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RDB Expression of Decision Tree, and Knowledge Discovery
Supporting System

Hiromi Kataoka, T and Osamu Konishi*
T Department of Clinical Laboratory, Kochi Medical School Hospital
* Department of Information Science, Graduate School of Science, Kochi University

In this paper, we propose such system that has a relational database translated
from the decision tree generated by the decision tree generation algorithm and actually
supports the knowledge discovery of a clinical laboratory medicine field using SQL
queries. The decision tree has beenwidely used as a tool, which can generate rules from
many cases. The C4.5 is a typical decision tree generation algorithm. Recently, the
problem of seamless integration of data mining with DBMS is one of the key challenges.
We built scalable classification in the form of relations by exploring capabilities of
decision trees. The major computation required in this approach can be implemented
using standatrd functions by the relational DBMS. The results of experiments conducted
for performance evaluation and analysis are presented.

1 eI , ) T R4V I XB VAT AOBECHET AW
VOXEEY, T FL—FTIRH I KBELR T -5
CA VP ERTELRENEVDDOHE. b
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LTHB, ThiE, EXREBI-BALEOENE
EEBIH S ERMICHRERDERYFTEL L IR B
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ST, ERENBENV-VHBREELHE>TWD,
2610, PHEILICKRFSNREROV-VEKE
LCHBT 22 0om@ s V- 7OBEBRE 0L
179 AR REL 2o TV,

AFR T, REKRERIBCRIL, EALLRE
APLBEFHIIV-VOFERELTEEEL, 615, BE
DEBOBREAREZHRE LA T -5 X—-A L LTH
HATEBLYATLEHEETS. RVATLLEETD
WEERE, EFEROPTOHERET -5 2%
LLTBY, BALEFALBHEERERIES. %
7o, EHEAEH2ME»ORET D, KREBERZ L
DRETF— Y OBFECEELEVATLOBELEE
LLTwa,

EFREOBHMEUTICH TS,

(1) BEAR*RDBTRHE L.

(2) SQLZ =Y T, LAMWIINV— VOEEF T LI,

(3) R ENINV—VOKRIEEIT) ZODKEV AT
LETBEL.

T, 2B CHAMAOBEIIOVT, BISRERD
BBEEFVERLICES, SETREELLZVAT LD
BHEEFIIOWT, 4BTERERELERIIONVT, 5F
TEFEOEBRS,
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Fig.1 Outline of this research.
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Fey v =y FOFIEIR, F— S, RERERK,
RDB 254, SIEIER, NV — VORIEDIEIIT).
2.1 REXRH 5 RBA

B2 1%, REARDS RDB ~NERT 2NBOEZ Fik
RLTWA, RERENV—VICHBLIR, BEiER
“Z¥ L RDB I® &Rt ABCD HEMAERL
1,2,3,4,5,6 HEF 2 ETLBEOLBHET 2R
LTw3, £, 1 DOBBORBHEET LEFL S
TRELTEY, READRICHET 2 BEOHLEIE
HFTL, EOBERLARIZ 1 oOBEFIC)L—-T a3
LG E LTS, e, BELV—L 1,2,3
NEgEEFHL-LTYNE, BEFAZDTETLILENT
x5, OB, BEV-LV L3 SEEERELL, 25
REF— 9 ThoTHEH A 2 FETELHMATSH

REXR =I5 x®
B2 A»5%E, LT, ER{LEN/RB~E#H
Tig. 2 Change into a table and RDB from a tree.
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FIA L2 MBOBRRET ) BEILELEIOND S
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BT RTCOV=NVEAY ZWIERICEW S,
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M4k, EBHOFHIZL > THETELEHIL
EDLABLDONHEDERERTLEFVCTHS. B
RREEZBERTIE, KIEFL LT, H2HREHE
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WS,

B3 v—il#A L7 Ep % iEE

Fig. 3 Search for the case from suited the rules.

B4 »5BHICL W HETRLER V-7
Fig. 4 Case group, classified according to a certain
attribute. k
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2.2.5 W OREADER
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Fig. 5 Attribute for classifying case group.

6 HaiEkoER

Fig. 6 Connection of trees.
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3.1 F—42#EH

BRBRETIHORD 7213, BESHRZSITLY
5000 HE IS B LUV, ZORT 1 HOMEERETER
SNZBM (REEARENCEH) BIFHT65HAR
BThad, —HKIOIBHCRLELRERERERS
Wz s, BERTHERFIZSOD 2 WEH ITHEE
CRESERSNAZVER DL, Z0izn, 5
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icd: SR EE LISorder: {R$AR % LISresult: $5 &
BEES HEES — KBES
b2l &8 — et =]
mHI—F F68 HEI—F
BEES 3 veid
#5 Rl (AoatRy)
#RE

7 BERBREER AT LOT— ¥ X — A&
Fig. 7 Database structure of clinical laboratory
" information system.
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FCERGL, KEBMET — 7 (LISorder) &R T —
7 )V (LISresul t) i K EF S + KEH CLEEEBHE
h A,

17 AOEE
8 R&ET — ¥ OREMLE

Fig.8 Amends processing of the missing value.

