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Acupuncture Sequential Scheming Method With Hybrid Knowledge and MCTS

JIANG Bing-Xu' SU Chong' LIU Cun-Zhi® CHEN Jie®

Abstract The traditional method of sequential decision-making aims to establish the decision-making processes
model and decision-making steps to obtain the optimal decision-making sequence. However, the decision-making
process of sequence decision-making is highly deterministic for objective function, the depth first or breadth first al-
gorithms are always employed in the sequence searching, suffering the randomness of search process. Although
Monte Carlo tree search algorithm (MCTS) is suitable for solving the random sequence search problem, it is only
used to the game-type search process at present, and rarely applied in the sequence decision problem of knowledge
constraint with expert participation, as well as, the traditional MCTS algorithms often have problems such as: too
large search scope and poor convergence. In response, this paper proposes an MCTS sequence decision-making meth-
od based on hybrid knowledge constrained empirical knowledge of group decision-making and partially determinist-
ic decision sequence segments, along with the detailed steps. Finally, the proposed method is employed in a kind of
post-stroke dysphagia dysfunction acupuncture point sorting problem, then, we gave the acupuncture sequential
scheming method with hybrid knowledge and MCTS. Comparing with other methods, the feasibility and effective-
ness of the proposed method is verified, formulating the standardization training skills for the young doctor's acu-
puncture program, laying the foundation for the method.
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AL, Gy B SEhR AR R H B 95 A, A E 4R E 3% 414203,0405 (a142a3+0.05)(ada5)

M 300° 2 B 955 ) 4R/ T AR R A A, nsE TR _ al,a2,a3a4a5 (a1+0.067)(a2-+0.033) (a3 04a5)

KERE, Wb TR I, 4R TR, IO R L bsess (w0067 (2eat0033) (o)

T sZbrEt RGP HIARZ . ala2a3,a4,d5 (a1424a340.067)(a4-+0.033)(a5)

3.1.2 $RETFEISERE 14ix1e  al,a2a30dab (al4-0.05)(a2a3a4aa5)
EFATR G, BRERARRKIy 5 e L o (a2t 0.09) 13

54Ex1 ala2a3adad (ala2a3adab)

HEFIS OB 5 ANANF AL E R 5 AR AL
al, a2, a3, a4, a5), —IH 16 FiF 553 EIMT7
X, Wk 2 fros, AR A 175 B vr A LA
FORE RS R, R EA 751 5 #1 77 20
NP AITEIE, IR KA N R & VA A

® 2 ERFPIIKER 5 ARG 77
Table 2 Different segmentation patterns of acupuncture
sequence in depth of 5

AR FP 353075 3
14Ex5 al, a2, a3, a4, a5
o o al, a2, a3, adab; al, a2, a3ad, adb
14Ex3+ 281 al, a2a3, a4, ab; ala2, a3, a4, ab
o e al, a2a3, adab; ala2, a3, adad
11+ 242 ala2, a3a4, a5
24k x 1434 x 1 ala2, a3a4ab; ala2a3, adad
o oy al, a2, a3adabd; al, a2a3a4, ad
1HEx2+34Ex1 ala2a3, ad, @5
14Ex1+44Ex1 al, a2a3a4a5; ala2a3ad, ab
54Ex1 ala2a3adad
3.1.3 FHIRENREESEL
ﬁ?ﬁw)h 5 A BT A R A A e
HENEILEAT B, 153588 7 I BB R,
N 3 i,

314 RTIHNERIE MM RIFT

RAATFEFRAAIT I — R, AT f R S5
ARARZ, ML AR L KL 5 3 3 AL )
Feal sk, T OERINZGETEA L, KL
W IR BOEA R BRI I ACR . BRIk, 50T

Y2256 80 A RURN A 0 A s L R R ) 2 VR A
WA &R, TR ST b EniR & KA,
53 R T SR A 1) R0 T AROR B RNAE R P R kR
KA RAFNRY, BRILS VPN B T
YRA FNRA RS, FEAR AR L BriE oL, I 5t
FERE, AT,

