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Abstract

Design and Implementation of Method
for Deep Exploring the Evolution of Knowledge Structure

Abstract

Many methods and tools are available to analyze the evolution of knowledge
structure, but limited to cluster structure analysis in terms of static relation threshold
and static time slice. And manual comparison of static structures (e.g. cluster
structures of different threshold) can't analyze differences, property and corresponding
trend of evolution automatically, is difficult to support automatic and deep-seated
analysis of the evolution structure and detect the latent evolution direction.

To the problem, after research of methods (exploring latent, new, bursty,
transfering, important knowledge and displaying result), shortage is pointed out,
including that automatic discovery of latent knowledge is of low efficiency, and that
category and character of evolution are not depicted definitely.

Based on knowledge structure derived from co-citation and cluster, two methods
are proposed. One is to automatically analyze the differences of multi-threshold-level
cluster structures and detect the latent structure under the higher level, which is called
threshold level structure difference detection strategy (abbr. threshold strategy) and
aimed to explore the gestating and developing objects and their relations underlying
the main objects and relations. The other is to automatically analyze the evolution
relation of clusters of different time slices and detect the evolution direction in various
periods, which is called time slice evolution structure analysis strategy (abbr. time
strategy) and aimed to explore the relation and process of evolution structure in time
stream. Moreover a test system is built with two kernel modules of threshold strategy
and time strategy. Methods of tow strategies are certified by the system preliminarily.

In terms of threshold strategy, "relative™ and "twin™ relations are defined, the
former for the clusters on the same threshold level, the latter for the different levels.
Based on two relations, latent cluster is defined and divided into 5 categories. Next,
implementary and display process of threshold strategy is designed.

In terms of time strategy, "ancestor" and "offspring" relations are defined, which
ensure the quality of heredity and inherity. Based on the two relations, evolving
cluster is defined and divided into 6 categories. Next, implementary and display
process of time strategy is designed.

82 diagrams, 4 tables and 2 appendices are included.

Keywords: knowledge structure evolution, threshold, time slice, strategy, latent
structure, evolution structure
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RS R R BRI, BRIRELH, SEWHERR, RIRELHINE T
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X TR R g (1% P, WHERAE S AZfEE— M5 Q, JF HA%E P 51% Q A 4HIH]
RN, B4 Q 5 P 2 Ia HA offspring <& . offspring <&M AN P 5
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3 5-4 %1 offsprings
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- Num(P)

Hrp

P e CLUSTER _ RESULT _ LEVEL _ ME
Ispan _2,span_3,inter _span(span_2,span_3)
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novelty(N)=1-quality(N)
Horf

N e CLUSTER _ RESULT _LEVEL _ME
Ispan_1,span_2,inter _span(span_1,span_2)

ARG, AR R B BORIA M, 828 8% novolty=1-quality
SN, RN TAHSE A K Z WO . 2, RWZEX T AR
2B, T LA A IS TR e i S 1 PR A 0

(11 BRIHTE

EX 5-18 FRIAME

SN TR) S ) BOA% P, AN SRR P AT R AR A P A2 quality, B4 1—qualit
FRAERE P AT AR BR IH

A3 5-18 FRIHME

obsolete(P) =1 quality(P)

Hrp

P e CLUSTER _RESULT _ LEVEL _ ME

Jspan _ 2,span _3,inter _span(span_ 2, span_3)

AT T IEAS, AR R BABRA T, AR IHYE obsolete=1-quality
AN, R T IR AA A T R Z N A& AR RO . 2, RYIZ%E
X TR AR 2 A7 T I 18] B i AN 3 a5t A% 21 J5 AR 2 i i
5.3.1.3 6Fbig T 45

PR P, AR SR b ] N ) T SRS 45 b R AR IR I A0 0 6 2K, Bdh &
IFiE iR B RE. PTHUE . BTN KR . TR SOMEIR AR .

(D HIFE

ENX 5-19 & IFf%

S TR EE AR M, S MR P R 03 O T B A5 T TG B TR ey ik
DA TITINE 1= D0 A = 7w |V (0% N O NG 1 2 = A NV T € S 06 7 NG 11
BT E/MNERE, TR FRTEE ST RAMNIRE, IBAEMPAES %,

AR 5-19 HIF%

M7 IR, if

Num(M )> MIN _SIZE _ FROM _ MERGE
quality(M )> MIN _QUALITY _ RATE

inf lux _num(M )> MIN _ INFLUX _ NUM
inf lux(M ) > MIN _ INFLUX _ RATE

I

M e CLUSTER _RESULT _LEVEL _ME
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[0 spanil: 1999-2004 O  span2: 2000-2005 . inter_span: 2000-2004

Ancestor €

B 5-11 &
(2) s
ENX 5-20 4k
LI () B N AR M, SR MR N 53 BOK T B 45 T de /R 5 8, i HL
HXRFTJEAG MBI TR T B 45 T N T, 0 EEOK T 88 45 T
IMREL R T ECE S T RN MR, R AR M FRAE %
AR 5-20 k%
Mo k%, if
Num(M )= MIN _SIZE _TO _ DIVIDE
quality(M )= MIN _QUALITY _RATE

branch _num(M )= MIN _BRANCH _ NUM
branch(M )= MIN _BRANCH _ RATE

Hor
M e CLUSTER _RESULT _LEVEL _ME
@ span2: 2000-2005 B span 3: 2001-2006 . inter_span: 2001-2005
" K
b k
Me Offspring

