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Reflective Computation in LOTOS : RLOTOS

Takanori Ugai Takeshi Hiroi Motoshi Saeki

Dept. of Electrical and Electronic Engineering, Tokyo Institute of
Technology, Japan

This paper presents RLOTOS (Reflective LOTOS) which is extension of LOTOS (Language
of Temporal Ordering Specification). We embedded reflection or reflective computaion facilities
to behavior expression part of LOTOS. Reflective System has the concept of meta level and
object level. Meta level system deal with object level description as data and execute object
level description. Users can control meta level system by describing special process which is
called reflective process. First, we represented behavior expression by abstract data type and
described LOTOS interpreter with LOTOS language. Finally, we show some application written
by RLOTOS.
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type Exp is ...

sorts Exp

opns
pre : Nameld,Exp -> Exp
para : Exp,Exp -> Exp
cho : Exp,Exp -> Exp

(* constructors for behavor expression *)

head : Exp,Number -> ActSetSet
rest : ActSet,Exp -> Exp
eqns

forall E1,E2:Exp, A:Act, I:Nameld,
S1,S2:ActSet, N:Number
ofsorts ActSetSet
head (pre(I,E1),N) =
InsertSet (Insert(num_atr(I,N),{}),{}) ;
(* rule for action prefix *)
head(cho(E1,E2),N) =
Union(head(E1,N+1) ,head(E2,N+2)) ;
head(para(E1,E2),N) =
Union(head(E1,N+1) ,head(E2,N+2)) ;
(* rule for interleaving operator *)
ofsorts Exp
rest(InsertSet(A,{}),pre(I,E1)) = E1 ;
(* rule for action prefix *)
IsIn(S1,head(E1)) =>
rest(S1,cho(B1,E2))
IsIn(S1,head(E2)) =>
rest(S1,cho(E1,E2))
IsIn(S1,head(E1)) =>
rest(S1,para(E1,E2))=para(rest(S1,E1),E2);
IsIn(S1,head(E2)) =>
rest(S1,para(E1,E2))=para(El,rest(S1,E2));
(* rule for interleaving operator *)

rest(S1,E1);

rest(S1,E2);

endtype
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head(para(cho(pre(a,b),pre(c,b)),cho(pre(a,b),pre(c,d))), 0) =
{{al1},{a21},{c12},{c22}};
rest({all}, para(cho(pre(a,b),pre(c,b)),
cho(pre(a,b),pre(c,d)))) =
para(b,cho(pre(a,b),pre(c,d)));
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process Interpreter[outg] (exp) :=

[eq(head(exp) ,{})] -> stop

[]

[ne (head(exp) ,{}H] —>

(choice x: ActSet []

([IsIn(x,forall(head(exp))] ->
(outg! x;
Interpreter[outg] (rest(x,exp)))

1
[NotIn(x,forall(head(exp)))] ->
Interpreter [outg] (exp)))
end proc
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process meta-process[outg] (exp) :=
hide currentg,nextg,restg in
interpreter
[currentg,nextg,restg,outg] (exp)
| [currentg,nextg,restg] |
reflective_process[currentg,nextg,restg]

where
process interpreter[currentg,nextg,
restg,outg] (exp)
:= choice x:ActSet []
[IsIn(x,head(exp))] -> currentg !exp;
nextg !x; restg !rest(x,exp);
nextg 7x:ActSet; outg !x;
restg 7z:Exp;
interpreter[currentg,nextg,restg,outg] (z)
[1 [NotIn(x,head(exp))] —>
interpreter [currentg,nextg,restg,outg] (exp)
endproc
endproc
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process meta-level[currentg,nextg,restg]
: noexit :=
devil[nextg,restg]
where
process devil[nextg,restg]
nextg? x :ActSet ; restg? y : Env ;
([eq(x,juice)] -> (nextg ! act_i ;exit)
[1[ne(x,juice)] -> (nextg ! x ;exit)) >>
restg! y ; devil[nextg,restg]
endproc
endproc

