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D1 DICETFAEELRD 5, ETFARETRIRENRZEGRIREERRICET L,
WA RR L2V 2L THEZ N MEEZWR T 208 ) PRET 2 FETH S,
Lo L., BENROETFTIALEERICED 255 2 L RENROARNEAZFAT S 2 L1k
o, ETIULICRRD 3D 254, R0 DEKIFIR2 D€ TV, £ITHEDE R
HIZHBMBZDFFIZETNIEMIC B LHEL L 2 5,

AWZEDO HINIZE T VEA Y — )L Spin Z W RIC, MALDIR D DK ZRE T 5 Fikz
RETLIETHD, TTIUVREITZE THRESROIR 2 L Z2IARGLESEE ¢ Tk
L. RICHEENRDINM 7 TR EWE 2 EHGIEA L E T2 %, EFULE N RENR
DIREEUT AR TH 2 DT, IXTOREBZMFENWICEREK T 5 2 L THZ S N WHE %
RBTE2MEIDPRET 22 EDHRS, 2 2 THRENRDE F LU E DS 2 15 HiEkIC
DD D ERENROAREEZFHATE Z LKL EVIEND B, KEKDBHD
ERBDZETNERREL, 22 TRV IOWEZHFARZ L LTH ZOMGEIZEREKRZD 5
Thb, 22 TARMIETIEZ DIERDBENRDE T IWIZH 2 DE D5 2 )71 M
DD LDODFFET 5 FIEERET S,
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EFAREOFER, b LRI IEFEREAICE TN TV ED% 5 Z D RN HEE v
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BT S L, FEAESICE DL E L THRENROE T MLICHED 235 285581
HFHET 2, 22T INSDOMEMZEE 2 TROLOFEHINFZE 21T\, RETHELEH
TEDEM. EAEADIED T 2L, RETHEOIMI - 57 3,
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Spin ! 13f5 7’0 F 2 )V ol 2 HIVIZ, GJ.Holzmann 512 X > THFE I N/ZE TV
BEDLDODY—=LTHY, HEIATLELUMOLNDEY 7 b7 27 DETVBREEZRXD
LI BFIETIT ), £T. AT LDIREHEZEK T E T )L % PROMELA 2 & /I 5%
S citib T 5, T, ZORIBOOWEZWHEXTIHET 22 LT AT LDEKR
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MR e & CREES RN 7 T 2 R T 2 083D 5, MENROE TV LPHE
DEZ FidvioTwiGh, iz, WE D5 25O NI RO € 7Lk
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WEOBKRZEELWLTWE I (D% IE kv, ZOLEIICEFAMBEDOMY 12T Tk
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DA R 2.1 RB2EDETFTIALDID DHF

proctype ctr(chan to_sgnA, to_sgnB, to_sgnC, to_sgnD)
{
do
::((stateA == blue) && (stateB == red)
&& (stateC == blue) && (stateD == red)) —>
if
::to_sgnB Imsg(yellow );
if
c:to_sgnA !msg(red); to_sgnC!msg(yellow); to_sgnC!msg(red)
::to_sgnC !msg(yellow);
if
::to_sgnA !msg(red); to_sgnC!msg(red)
::to_sgnC !msg(red); to_sgnA!msg(red)
fi
fi

fi;
((stateA == red) && (stateC == red)) —>
to_sgnB !msg(blue); to_sgnD !msg(blue);

((stateB == red) && (stateD == red)) —>
to_sgnA !msg(blue); to_sgnC!msg(blue);
od
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= (yellow, red, blue, red) = (yellow, red, yellow, red) % 7z, (blue, red, blue, red) =
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HERING, WENROMWEZI 7 TR FFCZ LEE TS 2L DDEATH 2,

EE 352 (BEXRES) RA2BVOESS, CBE Tzl TLE, S, 2BEXRER L
WES: S, NM=0.

HlE EDTFRAERTOREANEFHEDOOI2EZ 5, B50IR2%5E L THS NI
B LWH D, (blue,red,blue, red) = (blue,blue,blue,red) = (yellow, blue, blue, red) <>
(blue, red, blue, red) = (red, red, blue, red) 7% £05, ABREARELEOEF L 15, AERESL

WIZRXETABEFDOLE, BEVEIETB OHFRELBLEIITA R,

7



LI NG ., BMENROIEAZFEOWTIZH W EHETZA2LDDELETH 5,

IEL S DHHRZERTE DO TEARESICL 2REICHET 2 EH & Z DR 2R~ T, R
BENRDOET MDY ZIEEALESIC L > TRETE, WHDOLE 2O IZEEALE
BICE->TRHETE %,

3.6 EXRERICKBIETE

EH 3.6.1 (ERFEESICELBIRDFEEADRE) Kbl e BIEEAESICEEN 256, BH
DIERVEDRALL 72\, 512, e FEDKBITZR W,

GEH) KBIDIEEAEAICE TN TS Z E KDY, E#£351 kD
eeSp,Sng
£oT
eech ()
EF31.1 LD
e¢ P )
O. @. EF331&D
M DIEENEDSRAT L 72\,
Iolc, mE341 &0
e lFEDRHITIZZR\», O

EIE 3.6.2 BEFRERICELZIEDRERDEE) bl e WABEALESICEENLGE. T
VD IEREERAT L 75\, E 512, e IZFEDKHITR Y,

GEH) £ 352 & D

S,NM=0
£-o7T
S, C M* ---0
RBIDIEEARESICEEFNTVLE I ERD, O LD
e € M
£o7T
e¢g M ---
EF311 XD
eeM ---0
@. ®. E#H32.1 kD
T 7 IVDIEMEMEDSKAL L 22\,
IHIC, ndE34.1 K0
e lZFEDRHITIE R\, O



B4R BEEFESICLSBRDEE

COETIEE T, ARAEAEGOFEEZHITOWTIAERS, AEARESIZXH &
TELRENH 570, KL TWETEHEL 2Lk o s, RICKHFIDAEARESIC
HGENTOLPHET 2 FHZRT, FEH EHETEZEERIZ R, mBICBEARE
B DFHM D 72 D DEERIZDOWTIHBR B,
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AEARES L IRENROIBBIENTII RV EIEETEZ LD TH B, 3.52 DRER
BEEDHN 72 & (blue, red, blue, red) = (blue, blue, blue, red) = (yellow, blue, blue, red) *°
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ZERL, STNREFESHZRDIDOTH), AEARELSDEREITRL S,

BEAEGZEZEL LDIEBOMOERZHEZ L T2E5U 2 EAT 5, p &L
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BRDGEM c \TRD R 254025l IXBAEARAESR I U DEZEZEUCERDESRDES
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oKD, DL FONZLT BT DRV, FIZIXET ADRICH, KRE
ZAULRIFE COHE, REZTEILLHNIET ADHE, F5CHUHE, K B5A
DREBNTEZEDH S, HITRICES2LORIZEFTB EDWHFICKS, I Ak
WIRZFELD 1 DL LT D AEIBENEL LB RTIIR vy ZENBTFond, TBE
D&IH L, BEAL THEVAI ) B51F. BEBLESDTHLLEVIEBKRTH S,
ZORIDZHBVIRZFEOEES U OFEHE u, ZHOTEIRT 2, ZEOMIE (A, B,C,D)
9%, A B,C,DIIBET%2R L. blue,yellow, red D% £ %,
D SO ERREL L LRTIER VY FXRD L) IKHIT D,
ui=A,B,C,D)= (A",B',C",D") when (A’ #red NB # red)V (B # red A\ C’' # red)
V(IC"#red ND'" #red)V (D' #red NA" # red)

IR Z D 272 WIRA2 W E LT TRESNE=2E=2OIAICEL L vy 2 &E3ZF
5%, FERICES U DELZ u, #HWTEIL L T0IiTiE, AEARESOEEZIEPCT Z
L3 TES,
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ETFIUREDOKMPBEERAERICEEINIDEIDEIEHEEGU Lo~y F v 7%
LB ETIT R ), BARUDBEZEIEBDERLTH 5 7- D KHNIE D EBERIITH %0
BH b, ZOLOICEMDOBEIL 57-NCEBTA3LEROMEZR T2 LI 1T
WEBIET 5, HLUARADHETZITR) & ZIZUMOBRBICEROE 2T E)dbDE
T35,

