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WRITNXAETHERES) T EDKEE
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BERER
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P RRREDET WHEARRE - RERREDRES
B ORREE %270)7/\11/0)’5 -ME\,%F&G)E FEZRR

off stop

srae | Standby
YIRRIARE avent
‘ Beeping
Sensing
shutdown
off MBS | REEDSREASA
T IEIRHE VTR

Finished

FIHBIRRED b ZIIRREICE S TN VF DA
on.event. stop . off . shutdown
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EA—FMDF
B S:h (Language)
ZNIVA) DES

:& (Language)
. RERREICRET S58 (Word,

EBRA— bbb REHER

X 8 [RAKRERE

(Finite State Machine) &%

B BRA— M b EEHEFRRIIHE

EEDERF —

N R ODOEREIL, ERFIFTE

FENTE, &, FROEREXFZTIESEE
?%EBET N EUDFET D)

0‘0

b(cab)*
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RA—bX O D BlcgbhbEs
HERONES | E50DTRIE

FAT . FA2 ]

LANG(FAT) = {a} LANG(FA2) = {b}

XH anf

FAT+FA2

-O-0
fl> LANG(FAT+FA2) = LANG(FA1) U LANG(FA2)
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F—hr b ERNTER

EARA— M bOIR W5 CRIBETERDH
ZEIREHT

P SREEORES | BHICHE

FAT FA2
0O
NG SO0
LANG(FAT1) ={a, b} LANG(FA2) = {a, ba}
FA1 XFA2

121 222 | ANG(FAT XFA2) = LANG(FAT) N LANG(FA2)
= {a}
:I|> b

1-3/2-3
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TIBEINZEBLETEERT D

P SIEREAFBESTGTWEREEDOSEICGEEL, LD
1 TODH) (BES -EELGZL) EVHOHEEDH
ZEam C= D

B FRERIBIC TEEROEYRLw CKIZBFRED
B A LTcwiFRERR &S

gd
QC,D ] ab® + cdw
a
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EBRA—-—bXFDOKDITE

B PRRIIRCEZZZET 5D,

EHBDOZEIRREDN T <, T

3::£

_IIII:ll:I

. BhEY DLk

ZLTHEBKRDLEWL

FAT X FAZ%VE%
JL-’E

QP neQp

LANG(FA1) = {abababab---}

B IRERREICUSTY LS BBIZELSE 22D
¢, ZERREZ HA25] BE%RDGLE2TW0S

B5L, FA2RFEDO=

B IFATERDRTE

LIRRES, HE R (D

I'I'I

IE

LANG(FA2) = {abababab---}

BIRRESLHBEES | WD K DICTIEOEMAEE

ZINLEG FERBlchiA— h< b2 - FFHER)
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A1/B1 A1/B2
doB
A B O
doA doB fl> doA Sync doA
sync A2 sync B2 O doB @
A2/B1 A2/B2
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B ERDONIVTCERIENDIREEZR

(Labeled Transition System)

P Ot ZERICH VT, Rwaqab;thL L7

P RREEICHB WV TIERIBICTEBREZEZRL, TN
EDOTFAZTO>CWVWAHTEEEL, _ﬁu']ﬁj@IE_nHHb\
EHEINTWAS T EHEERZ S

E 1’>’7J oo [ZAN/bstartingh WL DHEES] &L D

S IE T\, & TRl

»Tﬁ# h?hyﬁwm*h TTDA— X b &

B LR, SIEREZERBREELS Y1 7LD

5E9BHE, startrlngb\ﬁ_d?T'L\_J“b’lﬁb\ﬁ%)cE#'JLﬁ

EVENTUALLY RING St

{off, sto 1 {off, startring, stopring}
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P O ARE (7O XEE - Process

Algebra)

