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CIRCUIT
KANUT BOONROEANGKAOW: A MODEL CONSTRUCTION BY PROMELA FOR
SIGNAL  TRANSITION GRAPH VERIFICATION IN ASYNCHRONOUS CIRCUIT
IMPLEMENTATION. ADVISOR: ASST. PROF. ARTHIT THONGTAK, Ph.D., CO-
ADVISOR: ASSOC. PROF. WIWAT VATANAWOOD, Ph.D., 152 pp.

Verification of asynchronous circuit is necessary in design phase, for the
correctness of the signal operation. At First, the circuit will be designed by signal
transition graph. This thesis exploits the model checking technique to verify signal
transition graph in properties are safety liveness persistency consistency and
Complete state coding (CSQ).The types of signal transition graph are single- cycle and

multi-cycle.

At First, Signal transition graph is converted to Promela code type model
structure and model simple-cycle, then Signal transition graph is converted Linear
temporal logic (LTL) that consist of Safety, liveness, persistency, consistency and CSC.
Then, safety property will check by Promela type model structure and LTL of safety
property, verified by SPIN, the result will be shown. Then, liveness property will
check by Promela type model structure and LTL of liveness property, verified by
SPIN, the result will be shown. Then, persistency property will check by Promela
type model structure and LTL of persistency property, verified by SPIN, the result will
be shown. Then, consistency property will check by Promela type model simple-
cycle and LTL of consistency property, verified by SPIN, the result will be shown. At
last, CSC property will check by Promela type model simple-cycle and LTL of CSC
property for lock relation checking and verified by SPIN, Then , the simulation result
from SPIN will be investigate in the developed tool. The result will answered by the
tool. However, the limitation of this thesis technique is not automatic in some

properties.
Department: ~ Computer Engineering Student's Signature

Field of Study: Computer Engineering Advisor's Signature

Academic Year: 2017 Co-Advisor's Signature
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2.1.4 \a3asdlaatiu (SPIN) [6, 9]

iseaflealiuifuiniosdielomuresaiiiufionlufunsmuasusendu fgnld
PY1UNTYANY Laed u15aldd1nSUNISNIUERUDE1HLU VLN ULAE LU UL aALEIA
(Multithread) taFosfioatiugnitanntuiiuadudu Tasfiudsiilay Gerard J. Holzmann
muiildlundesdioalu Ao nwilnswan (Promela) Sspdrefuneniildidoulsunsy adu

A1U150ATIRARUAMANTRMEATINZLIANT A
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2.1.5 aelnsiuan (Promela) [6, 9]

A lnswandun1enlgd msun1s e uluuias e n1sNIUABULUUI1A DY
A lnsuan @au1sadesizibelaeldiasosiioatu Tusknsudsulnen1e1lnswuan
UsEnaume NseUIuns (Process), MU (Variable) karyasm1an1sdaiutaya (Message

[<3 [ Qll a % 1 QAI o [~

channel) nszurunmsiuingiaiuisaenlaainyndiuvedusunsuiivnunisvinaudy
enanwalkuUNSoNiuYDITYUL Fosvnenisdsinudayatassiaul sanunsauseniamduialy
wialamengluild nszuiunsasdudmiimuangfnssy Yesnanisdeiudoyauaziiuds
AUUAANINLINADUNNTLUIUNTVINY

1) vilavasdayaluntwinsiual

fnUstunw InswatanuIsafuualeateUseslny wazaunsausenIAfILUS

a1unsausenaduansisole sauanalumisnean 2-1 wag 2-2

M1397 2-1 vilavesdayaluniwlngiial

T vu1n(Un) Usage A1vasdaya
bit 1 unsigned 0,1
bool 1 unsigned 0,1
byte 8 unsigned 0-255
mtype 8 unsigned 0-255
short 16 signed 272"
int 32 sighed 227
5197l 2-2 Freganisusznrensisd
Ada AN95UY
int x[10]; @519975L599 00 int YuR 10 Wo3
int x[3]; #519915L59900 int YUIA 3 Wo3
x[0] = 1; PDILSAANUAAT 1
X[1] = 2; Fosflaornunal 2
x[2] = 3; Fosfiaurvuna 3

2) N92UIUN13 (processes)

WOANTIUVOY processes Muualagly proctype AINFI0E19AIA151991 2-3




AN 2-3 FIBEIINITASIINTEUIUNNS

11

0
[

AEY

[J

ANB5UY

proctype A()

{
byte state;
state = 3;

@574 proctype 73i%0 A lnsnglulszne

Fuwls¥e state wazfvuaAdu 3

nszuuMsikansilduiissnmstvuangdnssuwintulidausasiiunisls lne

TUSHNSUALARUNITINNNTZUIUNNSTD init

3) Insead190snauiing (atomic construct)

Tpssasezmauiindidulassasrmtia neazfitawlunsvinausaesunglumsen 2-4

ANS19N 2-4 FeE19lATIAS 199 LRaUNNG

0
o/

AEY

AN95U"Y

Atomic

{

statements;

A5191A5985199 2R U TN WAL ANFINITIINIU
melu Ineszuvagyiadslussnauiing v
tasSanau lagazludruluiididanse

ATEUAUNNTIUIUNINRE VI U TmaNTnGLaSa

4) Tassadepuauiianienishnavadlusunsu (Control flow constructs)

N13AIVANTANIINITYINNUYDIUTHNTUENNTOVINIAFDUU A lAsasemnaGen

LAZNISYINGN HIA1S19N 2-5 hay 2-6

d' Y] 1 v Y] o a
M1T19N 2-5 G]'J@EJ’]Qﬂ']ii‘ljﬂ’]u@'ﬁﬂ?UﬂiJLLUUIF"I?\TE‘?TNV]'NLﬁ@ﬂ

0
[

AEY

ANB5UNY

If
(A == true) -> option1;

(B =

:: else -> falthrough_option;

fi

= true) -> option2;

1Usunsuagsi optionl 61 A 1 Uua3e wavay
vinoption2 81 B 1JuaSeuavazyi
falthrough option @1 A uaz B a3
Tnensldeudeulawuuidudlusunsuld

anunsavinsulalaasluswnsuazliluse
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M13NN 2-6 FIRENITIENUAIAIUANKUUYING

0
[

AEY

ANB5UNY

Do

:count = count +1
ta=b+2

= (count == 0) -> break

Od

TUsunsuagmdslui3oes mu guard AUA

agvlu guard lailavselaamds break

5) N15A5IEBULDRANAN

Y a an = A o i v
A3FSIVEBUVBRANAIAIBNTINA1L5YI LA b1 nsantae lulalomnssne

AT WAUABNNTIIANET assert AIFIDENAIUAITIIN 2-7

AN 2-7 FENNISIIIIUANES assert

0
[

AHY

ANa5UNY

assert(any boolean_condition)

2
[ o

o a P [~
Adstiazgnnssvinaselaedteulylididy

339 TSN TUNYANITYINUAL I

VORANAR
6) Araulun e lnsiuan
awinswadfmasudil
active do init printf unsigned atomic
else int priority Xr bit empty
len proctype XS bool enabled mtype
provided break fi run byte full
never short chan goto nfull skip
d step hidden od timeout if of
typedef d proctype inline pc_value unless
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7) AS5NZLIATIEY [6]

=

THlunmsnseaeunuaudivomuuusiaesiigniaesiulunwinsuaio
nnaeuluedosiioatu Tasannsadonldluaiesdioalunungdiail

Tawnsal : 1t = opd | (tl) | ltl binop Ltl | unop tl

nsAifiuns (opd) : true, false Fofidslnedlidedmsnuaidn, nisvhaunely
Ynm i {atb > n} Fadufiunsidies (unop) wagdALliun13e (binop) aunsnideulins

AN 2-8 WATANSIN 2-9

AN 2-8 FIAIHUNITINE

fiaatiuns ANa5uU"Y
I efiunistudeulanasaly (always)
<> Midunslueulaludign (eventually)
! dunisludeulvufias (negation)

d‘ U o a 1
#1319 2-9 AIRLUUNTIA

AaAAUNIS AN95U1Y

U Fasndunsludeulaudunssaunda
W fasndumsiudeulvgeuauniy
V Aves U: (p V q) vaneda l(p U 1g)
&& FIALTEUNITAIAIIUDTY LAy

[ FAFTIUNITAIAIINDTY 1130

N NSWYY && DALUU

vV NSIWEU || DnLUY

> FALTIUNITAIAIINDZT DAY
<> FasdumsatAuese Anewle

nngatinanundrsiuaunsaihunasadulassaiisvesnssnznandaduiieldly

aUUlAGIRI987190 99157197 2-10
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A15197 2-10 Fregansligunssnenanduduluesaslioaly

s A195UNY
ltL [ name ] {* formula ‘¥’ JuiSnseunssnziandadulualy
ltlpl {0<>p} Talunsnaeunssnziandadu pl Tnglditeuls
always eventually p

2.1.6 aAuduNuSIedean (Lock Relation) [4, 10, 11]

AuduTusiddengniaustuiieldlunsuidymanusinnunevesnsivanue
FonnnuanuduiusuanvagansavsventatansnuamantAvnuaudive@nLua
wnsuddunsmnsilainuideliausld Feenuduiusiddoninannsmanuduiusves

Fyqrasuudnansniigaeen g1 (Simple cycle) UaTnuuaunsudtunsm

9

[

ninsniigagenligiulidlennd) “@ruveinsiUfsunUaaneumus ty.. tt..t, 10y tet,
9

ae

[y

MIUNNe i wag j (1 <i<j)” [4, 10][4][12]

Mo

v v fa & k% 1 [ o &
ﬂ’ﬂllﬁllWUﬁL‘NﬁEJﬂVLG’IE]ﬂLL‘UQEJEJﬂL‘U‘LJ 5 UsegLnn aaul

1) Waden (Full-lock) draedmyans a waz b Anunsiieduan a > b -

12 7 v v A al 1Y W J (Y] ] a 1 [ <
a —-b wammmwaaﬂmmu LLﬁfﬂ\‘i']']ﬁENﬁiyJiUﬂmuuQﬂLi‘EJﬂ’J’WL‘IJL! Waaan

Y

2) wilden (Semi-lock) taesdyqad a wag b Anumsiiadyna a > b -

A

[
Y

aviob >a -b Umgﬁms“ maaﬂlmmu wansIngedyaaiugniseninduy
wiiden

avludianasn (Associate-lock) inwndyaamadon A wazdygia b iny

mMafedn Jal,a2 €A:al » b - a2 — b vuipinsiidasenldsiu faiu A

AL}

[ [y

waz b Wuszledenden waz AU b Duenvesunsudingensyaud 0

4) wsudnwaea (Transitive-lock) Ho&uuid b wazlwnvaIuwnsudnnden

A}

'
o =

seuR i Feldve A Anunisiindyaias 3al,a2 € A:al - b —> a2 - b’ vuigInsnd

1%
[

oeoalidniu datu A uay b 1Juunsudiingsn uaz A U b \Hugavewnsudfindensziu
Wl (i+1)

5) gulosden (Super-lock) wadaamaden A uwazdygin t Uuezle@ion

o [ LY

fon wavdyau t’ Lﬂuammmmﬂmumau AU (Concurrent) ﬂumsmasuwaqammm‘m

[
tY

wm A ety t 1 Jugwesdenduen A
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z2 = 24"
AN
24 - 123— 25°
v i T
zl 2d zl
™, /
™,
\\5‘ ;
v
z3 » I35

1 a

JUT 2-6 fegnednuuaunsuddunsmiiieasuiennnuduiiusidden

[

1NFUN 26 wu 2 TpAnsudiyavenligiiu Ae z2—— z4+- z1+- z3+-

z5——> z1——> z54+->z4+ way z2— z3—> z24+-> z3+—> z5—- z1——> z5+->

v v fa & v A
Z4 + LagNUANNANNUSLINADARNIU

LY [

1) dya 21 deudniusuuuisifeniudygin 22, 23, z4 (3)insniyn
gonligiu 2)

2) ey z2 Tenuduiusuuuradeniudynyia 23 (Tdnsndyaeenld

2

ﬁe

3) e 71 Seuduiusuuuyadeniudya 25 (ndnsifigeeenlidniu 1)
<@

[ [

4) dyao 24 TenuduiusuuvesleBiandeniuien (z2, z3) (JnInsniyn

gonligiu 1)
5) Ay z4-dmuduiusuuuyesfentuien (22, 23) ileann z0- Andu
nSounuivu z3-
6) &y z1 fanuduiusuuuunsudfinaonseauil 1 fuem (22, 23, z4) 3

Juesludionden (Ininsifiyneenludniv 1)

9

1 a

7) & 25 Sanuduiusiuuunsudiindenseaun 2 Aun (z1, 22, 23, z4)
= a < o & an & o Iy o
Foluozlydiondon AauenvosuEidonseau 2 Usenaumeyndyniu

Tugnuuaknsudguns

v Aa

[y <@ PN a 1 v v ¢ ad & o A
"\]']ﬂﬂ?WNaMWUﬁL‘UQaaﬂWWUIUEUVI 2-6 WUINAIUFUNUSLUULNTUTNNADATEAUN

[y

2 Usgnaumeyndyaiadudnuuaunsuddunsim anunsaasuladmuauaudinisimvun

A

anugNauysal
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2.1.7 \Windas (Net list) [12]

Fnuuawnsuddunsmaiusonansduguuuuteninu Sendn iedad Weldduda

WdATedia AT eiwnuIURUUNTIANASIUR 2-7

.model example
Adnputsa b
.outputs ¢ d
.graph

pl atb-/1
atb-/2 ct

b-/2 d+

ctd+
b-/1 p2
O d-p2
:ﬁiarking {pl}

e .end

(a) (b)

JUT 2-7 fregns@inuuawnsudtunsiv (a) indad (b)

N3UN 2-7 Wudeginslisudndadiieasunednuuaunsuidunsiviog
UsENaUMmIEavin 6 dunall

1) dUY99TDTNLUBLNTURTUNSWITAITUAUIN “ model” hagnIUfIeTD

2) d@UVRIFYY IV NTTEAWUAUI “inputs” LazAUAIBTOHEYQIUAURIEITIA

o

v k9 1 14 d' (%

3) @IUVDIF Y IVIONITATUALIN “.outputs” LAZAUMIETRF Y IMAUAIITIA

[
=

4) @1uveIn1505UENINITAIUUAUIT “.graph” LazTUUITVIAGALT LTYUDTUY

Inedygadiusn Ao dygraunaulatasdyarunsufedygiuvisenaindygiunaula

WU 1 pl dYa10deen A a+ uag b- TeUI “pl a+ b-” MNLhRnAT “pl a+” uay

anes “pl b-
5) d@ruvasnsnnmesuldmAuauIn “.marking”  wagmumelnduinn lngly

[V ' [
a o a o v

Jududsgnaumenninfwsduiiogluindu Wy usnisisdungnes p—a+ a1y
AND5UENN “<p,a+>”

6) yugavingldiin “.end” WWunsUaindas
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2.2 UIeNNeIVa9

2.2.1 Signal Persistence Checking of Asynchronous System Implementation
using SPIN 1ny Weerasak Lawsunnee uag Arthit Thongtak wag Wiwat Vatanawood

U a.d. 2015 [7]

NuATeiladnaueitnIsmuasulnseauns lnedidmnaiieniuaeunuauds
ANMUNUNIUVDINAS hazltaTaalinatulunisnivasy Turnuidlaiiausiuudiandens
DANNSIUNWINTIUAT FI918DILATIAS1BNLUALNTUTTUN TN UUEDA TUN1TNIUED UL
ad ° a A v ~ = aday v
35n15IuaaUlAgNISUD BN LU LNSUTTUNS WL LN LU T WA NS AL ALA
uely Waldn 1w lnsiuaindl398Iu191809928LA39910aUY hAaZANUUIIUINAINNNT
PaswvimsUieuiisuilomauandiladiuaanmdnnsanuduiuditden waznsld

Wsunsululasgenviidndwansianiniuiianain nnitfinuaudilailiuawdiFaily

Wiguiiguilomaaantinununiu dlufiaauaut@laduanaunseaguliinldaunse

q

o
a o o w

aTIIAENURAnUIUle Ingnisinassuuvadatidalivedndnluntsmuasuiugnwua
wnsudTunIMTdudeu wu Fnuuaunsudtunsussiavindnsrainuaie Wudu 39353
muaeuldn1sTiaeiilidnludd wazmuasuldanznuaudalafivaiaznuaudinig

PUNIUNIUY

2.2.2 Model Checking Techniques for Verification of an Encryption Scheme for
Wireless Sensor Networks 1ag Zohra Sbai az Mohamed Escheikh U a.6. 2013 [8]

o
a v d\lyo

NUITEULAUINAUDITNI T Y ULUUTIB0INT Y TN TLUAIDINLHUATNENNTLUAUD
weevelimeninindsia telflunsmuseunmuandisineg vensasiagliiaiodlealy
Tnonsiureaesetglfaeiiinsdistadussneudioaniueaie lunsiau wu
ns¥udieya msdsdoya niadhswadea nisnensiadeya Wudu Samsvhauvesszuud
agvhauduaniuzeneg sefu iliauisauanamginssulagldnsirasaduwaauazinsy
FruarsuNunmwnsiuale uidgladiauenisdsulaseaiien1wlnsiuaidiasenis
vhauveawsunmwsuslusULuunata feanunsadiassnmsvhanlunsiazdisnanld Tae
91eBmaauazunTudtulugUretofisdlunwmnsiuan waskaninslsunnuduiusues
waannge lnggnedamudrwiulnauluensisd siliamnsaiiunisyinnuaeununIniuy

wadnld ddeillduaninismuaeuauaudinuUasnsdelusunuuremssneialgadu
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2.2.3 Synthesis of Asynchronous VLSI Circuits from Signal Transition Graph
Specifications 1ag Sung-Bum Park wagz Takashi Nanya U 1996 [4]

miAdeillfiiaenisduamsihnsndnuansudduns Taglunsdanses
'Nﬁ]iaam']55‘14%51’@@%%%5’;a%mLuaLLﬂniu%sﬁ’uﬂmWﬁﬁamauﬁaﬁm6] iletosriunisaing
s nuRanaianazsasiiasiudesinlivnadniian vuideiaseuaaudnuua
wisudtunsmussanindnsdafen, fgdnsvainvans uay free choice Falduduiiug
BeforumuasunuantRiiiotesiunsinuiiawain Weldfnuuaunsuddunsmilkiu
AsnIudeuLdl 3lidnuuaunsudtunsmiluduasziiduisasoanns uadimuinieas
sausiladduunalngiliinaueisnsanvuinvens Mnusainaseaunsilaly
a¥192933 uagnadauinaITinuldgndes euitedlfianersaseaninsiiléainnnsg

duasgngnuuawnsudtunsm Laziiunsmeaeuitasinuligndedlivanelas



unN 3

ad a a o [~ LY a 174
A9N15UaIBNLUALNTUTTUNTINLTUSIE INSLUALAZATINZLIATILEU

TuunilazeSurgtunoulasisn1TwUaTnLuawnSUITUNINTIUTENBUAILNY NS
wUaadnuuaunsuddunsimilusialnswaiuazngn1sasnmssnziiandaduaindnuuaunsy
FFunsn Ingsialnsiwailaannnisuuassl 2 wuu Ao sWAlNSWAIMUU AL 4ag A2 uas

a Y av v ¥ va Y va 61
AITNEIANTRdUNlAIINNITUAUsENO UMY AnauTAnINUaendy Auauddlaiiua

AantRAuMUNIY AuauTRnIReiY LavauaudRnSMvUAaa UENaNyY ol

3.1 n1swUasdnuua LWI’i‘lJ%‘ifuﬂ’i']WL‘ﬂuiﬁﬁiWﬁLﬁJﬁ’]

AuaNtRYIBNUUALNTUTTUNIINMTUAITATIAA0UINRTRANINT ARSI
Insaiuandsiu Tnonsmuasuanauiiauasnds auandilaiiua uaznuandd
mmwumuﬁ?u%amnmﬁLﬂﬁauﬁwaiwLﬁulu%ﬂLLuaLmsu%%’uﬂiww win1sMIUaaUAnaNU
AudiostuarauantAnisiinunantugfiauysaiazgain T dnsiidansenlidniu iy
salnsafildannisula@nuuausudtunswiad 2 wuu e

1) sfalnsiuanuuy Al Susialnsiwanficiunissasddasaswesdnuuawnsudsu
newllsviaumungnisiedeutie iy

2) salnsiwawuy A2 Wusialnsiwariidunisadsuuudiasudieliaiuisa

1% LY aa -%’ (% a a o ¥
AunTigansniigneenlidriulugnuuawnsuddunsule

3.1.1 SYaINTIUAIUU Al

sialnswauy Al usialnswanfiitiunisdiasilassadiwesdnuuaunsudduy

nsiviusungnisiedaudielman auisadrluldlunisnivasuauaudiaaiy
Uaensiy auaudilaiiua wazamaudfnununu fesvalnswaiiuu Al $35n1sudas 4
1 L di/
dau Al

dui 1 MsmruadiulsvegnasuazfiwUsUNIUEYY

dfl 2 ngnisiedeudielniay

dufl 3 NSAINUANISNALAIAY

AU 4 NIAINUALATIFS19UBITNLUBNTUTTUNITIN
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1) mMsivuadudsgnasiasiulsunsuIdu

nsivuaskUsgnaAstasdsUsunsuddudusialmuaiiuu Al dwi 1 lag
suwdsgnastilunstuiindwaulnfulugnasiue) wazduusunsudduldduiindiuiuaism
ImAuadouiinugnastiueg Fedisglovilunismugeunaauifiveadnuuaunsuddunsn

NsMMUARILUIANASAIMUAAINgNATYNaNATIUBNKLAWNTUTTUNTIN Tng finue

'
U =

%agﬂmmﬂé’ﬁgzymﬁuqﬂmLLazé’cyzgmUmsJQﬂm UaEFYIUNAYINUAIELATONNNY “+”

[

WALAIE “p” WAZIASDIINY “-” UNUME “m” WU deynad “a+” Tiunudiese “ap” 1u

U 1 A

aa & v @ Y a o « 9 ) = '
F1U ﬂ’]ﬂiﬁﬂ/lLUUU?%LﬂmaﬂﬂﬂﬁﬂaqﬂﬁaqﬂiwLmﬂLﬁﬂﬂaﬂﬂ'ﬁ@ﬂﬁuqﬁl /7 ad p ¥ m YU

[

dunna “x+/1” Tiunudeme “xp1” Wusu
drunisivuasiudsunsuddulvnmualyvindudnuiudiwdsgnas lnemvuaide
“t7 UagaueIglavaIRy

U ! o d‘ U U a o ldl
GDE]EJ’Nﬂ’]iﬂ’m‘UWUE]GI’JLLUiQﬂﬂiLLﬁ%G]'JLL‘U?LL‘VI?IJSU“UIJLLﬂ@QIUG]’ﬁ’NVI 3-1

d‘ > 1 o d‘ X L% a o
AITNN 3-1 AIDYNNITNNUATDA LU TANATUAZ AU ILNTUTUY

anwaLanAs YadulsgnAsuazAUUSUNTUTYY
1+
l “x1px2m” hag “t1”
w2

x1+/1

“X1lplx2m” way “t1”

x2-

Hi+
\ “X1px2m”,“x1px3p” way “t17, “t2”
X2- K3+

mﬂgﬂﬁ 31 lumegnanmsiiruadinusgnesuasdiwusunsuddulunisudas
Fnuuaunsuddunsimidusdalnsiwaiiuy Al @il 1 wud Snuuaunsuddunsilugud
3-1(n) ﬁqﬂmﬁgmm 8 anAT Jsansanvuadiuusanastd 8 fwus laun apcp, bpep,
cpam, cpbm, amcm, bmcm, cmap, cmbp tagAvuasLUsunsudduls 8 duus laun

t1, 12, 13, t4, 15, 16, 17, t8 Fauandlugud 3-1(0)
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—»a+ b+

ct byte apcp, bpcp, cpam, cpbm, amecm, bmcm,

* / \b ’ cmap, cmbp;
\A [ int t1, t2, 13, t4, t5, t6, t7, t§;

(n) )

U 3-1 () Megre@nuiuaunsuddunsivl () sialnsiwaiuuy AL @i 1

a v ]
2) ngnsndaudielnau

A & % o | = = v
ngnisiadeudelniaudusialmuaiiuu Al @i 2 FaUsenaunig ngnis
44' o I o < o I3
indeudhelnauridiazngmMsafeudrelniuuieen
ngmsndeudrevdliinnsaulnauesnanyndulsgnasud 1 1Ay waziiiy
Imaulunndudsgnasvioen 1 mau Fanglyiglmananiugsieg vesdnuuaunsuddu
| o a o Y a o @ v v
N WU aonusnIonUasuuUasdge i anusnaavdsunUasdy g 1usu Inen1sasi
nN3EYIlAgMIIUIUGNATV T ILAZIIUIUGNATVIBBNTNINTARN IINTUIIUTENIAAIAY
“#define inpl(xt) x = x-1; t = t+1” 1ag x AD ﬁaLLUiQﬂﬂi LaY t AD AILUSUNTUTTUY Imaﬂg
mspdeudalnauridnvzdesdiviriudwaiugnasvnduiniign wu Sgnasvidiuiniign 2
D 44' D [ v 2 1% %
anes agsesiingnisindeudiglniAuridi 2 ng Ae V1K1 1 anes uaswd 2 gnes
ngmsedsudelniAurioennszyinlagUssniarids “#define outpl(x) x=x+1”
o x wnusudsgnasdoddeulaliinlnfulugnes 1 lndu dflgnasviesnuiniian 2
anas Izfesasngmsindoudelnifuuiaen 2 ng Ae v1een 1 gnAs wavw1een 2 anes
Tunsasranglaenisussnie “#define” dutaiiounisasiaiandulun1widus a1uisauans

Y 1 o/ dl' o [ A
G]’JE]EJWﬂﬂ']’iﬂ'iﬂﬂ{]ﬂ?imaﬁ]u&ﬂﬁﬂmLﬂuvL(ﬂu@]’ﬁ'NW 3-2

a Y 1 d' 9 <
TN 3-2 G]’Jé]‘&J’]QﬂQﬂ'ﬁLﬂﬁE)UEﬂEJIVIL@U

sUkuUvesanAsvId1/u10en ngnsiaAeudelniy
l #define inpl(x, t) (x>0) -> x=x-1; t=t+1
X
\ / #define inp2(x1, x2, t1, t2) (x1>0 && x2>0) ->
X x1=x-1; x2=x2-1; ta=ta+1; tb=tb+1
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15199 3-2 fegengnisideudnelviau (se)

sUwuuvasgnaAsYILdn/veen ngnsnfaudelniay

UUFNATV NI WA n>2 #define inpn(x1, .., xn, t1, ..., tn) (x1>0 &&..&&

xn>0)-> x1=x1-1; ..; xn=xn-1; ta=ta+1; tn=tn+1

i #define outpl(x) x=x+1
/X\ #define outp2(x1, x2) x1=x1+1; x2=x2+1
ﬁwmugﬂmmaammﬁu n>2 #define outpn(xl, .., xn) x1=x1+1;..;xn=xn+1

[

= I Ao v =i = =
NFUN 3-2(N) WUILAIUGAATVVININNERN 2 dAATNAYYI C+ A ¢ A9

anunsaasngmsedoudelmaurndild 2 ng o inpl, inp2 waznuidgnAsuiesn
WINAdn 2 gnAsTdy I c+ wag o Jsauseadengnisidoudnelniuaisents 2 ng

laun outpl, outp2 ﬁ@LLamﬁugﬂﬁ 3-2(1)

>af o] #define inpl(x, 1) (x>0) -> x=x-1; t=t+1

o+ #define inp2(x1, x2, ta, tb) (x1>0 && x2>0) -> x1=x-1; x2=x2-1,

® / \A ] ta=ta+1; th=tb+1

b-
"c_»“ #define outpl(x) x = x+1
—/ ¥ #define outp2(x1,x2) x1=x1+1;x2=x2+1

(n) (¥)

SUN 3-2 (n) FBE19TNLUARNSURTUNTIN (9) SHAINTILAIWUU Al @Un 2

Y

Y v
v Y

3) ANSAIUANISNNIAIAY

[V [
a o v a o Y o1

msivunndnfsiasudusialmaaiiuu Al dwd 3 laegainininisiaduined
vugnaslaudaliduusgnasvosgnasiuviitu 1 lnesvuanngnasidinidu waznis
ﬁmumﬁmzé’aqagmﬂuﬁqrﬁu init Faduflsiduildlunssunsiadlunvlnguan

mﬂgﬂﬁ 3-3(n) WU 2 m%ﬂﬁqéﬂgqéfuuugﬂm “cmbp”  UaggnAs “cmap” 39

anunsamruannsnAsssulusialnsiaiuuy Al @it 3 loasgun 3-3()
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—»at+ b+
4 -
< ini
o N\ ¢
a b cmap = 1;
_TK‘(}‘/r_ cmbp = 1;
D N

(n) (®)

U 3-3 () segre@nuuaunsuddunsivl (v) sialnswaiuuy Al @i 3

4) NSANNUALASIES 19V IBALUALNTUBTUNTIN

N1IAINUALATIAS 19999 N UALNSUTTUNS 1IN uSTalnwa Uy Al d2udl 4 lae
ANaNATYILILargNATIIeBNYRIENLUALNIUTTUNTIlALazAewinliasUung Tunis

Muualassaialiidendyyineidaiioganasuidiazuisandsiiegielumsned 3-3

AT 3-3 FIBENNYNITIVUALATIAT VDTN UAWNTUTTUN TN

fagnail sUluy e GINERR
1 X1+ X1+
¢ ¢ “atomic{inpl(x1px2m, t1) ->
X2- X2-
¢ g outpl(x2mx3p)}”
X3+ X3+
> X1+ X2- X1+  X2-
‘){3{ —) \x3+/ “:atomic{inp2(x1px3p, x2mx3p, t1, t2)
f \ -> outp2(x3px1m, x3px2p)}”
X1- X2+ X1- X2+

NAN5197 3-3 dhegnedl 1 flgnasviduazgnasveendaduiiedisuansaniuz
wenUasunlasdygrnuwasndnvisuslasdyain Ineldduain xe- WHudyyn
91989 NUNAFYYIUV D 1 gnAasiazdnyeauiesn 1 anas 3 vualasiasevesdniug
unsuddunsmlasldngnisindoudnovidn 1 gnasuazunusudsgnasifugnasyidi
Fyam “x2-”  uwarldngnisiedeudiognasuieen 1 gnasifusuusgnasviesnain
Fuaos “x2” fegedi 2 $19Bandyaial “x3+” WUl 2 aneAsYILLaE 2 gNATY

90N i munlaTiasare@nuuaunsudtunsnlagldngnisiadeudravidy 2 gnesuaz
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wnuduwusgneasilugnasvnddgain 3+ wasldngmsinfoudegnasaeen 2 gnas

Juduusgnesvioanaindayaios “x3+”
do

e Saa zatomic{ inpl(cmap, t1) -> outpl(apcp)}

:atomic{ inp2(bpcp,apcp,t2,t3) -> outp2(cpam,cpbm)}

::atomic{ inpl(cpam,td4) -> outpl(@amcm)}
o [ ]

a- :atomic{ inpl(cpbm,t5) -> outpl(bmcm)}

b-
;\. / z:atomic{ inp2(amcm,bmcm,t6,t7) -> outp2(cmap, cmbp)}

C; ::atomic{ inp1(cmbp,t8) -> outpl(bpcp)}

SV N [

(n) (¥)

U 3-4 (n) Megre@niuaunsudtunsivl () sialnswaiuuy Al @i 4

mﬂ%mmaLLmu%ﬁij’umwﬂugﬂﬁ 3-4(n) AUTONNUALATIAS19VDID N UALNTUTTU

nsnilddagud 3-a() fail

Y v Y a

[ [y 1A 1%
o ¥dnyeynd a+ Wudyne19ds wudndl 1 gnasvidinag 1 gnasvieeniag

T o

Y Y A « 9 Y A « 9 & o v a
W?LLUiQﬂﬁT‘U’]L“U"I AR “Cmap LLaSWULLﬂi@JﬂﬁﬁﬂW@@ﬂ AB “apcp Tunsalilu EUEYNEURD N BN

1%

FyeraunsnlAsuaume “do” Jsanmnsaninunlassaiialani

“do ::atomic{inpl(cmap, t1) -> outpl(apcp)}”
o Tddyna o+ WDudyarudadanuinfignasvndt 2 gnas Ae “apcp,

v

bpcp” UargnATvI0eN 2 gnAs Ao “cpam, cpbm” annsamrualassasslagiail
“:atomic{inp2(bpcp, apcp, t2, t3) -> outp2(cpam, cpbm)}”
o Tddyqrn a- WJudyayrudrBmuindgnasvidl 1 gnes A “cpam” uaz

[

anAsu1een 1 gnas fie “amem” anansafmualaswaidlanail
“:atomic{inpl(cpam, t4) -> outpl(amcm)}”
Yy I [ 1% a 1A ¥ A « 9
o Ty eu b- WUdgQIuoN0INUNNNATIYT 1 NAT AD “cpbm” Lay

anAsY10en 1 gnes Ae “bmem” anunsanualassas1alasadl

“:atomic{inpl(cpbm, t5) -> outpl(bmcm)}”



bmcm” Uaranesu1een 2 gnes As “cmap, cmbp” @unsammvualasIasslafall
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i a

o Tddyan o Wudyandeds nuinfignasvnd 2 gnes fis “amem,

[

“::atomic{inp2(@amcm, bmcm, t6, t7) -> outp2(cmap, cmbp)}”

o 1% 1 a [

o Tddyanu bt Wudgyanadneds wuindignesvid 1 gnes Ae “cmbp”

o

N o ¥

WATYNAIVIDDN 1 NAT Ao “bpcp” wazidunsel @wﬁmqmmﬂﬂiﬁLam “od}” @nunTnNINUA

[

Tasaasnalaeail

“:atomic{inp1(cmbp,t8) -> outpl(bpcp)} od}”

1NITNTWUAITHAINTUAMUU Al 719 4 @73 @1u1saukUasdnuuaknsudtunsinly

sU#t 3-5(n) Wuswalnswauuy Al léfsgud 3-5()

— 5t

a-

N
W

/4 1 MstvuadmulsvesgnaskasfLUsunsugdur/
byte bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbyp, apcp;

byte t1,t2,t3,t4,t5,t6,t7,t8;

/il 2 ngmsiedeudeTmauy/
#define inp1(x1,t1) (x1>0) -> x1 = x1-1; t1 = t1+1
#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) > x1 = x1-1; x2 = x2-1; t1 =
t1+1; 12 = t2+1
b+ #define outpl(x1) x1 =x1+1
#define outp2(x1,x2) x1 = x1+1; x2 = x2+1
c+
/it 3 matmumansniaadiuy/

init {

b-
‘ " cmap=1;cmbp=1;

/¥EUN 4 ASAMUALATIES 19U ITNUUALNTURTUNT N/

atomic{ inpl(cmap,tl) -> outpl(apcp)}

s:atomic{ inp2(bpcp,apcp,t2,t3) -> outp2(cpam,cpbm)}
atomic{ inpl(cpam,td) -> outpl@amcm)}

:atomic{ inp1(cpbm,t5) -> outpl(bmcm)}

zatomic{ inp2(@amcm,bmam,t6,t7) -> outp2(cmap,cmbp)}
=:atomic{ inp1(cmbp,t8) -> outpl(bpcp)}

od}
(n) ()

JUT 3-5 (n) fegeBniuaunsuddunsivl (v) swalnsiuaiuuuy Al
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3.1.2 SAAINSIIALUU A2

syalnsiauy A2 Wusialnswaiiidunisasawuuinaaiveliaiunsaumd

v v

ninsifiyavenligiiuludnuuaunsuddunsivila awnsatrluldlunsniuaey gauauds

9

Aad

mnudestuLazamanTAnsivuaaausfianysal Jeswalnsiuaiuuy A2 $35n5uvas 5
dau il

duil 1 nsfivuafLUsvegnAsuayMLUIHyu

il 2 ngnisiadeudelyiu

dwdl 3 miﬁmummm&u’aﬁu

@l 4 msfmualassadiwesdnuuaunsuddunsim

d@7UN 5 NSMUUARIAUAISYINGIUYBINISASIVADU

1) mMsivuadudsgnasiazAuU s

I

nsfivueslUsgnaskazAlUsdy s dusialnuaiwuy A2 dwi 1 lag
suvsgnastdlunistuiinduulndulugnasiug wazdudsdyaraddiuiindiuiuassi
InAundeuis &y
lunsfimuadiulsgnasinua’IINgnasynanasludnuuaunsuddunsi lag
AMUATeaNATAIINF Y IuAuanashavdy g IUa1eanas uasdyyrunadyingnle
ATOINNNY “+7 UNUAIY “P”7 UAZIATOIMNIY -7 WNUAEY “m” 13U dyeuad “a+” Tiunu
A v « 9 | S 1Y i aa g YY) Y a o a « 79 [y
Yooy “ap” Wudu ansandudssnniginsuainvatslmauiaundunsemung /7 vas
=~ ; & « » 9% o v « »  Sla 2
p 939 M WU dygad “x+/1” Tiumudiane “xpl1” 1uau
darnudndsdygralinimuaandyyiav i iinas Sy a0 N UOITNLUALN TUT

1 o =

Funs Ineimunliusasdygiadaeswinlsiagdy “p” wag “m” AoanTodneyu

[ Ag7]

v

U ! o d‘ U L3 U 1 dl
G]’JE)EJNﬂ’]iﬂ'Wi'L!WU@G]’JLLﬂiQﬂﬁiLLﬁ%@'ﬂLLUiﬂiyJiqu}’]m@flG]’JE)EJNI‘L!G]"IT]Q‘V] 3-4

dl U 1 o dl U o L
#1319 3-4 m%@ﬂﬂﬂﬂ’]iﬂ’]%u@“ﬁ@ﬁ'ﬂLL‘UiQﬂﬁiLLaSG}’JLL‘UiﬁQ}m’]m

>

T
IS o/

ANWYULYNAT o uUsgnAsuazAUUSUNIUTTU

#l+
l “xlpx2m” g “x1p,x1m,x2p,x2m”
H2-

x1+/1

l “X1plx2m” ey “x1p,xImx2p,x2m”

x2-
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M3 3-4 FegensivuademkUsanasiaziLUsdygn (o)

anwaLaNAs YadudsgnAsuazAuUsunsuddY
*1+
\ “x1px2m, x1px3p” wag “x1p,xImx2p,x2mx3p,x3m”
X2- X3+

91n3UN 3-6(N) WU BnuuaunsudTundgnATNIvLe 8 gnes Fea1unsafinue
mLLUiQﬂﬁ’ﬂm 8 #uUs lawn apcp, bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbp
wardnuuaunsudduns il 3 dyga Ao a, b wag ¢ Jnuuals 6 fuusdygiu laun

ap, am, bp, bm, cp, cm ﬁQLLaﬂﬂugﬂﬁ 3-6(2)

—»a+ b

ot byte apcp, bpcp, cpam, cpbm, amcm, bmcm,

* / \ * cmap, cmbp;
\ f byte ap, am, bp, bm, cp, cm;

(n) (v)

SUN 3-6 (A) FIDE19TNLUALNTUTTUNTIN (V) SHAINTIUAILUU A2 @IUN 1

Y

a ] <
2) ngmsiadaudelniay

1%
v =2 o

= o £ v v o da 1o v

Weasnnsvalnsiatiuu A2 wun1sruniginsiliyagenlidgiuiewinlings
a [ t4 a a A& v v LY = a o = £ @ =2
Wumavedniausesinnsunduininsuaznauunigadia vinlrlunmsiadeudalnauia
Lidesaulainsdiinfuasunngnasuidiviolivasinauassadivdeunduingfignesiau
Mg FatUNIAMUANYNISIAGEUEIEUNIRE MU 1 gnAsy Ity ddunisivueng
N1ARUE1EU108NILTTIUIUNYAINTIWIUGNATVIRRNUINTIER NYazdieulraiunsaden

dunaldiiissanasifien dregrengnisimdoudnelnfudaiiognslunisnn 3-5
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15197 3-5 fegengnisindeudelAueITElNS ALY A2

f79814 sULUUYRY . .
. y ngNsiadaudglnay
ﬁ @Jﬂﬂi?.l’llﬂ.l']/‘lﬂ'é)f]ﬂ
1 l #define inp(xy) if :(x==1) -> x=10;y++;
X 2(x==2) -> x++; y++; fi
2 X #define outpl(x) if :(xI=10) -> x++;
l ;o else -> break; fi
3 v #define outp2(x1, x2) if :: (x11=10) -> x++; =
¥ X
(x21=10) -> x2++; :: else -> break; fi
il FUIUYNATVIREAWNAY #define outpn(x1, .., xn) if = (x11=10) -> x++;
n>2 1 (x21=10) -> X244+, ... i (xn!=10) -> xn++; =
else -> break; fi

