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Abstract

The relation word recognition rule base has 734 rules, which are mainly based on the characteris-
tics of literal, and the rules based on dependencies still need to supplement. On the basis of de-
pendency syntax, this paper uses the FP-tree algorithm of mining frequent item sets to automati-
cally mine the dependency rules in complex sentences. First of all, the language material is
pre-processed, in order to avoid each repeated scan of the database, first according to the rela-
tionship word to classify the complex sentences, at the same time, the small classification results
of data sets are excluded to ensure the quality of mining rules, then, the pre-processed language
material is analyzed by the feature analyzer, and the analysis results are formalized to represent
the set of dependent features of the complex sentence, then, mining the experimental material by
FP-tree algorithm, and a total of 84 rules are mined. The experimental results show that this algo-
rithm is feasible and effective in automatic mining dependency rule.
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1. 51§

DU 5] 5% 2l IR PR S e DUE S DS SRR G 2, X R e A P I ARG 1At 22 K&
HP 2R, ALirEdREa) b X R, £ —REAHRXARKRN, 4K RIE 01 E B
KT —EMAMEE[] [2].

H RO R T B R 00 FEE LR TR 7592, F A0 2 0 A R 2R S ARl ok
i, CHIIFTREN 12 F0, 5346, MRABRAAR 2 O RIATEE A P IR R R PRI 7 2200k, 18
KRR FIRHIE IR GFATIEA EAIASR RURAF LI GEAT, 5 19 B2 %At TR PGB E A58 & [3].

IR IR U] 42 4 0 B 2 QR RN 42 98 A0 2 2 QR 42 48, 5 2 00 )42 48 S vk 0 4% Apriori
AprioriTid. AIS. SETM LA AE Apriori kLAl b3k T ki) FP-tree 57 [4], ShIX LB T3
R, X RRIEIESE, SETM s /TS A1 ZEEL Apriori 18— MRS X FAKKIEIESE, Apriori (T RE
B AIS 4 XFT/NEHESE, AprioriTid 1 Apriori FIVEREZEAZ , (HAHT REIEHESE, AprioriTid
Lt Apriori 18 2 5 /247 JoiR BB AR/ NN, AR T 75 B2 R R EE L 0) Apriori Skid, R FREEH
HEPI R 22 1) FP-tree BLIEMEREH (5]

AR SCAEARTTAR e 5 T AT 0N P RE i, A FH FP-tree S50 55 1) 5% B 4] (AR A7 ¢ R L3k 47 E Bh%
P, B EFZHETE VAR

2. WAREIR

H A T RBIB0E 2 AR R AR AL 19 B, Horh 3 TP IRHE O LA RS 12, ZE TRAF
KREMLITEFAE TP, G5 N 13~19. ASCAEF] FP-tree FIEAHMKAF I RIMBEAT F Zh42 48, WX 7 42
FRAFAEFZIRE R TP RS B S W3 1 o :
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Table 1. Representation of dependency constraints

=L REXRRYORFMHRTER

Id type dpConstrains remark

13 S 3 4 parentPos(A) KA A B SR P

14 KA 5 SCHC IR 2 (8] (R AR R R Relation(A) KA A 53R M 35 Z R RAE R &R

15 S AR relationDirection(A,B) KA AL BIIKAET I, 5K R KA 7 18] —

BN 1, NN
KA A REE AT, SZRHAE 1, 50

16 & 15 3 e Ho AL 1] isParent(A) 50

17 S T ispEqual(A B) KA A B ﬂﬁfz@aiﬂ%foifﬂlﬂ, MY 1, AAHE
18 K F 1 1 2 R S Distance(A,B) A, BHANKREMEIKEEE

19 2% FR U B SZ LA 2 TRl 5K R Gwdp(A,B) A B AN R 1A ST RC A 2 8] AR A7 98 &

2 1 1 expression — | RIZARAE K REFZIRIERH R IRTE I, £E expression 7156 F il KA K R K
RIRIRAF R R 2 1A% . type-content, FH i (KV/KHRL,2,3,-- Y& REAIFRIE | KR, ANELAFRAEA
I “, 7 R

DU ) (L) a6 1568 expression H IR R TE 2

B (L) i AR, BEAR BRI ER SO IR, BB R Tk, CARGAHR) 1995 42 06 H 02 H 09 fltik

HARAE - Hran sl 1 FioR:

\
——C€00—
NI
Ep B ; F7 - ] Tk .