5-12 oLk
(3) fha s
ENX 5-21 ghaiE
SIS TE] Bl AR M, A0SR MRS P RSO3 O T B 45 T B/ il 0 8, i HL
AR TAESE, MOBIA BTN T B NAS BT, BBt K T s 45 T dae /N BTk
ICRBKTFEREZT 1, A M BEah &%,
AR 5-21 BTk
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[] span 1: 1999-2004

Ancestor Me

(4) ¥ Huk
EN 5-22 ¥H#E

MERI&%, if

Num(M )> MIN _SIZE _FROM _ FUSE
quality(M ) < MIN _QUALITY _ RATE
novelty(M )> MIN _ NOVELTY _ RATE
inf lux_num(M)>1

Hrp

M e CLUSTER _RESULT _LEVEL _ME

Q© span2: 2000-2005 . inter_span: 2000-2004

5-13 gh&E

SEI TR AT A A% ML 2R MR P9 BOR 1 B08 25 i SR 4 i HL
X FJEAG MO BEA TR N T B AT, BRIAPER T 808 551 e MARTH T,
IR TEGESE T 1, IBAME M BRAEY HUE .

NE 5-22 YR

MY UK, if

Num(M )> MIN _SIZE _TO _ DIFFUSE
quality(M )< MIN _QUALITY _ RATE
obsolete(M ) > MIN _OBSOLETE _ RATE
branch _num(M )>1

Horp

M e CLUSTER _RESULT _LEVEL _ME
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@ span 2: 2000-2005 B span 3: 2001-2006 . inter_span: 2001-2005

Me Offspring » k

B 5-14 # 8%
(5) ik
TEN 5-23 Frifs
HEIF ) B N BOEE M, R M RR A SR BOK T B 55 Tl /Rl B, 2k
HET 0, JEARECRT 0, 1 HAHXETHESE, M RSErsit: K T s 45 T fe i
P, IBadE M FRAE PTG % .
AR 5-23 Friyfs
MBI %, if
Num(M )> MIN _SIZE _FROM _EMERGE
ancestors _num(M ) =0

offsprings _ num(M)> 0
novelty(M )> MIN _ NOVELTY _ RATE

Hrp
M e CLUSTER _RESULT _LEVEL _ME

(6) M K%
EN 5-24 WK
FEIN TR N AR M, an R MR N R0 BBOR T B 25 T e /b il g, #H 2k
HORT 0, JEAREEET 0, 1 HADN T/EAL, M IRBRIBPE R T80 55 T f /MR IH
P, AR M FRAET K%
NI 5-24 W IKFE
MV k%, if
Num(M )> MIN _SIZE _TO _OBSOLETE
ancestors _num(M )>0

offsprings _num(M )=0
obsolete(M )> MIN _OBSOLETE _ RATE

Hrp
M e CLUSTER _RESULT _LEVEL _ME

gi bRk, T SEEUR A ) SRR R B H R, S g R i TR
(K] Fh o Z2——ancestor J< & A1 offspring < & . FAMIHMRCR, riiicS
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SRR G KB AR B 3 T 1K) T 0 3L

BARAT RN LR R AEUESERE B, R SHG. SIRACIKICR, RpimAidl 7
AW . — 4N A S, e AR, ARG IR MER. B
o T3 RN RS, R REAS, AR FTEOR. Rk
MRAEASCIE X, BERER P IHRIRSIERI A R B 5-15 P, B Rh g )
=k 5-1 s,

HI%E (merge)
AT 4G A% (fuse)

g% (emerge)

B srALfE (divide)
o AR T EAR {3‘) % (diffuse)
” WoA% Celiminate)
AR AR %
5-15 FRIETEBFFAER &
% 5-1 BYiE)REE & MRz BRI X 3
% HES X5l
AR % B X X
EHETEIE. BE. . oMb, ¥, WP —2
AR %
2 AT ST K
AP A AR K
s RS K AP
TR EUE A PR 4
B
T ey reR i
P AFPE AT 2K
MR IH P 2 7 28K
PaN (YA YN
R s BT
I RECE A PR A
PN 3

5.3.2 WELMMHKIR
LT 1) 73 B, A% ancestor A1 offspring 5¢ & H A, 52 T I TR] SR it

7 B ) 6 SRBHAR A, DL R AR AR (R AR R I o I FH N A] S g6 o I8 AR 25 A4 1)
F B RS AR AT R =N AH AR IR IS TR) e 2R 2 45 IR 2 1A) A4 7t ancestor 1 offspring 5%
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R, BRI, (RIS b, R I A) ) R 25 AR R . XA
SN SR 71 (510 £ s e et N1 N L = Rt [T R Sl G L T e SR 5
5.3.2.1 RIERLEMH T ETR

RIS VTN S b e v M T N [ €2 SRR SRR N 1D G VAR RN T
T IR S BT ST 2 IRV ARG AT SR 2R 45 R P AR IR Bkt i AR AR ) =
ARV, Oy R TAD IS 1) i A B i — IS TR & 1K) ancestor K& 55— INFIA) B 1)
offspring G & . FEULEEAN b, Lhr (a] ik () 2 28 28 28 i ok 5 8 A0 4, AR
YA 552 P A WA v 3 m ) B T AR 1 R — I IR 5 O E S Rl iR B
1B, CARAEXNS TG — W B i § . W%, Bl 5-16 #1142 N
N [F] SR, A = AN A AR IS [R] T 1) SR IS 45 A b R I AR 45 44 1) - BEP IR

