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Abstract

There are lots of valuable information that are hidden in medical
databases, however, it is often too tedious or too complicate to discover
useful knowledge from them. So that, how to use effective methods to
extract information from large medical records has become an important
issue today.

The principle of data mining is in sorting through large amount of data
and filtering out relevant information. It has been described as "the
nontrivial extraction of implicit, previously unknown, and potentially useful
information from data” and “the science of extracting useful information
from large data sets or databases.” To date, data mining techniques have
been widely used in many fields such as education and e-commerce, etc.

By applying data mining techniques, we proposed the Computer-aided
Disease Diagnostic System (CDDS), which can be used to evaluate the
relationship between diagnostic items and diagnosis from a large medical
database to induce valuable information, rules, and to predict the diagnoses.

CDDS takes three stages to complete the work: (1) reduces database
size by calculating the correlation coefficients between diagnostic items and
diagnosing decision, and prune items whose correlation coefficients are
small; (2) find the best-fit probability distribution and generate random
variates to fill in the missing values among those records; (3) employ AND
operations on diagnostic items to generate rules, and calculate J-Information
of each rule. Retain rules with higher J-Information and use them to predict

the diagnostic.
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In our experiment, the ratio of correctness is 95%. As you can see, by
applying CDDS, we can not only extract valuable information from medical
databases but also provide some aids to those medical professionals in

diagnosing diseases.

Keyword: Dimension Reduction ~ Missing data generator ~ Rule Induction ~ Medical

data analysis
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TP RBETFIL > EREHTHMELRT - flw > ZHEEELE
REahlee) T 6BEFRBAAKK - TR > BERENDE
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Ty S A 4T o Bk dof T BRI EFREBME PR LS EEE
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13. BERR

EARRRT > HRAIAERHRY Bt o B35 > A A AR

EREMBERIEZ AN  RAAREIEABRAIARK  F 1 &
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(Prune) A B BN BIR B AERHERAENEZIB M- F 2 &
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2.1. XRR#EH

HFER BEBTABMABE LY EAMEREBEE RS
(Medical Informatics) * X B 89 2 F| A BT eh8H8) > LA R B A P
o BRMBAATRNTEEX > AERA B E NN LERELES
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PR RGE L AR BT AR EZRRN S E I Hm Beis
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B AT BORHIR B AT €2 ) B FE AT SRR R0 B R A3 5 BRSO HT
AR o Bl BB BEREMETHRE BN ER TR R
K 48 3% (Bayesian Network) & # 7% > B M AR ey — @ ZHE R - 4K
B BT 3 R FR R R 89 B R AT A AR K AR B AR ER R #6/2 (Clinical Pathway)
8 % # 3] o At $) %] 4 #7 (Linear Discriminant Analysis, LDA) ~ £ & %
4 #7 (Principle Component Analysis, PCA) 4 & %8 #% & 49 ¥ (Artificial
Neural Networks, ANN) ## B 4% %5 2 ¥ 48 %) & H8R[6] - & @ LA BB iR R A
B2 BX > ST ERETHB AN 2E BB ALARZ T B A

REEZE ARG RET BRSBTS [5] - Abdel-fattah #] A % 2F 1] 5] o
#7 (Multi-group Discriminant Analysis, MDA )#& A fn i ¥ B L 3 4 M 74 %
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MAESE R FU S BRIE AL - A TEREH ¥ R HFe
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2.2. %o ZEE

£ 1992 £ Frawley 22 H AT & " 2o03%iE L, (Knowledge
Discovery, KD) &9 /ifk > I B FIE4RIEBAR Y ~ R4ty ~ By

The AR AN BRE [26] BRROBRANEREIZ LGB E
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L. HFHREHAZFHEHRE -

2. IR RGBS gk -

3. RIEBLLEGERE -

4. WhkroBATHEA Tk -

5. #HAERERR R RERER o

1996 #F Fayyad % % i —¥ 842 & B & 69 203848 & (Knowledge
Discovery in Databases, KDD)—33] ; KDD & —1A45 & Tk ¥ 4 AfE IR
B~ BAER A — BB RE > HR&B R TRHRA[25] -
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o3k S B B9 AR SR eY JE R L kol 0 B AR AR P K04 A BLE R A0 R GBAT

FoIR K HY B AR ©
HHAZRENEHE ARG T RHE -
HERHMUAT B R IE 0 SAE M R AR 0 B s (Model) AT L A

BN TRBREHOWMLARE RN ~JBFA M EN -
B FMERL A FRETRBIRA R EHB ML - B 4
& #% ff (Dimension Reduction) 2%, #% 4% &4 7 ;% (Transformation Methods) f4
Z1o%-gs
RIFFH — F BT &6y BAR  EFE S0 TR # (Data Mining) 7 7% »
4o % & 7% (Summarization) ~ % %8 4% 4i7 (Classification) ~ 2 ZF 3 47
(Clustering) ~ 38 § 4 #7 7% (Regression) % -

JE % 9 5 ¥ (Analysis) ~ 4 4 20 & 5 3% (Hypothesis) 8 12 4% » &35 %
EHE Y E Bk DR F 3 B OoRHE R (Data Patterns) 77 & 0938 4% 52 T8 A 89
# 48 (Model) #24% F &9 58 fd -
AT F AT A L T RAER > Bl 5869 R] (Rule) Sk Kt

(Decision Tree) ~ 5 #£4% &4 2% 48 (Clusters) °
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9. FARIREMBATH SRty > B —F A AT e 2o BERATE
¥ ERAEMGEL -

