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Abstract Embedded systems have been widely used in safety-critical areas, such as aeronautics,
astronautics, nuclear energy, and transportation, and it is of extremely significance to ensure the
safety of embedded systems. Requirement traceability is one of the essential requirements in most
criteria of safety-critical area, and it is an important prerequisite of safety analysis and guarantee.
Existing work on traceability mainly focuses on the traceability between requirements and source
code. However, there is a lack of research about traceability between requirements and design. In
addition, the traceability information built by existing techniques such as the recovery of trace
relations based on information retrieval (IR) is lack of accuracy and completeness. Therefore, it
cannot be effectively applied to the development of safety-critical systems. To solve these
problems, this paper proposes a requirement traceability method based on the predicate logic.
This method can automatically infer the implicit horizontal trace links between requirements and

vertical trace links between requirements and design. Moreover, the method also provides a technique
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to check the consistency of these trace links. In order to model requirements and design for
embedded system, two widely-used standard languages: Systems Modeling LLanguage (SysML) and
Architecture Analysis & Design Language (AADL) are exploited to specify system requirements and
its design respectively. Firstly, we give the requirements traceability information model used in
our approach, and definition of the semantics of horizontal traceability and vertical traceability
based on this model. More precisely, we define the specific relationships of horizontal traceability
for SysML requirements, such as decompose, deriveReqt. refine relationships, as well as the
specific relationships of vertical traceability between SysML requirements and AADL components.
Secondly, we design a predicate logical system based on the requirements traceability information
model to formalize the traceability information between artifacts, and then give the semantics for
both horizontal and vertical traceability relationships, as well as the inference and checking rules
of the model. In order to infer the implicit relations and check the consistency of SysML requirements,
our approach transforms the horizontal traceability relationships of SysML requirements to
equivalent formulas relations by using the semantics model of traceability. At the same time,
based on the semantics of traces, constrains for the relationships of vertical traceability between
SysML requirements and AADL components are given, which support partially inference and
checking for these relationships. All rules defined above can establish accurate and complete trace
links between SysML requirements and AADL model. The traceability information can be
checked if the system design gives a complete and correct expression of the requirements, and this
information gives the further support for safety analysis, maintenance and evolution management
of embedded system. Finally, an evaluation of the proposed requirements traceability method
based on predicate logic is demonstrated through a case study of a control system of flaps and
slats (CSFS). The case study shows the effectiveness and feasibility of our approach by inferring
the implicit horizontal traceability relationships and check the consistency of CSFS requirements.
It can also present vertical traceability relationships between AADL components and CSFS
requirements.

Keywords embedded system; system requirement; design; traceability; predicate logic; semantic

model; safety analysis
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Execution model

Kl 3 AADL AR &

3.2 ERWEBRESER

Bt A R o/ R ST 2 1) 9 0] 3 g 1)
L4 g T AR SO SR PTG R AR SRR A
FEALHE SysML 75 3K A1 AADL #5580 9 28 ] &
W e SysML 7 3K R 18 [ 38 £5 OC & LA ) SysML
oK 5 AADL 0 2Z 0] i 1) 38 B3 06 R AR rh 4%
JCE M HAME LNF -

[ 3B 5 45 Y = ok 4b TR TR R 5 H O & B B
S A AR [E] il 42 )2 U] ) I G R AR SO R )
B xR EEE L SysML 75 3R K H B decom pose.,
deriveReqt Fl re fine =Fp 3¢ & ZIH. T & 4> # 245
XEMRRBE X

(D) 432 & (decom pose)  fli iR T — B J7y 38 Fn
AR OR R — B AW T 5K W] LA o3 g A T
BLFF RN R Ry (R AT A7 K R AR R, .
Ry o3 13K Ry s

(2) K R (deriveReqt) : 57T 3K Ry EH 5K
Ry 5 Y W 3R R, S 7 oK Ry 58 B B il 70 i 42
7R R, I8 T 23 %8 75 5K R 8 W52 W) 5

(3) KL KR (re fine) N R IR —Fh 40 4k 2l .
PRAL 38 1 AN T T 240 R B8 75 R ) A GB B 50 R A7 7
RORVEX R Ry MRE AR W 55 5K Ry IR A48 F 7 oK
Ry IFAE R, B LAl 1 Ab I8 1 3 2 (9 S B A1y

O\ 1] 38 BRVE W 3 1 A0 T A [8) B Bl A A [ i
GJZ U i 18] 38 B AS SCHP R G JE B oG R 2
i 3ok ATl A 5 AR (Sadis fy) R ZH.

