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Avionics System Testing Based on Formal Methods

LI Rui, LIAN Hang, MA Shi-Long, LI Tao

(State Key Laboratory of Software Development Environment (BeiHang University), 100191, China)

Abstract: With the rapid development of aviation models, the degree of digitalization of avionics systems becomes higher and higher,
and the proportion of the software in those systems becomes larger and larger. In this paper, software architecture and formal modeling of
avionics systems are discussed. Further, a system level integrated testing method based on formalization for avionics system from static
and dynamic aspects is proposed. At last, the effectiveness of the proposed approach is evaluated through an integrated testing system
designed and implemented in this research.
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Fig.1 Software architecture of avionics systems
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Fig.2 Formalized structure of avionics systems
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Fig.4 Meteorological observation mission process of avionics systems
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Fig.5 Meteorological observation mission phase analysis diagram of avionics systems
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TR HRAS & AR B8, TR ik, o] ORPIR S 3 AR B — A BR B Sisx E—s BRI R — N FiAT e J5, % MRS B s, %
e s, B0 s=K(si,e), Ho 55,5, 7R B FDIRES.

EX 13(EH e AIRIT). X TFA e FURES 5,85 F 4 e BITTE SO, WARFHAT e TRIRTS s FATHAT.
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EX 16(HM). 5@ MBI ees..;entt AR 50,51=K80,€1)s - 58, = XS p_1,€,), MFK s ALl FH 4]
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Fig.7 Meteorological observation mission transfer state diagram of avionics systems
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P

(2) FERCE RGN SR . RGN E I B DR . 0SB0 & LR 25 R (3 1
P

RYGEATIN (BRI E B0 BB (TP kA B AR i, Ml A R B RUT %
UG 1 A B 8 4 ) R 8258 45 B JL 2K

(1) SR REE T FE . 5230 5 T A 10 D R B 10 30 4532 17 5 558 1T A 52 5H1 36 BEHOR 3R 9632 17 I 1 3,
Y R e 1) B A8 17 R B R R AL T 0SB AT 46 1 1 B U T il S B0 M e ARl S D I

(@) 45 G M I B4 R G H B AR IE AT R SR R AT, R0 1T R 0 EL AT B 0 (A e P
T B B 50 e 1250 o 0 5 I T 5 5000 28 6 00 0 S T S0 B4 R TR FO 05 T
B TE T REAPAE T4 SR, A SO RS 4 Th A T L.

PSR I 55 458, D ] e 5 R0 12 D e 1 6 S B

MU T RS £R DA I T LU AR 2 X 2R GE i A [n) JURN B 28 i) LR AT A 0 AN HE B B0 Ul i 2 vl T R Geis
AT RS TE AV R R GE3a AT I (R B I P IE A .

3.1 RFEEBRERDEN T E

TS AGL I A DA 50 A U A 26, 0 3l 28 G DN B2 3t — A Wl £ 10 i AR IR B, LA £R 3 A 0r 0 10 25 2R AT Rk
TERATE.

XF T LT ARG B A 10 % 2 R U, QL AR A SR R )RS, R G A api P HIRAL
FBEIR A% T A2 H B YA R (T Xk X

EX 19(R G EIR R). R={api,,api»,...,api,}.

E X 20 FIRTS R-s). R-s=(r_Name,{(p,v)},F), =L+,

(1) r_Name R FIREFRR;

(2) (V) EPXV,P={p|,p2.D3s....Ln} R TIRIBYEIE B V={v1,v2,v3,..., v} R TR R PEEL 755

(3) F RN IR APL 4G F={api\.apiy,....apis}.

00, 7T LA 2os A A SR A BEHLR S

(ATF U, {5 8,4.0G),(FT H,3.9G), (31 4%,22%),(C 1, 78%) Y, { (new, {size}, {return}, {size_t},
{{void*,NULL}}),(malloc,{size},{return},{size_t},{{void*,NULL}})},(relloc,{mem_address,
newsize},{return},{void*,unsigned int},{{void*,NULL}}),(free,...),...)

EX 21(RFKIRE 0S). RAIE OS &t 2> TR I, B TT LLR IR R OS={r,ra,r5,...oF0 ) ER.

EX 2FEHFBERT 0S-S). RAHBIHPIRA OS-S AT LLR IR A 4L R ZE 0 BT A % 5 AR 7S o 41, 1
OS-S={r-81,r-82,1-83,...,7-8,, } ,F-S; ER-S.

AL TR T ) R IR, T AN R R U 0 S B S R R G AN R AL B A A A R U AR
FRGE N BEVR ) J2 T R A1 8 5T 00 W R A i, 2R e PR BEIR A i 1K A2 A 2 W 7 R 8 0T 3 A 055 11 BEUROIR S,
FERF E FHRAE RGBT b BE U n] LLd o LR LA J7 R B AL R RGRCA . CPU & WAPIRE . ALK
A& B PR B R 4 4 RS A
3.1 WE SO SRR

EX 23(MEXHR—EE). X TPABE AT confy F confr,confi=(Name,,{(a;,v))}),confs=(Name,,{(a;,
v D, HH (av) €41 x V1 (a;,v)) € Aox Va, 45 RIS A2 BLR G50, UK S SR BE 2 SCAT confy B confy A& — B, R R
confi==conf>; 15 W HL I\ A W 2 AN — 2, LR A confy1=confy:

(1) Name,=Name;

(2) 41=4y;