B B Wik X T E3 ;

nh \Y wp c \Y v [ d a wp d v v wp

Root =

Figure 1. Dependency syntax analysis diagram of example 1

1. Bla 1 MIREFEDIE

HRHE 2 1 v expression HRILE () FRIETE 20, HARAE K R AT AR R 4: 131-v, 132-a, 141-ADV, 142-ADV,
15-1, 161-0, 162-0, 17-0, 18-1, 19-COO.

FP-tree 5y 752 ML F2 0 72 Apriori [F)2EAE FEGER2II[6], Apriori HVEm R MIE A2 AT
S AR T B — I EW B, FP-tree U N 55 BRI IR FM BRI, 1EA A BUR IR
BUN, AEH SR R4 B — IR AEATE IURR a5 A 7], AT S BE Apriori SEILIK D RE .

3. FP-Tree Eik B EhZESE ZHRE AN

AT Fi T CCCS (CCCS ik AR IMTE K =1E S F T, 5 65 HRZDUEE )G
BHDOE R AJEREE, RIS ZRIE T KA1 LTP P & X8 B 1 R A AT ARAE A3 0T, R AR A A%
B, FEBURAEA S RERAF R R, FERAMERN 7 ML, TR R AR b A SCR A
FP-tree SLAAZ 0 TERLPE Hh 331 25 tH LA A A7 28 SR A

N TP A 15 B 451 ] A A O B B R
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B 55 AR P R 2 B
Table 2. Transaction database
2. EEUEE
a e f g
a f g
a b e fg
e f g
e b fh

WiH: wk2dm “a” . “e” . “f” ERR—ADUH;
H:%: K 2MEATERR—AHS, FEHE TN EAMHENDE R, RhLAAHES;
B R IATE HERAN— M, A E — MR EE
SCRREL: FREF S HERE E R AN, R 2 e, f, gFISCRRECN 3:
SCRFRE: B SRR AR S S ], TR AR E
NUM (sameConstraints)
Il

DI #7535 45 s e b BTG B R, R 424 15 R i 2 4] FE AT, NUM(sameConstrains) & /s
A SCHFE8], WAL AZ IR IE L i A & SRS B AR ) A A, B {a, f, g} I SCHFEEA 3/5;
/N SRR BE(minSupport): BT E A 1K, AR % 00 H A8 S 55 O e b B OB B T

minSupport, ASCW B RN SCRE N @H s | DIl R ARIZ I L & A I A

BRERI: SO T BB minSupport AR AR A SR,
BEE: (HEARW TN

support = (~32.12)

NUM (sameConstraintsAndsameResult)
NUM (sameConstraints)

7E R A 2 NUM(sameConstrains) & /r A58 20 o I SCRREL, RIAZH0IE L oA & TRl 2 =0 &2 A1)
F, JB24 NUM(sameConstraintsAndsameResult) i %~ S A o (1) p B SCREE, B Fak i Ass
A —INERAR A A, Flnsi=({f, o3RI 4, RSN 4/5, {a}iIsiEon 3, S
35, AL, g} => {a}EEEE N, {a f, gHSCREERR DF, o} AISCRrs, 4508 314, AU EE(E

}%%%+00L AP 0.51.

FP-tree: 1 2a L —ARLA NULL ARRAT s B, SRJ5 4003 455008 B v S UK SRR IS, IRk HA% iR
B FFHER, PR UCHE N B IARAR ] IR AN T3 %) SRR RO Hp A L 1) 285 e R ke R (9], BRI 15931 —
FR FP-tree.

F AR I (CPB): 2 FE7E— R FP-tree B vt 3L7E e — BB I01( 45 h0) 2 BT 1R BT HEL 2 5 AT R 5 [10]
bl a fESE S — LML T 39k, B4 a HISA AR & HAH e 812 {f, g: 3(WEEN 3)}.