EFILDOMY OHEIZLLTOFEIETIT 29,

o KB (ZEBDERS) & AEAELGDOD LI LA U ZHET %,
o KHNTHEA U DERDPEEND L) REBDPEENT V20 F 2v 7T 5,
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e SENTVLIUT TEFINICEY D By LHET 3,
e HENTVLARITIUIKHIDORDBELICOWTHERICF 2y 7T 5,
o FOEBEBLVEAUICEEIN TRV E ZIXHEARELE T3,

BEHEULEVWIDIEFETORIDZRWIRZFEVWEZERL T2 TRV, ZDTTF
D% THEA R L T2 IZ, RICEAUDEZRS LICX>THETEZRWE
W) H[REEDY D 026 TH D,

REIBnflOEB SR CHIEINLE, TNSDOFIEZRLa—FTET ERD L) 1Tk
%,

J A+ 4.1 HEHEDOREB a2 —F

int i,j;

for(l<=i<n){
for(p=p’ if condition) € U{
if(3 o, 0(p=>p’)=di=di+1A o (condition)){
print (di=di+1,condition );/+« RFIDEE L 5| >0 75600 % T +/

return ;

}
}
[REUDEZEDPRLOD S v L &«
print (" HIETEFTHA.);

exit;

FERLa — FCo 3ZBOEN B TzekT,
HIFEORENEEEZHI E LTHIT 5, EFNVICHIRICHE) ZIBAIE T, KHIE
BAESICEENLZL2R T, BEEIZa Yy u—92 N0 LAy —y PHETEHR
L7, MY ZBAZIEZ2 P —FDET N EREBET AWEIZRD LI I B, HLE
TIWNIZEDESLDE 57 NICEHT 228 DEz T2 L) IBIELTH S, £
B $ A MRIZ LTL 2% v 7,

J A b+ 4.2: REAESHE

proctype ctr(chan to_sgnA, to_sgnB, to_sgnC, to_sgnD)
{

do
::((stateA == blue) && (stateB == red)
&& (stateC == blue) && (stateD == red)) —>
if
::to_sgnA !msg(yellow);
if

i:to_sgnA!lmsg(red); to_sgnC!msg(yellow); to_sgnC !msg(red)

ISpin TOMGEICH - & 1 5 TEGREE T H % HUER G (LTL:Linear Temporal Logic)
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3]
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54

::to_sgnC !msg(yellow );
if
::to_sgnA !msg(red); to_sgnC!msg(red)
::to_sgnC !msg(red); to_sgnA !msg(red)
fi
fi
::to_sgnC !msg(yellow );
if
::to_sgnA !lmsg(yellow);
if
::to_sgnA !msg(red); to_sgnC !msg(red)
::to_sgnC !msg(red); to_sgnA!msg(red)
fi
::to_sgnC!msg(red); to_sgnA!msg(yellow); to_sgnA !msg(red)
fi
fi;
((stateA == red) && (stateC == red)) —>
to_sgnB !msg(blue); to_sgnD !msg(blue);

((stateA == red) && (stateB == blue)
&& (stateC == red) && (stateD == blue)) —>
if
::to_sgnA !msg(yellow);
if
::to_sgnB !msg(red); to_sgnD!msg(yellow); to_sgnD !msg(red)
::to_sgnD Imsg(yellow );
if
::to_sgnB !msg(red); to_sgnD !msg(red)
::to_sgnD !msg(red); to_sgnB!msg(red)

fi
fi
::to_sgnD !msg(yellow );
if
::to_sgnB Imsg(yellow );
if
::to_sgnB !msg(red); to_sgnD!msg(red)
::to_sgnD !msg(red); to_sgnB !msg(red)
fi
::to_sgnD !msg(red); to_sgnB !msg(yellow); to_sgnB !msg(red)
fi
fi;
((stateB == red) && (stateD == red)) —>

to_sgnA !msg(blue); to_sgnC !msg(blue);
od

12
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COITNEDORN—~S 00T R W — OO

WET 5 EE
'[lp

p:((stateA == red||stateB == red)&&(stateB == red||stateC == red)

&&(stateC == red||stateD == red)&&(stateD == red||stateA ==

red))

42D RTHICHEY) ZIBAZIEL, EEBICHETIZTOX v —Y2EFAICE ST

W3, ETUVREDRER. XROKEINHE I N,
U A b 4.3 kil - RS 5%

w1207086:2 9 ogawanaoya$ spin —t signal_time4 .pml
Never claim moves to line 170 [(1)]
(blue ,red , blue ,red)
(yellow ,red ,blue ,red)
(red ,red , blue ,red)
(red ,red,yellow ,red)
(red ,red ,red ,red)
(red ,blue ,red ,red)
(red ,blue ,red, blue)
(yellow , blue ,red , blue)
Never claim moves to line 169 [('((C((((stateA==red )||( stateB==red))
&&((stateB==red )||( stateC==red)))
&&((stateC==red )||( stateD==red )))
&&((stateD==red )||( stateA==red )))))]
Never claim moves to line 173 [(1)]
spin: trail ends after 71 steps
#processes: 6

stateA = yellow
stateB = blue
stateC = red

stateD = blue

71: proc 5 (signalD) signal_time4 .pml:138 (state 19)

71: proc 4 (signalC) signal_time4 .pml:122 (state 19)

71: proc 3 (signalB) signal_time4 .pml:108 (state 17)

71: proc 2 (signalA) signal_time4 .pml:90 (state 19)

71: proc 1 (ctr) signal_time4 .pml:57 (state 36)

71: proc 0 (:init:) signal_-time4 .pml:164 (state 8) <valid end state>
71: proc — (never_0) signal_time4 .pml:174 (state 8) <valid end state >

6 processes created

DA F43D31THDS 10fTHPEE (AB,CD) DEETH S, 31TTH? S 41THDE
B GIHIC o 2> TEBZH D BT T, 9fTH2 5 10fTHDEBDHEID Y4 TIZXD
£912% %, 0(A) = red,o(A”) = yellow,o(B) = 0(B’) = blue,o(C) = o(C’) = red, o (D) =
o(D') = blue, A’ #red NB' # red 2D TYfTHD 6 10fTHDEBR I EG u) DEETH 5
DTZDRHNTABERELGIZEEFND, LoT, TETNVICEIBDH S LHETE S,
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43 SEER
4.3.1 EtiE

BEALESOFHNER & L THEPT I LBHO T2 OWTEHGT 2, SHfio 2D
FERE L CETNVREOMAINZGITH ) —¥ 7 4 YE, HEEoRENE, 7)) v
FEAX Y SO, REAESED 452D LiF7,

)= 4 FMHEIZHECT I 2T 2 DERTH 5, KRB THEDOHTILK
BICRD ZIRAZIELD, V=S 74 VMETREETCRVWEIZELET V2 HEL,
HEPTI 2T 5,

T HORFEMEITEECTIZHMT 2 40FEBRTH S, ETIURED X {ASNT
WARWEELTT Yy Fuy 7 LARRERH 2, Ty Fuy 71T 2IR2 502 AR
ELHTEHEAEREGOTBORAE2M S 2 L THHEiT 5,

TV VY EAX Y FTOREIZEELTIZHEGT57-0DEHRTH 5,

R A EFHEOFIIBB O+t 2 Ml T 2 ADFEETH 5, FEEELGEZ Y 24
VIR EEVLIC O W THEAEATE T 2D EET LWV D 2R LR o401 % 2Ff
95,

43.2 SEEBANZA
)—4541 58

BREES | V-FS515ME

Reader Writer

—adown_db_ rc++_ read

& e

¢§ﬁfx'lﬁﬁl * T

T =& RX— R D Reader & EHED Writer 037 7 2 AT 5 RkM %5 2 %, Reader |13#
BADFRHC T = R—=RAIZT 72 ATE LD, Writer 037 72 AL T3 L ZiEfho £
@ Writer b Reader b 7 7 2 A T& %\, IRBFEVIL, £ T 77— X—2%201v 7IKEEIC
T 5%, RICH DD Reader 72 547 72 A L T\>» 5% Reader D% . Writer %2 557 7 & A
L C\>% Writer D Z BT, GiAAAAFE 2 I1FEZIAADNK D - 72 5 Reader. Writer D
BzHo L, RBRICT—FIR=—R%Z27ray ZIREIZT 5, LoTRI D ZRW0WIRS HEw

