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3.3. ETILIRESE NuSMV

ETINVOREIRB N TE HET VRELIL. WCKOWFFEHEEE 2 D I FEEN A v & —
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EEBHCREBBROETIVREICEL TS, KIFELR
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NOEHRIFLT ISW R EEENEILEEH D,
[URL]
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HEADEEMR EBmEFARLGEERNH 5,
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ZDEENHD

Y—ILEARDOEENE . ZELOBEREHLHY
EENH D, NEOT—2#EEE LTHERALTL
% BDD (Binary Decision Diagram) [ZDWL\T%.,
BEMGNNY r— IO RSN SF., M5
THhYERENDHD, ChoDlehb, TTUT
—2aVELTOHENTELTEY . BEHRR
DIEERMENF LY,

IREEIRREAFEE LEEL

RNEBDT—2HBETH DB FTETILEEEICH
RYIHBEHEEEBITDHLENTES, 1D
ETILRERELLEBETSE. A—OYEAEY
T, FYSDREERRTE D -HRBEEN
FELHL,

BRELIEHAGEL

BDD [Z&k - T, KEEBBZRE L OREBEOHEM
ZRODLBENERICITADO. ETILERED
WENEETHD,

WAVEDETILTEH, HOETILRESR & U NE
NEERETHD LIRSV, ABARETZ
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BENTZHERDETIVENBZTHD, AEERT
BEMRE LEEEBEML S R T LD EIL.
KEEBHLEBREB BN REINATEY.
SW RDETILREZROFIANEL TS,

BETOBAFAA R

NuSW (ZERFIBTH > THEETOFI AL HE
TH5, 0SIZDLVTH Windows/Linux DEBL 5
[ZHEXIELTHYLETOFALLPT LY,
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3.4, ETILEEBNSW OETILEEAREEE
T LR EAENUSMY OFEF LR SETHAHIS
K—-/j—\‘ﬁ—o

W EFE Tk SN ET VORI 2 X 3-2

MODULE main

/* DEFINE SXECah &R */
FLG := Var_A = nnn & Var_B = mmm;

/* EHEEE */

VAR
Var_A @ ZE#Var_A O E;
Var_B : Z#i Var_B M E!;

/* IREEBBRECMER */

ASSIGN
init(Var_A) = Z#Var_A O HAE;
init(Var_B) = Z#gVar_B O #IEAME;

next Var_A) = Z#t Var_A OIKEEETS,
next (Var_B) := Z%k Var_B DIKEEEFE;

y

3-2 NuSWV DETILDOFI

SMV SEEORESUIMH CTH D 1O aHithEd m < . TT KT T VEED I A% /N
WCHZDZENTED, ETNERLIB LT 7 A I SW 7 7 AV EREEN D, SW 7 7 A
LTI, FTERESHCELEZES LT, WIREER ZRLBH T, £0ZEHOHHIE

LREEER O T AR 5, Y 2—/L (MODULE) |Emain &= —/ALISMNT G, SBEIC
JECTHTEY 2a— btk T 5, HxDEY 22— A OREFEFRMNRREATETH S
DWITY AT AOTERIZHEFIGLTWD, Fo, N2 T e s 7 I 7 SE L FREE. &
FCTHIULDEFINE L& G325 2 &N TE 5, X 3-2 OFI T, Var A = nnn & Var B =
mmm| DA%, Z%FLG CDEFINE £ L T\ 5,

SMV SEETCIE, BEEICIRD TN EZERT 5720, IRIEEBK DG OFLRIZE LT\ 5,

FI BB AEFT T NEWAAE ATV MEROTREIEL VD TN TE S,
REEER X & T VOMHE2H 2K 3-3 1ZRT,
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BRAJLK BE
PRRIE MODULE main
> stop
VAR
CAR : {stop, acc_on, run};
STP =1 STP :0..2;
Y ASSIGN
STP =0 acc_on [:t:} init (CAR) := stop;
next (CAR) := case
CAR = stop & STP =1 : acc_on;
STP =2 CAR = acc_on & STP = 2 : run;
CAR = run & STP = 0 : stop;
\ TRUE : CAR;
run esac; 7
CAR DK EEEEE ETIL (STP (T4 RE)

