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Abstract  Predictive Model Markup Language PMML is currently used as standardized descrip-
tion language for data mining model by more and more DMG members. However, different expe-
rience of data mining products providers, constant development of data mining techniques, and
PMML containing lots of language elements inevitably lead to inconsistency problems in PMML
based data mining metadata. Considering this problem, a description logic SOIN is designed in
this research. Its syntax and semantics are analyzed. An extended predictive model markup lan-
guage EPMML is then proposed based on the SOIN infrastructure, the language elements are de-
signed in detail. EPMML based data mining metadata can be transformed into knowledge base of
SOIN, and then potential semantic inconsistency problems in the metadata can be automatically
discovered by knowledge reasoning upon the knowledge base. Illustrations in the reasoning engi-

neer Racer validate the well-formedness, well expressibility and reasoning efficiency of EPMML.

Keywords predictive model markup language; data mining; metadata; description logic; knowl-

edge reasoning
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(?xml version="1.0"?)
(PMML version="3.1")
(Header copyright="www. dmg. org"
description="example model for association rules"/)

(AssociationModel
functionName= "associationRules"
numberOfTransactions="4" numberOfltems="3"
minimumSupport="0. 6" minimumConfidence="0. 5"
numberOfltemsets="3" numberOfRules="2")

{(1--Two rules satisfy the requirements—)
(AssociationRule support="1. 0" confidence="1.0"
antecedent="Beer" consequent= "Diaper"/)
(AssociationRule support="1. 0" confidence="1.0"
antecedent="Beer" consequent="Beer"/)
(/AssociationModel)
(/PMML)
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) D'=g;

() (=O)"'=A"\C";

(4D (CnCH'=CINCE;

(5 (CUCH'=CIUCY;

(6) (FR.C)' ={a€c A'| b ((a,b) €ER' A
beCHy;
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beChHy};
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(10 {ai s sa, ' ={ai.,ar}s

D (TH'=A"XA";

A (L)H'=FX T

(13) (=R)' = (A" XAD\R';

(14) (R,NR)'=RINR};

(15) (RIUR)'=RIUR};

(16) (R H)'={(b,a) €A XA"|(a,b) ER}.
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AT TR 4 B EPMML (138 35 0 .

Bl gz 4 5 2 GO, 809, 1/0, B, B, SCRS )

S I 1 N 1

RDF+RDF Schema
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EPMML Ju3k fy 703 44 Bk Al — A BR i 51) e 4y
J.

(epmml;Class rdf:ID="AssociationRules" /)

(epmml:Class rdf;ID="Itemset"/)

(epmml;Class rdf:ID="Ttem")

(rdfs:subClassOf rdf:resource="# Itemset"/)

(/epmml; Class)

EPMML JG2E (1% % 45 B fili /&2 SOIN o (9 HE &
£ 45 I RN R B S L. TE 4.2 R A A
EPMML %2 2% 026 132 $ 5 Al SOIN g &2 28 &2
aHE.
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#F. F epmml: intersectionOf, epmml: unionOf Fl
epmml : complementOf 37 BH. 41 .
(epmml;Class rdf;:ID="Abnormal")
(epmml; complementOf rdf:resource=" 4 Normal"/)
(/epmml;Class)
TERCHRAZ P8 AR vh Ay — SO AT DL o A 2
S A il AR L 3K ol A AR M2 M s P A T 2R R — b
FEER R 3 F . FH epmml: oneOf 3 7 BH. 1401 .
(epmml:Class rdf:ID="Wether")
(epmml:oneOf rdf:parseType="Collection")
(epmml; Thing rdf:about="# Fine"/)
(epmml; Thing rdf:about="# Cloudy" />

(/epmml: oneOf)

(/epmml; Class)
4.3 EPMML B4

—4~ EPMML J& & — 4 ZJt K R, 1&
EPMML b, Ja ¥ X 73y 0 G2 @ 1 AR i . X 42
JE P A T T2 Ry S0 2 ) 1 3¢ &R . Cepmml
ObjectProperty) B Fr 5 4 J&@ ¥4 » F (rdfs: domain) F
(rdfs:range) 45§ H 3% 0 R J& P 1Y & SR ] 8k
(LUE

(epmml; ObjectProperty rdf:ID="HasAntecedent")
(rdfs:domain rdf:resource="# AssociationRules" /)
(rdfs:range rdf:resource="# Antecedent"/)

