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Introduction Answering Why Questions Evaluation
* Subgraph queries have been applied to . Computing optimal query rewrites Datasets
access and understand complex networks. , . pr—
ey » Maximum bounded set (MBS): with Name #Nodes #Edges #labels pe:'nzdf
! c(0) < B and all of its superset has cost DBPedia 4.86M 15M 676 9
ek exceeds B. Yago 1.54M 2.37M 324K 5
POI Recommendation Knowledge Extraction » An exact algOTithm (EX&CtWhY): Freebase 40.32M 63.2M 8630 8
*  Writing queries is nevertheless a nontrivial ' Pokec 1.6M 30.6M 10 60
task for end users: [ Sy ]—’[ Oenerate MBS } - Loy e ; .
» The graph is large and heterogencous. dddE () /,,,?L\ BSBM Upto50M  upto126M  upto3080  upto 20
» Users often need to revise the queries 0,= AddL(-___) /Efl}\{ou
multiple times to find desirable answers. v} toposl o {op 0|0 Algorithms
*  Why-questions. 0;=RfL(..)  O:|{0,0205}] |{9:030:}0; « ExactWhy, ApproxWhy, IsoWhy
» Why question: “why some (unexpected) [ Select O that } " Verify answer } * ExactWhyNot, FastWhyNot, IsoWhyNot
- . ’. maximize c/(0) | closeness
entities are 1n the query answer?”’; and 0 =03 Results
» Why-not question: “why certain entities cl(0,) = 1.0 return Q = QBO, * Answering Why questions: Effectiveness

are missing from the query result?”

Deal Company Deal
Discount: 8% <— . —> Discount: 20%
Carrier: AT&T name: Samsung Carrier: Query Q
Verzon Deal
Carrier=AT&T
A
Cellphone
Price < $500
Cellphone Cellphone Cellphone ¢
Model: A5 Model: S6 Model: S9 Color Company
Price: $250 Price: $289 Price: $799 val=Pink  Dame=Samsung
\/ l Matches: {A5, S6}
Graph G Color Color
val: Pink val: Black

e "/«\j 13 . ”»
““why model A5 are in the query result ?” “ why model §9 are not in the query result ?

Query rewrite Q, Query rewrite Q,

Deal Deal

Carrier=AT&T Carrier=AT&T

4 Company A Company
?Cellphone name=Samsung ?Cellphone name=Samsung
Price < $500 Price < $500-$799
Price > $250 Price > $250

v v

Color Matches: {AS5;-S6} Color Matches: {S6, S9}
val=Pink s

Problem Formulation

* Categorization of Why-Questions.

» Why: why the nodes in Vy  are included
as matches for u, in G

» Why-not: why the nodes in V,, are not
matches of u of Q?

* Answers for Why-Questions
» Query rewrites: query editing operators;

Remove literal Deal Deal Deal Add edge
e L Carrier=AT&T Carrier=AT&T

Remove edge % & 4 s 4 Color Refine literal

‘ ?Cellphone ?Cellphone ?Cellphone —
Relax literal  Price < $500-$799 Price < $500 Price < $5060-$300 Add literal
Price > $250

» Answer closeness cl(0,V, ):

*  Why: the fraction of Vy, that are excluded *  Why-not: the fraction of new matches in

from Q' (u,, ). V¢, that are introduced in Q' (u,, G).
0, \Q' (u,, G))NV, "(up, G))NV,
a(0,vy ) = 1(Q (uo, GI\Q' (uo, G))NVy, | A0,V ) = [(Q'(uo, G))NV, |
“ [V, | Ve, |
Ve, Q'uoG) ~._ Vy, Q(u, G)

w_, \\\ W
@e Qo) 6) < @e Q'(up,6)
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Guard condition: avoid over-refinement
or over-relaxation

> Problem statement

R

» Given a query O, answer Q(u,, G), graph
G, a Why-question W, editing budget B,

7

¢ Compute a query rewrite Q' = Q@O*,
such that

O* = argmax cl(0, V)
0:c(0)<B

% Time cost: O(|Q] ‘NdQH(Q(uO, G))‘ +
|0513F INg 41 (Vi )1'@D).
* Approximating optimal query rewrites

» Given refinement operator set O, the
marginal gain of an operator o to O:

mg(0,0) = cl(0B{o}) — cl(0);
» Function cl(+) is submodular;

» An approximation algorithm ApproxWhy:

: )
[ Generate picky ] P[ Estimate m—-g-(r)) I‘—
operators J

@
= AddE (... — 7
. (- (0} {0} - {o)
0,=AddL(...) e
______ {01,0,} {02,03} ... {02, 04}
------ e—
0;=RfL(...) {01, 02,03} {02,03, 04}

maximize c/(0)

[ Output O that

Iteratively select o
with maximize 222
c(o)

1

) . cl(O*, VNu) — 6Bs¢;

return Q' = Q@O

5 i 1 .1 —
»  Approximation : » (1 ;

% Time cost: 0(|Q] IJY&QH(Q(%, 6)| +
06| |Nag+1 (V)| +10s1% [Nage1 (Vi)

).

Answering Why-not Questions
 Computing optimal query rewrites

» An exact algorithm (ExactWhyNot):

\/

*¢ Following the similar manner with ExactWhy but

considers only relaxation operators;

< Time cost:0(|Q||OS|ZB|NdQ VeIl

A faster heuristic

» A heuristic algorithm HeuWhyNot:

\/

*» Following the similar manner with ApproxWhy;

% Time cost: 0(]Q| |NdQ(ch) + 042 |NdQ(ch) .

Extensions

Q that contains multiple output nodes;

Why-empty: answer set is empty;

*  Why-so-many: too many answers.
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Answer Closeness Varying B

ApproxWhy computes good query rewrites that have closeness
at least 85% to their optimal counterpart

* Answering why questions: Efficiency

400 T T T T T
! ! ! ! ] ApproxWhy(L=2) ——
ExactWhy CX3  ApproxWhy = | P P‘i‘;;;Wh;EL:z; o
I[soWhy = ExactWhy(L=2) —ll—
100 - 300 | ApproxWhy(L=3) —>%—
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Efficiency Vayring |E|

It 1s feasible to answer why questions for large graphs.

* Answering why-not questions
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Answer Closeness Efficiency

The result 1s consistent with the results for Why questions.

* Case study

Business inquiry

(@) Query Q,

Product recommendation

(b) Query Q,

Laptop?
name:Google Map storage = 512GB
Company? ——— 3 Product display = 15"

integrated with
)
IocatedAtJN lownedBy 2
q b_]/

Country Company GPU-Brand Company
—name:USA- e m'm'a name = Apple

acq. year > 2013
producedBy

name:Google

Why-not Urban-Engines and Waze? Why empty?
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