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Requirement Modeling and Verification for Automatic Flight System Modes Based on MTRDL

XU Heng', HUANG Zhi-Qiu', HU Jun', TAO Chuan-Qi', WANG Jin-Yong®, SHI Fan'

'(College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
*(School of Information Engineering, Xuzhou University of Technology, Xuzhou 221018, China)

Abstract: During the automatic flight of civil aircraft, the transition of automatic flight system modes is an important factor affecting
safety. With the rapid growth of functions and complexity of modern civil aircraft airborne systems, the safety analysis and verification of
automatic flight system mode transition in the requirement phase has become an important challenge. The complexity of flight mode
transition is not only reflected in the interaction among multiple flight modes necessary during the automatic flight but also in the complex
data and control cross-linking relationships between the mode transition process and the external environment. Additionally, these cross-
linking relationships imply the safety properties of the flight mode transition process, which increases the application difficulty of formal
methods. This study proposes a domain specific modeling and verification framework. First, a modeling language MTRDL for transition
requirements of automatic flight system modes and a modeling method based on extended SysML language are put forward. Secondly, the
safety property-assisted protocol method based on safety requirement templates is proposed. Finally, the effectiveness of the method in the
requirement verification of automatic flight system mode transition is proven by a case study of a certain aircraft’s itemized requirements.

Key words: automatic flight sytem mode; formal method; SysML modelling; safety property
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B3I AT RG0E RV AT IR R B AT A S VLA O R 45, 18 5] WL IR Tl e 1 AR 7 BOE AR AR 28
BRSO S I AT R R Se B 3 /AT UL T E B AT RGBS T AT RO B AT RGN
TH, EAMEFR T B3 AT RAETIIT N, X AT i GO L, &2 3 TR M BAR AT i 2 (A
MRZE. Rk B 3 AT RGN B 30 $AT RGTT R 1 BT v U A ZER, 102 VAT REEIER W ITF
WHOARRE AR, AT R R A 1R 2 SEU™ E G F 5 1, R 5HR 5 R SR 2R A320 3P A3
T RIRE SR 214 5258 D% [ 3 (AT KRG T SR VE N OB HE R B A, FI0E TR AR
WU R A R A S RS, B aE T 22 S hnifE A R M,

WL R R B ANE S 1R, T B 2ME 5 RIFLE = SCHERIBOR 1t DL A e 8, B DUEAT B 3)
o AT AR B, FEAE A B ARE S MR SR T R I AR R, TRRIIR 3% 7 K& I [A1FT A D760 75 SR SCRS 347 A L
A, DUBAER 75 R SORS B SO — B AR e 1, [BII E i D R A A 7R SR 1R vk, TR DA RN 36T 75 SR B DA S
BLE S Ak AR B Rt 2R 48 7 SRS B AR SN AL AN 40 A, T LA IR B RS R R B, I SRR T R 3
Xof 76 3R R IT /3 M AT, BN 2 AR AR Dol R ™ T 20k i 2 — Pk T B B S SR 1 R S kAT 36
REIEEA, WIS RS 2 X RGBT, 7T LUARE T RAATRAL. R0 MR A EEEH T RE4%
11 G BA R SRAIE, T8 AL 29 RIS IE B AR A SRR R G TR AT 3G E, 11 B Aetgl it 575 R RGURE 2 5T
ZA G AT I M T PRAIE S8 1) 1E A 1 A s e, IR R A SAR D7 v R B 3 %AT RGN 4 35 SR B T
AR IRAIE 2 A B O,

7E [ BridE i 22 4 pr v o, A 2 3R 2 AR AN 204k 75 v B F 22 F R R I R 32 i 7 s il 2R . 1992 4
RTCA KA DO-178B (HLE R G #&A 4 B 8 R AR5 8 ) Anvle b, B2 LB AF RO B i 72 75 2L 2 A AR
IEEIE RS TR AR H TR AR T RSN BT R IER ) 6 ek i DO-178CH b, S ik — 25 5
SRAEBK A A T2 P 5 B DA G SR MR O SR X O R I 2 B R 2 Ve W 5 50AE TAE, /et — P peir
DO-333" IR Ak T Il i R 2 A PEBRAIE T Bz —. SRT, X e 22 PR 4R R 48t 7@ e e g % B
B, AV S BARFE AR J7 325 dnde] 2 AR LT 34 5 VR B T S BRI TR s, A i 2= TAE G A B
AR 7R T B, W HLER A 7 SR EAT A S 5RAIE, 75 B A AMI AR AR 2 — AR R Pk L.

B 5 45 AR TT R TR RR R, U S8 1B SR TR Wb FBIER Bt s — s S A LR, DR R
GEHE 2R 530 T SRR R, ML AT 24 Al S (0 5 2 R AT 3 36 5 1 282 L UML), SysML!M™,
AADL[IS]%%JW?%E"J@ﬁ%{éﬁ*@ﬁi}&gﬁ;ﬁéff@, Un: 2013 4F Insaurralde 25 A7E SmartFuel T H #13ET AADL
S RMLAI RGBT T BREIGATE " 2020 4F, B IE T SysML S HEE SR I T S E . L. Wit SRR
4 MBI Diamond B 2021 4F, 36 ERI MM A W) 7E AADL HEZRFERY F 254 7 A BRI EIE T OpenUxAS
T ML 7, 3K 5 VR R T ) B 2% R G T AR 1T, R i 1 ARG SRR 1) 4 2 o R EL L3 AT
AL, B 5 i TR T AL S FERRR /8 T A B4 — SOk, AN RE B R T AL B R IR AE 1 48 2 R DL
Simulink "R SCADE P T H AR 193 T 1725 Bt I 10 B AL B AREIE 5, 4 2005 4E, SEERIAR AT A 7 3% T
Simulink %} ADGS-2100 [13& 7 5~ i 5 6 118 BT 17 @R, 2000 4F, VA % % 6T Lustre if 5 A1 SCADE
T EN AT 6 RGEEAT T ARG P, IX VAR AR S Yo R R ) H R BOE R S R, B R
VE B AL B R TR A, A R KRBV BT, RN B & 2 DO-178C b £ E Rk oy
Hr RIS AR RE 7, BEANX S T BN EA B SRR 40T B A 45 P, 4 3 R IR [ ARE S5 R ok
ET7V2:, RIIE TREBR G SRR 2 17, SR A S5 M0 D7 VAT BBAR AL ) B ARE 5, 185 X 2R 7 V2 ke 088 1) 75 SR 4 2 %
2% BALIGE B 7, W Zhang 5 B HBEN 24 3R BB 0240 b B 2R 18 = A FH A B 2 1 @ 485757 RUCM  (restricted
use case modeling)™", Jf E ol PR 5E [ SR15E 5 7 SR IT I 2] UML 23 s B3, gt fif 25 W R K2 I At — il R s
B ARIE 5 T SRR, I3 T 1R 3142 B AADLP® 3 7= s G SEfr LR o HARIE = RIAFE RIS
5, B SRR B TRE B K BAE S B2 v AN IGE R AT AR B e AR 5. R B — 2 R 5 ik,
TR Ak T v L T W 2 A A, 32 9 AR B4R Hh T dn e #4028 S8 i ml R A& 0 B DL SC Rl 2 A A
LYRIBGAIE, HEBN T 2k 7 32 T EL (10 B R AT 42 P 20 14 it g Ay g 7).
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ASCTAR B T ZETTRRAE - F2Hh— PR S i WU T Y A A 7 SR A3 5 MTRDL, A2+ 116 5 1
SysML Profile, JffE1Z 15 5 3R SN 22 4k 5T AT sCALBRAIE. % TAR I s a2 TR R
RS T A R

ARSCH 1 AR A B AT R G U e i) S R A ARE S . B AR U VA AF B A R IR BEAT T MEIE. B 2
2 T A B /AT R B R S S MTRDL (978 3046 5E X, DAL T FMSysML 1 H 35§
1T RGeS 7V, 58 3 TP 4h T 56T FMSysML 1 %2 42 75 sRASIAR, DA B TR ) 22 4 14 IR 4l B
LY TTE. 5 4 e T SEBIETT5 S R 7 A it 8. B a2 R R IEFE 3 5 ROk AR

