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Take Home Messages

A Clio (Schema Mapping for Ell) has evolved to Clio 2010 (Flow
of Mappings for ETL or Mashups)

A Raise the level of abstraction for data transformation (Ell,
ETL or mashups) to flow of mappings

A Compile flow of mappings for different runtime engines

A Unify Famous Objects in advance and incorporate into Clio
2010 to simplify integration tasks

A Need schema decomposition algorithms to do integration in
Clio 2010 using UFOs
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Outline

A Clio Evolution

A Clio 2010

A Unified Famous Object (UFO)
A Schema Decomposition

A Joint work with
I Mauricio Hernandez, Lucian Popa, loana (Roxana) Stanoi

I Interns: Bogdan Alexe (UCSC), Michael Gubanov (UW), Jen-
Wei Huang (NTU, Taiwan), Yansis Katsis (UCSD), Barna Saha
(UMD)
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Schema Mappings and Data Exchange

. Wants data
User mapping —_ from S, inan
easy way!

Mapping

Generation

Source — i
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Data exehange- process
(or.  SQL/ XQuery/ XSLT/ ¢é&)

“"Schema mappings are obridgesdé for infor ma

= Qur research ( Clio project) addressed two main problems:
How to generate schema mappings- and how to use them for data exchange-?

4 © 2008 IBM Corporation




IBM Research

Clio: From Mappings to Runtime Artifacts (Queries or Operators)

DOC 2 Source schemas Target schema Map 2 []=]
M‘ = ﬂ File:example-sre, xed = ﬁ File:example-tgt. xsd
= [B sSource fed = [B] Target {=}

;

= [EF Studentt [1%]
— [etring)
cval B¥

name (stringl

€/ Stud¢ent 1/ * é/ Stu 2/ % €/ cour selt
[Ek course (string)

// // // [EE grade (string)
X M L = [EF Studentz [1,%]

[BF sid (string)

L = [E Studenk [L%] =

[EL sid (ztring) |==id | Esd |
\G [EE name (zwing) = name \ = name |
= [E Course [1#] i} A Al
[EL criame (sting) |= COLFSE \ = cname |
[EL id (stringj_—l = Ski{sml=0.5tudentl a... [= sk5i5m2x1 LCOUFSEEY.. .

= [E Eval [1,%] 4=}
h [EL name (string) [EL eid (etring) = Ski(sm0x0.5tudentl.q....  [= SkS{sm@x1.courseEy...
relationa @ cvsl ey ting cgae [

[EL grade isting) = grade
= [EF courseEval [1,%] et 1 [EL file teting) =file
eval_key=eval_key ]: B eval_fey [sm-ng)/ |

[EL cname (string)
. EL file (string) —/
sid

name
C_name (; ======== Phase-1: shredding into relational views ======== 1}
flle | declare function local.zhred(3docl as element{root)) as element(root) {
v =root=
Course_P = g
F_cours (Sld, name) for S2m0x0 in Sdoch/Source/Studentt
return
. v =Student_0=
Pi Eval 2 ¢ <sid_0>] SsmixD/siditext() J</sid_O=
Key <name_1={ Szmix0/nameftext() }</name_1=
<Course_2={ fn:concat{"F_courze(", Sz2mix0/zi 3, 7,7, S=m0x0f ftext(}y, *)7) piCourze_2=

<value-key={ fn:string-join{(Fzmix0isiditext(), S=mix0/nameftext(), fn:concat{ F_course(”, S=mix0/siditext(), ",

e 1 d_0 = Fegurise (e

Pid 0 )
eid r Ssm2x0 in Sdoc0/Source/Student2,
/ i 2=m2x1 in Sdocl/Source/courseEval

where SzmZxlieval_key = SsmZx1/eval _key

Key Malue_key " emndent_0s

4 ! <sid_0={ SsmZxlisiditext() }</sid_0=

i <name_1={ Sem2x0inameftext() }</name_1>
§<Cuurse_2>{ fn:concat("F_courze(”, SemZx0/iziditext(), *,", SzsmZx0/nameitext(}, ")") }=/Courze_2»
| <value-key={ fn:string-join((Szm2x0isiditext(), Ssm2x0iname/text(), fn:concat(F_course(, Ssm2x0isiditext(), *",
SemZx0/namaftext(), 7)), ) Feivalue-key=

value_k

Key
value_key
3

¢
v
‘et )

for S2m0x0 in Sdocl/Source/Studentt
return
De'dup Value_key + =Course_1=
i =Pi : se(”, 3= i - = } i
De—dup Value_key i <Pid_0={ fn:concat( F_course(”, Samlxsidtext(), "", Ssmix0/nameftext(), 1"} j=/Pid_0=

i zcname_1={ Samixl/coursetext() }=/cname_1=
De.dup Jalue key | <gid_2={ fn:concat("Sk0(", Semix0/gradestext(), ", S 3 ", S=mix0/nameltext(), " ", Sem0x0/eid/
Pid O - text(), ")) Jeleid_2z=
—_ i wvalue-key={ fn:string-join((fn:concat( F_course(", SamixMisiditext(), °,", Ssmix0nametext(), ")), 5zmlx0/course/
text(), fniconcat("Sk0(”, Semixl/gradeitext(), °", Szmlx0/courseftext(), °,", Semixl/nameftext(), °", Szmix0izid/text(),
) U eivalue-keys
=/Courze_1=

=fStudent_0=

Course_2 = Pid_Q Nestjoin

o
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Evolution of Clio

= Nine years of active research

= Created and established the research area of schema mappings and data
exchange

14 patents and 22 database PIC papers, 7 papers invited to special issues of journals
5 of these papers have received 200+ citations each (254, 213, 198, 166, 143)

1 paper (composition) won 2004 Pat Goldberg Memorial Best Paper Award.
Many invited talks, 4 keynotes, 2 tutorial

= The Clio system has evolved to be a design-time tool (based on mappings) that
can firepresento multiple runti mes:

+ Query execution platforms: SQL, SQL/XML, XSLT, XQuery
¢+ Java
+ Data Flow engines: ETL (DataStage and E2), mashups (DAMIA), now JAOL flows on Hadoop

= Transfer to IBM products

DB2 8.1 SQL Assist

DB2/11 8.2 XML Wrapper Generator (Chocolate)
IBM Content Manager 8.3 (Cinnamon)

Rational Data Architect v7 (Criollo)

Information Server v8 (FastTrack and BackTrack)
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Limitations of the Clio Mapping Paradigm (pre

= Based on XML/relational
schemas

= Based on one, monolithic
source -to -target mapping
¢ Buildinghand managing

complex mappings becomes
difficult

= The idea of flow of
transformations was missing.

= The mapping process lacked
modularity and reusability

{7 Clio 2010 Nested Mappings: New_Job0.mapjob (*)

File Job Edit Options

Mappings

1
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o= 8 Map 55 7ot | 9 B proilo,*]
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b i it " ¢ B prokct[0,]
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- ¢y 5.7 Exprassions

o [ staff[0,*]

= Needed to be adaptive to more data models (Java objects, JSON) and
-- Cloud Computing)

runtimes (DAMIA, Hadoop

= Needed to raise the level of abstraction (business objects

+ UFOs)
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