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Abstract Concurrent TTCN (tree and tabular combined notation) is a test nutativp that can handle concur-
rent test behaviors. This paper proposes an approach to the conformance testing of distributed routing preto-
cols based on concurrent TTCM. It first discusses the test architecture for the routing protocol entity. and
then the concurrent TTCN based test svstem degign is presented. Finally, this paper introduces the test suite
design.
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OSPF now is the most important routing protocol and is widely used in the Internet. The quality of the
OSEF products would influence the stability of networks and it is really necessary to give the conlormance rest
assessment of OSPF routers. However, the routing funcrions are realized by the cooperation of distributed
routers. Then how to formally specify and test the concurrent hehaviors of OSPF router is a challenge to the
traditional protocol rest methods and test systems. In Refs. [1.2], some problems of conformance testing in dis-
tributed systems were studied. The entity in distributed systems is more complex and gencral than traditionzl
peer-to-peer protocol entity. An entity in distributed systems is associated with a set of interaction points and a
set of concurrent behaviors at these interacticn points. In this paper. we present a specification model called
concurrent external behavior expression (CEBE) to specify the entity. CEBE could directly specify the concur-
rent external behaviors at different interaction points of an entity and reduce the internal states, actions and
data, Therefore it is an ideal maodel to formally specify the entity in a complex distributed system and to generate
concurrent TTCN (C-TTCN) test suite. Morzover, we formally define test systerr based on C TTCN opera-

tiznal semanties. The above me:hods have been put into practice by using an nregrated test system PITS and an
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automatic test generation tool TUGEN to test CISCO 4700 router.
The rest of this paper is organized as follows. In Section 1, we give out the abstract test architecture. Then
we discuss the test system design and test suite generation in Sections 2 and 3 respectively. Finally. we conclude

this paper in Section 4.
1 Abstract Test Architecture

The Tree and Tabular Combined Notztion (TTCN) is recommended by ISO to describe abstrace test suite,
C-TTCN is an extension of TTCN, that allows the test system to execute a test case by several test components
(TCs) running in parallel. A tester consists of exactly one main test component (MTC) and any nutnber of par-
allel test components (PTCs). TCs are linked by coordination points (CPs) capable of conveying coordination
messages (CMs)., Communications of TCs with the eavironment are through the points of control and observa-
ton (PCOs). C-TTCN is very suitable for the specification of a system consisting of several testers, while this
is the common case in routing testing. The test architecture is a description of the environment in which IUT
(Implementation under Test) is tested. For a router entity, there are k concurrent behaviors whiek happen at
interaction points. If and only if ali these behaviors conform to the hehaviors of its specification. it is a confor-
mance implementation. Then the test architecture should deal with these concurrent behaviors at several inter-
action peints. We construct the abstract test architecture according to this feature. It consists of a test system,
an entity under test, a test context, several PCOs and severel interaction points. The test system is the imple-
mentation of a test suite written in C-TTCN. Tr carries onr the experiments by executing test cases and abserv-
ing results. The interactions of the TUT with its environment take place at interaction points (IPs). The test
system communicates with the IUT indirectly, through the test cantext. The points, where the tester communi-
cates with the test context and in this way indirectly controls and observes the IUT, are called the Points of
Contral and Ohservation (PCOs). Execution of a tesr case starts with the execurion of MTC. 1t is the concern
of MTC to set ap all PTCs, and to manage all PCOs and CPs to he connected to. PTCs can be created by MTC
on demand. A ‘create’ operation associates a PTC with a behavior ree. The newly credted PTC starts execu-
tion of its assigned behavior tree concurrently with MTC. MTC may explicitly terminate a PTC by executing »

‘dawn’ operation.
2 C-TTCN Based Test System

2.1 Preliminaries

Definition 2. 1. A Labeled Transition System (LTS) is a 4-tuple (S.L,T,5,). (1} 8 is a countable, non-
empty set of states. (2) L is 2 countable set of observable events. (3) TC8X (L J{r}) X8 is a set ol trans-
tions, where r denotes an unobservable event, Klement (s,u,s') in T can also be written as: s =5, where s, §
£S5, ue LUz} (4) ;€5 is the initial state,

We use LTSs (L) 1o denote the set of all possible labeled transition systems over L. Trace is a common con-
ceptin LTS, Definition 2.2 gives out its definition and some useful notation.

