Dynamic M eta-Data Support
for Information Integration and Sharing
Across Heter ogeneous Databases

By
Wiput Phijaisanit
Director
Dr. Larry Kerschberg
Committee

Dr. Alex Brodsky
Dr. David A. Schum
Dr. Xiaoyang Wang

May 22, 1997
George Mason University
Fairfax, VA.




Outlineof Talk

Problem Statement

Dynamic Meta-Data

Unit Value Mediator

Mediation Data Model

Multiple Unit Value (MUV) Concept
The InfoFED Federated Database System
Contributions

Summary and Future Directions



Problem Statement

e Definition of Meta-data

— Data about data

— Additional information that is necessary for datato be useful
In the context of an application

— Example is a schema definition that describes database
tables, that is, relation names, attribute names, data types,
efC.

« Traditional data models do not have enough meta-data to
assist in:

— Integration or mediation of data from disparate databases

— Assist users in understanding the “ context” in which datais
being used.



Dynamic Meta-Data

 Meta-datain adatabase system.
— Meta-datafor classes and associations.
« Examples are Superclass, Subclass, Synonym, etc.
— Meta-datafor class instances.

« Exampleisaschemadefinition, i.e., class names, attribute
names, etc.

e Meta-data classification for class instances.
— Static Meta-Data (SMD)
 Meta-datathat iIscommon to all instances of aclass.

« Exampleisatraditional schema definition such as class
names, relation names, attribute names.

— Dynamic Meta-Data (DM D)
» Meta-datathat varies for each instance of the same class.
« Examples are data unit type, data sources, etc.



Dynamic M eta-Data (Cont.)

— Example of DMD Specification
e Unit-type DMD
— shows unit type and unit value of the data

Unit-type Currency USD 1 Time-range Month -1

Unit type = Currency/Time-range
Unit value = US-Dollar/Month

Static Meta-Data
Schema Definition

Data Dynamic Meta-Data
Data Element Property Knowledge Package
(Attribute.Value) | (Attribute.Property)

Attribute Salary

2500 : Unit-type Currency USD 1 Time-range Month -1
: Sour ce URL http://gmu.edu/db.cgi
. Security Class Unclassified :

Attribute Salary

3000 : Unit-type Currency JPY 1 Time-range Week -1
: Source URL http://gu.edu/dbl.cgi
: Security Class Classified :




Unit Value M ediator

e Mediator

— A mediator is a software module that exploits encoded
knowledge about certain sets or subsets of datato create
Information for ahigher layer of application.

Ref: Wiederhold

e Unit Value Mediator
— A mediator that provides unit value conversion services.



Unit Value M ediator: Architecture

Ref: Service Description Diagram, |3 Reference
Architecture

Unit Value Mediator Cortra )
(Requested Unit-type DMD)
Unit value Mediator function
flau u)=(@@,u) Daa & UnittypeDMD [ rirvane L 2oa & UnittypeDVMD
where Mediator Conversion Explanation
a ::= datavalue D it Sl >
u ::= data’ s Unit-type DMD I
U’ ::= requested Unit-type DMD Covasion Refaence
a ::= converted data Krededge [ Kronedge
u”::=converted Unit type DMD
Conversion Knowledge €~ - Reference K‘Howl edge
Conversion Reference
| 1 | | _ 1 |
Currency Timerange | Length Exchange-rate T'mf”a’t'znge ______ Length-rate
I nstance-of Instance-of Instance-of I nstance-of

[C001] [ [COON] j[ [T001] j [ [TOON] j

[usd-thb] ...[[thb—usd]j[[day-year]j ...[[year-day]j ......




Unit Value Mediator: Example

 Converting value 36000 from US Dollar/year unit-value to
Thal_Baht/month unit-value

a = 36000
u = ‘Unit-type Currency usd 1 Time-range year -1’

u = ‘Unit-type Currency thb 1 Time-range month -1’

f(auu) = (@,u’)
= (76110, ‘Unit-type Currency thb 1 Time-range month -1
by [c001] [usd-thb] [t001] [year-month]’)

