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ABSTRACT 
Model  Checking has become one of the most  powerful meth-  
ods for au toma t i c  verification of software systems.  How- 
ever it  is widely accepted  t ha t  this  technique is only usable  
when the  behavior  of the  sys tem to be analyzed  is given by 
small  models,  in order  to avoid the  s t a t e  explosion problem.  
The  paper  presents  oSPIN, an XML-based tool  for ob ta in ing  
abs t rac t  versions from a given model  wr i t t en  in PHOMELA, 
which can be verified with  the  model  checker SPIN. This  tool  
follows the theoret ica l  basis presented  in [9]. 
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1. INTRODUCTION 
For m a n y  years, verification of software sys tems followed 

the t r ad i t iona l  deduct ive  approach,  where a theorem-proving  
tool could assist in the  debugging task.  But  due to the need 
of ingenui ty  to  obta in  good results,  only a few teams  have 
been able to  apply  this  approach to  industr ia l -scale  software. 
Model Checking has appea red  as a clear opponent  to the  
t r ad i t iona l  verification method ,  pa r t i cu la r ly  in the  develop- 
ment  of rel iable software for concurrent  sys tems [2, 4]. W i t h  
this  technique it is necessary to wri te  two formal  descrip- 
t ions of the  problem. One represents  the  ac tua l  behavior  of 
the  sys tem,  the  current  design, and  it is usual ly called the  
model. The second descr ipt ion represents  the properties the  
model  is expected  to have. P roper t i e s  are main ly  expressed 
wi th  Tempora l  Logic [17], using formulas  such as Et p (~p is 
always t rue") ,  O p ("eventual ly  p will be  t rue")  or pUq ("q 
will be true,  and  p will be t rue  in all the  previous s ta tes") ,  p 
and q being any kind of proposi t ions  or even t empora l  for- 
mulas. Verification usual ly  consists of ensuring t ha t  every 
execution pa th ,  in the  current  design for the  software, meets  
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a pa r t i cu la r  proper ty .  This  task  is carr ied out  au tomat ica l ly  
by generat ing and  analyz ing  all the  potent ia l  (finite) s ta tes  
of the  prograan (exhaust ive  analysis) .  W h e n  required,  the  
tool  produces  the  counter -examples  to de tec t  the  pa ths  tha t  
violate the  proper ty .  

Current  mode l  checking tools  can perform the  analysis 
using an on-the-fl~l method ,  in such a way t ha t  execu- 
t ions are cons t ruc ted  on d e m a n d  (depending on the  for- 
mula)  and the  genera t ion  of m a n y  s ta tes  can be avoided 
in order  to  decide abou t  the  sa t i s fac t ion/non-sa t i s fac t ion  of 
the  formula. However,  real  world sys tems generate as many  
s ta tes  as ana lyzable  wi th  current  technology, thus  produc-  
ing the  state ezplosion problem.  A m o n g  other  techniques, 
abstraction is cur ren t ly  one of the  most  excit ing me thods  
to reduce the  cost of verifying these very complex systems.  
This  m e t h o d  replaces the  original  model  by  a s impler  one 
(an abs t rac t  model)  removing detai ls  which are irrelevant 
for the  p r o p e r t y  to be  checked. 

One of the  most  well-known abs t rac t ion  techniques is ab- 
s t rac t  i n t e rp re t a t ion  [6] which consists of replacing a set of 
concrete values with a given abs t rac t  value, by using the  so- 
called abs t rac t ion  funct ion (usual ly  deno ted  as r,). As one 
abs t rac t  value represents  a set of concrete  values, there  is 
a loss of informat ion t h a t  mus t  be considered when execut-  
ing the  instruct ions.  For example ,  it  is usual for a Boolean 
expression to always r e tu rn  t rue  for a par t icu la r  combina-  
t ion of abs t rac t  values, even if the  value mus t  be false for 
some of the  represented  concrete values. This  is done to 
represent  the  more  general  behavior  for the  concrete values. 
Many  proposals  to  use abs t rac t ions  wi th  model  checking are 
based on this idea  [3, 15, 7, 9, 10]. Most  of these papers  fo- 
cus on the  theore t ica l  basis to  ensure the correctness of the  
abs t rac t ion  (i.e. the  condi t ions  to ensure t ha t  the  results  
in the abs t rac t  model  can be re la ted  to resul ts  in the  ini- 
t ia l  one). In  general,  t hey  do not  focus on implementa t ion  
per formance  or prac t ica l  usabil i ty.  