P (HEERYTS) Mi770tADER PO « FREE
DI=HDREN T EeBIcKBRIFELSICEAT S
ZH i EZ1TD) &ab

B CSP (Communicating Sequential Process) HMtZRM
T, m-calculusmEZDEREBEEH

B Labelled Transition Systemh&RIFEE N3

b LTSAJ;EBU‘%)
d a.(b+0 FSPE&EICE
a->(b|c)
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.:Ef@ EVNEHBDEHDD, FEEDK DEFE=EIF

paYir %EIJLL

P.Q
P|Q
P+
C<X>
c(x)
|p

0

LN NS

Sequential composition of Pand Q
Parallel composition of Pand Q

Choice of P or Q LTSAICHT S
Send x via ¢ FSPE3EECld
L . BEEHEL
Receive into x via ¢ ASEIRET4E
Replication of P
S LTSAICEH TS
top FSPEEETIS
K> TWEW
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7' O+t A{X#k © Reduction

allll

HENSBHRODERICKL DT,

P Reduction& ™

FTTCOEBBZORIEHNSGZA NS
B LU RIEAIgEE reductionD )

a.b.0

< b.0

= 0

a.k(x).P|(b+c). k<d>.Q
k(x).P|(b+c). k<d>.Q

>l

= k(x).P[k<d>.Q

Ip
— P|IP

— P|P|IP

= Pld/x |Q
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" 7R AR | HRLGRIRS

B 7-calculusdDizs
P XS 1=.LLH§L\%>?«7/Z\JI/§%0>LR1=.
E N« Fv R)IVHAHEBENSEHEDER

27w JR CDRBLITH Y,
1D 7O X ICH] S 17&0OF L O BEDE FIT

/

/

|I.IJ

new k (a<k>. k(x).P)|a(c). c<d>
Fov vz bam@ELE
- new k (k(x) .P | k<d>) B & U BBKA TN 2

—> new k (P{d/x}|0)

MEDkZEF v > 2V E LCRWOERE
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E I ANTCOREDNRIERELEEZR (FFERICITT
HEXWD) T—hX bV ERBTE, RESFHEDLA

CEDCRICERET

: coffe
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CHRET S [ERA] Z&HEbTCEEN

414 & AN,
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REODTCLE-LTWS
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coin COffefE i é@::
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7O ARE - [

B ARfRE (Simulation)

B T . qsimulates pif there exists S such that pSq,
and:
if p = p’ then there exists q' € Q
such that g g and p'Sq’

B LD 7O ADZIREITT L, ZNITHIET BIREE
MRRT A7 OCRICHBHERGTTIEHNTET
BT 7 O RICHBWTHAHIRED S B gE BRI
L, RAE7O0CAELERIST 2RENSBERZITO

EDTE, BRELXICEARDHITINS
B BURMME (Bisimulation)
E INHDRFMEICEY IID
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XInd AL DEBFHPICHS :
REET (P2ODYREETITHS) D S coinT,
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i Coffee (D) coin Offe
(D233 (1
tea 0 coin tea 9
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B R(CP2IFP1 &ML TLBH?

B coffeetrtead, CEAPIDIREE2ITH L, TGS
BIREZBEINT EDTELGVDTEML TLEWND

P1 P2
coin coffee e coin coffe
tea 0 coin
tea
E NS, BRMTIEGEL, IR2EBEWVDE—CIER
BINETCHEWEEZBIEDTES

B PUIP2ZERNT 52D, PHIP20D> MR WICER
%1 B, TOHFTETVWENST L
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Place Transition

O

Token
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O
@

@
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B RRATGFEDY —IVEREICEK Y IRAEHIE
B REES ) A DERE
B I—E 2RSS (EEERIZ10,000ATH)
P RATTIMRIETFE
B intBIZE x HhDH Y, FERIEITEWNTIE
x>0, x=0, x<0 0)3’30)% HEZ TS
B x ={neg, zero, pos} LHBEH|CEE (RE)
BTy — VDR & T3 i%EE
EOItEMAICOE LK ATV ICEDIAGTITREZ/ED
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RE | OIREEREANDXIIL

X:=0 X := Zero
x>0-> X == positive —>
X ==nheqg ->
if
X :=neg
X++ ;X = 2Zzero
fi
;X == Zero -> X = pos
. else skip

~

/
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P RREEDERDZEDSDNEHE LU !
B I—FIF2%ICBRS
D 325 B> THHTREDFRESIEHE N ?
B 4 intx & x={neg, zero, pos} I
DIEESBTE - BEZABVIEATDSHELN?

