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Abstract: Signed directed graph (SDG) is an effective description of large-scale complex systems, which can express sys-
tem variables and their cause-effect relations by nodes and directed branches. In recent years, the research on SDG has been a fo-
cus and obtained a lot of achievements, especially in the area of hazard or safety analysis. After reviewing the background and
up-to-date developments of SDG approach, a summary is given, including some major problems in SDG study . Firstly , mathemat-
ical formulation and three kinds of modeling approaches of SDG (based on mathematical model, flow chart and experiences) are
introduced . Then, the main results of the research and applications in hazard assessment and fault diagnosis are presented, and the
advantages and limits of several methods are discussed, in which the key problem is inference methods and their efficiency . Final-
ly, the prospects of SDG are proposed that many aspects should be researched in depth such as introduction of quantitative infor-
mation, the inference method and modeling automatically.
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1 3|5 (Introduction)
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F), FE AT R
2 SDG RHEE#KF % (SDG and its modeling

approaches )
2.1 SDG 2 (SDG model)
2.1.1 7E SDG #E! (Qualitative SDG model)

Warfield' ! 76 % B¢ 5 2 45 4 A 200 ik PR w3 6
FoR & 5. Andow'?! 25 A BT P B9 4R B AR AT LLE AR
SDG 4fE7% . Lapp S A 2 NPIZERF IS BN B 4
B AR (Fault tree) B9 77 VA B, @51 T A ) EIAERY,
F i A R A

i M A BT SDG ML=k E X, R
FREAR MM SRR RGUIRES . SCEk (6] Fn SRk 7] 4
X} SDG I X KR T

EX 1 SDGHHR v 2 SDGHME G, 5%k
o BAE(Gy, @), Hp

i) HmE Gy Hﬂlﬂl%‘ﬁﬁv\éﬂﬁi(%,flo,a* ,37)

a) WEHESR No= lnina, v n,ts

b) 3‘5%%% Ag = fahaza'“,an};

c) ABHRIRAF

It Ao — No(LHEHLEIRT R ,

37 : Ao —> No CLBEMIZIETT ).
TR R R RN — B IR LR T N 9%,
ZET 5 97e;.

i) B p: A= {4+, -1, HP o(ap) (a; € Ap)
AL o TS

SDG i % T~ s 18 T 5 X (BR A 1)
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()b(nk) = —> g Xnk - X"k = €nk'
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EX 3 BEHAR ¢ B SDGHEAE ¥ = (G, ¢)
ZEF"
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BIREAS ¢ — BRI a8 o, (b = 1, , K) BiERT,
e ¢(a+ G1)§0(01)"'§0(GK)¢(3_ a,) =+ W S
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2.1.2 #E R SDG & & ( Semi-quantitative SDG
model )
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FHuk E R 12518l A PCEG (Possible Cause and Effect
Graph) #{25 .
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Fig. 1 Membership function
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2.1.3 SDG #=EIH L (Simplification of SDG model )
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2.2 SDG ##& 7 & (Modeling approaches of SDG)
2.2.1 ETFTHFEHEE B & (Approaches based on

mathematical model)

Umeda T il Kuriyama T G AN A THTER
Ber BRI T B REH € BREUEE R — B M4
FR,PINRGHEE n MRELE

dxéit) = fio(X1(2), X(t),, X, (t)),
X (to) = X%, (i =1,2,,n).
Mg H R R 40 TR

Xl = X7+ f(XT, KR, XD,

t=1,2,,n;
m=1,2,,M"

M2 B LB 24 SDG. SDG
AT RO T R AR B, T T E] Y S BT SR T
Xt A REsRAR SRS . Bl X, F1X; 7E SDG H 43 5%t
BL n; fln A4 n, By BXBEHIFFS G BT
5E :

Xi(tm) = X;ny

IX.
Gy = sgn(a—);;) .
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ot R PR
2.2.2 ETiHEEARF % (Approaches based on flow

chart)
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2.2.3 E T L3 MIRH % % (Approaches based on

experiences)
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3 SDG ERLZITM AR A (Applications of

SDG in hazard assessment)
3.1 SDG #EITEH % B) HAZOP B R h
#34% A (Function of SDG in computer-

aided HAZOP technology) .

eV R DR BE 2 200 B Y, & I
Bl F Tk, MR GERY A EEXT Tl
A =Bl TAR I i TE M e e B fa e vl BB
TE BB R AT BRI TRPEAY A
4 5 977 R P T o R AR AR T 22
SV RIITEAR 2, fa G R0 A] #R AR 1 4 B
HAZOP(Hazard and Operability Study) 2 H:
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NLH .