- /

3-3 REEBEEETILOH

init SCTIXEBO VWG A FLR T2, Tinit(CAR) := stop) %, 2%k CAR OHIHIEAH)
HPRAE stop (fE1R) TH D Z & ERT,

next LTI, #FIHNIREN S DOER (E2H\V) 2R T 5, next L TIL case 72T ED
KD ENTE D, case NUT L DGEMDLGE T ITHARE R L ZITAMFAIRETH S, [CAR =
acc_on & STP = 2 : run] 1T 5fE © BRI, ) OFWTHDH, ZBECAR 2 acc_on (77
T U —EJR ON) OIRRECTEEL STP 28 2 7o 7o AIC, 4% CAR IX run GEATIREE) 12
BT %, [TRUE : CAR; | X C SFEICEIT S Switch XD [default] &REEDFIRTH D,
case XDFMENETARBILOLGEICHEHDEICERT 2, TR bAIEHEA R 52 &
ZRLTND, HTIEEESTP OFT MTEM Liznd, 2% CAR & RIERIC init SCTHIHIR
f&% | next LCTHEMERZLIBTIVTR,

IO 15 5 REE A 2 THITEOE TP HGRIREBE TH 5, ¥ 3-3 TITEE CAR
OARRERC 3 X S STP DARRER 3 = 9 L72 0 | BERIRIEEIT 9 IRIETH 5, FLRIREEL D
B EEATREZRDRIBD TG B LIZONEE TGN TH 5, BE A REREEIIR DA T
KSNhd, [BIETREIRRER = BLERIRRER — BIE A nT ek e %)

B AT RRR AR T OLEBORIEER R & Gk L 72 7T VB DIRIEER R ORIED
BThs, BIERATRERIREB LT, ABEOF TIE, A2 AR Y (ZREER T TR 2R
DI OIREE, DEVHVELRVIRETH D,
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3.5. ETILIRESR NuSWV DiREX
NuSMV ClIkf L72WWiHE (A=) % CTL (Computation Tree Logic) & 2 E LTL
(Liner Tree Logic) TRk T %, WM& b, k2 RMWEZFLIET L2 ENAETH Y |
Z DOFEEINTITRE 22T, AEBRTIEIMANLE LT CTL 28 L7z, CTL Ao
FEAHRR B & T, KRB L RAE L A SN AD NI S E B L - HE A2k 5 2 &N T
X%, CTLRD 8 >DOEANRE — L 2FK 34 |1TRT,

# 34 CILXD 8 DDEXR/NZ—

BERXNE—V B
AG (P) E2TONRIZEWNT, ETHDIKRETPARKILT S
AX (P) ETONRRITEWNT, ROKETPHLHILT S
AF (P) ETONRRITEWNT, FXKDHHIKETPMNKILT S
A[P U Q] ETONRIZENT,
QDRI Y HIREE K Y ATDIREEE T P A RKIL T HKEEAME <
EG (P) HBHNRIZEWNT, ETOKRETPAKIT D
EX (P) HEINRIZEWNT, ROKETP HKILT S
EF (P) HEINRIZEWT, FROHIKETPHLRKILIT S
E[P U Q] HBNRIZHENT,
ORI T HIRREL Y RTDIRAEE T P AL T HHKAEAE <

FROERNSZ =2 MHBAEDED LT, K 3BITRT L) tELLET o2 &
NTED, £ 3501, ETFAREZEATIRICEILSFIAT LAY —0Th D,

& 35D ETLRETERTSIRICEFAT S8 —

INE—2 BAREICKEDHER

AG (AF(P)) BIZ. #FRLTPITLED,
FERAFD FEE, LWONIRTELET S,

'EF (P) FEP LGB T EFAL,

FERMB) SRTLHT—RFBI LR,

AG (P > AF(Q)) | BIS. P &2 nEFERT 0 ELD,

FERAGD ARZVERTTHELTASUTNRLTT S,
IEF (EG(P)) FHEP EBYBKITEZ LR,

FERHD AS Y TR LEEITS I EIT%EL,
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3.6. ETILHEEES NuSMV o f= 15l

A (CounterExample) 1%, MEFREEDY FALSE ThommE0AH a5, ML,
VAT LAINPIHNIREEN S HRE LT, MAEXEMZ SR WIREBICELZ FTORKTH D,
NuSMV Cik, KHNTTF A MEATEEL 1SS0, VAL L7 a UeEEZRAL
T 7 A MUBRGFET D ZENEE LW, KHIO B %K 3-4 (2R T,

skx This is NuSMV 2.5.4 (compiled on Fri Oct 28 14:13:29 UTC 2011)
*+x Enabled addons are: compass

srx For more information on NuSMV see <http://nusmv. fbk. eu>

*xx or emai|l to <nusmv-users@list. fbk. eu>

*x+x Please report bugs to <nusmv-users@fbk. eu>

sxx Copyright (c) 2010, Fondazione Bruno Kessler

*+x This version of NuSMV is l|inked to the CUDD library version 2.4.1
sxx Copyright (c) 1995-2004, Regents of the University of Colorado