73 IS 18]
IR SN

TEE R 43 AT
AR ) B
[

Fey gt v R I R] P P ) I ) B 5
A B IR 2 1 J&— I IR B
ancestor < & offspring % %

[ [

AE A JR) B TR) 7 4
6 Pl AR AR
i S Y AR AR
AR

5-16 KMRLELHHETESR

XH, AN, BRI REE I, B A) SRS R A 2 N R A
TS ERRF IR %, F e (R SR 7 B AE S HRIB AR S R e« S AR BB X [A] 7,
MAZ DX [8] 326 5 22 S WDl () A B2, T ESF ) SR s DU AN 5 BEX AN P B 73 A DR
ESPE SR NPINCE

(1) 3 R o0 s [B) B (R i, Dy 77 A i Js IF IR B A 2 I AR s, — R
E b/ SR o1 7 B N 1D = LT NN S0 B 7 P 1 B2 /NS R T e D o B Uy N
AR AR 22, T 300 5 P I TR) T TR SRR 4 RS A WA 24k . WAL
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N 1) 7 5 R Ee i 2, IR AR AR A LR A A R L], B SRS JE Y
AN TE] % R 2R 2R 45 2 e WA o IR 2K, N2 S WL AR P A Ik ) B o A I T A
SER AT REE ORI

(2) WHERIFN R EHEASKE, B A, AR SR
FER A REP 2 AR BN 2 L ANBIEE « IXFE, N B[] SRS A D75 A8 45 ) 1 ik
BASKEK, HEEWA W BRI A B K. Bk, o LIAH % a4 &
THEL R )
5.3.2.2 FREZKALREX Z 9 FokAse

(1) #J#t ancestor < &A1 offspring ¢ &R . % ancestor K &R, A HE L
FEanpE 5-17 Fros. #%E offspring 5¢ & PRGN L AR 5 LR L.
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o SRS

VI
fH: Witk [P P EE
/M Re AT |l kR | iR
MR FBAF 5%
v
wAnEERALS ] sz || sk
S I — AN 5T 5%

v

LA 1
Jo AT

)|

A /NI A B gt
[F1) I T61) 7% FRAHL S G BA S

v

THEALSE I AL

AR T
TR

\ 4

SF NI IR) 7 7 7
HEN F ] I T 2
1B (AT AL G B

AR
5|

JETT I [A]

W iM%

ancestor < %
Pt sE e

& 5-17 #E ancestor XRAMEILRIE
(2) AErpa)ifa) & kAN . RN B VEmAE I & 5-18 Frs o
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SRR G KB AR B 3 T 1K) T 0 3L

WIS : JEPEZAFHAR S Fy#d ancestor Al

TRH ICB R M AR [T Y] offspring &
IMREL. SRS ME

KIFHES BBUE Wi IFPEME
EE ST Tk YN

A 4

I ) 7 SR R
NP

A

TRAFZIRIN 2SI R I
ancestors. offsprings < &
[

TRAFZAR I B S L
ancestors. offsprings X%
[

TRAFZIRIN 2SI R I
ancestors. offsprings < &
|

TRAFZAR IS B S 3T
ancestors. offsprings X%
[

TRAFZIRIN 2SI R I
ancestors. offsprings < &
|

TRAFZAR IS B S 3L
ancestors. offsprings X%
[

AT PRI ]

&M%

5-18 SRRERMBEILZRRE
FET AR RE T, 02 B2 P — AR 8 TR BRI AR %
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LI & IR, AN STV AT 5-10 k. HOE WASRENG FI K.

BENIIHSHL LIPS

TCRE IR IME pl TN ) B SR L A e — AR
A e S /ME ancestor 5¢ &

B A5 7 B /IMEL offspring 2% %&

AR AT KT o T A IF
WA M

TERECES KT o5 T 8F
PR Bt ME

TR T 5 T2
O LN

5-19 FEEFRMBEERE

(3) [F) BB SN — A, A r A] I T &3 AR T 5 9 A IS T 8 PR s AR 6
F, HWAFEAES . AL RN R & 54k 6 P AR iR, o9 —AME S 2 i e
T L AR T [ I S P A I TR) B R R B AR R R o AR R R FH PR AN AL as
XIFHSE I AR AR B o AR T HT— AN R, 204K T FH A IR L i b, BRIt AT
CUBAZIZNT A A S [P kA 2R AZ B AL B AR G R . by X JEAAEHE K
o M TJE— ARV, e S s R 45 e AR, Rt T DK e A 3G
B AL A% JE AR R R o MO R I F 2 H 2l sk ok
R T TRV A) 2 mp R A% S i IR R I R R, R Ve AR R R =N A
RIS TR B A L R, IR R kR R R . anl&] 5-20 PR .
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i B I 8] 7 2R
S

4%'1

THRAZARIA R

ancestors

v

FHAZIE A R
offsprings

y

MG — A

A 4

2 ancestor

h 4

v

THREAZNT I
72 ancestor

P B — AN A1

%4 offspring

v

R 4k 7

y

VLN I
H 7% offspring
54T %

AR SR BLREA
XSG AL R
EYIN

v

v

I ancestor 3%
NIZSR I 5L
BB

L= S YN W I
Xt IR AR AR %
ZB\S

v

AR —

MR

It offspring 5%
NZFEI JE AR
A%

)

A

MERUEAR

AL G R 58 B

B 5-20 MERERUXFMEZRE
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5.3.3 BREMH AT

