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A b s t r a c t  

We present a new testing semantics, called friendly testing, whose main property is tha t  
the induced preorder between processes Err is consistent with the conformance relation, and 
so we have, for instance, a (~ b Err a Err a + b. The new theory is strongly based on De Nicola 
& Hennessy's work on testing. Friendly tests are defined exactly as in their work, except tha t  
internal actions are not allowed. However, in order to obtain the desired notion of friendly 
test ing this restriction is not enough and we also have to relax the conditions to pass a test. 
Thus we obtain a new testing semantics and a new preorder between processes which is strictly 
weaker than  the relation ____.must. Moreover, we present an al ternative characterization of our 
new testing semantics by defining a modification of acceptance sets. 

K e y w o r d s :  Process algebra, semantics of concurrency, testing, conformance. 

1 I n t r o d u c t i o n  

Since its p r e s e n t a t i o n  in [1,2] Testing Semantics has  b e e n  widely s tud ied  a n d  used as a n a t u r a l  
way to define an  obse rva t iona l  behav io r  w i t h  a r easonab le  power  to  d i s t i ngu i sh  semant i ca l ly  different  
processes.  Tes t ing  Semant i c s  is defined by  obse rv ing  t he  o p e r a t i o n a l  s eman t i c s  of processes  by  m e a n s  
of tests. Tes ts  are j u s t  processes  which  m a y  execute  a new ac t ion  w r e p o r t i n g  success of the  tes t  
app l ica t ion .  To define the  app l ica t ion  of a t e s t  to  a process ,  we cons ider  t he  different  c o m p u t a t i o n s  
of t he  e x p e r i m e n t a l  s y s t e m  which  is o b t a i n e d  by  compos ing  in paral le l  t he  tes t  a n d  the  t e s t ed  
process.  We say t h a t  a c o m p u t a t i o n  is successful if t h e r e  exists  a s tep  in t he  c o m p u t a t i o n  such 
t h a t  t he  assoc ia ted  tes t  can  execute  t he  ac t ion  w. Since it is possible  t h a t  some,  b u t  no t  all, of 
t he  c o m p u t a t i o n s  m ay  succeed,  we can  d i s t ingu i sh  two different  s eman t i c s  which  are called may 
a n d  must semant ics .  A process  P may pass  a t e s t  T ( in shor t  P may T) if t h e  compos i t i on  of P 
a n d  T has  a t  least  one successful c o m p u t a t i o n ,  while  P must pass  T (in sho r t  P must T) if every 
c o m p u t a t i o n  of the  compos i t ion  of P and  T is successful.  By  combin ing  these  two seman t i c s  we 
can  o b t a i n  a t h i r d  one: t he  may-must semant ics .  

We say t h a t  two processes  are (may, must) equiva lent  iff t hey  pass  ( in t he  co r r e spond ing  sense) 
t he  same  tes ts .  In  add i t i on  to these  equivalences ,  deno t ed  by  ~may a n d  ~must respectively,  we 
o b t a i n  t h e  co r r e spond ing  preorders  be t w een  processes:  Q is better t h a n  P if any  t e s t  passed  by  
P is also pas sed  by Q. These  preorders  are used to define the  no t ion  of a p p r o x i m a t i o n  needed to  
bu i ld  t he  s e m a n t i c s  of recurs ive  processes  by  app ly ing  t he  t echn ique  of m i n i m a l  f ixpoints .  A n o t h e r  
app l i ca t i on  co r re sponds  to a fo rmal iza t ion  of t he  no t ions  of r e f inement  and  con fo rmance  (see e.g. 
[3]). I t  is in th i s  f ramework  where  t he  t e r m  better finds i ts  jus t i f ica t ion ,  because  P E Q holds  when  
Q can  a lways  be  (correct ly)  used  in s t ead  of P .  

I t  is wel l -known t h a t  P Emust P + Q is no t  fulfilled a t  all, a n d  so the  t e s t i ng  p reo rde r  does  no t  
c a p t u r e  t he  n o t i o n  of conformance .  For  ins tance ,  we have  t h a t  a [Zmust a + b since a [ Z ~ y  a + b, and  
more  in genera l  we c a n n o t  improve a process  by  e x t e n d i n g  its b e h a v i o r  by m e a n s  of new capabi l i t ies ,  
as it is s o m e t i m e s  done  in t he  i m p l e m e n t a t i o n  task.  
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Another proposal for formalizing the implementation notion is the so-called conformance rela- 
tion, defined in [3] by: 

P1 coal  P~ r162 Failures(P1) A (Traces(P2) x ~ ( A c t ) )  c_ Failures(P2) 

Using the usual (in the testing community) ordering notation we will write, reversing the arguments, 
P2 Er P1. From this definition and the characterization by refusals of the testing preorder it is 
immediate that  the conformance relation is a weakening of the testing preorder. Moreover we have 
a ~r a+b, and more in general P C_conf P + Q  whenever P is extended by adding new capabilities 
offered by Q. Unfortunately, the conformance relation is not a preorder, since 

a(~ (b; c) U_conf a U_r a + b, but a ~  (b; c) ~r a + b  

This is because under the definition of the conformance relation all the traces of P2 have to be 
independently explored. 

Based on these somehow negative facts about the two most extended conformance relations, 
that  is _____must and E_r we have looked for a compromise between them which could inherit the 
good properties of both, while avoiding their problems. We think that  it is desirable to maintain 
a testing interpretation for a relation that will be the basis for the testing framework. So, we have 
tried to find a new notion of test, and of the passing of tests mechanism, such that the desired 
preorder could be defined in the usual testing way: an implementation is better than (or adequate 
with respect to) a specification, relatively to our desired conformance relation, if it passes more tests 
than this last one. It is clear that  any relation defined in this way is a preorder. As an immediate 
consequence we have that the conformance relation cannot be characterized in this way. 

We have investigated reasons why must testing is too powerful and ways to define a new notion 
of testing equivalence correcting this situation. We have found that De Nicola &: Hennessy's tests [1] 
have the power to punish processes being able to execute actions. So, we have a IZmust a 4- b, since 
the former process passes the test (a ; w) 4- (b ; STOP), while the latter does not. ~,Ve are interested 
in a testing framework where tests cannot punish processes when they are able to execute some 
action. This is why we call friendly testing to our new testing scenario, and we denote by _Err 
the corresponding preorder. Intuitively, friendly tests can reward with success when the desired 
traces are executed, but cannot punish with failure when some other traces are executable by the 
tested process. A possible interpretation of this fact leads to the conclusion that  the problem comes 
because we allow both successful (w) and unsuccessful (STOP) terminations in tests, but this is not 
the case. In fact, if we restrict the set of tests to always successful tests, i.e. tests whose leaves are 
always labeled by w, nothing is gained, since we could always assume the existence of a new action 
reject, to be read as failure, such that  any STOP (failure) termination in the original tests could be 
simulated by a reject ; w termination. 

This means that  we have to look more thoroughly for the real cause of the power of tests to 
punish processes. In order to avoid that  tests could be controlled by tested processes in the same 
way that  they control the execution of these, internal actions that can be autonomously executed 
by the test are added to its alphabet, thus introducing an asymmetry in the definition of the 
experimental systems (P  [1 T). We are not interested at nil in this increasing of the power of the 
testing mechanism, and thus when we define our friendly tests we will not allow internal actions in 
tests. 

