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Case Study on Formal Modeling and Analysis of Airborne Software Requirements

HU Jun"?, LU Jia-Run', WANG Li-Song'?, KANG Jie-Xiang’>, WANG Hui’, GAO Zhong-Jie’
!(College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)
*(Collaborative Innovation Center of Novel Software Technology and Industrialization, Nanjing 211107, China)

*(Software Department, Chinese Acronautical Radio Electronics Research Institute, Shanghai 200233, China)

Abstract: While the function and complexity of modern civil aircraft airborne software are growing rapidly, those safety standards for
airborne software (such as DO-178B/C, etc.) must be satisfied at the same time. It raises more challenge to analyze and verify the
consistency and integrity of airborne software requirements on the early stage of system development. This study introduces a formal
modeling and analysis tool platform (avionics requirement tools, ART) for airborne software natural language requirements, and carries out
a case study of the requirements of cockpit display and control software subsystem (EICAS). Firstly, the semantics of a formal variable
relationship model (VRM) is given, also the platform architecture and tool chain of ART are descripted. Then, a methodology of formal
analysis of requirement consistency and integrity based on multi-paradigm is given. After that, some details of the case study of EICAS
are shown including: how to make a pre-modeling process of initial natural language requirements and the automatic analysis process of
requirement model, such as the preprocessing and standardization of original requirement items, automatic generation of VRM models and
multi-paradigm based formal analysis, etc. Finally, some experiences of this case study are drawn.

Key words: formal modeling for airborne system; variable relation model (VRM); natural language requirement modelling; formal method
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H HT7E s i 28 KWLM R KA TR AR R DR AL, B D T 42 i 5T B2 FH A
A, G RS TR U AT TRR MR AL, FEAEALEAR AT ™ i 3 1 5 0 B, R AT 75 SR 0 Wy RO BRIE, A
TSR SRR —EPE U, MU 5 SR AR AL R R LR RS 0 2 Ak TR S, T s b 2 S80I vk
(¥ & A7 il

75 R UL 1) 15 3 A 22 A brdt rp .2 RT3 SR R 5 v ) sl 225K 4 1992 4F RTCA RAT
(1 DO-178B (HLEK R G RN 15 4 A4 1 52 T IR 18 ) Al Oy, 25 th T WL AT 2 rP (R 05, B SR8 DA R
Sy [T S RE AR H bR, A9 B BARIRAT B AR U™ AE BB AR K DO-178CHM ik 5| N T 1 304K Jy bR v
(DO-3331""). BUAR I 3UAk 7 vk U2 PIE T N LR AU A5 AR AR R B g s, LIS S 2 R AN ) (0 XA i3 38,
o G s B U RE N AR T i e LA Hh ol ) HLA R 7 VEFD TR, SRt 1K SUAN R 2 2 E AL A e sk
BEATHIE A AT S0, 75 A AMIR A — AR R .

A TAENA EEN T VLA TR, R —A B B S i i B RE 5 R gl 5
53 HT L HAF & ART (avionics requirment tools), X BAHTLAEAG SR R A R GE 0 — AN BB R ML Wos 58 &
ARYE (EICAS) FEAN B AL B S0 M i B #8 ART A B TR AL BIE AR AL J2 AR 756 R B VRM (variable
relation models)!"* ™" (G5 - PUAZ BB FVM (four variable model)!' 7. i it T RE S 0 A Fe A iR 345 7 — 16
TERAMTT AL TR R A5G, FF3AT T B R 4.

A TAER) B BETTERTE T2 10 ) HLa A Al ) B SRR 5 7 SR St T AT B, 25T VRM RAS AL 45 1
TR 5, BT NSRS A S G TR S8 CAE. R R S T AN B A e T S
AT TFE R R AT 5L 50, b HAR AR B 2R 1E & 75 R B A R AL T — N E R

