‘thé ﬁarticular protocol SPElelcathn is assessed_through

+

the observationsfof controlled sequences of%%interactions

-

" between * AT. and: TR which are generated as a result of the

L]

_ .. _
A testcase is a completeb 1ndependent speC1fication of

the actions reqUired to achieve a spec1f1c test purpose. It

is a sequence of input ‘and output interactions that “the IUT

.hexchanges With;,i s user and its peer, 1i. e., a sequence of

. input stimuli and corresponding expected responses.

One of the major subtasks in protocol implementation
testing is= the generation of effective testsequences. In
software'engineering, conmplementary testing technigques are
used inuolving _both black-box and- white-box (structural)
test qeneration strateqies in orderJto improve the effec-
tiveness of tests.; However, a common assumption in protocol

N

testing is that the internal structure (i. .e., source code)

of .the IUT 15 not available [Rayn 82] " This assumption res-

" tricdts the test sequence generation strategies_rto' blackbox

tar
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or specification-based ~“testing techniques;“i.e, the desigh

and internal structure of the IUT is not taken intox account""

to guide the construction of the test sequences (and thus

the testcases).

1.2. Motivation

In general, exhaustiv
possible interaction (service primitive:ofwﬁpU) sequenees)
is practically infeasible due to the valaes;'and variations
of interaction parameter fields [Piat 80). A praEtical
compromise which attempts to reduce the size of the set ef
1nteractlon sequences is that of selectlngvllnteraction

sequehces tandomiy (ega. [LiMc 83)). However, randdﬁ}~(test

'sequence) seléction:‘may justifiablywbe criticized from the

v1ewp01nts of completeness and &effectiveness*ffot software
testing purposes:-[Myer79] Thus,ﬁpraétical testing is con-
fined to detectlng partlcUIar instances of errors by using a
manageably 51zed 'representatlve -and dlscrlmlnatlng set of
1nteract10n sequences fiﬁ"&sdéh =5f set," each 1nteract10n

sequence is con51dered to correspond “to a. number of func~

i}esting (i.e., testing €£for all’

tionally equ1valent sequences in the ‘set of all p0551ble‘{

interaction sequences and is{ ‘aimed té*check‘whéther the
correspondlng functlon ‘is correctly implementéd or not

[M1H081].

- Dlsregardlng values and vaggatlons of parameter fields

of 1nteract;ons{ relatlvely slmple“.Flnlte_ State Machipe .

(FSM) based reg:esentatlons'of giqgn‘protocd}’spe01f1cat10ns



'Qrei genera;éd. Based on the éégte‘transition,inféfm;tion of
such representations, éeveral Fsﬁ‘ teﬁt techniqﬁgs 'cén ‘be.
employed [SaBo 844.‘ preVef,'the ;esulting.test'seqhenceé
maiﬁiy test for thé control stiuéture of the IUT,..On the
' other.:hand,waifest.design,meﬁhodo}bgy which is abie to cope
with‘iﬁ%eraqtibn pafameters réquireé cbnsiderable‘amOuh£ of
effort in. the case of complex protocol speciﬁicétions [sBC
85). Thus, it'is desirable to prbyide a Edol 'whicﬁd facili-
tates inte;active:generatibn of test sequences from a_giﬁen'

protocol specification.

1.3. Objectives and Contributiong of the Thésis

Our primary objectives éré to design and implement an
interactive testsequence generatof thch provides an inter-
face betﬁeen a tester and a‘logiﬁ'spECification. This tool
is used to facilitgte a controlled traversal of'thé exgcu-"’
tion paths through the state space of the system being
described: by the given logic 'specification. /ITSG's first
two functionalities provide a a Help faciliE;“fi.e., static
“and éynamic protocol infp?mation accessing functions as well
as on;line documentatioﬁ of ITSG itself) and a protocol Pro-
cessing:~faciiity _{i.e., path generation and testcase con-
stfuﬁtioh capability). C-Prolog offers only rudimentary
access to external files and so a third facility i.e. the
management facility, is d?ve10ped. These 3 facilities, i.e._
help, processing and management, work harmoniously together

providing the tester with information upon which to base

_\r--



Aéppropriate wiph te§tcasé generation, respegtiveiy.

_action; the capability to act and manage the output

N

Our‘secbndéryfobjective is tb demonstrate the feasibil-

ity of interactive generation of testcases using this tool

such that the tester may make fast, correct, well-documented

’

and complete testcases. We demoxstrate the ease of use, the

friendlinéés, and the flexibility of the generator on the

example of constructing a conformance test suite for OSI

Transport protocol class 0 implementations.

In chapter 2, we discuss the form of logic specifica-
tions which is the form—ITSG expects the protocol to be in.
Chapter 3 is devoted to ITSG itself; fif%tly an outline of

its - functionality, then an exhibition of its composition

through a listing of the commands "with eiplanations are

given. 'This 1listing corresponds exactly with what a user

- gets on-line from ITSG's self-documentation aspect of the

'help'  facility except the command - syntax. ‘Chapter 4

discusses the construction of conformance ‘test suites (CTSs)

with ITSG. The chapter begins with an introduction to CTSs’

for protocols, next discusses a strafegy‘to make CTSs, then
shows how ITSG functions allow the fulfillment of that stra-

tegy, then generates an example CTS from the Class 0 Tran-—

sport protocol and lastly discusses'the'generation of-testlm

.cases. Representative actual testcases are shown in Appendix

C. In chapter.5, we draw our conclusions.



2. LOGIC SPECIFICATIONS

1

A'logic speéification [Sidh'83, UrPr 83) is a coliéc—
tion of Horn ¢clauses coded’in PROLOG [ClMe 81] describing s
the exfernally observable  behavior of a system (é;g;: a prB—
tocol entity, a service provider, efc.): A majof:advanﬁage.
of logic specifications over other exgcqtablehsbecificatidhs‘
is that logic spééifications may allow for 'invertible execu-
tion. That is, they can Bé executeé for both generating: and
recégniziné thejexfernally observa%le behavior'of-the”speci—
fied systems [UrPr‘é4]. Thus, for example, a log%c épgcifi—

mdation of é protocol éntity.éan-be employed as éart_of

i) a trace checker “which determines whether‘,the traces
{i.e., execution histories) of a protocol implemgngation ére'

acceptable interaction sequences and

+

ii) a test sequence generator which - constructs. interaction

éequenqes for testing protocol implementations*[UrPr'86].

‘”Logit speciﬁicatioﬁs are based on the interaction model
.given in [Boch 80]7ﬁﬁich;éharacte§}2és distributed systems.
In this intgréction mbdelﬂ a system (of a subéysteml is conJ-
sidered as a céiiection of ‘processes (é.g.}-modules) wherel
each process is interactiné ‘with .its epVironméﬁf (e:ig.,
other p:oceéseé) through i;ﬁ'intgfaction points? An in;eraﬁ—
tion betweeh ‘two. processes takes place' ét a pair of
corresponding ihterabtion ‘pointsl (one in each intéracfidg'
process) whieh is called a channél; ‘An goécurrence' of an

‘interaction between two processes involves a transfer of



information from-one process to the other over a, particular
chsnnel“between these processes. Each interaction transfers -
. information only in‘one direction. " The . process initiating
an iﬁtefactidn considers that interaction as an-"outputﬁ
‘infggaction which iﬁ Eurn is considereé' as an "input"

intéraction by“the prodesé receiving the ;ransférred infor-

mation.

~Each channel betwéenka pair of inferacting processes
may sohetimeé be ass@ciated 'with a. péir'oé intérgctionl
queues, one for each direction of information transfer.
Thus, the:outpﬁt interaction of a process d; an interaction .
poiht is.quéued before it is considered as‘an input interac-
tidn rat " the related interactgqn'point of the_égrresponding
pfocess. wWhen the 1engths:6f intergétion queues are assumed
to be zero, this scheme lends itself to mbde1ling’0f rendéz—
vous type of interactions between iﬁteractinglprocesses. In
this case,‘an interaction betweén a pair of processes occur
Jhen both are ready t§ ékecute the interaction (one as an
input and’ 'the other as an output interaction) at their

related interaction points.

A logié specification of a procggg describes the exter-
nally observable behavior of the procegg (i.e., the possible
orderings of interactions exchanged at the interaction
pbihts' of the process) in terms of its state space and pos-
Bibie state transitions. The state space of the process 'is

specified by a set of variables. A possible state of the



process is characterlzed by the values of these wvariables.
Each state tran51t10n .1s.def1ned_by an enabling condition
whieh'is a combination of boolean. expressions involving
state variables and possibly an input interaetion and ey an
action which may'uﬁdate some state variables and ‘may gen;

erate some output 1nteract10ns. Rzabrdingly, the logic

speC1flcatlon of a process 1s a set of clauses which con-

sists of two'parts: namely, transitions partrand'extensionS’

part.

2.1. Transitions Part

Each clause in this part defines a state t;anSitibn and
is in the form gf:
t_name(TID, Present state,Next state Input Output) e
enabllng condltlon , actions.

where name stands for the name of the process and TID .iden—:

tifies the ,transition. 'Here, Present_state and Newf state

“are two lists containing values of state variables before

and after the execution of the transition; Input and Output

3

are lists representing interactions of the process taking
place during the transition; enabling condition is the set
of predicates which must hold for the 'transition to take

place; and actions which define some relationships between

mainly present and next values of 'state variables.

Each state varlable is an element of both Present state

and Next state lists and has the same relatlve position in

each list. Moreover, each state variable is represented: by

0

T
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the same varlable name in both llStS except those varlables \

whose values are updated durlng the executlon of the tran51—

B

tion. For these varlables, “the corresponding elements in
both llsts should contaln dlfferent names. For simplicity,

we use t ‘follow1ng conventlon- if the value ofla‘state

.

varlable is updated then the name of the wvariable is . pre-

°ceded by a "P" in the‘Present;state list whereas it is pre-
‘ceded by an "N"™ in the Next state list.

".Eorreach,interaction point of‘the process,.thefe is one
element‘ ih 'ngut and _output lists. ‘Each element of the

Input {Output) llSt is an lnput (output) 1nteractlon and the,

relatlve posLtlon of an interaction in each 115t identifies

E
I

the 1nteract10n p01nt over which the 1nteract10n'.occurs:"
Each lnteractlon is represented by | | c -
a list cohtaining
“the ihteractioh:point'identifiet;
the interactioh'idehtifier, and

“the valués of interaction parameters.

The :contents df.;nput and Outbut lists for each transi—

. tion are determined as follows :- , _“ .

H

. All elements Pf the Input llSt are empty llStS (denoted
by [] ,in Prolog) except the element correspondlng to
the interaction point over: whlch‘ the' interaction
referred  to inPthe‘transitidn"occurs. In the case.that
the ttahsition is a spontaneous trahsitioni (i.e.; the

‘one with no input interaction), all elements of the
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‘interaction parameter list (e.g., OPL} .

- lowing: - - '

- 11 -

Input list’are empty lists. The non—empty element of .
the Input 1ist’ (if any) is a list itself,. contaxnlng
the interaction point identiﬁier, interaction identif=

ier, and-a‘'variable representing the input interaction.

barameter list (i.e., IPL). o ‘ v . N

- . [ e
" i

All elements of the Qutput llSt are empty llsts except

the element{s) “correspondlng to the 1nteractlon

p01nt(s) over whlch the cutput 1nteract10n(s) referred

:to——('f any) in the tran51t10n occur. The non-empty

+

elements of the Output list are llStS themselves, each-

,contalnlng the Jlnteractlon_p01nt identifier, interacs

-

tion identifier, and a variable rép:esenting the cutput‘

i

The components of the enabling conditioh_are the . fol-+

»

~ R hd
oo

A predicate in the form of IPL=[P1, PZ,J:],fn]’which ie
used to decompose the variable IPL representlng the
parameter list of -the non-empty element (1f any) of the
Input. list into its components Pl,PZ2,...,Pn. In order
to deterﬁ}ne thei&alues of the parameter  fields, . list
IPL is passed as a'paraﬁeter to a relation.called input

which is defined in the extensions part of the logic

"specification. Note that if none of the input interac-

[

“tion 'parameters is 'referred to in the . .transition

‘~clause, it is not necessary to spell out varlable names

corresponding to the elements of llSt IPL, and thus

b
- -
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this predicate can be eliminated. P- The remaining

component of the ‘enablinngéondiEion""is a’ boolean

expression whicﬂ is céﬂstructed by using'built_in Pro-—
log'relationalléhd fogical opératoféﬂ_NoEe that exp;eéf
-'sions on either gide of a re%ﬁtioﬁal opérator‘in Prolog
should-bq;a_éingle ter@ (i.e., a wvariable or a con-

stant). Unlike the other relational operators, "=" can

be used to assign a value to a variable. TIf the vari-.

. able on the LHS .or the RHS of "="zis:udinstantiated

then it takes the value {of the variable) on the oppo-

site side (e.g., the above predicate which is used to

decompose list IPL),

The actions performed during thé'operatioﬁ of the tran-

sition are

Assignment of valuesfto state variables and to. parame-

ter fields of an output interaction.. In principle, the

“

buiit_in Prolog predicate "is" can be used to; perform
. any aséignment. waever, “in order to -maintain the
'{anertibility of the resultiﬂé . logic specification,
assigning . a lvalue g6 a pérameter fieid of an ocutput
linterégtion is perfdrmed using the built _in Prolog
\preaicaté "=t in the following manner: <variable denpt;

ing the parameter field> "=" <variable_ v> where
<variable v> corresponds to the value of thé Prolog
equivalent of an expression_eqwhiph s obtained in a

step wise manner using built_in- Prolog predicates
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before it is used in this predicate.” On the {Other
héﬁd, éssigning. a  value to a stafe variable jije;,"a
variable in the Nékt_staterlist) can be performed ‘by
using,thé predicate “is"."This'ié based on Ehe'assump—
tion thét:logic_specfﬁicationa ngéd Aot be executé&\ by
.supplying the final éfate _and.askiﬁg for an initial °

state.

- _Géneration of outpuﬁ,inféractiqns which iﬁc{pdes decom-
.position of the variable'OPLlrepresenting tﬁé parametér
list of a non—emptylelement {if any) of the Odﬁput list
‘into its cdmponents ﬁl,Rz,..:;Rn by the following
p}ediéate: OPLi[Rl,R2;.:.,Rn].-TIn order to determine
the Qalues,of the parametér fields,‘list OPL is passed
asﬂa Qaraﬁeter to a relation"célled_ output which %g
défined in the extensions.part of the logic specifica-
_tion. Note that if none of the output interaction
péramétérs 'is referred’ to" in the transition clause,
then it is not necessary to spell 6ut the wvariable

names cofﬁéspondingi to the elements of the list OPL,

and thus this pfédigate can be'omitted ‘from the clause.

2.2. Extensions Part

The extensions part of a logic specificatien containsh
definitions of relations referenced in the ;ransitiong part.
These ;eiations are I"input", "output”, and all othe;L reia—
tions-lreferred to in the definitions of "input" and "out-

put". Relations "input” and "output”" are inFended to

e
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generate and recognizg.valia input and output interaéfions;
respeéti@ely. They are both of the same form, i.e.,'they are
defined as colléctions of clauses corresponding to the
interactions-that fhe process exghanges at its interaction
points.. There shoulé be one clause in the relation "output"
for each interaction,iaentified.as an interaction which may
be initiated by the process gnd one clause in the relation

v

"input" for each interaction identified as an interaction
which may be initiated by the environment of the process.
Each clause defined as part of the relation "“input" (or

similarly of the relation "output") is of the form

-

input([interaction_point_id,interaction_id,PARAM)
‘1~ interaction_id(PARAM),

where PARAM stands for the list of interaction para&éters
and interaétion_%d.is the name of the relation which defines
the parameter fields (i.e., format) of the' corresponding
interaction in the following form:
interaction id([P1,P2,..... (Pn])
1= name of _the_lst parameter field(Pl),
name of the _2nd_parameter field(P2),
ﬁéme_of_the_nth_parameter_field(Pn).
where each condition referred to in the above clause is a
reference to a clause defining the values of the correspond-

ing interaction parameter. In order to maintdin the inver-

tibility of the resulting logic specification these clauses

are defined in.the following form :

. name of_parameter(X)
:—-(var(X),assign_value_of(X})
; {(nonvar {X),check value of(X)) )
where var (nonvar) is a built-in predlcate of Prolog’  which
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ensures that wvariable X is uninstantiated (instantiated}).
‘Thus, if X is uninstantiatﬁd, a valid value is assigned to X
otherwise 1its value is cﬁécked to see whether it is'a valid:

value.
2.3." A Logic Specification Example

Logic séecifications'of protocol entities and service
providers can be derived from the corre;ponding formal or
informal protocol and service specifications, fespgctively.
A proceduré for constructing these logic specifications from

”tpg original protocol and service specifications givénf in
Eé£e£¥g (i.e., Extended State Transition based formalism of
ISO [ISO 85a]) is proposed in [Ural 86]J. This procedure
assumes that each original speciﬁipation is given in the

Tform of a single-module specification in Estelle describing
the externally observable behavior of a module (e.g., pro—-
cess) in terms of "normal form transitions". A normal form
transition consists of an external inpqt interaction
(optional), explicit present and next state identifiers, an
enabling condition, and an action defining a single execu-
tion path and possibl§ an external output interaction [SaBo

85]. Althoﬁgh specifications of protocol entities and ser-

vice providers iﬁ Estelle may be given in terms of exter-
nally observable behaviors of possiblfkmore than one module,
the application of various transformations given 1in ([SaBo

851 transforms these specifications into single-module

13

specifications containing normal form transitions.
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For example, a Transport protoqéi'.épééi}icatigp.Vtiség”"
82) given in Estelle describes tpg_béhaVior oﬁjg ;tanspﬁ;t;i:'
protocol entity (denoted tpe) which consistgu‘of éi;méﬁpihg”f;$'
module and an Erbitra:y number of abstractjpf&égqq;_m@&hlé§ “
- (ATPs). . By épplying the transformqtions propdsed ,ip [Séﬁg_;1g
85], a single-module specificatibncof the Transport‘éfﬁﬁ?cbi
entity can be obtained from this ~specification. : A lbgicﬂ"
specification of the protocol entity may :henmbe cdﬁsffﬁbted-

_from the resulting single-module specification by fol;dwing~ 

the procedure given in [Ural 86]. Accordingiy, eacﬁ'ciause

in the transitions part of the resulting logicmspecification'

is. of the form : ’ : -

t tpe(TID, PS tpe, NS_tpe, [I_tsap, I_nsap]:TO_tsap, O;nsap]) ~.

:- enabling condition, action.
Here, "t_tpe" stands for tﬁé name of the relation defining
transitions of the|transport protocel entity (tpe), and TID
stands for the transition identifier. Ps_tpeland NS_tpe are
two lists representing the present and next values of state
variables. Both of these lists consist of the following ele-

ments: )

major state variable

transport connection end point identifier (TCEP)
TPDU size ' (TPDU_S)
quality of transport service (QO0Ss)

buffer(for data fragments received) from user (BFU)
buffer(for data fragments to be sent) to user (BTU)

sequence number of the last data item sent {SSEQ)
sequence number of the last data item received (RSEQ)
lecal reference {LREF)
remote reference (RREF)
calling T address : . (CGTA)
called T address ‘ (CDTA)

The input {or output) list contains two elements correspond-

4
1
t



i v19e:aecess p01nt (denoted pEapXJ'respecthely.

: 'protocol entlty is given- An Appendlx A,

\\\\\\\\\

*
u. At - M
e . .\\ R

ulng to the 1nput (d? output) 1nteractlons exchanged at tran-..

sport serv1ce access poxnt (denoted~tsap) and network -ser—

.

~ %

The following ‘is. eh‘éutliné‘off;this"logiéf-specifica— w

tion. .The complete loglc spec1f1cat10n of the Transport

U‘

-

. _tpe(l,(idle, ' PTCEP, “PTPDUS; PQOS, 'BFU, BTU, SSEQ, RSEQ,
. PLREF, RREF, PCGTA,..PEDTA], .

[walt for_cc,NTCEP, NTPDU_S, -NQOS, BFU, BTU, SSEQ, RSEQ,

NLREF, RREF; "NCGTA%: NCDTA], .
[[tsap,qtcreqt IPL],“[]], . S
{[1, [nsap, cr, OPL}}]) :- .

