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ABSTRACT of the protocol. For exampl&USYandACK timers may be run-

_ _ ning independently iFRAMEBUFFEREDstate. If either timer
During the UD's and CCNY's ongoing effort to generate conformanggrunning, a buffered frame cannot be transmittedd@K timer
tests for the Army network protocol MIL-STD 188-220, a significant oxpires whileBUSYtimer is notrunning, a buffered frame is re-

stacle has been addressed—when multiple timers are running simultafgnsmitted. If, howeve ACK timer expires whileBUSYtimer is
ously, a test sequence may become unrealizable if there are confliciiigning, no output is generated.

conditions based on a protocol’s timers. This problem, termed the con- ] o
flicting timers problem, is handled in the hitherto generated tests by mé-the test cases delivered to the US Army Communications-

ually expanding a protocol’s extended FSM based on the set of conflicir§ctronics Command (CECOM), such conflicts are handled by
timers, resulting in test sequences that are far from minimum-length. SiRanually expanding EFSMs based on the set of conflicting timers,
ilar inconsistencies, but based on arbitrary linear variables, are presei@sulting in test sequences that are far from minimum-length [6].
in the extended FSMs modeling VHDL specifications. This paper presétif§ilar conflicts, but based on arbitrary linear variables, are
an efficient solution to the conflicting timers problem that eliminates tRéesent in EFSM models of VHDL specifications [14]. Uyar
redundancies of manual state expansion. CCNY’s inconsistency rem@¥] Duale presented algorithms for detecting [14] and remov-
algorithms are applied to a new model for real-time protocols with mdPR9 [15, 16] such inconsistencies in VHDL specifications. Current
tiple timers. The new model captures complex timing dependencieg@ggarchin UD and CCNY is focused on adapting these algorithms
using simple linear expressions. This modeling technique, combined f@heliminating inconsistencies caused by a protocol’s conflicting
the CCNY''s inconsistency removal algorithms, is expected to significafifijers, with a view to applying the methodology to conformance
shorten the test sequences without compromising their fault coveraget€st generation for MIL-STD 188-220.

This paper presents a new model for real-time protocols with mul-
1 INTRODUCTION tiple timers. The new model captures complex timing dependen-
cies by using simple linear expressions. This modeling technique,

The recent collaboration between the City College of the Cigpmbined with the CCNY's inconsistency removal algorithms, is
University of New York (CCNY) and the University of Delawarexpected to significantly shorten the test sequences without com-
(UD) [6] has focused on the generation of test cases automBfpmising their fault coverage.

cally from Estelle specifications. The tests were generated forﬁpe roposed solution is expected to have a broader application
DoD/Joint protocol MIL-STD 188-220—military standard devel; prop P Pp '

X . s in recent years there has been the proliferation of protocols with
oped in the US Army, Navy and Marine Corps systems for mob} y b b

b K radios [41. Within this eff Ith DH&al-time requirements [11, 12]. The functional errors in such pro-
combat network radios [4]. Within this effort, several theoreticg] 5 are usually caused by the unsatisfiability of time constraints
problems have been investigated, including generation of test

: o . aitd (possibly conflicting) conditions involving timers; therefore,
quences uninterrupted by active timers [17], and the improvemgiihisicant research is required to develop efficient algorithms for
of test coverage by using the semicontrollable interfaces [8]. test generation for this type of protocols.

This paper presents a preliminary study of the problem of test case
generation for network protocols with conflicting timers, where a
test sequence may become unrealizable due to conflicting condi-

tions based on a protocol’s timers. This problem is termed t88ppose that a protocol specification defines a set of tidifers
conflicting timers problem. {tma,...,tmk}, such that a timetm; may be started and

The research has been motivated by the ongoing effort to gene?,g:t@ped by arbitrary transitions defined in the specification. Each
tests for MIL-STD 188-220. The protocol's Datalink Layer delMer tm; can be associated with a boolean variabjewhose

fines several timers that can run concurrently and affect behayf3ju€ iS true iftm; is running, and false itm; is not running.
Let ¢ be a time formula obtained from variablgs, ..., T} by