A SCER 1 SN R T A Al b L A BRI e A O R AIE LA AT 06 IR OE T 2 4 bR UE (W1 DO-
178B/C 55) HEAT T IR 28 2 W4t T A SC AR B e vk 10— AT 1) 38 28 R AL 3R A8 1) B AR VE 5 7
KB AR 73 TR ART, WG HAR 5 OC R (VRM) BB HEAL . SF &5 B8 R & T -8R 1) S A,
I R T H T 29 ok — B . S8BT A 770 55 3 R AR TR A B AR R S K
PR — AN P R G- R SHLE R 525 R4 (BICAS) M EH] 87, BE41 UL T anfl ks EICAS R4 H ik
WIUG BARTE S 7 SKRIAT T A s B 304 B I 2, B0 @5k 4% B I TAR 2R . AV AR EE . 5 R B
SR A B 236 o BT A 28 4 T eh th TR R SRSEBIATT AU TR B0 8 S5 R AT e JE T R AH SRR A AT
Aok TAE.

1 RUAMBERESHEXRERE

DO-178B FrifEft) H 2 3 it 5 TR 224 T SE M BB R 48, (HE M DO-178B SAITE 1992 4E R 1
DL, B vH BB 5 3 AR sl i) o % e, IR B WL WLAR FR 48 DA SR A () I S FR AN AR R A A T 4
W AR, 0 LA TR R QLR FH T 0 S S 4nfE (0 C++, Ada 25) R R, 43T & ARAY
A A (Wn: UML, SCADE, Simulink 25). HoH, S5 B 8 1) — A28 fb g 2 DA H LA 1R 4 QA M ABE A 73 A e
K, ThREA AR AE RIS 4 DR REHL L — 25 87 ) Honeywell KATHEFFERZE (FMS) H (1 40 U5 A QAT K
LR /DAE | H AT, T HBEE REThRENIARAL, LA A AFEE AR AL LA /D 2% IS AEBE K.

2012 4E, DO-178B T4l DO-178C"). #ifif () DO-178C 454 2% 1 T i N R B 5 A A 10 e B B AR %
FEE R IAR CHLRGE b P b 75 () R AR S 2 LB AR IR i A FH 4 3. DO-178C 447K T DO-178B [ %0 34
JEUARLRE, [N 8G 0 T v B R BN S RE (DO-331). T X5 (DO-332) AL Jiik (DO-333). Horh, ik
JIEFRUER) I NJETE DO-178C H i —ANEE TR (4, UL IATE iR 22 2 SRR A I ML 3K AR AT 4 A T o LR 7
A b T A 5 1 LR TR AR T LR R A e AP RE ). A, 76 DO-178C v, 13RI & A2 4% L1
TR (RETK, M T R, AR T RS SAHIIG SRR AR AL I RE P R AZ 0 i o, T a0k 7 ik 1)
SIS — R
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2 EFERERSIHFE (ART)

7t DO-333 B A Tt IR A HAR I B 2 250 W — 2R A 5 ik, T 45 T N B X fk 7 i
7 B AL IR 5 2820 AT RERAE B AR, A2 U, TEie R A AT i A 702, R o W AR & e e br e b o
SRR H bR MY, 8 TSR B BET B AL TR A A — B SE R ESE by AR N 0 B S B T L i
ghi G RS BRI BX 2 H AR, AN H— 8 % h S RAUH LR A B 288 5 W Rk Bk
BB TR P& (ART). AR AEAHE: ART THV & B SRR 550 /B (VRM), ART “F& 1
BRI 2 A TR ThRe v, 2T 2 00 B 10 75 SRS — B0k . g 48 1 0 24k 20 B 0 8 4 5 v 58 JLAS
JyT.

2.1 VRM FR{LARE]

TEVHENLRLA AU, 385 R 2 Mg CRECE R 5 208 A dORM @ TR G EIR 5 k. X555 (1 et
WA 2 S T RR Il R R AE AT AR A N P2 SR, A4S H A T8 XA 5 V2 3 LA L8030 R Ul RN 53 T B e
Z. FY b, BRE AR A R IBIR AT TFRTTF RN A Fr &), R, 75 ART P65 PR H R IE A R AURFAE
AIERALTE X VRM 75 sk Asi g 1),

