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Decomposition Methods

lfitfoduction t

~ Inherent Problem Cc

@ Problems decidable or undecidable.
@ We concentrate on decidable problems here.

@ A problem is as complex as the best possible algorithm which solves it.

02/08/2013




Inherent Problem Complexity

Problems decidable or undecidable.

We concentrate on decidable problems here.

/A
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A problem is #& complex as the best possible algorithm which solves it.

Number of steps it takes for input of size n

I Exponential

on

runtime

Polynomial

instance size

Time Complexity

PROVABLY EXPONENTIAL
Theory of the Real Numbers

Domino Problems

PROBL.

PROVABLY POLYNOMIAL

Find shortest path in graph
Linear Programming

Time Complexity

PROVABLY EXPONENTIAL
Theory of the Real Numbers

Domino Problems

NP-COMPLETE
PROBL. G

1

1 ph 3colorability
| Knapsack

1

1

Traveling Salesman
Crossword Puzzle
Satisfiability (SAT)

PROVABLY POLYNOMIAL
Find shortest path in graph
Linear Programming
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Graph Threeolorability A\
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Instance: A graph G.
Question: Is G 3-colorable?

Examples of instances:

o - o °

Graph Threeolorability A\
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Instance: A graph G.
Question: Is G 3-colorable?

Examples of instances:

YES!

Approaches for Solving Hard Problem .ﬁf\u

@ NP-complete problems often occur in practice.

@ They must be solved by acceptable methods.

@ Three approaches:

« Randomized local search

* Approximation

« Identification of easy (=polynomial) subclasses,




Approaches for Solving Hard Problem AN

1JCAI13

@ NP-complete problems often oceur in practice.
@ They must be solved by acceptable methods.
@ Three approaches:

¢ Randomized local search

e Approximation

e [dentification of easy (=polynomial) subclasses. |

Q
-
-

’

Identification of Polynomial Subclasse

@Hi gh complexity often arise
instances

@ Worst case instances exhibit intricate structures
@ In practice, many input instances have simple structures

@ Therefore, our goal is to

o Define polynomially solvable subclasses
(possibly, the largest ones)

@ Prove that membership testing is tractable for these
classes

@ Develop efficient algorithms for instances in these classes

Graph andHypergraptecompaositions AN

IJCAI-13
@ The evil in Computer science is hidden in (vicious)
cycles.
@ We need to get them under control!
@ Decompositions: Tree-Decomposition, path
decompositions, hypertree

Exploit bounded degree of cyclicity.

02/08/2013




Graph Threeolorability A\
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Instance: A graph G.
Question: Is G 3-colorable?

Examples of instances:

[ R Py
YES!

Problems with a Graph Structure AN

1JCAI13

@ With graph-based problems, high complexity is mostly
due to cyclicity.
Problems restricted to acyclic graphs are often
trivially solvable (—+3COL).

@ Moreover, many graph problems are polynomially

solvable if restricted to instances of low cyclicity.

Problems with a Graph Structure /N

1JCAI13

@ With graph-based problems, high complexity is mostly

due to cyclicity.

Problems restricted to acyclic graphs are often
trivially solvable (—+3COL).

@ Moreover, many graph problems are polynomially

solvable if restricted to instances of low cyclicity.

How can we measure the degree of cyclicity?

02/08/2013




Howmuchdcyclicityd  thisgrapl? A
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@ Suggest a measure of distance from an acyclic graph

. [ 1
. .
.
.
.
ThreeEarlyApproaches ﬁ
[|1JJJ Feedback vertex set
Set of vertices whose deletion makes the graph acyclic
. [ 1
. »
.
.
.
The feedback vertex number ﬁ

[FIJ_IJ Feedback vertex number

Min. number of vertices | need to eliminate to make the graph acyclic

. .« e

o fwn©G)=3

02/08/2013
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JJ Feedback vertex number

Min. number of vertices | need to eliminate to make the graph acyclic

L .« 0

@ @ @ . fwn(G)=3
.
@ |Is this really a good measure for the fdegree of
acyclicityo?
@ Pro: For fixed k we can check efficiently whether
fwn( G)k O
o What does it mean efficiently when parameter k is fixed?

Classical Computational Complexity A

IJCAI3
n = input size

good

But...

