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Formal verification for the real-time systems is crucial and inevitable.
Typically, a real-time system is formalized and verified to ensure the critical
properties. The formal model and its desirable properties may be checked using
model checker. However, the target properties may be efficiently written in metric
temporal logic (MTL) providing the time duration checking. In this thesis, we propose
an alternative to transform the given MTL formula into the conventional linear
temporal logic (LTL) formula in order to work along with Promela code. The following
MTL operators - operators of Always, Eventually, Next, Strong Until, and Weak Until,
are focused in this thesis. A case study of credit card billing system model is
formalized into Timed Petri net and translated into Promela code with the multi-
level clock system — Global clock and local clocks, to cope with the time constraints
among the activities in the case study. The transformation of the MTL formula with
time constraints into the corresponding LTL formula is demonstrated. The formal

verification of the case study is correctly conducted using SPIN tool.
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P Tnelddydnuaineldsasniums Until(U) aansadeuldamannisi 2.1 [4]

Q:=p@|PeA@|@UlLe, aunsi 2.1

v
a

gio p € Puaz I < (0, 00) Faudrnaniufiaswosqniugn
N5l 2 mnnsalfindu wnude @, way @, nsiia @, Ut @, annsienuves

wuiiuea 9tla @, awluassluvieaiiaunsedis @, 1Wuass afrauaunisilsiduladu (3]

f; R _ 2P aunsi 2.2

[

el £, 7 € R ety iuilueaaninsoasremnuduiug sewing £, 7 E @ 1afi
) frepiffp € f(r)
2) f,rE-@iff [, TH @

3) LrE@ AQfff,rE@and f,17E @,
4 f,.rE @, Ui @, iff there exists t > 7" such that £ -7 € I,

f.tE@,and f,ukE@, foralu, r<u<t



o 1 @
FIDYNVDILBUNLLDE [4]

Oalarm — (0[0,10]atldear \% O[lonhutdown))

1NA30E19ANUNINEAD NN ATl alarm AT ULEY AzdaedlinnniTel

shutdown a4 138191 10 Q (1) Hudeusian aziamnnisal allclear Q10 84 12877 0 - 10

Wuassegratiesnilinse vselintusdetosniianss
2.3. TUsunsuatu (Simple Promela Interpreter — SPIN)

Juadeafledmiunisasiaaeuuuusiasswenduad 1l afnnunazasiaaeuainy
Annanelun1seanuuy @anssns vuiiugiumguieslnuen (Automata) Feanunsaideuns
ATvEe U I TSenn nwilnsan (Promela) egnslsfmuadeadealuilildasns
A1IMTITAEURIEALIY WiazasdlinfnuITuniiotieasadeukuuSaewenlfLIsT
fens msldwallaninandiglildnuisanuinldegsiiuss@nsnm [5-7]
TWsunsuatuannsavinauly 4 Inuemane dail

1) wuudiaes (Simulator) @luauNS0aS1MUUTIABIAULUUDENITIAEIFIENTS
$ravsuvugy viieuuudiaosfiiinimeuaues

2) p3esflensaivaaustiazBen (Exhaustive Verifier) alufininuaninsaniudeuuay
figavanugniesresmudeInsvesdld Insenduissadadsunsdruil edeiiiu
UsgdnsamlunsArumuasmugasy

3) spUUUsEINUAMANG1U (Proof Approximation System) alluanunsansiaaaulu
nnq masuiunmsluszuuiiivunelvgfsaseunauanaay (State Space)

4) lpsunesdmiunisnsiaaeualasy (A Driver for swarm Verification) laglanng
Uszanananuuguunuiuiielinussansamuagziiinlonalunisnmaaeumanuianainly
Tuwnaiiflvualugy
AnuaLTRAnTITIIdeUTesaty annsansaaeuldfwiolud

1) annMengavedn Mseanizinnieg (Deadlock)

2) Budunsgnazida (Violated assertions)

3) Tadildanunsadnds (Unreachable code)

nsdifindoiianatn TUsunsuaznsIanusesses Weluganugniodiuveanssnsd

wanstemnuligndedaglutagiulusunsualiugnifwunauiiestu 6.4.6 Tul 2016 [5, 7]


http://spinroot.com/swarm

2.4, ﬂqﬁvl'JUﬁ@UL%\igﬂﬁﬂ (Formal Verification) LAZNISATIVEDULUUINGDY
(Model Checking)

mMsmuseuldsguiislonvhnsmuseumeisiuaninsiueenly Tasgauszasdvesns
mudsuLil enT1aae UM AnTTunI oA uauTAveaLuuTIassIm s LT oA MuAAIY
Aean1svsoli warlumenauAUgIEINTaNIUAUMEITNITNANNTALEIUDING ANTIUNTE
ANANURAvoUUTIa0IlAana 8 31nIFn1sniudevauisavilane3sn1sAIuIu
(Deductive methods) 4 sldudnnsigatniendamians wazissnludd (Automatic

a &

Methods) agl435n15anwasanuzndululanauavesssuuiaunsaaziinduls 3nuls

2
=

ATIVABUAINYNABIVDINGANTTUMAATULUTEUUINSIUTAMNUAAIINADINTT TIN1S
Y 1 v a da i ¢ < A

nyvdauiinanazldinalinfiseniuuuinese (Brute-force) lagidununvesnsmagey

noAnssulunnnsdinaiunsaingule (Exhaustive Testing) wuugnlulia Jansalfinsrany

VORANAIALUUTIAD99891N1N1585199708719A U (Counter example) [8]
2.5. szuulspalnil (Real-time System)

szuuisvalndifuszuuljuRnisasefiamnsanevausslieg1wiunied uaznasniia
aeldtodnianiaal deihbinsdanisnaiasvinensniazamnuazsinsuluguniy
szuuisalndaunsauusleilu 2 Yszam loun [9, 10]

2.5.1. 15n3ealni@aiu (Hard Real-time System)

Juszuuiidesanunsanevausdldnaenia dannuwivdireudiags wasliaunsaven
auld davnnmsviaudnlediunislussvuaunal ssdmalvissuudumailuime wu
FEUURAIATY STUUSUIAS LTusuY

2.5.2. ganAisealnal@aian (Soft Real-time System)

< r-:l' Ao w . . I a [V

Juszuunaiunsoneuauedlaluia1iidnnia (Less Restrictive Type) waibuvgiieniiuf
a1u1snseliauduinanuaudugalawuiu nieludnyuniaiuisananladi ssuuay
annsaneuauadlalunandianielininuauisavesnsussinanandeg ivilvin1sinenuy
[ v ! a ¢ = Ao w v
Juldle wu nsussananavesssuuneuiunes fsausanavausdlalunaindndnniels

aNa A o v o Y & v
ﬂ'ﬁ‘ﬂﬁglnaNasﬂ@Q‘ZJWUmaquqﬁﬂ'ﬂ@aiﬂaﬂmqqqu‘l@ \Wusu

Y
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2.6. LANNILUN (Petri-nets: PNs)

WNYiSN (Petri-nets) 1Wunsldnisuaninalaserded wavadiesguuuumendinanans
dieldefursuariinszrinasuiunisingg vesszuulag Seanunsouandldvis n1svhauiuy
Auuu Mansratefivestoys warnTieeisyAvEnimiaiuavasszuy (1]
nsmmnsiunUsznaulusig 4 d

2.6.1. d2uUENaUVBINTIVNNNTIUN

1) waa (Places)

iwaaesungReuluraINBAamNITaInte uwnumesUinaulse wardydnuainig

N3 Faguil 2.6

o

JUN 2.6 dydnuwalmensndmsumaa [11]

2) NSIUTTU (Transitions)

nyddudumgnisainionisnsgyiiasibiianaiinisdeunlas unusmesudmasy

o/ o L3

AUEIU wazdydnualniansvl daguin 2.7

o

v &

JUN 2.7 dydnualnnansimvemsiugdu [11]

3) lesma1sa (Directed Arcs)

a o

lowsaensa Wusvenfiavswesnsyuaunmsnisinnu lneduduiniivgnaslidmsu

L2 &

wanaian1anseu Fadudysnvali@ouannaaludmsuddu wieannsudduluds

1Y

WA WUAsEugnAsT wardydnyalnensivl fsgun 2.8

o



11

[

JUN 2.8 dyanwainianviveslasaensa [11]

4) Tnau (Tokens)
Imau Wusmnsyduluwsazinaa weviiimaatiudussa Jdneuasdoseglunag uas
IneuasildsunadalaniengAnssuiisenianisds (Fire) Weuunuaigyaiy wagdnydnual

NN AaguN 2.9

sU 2.9 daydnwalmensmvestniay [11]

AUV NNNISHUN

//_7-"'\\\
r'/ ... \
|
X X ¥V

S

Py

U 2.10 Foghaimmvidium [12)
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[

WnvsiunUsEnousie 5 oarusenou (5-Tuple) anansaleuduaunisia fadl
S(Z)=(P,T,F, W, mo) aun1sn 2.3

NAUNISN 2.3 WaNINUA

S (Z) \Sun1 anasy (Skeleton) ¥a9 Z

P UnNU L9AUDUNEH

T uny n5uddu e PN T = @
F unu Bunnilenduvsefianienisvineu (Flow Relation) vesuuuinasdluszuulag
el FS (P XT U (TXP)
W uny Athanesfianisnisinay
mo Aeqnsssuvadlniay

mﬂgﬂﬁ 2.10 wazaunsh 2.3 ansadeumudiusannsrmvsiunuazaunsiasel
P ={Py, P, Ps}
T=1{t}
F={(Py, 1), (Py, 1), (t, P3)}
W={(P,t) =2, {(Pyt) 2 1,(t Ps) ™ 2}
Mo = { P, = 2, P, = 5, Ps = 0}

2.6.2. ANWUSNOANTINVDINTINNNNILIUN

a

ANUUENYANITTUVDUNINTLUNN QAT UNTAIEINAUNT BN TANTUAINTTUYBS

(%
a v oA

wuudnaedlae deadl

[y

1) WUy (Sequential Execution) Wunisaniiufanssuimduddu 9nguit 2.11

n3899 t, winTulanfelain1s8997n t, uduiuy

S—{—=O—{-O

U 2.11 waAingsunuuadiu [12]
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2) wuudauds (Conflict) Wumsadunisilnauidumianaglag amisadalulans
doefiFnng A1NFUN 2.12 Meunsveswaa P, anunsadalnaululans t, uag t, Favilviie

udseanlunlananiianalonaaziinanudawdavasssuula

P

t, t)

gil‘i?i 2.12 weAnTsURUUTALES [12]

[ a P a o a o A I
3) LuuneHen (Concurrency) WUWgANTIUANTIUTTURDIMIIUTTUNSOUINAT
ansaiindundeudulailiednisganaalag uinninaesiuvissieny 3N sUN 2.13 ag

NUITNTIUTTY T, ke t, Hlananaziindunsaunu

P1 ty

P2 t

SU# 2.13 wginssunuumanen [12]

4) wuudszauran (Synchronization) WWungnssuiiluunfidmsuszuulauniin s
ANIINNITINTIWATUABINITNTNYINTUINNIY 1 62 2INFUN 2.14 INT1UFTU t;, FHoInTs