Despi te  the  po ten t ia l  benefi ts  of abs t rac t ion  as a general  
op t imiza t ion  method ,  it  is only  pract ical  if the  user is as- 
s is ted in choosing the  correct  abs t rac t ion  functions ( the o ' s )  
and  in ob ta in ing  the  final abs t r ac t  model .  The  selection of 
the  abs t rac t ion  funct ions mus t  be driven by the p rope r ty  to  
be verified, in such a way t ha t  the  abs t rac t  model  preserves 
relevant  informat ion  to  check the  proper ty .  Fur thermore ,  
these functions should sat isfy  correctness condit ions,  bu t  it  
is not  desirable to per form the  correctness analysis every 
t ime  they  are employed.  An  addi t iona l  problem is to  f ind 
an au tomat i c  m e t h o d  to ob ta in  the  abs t rac t  code, removing 
the  po ten t ia l  errors in t roduced  by  a h a n d - m a d e  abst ract ion.  
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General ly ,  expensive  i m p l e m e n t a t i o n s  are used,  all of which  
are re la ted  to  an  specific tool.  Th i s  paper  focuses on the  
i m p l e m e n t a t i o n  aspects  of these  topics to o b t a i n  a tool  t h a t  
makes  abs t r ac t ion  a pract ica l  t ask  for users of mode l  check- 
ers. 

Our  work is based  on the  theore t ica l  proposal  given in 
(9], where the  abs t r ac t i on  could be o b t a i n e d  by a source-to-  
source t r a n s f o r m a t i o n  of the  in i t ia l  model ,  in such a way 
t h a t  the  same  mode l  checker could  per form the  verifica- 
t ion task  wi th  the  in i t ia l  a n d  the  abs t rac t  model .  I n  [9] 
we presen t  the  approach  to  per form the  t r a n s f o r m a t i o n  of 
software models  w r i t t e n  in  PROMELA, which is the  i n p u t  lan-  
guage of the mode l  checker SPIN. We  s t u d y  the  condi t ions  
to o b t a i n  correct  abs t rac t ions ,  and  we propose  t h a t  the  ab-  
s t r ac t ion  func t ions  should  be  s tored in  an  abs t r ac t i on  l ib ra ry  
after ana lyz ing  correctness ,  so as to  be  avai lable  for users. 
Th i s  approach  allows the  use of cu r r en t  and  fu tu re  op t imiza-  
t ion  techn iques  i m p l e m e n t e d  by  SP]N, a n d  it  also makes  i t  
possible  to m a i n t a i n  the  new specif icat ion accessible to  the  
u s e r .  

We have i m p l e m e n t e d  t he  tool ~SPIN following the  pro- 
posal  in [9] a n d  us ing  XML (eXtenDible M a r k u p  Language  
[19]) as a n  i n t e r m e d i a t e  l anguage  to pe r fo rm the  P R O M E L A  to  
PROMELA t r a n s f o r m a t i o n ,  and  also to represen t  the  abs t rac-  
t ion  funct ions .  T h e  a b s t r a c t i o n  is ac tua l ly  carr ied out  in  
an  XML r e p r e s e n t a t i o n  of t he  in i t i a l  PKOMELA model .  T h e n ,  
the  abs t r ac t  PROMELA vers ion is genera ted .  Th i s  approach  
provides a n u m b e r  of advantages :  a) T h e  t r a n s f o r m a t i o n  
work requires  an  in tens ive  search for p a t t e r n s  in  the  model ,  
t ak ing  in to  account  no t  on ly  the  syn tax ,  b u t  also the  se- 
man t i c s  of the  e lements .  T h e  work can  be  efficiently done  
wi th  several avai lable  tools and  A P I s  to process XML (see 
[1]); b) XML is clearly su i t ab le  as a c o m m o n  in te rchange  for- 
m a t  among  tools [16]. T h e  r e p r e s e n t a t i o n  of the  PROMELA 
models  wi th  this  l anguage  could be  explo i ted  for o ther  de- 
ve lopmen t  phases,  such as code genera t ion  [5]; c) T h e  con- 
s t r uc t i on  of the  abs t r ac t i on  tool  i n d e p e n d e n t l y  of the  ac- 
t u a l  mode l ing  l anguage  allows the  reuse of mos t  of the  code 
to s u p p o r t  the  s ame  a b s t r a c t i o n  by  t r a n s f o r m a t i o n  scheme 
wi th  o ther  specif icat ion languages  (for ins tance ,  we are p lan-  
n ing  a va r i an t  of the  tool  for SDL following the  proposal  in  
[101). 