L5 BEL SRS ANTR] (12, I TR) S S AR R I R B R —Fho 3, (H
7 I 18] SRS T3 A 5 Ry FR) st A A i 5 3o — 05 2 A — ] 1 FR0 1 30 31
=N TRVET A PAT IR HE AR, SRR P ZoRt R AL R R MR R K. 53—
Tty e B L I TR I 8] T (KI5, 9 AN SO IR MR e et B A i
XA TRA BB R R

[RSE i I RV AN S R

(1) JEzs = AN Ta) i A B % o

(2) Jezs I TB] IS 18] B Hp - R AL R

(3) Jeezys H ] IN [ B 14995 2 75 ) T s 1A A I i) 7 AR PR AR SR AR

BRSO T AL AR I A A |

(1) Jez v a) I 1) i A2 R e S LR AR

(2) Fops H 8] IR T B [958 3 75 ) T J 1 4 I i) 2 A RO AR OGRS

PR 7R 7 AT 1o S5 U RE T W7 I 7 =N A AT I ) T A 5
RMaEF, HRAGE AR TR B 754, g Es I AR A th 2 2N Th)
B T AZ ) AN HARRIL . 5 oy 2CnT BUR AR RN I 18] B (AR 44, AR
fitt b FH SC7 b PN 1) B (R A FR A AR AR, B AN G DAL IS WA SIS I 1) 7 15
BRAM2H

ANV — 7 3, TR AR A R ) E A R A AR X B 20 AT
YA AR 25 R s K AR 3R ON -

D R UGRE = AN AR I 1) 7 S R 2R 45 L.

08 AR RIS ) B (R AR R A AR R AR o

H=D ERRERTTA

FVUE: AR Rl 7 5.

Hh IR R R AR PR R R =, AN
TEAR L E IR =N R B h AT A SR 1% W2 s — Al s, BB R
71~ FP TRV IS 8] B (R S SEFB4iRt) T AN 7N i P A I ) i 100 7 M HL g iy, it HL
THAR R AR A S I AR o

FNbe RS0, WHINREEY, HEEIAEA R BN mO k.

5.4 IN\GE

AT A2 HE H o L I TR SR, AR I TR B A DI AR S 4, I B E
TR R AR LA MR R AR M 5 5 o I ] SROGS (10 T 2 Py 7t «
(1) MR ) T 2 TR S A 9C R o Sl v ) N T 7 (O 1, SR i iy
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F, H ancestor K&K, WHMJ5HE, A offspring X F. ancestor )X FR i offspring
KA A5 R I AR SE e I 36 fil . Y4, T XY ancestor ¢ &l offspring 5¢ &
(1752 S4BT, v DA I () B 2 (R AFAE BRI “ AR 4k7R ™ 1, I 1 2 o {E S s
(RIS £

(2) HIHEA RIS, FIF] ancestor 3¢ & 1 offspring < &, st X T #%
[ —LeRe ok, s AR, kAR, AR ARUEE. AhE. ek,
BRIBPE. SRR RS . B IX Se A RE I, MR A8 i 2k 6 MR
Herm S, BaE: SR oiE. e E. PEGE. BiiE. k.

(3) WUT I (A SERE SLTtR P R . F A4 D BRI [B] %6 2 [A] ancestor X F Al
offspring JC R M. 6 PSR 30, AR RIIIE . ASC— I =AM
RIS 8] B 4 A 20 AP %6 ¢, 1 L T e ) B A2 A4 93 BT 0 5% o ARG TR — I )
e RN () G5 IR BG AR BTAE, AR T 5 — ST, 76 o R i )
FHAE FHUE. R

(4) HJa—n WA B  nALJEZR . AV (RS @R —FF, 3
AL Rt o K- R AR 7 2, — A SR — AN NRE, 51— iR
=AM TR B
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6 FELIMMERRT

ASCERVUTE | 25 U o I VRAN BTt TR PR S RS A S5 A4 (1 PR SR o A
W o AN EEALSS R Wt MR ARG, SCHLUX PR 7 ik . Tl —
MR G, BE—ASEERIN R . AR AE PN VA SRS vt i 3
fith b, 5 BV P SRS A g A AR DU R SRR R (3 T AR I R A
HISEIL . B n o ilie RIS T4 2R

6.1 FERIEAILH
6.1.1 BMER S ARG R

] L SR 2SI LI T B2 I o DA I — Kt 2 P 1504 0 BRI O AR B R P
TR, IF 2 AR RIS BB 70 AT SRR S SR JE X AN TR B {E
JE TV SRR A RBEAT LR, R B A RAFAE W B 22 5 (M B (2 0, B A8
BB T) 7o ASRAR DX A] Rk 6 — N iy BB Z A — MR BIELZ BT AR bR AT
SARBME)Z iR SR relative XR, RBIMEZ S =B )= 2 18] % 5 %) twin 5%
Ao AEUEILAL b, FEARPETEAE AR K A b 4 3 S AL B 2 AT et B A= 1) 25 Tl
AR f)i FTPT AL VA s S R B TR SR o AR A0 10 (SRS 1) T e 20K
L RO SRR B ) T2 S B 7R N B 6-1 P
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EEITE AN

{ setTopLevel(): fx & BI{E )2
/%‘iﬁﬁ&ﬁ

setStep(): BIHFEMICL K

[ createThresholdSpan(): -3k 5875 B {H [X 1]
createRelativeRelation(): i, relative ¢ &
createTwinRelation(): fifi s twin X &