(/epmml; ObjectProperty)

DXl T X G 28 Y J A L A 2 Y R e ) (R R
BOEZE . 8 EPMML w1, fdi F§ PMML3. 2. 0 Ji A
By xsd SCHF A E SO B HE 28 AL, 4N xs: string, xs:
integer. il (epmml: DataTypeProperty) & 50 % )&
P, i (rdfs: domain) 1 {rdfs: range) ¥§ H iZ 5 ¥ J@
PR 8 SCHURME . )

(epmml: DatatypeProperty rdf:ID="HasSupport">
(rdfs:domain rdf:resource="# AssociationRules" /)
(rdfs: range rdf: resource =" http://www. dmg. org/

v3-2/pmml-3-2. xsd # PROB-NUMBER" /)

(/epmml; DatatypeProperty)

X PROB-NUMBER & pmml-3-2. xsd H & S HY)
0~1 Z[a] iy /N7,

EPMML Jg& (1% % 45 H fili & SOIN Hr 1 3¢ 2.
T4 EPMML 1935 L RAHEJ1 . SOIN a5
KABHBMERYE W ESR F. XWADHE T2
EPMML (1 & P£ 29 5 1132 $ 2Ll . 2 00 4. 5 5.

4.4 EPMML K

EPMML [ 1 $iff i $i 408 47 0 450 B Y T 2 i Js 4k

Z A ot A A HE A7 i A A b FLA R A A L R A

PR Z 1) 5% & . Cepmml: Thing) R & FR— >4
F rdf: type K48 B IZ A K BT & /9 S0 6. 140, 7E 4
IR — A S IR ) A5 B o, 48 5 Cracker & — > T
item JGA Y SLA]
{epmml; Thing rdf;ID="Cracker")
(rdf:type rdf:resource="# Item")
(/epmml; Thing)

5 PMML A 6], EPMML o i AR AR & i 5
JLE WX KEHLAE T PMML (i 5 00 &K & 21k,
N T WD HE B S 2 PE L 7E EPMML AL R SR
BB JE U R I HoE A A,

4.5 EPMML EH¥Z%R

J& PR R R R TR AR L T R R ELE
JEPERT LLEA B R S FRYE A% 38 M A K o B 4
FErE L JF BB AT LA 08 . AR AE R R 2 48 b,
TN R PR o 0 SR o N 3 A T ) O A L
TP B AN R H) L AR A AR B A7 A AR T Y
PMML % g, 72 EPMML H AR s ) B
MR B B ARV R R A B IR R S HE R
P 40 £ 33 )8 ¥k Is_Part_Of. 7£ EPMML #,
F epmml: TransitiveProperty 3§ 75 B J@ {4 B A 1% i3
. i
(epmml; ObjectProperty rdf:ID="Ts_Part_Of")

(rdf; type rdf;resource="&.epmml; TransitiveProperty" /)
(/epmml: ObjectProperty)
FH epmml : InverseOf 75 B Ja P4 i) 30 Jag . 5] 4n
(epmml: ObjectProperty rdf:ID="BeAntecedentOf")
(epmml: InverseOf rdf:resource="HasAntecedent"/>
(/epmml; ObjectProperty)

12 PMML 1, o8 0405 422 4 A5 Y i) i 3k o, — 8
JRPEAALHE BT T S A A A L T HL AT B A R
2 PR 20, DAy T R O IR RI I %) S A R AN A
& 0~1 Z [a] Y /NS, 7E DGR AL ) /Y PMMIL A58 A4
L H I TS TR e EPMML H, AN
UM F TR L IF B P HIK 718 S0, 5 IR L as
SR RE AT B R BORE 2 0~ 1 ZE /B e
EPMML #, F§ epmml; someValuesFrom, epmml;
allValuesFrom 3k 7 W J& 4 {8 8, £ %, F§ epmml.
minCardinality,epmml: maxCardinality 3 75 B J& 1
MW, AR SOIN 2 5 3 it 4 3] 2 IR.C,
VR.C.(Z=n R)MI(<n R)ME&HEIR. 4110 .

