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Safety Analysis of Slat and Flap Control Unit for DO-333

CHEN Guang-ying HUANG Zhi-giu CHEN Zhe KAN Shuang-long
(College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016 ,China)

Abstract DO-333 is the formal supplement to the aircraft software’s safety standard DO-178C, which provides gui-
dance for the use of formal methods in the development process of aircraft software. Model checking, as a kind of formal
methods, can be applied for the strict verification of the software artifacts in the requirement and design phase, Based on
DO-333, this paper used model checking to formally verify the software artifacts of different development phases for a
slats and flaps control unit,one component of the flight control system, aiming to justify whether the software artifact
satisfies the related objectives or not in DO-178C and provide the evidence support. Firstly,model checking is applied to
the specification and verification of the high_level requirements for the mutual updating operation between flap and slat.

Then, it is applied to the low_level requirements for the control logic in a single wing. Based on the verification and analy-
sis above, evidence is provided for the verification objectives about high_level and low_level requirements in DO-178C.,

This paper illustrated an application example of model checking in an aircraft software’s certification and could provide

technical support for the safety assurance and airworthiness certification of aircraft software.
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1.if :iselect(t1) —>fire(tl); /* tl =/
2. iiselect(t2) —>fire(t2);/ % t2 % /
3. oitselect(t2) &8 (select(13) || select(t4) ||
select(t5) || select(t6))—>> / » Bl A_1 iFH % /
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6. fi;
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8. fi;
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Tr6,Tr9} B{Tr2, Tr3, Tr6, Tri0} M N — 52 BT 58, HE NI
BB INT
/ » 4l Mdrv 518 * /
13.if ::MV_Nzero& & IT_enabled—>>MV_zero=1;

14. MV_Nzero=0; / * S#IFH(T1} » /

T6:(evi and ev2)[C3)/actl;act2;act3;

T7:(ev] and ev2){C4)/act];act2;actd;

15. 1 :MV_zero&.&./ » ##{Tr2, Trd, Tr7} » /
(IT_disabled& &M _on& &F_Mcmd!=0) —>
16. MV_Nzero=1; MV _zero=0;
17. i ielse—>>skip;
18. fi;
5.2 BiES4%#H
R LTL 2R MA SEHEBHXNERELERTR,
WAFBREAR LTL BHELT,
TR 1. Y2 Hid K, WL BRI B e AT R .
PH{[JW(AS_norspd==0) || ((F_Acmd==1 || F_Mc-
==1)&&MS_spand==0—">((MS_spand =
=0)U(AS_norspd==1))))}
B FFHE T Ulunti) 278 576 B I E R ot , SR FIE
BRIARSHISHER.
TR 2.FHHEBRER 0 L 0.5 40405, XA KB
. Mspd FBHTSHE timeout(entered zero, 30) /offFan SEEL
BFR. E offFan KA, KU K .

P2{[J((FS_on&.&Ev==0ffFan) —>((FS_off==
1}
AFETORRRANBSELH.
TR LBAFY Tt FFHE A SRS, BILEKS)
BN O,
P3{[JCUT_enabled==1)—>({}(MV_zero==1)))}
— B 25 [ (InhibitTest) 4k F A IR A (enabled) , B3 HL 3K
Shi S (Mdro) B B AR (MV _zero) ,
TR 4. BHAN Bt TFHIRESRE, HshtE 4
B
P4{[JCUT _enabled==1) — > ({) (MK _enabled ==
DM}
— H25 [ (InhibitTest) 4k T8 FOIRZ (enabled) , # zh 5
4 (Mbrk) By 295 B B 3 (enabled) .
oK 5. 8K shIEE, M h3ESH 0, LGk,
P5{[J((MV_Nzero==18&&MK_enabled==1)—>>(
(MT_fault==1))}
— B IR B H (Mdrv) 3B (Nzero) BL&| 3 (Mbrk) & %%,
B HLE H R I (Mdb_Test) B4 RE A0 T H % B
{8 SPIN BiFfR 42 %>R ) Promela BERIR R B IR, B
M LTL BH R R, R 2 AN TREBHNRBRIESE RS
Ho P UIIEE R 4 BB P4 BT RBLT 4518