&AW (PostModel): HR#E A FP-Tree LD R, AR A LM IE BRI — BT FP-tree, #14H
(ESEE

FP-tree SV AU S D BRANTT -

1) MEIEkR: PSSR E, ERPICFIMETES F, K F R SRS R P HE 7 [11],

Confidence = x100% (~:2.2)
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BN Lo
2) HiG 5 FP-tree: ARAEANE AL R R HERE, BB HET 2 5580k E h B 2k M A S il . I
Fiti DL NULL 975 55001 FP-tree, ¥ B HES 195 5550 2 vh R AN S 1) AN S TG AR b [12] . 4
AT NOBEAE AR : @O #2425 7E FP-tree HH OAFAE, WPBHTT S LREN L @ #
ZRAETE, W SRR 100 A R8I s B 21 13k 3R 1 [13].
3) VA FP-growth(Tree, null)BEAT#248 . ARSI
Procedure FP_growth(Tree,PostModel)
If Tree Z427"#47# P then{
For 572 P 145 K5 I HE-INH A (G 16 b) 774 #2 bUPostModel , A 55 7 /%
support=b #£% i I8 3% FFE
}
else{
for each 77 Tree KL gl K18 35 1 /% HI 2 BN/ 7 2 1T #778){
FEE— 2 b=UPostModel , A 3% /% support=.support;
D BIFIFRCHE, ARG HIE D T4 5 tree-b;
If tree-b /44~ then
74/#] FP_growth(tree-b,b);
}
}
4) %7 FP-growth(#7 1) CPB, i) PostModel), L %K% I#T ) CPB N4 IHB H .

4. BHRTIALE

AR SCAEARAT I P 55 A F 002 P s B, FP-tree SRV 56 R 1] AR AF RN BEAT B BhA2 48, )
ok At o SR s ik ok 1P WL Vol R e s D PR Y 2 e v 11 W o S S R 0P S E 3L
FCAbFEAEREI,  ARAE IZ AN P20 T SRR e AT S PUAR B, 45 P23 A BT i85 22 10 i e e /2

4.1, BN EER AR X RIFHEE

S R AR B 2 AR S5, 0 a5 A AR P2 R LU )2 mining A RAF A A0
VU P R ASAFAE 19 9% R T T 1) S5 G 25090 P22 result-1, result-1 (¥ 45 R R €] 2 AR A7 22 1 25 A4 AH 7], % mining
fgskgn e 3.

id sentence xml json source senmatch
1 EIEEE  EEFERER—L/M38 , MMt <2xml version="[[ [ “ie {EITHEY 1983506811 #Am
2 107, EELE—ECErBEHRErEOL . <Txml version="[[ [ i {(FITERY 1989505817 —&F , —@
3 10598 BRI ERRR1 2SHEES R | B2 <2xml version="[[ [ “io {EILEEY 198BF10825 =85, #4M : 288 ; #8m
4 10FF2 SRR | BB EEREARTRE <Txml version="[[ [ “ie {EiTHEY 198812822 (.
5 105 CEnT USRS HE-TAR . BME <%ml version="[[ [ "ic (A 1989F11502 Eift
6 10SFHISCEEIRR | =E—AEERINMTEZFHE <2xml version="[[ [ i (EITEIEY 1989807817 AW, B Fu . B

— e -

Figure 2. Dependency tree library
2. IRTFRIEE

Table 3. Structure of table mining

5% 3. % mining %54

1D Keymarks dpType dpconstrains result remarks
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% 3 ID RARHI R REBEAARTNT S, WIEENRTRLFITX ID #1795, N1,
Keymarks 7~ 8T OC R AFARC, AR AHEN B i 2R 7R 7 V54 TR], dpType 1 dpconstrains 43 il & 7~ 429
o PR R PR AR A7 20 SRR BRI AF L R AT SRR, result S22 ¢ R [ ) AI 45 8, remarks B A7 fi%
FENTE