. == e . -1 CH-100CHE L

o neg zero ‘@ |dnecc negCh Y, 1ED

dec dec dec incCzerolcznNs
C DB TIEHRIRDE 7/ TLOEEF LN EDDH Y,
TR CEEF 7 (NS EIETDE T/ TEHEEFZ (D
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[REIkklC) E0NE

HEBEAN [FRETDEZ R T AHEEEZEO
CDESHZEEDHTEETES
E D, SISERMREEESNTWADIFTIEELS, EF
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FRETIVASO— REER
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FEE, B CERLTLEAIXEIWL
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L\’*”EI’JT V—=ILDOAERE (2)

O— FHOSERET IV EHE

F BE—EHNETOCIICBEWNTEDNYTL ( TO—
l\“%% CHINCERETE T ) UAREEDESFEAEM L K S
KUE)

P REED BRI CTRRRIEREFACTcs, REBED
HEIREHIT T EHNNE
B ASFERRICBRART AT ZikEER T

G FFEAPIOMUE LIERR (BIAE, 771U
Mopen/write/close) fZIFR 3

B AT ZUROSERNGEZEY VICT B
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L\’*”EI’JT V—=IVOAAME (2°)
— 7% MR | CARELE

: %LJEEtI:'.E&’eLTZI NDRITENET DT LEHE
AbNd

P XRBEENMECYPICEY, BRI DHDATY
THICERZRITAGET S (ﬁﬁ%T}Wﬁ’k)

E - FREIRTYTIDOET, \N\vIbowohkEs
TO>TCWKEHGEEEZLEY—IVEHS
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NG (ZFER) ©FIVHASHERET IV A
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LL /Al

EUMLR7— b Fr—FX, EIRXRRATOVRENE
2 (BPMN7x &) H5, EFTIVEEY —IVDOANICE
g 5%

EEDH>TWVWBETIVCEWERETET IV AERREE T
R

B il BB - IREERBI D Tc DI SCE = MRS 5
Wl 3V

B SEICK-TE, ENBHBERICERINTULEWL
DT, v—w%W%Awﬁﬁmﬁé
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p EARBICIERERR
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'Y —)b - SPIN

B SPIN ("V—)L%)

B 50N SEBIFPROMELA (Process Meta Language) &
Uﬂih%)

ZH, #define’x &, CEEBITEWVERD
lﬁﬁh?ﬁ/zw,Lﬁhﬁﬁtkwﬁib%%
INTHY, BET7OLADERHNTLR T
B SPINIE, BEBEHEITORICFDEE, ZOBREBEEHER
MICITO edDCTOy > LxHE1T 5

EFTNEOVINAIV, E1TT S

http://spinroot.com/spin/whatispin.ntml
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'Y —)b - SPIN

#define SIZE 4

byte msg[SIZE];

MED T — 2 %2 1%x15
LCTHB

chan s2r = [2] of {byte};

BEFvY IV (BE/NNY 7 7E)
PIEZEICEAT AEBETAE

proctype Sender() {

}

byte i;
do
.. 1 == SIZE -> break; -
: else -> s2r I msq[i]; | 3=f§
o | 2 ORNSRER RS