2.3. RHEY

TEMES | R AR ERG BN E FRER K46 E kBN
B EGR TS BB E CREHBEAOBIRETARERS T
—ESER > BT REREAMNATRATLETRNEAGENRE
BEHRAEEEABNARREROEEERMEORMBIRS > A
KDD #8549 DM &4 5% 3238 % 78 7T A4 & T 7] ZAB 5 B
I BHEE dETHERHREHRZF BRI A AEE PR ERE
BEHR RABFBENMABRE R AN ERRZIAL MG T
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3. BEMeyIRE S ERe AR Mmoo T R A B Mg o) TR ATIR
o AE A — AR S AR T R B AR 1R K e
4. 4 F 2 H % (Result Interpretation and Validation) : ¥ priE#h & a9 4 %
-SRI PR SRS ERRERNERET R
HRARRE W EERE -
5. @8 PTIE % B 44 403k (Incorporation of the Discovered Knowledge) © 4 4
RERGRRE > MEEIE SR T I B AT R ho i B B R 0 AR
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AT EMIRY T > RIFAAEHREI B AR ER MK
ATFFHAETAE
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2.3.1. 3} #(Summarization)

FEAHLTHENRELALSHE LRIFE 9MEHRHE - CHHERR S
BRK D BFCofE YRt A REEE) BEAEA
)40 > B B 0 B4 B (Scatter Plots) » s & [if-then | B X ey#LA] -
R B B R AL R E A EF T RN AR B SRR

2.3.2. 4 #(Clustering)

FEAHL T ROGHESHNER PR BKR LG AR F
By R Fmiimz R EZERER AL E—Baz Pk B
AR H R o

2.3.3. 4-#a(Classification)

AMRYF B BEMIE > ARBERELSH - GFEMER
RIE G BALE D HABERHME floi—aEH>E T Tiedw
Je o A TTRFCEE ) REE) o 2 AER L L& R B R

CHEE KRR BARBEELEFHRHELERESBERANGEHMTE
Ao FHB{MARFEFRNCIBERTRARBEAMARAGE L
PEEH o A — BT E TN BB 0 BEd T e EAE R
R Bt A —ERGEFHREN B ERGRE L~ 558
A (Classification Model) » tA4% B #| A S B AL A R ¥ Bk B o) H 4L B &
A EHRAETRR -
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2.3.4. 38 8% 47 (Regression)

18 B 5 b7 (Regression ) /B 7 ik — AL B @ ey A o) BB X
(Supervised) 2B A > AEXZBHAMBER > BREZER— A7 AR
A BAEAE B —AEAE DA — B R Z 1B TRURI 4 Bny BB A TR S B DATRRI—
R EHBTRMBG T, THBERR I AELS F A UAET L
o FRAEF B4R 48 A 69 4 95 A (Symbolic) 7 ik R 4T

2.3.5. 4 &) & 16 #5184 B](Change and Deviation Detection)

TRIFERZRAEBFRENGETEN LG FAIGNE (LATATTR
fhey) IR RBMATABRENEY ~ RERBRS  BLEEHTULS
B fe Lot £ Bl ey £ & -

2.3.6. RBEMKEBM)EA (Dependency Modeling)

WRFE B AL AN B P REAE 045 30 — (B A oA 1L M R B8 3 ) 691K
RSB B 14 0 13 SR #E 38 ¥ 4% oA T if antecedent is true then consequent is

true | &4 if-then | AR WK &+ o
2.3.7. w5 A& (Temporal Problem)

Time-Series Forcasting #1 Regression 1% * R &€ & AR A 09
{& % 7878 R A &Y 2 {4 - Time-Series Forcasting &) 7 5] Bk £ 78 B 547 89
$ A FR ¥ 05 I 4 B o Time-Series Forcasting #9 T B =] LR 32 4 Bf 05 R 04
—ubE bt > Eo B R &MY R (e B8 E 8 BB RSB TAER) ~ 8
M~ E s AERE b - R ki@ L mRRGERE S -

2.3.8. B % #f 44 (Causation Modeling)



BRAEETHGBEFERRRM G ER— 8 if-then
T RE B RAR - RAKFGTR) RS RERARA)ZRARL
RN

2.3.9. B8R ] (Association Rule)

Association Rule R Z2H H AKX —FHRALTH P @R EFHRY R
w:EE ARE—FH -3ty REE B LUERAZFH T KSR
A n%  fFlhe > —EARAEE TIRAEILEEARARAGEEEIL > AREEEBEET
F) o5 B AR AS Fm eyt R & 85% o

2.3.10. B M & & 55 #97k (Attribute Oriented Induction)

JB Ve B @ SRR — AR LA BT 4N B PR B R o B T s 0 Bk
%o B g LB Sk 0 %48 B A & 4% (Relational Dataset) & # & 4+
E—EBM REL B FIBRF NP MBI R B R -

2311.% X Emiafitig F (Pattern-Based Similarity Search)

AR R -ZHEMNE FAMOER BT SREAZ AL
SRR ()1 BB 48 48U B 3 (Object-relative Similarity Query) » 75 Bp
A8 A0 B & 34 (Similarity Query) 2 #¢ [ & 3 (Range Query) > £ATILE 2] 89
Witk FHAER LI LB E R o ot o (D)2 M B4R
10 B %3 (All-pair Similarity Query ) » 7 Bp 22 1 B4~ ( Spatial Join) B
FARBRAR AL —RIE R H I S E RIERN AR
—g— o