32 FHAERAHMIRE MCTS HIStREIFEAR
WE
3.2.1 ETEA5IR MCTS ﬁlpk%%/f/m.*i

EFRHIG R SR (BN R BRI R IB YT I 1] —
M < 30 min ), I PREEAE— BAE A F 5 AL
BEATERR. DRI, RATB A SC T 32 H 0 7 21 e 3R
RN 5 AR (B RIUAL), B RIRE
N2, TN 50, FHEETE 2.3 WHRAER 4, &

3L TFR & AR VEN B MCTS 7414k 5 B4 & X
PrHEF AR T
S 1L BENLERE— AL S — MR A, )

TR, IR MR 5 R R
HPR 2. FIBE GRS, 2
AEIEFERAFIS, FEAT PR AL
FIR 3. HIRFLILE] 2 I, TR B 2 7 51 45
w, 4%?%@5‘]?%?@)\@%%1‘%5’%*, 3 A,
iz R BTN (R RGBT E <
R R R 2R 58 BUR RIS 3] — N7 51 .



6 3 LHRFFE: MERE IS MCTS 4R AT 77 R BETTE 1247

ST ST SENE S, 2 RPUTE TR
BIZHFHH, DL KRk,
322 SWERS5SH

TP R Je i, AT R E A28 Hp—ik
RSN 1 BT ARG R

MR 4 FPIE—DLA (2, y, 2) Bios, HAf
T ARZE AL L g5 (ILF Sk B), y 72 15 s i
PEANME, 2 8 MCTS Sk 5 R R EL 7T BLE H T
1“1 57 BIVEANE B, HILTE 2 H 48 R
w2, TUERX —EMR G 7 “1 5.

R4 R RN E L U5 IR
Table 4 Evaluation value and visiting numbers of
nodes in each layer

JZIR Ril=Y R P E GRS
1 0.88 12 550
2 0.83 10 050
H1E : : :
76 0.09 50
7 0.12 50
H22
6 117.92 50
7 3.03 50
H5)2 : : :
76 3.03 50
Yt 1.52 50

i Z R, 33T & RRE T (10, 9,
52, 2, 1], HRTxs R 7 AR IR 55 Bl SR A, Wi
MR, i, N, Rt BESR. 7R 5 B 221
B, TP Z 8 0.2514. MCTS S fe St
UE A B2 AE STk [20] AR SCHER [35]) HREEAT T 8817
B JE, TEA MR PR, AT T 30 RSEL,
BN R LN E RIF AL 0.20, FRBIA ST
ek ) UCT-max B0V 2 S8y,

3.2.3  ImKREZREIE

AR R = 22 50 0E TAE, frp B R B A i
H SR 5 Bt T 7 A1 S AR (4 T A5 1) = AT 5 DT AT R I
S5V, 05 05 R R B O Y 4 34 U 481 A i R X
J& R S U B 35 B (RGN, A
T 30 /N IFI A5 AL A R AT 4 A B A U AR 77 =
G EREAREY).

XSTHEAR LT B 5 AR R ALEI 51148 R
SEIL PR BEAG LR (2R R AR
BB FEAS, ATAMRR ATk, T B AR SRR R IR
T FURE, 5 R BEEIRT FBNZRE SRS A

UCT-max 5%

0.25

e @
=
ST

Fe N E
e
=

0.05

E") 1.0 1.5 2‘0 2‘5
SEE AL
K5 MCTS 2R a R iR
Fig.5 The results of multiple experiments of MCTS