SysML Requirement Diagram ‘
Requirement Horizontal Traceability
Source
= Target | ~Name
—text —Property
Target [ ? 1
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L T2 05 S Morneony A5 15 FIE L.

4.1 BRAZBEERXEZS M., HIEE

TERE SC Mrpeory 118 35 518 L Z 0. B 645 10
Db W H S MIE X

EX 1 e, WERES 2. S BT 21HHZ
WG T M5 B R A A AT 5

(D ARAE I - R % 502 48 1 i 5 2kl 5
SR sy .5y,

(2) ZICIB WA 5 - F T 3 A 1A A2 O ) 1 56
R0 PP Pl

(3) BRI FF 5. — 5

WO FEEHES . O.,.

A€ SURS SR T AR IR A RS s %
G CHikf M EHEMARES S P ik AR
TOCWIAE A A KA — 0 B B BT 4
FER ESTSESHES MERES ST
HEA={SUCUPUKUE}.

Moy P AR AN FHE A K —RIAKX
A LRI 7 A

EX 2 iBEESPHEAAK o B4 RN

(Dw=P; (g,,0) €3, Hi(o,0,€SUC)H
P e P;

(2) w==P/(0,,0) €3, HH(s,0,€SUOC) H
PleP;

(D AK o HERE T HLN (1D (2) =4,

AR A AR R AN A7 A k28 S 3 T
SRS IEFHARARE - ouk R
ST AR AR A A A
4.2 BAZBEERXEZL D HIEX

T AR A LR & a8 6 —
A BAR B3 SO 24 v B9 78 oA 5 B0 TR £ 5

2C19Co 3

AT AR BRI AR T 3. 1R T3 B
BEARY 25t Torneory U TE X

F—AHEMBH . XES ST RARTH
Hhoa) ofE— bR PR B A BRI A AR S I R LB e R
A A CF R A IR &R MR A W g
(OGBS 0 IR R IR A 5 AR R KRR 92 bR
T H oA R SC ZR AR i) ot 1] A DG I S AR L Tl
5 A AR )2 R X 0 FR S I Toreony FY 3 AR Y
Mytoqer B AT JUAS R 53 411K -

EX 3. JBARGE L Dyoa =D fos fes [0

/E\:':P:D:S/UC/;

f:S—>S; f.:.C>C"; f,: P>R;

Hrr.C’'={Req_level ,Den_level} ;

R={decompose,deriveReqt,refine,Satisfy.,

abstractionLevel , higherAbstractionLevel ).

(DRI D2 3R 28 50 AR A2 ST RF 5 1 58
BRIt H e B i B, A0 45 52 B 3 H b BT A A
B VLA 1l it 1) IR 1 5

() BREL S B LTRSS S Ry A TR
BRI E P SRR ST — B A S G =
st RN P A PR AR TCRF 5 s il B Ay L Hh il 11 P
—HR A 51

D RE [ L THRHSHES CHRMM R
P55 B 92 bRt 5 b i) it A T 1 e e S AR SCRT F
FE B BA A R B 1 SR b AN BT ] A A
C'= {Req_Llevel , Den_Level} , 5y #) e 7 Hl & B Hh 2
JAW N R IZ 5B E