14



0NNk WN—

— e = e
whn AW = O O

16

& LT TWriter 287 7 2 AH D & & Reader DEDME Z 5 5, TReader 37 7 2 A & F
Writer DD 2 % 3. TReader £7213 Writer 37 7 2 AFD L EFT—F RXR=2AB7 0y
JIRRBICE D By, TT—FRXR=200 v 7IREBIZE D 5 & ZREIC Reader F 72 1 Writer 23
TIRANTH By DADOEFETE, ZORID ZRVIRSFEVLEZES U 2 v Chlid
9%, BROMIE db,re,we) £ T 5, dbldT—% RX—=RA%FEK L. locked,unlocked DA%
&b, re,weldZ N Z 4 Reader & Writer D2 £ L. BE(EE & 5,

%3 TWriter 237 7 2 Athd & & Reader DEDME Z %1 1ZRD K HI2FET B,

’ u; = (locked, rc,wc) = (locked, rc’,wc') when we > 1 Arc’ > rc ‘
we > 1 T Writer 287 7 & ZfRAEZ | rc’ > re TReader 32 T\ 5 2 & 2K T, [ABRIC
FReader 237 7 & AthdD & & Writer DEDEZ 53 1ZRD L H IZEIT 5,
’ u, = (locked, rc,wc) = (locked, rc’,wc’) when rc > 1 Awc’ > wc ‘

FReader ¥ 721 Writer 27 7 2 A D E E T —F RXR—=2B7vray ZIREIZEDL S5 &
XD & IHIEHIT S,
’ us = (locked, rc,wc) = (unlocked, rc’,wc’) when rc # 0V wc # 0 ‘

FrF—g X=203uy 7IREIZE D % & EPEIZ Reader £ 7213 Writer 287 7 ¥ A TH %4
ERD K ) ICEHIT 5,
’ uy = (unlocked, rc,wc) = (locked, rc’,wc’) when rc #0V wec #0 ‘
Reader & Writer DIR A2 VW2 RTET NV EMETHWHEHIFZRD L) IR, HLBEET
ZMEIFEHTERAL LY A 45D 5THICHEDIATN TS,

A b 4.4: Reader DIRHEFHEWZRTETIL

active [2] proctype reader (){

do
coif
c:d_step{(rc == 0) && (db == UNLOCKED)
—> lock(db); write(db,rc,wc)}
2l (rec == 0);
fi;
d_step{rc = rc + 1; write(db,rc,wc);}

/xread_data_base %/

d_step{rc = rc — 1; write(db,rc,wc);}

oo if
c:d_step{(rc == 0) —> unlock(db); write(db,rc ,wc)}
:l(rc == 0);
fi

od

J A b 4.5: Writer DIR25EWZ2RTET IV

active [2] proctype writer (){
do
crd_step{(rc == 0) && (db == UNLOCKED) —> lock(db); write (db,rc,wc)}
d_step{wc = wc + 1; write(db,rc,wc);}
label:

15




[e>BNoRN0 I HoN

0NN kW=

— e = = e e = e
01NN kAW = OO

AN AW~

/*write_data_base %/
d_step{wc = wc — 1; write(db,rc,wc);}
d_step {unlock(db); write(db,rc ,wc)}
od
}
LG RERC R Y Y=

@ > @

p: writer@label

q: rc == 0

ETFNUREDOE, ROKEIBH SN,
JR b 4.6: kBl V=74 Z[HE

wl1206082 :RW ogawanaoya$ spin —t rw.pml
(LOCKED, 0 ,0)
(LOCKED, 0,1)
(UNLOCKED, 0, 1)
(LOCKED, 0 ,1)
(LOCKED, 1,1)
spin: rw.pml:47, Error: assertion violated
spin: text of failed assertion: assert((rc==0))
spin: trail ends after 6 steps
#processes: 4

db = LOCKED

rc =1

we = 1
6: proc 3 (writer) rw.pml:49 (state 17)
6: proc 2 (writer) rw.pml:44 (state 23)
6: proc 1 (reader) rw.pml:35 (state 20)
6: proc 0 (reader) rw.pml:28 (state 31)

4 processes created

Uxb46@265@66ﬁaﬁ§ﬁmnmw@®L@f%% 3fTH2 5 41THDER
DEEBU; DBEZRTHHDTIORPNTEERERICEET NS, LoT, ETNICED R
HLHEHETES, HODFERIZV A 44D 1LITHDETFTILVDIZEN L 2 WIEPRER
BIRBZBODEFIN T/ L THo%, BDTETNEZEEL THE, TTVHREZIT
ol

A b+ 4.7 fB1E L 72 Reader DR A FW 2 L TETIL

active [2] proctype reader (){
do
coif
::d_step{(rc == 0) && (db == UNLOCKED)
—> lock (db); write(db,rc,wc)}
!l (rc == 0);
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11
12
13
14
15
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0NN N kW=

DO M= = e et e e e e
OO0 I P WD = OO

fi;
d_step{rc = rc + 1; write(db,rc,wc);}
/+*read_data_base %/

d_step{rc = rc — 1; write(db,rc,wc);}

if

::d_step{(rc == 0) —> unlock(db); write(db,rc,wc)}
il(re == 0);

fi

od

ETFNVMEOMER, ROKEIBH i,
JA 4.8 &kl V=474 »iE

wl207219 :RW ogawanaoya$ spin —t rw.pml
(LOCKED, 0 ,0)
(LOCKED, 1 ,0)
(LOCKED, 0 ,0)
(UNLOCKED, 0 ,0)
(LOCKED, 0 ,0)
(LOCKED, 0,1)
(LOCKED, 1 ,1)
spin: rw.pml:47, Error: assertion violated
spin: text of failed assertion: assert((rc==0))
spin: trail ends after 9 steps
#processes: 4

db = LOCKED

rc = 1

we = 1
9: proc 3 (writer) rw.pml:49 (state 17)
9: proc 2 (writer) rw.pml:44 (state 23)
9: proc 1 (reader) rw.pml:28 (state 29)
9: proc 0 (reader) rw.pml:35 (state 19)

4 processes crea

ted

VA L+ 47 D217HD S 8T HDEEL (db,re,we) DESTH %, 7TITHD S 8FTHDEK

A Uy OBHETH LD TIORPISEAERICEENS, LoT, €7

H5EHETE S,
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HFEORFEME

BREES (TFEOREME

BOTF—Y | E07H—7 |
right.get left.get

right.put left.put

A NDBFEESARD 7 4+ — 7 DEDPNT T — 7NV EBHATOIRNEEZ S, &L
Hoaofil, EMONEIZ T —7 V06 7+ —27 20, BFE%2T %, BEMNFALLHY
T=T N7 4=V %IRRT, o TRINDZHVIRZFEE LT FRICEEEL 7 +—7
Z3OHFILTWEZ Ly, T =N 2N T 4= DFFEEPEDL L Z Ly, T4
B2 74— %R LIRETH 21, THIEFAHIIMED7 #— 7 %#FikiT 5 2 &0
TER\WVg DA4DO%2FETE, ZORIDALVIEZBVWZELU Z2HVTERT 3, &
BOME (fi, fo. 5 fa) €T D, fIE74—0 %KL, T,0,1,2,3DfE%2 L%, TIE7T—7
WIZH DT, BFFEDTLEEDIER L T a0z kT,

9 MEUCEPEL 74— %230 LT0wEI L) ERDLIICHIT S,

ur = (fo, fi, fo, 3) = (g 11 o5 F3)

when (f=fIANfl=HANL+T)V =FAAR=ANA#T)

VU= FANL=RAN#ETIN =i nfy=finf#T)
3ERD7 =7 DEDBFE L EDR T — 7 NICIEBEIPNTOAEWLWRHZRL T3,

PF—T7NZNITIWT7 4= DFFFEDEDSL 2 Ly XD LI ITHEIT B,
uy = (fo, 1, 2, 13) = (fgs f15 fo5 f3) when (fu # [, = fu # T A f,, #T),n€{l1,2,3,4}
73— 7 DEDRENT 5D HEDP DT — 76 -7, FRET—7NVICEWE EET
b5,

FeEB 74— %ZFfLIRETH 20 1FRD K IH ITEHIT 5,

uz = (fo, 1, 2, 13) = (fgs f15 155 3)

when (fj #TANfl#TANf3#TAf#T)