/¥ acceptable Q0s */ : -

/*. tsap is the:transport service. access p01nt */

/* tcreq is the _input interaction identifier */

IPL = [ NTCEP - /* Value of TCEP */.
,NCDTA - /* . Nalue of to T address */ .
 NCGTA /* Value of from T address */
V,NQOS : /* Value of Quathy_of serviee///}
'normal' /* Options proposed - */
',TSDATA /% User data */].

input([tsap, te;ng,IPL])[

/* "next values of various state variables have been
Hdetermlned as the_values of _some,_ of the 1nput"
interaction parameters */
/* nsap is the network service access point */ =
/* cr is the output 1nteract10n 1dent1f1er */

OPL = [CREDIT., K  /* Credlt vale */
- . ~+ (NLREF ™~ /* .local reference */
e T - ,TSDATA . /* User data */

- oo 50 '/ Class indication */
s 'normal' /t Optiong, indication */
,NCGTA =~ '/* (Calling*T_address */
/NCDTA  -/* Called T _address */

~ NTPDU_s /* TEDU 31ze indication */],

.“'output([nsap, ¢, OPL]),

N
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v -7 L & ‘_‘;.T_, "
- ‘,—"." .A ‘.'* -.‘( ) ) o -
w. ! l:" .-:Ic - '-‘_ 18 '(-
/% At this- p01nt next values of other relevant state
. .variables have. been' determined as the values of .

. ;}tw_f correspondlng output lnteractlon parameters LA
CUNTPBU_§'> 04 '
Fi'/*“ The value of" the TPDU Slze lndlcatlon parameter of

the output lnteractlon should be at least\;lZBY */

t;tpé( 2‘;- . - ) i- _‘-.o LR -_ .

_t"_‘t':pE(n,...} _.‘::'_'_‘-a-o.l-.-.

= input([tsap,” tcreg, PARAMJ) :~ t connect red(PARAM).
iaput (..} = .00 - : Co .

“u ‘i- . -~ f.-"_ - _‘;»l"_' . ‘,,.-“.‘.!:-_‘-‘. S . '-:_-_-n,.‘l'. . . - o ) s ) -
input(.:.) :;a, A :' . T P T

output([nsap, et PARAM) -3fér_tpdu(éanM)..'
output( ) _ AN

output( )

| o o N . o .
t connect req([Pl PQ} P3,\P4, P5, P6]) e~ »r -
s tCEp(Pl) " vt

,to T_address(P2) L R -
from T-address(P3) I ) e
,quallty of. TS(P4) ’ R

‘,optlons(PS)
;,ts ‘user data(PS)

P
.

et tpdu([Pl P2, P3, P4, PS5, P6, P7, P8)) :-
credit (P1) o ‘ B
rsource_reference(P2)
suser_data(P3)
'-,class _indication(P4) -
,optlons indication(P5)
. -,calling address(P6)
T— rcalled’ address(P?)
tpdu sxze 1nd1cat10n(P8)

/* Deflnltlons of parameter field (i.e., their values) */

The tran51 ion deflned by the first clause  above - is

o between states "idle" and "wait_for_cc" and involves the
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~reception of a "tcreg" at tsap and the - transmission of a

T:Wcr;tpdu" at nsap.

"2.4. . Logic Specificationslof Composite Systemsiv

+ -~

CA system may be specrfled as -a comp051t10n ‘of -seyera1‘

-subsystems where each subsystem 1nteract1ng\ Wlth Cits

‘env1ronment (1 e., other subsystems) through its 1nteractlon_-fﬁ?m

‘pornts: For srmp11c1ty, con51der each subsystem as a s;ngleﬁ
'iprocess. Then, by u51ng the glven' loqrc specxflcatlons of
1ts component subsystems {1 e.' processes), a loglc speC1f1—
catlon of a comp051te system 1s bu1lt by [Ural 86] ‘
;;' deflnlng the system state as a. comp051tlon of the states
‘of all the subsystems.: a
. determlnlng the lnteractlon p01nts at Wthh the 'externaly
behavior. of the composrte system 1s observed The interat—‘sr
ltion‘points of the system are those- 1nteractton pointsr- of’
the subsystems that 1nteract w;th the system env:ronment
ST SpEleYlng system tran51tlons 1n terms of tran51t10ns -of..

the subsystems.- For 51mp11c1ty, we assume that one and only:
.one subsystem tran51tlon takes place durlng a system tran51—‘
tion.’ That"is{._each system tran51tlon corresponds to a
3transiti0n'~inf:one"of.‘the_ subsystems. This - assumptlon
results in a-set of clauses where each clause. deflnes a sys—~
‘tem transrtlon in terms of a 51ngle transrtlon of one of the
subsystems., Thus, the'number of CLBUSQ?:dEflnlng all poss;—_
‘ble syStem‘transitions becomes-the same 1as 'the Hnumberl?of

subsystems in the system.‘
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= censtructind the transitionslpart of the resulting logic
- . - . ' : ' L
specification as the combination of transitions parts of the .

. logie spec1ficat10ns of all the subsystems and the set of

“.clauses defining the system tran51t10ns.

- forming the- exten51ons part oﬁ the resulting logic

”spec1f1cation as the "union of the extensions parts of the -

-

logic specifications of all the subsystems:

: The definition of -the system state and the construction

of clauses defining system transitions of a comPOSite systém

'differ in some aspects dependlng on whether the subsystem

'1nterconnect10ns are modelled in terms of 1nteraction queues

-

‘or rendezvous If 'the 'subsystem interconnect}ons are

Jmodelled in terms ‘of--lnteractlon queues then the system

'h-ustate ismcomposed of the‘states of all the subsystems and

_the contents of all the 1nteract10n gueues. On the other

'=hand, when the rendezvous type of 1nteractlons are used to

model ' ;ﬁé" subsystem i 1nterconnections, an outstanding_

‘,lnteraction replaces each.pair of interaction queues in . the

-
-

defigition 'of the system state. We congider an interaction

outstanding if it is initiated but ot received and thus not

completed yet.d'Details of the construction of logie specif-

; ‘igatiohs of composite‘systems can be found in [Ural 85].

-~

“a
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3. m INTERACTIVE TEST SEQUENCE GENERATOR = .

ITSG pnovides an interface‘betweed s'tester and a iogic'
spec1flcat10n _mainly fef the purpose of generatlng test—
'sequences. It is wrltten in ¢ Prolog under UNIX 4.2 Operat-n
.1ng System on a VAX?SO As shown Figure 25 it also provides
the-capability.of accessing to C—Prolpg‘and Unix'as‘well 'as
to several external files such as_'erronéous‘values ﬁ;les“
'wheref erroneous values for interaction parameters are
Stored, files ©of paths gederated;by traversind the state
bspsce of the Legic.Specificatiod (which are the sosrce for
_testcase -generatibn),n'testcase files' whete testcases den—
‘eratedigy the- tester via ITSG ‘and supplemented with control.

1nformatlon and conments are saved etc.

The basic functlonallty of ITSG is to fac111tate a con—-:
trolled trevers;l of the execution paths of the system -
described by the ‘logic specifidation; pEach execution path
' between a peir of _system‘\states may - be expressed

(repfesented) as a sequence of
(af transition identifiers or

{b) Input/Output interaction identifiers or
| . . . . - .
(c) Input/Output interactions (i.e. 1including interaction

parameter values). ' o L e

In fact, each executioen path eorresponds toha possible

:'otdering of externaily observable interactions of the system

£y
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which is stated explicitly in the cases b and c ‘and  impli-
< citly: in case a. . Thus, we.idéntify three basic modes for '
‘ITSG, namely: TID (transition identifier) mode, IID
(interaction identifief) mode_and I (interaction) mode.

i

The”conEroliethravérsél of - execution patﬁs.is providéd-
by WITSé via various functions which can be classified as’
fhelp/displayjfécility, protopol’ précessing facility; and
management facility:- These func£ion§ are introduced in the

following sections briefly. -
3.1. The Outline of ITSG's Functionality

. ITSG allaws a'tester to cqmﬁence.genérafing(\a get "of
testcases vwiéﬁ an. absﬁract_ formulégion of this set to be
gehe;atéd qné £Q defer detéils qf ;mplementing each testcase
in this set to ITSG. 'qurén; manual techniques necessitaée
a teste; to have the basic 'modus operandi'’in his mind and
then . to set aboﬁt implementdng.this gtrateqy ﬁanually“While
being?careful té follow the specification and to also avoid
ﬁaking ‘erfors in spite of the profusion of data. Logical
implications of the specification are‘ often implicit and
difficult to understand and remember. ITSG keeps track of
the logical implications and details of the protocol by fol-
lowing the given logic specification and making readily
available to the tester specification facts and consequences

of choices made earlier by the tester.

In the following subsections we briefly introduce the
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functionality of‘the_ITSG'in-terms of the functions provided

to'the tester.

3.1.1. Help/Didplay Facility

“ At ‘the most elementary-leQeI of the help féciiity, ITSG
‘provides an on-line listing of:ITSG commands and their for-
mats. A novice‘user can aness this information ﬂsimply by
typing 'help!.. &n experieﬁced user can get heip diréctlyaon

any of the 3¢ facilities of . ITSG. Secondly, there is
'help(ID)' -whiqh allows ' viewing of ,logié specification -
information. For example 'help(TIﬁ)' wili'display the whdle
transition clause with that.TID (transition identifier). As
well, the list functions can get pfotocol state information
such - as a list of spegified receptions, a list of unspeci-

fied receptions, the present state, the prpsent status, etc.
3.1.2. Protocol Processing Faéility

With,ali the information of the 1logic specification
instantaneously available in an organized fashion, the user
next needs protocol processing funétiohs (path generating
‘functions and testcage construction functions, etc.). There
are two user-visible path-generating functions: They are
'aﬁto_fire' for automatic searching fér paths and 'fire one'
for manual path generation. "Auto fire' emplo;s a loopless?
ﬂtraversal {with an opfionai path count halting mechanism)
and 'fire_one' allows complete freedom in path generation

with a backtrack function.
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The teétéﬁse cons;ructioh function is called 'mak_tc'.

# It 'is a composite of mény‘éther‘functibns*(eQE. “fire all",

"locate", eﬁc:;) and employs pathgrigenétateﬂ by the path
generating = functions mentioned previously) as inputs‘;hd
external files: of completed testcases as outputs. This
functioﬁthas no parameters but receives its iﬁﬁut ang output
éirections'from the usér gpq is prompted for information.
This function guides the lester in the generation of test-
cases with formatted output features such as testcage*
headers ‘and 'pretty-printing' of testggsés. The tester may
append his/her own comments and verify his/heég results 1if

s/he wishes. It has relevant error‘aiagnostics features and

is very efficient.

Each‘testcase is intended tg test either the correct’

functionality or defensive behavior of the IUT. In generat-

+ing 'a testcase to test a particular correct, varied

behavior, or a defensive hehavior of the IUT, 'mak_tc' is

‘instructed to interrupt {i.e. 'break') execution "and allow

$ény ITSG function to be employed - usually for information

gathering and generating a correct, varied, opr erroneous

input.(i.e. a PDU or a service primitive).
3.1.3. Manageﬁent FPacility

ITSG's management functions pfévide a degree of sophis-
tication wherein the ITSG user can interact with the logic
specification within the Prolog and Unix environment. Thus,
ITSG allows accessing external f;les, processing internal

l
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information, and also creating permanent external files féf
the end results . (i:e., testcases). 'mak_tc' (aiscusséd
above) is a prime example of a function which operates unno-
ticeably ip both'Prolog and Unix environments. As well, the
ITSG usér can manually and comfortably_banagq external files
via fETSGfé management functionality as if they were part of
a large inﬁernal Prolog database (i.e., a collection of Horn
clauses}.

1

Unix's 'ls' function has been trénsported to ITSG.

=l ‘_)“

This functioﬁ-revééls the directory of files in the external
environment (see section 3.3 for details). Files or parts
of files'can be listed with 'listall’. They can be searched
for clauses which can then be executed or manipulated. This
;é, for example, how numbered paths are accessed. Clauses
can be loaded into the internal éatabase Qith Eommands. like

'load', 'loadall' and 'locate' and dumped out to files from

the internal database with the command 'dump’.
3.2. ITSG Help Functions

The set of functions comprising ITSG's help facility
provide the tester with various information s/he needs about
the }ogic specification and about ramifications of the logic
specification. . These functions are briefly introduced

below:

.help



- Displays the three commands for -accessing information
about the three facilities of ITSG i.e. help/display

facility, processing facility and managemeﬁt facility.

.help(initial_status)

Displays the initial status which includes the 1initial
R

system  state and the static status information often

found in boolean conditioﬁs‘as boolean predicates such

as able to provide service, congestion, etc.

.help(preéént_status)

. 4

Displays the present status which includes the present
system state and the static status information as in
the fnitial status but which may be different because
the tester might have changed some of the static status

1
information.

.help(initial_ state)

Displays the initial 'system state' which is a list
o
containing initial values of the major and additional

state_variables.
.help(present state)

Displays the present 'system state' which 1s a 1list
containing current values of the major and additional

state variables.
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-help(mode) ‘ ; ) (/*— .

. Displays the ‘brésent mode of, ITSG (e.g., TID, IID, or I

mode) .

i.help(ID) . . .

Displays the Prolog clauses corresponding to a particu-

- lar transition, interaction, or interaction parameter

.1t

.1f

.1nf

field (subfield) whose identifier is denoted by ID.
Thus, the tester is provided with information about tﬁe
pa;ticulars of a transition {eg., its enabling predi-
cate ;br 'ae&ions); BAabout the format of an interéctibnn
“(eg., the interaction parameter field names); about the
subfields of a parameter field; or about the particular

values of a field.

-

Lists 'the complete set of transition identifiers
together with the* system states at which they are

definéd in the logic specification. .

Displays the list of identifiers of transitions that

are firable at the present system state.

Displays the list of identifiers of transitions that

are not firable due to the current values of ﬁresent
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state variables.

&N

_Lists fhe speciff&d receptions for the present system
state. Each specified reception is displayed as a list
of 3 -eiements: [Transition identifier, Next system
state, Name ofhthe input interaction]. The tester may
issue 'hedp(Interaction identifier)' and get the param-
eters of the interaction which is necessary information
in geﬁerating erroneous or atypical values in a transi-
tion. Such values afé generated by setting a 'break'
on one of the parameters (see function 'mak_tc' in sec-
tion 3.3). When the program halts at the 'break’' the
tester can insert an erroneous or atypigal value (via
the 'pe' or 'atyp' functions; refer to section 3.4) or
get information and reset the ‘'break' on 4 subfield
(via the 'add_break;clause' and ‘'mouse’ functions;
refer to sécg}on 3.4).

Displays the list of unspecified receptions at the

W

present - system state. These - may be used to generate
unspecified reception errors at path error points. Such

errors are effected by issuing an 'ur' at the 'break’'.
ITSG Processing Functions

These functions provide the capability of processing
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through the state space as opposed to looking up ihfor-
mation. Here input and/or output interactions are gen-
erated, test sequences are composed and included into a:
Conformance Test Suite (€TS) toc be used in future con-

formance testing of implementations of the protocol.

.initialize_state

Sets the system state to the initial state.

.initialize_status

Sets the present status to the initial status.

T

.set{present_state)

Allows the user to interactively set the present system

state.
.set(present_status)

Allows the wuser to interactively set the present

status.

.set(mode(M})

Sets the mode of ITSG to the mode denoted by variable M

(ile. 'tid', 'iid', or 'i'").
wSet(tc_template) i

Allows the interactive setting of the testcase tem-

- plate. The testcase template designates the input
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filename, functor, and number which  causes the

.
s

automatic retrieval of a prolog clause cdn;aining the
path to be traversed and as well the name of the output
testcase file and whether the testcase’is to be in
‘pretty print' format or 'ngy_line' format.‘ﬁFrom- the
example testcases of Appenéi% C two testcases (i.e.,i
files) use “the 'new_linegs, format. They ' are
"exaﬁbie_TCs/Fc_l_ponnection/ma;u20_932_pm" . and
"example_TCs/tCMB_ur/mar_27_647_pm". All the  other

examples use the 'pretty-print' format.

=

e

.auto_fire(Final_state,No_of_paths,[Output_type,Identifier])

This automatically finds (searches) paths from the
present system state to a Final state; The ﬁumber of
paths to be generated can also he specified. Auto-fire
has a cycle detection and avoidanceLbap;bility. It is
mainly intended to be éxecuted when ITSG mode is TID.
The resulting execution paths may be displayed on the
screen, stored internally (as part of the logic specif-

ication) or externally as a file. If it is desired to

have the resulting paths stored, then the paths are-.

numbered and assembled as assertions whose functors are

the given Identifier.
(W

.fire one(ID)

el

This function allows firing a transition specified by

ID which may be an identifier of a transition or input
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interaction. The result is a change in the system state
and augmentation of the'executibn path formed so far.
Note that the execution path may be formed as a
sequence  of. traﬁ%ition identifiers, input/output
interaction identifiers, or Input/output interactions
depending on Qhether ITSG ig in 'tid', 'iid!' or 'i!

‘mode, respectively.

.fout ({Output_type,Identifier])

vy

\_This function outpgts Ehg:path (constructed by using a
‘.series'”of 'fire_one' t?g;sitions) with the given Iden-
tifier as functor. The only parameter of this function
is intefpreted exactly as the third parameter of

Jauto fire' explained above.

.backtrack(N)

‘Undoes N transitions and sets the present system state

to the one where the last undone transition originates.
.fire_all( Execution_path,[Output_type,Identifier])

This fngpion allows traversing the execution path
i,‘ o given' as a sequence of transition identifiers or
inpug/oﬁtput interaction identifiers. This function is
intended to be employed when ITSG is in I mede. The
interpretation of the second parameter is the same as

the third parameter of 'auto fire' explained above.



LT

- 32 -
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fThls functlon is the maln testcase

'fytlon.' Its name is- short for make te caSe X It has no

l arguments because the tester ‘15 g‘ ded: and prompted_

", through ‘the .constructlon. of testcases. It requests

E ffwhlch path: is to be used,_calls 'flre all' stops at

-”ktheu error 'in_ the path if there 15 .one or prompts for o

- .the .'break’ spot otherw1se The tester can- decrde‘ to
‘not"put in"'a 'break'& of ’ course . that is the case for
typlcal value generatlon. At the . break pornts s/he

.calls 'urf,. atyp or pe“(or does a 'ﬁouse' to extend

';the,'break' downstream) and with cntrl d contlnues exe—~ .

'l“‘cutlon till the testcase is completeds
3.4, ITSG Management Furctions .
'.set(trace_alll‘andlreset(trace;all).

‘This. function records  the f‘complete'-~history' of

'auto_ fire"-executlons wh11e on. Slnce ‘auto- flre keeps

'-honly a successful path the tester- does-,notr know ‘the

lpaths ttempted -and later. dlscarded Trace ~all will

that Qere'subseqUently:back—tracked; T

“.i;cleanfln{0ut)_

Thls functlon is a fllter whlch cleans “anl.interaction

sequence L(testcase) of empty 1nput and output symbols"

'ns ruction' func-"

\keep a‘copy;offall transitions fired‘ including those;
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':inserted dufing lnteractlon fllllng by he" Loglc

. SpeC1f1cat10n model to 1ndlcate the absence of 1nput or‘f

" output.
‘J _ .
.add_break (N,Path,Result Path)

Tﬁis Eunétion iﬁsérfé a"bfeak' in:théiﬁétﬁ-(a‘lisﬁ. §E
transitions) . after ;the: Nth -tfansition. At thé.ﬁréak
pomnt, the tester 1s consulted to 1nsert the modlflca"
tlon For errors this function is called automatlcally
© ‘but for generating atyplcal values.for‘pa;ameter fields
ithgﬂuser may geiect where the 'breakf iﬁ the path is to

~ be inserted.

.add_break_élause(H,T,N,REshlt_Tail)
This function inserts a 'break' into the clause's tail
- L ' : 'which would be difficult were this function not pro-
v1ded The clause head is H and the orginal clause tail

was T. The 'break' is 1nserted after the Nth‘element of

the clause tail 'T' resulting in 'Result_ Tail'.
.dump (Filename, Functor)

This fﬁnction retracts all relations with the given

functor and writes them to the external file denoted by

Filename.
.load(Filename,Head,Tail)

This function copies a clause from an external file



'Fileneme' '1nto the - internal database. Head and Ta11
“N .
represent the clause to be fetched from the flle.
. .:"?I . . .
.loadall(Filename;HeadgraiL)
. Slmllar to the aboﬁe functlon exceﬁt all -telations

'; matchlng o the -clauset denoted by the Head and Tail

palr are loaded 1nto the 1nternal dagabase.
] ? oo .
-;locate(Fiaename,Heed;%ail)

=y

Thls functlon is 51m11ar to the-'load’ ﬁdnction above
. except- the  clause. From the external file is’ not
asserted'te7the-rnternal database butfis expected to be,
‘used immediately.
.liétalI(Filename,Eundtor)
. This- function~is used to' view " clauses with Ffunctor

- denotkd by ‘Functor’ from an external file.
;listall(Filename) R ) -

This function lists all clauses in an external file.