(D) BREL S, BT ZInIB W5 E 4G P 3|5
PRt H 4 Bl O R LA R L. Horp {decompose,
deriveReqt ,refine} fi R T SysML [& 1 ) 77 5k 56
A s Satis fy R T 755K 5 Bl o 18] 0938 BR OC R
abstractionLevel 3R T 5 5 Hh £ 2 W19 %
FF s higherAbstractionLevel iR T AR ZZ IR
) PP G 2. 3 1 BVES T A U A5 5 48 B LB
XN A T SCHE G TP oT AR Y B AR R

x1 AAHFSHER
HXEE SHILR it e
s’ si€S' ScBrI A bR IR A
o Req_level 7R i i Ry T SR o AR A
Den_level 2 i o B I AR

it >R[] ) 3 ik 5%

decompose

deriveReqt TR e R
refine e oK ) P RS fE 26 R
R Satisfy oK 5 BT ] T R O R

il ity 5 F A 2 Ui o B G AR
ENGEIE IR S

abstractionlevel

higherAbstraction
Level
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BN, decompose(R, s R,) FTMHFHR R, 57K R,
[FIFFAE R K R srefine (R R FRWFH K R 5
R R, [ fF1E K54k 56 & 5 Satis fy(BrakeControl s Ry )
T I E BrakeControl 573K R, 6] 47 1€ 1] i
JE KR sabstractionLevel(User _Req, Req_level) 3% B
il i User _Req 775 3K JZ W i s higherAbstraction-
Level (Req_level , Den_level) 3E Wl 75 3R |2 il i bb ik
T2 ] A Al 2 O B 2 R E R Z
1 it S ALK

Fe T A R GenY 18 B RS S0, AT DLl g 4 ik 52
PRI H a8 AR B B, A P Gss)
ANl s s AFTE— A5 SR A ¢ 136 BRE.

SEBRIH  E A B E B B R RAE e R
71N BRI A OO0 HE S B B B G R AR
A Merneory T E BE.

EX 4 e, = Pl Gsios) 40 T SEPRT0H
sl s B s, AFAE— SRR Ay ¢ RO TTGB R EE. T
AT P Csivs) (28 B BN E BAE G 0 0 T 28R )y ¢
IR

5 ETHRREBHNERERTIE

FTIHAZBIE X RGE M, H ISR
ShRIH AR RS T RET AT S
FESE PRI H A B MR RS 5.1 R E— 20 45 S
Prut B b SR8 BE 0GR MRS 0 15 L AR AE 5.2 5
5. 3 T 430 gt R T B 1) 5 B G R A AE
R EE N TR SR X oW RV & N BN 75 i
2y AN
5.1 ETEHAEZEEBREHNERBEXRIEX

R T ST RE AR L SERE ) SysML 7 2R [H] (14 5 1] 3
B R LA K5 AADL #4442 [8] 1) 9 1] 38 B K
AT I T IR 2 RS Mo #E— 208 L
KB B G &R BAE I 15 L. FE 8 TR GB BR R R 1B X
ZHT S H T TR E X
5.1.1 sk

XS, R RPoE LN —4D "0 (P.S),
Hrp P ARG THEW LW EIE.S ek P iy
RGES. X VYs€S,P().

Wi oK g Itk P AL Dy i ) 2 58 b iy A R X
(Conjunctive Normal Form, CNF) , % F i 1§ % #5
TS IR TR 22 2 AR IR T 20 2K 1 R BRI R A
5 UL SR TCAETE AR M IR ¢ T B IR R 27
ARG s AIE BERIM Y HAUYS KR s =, P
B FRGE s Wi VK@ YE P ENA P AE RS s

TR ¢ B TE OL T BUE S .

BT BT RE SC AT DB TR 8] S ) ORS
P L B o3 A 6 2 11 XL
5.1.2 [ H (deriveReqt) % 51 X

EX 6. XTR R 5 R A ZJCH (P .S,
(Py. Sy, Horp Py P, TSR A HBGER, S .S,
W R R A RGEES. WMNTRAXKL RS,
i oK Ryl ok R, S 2 HALY

(1) (P,—>P;);

(2) (= (P,—P )] 2.

Wil TR AKX RGEES WM ERE . FHK R,
HI 7ok Ry 5 24 HAL Y

(DVsie8S1,51€8S,;

(2)3s, €8S, ,5, &S,

BES SSHAE T S, :5,CS,.