*xk This version of NuSMV is |inked to the MiniSat SAT solver.
sk See http://www. cs. chalmers. se/Cs/Research/FormalMethods/MiniSat
sxx Copyright (c) 2003-2005, Niklas Een, Niklas Sorensson

*

— specification ! (EF (EG ((up = 0 & down = 1) & kasoku = 1))) is false

— as demonstrated by the fol lowing execution sequence

Trace Description: GTL Counterexample

Trace Type: Counterexample

-> State: 1.1 <~
up = 0
down =
kasoku
up_P =
down_P =0
up_flg =0
down_flg = 0
PC = 16

-> State: 1.2 <~
PC =10

-> State: 1.3 <~
PC = 11

-> State: 1.4 <-
PC =13

0

ol o

4

B> TFALSE] 1%, CTL #a# s M1 (EF (EG ((up = 0 & down = 1) & kasoku = 1))) |
DORRAFRERD FALSE TH o722 2R LT 5D, 7= State: 1.1 +++ State: 1.2 -+ -
State: 1.3 + « + State: 1.4+ + - | |&, JREE1 (WIHPIRAE) — WKE2 — RAE3 —
WKRE4 -+« » DAL flHlx DIRETOERDOEZ R L TWD,

3-4  NuSMV o I D—%51
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EMETERE | HAtE HREE BEHEE
N /[ /
HEIUE |E4Es BERER | HROEWN
N\ [/
EREE | BoAH LRI ARE HeRB
N\ /Y
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# LRROWH & IEXA AR 4-11TRT,

® 41 BIBOBWMEERETH
NO BEFR EXAFR
1 | EEEERE ETIVREDEMETERE
REDAHIE
N OBRELAOFEHIE
2 | FEIR OEFILEOHEIE
OREBEBEOAHIE
3 | oA LRI BRESNROBKAA EMRIE
4 | ®ETILERET ETILERET
5 | ETIWMEREXEE | ETILLERERAOEE
6 | ZEMRE ETILOZRLHERE
1 | Kig&E AEE
8 | #ER DM REREROHFFT
9 | BREE ETILREBEOERER
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4.1, ETILREDOEREERTE
ETVRAEOERMFEREIL, V7 MU= TR T 7' RTBIT D HEA)OFHEERE T
HHRMEEIZEYET D, (FEET v ADKR EROTIETHY, Y7 F 7= TR TO
BB & [FRRICEE R TR TH D, ATTEEENEROH NI O—EE R 4-2 177,

R 42 ANEEERRRVEIDO—

IHH ES
A% tHEREGEV—RXO—F
EXNR | ETIREERAOEE - ZE
HA KhestEE

1) A%

ARTREROANE, ERTERICEAT 254 3 EEOHRGE, TR TRICERT 2%
ALY —Aa— FOHEMRGFETH DL, EFVMAOEMAKEE LV AF LI R a A
VRV =R a— RIZARHRERNELHEIEIe TV U T B D VIEISCEIC L DT EEIT ),
L7 U TREREMERMB A LIRS,

Q)W%W@
MY =TT nE RCBT LA EEICEY T 50, BT ARELETT S
(ZHTe> TOHRMFEZ AR LT, BAEKEE O L TRl - 2821795, £72, A&
RO AT B o3 T LR A 2 B 5, BB =FMEED I — X L LT
T 2 H AT, B ERCEE, 27 Y 2 — OV THRETT 5,

3) h
M, VAT MBS, KHK, EETRE, A7 Y2V EOREOHES
R L7 SR L 72 5,

4.2. BEDAHIE
VT MU =T HE TR RAICBITDEMERICE ST D, AT LERITES L CGEMET
DAEE « R THo72), ALBRTIIERORMEGZEEL T, E7AMREL#ETT5
WZHTe> TORIEBDIEENRZ L, S HICETIIVERBHE O FHEET 5,
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als s
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4.2 BAEOTENE] DI 5, FETMEETIBROTEHEZNRT 5, AR ERDF
Fa A MY —Aa—RFOPTET V& LUTHERT DHIHLZIRET 2, AT E1EEN
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£ 41 ANEEERBRVENO—K
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EERNE | ETIELOEHBEZHEIZT 5
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——/*********************************************************************************/

