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Talk Outline

A Genesis of Search Computing

A Background research (Next Generation Search i a PRIN
Project)
I Join of two search services
I Multi-domain query optimization
I Mash-up based interaction
I (Top-K extraction in rank aggregation)

A Search Computing (SeCo) Project
I Architecture
I Technology watch and business plan
I (Preliminary) results after 6 months
I SeCo teams
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GENESIS OF THE PROJECT
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Search Computing, an EU-funded Project

A European Reseach Council (ERC) runs EU

program IDEAS

I Funding body set up to support investigator-driven
frontier research

A 2 calls each year:

I Starting Grant: for most talented scientists and
scholars with scientific leadership potential

A in 2008, 9200 total proposals, 300 funded
I Advanced Grant:f or Nnexceptional

Ain 2008, >1000 proposal:
100 funded
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Genesis of Search Computing

AMy fiGong Showod challenge a
AFind an ethnical restaurant in a nice place close to Milano

A Logically a composition of domains:
I Restaurants (ethnical)
I Geaclocations (nice place close to Milano)
AComposi ng malposc antietdhd figoefoo r n
solvedby many services, i.e. on top of yahoo local, google
| ocal e

€ bio general no system is capable of composing
arbitrary semantic domains
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Motivating Examples

AnWho are the strongest <can
competing on software | dea

AnWho 1 s the best doctor wh
close-by hospital ?0

AnWhere can | attend an 1 nt
my field and at the same time relax on a beautiful beach
near by ?o

This information is available on Internet, but no software
system is capable of computing the answer.

Queries span over multiple semantic domains and require
composing ranking of results.
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Their Common Aspect

A Multi-domain queries

A The answers are on the Web

A A knowledgeable user would do the query step-by-step:
I Search database conferences, get their city
I Check that the city average temperature is warm enough
I Search low-cost flights via a broker for that city
I Search luxury hotels via another broker

A After hours of painful search the user might actually
succeed!

A Can this be done better?
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Results before Search Computing

A FUNDING (2007-08): PRIN NGS (New Generation
Search)

I Politecnico Milano (National Coordination)
I University of Roma 3
I Free University of Bolzano

A The brick: join of two search services
I Information Systems, March 2008

A The framework: multi-domain query optimization
I International Very Large Data Bases Conference,
Auckland (NZ), August 2008

A The interface: mash-up based interaction
I IEEE-Internet Computing, November 2008

A Optimality: top-K extraction in rank aggregation
I Currently submitted
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JOIN OF TWO SEARCH
SERVICES
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JOIN of Web Services

A Input: items resulting from TWO web service calls,
possibly ranked

A Output: composed items resulting from the
concatenation of matching items, presented in a
nNgl obal ranking ordero

A Matching condition using:
I value equality,
| partial set matching
I term matching within a vocabulary

Vd

e .

A Services are known, their matching function is
predefined: this is not service discovery!
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Join 11
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Matching items

XML Fradment from W1 [0.975] XML Fragment from vWas2 [0.9]
=eoPlacelistance=
femittributes= =foState=yt < toState=

=toPlace=938109=oPlaces=
=distance=1 O=Mistance:=
=fEeoPlacelistance:=

=productGroup=Restaurant Menu=foroductGroup=
=hoursCiCperation=11:00 am - 1200 pm=hoursOTOperation=
=faxiMumber=[206) 284-27 7 S=MaxNumber=
=neighborhood=5eattle Center=eighborhood=
=priceRating=2=priceRsting=
<title=Gamboo Garden=itle=
=address=
zaddrezs2=(Between 3rd & dth Aves =fad
=state=10rn =ratate=
=address1-364 Roy St <faddress1=
=postalCode=95109=hostalCode=
=country =US<icontey=
=city=Sesttle= oty =
=faddress=
=phoneMumber=(2087 282-661 B=/phoneMumber=
-:ﬂtem.&ttrihutesﬂ
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Popupular rock CDs

A Sources: Amazon and iTunes

Score | | Match Amazon iTunes
THE ROLLING STONES 3 ‘ THE ROLLING STONES
0'980 1'000 A BIGGER BAND A BIGGER BAND
FRANZ FERDINAND 6 FRANZ FERDINAND
0.950 | | 1.000 |
YOU COULD HAVE IT SO MUCH... YOU COULD HAVE IT SO MUCH...
MADONNA 46‘ MADONNA
0'306 0'556 CONFESSIONS ON A DANCE FLOOR YOU CAN DANCE