JiSEBuw <

thresholdStrate
o0 < findTalents(): ki 7EH%

findTalentRelation(): T3 CR

\_ showTalentStructure (): J&7RiE7E S5 1y

saveTalent(): {RATIH7EE
\ 45 R {

saveTalentRelation(): fRTEH#E &

B 6-1 E{ERMEEREZELNAE
6-2 L 1 W FH B SRS, DU (R S5 1 VEAN S BLAURE o B P2,
i~ AP L DAL A AR I (L DX TR PR A Rk o557 5, A B SR AT PR AS [
ST B (@) IR o B2 [ BEE O s BUER, RBME 2 8
ke B (b)) il e e B R AR B BB N 22 WL K S iR 2, Bl IR
PP I8 V2 22 G0 P K R A 8 DA 9 A A 408 1) 2 S D A ) ALV o X PR 5 o
ST RIS BMEZ IR, U ANSE I S A 1 R R
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WM IR E - v
ACAR B E e LT RS e
I (I B 25 K ¢
METE RIS

PESERER

‘ ]

VI FerLr S K
. MR R i
[=]

%
e P E
B b e
I 24
B L
S 20 2 0
2 Sk T B
144 relative .
M ks |
Al twin %7 R giEE
iz
> [ 4 5 2
A7 24 B
S et
4
BT
B
ST

(@) i B2 T W A A e e B )2
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BEE YA :
AR B
BRI K

PESERER

CILGIEES

i)

A 4

GRESTIE SN

H A< B e
A 5 e

B{E =

o

¢ v AN
T BEEA TR iR {E
7}

Ao

R
o

B )2 LA

HHIREL RS

A

A=

A

R IRAI

NS

i T 5
2 I HT 2
1 - I t- |

— ik

SR
[ 2 55 2

v

DRAT 24T B 1
JE T HREE R

Py g i

BfE )2
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6.1.2 BERRTAREER

(1) PiAS BRI K 22 B L TR ety 5

A/ B (L2 T 2K 5 422 5 R 1 2 0l ol R AR ot P/ 2 TS
F, TP B 2 SR A, DIt A, B S 5
B ] AL LSRN FRO TR B, A B2 1 2K 45 SR 0 5% H B TR
F IV 6-3 iR

setHighLevel(): ff LR s BMEH )=

EAE/ILTIAN .
( - ‘HJ setLowLevel(): i LLBMRBIME)Z
ZHUE.
setCompareParameter(): S
createThresholdSpan () < doLevelCompare(): HIEE R4 R LK
Ab AR
checkSignificantDif(): 65 2 7 42 75 #H &

\ 4R {saveThresholdSpan(): PRATSAZ R AH X (7]

6-3 M HEEARLLERERILBRTFERMNETESNA X
FEESK,  chechSignificant() /7 12 W 0B SR SAS LRI H #0642, A BERf &
R (B2 1R SR 2 a8t R 22 S e W R I

®  checkSignificantDif() /772528

ITRL I P IR SRR T e 1 7%
private void checkSignificantDif(){
IVH S 72 7
totalClusterNumDif = Math.abs(numClusterCompl-numClusterComp?2);
percentTatalClusterNumDif =
Integer.parselnt(String.valueOf(Math.round(((double)totalClusterNumDif/(double)numClusterComp2)*10
0)/1));
sameClusterNum = numClusterSame;
percentSameClusterNum =
Integer.parselnt(String.valueOf(Math.round(((double)sameClusterNum/(double)Math.max(numClusterCo
mpl1,numClusterComp?2))*100)/1));
containClusterNum = numClusterContainl;
percentContainClusterNum =
Integer.parselnt(String.valueOf(Math.round(((double)numClusterContain1/(double)Math.max(numCluste
rCompl,numClusterComp2))*100)/1));
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IR ERE, BA4A 2

if(totalClusterNumDif>=minTatalClusterNumDif
&& percentTatalClusterNumDif>=minPercentTatalClusterNumDif
&& sameClusterNum<=maxSameClusterNum
&& percentSameClusterNum<=maxPercentSameClusterNum
&& containClusterNum<=maxContainClusterNum
&& percentContainClusterNum<=maxPercentContainClusterNum
i

bSignificantDif = true;//ix 0] 71 &
telse{

bSignificantDif = false;

(2) F%E relative JC & twin 2R TR 1) SZEL

a3 relative JCFR . twin JCFR 1) =T AT A B EL)Z v (0 FAAL) S P oA G
RIKR, WORFRWGEFIRIEEL IR NP B S ) DhRe2Esk, Mg
relative X & twin ¢ &R T REUR) = ZSL TV E] 6-4 FT s .

(" setHighLevel(): 75 Lbim Bl )2

( —— setLowLevel(): 7 LUK EE)Z
(il <

SHRE
setRelativeParameter(): relative ¢ R4l
createRelativeRelation() \_ setTwinParameter(): twin JXRZH
createTwinRelation() < findRelatives(): -k relatives
A3t A
findTwins(): -k twins
saveRelatives(): {R17 relatives
\ g

saveTwins(): fRAF twins

6-4 fAHE relative X&. twin XEAFERMEETIM S X
TR I v findTwins O, 35 & KA BE )2
®  findTwins()Jy %Szl