Definition 2.2, Let {S,L.,7T,s5,> be an LTTS. L'=L U {r} contains all cbservable and unobservable
VRIS, 545 s Sprdzse e s o SasSus1 & Se Uyatlgs. . s & L. Let e=u, *u; = ... * u, be a sequence of labels in L',
‘» ! denotes concatenation, then o is said to be a trace over L'. L'~ denotes the set of all possible traces over
L'. We further have the following notations .

- if .$‘=51::‘82:i. . 15,,+1:5' , then s =5 ;

*
“ H

. ' u . .
= if s=5,—>5,25: .. —>s,=s5, then =5, u€ L, t' is the concatenation of zero or more 7
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s s=5=5n=>. .. =, =35, then s=5;

s if 35, 5§, then s—;
s if 34, =5, then s=,

In LTS model, events in L are treated in the same way no matter what they mean, In order to distinguish
input events from output events, a kind of LTS called input-output transition system is introduced.

Definition 2.3. An Input-Output Transition System (IOTS) pis an LTS in which the set of events L s
partitioned into input events L,and output events L,, where elements in L; are events accepted by this LTS from
its environment, and elements in L, are events sent to its environment by this LTS. 10TS p satisfies: p € LTSs
(L), L=L,JL,and L.(YL.= &. JOTSs(L,.L,) represents the set of all possible input-cutput labeled transition
systems over input events L; and output events f,. JOTSs(L,,LICLTSs(L, UL,

Definition 2. 4. Input-queue operator is a unary operator [ « J<o, . JOTSs (L, L,)—=~1CTSs(L,, L.)» where
e, €L . Let TS€I0T8s(L;,L,), then [T8 s is defined by the axtom Al and inference rules 71,72 and 13,

Al: [TS]<o—~[T8]<0; +as a€ L

Il: il TS=>TS then [T§]<€0—~[TS]<0;,

I2; i TS—>TS then [TS]<€a » o,~[T5]<0,ra€ Lis
I3: i TS >T8 then [TS)€o~>[T5]<a;, y€ Lo

We will name [$7]<a, as the Input-Buffered Trausition System (IBTS). For a common communication sys-
tem, we can model its behavior by only one Input-Buffered Transition System. While considering communica-
tion system whose function is performed by several concurrent parts, we need a group of IBTSs to model its be-
haviors. Then we introduce a formal definition of communication system in the following.

Definition 2. 5. A communication system consisling of » concurrent entities can be modeled by an TOTS 2,
{8z, Eat} XN XLy, UN X {Ext} XLz, Trs5z,07, where (1) Syis the state set of this 10TS, element in S5 can
he represented by {5,524 .. 45,0 where 1s{i=In, 5 is the state of i-th IBTS that is defined over input actions
IDXIDX L, and output actions IDXIDXL,, ID={Ext,1,2....,n}; (2) Lz, L3, are the set of input actions
and the set of output actions of this communication system respectivelys (37 Ext is the identficatior. of the out-
side environment of this communication system: (4) ¥=1{1,2,...,n}, each number in N represents an 1815
(5) 5z 1s the initial state, s5,0=1{5, 105,05 - . s5m.00+ ¢ 1¢ the initial state of i-th TRTS; £6) Transitions set T is
inferred from the following axiom and rules;

(B ad

Al, s— ——5, where 5= .. ,[5 ], .. ) and ¥ =s{({8, )= a/[85 ]<a = a),

I1, if[S.)<a » >[50, then s—=5 » where
= s a2 g and s =[S a0 0 /[8 ],

LY N

Iz, i [S]<q o[58 ]<ai, then s—¢ . where .
=L S D, W [S e ) and ' =s([8. ]€e /LS J€a, [S,1<a,/ (5, )<, + v),

Gakxtoyd

G Exiy)

I3, (S ]ke —>[5". 1«0, then s
=1, [8.]<a;,... ) and 5’ =s([5, )&, /[§]<0),

i

5y where

11 if [8]<o ~[8. 10, then s, where
s= (W 80, ) and & =5 ([8. )0, /[8 ]<a),
note: §{[.5,]<€a./[8: <& 6; « a) means substitution [ 8, ]« with [S.]<e, = a.
2.2 The C-TTCN bhased test system design

We will use “communication system” in definition 2. 5 to formmally describe the interaction between test
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system and IUT. To design the C-TTCN based test system, we should study the operational semantics of C-
TTCN first. In a C-TTCN test case, the behavior of each test component is expressed with a Test Behavior
Tree (TBE), which is a tree-like presentation of temparal relations between test events.