But only by reducing the family of tests we cannot get the desired notion of friendly passing of 
tests. We cannot remove all tests containing the external choice operator Jr, because it is very easy 
to prove that  this would lead us to a too restrictive semantics of "secure" traces (traces that  must 
be executed). Instead, we change the definition of how tests are passed in such a way that  external 
choices in tests will not behave as internal ones. For instance, we have that  the test ( a ;w)+  (b;f;w),  
is not must passed by the process a 4- b because of the computation executing b, after which we 
cannot get the passing mark w. We want this test to be friendly passed by the considered process, 
since we interpret that  if we have an external choice both in the test and in the tested process, it 
is enough that  the computations executing some of the common offered actions will succeed. 
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In this paper  we present the definition of friendly test ing and compare  its proper t ies  with those 
of classical test ing.  Since friendly tests are "weaker" than  classical tests,  the  induced preorder is also 
weaker than  must  tes t ing preorder  and fulfills those proper t ies  t h a t  we expect  from a conformance 
relation.  As we have already commented,  friendly tests  by themselves  are more natural ,  since we 
do not  need the inclusion of an internal  act ion in the  a lphabet  of tests  in order  to get the desired 
s t rength.  Unfor tuna te ly  we need a more e labora ted  definition of test  passing. We will see tha t  even 
if we need such a more involved machinery to give the  adequa te  defini t ion of fr iendly testing, the  
formal  propert ies  of the induced friendly preorder  are very similar  to those of must  preorder.  Thus,  
our main result  is a character izat ion of the friendly preorder,  ob ta ined  by a slight change in the  
definit ion of acceptance sets, character izing the must  preorder.  

Current ly  we are working on a smooth  extension of our theory  to cope with  infinite processes. 
Final ly  we will ment ion  [4], where we relate our friendly preorder  wi th  the conformance relation,  
proving tha t  it is exact ly the t ransi t ive closure of the conformance  relation,  and therefore a nice 
a l te rna t ive  to formalize conformance.  Thus we conclude tha t ,  as we will t ry  to just i fy in the  
following, friendly test ing is indeed a nice compromise  between must  tes t ing and the  conformance 
relation. 

The  rest of the paper  is s t ruc tured  as follows. In Section 2 we recall the definit ions of classical 
tes t ing and some of its properties.  In Section 3 we present the  defini t ion of our new tes t ing semantics.  
In order  to focus on the  main  ideas, first we jus t  consider normal  form processes. Later,  we 
ex tend  the  defini t ion to cover a rb i t ra ry  (finite) processes. In Sect ion 4 we present  an a l te rna t ive  
character iza t ion  of  friendly tes t ing semantics  by means  of  a modif icat ion of the  not ion of acceptance 
sets, called friendly acceptance sets. FinaIly, in Sect ion 5 we sketch some lines for fur ther  work. 

2 Classical Testing: Definitions and Propert ies  
Testing semantics  was introduced in [1,2]. In this section we will present  the  main definitions 

borrowed, wi th  some minor  changes, from [2], which is the main reference for the  formal s tudy of 
the  tes t ing methodology.  

D e f i n i t i o n  2.1.  The set of finite processes, denoted by Proc, is defined as the set of expressions 
given by the following BNF-grammar= 

P : : = S T O P l a ; P I P + P [ P G P  

where a E A c t  (the set of actions). For the sake of clarity we will omit trailing occurrences of STOP. 

The  opera t iona l  semantics of the language is defined by: 

a;P ~ ) P P ~ Q >  > P P@Q:>"-'+Q 

p ~ ~ p '  q ~ - ~ q ,  p>----,p' Q> )Q' 

P+Q , ) P' P+Q a ) Q' p+Q>__+p,+Q p+Q>___+p+Q, 

The  following conventions will be used: 

P ~) s tands  for 3P ' :  P ~ P', P ~/~ stands f o r ~ P ' :  P ~ P' ,  

P /~ s tands for ~P', a : P ~ ) P', 
P >  ~ stands f o r 3 P ' :  P >  > P~, P >  /~ stands for ~ P r :  P )  ~ p t ,  and 
> )* s tands for the t ransi t ive  and reflexive closure of > ~. 

Moreover,  for s -=- al , . . . ,a ,~  we write P ~ P'  if there exist P 1 , . - . , P ~ , P ~ , -  . , P ~  . ' such tha t  
P > ~* P1 ~i> p{ :>___+. P2---P,~ ~,~ p~ > ).  pr ,  and we call computations of P to these 
sequences. We  say tha t  a computa t ion  P = ~  Pr is complete if we have both  P~ /> and P~ ~ /~ . 

Tests  are  jus t  finite processes over the a lphabe t  A c t  U {1,w}, and the previous operat ional  
semant ics  is also valid for tests. We define the  opera t ional  semantics  of experimental systems, P H T, 
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as follows: 

p _...z.+ p ,  A T ---5-+ T' P >----+ P'  T >---+ T' T l )  T'  

P l l T  e~ p,  II T, P I I T >  * P ' I I T  P I I T > - - - + P I I T '  p i t T  i )  p l I T ,  

Let us remark that, in contrast with the classical definition, we do not hide the actions that 
experimental systems execute. 

D e f i n i t i o n  2.2. Let P be a process and T be a test. 
1. We say P may T if there exists a computation P [I T ~ P'  IIT' such that T '  "~ ). 

2. We say P must T if for any complete computation P [[ T = ~  P '  [[ T' there exist s', s" E 

= "" p '  w § ( A c t  U{1,w})" s u c h t h a t s  s's" w i t h P l I T  ~ P " [ [ T "  ~ l IT '  andT "  
D e f i n i t i o n  2.3. Let P, P' be processes. 
1. We write P Em~y P'  i / for  any test T we have P may T implies P '  may T, and P ~ . a y  P'  if 

P ~m,y P' and P' Em-y P.  
2. We write P E . . . .  t P' g/for any test T we have P must T implies P'  must T,  and P ~ , u , t  P' 

if  P E m~,t P' and P' C m~t P.  
3. We write P Em~y-mu~t P' if  P E ~  r P'  and P E~,~t P',  and P ~ m , r - m ~ t  P'  i f  P ~,,~r P' 

and P ~must pt. 
P r o p o s i t i o n  2.4. Let P, P'  be processes. The following properties hold: 
�9 P E ~ t  P' ==~ P' Em~y P. 

�9 P ~'~may-must pr ~ P ~.mu,~ pt 
In the following we will concentrate on the must preorder E ~ t ,  and we will usually write E 

instead of E , .~ t .  It is immediate to see that  the family of tests can be restricted to those that  always 
execute ca as the last action of all their computations, since this would not change the distinguishing 
power of the full family of tests. Besides we could also assume that  tests do not include the internal 

choice operator since we have 

P must (T $ T')  4---> P must T A P must T' 

Of course, the same is not true for the external choice operator, since, for instance, we have a @ 
b must (a ; w + b ; w) but neither a ~ b must a ;w nor a ~ b must b ;on. In fact, if we remove both 
choice operators from the signature of tests then only trace tests t; w remain. By means of them 
we can cheek if the execution of a trace could be rejected by the tested process. Therefore these 
tests characterize the secure traces semantics that  associate to each process the set of traces that  it 
cannot refuse. Thus, under this semantics a @ b is equivalent to STOP. We need indeed a test like a; 

w + b; w to distinguish these processes. 
The testing preorder between processes can be characterized in an explicit way by means of the 

so-called acceptance sets. 
D e f i n i t i o n  2.5.  Let P, P '  be processes. 
�9 We define the set o I initial actions of F~ denoted by S(P) ,  as S (P)  = {a ] P = ~ } .  
�9 Let s be a sequence of actions. We define the acceptance sets of P after s as .A(P, s) = 

{S(P ' )  t P = ~  P '} .  
�9 We write P <<m~t P' iff for any s E Act*  we have that for any A' E A(P ' ,  s) there exists 

A ~ A(P ,s )  such that A C_ X .  
T h e o r e m  2.6. Let P, P'  be processes. Then we have F E m,,t P'  iff P <<~u~t P~. 
It  is immediate to check that  acceptance sets give us exactly the same information as refusals [sl 

and thus the following equivalent characterization of the testing preorder is obtained as a corollary. 
C o r o l l a r y  2.7. Let P ,P '  be processes. Then, P ~m~* P'  iff Failures(P') C_ Failures(P). 
Finally, we introduce Hennessy normal form processes, which can be used to fully characterize 

the must testing semantics. First we define normal forms, which give us the notation to define 
Hennessy normal forms, and also will be used in the following section. 

