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Validation method of emergency deduction rules based on cases
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Abstract: In order to improve the utilization ratio of emergency cases as well as the suitability and accuracy
of the emergency inference rules, combining the emergency management and knowledge management, this
paper proposes a method to verify the applicability of inference rules by similar cases. It takes the general
knowledge model as a foundation of scenarios, common inference rules and cases. Firstly, this method uses
the current scenario to match emergency inference rules, then extracts the matched inference rules. After that
those matched inference rules, combined with the current scenario are matched with emergency cases; those
matched cases are used to verify the extracted inference rules by deduction, the valid inference rules are used
in scenario deduction to provide decision support for scenario deduction of emergencies. Finally, the debris

flows happened in Qipan gully in Wenchuan and other places validate the effectiveness of the method.
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Fig. 1 General framework of validation of deduction rules
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ARRAET N Ry, — IR VT AC T A 9] 15 7 2

6 HERERMMIEIE

6.1  ET R HIAYHERFL 58 iE

RRFMRAREYIEE I 248, {5 BB A7, o758 MU 35 F 90 BBl R R 4 /0N, DR I 7 T 6t
SIS 1 S5 IR 5 B IO N (403 P PR AT IR IE. 1T 5 R T T U 2 B P SRR 7 5t A S A e
3R, DRI, SR FH ARALLZE 481 %o HH 5 A0 330 4T 56 0E B — 52 O A B AN AT AT

N B AL 50 DU I FE R B 24 A 5 SRR B A HESE N Ry, S0 5% =91 DL AC i 7215 3
IR B S5, S5 o HARIS 3 T4 SO, v € [0, 0], 4t B AR B B I F

I 1 K HR I HETE U AR B AL B, B Ry, — SY = {SK1, 8K .. S8} 1 <
h < o, Hrh Ry, ARFIREUEE b AMHEEI, S5Y AR Ry, IEECHRIIEIES v AL A,

HIB 2 NS EE. X F Ry, 1 < h < o, 854 S5, 1 < h < o, HURBEAT R Fy N\ Se il 4k,
B ng -af = “287 1 < a<al,1 < B < ta, BAXTHIEARIZE o NMIRICHIEE B BRI Etk, HE
‘Mt?%ﬂa%j b,

2 3 R Ryt A9 = £.(AL) ”%iﬂ%m)ﬂumﬂqﬂ%m\m)% A, 30— 3 2 S U Ay e 2 1R T
@;uwmlm B ng - ag = “yp7,1 <0< 0,1 <y < ty, RARX Ry, FrHHIIEE 0 ANFRITINE v AN B
PRSIk, R MEIRSE R v, .

HB 4 RIRLLEL 4y BES R0 % B PEBUE py, SR EARBUE KA, BIABLZE B S5Y 4 Ry, BRI
IR Y, iR A XSS 23] B BUE AR LR 5.

S 5 M Ry, WEEERAIERIEER py,, BIR AU TE S80S 5T EﬁifHU%ﬁﬂé,%é%ﬁﬁﬁ%. it
BT ST Ry X A LR BI5 5 S5Y, AT SIEARMBLE N d, 1 <y < 2. 524001 5 %ﬁﬁ
1 R AL Y 22 FllIs, T 25 438 5 2 (1 SRR AR DS, Iﬁtﬁﬂ%ﬁd\ B ARACLRE FAL . w)

H & 2 F R m. fﬁ””%‘fmmkmgmﬂiﬁﬁmﬁ& &)

S (@ — g

w) = Lt , k=1,2, (17)
Zh Zh 2
J(zzw@z d) (33 i)
i=1 j=i+1 i=1 j=i+1

XA RH— b B S
A =wy/(wp+wyp), k=1,2. (18)

XTSRRI AN Ry, 1 < h < o, 18 2, AHEEFU Ry, R G5, d N5 b ASHEE
2R y /M‘HU?WT 5 HUT SCRARLEE, wl NS b MR ISR y A *EU’E‘@JT S HEE R0
ISAFIEI R, A AEIEE R p), AR

e 5 (s ) "
b Bl T AR AL SR 08 R HE VR R0 30 A 20 3k — 5 BRI 0 1 15 21, BT LAXSS . PR A — FEARL R 481 1) ARLABA P A 56 E 3
RERIREAK, FRIEREFTE 26 EI’J%ﬂELJiii’MET’EﬁEi%TEEM}”Ué/? I UEE R