The result is that aSPIN maintains compatibility with fu- 
ture versions of PROMELA mad SPIN a~-td also with cttrrent 
extensions such as PSPIN(fur parallel verification) , dSPIN(for 
PROMELA with dynamic structures) and XSPIN/Project (for 
management of verification results) which were presented in 
[8]. D o c u m e n t a t i o n  a n d  cu r r en t  and  fu tu re  versions of r, SPIN 
can be found  at [18]. 

The paper is organized as follows. Section 2 contains some 
preliminary presentations of the SPIN tool and the abstrac- 
tion by transformation method proposed in [9]. Sections 3 
mad 4 are devoted to the design aspects of the XML based 
tool and to the implementation details, respectively. Finally, 
in Section 5, we present some conclusions. 

2. PRELIMINARIES 

2 . 1  S P I N / P R O M E L A  

In  the  las t  few years,  SPIN has become  one of the  mos t  em- 
ployed mode l  checkers in b o t h  academic  a n d  indus t r i a l  areas 
(see [8]). I t  suppor t s  the  ver i f icat ion of usua l  safety proper-  
t ies in. PROMELA models  (like absence  of deadlock)  and  also 

the  analysis  of complex  r e q u i r e m e n t s  expressed wi th  Linear  
T i m e  t e m p o r a l  Logic (LTL).  By defaul t ,  given a LTL for- 
mula ,  SPIN t r ans l a t e s  it  in to  an  a u t o m a t a  t h a t  represents  an  
undes i rab le  b e h a v i o r  (which is c la imed to be  impossible) .  
The n ,  verif icat ion consis ts  of an  exhaus t ive  explora t ion  of 
the  s ta te  space in  search of execut ions  t h a t  satisfy the  au- 
t o m a t a .  If  such an  execu t ion  exists, t h e n  the  tool  repor t s  
it as a c o u n t e r e x a m p l e  for the  proper ty .  If  the mode l  is ex- 
p lored a nd  the  c o u n t e r e x a m p l e  is no t  found,  t h e n  the  model  
satisfies the  LTL p r o p e r t y  (all possible  execut ion  b ranches  
satisfy the  p roper ty ) .  Fo rmulas  t h a t  are satisfied in  all exe- 
cu t ions  are cal led univeraal  t emporal  f o r m u l a s .  

PROMELA is des igned for sys t ems  composed  of concur-  
r en t  processes t h a t  c o m m u n i c a t e  asynchronous ly  (such as 
the  software for d i s t r i b u t e d  sys tems) .  A PKOMELA model  
P ---- Procx][ . . .  ]IProc~, consis ts  of a f ini te  set of concur-  
r en t  processes, global  a n d  local channels ,  and  global a n d  
local  variables.  Processes  c o m m u n i c a t e  via  message-pass ing 
t h r o u g h  channels .  C o m m u n i c a t i o n  m a y  be  a synchronous  
us ing  channe l s  a~ b o u n d e d  buffers, a nd  synchronous  us ing  
channe l s  wi th  size zero. G loba l  channeLs a nd  variables  de- 
t e r mi ne  the  e n v i r o n m e n t  in  which  processes run ,  while local 
channe l s  a n d  var iables  es tab l i sh  t he  in t e rna l  local s ta te  of 
processes. 