NSNLINTNNEE P, Lay P, Jzanunsaideuantusiavaiufanssuselule
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P1

O

gﬂ‘ﬁ 2.14 wo@AnssunuuUsEaUnaT [12]

5) wuuyinausiuny (Mutually Exclusive) Lﬁquaﬂiimﬁ%é}’awizﬂauﬁaa
ASEUIUNNS 2 NSEUIUNNSARBIYNNTIuiuluna eIy wazazdadlanswenssiuiu a1n
dl 1 Idl o 1 a o ¥ d‘ o 1 v % :j 1
JUN 2.15 gnudnfisundansugdu t; wag t; fsanishuiauiisdundanaa Py smeiumig

warlUVULLA 8N Y ALNUINTIUTTY t, wae t, NIgdasdwmSnensludsiuwnianaa P,

LYUNU
t] t3
P1
P2 pP3
tz t4

U7 2.15 WoAin3suluy Mutually Exclusive [12)

6) wuudnuAudfey (Priorities) LungRnssuilddmsunismununisiaures
nsruIuMslukuudIaes 93U 2.16 Niunidamsuddu t, agldannsainunsesniy

fanssudala aunindiwaa P, agUasalnauunli
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t
P1
P2 C |:| C
t;

JUN 2.16 WaAnssuLuUsAuAEAgy [12]

<

2.7. nslinnsSiun (Timed Petri-nets: TPN)

Tnsfiwnm3ium (Timed Petri-nets) Juguuuuiitdudiudevergunanmmniiun 19
oSunszulauniia (Dynamic System) FsagsvynanGuuaznarvesnssniunisiuuday
nszvrunsgosiileiduidsuaonuzeslnauanmaatagiuludanaasdaluludwiu
nsvhavesszuy Tnefimveunandusiu uasveunadugaazdondudnientu dediden
fid1fey 3 9819 ldun Tasead1sinlanlad (The Topological Structure), N1snuARLALUA
(The Labeling of The Structure) waznnn1384 (Firing Rules) Usznausiy 6 a9AUsEnNau (6-

Tuple) annsadeuduannis feil[12]
S(Z)=(P,T,F,W,my, Sl aumsi 2.4

PINFUNTN 2.4 1EBNINAUA
S(Z) = (P, T, F, W, mg) {Juaunsuaannmsium

S| 1wt 15en11 Medtuawindumesioa (Static Interval Function)

Aag 13 lnlnmnnzium
Fp
— \'l —
/ / v \
e[ ]n SINE psi ] w0 Dw
X A vy

.
) .;

..\rf Pj‘\ff/ ;‘j'\ \A/i"\// .f';
N/

gih’?i 2.17 degralndnsiun [11]



2.8. MUIBNNYITDY

2.8.1. Translating Basic Metric Temporal Logic Formulas into Promela.,

Punwess Sukvanich, Arthit Thongtak, Wiwat Vatanawood. 2016 [13]

16

NuATemInandtauensuUasnudnvauzlugluuursaduiveatiugulud sunuues

LaaTIkeaNIEN WIINTAT FeviN1ThUaAuanYMEYaINIsALIUNS 2 Aaaiunis Ae

Always wag Eventually u 9291781109 1ADEI19LUUTIA0INIUADUAUTZUUUIRN MUY

Sealnyl Aldnannisuniinimgdn (Global clock) FeingAnssudugulneluiinduan N

NYANTINAG1EAUTZUULT Bl LazviINITIAUYDIUIRNIIUATUTOUUIRNT 71138077

TotalTickPerLoop kazaghin15i3uALLIRNIAINATILLDUIRNUAUATUTOU 1ABYIINITIUS

sonilu 3 daumdng laun

1) duiiuean1siwmes (MTL Parameters) §39gUsenousieg 6 wisnilwes fegud 2.18

1
2
3
4
5
6
7

typedef MTLevent{

boecl Event; /*Event*/

bool Reaction; /*Corresponding Event*/
bool EventFlag; /*BEvent flag */

int EventCounter; /*Event Counter */

int pTimel ; /*Left Boundary*/

int pTime2;}; /*Right Boundary*/

;Jﬂﬁ 2.18 Promela Definition of MTL Parameters [13]

2) Buiiueainifs (MTL Counting) LunismvungasuduwaziuduImmnnsain

NnfularsuInavansalivunaia1dniey fegun 2.19

1 inlinse MTLCCoUunter (CauseEVent) |

2 if :: (CauseEvent.Eventc) -=

3 1f :: !CauseEvent . .EventFlag->CauseEvent .Eventcounter = 0;
4 CauseEvVent .EventFlag = true:

5 :raelse-»skip:

3 fi;

7 :: (1 CauseEvent . Event&&CauseEvent . EvencFlag) —»

g if :: [ (CauseEvent. EvVventoounter<=_CauseEvent . pTimez)
9 L& (CauseEvent . Eventoounter ! =expired) | —»

10 CauseEvVent . EVentCounter++;

11 :+ @lse->CauseEvent. EventCounter=expired;

12 CauseEvent.EventFlag = false;

12 £1l;

14 i1else->skip;

15£1;:}

JUT 2.19 fegraduiineaantidluniwilnsiuan [13]
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3) mswlasueaiiuea (Translated LTL) dmuadu 4 gUuuudmsunisuiasainguuuy

roudufiuealudguuuuvesueativea fAegui 2.20

'D-:ILI]]”

$define MTL_Fppieffect] <»({effect.Reactlon&&{effect.EventCounter>
effect.pTimel) && (effect . EventCounter<effect .pTims2)

Qo

$define MTL Fssieffect) <={effect.Reacticné&s{effect.EventCounters»=

effect.pTimel) & (effect.EventCounter«<=effect.pTimed} )

O 1) g2yl
#define MTL Gppieffect) []i{!i{i{effect.EventCounter=effect.pTimel) &&
{effect .EventCounter<effect.pTime2)) || { (effect .Reaction

g {effoct.BventCounter>effoct. pTimel ) ) && (effect . EventCounter
<gffect.pTim=2) § )

O o
$define MTL_cssi{effect) [](! ({effect.BEventcounter>=offoct.pTimel ) &&
jeffect.EventCounter<=effect.pTime2) ) | | | (effect.Reacticonks

([effect .Eventlounter>=cffect.pTimel) ) && (effect .Eventlountar
«=affact.pTime2} )]

U7 2.20 JUuuunswlasduieaduieaiivea [13]

HaveInImuasudmussuusEalnl Nusenaume 3 91 lauA Alarm, AllClear,
Shutdown IpgfihuuT1aINIUABUITLAAIAANIALENSITIgNFADY Feaunsoagulad

= ‘:ll & & v
EU&UU%@QM@awu@awgﬂ%ﬂaﬂﬂqﬂzﬂ%UIH@NW&@@UUQﬂW@Q
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2.8.2. The Specification and Verification of Real-time System Based on the
Temporal Logic of Action., Tang Zheng-yi, Peng Chang-gen, Li lun-tao, Li Xiang.
2010 [9]

nATeiiauenguiuesiiswmedniioslnuini (Timed Automata) Fadusuuuy
VUi dnsunsIATIziLarasIvdeUsTUUsaluRLuUEBalnludogslsAnun s
stuvutudmudaunnseniniu diulshassnmansvesnisnseyia (Temporal Logic of
Action: TLA) Tnefnw3smsiildnssnenansvasnisnseresuiessuuBealns deinelunis
wAdamamaaiue (State-space) agianiniglnioslnuiniuazn1sduduiunstldnyiass
Wiemiudszuuindmnuundede wazdifiunisesnagnies

Insieelanmazesunedmiu datae (Alur) uas fia (DI Tnsadrstundensiiunala
Yosandly egelsinulndoslnumdinamnunsuIuresRImUANRALTLILAZIAIYDY
UIRNNI9

Ml (Syntax) veslnsdeslaum Sead

1) afaunidniiazesrusznau (Clock and the set of clock constraints) laguual
X WU 1@edN1nvede0lnuIn (the finite set of states)

C(X) W LRUeI0dAUTZNUTRIUIRNT dmnsaasWdyanvallanad

D:=(x~c)| @& A D | true, where x € X, ~ € {< <,
>>}, ceNo

SUN 2.21 QenudInsUnSAsSIaUIRNwaraInUsenau [9]

Y

2) MIMUUAATIUNRNT (Assignment of Clock) Taaivunli

p: X|—R',u+t

JUN 2.22 Adlguimvuaenliuiiin [9]

3) Indioelaunn (Timed Automata) laenuuali
Q Unu nINNnveeslauinn (The finite set of states)
| Juaundnves Q Mdumvesaaiuzidudiu (The set of initial states)
S WU RINNAYeIN1SHUAS (The finite set of transfer label)
L uni nsnvuaaatinuuaaslnue

E wni Lwenisklasan (The set of transfer)
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XTA=<Q,L2 X, L, E~

JUN 2.23 Ardlgudmsunisimuaeiliuning [9]

4) nsuUasmNdusTus (Transfer Relationship) wuady 2 wuuRe nswladuuumniag

waznishuasiuuliseiiios degui 2.24

(%
U

YU

Delayed transfer: (g, #) ——>( g, #"), if u|= L(q)
and i’ |= L(q), whereu' =u+ 6, e R".

Discrete transfer: (g, u) —>( ¢', 1), if(g, D, o,

Y, q') € E, u|= @and u' |- L(g"), where u' =
ul¥ = 0].
JUN 2.24 Aflgudmiunisuuasenuduiug [9]

= v

AMUNLYUDINTINANERNSVBINITNTLYIN (The main semanticses TLA) 5194l

o LY a v . L Y i o 3 I
NsMruARILUSINAY (Primed Variable) Adiudsignimuaduil V uag V

[
o U $% v a

M3n3EYh (Action) WWudumeunsadiasuls msmuunfuUsSudy waztinayau
afama3eauiiv (Stuttering Step) LﬂusﬁjumauﬁlLﬁ@Lﬁ®§ULL5358UULLagﬁQLL‘U{L@s] Az laldl
mM3LUAsuulas

5$UUNTUUA9AT (Label Transfer System)

%4 (Run) Funounssufineate

nalaldeu (Enabled) Wunsilnldom a anuglag

JIAunsiug (Weak Fairness)

anvouisiug (Strong Fairness)
NAINNITANUAAI D E1UBALAINUNU8VBIATINANERS N1SATETNS suSeauda u

nouN1IRTIRdRUANANTRRINAT FedregiiignenTuiitensivaaumedyy 1alnasas

FellnauanURAsgUN 2.25

Y

JUN 2.25 anusisusuvessuudy g 1adnasns (9]

2
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dnfunsnsivasuazhueanidu 2 Junau Al

1) wpdnAaiAesIn (Mutually Exclusive)

a = o ' LY [d v a v o o L
amuzwmwgﬂﬂmummnumuﬂ%wLﬂumm‘vmmmsmmumaaszwamﬁgﬂmlw

95135 Jude Awesanuylilag NdwnedduazdedliifuaSamseudu a ailag awise
Feudermualddudsgui 2.26

Mutex =V A rLight =0
A gLight =1

V ArLight=1

N gLight =0

JUN 2.26 anusiiawvesssuudyaalnasas [9]