@ In many problems there exists some part of the input that are quite small in
practical applications

@ Natural parameters

@ Many NP-hard problems become easy if we fix such parameters (or we
assume they are below some fixed threshold)
@ Positive examples: k-vertex cover, k-feedback vertex set, k-c | i que, é
@ Negative examples: k-coloring, k-CNF, €
= - A
Parameterized Complexity ﬁ

@l nitiated by Downey and Fel

n = input size

2 °m NP=h

k fixed

parameter

no® WI{]h

Typical assumption:‘ FPT

FPT f(k) no®
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W[1}hardproblems kclique ﬁ
@ k-clique is hard w.r.t. fixed parameter complexity!
INPUT: A graph G=(V,E)
PARAMETER: Natural number k
[ @ Does G have a clique over k vertices? ]
FPT races AN
IJCAI-13

@ http:/fpt.wikidot.com/

FPT Tractability 8Bedback Vertex Set J4)

1JCAI13

INPUT: A graph G=(V,E)
PARAMETER: Natural number k

[ @ Does G has a feedback vertex set of k vertices? ]

@ Naive algorithm: O(n**1) Not good!
@ Solvable in O((2k+1)*n?) [ Downey and Fell ows

@ A practical randomized algorithm runs in time: O(4*kn)
[Becker et al 2000]
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FeedbackertexSet:troubles /A
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[|" Feedback vertex number

Min. number of vertices | need to eliminate to make the graph acyclic

. .« 0

® ©® @

. fwn(G)=3

Is this really a good measure for the filegree of acyclicityo?
{Pro: For fixed k we can check in quadratic time if fwn(G)=k  (FPT) .

Con: Very simple graphs can have large FVN:

VVVVYVIVYYY

Feedbacledgenumber A

1JCAI13

@)IJ Feedback edge number A same problem.

Any idea for further technig®es /AN

1JCAI13

w

[
e i
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Yes! A tree of clustersupproblemp A\
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v

i
VvV,

@ Well known graph properties:

@ Abiconnected component is a maximal subgraph that
remains connected after deleting any single vertex

@ In any graph, its biconnected components form a tree

Biconnecteavidth /A

1JCAI13

{]J Maximum size of biconnected components
:E bew(G)=4

Pro: Actually bcw(G) can be computed in linear time

Drawbackef BiComp A

1JCAI13

& ’]J Maximum size of biconnected components

bew(G)=4

Pro: Actually bcw(G) can be computed in linear time
Con: Adding a single edge may have tremendous effects to bcw(G)

02/08/2013
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Drawback®f BiComp A\
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Hl Maximum size of biconnected components

o

12
bew(G)=4

Pro: Actually bcw(G) can be computed in linear time
Con: Adding a single edge may have tremendous effects to bcw(G)

Can we do better? /A

1JCAI13

@ Hint:
@ why should clusters of vertices be of this limited kind?

@ Use arbitrary (possibly small) sets of vertices!
@ How can we arrange them in some tree-shape?

@ What is the key property of tree-like structures (in most
applications)?

W

Can we do better? A

1JCAI13

@ Hint:
@ why should clusters of vertices be of this limited kind?

@ Use arbitrary (possibly small) sets of vertices!
@ How can we arrange them in some tree-shape?

@ What is the key property of tree-like structures, in
applications?

02/08/2013
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Tree Decompositions [Robertson & Seym@bif /ﬁ\
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q y
(/;\/ b
- d

@\ @

TreeDecompositionfRobertsor& Seymour 86] /’n\

1JCAI13
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TreeDecompositionfRobertsor& Seymour 86] /ﬁ\
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Graph G Tree decomposition of width 2 of G

TreeDecompositionfRobertsor& Seymour 86] /ﬁ\

1JCAI13

Graph G Tree decomposition of width 2 of G

AEvery edge realized in some bag
AConnectedness condition

Connectedness condition for A

1JCAI13

02/08/2013
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TreeDecompositionandTreewidth ﬁ
LA _/a—d;) (ot )

l’_|
—

‘ ¢ Coad ) (oot )
g
g (beg )
h C width(T,X;) = max |X,| -1
| tw(G) = min width(T,X,)
Playingthe Robbe& CopsGame ﬁ
Playingthe Robbei& CopsGame ﬁ:\,,

02/08/2013
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Playingthe Robbe& CopsGame /A
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Playingthe Robbe& CopsGame /A

1JCAI13

Properties of Treewidth A\

1JCAI13

e e ¢ e ¢ e

tw(acyclic graph)=1
tw(cycle) =2
tw(G+v) ¢ tw(G)+1
tw(G+e) ¢ tw(G)+1
tw(K,)) =n-1

tw is fixed-parameter tractable (parameter: treewidth)

