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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

. , _ Bus nalysis
“missing data without the constraint of not allowing null’
(Constraints) not empty and allowing null
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£ Ht=AHS MG service AS AAIRS & Qi)
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Fig. 2. Decision Tree for Learning Data Constraints
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Table 2. The Meanings of Internal Nodes and Branches

EX|st(LDB °"a|D1_7+o| |§||Q
% HlolefHo|22! LDBE Ekx)

Element
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288  Sivhes Aelth dF §9] OrderiD o W&l 72

3(wrong data type), 5(uniqueness)& &

T oola Mze gkl WA F2 gu 74 29

5ut ﬂ%“ FE Ut & 4 4YHUE TE rule 1, 2, 8,

5, 11, 21l g RFE 235k A%a 6709 A571E 7}
1Al €t} & B0 ‘'OderID'® A% RF(OrderID) =

(0. 20, 18, 20, 0, 0)& 714 <= 9it}. o|w) 2+ djole}e]

A of o] 2E5E M) we ’57@ FAEAE Zer

A OrderID'E rule 2, rule 5, 181X rule 3508

/Hx—]sl 4 9= .EL}]_E__ 7].;81;], 5].54 5_764 oﬂg]o}_t;]} ?‘51-4‘:

H AL QAT frAflF tert aed AoE dgd o),

2(not null),

)4

RFE 71 498 2330 €0 3 % vol % o5
HE/h O B9 A v)zU2 9ol o A% Abgslo]
gk

S8 AR Ru dejrEs] 7132 2387 93 RE7L
2 9of9 rule HRE o] & B}

o 8 38 sl dlolgd] ti Sa-dHE Wy
ok Zyzte] RFE A3t g wolel ALl (OrderID) 9 H)
°|22 A8 P22 Yol A7 LDBY A7 T2 8D
Fh 23 394 B0l ‘OrderlD'= LDBE B4 5
Aol glem(N/A) synonyms® (Order, Ordering,
Purchase, OID, ID)& Zeth olwf, Normal Sete
WordNet& B8l #5 7Fsd dwbdQd fAlolgoln
Compound Set-& ©i9] 4 dej=2 #4& ), 242 o
ol B 5E fAlE 9wt} Sim F=E A
(similarity) #22 normal set®] ‘Sime 2#3] 10|z
compound set®] ‘Sim#te] 0.5% ¥tk ] normal
set?] wiAd] o +HENE T 918 Aoy WA sl

WJ

ot Tno. & RF #ol& Qlezoly <ldlx 10, 11, 98,
104, 105% 2shd 24zt w2 Wa(l, 2, 3. 5, 11,
21)) w2 RF# 2 57HQ Aok 21 B So] gAA 9
. 9719l RF(Order) = 48, RF(Ordering) = 8,

RF(ID) = 360°% & ¥k 88 o] gl OrderIDe
e 12 43 AslA ID — Order — Ordering £2.8
T},

B
s

Element Name

OrderID Normal Set Compoundgset
Synonym |Sim | Tno. Synonym |Sim | Tno.
OrdertD N/A N/A QID 05 104
Order 1 10 1D 05 105
Crdering 1 "

Puichase 1 98

Rule Frequency Table
o L]t [ st [ condt [conae [ s [ty [ Cat. [riiy |
o [ 16 | 16 | [99999[1610|N/A|0|

11 I rf,,,l rfpzl Mo |C°nd1 IcondZ | s | ’fnn[ Cat. I”nzr'
Lo {414 o T 50 [ oo [walo |

[1f%, | e | 11,5 [ condt [ cong [ rtfs [ iy, [ Cat. [riiy |
10520 [0 [ o | wa | wA 120 ] 120] 6 | o |

12! 3. LDBe| &&H dolede] RF =
Fig. 3. RF Structure of Data Learned in LDB
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» |earnedElement Rule: Y2HET| sk5=| 0| QIS . (for

Process 1)

Vx, (Element(x) A ExistLDB(x) A
OriginalityCheckNormal(x) ) 2
LearnedElement (x)

