Interactive keyword-based access
to large-scale structured datasets

2nd Keystone Summer School
20 July 2016

Dr. Elena Demidova
University of Southampton

[ AN UNIVERSITY OF
A 4 Southampton
~ keystone|

Keystone SS 2016 1




wungsze,
& l,

<& 2.
%
S— 8
o
l d
DD
N &

Overview

Web. Scieiice — livestiaatina the F f Inf . C - A

« Keyword-based access to structured data
« Usability and expressiveness

« Preparation of data for keyword-based access
* Indexing structured data

* Interactive query construction
* Building structured queries with user input
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Keyword-based access to structured data

Usability and expressiveness
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Keyword-based access to structured data

Biicher > "london™

Using structure we could refine the results:

Yerwandte Suchbegriffe: london bildband, london reisefihrer, london reisefihrer 2009,

1-12 von 65.344 Ergebnissen

Blick ins Buch!

MARCO POLO Reisefiihrer London mit Szene-Guide, 24h Action pur, Insider-Tipps, Reise-Atl
Sprachfiihrer von Kathleen Becker von MAIRDUMONT, Ostfildern (Broschiert - 25, Juni 2009)
Preis: EUR 9,95

61 Angebote ab EUR 8,00

Lieferung bis Donnerstag, 30. Juli: Bestellen Sie innerhalb der nachsten & Stunden per Owernight-Express.
Kostenlose Lieferung méglich.

FiridnT (10)

London. MM-City von Ralf Nestmeyer von Muller {Michael), Erlangen (Broschiert - Januar 2009}
Preis: EUR 14,90
72 angebote ab EUR 12,14

Lieferung bis Donnerstag, 30. Juli: Bestellen Sie innerhalb der nachsten & Stunden per Overnight-Express,
Kostenlose Lieferung rmdglich.

Frirdnindy (11)

national Geographic Explorer - London. Offnen, aufklappen, entdecken von &nne Lucie Grang
Geographics (Taschenbuch - April 2008)

Preis: EUR 8,50
61 Angebote ab EUR 7,30

Lieferung bis Donnerstag, 30. Juli: Bestellen Sie innerhalb der nachsten & Stunden per Owernight-Express.
Kostenlose Lieferung mdglich.

Fririndnlr (9)

Gebrauchsanweisung fiir London von Ronald Reng von Piper {Taschenbuch - November 2008}
Preis: EUR 12,90
96 a&ngebote ab EUR 6,98

Lieferung bis Donnerstag, 30. Juli: Bestellen Sie innerhalb der nachsten & Stunden per Overnight-Express,
Kostenlose Lieferung mdglich.

FrArdoy (15)

2 "‘"3"—"“? Der Ruf der Wildnis: Roman von Jack London und Franz Mairhofer vor

Preis: EUR 7,90
74 angebote ab EUR 7,50 }

Kostenlose Lieferung miaglich.

AN /
\39 - Lieferung bis Donnerstag, 30. Juli: Eesullsn}é innerhalb der nachsten & Stun
Q -

Frinininlr (8) —

London... What do you mean?

¢ ins Buch!

Jack L<;ndon

CKLONDON

A on
DER LOCKRUF DES GOLDES

A book title?
An author?

Blick ins Buch!
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Access to structured data: Search vs. query

Example: DBLP as a relational database containing paper-author relations

Keyword query: K = {Michelle, XML}
Structured query: Q = O, ichele « name(AUthOr) x Write x o, _ wic(Paper)

P ontributions ot Michelle
Michael Richardson p2 E cpoec S w
Michelle py | Pattern Matching in XML
ps | Algorithms for TopK Query

Charlie Carpenter

(1) Author

(b) Paper

wy ay 7”1
up ay P2
W ({5 P
c3 73
I. w " l ; P2 P:
€4 P3 Pa
ws az P4
cs P2 P4
Il we as ZZ |
1) Cit
(c) Write obio

(Example from [Yu et. al 2009])
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S adapted from: [Tata et. al 2008]

Database queries: Expressiveness vs. usability

Usability
@
4 J ) Goal:
S Keyword searc Expressive AND
possibly imprecise results -
7 _-“7 Easy to use
© BANKS, DBXPlorer, P
L Lo
. -
. -
-~
e,
@
wid
©
2 .
-y Structured queries
= language, schema
8 (SQL SPAROL, XQuery)
—
Expressiveness