1 EEHIR

1.1 Bz YTRFEERERE XS

H 3 AT RSt (AFS) % IR TG % € 19 CAT 2 7 SRR 08 PR 1% 45 140 1k B R AT R i & I B A E I R AT I ok
et AL E ) AT, AFS 261 KHLER . M. . #E%, Rk TR %S AFS hi b T Rgi2
) % 4 AT B &R X B F R HE: AT HL RS (FMS).  KAT4R I (FD). H BB (AP). AT i
AWLEEA (CD) KPR 5 235 248 (ASSD) &5 Horp }AT 45 il [l A (FMCP) Al = % AT R 4% (PFD) 4H i
AT AR E ) AT RGBS B AFLEE . ®AT ST LUl I FMCP 34 3% 38 75 B 10 /AT R, xR4T 4R
SICHN E B 2 B ACGEE AT HT B AR 55 R AT R R 2% PPD b IR KA I S -2 AT R UM DR A
B WATHR GRS AU, BRER M HIEE 4. BB SRR DU A B B AU T DA H )R 138 F 4R

AT L B 1R DL AT BRI R AR AT R 5] RS (FGS). A I, AFS ®ATEIAT LLE SUCA—4H E
B AT ARG HFAT AN RGECE, MRS R —F RGN, AFS B8 1 KITH XM AE L, g mE
. WA BERE, E 3 $AT RS 0B 48 T DUE 1 & — 2 AL B B (0 BVE 4R, JLOCERTIRE R 1E AFS
RGAE T WOERAS AT R Z1, 8538 1 AT R T2 B K LIZ SR 12 ).

wjE B 1 AR, RYLE 3D AT RGN EDEFE 4 AN YeE: BEBIE. AP a3hm IR
Z i, 5 — B HOURIE A RN 0 ATAT S5 2R, R4 e B =, 5 — N B =X S 4 T et
ZAFRE BN AT B, LIS AT #E B 2A WTRI U LA SR AT S5 45, DU RWLIE IR 5 Rt
BORB, AETRATH B A 31K AT R A 1A A U1 R A A R GEAF AR B TRAT AR SRR 1 B e AN A
WAL B 3 AT R TR 0 2 B AT A B A B R, IR IIERE AU 4 5 A 85 2 18] 52 2% A B 5 45 1)
TR R, IR EATIR RFIN Fa s T RATE R e . R, H 3 T R A B A M IR A M 2 4
FER R F AN, T HAERE D2 B RS S A A DR B 4 RS 43 M A2 S8 AE i A2 1 22 4 il
KRG AIBRFAE.
12 FFZESERNIE

Y E RYRA M DL — AN R R R GBI o, M RS HEZMNRESEIRICITER RS (S, -, L), ¢ BEE
M FPIRZSTEA A B2 OB H R, tHE M2 48 (computation tree logic, CTL) /& —Fi# H K 7848, —4> CTL &
AT BAH Backus Naur 0 0E AW F:

p:=pl-plord|dVPld— ¢|AXP|AFP|AGH| AlpU],

o, BB FERAERE — X /5. A BRIEA BA?, X RRneXt K&, F RRFENLRRE”, G TR
A RARZS”, U RRE R S M _ERPIRES 5, (M, 5) £ ¢ BRI M AEIRTS s 2 ¢, 18 SON:

(1) (M, s)e¢ 24 HALH peL(s).

(2) (M, s) £ —¢ 4 HALY (M, 5) £ ¢ ARLAL.

(3) (M, s)E ¢y Ay U HA (M, 5) e ¢y H (M, 5)E ¢, .

(4) (M, s)E ¢ V¢ LHA (M, 5)E ¢y BL(M,5)E ¢, .

(5) (M, s) ¢y — ¢, UHALY (M, 5) £ ¢y NLEL (M, 5) E ¢, .
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(6) (M,s)r AXp 4 BAUCUX AL s > s s, (M,s)F AX¢.
(7) (M,s)e AF¢ M HAY s IEMTIFTE S s - 5 — ..., R LAEEARE s, (M, s) E ¢ .
(8) (M,s) e AGp BN Y s MBI FTEEAE s - 51 — ..., BELHIITERS s, (M,s)Ed.

(9) (M,5)E Alp U] M A Y s HIFTE R s > 5 — ..., BE EAEENRE 5., (M, 5) £ ¢y, FIRTXF T

B j<i BPRES s,,(M, ) E ¢y

HAEFIR 2024 FF 35 55 O

ACFBAB . B A e
VIR PR s WEANIES
9t AL (R, HET AR ik TR HE
LA A R, [ i EE R IR
KT GBI -—__1 ‘ fhifi fo
TR IS S
AR —
TR S
- TE MR KA
ERR ML SN 4,_‘ KA .
AR E@?@l‘ﬁ;’:ﬁ .
JEET%% ~ EZ: 5y <<fE[1>> <<BE[1>>
i T4t WAL 13 AT RS
? 5 BB "
BB IRL) e s
ik et ik
P, b it FE MR 20 et T b3
HEALATHE ﬂﬁ%gﬁﬁ %;#;ﬁ U8 5
TR T A EOT R 47 2
i A AR A X bl IR
M RS ) T B PR ?
TR SHE R R AT R B
{4 34 AT AR -
PR R
T SRR BRI 5 0 AT
S FRTAT
68 e AT

K1 B3l T RS E

FEATIRTIG LR G T M IR G ENE ¢ TR, K5 (M, s0) £ ¢ A RO, Hod s & M PIGERES. Rk 2 —
FhEEIE XA FRARZS RGUHAT T A AR B B3R 4R, Ae% i B xUAZh Mt BB IR S R ORRIIE R G2
TV R AIPE, Qi 2 FR, BERURT IO VR IE I T s R ASE 5 H E R UL, I8 78 e A SRR R
2, B2 R RIN TB B 3D 538 0E RERIALE 0 R M NL, AN 2, W4 H R B84, AR R E 0 45 1
RRUFIARF SR IR 0T, 8 I RS R B BN RLE TS U2 PR B R M. B E B0 A e, PR TR A e
FIR ZZ B HR . FUBERIE. S AN BA ) Z N, YER &2 4 (linear temporal logic,
LTL). HERZH LS E T RIS AT T R 5 B [ AR RO 25 I 1) i 1) 2 Ry g o 52,

K2 #AeRE R

I E I B 4R 2
gk bR A S (6) ///k\\
A~
TG 6 RN E 11
TH Mrg? e AR
E g
A% (M)
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2 B UTRGIEAZRINEKEE

2.1 BahYTRAFIRRNEEERHERIREE X

SysML fF 43— %@ F B A5E &, BT i) TR SCRe M3 TR A8 ), 7EM 2 TR 15 2ok i 2 (R A
SR L Z 7% 1R A TEVRE SR X, BT R IE &, HL 0@ F 345 1T 1 AT 52 1) R ) RS 5 A
F . ASCHE H — B B 36 AT R G a8 4 T SR 0 AT 4545 7 MTRDL (mode transition requirement discription
language), %15 5 E AT B T 204k 2 SCRT DAAE A 42 4 1 56 E (1) a4,

EX 1. &G — 704 System = (MODULAR, MODE, RELATIONSHIP, PROCESS, COMM) , 77,

(1) MODE FE7r £ i1 70 mode A

(2) MODULAR /R modular 1484

(3) RELATIONSHIP 7~ % % relationship &

(4) PROCESS /R N ERARZSIE R I 2 process HISEA.

(5) COMM /R HL B 7] (11815 comm AR

1 B3 AT AR v, A BB AN H 35 ERUK R RGP A A EGE AT 2 B, A 3 B, S8
P Rzt p e e, dn AT IS TIAR FMCP &8, 0 5 ) 58032 B2 VA B2, a0 E 3 2 50 AP AT
a5 FD FIE ST AT, 364U N2 =0 RS B, AR s #4, W AT BoRHitR PFD. 5 R 481
FRARE— T 7% BN A ORI b AT A, 0 5 L A S A AN N S R PIRES I A I R, 55— U T 7% X AR RS e ]
A8 HL AT R AR,

EX 2. —MEEHGR — 7620 modular = (1, Zins Eimy Zexs Eoxs Zens Een) » 27,

(1) n, BARBHREILAFR, ATH N, RASFTA R ARRES.