2|HET} compound word7t OfH
s JEJL LDBY QIS M, 1 RFE
ANsog2 Aot ECh Mg 0 d2(HE {lghl
{CustomerlD, Email, Order, Price, BillAmount}Z} 4
I Zize] de|HE el LDBE  AABiC)

ExistLDB(x) Z1}, {Email, Price. BillAmount!}
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\Email, Price}& YCH 0] § U2|HEE 0)0] shEE|
HE7L QlosR SiEE Ao MNEL}

¢ |earnedDerivedBlement Rule: ZEIHET L Sl0{2A] st
0| g . (for Process 2)

V %, ( Element(x) A ExistLDB(x) A
- OriginalityCheckNormal(x) ) D
LearnedDerivedElement (x)

AE|HET} compound word0|BA] &8 LX|sl= StEdR
7} LDBO| Qg 1 1 RFE Als22 AXNsiA &
A1 {BillAmount} 7t O[ofl St

* LearnedSynonym Rule: H2IHE XHIe| &58E= gloLt

HIEe] AP EGE A0| 1€ ©f . (for Process 3. 4. 5)
V x, v, ( Element(x) A - ExistLDB(x) A

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

Il
0
E

WIBHET} B UR|El= SEREIE (DB gl BT
Ol E5-URIME HE2 ST HHS RA! 2lAE
| 9l YRlHESES Hupi) o S0f 9lo ZS LDB

ot gi= {CustomerlD, Order} & CustomerlD—{customer,
customer number} 2+ Order—1{order of magnitude. ordering,
orderiness, order itemstZ &&5HL CustomenDe| B2 RAL
0= Ordere| 2& SACIES LDBOIM AL}, 12(1
Stt OlAle| SiEEl RA0] HETL UASIH 67He| H=w7|
7 52 2 48 YAKIE 9= RFE 7HKl= *A0]

7} FiRl= Rk Z740] Mesgicy,

—_ !
¢ LearnedDrivedSynonym Rule: l2|HEC| HA¢ HIE 0 Ql=
RAOIEZSE LME d2|MEED} sh5E X0| QS o,

{for Process 7, 8, 9)

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

e We|HES 1 dE|HES| AT 2% siEE X
0] gig o, T 1 H2|HET} compound word0|H =A|
1 We|HES XN Zhziel EIo7t LDBO UsA| At
T} Ojm| AA ZAnpf Ol QIO 2Meed 52 29 o
HR| 0|Me] RFE 7iAle= OiME! WR|HET| MEREIC) o
£ £0{ CustomerlDicustomer, ID}2 XIHX| T LDB, A &
Ih DO chst sk BEJt QUL IDS| RF7} MEHEICE O
UL}, & s&E IDE Customer 1D
D& Q| HZ0|C}, ejut algt
M¥st= Z{0] opizt

ABla ARBAIZF A EMo2 AT S22 0]218 4%
S HHM A2 5 QUL

NotLearnedElement Rule: Y2|HE 3 IHM01E0| X5
&El Ao gig ©f (for Process 6, 10)

t

*
Jor

Vx, v, z, ((Element(x) A - ExistLDB(x) A
Synonyms(x, v) A - ExistLDB(y) A
- OriginalityCheckNormal(y))
V (Element(x) A - ExisttDB(x) A
Synonyms(x, y) A - ExistLDB(y) A
- OriginalityCheckNormal(y) A DerivedType(y, z)
A - ExistLDB(z))) O NotLearnedElement(x)
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ret

V. T

olu] AL AF(6)MA Java 2 Platform, Enterprise
Edition 1.4.22 78" &F A AHj28 7% vl
o} E3 o] AH]AE Fiorano Business Integration
Suite(12)2He SOA =dd] 9 43 g =78 7ites
e 7k Au)xst FAE] QF A9 agel FuEE
RS B2}, e G4 A2 Tl AeAgeke do|
Ble] AekzA g Yol A go=M AMAlA £
& Z ¥k oz} vlolglY) ofnE mpelsiolwt o7 A Al
U AS AT 4 Uit wEh B =RlA AAE v2Y
2 AH| 2 Hlolg] Shgpol] 93 dlolE] Atz A% 4%
WE JESS(17)Z FAsk oF AA Aulzd F7131
. 323 AR oF A APAE o 2 Y
A2 Ao Fgd Betth o O3 49] A2 BEX LS
A FE HH7}L PESIR] @AY ERPS A1 #] PE
o ol F=2o| HA3IA A2l HA FE 7FeAe] e AT
Aoz "ely Fn o] AME A g8 F7] A
Zolt}, o] CRM ERPAlo]dl] A3 wmdts)e dlo|ele] A
okzAL Ao AT o] 2AE 7|WO R OF ¥4
2 BA7L 7hss 2
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Mail_Result