COBFEREBR AT LAOEREHE T — ¥ RN—AHh
LIREAERERT 701018, RET— ¥ 2 THERR
DHE LA, BUHEEFCTHBR LT TV EHERT
HBULENHS. ‘

7ok ZiE, M8 IRT & D BBlOE4E, 2000/10/12
B E N2 E6] (Classl) OEFIRER OBMEME (R
ZIHHE) 2, TP (BRER) 0BHE, YHOREER?E
B, GLU (7 FoE) i3 10/1 & 10/16 29 & T
B, 10/16 OF— 7 ¥EVREHTHB I LMD,
10/16 @ 100 DIEZ BT H. T/, ALP (7VH) 7
+ X777 —¥) &, 10/12, 10/16 1%, H & dRK
BETHHI DD, 10/1 DFRD 47 2 RBT5. =
OBREE QL D7 ) # AW T T o 7-—Fle £ 1 IR
§. BEES (1234567800 ) L RFE L/ WHEE, 2L
T, BFEHxEy LA 77 2BEEa2-FIZX
) GROUP BY T4 L, &6, max() £7243 min() T
BEOZMHEOEVYERIRTEILICLD, 2F

NOEEREBEHMETE S, ‘

AW T, 1 7 B OREBEEZTTF— 5 Ik
BT o8, HEKICBIT 2REME, HEICEL T
FHIMCELTHY, BRFIFHZ EOFELID
ANBREEEZ ONDY, BRREEFSFIZBWY
T, ZOFFOHFERPHLENTWEWLD, Ak
NEBOEVREEB X, BEHICRESERS N BH
MARALT, BEMICL 7 AOBETRETZ I L
kL7

%1 BWHICBY 2 EHEOREMRE 7 =) OF
Table 1 Example of neighborhood value extraction
query in diagnostic date.

select * from LiSorder,LISresult

where LiSorder (k#8& S = LISresult EE S
and LiSorder.f&#8H = LiSresult.{k# B

and E%&%=‘1234567890’

and LiSorder. 2 f+ H+LISresult {k¥EH S
+LISresult K R+IHE 22— F

in (select max(LISorder. % {1 B +LISresult. (k8 & 5
+LISresult.{&#EH)

+IJ5B 21— K from LiSorder,LISresuilt

where LiSorder.{k¥8%& S = LiSresult. (kBEHS
and LiSorder.4%¥8H = LISresult.f&¥#H

and LiSorder. 2 {8 <='20001012'

and BEEE="1234567890' .

and 188 23— K in ('010120",---,'010710")
and fER{E<>"

group by IRH 2 — F)

orderby IHE I— F;

F-yOMNRIE, 2H5TH (BRE1FAN) O&H
BERKBERT -5 s BBt~y 7 itk 2 5
ARFY oy VO s G ALEHF-5 L, BET
— &%, mEAEILE®RE (TP, GLU, A/, -+ % &)120
HEOBREERICER, HHEML 122 HEOBK
FPHWE. OBt~y T2 ) VT LR
Fr o AL 64 BEHORHDNNY — VIZFEENTS
D, INEDNY - IZEDL D Bk BRI
ENTVEPEMOSTFOF— 5 2BHEF—5 & LT
HufEz47).

3.2 REKRER

HERERT VT XL1EC4.5 #HV5.04.5 1,
1992 42 J.R. Quinlan i & 1) BIR S N7 REARER
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RERER TN ITY) LI L o TERSNERER
3, BERGARLZDBEDE L, FOWERD M
RHAMBITNE, BRAEHENELELTHHEND -
7. READOHLMBERRL, EBROESRICE
ALTWL 2nicl, ERENAREROBREE S5
IZF = R=A{LT B LEDH B,

dtree: dtree_node: dtree_leaf:

HEBTN-TEE  MEEH/—F SES

oW I—TES HEIN—~TE&S | | T —TES

aAk L=ILBE . L—ILEBE
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Fig.9 Structure of knowledge database
by decision tree.

AG<=1.1:
| TP<=76:

| | TP<=65:

| | | T-CHO>234:

| | | | ALB<=2.8:class 31 (54.3/9.3)
| 11| ALB>2.38:class 00(16.1/11.1)

10 FER OB

Fig.10 Example of decision tree.