A

.atyp({Head,Tail})

r

This function is to be used during a 'break' to add an

atypical value. o
.ur([AcceSs_point,Reception_id])

This - function creates an unspecified reception error.
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.pe([Accesé_pdint,Réception_id],Head,Tail)

-

This function creates a parameter error.

o

-,

b 3
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4., . THE 'copSTRUCTION OF icouf‘onhcha TEST -SUI‘I.‘ES
A conformance test sulte (CTS) is a set of testea/es to - ’

be employed for protocolvlmplementatlon testlngt;éasacatly,
‘a CTS may be.composed of testcaseé that ‘test'lthe cotrect -
functlonallty ‘of the IUT as well as its defen51ve behav1or
‘when subjected to erroneous. and exceptlonal stlmull The
CTs for a partlcular protocol is based. on the correspondlng
protocol spec1f1cat10n Thls spec1f1catlon states the
correct’ functlonallty of the IUT. The testcases testlng the
defensxve behav1our of the IUT can be constructed from the
glven protocol spéczflcatlon by systematlcally degenetating "
'thls partlally complete specmflcatlon Equivalently; we may

)

say that, th15 is accompllshed by completing the spec1f1ca—
tion and durlng.the firing of the error transitions ‘using
the following error types. Three cases of degeneration may

be specified as follows:

(1) unspecified receptions which are .uhspecified input

interactions for the present system state.

{2) format errors which are genéwated by 1nsert1ng an
incorrect or unidentified field somewhere in the lnputf
interactions. Omission(s) of non—optional fields also’

constitute format errors.

{3) erroneous values which a;é generated by selecting out

of range values, non-member values, etc.
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po;e'that by completing:the specification we still have

Strict constraints. . For example, we would still wish only

1
b

,fone.efror pe%'testéése. That error is to 6ccurwbrecisely at
| the ;pp;nt in Ehe péfh;where_the error trahsition:is‘placéd
and whaﬁ' occurs ‘conséquently must fconform Eo what the
specification stgtes will occur. Error generaéion fof-defenl

sive testing may not at all be considered arbitrary.

ITSG provides an interface to a logic specificationE

which ‘may. not be a complete specification (l.e., all error
receptions at every state may not be specified). From“ﬂsuch
a specifiéaﬁion a usually infinite set of paths, due tb the
~presence of cycles in the specification, can be generated by
starting . from and returniné to"idle'. "(Assume 'final' and
' “'error state' are equivalent to a non-active 'idle' state).
"Eéch of these paths corresponds to a sequence of interac-

tions called a testcase. Due to variations of interaction

parameters and thei; values, the ndmber of testcases may be
very large. Thus, a CTS generated by ITSG'should be a sub-
set of this largé set of all possible testcases. Naturally,
the actual CTS selected should be some practical cover of

+4he specification. (see Figure 3).

v

4.1. Criteria For B Standard Protocol CTS

Bccording to [ISO 85b] a full conformance test suite,
for a particular protocol, should be caﬁable of testing all
2
mandatory and optional features and functions over the max-

imum range of parameters and variations. This includes:
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{1} testing for all-mandatory and optional features of the
protocol and their feasible combinations allowed by the
static conformance requirements. Here, by. the static
conformance f%quirements we mean those requireqents
deﬁ;ﬁing the kernal sets of capabiiities of the imple-

' - mentation.

(2) testing for the major protocol phases and their various
combinations such as connection establishment, data
~transfer, and connection termination for each feature

of the protocol.

e *

{3) testing for a range of wvariations in the following

domains:

(lfﬂ sequence variations

(2) timing variations

(3) PDU encoding variations

{4) parameter variations in PDUs

B

The same document makes the following suggestions for

domain variations:
Fn

- support of all PDU and service primitive types and all
structural {taxonomic) variations of each type.
- ‘normal' or default values for each parameter on each

PDU and service primitive.
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.
-

-
-

- boundary values plus at least one mid-range value for

Py

each integer parameter.

for bitwise parametérs, as many values as is practical,

but not less than all of the 'normal' or common values,

= for interdependent pairs of PDU and "service primitive
parameters, 'critical’ value pairs (repiesenting

multi-dimensional boundaries) and one ‘'normal' wvalue

pair. . St

(4) testing for the defensive behaviour of the IUT:

- all sequences of PDUs and service primitives where one
PDU and service primitive 1is 'out of sequence' with

respect to the defined protocpgl.
- at least one invalid PDU and service primitive type.

¥
- at least one invalid value for each PDU and service

primitive parameter, where such invalid values exist.

- all defined timers should be exercised, i.e. allowed to

expire at least once.

-, [Is0 85b] continues discussing erroneous behavior and
cod;ents that. furéher study is required. As we shall note
later on, ITSG covers all the above cases and cénsiderab}y
widens the prospects for the generation of primitive and PDU

format errors which were referred to above as 1invalid PDU

-

and. service primitive types.
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Strategy To Fulfi;l The Standard CTS Criteria’

S

ITSG allows the tester the freedom to generate any test

accuracy and with relative ‘ease. We present an over-—

simplified and straightforward example of the generation of

a CSBfo:mance Test Suite (CTS). fLhis CTS avoids considera-

tion of any particular protocol and could be automated since

it 1is based on the simple concept of enumeration. It is not

intended to replace the tester but only to highlight higher

level -considerations of ITSG. We partition the épecifica—

-

tion as implied by Figﬁre 4 and generate tests that cover

(enumerate)} a-~ collection of sub-partitions of each parti-

tion.

For our generic example we construct our partition as

foilows: 

(1}

(2)

(3)

(4)

\only).

- '

Specified receptions with no format errors and no value,

errors (i.e. no errors and default (typical) values

ta
¢ A
U o

Unspecified receptions.
Format errors.

Values which are dtypical but valid and ‘values which

are invalid.

We will consider one case only for each of the parti-

tions 1, 2 and 3. However, ‘for partition 4, we consider the

follpwing cases:

valid high,

3
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Tt

valid low,

valid_intermediage, and

invalid. .

For each of the resulting cases we provide an explanation of
. - .
_ ‘ 2 o

how ITSG may be used to generate the particular subset of

the CTS- which corrésponds to that case.

We mention that this simple strategy ‘for a CTS
explained here 1s based on 'enumeration' and so it is possi-
ble to do thisuautomatically.VWe have left higher order,
more. semantic‘ testing sugh as functional testing to the
expert tester and engaged oniy'in:showing that tests can be
as easily generated as traversing a ESM. Defensive testing
is accomplished by means of error transition(s}) and_'Ereaks'

to halt and redirect the automatic generation of interac-

tions.-

1/ specified receptions + correct  formats +
default wvalues

¥
eg. a tour that covers the FSM i.e., all transitions fired

once at least with all correcf values. In this case (i.e.
no erroré at all), the tester may cover the basic intercon-
nection " testing, . the functional range testing, and some of
the dynamic range testing {Rayn 85]. To make such a subset
of ﬁhe test—suite the tester would traverse the FSM by the
'fire_one(ID)'  function, ﬁsing 'list firables' and

'list specified_receptions' to get ifnformation about the

A
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possible next transitions, saving the path automatically and .
employing 'backtrack(N)' when needed. When finished ‘fout'
may be used to output the path to the screen, to save in the
datébase or to save at an external file. For any complete
path the tester has access to, he may call 'mak_tc' and be
guided to generate a testcafe. Many testcases may be gen-
erated%from one path.,ITSG will prevent the déer from gen-
erating faulty testcases. As well ITSG's 'mak_tc' function
generates a testcase with a header which provides the infor-
mation about the path, a trace of relevant aspécts of the
process of generating the testcase thereby revealing the
test purpose and lastly the value of the testcase printed in
prolog. The 'help'. and list functions could be employed as
the tester wishes.. 'Auto-fire' might also be used to com-
plete a subpath,.génerated by successive executions of
'fire_one' or to search for paths automatically. Our ima-
ginary tour of our imaginary EFSM is very shallow but can
serve to 1illustrate the manner that the tester generates
correct and default-valued dynamic conformance testing. To
ensure a tour, the tester may start with a list of all tran-
sitions and delete ﬁhem as they are used-and quit only when
thé list is émpty. .

2/ unspecified receptions + correct formats +

default values "

eg. a tour on which all receptions are used incorrectly at

least once (by enumerating the input interaction identifiers

LiL]
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SO every one has been invalid at 1 asghbnce). This tour 1is
also not complete for dynamic cohfzrmance testing in generai
but it illustrates testing the defensive behaviour of the
IUT with respect to unspecified receptions. ‘The tester
identifies unspecified receptions at the current syétem
state by 1issuing a 'list unspecified receptions' (lur) and
selects one of the unspecified receptions which is placed in
the relation "input" in the logic specification to generate
the unspecified receptioh. |

3/ specified receptions + incorrect formats +

default values

eg. a tour on which each parameter field or sub-field is
replaced with an erroneous parameter field or sub-field.
The receptions are all specified and the valueé are‘ all
correct but there exists an error in a format cf a parameter

field or sub-field. Information about the format of an

input interaction can be requested at any time to facilitate

parameter replacement.

4/ specified receptions + correct formats +
upper boundary values

. /
The tester sets each parameter field at least once to its

upper boundary value while all other fields take default

values.

5/ specified receptions + correct formats +

1



.

lower boundary values e . R

i bl -

et

Same as abbve except lower boundary values are used. At

. ~hwy Ty
i h
~

6/ specified receptions + correct- formats *

intermediate values . S .
Same as above except intermediate values are used. ‘ .

1/ specified receptions + correct formats +

invalid values

Same as above except invalid values are used.

o gt

Having established a broad definition of a CTg in sec-
tion';}l and shown how to fulfill that definition in section
4+2, we now introduce in the following section ITSG's ano-
maly making functions and illustrate a construction -process
6f)a simple CTS for a particular protocol, namely ISO -class

0 transport protocol.

L .

: ~
4.3. An Example CTS For The Transport Protocol Class 0

b

ITSG has 3 basic functions to generate anomalies diuring
the construction  of a CTS, namely 'ur' {unspecified recep—
tions), 'atyp' (atypical parameter values), and 'pe' (param- -
eter errors). Typical values witﬁ everything correct is the
defau1£.case for ITSG and is referred Z;'as typicals. Typi-
cals and atypicals are not for defensive testing%fbut' ) .

unspecified receptions and parameter errog are. In section " .
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“xl . 4.2 we introduced 4 subjpa:tiﬁions which were expanded to 7

-~

-

éases: N o, . . .
. A b * o ! ) ' g
- - s

A oo s .o N . .
-The origimal 4 partitions were typicalg, unspecified

- X W . .
. recegtiéhs,“fBYﬁéth;errors, and, finally value variations

- {errcoheous and correct). The 7’ca§es arose ‘from the expan-

-

k]

» sion of éub—ﬁértition number 4 i~.e., value variations) to 4

e

separate cases, i.e., 3 correct value cases (i.e., values

high,- values low and ¥values intermediate). and \1 erroneous
- - - \.

value case. These 7 cages are handled'py ITSG's 4 functions.

4 K *w

B-Their ordering is déféﬁlt for -typicals, 'ur' fofiunspecified

~

“ W . . ’ S .
receptions’ 'pe' for format errors, 'atyp' for high wvalues,

- o . ! - L
- “low wvalues "and intermediate values and 'pe' again (i.e.,

T b L

just as in. formats) for invalid values. -

cmTn

L]

. We now provide a table as a convenience to understand-
L ing and demonstration of ITSG ceverage.of the essentials of o
CTS generdtion. \\\' .~ . o
L,“  ‘F f5(top of section 4.2) " {body of:section 4.2) (section 4.3)
" Figure 4-sub_partitions = 7 cases ITSG commands
typicals s typicals = ' default
. ~unspecified receptions unspecified receptions ur
format errors : format errors -, pe
. values . - high%low,intermediate atyp
" . . "' erroneous values, . pe
'4.3.1. Test Suite Plan .~ . ‘v ¥
T e Initiaily our approach to generating the CTS consists -
o 4 . of two phaseé; namely, connection establishment and data.
. ‘transfer phaseg, After Kaving - generated testcases

- b
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.(unspeeiﬁied'receptions)

correspondiﬁg 6 typlcals, we w111 abandon th's dlstlnctlon

because the protocol 1s 31mp1e and there ‘is;fnbﬂ beneflt

-

'yztreaﬁlng ehese two phases separately for the generatlon of

s
a, -

testcases corresponding to. the rema;nlng-crlterla.xx Lo

s, : . S e e S
Testcased begin. at the ' ‘'idle' state -and  jare made
according to four critéria:’ e
" . RS L :
(typicals) N : PR
Generating testcases which end at 'thé'{{finai'I state.

using transitions with typical values. ITSG generates

' typicals by default. .

.

(atypicals) e oo .

Generatlng testcases whlch end at. thee 'final'_ state-

) u51ng tran51t10ns wlth parameter varlatlons i.e. atypl—

“ <,

-

.- .cal valugs. Note that non—erroneouSu-tlmer vanh@tlons

-would = be included here. ITSG geﬁerates atypicalsbwith"

. ...the function 'atyp'

L

[

Generatxng testcases to test defen51ve behavior u51ng a
:val;d error transition (called perror in our exam-
ple).i This transition leads “td the” 'error state'.
Unspecified receptions are receptidns -which afe not
~.recognlzed at the present state of the protocol. ITSG

generates unspec1f1ed receptions W1th the funcétion

'‘or'.
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(parameter errorsj

. Generatlng testcases to Lest defen31ve beﬁav1or as fer
.unspecxfled receptzons but the receptlon is recognlzed
as valid to: a certaln poxnt in _its. syntax but then
fails due to a'parameter error sdch as a.valﬁe error or
“a;fermat error. IféG.generatee bethAtypes'of parameter.
errers'witb the function ipef.f_ﬁote‘that time outs may

o beitreated as an ‘unspec1f1ed reeeétion (‘ur‘) or a.'
 parameter error {'pe' ) dependlng on Wthh way the lOglC
specxflcatlon SPEleIES If tlme,outs are not con-

751dered an ‘error then the specrflcatlon 1s complete

1}w1th respect to the tlmers
4.3.2. Typicals_

Most of the connection establlehment phase ie“ covered
with .20 loopless paths from 1dr L to ‘final' which have
been generated from the loglc spec1f1cat10n by executing the
functien - auto_flre_. These loopless paths are glven in
:Appendix B ' under the subtitle

'connectioﬁ_establishment_paths'

To generate the paths which test the transitions Erom
'data_transfer' to ‘'data_transfer' ‘'fire one' is used. To
determine -which paths and combihations'that should be gen-

erated the following heuristic is followed:

There are 4 cycle transitions  (self loops} at the

data transfer state, nameiy{ ~pl3, pl4, plS, -and plé.

-
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Lets call them a,b,c,d. Grodp*them in groups of 1, then

2, ‘and’ qu1t at groups of size 3 taking a representatlve-a'
set. There are 4 of size 1, i.e. arb,c,d 16 of 31ze
2, _ 7, - K namely
aa,ab,aq,ad,ba,bb,?c,bd;ca,cb,cb,éd;da;db,dc,dd;‘ anﬁ

take a representative set of 4 Of size 3, namely

aaa,bbb,ccc,ddd..ihe total paths is 4 + 16 + 4 = 24,

T3

. For each of these 24 cycle fepresentatives there are 4

subpaths from 'idle' to 'data_transfer' and 3 subpaths

from ‘'data_transfer' fo *final'. The subpaths (pl,p6)..

'(pl,p7), (p3,pl0) and (p4,pl0) weré chosen to be pre-

fi;es and ‘the subpaths pl7, pl8, pl§ were chosen as the
postfixes. These subpaths were arbitrarily appended to

the 24 éycle cases causing 6 repeaté of the 4 prefix

subpaths and 8 repeats of the 3 postfix subpaths. The

resulting 24 paths are:

path 1: pl,p5" -- pl3 --. pl7.
2: pl,p7 -- pl4 --  pl8.
3: p3,pl0 -- pl5 -- pl9.
4: . p4,pl0 -- plé -- pl7.
5: pl,p6 -- pl13,pl3 -- pl8.
6: pl,p7 -- pl3,pld -- pl9..
7: p3,pl0 -~ pl3,pl5 -- pl7.
* 8: p4,p10 -~ pl3,plé -—-— plB.
* 9: pl,p6 -- pl4,pl3 -- pl9.
* 10: pl,p7 -- pl4,pl4 -- pl7.
* 11: p3,pl0 -- pl4,pls ~- pls8.
* 12: p4,pl0 -- pl#"ptﬁ“——" plo..
13: pl,p6 -- pl5,pl3 pl7.
* l14: pl,p7 -- pl5,pld -- pl8.
1%: p3,pl0 ~-- pl5,.pl5 -- pl9.:
16: p4,pl0 -- plS,pl6 -- pl7.
* 17: pl,p6 =- pl6,pl3 -- pl8.
* 18: pl,p7 -- 'pl6,pl4d -- pl9.
* 19: p3,pl0 -- pl6,pl5 -- pl7.
* 20: p4,pl0 -- pl6,plé - pl8.
21: pl,pt6 -- p13,p13,p13 -- pl9.
* 22; pl,p?7 -——- pl4,pld,pls -- pl7.

23: p3,pl0 -- pl5,pl5,pl5 -- pl8.
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ﬁ# 24: p4,p1b ;—.‘plﬁ,pié p16 -- p19.' .
The dashes are only to dlfferentlate between pre_paths,“
data_transfer . cycles, and post_pathsﬁ Pre_paths and- 
post_paths‘(giéen in Appendix B) -can be generated uSiné

‘auto_fire'

. Note that ITSG will tell if these paths are not allowed
when we try to generate the testcases cofrésponding to them.
This protocol is simple and so it was not'neceséary to rely

completely on ITSG. We have placed asterisks in front of

_these paths. It is clear that certain combinations afe‘ not

feasible -~ such as. pl4 without a prev1ous pl3 i.e. output—
tlng data to the N-1 service before receiving data from the
N_éervice user first; ~or plé6 without a previous,pls i.e.
outpuftihg to the N seivice user without receiving data

first from the N-1 service.

Thus, the number of . potential paths = for the

data_transfer phase is 24. However, 12 of these paths are

. not feasible. The total correct and typical ‘valued test-

- cases for the connection phase and the data_transfer phase

amounts to 20 + 12 = 32 altogether.

4.3.3. Atypicals

For atypicals, one can take a complete list of all

input interactions and use them up in traversing paths from

*idle' to 'final' state. We identified 4 paths from 'idle'

to 'final' to exercise all input interactions. They are:

po
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1 pl,p8 to cover tcreq, dr
2  pl,p6,pl3,pl8 to cover cc,tdatr,ndind

3 p3,pl0,pl5,pl7 to cover cr,tcres,dt,tdreq

4 p3.pl0,pl9 to cover nrind

For\each interaétion, we piék a path with_that,interac—
tioq and vary'that interaction over the atypicals for every
parémgter valﬁe. Every change of typical to atypical 1is a
hew testcase. This could be done for parameter formats if

the protocol had variable parémeter formats.