Defimition 2. 6. TBE B = usiop |exit|id? a; Blid! ysB|B[]B|B3»B|[¢]s B|(F:=wval) B (B)]| start 1id
val; B| cancel tid: RB| timcout tic; B create id B| done id.

Definition 2. 7. A Test Component (TC) is a virtual machine that can perform the evaluation of test behav-
ior expressions. Tt can be modeled by an IBTS, “(etf,ste) 1<€a.. {10 ctl is a TBE specifying the behaviors of this
TC. €2) stois the test context of this test component, stn={{,v) | G v)EMEM=Ident X Value}. Ident and
Value are the sets of identifiers ard values respectively. Flements in sto are pairs of identifier and value, each el-
ement corresponds to a variahle or constant in test suite and its value. (3) & is the input-buffered queue of this
test component. The initial state of this TC is TC,—~ [ (TBErc,stes) ]<€e, where TBE . is the complete behavior
specification of this TC. o, denotes the initial situation of the test context znd & represents that the input-
buffered queue is empty.

Definition 2. 8. A Test System (TS) is a system that can perform the evaluation of a test case specified in
C-TTCN. It contains one main test comporent and zero or more optional parallel test c;)mponcnts. [ts running
can be modeled by a communication system; (Sys,{Ezt U Tim} XN X Lrs UN XAEzt U (Tim} X Lys,, . Tran,
sy5,5 0 where (1) the state of 78 in S5 is the combination of the states of n test components; {TC;-7TCsrs. ..
TC. TC, represents the state of test compaonent i+ TC,=[(TBE, ,sto) ]<€o;; (2) srs.0is the initial state of this
T8y sus,0=(TC o |1=5ind , where TC,,, is the initial staie of test component i3 {3) the sel o input actions of
this TS is {Eat UTim} X N X Lzs,, and the set of output actions is NX {ExtU7Tm} X Lys.s (47 identifier Exe
represents the outside environment of this test systemn; (5) Tim represents the timing system; (6) N is the set
of naturzl number {1,2,...n} which is used to identify each test component and z denotes unchservahle acrions;
(7) Trar is the set of transitions that are defined by the following axiums and reference rules;

Al: sys i s'rs, where sp52= {TC01 155i<Cn b,

S ps= ATC. .. \TC /=[Bysto]<&o » (Extsia)se .. TCY;

(Time i _tidy

A2 sis s'rsy where sps= {707 | 1</ <Knt,

Frs={TC,..., TC ;= [B,sto]%a, » (Timsise tid),... TCa}s e—tid represents the timer expired;
1 if TO, = [ereate id B1;B2,st0]€0, thet sys—>s'rs where spo= {TC; | 1<li<ln},

S =ATC = [B2,st01<a  TCys. .. ;TC, T i} = _Bl.stob]<e;
12. i TC,=[done i;B1,st0]%a; and TC,=[stop :82.5t0 < a, then szs—5'ys where

sps={TCi | 1n )} o8 s = {TC" = [Blssto J€a,e. .. sTC_13TCiprpe oo sTCo} s

(e i us_iid)
I3. W TC,=[start tid ;B .sta | then spy————»¢ 75 where

sps = {TCi [ 1=ln b os' e = {TC, .. ... TC ,=[Bl.sto &6, v...,TC,};
s tid represents the timer being started:

14: A TC,=[cancel tids Bl,sto] <o, then sf,-é,-&‘is',s where
srs — {TCH | 1<Zi<En ) 45 ou={TCrs. .. TC . —[Bl,sto o, . TC, )} 5
¢ tid represents the timer being canceled;

15 U 2C=[timeout tid s B1, sto 5 (Tim i se_rid) * o, then sps—s'7; where sps={TCs |1ZiKn ),
sys={TC1s. . Z\TC =[B1: sto]&Kair. .. TC,

I6:  TC;={id9 a;Blysto]lidisa) » o then syy—s' s where sps = {TC | 1<5<n),
s'rs=A{TCrs, ..\ TC' :=[B1, sto&ar... T}y