Conversion Knowledge object ‘[c001] Reference Knowledge object ‘[usd-thb]’
([c001] of Currency ([usd-thb] of Exchange-rate
(Program.value c-convert) (From.value usd)
(Program.prop ": Unit-type None : (From.prop ": Unit-type None : Source URL gopher://una.hh.lib.umich.edu/00/ebb/monetary/noonix.frb:")
Source URL http://isse.gmu.eduMiput/query.cgi ") ||  (To.value thb)
(Designer.value Jame Smith) (To.prop " Unit-type None : Source URL gopher://una.hh.lib.umich.edu/00/eblb/monetary/noonix.frb:")
(Designer.prop ": Unit-type None : (Rate.value 25.370000)

Source URL http:/fisse.gmu.eduiput/query.cgi:”) || (Rate.prop " Unit-type None : Source URL gopher://una.hh.lib.umich.edu/00/ebb/monetary/noonfx.fr:")
(Version.value "1/29/96") (Valid.value Y)

(Version.prop " Unit-type None : (Valid.prop " Unit-type None : Source URL gopher://una.hh.lib.umich.edu/00/ebb/monetary/noonix.frb:")
Source URL http:/fisse.gmu.edumiput/query.cgi:”) || (Version.value 12/18/96)
) (Version.prop *; Unit-type None : Source URL gopher://una.hh.lib.umich.edu/00/ebb/monetary/noonix.frb:")




Unit Value Mediator: Conversion Knowledge

 Unit-type conversion function
f(av,v' ,+-1) =a
wherea ;= datavalue
v = data sunit value
V' ::=requested unit value
a ::= converted data
Example: time-range-f(10, day, hour, 1) = 240

e Conversion Properties

— Total
is one to which all conversion functions are defined for all arguments
— Lossless

IS one to which it makes no difference whether avalue is converted from
one property value to another directly or sequentially.

— Order Preserving

IS one that does not change the order of any two values after converting
them.

Ref: Siegel & Sciore



Unit Value Mediator: Prototype

Allows users to connect to
the mediator by using any
web browser.

Provides unit conversion
services over the Internet.

Four unit types are supported
that are Currency, Length,
Time-range, and Weight.

Provides “ services’ to other
mediators.

| E'j uv-mediator.html at isse.gmu.edu - Microsoft Internet Explorer

Ble Edi Wew o Favartes Hep

[Fe lEla claE AL

JJ%E!'_&BSS:IHH;J: Maze gmuedui~wiputioy-medistar btml

UNIT VALUE MEDIATOR

Data |35|Ju

Data Unit-type DNMD

ILInit-type Currency uzd 1 Time-range month -1

Requested Unit-type DMD |L|nit-t_l,lpe Currency thb 1 Time-range week -1

JWhiput Phijadsamit

The output 1s:

|
(20032.27395064956 , Umt-type Cwrrency thb 1 Time-range week -1 J
by [C001] [usd-thb] [T001] [menth-week])

=l

[ 'l




Mediation Data M odel
e Definition
— Datamodel with additional constructs that supports static and
dynamic meta-data (DM D) and incorporates mediators that use DMD.

« An attribute is described by a pair consisting of avalue attribute
and a property attribute.
— Value attribute (Attribute.value) contains an actual data value.

— Property attribute (Attribute.prop) contains dynamic meta-data that
describes data in the value attribute.

ObjectID | Aircraft-type.value Aircraft-type.prop Ceiling.value Ceiling.prop

[genl] F-117A - Source URL 45000 : Source URL
http://lwww.wpafb.af.mil/museum/mod http:/lwww.wpafb.af.mil/museum/mod
ern_flight/mf22.htm ern_flight/mf22.htm
- Unit-type None : . Unit-type Length foot 1 :

[gen2] F-117A - Source URL 48000 : Source URL
http://isse.gmu.edu/wiput/query.cgi http://isse.gmu.edu/wiput/query.cgi
- Unit-type None : . Unit-type Length foot 1 :

[gen5] F-14 - Source URL 15240 : Source URL
http://isse.gmu.edu/wiput/query.cgi http://isse.gmu.edu/wiput/query.cgi
. Unit-type None : - Unit-type Length meter 1 :




Mediation Data Model (Cont.)

Data is described in more detail, specifically, addition of dynamic
meta-data

— Assists users in understanding the role of data and its context
semantics.

— Provides conflict resolution support, and

— Provides aframework for the specification of mediation services.
Incorporation of DMD, mediators, and an extended data.
mani pul ation language extends system capabilities.