(2) T RABHIA TR IES.

(3) Ei BARTHE N TS

(4) T, BB AR RIS

(5) E., Rt HamEs.

(6) T, FNBLL N IR BB BEIEE S

(7) Eo REge it B RS

modular /R T R BEBIATIIREDTHA:, v T R IURTH S HAM A sl 01 22 B, modular H (ZE AN E4F
Bear s AR, FHax 3 2 R RS LR — R A, FEEE e T I A AR R B =)
AR R AL PR A R AR ST R PR, ST B R i N AR B R A DA K Atk Ay R AR
BN S AR A ST B AR R, EUERG T AR R S, R A S
PERENE 1l HAAR e o 2 U ), T N 0 PA) kst 2 2 B R SRR AN R A Py 3 A B A 7 A P SR b4 8T
ABTE T BE 05 J2 VA F 22 T BRI 1) B SR, B MR R 16y PAY 3455 2 T T gk JE Al A e B 2 10 1404 8L X 29 T, T i ) R 3
JE AR R PR process BIRIUAE, 181 3l AT RGUXFIE 4 RS0 5 K, 7655 B A0 75 >R 58 S 1 58 25 By AR 4Lk
TN LLEZHE L AP A, Is_ AP_Minconfig _Cond Met j&— M\ &, For KR T2 AP #E8 i /IMY
RURAS, 2 N IR 2 AR A . 20 1| DNREWIE S 2 A &4, BV MEUE BT 24 FAb R
B ¥ IR AP_Engaged_State £ i3 348 &, %7~ AP Engage (RE, 4B N ITH 75 253 2 AP Available
HRA N TRUE H FMCP (¥ AP #3815 K155 4 TRUE, RIE MEMEER T 1 5458 AP_Available_State F1—MHIA
At FMCP_Engage AP_Signal; ¥t 25 & Is_ AP_Engaged 3/~ AP &5 HEE, /& AP sy 31| H AW E = it
H, ' BB I R T A B3 3575 B AP Engaged State, il AP BbAT 38 (5 i H AR He sl 2 AT AT 10 %28 B

X 3. — MR AN T0H mode = (14, Zenirys Eeniry> Zexits Eexits Z mod > Efunes Eems Zouts Eout) » 2o,

(1) ng oG TR, BATH N, BRITEHRERAES.

(2) ey BB ILEZ BN L EES.
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() Eenry RABEEEZEIMAFHES.

(4) T L VIHZHNMAERES.

(5) Eex A VN IR FF SR
(6) Zinose AR IPIREZEES.
(7) Zpune AN I RERBLES.
(8) Eon FIEINHI A MEFH RIS
(9) Zou Fn BRI AT LA
(10) Equ ZnBEA Bt FAF RIS .

HAFFIR 2024 55 35 5% o

Air dat . .
,,/ s;s?e?na FMCP SideStick Throttles \\\ PFD
: Air tdata FMCP SideStick Throttles | PFD
‘\ ;x}'lgc?;ls process process process ) /I process
N /
Y /// Feedback
Control D Control [ T T 4 RSB
-AP/FD/AT {417 5% Feedback g T % Jpedback AUES
S SRR B SERITE S - LB B
-REHLLAEIRSS -REWLTARIRES
T T T T . LT T T T TN T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T N
Il } Reference yid N
| AP | APTEX S B il ] \
. | EDJEE TEHL KT LR i .
w1 U i , ;
I I | YL SN HRER iR AHE S |
: : | PpE B :
i i | FPA mode ROLL mode GA mode Take off thrust :
: FD : : process process process mode process |
| | | |
| N\ *4 |
| | 1 — A N R N |
! ! Reference | T P LA KPS R P !
' [ S ST Take off Speed '
; I
: AT : 1oL ! ASEL mode LNAV mode mode control mode 1
: | process process process process :
| I |
| |
: : \\\ /
| | AN ///
\‘ ___________ / N e e e e e T
K3 REG4MRE

mode ik T KATHLINAILE M, 76 modular Xt A5 &8 AT 44 19 73 28560 |, mode [ AR it — 25 5 832
AN HB A, A d e A el A R ORI (T e & DA FE ik ASEL BN, 75 3R e ST AT i
LA BTN ASEL A523K, A7 i 20 58 396 A2 =1 3R 4k 1, BRI SF 44 ARM_ASEL f148 & Is_ASEL_Capture_
Cond_Met KX @ FA4F, EATMEBUER W T AR & ASEL MEUE. #ixliRA % &E ASEL F cleard,
armed, capture, track 1X 4 NMHUE, FR T S EPUEB RIS 6. BARHZR. BARERESX 4 FORAS. Bb4h, H
FARFB T RGHEHATHITHEEA R, Kb E i IR Bk R B Th AT N, — FR Az 0 K S 5L
(IR, 5 — 2R 1A R (AT IR . DA £ i B FPA BN MBI, 76 FPA R T i 75 AR 17 il o
AR ATRAEE A, DA KBS FPA B R A4 4, DRt FPA B Th RS AR B 75 B 5 SO A8 B Target FPA

FiAi /R A5 & Is FPA Law_Active.
EMX 4. — PR FE—I0H relationship = (type,, rel) , HH,
(1) type, € Tipe,, U Tipe,, TR RZIIZEE, Hr Tpe, Tzl X RINBHLES, Hpe,, T FBHREL
BEERAIDC R KBRS
(2) rel € (N,UN,) x (N, UN,) R BB 16 R,
KARFR T 5 RABER (] 56 &R, #a0)58 REF L TAE R NFR, 7, A X 4 KKK, X
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L6 TG R TR M U o R P R USROG R B URIMEE R B B R R IWEL S 1 WIS 2R R,

EX 5. — I FEZ—NI6H process = (n,,,g,,,typep,Zin,Ein,O'p,e,,,L,G,tr,Ef, T) , Horr,

(1) n, RS LIR, TATH N, RRASREERNES.

(2) g, € N,UN, Kl FE @ A, Wik o, e N, BRI FE n, B TR g, IR ¢, € N, WFRLFE 1,
ME TR g, .

(3) type, € {Imported, Encapsulated, Exported} FoRE RN,

@) =, R EMMAEREES.

(5) E, i FERI N TS

(6) o, BRI R, RATH T, A IRELENES.

(7) e, XIS REHM, AN E, RESEHAES.

(8) LFERIRERIIRA.

(9) G C 2% x (%) TR A M D A5%4F, Horb ¢(2,) 2 2, ERIZIHR AT,

(10) tr € 250 x ¢(E;,) Fon il B A LRI 5 2441

(11) T CLxXGXtrx f(o,,e,) x LERRERITHL T, Hh f(o,,e,) 2 E R EL

process & X T EREE A PR ITHZ LR, — MBS R 2 I 8. Bk, i f e T g
NP BAEMENEEREN, SREBBNER TN DEMBN SR EsH KA, i BEEEN AP_
Engaged_State FJid#2, tH-T AP_Engaged_State /& W B3 348 &, 1% id #2242 Encapsulated, i€ AP_
Engaged_State HUH i ~45 5 AP_Available State fil FMCP_Engage AP Signal /2 iZid FE MM N &, 1% 72
HH AP Engaged fll AP_Disengaged B /MRZS, M AP_Disengaged IRZSIE# 2| AP_Engaged WA ML FEH, 7 EiH
JEABREF) B4 F, FFIR{E AP_Engaged_State 4 TRUE.

EX 6. —MEE RN ICH comm = (n,, g,, 8. type, e, E.) , FoH,

(1) n. oRBIEHAIR, BATH N, RRFTA L RLAHRAIES.

(2) g, €N, UN, XBERRIELTT.

(3) g € N,UN, K/~BE M2 7.

(4) type, € Type, FANEAF IR, FHrh Bpe, RRFTA BB RIES.

(5) = FRBEREMES.

