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Abstract: This article is a study about a knowledge-based complex system safety risk model. First, a know-
ledge representation model of complex system safety occurrence cases is presented. Second, the uncertainty of
knowledge representation as well as the requirement for uncertainty quantifications by the safety risk decision-
maker is discussed. Thus, a knowledge-based system safety risk model is presented, where risk is a function
of loss probability, loss degree, and loss uncertainty. Then, the modeling method of the proposed model is
given, and an instance to demonstrate its application is provided. Finally, the model is used in the safety risk
assessment of a civil aircraft flight operation. The attributes of pilot age, total pilot flight hours, and pilot

flight hours in the past 90 days are selected as risk factors to assess the flight safety risk of the pilot. The as-

sessment result demonstrates the validity of the proposed model.
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Fig. 1 Phases of system safety occurrences
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Table 1 Knowledge representation model of safety occur-
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Table 2 Knowledge representation model of safety occur-

(1)

rences of a certain system
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Table 3 Safety risk assessment of States 1-2

Lo B WA 2
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Table 4 Safety risk assessment of States 3-4

/NI PL 0 PL—0 PL+0
3 65 0. 291 64. 709 65. 291
1 65 0.278 64.722 65.278
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Table 5 Pilot aviation safety risk assessment

R RO ©AT 1 2 5 B i B RAT % 4 KB PT-A 25 1
C m(S)

HeF o o S=2 5=1 = Miotal P L O(L) PL PL—¢ PL+0

1 421 2 20 3 25 8.800X 1071 27.27 2.898X107' 2.400X10' 2.367X10' 2.433X10!
2 531 1 10 12 23 4.783X1071 27.27 2.335X1071 1.304X10' 1.278X10' 1.331X10!
3 4 1 1 15 230 246 6.504X1072 21.88 2.272X107% 1.423X10° 1.397X10° 1.449X10°
4 422 0 7 830 837 8.363X107% 10.00 8.683X10"* 8.363X10 % 8.265X10 2 8.462X10 2
5 32 0 3 534 537 5.587>X107% 10.00 8.874X10 * 5.587X10 % 5.486X10 2 5.687X10 2
6 5 4 1 1 6 5 566 5573 1.256X1073 37.14  9.969X107* 4.665X1072 4.552X 1072 4. 779X 1072
7 111 5 61 35 779 35 845 1.841X107% 24.39  3.492X107" 4.492X1072 4.452X102 4.531X10 2
8§ 311 5 64 37 451 37 520 1.839X107% 23.77 3.339X107" 4.371X107? 4.333X1072 4.409X10?2
9 533 0 2 604 606 3.300X107% 10.00 6.427X10"* 3.300X107% 3.227X10 2 3.373X102
100 423 0 3 1598 1601 1.874X1073 10.00 2.981X10* 1.874X1072 1.840X10 % 1. 908X 102
1 3 21 2 6 66 119 66 127 1.210X10°* 57.50 1.184X10°* 6.956X10 * 6.822>X10 % 7.091X10*
12 4 32 0 5 8 368 8 373 5.972X107" 10.00 7.362X107° 5.972X107% 5.888X107* 6.055X107?
13 4 1 1 2 58 088 58 091 5.164X107° 73.33 9.518X10°° 3.787X107% 3.679X10* 3.895X10?
“ 211 4 52 696 663 696 719 8.038X107° 23.57 1.609X107° 1.895X10% 1.876X10* 1.913X10?
15 551 0 3 17 720 17 723 1.693X107% 10.00 2.695X107° 1.693X107* 1.662>X10% 1.723X10°°
16 4 4 1 1 10 187 879 187 890 5.854X107° 27.27 2.972X107° 1.597X107% 1.563X10* 1.630X10?
17 4 3 3 0 2 16 004 16 006 1.250X107% 10.00 2.436X107° 1.250X107% 1.222X107% 1.277X107*
18 31 2 1 20 362 674 362 695 5.790X107° 19.05 1.558X107° 1.103X107% 1.085X107* 1.121X10?
19 112 0 19 215 054 215 073 8.834>X107° 10.00 5.589X10° 6 8.834X10 * 8.771X10 * 8.898X10*
20 2 2 1 3 30 1306466 1306499 2.526X107° 27.27 7.403X10°% 6.889X10 ' 6.805X10 * 6.973X10 *
21 313 1 9 850 447 850 457 1.176 X107 29.00 6.558X10 6 3.410X10"* 3.335X10 % 3.484 <10 *
22 3 31 1 2 839 536 839 539 3.573X107° 73.33 6.586X10°% 2.620X10* 2.546X10"* 2.695X10*
23 21 2 1 16 1741781 1741798 9.760>X107% 21.18 3.229X10°6 2.067X10* 2.030X10"* 2.104X10"*
245 4 2 0 2 128 189 128 191 1.560X107° 10.00 3.042X1076 1.560X10"* 1.526>X10"* 1.595X10*
25 3 41 0 1 93 281 93 282 1.072X1075 10.00 2.956X10°% 1.072X10"* 1.038X10* 1.106X10"*
26 3 2 2 0 2 639 223 639 225 3.129X 1076 10.00 6.101X1077 3.129X107° 3.059X107° 3.198X10~°
27 2 2 2 0 10 3266236 3266 246 3.062>X107% 10.00 2.670X10°7 3.062>X107° 3.031X107° 3.092X10°
28 55 2 0 1 407 636 407 637 2.453X1076 10.00 6.765X1077 2.453X107° 2.376X107° 2.530X10"°
29 113 0 10 6918155 6918 165 1.445X1076 10.00 1.261X10°7 1.445X10°° 1.431X107° 1.460X10°°
30 213 0 10 9173 458 9 173 468 1.090X1076 10.00 9.506X10"% 1.090X10"° 1.079X10° 1.101X10°
31 4 5 2 0 1 1975086 1975087 5.063X1077 10.00 1.396X10"7 5.063X10% 4.904X106 5.222>X10°6
32 4 4 2 0 3 6388260 6388263 4.696>X1077 10.00 7.477X107% 4.696X107% 4.611X1076 4.781X1076
33 223 0 417 202 227 17 202 231 2.325X1077 10.00 3.206X107% 2.325X10°% 2.289X106 2.362X10 6
34 4 4 3 0 2 12212 855 12 212 857 1.638X1077 10.00 3.193X10°% 1.638X10°6 1.601>X10 % 1.674X10°6