— Example: Multiple Unit Value (MUV) concept.



Multiple Unit Value (MUV) Concept
e Concept:

— Object attribute values can be US$ / month
stored, retrieved and manipulated in|  Yen/weeK ey, Currency / Time Range
more than one unit value. Bant/ hour

— Cooperation among Unit-Type
DMD, UV mediator, and extended

DML. Unit-type DMD = Unit-type Currency jpy 1 Time-range Week -1

e Unit-Type DMD:

— Extends the data modd with

) Control
Dynamic Meta-Data. (Requested Unit-type DMD)
— Specifiesthe unit type & unit value |
of adata element. Data& Unit-type DMD [ rivaie | oa s UnttypeDMD
— Provides the specification for Meuiator Conversion Explanation
processing by mediation services
(UV Mediator). I
: : Conves Ref
e Unit Value Mediator ij;gne — Kmf,,?dcgee

— Special agent that isresponsible for

converting the unit values.



Extended Data M anipulation L anguage

Entity

Concept L Aircraft-type
Extension of CLIPS Object- Number & v [ _ vt Wog] Number &
Oriented Language (COOL) to String aary TPeYeE et String
incorporate MUV featuresinto ‘ J\ ‘ Fly Fly-range
query language as an SQL-like _ _ 4~ Generalization

Engineer Pilot
templ ate. = \/a&ue-Property
Attribute
Question

Find Pilots who can fly aircraft that weight less than 12,000 kilograms. Report the pilot’s name, how
many Y en he earns per year, the aircraft type, and the range that the aircraft can fly in kilometers,

Query inthestandard SQL DML --- not possible???
SELECT p.Name.value, p.Salary, aAircraft-type.value, a.Fly-range
FROM Pilot p, Aircraft a
WHERE p.Fly =aAircraft and aWeight > 12000

Query in the extended COOL DML
SELECT (7p:Name.value? p:Salary ?aAircraft-type.value ?a:Fly-range)
UNIT-AS ((= ?p:Salary.prop.Unit-type ‘Unit-type Currency jpy 1 Time-range year -1')
(= 7a.Fly-range.prop.Unit-type ‘ Unit-type Length kilometer 1')
FROM ((?p Pilot) (?a Aircraft))

WHERE (and (eq ?p:Fly.value 7a:Aircraft.value)
(< 2aWeight.value ?a:Weight.prop.Unit-type 12000 ‘Unit-type Weight kilogram 1’ ) )




ThelnfoFED Federated Database System

InfoFED

o Definition
— A virtual database system that
Integrates data from

heterogeneous and autonomous
data sources over the Internet.

 Provides Object-Oriented browser
for data and meta-data:

— Domain Dependent Knowledge
Source (ontology).

— Domain Independent Knowledge
Source (conversion and reference
knowledge).

» Use of Mediation Data Model

— Supports data integration by
reducing meta-data conflicts.

— Intelligent DML based on
Extended COOL.

Federation Manager (FM)

Mediation Database Sysem
Controller DataDictionary
Request | -Domain Dependent KS - -Domain Independent KS

Hander)

Quay Quay Mediator
Formulator Procesor 1...N)
Data Sources
Communicaion Agent

Net Browse
i, a0
Explorer, etc.

| Web Saver (HTTP) |

(Java, Perl, ec)

Uss

Web Saver Web Saver Web Saver Web Saver
HTTP HTTP HTTP) HTTP)
DaaSourcel|| |[DaaSource?2| ""7°° DaaSource N Information

Gaherer
Locd Data Sources




ThelnfoFED Federated Database System (Cont.)

InfoFED

« Efficient dataretrieval in query
processing
— Retrievesonly datathat is

related to the objects specified in
the query.
» Easy data source management
— Federation Manager can add or
remove data source by editing

the schema mapping knowledge
source.

— Dataproviders can register new
sources/objects with InfoFED.

» Supports 3rd party agents, e.g..,
Information gatherer, to gather
Information for InfoFED (Data
Sources Pull).

Federation Manager (FM)

Mediation Database Sysem

Controller

(Request -

Handler)

-Doman Dependent KS - -Domiain Independent KS

Daa

Dictionary

Net Browsr

(Netscape,
Explorer, etc.)