PROMELA s y n t a x  is a m i x t u r e  of C and  CSP, as shown in  
Fig  1. Th i s  f igure con ta ins  the  code for a typica l  sy s t em in  
mode l  checking,  the  A B P  protocol ,  which will be  employed  
in Sect ion 3. T h e  A B P  protocol  is des igned to enable  the  
t r a n s m i s s i o n  of d a t a  over an  unre l i ab le  channel .  T h e  error-  
free behavior  of the  pro tocol  consis ts  of abp_sender send ing  
d a t a  message w i th  a cont ro l  b i t  a n d  receiving a reply  mes- 
sage wi th  the  same  bi t .  Con t ro l  b i t s  be tween  abp_senaer 
a nd  abp_rece£ver a l t e r n a t e  for every new data .  O u r  version 
for this  pro tocol  also considers  the process Channel to mode l  
an  unre l i ab le  channe l  be t w e e n  abp_sendar a n d  abp_rocmivez. 
Th i s  process has b e e n  omi t t ed .  T h e  users  of A B P  are the  
processes sender a n d  r ece ive r .  T h e  first one sends  a n u m b e r  
of da ta ,  a nd  the  second  checks the  d a t a  to fred odd  a n d  even 
data .  

Detailed descriptions of SPIN and PROMELA can be found 
in  [12] and [13]. 

2 . 2  A b s t r a c t i n g . P r o m e l a  b y  t r a n s f o r m a t i o n  

In  this sect ion,  we give an  overview of the  proposal  pre- 
sen ted  in  [9]. T h e  a b s t r a c t i o n  scheme is b ~ e d  on  def in ing 
t he  so-called 9eneralized semantics  of PROMELA. Seman-  
tics G e n ( - - ,  effect) : PKOMELA --~ p(Trace )  I associates each 
mode l  M wi th  the  set of t races  G e n ( M ,  eJ~ect), where  Trace  
represents  the set  of possible  mode l  s imula t ions .  F u n c t i o n  
effec£ defines t he  way to  i n t e r p r e t s  PROMELA basic ins t ruc -  
t ions.  Thus ,  if effect P denotes  the  s t a n d a r d  behavior ,  t h e n  
S t d ( M )  = G e n ( M ,  effect P) gives t he  usua l  m e a n i n g  to  each 
mode l  M.  A n  a b s t r a c t  s eman t i c s  S t d ~ ( M )  ---- G e n ( M ,  ej~ect ~) 
is o b t a i n e d  f rom S t d ( M )  by  abs t r ac t  i n t e r p r e t a t i o n  as fol- 
lows: first, we m u s t  abs t r ac t  t he  d o m a i n  of some variables  
b y  m e a n s  of an  a bs t r a c t i on  func t ion ,  usua l ly  deno ted  as ,,, 
a nd  secondly, we m u s t  define a f u n c t i o n  effsct a i n  order to 
give t he  proper  abs t r ac t  m e a n i n g  to  t he  mode l  sentences.  
Correc tness  of the  a b s t r a c t i o n  can  b e  ana lyzed  b y  reason ing  
a b o u t  the  two semant ics .  

Consider  the  s imple  PROMELA mode l  Ai r i l lus t ra ted  in  the  

1In [9], Gen has  ano the r  p a r a m e t e r ,  deno ted  by  test ,  which 
represents  the  execu tab i l i t y  of PROMELA sentences .  
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n t y p s  = { a c k ,  e r r ,  men K , n e x t , a c c e p t } ;  

p r o c t y p e  • b p _ e e n d e r ( c h ~ u  i n ,  c h i n ,  c h o u t ) {  
b y t e  d a t a _ a ;  
b i t  aeq_cut_s ~ O, eeq_ in_s ;  

do 
: :  i n  T n e x t ( d a t a _ e )  ->  

do 
: : c h e e r  ! m e e K ( d s t a _ a  , a e q _ o u t _ a )  -> 

i f  
: : c h i n  ? a c k ( s e q _ I n _ s )  -> 

i f  
: : a e q _ i n _ e  •= a a q _ o u t _ s  - >  e e q _ o u ~ _ e  = ! s e q _ o u t _ e ;  

b r e a k  
: : s a q _ i n _ a  !ffi a e K _ o u t _ s  - >  s k i p  

: : c h i n  ? e r r ( _ )  - •  s k i p  
: : t i n e o u t  - >  s k i p ;  
f t  

