» Header

Select * { Q ﬁ Select * {

?x lives_in india . ?x <livesin>7s2.

columbia has_graduate 7x ?x <graduatedFrom= <Columbia_University=>.
} 752 <dealsWith> <India>

}

feedback original_element proposed_element assignment_example

X X <Fazlollah_Reza>
lives_in <livesln>

752 <Canada>
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Find individuals who are
graduates of Columbia University
and who now live in India
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SELECT * {

Columbl T
} Columb (family name) | 1

St Columb Major (town) o

Columb Malachy (researcher)




Querying a Knowledge Graph
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Find individuals who are
graduates of Columbia University
and who now live in India

-

Issue 1: getting “stuck”.

What if the result is empty?

Residence location
is typically a city

~

-
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Xalect knowledge
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Provenance-Based SPARQL Query Formulation

Issue 2: sparsity and
heterogeneity

How can we find relevant
examples?

\.

~

/




Semi-formal Queries

Provenance-Based SPARQL Query Formulation

Find individuals who are
graduates of Columbia
University and who now
live in India

~N

-

J

Natural Language
query:
Unstructured, not
grounded

Easy to write ©

Difficult to ground ®

}
.

Select * {

columbia graduate ?x
?x lives in india

-~

~

Select * {

}

J

Semi-formal query:

Well-structured, not grounded

Requires SPARQL familiarity

Easier to ground

o

?X <graduatedFrom> <Columbia University>
?X <lives in> ?s2
?s2 <islLocatedIn> <India>

J

Formal query:

Well-structured, grounded

Requires familiarity with SPARQ

Can be directly evaluated ©



The SPARQLIt Framework: Highlights  #rovenancesases searat auery Formutation

4 N\ Structural changes
Transform —/7 N )
semi-formal query ( A
] -S 5 .
> candidate formal | Grounding terms ) Search Engine
gueries
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Provenance // Prune candidates Triple Store
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User feedback transformations —T—> Traverse by cost
on query parts +query evaluation - J
and results - /
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Provenance-Based SPARQL Query Formulation

Facts as triples:

Yael lives in India. India created_on 1947
eEnt €Pred cEnt/Lit

Basic graph patterns (BGPs):

?X lives in y. ?y created on 1947
Query evaluation:
D1 ?x—Yael, ?y —India ]> Variable bindings

@,: ?X—Kareena Kapoor, ?y+~—India

Q(G)={(Yael,India), (Kareena_ Kapoor, India),..) Queryanswer



U Se r i n p Uts a Se m i-fo rm a I q u e ry Provenance-Based SPARQL Query Formulation

» Header QQL syntax

Select * { a ﬁ |

?x lives_inindia.

columbia has_graduate 7x

} X
Not in the KG \

vocabulary
Empty results




Ste p 1 : Stru Ctu ra I Ed its Provenance-Based SPARQL Query Formulation

I Candidate semi-

fSelect * {
formal query.

Ex graduate columbia.|

Cost: 2c
X lives_1n 1ndla.
Input semi- \_} 7
formal query.
Cost: 0 g * N
Sele;t b'{ duate ? Candidate semi-
columbia graduate ?x. formal query.
(Select * { ?X india. Cost: 100c
Q columbia graduate ?x. \} ~7
?x lives in india.
\J
/Select * { \
columbia graduate ?x.
?X lives in ?s2. Y Candidate semi-
?s2 ??Y1 india. formal query.
\} J Cost: 30c




Ste p 1 : Stru Ctu ra I Ed its Provenance-Based SPARQL Query Formulation

Candidate semi-
formal query.

~ Cost: 2c
Select * { * Operation cost is accumulated
? i - o .
?X_graduate columbia| Pre * Lazily compute minimum-cost candidate
/ ’X lives 1n 1ndia. O}be
J 83,
'O//f
“h
@ N
Select * { /Select x g \

columbia graduate ?x.

i ?
e Y india. columbia graduate ?x.

} ?X lives in ?s2.
\ W X% ?s2 ??Y1 india.

}
\ V Candidate semi-

KSelect * { N ) formal query.

columbia graduate ?Xx. Cost: 30c+2c=32c
N [5x Lives in ?s2.
’s2 ??Y1 india.