LRI TR

oK Ry RIS 2 28 ot R sl B 4
FF R A REE RGN 1] KAT R IR AR

iR Ry R R G Z AR AL &AL

X TR Ry Ry ] 43 5 AF 516 -

P, =notify_pilot(x, pl_events) ,

P, = provide_msg(x) ,
Hb o B A2 TC. pl_events 4 H ILAT 5. 1 il
provide_msg(2) TN RGEREWBIELZHE . 018
1i] noti fy_pilot(x, pl_events) FT /N e ) AT B
KEREE o BTN HEE RS # RGHE
% 10) RAT BUEIR TN R, o, M R GE IR BEML IR TH B, «.

TE L RBAT 5 5 F={ pl_events) . i§ ] £§ 5 5
P={provide_msg, notify _ pilot }. % E fF 5 X
(F.P) EW—DERIM, MR THERG s. KRG s
H 20T 80 20 2 g

(Dt A= {oil_msg.,spd_msg,heg_msg,
time_msg , pilot_events)

(2) IR LF 5 provide_msg™ = {oil_msg, spd_
msg.heg_msg, tem])_msg} s i'%f? R AR %1’?1@%
AN R S B R R B S MO B e X LR B
ENLE

(3) B IR 5 notisfy_ pilot = {(oil _msg,
pilot_events) , (spd_msg, pilot_events) , Cheg_msg,
pilot_events) ) » 3 W1ty R T 75 o K 5 A
XL B FEIS . RGERE ) AT B R R R

XF#RAX PP AW AT « BUE N
oil_msg.spd_msg . heg_msg, 753K Ry R, ] 43 B4
S

Ry YRGS AR A 2 28 3l i K s i S
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L
&

I 8] RAT BURR BN B

R, : RYLHEE A& K AU A 2 28 3 K K B2
S X LR B R

PE R s R TR AP Py A

O MpE=,P,—P,

YATC & WAE N temp _msg 75K Ry (R, ] 73 5]
ik -

Ry« S R GE 10 AT B R E RN

R, : RGLREW AL KR 5 7 X M R 2.

BT« WAH K temp _msg W TER G s
FRARX P, M E. T CGtemp_msg, pl_events) &
notis fy_pilot™ , ZE s Nl TR R,.

Bl x=temp_msg, N provide_msg (x) —
notify_pilot(x, pl_events) HR. WA .

@ M=t vemp g1 (7 (Py—>P1))

AR RGE s Foill R 5 5K Ry W SR 9 2 5 5K
R, AAAE W bR GE. Howh 2 755K R, IF A il 2 75 5K
Ry il deriveReqr & F 1 it 5K Ry oK R, &
TR R i oK Ry S8 B Hif 4.

LAk s deriveReqr & Z8 38 HATUNT G546 J@ 1% -

(D 2 H Bk deriveReqr 56 & & H K - A
FAER KRB B By . |

theory = — deriveReqt (R, ,R, ) ;
(2) A FRAE:  deriveReqr 5 5 & FUX FRAY - i
SRZAIAAEEAR B 1. 1D
(I theory E=deriveReqt (R, s Ry) ) —
(Htheory =7 deriveReqt (R, s R, ) 5
(3) AME bV  deriveReqr G F i m A& 1 1. Bl
(Htheory E=deriveReqt (R, v Ry) ) N
(Htheory E=deriveReqt (R, s R3) ) —
(Htheory E=deriveReqt (R, s R3) ).

BE TS5 TR 1 AT DL S A S R C R — B
PRG35 A BT 22 4 5 S5 15 B 5 oK OC R A i S 45
JEIE. K5 ik T deriveReqr 5 F BB H IO FR
PLR AT AR e e . A O R Ry i ok R, 3y

‘ ' N
deriveReqt(R2,R3) deriveReqt(R1.R)
' \ N

‘ Given:
Invalid: ------- !

Inferred: ———- |

deriveReqt 7 Z W) 4544 J& 1

R Re 7R Ry 3t R AL 8 e 4 A R R,

ok Ry i
5.1.3 4rff(decompose) 1 ZiE L

EXT. HAHFRKR.R,.,R,.n>2,7%R
R, .+ R,y CNF AKX ATk N
P,=(pi ANpy N Npi)s m=1, i€ 2,0 ,m.