: noexit :=
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type Action is ActSet,Nameld
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getname : ActSet -> Nameld
getvalue : ActSet -> Symbol
eqns ofsort Nameld
forall name: Nameld , syms : SymList ,
A : Act , idnum : NumList
getname (Insert (num_atr (
atr(name,syms) ,idnum),A)) = name ;
getvalue(Insert (num_atr(
atr(name,syms) ,idnum),A))

syms ;
endtype
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process vender[coin,juice] : noexit :=

coin; ((juice ;exit )
1
(i ; exit)) >> vender[coin,juicel
end proc
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specification system[coin,juice] : noexit
type Action is ActSet,Nameld
opns

getname : ActSet -> Nameld
eqns of sort nameid

forall

name: NameId , syms : SymList ,
A : Act , idnum : NumList

getname (Insert (num_atr (atr (name,syms),
idnum) ,A)) = name ;
endtype
behavior
vender [coin, juice]
where
process vender[coin,juice] :
coin; juice;vender([coin, juice]
endproc

noexit :=

process meta-level[currentg,nextg,restg] :
noexit :=
devil[nextg,restg]l
where
process devil[nextg,restg]
(nextg?x:Act;restg?y:Exp;exit(x,y))
>> accept x :Act , y:Exp in
([eq(getname(x) ,juice)] ->
((nextg ! act_i ;exit(y))
[1 (nextg ! juice ;exit(y)))
[1 [ne(getname(x),juice)] —->
(nextg ! x j;exit(y)))
>> accept y:Exp in
restg! y ; devil[nextg,restg]
endproc
endproc
endspec

: noexit :=

6.2 UUOOUOODOLOOOOOO

O O behavior expression D OO0 0000000 OO
Oo000doooooooooooooooooon
O0ooooooOoOOoooobooooooooooaoaa
00 O behaviour expression 0 OO0 O path O OO0
00000000 dodoooooooooooog

0 B300000000O00DOODOOODOODODOOO0
0000000 doooooooooooooogn
00000000 behaviour expression 0 00 0O O (1)
0 (2)000000000000000000(3) 0
(4)000000000000000000O0O1) 0 (2)
00000000 root OO OOODOOODOOOOO
Oo00oooOoOO0oooo0ooooooooooood
0000003 00000000 rood J000O0O 1
00000000000 O0o0ooo0g 2000404
0000000 ddodooopDOoooDoOoooon
000004 00000000 rood00O0ODOO 10
0000000000 ooooooooooooon
odoooooooooooo

/ root %N!1<%l

(1) (2 3 4
a a
O O O O
a
b ¢ a a C
b c d e
d e
V e
96*06\%8% "%/ %H% 1% Y%k
%W9m%; %9$GDj 5AS5$1$? <uM}2DG=3$J <uM}1T2DG=$J

behaviour expression USHYUSUHNS %Y %hSHHNS

U 13: bgbobgbuogoobbooooooon
goo

oooooooono RLorToSoboooooogo

specification path_hantei[Success,
Failure, gatel,....]:noexit
(* type definition *)
type Ex_Exp is Exp, ActSetSet
opns change : Exp,ActSetSet,Exp,Exp -> Exp;
One0f : ActSetSet —-> ActSet;
Exc : ActSetSet -> ActSetSet;
eqns forall c_exp,exp,path:Exp,
ASS:ActSetSet, AS:ActSet
ofsort ActSet
OneOf (Insert (AS,ASS)) = AS;
ofsort ActSetSet
Exc(Insert(AS,ASS)) = ASS;
ofsort Exp
Ass={} =>
change (c_exp,ASS,exp,path) = exp;
(ASS<>{}) and (0OneOf (ASS)=head(path)) =>
change (c_exp,ASS,exp,path) =
change (c_exp,Exc(ASS),
cho(rest (Exc(ASS) ,c_exp) ,exp) ,path) ;
(ASS<>{}) and (One0f (ASS)<>head(path)) =>
change (c_exp,ASS,exp,path) =
change (c_exp,Exc(ASS) ,exp,path);
endtype
behaviour
(* arbitrary behaviour_expression *)
input_behaviour_expression
where
(* arbitrary object_level_process *)

process meta_level[currentg,nextg,restg] :noexit
:= check[currentg, nextg, restg] (input_path)
where
process check
[currentg,nextg,restg] (path) :noexit
:= currentg 7c_exp:Exp; nextg ?x:ActSetSet;
restg ?7y:Exp;
exit (change (c_exp,head(c_exp),
act_stop,path))
>> accept ch_exp:Exp in
owari_hantei[nextg,restg] (path,ch_exp)
>> check
[currentg,nextg,restg] (rest(path))
where
process owari_hantei(path, ch_exp):exit
:= [rest(path) eq act_stop] ->
nextg !Success;
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restg 'act_stop; exit
[1 [rest(path) nq act_stop] ->
([head(ch_exp) eq {}] ->
nextg !Failure;
rest 'act_stop;exit
[0 [head(ch_exp) ne {}] —>
nextg !x; rest !ch_exp; exit)
endproc (* owari_hantei *)
endproc (% check *)
endproc (* meta_level *)
endspec (* path_hantei *)
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