D e f i n i t i o n  2.8. Normal form processes are ~hose defined by the/oolowing grammar: 

A 6.A. ~ A 
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where A C 7~f(Act) ,  .4 is non-empty, and ~ and ~ are th obvious generalizations of@ and + to 
an arbitrary (but finite) number of arguments. 

By convention ~]~A~{r represents the  process STOP. We call deterministic processes those in 

which all the  occurrences of ~ are trivial,  which means  tha t  the indexes ,4 verify t,41 = 1. In order 
to simplify the notat ion,  we will usually omit  t r ivial  occurrences of the opera tor  ~ .  Note  tha t  all 
the  cont inuat ions after different occurrences of the  same action a in several s tates  .A E .A must  be 
the same. 

D e f i n i t i o n  2.9.  Let A C_ 7~(Act)  be a set of sets of actions. We say that ,4 is sa tura ted  
whenever it is closed with respect to union and convex closure, that is: 

�9 A1, A2 E A implies A1 U A2 E A. 
�9 A1,A2 E .4 and A1 C_ A' C A2 imply A' E A. 
D e f i n i t i o n  2 .10  ( H e n n e s s y  N o r m a l  F o r m ) .  
�9 STOP (or equivalently ~ A e { r  ~ e A  P~) is a gennessy normal form. 

�9 I f  A is a saturated set and for every a E UAeA A there is a Hennessy normal form P~ then 

~ A e A  PA is a Hennessy normal form, where PA represents ~-~a~A a ; P~. 
P r o p o s i t i o n  2 .11 .  Let P be a process: 
�9 There exists a unique normal form process n f (P)  such that P ~must n f (P) .  
�9 I f  n f ( P )  = ~ A ~ A  ~ r  a ; n(a) and A E A, then there exists a process P' such that 

P ~  . ~ * P ' >  /~ a n d { a l P '  ~ } C A .  

3 F r i e n d l y  T e s t i n g :  D e f i n i t i o n s  a n d  J u s t i f i c a t i o n  

Before in t roducing the  not ion of friendly test ing,  we discuss the  reasons why the  m u s t  test ing 
preorder  is too  strong, as already commented  in our introduct ion.  Firs t  we s tudy the  role of internal  
actions in tests.  When  defining the classic not ion of test,  and the interact ion be tween processes and 
tests,  Hennessy [2.p.67] writes: 

�9 An obvious possibility is to let -+ be the least relation which, for an arbitrary a E 
A c t ,  satisfies 

t --% t', p ~ ~ p' impl i e s  t [I p -~ t' II p' 

so that they interact by performing the same action. This gives the experimenter com- 
plete control over the process . . .  Unfortunately this control works both ways since the 
process also has the same control over the experimenter. To break this symmetry, and 
allow the experimenter a natural independence from the process it is investigating we 
allow it to use a special action 1, such that we have 

t 1 ~ t' implies t II p-~ t' II p 

We coutd rephrase  this  sentence by saying tha t  tests  may  be nondeterminis t ic  in order  to avoid to  be 
always control led by the  tes ted process. Internal  actions, labeled by 1, are a way to in t roduce such a 
nondeterminis t ic  behavior ,  and at the  moment  they appear  in [2] they are fully justified, since only 
the  external  choice opera tor  had  been considered. However, the  internal  choice opera tor  is later  
in t roduced [2.p.s91, and once it appears  we could th ink  tha t  internal  actions are not  needed any more 
in order to have nondeterminis t ic  choices in tests�9 But ,  even in the  presence of internal  choices, the  
possibil i ty of  having internal  actions increases the discr iminatory power of tests�9 For instance, we 
have STOP (Z a since for T = 1 ; w + a ; f ; w we have STOP must T but  not a must T. Nevertheless  the 
role of the  internal  act ion in the  test  T can be  s imulated by combining the internal  choice opera tor  
and the  accept ing act ion in a tr icky way. 1 We can see tha t  for the  test  T '  ---- (w ~ w) -4- a; f ;  w we 
have P must T iff P must T'.  Moreover,  we can subst i tu te  any subtest  1; w by w $ w to obta in  an 
equivalent  test .  And  since all the  internal  actions appearing in the  set of essential tests,  which are 
proved to have  the  same discr iminatory  power as the  full family of tests (see the  p roof  of Theo rem 

1 We thank the anonymous referee of a previous version of this paper for this remark. 
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2.6 in [2]), appear  in the context  of a subtest  1; w, we can subs t i tu te  these essential  tes ts  by an 
equivalent  family of tests  wi thout  internal  actions. 

We th ink  tha t  this is a ra ther  simple but  very impor tan t  result  abou t  the  power  of tests,  tha t  
probably is a l ready known for many  people familiar  wi th  tes t ing theory, but  nevertheless  we have 
not found any explici t  s t a t ement  of this fact in the  l i tera ture  on the  topic.  

As a conclusion we will say tha t  the  allowance of internal  act ions in tests,  once we have an 
internal  choice opera tor  generat ing internal  t ransi t ions,  is not  justif ied since they  do not  add any 
power to tests. Thus  we will preclude this kind of actions when we define our not ion  of friendly 
testing. But  as long as we allow the  internal  choice opera to r  in tests  we still have the  power of 
internal  actions to punish a process when it is able to execute  some action.  Therefore ,  we will 
also preclude the  use of the  internal  choice opera tor  when defining friendly test ing.  If  we consider 
plain must  tes t ing when the class of tests is res t r ic ted to those obta ined  by combining  the  prefix 
and external  choice operator ,  and we denote  by C_obs the  induced preorder ,  it is clear tha t  this 
relat ion is closer to the  conformance  relat ion than  the original must  preorder.  For instance,  for any 
process P we have STOP C_o6, P ,  which is also the  case for the  conformance relat ion.  We also have 
a ; STOP C_obs a ; P for any P ,  and more in general,  the  relat ion Eob~ would reflect the  conformance 
relat ion if no external  choices appear  in the  compared  processes. Nevertheless ,  if we consider the  
processes a and a + b, which are related by Er we have a [~obs a + b since the  test  ( a ; w ) +  ( b ; f ; w )  
is passed by the  former  process but  not  by the  lat ter .  More in general,  whenever  we apply a test  like 
T = a ; T~ + b ; Tb, offering several actions tha t  could be executed by the  tes ted  process, it does not  
m a t t e r  whe ther  the  involved choices in this process are ei ther  internal  or external .  As a m a t t e r  of 
fact, and even if tha t  would have no effect in the  definit ion of passing tests,  in [2] the  t ransi t ions  of 
exper imenta l  sys tems are not  labeled. Such decision is justif ied by the  assumpt ion  of tes t ing being 
the  only way to observe the behavior  of the  tes ted process. But  in this case we cannot  conclude 
tha t  the allowance of tests  including external  choices, or more exact ly the s imul taneous  offering of 
several actions, is the  reason for the  too  s t rong power of the  tes t ing mechanism,  and thus tha t  we 
should also forbid this kind of tests.  We cannot  remove those tests, since we need them to conclude, 
for instance, STOP _Cobs a ~ b but  a ~ b (Zobs STOP, reflecting the  fact tha t  the process a ~ b is s tr ict ly 
be t t e r  than  STOP since it is always ready to execute  ei ther a or b. 

In conclusion, in order to get tha t  a is worse than  a + b we need to decrease the  d iscr iminatory  
power of  tests. This  can be done by using the  informat ion about  the  observable act ions executed 
by exper imenta l  systems. This  is why we have not  removed tha t  informat ion when defining the  
computa t ions  of exper imenta l  systems, expressing the fact tha t  passing of tests  is not  the  only way 
to observe the  behavior  of processes. 

