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Introduction

Business Insight Applications
o Real-Time
o Document-Centric

Integrating plethora of data sources

o In-house Applications (CRM, ERP,...)

o Partner Databases (Retailers,...)

o Syndicated Databases (Credit reports, UNSPSC,...)

Different representation, same semantics
o Schema-Chaos
o Difficult to index the data and express queries

ETL every source to the same schema

o Bad Scalability
o Very high cost of ownership
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Schema-Chaos

<SApacOrder> <SAP46Product> <PeopleSoft>
iiiﬁiimiim 2008 </dave> > <id>KLE</id> <item>
B T <category>0ffice</category> <date> 12 Sep 2005 </date>
<customer>C345</customer>
<name>Sally Kwan</name> f<name>Desk<fname> e
</SAP46Product>
<agdr;$"3t <id>P3445</id>
) : < ity>1< ity>
San Fransisco, CA 95100 <SAP46Product> <2222:18g<§cégtintlty
</address> —» <id>FGE</id> </sold>
</customer> <category>Glass</category> Y e
<name>Window</name>
gl </SAP46Product> .
<id>KLE</id> <item>
<quantity>4</quantity> <date> 10 Nov 2005 </date>
<price>66</price> <customer>C121</customer>
</product> <sold>
<id>P4332</id>
<product> <quantity>2</quantity>
<id>FGE</id> <cost>50</cost>
<quantity>6</quantity> </sold>
<price>30</price> </item>
</product> </PeopleSoft>
</SAP460rder>

Plethora of different schemas
o New versions, applications, business components
o Full mapping to a target schema does not scale (human cost)
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All hope is not lost!

Typical Aggregation Query
Reference Constraint:
Fact Constraint:
Grouping Attribute:
Aggregation:

“Office Supplies” for Product
“2005” for Date

State in Customer Location
Sum of price in Order
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General Architecture

Bl Reporting
DataAnalysis

‘ Outflow

MAVIS

1 Reference Data (MDM)

Matcher /
Match
‘ Inflow

ERP, CRM, OLTP
SchemaChaos
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Next-Generation Warehouse
o Data-Driven
o See [2] for more details

Automatic Metadata Discovery

o Similarities (matches)
Operational data to Master Data
o Primary/Foreign Key Discovery
See [8]
Join paths

Unstructured Content
o Annotated using approaches like [6]

Storage/Indexing using MAVIS

o MAterialized Views for Schema-chaos
o Flexibility (primary)

o Performance (secondary)
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MAVIS

MAVISEntty

DocumentI D

Schemal D

Entries ForeignKeys PrimaryKeys

[Annotatlon 1, value] [Forelgn Key Annotation 1, vaIUe] [Primary Key Annotation 1, ve

[Annotatlon 2 value] ' [Foreign Key Annotation 2, value] [Primary Key Annotation 2, Va

'[Annotation N, valug] . [Foreign Key Annotation M, valué][Primary Key Annotation M, v
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'MAVIS Example |

' ClassiD ___Entries | ForeignKeys

. Order  [Date, 23 Nov 2005}  [CustomerKeey, 8334] Lo

<Si2430§d;;>rﬂ 2005 </date> <SAPaGProduct> : : ' : -

ate ov ate - .

. . ' h D | ! ]

<customer> » <id>KLE</id> . : Schemal ' [Name, Sally Kwan] . [ProductKey, KLE] o

<id>8334</1id> <category>0ffice</category> . SAP - ' . | v

<name>Desk</name> ' : ' Tttt L

<name>Sally Kwan</name> 0 . '

<address> </SAP46Product> ' DocumentiD | [Address, S. Oak St.l :

S. Oak St. . D1 : _ ; !

San Fransisco, CA 95100 <SAP46Product> ! :[Quantlty,4] ] !

</address> —»<id>FGE</id> | ' ] !

</customer> <category>Glass</category>  [Price, $56] : :

<name>Window</name> : L ' .

ol </SAP46Product> e
<id>KLE</id>

<quantity>4</quantity> P o o e e e e e e e e e e e e e e e e e e e e e e e e e oo ,

<price>b6</price> ; . ) !

</product> , ClassiD .- - _Er]t[l_(%? _____ f e e e e o ':_)r_'m_afY'f‘?XS_ S

. Product | [Name, Desk] : ' [ProductKey, KLE] '

<product> ! . ' K Lo

<id>FGE</id> + SchemalD | : ;

<quantity>6</quantity> : ' [Category, Office] . :

<price>30</price> ! SAP | [ gory ] : |

</product> . R ' :

</SAP460rder> . DocumentID !