*Prepared through collaborative participation in the Advanced Telecommu#sing logical operands, Vv, and—. Suppose that a specifica-
cation Information Distribution Research Program (ATIRP) Consortium sponsotign contains transitions with time conditions of a form @f
by the U.S. Army Research Laboratory under the Federated Laboratory Program, ; ; ot _
Cooperative Agreement DAAL01-96-2-0002. The U.S. Government is authorizel some t”.“e formulaz). It IS. clear that ther.e may exist infea
to reproduce and distribute reprints for Government purposes notwithstanding 2%/€ paths in an FSM .mOde“ng a PrOtOCOL if two or more edge$
copyright notation thereon. in a path have inconsistent conditions. For example, for transi-

1

2 PROBLEM DEFINITION




tionsey: if ( T;) then {1} andes: if ( —Tj) then  systems and present an algorithm for verifying if a test sequence
{p2}, a path €, e2) is inconsistent unless the actionof in e; is executable. Cardell-Oliver and Glover [3] propose a method
setsT} to false (which happens when timeen; expires in transi- based on the model of Timed Transition Systems (TTSs) [1].

tion e;). The solution to the above problem is expected to all

o) , : -
generating low-cost tests free of such conflicts. ,&Vmajor goal of these methods is to limit the number of tests,

which otherwise may become prohibitively large; hence, each
Note that the conflicting timers problem is a special case of tigehnique offers a means to reduce the test suite size. The in-
feasibility problem of test sequences, which is an open resedmiested reader should consult the relevant papers [3, 5, 10, 13] for
problem for the most general case [2]. However, there are tmore details.

simplifying features of the conflicting timers problem: (1) time

variables are linear, and (2) time variable values implicitly in;

crease as time elapses. By considering these two features, e MODELING SYSTEMS WITH MULTIPLE TIMERS

expect to find an efficient solution to this special case. A protocol can be modeled as an FSM represented by

graphG(V,E) and a set of timerd{ = {tmi,...,tm g}

2.1 General approach The model also contains a set of parameters, in-
During the testing of a system with multiple timers, when a no§iiding  constants and  the Sft of ;/arlabIer =
v, IS visited, an efficient test sequence should either traverse{g’& Jooo s Tkep figs Lus - Lyvp 8- ’t\V|7M|V‘}’ as

many self-loops as possible before a timeout or legvienmedi- defined below.

ately through a non-timeout transition. Once the maximum alloyyér each timetm;;, we define the following parameters:
able number of self-loops are traversed, a test sequence may leave

v, through any outgoing transition. e D, € RT—the timeout value (i.e., timer length)

Suppose that there are 15 untested self-loops (each with 1sec {0 e {0,1}—boolean variable indicating if the timer is run-
traverse) in states;, and that, when the test sequence visits ni]ng.T-7: 1if tm.; is runningT; = 0 otherwise. The values
the earliest timer to expire among the active timergnis, with of Tr. T define which timers are currently running
10.5sec remaining until its timeout. In this example, the test se- Lo 2K '
quence will either leaves; immediately or traverse 10 of the | fi € RTU {0, —oo}—time-keeping variable denoting the
untested self-loops. Suppose that the latter option is chosen and,ciJrrent time O]itm' If0 < f; < D, thentm, is running;
later during the test sequence traversg}, is visited again with it £ > D orf; T oo, t/n, is r{c,)t runnin]g (expired or
tms leaving 3.1sec until the earliest timeout. In this case, 3 more stoé)pgd) fJ is set to 0 whertm. is started: it is set te-oo
untested self-loops aofs; can be covered by the test sequence. whentm i ié stopped or has exE)ired '

Traversal will continue until all of thes;’s self-loops are tested. J '

In more complicated cases, in addition to the aforementioned tingt us define a time formula : EX(T1, . .. k), {A V1)) =
ing constraints, traversal of a self-loop requires that its associatgth} as a mapping from the set of expressions involving
time condition be satisfied, i.e., certain timers be active (or, singi- ,T\x| and logical operands (e.g4 = Ti V —T3) into
larly, other timers be inactive). These time conditions will also B@yolean value§0, 1}.

taken into account while selecting which self-loops to traverse. In - ] ] ] .

the above examp|e, if six or more Se|f-|00p3)@.f have ‘tm4 not A trans|t|0n€i e Fis associated with the fO”OW|ng parameters:
running’ as their time condition, the test sequence, which tries to

execute 10 of the untested self-loops, will cause a timer conflich ., ¢ R*+—the time needed to traverse

due to the unsatisfiability of the time condition.