od 
od 

p r o c t y p e  a b p _ r e c e i v e r ( c h a n  o u t ,  c h i n ,  c h o u t ) {  
b~Ce d a t a _ r ;  
b i t  s a q _ i n _ I ,  eeq_axp_r  = O; 

do 
: : c h i n  ? e a s e ( d a t a _ r ,  s e q _ i n _ r )  ->  

i f  
: : g e ~ _ i n _ r  nn aeCL_eXp_r - )  seq_exp_]r a : s e q _ e x p _ r ;  

c h e a t  : a c k ( s e q _ i n _ r ) ;  
ou~ ! a c c e p t ( d a t a _ r )  

: : e e q _ I n _ r  != s e q _ e x p _ r  -> c h o u t  ! a c k ( s s q _ i n _ r )  
f i  

: : c h i n  ? e r r ( _ , _ )  ->  c h o u t ;  a e k ( s e q _ i n _ r )  
od  

) 
p r o c t y p e  a s n d e r ( c h a n  o u t )  { 

i n t  n = O; 
do 
: : ( n  <= TRANSFF.R_LZHIT) - >  o u t  ! n e x t ( n ) ;  n++ 
: : (n  • TRANSFer L I N I T )  - >  o u t  ! n e x t ( E N D )  ; b r e a k  
od  

) 
proc~ype r e c a i v a r ( c h m s  i n )  { 

i n t  n ;  
do 
: : i n  ? a c c e p t ( n )  ->  

i f  
: : n  ;= END - •  

I f  
: : ( n  g 2)  =ffi 0 - >  p r i n t ~ ( " r e c e i v e d  e v e n :  g d " ,  n )  
: : ( n  g 2)  !ffi 0 - •  p r i n t ~ ( " r e e o l v e d  o d d :  g d " .  n )  
f £  

: : n  = -  F~D - )  p r i n t f ( " E e c e t v e d  end o~ g i l a " ) ; b r e a J k  
f i  

od 

chma  &toC ffi [1 ]  oX { l t y p e ,  b y t e ,  b i t  } ;  
chart  CtoB ~ [1 ]  o f  { n t y p e ,  b y t e ,  b i t  ~; 
chma BtoC = [1]  o~ { n t y p e ~  b e e  ~;  
chart CtoA s [1 ]  o f  { retype, b 4 t  } ;  
chart U s e r A o u t  = [1 ]  o f  { re type,  b y t e  } ;  
chart UaerRin = [1 ]  o f  {m type ,  by te  } ;  
i n i ~  { 

a tomic  { r t m  s e n d e r ( U a e r £ o u t )  ; r u n  r e c s i v e r ( U a e r S i n )  ; 
rma a b p _ s a n d e ~ ( U e a ~ A o u ~ ,  CtoA, A toC) ;  
run  a b p _ r e c e i v e r ( U s e r B i n ,  CtoS, BtoC) ; 
r u n  channe l (A toC .  C~oA, BtoC, C toB) ;  

} 

F i g u r e  1: P a r t  o f  P r o m e l a  m o d e l  for  A B P  s y s t e m  

#de~ine even 0 
i n t  x ;  # d e f i n e  odd 1 
a c t i v e  procCype p l ( )  Sdef~ne evenodd 2 
{ b y t e  x ~ e v e n ;  
s t a r t  : i ~  a c t i v e  p r o c t y p e  p !  0 

; : • ffi • + 2;  8 t ~ r t : ~ f  
g o r e  s t L r t ;  : : x f f i ( x - f e v e n - > e v e n . ' o d d )  ; 

: :  Ko~o emd; g o t o  s t a r t ;  
~ i  : : g o r e  a n d ;  