(3) i=h;
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(4) Y(anv)edxVi,3(a;,v) edx Vo (13 a=a;,vi=v;.
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Fig.8 Configuration files conformance testing process

K8 e E S S A R

Bl vh 7S AR AL L2 75 ZEFUSE AR 1K — A H T WU X I 2 i B A B — AN 52 2 L AmdETd) . Fi 0 IR A
PIC & SCAE B T8N0 RGE ss WAL B R UG, RGBT — Btk MR vk T 52 B 3R 48 h A7 18 V9T A7 L B
SO RS AR R AR AE A SL h R4E B B 5 SR AR 1 SO B A B
BE L BCE SO EUE AR A
Input: CONFss: set; SL: set.
Output: CRT: set.
for (i=1; i<<|SL|; i++)
{
for (j=1; j<|CONF™|; j++)
{
if (conf **(j)==conf*"(i))
{
conf 4(i). flag=true;
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}

Display(SL);
3.1.2  REHEDRAE R AR

EX 24(RZSTEELE). W T B R UL A GRS r-s=(r_Name, {(pe.v)},F).pe€ Pyve V,LA K BEES V)
T8¥5 p=(r_Name,{(pyi,b)}).ppi€ Ppib€ B, 45 BEIARAS r-s WAL WIF ZAF MIN A BHIE r HHCIRES r-s WLIEAR p,
A r-sOpi:

(1) r Name=r Name;

(2) PpicPs;

(3) VOB(X VOB KR V FFMENT B A FEAR 1 HAL 2 7).

0 A5 R LT R es IOVERESRARSE S A
PI“={(CPU,{(MHz,[600,0])}),(Memory,{(AIL[512MB,»])}),(Disk,{(capacity,[512MB,o]),(iospeed,
[4.5MB/s,0])})},

T4 i A7 BE IR S
(Memory,{(All,4.0G),(Usability,3.9G),(Remain,22%),(Used,78%)},{(new, {size} ,{return},{size_t},
{{void*,NULL}}),(malloc,{size},{return},{size_t},{{void*,NULL}})},(relloc,{mem_address,
newsize},{return},{void*,unsigned int},{{void*,NULL}}),(free,...),...),

WU R 7 0 1 A A7 XA BRI Ui, 24 BT 2R GE A 800 2 T L T RS R G K B Memory © pi2.

RGP A B BE XS 1) 2 2 R GE T AL v LR G PR35 (0 BE U8 A R A 1) H 2 o T ik REEIR L B &

GEpr i S PR RESR bR — BORE VR REFE b ] — 3@ M 3N (— Mo XML I SCAF HEAT $ 38, 98 I 3B AN B AR B TR 3R 48
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Fig.9 State suitability testing process
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% 2. RAMBDIREE MR R VE.

Input: PI*S: set, OS-S:set.

Output: SRT:map. //(r-Name,satus,flag) TG A KIE 5 flag T i IE bR
for (i=1; i<|PI*S|; i++)

{
for (k=1; k<|PI%|; k++)
{
get r-s(j) from OS-S by r-Name;
if (r-s(/) O pi**(k))
{
put (7-s(j),true) into SRT;
}
else
{
put (r-s(j).false) into SRT;
}
}
}
Display(SRT);

3.2 RFEITR@ES )N A E

BNASKRI FEAEATAS T AR GUB AT RS T REAT IR A SCHE K 1 2% 1~ R G V3 4T 1k T2 2 A RS L, 15
T RS HUARBEAT 12 AT N RPIRZS A0 DU, -4 3R R G2 4T I8 (RPIRES 5 A 1 i 20 1 R AT I RS B
A7 %58 Ll A W RIS AT 25 SR TE A k.

3.2.1 B VRSS9 1 A

TENT T RGO D % O 5 % O B IR api A AP 51,275 56 T B 42 10 0 28 5 v
U AT ) i AR PR G 00 S i B0 A P B2 o AR A A SR T R RS B ) e R U R T AN
(RS U 9 B T 2 922 0 A T o U

(1) 7 U AR AR A U BB T WY A N, HACA & DR T T A R w, B AR AE N
M re T8 E H.

(2) T W AR A I B T W R 1 7 SR ME ), 2 ELAOCE X T DR T AT I3 re RN ZR ADAEAE M
WG] re T 05 v, BIVES 1B cb AR A 1 A1 250 ) FR RS AR 2 2 BRS04 7 5 1 2.

BT A SR P R P St [T 7 9 3R A AR I P A9 2 B S AR U IR) B 110 R o, KR K B ()
FUMNF > B v 8 25 AR 7 A, UL G ISF 18 60 I N B 48 2, O 0BT R IRPIRAS S < 2 U 100 8 %
A S R AT R w AR 18] TR T R R B AN TR R w, AN wy RGBT IR BEAR S T R 2 4
E T 1B AG I FEA9 F6) A  S

BIE 3. & DRI ) A gk

Input: root:Window Node* ,case:Case _Seq.

Output: Case_Set:vector.

Create Caseset (Window_Node* root,Case_Seq case)

{

append root into case;
if (root—child_num==0)

{
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add case into Case_Set;

root—visited=true;

return;
¥
i=0;
while (i<child num && !root—child[i] —visited)
{
Create_Case(root—child[i],case);
i+t
b

}
PR SRR L 7 AR T BT A R PR B R B AL 7 AL T A R A AT B £ S
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Fig.10 Preparation process of dynamic test
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Fig.11 Dynamic testing process
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Table 1 Test results of integrated testing system
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