Less expressive More expressive
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Database queries: Expressiveness vs. usability

 Database queries:
 knowledge of database schema

 knowledge of query language syntax

 Keyword search:
- Easy-to-use but imprecise
« Ambiguous: unclear information need

 Keyword query interpretation:

- Automatically translate keyword query in a (most likely)
structured query (-ies)

Keystone SS 2016



Preparation of data for keyword-based access

Indexing structured data at the example of relational
databases

Keystone SS 2016



Keyword query semantics

A [keyword query K={k,, k,, ... , k} —
a set of keywords of size /.

A semantics (typically): search for interconnected
tuples that jointly contain {k, k,, ... , k}.

How can we find the tuples containing {k,, k,, ... , K} ina
database?

Keystone SS 2016 9



Full-text search on a specific database attribute

Full-text search on specific attribute is supported by major
databases, e.g. using contains predicate:

contains (R.A, k) — the predicate selecting all tuples from a relation
R that contain keyword k;in the text attribute R.A.

SELECT * FROM Author WHERE contains(Author.Name,
,,Michelle”);

String comparison operators (e.g. /ike):
SELECT * FROM Author WHERE Author.Name LIKE '"%smichelle%’;

Problem: need to search in each attribute separately

Keystone SS 2016 10



DB indexing for keyword search

Inverted index using Lucene, Solr, Elasticsearch...

Granularity:
Tuple level:

Michelle -> Author.a; Paper.p,
XML -> Paper.p, Paper.p;
Attribute level:

Michelle -> Author.Name
XML -> Paper.Title

“TID "Nameé ™
Charlie Carpenter
Michael Richardson
Michelle

Contributions of Michelle
Keyword Search in XML
Pattern Matching in XML

Algorithms for TopK Query

(1) Author

(b) Paper

uR aj ) € p2 ”
w3 @ P (%] P P

€ P2 P73
wy as i)

€4 P3 Pa
ws ay P z i
we ay P 5 | 25 Pa

(¢) Write (d) Cire
Paper.Title
Differences?

Keystone SS 2016 11
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SQL full-text search vs. indexing

Built-in full-text search capabilities are database
dependent

Contains predicate can use indexes but is neither
flexible, nor not generally available

String comparison operators can require sequential
scan (e.g. like operator if the prefix is undefined)

Each textual attribute needs to be queried separately

In the global full-text index, the list of attributes is
immediately available

Index construction cost
Storage cost (depends on the index granularity)

Keystone SS 2016 12



Query construction as a way to improve query
expressiveness

Building structured queries from keywords

Keystone SS 2016
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DPLP example and definitions from: [Yu et. al 2009]

d queries:

An example

K = {Michelle, XML}

1. Identify tuples / attributes containing

keywords
o michelle name(AUthor): mi Che”e carpcmcr ontributions of Michelle
z v P2 Keyword Search in XML
O 1omi < tive(PapEr): Xxm/ i ra— | SN T Ty
O michelle < titIe(Paper): michelle e (b) Paper
wy ay 7”1
2. ldentify join paths fo connect all o Pl
keywords in the query —
Q= michelle € name(AUthor) X Write X O xml e - (:‘w,a« — (d) Cite
wte(Paper) Other paths?

Keystone SS 2016 14



From keywords to structured queries:

An example

K = {Michelle, XML}
Q= michelle € name(AUthor) X Write X O
i < tile(Paper)

The translation A-> Qrequires:

1. Knowledge of the schema graph
(tables, attributes, join paths)

2. Knowledge of keyword
occurrences

3. Efficient algorithms

Charlie Carpenter

Michael Richardson

Michelle

| p1 | Contributions of Michelle

p2 | Keyword Search in XML
py | Pattern Matching in XML

(1) Author

| ps | Algonithms for TopK Query

(b) Paper

7
P3
P2
P3
7”2

wy ay 21

L a P2

w3 az P2

wy as P2

ws ay P4

We ai 73
(c) Write

(d) Cite

Keystone SS 2016



Definitions and notations: The schema graph

Schema graph: a directed graph G, (V,E)

V- the set of relation schemas {R,, R, ..., R }. An
instance of a relation schema is a set of tuples (i.e. a
database table).

