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Databases Are Complex

ER Diagram created by Trail version of Visual Schema at www.wangz.net (04-13-2006)
Tables: 150

Tla i
at. (3 1 i name (fria ria
SR o 15 nt(20) unsigned ok [resulation_2_namedy 615 (109 unsigned bk 1 fcerialy
& erian
Doib ni(z0) unsaned o I ) [T s 1o | resctionGiriaty |
o ta

BB _ID int(10) unsianed_pk ‘ BB_iD int(10) unsianed ok
1

re ria [ ftria
s M fouri g o name i ia1> [o5 FUnGEi Nt i g (e o v

reverseReaction i(10) unsigned

Svent_2_input Cirlal) [SuperTaxon_dass varcharteay
5615 mt(16) unmioned _instancebeforechangek trial)

E—,«u.—....mm—.gn o i o) T tria] Fererences Qrian] TEIY1)  [imputrank inf(10) unsigred |
561D (10 unnoned pk 56_1D nt(10) unigned 56_15 ni(10) unsigned 55_I5 nt(10) unmianed_pk barameter vardhar(6a) pk input Int(10) unsigned Seauencedomain Ctriall>

J Sirmmaionsank (103 e o Temed. ek In(10) GrHGE et G [aeries | Pt class varchar(edy [ee—PioToaicatprocess 2 nand cer g B e s o

“urmmation m(10) unsioned eV iemod IME(10) unsioned minCount nt(16) v R
(eviasncstona it ian> tion_ciazs varchar(64) _dass varchar(54) (103 unwaned . o A& (trial
1 efarenceGroup_cless verdher(e1) Tohcori axs verchar(eay
B hctrial> E T —
nt_2_output(irfald ia1> 56_15 nt(10) unmaned >
5610 nt(10) unsigred pk tabaseobject 2 modified(trial) FrontPageternank ink(16) ursianed
Event i [Foure_ciass varararteay ] ion_claxs varchar(6A1 1 (10 unsianed event. tactivith(trial)
Trarn_class varchar(e4) 10) ur

ot alyStACtivity_t

= )
i irE(10) ursiansd regulation 2 figureltrial)

| [eovium o) dnsiones | eren T —
et e(z0) unigeas o Coriatd e Sivataiity ciass vorchor GaT o Tank P10 imsianed
e o Tserginae 30>
- dinates(krial) referenceEntity int(10) unsigned
Do ID (10 migned ok ATt e ooy m— woditieareeidueCirial>
i & S0 Y besteatvent imi(z0) sritgred 51D (107 unigrea
Tt ez Vorenarcesy oD (10> unsioned Tomtedtvant Gans vaenaeny it 107
Batorortoe Tatee> Gooasd ey Go_molecularfuncti feersan
ass varchar(64) [ ity 2 11 A class varchar(ea)
oD e(z0) unsigned ererenceseqoencs e 10) tnaioned D)
[taxon 2 namecer}ar> Rorarirenafarence: tomk PR(eY ingned erencese e drre Corenatesy S idencotune 2 InStancesf (trial) (oo i Aitro) swoned b |
Feerarorenererenca 107 rstere et (10 sraned
o> r o) Teararorenaterence-Gass Vereaery i e CerenarCeTy
. rian
B v ot G e ar fancti
oD m(roy uregmed Do rw(zc) unsignes

aturer eference_rank Int(10) unsianed
Treratureneference Int(10) unsigned

r{polumer_2_ 1a1>
DB_ib int(16) unsigned
“pecies_rank mt(10) unsianed
nE(10) unsianed
pecies_dess varchars4)

har(6a) dass varchar(6a) Componentof_dazs varchar(63)