(6) E FXlfEHIMES.

comm FE X T RSB A A, BFEERER0T . BE T EERBEAEE R, A TET, EEE
AR I8 AE RIE T 1 AR B, 38T comm FRATTEE AR R G AR BB R M SR 2R L. EAR —IRIE, &
SRIBE R FRAERE R R 20 h ARy B, H i T4 AR SR AP oRAIR X S R 3R, BN B 3R
SR IE N R G 2%, BRI e R 3 R A

MTRDL {EA4 R A BB IERE, DU ARG AL SysML profile FESEH SysML ML, 4% 52 ST 5%
TS, B R T AT P R R A S RS, R AR B R R E S 0GR, Wl 4 Fis. —J7 T, 78 SysML
profile % H MTRDL Yu € X T ARBTT R, 55— 7 [H 8 I s 2 ORISR T8 3% B B2 96 R A 2 T 7E B 3 KATR
TG 4 A A8 P 1) BTN & o, AT SR IR T SR T A R IR AL SysMIL #2455 725,

£ LA MTRDL JyBeffi R g ity v, JRATTR A HEE 2 U TR A & S-SR A TR IATE X R
e SU:

DataDict = {Ny;,N,,N,,N., Bpe,,, Bpe,,, ipe, 2, E,T',V,M},

HH, =5, UZy U UZ iy U Zeit U Ziode U Zine U B U, U, UE, 78 MTRDL i (I B SRS, E=
EinUEey UEey U Eenyy U Eeit U Een U Eq UE,, UE, UE, %75 MTRDL Ji i 2| FLE A, T R R ELE
LG Boolean, interger 55, V RN B AMBEAF W PUETEHE, M :ZUE - Tx V KR R4 3 H KR 5
RIS
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wE R
Domain SysML Profile
weE | o || wassE | [ wesi |
ax [wo ] Dosees| [awme | [eose | [t
TR
System=(MODULAR, MODE, RELATIONSHIP, PRO
CESS, COMM)
MODE MODULAR PROCESS
i SRR
R . L
e Ry NN g
=R A g7 e S SR St O
RS R | | g AL AL
il T T
RIENNIE S T SR
AFERATH
COMM RELATIONSHIP
S AR B R
-Eéig At T
SRR BRAXR
SEE R FIR. TJF. A
AT
Bt 2
DataDict
e A F o

K4 DL MTRDL JFERH IR 454

FEEHR b, AR T B 3 AT S T R RS RS, RS AL B R BEM AR,
LR T MTRDL #5288 w75 B A 1 B AR AR 2 A0 S, B3 e AT U 28 2R 0 BB Y ). R b AT 14 20 - e oy
N R, BRI MR i R B, B N e AR L AUE R, B EAAEE, LRE
RBIFE A BN, R e i, B E R RN, DA AR R YIia(E. BUEGHE. 58
FIE ST A A BT, ARSI AR SRR B SRR, A i A S R, (R T AR R 2
W2 R A AT, TR B 28 2 [ e A /R 2R 8. 7 B b BT T S5 LA R 5 TR e B L 3L
2.2 EF MTRDL HJ SysML profile

SysML Hi4t— %1% & (unified modeling language, UML) T-ERIFER_ B3 1K, 2 —FH T 24 TN
P RGN EBOE S, RSP R AR R EE. W, ARAEERRNE. o8, Wit BE
AN, FUML AJF, T SysML Fl T RA @M, RAF KOS RN TIRE. 0. YEEFIVERERHE, F1H A5
AR, G SysML BT A AL I # AT DU T35 SRBY B i 75 SR @48, HH T~ SysML 78 75 SR g A8 E AR A AT AR £ 1)
AT, A T 2+ MTRDL 1 FMSysML profile, 222 %} SysML Bl H [ Attribute. Block. Statemachine
T TR, AR RS AT R4 1 STUEURHIE. Profile Bt B SCHAIE QI 5 Fs.
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/

FMSysML modelling profile

\

/

Process profile

\

FMSysML_Attribute
profile

FMSysML_Statemachine

profile

Mode&Modular

profile )

Transition profile

(
(

Relationship profile )

Tran_matrix_data profile

\

o

-

K5 FMSysML profile #Ji%

4k 6 7w, 7E Relationship profile i@t X} {Dependency) #EATH J& i X T HIER R Bz ¢ RAEE K
#. R 5 R X A JE (Submode of), HJF (Exclude), 348 (Compatible) Al ] ¥4t (Transitable). )8 TR FE
R MEAR A — AW PR, BRRR S — ME AL T Hi RS 73— M el A RN E—
R A T RS I 5y — A T AR, W] 3 7m — MR AT DO D)4 3] 53 — ML 3845 5 R 4 il
(Control), i %] (Feedback to), ZHfl (Refer to) FE A (Sense), o 1 ARERB] DA S AR AR He (8] (13 {5 50 R, Hod
PR TR — AR AT DA ] 57 — M AT, [ B R — MR SRR 45 T 7 — MRy e
FEAT R RBHE R, ZIRER — MU LS 2% ) — AR 0 L5 BN HAT B 51— 24Ty, %
HIFIR— MY B AR IR AR AT DUSCAT 5 — MRy U B 45 B

bdd [profile] FMSysML [relationship] //J

{metaclass)
Dependency

+ direction: Direction = Source-> Desti...

!

{stereotype)
Mode relationship

A

(stereotype)
Submode of

(stereotype)
Exdude

(stereotype)
Compatible

{stereotype)
Transitable

(stereotype)
Communication
relationship

A

(stereotype)
Sense

{stereotype)
Control

{stereotype)
Feedback to

(stereotype)
Refer to

6 Relationship profile ff)5E X

© P EBEEG T
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Wi 7 Fios, 1£ Mode&Modular profile FHiER (Mode) FHIER (Modular) B (Block) ¥ &Mk,
Mode FELE THEYERE, Modular X 53 AT BEREHAIMZ AL 75 Attribute profile FHH (Attribute) #7f& 7 (Imported
attribute) {Encapsulated attribute) F1 {Exported attribute) , J-7EIX 3 MR EA NI TR )R
PEFIEA.

bdd [profile] FMSysML [FMSysML_Attribute]

{metaclass)

Attribute
{stereotype) {stereotype) {stereotype)
Imported Encapsulated Exported
attribute attribute attribute
JAY A

bdd [profile] FMSysML [mode&modular]

{stereotype)
Mode_exit
attribute

{stereotype)
Mode _state

attribute attribute

{stereotype)
ode_function

{stereotype)
{metaclass) Mode_entry
Class {enumeration) attribute
Di .

Vertical
Lateral
Combined
{stereotype) Auto Thrust {metaclass)
SysML1 4::blocl Property

5

(Communication relationship) (stereotype)
{stereotype) . Event
Mode T {Commms ————— == (stereotype) |e= _ _ _ -~
< Modular 7

e ————————————
+ mode_dimension:dimension| ¢ Communication relationship)

/\

<<ste_reotype>> {stereotype)
unction modula; Sensor modular

Bl 7 B, BRI MY profile i€ X

oK, 7F StateMachine profile H', #4Ji&% (Process) H {StateMachine) ¥ Ik, FFMRIEIRASHL L BAR
wIF A FEEEH (Imported process) {Encapsulated process) 1 {Exported process) iX 3 Fiti& R, 4k 8
Jfi7. {Imported process) F1 {Exported process) "1 AA input variable. input event B K ELF R KA tagged
value, 5 process variable. process event P FH I ALY tagged value. (Encapsulated process) 7 input im

{stereotype)
Imported event

{stereotype)
Exported event

{stereotype)
E event;

::Event
value: boolean = False

:Event ::Event
tvalue: boolean = False!

value: boolean = False

variable. input en variable. inputim event. input en event iX 4 FhIEEE R ALY tagged value, 55 process variable.
process event BT LIS TY [ tagged value. JHI E XL tagged value, T ULf# process 5 mode 3¢ modular H %€ X
(AR B O FAR 2 AR DR BE, RIS ARAE T 2 RHE, BRI R NS 2 31 R AR o0 iy AR B AR ok g 93T
SRR E BT R N BB LR A A R AR B o AR B R A A
PR HLE.