R H R ) AT 270

e AR 5 i@ ik %o 35 A7 £ & g 8l (105 1
RO BI4E. _EHCRE S . A4 R IR S5 A AE) Thie i e
SRR BEAT 3~6 F.3 MM 6 DN HE=AARE I
PRI ERERVEAS (138 5 FTR), SR G0iEit
S, WAIE 1 EE T A ST P 8 R SR TTVE SR RO EE R
PP (“RSR, Kt WRMGRRE G, NId), 19 21 &
H BB A fR bR, EOLT B AR E B RN B
RAF (4. 38 i 55 20A b B 2R 2ok (B =
S0 (55 6 ) PRI “BRRS T K XURF
FFE7) PR RS E I s iR br (A SOTHEAR BB
RIRFP, HCEH R 22DV BM R BTG 7 2 UWCSE D B &L
(RSG5 R p < 0.05")).

x5 ERIBITIRFE (77 R) KRR RS
Table 5 Acupuncture treatment order (plan) superiority
verification data

FRERIRIT I AL Bl mEE REH RS
3 LA 35 10 6 4
6J8 LA 25 6 17 2

3MHEN 9 5 2 2
6~ A LA 7 1 2 4

3.3  Xte5ite

NIRAUEAR SCRT 3R PP 51 TR 37 125 HO LB A AN 52 P
P, JATREA ST 4 T UCT-max FiE5E T
B AL EE (Gemetic algorithm, GA). JE T30 H
2 T ARG MCTS HIFPH TR SREEHEAT X EE, A
BVEWCSURR I« SRS OR B VRN 55 A AT
Pr5ifie.

T 5, 0 TR A R R P S R f g A% AN
' p (B R RV 6 (77 iR T SE P B A R A G i 2 22 R

FERR. — B p < 0.05 fEAIRFHE, 5 p < 0.05, MAREHEHLAHHLAY
3 A A7 2 2200
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TOLERIAT R R . AR EVEET RSO SR IE AT
IR AR ARG S (6) IR (7) K SE N R,
WA B IERE BRI, A S B 8% 5
IRIEEFIEE N 300, B 5H K 0.001, 2 XFK 0.8, £
UBL 400, BN 0.3; BLAk, B BRI o0 M
WA ATV A R0 R o PR B e K T A, &
S5 K.

1) BeSrExs b

BT BAE BE I T A R HAIA A 2 IR (100
W) K5, GBI LURSE AR 6 B 4 Fhigi.
X 4 FhIB BRI EL] A: 40 < 25 ¢ 23 1 12. K 6 AT LA
B, B EIEIA T DR B LA A (K 6(a)),
B AR AIE A 45 . W RAME AL, MARZE 5
BN R AR AE, 4P 6(b)~6(d), HE US4 3
WAL IRGF.

BT D0 EE R T A g B i TR o0
U] 0 [ 5 1, HVR A R0 AR AR 2 i s 1, B
PLECER I SE RAG 2N (1, 2, 52, 3, 4], BRI AL A
BRSR Xth  TE g RE L BE X, 42, YEAMEN 0.2125,
— HE 2SI,

2) BVEE A LR

SR RIS RN E LT RE S 5. 4
RIRE AW T A %, AR SCIIW %R 5
N 50, MR RIREN 2, AMFHIKE N 5, Hik
HFE SN 502 x 5 = 12500 x O(1), HFo(1) A
HHRAE.

WAL VLI S R E SR R/ BRI
WA G, AR B PTG TR (W) R0 B
BEMLA %) A 300, IEARRECH 400, FiE S EARE
N300 x 400 = 12 000 x O(1), Hrf O(1) A Hrilk.

GO FEI SR 3 SRR A AN B
FEI IR 5, WA SN A 100, JEIR K
BN 5, FIEEE ZE N 500 x O(1), FHO(1) N
HERAE.

3) A HLIC

BT EiRvhe, 3£ 6 WEIEE 3 DA iR
AR VRN R BT T =MASF7 51 ok
FEZL 5 B8, Forp ) PPN FON RISk &2 42 )5
LR AL FE L.