The total number of testcases is 3 * 10 * 10 = '300_
where the 3 is for high, low and middle atypicals and the 10
represents the number of input interactions and there exists

an average of 10 values to vary per input interactiop.
4.3.4. Unspecified Receptions

Fér the unépecified receptions, (and for parameter
errors . which are discussed in the following section) we must
use paths with an error (i.e., 'perror' Eransition). We find
such paths by< executing ‘'auto fire' from 'idle' to
'error_state'. The 'error_state' is reached by firing a spe-
cial generic transition which can originate from any state
(excépt 'final' and 'errof_state'l. This transition is

represented by a-clause which is of' the following form.
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t(perror, ANY _STATE, error state, '
ERROR STIMULUS T'you are in the error state'])

input{ ERROR_STIMULUS yo o

This transition clause is not part -of the given logic
. specification bﬁﬁ it is part of ITSG's processing facility
(see AppendixlD). ERROR_STIMULUS is generated by ‘ur' of
'pe' functions only. The logic which controls their correct
employment 'is that 'mak_tc' allows their use at ‘'break's
‘which aré - inserted -only add*automatically in front of the
error transition 'perror' ffor error paths). Both functions
‘check that the path is an error path or they do not succeed.
{Of course 'atyp' checks that the path is not én error
path}. |

‘lur' can be employed at a 'break' and 'mak_tc' inserts
a 'break’ auﬁgmatically in front of 'perror'. ‘'lur’ gen-
erates a lisE“of\funspecified receﬁﬁions for the present
state (which is the state prior to firing 'perror'). This
list of unspétifis? receptions are receptions in the logic
specification which Tare currently not valid at the present
state. Thé input alphabet 'I' consists of 10 symbols (input
fnteraction identifiers) namely, cr, cc, dr, dt, ndind,
nrind, tcreq, tcres, tdatr, and tdreq.

The list of unspecified receptions at state:

idle is I - { tcreq, cr } = 8 unspecified receptior
wait for c¢ is I - { dr, cc } = 8 "
wait for tr is I - { tcres, tdreq } =8 "
data transfer is I - tdatr, dt, tdreq,
- ndind, nrind } =5 "

Hence, the total number of unspecified receptions for this
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example is 25. *Qut of 29, we chose four examples which we

" give in Appendix C.

o

4.3.5. Parameter Errors ' 9

For parameter errors we use input interactions as_we
did for the atypicals. From the 8 error paths generated
between 'idle' and 'error_state' by 'auto_fire' (we did not
use 'fire one') we must select some paths that allow us to
cover all 10 different input‘?hteraction types. We collect
a liét of the 10 input interaction types and begin with the '
error paths fshortest ones}, find the specified receptioﬁéﬁ
for path (1), then for path (2), etc. until all input
interactions are employed. The paths were taken from the
transport paths file. The format of the following table is
path identification, actual path, executable receptions at

the error point. We get:

™

error_path(l)  perror [tsap,tcreq] | :
[nsap,cr] 1‘4,

error_path(2) pl,perror - [nsap,ccl,
[nsap,dr]

errbr_path(3) pl,p6,perror [tsap,tdatr]
* [nsap,dt]
[tsap,tdreq]
[nsap,ndind] B
[nsap,nrind]
error_path(5) p3,perror [tsap,tdatr]
We can put a parameter error in each input interaction
field, i.e., 2 * 10 * 10 = 200, where the 2 represents
invalid high and low and the 10's are the same as above. But

as well as errors in the values, we can also generate
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parameter format errors. To cover this, if we estimate each

input interaction has- 6 parameter fields on the average then

we can generate testcases by varying and swapping parameter
fields in wvarious ,ways. For simplicity let us assume we
systematically omit each field for each input interaction.

Then, we get 10 interactions * 6 parameter fields each

yielding 60 testcases.

Thus we get 32.typicals + 29 unspecified receptions .+

300 atypicals + 260 parameter errors which yields 621 test-

~

This simple CTS buildipg.scenario is aimed to show
ITSG can easily and reliably generate an example from each
of the cases mentioned above. ITSG i also tester friendly
by providing an automatic test~purpose header for each
testcase in addition to providing information, speed and
consistency checking to help the tester make thewteét suite.
For instance, a list of all input interactions in the prgtoﬁ

col is provided simply by typing 'h{input)’'.

In a less simple protocol, exhaustive techniques

employed here must be abandoned in favour of representative -

cases. ITSG has been apﬁlied to such a protocol, namely the

ILL protocol of the NLC (Natidnal Library of Canada) with

~ success. Our copclusion is- that ITSG becomes indreaSing

valuable when the protocol becomes increasingly intractable.
In the'following section we discuss the examples which were. -

generated for illustration.
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4.4. Generétion Of Test Cases §

Having understood how ITSG genérates the various typi-
cals and anomalies wvia automatic def&ﬁlﬁ; 'atyp', 'ur' and
'pe', respectively we may wish to generate testcases
corresponding to some paths constructed previously. Some
paths correspond to testcases testing correct behavior = and
end at the state called 'final' and others are for tésting
defensive behavior and end at the state 'error_state'. Both

types of paths begin at the initial state which is 'idle’.

All paths are passed to 'mak_tc' to generate the
corresponaing testcases. The resulting testcases are stored
in external files. In the following subsection, we present

the format of the testcase files.
4.4.1. Format of Testcases

There is one testcage per file and the fileqame is the
timestamp of its creation. This facilitates autgﬁatic sort-
ing énd numbering of testcases. The 'testcase_template' |is
lgiven at .the comment- section of each testcase so that a

reader might know which execution path it is derived from

(or it corresponds to).

Each testcase follows an overall testcase format which

consists of the following.

(1) header ”
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The header is composed of 3 divisions - a path, a

trace, and a prolog clause representing the testcase.
. (a) path

The path is a list of transitions constructed by

using 'auto_fire' Yor 'fire_one'.mgb
(b) trace

The trace iildstfates:

{1) What anomaly waé chosen.

(2) All changes that were made on the defaulﬁ
values. This is non-existent for typicals of
course. The changes can be very simple or
become increasing complex. In any case, all

\) that.the tester does is traced and:. written.
This is easily deciphereé as the test-purpose
at ﬁuture times. Truly complicated things

can always be further enhanced with comments.

-

(c) Prolog clause
The prolog clause is the origin of the tegtcase
below the header. To produce the testcase this

term has to be pruned and formatted by the

'mak_tc' function.

(2) testcase
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There are 2 available output formats for the testcase.
They are 'pretty print' and a new-line writing function.
Examples of these output types are given in the following

subsectifn.
4.4.2. Example Test Cases

We give 16 example TCs in Appendix C. The following is

a breakdown of the sub-directory names with the number of

testcases in each of these sub-directories.

tc_1_connection 4

tc_2 data_transfer 1
tc_3_ur 4 '
tc_4_atyp ' 4

~tc 5. pe 3.

Testcases 'mar 20 932 pm' from the connection eétab—
lishment group and 'mar_27 647 pm' from the unspecified
receptions grouﬁ‘in Appendix C are printed in the new_line
format and the remainder of thé testcases are in 'pretty-
print' format. We choose two testcases from those given in
Appendix € and présent them here with annotations in order

to provide examples of testcase formats.

In poth téstcases below, section 1 gives the filename
of the testcase with the current page. Section 2 states the
path from which the testcase was generated. The 'ur' example
has an error in the path (via firing transition 'perror')

and so a 'break' was automatically inserted in front of
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'perror’. ‘'pe' or ‘'ur' must be Lenerated at the error and
‘atyp' or defaulf must not be. For the ‘'atyp' example it

happens we:selected to put'the 'break' after the first tran-

sition also.

Sectioh 3 is filied‘w;th clauﬁes that have the functorl
'extensions’. This functor holds_thé trace made from the
user's actions when s/he prepared the_anomaly: In 'ur' the
first ‘'extensions' tells an 'ur' anomaly\typé.was selected

mand that tpe actual anomaly was '[tsap,téres]', i.e., after.
a tranqurt connection. request ([tsap,tcreql), it.is not
.\specified (%hat a . transport conpection ' response
g[tsgp,tcresj) .can: occur.' Por this seétion in the ’étyﬁf
example, the functor ‘'extensions' had the. value fatyp‘
because tﬁe user W§s making an atypical anomaly.|The second
'extensions' functor in ‘'ur' telis that. ‘input' was given
the -unspecified .feception énd the actual values are
disﬁlayed. . Howéver the . tester only | typed
'uf([tsép;fcres])'. For .the .atypical éxample the 'exten-
sions' éhow that the field 'source_ref' was given the value
"65535' which is the valid maximum. This is obvious and sim-

ple and no comments were left rgmarking on the wvalue. In

both examples, section 4 1is the Prolog clause of the

testcase.

At this point the testcase heading is completed. Sec-
tion 5 presents the formatted testcase. 'ur' presents the .

testcase in the more compact, less friendly newline-write
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format and 'atyp' presents the testcage in thepretty-print

format.

: '
n
. Nt N -

. . -~
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-

Sectlon 6 is the comment sectlon although comments can=
go anywhere as exemp11f1ed inA the atyplcal example which™ has

a comment mld—way through the pretty prlnted testcase.' This ~

‘ sectlon‘ presents the testcase template whlch is a template

that must be fllled for mak_tg_rto‘succeedk

Example l: New Llne Format

l/ example TCs/tc 3 ur/mar 27 647_pm Page 1

2/ path([pl break,perror])

3/ extensrons(ur([tsap,tcres]))
extensmons(lnput([tSap,tcres,[82 0 normal;'[] ]]) true)

4/ path_ value(O [ - o . '
[[[tsap,tcreq,{213,44, 487 1 rmal E]]] T]] {[] [nsap,cr,
[1,414,[],0,normal, 487, 44 128] .
[[[tsap,tcres,[BZ 0, normal,

state]lll).

,no
111, .
{}]]],[[you are 1n the,error

ak

e

[[tsap,tcreq,[213 44 487 l normal []]] [nsap,cr [l 414 [] 0,
normal,487,44,12811].

[[tsap,tcres (82,0, no:mal []]] [you_ﬁ are,;n e the,errorﬁ
state]] ‘ BT S
6/ Comment o P :;. T I“”

the tc_templatelis;l

input_file ' : transpdrt;paths'
input_functor : error_path '
input_number - :: 2

output_file - ': mar 27 647;pm
output type -t onl, wrlte' R

U W AT

Example 2 Pretty Prlnt Format

1/ example TCs/tc 4 atyp/mar 29 1201_pm Page I
2/ path([pl break,pal)
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. Lo . v . 3. . Lot
5. Conclusions . - . :

In this 'thesis,  wé. have’ pféseﬁted ~an 'intetéééive
testsequence‘ geﬂérator, called ITSG, wﬁibh':pboviQes an
,'interface'betweén‘a tester.and a logic ‘sbeéification. ‘The
basic_'functionality of'Ehis-interactive tool is to help tﬁe
tester constructing testcases to test botﬁ tﬁe correct func-
tionality; and_fthe‘ defensi;e behavior of aﬁ implementation
underuteét} ihﬁsf besides-provfding a controlled traversal
of the state-space of thé given logic specigication (to geh—
'érqte tests for testing correct funcﬁionality of the ‘implé—.
mentation under test), ITSG provides functions to genérate
- erroneous andl‘exceptionél stiﬁuli. to" tﬁe implementation

tinder test.

In o;der Eé demonstrate the feasibility of the interaé~
tive testsequence generator, we have illustrated the ease of
dse and the flexibility of this interactive testsequenge‘
' generator on the construction of an example conformance

Festsuige for OSI‘TfanSPOrt protocol cigss gﬂﬂfggfﬁagﬁzabxzs_
" tions. - | .

ITS?uis;fasy ahd friendly. Its throughput is very high.
.-’kI« mean ﬁﬁf“éay tﬁat miniscule tester acticon can generaté
' ekﬁrEemélyllarge.testcases because the tester only specifies
thé error and the error locafion and then ITSG fillé the
EestcéSE' éutdmatically.) Relevant information -~ can be
j.:aqéésééd _sponﬁaneouély and whenever needed. The ihformatiqp

can be interactively used to.generate testcases which can be
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‘ﬁé?manufactured in seconds. Further the testcases are accurate,

"1n a user friendly format and automatically prov1ded w1th agu{V -

'"hrtestcase header which contains the path, the anomaly and hOij;.'

]:the anomaly was’ generated i, e. test purpose As ‘well,? ITSGf

- has algorithmic speed enhancements The auto—fire traversal'”ﬂ

procedure was speed improved and ITSG release5':the exten— ]
.sions part of the speC1f1cation unless 1t ‘is needed thereby.
improving significantly-the execution speed of many ITSG‘
functionsl ' 7 | o | |
‘ITSd is flexible It allows a protocol‘status~ informa-
tion file to be consulted upon startup and the options of
the present status ‘to be ea511y toggled on r :ofﬁ_(at any
time. This allows all'aspects of the protocol to be simy-
lated by a tester with”perfect ease. - Also because the pro-
tocol (i.e. logic spec1f1cat1on) is primarily a list of pro-
log clauses it is’ very easy “to partitlon. The tranSitions
list ;automaton)‘can be adapted. to any possible PICS allowed
by the protocol. Similarly for the extensions - alternate
format specifications bases and alternate values bases may
be created at speC1f1c files. Different files can be locaded

- with ITSG thereby allowing for var;able 'default"or 'typi-

.cal' conditions in the CTS generation,

Format of the resulting testcases can be adapted to
;TTCN (Tree and Tabular Combined Notation) This adaptation
can be based on the automated testing feature of ITSG (i.e.,

testing driven by a CTS residing on a file). Testcases in
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: TTCN could then be generated wlth ITSG by spec1fy1ng a coi—n'
11ect10n ‘of subtrees. each representlng a collectlon of sub-
naths.e From these subpaths, ITSG generates testcases {n
‘TTCN format Flnally, the PDU and serv1ce prlmltlve parame—
‘;ter descrlptlons 1n TTCN can be generated from the exten—'

N

'*51ons part of the LS by ITSG.

‘ Future developments of ITSG mlght be to remove. the tes~-
ter; : Foundatlonal matters. upon whlch an automated‘system_
mﬁst rest -are completea. Anomaly generatlon eould :he,
automated. Research. might suggest partlcularly néefui7
enumerations. or aigorithms -to .dFlVE ‘the' selectlonj of -
anemal{es or perhaps even a'setlof ;eplaéable.hentistics_to
decide selectione as'an'Expert System'might do. ‘éimilarly
the selection of paths can be effected by adding intelli-,.
gence to the ‘'auto fire'’ function. Decisionstsuch as dynamic
traversal and pruning of possibilities could be effected by

sets of heuristics thereby improving 'auto fire's current

loopless and path counting halt static capability.
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APPENDICES . . - =
APPENDIX A

LOGIC SPECIFICATION FOR THE TRANSPORT PROTOCOL CLASS 0

-

t(pi, . - _
[idle, , PTCEP, PTPDU_S, PQOS, BFU, BTU, SSEQ, RSEQ,
PLREF, RREF, PCGTA, PCDTA],. )
'[walt for_cc, NTCEP, NTPDU_S,- NQOS, BFU, BTU, SSEQ,.RSEQ,
NLREF, RREF, NCGTA, NCDTA], o
[ [tsaP: tcreq, wen] o (1), (01, [nsaP; cr ' OPL]-.]) -

/* acceptable_0QS */ -
IPL = [NTCEP, NCDTA, NCGTA, NQOS, 'normal', TSDATA],

input({tsap, tcreq, IPL]), -
QPL = [R1l, NLREF, TSDATA, 0, 'normal', NCGTA, NCDTA,.NTPDU_S],

output ([nsap, cr ., OPLY}), . .
(var (NTPDU_S) -> true ;" NTPDU_S>0). . “/% either/or */
t(p2, , :
[idle, TCEP, TPDU_S, PQOS, BFU, BTU, SSEQ, RSEQ,
LREF, RREF, PCGTA, PCDTA], :
[Einal, TCEP, TPDU_S, NQOS, BFU, BTU, SSEQ, RSEQ,

LREF, RREF, NCGTA, NCDTA],

[[tsap, tcreq,IPL]} , []], [[tsap, tdind,OPL] , (1}]) :-

/* unacceptable Q0OS */

IPL = [TCEP, NCDTA, NCGTA, NQOS, 'expedited', TSDATA],

input([tsap, tcreq,IPL]), . .

OPL = [TCEP, 'ts qual fail', P3],

output ([ tsap, tdind,OPL]}).

A Y
t(p3, '
[idle, PTCEP, PTPDU_S, PQOS, BFU, BTU, SSEQ, RSEQ,
LREF, PRREF, PCGTA, PCDTA],
[(wait_for_tcres, NTCEP, NTPDU_S, NQOS, BFU, BTU, SSEQ, RSEQ,
LREF, NRREF, NCGTA, NCDTA],
([}, [nsap, cr ,IPL] ], [[tsap, tcind,OPL}; [11) :-
/* acceptable_QOS
tpdu_size_defined */ . i

IPL = [Pl NRREF, TSDATA, 0, 'normal', NCGTA, NCDTA, NTPDU_S],
input([nsap, cr ,IPL] ),
(var (NTPDU_S) -> true ; (NTPDU _5>0,NTPDU_S < 2049)),
/* either/or */
OPL = [NTCEP, NCDTA, NCGTA, NQOS, ‘normal’', TSDATA],
output(f[tsap, tecind,OPL] ).
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. [ldle, ‘ PTCEP, PTPDU S, PQOS, BFU, BTU, SSEQ, RSEQ,
[wait_ for _tcres, NTCEP, 128 ’ NQOS, BFU,‘BTU, SSEQ, RSEQ, .

LREF, NRREF, NCGTA, NCDTA], : ‘
"[[1+ (nsap, cr  _ ,IPL] I, [[tsap, t01nd;OPL] EJ])“:ﬂ, o
/* acceptable Q08 - Lo L

' tpdu_size _undefined */ . f_. ' o o T o

IPL = [P1, NRREF, TSDATA, 0, 'no;malf,chGTA;,ncpmA,.TPDU;s];.g _

input([nsap, cr (IPL] }, S e

TPDU S = 0, e o o
OPL = [NTCEP, NCDTA, NCGTA, NQos,.'normalﬂ,jmsDATAJ, .
output([tsap, teind OPL] ) T e e e
t(pS, Co e ST C e T St
[idle, = : TCEP,'TPDU‘Si'QOSrWBFU, BTU,‘SSEQ, RSEQ,,,“
' PLREF, PRREF; PCGTA, PCDTAT, : - -
. [final, ' TCEP, - TPDU_S, QOS,. BFU, BTU, SSEQ, RSEQ,_
. NLREF, NRREF, NCGTA, NCDTAT, . - .
{1, [nsap, er - ,IPL] 1, [[1. [nsap. dr' \OPLI

/* unacteptable QOS */:° AR
IPL = [Pl, NRREF, TSDATA, 0,_expedlted' NCGTAruNCDTA, TPDU;S];:Z-
input([nsap, cr JIPL] ) omes s o LT B
OPL = [NRREF, NLREF;  TSDATA, 3], UL AT T
‘output([nsap, drg_m,OPL] ) e

‘[walt for_cc, TCEP, PTPDU S, QOS, PBFU, PBTU PSSEQ, PRSEQ,
LREF, PRREF, CGTA, CDTAI, T e sy
[data_transfer, ' TCEP, NTPDU_: S QOS, [] []”,}jo,; ; 0“, y e
. LREF, NRREF, CGTA, CDTA], ‘ oo SR
[(C1. [nsap, ‘cc (IPL] ], [[tsap, tccon OPL] ' []])
/* tpdu size_defined */ ..
- IPL=[P1, TLREF, NRREF, TSDATA, 0,'norma1' CGTA, CDTA, NTPDU S],
input{[nsap, cc ., IPL] ), ‘ : .
{ var(NTPDU_S§) —> true : (NTPDU S > 0, NTPDU S < 2049) '),'
_/* either/or */ - L
" { var(NTPDU.S5) -> true not(NTPDU S > PTPDU S) ),?
/* either/or */ . )
OPL = [TCEP, QOS, normal', TSDATA],
output([tsap,Atccon OPL] Y. -

.
LS " f
kN

t(p7, : _ N
[wait_for ce, TCEP, PTPDU_S, QOS, "PBFU, PBTU, PSSEQ, PRSEQ,
LREF, PRREF, CGTA, CDTA], o :f' Do _
[data_transfer, TCEP, 128 . }'QOSq -, 0,0 e
LREF, NRREF, CGTA, CDTA]," ‘ . o N
({1, [nsap, cc ,IPL1" ], [[tsap, tcconyOPL] []])‘-

/* tpdu_size_undefined - */

IPL=[P1, LREF, NRREF, .TSDATA,’ 0,"normal',CGTA, CDTA, TPDU S],
input{[nsap, ¢ ,IPL] )r : )