i

¥

Eird 531 %

Y,
-

4.2 R{IREREITERERSHT

W (3 133 Bk 42 RO &S % 4
JRURS: B FLHE P (95 Y0 19 A B 3% 5 Tz, Ho X
B A R AN % 6 iR . FR PPN 45 S T

(1) 2% 4 R 55 ML IR A 22 o) 7 78 AR 4R 1 5
R LK TRAT S A KU 1 43 A IR B AL AR I
T 2 55 (10 184 00 17 24 3 AR AL

(2) X426 5 A KUBS 40 A 4 B 47 B AT K
YL B, C AT e R E LK BT
6 A 8 ARG [ B i PO Y R AT A R
M BEI REAG . BPRAT R RS SHLK BT A
B MGR W RAT S0 Z M AE e 5 I R X &R

PRI R AT 22 4 AU 6 TR S I R L 43 A
BEZ MU AR R 5200

(3) 5% 5 Al H1,30~39 DL F 40~49 4E Y EE
AL L AT S SO BT o LA e KL SR T I AF
BB CATIE S Wl o, sl % 6 v LU
HLETRITE KN T 5 000 KAT/ANEFOALK . H K
112 WK HEY ly 40~49 2 >29 % DT >30~
39 %5 BV RATAE 5 000~10 000 KAT /NI Y AL
Ko, H AT 22 XK HEF o 50~59 % >40~49
B >30~39 ; MKATA R 10 000~15 000
®AT /NS LL K 15 000~20 000 ®AT /N B HLE
HoRAT R 2R HEF ly 60~69 % DL | >50~59
B >40~49 %,

x6 TITRERNBRHHER

Table 6 Aviation safety risk distribution matrix
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c2 =1 =2 =3 =4 c1=5
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1 7 19 29 14 23 30 8 18 21 - -

2 — — - 20 27 33 11 26 35 1 1 10 - - -
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