ANIg#F NS E L ANTGEB)NUTE LA # LA, # )
EDT7 4= T =7 NIZHEWIREET, 2O D7+ —7 bR UCHEZIS IR ZE L
T3,

L L THA2PEHEIMTDT7 +— 7 2R T 52 L3 TE % \vg 2 EIZEEAREA TR
WBTELDol, AEAEARZIEI D ZHVIRZBOEZEROBEE TRT L TERLL

18



EROE RSP 62 IR FEOICEI L CEEDRTE b o 7,

PAPEAVE S a

EEALS | UL EERFYS

|?1JFF!%:P Printer |
‘ FIAE: Q I > Scanner|

MmEP | | |Printer
Prgetascget o copy o prput BrEct
0 @& @ ©® ®._ ®

prput
sc.put
FHAEE:Q Scanner
prget_sc.get _ copy _ pr.put sc.get
0 @ 0 0 @
ssssss
;;;;;;

4. FIFEP & Q & W32 DDHEK Printer & Scanner % i 9 Jﬁ‘?ﬂ’i’%i% FHEIZA ¥ v
DOBAIANTET =8 2 7V v 7 I T 5, ZOE¥EZLTY) 7291213 Printer & Scanner
ZFRFICHIELE T2, IR2FEHELT f?FUFH%ODFa'ﬁTﬁ{)?’E%EFL LwnwZ ey &, TR
HZEZRICT) vy %2R L) D2O0%2ET S, LoT, I D ZRWIRSHE
ELT TEROMBIDIE & TICHIHEIMDSE 2Ly L TAX 2 ERBLLLEZD
FRABN T v 2R L TN Ly D2O0%%1F5, ORI D ZRVIRS V%
£H5UZHOTGRERT 5,

9 TEROMBAHR I & TICHHEBO L 2 Ly FRD LI ICHIT 5,
’ uy, = (pr,sc) = (pr',sc’) when (pr# pr' = pr#eApr #e)V (sc # sc’ = sc #e A sc’ +e) ‘
pr. pr'. sc. sc’ 13 P,Q,e Dfie &£ 2B TH D, pr DM P THIUIHHEZE P23 7)) v
FHREBFELTHnEIEZEL, e THNXTY VIDIMRBAIRETH 5 Z L 2T,

F2% v 2R LLEEZONHERT) VI ZERL TR g ERDEIHIC
=] j’%o
’ u, = (pr, sc) = (pr',sc’) when (sc¢’ # e — pr' + sc’)} ‘

HMHEP &L QDIRLIBEZRTET NV EMETLI2WHHIBIRD L) ICK D, 7L,
Y HIRBEESTIE TRHFIIRICT) vy 2T 52 Ly & LY AT 4.9 TIEA
HEFEQIFEICAX v F2EE T2 L H)IC1I31THE UWITHZ ANE R 7,

YALA49: 7Y ¥ ERAF ¥ T

AN N AW

proctype userP (){
do
c:d_step{getP(pr); write(pr,sc)};
d_step{getP(sc); write(pr,sc)};
/% copy */
d_step{put(pr); write(pr,sc)};
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0NN kAW =

N S e N e T e T e )
O 001N N B~ W~ O\

d_step{put(sc); write(pr,sc)};
od
}

proctype userQ (){
do

c:d_step{getQ(sc); write(pr,sc)};
d_step{getQ(pr); write(pr,sc)};
/% copy x/
d_step {put(pr); write(pr,sc)};
d_step {put(sc); write(pr,sc)};
od

BT 2 1E

I'(<>[1p)
p:(pr!=e && sc!=e)

EFAMBEORE. ROKGIDHH S he,
DA 410 Kl T 7)Y F L AF v )

Never claim moves to line 58 [(1)]
(e,e)

(e,Q)

(Q,Q)

(e,Q)

(P,Q)

(P,e)

(P,Q)
Never claim moves to line 57 [(((pr!=e)&&(sc!=e)))]
Never claim moves to line 62 [(((pr!=e)&&(sc!=e)))]

spin: trail ends after 21 steps
#processes: 3

pr = P
sc =Q
21: proc 2 (userQ) prsc.pml:37 (state 14)
21: proc 1 (userP) prsc.pml:27 (state 14)
21: proc 0 (:imnit:) prsc.pml:51 (state 12) <valid end state >
21: proc — (never_0) prsc.pml:61 (state 9)

3 processes created

YA 410D 217HD S SITHPEE (pr,sc) DESTH %, 7TirHD» S 8fTHDER
DEA u, DERTH 2D TIDORHNIFAERAEGICETNS, LoT, EFIICED
HHEHETE S,

20



=SS

BREES | BEAESH

B
| mEaEsa
o (+ERER)
V'S
‘
v

i

i
I

(®

D

T FRERTORENESELEZ 5, E5EELSREIHIDICABCD T35, k3
i, FTESALESCOHHFORE» IIIRICR S, T L SOIENT 2IEF
OB, BIZIXES A2, REZMLLRIES CHE, REZBLTrILH
HIUXEFT ADPE, B5C2H, K, B APREENTEZEbH D, HITRITHS
ORIIMEEB EDVHICHRS, o TRIDZRVIRSZEWIT TRV A IEBE0EDL
5H KTy, TFEFVHE=H=ROMEICELL 2wy, ThEESHIRICE-E
EMWIOEERIC R DHNCET 20 D3D%ZT 5, ZORID ZRVIRSHEW
ZHEAUEZHOTRRT 2, 2HOMIZA,B,C,D) LT 5, AB,C,DIZ&EFEEL.
blue, yellow, red DIE% & 5,

F9 TBEDAIBTVELS b ARTIELR Vg BRD L) ICHT 2,

u, =(A,B,C,D)= (A’",B',C',D") when (A’ #red NB # red)V (B" # red \ C' # red)

V(C"#red ND" #red)V (D #red NA" # red)
FEEFVPE>H>RDOIHICZE L 2wy ERD K9 ICFHIT 5,
u, =(A,B,C,D)= (A’,B’,C’",D’)
when (A = blue NA’ = red) V (A = yellow N A’ = blue) V (A = red N A" = yellow)

u3 =(A,B,C,D) = (A", B',C", D)
when (B = blue AN B = red) V (B = yellow AN B" = blue) V (B = red A B' = yellow)

us = (A,B,C,D)=> (A",B',C",D")
when (C = blue AN C’' = red) vV (C = yellow A C' = blue) v (C = red N C' = yellow)

us =(A,B,C,D)=> (A’,B',C",D’)
when (D = blue AN D" = red) V (D = yellow A D’ = blue) V (D = red \ D" = yellow)

TH DIETHRICE o7 & EMWHIDOETIRICR ZENCELT % FEEAELSTIZER
WTELdrot, DT, ANETER L HAEARESODES HCIIEBTERWI L%
NI T-DICRDOEZITR o 72,
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[c BN e NV I O R S

N B D DDA BARADBADDOLLOLWLWLWL LWL WWRNDNDNDNDNDNDNDNDND PR ===
— O 00NN WD, OOV NPAEWVNODELOOUTANNIKA WO, OOUIONWN A WN=~=ONO

JZE 411 REESERORLFHWERTET L

proctype ctr(chan to_sgnA, to_sgnB, to_sgnC, to_sgnD)
{
againl :
if
2o if
::to_sgnB !Imsg(yellow );
if
::to_sgnB !msg(red);
again2:
if
::to_sgnB !msg(blue); goto againl;
::to_sgnD !msg(yellow); to_sgnD !msg(red);
if
::goto again2;
::goto again3;
fi;
fi
::to_sgnD !msg(yellow );
if
::to_sgnB !msg(red);
::to_sgnD !msg(red);
fi;
if
::goto again2;
::goto again3;
fi;
fi
::to_sgnD !msg(yellow );
if
::to_sgnD !msg(red);
again3:
if
::to_sgnD !msg(blue); goto againl;
::to_sgnB !msg(yellow); to_sgnB !msg(red);
if
::goto again2;
::goto again3;
fi;
fi
::to_sgnB !msg(yellow );
if
::to_sgnB !msg(red);
::to_sgnD !msg(red);
fi;
if
::goto again?2;
::goto again3;
fi;
fi;
fi;
fi

22




52

0NN AW~

[T NS T NS I N0 I O e e e e e
OO = OO N PR WD~ OO

WET 2 MHE
[Jr—=® U a) p: (B == red)
g: (D == red)
r:(B == red)

