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What are you looking for?
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Search by a list of specifications

A Movie and an Actor
From the Movie return the Director o
The Director has won an Award
The Movie is adapted from a Book
From the Book return the Author

o kDb~

Hard to Specify!

Too many options!
What is the schema?
Which specification is important?
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Search by Example

Lord of the Rings

E. Wood

P.Jackson

Tolkien

4 ICDE 2018 - Paris | Matteo Lissandrini

db Trenlo



Search by Example

Lk
b .
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Search by Example

L
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Search by Example

e o
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Search by Example

g | b

Harry Potter, James Bond, ...
‘

More Intuitive!
Avoid list of specifications
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ONE EXAMPLE >
IS NOT ENOUGH oun examples

are only
Partial Specifications
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Search by Multiple Examples

spouse
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ONE EXAMPLE
IS NOT ENOUGH
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A
When "

Results have
Different Structures
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director o
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Multi-Example Search

 Multiple Simple Examples

« Each Example describes an Aspect

« Results are Combinations of aspects

 Results have possibly Multiple Structures
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Edge-labelled
Multigraphs

G: (V,E, L, #)

OpenlE

Freebase Cyg Goolt
ConceptNet . . . . eo :es
. GDelt
‘ KNOWLEDGE .
~ GRAPH
DBpedia
PROSPERA
YAGO ‘ .
‘ WordNet Metaweb
. ’ Knowledge Vault
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SINGLE EXAMPLE

Exemplar Queries

Input: Q,, an example element of interest
Output: set of elements in the desired result set

Exemplar Query Evaluation

* match Q, to sample S in the graph G

 find the set of elements A similarto S
given a similarity relation

« [OPTIONAL] return only the top-k subset AKC A A:{aeD|a=S}
~ - similarity
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MULTIPLE EXAMPLE

Multi-Exemplar Queries
Our Problem Formulation:

s~ ," \
\ ¢ --A ‘:
Input: Q,, a|set of | example elements of interest \ /
\ ’
Output: set of elements in the desired result set . .} il

Exemplar Query Evaluation
 match|each q € Qe] to the[set of samples S{ s,, s, }] in the graph G
 find the set of elements A similar to[each element in S]

given a similarity relation

« [OPTIONAL] return only the top-k subset AK A:{aeD| VsES.s=a}

~ - similarity
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(Multi-)Exemplar Queries on Graphs
Single Sample A: {aE€D|a=S}

A: { a subgraph of G | s isomorphic to a} Transitive and Symmetric!

« Similarity (=) : graph isomorphism Graph Isomorphism is f

Challenge : find ALL isomorphic graphs A is an Equivalence Class

Multiple Samples A: { a€ED | VSES.sza} s;s,SS.s;#s;>A=

- Similarity (=) : ?Subgraph-lsomorphism
A: { a subgraph of G | Vs&€S. s subgraph isomorphic to a}

IS THIS CHARACTERIZATION ENOUGH? Answers Are Subgraphs
That Contain Structures Similar

To Each Sample
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Multi-Exemplar Answers on Graphs

Graph Similarity (=) Subgraph-lsomorphism

{a €G | Vs&ES. s subgraph isomorphicto a}

What constitutes a good answer?
With No Restrictions the Entire Graph
Is Accepted as Answer
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Multi-Exemplar Answers on Graphs

Each answer should be
correct, complete and non redundant:

Ensure all Aspects are present
& Limit Size of Answer Graphs

Answers:
WEAKLY CONNECTED SUBGRAPHS

with NO SUPERFLOUS NODES or EDGES
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1. Connectedness
vn,,n,€V, dundirected path

that connects n, to n,
v CORRECT

2. Consistency
VNa,EV, > 3sES, ng €V
Such that n, maps to n,

v' COMPLETE v« NON-REDUNDANT
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CHALLENGE!

To find Multi-Exemplar answers

~

1. Find ALL isomorphic graphs to ALL samples _'

2. Find which samples combine into one connected answer

For each sample
needs to perform Subgraph-Isomorphism Search

Candidate space = Cartesian Product
for all samples
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Search Framework

S2

Multi-exemplar Answering

Input: Database G : (V, E, /)
Input: Samples S : (s1, ..., Sm)
Output: Answers A

1: G «+ ParTIAL(G,S) «

2: A+ searcH(G,S)

3: return A
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Search Framework Optimizations Multi-exemplar Answering
Input: Database G : (V, E, /)

1. Find CANDIDATE REGIONS Input: Samples S : (51, ..., Sm)
Output: Answers A
a. Remove Unused Edges 1: G « Parr1aL(@,S)
b. Identify SEEDs 2: A« SearcH(G,S)