910015797 3-5 ngnsiedsudielnauvdiludiegnsdl 1 azimuanisnsIadeu

Fouly x=1 uag x=2 Falimsantunsiuileaidusieiu laefiuds x unuduusanasuaz

o o 1 a [ < Y 1 a = Yo o «-r

wUs y wnudiwdsdyga dungnisiedeudielmauvieentudiegnei 2 fa 4 Tgeds «if
Wevililnpudenfiumdlamadien Taesuds x1, x2 wiududsgnes

91n3UN 3-7(n) wundgnAsvIeeniIniian 2 anAsNdyIM o+ Wag ¢ 39@1U150

asungnisiadeudelniauaiesnts 2 ng lawn outpl, outp? Waz@INITOASINNHNNT

wdoudnealnaurdlaun inp Aawanslugun 3-7(2)

—> a+ D+
#define inp(x,y) if :(x==1) -> x=10; y++;
cr 2(x==2) -> x++;y++; fi
. /N
a- b- #define outpl(x) if :=:(xI=10) -> x++; = else -> break; fi
‘\ f #define outp2(x1, x2) if :: (x11=10) -> x++;
s = (x21=10) -> x2++; = else -> break; fi

(n) @)

SUN 3-7 (n) 08 9TNLUARNTUTTUNITIN () SHALWSLUAILUU A2 d3UN 2

Y
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&y

3) MINNUAYAAIAIAY

[ O v I Y ! d' o Y v a
ﬂ’]iﬂ’Wi‘LlWQﬂF’ﬂGNG]‘lJLUUi‘VIﬁIWLZLIa’]LL‘U‘U A2 @3uUn 3 I@Sﬂ?ﬂﬂﬂﬁﬂﬂ?ﬁ]ﬂ@lu‘ﬂgﬂ

Y v
a o v

Srunuhfudnuininisisiusarluuiasgaazaulainsnisiediu 1 Tmfu uaziuunge
adadulusds if T “proctype Falbyte K)” & proctype \umsimunaiisiduuasus
w3 k Tuwlln byte waglddmds if ileliiAnmsidonsiiiazyn

2n3UT 3-80) Wil 2 andnAsdisduuugnas “cmap” wag “cmbp” SsEunen
uaaasasld 2 9a lnsgadl 1 aulalmfuuugnas “cmap” uasgndt 2 aulalmiuuy
anAs “cmbp” wazimualrifuUsATndy Tnelifuusgnasiillnduiiaulafidvifu
2 waziuUsgnasduitmAuninty 10 drusuusiimdeliiidiiiy 0 wagl k fdny
Lamﬁﬂﬁwaﬁsqmﬁauia ﬁammaaﬁmumﬂm&?ﬁu@mﬁ 140U “cmap = 2; cmbp = 10” @z

Anupgaanadugal 2 WJu “cmap = 10; cmbp = 27 Aauandlugun 3-8(2)

proctype P3 (byte k)

—®at D+ atomic{
if
< it k==1 -> cmap=2; cmbp=10; bpcp=0; cpam=0; cpbm=0;
® a/ \b— ’ amcm=0; brcm=0; apcp=0; ap=0; am=0; bp=0; bm=0;
‘\ f cp=0; cm=0;
c- it k==2 -> cmbp=2; cmap=10; bpcp=0; cpam=0; cpbm=0;
- ™ amcm=0; bmcm=0; apcp=0; ap=0; am=0; bp=0; bm=0;
cp=0; cm=0;
fi

(n) ()

JUT 3-8 () sege@nuuaunsudtunsvl (v) salnswaiuuy A2 @i 3
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4) N1sAYUALATIE9VBITNUUAUNTUTTUN SN

nsmrualasasIvesdnwuawnsutuns v dusialnuaiwuu A2 dud 4 lag
ANANATV NI INALYNATVIDBNVBITNWUAUNTUTTUN T MIREAzdosvI IiAsUNNdy 104 T

nsivualassaiaildendyyineadaiioganasuidikazisendiiegelunsnd 3-6

M3 3-6 FIBENNYNITIVUALATIAT VDTN UALNTUTTUNTIN

Froenedl sUluy eV IS
1 N i “::atomiclinp(x1px2m,x1p) ;
)g- i printf("printf(x1p=%d)" x1p) -> outp2(x2mx3p)}”
r ¥
) Xr X2

‘ ’ xl& /xz' “::atomicfinp(x1px3p,x1p) ;
X3+ -  xs: printf("printfix1p=9%d)", x1p) -> outp2(x3px1m,
X2+

.!‘ i" X32p

“::atomic{inp(x2mx3p,x2m) ;

X1-

printf("printf(x2m=%4d)", x2m) -> outp2(x3px1m,
X3px2p)}”

NENTNA 3-6 FIBEN 1 AgnATVILILaLANATVIDDNTIFIDL AR TUENTBY

a (% (% a (Y 1Y « 9 Id (% 1% a | =
WasuwUasdygaaznasldsullasdyeu Todygin “x2-7 [Wudygiue1989 wuin i

[ ¥ o

dyeaidn 1 anasiazdaiauieen 1 anas Jannualassaindlegldngnisinfeude

[

ydn 1 gnasuazunuiiuusgnasilugnasanddyain “x2-” fediuwlsdyaralild

g7

[ A [ [

dyqasugnasadl “x2-7 nudndudygin x1+” Fawnuandy “xlp” uasiiuien
udsdyaa  wazldngniswedoudiegnasevieen 1 gnasludiwlsgnasvieanain

Tyad “x2-” feeell 2 9198 INAYIM “X3+” WUl 2 gnATI LAY 2 gnATYT

o

sanvilildlaseasne 2 dau fie dauil 1 Tddyaa “x1+” Wududsgnasyduasdiud 2
Tdyanas “x2-” \Jududsgnasuidn
PnFnuuansuETunTlugun 3-9(n) aunsaimualaTEiaveBniualnTUTTu

nsnilddagud 3-9() dall

[ a

o Tddyan a+ Wudygudrdmuingd 1 gnasaidiuay 1 gnAsaieeniag

A A

[

o ¥ A « 9 o A « 9 a & v a
AULUTaNATYILT fie “cmap” wagiuUsanasyieen Ae “apcp” tunsaliludyyiuonds

<

[

oy auusnlAsuaume “do” Jsaansanmunlasasilans
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“do ::atomic{inpl(cmap,cm); printf("printflcn=%d)",cm) -> outp1(apcp)}”

[ a

o Tddyn i o+ WDudygradadanuinfignasvndt 2 gnas Ae “apcp,

o T o

[

bpcp” WazgnAIUI08N 2 anes fie “cpam, cpbm” Jeensafmuslassasslasd
“:atomic{ inp(bpcp,bp);printf("printflbp=%d)",bp) -> outp2(cpam,cpbm)}

=:atomic{ inp(apcp,ap);printf("printflap=%d)",ap) -> outp2(cpam,cpbm)}”

£ ¥ a

o Tddyno a- Wudyyradadanuindgnasvidi 1 gnes fie “cpam” way

o

[

anAsuIeeN 1 gnes fe “amecm” Fanunsamvualassasnelacail

“::atomic{ inp(cpam,cp);printf("printflcp=%d)",cp) -> outpl(@amcm)}”

1 a

Yo I [ A ¥ A « 9
o Tadeyayas b-10u AU NBINUNUYNATYNYY 1 gnAT AB “cpbm” Lay
I “« 9 = o ¥ Y dy
QNAIvIeRN 1 gneAs A “bmem Jsaansanmunlasiaselansi

“::atomic{ inp(cpbm,cp);printf("printflcp=%d)",cp) -> outpl(bmcm)}”

v a

o Tddyau - Dudyauadmuinignasvudt 2 gnes fe “amcm,

o A7}

[

bmecm” UaraneAsu1een 2 gnas Aig “cmap, cmbp” Fannsafmualasiaselanall

“::atomic{ inp(@amcm,am);printf("printf(am=9%d)",am) -> outp2(cmap,cmbp)}

=:atomic{ inp(bmecm,bm);printf("printflbm=%d)",bm) -> outp2(cmap,cmbp)}”

o Tddya i bt Wudgaaddmuiiignasends 1 gnas e “cmbp” uae

N v

anAsu1een 1 gnes fe “bpcp”wazilunsdidyaaanyneliiiy “od” Jsanunsaiiviue

[

Tasaasnalaeail

“:atomic{ inp(cmbp,cm); printf("printflcm=%d)",cm) -> outp1(bpcp)iod}}”
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do
::atomic{ inp(cmap,cm);printf(*printflcm=9%d)",cm) ->
outpl(apcp)}
=atomic{ inp(bpcp,bp);printf("printflbp=%d)",bp) ->
—>a+ D+
outp2(cpam,cpbm)}
ot atomic{ inp(apcp,ap);printf("printflap=%d)",ap) ->
outp2(cpam, cpbm)}
° / \ ° p2(cpam, cp
a- b ::atomic{ inp(cpam,cp);printf("printf(cp=%d)",cp) ->

.\ / outpl(amecm)}
&3 ::atomic{ inp(cpbm,cp);printf("printflcp=%d)",cp) ->

outpl(bmem)}

:atomict inplamcm,am); printf("printflam=9%d)",am) ->
outp2(cmap, cmbp)}

::atomic{ inp(bmem,bm);printf("printflom=9%d)" bom) ->
outp2(cmap, cmbp)}

::atomic{ inp(cmbp,cm);printf("printflcm=%d)",cm) ->
outpl(bpcp)}
od}}

(n) ()

SUN 3-9 (N) DY NTALUALNSUTTUNTIN (T) SHRAINTLUAILUU A2 @IUN 4

Y

5) ANSAMMUAAIAUNITNIIUVBINISATIAFAU

A1SAIUUABIAUNITINIUYDINITASIVABUNIEINABAS19HINTU “init” walgAaa
« dl & 1 9 ) o o.'/ 1% ) v ) <@
run FaRIATUAT k)7 Tagduiuads run TinsevinliasumusnuiulniAuy
N3UT 3-9(n) wudd 2 ndu Feanmnsaimuadidun1sinnuresnisnsiaaeuld
o X
91

“init{frun P3(1); run P3(2);}”

1NI0NTUAITHALNTUAMUU A2 119 5 @71 @10150UaTNLUARNTUTTUNTIN

U7 3-10(n) iusvialnsmaiuuy A2 16fssuit 3-10(0)



—» at b+
c+

a-

NS

e

(n)
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/4 1 mifvuadmuysvesgnaswasdwUsdnyaar/
byte bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

/gl 2 ngnisideudnelniauy/

#define inp(xy) if =(x==1) -> x=10;y++; :(x==2) -> X++;y++; fi
#define outpl(x1) if :: (x1 I= 10) -> x1++; == else -> break; fi
#define outp2(x1,x2) if =2 (x1 1= 10) -> x1++; :: (x2 1= 10) -> x2++; =

else -> break; fi

/il 3 matmungarday
proctype P3 (byte k)
atomic{

if

i k==1 -> cmap=2;cmbp=10;bpcp=0;cpam=0;cpbm=0;amcm=0;bmcm=0;
apcp=0;ap=0;am=0;bp=0;bm=0;cp=0;cm=0;

it k==2 -> cmbp=2;cmap=10;bpcp=0;cpam=0;cpbm=0;amcm=0;bmcm=0;
apcp=0;ap=0;am=0;bp=0;0m=0;cp=0;,cm=0;

fi

/*EUR 4 ASANYUALASIES9URITNUUALNTUTTUNTING/

do
::atomic{ inp(cmbp,cm);printf("printf(cm=%d)",cm) -> outp1(bpcp)}
::atomic{ inp(bpcp,bp);printf("printf(lop=%d)",bp) ->
outp2(cpam,cpbm)}
::atomic{ inp(apcp,ap);printf("printflap=%d)",ap) ->
outp2(cpam,cpbm)}
::atomic{ inp(cpam,cp);printf("printfcp=%d)",cp) -> outpl(amcm)}
::atomic{ inp(cpbm,cp);printf("printf(cp=%d)",cp) -> outpl(bmcm)}
::atomic{ inp(amcm,am);printf("printflam=9%d)",am) ->
outp2(cmap,cmbp)}
::atomic{ inp(bmcm,bm);printf("printf(bm=%d)",bm) ->
outp2(cmap,cmbp)}
::atomic{ inp(cmap,cm);printf("printflcm=%d)",cm) -> outpl(apcp)}
od}}

J5EUT 5 NIFVUAEIRUNNSYNUTINSATIERUY/
initfrun P3(1); run P3(2);}
()

JUT 3-10 (n) Mog19@nuuaunsugTuns M (1) STlnsilaLuy A2
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dygratugluaifdva 1 wey 0 wansindygiatuaiuisadsuuntaslanilouues
AauURANABINY [3, 13]

5) AantAnIsAmvuaaaueianysal 3nllenn “nne inaaludnuuaunsudduy

9 Y
1 o [ L3

nsmazAalifidudnualdiiu” FaUunfwalaeniuaauannsvaniuy [13-15] wauieniu
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AuautRnufesiuddlainuiduauenuantiBdeniioniudounaautid [16-18] T
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aunsaazulaan dmuunsudiindeaiiuseneumendygaililedunavesdnuuawnsy

FFunTniansImuRnaldRn s vuAaa U Rauysel (18]

3.2.1 assnzandadunnautinulasnsy

Auandinulasndy amnsamuasuldlaenisnsiaaeudn “druaulnaulumn
navlifmdulugnaslag fuinndt 1 ndu” feedldsialnswaiuuy A1 Feazlderalng
wawuu Al Wunuudraedunismuasy

Tunsa$angiunseyinles (1) adedeulvlumsmuaoy Ae Tifuusgnasnngnes
fiantesnin 2 wag (2) afunssnznandaudufeddniuns “aaonll” :nguil 3-11(0)

anansaadnssnenandadulanagun 3-11()

ax b rasdoulunaznistivuanssnsnafaduy/

o+ #define safety (apcp<2 && bpcp<2 && cpam<2 && cpbm<2
a{/ \‘b && amcm<2 && bmcm<2 && cmap<2 && cmbp<2)
N /*A3995INSIANTILEY/

c-

(tl p1{[] safety}

(n) (v)

U7 3-11 (n) fredrs@nuuannsuddunsl (v) assnsnafaduauaudiannulaende

3.2.2 assnzandadunaautnlaniua

AuauUAlailiug awisamuasuldlaenisnsiadeudn “vng wnsudduiilniay
w1 adwdelil” Faasldsdalnauauuy Al Wukuudaedunmsmuaey

Tunsadngnszsiilas (1) afrsdeulvlunismuaey fe lrisuUsunsuddunndy
wUsiiAnnnndn 1 wae (2) aanssnznandadudhesiduns “lufign” 913Ul 3-12(0)

AUN30ANNTINERANTRAULIRIFUN 3-12(v)

_“i”\‘ b+ /radradoulunaznstvunassnzandadus/
o+ #define live (t1>1 && t2>1 && t3>1 && t4>1 && t5>1 &&
1 ‘/ \"t, ? t6>1 &&t7>1 8& t8>1)
\c_f /*E59nTINEANTUEUY/
I NI

tl p2 {<> live}
(M) ()

JUT 3-12 (n) Mog1@niuaunsudtunsm (1) assnenandadunnaudilaiuea
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e S
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Y

WwLuns “aasnld”

o/ Aa o

INFUN 3-13(n)  wud ey rundduusniideyaruvisenuinnil 2 gnas 2
yuad fie o+ Uag o 3NNAMIWUIGNATVIDNYDINIARIN Y IUNUWWNAY 0 UaggnaTYn
PONIMNAYYIUNTIT YA 1 LAZITONAUANIBIATOINUNEY “->” BIUITOFTNATINZLIANTS

uldfasuR 3-13(0)

— at b+ e— /asaiaululag NMsANUARIINEIA LT LEWY/

#define persist ((cmap==1 || cmbp==1) -> (cpam==0 &&
o+

/ \ ° cpbm==0)) && ((cpam==1 || cpbm==1) -> (cmap==0 &&

a b- cmbp==0)))

4 K /*AS9RTTNLLIANT LTS/

J . ltl p3 {[] persist}

(n) (@)

U 3-13 () fedrs@nuuaunsuidunsm () assnenandaduauaudinnumumy

3.2.4 assngandadunuauniiniudasiy
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' Y v '
= A [ ] a v v oa

miuwdsgnasniiuninfssiudladmiedianindu 47wy dygin a AENNSNARAUT

AauUsanas “apxp” wag “bpxp” laieulydn “#define consistl@p==1 && am==1 &&
(apxp==4 || bpxp==4))" mMsasAmwlsAdunsniassusingu 4 Weidunisesiaaeuin
InauAunanduanigaEudu nssesngmsiedeudievidiuaznisinuayaaineulugin

salnswaLuU A2 ifvualidauusgneasiianindu 2 Aiienisasisaeuindnsfidyneen

(%
[y

Tadeineu

IINUUATNATINLLIANTAFUANANURANUADITUMIEAANTUNIT “I<>” FeaznTI9
' ~ A S & = a 2 o 9 a = A
Ilunng nstlvesReulvtulunvaveviseld Jvhlinuanulianalndlienunsding sy
Waula

&

1NFUN 3-14(n) wud TdyaraluBnuuaunsuddunsiv 3 dyaia Ao a, b way ¢

T o

[
a U

waziliauUsgnasiiiansnieenu 2 fduUs Ao “cmap” wag “cmbp” F@mnsaaii

Feulvlunsmuaeuls 3 Reuly way 3 assnnandadunumeuludsgun 3-14()

—»a+ b+ /*?1%”]\‘1LT‘I,E]UI‘ULLa%ﬂ’ﬁﬁ’W]‘u@miiﬂzL’Ja’]L%ﬂLﬁu*/

#define consistl (ap>=1 && am>=1 && (cmap==4 || cmbp==4))
#define consist2 (bp>=1 && bm>=1 && (cmap==4 || cmbp==4))
a/ \ ’ #define consist3 (cp>=1 && cm>=1 && (cmap==4 || cmbp==4))

b-
\ 7/ /*AS19PTINLLINTILE U/

c- ltl p1 {I<> consist1}
- ~ ltl p2 {I<> consist2}

ltl p3 {!<> consist3}
(n) (¥)

U 3-14 (n) Medrs@nuuaunsuddunsml (v) assnznandasiunnauiinufeaiy

3.2.5 assnsandadunnaudanisivuagatusiauy sl

AR MUeEI U aNyYsal anansaniuaeulalagnIsnTIvEeun “unsud
N ) a % o M . A a a o o ad @
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& ¥ o ' - ad & v Y <
Huagdeanuaionnau et nunsudnndeniszdessenaumedyyinlugnvenaden
Tngauduiusididantuazdomiainigdnsidyasealigiu delulunisniuasuy
AuanURTwemugey 2 Juneu lneduneuil 1 ainssnziaiduduresadoniieniya

don uavtunaud 2 Yiendygiufilannyadoruiasnmssnziadadurosumsudfingen
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suumaum 1 M3aNATINTNANTLE ummWaaaﬂmmﬂ@a ﬂ%ﬂlﬁﬁ]ﬂisﬂuﬂﬁi‘ﬂﬁu
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v YV

AdYEIad a wag b LLasﬁéhLLﬂiQﬂmﬁﬁmsﬂmmmw ‘apxp” way “bpxp” agladoulain

Y

“#tdefine fullab (ap==1 && am==1 && bp==1 && bm==1 && (apxp==4 || bpxp==4))”
Tnedeulvlnaduaniiodiensaimutpinsitgesenlidniu uay (2) afranssnziands

dulpeshsniiuns “l<>” geludumeud 1 UaghnamuasulvinsunnadyyINT0ITNLLa

Y

a v

wnsudtunsmislaeuluwifiuinuiug Tanafisulduazldnssnznandaduminfusiua
P P
Reuluniag

mmﬂ 3-15(n) wuan ddgyaaludnuuaunsudtunsin 3 dyaiu Ae a, b uag ¢

o A

[y |

Jeanansaduadyanula 3 adyyin Ao Adan a, b Adyy i a, ¢ AN b, ¢ 39

o o <

mmsaaiwqL'?iaulsuLLazmsﬂzma%%uﬁumaawuaﬁaﬂlﬁ 193UR 3-15(%)

/*a51deulunarnsMruUAnTINEIANTBEUY/

— oy b #define fullab (ap==1 && am==1 && bp==1 && bm==1 &&
(cmap==4 || cmbp==4))
c+ #define fullac (ap==1 && am==1 && cp==1 && cm==1 &&
® / \ ® (cmap==4 || cmbp==4))
a- - #define fullbc (bp==1 && bm==1 && cp==1 && cm==1 &&

¥ " (cmap==4 || cmbp==4))

- /*AS9RSTNLLIANTIE U/

J ¥ ltl c1 f<> fullab}

(tl c2 {I<> fullac}

(tl c3 {I<> fullbc}
(n) (V)

U7 3-15 () fregrea@nuuannsuddunsm (v) assnznandauduiaden

Y

A [ o [ Ay v @ 14 a o/
SU‘IJG]E]‘L!‘V] 2 L‘UuﬂﬂﬁuﬂL%@ﬁiy}ﬁyﬂm%i@ﬁ]']ﬂﬁ(\]‘jaa@ﬂu’]ﬁiﬁ(}]iiﬂm’}a’]LSUﬂLﬁu‘UENLWlﬁu

ad & [ 2 = 1o a I I3
FAnden nszvilae (1) asrdeulrlumsmuaeuannddyarunegluenvesyadeniay

Y

a o

G mwlﬂ%auwmmmm lagnsamIAIAIva 1 war 0 vemndyanaluindnsiiigaeenly

o¥

CRRIIGH: maamuaaﬂwmwﬂ@amwzgﬂmwwuwjaﬁaﬂ U wuladenfindmain a, b uaz
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Fyn x  udyaaildlidus Ingdfiuusgnasniiunsniedeiume “apxp”  uag

“bpxp” arlédidouladn “#define transitive ((ap==1 || am==1) && (bp==1 || bm==1) &&
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v
aa v

(cp==1 && cm==1) && (apxp==4 || bpxp==4))" 'mﬂﬂimuafgzymmﬂLszmsua«daﬁaﬂ%

a

WOUMBLATEIALNE “||” waz (2) @51nssnsnandudulaediniiunig “1<>”

NFUN 3-16(n) WU AFQIN a, ¢ wasadaaa b, c luyaden Jwawnsaasng

Y Y v

Heulvlaznssnznanduduronadealasasun 3-16(2)

Y Y

— o b+ /asadeoulauaznsmnuenssngnandadus/
#define transitivel((ap==1 || am==1) & (cp==1 || cm==1) &&
c+ (cpam==4 || cpbm==4))

® / \ ® #define transitive2((bp==1 || bm==1) && (cp==1 || cm==1) &&

a- k- (cpam==4 || cpbm==4))
N ¥ /*A59ATINLLIRNTAA NS/

N ltl pd {I<>transitivel}

ltl p5 {I<>transitive2}
(n) (v)

JUT 3-16 (1) feg19BnuuaunsudTunsnl (v) assnsiadaduvesmsudfinaen
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4.1.2 WHUNINAAE

Class Diagram1 1
ul Runner
+GetFileclick() text : string[]
+GetPromelaClick() 1 init : Information
+GetLTLClick() 1 AData : STGOperation
SignalData : STGData[]
STGtype : int
1 Maxrepeat : int
amountPath : int
Maxinput : int
Maxoutput : int
1 Conpath : string[]
ReadFile repeatSignal : MultiSTG
+Readifile : File) : stiing [] 1 |-Promelacode : string !
-Promelacode? : string 1
1 c : CSCop i
+Runner()
+Operating() MultiSTG
1 RunPr laCode() MultiSignalname : string
+RunLTL() 1 repeatnum : int
+RunPromelaCode2() 0.1 |start :int
+RunConLTL()
+checkfull()
+Simplecycle_CSCcheck()
+GenTransitivelTL()
+ChecktransitivefromCSCLTL()
1
1 1 1 1
CSCoperation Info i STGO, i STGData
+CSCoperation() Modelname : string +STGOperation() Signalname : string
+GenFulllockCSC() Keywords : string]] +AddSTGData() InputSignalname : string[]
+PairSignal() Input : string[] +Checktype() OutputSignalname : string[]
-GetfulllockLTL() Output : sting[] -isNumeric() inputnum : int
+GetFullockResult() Modelinformation : string[] +CheckRepeat() outputnum : int
+PrintFulliock_result() Pathlnformation : string[] -FindrepeatSignal() transition : string
+Savesimplecycle() Marking : string[] -findrepeat() +STGData(data ; string [])
-Getsimplecycle() +GetInformation(text : string []) -CheckStart() -SeparateData()
-checkfull() 3 -Checksyntax(text : string []) : boolean +GethMaxIinput() -SetSignalname()
+checkfulllockpair() -setinformation(text : string [J) +GetMaxOutput() -SetinputSignal()
+checksimplecycle() - GetModelname() +ConvertSignalname() -SetOutputSignal()
-checktransitiverank() -Getinput() +ConvertName() -SetinOutnum()
+GenTransitiveLTL() -GetOutput() +GeneratePromela() +PrintData()
-GetMarking () +GetConcurrentPath() 1
+Printdata) +GeneratePromela2() i 1
1
[N 1 ! 1
+GenPersistency() Promela 1 Promela2
+GenSafety() 14 defSignalnames : sting DefArcnames : string
+Genconsistency() defRulein : string DefSignalnames : string
+Genliveness() defRuleout : string DefTransitionRuleln : string
+find() definiMarking : string DefTransitionRuleOut : string
defPath : string DeflnitialMarking : string
defAll : string DefSTGPath : string
+GetPromela() Deflnit : sting
-GenSignalnames() All: string
-GendefRule() +Promela2()

MultiLTL -Gend efiniMarking() -Generate Arcname s()
+GenPersistency() -GendefPath() -Genelatesigna&amas()
.CheckitiRepeat() -GenAll() -Gene:ateTransf!fonRulal n()
.addLTLString() -GemtateTrans.monRuleOut( )
ismutti() 0.1 -Generate Marking()
isNumeric() -GenelateS'!'GPa th()
getposition() -Gmmmtqlnn()

- GetmultiLTL () -GetAllString()
-GetLTL()
-find()
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a- b- CF
a—

N f b
c- S

—3 2+ b+€— .model sampleSTG
.inputs a,b
.outputs c

C+ .graph

C+
C+
a- b-
Cc-
c-
a+ b+

/7 .marking {<c-,a+>,<c-,b+>}
.end

()

JUT 4-7 (n) feg@nuuaunsu@iunsin (v) fegrauilndad
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2) ngnisirdeugelniau

3) NMSANAUALITNNIAIA Y
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5) NNSTINTRALNS ALY Al

1) MsimuaiulsvesgnAsLazALUSUNTUEYY

salnswamuy Al @ 1 dunsinusiiudsvesgnesuasdiwlsunsuddu lng
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anAsLazMLUIUNTUETY Fednumulsgnasiagiulsinsudduazviiuituiugnasuu
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Algorithm Promela Al Partl
Variables : Arcname, Transitionname, TotalArc, Totalline ,line
READ line between .graph to .marking
Totalline = line.amount
For i=1 to Totalline
Arcname = Arcname + Arc(line i)
Next

TotalArc = Arcname.amount

For i=1 to TotalArc

Transitionname = Transitionname + “t+i”
Next
End Promela Al Part 1

SUN 4-8 saLiguaaalnsuankuy Al @ud 1
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Ql' & a Y oal Y] | =
NFUN 4-9(n) wuidndaniidnuugnas 8 1du Negluussinsening graph g

marking Fsaunsafmuadiwlslusialnsiuainuu Al @i 1 fe fudsgnes 8 dauus

1auA apcp, bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbp LazuUsunIuTITY 8
frawds bawn tl, t2, t3, t4, t5, t6, t7, t8 é’mamiugﬂﬁ 4-9(2)

Jeodel sampleSTGE
Anputs a,b

.outputs ©
.graph

a+
b+

o+
o+

a+

byte apcp, bpcp, cpam, cpbm, amcm, bmcm,

cmap, cmbp;

int t1, t2, t3, t4, t5, t6, t7, t§;

Jarking {<o-,a4»,<c-, b4}
.end

(n) (¥)

JUT 4-9 (n) seehadindad (v) salnsiuaiuuy Al duil 1
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2) ngmstadeudielniau

9 oA & v A v & v
alnsiuamuy AL dwi 2 Wumsasiangmsindeudrelnaundiuazngnis
wdeugnelnAuyeen lnedniungnsindeudelninuridiwazieanazuinduinuiugnas

PIMLNTFARAEYNATVIDBNTNLUINTIGANLATU ausanansviaiienlanegun 4-10

Algorithm Promela Al Part2
Variables : InputTransitionRule, OutputTransitionRule, MaxinputArc, MaxoutputArc,
InputTransitionrule i Arc, OutputTransitionrule i Arc
READ MaxinputArc
READ MaxoutputArc
For i=1 to MaxinputArc
InputTransitionrule i Arc = delete 1 token from all input arc and Increase
transition
InputTransitionRule = InputTransitionRule + InputTransitionrule i Arc
Next
For i=1 to MaxoutputArc
OutputTransitionrule i Arc = increase 1 token for all output arc
OutputTransitionRule = OutputTransitionRule + OutputTransitionrule i Arc
Next
End Promela Al Part 2

JUN 4-10 SaisavedlnsmaIiuy Al @i 2

= I & a  ea = % dl
INFUT 4-11(n) WuINdndaniignasuneeniIniign 2 anes wazgnAsvidiuInian
2 gnes Matuausaasangnisiedeudielnauedn 2 ng fie inpl way inp2 lnsusazng)
sraulniAuean 1 WAuINnngnAsvdwaziinaITy 1 dmsuunsuddu wazasnangns
o v < 2 ] a <
\ndeudelnAu1een 2 ng A outpl uar outp2 legwsazngaziiulnAulunngnATY
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Jodel sanpleSTGE
Ainputs a,b

.outputs c #define inpl(x,t) (x>0) -> x=x-1; t=t+1
.graph .
#define inp2(x1, x2, ta, tb) (x1>0 && x2>0) -
a+ o+
b+ o+ >x1=x-1;x2=x2-1;ta=ta+1;tb=tb+1
ct+ a- b-
2 e” #define outpl(x) x = x+1
N efine outpl(x) x = x+
c— a+ b+ #define outp2(x1,x2) x1=x1+1;x2=x2+1
Jarking {<c—,a+>,<c—-,b+>}
end

(n) (¥)

JUM 4-11 (n) fregrailndad (v) salnsauuy Al dud 2

Y v
a v v

3) ASANUANITNNINIAY

syalnsaIuy Al d@ui 3 Wunisminusuisnissedulvdnuuawnsudtsunsiv

[V
& a v Y

Ingliignasifiunsnisissudiandu 1 Feawnsoglaainussvin .marking Tuidedad awnsn

wanssaLeulanagu 4-12

Algorithm Promela Al Part3
Variables : InitialMarking, TotallnitialArc, Arc, line
READ line .marking
InitialMarking = “init{”
TotallnitialArc = amount of arc in .marking line
For i=1 to TotallnitialArc
Arc = “Arcname in line number i = 1”7
InitialMarking = InitialMarking + Arc
Next

End Promela Al Part 3

SUN 4-12 SAaEReuualnsiuaihuy Al @un 3
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Jodel sanpleSTGE
Ainputs a,b
outputs c

.graph

a+ o+ init{

b+ ct cmap = 1; cmbp = 1;
ct+ a- b-

a- o-

b- c-

c— at+ b+

Jarking {<c—,a+>,<c—-,b+>}
end

(n) (¥)

JUM 4-13 (n) freegrailndad (v) salnsiauuy Al @i 3

4) N1SNINUALATIFSI1IVBITNLUANTUIYUNTIN

STAINTIAMUU Al duf 4 Wunisiuuslassasslrdnuuaunsuddunsin Tagwn

ToyadiuesuelATEIaNNTEUgNATYITILALANATYI08N FeaNNTanlaaInTIuILUTIVA

521319 .graph &9 .marking luiindad waathgnasvdiuazviesnvesussvinuuuad

laseaineves@niuaunsuduns vl anunsauanssviaviedladsguin 4-14

Algorithm Promela Al Part4
Variables : Structure, line, InputArc, OutputArc
READ line between .graph to .marking
Structure = “do\n”
Totalline = amount of line
For i=1 to Totalline
READ InputArc for line i
READ OutputArc for line i
Structure = Structure + “atomic{”
InputTransitionRule(InputArc, Transitionname)
— OutputTransitionRule(OutputArc)}
Next
Structure = Structure + “od}”

End Promela Al Part 4

SUN 4-14 STAAgUUDILNSIUAILUU Al @IUN 4
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NFUT 4-15(n) wudndndanilaseasne 6 ussin Fumnedia 6 JAUUBnUUaLNTUY
FunsmiimmgnaAsyIiiuazvIenvemnInkarAmualasias e warwdandusialnswan

wUu Al @il 4 lewsgud 4-15)

do
Jodel sampleSTGE
.inputs a,b ::atomic{ inp1l(cmbp,t1) -> outp1(bpcp)}
- QUTPULS © ::atomic{ inp2(bpcp,apcp,t2,t3) -> outp2(cpam,cpbm)}
.graph
a+ c+ ::atomic{ inpl(cpam,t4) -> outpl(@amcm)}
b+ c+ o
ot a- be ::atomic{ inp1(cpbm,t5) -> outpl(bmcm)}
a- c- s:atomic{ inp2(amcm,bmem,t6,t7) ->
b- c-
c— a2+ b+ outp2(cmap,cmbp)}
.marking {<c-,a+>,<c-,b+>} :atomic{ inpl(cmap,t8) -> outpl(apcp)}
.end
od}
(n) ()

U 4-15 (n) dregadindad () sialnsiuaiuuy Al @i 4

5) NTIIUSHELINSIUAMUY Al

wuUaessFalnsiuaiwuy Al Wunissiusalnsiwanuuu Al vie 4 druiildannnig
wUaatndadidusfalnswaiiuy AL laun daudl 1 nsivuediuusvegnaswas auls
WnsUdTY, daufl 2 ngnisiedsudnelnau, @il 3 AsmrueNNSNAEY wazdud 4

M3imMUAlATIa§ 19 @NLUALNTUTTUNTIN MU anunsakanssiaiieulanaguil 4-16

Algorithm Promela Al All

Variables : All, Structure, InitialMarking, InputTransitionRule, OutputTransitionRule, Arcname,
Transitionname

Structure = Partd.Structure

InitialMarking = Part3.InitialMarking

InputTransitionRule = Part2.InputTransitionRule

OutputTransitionRule = Part2.OutputTransitionRule

Arcname = Partl.Arcname

Transitionname = Partl.Transitionname

All = Arcname + Transitionname + InputTransitionRule + OutputTransitionRule + InitialMarking +
Structure

End Promela A1 All

JUN 4-16 sTaLTeuvadlnsiualuy Al 9 4 @
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nnsulanilndantugui 4-17(n) WWusialnswaiwuu AL 13 4 @i @unsnsiu

nnddusuudtaessialnswauy Al ladsgun 4-17()

JIoodel sanpleSTE
inputs a,b
Loutputs o
.graph

at+ c+

b+ c+

c— at b+t
marking {<o—,a+x,<c—,b+>}
.end

(n)

/it 1 mstmuamiuUsvesgnAsLazfLUsINTUaTUY/
byte bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbyp,
apcep;

byte t1,t2,t3,t4,t5,16,t7,t8;

/it 2 ngnstedeutelviauy/

#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1
#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2
=x2-1;tl = t1+1; 12 = t2+1

#define outpl(x1) x1 =x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

/*@UR 3 NSMRUALNSNNIRIRUY/
init {

cmap=1;cmbp=1;

/gl 4 nstualassaisvasdnuuaunsudtunsmy
do

::atomic{ inp1l(cmbp,t1) -> outpl(bpcp)}

::atomic{ inp2(bpcp,apcp,t2,t3) ->
outp2(cpam,cpbm)}

zatomic{ inpl(cpam,td4) -> outpl(@amcm)}

::atomicf{ inp1(cpbm,t5) -> outpl(bmcm)}

s:atomic{ inp2(amcm,bmem,t6,t7) ->
outp2(cmap,cmbp)}

::atomic{ inpl(cmap,t8) -> outpl(apcp)}
od}

(v)

UM 4-17 (n) freegradindad (v) salnswauuy Al Vs
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4.2.2 Mswlaudndgnidusialnsiuaiiuu A2
nsudaandaddusialnswaiuy A2 Tunlamnudsnisulasdnuuaunsuddu

asdusialnswaiwuu A2 luide 3.1.2 Sanrsudasindandusialnsiuaiuuy A2
Uszneudesviawiion 5 swawion sl
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3) MIfTUAARIGL

4) MIANUUALATIAS1YBITNULUALNTUTTUNT N Lag NITMRUASIAUAITYINGIY

YDININTIVEDU

5) NNSTIUTRAINSTIUAMUY A2

1) MsivuafulsanAsuazAuU s s

salnswaIwuu A2 diudl 1 iumsivuadiudsvesgnasuagiiulsdyaio lag

a

Hudugnasiegluussvinnausd graph § .marking luilindas waztusuiudyag o

et

luuss9ia .inputs Uag .outputs FaTuIUMLUIANASIINAUIIWIVGNATULTNLUAUNTUTTY
N9 LagduIUAILUTE QAU A UABINIBINATINTBIT I g I L LAz Ay e

Y1DONUUBNUUALNTUTTUNTIN aansaLanssTaeulafagUN 4-18

Algorithm Promela A2 Partl
Variables : Arcname, Signalname, TotalArc, Totalline ,line, Signal
READ line between .graph to .marking
Totalline = line.amount
For i=1 to Totalline
Arcname = Arcname + Arc(line i)
Next
TotalArc = Arcname.amount
Read line .inputs and .outputs
Fori=1to 2
Signal = Signal in line(i) + “p” and Signal in line() + “m”
Signalname = Signalname + Signal
Next
End Promela A2 Part 1

SUN 4-18 STaiguupdlnstuaIbuy A2 @un 1
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1N3UN 4-19(n)  wudndndandiiuiugnas 8 du uasldmyaas inputs  wag

outputs 3 &y A9 a, b uaz ¢ JsawsanuadILUslusFElnTwaILUU A2 dui 1

= U

AD FauUTaNAT 8 faUs laun apcp, bpep, cpam, cpbm, amcm, bmcem, cmap, cmbp

wagiuUsdn 6 fuUs laud ap, am, bp, bm, cp, cm fauanslugui 4-19(v)

Jodel sampleSTGE

.dinputs a,b

.Outpucs o byte apcp, bpcp, cpam, cpbm, amcm, bmcm,
.graph
a+ o+
b+ c+ byte ap, am, bp, bm, cp, cm;

cmap, cmbp;

c— a+ b+
Jarking {<c-,a+>,<c-,b+>}
.end

(n) (¥)

UM 4-19 (n) fregadindad () sialnsiuaiuuy A2 @i 1

a ] <
2) ngmsiadsudelniay

9 | - & 1% o % o %
salnswauy A2 @l 2 Wumsaiengmseaoudelnauridieagngnig
wasudelniauieen lngdrwaungnisinaeuinelnauridrasiiiesngies wazdiuaung
MseduielnAuIaeNITTNAUTILIUGNATANATUIBDNTININTIFARIUAIRNY A1UITOLAAS

saieulafaguit 4-20

Algorithm Promela A2 Part2
Variables : InputTransitionRule, OutputTransitionRule, MaxoutputArc,
OutputTransitionrule i Arc
READ MaxoutputArc
InputTransitionRule = InputTransitionRule condition and result
For i=1 to MaxoutputArc
OutputTransitionrule i Arc = if condition and increase 1 to arcname
OutputTransitionRule = OutputTransitionRule + OutputTransitionrule i Arc
Next
End Promela A2 Part 2