For instance,  if  we donsider two processes P1 = a;P, ,+b;Pb and P2 = a;P, ,~b;Pb ,  and apply a test 
T = a;T,, +b;Tb, we obtain,  in bo th  cases, two families of computat ions:  Those  execut ing  ei ther  a or b 

as their  first observable action. But  in the  first case we have P1 ][ T ~ ~ P~ I[ T~ and P1 [[ T 4. ~ Pb [[ Tb, 
while in the  second the  first step is internal,  t ha t  is, P2 [ [T > ) ( a ; P ~ ) [ [ T  ~) P~ [IT~ and 

P2 ][ T > ~ (b; Pb) [IT b ~ Pb ][ Tb. It  is clear that ,  as a l ready remarked before, under  the  classical 
not ion of test ing,  based on the analysis of the  set  of computa t ions  of exper imenta l  systems, to keep 
the  informat ion about  the executed observable actions has no use. This  justifies tha t  they  were 
indeed removed in the original definition in order  to simplify the  definitions. 

If we do not  base our definition of  test  passing in the  analysis of individual  computa t ions  but  
in a more global analysis of the full tree of computa t ions ,  we will be able to not ice the  difference 
between two processes such as PI and P2, when  tes ted with  a test  like T.  As we will detai l  in 
the  following sections~ the idea will be tha t  whenever  we have an external  choice be tween several 
different observable actions in an exper imenta l  system, as it is the case when tes t ing  P1 with  T,  in 
order to pass a tes t  will be enough tha t  the  computa t ions  corresponding with  the  selection of s o m e  
of the offered act ions (in our example,  e i ther  a or b) succeed. 

So we formalize the  idea tha t  the  observer  main ta ins  the control, even after a tes t  is applied, as 
long as external  choices remain,  as it is the  case for P1 in the example  above. T h e n  it is possible 
tha t  the  compu ta t ions  leading to a failure will be avoided when friendly tes t ing a process, and thus 
a test  tha t  is not  passed in the  classic way could be passed in the friendly way. 
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Moreover,  whenever  we find internal  choices in the  exper imenta l  sys tems we will keep the  con- 
di t ion tha t  all t he  computa t ions  must  succeed in order  to pass a test .  This  is why in the example 
above we can find a test  like T such tha t  P1 friendly passes T while P2 does not,  which is not  the 
case under  must  tes t ing  2. 

Al though  we will give a general  definition of friendly tes t ing (in Defini t ion 3.3), which closely 
follows the  classic operat ional  pa t te rn ,  in order  to avoid obscure technical i t ies  we s tar t  by s tudying 
a. par t icular  case. By now, we will jus t  consider finite processes in normal  form.  Tests  will be jus t  
processes over the  a lphabet  A c t  U (w).  Following the  ideas tha t  were discussed above, the internal  
act ion 1 is removed from the  a lphabet  of tests. For the same reason as for processes, by now we 
will consider a res t r ic ted version of tests:  those finite determinis t ic  tests  wi th  acceptance actions 
at  the  end of  any trace. Later,  we wilt show tha t  this family of  de terminis t ic  tes ts  is a basis for 
the  full family of  tests,  in the  sense tha t  whenever  two processes are  not  fr iendly equivalent  then  
there  exists a de terminis t ic  test  dist inguishing them.  Thus,  determinist ic  tests are  defined by the 
grammar :  

D T  ::---- w ] ~ a ; D T  

aEACAct 
In Fig.1 we give a graphical  representat ion of normal  forms and determinis t ic  tests.  

P 

+ + 

(a) Normal forms. 

T 
+ 

(b) Deterministic tests. 

PIIT 

Fig.1 

S "'" 

~ c.1\  " ~ x  

(c) P fr T. 

D e f i n i t i o n  3.1.  Given a normal  form process P and a determinist ic test T ,  we say that P 
friendly passes T,  denoted P fr T,  i f f  one of  the following conditions holds: 

1. T----~.  
2. P = ~ A e A  PA, and for  each A E A ,  P A f r  T .  

3. P = ~-~eA  (a ; P~), T = ~ b ~ s ( b ;  Tb ), and there exist some a e A n B such that P~ fr To. 
Note  tha t  this recursive definition is well founded because we only consider  finite tests. 
Let  us note  tha t  the first two cases of this definit ion are equivalent  to those of classical must  

test ing.  T h e  differences appear  in the  last case. If  we are test ing a generalized ex te rna l  choice, and 
the  test  offers several actions in tha t  choice, then  we do not impose tha t  all possible computa t ions  
must  succeed; on the contrary, we only impose tha t  the computa t ions  s ta r t ing  wi th  one of the  
(common)  offered actions succeed. In F ig . l (c )  we i l lustrate this definition. In order  to friendly pass 
the  test ,  it is enough tha t  all computa t ions  obta ined  by following the arrows succeed. 

A l though  we are more interested in the  (good) propert ies  of  the  induced semant ics  than  in an 
intui t ive jus t i f icat ion of our not ion  of test ing,  we will t ry  to just i fy  the defini t ion by itself. The  
existential  quant i f icat ion in the  th i rd  case of the  definition represents the  fact t ha t  the  observer 
mainta ins  the  control  to select the  act ion tha t  will be executed in order to pass the  test ,  f rom the  

2It is clear that Px and P2 can be distinguished under plain must testing by a test like a ; ~. In fact, 
if this would not be the case, they could neither be distinguished under friendly testing. However, it is 
interesting to observe that P1 and P2 cannot be distinguished under must testing by a test like T that offers 
both a and b; on the contrary, under friendly testing we are able to distinguish P1 and P2 by such a test. 
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set of actions that  are offered for both the tested process and the test. This is the same that is 
done in the definition of may testing. Nevertheless, under our notion of friendly testing it is not 
sufficient to have a single successful computation. We need a full set of successful computations 
corresponding to the adequate selection of an action among the common set of offered actions for 
both the tested process and the test, whenever we find an external choice during the application 
of the test. We could say that  friendly testing is a compromise between may  aod must  semantics: 
external choices are tested in a may way, while internal choices are tested in a mus t  way. 

The reader could think this new notion of passing tests is much more involved than the classic 
one, but we advocate that  this is not the case, at least for normal form processes. As a mat ter  of fact, 
a recursive definition of the classical notion of must test passing for normal form processes can be 
obtained from our definition of friendly test passing, just by changing the existential quantification 
in the third condition of Definition 3.1 by a universal quantification. Of course, it is true that the 
original definition is more natural and easily understandable, mainly because it is not a recursive 
definition. But, in order to check if a test is passed, we ~aave to explore the full set of computations 
of the corresponding experimental system. 

One could insist on the fact that  to impose that  all the computations have to be successful is 
simpler than to check our (apparently) more complicated condition, but this is not the case. In order 
to check any of these notions we must (in the worst case) explore the full tree of computations. More 
exactly, we have to evaluate a Boolean expression whose structure is analogous to that  of the tested 
normal form process. In the must testing case we have A as connective in all the internal nodes 
of the tree expression, while in our friendly framework we have A for the nodes that  correspond to 
internal choices, and V for those corresponding to the external choice operator. So, even if we will 
not give any formal proof for it, we claim that  the computational complexity of testing is the same 
in the must and friendly frameworks: sometimes to check must testing will be faster (when the test 
fails), and sometimes it is faster to check friendly testing (when the test is successfully passed). 

3.1 Friendly Testing for Arb i t r a ry  Finite Processes and Tests 

In this section we consider arbitrary finite processes and tests. First, we introduce some auxiliary 
concepts for the definition of friendly testing. 

D e f i n i t i o n  3.2. Let P be a process. 
�9 We say that P is stable i f f  P > />. Moreover, given a test T we say that a configuration P IIT 

is stable i f f  P II T > ,6. 

�9 Given an action a E A c t  such that P =~., we define the process P after the execution of the 
action a, denoted by P / a ,  as P / a  = ~ { P '  [ P :=~ P ' } .  