E - the set of edges R;-> R;between two relation
schemas. An edge is a primary key to foreign key
relation.

T/ID — primary key attribute (i.e. tuple identifier).
Text attribute — an attribute allowing full-text search.

Keystone SS 2016 16
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An example: The DBLP schema graph

TID
TID AID TID
Name PID : TID — PID1

Title PID2

A simplified representation of the schema graph:

E - @D ) D
AID PID

PID2

Keystone SS 2016 17
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Definitions and notations: The database graph

The database graph: a directed graph G, (V, E) on the
schema graph Gs.

V,— the set of tuples {#,, £,, ..., £ }.
E, - the set of edges between tuples.

Two tuples £;and Z;are connected if there exists a
foreign key (fk) reference £,-> £, or £, -> .

Two tuples £, f;are reachable if there exists a sequence
of connections between them, e.g. £,-> ¢,, .... , {,->

The distance between two tuples dis(Z;, £;) is the
minimum number of connections between £, £.

Keystone SS 2016 18



Michael Richardson
Michelle

Charlie(lnrpn -

() Author

T Tide g
Contributions of Michelle

Keyword Search in XML
Pattern Matching in XML
Algorithms for TopK Query

(b} Paper

The distance between two
tuples dis(Z; ) is the
minimum number of
connections between

t, t,

dis (a1, p4)?

Keystone SS 2016 19
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Interconnecting keywords: MTJNT

An answer to a keyword query is a Minimal Total
Joining Network of Tuples (MTJNT).

JNT (Joining Network of Tuples) — a connected tree of
tuples. Every two adjacent tuples £, £in JNT an be
joined based on the fk-reference in the schema i.e.
either R;-> R; or R;-> R;(ignoring direction).

TJNT (Total JNT) w.r.t. a Fkeyword query Kif it contains
all keywords of K.

MTJNT (Minimal TJNT) if no tuple can be removed such
that JNT remains total.

7,...— a size control parameter to define the maximum
number of tuples in MTJNT.

Keystone SS 2016 20
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Keyword query answers: MTJNT examples

K = {Michelle, XML}
T =5

max
contains (a,, ,,Michelle®)
contains (p,, ,,Michelle®)
contains (p,, ,,XML")

ContainS (p3, ”XML“) (c) Tllpllj Connections

MTJNTs: Michelle Michelie

Michelle Michelle

iy

Michelle XML Michelle XML
21 P2
iy () Ty
I O PEO P
£1 Michelle XML XML
T T T, T, T Ts T

Keystone SS 2016
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MTJNT issues

Size and scalability:
The data graph is potentially very large, i.e. search is very costly

The search space increases exponentially by adding new data
entries

Results semantics and presentation

The results are heterogeneous in terms of structure, i.e.
difficult to present and understand

Aggregation / summarization is needed

Generation of structured queries:
Schema graph is much smaller
Structured queries naturally aggregate MTJNTs

Keystone SS 2016 22



Structured queries: Candidate Network (CN)

A keyword relation: a subset R; {K’} of relation R;that contains a
subset K*of keywords from K (and no other keywords from K).
The subset can be empty R; { }.

A Candidate Network (CN) is a connected tree of keyword relations.
Every two adjacent keyword relations R, R;in CN are joined
based on the fk-reference in the schema G..

CN is totalw.r.t. a Fkeyword query K if its keyword relations jointly
contain all keywords of A.

CN is minimal if no keyword relation can be removed such that CN
remains total.
-

..« — a Size control parameter to define the maximum number of
keyword relations in CN.

A CN can produce a set of possibly empty MTJNTs. One MTJNTs
can be generated by exactly one CN.

Keystone SS 2016 23



CN examples

K = {Michelle, XML}, T,

le

P{Michelle}P{XML} P{Michclle} ~ P(XML] A[Michelle)P{XML} A{Michelle} P{XML}
’1 Gg ‘C::i C.j

= 5, P{Michelle}, P{XML}, A{Michelle}

max

CN

Keystone SS 2016
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CN examples

K= {Michelle, XML}, T,

CNs: cl
O

P{Michelle}P{XML} P{Michclle} ~ P(XML] A[Michelle)P{XML} A{Michelle} P{XML}

= 5, P{Michelle}, P{XML}, A{Michelle}

ax

{:"1 G} ‘C::i C.j
MTJNTs: Michalle Michelle Michelle Michelle
iy
Michelle XML Michelle XML
1 P2
Wy
P P2 O P
“1 Michelle XML XML
T 1 T, T} T T 15

Which MTJNTs are generated by which CNs?