TPDU_S =0, L

OPL = [TCEP,{QO0S, 'normal',. TSDATA},

output([tsap, tccon, OPL] )
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] [walt for cc,.~ TCEP, TPDU S, QOS, BPU, BTU SSEQ, RSEQ, 'LREF,
."t PRREF,,CGTA, CDTA],N
7'3[f1nal,._l TCEP, TPDU S, QOS, BFU BTU) SSEQ, RSEQ, LREF,
' NRREF, CGTA, CDTA], -
101, [nsag,dr (IPL]]), [[tsap,tdlnd bPhL], nsap,ndreq OPLZ]]) : -
VAN peer user, 1n1t1ated termination ' */
. 'IPL. = [LREF, NRREP, USDATA, 1}, ot s S i e
?._ulnput([nsap, dr ,IPL] Yo v “\ Lo .
" OPLLl = [TCEP,. 'ts u nrm', ~USDATA], o yl,'
' output([tsap, tdind, 0PL1] Y. St .
. OPL2 [NCEP], . - ‘“:‘, ) -
“ output([nsap,‘ndreq OPL2] ) Ty .

t(pS, ,<"" N SRR S : . : . :
[wait_for cc,-ﬁ TCEP, .TPDU’ sf Qos, BFUp BTU, SSEQ, RSEQ, LREF,”
“ PRREF, CGTA, CDTA],..~w
'[flnal, o TCEP TPDU S QOS BFU,.BTU, SSEQ, RSEQ, LREF,
NRREF, CGTA, CDTA], ~o s
L1, [nsap,&r IPL]], [[tsap,tdlnd OPLl] [nsap,ndreq,@PLZ]]) i-
A not eer _user sinitiated tegmlnatlon */ _
- IPL.%= TLREF, NRREF, USDATA, P], .
'_1nput([nsap,4dr TeIPL] oo SR I S
[ var(E)'-> true: ;. not({P = 1) 93 /* eitherjor */ ,
. OPL1 = [TCEP; R2; USDATAI -‘*-; T
VL output([tsap, t@gnd OPL1] ), ' o e :
oA var(R2)~-> t;ue\; nbt(R2='ts u "nrm’ ) Y. /* either/for */
.. OBL2 = [NCEPJ,.'" C e .
. ]-output([nsapﬂ ndreq,OPLZ]u)

-

LI - . -
W NI S

\ . L k) * A
| . [ ' i,._ ..

t(plo, ;.-n- s e . e
[wait for tcres, TCEP PTPDU S‘ PQOS, PBFU,'PBTU, PSSEQ, .
"‘ PRSEQ, PLREF, RREF, -CGTA,” CDTA], - - AR -
© [data. transfer,‘\TCEp, NTPDU_S,. NQOS,. B O R I TN | B
-+ 0 , 7, NLREF, RREF, CGmA, CDTA], R I
‘.[[tsap, ‘teres,TRPL), [1], '[[},-{nsap, ec  ;OPLJ]) .:-
A requested QoS LE_prOposed QOS */ e T T
. IPL '="[TCEP,: NQOS, normal', TSDATAI, =
'_lnput([tsap,atcres,IPL] )i . e T .
(var (NQOS). —> true ; .NQOS =< PQOS), /* either/or ' */ '
OPL = [P1, RREF'NLREF TSDATA, PS,'nOKmal' CGTA,CDTA, NTPDU S],
B var(NTPDU S)->true not(NTPDU S>PTPDU _8) J /* elther/or * /)
o output([nsap, ec’ ,OPL] Yoo . S RN

. ‘ - |--I '



-

t(pll: . )
fwait_for tcres, TCEP, TPDU S, PQOS, BFU, BTU, SSEQ, RSEQ,

PLREF, RREF, CGTA, CDTA],

[Einal, - - TCEP, TPDU_S, NQOS, BFU, BTU, SSEQ, RSEQ,_ ;'1

Lo e

NLREF, RREF, CGTA, CDTA],
[[tsap,tcres,IPL],[]],. [[tsap,tdind, OPLl} [nﬂa,,dr OPL2]])

J/* requested QOS GTTproposed Qos */. R n L
IPL = [TCEP, NQOS,. 'normal’, TSDATA1, . ‘;J.n'n.‘
input([tsap, tcres,IPL]), ’ "

{ var(NQOS). -> true ; NQOS > PQOS }, -/ gizhef}orfifnii -

OPL1 = [TCEB,. 'ts_qual_fail', {]], Cew T
output ([tsap, tdind,OPL1l) ), ) R
OPL2 = [RREF, NLREF, TSDATA, 3], e R

output([nsap, dr  ,OPL2] ). ‘ &

t{pl2, o
[walt for _tcres, TCEP, TPDU_S, QOS, BFU, BTU, SSEQ, RSEQ,

PLREF, RREF, CGTA, CDTA], .
[final, TCEP, TPDU S, Qos, BFU, BTU, SSEQ, RSEQ,:
NLREF, RREF, CGTA, CDTA],. Vi

[ [tsap, tdreq,IPL], [1], [[]., [nsap, dr:' ' OPL]])

./* user initiated_termination. */ BN .

IPL = (R1, USERI], o
1npute[tsap, tdreq,IPL] ), IR

| OPL = [RREF,”NLREF, [SER, 1],ﬂ~"_ LA k

' output([nsap, dr 1. OPL]) ) .'ﬂ-::g.3~~ SRS

@ upn,,, AR | ‘
S [data,transfer, TCEP TPDU Sy Qos, PBFU, BTU, SSEQ, RSEQ,_H-

"LREF,’ RREF, CGTA, CDTA],

: (data_ transfer, TCEP, TRDY_ ‘s, QOS,_NBFU, BTU, SSEQ, RSEQ,.--

- LREF, RREF,’ CGTA, . CDTA],
. "{(tsap, tdatr,IPL] (11, (LT [11y o
/* flow control from _user is ready */ oL
' "IPL = [P1, DF, P3}; "+ ~ .. . A
input({tsap, "tdatr, IPL]),. o ‘ o]
insert.(PBFU, DF, NBFU). . C ¥ -
L ' . - .

. t(pl4d,

‘{data_transfer, “TCEP, TPDU ‘s, Q0S, PBFU, BTU, pgsEQ, RSEQ, | ' -

‘LREF, RREF, CGTA, CDTA],

(data’ transfér, -TCEP, TPDU_S, QOS, NBFU, BTU, NSSEQ, RSEQ,.

LREF, RREE, CGTA, CDTA], ' .
{1, (1), [[1, [nsap, dt - ;OPL]]) Hall N
/* flow control to provider_is ready */ .
not(PBFU = [1]), Vo .
delete(PBFU, DF, NBFU), T .

" OPL = [RREF, LREF, DF, NSJEQ, EOF],

- ' 'NSSEQ is PSSEQ + 1,

c ‘output([nsap, dt ,OPL])

i



t(plS, . ' Lo Lo S e

. [data_ transfer, TCEP TPDU s Qos, _BFU, PBTU, SSEQ, PRSEQ, -

"~ LREF, RREF, CGTA, CDTA].‘ _ ;
[data_transfer,: TCEP, TPDU. s, Qos, BFU NBTU SSEQ, NRSEQ,
LREF, RREF, CGTA, CDTAl;. ‘ _ , o
[[1, [nsap, 4t _,IPL1], [L], 11y -y: A

~ /* flow control from provider_is: ready */ . s

IPL' = [LREF, RREF, DF, NRSEQ, EOF], S

NRSEQ .is ‘PRSEQ + 1, | R T NS

. input([nsap, dt VIPLTY,

1nsert(PBTU, DF, NBTU) 7

.

e(pL6, .. '
. [data transfer, TCEP TPDU S, QOS, BFU PBTU SSEQ, RSEQ,
LREF, -RREF, CGTA,- CDTA]:. -
. [@ata_transfer, TCEP, TPDU ° S, QOS, BFU NBTU SSEQ, RSEQ,
. LREE, RREF, CGTA, CDTA], ., . e
({1, 111, {lfsap, tdati OPL]r I]]) ok
' :/* flow control to user. LS ready */ :
“not(BPBTU = 1), 7 - S _ S . s
;» delete(PBTU, DF, NBTU), ri_; e e e e .
_-OPL:= [P1, DF, P31, -~ -~ = - T . ohonn
output([tsap, tdat1 ORL]).’ St oo
t(pl?, . o ." : ' - : _
-[data transfer, TCEP TPDU S QOS, BFU BTU SSEQ, RSEQ, LREF,
RREF, CGTA, cotay, C - :
.A[flnal; © .. * TCEP, TPDU _5, QOS BFU, BTU, SSEQ, ‘RSEQ, LREF,
RREF, CGTA, CDTA], - : :
[[tsap, tdreq,IPnJ, 111~ [[]. [nsap. ndreq. OPL] Y T
/* ‘user _initiated termination */
. IPL =: [TCEP DISR]
Jo/* BTU = [ :
BFU = (], */.
input([tsap, tdr
output([nsap,

=)

t(p18, . ' 3
[data_transfer, TCEP ‘TPDU_S, QOS, BFU, BTU, SSEQ, RSEQ, LREF,
" RREF, CGTA, CDTA], : :

[£inal, : TCEP, TPDU _5, QOs, BFU BTU, SSEQ, RSEQ, LREF,

.RREF, CGTA, CDTAL, .

(e, [nsap, ndlnd, IPL]I, [[tsap, tdind, OPL], [(11) :-
< /* BTU = [],

BFU = [], */

;nput([nsap, ndind, IPL]),

OPL = [TCEP, 'ts fail', [1],

output([tsap, tdind, OPL]}.
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t(plgp v L . .
[data_ transfer, TCEP, IPDU_S, QOS, BFU, BTU, SSEQ, RSEQ, LREF,
RREF, CGTA, CDTA], . .

[£inal,"’ TCEP, TPDU_S, QOS, BFU, BTU, SSEQ, RSEQ, LREF, °

- -RREF, CGTA, CDTA],
f{], [nsap, nrlnd, IPL]], [[tsap, tdind, OPL], [1}1)} :-
/* BTU = (],
BFU = [], */
input([nsap, nrind, IPL]),
_OPL = -[TCEP, 'ts_fail', []],
output([tsap, tdind, OPL]).

mnput([AP, I, LP]) :-
((I tcreq, t_connect req(LP))

(I = tcres, t connect resp(LP))

;7 (I = tdatr, t_data_req(LP))

i{I = tdreq, t_disconnect_reg(LP)) .
i(I =ecr -,.cr _TPDU(LP)) J
; (I = cc r €C TPDU(LP))

;(I =dt ', dt_TPDU(LP))

; (I = dr ;. Qr TPDU(LP)) 3

;(I = nrind, n reset _ind(LP))

;{(I = ndind, n“dlsconnect_lnd(LP))).
output([AP, O, LP]) :- s

((O = tcind, t_connect ind(LP))}

: (0 = tccon, .t connect conf(LP))

; (O = tdati, t_data_ind(LP))

;{0'= tdind, t disconnect ind(LP))

;(0 = er , cr_TEDU(LP))

;{0 = cc ;, cc_TPDU(LP))

; (0 = dt , dt_TPDU(LP))

; (0 = dr , dr_ TPDU(LP))

; (0 = ndreq, n_disconnect_req(LP))).



t_connect_req{[TCEP,
tcep(TCEP),

to_T address(TTA),
from T _address(FTA),
quallty of TS(QOS),
options(OPT),
ts_data(TSDATA).

t_connect ind([TCEP,
tcep{TCEP),
to_T_address(TTA),
from T address(FTA),
quality of TS(QOS),
options(QPT),

ts data(TSDATA).

t _connect_resp([TCEP,
tcep(TCEP),
quality of TS(QOS),
options (OPT), '
ts_data(TSDATA).

t_connect_conf{[TCEP,
tcep(TCEP),
quality of TS(QOS),
options (0OPT),
ts_data(TSDATA).

_77_

i

TTPA, FTA, QOS,” OPT, TSDATA])

TTA, FTA, QOS, OPT, TSDATA]) :-

QOS, OPT, TSDATA]) :-

QO0s, OPT, TSUATA]) 1=

t_disconnect req([TCEP, USER]) :-

tcep(TCEP),
ts_user reason{USER).

t_disconnect_ind([TCEP, DISR, USER]) :-

tcep(TCEP),

ts disconnect_ reason(DISR),

ts _user reason(USER)

t _data req({TCEP, UDATA, LF]) :-

tcep(TCEP),
ts user data({UDATA),

last_fragment of TSDU(LF).

't _data_ind([TCEP, UDATA, LF]) :-

tcep(TCEP),
ts_user_data(UDATA),

-

last_fragment_of_ TSDU(LF).
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tcep(TCEP) :- (nonvar(TCEP), (TCEP > 0, TCEP < 500))
. ; (var(TCEP), random(TCEP, 500)).

to_T address(TTA) ;; (nonvar (TTA), true)
‘ : : (var(TTA), random(TTA,999)).

ﬁ:om;T;édaréss(FTﬁl :— (nonvar (FTA), true)
- ‘ H (var(FTA), random(FTA, 999))

ts_data(TSDATA)”E4,(nonvar(TsnATA), true)
ST "i (var(TSDATA), TSDATA ; [1y.

ts dngonnect _reason('ts_u nrm )
ts disconnect _reason(' ts cong ).

. ts disconnect” _reason('ts fall')

ts_disconnect reason{‘'ts qual fail'y.
" ts dlsconnect _reason(' u unknown ).

ts_user;teason(USER) i= =
(nonvar (USER), -true); (var(USER), USER = 'reason').

npfions( normal'). IR el - EEEE
optiéns ("' expedlted Y. oo e

guallty_of;TS(QOS) (nonvar(QOS), true) o
ST _{var(Qos), (random(QOS 9), QOS = 10)). -

té_user_data(UDATA) e ((nonvar(UDATA), true) ‘ .
. ; {(var(UDATA),. maxudl(MAXUDL),,, C
random(L MAXUDL), flllud(UDATA, L))),'

maxudl(100).

last_fragment_of_TSDUtiF) :—~ (nonvar{LF), (LF'= 0; LF = 1))
. . ' .. i . (var(LF), random{(LF,1)).
\ .

3
N N
——
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cr_TPDU([CRD, SREF, TSDATA, CL, OPT, CGTA, CDTA, TPDU]) :-
credit _value(CRD),
gsource ref(SREF),
user data(TSDATA),
class _ind(CL), '
optlons ind(OPT),
calling addr(CGTA),
called addr (CDTA),
tpdu_size ind(TPDU).

dr_TPDU([DREF, SREF, TSDATAﬂ DISR]) :-
dest_ref(DREF}), .
source_ref {SREF),
user_data(TSDATA),
digsconnect reason(DISR).

CC;TRDU([CRD DREF, SREF; TSDATA, CL, OPT, CGTA, CDTA, TPDU))
, credit. value(CRD), -
. dest ref(DREF), .
source_ref(SREF),; *
user_data(TSDATA), ‘ .
class_ind(CL), .
options_ind(OPT), _
calling_addr (CGTA),
called addr(CDTA), '
tpdu_ size 1nd(TPDU)

dt TPDU([DREF SREF, DATA, SEQ, EOF]) -

~ dest }ef(DREF), -

_“source_reﬁ(SREF), o
user_data(DATA}),

sequence(SEQ), . :

end of :TSDU(EOF). *

Cfedit;value(CRD) :— (nonvar (CRD),- true); Ivar(dﬁD), CRD = 1}.

-gser;ﬂata(UD)':4'(nonvar(UD); true); (var(UD), UD = {datal).
class;ind(O). -

~ options_ind('normal*), ° ; -
options 1nd( expedlted ).

'calling_addr (CGTA) :- from_T_address(CGTA).
called addr (CDTA) :—.to_T_address(CDTA)”
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tde;éize_ind(TPDU) :— (nonvar (TPDU), true)

_: (var(TPDU), (TPDU = 0;
TPDU = 128;
: S ; y TPDU = 256;
y S . ‘TPDU = 512;
N : © TPDU = 1024;
S | TPDU = 2048;
o - | " TPDU = 2049)).

reference(REF) :- (nonvar(REF), REF > 0, REF < 65536)

;  (var(REF), random(REF, 65536)).
sourpe_reflSR@F) = réference(SREF).
dest_ref(DRgP)*:4 reference (DREF) .

. . s . ' \
disconnect_reasbn(DISR) :- (nonvar{DISR), (DISR > 0, DISR < 6))
e, : : . ;{var(DISR), random{DISR, 5)). .

~end of TSDU(EOF) i~ last_fragment of TSDU(EOF).
sequence( ) y -} L - ‘
'n dlsconnect req([NCEP]) - ncep(NCEP).

: n_dlsconnqct;lnd([NCEP, DISR]) :~ ncep(NCEP), .
. ) ' '  ns dlsconnect reason(DISR)

n_reset_ind({[NCEP]) :- ncep{NCEP).
néep(l).
ns_disconnect_reason('nz_xdc').

ns dlsconnect _reason('nc abo ).
insert(k, Y, Z) :- append(X, [Y], 2Z).
délete([Y|Z], Y, Z}).

seed(997).

rétraéﬁ(éeéd(P)),

X is P mod (UB + 1),

N is (125°* P + 1) mod 4097,
assert{seed(N)), 1!.

random(X, UB)

- 1. -

:— random(X, 255),
LL is L. -~ 1,
£illud(Y, LL).

£illud([], 0)
£illud([x[¥],

1 o
'

initial state([ ldler_:_f_r_r___r_r_r__";_t_r_] ).
final([final|R]).



- Bl -

APPENDIX B -

EXAMPLE PATHS FROM THE EXAMPLE CTS FOR THE TRANSPORT PROTOCOL i
CLASS 0

transport pathsm
/* from idle -> final */

connection establlshment_path(l [pl,pﬁ pl7]
connection establlshment_path(2 [pl,p6,pl8]
connection establlshment_path(3 (pl,p6,plS]
connection_establishment_path(4,[pl,p7,pl7]
connection establlshment_path(S [pl,p7,p18]
connection establlshment_pathtﬁ [pl,p7.p19]
connection establlshment_path(7 [pl,p8)).
corinection establlshment_path(s [pl,p9]).
connection_establishment path{9,[p2]):
connection establlshment_path(lo [p3,p10,pl7])
connection_establishment path(1ll,[p3,pl0,pl8]).
connection_establishment_path(12, (p3,pl0,pl9]}). St RO
connection establlshment_path(lB [(p3,pll]). L :
connection_establishment path(l4,(p3:pl2}). ’ )
connection_establishment_path(15,{p4,pl0,pl7]}.

connection establlshment_path(lﬁ [p4,pl0,pl8]).
connection_establishment path(17,(p4,pl0,pl9]). -
connection establlshmentﬂpath(lﬁ [p4,pll]). Yo
connection establlshment_path(IQ (p4,pl2]).
connection_establishment path(20,([p51]).

20N

-

/* pre_paths to data_trénsfer */
/* from idle -> data transfer */

pre_path(1,[pl,p6]}).
pre’path(2,[pl,p7]).
pre_path(3,[p3,pl0]}).
pre_path(4,(p4,pl01]}.

/* post_paths from data transfer */
/* from data_transfer & final */
post _path(l,[{pl71}).

post path(l,[pl8]).
post path(l,[pl9]).
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/* generatiné paths for unspecified receptions for example CTS */

/*Lloopleés automatic generation to error%state’*/

error_path(l,[perrorl). ' . ' ;
error_path(2,{pl,perror]). -
error_path(3,{pl,p6,perror]).
error_path(4,(pl,p7,perror]).
error_path(5,(p3,perror]).
error_path(6,(p3,pl0,perror]).
error_path(7,[p4,perror]).
error_path(8,[p4,pl0,perror]).