Venkatasubramanian' ") 7% 4% 1 &
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Jik R T 46 L #2 HAZOP 73 4, iX 2
HEHHEB Z 2 WM AR — B F
B, At OB IZ BRI 1358 F Petri B 7
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Tk B 5 A H 3l HAZOP B A AU ik .

AN BRI R A AR B b, HE TR
MAREH RN R4, WA E s R ARE R
T RAIE BRI ETIRER L, BREKR. 3R
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B, WERFFR 2 51847 IE U R T RARN G
SAENRAEIER RN .

HAT, AR T RERHTFE T — TR
SDG @ HEF 5 {5 B AL M B4 F &, 7 SDG &
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P& IFIEFEF R H— .

B, P
HAZOP (A& | IHAZOP-CAD]| H¥/H g g
4678 CAD w5 s LR
e T
xRk || sxgrs | |TREE
e | | s
\ \
rei| [ e
SDG o | | s
{ | |
|
PN
o
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SDG A EITH LM T A FE BEK
BRAR, SRR HH#OV SDG I 57 42 ik #

3% , 8O LA SDG Y — M fEHREs RIS
3.2
approach)

ETF SDG By HAZOP 75 i% (SDG-based HAZOP

Venkatasubramanian' " 45 JF & 7 % F 1B iy
Befk & 2 M 8 R 55——HAZOPExpert. % & 4
HFLEREE G2, KB L4 HRA R, 2 8lkb
P AR Tolk i A AR (s R B ooisi Al ) 5 Bk
W& Mt AR AR HR (LG 9 M 0% A & P&dD 15

A), e 2 prxlel,

SDG EERIR I T AR B M 2 ok &R, R0 3R
IEHERSAF G ROELSBIMA SDG R4, 2
1 HEF R AT A 52 i, HAZOP. SCHk[ 6] HL#:7E SDG
H g ABERIE T i ——AR IE % R SRR S

B 2 IHEHLEB) HAZOP 77 ik
Fig. 2 Computer-aided HAZOP approaches
4 SDG 7S B A9 R A (Applications of

SDG in fault diagnosis) ,
4.1 KUESERBXBEELATHEFOUFEZSHS
% (Fault diagnostic method oriented in searching
maximum strongly-connected components)
4.1.1 ETEEREAROEEISE A % (Falt diag-
nostic method based on total pattern)

SDG B BT 70 A%, HEE] T —25)
P50 40 A T 4R 2 60 Warfield' 7 AT ik 4R M R OR &
S5, 3T BB AMEE 8] ; Andow 28 AR T — Rl
B 5 LA P 5 Al AR R 1R O v, X 2 SDG Y 4
JE , 33 AR TP SR T H AL T R A SR, BIE S
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BT 7 1 A5 1) AR RY, 3 ph A Ak A
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Ii M &AL T SDG M ™ & S, 10

RACBRR T W BR N TR R R4 AN FEIEE R
AR R - 25 R B (CEG) B AT L4 5 T4 1805%
BRITOX BRI TR BEE—REES
JG) , T EEIR B T CBG MR KIRE @ e, B
DABCRE S W A S B B R SRR KSR E T
(maximal strong-connected component) FJ 5] &1, L& 3
BB+ . 1 T REE R A 2 AR BERR /DN, BT
C DMREE—RE T RBEREME—, X FaREH

oA R AN AERBRT R KIRE BT R

— {9 . Tarjan ) () TR B A S8 50 5 R T 4R K38 8
BITHAAROT I, KR (15 ] 4 i T B R RS2
BL.EAH A BT LA9r 0 5 % SDG B 08 3 2 18 B
TC R SR 15 1 BT 2 AL R R R AT AR K IR E
BT .

