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Abstract

In this paper, we propose an automatic method for setting data constraints of a data cleansing
service, which is for managing the quality of data exchanged between composite services based on
SOA(Service-Oriented Architecture) and enables to minimize human intervention during the process.
Because it is impossible to deal with all kinds of real-world data, we focus on business data (i.e.
customer order, order processing) which are frequently used in services such as CRM(Customer
Relationship Management) and ERP(Enterprise Resource Planning). We first generate an
extended-element vector by extending semantics of data exchanged between composite services and
then build a rule-based system for setting data constraints automatically using the decision tree
learning algorithm. We applied this rule-based system into the data cleansing service and showed the

automation rate over 41% by learning data from multiple registered services in the field of business.
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Table 1. Data Error according to the View of Business Problems

No. | Error Type Business Analysis
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29| Ol (stem)e FEEICL 02z TSR

EIE'JEE WordNetA|A2{Aet ALSAREC| 80 AlkS

0|83l0 A, S&f0], O2|1 M2 =02 =35

XML Zgte] M
YeHES FE5HD

£l MBIt

r

Hﬂ mo o
ne

Ch. oS 20 ‘quantity’= (QT, amount)S,
‘OrderlD=  (Order, Ordering, purchase, OID, D)

= AL
2 =32 + ok

oi7]elA g-defHE WEE Ao thad o

Zelgitt.
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vector
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DataSet; = ((T'p, (T'2, -, {T'w),
Th= (thn tha ..., tha)
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learning) ¥ F IR o)t gt 7= EM d 8 2
Aehe de] AHEElE A (inductive) 2 WHelt) (13).
wAE 85 WHell= SVM(Support Vector Machine),
NN (Neural Network), Naive Bayes, KNN(K-Nearest
Neighbor) 5< EAY daelFe] ot (14). SVM2
Y-S nakd FRbel F A WY Jo R Ba T Y
¥4 (margin)& Azl 3t i3} sk WHolth NN
Ay gE mdz R Rgsie 2483 Alzd
(adaptive system)dll A% dae]Felvh(15). Naive
Bayes & WHE e &40l wig tkdr A
Bayes®] FEl& o|&3 && Rdolt}, vk, ZAA Ezle
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Element

Exist(LDB) NotExist(LDB)
Originality Check Synonyms
9 Y in extended-element vector
Normal Set ompound Set Exist(LDB)— NotExist(LDB)
‘Process 1‘ ‘Process 2‘ ‘ How Many? ‘ ‘ Originality Check ‘
/ Normal Set
Only One, One More / Compound Set

‘Processs‘ ‘ YRF ‘ Process 6 ‘Sepamted‘

>3 S6

ExistfL0B) NotExis{LDB)

‘Process 4‘ ‘Process 5‘ ‘ How Many? ‘ ‘ Process 10 ‘

One More

Only Qn€

>9

O3 2. M= SEE ofst 23 El|
Fig. 2. Decision Tree for Learning Data Constraints

Ezl9] 7FAl(branch)+ 28129] Fte] HAEES 9n|
3l EE 1 HAE $A42 wEse FYaE kit
FE ot o= 259 10709 Z2A4) ~(Process 1~10)
7 ztzte] TRA| 2 RE wsaiE il s o]27]
A9 A uE Agsle shaE A S A & 4 Aok
7} Z2A 2 ARG A7) 1A v 3 A WA =g
(propositional logic) 2 A3ttt Egle] 7ix|o 284 &
BES A I EFE AA, SFE dHolHI7t £ o}
A7t wheh 753 F WAle X8k fAkel7h shue]l
7b oW tilvte] wheEbA BREH, wpREre R Feoizl
ol 93 YAAE dertobdrtel wiet #REt. olzfgt
H2E gL ot i 22 uf7ix] i) ALgd
248 A AW EE oS & 29 2o}