VRM BRI T DU AR AR U7 SR H AL TR HE AT 1 5 s, BA LA ST o i T
T A i e AT B L B SRR AT, AR /D BRANER 5 AR IR a5 IR ) A S5 40 LR, IR 4k T )5t
DY AR F AR 20 P 2R G 2 ) W AR R 1A e AR s TEALBR A T B i N RV HH 2 R 7 2 s N 80808 T 1 45 B
A A 2 G TR T R OR FASAE, RIEAE VRM BEES rh s | v ) 48 f B A SR Ak g 25 EL 4

VRM B OR B T i PU AR 45 200 o [] B LA A AR T SAGE SURFE A DR 1. B EoR T, VRM BT
FET i SR N T SR G5, (HR X R A (1 SO A TS T A 58 S X AT 00 R B8 R e
W YRR, K BRIk TR, HH RS B e R R B A AE . BUR 4G Y VRM
R e I e 43 P 2R IR ZE B e, TR N AT 25 30K [14-16].

XA TAR T, B TR R A AR TE VRM B i I Y 5ok 3R . VRM BB rh g6 3 R s 4503k, 3
PR A . VRM BB R 0 e AT e ST A T A0S S BUR FHSCIR [20] HrkT 646l R 4e i i 4k hig
A 2y 77 15118 T 2430 B R M R0 1) B WL R AN T 2 A v X

T 1R NRMRB T, BT 4 DNFAS N T 4 AR H; HEWE SUE: 148 & tRemLL 7EANFA
TAEREL (W: unoccupied, occupied 5 temp_empty) ', 243 A2 AN 7] ) 4 I, AT DAIRUAE A0 25 7 10

R FAERRG

Mode (#£3()(mcStatus) Condition (4:11)
unoccupied true false
occupied mIndoorLL>tCurrentLSVal mIndoorLL <tCurrentLSVal
temp_empty mlIndoorLL>tCurrentLSVal OR tOverride mIndoorLL<tCurrentLSVal AND NOT tOverride
tRemLL (i H &) 0 tCurrentLSVal-mIndoorLL

R 1Rt R B 2T ST ARIE S — A A R
tRemLL = F(mcS tatus,mIndoorLL,tCurrentLS Val,tOverride) =
0 if mcS tatus = unoccupied Vv (mcS tatus = occupied A mIndoorLL > tCurrentLS Val) Vv
(mcStatus = temp_empty A (mIndoorLL > tCurrentLS Val Vv tOverride = true))
tCurrentLS Val — mIndoorLL if (mcS tatus = occupied A mindoorLL < tCurrentLS Val) Vv
(mcStatus = temp_empty AmIndoorLL > tCurrentLS Val A tOverride = false)

2 WA H— AN FEAER 0T, 3 T8 RS AR BE OC R LA {mFMOverride, meStatus} fl {mFMOverride’,
mcStatus’}, & X T F1[AA5 & tOverride FI{H (W3R 2).
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®2 HERIRG

Mode (F13() Event (F-1F)
- @T(mMFOverride) WHEN mcStatus!=occupied @T(mcStatus=occupied)
tOverride’ (it Hi &) true false

2 I BRI 28 ST AR — A A Lk
tOverride’ = Fo(mF MOverride,mcS tatus,mF M Override’,mcS tatus’)
true if mMF Override = false AmMF Override’ = true A mcS tatus # occupied
- {false if mcS tatus + occupied A mcS tatus’ = occupied
%3 L MRREK BB B RGO BB IIBI T, Yo T B meStatus F 4Bt mOceupied i
mT3 AR AHA AR

®3 BRG]

Old Mode (J5##z0) Event (Z1F) New Mode ( H Frtbizl)
unoccupied @T(mOccupied) occupied
occupied @F(mOccupied) temp_empty
temp_empty @T(DUR(NOT mOccupied)>mT3) unoccupied
temp_empty @T(mOccupied) occupied

3 R MR B 2E ST ARy — M A AR
mcS tatus’ = F3(mcS tatus,mOccupied,mT3,mOccupied ,mT3")
temp_empty if mceStatus = occupied AmOccupied = true AmOccupied’ = false
unoccupied if mcS tatus = temp_empty AmOccupied = false formorethenmT 3seconds
occupied if (mcS tatus = unoccupied AmOccupied = false AmOccupied’ = true)V
(mcStatus = temp_empty AmOccupied = false NmOccupied’ = true)

52 (R AA SR R A AR IR I ) AR 7 BRGNP T A R S SCRT BAL S5 3HR [14,20].