JUT 4-20 safiguvadlnsiuaiuy A2 dui 2
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a (3 %

9n3UN 4-21(n) wurnindaniignasvioenundiand 2 gnas AtuaLTaaseng

9 Y

| & aa o

nswdeuielniAurnd 1 ng Ae inp Tasaidonvinsdliidusds 1 nsdlainnsdifisaus
gnasiidviiiy 1 hifiudduusgnasidu 10 wasifinArduusdyana waznsdidhuls
gnasiiaindu 2 Tifinsdudsgnasuasifinendudsdyanal wazaiangnsiadeudng
Tnifuviesn 2 ng fe outpl wa outp2 lnsusazngazidonyhnsdiiiduais 1 nsdlarnnsdl
fisuusgnasiilasmiadienlsivindu 10 Wdslndulusuusgnasyngnasuiesn 1 nidy

Fanansluguil 4-21(v)

-model szampleSTG #define inp(x,y) if ::(x==1) -> x=10; y++;
.Anputs a,b

. CI'.Jlt]_:'.lt,S o ::(XZZZ) -> X++;y++; ﬂ

.graph

a+ o+ #define outpl(x) if :(xI=10) -> X++;
b+ o+

e+ a- b- 2 else -> break; fi

a- e- #define outp2(x1, x2) if - (x11=10) -> x++;
b- o-

c— a+ b+ : (x21=10) -> x2++; :: else -> break; fi
Jarking {<o-,a+>,<c-,b+>}

.end

(n) ()

U7 4-21 (n) dregradlndad () salnsiwaIuuy A2 @il 2
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Algorithm Promela A2 Part3
Variables : InitialMarking, TotallnitialArc, Signalname, Arcname, line, Marking
READ line .marking
Signalname = Part1.Signalname
Arcname = Partl.Arcname
InitialMarking = “Proctype P3(byte k}{\n atomic{\nif\n”
TotallnitialArc = amount of arc in .marking line
For i=1 to TotallnitialArc
Marking = “:: k =="+ i + -> marking(i) = 2; other marking = 10 and other
Arcname,signalname = 0 + “\n”
InitialMarking = InitialMarking + marking
Next
InitialMarking = InitialMarking + “fi”
End Promela A2 Part 3
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proctype P3 (byte k)

.model sampleSTG atomic{
dAnputs a,b

outputs c if

-graph it k==1-> cmap=2; cmbp=10; bpcp=0; cpam=0; cpbm=0;
a+ ct
b+ o+ amcm=0; bmcm=0; apcp=0; ap=0; am=0; bp=0; bm=0; cp=0;
ct+ a- b- cm=0;
a- c-
b- o- it k==2 -> cmbp=2; cmap=10; bpcp=0; cpam=0; cpbm=0;
e at _]‘H amcm=0; bmcm=0; apcp=0; ap=0; am=0; bp=0; bm=0; cp=0;
Jarking {<c—,a+>,<c—,b+>}
end cm=0;
fi
(n) (¥)
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Algorithm Promela A2 Partd,5
Variables : Structure, line, InputArc, OutputArc, Runner, Markingnumber
READ line between .graph to .marking
Structure = “do\n”
Totalline = amount of line
For i=1 to Totalline
READ InputArc for signal in line i
READ OutputArc for line i
Structure = Structure + “atomic{”
InputTransitionRule(InputArc,Signalname);printf(signalname) —
OutputTransitionRule(OutputArc)}
Next
Structure = Structure + “od}”
Markingnumber = Part3.TotallnitialArc
Runner = “init{”
For i=1 to Markingumber
Runner = Runner + “Run P3(i);”
Next
End Promela A2 Part 4,5
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.model sampleSTG /*SPALNSIIAILUY A2 @i 4%/
Ainputs a,b

.Outputs o do

-graph =:atomic{ inp(cmap,cm);

a+ o+

b+ o+ printf("printf(cm=9%d)",cm) -> outp1(apcp)}

e+ a- b- =:atomic{ inp(bpcp,bp);printf("printflbp=%d)",bp)
a— C-—

b- o- -> outp2(cpam,cpbm)}

c— a+ b+ o . ) [T _ " _
marking {<c-,a+y,<c—, b3} ::atomic{ inplapcp,ap);printf("printflap=%d)",ap)
.end > outp2(cpam,cpbm)}

::atomic{ inp(cpam,cp);printf("printflcp=%d)",cp)
-> outpl(@amcm)}

=:atomic{ inp(cpbm,cp);printf("printflcp=%d)",cp)
-> outpl(bmcm)}

z:atomic{ inplamcm,am);
printf("printfam=%d)",am) -> outp2(cmap,cmbp)}

zatomic{ inp(bmecm,bm);
printf("printflom=%d)",om) -> outp2(cmap,cmbp)}

::atomic{ inplcmbp,cm);
printf("printf(cm=%d)",cm) -> outp1(bpcp)}
od}}

/*SHAINSILAUY A2 daufl 54/
init{frun P3(1); run P3(2);}

(n) (@)
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Algorithm Promela A2 All

Variables : All, Runner, Structure, InitialMarking, InputTransitionRule,
OutputTransitionRule, Arcname, Signalname

Runner = Partd4,5.Runner

Structure = Partd,5.Structure

InitialMarking = Part3.InitialMarking

InputTransitionRule = Part2.InputTransitionRule
OutputTransitionRule = Part2.0OutputTransitionRule

Arcname = Partl.Arcname

Signalname = Partl.Transitionname

All = Arcname + Signalname + InputTransitionRule + OutputTransitionRule +

InitialMarking + Structure + Runner

End Promela A2 All
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model sampleSTG
.inputs a,b
.OUtpuLs c

.graph

a+t
b+

c+
c+

a+t

b+
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/et 1 MsimuefLUsvesgnAsLasdLU MY/

byte bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

/dudt 2 ngmsiedeudielniiur/

#define inp(x,y) if =(x==1) -> x=10;y++; :(x==2) -> x++;y++; fi
#define outpl(x1) if :: (x1 I= 10) -> x1++; :: else -> break; fi
#define outp2(x1,x2) if 2 (x1 1= 10) -> x1++; :: (x2 1= 10) -> x2++;

marking {<c-,a+>,<c-,B+>F glee > break; fi
.end

(n)

1

U

=
n

/et 3 MstmngaeRaRu/
proctype P3 (byte k){
atomic{
if
i k==1-> cmap=2; cmbp=10; bpcp=0; cpam=0; cpbm=0; amcm=0;
bmcm=0; apcp=0; ap=0; am=0; bp=0; bm=0; cp=0; cm=0;
it k==2 -> cmbp=2; cmap=10; bpcp=0; cpam=0; cpbm=0; amcm=0;
bmcm=0; apcp=0; ap=0; am=0; bp=0; bm=0; cp=0; cm=0;
fi
/it 4 mstmuslassadisvesdnuuaunsuddunsivy/
do
z:atomic{ inp(cmbp,cm);printf("printf(cm=%d)",cm) ->
outpl(bpcp)}
zatomic{ inp(bpcp,bp);printf("printf(bp=%d)",bp) ->
outp2(cpam,cpbm)}
::atomic{ inp(apcp,ap);printf("printflap=%d)",ap) ->
outp2(cpam,cpbm)}
=:atomic{ inp(cpam,cp);printf("printf(cp=%d)",cp) ->
outpl(@amecm)}
=:atomic{ inp(cpbm,cp);printf("printf(cp=%d)",cp) ->
outpl(bmecm)}
=:atomic{ inpamcm,am);printf("printflam=%d)",am) ->
outp2(cmap,cmbp)}
=:atomic{ inp(bmem,bm);printf("printflbm=%d)",bm) ->
outp2(cmap,cmbp)}
=:atomic{ inp(cmap,cm);printf("printf(lcm=%d)",cm) ->
outpl(apcp)}
od}}
/dandt 5 nMatmuadFuNSLTIN1IATIIER U/

initfrun P3(1); run P3(2);}
(@)
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/*3pulunssnenandadur/

/ASINEIANTAEUY/

/*SYANSIUAN dUN 3 — 5%/
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Foialnsauuy Al @il 1 mstmuadudsvesgnAsuazdul sunsuddur/

byte bpcp, cpam, cpbm, amecm, bmcm, cmap, cmbyp, apcp;

byte t1,t2,t3,t4,t5,t6,t7,t8;

/svialnsaUY Al dudl 2 ngmsiadeudneTmduy/

#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1

#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2 = x2-1; t1 = t1+1; 12 = t2+1
#define outpl(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

/assneiandaduveinuautinulasnsiey/

#define safe ((bpcp <= 1) && (cpam <= 1) && (cpbm <= 1) && (@amcm <= 1) && (bmcm <= 1) && (cmap
<=1) && (cmbp <= 1) && (apcp <= 1))

tl p1 { 0 safe }

/assngnanladuvesnuaudilaiiueay

#define live ((t1>1) && (t2>1) && (t3>1) && (t4>1) && (t5>1) && (t6>1) && (t7>1) && (t8>1))

ltlp2 { <> live }

/4assneliandauduresnuauiRnuuILY

#define persist ((cmap == 1) || (cmbp == 1)) -> ((cpam == 0) && (cpbm == 0))) && (((cpam == 1) ||
(cpbm == 1)) -> ((cmap == 0) && (cmbp == 0))))

ltl p3 { [] persist }

v

/4SWAlNSIUAMUU AL @3Uf 3 ASANUANISNAY

v
@

GG/
init {
cmap=1;,cmbp=1;
/esalnsuaiuy Al @udl 4 nsivualassaiaesdnuuaunsuddun s/
do
::atomic{ inpl(cmbp,tl) -> outpl(bpcp)}
:atomic{ inp2(bpcp,apcp,t2,t3) -> outp2(cpam,cpbm)}
::atomic{ inpl(cpam,td) -> outpl(@amcm)}
::atomic{ inpl(cpbm,t5) -> outpl(bmcm)}
::atomic{ inp2(amcm,bmem,t6,t7) -> outp2(cmap,cmbp)}
::atomic{ inpl(cmap,t8) -> outpl(apcp)}
od
}

JUT 4-31 MITuTialnsiaiuy Al uagnssngnandaduvesnuaudinuUaondy
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/sl nsiaLUY A2 @i 1 MsimuafLUsvesgnAsLasiLU sy u®/

byte bpcp, cpam, cpbm, amcm, bmcm, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

/svalnaauy A2 dudl 2 ngnisedeudnelmdus/

#define inp(x,y) if :(x==1) -> x=10;y++; :(x==2) -> x++;y++; fi

#define outpl(x1) if 2 (x1 1= 10) -> x1++; = else -> break; fi

#define outp2(x1,x2) if 2 (x1 1= 10) -> x1++; = (x2 1= 10) -> x2++; :: else -> break; fi

/assneiandauduvesnuauRnudesiuy

#define consistl (ap>=1 && am>=1 && (cmap==4 || cmbp==4))
#define consist2 (bp>=1 && bm>=1 && (cmap==4 || cbp==4))
#define consist3 (cp>=1 && cm>=1 && (cmap==4 || cmbp==4))
ltl pd{l<>consist1}

ltl p5{l<>consist2}

ltl p6{l<>consist3}

/svalnsIauY A2 duil 3 msﬁmum;mﬁwé?&éfu*/
proctype P3 (byte k){
atomic{
if
= k==1 -> cmap=2,cmbp=10;bpcp=0;cpam=0;cpbm=0;amcm=0;omcm=0;apcp=0;ap=0;am=0;bp=0;om=0;cp=0;cm=0;
= k==2 -> cmbp=2,cmap=10;bpcp=0;cpam=0;cpbm=0,amcm=0;omcm=0;apcp=0;ap=0;am=0;bp=0;bm=0;cp=0;cm=0;
fi
/salnsualuy A2 daudl 4 msimualassaiauesdnuuaunsuddunsmy/
do
::atomic{ inp(cmbyp,cm);printf("printflcm=%d)",cm) -> outp1(bpcp)}
:atomic{ inp(bpcp,bp);printf("printflop=%d)",bp) -> outp2(cpam,cpbm)}
::atomic{ inp(apcp,ap);printf("printflap=%d)",ap) -> outp2(cpam,cpbm)}
s:atomic{ inp(cpam,cp);printf("printf(cp=%d)",cp) -> outplamcm)}
::atomic{ inp(cpbm,cp);printf("printf(cp=%d)",cp) -> outpl(bmcm)}
::atomic{ inp(amcm,am);printf("printflam=9%d)",am) -> outp2(cmap,cmbp)}
::atomic{ inp(bmcm,bm);printf("printf(bm=9%d)",bm) -> outp2(cmap,cmbp)}
::atomic{ inp(cmap,cm);printf("printflcm=%d)",cm) -> outpl(apcp)}
od}}
/sFalNIaILUY A2 @udl 5 MImsfiruedfunIsinnureInIaTINaeu/
init{run P3(1); run P3(2);}
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/svalwsiuauuy A2 dawil 1 nisimuaulsvesgnasuassuusdayana/

byte bpcp, cpam, cpbm, amecm, bmcm, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

/svalwsiuanuuy A2 dawdi 2 ngnisindeudnelniuy/

#define inp(xy) if :=:(x==1) -> x=10;y++; ::(x==2) -> x++;y++; fi

#define outpl(x1) if 2 (x1 1= 10) -> x1++; : else -> break; fi

#define outp2(x1,x2) if 2 (x1 1= 10) -> x1++; i1 (x2 1= 10) -> x2++; = else -> break; fi

/*miﬂma%%uﬁwmﬂmauﬁﬁmiﬁwuﬂamuzﬁamuuiai*/

#define csc_full ab (ap==1 && am==1 && bp==1 & bm==1 && (cmap==4 || cmbp==4))
#define csc_full ac (ap==1 && am==1 && cp==1 && cm==1 && (cmap==4 || cmbp==4))
#define csc_full_bc (bp==1 & bm==1 && cp==1 && cm==1 && (cmap==4 || cmbp==4))
ltl c1 {l<> csc_full_ab}

ltl c2 {l<> csc_full_ac}

ltl c3 {l<> csc_full_bc}

#define transitivel((ap==1 || am==1) && (cp==1 || cm==1) && (cpam==4 || cpbm==4))
#define transitive2(bp==1 || bm==1) && (cp==1 || cm==1) && (cpam==4 || cpbm==4))
ltl pd {I<>transitivel}

ltl p5 {I<>transitive2}

/SN IUUY A2 dauil 3 NsrruRRARITY
proctype P3 (byte k){
atomic{
if
= k==1-> cmap=2;,cmbp=10;bpcp=0;cpam=0;cpbm=0;amcm=0;,bmcm=0;apcp=0;ap=0,am=0;bp=0;om=0;cp=0,c=0;
= k==2 -> cmbp=2,crmap=10;bpcp=0;cpam=0;cpbm=0;amcm=0;,omcm=0;apcp=0;ap=0,am=0;bp=0;om=0;cp=0;,c=0;
fi
/sFElnsIaU A2 @fl 4 natmuslassadisesdnuuaunsuitunsw/
do
::atomic{ inp(cmbp,cm);printf("printf(cm=9%d)",cm) -> outp 1(bpcp)}
::atomic{ inp(bpcp,bp);printf("printflop=%4d)",bp) -> outp2(cpam,cpbm)}
::atomic{ inp(apcp,ap);printf("printflap=%d)",ap) -> outp2(cpam,cpbm)}
::atomic{ inp(cpam,cp);printf("printflcp=%d)",cp) -> outpl(amcm)}
::atomic{ inp(cpbm,cp);printf("printf(cp=%d)",cp) -> outpl(bmcm)}
::atomic{ inp(@amem,am);printf("printflam=%d)",am) -> outp2(cmap,cmbp)}
::atomic{ inp(bmem,bm);printf("printf(lbm=9%d)",bm) -> outp2(cmap,cmbp)}
::atomic{ inp(cmap,cm);printf("printflcm=%d)",cm) -> outpl(apcp)}
od}
/WAL A2 dafl 5 n1snstiuadfunITuYeInIRTRERUY/
init{run P3(1); run P3(2);}

JUT 4-33 MITITalnsaiuy A2 uagnssnelandadurainaaudfnmsmvunaniusiady el

Y 9
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4.4.2 MsMudaUANENURANNUARANY

TumsmuseuauauticiuUasndetuaziuuudaessialnauaiuuy Al ua
pssnganduduresnuantinuvasadsimuseuluiedesieatiu duedesdioaty
MUABUNUAARANATIN Uandd1 Insdiifoulvanuuasnsieliifuate Feannsaazulénn
Fnuuaunsuituniwlifinaaudininulasndie mmaaqﬂsﬂgumaumimuaaﬂéfé’aﬁ

1) TasialnsiuaIwuy Al kagassnenandaduraiguantiniuasasdy Tulnue
“Edit/View”

2) W@anluun “Verification”

3) don “use claim” uwéldlonssngnandaduresnuantiauUasnsi

4) nady “run”

5) gualugasden 1wy “error” asuiliinaandinulasnde uid1 “No errors”

ayunilnaaudinnudasnde

¥ c-clement_promelal.pml

| Edit/View  Simulate / Replay | Verification  Swarm Run

Safety Storage Mode Search Mode

& exhaustive & depth-first search

[~ + minimized automata (slow) ¥ + partial arder reduction

™ + collapse compression ™ + bounded context switching
€ hash-compact " bitstate/supertrace with bound: |0

Never Claims I~ + iterative search for short trail Trapping
Options

£ non-progress cycles " do not use @ never claim or ltl property € breadth-first search
£ acceptance cycles & useclaim [ + partial order reduction

I enforce weak faimess constraint claim name (opt): [pL F report unreachable code

byte bpcp, cpam, cpbm, amcm, bmem, cmap, cmbp, apcp;

memory used for DF
128.827 total actual memory usage

1

2

3 #define inp1(x1,t1) (x1=0) -= x1 =x1-1; t1 =t1+1

4 #define inp2(x1,x2 t1,12) (x120 && x2=0) -= x1 = x1-1; x2 = x2-1;

t E

1=t1+1;12 = 1241
5 #define outp1(x1) x1 = x1+1
6 #define outp2(x1,x2) x1 = x1+1; x2 = x2+1 _ .
7 #define safe ((bpcp <= 1) && (cpam <= 1) &6 (cpbm <= 1) 8% (| | |EASEUS
amcm <= 1) && (bmem <= 1) && (cmap <= 1) && (cmbp <= 1) && (apcp n
<=1
8 Itp1 {[]safe }
] #define live ((11>0) && (1220) && (13=0) && (14>0) && (15>0) &&
(t6=0) && (t7>0) && (t8>0))
10 It p2 [ <= live }
1 #define persist ((((cmap == 1) || (cmbp == 1)) -= ((cpam == 0)
&& (cpbm == 0))) && (((cpam == 1} || (cpbm == 1)) -= ((cmap == 0) && (

= 1 e,

rmhn =

psed time 0 seconds
5 found — did you verify all claims?

JUT 4-34 namsmuasuauandinNuUaenisvesiiegs@niuaunsudtunsv

Weoniuaausieinsadiiealu laldnssnsiianduduvasnuauiiniudasniy
“p1” aglona “No erors” fegufl 4-3¢  Fsasuladndmegagnuuaunsuddunsiniuagn

muasulauaudinuUasndi
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4.4.3 n1mugauAuantanNlanug

Tumsmuaeuauantiaulafiuaiuaziuvusaessialnsuauuu Al uas
pysnghandaduresnuantilaiiuanmuseuluaiosdeatiu duedssfloatiumuasuny
anuiianatn uanain dnsdiideulvlaiiualiiduate Fsamsoaguliindnuuaunsuddu
nsmllaifigauaniRlaviua aunsagutununismuaeuldsal

1) sausialnsiuaiiuy Al wazassneanduduvesquantilaiualuluug
“Edit/View”

2) W@anluun “Verification”

3) don “use claim” uéldlonssngnandaduresnuantilaiiua

4) nady “run”

ayUindigauaudilaiiue

&) c-clement_promelal.pml

| B e

Edit/View  Simulate / Replay | Verification  Swarm Run

Safety

& exhaustive

 safety

W'+ invalid endstates (deadlock) ™ + minimized automata (slow)
W' + assertion violations ™ + collapse compression
™ + xfxs assertions

Liveness Never Claims

¢ hash-compact (" bitstate/supertrace

& depth-first search
[¥ + partial order reducticn
™ + bounded context switching
with bound: |0

I + iterative search for short trail

€ non-progress cycles
& acceptance cycles & yse claim

I enforce weak fairness constraint claim name (opt): |p2

&& (cpbm == UJ)) && (({cpam == 1) [[ (cpBm ~= 1)) > ((cmap ~~ U) && -

cmbp == 0)))
1 It p3 { [] persist }

init {
cmap=1;cmbp=1;
d

=atomic{ inp1(cmbp,t1) -> outpl (bpep))

—atomic{ inp2(bpcp,apcp,t2 t3) -= outp2(cpam,cpbm)}
“atomic{ inp1(cpam,t4) - outp1(amcm)}

—atomic{ inp1(cpbm t5) -= outp1(bmecm)}

—atomic{ inp2(amcm,bmcm,t6.t7) -= outp2(cmap.cmb _

“atomic{ inp1(cmap,18) -> outp1(apcp)}

' do not use a never claim or i property

" breadth-first search
¥ + partial order reduction
F report unreachable code

pan.out

X memory used fo
128.730 total actual memory usac

unreached in init
c-element_promela1.pmi:24
(1 of 5)

state 42, "-end-"

15, state 6, "-end-"

pan: elapsed time 0 seconds
No errors found - did you verify all claims?

JUN 4-35 wamsmuaeunuandilaiivavesiiege@nuuaunsuddunsu

Wemugaumeinsesloalu lngldnssnenandaduvasnuaudalaiiua “p2” 2
o “No errors” giagu# 4-35  Feasuladndrege@nuuaunsudunsvimhumivasud

AaudRlaiiua
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4.4.4 msmuaauqmauﬁamﬂwumu

Tumsmuaeuauantiaunuuiusinuusaosvalnauaiuuy Al uas
sTnzandaduresnuantiaununiunimiuasuluaissilealu duatesiloatu
yugounuALAanan uanain fnsdifidoulvanaumunnliiduate Fsanmsoaguléan
Fnuuaunsuitunswlidiaaaudinnuuniy mm3aqﬂ%’jumauﬂﬁmuaaulﬁﬁaﬁj

1) IUTAANTUAMUY Al wazassneandaduvesnuantinumumululyueg
“Edit/View”

2) W@anluun “Verification”

3) don “use claim” uwéldlonssngnandaduresnuantianumuniu

4) nady “run”

5) auatuyesdn a1y “error” aguinlidinaaudinnuvuniuusiin “No errors”

asuiniinaaudRnuun
) celement_promelal.pml i

SNV Simulate / Replay | Verification  Swarm Run

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

¥ + invalid endstates (deadlock) I~ + minimized automata (slow) ¥ + partial order reduction
¥ + assertion violations I~ + collapse compression I~ + bounded context switching
I+ xr/xs assertions " hash-compact (" bitstate/supertrace with bound: |0

Liveness Mever Claims [™ + iterative search for short trail

€ non-progress cycles " do not use a never claim or ltl property € breadth-first search

cceptance cycles & use claim

I enfarce wed K fairmess cons traint claim name (opt): 3

repo e
&& (cpbm == U))] && ({(cpam == 1) [ (cpbm == 1)) -= ((cmap == U) && ( = N S T
E Yy usag s

cmbp == 0))
1 Itl p3 { [] persist }
0. memory used fo
init { 128.827 total actual memory usage
cmap=1,cmbp=1;
do
atomic{ inp1(cmbp,t1) -> outp1(bpcp))
—-atomic{ inp2(bpcp,apcp,t2,t3) -= outp2(cpam,cpbm)}
—atomic{ inp1(cpam,t4) -> outp1(amcm)}
—-atomic{ inp1(cpbm t5) -= outp1(bmcm)}
—atomic{ inp2(amcm bmecm 16.t7) -> outp2(cmap,cmb _
(

—atomic{ inp1(cmap,t8) -> outp1(apcp)}
pan: elapsed time 0 seconds
No errors found - did you verify all claims?

JUN 4-36 nan1sMuaBUAMALTRANUNUNUYIDIAIRE T NRLAWNTUTTUN S

WemuasumeinIesileatu lagldnssnsnanduduvesnuautfininununiuy “p3”
zlawa “No errors” fegui 4-36 sasulaindmegs@nuuaunsuddunsmidunmuasull

AMANURAIUNUNIY



75

4.4.5 NM1IUFaUANENTARINADINY

lunismuaeuauautinufesiuiuIzdIuuTIaessialnsialiuy A2 uag

AIINEIANTRAUYIRMaNTRAAIuAesiuNInIuaeuluAIoslioatu daseslaalu

S =)

MugeuNuAURANaIn wanedn dnsdindouluanudesiuduads Faaruisaagulei

[

FnuuaknsudTunsiaudsenuludyuinivasy AnaulRrNApInuiUsENaune

AR} q

Y

AIINEnANTRduaeYakardonIuaauliAsUNNYAL e BUE UMDY IUNUAIATS 1
waz 0 Tudninsniigreenligiiu Msasunaln@nuuaunsudtunsmiauautinudeaiy
szaguldnralonudeunssnznandudunsunnyaudny “error”  lunnga udimudn

Y

MITNELIANTNAUUIYA “No  errors” axnsaasulaviuiin@nuuawnsuddunsivlad
AnauiReufosiu annsaguiuneumsyuaeulised

1) IUTAAINTUAMUY A2 WazATInealdnduvesnuautinuaesiululuueg
“Edit/View”

2) anluun “Verification”

3) don “use claim” uwildlonsanznandaduvesnmuaiiaudeaniy

4) nady “run”

5 gualuyesdmidiny “No errors” asUinldinuaudiniudesiu 61 “error”

MUADUYANTINELA TR UTRIRMaNTAM LRI uYAanly nstlasunNYALaIaTUNAINT

AENURANADINY

lun1smuaeuauautianudesiu lnglduuudaednsiuailugun 432 duag
Wud1 Tdeyayrou 3 Fyeyad A a, b war ¢ waslinssnelisaivesnuantinudesiu 3 4a
2 = v o 1% A o % o &
Ao pd, p5 uag p6 Fwevimamugeulviasunnyn wazilieihumuaeulslinansil
Weniuasuaiuasesiiealu lagldnsinsnanduduvesnuaudinnudeiuves

oy a “pd” nundya a NiAAIa 1 waz 0 ganuluigansisianvenlddiiu

AU 4-37 Famugeudyaudaly

T o
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€ c-element promela2.pml = | B |

lovernber 2014

Verification  Swarm Run

Safety Storage Mode Scarch Mode

" safety ¥ exhaustive & depth-first search
W+ invalid endstates (deadlock) ™ + minimized automata (slow) F# + partial order reduction
W' + assertion violations [” + collapse compression [ + bounded context switching
I + xtfxs assertions £ hash-compact € bitstate/supertrace with bound: 0 i’r““““:
Liveness Mever Claims ™ + iterative search for short trail Trapping
Options

€ non-progress cycles " do not use a never claim or Itl property € breacth-first search
% acceptance cycles @ use claim ¥ + partial order reduction
I enforce weak faimess constraint claim name (opt): |p4 [ report unreachable code

pan.out

byte bpcp, cpam, cpbm, amem, bmem, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

#define inp(x,y) if :(x==1) -> x=10;y++; =(x==2) > x++;y++; fi

#define outp1(x1) i 1=10) -= x1++; se > break; fi

#define outp2(x1,x2) if ;2 (x1 1= 10) -= x1++; =2 (k2 1= 10) -> x2+
;- else -= break; fi

#define consist1 (ap==1 && am==1 && (cmap==4 || cmbp==4))

#define consist2 (bp==1 && bm==1 && (cmap==4 || cmby

#define consist3 (cp>=1 && cm>=1 && (cmap==4 || cmbp==4))

Itl p4{!=>>consist1}

Itl p5{l=>consist2}

It p6{l<>consist3}

tre n ored+matched)
18 atomi
E hash confli (resolved)

Stats on memory usage (in Megabytes):
0.0 y usage fol tes (stored*(State-vector + overhead))
usage for states
sed for hash table (.
d for DFS
memory

CEE R

#define csc_full_ab (ap==1 && am==1 && bp==1 && bm==1 &
(cmap==4 || cmbp==4))

Ithet {I<= csc_full_ab}

sdefine cse fill_ac (an==1 && am==1 & rn==1 &R rm==18 ~

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

JUT 4-37 NANISVIUABUAIINABINUYBIN Y I a

Wenuasusiasesiinaly lasldnssnsnandsduvesnuaudininudediuves

Ly

oy b “p5” wudndysad b IEAAAY 1 waz 0 ganuluigdnsiiyeeenlidiiu

795U 4-38 FemudsudIudnbl

QU >

@ c-element_promels2.pml 2| ]

mber 2014
Verification Swarm Run

Safety Storage Mode Search Mode

O cafety @ exhaustive @ depth-first search
W+ invalid endstates (deadlock) I™ + minimized automata (slow) ' + partial order reduction
[ + assertion viclations I™ + collapse compression I™ + bounded contest switching

™+ w/xs assertions " hash-compact (" bitstate/supertrace with bound: 0 E

Liveness Never Claims I~ + iterative search for short trail Trappin:
Optio

" non-progress cycles " do not use a never claim or Itl property " breadth-first search
@ acceptance cycles @ use claim W'+ partial order reduction
I~ enforce weak faimess constraint claim name (opt): |p5 ¥ report unreachable code
Result in: pan.out

byte bpcp, cpam, cpbm, amcm, bmem, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

#define inp(x,y) if Z(x==1) -> x=10y++; Z(x==2) = x++y++, fi

#define outp1(x1) if = (x1 1= 10) == x1++; = else -> break; fi

#define outp2(x1,x2) if - (x1 1= 10) > x1++; = (x2 1= 10) -> x2+
;- else -> break; fi

#define consist! (ap>=1 && am>1 && (cmap==4 || cmbp==4))

#define consist2 (bp>=1 && bm=>=1 && (cmap || cmbp:

#define consist3 (cp>=1 && cm=>=1 && (cmap==4 || cmbp==4))

It p4{!<>consist1}

Itl ph{l<>consist2}

Itl p6i{l<>consist3}

ate-vector + overhead))

#define csc_full_ab (ap==1 && am==1 && bp==1 && bm==1 &
(cmap==4 || cmbp==4))

ftlc1 {I=<= csc_full_ab}

#define rac fill ar (an==1 R& am==1 RR rn==1 RR rm==1 & =~

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

JUT 4-38 Han1smuasuANReaiuYesdyyal b

Wenuaausiuasosiinaly lasldnssnenanduduvasnuantfiniudeiuves

oyl ¢ “p6” wundaa ¢ ANAAITa 1 waz 0 gnnuluinansiiiyeeenlidiiuy

9

'
U 1

= = A = Y Y = v a
E‘U‘Vl 4-39 GYNW‘U’Jquﬂqif\]ﬂmqua@UW?‘Uﬁ@UﬂiUVﬁm QJ}EUW']ﬂJLLa’J‘DQaEU‘l@?WW’J@EﬂQ‘ﬁﬂLLua

e

WsUETUNTIMANINADULlAENURANARINY



# c-element_promelaZ.pml

Edit/View  Simulate / Replay

Safety

Verification

Swarm Run

Storage Mode

e

|| B S

Search Mode

 safety
' + invalid endstates (deadlock)
¥ + assertion violations
7 + wrfus assertions

Liveness

& exhaustive
I + minimized automata (slow)
I~ + collapse compression
€ hash-compact € bitstate/supertrace

Never Claims

& depth-first search
F + partial order reduction
I™ + bounded context switching
with beund: 0

™ + iterative search for short trail

€ non-progress cycles
& acceptance cycles

I™ enforce weak faimness constraint

£ do not use a never claim or It property
& use claim

claim name (opt}: [p6

£ breadth-first search
F + partial order reduction

[ report unreachable code

pan.out

byte bpcp, cpam, cpbm, amem, bmem, cmap, cmbp, apcp;

byte ap, am, bp, bm, cp, cm;

#define inp(x,y) if Z(x==1) == x=10y++, “(x==2) -= x++y++ fi
#define outp1(x1) if =2 (x1 1= 10) -= x1++; =: else -> break; fi 7
#define outp2(x1 x2) if - (x1 1= 10) > x1++; } (x2 1= 10) -> x2+
-= break; fi

#define consist! (ap==1 && am==1 && (cmap==4 || cmbp==4))
#define consist2 (bp>=1 && bm>=1 && (cmap==4 || cmbp==4))
#define consist3 (cp==1 && em>=1 && (cmap==4 || cmbp==4))
Itl p4{l<>consist1}

1
2
3
4
5
+
6
7
8
9

u
Itl p&{l<>consist2} otal actual memory usage

It pfi{l=>consist3}

#define csc_full_ab (ap==1 && am==1 && bp==1 && bm==1 &
(cmap==4 || cmbp==4))

lthet {!=> csc_full_ab}

#refine rar full ar (an==1 RR am==1 8RR rn==1 RR rm==18 ~

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

U7 4-39 NANITYIUADUANADINUTDIA QIR C

Y

4.4.6 MsnudauANaNTANIIMIUARA U ANyl

(%
o o

lunisniugeuauaudinisivueanusNauysaltuaviuuIaesialngua
WUU A2 Uagassneliandaduvesnuautinisivunanue Nauysalumivaeulueiodle
atu lnglutupeuil 1 muasunssnznanduduludiuyaion duasesdioalunuaeuny

a ! = Ao < < a ¥ o o [J Y o
ANURANATR Lanedn dnsdinceuluyadeaiduass iiin1sdiaesmsvihauuwdidnanis
° < d A 4do v v ) -
Traedlunsraasuiadenlunsesieninuw langsesnuasulvasuynyn uazlutunoudn 2
A vy < Y = o < 1% a v | ax &
dielanayadeauddnihmayadealuasianssngianduduludiuunsudiiden nmuasu
nssnzatludiuunsudiivden Tiinnisdiassnisinuudiinanisiiasddiasiaaey
aa @ a4 A Ao a4 A v ] wa ° - ¢

wnsugfindenlunsoenimun wisslloaglvinalmmuanaudinismrunaniugnauysal
< Y vo &
wsalil aunsagudunaunismugeulansil

1) SUSTEINSIAIUUU A2 waeasInEnanduduvesnuaudRnsivusgniue
auysallulvun “Edit/View”

2) wanluun “Verification”

3) 1den “use claim” uddldtenssnenanduduludiugadon

4) nady “run”

5) guatugasdandinu “No errors” linmiuaeunssneanduduvesnadenyndnll

o1 “error” Tasnlvum “Simulation” wakaen “Guided with trail” wane “Run” 1U1Wa
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msdraesiilalunsisaeuluaiasdefiimun udmiuaeuguaudfadenyndnluniuasuli

q

ATUYNTYA

1o I

6) w3nsdenimuiaglinaindyyugladuiadon Iasnssneiandaduves
ad & Y o < IS a
unsugindenudiuniuaeuluaIaloaty

7) muaeulusosllealuiiazyalaglvun “Verification”

8) iion “use claim” wiildvonssnsnanduduludiuunsudiivien

9) nady “run”

10) aualugasdadimu “No errors” Tivnuaeunssngandauduvesunsudiinieon
gadall 61 “error” Tiidenlnua “Simulation” wadiden “Guided with trail” wdane
“Run” Wnanisdnaessiilalunsivgeulunsesdienimun da3esliouaninaimmunnauds
nsimMuean ueiauysadliaunIsvinnu witwansmadnlinulimuasuraaudhunsud
S Y N a v i > - 4 A Ao i
nderyadall lunsalimugsuasunnyauaslainy “error” viainIesiloNimuIuaniuad

Linulviasuidnuuaunsuidunsmldfiguaudfnisivunaausnauysel

lunsmuaeurnaudRnuandinsimuaaausiauysal tnglduuudaadnsiua

=3 =

lugui 4-33 fduaznunn dgdygriadentl 3 ¢ Ao ddygin a, b AdaI a, c uae

U T o

eD_

[
[

dyaau b, ¢ Weoihuwiuasvazlanansil
= 1 a A a v a v | I3 5
dlemuasumensesiieatu tngldnssnsiaidaduludiuladonddyan a, b

“c1” wu31 “No errors” fiegufl 4-60 Fwauaeudayqadnly uanainadygia a, b Tl

Wadendsiunasiu Samudeunsinsnanduduyadaly

) c-clement_promela2.pml || B
ove

Edit/View  Simulate / Replay | Verification  Swarm Run

Safety
© safety & exhaustive & depth-first search

W+ invalid endstates (deadlock) [~ + minimized automata (slow) W+ partial order reduction

¥+ assertion violations I~ + collapse compression I~ + bounded context switching

- 0 w
I~ + xrfs assertions € hash-compact € bitstate/supertrace with bound: [0 Advan
Liveness Never Claims ™ + iterative search for short trail g Param
S

" non-progress cycles o not use a never claim or tl property " breadth-first search

cceptance cycles

#define csc_full_ab (ap==1 && am==1 && bp==1 && bm==1 &
& (cmap==4 || cmbp==4))

Ithet {I== csc_full_ab}

#define csc_full_ac (ap==1 && am==1 && cp==1 && cm==1 &

(cmap==4 || cmbp==4)] |

It c2 {1=> csc_full_ac}

#define csc_full_bc (bp==1 && bm==1 && cp==1 && cm==1 &
& (cmap==4 || cmbp==4))

Ithe3 {l<=> csc_full_bc}

proctype P3 (byte k){
atomic{

‘f.. —— o . - .. . pan: elapsed time 0 seconds
- k==1-> cmap=2;,cmbp=10;bpcp=0;cpam=0;cpbm=0;amcm No errors found — did you verify all claims?