lentityset_2_| 4 = [ we_2_
Se b (10 5610 ni(10) unsia T E—— |:Da,m ni(10) unsigned
Ractiember_rank (10 irgned TomEntity_rank ia(10) Gnsigned ek GO rgned ol EY urianad 1a1>
[ 4 nit10) uneianed Toustntity int(10) unsianed ni(16) uncianed bt Value 8 ofor ochange Int(10) unsigned
(55 mico) unsianed o] [hastermber_dass varchar(ay Tosentity-class varchar 647 I s vachated e e e e vemneraay
[ varchar(64) [ d. varchar{64)
negativersegulationftriflovent 2_. Cerialy itu 2« dnce = becerfontituwi _2_hasmodi Fied ial>
61D iC10) unsianed gk | | [BBID n(i0) unsigned 5510 iy unsigned 1™ o0 a0 unigned 551D mi(10) unsigned |
I I int(10) unzigned [ i int(10) unsigned | componentof_rank int(10) unsigned has W Int(10) unsigned | ion 21 ial)
I HiC10) unsiamed [Soesheforsmes (16 wnsgned | [eomponemor (a6 unsianed | [Resmodifiedresidue micioy unsianed | 61D mi(10) uneigned 6D (10 unianed
GenoricdomainCer}al> | Errrern o B Gt vardhartesy | Cioee varcher(6ay |1 Tass Varchar(64 | e 6 rTaned ok (105 urigned
tm,,.u 1) uneianed ot e (30} unsicned rit10) unsianed
e v ey [Fepemeduni_cisss vorehar ey
5 _authod ur faen Cord] SchEmACLrialy
[ definedsetCerid1> oo om0y unsones 55 10 ni(10) unsianed Thing vardrarss)
(G50 itz usianea or | thorrark 10y unsigned Rasine ance. rant nt (10 Grwaned hima_clons emurm{Scheraciass’; SaemaGRARTBUTE, Sehema) [ ono i beCorifonei
ithorni(10) unsianed Rasin ances (1) ursianed s Carcharzasy o 5815 micz0) unsianed 1 om0 miti0) unwaned i [58.ib mic03 uns
authorclass verchar(64) Rasinst ance.class varchar (643 Droperty valus text referenceGane. rank nt(10) ursiansd instanceot rank ini(10y unsianed wpecies.rark
[ othorentituCirial> oroperty-valve. type ST TEGER , BTG, STRING S INSTANGE % 5 I i1 U aned == | Tpecies (103 unwaned
56 10 (10 unsaned ok o operty-value rark riCi0) unwaned Gavs varchar(esy | [Petenceor_dass vardhertesy | i
Vont_2_reviewsdCtrlial) [phusicalentitu 2 inferredfion(trial>
SO T —
Simpleentitultral) d_rank int(10) unsigned referencen o ctf ity i
56 10 mt(10) unmgned_pk reviewed (10) unsignea ni(10) unsianed
Teviowed_dazs varchai(s®) TeferenceCone rank ni(i6) unsianed

[referenceGene int(10) unsianed |
class varchar(sa)

SpociesCirial
[Person_2_arfiliationtri[phusicalentity 2_compartmert (1

FequiationType nt(10) unsianed

regulationTyps_dass varchar(s4) trial)

[Ce_iD im0y unsioned |

openset(trial)

“Fiiation E(16) unsigned

varchar(eA) e e Y —
o reniE vents Int(10) unsigned eferenceEnity ini(10) irsigned
onTortE et dass vathatedy
ossrararance
561D miC10) unsaned G TaTiengs
GossReference_rank int(10) unsigned frrial ifier_ 2 . ial ity 2 tultrial)
s eterence (10} undgned o e O T — ED (10 unsigned
comasteronsdas varchar Sy = ek intCi0 wrn eforencefnity. renk nt(T8) Gralaned
[PRESToRGEER} a1> [Sosnerene in(10) unsgned Fefarencet ity Thi(1o) wnsaned vent 2 editedCirkal>
ontolagy Tongbich osrererche_dars vardhar (63 ererenceEnity.dass varchar(es
[Eererencsentizuderian [ ] tea) Gar
[Feferencesntity 2 otherident] fier(u
[= ) treial ncecorial>
[personceriay [ % _cecondaruident] rior|
[EommationGril1>  [Srecies 2 risura@rial Svent_2_iiteraturersrerent
DB_ID int(10) unsigned event_2_j Geri 2 _hascom CHrial> DB_ID int(10) unsigned fial>
figure_rank int(10) unsigned DB_ID int(10) unsigned DB_ID int(10) unsigned ivity 2 activednit(trial) [ d. varchar{64) Iiteratur ank int(10) unsigned
Trouie i(16) unsigned Everis [hasomponent.rank intio) Grianed | [eventctriar> 5 mi(30) unsigned [Tteretor Reference Tnt(10) unsigned
Tatre-Siess Verehar(sty e ecedinge vert (T uraigned 10y unsigned T e R — TeciatursRcierence_dass varchar 637
lase vardhar 647 Gaus varchar(64y i eUnt Int(10) unsianed Titeraturereference 2 author Ctrial)
o char (53
san> Svent 2 inferredfromCirial)
DB_ID int(10) unsigned pk. lcomplex_2_} ialr 1 ion_2_« i trigl) ivi ial) a DB_ID int(10) unsigned. event_2_crossreference(trial)
55_iD nt(10) ansigned DB_15 nt(10) unsigned 551D nt(10) unsigned ok [bhusicalentity 2 editedd(triald [autho_dss vardar(64) ferrad¥ rom_rank Ir(30) Grigred BB _iD Int(10) unsigned
acins ance. rank 0t (167 Unsigned rmation. ank (10 Gnigned ‘it (10 arssaned feredFrom (10 unsigned
e e e E e ey s o [t anee IN(10) ursioned Sirmmation ni(10) unsigned ity dass varchar(64y nferrederom class varchar {13
[ Tt anceclass varehar (657 Hrrention-clazs varenar (o3 S ity ICT0) raTgred ——
physicalEntity_class varchar(64) [edited_dass varchar(ea) 1 trial)
[Gonomsencodedentitucyrial> f
2o_molocularfunction 2 name trialffe orecnCOTeaenELECY ; Feersons ‘ N e artedkerian | iption(tfgo_collularcompon friald
Species Int(10) unsianed ria " alBe 15 int10) unsigned
Varenar(esy o tari IH(30% toaned