D e f i n i t i o n  3.3 ( F r i e n d l y  T e s t  Pas s ing ) .  Given a process P and a test T ,  we say that P 
friendly passes T,  writ ten P fr T,  i f  the following conditions hold: 

�9 I f  P [I T is stable, then either T - - ~ ,  or there exists some a E A c t  such that P I[ T ~ ~ and 
(P/a) fr (T/a). 

�9 I f  P I IT is not  stable, then for  each P ' ,  T '  such that P II T > >* P '  IIT' and both P '  and T '  
are stable we have that either T '  ~ > , or there exists some a E A c t  such that P '  H T '  a) and 
( P / a )  fr (T /a ) .  

Let us discuss why the second condition in the previous definition is more complicated than it 
could be expected. Frist we were (erroneously) working with the following condition: 

I f  P I IT  is not  stable, then there exist some processes P ' ,  T ' ,  and a E A c t  such that 
F L I T >  > * P ' I I T '  ,,~ ~ , and either T ~ or P '  / a f r T ' / a .  

But if we have, for instance, P1 = (a ; c) + b, P2 = a + (b ;c) and T = (a ; c) + (b; c), then under 
this alternative definition P1 $ P2 would pass the test T. But this should not be the case, since if 
we consider the Hennessy normal form P of P1 �9 P2, we get P = (a ; (STOP @ c)) + (b ; (STOP ~ c)) 
which verifies P ~ PI $ P2, and so P should be friendly equivalent to P1 �9 P2, since we expect our 
friendly testing preorder to be weaker than the existing must testing preorder. But that  cannot be 
the case, since P does not pass T. The problem comes from the fact that  the continuations after a 
and b in P1 and P2 are not the same. One can see that  our present definition solves the problem, 
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since t he  possible  c o n t i n u a t i o n s  af te r  the  execu t ion  of some ac t ion  are  p u t  t o g e t h e r  in t he  adequa t e  
way w h e n  we consider  P/a  ( and  T/a)  i n s t ead  of j u s t  P ' / a  ( and  T' /a) .  

I t  is easy to  check t h a t  the  general  def ini t ion is a n  ex tens ion  of t h e  one for no rma l  forms 
(Def in i t ion  3.1). 

P r o p o s i t i o n  3 .4 .  Let P be a normal form process and T a deterministic test. We have P fr T 
under Definition 3.1 iff P fr T under Definition 3.3. 

Proof. By s t r u c t u r a l  i nduc t ion  over P :  
�9 If  we consider  P = STOP ---- ~ r  PC, where  PC = ~-~,ec P~'  i t  is obv ious  t h a t  u n d e r  b o t h  

def ini t ions ,  for any  de t e rmin i s t i c  t es t  T we have P fr T r T = w. 
�9 Le t  P = ~ A e . 4  PA. U n d e r  Def ini t ion 3.1 we have  P fr T i f f  T = w or for any  A E ,4, PAfr  T; 

while  u n d e r  Def in i t ion  3.3, s ince P is no t  s t ab le  and  T is, we have P f r  T i f f  T = w or T = ~b~B  b;Tb 
a n d  for each  A E A the re  exists  some a E A N B  such t h a t  P/ a  fr T/a .  B u t  T / a  = T~ and  P/ a  = P~, 
and  since each PA is an  in i t ia l  de t e rmin i s t i c  process,  we have u n d e r  Def in i t ion  3.1 PA fr T i f f  the re  
exists  some a E A N B such  t h a t  P~ fr T, .  

�9 P = ~-~,eA a ; Pa. T h e n  u n d e r  Def in i t ion  3.1 we have  P fr T i f f  T = w or T = ~-~bes T~ and  
t h e r e  exists  a E A N B such  t h a t  P~ fr T~; while u n d e r  Def in i t ion  3.3 we have  P fr T i f f  T = w or 
T = ~ b e B  b ; Tb a n d  the re  exists  a E A N B such  t h a t  P/a  fr T/a .  B u t  obvious ly  P/a  = Pa and  
T / a  = T~, a n d  t h e n  t he  equiva lence  be tween  b o t h  def in i t ions  follows. O 

As usual ,  fr induces  a p reorde r  r e l a t ion  be tween  processes:  
D e f i n i t i o n  3 .5 .  Let P~ Q be processes. We write P E_fr Q iff for any test T we have P fr T 

implies Q fr T. Moreover, we write P ~'~r Q iff P Ef~ Q and Q E f~ P.  
Nex t  we p resen t  some s imple  p rope r t i e s  of the  f r iendly t e s t i ng  preorder :  
P r o p o s i t i o n  3 .6 .  Let P, P1, P2 be processes, and T, Ti,T2 be tests. Then, the following prop- 

erties hold: 
1. P f r w .  
2. I f  Pi,P2 are stable, and { a l P 1  ~ > } N {b I P2 b r } = r then for any test T we have 

Pi  + P 2  f r T  iffP1 f r T  orP2 f r T .  
Proof. 
1. Trivial .  
2. Since b o t h  P1 and  P2 are s table ,  for i E (1,  2)  we have 

P~ f r T  q---4- V T' stable T > ~* T' : 
T'  ~ ~ or 

3 a  E A c t  : P~ ~ ~ , T' ~ ~ a n d  Pi/a fr T/a,  

and  t he  s ame  is t rue  for P1 q- / '2 .  B u t  (P i  § P~) II T ~ ~ iff P~ [] T ~ > or P2 ][ T ~ >, and  since 
t he  offerings of P i  and  P~ are disjoint ,  we have t h a t  t he  d i s junc t ion  in t he  cha r ac t e r i z a t i on  above  
is s t r i c t  a n d  if  we take  i E {1, 2} such t h a t  P~ ~ ~ we have  (Pi + P2)/a = P~/a. A n d  f rom all these  
facts  we conc lude  the  des i red  equivalence.  [] 

P r o p o s i t i o n  3 .7 .  Let P and Q be processes. We have: 

1. P $ Q E f ~ P .  

2. I f  S (P)  N S(Q) = r then P E_f~ P § Q. 

3. I f  S (P)  N S(Q) = r then P @ (P-b Q) ~f~ P. 

Proof. 
1. Let  us  consider  a t e s t  T such t h a t  P ~ Q fr T.  We will prove by  i n d u c t i o n  on  t he  d e p t h  3 of 

T t h a t  P @ Q fr T implies P fr T.  If  t he  d e p t h  of T is 1 the  resu l t  is t r iv ia l  s ince t h e n  P $ Q fr T 
implies  t h a t  VT'  : T > ~* T' we get T '  ~ ) .  So let us  suppose  t h a t  i ts  d e p t h  is g rea te r  t h a n  1. 
Le t  us  cons ide r  T '  and  P '  s t ab le  such t h a t  P If T > >* P '  [[ T ' ,  we m u s t  show t h a t  e i t he r  T '  ~ ~ or 
there exists some action a such that P' i tT'  ~ > and P / a  fr T/a.  A s P ~ g Q >  >* P' and P ~ Q  fr T, 
we have  e i t h e r  T '  ~ ) or t he re  exists  some ac t ion  a such t h a t  P '  ][ T '  - - ~  a n d  (P @ Q)/a  fr T/a.  

3The dep th  of a process P (or a test  T) is the length of its longest trace. 



540 J.  of  Comput .  Sci. & Technol.  Vol.13 

I f  a f~ S(Q) then (P (9 Q)/a = Pin and the  result  is immedia te ;  otherwise (P (9 Q)/a = P/a (9 Q/a, 
and we get the  result  by applying the  induct ion hypothesis  because P/a (9 Q/a fr T/a. 

2. Let  us take a tes t  T such tha t  P fr T,  and prove P + Q fr T. Let  T ' ,  p I  and QI stable such 
tha t  ( P  + Q) I I r  >--~" (p '  + Q') II T '  As P > >" P '  and P fr T we have e i ther  T' ~ ) or there 
exists some action a such tha t  P' IIT' ~ ) and P/a fr T/a.  And  applying S(P) n S(Q) = a5 we 
obta in  (P + Q)/a = P/a, and then the result  is immediate .  