JUT 4-40 NANIIVIUABUATINELIANTNEU c1
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A7}

dlemuaeuieiasesiealu Tngldnssnznanduduludiuyadonsdyain a, c
“c2” WU “error”  AI3UN 4-41 FeimsTiaesmsviausaiinalunsiaaeusnasly
wsesdlofiiamn wuinadyana a, c iuyladeadeiuuaziu JmudeunssnglIaduduyn

dald

|6 c-element_promelazpm [E=RE=l >

Simulate y o warm Run

Mode | A Full Channel Output Filtering (reg. exps.) Background command exccuted:
€ Random, with seed: 123 @ blocks new messages  process ids: spin -p -5 -r -X -v -n123 -1 -g -k c-element_promela2.pml.trail -u10000 c-

. . element_promela2 pml
" Interactive (for resolution of all nondeterminism) " loses new messages queue ids: =

& Guided, with trail: [c-element_promelaZ.pi browse | [~ MSC+stmnt
var names:
initial steps skipped: o MSC max text width 20

maximum number of steps: 10000 MSC update delay [25 ackedbaniable:

¥ Track Data Values (this can be slow) track scaling: Save in: msc.ps

byte bpcp, cpam, cpbm, amcm, bmem, cmap, cmbp, apcp;

byte ap, am, bp N

#define inp(x,y)

#define outp1(x1) if - ( o

#define outp2(x1,x2) if - (x1 1= 10) -= x1+ X2 1= 10) - x2++; = else -> break; fi
#define consist! (ap>=1 && am>=1 && (cmap I cmbp——4))

#define consist2 (bp>=1 && bm>=1 && (cmap || cmbp: )

#define consist3 (cp==1 && cm==1 && (cmap==4 || cmbp==4))

Itl p4{|<>cnns|5t1}

pmc 1 (P3:1) c-element_promela2 pml:32 (state 127) [cmap = (cmap+1)]
nvr.tmp:39 (state 1) [i ap==1)&&(am

ssertion vmlated

) c-element_promela2.pm
) c-element_promela2.pm

JUN 4-41 HANTNIUABUATINZLIANTUA 2

dlemugeumeiasesiiealu Tngldnssnsiiandaduludiuadongdynian b, c
“c3” Wy “error”  e3UR 4-42 FwimsInaesnsinukainalunsisaeusnasily

Y
< A Ao 1 Y [ [ = o [
LATDNUBDVINRIUN ‘W‘U'J']@ﬁ UsUTed b, c Lﬂuﬂaaaﬂmﬂuuazﬂu

o

| c-element_promelazpmi [E=RE=EC">)

Edit/View | Simulate Y Verification ~ Swarm Run

Mode | A Full Channel Output Filtering (req. exps) Background command executed:
£ Random, with seed: 13 & blocks new messages  process ids: Spin -p -s -1 -X v -n123 -l -g -k c-element_promela2.pmi.trail -u10000 c-
5 ielement_promela2 pml

€ Interactive (for resolution of all nondeterminism) € loses new messages  queye ids:

& Guided, with trail: [c-element_promela2,pi browse | [~ MSC+stmnt Rewind
varnames:

initial steps skipped: 0 MSC max text width [20

tracked variable:
maximurn number of steps: 10000 MSC update delay |25 S e R

¥ Track Data Values (this can be slow) track scaling: Save in: msc.ps
byte bpcp, cpam, cpbm, amcm, bmem, cmap, cmbp, apcp;
byte ap, am, bp, bl p, cm;
#define inp(x,y) if - )= x=10y++, D(x==2) = x++y++ fi
#define outp1(x1) if = (x1 1= 10) > x1++; - else -> break; fi

#define outp2(x1,x2) if = (x1 1= 10) >x1++. o(x21= 10) -=X2++; o else -> break; fi
#define consist1 (ap==1 && am>=1 && (cmap==4 || cmbp——4 )

#define consist2 (bp==1 && bm==1 && (cmap: llc )

#define consist3 (cp==1 && cm>=1 && (cmap==4 || cmbp——4))

il p4{|<>cnn5|5t1}

1) c-element_promela2.pm (state 147) [cmbp = (cmbp+1)]

in_nvr.tmp:48 (state 1) [{

c-element_promela2 pm
c-element_prom

JUT 4-42 NaNIIMIUABUATINZANTUAY 3
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ULLaENU %ﬂNaﬂWﬁmiﬁﬂﬁ@UY‘\!aa@ﬂLLﬁﬂﬂ 'LlLﬂﬁ@ﬂll@@\‘lE‘U‘Vl 4-43
Promela1 | Promela2
Promela2 I
1 k==2 -> cmbp=2;cmap=10;bpcp=0;cpam=0;cpbm=0; amcm=0; bmcm=0 , Lex T _TUrI_OCy o
o
d: #define conszistl (ap>=l && am>=1 && |(
iiatomic{ inp(cmbp,cm);princf("printf (cm=id)",cm) -> ou #define consist2 (bp>=l && bm>=1 && |
::tatomic{ inp(bpcp,bp);printf ("printf (bp=%d)",bp) -> ou #define consist3 (cp>=1 && cm>=1 && |
::atomic{ inp(apcp,ap);printf("printf(ap=3d)",ap) -> ou 1tl pdil<>eonsistl)
::atomic{ inp(cpam,cp):printf("printf (cp=id)",cp) -> oy 1cl pS{!<>consist2} E
::atomic{ inp(cpbm,cp);printf("princf (cp=%d)}",cp) -> ou ——— |1tl p&{!<>consist3}
::iatomic{ inp(amcm,am);printf("print(am=%d)",am) -> ou GenPromela2
:ratomic{ inp(bmcm,bm) ;printf("printf (bm=%d)",bm) -> ou k™
:iatomic{ inp(cmap,cm):printf ("printf (cm=:d)",cm) -> ou 2 EoTmEy 4 ji e
od E csc Ful-ock Result

GenlTL
init{ a,b ' falae

run P3(1); a,c : true

zun P3(2):

b,c : true

] . e
Simulation text for Fuldodk Simulation Text from CSC

24: proc 1 (P3:1) c-elem . Transitive LTL
MSC: ~C line 39

25: proc - (c2:l) _spin_

spin: _spin nvr.tmp:39, Error
spin: text of failed assertic
#processes: 3

25: prac 2 (P3:1) c-elen
25: proc 1 tP:-i:J-.J c-elen —_—
25: proc 0 (:init::1) c-
25: proc - (c2:1) _spin_

3 processes created
Exit-5tatus 0

m

sU# 4-43 Nﬁﬂ’ﬁﬁ]iﬁ]ﬁ]ﬁ@UV\Jﬁﬁ@ﬂ

U

o

dlevuaeuyadeansunnadyginuds Javudeumeiniesieatu lnsldnssny

DandudursunIudfinden “pd” wudr “errors” fgUN 4-44 Fin1sdnaeenisvinau

wantHalunsraeudnasslueTaalia NWauA

— — e ||

) celement, _promelaZpm

Spin Version 6.4.5 -- 1 Janu; 4 nber 2014
Edit/View | Simulate /Replay  Verification  Swarm Run
| A Full Channel Output Filtering (reg. exps.) ReR Background command executed:

€ Random, with seed: 1B & blocks new messages  process ids: spin -p - £ -X-v -n123 | -g -k c-element_promela2 pml trail -u10000 c-
element_promela2 pml

" Interactive (for resolution of all nondeterminism) " loses new messages queueids:

& Guided, with trail: |c-element_promela2.pi browse | I~ MSC+stmnt
var names:

initial steps skipped: o MSC max text width 20

maximum number of steps: 10000 MSC update delay [25

¥ Track Data Values (this can be slow) track scaling: Save in: msc.ps

tracked variable:

te2{l<=csc_fulaey 44
#define csc_full_bc (bp==1 && bm==1 && cp==1 && cm==1 && (cmap==4 || cmbp==4))

Itl c3 {1<> csc_full_bc}

#define transitive1((ap==1 || am==1) && (cp==1 | cm==1) && (cmap==4 || cmbp==4))

#define transitive2((bp==1 || bm==1) && (cp==1 | cm==1) && (cmap==4 || cmbp==4))

Itl p4 {! <>transitive 1
It p5 {! <>transitive!

) c-element_pror
element_pror

JUN 4-44 manImuaeunIInellaien pd
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Promelal | Promela2

Promela2 LTL
i: k==2 -> cmbp=2;cmap—10;bpcp=0; cpam=0; cpbm=0; amcm=0; bmcm=0 _ Lo puTs ST T =
fi
do #define csc_full ab (ap==1 && am==1 &
inp (cmbp, cm) ;printf ("princt (em=%d) ", cm) —» ou 1lcl el {!<» csc_full ab}
inp (bpep, bp) ;printe ("printf (bp=3d)",bp) -> ou #define csc_full_ac (ap==1 && am==1 & |
inp (apep, ap) ;printf ("princt (ap=%d)",ap) —» ou 1tl o2 {!<» csc_full acl
::atomic{ inp (cpam,cp);printf("printf(cp=%d)",cp) -> ou #define csc_full be (bp==1 && bm==1 &g

::iatomic{ inp (cpbm,cp):printf("printf (cp=%d)",cp) -> ou 1tl €3 {!<> csc_full bcl

:ratomic{ inp (amcm,am) :printf ("printf (am=%d)",am) -> ou

GenPromela2

iiatomic{ inp (bmcm, bm);printf("printf (bm=%d)",bm) -> ou
:ratomic{ inp (cmap,cm):printf("princf(cm=%d)",cm) -> ou

CDHSiStEI"ICV 4 ‘* +

od 3 @ csc FulHock Result
i3]

run P3(1); 2,c i true

run P3(2): R Check FulHock b,c : true
} -
| m | [ C5C Check
Simulation text for Ful-ock Simulation Text from CSC

Result -

14: proc 2 (P3:1) c-elenm » Transitive LTL
MSC: ~G line 48

15: proc - (c3:l) _spin_
spin: _spin_nvr.tmp:48, Error
spin: text of failed assertic
#processes: 3|

15: proc 2 (B3:1) c-elen

15: proc 1 (BP3:1) c-elen Result

15: proc 0 (:init::1) c-

15: proc - (c3:1) _spin_ This 5TG has C3C property.
3 processes created
Exit-Status 0 |=
4 m L

JUT 4-45 wan1snsavaeuunsudiindenluiniedeniimmnyy
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TuunTauafIv819N1SNIUADUIIATDAUINTAYAIDYIIINATOANITVINUA 6 99T
Usgnaume1saseaunsiya (full) 29aseaunsinsueawuy (trimos-send) 34350843158LUBS

AU (ebergen) 29959@N1TBUNA (iNput) MITBANININAABY 1 WAL HATOAUIITNAADY 2

5.1 A1INIUEDUNTIANIG

5.1.1 nIAIANYIN 1 NINIUABUAIDEN192995081159a

1995aUNTYalBnIuaLnsUITUNIAgU 5-1

~ Ri+ Ro+ -

—_

JUT 5-1 Bnuuaunsudtunilvensaseaunsya

1) MsmudeuAaENTRANUUaenY
nsnugeuauantRnulasadeldsialnswaiwuy Al Wunuudiaeddunis

NIUAU I@Sﬁﬁﬂiaﬁu"]’ﬁ‘lﬁ\!aﬁﬂm’ﬁﬂLLﬁﬂQLﬁﬁaﬂGﬂ,éjﬁﬂgﬂﬁ 5-2

.model full Ao- Ri+ Ro-

anput Ri Al Ro+ Ai+ Ao-

.output Ro Ao Ai+ Ro-

.graph Ro- Ai- Ao+

Ri+ Ao+ Ai- Ro+

Ao+ Ro+ Ri- .marking {<Ao-,Ri+>,<Ro-,Ao+>,<Ai-,Ro+>}
Ri- Ao- .end

JUT 5-2 1lpdaduesieasedunnsya
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sialnsiwaiuuy Al vensaseannsia uanslunanuin n.11  ileleisia
Insianuy Al uddnhsfaildinadenssnsnadadudmiummuseuanauifany
Uaondenuinde 4.4.2 Iénssngnaidaduresnuantinuvasnsedeuanddunianuan
n.1.2 Mntulsthsiarsaesduilinmuaeuluadosdioatiulduadegud 5-3 ealulainy

ANURANAIALAAIINNTEENITIA dauaudinuUasnsie

i promelatpmi | [ |

Edit/View  Simulate / Replay | Verification  Swarm Run

Safety Storage Mode Scarch Mode
€ safety & ehaustive @ depth-first search

¥ + invalid endstates (deadlock) I~ + minimized autemata (slow) I + partial order reduction
[¥ + assertion vilations I™ + collapse compression I™ + bounded context switching

I™ + xr/xs assertions " hash-compact " bitstate/supertrace with bound: [0

Liveness Never Claims ™ + iterative search for short trail

" non-progress cycles " do not use a never claim or It| property " breadth-first search
@ acceptance cycles & use claim ¥ + partial order reduction

I enforce weak faimess constraint claim name (opt): [pL ¥ report unreachable code

#define outp2(x1 x2) x1 = x1+1; x2 = x2+1

6
7
8

#define persist (({((AomRip == 1) || (AomRom == 1)) -> ((AopRo

p == 0) && (AopRim == 0))) && (((AopRop == 1) || (AopRim == 1)) -= ((Ao

mRip == 0) && (AomRom == 0})) && (((RomAm == 1) || (RomAop == 1))

-> ((RopAip == 0) && (RopAom == 0))) && (((RopAip == 1) || (RopAom ==

1)) == ((RomAim == 0) && (RomAop == 0)))) E
It p3 { ] persist } ~ N .o iw

10 #define safe ((RipAop <= 1) && (AopRop <= 1) && (AcpRim <= ful el pml27, state 59, "end-

1) && (RimAom <= 1) && (AomRip <= 1) && (AomRom == 1) && (RopAip tates)

<= 1) && (RopAom == 1) && (AipRom <= 1) && (RomAim == 1) && (Ro

mAop <= 1) && (AimRop <=1} )

1 Ithpt{[] safe }

12 #define live ((11>0) && (2220) && (1320) && (14=0) &8 (1520) &&

pan: elapsed time 0 seconds
E)D) &&\E\IE?E}MSS?D) &3 (19-0) &4 (110-0) && (1110) && (112-0)) No errors found — did you verify all claims?
14

JUN 5-3 nansmiudeuRaNURnuUaeniEaIN9TeaNsIA

2) mMsniuaeunantalaiiua

nsmuasuauantlaiudldsialnswaiiuu A1 Wuwuudaeslunismiuaey
Tnosvialnsauy Al ves2saseannsyfa uandlunanuon n.1.1 Weldswalnsmaiuuy
Al udadahswaildnainssnsnandadudmiunsmuasuauautiladiuanuiide
4.4.3 azldmssnsnandauduvosnnantilaiivadauanddunianuon n.12 ntuiaisa
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[ full_promelalpml

Simulate

Safety

Spin Vei
ification  Swarm Run

Storage Mode

ovember 2014

Search Mode

" cafety
¥ + invalid endstates (deadlock)
¥ + assertion violations
™+ xrfxs assertions.

Liveness

& exhaustive
[T + minimized automata (slow)
I~ + collapse compression
€ hash-compact " bitstate/supertrace

Mever Claims

% depth-first search
¥ + partial order reduction
[ + bounded context switching
with bound: |0

™ + iterative search for short trail

€ non-progress cycles
@ acceptance cycles

I™ enforce weak faimess constraint

€ do not use a never claim or It property

& use claim

claim name (opt}: [p2

" breadth-first search
FF + partial erder reduction

. report unreachable code

=

6 #define outp2(x1,x2) x1 = x1+1; x2 = x2+1

7

8 #define persist ({((AomRip == 1) || (AomRom == 1)) - ((AopRo

==0) && (AopRim == 0))) && (((AopRop =1 (AopR\m ==1)) = ((Ao

mRip == 0) && (AomRom == 0))) && (((RomAim == 1) || (RomAcp == 1)}

-> ((RopAip == 0) && (RopAom == 0))) && (((RopAip == 1) || (RopAom ==

1)) -= ((RomAim == 0) && (RomAop == 0)))) £
It p3 { [] persist }

10 #define safe ((RipAop <= 1) && (AopRop ==[) && (AopRim ==

1) && (RimAom <= 1) && (AomRip <= 1) && (AomRom <= 1) && (RopAip

== 1) && (RopAom == 1) && (AipRom <= 1) && (RomAim == 1) && (Ro

mAop <= 1) && (AimRop <=1} )

1 Itip1 {[] safe }

12 #define live ((t1>0) && (12-0) && (13=0) && (t4-0) && (t5=0) &&

(16>0) && (170) && (18>0) && (19>0) && (t10>0) && (111=0) && (1120))
It p2 { <= live }

unreached in init
full_promelat pm\
(10f 59

4 state 6, "-end-"

pan: elapsed time 0 se
No erri und - did you verify all claims?

[ D )

Ad
Parame
Setting

‘Llﬁ 5-4 mamsmuaammammmmlawLuammﬂ%aamﬂma

3) MSMIUADUAMANUAAINUNUNIY

n1sniuasuAnantAnIunumUlYITalnsiuaiwuy Al

Wuwuuinasalunisg

mugeu lngsialnsiuaiiuy Al ¥9339a50au150a wanslunianwin n.1.1 Welaswalng

AU AL Uaddsisianlaunasnemssneadadudinsunisnivasuauantiianiig

MuMuALiate 4.4.4 azldnssnsnandeduvesnmantinununiuduanddunianuan

n.1.2 Mnuudnhvansaesdiunlaumuasuluaiesiloatulinadsguin 5-5 Featuliiny

ANUAANAIALAAIINNRTEENNTHA TRuauTRANUNUNIY

) full_promelalpml

Simulate / Replay | Verification  Swarm Run

Safety Storage Mode

rember 2014

Search Mede

& exhaustive
¥ + invalid endstates (deadlock) ™ + minimized automata (slow)
¥ + assertion violations I~ + collapse compression
I + xr/xs assertions. " hash-compact (" bitstate/supertrace

Liveness Never Claims

& depth-first search
F + partial order reduction
I~ + bounded context switching
with bound: |0

™ + iterative search for short trail

€ non-progress cycles € de not use a never claim o ltl property

@ acceptance cycles & use claim

I™ enfarce weak fairmess constraint claim name (opt): p3

6 #define outp2(x1,x2) x1 = x1+1; x2 = x2+1

7

8 #define persist ((((AomRip == 1) || (AomRom == 1)) -> {(AopRo

p == 0) && (AopRim == 0))) && (((AopRop == 1} || (AopRim == 1)) = ((Ao

mRip == 0) && (AomRom == 0))) && ({(RomAim == 1) || (RomAop == 1))

> ((RopAip == 0) && (RopAom == 0))) && (((RopAip ==|) || (RopAom ==

1)) == ((RomAim == 0) && (RomAop == 0)))) -
Itl p3 { [] persist }

10 #define safe ((RipAop <= 1) && (AopRop <= 1) && (AopRim <=

1) && (RimAom <= 1) && (AomRip <= 1) && (AomRom <= 1) && (RopAip

<= 1) && (RopAom <= 1) && (AipRom <= 1) && (RomAim <= 1) && (Ro

mAop <= 1) && (AimRop <= 1))

11 ltip1{[] safe}

12 #define live ((t1>0) && (t2-0) && (13-0) && (t4>0) && (t5-0) &&

t6>0) && (t7>0) && (18>0) && (19=0) && (t10>0) && (111=0) && (t12=0))

13 Ithp2 { <= live }

14

€ breadth-first search
' + partial order reduction
[ report unreachable code

pan.out

0
8000 memory
0 memory used for DF

unreached in init
full_promelat.pml:27, state 59, "-end-"
(10f5

unreached in claim p:
_spin_nvr tmp:8, state 10, "-end-"
(1 of 10 states)

pan: elapsed time 0 seconds

No errors found — did you verify all claims?

o | B |-

Show
Error
Trapping

Optio

JUA 5-5 HanImMuaeUANaNTRAINNUNILIINIATOANNTIA
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1 full_promelaZpml

Edit/View  Simulate / Replay | Verffication  Swarm Run

Safety Storage Mode

ember 2014

Search Mode

@ exhaustive

© safety

¥ + invalid endstates (deadlock) I™ + minimized automata (slow)
¥ + assertion violations I™ + collapse compression
I+ wrfus assertions € hash-compact © bitstate/supertrace

Liveness MNever Claims

@ depth-first search
F¥ + partial order reduction
I™ + bounded conted switching
with beund: 0

™ + iterative search for short trail

" non-progress cycles € do not use a never claim or Itl property

& acceptance cycles & use claim

I™ enforce weak faimess constraint claim name (opt): p4

6
7 #define consist! (Rip==1 && Rim==1 && (AomRip==4 || RomA

op==4 || AimRop==4))
8 #define consist2 (Aip>=1 && Aim>=1 && (AomRip==4 || RomAo =
p==4 || AimRop==4)]
9 #define consist3 (Rop>=1 && Rom>=1 && (AomRip==4 || Rom
Aop==4 || AimRop==4))
10 #define consist4 (Aop>=1 && Aom==1 && (AomRip==4 || RomA
op==4 || AimRop==4))

ltl p4{l==consist1}

ltl p5{l=>consist2}

ltl pB{l==consist3}

Itl p7{l=>consist4}

#define csc_full_RiAi (Rip==1 && Rim==1 && Aip==1 && Aim=
=1 && (AomRip==4 || RomAop==4 || AmRop==4))
17 [t o1 [l<=> csc full RiAil

" breadth-first search
¥ + partial order reduction
R report unreachable code

pan.out

equivalent merr
actual memory usa

elect "Run”

& full_promela2.pml

| Bt

Param
Settin

L= | & e

arm Run

Storage Mode

Search Mode

@ exhaustive
[ + invalid endstates (deadlock) [~ + minimized autornata (slow)
[¥ + ascertion viclations [ + collapse compression
[™ + xrfxs assertions " hash-compact ¢ hitstate/supertrace

Liveness Never Claims

@ depth-first search
[v + partial order reduction
[T + bounded context switching
with bound: |0

[ + iterative search for short trail

€ non-progress cycles " do not use a never claim or It| property

@ acceptance cycles @ use claim

I™ enforce weak faimess constraint claim name (opt): pS

6
7 #define consist! (Rip==1 && Rim==1 && (AomRip==4 || RomA
op==4 || AmRop==4})
8 #define consist2 (Aip>=1 && Aim==1 && (AomRip==4 || RomAo =
p==4 || AmRop==4))
9 #define consist3 (Rop>=1 && Rom==1 && (AomRip==4 || Rom
Aop==4 || AmRop==4))
10 #define consist4 (Aop>=1 && Aom=>=1 && (AomRip==4 || RomA
op==4 || AimRop==4)

Itl p4{l<>consist1}

Itl p5{!=>consist2}

Itl pB{l<>consist3}

It p7{!==consist4}

#define csc_full_RiAi (Rip==1 && Rim==1 && Aip==1 && Aim=
=1 && (AomRip==4 || RomAop==4 || AimRop==4))
17 It o1 [<> cac full RIAL

U

 breadth-first search
[¥ + partial arder reduction
W report unreachable code
pan.out
red+matched)

9 atomic
hash conflicts: resolved)
Stats on memory usage (in Megabyte:
0.000 equivalent memory usage for
actual memo fi

te-vector + overhead))

0.
128 000 memory
0.

conds
goto Simulate/Replay and select "Run”

pan: elapsed time
To replay the error-

5-7 NANITNIUADUIINIATOILDATUVDIFY QYD Al




3 full_promelaz.pml

Safety

Swarm Run

Storage Mode

vember 2014

Search Mode

" safety
W+ invalid endstates (deadlock)
¥ + assertion violations
™+ xrfxs assertions

Liveness

& exhaustive
[~ + minimized automata (slow)
I™ + collapse compression
€ hash-compact € bitstate/supertrace

Never Claims

& depth-first search
¥ + partial order reduction
™ + bounded context switching
with bound: 0

[ + iterative search for short trail

€ non-progress cycles
¥ acceptance cycles

I™ enforce weak fairness constraint

6

7 #define consist1 (Rip>=1 && Rim>=1 && (AomRip==4 || RomA

op==4 || AimRop==4))

#define consist2 (Aip>=1 && Aim>1 && (AomRip==4 || RomAo =

p==4| AmRop==4}))
9

#define consist3 (Rop>=1 && Rom>=1 && (AomRip==4 || Rom

[Aop==4 || AmRop==4);
10

)
#define consistd (Aop>=1 && Aom>=1 && (AomRip==4 || RomA

op==4 || AimRop==4))
Itl p4{l=>consist1}
It pa{!<=>consist2}
Itl p&{!<=>consist3}
Itl p7{!<>consist4}

#define csc_full_RIAi (Rip==1 && Rim==1 && Aip==1 && Aim=
=1 && (AomRip==4 || RomAop==4 || AimRop==4))
17 [tl c1 f1<>= cse full RiAil

" do not use a never claim or il property
& useclaim

claim name (opt): [p6

CaN
.
=b.
g
o
>
)
=)
b}
al
=
)
=
Y
o)
2
)
2
)
o)
anb.
®
Lo
D
®
)}
(@)
=
2
®
Lo
e
s
2

€ breadth-first search
¥+ partial order reduction
¥ report unreachable code
pan.out
Stra

9 atomic
hash conflicts:

Stats on memory usage (in Megabyte
0.000 equivalent memory
5 actual memory us s
00 memory used for hash table

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

1804 Ao

€ full_promela2.pml

Simulate / Replay

Safety

Verification

Swarm Run

Storage Mode

Search Mode

¥ + invalid endstates (deadlock)
I+ assertion violations
™+ xrfxs assertions

Liveness

& edhaustive
I~ + minimized autemata (slow)
I~ + collapse compression
€ hash-compact € bitstate/supertrace

Never Claims.

& depth-first search
¥ + partial order reduction
I~ + bounded context switching
with bound: [0

I™ + iterative search for short trail

€ non-progress cycles
% acceptance cycles

I™ enforce weak fairness constraint

6

7 #define consist1 (Rip>=1 && Rim>=1 && (AomRip==4 || RomA

op==4 || AmRop==4))
8

#define consist2 (Aip>=1 && Aim=>=1 && (AomRip==4 || RomAo =

==4 || AimRop==4})

#define consist3 (Rop>=1 && Rom>=1 && (AomRip==4 || Rom

9
Aop==4 || AmRop==4)}

10 #define consist4 (Aop>=1 && Aom>=1 && (AomRip==4 || RomA

op==4 || AmRop==4))
Itl p4{!<>consist1}
It p5{!<>consist2}
It p6{!<>consist3}
Itl p7{l<>consist4}

#define csc_full_RiAi (Rip==1 && Rim==1 && Aip==1 && Aim=
=1 && (AomRip==4 || RomAop==4 || AimRop==4))
17 ftl c1 f1=> csc full RiAL

" do not use a never claim or Itl property
& use claim

claim name (opt):[p7

Trapping
Options
" breadth-first search

W + partial order reduction
¥ report unreachable code

pan.out
red+matched)

esolved)

pan: elapsed time 0.016 secon
To replay the error-trail, goto Simulate/Replay and select "Run”

JUT 5-9 nan1smugeuInATesilealuvesdyan Ro
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) full_promela2.pmi

warm Run

Safety Storage Mode

| B [

mber 2014

Search Mode

& exhaustive
¥+ invalid endstates (deadlock) I™ « minimized automata (slow)
¥+ assertion violations I + collapse compression
I+ xi/xs assertions  hash-compact ¢ bitstote/supertrace

Liveness Never Claims

@ depth-first search
[V« partial order reduction
I+ bounded context switching
with bound: [0 Advan

I~ + iterative search for short trail

 non-progress cycles € do not use a never claim or It property

& acceptance cycles & use claim

I~ enforce weak faimess constraint claim name (opt): |3

o e A R
18 #define csc_full_RiRo (Rip: == T
m==1 && (AomRip==4 || RomAop:
19 tl ¢2 {1<> cse_full RiRo}
20 #define csc_full_RiAo (Rip==1 && Rim==1 && Aop==1 && Aom
==1 && (AomRip==4 || RomAop==14 || AimRop==4))
21 Itl ¢3 {1<> csc_full_RiAo} E
#define csc_full_AiRo (Aip==1 && Aim==1 && Rop==1 && Rom __
==1 && (AomRip==4 || RomAop==4 || AimRop==4))
Itl ¢4 {1<> csc_full_AiRo}
#define csc_full_AiAo (Aj =1 && Aop==1 && Aom
==1 && (AomRip==4 || RomAop: 4))
ltl ¢b {1<> csc_full_AiAc}
#define csc_full_RoAo (Rop==1 && Rom==1 && Aop==1 && A
om==1 && (AomRip==4 || RomAop==4 || AimRop==4))
27 ltl ¢& {!=> csc_full_RoAo}
28

" breadth-first search
7 + partial order reduction
¥ report unreachable code

pan.out

hash conflicts: resolved)
Stats on memory usage (in Megabyte:
0.001 equivalent memery usage for
0.245 actual memory usage for stat
128.000 memory used for hash table (-w24)
34 memory d for DFS
30 total actual memory

pan: elapsed time 0 seconds

rification Swarm Run

Safety Storage Mode

=] B .

Search Mode

& exhaustive

€ safety

7 + invalid endstates (deadlock) I + minimized automata (slow)
¥+ assertion vielations [T + collapse compression
I~ + xi/xs assertions  hash-compact € bitstate/supertrace

Liveness Never Claims

@ depth-first search
¥ + partial order reduction
I + bounded context switching
with bound: 0

I  iterative search for short trail Trapping

€ non-progress cycles € do not use a never claim or il property

@ acceptance cycles & use claim

I enforce weak faimess constraint claim name (opt):|ct

=

#define csc_full_RiRo (Rip==1 && Rim
m==1 && (AomRip: | RomAop==4 || AmRop==4))

ltl €2 {1=> ese_full_RiRao}

#define csc_full_RiAo (Rip
==1 && (AomRip==4 || RomAop==:

ltl¢3 {1<> csc_full_RiAo} L

#define csc_full_AiRo (Aip==1 && Aim==1 && Rop==1 && Rom
==1 && (AomRip==4 || RomAop==4 || AimRop==4))

ltl ¢4 {1<> csc_full_AiRo}

#define csc_full_AiAo (Aip==1 && Aim==1 && Aop==1 && Aom
==1 && (AomRip==4 || RomAop== 4))

Itl cb {'<> csc_full_AiAo}

#define csc_full_RoAo (Roj && Rol
om==1 && (AomRip==4 || RomAop==4 || AimRop-
27 Itl c6 {1<> csc_full_RoAc}

28

188 Aop==1 && A
)

€ bresdth-first search Opc

¥+ partial order reduction
¥ report unreachable code

pan.out

5 transition:
9 atomic step:
hash conflicts:

stored+matched)
resolved)

Stats on memory usage (in Megabytes):
0.000 equivalent memory usage for st
5 actual memory u: fi
000 memory used for h:

€ full_promela2.pml

Spin Ve

Swarm Run

[ EditVie

Simulate / Replay

Safety Storage Mode

(=& s

Search Mode

@ exhaustive

€ safety

W+ invalid endstates (deadlock) I~ + minimized automata (slow]
W+ assertion violations I~ + collapse compression
I = xa/xs assettions  hash-compact " bitstate/supertrace

Liveness Never Claims

@ depth-first search
¥+ partial order reduction
I~ + bounded context switching
with bound: [0

I~ iterative search for short trail

" non-progress cycles € do not use a never claim or il property

@ acceptance cycles & useclaim

I™ enforce weak faimess constraint claim name (opt): <6

i WO CaC_ran ey
18 #define csc_full_RiRo (Rip L
m==1 && (AomRip==4 || RomAop

19 Itl c2 {!<> csc_full_RiRo}
20 #define csc_full_RiAo (Ri

==1 && (AomRip==4 || RomAop: || AimRop==4))

21 Itl ¢3 {!<> csc_full_RiAo} |
22 #define csc_full_AiRo (Aip==1 && Aim==1 && Rop==1 && Rom
==1 && (AomRip==4 || RomAop==4 || AmRop==4))

23 Itl c4 {I<> csc_full_AiRo}

24 #define csc_full_Aido (Aip==1 && Aim==1 && Aop==1 && Aom
==1 && (AomRip==4 || RomAop==4 || AmRop==4))

25 1 ¢5 {I<> csc_full_AiAo}

26 #define csc_full_RoAo (Ro|

om==1 && (AomRip==4 || RomAop=
27 1tl 6 {I<> csc_full_RoAo}
28

€ breadth-first search
%+ partial order reduction
¥ report unreachable code

pan.out

c
hash conflicts 0 {resolved)

Stats on memory usage (in Megaby!
0.002 u

30 total actual memory usage

pan elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

U 5-12 nan1smuaeuaIniasesiloaluvesdayaiad Ro, Ao
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' ¥
a o = 1

diethuanisdhaesnasivaeuadenhuaiosfioNlimudu wuinvisanugdygyio
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s ————————————————————————————NU

Promelal | Promela2

Promela2 L
T inp (Romliop, Rom) ;princE ("printf (Rom=%d) ", Kom) FusTIm i B R

1tl c3 {!<> csc_full RiRo}

#define csc_full AiRo (Rip=—1 && Aim=

1tl e4 {!<> esc_full RiRo}

#define csc_full Rilo (Rip=—1 && Aim=

1tl e5 {!<> csc_full AiRAo}

#define csc_full RoRo (Rop=—1 && Rom=|

1tl c6 {!<> csc_full RoRo}

inp (RopRim, Rop) ;printf ("princf (Aop=td) ", Aop)
inp (RimAom, Rim) ;printf ("printf (Rim=%d) ", Rim)
inp (Rophom, Rop) ; printf ("printf (Rop=%d) ", Rop)
inp (RopRop, Bop) ; printf ("printf (Rop=%d) ", Aop)
inp (AimRop, Aim} ;printf ("printf (Aim=id)",Aim)
inp (Ropkip, Rop) ;printf ("printf (Rop=t%d) ", Rop)
inp (AomRom, Rom) ;printf ("printf (Rom=%d) ", Aom)

inp (RipRom, Aip) ;printf ("princf (Aip=%d) ", Aip) [

::atomic{ inp(RemAim,Rom);printf{"printf (Rom=%d)",Rom)

() Consistency « (I b

od
1y ®csc Ful-ock Result

init{ i, R ¢ false =
run B3(1);

Ri,Ro : false —

run B3(2): : :
run P3(3); Check FuilHock Ri,Ro : true
i | 4 |hi,Ro : true

m

" - ; 2 2i, A0 : false
CSC Check Ro,Ro i true N
Simulation text for Fulldock Simulation Text from CSC -
Renly Transitive LTL
Result

] [
a v =

= I3 A A
EUW 5-13 mamim’sﬁlaaw\l‘jaaaﬂmmmmmamwmuwu

O e ! ad & [ = '3 o A = 1
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'
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wsesloNiauTu Fun3edlondaninadl nuunsudiinien Awandluzun 5-14 Feaunsn

asUldiniaseaunsia daaaudinisimvunanugnauysel

Promelal | Promela2

Promela2 L
TTEtomAc{ inp (ROWMAGH, Rom) ;printf ["printt (Rom=%d) ", Rom)
atomic{ inp(RopRim,Acp):printf("printf (Aop=%d)",Aop)

1tl c3 {!<> csc_full Riko}
#define csc full AiRo (Rip==1 && Rim=
1tl o4 {!<> Gso_full_RAiRo}
#define csc_full Ailo (Rip==1 && Rim=
1tl c5 {!<> cse_full AiRo}
#define csc_full Roko (Rop==l && Rom—
1tl c6 {!<> csc_full RoRo}

atomic{ inp(RimAom,Rim):princf("princf (Rim=3d)",Rim)
atomic{ inp(RopAom,Rop)sprintf ("printf (Rop=%d)",Rop)
atcmic{ inp(AopRop,Aop):printf("printf (Aop=td)",Acp)
atomic{ inp (AimRop,Aim);printf("printf (Aim=%d)",Aim)

atomic{ inp(RopAip,Rop);printf("printf (Rop=%d)",Rop)

atemic{ inp (RomRom,Rom);printf("princt (Rom=%d)",Lom)
atomic{ inp(AipRom,Aip);printf ("printf(Aip=%d)", Aip} GenPromela2

::atomic{ inp (RomAim,Rom);printf("printf (Rom=%d)",Rom)

- « m »
n | @ csC Full-lock Result
run B3(1): Ri,Ro : false B
run B3(2); X
: Check FulHock RiBo : true
run B3 (3): L 2i,Ro : true =
)f - : ~Z i, A0 : false
- Ro,Ao : true L
Simulation text for Fullock Simuation Text from CSC -
Result Transitive LTL
Result

This STG has CSC property.

' [
a o =
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5.1.2 ASAANEIT 2 N1SNIUFBUAIBEN999TBANINT NSUDEGUN

Jaseausivsueaw TanuuaunsudtunTInAsY 5-15

T3- —
~ Rl+ /
\Aof ~—e— Bo+ R3-
i \Cm— Co- T3+ |
RI- \
Bo- Ao+ R3++
R2+—~ T2+ — R2- — Tz,

U1 5-15 %ﬂLLuaLmsu%uﬂiwmamwiaaumﬂmmamjuﬁ

1) msmudeuanaEuTRANNUaBANY
Auandinudasndeldsialnsuaiiuu Al Wukuudiaedunismuasuy lag

2aseausvsueawun awsauanuilndadlanaguil 5-16

.model trimos-send T2+ Ao+ R2-
input R1 R2 R3 R2- T2-
.output T1 T2 T3 Ao Bo Co | T2- R2+
.graph Ao+ Co- T2-
R1+ Ao- T1+ Co- T3+ Bo+
T1+ Co+ R1- Bo+ T3- Ao-
R1-T1- R3+ Co- T3+
T1- R1+ T3+ Bo+ R3-
Ao- T1+ Co+ R3- T3-

Co+ T1- Bo- T3- R3+

Bo- Ao+ T2+ .marking {<T1-,R1+><T2- R2+>,<T3-,R3+> <Bo+,A0->}
R2+ T2+ Bo- .end

U7l 5-16
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salysiauuy Al vonsaseaunsinsueasunt uaaslunianuan n.2.1 eldsia
Insiaiuuy Al uddnhsfaiildinainssnznaidadudmiunmmiuseuanauifany
Uaondenuinde 4.4.2 Iénssngnaidaduresnuantinuvasnsedeuanddunianuan
n.2.2 Mntudnhsviaisaesduildimuseuluadosieatulduadesuil 517 Fealiulainy

ANUAANAINKARIININRTOANNT WSHRAEUY RnaudRnuUasndy

B imossend.om T o 50

Simulate / Replay | Verification  Swarm Run

AR
p<=1) P (Pop C
omBop <= 1) && (BopTam <= 1) && (BopAd && (R3pCom <= 1)
& (R3pT3p <= 1) && (T3pBop <= 1) && (T3pR3m <= 1) && (RAmT3m <
= 1) && (T3MR3p <= 1))

8 tip1 {[] safe} E
9 #define live ((t1>0) && (t2-0) && (t3-0) && (t4>0) &4 (t5-0) &&
(16>0) && (7>0) &8 (18>0) && (19>0) && (t10>0) && (111>0) 8& (112>0) &
& (11320) && (t14>0) && (115>0) && (t16>0) && (117>0) && (t18>0) && (t
19>0) && (120>0) && (21>0) && (22>0) &4 (t23>0) && (t24>0) && (125>

0) 8& (126>0) && (127>0) && (28>0) & (129>0) &4 (t30>0))

10 1t p2 { <> live }

1 #define persist (((R1mT1m == 1) -> ((R1pAom == 0) && (R1pT
1p == 0))) && ((TTMR1p == 1) > (T1pCop == 0) && (T1pR1M == 0)) &

& (((AopCom == 1) || (AopT2m omGop = pan: elapse:
= 0))) && (((ComT3p == 1) || (C No errors fo
pBom == 0))) && (((BopT3m == 1) || (BopAo

JUN 5-17 nansmiuasuAuaudiauaeaieanaseaunsinsueau

2) mMsnmuaeunantalaiiua

mamuaeunuauldlaiualdsidlnsuauu AL Wukuudiaesunismiuaey
Tngsalnsiuauuy Al vesnaseaunsinsuoawun uandlunanuan n.2.1 Weldsia ns
AU Al udFaihsianlduiadanssnginandadudimiunismiuasuauau i
lafiuanuvinde 4.4.3 sglinssnsnaidaduvesauandilaiiuadsuandunianun n.2.2
Mniudnisiaraesduildumiuaeulueiosfioaliuldnadegu 5-18 Feadulinuain

AANA1A Lansinnaseaunsinsueawwy dauaudilaiiua
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3) MSMIUABUAMANUAAUNUNIY

nsmugeuauantAnumuuldsialnswaiuuu Al Wuiuudiasslunis

PUADU LAYTHAINTIUAILUU Al U9999950@UINTINTUDAUN LAAILUAIANUIN N.2.1 11D

losvialnsiwawuu Al umdnhsianiaunainssnenandadudmsunsnivaeunuauda

ANUNUNIUAINAITE 4.4.4  qglanssneiadaduresanaudinununiuganly

AANLIN N.2.2 PnHuInhsansgesduilaumuaesuluaseliealulinadagun 5-19

¢

Featulinuanuianainuansineeseaunsivsueaaun dauaudfnnumumniu

¥ trimos-send.pml

Edit/Miew  Simulate / Replay | Verification  Swarm Run

Safety Storage Mode

Search Mode

O safety & exhaustive
F + invalid endstates (deadlock) I~ + minimized automata (slow)

¥ + assertion viclations. ™ + collapse compression

I™ + xrixs assertions © hash-compact € bitstate/supertrace

Never Claims.

& depth-first search
[V + partial order reduction
[” + bounded context switching
with bound: |0
I™ + iterative search for short trail

€ non-progress cycles  do not usea never claim or Il property

& acceptance cycles % use claim

I~ enforce weal k fairness const traint claim name (opt): |p3

1 #define persist (((R1m11m == 1) -= ((R1pAom == U) && (R1p] .