AP SC RS R A “—m, —m” , KRWEECZHA <, 7 [, RREHS
BCFE R e R R T s “—TH/—TH 7, RRWERCZ A <17 BEF, X Hd —Fh R 2 oE 12
s EESHARAE I B o (1) — 2 AU AR E AT senmatch — 81 5 B0 22 v 5% R IR FE L — 41 3047 LU, # senmatch
HH 1 2 ZR U] A T AE RN 2 rh AR A B0 AH R R 0C R B AL, IUHEHT 1 08 RIAIFEBCAZ AR mining 1 Keymarks
—H, FAORATIE P B — A AR AR B result-1 w75 BRI E K ks Xt 3 FoR:

id sentence xml Json source senmatch
21 11128 , &84 =%xml version="1. [[ {1\ 19895018 25,

94 1982593 FES < 7xml version="1. [[ {ESTHIBY 19878018 25,
766 “ERAAEREEmELE <2xml version="1. [ [ {ESTRIR) 10855048 AR .
774 EEFABEITERR <xml version="1. [[ T Higy 198248088 FEaA |
775 BRSO . BBk <7xml version="L1. [ [ {ETH#Es 19855008 FEot |
778 "ERARMOM: , 4RMI13 <7xml version="1. [[ (TR 198245038 BRE%
1777 "BAHEAEREAE: «%xml version="1 [ [ {ETHEY 19865128 BRAE

o
o o0 oo oo
s s R I s v
I

Figure 3. Database and its format

[ 3. HiERE R HAAN

FAERPER mining o Keymarks — 1 H (1) 56 RIAFEECXS Result-1 o 1 BRAGEAR 1T 7028, 531844
KA IR IR IRAE M, Wl 4 2&H 000 RIAHERC “ BARMEDE " [ IR A8 R AFA P -

id sentence xml json source senmatch
21 11128 . &84 =tmlversic [[ [ { "d' {ETH#E 198e 5%, EF

94 1982898 B <Mxmlversic [[ [ { "id" {ETHE: 1987 4%, EF
6364 MMEFER—E <2xmlversic [[ [ { "id" {KIRIEY 1987: 24 . EF
9438 WEEMENEE <tmlversic [[ [ { "id" {KIHES 1983 24 EE
9555 ERERFEHE «xmlversic [[ [ { "id'" (£TIHE\Y 1982 EH . EE
10903 FEHEEEHRSE «tamlversic [[ [ {  "id" {(EIH#EY 1986 27, EH

Figure 4. The original dependency tree library of “although/but because”
4. “BIAMER" MIRIBKRENE

152 I8 R FEIC I AR MRAFAN i 2, e s F B2 A RRAE 70 M 5 0) 528 rp AR A SR R EAT 20T
EEHE 1P 7T MRELAFREE, E RS INE 1 b expression HTIR, [FNHf
senmatch 41 25 # g U 2 o S 2R 1 R0 9 5 2R result FOSRIATE A, RIS R R RO S5 /A “N7 7
FHEERGER, WRBHRMRA I, WA RS SR 4 B

Table 4. New dependency tree format

= 4. FERTER EERIAR R

id sentence xml json expression source result

% 4 v expression fE 2T RAE IR BIRIRAF LI AR GFAF I AMEROR, DLSC RIAHERC “BRARIL”
B, 4nlEl 5 B 2 AT AR A
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id sentence xml json expression source result
766 "EEAATEESRAL <Ymlversi [[ [ “id' 131-a , 132-a , 1 {ETHIEY RETH)=true"R(¥)=ture
774 EERAEAITER <fxmlversi [[ [ "id' 131-v, 132-v, 1: {ETHIEY RERA)=true"R()=ture
775 "ERZAMOM: , BEE =Zxmlversi [[ [ id' 131-v, 132, 1« {ETHIEY RERR)=true"R()=ture
777 EREROM , BER <2xmlwversi [[ [ Yid' 131-v, 132-a, L {&THIEF REFED=true"R()=ture
778 EREANOM . R0 <?xmlversi [[ [ “id' 131-v, 132-v, 1 {ETHIEY RETH) =true"R(¥)=ture
- 1777 "BAERERAS <hmlversi [[ [ "id' 131-v, 132-v, 1: {ETHIEY RERA)=true"R({)=ture