DAR4111E TEEDAIESHEDL S LRTR AV, THESHE=>H=>ROIHICELL
Ly RAZFEVIZEZ 5500 Th 2E50RIC k57 & ZIMWHIDES RIS K 0]
2L %0 IRBFBEVIFEZZ2ET LV TH S, HHIFMESBLRICE-7 L EEFEZFDY
R B ETIETBIZRDITEFTHE L Z2HMAELL, ETFVMEDREE. KD KH
BN,

U A b 4.12: JB RS TR

wl207051:2 _6 ogawanaoya$ spin —t signal_again.pml
Never claim moves to line 158 [(1)]
(red ,blue ,red, blue)
(red ,yellow ,red, blue)
(red ,red ,red, blue)
Never claim moves to line 156 [((!'((stateD==red))&&(stateB==red)))]
Never claim moves to line 162 [('((stateD==red)))]
(red , blue ,red, blue)
(red ,yellow ,red , blue)
(red ,red ,red , blue)
spin: trail ends after 50 steps
#processes: 6

stateA = red
stateB = red
stateC = red
stateD = blue
50: proc 5 (signalD) signal_again.pml:122 (state 19)
50: proc 4 (signalC) signal_again.pml:106 (state 19)
50: proc 3 (signalB) signal_again.pml:92 (state 17)
50: proc 2 (signalA) signal_again.pml:74 (state 19)
50: proc 1 (ctr) signal_again.pml:20 (state 49)
50: proc 0 (:init:) signal_again.pml:150 (state 13) <valid end state >

50: proc — (never_0) signal_again.pml:161 (state 13)
6 processes created

YA 412D 3FTHDS STTHPEE(AB,CD,) DEKRTH %, THIEELHKICK->
72 £ ZIWHIDEFDRIC R 2HTHCZLT %1 IREZ B2 EHDOES TEIT 5 121X 31T
H2:6 4iTHDOER L 41TH? S SITHDERD 2 BN L 2 5,
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4.3.3 S

BRIl & LTV — 4 54 R, TrEogRilE, REXESEKZID L7,
FHifilx, K4 DIED» GEHEZ R T I EMRHE DO+ OWTEHIE T 5,

V=854 ZHEDOHITREETH VIR 2E0ETVEZMELL, YA 44 TRE
XL ZRWIERENGRIRATFADREFN T A LD DFERFTH 553, FEL L SHHT
2, IFIERENRIRZ AR T 2 L EICHW S, 3fTH»S 7TfTHT, 3V —%
BT = R—AZEETHLEEZ, reD0RST—FIR—A%20U Y 7T 5, red0 TR,
ThbLMD) =S EERD L IR T4 ¥ TER VLI Iy 783 NT
WEDTROUIUGEALTH L, 11fTHD S 4THT, RBICT—FRXR—20uv 7%
fRER T 20723 re 30, THROLHTOMICY —FBnipn e 2ICRERL, 29T
USRI T HO3TH? & OISR, T—FRX—R%20ny 7, BT 5L E
1% re DAEIC X > TIRRENRFTBNETH 205, T—FX—2Du v 7 REREEE
JEREMICHEITEINEZ ETIE R, L2LIIfTHT: if £H 2 &) ICIFREN L
HMEZLTLES>TWS, 8fTH2S 1I0fTHTA VYT Y F2EZCLE-KL I LT, 1117
FICEH CAHIZ 3TH EFFRENICEITINE DD LWEWCL T LE > 2 &R
DFEEEEZ6NS, TOXHICEHZ I EDEETET VIS IRAT 254605
5, =1, BEREGRIEH L ZRDOERMN2EZ L L TELILENTES, V=%
TAVRETIZ, I D ZRWIRA2E WD 1 D& LT TReader £ 721 Writer 27 7 & &
HDLET—IR=2ANBT7vay 7IREICEDS) L2, kDT, V—FDE*%
KT ree 749D %ERT we, T—FR=—ADREZELT db IZEHTIUTR W, V) —
. FAYDIRDZIFNTIIT—IR=2%20 v 7 LTH5 re,we DEEIELT, L-oT,
uz = (locked, rc, we) = (unlocked, rc’,wc') when rc # 0V we # 0, EF 7z, ETIVEAE
LT BEREL D) D AEAESEZH CBREDIZ) D, FFEMICHEMICHHEIEFEZP
Ihot, YAFA4TIZY AL 44 THRRZZEDZFZEBEIELZET LV THS7, VAT
4.7 TIEAAZET L LTRET #5722 LD DERERTH 228, L
HT 2, 9. 2AD) =V T—F R—2AZEETIRMEZEZ S, | AHOVY —FIE,
AfTHTT = RXR—RA%2a vy 7 L7, 8fTHTre 2P L7 & 2 AL TUMDMHEA T L
T5%, 2AHDVY —=%1Z, B ) =¥ 0305 DT 8ITH D TR F TUHINEA 72 £
%, 2ANHDY) =FE R re ZHEPLTORVOT, ZORMTIAHDY =53 rc %
WMo L. ROWMPIES & rel20 720, HODBREDY —F7ZEHBIL, 77— X—
A% A ZDREABEZRIRBIC LT L £ 9, COMEZERT 21CIZ8ITHOUM £ T%
4ATHRD, 6 fTHOUE X L0208 B H D EEZ6NE, THob, AEAESE
HHLUEBOZFM2EZ 2L TEL LD TES, V=¥ 74 FETIZ, )X
TWIRAHFEND 1 DL LT "Writer 37 7 2 Athd) L & Reader DM Z 51 2 & %%
Frze DT, V=3 DE%EERT re. 747D ERT we ZEHTNUER W, LoT,
u; = (locked, rc, we) = (locked, rc’,wc') when we > 1 Arc’ > re. EET7, TTIILDOEKE
WHEE LD, V=Y DOWfTEEZEZCET LV EERTS2 XD D, HHL LD EMH
BEZDITDEZPLTho7, ETNEIRAFHOEEZE L TEL DICHART, A
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EHIZIRA VO 2 EIFIERL 2D TEEPL TN,

TP HEOBFHEETIE, I ZRWIR2OELC IHALEYEER 74— %39
L Cwa ey IF—TN2NEFTIC 74— 2 DOFEENLEDL S Ly, TRED
74— %R LIREETH 50, THLIEAFRIMGTD7 +— 7 2k T 52 L03TE
g, THLIEFFIIMATDT7 +— 7 %FFET 25 2 L3 CTE R\ 2 EEZEITL, THU
THPER T A= Z3OMFFL 0B Ly &L TN E2NITIIT7 4+ — 27 DFFE
DEDLDLZ Ly FHSLIEI D 2B VIRV EEEZEZONS, 3RKD7 +—7I1K
HL., @CHICEZ L2 L TEREHTE S, HLEFERDOBTFZEZNTLV, Lo T,
uy = (fo, fi, 2. 3) = (g [, 15, f3) when (fg = fiANfl =LA #DDV] =LA =
FNE#DIVE = HAR=[Af#DVE = KA = KA # T &8
1o VT =T NN EITI7 4=V DFFFEDEDLL 2 L1 37 4= DD Ebo 7 L &
X, 7=V oMo, T—7NWICEWEZDPDESL SDED T, u = (fy, fi, b f3) =
S5 fl 13 ) when (fy # fi = fu # T A fl £ T),n€(1,2,3,4), £FH T, wIndbHR
SO FEZBEL Z L TEL LB TE L, 1O AERMGTD 7 +—7 2T %
ZEMTER g, THIEEFERIMGTD 7 =7 ZFHFFT5 2 ENTE Ry ZEICD
WTIFEE TR,

TV ZEAXF 2 FOHITERI D Z2VIRA2 VD 128 LT MEJHOEHRIE &5
WCHHEDMUD B 2 Ly 2RTHBT 2N TE 2, TNIEFEEFEORHLEOH 2 L
FF—T7NENITICT7 A= DFTREEDPLED S Z Ly ITHMS TS, 20X I ICEE 54
TH—E, AEAESDIE T CUIZN 2B L UIDFITHOHWS 2 L TE S5
DBE»HS T,