AT R SysML ARZSHLH Transition 34 77k IG5 E SCHI IR, 456 1A% A Tl A PER ISR e He (1
TR, Wl 9 B, BATE Sedid X (Block) ¥ @3 RIMIER! (Trans_matrix_data) , 85%) (Transition) ¥~
JE5 %] (Trans) , £ (Trans) F15€ X T tagged value X§ (Trans matrix_data) #4177 <k, Trans_matrix_data)
FENT % 15 DML B Y row, I AR Ros 54 5 M. LUAT SCIR B M AP_Disengaged RZ F
AP_Engaged IR I3 ), 125 ¥ 7 3% /& AP Available JR#5 4 TRUE H FMCP () AP #iBiER(E SN
TRUE, ¥R 158 1 Fisn. (Trans_matrix_data) " @M rowl FIHUEXT R T2 1 R &&AF 1 iZAT AR EIUE,
{1, 1}, S S A AR A A B EUE SIS, (Trans matrix_data) A DLRRATERPIRAS R 4F. 76 (Trans)
PRI SRR T #4040 [, 16383 condition. guard. trigger X 3 ANEMERNR T M4, BB (Process)
AR N AR ORI N S 4, TR A R T OCEK T 5% 1Y Trans_matrix_data.

WE, N TETRRER S (Mode) (Modular) [8]#)3Z B, FlowProperty Profile £ (FlowProperty) L&
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75 (Exported attibute) {Exported event) J<EEH tagged vaule, 401 10 Frar. LAk, T B 30 € AT R 2084 6 A 5
Lo ARG RN AR, BRI 7E FMCP 4% T NN R 40 v B 2 B0a i, R A U 0 75 SR 77 25 JE A
HIDLAE B, EARTE Process H AT DU IR A e 0 55 A R m L SB 2%, B2 9 T8 TR, AWM T Priority
profile xR KR FKIE, WK 11 Fias. 4 Priority profile &, it & L T — AN A8 KM A & priority
vector KERMAH, IR A/NETHFFRIR, 0 KRR KNSR, BB S JomAg.

bdd [profile] FMSysML [FMSysML_Statemachine],

{metaclass)
StateMachine

(stereotype)

(stereotype)
Imported process

Process

{stereotype)
Encapsulated process

(stereotype)
Exported process

i ]
PR )

J

+input im variable

+input en variable +process event

+input en event

(metaclass)
Transition
+isEffect: Boolean = false

+kind: TransitionKind

+ condition_num: int
+ guard_num: int
+ trigger_num: int

(stereotype) /
Trans

SysML1.4::block
{stereotype)
Trans_matrix_data

rowl: vector
row10: vector
rowl1l: vector
row12: vector
row13: vector
row14: vector
row15: vector
row2: vector
row3: vector
rowd: vector
rows: vector
row6: vector
row7: vector
row8: vector
rows: vector

+tans_ matrix

)

{stereotype)
Trans_matrix_dat:

rowl: vector
row10: vector
rowll: vector
row12: vector
row13: vector
row14: vector
row15: vector
row2: vector
row3: vector
row4: vector
rows5: vector
row6: vector
row7: vector
row8: vector
row9: vector

E I S S R S T

) “process event +nput im event va cabl N ;abl N .
+process variable o \l/ \1/0“* tinput variable o g_r:ceif/ variable \J/ +mp¢%\-/.e*nl \bo..* process \;11/.\’(118”*3 pmcif;i;;:: I
Event Event Event
(stereotype) (stereotype) (stereotype ))‘ (stereotype) (stereotype) (stereotype)
Imported Imported Encapsulated attribute Encapsulated event Exported Exnorted event
attribute event attribute P
8 FMSysML_Statemachine profile 5% X
bdd [profile] FMSysML [Tran_matrix_data] /
{metaclass)
Class
{stereotype)
SysML1.4::block|
bdd [profile] FMSysML [TransilionV (dataType)
Vector

B I i I A o

valuel: Integer
valuel0: Integer
valuell: Integer
value12: Integer
value13: Integer
value14: Integer
valuel5s: Integer
value2: Integer
value3: Integer
valued: Integer
value5: Integer
value6: Integer
value7: Integer
value8: Integer
value9: Integer

K 9 Transition F1 Tran_matrix_data profile ffJ5E
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# 1 Trans matrix_data F7Rx 14 FER B

3 A1
AP_Available_State TRUE
FMCP_Engage AP_Signal TRUE

bdd [profile] FMSysML [FMSysMLﬁFlowPropertyV

{metaclass)

Property

{stereotype) .
SysML1.4:: {stereotype)

FlowProperty Exported event

+comm event

0..*

{stereotype)
+comm variable Exported attribute
‘-"‘-\.

(stereotype)

comm

0..*

B 10 FlowProperty profile f3E X

bdd [profile] FMSysML [priority})

{metaclass)
Class

(stereotype)

{stereotype) Event
SysML1.4::block + value: boolean = False

+priority event
0.*

(stereotype)
Priority

+ priority vector: vector

& 11 Priority profile {5 X

3 REMRIEHRY

X R GE it REEAT T A AT Ge eI, 38 R D RE 5 SR A 22 42 75 5K 70 TF B IA, Dhg it 5K Bk R 4075 B S I )
AE, T %4/ R IR T R GUE R L T e SN SRS TN 75 2509 2 (PR BRI 0. AESEPRITH b, 22 4 /5 R0 W AT
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»

I OREVE, AR 1 A ARG S E, IF HIRI 2 2 KT & 200 2 20 rid BARFE SR MM ). BRib 2 A, 740
LT A IR 1) 22 A VTR, R S e UL S B ARE & b 2 e R, 1 HTE S ZOR T3l AL, XA 5
AFAE— L ] B, A XA 55 B0 U R — R B BE AR5 )25 5 e A i ior LA R R B DL N U X
AL HE, LA HARCRAR T X7 R A 5 B2 B S5 1 L. RIA SCH ) — b &5 & FMSysML RFAER
Fep A1 2 A P SR 240 3 2 R T VK.

H 3 AT RG22 2 F KA BT ERIR T AT B U P R P R 53k A, BIE B R SC B ER
SO QI ROET B SRR R, — 7 TR RS A B AT AR SGH2 Il L) A AR S e AT T e vrsa N, 53—
T3 THEBN S A B AT BERIAR SC Hl R (RARZS AT 0 AL T Fo VR ISE FE Y. DAL S AR A A 4242 75 5K R1“If the
autopilot is engaged, disengaging the autopilot shall not turn off the FD”H1 R2“Only one lateral mode shall ever be
active at any time” N, B iR T 76 5 B 2544 Jv-If the autopilot is engaged, disengaging the autopilot” & T
FD WL ZUR+F FD_On KPR, BIXS FD HPRZA BT PR, 5 408 1 27T B 461 Jy“at any time” ()16 0L T BT f
KPR AL [\ 2 A B R — AN, BSR4 50 A A AT R R OIRAS 2 A fil H BR )

BT B30 AT RGE AR T R AR AN 22 4 T R U HR BITE, FA 145 5 T 45 & FMSysML ZEpii J136

() ZRERBE LR RN 2 R AE XA EF A TSR, vEEm 2 R el —
IR AL TR,

(2) JR BRI LI IR SRS SR A T, B R LA I B s R . WS R. IR AR T 6 &
i, ARZ L GA BRI A fRFF Track hold [F]H #2238 M5 4L,

(3) PSS sl T2 A M S AR A 0 B T2 22 4 5 SR B ORAE R BE 5 1, It 47 1| IR ASE R B 43 32 I RH T 2 )
Sk, I RAR RIS 5 IR % T EMCP _E1Y AP #2415 AP $ER)T 5%

(4) 25 FIE] PFD B ILI IR 1X 2% 42 75 SR OGVE PFD [ R oR i i, ZERASHUR H o426 A8 IER 5200 PFD )
7R, WITE FPA Sl #65) HDG/TRK WE4H i RiAE PFD b R PR AOAL Ml AT E .

(5) PIARREH A o) 2 R 20 0 X 22 4 7 SR8 L T AESE LR S0 AF T, T AN ELAR S IR AR X s B ) 4 2 i
BAMAR. rER-FAI FLARE @0, 15 AP Wi W+ PRzt FLARE R4 3| R:H14 = STDBY.