2.3.12. &# A /% (Data Cube)
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BMTRE - RBEAHBETHE RO D RATEEMRL LEE
3t 2 (Count) ~ 483+ (Sum) ~ K34 #(Average) ~ B & A4 (Max) % #) 57 43
O FFAROARICRBAMTE-— B ELEETHREEHRTR)
THR R R~ RBERR AR USSE -

2.3.13. 5 7 # X% # (Sequence Pattern Mining)

AATHFHANERETFR TR EMIATFUFIIHA 2L
AR R ATAT AR X LAY TAR] > flhos A FHHEA 0 AIB F
TR E R A -

24. RAES

A # E (Rule Induction)#) £ £ & RUEBINREG T ZH B R4
oy ~ EEEEY ~ T TR B EHRRAIT] - BF BRI T H AR
K EHE T UK B (Tree Induction) 8y £ EF K, » #ldhe » C45 FE)

R J-Measure[22]% ¥ X, -

24.1. RRBHEY

% SR A5t 649 3 F (Decision tree induction) & — F& 4% F A1 K 22 4% 04 7 7k
R4 0 8 B AR F 8y feature - #t4k % feature #9{E > MAT LRI R
7R ) 89 o #8238 %] (class label) -

B XA K — B R AR A AARE B 0 AT A 69 B R LULAR B
BEAFIETARGE TSR pBAE B L EREEDL RAENHE
TERIREEL » BEATHIR AR —RTH bty Zz—HEE48 0 £7)
E— B XN A BHREB AR — MBS o EBEA EE R B1E
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REH D e RS > BT RE S ENG T AT B A >
e X —RA RS LB 2 A7oT o

Blood
Pressure

s
Normal Abnormal
Heart Heart
Beat Beat
Normal  Abnormal Normal Abn.omlal

\

@ ®

B 2~ RH#TEE

B R DNAZHR S XN ER  FERRD GG R T A B &
R RRAEAEZE S B E—EH > AT ERMNGEH DT
] '8 M A% % A% 4F (Homogeneous) > =] #] A & .2 3 (Information Theory)
4 Entropy ¥R T HFHERE > BIEMSZE LGB ENR > Bk
Entropy b &/ c BRMER EZ 9B A LA A Z F & 3R (Mutual
Information) &y 7 32 » 3+ H ¥ & 3R 7 B 28 o9 R #& € M (Uncertainty > % #%
%% (Entropy) 4659 TE A& % 2V © B4 > fRZ— B BT 5E N=(1,2,3,4} %
ANBZEME PREMIE BT ¢ > MBI ABRRE AL feiiEib
ENBFRS D VHHEEMAR > 5 THRE () cREA 472
EATHIRA?  RERERRE > TR G 3E B RIEETE F A
ETARE > REQBARLRM(DELTFRMEZAM e 9ER - KT R
ho AT 3 H ok RALRI 2 K AR 2 M E RN 8[13] -
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B BLFEA P R8 » — AR A #E 52 M (Uncertainty) & & 4o F
H(N)=Y ~P(n)log, P(n) M

ARQ)F Zlog,(X) & X LA 2 ARG H AL P(n) & n= e B9 F
Mk BEHENNEHGRE  LHHEPEIRNYDETRRYHES

BO={q. g o g ) 0 B £ PRI Z TR AR R (AR 2 T2 B S P A

1, Average Discrete Conditional Information)% & & 4o F

q. k
H(N1Q)=Y > P(q)P(nlg)log, P(nlq) (2)

q=q, n=1

EbPREEMNE N YHEA g 9% F > Phlg REEHE N
PHRAE AL qHUBRN n=ctiBhFE kABTHENRNEHRHOHKE -
#HE o S HE FRAX R B 1% B U 3 (Information Gain) 2 € & 40 F

I(N;Q)=H(N)-H(N1Q) 3)

Bk IN:O@TRESHE AR R ATARBTHE N - MK
M@ FEdPAZRMASL “RARue) - Bk LR AE
& A AR FAR B MEF R RGARR 0 R RBIRP A LI G

242, WibmEL R Y
Fr 28 A A4 4 49 3% (Artificial Neural Network) @ & & —# P47t 4 4

B LB RE  CERA R E AR A TA G U RARAY A WAy 4348
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BT B AT S AT A Av S w8 7 B By RAPIER k038 5 E B B AR
BERPIITHROBAMITE  MAFEREA SGERERTEM 23
RAHL ITAEABLLTRER S > flhe  BE P - BRPER - AR
WE--HLRFMER B CERRBE G AN CEBRNERRE AL -

FERARE BAIEF G BRAE A S R AT BAIEH 4

E R 0 A4 & 49 8& (Artificial Neural Network) @ S#¢ F & A 3% A A THa4f
B TR AN BEB G ERNRIZ A S LA A&
BN ZH A A G HERARXEMENRBZATFET  HIRRH
HAPE ARG ENE  CBBENEE > REKALERRB 2SR
CAET TS 2B EERB A A RS TG ERE—FHRRITH
ST E AR ~ DATRAR H B HIMRR B A R BOR RAE N R >
mALER LIFEFREZ > RPRET EATEE AR L tb4a 69 & A

,f—%i °

AP SRR L B R R AR AR A A S s BB 4Rk
T RER A AR 5 AP & U(X %R 32 B 7T 0 Processing Element, PE)
/& (Layer) ~ #g#&(Network) °