Keystone SS 2016 25



CN generation algorithms

Given are:

1. Keyword query K={k, k,, ..., k}

2. Schema graph G,

3. The nodes of G, containing each keyword k;in K

The Problem: Find the path(s) connecting all {k,, A,, ... , k} in G
(i.e. the structured query(-ies))

Example: K= {Michelle, XML}

XML

Paper > P'D1< Cite
Michelle

PID2

Author
Michelle

Keystone SS 2016 26
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CN generation algorithms

Complexity: similar to the Steiner tree problem - find the
shortest interconnect for a given set of objects: NP-complete.

Approximation algorithms:
Iteratively explore the schema graph to construct the paths

BFS/DFS

XML

Paper > P'D1< Cite
Michelle

PID2

Author
Michelle

Data structures?

Keystone SS 2016 27
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Search algorithms and data structures: BFS

Search on the schema graph G, (with keyword relations) Vv
4
Breadth-First-Search (BFS): queue o Vs v,
Step i: 1 V, V,
dequeue V1
Step i+1:
V1
V3
enqueue
V2

Keystone SS 2016 28
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Search algorithms and data structures: BFS

Search on the schema graph G, (with keyword relations) Vv
4
Breadth-First-Search (BFS): queue o Vs v,
Step j: TNy,
dequeue V1 V2
Step j+1:
Vv
V, : Vs
enqueue
Vv, Va
V1

Keystone SS 2016 29
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Search algorithms and data structures: DFS

Search on the schema graph G, (with keyword relations) Vv

4

Depth First Search (DFS) — for top-k generation: v V2 V,

Stack TNy,
Vi Pop

push = Vv,

V, pop Vv V4
2
push Vi

Keystone SS 2016 30
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¥ algorithm from [Hristidis et. al. 2002]

CN generation algorithm (BFS-based): Discover

Algorithm 1 Discover-CNGen {Q, Tmax, Gg) Notation: here d Is a keyword query!

Input: an I-keyword query Q = {ky, k2, -+, ki}, the size control parameter Tmax,
the schema graph G.
Output: the setof CNsC = {C, Ca, -+ - }.

1: O « 'P};C «— ¥

2 forall R; € V(Gg), K’ € O do

3 Q.engueue(Ri[K'))

4: while Q # ¥ do

5 T « Q.dequene()

6:  if T is minimal and total and T does not satisfy Rule-1 then Rule 1: duplicate elim.
7 C « CUJ(T}; continue '

g if the size of T < Tmax then

]

forall R; € T do
10 for all (Ri, R;) € E(Gg)or (R, R;) € E(Gg) do
11: T’ -(—TU(R,,RJ) o .
12: if T’ does not satisfy Rule-2 or Rule-3 then Rule 2: minimality
13: Q.enqueue(T") Rule 3: avoid cycles
14 return C; |

Keystone SS 2016 31
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CN generation: An example

XML
Paper > P'D1< Cite>
Michelle

PID2

enqueue: P{Michelle}, P{XML}, A{Michelle}
dequeue: T, <- A{Michelle}
expand: T, <- A{Michelle} < W{}

Author
Michelle

Keyword relations:
P{Michelle}, P{XML}, A{Michelle}

Algorithm 1 Discover-CNGen {Q, Tmax, Gg)

Input: an /-keyword query @ = {ky, k2, - -+ , k), the size control parameter Tmax, e nq ueue T2
the schema graph G .
Output: the set of CNs C = (C}, Ca, -+ . .
1:Q «—¥C «— 0 - _ 1
e ke 0 ds dequeue: T, <- A{Michelle} x W{}
3 Q.enquene(Ri K’ . H
i o D expand: T; <- A{Michelle} b1 W{} >
5 T « Q.dequeue()
6:  if T is minimal and total and T’ does not satisfy Rule-1 then P{XM L}
7: C « C{J(T}; continue ‘ .
8 if the size of T < Tmax then enqueue T3
9: forall R; € T do
10: for all (R,‘.Rj)E E(Gs) or (R;. R;) € E(Gys) do LR
1: T« TR, R)) ) . . ..
12: if T’ does not satisfy Rule-2 or Rule-3 then dequeue T3, CheCk |f T3 IS mlnlmal a.nd
13: Q.enquene(T")
15 retuen G total, add T3 to the result

Keystone SS 2016 32
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CN generation: Complexity and optimizations

Complexity factors:

« Size of the schema graph G, - the number of nodes and
edges

+ Maximum number of joins (7))
« Size of the keyword query (/)
The number of CNs grows exponentially with these factors.