jass

Cantisakd_POs
xsttransformt
A

B

AllOrders

Rejwied #0s_Display

T8 4. CRM2} ERP AH|A2| BFM
Fig. 4. Composition of CRM and ERP

J8 5 & Xz MH o (ordering”)
Fig. 5. An Example of Rule Setting ('ordering”)

o ‘ordering @ At HloJE] (synonym FE=)2A ‘order 2R
FHE AkxE % AR ol U checkbox
“ﬂLE ARgoRM 23 shesich, Wk AZE 7S A
iR "All Rule Save' & A&sle] LDBe] &k ARE 7Y
0}71] Ho}, T3 ‘show statistics & A Hsle] dAlGH ﬁ
Z(Rule 02, Rule 03, Rule 05)& AFs-c2 A4s) w2 3w

Hol T3 ek B8 Mula AR} 19 Adzd s ¢
Aot Aok gl o checkbox PIFE Ao M

2% 7heitt. Wt 2 & 4% drkd 'All Rule
Save & A€sle] LDBY 3k A RE 74lsiA At =3
‘show statistics & Aeslo] @A ‘ordering’ 9] BE Br3n
"’%}%} Fie gt} olafgh TS ulE o 7)Ed| 21719
258 & Mujzd] dZste 13 vlold Pyl
291 LDBE ¥rht Bo] J2]3 Fesh gaAld
g 43 sl 482 e 7 7R sejulE 2%

2ntT

=
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88 (Learning Rate): AH]~9] Hlo
=l A ARG S WP O R dlolE| 5
o AAgt olw dFoR gt dHolH 4 Frhee
LDB9 ¥ oy ¢/ 448 diolE] #2 73t}
A 9 diolee] 7t wil g Ao of v g Tk
& B8l o] Aul2ae] HAAY ARG JFedE AAE
a1

ﬂg (Automation Rate): AH]29] tlolejr} gizl€
o, g dlofel A 2o Q3 AHgo ] A
ol 7hssl X ASE Ak o)W AHESES AFoE