1p == 0))) && ((TIMR1p == 1) > ((T1pCop == 0) && (T1pR1m == 0))) &
& (((AopCom == 1) || (AopT2m == 1)) -> ((BomT1p == 0) && (AomCop =
=0))) && (((ComT3p == 1) || (ComBop == 1)) -> ((CopT1m == 0) && (Co
pBom == 0))) && (((BopT3m == 1) || (BopAom == 1)) -> ((BomAop == 0)
&& (BomT2p == 0))) && ((R2mT2m == 1) -> ((R2pT2p == 0) && (R2pBo
m == 0))) && ((T2ZmR2p == 1) -> ((T2pAop == 0) && (T2pR2m == 0))) &&

(((AomT1p == 1) || (AomCop == 1)) -> ((AopCom == 0) && (AopT2m ==

0))) && (((CopT1m == 1) || (CopBom == 1)) -> ((ComT3p == 0) && (Com
Bop == 0))) && (((BomAop == 1) || (BomT2p == 1)) -> ((BopT3m == 0) &
& (BopAom == 0))) && ((R3mT3m == 1) -> ((R3pCom == 0) && (R3pT3p
==0))) && ((T3mR3p == 1) -= ((T3pBop == 0) && (T3pR3m == 0))))

It p3 { [] persist }

init {

T1mR1p=1;T2mR2p=1,T3mR3p=1,BopAcm=1;
do

'
=

" breadth-first search
[V + partial order reduction

¥ report unreachable code

ored+matched)

resolved)

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

E‘U‘V] 5-19 wam':?muaau@mﬁuﬁ’ammmmm1mﬂ%aamwﬂmuaamuﬁ
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lasialnsiuawuy A2 wdideihsianlaunasiwssnsaidadudmiunismuasunuaudi

AMUARITUAINTITE 4.4.5  aglanssnsiianduduresnuaudiniudesiudaansly
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¥ trimos-send_promela2 pml
Spin Vi

Simulate / Replay cation Swarm Run <Help>

Safety Storage Mode

o] o

mber 2014

Search Mode

& exhaustive

€ safety

W + invalid endstates (deadlock) I~ + minimized automata (slow)
¥ + assertion violations I~ + collapse compression
I~ + xfxs assertions € hash-compact € bitstate/supertrace

Liveness Never Claims

@ depth-first search

¥ + partial order reduction

I™ + bounded context switching

Show
Advan
Param

with bound: 0

I™ + iterative search for short trail

€ non-progress cycles € do not use a never claim or ltl property

' acceptance cycles & use claim

™ enforce weak fairness constraint claim name (opt): |p4

|| BopAom:

R2p==4| T3mR3 4))
1 #define consistd (Cop>=1 && Com>=1 && (TTmR1p==4| T2m
40

R2p==4 || T3mR3 || BopAom:
It p4{l=>consist1}
Itl po{!<>consist2}
ltl pB{l=>consist3}
Itl p7{!<>consist4}
}ti p8{1<>consists}
Itl p9{l==>consist8}
Itl p10{!<>consist7}
ltl p11{!=>consist8}
tl p12{1<>consista}

#define cse_full_R1R2 (R1p==1 && R1m==1 && R2p==1&& R
&& (TTmR1p || T2mR2p==4 || T3mR3p: || BopAar )
et {l<> csc_full_R1R2}

Siriafina nor fOll D102 (D1n——1 2.2 D1

=1 22 Dn——122D "

SUN
Y

5-20 WANISNIUADUIINLATDILDAUUVDY

se
¢ breadth-first search tting

¥ + partial order reduction
¥ report unreachable code

pan.out
red+matched)

p

hash conflic! 0 (resolved)

Stats on memory ge (in Megabytes):
equivalent memory usage for states (stored*(E
actual memory usage for stat

128.000 memory used for hash table (-w24)
0. n tack (-m10000)
ge

ate-vector + overhead))

pan: elapsed time 0 second:
To replay the error-trail, goto Simulate/Replay and select "Run"

[ trimos-send_promela2.pml

Simulate / Replay

Safety Storage Mode

[E=RRER X

Search Mode

@ exhaustive

© safety

¥+ invalid endstates (deadiock) I~ « minimized automata (slow)
[ + assertion violations I~ + collapse compression
I~ + xr/xs assertions € hash-compact (" bitstate/supertrace

Liveness Never Claims

& depth-first search
¥+ partial order reduction
I~ + bounded context switching
with bound: 0

I™ + iterative search for short trail

€ non-progress cycles € do not use @ never claim or It property

& acceptance cycles & Use claim

I™ enforce weak faimess constraint claim name (opt): [p5

#define consist9 (Cop!
R2p==4 || T3mR3 || BopAom:
1

5 It p4{!<>consist1}
16 tl p5{l<>consist2}
17 Itl p&{!<>consist3}
18 It p7{l<>Consistd]
19 1t p8{! <-consist5)
20 Itl p9{!<>consist&}
21 Itl p10{1<>ConsistT}
22 Itl p1 1{!<>consist8}
23 tl p12{l<>consistd}
24

. ?dgﬁneﬁcscifuluﬂRZ (R1

1 &&RIm==1&& R2p==13&R .

€ breadth-first search
¥+ partiel order reduction
¥ report unreachable code

pan.out

0 (resolved)

on memory usage (in Megabytes)
13 equivalent memory us fi
actual memory usage for stat
000 memory used for ha: )
0.534 memory used for DFS stack (-m10000)
128.827 total actual memory ge

*(State-vector + overhead))

pan: elapsed time 0.016 second:
To replay the error-trail, goto Simulate/Replay and select "Run"

Storage Mode

[E=REER

ispin Vers

Search Mode

" safety # exhaustive

I + invalid endstates (deadiock) I~ + minimized automata (slow)
I + assertion violations I~ + collapse compression
I+ xr/xs assertions " hash-compact " bitstate/supertrace

Liveness Never Claims

% depth-first search
¥ + partial order reduction
I~ + bounded context switching

with bound: |0 SEhmv

Show
b

I + iterative search for short trail Trapping

€ non-progress cycles £ do not use a never claim or It property

& acceptance cycles & use claim

I~ enforce weak faimess constraint claim name (opt): |p6

e FUCIINIC COTSIST RO~ = 1 o Uit
R2p==4 || T3mR3p==4 || BopAom==4)) T
13 #define consist8 (Bop>=1 && Bom>=1 && (TImR1p==4 || T2m
R2p==4 || T3mR3p==4 || BopAom==4))

14 #define consistd (Cop>=1 && Com>=1 && (TTmR1p==4 || T2m
R2p==4 || T3mR3p==4 || BopAom==4))

15 Itl p4{l<>consist1}

Itl p5{1<=consist2}
Itl p6{!<>consist3}
Itl p7{!<>consist4}
Itl p8{!<>consist5}
Itl p9{!<>consist6}
Itl p10{!<>consist7}
1t p11{l<>consist8}
1t p12{1<>consist9}

16

i fidgf!ne_csc_fu!\__lﬂRZ (R1p= 1_&_& Fy_m: 1 &_& Rgp

Optio
€ breadth-first search Optio

¥ + partial order reduction

¥ report unreachable code

pan.out

equivalent memory usage for states (stored*(State-vector + overhead))
. actual memory usage for states
000 memor

pan: elapsed time 0 secon

[ To replay the error-trail, goto Simulate/Replay and select "Run"
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Storage Mode

(E=Rch

ember 2014

Search Mode

" safety

& exhaustive

W'+ invalid endstates (deadlock) [~ + minimized automata (slow)

¥ + assertion violations I + collapse compression

I+ xt/xs assertions € hash-compact € bitstate/supertra

Liveness Never Claims

@ depth-first search
[+ partial order reduction
I~ + bounded context switching
ce

with bound: 0

I™ + iterative search for short trail

€ non-progress cycles

& acceptance cycles & use claim

I™ enforce weak faimess constraint claim name (opt): |p7

€ do not use a never claim o tl property

FCTITIE COTISTSTT (AUP= = 1 GO0 AU 17 1 e (1 e
4 || T3mR3p==4 || BopAom==4)) T

13 #define consist8 (Bop>=1 && Bom>=1 && (T1TmR1p==4 || T2m

R2p==4 || T3mR3p==4 || BopAom==4]

14 #define consist9 (Cop: &8& Com>=1 && (T1mR1p==4|| T2m

R2p==4 || T3mR3p==4 || BopAom==4))

15 1 p4{l=>consisti}

16 Itl p5{!<>consist2}

17 1l pB{l<>consist3}

18 Itl p7{!<>consist4}

19 It p8{!<>consista}

20 Itl p9{!<>consist6}

21 Itl p10{!<>consist7}

22 It p11{1<>Consist8}

23 Itl p12{!<>consistd}

24

25 #define csc_full_R1R2 (R1p=

€ breadth-first search

¥+ pertial order reduction

I report unreachable code
pan.out

tored+matched)
48 atomic ste|
hash conflict 0 (resolved)
Stats on memaory usage (in Megabytes
0.0 equivalent memory usage for state
actual memory usage for stal
128.000 memory used for hash table (

ate-vector + overhead))

7 total actual memory usage

pan: elapsed time 0 secon
To replay the error-trail, goto

imulate/Replay and select "Run”

jarm Run

Storage Mode

(E=RECA <]

Search Mode

& exhaustive

¥ + invalid endstates (deadlock) I~ + minimized automata (slow)

¥ + assertion violations I~ + collapse compression

™ + xr/xs assertions € hash-compact € bitstate/supertrace

Liveness Never Claims

& depth-first search
% + partial order reduction
I~ + bounded context switching
with bound: 0

I™ + iterative search for short trail

€ non-progress cycles € do not use a never claim or Itl property

' acceptance cycles @ use claim

I~ enforce weak faimess constraint claim name (opt):|p8

UG CUTISISU (AU
=4 || T3mR3p==4 || BopAom:
#define consist8 (Bop>

R2p=
13

) i
&& Bom==1 && (T1mR1p==4 | T2m

#define consistd (Cop>=1 && Com>=1 && (TImR1p==4 || T2m
R2p==4 || T3mR3p==4 | BopAom==4))

Itl p4{!<>consist1}

Itl p5{!<>consist2}

Itl p&{1 <> consist3)

It p7{!<>consist4}

Itl p8{!<>consist5}

Itl p9{1<=>consist6}

it p10{!<>consist7}

It p11{!<>consist8}

itl p12{1<>consista}

i f?dsf\ne_csc_fu\l__liW_RZ (R1

€ breadth-first search
I+ partial order reduction
7 report unreachable code

pan.out

red+matched)
745 atomic stey
hash conflicts: 0 (resolved)
Stats on memory usage (in Megaby
0.008 equivalent memory usage for states (s
0.330 actual memory usage for states
000 memory used for hash table (-w24)
memory used for DFS stack (-m10000)
27 total actual memory usage

ate-vector + overhead))

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

Swarm Run

Safety Storage Mode

oo

ember 2014

Search Mode

€ safety

I + invalid endstates (deadlock)

& exhaustive

I + minimized automata (slow)

¥ + assertion violations I~ + collapse compression

™ + xrfxs assertions € hash-compact € bitstate/supertrace

Liveness Never Claims

@ depth-first search
¥ + partial order reduction

I~ + bounded context switching
Show
Error

with bound: [0

I~ + iterative search for short trail

" non-pregress cycles " de not use a never claim or It property

& acceptance cycles & use claim

I™ enforce weak faimess constraint claim name (opt):[pq

4| T2m -

#define consist7 (Aop: && Aom>=1 && (TImR1p==4 || T2m
|| T3mR3p: || BopAom==4))

#define consist8 (Bop>=1 && Bom>=1 && (T1mR1p==4 || T2m

==4 || T3AmR3p==4 || BopAom==4))

#define consist9 (Cop>=1 && Com>=1 && (T1mR1p==4 || T2m
|| T3mR3p: || BopAom==4))

Itl p4{!<>consist1}

ltl p5{!=>consist2}

Itl pB{l<>consist3}

Itl p7{!=>consist4}

ltl p8{l==>consist5}

Itl p9{!<>consist6}

ltl p10{!=>consist7}

tl p11{1<>consist8}

[tl p12{!<>consist9}

S

he

0.33
128.000
0.53

Trapping
Options
€ breadth-first search Options
W+ partial order reduction

I report unreachable code

pan.out
8 transitions (= stored+matched)
21 atomic stey
h conflict 0 (resolved)
tats on memory us

age (in Megabyi
0.001

equivalent memory usage for states (stored*(State-vector + overhead))
0 actual memory usage for stat
memory used for hash table (-w24)
34 memory used for DFS stack (-m10000)
7 total actual memory usage

pan: elapsed time 0 secont
To replay the error-trail, goto

imulate/Replay and select "Run”
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tion  Swarm Run

Safety Storage Mode Search Mode

€ safety @ exhaustive & depth-first search
7 + invalid endstates (deadlock) I™ + minimized automata (slow) ¥ + partial order reduction
¥ + assertion vielations I + collapse compression I~ + bounded context switching
I + xr/xs assertions € hash-compact € bitstate/supertrace with bound: 0 SEMD“' ASMDWj
Liveness Never Claims I™ + iterative search for short trail Trapping
€ non-progress cycles € do not use a never claim or Itl property € breadth-first search -
& acceptance cycles & use claim ¥ + partial order reduction
I™ enforce weak fairess constraint claim name (opt): [p1d| ¥ report unreachable code

pan.out

R2p==4 || T3mR3p==4 || BopAom==4)) n 0 (resolved)
13 #define consist8 (Bop>=1 && Bom>=1 && (TImR1p==4 || T2m i
R2p==4 || T3mR3p==4 || BopAd » Stats on memory usage (in Megabyte ~
#define consist (Cop>=1 && Com>=1 && (T1mR1p==4 || T2m 0.057 equivalent memory usage for states (stored*(State-vector + overhead))
0.330 actual memory usage for states
I pa{1<>consist1} 128000 memory used for hash table (-w
It p5{1<>consist2} 0. memory used for DFS stack (-m10000)
Il pB{1<>consist3} 128.827 total actual memory usage
Itl p7{!<>consistd}
Itl p8{!<>consists}
Itl p9{l<>consist6} .
1t p10{1<>consist7} pan: elapsed time 0.015 ecnpd
Itl p11{1<>consist8} To replay the error-trail, goto Simulate/Replay and select "Run”

Itl p12{1<>consist9}

JUN 5-26 Han1smuasuINATesiloatuvesdyy i Ao
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Simulate / Replay | Verification jarm Run

Safety Storage Mode Search Mode

" safety & exhaustive % depth-first search
W + invalid endstates (deadlock) ™ + minimized autemata (slow) W+ partial order reduction
[ + assertion violations I~ + collapse compression [~ + bounded context switching
I™ + xr/xs assertions " hash-compact " bitstate/supertrace with bound: |0
Liveness Never Claims I™ + iterative search for short trail
Setting
) non-progress cydles © do not use a never claim or It property  breadth-first search tting
& acceptance cycles & useclaim ¥ -+ partial order reduction
I™ enforce weak faimess constraint claim name (opt): |p11 W report unreachable code
pan.out
11 #define consisté (T3p>=1 && T3m && (TTmR1p IT2m -~
R2p==4 || T3mR3p==4 || BopAom==4))
12 #define consist? (Rop»=1 && Aom>=1 && (TTmR1p==4 || T2m
R2p==4 || T3mR3p==4 || BopAom==4))
13 #define consist8 (Bop>=1 && Bom>=1 && (T1mR1p==4 || T2m

R2p==4|| T3mR3p==4 || BopAo )) < § .
#define consist9 (Cop: &8& Com>=1 && (T1mR1p==4 || T2m .057 equivalent memory usage fol tate-vector + overhead))
I T3mR3p==4 || BopAom actual memory usage for states
Itl p4{l<>consist1 128.000 memory used for hash table (-w24)
Itl p5{!=>consist2] . memory used for DFS stack (-m10000)
Itl pB{!<>consist3) 827 total actual memory ge

Itl p7{!=>consist4]
Itl p8{!=>consists]
Itl p8{!=>consisté] .
It p10{!<>consist7} pan: elapsed time 0.015 secon i S
It p11{l<>consist8} To replay the error-trail, goto Simulate/Replay and select "Run

Itl p12{1<>consistg}

SUN 5-27 nan1smudeuaniAIesloatuvedyaya Bo
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nber 2014

Storage Mode Search Mode

" safety & ehaustive (% depth-first search
¥+ invalid endstates (deadlock) I + minimized automata (slow) F + partial order reduction
¥ + assertion violations I™ + collapse compression I~ + bounded context switching
I~ + xi/xs assertions € hash-compact (" bitstate/supertrace with bound: |0
Liveness Never Claims I™ + iterative search for shert trail
" non-progress cycles " de not use a never claim or Itl property € breadth-first search
% acceptance cycles @ use claim ¥+ partial order reductien

I™ enforce weak faimess constraint

claim name (opt): [p12

¥ report unreachable code

pan.out

#define consist8 (Bop>=1 && Bom>=1 && (T1mR1p==4 || T2m

4 || T3mR3p==4 || BopAom: yies .

#define consist9 (Cop>=1 && Com>=1 && (TTmR1p==4 || T2m 0.057 equivalent memory usage for states (stored”(State-vector + overhead))
1 0. actual memory usage for state:

Itl p4{1<>consist! .000 memory used for hash table (-w24)

Itl p&il<>consist? memory used for DFS stack (-m10000)

Itl pi{l<>consist3 827 total actual memory usage

It p7{1<>consist4]

Itl p8i1<=consist5

Itl p9{!1<>consistt]

Il p10{1<>consist7} pan: elapsed time 0 secon

Il p11{l<>consistg} To replay the error-trail, goto Simulate/Replay and select "Run”

Itl p12{l<>consist9}
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) trimos-send_promela2.pml

Verification

Safety

'm Run

Storage Mode

mber 2014

Search Mode

O cafety
¥ + invalid endstates (deadlock)
¥ + assertion violations
™ + xr/xs assertions

Liveness

@ exhaustive

[T + minimized automata (slow)

I~ + collapse compression
 hash-compact ¢ bitstate/supertrace

Never Claims

& depth-first search
W'+ partial order reduction
I~ + bounded context switching
with bound: [0

Em

I™ + iterative search for short trail

€ non-progress cycles
% acceptance cycles

I™ enforce weak faimess constraint

" do not use a never claim or It| property
@ use claim

claim name (opt):[c3

1 byte R1pAom, R1pT1p, T1pCop, T1pR1m, R1mT1m, TImR1p,

[AomT 1p, AomCop, CopT1m, CopBom, BomAcp, BomT2p, R2pT2p, R2p
Bom, T2pAop, T2pR2m, R2mT2m, T2mR2p, AopCom, AopT2m, ComT3
p, ComBop, BopT3m, BopAom, R3pCom, R3pT3p, T3pBop, T3pR3m, R3
mT3m, T3mR3p;
2 byte Rip, R1m, R2p R2m, Rﬁp R3m, T1p, T1m, T2p, T2m, T3
p, T3m, Aop, Aom, Bop B
3 #define inp(x,

#define outp1(x1) :

#define outp2(x1 XZ)\ B

7 - else -> brealk fi

#define consist1 (R1p==1 && R1m==1 && (TImR1p==4 | T2m
R2p==4 || T3mR3p==4 || BopAc
7 #define consist2 (R2p>
R2p==4|| T3mR3p==4 || BopAo

T o(x==2) - xt ey i
else -> break; fi

11 +;
S(x1 1= 10) > x1++ = (x2 1= 10) > x2+

)
&8& R2m>=1 && (T1mR1p==4| T2m

N
8 #define consist3 (R3p==1 && R3Im>=1 && (TTmR1p==4 || T2m

R2n==4 Il TAmR2n==4 || RBnnAnm==41)

Trapping
" breadth-first search Optic

W'+ partial order reduction
[ report unreachable code

Save Result

pan.out
stored+matched)

hash conflicts: p-D (resolved)

Stats on memory usage (in Me:

0.003 equivalent memory
0 actual memo

pan: elapsed time 0 secor
To replay the error-trail, goto Simulate/Replay and select "Run”
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cation rm Run

Storage Mode

mber 2014

Search Mode

& exhaustive

W+ invalid endstates (deadlock)
W' + assertion violations
™+ xr/xs assertions

Liveness

I + minimized automata (slow)
I~ + collapse compression
€ hash-compact " bitstate/supertrace

Never Claims

& depth-first search
[v' + partial order reduction
[~ + bounded context switching
with bound: [0

I™ + iterative search for short trai Trapping
0

€ non-progress cycles
& acceptance cycles

I™ enforce wesk faimess constraint

" do not use a never claim or Itl property
& use claim

claim name (opt):c11

byte R1pAom, R1pT1p, T1pCop, T1pR1m, R1mT1m, TImR1p,
Aome AomCop, CopT1m, CopBom, BomAap, BomT2p, R2pT2p R2p
Bom, T2pAop, T2pR2m, R2ZmT2m, T2mR2p, AopCom, AopT2m, ComT3
P, CumBup, BopT3m, BopAom, REpCUm, R3pT3p, T3pBop, T3pR3m, R3
mT3m, T3mR3p;
2 byte R1p, R1m, R2p, R2m, R3p, R3m, T1p, T1m, T2p, T2m, T3

#define inp(x,y) if (x==1) -> x=
4 #define outp1(x1) if - :
5 #define outp2(x1,x2) if :- (x1 1= 10) = >x1++
+: : else -> break; fi

#define consist1 (R1p>=1 && R1m>=1 && (TImR1p==4 || T2m
R2p::4 || T3mR3p==4 || BopAom==4))

#define consist2 (R2p>=1 && R2m>=1 && (TImR1p==4 || T2m
RZp——4 || T3mR3p==4 || BopAom==4

=2) > x++y++ i
: else -> break;
(x21= 10) -» X2+

)
#define consist3 (R3p>=1 && R3m>=1 && (T1mR1p==4 || T2m

R’Jn::d || TA3mRIn==4 Il BanAnm==4\)

€ breadth-first search
¥ + partial order reduction
[¥ report unreschable cade

pan.out

hash curmct\ 0 (resolved)

memory
total actual memory
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'm Run

Storage Mode Search Mode
& ohaustive & depth-first search

R+ invalid endstates (deadlock) I~ + minimized automata (slow) 7 + partial order reduction
¥ + assertion violations I~ + collapse compression I~ + bounded context switching
I + xt/xs assertions € hash-compact " bitstate/supertrace with bound: [0

Liveness Never Claims I™ + iterative search for short trail

 non-progress cycles € do not use a never claim or It property € breadth-first search

@ acceptance cycles # useclaim V' + partial order reduction

™ enforce weak faimess constraint. claim name (opt): |c1g] [ report unreachable code

pan.out

1 byte R1pAom, R1pT1p, T1pCop, T1pR1m, R1ImT1m, TtmR1p,
[AomT1p, AomCop, CopT1m, CopBom, BomAop, BomT2p, R2pT2p, R2p
Bom, T2pAop, T2pR2m, R2mT2m, T2mR2p, AopCom, AopT2m, ComT3
p, ComBop, BopT3m, BopAom, R3pCom, R3pT3p, T3pBop, T3pR3m, R3
mTEm T3mR3p; Stat: (in Megaby
byte R1p, R1m, R2p, R2m, REp R3m, T1p, Tim, T2p, T2m, T3 ’DD“"”'E”‘”“" usage (in Wega I nead)
p T3m, Aop, Aom, Bop, Bom, Cop, G 5 equivalent memory usage for s State-vector + overhead))
3 #deﬂnemp(x,y)\f (x— 1)—>x 1 Ly (x==2) - ey fi
4 #define outp1(x1) if - (x1 1= 10) -= x1++; = else -> break; fi
5 #define outp2(x1,x2) if =2 (x1 1= 10) > x1++; = (x2 1= 10) > x2+
+; = else -> break; fi
6 #define consist! (R1p>=1 && R1m>=1 && (T1ImR1p==4 || T2m
R2p==4 || T3mR3p==4 || BopAonm
#define consist2 (R2p: && R2m>=1 && (T1mR1p==4 || T2m - _ i _
==4 || T3mR3p==4 | BopAom==4)) pan: elapsed time 0 secon i ) . -
#define consist3 (R3p &% R3m>=1 && (TImR1p==4 | T2m To replay the error-trail, goto Simulate/Replay and select "Run'
R9n==4 | TAmR3n==4 | RanAom: &

hash conflicts

0. actual memory usage for state
1”8 000 memory used for hasl v2
nory used for DFS stack (m10000)
7 total actual memory usage

JUN 5-31 nan1smuaeuaniaseiloatuvesdyayn R3, T3
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Edit/View _ Simulate / Replay

Safety Storage Mode Search Mode
© safety & ehaustive @ depth-first search
¥ + invalid endstates (deadlock) I + minimized automata (slow) 7 + partial order reduction
F + assertion violations I + collapse compression I~ + bounded context switching
[ + xr/xs assertions € hash-compact " bitstate/supertrace with bound: 0 im Advan
Liveness Never Claims. [T + iterative search for short trail Trapping Param
 non-progress cycles  do not use a never claim or Il property € breadth-first search O Settin
% acceptance cycles & use claim v + partial order reduction
I™ enforce weak faimess constraint claim name (opt): [c34 ¥ report unreachable code

pan.out

byte RipAom, R1pT1p, TipCop, T1pR1m, RiImT1m, TImR1p,
AumTWp AomCop, CopT1m, CopBom, BomAop, BomT2p, R2pT2p, R2p
Bom, T2pAop, T2pR2m, R2mT2m, T2mR2p, AopCom, AopT2m, ComT3
p, ComBop, BopT3m, BopAom, R3pCom, R3pT3p, T3pBop, T3pR3m, R3
mTEm T3mR3p, Stats on memory usage (in Megabyte:

Stats y usage (in Megaby
p Tam, AE%TE‘AE’_WHP B%Lmafr%pcizm RBp R3m, Tip, [T1m, T2p, T2m, T3 0.057 equivalent memory usage for states (stored*(State-vector + overhead))
- —— 0 actual memory usage for stat

Foetne Z'&Ei?{ih“ 1)|_>1XD)125;1+ WD T 128 000 memory used for hash table (-w24)
#define outp2(x1x2) if - (x1 1= 10) > x1++: - (x2 1= 1D)‘-> X2+ 2‘-4 memol _dm_r DFS stack (-m10000)
+:+ else -> break: fi N v 128.827 total actual memory usage

6 #define consist1 (Rip=>= 1&& Rim>=1 && (T1mR1p==4| T2m

9 atomic step:
h conflicl 0 (resolved)

B

#define consist2 (R2p>=1 && R2m>=1 && (T1mR1p==4| T2m - _ oo
R2p::4 | T3mR3p==4 || BopAom==4)) pan: elapsed time 0.016 seco i .
#idefine consist3 (R3p>=1 && R3m>=1 && (T1mR1p==4 || T2m To replay the error-trail, goto Simulate/Replay and select "Run’
R7n::4 | T3mR3n==4 I RonAn ¥
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Safety Storage Mode Search Mode
€ safety @ exhaustive @ depth-first search

¥+ invalid endstates (deadlock) I + minimized automata (slow) ¥ + partial order reduction

¥+ assertion violations I~ + collapse compression I~ + bounded context switching

I+ xrfxs assertions  hash-compact € bitstote/supertrace with bound:[0

Liveness Never Claims I+ iterative search for short trail

€ non-progress cycles " do not use @ never claim or It property € breadth-first scarch
& acceptance cycles & use claim 7+ partial order reduction

claim name (opt): 35

I~ enforce weak faimess constraint IV report unreachable code

pan.out

1 byte R1pAom, R1pT1p, T1pCop, T1pR1m, R1mT1m, TImR1p.
(AomT 1p, AomCop, CopT1m, CopBom, BomAop, BomT2p, R2pT2p, R2p
Bom, T2pAop, T2pR2m, R2mT2m, T2mR2p, AopCom, AopT2m, ComT3
p, ComBop, BopT3m, BopAom, R3pCom, R3pT3p, T3pBop, T3pR3m, R3
mTSm T3mR3p, Stats on memory usage (in Megabytes):
byte Rip, R1m, R2p, R2m, RSEJ R3m, T1p, T1m, T2p, T2m, T3 0.0 ! Ly

57 equivalent memory usage for states (stored*(State-vector + overhead))

P Tam ADP Aum Bup Bum CDP Cum actual memaory u: e for states

3 #deﬁnelnp(x,y) > )10y T2) 2wty fi 8.000 VLT'E‘VTLD d'mrrg h t1t;\EL —\;J )

4 #define outp (x1) if = (x1 1= 10) -> x1++; - else -> break fi Py n_'m_'  ed 6F '@ e (m10000)
5 #define outp2(x1 x2) if = (x1 1= 10) > x1++: = (X2 1= 10) > x2+ 0.534 memory used for DFS stack (-m )
+- - else > bre: 128.827 total actual memory usage

@

#define consist! (R1p>=1 && R1m>=1 && (T1mR1p==4 || T2m
R2p==4 || T3AmR3p==4 || BopAom==4))
#define consist? (R2p>=1 && R2m>=1 && (TImR1p==4 | T2m
T3mR3p==4 || BopAol 4))

#define consist3 (R3p>=1 && R3m>=1 && (TTmR1p=
R9n==4l T2mRAn==d4 |l RonAnm=

pan: elapsed time 0.016 secons
=4 T2m [ To replay the error-trail, goto Simulate/Replay and select "Run”

R2p==4|
8

JUN 5-33 nan1smuasuaIniasesiloaluvesdyay1ad Ao, Co
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) trimos-send_promela2.pml

Verification

Swarm Run  <Help

Storage Mode Search Mode

e

W + invalid endstates (deadlock)
¥+ assertion violations
™ + xrfs assertions.

Liveness

% exhaustive @ depth-first search

I~ + minimized automata (slow) ¥ + partial order reduction
[~ + bounded context switching

with bound: 0

I + collapse compression
€ hash-compact " bitstate/supertrace

Never Claims I + iterative search for short trail

" non-progress cycles
@ acceptance cycles

I™ enforce weak faimess constraint

93

om==1 && (T1mR1

94 Itl ¢35 {!<> csc_full_AoCo}
95 #define csc_full_BoCo (Boj
om==1 && (TTmR1p=

96 Itl €36 {1<> csc_full BaCo}
97

98

dininan1sinaesunsiadevadonluaiedie

#define csc_full_AoCo (Aop==1 && Aom

€ do not use a never claim or Itl property € breadth-first search

& use claim ¥ + partial order reduction
claim name (opt): 36 7 report unreachable code

pan.out

1 && Cop:
|| BopAom

18&C »
4

" atomic step:

1 conflicts: 0 (resolved)

Stats on memory usage (in Megal
0.057 equivalent memo
actual memo

(T3p==1| T3m
& Aop==1 && Aom_~

unladen Awmanslugui 5-35
L ———————— |

State-vector + overhead))

Fromelai | Promela2

Promela2 L
tratomic{ inp(R3pCom,R3p);printI("printi (R3p=%d)",K3p) . FHELLE Rt VEOpTT s e
::atomic{ inp(ComBop,Com):printf("printf (Com=%d)",Com) 1tl c33 {!<> csc_full T3Co}
::atomic{ inp(T3pBop,T3p):printf("princf (T3p=3d)",T3p) #define csc_full RoBo (Aop==1 && Rom=
s:atomic{ inp(T3mR3p,T3m):princf("prints (T3m=%d)",T3m) 1tl c34 {!<> csc_full RoBo
::atomic{ inp(ComT3p,Com) :printf("printf (Com=%d)",Com) #define csc_full RAoCo (Rop==1 && Rom=
::atomic{ inp(R3pTI3p,R3p):princf("prints (R3p=%d)",R3p) 1tl o35 {!<> csc_full RoCo}
::atomic{ inp(T3pR3m,T3p):printf("printf(T3p=%d)",T3p) #define csc_full BoCo (Bop==1 && Bom=
::atomic{ inp(BopT3m,Bop):printf("printf (Bop=%d)",Bop) —————— |1t1 36 {!<> csc_full BoCo}
::atomic{ inp(R3mT3m,R3m):printf("printf (R3m=%d)",R3m) GenPromelal E
Consistency a W v
init{ @ csc Full-ock Result
run P3(1); GenlTL T3,h0 : false i
run P3(2); £ TI3,Bo : false
ij: ij:j; Check Fullock T3.Co i false
s Ao,Bo : true
- = < m Ao,Co : true L
= Bo,Co : true g

Simulation text for Fulldock

Simulation Text from CSC

Transitive LTL

Result

U7 5

Y

MNUUHanladuU

a &) =9y a
NNaon ml@miﬂzwmlfﬁ%

-35 mamimwaauﬁaﬁaﬂmﬂm’%aaﬁaﬁ

<

a

o 1o $%
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Uil 5-36
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s e
Promela1| Promela2

Promela2 LT
Tratomic{ inp (R3pCom, R3p);printt ("printt (R3p=%d)",RK30) > = = =
::atomic{ inp(ComBop,Com) ;printf ("printf (Com=%d)",Com) 1tl €33 {!<> csc_full T3Co}

::atomic{ inp(T3pBop,T3p);printf ("printf (T3p=3d)",T3p) #define csc full RoBo (Rop==1 && Rom=
::atomic{ inp(T3mR3p,T3m):printf ("printf (T3m=3d)",T3m) 1tl o34 {!<> csc_full RoBo}

#define csc_full RoCo (Rop==1 && Rom—
1tl ¢35 {!<> csc_full_AoCo}

#define csc_full BoCo (Bop==1 && Bom=
1tl c36 {!<> csc_full BoCo}

::atomic{ inp(ConT3p,Com):printf ("printf (Com=%d)",Com)
::atomic{ inp(R3pI3p,R3p);printf ("printf (R3p=3d)",R3p)
::atomic{ inp(T3pR3m,T3p);printf ("princf (T3p=1d)",T3p)
::atomic{ inp (BopT3m,Bop):printf ("printf (Bop=%d)",Bop)

::atomic{ inp(R3mT3m,R3m):printf ("printf (R3m=%d)",R3m)

(7) Consistency < mn 5

4 [on]

od
3]
init{ B @®csc FullHock Resuit

run P3(2):

R3,Bo : false

m

run P3(3): :
e Check FulHock R3,Co @ false
; _ T1,T2 : false E
b X T1,T3 : false -
. i r 5 Check T1,80 : false
Simulation text for Fulldock Simulation Text from CSC Ti,50 : false s
Result

Transitive LTL

1tl t4 {!<>transitive4}
1tl ©5 {!<>transitive5}
1tl ©é {!<>Transitiveé} [

|

<« [ b

Result

= ITL in transitive LTL block and get s
wve any text appepr,The STG has non-CSC.

< T r

' £
a o =

A a v A aa & A A
E‘U‘V] 5-36 ATINLIAVIAUNDA N TUINNGDAIINLATDINDN W UITU

v '
1o o A

& = ! aad 13 v v a = l
INUUTMTRADUIMULNTUTINGaAIINTYInTTdanganliidriuinuvselilay
wisedloNiautu Fuesesdlouananadn lunuunsudfindenaniginsniigaeenlidniun
Wwearvun Aawandlugun 5-37 Jaanunsoagulaingeseannsinsueawun lufinuaudinis

MvuAanUeNauysal
L ————————— | |

Promelat | Promela2

Fromela2 LT
Tratomic{ Inp(R3pCom, E3p) ;printf("printf (K3p=%d) ", K3p) .
s:atomic{ inp(ComBop,Com);printf("printf(Com=%d)",Com)
::atomic{ inp(T3pBop,TI3p) ;printf("printf(T3p=td)",T3p)
::atomic{ inp(T3wR3p,T3m);princf("princt(I3m=%d)",T3m) 1tl o34 {!<> csc_full RoBo}
printf("printf (Com=2d)",Com) #define csc full AoCo (Rop==1 && Aom=
1tl ¢35 {!<> cac_full RoCo}

#define csc_full BoCo (Bop==1 && Bom=
1tl €36 {!<> csc_full BoCo}

—rwT— =
1tl ¢33 {!<> csc_full_T3Co}
#define csc_full AeoBo (Rop==1 && Rom=

::atomic{ inp(ComT3p,Com);
::atomic{ inp(R3pT3p,R3p) ;printf("printf (R3p=1d)",R3p)
::atomic{ inp(T3pR3m,T3p) :printf("princf(I3p=td)",T3p)
::atomic{ inp(BopT3m,Bop);printf("printf (Bop=%d)",Bop)

::atomic{ inp(R3mT3m,R3m) :printf("printf (R3m=%d)",R3m)

() Consistency < e »

od 2
I
init{ M @csc FulHock Result

run P3(2);

R3,Bo : false

m

ix i;::; NEESEs ;‘i;; i::: il
¥ > T1,T3 : false E
4 i E 1,30 : false
Simulation text for Fulldock Simulation Text from CSC T1,Bc : false 2

MSC: ~G line 237 a I Transitve LT

35: proc - (cld8:1) _spin - ‘
spin: spin nvr.tmp:237, Errc 1tl t4 {!<>transitived}

spin: ctext of failed assertic 1tl ©s (!<>transitives) i
fprocesses: 4 1tl ©é {!<>transitives} E
35: proc 3 (P3:1) trimos -
35: proc 2 (P3:1) trimos 4 flll ¢
35: proc 1 (P3:1) trimos Sesuit

35: proc 0 (:init::l) tr

35: proc - (cl8:l) _spin Is there anymore transitive LTL for sim
5 processes created If yes, please simulate next LTL and ch
Exit-Status 0 l_ If not,The STG has non-CSC.

<m v ‘ i v

' [
a o =

JUN 5-37 nansmuasuauaudinisimvungnusNanysalannIeiloNimun vy
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5.1.3 NSMANEIN 3 N1TNIUFDUA29819299508UNTDLUDSLAU

a = aa a o (%
ITIDAUINIDLUDILAU mmmaumu%unsw@mgﬂ 5-38

— a+/2 — c+ c- a+/1

b+/1 d+ b+/2

T
|

a-/l — x+ X- — a-/2

b-/1 b-/2
J

U7 5-38 Bnuuaunsuddunsnvesisaseauinsdiuesiiu

1) mMsmudeuauauTRANUaBANY
AautRnulasndeldsralnswaiiuu Al Wusuudraeddunisniuaeu lae

a s & & a Yo PN
NYTDHFUINTDLUBDILAU mmmLLamLumaamﬂlmmgUw 5-39

.model ebergen b-/1 a+/1

input a d a+/1 c-

.output b c x c-d- b+/2

.graph b+/2 a-/2

a+/2 c+ a-/2 x-

c+ b+/1 d+ d- x-

b+/1 a-/1 X- b-/2

a/1 x+ b-/2 a+/2

d+ x+ .marking {<b-/2,a+/2>}
x+ b-/1 .end

JUT 5-39 Lilndaduetieaseduinsouesiiy
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FHANTUAUY Al U9399950a0IBWe5AY wandlunianuan n.3.1 eldsa
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n.3.2  MnduInihsiansaesdiuntauiniuvaeulunseloatulanansguin 540 geatuld

WUAURANAIALENIINI9950aN5BLURSA TnnanTRnnudasnde

€ ebergen-multipmi

vember 2014

Storage Mode Search Mode

& exhaustive @ depth-first search

I~ invalid endstates (deadlock) I™ + minimized automata (slow) 7+ partial order reduction

W - assertion viclations I™ + collapse compression I™ + bounded context switching
I+ /s assertions € hash-compact { bitstate/supertrace with bound: )

Liveness Never Claims I™ + iterative search for short trail

€ non-progress cycles € do not use a never claim or Il property € breadth-first search
 acceptance cycles & use daim 7+ partial order reduction

I enforce weak faimess constraint claim name (opt): pl R report unreachable code

byte ap2cp, cpbp1, cpdp, bpfami, amxp, dpxp, xpbm1, bm1ap - 1 NS
1, aptem, cmdm, embp2, bp2am2, am2xm, dmxm, xmbm2, bm2ap2; 198 nnn ot
2 byte t1,2,13,14.t5 617,819, nom H2H3H4 115 H6; o memory ““Ed '2;5
3 #define inp1 (x1.t1) ( +1 < | e,
4 #define inp2(x1 (xt >0 8832>0) > x1 = x1-4: X2 = x2-1. B otal actual memory U
1 = t1+1; 12 = 241

#define outp1 (x1) x1 = x1+1

#define outp2(x1 x2) x1 = x1+1; X2 = x2+1

#define safe ((ap2 1) && (cpbp1 <= 1) && (cpdp <= 1) &&
(bptam1 <= 1) && (amixp <= 1) && (dpxp <= 1) && (xpbm{ <= 1) && (b
miapt <= 1) && (aplem <= 1) && (cmdm <= 1) && (cmbp2 <= 1) && (b
p2am: ) && (am2xm <= 1) && (dmxm <= 1) && (xmbm?2 <= 1) && (b
m2ap2 <= 1))

it pi {[] safe }

#define Ive ((t1>0) && (t2>0) && (13>0) && (14>0) 8& (t5-0) &&
(16>0) && (t7>0) 8& (t8>0) &4 (19>0) && (t10=0) & (t11>0) 8& (11270) &
R (11300 RR (114>0) &R (11520 RA (H1A=00 i

unreached in init

No errors found — did you verify all claims?

d' wa [y a ¢ =
E‘LJ‘V] 5-40 mamimuaawmamummmﬂaammmma%aﬁu’maLuamu

2) mMsmuaeunantalaiiua

mamuaeunuauUdlaiualdsidlnsuaiuu AL Wukuudaedunismiuaey
Tngsalnsiuaiiuy Al wesneseaunsdivefidu waadlunianuin n3.1 leldsa
Insiwauuy Al wdiahsfaildunadnssngnandadudmivnismuseuamaudd
lafliuamuriate 4.4.3 sgldnssnzinandaduvesnuandilaiivadeuandunanuan n.3.2
Mniudnisiaiaesduildumiuaeuludosfioatiuldnadgud 5-41 Seaduldinuai

AANAIALENIIN99508LN TS Hnmautflaiuea

) cbergen-multipml [E=RECRl X"}

Simulate / Replay Swarm Run

Search Mode.

