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Background: Bene�ts and Drawback of Caching

Client/server information systems use caching techniquesto
reduce:

the volume of transmitted data,

the response times, and

the energy consumptions
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Background: Bene�ts and Drawback of Caching

Drawback and consequence requirements:

Redundant data and inconsistency problem,

Server side updates must update the cached copies or at
least invalidate them,

It is necessary to identify the clients caching data, which is
a�ected by the update, then

Notify these clients by such update
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Research Problem

Relevance checks are done within a middleware
component on top of DBMSs.

This approach causes unnecessarily complex information
systems.
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Research Problem

Problem Statement
Move the complexity of detecting update relevancy to cached
data from middlewares to a built-in function within DBMSs.
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Research Objective

Objective Statement

Developing an update noti�cation mechanism based on
XML technologies and the DB triggering mechanism, and

Realizing such mechanism within DBMSs
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An Application Example

The QCL query

retrieve the name, street, and hotline of cinemas in Karlsruhe,
whose postal code is 76131, where the rate of the cinema is
greater than four

An equivalent relational algebra for theQCL query
Projection Predicate

z }| {
� ctab.cname;ltab.street ;ctab.hotline (

Selection Predicate
z }| {
� ctab.RATE > 4^ ltab.Postal Code= 0761310

(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab)
| {z }

Join Predicate

))
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DRUpE : A Method for Checking Update
Relevancy

DRUpE stands forDetecting RelevantUpdate Easily

DRUpE checks the intersection between modi�ed data
and cached data, which is a result of speci�c queries

DRUpE retrieves the data of the intersection using a
SQL query constructed dynamically

A non-empty intersection means that the update
operations are relevant to cached data
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DRUpE : A Method for Checking Update
Relevancy

The e�ect of an insert operation on cached data

Cached Data
(Query Results) Inserted Data

Data to be cached after insertion (D1)
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DRUpE : A Method for Checking Update
Relevancy

An equivalent relational algebra for theQCL query
Projection Predicate

z }| {
� ctab.cname;ltab.street ;ctab.hotline (

Selection Predicate
z }| {
� ctab.RATE > 4^ ltab.Postal Code= 0761310

(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab)
| {z }

Join Predicate

))

an insertion operation

insert into cinematab(cid,cname,lid,hotline,rate,renewedon)
values(9905, 'Cineplex',102,'111333888',7,2004)

Test the relevance of the insertion operation

� 7> 4^ ltab.Postal Code= 0761310^ 102= ltab.LID (� ltab (location tab))
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DRUpE : A Method for Checking Update
Relevancy

The e�ect of a delete operation on cached data
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DRUpE : A Method for Checking Update
Relevancy

An equivalent relational algebra for theQCL query
Projection Predicate

z }| {
� ctab.cname;ltab.street ;ctab.hotline (

Selection Predicate
z }| {
� ctab.RATE > 4^ ltab.Postal Code= 0761310

(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab)
| {z }

Join Predicate

))

a delete operation

delete from cinematab where CID = 9903

Test the relevance of the delete operation

� ctab.CID = 9903| {z }
P1

^ ctab.RATE > 4 ^ ctab.Postal Code = 0 761310
| {z }

P2

(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab))
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DRUpE : A Method for Checking Update
Relevancy

The e�ect of updating a projected attribute

Cached Data
(Query Results) Updated Data

by the same value (D2)
Data to be modifiedData to be modified

after the update (D1)
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DRUpE : A Method for Checking Update
Relevancy

The e�ect of updating a selection or join attribute

Cached Data
(Query Results) Updated Data

after the update (D2)after the update (D1) after the update (D3)
Data to be deleted Data to be remained Data to be added
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DRUpE : A Method for Checking Update
Relevancy