FEANTI B, 4 AR SRR TR (AN S AR RS (R 4). SEPIRIRINZAE EICAS RGUH, AFK A EHL
WRESHHMNEAL ST OCT, Son ey BN AZ R Bosib e 5 B BB R — A R RORAE, B SN /da
R HE LA PR RIS AT AT RE AR 2, DI, & 4 PR Sk sUC T 4%, (E5R R4E T VRM RIS SC

# 4 EICAS 4cMF8 541

RESH ARHUE (B s, AT 2 NE<5”)
NormalTOSelected T F F F F F F F
FlexTOSelected F T F F F F F F
TO1DerateSelected F F T F F F F F
" TO2DerateSelected F F F T F F F F
A NormalCLBSelected F F F F T F F F
MCTSelected F F F F F T F F
CruiseSelected F F F F F F T F
GASelected F F F F F F F T
&1 Reduced thrust takeoff T
Text (3L7) TO FLEX-TO  D-TOl  D-TO2 CLB CON CRZ G/A
it Font (‘7#) Small
Color (Fiff) Green 100

AR IE SRS R AR o (LA, B N 2050 Lipy, pa, ..., ps B, Hipmi,ipma R ip, BUE N
B, %A1 Reduced Thrust Takeoff L RTT £7R, op1,0p,,ops Rt &, H opi i, 0pax. opsx o7~ AR EEUHE IS L)
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(opi,evi) = fi(ip1,..., ips,ci) =
'TO if(ipy =T Aip2=FAip3=FAipd=FAip5=FAip6=FAipT=FAip8 =F)ARTT =T
'"FLEX-TO' if(ipy=FAip2=TANip3=FAipd=FANip5=FAip6=FAipT=FAip8 =F)ARTT =T
'D-TOl  if(ipy=FAip2=FNip3=T ANipA=FAip5=FAip6=F AipT=FAip8=F)ARTT =T
'D-TO2  if(ipy=FAip2=FNip3=FNipA=T Aip5=FAip6=F AipT=FAip8=F)ARTT =T

'CLB’ if(ipy = FANip2=FANip3=FANipA=FANipS5=T Nip6=F NipT=FANip8 =F)ARTT =T
"CON’ if(ipy = FANip2=FANip3=FANipA=FANipS=FANip6 =T Nip7T=FANip8 =F)ARTT =T
'"CRZ’ if(ipy =FANip2=FANip3=FANipA=FAipS=FANip6=FANipT=TANip8 =F)ARTT =T
'GJ/A if(ipy = FAip2=FANip3=FANipA=FAipS=FANip6=F ANipT=FAip8 =T)ARTT =T

22 ETFETBANERRE - STEMEIR

AL AL VRM BRI H 162 4 5 SR Be st vl AR F AR TE 5 sk R L — 8ok . sede bk i sidt AT R
WAIHT, FEA/NT LU 45 ART w22 e GBI ™, 120 W it SRS ) — SBUME RN s 4
22.1 VRM EAJER

VRM JEATE IR A 1, A AT A0 HT I SE A TSR . B 75 SRASERY B 355 45 T 25K

D) WRES BEEPITE X EBIa R, MR EL . W, MR AR,

2) S

o« ARRAES P ITH R R WA E X

o AR A IR SR NI LR AL, WA 2 2 i X

o ARG AR A B, T B OB AE S AT AR A

3) RAES: B LR DA IR AL

4) Fh REL

o NI,

o DAZRUATE AR S A v ST AR o

o [F]— 75 ) 2 T A s 2R P R R — S

o R B AR 20E T A Al

o RS PR B IR 3w SO TE IR 2.
222 FE—HR

FU R AR A RN I (N SE BT 3R). Rk Hh i A AR R U G T HAE a4
PR FAERR P AU 26 i AR AR B PSS ) VRGr). Ry SN SE B L R :

input; € VR(S V) A U input; = VR(S V) |-

pud

EF B, LT SO0 MR E (K RIS Vi, VR(S Vi) 9 AR (RIS, 20 o BB
5 e T AT R SR S B A ,U1 input;, #3015 VR(S Vi) M WA fr, MR IO Fm i A 55— 04k, B 5 LA ST
(safety injection, 22 4VE NTFFK) 1 A th i 1) 440 2, HoAm N SN B USR Pre (3 1 91), R KRR,
C) Pre; = {High, Permit}, HHHTTH )5 XAl %l VR (Pre) = {High, Permit, Low} . [F it CJ Pre; # VR(Pre) . 7 LW &1
RAREA A "