17 U TC —[Gdt v;Bl,sto]<a; and id is a CP then srs—>s'ys where srs—ATC | 1<i<in}
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S"?‘sil{Tcg voo WTCL="BL, stel€ei,... ,TC [ Busto %o, = (Fyidsyd,. . . +TCa}s
18, ¥ TC,=[id! v1B1,st0]%0, and id is a PCO then sps—m
o= {TCNiKn) s e ={TCr\. .. TC ,=[Bl,sto]&an... ,TCu}s

&' rs where

19. i TC =[[g)iBl,sto ], and ¢’s value is TRUE then .)']",\'_:”.!!Tj‘ where

sea={TCN1<FCn}, ' rs={TC, 5. .. \TC ,=[Bl,stoJKais.. ., TCr}s
110, if TC,—[[¢]:B1.s10]< s and q's valuc is FALSE then srs »5'ps where
sps—ATC N 1iln}, % — [TCy . L TC = stop,ste] e, o oo s TC s

N1, if TC=[(I,=val) ; Bl .st0 ] o then sps-—>s 15 where srs— {TC, | 1550}
Foe=ATCrr.. . TC = [Bl,ste! 1&a, 5. .. vTCo} s sto! = Cato— { (T, 2) D U T ywald } 5

N2 i TC,=[B11IR2,sta)a; and [ Bl .st0 1< a-» (Bl .50’ ], then srs=s' 15 where
srs=1TC |1 Em) s §rs={TCys. .. 7O =[B s Jd L. TC ) 5

113 if TC,=[B1[1B2.st0]<<a and [B2.st0 1 o[ B2 .s10' [€o’;, then sr;>s 5 where
se=I1TCN=inty 5 re={TCys. .. TC, =B ssaf Iy . TC )5

N4, if TC;=TB1>»B2,st0]<0; and Bl=ezit, then srs—s'rs where
s7e= TC{1=0=n}ty 5= {TCry. .. ,TC ,=[BZ,ste]Eaiv... T3

115, if TC;=[B13 B2.5t0o | 0; and [ Bl vste 1€ o~ B1' \st0' J< o', then sre—>s' s where
sre={TC |1isin}y S'os={TCs. .., TC,=[Bl'3»B2, sto’ [’ .. . TC. 1},

For the conveniznce of discussion, we suppose that systems under test can also be modeled by a communi-
cation system. When testing, it consists of many interfaces connected to the rest system.

Definition 2. 9. The system under test (SUT) is a communication system 2 that consists of lots of Input-
Buffered Transition Systems. X is denoted by (Ssuys (Exr} X N X Lyso U N X {Exr} X Lrs, s Trans ssur.a s
where; {1) the state of X is obtained from the states of two IBTSs, ssue= (sn:r1s5amas. .« +Swre} s Where s,
STee- -+ vS7a are the states of the behaviers at each interaction point, respectively; (2) the initial state of X is
S50 = (SAITL 0 9 SMT 2,05 -+ aSITw.c )+ WRHETE SiwTi.0s5mwTe 00 - - +Si0Tn,0 ave the initial states of th: behaviors at each
interaction point. respectively; (3} the set of input actions tv X is {Exe) X {1.... .n} X Lys,s corresponding 10
the output actions from TS: (4) the set of output actions from Xis {1,... sn} X {Ext} ¥ Lys;, corresponding to
the mput action to TS, ris an unobservable action; {4)Tran is the same as in definition 2. 9.

The testing process can be described by synchronous communications between TS and SUT. We use a syn-
chronous operator ‘|7 10 express that when TS (or SUT) sends out an action: SUT (or TS) will rcecive it at
the seme time (they are synchronous at this action). We can use sps. || ssur.0 to describe the whole test execu-

tion process, The synchronous operation can be represented as follows:

7% , ) (Ezia) G.Earad
Srs ” SsurT™5 T8 || s'sup if spg———>5"rs and sarr— "5 suri
Iy, , . GoExtd CEx, 3,3
sts || s =" rs || 8 spra i sps———>5 75 and s 8 s

. . .
T8 H ssur—s 75 ” ssyr s 1f sps—>s'vs.
The result of test execution is a trace o of srs.q || sser.0 that satisfies the above operation rules. Given a test

cese t, the execution result of ¢ in a TS defined above is a trace o Run(t,SUTs}=g, where

srs.o || st.o:a?’s'rs | s'sorand O3 a€ {ExtUTim) X NX Lirs ,\UNXAExt U Tim) X Ls ,UAT) 8 s | 5" s0m—.