Algorithm optimizations:

« Avoid generation of duplicate CNs by defining the expansion
order

* Generate only the top-k CNs

Keystone SS 2016 33
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CN and MTJNT ranking factors
Ranking can be performed at CN and MTJNT levels

Typical ranking factors include:
» Size of the CN / tuple tree — preference to the short paths
+ IR-Style factors

 Frequency-based keyword weights

+ Keyword selectivity (IDF)
* Length normalizations

* Global attribute weight in a database (PageRank /
ObjectRank)

Typically, the factors are combined

Keystone SS 2016 34



Ranking query interpretations: An example

Rank the following CNs using the size factor:

le

P[Mmlu,]le}PIXML} P{Michelle}  P{XML} A[Michelle)P{XML] A[Michelle} P{XML)
Yy Cy Cy

Keystone SS 2016
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Interactive query construction

Building structured queries with user input

Keystone SS 2016 36



Query construction for large scale databases

Freebase:
« 22 millions entities, more than 350 millions facts
» more than 7,500 relational tables
« about 100 domains
« Wikipedia, MusicBrainz, ...

« part of the LOD cloud v

Arts & Entertainment

Commons

G I. People 0—4—-—/‘#/\ 22K
oa - Products & Services 100+ members last week nm
HP d Science & Technology ;—8‘3‘3"“?“ B mn
« Enable efficientand 7 Y s D,
Society Music W m mm
100+ members last week

scalable query spacial carasts |

construction solutions ™ s AN e | v
system Bnes ALY EXED B

for Iarge scale data Time & Space ?Sovelglmem W—A 330 mm

Transportation

All

Keystone SS 2016 37
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tomm hanks terminal

Data Schema Docs

an ftem from the list: . .
A Cold Case

A lold Lase - Edition=: A Colil Case, A Cold Case, A A film adaptation Starring
Feny Zhenghu Activist 7 Bﬁ COI(IC'GS-_& o - Tom Hanks was attempted
COn the Right Track Film nBED s Genre: Crime Fiction, True crime, Novel

athor: Philip Gourevitch [_ . _]
ACold Case is a 2002 novel by Philip

view more Gourevitch. A film adaptation of the after the actor's

novel starring Tom Hanks was

attermnpted, but the project did not enter performances

production. A Cold Case follows

real-life chief investigator Andy in The Terminal (2004)

Rosenmweig from the Manhattan District

United Airlines Airling apf, ==l

On the Right Track An article in
Directed by: Lee Philips Entertainment Weekly

Onthe Right Track is a 1981 comedy film that was the

EEPTE e first feature film starring Gary Coleman. Itwas directed did a comparison to the

Cte of birth: Jul 1, 1954 by Lee Philips, produced by Ronald Jacohs, and

e i 9 A 19 56 released to theaters by 20th Century Fox in the spring of Tom Han ks fi I m The

Chinese economist and scholar based 19871, Afterthe debut ofthe =ite

in Bhanghai. Citing Amnesty ) Inited Rirline T H>Y, I
International, The Guardian said that Film [ — ’ e Airfines . e rm I n Cl
Fengwas "a prominent human rights ﬁ Industry: Transportation

defender in China. In 2001 he was United Air Lines, Inc., (MYSE: UAL) is an
sent to prison for three years Armetican airlineg, one of the warld's
ostensibly. . largest airlines with 86,852 employees

and operating the second-largest flest

Feng Zhenghu has been likened v corena g e
to the Tom Hanks Alriine, Business O

"""Tom Hanks' character Viktor
character in The Terminal —Navorski is stuck at New York's JFK
airport in the United terminal in The