2. Z2Y E2le| =8t 7IX| £42| ofn|
Table 2. The Meanings of Internal Nodes and Branches

Node Attributes & Meaning
Exist(LDB): ¥2I/HEY} o|p| Sk&El &o| i . (&
& Hlo[ef#Ho|A0l LDBE &x)
Element -
NotExist(LDB): Y2[HET| $ T SkEEl Ho| glojM
LDBol| ZEXHsIX| 243
Originality Normal Set: OAEIDJEE %EFO‘IE Aoll;‘ko{E OPE!.
Check | Compound Set: dzlpiEs} =20 22 Alofel,
Exist(LDB): ZZ-AR|HE HIE|o| FAIOISO0| SR5E
Synonyms | =lo| 2lojAf, SAjofe] Bks MEBZ LDBOIM BS 5
in the olo

M.

extended
derrent vector | NotExist (LDB): SR |HE #IE{o] D= FAOIS0|
SkEEl ZE0t LDB| 248,

Only One: sf+e] RAlo{e] 35 FEeto| LDBO

o

=

One More: 3t} 0fe] FAl012| 35 FED} LDBO|

ol
A

Exist(LDB): Sgloi27&] midiE S017} si5E Xo|
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AMET.

How Many?

Separated
NotExist(LDB): S&toi2] mHo|T SkEE A gig.

y6 : el 29| RFel Bol U 2A|(5)2ct Sl
ol Eale] Heletes} LDBON R/ k2 ), el
£ e RAI2 Eajol dRiPiEel SEE |

RF BIA} Ble EE{oR AR,
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o], E = T, (original element) or t%,, (one of

synonyms)

o371 A] aEfeliol & Al FU tolele} shrieta
Z2HH = Alzdle] B2 wet vole o] Ak 212 de
Ad 4 glvke Aolrt. dE 50 OrderID o tiaf 713
2(not null), 3(wrong data type), 5(uniqueness)& =
T Age|E sk wmt gl WelE F4 gw 74 29
514 A& = Aok &, 4 dYHE TE rule 1, 2, 3,
5, 11, 210 tigk RFE FH3t] A%t 6719 AlF71E 7}
A7 €} o E B0} 'OderID'?] A, RF(OrderlD) =
(0, 20, 18, 20, 0, 0)= 7Fd = Utk olwf Z+ dloH <]
2l of ghol #5545 TP B *é%ﬂ A E seth
w2bA ‘OrderID+ rule 2, rule 5, 281 rule 3To2
ARE 4 J= TAZ 7B 61—31] EX de|HEY} %
A2 AT Al et Sd Alew AdE o,
2 7R3 S A "tk & F 2] F g
H=rE B E5E e vz 2 YA o A5 AHE o
d ZloR Ba JeHE] S 7] 8 REVH
=2 Tol] rule FEE o]g3HA @t
The 23 32 shte] dloleldl tigh g-deiE Wy
o} Z7ke] RFE A8kl & wlolEl AL (OrderID)<] |
ol8] A7 TAR A dFF LDBY Aw T2 3T
gt a7 3ellA] BEo], ‘OrderlDE LDBE B 358

Aol ¢lem(N/A) synonyms®  (Order, Ordering,
Purchase, OID, ID)E Z&th olwl, Normal Set&
WordNetS 53l #5F 713t <ubEl fAllEeln

Compound Set-2 Tol] 4 A= 20& 9, 2% &
15 B3l frFE Akl E uiditt Sim' B=e fAM
(similarity) #22 normal set®] ‘Sim2 £43] 1o]x
compound set®] ‘Sim#el 0.52 FITth ©]& normal
sete] wjAdl t] $HeHE F71 A1 Aoy WA Jksst

= RF Hlo]& oldxo|n oldl~ 10, 11, 98,
104, 105% E’u’ﬁo}m Zzte] 4 i(l 2, 3, b, 11,

21l w2 RF#E 2 57HQ1 A<k 20 FBEo] HAA )

t}. o37]elA RF(Order) = 48, RF(Ordering) = 8,

RF(ID) = 3602 & W= g<3H Ho] ¢l OrderIDel

gt 73 A4S 98 ID — Order — Ordering 2.2
A€

t}. Tno.’