e e ]
o

Figure 5. New dependency tree library
5. FEIRTERE

4.2. MW EEHEHBHIXRITEE

FEYT AN P rh O 1 5% AR TR P4 FC HOTERAE RN, R AE 2 A AR J26 30 52 6] 5 28 9] AR kit b, 424
AR RN ZEASRETR A IR A TERE, JEABE IR R AL IR S R AT 2228, A 20 e b LU AN e 1R 31
(M2 SR R FE I R A6 R, anls] 6 B U R oG “AMUAE” R AR IR BC A AN BE R 1) S 46
AT P -

id sentence xml json source senmatch
435 "AEEREBEC <lmlversion="1[[ [ { "id“ {&ETIHEY 198 A%, iF
523 Mgl HEEEFT. <%xmlversion="1[[ [ { “id% {EIBE 198 7L, F
558 CEEEME" AMMEE <fxmlversion="1[[ [ { ‘"id: {EIBE 198 FR, &F
898 "I SER, - <Mxmlversion="1[[ [ { "id" {ETHEY 198 &=, iE

1540 "&&F"  AEEL =lxmlversion="1[[ [ { "id": {&EIHE: 198 A, iF

Figure 6. Original dependency tree library of relational word collocation “not on-
ly/also”

& 6. XRFRIAER “MMULE” BIREKENE

X6 1 BT AR S SR AR AT A% P FRFAE 20 BT 28 0 B HARAE G &R, ARG 4 FuR i) expression 51
H, RIS R 2R TR R, ] 7 RN O KRR “AMUGE” 2R 5 R
id sentence xml json expression  source result
435 "REEHEEC <?xmlversic [[ [ { "id131-v, 132 {ETHIBEY 198 R =true“R{iF)=ture
523 "SHET, MEETT. <%wxmlversic [[ [ { "id 131-v, 132 {ETHIEY 198 RA®R)=true R =ture
558 “EEHWE" AWEE =fxmlversic [[ [ { "id 131-v, 132v {ETHEY 198 R =trueR{EE)=ture
{
{

898 "TE" &=E ., - <?xmlversic [[ [ “id 131-v , 132-v  {ESTHEY 198 ROAR)=true*REL)=ture
1540 &, ANEiL <?xml versic [[ [ “id 131-v, 132-v {ESTHES 198 RO =true*R{ER)=ture

Figure 7. Mining corpus for the collocation of relative words “not only/also”

7. RERAER “NUE” BIZHEER

5. ET FP-tree BIABIHZHRIER EH X RIAKEFEXZAN

TEARSCHIEE 2 TR CAEN2H T FP-tree HE U] B Zh#2 8 R, FP-tree 532 REME 42 4 Hh 54 v Ay A ¢
B, ARTTRIA FP-tree SLILTZHR 15 R} 2 A A5V H B R0

s 5 FE 7 /& FP-tree SVEBHATIZHE AT T 00 BAGERE, 32 AT BAGE L R K S AT RN B BhS
5379 /& expression 1 result, expression ¥1),& % RIAFEECHIKAZ LI ZEAE, result 7112 5 R ] FA L 12 51l 45
R, FIH FP-tree BIEIZHR HOC R B IR L R M 5 FI 45 R B R, BN &d
FEHE XM 88 0 T J5 BOVERLEE . BT X 5% R IAIFA T BESR/ L AT IR 3248 101 R EE A% 1) 8 FITw :