METEEMAEEOMAX  TRHATRHEXFRF

- fZ WX, —a}.."|
B Y=t A & v & U A e 3y i 2R o
SRR & AP 48 TURE T 8 #8434 & # (Transfer Function) » & — 18145 &
NEREHEEBZBEBIGRATFE T B EOEER -
Wi=H5 47 & 4 48 AR A 6 30 45 6 38 7% > X ARR 4 H F (Weight)f4 -
X=HA% & AP & TUAR R B By A\ ©
O =15 £ A & AR R YR A o

3AMBLZTER ¢
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AT EAAREER G REE T &SR R —18 & (Layer) %1E" & |

THEES > RARAT THER - —ENCHERGEES BMANR
EBE ~ s & T H e

WA RAREABEBEOMAG R A E T B KRR T

BdE  AREAMANELHORELEE  LRIFEHLTUHE I
BEAZEG T EUMAR  BERURBRG T AR AT L ZAHE > 4
BITURR—REBRE > LTRERAERE

WHE ARRAEBOWE G BB BRMAERE

B WRERNESERABALENRBENRE - BHEHER LR

BB Az RR GG T RS BRSPS ER TR T
wHsEx P U EWeigh) R £om- B 4 AERBHEHEBZ TEE
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4~ BV EEE T EE

SR 4G W e EAEBAE T o B RSB 0 R (D2 P dR
(Learning) : 4384R 2 B E H k> e v 28 AL @B & w1
EE ey BT I E ey B — 4k - SRR ER BT ek ER
AU B @ARP T - Q)@ B2 Recall) @ @RRTEFEE X > A
ANE MR B ey iEaE

gl

LR EERAKREHZ S " 428 %3, (Energy Function) 3 ¥ M

N
o
Bs

AR AREEMEB N E R Bk B BRR A%
e B MuyiERE 2R REREEToAZE (D) EEXEE
(Supervised Learning) : 4% A2 H ez b > 5—FELM AW EREE
—EH RO IR LA RETFHEBNEE SRV ERAALREE
FURE 893 B (A A TR R e sm b A A A X Rl 0 £ 8E - N4
FERGHEFRAL EEAPTRFALENBRIERS ROMBE

16
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BEABEROFNHM TN FIRFHER - Q) FEBEAXEE
(Unsupervised Learning) : sa BN E B X2 E > AFEBEKXLE ¥ @
BB EMAKRALZ AR RO EE @B 2 E B 0 AERER
BB ey & oA AT R G S EEE NG E A IERE 0 LA B E W
Bl imEm g T ARE—FIREALZR PO RBAE - &
PEFXZEREIENRELI>N > BRURAZINEREFLESTH
B 2ELEFRGRLERS TR - (3) 4y 32 B UK A8 9 AT 4k,
4y B A R FOT — M8 Ak (Pattern) » #8352 8 5 AE AR & 4 &
AR & TR SRATFOREREGH A S (HE&EXH)
HLUe Pr S I A A AR X — 48 ) gL
f5]4% 4% %8 7% 4@ 49 3% (Back-propagation Neural Network, BPN) J§ # &
BFAZE @B AN EALESE ~ BAF RN E Ry A EIRT > A8

‘LJ
H

z — o X KRIERA A & B3, %% (The Gradient Steepest Descent
Method) #9¥%4 @ #2352 R8T AR ML - L2 B BREFU—KR—A
DR T X EAT > AR ERAAINRES > F—EAEE DS
(Learning Epoch) » — A 484 T LAk HIR B2 E > AR W%y 2 E
BB

)

2.4.3. J-Measure

# A ZfF B 3(Mutual Information)#d & 38 » 3+ 5 % F 3R 7 58
7 # & P (Uncertainty > 4% # (Entropy)) f£ 39 I 48 % 0 {20677 ik Bk
RBHMEAR GG M 7 J-Measure 4+ ¥ TH & N ¥ BHE 5 & AR %7
(Class) » B A & 48 7%] F 44 & 3k (Region) /T3 H » M AL B4 N LA
— 1B %8 %] (Class) ; B b » J-Measure =] sA3tE B — Ak —485] oy &
BH)AEANEN > BT R ANEELER -
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RIFE MRS BAT &

BRRG S ERRRE 5 AELHET @ RBB A AL
#47(1)48 B B (Data) s % - 3% (2) # R % B o 4(Grouping) # 4%
REBA & & 89 & fi(Information) » & )L AT A & M P #ABR & # KA
A #) %03 (Knowledge) -

Data X Information X Knowledge X

5~ BRRMBAE

B AR EZER BAIRI M7 8h Bk 287 AT LR R

BRIV A SRR B 6 RAKABREEZSRIBEE  (DEHEE
Ay BOMEARBXENEARIBIFTRLER  QFBRFZE
#on i aa et ESE s B s s aBaRRAE AR
MU EARFAR QOB TAREZZEMNCRADZEBRA G TR AR L
R ENE—FEE > RIREHRMA A e 20805 E798 B F28]
HR) TEHRMBEFNBLEARERBIEL S FATHT X -
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(s

a4

\\ RS R AR B )
v
A8 W45 BT S RAE A

(Correlation Coefficient
Calculation Module)

(Rule Generation Module)

l

l

S B AL A
(Distribution Fitting
Module)

R !
(Grouping Module)

N

/*\

RAEE
(Rule Induction Module)

N

\ 4

ERARB A
(Result Prediction
Module)

/

6~ A HAAZE
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3.1. A8 B4 B S 4 BE MR

EEMEGBET > FRHRTHEIRA - MG RRG SR FER
BB o R dofT HE S A 23 B AL (Simplify) 3 5 37 (Prune) sk & 32 4
REEHERAREZRATHEBLNE N X —BEHEHEZHHAR

.