2) @n1uUynnlg (State Persistence)

sruviianudenslilunng anuglilisasd ssfasanunsadniunisly 3 mihea

Tupslunsainanuzvedndunaduase Geagviliuifnufiunalaunsenibe 3 mienaily
Migndiaguin 2.27

RedLast = (rLight = 1) => (t = 3)
GreenLast == (gLight = 1) => (t = 3)

JUN 2.27 nismvueanugvelnassiaagdsiuiuna 9]

FRNHANMINTINARURAZIINARUMBE 1 sEUUlaTITaInsaasuliduuudaes
woad Ngnautuaunsansivdeunuaudinmnanlasg1agndes
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2.8.3. Formal Verification of User-Level Real-Time Property Patterns., Ning
Ge, Marc Pantel, Silvano Dal Zilio. 2017 [14]

i dnauenismnuasnuos Uuuuvesnudneuglussuusealnd lnod
TaguszasdiiloiuUszAnsamvesdeivunanudesnisvesszuuiiealn (Real-time
Requirement) AANWMEYDITTUULIEE 1N UseNausieg 2 Audnuaelaus Ao JULUY
(Patterns) wazdai11a (Scope) FaRnuiiina1nu3seves Dwyer 39l8de1u Dwyer’s
patterns 1 8 §U°1JLL°U‘U Tawn Absence, Existence, Bounded Existence, Precedence,
Response, Chain Precedence, Chain Response wiaufiumuunsn 5 1ad1ia Lawn Global,
Before, After, Between, After-Until LONINH AN ILRLFLIINUITovee Konrad B4
1873 Konrad’s patterns e?fQIﬁﬁwmiU%’UUqﬂLLazﬁmm'«j’ﬂmummé}’aamseﬁumLﬁ'mamﬁﬂ 5
AITUM BINIThA WA Minimum Duration, Maximum Duration, Bounded Recurrence,
Bounded Response, Bounded Invariance I@mm’i%’aﬁlé’ﬁwmﬂﬁugﬂLLUUGUammé’ﬂwmz
Tuszuuidealnd weil

1) udesiindiidein Periodically

2) ettty lawA At least, At most, Within

3) AvunenveslasEdeiugu

nannseanuulniimyvsiundniuoewi@inies (Timed Petri Nets Observer) 3
Fetellil

1) Structure of Observer dai{lu Sub-net MM TIvTUNYANTIIVRITEUY Tunns
UsziflugauansRmuaniuznisal uanadaguil 2.28

2) Soundness of Observer dmiusandsiiasiignueneifisduin limsfiasd
nansznusesruLAnivhlfsruuinldaunsavenuld viedaanzafameiiedu Sy
vnnionaiamaiuineunisavlnauesnainnaalag luszuu fefuauidedsls
aunlifiandnvasfisussiuetrafivaitu (Read-only)

3) Efficiency of Observer maifisszansnim vuideilldldudnuiod 3 doiitevils
poWdSrlnosisyAvsningean il

a. msa%fNﬂﬁWﬁLﬂuLLaWaLmﬂszﬁugq (High-level abstraction)
b. a¥vanuzas (State Space) Tiilunaidndigawinfiasidululs
c. manseasuguantRivesguuuUIzFeaduenmalifmuAdemie

Wanleau kazanunsavinauvuunule
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________________________________________

TPN Structure

|

|

|

|

|

|

‘ Y

| g ™
| Prester
|

|

|

TPN Observer

JUN 2.28 lassadavesindimmvsiunaeni@siiaes [14]

sUuvursudnuusnowuresoonidsiefdmiunismuasuldgnimuatunield
shderwioluil

1) Basic Event Modifiers fwhmaifisinanisidesiuresooni@snnesiiud £ £% X
141, E+1, ° & SEAsludoiaginsifiumdnnisvesnaisuua snanduga vion1sviag

Y 6 dy ¥ acs 6
L’Ja'ﬂ,'ﬂﬂ“uLMG}ﬂ’]iﬂALU@QWU%@Q@@WL%?WL']@’i

:Observer ﬁﬁfﬂ}

' \

l TPN | |
- Structure | > |
E | . E |
R

JUN 2.29 assaisveseanidsiesdmiunismanisalseveny [14]

2) Basic Predicates JUnuurasRnandinaiaaeiiolilvgn1salvsean1ue

1%
a =

Any Tngdedanguuuurasgaantangnaiieduainlaseasisnugiuvesindinmmsium
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T2 [t2min, t2max] T3 [t3min, t3max]

T4 [t4min, t4max]

T5 [t5min, t5max]
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4.2. NMISNAIUILUUINABIAINNTUANYINBAIYINTEUAT
4.2.1. WUUIIABIFYYIIUIRNINAN

WUUTRRF NN IMENAIEA B INSANENNTRARRITUN 4.4

1 mtype = {C_QOpen, C_Execute, C_Release }

2 byte GlobalClockState = C_Open;

3 int mainCl = 1;

4 int mainCITimeout = 60,

5

6 active proctype mainClockState()]

7

8 printf("clockState - %ein”,GlobalClockState);

9 do

10

11 —atomic{({(GlobalClockState == C_Open) && ltimeout) -> GlobalClockState=C_Execute;}
12 —atomic{{(GlobalClockState == C_Release) && !timeout) -> GlobalClockState=C_Open:}
13 —atomic{((GlabalClockState == C_Execute) && ltimeout) -=

14 mainCl++ -> I
15 fimainClass();

16 GlobalClockState=C_Release ;

17

18 if:- (mainCl > mainClTimeout) -= mainCl = 0;

19 - else;

20 fi;

21

22 printf("fn - clockState - %e\n",GlobalClockState),

23 1

24 od;

25 3

JUT 4.4 wuudnaesdyauinIvanalgn wlnsiim
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|
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msvhauguuy Audnauriilidndudesivdygrauninmanlunsiudduiengn 39

1M AVDINNSDIMAULSTUUIZABIDMAURaNntU 11877 tmin L@ue

1 inline subTimer(T, tmin, tmax) {

2 int i

3 subCl = 0;

4 for{1:1 . {tmin)}{

] if (T 1= T3} -= mainTimer();
B “else

7 fi;

B

9 if:2(subCl = tmax) -= skip;
10 Celse -=subCl++;

11 fi;

12 1

13 printf("Fire at - %u-%d ‘0", mainCl, subCl);
14 subCl=10;

15 1

JUN 4.5 wuudnaesdyaauninigenien1wlnsia

4.2.3. WUUIIARINITTINNUVBINIAANBIINATBITINSLUAT

NN3UT 4.6 wansmsimuarmulsildlunsaiauuudassmsihauesnsddnw
Falfimsimuamdudsdmivaniusvesuniin uazaSududmivanuzvosuning lng
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mMsfvuaefsdmiumuaudfunm s nuagldiudsidein reactl - reacts lagi
react1 LfusudslunmsaunaunisBalmauesnaingaisuduresaeniu lUgnnsaduud
gaaviiazidenUssinvveswaaudisennil drufiuds react2 iunistuseumatunsgaie
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é’andn%gﬂﬁmuﬂsﬁué’wﬁaLL‘US react3 1l939N5¥UIUNNTUTIIRS MAINTIEBAYSELAM
gosaANeLionIUTIqUE fMuUs reactd azumusnonsidavoiiemisaniluudswen
U359 uaglaniinuesfiefuus reacts mufnUsuTIViaN 2 Mnulsaue Usvindl 13 -
us3vindl 20 uansdruveslmauinandlunsiazinaa laglmeusuduazeyigaEuduyes
nszuIuMs (P1) WelmAugndsiumsuidulag Feiduusnardimuntlunsasnsiuddy
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1 mtype = {C_Open, C_Execute, C_Release };
2 mtype = {react1, react? react3, react4, react5} ;
3 lf-react! -= p1 = p2,p3
4 l[-react2 -= p2 =p4,p5
5 lf-react3 - = p4 p5 = p7
6 lf-react4 -= p3 = pb

7 lf-react5 -= p6, p7 = p8
8

9 byte GlobalClockState = C_Open;
10

11 I*define var®/

12 int p1Token = 1;

13 int p2Token = 0;

14 int p3Token = 0;

15 int p4Token = 0;

16 int p5Token = 0;

17 int p6Token = 0;

18 int p/Token = 0;

19 int p8Token = 0;

20

21 int T1=10;

22 int T2 = 0;

23 int T3 =10;

24 int T4 = 0;

25 int TS = 0;

26

27 inttimin = 1;

28 inttimax = 1;

29

30 int t2min = 2;

31 int t2Zmax = 2;

32

33 int t3min = 2;

34 int t3max = 2;

35

36 int t4min = 3;

37 int tdmax = 3;

38

39 int tSmin = 4;

40 int tSmax = 4;

41

42 int mainCl = 0;

43 int total = 0;

44 int outTime = 0;

45 int mainCITimeout = 60;

JUN 4.6 dwdsngnimuaduiveasiswuudnaeslunsalfinw
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sziSufunsyheuanndenindidedn mainClass); wienlndd N1IATUANNISYINUYBY
mﬂwmimamsmmﬁauL'ﬁlauisuﬁ’uiwLﬂuﬁmamfuq AANUTTIAT 39 46 53 60 67 way 73
dleniadeundanudy ssuvanunsavhenldiadle fesvihnstunadensSenilaidu
subTimer(Tlx], tixImin, tixImax) Ha3193u Tngagyinisniaounazyieundouiuiv
ﬁzgagwmﬁmuﬁﬂLLazﬁt’Taﬁmumé"}unmﬁQﬂﬁwwum%quLLﬁasLM@ﬂﬁiﬁ gnUsEnIAmIELIaN

UnNALTUAY WaAAUEA WUAE tixImin kag tix]max WoNITIABUANTULAIIUNT 0UES

q q

Iniau i olniauey luaaugA nsaude lUsunsuazyiinis eansenlnd A48
controlFlow(react[x]) adsa1lnauliudasingnisallunszuiunisyieunug asunis
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W00 = R e LR =

inline controlFlow(token}{

printf("Token : %u - %e '\n\n", token, token);
do::

if--(token == react1 && p1Token = 0)-> [l-react1 -= p1 = p2 p3
p2Token = 1;
p3Token = 1;
p1Token = 0;
break;

(token == react? && p2Token = 0) -= fl-react? -> p2 =p4,p5
p4Token = 1,
pSToken = 1;
p2Token = 0;
break;

~(token == react4 && p4Token = 0 && pSToken = 0} -= [/-react4 -= p4 p5 = p7
p7Token = 1;
p4Token = 0;
p5Token = 0;
break;

(token == react3 && p3Token = 0) -= fl-react3 -> p3 = p6
pEToken = 1;
p3Token = 0;
break;

~(token == reactdb && p6Token = 0 && p7Token =0)-> /i-reacth -> p6, p7 = p8
p8Token = 1;
p6Token = 0;
p7Token =0;
break;

celse-»
lip1Token = 1;
//p8Token =0,
break;