£2 BTRLTL BHERIEFERT

LTL RAE hAEMB) HE()  #E
Pl 1626745 230, 280 22.9 %
P2 1626745 230. 280 23.1 x
P3 1655721 232.038 23.1 x
P4 7 130. 866 <1 H
P5 1626745 230. 280 22.9 %

& 8(a) B 8(b) By TR P4.P2 MBIESR . B
8() R, EEHERIEE R 249 8T, RA TR,
full statespace search for:
+(pd)
+ (if within scope of claim)
+ (fairness enabled)
— (disabled by never claim)

never claim
assertion violations
acceptance cycles
invalid end states
State-vector 44 byte,depth reached 249, errors: 1
7 states, stored(11 visited)
3 states, matched
14 transitions(= visited+matched)
305 atomic steps
hash conflicts: 0(resolved)
(ST P4 RIELE SR
state-vector 44 byte,depth reached 37530, errors;Q
1626745 states, stored
4794600 states, matched
6421345 transitions(= stored+matched)
1. 429698e-+08 atomic steps
hash conflicts; 102796 (resolved)
(DR P2 BIEL R

8

SHHERPATER, SR AAR, EH B TLETFHR
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B, FHIS F_Ase 10RO R —1OKED B, Hl 3384
BCEMARERRBAER MAFR". 2H7E S B
Mbrk RE , 4 R G T FERE, B C2 Hflat, EERIEF
EiE4 F_Mset MU IS8 ¢ RBAM RERERAREH
X —RHRRISBTRIESE. BIAHTBERIR
SE,ERm T FERET B C2 ABAXEARTEK
I H i CL,

RIEBERRESERERER, RUBEE NIRRT
R R SEGZEMEXHBRLEETR.

Mbrk(MK)

B9 {BEEK Mbrk RZ&

#3 SFCU R FRWIE B Ari 25

B A% WMERKE EHERA
SPIN #:3F LTL &Mk £ A4 %, %A SFCU WK A F K (B 5) b Promela 4 2 % B # 438
AL I KAFTRHERATR | HEXNHERLLUERMNBEWETRA KB NARS N L ESE Y LTL B Y, HH 3

KAFERFLBAFER.

AL 2 RAFRRARRUA B ]

A4 3RAFERY ERNEE
AL A BB ERETRILH
A4 5 KA ERFATE

Oom

FEARAEHRMATRARHLEBRBR AR Promela A FH TRABERGAR K,
B ¥ W Promela B 7% SPIN # Bl T4, DT HAEEBH HU A TRRER by — 8%,
AV EAF RGBT AR E AR, BEHA.

MRER kA BB RER D SPIN TREH Promela A F W TIA TR T BT M,
AF BRI TR E 5 KA E KRS EH Promela 8 # 4 Promela 4738 32438

AT RS Promela A KE S HEHEEHMANBERZ 2B TR LTL B RA TR

A4 6 MATRTERAHRTR a

BRUFRRBEAFRR AV BUETHARRABRAFRTERAGRE R BRAFRA

E¥RARRGLEM, X BAFTHRA,

A4 T kb ]

FEARSEHREEHERNRATR A AL B YRR AN TRAEREAT SHHEH
HMRWEHRFER R T H R AHE.

R O ¥R

£ %t DO-178C PREFRMBAE B R, 8 3 BETAY
BE G RS SR ITRR T R W LB, FF R T BAMIE
P,

AV EFTERE Promela A HEFRD LTL Bt
BB T R RS R ER S R A .

BRIE  ABRIEPLERGRR R B EEAUALE B AR
ERUEFEIRFH—NEENE, s3HZEE A XET
EAERHE DO-178C M IE AL ik #b 7 30# DO-333, 56 7%
BRATHEEELS BT, 18 TEm DO-333 MEEER
BRI S TRAIEESR, BR T ERG I B T — 3L bR
BLEER AT & L F2 [5]  BE SR A4 ) & B 38H0E A e A P R 3R
BRIAEIESE , AR MR A REFE AR R A5
AR SR HWR Wb B & F KA B F RSB A BT
THIERR, KA TRITTRPEIAMERFEHITTEE.
AR T RIS B 7E — P 3L PR FL R AR - IA I R Y L
F ARG 8 WA SN ) T AL B M TR AR R 4, 3t
B4 DO-178C #YIAIE B AR EE 38 045 .
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