6, S 100 K1 2 fe: HAE SR 100
e, B3R 100 20 S50 25 RARN N B g
RIAR AR (6) FRAR RIS A48 50 I, PR R oA
UAF B 7 5 PR B K7 91 PEAN i 2 18] (1) B
fH, B

lgorith I xti
Fuvaluate_rate = argorvim_va mes

(11)

maz_val X times

S 46 1
0.18f == R S S —
- 0.16 |
&
5014}
=
L o12}
0.10 |
0 50 100 150 200 250 300 350 400
EARIREL
(a) TEWL 1
(a) Case 1
l
0.14 +
 0.13}
&
012}
=
% 0.11 +
0.10 F
0 50 100 150 200 250 300 350 400
IERURHEL
(b) TEHL 2
(b) Case 2
0.098
st 0.096
g
£50.094
=
% 0.002
0.090
0 50 100 150 200 250 300 350 400
IEAIEL
(c) 1L 3
(c) Case 3
0.18 ————n
-
0.16
b=
% 0.14
=
%012
0.10F |
0 50 100 150 200 250 300 350 400
B
(d) TEHL 4
(d) Case 4
Bl6 5T GA BVEM 5 REFRHT 7 HIH8 R 1044 B
Fig.6  The data flowchart of acupuncture sequence

searching in five times based on GA

HH, Bvaluate_rate NV ZE, algorithm_val N%F
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® 6 FEXICE

Table 6 Comparison between four algorithms
ey HVEE R SLIR1000R 5 VEINER (%)
£ 4MCTS 12 500 17.130 68.14
BEFRAMAMMCTS-max 12 500 21.623 86.01
ETRAMRMBALEDL 120 000 11.468 48.51
B IR A RN SO0 Bk 500 21.249 84.52

K EEAR BT HIEANE; max val NIRRT
TV E, BB C A%, (10, 9, 52, 2, 1] /& 2L
FIPEN B B KA P31, {HN 0.2514; times N SEY:
3.4 INGG

BT AT BT REAT (0 T 17 A WA P b5 1) B 2R R RV
I7 P S0 A A e, AT SR St S R 2
B FESRAA BAURN OP R =AM, XL T
AP MCTS 5k 564 MCTS %, 2 TiRA
RN VR R 88 A SRV N3 T VR A 0 IR ) D0 SR I
PERE.

fle 4t MCTS 77 i1 T kb S 3 R R &R 5
T, IR RALMER) PR Fo 8K, AMEM T
SN SR g a8 TR & RIR AL R B AR A
S KRG 3, B EZ IR THIME, fFEA
e LR, BEEAL S BANRERES; T
RE AR 0 SR BN, (HRER T
— 8 R, ARESHEN, BN TR ALH S B
FHE=ATMHEG K /L, TER RS, A
SCATHRE TR & AR MCTS-max Hi% A 2
B 7 LR =MEERA L. S5, B TRE AR
WAL BVE AR TR & AR S0 0 B0E, JoiRAESEbR
M P BRI, 25 %5 08 <R AL
RIS 2, DDA ELAE DA

ARSCTARRSE 1 AR B2 2 8 S AT BR A A VY
fili, B 72T AR PSRBT RIGT T R
Xt bE LAl E R RR TR M BH 20 5, HoA I
PE, X sebret R RE RIS AA RIFHTE S E
I, A& XA MR GERE, DERE R B
IR S R, 2488 7 — 2k TS iR 12,

4 RE5RE

SRR R Al SRR 5% 2 e Ay 3 B B e o
N B, % S ¢ R BB S TR 1 5 8 B 7R R )
PGB R . AR B VP 1 B, A e
T TR B B DA S S R A 43 1 5 S, T 4

