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Transition and Verification Method from RSML™ to Lustre Model for Flight Mode Transition

WANG Zhiyi, HU Jun and XU Heng

School of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106 ,China

Abstract The automatic flight system is the core system of flight control for modern large aircraft. The flight guidance system,
as the core subsystem of the automatic flight system,manages and controls the mode transition of the automatic flight system.
The different flight stages of an automatic flight system are essentially flight mode transition, which determine the flight safety of
the aircraft. However.flight mode transition has the essential characteristics of a multi-dimensional complex static structure that
is coupled and compatible,as well as a multi-level dynamic combination of interactive cooperation and transitional switching.
Therefore, ensuring the correctness of flight mode transition is of crucial importance. The model-driven software modeling method
models the flight mode transition requirements as semi-formal or formal models, thereby analyzing and verifying the properties
satisfied by the model. The existing methods face two challenges: 1) The modeling from natural language requirements to semi-
formal requirement models is mostly done manually,and there are differences among the requirement models established by dif-
ferent modeling languages;2) The semi-formal requirements model cannot be directly used for model checking. It needs to be tran-
sitioned into the input model of the model checking tool,and the verification efficiency of different verification tools also varies.
Based on the RSML™* requirement model of automatic flight mode transition, this paper proposes a systematic method for transi-
tioning the RSML™® model into the Lustre synchronous data flow language. Firstly. mapping rules are constructed from multiple
dimensions such as data types,variables,logical phrases, AND-OR tables,and macros. It transitions the elements in the RSML™
model one by one into the forms supported by the Lustre synchronous data stream language,and reduces the number of variables
when describing the safety properties. Secondly,after the model transition,the Lustre model and safety properties obtained from
the transition are input into the Jkind model checking tool for verification. Based on the various optimization techniques built into

the Jkind model checking tool,the problem of state space explosion during the model verification process is better alleviated,and
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efficient verification of large-scale models is achieved. Ultimately, the safety properties related to the mode transition requirements

of the automatic flight system are successfully verified through this process,ensuring the operational reliability of the system un-

der various working conditions.
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ik
i A RSML “#ERICLF R
B Lustre [ 20 B4 i 78 5 BB SCHF L
1. Initialize L="";type_List="";main_node_input="";
main_node_output= “true” ; main_node_var=“"; main_node_
code=*""
2. L. append(type_List)
3. L. append(“node main(main_node_input) returns
(main_node_output) ;\n var main_node_var\n let\n -- % MAIN;
\n
main_node_code \n tel;\n”)
4. for ecach datatype€ DATATYPE do

if datatype= =bool or int or real

o

type _List. append(type-trans(datatype) )

if datatype==-enum{x; +Xz,***+ Xy}

0w NN o

type _ List. append (“type” + “datatype. title = enum { x; ,
X2 st aXn )3T “\n” 4+ type-trans(datatype) )
9. for each v€V do

10. if vE€ input variable

11. main_node_input. append(“v_in: type(v). title;\n”)

12. v_node,v_main<-var-trans(v)

13. L. append(v_node)

14. main_node_var. append(“v:type-trans(type(v)). title;\n”)
15. main_node_code. append(v_main)

16. for each m& M do
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17. m_node, m_main<-m-trans(m)

18. L. append( m_node)

19. main_node_var. append(“m:bool_trans;\n”)
20. main_node_code. append(m_main)

21. return L
22. end

Bk 1 L type_List Fon Lo B Ps 28 A1 1) 51 36 5 main_
node_input, main_node_output, main_node_var, main_node_
code 73 RAR E W MM ASE i S8 B ETI R LK
FAEAT EM, BIE 1 2 3 TR R B R type_
List MU &MA Lo 5 4—8 47 type-trans K 5di 2 B4k
URHEAT i 45, I W I 5408 248 2 A A 8 5 1) R 28 B type_
List, % 9—20 17 m-trans #l var-trans ¥ 48 & 1 7 5 ¥ K
FREMA L, I 7 s h SR AR R T SR T A
3.1.1 R %