HARERRE, LR AL %A/ R IF A RE 4 B o 58 B 2 2 7 R VE B, iZ e S5 M ARE Tl B & K
B AT FMSysML 58 5 Bl 40 A iz A R 5T 7 SRASARORE 8 — /)y 1 SR T8 35 AT XA 5 925 1B 3 1) 5 3%,
5 SRR SR 7 42 R E 4 B TE BRSNS B8 7 AT 75 SR A IR, 8 L5 58 SUAN R R 2% AR S M, AR Y
SEAF RN G5, 396 2 2 A e EAT AOBR AR A0 (8 2B AF B S5 # 4 . A SCR ) /5 SRR A 2 5 R L s A2 T H 3
AT R G ) 2 A T SRR PUIS IR 5, Y SR )R A AR, A BRI R G RSB . 224 7 R AR
BN .

SafeReq::= <Actor> 'shall/shall not satisfy' <Specification>+'always'|'if <Con>|Null

Actor::= < Mode>|<Modular>|<CardinalNum >< Mode >|<CardinalNum><Modular >|<Actor>< Logic operator >
<Actor>

Specification::= < Specification 1>|< Specification 2>|< Specification3>|< Specification 4>|< Specification5>|
< Specification >< Logic operator >< Specification >

Specification 1::=< Mode Relationship>

Specification 2::=< Comm_Control Con>imply< Comm_Feedback Con >

Specification 3::=< Comm_Reference Con>imply< Comm_ Reference Con >

Con::=<Variable Con>|<Event Con>|<Con>< Logic operator ><Con>

Variable Con::= <Mode State Variable>'is'<Value>|<Mode Func Variable>'is'<Value>|< Modular Encapsulated

Variable>'is'<Value>|< Variable Con >< Logic operator >< Variable Con >
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Event Con::= <Mode Encapsulated Event >'is'<Value>|< Modular Encapsulated Event>'is'<Value>
Comm_Control Con::=< Comm_Control Variable>'is'<Value>|< Comm_Control Event>'is'<Value>| <
Comm_Control Con >< Logic operator >< Comm_Control Con >

Comm_Feedback Con::=< Comm_ Feedback Variable>'is'<Value>|< Comm_ Feedback Event>'is'<Value>| <
Comm_ Feedback Con >< Logic operator >< Comm__ Feedback Con >

Comm_ Reference Con::=< Comm_ Reference Variable>'is'<Value>|< Comm_ Reference Event>'is'<Value>| <
Comm_ Reference _Con >< Logic operator >< Comm_ Reference _Con >

CardinalNum::= 'at least'<number>| 'only' <number>|...

Logic operator::='And'|'Or'

PRI T, o 22 40 75 SR A 75 20 5T B TR LA M kAT Tk AU e X, MR X B R, FRMS5E
(Actor) #& WAT I Ek F FHil LR, TR INL) (Specification) FiAR T Hi SCHh JL2R L & FRIMARILIR, 7R
4 (Con) iR T % 4 T R I RTHE 25, TELLAL R AT FMSysML A2 w14y 354 2 A8 B AN 2 B,

I 22 AT SRR, A RINTE R O EBE T IR, B 5 X 22 4 75 SREAT M 0015 B4R E (0 A2
BE X A F BEUER), XA NS B A BUN— TR R AT RG B R, XA MW Ab o e 2 R A ML
TR b 22 A8 S PR TR 2R SRR, (8 T4 R 2 e TR SR Il — P i 4, Bz Ah, B BAREUS
AL DI I T g b R SR B AME T TR SR, ATI(E T R R SR SO AR 2 4 7 SRR T g I
. [FI, 1752 2 MM SR 224 R R FR — S i) B 3/ A, 4

(1) 24 HAN 246282 always B, KBRS,

(2) Z25E 05 FEORE, B0 5 1 AT BRI i 2 5 21

(3) ZH5E A FEEEAR, A RWREOE G R AT BB E S H I, 40“only one Lateralmode and only one
Verticalmode” & 814 1], {H“only one Lateralmode and at least one Lateralmode” & AN 70 ¥ 4.

4) 2 5#H A5 FEEOA R, FLER) S R{EH This #4784, 40“only one Lateralmode” % 3 El| Fi 2715 4] F“This
Lateralmode R AT 4848, AEE I WA VR FEE A

BT 22 4 55 SRR 55 FMSysML fF7E LS S0 R, HAS SO 22 4 7 SRR AT b —Fiof i 20k 1) 22 A M s
SCRERR AV B4, TR R I B R e 4 7 SR A i A L 22 A PR BT, BRI AR R B E T R iR DR T
YRR,

4 ZEHIEAR

H 3 04T RGBS A BT B S AR PR 2 8] 1 R T B B 5 32T 12 P, S8 1 AEAST AL A
RE7 R4, hTREERERBEATEN 20 7 B3 UTRERAE UTEEARASKNZE. /£ A 3) W
TN, A T A A R 6 AT R 51 O B B A B SGR AR 51, R R A o0l 5 25 & 64T B

AFEGE A A B0 AT R G ATBU T R S, A4 1B ARIE S 5% B AL T SRERE R 22 21 i A AR
LUK J5 BT MBI I R A 2 2% HALRG SR BUAb B, B e Ak 20 B e 45 S5
4.1 HTEAZROFEUTERLE

TRALER A H S — SIS, B4 A3 AT RGBT H WA S A, BB, SN/ Ag
BB SRR, AR R AR E L, AL MTRDL A A 54 5 e RV AT ALy — o USRE 2 P . ATt & 2 T LA
SCRRAE Z AL 75 SROT A S SR TE RO SR, 2 7 SR A AN 22 4 VE USRI Bt 36 2 sty 17— 82> B3l WAT &
GipE A2 H AL 7K.

M3 2 TR, TR H RS BT AR IOFF G SURBE & e, IR R RN A EE TREAR
FEFTHR I E % 2 7 SR B AR ZERIE I 3 B 5, F R i) AT R G ok, gk 2 ko . KW
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AR G G B AEE MR, X LR IA] 1 R R A bR W SR T RlIA s FLR, R AP IO 452 L, 1 AP, FD &%, X4t
R L T SE PR RGP KA F S, K A RS e, SRR R IR B AR, BIEX L Eq 14
PRy KRB, KB WIAGIEANTE SRR, I AL H, AR R F B i, R Bk v A g i, i
JE R 3-3 5 PR,

%
RAT FeoRAT P
. Sk
EEZIES
75 B N
BAER | APWOREX | = MR
B KT R 'MI‘T?%}%‘(HJT‘
R Gebiatt e
Stho Kimte N
il Sy KATHRGIX
H 202 AT IT
/K]

RHLIRAS KA
&S

S SRk IS

ST SR
AL R 2

Bl 12 E3h AT RGuE U e 0 4

*2 FKHETRRE

i Rms FoRNZ

1 HEMCPHE I AT, kI a8 HIEH B

2 FDRHZhEE, 2 (1) £ WBEIEFELN, B Q) FEAK TR B (B

3 APREE, 34 (1) FMCP L IMAPIE AN M 1% E, (2) APHEIM 4 1H 4 12

4 APHHIN RSE, MAPAL T HEHES
APEEE AL, 24 (1) W S APEEE I/ MARL, HEKIEATIERIRE, 2) CHUER CJE 72 4009 UL L, 58 KHL
e B AR BIHLISEH, (3) FDALT-#2, (4) FMCPEUE A %%
APRIEH Wi TF, 24 FT L APWT T FF %4k 44 Ik i+
APRAEIEF I, 2 (1) APCA T HBARAS, (2) Ffeflths sfg, b 12 WS
?ngﬁkfwﬁ%, Y (1) APC AL THEEIRES, (2) % FFMCP_LAIAPHZAL, K& 7 s BEAE200 LA, H H BRI
%38
9  APMIRIEEWIH, 4 (1) APCA THAEIRA, (2) AT B IETEMIFF G0 L 85 1) J1 4% AP, A8 HIES I p S2 AL B A
10 APRAEIEHBIFF, 24 (1) APC AL FHEMIRE, (2) $AT G 26 O HE i 2 95 (¥ 778 1 AP, A5 MU M A7 B R T
11 APMEEIEEWIT, 2 (1) APCA T ESEIRE, (2) MY 55 (WS) B E:E

8

4.2 £#7TF MTRDL £ SysML 1%
FE% 2 W T SR A B0 2 S, R4 MTRDL BB FNE SC# 2645 AT HE & %F B 3] FMSysML #
AR L A7AE Is. WSMode  Selected A8 &, 2R N AR &, Kox WS 0 B EHE, K Ibf77E WS Bt T
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RATELA R, TFEAE FMSysML H{EA Mode JG BT @A, 7 FMSysML B3I H0fg MTRDL #2814
JCEE X SE 5, TR0 AT R TR ) 4 e e R A E Th SR 2 TR i e 55 &R, SR SRR A A2 LR R, LR 2
rREE SR N, 18 FMSysML 275 2R 4 1 13 Jilrw.