3: return A

c. Expand Around each seed
Naive Algorithm
2. SEARCH within each region - 1 single region
- . * Retrieves ALL Isomorphic-subgraphs
a. Avoid Cartesian Product - Hash-JOIN for Fast merge of Partial Answers
b. Fast Merge of Partial Aswers

2 Advanced Algorithms
» Fast & Fast+
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Find Candidate Regions - Fast A 27
Identlfy SEED: N

Min # of matches S1 4

—"’

I
/]
/
U

52:6 S3:7

EXPAND around each seed:
Retrieve candidate Regions
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Find Candidate Regions - Fast

Identlfy SEED:

TEaN

Min # of matches( $1:4 | $2:6 $3:7 { §/A

Precomputed Statistics:
« Label frequency
» Label Pair frequency
 Star cardinality
Istar(l,¢) = {G' C G|G': (V' E' {) is a star
AN|E'| =cN3(v1,v9) € E
s.t. £(v1,v9) =1}

Approimate
Cardinality Estimation



Find Candidate Regions - Fast

Identlfy SEED:

.

Min # of matches S1 4 |1S2:6 S3:7

EXPAND around each seed:
Retrieve candidate Regions

Seed search
requires Isomorphic-Search

Some Regions
do not contain all structures
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Identify SEED:

1“ .32} ? g

With cardinality Estimation i ‘
' S

—————

Select SINGLE NODE S
With bitset-mapping s

EXPAND around each seed:

Retrieve candidate Regions

DISCARD incomplete regions .~
With bitset-mapping & before ISU-search
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Fast Pruning with Bit-Vectors

d=1

g 2 s
S 8 3 £
8 8 @ & Example:
Barack Obama (S2) | - |- | 1| - Detect JOIN-Node
Quentin Tarantino (S3) | - | 1| - | -
Steven Spielberg (A1) | - |1 | 1 | -
Kate Capshaw (A2) | - | - | 1 | -
BOvQT| - | 1| 1| - | (union)
(BO v QT) AKC | - n - | - |0 ®
govanass| - [-[-[-lc0)
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Multi-exemplar Answering

TOp-K Weight Function Input: Database G : (V, E, )
for Nodes Input: Samples S : (s1, ..., 5m)
1 / Output: Answers A
Scoring Function p(A) = —— Z w(v) 1: G <~ ParT12L(G,S)
Val 2: A+ Searci(G,S)
veVa 3: return A

Theorem 2. Given the set of graph samples S, and
answers, A1 and Ay, Vs €S.s C A;, via the isomorphism
functzon Ky, , the node weight functzon w, and the ranking

p (Equation 1). It holds:
Ay = 2o 2w WD) ) < o)

mazses|Vs|

Skip Regions that will not produce answers
with score High Enough

db Trenlo
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Multi-exemplar Answering

TOp-K Weight Function Input: Database G : (V, E, /)
for Nodes Input: Samples S: <81, covy Sm>
1 / Output: Answers A
Scoring Function p(A) = —— Z w(v) 1: G <~ ParTIAL(G,S)
V4l ey 2: A+ Searcu(G,S)
veva 3: return A

Theorem 2. Given the set of graph samples S, and
answers, A, and Ay, Vs €S.s C A;, via the isomorphism
function py ., the node weight function w, and the ranking

p (Equation 1). It holds:
S\ \Ws s
Zs Zv w(p’Ag ('U)) < p(Al) N ,O(Az) 3

mazses|Vs|

1. Sort regions (output of Partial)

SOAL) —
p(A2) 2. Estimate Upper Bound Score

for each

3. Find Top-K & prune

Skip Regions that will not produce answers
with score High Enough

dbTrenfo
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Experimental Evaluation

3 Algorithms:
a) Naive
b) Fast (iso-graphs as seeds)
c) Fast+ (nodes as seeds)

2 Large Real Datasets:
a) YAGO +16.7M Edges
b) Freebase +300M Edges
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Tests: 100 Queries 2-5 Samples

Count isomorphic computations

Running Time
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Datasets: Freebase (300M Edges) Yago (16.7M edges)
100 queries, from 2 to 5 samples

Evaluation Results

B mQ-Naive mQ-Fast B mQ-Fast+

<300 - -
% E E 40-60%
Saving Isomorphic 5200 - = = ot
Y p % 7)) T Reduction in Iso-Search
Computations . = = ? - = ? Computations!
7 = =|7Z1= =|7Z|=
= 100 A = = ;/'3 = = ﬁ =
** = = B
= = f"’; 2 | ﬁ T
‘ = = | 5
SPEa= | =l S|
2 3 4 3!
#Query Samples
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Datasets: Freebase (300M Edges) Yago (16.7M edges)
100 queries, from 2 to 5 samples