T RSML 358 JH BRIABD 4R () Undefined. i Lustre
[ 25 B3040 3L 1 7 R SRR BRIA I 4R 1 Undefined , PR G 75 %2
XPEHE R R AT e 4 . BLARFL 4 Bk 2 IR R ORI
KA type_input VE R HiI A, H 1R [BHT 09 04 258 type_out-
put,
Hik2

1. Initialize type_output=

type-trans(type_input)
«»

2. if type_input= =bool

3. type_output. append(

“type bool_trans=enum{ True, False, Undefined_bool} ;\n”)

4. if type_input==enum{ X »Xz »*** + Xp

S, type_output. append(“typetype_input. title_trans=enum{”)
6 for x in enum{ x| ,x2,* 4%, } do

7 type_output. append(“x,”)

8. type_output. append(“Undefined_type_input. title} ;\n”)
9.if type_input= =int

10.  type_output. append(“type int_trans=

struct{a: { Undefined_int, Defined_int} ;b:int} ;\n”)
11. if type_input= =real
12.  type_output. append(“type real_trans=

struct{a:{ Undefined_real, Defined_real};b:real};\n”)
13. return type_output

Bk 2 b, type_input. title $8 550 P8 26 BB & FkL
enum { Disengaged, Engaged } f % #K & ifengage; type-trans
(type_input). title 3 78 % e J5 B0 P65 26 8 5 4 FK . 40 bool _
trans,int_trans.ifengage_trans,

Xof T A7 R T RIS 26 T8 L AR SOl — AN B2 B Undefined
Ve — D MEEE IS true M false % JRACEE (EH — 7] i A B 22
PIMCZE TR, YL 2 8 2—8 AT Fim . A TR s 90 7, A%
SORTE— S A TCR MR, Kb — TR A
ZE RN AR R 1 O BOA BT R {E s 5 — A DR O R
R A7 IR AL B AL, Nk 2 RS 9— 12 AT TR
3.1.2 TEaiik

AR AR AL 3 R RO B v AR BT A LR

A5 45 v_node FNTE 45 55 Hp XF 5 55 B9 52460 £ 15 4 v_main, B
WA R v KB MR R EEAEN A={a .52, )

Hi%3
1. Initialize v_node="*

2. if v€& State Variable or v€& Controlled Variable

var-trans(v)

< 9 @

”;v_main=

3. v_node. append(“nodev(”)
4, for a€ A do

v_node. append(“a:type-trans(type(a)). title;”)

1321

6 v_node. append( “) ;\n let\n result=")
7 if v has initial value v-initial
8. v_node. append(“v-initial->=>")
9 if v has parent value v-parent. VALUE
10. v_node. append(
“if not(v-parent=VALUE) then Undefined_type(v) else”)
11.  for each transition v. source—>v. target if v. condution
12. v_node. append(

“if pre (result) = v. source and v. condution then v. target

else”)
13. v_node. append(“pre(result) ;\n tel;\n")
14. v_main. append(“v=v(")

15. for a€ A do

16. v_main. append(“a,”)

17. v_main. append(“) ;\n")

18. if v€ Input Variable

19. v_node. append(“nodev(v_in:type(v). title)

returns(result: type-trans (type (v)). title) ; \n let\n result

=7

20. if v has initial value v-initial

21. v_node. append(“v-initial —=>")
22. v_node. append(“v_in;\n tel;\n”)
23. v_main. append(“v=v(v_in) ;\n”)

24. return v_node,v_main

R 3 WA 2— 17 A7 gk 5E AR i OIR 25728 4 R4 ) AR
) ML, BB A T A6 A rb HoAth 4% 3 58 2% /Y L i LA
B A—6 T8 A g AR B EUE DA LS A S
B, 59— 10 F77E7 s 5 H B L result 1 if-then-else &4
o A AR A HEAT ) W, HAT A8 1 W R AR RS AT AR EAT S 4
IR 7S A % B9 W7 . 75 WK Undefined B4 result, 55 11—13
17 H if-then-else 1 m) % FAR S % 3 17 ) e, I 78 06 2 IR 25
i B8 45 A B 6 a5 A S B resule WKT BT (E L 7E R W6 2 RS
ER AL EE result (AR,

YL 3 A 18— 23 17 g Xy AR 5 B4 B AR LAY
BEUAE AN A 81 HL At A% S B8 %, T AR A AR e 2 R 24 4% 1 R AT B
HUBEL, X 02 71 sl A S50k BT, B LASR 19 476 A BE
) 39 A S v_in INA LG Y S A S8 IR
v_in 4 HH BB result TRIE .