Toarminal

TR ICAR

Keystone SS 2016 38



Structured MQL query for ,,Tom Hanks Terminal*

[{
"Ipd:/film/actor/film": [{

"name”: "Tom Hanks"
"type": "/film/actor"}],
“film":[{
"name"” : "The Terminal"
"type" : "/film/film"}],
"character":{
"name" : null }
"type": "/film/performance"”

H

http://www.freebase.com/query

Requires prior knowledge of:
v'Schema: above 1000 entity
types (relational tables)
v'Specialized query language:
MQL

Keystone SS 2016
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Query interpretation techniques

* Automatic keyword query interpretation:

« Automatically translate keyword query in the (most
likely) structured query (-ies)

* No one size fits all — no perfect ranking for every query
and every user

* If ranking fails, navigation cost can be inacceptable
* too many interpretations / search results
 Interactive query refinement

* Goal: Enable users to incrementally refine a keyword
query into the intended interpretation on the target
database in a minimal number of interactions

Keystone SS 2016 40
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Query interpretation

A query interpretation consists of:

« Asetof keyword interpretations | that map a keyword to a value of
an attribute (also interpretations as an attribute or table name are
possible)

O 2001 < year(MoOVi€): 2007 O . uice < name(ACtOr): Cruise

o hanks < name(ACtor):hanks

e Aquerytemplate T

7= 0, _ ,ame (Actor) x Acts x O, _ year (Movie) x Acts X 05 _ ame
(Actor)

Keystone SS 2016 41
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hanks ——  actor.name director.name
cruise ——  actor.name company.name location.name
[ ] u \ 4 . <
o~ e - T T — —
Query Inte rpretatlon Dicti&mary Postings

K="hanks cruise 2001”
O 1anks < name(ACtOr): hanks l O 2001 < year(MoOVie): 2007
O cruise < name(ACtor): cruise
o+

T= 0'7 c name (Actor) X ACtS X o-') € year (MOVie) X ACts X 0.7 € hame
(Actor)

Q =\°.hanks € hame (ACtor)NACtSNGZOM € year(MOVie)}NACtsNocruisee name (ACtOI‘)
\
partial interpretation of A, sub-query of Q
\ J

complete interpretationYof K (structured query)
> interpretation space of A

Keystone SS 2016 42



Query hierarchy
K= “Tom Hanks 2001”

G {tom,hanks}=name (ACtor) M ACIS I G 5 ¢ year (MoVie)

SN\ —r D A6
/ QJ ,»‘: A ,:i ".\ "./ 0 ) \
‘/s / o % \ /’ / e
[&/ N /S
/9 \'B\ /S /
/," ‘90/' "," \\?0 ‘\..\ ”,/ Q//
r : n
<"{tom.hanks}cname(‘r‘?’[o ) Ohanks e namdActor)XACts M4 G5 < year(M°V'°) -
SN Lo T\ < TN
f'/ 0 \‘ '/ﬂ‘-.a 'l\ ,'/ Q /N /4 o ‘\ /' o/’v‘
/&) \ L\ ‘o) N Qo, y,
/ Qo // \ % \ ,/ § V4 \ 9 \\l / S "//
‘/_/ QO / \\\0 \ ,',/ Q/-” \\‘m . / Q/_,
O tom ename!Actor) O hanks < name(ACt % G 5001 Eyea,(Movieﬂ

Keystone SS 2016 43



Query construction options (QCO)

Idea: use partial interpretations (sub-queries) as user interaction
items (QCO)

Problem: large number of queries — and sub-queries (QCOs)

O 2001 < year(MoVie): 2007 O anks < name(ACtOr): hanks

o (Actor):cruise

cruise € name

QJ: o hanks € name (ACtOl’) > Acts 0'2001 € year(MOVie)

G2001 < Year(MOVie) > Acts X O cruisee name (ACtOf’)

How to select a QCO to present to the user?

Keystone SS 2016 44
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Query construction plan (QCP) as a binary tree

Idea: use sub-query relations to organize the options in a
(binary) tree structure

The root node is the entire interpretation
space

Remove
Remove queries
queries
conflicting with
QCO,

Yes

that subsume

o hanks e name (ACtOI’) > Acts x 0'2001 €
year(MOVIe) > Acts x o'cruisee name

Qco...
A leaf node is a single complete query interpretation

Problem: How to find an optimal QCP?