&A% 37 (Data Pruning) 9 # & £ & A M (1) B FEME F 8

by =

B > Q)T AR FIRIE R T SR AR E o 8

A7

,%:

Ean

=
2

i

N2

2!
bid

Hhmx B IRMERGHEHEE - KMAKAGBTHEY - BHAEIESE 23

o BaT+ %k 1 AP 2 aF A %F Bk (ull) -

&1 RNER AR T RARZ BT B GIT - #)

0 o |Q
& (=5 |6 =
S[< (3 o|5[2]< [ = 2
=| o ol=|l=l |3 | =lael|& ©
g (2122 [232l&|2(|5I2 |5 [2lel5|s|eld |~ Nl
S 185(2 828(5|2|8|8 (3 |5|5(3|E(52 |9 |7 |£|3|8]3
= = IR ERERE S|E(= 2
803 ”mmg‘g 3 (0]
= 22|28 |2
0] Q| a
29 o] o] o] of ol ol o of 1] ofo|ofol ofofo.3 0
29[ o] o] o o[ ol of o of o ofo|lolo ofofie6 2128 0
41 o of o of ol o o of of 1[ofofol oo 11 o
36/ 0] o o[ ofof ol o of of ofolofo ofo 26 0
32[ o] of o[ ofo|lof o of o ofofofof ofo 36| 1
60 o] of o[ of ool o of o ofolofof ofo 26 0
77/ 0] of o[ o[ ool o of o ofo|lofof ofo 21[ 0
28] o] o] o o[ o| ol o of o ofo|lolo ofolo7 3116 0
28] 0] o] o[ o[ ol ol o of of ofolofo ofoli12 2 76 0
28[ 0] of of oo of o of of ooofo ofoi19 2 83 0

GEY XL SEaty FEES
LR HER G RA B S -

2o R AMIEEBMETER ¥
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Name Type Name Type Name |Type
sex Boolean [lithium Boolean |T4U [Numeric
on thyroxine Boolean |goitre Boolean |FTI Numeric
query on thyroxine Boolean |tumor Boolean |TBG [Numeric
on antithyroid medication [Boolean |hypopituitary |Boolean

sick Boolean |psych Boolean

pregnant Boolean |diagnoses Boolean

thyroid surgery Boolean |age Numeric

I1131treatment Boolean |TSH Numeric

query hypothyroid Boolean |T3 Numeric

query hyperthyroid Boolean |TT4 Numeric

3.1.1. A8 Hife ¥

&+ ¥ #8 (Numeric) R A8 &9 B8 B APk A 48 B4 Bea 7 A R B
o PR AR > R ERNBMEG R B MHMIARERF G(E
B S - ARG r 2 E AKX T ¢

3 (X, - X)(Y,~Y)

Ixy _\/Z(Xi_y)z\/z(yi_?)z

ARXDF X, Y ARBEEH =12, ..,n EYX, Y HXEY

21
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% 3~ &% M B 42§ M(Diagnoses)48 B 4 &

Name diagnoses Name diagnoses

age 0.028 lithium -0.028

sex -0.089 goitre -0.031

on thyroxine 0.071 tumor 0.025
query onthyroxine 0 hypopituitary |  0.025

on antithyroid medication 0.01 psych -0.072
sick -0.011 TSH 0.24

pregnant 0.113 T3 -0.035
thyroid surgery -0.006 TT4 0.122
[131treatment 0.005 T4U 0.095
query hypothyroid 0.055 FTI 0.108
query hyperthyroid 0.038 TBG 0.53

3.1.2. M BE MR,

BAAMGERALSHEGHNEZEMEN  RKENE T LB M
4948 B AR AR 2 A R E AR LLBURIE - AFFR T 0 BAVEXBME R K915
7 45 R (Diagnoses) /& & 64 48 Bl 14 B A RABEAT B BT o Bldo > KA
EEMRDEE R GREBRAYL  FAREEHNRERE - X
B R34 B HER A Ak A (Boolean) » FE 509 BB R R » AL
Jo g IR AT AR RE &) B MR 2 4545 8] TSH ~ T3 ~ TT4 ~ T4U ~ FTI $#
TBG 5538 @ # % > AR EAAMGEREKRCGO.DH > & BRI T  TSH -
TT4~FTI 2 TBG > B4t > RA 23 BB HEMIRA 4 B4 1§ THA
EAMBONEE - RG> BAIMER LR 04 STHAA B M —R
IEOHEERWT o

22



k4 EmRooMk

Component Matrix(a)