7T TSR BUULSE B S B A PR
. R AEVEA R T IR B SRR R, DAL
SR DL

UeAh, BT EIRVENI5E, A0 T TR
DAL I8 R RN VRANER 735 52 R R TR 5 R TR Z) 3R
¥] MCTS-max 75 - # 07 i%, I PEARHIR 1% 7 51
REFERRAE. M T PURERIRS SR T
FIRATT %, T EHL RSN L XS H I H bR
BB 7 51 RS R B SR A RE T, SEEL T
AR R S AKIIRE, 2 — MR RARA R
KEERITR AR

NIAEA ST H 77 1 K IR s PR AN 2k, BA—
SRTH] [7) 7 F J o MR i B 2 AR A R SRS R e )
JETF g, BATE LT —F SRITRI, AR T
G R R A R R o A A AL, & — R R
Ve, S 7 R e B s, HL AR B2 AR 2R
TWHRES, BTH R NFA. ZRsd gt
AR R SR S0 I A i o R A IR B 05 B B 2 3R 9T 7
R Z RALHEAT 1 BB fJm Il A SR
TR A FIRM MCTS-max J3 51 P 35 75 %3815 %
KRNRIT TR, PR 5155 MCTS ik & TR
B FIR AL RN 0 BRI 81 R SR T VR kAT
X, MEEE B A% BE WO SICRe PR 45 A BE W T P
THERIPLER .

s B U R, A SR ARS8 /2 R Ak 1
FERR AR, A — Lk n) @l 75 2t — B Ht 7T, i
1) A ST 13 9]t SR e A T B 26 (R R A e IR A i
(1, ARAAGHE T — R RRLE L T B30 &5 7P 1 3
Tk 2) AEIRYT PR AN A O T, AN ST R B
e TRl 5L PR AN A R, AR TR B RS SRABTRE FE
57 RPN T B AR S — e, vl e N R RER A
B, WU T 7 PO B BB FE TS 3) A
SCHIETRIT R, AL LA A= PP A LR 2
o fel LA FA DN ., R RO M REA TR A
Tt ARKf =GN HSIRE B AR RIAE RS
K EH A B N BB NS 4) feGuh fEER A1
KAGER, A SCR LS 1= PR, R 7 Bl A
PR, “EMbaiR” Jo <R AETERE. ROk, &
FUEHE 8 R B Tz, 0 R SR P 2 B A
5) AERE FU I [7] 4 WA 2 e B A B 2 B =R T 10 3ha&
RIS A EF e AN X RPUE - ) (7 E At St gl
TR ANEA E P 5 Fr 51 o 45 A 2 18] 1 B A 4 )
A, DARE Z AR (B, BREF R ZAMEARR ST
TB, BIEEIRYT HREE VKRR ) KR 2RI6TT
Fe B ¥4 28 5 VP4 45 ) L.
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S 46 1

ik A ETRMEAEMNEIRRT A

ST 4 MR e 0 0 o B O B 4 7 v, A
BTV (5 BT R

£ LRIEBE I E R A H kAN ERM n AR,
AT RPN € TR

ST 1. B SOAI R 3 UG S A RO
ok (LR R 6 R B TS UG e T
T ), DRI 7 05 2k T 5 40—
KRR SR, JE T HINTARE™ (7%, 07 &
SRR R0 2 1 (R r A 55— R 4 4
R,

1) O LA UG 5t

M b = (b, k- )T R, FRAR
7. B, A ub BAE Y Ko IR WY |
wi T (A5 8.

k
pgg{ u;f;u? W) 200,
0.5, (uf, uf) = (0,0)
2) 7 5% F L 1 R0 R T 4 3
Y4 R X RAL T oF = (of, 0, -+, 0F,,)" He oA
WA S
k k
Ny H(?i;i’j)] (42)
3) L ) T4 A0 T 4 6 ) s 4
HTLRAIERE A = (b)) SR TR
WA, SEI— B, B
pi; = 0.5+ log, ajj, c =81 (A3)

SRJG, AT REAR W s r £ 285
4) B P MBEEEISTF (Ordered weighted aver-
aging, OWA)