# 3 MTRDL #R )48 8 iR i

BEA KR F HIMR1E
Is FMCPData_Valid Boolean Exported True
Is_MainFC_Abnormal Cond_ Met Boolean Imported False
MainFC_Status Modularstate Type2 Encapsulated Normal
Is_MainFC_Normal Boolean Exported True
Is_ FD _Engage Cond Met Boolean Imported False
FD_State Modularstate Typel Encapsulated Disengaged
Is_FD Engaged Boolean Exported False
Is_LateralMode_Selected Boolean Imported False
Is_VerticalMode_ Selected Boolean Imported False
Is_ WSMode _ Selected Boolean Exported False
Is_AutolandMode Selected Boolean Exported False
Is GAMode Selected Boolean Exported False
Is_ AP _Engaged Cond Met Boolean Imported False
Is_ AP_Minconfig_Cond Met Boolean Imported False
AP_State Modularstate Typel Encapsulated Disengaged
Is_AP_Engaged Boolean Exported False
Is_APlamp On Boolean Encapsulated False
MainFC_Status Modularstate Type2 Encapsulated Normal
Is_ MainFC_Normal Boolean Exported True
Altitude Altitude Encapsulated 0
Is_Altitude exceed 400 Boolean Exported False
Mainwheel TouchdownTime Time Encapsulated 0
#* 4 MTRDL R F 7 iR i
A el o HIsRME
FMCP_APSwitch_Pressed Boolean Exported False
When_Illuminate APlamp Boolean Imported False
Sidelever APSwitch Pressed Boolean Exported False
Sidelever Override AP Boolean Exported False
When Engage AP Boolean Imported False
When Normal Disengage AP Boolean Imported False
When_Abnormal Disengage AP Boolean Imported False
MainwheelTouchdownTime exceed_5 Boolean Exported False
%5 MTRDL BRI KA 5 R
AR RFEH 13
Boolean Boolean False, True
Modularstate Typel enumerated Engaged, Disengaged
Modularstate Type2 enumerated Normal, Abnormal
Time int 0,..., 1000
Altitude int -1000,..., 1,...,20000

W& 13 Arw, #iE# (Mode)  (function modular)  {sensor modular) X 753K A B 20 #EER3EAT T 8
X, BFEAFR . AT REMNEE, WEBEETEAEMS,. BB EME. DLAP MBI, RN E T &R
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AP_State, K/x | AP MEPRES & BLE BT, fir AP 52 Is AP_Engaged, fii i 45 H AN HLR /R 0T AP — 5 E:
I8, Ho AR ) Py BB AR B EUE AT RE AN Is. AP_Engaged 5%, W1 FMCP H [ N #2545 & Is APlamp_On £IR
AP RN R 15 555, FLIUE 23 Is_AP_Engaged 5210, R 1 R, BB a] 952 B, —J7 1 R A 40 control
refer to 2 W5 M) LI SC R, 59— 77 THR FH iy 0RO 0 &8 P A =, AR e [A) =2 T A A8 i idk A7 5 S, i i
com AP _FMCP 2% &5 /@i, HER R AP 2| FMCP 5 B IR, BATE H B 2% 1 A & Is_AP_Engaged,
MIfiZ7~ FMCP [ SRS IT# T 2k B AP [ i 48 & Is_ AP_Engaged.

bdd [package] Autopilot [Aulopiloy

{Function modular)
MainFC

{Function modular)

«imported Attributes

+ Is_MainFC_Abnormal_Cond_Met: boolean
wExported Attribute»

+ Is_MainFC_Normal: boolean
wEncapsulated Attributes

+ MainFC_Status

{Mode) \
WSMode »

mode_dimension = Vertical N

{Mode)
AutolandMode

{Mode)

GAMode

mode_dimension = Combined

{Sensor modular)
Altitude sensor

wEncapsulated Attribute»
+ Ahitude
wExported Attribute»
+ Is_Ahitude_exceed_400: boolean

acontrol»

N\

«Exported Event»

+ FMCP_APSwitch_Pressed: boolean
wEncapsulated Attributes

+ Is_APlamp_On: boolean
wExported Attributes

+ Is_FMCPData_Vakid: boolean
aimported Events

+ When_|luminate_APlamp: boolean

owned behaviors
wEncapsulated Process» Is_APlamp_On [}
«imported Process» When_llluminate_APlamp {>-O

{Function modular)
Sidelever

wExported Event»
+ Sidelever_APSwitch_Pressed: boolean
+ Sidelever_Ovemde_AP: boolean

N afeedback to ontrols
1 '

N

| | i

’
dommj AP_FMCP ~
’
a\
1

¥
afunction modulars D—
AP

wEncapsulated Attributes
+ AP_State
«Exported Attributex»
+ Is_AP_Engaged: boolean
aimported Attributes
+ Is_AP_Engaged_Cond_Met: boolean
+ Is_AP_Minconfig_cond_Met: boolean
aimported Event»
+ When_abnormal_Disengage_AP: boolean
+ When_Engage_AP: boolean
+ When_Normal_Dizengage_ AP: boolean

\
\
\
arefer tox
\

{Function modular)
FD

uEncapsulated Attributes
+ FD_State
aimported Attributes
+ |s_FD_Engage_Cond_Met: boolean
+ Is_LateralMode_Selected: boolean
+ Is_verticalMode_ Selected: boolean
aExported Attribute»
+ Is_FD_Engaged: boolean

{Sensor modular)

Mainwheel Touchdown sensor

wEncapsulated Attributes
+ MainwheelTouchdownTime

wExported Event»

+ MainwheelTouchdownTime_ excesd_5: boolean

13 FMSysML [f] Mode&Modular Z2571 {1

14 iRt N BB HL BB T FMCP B8, H N ER Y Process 7R 1ARAIER, AT s LAY & J5 iR
R~ T Process [E LR, L (Imported process) #Ji& (1) When_Illuminate APlamp Jy/f, Hod N\ A2 i v 1142
Wiy AP | FMCP 115 B iAt, RIVH Al A OB He iy i 11 AR B sl i, oyt 2 % A\ 2 4 When_Illuminate_APlamp )
BUE, ZBUEELR T (Trans) #1 (Trans_matrix_data) & XFPRATH. fi A F4F When_Illuminate_APlamp fF
79 {Encapsulated process) 4N, 25 EEHRSTH LT,
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ibd [block] FMCP [FMCP] J
{Imported process) \\ {Encapsulated process) \\
[:l When_illuminate_Aplamp . Is_APlamp On
L e Ny ~/
stm [StateMachine] when_Illuminate_APlamp [StateMachinel] // stm [StateMachine] APlamp_state [StateMachinel] /'J
r
N 7 R I N P
Statel \ illumi =1/ State2 \ [
ate ;/WhenilllummateiAPlamp;“ ate Off | /APlamp_state=1 On
| ) {Trans) | {Trans)
\_ Y, \_ Y, \ ) Tans \
(Trans_matrix_data) {Trans_matrix_data)
When_illuminate APlamp APlamp_state