25 SIEMR

14 Pre %A A AR F ST
High true off
Permit true off
High false on
Permit false on
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N GEEMEN TR e ek, B SCH BT AN ], & SOk 0 TR 38 e X M BT A AR R SV,
VR(S Vo) WEEHER S0 (U, FERIBBER S0 AT B U inputy, 253615 VR(S Vi) 8508, )
e T VAT ’

223 FHE st

B () LRAAE TR St B A AR s e . (1) Aeth— B REAS BRI R AR I
HrHE; (2) ek SRAFAT — B 2R RE WL B — . FE 2 A A EN T2 B EZ. Tl
St —F.

(1) & M—3 LR g Ym; € mc(Vj,k €N, (Ci,j Acig = false)) , EELR: AR my 8 ST, X T AR AN [
B ZAT ¢ v ¢ g TR Cij Acix = false . X THEANGATER, 2 HACANS T By g A K m, #R3 2 Fid 2
K, A el 40— B A

(2 F SR RO o e ) oy = e 36 ks B, WAL A 047 ¢
ciaVeiaV ... Vciy = true. ST EENFAEE, %,FHX%X#?EVH%%EM%E% m; e PR A, A ARl A e 3
PERY A

HTIEREI, LA BN oRBIER 6 & — ANl 88 AR, B PIAT G X8 AR Pre
R Low ', Wi AN RIS AEI, STIREFI 4 8. 1T Overriden A Overriden # false , B} 244 F-#52 5, Low, i#
JEZA Overriden B, Hi HAS AN € /& off IEJ2 on, A7E7E = SCPE ], ANyl 2 S — B L . BATTRER 6 e —1T
2 2 5] Overridden &4 4 10verridden, U Low T A2 44— 200K, XF High A1 Permit A3 2847 [FAF
I AT A, DA i A P 7 58 A AR 45— 2k

R T R—AIEREM R RS, 78X Low T, &M R %R T WaterPres < 900 HI1H L, 11 20 T
WaterPres =900 I AR v] Bk, [AIE & T 45 A 5a 48k e Permit ', HiT- Block M{EIRALA off Fl on
PAME, DRI 2 4 e 3. (R T Low BT A ), 2 7 AN 584l 2 St S 4 R 2R

F6 SIEMEE 7 Overriden %1%
X G Pre %At b AR BT xS Pre A fir i Overriden
High true off Low WaterPres<900 false
Permit true off Permit Block=on false
High false on Permit Block=off false
Permit false on
Low Overridden off
Low Overridden on

224 F=HR

55 = AR A SR Bk, RS SR E R E SO AR m; #5E MAEO0 017 2EAN R
Hth IR e v e g i IRAL €5 A eig = never . BEASAFI AL B = SNLY AR 451 A B SAR FR) <o B0 x P A6
2 m; AL, B

Ym; € mc (Vj,k eN; (e,-,j Nejy = never)).

B S X THHAR, me A HRIBBEAEE. TEBC m, #0E EOLN, N, IS m, (AT S84,
T T AR RS B VT, R A SR8 S5 T R s 5 2 R A A R S 2 i PR 2 A R B FR) 2 AR 0. A
PERIEIUN never, #H24 T-1 A X PIAN S 5 AR A0 5 A J5 BT 45 A1 23 ) 6 B, Horh A3 AN S B kR,
RPN A AN 2 RN 2B 0 AL T A5 KT BN R RS AT AL RPIAT, #8500 AL IX PIAT R A AN 2 RIS R A,
THEAERR, B HACE A m, i S FIN KL, A 55 & S — B2,