B9, REKAT RB TERALLTF—TNLATY
FTHB. U5 LERSNREAYEHERB IS
EAOHMAALTE, K21, N9 TRLAE7(—
Fo®KERT. K9, %3 ERBOERT, EB
WU ATFMIEE LB T— TN E T 14— FOEEE
2RT.
EBROREAOHEE 10 \RE. B 10 DRERE
RDB TEHLHBEDZE T4 — NV FONERE 3 IR
7. '

F2RDB TR LIEERT— 7NV
Table 2 Decision tree table expressed by RDB.

77 T

gH | ga-n
La—FKID ID LA-RS -4 I8S
HEETII—7 KGROUP ‘| i~~~ & BBFHC S 13 3
&S rODOIN—T
N—NES RSEQ 120FEHBRTINL-I %
A-B5ET5
J—KLAI SH RERDKEDRE, (0)1'8
J—K759 LFLAG BENTH3PHO)THBh
BEa— K ICODE BMOAE (EEI-F)
(EHO—FK)
BELBEET | CMP K/NEB{R
BfE RESULT = | BE#RRME
R T EDE 2NEFIX
I7—48 TERR BEDEENI> %
952 ICD =4
(%, &6 (BB SOM D77 X &4

#) HLa-FICHbEOEA
BT D

X3 La—-FRED—BH
Table 3 Example of record contents.

1D | ICODE | SH { RSEQ | CMP | RESULT | LFLAG | I1CD

1 | A/G 0 |1 <=1 1.1]0 Class31
2 |TP 111 <= 7.6 |0 Class3]
3 |TP 2 |1 <= 6.510 Class31
4 |T-CHO |3 |1 > 234 1 0 Class31
5 |AB 4 |1 <= 2.8 |1 Class31
6 | A/G 0 |2 <= 1.1/0 Class00
7 |TP 1 12 <= 7.6 0 Class00
8 |TP 2 |2 <= 6.5]0 Class00
9 |T-CHO |3 |2 > 234 | 0 Class00
10 | ALB 4 |2 > 2.811 Class00
3.4 HIWORR

HEARY RDB TEHLATF—IRN—X% QL ik D
BETH. LT, 2ETERLBEFEEF VK, SOL
7 O—FERT.

3.4.1 W—ILISHE L - EGIDIR%E

V=WIEE L-BFOBRE, $7-3, »sBHEIC

L) GETELEG N~ TERETHHED QL 7

—111—



T O—FlERT. 72& 24E, [TP % 7.0 T T-CHO A%
250 DI, BZONLER, HEVIEITTATHI
W] EWo2BMTHAE. Y ORARIE, BB
SEBICT T ) AV TEAR, BN THREE
BET 5. :

select distinct ICD from TREE
where ICODE=" T-CHO’

and ((CMP ='<="" and RESULT >= " 250’ )
or (CMP=" =" and RESULT =’ 250’ )
or (CMP =" <’ and RESULT <’ 250’ ))
and ICD in

(select distinct ICD from TREE

where and ICODE=" TP’

and ((CMP =" <= and RESULT>="' 7.0" )
or (CMP =" = and RESULT ='7.0")

or (CMP ='<’ and RESULT <'7.0"))

)5

select distinct ICODE+CMP+RESULT from TREE
where ICD='Class17' and LFLAG='0'

and ICODE+CMP+RESULT not in

{
select ICODE+CMP+RESULT from TREE
where ICD="Class41' and LFLAG='0'

);

3.4.2 KO EHBRIREL L — I

HAEGE THETERTNTOV—VERETHH
HFIZAVWAMWEbLYTH S, 72k 2L, [Class3l %
BWTEDDOTRTCOL—VERETS] LWVWIE
Mogsa, WTorz) i s,

select * from TREE where RSEQ
in(select distinct RSEQ from TREE
where LFLAG="1" and ICD="Class31 )

order by ID ;

FTIIIZE T, T~ KA Class3l’ 12/
THEL-LESERMBLT, 2OV VEFIIET
JANELT—F IDMEISRD S, Thbb, Class3l

EEWT OOV EETYR MNPy TTHIE

BCES, )

3.4.3 H5E0IFE I FTIRMEERR
HLEGHLY TET 5 OICLELRBHIIEM»EHV

Eb¥LMVEDETHDL. L 2id, [Classl? &

Classdl #5353 2HH T, FHICEELRRE 2T

BERHUAMERBRETS] LvoEMIE, UWForx

&R B,

BHOEF - FHT 2RERORH L, 2 DOEH]
EOBET AN IVERY, FOEXBON-NZITER
HLEbDH, 20 2o00FEH25ETHDICELL
RELHBENLEZ 5.

3.5 JL—ILDIREE

RERE, HEROH2BEEHAGDEIGE,
SHON—-VHBEREINE, T2, BRESLEVE
BTH, PV =V EERT ST & AT RELFHDT
Hb. IO, REALHEANLHE, BHHKoL
VL —VICRERON, EERV-VERELTL
%) falRtsH 5.