I 7EhY, FERTERTTR
R5F|NEES

proctype Receiver() {
byte j;
byte rmsg;
do
.. ] == SIZE -> break; =
> else -> s2r ? rmsg; 15
assert (rmsg == msq[j]);
j++;

g BT ISR T LB A
\ 7 —2 3 2 CREEE
(AW Lz 750Y)

proctype Lost() {

byte drop;

do Ayt —I%RDT
s2r?drop; | O+ 2 EZELD B
od L LTBERROT

) BelE & RN
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'Y —)b - SPIN

B SPINBE

CEaEZ2H /195 Y— IV TLDOEE
JiSPIN)

x

WL DO DGUIEE=E

7%

b5 (LAF

€ communication.pml

Simulate / Replay | V'

Safety

ation Swarm Run

Storage Mode

[eae Bl

- 7 June 2012

Search Mode

RS

&+ safety
v + invalid endstates (deadlock)
¥ + assertion violations
[ + xrfxs assertions

Liveness

* exhaustive
[T + minimized automata (slow)
™ + collapse compression
¢ hash-compact (" bitstate/supertrace

Never Claims

+ depth-first search

W + partial order reduction

™ + bounded context switching
Show
Error

Trapping

Show
Advan
Paramet

with bound: |0

™ + iterative search for short trail

¢ non-progress cycles
" acceptance cycles

[~ enforce weak fairness constraint

1 #define SIZE 4

2

3 byte msg[SIZE];

4

5 chan s2r = [2] of {byte},
6

7 proctype Sender() {

8 byte i;

9 do

10 =1 == SIZE -> break;
11 - else -» s2r | msq|i];
12 i++;

13 od

14 }

15

16 proctype Receiver() {
17 byte j;

18 byte rmsg;

19 do

20 2 j == SIZE -= break;
21 = else -= s52r 7 rmsg;
22 assert (rmsg == msglj]);,
23 e+

o _

= do not use a never claim or It property
" use claim
claim name (opt):

Run Sto

i} gcc-3 -DMEMLIM=1024

Fu

ha

Jpan -m10000

Optiol
" breadth-first search

¢ + partial order reduction

W report unreachable code

P pan.out

DXUSAFE -DSAFETY -DNOCLAIM -w -0 pan pan.c

nvahd end state (at depth 21)
- wrote communication.pml trail

‘ersion 6.2.1 — 14 May 2012
- Search not completed
+ Partial Order Reduction

Il statespace search for:

never claim - (not selected)

y sabled by -DSAFETY)
invalid end states +

yte, depth reached 22, errors: 1

0 atomic -tep:
sh conflicts:

0 (resolved)

&

shikawa @ MI%F3E1
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b/ —)b © SPIN
Bt (BURIKISPIN)

# communication.pml

\

eplay

erification

Swarm Run

A Full Channel Output Filtering (reg. exps.)

& Random, with seed:

initial steps skipped:
maximum number of steps:

I Track Data Values (this can be slow)

#define SIZE 4

byte msg[SIZE]

chan s2r = [2] of {byte];

proctype Sender() {
byte i;
do
=i == SIZE -= break;
- else -= s2r | msqgl];

000 = 00N ds 0D R —

¢ Interactive (for resolution of all nondeterminism)

" Guided, with trail: \communication.pml.trail browse | T MSC+stmnt

¢ blocks new messages

123 process ids:

i :
loses new messages queue ids:

var names:
0 MSC max text width |20
tracked variable:

10000 MSC update delay |25

track scaling:

proc 0 (init:)

proc 1 {
Starting Receiver with
proc O (:ini

7
7
8:
9 proc 1{

Starting Lost with 'pi

10: 0 (Cinit:

der) communication.pml:9 (
Sendart rammonicatinn nml-11

ata A\ [=2rlmenlill

==

Background command executed:
spin -p -5 -r -X -v -n123 - -g -u10000 communication.pml

Save in: msc.ps

Sender:1

115 Lost:3

Receiver:2

REGEZalL— 3>
ErlCH T H1BEDXIT

f-ishikawa @ MR 1
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Yy —Jjb . SMV
ESMV (~V—)L4&)