BeAh L HE 3 RS 788 8 47, 55 20,56 21 15 Lusre 'Y
T 22 3h 2O A8 i e U5 T A0 S result TR 6 1A
9 14— 17 A7 5 23 47 R AR B A A S (0 oS AR AR W

v SE 45 A6 AT
3.1.3 ZEejitik

RSML 5 £ v 14 72 9 FH ol 45235 &2 2% 19 AND-OR & sl 7
JRAR . I L) 5 B e 4 B 5B B X AND-OR £ #il AND-OR %
A0 55 1Y 4 R AT
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1) 18 %5 Jd 5 1) I 3. m_node. append(“nodem(aj ; bool) returns(result:bool_trans) ;\

RSML  f 4 & A [T 2 0938 48 4 0 B B AT 155 4R Lustre
[ A5 B 1 7 b A R 3Rk 20, R O ik gk 4 iR, |
B 5 5 3 logic_input VE R AL I i A R BB R logic_
output, HH L BEGESRR OP={>,<,=,<,=),
&i% 4

1. Initialize logic_output=

logic-trans(logic_input)
2. if logic_input contains only true\false
3. logic_output. append(“true\false”)
4. if logic_input contains only bool variable a
5. logic_output. append(“a= True”)
6. if logic_input contains op€ OP and a before op and b after op
7. if a contains PREVIOUS STEP(a")
8. logic_output. append(“pre(a’) op b”)
9. if a contains WHEN(a")
10. logic_output. append(“a’ op b”)
11. logic_output. append(“a op b™)
12. return logic_output

4 DA 6— 11 AT E T v R P Rk A LB AN
FORA 78 09 W 8 4R TR 1 e . Hoh, RSMIL. i
PREVIOUS STEP (a') fR £ BT 9K 25 o 19 8. 0 & 7 e
Lustre [A] 22 8048 15 & AR 2 AT9CR S ME preCa) . X
T FOR A B B L #E , When(a) ¥ 412 19 When K458, B8
Ta,

2) AND-OR 3 (i 5 4

AND-OR £ B8 %k 5 fros . K m 47 n 91 (42
5 e 22 41038 46 06 1) AND-OR % m * n-excel 1E R #i A . 3§
A RFE R A0, % AND-OR 5 — 3| 1y & # 58 i &
44 LOGIC-PHRASE= {1, ,1, , ==, 1, },
Hix5
1. Initialize AO="";expr; ="";exprs ="" ;= ;expry1 =
2.fori=1—>n—1do
3. forj=1—>mdo
4. if m * n-excell[j][i]==

andor-trans(m * n-excel)

w“n

expr;. append(logic-trans(l;) +“and”)
if m * n-excell[j][i]==

o

6
7 expr;. append(“not” + logic-trans(l;) +“and”)
8. expr;, . append(“true”)
9 AO=<—expri +“or” +expry +“or”+ +++expry
10. return AO
Pk 5 B 2— 8 AT SN T AND-OR % . 4 4 — 41 h
B—ATH T B F R AT B2 B and 4828 — D
TRIBAGH 9K T RIBAX or T B MREZE R AO 1

RFEEA,
3) T N e ¥

RV HANE B 6 Fion . Hg R m /B AR [y
F m_node FIFE 5 4 P X5 A A9 52 4L 7 A m_main, %
W% m 1 AND-OR R0 b Z Hol ZWEE N A=
{asas s sa, ),

%6 mtrans(m)

@ @

1. Initialize m_node="";m_main=

2. if m is true\false

n let\n result=True\False;\n tel;\n”)
4. m_main. append(“m=m(true) ;\n”)
5. if m is AND-OR-Excel
m_node. append(“nodem(”)
for a€ A do

m_node. append(“a:type-trans(type(a)). title;”)

© o NN o>

m_node. append(“) returns(result: bool_trans) ;\n let\n
result=ifandor-trans(AND-OR-Excel) then True else False;
\n tel;\n")