Score: measures ranking
Match: measures similarity
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Relevant news in two newspapers

A Sources: Corriere.it and Repubblica.it

Score | [Match Corriere della Sera La Repubblica

Firenze. 15enne violentata in garage| | Firenze. Stupro nel garage di casa.
0.502 | | 0.656 Era entrata in casa dopo essere stata da Notte da incubo per una 15enne.
) ) un amico, aveva parcheggiato il motorino | |Dell@aggressore ha potuto fornire solo una

nel box. Aggredita da un uomo. descrizione sommaria.
Iraq, undici milioni al voto. Iraq, undici milioni al voto.
0.394 1 0.822 Altissima affluenza alle urne: il 70%. Risultati tra due settimane.
) ) Primi dati: in testa l@lleanza sciita Alle urne il settanta per cento
e la lista di Allawi. degli aventi diritto.
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Join of two Search Services

A Given: two services s; and s;, a query q which is
decomposed into two queries ¢g; and q

v

A The join of the two services is obtained by composing the
results x;and y; returned by q; and g;, producing a sequence
r of elements

T re=a(X,Y)) o

A ryis the relevance index of each result itemr, :
I re=r3 ri® mg
I r= ranklng of the result produced by S,

I r;=ranking of the result produced by S;
I m; = match index between x; e y;

A Assuming that x;and y; are produced in ranking order, the
objective Is to produce r, in approximated ranking order;
often rankings are opaque
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The model

/\_}\/\
bxi bx> bxs bx4
i N T i

Ny X;

V>5”
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Tile-extraction-optimal algorithm

\ 53

le le sz bXs bX4 >
by, . L by, . . . .
by, ® o, [ e
by, o [
bY4 bY4 g
s, (1) W | (2)
le ii(_ le sz bXJ bX4 E’i
[l [ IHH R
~ Il ~ Il HR
~ Il ~ Il HR
bY4 L bY4 L
syY (3) syY (4)

1.Compute the first tile
(performing an initial request-
response)

2.Compute the estimate of
rankings for all candidate tiles C

3.Choose tile with the highest
estimate for the expected
relevance

4.1f the tile has either i or j equal
to 1, then perform a request-
response to the relevant service

5.0utput those results which are
above arelevance threshold

6.Goto step 2 unless (a) the
search space is exhausted or
(b) the user stops the search
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Unavailable ranking

A When ranking is unavailable on either one or both
services, we further characterize the service according to

Its expected behavior in the following two classes:

I Step ranking. We assume that, by performing a limited number
H of service requests, most of the relevant entries will be
retrieved

N

I Linear ranking. We assume that the entry relevance decreases
roughly linearly, with no step.

I—

“T—
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Nested Loop

Decrease trend
of the ranking ™ ¢
\ >

=
by,| O—+O
=]
by,| OO
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Merge scan
Decrease trend
of the ranking ™ T\
\ = °x
le sz bX3 bX4 »
by,|[O=50 | ,O0
b O/ O O
b, |07 | O
//
b O
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SEARCH SERVICE
INTEGRATION FRAMEWORK




Search Service Integration Framework

A Obijective: a Web Service Management System

A The system accepts queries, optimize them transparently
to the user, and produces the result

A This is the follow-up of research done at Stanford

[VLDBO6] but with significant changes
I Focus on search services

I Ranking as first-class citizen

I Physical optimization
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NBest DB conf edoreanageety mul t |

A Reference query:

i fFind all database conferences in the next six months in
locations where the average temperature is at least 28°C
degrees and for which a cheap travel solution (including a
luxury accommodation) existso

A Answering the query requires:

i finding interesting conferences in the desired timeframe via
online services by the scientific community;

I understanding whether the conference location is served by
low-cost flights;

I finding luxury hotels close to the conference location with
available rooms; and

I checking the expected average temperature of the location

23
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A unified model for heterogeneous data sources

A Ranking
I Search services: return answers in ranking order
I Exact services: return indistinguishable tuples (no ranking)