FererencemoleculecianCirial) cites (10 nsianes
Fositiverseuitionuri e dars ienar(eTT
[ertitucompartmentdrial) Trieurecerfan

SoepiesaeaTnCEEla1> . entitusetCirid> SeseincErie pathwayCorialy
DB_15 int(10) unsioned or remulati ial> phu: tria, DB_1D int(10) unzioned i D615 int(10) unsaned pk

5610 nt(10) unsioned bk

= ek erial>

3

o
&l

5

2/35

University of Mic



f
Databases Are Complex

The usability costs are gradually
becoming the bottleneck for
many database applications!
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f
Database Usability

* A recent focus of our research group to
address the following challenges facing
the “real” users of databases:
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f
Database Usability

* A recent focus of our research group to
address the following challenges facing
the “real” users of databases:

» Unknown/complicated query language

* unknown/complex schema

» Jack of instantaneous feedback on results
» Jack of effective tracking of provenance

* rigid process of database content creation
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Database Usability

* A recent focus of our research group to
address the following challenges facing
the “real” users of databases:

Unknown/complex schema
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f
Challenge of Query Language

* SQL/XQuery are too complicated for our
users (i.e., biologists) to learn and use
* Some of those users are even quite tech-
savvy!
= Still, they do not have the working

knowledge of SQL/XQuery to pose the
queries they have in mind

» Simpler query interfaces is much more
preferred

4 / 35 University of Mic



f
Challenge of Schema

warehouse

staAte/\
/\ authors

@name store
author

@id (@name
e | i ,f
X price |
@address title /

/
author /
/

-
—_———

XQuery:

for $ain doc()//author,
$s in doc()//store
let $bin $s/book
where $s/contact/@name =

“Amazon” and $b/author =
$alid

return { $a/name, count($b) }
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Challenge of Schema

warehouse
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wme [ jghn <
X price |
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author /
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XQuery:

for $ain doc()//author,
$s in doc()//store
let $bin $s/book
where $s/contact/@name =

“Amazon” and $b/author =
$alid

return { $a/name, count($b) }
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Challenge of Schema

warehouse

staAte/\

1ame

(@address

author /

-
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f
Our Goal

* Establish a novel query model based on
three principles:

» Flexible requirement on schema knowledge

* Maintaining the same query result quality
as a structured query can achieve

* Minimum increase in query evaluation cost
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f
Our Goal

* Establish a novel query model based on
three principles:

» Flexible requirement on schema knowledge

* Maintaining the same query result quality
as a structured query can achieve

* Minimum increase in query evaluation cost

* Built upon several previous works
» Structure-free query models
» Schema summarization

6 / 35 iversity of Mic
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Outline

* [ssues with Current Approaches
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f
Structure-Free Query Model