1173 mapTablel # mapTable2 4 53 &AL 5%
/ImapTablel: 1%H1{HZ

lImapTable2: & HW{HZ

private void findTwin(){

TEREUAC B S % FEA% A 1 D RRAIE
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sql = "select count(*) as cc,"+ colName+" from "+ mapTablel+" group by " +colName+" order by
"+colName;
HRIXCE AR AR 2 SR AR AKFR) v B2 A B 72 A S DA R A
sgl = "select count(*) as cc,"+colName+" from "+mapTable2+" where id in "+"("+"select id from
"+mapTablel+" where "+colName+" = ?"+")"+" group by "+colName+" order by cc desc"+", "+ colName;
TIRI i B AL 22 18 e FLAR P P B R AIE
sgl = "select count(*) as cc,"+colName+" from "+mapTable2+" where "+colName+" = ? group by "
+colName;
while(rs1.next()){
similarity = MIN_SIMILARITY_TWIN;//¥i 55 % 5E twin AHLLPE S /ME 0.4;
numSimil = 0;
twin = 0;
size_twin = 0;
intersection_twin = 0;
c_id1 = rsl.getint(colName);
size_c_id1 = rsl.getint("cc");
twins[n][0] = c_id1;
twins[n][1] = size_c_id1;
pstmt2.setint(1,c_id1);
rs2 = pstmt2.executeQuery();
if(rs2.last()){
numsSimil = rs2.getRow();
rs2.beforeFirst();
}
IR E Fr A 7] BE twin
while(rs2.next()){//3 [ e B )=
c_id2 = rs2.getint(colName);
intersection = rs2.getint("cc");
pstmt3.setint(1,c_id2);
rs3 = pstmt3.executeQuery();
if(rs3.next(){
size_c_id2 = rs3.getInt("cc");
Yiif(rs3.next())
rs3.close();
IS
double tmp = 1*((double)intersection/(double)size_c_id1);
IECEARIYE,  F AR e K
if(tmp>similarity){
similarity = tmp;
twin = c_id2;
size_twin = size_c_id2;
intersection_twin = intersection;
}
Y g e B A2 56
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rs2.close();
twins[n][2] = twin;//iC 354 2% twin
twins[n][3] = size_twin;
if(twin==0){
similarity = 0.0;
}
N+ /I 4k S50 [
if(bGUIY
insertLog(toStringArray(c_id1,size_c_id1,twin,size_twin,intersection_twin,similarity));
}
VMG B AR 2308 3 58
rsl.close();

}

(3) FHA AR A ST
FHIBRMN LI RE AR E il TS raletive, twin R, FHRELE
1% o ARYE B UK I D e 225K, T AR R ) S S Tk an 1] 6-5 .
setHighLevel(): ¥ L% a1 )=
ELEITEIIN setLowLevel(): bR BIE)E
( SHRE
setTalentParameter(): & 7E %AW S5
(" isAbsolutelsolate (): #IWr /& 5 45 PIA7 1%
findTalents() isSelflsolate (): AIWTET B Ak RINLAE
VosLibuw <

isMaanLink (): T2 75 1h BcAEr %

isBranchhLink (): W25 0 %

\_ isDirectLink (): Il 75 B Hefir %

\ 45 Rt { saveTalents(): DRAFHFFEM: M HIEMY

6-5 SHBERTRROEELASZX
B A% 0 ORI, AR MR AT RESE 5 PR (10—, H %
FBH AL FE P B ERR IO S AE I il EAORAFIZAR DS, RE Mm% 2~ — Mgt
AT AW ORI A5 AR A B, SR TR SE i .

®  isDirectLink() 75 5281

AT A5 2 BT %
2, BB X TR, G0, SmBE)z 2 oA R 2R A LR
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private boolean isDirectLink(int c_id){
boolean b = false;
try{
int[] relative = getRelative(c_id,matrixTable1);//3%HX relatives
int[] twin_of_relative = getTwinOfRelative(relative);//3%1X relatives ] twins
IRAT WL IALfE
if(lisNewCluster(c_id)||isAbsolutelsolate(c_id)||isSelflsolate(c_id)){
b = false;
return b;
}
11187 relatives &5 8 ik
for(int i=0;i<relative.length;i++){
if(lisNewCluster(relative[i])){
n++;//relatives R F 7L

}
if(n>1){
T T 77 W5 A AT 4 AR PR R
size = getSize(c_id);
if(size>=MIN_SIZE_LINK){
relation = getMinRelationWithNotNewCluster(c_id,matrixTable1);
if(relation>=MIN_RELATION_LINK){
b = true;
Jelse if(n>=MIN_RELATION_NUM_LINK)

b = true;

}

return b;

(4) BRI R TR S

FE S P A DR AR ) 2 ) 2 T 9 A S0 AR IR B L2 R AR A% 5 v B
JZ R IRRIBR AR ALK, P AE DR AR LA IR P 8 2 0] 7 ml RETE o AR He 1 (L SRS 114
THREZER, RV AEOC R TR (1 T EE S BT VA & 6-6 Jio
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A
A

findRelationToTwins(): S-#kIHAEHK L twins (55 R

\\ updateRelation(): FFJFELHLERE I RIEME

\ g R { saveTalentRelation(): {RAEHAEFE A R

6-6 MIRBEXRFRENEELHA

P AR R RINAZ O BROE T HRIBAERL T relatives & H: relatives [ twins,
W2, SRS twin ¥ CRIE R AR EES twin AR R 1)
relative ff) % % .

MR SRS, A AN EEPBREE RN, WK 6-7 Jix.