Safety Storage Mode

€ safety @ ehaustive @ depth-first search

7+ invalid endstates (deadlock) I~ + minimized automata (slow) I+ partial order reduction

7 + assertion violations. I + collapse compression I + bounded context switching

™+ xi/xs assertions. € hash-compact ¢ bitstate/supertrace with bound: [0

Liveness Never Claims I+ iterative search for short trai Trapping

£ non-progress cycles ¢ donot use a never claim or Il property ¢ breadth-first search Opt
@ acceptance cycles @ use dlaim I + partial order reduction
I™ enforce weak faimess constraint. clairn name (opt): [p2 I report unreachable code

1 byte ap2cp, cpbp1, cpdp, bptam1, am1 xpbm1, bmfap 4 _

1 aplcm, cmdm, cmbp?2, bp2am2, am2xm, dmxm, xmbm2, bm2ap2; actual mem:

1"8 DDD memory usex

i1 0.534 memory used for DI
3 #define inp1(x1 t1) (x1>0) > x1 = x1-1; y used for
4 #define inp2(x1 x2.t1,42) (x1>0 &8 x2>0) e m 1, x2 = x2-1; 128.730 total actual memory
1 =141, 2 = 1241

#define outp1(x1) x1 = x1+1

6 #define outp2(x1,x2) 1 = x1+1; x2 = x2+1 unreached in init

7 #define safe ((ap2cp <= 1) && (cpbp1 <= 1) &8 (cpdp <= 1)&& ebergen-multi pmi:
=1)

(bptam1 <= 1) && (am1xp <= 1) && (dpxp <= 1) && (xpbm1 i “51,“"31 state:
miap! <= 1) && (aplem <= 1) && (cmdm <= 1) && (cmbp2 1) &( unreached in claim p2
p2am? <= 1) && (am2xm <= 1) && (dmxm <= 1) && (xmbm2 <= 1) && (b nvr.tm
m2ap? <= 1))

8 1t p1 {[] safe } an: elapsed time 0 seconds
o #define Ive ((1>0) 88 (22:0) &8 (-0 48 (>0 88 (15>0) 88 | [ AR PR
(16>0) && (17>0) 84 (18>0) && (19-0) && (t10>0) && (t11>0) && (112-0) & o errors found — did you verty al claims

IEN“?)W\EE(MA)W\E%/MS)H\EEfMﬁ)ﬂ\\
a wa o a ¢ &
E‘U‘V] 5-41 Naﬂ']ﬁVnua@‘UﬂmaﬂJUmﬂ’J"lﬂJla‘V\lLua‘ﬂ']ﬂ']\‘i‘ﬂﬁaﬁll']'ﬁ@L‘U'E]ﬁl,'ﬂu
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muaeu lagsalnsiuaiiuy Al ¥eaaseanndiuesidu uandumanuin n.3.1 eld
swalnsmauuy Al udhdshsdadldnaiimssnnaidadudmiunsmuaou guand
AmamuusIite 444  agldnsanznandaduvesnuaniianununiudaandy
MenuIn 132 ntulnihsfaiiaesdniildumuaeuluniesdeatulduadeguil 5-a2

FeatulinumnuRanalnuwantinieaseansdiuesiiu dauauiinaunumiu

6 cbergen-multipml [E=AeE x|
mbe

Edit/View  Simulate / Replay | Verification  Swarm Run

Safety Storage Mode Search Mode
& exhaustive & depth-first search

I~ + minimized automata (slow) ¥ + partial order reduction
I~ + collapse compression I~ + bounded context switching
€ hash-compact € bitstate/supertrace with bound: 0

Never Claims I™ + iterative search for short trail

" do not use a never claim or ltl property " breadth-first search

se claim

(opt): [p3

enforce weak faimess constraint cla re|
(OPTalTT == 1) && (@iKp == 1) && [UPAP =— 1) && XPOITTT == 1) && (D .

miapl <= 1) && (aplcm <= 1) && (cmdm <= 1) && (cmbp2 <= 1) && (b
p2am2 <= 1) && (am2xm == 1) && (dmxm <= 1) && (xmbm2 <= 1) && (b
m2ap2 <= 1))

Itip1 {[] safe }

#define live ((t10) && (t2-0) && (13>0) && (t4-0) && (15-0) &&
(6>0) && (17>0) && (t8>0) && (19>0) && (110>0) && (t11>0) && (112>0) &
& (11320) && (114=0) && (115-0) && (116-0)) B
10 It p2 { <> live }
11 #define persist ((((cmdm == 1) || (cmbp2 == 1)) -> ((cpbp1 == 0
) && (cpdp == 0))) &S (((cpbp1 == 1) || (cpdp == 1)) -> ((cmdm == 0) &&
(cmbp2 == 0))) )
12 Itl p3 { [] persist }

init { pan: elapsed time 0 seconds
bm2ap2=1, No errors found — did you verify all claims?
do

JUT 5-62 Han15nINAUAMANURAUNUMILANNIDTOANINTBIUBSIAY

4) MsmuasuAMaNURAIUABINY

n1smugeuauantRaufesiuldsfalnswauy A2 WWusuudiaeddunis
muaeu lassialnsiuaiuy A2 veanaseanndiuefiiu uandunanuin n.33 eld
sialnsmauuy A2 udhdshsiadildunaiimssnsnandadudmiunismiuaoy auands
anudestumuade 445  agldnssnznanduduvesnuantinnudesiuduandly
MAnwaNn N34 antudahstaiassduildumusouluedosdioaliuldnadguil 543
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3 ebergen-multi_promela2 pmi

Simulate

Safety

Swarm Run

Storage Mode

Search Mode

e

€ safety
¥ + invalid endstates (deadlock)
¥ + assertion violations
I~ + xrfus assertions

Liveness

@ exhaustive
I~ + minimized automata (slow)
I + collepse compression
" hash-compact " bitstate/supertrace

Never Claims

& depth-first search
[+ partial order reduction
I + bounded context switching
with bound: )

I~ + iterative search for short trail

" non-progress cycles
& acceptance cycles

I~ enforce weak faimess constraint

byte ap2cp, cpbp1, cpdp, bplam1, amixp, dpxp, xpbm?1, bmiap * _
,apicm, emdm, embp2, bp2am2, am2xm, dmxm, xmbm2, bm2ap2;
m, by

#define mp(x y)if

#define outp1(x1)

#define outp2(x1,x2) if
else -> break; fi

#define consist1 ap>=1 && am>=1 && bm2ap:

(
#define consist2 (dp>:
#define consist3 |
#define consist4 (cp>=1 && cm.
(

#define consist5 (xp>=1 && xm>=1 &&(meapZ——4))

Itl p4{l<>consist1
Itl p5{1<=consist2
Itl p6{!<>consist3]
Itl p7{!=>consist4]
Ji] n&/1 <> nnsicth

SUN
Y

) ebergen-multi_promela2.pml

Simulate / Replay

Safety

€ do not use a never claim or It property
& use claim

claim name (opt): |p4]

2) > xe4 iyt fi
else -> break; fi
(%2 1= 10) > x2+

(
&
& (
&

SpinV

arm Run

Storage Mode

© breadth-first search
¥+ partial order reduction
¥ report unreachable code

pan.out
) atomic steps
hash conflicts 0 (resolved)

Stats on memory usage (in Megaby

Show
Erm

Trapping

Opti

0. DDD equivalent memory usage for states (stored*(State-vector + overhead))

0. actual memory u: agemr states
128 DDD memory used for h
0.534 memory used for DF:

D total actual memory

pan: elapsed time 0.002 secon
To replay the error-trail, goto

mber 2014

Search Mode

imulate/Replay an

select "Run”

5-43 NaNIIVIUFRUIINIATOIN AT UVDITYY I a

o= B

€ safety
7 + invalid endstates (deadlock)
¥ + assertion violations
I~ + x/xs assertions

Liveness

& exhaustive
I™ + minimized automata (slow)
I™ + collapse compression
€ hash-compact (" bitstate/supertrace

Never Claims

& depth-first search
¥+ partial order reduction
I + bounded context switching
with bound: [0

I~ + iterative search for short trai

" non-progress cycles
& acceptance cycles

I™ enforce weak fairness constraint

byte ap2cp, cpbp1, cpdp, bplam1, am1xp, dpxp, xpbm1, bmtap
p2am?2, am2xm, dmxm, xmbm2, bm2ap2;

, aptem, cmdm, cmbp
byte ap, am, dj
#define inp(x,y) if -
#define outp1(x1) i
#define outp2(x1,x2) if -

else -> break; fi

#define consist1 (ap
#define consist2 (dp
#define consist3 (bp
#define consist4 (cp

#define consists (xp>=1 && xm>=1 &&

Itl p4{l=>consist1}
Itl p&{l<>consist2}
ltl p{l<>consist3}
Itl p7{1<>consist4}
[i] nQf1<>consictil

(x11=10) > X144
(x1 1= 10) > x1++

© do not use a never claim or Itl property
& useclaim

claim name (opt): [p5

else -> break; fi
(x2 1= 10) > x2+

Storage Mode

€ breadth-first search
[ + partial order reduction
¥ report unreachzble code
Save Result in:

ored+matched)

pan.out

49 atomic ste
hash conflicts 0 (resolved)
Stats on memory 5

0.000 equivalent memory usage for states
0. actual memory usage for
128.000 memory used for ha:
0.534 memory used for DF:
0 total actual memory

ed time 0.001 second:

Show S

Error Advanced
Trapping Parameter
Opt Setting

tate-vector + overhead))

Simulate/Replay and select "Run"

Search Mode

o

€ safety
W+ invalid endstates (deadlock)
¥ + assertion violations
™+ wrixs assertions

Liveness

& exhaustive
I~ + minimized automata (slaw)
I~ + collapse compression
€ hash-compact € bitstate/supertrace

Never Claims

@ depth-first search
7 + partial order reduction
I~ + bounded context switching
with bound: [0

I™ + iterative search for short trail

€ non-progress cycles
@ acceptance cycles

I~ enforce weak faimess constraint

byie ap al

#define mp(x y) if o

#define outp1(x1)if ::

#define outp2(x1,x2) if
else -> break; fi

#define consist! (ap>=1 && am>=1 && (bm2ap2=-=4))

#define consist2 && dm

(
(dp
#define consist3 (bp
(
(

#define consist4 (cp>=1 && cm>=1 && (bm2ap2==4))
#define consistd (xp>=1 && xm>=1 && (bm2ap2==4))

It p4{l=>consist1
It pb{l<>consistZ;
Itl pb{l<>consist3]
It p7{l=>consist4;
Itl n&1<>concictA;

)-
(x1 1= 10) > x1+
(x11=10) = x1++;

€ do not use a never claim or Itl property
& use claim

claim name (opt):|pél

) > Xy fi
else -> break;
(x21=10) > x2+

(
(
88
(

" breadth-first search
¥ + partial order reduction
¥ report unreachable code

pan.out
ored+matched)
eps
0 (resolved)

Stats on memory usage (in Megabytes
0.000 equivalent memory usage for states
0 actual memary
12 E DDD memory used
memory used for DFS stack
0 total actual memory ge

pan: elapsed time 0.001 second

Error
Trapping

tate-vector + overhead))

)
-m10000)

To replay the error-trail, goto Simulate/Replay and select "Run”

JUN 5-45 nan1smiugeuaInasesioatuvesdyaiu b



3 ebergen-multi_promela2.pml

Edit/View _Simulate / Replay

Safety

tion

Swarm Run

Storage Mode

Search Mode

€ safety
° + invalid endstates (deadlock)
¥ + assertion violations
I« xi/xs assettions

Liveness

& echaustive
I~ + minimized automata (slow)
I + collapse compression
€ hash-compact " bitstate/supertrace

Never Claims

@ depth-first search
W + partial order reduction
I + bounded context switching
with bound: |0

I~ + iterative search for short trail

€ non-progress cycles

£ do not use a never claim or It property

 breadth-first search

Em
Trapping
opti

103

& acceptance cycles & useclaim %~ partial erder reduction

I™ enforce weak fairness constraint claim name (opt}: p7] 7 report unreachable code

pan.out
byte ap2cp, cpbp1, cpdp, bpiam1, amixp, dpxp, xpbm1, bmiap * _

, aplcm, cmdm, cmbp2, bp2am2, am2xm, dmxm, xmbm2, bm2ap?2;
byte ap, am, dp, dm, bp, bm, cp, ¢m, xp, xm: 3
#define inp(x,y) i E ; 2) > x4y fi
#define outp (x1) if = (x1 1= 10) -= x1++, - else -» breal
#define outp2(x1 x2) if - (x1 1= 10) = x1++; = (x2 1= 10) -> x2+

- else -> break; fi
#define consist! (a
#define consist2 (d)
#define consist3 (b
#define consist4 (c
#define consistd (xp
tl pd{l<>consist1)
1l p&{1<>consist2}
It pB{1<>consist3}
tl p7{1<>consistd}
1] N8/ 1<>ansistil

vector + overhead))
(bm2ap2==4))

memory used
0 total actual memory

)
&& xm==1 && (bm2ap2==4))

SUN 5-46 HaN1TUERUINATODaUUYRIA QI C

Y

) ebergen-multi_promela2.pml

Safety Storage Mods
€ safety & ehaustive

Search Mode

& depth-first search

P + invalid endstates (deadlock) I™ + minimized automata (slow) 9+ partial order reduction

¥ + assertion violations I + collapse compression I™" + bounded context switching

™+ xr/xs assertions € hash-compact " bitstate/supertrace with bound: 0

Liveness Never Claims I~ + iterative search for short trail

€ non-progress cycles € donot use a never claim or Itl property € breadth-first search

& acceptance cycles & use claim 7+ partial order reduction

I~ enforce weak faimess constraint claim name (op): [pd] ¥ report unreachable code

pan.out

P xmbm2, bm2ap?;

byte ap2cp, cpbp1, cpdp, bptam1, am1xp, dpxp, xpbm1, bm1iap *
2,

m, bp, bm, cp, ¢ m;
> x= 10y, (x==2) > x+iyrfi

#define outpt (x1) if - (x1 1= 10) -> x1++; - else -> breal
#define outp2(x1 x2) i = (x1 1= 10) > x1++: = (x2 1= 10) > x2+
> break: fi
#define consist! (ap>=1 && am=>=1 && (bm2ap2==4))
#define consist? (dp>=1 && dm>=1 && (bm2ap?2
#define consist3 (bp>=1 && bm>=1 && (bm2ap2
#define consist4 (cp>=1 && cm>=1 && (bm2ap2
#define consist5 (xp>=1 && xm>=1 && (bm2ap2==4))
Itl p4{!<>consist1}
It p5{1<>consist2}
Itl p6{<>consist3)
Itl p7{1<>consist4}
ifl n&f1<>roncictAl

pan: elapsed time 0.001 second:
To replay the error-trail, goto Simulate/Replay and select "Run"
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Storage Mode

Search Mode

© safety & exhaustive

5 + invalid endstates (deadlock) I + minimized automata (slow)
¥+ assertion violations. I+ collapse compression
I = xr/s assertions € hash-compact " bitstate/supertrac

Liveness Never Claims

@ depth-first szarch
[ + partial order reduction
I™ + bounded context switching
e with bound: 0

I~ + iterative search for short trai

€ non-progress cycles

& acceptance cycles & useclaim

I™ enforce weak faimess constraint <laim name (opt): <6

1t €6 {1<> csc_tull_dcy

#define csc_full_dx (dp==1 &8& dm==1 8& xp==1 8& xm==1 &
& (bm2ap2==4))

It 7 {1<= csc_full_dx}

#define csc_full_bc (bp:

2==4

p. D)
ttl 8 {1<> csc_full_bc}
#define csc_full_bx (bp==1 && bm==1 8& xp==1 && xm==1 &
& (bm2ap2==4)) 3
ttl €9 {1<> csc_full_bx}
#define csc_fUll_cx (cp==1 && cm==1 8& xp==1 && xm==1 &
& (bm2ap2==4))
10 {1<> csc_full_cx

proctype P3 (byte k){
atomic{

€ do not use a never claim or Itl property

€ breadth-first search
¥ partial order reduction
I report unreachable code:
pan.out
7 transitior

49 atomic
hash conf

Stats on memory usage (in Megab
0.000 equivalent memory usage for s
0.235 actual memory usage for state:

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

rarm Run

Storage Mode

Search Made

& exhaustive
W + invalid endstates (deadlock) I~ + minimized automata (slow)
W + assertion violations I~ + collapse compression
I+ xr/xs assertions € hash-compact (" bitstate/supertrace

Liveness Never Claims

& depth-first search
¥ + partial order reduction
I + bounded context switching
Sho
Erc
Trapping

with bound: [0

I™ + iterative search for short trail

" non-progress cycles € do not use a never claim o It property

& acceptance cycles & use claim

I~ enforce weak fairness constraint claim name (opt): |}

M1 C6 {1<> CSC_full_dc
#define csc_full_dx (dp==1 && dm:

it c7 {l<> csc_full_dx}
#define csc_full_bc (bp: &&bm==1 && cp
p2==4
it c8 {l<> csc_full_bc}
#define csc_full_bx (bp:
& (bm2ap2==4))
it c9 {1<> csc_full_bx}
#define csc_full_cx (cp==1 && cm==1 && xp==1 && xm==1 &
2==4

&& bm==1 && xp==1 && xm==1 &

1t 10 {1<> csc_full_ox

proctype P3 (byte k){
atomic{
if

Optiot
€ breadth-fist search Option
%'+ partial orde recluction
I report unreachable code

pan.out

49 atomic steps
hash conflicts 0 (resolved)
Stats on memory usage (in Megabytes
0.000 equivalent memory usage for states (stored*(State-vector + overhead))
0. actual memory usage for states
128.000 memory used for hash table (-w
memory used for DFS stack (-
total actual memory

pan: elapsed time 0 secon

Safety Storage Mode

Search Mode

© safety & ehaustive

W+ invalid endstates (deadlock) ™ + minimized automata (slow)
¥+ assertion violations I™ + collapse compression
I+ xtfss assertions € hash-compact C bitstate/supertrace

Liveness Never Claims.

@ depth-first search
@ + partial order reduction
I~ + bounded context switching
with bound: [0

[~ + iterative search for short trai

€ non-progress cycles € do not use a never claim or Itl property

@ acceptance cycles & use claim

I~ enforce wesk faimess constraint. claim name (opt): [<10]

Il c6 {1<> csc_tull_dc}
#define csc_full_dx (dp==1 &&d
& (bm2ap2==4))
20 tl c7 {1<> csc_full_dx}
31 #define csc_full_bc (bp==1 && bm==1 && cp==1 && cm==1 &
& (bm2ap2==4))
22 Itl c8 [1<> cse_full_bc}
#define csc_full_bx (bp
& (bm2ap2==4))
24 1t c9 {1<> csc_full_bx}
25 #define csc_full_cx (cp
& (bm2a
36

&& xp==1 && xm==1 &

1 && xp==1 &&xm==1 & _

&& xp==1 && xm==1 &
p2==4))

tl 10 {1<> csc_full_cx}

proctype P3 (byte k){

atomic{
if

€ breadth-first search
¥ « partial order reduction
¥ report unreachable code

pan.out

ra (
23 atomic step:
hash conflicts: 0 (resolved)
Stats on memory usage (in Megaby
0.000 equivalent memory usage for state:
0 actual memory usage for state:
128.000 memory used for hash t 2:
34 memory used for DF
total actual memory u

pan: elapsed time 0.016 secon

To replay the eror-trail, goto Replay and select “Run"
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Fauanslugud 5-51

MUY nuadty I

R el e

Promela1] Promela2

run P3(1):
}

< il

Promela2
tratomic{ inp(cpdp,ep) sprinti ("printf (cp=%d}",cp} -> ou .
::atomic{ inp(amlxp,am);printf("printf(am=%d)",am) -> o
::atomic{ inp(dpxp,dp);printf("printf (dp=%d)}",dp} -> ou
:iatomic{ inp(xpbml,xp);printf ("printf (xp=%d)",xp) -> o
::atomic{ inp(bmlapl,bm);princf("princf(bm=%d)",bm) ->
::atomic{ inp(aplem,ap);printf ("printf (ap=td)",ap) -> o
siatomic{ inp(cmbp2,cm);printf("printf(cm=%d)",cm) -> o
i:atomic{ inp(bp2am2,bp).;printf("printf(bp=%d)",bp) ->
::atomic{ inp(cmdm,em);printf ("princf (cm=%d)",cm) -> ou
::avomic{ inp(am2xm,am);printf ("princf (am=%d)",am) -> o
::atomic{ inp(dmxm,dm);printf ("printf(dm=td)",dm) -> oy
siatomic{ inp(xmbm2,xm);printf ("printf (xm=%d)",xm) -> o

od 3
}}
inie{

Simulation text for Full-ock

Simulation Text from CSC

U7 5-51 kan1sRsIvEeUadenIINeTedlle

nUUAdeeY

o A = A
ﬂu‘l/lW‘UWi@Iﬂﬂ@EJLﬂiaq

<

Toudunla

Y

& A

aan

AANIIVEDUN

GenPromela2

() Consistency

@ csc

Check FulHock

CSC Check

Result

LTL

TwrI_uxTaE
1cl e7 {!<> csc_full _dx}
#define csc_full be (bp==1
1tl c8 {!<> esc_full _bci

#define csc_full bx (bp==1
1tl €9 {!<» csc_full bz}

#define csc_full ex (cp=—1
1tl €10 {!<> csc_full_cx}

&s bm==1 &

&L bm==1 &

&& em==1 &

o]

O] i »

FullHock Result

a,b : false =
d,c i true

d,x i true

b,c : true

b,x : true E
c,x @ true L
Transitive LTL

Result

¥
a v =

NNAIUTVU
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= v = s & wa o = ¢
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&)

Promelal | Promela2

Promela2

Tratomicy]
::atomic{
rratomicy
::atomic{
rratomicy
::atomic{
rratomicy
::atomic{
:ratomic{
::atomic{
:ratomic{
::atomic{

13}
init{

zun P3(1);
¥

< i

inp (cpdp, ¢b) [ DEIntE ("printt (cp=%d) ", D) -5 68 ,
inp (amlxp,am) ;printf ("printf (am=%d)",am) -> o
inp (dpxp, dp) ;printf ("printf (dp=%d)} ",dp) -> ou
inp (xpbml,xp) ;printf ("printf (xp=2d)",xp) -> o
inp (bmlapl,bm) ;printf ("printf (bm=3d)",bm} ->
inp (aplcm,ap) ;printf ("printf (ap=2d)",ap) -> o
inp (cmbp2, cm) ;printf ("printf (cm=%d}",cm) -> o
inp (bp2am2, bp) ; printf ("printf (bp=%d) ",bp) ->
inp (emdm, cm) ;printf ("printf (em=%d)", cm) -> ou
inp (am2xm,am) ;printf ("printf (am=%d) ", am) -> o
inp (dmum, dm) ;printf ("printf (dm=3d)",dm) -> ou
inp (xmbm2, xm) ;printf ("printf (xm=%d) ", xm) -> o _

Simulation text for FulHock

Simulation Text from CSC

GenPromela2

(©) Consistency

) CSC

Check Full-dodk

Result

L

T
1tl o7 {!<> csc_full dx}
#define csc_full be (bp==1 && bm==1 &
1tl e8 {!<> csc_full becl
#define csc_full bx (bp==1 && bm==1 &
1tl €9 {!<> csc_full bx}
#define csc_full cx (cp==1 && cm==1 &
1tl €10 {!<> esc_full cx}

|

<

FulHock Resuit
d,b : false =
d,e : true
d,x : true
b,c : true F
b,x i trae z‘
cox : true

Transitive LTL

Result

This STG has CSC property.
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P out+/ 1%

5+/ \ r+

out-/1

JUN 5-53 FNUUAKNTUTTUNIINVBII9ATOENINTIUNS
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.model input_multi en- out+/2

input sren out+/2 s-r-

.output out s- out+/1

.graph r- out-/2

out+/1 s+ r+ out-/2 en+

s+ out+/2 en+ out+/1

r+ out-/1 .marking {<s-,out+/1>,<out-/2,en+>}
out-/1 en- .end
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€3 input_multi_promelaLpm [E=R el ™
mber 2014
Simulate / Replay ion  Swarm Run
Safety Storage Mode Search Mode
© safety & exhaustive @ depth-first search

¥ + invalid endstates (deadlock) ™ + minimized automata (slow) ¥ + partial order reduction
[V + assertion violations [" + collapse compression ™ + bounded context switching

™+ xr/xs assertions € hash-compact " bitstate/supertrace with bound: 0

.
Liveness Never Claims ™ + iterative search for short trail Trapping

€ non-progress cycles € do not use 2 never claim or Htl property € breadth-first search Opt
@& acceptance cycles & use claim ¥ + partial order reduction
I enforce weak faimess constraint claim name (opt): pl W report unreachable code

pan.out

1 byte outp1sp, outpirp, spoutp2, rpoutm1, outmienm, enmoutp2 * _
. outp2sm, outp2rm, smoutp1, rmoutm?2, outm2enp, enpoutp1;

byte t1,12,t3,14,15,16,17,18,19,t10,t11 t12; nemory

#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1 1 {‘O‘ﬁr‘:c"t'u

#define inp2(x1,x2 t1,t2) (x1>0 && x2>0) > x1 = x1-1; x2 =x2-1; = e e
1=t1+1,12 = t2+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1, x2 = x2+1

#define safe ((outp1sp <= 1) && (outp1rp <= 1) && (spoutp2 <=
1) && (rpoutm? <= 1) && (outmlenm <= 1) && (enmoutp2 <= 1) && (outp
2sm <= 1) && (outp2rm <= 1) && (smoutp1 <= 1) && (rmoutm2 <= 1) &&
outm2enp <= 1) && (enpoutpl == 1) }

Ithp1 [ [] safe }
9 #define live ((t1>0) && (12-0) && (t3>0) && (t4>0) && (15-0) &&
1620) && (17-0) && (18-0) && (19-0) && (110=0) && (t11=0) && (112=0))
10 Ithp2 { == live }
11

#afine narzict (({{nitmianm == 11 Il initm2ann == 1) _> ({fout T

omelal.pml:28, state 62, "-end-"
es)

tate 10, "-end-"

pan: elapsed time 0 seconds
Mo err und — did you verify all claims?

JUN 5-55 Han1smiuaeuAMalURnuUaen 89IN19350aNNToUNA

2) MamugeunandRlaiua

nsmuasuauantilafiudldsialnswaiiuu A1 Wuwuudaeslunismiuaey
Tnosialnsiuauuy Al ¥e99930a8273 Buma uansluniaswin n.4.1 Weldswalnsiuan
wuU Al udiishsiaildinainssnsnandadudmiunsmuasuauauiilaiiuania
vadie 4.4.3 wldnssnenadaduresauaudilafiuaduandunianuin n.4.2 aniuis
thswarsassauilinmuaeuluedosdoatuldnadgul 556 Featiulinuaufianain

IER9I139950aU 5B UNe dRmaudRlaniuea

€3 input_multi_promelal,pm| [E=RE=T ™
5 ovember 2014
Simulate y erification  Swarm Run
Safety Storage Mode Search Mode
 safety & exhaustive @ depth-first search

¥ + invalid endstates (deadlock) I™ + minimized automata (slow) ¥ + partial order reduction
IV + assertion violations ™ + collapse compression [T + bounded context switching
I + xrfxs assertions € hash-campact € bitstate/supertrace with bound: 0

Liveness Mever Claims [ + iterative search for short trail

£ non-progress cycles £ do not use a never claim or ] property € breadth-first scarch
# acceptance cycles & use claim ¥ + partial order reduction
I enforce weak fairness constraint claim name (opt): [P ¥ report unreachable code

pan.out

1 byte outp1sp, outp1rp, spoutp2, rpoutm, outmienm, enmoutp2 » _
, outp2sm, outp2rm, smoutp1, rmoutm2, outm2enp, enpoutp1;

#define inp1(x1,t1) (x1=0) -> x1 = x1-1;t1 = t1+1 L
#define inp2(x1,x2,t1,t2) (x1=0 && x2=0) -= x1 = x1-1; x2 = x2-1; =
=t1+1; 12 = t2+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define safe ((outp1sp <= 1) && (outp1rp <= 1) && (spoutp2 <=
1) && (rpoutm1 <= 1) && (outmienm <= 1) && (enmoutp2 <= 1) && (outp
2sm <= 1) && (outp2rm <= 1) && (smoutp1 <= 1) && (rmoutm2 <= 1) &&
(outm2enp <= 1) && (enpoutp1 <= 1))

It pt {[] safe}

#define live ((11=0) && (12-0) && (t3-0) && (t4-0) && (t5-0) && 1+ elapsed tim ds
(16>0) && (17=0) && (t80) && (t9=0) && (110=0) && (t11=0) && (t120)) ff”- elapse _‘g‘e d d?_w” >t all claims?
10 1t p2 { <= live } No errors found — did you verify all claims?

11 #dafine nerzist ((((nitmienm == 1) Il fnitm2enn == 11 > ({init =

JUN 5-56 wamsmuasuandinulafiuaainisaseauninstunn



108

3) MsmudsUAMENTRANUNUNIY

nsmugeuauantAnumuuldsialnswaiuuu Al Wuiuudiasslunis
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Spi -1 Ja 14--21N mber 20

s a never claim or Itl property
e (opt): 3

byte outp1sp, outp1rp, spoutp2, rpoutm 1, outmienm, enmoutp2 *
, outp2sm, outp2rm, smoutp 1, rmoutm2, outm2enp, enpoutp1,

byte t1t2,13,t4 t5 t6 {7 t8,t9 ! t1l]t11 2

#define inp1 (1 t1) (x1>0) > x1 = x1-1: t1 = t1+1 )

#define inp2(ci x2,t1 12) (x1>0 && x2>0) -> x4 = x1-1; x2 = x2-1; =
1=t1+112 = 12+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define safe ((outp1sp <= 1) && (outpirp <= 1) && (spoutp2 <=
1) && (rpoutm1 == 1) && (outmienm <= 1) && (enmoutp2 <= 1) && (outp
2sm <= 1) && (outp2rm <= 1) && (smoutp1 <= 1) && (rmoutm? <= 1) &&
outmZenp <= 1) && (enpoutpt <= 1))

Itipt {[safe}

#define live ((t1>0) && (12>0) && (13>0) && (t4>0) && (15>0) && pan: elapsed fime 0.016 secands
t6>0) & ({720) 84 (18-0) 8& (19-0) & (t10-0) && (t11-0) &4 (112-0)) T:) r‘ep\ha"-tre Ermrrt-ml X ’wr‘uhts“RE lay and select "Run"

sz{owe} lay th ail, g wlate/Replay and s 1

t (11

U7 5-57 HanNsyRLEeUAMALTRANNTIUNILIINIATOANITIUNR
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Simulate / Replay

Safety

Storage Mode

Search Mode

© cafety
I+ invalid endstates (deadlock)
I + assertion violations
™+ xi/xs assertions

Liveness

& exhaustive
I+ minimized automata (slow)
I + collapse compression
£ hash-compect 1" bitstate/superirace

Never Claims.

@ depth-first search
¥ + partial order reduction
I + bounded context switching
with bound: [0

I™ + iterative search for short trai Trapping

€ non-progress cycles
& acceptance cycles

I™ enforce weak fairness constraint

byte outpisp, outp?rp, spoutp2, rpoutm1
, rmoutm2, outm2en

1
, outp2sm, outp2rm, smoutp1
byte sp, sm, rp, rm,

#define outp1(x1) if
= else -> break; fi

40

FEEEEEEY

#define consist3 (enp>=1 && enm>=1 && (smoutp?

2enp==4))
9
m2enp==4))

Itl p4{!<>consist1}
It nA/1<>rnnsistol

#define inp(x y) if ~(x==1) - x=10,y++;
#define outp2(x1,x2) if - (x1 1= 10) -> x1++;
#define consist1 (sp>=1 && sm=>=1 && (smoutp1==4 || outm2e

#define consist? (rp>=1 && rm>=1 && (smoutp1==4 || outm2en

#define consist4 (outp>=1 && outm>=1 && (smoutp1==4 || out

" do not use a never claim or It property
& use claim

claim name (opt): o4

utm{enm, enmoutp2 - _

enp, enm, outp, outm;

(x==2) > x++y++ fi
else -> break; fi

- (%2 1= 10) -> x2+

S (x1 0) = x1++,

loutm

€ breadthfirst search
¥ + partial order reduction
¥ report unreachable code

pan.out

(= stored+matched)
21 atomic step:
hash confli 0 (resolved)
Stats on memory usage (in Megabytes;
0.001 equivalent memory usage fo ites (stored*(State-vector + overhead
0248 actual memory usage for states
128.000 memory used for hash table (-w2:
memory used for DFS stack (-
128,730 total actual memory usage

pan: elapsed time 0 secon

To replay the error-trail, goto Simulate/Replay and select "Run”

Storage Mode

Search Mode

W+ invalid endstates (deadlock)
F# + assertion violations
™+ xi/xs assertions

Liveness

& exhaustive
I minimized automata (slow)
I + collapse compression
€ hash-compact € bitstate/supertrace

Never Claims

@ depth-first search
¥« partial order reduction
I™ + bounded context switching
with bound: 0 "

I~ + iterative search for short trail Trapping

" non-progress cycles
@ acceptance cycles

I™ enforce weak faimess constraint

1 byte outpisp, outpirp, spoutp2, rpoutm?, outmienm, enmoutp?
, outp2sm, outp2rm, smoutp1,

byte sp, sm, rp,
#define inp(x.y)

1 else -> break; fi

NEEETIENT

#define consist3 (enp>=1 && enm>=1 && (smoutp1==4 || outm

2enp==4))
9

Itl p4{!<>consist1}
I nAll<>c onsictol

#define outp? (x1) if - 8
#define outp2(x1,x2) if = (x1 1= 10) -> x1++,

#define consist! (sp>=1 && sm>=1 && (smoutpi=

)
#define consist? (rp>=1 && rm>=1 && (smoutp1==4 || outmZen

#define consist4 (outp>=1 && outm==1 && (smoutp1==4 || out

€ do ot use a never claim or It property
& use claim

claim name (opt): [py

rmoutm2, outm2enp, enpoutp1,

(x11=10) == x1++; = else -> break; fi

S (x21=10) > x2+

|| outm2e

Optic
 breadth-first search O
¥V + partial order reduction
¥ report unreachable code

pan.out

el
hash conflicts 0 (resolved)
Stats on memory usage (in Megaby
0.002 equivalent memory usage for states (stored*(’
usage fol te:
d for hash table (-w24)
memory used for DFS stack (-m10000)
total actual memory usage

ate-vector + overhead))

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run"

Simulate

Safety

Storage Mode

Search Mode

" safety
¥ + invalid endstates (deadlock)
¥ + assertion violations
I + x/is assertions

Liveness.