DOI: 10.12677/csa.2021.115158 1544 TR 5 R H


https://doi.org/10.12677/csa.2021.115158

expression result

131-a, 132-a, 141-ADV , 142-ADV, 15-1, 161-0, 162-0, 17-1, 18-0, 19-1 R(EEZR) =true *R(3)=ture
131-v, 132-v, 141-ADV, 142-ADV , 15-1, 161-0, 162-0, 17-0, 18-1, 19-COQ R(FEAf)=true"R(M)=ture
131-v, 132-v, 141-ADV , 142-ADV , 15-1, 161-1, 162-0, 17-0, 18-1, 19-CO0 R{EE&R) =true*R(X¥)=ture
131-v, 132-a, 141-ADV , 142-ADV , 15-1, 161-0, 162-0, 17-0, 18-3, 19-0 R(EEZR) =true *R(3)=ture
131-v, 132-v, 141-ADV , 142-ADV , 15-1, 161-0, 162-0, 17-0, 18-1, 19-CO0 R{EE&E8) =true "R()=ture
131-v, 132-v, 141-ADV , 142-ADV , 15-1, 161-0, 162-0, 17-0, 18-1, 19-COO R(EEZ) =true"R(¥)=ture
131-v, 132-v, 141-ADV, 142-ADV, 15-1, 161-0, 162-0, 17-1, 18-0, 19-1 R(EEZE) =true *R(3)=ture

Figure 8. Corpus for rule mining with relational words collocation “since/again”

[E 8. KRARIANEEL “BESA/NX” SHITHNIZHERIERIE
Kl 8 i — 2l e — 2k 5%, BRI S5 I S X expression 1A R TSR J5 13 X result 1) A R 35,
WS BIRNER <, 7 BIT, IrAESNEGHREAENEIRES, HRETOCREHBE S “BER/
N7 RS 522 5%, PrULALIZ4E B & & b e 522 268, R |D| =522, AfRUESZHE AN K 5
M, ARSI SCRE FE AN B BE I B BRI 2 TR, B 2 4 i 2 4 B 4R — 2 rO R, BRI AR
P25 B e/ SR minSupport = "—2”+1, B minSupport = 262, #{Z & Confident = 0.51.

RPR LY/ I

TN - TEELE PR H AL A List<List<String>> transactions; #Z/) 3¢ 75 /2 minSupport; &/5/&
Confident

FH . TIN5 5 ] H 2 R g 4 70 5 4 Map<List<String>,Integer>; 47 Zp (#9457
FrequentPattens

#1445 1¢ PostModel=[], CPB=transactions
voidFPGrowth(List<List<String>>CPB,List<String>PostModel){
If CPB %%
return;

}

else{

21 CPB 1 #F— I H HIi14,  #iH40D T 152 4) 3 ##4 minSupport /95 #4, X/ 7- CPB #1545 —
FFF I H i EE A

H CPB #y# FP-Tree, FP-Tree /#7# 74 / #=%27 headers, #F —-* header #8575/ | —#f#
HeaderLinkList, #£7#&77H9#E1 70 7542 FP-Tree LHI—1 T 47, H 7774 % header.name #7/d.

}
For header in headers{

newPostModel=header.name+PostModel

#<newPostModel, header.count> 7//#/ FrequentPattens 7.

newCPB=[]

Or TreeNode in HeaderLinkList;

72F M FP-Tree IR 77 57 #) TreeNode /74 #5475 path, #7path /£ % — 1 F5 7 newCPB 7, # &

775117 TreeNode.count /4.

}
FPGrowth(newCPB,newPostModel);

}
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WA b FP-tree SAXS “BRAR/L” MO RIAFERCEEAT H Bh12 30 25 R U1K 9 o

buildFPTree use time 9

Il S
[R(8E%)=trueR(X)=true, 131-v,132-v,141-ADV, 142-ADV,15-1,161-0,162-0,17-0,18-1,19-C00] 407
[R(FE#)=true R (X )=true] 522

[131-v,132-v,141-ADV,142-ADV,15-1,161-0,162-0,17-0,18-1,19-C00] 488

it &R THE BEE
[131-v,132-v,141-ADV,142-ADV,15-1,161-0,162-0,17-0,18-1,19-C00]-> R(8#%)=true”R(X)=true 407

Figure 9. Automatic mining results of the relational word collocation of “since/again”

9. “BRAAIN” HIXRFRIAEE BIZIEER

MBS SE T, AR EL R4 F 131-v, 132-v, 141-ADV, 142-ADV, 15-1, 161-0, 162-0, 17-0,
18-1, 19-COO #H 5% RIFAHBELHIHLE R R (FEAR) = trueR () = true [ISZHEAE A 407, BEEEEN L.