}
Model flow™/
proctype mainClass()}{

do
/"% p1>T1=p2 && p1=T1=p3%/
-atomic{( p1Token =0) ->
subTimer(T1, t1min) -=
controlFlow(react1) ->
printf("T1mainCl : %u : %u : %uinin”, mainCl, (t1min+total), (t1max+total}));

}
[*#: p2>T2=p4 && p2=T2>p5 */
—atomic{(p2Token = 0) -=
subTimer(T2, tZmin) -=
controlFlow(react2) -=
printf("T2mainCl : %u : %u : %uin\n", mainCl, (t2min+total), (t2max+total));

}
3 pd=T4=pT7 && p5=T4=pT*
catomic{( p4Token = 0 && p5Token =0) =
subTimer(T4, t4min) -=
controlFlow(react4) -=
printf("T4mainCl - %u : %u : %uinin”, mainCl, (t4min+total), (t4max+total));

}
4 p3=T3=p6*/
-atomic{(p3Token = 0) -=
subTimer(T3, t3min) -=
controlFlow(react3)->
printf("T3mainCl : %u : %u : %uinin”, mainCl, (t3min+total), (t3max+total));

}
/*#: pB=T5=>p8 && p7=T5=p8*/
catomic{(pEToken = 0 && p7Token =0)->
subTimer(T5, t5min) -=
controlFlow(react5)-=
printf("T5mainCl - %u : %u : %uinin”, mainCl, (tbmin+total), (tSmax+total));

}
=(p8Token = 0) -=
llp8Token = 0;
lip1Token =1,
printf("--End--\n");
break;
od;

1

JUT 4.7 wuuiaesvaansadnuluniwlnsiua
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w3onlnd mainClass() SEUUILININTINABUANLNTDNVDIPABLFUYEINITTUIL
msvensdAnuilunisussaeesinfianiuginfoufiezisudunisviien e piToken
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[t1min, t1max] Jeadu [1, 2] sudeu defsnarfiansalimaudsesnluld e
wiRngesnazdalnaueanty widdeliaunsadeanlulidyaauninigesisznisiugy
Tuludes aundiazanusaddlneueaniuly diessuunneaeundriiaunsodnaule
Mntuazyhnsnionlnd controlFlow(react1) FaazvimsBslmauliiumnnisaivesnse
gowasluudiwanniuazlunuulavan (P2) uazsoliazidonnisurunsnisyheluguil
1 anewsnudne Adwhaulundenfuiumsnnsainsdonussinnvoswesussy (P3) uaz
Sonnszurunsnsvinalugudd arennugiuean e?faLfJumawmmiﬁwmﬁgjwmﬁu

[

uazlugaiduduvesanennuiazegluaauzfigniinly ilelvinszurunisdrdudalyiauls
aeunsienludiudng Wevlundwweaviuagluuuulavanananaldudatu fagvi
MIRTIvERUANULAINSBLYBIM T UEULAY TneTiagyhnsiUSsudisuiuiteulvues
FauUsi281 [t2min, t2max] #1861 [2, 3] Aua1du antussuuasyinsiulundseean
tasiasanuazlunuulavan fensisanndenlnd controlFlow(react2) Fdluangmniunis
yhaisaeunnnsaiaziosegnielitoulaiagdedingnisaiied waSauysaidouiosds
sgansadelmeuludannnisaiflundssenuazlunuulavanigniuissudesuda sae
controlFlow(react3) w1agluaianfoutuiieg dsluseninddumeniudiu dmiu
wannsaliivihnisidenyssaneasussyfievsudunssuaunsviauldnieusufuaeniy
Augne %ﬂmsaaaaué’aaﬁaﬂmﬁaLLUssuammﬁQﬂﬁmuWﬁuﬁm [t3min, t3max] A8An

[2, 7] s un197 28 controlFlow(reactd) wazLi onszuaun1snsidonUszlanvesned
Fovfesudn awhlimmnisalmalaresussyiiewiemilundseauazlunuulawan 5y
vy ddludoned wenisainsussalundsweaviluagluuuulavan awdudunsvhauld
fuagdeaseliivmgnsaisnluudwenuarlusutlavavdsiniiuudamegluan uay
sl dngesussyiunsdesduanudavisdeanynisnl Ssazanusaussqluudsenmil
warlununlawanaslugosuazyinisdandnld €1 controlFlow(reacts) luduiaiadu
nszUINMINTIeveInsdfinuily 1 seumsvhnuuazazdostanumiounisinay

Tidunsvieuseulnd dmsunsvinanuluseuses U
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4.3. wannsulaspaaneazuasguuuuduiiveaulasluiluguuuuusaiives

1) fupgliuuvesaunsvenduiueanazldy

l:l(tmin, tmax) P
2) nde 1) vmsaneaeuiddidunsiegluaumaduididunisle
I:I(tmin,tmax) 2 =0
3) yhmssruawesnandiflegluauns dWeifuldfulsvesnafiaansusuiagioe
Auan
(time >= tmin) /A (time <= tmax)
1) yhmswasfuguuuuieaiines neidouusazavestisauazingnsaisig A

O( @ A (time >= tmin) A (time <= tmax))

4.4. nswlaspadnwazvasgluuudaiiveauwdasluiiuguuuuneadives

4.4.1. aswlasduiivealuneaiivealunisadredniunisuuunasnld (Always)

naunsirfiunsuuusaenlulugluuuvesduiivea aadnvay Oy, o @ l0eil @

wnu g nsallag uag tl, ©2 unuyieIaidavesgais uiuLazdugaveunnni1sailag

o a

PINa1RU Nanunsainduls Fedmsumaniunisuuunaenly MsuladnmanuugaINnse

[
a

wUaslviegluguvesguiuuneaiiuea laseil
Oft1, t2] @ wawlu O(Q A (time>=t1 A time<=t2) aunisi 4. 1

4.4.2. mawlauduiieaduusaiiuealunisadeidiiunisuuuluiige
(Eventually)
Mnaumsiasuiumsuuuluiigaluguuvuveaduiinea audnuas 0 o @ Taefl @
uwnu wgnsallaq wag t, 12 unuranardavesgal uduward uaavennnisallag

v o a

MNa1U Nanansaindula Fedmsudaandunisuuuluige Mswlasnudnuauzauise

(%

wUaslviegluguvessuiuuuweaiivea lassil

0 11 @ wUadu O (@ A time>=t1 A time<=t2) aunisn 4. 2
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4.4.3. aswlasduiivealuneaiivealunisadredniunisuuudnly (Next)

naunserfiunsuuuialvlugluuuvenduiivea aadnuaz O 4y o @ Tned
@ Wy wman1sailag way tl, t2 LL‘V]WUI’NL’Ja’HQJWUEN?;G]L%ZWTULL@%?TU?!WU@QLﬁﬁﬂﬂ’liﬂﬁﬂ"‘]
AuEsU Aanunsainduls dedmdusasiidunisuuudaly suidetaulafianusdaly
(Next state) wuuszuuazdalaslud (Asynchronous) & sufeazldaulariadiduian
seilowmdoinaireanianiy miuvasnudnuazaunsouwdadlieglusUvessuuuuies
Fuoa Tdesd

O 1P wlawu © (@ A time >=t1 A time <=t2)) aunsi 4. 3

a.4.4. miuauduiiveaduneaiiuealumsaieiiduiunsaunsenauuidy
(Strong Until / Until)
Nnaumsiduiumsaunsenaudy Tusuuuvvesduiiuea udnwue
@ U o laoil @ unu gmsaldrduil 1 Y unummnisalddud 2 wag tl, t2 un
PrnadavenaEuduarAugaresmnansaivesisaennanIsal muEdu fianunsoindy
16 Fsdmsuddndunisaunseisuuuidy msuasnudnvazasnsaulasieglusuves

sULuuweatiLea ledsil
@ Uy oY wiadu

(@ A (time >=t1 A time <=t2)) U @) A (time >=t1 A time
<=t2)))

aun1sN 4. 4

4.4.5. nsuwauduiineaduueaiivealunisadsiadniunisaunssiianuusou
(Weak Until/ Unless)
Mnaunsiasdunsaunseiauuusou Tuguuuuvenduiiven Aadnume
O Wy o P Toed @ iy wmmsaladuil 1 Y unuvnnisalddud 2 uay tl, 12 wnu
PrnaavesgaisuiunasAugaouvmmsnivesisdonnnnisel sudiy Aaunsafiaty
It Gedmsusduiunsaunssiauusou msudasqadnvazansauadlieglugiaes

sULUUweaTiLea Ladsil
@ Wy P wadu

(@ A (time >=t1 A time <=t2)) W @A) A (time >=t1 A time
<=t2)))

AUnNSN 4. 5
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4.5. 19Ul UN1SNIUFDUFMSULUUINaBINSAIANE

MnAuEneuzNTiveadmsumgnsainvihnsmuaeuwuudaeslunsdAnviavae 6
winnsed WelviaenaresiuiunsuUaiweaiiuealvlieglusliuuveweaiiveanaiunsaly
Tunmsmuasudmsunuudnaedls Fauszneuluime

4.5.1. waulun1snaudaun 1

o

n1smugeunleiaulefin sruuldaiuisaussylundgeanivnsiasianasluwuy
lavanuavlaninvedlanausinag 1 8 9 e
4.5.2. Roulun1smiugauin 2

(%

Y] a A ° = 19 1
ﬂ']iV]']uaa‘U@’JEJLﬂ@uVLSUVD'] Iu 1 3@U6UaQﬂW§V]']QWU§3UUQ8®Q€LULLQQEJE]WVTU

Ly

UASLATAN
waglunuulawan 1 Assludiaiai 1 - 2

4.5.3. WeuluniImiugaun 3

nsmugeUmeRoulaiid Welinisagedlunitsanniiiiosanisussyuaslundsean
niinSauivlusuulavanegluniniseusesudd Juneudaluszuvaunsanazinisussuas
Uontlnwasla

4.5.4. Reulunrmaugaun 4

NIIUERUMERoUlINI SrUvETaEaNUTEINNTDILRIUTIIULIERAnl Wiy
funshslundssaaniidnsasanwazlusuulavanla

4.5.5. WouluniImugaun 5

nsmiuaeumeReulad srlifiamanisaimsaduudweaniiinaasinuayluiuy
lawan nasansyuuisunsiululdseeaniuaslusuulavanlasn

4.5.6. Weulunrsnaugaun 6

msmuaeumeteulatauddlidulumunszuiunmsvesuudiass Mewmsnisainisiu
lundgeanildnsiasinidewinnued wazwmansasuluidsweadnsiasaiawazluwuy
lawanazisusunsinaulueulunandsriulunansusuyintu 3 wagiaidugawiiu 4

4.5.7. Weulunrmaugaun 7

nsIuasUMERaulrtaLgsweInIaAnud 1 Aoszuuausausslukdsgennildng

wshntazlusuulawntazUnniingaslamansiigl 1 99 9
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A1SNIUFOULUUIIAINTAIANE