(a) Hfik TIREIMEZ Leve 1 FIsHIME)Z Leve 2 ) =FI KR, Ao BAMRBLT

% EL 5 E10 H relative ¢ & X, E10 76 L J2F twin #% N1, BLin] LA 7E
i EL 5 BRI NLAWERR Xo /o PR EL I 5% E11, LJZi% N4 IX
Fhi=Moe R, HPBEXRREN Y. FHE, A LMK E2 5 12K N2 iR
R Z. AN AR WPIANELERE EL M E2 Z WA relative X & P. & (b) Hiik
TR E RS R CRIER. B (o) WLRLE R BIE)Z 5% R M Bn L e
B EL. B2, T HIGI TR S @ B2 R RR (XL Y. 2. Bk
A OCR (P)o BRI, BrAE R SE R T 0 A JE R A, 5 T mBE 2 1%,
DA AR AR R
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N1 N2
g N . . N
BEXR: X 7 A WEXR: 2 7 A
7 i 7 i
7z | . 7 | .
7 ' twin 7 ' twin
s 1 a [l
1~ E E2 — _ __ E20
relative X &: X relative X %:Z
(a-1) (@-3)
N4
g N
BEXR: Y 7 A
. ]
7 T Bl — . E2
e 1 twin relative X %&: P
a |
El1

relative X %&: Y

(a-2) (a-4)

(a) relativex &, twink &R, IBERER

N1 N2 N3 N4
N1 1 0.4 0.2 0.38
N2 0.4 1 0 0
N3 0.2 0 1 0
N4 0.38 0 0 1

(b) o BIE)Z R AR A

N1 N2 N3 N4 El E2
N1 1 0.4 0.2 0.38 X 0
N2 0.4 1 0 0 0 z
N3 0.2 0 1 0 0 0
N4 0.38 0 0 1 Y 0
El X 0 0 Y 1 P
E2 0 z 0 0 P 1

(c) HHMYJA, wmBIE)R O ARA RN Ea 7k AR
6-7 XABEHMEN
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e B E SR WLk, DUEA ARSI AR B ek o AR 4hs o {5
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setHighLevel(): 13 HLA i B 12
[ B
SHWE setLowLevel(): 17 LB MRBIME)Z

[ getTalent(): W{Ef%

getTalentRelation(): ¥ 7EfER
showTalentStructure()

WER <
getUpdateRelation(): H A% 5 18 7E ik R AR I

\ draw(): ZeHIREWAERR. WGE AR R A1

\ g Wi { savePicture(): FRAELEHIE
B 6-8 LS ELMRREFRRINEERASE

6.2 BB SRERAISCHL
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AR ) = AN IR B, Ay o TA) I ) i 440 2 5 i — I THD 77 (1) ancestor K& 55—
IR % (1) offspring J< &R . (EMIERE b, DA ] ) 2 SRS A il i 5 ok 25 8¢ 1)
PRS2, AR e AR 1) S Wb v <3k i D) B ) AR i — ) 7 ) A I
it BHRE, CASARN T Ja — IR i 9 5% W R R . AR I )3
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setTimeEnd(): &N i) B £ 11 (1]
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_ setStep(): HIA) %5 %
[ createTimeSpan(): ffi i £ M i1 fif
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createOffspringRelation(): 7 offsprng 5 5
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timeStrate
ov0 '< findEvolutions(): -4k AsHs

findEvolutionRelation(): S-#kiHAE 52 5

\_ showEvolutionStructure (): J&RisAs 4514

saveTalent(): {RA7H AR &
\ gt B {

saveTalentRelation(): {#{FiHAF &
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6-10 REIL T FHINFIA) SR, A IRIEAR G5 A0 IR VR SE LR o (B4 —F2 (1)
T, I TR SRS AR S AR 2 MR R rh FHIEMOC R, (HE A XA JFP
B AEL 2 9 AR X R R T 3K 5 B {E SRS e R AN [
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6.2.2 BFE)REETFAES ) I

(1) #%E ancestor )< % offspring 5% & TAER F) SZ IR

F% ancestor <&\ offspring J¢ &R 11 3= DN HEAE A = AN FHAR I 8] 2 vh 11 5 Ae)
AR TR R )RR, OGRS AR S5 R I Al R 45 I 5] S i) Tl i
TR, #yg ancestor KR offspring X &R AL = EESEIL VA WA 6-11 i

BRI
setThreeSpan(): =/~FHAE 8] &
S pan( )

createAncestorRelation()

_ _ b { findEvolution(): -3k ancestors 1 offsprings
createOffspringRelation()

saveAncestors(): frf# ancestors

\ 4Rkt
saveOffsprings(): fRA7 offsprings

6-11 #J%E ancestor =%, offspring XA FHERMETESLMAE
P = /NI %K) ancestor <% . offspring 5% & AE SLHL T & IF4E — AN ik
findEvolution OO 1, KA EATITHE 72 —FE
®  findEvolution() /5% S

/Iy mapTablel. mapTable2. mapTable3 =MH4FI 7] % 54k evolution ¢ &R
private void findEvolution(){
int[] evolve = null; /AT R 54
try{
5 A e R AR AR AR I I B
evolutions1To2.clear();
evolutions2To3.clear();
/1) mapTablel 7F mapTable2 548
sql = "select count(*) as cc,"+colName+ " from "+mapTablel+ " group by "+colName+"
order by "+colName;
sgl = "select count(*) as cc,"+colName+" from "+mapTable2+" where id in "+"("+ "select id
from “"+mapTablel+" where "+colName+" = ?"+")"+" group by "+colName+" order by cc desc"+",
"+colName;
sql = "select count(*) as cc,"+colName+ " from "+mapTable2+" where "+ colName+" = ?
group by "+colName;
while(rs1.next(){//i JJj 55—~ 7] &
c_id1 = rsl.getint(colName);
size_c_id1 = rsl.getint("cc");
pstmt2.setint(1,c_id1);
rs2 = pstmt2.executeQuery();
while(rs2.next()){
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c_id2 = rs2.getint(colName); //4F 55 —ANBa) & P -3 548
intersection = rs2.getint("cc");
pstmt3.setint(1,c_id2);
rs3 = pstmt3.executeQuery();
if(rs3.next(){

size_c_id2 = rs3.getInt("cc");