/* using 'fire_one' to walk through the specificatieon */*.
walk(o,[p4,p10,p15,p15,perror]).-
walk(l,[pl,p6,p13,pl5,pl4,perror]).
walk{2,[p3,pl0,pl3,pl5,pl4,pl6,perror]).s

;

r o
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APPENDIX C
TESTCASES
prologue
(1) tc_l_connection
There are 4 connection tegstcases., From the

'testcase_template' in the comment section of testcase 1
(i.e. file  'mar_20_ 931 pm') it is clear that
‘connection(l,([p3,pl2])' was obtained from a file of paths
called 'transport paths', that the output file was to be

called 'mar_20_931 pm' and that the testcase value was to

be ‘'pretty printed'. Note that the header extension_trace

position is vacant in accordance with typicals.

i{
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[}

Apr 18 20:18 1986 example_?Cs/tc_lqconnection/mér_20_93l_pm Page
1 - .

path(([p3,pl2]).

path value(0,|

[{[],[nsap,cr,{l,Bl?l,[data],o,
(178,980,64,95,normal,[datal]l, |
555tsap,tdreq,[474,reason]],[]]
1)

normal,64,980,128]11),[{tsap,tcind,
111,
+[[]1,[nsap,dr,[3171,1889,reason,1)

B

nsap .
cr ) : b
1 ' ’
3171
data

0
normal
64

980
128

tsap N

tcind
178
980
64
9
normal
data

tsap
tdreq
474
reason

nsap

dr
3171
1889
reason
1



the tc_template is:

: input_file

: input_functor

: input number :
: output file - :
' output type :

- 85 -

transport_paths
connection_establishment path
5

mar_20_931 pm

PP
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Apr 18 20:18 1986 example;ECs/tc:l;conﬁection}mar"2Q“932_§m.Pagg .

path([pd,pll]).. T e |
path_value{0, | - T e s
({{],[nsap,cr,[1,322,[data],0,normal,378,260,0])],[[tsap,tcind,[3
15,260,378,9,normal, [data]]],[]l], . T S
.[[[tsap,tcres,[315 10,norma1,[]]],[]],[[tsap,tdind,[315,ts_gual;f :
"ail, []]] [nsap,dr [322,2591,[],31111 " . L

[[nsap,cr [1 322 [data] 0, normal 378 260 011, [tsap,tc1nd [315 260

. ,378,9,normal, [data]]]]
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path{[pl,break,perror]).
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].0,normal, 487, 44,;28]]]],

(
]

1,487,44,128]])

Comment

the

e W

. - o~ R , - _‘— " T -
x Ral _c; -—"_: ; EN A .n-.~ :‘ -1 '-._
_ 101.1 ___;—' .-_c. r_,:h:- o - .-P.-‘-;: .1..-__'_‘ o ,. .
e S el - e ¢ V"-":-: ‘:
- ~ R B B et T -“'-'."-' *
example_TCs/tc_3;ﬁ:/mar*27fﬁ53wpﬂlgage 1*:.° o
3l ) < -
PR ~ . Sl
~ e ,-,‘;.:-;_- -
. o - -
exten51ons(1nput([tsap,tcres [82 05 nefmal,'[]']]) true). e -
. # - e pl@--uw .ir -*?
[([tsap,tcreq,[213,44,487,1, normal []}],[]],[I],[nsap,cr,-ﬁ 414,10 =
en -
[[tsap tcres, (82,0,normal, []]]],r[you are,in the error state]]] <
). -
.:L‘:"_
[(tsap,tcreq, (213,44, 487, l,normal []]],[nsaphc&,[1,414,[&¢O,ﬁorma
[[tsap,tcres [82,0,normal,(]]],[you are, in’ the error state]]
-‘Al -
: transport_paths g
"error_path v -
2 - _._(Iy“
ma; 27 647_pm B
nl wrlte
- S e
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input file

input ~Functor “:

input number

output file

output type'
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patht[pl breék perror]) S '_“. . ‘.* Tl
exten51ons(ur([tsap tda‘ ])):'J‘ . ":ﬁ': . . : ;n

Lo extenSLOns(lnput([tsap,tdatr [456 [137 67 120] L]]) trua)

.

] Lo i

th value(O [ : ' T O '
(tsap, tcreq,[498 966 28,7, normal {1]],[]},[ -,[nsap cr, [1 3609,
.0, ndtmal 28,966, 128]]}] .
Etsap,ﬁdatr f45§ (187, 67;120},1]]],[[y0u arerln the error, .state

P . r . .
. - .o - . ~

pa
([
(1]
([
1]
1.

-

_\tsap. ’ " \. . i . o .
. : tgrgq ‘ ,“- E . - o ; ,
. T O
966 = - : g '
. o0 28 o . '\ '
. 7 . . -
normal °© b -

() S

nsap : .
Ccr
"1 .- e
— 3609 A T .
1. . &
0

norpal . . A
28 '

966

128

tsap ) A
tdatr
456
187
67
120

1
you are

in the
error state
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input_file transport_paths
‘input_functor : error_path

2 .
mar_27 64% pm
pp 4 f

output file

1:

2 3

3 : input numker
4 :

5 : output_type
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path([pl,break; perror]) ) T N

exten31ons1ur([nsap,dt])). ) T

. L i A X

extensions(input(Fnsap,dt,[35151997,[data],_lllﬁ,O]]),true).

path_ value(o [ : v : -

}1,0,Mormal, 403,953 128]]]] .

[nsap,dt,[35&5,9972[data],_1114,0]}],[[yod‘agepin the,errg; ata
11] : ‘

[
v
(
te . | .
1)-

tsap ’ iy .

tcreq . o ' .
L \\128 - PR -0 . - .
953 . , ‘ - ,
403 - . ’ ; .

.
5 + . - ’ - T

et ~normal « . o e - X

S

. - a T [ ] - ) 4 o .

4 " - -~ ' [y ; -
. - nsap - Co ‘ S -

CI . . ! . L
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. 2093 - = - - e

(y L - " Lo .
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T EN o : | e
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1
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.

- L
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oo ~ 3515 SO - K
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data P - -
L) hl Y * ~

~ 1094, s e e
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[ - L
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-— i ) T - P
' : ) B v
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3 . \_ . -
- - > ’ » -

[[tsap,tcreq, (128,953,403, 5 normal, []]],[]J,[[L,lnsap;crrll,ZSQB:
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1 :'lnput file © .= transport_pabhs N ' S

2, : input’functor : co onnettion establlshment_path - .
3 . input_number- :*7 TS -5 I -

4 : oytput_file  ® mar_29_ 1145 am -~ > . ., -
*5; ¢ oﬁlput_type LI PP P ' * -
- . - . - £l b L “ -+ 1. -

We wanted to insert- an ,atyplcal value "of high ise. .

patameter dest ref in inpuf dr TPDU of pB“but it

didn't occur. We thecked p8: and found it" was ‘alreadyt oos
Anstantiatéd from the addltrohal . vatiables , of+ the
.ptesent state as LRER local reference) to. the walud 2364

and

thus was nqt instantiated to’65535.

This: ig an indica- -

tion Sf the usefulness of ITSG ko prevert

a

tester faking

1nvolun€ary

errors.

In this case, the cr tpdu was received

from the transport protocol entity whose~ reference . id is *
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‘ | )
patP(Lpl bfeak,pa]) . P - t v ! A
., ] oy - - . . -
extens;onb(atyp) D i ! e
LY % - ‘ )l o n~ .
exten51ons(source ref(65535) true) e Lt ) o~
foe ]“' . “ - . '
P . .

path_ value(ﬂ ( o : » ..
N E[[tsap,tcreq‘[lﬁs QA 980 1, normal I]]] []],[[]ansap,crp[l 1179,
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(([])r[nsap, dr~[ll79 65535, [data] l]]],[[taap,tdlnd T165 ts_u.nrm, -
[]’data]]] [nsap.ndreqr[l]]]] X . Tl
. ). _ ~ e, o P s
}‘ T t 5 \ ' . - B e . ¢ N . - 3 Cos
. tsap’ SN ’ STy . -
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path([pi, break,p&])

extenSLOns(atyp).‘ !

"
extensions(user data(["Hi, I''m Russ',is,this,list,short,or, 'what
?'])r - -~ '

path _value(0,(

[{[tsap,tcreq,[474 B889,597,3,normal,[(])]1]),[]1),((),[nsap,cr,[1,1563
([ T+0,normal,597,889, 128]]]],

[{[],[nsap,dr, [1553 2817 [Hi, I'm Russ,is,this,lisat,short,or,what
?],1]]],[[tsap,td1nd [474 ts u nrm, [Hl, I'm Russ,is,this,list,sho
rt,or,what?]]];[nsap,ndreq:[l]T]]

1). ‘

tsap
tcreq
474
889
597
3
normal

[]

nsap : ¢
cr
1
1563
| (]
—_ [§]
normal
597
889
128

nsap _
dr
1563
2817 205
Hi, I'm Russ
is
, . this
list
short
or
what?

tsap
tdind
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474
ts_

nsap
ndreqgq

Comment

e to_template

input file

input funct
input_numbe
output file
output type

- 112 -

u nrm .
Hi, I'm Russ
is

this

list ,

short

or

what?

is:

transport_paths
or : connection establishment path
r : 7

mar_29 1221 pm

PP
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path([pl, reak;pB]) T f” ﬂ_ WJQQ-::»

- L e

extengiﬁns(atyp).
g

o,
P

i h SO 13““4"f

path value(0,( Rt AE e M,

{([tsap,tcreq,[374,680,54,7,normal, []]] []],{[],[nsap,cr,fl 3033,

{1,0,normal,54,680, 128]]I]; s

[{[],[nsap,dr, [3033 2202, (data], l}]],[[tsapatdlnd [324th~u nempf

cllata]]].[nsap,ndreq [1]]]] - i
) o o ) -~

-y
3 ey,
-

e . -
extensions(disconnect_reason{5),true).
v ! : N .

R

PR e

tsap 2 - e T e, )
tcreq o ) . . ( -
374 : - e b . . ]
680 - St
54 ' &fq M. e, ¢
7. .. -
normal : e

[ b

nsap
cr
1
3033
[}
0

normal

54 ’
680

128

nsap
dr
3033
2202
data

1 (* not what we wanted *)

tsap
tdind
374
ts u nrm :
“data -

nsap ' .,
“ndreq

1 AN gp,
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. ' 1 : 1nput file e transport_paths IR
2 : input functor : connectron establlshment_path
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Apr 18 20:24 1986 example_TCs/tc_5 pe/mar 29 126 pm Page 1
path([pl,break,perror]}).
extensions(pe(([nsap,dr))). ' - !

éxtensions(source ref(65536),true).
extensions(input([nsap,dr,[1600,65536,(data),3)]},true).

path value(0,( . \ '
[[(tsap,tcreq,[251,867,27,2,normal, {11}, {1},([];(nsap,cr,(21,275,]
- 1,0,normal, 27,867, 128}]]],

[[[nsap dr,[1600,65536,(datal},3]]],[[you are,in the,error state]} -
] ‘ _ .

1.

tsap

tcreq
251
B67
27

normal

nsap

cr
275
().

'normal
27 T T : Ceom T -
867 . . . f ) o .

.. hsap s, T I Do

. .4t . _ . - o

., 1600 e R Ty o

a 65536 ‘ (* here's the.error *) - -
- datas P .

A S
C+or.youare 0L L T

in the e ) .
.’ .. érror state *’': ot ) ST T
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tc_template is:

input_file - :
input functor .:
input number
‘output file :

_output_type :

.
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Apr 18 20:25 1986- example TCs/tc 5_pe/mar 29_143 _prl_ Page 1.
path([pl bfeak perror ). S oL A
. . "y v
extenslons(pet[nsap,dr]r ' . o : oo . :
Pa— 1 b \ ! ’ -~ N )
exten51ons(1npuh([nsap.dr [ 1112 1113 IiL4T])7(soprce_ref( 1112
\)' ' \ l' -
ser data( 11131' 'dlsconnect reason{ 1114))) . LT -7
(exten51ons(1nput([nsap dr [2499 {data] 211, true) ‘
path value(O [, v h o
" [[(tsap,tcreq,[232,322, 378, 0 normal []]],[]],[[],[ﬂsap ct,[L,3822
+[1.0,ndrmal, 378,322, 128]]]], > ¥
[[[nsapydr,{2499 [data] 2]]],[{you are, 1n the,error state]]I
,]j" ks ‘. ° . 4 ‘
. ...‘ | t.s-ap R - : . K ) . ‘ - ‘., . , - . R ‘\ . v .
) v _tecreq . s , T o
. 232 - T, : . aE) *
C 322 . Coed oy ) i
o378 v ‘ ’ ;
/ 1 o . , . _ oot . . T
A normal .~ .. . b LT
'..' '.{] - . LT T P -
Tn‘éap_' N < | ) k ‘ \ . ’r
. _Cr . . . ‘\- ) . R R - . e - N 9\
I\ ’\" '. . l' 4 <. ' N ' 1 ‘ ‘ 3 v .
., - - - 3822 . . , 4 . - . » n. .
) 3 \ 0- ' . , a N . v "
" .  normal, . . ) . - .
) 378 - Coe L,
o, . 322 . s i - A -
S T L - b
nsap. {(* we have forced only 3 parameters where.*)
-7 - dr. °  (* there should be 4 *y
C 2499, o L '
= X _+  data R oo N ‘ oo .
S you are - . y R
[ in the . . ‘ . L
.error state e R ' .
] . “ - . "
i . , N - - - ]
’\’ ! . J“.-
r ’ - R .
Y.
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- K - - . . . e S i N
T 1z }nput £ile - -: transport paths ’ S
»° "2 :'input_functor_: error_path . . oo ' . 2T
‘3 r input number ;-2 Do - PR
¢ T 4,: output_file s mar_29_143_pm. T T
.. 5 % output type tTpp N ' T ' R
. ' ’ - ,\ I3 :
. What we dld_ab break was: . ’ . .
b N

~ “undo(A, [source ref(B) user data(C) dxsconnect reason(D)]),"‘ Sl
pe([nsap,dr] rnput([nsap,dr [B,C, D]]) ). .

£ ,1lly and pe’has 3 terms- - L .

R % [hsap,dr] - it is a specified. receptron so !pe’ doesnt:
= detect.an-error - . :
’ 2/ and 3/ maké up the substltutable clause - use this input -

u
% . instead of the’input 1n the loglc speczflcathn
~ 5 4 "" . . , .
v - < \ - . .
" 4~ b\ \
. ¥ \- -~ . I . * )
B Ld 4 - - I‘ -
T, . < . '
v hY
» 7 = r T ' .- ' .
+ 1 . '
N . T * : . .
. .
o ~ - .
i . ~ ‘ .
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v \ f < .
4 : !
,
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Apy 18.2b.25:1986 example _fics/te 5_pe/har 29 222_pm Page 1
path([pl break perrorr) ok ,

' . 1
i - o L o

extenslons(pe([nsap dr])) - e e o

- exten51ons(4nput([nsap,dr ( 1116, lll?]]),(dr TPDU{ 11}6)' 'dt TP .

DU(_1117))). .

extensxons(lnput([nsap dr,[[(414, 2587 [data],ﬂ],[999 1966 [data]l
‘rll6, 0]]]) true). ¢

" ~

. path _value (0, [ *

[[[tsap tcreq,[86,213544,7,normal, [1]], (41,001, (nsap,cr, F1,1511,
1,0,normal, 44,213, 128]]]], 2 N

xj[[nsap,dr,[[3&4,2587,[data],0],[999,1966,[dat?],_1114,0]]Lj,i[yo

u are,in the,error, statel}] .
). o L

tsap N ' :

tcreg ' , *
86 : )

213 o

44

7 <

normal

(]

nsap ) .
cr '
1
1511
[]
0
normal
44
213
128

nsap b
dr
. 414
2587
data
0

999 (* nsap _dr has 2 parameters, here where the *)
1966 (* first would succeed on its own but the )
data (* 2nd causes fallure *)

1094
0

you are
in the
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L
' . error state S
- b - o .
Comment '
_______ . !“\.
T i"i
the tc_template is: oy
input_file : transport_patHs

input functor : error path
input:zsnumber : 2
: output_f£file mar,_ 29 222 pm
& output_type : pp

W Wk

We did this as follows:

undo(A, [dr_TPDU(B),dt_TPDU(C)]),
pe{[nsap,dr],input{[nsap,dr,[B,C]),A).

.\‘-o‘p-

ar

@
.
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KPPENDIX D X

ITSG LISTING

L

/* boot file */ _ L
go

..{itgg/help_procs’,
/1tsg/prbtocol_procs
/1tsg/ut111t1es .
./lspec/tp_t/tp'] /* transport lspec */
general startup,
itsg.

/* initial status file */
- ¥ A -

flow_ready. .
1_am_ready.

Pt
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1\-’. . . : . - —— ¥
/; help procs file */ v
/¥ e prompt —=--—-=----- */
itsg b
nl, nl,
wrlte( itsg: display system startup information Lby typing
. "'startup'''y, -
repeat,
telllng(Z), tell{user),
nl, write(Yitsg: '},
(read(X)—> $ I've got X
( - . : )
tell(Z), 5 ‘v
\ call(X) ->» . s
true.
( +
tellifig(Z),
tell (user),
nl,
write{'no."'),
" tell(2)
) 4
)
true
) . ——
fail
A== //======== */
general startup “
:— set(mode(i)).
startup
nl,nl,
write('startup steps'),nl,
write('-———-——--—————- "y,nl, _ :
nl, .
write('(l) Consult your logic specification.'),nl,
write(' eg. [''../lspec/tp t/tp'']."'),nl,
nl,
write('(2) Consult any other files you want.'),nl,
write(' eg. [any_other file, "/u/grad/lucky"].'),nl,
nl,

write('(3) Dlsplay11n1t1a1 state with ''help(initial state)'’'.
It should be'},nl, :
write(' part of the logic specification with the form v
initial state(LIST)''.!'),nl,
nl, . -
write('(4) Display initial status with ''help(initial status)’
. ) ptl
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’ ;l 7.\" :{‘ r “w . ®=r
) - 1f it is '),nl, A o
' write('’ part of the logic specification. It is of the form
. *'init¥al status(LIST)''.'),nl, ‘
N . write('Otherwise’),nl, o
’ write(' enter "status(F)" to set the initial status
. A interactively where F'),nl, s
' write(* is thestfile containing all the status info.'),nl,
N nl, ~ " T ‘
N K writel" DISPLAY THIS MENU BY TYPING '‘startup"'’
nl,nl. ' '
s . L
S status ————-m-——eo—— */
» A SN
status(File) /* initial status and-: ‘present_ status are control */
- /* files */ .

collectl(P,File),
assert(initial status(P)),
"assert(present _status(P))

-

collectl([[k,Y]|I],File)

see{File),
read(X),
(X==end_of file -> fail _
i ( write(X), write(' , (on/off)? '}y,
see{user),read(2), nl,
(Z==on —-> (assert(X),Y¥= on)
; Y=off), o
collectl(I,File))).

oL ‘collectl([],File) :- seen, see(user). -
/¥ e help procs. ——=======-- %/
L -
) show(X) :- help(X). .

help
L -
write({'DISPLAY FUNCTIONS AVAILABLE'),
nl,
write('-———-——————m———mm "V
nl, ni, :
write('l. help(display functions). or help(d). '),
nl, nl, '
write('2. help(processing_functions}). or help(p). '),
nl, nl,
write('3. help(management functions). or help{m). '},
nl, nl,

write('NOTE: help may always be abbreviated to h'),
nl.
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h :- help.

h(X) :- help(¥).” '

J ¥ [ /==mmmmmm "/
help(display_functions)

nl,

write( "ITSG DISPLAY FUNCTIONS AVAILABLE'},

nl, C . ‘

write{('--————————————————_———- -, — —-.—F——.— "3,

nl, nl,

write('l. < help. '), nl, .

write('2. help(initial status) or help(iss). '}, nl,

write('3. help(present status) or help(pss). '}, nl,

write{('4. help(initial state) or help(is). '), nl,

write('5. help(present_state) or help(ps). '), nl,

write('6. help(mode). or help(md).'), nl,

write('7. help(ID). /* Display the transition or '

: parameter */ '), nl,

write('s. 1t. /* List all transition ids /'y,
’ write('9. 1f. /* List Ffirables X/ vy,

write{('10. 1nf. /* List non firables /0Ny,

write('ll., 1lsr. /* List specified receptions /'),

write('l2. lur. /* List unspecified receptions */ '),

nl, .

write('NOTE: help may always be abbreviated to h'),

nl.

» help(d) :- help(display_funétions).

Y /)= */
Y
help(processing functions)
nl,
write('PROCESSING FUNCTIONS AVAILABLE'),
nl,
write('—===-—-=— e o "),
nl, nl,
write('l. 1initialize state. or
+write('2. 1initialize status, or
write('3. set(present state). or
write('4. set(present status). or
nl,
write{'S5. set{mode(transition id)). or
nl, :
\\ write('6. set(mode(interaction_id}). or
nl, .
write('7. set(mode(interaction})). or
nl,
write('8. set(tc_template). or

-

’

[ 3
is.'), nl,
iss.'), nl,
set(ps).'), nl,
set(pss). '),

set (m(tid))."),
set(m(iidy))."),
set(m(i))."),

set{tct).'),

nl
nl
nl
nl



nl,
write('9.
'yenl,
write('
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-~
atp—=..

auto_fire{Final_gtate,_Output_type, Identifier).

or af(...same args...).'}), nl,

write('10. auto flre(No of_paths, Final state,Output_type,
.Identlflq;) 'j.,nl,

wrlte('
write('1ll.

write('

write('12.

write('13.
‘write('l4.

write('NOTE:

or af(...same args...}.'), nl,
fire all(Executlon_path Output_type,
Identifier).'),nl,

or fa(...same args...).'},nl,

fire one(ID) -or fo(ID).'), ni,
fout {Output type, Identifier).'), nl,
backtrack (N)" or bt{N)."'),nl,nl,

set may always be abbreviated to s').