¢ time condition{¢;)—e; can trigger only if its associated time
formula¢; is satisfied; if no time formula is associated with
e;, its time condition is defined ad). For example, ife;’s
time condition involvesp; = T; A —T3, the transition can
trigger only if tm; is running andéms is notrunning, re-
gardless of the state of other timers

In general, the goal of the optimization is to generate a low-cos
test sequence that follows the above guidelines, satisfies time con-
ditions of all composite edges and is not disrupted by timeout
events during traversal (i.e., contains only feasible transitions). In
Section 3, a model will be introduced that allows for generating
test sequences satisfying the above criteria.

e action list{y; 1, ;., ...}—each actionp, , : V — EX
2.2 Related work (V,R,{+,—,%,/}) is a mapping from the set of variables

The related work on testing systems with timing dependencies fo- V' into the set of linear expressions involvifg the set of
cuses on testing the so-called Timed Automata [1, 13]. However, real numbersR, and arithmetic operands. For example, the
there is relatively little work reported in the literature on success- two actions of{71 = 1; f> = f> + 5} start timertm; and

ful application of timed automata to conformance testing. increment the value of time keeping variable associated with
o i . , timer¢msy by 5 units
Springintveld et al. [13] present the first published theoretical

framework for testing timed automata. En-Nouaary et al. [5] intro- . ' )
duce a method based on the state characterization technique u%iWJOHOW'nQ parameters are defined for each stgte V:
a timed extension of the Wp-method [9]. Higashino et al. [10]

define several kinds of test sequence executability for real-time c, € R*T—the time needed to traverse a self-looppf
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e N; ,—a set of merged non-timeout self-loopswfsharing of N, can be tested beforen,. expires) For eacte,, ;, all self-
the same time conditiofi, ), wherel < [ < M;. (A IoopsNS, can be tested by traversiieg,;. This condition can be
self-loop that starts/stops a timer cannot be merged) formalizéd as:

e M;—the number of sets a¥* , for nodeu, (tps > O A (tp % ¢y < Di = fr))
e t> ,—the number of untested self-loopsivy . ¢ ; is initial-

ized to| N | For each merged self-loop transmei;l (Type 4, the following

condition holds for each timetm;..;: there are untested self-
e L, € {0,1,2}—the ‘exit’ condition for state,. If L, = 0, IoopsmN; AND(tlmertm] running ANDthere is enough time
no transition outgoing fromr, and no timeout transition in left beforetm ; expires to test at least one but not all untested self-

P

v, may be traversed; if., = 1, a test sequence may leavP0PsinNV, ;) AND (timertmy not running ORm ; expires before
v, through an outgoing non -timeout transitionZif = 2, a tmy). In other words, only some of the self-loops§f ; can be

test sequence may traverse any outgoing transitions (inchigsted by traversm% ;- Formally, this condition is:
ing timeouts)
(thy>0 A (Dj—fj <Dr—fr) A

(T; == AN (5 <Dj—f;<tl,;*xc3)))
3.1 Types of transitions ! b R

In general, the model distinguishes among the four types of tran-
sitions, as described below: 3.3 Actions for four types of transitions
o Type 1:timeout transitiore! (v, v,), defined for each timer A number of actions must be appended to the action lists for all

tm; (e may be a self-loop, i.ep = q) transitions, as defined below.
* \-/rv);lpeere; #r;on imeout non-self-loop transition; (v, v,), For each timeout transitio (v,, v,) (Type 3, for eachk # j:
e Type 3:merged self-loop transitioa,, ; (v,, v,), defined for o set variablef; to 0 indicating timer expiryT}; = 0
each node,, and each seV, e ifthe sum ofe;’s traversal time and the amount of time left till
¢ Type 4:merged self-loop transmoa’ ,(vp, ), defined for tm;'s timeout is less than the current time, increment,’s
each nodey,, each sefV:  that contains more than one self- ~ current time by this sumfy, = fi, + max(0,¢; + D; — f;)
loop, and each timetrn; e settm;’s time keeping variablef; = —oo

Note that, while visiting,, if there is enough time to test all selfSince max’ is not a linear action, in any algorithmic technique
loops of NV, before any timer expires;,; (Type 3 will be tra- that allows only linear actlonBJ should be split mt@zJ ande’ oY

versed: otherW|se depending on the time avallaqjc; (Type 3 with the following appended condltlons and actlons
\(,:Vz::\tl))ee E[reas\gased withtm ; expiring before all self-loops aV,, 65,1 (L,==2AT;j==1A f; >c; +D;)
{7 = 0; f; = —oo}