A Cardinality
I Expected result size per invocation (ERSPI):

A Proliferative sevices (ERSPI > 1)
A Selectiveservices (0 < ERSPI O 1)

A Accessibility
I Services have access patterns

I Paging of result sets:
A Bulk vs. Chunked services, with given chunk size

A Cost parameters
I Response time
I Invocation cost

24
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Cost Metrics

A Cost metric: sums the costs of operators in the plan

I Request-response cost metric

a special case of sum cost metric where each invocation costs 1
and joins have a negligible cost (e.g., trivial value equalities)

I Monetary cost metric
minimizes cost of accessing changing services

A Execution time metric: measures the expected time from
guery input to k-th result output
I Time-to-screen metric
minimizes time to produce the first line in output

A Bottleneck metric: minimizes the dominant cost (for
streaming/continuous scenarios)

25
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Service registration and query formulation

Services with

, , alternative access
conf(;y(Topic, Name, Start, End, City) ///////////

1c , patterns
conf(z) (Topic, Name, Start, End, City)
weather (City, Temperature, Date) \\\
flight® (From, To, OutDate, RetDate, OutTime, RetTime, Price)
hohﬂﬁJ(Name, City, Category, CheckInDate, CheckOutDate, Price)
hotel/,, (Name, City, Category, CheckInDate, CheckOutDate, Price)

A The example query (in Datalog-like syntax):

q(Conf, City, HPrice, FPrice, Start, StartTime, End, EndTime, Hotel) :-
flight (’Milano’, City, Start, End, StartTime, EndTime, FPrice),
hotel (Hotel, City, ’luxury’, Start, End, HPrice),
conf(’DB’, Conf, Start, End, City),
weather (City, Temperature, Start),
Start > '2007/3/14', End < '2007/3/14" + 180,
Temperature > 28, FPrice+HPrice < 2000.

A This formulation does not take access patterns into account

26
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Query plans

A Represented as DAGs (directed acyclic graphs)
I Nodes: components of the query plan (service call, join)
I Arcs: precedence constraints + data flow
I Annotations: number of fetches per service, estimate of in-out tuples

A Join Methods

I Two nodes connected by an arc: pipeline execution

I Explicit node with two services as input: parallel execution, tagged with
the join method (e.g., NL/MS)

S
Name Name Selective exact : NL/MS
/ service without/ Nested Loop (NL) or
with chunking S, Merge Scan (MS)
: : parallel join
Name Name Proliferative exact
* / N service without/
with chunking Pipe join
Name

Search service W Query /7 Query
with chunking input output
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Query plan example

flight

E
confy, weather MS
hotel ;,

A Defines a strategy for accessing services

28
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Annotation of query plans

flight
conf, weather Fignt=3
* t;??ghf=1 fﬂ?§£f=75
=20 =20 | Lo
f »gg g}ther= 1
Frote=4

in out
thoIeF 1 thoIeF 20

A Annotations indicate:
I The number of tuples in output of each service
I The number of fetches for each chunked service

I The join strategy for each parallel join

MS

OUT]

t<=1500

trie=15

A Based on estimators, worked out from OUT node to IN

node

29
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Genaration and evaluation of alternatives

O Empty plan

Rewrite query based Bound is better
on access patterns

OD do OP Feasible

access plans

Fix execution Selective and

order and joins parallel are better

Plans with

parallel joins

Assigh number Greedy and
of fetches square are better

Executable
plans with
... Cn

costs
Cs

30
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Results of the optimal plan

A Screenshot of the results found by our prototype

File

Query input

Conference topic:

Database

Min. temperature: 28

Search Results

(" search )