P S DERIFINUSMV EMEEN S
B BROEHEM AT Y T TEIEZEZ TW L k%

sCah
B LTLCIFE K CTLORREE (556

http://nusmv.fbk.eu/

()

f-ishikawa @ MI%F&E1
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Yy —jb . SMV

MODULE main BMIC ETFEITERT S
VAR T XRX—ZDEEHRFKIA
cabin:0.. 3: (ERRIFEEDHDCIFEXT)

dir : { up, down }
ROIREEIC BT BEZEEHD
EZEDRDDD, WD

ASSIGN B CREEB & 50
next(cabin) := case
dir = up & cabin < 3 : cabin + 1 ;
dir = down & cabin >0 - cabin-1;
1 : cabin ;
esac
next(dir)  :=case
dir = up & cabin = 2 : down
dir = down & cabin = 1 L up ;
1 - dir ;
esac

f-ishikawa @ MI4F5m 1 44



D —Jb . UPPAAL

B UPPAAL (W—/J14%)

EEEA— MM ERS TEDTES EEREET
JUIRE - timed model checking)
EPRERR CREEBROEET SRHEDOTRP L

BR) A — < b0

P EFEICTLORREEZ 17D (BB6[E Cih\TzCTLIC, BFMIC
9 A% ZEINATEHD)

P EREZR S 28, KEBBEHLKVEETDTL, &F
ENARAXDERERESN TS (AGPEFDIER
DANFEZEIFTERL)

http://www.uppaal.org/
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D —Jb . UPPAAL

IREEBE ERS | C BRI 2K - \
(E%Fs%:ﬂL'j_{/ 9—1_5) Tﬁ: JEATAY FRERFE (OSNDB[EEM)

—>BEHTCCITELG & FITE LEOH CREER 2l
BRI BB LTV

.-'I:'l. B -- =1 I":_'_I":_'_ == ::| I: ; o= D

@ OO0
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0.
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HEZERHNHERCTES (r==
0) &EDMHRRECITIED,
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Yy —JU . PRISM

B PRISM (v —)L4)
EHERA— MM EWRSTEDTES FEXRETIV
}&RE - probabilistic model checking)
BREBBRORET HERZA — b b0
P ERMECTLE EDREEE1TD
(HEHEXRICRET SME)
P ERIEGRHICIEIIV O 7812 % EDEEICTE S

http://www.uppaal.org/
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Yy —JU . PRISM

module client

IIREE (LD O TARNKGYH , 2BREBAZEH , IHNWBEHNZE KT,
Il 4: KBOBHIZE 87 ,5: 24 LTI ,6:HERTH K7)
t:[1..6] init 1;

retried : [0..1] init O;

[comm_request] t=1 -> (t'=2);
[comm_success] t=2 -> 0.9:(t'=3)+0.1:(t'=5);
[comm_failure] t=2 -> 0.9:(t'=4)+0.1:(t'=5);
[exit_success] t=3 -> (t'=3);

[exit_failure] t=4 -> (t'=4);

[retry] t=5&retried=0 -> (t'=1)&(retried'=1);
[giveup] t=5&retried=1 -> (t'=06);
[exit_unkown] t=6 -> (1'=6);

endmodule

I H—N—RINRDTENISAT> NMIEFBHEBRBEER
J/P=?[(Fs=3)&(Ft=6)]
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VI M T7ETIVEE

Ry An bk N

— RIR U CEEE IR E T
SYEE, VI MO T T ETIVEREER

HEN S

B SPINGEICEIT B, TDEEIAT Y TIDORIT

LEERT S
5 CBMC

ECO— NI LTCETIVREZITD YV —Ib
http://www.cprover.org/cbmc/

B 5] : Java PathFinder
B Javad— FIc L CETIVREZTD Y —Ib
http://javapathfinder.sourceforge.net/
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