& exhaustive
[~ + minimized automata (slow)
I~ + collapse compression
€ hash-compact (" bitstate/supertrace

Never Claims

@ depth-first search
W« partial order reduction
I™ + bounded context switching
with bound:[0

I™ + iterative search for short trail

€ non-progress cycles
@ acceptance cycles

I™ enforce weak fairess constraint

1 byte outp1sp, outpirp,
, outp2sm, outp2rm, smoutp1, rmoutm2, outm2en

byte sp, sm, rp, rr
#define inp(x.y) if ::(
#define outp1(x1) if ==

#define outp2(x1,x2) if

else -> break; fi

#define consisti (sp>=1 && sm>=1 && (smoutp1==4 || outm2e
#define consist2 (rp>=1 && rm>=1 && (smoutp1

#define consist3 (enp>=1 && enm>=1 && (smoutp1==4 || outm

)

#define consist4 (outp>=1 && outm>=1 && (smoutp1==4 || out
p==4)}

Itl p4{l=>consist1}

[t PAf] <> ansistol

; (x
(x1'1= 10) > x1+¥. - else -> break. fi

€ do not use a never claim or Hl property
@ use claim

claim name (opt): |pd

spoutp2, rpoutm1, outm1ien
enpoutp1;

enmoutp? *

2) - x++y++ fi

(ct 1= 10) -> xt +4, -~ (42 1= 10) -> x2+

4 || outm2en

€ breadth-first search
¥+ partial order reduction
7 report unreachable code

pan.out

Stats on memory usage (in Megabytes):
0.002 equivalent memory usage for
0.248 actual memory usage for states
128.000 memory used for hash table (-w24)
0.5: memory d for DI ick (-m10000)
128.730 total actual memory usage

tate-vector + overhead))

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

i
Advanc

ed

109



B3 gt i promein2pr. e e ]

Simulate / Replay

Safety

Storage Mode

Search Mode

O safety
I -+ invalid endstates (deadlock)

¥ + assertion violations

@ exhaustive
I™ + minimized automata (slow)

I + collapse compression

[ + xr/xs assertions € hash-compact € bitstate/supertrace

Liveness Never Claims

& depth-first search
¥ + partial order reduction
I™ + bounded context switching
with bound: |0

™ + iterative search for shert trai

" non-progress cycles  do not use a never claim or it property

& acceptance cycles @ use claim

I™ enforce weak faimess constraint claim name (opt): [p7]

1 byte outp1sp, outprp, spoutp2, rpoutm1, outm1ienm, enmoutp2 * _
, outp2sm, outp2rm, smoutp1, rmoutm2, outm2enp, enpoutp1;

byte sp, sm, rp, rm, er

#define inp(x,y) if :(x

#define outpl (x1) if =

#define outp2(x1 x2) if - (

. - else -> break; fi

#define consist1 (sp>=1 && sm>=1 && (smoutp1==4 || outm2e
np==4))

#define consist? (rp>=1 && rm>=1 && (smoutp1==4 || outm2en
p==4))
8 #define consist3 (enp>=1 && enm>=1 && (smoutp1==4 || outm
2enp==4))

#define consist4 (outp>=1 && outm>=1 && (smoutp1==4 || out
m2enp==4))

10 Itl p4{!<>consist1}
11 il nAfl<>ronsictol

JUN 5-61 HaN1sMIUdRUINIATasllaaTuvedly

" breadth-first search

7 + partial order reduction

7 report unreachable code

pan.out

1 on:
8 atomic step:
conflicts:

tored+matched)
0 (resolved)

Stats on memory usage (in Megal
0.001 equivalent memory
48 actual mem
000 memor

sed time 0 seconds
he error-frail, goto Simulate/Replay and select "Run”

18 out
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€ input_ ot promelazpr

Simulate /

Safety Storage Mode:

Search Mode

& exhaustive

© safety

I + invalid endstates (deadlock) I + minimized automata (slow)
W« assertion violations I~ « collapse compression
I+ afxs assertions € hash-compact " bitstate/supertrace

Liveness Never Claims

& depth-first search
¥ + partial order reduction
I~ + bounded context suitching

Show
with bound: |0 Error

[T + iterative search for short trail Trapping

€ non-progress cycles € do not use 2 never claim or Itl property

& acceptance cycles & use cloim

I™ enforce weak faimess constraint claim name (opt): |c{|

byte sp, sm, rp, 1 X ; i
#define inp(x,y) if E S E=2) > xb by fi
#define outp1(x1) 1 0) -» x1++; = else -> break; fi
#define outp2(x1,x2) if - (x1 1= 10) -> x1++; =2 (x2 1= 10) > x2+

;= else -> break; fi
#define consist1 (sp>=1 && sm>=1 && (smoutp1==4 || outm2e

)
#define consist2 (p>=1 && rm>=1 && (smoutp1==4 || outm2en

#define consist3 (enp==1 8& enmi>=1 && (smoutp1==4 || outm

#define consist4 (outp==1 && outm=>=1 && (smoutp1==4 || out
m2enp==4))
10 Itl p4{!<>consist1}

11 It nAfl<>consictoL

€ breadth-first search Ot
¥ partial order reduction
7 report unreachsble code

tored+matched)

Stats on memory us
02

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”
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Promela1 | Promela2
Promela2 LT
Tiatomic{ inp(enpoutpl,enp);printt ("printt (enp=%d)",enp . o =
i:atomic{ inp(outplsp,outp);printf("printf (outp=%d)",ou 1cl e3 {!<> esc_full sout}
:iatomic{ inp(outplrp,outp);printf("printf (outp=id)",ou #define csc_full ren (rp==1 && rm==1
::atomie{ inp(rpoutml,rp):printf("princf(rp=%d)",rp) > 1tl c4 {!<> csc_full ren}
::atomic{ inp(outmlenm,outm);printf("printf (outm=3%d)",o #define cac_full rout (rp==l && rm==1
iiatomic{ inp(spoutp2,sp);printf("printf(sp=%d)",sp) -> 1tl 5 {!<> csc_full rout} | |
::atomic{ inp(enmoutp2,enm);printf("printf (enm=%d)",enm #define csc_full enout (enp==1 && enm
::atomic{ inp(outp2sm,outp):printf("princf (outp=2d)",ou 1tl c6 {!<> csc_full enout} =
::atomic{ inp(outp2rm,outp):printf("printf (outp=3d)", oyl GenPromela2
::atemic{ inp(rmoutm2,rm);printf ("printf (rm=%d)",rm) -3| @
::atomic{ inp(outm2enp,outm);printf("printf (outm=%d)",q| ke d m v
oa L FulHock Result
" s,r : false P
oiel s,en : false
run P3(1);
s,out : false
run P3(2): Check Fulock
b r,en : true =
Ero= en,out : true 4
Simulation text for FulHock Simulation Text from €5€ -
Result
Transitive LTL
Result
1 ¥
a v =

U7l 5-63 kan1IRTIERUNAAEAINATRITBTIRAWITY

1% '

O e ! ad @ [V aa 1o o A = 1
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e

Promelal | Promelal

Promela2 I

Tratomic{ inp(enpoutpl,enp);printf ("printf (enp=%d)",enp . T _TUII_SUdT (Sp—T GE Sme—I
::atomic{ inp(outplsp,outp);printf("printf (outp=%d)",ou 1tl c3 {!<> csc_full sout}

::ratomic{ inp(outplrp,outp):printf("printf (outp=%d)", ou #define csc_full ren (rp==1 && rm==1
::atomic{ inp(rpoutml,rp);printf("printf (rp=%d)",zrp) -> 1tl c4 {!<> csc_full ren}

::atomic{ inp (outmlenm,ocutm);printf("printf (outm=%d)",c #define csc_full rout (rp==1 && rm==1
::atomic{ inp(spoutpZ,sp):princtf("printf (sp=%d)",sp) -> 1tl @5 {!<> csc_full rout} i
:iatomic{ inp(enmoutp2z,enm);printf("printf (enm=%d)",enn #define csc_full enout (enp==1 && enm

::atomic{ inp(outp2sm,outp);printf("printf (outp=3d)",ou__ 1tl ¢6 {!<» csc_full enout}

::iatomic{ inp(outp2rm,outp);printf("printf (outp=d)", oyl GenPromela2

::atomic{ inp(rmoutm2,rm);printf("printf (rm=%d)",rm) -

) Consiste
::iatomic{ inp(outm2enp,outm) ;printf ("princf (outm=%d)", o SRR J i, c

. L (O Full-ock Result

init{

s,en : false —
run P3(1):

s,out @ false
run P3(2); Check FulHock
- r,en : true =
: r,out @ true
« i v
| |en,out : true L4
Simulation text for Fuil-Hock Simulation Text from CSC =

Result

Transitive LTL

Result

This STG has CSC property.

' [
a o =

JUT 5-64 nan1IMILERULVISUTTING BRI NLATRT o TN
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.model non-consist b+ c+

input a C+ a+

.output b c a+ c-

.graph .marking {<c-,a->,<b-,c+>}
c-a- .end

a- b- b+

b- c+

JUT 5-66 \InAaRU099TRANITNARDY 1
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) non-consist-promelaLpml

Simulate / Replay

Safety

Storage Mode

= | B |-z

mber 2014

Search Mede

C safety
W + invalid endstates (deadlock)

¥ + assertion violations

& ehaustive
I™ + minimized automata (slow)

I~ + collapse compression

@ depth-first search
¥+ partial order reduction

I + bounded context switching

113

I + afxs assertions  hash-compact € bitstate/supertrace

Liveness Never Claims

with bound: 0

[~ + iterative search for short trail

" non-progress cycles € de not use a never claim or Itl property

& acceptance cycles & use claim

claim name (opt): [plf

I~ enforce weak faimess constraint

byte cmam, ambm, ambp, bmep, bpep, cpap, apem;

#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 =t1+1

#define inp2(x1,x2 t1,t2) (x1>0 && x2>0) > x1 = x1-1; %2 = x2-1;

S12=12+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define live ((11>0) && (12>0) && (13>0) && (14>0) && (15>0) g8
(6>0) && (17>0))

1t p2 { <> Iive }

#define safe ((cmam <= 1) && (ambm <= 1) && (ambp <=1) &
& (bmcp <= 1) && (bpcp <= 1) && (cpap <= 1) && (apcm <= 1))
10 ltlpt {[] safe }
11 #define persist (((apcm == 1) -> ((ambm == 0) && (ambp == 0)

ltl p3 { [] persist }

Options
© breadth-first search Options
[ + partial order reduction
[ report unreachable code

pan.out
ored+matched)
0 {resolved)

on memory usage (in Megaby

0.000 equivalent memory u ates (stored*(State-vector + overhead))

pan: elapsed time 0 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”

JUN 5-67 nan1smugeupuauiRnIuUaenizaNRTedINTIAGeY 1

2) MamugeunandRlaiua

nsmuaeuAuauthlaualdafalnswaiiuy Al

[d o
Wunuudasslunisniugeu

1A8SWAINSLUAUU Al UD999950AUTNN80Y 1 handlun1anuIn n.5.1 wWialaswalnswuan

WUy Al uaadadnsvanlaunaiinssnsandadudmiunismuasuauantlaiiuaniy

Wt 4.4.3 alanssneandadurasanautalaiivaduandunianuin n.5.2 910U

sansaesdunlauniugeuluateloaluldnadeun 5-68 FeaUuldnuanuiianain

LER9I139950aUNINAGRY 1 TRaanUdlaiiua

€ non-consist-promelal.pml

Simulate / Replay | Verficatio m Run

Safety Storage Mode

lovember 2014

Search Mode

T safety & exhaustive
¥+ invalid endstates (deadlock) I~ « minimized automata (slow)

¥ + assertion violations I~ + collapse compression

& depth-first search
¥+ partial order reduction

I~ + bounded context switching

[=] &[]

I = xr/xs assertions € hash-compact € bitstate/supertrace

Liveness Never Claims

with bound: 0

€ non-progress cycles € do not use a never claim or Itl property

@ acceptance cycles @ use claim

I™ enforce weak fairness constraint claim name (opt)|p2

byte cmam, ambm, ambp, bmcp, bpep, cpap, apem;

#deﬂne\nm(m 1) (x120) -> x1 = x1-1; 11 =t1+1

#define inp2(x1,; 12) (x120 && x2>D) -2 x1 = x1-1; %2 = x2-1;
=141 2 = 1241

#define outp? (x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define live ((11>0) && (12>0) 8& (13>0) 8& (14>0) && (15>0) &&

#define safe ((cmam <= 1) && (ambm <= 1) && (ambp <= 1) &
(bmep == 1) && (bpep <= 1) && (cpap <= 1) && (apem <= 1) )

It p1 {[] safe }

#define persist (((apcm == 1) -> ((ambm == 0) && (ambp == 0)

Itl p3 { [] persist }

I iterative search for short trail Trapping

€ breadth-first search Options
¥+ partial order reduction

¥ report unreachable code

pan.out

pan: elapsed time 0

No errors found - did you venn all claims?

JUN 5-68 wamsmuasuRantinulafliuaainisaseaumaaes 1
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muaeu lassialnsiuauuy Al 19599950auTMna0d 1 uandlunianuan n.5.1 1ield
salnsmauy Al udhdshsfadldanairmssnsnandadudmiunsmuaeunaaudi
AmamuusIite 444  agldnsanznandaduvesnuantiaununiudaandy
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FeaUunuaNUHANAIALENTIN9ATEANNTNIAERY 1 lilinnandRnuvuu

€ non-consist-promelaL.pml B He ™
5 - 27 November

progress cycles a never claim or It property
acceptance cycles

I enforce weak faimess constraint cla opt):|pd

byte cmam, ambm, ambp, bmcp, bpcp, cpap, apcm;

#define inp1(x1,11) (x1>0) > x1 = x1-1; t1 =t1+1

#define inp2(x1 x2 t112) (x1>0 && x2>0) = x1 = x1-1; x2 = x21;
1=t1+1, 12 =12+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define live ((t1>0) && (120) && (t30) && (t4>0) && (15>0) &&
16>0) && (17>0))

Ithp2 { == live }

#define safe ((cmam <= 1) && (ambm <= 1) && (ambp <= 1) &
& (bmcp <= 1) && (bpcp <= 1) 8& (cpap <= 1) && (apcm <= 1))
10 Itlpt {[] safe }
11 #define persist (((apcm == 1) -> ((ambm == 0) && (ambp == 0)

W pan: elapsed time 0.015 SE‘CD!'IdS
2 Itl p3 { [] persist } To replay the error-trail, goto Simulate/Replay and select "Run
1%

E‘Uﬁ 5-69 wamsmuaauamauﬁ’ammmumummq%aﬁmwsmaaa 1
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) non-consist-promela2.pml

Safety

iSpin Ver

Swarm Run

Storage Mode Search Mode

115

© safety
'« invalid endstates (deadlock)
W+ assertion violations
I+ afxs assettions

Liveness

& exhaustive & depth-first search

™ + minimized automata (slow) W+ partial order reduction
I~ + collapse compression I~ + bounded context switching
" hash-compact € bitstate/supertrace with bound: 0

Never Claims ™ + iterative search for short trail

non-progress cycles
acceptance cycles

enforce weak faimess constraint

byte cmam, ambm, ambp, bmcp, bpcp, cpap, apcm;

byte ap, am, bp, bm, c|
#define inp(x,y) if
#define outp1(x1) if =

;o else -> break; fi

#define consist! (ap>=1 && am>=1 && (cmam==4 || bmcp==4)

(x11=10) -> x1++,
#define outp2(x1.x2) if - (x1 1= 10) > x1+

© breadth-first search

€ do not use a never claim or 1l property

@ use claim ¥ + partial order reduction

claim name (opt): [pé4 ' report unreachable code

pan.out

=2) = x++iy++ fi
- else > break; fi
S (x21=10) = x2+

Sl hash conflict:

Stats on memory usage (in Megabyte:
0.001 equivalent memory usage for
0.2 actual memory usage for states

000 memory used for hash table (-w

Show
Advar
Param

Trapping
0 Setting

Option:

ate-vector + overhead))

#define consist? (bp>=1 8& bmi»=1 && (cmam==4 || bmep==4) 0534 momony used for DFS stack (.m10000)
#define consist3 (cp=1 && cm>=1 && (cmam==4 || bmcp==4) 28.730 total actual memory usage

It p4{l<>consist1}
It p5{!<>consist2}
It p6{!<>consist3}

U1 5-70 nan1smuauaINiAIesloatuvedyay

@ non-consist-promela2 pml

Safety

Storage Mode

pan: elapsed time 0 seconds

To repl

the error-trail, goto Simulate/Replay and select "Run”

[E=SE=1

Search Mode

€ safety
¥ + invalid endstates (deadlock)
[V + assertion violations
I~ + xt/xs assertions

Liveness

& exhaustive
I+ minimized automata (slow)
I~ + collapse compression
€ hash-cempact ¢ bitstate/supertrace

Never Claims

& depth-first search
¥+ partial order reduction
™ + bounded contest switching
with bound: [0 Show

I™ + iterative search for short trail

€ non-progress cycles
& acceptance cycles

I~ enforce weak faimess constraint

byte ap, am, bp, b
#define inp(x,y) if ::(x:

#define outp2(x1 x2) if
o else -> break; fi

1
2
3
4
5
+
6
)
7
)
8
)
9 Itl p4{!<=>consist1}
1 Itl p5{!<=>consist2}
1 Itl p&{!<>consist3}

13

SUN 5-71 man1smuasuaniAIesiloatuvedayayo

€ non-consist-promelaZ pml

byte cmam, ambm, ambp, bmcp. bpep, cpap, apcl
m;

)=> x=10y++;

#define outp1(x1)if = (x1 1= 10) = x1++;

(x1 1= 10) > x4 ++:

#define consist! (ap>=1 && am>=1 && (cmam==4 || bmcp==4)

#define consist2 (bp>=1 && bm>=1 && (cmam==4 || bmcp==4)

#define consist3 (cp>=1 && cm>=1 && (cmam==4 || bmcp==4)

Hdafine car filll_ah fan==1R&& am==1 && hn==1 &R hm:

€ do not use 2 never claim or tl property
& use claim

claim name (opt): [py

) = x+EyHE fi
- else -> break; fi
X2 1= 10) > x2+

Storage Mode

unreached in init

at
unreached in claim p5

pan: elapsed time

€ breadth-first search
¥ + partial order reduction
¥ report unreachable code
pan.out
T
8, state 49, "crr
9, state 70, "

1, state 99, "bm
2. state 118,

"op =
, "c|
(0of

_spin_nvr.tmp:17, state 10,
(1 of 10 states)

con
‘ound — did you verify all clai

iSpin Version L1

Search Mode

€ safety
¥ + invalid endstates (deadlock)
[V + assertion violations
I+ xrfxs assertions

Liveness

& echaustive

I + minimized automata (slow)

I + collapse compression
 hash-compact € bitstate/supertrace

Never Claims.

@ depth-first search
¥ + partial order reduction

I + bounded context switching
S
with bound: [0 e Advan

I~ iterative search for short trail

€ non-progress cycles
& acceptance cycles

I~ enforce weak fairness constraint

byte cmam, ambm, ambp, bmcp, bpep, cpap, apcm;

byte ap, am, bp, bm, cp, cm;
#define inp(x.y) if
#define outpl(x1) if = (x1

K==1) > x=10,y++
10) = x1++;

€ do not use a never claim o Il property
@ use claim

claim name (opt): [p6

X==2) - )b+ iy i
else -> break; fi

10 transitions
atomic step
hash conflicts

Trapping Parameter
Op Setting
" breadth-first search =
[® + partial order reduction
¥ report unreachable code

= stored+matched)

0 (resolved)

#define outp2(x1,x2) if == (x1 1= 10) > x1++;
else > break; fi
#define consist! (ap>=1 && am>=1 && (cmam==4 || bmcp==4)

(x21=10) > x2+

#define consist2 (bp>=1 && bm>=1 && (cmam==4 || bmcp==4)
#define consist3 (cp>=1 && cm>=1 && (cmam==4 || bmcp==4)
Itl p4{l=>consist1}

Itl p5{1<>consist2}
Itl p{1<>consist3}

Stats on memory usage (in Megabyte:
0.001 equivalent memory usage for states
0. actual memory usage for stat
128.000 memory used for hash table (-w24)
0.534 memory used for DFS stack (-m10000)
128 total actual memory

ored*(State-vector + overhead))

pan: elapsed time 0 seconds

[ To replay the error-trail, goto Simulate/Replay and select "Run”
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@ non-consist-promelaZ pml

€ non-progress cycles  do notusea never claim or Il property

& acceptance cycles & useclaim

I~ enforce weak faimess constraint

byte crnam, ambm, ambp, bmcp, bpcp, cpap, apcm,
byte ap, am, bp, bm, cp, cm;

#define inp(x,y) if =(x==1) > x=10y++, )= gty fi
#define outp1(x1) if - (x1 1= 10) = x1+ -> break; fi 3
#define outp2(x1,x2) if == (x1 1= 10) -> 2 1=10) = x2+
- break: fi

#define consist! (ap==1 && am>=1 && (cmam==4 | bmcp==4)

#define consist2 (bp>=1 && bm>=1 && (cmam==4 || bmcp==4)
#define consist3 (cp>=1 && cm>=1 && (cmam==4 | bmcp==4)

1t p4{1<>consist1}
1t p5{1<=consist2}

Itl pB{!<=consist3} pan: elapsed time 0 seconds

To replay the error-rail, goto Simulate/Replay and select "Run”
#define rer full_ah fan==1 &R am==1 8K hn==1 &K hm==1R& 7
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CSC Chedk

Srudaton text for Fulock Simulaton Text from CSC

[
o

JUT 5-74 nan1snsvdeulladenaIniazale it



117

v

INUUTINTIIdOUINULNTUTTANG oA NI InINigaeenlidriuiinunielilag

3 44' A e o

AT NNAIUIVY TILATDILOLAAINATN bUNULNTUTANADALATIIDT9d519A5NZLIAN

Faduiion 130 TI9munsudiinien dwandluzun 5-75

(2] E=TE=l

Promelai| Promela2

|| Promeia2 LT
En 7Bmep=10; anbm=0; anbp=0; bpep=0; cpap=0; apen=0 o puUTTSrcuRsTITOT =
i ; cmam=10; ambm=0; ambp=0 ; bpcp=0; cpap=0; apcm=0
fi #define csc_full ab (ap==1 && am==1 &
do 1tl ol {!<> csc_full ab
::atomic{ inp(apcm, ap) ;printf("printf (ap=%d}",ap) -> ou #define csc_full ac (ap==1 && am==1 &
::atomic{ inp(cmam,cm):printf ("printf (cm=%d)",cm) -> ou 1tl c2 {l<> c=c_full ac}
::atomic{ inp(ambm, am):;printf ("printf (am=%d)",am) -> oy #define csc_full be (bp==1 && bx==1 &=
::atomic{ inp (ambp,am);printf("printf (am=%d)",am) -> ou —|1tl c3 {!<> csc_full bcl
::atomic{ inp(bmcp,bm);printf ("printf (bm=%d)", bm) -> oy ‘ GenPromela2 ‘
::atomic{ inp(bpcp,bp);printf ("printf (bp=sd}",bp) -> oy 2
ier 1 . . Consistency P 0 8
::atomic{ inp(cpap,cp):printf("printf (cp=td)",cp) -> ou
od I LB Ful-ock Result
initd ‘ A5 ‘ a,b : false
run P3(1); — a,c : true
run P3(2); Check FullHoc b,c @ false
d 1 C 5 Check
Simulation text for FulHock Simulation Text from CSC

Transitive LTL

#define transitivel ((ap==1 || am==1) &
1tl tl {!<»transicivel}

< M b
Result

e LTL in transitive LTL block and get s
ive any text appear,The STG has non-CSC.

Q{' aa & A4 A dw =3
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 non-consist-promelaZ.pml == <

7 November 2014

Simulate / Replay

Storage Mode Search Mode

€ safety @ exhaustive & depth-first search
F + invalid endstates (deadlock) I~ + minimized automata (slow) ¥ + partial order reduction
¥ + assertion vielations [~ + collapse compressien [~ + bounded context switching
I + xi/xs assertions € hash-compact " bitstate/supertrace with bound: |0

Liveness Never Claims I™ + iterative search for short trail Trapping

0
€ non-progress cycles  do ot use a never claim or Il property (" bresdth-first search Opi
@ acceptance cycles & use claim ¥+ partial order reduction

I™ enforce weak fairess constraint clairm name (opt): [t1] F report unreachable code

pan.out
byte crmam, ambm, ambp, bmep, bpcp, cpap, apcm;

byte ap, am, bp, b

#define inp(x,y) if ~(x 10y s
#define outp1 (x1) if 0) == x1++: - else - fi
#define outp2(x1x2) f - (x1 1= 10) == x1++, - (x2 1= 10) -> x2+
> break; fi

#define consist1 (ap>=1 && am>=1 && (cmam==4 || bmcp==4) @of 1

#define consist2 (bp>=1 8 b>=1 86 (cmam==4 || bmcp==1) | |SLES

#define consist3 (cp>=1 && cm>=1 && (cmam==4 || bmcp==4)

itl p4{l<>consist1}
Itl po{1<>consist2}
It p6{1<>consist3}

#tdefine rac full ah(an==1R&R am==1 RA& hn==1 RR hm==18 =

JUT 5-76 nan1sniugeuuvsudiindonaniesedioalu
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.model non_live
nput x
outputyr
.graph

X- Y-

y- X+ r+

X+ y+

y+ X-

r+r-

.marking {<y+,x->}

.end
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3 non_live_promelal.pml

Simulate / Replay | Verification

Safety Storage Mode

[E=SREE ™5

mber 2014

SwarmRun <

Search Mode

& exhaustive

 safety

7+ invalid endstates (deadlock) ™+ minimized automata (slow)
7 + assertion violations I™ + collapse compression
™+ xr/xs assertions € hash-compact " bitstate/supertrace

Liveness Never Claims

@ depth-first search
% + partial order reduction
I™ + bounded context switching
with bound: 0 Show

I™ + iterative search for short trail

€ non-progress cycles  do not use a never claim or il property

@ acceptance cycles & useclaim

I™ enforce weak fairness constraint <laim name (ept): pl]

byte Xmym, ymxp, ymrp, Xpyp, ypxm, rprm;
5:

#define inp1(x1.11) (x1>0) -> x1 = x1-1; t1 =t1+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define live ((t1>1) && (12>1) &8 (13>1) && (t4>1) && (t5>1))

1t p2 { <> live }

#define safe ((xmym <= 1) && (ymxp <= 1) && (ymrp <= 1) &&
1) && (ypxm == 1) && (rprm <= 1))

ftip1 {[] safe }

#define persist (((ypxm == 1) -> ((ymxp == 0) && (ymrp == 0))))
It p3 { ] persist }

init {

" breadth-first search
¥ + partial order reduction
¥ report unreachable code

Save Result pan.out
8 tr: ored+matched)
0 atomic
hash conflicts: 0 (resolved)
Stats on memory usage (in Megal )y
0.000 equivalent memory ge for states (stored*(State-vector + overhead))
0.286 actual me

pan: elapsed time 0.001 seconds
To replay the error-trail, goto Simulate/Replay and select "Run”
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# non _live_promelal.pml

Simulate / Replay

Safety Storage Mode

el

mber 2014

Search Made

& exhaustive

© safety

I + invalid endstates (deadlock) I™ + minimized automata (slow)
W« assertion violations I+ collapse compression
I+ fxs assertions € hash-compact € bitstate/supertrace

Liveness Never Claims

@ depth-first search
% + partial order reduction
I~ « bounded context switching
with bound: [0

I™ + iterative search for short trail

€ non-progress cycles € do not use 2 never claim or It property

& acceptance cycles & use claim

I™ enforce weak faimess constraint claim name (opt): [p

byte xmym, ymxp, ymrp, Xpyp, ypxm, rprmm;

#define inp1 (x1,t1) (x130) = x1 = x1-1; t = t1+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

#define live ((t1>1) && (12>1) && (13>1) && (t4>1) && (t5>1))

1t p2 { <> live }

#define safe ((xmym <= 1) && (ymxp <= 1) && (ymrp <= 1) &&
1) && (ypxm <= 1) && (prm <= 1) )

It p1 {[] safe }

#define persist ({(ypxm == 1) == ((ymxp == 0) && {ymrp == 0))))
Iti p3 { [] persist }

init {
ypxm=1;
do

~atamicf innd fynem H) > antnixmymit

€ breadth-first search
¥ + partial order reduction
¥ report unreachable code
pan.out
red+matched)
hash conflicts: 0 (resolved)

ats on memory usage (in Megal
equivalent memory

U7 5-80 nan1smugeuAmandiaulafliuaanieseauInaaes 2
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€ non_live_promelalpmi - ’ e | 0
Spin mber

Edit/View  Simulate / Replay | Verification

se a never claim or il property

< (opt): pd

#define inp1(x1,t1) (x120) -> x1 = x1-1; t1 = t1+1
#define outp1(x1) x1 = x1+1
#define outp2(x1,x2) x1 = x1+1; x2 = x2+1
#define live ((t1>1) && (12>1) 8& (t3>1) 8& (t4>1) & (t5>1))  _
1t p2 { <> live } i
#define safe ((xmym <= 1) && (ymxp <= 1) && (ymrp <= 1) &&

= 1) && (ypxm <= 1) && (rprm <= 1))
itip1 {[] safe }
#define persist (({ypxm == 1) -» ((ymxp == 0) && (ymrp == 0))))
It p3 { [] persist }

init {

(stored”(State-vector + overhead))

pan: elapsed time 0 seconds
| To replay the error-trail, goto Simulate/Replay and select "Run"
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n.1.1 SMElWSIUAILUY Al 992935088 N5HA

byte RipAop, AopRop, AopRim, RimAom, AomRip, AomRom, RopAip, RopAom, AipRom, RomAim,
RomAop, AimRop;

byte t1,t2,t3,t4,t5,t6,t7,t8,t9,t10,t11,t12;

#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1

#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2 = x2-1; t1 = t1+1; t2 = t2+1
#define outpl(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

init {

AomRip=1;RomAop=1;AimRop=1;

do

::atomic{ inp1(AomRip,t1) -> outpl(RipAop)}

=:atomic{ inp2(RipAop,RomAop,t2,t3) -> outp2(AopRop,AopRim)}

=:atomic{ inp1l(AopRim,t4) -> outp1(RimAom)}

:atomic{ inp2(RimAom,RopAom,t5,t6) -> outp2(AomRip,AomRom)}

::atomic{ inp2(AopRop,AimRop,t7,t8) -> outp2(RopAip,RopAom)}

::atomic{ inp1(RopAip,t9) -> outpl(AipRom)}

:atomic{ inp2(AomRom,AipRom,t10,t11) -> outp2(RomAim,RomAop)}

:atomic{ inp1(RomAim,t12) -> outp1(AimRop)}

od

}

JUT A-1 s7alnsiaaLuy Al 199seausia 91nded 5.1.1
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#define safe ((RipAop <= 1) && (AopRop <= 1) && (AopRim <= 1) && (RimAom <= 1) && (AomRip
<= 1) && (AomRom <= 1) && (RopAip <= 1) && (RopAom <= 1) && (AipRom <= 1) && (RomAIm <=
1) && (RomAop <= 1) && (AimRop <= 1))

tl p1 { [] safe }

#define live ((t1>1) && (12>1) && (t3>1) && (t4>1) && (t5>1) && (t6>1) && (17>1) && (18>1) &&
(t9>1) && (t10>1) && (t11>1) && (t12>1))

tl p2 { <> live }

#define persist ((AomRip == 1) || (AomRom == 1)) -> ((AopRop == 0) && (AopRim == 0))) &&
(((AopRop == 1) || (AopRim == 1)) -> (AomRip == 0) && (AomRom == 0))) && ((RomAim == 1) ||
(RomAop == 1)) -> ((RopAip == 0) & (RopAom == 0))) && ((RopAip == 1) || (RopAom == 1)) ->
((RomAim == 0) && (RomAop == 0))))

tl p3 { [] persist }

sUN N-2 pssnenanduduanatlinulasnny lald wagAUNUNIUANNTDN 5.1.1
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N.1.3 SWEALWIIUAILUY A2 Y99293508UN5HA

byte RipAop, AopRop, AopRim, RimAom, AomRip, AomRom, RopAip, RopAom, AipRom, RomAim,
RomAop, AimRop;
byte Rip, Rim, Aip, Aim, Rop, Rom, Aop, Aom;
#define inp(x,y) if =(x==1) -> x=10;y++; :(x==2) -> x++;y++; fi
#define outpl(x1) if 2 (x1 1= 10) -> x1++; = else -> break; fi
#define outp2(x1,x2) if 2 (x1 1= 10) > x14++; 1 (x2 1= 10) -> x24++; == else -> break; fi
proctype P3 (byte kX
atomic{

if

it k==1 -> AomRip=2;RomAop=10;AimRop=10;RipAop=0;AopRop=0;AopRim=0;RimAom=0;
AomRom=0;RopAip=0;RopAom=0;AipRom=0;RomAim=0;Rip=0;Rim=0;Aip=0;Aim=0;Rop=0;Rom=0;
Aop=0;Aom=0;

it k==2 -> RomAop=2;AomRip=10;AimRop=10;RipAop=0;AopRop=0;AcpRim=0;RimAom=0;
AomRom=0;RopAip=0;RopAom=0;AipRom=0;RomAIim=0;Rip=0;Rim=0;Aip=0;Aim=0;Rop=0;Rom=0;
Aop=0;Aom=0;

it k==3 -> AimRop=2;AomRip=10;RomAop=10;RipAop=0;AopRop=0;AopRim=0;RimAom=0;
AomRom=0;RopAip=0;RopAom=0;AipRom=0;RomAim=0;Rip=0;Rim=0;Aip=0;Aim=0;Rop=0;Rom=0;
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Aop=0;Aom=0;
fi
do
::atomic{ inp(AomRip,Aom);printf("printf(Aom=%d)",Aom) -> outp1(RipAop)}
=atomic{ inp(RipAop,Rip);printf("printf(Rip=%d)",Rip) -> outp2(AopRop,AopRim)}
=:atomic{ inp(RomAop,Rom);printf("printf(Rom=%d)",Rom) -> outp2(AopRop,AcpRim)}
::atomic{ inp(AopRim,Aop);printf("printflAop=%d)",Aop) -> outp1(RimAom)}
=:atomic{ inp(RimAom,Rim);printf("printf(Rim=%d)",Rim) -> outp2(AomRip,AomRom)}
::atomic{ inp(RopAom,Rop);printf("printf(Rop=%d)",Rop) -> outp2(AomRip,AomRom)}
::atomic{ inp(AopRop,Aop);printf("printflAop=%d)",Aop) -> outp2(RopAip,RopAom)}
=atomic{ inp(AimRop,Aim); printf("printflAim=%d)",Aim) -> outp2(RopAip,RopAom)}
::atomic{ inp(RopAip,Rop);printf("printf(Rop=%d)",Rop) -> outpl(AipRom)}
::atomic{ inp(AomRom,Aom);printf("printf(Aom=%d)",Aom) -> outp2(RomAim,RomAop)}
=:atomic{ inp(AipRom,Aip);printf("printf(Aip=%d)" Aip) -> outp2(RomAim,RomAop)}
::atomic{ inp(RomAim,Rom);printf("printf(Rom=%d)",Rom) -> outp1(AimRop)}
od
B
init{
run P3(1);
run P3(2);
run P3(3);

JUN -3 STElNSIALUY A2 29350811598 91nden 5.1.1

n.1.4 assnzandaduauauiinluiesiuredvseauya

#define consistl (Rip>=1 && Rim>=1 && (AomRip==4 || RomAop==4 || AimRop==4))
#define consist2 (Aip>=1 && Aim>=1 && (AomRip==4 || RomAop==4 || AimRop==4))
#define consist3 (Rop>=1 & & Rom>=1 && (AomRip==4 || RomAop==4 || AimRop==4))
#define consistd (Aop>=1 &% Aom>=1 && (AomRip==4 || RomAop==4 || AimRop==4))
ltl pd{l<>consist1}

ltl p5{l<>consist2}

ltl p6{l<>consist3}

ltl p7{l<>consistd}

ca' a v wa ¥ Y] Y A
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n.1.5 assnzanduduguaniansiuaan U gy salve s sya

#define csc_full RiAi (Rip==1 && Rim==1 && Aip==1 && Aim==1 && (AomRip==4 || RomAop==4 ||
AimRop==4))

(tl c1 {I<> csc_full_RiAi}

#define csc_full RiRo (Rip==1 && Rim==1 && Rop==1 && Rom==1 && (AomRip==4 || RomAop==4
|| AimRop==4))

ltl c2 {I<> csc_full_RiRo}

#define csc_full RiAo (Rip==1 && Rim==1 && Aop==1 && Aom==1 && (AomRip==4 || RomAop==4
|| AimRop==4))

ltl 3 {I<> csc_full_RiAo}

#define csc_full AiRo (Aip==1 && Aim==1 && Rop==1 && Rom==1 && (AomRip==4 || RomAop==4
|| AimRop==4))

ltl c4 {I<> csc_full_AiRo}

#define csc_full AiAo (Aip==1 && Aim==1 && Aop==1 && Aom==1 && (AomRip==4 || RomAop==4
|| AimRop==4))

ltl c5 {l<> csc_full_AiAo}

#define csc_full_RoAo (Rop==1 && Rom==1 && Aop==1 && Aom==1 && (AomRip==4 ||
RomAop==4 || AimRop==4))

(tl c6 {I<> csc_full RoAo}

JUN N-5 Assnelafadunisimyunaniugiauysaiainded 5.1.1
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1.2 SHALNSIIATLAZATINSLIANTNEUIINIRTDFUINT INSUDELTUN

1.2.1 SAAINSIUAIUY Al Y99299508UT INTUDEYUN

byte R1pAom,R1pT1p,T1pCop,T1pRIm, RIMT1m, TImR1p, AomT1p, AomCop, CopTlm, CopBom,
BomAop,BomT2p, R2pT2p, R2pBom, T2pAop, T2pR2m, R2mT2m, T2mR2p, AopCom, AopT2m,
ComT3p,ComBop, BopT3m, BopAom, R3pCom, R3pT3p, T3pBop, T3pR3m, R3mT3m, T3mR3p;
byte t1, t2, t3, t4, t5, t6, 17, t8, t9, t10, t11, t12, t13, t14, t15, t16, t17, t18, t19, t20, t21, t22, 123,
124, 125, 126, 127, 128, 129, t30;
#define inp1(x1,t1) (x1>0) -> x1 = x1-1; t1 = t1+1
#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2 = x2-1; t1 = t1+1; t2 = t2+1
#define outpl(x1) x1 = x1+1
#define outp2(x1,x2) x1 = x1+1; x2 = x2+1
init {
TImR1p=1;T2mR2p=1;T3mR3p=1;BopAom=1;
do

=atomic{ inp1(TImR1p,t1) -> outp2(R1pAom,R1pT1p)}

zatomic{ inp2(R1pT1p,AomT1p,t2,t3) -> outp2(T1pCop,T1pR1mM)}

zatomic{ inp1(T1pR1m,td) -> outpl(RIMT1m)}

=atomic{ inp2(RImT1m,CopT1m,t5,t6) -> outpl(TImR1p)}

=atomic{ inp2(R1pAom,BopAom;t7,t8) -> outp2(AomT 1p,AomCop)}

atomic{ inp2(T1pCop,AomCop,t9,t10) -> outp2(CopT1m,CopBom)}

::atomic{ inp2(CopBom,R2pBom,t11,t12) -> outp2(BomAop,BomT2p)}

=atomic{ inp1(T2mR2p,t13) -> outp2(R2pT2p,R2pBom)}

=atomic{ inp2(BomT2p,R2pT2p,t14,t15) -> outp2(T2pAcp, T2pR2m)}

zatomic{ inp1(T2pR2m,t16) -> outp1(R2mT2m)}

=atomic{ inp2(R2mT2m,AopT2m,t17,t18) -> outp1(T2mR2p)}

atomic{ inp2(BomAop, T2pAop,t19,t20) -> outp2(AopCom,AopT2m)}

=atomic{ inp2(AopCom,R3pCom,t21,t22) -> outp2(ComT3p,ComBop)}

:atomic{ inp2(ComBop,T3pBop,t23,t24) -> outp2(BopT3m,BopAom)}

zatomic{ inp1(T3mR3p,t25) -> outp2(R3pCom,R3pT3p)}

=atomic{ inp2(ComT3p,R3pT3p,t26,t27) -> outp2(T3pBop, T3pR3m)}

zatomic{ inp1(T3pR3m,t28) -> outp1(R3mMT3m)}

:atomic{ inp2(BopT3m,R3mT3m,t29,t30) -> outp1(T3mR3p)}
od}

SUN N-6 SHALNSLUAMUU Al MITDEAUINS NSUDAUN 91NTa7 5.1.2
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n.2.2 assnsrandadunuauiiainulasnny auaudnlaniug uazauauda

AMUNUNIUINRTRENINTUDEYUN

#define safe (R1pAom <= 1) && (R1pT1p <= 1) && (T1pCop <= 1) && (T1pR1Im <= 1) &&
(RImT1m <= 1) && (T1mR1p <= 1) && (AomT1p <= 1) && (AomCop <= 1) && (CopTim <= 1) &&
(CopBom <= 1) && (BomAop <= 1) && (BomT2p <= 1) && (R2pT2p <= 1) && (R2pBom <= 1) &&
(T2pAop <= 1) && (T2pR2m <= 1) && (R2mMT2m <= 1) && (T2mR2p <= 1) && (AopCom <= 1) &&
(AopT2m <= 1) && (ComT3p <= 1) && (ComBop <= 1) && (BopT3m <= 1) && (BopAom <= 1) &&
(R3pCom <= 1) && (R3pT3p <= 1) && (T3pBop <= 1) && (T3pR3m <= 1) && (R3AMT3m <= 1) &&
(T3mR3p <= 1))

tl p1 { [ safe }

#define live ((t1>1) && (12>1) && (t3>1) && (t4>1) && (t5>1) && (t6>1) && (17>1) && (t8>1) &&
(t9>1) && (t10>1) && (t11>1) && (t12>1) && (t13>1) && (t14>1) && (t15>1) && (t16>1) && (t17>1)
&& (t18>1) && (t19>1) && (t20>1) && (t21>1) && (122>1) && (t23>1) && (124>1) && (t25>1) &&
(t26>1) && (t27>1) && (t28>1) && (t29>1) && (t30>1))

tl p2 { <> live }

#define persist (RImT1m == 1) -> (R1pAom == 0) && (R1pT1p == 0))) && (TImR1p == 1) ->
(T1pCop == 0) && (T1pR1M == 0))) && ((AopCom == 1) || (AopT2m == 1)) -> (AomT1p == 0) &&
(AomCop == 0))) && ((ComT3p == 1) || (ComBop == 1)) -> (CopT1m == 0) && (CopBom == 0)))
&& (((BopT3m == 1) || (BopAom == 1)) -> (BomAop == 0) && (BomT2p == 0))) && (R2mT2m == 1)
-> ((R2pT2p == 0) && (R2pBom == 0))) && (T2mR2p == 1) -> (T2pAop == 0) && (T2pR2m == 0)))
&& (AomT1p == 1) || (AomCop == 1)) -> (AopCom == 0) && (AopT2m == 0))) && ((CopTim ==
1) ]| (CopBom == 1)) -> (ComT3p == 0) && (ComBop == 0))) && ((BomAop == 1) || (BomT2p ==
1)) -> ((BopT3m == 0) && (BopAom == 0))) && (R3mT3m == 1) -> ((R3pCom == 0) && (R3pT3p ==
0)) && ((T3mR3p == 1) -> (T3pBop == 0) && (T3pR3m == 0))))

tl p3 { [] persist }

SUN A-7 AssnenandadunnualtinnuUasnne Taniua wazANuNunIuAINten 5.1.2
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1.2.3 SHALWSIUAUU A2 U99799598UNT INTUDHIUN

byte R1pAom, R1pT1p, T1pCop, T1pRIm, RImT1m, TImR1p, AomT1lp, AomCop, CopTlm,
CopBom, BomAop, BomT2p, R2pT2p, R2pBom, TZ2pAop, T2pR2m, RZmT2m, T2mR2p, AopCom,
AopT2m, ComT3p, ComBop, BopT3m, BopAom, R3pCom, R3pT3p, T3pBop, T3pR3m, R3mT3m,
T3mR3p;

byte R1p, RIm, R2p, R2m, R3p, R3m, T1p, T1m, T2p, T2m, T3p, T3m, Aop, Aom, Bop, Bom, Cop,
Com;

