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Supporting the Development of Formal Specification with
Reflective Language

Takeshi Hiroi Motoshi Saeki

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

This paper discusses a specification technique by using a formal language with reflection(RLOTOS),
which is an extension of LOTOS with reflective architecuture. RLOTOS has two level architecture —
object level and meta level. In this paper, we propose a method to develop the meta level specification of
RLOTOS based on the four specification styles(monolithic style, constraint oriented style, state oriented
style, resource oriented style). Furthermore, we show the specificaion of alternating bit protocol as an
example of our method.
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behaviour of objectlevel
sender[data_in,portl,port4] (ad)
| [porti,port4]|
channels [portl ,port2,port3d ,porté]
| [port2, port3]|
receiver [port2,port3,data_out](al)

vhere

type ACK is

sorts ack (* TF—HEEY FEKRTV-F )
opns a0,al : -> ack

add : ack -> ack
eqns ofsort ack
add(a0) = ai;
add(ai) = a0;
endtype
type MESSAGE is ACK
sorts msg (x AvE—VERTV-—F %

endtype

process sender[inp,porti,port4](a:ack):noexit :=
data_inp?m:msg; porti!m!a; porté4?a:ack;
sender[data_in,porti,portd] (add(a))

endproc

process channels[portl,port2,port3,port4] :moexit :=
channeli[porti,port2] ||| channel2[port3,port4]

vhere

process channeli[portl,port2]:noexit :=

porti?m:msg?a:ack; port2im'a; channeli[porti,port2]
endproc
process channel2[port3,port4] :noexit :=
port3?a:ack; portdla; channel2{port3,port4]
endproc
process receiver[port2,port3,data_out](a:ack):noexit :=
port2?m:msg?a:ack; data_out!m; port3'add(a);
receiver[port2,port3,data_out] (add(a))
endproc
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behaviour of metalevel
meta_input [currentg,nextg,controlg]
vhere
process meta_input[currentg,nextg,controlg] :noexit:=
(* for data_input *)
meta_channeld[currentg,nextg, controlg]
endproc
process meta_channeld [cuzrcntg,noxtg,controlg] :noexit:=
(* for porti *)
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let next_pair:ActPair=choice(y) in
let m:msg=getmsg(next_pair),a:ack=getack(next_pair) in
controlg!next_pair;
... (* for port2 *)
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let next_pair:ActPair=choice(y) in
(controlg!next _pair;
meta_output [currentg,nextg,controlgl (m,a)
8]
controlg!<"port2!data_crash", (*[4 D (A) DFL=)

"port3!add(a);port4!add(a);portiidatim,a); currentbexp*>;

meta_channelB_error[currentg,nextg, controlg](m,a))
endproc ‘
Process meta_output[currentg,nextg,controlg]

... {x for data_out *) (m:msg,a:ack) :noexit:=
process meta_channelB[currentg,nextg,controlg]
. (* for port3 %) (m:msg,a:ack) :noexit:=

... (* for port4d x)
process meta_channeld_error[currentg,nextg,controlg]
. (* for porti *) (m:msg,a:ack) :noexit:=
. (* for port2 *)
process meta,chumelB_error[cnrrem—,g,nextg,controlg]
... (% for port3 ) (m:msg,a:ack):noexit:=
... (% for portd *)
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let next_pair:ActPair=choice(y) in
(controlg!next_pair;
meta_channelh{currentg,nextg,controlgl (m,a)

o] (4D (X)) DEFA=*)

controlg!<“port4lack_crash",bexp_part(next_pair)>;

meta_channelA[currentg,nextg, controlg)(m,a))
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behaviour of metalevel
statetransiton[currentg,nextg,controlg] (noerroxr,m0,a0)
vhere
process statetransition[currentg,nextg,controlgl
(s:state,m:msg,a:ack) :noexit :=
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let next_pair:ActPair=choice(y) in
[s==noerror]->
([event_name(next_pair)="port2"]->
(controlg!next_pair;
statetransition[currentg,nextg,controlg] (noerror,m,a)
0
controlg!<"port2tdata_crash”, (*E4 D (A) DHAE*)
"port3!add(a);port4!add(a);portiimia;currentbexp">;
statetransition[currentg,nextg,controlg] (onerroxr,m,a))
a]