HB 6 LI p, MU SBIE ¢ MANEKR, 1< h <o, HHIEET 2R KT HRE e RHEEINES
RAHEEFN. 12N Rep, B € [0, 0] H b 9EE. RTh/ X FARFRAE AN Ry, b B o Ui W BT
FHUN AR 36 UE @ I, B O W56 B A R R 36 UE S i SCF AU IRME & AOHUE, AT i B 2 SR AR pr, (1)
THELLE 5L LR A U 20 56 RAH 2 7 s B R
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S 7 AT Rew, W € [0, 0], Hith BARIE T4 S, v € [0,0].
6.2 BiE=Ht
SXoF P R U 34 A 738 ) e B0 2 N T R T SR B S IO AR R AR IKHAAT TE 6.1 PR A AR
ALK A5 Ao 8 O U3 Y 4 A7 B0 AIE 45 B O HESEU Repyr, B € [0, o), v H bn i 5.
DR8I 56 UE R HESER I Ry, b € [0, o) BRI AR N 23 501 225 T 24 17158 S5 Sl A A B, 0 R0 00 i A\ A 2K
AR T TR S, e
Rop — 8% = {ke{, kej, ..., ke? kol koS, ... ko'},

Ne-a’ =“2f7 1<a<a,1<B <,

[0}

2)FIFAEERIME FH L R Ry 0 A = £, (AL) 75 2R S H, BTS2 51)L0 0 00 4 4

ng-ap = “yy”,1<0 <01 <y < ty.

IR UEH HARE T8 S0 € [0, 0], A XL TEESTERHFRE S S
7 SEHILEE

PLB BV Ve A i I s el i AR A9, S IR R0 I S B L AFARL S 48 DG FC | e R0 3 10F S R R =
A AR S I R, SRR T 2R 4 1) SR R S A AR R U B8 E 77 v (1) R
71 EFIFER#ER
PO B AR A i 98 R S FEAE N 24 R 5259, mT AR TS LM AR e s A ) o vt
ITHER, FEEB o HHR T SEFI W 1 s,
F 1 LHTIESES AT AR T

Table 1 Parts of available knowledge element instance of current scenario

HEZRARA Ko = (Nom, Am,y Rin)

Nop 3 RLATRTE R Ay F33E R B YIRA S
SR LR HB S 2 FR X IR a€Am, HIBHERNE Ko = (Pasda, fa)
- 1 auJBHEREE Ja MR A R
%Z”;T A’;éir* w g T 4o DU Fa el BRI A 2
TSt iA XA . =it

TR WU 9 773 A mm [0,102]  HEA  Fla = fo(ar—1,t)
FREEI ] 40 IR0 min [0,90] BEM  =la= fo(at—1,t)
HE 2.09 EIRE 4] t/m3 [0,2.5] BEA  %a = fa(ai—1,t)
. - 5 5.64 IR0 m/s [0,102]  HfER  Fla= fa(at—1,t)
RPHAE RE W E 7 B 314.4 AT m3/s [0,103]  HEH Zla = fo(at—1,t)
] 1A 65 IR0 % [0,102]  HER %o = fa(as_1,t)
RRHERKRE 04 A km [0,102]  HHAE  wa = falat—1,t)
—RERaE 782 A 105m®  [0,10%]  HHEE  #a= fa(ai—1,t)
SUR/IARA 54.2 IR0 km? [0,102]  HEH  =la= fo(at—1,t)
N 192 CIRUE 0] % [0,102]  HEA  Tla = fa(ai—1,t)
RN e B 2.9 CIRU==:00] km [0,102] B Tla = fo(at—1,t)
RAWE T KR 15.1 WUER km [0,102]  HfE%  %a = fa(ar_1,t)
AT TR 542 TWRER km? [0.102]  BMEH  %la= fa(ar_,?)
Y 50 AP B [0,90] HH Y Zla = fo(at—1,t)
ik W 54 EIRUES R B [0,90] AR %la = falar—1,t)
T o 5 > 60 AR % [0,102]  HERH  Fla = falat—1,t)

i Ala = falar—1,t) TR fo NEUEN, JBYE o EONEE, WHA R RREL fo NS fo AN AZREUN NBYE ady fo XoF R 42 PR 4L

7.2 HERMNIHGER BirEEHS
B, TRBCH AT SR A AR T R IR M, ARE 4.2 T HEE RN 2 75 v, AR TE R 2 ok 2R
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FrRAEAEE AU EE DRD, 413% 2 fs.