3. F rom i tem 1 it is enough to prove P _Err P (9 (P  + Q). Let  T be a tes t  such tha t  P fr T, we 
must  show tha t  P (9 (t5 + Q) fr T.  Let  R and T '  s table such tha t  P @ ( P  �9 Q) tl T > )" R I I r ' .  
As e i ther  P ( 9 ( P + Q )  > ) P or P ( 9 ( P + Q )  > ~ P + Q ,  we have tha t  e i ther  there exists P '  
s table such tha t  P > .'* P~ and R = P ' ,  or there exist P "  and Q~ stable such tha t  P > ~* P ' ,  
Q:>----~* Q ' a n d R = P " + Q ' .  Now we h a v e P  f r T ,  P ] I T >  )* P " ] I T ' , a n d P I l T >  ~* P ' H T ' ,  
f rom which we conclude tha t  we have ei ther T ~ ~)  or there  exist some act ions b, b' E A c t  such 

tha t  P '  11T' s ) wi th  P/b fr T/b and P" II T' ~'~ with P/b' fr T/b'. T h e n  tak ing  a = b whenever  
R =  P '  a n d a = b  ~ i f R = P ' ' + Q ' , w e o b t a i n  R ~ .  Now we can conclude,  since a ~S(Q)  and 
therefore  (P (9 (P + Q))/a = P/a. [] 

C o r o l l a r y  3 .8 .  Let a, b E A c t ,  we have: 
1. a ~ f ~ a + b .  
2. a (9 (a+b)  r"fra+b. 
3. a (9 (b; c) Err (a + b). Nevertheless (a ; c) (9 (b ; c) [Zf~ (a + b). 
4. a O ( a + b ) ~ f ~ a .  
Proof. Only the  second par t  of i tem 3 is not  immedia te  consequence of Propos i t ion  3.7. To 

prove it we jus t  apply the test  T = (a ; c ; w) + (b ; c ; w). I t  is easy to check tha t  (a ; c) (9 (b ; c) fr T 
bu t  we do not  have (a + b) fr T.  [] 

R e m a r k .  It  is impor tan t  to note  tha t  we do not  have ( P f r T a n d  Q f r T )  ==~ P ( g Q f r T .  
Let  us consider P = a ; c + b , Q = a ; d a n d T = b ; c o + a ; d ; c o .  Then  we have 

P f r T :  P b ) ,  T - ~  
P/b = STOP, T/b ---- w, and STOP fr w 

Q f r T :  Q ~ ) ,  T 4 ;  

Q/a -- d, T /a  = dw, and d fr dw 
- , ( P ( g Q f r T ) :  P @ Q >  ~ P, P ~ 

P / a - - c ( g d ,  T / a = d ; w  
c ( g d >  ) c ,  but  we have not c f r d w  

This  is a new s ta tement  of the reason why in the  second clause of Definit ion 3.3 we had to take 
the  "global" cont inuat ions  P/a and T/a, instead of the "local" ones P'/a and T'/a.  

Next  we present  the relat ion between friendly and must  test  passing: 
P r o p o s i t i o n  3.9.  Let P and Q be processes and T be a (finite) 4 test. We have: 
1. If  P must T then P fr T. 
2. P E m ~ , Q  ==* P E f r Q .  
Proof. 
1. We need only prove tha t  must  test  passing can be recursivety character ized by means of 

t he  defini t ion of  friendly test  passing, where the  existential  quantif icat ion in t he  second clause is 
subs t i tu ted  by an universal quantif icat ion.  We observe tha t  whenever  P [[ T is s table its set of 
comple te  computa t ions  can be defined by 

{ F I l T e R " l I T " [  3a:  P[[T  ~) P/a[IT/a=gc. P"[ IT"  } 

If  P I IT is not  s table  we have tha t  the set of complete  computa t ions  of P H T is equal  to 

{ P I ] T ~ P " ] [ T "  I~P ' ,T ' s t ab l e :  PHT~-'~ ~ * P ' I I T ' ~ P " I I T " }  

4 Although plain testing is defined for arbitrary tests, here we will only consider finite tests, since friendly 
testing has only been defined (in this paper) for finite tests. Moreover, as it is well known, in the must case 
finite tests have the same discriminatory power as the full family of tests (this will be needed when proving 
the second part of this proposition). 
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a n d  since each P' 1[ T' is s t ab le  we can  apply  t he  cha r ac t e r i z a t i on  above  to o b t a i n  t h a t  the  set  of 
c o m p u t a t i o n s  of P [I T is 

{P IIT ~ P" II T"I 9 P', T' stable: 
P I [ T >  ~* P ' I IT '  ~) P / a l t T / a ~ P ' t t T " }  U 

{ P ] [ T >  ~ P '[ IT ' [  P ' ,T 's table ,  V a E A c t :  P ' ] I T '  ~/)} 

If  we now comp ar e  th i s  set  w i t h  t he  explored  by  t he  recursive cha rac t e r i za t i on ,  we observe t h a t  the  
on ly  difference is t h a t  P/a a n d  T/a  are used in s t ead  of P' /a  a n d  T'/a.  B u t  P/a = ~ { P " [  P = ~  
P " }  a n d  t he  s ame  is t rue  for T/a. T h e n  we have  t h a t  the  set of c o m p u t a t i o n s  of P/a [] T/a is t he  
u n i o n  of those  of t he  sys tems  P" H T ' ,  and  we have  

{P"][T"] P ~ P", T ~ T " } =  
{ P" [I T" I 3 P', T' : P >  )* P', T >--+ * T', P', T'  s tab le  

p, a ) , T' a ~ , p '  / a > >* P" , T' / a > )" T" } 

a n d  t h e n  by  induc t ion  on t he  d e p t h  of P we get  t he  desired resul t .  
2. I t  will be  p roved  by app ly ing  t he  a l t e rna t ive  cha rac t e r i za t i on  to  be  developed a t  the  following 

sect ion.  O 

Conc lud ing  th i s  sect ion we p resen t  a resu l t  showing  t h a t  d e t e r m i n i s t i c  t e s t s  c o n s t i t u t e  indeed 
a set  of essential tests .  

L e m m a  3 .10 .  For any process P and test T we have P [r T i f f  P fr T ,  where T is the normal 
form of T with respect to. the must semantics. 

Proof. By induc t i on  on  the  d e p t h  of T.  
�9 depth(T) = 1  we can  d i s t ingu i sh  two cases: 

- BT' s t ab le  : T >---+* T ' such  t h a t  T t "~/). T h e n  it is c lear  t h a t  P f r T  for no process P .  
Besides  we have  e i the r  T = STOP or T = $TBP 6B T" for some process  T", and  in b o t h  cases there  is 
no process  P such  t h a t  T > >" STOP, and  t hus  P {r T.  

- V T  ~ s t a b l e : T > - - ~ "  T ' ==~ T ~ ~>.  T h e n  it is clear t h a t  P f r T f o r a n y p r o c e s s P .  In  th is  
case T -= ~ A e A  ~--]~eA a and  for any A E .4 we have  w E A, the re fo re  for any  process  P we have 

P f r T .  
�9 Now let  us  suppose  t h a t  depth(T) >1  a n d  P fr T .  Let  us take  P~ and  T '  s t ab l e  such t h a t  

P 11T > >* P '  ]] T ' .  Since T = ~ A E . A  E a C A  a "~ Ta w e  have T '  = ~ , ~ A  a ; T= for some  A e A. 
By  t he  p rope r t i e s  of n o r m a l  forms we have  t h a t  t he re  exists  T "  s t a b l e  such t h a t  T > >* T "  and  
S ( T ' )  C A. As P fr T we have  t h a t  e i the r  T "  - ~  or the re  exis ts  some ac t ion  a E A c t  such  
t h a t  P '  [[ T" ~ > and  P/a  fr T/a. In the  first case we immed ia t e ly  get the  result ,  because  w E A; 
while  in the  second one, we get  t h e  resul t  by app ly ing  t he  i n d u c t i o n  hypothes is ,  s ince a E A a n d  
T/a  = T/a. 