The final test verdiet of this test case ¢ is based on the corresponding verdict of this trace .
3 C-TTCN Test Suite Generation
3.1 Basic definitions of CERE

In this section, we propose an entity specification model CEBE. It is an cxtension of EBE presented in
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Ref. [3]. The essence of both EBE and CEBE is to describe the data in addition to the control behavior from the
viewpoint cutside the system. By eliminating the internal actiuns. the specification of CEBE could be obtained
from ETS (the extension of ETS presented in Ref. [4]}, which could be translated from LOTOS and Estelle.
Therefore, the CEBE may be translated from the standard FDTs.

Definition 3. 1. A CEBE is a 7-tuple {(§.G+Z,ARy50svgd s where; (1) 5 is a finite sct of cxternal states,
whose eletnents are pause states of interactions exchanged between the entity and its external environment, (2)
G is a set of gares over which a CEBE can communicate; (3) = is the set of data on CEBE (see Lelow)y (4) 4
is 2 set of exaternal actions vn CEBE (see below); (5) R is a set of logic relations of transitions between external
states (see below); (8) 5,€ .5 is the inital siate of the entity, which represents the initial external state; €7) z,
is the set of initial assignments (initial values of all varidbles and timera) of 2.

Definition 3. 2. Z=I0) VARUGONSUTIMERJPARA is a set of data on CEBE, where; (1) f(}1s the
set of inpul or output events (i.e. » the ASDPs and PDUs).: (2} VAR s the set of variables (the type of variables
includes integer, boolean, octetstring, bitstring and so on); (3) CONS is the set of constants (the type of con-
stants includes integer, boolean, octetstring, bitstring end soon); (4 TIMER is the set of timers (second and
microsecond J; (5} PARA is the set of paramecters of events in JO. For an event e & I(), the parameters p,
Prre.o o paare denoted as e. proe- Prs. .. s6 Py € is denoted as efe. proe. prse .. qe. ).

Definition 3- 3. A behavior & is elements g of € with a list of input and cutput events and their value decla-
ration. Then the set of & is denoted as: B={{g:s? 7 (rie prora pzaveesre pala | 5,000 prasi Pase o« a5 padd @ €
Gorinsi €10 ry. possi € PARA}, where symbol “1” indicates the output of an event &, to external environment
and symbol “77 indicates the input of an event r. The absence of », or s eculd be denoted as symhal " —*, for
example, b= {(g:2? r:(r prare frse oo 70 pa), | — 3. Here we give some notations; (1) &, 255b, 3. . . 5., the
bchaviors are sequential; €(2) 54,0 ]. .. [Jb.. the behaviors are equally valid alternatives (choice; (3) &, || &

f... l b, the behaviors are paraliel.

Definition 3. 4, Actions A are the set of concurrent behaviors, A={afa; € A}, a,=uh, € Bla.[ Ja; a3 a
fa: | @ | (a,}s where the operator precedence is *O7 > [P <37 On? ]

Definition 3. 5. Transition relation RS X AX S X FX PowerSet (0) X PowerSet (F) is the set of ransition
relations where (1) A is the set of actions: (2) § is the set of states of the CERE: (3) P(Z): PowerSet(2) >

(TRIVE .FALSE?} is the set of predicate functions (— . =2 .. > <<, A, V.1, Timeout, cte. ¥; (4) O3
PowrrSet (Z)—= PowerSer (%) is the sel ol operation functions (: =, -+, —, # ,/, StartTimer. CancelTimer.
etc. )3 (5) F(X): PowerSet(Z)— PuwerSet (£) is the set of functions (. e. max(), min(), ete. ).

The intuitive meaning ol a transitien » € R is that if CEBE is in statc s and the enebling action a is offered,
then the enabling predicate g is evaluated on the current assignment of variables, When p is true, CEBE will go
into a new state 5 and the environment is updaéed by the operation ¢ and function /. The absence of predicate
could be denvted as TRUE, absence of operation or function could be denoted as NJL..

3.2 CEBE based 'test sequence derivation

'}‘he lest sequence derivation strategy is defined as two steps:

Step 1. Identily all possible valid IPs (interaction path). An IP is the externally observable track on which
a sequence of interactions between the entity and its exlernal environment occurs , starting from the initial exter
nal state s; and ending at the same state. Any interaction loop (or cycle) in an IP is traveled only onee. Interac
tion path with loop is an interzction path in which one or more loop interactions exist.