Conf City FPrice Start End Hotel HPrice StaJ
MSVVEIS 2008 Barcelona 234.00 12/06/2008 13/06/2008 Hotel 1898 89,00 10.1
MSVVEIS 2008 Barcelona 234.00 12/06/2008 13/06/2008 Moderno 88.00 10.1
MSVVEIS 2008 Barcelona 234.00 12/06/2008 13/06/2008 Expo Hotel Barcelona 110.00 101
MSVVEIS 2008 Barcelona 234.00 12/06/2008 13/06/2008 Hotel Silken Diagonal Bar 81.00 10.1
MSVVEIS 2008 Barcelona 234.00 12/06/2008 13/06/2008 Olivia Plaza Hotel 125.00 10.1
LI 2008 Rome 275.00 15/05/2008 16/05/2008 Starhotels Metropole 23000 6. 2
LI 2008 Rome 275.00 15/05/2008 16/05/2008 Ariston 14900 6.2
LID 2008 Rome 275.00 15/05/2008 16/05/2008 Welcome Residences 140.00 6.z
LID 2008 Rome 275.00 15/05/2008 16/05/2008 Giulio Cesare 185.00 06. 2
LIC 2008 Rome 275.00 15/05/2008 16/05/2008 Prime Hotel Principe Torl  170.00 (6.2
RCIS'08 Marrakech 467.00 03/06/2008 06/06/2008 Palmeraie Village 252.00 11.4
RCIS'08 Marrakech 467.00 03/06/2008 06/06/2008 Sofitel Marrakech 135.00 11.4
RCIS'08E Marrakech 467.00 03/06/2008 06/06/2008 Palmeraie Golf Palace 210,00 11.4
RCIS'08 Marrakech 467.00 03/06/2008 06/06/2008 Le Meridien N'fis 132.00 11.4
RCIS'08 Marrakech 467.00 03/06/2008 06/06/2008 Coralia Club PalmarivaM 267.00 11.4
e —_—_———— A4 m
!

31
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MASHUP INTERFACE
FOR SEARCH SERVICES




Developer-Oriented interface

A Mashing up software services is becoming very popular
among developers

\

AWe propose a fidecl arativeo
services as a simple interface of the Web Service
Management System, hiding all the optimization
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Mashup interface for Search Service Integration

Registered servi

PI

hotel {Search)

flight {Search)

Amazon (Search)

eBay (Search)
DBLP

Google {(Search)

CiteSeer {Search)
New York Times
Lufthansa (Search)
AlrFrance (Search)
TicketOne {Search)

PriceGrabber

_
=
2
[=]
=,
T
=
m
=%
=
m
KN l

This service allows one to
aocess and query a constantly
up-to-date schedule of the
rosk relevant scientific
conferences related ko specific
research topics,

confschedule
Attributes
Topic

a Database

City

Start

End

Condition
Stark==$today, End<ttoday +180

hotel (Search)
Attributes

Legend

Categary Input connector
Five stars
CheckInDate
Connection
CheckoutDate
Output attributes

Input attribute S5
\ Attributes

/b Cutput 2

Unigue name of
the registered service

Input field for
constant values

Input
Output connector

Cukput 1

A\

Attribute marked
as output of the
query

Condition

Input field for selection conditions

Attributes
City

Dake

Tempetature

Condition
Temperakure ==25

flight {Search)
Attributes
From

Milan

RetDate

QutTime
RetTime
Price

Condition
Price <= 1000
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Wrapped Web sites in the prototype:

A Booking.com (www.booking.com) for hotels

A Expedia (www.expedia.it) for flights

A AccuWeather (http://www.dapper.net/) for weather

A
A

>\

conditions
TicketOne (www.ticketone.it) for events

GoogleMaps (maps.google.com) [Distance Calculator & Find
Businesses]

Bed-and-breakfasts(www.bedandbreakfast.it)
35mm.it (http://programmazione.35mm.it/) for movies locations

IMDB(www.imdb.com) for movies descriptions
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Another domain: bioinformatics

A Find the human amino acid sequences with at least two occurrences
of the same protein domain, broaden the set with similar protein
sequences, and then check that they are involved into at least one
pathway either of the man or of the mouse

Palette of

: Drawin
registered canvasg — — — — 7 Filter boxes
services S

-~ ' | N o

O PAASequence
O UniProtAC-id
QO Threshold

InterProt 3

O i

InterProt

—O Attribute 1

o]

—O Attribute2 Output
_O I
-9 ___I. Ecﬁcurrences attribute
| >=2 | /
KEGG T
Q)

—O Attribute 1

L
O Attribute2 EntrezGenelD

PAASequence

_O
o 3 UniProtAC-Id
BLAST
& o
_ LHj&ShOM EntrezGenelD
| >0.85 :
= genore
=== .