¥ A DO AR p1, p, -, p™,
S BB RITSERE p* = (b)), - OWA BT HI%

GEOITER Y wi =1, BEELI OWA 57 RUE [

BN
w =Q <l> -Q [ll} (A4)
m m
Horr, Q) MR BT T
0, ¥y< a
Q(y) = ,Z’:Z a<y<B (A5)
L B <~
Horft, o, B,y €[0,1], 4 “BY | B | R

2" MR, Q(y) WS (o, B) 727174 (0.3,0.8)

, (0,0.5) /1 (0.5,1), pj; AEREE R LT HIFERE, Fom it
WA TG 5 s T T 5 o HIRERE, B

m
* k
Pij = Z wibi;

/E\:EP bk jJENA{p”,pij, tet
HME%
5) tHE T RAREST R OWA H 7B E A &, B

;=) -], geN (a7

(A6)

D} R R

6) tH SR 2 B R R ay T AT
IR Hiadw, I

n

d; —qu c,i=1

Hep, AR E P 17 =1,2,-- ,n} PHEREFHAESE
q FifTeE, ARRRAT R (6) H ) val_segment .
SR 2 TR B w B FERR bR, W IR AR AR 2
K, WFPIR 3; MR [EDEPER 1, H& T REH H S A
Wik df, BEATIEIE.
TR — SO 5 R
=22 >

i=1j=1 Lk=1

(A8)

p” w; + w])| (A9)
Hdr o NIRRT K PIBUEE, MR L,
WEL1/E .

S 3. BRI E R ITE B4 77 ZHHEFS

HR.
xR B ETREIEEFHNEREERIATHARIR
fERER

FFIGIEEE 2 05 W RS VR )T 1A O g it 5 B
% B.1.

MR C ETRRRFGEN “Z4H” RUFFIA
BB ER

£ CO G T T RERAE LN B4 N
FUA BIESES, S0, al a2, XERIHEE B & AT
{37 4 5

M D ETHR A FMR B SEIRNHSSF
HRIRATMNE FH

A 100 ANIAL, BT AARSCH 5E L—A 787,
Horr, BN B BB RR AT R X G5 AN /A 4H
G4 A2 point; X 100+ points ; = AN H A
44 f: pointy x 10 000+ pointy x 100 + points ; M
DN IRALH A B4 52 pointy x 1000 000 4 points x
10 000 + points x 100 + pointy. FHH, pointy , points,

JXEA Ck

FF51
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# Bl HWHREGRE RN SR
Table B.1  Statistical table of acupuncture points for dysphagia