'<Lp::2/\Tj::1/\fj<Ci+Dj>

j
3.2 Conditions Ci2:
A number of timing constraints must be appended to the original {Tj = 0; fr = fx + ci + Dj — fj; fj = =00}

conditions (which include time conditions) for all transitions, as
defined below. The above concept is illustrated in Figure 1. Timer; is started

For each timeout transitiotf (v,, v,) (Type 3, the following con- at timef; = 0. After f; reaches a value gf?, the two transitions
dition holds for each timefmn,..;: ‘exit’ condition for timeouts in that can be traversed arg ande,. Consider the case wheeg

v, true ANDtimer ¢m;; running AND(timer tmy, not running OR triggers andf; is advanced to avalue ¢f = f? +c1 < c; + D;.
tm; expires beforem,), which can be formalized as: The timeout oftm; will therefore correspond to traversirg,,

(Ly==2AT;==1A (Dj — f; < Dy — fz)) which advapces all timers by + D; — f}. In the case where;
triggers, f; is advanced to a value ¢f = f? + 2 > ¢ + D;.
Thereforefm;'s timeout will be modeled by; ;. No timer will
be advanced byil because timetm; expired and its timeout
transitione? finished execution while; was being traversed.

For each non-timeout non-self-loep(v,,v,) (Type 3, the fol-
lowing condition holds for each timern,,: ‘exit’ condition for v,
true AND (timer tm;, not running ORthere is time left tamy's

timeout).Formally, this condition is: In addition, a non-self-loop! should set ‘exit’ condition for its
(L, >0 A fr < Dy) end state, to 1 by the appended action §f., = 1}.

For each non-timeout non-self-loeg(v,, v,) (Type 3:

For each merged self-loop transitiep; (Type 3, the following o set the ‘exit’ condition foe;'s end statey, to true: L, = 1
condition holds for each timein,: there are untested self-loops e for eachk, incrementim;’s current time bye;’s traversal
in N, AND (timer ¢m. not running_ORall untested self-loops time: fi, = fi + ¢
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c, edgeshy, ..., hz, with the following condition forh,,: there is

-« > enough time left before a timer expires to testut notm + 1
C, f untested self-loop$-or details, see [7].
0 - g i
f0 fit R f? 3.5 Actions for transitions stopping/starting timers
Dj Ci Every transitiore; has the appended conditions and actions as de-
_ fined in Sections 3.2 and 3.3. In additiongjfstops timetm;, the
Figure 1:Time dependencies in timeout transitiein actions of{T; = 0; f; = —oo} must be appended t9’s action
list. If e; starts timertm;, the two actions of T; = 1; f; = 0}
For each merged self-loop transitiep; (Type 3: must be appended to's action list.
o set the ‘exit’ condition for state, to false:L, = 0 To have a good test coverage, a test sequence should traverse all
e for eachk, incrementm,,’s current time by the time needed®achable parts of an IUT. Some portions of the IUT graph are
to traverse all untested self-loop G = ot ke reachable only if a transition(s) that starts a timatetayedn the

e set the number of untested seIf—Ioopinl t0 0: £° l”’: 0 P test sequence by certain amount of t!me. The gction pf delaying
_ ’ P such transitions allows to explore various ordering of timers’ ex-
If no self-loops can be traversed (i.e., there are no untested Ssilfations by causing certain timers to expire before others. Details
loops ofw, with their time condition satisfied),, should be set are presented in [7].

to 2 (from either O or 1), enabling timeoutsp and all outgoing ) . . .
transitions. In this casd,, will be set to 2 by an observer selfExample : -~ Consider the FSM of Figure 2, consisting of three
loop transitions,, with a condition of statesvg (the initial state),v;, andwvs, and eight transitions;

s s througheg. Transitiones takes 3sec and the remaining transitions
Ly <2 A (L ==0V (tp >0 A =¢pi) 1) take 1sec to traverse. There are two timers defined for the FSM:
tm, (started byes) with the length ofD; = 5.5 and the time-
out transitioneg, andtm., (started bye, and stopped bys) with
the length ofD, = 3.7 and the timeout transitios,;. Transition

for eachl, and an action of L, = 2}. The above condition is sat-
isfied when all self-loops of,, with their time condition satisfied

are .tgsltled (if there are no self-loops defineddgrthe condition e1 is associated with a time conditid; == 0 A Th == 1),
is trivially true). transitionse; andeg are associated with a time conditi¢f, ==
For each merged self-loop transitieijl (Type 3: 1 A Ty, == 1), and, for simplicity, the remaining transitions have