X2 8 Kt HoR B AT G A B 7R Low T, S HUITH F44.
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% 8 OverridenZH/F#

i Pre H{fevent #ir i Overriden’
Low @T(Block=on)WHEN(Reset=of¥) true
Permit @T(Block=on)WHEN(Reset=on) true
Low (@T(Pre=High))||(@T(Reset=on)) false
Permit @T(Pre=High)WHEN(Reset=on) false

(@T (Block = on) WHEN (Reset = on)) A(@T (Pre = High) vV @T (Reset = on)) = never , N3 e FF—2 1 (H )2

(ERER Permit R, SKER TSI G (5 34 5 47, 41 2 51), 15
(@T (Block = on) WHEN (Reset = on)) A(@T (Pre = High) WHEN (Reset = on)) # never.

B: 244 F 85K Permit ', 35 BN Block Hi off #7454 on, Pre Hi!High #7484 High, H. Reset = on , W%t ANHf
JE 2 true 162 false. HULAI A, % 8 i)k T 55 =Ju k.
225 FIUTE

SEPUTEE Chir 5 4 M) SRS X i 5™ A P (0 2050 4 7 e A B R il A 0 Y T DA A
JET A i LA B .

i th e AR A R B A e SR

output; € VR(V;) A [O output; = VR (Vi)].
=1

AT SOy A 2ets SR IR it ) ) BE IR B0 VR (Vi) #8605 ZE A% o (0 (A B SR CJ] output; 1.
XE YV, 2 R B A S L R, HREN 248w v Blirh (A4S & 1V, 3K 9 X ST SRR R
(ke . o) T4 L AR ST, Rk b HAFTE B off (M5S0 (B8 3 41)), T VR(ST) = {on,of f} . #HE S it 5o 48 1.

K9 SIH&ME

HEA Pre %A it AR ST
High true off
Permit true off
Low Overridden off

TS U VRM TSR 20 e SRR AT I, BT CZAE ART 7610 VRM 8 [ 550471 T
Hrpszgly.

2.3 ART FAZMFNT A4

ART & —AMi 1] DO-178C/DO-333 HLE A G AL bn e 1 AR 75 3K 20 4 5 ik TR & (Wil 1 JizR). ART
T H 1R A H Aw 2% R I R LA 75 3K o I SRR A, T 1) HARE SRR I TR k4G H, B B & 4.
PR B A AR O BRI AR S R AT SR R A5 738 (BIAR SO 4@ 21 1) VRM B52Y), SR J5 25T VRM
BT SARE S, 0 T SRR I — 3Pk . et S U M S 50 E; B E, 23 B KA ST S0 E () VRM i sRAs
TR F ok 1 sl AR i 1) 75 SR IR B4, B HE TS A SR 7596 2 (1) MC/DC U F il 4E..

HE AT ART TRV G5 1) S AMHrEL.

551 B BOE VRM BB R s AL R A A b i LI B AR TE S 4 HALRR Sk (8 FH DOORS 7 sk B L
FRAATE R A E] ART TH A, 7 SR D18 i GRS 7 10 A AR & G X e 4% H A 75 sk 42 [
JOAURE R SR AT AL B, AR 5 P AR 2 A p 5 1 88 1) Bl X e TGN IR 4% B T SRAG I HY VRM R AR AR Y, BV 4347
Fia 4 ER . R 5 1

2 BrBoE VRM BB 04k 3BT 10 75 SR AR thon] REAEFE I — B0k . SE 0k e, A AR B B0 b
SR ITHE T 2 30 A B R Rk A Uk e U FS TR A A SR L i e gk . Bk,
P50 55 5 R Tk
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%5 3 FrBUE VRM BT S IRAIE: 0 L2800 A2 25 R U ER K VRM RERY, SRR AG: 6 45 AN 4k 23047 1
) R GE e A VUG E. 76 H AT ART T o2l — MO HHE ALK VRM AL [ 26 0 NuSMV BT Y,
IFERP T R G VLU N 2 8 A E AR A 5 3K, )5 ] NuSMV BEAT 5.

5 4 Wi B 1 17 75 K AU 81 8 Sl A i e i 2l R T A 2 M S R IE R VRM B, P 32 R
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