Keystone SS 2016 45



Defining a cost function for QCP

Idea: define a cost function
Take query probability into account
Construction of the most likely queries should not incur much

cost Cost(QCP)= s depth(leaf)x P(leaf)

leaf eQCP

Given a keyword query A, how to compute the probability of leaf
nodes (i.e. complete query interpretations of A)?

K (a keyword query) = {hanks, 2001, cruise}

Q (a leaf node of QCP) =

O hanks < name (ACtOr) X Acts X0,y _ yeqr(MoOVie) X Acts X O, iccc name (ActOr)

P(leaf) = P(Q| A): the conditional probability that, given A Qis the

user intended complete interpretation of KA.
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Query interpretation: assumptions

Assumption 1 (Keyword Independence): Assume
that the interpretation of each keyword in a keyword
query is independent from the other keywords.

Assumption 2 (Keyword Interpretation Independence):
Assume that the probability of a keyword
interpretation is independent from the part of the
query interpretation the keyword is not interpreted to.

Keystone SS 2016
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Probability of a query interpretation o
PQIK)=P(I,T|K) ¥4

> lis the set of keyword interpretations {A:A} in Q

G 2001 < year(MOVie):2001 O .ruise « name(AcCtOr): Cruise

O anks < name (ACtOr): hanks

> Tis the template of Q
T= 0, _ name (Actor) x Acts X 0, _ ., (Movie) 1 Acts X O, _ e (Actor)

kiEK

PQ]| K)o{ TTP(A :k; IAi)JxP(T)

Estimates for P(7) and P(A;:k]A) ?
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Probability of a keyword interpretation

» We model the formation of a query interpretation as a random
process.

» For an attribute A, this process randomly picks one of its
instances a;and randomly picks a keyword k; from that instance
to form the expression o, €A;

» Then, the probability of P(o, €A;|0,€A) is the probability that
O .EA,Is formed through this random process.

Example:

75 04 . name (Actor) i Acts x 0, _ o, (Movie) x Acts X G5 _ ame
(Actor)

Q|= O hanks < name (ACEDT) 51 ACts X O, . year(MoOVie) x Acts x o
(Actor)

cruisee name

P(O' hanks € name (ACtOI') |O'?E
(Actor))

name
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s |
Probability of a keyword interpretation

P(akiEA,|o?eA,-) can be estimated using Attribute Term
Frequency (ATF):

ATF (k;, A)) = (TF(k;, Aj)*a) / (N, +a”B)

ATF(k, A) - the normalized keyword frequency of A;in A;
N, — the number of keywords in A;

/

a - a smoothing parameter (typically a=1: Laplace
smoothing)

B - the vocabulary size
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Probability of a query template
P(7) = (#occurences(T) +a) | (N+ a*B)

#occurences(T) - number of queries in the log using 7
as a template

N - total number of queries in the log

a - smoothing parameter, typically set to 1
B — a constant

When the query log is absent or is not sufficient, we

assume that all query templates are equally probable.

Keystone SS 2016
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L35

Challenges in query interpretation

= |nefficient QCOs

* Too many keyword interpretations

= A keyword interpretation subsumes a small proportion of the I-
space, more general QCOs are needed

= Very large interpretation space

* The number of subgraphs of the schema graph grows very
sharply with the size of the schema graph. The occurrences of
keywords are more numerous in a larger database. Too many
query interpretations.

= Existing query interpretation approaches rely on a completely
materialized interpretation space. This is no longer feasible.

* Need to enable incremental materialization of the interpretation
space

Keystone SS 2016
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Query construction algorithm

Query hierarchy can become very large

Use greedy algorithms

Expand query hierarchy incrementally

Use a threshold to restrict the size of the top level

Select the QCO to be presented to the user based on
Information Gain (IG)

IG can be computed using probability of query interpretation
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Query-based QCOs

» Keyword as schema terms or attribute values
» actor.name: hanks (Hanks is in the actor’s name)

hanks — actor.name director.name

terminal —— company.nam

film.name o location.name

» Joins using pk-fk relationships in the schema graph
» actor.name: hanks — acts — film.name: terminal
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> Freebase domain hierarchy
» Arts & Entertainment, Society
» External ontologies

» E.g. YAGO+F mapping between YAGO and
Freebase
> Person, Location, Object

7,
Deceased Person | Z6¢E57 Organization
HANKS

[hanks] 5/// 7 [hanks]