Query
Formulator

Quay

Procesor

Mediator
1...N)

Daa Sources
Communicaion Agent

Web Saver (HTTP)

Applications
(Java, Perl, etc)

Uss

Web Saver Web Saver
(HTTP) (HTTP)
DaaSource 1 Daa Source 2

Web Saver Web Saver
HTTP HTTP)
DaaSource N Information

Gatherer

Locd Data Sources




InfoFED: Working Scenario

InfoFED

1) The user submits a query to
Federation Manager.

2)If external datais needed,
Federation Manager connects to
external data sources through the
Data Source Communication
Agent for retrieving data.

3) Each data source returns data to
the Federation Manager.

4)The Federation Manager integrates
the information from multiple
sources and provides the final

Federation Manager (FM)

Controller

M ediation Data M odel

(R?Mndler)
-

Data Dictionary

result to the user.

-Domain Dependent KS  -Domain Independent KS
o | ! |
Query Query Mediator
L Formulator Processor (1...N)
&
— | es
(1] (2] _Ca%]ication Agent
/ |
| Web Server (HTTP) ) |
[ [
e oA ——
Web Sérver Web Server Web Server Web Server
Net Browser (HTTP) (HTTP) (HTTP) (HTTP)
(Netscape, ‘ w w —
Explorer, etc.) Data Source 1 Data Source 2 Data Source N Information
Gatherer
Users Data Sources




InfoFED: L ocal Data Sour ces Accessing Process

Data Accessing Diagram

Schema mapping Knowledge

Globa Schema Federation Manager
{0y, 0,...,0} Schema Mapping Knowledge
@ Object-source  Object-mapping
— o\\;::::?:::::::.’ Ou |
> {01,05,..,.05}
5] //

Exported Object View

S—Y
o

v

{Vyi, \'/2,...,Vi}

D

Loca data source: Oi1

Loca Schema

Object-source
(Term01 of Object-source

(Term Pilot)
(Source-list Pi001 Pi002))

Object-mapping
(Pi001 of Object-mapping
(Term Pilot)
(Url-source "http://site.gmu.edu/wiput/oracle.cgi")
(Map-attribute
: Ssn.value Attr Column-1
: Ssn.property Default *: Source URL http://site.gmu.edu/wiput/oracle.cgi : Unit-type None :"
: Last-name.value Attr Column-2
. Last-name.property Default ": Source URL http:/site.gmu.edu/wiput/oracle.cgi : Unit-type
None :"
: First-name.value Attr Column-3
. First-name.property Default ": Source URL http://site.gmu.edu/wiput/oracle.cgi : Unit-type
None :"
. Salary.value Attr Column-4
: Salary.property Default ": Source URL http://site.gmu.edu/wiput/oracle.cgi : Unit-type
Currency usd 1 Time-range month -1 "
: Fly.value Attr Column-5
. Fly.property Default ": Source URL http://site.gmu.edu/wiput/oracle.cgi : Unit-type None :":)
(Map-query  "SELECT e.Ssn, e.Last-name, e.First-name, e.Salary, p.Fly
FROM  Employee e, Pilot p
WHERE e.Ssn=p.Ssn;"))

1) Federation Manager internally queries Schema Mapping Knowledge for the necessary information to
retrieve data from these data sources supplying data for relevant objects.

2) Schema Mapping Knowledge provides mappings of global to local schema objects for retrieving data

from each data source.

3) Federation Manager connects and retrieves data from each data source based on the information that

is provided by Schema M apping Knowledge.
4) Each data source internally prepares data.

BYFach data sntirce retiirns data to the Federation M ananer .




InfoFED: Data Obtaining Process

Federation Manager

Common data format

Federation Manager

| nformation Gatherer

CaGl || CGI

Common data format

L ocal damtaformat

CaGl CGl

HTML

— — =
Other
Database Datal

a) Data Sour ces Push b) Data Sour ces Pull




InfoFED: Prototype

Allows users to connect to
InfoFED by using any web
browser.

e Supports multiple application

domains.

Provides three modes of
Interaction

— Browser Mode
— Query Mode
— Data Source Registration Mode.