e n d :  s k i p  } ~ i  
e n d :  skip } 

F i g u r e  2: C o n c r e t e  a n d  A b s t r a c t  m o d e l  E v e n  

left co lumn of Fig. 2. The mode l  has only one process 
(pl )  and one global variable z ranging over l e t ,  the set 
of the integer numbers .  Assuming tha t  program states are 
represented by the integer value v= stored in z, the s tan-  
dard effect of the sole ins t ruc t ion  in the model z = z + 2 
i.q effectP(z --_ z +  2,v=) = v~ + 2 .  Thus,  the standaxd se- 
mant ics  S td ( .~ )  contains the set of the finite traces {0, 0 --~ 
e~eaP(~ = = + 2, o ) , o  ~ 2 ~ e ~ e c t P ( ~  = x + 2 , 2 ) , . . . }  
together with the infinite trace 0 --~ 2 --~ 4 --~ . . . .  Now con- 
sider the abstract ion funct ion a : I n t  ~ {even, odd) which 
transforms each even integer into even  and each odd integer 
into odd (in what  follows it will be the abstract ion Even- 
Odd). As before, an abstract  s ta te  is the abstract  value a= 
of z, tha t  is, one of the values odd or even. The redefinition 
of da ta  given by ~ makes it necessary to abstract  the func- 
t ion effect p to implement  the effect of executing the instruc- 
tion z = z-t- 2 in abstract  states. We could axbitrarily define 
effec~ =, bu t  the na tu ra l  definition coherent with the intui t ive 
me~ming of (~ is given by effect°(z = z + 2, affi) = aft, since 
adding 2 does not  modify the parity of a=. With  this defini- 
tion, the abstract  semantics  S t d ~ ( ~  r) contains the set of the 
finite traces {even, even ~ effect~'(z = z + 2 ,  even), even 
even --~ effeet~(z = z + 2, even ) , . . .  } together with the in- 
finite trace even --~ even .-~ even ~ . . . .  

Assuming tha t  ~ is first extended to traces and then to 
sets of traces, correctness of abst ract ion is represented by the 
expression a ( S t d ( M ) )  C_ Std~(M) ,  which intui t ively means 
tha t  each trace in S td (M)  is approximated by an abstract  
trace in Std~(M) .  In  [9] there is an exhaustive s tudy of 
the condit ions tha t  effect s must  verify for S td~(M)  to be a 
correct approximat ion of S td (M) .  

Besides the previous correctness result, some practical re- 
suits regarding the preservation of properties are also ob- 
ta ined in [9]. On the one hand,  we establish the conditions 
under  which the absence of deadlock in S tda(M)  implies the 
absence of deadlock in Std(M) .  On the other, with respect 
to the preservation of universal temporal formulae, we ob- 
tain several results t ha t  relate the satisfaction of formulas 
in S t d " ( M )  to the satisfaction in S td (M) .  In  particular,  we 
s tudy when the following assertion holds; "If f is a universal 
formula and S td~(M)  ~ f~ ,  t hen  S td (M)  ~ f ' ,  where f °  
is the abstract  version of the temporal  formula f .  S td (M)  
verifies the weaker formula / ins tead of ] ,  due to the loss of 
information produced by the abstract ion process. 

As regards implementa t ion ,  we propose a source-to-source 
t ransformat ion ba~ed on-replacing each ins t ruct ion in the 
original model M by a s tandaxd PROMELA code tha t  im- 
plements  the meaning  given by effect TM in order to obta in  
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F i g u r e  3: A r c h i t e c t u r e  o f  ~ s p i n  

new model  M ~. T h e n  the  model  checker works only wi th  
s t a n d a r d  ins t ruc t ions .  This  approach corresponds to veri- 
fying G e n ( M  ~ , effectP). For example,  the  second co lumn 
in Fig. 2 shows one possible t r ans fo rma t ion  of the  model  
M following the  abs t r ac t ion  Even-Odd .  The  s t a n d a r d  ef- 
fect of execut ing  the  i n s t ruc t i on  z ---- ~. + 2 has only been  
s u b s t i t u t e d  by  one i m p l e m e n t a t i o n  of the func t ion  effect ~. 

3. XML-BASED T R A N S F O R M A T I O N  
As every model  checker uses a par t i cu la r  model ing  lan- 

guage, each one has a specific parser  and  a~lditional suppor t  
to convert  the  model  specif icat ion in to  a sui table  in te rna l  
d a t a  s t ruc tu re  to be used in the model  checking phase. Un-  
for tunate ly ,  it  is not  a c o m m o n  pract ice to have access to 
this  in te rna l  represen ta t ion ,  because  model  checking tools 
are source-closed or no t  flexible enough  for imp lemen t ing  
d a t a  t r ans fo rma t ion  or m a n i p u l a t i o n  via  a set of APIs ,  as 
needed  in abs t rac t ion .  Our  approach consists of us ing axt ad- 
d i t ional  l anguage  based  on XML for represent ing  and  s tor ing 
the  models  for verification. This  lemguage m u s t  be expres- 
sive enough  and  m u s t  allow an easy analysis  and  man i pu l a -  
t ion.  

