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Abstract As communication systems become large and complicated, high reliability and performance
in presence of faults for communication protocol are required. Communication protocols that can make
real-time recovery from any abnormal state are called responsive protocols. This paper proposes a new
verification method of responsive protocols. In this method, first, it is verified whether the protocol reaches
to a normal state from any abnormal state within a finite time, and then it is verified whether the time

required to reach a normal state from any abnormal state is shorter than a predetermined time.
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SOREOEBROEKMEIC1ZEMA/IED%: g5;D
BEBERLET S,

tEEoHETRDABEBROH BBV, 250
D72 OEBORBERITBRESL TRV, L,
EEOTe b a v TRESHPO T o X BEFMcEHEL T
W3, WHEHEEZERBLLLY TS A LEDORIEETE S
febicid, HFREBTURTEBLEKCTR L &0
BEBHERDILENSE S, CoX>BAMFEEEERELL
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procedure find max_step({gsi,...gsm}:SET of state);

var sstepi,...,sstep,, : integer;
pstepy,...,pstep,, : integer;
maz_step : integer;
begin
for 1:=1 to m do
sstep; == 0;
for i:=1 to m do
step(gs;);
for ¢:=1 to m do
pstep; :=parallel step(ygs;);
maz_step := maz{pstep;|1 < i< m};
return(maz_step) ;
end;

procedure step(gs;);
begin
if sstep; > 0 then
exit;
if Vsuce(95i,T;) € GSnorma then
sstep; =1
else
begin
tor Vsuce(gs;,T;) ¢ GSnormal do
step(suce(gs;, T5)) 5
sstep; := max{sstepr|gsr = succ(gs;, T;)} +1;
end
end;

function parallel step(ygs;):integer;

begin
FRIRY Va— Yy FT AT Y X AEROTHTIE
TEE L BB (pstep)) 2RD 5
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end;
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GSnormar = {
((close:true), (close true), (), (),
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(), {(rply, num): rply = acpt A num=cp)),
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({(done, :true), (close :true),

), {(rply, num) : rply = ack A num=cp)),

((doney:t=ack A u=cp), (close:true), (), ()

}

Bl x g, K ((open : true), (open : true), (),{)) & 2 -
OFukR PLPBEicais vy YHEILEATWZRE
2RT. CORETIR, vz P, PLORERILI open
T, B0, FrRAMBINTETHS., Lbl, otz
NVERICHET B RER true RO T, KREHK (cp,t,u,v,w)
BEZROEMBFENE. 2F0, 1 >0O@BRECEEICIZE
REOTe bV KEEELTVS,

5.2 wmiEm

HEXKEWA@M Y Fy=q4 2772 barByYyrEyy
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[25» 7142 CRLAFECREREOEGERD 3.
LT, BF + 2 VOREE L LRET 3.

(1) 7otz PLPEF + 321 Cp,Co0fFEORKESLET
oA VREORSIIROBICRE 5.
PSI = {(close:true), (open:true), (wait; : frue),
(waity:true), (done; : true), (dones: true)}.
PSI, = {(close:true), (open:true), (ready:irue)}.
CSI = {{), ((rgst, num):true)}.
CSIL = {(), ((rply, num): true)}.

(2 kKE I RTOREREOBEAERKICRT.
({close :true), (close:true), (}, ().
({close :true), (close:true), (), {(rply, num) :true)).

((doney:true), (ready:true), {(rgst, num):true), ().
({(doney:true), (ready:true),
((rgst, num):true), {{(rply, num):true}).

CHEIVRWTEXIXx2Xx2=T2@D 7 v — N LIKHKE
BERTES.
[R5 % 72] REREORE» SIREEHKEMERT 5.

3 IR BB gs; = ((waity :true), (open:true), {(rgst, num):
true), ((rply, num):true)) & & EFHIRE (9514) ~OEBEBRT
D—flERT.

REE gsy T, Pick 3 (rgst,num) OFfFE Plc &k 3
(rply,num) OZED 2 >O BB R EFTARTH . K3 T