“man” OR “mouse” |
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SEARCH COMPUTING
PRELIMINARY ARCHITECTURE




Search Computing architecture: overall view

g— High level query ri

nWhere can | alt t n a DB
scientific conference close to

a beautiful beach reacl Presented results
cubll | wi t I_h c he|MSVVEI SEBa@donai lberia
- Sub ¢ L I D& Bdine - Alitalia
n Wh_e r fip Sub query 3 R C| S-aVargkech- AirFrance
Sci ef NPy EERINE" ) O
a be S Jh?20. = 1
cheap flijgh ot
Low leyplaranca | | Transformation
Conf Se a Low level - —

Tour Se a Low level query 3
: weryFllght(ncost< Results teY)
[ Ll
: Query plan
|
: —¥
| \AS-Eramework Main Query flow
| Services invocations >
: and operators execution
| <Uses> relation
|
| - - ->
|

»| Domain
Framework —esrg]

Er s |

Service
Repository

Repository

===
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Search Computing architecture:
configurability of the implementation

c
21 8
D— =
> 3| &
o > = q
=1 I Final User
Ol o] 3 Results
o| 3| &
ol 71| B
gl 2| @
el ©
o -
O
—p| Query To Domain Result L
+ = = = Mapper Transformation .g
g
=
£
£
___________ ©
<

WS-Framework <

Main Query flow
q

<Uses> relation

-———

-
- aov o0 e ==

e e e e e e e e

Domain
Framework

Service
Repository

Domain
Repository
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Search Computing architecture: incremental prototyping

WS-Framework

_ Concrete
Core behaviour of the :
Query Engine

system.

AEngine-based execution

of queries

ADomain repository

AService repository

ACoarse result ,
Domain

presentation e >

<Uses> relation

> e s o as s o e e
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SEARCH COMPUTING
BUSINESS MODEL &
TECHNOLOGY WATCH




Overall Approach

42

Usage Models
Technologicakcompetition
Competition inservices

II Case studies

BUSINESS STRATEGY _
Markets (tecnologie, servizi, e quali segmenti)
~ Business models _
Functionalities (diversi modelli di search computing
Quali Incentivi
Pricing Models

TECHNOLOGY STRATEGY
Degree of flexibility
Outsiders Leveraging

Value Capture

N —g

.
Scenarios:

IMPLEMENTATION (partnership)

Business & Technology Watch

International
collaboration

I] database
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Business & Technology Watch Approach
A screenshot of the technology blog

-computing.it/

http://blog.search

Search Computing Technology
Watch Blog

Posts Tagged magazine style

Kosmix

Posted by Emanuele Dellz valle in Meta Search Engine, Service on March Sth, 2003

Kosmix iz a guide to the Web. The site {www kosmix.com) lets users explore the Wab by topic, prezenting 2 dashboard of
relevent videos, photes, news, commentary, opinion, communities and links to related topics. Kosmix's categorization
argine arganizes the Internet inta magazine-style topic pages, enabling peaple to navigate the Wab even if they dan’t
know exactly what they're looking for.

Headquartered in Mountain Wiew, California, Kosmix was founded i 2005 by Wenky Harinarayan and Anand
Fajaraman. Harinarayan and Rajaraman were co-founders of Junglee, the first shopping search engine which was
acquired by Amazon.com in 1998, They later created Amazon.com’s Mechanical Turk,

Kosmix iz funded by Accel Partners, Lightspeed Werture Fartners, Dag “entures and Jeff Bezos’ personal investment
company, Bezos Bxpeditions.

Kosmix began as a wertical search engine, initially introducing health site wwe RightHealth com as a proof-of -concept
for the Kosmix approach to Web navigation. RightHezlth is now the #2 health site on the Wb, according to Hitwise. In
June 2002, Kosmix expanded its focus from vertical to a complete horizontal play.