— /4 %/
—/k %/
/%% ETIA  BEHBIEC AT LRERTETIL ok /
/%% BREME D HMRtORBERL *k/
/%% ET D #hR *k/
—/k %/
—/*% BREMRERE @ BASE(BRHE) +HKEEBX *k/
—=/*%* J74)L% : Pow_dac_Sys1.smv sk
—— /%% By Hx/
—— /%% **/
—— /%% **/
—/ /
—/ /
__/* */
—/* MODULE Tmain] */
__/* */
—/ /
MODULE main
—/ /
—/* DEFINE EZ | 2L AAA = XXX; | */
—/ /
DEFINE
—/ /
—/* EHES (VAR) | XX AMA - EHOHE; | */
—/ /

— AZEFAIER —

Pow_AAA : 0..1; —1:A 0:8] —

— BZEEMAIER —

Pow BBB : 0..1; —1:A 0:8] —

B 1-3 ERTHERLEETIV (R (1/2)




——/* IREEBFEGEC 1R (ASSIGN)

ASSIGN

__/ /
-=/* ML (init) | X init(AM) = {&; | */
__/ /

— AZEEFMRIER WHME =1:A) —
init (Pow_AAA) = 1;

— BZEEMAIER (WHME = 0:4]) —
init (Pow_BBB) := 0;

__/ /

—/* IREEET (next) | X next (AAA) = case | */

-=/* | & - B | */

—/* | TRUE : 1{E; | */

-=/* | esac; | */

__/ /
— AZEEBFRAIER —

next (Pow_AAA) := case

Pow_AAA = 0 & Switch = 0 & Rstr_AAA =1 & Pow_BBB = 1 1
Pow_AAA = 0 & Rstr_AAA =1 & Pow BBB = 0 1
Pow_AAA = 1 & Switch =1 & (Acdt_AAA =1 | Acdt_BBB = 1) : 0;
Pow_AAA = 1 & Switch = 0 & Acdt_AAA =1 1 0;
TRUE : Pow_AAA;

esac.

— BEEMREIER —

next (Pow_BBB) := case
Pow_BBB = 0 & Switch = 0 & Rstr_BBB = 1 1
Pow_BBB = 1 & Switch = 1 & (Acdt_AAA = 1 | Acdt_BBB = 1) : 0;
Pow_BBB = 1 & Switch = 0 & Acdt_BBB = 1 1 0;

TRUE : Pow_BBB;
€sac;
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@) e L1 CTL &K

FERTIERR L7z CTL XD —# 2 X 1-5 127,

- / skkskokokekokokokokokokokskokokokokskkokkokokkokokkokskkokkokkokskokkokokokkokskokkskkokskokkskok sk ok oksk ok skok sk ok sk sk kokskok sk sk sk kokskok sk ok /

— BER —

— KRB 02 —
FAIRNESS ((Oprt
| ((Oprt

| ( Oprt
- R

— JKE& 03 —

— BEX —

— TR —
FAIRNESS Rstr_AAA
FAIRNESS Rstr_BBB

— ATHHI —

-— NTHEFIR —
FAIRNESS (Oprt = Rmt_Off & Both_Tmr = 0)

1
1

SPEC 'EF(EG(CTRL = 1))

= Rmt_Off & On_Tmr = 0)
= Rmt_On | Oprt = Man_On) & On_Tmr = 0)
= AB_Chg & On_Tmr = 0))

SPEC !EF(EG(CTRL = 2))

SPEC !EF (EG(CTRL = 3))

— %k **/
— %k **/
-/ 2% @ REBSMESATLERHEBRMETILORECILRX—& ok /
— %ok %/
— %ok J74)L4% : Pow_dac_Sys.ctl *k/
/e B ' o/
— %k **/
— %ok **/
-/ /
-/ /
—/¥x ETIREREE ISREHSORE HIKRE~DETS) ATHEMEDKRE ot/

-~/ /

— JREEO01 —
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4) Rl
FEERIZBWTET VAL NuSMV S ) Sz Kp 2K 1-6~[X 1-9 (2R~ 7, 1-6 [ IR A RS
RS TTRUE) OBETH L, K 1=~ 1-9 [TAR RS [FALSE] OBETH S, lspecification]
. Bt L7 CTL R Th 5,

%+ This is NuSMV 2.5.4 (compiled on Fri Oct 28 14:13:29 UTC 2011)
*xx Enabled addons are: compass

stk For more information on NuSMV see <http://nusmv. fbk. eu>

*xx or email to <nusmv-users@l|ist. fbk. eu>.

sk P|lease report bugs to <nusmv-users@fbk. eu>

¢ Copyright (c) 2010, Fondazione Bruno Kessler

*xx This version of NuSMV is linked to the GUDD |ibrary version 2.4.1
sk Copyright (c) 1995-2004, Regents of the University of Colorado