BARwR RAUEHETATHRR R, Bl
TR Ry oo RO T 55 Ry H HALY

(HP, =P, A NP,);

(2) =~ (P;—>P),i€2,,n A{H 2.

HRAE A& SCo 5 25 CO AL A s Py—> Py oy e
PP, 5 5 (2) AL WA : = (P> P s e
= (P,—P). 4 deriveReqt K F ik . #7 K R,
AR 753K Ros oo Ry B AT R Ry b 555K
Ry .-+ R, FH KA.

TR Ry o) i N fi ok Ry s o R, B Siaeees
SRR TR R, RINRFES. XM Vs€
Si, P (), lHTF P,—P,, ] P,(5),s€S,. Is€ S, fifi
1 P () AE P ()RR L. S TS, KL,
SICSy s, SICS, . RV AR B A R 19 R S8 SR T
F2 FL 3 10 B SRl R R B ORI R G

AR R

oK Ry RG SRR TS89 ook 5B IR 55 LA
NI ) R 56 5 AT 55 I8 8 5 k.

7oK Ry« RGE SRR TSR B 8 8 07 %

Bk R R BES 0

P, =schedu_task( priority) N schedu_task( fsfs) N\
schedu_task(time_piece) ,
P, =schedu_task(priority) ,
o, priority., fsfs.time_piece J3 & JG R BT 5,
RIS AR JT. 16 schedu_task 3R7R 72 48 H 1 HE
Folt A 55 8] B 7 0.

E X EICHRBUEE F={ priority, fsfs.time_piece}
W FT 5 8 P= {schedu_task}. %5 E/F 5 X (F, P)
ER—EERIM, MR T RS s, RS s thiw
T B T2 R -

(D) 1 A= {priority_sch, fcfs_sch, time-
piece_sch};

(2) BREAT S priorityV = priority_sch iR T
U G SE G Ty

(3) BREATS fofs" = fefs_sch ik T G+
18 56 R Je i 55 A B 7 1% 5

(D) BRELT S time_piece™ =timepiece_sch, I
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BT AU R A I 1R) RS R R B O

(5) B 5 schedu_task™ = { priority_sch} ,
RARRYGE s SRS R

@O P, =P, N\ schedu_task(fcfs) N\ schedu_task
(time_piece) fH {57

TERGE s 1L RGE s SCRAICFe 00 B2 3%, B 2
TR R, 1T fofs_sch & schedu_task™ . timepiece_
sch @ schedu_task™ . LW ARG s N Xk IR
IR [ Ry 8] BE ANl 2 75 5K Ry

@ M = = (schedu _ task ( priority _ sch) —
(schedu_task ( priority_sch) N schedu_task ( fcfs_
sch) N\ schedu_task(timepiece_sch))).

R A 73 i 5 R L 75 3K Ry 72 Ry 9 — A0 il
TR TR Ry &R G800 SR 0l 2 775 5K R, A7
TEI F RS s R T 0K Ro s Al R 241K R,

Y5 deriveReqt 7 2 W) 45 ¥ J& 1 25 L), decom pose
KAEWEA B BRSO R AL 28 1.

5.1.4 ¥fk(refine) K RiE X

EX8.  WiliRR A Po=(pr Aps Ao A
Pu\ Dot N po)s n=1em=n MFER R, BXFERR,
AR AL 24 HA 2

(ODP, =@ ANgz2 N Nqg. N\ poii N\ p)sn=>1,
m=n; el .qrsqos g R > pini € 1o

(2) (2 (pi>g)) i€ 1, n A5 2.

MR € S 25 (D B WA Py — Py i
S AT A (2D L W (= (P> P AL A2
WA deriveReqr & Z 18 3 45 3K Ry 2% i 5K R,
AL I AT R Ry bl fiok R, . 5 H KR
FhL R TR R RGE S S HALE Tl 275K
RAEGHES S, .l SICS, A& AT oK

iR Ry« RGEHT EA R348 3 SF ML I T
P A

iR Ry« 28 G0 i Ak i 4G 00 2 .