Hement Name

OxrderlD Normd Set Compoul

Synonym | Sim | Tno. Synonym | Sim | Tno.
Orderl D NA NA [e]5) 0.5 104
Order 1 10 1D 0.5 105
Ordering 1 11

Purchase 1 B

Rue Frequency Table
Mo | g | condl | cond2 | rflys | rfly;,| Cat. | rff

N/A

16 1 99P9 16

1 | o | g | condl | cond2| rf s | rf,,;| Cat. | rf
0 4 | a [ 50 0 N/A

o | rflg| condl | cond2 | rfhs | rf,,,| Cat. | rff
105 20| o 0 NA NA [ 120] 120] 6 0

T2 3. LDB2| k5 HiolEe| RF 7%=

Fig. 3. RF Structure of Data Learned in LDB

3 Motz FE AN
oJAl & Hold A% Ere] T =E9 ﬁi/‘ﬂ/‘ 1~1O
NE FHew v Gojdr). Eele] REaRE A

o =gt 48w 239 10719 ZeAAE i?ﬂ 57F
A FF7 ruleZ FEHH volHe] x3UAE Hes &
T e BA =TE goen. ©HA =wE god A
T AL A 7N Al2Rle] A4 wo] sz A A #F
o] 7Fs3itt.

e |HE} Bl X0|

=

e LeamedElement Rule: U . (for

Process 1)

Vx, (Element(x) A ExistLDB(x) A
OriginalityCheckNormal(x) ) D

LearnedElement(x)
oz =01 & E/HEZ compound word?} Of-|H
M 8 dXlsk= &5 M2Vt LDBO Qe W, 1 RFE
Aso2 MFSHH =Ll oE 20 d2/HE  Zigh
{CustomerID, Email, Order, Price, BillAmount}7} QU
0 ZZe| d2|HE0| st LDBE  AMEICH

ExistLDB(x) &1}, {Email, Price, BillAmount}S ZAH3H
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1 compound word?IX| OFAIE AAlHA 2EXo=
{Email, Price}E ¥2M 0| T dE2|HE= 0[0] S&5E
eIt lesg iR palo2 MEEC}

¢ LeamedDerivedElement Rule: 22|HEJ | SEI0{2A] sigEl
0| US . (for Process 2)

V x, ( Element(x) A ExistLDB(x) A

- OriginalityCheckNormal (x) ) D
LearnedDerivedElement (x)

A2 |HET} compound word0[HA] 2t AX|=|= sHENE

7} LDBO| g o, 1 RFE Aks22 AXsh EIct <o)

M {BillAmount} 7} Ofofl sHEBHC

LearnedSynonym Rule: H2[HE XH|2| 58 EE gloLt

BilE{o| RAO17} SREEl 0| QI W, (for Process 3, 4, 5)
V x, y, ( Element(x) A 7 ExistLDB(x) A

Synonyms(x, y) A ExistLDB(y)) D
LearnedSynonym(x, y)

2| HEY} b UX|=l= SHEN B} LDBO 9l H<Ch
Olf, EA-UR|HE HE = ZXs5II HWE| FA0] 2|AE
. OlE =0{ ®I2| 8% LDB
o gi= {CustomerID, Order} & CustomerlD—{customer,
customer number} 2+ Order—{order of magnitude, ordering,
orderliness, order items} 2 &t&fst11 CustomerlD2| 2= RA
0=t Ordere| 2Z& SAIISE LDBOIM M5 121
St OlAe| SHSEl RA0] HEIL UH=H 671 Al |
= 71 52 =2 48 YARIE & RFE 7HKle KA1
7t 7iKl= H|of 2710| AMEHEICY

(Al i §

LearnedDrivedSynonym Rule: H2[HES| 213} HIE{0)| Q=
RAIEREE IHMEl d2|HESDH skEEl X0l Qe o).