[ Database Main Menu - Microsoft Internet Explorer
Fle Edt Vew Go Favortes Help

JJ <o |E‘-‘,} ° : ﬁ @ ‘.“'-ﬁﬁam.BS'lhﬂp:Insse.gmu.edu:BDDQMimepro_jec‘t.cgd:‘JJ-ljih'kSﬁ
T 0

Please select the Application Domain: |_Airline

DMES System

Controller Data Dictionary
(Fequest | -Domain Dependent ES -Domain ndeperndert K3
Handler)

1
Medistor
Process ar (1. H)

[
Query
Formulator

Data Sources

Comnmnication &gent

\T;FT ig;r [ Wb Server (HTTEDY ]
++

catione
®
Indernet
T 1 1 1

JJ \if:l 1:‘."} e : ﬁ @ ‘_J}'—iﬂé{ar’e&s1hﬂp:.l’.ﬂsse.gmu.edu:8002Mipmfdbiappli0§d:

Wel Server Wb Server Web Server
(HTTPD) (HTTPL) (HTTPL) |
I I I b
| Latabase 1 | | Dratabase 23 | | Database H |
Dsers Diata Soarces ,ﬂ

Ei Databa=e Main Menu - Microsoft Internet Explorer
Fle Edt View Go Favortes Help

JJ-L"ih'ks ﬁ

El
L

Your selected application domain 1s Airlne

Entity
/ 13-4

ssm Aioraft
String & First-name Fly Aivtype Atring &
I am ber Lstnare | Employes At oraft Weight Hum ber

Salay Fly-range

IS4
Repair
—= Vahe-Property
Ativibnte
Attendart Pilat Engneer T s

MainMenu | Browse |  Quey | Register Soiircel

Wiput (c) 1996




|nfOFED: Browser Mode

Ei Browser Frame - Microsoft Internet Explorer M=l l

File Edit Yew Go Favoites Help

e Allows usersto browse & ANe o Wod - e oA
meta-data of both Domain | S
Dependent Knowledge
Sources and Domain e B
|ndependent Knowledge -

Superclass IEmpIo_l,lee vi
$urC%' Subclass n INone v!

Attribute: Domain [Gen:Sung 7]
* Allowsusersto movealong |puss &

Main Menu | Register New Source

I Appication Doman: Airline

. o anupr:n;vho fliess or qualified ta fly an =]

links to other classes for e . :
further investigation within | == et = A
the object schema. R SR P

P00z : "http:d Ay igze.gmu, edu: 3002 wiput/clips-datadclips-data. cai'!
Data Sources n

Instances Table

iObj ect-ID | Ssn.value | Ssn.prop iI.a st-name.v:
i Source UEL |

lgenl of | |

gPilot 444111199 |http:fiwwrw iz2se. grmu. e dwB00 2 wiputiclipe-data/clipe-data. cgi | Clint

| | | Unit-type None - |

| [ Lo~ T [ G
4| | »

| | 7




InfoFED: Query Mode

5 query.cai?application=Airline at isse.gmu_edu - Microsoft Internet Explorer

L4 AI I OWS uUsers tO SpeCIfy _|__|IE<;; I| ._JIEW _;?@ QVS _% @ (3~ A B H}mm!i
COmpl ex qu erjies tO I nf OFED . || Bddress [hitp:isse. aru. edu 002 wiput/db/ query.cai?application=Airline |

Quiery Frome

o Supportsintelligent query .
I ang uage. SELECT I[?p:First-name.vaIue Pp:Salany Padicraft value PaFlp-rangs)

NTT-4A5 I[[= PpSalany prop. Unit-tupe : Unit-type Currency jpe 1 Time-range week

® EXpI al n notatl On aS the FEOM I[[?p Pilat)[?a Aircraft))

WHEEE I[and [eq ?pcFly walue Padircraft value] [ PaFlp-range value ?a:Flp-rang

COOL DML extended with =3
templ ate: |

SELECT =

Output Table

U N I T-A S |?p:First-name.value | ?p:Salary.value | ?p:Salary.prop

{ Source TRL

FROM s 97967 97019054020 http:lﬂwmusse.gmu.e.du:SUQEJ‘mpub‘chps—

- Thit-type Currency jpy 1 Time-range wee_
[detn-ipy] [TO01] [month-weel] 3

WHERE ( Source URL

hittp . 1zse. g, e du B00 2wput! clips-
 Umit-type Currency jpy 1 Time-range wee
[dem-ipy] [TO01] [month-weelk] )