HILKEL H T H— e Ab TRALF 5 A TALHMRAEFE (java) VR B
B 221 0.11156 1 al 0.7834 0.8917
R 219 0.11055 0.99090909 a2 0.7001 0.845504545
R 131 0.066128 0.59090909 a3 0 0.590909091
Gt 112 0.056537 0.50454545 ad 0.5056 0.505072727
Ei 111 0.056032 0.5 ab 0 0.5
SEH 82 0.041393 0.36818182 a6 0.339 0.353590909
RURF 71 0.03584 0.31818182 a7 0.426 0.372090909
At 61 0.030793 0.27272727 a8 0.2834 0.278063636
Al 58 0.029278 0.25909091 a9 0.7279 0.493495455
52 R 49 0.024735 0.21818182 alo 0.7556 0.486890909
PN 45 0.022716 0.2 all 0.6723 0.43615
H4& 43 0.021706 0.19090909 al2 0 0.190909091
;3] 34 0.017163 0.15 al3 0 0.15
PN 30 0.015144 0.13181818 ald 0.4298 0.280809091
AL 27 0.013629 0.11818182 al5 0 0.118181818
it 27 0.013629 0.11818182 al6 0 0.118181818
7] 25 0.01262 0.10909091 al7? 0.3668 0.237945455
5 20 0.010096 0.08636364 al8 0 0.086363636
I 17 0.008582 0.07272727 al9 0 0.072727273
s 16 0.008077 0.06818182 a20 0 0.068181818
=GR 53 0.026754 0.2363664 aT4 0 0.236363636
E=H 27 0.013629 0.11818182 a7h 0 0.118181818
T i 24 0.012115 0.10454545 a76 0 0.104545455
K 23 0.01161 0.1 a7? 0 0.1
E5 3 19 0.009591 0.08181818 a78 0 0.081818182
K& 13 0.006562 0.05454545 a79 0 0.054545455
Zrh 5 0.002524 0.01818182 a80 0 0.018181818
A9 5 0.002524 0.01818182 a8l 0 0.018181818
KB 3 0.001514 0.00909091 a82 0 0.009090909
TEE 3 0.001514 0.00909091 a83 0 0.009090909
FERE 3 0.001514 0.00909091 a84 0 0.009090909
b5 2 0.00101 0.00454545 a85 0 0.004545455
SR RL 1 0.000505 0 a86 0 0
FHFZ IR 1 0.000505 0 a87 0 0
Hi L 1 0.000505 0 a88 0 0
KT 3 0.001514 0.00909091 a89 0 0.009090909
LT 2 0.00101 0.00454545 a90 0 0.004545455
sy 1 0.000505 0 a9l 0 0
6T 1 0.000505 0 a92 0 0
E VAN 3 0.001514 0.00909091 a93 0 0.009090909
SFT6 2 0.00101 0.00454545 a94 0 0.004545455
Fal 1 0.000505 0 a95 0 0

points , pointy 73RN 1, 2, 3, 4 DIRELIIG T . W& /RN <7 % D1 PR
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Table C.1  Acupoint combination evaluation value

[LRWASHA HeF LS e REATFOME =AU HEF A e RETNE LI HEF AL S REVFNE
alOal 0.7508 0.405419 alalOa9 0.7713 0.188802 alal0a9a2 0.7776 0.148611
ala9 0.7245 0.391218 ala9al0 0.7584 0.185644 ala2a9al0 0.7321 0.139915
ala2 0.6958 0.37572 ala2a9 0.7158 0.175216 ala2alOa9 0.6867 0.131238
a2al 0.6742 0.364057 ala2al0 0.7103 0.17387 a2ala9all 0.6368 0.121702
alall 0.6616 0.357253 ala9a2 0.6584 0.161166 a2alalOa9 0.5998 0.114631
a9al 0.6089 0.328796 alalOa2 0.6476 0.158522 ala9a2al0 0.5708 0.109088
a9al0 0.6068 0.327662 a2ala9 0.6358 0.155634 ala9alOa2 0.4853 0.092748
a2a9 0.5666 0.305954 aZalalO 0.5842 0.143003 a2a9alall 0.485 0.092691
aZall 0.5403 0.291753 a2a9al 0.57 0.139527 a2a9allal 0.4139 0.079102
a2al0 0.5139 0.277497 a2a9al0 0.5482 0.134191 a9ala2all 0.3635 0.06947
allal 0.4876 0.263296 a2al(Oall 0.5139 0.125795 a9a2alall 0.3333 0.063699
alOa2 0.4597 0.24823 alalla2 0.4876 0.119357 alOala2a9 0.2776 0.053053
a9a2 0.4382 0.236621 a9allall 0.4613 0.112919

al0a9 0.4087 0.220691 aZallal 0.4318 0.105698

alOal 0.3824 0.20649 a2allalO 0.3911 0.095735

alla2 0.3561 0.192288 a%ala2 0.4079 0.099847

a9all 0.3274 0.17679 a9a2al 0.3613 0.088441

allalO 0.2911 0.157189 alOallal 0.3034 0.074268

alOall 0.2968 0.160267 alOalall 0.2771 0.06783

ED1 REHIAPE
Table D.1  Hybrid knowledge base

(ORBARS, P E)