Tuunilagnandsnsmuasuuuudaesnsdfnuifiofigrindnnisuasiignasnedudi
awnsaldinisudasmanniduiiveaduueaiiueativannsamugeuuuusiasinsdidnule
gndes waruendniidienandiiiuinszuvaginuldlunseunaniidivun Saananmavy
douLUUasnsaiAnummetouladaudsiunuusasnsaAnweae

WUUTa0eUeInIaAlANY U FULUUTRIIMIIMMYVSIuNTINN89 NI UN 4.1

P;

T5 [4, 4]

JUN 5.1 wuudnaeansalfnunlugduuuvesindinnniun
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91n3U7 5.1 uanswuudnassnsdlidnulugusuuvesinimmsindaldviinisiimunda

wUsiianliiSeusesum d@munImugeukuUINaeLeedRINgURina
5.1. NINAFBUKUUINARINTAANED

NINAFBULUUIIRDY ASAISEIU 10,000 5¥61U Wag Random Seed 91 123 ¢iaguii 5.2

Mode | AFull Channel o cring (reg. exps.) | Background command executed:
& Random, with seed: 123 ' blocks new messages  pr spin -p -s -r -X -v-n123 -1 -g -k MyCode_v14.pml trail -u10000 MyCode_v14 pmi
" Interactive (for resolution of all nondeterminism) € loses new messages queueids:

€ Guided, with trail: [MyCode_v14pmitrail browse | [~ MSCstmnt

initial steps skipped:
maximum number of steps:

¥ Track Data Values (this can be slow)

0
10000

MSC max text width |20
MSC update delay [25

var names:
tracked variable:

track scaling:

I

JUT1 5.2 ¥t138n13AsAmMAaa UL UUIIaRIAsEU 10000 86U

WATWUILUUIA098U15099UleUATU 1 50U Ineldseaunanun 172 seeu waglyay

gangazegfinaagaingtiufe P8 nuNaiuand p8Token = 1 fagui 5.3

[variable values, step 172] L EVE proc 2 (mainClass:1) MyCode_v14.pml:108 (state 298) [pBToken = 0]
_ 172: proc 2 {(mainClass:1) MyCode_v14.pml:109 (state 299) [p7Token = 0]
GlebalClockState = 1 173 proc 2 (mainClass:1) MyCode_v14.pmi:81 (state 307) [break]
maincl = 10 T5mainCl:10:4:5
gi;gi;:ssiz) (']1 -G 174 proc 2 {(mainClass:1) MyCode_v14.pml:172 (state 309) [printf('TSmainCl : %u : %u : %utin'in’,mainCLt5min, thmax)]
p2Token = 0 176: proc 2 (mainClass:1) MyCode v14.pml:174 (state 311) [((p8Token=0))]
p3Token = 0 —End process—
p4Token = 0O 177: proc 2 {(mainClass:1) MyCode_v14.pml:177 (state 312) [printf('—End process-—-\\n")]
pSToken = 0O 178: proc 2 (mainClass:1) terminates
péToken = 0 178: proc 1 {(mainClockState:1) terminates
pTToken = 0O 178: proc 0 (Cinit::1) terminates
p8Token = 1 3 processes created
subCl = 0

U1 5.3 vthasnan1sedeuszau 10000
5.2. MImugaukuUIaansaifnulugluuulasasiy (Safety)

1) dnguszasanismugeuluguiuulaensi

nImuaeuLUUINasInIiifnwtugluuulasandeluaniugvesnsiinuly 1 seunis
yhau ansnsauansan e fusasilsidunagienldlunnaniug Tnsvhmsieeiiie
YNUABUANANNT0TBIULTIAB IaransavhelddausFuauaulaglifinisvganis

MUTENINNN A93UN 5.4
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Safety Storage Mode Search Mode
@ safety * exhaustive ' depth-first search
¥ + invalid endstates (deadlock) I + minimized automata (slow) M+ partial order reduction
¥ + assertion violations I™ + collapse compression I™ + bounded context switching
I™ + xrfus assertions " hash-compact " bitstate/supertrace with bound: |0
Liveness i Never Claims 1 I™ + iterative search for short trail
" non-progress cycles * do not use a never claim or Itl property " breadth-first search
" acceptance cycles " useclaim W + partial order reduction
I™ enforce weak fairness constraint claim name (opt}: ¥ report unreachable code

Y

JUN 5.4 vthasnsasdmaaeuliten snidaeuluslivulasnde

2) wafiaainaslasy
WUUTNaesEunsaiinfsnsvinuetsarilsidula waganunsaviiaulalunng aaue
Ingliiifinn1sngnseninansvinay

3) WaN1SNIUABU

spin -a MyCode_v14 pml

C:lcygwinG4/bin/gcc_exe -DMEMLIM=1024 -O2 -DXUSAFE -DSAFETY -DNOCLAIM -w -0 pan pan.c
Jpan -m10000 -c1

Pid: 12144

(Spin Version 6.4.3 — 16 December 2014)
+ Partial Order Reduction

Full statespace search for:
never claim - (not selected)
assertion violations +
cycle checks - (disabled by -DSAFETY)
invalid end states +

State-vector 136 byte, depth reached 100, errors: 0
17 states, stored
2 states, matched
19 transitions (= stored+matched)
150 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.003 equivalent memory usage for states (stored*(State-vector + overhead))
0.252 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128.730 total actual memory usage

unreached in proctype mainClass
MyCode_v14.pml:66, state 14, "(1)"
MyCode_v14 pml:91, state 36, "p5Token = 1"
MyCode_v14.pml:92, state 37, "p2Token = 0"
MyCode_v14 pml:97, state 41, "p4Token = 0"
MyCode_v14.pml:98, state 42, "pSToken = 0"
MyCode_v14 pml:103, state 46, "p3Token = 0"
MyCode_v14.pml:108, state 50, "p6Token = 0"
MyCode_v14 pml:109, state 51, "p7Token = 0"
(42 of 317 states)

unreached in proctype mainClockState
(0 of 21 states)

unreached in init
(0 of 3 states)

pan: elapsed time 0.003 seconds
No errors found — did you verify all claims?

JU7 5.5 vthasuanmanismuasulusuuuulaensiy
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mﬂgﬂﬁ 55 LLamwamimuaaﬂugﬂquﬁﬂaamﬁa%ﬂmmia‘v‘mmléfﬁ”’mmiuamuzﬁ
Uaeadeiavua 78 Taglifideianatn dwiududufeunnuanismuauuuusiasd
U51n9slu unreached in proctype mainClass tinainiugulagld do... while warfidouly
if..else wazn"3 break dmdumuaslnuiau d5lun1siugy do.while 1 souaieldnasly
if..else vile% spin ldaunsadnie state luuna state 1o Safinnisudaiousananiu
dmdunanlunisviau 1 seuiianua 0.003 Junit dslsifideRianainaudosa No erors
found

4) ayuna

[

NNIAALNNINABUUTULUUUaDASEAIFUN 5.4 Laganwaniudeuluuinaedly

susuulasadsansaviaulannaniuglagliinisvganisviieny wagly 1 seumsvinu

anansaviniauegaUaendela 100 aaugaagun 5.5
5.3. Msnudauwuudaasluuuuuueaiivea dmiuReulunimiugaun 1

1) Weulunisnmuasu

Ly

n1smiuaeumeeuleiiin ssuuldaiunsaussylundaanidasiasanuasluwuy
lawanuasUantingadlansueiaal 1 83 9 @ue
v A = = & 2 1%
meReulunisminaeukaraNaun1si 4. 1 ansawsuduaunislusuvesduiiueals

[

&
PNU

U, 99 (4P
lagdl P unusie wnn1sain1susslusdseenniliasUaniingos

ldudadlvieglugvuvuvesueaiiueaildlunisniuaaulansgun 5.6 ¥e peo

1 #define MTL_always {(!/(mainCl == 1&&mainCl <= 9)} || (pBToken == 0 && (mainCl == 1&&mainCl == 9)))
2 It pel { [] MTL_always}

JUN 5.6 Reulvnsmugeukuudtaediuguwuuseaiivealunsdlfinuii 1

2) wanAwnzlasu

Y]

WA INUaIN1TUTTIlukdtseaviidnsasanuaslusuulavanuavandnvedlidaunse

Unnilnwaelaluriwan 1 - 11
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3) WANIINIUGDU

Safety | Storage Mode | Search Mode
© safety & exhaustive @ depth-first search Advanced; Error Trapping
¥ + invalid endstates (deadlock) ™ + flinimized automata (slow) ¥ + partial order reduction € don'tstop at errors
¥ + assertion violations ™ + collapse compression ™ + bounded context switching & stopaterornr: 1
I+ xr/xs assertions € hash-compact " bitstate/supertrace with bound: |0 W

R | Never Claims | T+ iterstive search for short trail Pl g
" non-progress cycles " do not use a never claim or Itl property " breadth-first search Frane
 acceptance cycles & use claim ¥ + partial order reduction A Full Channel
L3 o meak T e ot claim name (opt): |ped I report unreachable code @ blocks new msgs

Save Result in: pan.out © loses new msgs
T T SarTir x| i

UM 5.7 wthasnmsasemiuasuluuitaedlaglisuiuukeaiiuea peo

Y
INFUN 5.7 wanemthvensmuasuiuuiaadaglisuiuuueaiiieainvadn peo #
Loy Never Claims t@an#ituy use claim wadlddasuuuuneaiiveanfoinisidlunisniu

aauluAn peo

spin-a MyCode_v14.pml

it pe0: [] ((! (((mainCl>=1)) && ((mainCl<=8)))) || (((p8Token==0)) && (((mainCl>=1)) && ((mainCl<=9)))))
C:lcygwin64/bin/gcc.exe -DMEMLIM=1024 -O2 -DXUSAFE -w -0 pan pan.c

Jpan -m10000 -a-c1-N pel

Pid: 1368

warning: only one claim defined, -N ignored

(Spin Version 6.4.3 — 16 December 2014)
+ Partial Order Reduction

Full statespace search for:
never claim + (pe0)
assertion violations + (if within scope of claim)
acceptance cycles + (faimess disabled)
invalid end states - {(disabled by never claim)

State-vector 152 byte, depth reached 115, errors: 0
17 states, stored
3 states, matched
20 transitions (= stored+matched)
150 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.003 equivalent memory usage for states (stored*(State-vector + overhead))
0.251 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128.730 total actual memory usage

unreached in proctype mainClass
MyCode_v14 pml:66, state 14, "(1)"
MyCode_v14.pml:91, state 36, "pSToken = 1"
MyCode_v14 pml:92, state 37, "p2Token = 0"
MyCode_v14. pml:97, state 41, "p4Token = 0"
MyCode_v14 pml:98, state 42, "p5Token = 0"
MyCode_v14.pml:103, state 46, "p3Token = 0"
MyCode_v14 pml:108, state 50, "p6Token = 0"
MyCode_v14.pml:109, state 51, "p7Token = 0"
(42 of 317 states)

unreached in proctype mainClockState

(0 of 21 states)

unreached in init

(0 of 3 states)

unreached in claim pe0

_spin_nvr.tmp:8, state 10, "-end-"

(1 of 10 states)

pan: elapsed time 0.003 seconds
No errors found — did you verify all claims?