R2 FHEIEHEEMNE

Table 2 Set of inference rules to be verified

RO R pe SUIREE AL SURTERASE b LR AO 4 R A
Rt Fogpimy VLo ARG W, = 0.260.T Ve T
SR T T
R ety _DCOIILRE A Q= AV VR TR O.
erT TR V

e (1.8 < e < 2.3 Hke > 50
e T . e > 80)
Rrs 72 A 2 i~ BRI e
F(ve < 1.8 Hke < 50)

VA F RS E ke M) e=FtE”

Ry LR WAR RN HE W, L = 0.04W0-344 VA B KHERAKC B L

SRIG, MZEBE ECD ¥R e A E WIS F4E SX9, 9 = 1,2, ..., 10 fE N BE AL =B 175 Fe 42, kiR
VoL R AN SN S A NI | N SANE=E /AN AR (3 I A TAINE 13 IA 1) Oy N = R | 4 R S R Ao st 7]
w3 pr.

*=3 BHER

Table 3 Set of cases scenario

T%ltd% E,ﬁg *;ﬂ\ Skl Sk2 Sk3 Sk4 Sks Sk6 Sk7 Sk8 Sk9 Sklo
I WO 58 26.9 36.7 73 70 69.3 40 16.4 750  40.0 58.0
Vilin) — 90 — 90 90 90 90 104 — —
KE 171 193 238 2.25 2.22 197 205 1.88 1.62 1.80
e A RSN 7.54 38 3.1 7.19 9.62 — — 15.3 5.51 1.12
P eme 1000 180.1 25.04  812.5 899.9 — 696.45 1082 — 4.99
&R 5730 — 74.3 80.1 — 69.1 62 674  — —
RS — — — — — 025 039 025 0.13  0.09
—idEAE 27 13.14 124 121.64 310 67.96 711 195 27 12
AR 1228 — 7.61 120.51 915 — 88.7 — 6.31 —
NER 155 376 5626 164 46.74 510 358 377 319.7 3598
AENT 1 3.04 172 138 1.08 1519 1.8 1288 1.605 1579 0.585
. e FIKE 2196 4.05 22 3.39 3.25 32 3.6 4.45 4.94 7.38
QLN -
HUIR TR 6555 55 09 5.76 7.81 362 535 8.63  6.87 10.36
TR 26 40 26 — 45 45~60 35 427 — 29
i W 40~55 — — 30 ~ 50 20~54 45~55 35~50 25~45 30~70 30~50
ByESEE S0% @ — > 80% 70% > 8% 80%  36% @ — — —

FIR, THE SY9,g = 1,2,...,10 5 S AL, HAE&Z ML KA 0.875 0, 0.750 0, 0.750 0,
0.8750, 0.875 0, 0.750 0, 0.937 5, 0.875 0, 0.750 0 F1 0.812 5, Bl ¢ = 0.75, | S*' ¢’ = 1,2,...,10 J9HIIRIT
Bic 8 2 P A AL 22 4 17 5.

HRHERAS)FR16), iHEH Sk 5 S L& ZALLE d RUEYEZARUUE dy BLE 25108 0.59 AT 0.41,
e HE A4 SR dyy, dywas - - ., dywio, T3 4 FTR.

4 Sk9' 55y BRiaLE

Table 4 The overall similarity of Sk with Sds

dw1 dw2 dws dwa dws dwe dwr dws dwo dw1o0
0.85 0.72 0.77 0.81 0.81 0.69 0.84 0.80 0.76 0.78

LS5 SR SO [ R AL BRI o 0.75, B SK1, S9, 59, 515, ST, ks, g9, gi10 g
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LSRG 5, IR S<2, 5%, MR 5.2 5 A R I Z2 481 113 VT E J7 32K, 49 36— 5 56 U PR 500 DU o 82 FEg A 4B
FAIE SR, HR R OR RN 5.