' Step 2. Generzte SIPs (I/O Subpath? from the above IPs by checking the dependencies between transitions

in each IP. An SIP is the externelly observable track 71, ., yr¢in an I, where;
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1. 7y =45, vtr1 5" r1» 211100 - By ¥ is the first transition relation which satisfies ;

a) a predicate p,,(Z,,), and/or

b) a set of operations {... 0,0, (3 ). ..}y and/or

c) a set of functions {... s fr, (Zp ) e by

2. re={smsanss s prasOus Fug) is obtained when logical relations satisfy:

2) (V i, (0 Noni(Za. N FZ@ NV (V i Nl EriddZEIN Y 6V Gl B N O (B D FE DV (Y 4,
YV i Ze, N (CraDNFEIN NV Y 5y i Noni CaniDFE IV Y 1Y j2 (i, N ()04 ), and

b} a predicate p, (=, and/or

¢’ a set of operations {...,05( %)y, .. | and/or

d) a set of lunctions {... 5 f(Zm0,... 1
3.3 The C-TTCN test suite generation

Based on the SIP, a test tree with the correctness, nondeterminstic and defense branches can be derived,
and three kinds of verdicts (PASS, FAIL and INCONC) are assigned to each leafl of the test tree. The test tree
can be mappéd to a test case in C-1"TCN. Finally, these test cases are grouped according to some rules, and are
mapped to a complete test suite in C-1"LCN. T'o understand the algorithm, here we use TBE to describe the
rules for C-1TI'CN generation.

Rule 1. Each SIP 1s mapped to one C-TTCN test case,

Rule 2. In one SIP, if there are several relations 7, +rss... s7ss then attach tree i 41 to tree /.

TBEy: risrm>. .. 5,

Rule 3. In action a of relation », if 5,225,2. .. b, then & .8, .. +b, are behavicers and it is successfully
completed if 4,4, happens immediately after the successful completion of 5 (i =1,2.... ,2—1).

TBEy: create P1 TBE];start t1; (CP17 CM_1; down P1; stop) [] (dmeout £1; stop)

TBE,: &0, .. 56,2 (CPil CM_i; stop)

Rule 4. In action a of relation », if 5, 16," ]... [_b., then an alternative is matched if the behavior & corre-
sponding to the alternative happens first.

TBEu: create P1 TBE,; start 11; (CP1? CM..1; down P1; stop) [] (timeout ¢1; stop?

TBE,: (42% (CPi! CM_#; stop)) [] (5,3 (CPil CM. {5 stopD[]... []1(53(CPil CM_7; stop)

Rule 5. In action ¢ of relation r, if & || &; || ... || by then 1.8y, .. b, are started in parallel and the paral-
lel tree completes only if &,.4;,. .. .4, complete.

TBEu: create Pl TBE); ... : create P, TBE.: start #1; {CP1? CM_1; down P1; start £2; (... ; (CPa?
CM.n; donePn: stop) [] {timeour tn; stop)r);...) [] ¢timeout t2; stop? [ ]...[] (CPn? CM n; down Pn;
start t2; (o ouss ) [] (timeout -2; step)) [J (timeout t1;stop)

TBE,: 63 (CPi! CM_i;stop)

Rule 6. In each behavior & of action a in a relation », there exists (g, 7 7 (ri p1orie Pare s o7 Pats) 5 (si
P1sSic Pree o 98ie Pu) s then

TBE:: g:! ri3g.? 5.2 CP1! CM_1: stop

Rule 7. In the declaration part, the timer, variable and constant could he mapped from TTMER, VAR, and
CONS with the initial value from wv,.

Rule & In declaration part, ASP, PDU could be mapped from Jf) with parameters PARA for the events.

Rule 9. In constraint part, the timer, variable, ASP and PDU could be mapped from each event e, (e. gy,

& Prs--- €. po) in b with the values of parameters,
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4 Conclusions

In this paper, we use C-1TCN to meet the needs of OSPF routing protocol testing. The real testing is
accomplished by an integrated test system PITS over Sun workstation and with Solaris operating system. PITS3
is a general system with C-TTCN operational schematics based test execunon. In future, we would perform
more real tests to verify cur methods, test generation tool and test system. The CEBE and C-TTCN based von-
cepts and method in this paper may be further used in the area of conformance testing in distributed systems.

For example, CEBE could be used to model most entiies in O8I, TCF/1F and ODP.
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