10. m_main. append(“v=v(")

11.  for a€ A do

12. m_main. append( “a,”)

13, m_main. append( “);\n”)

14. return m_node, m_main

BV 6 P EE 2—4 AT X R AR B A AR A 0 R AT R A
W —ANE N B A R AR i a AE 5 T S A S8 I
H W True\False W39 2000 L S 80 result, 55 5—13 17
xR AND-OR 2 1 % #E47 # #e, F AND-OR & 4 #t
B At A T R Ry T 0 U 1T AR A S T % AND-OR
2R3l 3 andor-trans PEAT F4 ¥ J5 5 2 A9 A /R 2 35 2K T S
SR result, M 3% fi /R F 18 XK EH B, result = True, & Z .
result="False, %5 4 1755 10— 13 17 Jg % ¥ 3 5 A9 5 5 2 i
HoAE 70 SR SR E A,

3.1.4 HEAEESH

Iif ) 2 2% B 43 Hr < i T AN RSMIL® 3| Lustre #5550 %
WA (EE DRFEREE 2— 8% oL F TIE%R,
K F R FEE M F R R R E 4 E, B TFEE
ETWATAE 2 Ak 3Bk e Ak e WH TS A
25 MM TR 4, B ey e ROR 2 ML 4 347087

B A JRAS AL TP B AT U O B BT R E R B R0 IR
Bl R Sk 4 MR IR A 2R B OCD)

Bk 5 &R RSML# AND-OR F 54, i T RSML™*
R R 1y AND-OR 3R (F 55 F & —A> m o« n A FR) K/
AR P B 2 T P G AND-OR 26 K/ (9 1 5, Bl 4
AND-OR Ry m » n FEFE ML 5 X5 MR R R 47 388 I, 7
a7 et R O R A2 2% B O O (D) YB3 4 38 48 a1 F
Frie e, B 5 AT R 25 OGnn)

BV 6 S XA % 14 B 4, LA 5k AR O e R AR 2
S OCGnn) B 50 I W IR 2 T 4R 08 11 JHL A A% o 1% % 3 47
i T3 5 S AT R T AR RS ) b A e R AR R
RP RSML A5 7 R ot BT A5 A8 15 R 0 R B0 o+ h, I ILEE G 6
RIS [R) B 2% A O2Coth) +mn)

Bk 3 RAIALE R AR, S 458 S AT RISE 16,58
16 47 X AF B BT AR A8 A oA AR f 5 2 47 398 7, 76 S50k 40 A o
U7 i TR0 00 At A b ol 2 B0 9 1 L B RSMIL A R
T SRR R RN 0,55 11,58 12 fT XA P AR
AT E T EE R R P RS T B AR -
B Wl ESHERE RN O+ +1r),

TR 2 AT RNEOHE 2 B A B e SR B R WP RO B
PE RIS 2 RS RS2 24 B2 O O,
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TR RO E LA o) S 2 B . RSMIL g R rp %
HBARE AL ¢ Fh BB o KO BB R
RETBAE LN r, AND-OR K/ BB R m x n,
FRETE 4 — 8 47 X H s 38 B BEAT i I 0T W L 2 W
IR AT R 40, 55 9 — 15 AT % A8 18 AT i 7 OF 9 B 3
XA i HEATAG 45 5 16 — 20 A7 % 5 AT 30 D O FH i 6 %
TR IEAT R T L E SR R S 2B OG+o* (2(vt+h) +
) +h % (2Coth) +mn)) =020 +2h* +dovh+ 20r+ 2hmn+
D=0 +h? 4 20r+ 2hmn+ 1) s AT 2+ ) TE KT
2vr+2hmn—+¢, W FEE LB RIZ 2 O+,

g Lk . I RSML © #1] Lustre 5 %I 5% o () i i) &2 2%
HOCv+m)"),

23 [ 2 BE 43 BT < 1 5996 % RSMIL B B v 1 45 A~ 46
PR W4T e 48, OF B4 DA 7R e i ad 7 vh 9 AR
BITEER o R A X — A A B 1 B 38 ¢ LR AT LA B 12 A B
00T A8 B L RO o T 2 T T LA 9 i Bk 1 2 ) A
oA O,