An equivalent relational algebra for theQCL query
Projection Predicate

z }| {
� ctab.cname;ltab.street ;ctab.hotline (

Selection Predicate
z }| {
� ctab.RATE > 4^ ltab.Postal Code= 0761310

(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab)
| {z }

Join Predicate

))

an update operation

update cinematab set RATE = 7 where renewedon = 1999

Test the relevance of the update operation

� (( ctab.renewed on=1999) ^ ((( ctab.RATE > 4)^: (7> 4))

_ (: (ctab.RATE > 4)^ (7> 4))) ^ (ctab.RATE > 4^ ctab.Postal Code= 0761310))
(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab))
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XReAl : An XML-Based Model for Queries and
Manipulations

XReAl stands forXML-BasedRelational Algebra

XReAl formalizes:

the contextual information of mobile clients
queries issued by theses clients
manipulation operations

The XReAl speci�cations are XML documents that could
be managed using any DBMS supporting XML
management
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XReAl : An XML-Based Model for Queries and
Manipulations

The XReAl model for a relational algebra query

MCIDQID

relation

1

1..n

RID

jpredicate

0

1

selection projection

1..n1

1 0 0 0

1

edge
optinal 0
mandatory

1..nmultiplicity

sequence
attribute
element

relations joins

query

renamename

attributespredicate
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XReAl : An XML-Based Model for Queries and
Manipulations

An Example

the relational algebra for theQCL query
Projection Predicate

z }| {
� ctab.cname;ltab.street ;ctab.hotline (

Selection Predicate
z }| {
� ctab.RATE > 4^ ltab.Postal Code= 0761310

(� ctab(cinematab) ./ ctab.LID = ltab.LID � ltab (location tab)
| {z }

Join Predicate

))

An equivalent relational algebra for theQCL query

(� ctab.cname;ctab.hotline;ctab.LID (� ctab.RATE > 4(� ctab(cinematab))))
./ ctab.LID = ltab.LID

(� ltab.street ;ltab.LID (� ltab.Postal Code= 0761310(� ltab (location tab))))
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XReAl : An XML-Based Model for Queries and
Manipulations

An Example

The XReAl speci�cation of theQCL query

< query QID="QID1" MCID="MC101" >
< relations>

+ < relation RID="RID01" >
+ < relation RID="RID02" >

< /relations>
< join>

< jpredicate>
< simplePredicate>

< attribute ofRelation="RID01" >
< name> LID< /name>

< /attribute >

< operator> eq< /operator>
< operand>

< attribute
ofRelation="RID02" >

< name> LID< /name>
< /attribute >

< /operand>
< /simplePredicate>
< /jpredicate>
< /join >
< /query>

Essam Mansour EDBT 2009 Saint-Petersburg, Russia March 23-26 2009 20 / 35



DB&IS
Research
Group

Introduction
Background
Research
Problem
Research
Objective

An Example

Contributions
DRUpE Method
XReAl Model
UptiME System
Evaluation

Conclusion

Contact Me

Appendix

XReAl : An XML-Based Model for Queries and
Manipulations

The XReAl model for SQL manipulation operations

rname set where

1 1 0

aname avalue

rname

1 1

1..n

1

1 1 1

attribute

IStatement DStatement UStatement

DID ReceivedAtReceivedAtIID

attributes rname where

ReceivedAtUID

0

1..n

0
1

multiplicity
mandatory
optinal
edge
choice
sequence

attribute
element

moperation
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XReAl : An XML-Based Model for Queries and
Manipulations

An Example

The XReAl speci�cation of the delete operation

< DStatement DID="D5001" receivedAt="2008-09-12T11:34:27" >
< rname> cinema tab< /rname>
< where>

< spredicate>
< simplePredicate>

< attribute>
< name> CID< /name>

< /attribute >
< operator> eq< /operator>
< operand>

< value> 9903< /value>
< /operand>

< /simplePredicate>
< /spredicate>

< /where>
< /DStatement >
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UptiME : A Management System for Queries and
Caches