5U7 5.8 wan1smudsuluuitasdlagldsuiuuneaniuea ped

Y Y
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NNHaNTIUAULansHanldAeuuUSaedldsULUILeaTiuea ped Tunsiuaey
anunsavihnulaly 115 anugleglifivenanaie

4) ajuna

wansyuasuLuuiasdunsaliluueatiuea peod annsaaguliin a Haaaaii 1 -9

glilanunsaussegeuasUandnls Jealansuadagui 5.8
5.4. msniudauwuuIaasluguuuureaiiuea dmsuleulunimaudaui 2

1) Weulvlunismuasu

v A A ° P v ~
AsIUER ULl TU 1 SUVBINISVINIUTEUUALAILULIILDANT

Y]

URSLATAR
wagluwuulavan 1 Asslugiwiai 1 - 2

v oA - = [ 2 o v

meRoulun1sniIuaauLazINANITT 4. 2 ansalsuluaunisiuguresduiiueals
U &J
fadl

Q2P

logd P unueie mgnsalfdluidieenniiinsasinuagluiuulayan

ldudadvieglusuuuuveweaiiueanlilunisniuasuladegui 5.9

1 #define MTL_eventually (p2Token == 1 && ((mainCl == 1)&&(mainCl <= 2)}))
2 itl pe1 I == MTL_eventually}

5UN 5.9 Weulvnismuasuiuuiasslusuuuuieaiiuealunsdifinuwi 2

2) wanAwnzlasu

12
Y a

¢ P’ % ~ ° a
wnnsainsaslusdseoanidnsinsinuagluwuulavanagyianulalunai 1 - 2
3) WAN1SNIUABU

PMNWANINIUABUAIEFULUULEATILER pel faguRl 5.9

Safety | storage Made | Sesrch Mode
© safety & exhaustive @ depth-first search Advanced: Error Trapping
[¥ + invalid endstates (deadlock) ™ + minimized automata (slow) [¥ + partial order reduction £ don't stop at errors
¥ + assertion violations I™ + collapse compression ™ + bounded context switching & stop at errornr: |1
[™ + xr/xs assertions € hash-compact © bitstate/supertrace with bound: |0 ™ save all error-trails

I | Neve Clame | I + iterative search for short trail E e e
€ non-progress cycles © do not use a never claim or Itl property " breadth-first search W
% acceptance cycles & useclaim ¥ + partial order reduction A Full Channel
[ enforce weak fairness canstraint claim name (opt): |pel I¥ report unreachable code & blocks new msgs

Save Result in: pan.out © loses new msgs
55 vt S|t

JUN 5.10nihvensasAugeukuuaedlaglisuuuuieativea pel
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goaniliUnsinsanwaglunuulavanyinulalunai 1 - 2 dsgun 5.11

a8

spin -a MyCode _v14 pml

It pe1: <= ({{p2Token==1)) && ({(mainCl>==1)) && ({(mainCl<=2))})
C:lcygwing4/binfgec.exe -DMEMLIM=1024 -O2 -DXUSAFE -w -0 pan pan.c
J{pan -m10000 -a-c1-N pe1

Pid: 8096

warning: only one claim defined, -N ignored

(Spin Version 6.4.3 — 16 December 2014)
+ Partial Order Reduction

Full statespace search for:
never claim + (pel)
assertion violations + (if within scope of claim)
acceptance cycles + (fairness disabled)
invalid end states - (disabled by never claim)

State-vector 152 byte, depth reached 24, errors: 0
6 states, stored (12 visited)
4 states, matched
16 transitions (= visited+matched)
28 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.001 equivalent memory usage for states (stored*(State-vector + overhead))
0.252 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128.730 total actual memory usage

unreached in proctype mainClass
MyCode_v14 pml:66, state 14, "(1)"
MyCode v14.pml:87, state 36, "pSToken = 1"
MyCode_v14.pml:88, state 37, "p2Token = 0"
MyCode_v14.pml:93, state 41, "pd4Token = 0"
MyCode_v14 pml:94, state 42, "p5Token = 0"
MyCode v14 pml:99, state 46, "p3Token = 0"
MyCode_v14 pml:104, state 50, "p6Token = 0"
MyCode v14.pml:105, state 51, "p7Token = 0"
(86 of 317 states)

unreached in proctype mainClockState
(0 of 21 states)

unreached in init
(0 of 3 states)

unreached in claim pe1
_spin_nvr.tmp:6, state 6, "-end-"
(1 of 6 states)

pan: elapsed time 0.002 seconds
No errors found — did you verify all claims?

5U7 5.11nanmsmuasuuuudnasdlaeldsuuuureaiiues pel

3 L]
4) ajuna

¢ al = v X o a o o d'
Lﬁﬁlﬂqimmﬂqiﬂ\ﬂULL"N‘EJ@@VU'UW?L@?@I@LLaSIULLUUI?JUEU']Wifz]ﬂJVl’]Q"IUIUL'Ja’ﬁ/] 1-2
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5.5. MsnudauwuuTaasluguuuuneaiiuea dmiuleulunimiugaun 3

1) Reoulalunisniuaey
nsmuaeumeReulani Welinmslagedluuiiweaniiiiesenisussyuarluuisen

niinSauivlusuulavaneglunniSeusesuds Juneusdeliseuuaunsafasinisussguas
Unnilnwosld

Frodoulunamuasuuarainaunmsd 4. 3 \ewduaunslugves Buivealdded
O 7(P1 A P2) > O 1 11y (P3))
Tagil P1 uwwsng winnsainsiewesdnluifiiiesesiunisussy
P2 unudae wensainssslundweanitanesanuarluiuulavaluag
P3 wniughe wnmsninsusTsluudssaaviuasdaniinges

aunsnesunelvieglugliuuresieaniueaildlunismiuasy fgun 5.12

#define MTL_nextP1 (p6Token == 1 && (mainCl == 6&&mainCl==T7)) && (p7Token == 1 && (mainCl == 6&&mainCl==T7))
#define MTL_nextP2 X(p8Token == 1 && (mainCl >= 10&&mainCl=11))
It pe2 {[] (MTL_nextP1 -> MTL_nextP2)}

Lo R =

JUN 5.12Reulvnsmugeunuudtaedluguwuuseaiivealunsdlfinwin 3
2) wanpnaelasu
FEUUENI0YINIsUsTRasUandngesla Arallelinisilageuiiesonisussyndeuly

wdsgaaniluazlunuulavansiuiuedluain

3) Wan1IMIUdau

Safety | Storage Mode ] Search Mode

ety R @ depth-first search Advanced: Error Trapping

W + invalid endstates (deadlock) ™ + minimized automata (slow) I¥ + partial order reduction £ don't stop at errors

¥ + assertion violations I~ + collapse compression (@] I~ + bounded context switching & stopaterrornr [1

™+ xt/xs assertions € hash-compact € bitstate/supertrace with bound: [0 I~ save all error-trails

Ty | Mot Clins | I + iterative search for short trail W
" non-progress cycles " do not use a never claim or Itl property © breadth-first search I e
& acceptance cycles & useclaim [V + partial order reduction A Eull Channel
g Vi R T claim name (opt): pe2 [¥ report unreachable code % blocks new msgs
panhext.out " loses new msgs

i s s
JUN 5.13nthaensaseminasuluudtaedlaglisuiuukeaiiuoa pe2

N3UN 5.14 uanwman1smiuadeuniglaleulsiiissuvaunsaussauasUnndnla

asanilundsgeanilinsiasinuarlunuulsvangniuiuluniauazinn1siavedseussy
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spin -a MyCode v14.pml

It pe2: [1 ((! {(({(p6Token==1)) && (((mainCl>=6)) && ((mainCl==T7)))} && (((p7Token==1}) && (({(mainCl>=6)) &&
((mainCl==T))1) || (X ({{(p8Token==1)) && (((mainCl>=10}) && ((mainCIl=11)}))})

C:lcygwinG4/bin/gcc.exe -DMEMLIM=1024 -02 -DXUSAFE -w -0 pan pan.c

Jpan -m10000 -a-c1-N pe2

Pid: 3800

warning: only one claim defined, -N ignored

{Spin Version 6.4.3 - 16 December 2014)
+ Partial Order Reduction

Full statespace search for:
never claim + (pe2)
assertion violations + (if within scope of claim)
acceptance cycles + (fairness disabled)
invalid end states - (disabled by never claim)

State-vector 152 byte, depth reached 115, errors: 0
18 states, stored
3 states, matched
21 transitions (= stored+matched)
173 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
(0.003 equivalent memory usage for states (stored™(State-vector + overhead))
0.250 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000})
128730 total actual memary usage

unreached in proctype mainClass
MyCode v14 pml-66, state 14, "(1)"
MyCode v14 pml:87, state 36, "p5Token = 1"
MyCode_v14.pml:88, state 37, "p2Token = 0"
MyCode v14.pml:93, state 41, "p4Token = 0"
(42 of 317 states)

unreached in proctype mainClockState
(0 of 21 states)

unreached in init
(0 of 3 states)

unreached in claim pe2
_spin_nvr.tmp:12, state 15, "-end-"
(1 of 15 states)

pan: elapsed time 0.002 seconds
Mo errors found - did you verify all claims?

JUN 5.14ransmidaeunuudnasdlagldsuiuuieaiuea pe2

4) ayuna

sruvaunsausIkaslantneeslanainy dilundsweaniidnsiasanuazluwuy

lawaun wieurduiuresivinisiladiesenisussylaeggnaesiegun 5.14
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5.6. MsniudauwuuIaasluzuiuukeaiiuea dmsuReulunimaudaui 4

1) Weulvlunisnmuasu

msvuasuieioulaiii sruvansnidendssnnvesotusyluudsoand wieury
fumsiduudseanithsasinuagluuuulavanls
Fodoulunamuasuuarainaumsd 4. 4 Jewduaunslugves Buvealdded
P1 U, ;P2
Tnef P1 unushe wensaldenUssnnuesesussiluudseanmi

P2 wnuiy wgnisalfsluudeganniluagluwuulawan

£%

aunsnesunelvieglugUiuuveweanieaildlunismuasy feil WelinsiienUseinanues

HoUTTLUNsoAniIaf 1 - 2 uasluvaziferdussuuiasfslundssaanidnsasin

wazlusuulawanluanfelny fsgun 5.15

1 #define MTL _untilP1 (p2Token == 1 && (mainCl == 1 && mainCl <=2))
2 #define MTL_untilP2 (p3Token == 1 && (mainCl == 1 && mainCl == T})
3 tl pe3 {[]==MTL_untilP1 -= []==MTL_untilP2}

U 5.15Reulvmsmugeusuudnasdlusuuuuieaiiuealunsaifnwi 4

3
2) wamai1arliy
wansaifinsdenvesmeslundwesvidasiasinannsavhaulundouafumanisali

szuuimsislundeseaniuarluuuulauanls

3) Wan1IMIUgau

Safety | Storage Mode | Search Mode
€ safety & exhaustive

¥ + invalid endstates (deadlock)

& depth-first search

Advanced: Error Trapping

™ + minimized automata (slow) I¥ + partial order reduction £ don't stop at errors