IR T FR, HATFAEA B

evolve = new int[5];

evolve[0] = c_id1;

evolve[l] = size_c_id1;

evolve[2] = c_id2;

evolve[3] = size_c_id2;

evolve[4] = intersection;

evolutions1To2.add(evolve);

}
rs3.close();
MIEE AN ) 2 3 7 56 H2
rs2.close();
WIS — AN I ) 6 3t )7 56 B
rsl.close();

Ik mapTable2 7F mapTable3 154 evolution

sql = "select count(*) as cc,"+colName+" from "+mapTable2+" group by "+colName+"
order by "+colName;

sqgl = "select count(*) as cc,"+colName+" from "+mapTable3+" where id in "+"("+"select id
from "+mapTable2+" where "+colName+" = ?"+ ")" +" group by "+ colName+" order by cc desc"+ ",

"+colName;
sql = "select count(*) as cc,"+colName+" from "+mapTable3+" where "+colName+" = ?
group by "+colName;
while(rs1.next()){//i JJ; 55 — /N i) 7
c_id1 = rsl.getint(colName);
size_c_id1 =rsl.getint("cc");
pstmt2.setint(1,c_id1);
rs2 = pstmt2.executeQuery();
while(rs2.next()){
c_id2 = rs2.getint(colName); //4F 55 = ANIa) & P -3 548
intersection = rs2.getint("cc");
pstmt3.setint(1,c_id2);
rs3 = pstmt3.executeQuery();
if(rs3.next(){
size_c_id2 = rs3.getInt("cc");
IR T FR, HATFAEAN BN
evolve = new int[5];
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evolve[0] = c_id1;
evolve[l] = size_c_id1;
evolve[2] = c_id2;
evolve[3] = size_c_id2;
evolve[4] = intersection;

evolutions2To3.add(evolve);

}
rs3.close();
MIES = AT [ 2 3t g 56 B2
rs2.close();
WIS AN I ) 6 3t ) 56 B
rsl.close();

(2) 4R AR TR H R S B

T AR 1) T Re A AR R I [R) % ad ik ancestor. offspring &R,
FRBEAS L . AR I () SR R D B 225Kk, - FRBEAS R BEE 1) 3= S 7 vk an 1]
6-12 7K
—— { setThreeSpan(): —ANHHAR A ) &

ZHRE setEvolutionParameter(): ¥5 A= % T 244

=

[ isFromMerge (): FIITAE 7 5 IFA%

isToDivide (): FIWT 2 L%

_ _ isFromFuse (): W7 Rl -& %
findEvolutions()

AL A <
= isToDiffuse (): HIWr 25 HU%E

isFromEmerge (): FIWT & 7B %

\_ isToEliminate (): T2 7531 2k %

\ 2 i { saveEvolutions (): {17 3 As# f He2 0

6-12 FILBERTRROEEZLNSZ
HIVE AR AR ) 5E S0, AT R —MERTRE AL 6 P ARiE T i) — A LR, ik, 2
UM REABEREAT 6 UCHIWT, 43— AP EIN B ZEORAFZAR 2R, Rr /N
LA AR PR 2R ANEIEAT IR o ORI 7 il S R A B, $3R TR S o

® isFromFuse()Jy %S

I W SRR B
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1152, Bl A $>=MIN_SIZE_FROM_FUSE
HA T E<MIN_QUALITY_RATE
IR #iPE>=MIN_NOVELTY_RATE
IR H>=1
private boolean isFromFuse(int c_id){
boolean b = false;
try{
if(getSizeOfSelf(c_id)>=MIN_SIZE_FROM_FUSE//1 i %
&8& (getQualityRate(c_id, ANCESTOR)<MIN_QUALITY_RATE//A il
&& 1-getQualityRate(c_id, ANCESTOR)>=MIN_NOVELTY_RATE)//# #i 4
&& getNumOfinflux(c_id)>=1//MIN_INFLUX_NUM//LZE %
X

b = true;

}

return b;

(3) MR R AL S,

A A G 2R (1) 32 BTy A A2l Jh v A DG R0 v () e [) 7 b (R A R S T S
N B) B o (PRI R ATk, SR RE R I8 — /N AHAT I R) 2 (s ALt B, AR 2R
AR AR AR B 5L o R I 1) S K DO 20K, R A o0 R TR L) 2 2 51
M7 E 6-13 Prw.

Hdim AN

{ setThreeSpan(): = ANHHABIN ) &
[ SHE

setEvolution(): A%
( findAncestorsOfEvolutions(): -$%1 %% ancestors
findOffspringsOfEvolutions(): =4k %% offsprings

findEvolutionRelation ()| b2 i 4 <
< calcHeredity(): T E7H ARG gk A K

\_ calcinherity(): TH5TiE AR # I I0 AL

saveRealAncestor(): {RAFH AR AT RAH 26

2k P saveRealOffspring(): FRAFIEH ARG 5 B AL
saveEvolutionRelation(): FRA7IEH AR 75 )38 A 56 %

6-13 MRENXRTERMEELNA L
AL IR R A% O AL R A MRS AH G, MR TSGRk R 2 2 /b
WHEATIRLE SR A, A TR AR Rt 2 D
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