A XQuery:
ors  peope U for $ain doc()//regionlitem,

featon ction $p in doc()//person
schema let $bin $p//iwatch

fescr 1nc0mprehens1l;\le where $p//@name =
! \v\<\4 “Peter” and $p/@auction =

, “ A inithiddéenselfarterval $b/id

@{d i mail 1 tion AR\
%id’,\fj:%loﬁ b'\t m // j\\\ d/}: l lstaﬂnd and $a/@id f—

ohom__ 1\5{5 |\ ot Ghlitem/@itemref
“““““““ return { $p/name, count($b) }
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f
Structure-Free Query Model

site

T * Simple Keyword Search

auctions .
’ [name; peter; address; asia]

cion * Labeled Keyword Search

[name:peter; address:asia]

regions people
v A

region

schema
incomprehensible

% W\\

|| Ainitiaiddéemseliarterval

‘.- ~
mail

eld lut A
E N duratioﬁesb{l't'on m /§7 j\\ /}: l l ¥
/ \ LN
@t\d\\'/ \\ e//// \ \\ da - stadnd
@ffom N \\\ @perSit@perso
\\\\\\\\ - \ _
N —-— /// S Bc}x%:////n'

-
T—— -~
—_—
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f
A Simple Example

¢ XML: Lowest Common Ancestor
* Relational: Smallest Tuple Graph
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f

A Simple Example

¢ XML: Lowest Common Ancestor
* Relational: Smallest Tuple Graph

root
Query |
[title:ABC; URL:~] item
descr:ption oid
“active” |
v \\12"
video video photo

title duration URL title duration URL title resolution URL

I I I I I
“ABC" \\5 minll \\."Il “NIBC" “6 minll \\."Il “Aéc" \\300I dpill \\.!."
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f

A Simple Example

Query

[title:ABC; URL:~]

description

“active”

video

title duration\ URL

\\ABCII \\5 minll \\...II

¢ XML: Lowest Common Ancestor
* Relational: Smallest Tuple Graph

root

v
item

v
video

— N

title duration URL

“NBC” “6 min” “...”

9/35

@id
I
\\12"

\\ABCII \\300 dpi’l \\...II
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f
A Simple Example : Issues

Result accuracy is no longer 100%: depends on
matching semantics
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f
A Simple Example : Issues

Result accuracy is no longer 100%: depends on
matching semantics

root

Query |
[title:ABC; URL:~]

description

“active”

@id
I
\\12"

title |duration

\\ABCII \\5 minll
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f
Problems with Current Structure-

Free Query Models

* Rely on content-based matching semantics

= High query evaluation cost due to the need to examine non-
meaningful data fragments

= Wrong matches caused by missing data nodes
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Problems with Current Structure-

Free Query Models

* Rely on content-based matching semantics

= High query evaluation cost due to the need to examine non-
meaningful data fragments

= Wrong matches caused by missing data nodes
®* Schema can become very complex

» Related elements can be far apart

= Lack of support for complex queries: e.g., joins, aggregations,
etc.

11/35 M

University of Mic



f
Problems with Current Structure-

Free Query Models

* Rely on content-based matching semantics

= High query evaluation cost due to the need to examine non-
meaningful data fragments

= Wrong matches caused by missing data nodes

®* Schema can become very complex
» Related elements can be far apart

= Lack of support for complex queries: e.g., joins, aggregations,
etc.

Solution: Schema summary-based query construction

11/35 M
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Schema Summary

@name

contact

@n;ng 1S

(@address

warehouse

N\

store

book

bn
t1tle

author

-
—_—_——

authors

N\

@1d (@name
A

I'ICG /

|
I

author

12 /35

For database with
complex schemas, a
much simpler schema
that summarizes the
database can be
generated [YJOO]

It can help reduce the
human cost of query
construction
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f
Schema Summary

* For database with
complex schemas, a
much simpler schema
that summarizes the
database can be

author generated [YJOO]

warehouse

book 7 ® [t can help reduce the
e - human cost of query
construction

12 /35 M
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f
Summary-Based Query Construction