Component

1 2 3 4 5
age -0.026| -0.437| 0.436| -0.108| -0.292
sex -0.2| -0.423| -0.361| 0.086| 0.097
on thyroxine 0.382| 0.095| 0.485| 0.056| 0.296
guery on thyroxine 0.07| 0.064| 0.058| 0.748| -0.076
on antithyroid medication | -0.012| 0.344| -0.167| -0.094| -0.066
sick -0.052| -0.184| 0.098| 0.021| -0.576
pregnant 0.176] 0.554| -0.189| -0.006| -0.104
thyroid surgery -0.046| 0.174| 0.142| 0.116] 0.164
1131 treatment 0.003] 0.017] 0.236| -0.102| 0.182
query hypothyroid -0.062| 0.111| 0.471| -0.066] 0.216
query hyperthyroid 0.082| 0.477| -0.089| -0.155| -0.107
lithium -0.019| 0.044| -0.096| -0.024| 0.261
goitre -0.023| 0.085| -0.171| 0.005| -0.035
tumor 0.062| 0.295| -0.052| -0.019| -0.417
hypopituitary 0.013 0.05] 0.011] 0.742| 0.002
psych -0.008| -0.188| -0.457| 0.008| 0.405
TSH -0.529| 0.257| 0.327| 0.002| 0.187
T3 -0.013| -0.021| -0.052| -0.094| 0.025
TT4 0.885| 0.024| -0.007| -0.039| 0.038
T4U 0.015 0.1] -0.049| 0.032| 0.053
FTI 0.848| -0.199| 0.004| -0.022| 0.021
TBG 0.026] 0.015| -0.091| -0.028| 0.043

mk 4 BAEREBEAE S TN ERMA P48 M 4348
B 0 B REREA A A8 B A5 BUR A M B Y T AT HE

32. EEKATH

—fxmE 0 FRMEH A — B E R E/E R & (Data Set)By 0 i@
ChRHEZE MR BN EMAE "B AR EData Preprocessing)” 49 %)
Y BEAR B R 89 7 % M (Completeness) ~ #% 7% M (Noiseless) B4 & — Z Mt
(Consistence) e £+ — B AR E M TEMF TR M BAELERE
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HEwk 1| Py aey) SREAFEFTHE A “E G (blank)” -
“NaN(Not a number)” % “?" - mAAREREMAFTERKREAT
o S AE
I BB ZETHOLT EEERERKRS G fldo RBHH TR —F
RENTRMERTRERERRS) -
2. UFHFIXAABREMBEAMBOGLI A RKBRER TR - KZOFEY
BRTRRGFREREN) -
3. AAZEXREHZEMNGATA B R-F 4 Mean) % F 4 £ (Median)
BRZ(Sb T k& 3% B M o) Bk A 8 2% 25 (Outlien) 77 £ 8 > LRI &
BEThe @ REAIEM) o
4. #| A3 57 (Regression) 2 #7 &, % i R #t(Decision Tree) % 7 ik 78 R348 &
TR BUAGL S R A4t A BB B EATTAR > § mERK RN
BB BT > RBEOIRMERTRE G R BEMFEM) -
5. B EE AT A Bk P K R 1E 1 Bu# (Best Distribution Fitting) » 3
LARZ M S 2 % 9 % % #(Probability Density Function) & %4 M #% #4
BRARZ - GbHEFARBSHAMEEE L ARBBEAT o
) -
LS B BEEH LM BBMIFLEZ 0 S EHER AL
Aol EgmaRELRREN  BREATEEHEME N ~ 632

AHEEM o Rt E R RATER ZE R R 5000 £5% & &k (Record)
o RIS AFR KA HEH T E AR ET R T XAAREBEN
EREM -

T 7 3485 BR B KA AR AR KB AAR

. BRAEBMHEMNNIRARAKME > E43T4@E GRETE -

2. 4%/ EasyFit®[19]#k 38 » 3t H G L T M X E AT fe 6 R 5 84% » #1A

Kolmogorov Smirnov[ 144 € Z & R F R KL ©
24



3. AR R AR A A R B DA R K R
T @A RMF A RE AT E AR E RS EREERRGE
% o

& SCEHREREEL

Before Filling Missing Value After Filling Missing Value |
TSH|TT4| FTI| TBG |diagnoses TSH TT4 FTI TBG [diagnose:
11 0 14.0966(134.026 [ 123.902 11 0
26 0 5.89702]|97.3913[107.516( 26 0
36 1 1.90474(123.241|75.3877] 36 1
26 0 1.2642 |1 122.676| 132.27 26 0
21 0 0.91469]|124.205|57.8129 21 0
36 1 1.33908[95.8903|98.8349 36 1
70 |39] 5 | 28 1 70 3.9 5 28 1
36 1 10.5152(71.8251[89.4685| 36 1
23 0 1.79822(107.783[140.614| 23 0
1451144 | 26 0 0.75405[ 145 144 26 0

33. Az @

HBEEHERENEE RO EEER ARG EAFTEAERS
A RE B MR B R AT 4 (Grouping) By 4E » e - KA E EH
FREEEBEAZER S 164 AEHMEAENE | BAENG BT %
A AL BNE 24NN ERBIRA A2 Ui - it — R 0 &
BAXEBMNA 5000 £ & F48 ) 49 B8 B A > Br 5000 /8 485 5 &by
MRS BT A 16480 KIBXEE T4 AND B eyt AR - &
6 HEBHFERFTMEERNE A BB BT HHRBXL -

25



TSH | TT4 FTI TBG | diagnoses TSH| TT4| FTI| TBG| diagnoses
14.10 | 134.03 | 123.90 [ 11.00 0 2 8 7 1 0
5.90 | 97.39 [107.52 | 26.00 0 0 5 6 3 0
1.90 [123.24 | 75.39 |36.00 1 0 7 4 5 1
1.26 |[122.68 [132.27 | 26.00 0 0 7 7 3 0
0.91 [124.21 | 57.81 [21.00 0 0 7 3 2 0
1.34 | 95.89 | 98.83 |36.00 1 0 5 5 5 1
70.00 | 3.90 5.00 |28.00 1 10| O 0 3 1
10.52 | 71.83 | 89.47 [36.00 1 1 4 5 5 1
1.80 [107.78 [140.61 | 23.00 0 0 6 8 3 0
0.75 [145.00 | 144.00 | 26.00 0 0 8 8 3 0