:help(p) :— help(processing_functions).

help(management_functions)

nl,

wtite( 'MANAGEMENT FUNCTIONS AVAILABLE'),

nl,

write('-——--~

nl, nl,

write{'l.
write('2.
write('3.

write('4.
write('s.
_write('6.

write('?.
write{'S.
write{ 'S,

write('10.

* write(-'1l.
write('1l2.
swrite('13.
write('1l4.
write('l5.

wriEe('lG.
write('17.

write('1l8.

set(trace_all) / shut(trace_all).'), nl,
set(tracemfire) / shut(trace_fire).'), nl,

i clean(In Qut) /* cleans an interaction
1ist for output */'y), nl, 3
add_break(N,List,Result list). /* puts a break
in a path /'y, nl,
add_break_clause(H,T,N,Res T). /* puts a break
in a clause tail */'y, nl,

nl _write(A) / pp(A) /* nl_write and
pretty print */'), nl,
top(Filename).'), nl,

shut(Filename).'), nl,

dump(Filename, Functor).'), nl,

load(Filename, Head, Tail).'), nl,
loadall(Filename, Head, Tail).'), nl,
locate(Filename, Head, Tail).'), nl,
listall(Filename, Functor).'), nl,
listall(Filename).'}, nl,

atyp(Head, Tail). /* atypical parameter
anomaly */'Y, nl,

ur ([AP,. Iid]). /* unspecxfled
reception anomaly » */'), nl,
pe([AP,Iid], Head, Tail). /* parameter error
anomaly */ '), nl,

mak_tc. /* make a test-case
*/ 7}, nl. ‘ : -

help(m) :- help{management functions).



% help procedures hegin
/* 1 display(ID)

help(TID)

clause(t(TID, PS,
write('Transition

write(TID), nl,*
write('Present Sta
write(®s), nl,"
write('Next State:
write(NS}), nl,.
write('Input:
Write(I); nlp &£,
write('Output: '),
write(0), nl,
write(' :='),nl,
undo(Y),
write('.'), nl.

')!

. /* 2 display_mode
help(md) :- help(mode).
help(modej |

mede (X)),
nl, write('mode is

/* 3 display_system state

help(initial state)
initial state(X),
out(X).

help(is)

help(initial state).

help(present_state)

present_state(X),
out (X).
help{ps)

help(present state).

/* 4 display system_status

help(initial_status)

Jrmmmmee 7//====m==r */

x/ 2
/* TID is the transition id */
NS; I' O )l’ Y)l
Id: '),
te: 'f,

. *.::»:—

- */ .

e —— */



-

N

AR

initial status(X),
out (X).
help(iss)

help(initial_status). .
o'\ :
help(present_ status)
_present_status(X),
out(X).
help(pss)
help(present status).

/* lists */

/* 5 list_all_transition_ids —----—--—- */
1t .
clause(t(TID, BS, NS, I, O), ¥), nl,
write(TID),. .write(' '), Wwiilte(PS),
fail.
1t.
/* 6 list all firables -----~---mo-——- */
1f

present_state(PS),

(mode(i) -> unhook ; true),
£(TID,PS, , ,_).nl,
write(TID), tab(2), fail.

1f :- mode(i) -> hook ; true.

\\“3\ /* 7 list_all _non_firables ---------- */

1nf

“present _state(PS),
(mode (i) .-> unhook ; true),

-clause( t(TI‘D: _r_r _r _ )r Y ):
( t(TID, PS!_: _r ) -> fail ; true ),
nl, write{TID), tab{(2), fail. ‘

Inf :- mode(i) -> hook ; true.

/* 8 list_specified receptions -----—--——-~-

lsr
pregent_state(PS), ]
(mode(i) -> unhook ; true),
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P fmdall(I‘Il, t:fl’airse‘(t(. . 1, "').,Y“J,) ,*X)-; -~ --/’* tm:.vei‘se of‘ o
v v _\;: receptxon:, ”*,, : f sl i T T ‘ ,
et e LG X1), - v nn1qu1 e 1'1’St 7 A
\ present _Btate(PS), - - St e e L o L
: Lol flndall(IIQ«, clauseit( ’ES,;-;I-IZJ,"_')", %29, n.” ;* bpecl.f_led":‘--»
T - ":‘eceptlens VA P R S B - o s et
Sl e MY YY) e e e i et e e, e T e oI
T S dAiEETXYY YL, W),, / -set chfférenee - e '0* - o
T de(w w1) S = /* deiéte’empty 1npu.t.§ TR
‘ Cotest e e L A I : '_“’ " oz '—” P A
L 'X.*. B ’~. s P R ",.(. RN , oY
RAPE R 1 all possxble*inpdt mtemct,ions } G ® T e e e
v e zell ey input’ mteract:.ons“spec:.fzed at PS l, e T e Ty
con W= what we want wn:h extra- 1] s- S T T R
. __‘*/ o ‘_g R T o . .
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L H 1 . * [y - ] N
L4 P ’ e d .
? ) » . * ‘ - . T . - 5 s
" - T ¥ - - ' X ¢ T s .“-.‘, _“ . L “.’.- ‘.". :.‘
- - N : wo, - 130 - LTS ea oo : o
3 T - A I R R B ' L
" : . ., i N Lah s - , e . S , . ‘. P ‘. . : : ‘ ..
* . . /* protodol précessing procs filex*/; S el T :
" - « - - . .
v, * . i . ' . 5, . .
/*vprocessing fupctions —--s-Sr-i/ o } CeTe W
.'n} ° . . & L ~ , " ‘2 ) 2 . »
s{X) :* set(X). N . . Yot s
Lo T T I -~
% hap g s . : . . * ™~ w oy . R
/* IMMitializd */» : - v 0 » . o, o
< .o Tae oot o
- is := initialize _state. e L - Sl
A - N ' < .; * .
" . z .t
T ® 1nr1t1'd‘llze state .t . g e =1 T R R RN
f o ﬂ e y - - - “ - -". -
lﬁl%lal state(X), : - C. T o
{retract{present _state(_)): true), vk rn case absent,*/ v
‘ assert{present_ state(X)).. RS - i
- * . N . . . e [N o -
. s L.oiss :- anltlag¢aeiétatus. iae e T .
. + . .. .
T & 1n1tIallze status - L Tt
g - ¥ .’# N g T
[ " re L . ~
<= 5 11n1t1a1astatus(X), < 1 Coa o ~
_ o -~ retrattall(present _status( )), g ) ‘
e f“w ¢ ‘Mimick(X), - ¢ /% present status.mimics- lnltlal«gtatus */
ST e asgergjpresent _status(X)). /* control teiplate %/ ~
E 3 v y ey . PN o‘. + v L
R ’ 3 ' . - '
b - mlmlck([}). i 2. i
SRR 4 -
-_"o\ ~ ‘:‘"'5) . . . W .“‘ + -
CA, D e w mimicky [[HY,H2]{T] 9 Tt ‘ e M *
. A T gy - -~ L. % 0 . .
TS, retractall(Bl)}), Y . - T
_ S (H2=0on -> assert(Hl) ; true), e * -
- !
R, . + m;mlck(T) . \ ; ¢
= - N s S “y v . '
- /* set s stem stater */ : *
. / '._-.V N - Kl b f ¢ . 7
/* et '- - < R 4
.o 7" llStS présqnt state as a numbered array and aklows random ,access
s updating; Qy element number */ K . ¢ I
o O Rl ' | ’ v
S 5 Sab(ps) i set(present_state).
: 3 ‘ ‘g >
- Lo e & ﬁ#
. t(preseht state) g ! - P
k i
il . - present St‘ate(}{) . \
O~ AIRCN h_nl; wrlte( the present state' 1s. "Jy,nl, - .
P tab(B), numbered _output(1l,X),nl, o ;
. ] - - - ¥
e N .wrlte( write g to quit'),nl, - . ;
T write('position: "}, s i b
N ;' read(N), .
" s . ' > .
* / tmembeffN,[q,qgit]) -> true /* making case out of '-»' */ .
o ‘ o ; .- = *
- A( 3 . ' s .
L] l1‘_ F .
" . - F
T L - -
. kY T PR
\ Coe T BT L« >
* " w . *



- Jwrite(! value for»’),. - from a down- -stream” Eallure:by”
f"«fﬁ;wn4te(N), wrlte('“ '}r?, substltute RIS
L read(2)s . U~J.,.r"‘ T

' “w(member(z [q qult]) —> true T o

‘iset(pss) ﬁ‘set(present status)

~

_sdbstltute(N X,%; Y), Lo T

retract(present 'state(X)), -

“.assert(present state(Y)),.
" ;wset(present state) Sl

!set(present status)

retract(present status(X)), o :
Lyooo el only I~ ch01ce however */
collectz(x Y), ". S A e e
ﬁassert(present status(Y)) S N 2.' .

set(present status) /*lf no pss then set pss ;ss and try agaln*/
1n1t1a112e status(X),,T)jset(present status) '

collectz({], ]), ﬂi‘-‘e':fz A T ‘-f‘ . o

collectz([[Hl,Hz]lT], ["'[.Hl,'NHZH-INTl')\".- -. T

‘ ‘write(Hl),write(','),write(H2) ,write(' - (y/n)?'),
‘ read(2), \ -
(member(z [y, yes]) —> 'NN2=H2 , !
(H2=on -> (retractall(Hl) NH2 off) .
; (retractall(Hl) assert(Hl),
. NH2= on) .
e o)), ’ . !
collect2(T,NT). d - - -

/* . .
set (M} set _mode eg TID, IID, or I mode.
*/ o a

set(m(X))“:—sset(modeiX));

-

-y

set{mode (X))

:-- r

(meﬁbe:(ig[transition;id,tid;interaction_id,iid,

i‘.lnteger(N), c R . ‘ N ’
Sy < %a out ‘o prevent alternate -successes



"

o

' afi(N, Fs Output type Id) s~ auto'flre(N FS Output *type,Idy.

‘.auto flretN FS Output type Id) X

. - 3
-~ - - -, , . & ¢ *"
; ’ T T : _ s
L - 132 - — .
) ! e . . 3
A L f 4 + ) lr':' Eal
" ! interaction,i ]) . o .
v -> true B . . /* recognize  */
P : - ; (HINerte('*** 'V, write(X),

-
-

-

< fall) ) ' : ", . e r. 3 |

. W(modeﬁY) ;oY= [}):f /* what exists */ . T e '

=, mode compare(x Yy E - ~ L N .
7 i‘i' ‘-. ' * e ) ‘u..."' Cerh T ‘ A 2 o)

LN »"‘ " - . e . i . L3

VAR mode\oomparé(x X). *( /* its reset able no%l**/ o ? ;T

S f‘ *

mode comparetl. ) -—'retractalltque( )j,.asserb(mode(;)), hook

4 I ?

)
»

pode;cpmpareix,_y :*' etractall(moée( N éssenttmode(X)Lr unhook

t -

*___._.____:._'é..__._._._‘_:__"_;. ________ ‘_.___i_i_.:_..;.__::_____,____'-,._;.._‘_".'__".li;:_-._t/r
/* auto Elre ————— .*/ ,: . “.’ ! A P . '-_. 4 IJ, . M n
/* counted exhaustlve auto f;re L o N SPCEE I t ' S

_é/ﬁ.auto flre(Flnal staue, Output type, Identlfler) —4———*/ oo™
i - v - K
LA PR -

af{PS Output pre ;Id) :- auto flre(PS Output type,Id}).; . e
auto flre(FS Output type. Id) . & ' -,

.:‘_ - t M ! . .

reset(couhter(do l)), /* afo uses do's countén|*/ :
. auto_fire_main(FS,Ohtput type Id),. P
1nc(counter(do 1)), /*‘keEp count for’ prlntout * /
fall s JQ “ - B
! : . . .
auto flre(FS Output type,Id) L7 RS >
I auto flre lasttFS Output type, 14y. A ' S
. ., e > v ~ o I:
B /* do fall auto fire */ - ’ - ‘

.", J* auto flre(No of_paths, Flhal’state, Output _type, Identlfler) */

-
1

" -t

dQ(N,auto flre maln(FS Output ~type,Id}), .
«. auto_fire 1a5tTFS, Output type, Id) . IR

- Ve o v
.

J/* maln auto fire */ ) v SRR

‘_/* auto flre(Einal state, Output typ&, Identlfler) 1‘7‘;*/.“
- auto ﬁlre maln(FS Output type, Id)‘ R o T T
Set(mode(tld)},' L o BN
. ' .present_ -state([H]|T]),"1, ' g ", '
-/* we only want -traversal.repeatable. R4 - . '

loopless traversal([HlT] FS, [H] Path),

-
[N . .

L -

write(' is 1mproper mode inputy, ant



*
"

b,

/* only keep majof state list */

Chedk ehd(EH|T], FS, New Already VLSlted TIp ball) g )

wils 7 R .
SRS S i B & B . o

N

. - : . b

" noa, . - - + .
ey, . ’ : . . o

» Y
4 ¥ »

auto " fine: output(Path Output type Id),

.
—~..__-1
\..
- .t

“o/* Looplesé traversai r——ﬂej——*/ .
R » - - 1 -'
/* this traversal may be Easter. after a faai at ehd we must be
able to restart: back one step, and not; a continue as we orlglnally .
- had, check_end checks to quit. or fecur. ... and 1f»qu1t followed =
1atér by a fail it backtracks onefenduzesbarts- T L
*/ : v ““"x”“ o
':? -, . ¢ L I . . ““l" e £
looplefs’treversal(PS FS, Already v151ted, [TID|TID talb]) L
o L. S - - - i,
.4 t(rID,PS, HIT]‘I oy, R o PN .
,-? not(member(HLAlready v151bed)), T o N
v “append{ [H], Already visited, New' Already _visited), @
Gheék end([H|T],”FS New Already v151ted, TID tail). -
L’ o .
/* NS= [HIE] so”H i's a'magorwstate varlable */ oL Y BT
A A : N

(H—FS -> ITID Eall ) . R CR G e
; loopLess traversal([HIT FS," New Already ‘visited”

. ik TIp taal)) " . " o .
/*-—auto _fire madin output—~—*/ : ' :Aﬂ -

4fo(N,P,1,1d) i- b1d, N, P], out(a):

auto.fire output( TIDiTID tall], Output type, Identifiet)

\
' . 3 \ . -

couhter:(do’ N), ’ ’ R
! afo(N [TIDITID tall] Output type Identlfler), !,

3

/* screen */

afo(N, P ,OT51d) :- (0T=2 ;-OT=3), A=,.[Id,N,P], assert(A).

-

/* auto flre tail output */ . \ , ' .
/* Jjust checKs if output type 3; so, '‘dukp’ called */ .

~auto_fire last(FS _ Identlfler)

auto_Eire_last(?S 2, Identlflerq: |

auto_fire_last(Fs, 3,_Identifier) PN
T i~.write(' give me a filename: '),

read(F), .. - o

dump(F Identlfler) T L o «
7*;";*---%-4--—--f-—“'ff-f--”—;—"4 ________ L u_;/

. /* flre all(Executlon_path Output ‘type, Identlfler) */

fa(Path Output type,ID)’-- flre all(Path Output _type,ID).

-



,.,. flre 115!:(1]: r-;,[]b w ) -

, fire 1lst1[HlT1 PS, [[% ,011¥]) e

- 134 -
>, Yy I S . ¥ i i

4 o
- b - r

flxe all(Pa;h Output _type,ID) s

. * present state(PS), ' M
set tmode (i}, . - : ‘
’:”fhre list(Path P§,Interactions},
flre _all cutput(fhteracblons Output type +ID).
5

¥

-

o

v LIECEN

“(HsTID ; H=(I,0),, " : » LT .
" £(TID,PS,NS, 1,0}, ‘ o |4
', flrE_llSt(T NS, YY), .. ’ /

N R i b £
‘fire list([break|T];ps,[{1,8]]|¥Y]) /* we'can have a break in the
path now */f . . ®
retract(presernt_state(M)),
~assert(present_state(PS)),
break, .
retract(present _state(_}))
assert(present state(M)),
fire_list(T,PS,[[I ,01]Y1)

r

fire_all_output(Interactlons,l,ID) :~ A=..[ID,0,Interactions],
) out (A).

fire_all output(Interactions,2,ID) :~ A=..[ID,0,Interactions],
assert(h).

‘fire all output(Interactions,3,ID)

A=..[IDfﬁ,Interact%0ns],
write('give me a filename: '),
read(F),

tell(F),

out(A),

told. -

/* fire */
/*

flre _one(ID) automatlcally sets reverse_path trace

fo(ID) :— fire one(ID):

fire one{ID) ' -

(mode (i) —> (hl, write{'set the mode to éid or iid*y).fail)
a : - true), present state(PS),
( ( ID=TID, t{TID,PS,NS,I,0) ")

-
r

A . L “
(,;D={IPI,II], t(TID,PS,NS,I,0), member([IPI,II,IPL],I) )
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), j’
retract(present_state(PS)),

assert(present state(NS)},

(retract(reverse_path(Y)) ; ¥=[1), /* in case lst time * /

(mode(tld) -> assert(reverse_path([TID|Y]))/* according to mode*/
; asserf(reverse_path([[I,0]]¥])}).

fout (OT, ID) /* special dump for fire one“*/

retract(reverse_path(X}),
raverse{X,Y)

'[IDI‘OIY]I
foutout {(OT,A).

foutout(l,A) :—- ocut(a).
foutout(2,A) :- assert{A).
foutout[3,A) . k

write{'give me a filename: '), .
read(F),

tell (®),

out(A),

told.

/* backtrack(N) --—----- */

bt(Ni t- backtréck(N).

backirack(N)
présent state(NS),
reverse path([H|T]),
backup(N,NS, [HE[T])

,backup(N,NS,[Hf?})

N>0, '

(H=TID ; H=[I,O_]),

t(TID,PS,NS,I,0),

M is N-1, .

(M>0 -> backup(M,PS,T)

i (retract(present_state(
assert(present state(P
retract(reverse path{_
assert(reverse path(T)

).
/* error transition —————---———————mm */ .

t(perror, [H|TI, [error_state|NS_tail], {(I], [['you are','in the’

=
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,'error state']]) 1

not (H=£finaly,
input(I).

/* atypical and erroneous extension filling processes */

atyp(A, B) /* an atypical - reception is specified */
path(X), '
not (member {perror,X)), /* atypical = errorl #*/
assert(extensions{atyp)), /* trace ) */
mouse(A,B).

ur {[A,B])
path(X), /* 2 tests to see if 'ur' is allowed i/
member (perror X}, /* 1/ path is indeed erroneocus */
lur(Y), /* 2/ chosen reception is unspecified */
member({A,B, _1,Y),

A assert(extensions(ur{(A,Bl1))), /* trace */
input([(A,B,C}), /* make the input now and mouse it */

mouse(lnput([A B,Cl),true).
/* parameters of the head replaced only */

/*pe(specified reception, substltuthﬁ rule for protocol error)*/

/*pe([AP,I1], head, [tail llst] ) */
pe{[M, N], B, B) /* parameter error */
- path(X}, /* 2 tests */0

member (perror,X),
W

present state(PS),

{mode(i) -> unhook ; true),
findall(IX,t( ,PS, ,II, ),Y),
(mode(i) -> hook ; true),
member _member{[M,N,_1,Y),

assert(extensions(pe((M,Nj))}, /* trace */
mouse(A,B), :

input ([M,N,Cl),

mouse (input({M,N,C]),true).

member member (A, [H|[T])

not (free_var(H}), member(A,H) ; member_ member(A,T).

' B

free_var(X) :- X=[(A], var(A). /* perror always has wild IID */
/* mouse asserts a rule to the database which if executed

retracts itself - good for momentary dlstortlons Might
put in a c¢ounter etc. in the future. */
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4

/* mouse{Head,Tail) is a like clause(Head,Tail)

I have a handy little function - 'undo(B,[H|T])' - which packs or

unpacks. Its a 2-way function:
eg. "»'(a,',"' (b,c)) <-=--> [a,b,c].

i.e. undo(B, B list)
So if we have a list we can pack it to 1 element (as prolog does)
and visa-versa we can undo a clause t@il to a usable list.