* Consider a simple query:
for $a in doc()/warehouse/authors/author
warehouse :
where $a/@name = “Jagadish”

return $a/@id

author
A
book S
N P

~
‘__//

13 / 35 University of Mic



f
Summary-Based Query Construction

* Consider a simple query:
for $a in doc()/warehouse/authors/author
warehouse :
where $a/@name = “Jagadish”

return $a/@id

authors
author
book
\ v\
\\\ @:d (@name

—
~—_

13 / 35 University of Mic



f
Summary-Based Query Construction

* Consider a simple query:
for $a in doc()/warehouse/authors/author

warehouse :
where $a/@name = “Jagadish”
return $a/@id
authors
\ * Users can construct a
author structured query by visiting
book /\ the summary, instead of
\ @id @name the entire schema
\\ /‘

—
~—_

13 / 35 University of M



f
Summary-Based Query Construction

* Consider a simple query:
for $a in doc()/warehouse/authors/author

warehouse :
where $a/@name = “Jagadish”
return $a/@id
authors
\ * Users can construct a
author structured query by visiting
book /\ the summary, instead of
\ @id @name the entire schema
\\ /‘

—————— * Only relevant part of the
schema needs to be visited!
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f
Summary-Based Query Construction

* Consider a simple query:
for $a in doc()/warehouse/authors/author

warehouse :
where $a/@name = “Jagadish”
return $a/@id
authors
\ * Users can construct a
author structured query by visiting
book /\ the summary, instead of
\ @id @name the entire schema
\\ /‘

—————— * Only relevant part of the
schema needs to be visited!

* Problems ...

13/35 M
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Problem with Complex Queries

summary

site

item <€-——____ -uction
: 1
\ s

N _-
> person ¢~ |
A\ \4
\ bidder
\ )
\\ //

* Query: retrieve auction that are sold by the
person named “peter” in “chicago” and contain
items that are “antiques” in region “asia”

14 /35 M
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f
Problem with Complex Queries

site
reglons people auctlons
region erson
g p auctlon
name |tem name address
watch
dﬁw .,otepmﬂe A
URL video friend

mail photo \ auctlon

note
mcome
ma|I N‘ educat|on address //// \ @Id
I title | URL name
4 ' ' It'tle // initial bidder itemref seller mterval
date @I duration m/a I resolutuih
/
@to _______ ///// \ \\ date start end

e \ \ @person @item @person
\

—
——

—_—— —
—_——— —_

* Query: retrieve auction that are sold by the
person named “peter” in “chicago” and contain
items that are “antiques” in region “asia”
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f
Problem with Complex Queries

site
reglons people auctlons
region erson
g p auctlon
name |tem name address

watch
descrl;tmnﬁw> "°teprof'le @id
URL Video friend

aUCtIOI‘I * n

ote
hoto \
mail P mcome
mail /W‘ educatlon address // \\ @|d
| title | URL
oid , e malltltle \. URL name A initial bidder itemref seller mterval
date -
tO

, duration J resolutlo\\ \
_______ //// \\ \\ date start end

~ \
@from “~—__ _ S :/,/ \\ \\ @person @item @person
<« T ———— - ><

-~ ~~ —
- — —
—_— — ~— ._a.<2 —_

—_—— — —— ————— = —_—

Constructing complex queries requires
the expansion of the summary into the
entire schema! M
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Our Solution
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Our Solution

Schema-Based
Matching Semantics
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f
Our Solution

Schema-Based
Matching Semantics

Summary-Based
Query Model
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f
Outline

* Schema-Based Matching Semantics
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f
Schema-Based Matching Semantics

* Based on labeled keywords as the basic
query condition
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f
Schema-Based Matching Semantics

* Based on labeled keywords as the basic
query condition

* Two components:

Meaningful
Schema Pattern

* Meaningful Schema Pattern
* A schema sub-graph

» Satisfying certain semantic conditions:
Basic / Related-Entity / Non-Redundant

17 / 35 University of Mic



f
Schema-Based Matching Semantics

* Based on labeled keywords as the basic
query condition

* Two components:

Meaningful j>l Meaningful
Schema Pattern Data Fragment
* Meaningful Data Fragment

= A data subtree

» Result of querying the database with the
meaningful schema pattern

17 / 35 University of Mic
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Basic Matching Semantics

Schema g0t

g

region

N

name item

cription URL @id

video photo
titfju\RL tit?e7}RL
duration resolution
Query

[title:ABC; URL:~]

* Inspired by content-based
semantics

* A schema pattern is
meaningful if:

= Each label in the query is
represented

= All elements in the schema
pattern are necessary
* Not accurate enough
because not all schema
information is leveraged!