MR BB IR 25 R A4S — 4 R TR R IHE L “BRAR/ISL” HIRAZRIN, A hr -

[131-v, 132-v, 141-ADV, 142-ADV, 15-1, 161-0, 162-0, 17-0, 18-1, 19-COO]->R(E£5R)=true"R(3L)=true

ATLAF ] “BESRIL” BIRAE LI an 22 5 iR

Table 5. Dependency constraint rules of “Since/again”

F#5. “BRR/N” BIRFLIRAN

Keymarks dpType dpconstrains result

parentPos (E%4R) = vAparentPos () = v + Relation (BF4R) =
. ADV”Relation (X) = ADV + relationDirection (H54%, X)=1+ R (E£4R) = true,
SR
BERAIX 18+14+15+16+17+18 isParent (BE48) = 0NisParent () = 0 + ispEqual (BE4X, X)=0 R (X) =true
+ Distance (BE#8, X) =1+ Gwdp (%, X)=CO00

AT F N A) 6 RFE I KA R REAT B2, L2388 87 N, Hrh s 32
o, ERA 20 %, AR 22 %, EEAHA)HIN 13 %%, 1l 10 52 H B2 1 30 A )
ordinary-mining 3543 3 .«
ID  Keymarks dpType dpconstraints result
1 BT/AE 14+15+16 Relation(f& 7)=ADV+isParent( R T )=true R(iITHE)=true
? EiR/BEE 14+16 Relation(Zi7)=ADV*Relation( R(ZiR)=true, R{BE)=true
3 AR{YME 14+15+16 Relation(A{3{R)=ADV*Relatio R{AHR)=true,R(M1H)=true

o BEER/N 13+14+15+ parentPos(BE#)=v" parentPos R(EEZ)=true,R(3)=true
5 ERM/EEMm 14+15 Relation(8EN)=ADV"Relation( R(EEN)=true R(EEN)=true

Figure 10. Some screenshots of ordinary-mining
10. BN ordinary-mining BYER4 & El

FEAZHRAT 2 AR I N 2 SR B U rh R R U 2 r R U B G 4y, T AR AE R DU D
IRAFLVHFIN, AT EBEIHRAA LTI BEAT 28, R, FHFFEZ H 2R constraintType F1Z) R 4644
constraints 41| (IR BRI NS EI AT o

6. B4

DU R A 5 200 IR AT 5 2R A FR AR UAT TER I T DU HRAT I P o AR 22 AR JE1 4 o 2 T 1 SRS 5 10
SCRCHIR AR, BN Hreeid 7 ia Ja 2 A) rh ok SR 2 (8 (I SCRC R &, JREAE I R Ao — BURAF S5 1,
XTSI BATHRANSALE AR T I REAE AR iy P RIS ORI i, RO HRAE A o s
R [14].

DOI: 10.12677/csa.2021.115158 1546 HENLIRE 55


https://doi.org/10.12677/csa.2021.115158

KAV HIKAT 5 2 A Bl A B AR A A0 SUR IRBIORHE,  H ATX OQ AR 1 B sl BT 7t £ ZER A e

TR A TEE A B OC AR, ASCAEDUR R AVRAFAE kit b, AR CAT 10 7 RRAF LA AT
iz A IR A2 IR S5 FP-tree XHRAFAN 2 v (O BRGRUAN N 2E AT B 30124, Se B BUA AN, B shv i i
U PR DR N1 = e e it ek ok b S W Vs s S e D PR K UV Ao S P ok 1 e S W e e
LATAE R R AR AN, ARIEZ P2 TR, X SEIRTER AT AP RAE AT, IR S IR
I B RAF LIRS A AT IR AR R - SEERSEF2 3t 84 Z A7 R«

(B 5% A 18] 5 SR A BB FUIFAS LETARAF AR M, AE R 26 ROl N 56 28 98] i £ 2051 (138 SCRFAE

M, AR SCHAURE S AR DR BE 2 5% & 3A] B 3R R — B0 7875 170 o
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