Evaluation Results

A mQ-Naive

N\
J

100 { /Oy
. — 1 V. ia
Running 8 £ 1°1,
g {41 .
Times £ AN g
5 10:
o ]
] AT O AVERAGE
A E® VEDIAN
1 : : : E : :
2 3 4 5

#Query Samples In some cases the “Fast” algorithm

wastes computations
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Conclusions

Search via Multiple-Examples
Find structures similar to a SET of input examples.

Composite Results
Output: Containing characteristics from
each Example

a Complete Example with all the desired characteristics
Useful When: is not known,
Characteristics combine in Multiple ways.

1. Exploit Localized Search
T 2. Bitset Pruning
Optimizations: 3. Cardinality Estimation
4. Top-K Optimizations
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Thank You!
Questions?

0.S.
Now you
can hire me!

Localized Search
S less effective
With a Dense Graph!
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[hank you
Questions?
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There is more...
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Search Framework Optimizations (bis)  Multi-exemplar Answering

Algorithm 1 nQ-Naive Input: Database G : (V, E, /)
1: function ParTIAL(G, S) ) Input: Samples S <81’ 0 3m>
2: re?urn G :{G} > Selectively pruned based on & Output: Answers A

2; f““;tiﬂnosmc"(g’s) 1: ?4 < PARTIAL éG:SS)

5:  fo Gda 2: <~ SEARCH

6: for each s; € S do > Find isomorphic subgraphs ) ( ’ )

7: Ai—{ACGlsi~A} 3: return A

8: C+argming ¢ a,, . Asp) A7

9: while C # 0 do

10: +— ReMoveONE(C) - :

11: icf Vs € S.s C c then > Check sample in ¢ Na“’e Algorlthm

12: A AU{c} i i * 1 single region
13: else C « CuUConnect(c, S, (A1,..., A|s|))

* Retrieves ALL Isomorphic-subgraphs

14:  return A » Hash-JOIN for Fast merge of Partial Answers

Algorithm 2 ConnecT™
Input: Candidate c: (V,, E.,£.); HashTable H

Outprt: Expanded candidates CT 2 Advanced A|90I'Itth
1: C7 « 0 °
> Find candidate nodes contained in some answer FaSt & FaSt+

C* + CT UMerGE(c, A;)
: return CT

dbTrenfo

2: eachncl-de

3: r‘for each A; € H(n) s.t. s; Z cdo ]
4.

5




Cardinality Estimation

Precomputed Statistics:
* Label frequency
» Label Pair frequency
» Star cardinality
Istar(l,¢) = {G' C G|G": (V' E',{) is a star
A|E'| =cNF(vy,v2) € E
s.t. L(vi,v9) =1}
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Example Query/Answers

[ John Belushi ]Mv[ Jim Belushi ]
[ Steven Tyler ]—d'[ Liv Tyler ]
[ Steven Spielberg ]m[ Hook ]
| Maryl streep }——{ The iron lady ']}

[ Fred Zinnemann ]

dlrected

[ Alfred Newman ]

sibl
o

ing'[_ :

Lionel Newman ]

child

[ Thomas Newman ]

|
siblin
|[ Nick Clooney ]_Q[ Rosemary
Clooney

)

![__G-g _rg;e CI.o;u.ay_ I____>éWa'rd777 -_ -E; - _i

[Good night & ]
good luck
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J awardiln .

I[ Doctor Dolittle ] l
L

T — o — —  — —T
directed

[ Richard Fleischer ]
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Example Query/Answers

o — — — — — — —

H (e—=————— Retum 4 Dustin \
=3 Richard |Has Child[ Paris Of the Jedi I | | Hoffman |\Acted In |
£ I Hilton Hilton || Wonlprize |
xS —== | |( Daviddi | ( Rain |
_ )\ Donatello ] {_Man )
\\
Federal Cross N Ronald
' Brookl Reagan
WonPrize Of Merit Act::lo nyn g
Ronald | isMarriedTo ™\pney ) Dick

Powell
isMarriedTo

Answers

o In Won|/Prize

June Federal Cross
[Allyson ] EArkansas][ Of Merit ]

Reagan actedlin ~~ _Réagan

Has‘LChiId Bornvln

George H.] (Hellcats of | (New York )
W.Bush The Navy J|  City

J
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