[Source CrunchBase
[wrebsite bittpe /v kosmis.com

% Amazon, Amazon Mechnical Turk, Kosmix, magazine style —/ Mo Comments

Cuil
Posted by Emanuele Della Walle in Service, Web Search Engine on February 1st, 2009

Cuil pronounced [ku?l], “roef, according to the creatars) is a zearch engine that
organizes web pages by content and displays relatively long entries along with thurmbnail

pictures for many results. It claims to have 2 larger index than amy other zearch enagine
‘ u I with about 120 billion web pages. It went live on July 25, 2008,
Cuil iz managed and developed largely by former employees of Google: Anma Patterson,

Russell Poveer. The CEC and co-founder, Tom Costello, has worked for |ER and others. The
company raised $22 million from venture capital firms including Greylock,

[Source wikipedia htto:/ fen wikipediz orgfwiki/Cuil]
[website hitp: /oo cuil.com

% Cuil, larger index, magazine style

0 MATURITY
Froduct

CATEGORIES
i Maturity (14}

o, | Product (3)
Entarpfize Sezrch Protot‘}-rpe {4}
Service (12)

Mety/Search Engine
Miftirmedia search
Image Search

Social Search
izh Search Engine

Search Engine (14)

Costum Search Engine (2)

14
@ Enterprise Search (2)
na Meta Search Engine (3)
04) . Multimedia search (1)
(2

@ Image Search (1)
i
[1h]

Social Search (3)
@ Web Search Engine (4)

12

/Mo Comments

TACS

Armazon Amazon hechnical Turk

answering service

Autorarny Bavesian inference ChaCha

COSTU M cuit rest google viver

Kaosmix |arger indes leapfish magaZIne
Stk Ie metasearch M IC rDSth Matural

Latniguage Processing Datl’ er
reCOUNItION ponerset search 2garegator

sermantic data sketching Ya. h O O !
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THE FIRST SIX MONTHS

Database Management S et POLITECNICO DI MILANO | X Dipartimento di Elettronica e Informazione



SeCo Project Portal

SECO

SEarcH ComrummMc

Home Description

Home

Description
Abstract
Chapters
Steps

Partecipants
Individuals
Teams
Advisory Board

Results
Background
Publications
Technology \Watch Blog
Press
Deliverables

Events
Kick-off
Meetings
Talks
Workshops

Links
DEGroup
DEI
ERC

Database Mana

Partecipants Results Events Links

Homepage

Search Computing (Seco) is a project funded by the European Research Council (ERC), responding to
the 2008 Call for "IDEAS Advanced Grants", a program dedicated to the support of investigation-
driven frontier research. SeCo started on Movember 1st, 2008 and will last 5 years, until October 31,
2013,

wWhio are the strongest European competitors on software ideas? Whao is the best doctar to cure
insomnia in a nearby hospital? Where can 1 attend an interesting conference in my field close to a
sunny beach? This information is available on the Web, but no software system can accept such
gueries nor compute the answer, We hereby propose search computing as the new multi-disciplinary
science which will provide the abstractions, foundations, methods, and tools required to answer
these and many similar questions. The emerging paradigm of service computing has so far been
rneutral to the presence of search services, which are equal "inter pares™, This proposal brings about
a simple yet revolutionary idea: service computing evaolves into search computing, a new paradigm
where ranking is the dominant factor for composing services, While state-of-art search systems
answer generic or domain-specific queries, search computing enables answering questions via a
constellation of dynamically selected, cooperating search services. The idea is simple, yet pervasive.
Mew foundational thearies are needed, rooted into formal disciplines such as mathematics, statistics,
and optimization theory, Mew language and description paradigms are required for expressing
gueries and for discovering services. Mew interfaces and protocals help capturing ranking
preferences and enabling their refinement, Semantic domain knowledae helps enriching
terminological knowledge about objects being searched. Ranking is always relative to individuals and
context, thus the study of personal and social behaviour is also essential. Economical and legal
implications of search computing must be understood and mastered, In summary, search computing
i a multi-disciplinary effort which requires adding to sound software principles contributions from
other sciences such as mathematics, operations research, psychology, sociology, knowledge
representation, human-computer interfaces, economical and legal sciences.,

The Group

Copyright @ 2009 Politecnico di Milano - All Rights Reserved

Prof. Stefano Ceri
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Search Computing at month 6

A Search is a very competitive arena
I Just to name a few newcomers: Bing, Wolfram-Alpha, Kosmics

A Academic research in search is hard
I Even simple ideas require lots of investments to be proven

A After initial brainstorming and lots of thinking, our
current approach is to stay away from core research in:
I Global indexing and crawling
I Semantic web
I Communities

... and instead focus on our strength:
I Data management

I Query optimization and execution (on scalable
architectures)

I Software/service technologies and tools

I Process modelling and mining
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Reasoning about Search 09

A UNIVERSAL APPROACHES
I Indexing + global page ranking: Google
I Classification: Yahoo, Bing
I Semantics: Wolfram-Alpha

A DOMAIN-EXPERT APPROACHES

I Fixed horizontal composers: Kosmics i broadcasts the
same query to multiple engines and collate results.