3.2 ReMRAEIR

TEX LR AT R 35 L 5 WG e R M TR R A Lustre [A]
BRI R B SRR T T A oR U 4
PEBT IR . FGS 75 20l 2 XA — Z P B . 4 28t il 4 T 9%
RES B S5 OGN 2 X ) FD 4T FF i A58 2045 5 R 4T
F KBRS Lustre [7 25804 Wik 5 0 X HMIEXX T .
propl = ((not pre(Modes) =0n) and (not pre(Onside_FD)=
On) and Is_This_Side_Active= True and Onside_ FD=On) = >
Modes=On,

AT A L4 T SRR BY o AR AE — 2R A B W B i HL
SR P — FE Al 78 B T P o % B 0 SRR A ) DT 45 ) T ) M e
S HCIBC{EL B 78 ) R o L 7 A R A 6 o AR v ) 2 23 TC A L
BN A T A0 B B, G R sk s e i T 3 &2, B 23 A1
o7 T A 0 T R A A3 (] A K 1), 2 ) AR AU AG 36 1 K
R RUER T E WA G5 RS 23 ) 4 4 1) M, AR SCHE i i
a7 4V 5 s 3k G fd . Mode_ Annunciations_On X ZE HAE i H
S W — HC At A A T R A e B T e R IR (1 L
f9 8%, W Mode_Annunciations_On= True /| Modes= On
3% . Mode_Annunciations_On= False Ji§ (not Modes=On)
P AV
3.3 HEIE

TE 58 BN ASE A 1) g 0 R 22 4 R BT R A 3R S L 8 BT A B
Lustre B8 5 Lustre %2 PEITH A Jkind BAES 50 T H 917
YAl . AT 1 BT L An AR T L 2 A P B DU A erues MDA
RN A2 5 A BT, U gy s B B O R 4 S 49048 AR YL
PR L A A

4 EHIRIE

AR Sk SCHR 9] FF B9 FGS 28 S 3k 47 52 401 ) 43 #r 36
WE. SCEHREEH . CPU H Intel® Core™ i7-8750H CPU @
2.20GHz 2. 21 GHz,GPU 2} GeForce GTX 950M 4 GB, W17
K/NHK 8GB,#:1E &R S A Windows 11,

FGS Uk B LM M 2% R (AHRS) = HHUHE &

G (ADS) . KATEH R G (FMS) A 0L o A0 %4735 1 18 A
(FCPY W4 A o FH X 2245 2, & il 13 455 20 2 8 (Modes Lo-
gio Bk B & 3 1y € AT A X, IF5E i 6 AT 2 il A (Control
Laws) 7T ®AT S #4082 1Rt A sl B 3L (AP) , Z
J5H 30 B 0K ik 2 iy A T 4 Sy OB o T 9 52 80, LA
F/MET R S MBI EREZ M ER, FGSMEEI)
fein 3 Fral,

# 3 WA FGS Yifig

Table 3 Typical FGS functions

FGS 7 i
HH AR EAEA
AR ATHE R
% ] K AT %8 5] BL(FD)
5 8 B 2 5 B LCAP)

Hrig P48 m CATHI AR FGS I A EEM I AE., |
AT 23 S o A A G o A58 = i AR A 1) A K S
KL TR, R 4 T,

F4 RATEER
Table 4 Flight modes

K PNCE S
R AR (ROLL) 49 4% £ (PITCH)
# 7 (APPR) B R (ALT)
£ (GA) # J§ # # (ALTSEL)
i 1 ¥ % (HDG) 3 ¥ CAPPR)
B AL(NAV) KATE JE B R (FLO)
£ (GA)
FHEE (VS

TRATARE 2 B e AR L ) 42 A TR AU ) 2
A PE B AT RN IR 5 A,

RS OARIT AR

Table 5 Partial safety properties

%5 Z W R
HDG 4 F clear $k A . # ik i 4% T HDG FF % . 75 2 HDG # 4 F
HHRA
HDG 4 F# @4k A&, & s it 4% T HDG 7 % (B % i HDG) . 7 4
HDG # 4 F i FF ik &
NAV A F X AR A #F Wbt T4, A0 7.0 4 NAV #
A