. N the time condition of1).
¢ set the ‘exit’ condition for state, to true: L, = 2 . o
e for eachk, incrementm,,’s current time by the time neededdtatev; is introduced as the system initialization state, where a

to traverse all of the untested self-loopshff , that can be test sequence originates and terminates. A test sequence starts in
tested beforem; expires:fy = fi + ¢ * [(D; — f;)/c3] statev, with edgeco, : (1) {7 = 0;T> = 03 fi = —00; fo =

e decrement the number of untested self-loops accordin T}}]?O?tovl = Litiy = 1;651 = 2}, which initializes all timers
5 =t — [(D; — f;)/c5] %d the variables af,;. A test sequence terminates when, after
.l T pl J 171 "p

arriving atwvg, edgeeog : (Ih == 0 A T, == 0){} is tra-

The ‘exit’ conditionL,, works as follows. A test sequence comegersed, bringing the IUT back to state The time condition of

to statev, through an incoming edge, which sdis to 1. Then e, ensures that all timers are inactive when the test sequence is
the test sequence may leave immediately through an outgoing nerminated. Note that, unlike the regular statgshroughuv)y|,
timeout edge or takéype 3and/orType 4edges. Oncé&ype 3edge w; is not split by the inconsistencies removal algorithm—the final
is taken, it setd., to false (i.e., 0), preventing a test sequendaconsistency-free graph contains only one copy;of

from leaving a state and timeouts from occurring. Then the test i . . .
sequence may include eitheiTgpe 4edge (which setd,, to 2, etus first conS|dgr transitions @ype 1(er, es). .T'he foIIow'lr]g
thus allowing timers to expire and the test sequence to exit)CBPd't'c.’nS and actions are appended to the original condition and
traverse furthefype 3edges. If neithelfype 3nor Type 4edges action lists of these transitions:

can be traversed (this includes the case where none are definedfor (1, ——2 A (3.7— f, < 55— 1) A Tp == 1)

vp), an observer edge sdlg to 2. {Ly=1;T, = 0; fi = fi + max(0, — fo + 4.7); fo = —o0}
es: (Lo ==2 A (55— f1 <3.7—f2) ATy == 1)

3.4 Removing nonlinearity from actions
{Lo =111 = 0; f> = f> + max(0, — f1 + 6.5); fu

As can be easily seeMype 4actions are non-linear, since the

number of self-loop traversals before a timeout is computed in

e, ;'S actions by rounding down a fractional number to an integegr transitions ofType 2(es, e4), the appended conditions and
z = |(D;j — fj)/c;]. The idea to remove nonlinearity from theactions are as follows:

actions is to avoid computing, instead, a test sequence will be

forced to traverse one and only one of a number of extra edge§2 : (Lo > 0 A fi <5.5 A f2 <3.7) {f1 = fi + 1;

—OO}

with the index of the traversed extra edge equal.to fo=fo+ ;L1 =1Th =1;f1 =0;Ty = 05 fo = —oc0}
To employ the above idea, an augmentation is applied to giaph €4 : (L1 >0 A fi <5.5 A fo <3.7)
where vertices; andu, are added t67 and connected with extra {Leo=1Lfi=fi+1lifa=fo+1;To=1;f> =0}
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Since only a single self-loop is defined in vertiegsandv,, both since after traversing,, (initial power-up), neither timer is run-
vertices will have merged self-loop transitionsigpe 3only. For ning. Similarly, any test sequence containing. (eq4, e7, e5,...)

vo andvy, merged self-loop transitions ; ande; ; are defined is invalid, becauses’s time condition requires that both timers be
for the sets ofV5, = {e:} and N}, = {es}, respectively, with running, which does not hold aftem., expires ine;.

the appended conditions and actions as follows:

€0,1 -

€1,1:

{t5, >0A (T ==0ATy==1) A
(ts1 < 55— fi) A (thy < 3.7— f))
{Lo=0;fi=fi+ 15, fo=fa+ 1515t =0}
(5, >0A3t, <55—fi A3t], <3.7— fo)
{L1=0;fi = fu +3t] ;3 fo = fo + 3t 15t ; = 0}

€3 1 time unit = 1 sec

€1=C°=1C3=¢°=3 e, - tm, timeout
Cs=Cg=C, =1

C,=C=C;=Cg=1

D, =55 D,=37

No1®={es}, Ni1® ={eg}, Nps® = {es, €}

Figure 2:FSM with conflicting timergm, andtm..