We have defined a vocabu la ry  of tags and  a D T D  (Doc- 
u m e n t  T y p e  Defini t ion) .  The  D T D  file helps to verify t h a t  
an XML d o c u m e n t  was well formed, i.e., respect ing the  full 
P1%OMELA g r a I ' n m a r ,  which represents  a prerequis i te  for later  
abs t rac t ion  processing. D o c u m e n t s  axe bu i l t  w i th  the  aid 
of two new tools e m b e d d e d  in to  XSPIN: one for t r ans l a t i ng  
PROMELA models  in to  XML document s ,  and  one working in 
the  opposi te  direction.  

Fig. 3 shows the  whole process of app ly ing  an  absLraction 
func t ion  to a var iable  (or a group of t hem)  declared in  a 
PROMELA model .  T h e  first s tep is the  t r ans fo rma t ion  of the  
original  model  into an XML d o c u m e n t  sui table  for ex terna l  
man ipu l a t i on .  T h e n  the  abs t rac t ion  tool ta~es two files as 
inpu t :  t he  XML model  ob t a ined  previously  and  a file defining 
a reposi tory  of abs t rac t ion  templa tes ,  also in  XlVIL format .  

Fig. 4 shows pa r t  of the  p r o m e l u . d t d  file, t he  D T D  used 
as t emp la t e  for bu i ld ing  val id XML models.  Each  element ,  
in  D T D  terminology,  hs s  a cor responding  tag. T he  first 
t ag  found  is <model>,  which m a y  con ta in  other  nes ted  tags, 
represen t ing  processes, declara t ions  of global variables, new 
type  defini t ions,  s t a r t u p  scripts,  etc. The  figure also shows 
the  e lements  <dec lara t ion> a n d  <process>. They  axe part ic-  
u lar ized wi th  a t t r i bu t e s  like n a m e ,  or t~pe in  declarat ions.  

< [ ELENENT m o d e l  
( d e c l a r a t i o n  I t y p e d e f  I p r o c e s s  | i n i t  | n e v e r ) c )  
¢ ! E ~ T  p r n c e s s  

( p e e e t e r e ? ,  p r £ o r £ t y ? ,  p r e c o n d i t i o n ? ,  body)) 
¢ !ATTLIST  p r o c e s s  i n s t a n c e s  CI)ATA SZI~LIED 
name  COATA IKEQUTKED) 
<!ELEMENT p r l o r l t y  (#PCDATA)> 
<!F_,LEHEI~ p a r a m e t e r s  (declA~'et~loa+)> 
<!ELENENT dec leL l ra t ien  (vow+ I e n u m t y p e ) >  
< ! ATTLXST d a c l a ~ a t £ o n  
v J . s £ b i l i 1 ~ y  (RIDDEN I SHOW I ISLOCAL) OIHPLTF.I) 
t y p e  ( B I T  I B00L I BYTE | SSOKT J XHT J CHAHHEL I UNSIGNED) 

#REQUItals-n) 
c ! ~  vet: (massages)v.> ~:!A'rFLIST vn.r name CDATA #I~QUZ a~r  

va].ue CDATA #ZHPLZED 
e w r a y _ e l e m e n t s  CDATA SXHPLIED) 

F i g u r e  4: P a r t  o f  p r o m e l a  D T D  

Our  abs t rac t ion  tool ffSPIN includes  a Graphical  User In-  
terface (see Fig.  5) giving in fo rma t ion  a bou t  the  n u m b e r  of 
variables con ta ined  w i t h i n  the  model :  name,  type  and  con- 
tex t  (global or local). We also inc lude  in fo rmat ion  abou t  
available t empla tes .  The  user  only has to ma tch  variables 
wi th  a cor responding  templa te ,  thus  ob t a in ing  the  XML out-  
p u t  (steps 3,4 a n d  5 in  Fig_ 3). W h e n  this  process is finished, 
resu l t ing  XML o u t p u t  can  be i m p o r t e d  in to  XSPIN (the G U I  
for SPLN ) and  conver ted  back  into PaOMF.LA (steps 6 and  7). 