BT K Ry R W43 A5 A6 -

P, =wing_test(x),

P, = fault_test(x),
Horbr 2 O B i 2200 18T fault_test (o) /R 220
x PTG I. wing _test (x) TR XTHLE « AT
Tl A

E U 5 4 P={ fault _test,wing_test}.
FRZBE GRS (F.P) L —EEHEIM ., M
TR THRGE s RYE s i 8o U AL -

(D wig, A={flap,slat,motor};

)RS fault_test™ = { flap, slat, motor} ,
TR RS s fe e XT3 | 4% 3 DL S pLE AT kR
ioRlllB

(3) wing_test™={flap,slat} , TN RG s AEME
X R | G B AT R A I

B wing_test™ & fault_test™, 472550 x BUHE
N flap sslat B AERGE s FAK PO, 25
P,y E. WA

ME,wing _test(x)—> fault_test(x).

MARTE x BUE N motor , x € fault_test™ , TR
R, fault_test (motor) N E AP RSG s i 7=
KRR, & wing_test™, I TR R B K wing _
test () AR » & B XF Hi AL 94 0 B A6 00 AS T 75 5K R,
AR LN AT
ME oo (0 (faudt_test(x) — wing_test(x)).

HRAE refine XK il LR REXN TR R
KAk T oK RORIE T75 5K R, o 76 I 5 5K Bl 1 b 58
TEBAR AN T /R RORYSEBLYE L HERR T Ox)
HL AL A A 0 5 5K

Y deriveReqt & W S50 J& A re fine K
FAEA SCE BRI AL 3 1

5.1.5 Satisfy X ZiE X
EX 9. E X Ch AADL £ B o 44 {4 1) 4

# SR Ny i K& A WAl OE R Satis fySC X
SR. N3 Satis fy(x.R) ,Fm AADL 4 » 53K
R A%,

EX 0. HATR RE L Msa, RO HNTH
5K R #HKEH) AADL # 4 4.

(D) Msuisry (R)={2,€C[(2)};

(2) theory = Satisfy(x; v R).

WE 6 TR s My, (R ICER L RIEH 2
B TR R,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

AADL Model @

K6 SHFHRMIKH AADL # L E
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Bl
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L
&

L5 SR A B 38 BR G RN [, AT 2 G R iR T
i oK 5 BT [E] 38 BROC & L SR 2 i i b B 2
an A S A R . B
(theory = Satisfy (xy y)) — CabstractionLevel (x,
Den_level) N\ abstractionLevel (y, Req_level)) N
higherAbstractionLevel (Req_Llevel , Den_level).

Satisfy RAEMEH EYES deriveReqt 5 F
ol RIRE A S 3 R R B R A B T AR SO 5T
Fook UL 0 Satisfy % R R BT
S ACIS R Y Satisfy & . R, A% e H (&%
FFE.
5.2 SysMLEXKBRREBEREXANESEERX

AN GE

3BT SysML 3 SR i 38 85 5C AR 1K 3C. sk 2 Fr
N KB SR O R BN G G R YW IR AE 2 A
s by 5K IA) RS AL L 20 il OC 2R AL RE HE 5t R GE 4R
BRI E R AR5 AL 50 R O = A R
IF) FRORS A o0 ik O 2R T B 5 OC R R A BE S2 31
BB G 2R 0 A8 o ] S A S ARG 0. Sy o AS SO R T
NARRATIBER R R ME T HRE . £ 5 KR ML
Ve i B B

®2 FRE@MEBIRXRIEX
#KR=(P.S
X

(1) (P1—P3);

oK ] 38 B G &

deriveReqt (R, .Ry) (2) (o (Py— Py AT 1 =S5, CS,
SAEPi=(@ N A Ng, A
Pus1 N pw)
refine(Rl ng) P2:<Pl /\PZ/\”./\P”/\ <:>S\C.Sz
Put1 N\ pw)
(D) gi—>pisi€lyn;
(2) (= (pi—>q) Al i &
decompose(R1 ,R3) SDPr=Pz A AP =S,CS,