=11 ol = PON=]

(for Process 7, 8, 9)

Vx, v, z, ( Element(x) A - ExistLDB(x) A
Synonyms(x, y) A = ExistLDB(y) A
- OriginalityCheckNormal (y) A
DerivedType(y, z) A ExistLDB(z) ) D
LearnedDerivedSynonym(x, z)

e dRHEE 1 WR|HES| RAE BF skEE A
0| 9IS m, 9t 1 AE[HET} compound word0[H SA|
1 gR|HES XUH0| 2tz o7} LDBO| QUEA| AMst
Cf. Ojof AM ZAnp} Clas QICHH MEeE 22 24y
HRX| OlMe] RFE 7Kl OiMEl d2|HET} M t

£ £0{ CustomerlD{custormer, ID} 2 AVHA|T LDB, ZA &
It Do et sks HETF QICKHE IDS| RF7F MEHEICE, O]
A2 A flEg = QICt & &&El D= Customer 1D
2 & T, 25 IDYUSE 7| WEOICE 2Lt AR
HlOJE HMefrzdig e Xso2 M&st= 20| of2t

T

AHIA AR} 2BX o2 MAESH =[22 0243 4<%
£ HHE AIZ = QUCH

NotlearnedElement Rule: ¥2|HE 3! IMY01S0| &oq &t
el Xo| glS ©f (for Process 6, 10)

VX, vy, z, ((Element(x) A - ExistLDB(x) A
Synonyms(x, y) A - ExistLDB(y) A
- OriginalityCheckNormal(y))
V (Element(x) A - ExistLDB(x) A
Synonyms(x, y) A - ExistLDB(y) A
= OriginalityCheckNormal(y) A DerivedType(y, z)
A = ExistLDB(2))) © NotLearnedElement(x)

A7 NIl 45 85 delee] 7S B
S A} 20¢ FHFFoM ABOR 0F HolHE A
F e FHS A9 F A PHE AT the
oA A PHES SOAS Fle s ERE o A
Aol 2§ A AN G,

V. 78 2 A 41

oln] AR AT (6)olM Java 2 Platform, Enterprise
Edition 1.4.22 &€ °F A Au|2E 74 vl )
t}. &3 o] MH]AE Fiorano Business Integration
Suite(12)h= SOA ®dd 3 A3 A9 =75 7oz
of ] 71A] Aul 28} Adste] 0F FAY] &0l SoiE=
AL BHvh, ey @94 A~ o) FaAtgeles vol
Bl Altzis ddo] AHsH Foan ARgAA B
< = W op 2} HlolE 9] oJn|E Felgobt O F Al Al
H| 25 ARSIt maEbA] 2 E=iollA] AlAlgh vl =Y
22 AH] 2= HlolE] Sk o) HlofE] Aok AE A W
He JESSITIZ Fddte]  oF A Auzef 371819

v} g2ln RS oF AA MEAE ged e B3
M|z Ao Agal] Hkth TR O3 49] AjxE] BAL
uAe FE HEIL JESR] AU ERPL A1 B FH

o oJg) o] A-siA el HA] @& 7ol A A
Ago® HEY sfFaL o] AMdS nAelAl gel 7] 9l
otk o] CRM} ERPAtoldll 4% meke|E dlo|el e A
RS AFso R ARsFa o] 2L VINe R OF ©A
9 gAY 7Fsl Ak,

I% 5E CRMCeEHE Data Elements” ZEo|
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{j @ 9 ‘ordering™ -AFeF Hlo]8 (synonym ZE) 24 ‘order 2=
smp Mail_Result —irid%]_ Zﬂ‘l,kZ:Zﬂg _/'[\.Zé“& al ’:‘:1_‘;]'@ i}?ip/] ‘jr% checkbox
“””‘”m’;d o xsmm..m HFe Aystoan 24 7bssit), ek Q2 FHe A
o 7 P “All Rule Save' £ A€isle] DB sk AEE 7Y