¥ + assertion violations ™ + collapse compression ™ + bounded context switching & stop at errorne |1

[T + xr/xs assertions € hash-compact ¢ bitstate/supertrace with bound: |0 T save all error-trails
Liveness | Never Claims | T -+ iterative search for short trail

£ non-progress cycles

™ add complexity profiling
" do not use a never claim or Itl property € breadth-first search

I compute variable ranges
& acceptance cycles & useclim IV + partial order reduction A Eoll Channe)

[¥ report unreachable code & blocks new msgs

T T S Tawe 0w |

JUN 5.16 nihvensasAmugeukuudaedlaglisuuuuieativea pe3

[ enforce weak fairmness constraint claim name (opt): jpe3

PNUANTNIUABUAIFUN 5.17 wmnisalaluudsseanilinsiasinuazluwuulawanidy

anansavinulaneuiuiuna N saldenUssnnueswedussania 1 - 2



spin -a MyCode_v14 pml

It pe3: (! ([ (== (((p2Token==1)) && (((mainCl==1)) && ((mainCl==2)))))) || (0 (== (((p3Token==1)) && (((main
Cl==1)) && ((mainCl<=7))))))

C:lcygwing4/bin/gcc.exe -DMEMLIM=1024 -02 -DXUSAFE -w -0 pan pan.c

JApan -m10000 -a-c1-N pe3

Pid: 9704

warning: only one claim defined, -N ignored

{Spin Version 6.4.3 — 16 December 2014)
+ Partial Order Reduction

Full statespace search for:
never claim + (pe3)
assertion violations + (if within scope of clam)
acceptance cycles + (fairmess disabled)
invalid end states - (disabled by never claim)

State-vector 152 byte, depth reached 115, errors: 0
35 states, stored (44 visited)
28 states, matched
72 transitions (= visited+matched)
568 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.006 equivalent memaory usage for states (stored*(State-vector + overhead))
0246 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128 730 total actual memory usage

unreached in proctype mainClass
MyCode v14.pmlG6, state 14, "(1)"
MyCode_v14.pml:87, state 36, "p5Token = 1"
MyCode _v14.pml:88, state 37, "p2Token = 0"
MyCode _v14.pml:93, state 41, "p4Token = 0"
MyCode_v14 pml:94, state 42 "pSToken = 0"
MyCode_v14 pml:99, state 46, "p3Token = 0"
(42 of 317 states)

unreached in proctype mainClockState
(0 of 21 states)

unreached in init
(0 of 3 states)

unreached in claim pe3
_spin_nvr.tmp:34, state 49, "-end-"
(1 of 49 states)

pan: elapsed time 0.002 seconds
Mo errors found — did you verify all claims?

5UN 5.17uansmuasuuuudnasdlagldsuuuuneaiiues pe3

Y Y
4) ajuna
IMNWNANTNIUABUIINIUN 5.17 Wiawvgnisainisaslundegaaniliazluiuulavan

anunsavihnulansenduiunisdenyssinvvewoussy
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5.7. msnudauwuuaasluguuuuneaiiuea dmiuleulunimiugaun 5

1) GFeulvlumsvuaoy
msvuasuieieulaiii arlifamamaninsidundsennitasasinuasluuuy
Tawan vdanszuudunsiulundeseaniuarluuulavanlédsn
Fodoulunamuasuuarainaumsi 4. 5 Jewuaunslugves Buvealdel
P1 W 5 P2
Toed P1 uwnushe wansainishduudsseaniinaasainwarluwuulawan
P2 wniughe wnnssimaiuluwdiseaniuagiuluwuulawan

ammnesunelvieglusuuuuveieaiiveaildlunisniuasuy fsgun 5.18

#define MTL_weakP1 (p2Token == 0 && (mainCl == 5 && mainCl ==6))

#define MTL_weakP2 ((p4Token == 1 && (mainCl ==3 && mainCl =<=4)) && (p5Token == 1 && (mainCl ==3 && mainCl| ==4)))
Itl ped {<=[MTL_weakP1 -= []==MTL_weakP2}

03 P =

JUN 5.18 Reulunsmugeunuudnaedluguuuuseaiiveatunstifinwif 5
2) Hanaainazlasu
win1sainsidenussinnvestedlundsgeaiannsarieuruuiuiumanisaini sy

Tundssaauniivnsiasanwaznisnulusuulawul nelakeulviaatialnule

3) Wan1IMIUgau

Safety | Storage Mode | Search Mode
€ safety % exhaustive & depth-first search
¥ + invalid endstates (deadlock) ™ + minimized automata (slow) ¥ + partial order reduction € don'tstop at errors
¥ + assertion violations ™ + collapse compression ™ + bounded context switching & stop at errorne: |1
I™ + xtfxs assertions © hash-compact " bitstate/supertrace with beund: [0 T ™ save all error-trails
Liveness | Never Claims | T = iterative search for short tril

I~ add complexity profiling
€ non-progress cycles " do not use a never claim or Itl property € breadth-first search W

A Full Channel
¥ report unreachable code & blocks new msgs

T B T ST v |

JUN 5.19nthasnsasemiuasuluudtaedlaglisuiuukeaiuea ped

& acceptance cycles & use claim [¥ + partial order reduction

™ enforce weak fairness constraint claim name (opt): |ped
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spin -a MyCode v14 pmi

nCl==3)) && ((mainCl<=4})}) && (((p5Token==1}) && ({(mainCl>=3)) && ((mainCl==4)))}))}
C:lcygwing4/bin/gec.exe -DMEMLIM=1024 -O2 -DXUSAFE -w -0 pan pan.c

/pan -m10000 -a-c1-N ped

Pid: 5448

warning: only one claim defined, -N ignored

(Spin Version 6.4.3 — 16 December 2014)
+ Partial Order Reduction

Full statespace search for:
never claim + (ped)
assertion violations + (if within scope of claim)
acceptance cycles + (faimess disabled)
invalid end states - (disabled by never claim)

State-vector 152 byte, depth reached 115, errors: 0
36 states, stored (38 visited)
23 states, matched
61 transitions (= visited+matched)
520 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.006 equivalent memory usage for states (stored*(State-vector + overhead))
0.248 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128.730 total actual memory usage

unreached in proctype mainClass
MyCode v14 pml66, state 14, "(1)"
MyCode v14 pml87, state 36, "pbToken = 1"
MyCode v14.pml:88, state 37, "p2Token = 0"
MyCode_v14.pml:93, state 41, "p4Token = 0"
MyCode_v14 pml:94, state 42, "pSToken = 0"
(42 of 317 states)

unreached in proctype mainClockState
(0 of 21 states)

unreached in init
(O of 3 states)

unreached in claim ped
_spin_nvrtmp:22, state 31, "-end-"
{1 of 31 states)

pan: elapsed time 0.002 seconds
Mo errors found — did you verify all claims?

ftl ped: (! (<> ([ (((pZToken==0)) && (((mainCl>=5)) && ((mainCI==6))))) |l (1l (<> ((((p4 Token==1)) && (((mai

SUN 5.206ansmidaeuluuinaedlagldsuiuuleaiuea ped

4) ayuna

WA saNsRenUsznvegesluklseannilanunsaviauu iUt ume N SN sy

Tuwdswaantdunsiasanwaznisnulusuulawan Aneldkeulutiatielrnulalaedludl

ToRANAIAAIFUN 5.20
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5.8. msniugauwuuaasluuuuvuneaiiuaarieaulvdiu dwiuReulunisniu

dauN 6

1) GFeulalumsmuaoy
mamuasuieiouludaudslidulumunszuiunsvesiuudiass memsnisainisi
Tuudsseavi tasasinfdsinnuey uasvmnisaisaluudssentasasafinuagluuu
Tawanagdusunsvinuludoulvnaifordulunandusurint 3 uasnaduganiiu 4
fhodoulsnsmusouiaranaumsi 4. 4 Agnideuuaumssuuuuueaiueald fail
P1 U 4 P2
Tned P1 unushe wansaliuluudsseavitnmashe
P2 wniughe wnnsahiluudssemmiuarluuuilavanldoaiiosonisussy

Tunsdinsmuaeudmsuleulumuingn azdewinisuilugluuuieaiivea Tiduluany
UFIVIAN 3 a3UT 5.21

1 #define MTL_nonP1 (pd4Token == 1 && (mainCl == 3 && mainCl == 4))
2 #define MTL_nonP2 (p7Token == 1 && (mainCl == 3 && mainCl == 4))
3 Itl ped {[]==MTL_nonP1 && [J<>MTL_nonP2}

sUN 5.21 @aulun1smiuaaunuuINaaslusULuULaaikoalunsmanyf 6

3 3
2) waimaiaglasy
msvnuasuwmnsaisludssennitasiasinagliausavihauld wdeutuiy

wmnsaiiuluudssonnitnsasiniia 3 - 4

3) WAN1SNIUABU

Safety | Storage Mode I Search Mode

€ safety & exhaustive & depth-first search Advanced: Error Trapping
¥ + invalid endstates (deadlock) I™ + minimized automata (slow) [¥ + partial order reduction € don't stop at errors
[ + assertion violations ™ + collapse compression ™ + bounded context switching & stop at error n: |1
[~ + xrfxs assertions © hash-compact ¢ bitstate/supertrace ntiybound j0 I I~ save all error-trails
Liveness | Never Claims | T = iterative search for short trail P
€ non-progress cycles ™ do not use 2 never claim or ltl property € breadth-first search W
& acceptance cycles & use claim IV + partial order reduction A Full Channel
[~ enforce weal Ik fairness con straint claim name (opt): |non [ report unreachable code 1 blocks new msgs
Save Result in: pan.out £ loses new msgs
T et o e

JUN 5.22vthaensasdminaauwuudaedagldzuuuuieatiuea non
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spin -a MyCode_v14 pml
Itl non: ([] (<= (((p4Token==1)) && ({(mainCl==3)) && ((mainCl==4)))))) && ([] (== (((p7Token==1)) && (((mainCl>4
3)) && ((mainCl<=4)))}))

C:lcygwinB4/bin/gcc exe -DMEMLIM=1024 -O2 -DXUSAFE -w -0 pan pan.c
Jpan -m10000 -a-c1-Nnon

Pid: 7568

warning: only one claim defined, -N ignored

pan:1: acceptance cycle (at depth 114)

pan: wrote MyCode_v14 pml_trail

(Spin Version 6.4.3 — 16 December 2014)
Warning: Search not completed
+ Partial Order Reduction

Full statespace search for:
never claim + (non)
assertion violations + (if within scope of claim)
acceptance cycles + (fairness disabled)
invalid end states - (disabled by never claim)

State-vector 152 byte, depth reached 115, errors: 1
15 states, stored
0 states, matched
15 transitions (= stored+matched)
86 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.003 equivalent memory usage for states (stored*(State-vector + overhead))
0.250 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128.730 total actual memory usage

pan: elapsed time 0.004 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

SUN 5.23Man1smiudaunuuInasdlnglysunuuneanuea non

3 3
Mnmansmugeumansaisaluwdeaniitnaashn uasmsiuluwdaeand aeld
Foulunad 3 - 4 liaunsavield Jauansdefiananvesmsymuasusisgui 5.23
vianfimuaeunuuaedumansaifidaudailinanismuasuiioonnd
fFoRananndefindliuds duduiionaauuuusiassdinairitlianansovhauld Seldvh
mMsvaaeuuuUaeslnensly Guided, with trail faguil 5.24 Fawansvadeusianaians