(2) = (P;—>P) Al &

PR AT SO SR OC R G L T O R AU
it R 2 H] A 32 4 G R ARG A B R AKX P2
[ 1) 56 21 . A AR R0 43 it DG 2 5% 7 3R 24 =X ) [ 11 56
RUAT T 200 A6 1) ) 1932 48 56 R AR X R
PS5 1. NP AR B A TEAS T R I A
3R CNF 24 3004 AH A ) F A0 A 550, A7) B 58 6 &
FRE T RAXNPETA ¢ B TIRF R
KFH) poq G BREMT po. W FAEED K
RIS TE R T80 LR E 40 75 K 191
AN TFIET R B F A A B0 ) TR A G R
KT A3 T SRR AT BT 5 R R R A A
.

PR 2 206 & 19 15 18] 58 6 1 3A AT LL gk S
eI ) ST BN RCIICITER &= S D YL F/AS:N
s 20T A) E] 32 A G &L B4 i) OIS A £ S 4R
Num_Set :{ part_all ,all_all} §5RTE KT A]EHY
B R R 8 SOGRARTS4E Logic_Set: { part_imply .
all_equal, imply | i 38 24 B 28 25 ) ) 1) 32
KA.
4 Logic_Set AT IR IS LINF »

(1) part_imply(Py Py HE R 55 5K 2 2 74 ]
Mz &R AR Poh DR AT 4] PLLP;
WEARX P, PRT A P H PLS PIARSAM

(2) imply (P, Py« $i 38 75 3R A o) 1 2 1% ¢
. AKX P BT HAFENT P AKX Py iy —
TR PP EEAXP, hETH P H P 5P
AN 5

(3) all_equal(P,,Py) : {75 3K A 2+ ) [7] 1
GMAR. MHAKX P EE T P EAR
P, h RS AE R 5 Fh) PS5 2Z A

4 Num_Ser W& 151 (195 LA0F -

(1) part_all (Py, Py« 43R 5 3R 28 27 ) 1] £
HBHZLREA. HRAX P T HAEUNT A
P,y A E s Ah A P AR T P
TEA S P, #AFAE J A8 58 1 F 1) P 5 2 R
BT P A ST P

(2)all_all(Py, Py« $ili il 5 2R 23 20 /) ) 2 i
MEMER. IR RAX PP Fa 55 A
P, F A SO A8 A 6 X P AR
W) PAER P PSR R e T P S Z AR
BT P A T P

X265 1 A R IR P

(D) part_all,all_all, part_imply.imply DL}
all _equal & FZ I HA L

(2) part_all F all_all % Z BH 5 JFME;

(3) all_equal 1 part_imply R REFG H R

(4) all_equal Flimply 3 F7EA BIFH.

BT EIRETE AT S 0E L A TR KRB
K F SN WL, 5k 3 B

x3 BERXRIALXKXXRZNEMNS
deriveReqt (R, s R3) Simply(Py,Py)
refine(R, ,R») Sall_all(Py,Py) N\ part_imply(Py.Py)

decompose(R1 ,R3) & part_all(Py,Py) Nall_equal(Py,P3)

WG deriveReqt 5 % W15 X, 55 18 deriveReqt
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(Ry R Simply(Py Py s iR K H] re fine X5
TS AR RoKiAL T K Ry A PO #H T4
X P, iR or 1 a) . A ] 5 A A BOM A HoA T
B BT po TR B E AN EN T s B
refine(R,,R,) & all _all (P,, P,) N\ part_imply
(P P,) s RYFET R[] decom pose e F 18 Lo 477 K
R fi Tl 5K Ry IR A0 P2 KA PRy
—#Br . Bl Py TR EUN T P TN E H P
hE) & A Py bRy T A A S B 7S F)
decompose(R, ,R,)& part_all(P,,P,) N\ all_equal
(P,,P,).