E)7} <=

SHaF]
"I]' °

Hea

_, mlm

~l> o}

A

. . » - = A o (e) oz 3]
Ordering ©l&h= o7} ERPR Y= ¥]ojo} & o 74 o}l A dHolEle] /418 doly £2 BrRRht
1 Email 1 (TU.""SmtpServerUrl’?) ] Order 1 {Item+ TotalPrice) 85 Mail-Lizt 1 (Wil
o 32 TotalPrice ¢ #PCDATE 2,5 6 Mail 2 {Body, Attachments}
Z| T 2 #PCDATA 2,11 e
. 33 ftem 2 (DrderiD, -,OrderDate)
i1 From T aPCDATA 21 3% | OrderD 3 #PCDATA 2,35
i e 5 4PCDATA 1 35| Customend - 3 - ¥PCDATA 2,3 87T Body 8 #RCDATA z
R ’ : i 3 AP epaTe i 98 | attachment 3 . #PCDATA : 2,11
o
- Z $PCDATA, Lwn 37 Shiphetaiis 3 {Mode, - PhaneNumber} :; ;rder‘ f ; (gaﬂdma;;we*‘
& ReplyTo 2 $PCOATA 11 3| Product 3 spcoaTA | oz i12 ? snutaciurer {Produe
s - e : : 2
7| Subject 7 #PCDATA 1 3] Quantity 3 #RCDATA 53 % | Product 3 {Name,CostDiscount)
17 o] Frice 3 BPCDATA 2,3
od 2 $PCDATA 2
¥ 41| Billamount 3 HPCDATA 2,3 a7l Caat i APEDATA 25
9| Aftachment | 2 #PCOATA 1,1 42| Orderbate 3. HRCDeTA BN 9| Discaunt 4 1,3
431 Mode 4 PCDATA 211,71 0
0| SmipServerrl 2 #PCDATA 2,11 5 89 order 1 (Preduct)
44 Address 4 #PCDATA v < 100 Praduct 2 {Manufacture DiscountPrice;
1] SMTP 1 (Pesult, Reason?) 45| Country 4 $PCDATA 1,8
21 Result » . EPCOATA y 46| PostalCode - 4 HPCDATA 2,1 101|  Menufactorer 3~ #PCDATA 2,2
. - 47| PhoneNumber; 4 © #PCDATA 2,11 102] DiscountPrice 3 #PCDATA 1,3
13 Feasan < $PCDATA 1 18 Chathiessage’ 1 {Sender?, Message) 103  InputPQ 1 (POHeader, Address+tem Tor
141 Email i (Ta,~ Body) 49| Sender 2 | (Name?Email?) 104] POHeader 2 #PCDATA 1
" 5 2 105 Address 2 (ContactType, -, Country)
15 To ? 4PCDATA 2111 50 Name 3 HPCDATA | et B
51| Email 3 APCDATA 2,1 em Z .. AnCDATA CRLY
16| From 2 §PCDATA 291 | Message 2 DATA » 07| Tatal 2 . SPCDATA H
T8 6. HEB/AISEE WS 8t £ GOl Zatel of

Fig. 6. Part of Training Data Used for Evaluation of Learning/Automation Rates
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HA 852 A3 Fiorano =7 o]v] $58 4] A
HAZRE 323 123719 dole & F2 vloJB 2 gke
| CRM, ERP$} 22 & 759 AH| 2ol ¥ E chatting
o]} SMTP Bridge AlH2 5 20 Au|2d) o]2= F
21748 Mu|2258 FE850h 99 38 62 AME )
olHe YR HAF (voly olE, #Y, ¥4, %€
).

471904 ‘email Z& ‘mail ®e|HlE 1, 14, 36, 51,
66° 23 EE=o] 3l Price (40)'% 'Cost(97) 9k 20)
AL o= Belrh oleidt do|HE g3t 23 thg 1L
Y 73 e A9g 59

I3 7(a) ZH}Ze] XEE& vlojEe] 4 W3 v&e
haE vlolEY] &, 4e Y vlolElY £ dggolr
AL B =EoA ARG B AEE AN S F7H
th dgE &5 dolEe] 471 123709 Hie) ggos
s $7+e LDB Hlel®l 7} 303702 F7Fstgitt. o
€ @ dolelel the) e 2.46719 HolEE o] &4&
5 o A ez E 4 dh Z emaild
(electronic mail, e-mail, mail)# 2 Hlo]HE ¢ 8
FAZI ThE Au]zolx] AL dlolElzE 4EEHAE 9,
email2 E&0]13 email? 2L HolH| i $Y
S dlole] A 2o A A4S AZ} T+ e A
1=

ad 7(b)e Ashols #F 41.46%F ¥UTh 2
Hhol] o] "ol 0] 9ul= do] Blrd vlolEr} §le
7] defjolm, 207k E48A 53 A AR 49
olHEe] 0 g7] HEelrh. 1ejthrt 123779 dlo]Es)
8l A 40%°1 ZHe (saturated) 23S B9t 4
d dio[H7t dojZ AT Aol ofd olu] SOAE s}
£ =7 BEH0 de HZRYUA JGod ARgEE A
28 AM3IG] Wi B o] diolHE g5 4 §
Ak, 22 40%7t e AFES &8 B3l dolH A =
A 43E AEs T 5 Avks AS Y53 wek o
B AAAEY H2UL do|HE g5, AEdEe
H &2 298 29 Aojt},

2,

)

1 9 17 25 33 41 49 57 65 73 81 89 97 105113 121

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106113 120

(b) =5l
02 7. SEE/AIEsiE
Fig. 7. Learning Rate and Automation Rate
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