L e m m a  3 .11 .  For any process P and any normal form test T = ~ A E A  Ea<A a ; Ta we have 
P fr T if f for any A E .4 we have P fr TA where TA = ~ e A a ; T ~ -  

Proof. W e  have  t h a t  P fr T i f f  for all P', T' s t ab l e  such  t h a t  P II T > > P '  II T '  we have e~ther 
T '  ~ or t h e r e  e x i s t s a s u c h t h a t P ' ] l T '  > a n d P / a f r T / a .  B u t  { T ' I T >  ~* T , T  s t a b l e } =  
{TA[ A E A}  f rom which  we immed ia t e ly  conc lude  the  desired equivalence.  [] 

C o r o l l a r y  3 .12 .  Let P,Q be processes. We have P E_f~ Q iff for any deterministic test T, 
P fr T implies Q fr T.  

Proof. W e  need  only prove the  r ight  to  left impl ica t ion .  We have  to see t h a t  for any  t e s t  T we 
have  P fr T impl ies  Q fr T.  By app ly ing  L e m m a  3.10 it is enough  to prove it for n o r m a l  form tests .  
We  wilt p rove  t h a t  i t  is indeed  t h e  case by  i n d u c t i o n  on  t h e  d e p t h  of  T. If  depth(T) = 1  t h e n  we ha-r 
T = w a n d  t h e  resu l t  is immedia te .  Let  T = ~ A e . 4  ~ e ~ t  a;T,.  By app ly ing  L e m m a  3.11 we have 

t h a t  for a n y A E A ,  t a k i n g T A  = ~ e A a ; T ~ , w e h a v e P f r T A a n d ( Q  f r T  r  V A E A Q  f rTA) .  
T h u s  we have  to see t h a t  P ft TA implies Q fr TA. For it, we app ly  the  def in i t ion of fr iendly tes t  
pass ing  to  o b t a i n  t h a t  for any  P~ s tab le  such  t h a t  P > ~" P '  t he re  exist  a E A a n d  a process  
P" wi th  P' ~ ~ P", such t h a t  P/a fr T~. Now if for any  de te rmin i s t i c  tes t  T such t h a t  P/a fr T 
we consider  t h e  t e s t  T ~ = a ; T we have  t h a t  P fr T ~ and  thus  Q fr T ~, f rom which  we conclude 
Q/a fr T.  T h u s  we can  apply  t he  i nduc t i on  hypo thes i s  to  the  processes  P/a and  Q/a, and  since 
depth(T~) < depth(T) and  P/a  fr T~ we o b t a i n  Q/a fr T~, and  therefore  Q fr T.  [] 
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4 Alternative Characterization of Friendly Testing 
In this section we provide an a l te rna t ive  character iza t ion  of the  friendly tes t ing preorder  defined 

in Definit ion 3.5. This  character iza t ion is based on a modif icat ion of  the  not ion of  acceptance  sets [2] 
called friendly acceptance sets. The  last result  of the  previous section will be very helpful in order  
to prove tha t  the  preorder  induced by the  a l te rna t ive  character iza t ion  is equivalent  to Err. 

D e f i n i t i o n  4 .1 .  Let P be a process..We define the friendly acceptance sets of P as: 

~ ( P ) = { A E A ( P , e ) I ~ A '  E A ( P , e ) :  A ' C A }  

Note  tha t  we have defined friendly acceptance sets of  a process only for the  emp ty  trace;  friendly 
acceptance  sets for each trace s -- a l , .  �9 �9 a,, could be  defined as the  friendly acceptance  sets of the 
process ( (P/a l ) /a2) '" /a ,~ .  By compar ing  the  friendly acceptance sets of processes we can obta in  
a new preorder.  This  preorder  is defined by adap t ing  the preorder  for acceptance sets to the new 
set t ing.  

D e f i n i t i o n  4 .2 .  Let P,P~ be processes. We write P <<fr P '  iff for all A' E 3c(P ') there exists 
A E ~ ( P )  such that A C A', and for all a e A, P /a  <<fr P'/a.  

Note  tha t  an equivalent  definit ion could be  obta ined  by subs t i tu t ing  3c(P) and ~ ' ( P ' )  by .A(P, e) 
and . 4 (P ' ,  e), but  we prefer to present  the  new no ta t ion  to stress the  fact tha t  only min imal  (thus 
friendly) acceptance  sets play a role in the charac ter iza t ion  of our friendly tes t ing semantics ,  while 
for must  tes t ing bo th  minimal  and maximal  ones, or  equivalent ly all the  sets in the  convex closure, 
have to be taken into account.  

Now we present  the main result  of  this paper ,  where we prove tha t  the  preorders  Err and <<fr 
coincide. We consider  separately the  two inclusions. 

T h e o r e m  4.3 .  Let P, P' be processes. Then P E_f~ P' implies P <<f~ P ' .  
Proof. The  p roof  will be done by the  contraposi t ive ,  and by s t ruc tura l  induct ion over processes. 

So let us suppose P~d.f~P'. Then,  there  exists A '  E 5 r (P  ')  such that  some of the following condit ions 
hold: 5 

�9 V A E ~ - ( P ) :  A~ZA',or 

�9 vA 7(P): (AcA'  3aAEA: P/aAC<f P'/a ). 
In the  first case we const ruct  a set S including for each A E .T(P) one action in A - A' .  Then,  if 
we consider  the determinis t ic  test  T ---- ~ s  a ; w, we get P fr T bu t  we do not  have PC fr T.  

In the second case, by applying the  induct ion hypothesis  we can assume tha t  for each A C A r 
there  exists a test  Ta A such tha t  P/aA fr TaA, but  P'/aA does not. Besides, for each A"  E ~ ' (P )  
such tha t  A"  g A ~ we take aAH E A" -- A ~, and we consider the determinis t ic  test  

T =  ~ aA;Taa+ ~ aA,,;W 
A C A' A" ~ A' 
A e .~'(P) A" E Y(P) 

It  is easy to check tha t  P fr T but  we do not  have P~ fr T,  since each P~/aA does not  friendly pass 
the  test  T~ A . [] 

T h e o r e m  4.4 .  Let P, P~ be processes. Then P <<f~ P' implies P E_f, P~. 
Proof. Let T be a determinis t ic  test  such tha t  P fr T. We prove by induct ion on the  depth  of 

T tha t  P~ fr T. 
If  depth(T) =1 then  T = w and the  result  is tr ivial .  Otherwise T = ~-~el  a~ ; T{. Then,  in order 

to check tha t  P~ fr T we have to show tha t  for each A' E .A(P', e) there  exists some a '  E A'  with 
a ~ = ai,  for some i E I,  and such tha t  P/a'  fr Ti. Given tha t  for any A t E , 4 (P ' ,  e) there  exists 
A" E Jr(P') such tha t  A" C_ A', it is enough to prove the  previous proper ty  for the sets in 3c(P') .  

Since P <<f~ P', we have tha t  for any A '  E 5 r (P  ')  there  exists A E 5v(P) with A _C A '  such tha t  
for all a E A : P/a  <<f, P~/a. By applying the  hypothesis  of the theorem we have P fr T,  and thus 
there  exists a E A, wi th  a --- a{ for some i E I ,  such tha t  P/a  fr Ti. T h e n  we can take a '  ---- a = al, 
and by applying the  induct ion hypothesis  we obta in  P~/a ~ fr T~, and thus we conclude P~ fr T.  