:J“ 'd'V Episode

Keystone SS 2016




FreeQ query hierarchy example

Ontology-based QCOs: Q

Arts & Entertainment: Society:
Tom Hanks © Tom Hanks
Actor- Celebrity:
Tom Hanks Tom Hanks

Award Nomination
Award Nominee: Tom Hanks
ominated For: Termin

Acts
Actor Film
Name:Tom Hanks Name:Terminal

The arrows represent sub-query relationship

Query-based QCOs:
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A measure of QCO efficiency

Entropy of the query interpretation space:

Z P(I) xlog>P(I)
1€C

Expected information gain of a QCO as entropy reduction:
IG(0) =H(C) —H(C|0) = H(O)

Entropy of O computed using P(O):
H(O)=—P(0)log>rP(O) — P(—=0)log,P(—0)
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Probability estimation for QCOs

Probability of a QCO using probabilities of the
subsumed query interpretationS'

Z P(1
IEC
Estimation of QCO probablllty using materialized part
of the query hierarchy:
Ye(s)ct(o) P (8)

P(o) =
) Yi(s)ct(o) P(8) + X (9)ng(o)=o P (8)

Keystone SS 2016
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Efficient hierarchy traversal

v Query initialization:
v Path indexing: for each table, index all paths leading to
keywords within radius 72 (bi-directional):

v Is independent of keyword query length /9
T * avg(FE)"

v' User interaction:

v Use path index to materialize QCOs and query interpretations
incrementally by BF-k and DF-k

v’ Start expansion with the most probable QCOs
v' Thresholds, time limits
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[Demidova et. al 2013]

/’
FreeQ suggests a set of query con- 3
]- The user enters a keyword query in the struction options for the user to
search box. .
refine her query.

B FreeQ Database Search Ontology Layer
Welcome | FreeQ I Tutorial ]Aouestlonnalre | Arts & Entertainment: Society:
Tom Hanks Tom Hanks
ﬁ [Tom Hanks Terminal v S
e —, Celebrity:
Sy Actor: Tom Hanks
[Select the first correct option from the top Tom Hanks
Query Layer

Award Nomination
Award Nominee: Tom Hanks
Nominated For: Terminal

& Freebase category:
~ Arts & Entertainment : [tom] ilm.Produced By : tom hanks
ilm.Name : terminal

-, Freebase category:
 Sports : [tom]

Acts

ilm
ilm.Directed By : tom hanks
ilm.Name : terminal

-, Freebase category:

~ Society : [tom] Film

Name:Teminal

Actor
Name:Tom Hanks

-, Freebase category:

" Arts & Entertainment : [hanks]
Episode
o Freebase category: Episode.Previous Episode : tom hanks
Common : [hanks] Episode.Name : terminal
© Others
Episode
Back I Forward | Episode.Previous Episode : terminal
Soundtrack : The TERMINAL §*|
a Film performance (/m/0k6myy) Rating : PG-13 (USA)
i Character : Viktor Navorski Featured Film Locations : Ne|
N ’ Eilm actor (mi0tg) < ctor TOM HANKS Costume Design By : Mary Z
Name : TOM HANKS Film - The TERMINAL - Written By : Jeff Nathanson, S|
Film : fmiOk7 dvr, 1,/mi0K710j, Directed By : Steven -
L French L [
\ Starring : /mf03jpg_d /mi0cg
. Edited By : Michael Kahn
2 FreeQ interprets the keyword Budget
» @ Country : United States of Ayl |
query using database queries, and Release Date & imi0gi7pdt

returns a list of possible interpreta-
tions to the user.

Keyword | Gecamarces | e |- Query. 4 The user identifies the correct database
—— — query. After double clicking this query, the

user is presented with the query results.

Query
Generation

Database
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Discussion

v" Interactive query construction can enable efficient and
scalable query solutions for large scale data

v" It can involve ontologies to summarize and enrich database
schema using abstract concepts (e.g. using YAGO ontology)

v Query interpretation space on large scale data can and
should be materialized incrementally
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Dr. Elena Demidova
Web and Internet Science Group
University of Southampton

e.demidova@soton.ac.uk

B VAN UNIVERSITY OF
) Southampton
- keystone|

Keystone SS 2016 64