R XESHOBIT, T AHIBENEL S LRTIIR Vg Z &L, TRESHE=>H
SHOMEIZEL L vy ZEIFHLS ZENTERD, THIEFVBRICR oL EEOLH
DIEFDRICI BHNCEAT By L 3E T ok, THOAIEFNEL S LARETIZ
g ZEMETOER LIRS E TS, BRELLZAETHIGIEBEDOEL L L,RT
BROEEPRID ZRVIRAEVWTH D, EBT 2H1IER LV, THESIE=E=0R
DIICZL L 7wy CE2FQITIXEBRDBIMRT 2, BEIFE=>EHROMHICET 20
TEBHIPE R OBBEEBR LGOI D ZRWIRE T WE RS, THIEESNRICR S
EEMWHIOESBRICR ZENCELT 25 2 EHBERBRDERT S, LrL, HBEFIC
DVTHRIZE S E2EL DI EBR., IS5 ICAWHIDESOREFFZTICEMT S
CEEEL DI EBLETH S, BROBER TRET LTI 2EBBNEE 572, %D
THEAELGTIIGRTE R o7, ARDEZHZLE, 1 BEEITROMETE 3,

434 EE

HHOMFIFBEEAEGZHWE LT TeET ks ITHDBH S 2 EDVHE IR S
TETHD, V=74 ZMEDHIZIY FF 5, WHE PIFRHTILAL 72235, % H
iz il cE 7, KIS N & SME PR TH 2720, TETMULERIE
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HOETNWVICED S % L HRUO L, KEIPAERESGICETNTVWIUE, ET VM
I D ZRWIR2EBOWEZEATHEZEIZR2DT TE7 0L ITRD3H 5 Z L3
Mo T,

) —4%"5 4 T, Reader 5 Writer 28 & ) WATICEIEST 2 ke 7 V2 EH BT
FHHE LI v, —HTREAELETE 2L REROMELFICER TR O TR
LT, KoTAERESIZIIARSETLEEZONS,

PEEOREMET, TAUEEEN 7+ — 27 %3O0 FiLTw5sZty & I5—70
NI TICT7 A= DFTFREDNLEDH D Z Ly FHODITEI D Z B WIRA BN EEZS
Ns, LrL, TEER 7+ —7 %2R LIIRETH L) 2 L IFAERESTHIREZ
ETIERV, HFEORFERMEE Ty Fuy ZIZsaHe LT, Z0ZU0HwWs N5,
LA TOOFTHLRELR 74— 2R LIREBICAR SRy ZEZRINDZRWIRS
O E L THEIIREE S b ik, L L TH2EEHIMGD 7 +— 7 % ks
TEHIENTER Y ZEDVAERELSTREZ LI DR 25 ThwoETH A
B27 4 — 272 LIREBIC R 52wy ZEDAEAEATRETIRZVWEEZONS,
FHIZOWITNOHEREZEZBL LI ELTED, Ty Fay 73> TIEL L o,
HHIRENDEL TR TEZ 2010 L, HIEIREIZ—mIcdH 2REBICHRS W %
FHL L TR S v, Lo THIMRERAEAEATREDRTE Rt EZON
5, £7. Ty Fay 7 3E0ATE 0 BEMIREB IR T E o7 2 LD o LN 1k
FEREL TR TE 2085 kil TcE 2wt Eions,

TV ZEXAFXF X FOHIT, I D ZRVIREZEECD 1 D& LT MEROMIKIEZ 5
FTICHHAERR DS 2 Ly 2B TR T B ENTEL, ZNREEEOSHENED A
ARELAZSEZICLTELILNTES, ZOLI)ICELRAHTY—E, AEKELSIET
TLNEZNZZHZIC L THIDOHITHHWSE 2 LB TE LD, MENROE T NVLELT
I EZTOHRAKD I EDBVLZE b LR, LaL, ETLOEILVIGL TS
DL L T XD QR ZIKL 72129 b ) T WES S, koT, fhomik
ReETE2%6, TETMULLDDAEBEAESELZECIIIPNEFEZPTVEEZI NS,
Sl FAHEP EQD 2 AT TH-7), IBRAIEAZETIVOMY IFHHliLbDTH-
oo L LHIHEEZ 720, HHELUHZHE L 2TV EZERT 2856 TH, BRY
ZHOoTIUIFH CBEAREGZHWE Z ENTE S EEZ NS,

Rz MBS DHIT, THBESHHRICR -7 & ZRWHIDESDRICE BEHIZET 54
RAFBDIIRWD THB1ES) OOV TE ) LTH 2BBNELDTHRERL -
BEEAESGOEEHTRRET LD o, T2, ORI EBVLIZFRIWHIOE SRR EE I
o T3 2 LEDBFWHZ TH S, Lo THFEDOBHIPEDEZ LD, LI ) AEARE
TR TELRWEEZSND,

S, HEPTIELURLZBLO o2 FTIERWI &, BRICKEITEHT S L
WZDWCRHE L 72, Z O3 2 B BBz i 2 5ENEZ 65, ETLT

2HEWEHIIKE AW LR EEET A E,
SVOPRWLI ENE S Z LR A MUE,
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BS5E EEFRESICLDIBRDIFEDREER

51 SEBR
5.1.1 &tiE

EEAESICL 2B HEDFEBIIEEARAEEDHE HITOWTELETLDITR
o IEEAREAICE L CIBR R CHELRE ST IER O 6 hd o7, EBRIZ 227k
Vo FTREEICHE PICHY ZIBAZIE T, ZOWEPOEY ZRHETEEBETH 5,
RICIEEARESIIZBOMDERLI| U TRT Z LI2T 5, AFEARES LITEVIERIT 1
B LIRS v, ERIIREZAESEOMZHW2, 2200137V % EAFX v+ DR
BEHWS, OEDDBESETNICH L TIEL WIEE E - B2 5 2 TlRlENn 3
N DE D S IEEAELEDHEZ T 2R 5,

51.2 SEEBRAR
BERESHE

432 DIRAEAEFEOH] & FRORNEZEZ 5, WEIZ TBEDAIEZTDEL L0
HKRTH D1, THEFVEESKROIICENT 51, THAEFTVRICEST-EEREDED
BERRICEIETEITHOLRTH Sy D322HMET S, I CTIEEAELGLE L ES
AB.CDDtaD 4 DfHTEH W TE L, IEEARES L (B,R,B,R) 75 (R, B,R,B) IZZLT %
6D & (B,R,B,R)D5 (R,B,R,B) ICZALT 26D DEl]1 238D TH S, Bl blue, Y
i yellow, RI3 red 2 5% 5,
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U =(B,R,B,R) = (Y,R,B,R) = (R,R,B,R) = (R,R,Y,R) = (R,R,R,R) = (R,B,R, B)
U,=(B,R,B,R)= (Y,R,B,R) = (Y,R,Y,R) = (R,R,Y,R) = (R,R,R,R) = (R,B,R,B)
U,=(B,R,B,R) = (Y,R,B,R) = (Y,R,Y,R) = (Y,R,R,R) = (R,R,R,R) = (R,B,R, B)
U,=(B,R,B,R) = (B,R,Y,R) = (B,R,R,R) = (Y,R,R,R) = (R,R,R,R) = (R, B,R, B)
U;=(B,R,B,R) = (B,R,Y,R) = (Y,R,Y,R) = (Y,R,R,R) = (R,R,R,R) = (R, B,R, B)
U; = (B,R,B,R) = (B,R,Y,R) = (Y,R,Y,R) = (R,R,Y,R) = (R,R,R,R) = (R, B,R, B)
U,=(R,B,R,B)=> (R,Y,R,B) = (R,R,R,B) = (R,R,R,Y) = (R,R,R,R) = (B,R,B,R)
U;=(R,B,R,B) = (R,Y,R,B) = (R,Y,R,Y) = (R,R,R,Y) = (R,R,R,R) = (B,R,B,R)
Uy=(R,B,R,B) = (R,Y,R,B) = (R,Y,R,Y) = (R,Y,R,R) = (R,R,R,R) = (B,R, B,R)
Uy,=®R,B,R,B)= (R,B,R,Y) > (R,B,R,R) = (R,Y,R,R) > (R,R,R,R) = (B,R,B,R)
U, =®R,B,R,B)= (R,B,R,Y)= (R,Y,R,Y) = (R,Y,R,R) > (R,R,R,R) = (B,R,B,R)
U,=(®R,B,R,B)= (R,B,R,Y)= (R,Y,R,Y) = (R,R,R,Y) = (R,R,R,R) = (B,R,B,R)

fFEEay be—20 L Xy —y VHETEHEL L, FEH#Lav -0

0NNk W~

— e = e =
wn AW = O O

0NN kW=

—_—— =
o= OO

R2FEHZRTETIVERETZHEIIRD L)% 5,
JA L S51 Kok ERTETIL

proctype signalA (chan to_ctr)
{

mtype state ;

do
:rto_ctr?7msg(state );
if
::(state == blue) —>
d_step{stateA = blue; write(stateA ,stateB ,stateC ,stateD )}
::(state == yellow) —>
d_step{stateA = yellow; write(stateA ,stateB ,stateC ,stateD )}
::(state == red) —>
d_step{stateA = red; write(stateA ,stateB ,stateC ,stateD )}
fi
od