Tn ail

A8 @t 3 show statistics' S Aeislo] AA5d 7

@ 2)(Rule 02, Rule 03, Rule 05)< AFE02 %3 22 s

—._AHDvders Rl@lﬂpos L _H}_O% _’_'L Tjr Ei }\13]/\ A}—Q_Z]'7]' _I’ ﬂ ?(ﬂ Ok}— % _}l:
At Alchd o] T checkbox HF7E Ao =4

~IEl 4. CRVIH ERP Aol B 2% Fhesith Wk Alze ﬁzka— 47 ok All Rule

Fig. 4. Composition of CRM and ERP
Save' & Hdisjo] LDBY| 8y A WS AAle Hr}. 3

‘show statistics’ S A&l a}o] Zﬂzﬂ ‘ordering’®] & S5 K
=8l £ 28 £% v} ol TS viRe R 7| 21719
e I AR AES B Au|xd] AAddle] 9F glolg FHglo]
Data E Reset | save 214] Hjo] 2%l LDBE dvht Be] T12la g gsA g3A12
71 A8 stk A8 v F /A SElE 2%

2 g}

1(‘

xo

[ordering ~| [order vH All Rule Save |

| show statistics

o do
4
C R T

I7] No Rules 855 (Learning Rate) : A18]2=9] dlo|El7} Y uw 2
=R AN gy WH o2 HolEE dlerdlel LDB
[¥] Rule 02 Not null but missing data - . - = oo
[] Lower Value Set oﬂ Xi%?l“jr O]LLH 6]—-——3& Q 6]— E“ ] 1 T 35/ p
Rule 03 YWri dat: -
Ehe R L Rt LDBe] &< tlele] /%4 42 dele] 42 Brka.
2 el Pt A R Helesl bl Aot o Mgs] ke
[_] Rule 11 Wrong categorical data " o == ol Au /\9/] A O] Ale 3.0 11 st
] Rule 21 Abbreviation = 6° ] 1 ]——— 225U ]’c 7}"‘0‘02 ] ]a
show my rule seftings —/,: 2,1
i ) ., ° Z]Eﬂg([—\utomatlon Rate): AlH]2=9] Elo|E]7} 4=
T2 5. 74 XS A% of (ordering’) N .
Fig. 5. An Example of Rule Setting (‘ordering’) u}, ge tlolg] AlF 2o QE Aso R 2 A
gol sl A 75 Ak, ojuf AHgsEe AFoR
‘Ordering ©|2R= dloEl7} ERPZ i s|ojof & uj, 2} T el AHE Holele /99 tolH 2 Wrleitt
1 Email i (TUJ"'JSmlDSBFVE[UH?) 1l Order 1 {Item* TotalPrice) 85 Mail-List 1 Chail
sz TotalPrice z #PCDATA 2,3 36 Mail z (Body, Attschment+)
Z To Z FPCDATA Al 33 Hem 2 {OrderlD, -, OrderDate}
3 From 2 $PCDATA 2N 34 | OrderD 3 sPCDATA | 235
| customernn | 3 HPCDATA 2,3 87| Body 3 #PCDATA 2
ol Z FPCDATA Al 5 E::”mer 3 APCDATA 2 11 85| Attachment | 3 #PCDATA 2,1
N L I HPCDATA Al 37| ShipDetsils | 3 {Mode, -, Phonehumber) St Order 1| (CWanufactires)
g RepiyTo 2 EPCDATA 1L = e 3 wpcoata | 21,21 95 Manufacturer 2 (Product)
1 Subject 2 $PCDATA 1 = Qu.anmy 8 #RCDATA %3 96 Product 3 (Mame,CostDiscount)
40 Frice 3 HPCDATA 2,3
8| Body 2| #PCDATA z 41| Billdmaont 3 #PCDATA 2,3 97| cost + | srcDATA 23
9| Aftachment | 2 $PCDATA 1,1 42| OrderDate ] sRCDATA 2 96| Discount 4 i
43| Mode 4 4PCDATA 2,11, 8 3| order PR ——
0 SmtpSewerUrI z WALl 2’ N 4 Address 4 APCDATA z 100 Product 2 {Manufacture,DiscountPrice|
1| SMTP 1 {Result, Reason?) 45 | Country 4 4PCDATA | z1,2
17 Result ] SPCDATA ] 46 PostalCode 4 HPCDATA 2N 101 Manufacturer | 3 #PCDATA 2,21
47 PhoneMumber . 4 HPCDATA 2,1 102 DiscountPrice 3 #PCDATA 1,3
13 Reason Z PCDATA 1 45 ChatMeszzage | 1 (Sender?,Message) 103 InputPO 1 (POHeader, Address+ tem, T
14 Email 1 (TUJ"'JEDUV) 49 Sender = {Name?,Email?) 104 POHeader 2 #PCDATA 1
g Name 3 APCDATA 2,21 105|  Address z (ContactType, ~,Country)
B To 2| HPCDATA g1 o | Emai s | aPcDATA o1 106 Hem z | #pcDATA [ znEt
16  From 2 $PCDATA 21 5 Message 4PCOAT, 107]  Total 2 #PCDATA z