4 NAV 4 F# 8Kk A, 3% TH4A, U NAV X H
VS & Fx A RA & B % THA. AT R, 4 VSR ¥
B E

6 VS 4 T kA% T4 0 VS XM
ALT A FRARA . F 4 TH4A, AT %, B4 ALT #
A

8 ALT 4 T #ERA & T4 . ALT X H
ALT & F X ARA bt 3% T4, %M T %, 4 ALT #
KO E L ALTSEL # R 4L T & @k A

10 ALTSEL 4 ¥R A EH R & E AL, M ALTSEL % M

FHIXT FGS TCAT AR 203 e 1 7 SRR A 308 47 54 46 R 3G IE
4.1 AR

LUk AZZ 8 NAV_Switch, iR A2 7 NAV_Selected 172
When NAV _ Activated i ] #f 47 36 B . % A 48 7 NAV _
Switch 7E# 5T A RSML < xCANE 13 Bk . )5 i35 6
WE 14 iR,
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NAV_Switch
Type: {OFF,ON}
Initial Value: Undefined
Classified as: MONITORED

[ 13 NAV_Switch RSML <17l
Fig. 13 RSML ¢ model of NAV_Switch

typeswitch_lamp=enum{ OFF,ON} ;

typeswitch_lamp_trans=enum{oFF,oN, Undefined_switch_lamp} ;

node

NAV_Switch(NAV_Switch_in: switch_lamp_trans) returns(result: switch_
lamp_trans) ;

let

result = Undefined_switch_lamp ->> ifNAV _Switch_in= ON then oN else
oFF;

tel;

¥ 14 NAV_Switch Lustre 1% %Y
Fig. 14 Lustre model of NAV_Switch

MR AR 2 NAV _Selected 7 # #1579 RSML - JE = W0
B 15 R . B4 )m 971 sl 16 Frs .
NAV_Selected
Parent: Modes. On > NAV. Selected
Type: { Armed. Active}
Initial Value: Undefined

Classified as:State
: = Offside_NAV_Selected if not Is_This_Side_Active
Undefined—>Armedif TRUE
Armed— Activeil
OR
Activate_ NAV T
Is_This_Side_Active T

AND

& 15 NAV_Selected RSML & %l
Fig. 15 RSML* model of NAV_Selected

typebool_trans=enum{ True.False.Undefined_bool} ;
typeselectedstate=enum{ Armed. Active} ;
typeselectedstate_trans=enum{armed, active, Undefined_selectedstate} ;
type basestate=enum{Cleared.Selected} ;

typebasestate_trans= enum{cleared,selected, Undefined_basestate} ;

node

NAV_Selected(Is_This_Side_Active, Activate_ NAV : bool_trans; NAV: bas-
estate_trans; Offside_ NAV_Selected: selectedstate_trans) returns(result: se-
lectedstate_trans) ;

let

result= Undefined_selectedstate -=> if not(NAV=selected) then Undefined_
selectedstate else if Is_This_Side_Active=False then Offside NAV_Selected
else if pre(result) = Undefined_selectedstate then armed else if pre(result) =
armed and Activate_. NAV=True and Is_This_Side_Active= True then active

else pre(result) ;

tels

16 NAV_Selected Lustre f741
Fig. 16 Lustre model of NAV_Selected
% When_NAV _ Activated 7E #% # 5 i RSML* £ = 1
P17 R . B da i S I 18 R .

When_NAV_Activated
Condition:
OR
Activate_NAV T
AND PREVIOUS STEP(NAV _Selected) = Armed T
Is_This_Side_Active T

K 17 When NAV_Activated RSML <4 %I
Fig. 17 RSML ¢ model of When_NAV_ Activated

typebool_trans=enum{ True.False. Undefined_bool} ;
typeselectedstate=enum{ Armed. Active} ;

typeselectedstate_trans=enum{armed.active. Undefined_selectedstate} ;

node

When_NAV_Activated ( Activate_ NAV, Is_ This_ Side _ Active: bool _ trans;
NAV_Selected: selectedstate_trans) returns(result:bool_trans) ;

let

result =ifActivate. NAV= True and pre (NAV _Selected) = armed and Is_
This_Side_Active=True then True else False;

tel;