I Domain-specific meta searchers: Tuifly T broadcasts the
same query to multiple engines, collects and ranks results.

I Fixed vertical composers: Expediai given known
compositional patterns between flights, hotels, cars, travel-
related events T broadcasts modified queries to data sources,
collects, composes and ranks results.

I Search computing systems: extending the compositional
pattern used by fixed vertical composers Expedia in a very
specific context (travels) to arbitrary contexts, with multiple
domains, many search engines, and greater query variance,
but with known composition methods.
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What are the assets of search computing?

A A standard model for search services (service-mart), with almost-flat
representation and with suitable parameters for computing query cost/time.

A Aregistration strategy consisting of providing, for each pair of services and
each composition semanupscos,( sae riivciocne o
should be compared).

A A standard model for composition, based on the notion of join between web
services, and several composition operations (join methods) for associating
a query with execution strategies.

A A query optimization strategy, consisting of methods for determining a plan,
l.e. selecting the involved services, inferring the compositional semantics to be
used, and determining the best composition operations.

A A service scheduling environment, consisting of methods for executing a
plan, i.e. iterating service invocation, computing compositions, evaluating global
rankings, determining stop conditions, caching results, enabling backtracking
and recomputing.

A Liquid presentation of query results, enabling browsing of results and
sophisticated controls for, e.g. asking more results, rolling up, drilling down,
augmenting the query in given dimensions.
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Service Marts 49

AccessPatternl AccessPattern2 AccessPattern3

Booking TripAdvisor Expedia
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Key | Attribute

AN
\

Key | Attribute ‘ Attribute | | Attribute || Attribute

i won/
gy
ate &
[ college. .. Baggiott infemagioni
Hott!

il 1 Y8 Crmamon "
an il W 2omere nmiste E 9 (on)
G Wb walewsyy B lemersimiste e
) Mostatut e 4 cavere Y

Attribute | | Attribute || Attribute

32 Hotel trovati a: OxTt
Crdirapar: eoat -

niblle, Risultati 21 - 24

1113 Linkon Road, Oneed Vsl 22 ooy
Lhotel osginanamante ragdenza prvata dedletd edoardan, efte camere ben
dotate & bagro pvato. Ondprd effe molli postl plen df magla, come. &d ese

T8 Foxeombo Lodge #k ISR p—
; Fox Lans, Boars W), Osfords Visualizza mappa —) [ |
Affina la ricerca; Faxcombs Lodge Hotel CIXtid ers Ung fesidenza priveta, traskemata nelfatuae hotel 3
conduzione fambiare .. Haggiar| in‘ormagion
* Stelle Camare Dispenibl Porsons  Disponbiit Tari PorB ot
i s § ibeneecumaim 1 e 3 (o) \ \ \ \‘
Inalie 11 soagh
b Lommere s L3 Y ramesgenn . . . A
s i ; * (s | Key || Attribute | | Attribute || Attribute ‘Attrlbute | |
wel hotel .
B Lo tmte 48 (orentson,
* Tipe i Alioggio .
Alre stutne ricotive 0 ebagh siodireioh o

Database Management I RS ene sl POLITECNICO DI MILANO | 3 Dipartimento di Elettronica e Informazione



Service orchestration 50

SERVICE: Hotel
Input :
1) City
2) Category
3) Start
4) End
Conditians:
1) Category = Luxury

Output:
1) HotelName
2) HPrice

Output:
Output: SERVICE: Flight Output:
12]) Egr: SERVICE: Conference SELECTOR 1|)" E::m 3 ge"gﬁ:
3) Category 1) 'lf}upi.c Conditions: 3) FPrice
o 1) Start > 15/6/2009
Conditions: 2) End < 20162009

1) Topic = database Conditions:

1) From = Milan

SELECTOR
Conditions:
1) Temperature > 25

Output:
1) Temperature

SERVICE: Weather
Input :
1) City
2) Start
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Liquid queries

Mock-up 4: User asks for more results,
user add and consult a multi-valued attribute

ECd Liquid Query Interface ‘b
., 5

|
|
o

Can multi-valued attributes be
used for ranking or grouping?
How?