Tiiilugun 5.25 Tumansalivinisniuaeuiiliamnsavhnulduasssuugninaty

Mode I A Full Channel 1 Output Filtering (reg. exps.) 1
" Random, with seed: 123 ¥ blocks new messages  process ids:
{~ Interactive (for resolution of all nondeterminism) " loses new MESSAgES gueye ids:
* Guided, with trail: |MyCode_v14.pmltrail browse | [T MSC+strnt I
var names:
initial steps skipped: 0 MSC max text width |20 |
maximum number of steps: 10000 MSC update delay |23 \Ened venatie:
¥ Track Data Values (this can be slow) track scaling:

sUl 5.2auhaslunsnaasunuusiasddagld Guilded, with trail ¥81 non

Y
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[variable values, step 92] " (73 Proc £ (Imaimuidss. 1) Mywoue_vIi4 pine o/ (Side Z6Y) [panug 12mainied - 7ou - 7ou - ZoUni, I, (LN 1oLl ), (LDITdx+ oLl ) |
83 proc - (pe5:1)_spin_nvrtmp:9 (state 10) [(!(({(p7Token==1)&&((mainCl>=3)&&(mainCl<=4)))))]

GlobalClockState = 3 84 proc 2 (mainClass:1) MyCode_v14 pml:158 (state 291) [((p8Token=0))]
mainCl = 16 85 proc - (pe5:1) _spin_nvrtmp:9 (state 10) [('(((p7 Token==1)&&((mainCl>=3)&&(mainCl<=4)))))]
mainClTimeout = &0 —End--
mainClass(2):i = 5 86: proc 2 (mainClass:1) MyCode_v14.pml:162 (state 292) [printf('~End--\n")]
plToken = 0 87 proc - (pe5:1) _spin_nvrtmp:9 (state 10) [(!(((p7 Token==1)&&((mainCl>=3)&&(mainCl<=4))}))]
p2Token = 0 88: proc 2 terminates
p3Token = 0 8 proc - (pe5:1) _spin_nvrtmp:9 (state 10) [(!(((p7 Token==1)&&((mainCl>=3)&&(mainCl<=4))}))]
piToken = 0 90: proc 1 terminates
pSToken = 0 91: proc - (pe5:1) _spin_nvrimp:9 (state 10) [((((p7Token==1)&&((mainCl>=3)&&(mainCl<=4))}))]
peloken = 0 92- proc 0 terminates
prloken = 0 <<<<<START OF CYCLE>>>>>
Sﬁgtﬂ; -, N 93: proc - (pe51) _spin_nvrtmp:8 (state 10) [(1(((p7 Token==1)&&((mainCl>=3)&&(mainCl<=4)))})]
fimin = 1 94 proc - (pe5:1) _spin_nvrtmp:9 (state 10) [('(((p7 Token==1)&&((main(fl>=3)&&(mainCl<=4))}))]
tomex = 3 spin: trail ends after 94 steps
t2min = 2 #processes: 0

a 7 MSC: ~G line 8

i 2 94: proc - (pe5:1) _spin_nvrtmp:8 (state 12)

a: 4 3 processes created

3 Exit-Status 0
5
] o L4 . . .
JUN 5.250ansnaaeuluudtaedlagly Guilded, with trail 484 non
4) dayuna
q

MnuanIudeumn1saisNluwdweanitnsasinuaznsiuluudeeennd egn
AMuuadulrvakgIfuNIsIufunIseuruuYnd nelakeulunaniendu Tuaiuise
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5.9. MImugauwuuIaasiugluuuteaiiueanlsRaulvdtu dwsueulunisniu

dOUN 7

1) Weulvlunisnmuasu

nsmuasunIsoulylnLdwaIRauluMININaDUN 1 ARSYUUAINITIUTIFLULIERN

Y]

piUnsAsAnLazlusuula sk UANTNYadloRdwsia 1 89 9

v oA v e =~ & 2 o vo &
meReulvAuvensdifing aunsadeuluaunslusuves wuiinealanadl
Oy, 9 (P)
lagdl P unusig wnn15ain1susslusdseenniliasUaniingas

ldudadvieglusuuuuveweaiiueainldlunisniuasulanagui 5.26 ¥8 nonPed

1 #define MTL_alwaysOver ((I(mainCl >= 1&&mainCl == 9)} || (p8Token == 1 && (mainCl == 1&&mainCl == 9}})
2 It nonPel { [ MTL_alwaysOver}

JUN 5.26 Reulunsmuasuiuuiasdlusukuuneaiivealunsilfinuwil 7

2) wWanANLlasu

syuvazldanusalawaldtumalin 1 - 9
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3) WANIINIUGDU

Safety | Storage Mode | Search Mode
€ safety & exhaustive & depth-first search R

¥ + invalid endstates (deadlock) I~ + minimized autornata (slow) [¥ + partial order reduction © don'tstop at errors
[¥ + assertion violations I + collapse compression ™ + bounded context switching @ stop at error nr: |1
™ + xr/xs assertions € hash-compact " bitstate/supertrace with bound: |0 [ e o e ik

G | N | T + iterative search for short trail Pl o

£ non- o i

non-progress cycles £ do not use a never claim or Il property breadth-first search D W e
& acceptance cycles & use claim ¥ + partial order reduction Nl Chann
I™ enforce weak fairness constraint claim name (opt): [nenPed ¥ report unreachable code & blocks new msgs

Save Result in: pan.out " loses new msgs

i e s ST | oo ey

Uﬁ 5. 27quﬁlaﬂﬂiﬁmﬂqm’éuaaULL‘U‘Uf\ﬂaENIﬂEJI‘UTULLU‘ULLE]@VILLE]a nonPe0

spin-a MyCode w14 pml

it nonPel: [] ((! (({mainCl>=1)) && ({(mainCl==9)))) || (({(p8Token==1)) && ({(mainCl==1)) && ({(mainCl<=9)))))
C:lcygwinG4/bin/gcc.exe -DMEMLIM=1024 -02 -DXUSAFE -w -0 pan pan.c

Jpan -m10000 -a-c1 -N nonPel

Pid: 10344

warning: only one claim defined, -N ignored

pan:1: assertion violated 1{ I{{ N{({mainCl>=1)}&&(mainCl<=9))}||((pBToken==1)&&((mainCl>=1)&&(mainCI1<==9))))})
(at depth 24)

pan: wrote MyCode_v14 pml.trail

{Spin Version 6.4.3 — 16 December 2014)
VWarning: Search not completed
+ Partial Order Reduction

Full statespace search for:
never claim + (nonPel)
assertion violations + (if within scope of claim)
acceptance cycles + (faimess disabled)
invalid end states - (disabled by never claim)

State-vector 152 byte, depth reached 24, errors: 1
6 states, stored
0 states, matched
6 transitions (= stored+matched)
14 atomic steps
hash conflicts: 0 (resolved)

Stats on memory usage (in Megabytes):
0.001 equivalent memory usage for states (stored*(State-vector + overhead))
0.251 actual memory usage for states
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128.730 total actual memory usage

pan: elapsed time 0.004 seconds
To replay the error-trail, goto SimulatefReplay and select "Run”

‘Uﬁ 5. 28Naﬂﬁ’iﬂﬁuﬂauLLUU‘\]’WﬁENIG]EJI‘UiULL‘U‘ULL@@V]LLE]@ nonPe0
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NNUANTNIUABUMANTATIUTTlULdsganniiuazUantingesiiiigt 1 - 9 ldawnse

v = 1%

o

$M9Ule FILANIUDRANAIAVDINITNIUABUAISUR 5.28 NFIINANIUABDULUUINADI LY

Y

wnn1saintaudwiTlinan1suasufioanundveranaindanina 1l iuas deiuienadeu

wUUI@B9sInaIINluausavinauls alavinisnaaauwuuinasdlanenisiy Guided, with

trail ¢93U7 5.29 Fananisnageusenanuandbiiiulugui 5.30 wensalfiviinismugeu

ldanunsavinanulfauaunszuiunis

Mode I A Full Channel Output Filtering (reg. exps.) 1
" Random, with seed: 123 ¥ blocks new messages  process ids:
{~ Interactive (for resolution of all nondeterminism) " loses new MESSAgES gueye ids:
* Guided, with trail: |MyCode_v14.pmltrail browse | [T MSC+strnt I
var names:
initial steps skipped: 0 MSC max text width |20 |
maximum number of steps: 10000 MSC update delay |25 ke venabe

¥ Track Data Values (this can be slow)

track scaling:

Y

5UT 5.29uthaslunsnadeuwuusiasddagld Guilded, with trail 499 nonPe0

[variable wvalues, step 24]

GlobalClockState = 3
mainCl = 1

mainClTimeout = &0
mainClass(2):i = 2
plToken
p2Token
p3Token
p4Token
pSToken
péToken
p7Token
p8Token
r =
subCl
tlmax
tlmin
tZmax
t2min
t3max
t3min

L T
R N =]

=)

L T}
B WwHNO

"EE proc 2 (mainClass:1) MyCode_v14 pml-76 (state 28) [printf( Token : %u - %e \“\n''n',8,8)]
22: proc 2 (mainClass:1) MyCode_v14.pml:78 (state 29) [(((8==react1)&&(p1Token=0)))]
22: proc 2 (mainClass:1) MyCode_v14.pml:80 (state 30) [p2Token = 1]
22: proc 2 (mainClass:1) MyCode_v14 pml-81 (state 31) [p3Token = 1]
22: proc 2 (mainClass:1) MyCode_v14.pml:82 (state 32) [p1Token = 0]
23: proc 2 (mainClass:1) MyCode_v14.pml:77 (state 59) [break]
TimainCl:1:1:2
24: proc 2 (mainClass:1) MyCode_v14.pml:128 (state 61) [printf('T1mainCl : %u : %u : %ulin\in',mainCl.t1
min,t1max)]
MSC: ~G line 3

25: proc - (nonPe0:1) _spin_nvr.tmp:3 (state 1) [(1({!(((mainCl==1)&&(mainCl<=9)))/|((p8Token==1)&&((m
ainCl==1)&&(mainCl<=9))))))]

spin: _spin_nvr tmp:3, Error: assertion violated

spin: text of failed assertion: assert(!(!{(!(((mainCl==1)&&(mainCl<=9)))||((p8Token==1)&&((mainCl==1)&&(main
Cl==9))N))

#processes: 3

25: proc 2 (mainClass:1) MyCode_v14.pml:119 (state 314)

25: proc 1 (mainClockState:1) MyCode_v14.pml:202 (state 21)
25: proc 0 (Ginit:-1) MyCode_v14 pml:210 (state 3)
25: proc - (nonPe0:1) _spin_nvr.tmp:3 (state 2)

3 processes created
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