4 Candidate semi-

% f
ormal query.
Cost: 30c




Structural Edits Provenance

Provenance-Based SPARQL Query Formulation

Given two (semi/formal) BGPs Q, Q'
their transformation provenance is prov(Q, Q') = (P, ()

/;elect * { /;elect * { \\ /;elect * { \\
C? columbia graduate ?x. ?X graduate columbia. ?X graduate columbia.
?x lives in india. ?x lives in ?s2. ?x lives in ?s2.
\} ?s2 ??Y1 1india. ?s2 ??Y1 india.
7 A /
{(columbia, columbia) {(columbia, columbia)
P = (graduate, graduate) P = (graduate, graduate)
(?X, ?X) (?X, ?X)
(L, ?sZ)J (?s2, ?s2)
(L, ??Y1 (?°Y1, ??Y1)
(lives_in, lives _in) (lives_in, lives in)
(india, india)} (india, india)}
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Ste p 2 : G ro u n d i ng G e n e rato r Provenance-Based SPARQL Query Formulation

/Select * { ) /Select * { )
?X graduate columbia. ?X <graduatedFrom> <Columbia University>.
?x lives in india. ?X <livesIn> <India>. <«
} }
o / \ /

Formal query

“lives in india” 1. “Kareena Kapoor lives in india ” 1. ?x <livesIn> <India> —
ives in india " L - . . .
2. “Yael lives in indianapolis —2. ?X <livesIn> <Indianapolis>
3. .. 3. .

A

{(columbia, Columbia University)
Search Engine P = (graduate, graduatedFrom)

(?x, ?X)

(lives_in, 1livesIn)

(india, India)}




Ste p 3 : Tri p I e Sto re Provenance-Based SPARQL Query Formulation

/Select * { )

?X <graduatedFrom> <Columbia University>.
?X <livesIn> <India>.

U Y

Prune queries based
on results. E.g.:
empty results

—>1. <Prakash_Apte>

{(columbia, Columbia University, |.Ll),

(graduate, graduatedFrom, 1),
Triple Store (?x, X, Prakash_Apte),
(lives_in, 1livesln, 1),

(india, India, 1)}




Ste p 4 : FEEd ba c k Provenance-Based SPARQL Query Formulation

* Header Interaction count: 1
* Select *
select | g a> ' . ==& 0
?x lives_in india. ?x <livesIn> <India> .
columbia has_graduate ?x ?x <graduatedFrom> <Columbia_University>
} }
A
feedback original_element proposed_element assighment_example

X 7X <Prakash_Apte>

lives_in <livesIn>

india <India>

has_graduate <graduatedFrom>

columbia <Columbia_University>




Ste p 4 : FeEd ba C k Provenance-Based SPARQL Query Formulation

» Header Interaction count: 2

Select *{ o ﬁ Select * { — B °

?x lives_inindia . ?x <livesIn>7s2.

columbia has_graduate 7x ?x <graduatedFrom> <Columbia_University>.
} 752 <dealsWith> <India>
i
feedback original_element proposed_element assignment_example
: 7X 7X <Fazlollah_Reza>
7 lives_in <livesIn>
5 7s2 <Canada>
v has_graduate <graduatedFrom>
v columbia <Columbia_University>
m <dealsWith>
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Expe ri m e nta I SEt u p Provenance-Based SPARQL Query Formulation

e Datasets
 YAGO
 DBpedia

* Queries: QALD-9 (NL to formal in DBpedia)
 Semi-formal queries:

e Manual translation
 YAGO vs DBpedia

Baselines
* gAnswer
e Restricted variants



SO m e Res u Its Provenance-Based SPARQL Query Formulation

SPARQLIt+ SPARQLIt+ With-Empty+ gAnswer+
QALD QALD Cross-KB  QALD QALD-9
Translated Translated
DBpedia 78% 81% 64% 36%
YAGO 84% 81% 64% N/A

80%

O — D 80%
= 60% =
g With-Empty & 60%
0,
5'40/) , No-Syn — _:4[}315 With-Empty
2 20% —Top-50 2 oo No-Syn
-3 —SPARQLIt g =Top-50
O 0% —gAnswer = 0% o= SPARQLIE
NS 0 10 20 30 40 50 S 0 10 20 30 40 50
# user interactions # user interactions

DBpedia YAGO



Some Results

Provenance-Based SPARQL Query Formulation

# user interactinos - YAGOD

10

L ] L ]
» L]

L] ™

‘ L]

10
i user interactions - DBpedia

Low correlation
between datasets

Total time (ms)

L

L

20000

0

Time increase is
linear in
# transformations

B Eiffel Tower Elizabeth Il Jack Nicholson

1 2 3 4 3 & 7 &

Queries



S u m m a ry Provenance-Based SPARQL Query Formulation

* An interactive framework for o
. select ' o IR J I ~ =@ O
SPARQL query ConStrUCtlon -c);llijvni;_i;nf:z;ﬂ;aduate?x ':?::;\r,aejijna;:ir-om><Columbia University>.
* Using provenance to track query : 752 <dealsWith> <ndia-

}
t ra n SfO r m at i O n S a n d O U t p U t feedback original_element proposed_element assignment_example

X X <Fazlollah_Reza>

lives_in <livesin>

e Search engine + triple store
+ fine-grained user feedback
help pruning candidates

752 <Canada>

e Future work:

* Extending query fragment (to e.g., aggregation)
 Additional operations



Thank you!
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