YA LS52:arybu—J0R2 B E2RTETIL

proctype ctr(chan to_sgnA, to_sgnB, to_sgnC, to_sgnD)
{

do
::((stateA == blue) && (stateB == red)
&& (stateC == blue) && (stateD == red)) —>
if
::to_sgnA !msg(yellow);
if

::to_sgnA!lmsg(red); to_sgnC!msg(yellow); to_sgnC !msg(red)
::to_sgnC !msg(yellow );

if

::to_sgnA !msg(red); to_sgnC!msg(red)
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

::to_sgnC !msg(red); to_sgnA!msg(red)
fi
fi
::to_sgnC!msg(yellow);
if
::to_sgnA !msg(yellow);
if
::to_sgnA !msg(red); to_sgnC!msg(red)
::to_sgnC !msg(red); to_sgnA!msg(red)
fi
::to_sgnC!msg(red); to_sgnA !msg(yellow); to_sgnA !msg(red)
fi
fi;
((stateA == red) && (stateC == red)) —>
to_sgnB !msg(blue); to_sgnD !msg(blue);

((stateA == red) && (stateB == blue)

&& (stateC == red) && (stateD == blue)) —>

if

::to_sgnB !msg(yellow );
if
::to_sgnB !msg(red); to_sgnD !msg(yellow); to_sgnD !msg(red)
::to_sgnD !msg(yellow );

if
::to_sgnB !msg(red); to_sgnD!msg(red)
::to_sgnD !msg(red); to_sgnB !msg(red)
fi

fi

::to_sgnD Imsg(yellow );

if

::to_sgnB !msg(yellow);
if

::to_sgnB !msg(red); to_sgnD !msg(red)
::to_sgnD !msg(red); to_sgnB !msg(red)

fi
::to_sgnD !msg(red); to_sgnB!msg(yellow); to_sgnB !msg(red)
fi
fi;
((stateB == red) && (stateD == red)) —>

to_sgnA !msg(blue); to_sgnC !msg(blue);
od

D GIEEOELLLRTHE1 ZEERBETAEICRDLTLRAE 527, B

DEIEFDORY—IT48H H 5,
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- Beted 5 ~
[lp
p:((stateA == red) || (stateB == red))
p:((stateB == red) || (stateC == red))
p:((stateC == red) || (stateD == red))
p:((stateD == red) || (stateA == red))

N J
ETUREDOME., wInd AN Inigdr -7,
FEfEEPESE=ROMEICELT 2 ZE2METIHICROLILR 25272, B
FAPHFIC oL E, HIh2ETRToEH) ERHLL, A2 T3, &E
T4 D Tr,p,qDHAGHLEIX] 2N H 5,
r—>[1( U q
r:(stateA == blue), p:(stateA == blue), q:(stateA == yellow)
r:(stateB == blue), p:(stateB == blue), g:(stateB == yellow)
:(stateC == blue), p:(stateC == blue), q:(stateC == yellow)
:(stateD == blue), p:(stateD == blue), q:(stateD == yellow)
:(stateA == yellow),p:(stateA == yellow),q:(stateA == red)
:(stateB == yellow),p:(stateB == yellow),q: (stateB == red)
:(stateC == yellow),p:(stateC == yellow),q: (stateC == red)
:(stateD == yellow),p:(stateD == yellow),q: (stateD == red)
:(stateA == red), :(stateA == red), :(stateA == blue)
:(stateB == red), :(stateB == red), :(stateB == blue)
:(stateC == red), :(stateC == red), :(stateC == blue)
:(stateD == red), :(stateD == red), :(stateD == blue)

N J
ETNVREDRER., RD 42D KBIDHS e,

Y A b 5.3 &l - 5 AE=H)

R H R R R R AR RHRR

T T T T
o e e JNe]

— O 0 0O LN kAW

—

w1205003:9 _03 ogawanaoya$ spin —t signal_time4 .pml

Never claim moves to line 173 [((stateA==Dblue))]
(blue ,red , blue ,red)
Never claim moves to line 184 [(1)]

(yellow ,red ,blue ,red)
(red ,red , blue ,red)
Never claim moves to line 182 [(!((stateA==yellow )))]
Never claim moves to line 177 [(!((stateA==yellow )))]
(red ,red ,yellow ,red)
(red ,red ,red ,red)
(red ,blue ,red ,red)
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15
16
17
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19
20
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23
24
25
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27
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0NN kW=

[N T N T NS I NG T NS I NS i N I e e e N e e
AN P WN = OOV WNDAWN—=O\©

(red ,blue ,red, blue)
(red ,yellow ,red , blue)
(red ,red ,red , blue)
(red ,red ,red , yellow)
(red ,red ,red ,red)
(red ,red , blue ,red)
Never claim moves to line 178 [((!'((stateA==Dblue))&&!((stateA==yellow ))))]
(blue ,red , blue ,red)
Never claim moves to line 187 [(1)]
spin: trail ends after 105 steps
#processes: 6
stateA = blue
stateB = red
stateC = blue
stateD = red
(signalD) signal_time4 .pml:139 (state 19)

105: proc 5
105: proc 4 (signalC) signal_time4 .pml:123 (state 19)
105: proc 3 (signalB) signal_time4 .pml:107 (state 19)
105: proc 2 (signalA) signal_time4 .pml:91 (state 19)
105: proc 1 (ctr) signal_time4 .pml:19 (state 65)

0

105: proc (:init:) signal_time4 .pml:165 (state 8) <valid end state >
105: proc — (never_0) signal_time4 .pml:188 (state 24) <valid end state >
6 processes created

VAL 5.4: kBl E5EEBOR=H)

wl1205003:9 .03 ogawanaoya$ spin —t signal_time4 .pml

Never claim moves to line 173 [((stateB==red))]
(blue ,red , blue ,red)
Never claim moves to line 184 [(1)]

(yellow ,red ,blue ,red)
(red ,red , blue ,red)
(red ,red ,yellow ,red)
(red ,red ,red ,red)
(red ,blue ,red ,red)
(red ,blue ,red, blue)
(red ,yellow ,red , blue)
Never claim moves to line 182 [(!((stateB==blue)))]
Never claim moves to line 177 [(!((stateB==Dblue )))]
(red,yellow ,red, yellow)
(red,yellow ,red ,red)
Never claim moves to line 178 [((!'((stateB==red))&&!((stateB==blue ))))]
(red ,red ,red ,red)
Never claim moves to line 187 [(1)]
spin: trail ends after 90 steps
#processes: 6
stateA = red
stateB = red
stateC = red
stateD = red
90: proc 5 (signalD) signal_time4 .pml:139 (state 19)
90: proc 4 (signalC) signal_time4 .pml:123 (state 19)
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28
29
30
31
32

0NN kW=
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A LW, OOV XTIANANNHAEWNDEFOOVOXIANNRA WD~ O\

AN N AW

90: proc 3 (signalB) signal_time4 .pml:107 (state 19)

90: proc 2 (signalA) signal_time4 .pml:91 (state 19)

90: proc 1 (ctr) signal_time4 .pml:82 (state 62)

90: proc 0 (:init:) signal_time4 .pml:165 (state 8) <valid end state >

90: proc (never_-0) signal_time4 .pml:188 (state 24) <valid end state >
6 processes created

J A F 5.5 KB BRI CEE =)

wl1205003:9 .03 ogawanaoya$ spin —t signal_time4 .pml

Never claim moves to line 173 [((stateC==Dblue))]
(blue ,red , blue ,red)
Never claim moves to line 184 [(1)]