x5 HEANSHUNRBISENRXF

Table 5 Set of similar cases corresponding with inference rules

fﬁ/ﬁ; %E'}lﬂ RTl RTQ RT3 RT4
Sk4 Skl Skl Sk7

\ Sk5 SkS Sk3 SkS
kel By kI oka ko
SkS Sk5 Sk? SkIO

TR 4 Rk 5, Al AR —HEH XS L BRI 4,1 < h < 4,1 <y < 4, #e6.
Fo EEIALE

Table 6 Similarity of cases

i gl Rty Rro Rt3 R4

dkt 0.81 0.85 0.85 0.84

, dx2 0.81 0.77 0.77 0.8
| L wh

PUHRIARE dss 0.84 0.81 0.81 0.76

dxd 0.8 0.81 0.84 0.78

458 6.1 T A T S A HES L BGAIE 7525, 15 B R LU S AR L) 22 B SR S8 3 R 5% 7 Fiross.
®7 ETHRUOUERGERHOHERANEIE

Table 7 Inference rules validation based on scenario of similar cases

R IR JE MRS S AR TAE IR &

R s " .
L T IRIERAR R reRm, B g B0
# R HEURAZEM K, = (pr, AL, A, fr) oy U
Th o BIRTE AL ABRTEREE  fr JUABOT e AT IR PER AR
[P 11408 1216  93.8%
, RRRIREQ. P — Utk 1263 310 41 8%
Rp1  ARZMER%L W, =0.26Q.T e
BTN T HRESE W, 97.79 711 62.5%
e 17554 195 90%
Ve AT A, ek gigz
Ry ARERIEREL Qe=AcV AT IR Qo fe s 93-8(70
WAL T V 47 812 8%
880.23 8999  97.8%
s F(1.8 < 7e < 2.3 Hkc > 50) e mlk 100%
YRR e e P
Res  PHERA M o=t AT ¢ LIE
ke f g, T (e <18 Hke <50) RitE  RGE 100%
' © ) = WP RPE 100%
] e=Hi?
039 0383  982%
PRTRRN ¥ b it/ G i 3 _ 0.544 e g 1 025  0.245 98.1%
Rra  AR&HEE L = 0.04W§ WA BRHBRIE L 59397

HREEW,

0.09  0.094 95.7%

28 1 B HASHEEUU SR IEI R 1) 1 < h < 4,1 <y < 4, WK 8 iR,

=8 HERMNEIEEE X

Table 8 Passing rate of inference rules validation

IR Rr1 Rro Ry Ry

vy 93.8% 92.6% 100% 98.2%

N 2 41.8% 93.5% 100% 98.1%
RAE i % Eh

ue 62.5% 93.8% 100% 95.4%

y 90% 97.8% 100% 95.7%

WRPER 6 FEK 8 454 ATMKA8), 15 HAFIAEAEBE N Rrp, 1 < b < 4 EBIAAUERE Aj AHEE
PRI 56 UEE S R AL A, k9.
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#9 ROMEOEREMMERRN G IERT EINE

Table 9 Weight of similarity of cases and passing rate of inference rules validation

IR R Rro Rr3 Ry
SO AR A 0.01 0.69 1 0.84
IR H U G E i AR A2 0.99 0.31 0 0.16

SRIE A KA ZHEE I Ry, Rro. Rrs, Rry KIZGERAIEEN AR p,, h = 1,2,3,4, 1015 10 Jior,
HIGAIE S R BME € 9 0.8, BRI URHE U Ry, BIGHIEE S (O HEBE NN Rro, Rrs, Ra.

Fz 10 FEWIEEITER

Table 10 Comprehensive passing rate of rules validation

HEHE AL Ry Rra Rr3 Rty
Ph 0.72 0.85 0.85 0.82

B, AR B E 5o O HEE N, R, Ry AR 24 B0 W S MEAT B0 M08, 4t HARAS L T4E SO0 €
[0, o], BAREE Bangk 11 fios.

#z 11 BirEsHd

Table 11 output objective scenario

—
;’i‘}f AL SRR A fr ALRBUH RS AC WHUBMERAESE  FARMETE SO sulfE  mi
Th'
R LR A o
R = AV 1 - E R E c 305.7 314.4 97.2
T2 FE T v Q Ve - IR E Q %
#(1.8 - 2.3 Hke 50
AT s -
Rea e s b <50, T Kb Wit 100%
YR AV S Te ’ ¢
(}EF/}IL MS# o ke )H\IJC:“?F%‘EE,,
Rr4 AR — XM R W, L =0.04Ww2344 RAR-BRKRHREKEL 04 0.445 90%

TE A R 2 R0 D) i HH 5 SR Sz, 520 000 A A e SR KT 90%, TR K I 4tk Ve A B, G H H bR
FTHE SO, S, SO HRINRAT- IEERE Q. = 305.7m3 /s, et - 288 ¢ MR, Ve A - JRHER
K LN 0.4 km.

8 LRIE

NSRRI 2 LB S RRE SRR R T KERHRNR, R 2 HIRPR MRS 2R RN, JF F ok
HEATHES. BT R F A S A E 1 RO MESERFAE, 15 O HE N HE L& M e G 5t
AR e TR AN ) )3 P A B A R, A SO P R R 5t SRR MR s SR 481 17 7 2 AT DL IS, — IR DL IS AR
Iy A AE AL S A9 Y 3 6 AE A V5 R U 1603 P Ak, A T e 08 D) 49 36 40E S 30 AR T ) A 1 5 ] S A,
i ASEBIIRAIE 1 1% 75 95 A 2

ST I B8 IE PR I B AR AH R T A A SR A HLAS R 58 &% A3 e 11 A Je iod Wie SR 4 8 % [
FgaLEr B R GRS, ARG T RERRKEERG], BTS04 TS SR Jr it
e T — L TAE, S JRiE 2B e E %Mo LA
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