UptiME :

is a proof-of-concept system

stands forUpdate Noti �cation M adeEasy

utilizesDRUpE and XReAl to develop an update
noti�cation mechanism as a DB built-in function

is implemented using Sun Java 1.6 and DB2 Express-C 9.5
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UptiME : A Management System for Queries and
Caches

The conceptual architecture of theUptiME System

* Information of Mobile Clients
* Encoded Mobile Queries
* Encoded Manipulation Operations
* Update Notifications

RepositoryXReAl Database

Relational Data of

A Specific Application

Query
Manager

Manipulation
Manager

Mobile Client
Manager

The DBS Layer

Triggering
Mechanism

Mechanism
Update Notification

The Application Layer
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UptiME : A Management System for Queries and
Caches

The ER diagram of the XReAl Repository
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UptiME : A Management System for Queries and
Caches

A generic SQL template for the insert statements

Insert into NOTIFICATION
select MCID?, QID?, MaID?, Type?, current timestamp
from sysibm.sysdummy1
where 0 <
( a SQL query that

is generated according to theDRUpE method to count
the number of rows in the intersection usingcount(*) )
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Evaluation
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Conclusion

The main aspects of our update noti�cation mechanism are:

the DRUpE method that detects the update relevancy by
calculating the intersection between the cached data and
modi�ed data, and

the XReAl model that formalizes the SQL manipulation
operations and queries, whose result is cached.

the UptiME system that utilizes the triggering
mechanism and XML support to realize our mechanism
within DBMSs
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Future work

ExtendingDRUpE to optimize the management of
materialized views

ExtendingXReAl to formalize context-aware relational
algebra queries, and

Developing a context-aware query processor within
DBMSs based onXReAl .

Developing an energy-aware analytical tool for query and
cache management.
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Contact Me

Thank You

Dr. Essam Mansour
Research Associate
School of Information Technology
International University in Germany
Email : essam.mansour@ieee.org
Web page: http://it.i-u.de/dbis
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UptiME : A Management System for Queries and
Caches

A 
owchart of the UptiME noti�cation mechanism

Generate Insert statements to 
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the insert Execute
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execute
operation
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A Java Stored Procedure

YES

Insert a manipulation 
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the manipulation 
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Is 
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Has new
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UptiME : A Management System for Queries and
Caches

A generic XQuery script for the insert statements
01 XQUERY
02 < ListOFInsertions>
03 f
04 for $MSTMT in
05 db2-fn:sqlquery("SELECT IT.ISTMT FROM XREAL INSERTIONS TAB
06 AS IT WHERE status = 'N'")//IStatement
07 return
08 < Insertions causedby MaID=" f $MSTMT//@IID g" >
09 f
10 for $query in
11 db2-fn:xmlcolumn('QUERY.QTREE')
12 //query[//relation/name=" f $MSTMT//rname/text() g"]
13 return
14 < InsertionDDL>
15 Insert into NOTIFICATION
16 select ' f $query/data(@MCID)g', ' f $query/data(@QID)g',
17 'f $MSTMT//data(@IID) g', 'I' , current timestamp
18 from sysibm.sysdummy1
19 where 0 <
20 (
21 ....
22 ) < /InsertionDDL >
23 g < /Insertions>
24 g < /ListOFInsertions >
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The main advantages of our approach

The main advantages of our approach are :

the quick response in detecting the relevant updates

the use of XQuery scripts to generate the SQL queries
checking the intersection

the 
exibility in exchanging and sharing theXReAl
speci�cation

seamless integration into modern relational DBMS
supporting XML management

the high scalability and performance
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Introduction

a cache could be de�ned as:

a collection of data duplicating original values stored
elsewhere, or

a temporary storage area where frequently accessed data
can be stored for rapid access
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Motivations

Supporting update relevancy within DBMS leads to:

avoiding several application layers,

reducing the code complexity, and

enhancing the performance
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