(yellow ,red ,blue ,red)
(red ,red , blue ,red)
(red ,red,yellow ,red)
(red ,red ,red ,red)
Never claim moves to line 182 [(!((stateC==yellow)))]
Never claim moves to line 177 [(!((stateC==yellow)))]
(red , blue ,red ,red)
(red , blue ,red, blue)
(red,yellow ,red, blue)
(red ,red ,red , blue)
(red ,red ,red, yellow)
(red ,red ,red ,red)
(blue ,red ,red ,red)
Never claim moves to line 178 [((!'((stateC==Dblue))&&!((stateC==yellow ))))]
(blue ,red , blue ,red)
Never claim moves to line 187 [(1)]
spin: trail ends after 105 steps
#processes: 6
stateA = blue
stateB = red
stateC = blue
stateD = red
(signalD) signal_time4 .pml:139 (state 19)

105: proc 5

105: proc 4 (signalC) signal_time4 .pml:123 (state 19)

105: proc 3 (signalB) signal_time4 .pml:107 (state 19)

105: proc 2 (signalA) signal_time4 .pml:91 (state 19)

105: proc 1 (ctr) signal_time4 .pml:19 (state 65)

105: proc 0 (:init:) signal_time4 .pml:165 (state 8) <valid end state >

105: proc — (never_0) signal_time4 .pml:188 (state 24) <valid end state >
6 processes created

J A b 5.6: /Kl EEEEDOR=H)

wl1205003:9 .03 ogawanaoya$ spin —t signal_time4 .pml

Never claim moves to line 173 [((stateD==red))]
(blue ,red , blue ,red)
Never claim moves to line 184 [(1)]

(yellow ,red , blue ,red)
(red ,red, blue ,red)
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Never claim
Never claim
Never claim

Never claim

spin:

trail

(red ,red ,yellow ,red)
(red ,red ,red ,red)

(red ,blue ,red ,red)

(red , blue ,red, blue)

(red ,yellow ,red , blue)
(red ,red ,red , blue)

moves to line
moves to line
moves to line

#processes: 6

90:
90:
90:
90:
90:
90:
90:

proc
proc
proc
proc
proc
proc
proc

6 processes

(red ,red ,red, yellow)
182 [('((stateD==blue )))]
177 [(!((stateD==blue)))]

178  [((!((stateD==red))&&!((stateD==blue ))))]

(red ,red ,red ,red)

moves to line 187 [(1)]
ends after 90 steps
stateA = red
stateB = red
stateC = red
stateD = red
(signalD) signal_time4 .pml:139 (state 19)

(signalC)

(signalA)

(ctr)
(:init

5
4
3 (signalB)
2
1
0

signal_time4 .pml:123 (state 19)
signal_time4 .pml:107 (state 19)
signal_time4 .pml:91 (state 19)

signal_time4 .pml:82 (state 62)
signal_time4 .pml:165 (state 8) <valid end state >

)

— (never_0)

created

signal_time4 .pml:188 (state 24) <valid end

state >

N DBIFIEEARESHELOMAGDE, KWL LIZ—HT2latbEbDTH
5, WINHLAK, ELVIZTOLERDERDH E L TRIEBEN T2, o THEED
RO DEEND LRETE 5,
KIZV T D LTL A CRBRIC TRESVHE=E=ROMICZET 2 L 2REL %,

5251
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- W 2 T N

[Jr—=® U a)
r:(stateA == blue),
r:(stateB == blue),

:(stateA == blue), q:(stateA == yellow)
:(stateB == blue), q:(stateB == yellow)
:(stateC == blue), :(stateC == blue), q:(stateC == yellow)
:(stateD == blue), :(stateD == blue), q:(stateD == yellow)
:(stateA == yellow),p:(stateA == yellow),q: (stateA == red)
:(stateB == yellow),p:(stateB == yellow),q: (stateB == red)

T T T T

:(stateC == yellow),p:(stateC == yellow),q: (stateC == red)
:(stateD == yellow),p:(stateD == yellow),q: (stateD == red)
:(stateA == red), (stateA == red), (stateA == blue)
:(stateB == red), (stateB == red), (stateB == blue)
:(stateC == red), (stateC == red), (stateC == blue)
:(stateD == red), (stateD == red), (stateD == blue)

N J
ETAMEOMEE, I KENIH I I o 7,

TH HEFVRICL ST EZHMVEIEBEDIRICELETET LR TH Sy L2

T 5RO LTL A% 52 72,

(= ® U d)
r:(stateA == red),
r:(stateA == red),

:(stateB == red),
:(stateB == red),
:(stateC == red),
:(stateC == red),
:(stateD == red),
:(stateD == red),

N J
ETNMVREDRE, Wb KAIIH ST,

H R KR HRRRRRH

p: q:
p: q:
p: q:
p: q:

:(stateA == red),
:(stateA == red),
:(stateB == red),
:(stateB == red),
:(stateC == red),
:(stateC == red),
:(stateD == red),
:(stateD == red),

:(stateB == red)
:(stateD == red)
:(stateA == red)
:(stateC == red)
:(stateB == red)
:(stateD == red)
:(stateA == red)
:(stateC == red)

T v v v v v v o
(o e e Be Be Bc e o)

H R R R R R

TIVGERFY T

TVVIZEZAX YT DHTIEVAFN49DETFNZHS, ZOFy KRy 72l
EFNVICH L THESZZLTL A P, EIELWLTLA P, 252 %, LTL R Ty Fa v
7% IR WERA VTR L 72,
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( E,E\“’) 7LC. LTL Z_DQ \
(I = @
p:(pr != e & sc = e)
q:(pr == sc)
N Y
-~ IELWLTL 5 ~
'(<>[1p)
p:(pr '= e && sc != e)
N J

Py ZEPFINEG I o 7 E SITAEEN T 52 L. P, 139 > L EPIIE

B e 2w EZ2ERT 5, ETAMVREDRE, ZNZNXROKPH T SN,

YA b 5.7 )l : o 72 LTL 2

0NN N kW=

= = = e e b e e e
O 0N N B~ W~ O\

wl1206032:1 _7 ogawanaoya$ spin —t prsc.pml

Never claim moves to line 94 [(1)]
(e,e)
(e,Q)
(Q,Q)
(e,Q)
(P,Q)
Never claim moves to line 93 [(('((pr==sc))&&((pr!=e)&&(sc!=e))))]
(P,e)
Never claim moves to line 97 [(1)]

spin: trail ends after 17 steps
#processes: 3

pr = P
sc = e
17: proc 2 (userQ) prsc.pml:35 (state 25)
17: proc 1 (userP) prsc.pml:27 (state 14)
17: proc 0 (:init:) prsc.pml:51 (state 12) <valid end state >
17: proc — (never_0) prsc.pml:98 (state 8) <valid end state >

3 processes created

YA+ 58 B IELWLTL &

— O 0 0O LN kW=

—

wl1206032:1 _7 ogawanaoya$ spin —t prsc.pml

Never claim moves to line 58 [(1)]
(e,e)

(e,Q)

(Q,Q)

(e,Q)

(P,Q)

(P,e)

(P,Q)
Never claim moves to line 57 [(((pr!=e)&&(sc!=e)))]
Never claim moves to line 62 [(((pr!=e)&&(sc!=¢e)))]
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13
14
15
16
17
18
19
20

spin: trail ends after 21 steps
#processes: 3

pr = P
sc = Q
21: proc 2 (userQ) prsc.pml:37 (state 14)
21: proc 1 (userP) prsc.pml:27 (state 14)
21: proc 0 (:imnit:) prsc.pml:51 (state 12) <valid end state >
21: proc — (never_0) prsc.pml:61 (state 9)

3 processes created

VA LSTIE3fTHDS TITHDBER (prsc) DBEBTH 2, FlHE Q 235 DEIR %
ERLEHETV IR EZTFRUCHHEP 7Y v ¥ ZEE L7 & 25 TREIDH
NIz, VALS58I1E3fTHD S 9fTHIEE (pr,sc) DEETH 5, FIHH Q23—
M FDOERZERLH ERMHAEPL T 9%, FHEQMAX ¥ F 2H& L 7R
TRHIDH I S Tz,

513 EE

REREFEON T IREENE=EH=2ROMEICELT %0 2 & 2EKET 5 LTL i
M) ZIRBAIE L, RSN B 6, IEEEAREAIZIE L WHTHRFE L £ 72132 0—H57
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