(1, 0.891700000)
(2, 0.845504545)
(3, 0.590909091)
(4, 0.505072727)
(5, 0.5000000)
6, 0.353590909)
7, 0.372090909)
8, 0.278063636)
)

o~ o~ o~ —

9, 0.493495455
10, 0.486890909
11, 0.436150000
12, 0.190909091
13, 0.150000000

—

( )
( )
( )
( )
(14, 0.280809091)
(15, 0.118181818)
(16, 0.118181818)
( )
( )
( )
( )
( )
( )

—_

7, 0.237945455
18, 0.086363636
19, 0.072727273
20, 0.068181818
21, 0.068181818
22, 0.050000000

(34, 0.013636364)
(35, 0.013636364)
(36, 0.238168182)
(37, 0.013636364)
(38, 0.013636364)
(39, 0.013636364)
(40, 0.013636364)
(41, 0.013636364)
(42, 0.009090909)
(43, 0.292045455)
(44, 0.009090909)
(45, 0.009090909)
(46, 0.009090909)
(47, 0.004545455)
(48, 0.281772727)
(49, 0.004545455)
(50, 0.278072727)
(51, 0.004545455)
(52, 0.639200000)
(53, 0.340909091)
(54, 0.273781818)
(55, 0.172727273)

(67, 0.054545455)
(68, 0.018181818)
(69, 0.018181818)
(70, 0.009090909)
(71, 0.009090909)
(72, 0.009090909)
(73, 0.004545455)
(74, 0.009090909)
(75, 0.004545455)
(76, 0.009090909)
(77, 0.004545455)
(110, 0.419621)
(1001, 0.405419)
(109, 0.391218)
(102, 0.37572)
(201, 0.364057)
(210, 0.357253)
(1009, 0.328796)
(1002, 0.327662)
(111, 0.306954)
(1011, 0.291753)
(901, 0.277497)

(11011, 0.088440506)
(90102, 0.139526954)
(100902, 0.15563375)
(90111, 0.074267505)
(21001, 0.13419066)
(20901, 0.095735074)
(100109, 0.173870168)
(20110, 0.175216481)
(20109, 0.112918919)
(100209, 0.099847447)
(10910, 0.119356742)
(10902, 0.158522203)
(91001, 0.143002889)
(11002, 0.185644285)
(100111, 0.080705328)
(91101, 0.067829683)
(90110, 0.161165872)
(100901, 0.105697788)
(2011009, 0.131238458)
(1090211, 0.06947019)
(1100902, 0.148610784)
(1100211, 0.092690625)
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Table D.1 Hybrid knowledge base (continued)

(AL, TFE)

(23, 0.045454545
(24, 0.040909091
(25, 0.036363636
(26, 0.031818182
(27, 0.027272727

(29, 0.022727273
(30, 0.018181818
(31, 0.018181818
(32, 0.018181818

56, 0.081818182)
57, 0.040909091)
58, 0.031818182)
59, 0.004545455)
60, 0.004545455)

62, 0.236363636)
63, 0.118181818)
64, 0.104545455)
65, 0.100000000)

(910, 0.263296)
(209, 0.24823)
(211, 0.236621)
(902, 0.220691)
(1110, 0.20649)
(1101, 0.192288)
(1102, 0.17679)
(911, 0.157189)
(1109, 0.160267)
(11009, 0.188802)

(9020110, 0.139915065
(1100911, 0.109088265
(2011011, 0.092747959
(2090110, 0.114630591
(9011002, 0.121701835
(9100211, 0.053053438
(2110110, 0.079102370

)
)
)
)
)
)
)
(2090111, 0.063698526)

) (
) (
) (
) (
) (
(28, 0.022727273) (61, 0.004545455)
) (
) (
) (
) (
) (

(33, 0.312590909 66, 0.081818182)

(10210, 0.125794565)
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