Let us consider the  A B P  mode l  in  Fig. 1, and  the  ab- 
s t rac t ion  func t ion  c~ par t i a l ly  defined in  Sect ion 2.2. The  
first s tep is to  conver t  t he  PKOMELA model  into an  XML for- 
m a t  to be  browsed wi th  the  GUI.  In  Fig. 5, all the  model  
variables axe also listed, a nd  the  user  can  select one of t hem 
to m a t c h  it  w i th  one of the  recognized templa tes  of the  ab- 
s t rac t ion  repos i tory  (right list). Note  t h a t  the  local variable  
n,  on the ro te±vet  and  sender processes, cons t i tu tes  a good 
select ion for an E v e n - O d d  abs t r ac t ion  scheme. The  R u n . . .  
m e n u  opt ion  does the  abs t r ac t ion  work, giving as o u t p u t  
the  abs t r ac t ed  version of the A B P  file, in  XML format .  Ap- 
p ly ing  a convers ion back to  PROMELA is required  for the  
verif icat ion process wi th  SPIN. SPIN produces  43731 states 
for deadlock-free analysis  in  the concrete  model ,  whereas 
for the  abs t rac t  one it only explores 6980. There  is a more  
i m p o r t a n t  s t a t e - r educ t ion  in  the  verif ication of the  LTL for- 
m u l a  for the  p roper ty  " W h e n  a n  e v e n  m e s s a g e  is  s e n t ,  
even tua l lT j  a n  e v e n  messr tge  i s  r e c e i v e ~ ' :  143896 states 
s tored in concrete  mode l  versus 15364 in the  abs t rac t  one. 

4. I M P L E M E N T A T I O N  NOTES 
Regard ing  the  i m p l e m e n t a t i o n  of the  exchitecture in  Fig. 3, 

we have i m p l e m e n t e d  two parsers:  P r o m e l a t o X M L  and  XML- 
toPromela ,  which are fully in tegra ted  wi th in  XSPIN and  whose 
use is h idden  from the  user. The  abs t rac t ion  modu le  is wri t -  
t e n  in Java, us ing J D O M  l ibrary  [14 I. P romela toXML,  in- 
cludes a new module ,  w r i t t e n  in  C (over 1300 lines of code), 
used for genera t ing  XML tags a nd  full documents .  XMLto-  
P r ome l a  is an ex te rna l  tool to SPIN, wr i t t en  in Java. I ts  
design was insp i red  by  objec t  or iented flexibility and  soft- 
ware design pa t t e rns .  T h e  m a i n  goal for this  tool is to be  
a f ramework for p roduc ing  o u t p u t  files in  a var ie ty  of lan- 
guages, ba~ed on a well-formed XML document ,  as described 
above. In  the  first version a PROMELA code is ob ta ined  b u t  
wi th  a few modif ica t ions  marie in  a flexible way, a Java  or 
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C-t-+ code can also be obtained. Although these are not  
high level modeling languages, they can be very useful for 
designers to obtain code skeletons tha t  are produced from 
the verified PaOMELA model. The original design was in- 
spired by the Interpreter  pat tern  [14]. PItOMELA grammar  
in BNF notat ion conditioned the behavior of the classes and 
their relationship. A SAX event-handler class was designed 
for passing data  from XML tags to appropriate object in- 
stances. The refined pa t te rn  support ing the mapping pro- 
cess is shown as UML class diagram in Fig. 6. Interpreter- 
Parser performs the whole translation process. 

5. CONCLUSIONS 
The mefin contributions of the paper axe the definition of 

a D T D  for PnOMELA and the implementation of the tools to 
make translations between XML and PROMELA. This work 
has been done taking into account the abstraction method  
proposed in [9], on the basis of which we have obtained a 
fully working tool to perform abstraction based model check- 
ing. The paper also explores automatic  verification as a 
novel application area for XML in software engineering. 
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