K 14 FMSysML f] Process 457~ 1

4.3 FMSysML E#ES5IIF4ERITMH

W 6 A, FATRIENLE A 3 €47 R G 3 00 2% B AT SR EAT 4007, W1 T/E% % 7 HDG. ROLL.
VS i% 3 M RATHE AR TR, DA 3 MES FMCP. AP # FD, 05 % AL E R BEAH 61 . tE& AILFER
AFE R, AT LT 42 NN R 32 NMRANFE, 7 AR R EA 15 AN R SR 3 AR
DA 8 MEATh A &, 47 M AR &= A0 36 A% H F40. 72807 FMSysML 88 5, 181 B 22 40 7% SRR 4l
WE LT 25 %24 PE . T FMSysML BIRUR 8 B AT BARG 50, [RI UL RATHE #4452 NuSMV #8 5, Fi
FI NuSMV T_E AT IAIE, BUA ARG S 00K SysML AR R 56 40 3] NuSMV 1 T A% K 25 56 T 45 L 4 46t g 10 A
5, KR 47 6 40 MOF, QVT, ATL %5 37 S [R5 8 2 6] () 6 e 000, sz S 284 i) 1 2 8 8 %, AR SCHE AMMA
V& X FMSysML Al NuSMV # R BE 17 Je A, 338 T ATL 38 5 807 T 530, S8l 7 3 shid B i 4, 4
F0 2 3o REE A AR J T o R . LA TR A o 1 — SO IR ) A U R R G — B b BB T L, i Tk
J7 F AT — Ek 5 H R R R, IRATHI I TAE 3 E@ i B AR R 2 5 S T FUE T ek X 5 e TAE AT
P

5 SERR IS AR AT R BUA SO R IR £ (1) FHASRAIE: 76 BRI 72 A mT AR AT R B 7% SRR AN — 21,
TEAE RN A SR R FPA BRI BB 8 R 58 7 24 FPA #0358 H. FMCP 1 ALT HOLD #% HH TRUE #5
FALSE B R\ FPA #E02 ALT 8K, M7 ALT B /&Rl 24 DU R R %1 (46 FPA Rixd) i
S H FMCP &R FFE R 55488 TRUE W R828 ALT #55X, il %t FMSysML RE2 i\ T 7 A1 5A Rl 3 #0
WAERILT Wi A —2L, “ALT HOLD #%%# i TRUE N FALSE”. ¥ 5 A“ALT HOLD #%#EH FALSE ¥4
TRUE”. (2) IR 58 175 SR 1 BABE 45 U200 H 300 A% 75 Z4H T ge sk 1 4% B AL TR SR, Bl n7E ASEL AU sk
TRENT W B IR I S5 A, (EL S FE AR IR S AR 1 s SR, X PRI LR T RE R /D T ORI TR SR, (3) B B 504 HR
T FMSysML #E7 [¥] 2 IR A0 ERASTASRAE, 8095 30— Kb 55 SR 1 58 8¢ R 5 JC XS BE (¥ Process, T A2 % FLAh AR 38 31
BC. ARE AN TAR N R 223, FMSysM B A — A8 B 15k R, B TFR N 52 T0IEAR B [X 43748 8RS 4 (1 28
BRI PR e o2

TEATSC TAE A, I 8] B AR 32 AL HE N T 8] BRAS RIHLAS S0AIE I (8] BAR, 753 6 M TAEVE R NIEHR T 5 MR
N3 8]0 AR ], T St B 1 60 VI P4 BT I A £ W 5 A 20 () RS R 19, 4058 7 B, LR 8544 1 1R
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BEEAR AR 6 rPRILATHILE, 255 2 fES S0 1 (SERE 1380 T — A3 BB QNS f i 3 FPA BRI — AN KP A
AHLI KT Wings Level #55%, 255 3 7R 2 RUZERE 380 7 — A 2 A E € GA Bk,

F£6 WK BEALTRA FMSysML A AR

it H TR K
HDGHE = J H 5 2UAH 56 11

ROLLAS 2 Je #3256 12

VI AR 56 16

2% HAL 5 skl a5 Ve APBLHLAR K 11
FDAEHAH K 6

oAt LRI A O 5

Mt 61

LTPNG'S=:3 42

NI 32

PN A 7

N " Py s B 15
FMTRDLAHE 7 i A RStk A B 3
R TR = 8

i AR 47

i A 36

Mode 15

Function modular 11

PSMLEL e module ;
Relationship 46

Comm 116

£ 7 T NuSMV B B 36 IE T 48

B AR | =49 %)
M (KB) 4.7x10° 4.6x10* 8.3x10*
TR [E] (s) 0.688 13 2.43

4.4 DI5ITE

B IR E) TARAE AT VE A TR S T R RBEN R R G 2 M W EE TR, OB TSR
AR GBI IR, SR AT L T E oS I T BB AT AR R — A AE B R e . TR I E A P T ik 5 ik,
153 22 AT N 2256, B B hAk i TRE 5 5k DA S50t o 75 SR gk A7 A AN 1 SR 2. (B AE X H 30 KAT R
HF RIS HIRAIR R T — 2258, JFR LT B4

(1) B I B TR B ARVE 5 75 R 104k B AL B CARRE Bk, R10 7 KA B (58 SO R T h%
ML R B B, TSR ERMEA X 4. ZR TR R4 BRI IE R 2 A0, B R A ARE S IR WAk h
PRI R 1ht 5 AR A AT R AR 12 HE — 84 B A B RR IR UE 1Y) 22 4 75 SR IR 7 92, G PR AR S P 19 22 4 3 SRABEAR . X ol
B2 735 B BEARIETE AR I B8 708 BBl P 4l B A e 4 T SR ANEG 4y 22 A PRI, LR ER e Bl LEAS BT B
RS A TR, (HE A /T A se B L R T R RS S 2 TR E R

(2) 7Ef# ] FMSysML 2 1EFE F, AT MBS RUR — 8005, E2A: ) ARMEEIA—3, X
AT SysML H it Z M E TG R MG — N, SR AT ARG M A B (S80S —, EAR T 0HE  SLARALE
N A K FMSysML 2 & (17 008 R, AT k> T A —80E O, (B8R 75 B2V 1k s A U ) 5 10 1 3l i)
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A—BURSEE; b) AR S BUNA — B WIE Process HA I H DU IR MV R IO R RS HE B SR A1 DL, PR AT
SCrR R R TN R O B B RAG B R A0 U5, HZ 5 VR RAEMR USRI B e R B A — B AR AR O, U0 R
LT B BUG BT,

(3) 2T FMSysML K RE 5 {415 21 (2R AR A BERY B D9 i, MITTEAT I S AL i L e A BRAIE, (EHR 51N
SRR R X A3, WIS E A SR A BRI BRI SRR, TR N R AN BE IR L R S, R S R AT
RGURSET— D RGURE Z AR E R B SRAHIE O A/ B A i RGUIRS AR50, X T 5
B (R AR B A D] P TSR P ) Sl A S N 520 7 R AR N D EAT PRAR A 118

(4) FERBANIGAE T AR rh, BATEBLE 2 1R B T4 HAL TR EL. i TR 7 I AR~ AN T H L
R A, I TR SR, DR A T A A S SRR I DL, IR & 51 KRR R IVHR. iR IX A 1A,
777 TH 5 DA R U o R AN 45 SR v 308 ) 7 MO S T AN R, 53— T 1 AT RE R RN L e SR T B
B E E 2% B AL SR AR B AL

5 BEESRXIME

B3 AT RAR R AR WL R Z R THE R P U YT 2 e E EFE R, X K&K EH YRR IE
SRR E B AT R A B TR S AR SR — 0 Bl KAT R G R e I AU 7 SR AR 15 S MTRDL, £
FiZiE 5 Wit 7 EE @ EHE S SysML B3 () FMSysML Profile, 77F FMSysML R [ 3Rt it 7&K+
A T SRAGAR Gl ol 22 A TR AR I 7 v, SEAN T 843 L ARIE 5 TR SR AN T HUEE 5 1% S8 IE T v 8] 1A i
S CART 2 AT ML 7Y 5 SR SR U B T AR SC TR R K k.

AR SCHR 7 1 R I A R KB AR AN Ak T VETE B 3 ¥AT RGR He F5 SR IGIE in] R G HLES &, 485
T T RN 2 AV L 1 B B FR R, R SREATR X OF TAE4IL AN e, 36 75 SRR I — S A se 5 1
SAAT AR, T8I SR 5 i B B A CRUE 75 SRABEZY (K35 1508 X — 5, LA AW FMSysML #5289 21 1 AL AR R
0 E B — B IR TAE. BRIk 4h, DA TAREAR BRI 4% B A TR SRS T 5w 2 IR R, BARTEILA 1 TR
SR SEAB G oA H BDRAS 2 (AU, (E 0T LA UL AE A 2 75 R 6 VI B bR A 2 TR R A o A7 2 HH R, PRI R ok T A 2 ik
—SSHF AR 1B IR 7 i AR BRI AR S
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