J7 6. SEE/AISEE TIIE SISt 22 Hole Egel of
Fig. 6. Part of Training Data Used for Evaluation of Learning/Automation Rates
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HA 85 918 Fiorano =7l oln] 528 AA A
v AR RE 29 123709] dlo|HE T vloH=E A%k
#] CRM, ERP9} 22 & 7#22] AH| 2o % chatting
o]t} SMTP Bridge AH]2 5 7Fdet Aujxd] o]2= %
2109 Mu2~20E 2815 919 28 62 AHE bl
o[e]9] URE HolFEr (HolH o, #d, ¥4, d4d
TEE).

71914 ‘email’ 32 ‘mail HelHE 1, 14, 36, 51,
660l Ax H-3E5 o] 911 Price (40)' 9t 'Cost(97) '} 2]
AL ol BRItk o]g HlolHE aet A thy 1
d 73 2 AvE 1o

a8 7(a) a#fze] X&FE HlolEe] d# ¥g, Y
Fr dlolE Y] 7, A4S 99 volEY £ gl
e B =RelA A & dEE ALee S 5
o {1 E &5 dlolEe] 7t 1237918 Wl g
af <7k LDB| Hlole] 47} 30370 = S7ksisict. ©
ok dlolelell sl Bt 2.4671<] HolHE on] &%
g o gFAF AR B F Utk £ email
(electronic mail, e-mail, mail)® Z& dHo[HE ¢
FAZIL ThE AR zollA] fAL HlolH7E =S o,

o

A

Ol

(!
o\
o

i

o,

e

o rlr
£ rlo o

emaile 20|31 e-mail¥} 2L ol = 5L
o tlole] Ak 202 7 AL AFe & F de A

olt},
a9 7(b)& Asskeeln Hit 41.4
Hhel| o] H]go] 091 <Ju|E o] <5d Hlolel7} §i
7] 2ol 20744 A 353
olElEo| £ $7] wiiteltt. 2t} 1237H9] HlelEle|
i Al 40%9 E3hd (saturated) 2os 2o A
F dlolE|7} 1o g Ao| ofd oln] SOAE A3}
= E7d $5H0] e HRYA GG AMEEE AH]
225 ARSIY] wliel] B2 <] HlolHE g5 7= §l
[e]

ok, aEu 40%7t de At &2 53l vlolH A% =

Il O]

H =2 2345 2L Aot
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Fig. 7. Learning Rate and Automation Rate
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