Vertexv, has two merged self-loops iN5 ; = {es,eq}. There-
fore, transitions of botflype 3(e2,1) and Type 4(e} 3 ;) are

defined inv,.

In this example, the augmentation to remove nonlinear actidfi 11, €2), which contain only linear actions. This step leaves
(suggested in Section 3.4) is unnecessary—the valte-of im- 0-5S€c and 2.7sec till timeouts fon, andim,, respectively. Af-
plies that, in anyType 4edge defined for,, |5.5 — f,| = 1 and ter tmy expires, the _t|me—keep|ng'var|able fan, is advanced
|3.7 — f2] = 1. Therefore, the appended conditions and actioi§s/> = 2.5, which gives enough time (1.2 sec) to traversg.

are as follows:

€21

One can give examples of invalid test sequences for the FSI\&ﬁt
Figure 2. A test sequence beginning with(, e, es,...) does
not satisfy the time condition far;: (7% == 0 A Tr == 1),

(5 >O0A(Th==1AT,==1) A

(t;71 < 5-5 - fl) /\ (tg,l < 3-7_ f2)>
{La=0;f1=fi+1t5,;fa= fa+13,;t5, =0}

:<(T1 ==1 A (1 < 5.5_f1 <t;71)) A t;71 >0 A

(55— fi <37—fa) A (T1 ==1ATo ==1))
{Le=2i=fi+ L fa=fot+1it5, =15, — 1}

((Ty==1AA<3T7-fo<t5;)) N5, >0A

(BT —fo<b5—f)A(Th==1ATy,==1))
{Lo=2fi=fitLifo=fot+Lt5, =15, — 1}

Test Edge EdgeT: 1o fi |-
step name cost

(1)  eon 0 0 0 —o0o —o0
2) e 1 1 0 0 —oo
3 e 3 1 0 3 -0
4 e 1 1 1 4 0
(3) e 1 1 1 5 1
6) es 1 0 1 —oo 25
(7) e 1 0 1 —oo 35
(8) e 1 1 0 0 —o0
9 e 1 1 1 1 0
10) e 1 1 1 2 1
1) e 1 1 0 47 -
(12)  eg 1 0 0 —o0o —o0
(13)  eonr 0 0 0 —oc0 —o0

Table 1: Valid test sequence for the FSM of Figure 2.

Consider the test sequence for the FSM of Figure 2, shown in
Table 1. The table also shows the values of timer-related variables
of the model, which change as the test sequence is being executed
and the time is progressing.

Let us now trace the execution of the test sequence. After sys-
tem initialization by transitior,,,, transitione, starts timertm;.
After arriving at state,, there are 5.5sec left titin,'s timeout;

S0, transitiore; ; can be tested, which takes 3sec. After leaving
v, tmy has 2.5sec left till timeout. In transitian, timertms is
started and the time-keeping variable fot;, reachesf; = 4.
After the test sequence arrives at state tm; andtm» have
1.5sec and 3.7sec left till timeout, respectively will there-

fore expire first. There is not enough time to traverse (i.e., to

test bothes; andes); thereforeg), | is traversedd; is tested). In

fact, traversingaé,1 is equivalent to traversing a sequence of edges

Traversingey 1 is equivalent to testing; with the time condition
of (T, == 0 A T», == 1). Since at this pointm, has expired and
tmes IS running,e;’s time condition is satisfied and the transition
is tested.

Afterwards,e, aree, are traversed consecutively without spend-
ing time on already testees. The test sequence arrives again
at statev,, with 4.5sec and 3.7sec left till timeouts fon, and
tmo, respectively. This timetms is to expire first, leaving suf-
ficient time to traverse,; (testeg). Then,tm, expires and the
time-keeping variable famn, is advanced tg; = 5.7, exceeding
tmy’s length by 0.2, i.e.fm; expired whilee; was being tra-
versed. Thereforeys is traversed immediately, with the traversal
time ‘reduced’ by 0.2. Now the IUT is back in its initial statg
with both timertm, andtms, inactive and all transitions tested, so
test sequence is allowed to return to the system initialization
ev; through transitiorg.

The test sequence shown in Table 1 satisfies all timing constraints
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