. D3 :
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Rental Column Implementation

Entry Rental Foreign Rental Primary Rental

Class | Schema | Doc Map+ | Valuey | Mapg | Values | Foreigny | FValuey | Foreigng | F¥alues | Frimary 4 | PValueq |
COirder SAP D1 Date 23 Nov 2005 MName Sally CustKey 2334 ProdKey KLE

Order SAP D1 Date 23 Nowv 2005 Name Sally CustKey 8334 ProdKey FGE

Order People D2 Date 12 Sep 2005 CustKey 345 ProdKey P3445

COrder People D2 Date 10 Nov 2005 CusatKey 121 ProdKey P4332
Product SAP D3 Category Office ProdKey KLE
Product SAP D3 Category Class ProdKey FGE
+ ClassiD ,___Entries AU ForeignKeys | ' ClassiD Entries PrimaryKeys
' - ' ' [CustomerK ey, 8334] o R IPradictK ey K1 Bl '
: Order :[Date, 23 Nov 2005} : o Product | [Name, Desk] , ' [ProductKey, KLE] :
: Schemal D ' 1 ' Co } S
; ' [Name, Saly Kwan] ' [ProductKey, KLE] .« SchemalD R
- SAP ' ’ , ' ' SAP ' [Category, Office] .
i ' [Address, S. Oak St L e '
» DocumentlD : . ' Document|D
. D1 - _ : -
| ' [Quantity, 4] . P D3
- * [Price, $56] :

Focus on Flexibility
o Remember Schema-Chaos

o Performance is important (but secondary)
o0 Moderns DBMS's optimize null storage

Remotely similar to column-store oriented systems
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Querying using MAVIS

Reference Selection

MAVIS Reference Daig—>' | RedIndex |—> | BlueFilterfr Ty Join & Aggregation
Ir ______________________________ JI : REferenceIndexeS EEE— Aggrega“or
MAVIS Fact Data —>' | RedIndex | —— | BlueFilterH - _* ____________

Fact Selection

Builts upon automatic metadata discovery

o Discovery of foreign/primary keys, similarities & annotations for unstructured
content

“Red” Index
o Allows for fast keyword search
o Low-precision high-recall

“Blue” Filter
a Increases accuracy

Foreign/Primary Index
o Composite indexes that allow for fast joins between facts and reference data
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'MAVIS Processing

Implementation

Entry Rental

Foreign Rental

Primary Rental

Clazs | Schema | Doc Mapy | Valuey | Mapg | Valueg | Foreigny | FValuey | Foreigng | FValues | Frimary 4 | PValueq |
COirder SAP D1 Date 23 Nov 2005 MName Sally CustKey 2334 ProdKey KLE

Order SAP D1 Date 23 Nowv 2005 Name Sally CustKey 8334 ProdKey FGE

Order People D2 Date 12 Sep 2005 CustKey 345 ProdKey P3445

COrder People D2 Date 10 Nov 2005 CusatKey C121 ProdKey P4332
Product SAP D3 Category Office ProdKey KLE
Product SAP D3 Category Class ProdKey FGE

Typical Aggregation Query

Reference Constraint:

Fact Constraint:

Grouping Attribute:

Aggregation:

CREATE VIEW FilteredOrders AS
SELECT Class, Schema, Doc,

WHERE Date contains

CASE

when Mapl=’Date’ then Valuel
when Map2=’Date’ then ValueZ2
when Map3=’Date’ then Value3

END as Date,...
FROM MAVIS

72005’

and

CREATE VIEW JoinResult AS
SELECT Fact.Price, Cust.State

FROM FilteredOrders as Fact, FilteredProduct as Prod, MAVIS as Cust

WHERE

Class=0rder

(*Join Orders and Products*)

(Fact.Foreignl="ProdKey’ and Prod.Primaryl=’ProdKey’
(Fact.Foreign2=’ProdKey’ and Prod.Primaryi=’ProdKey’
(Fact.Foreignl=’ProdKey’ and Prod.Primary2=’ProdKey’
(Fact.Foreign2=’ProdKey’ and Prod.Primary2=’ProdKey’

“Office Supplies” for Product
“2005” for Date

State in Customer Location
Sum of price in Order

and Fact
and Fact
and Fact
and Fact

CREATE VIEW FilteredProducts AS
SELECT Class, Schema, Doc,
CASE

when Mapl=’Category’
when Map2=’Category’
when Map3=’Category’

END as Category,...
FROM MAVIS
WHERE Class=Product

then Valuel
then Value2
then Value3

and Category contains ’0ffice Supplies’

.FValuel=Prod.PValuel) or
.FValue2=Prod.PValuel) or
.FValuel=Prod.PValue2) or
.FValue2=Prod.PValue2)
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MAVIS Experiments

“Customers who buy Telephone Equipment in the states of CA,DC paying with
Mastercard” (3-way join)

150k Orders with 300k Items, 3k Customers, 300k Products
40

w
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o

Query T1me (Sec)

=
o
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Conclusions

Next generation Business Intelligence applications
o Require radically new approaches/technologies

Scalable / Robust solution for OLAP queries
o Document-centric, Schema-chaos

o Data-driven

o Automated metadata discovery

Introduced MAVIS for storing/querying next gen warehouses
Implemented on top of existing commercial-strength system

Focus on flexibility
o With performance comparable to an optimized warehouse
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Questions
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