{ Source TRL

]T‘homa.c: 114995 %59[9-9-797 http:ifwrarr isse gmu edu 8002w put/clips- o
1 3|

I | 197 4

Bob 73475 57764250523




InfoFED: Data Source Registration Mode

Ei 5ubmit Data Source Frame - Microsoft Internet Explorer

« Allows dataprovidersto [+ - oD o0 aE &8s -5

r%i ga‘ and I i nk tha. r || .-’-‘-.dclless!http:f’f’isse.gmu.edu:SDD2£wiputa’dha’suhmit-per|.cgi?applicatiunﬁilline :”
e

Information sources to Register New Source Frame

Main Menu | Register New Source

InfOFED by means Of a Appication Domain: Ailine Classes: m Subrnit |

Stral ght_f Orward r@i Stratl On Thiz process wil make a change to the meta-Jdata at the Federation Manager
Please enter the password: I—
pProcess.

Tertn !F'ilu:ut

TTtl-zource ihttp:fﬁwww.site. gru.edus “wphijaisAthesgl.cai

Seurce-type !UHAELE

Map-attribute !: Sz, value Attr Attribute-Mo-1 : Ssn.prop Default : Source URL hitp:/dw

Map-cquery i zelect p.asn, e lname, e fname, e zal, p.fly from emplovee e pilat pwher

s




Contributions

Investigation of the role of meta-data in multidatabase
systemsto assist in the intelligent integration of information.

Introduction of Dynamic Meta-Data (DMD) and its
specification into a data model.

Unit Vaue Mediator architecture.

Introduction of Mediation Data Model which:
— supports schema extensions that include Dynamic Meta-Data.

— provides aframework for incorporating mediators into the
data moded!.

Multiple Unit Value Concept to allow automatic conversion
mediation.

InfoFED, a Federated Database System architecture and
prototype that supports DM D and Mediation.



Contributions (Cont.)

» InfoFED Prototype Software

— Incorporation of Mediation Data Model into the Federated
Database System architecture

* to support intelligent query language.
* to reduce semantic integration conflicts.
— Object Oriented support for
» Federated Global Schema and Constituent Local Schemas.

* Mapping from Global Schema query to Local Schema
gueries.

— Dynamic linking to local data sources.
— Registration Service for new sources.



Summary

Dynamic Meta-Data (DMD) allows properties of objectsto be
stored, retrieved and manipulated.
Mediation Data Model using DMD

— provides better understanding of the semantics of objects,

— enables InfoFED to handle more complicated queries, and

— provides aframework for the specification of mediation services.

Multi
be ex

Multi

nle Unit Value (MUV) concept allows object attributes to
oressed in convertible units.

nle Unit Value concept provides an example of how we can

utilize DMD (Unit-Type DMD) incorporated with a mediator and
extended DML to enhance system capability.



Summary (Cont.)

e ThelInfoFED system makes use of Mediation Data Model to
provide:

— abrowser for both data and meta-data,

— object-oriented federated schema,

— data integration and query processing, and
— data source registration and management.



Future Directions

* Investigation of new types of Dynamic Meta-Data and
mediators to support new capabilities.

— Data source DM D and data source mediator to support
the filtering services.

— Mediatype DMD and Mediatype mediator to support
multimedia objects in the data model.

« Performance and Query Optimization Strategy for dealing
with queries that involve mediation services (mediation

cost).



ThelnfoFED Federated Database System

o Definition o InfoFED
— A virtual database WStern that QI_@ Federation Manager (FM)
Integrates data from heterogeneous T~ Maiation Datebase System
and autonomous data sources in Cortroller _____DaaDiionay B
the Internet environment = g 115 = i — '”epe”e'l't
* Provides Object-Oriented browser Qe Sy e
for data and meta-data:

— Domain Dependent Knowledge mﬁgﬁm

Source (ontology) Net Browser
. (Netscape,
— Domain Independent Knowledge | || Bwloeec) | b Sva (TP |

Source (conversion and reference
knowledge) \/—\<http/ cgl

. . Apdications U
e Useof Mediation Data Model e |

— Supports data integration by Wasne ||| [ W Wep Web Saver
: : Usars (HTTP)

redUCI ng meta-data Conﬂ I CtS DaaSourcel|| |DaaSource2| ""7°°° Daa Source N Inforr‘nation

— Intelligent DML based on Catherer

Locd Data Sources

Extended COOL —