PR E A G

B 3 CEGERIREREATTHB T

Fig. 3 Example of CEG graph and strongly-connected components

Umeda TN ER FREN A LR, B
T ZBr B SDG Fik B ALK R E RFRER,
UED a2 Tk B AR RS ST RH
M+ B AR TR T s BB E R RGN
AR K, MAERE TER, MUERR LK
J& AR A A RO 5 RV 25 3% B9 2 W s n 2
WEERET, S TH CEG B i
TUFIRE 55 7 8 H T Z [ B R PP 6 RPN R4
HEREA.
4.1.1 ET oA EL B 7 % (Fault diag-

nostic method based on partial pattem)

FHEMR R REH T2y E, i
BEARIETE , T SERR A A B 43719 s R T i, 2
UTFLEE T B A B U RS W 7

B B AR B B B SE X AR T Y AT R, R
JatE R 2R A BT B R BRI, B R i e
BHREREELNERSERBHE R A TERAR
xR R AT R AT R, B LA SRR AT 35 45
HH M A NEEFT 3Y R, Sk [4,5] A TR
BHRE, AXMEENTTERRBAN. #ERE
RAHEHSERE C;, WRARIBIH T BRI TRE
G

C = U C;.
ﬁ%i%ﬂ#ﬂﬁ&mé#$%#?%ywii
BR(4,5]45 H BB 36 R B A BRAS 7T I 45 i 0
BT TR E R RN,

4.2 SREFREASBIRAEEILH 7 & (Fault
diagnostic method oriented in searching consistent
rooted-trees)

ERBEAMWAMTT BRET SDG K 2
TR B IR, A 20 42 80 SRR LIR  7E M
il bR EESA N AERRTHE SRR,

B %62 O’ Shima E 1 Shiozaki J % % 5 ik #47
THGE, FEZANTTHEBUS T S .

Shiozaki % A2V 4 Ini i AE b X8 B 47k
# B AT QSRR A (R BRBR AN R
FBRRFFS BB IE 3 4~ [AE HER s iR

Shiozaki T % AR T 5 % SDG AL I
S, ANTRSCHHERE . FEERE T HAER
#” (consistent rooted-tree ) AL 3. N R M FE—A4F5
HEBIGAAR AR E R, IR A XA
A MAERSBA R T “HAERK” IR TR
“HAARR BRI S BT RS F RO EE B
TCR RSN, AN 8 T — MRS E LR
L RE TIHHRBEE X ME A R RN
AR Rl R BT B8, PR A R SR RS R
REHEER, Mbinic, BRI A AR S #HEAA
X AR A AL .

EFEZRAHNE RN RBR L) #17 THEL
WIS SL 5, 5 R B, 174 % B {1 ( threshold ) LA %
A BB R SRR TR 2 W B0 5 51
$ EEBSIAT BEHEAS S5LW, SHELFEAH

6,85 T LA AR, W08 4 Fis . 3
ﬁDﬁE%TMMﬁﬁmiﬁzﬁ.

|

AT [ A i s | -

L | (27
! i
|z |- #an/l |

B4 TERNERML & LHRL
Fig. 4 Diagnosis system combined with online and offline parts
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4.3 Y FREBEISHET A % (Semi-quantitative fault di-
agnostic method)

BT SDG HHEREJ5 ik B— b AL B 07 i, B
KBRS BTIRZ, R E 5 A—L5E &M
WLEEEAMERRES . 4N, eSS o6
H— 4% B AHF IS 1R L ] —9 RAEA TR AR
g F B RATRREAFM, DL BT RER
PRGN — LB I AR A N T Mg 2 (), 1
W45 HL (fuzzy set theory) #51 A SDG ik .