34. A E 4 51 J-Measure & Al

&3 “EHARIE @R % RMRACLFIHE D AERE
MO B o HAVFE R ZEBTARE AR BAREE & R SR
B R BL T KRR AR IE B4 TR o

341. RAE A

RAKRMORLB AL BSE R B AASEER  FRARME R
b #x B 881t (Specific) sy A » F AEARIFZETIR B AE M FIBT H & R > b
R4 A XOR~OR FEHE R E AR > K& 2L RAR— I &
REREM Rz > #i8 AND ZHAEZ & A > BRAMRA] - &
WA E A 09842 0 BfFERA AND EHE R o R%ELH 3.1 H R 33
B2 BRI 1R 0 Rk BEMEAA-B-C-D-ERF>  mF %8
BB i AND EH > &M E A2 MRk 7> £ n-DRule K&
% nf8E 2% B % S (large itemset) > 1<n <5 > M AT EFATE LR
Ak 11 e
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* 7~ %38 AND 2 E %133 2 R A %

1-D Rule |A->F B->F C->F D->F E->F
2-D Rule |AB->F A,C->F A,D->F AE->F B,C->F B,D->F |BE->F |C,D->F |CE->F |DE->F

3-D Rule |AB,C->F ABD->F [ABE->F |ACD->F [ACE->F [ADE->F|B,C,D->F |B,C,E->F |B,D,E->F |C,D,E->F
4-D Rule |AB,C,D->F [AB,C,E->F |AB,D,E->F |A,C,D,E->F |B,C,D,E->F
5-D Rule |A,B,C,D,E->F

3.4.2. J-Measure

B R AR B Bl X 35 BN T AR E N R A — 842 7] (Class)
R 4&H$ N ¥ B8 & 5 A 48 $8 7] (Class) B LU 7] F 89 & 3k (Region)
BATHE > B REEE-RUE B FHEERR)EFNE
Moo A4 > AP IR A ST E — AT Y J-Measure[22] © HARX
Fa AR T

& KA R] R & BB S B AE ERE BoR AR A — R ek 0 R
NRABPFIN,Q THREIC,R) > EFPCcNBRCQ » %4 I(C,R) %
BMEEZEZRATA > 2RDTHES

I(C,R)=H(C)-H(CIR)

P(C,IR))
= EC’_,R/_ log, P(C)

n

Zk:P(Rj)P(Ci IR))log, PG IR

j=l i=l P(C, ) (5)

b n AGREE 'k AFEAEE > P(CIR) ALELES C FEBRR
HBRGHKE > MPOCO)ACLEEBRER T HRGHKE -

AR RR B E TR EAFRMBRR T BE LSS  BH
i1 4 JZ (Data Fit) & & 2%i8 42 (Mental Fit) ; B4 80 E R EHEEEH
FAERB AR BP—ETESMME - M WBSEBT A LRI

%
ERERGBRE B2 RE R TR RS FE 8 Aok ey — 18
124 o f& J-Measure ¥ 2 & #}38 4 & (j-information) € & 4w

-
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J(CR)=Y P(C IR, log, - K2

P P(C) ©
A 2 R (O) AN K (5) 0 R RATT 2247 2] 2 R(T) ¢
I(C;R)=E [J(CR))] (7)
RIEAK(T) > Z#i# 4 EJ-Information J(C:R)) > 4 F R
J(C;R,) = P(R,)j(C;R)) (8)

wik o BA—ERANERZRMEMNE F /7B 9EF(CHRE DA
$851(not C,,) 69 B3 B b A KB)T AR A

P(C,IR))
P(C,,

1-P(C, |R))
1-P(C,,

J(C;R,)=P(R)P(C, |R))log,

+P(R))(1-P(C, | R,)log, )

AR o ARRAASRO)VRE 341 8 F £ 4 6 ERAATAEE
43 &) & (BP > J-Information) > it Hki%E 4 J-Information & K 694 R] & 4F £
ZRA > E—SARFAR TR LU B RAZEER -

Ta—&F » HIVEATRS Rtk J-Measure ~ 5 R AR FEAP 48
WIS AR RR Z AR AR Y BERERF T A TATIE ©
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F4¥F X wmohr g

4.1. ¥BFEE

WRRBE O & 0 %43 A Intel® Core™2 Quad CPU Q6600 2.4GHz -
AR ERABFME > HAE R Python R CHA EZEKXEE - M
oA T AL KRMAZFBRAENFE N6 EasyFi®[19] #2
SPSS®[23] - & i% * A EREMIAT > HRIATR MNP AR Z F KRS
B 7 RH24] -

4.2. KBAH

AERT > 2R LB T AB IR EZHB BHRIDE A % R KRB
BRA R 35 SRR o S 2 B RN T @O P At -

42.1. W BRIW A &%

AEMEF LA 5000 £ F K23 BB K 8 Ak A AR AH
W AZ 09 Rl RS BT 7R B 2 AR B 1R 8 -

& 8~ FBAB EiBk Ak

TSH TT4 FTI TBG diagnoses

TSH Correlation |1 -0.290289741 [-0.272957959 |-0.117757396 [0.252924823
N 4683 4643 4434 32 4683