HEEEZEKE LTV, (rgst,num) 22{E4 3 &, Pk
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T5. O TREGs, TR, AKEBZ3S0EBSEL O
55, H3wdREEBHEE (1 8H) © wait,® 25H
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954 : ({close:t=rjct A cp=u),{ready:true), (), ()
g5 = ((close:t=rjct A cp=u),{open:v=set),
(0, {(rply, num):rply =acpt))
956 : ((wadty :t=rjct A cp=1u), (open:v=set),
{(rgst,num):rgst=set A num=cp),
((rply, num):rply=acpt))
gs7 : ((watty:t=acpt), (open:v=set),
(rgst,num):rgst=set A num=cp), ())

e~

gss : ((open:t=acpt A cp=u), (open:v=set),
((rgst,num):rqst=set A num=cp), ()
959 : ({open:t=acpt A cp=u), (ready:v=set A w=cp),{),())
gs10: ({open:t=acpt A cp=u),{close:v=set A w=cp),

(s {((rply, num) :rply =rjct A num = cp))
9311 : ({doney :t=acpt A cp=1u), (close:v=set A w=cp),

—~—=

((rgst,num):rqst=reset A num=cp),
((rply, num):rply=rjct A num=cp))

gs12 : ({doner :t=rjct A num =cp), (close:v=set A w=cp),
((rgst,num):rgst=reset A num=cp), ())

gs13 : ((domey :t=rjet Anum=cp), (ready:v=reset A w=cp},

0.0
9814 ¢ ({dones :t=rjct A num=cp), (close:v=reset A w=cp),
(), {((rply, num) :rply =ack A num=cp))

3 BRI 0 —#

(27 73] WHBEZERLAEBRERD U T LS 4 &
HEHET B.

REEgs 1 SEERIREICE 5 BERT (gs1 — - — gs14)
DEBHEI B3 TH2. Lrl, H3D0BBRIKBWLT
gsatr 5 gsz~ & gs3h 5 gss~D 2 D OEBEB IR EIT
AfgTH s, EREFCETIRLSEBEBCHET 2
L, g o EFERERLEZ T COBBR IR OB IR
5. T, > RUFCETIELRBERELET.

981982 =>g84=> §S6 — JS7=>§S9=> ¢S11 = §S13 > §S14
WoT, EHHIE LU,

Bthic, BHH S K¢ 2HY CE b 5 EEEE
Ri(=8t) L ROKNEKEEFTRS., $RCOBBRINICS
WT R <RBKDIZTIE, B.1OWBRAY Fyads T
2 bINVBYRERYY T T b a N THBEEYUETE S,

6 B

ARTHR, BE79 I v 2IRERREBRCTEF L
ELAEBEOYRR Yy 7BET vt o VORTEERE
L, Ff, WHRINYFy x4 2 FabauiSy xxy
7 b anNTHEEPEIORTFRNERL. BEL
RIEZOHBBILToBED TH 5.

() ERREEREZRAVT, BRECh>BRCBECR
AL, thooREOEAZEANELTEAB LM TE
nig, BEIe I VoK EROHBRIES TR T
5.

(2) 7R ba v REOCLBO S v — N VIREBHR O R
EINFT Ry Y YRTFADEDDIRI Ry Pa—1
YITATYXLAEGHLT, RERBCH->THLOIES
RECHBET I TRETIRMZRD3EcEy, &
B7ebtarvDyY 7Arsd st EHRESTIETH 3.
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#1 7owzx PoREESMEKS,

KE | BE fir 5% w0 IR HE
(close) —(set, cp) (waity)
{close) +(rply, num) (close)
(open) —(reset, cp) (dome;)
{open) +(rply, num) (open)
(waity) | TO(|Cpgl =0 A |Cppf = 0) | —(set, cp) (waity)
(waity) +(rply, num), t:=rply, w:=num | (waity)
(waity) |1 =acpt Acp=u (open)
(waity) [t =rjct Acp=u cpi=cp+1 (close)
(waity) |t =ackAcp=uVep#u (warty)
(doner) | TO(|Cpel = 0A|Cpp] = 0) | —(reset, cp) (done)
(done,) +(rply, num), t:=rply, u:=num | (done,)
(dones) |t =ack Aep=wu cpi=cp+1 (close)
(dones) |t # ackVep+#u (domey)

%2 Yeezx PLoRkEEBBNS,

W | B’FE kel RDIKE
{close) +(rgst,num), v := rqst,w := num | (ready)
(open) +(rgst, num),v == rqst,w := num | (ready)
(ready) | v = set —(acpt, w) {open)
(ready) | v = set —(rjct, w) (close)
(ready) | v = reset —(ack, w) (close)