#kx This version of NuSMV is linked to the MiniSat SAT solver.
sk See http://www. cs. chalmers. se/Cs/Research/FormalMethods/MiniSat
¢ Copyright (c) 2003-2005, Niklas Een, Niklas Sorensson

—— specification EF GCTRL = 1 is true
—— specification EF CTRL = 2 is true
—— specification EF CTRL = 3 is true
—— specification EF CTRL = 4 is true
—— specification EF CTRL = 5 is true
—— specification EF CTRL = 6 is true
—— specification EF CTRL = 7 is true
—— specification EF CTRL = 8 is true
—— specification EF GCTRL = 9 is true
—— specification EF CTRL = 10 is true
-— specification EF CTRL = 11 is true
-— specification EF CTRL = 12 is true
—— specification EF CTRL = 13 is true
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— specification 'E [ 1 (CTRL = 12) U ((Pow_AAA =1 & Pow BBB =1) & Switch =1) ]

—— as demonstrated by the following execution sequence

Trace Description: CTL Counterexample

Trace Type: Counterexample

-> State: 1.1 <-
CTRL =1
Switch = 0
Pow_AAA =
Pow_BBB =
Oprt = Emp
AB_Flg =0
Acdt_AAA =
Acdt_BBB
Rstr_AAA =
Rstr_BBB
Emp_Tmr = 0
On_Tmr = 0
Both_Tmr = 0
PT_Emp = FALSE
PT_BBB = FALSE

1
0

0
0
1
0

PT_AAA = TRUE
PT_Both = FALSE
-> State: 1.2 <-
CTRL = 2
Oprt = Rmt_On
Rstr_AAA = 0
Rstr_BBB = 1
-> State: 1.3 <~
CTRL = 3
Switch = 1
Pow_BBB = 1
Oprt = Emp
Rstr_BBB = 0

PT_AAA = FALSE
PT_Both = TRUE

is false
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—— specification ! (EF (CTRL = 12 & PT_AAA = TRUE)) is false
—— as demonstrated by the following execution sequence
Trace Description: CTL Counterexample
Trace Type: Counterexample
-> State: 1.1 <~
GTRL =1
Switch = 0
Pow_AAA = 1
Pow_BBB = 0
Oprt = Emp
AB_Flg =0
Acdt_AAA =0
Acdt_BBB = 0
Rstr_AAA = 1
Rstr_BBB = 0
Emp_Tmr = 0
On_Tmr = 0
Both_Tmr = 0
PT_Emp = FALSE
PT_BBB = FALSE
PT_AAA = TRUE
PT_Both = FALSE
-> State: 1.2 <-
CTRL = 2
Oprt = AB_Chg
Rstr_AAA = 0
Rstr_BBB = 1
-> State: 1.3 <~
CTRL = 11
Pow_BBB = 1
AB_Flg =1
Acdt_BBB = 1
Rstr_BBB = 0
PT_AAA = FALSE
PT_Both = TRUE
—-> State: 1.4 <-
CTRL = 12
Pow_BBB = 0
Oprt = Emp
AB_Flg =0
Acdt_ BBB = 0
PT_AAA = TRUE
PT_Both = FALSE
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—— specification

I'(EF (CTRL = 12 & PT_BBB = TRUE)) is false

—— as demonstrated by the following execution sequence
Trace Description: CTL Counterexample
Trace Type: Counterexample

-> State:
CTRL =1
Switch = 0
Pow_AAA =1
Pow_BBB = 0
Oprt = Emp
AB_Flg =0
Acdt_AAA = 0
Acdt_BBB = 0
Rstr_AAA = 1
Rstr_BBB = 0
Emp_Tmr = 0
On_Tmr = 0
Both_Tmr = 0
PT_Emp = FALSE
PT_BBB = FALSE
PT_AAA = TRUE

1.1 <=

PT_Both = FALSE

-> State:
CTRL = 2
Oprt = AB_Chg
Rstr_AAA = 0
Rstr_BBB = 1

-> State: 1.3 <~
CTRL = 11
Pow_BBB = 1
Oprt = Rmt_On
AB_Flg =1
Acdt_BBB = 1
Rstr_BBB = 0
PT_AAA = FALSE
PT_Both = TRUE

-> State: 1.4 <-
CTRL = 12
Pow_BBB = 0
Oprt = Emp
Acdt_ BBB = 0
PT_BBB = TRUE

1.2 <~

PT_Both = FALSE
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