INREPHIET A, ERLEZV-LVERSHIC
RETEL LT HLEINDHL. RDBEFHA LS
%, GROUPBYIZ & % 7 =\ % FIH L CHERS i & 1%
BL, FOV—NIZXoTHETCEIHBHEELHE
T&L, 20f, Xy bF—7LERBELT, EH
DOFELETHI L DTRETH .

4 EREER
4.1 F—&HH

11 7= & M EEO ]

Fig. 11 Example of data extraction processing.
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KABLEEBFADOFT— I N—A0 5, BIRICLES
BHEBIRTEBLIICL, &5, B (EF) %
BEEICGBIRTES L) IC L. 7y BEoma
AV¥—FiE, FHEWIC1EL 1 BEELTRET S
HELIHDL, RITRLEZ D) ERWAF, #1720
I o A (YA
4.2 REXRER DR

pafEED Y A, 122 BEOBHEERY, 2H5F
HOBEFDS, 14,483 8D/ — FCHE S NIZREAR
MERTE. £/, BN ) MEFZTS 11,9930 /
— F&Hot, TH—E, 5,031 /— F(24.6%) T,
BRREF -y AV REARE LTREEN TS —
BOBNEENELNR, ThiE, BW7—5L%5
BHHF -5 ODEFELLATORTVAH I LEIRL
SOM 2 & %A LEF LERTMAGDE T —
YA = T OBNMEEZRLTWS,

4.3 HWMRERO—H

124, EXGREROHL?S, BHTRVIIS —
CVHRRTELEARRT. BAEKKEERE SOM
Wk h 64 BEBEICTTARY ) YT LY - DT,
Classdl 3 EED 7V — 7T, Classl7 i%, Classdl
WHEEEICBCUERTHY, LX) LB LE
ENEENTVEDPEL D> ERTH S, ERO
Y — L OERUE, TAMT I oruT) yHlloT—
Ve 25EOLER, y 70T ORI THB.

5000 T ..
— class41

~-=class17
4000 | gl

1
1 >5
3000 XK N
P11 mr<=a85:
Pl 11 MCHC <=33.4: class17 (60.4/46.2)
11| MGHC> class02 (47.1/36.9)
2000 1] | 7xuse> ga
NN : >438 02 (10.7/6.4)
et <=
1111 | CRN>03: class0d (41.5/33.8)
I'LH1} ]| CRN<=03:
Lrerend
TEELIEE

| H
| .
| I MCV <= 88 class02 (16.9/12.5)
1000 W MOV > 86 : clase17 (16.0112.0)
0 N J L . .

1 51 101 151 201 251 301 351

B 12 FER S NI

Fig. 12 Discovered case.

WEARD RDBRHEER 3 0 [FEH 2 TETRER T

TONV—NVEME] 7231) TRET S L Classl? DN
“ VT RBEIRICBRTE S, T, R50 [H2F
BT METALOOBEEHS] EFVTRETS
L, SDEECEERRELRZTBUIATH L9 EHE
BTXS, BoNIE#MBLNL—VIE, 5<AGE<=1S8,
HT<=43.3, 7 x ') F <=48.5, MCH(<=33.4 TH BT &
WRD. :

HERIZ, PEORE LEFPE TN EKMMHT—
YREBWEBETH, TORBUWEERICHELTL
FHLDn, REKRZFT, BRMLEETLD
X, EEICERTHE. F2T, HHL TOEDE
WEBHEODNEIZ, GROUP BY %, &5\, ¥Ry b7 —
TWERWT, ERUOHBHEE LN CHRT S HE
PHERTH 5.

1313, X 12 DEFOERIHEERELLTT T
THb. Classl? &, REATRENDEVERE D
EFTHLI LD, —BTHATES.

T3 OBEH
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Fig. 13 Age distribution of Class17 and Class41.
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L A RHRERERT VT X LOHBOWELIE
ATEYN, 3512, REEDTF— VxRl T—%~<
A=V BRERTELEII o7, ZOEHILKRE
BEOF— I POREREFERLIHE, ERINHR
ERDBARLZEIEL, FOHMTERMTIEET 2
CEIIRETHS.

KT, 0L LEEDNS, READEERE
FLEERL, $5I2, REARY RB TERTHIL
2k, REAOHFHEERETRERTEL VAT A
DEELToTz, T, F—ITA=VITILER,
F—yOBIR, sLyIrT, BEEE, FROTHR
fLeviotz—EDBREL VAT LIEEL, BREE
EFEROMBRRBOBEI LTI ek L.

REFETIE, 6 TRLZ, BERERDERFIZH
FTHEFNVOBEHERIDPRENTN S, 5%OR
HIE, TOMBORERIIELFEN-VORRERE
DR L, X512, BROTHILBELRLL, 55
NIV — VORIEFEABHCTITR 2 VAT AL HET
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