18 /35 M
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f
Basic Matching Semantics

Schema oot e Inspired by content-based

A/ .
region semantics
N * A schema pattern is
name item

meaningful if:

= Each label in the query is
represented

cription URL
= All elements in the schema
pattern are necessary
* Not accurate enough
because not all schema

~ Query information is leveraged!
[title:ABC; URL:~]

duration resolution
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f
Basic Matching Semantics

Schema A?ot e Inspired by content-based

region semantics

* A schema pattern is
meaningful if:

= Each label in the query is
represented

= All elements in the schema
pattern are necessary

* Not accurate enough
because not all schema

~ Query information is leveraged!
[title:ABC; URL:~]

duration resolution

18 /35 M
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Schema Hints

¥
. region*
* Element repeatability —
» Repeatable elements are name item*
entities
= Non-repeatable elements
are attributes of their description URL @id
“parent” entities video* photo
duration resolution

19/35 M
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Schema Hints ro

region¥*

N

name item*

Attributes of the same
entity are meaningfully
related description URL @id

video* photo
duration resolution

19 / 35 niversity



f
Schema Hints

Attributes of the same
entity are meaningfully
related

* Relationship between
entity elements

19/35

root

e

region*

N

name item*

description URL @id

video* photo
duration resolution



f

Schema Hints ro
region¥*
o N
item*
Attributes of the same
entity are meaningfully
related scription URL @id
video* photo
* Relationship between % A7\<
entity elements title / URL title UR
duration resolution

* Ancestor-Descendant (AD)

19/35 M
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Schema Hints roo

region*

item*

Attributes of the same

entity are meaningfully

related scription URL @id

video* photo

* Relationship between

entity elements title / URL title UR

duration resolution

* Ancestor-Descendant (AD)

» Sibling with common
ancestor (SIB-A)
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f
Schema Hints

X
region¥*
N
na item*
Attributes of the same
entity are meaningfully
related scription URL @id
video* photo
* Relationship between % 7\
entity elements title title
duration resolution

* Ancestor-Descendant (AD)

» Sibling with common
ancestor (SIB-A) \ /

» Sibling with common

descendant (SIB-D) - only e o™ G
;f\v:;ress

occur when value lmks are sname tna
present class*

@id
A

grade @teacher / g %
19/35 ~——7
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f
Schema Hints roo

region*

N

name item*

Attributes of the same
entity are meaningfully
related description URL

video* photo
tltm tltIAj\‘
duration resolution
Entities with AD and \ /

SIB-D relationships are student* teacher*

meaningfully related /X /P
sname tname | address

X -
class @id

A

I

grade @teacher / g %

/

19 / 35 - University of Mic




f

Advanced Matching Semantics

root

e

region*

N

name item*

iscription URL @id

video* photo*
tit%L tit?j}RL
duration resolution
Query

[title:ABC; URL:~]

* Related-Entity (RE):

» Satisfy Basic Semantics
= Every attribute element

belong to some entity
element

If there is more than one
entities, any two entities
are either AD related or
SIB-D related

University of Mic



f
Advanced Matching Semantics

* Related-Entity (RE):

root

IV » Satisfy Basic Semantics
region* » Every attribute element
belong to some entity
element

» If there is more than one
entities, any two entities
are either AD related or
SIB-D related

duration resolution

Query
[title:ABC; URL:~]

20/35 M
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f

Advanced Matching Semantics
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Advanced Matching Semantics

* Related-Entity (RE):

root

IV » Satisfy Basic Semantics
region* » Every attribute element
belong to some entity
element

» If there is more than one
entities, any two entities
are either AD related or
SIB-D related

* Non-Redundant (NR):

» Satisfy RE semantics

duration resolution * No other schema pattern
Query satisfies RE Semantics,

_ and yet contains a strict
[title:ABC; URL:~] subset of entity elements
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Summary of Schema-Based Semantics
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f
Summary of Schema-Based Semantics

* Benefits

* Avoid data specific erroneous matches

» Significantly improve query performance
* Limitations

= Not enough flexibility in query semantics

* Need to incorporate “some” schema
information into the query!
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Outline

* Meaningful Summary Query Model
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MSQ Model Overview
* Syntax extended from XQuery
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f
MSQ Model Overview

* Syntax extended from XQuery

* Leverages schema summary (as partial
schema information) for the basic
structure of the query