Yu C C%U0FR R RBUK R 25 3 25 10 iR |
AEMER) SDG BEAS. 7E 1 s W B AT 48 °F , 7T BAit
B HE 2538 B AH 25 B (degree of consistency ) , Bl 32
PRt 25 SO 23 A —BOME . 3 — IR IR I AH A B
AR SDG B I irfa X i h B/ HEASEIE . i
AT RERYBE R B, B A AR 2 B U B B RN
R YR A AT A4 R O e T R & A A ) B
RIS , W] LIS B e IR R P RBME O HEY X
B LU EHEHE T — 8 RS RART |, i
BT REXA B EERE T —MEE, XA
B REATEN SDG WREMEE /EERRHET
Wl Ry R B 2 RIS T i B . SCHk[ 24,25 ]
Wiz A E] T AT L.

Han C C %!%! Wang X Z!%"!, Tarifa E E'®® %
WA SDG WMk 7 T i T A TAE.

75t , SDG J i 5 Hof iy B i 45 A B 2 B AT oE
FEHI— 1] A0 Vedam! 2y SDG 5 3 44
WSS & 07 1, Tsugel® 42 B4 SDG 5/ 434748
RN, IET SDG W E 2R T T Frid

iy

Xt 2 0 PR R AR T 9 1 B, SR [ 32 ] 0 SCAR
[33]4 SCHRHEAT T #125 M 5E .
4.4 SDG TE#RE 2 i L&Y R FA 185 (Applications of
SDG in fault diagnosis)

TEHIS T HIFERY L, Kramer M A 25 AP435
T4 RARGHRMHRIET SDG BB LW &, X
RE B AL S A0 4a] B SDG B 20 2 <7 4 FH A0 U 64
TR, A BRI 45 R SDG #E B By R B . Kramer 23
H T B SDG 57 # 0 #) — S J7 3, 355 iR s i
H AT IE] %\ A% A S B R0 S AT ORI 59 o A A R
R URRH SR ARG HTREEEEEMAR

Bamil, X BRI F T REN BB ERZEAR
Ry, X T SDG M HEBE N A A T &2 HIR. A
P R Py 3 g w2 [ R Y L B 4 5 TR Y
4551 T A, Chang C C RIX— B NET
SDG M RIS W Iy i B BLAR AR AR 12

ATE LB BB F B PR i B 5L
IO B, T 10 43k, 2 BT K2 LA Venkatasubra-
manian 55 AR SDG Jy ¥ i) 58 3 F1 1Ll A6 B A A s
T BE RS AT & KL R I T R 4 Dkit, 2
HERERALE QARPETH, HRATEH
BRIy 1163 1097 SE TR IS, 2 E KBS
AEFRT “F—RIBERRE, FEFE4ES
#1415 B. &4 AEGIS( Abnormal Events Guidance and In-
formation Systems)” , 54 B B b 55—~ S i AR BY
Tolk 3 78 B9 2 W &R 4. It 4b, Vanderbilt K 2% Y
Padalkar 871 K R 1 1422 5 JF & 89 IPCS.FR4S # T
K2 Oyeleye! ™ %7 R i) MIDAS R4 425 A
RIS W R4
5 B4 MERE (Conclusions and prospects)

X F SDG Jy ik RIS G 5, SCRR[40,7 14E T #E
FEME B BB, SCHR[41,42]%F SDG ik BB Bk FE
[B] 3% R R AT S [ AT T B

RIS W= 7E I 58 R, 0B SR HEw | SR T
REVNMBERFEBITZR, WERTH FEH. X
MERBAITWAR THEESENE . X TLE,
HENHBEEN BN, FEHX— ST RENT
AR AR R IR R, S B4R 55 1) | % F
WREESHT, REFE MR FTENEZHAEER
B IPR RS AR AL, JF R R TR R
FIMESS | AT SRS B A EEE,
SERBOREXRR, T S EEAS R A
BRI, AR T e R iR R E B A B A 3R
FA RS W o) R B

*XF SDG IR M A RE TEZEM, FELL
HEFE R 3N .

1) AR E]RAWE . € BRULR RS
PRV HZE, R SEENEHITNENES A,
AT LARANE TR .

2) HE TR RS HERE RN BEE
SDG J7 80 A SEBR B FH B O T30 B, 7 B 40 3 Y
BT

3) IRV HE TR AL, BiR
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