#define inp(x,y) if =(x==1) -> x=10;y++; :(x==2) -> x++;y++; fi

#define outp1(x1) if 2 (x1 1= 10) -> x1++; :: else -> break; fi

#define outp2(x1,x2) if = (x1 1= 10) -> x1++; = (x2 1= 10) -> x2++; :: else -> break; fi
proctype P3 (byte kX

atomic{

if

i k==1-> TImR1p=2;,T2mR2p=10;T3mR3p=10;BopAom=10;R1pAom=0;R1pT1p=0;T1pCop=0;
T1pRIM=0;RIMT1Im=0;AomT1p=0;AomCop=0;CopT1m=0;CopBom=0;BomAop=0;BomT2p=0;
R2pT2p=0;R2pBom=0;T2pAop=0;T2pRZ2mM=0;R2m T2m=0;AopCom=0;AopT2m=0;ComT3p=0;
ComBop=0;BopT3m=0;R3pCom=0;R3pT3p=0;T3pBop=0;T3pR3M=0;R3mMT3m=0;R1p=0;R1m=0;
R2p=0;R2m=0;R3p=0;R3m=0;T1p=0;T1m=0;T2p=0;T2m=0;T3p=0;T3m=0;Aop=0;Aom=0;Bop=0;
Bom=0;Cop=0;Com=0;

i k==2 -> T2mR2p=2;T1mR1p=10;T3mR3p=10;BopAom=10;R1pAom=0;R1pT1p=0;T1pCop=0;
T1pRIM=0;RIMT1m=0;AomT1p=0;AomCop=0;CopT1m=0;CopBom=0;BomAop=0;BomT2p=0;
R2pT2p=0;R2pBom=0;T2pAop=0;T2pR2m=0;R2mT2m=0;AopCom=0;AopT2m=0;ComT3p=0;
ComBop=0;BopT3m=0;R3pCom=0;R3pT3p=0;T3pBop=0;T3pR3mM=0;R3mMT3m=0;R1p=0;R1m=0;
R2p=0;R2m=0;R3p=0;R3m=0;T1p=0;T1m=0;T2p=0;T2m=0;T3p=0;T3m=0;Aop=0;Aom=0;Bop=0;
Bom=0;Cop=0;Com=0;

i k==3->
T3mR3p=2;T1ImR1p=10;T2mR2p=10;BopAom=10;R1pAom=0;R1pT1p=0;T1pCop=0;T1pR1m=0;
RImT1m=0;AomT1p=0;AomCop=0;CopT1m=0;CopBom=0;BomAop=0;BomT2p=0;R2pT2p=0;
R2pBom=0;T2pAop=0;T2pR2m=0;R2mT2m=0;AopCom=0;AopT2m=0;ComT3p=0;ComBop=0;
BopT3m=0;R3pCom=0;R3pT3p=0;T3pBop=0;T3pR3M=0;R3mT3m=0;R1p=0;R1m=0;R2p=0;R2m=0;
R3p=0;R3m=0;T1p=0;T1m=0;T2p=0;T2m=0;T3p=0;T3m=0;Aop=0;Aom=0;Bop=0;Bom=0;Cop=0;
Com=0;

i k==4 -> BopAom=2;TImR1p=10;T2mR2p=10;T3mR3p=10;R1pAom=0;R1pT1p=0;T1pCop=0;
T1pR1ImM=0;RIMT1m=0;AomT1p=0;AomCop=0;CopT1m=0;CopBom=0;BomAop=0;BomT2p=0;
R2pT2p=0;R2pBom=0;T2pAocp=0;T2pR2m=0;R2mT2m=0;AopCom=0;AopT2m=0;ComT3p=0;
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ComBop=0;BopT3m=0;R3pCom=0;R3pT3p=0;T3pBop=0;T3pR3mM=0;R3mMT3m=0;R1p=0;R1m=0;
R2p=0;R2m=0;R3p=0;R3m=0;T1p=0;T1m=0;T2p=0;T2m=0;T3p=0;T3m=0;Aop=0;Aom=0;Bop=0;

Bom=0;Cop=0;Com=0;

fi
do

zatomic{ inp(TIMR1p, T1m);printf("printf(T1m=9%d)", T1m) -> outp2(R1pAom,R1pT1p)}
zatomic{ inp(R1pT1p,R1p);printf("printf(R1p=%d)",R1p) -> outp2(T1pCop,T1pR1m)}
:atomic{ inp(AomT 1p,Aom);printf("printf(Aom=%d)",Aom) -> outp2(T1pCop,T1pR1IM)}
zatomic{ inp(T1pR1m,T1p);printf("printf(T1p=%d)",T1p) -> outpl(RImMT1m)}

zatomic{ inp(RImMT1m,R1m);printf("printf(R1m=%d)",R1m) -> outp1(T1mR1p)}

=:atomic{ inp(CopT1m,Cop);printf("printf(Cop=%d)",Cop) -> outpl(TImR1p)}

:atomic{ inp(R1pAom,R1p);printf("printf(R1p=%d)",R1p) -> outp2(AomT1p,AomCop)}
::atomic{ inp(BopAom,Bop);printf("printf(Bop=%d)",Bop) -> outp2(AomT1p,AomCop)}
=:atomic{ inp(T1pCop, T 1p);printf("printf(T1p=%d)",T1p) -> outp2(CopT1m,CopBom)}
::atomic{ inp(AomCop,Aom);printf("printflAom=%d)",Aom) -> outp2(CopT1m,CopBom)}
=:atomic{ inp(CopBom,Cop);printf("printf(Cop=%d)",Cop) -> outp2(BomAop,BomT2p)}
::atomic{ inp(R2pBom,R2p); printf("printf(R2p=%d)",R2p) -> outp2(BomAop,BomT2p)}
=atomic{ inp(T2mR2p, T2m);printf("printf(T2m=9%d)", T2m) -> outp2(R2pT2p,R2pBom)}
=:atomic{ inp(BomT2p,Bom);printf("printf(Bom=%d)",Bom) -> outp2(T2pAop, T2pR2m)}
:atomic{ inp(R2pT2p,R2p);printf("printf(R2p=%d)",R2p) -> outp2(T2pAop, T2pR2m)}
=atomic{ inp(T2pR2m, T2p);printf("printf(T2p=%d)",T2p) -> outp1(R2mT2m)}

=atomic{ inp(R2mT2m,R2m);printf("printf(R2m=%4d)",R2m) -> outp1(T2mR2p)}

:atomic{ inp(AopT2m,Acp);printf("printf(Acp=%d)",Acp) -> outp1(T2mR2p)}

=:atomic{ inp(BomAop,Bom);printf("printf(Bom=%d)",Bom) -> outp2(AopCom,AopT2m)}
:atomic{ inp(T2pAop, T2p);printf("printf(T2p=%d)",T2p) -> outp2(AopCom,AopT2m)}
=atomic{ inp(AopCom,Aop);printf("printflAop=%d)",Aop) -> outp2(ComT3p,ComBop)}
=atomic{ inp(R3pCom,R3p);printf("printf(R3p=%d)",R3p) -> outp2(ComT3p,ComBop)}
::atomic{ inp(ComBop,Com);printf("printf(Com=%d)",Com) -> outp2(BopT3m,BopAom)}
=atomic{ inp(T3pBop,T3p);printf("printf(T3p=%d)",T3p) -> outp2(BopT3m,BopAom)}
z:atomic{ inp(T3mMR3p, T3m);printf("printf(T3m=%d)", T3m) -> outp2(R3pCom,R3pT3p)}
::atomic{ inp(ComT3p,Com);printf("printf(Com=%d)",Com) -> outp2(T3pBop,T3pR3m)}
=atomic{ inp(R3pT3p,R3p);printf("printf(R3p=%d)",R3p) -> outp2(T3pBop, T3pR3m)}
atomic{ inp(T3pR3m, T3p);printf("printf(T3p=%d)",T3p) -> outpl(R3mMT3m)}

::atomic{ inp(BopT3m,Bop);printf("printf(Bop=%d)",Bop) -> outp1(T3mMR3p)}

:atomic{ inp(R3mMT3m,R3m);printf("printf(R3m=%d)",R3m) -> outp1(T3mMR3p)}
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od

3

init{
run P3(1);
run P3(2);
run P3(3);
run P3(4);

JUN N-8 sTalnsaIwuy A2 2950ausinsueaeuy 91nded 5.1.2

n.2.4 assnIadaudunnauiiniufasivyesaseaunsinsuaaun

#define consistl (R1p>=1 && R1m>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consist2 (R2p>=1 && R2m>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consist3 (R3p>=1 && R3m>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consistd (T1p>=1 && TIm>=1 & (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consist5 (T2p>=1 && T2m>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consist6 (T3p>=1 && T3m>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consist7 (Aop>=1 &% Aom>=1 && (TImR1p==4 || T2mR2p==4 || T3mMR3p==4 ||
BopAom==4))

#define consist8 (Bop>=1 && Bom>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

#define consist9 (Cop>=1 && Com>=1 && (TImR1p==4 || T2mR2p==4 || T3mR3p==4 ||
BopAom==4))

ltl pd{l<>consist1}

ltl p5{l<>consist2}

ltl p6{l<>consist3}

ltl p7{l<>consistd}

ltl p8{l<>consist5}
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ltl p9{l<>consist6}

ltl p10{l<>consist7}
ltl p11{l<>consist8}
ltl p12{l<>consist9}

JUT n-9 assnenandudunuaudinesiuainted 5.1.2

n.2.5 assnziianBaduaantAnsivungausnauysalveslasasunsinuasiwu

#define csc_full R1IR2 (R1p==1 && RIm==1 && R2p==1 && R2m==1 && (TImR1p==4 ||

TZmRZp::4 || T3mR3p::4 || BopAom::q_))
(tl c1 {l<> csc_full_R1R2}

#define csc_full R1IR3 (R1p==1 && RIm==1 && R3p==1 && R3m==1 && (TImR1p==4 ||

TZmRZp::4 || T3mR3p::4 || BopAom::q_))
(tl 2 {l<> csc_full_R1R3}

#define csc_full R1T1 (R1p==1 && RIm==1 && T1p==1 && Tlm==1 && (T1ImR1p==4 ||

T2mR2p==4 || T3AmR3p==4 || BopAom==4))
(tl 3 {l<> csc_full R1T1}

#define csc_full R1T2 (R1p==1 && RIm==1 && T2p==1 && T2m==1 && (TImR1p==4 ||

T2mR2p==4 || T3mR3p==4 || BopAom==4))
ltl c4 {I<> csc_full R1T2}

#define csc_full R1T3 (R1p==1 && RIm==1 && T3p==1 && T3m==1 && (TImR1p==4 ||

T2mR2p==4 || T3mR3p==4 || BopAom==4))
(tl c5 {l<> csc_full_R1T3}

#define csc_full R1Ao (R1p==1 && R1m==1 && Aop==1 && Aom==1 && (TImR1p==4 ||

T2mR2p==4 || T3mR3p==4 || BopAom==4))
(tl c6 {I<> csc_full R1Ao}

#define csc_full R1Bo (R1p==1 && Rlm==1 && Bop==1 && Bom==1 && (TImR1p==4 ||

T2mR2p==4 || T3mR3p==4 || BopAom==4))
ltl c7 {l<> csc_full_R1Bo}

#define csc_full R1Co (Rlp==1 && R1lm==1 && Cop==1 && Com==1 && (TImR1p==4 ||

T2mR2p==4 || T3mR3p==4 || BopAom==4))
ltl c8 {l<> csc_full_R1Co}

#define csc_full R2R3 (R2p==1 && R2m==1 && R3p==1 && R3m==1 && (TImR1p==4 ||

T2mR2p==4 || T3mR3p==4 || BopAom==4))
ltl c9 {l<> csc_full R2R3}

#define csc_full R2T1 (R2p==1 && R2m==1 && T1p==1 && Tlm==1 && (TImR1p==4 ||
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T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl c10 {l<> csc_full R2T1}

#define csc_full R2T2 (R2p==1 && R2m==1 && T2p==1 && T2m==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl c11 {l<> csc_full R2T2}

#define csc_full R2T3 (R2p==1 && R2m==1 && T3p==1 && T3m==1 && (TImMR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl c12 {I<> csc_full R2T3}

#define csc_full R2Ao (R2p==1 && RZm==1 && Aop==1 && Aom==1 && (TImR1p==4 ||
T2mR2p==4 || T3AmR3p==4 || BopAom==4))

(tl c13 {l<> csc_full R2Ao}

#define csc_full R2Bo (R2p==1 && R2m==1 && Bop==1 && Bom==1 && (TImR1p==4 ||
T2mR2p==4 || T3AMR3p==4 || BopAom==4))

(tl c14 {I<> csc_full R2Bo}

#define csc_full R2Co (R2p==1 && R2m==1 && Cop==1 && Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl c15 {l<> csc_full R2Co}

#define csc_full R3T1 (R3p==1 && R3m==1 && Tlp==1 && Tim==1 && (T1mMR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c16 {I<> csc_full R3T1}

#define csc_full R3T2 (R3p==1 && R3m==1 && T2p==1 && T2m==1 && (TImMR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c17 {l<> csc_full R3T2}

#define csc_full R3T3 (R3p==1 && R3m==1 && T3p==1 && T3m==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c18 {l<> csc_full R3T3}

#define csc_full R3Ao (R3p==1 && R3m==1 && Aop==1 && Aom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c19 {l<> csc_full_R3Ao}

#define csc_full R3Bo (R3p==1 && R3m==1 && Bop==1 && Bom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c20 {l<> csc_full_R3Bo}

#define csc_full R3Co (R3p==1 && R3m==1 && Cop==1 & Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl c21 {l<> csc_full_R3Co}
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#define csc_full T1T2 (Tlp==1 && TIm==1 && T2p==1 && T2m==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl c22 {l<> csc_full T1T2}

#define csc_full T1T3 (Tlp==1 && Tim==1 && T3p==1 && T3m==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl 23 {l<> csc_full T1T3}

#define csc_full T1Ao (T1p==1 && Tim==1 && Aop==1 && Aom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c24 {I<> csc_full T1Ao}

#define csc_full T1Bo (T1p==1 && Tlm==1 && Bop==1 && Bom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl €25 {I<> csc_full T1Bo}

#define csc_full T1Co (T1p==1 && Tim==1 && Cop==1 && Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl €26 {l<> csc_full T1Co}

#define csc_full_T2T3 (T2p==1 && T2m==1 && T3p==1 && T3m==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl 27 {l<> csc_full T2T3}

#define csc_full_T2Ao (T2p==1 && T2m==1 && Aop==1 && Aom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl 28 {l<> csc_full _T2Ao}

#define csc_full_T2Bo (T2p==1 && T2m==1 && Bop==1 && Bom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl c29 {l<> csc_full_T2Bo}

#define csc_full T2Co (T2p==1 && T2m==1 && Cop==1 & Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3AmR3p==4 || BopAom==4))

ltl c30 {l<> csc_full_T2Co}

#define csc_full T3Ao (T3p==1 & T3m==1 && Aop==1 && Aom==1 && (TImR1p==4 ||
T2mR2p==4 || T3AmR3p==4 || BopAom==4))

(tl 31 {l<> csc_full T3Ao}

#define csc_full T3Bo (T3p==1 && T3m==1 && Bop==1 && Bom==1 && (TImR1p==4 ||
T2mR2p==4 || T3AmR3p==4 || BopAom==4))

ltl 32 {I<> csc_full T3Bo}

#define csc_full_T3Co (T3p==1 && T3m==1 && Cop==1 & Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3AmR3p==4 || BopAom==4))
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(tl €33 {I<> csc_full _T3Co}

#define csc_full AoBo (Aop==1 & & Aom==1 && Bop==1 && Bom==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl €34 {I<> csc_full_AoBo}

#define csc_full AoCo (Aop==1 && Aom==1 && Cop==1 && Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

(tl €35 {l<> csc_full AoCo}

#define csc_full BoCo (Bop==1 && Bom==1 && Cop==1 && Com==1 && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl €36 {I<> csc_full BoCo}

#define transitivel (Rlp==1 || Rlm==1) && (T1p==1 || Tim==1) && (T2p==1 && T2m==1 &&
T3p==1 && T3m==1 && Aop==1 && Aom==1 && Bop==1 && Bom==1 && Cop==1 && Com==1)
&& (TImR1p==4 || T2mR2p==4 || T3mR3p==4 || BopAom==4))

#define transitive2 (R2p==1 || R2m==1) && (T2p==1 || T2m==1) && (T1p==1 && TIm==1 &&
T3p==1 && T3m==1 && Aop==1 && Aom==1 && Bop==1 && Bom==1 && Cop==1 && Com==1)
&& (TImR1p==4 || T2mR2p==4 || T3mR3p==4 || BopAom==4))

#define transitive3 ((R3p==1 || R3m==1) && (T3p==1 || T3m==1) && (T1p==1 && TIm==1 &&
T2p==1 && T2m==1 && Aop==1 && Aom==1 && Bop==1 && Bom==1 && Cop==1 && Com==1)
&& (TImR1p==4 || T2mR2p==4 || T3mR3p==4 || BopAom==4))

#define transitived ((Aop==1 || Aom==1) && (Bop==1 || Bom==1) & (T1p==1 && Tlm==1 &&
T2p==1 && T2m==1 && T3p==1 && T3m==1 && Cop==1 && Com==1) && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

#define transitive5 (Aop==1 || Aom==1) && (Cop==1 || Com==1) && (T1p==1 && Tim==1 &&
T2p==1 && T2m==1 && T3p==1 && T3m==1 && Bop==1 && Bom==1) && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

#define transitive6 ((Bop==1 || Bom==1) && (Cop==1 || Com==1) && (T1p==1 && Tim==1 &&
T2p==1 && T2m==1 && T3p==1 && T3m==1 && Aop==1 && Aom==1) && (TImR1p==4 ||
T2mR2p==4 || T3mR3p==4 || BopAom==4))

ltl t1 {!<>transitivel}

(tl t2 {I<>transitive2}

ltl t3 {I<>transitive3}

ltl ta4 {I<>transitived}

ltl t5 {I<>transitive5}

ltl t6 {I<>transitive6}

JUN n-10 assneliandadunisimueaaugfauysalanted 5.1.2
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1.3 SIAINTIUATLAZATINZLIANTUFUIINIATOEUINTDUDSAU

N.3.1 SWAIWSIUATLUU Al U99299596UNTDUDLIU

byte ap2cp, cpbpl, cpdp, bplaml, amixp, dpxp, xpbm1, bmlapl, aplcm, cmdm, cmbp2,
bp2am2, am2xm, dmxm, xmbm2, bm2ap2;
byte t1,t2,t3,t4,t5,t6,t7,t8,t9,t10,t11,t12,t13,t14,t15,t16;
#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1
#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2 = x2-1; t1 = t1+1; 12 = t2+1
#define outpl(x1) x1 = x1+1
#define outp2(x1,x2) x1 = x1+1; x2 = x2+1
init {
bm2ap2=1,;
do
:atomic{ inp1l(bm2ap2,t1) -> outpl(ap2cp)}
atomic{ inpl(ap2cp,t2) -> outp2(cpbpl,cpdp)}
zatomic{ inpl(cpbp1,t3) -> outpl(bplami)}
zatomic{ inpl(bplami,td) -> outpl(@amixp)}
=:atomic{ inp1(cpdp,t5) -> outpl(dpxp)}
=atomic{ inp2(am1xp,dpxp,t6,t7) -> outpl(xpbm1)}
zatomic{ inp1(xpbm1,t8) -> outpl(bmlapl)}
zatomic{ inp1l(bmlapl,t9) -> outpl(aplcm)}
:atomic{ inpl(aplcm,t10) -> outp2(cmdm,cmbp2)}
atomic{ inpl(cmbp2,t11) -> outpl(bp2am2)}
zatomic{ inpl(bp2am2,t12) -> outpl(am2xm)}
zatomic{ inpl(cmdm,t13) -> outp1(dmxm)}
zatomic{ inp2(@am2xm,dmxm,t14,t15) -> outpl(xmbm2)}
=atomic{ inpl(xmbm2,t16) -> outpl(bm2ap2)}
od

JUT n-11 sWalnswanwuu Al 29958au3158LUesiau 9nded 5.1.3
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n.3.2 assngandaduanauiinnulasnds laniug LagANUNUNILIRTBENINT

= ¢ <
DLUBILIU

#define safe (ap2cp <= 1) && (cpbpl <= 1) && (cpdp <= 1) && (bplam1 <= 1) && (am1xp <= 1)
&& (dpxp <= 1) && (xpbm1 <= 1) && (bmlapl <= 1) && (aplcm <= 1) && (cmdm <= 1) &&
(cmbp2 <= 1) && (bp2am2 <= 1) && (am2xm <= 1) && (dmxm <= 1) && (xmbm2 <= 1) &&
(bm2ap2 <= 1))

tl p1 { [ safe }

#define live ((t1>1) && (t2>1) && (t3>1) && (t4>1) && (t5>1) && (t6>1) && (17>1) && (18>1) &&
(t9>1) && (t10>1) && (t11>1) && (t12>1) && (t13>1) && (t14>1) && (t15>1) && (t16>1))

tl p2 { <> live }

#define persist ((cmdm == 1) || (cmbp2 == 1)) -> ((cpbpl == 0) && (cpdp == 0))) && (((cpbpl ==
D || (cpdp == 1)) -> ((cmdm == 0) && (cmbp2 == 0))) )

tl p3 { [ persist }

sUT n-12 assneniandadunnaudinnudasnns lafiug waganununIuaIngaf 5.1.3

Y 9

1.3.3 SHALNIIUAILUU A2 manwsaamqiﬁmaélﬁu

byte ap2cp, cpbpl, cpdp, bplam1, amlxp, dpxp, xpbm1, bmlapl, aplcm, cdm, cmbp2,
bp2am2, am2xm, dmxm, xmbm2, bm2ap2;
byte ap, am, dp, dm, bp, bm, cp, cm, xp, xm;
#define inp(x,y) if =(x==1) -> x=10;y++; ::(x==2) -> X++;y++; fi
#define outpl(x1) if 2 (x1 1= 10) -> x1++; = else -> break; fi
#define outp2(x1,x2) if i (x1 1= 10) > x14++; :: (x2 1= 10) -> x2++; == else -> break; fi
proctype P3 (byte kX
atomic{
if
it k==1 -> bm2ap2=2;ap2cp=0;cpbp1=0;cpdp=0;oplam1=0;am1xp=0;dpxp=0;xpbm1=0;
bmlapl=0;aplcm=0,cmdm=0;cmbp2=0;bp2am2=0;am2xm=0;dmxm=0;xmbm2=0;ap=0;am=0;
dp=0;dm=0;bp=0;bm=0;cp=0;cm=0;xp=0;xMm=0;
fi
do
atomic{ inp(bm2ap2,bm);printf("printflbm=%d)",om) -> outpl(ap2cp)}
=:atomic{ inplap2cp,ap);printf("printflap=%d)",ap) -> outp2(cpbpl,cpdp)}
atomic{ inp(cpbp1,cp);printf("printf(cp=%d)",cp) -> outpl(bplam1)}
zatomic{ inp(bplam1,bp);printf("printflop=%d)",bp) -> outpl(amixp)}
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:atomic{ inp(cpdp,cp);printf("printflcp=%d)",cp) -> outp1(dpxp)}
=:atomic{ inplam1xp,am);printf("printfam=%d)",am) -> outpl(xpbm1)}
=:atomic{ inp(dpxp,dp);printf("printfldp=%d)",dp) -> outpl(xpbm1)}
zatomic{ inp(xpbm1,xp);printf("printf(xp=%d)",xp) -> outpl(bmlapl)}
=atomic{ inp(bm1apl,bm);printf("printflbom=%d)",om) -> outpl(aplcm)}
:atomic{ inplaplcm,ap);printf("printflap=%d)",ap) -> outp2(cmdm,cmbp2)}
::atomic{ inplcmbp2,cm);printf("printflcm=%d)",cm) -> outp1(bp2am2)}
=:atomic{ inp(bp2am2,bp);printf("printflbp=%d)",bp) -> outpl(am2xm)}
=:atomic{ inplcmdm,cm);printf("printflcm=%d)",cm) -> outp1(dmxm)}
=:atomic{ inplam2xm,am);printf("printflam=9%d)",am) -> outpl(xmbm2)}
=:atomic{ inp(dmxm,dm);printf("printfldm=%d)",dm) -> outp1(xmbm2)}
:atomic{ inp(xmbm2,xm);printf("printf(xm=9%d)",xm) -> outpl(bm2ap2)}
od
B
init{
run P3(1);
}

JUT n-13 S9ElnsabuY A2 29950au158LUesAN 91nded 5.1.3

n.3.4 assnzadadunnauiinaufediued39939au3158 D3

#define consistl (ap>=1 && am>=1 && (bm2ap2==4))
#define consist2 (dp>=1 && dm>=1 && (bm2ap2==4))
#define consist3 (bp>=1 && bm>=1 && (bm2ap2==4))
#define consistd (cp>=1 && cm>=1 && (bm2ap2==4))
#define consist5 (xp>=1 && xm>=1 && (bm2ap2==4))
ltl pd{l<>consist1}
ltl p5{l<>consist2}
ltl p6{l<>consist3}
ltl p7{l<>consistd}
ltl p8{l<>consist5}

JUN n-14 assnenaladunuaudfnesiuainded 5.1.3
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n.3.5 assnzirandadunmandinisivuagaiusiauysalraensesuniduasidu

#define csc_full ad (ap==1 && am==1 && dp==1 && dm==1 && (bm2ap2==4))
(tl c1 {l<> csc_full ad}

#define csc_full ab (ap==1 && am==1 && bp==1 && bm==1 && (bm2ap2==4))
(tl c2 {l<> csc_full ab}

#define csc_full ac (ap==1 & & am==1 && cp==1 && cm==1 && (bm2ap2==4))
(tl 3 {I<> csc_full_ac}

#define csc_full ax (ap==1 & & am==1 && xp==1 && xm==1 && (bm2ap2==4))
(tl cd {I<> csc_full_ax}

#define csc_full_db (dp==1 && dm==1 && bp==1 && bm==1 && (bm2ap2==4))
(tl c5 {I<> csc_full_db}

#define csc_full_dc (dp==1 && dm==1 && cp==1 && cm==1 && (bm2ap2==4))
ltl c6 {I<> csc_full dc}

#define csc_full_dx (dp==1 && dm==1 && xp==1 && xm==1 && (bm2ap2==4))
ltl 7 {I<> csc_full_dx}

#define csc_full_bc (bp==1 && bm==1 && cp==1 && cm==1 && (bm2ap2==4))
(tl c8 {l<> csc_full_bc}

#define csc_full_bx (bp==1 && bm==1 && xp==1 && xm==1 && (bm2ap2==4))
(tl €9 {l<> csc_full_bx}

#define csc_full_cx (cp==1 && cm==1 && xp==1 && xm==1 && (bm2ap2==4))

ltl c10 {l<> csc_full_cx}

JUN n-15 assneialsdunisimvungaugiauysaianden 5.1.3
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N.4 SWALNSINALATATINZANTATUIINIATOHNINTIUNA

n.4.1 SWALWTINATULUY Al YB999950HUITIUNA

byte outplsp, outplrp, spoutp2, rpoutml, outmlenm, enmoutp2, outp2sm, outp2rm, smoutpl,
rmoutmz2, outm2enp, enpoutpl;
byte t1,t2,t3,t4,t5,t6,t7,t8,t9,t10,t11,t12;
#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1
#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2 = x2-1; t1 = t1+1; 12 = t2+1
#define outpl(x1) x1 = x1+1
#define outp2(x1,x2) x1 = x1+1; x2 = x2+1
init {
smoutpl=1;outm2enp=1;
do
:atomic{ inp2(smoutpl,enpoutpl,tl,t2) -> outp2(outplsp,outplrp)}
:atomic{ inpl(outplsp,t3) -> outpl(spoutp2)}
atomic{ inpl(outplrp,td) -> outpl(rpoutm1)}
zatomic{ inpl(rpoutm1,t5) -> outpl(outmlenm)}
=atomic{ inpl(outmlenm,t6) -> outpl(enmoutp2)}
=atomic{ inp2(spoutp2,enmoutp2,t7,t8) -> outp2(outp2sm,outp2rm)}
=atomic{ inpl(outp2sm,t9) -> outpl(smoutpl)}
atomic{ inp1(outp2rm,t10) -> outpl(rmoutm?2)}
:atomic{ inp1l(rmoutm2,t11) -> outpl(outm2enp)}
atomic{ inpl(outm2enp,t12) -> outpl(enpoutpl)}
od}
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#define safe ((outplsp <= 1) && (outplrp <= 1) && (spoutp2 <= 1) && (rpoutm1 <= 1) &&
(outmlenm <= 1) && (enmoutp2 <= 1) && (outp2sm <= 1) && (outp2rm <= 1) && (smoutpl <= 1)
&& (rmoutm2 <= 1) && (outm2enp <= 1) && (enpoutpl <= 1))

tl p1 { [] safe }

#define live (t1>1) && (t2>1) && (t3>1) && (t4>1) && (t5>1) && (t6>1) && (t7>1) && (t8>1) &&
(t9>1) && (t10>1) && (t11>1) && (t12>1))

tl p2 { <> live }

#define persist ((outmlenm == 1) || (outm2enp == 1)) -> ((outplsp == 0) && (outplrp == 0)) &&
((outp2sm == 0) && (outp2rm == 0)))))

tl p3 { [] persist }
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byte outplsp, outplrp, spoutp2, rpoutm1, outmlenm, enmoutp2, outp2sm, outp2rm, smoutpl,
rmoutm2, outm2enp, enpoutpl,;

byte sp, sm, rp, rm, enp, enm, outp, outm;

#define inp(x,y) if =(x==1) -> x=10;y++; ::(x==2) -> X++;y++; fi

#define outp1(x1) if 2 (x1 1= 10) -> x1++; :: else -> break; fi

#define outp2(x1,x2) if = (x1 1= 10) -> x1++; = (x2 1= 10) -> x2++; :: else -> break; fi

proctype P3 (byte kX

atomic{

if

: k==1 -> smoutpl=2;,outm2enp=10;0utplsp=0;outplrp=0;spoutp2=0;rpoutm1=0;
outmlenm=0;enmoutp2=0;outp2sm=0;outp2rm=0;rmoutm2=0;enpoutp1=0;sp=0;sm=0;
rp=0; rm=0;enp=0;enm=0;outp=0;0utm=0;

i k==2 -> outm2enp=2;smoutpl=10;outplsp=0;outplrp=0;spoutp2=0;rpoutm1=0;
outmlenm=0;enmoutp2=0;outp2sm=0;outp2rm=0;rmoutm2=0;enpoutp1=0;sp=0;sm=0;
rp=0;rm=0;enp=0;enm=0;0utp=0;0utm=0;

fi

do
zatomic{ inp(smoutp1,sm);printf("printf(sm=%d)",sm) -> outp2(outplsp,outplrp)}
::atomic{ inplenpoutpl,enp);printf("printflenp=%d)",enp) -> outp2(outplsp,outplrp)}
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::atomic{ inploutplsp,outp);printf("printfloutp=%d)",outp) -> outpl(spoutp2)}

=:atomic{ inploutplrp,outp);printf("printfloutp=%d)",outp) -> outpl(rpoutm1)}

:atomic{ inp(rpoutm1,rp);printf("printf(rp=%d)",rp) -> outpl(outmlenm)}

::atomic{ inploutm enm,outm);printf("printfloutm=%d)",outm) -> outpl(enmoutp2)}

=:atomic{ inp(spoutp2,sp);printf("printf(sp=%d)",sp) -> outp2(outp2sm,outp2rm)}

:atomic{ inplenmoutp2,enm);printf("printflenm=%d)",enm) -> outp2(outp2sm,outp2rm)}

::atomic{ inploutp2sm,outp);printf("printfloutp=%d)",outp) -> outpl(smoutp1)}

=:atomic{ inploutp2rm,outp);printf("printfloutp=%d)",outp) -> outpl(rmoutm?2)}

::atomic{ inp(rmoutm2,rm);printf("printf(rm=%4d)",rm) -> outpl(outm2enp)}

::atomic{ inploutm2enp,outm);printf("printfloutm=9%d)",outm) -> outpl(enpoutp1)}

od

B

init{
run P3(1);
run P3(2);
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#define consistl (sp>=1 && sm>=1 && (smoutpl==4 || outm2enp==4))

#define consist2 (rp>=1 && rm>=1 && (smoutpl==4 || outm2enp==4))

#define consist3 (enp>=1 & enm>=1 && (smoutpl==4 || outm2enp==4))

#define consistd (outp>=1 && outm>=1 && (smoutpl==4 || outm2enp==4))

ltl pd{l<>consist1}
ltl p5{l<>consist2}
ltl p6{l<>consist3}
ltl p7{l<>consistd}

U
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#define csc_full_sr (sp==1 && sm==1 && rp==1 && rm==1 && (smoutp1==4 || outm2enp==4))
(tl c1 {l<> csc_full_sr}

#define csc_full_sen (sp==1 && sm==1 && enp==1 & enm==1 && (smoutpl==4 ||
outm2enp==4))

(tl c2 {l<> csc_full_sen}

#define csc_full_sout (sp==1 && sm==1 && outp==1 && outm==1 && (smoutpl==4 ||
outm2enp==4))

(tl c3 {l<> csc_full_sout}

#define csc_full_ren (rp==1 && rm==1 && enp==1 && enm==1 && (smoutpl==4 ||
outm2enp==4))

ltl c4 {I<> csc_full_ren}

#define csc_full rout (rp==1 && rm==1 && outp==1 && outm==1 && (smoutpl==4 ||
outm2enp==4))

ltl 5 {I<> csc_full_rout}

#define csc_full_enout (enp==1 & enm==1 && outp==1 && outm==1 && (smoutpl==4 ||
outm2enp==4))

ltl c6 {l<> csc_full_enout}
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byte cmam, ambm, ambp, bmcp, bpcp, cpap, apcm;

byte t1,t2,t3,t4,t5,t6,t7,

#define inp1(x1,t1) (x1>0) > x1 = x1-1; t1 = t1+1

#define inp2(x1,x2,t1,t2) (x1>0 && x2>0) -> x1 = x1-1; x2 = x2-1; t1 = t1+1; t2 = t2+1

#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

init {

cmam=1;omcp=1;

do
zatomic{ inpl(apcm,tl) -> outpl(cmam)}
:atomic{ inpl(cmam,t2) -> outp2(ambm,ambp)}
:atomic{ inpl(@ambm,t3) -> outpl(bmcp)}
atomic{ inpl(ambp,t4) -> outpl(bpcp)}
::atomic{ inp2(bmcp,bpcp,t5,t6) -> outplicpap)}
:atomic{ inpl(cpap,t7) -> outpl(@apcm)}

od

JUT n-21 S7alnsiuanuuy Al 243508U3150a115NAARY 1 ndei 5.1.5

n.5.2 assnznanduduguantaninulaands laniug LazAunuNIuIRTaaNs

naaag 1

#define safe ((cnam <= 1) && (@mbm <= 1) && (ambp <= 1) && (bmcp <= 1) && (bpcp <= 1) &&
(cpap <= 1) && (apcm <= 1))

tl p1 { [] safe }

#define live ((t1>1) && (t2>1) && (t3>1) && (t4>1) && (t5>1) && (t6>1) && (t7>1))

tl p2 { <> live }

#define persist (((apcm == 1) -> ((ambm == 0) & (ambp == 0))))

tl p3 { [] persist }
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byte cmmam, ambm, ambp, bmcp, bpcp, cpap, apcm;
byte ap, am, bp, bm, cp, cm;
#define inp(x,y) if =:(x==1) -> x=10;y++; :(x==2) -> x++;y++; fi
#define outp1(x1) if 2 (x1 1= 10) -> x1++; == else -> break; fi
#define outp2(x1,x2) if 2 (x1 1= 10) -> x1++; 1 (x2 1= 10) -> x2++; == else -> break; fi
proctype P3 (byte kX
atomic{

if

it k==1-> cmam=2;bmcp=10;ambm=0;ambp=0;bpcp=0;cpap=0;apcm=0;ap=0;am=0;bp=0;
bm=0;cp=0;cm=0;

it k==2 -> bmcp=2;cmam=10;ambm=0;ambp=0;bpcp=0;cpap=0;apcm=0;ap=0;am=0;bp=0;
bm=0;cp=0;cm=0;

fi
do
=atomic{ inplapcm,ap);printf("printf(ap=%d)",ap) -> outpl(cmam)}
::atomic{ inp(cmam,cm);printf("printflcm=%d)",cm) -> outp2(@ambm,ambp)}
=:atomic{ inplambm,am);printf("printflam=%d)",am) -> outp1(bmcp)}
=:atomic{ inplambp,am);printf(*printflam=%d)",am) -> outp1(bpcp)}
=:atomic{ inp(bmcp,bm);printf("printflom=%d)",bm) -> outpl(cpap)}
=:atomic{ inp(bpcp,bp);printf("printflbp=%d)",bp) -> outpl(cpap)}
=:atomic{ inp(cpap,cp);printf("printf(cp=%d)",cp) -> outpl(apcm)}
od
1
init{
run P3(1);
run P3(2);
}
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#define consistl (ap>=1 && am>=1 && (cmam==4 || bmcp==4))
#define consist2 (bp>=1 && bm>=1 && (cmam==4 || bmcp==4))
#define consist3 (cp>=1 && cm>=1 && (cmam==4 || bmcp==4))
(tl pa{l<>consist1}
(tl p5{l<>consist2}
ltl p6{l<>consist3}
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#define csc_full ab (ap==1 && am==1 && bp==1 & bm==1 && (cmam==4 || brmcp==4))

ltl c1 {I<> csc_full_ab}

#define csc_full ac (ap==1 & & am==1 && cp==1 && cm==1 && (cmam==4 || bmcp==4))

(tl c2 {I<> csc_full ac}

#define csc_full_bc (bp==1 && bm==1 && cp==1 && cm==1 && (cmam==4 || bmcp==4))

(tl c3 {l<> csc_full_bc}

#define transitivel ((ap==1 || am==1) & (cp==1 || cm==1) && (bp==1 && bm==1) && (cmam==4
|| brcp==4))

(tl t1 {I<>transitivel}
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byte xmym, ymxp, ymrp, Xpyp, ypxm, rprm;

byte t1,t2,t3,t4,t5;

#define inpl(x1,t1)  (x1>0) -> x1 = x1-1; t1 = t1+1
#define outp1(x1) x1 = x1+1

#define outp2(x1,x2) x1 = x1+1; x2 = x2+1

init {

ypxm=1;

do
=:atomic{ inp1(ypxm,t1) -> outp1(xmym)}
:atomic{ inp1(xmym,t2) -> outp2(ymxp,ymrp)}
atomic{ inp1(ymxp,t3) -> outp1l(xpyp)}
=atomic{ inpl(xpyp,td) -> outpllypxm)}
=:atomic{ inp1lymrp,t5) -> outpl(rprm)}

od
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#define safe (xmym <= 1) && (ymxp <= 1) && (ymrp <= 1) && (xpyp <= 1) && (ypxm

<=1)&& (rprm <= 1))

tt p1 { [] safe }

#define live ((t1>1) && (t2>1) && (t3>1) && (t4>1) && (t5>1) )
it p2 { <> live }

#define persist ((ypxm == 1) -> (ymxp == 0) && (ymrp == 0))))

tl p3 { [] persist }
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