® 18 When NAV_Activated Lustre 1%
Fig. 18 Lustre model of When_NAV_Activated
R EIGUEAY PE T NAV_Selected 152~ Armed, £ 7
SN 19 TR,

typebool_trans=enum{ True.False.Undefined_bool} ;

typeswitch_lamp=enum{ OFF, ON} ;
typeswitch_lamp_trans=enum{oFF.oN.Undefined_switch_lamp} ;
typeselectedstate=enum{ Armed. Active} ;

typeselectedstate_trans=enum{armed,active, Undefined_selectedstate} ;

node main(NAV_Switch_in:switch_lamp) returns(propl:booD) ;

var

NAV_Switch:switch_lamp_trans;

When_NAV_Activated: boo_trans;

NAV_Selected: selectedstate_trans;

let

- % MAIN;

NAV_Switch=NAV_Switch(NAV_Switch_in) ;

When_NAV_ Activated= When_NAV_ Activated ( Activate_ NAV, Is_This_
Side_Active,NAV_Selected) ;
NAV_Selected=NAV_Selected(Is_This_Side_Active, Activate_NAV,NAV,
Offside_NAV_Selected) ;

propl =NAV_Selected=armed;
—%PROPERTY propl;

tel;

19 F AR
Fig. 19 Lustre model of main node

4.2 HEEIIGIUE

IR IS SC T 3 5 96 45 81 FGS AT AR 2 4% 40 75 SR AR 7 1Y
Lustre [a] 26 #5408 Uit 78 5 B AU S AR B 19 22 4P 5T, 18 17 JKind
TH, X2 TIIE. B 20 PR hgaetEim.
M4k T 375 R A HARE A S5 20, ) 2 X5 FD 47 A, 2 =X
{55 W T JF (propl = ((not pre(Modes) = On) and (not pre
(Onside_FD)=0n) and Is_This_Side_Active=True and On-
side. FD=0n) = > Modes=On) ffj % i 4 5 .
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SERERW 10 A28 A PR 4 58 1 46 31F , Tkind 78 2% 19 B [
H B AR AR EE DT NUSMV,
$:4 H NUSMV F1 Jkind 43 %1 FGS 6AT7 458 3 4% e
INVALID PROPERTIES: [propl] SRR b O] RATBEC Y 50 A% 4Pk T BEAT B0 UE . 45 2
mE 26, 27 K3 8 Fim,
F 6 AR

Table 6 Whether the safety properties are met

[ 20 24P I 3 UE 45 SR

Fig. 20 Verification results of safety properties

T Y UE 25 S 2R B M AN 38 2, 3 i X Tkind i 89 R oy oy P
%5 % A MR P
B 21 AR 22 T K20 8438 23 N 38D AT o B e B2 | HDG AT clear 3 &, # s 3 T HDG 7 % . 7 4 R
. . ; . " G # 4t F 3% & ~
Onside_FD 0 4R 25 A i 2 5 B0 L F 2 5 Onside_FD I HDG AL T 0 iE
_ B o , DG A FEARA ki T HDG F % (% 1
THIRAE Off J5 M8 &l 23 Frs & 4. ° HDG) ., 5 24 HDG # 4k F I F 3 & =
; NAV & FXHAKRA.E i T#A. 640 %, o
A5 4 NAV # R 4 3 E -
4 NAV & F##ER S, F% T4, 0 NAV X H I
5 VSAFxARAE,F i T4, iz, o o
L VS AR A b
ALT & FxrARA, F ot T A, F a0 %,
Fig. 21 Input variable in the counterexample 7 4 i\l;‘;}%i&% a ;\}; PR L R L P
8 ALT 4 F# & R A &4 T4, 0 ALT X H I
o ALTATFXARS FUHETHEHGATEA .
20 ALT R4 %75  ALTSEL R 4 T & 4% &
ALTSEL 4 T ##FR A . FH R\ E XL, U ALT- o
10 o &
22 AP i SEL X
Fig. 22 Ordinary variables in counterexamples £ 7 BT

Table 7 Cost of verification

AR/ BEEE /s ERAE/KB
NUSMV 10 1219.72 1615980
JKind 10 6.692 242288
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