(epmml: Restriction)
(epmml:onProperty rdf:resource="# hasWether" /)

(epmml:allValueFrom rdf:resource=" % Wether"/»

(/epmml; Restrition)
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(epmml: Restriction)

(epmml:onProperty rdf: resource=" % hasSupport"/)

(epmml; minCardinality rdf; datatype="http.//www.
dmg. org/v3-2/pmml-3-2. xsd # PROB-NUMBER") 0. 0
(/epmml; minCardinality)

(epmml: maxCardinality rdf: datatype="http://www.
dmg. org/v3-2/pmml-3-2. xsd # PROB-NUMBER") 1.0
(/epmml; maxCardinality)

(/epmml; Restriction)
4.6 EPMML#EIESLE
fE EPMML o, 3645 7 XML 0913 B %515 5 o0
RN TS SCRT AR 0 o A A A L R
KBRS | iy 44 23 18] % EPMML 9 % Bif & oo 2
EPMML %4l Ja& 1 ok i i . 491 40 -
(epmml: DatatypeProperty rdf:ID="HasCopyRight")
(rdfs:domain rdf:resource="4% EPMML"/)
(rdfs:range rdf;resource="http;//www. nuaa. edu. cn"/)
(/epmml; DatatypeProperty)
(epmml: DatatypeProperty rdf:ID="HasVersion")
(rdfs:domain rdf;resource="# EPMML"/)
(rdfs:range rdf:resource="1.0.0"/)
(/epmml; DatatypeProperty)

fEBcit EPMML H, B8 — A B R i bl —
i & T R B i BE — DB IR A
WA sevF HJE oo s Se z du g k. R i [al — A~ fir 44
2[R IR R E A R ANTE— iy 4 23 6] T
(BT UE AT LA SLVF B 4% L fEL A0 LA 51 . BT SOIN
) EPMML HA f2 4% 18 4015 0. X o EPMML
SCRF A S PR A T 58 o 01 0 AR SRR

5 E-T SOIN gy B Zh#E 38 iE =Rl

FE 3% — 7 B, FRATT & S 0 A 4 ik 22 4 SOIN 1Yy
HEFL AT Z RGBT T 3+ EPMML 1) 5045 12 i
TUASCHE — S AS  HE 22 L I o 7R 491 36 i EPMML
SCHE A B4 B I 1 R R
5.1 SOIN fy#EIEE Zei%

EE 2. SOIN b py#Es AT LIALZS 3] SOIN [y
Al R (] A

IEA . SOIN By #E R R BT 45 5 2K,

C1) LR 1 AT il 1 - 25 7 — 1> SOIN JiH
K G0 RAFAE— AR 17 T =K.

() AW Al i Ak - & T TBoax T UNRMER C

s BFAAE— ke I T=T.l R CT# .
OMEWEE KRR KT TBox T MR
CHEETME C ML EmEE LI TE=ET. WA

NCC e TEC.CC,.

(4) 2RI . 56 F SOIN By %1% K, iS4
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Background

Data mining standardization become a new focus problem
in database field in recent years. DM-SSP Workshop associ-
ated with the KDD Conference has been hold for six years and
it focuses on the data mining standards, services and plat-
forms. Data mining metadata play a kernel role in the stand-
ardization of data mining. Data mining products providers
look forward common data mining metadata for the exchan-
ging, sharing, integration and standardization of data mining
products. PMML can facilitate the exchange of data mining
It is more attrac-
tive and acceptable than CWM and CRISP-DM. However, as
pointed out in the KDD Workshop DM-SSP’06. the lacks of

models from one environment to another.

conformity of PMML reduce its usefulness of PMML and
hamper the growth of its usefulness in the community of data

mining. In this research, we proposed an extended PMML

language EPMML. A description logic SOIN is designed as
the infrastructure of EPMML., which makes EPMML has not
only structured XML characteristics, but also semantic
expressive ability, EPMML has strict formal mechanism so it
supports automatically reasoning to discover the latent inher-
ent inconsistency, which cannot be found with XML valida-
tion upon traditional PMML. This research is supported by
the Excellent Youth Scholars of Ministry of Education of
Shanghai under Grant No. slgl0010, the Innovation Program
of Shanghai Municipal Education Commission under Grant
No. 12YZ103, the Humanity and Social Science Youth Foun-
dation of Ministry of Education of China under Grant
No. 12YJC870037, and Leading Academic Discipline Project
of Shanghai Municipal Government “Management Science and

Engineering” under Grant No. S30504.