* Leverages schema-based matching

semantics for fetching information from
hidden schemas
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f
Example MSQ Query

site

I\

* €] ]
tem™ <=—4____ auction*

A v

AN s
“b person* <« |
A
\ bidder*
\

* Query: retrieve auction that are sold by the person
named “peter” in “chicago” and contain items that are
“antiques” in region “asia”
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f
Example MSQ Query

site

/ \ for | $a in /site//auction

tem* <«——_ $i in /sitellitem

-—— auction¥*
A v 4 $p in/site//person
> pe’Sf“* 7y where ($a, $p, ) and
\  bidderx ($a, $i, )
Nl return |$a

Basic Query Structure

* Query: retrieve auction that are sold by the person
named “peter” in “chicago” and contain items that are
“antiques” in region “asia”
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Example MSQ Query

Structure-Free Conditions

site set| $c1 = item[region:asia; item:antiques],

$c2 = person[name:peter; address:chicago]
for $a in /site//lauction .\ME(),

tem* <«—— $i in /sitellitem MFE($c1),

——-- auction*
A v ; $p in /sitel/person MF(5c2)
> person® <7, where| VR ($a, $p;sold” ) and
\ ~ bidderx MR($a, $i, “contains”)
N return|$a

Basic Query Structure

* Query: retrieve auction that are sold by the person
named “peter” in “chicago” and contain items that are
“antiques” in region “asia”

* MF: Meaningful Fragment

* MR: Meaningful Relationship M
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Benetits of MSQ Query Model

* The user only establishes the overall
structure of the query (conceptual
simplicity)

« Express the details as labeled keyword
conditions

+ Let the system automatically figure out the
exact structured query

* The user can still express complex
queries (e.g., with aggregate conditions)

* Schema knowledge can be easily
injected into the query if available
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f
Analyzing MSQ Query

MSQ Query [User Specify]
set $¢1 = item[region:asia;
item:antiques],

$c2 = person[name:peter;
address:chicago]

for $a in /site//auction.ME(),
$i in /site/litem.ME($c1),
$p in /site//person.ME($c2)
where MR(%$a, $p, “sold”) and
MR(%a, i, “contains”)
return $a
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f
Analyzing MSQ Query

MSQ Query [User Specify]
set $¢1 = item[region:asia;
item:antiques],

$c2 = person[name:peter;
address:chicago]

for $a in /site//auction.ME(),
$i in /site/litem.ME($c1),
$p in /site//person.ME($c2)
where [MR(%a, $p, “sold”)|and

MR(%a, $i, “contains”)
return $a
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f
MSQ Query Rewriting Algorithm

$c2 = person[name:peter;
address:chicago]
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MSQ Query Rewriting Algorithm

$c2 = person[name:peter;

—_——_———— —

29\|

o) o)

“peter,,

28/35

“chicago”

address:chicago]

lldentify MSP

person*

7\

name address
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MSQ Query Rewriting Algorithm

—_————————

region @ @ @ @ address

“asia” “antique” “peter” “chicago”
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MSQ Query Rewriting Algorithm

region @ @ @ @ @ address

“asia” “antique” “peter” “chicago”
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f
Final Evaluation Tree

@ (@person
region @ @ @ @ @ address

“asia” “antique” “peter” “chicago”
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f
Experimental Evaluation

* XMark and MiMI datasets
= 20 queries for XMark, 52 queries for MiMI

* Compare with four alternative strategies
* XQuery (XQUERY)
* Summary-Based Exploration (SUMMARY)
» Labeled Keyword (XSEarch)
* Schema-Free XQuery (SFX)

* Divide queries into simple and complex
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Human Cost of Querying
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Result Quality (Precision & Recall)

B nso
B cFx
B :sEarch

100 —

0 —

g0 —

70—

Bl —

a0

40 —

Average Precision/Recall

30

simple/Prec. Simple/Recall Complex/Prec. Complex/Recall
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Query Performance

B tine

30
20—
15 —

Query Evaluation Cost {s)
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SOUERY ASUMMARY M50 SFY YSEarch
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f
Conclusion

* We proposed a novel query model called
Meaningful Summary Query (MSQ)

» Leverages schema-based semantics to
improve query performance while
maintaining result quality

* Enables ordinary users to query on the
schema summary directly
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Questions ?

http://www.eecs.umich.edu/db/usable
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