Name s Movies .
RosertdeNio  Male (Cbse | @1
Richard Gere Male Title Kind Main Role ¥
Julia Roberts Female Taxi Driver Drama TravisBoke [+
Lindsey Lohan Female The Godtather Part I Drama Young Corleo !
Keanu Reeves Male The untouchables Drama Al Capone \ MU|lI-Va| ue d aﬂl’IbUT 08 Sh oWn as
Amold Swatzy Male Once upon a time in... Drama Noodles
Siena Miller Female Meet the parents Comedy  Jack Bymes i DOD'UD tables
Cameron Diaz Female Meet the fockers Comedy  JackBymes |T |
Added X more results to the list [ rovastie Fense |
! [ Apane Mo |

i u Vin Diesel Male
i u Calista Flockart Female
i u Jennifer Gariner Female
| Leonardo i Caprio ~ Male
i E Russel Crow Male
i u Anna Magnani Female
i u Sandra Bullock Female
i u Sharon Stone Female

| ! Get More Results i

i
T8
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Current focus:
Simplified instantiations of search computing

A Parametric query, fixed choice of services, fixed

composition.

i E.g.: nNnbest trips for a soccer
team on a road game to a giver
the game a good hotel, cheap and fast rountrip transports, and
Arock musico event within n20

A Composable query, variable choice of services, fixed

composition once services are chosen.

I E.g.: queries allowing users to focus their interests on offers in
june about monuments, sport events, concerts, museums, hiking
trails, beaches, fairs, é thus
where the top offers matching their interests are present, and at
the same time there is an affordable option for roundtrip and
hotel stay in the city or area, and good average climate in june.
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From queries to processes

Start from a multi-domain query:

I Search for the best movie-theatre combination where the movie
must be an action movie (ranked by stars) and the theatre must
be close to home.

and then &
I Once several candidate movies are located, look for their actors,

their directore, other films ¢
I Once several candidate theatres are located, look for close-by
pizzeria, for transportation,

with search optionsé

I enable a user to dynamically impose search ordering (first
choose the movie then the theatres)

I enable backtracking (if theatre location is not satisfactory after
Investigation go back and change theatre)
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From queries to goals

If a query is being asked what does the user really want?

A Composition set-ups can give the most likely directions of

extension of the current query

I These can be observed/mined from multiple query instantations
and then suggested I n Aranki ng

A Disaggregation of global rankings and association with
results can suggest the most promising direction of

Improvement for the user:
I The one with fewer answers
I The one whose ranking in the answers did not drop much

A Disaggregation of the query + results by services may

enable inspecting/changing one at a time

I Exploring the search space by
exploration (at every new search, a new dimension goes on
focus but the dimension previously on focus is fixed)
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Future Focus (far away)
Search Computing in the Universe

AAn fAexploratoryo approach

from NL queries and combining:

I Lightweight semantics (inspired by Wordnet) for service
description

I Open-source NLP gqueries and processors for query analysis and
decomposition (aiming at using a mix of syntactic methods and
of light semantic annotations for mapping sentence chunks to
domains of interests)

I Distance-based and clustering methods for mapping queries to
services.

AWill measure distance betw
and Al ntended mappingso wh
enlarge more and more domains.

A Will enable us to understand the pros and cons of a
service-oriented approach to search in a global sense
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The next six months

A Foundations, foundations, foundations!

I Service marts: motivation, theory, de3|gn source wrapping,
materialization and mcremental maintenance

I Join methods: theory, efficient implementation, bio-inspired
methods

I Optimization: plan selection through decision trees, strategy
analysis and comparison

I Execution (panta rhei): producer-consumer system with service
scheduling, context, caching, run-time controls

I Interfaces: liquid queries and liquid results

Together with a fast prototyping attitute and the objective of
delivering the core of the technology in the next six monts

A Software engineering methods and tools for search
computing
For enabling application deployment with core technologies

A Human-computer interaction for search computing
For enabling navigation on result combinations
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