TT4 Correlation [-0.290289741 |1 0.734792749  ]-0.025716308 [0.096213405
N 4643 4653 4441 42 4653

FTI Correlation |-0.272957959 10.734792749 |1 -0.200290398 |0.101728131
N 4434 4441 4444 41 4444

TBG Correlation |-0.117757396 |-0.025716308 |-0.200290398 |1 0.529773894
N 32 42 41 349 349

diagnoses |Correlation ]0.252924823  ]0.096213405 0.101728131 0.529773894 1

EEHBEFEE R ERN>A 164Kk 9 BB TSH-TTS -
FTI 2 TBG Z &/ ¥k AfE - BIERE R TR %t % -
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9O -RAOBRKERMBBRERENREL

Name |Min Max |Range Missing Value Count
TSH ]0.01 103 |6.436875 317
TT4 |2 257 [15.9375 347
FTI 1.3999 [274 [17.03750625 |556
TBG |0.1 114 |7.11875 4651

\

(ﬁ

EasyFit®[19]3t B4 & B2 A BB REntho B 7 3B
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Probability Density Function

x
I I I I I
0] 20 40 60 80 100
X
|I:I Histogram -— Gen. Pareto |
7~ TSH &1+ 4 B
Probability Density Function
0.25-
0.2+ ™\
0.15-
X ’
0.1- /
i \
0.05- N
o ;P*"’—'—

o 50 100 150 200 250

||:| Histogram — Johnson SU |

8~ TT4 it ELE
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Probability Density Function

a@Q ‘/ N

||:| Histogram — Johnson SU |

9 ~ FTI # f& % BL ]

Probability Density Function

0.4~
0.36—;-
0.32—;-
0.28—;-
0.24—
o.2—§- \
0.1 6—;- \
0.1 2—;-
0.087
0.04+
O: |—}

0 20 40 60 80 100
X

f(x)

| [] Histogram — Gen. Extreme Value

10 ~ TBG & & 4 BB

Lol AR 4%k 10
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& 10~ BHmEIHESHL

Name |Best Distribution Parameters

TSH |Gen. Pareto k=0.642945 |0=1.1944 |u=-0.03091

TT4 |Johnson SU y=-0.630443 |56=1.99268 |A\=57.6398 |(=85.6671
FTI Johnson SU y=-0.414067 |5=1.66687 |A\=44.179 |(=96.4283
TBG |Gen. Extreme Value [k=0.206357 |0=7.61126 |u=22.0326

RAF AL -t L - B AE SHE & A4 T A B8 BB R B R o A A
Fi AND Z B # 4 1% 2 A R 3 E 85447 2 J-Information> & 11 %1%
B|ARAAT 10 ZHEHLER -

% 11 ~ 3 8] & J-Information %

No. |Rule J-Information
1 IF TSH=1 AND TBG=5 THEN diagnoses=1 |0.008739
2 IF TSH=2 AND TT4=4 THEN diagnoses=1 |0.007599
3 IF TSH=2 AND FTI=4 THEN diagnoses=1 |0.007219
4 IF TT4=9 AND FTI=10 THEN diagnoses=1 [0.007219
5 IF TSH=0 AND TT4=9 AND FTI=10| THEN diagnoses=1 [0.007219
6 IF TSH=2 AND TBG=2 THEN diagnoses=1 |0.006839
7 IF TT4=1 AND FTI=1 THEN diagnoses=1 |0.006839
8 IF TSH=1 AND TT4=4 AND FTI=4 | THEN diagnoses=1 [0.006839
9 IF TSH=1 AND FTI=5 AND TBG=3 | THEN diagnoses=1 [0.006839
10 |IF TSH=6 THEN diagnoses=1 |0.005699

BNV AR TR 5000 B LT 4000 %(80%) A FHHE - 3t
#rety 1000 %(20%) 2RI F F o 18 1000 4583 5 b AR DI 60 7 FHE
By AR EHAERE > EEARR 0K - ERELROE 1 -
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1

2

11~ R XAt AR R SRk S g &

BERERBT > AR&KAT 10 REW-FHAAEEE L 09474 ™
50 RE B3 4 0.94028 » sEFERE T AMF R H k6 TATH

BeSh o BB AR E A GES > RAVRB LT RBIEE
WA AR RS R G ER R A RS BT THRAGE
o HEHRBRLERBENTRE PRA -

4.2.2. RRBAEA

RERIEA TR RITUAA TA23] o FEEN > ¥4
R RBIBEAE > B 12 Ao o
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diagnoses

ELRE] ) n
0.000 F3.200 3660

1.000 26800 1340

@& 100.000 5000

== 5.000 |
BEs 1 HiEs 18
L1 % n L1 % n
0.000 80.872 3609 0.000  9.441 51
B 1.000 19.128 854 M 1.000 90.559 486
HEgh  899.259 4463 iEgh  10.741 537
| =l
Frl
==155.000 = 155.000
BORE 2 gL 17
EashEll] % n £8 81 ¥ n
0.000 86354 3532 0000 20743 77
W 1.000 13.646 558 W 1.000 79.257 296
@ 81.801 4090 koo T.458 373
| =
Tlra
== 156.000 = 156.000
BARL 2 BAES 14
BRI % n EL) % n
0.000 88.007 3453 0.000 47548 79
W 1000 11.993 470 M 1000 52452 88
s 78480 3923 fEd 3.341 167
I = | =
T|r4 F|T|
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