[event_name(next_pair)="port4"]->

8]
[s==onexrrox]~->
([event_name (next_pair) '“"port2"] ->
(controlginext_pair;

statetransition[currentg,nextg,controlg] (noerror,m,a)
] (+Z 4 D (D) D)
controlg!<"port2!data_crask",bexp_part(next_pair)>;
statetransition[currentg,nextg,controlg] (noerror,m,a))

al

[event_name (next_pair)=="port4“]->

0

[event_name(next_pair)="porti"]->

0 :
[(event_name(next_pair)=="data_in") or
(event_name (next_pair)=="port3") or
(event _name(next_pair)="data_out")]->

endproc (* statetransition *)
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behaviour of metalevel
meta_send[currentg,nextg,controlgl(a0,m0,a0)
| {currentg,nextg, controlg] |
meta_receive[currentg,nextg,controlgl(ald,n0,a0)
where
process meta_send[currentg,nextg,controlg]
(send_s:state,m:msg,a:ack) :noexit :=
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let mext_pair:ActPair=choice(y) in
([event_name (next_pair)="port4"]~->
(controlg!next_pair;
meta_send [currentg,nextg,controlgl(send_s,m,a)
8]
([eq(send_s,getack(next_pair))]->
I T —HFEERI o THRVEE)
controlg!<"port4tack_crash", (x4 D (B) DFE+)
"portiim!a;port2!m!a;port3tadd(a);currentbexp">;
meta_send[currentg,nextg,controlg] (send_s,m,a))
f]
([ne(send_s,getack(next_pair))l->
BRI T —HRI > T b HE-- 4 O (C) DEE)
controlg!<"portd'ack_crash",bexp_part(next_pair)>;
meta_send[currentg,nextg,controlgl (send_s,m,a))))
0] '
[event_name(next_pair)="data_.in"]->
(¢ Ay =TV —HELY b ORIF %)
controlg!next_pair;
meta_send[currentg,nextg,controlg]
(add(send_s),getmsg(next_pair),add(a))
(* sender MIRAE (send_s) XLy b *)
0

[event_name(next_pair)="port1"]->

[event_name(next_pair)<>"porti"
and event_name(next_pair)<>"port4"
and event namo(next_palr)O"data input“]->
(x TOMBDHEE «)
controlg?next_pair:ActPair;
meta_send[currentg,nextg,controlg] (send_s,m,a)



endproc (* meta_send *)
process meta_receive[currentg,nextg,controlgl
(rocoive_s:stato,m:msg,a:ack):noaxit 1=
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let next_pair:ActPair=choice(y) in
([event_name(next_pair)="port2"}->

[event_name(next_pair)="port3"]->
[event_name (next_pair)="data_output"]->
0
[event_name(next_pair)<>"porti"

and event_name(next_pair)<>"port4"

and event_name(next_pair)<>"data_input"]->

endproc (* meta_receive )
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behaviour of metalevel
hide msg_q,ack_g in
(meta_send[currentg,nextg,controlg,msg_q,ack_q] (a0)
| [currentg,nextg,controlg] |
meta_receive [currentg,nextg,controlg,msg_q,ack_ql(a0))

| [msg_q] | msg_queue [msg_qJ (m0)
| [ack_q]| ack_queuelmsg_q] (a0)
vhere
process msg_queus[msg_ql (mimsg):= (x F—FFHHL2— %)
msg_q!read!nm; msg_queue[msg ql(m) (x7 — ¥ DiFHL L)
[Imsg_q!vrite?m:msg;msg_quene [msg_q] (m)
7 — 5 DEWIAIHx)
endproc (*msg.queuex)
process ack_queune[ack_g](a:ack):=

process meta_send[currentg,nextg,controlg]
(send_s:state) :noexit :=
currentg?currentbexp:Bexp; nextg?y:ActPairSet;
let next_pair:ActPair=choice(y) in
([event_name(next_pair)="port4"]->