*/

mouse (A, B)

assert(extensions(A,B)), /* trace */
assertaf (A:-B,retract( (A:-B,retract(_)) ) ) 3.
A e e e e i e e * /
/* set test case template - very similar to 'set(ps)' */

/* ‘ '

lists tc_template as a numbered array and allews random access
updating by element number
* .

set{tct) :- set(tc_template).

set{tc_template)

Y=["'input file ', ‘input_functor', 'input_number. !,-
'output file ', 'output type '],
(tc_template(X) ->true
i (X=[_, _, _+ _+ _l,assert(tc_template(X))
* }) s : .
nl, write('the,tc template is: '),nl,
tab(3), numbered output(l,Y¥,X),nl,

write('write g to quit'),nl,

write('position: '), ' w
read(N),
{member (N, [q,quit]) -> true /* making case out of '->' */ )

!

{
integer{N),

!, $ a cut to prevent alternate successes
write('value for '), % from a down-stream failure by
write(N), write(': '), % 'substitute’

réad(2z), _

(member(Z,[(g,quit])} -> true . ., oo

" .
‘. ’

( .
substitute(N,X,Z,Q),
retract(tc_template(X)}),
assert(tc_template{Q)),
set(tc_template)
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mak tc

set{tc_template)}, !,
te template([INFILE FUNCTOR, NO, OUTFILE, OUTTYPE]),
nonvar(INFILE), : /* _they must be real values */
nonvar ( FUNCTOR),
nonvar (NO},
nonvar (OQUTFILE),
nonvar (QUTTYPE), .
retractall(path{ )), ‘
retractall(path value(O, 1)
retractall(ex:en51ons( )T,
retractall(ex;en51ons( P )Y
load_path(INFILE, FUNCTOR, NO), '
path(z), ’
fire all(Z,2,path_value),!, S don t enter fire _all agaln */
(member(perror Z) -> check_ur or_pe ; krue)s;
path_value(0,X),
i clean(X,¥),
tell (OUTFILE),
/* comment-maker goes here */
nl,nl,nl, h(path),
ni,nl,nl, h(exten51ons),
nl, nl,nl
/* h(path_value), */
( path value(N,L) -> (nl, write{'path value('),
write(N), write(',"),
nl write list(L), write(')."')
)- : ’
H true)} . - -
nl,nl,nl,*r'
(OUTTYPE = nl_write —-> applist(nl_write,¥) ; pp(Y¥,0)),
told. - '

check _ur _or pe :- extensions(ur(_)f.
‘check_ur_or_pe :- extensions(pe(_ )). :

check _ur or_pe ‘-

nl WI1LE( err** path 1nd1cates error but none was generated'),
fail.

L]

load path(File, Functor, Number) °* ‘

" A=..[Functor, Number, XJ],

(File=internal db -> A /* for external gets */
;7 ( top(File), locate(File,A, IR
(member(perror X) -> add break(X,Z) .

; (nl, write(X), nl,



)
B;..[path,Z],
assert(B}.
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write('insert break after what position?

write(' . or -1 for no break
read(N),

(N>=0 -> add break(N,X,Z) ; Z=X))

St

- w
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/* management procs and utilities file */

/* itsg specific functions */

/*.;. ____________________________________________________________ */
trace_all i.e. auto_fire trace '
trace_fire i.e. fire_one trace :
trace_extension or trace_I/0 (not implemented) —--—-—-—=—=——=w-—%/

/* update_trace(list_identifier, element_to_be_ added to_list) */

update_trace(A,B)

trace_add(A,->,B) ; (trace_add(A,<-,B),fail).

/* trace add(llst 1dent1f1er, direction,
element to_be’ added to'ligt) */

trace_add(X,Y¥,Z)

B=..[X,M],
(retract(B) : M=[1), /* pick-up or make it [] */
X, (0¥, 2] M, /* pack list with functor */
assert(N), !. .
/*__________; ___________________________________________________ * /

/* dump(Fllename, Functor)—— save is system wordl ——————————
dumps all database ‘elements (rules or facts) with that functor
to the flle and deleting the internal database of those elements

*/
dump(Filename, Functor)

tell(Filename),
current_functor(Functor,S),
‘clause(S,Y),
retract({(S:-¥)).,
out((S5:-Y)),

fail. ~

dump(_,_) :- fold.

nl_wriée(Az :="nl,write(A).
out{{X:-Y)) ;— nl, (¥=true -> write(X);write{((X:=-¥Y))}), write('.")
. .
out([A]l) := nl, write{(A]), write('.'). /* lists == clauses
: . guite! */
out (X) .:— out((X:-true)}).

/* load(ﬁilename, Element)——---- —————— */
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. ‘ L&: ~ ‘..4‘;‘::-\’.
“ . YN
load({Fname, X, Y) /* if (X:-¥Y) not approprlateﬁuse 1oad(E¢XﬂK) */
- s - . ' '.h.:‘c. e
top(Fname), - R iy e
fi nd ( Fname r x r Y ) ’ . [ L £ . ‘-Jf_;. el

seen, “n
(Y=end_of_file -> (nl,write('***not fpund " searched whof@' -
- filek™),nl)
H assert{(X:-¥)x. 5, v

g e .-

loadall(Fname, X,¥) /* user instantiates X, Y */ /* rules“*/
H /* as he wishes --
top({Fname), b
‘repeat
clause file(Fname,X,Y),
(¥Y=end of file -> true ; (assert((X:-Y)),fail) ).

/* ————————————————————————————————————— Hq————————; ————————————— */
/* hook and unhook affect I/0 and hooking tells whlch is

currently set */

unhook :- - hook, asserta((input{_) :— 1)),
asserta((output(_) := 1}).

hook :- retractall({input(_} :- b}),retractall((output(_) = 1)),

hooking(X) :- clause(input( ),1) /* for user information */
clause(output( ).t

X = unhook.

),

hook.

1l

hooking(X) :- X

/* itsg independent */
/*_.___..__.......____.....__.......-.__________._._......___....-' ———————— S ——————————— * / .

top(File) :- seeing(X), see(File), seen, see(X).

shut{File) :- tell(File),told.

type(File) | | .

see(File),
repeat,
get0(X),
(X=26-> ( !,seen)’
; (put(X), fail)

). "y e

type(File,Line_count) &
retractlngall(llne _count(_}), " -
integer(Line count), Line . _count > 0, : :
assert{line count(Llne count)),
seeing(X),
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O see(File), e T . o T
iteratdon, . S "
- see(X). S - . -
iteration * .-
. “ ¢ repeat, ) "
line_count(N}, v
) get0(X), =, : ‘ :
. (N>0 =>( %, . .
' X=26 => true ¢ '
. : " e ——
( X=10 =-> {
retract(llne count(N)),-
. M is N-1,
v o assert(llne count(M))
_ }
™ . e - :“‘-‘ ' ‘
. o o true
" )"’ I ‘ o
. -, but(X), . -
. o . fail ) .
- ‘ t . )
’ )
- true’ N
- HE
" /% locate ————————————- */
- . i N 2 t " '-_ > . -
S IocatelF H, B) :- clause Elle(E H, B). -
S clquse fllE(Flle Head, Body) . .} Body= end _of file if noi found
RS nal e % Body=true if a fact
S W aee1ng(x), , % Body is the wanted answer
- oo - flnd(FlIe Head, Body), W a
. _Z - see(X) - -
w0 - . .
) ~. flnd(Frie,ﬁead Body) % glven a Head 1t finds a correspondlng Body
. R »*- % or, at end of flle, Body is 3551gned end of file
~ - . ., see(Rile), - :
« - % repeat, . : '
AW L L ~'re d(Term), ) "
* o~ (Term=end of file ->  Term=Body .
e !;—.' . N - ’:‘. s . N ' .
. . N - (Term =(Head:-Body) -> true
a0 h LT AR . i "(Term=Head,Body=true)
. i A y oo C :
s - Y IPRE “ -+, % cyt for one-way, like I1/0 is! -
, sl . . . -':, \ - . .. )
S b b v ; N i < .
) ) /* listall-f=-=#mp———"=r- */ )
“ - .;.' ' N EA £ . W 1 ’
9 W 4~
-y * ‘A"., " B i e o A ~ .
L ® - :r __\. ; : ‘l ~ ) 2 h.° i ‘4
- - > e



' i v/:'
‘o D P
‘ v . ; -» - PR {:.‘ 0, s : P‘; bt r .
) - ' .\:' ' _:'-' f'- 'il? 2 i ‘:' e
- : -, - J’ ) “a :
) LR h‘; e 'é :J}“:Zth
listall(Fl, F2) :- tgpfnqtpl re) 4
.typing(File, Eunctbr) s m“{:,;aiﬂ
- ' - o * a ,‘
repeat, | LUEN p L £ .
findfF.le,Head, Body), « e
- (var(Head)g. Head=2. [Functor[j]),
{Body=end of file —> true- B j" o ‘. ”.. . o
* - ’ of - < T . ,}: o, ___.“.— Y “._ :-..: .‘_' G ; -“\". s roy
. e < wrlﬁe(Heaa), et SR SE TR
' - (Boay true —$(write(‘ '} nl) R
o . ; ¢ ".'- :_: +
) N {F » ( yrite(Héad+,nl,a.j R E
K N T Sewrdte(ls i nl, s o ¥t
. o g o 3{ undo(Body) erte(' “yrnl, -
'.nl r . i - - ’.'..r W ' o ; - tet '_‘v‘_',':. L ;f"‘-’ -
- o " e «’ . . I T
. fai L I - "
E . 4 ) » } ) & s_h & . - 3 . Lo -- “~ £ ; 5
« )’ . ‘. o Yl > A
- w4 * 2 . AR
" . . & by N
. B4 - i X LR A T
llstall(Fl := typing{(Fl, ). T T A N A
y —_ - o, B K
“;. . . '-‘ s, & .,: - A
lS """SYS;EEI("IS") R | ' - ; S i . ~
N - x % “ + Yo XY ;
: A : T -
[ A= m e m e e * oot L T , e
‘Lused ,.1.n values db o # Cae T, T ¥
‘e - g 5w v v - ‘" o - v >
. e ) 3
mak '115t( 40,7 [I)ﬂ # e P I /R P

i~

*mak- lxs;(x,

1,

X). : " :

- 'makT1i$E(X,.N, Str) :- N>1, M is N-1, mak’list(X, M, Sbr2), ST
e T ) append(X, Str2, stof. T o
LR " o s - S

;con.oat:({__i{]], X). \ . IR

D sconcatd[X g]? Z) :— append(X, W, Z), concat(Y, W). - .7 -

i [ "' .{" - X . - '3
'append([] Tk X). N e ot
append([x X114 X2, [X]X3)) :- append(X¥, Xg, X3y. + < ;

‘o - 4 .

" ¢embest X, IXI;I ) - LA, A

member ( X, "[_|¥] ) :- member{ X, Y). ??

retmactall(X) - retract(X), fail. A i -

retractall(X) :- retract((X:-Y)), fail. . ' -

- . . * .

retractall( ). . S » . -

W pretﬁ}'printing ~L for lists! g - . :

X is list,,I istcolumn ptr, tab(3) was used as interval .spacer

i/ ‘ X .
a.; - -}“ T—l ye t“:_

"pp(X,I) :- var(X), !, tab(I), write(X),nl. | " -

. ' - - wr . N ar

Cen )
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A SO ) .o Lo e s L,
- . S Y - .- ‘ ' N “a r-
-+ PPCLH|T), I} :- !, J i& I+3, pp(H{J), ppx(T,J),nl,t. .
- M ’ v o R & 3
; ,.-pﬁ(x,x) i tab(I), write(X),nl. « - ,
“ .. ppx([], )' > ; . ' ': ‘ .. ) - . .J
. | ppx([HIT] FI), %= pp(ﬂ 1), ppxt'r e . v
4 . “ P \ . N -
/* . "'-. °.'_ ;-3 A . : . )
7 ¢, giwen & -predicate-name.and a l;st 'assert_list' assérts the list
KoL element by.element to the database with the predlcate name given.
R Tk o . < .
." P." 'assert—l\lSt( ot []) - " .’— l_ T » - ’ ’
o ‘“n,-assert llst(Predlcate, L]Ltall]) R _‘ ¢
. ; ‘ -append([Predlcate], L,. L1}, f
iy Zf..Ll‘ /* ' make list a predlcéte for proiog */ R
) ! assert(Z), i . . i .
- i assent llst{PredlcaEe Ltall) . T L
S *_._._. R P
vt erte llSt . ) . o T SR
p w */ ‘_’ L T W R . : . ,.. -‘. . N . ) e
S nl wrlte llst([]) A wrlte([]) R
M 3nl'T_er_;te_llst([Hl'[]])~:—; wrlte([H]) : LT e T
oo T & - . ' .’,‘,: ”r" | . o e
. Cond_wriee list(afTyy 0 > T v
"' write(ll|)’ . - . ‘ . . ! .‘\'-: . .—_“ + ,'-.
.7 nl write(H), ) s : o, BN -
. . K wr'i_t'e(lrr)’ . 4 R T L o 0 "._:_" r'-' M ¢ [
. o nl write comma(T)." ) L. ) Coa
) nl_write_commar[H|F]])'Eﬁ nl_write(H), nl, write('}').
' nl_write comma([H|TI).. . . o 't'f oo -
‘. nl write(H}, write!',’),“nl_write_coﬁmé(Ti. ' v ..
f /* retracts the above'assért;li;t x/ - . o
- retract list(_, [])." - o , !

# retract.list(Functor,[L|Ltail]) /* for a predicate dver a list of

arguments */

. ]

Z=..[Functor|L), /* make llSt a predlcate for prolog */
retract{Z), :
retract list(Functor,Ltail).

-
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s e v o 3 "

-
oo R R " M
~ - PR . X

. same _len{X,M) /* is list X same length as M? . */
- list len(x N}, N==M.

/* length of a list */

'lisE_len{[],O

list_len([X|[1],1). - 7 N
list_len((X|Y],N) :- list_len{¥,M), N is M+1ll —
undo(X) _ % undo the body of a clause for listing print

v

out.

( X=..[A|[B|C]) ->
. (A=r’n —
) C{write(' 'y, write(B), write(',"'),
nl, C=[D], undo(D)
- ) : ‘

K ‘ '(.X=(D). write(' "), write(D) )

X=({D}), write(' "}, write(D)

et e e

. R DA . .

~

‘ /% uado a .tail i:e. make it into a list */

. .;ﬁndo(Y,[ﬁlT]) - 7 . /* 3 elements */
[1 rH B]: ' ‘ b .
undQLB T),I . . 3
undo(Y [Y[[l]) . /* 1 element */ ) .
L /% it also catches all but here occurs only after-
a“," operator of the clause tail fails */

undo_;r;te({H|T]) e hl,-tab(Sf; write(H).

7* map‘i.e. funption a list-*/

maplist (%, [1,01). S o l '

r

A}

’ maplist(P,[XlL],[Ylﬂ]) :-"Q=..{P,X,Y], call(Q), maplist(P,/L,M}. i

/* apply. a list */ | . ,
applist(_,[]). . . ﬂ : -

applist(P,[X]|L]) :- Q=..[P,X], céil(Q)} sbplist(b,L):. -

’
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i/* difference ‘a list *? ;f . ”JELE . ) . T ‘ -
dlff(HBH) . S ’
dlff([A|AT] B,C) - n{embér'(n By, !, dif£(AT,B,C).
diff([A[AT],B,[AICle :- d;ff(A@ B,CT). B R )

}/* reverse a ‘list */ i " , ’ .
reverse([],{1). - . v

revqrse([Hng,L) :- reverse(T,2), v, append(Z,[H],L).
/* upiquize a list */

ul({1,01).

t

ul([A|B]}L)':- membe;(A,%),l, ul(®,L).
ul({AlB],[AlL]f t= not(member(A,B)); !, ul(B,L). - . - : ‘
delete_empty([]f[j)-

delefe_empty([ﬁ[T],zf .- B=L), delete_empty(T,2).

delete_empty([alT]}[le]) : - not(ﬁ=Li), déiqte;empty(T,Z).

/* decrement little counters called

1

counter(name No. of 1terat10ns)'

"to start assert(counter(Counter id, No })}' and ‘dec'’
fails after N 'decs" */

dec(counter(Counter_id,N))
retract(counter (Counter id,M)},
N is M-1,
- N >=0, '
assert(counter{Counter_id,N)).

/* interactions can be cleaned of empties and their transition
character by - -'maplist(de,IN,OUT)' which applies 'de' to each
I/0 of an interaction path */

i _clean(IN, OUT) :— maplist(de,IN,0QUT) ..

/* Hasan's delete empty for ITSG *
de([1,[]).

.de([HIT] R)

1= de{T, 2y,
findall([X.Y,Z),member([X,Y, Z] H) L}y, -~

n

v
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/3 _____ l-_g _____________ */ . - ' )

7* 'substitute' and 'number_output' are used in systesztate
subst1tute(p031tlon number,
given 1list, -

\ replacement, -

N resulting list) */
substitute( ,[], _,_) :- fail.
substitute{1,{H|T], R, [R|T]).

—_— i

. substihute(N,[HlT], R, [HIL]) :- N> 1, M is N-1,
N substitute(M'T R, L)

/* makes*an array of the list with its ﬂndex value ExpllClt */

numbered _output( .[])

.numbered_dutput(N,[HlT])

¢t

nl, write(N), write(' : '), write(H},
.M is N+1, : -
" “ numbered output(M T).

- e 1

/* 3 args */ ' . ‘ -
numbered_output(_,_,T1).

numbered output(N,[X|Y],[H]T])

nl, write{N), write(' : '), write(X), wiite(' ¥ '), write(H),

M is N+1,

numbered_output (M, Y,T).
el e i Tt */ : .
/* do loops ~ to be used to avoid big recursion expressions when

we wish */

doo(N,A) /* for one-sided predicates like ‘'write'’ */
:- /* we use 'repeat' to force. it to try again */
M is N+1, o

reset(counter(doo,0)), . :
repeat, A, - : : i
inc(counter(doo,1l)), /* iincs before test so M = N +

; counter step */ .

counter {doo,M}. - N

do(N,A)

M is N+1, : . ,
reset(counter({do,1)), . -
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. . t
A, ' )
ine(counter(do,1)), /* incs before test so M = N.+
counter_step */
counter(do,M). - N '
lr
reset {counter (ID,N))
- : F e o,
retractall (counter (ID, )), -
assert(counter (ID,N}),1.

inc(counter{ID,N)})
.- +*
retract(counter(ID M)y, :
J is M+N, 1 -
assert(counter(ID,JL)g-!.

s + ~

o . L
/* .idea is« ~ { X | predicate }
i.e. flndall(x, Predicate, L)
like in set theory!- *
== built-in predlcate 'setof(x,Y,&)' N
x/ . .

.
Al w, " N

findall(X,Gp_) R
. .
assertacfound(mark)),

,call{G),

asserta(foundﬁX)), -

fail. “ .
findall(_,_,L) :- collect_found([},M),!Q;L=M.

collect_found(S,L) :-getnext(X),!,collect found([X|S],L).
collect found(L,L). ‘

T

getnext(X) e retract(fouﬂG(X)), !, X==mark.

/* add _break to list after'N elements of the lisgt */
/* add break(after_p051t;on, List, New list) f/

-

-,ab{X,Y) :- add_break(x,Y).

/* automatic positdion * -
add break([perror[T] [b eak,perrorlT])

_Fdd_break([HIT],[H|Ql) :~ add_break(T,Q).

/* with position */
add_break(0,X, [breaklx])

- -

“add_break(N, [H|X], [H|Y]) :- M is K-1,.add_break-(M,X,Y).
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/* add_break clause(Héad Tail_original,Number,Tail new) */

/* unpacks and packs a tail of a clause with the purpose of
inserting a ’'break' in it */

abc(H,T1,N,T2) :- add_break_clause(H,T1,N,T2).
add_break_clause(H,T1l,N,T4)
" N>=0,
clause(H,Tl),
undo(T1,T2),
add_break(N,T2,T3),
undo(T4,T3).

/* retract first break in a list #*/
/* retract_break(List, New list) */

rb(x,g) 1= retract_break(X,Y).
o r
retract _break([],[]).
retract_break([break|Y],Y)

retract_break([H|X],[H|Y]) :- retract break(X,Y).