R 2 2O AR 0 1 1) 24 2 TR] ) 4 S ) 2 5 SR
() &35 38 B G R AME T A LA L 0 MT 8RB Num_Set 5
Logic_Set ¥4 ¢ il ) S Ho A 5 4% 0, w] DL 75 3]
LU (RS

(1) part _all (P, P;) N\ all _all (P;, P;) —

part_all(P,,P;3);

(2) all _all (P, Py;) N\ part _all (P;, P;) —

part_all(P,,P;3);

(3) part _imply (P, Py,) \Nimply(P,, P;)—

imply(P,,P3);

4) imply (P, Py,) N\ part_imply(P,, P;)—

imply(P,,P3);

(5) part_imply(P, ,P,) N all_equal (P, ,P;)—

part_imply(P,,Ps);

(6) imply (P, P,) N\ all _equal (P,, P;) —

imply(P,,P3);

(7) all _equal (P,, P;) N\ imply (P,, P;) —

imply(P,,P3);

(8)all_all(P,,P;) N part _imply(P,,P,)—

imply(P,,P;y);

(9) part_all(P,, P,) A all _equal (P, , P,)—

imply(P, ,P).

BT R R B A 3 R i DL Al i 22 53X
KA IH 3 2 ) g S N, o RLA 3l e S
SysML 5 3K [] B3 & 1 18 1] 38 85 ¢ &, b, i 75 #
X i 2RO FR Y SC— BUME AT AL IR R OC &R Y TR
SO — S 45 952 SysML 75 5K [8] 77 78 1) A ] 28 7Y
BB R R M AT S,

M-S Num_Set 5 Logic_Set H1 4k R 18
i) N F2H A R O0 o a] DAAS 2 40T 4G g6 BRI

(D) part_all(P,,P,) 5 all_all(P,,P,)iE LA
4ﬁ'

part_all(Py, POSE A Py 5 a4 %

INT A P BT RIS T all_all(Py, Py) KRR
A PP TR EEE T AR PP A
B P W IRAFAETE Lo 5

(2) part_imply(P,,P,) 5 all_equal (P, P,)
A2

(3)imply(P,,P,) Y all_equal(P,,P,) 1% XA
— .

part_imply (P, P,) K imply (P, Py) #i i iy
RARZAMEF KR HWEHRNAA P Y
P, ANEEMY I all_equal(Py , PO W FRIRH AR P,
5 P, Z RS K &R B R AR TR SO 8.
5.3 SysML &3X5 AADL 4 E I i B X R4

A

#r AADL M 1F 2, 555K R A7 7 — 45 Al il 2
IBEREE Satisfy (2o R) WKW AADL M = 5
RR MK 25T SysML FR I8, B A 5 6 oK
R [a] A7 75 7] 3l 238 BR 6 1) AADL W PR R i T 4R &
My (R G TRILFAE T i R S 8 T

X MRS DU R T g
AADL #5551 AT5 SR At £ 75 5K 1] 19 38 85 OC &L A,
HET SysML 5K C &K . T Lhgy ity AADL M 1 5 i
SR ) AT 6 A2 56 28 1 24 SRR U] L 3 29 RO R AE T 5
TR A CH) AADL #4742 & S SR 4E K7 1 SysML
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Background

Requirements traceability has been identified has an
important issue in safety-critical system. In aerospace, nuclear
energy and transportation, the new standard for safety
imposes a full traceability for requirements, their modeling and
validation. As a consequence, requirements should be linked
in a bi~directional way, with the design model and the validation
activities. Current research on traceability has two main
problems. On one hand, it mainly focuses on the traceability
between requirements and source code, there is a lack of
research about traceability between requirements or between
requirements and design. On the other hand, traceability
information built by major ways such as the recovery of trace
relations based on information retrieval has low accuracy and
completeness; it usually can’t be effectively applied in the
development of software in safety-critical areas.

In this paper, we propose a semantic model for the
traceability information between requirements and design based
on predicate logic, and describes the system requirements and
software design by two widely-used standard languages

SysML and AADL, respectively. Based on the semantic

model, trace relations can be automatically inferred and
checked, and the accuracy and completeness of relations can
be guaranteed.
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of safety analysis, extend the application of traceability method

and technique in safety-critical software development.