8]
(leq(send_s,getack(next_paizr))]->
(LT = HFELERI o TR OHEE)
msg_q'read?m:msg; ack_q!read?a:ack;
controlg!<"port4tack_crash", (xH 4 D (B) DiFA*)
"porti!m!a;port2!m!a;port3tadd(a);currentbexp">;
meta_send[currentg,nextg,controlg] (send_s))
...
ul
[event_name(next_pair)="data_in"]->
controlg!next_pair;
msg_q'!write!getmsg(next_pair);
ack_q'write!getack(next_pair);

endproc (* meta_send *)
process meta_receive[currentg,nextg,controlgl

(receive_s:state):noexit :=

endproc
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ZHENEOT, WEEBAFZ A VIS BEBIIHEL TS
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FATERECLIDVBEERTTHY, S currentg,
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behaviour of metalevel
const1[..] |] comst2[..] I}..!| const4[..]
vhere
process consti[..]:noexit :=
currentg?x:Bexp; nextg?y:ActPairSet;
(% 11->

(controlg!conditionil_control(x,y,..); consti[..]

B3

0
controlg!conditioniN_control(x,y,..); consti[..]))
8]
(Inot (& 11>
controlg?other_control:ActPair; comsti[..])
endproc
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V72 controlg 12 & BHIMAMT L bh B, 4.3 HiTRL 72

WREEHWEREIZDIATKET 5.
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behaviour of metalevel
consti[..] [] comst2[..]
vhere
process consti{..]:noexit
currentg?x:Bexp; mextg?y:ActPairSet;
((&H1]-> )
(choice z:cond. id {]
controlg!control(condl,z); comsti[..])
[ [not (&M 11>
(choice z:cond_id (]
controlg!control(notcondl,z); consti[..]))

endproc
process const2[..]:noexit
currentg?x:Bexp; nextg?y:ActPairSet;
([ft2]->
(choice z:cond_id []
controlg!control(z,cond2); const2[..])
[1 [not(Zef2)1->
(choice z:cond_id []
cont;olg!;ontrol(z ,notcond2); const2[..]))

endproc
type CONTROL_FUNCTION is ActSet
sorts cond_id
opns condi,cond2,notcondi,notcond2 : ~> cond_id
controlg : cond_id, comd_id -> ActPair
eqns ofsort ActPair
controlg(condl, cond2) A
controlg{condl,notcond2) = ...;

endtype

2. - O¥HA L, generalized choice F XV —4% (choice
zeondid [] ..) ¥ AWTHET 5. LRI}, &F1%
72T A constl 7 TR controlglcontrol(cond1,z)
rRIEDL. —F, & 2 2WATHET const2 7
4 A% controlglcontrol(z,cond2) % #E I ¥ 5. constl
L const2 ¥ controlg TRERIMAFL N BZDT, con-
trolglcontrol(cond1,cond2) PRI AETH B, £L T, con-
trol BOEE LG CHLTHET - BE LTERT
3 L CHEMTO controlg TORMMAERBTES. 1.

2. DHBFEING,
1 OFREATIE, BUTOLICRBTH T & TEEHFIC
T BB EZRTRT O AT o,

behaviour of metalevel
consti[..] 1| const2[..]

vhere

process consti[..):noexit
currentg?x:Bexp; nextg?y:ActPairSet;
(&H1]1-> ‘

(controlg!conditionii_control(x,y,..); consti[..]

8]
controlg!conditioniN_control(x,y,..); constl ..1»
endproc

BHMCHED DEMETERI 1185 controlg 2 & %
LTHERTS. B, constl 7HEAIREMHF1ITHLT
R DBoHHERBL, const2 7RI FEM2 KL
TR NELHMEEBT 5. constl & const2 1& controlg
TR L BDT, b1 L& 2 % L DT controlg
L AHBAREDED.
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