5The first case is just a particular case of the second, but we think that by considering first that particular 
case we contribute to make the proof more easily understandable. 
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Note tha t  in the  previous two theorems we have used tha t  de terminis t ic  tests have the same 
discr iminatory  power as the  whole family of tests  (Corol lary 3.12). The  combina t ion  of the previous 
results gives us the  final result.  

C o r o l l a r y  4.5.  Let P , P '  be processes. Then P <<fr P '  4==# P Err P'. 
It  is interest ing to note  the close relat ionship between the a l te rna t ive  character izat ion of the  

must  tes t ing semantics  (based on acceptance sets) and tha t  of fr iendly tes t ing semantics.  We begin 
by presenting an a l ternat ive  character izat ion of the  former der ived from tha t  of friendly testing. 

D e f i n i t i o n  4.6.  We write P ( ( '  P'  iff the following conditions hold: 
�9 V A ' E . T ( P ' ) 3 A E Y = ( P ) : A C A '  A V a E A ' :  P /a<<'P ' /a ,  
�9 S (P)  D S(P' ) ,  and 
�9 V a E S ( P ' ) :  P /a<<'P ' /a .  
It  is clear tha t  the second conjunct  of the first clause is r edundant  wi th  the  third clause, but  

we present  the  character iza t ion in this way in order  to obta in  a formulat ion as close as possible to 
the  character iza t ion of our  friendly semantics.  Next  we prove tha t  <<' indeed characterizes classical 
must  tes t ing equivalence. 

T h e o r e m  4.7.  Let P, P '  be processes. Then, P E_ P'  iff P <<' P'. 
Proof. It  is enough to prove 

P<<'P '  ~ VA'  E A ( P ' , s )  S A E A ( P , s ) :  A C A '  

T h e  left to right implicat ion is s t ra ightforward by induct ion over the length of s. For the right to 
left impl icat ion it is enough to note 

A E .A(P/a , s )  ~ A E.A(P, as) [] 
This means  tha t  the difference between must  and friendly test ing,  when compar ing  two processes 

P and P ' ,  comes from the  more restr ict ive condit ions in the character iza t ion above. Thus,  if 
P ___fr P '  but  P ~= P'  we have either: 

1. We can satisfy the character izat ion of the  friendly tes t ing preorder,  tha t  means we have 
VA" E yr(p,)  3A,~ E ix(p)  : A~ C A" A Va E A,, : P /a  <<r~ P' /a ,  but  anyhow we take the  

sets A,~ satisfying the previous condition, there  exists some a E ( U ~ = ( p , ) A ' )  - ( U  A,~) such tha t  

P/a  ~(' P ' /a .  

Example. P -= a @ (b ; e), P'  = a + b. P/b  -~ c, P ' /b  = STOP. So, we have P/b  ~(' P'/b. Note tha t  
P/b ~-.fr P'/b,  but  even so P ___fr P ' .  

2. s(P) ~ s(P'). 

Example. P = a, P'  = a + b. 
3. 3a E (S(P ' )  - Uy(P)  A ' ) :  P/a  ~(' P ' /a .  

Example. P = a (9 (b ; c), P'  = a �9 (a + b). Rib = c, P'  /b = STOP. 
It  is easy to check tha t  case 2 can be considered as a par t icular  case of the o ther  two cases, and 
several of these cases can be presented at the  same t ime when compar ing a pair  of processes. Then ,  
we can say t h a t  the s t ronger  power of must  tes t ing comes from the  possibili ty to check (and to 
punish for it) traces, as well as the cont inuat ions after those actions tha t  are not  informative for 
fr iendly test ing.  

As an immedia te  consequence we obta in  the  proof  of Proposi t ion 3.9 i tem 2. 
C o r o l l a r y  4.8.  P E~u,t Q ~ P E_f, Q. 
Proof. By a s t ra ightforward induct ion on the dep th  of P and Q we prove P<<' P'  implies P<<rrQ 

because the first condi t ion in Definition 4.2 is weaker than  the first condit ion in Definit ion 4.6. T h e n  
we need only apply Theo rem 4.7 and Corol lary 4.5 to conclude. [] 

5 Conclusions and Forthcoming Work 

Curren t ly  we are developing a full theory of friendly test ing similar to tha t  for classical test ing [21 . 
So we have ex tended  our definition to cover recursive processes and provided bo th  a denota t iona l  
mode l  and a comple te  axiomatizat ion.  In order  to ob ta in  both we have found an impor tan t  technical  
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problem: Friendly testing equivalence is not substitutive for arbitrary contexts. More exactly, we 
have realized that C r~ is not a precongruence with respect to the external choice operator, as the 
following example shows: 

STOP ~ (b; P) ~r, STOP 
(STOP (3 b ; P) + (b ; Q) ~r, b ; (P  + Q) ~f~ b ; P 

The problem disappears if there are no interferences between the offerings of the two involved 
processes. 

Unfortunately, recently we have discovered that the situation is even worse: _Err is not a precon- 
gruence with respect to the internal choice operator. We have long been working on the basis that  
the internal choice operator preserved the relation _Or,, and in [6] we indeed based the denotational 
model and the complete axiomatization on this erroneous fact. The reason for this misunderstand- 
ing was that even if we noticed that  we needed a more elaborate definition for the friendly passing 
of tests (see the discussion after Definition 3.3) we have been informally reasoning with the old 
definition, under which ~f~ would be clearly a precongruence with respect to the internal choice 
operator. But under the revised definition this is no more the case, as the following example shows. 

On the one hand we have: 
a;P~(a;P +b;Q)~rra;P 

We also have 

(a;P~(a;P +b;Q))Gb;Q'~r~(a;P~(a;P +b;Q))~b;(QGQ') 

We have that  the last process is also equivalent to a ; P $ b ; (Q ~ Q'),  but this process is not 
equivalent to a ; P $ b ; Q', so we finally get 

(a;P~(a;P +b;Q))$b;Q'~fir~a;P~b;Q' 

Therefore the situation is similar to that  for the external choice operator, but there is a subtle 
difference: In order to obtain a counterexample we need to consider a process not offering the empty 
set, since for any process P we have STOP~P~r~ STOP. So we have found that STOP is a singularity 
of our friendly testing theory. 

Concerning the denotational semantics, it is obvious that  we cannot obtain a fully abstract 
model, since friendly testing equivalence is not substitutive. At most we could obtain such a model 
for the weakest precongruence Ef,~.t stronger than Cf~. We have defined such a model, which is 
obtained from the model of acceptance trees characterizing must testing semantics, by closing in 
the adequate way the set of states labeling all the nodes of the tree but their roots. 

To get the axiomatization for both ~_f,~,t and Err we have seen that it is not possible anymore 
to obtain an isolated axiomatization of these relations. Instead we have a two-levels axiomatization, 
including the axiomatization of the must equivalence ~ , t .  Then, to get a sound and complete 
axiomatization of U fre.t we need only to add the rules 

P ~ Q ( F R E X T )  a; STOP _<frext a; (STOP ~ P) ( S T R )  p <rr~t Q ' 

In order to axiomatize Err we add instead the rules 

P <- Q (FI~) Va e UA~.4 A :  Pa _<rr Q~ 

( S T R )  P<_frQ'  ~Ae.4~-~eA(a;P~)<_rr~aeA~eAUA,(a;Q~) 

Rule ( S T R )  expresses the fact that  the must testing preorder is stronger than the friendly one, while 
by applying Rule (FlCt) we obtain the friendly closure capturing the notion of friendly acceptance 
sets. 

Thus we have seen tha~ friendly testing is a smooth version of must testing. More exactly the 
induced testing preorder is weaker than the ordinary must preorder, and this is how the desired 
behavior as a nice conformance relation is obtained. 
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We have explored in detail the relationship between the conformance relation and our friendly 
testing in [4]. There we have proved that ~rr is equal to E~onr , which is the transitive closure of 
E-coat [~1, and thus the strongest order relation weaker than _Er 
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