02/08/2013
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(2]

PNpplieations of Tree Decompaositions ]

Use offreeDecompositions A

1JCAI13

1. Prove Tractability of bounded-width instances

a) Genuine tractability: O(n'")-bounds

b) Fixed-Parameter tractability: f(w)*O(nk)

2. Tool for proving general tractability
a) Prove tractability for both large & small width

b) Prove all yes-instances to have small width

Use offreeDecompositions A

1JCAI13

1. Prove Tractability of bounded -width instances
a) Genuine tractability: O(nfW)-bounds

constraint satisfaction = conjunctive database queries

b) Fixed-Parameter tractability: f(w) *O(n)

multicut problem

2. Tool for proving general tractability
a) Prove tractability for both large & small width

finding even cycles in graphs i ESO over graphs

b) Prove all yesinstances to have small width
the Partner Unit Problem

02/08/2013
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Use offreeDecompositions A
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1. Prove Tractability of bounded-width instances

la) Genuine tractability: O(nf")-bounds |
ImRARTIIIT

b) Fixed-Parameter tractability: f(w)*O(n)

2. Tool for proving general tractability
a) Prove tractability for both large & small width

b) Prove all yes-instances to have small width

Use offreeDecompositions A

1JCAI13

1. Prove Tractability of bounded-width instances

a) Genuine tractability: O(n'")-bounds

b) Fixed-Parameter tractability: f(w)*O(n) |

2. Tool for proving general tractability
a) Prove tractability for both large & small width

b) Prove all yes-instances to have small width

An important Metatheorem /A

1JCAI13

Courcelle® Theorem [1987]

Let P be a problem on graphs that can be formulated in
Monadic Second Order Logic (MSO).

Then P can be solved in liner time on graphs of bounded treewidth

02/08/2013
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AnimportantMetatheorem /A
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Courcelle® Theorem [1987]

Let P be a problem on graphs that can be formulated in
Monadic Second Order Logic (MSO).

Then P can be solved in liner time on graphs of bounded treewidth

02/08/2013

@ Theorem. (Fagin): Every NP-property over graphs can be

represented by an existential formula of Second Order Logic.
NP=ESO

@ Monadic SO (MSO): Subelass of SO, only set variables, but no
relation variables of higher arity.

3-colorability € MSO.

ThreeColorabilityn MSO A

1JCAI13

(3R.G.B) | (v (R(x) v G(x) v B(x)))
A (Va(R(x) = (=G(x) A =B(a)

A (Yo, y(E(r,y) = (R(r) = (Glx) v Bly))))
A (Yo y(Ele y) = (Gle) = (R(x) v B(y))
A (Y y(Ele,y) = (Ble) = (R(x) v G(y)) ]

Master Theorems féreewidth A

1JCAI13

Courcelle's Theorem: Problems expressible in MSO,
are solvable in linear time on structures of bounded
treewidth

éand i n L OBIERACIECOby Tantau]

Example i Graph Coloring

$PUxy (EYA (PX) 7 PY)

19



Master Theorems foreewidth /A

1JCAI13

Arnborg, Lagergren, Seese '91:
Optimization version of Courcelle's Theorem:

Finding an optimal set P such that G |= F(P)
is FP-linear over inputs G of bounded treewidth.

Example:
Given a graph G=(V,E)

Find a smallest P such that
"Xy (BExy)A (PX) ¥ P(y)

Unrestricted/ertexMulticutProblems A

1JCAI13

5>
s I
O
. T,
S1T1 T, esm
S27T3

Find minimum-cardinality vertex set separating
S2T2 Si from Tj for each tuple <Si,Tj> in relation H

Unrestricted/ertexMulticutProblems /A

1JCAI13

So
S, T,
O
H: T,
S1T1 T, et
S2\T3
S2(T2

02/08/2013
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Unrestricted/ertexMulticutProblems A

1JCAI3
S,
S, T,
Results o)
\F
H:
S1T1 T
S27T3
S2T2

[Guo et al. 06] UVMC FPT if |S|, |C| and tree-width fixed

[G. & Tien Lee] UVMC FPT if overall structure has bounded tw.

using master theorem by Arnborg, Lagergren and Seese.

Unrestricted/ertexMulticutProblems A

1JCAI13

PROOF

- Definition 8. On structures A = (V] E, H) as abovs, lat connects (5, »,y) be defined as follows:

S(2) A S(y) A \‘/’P((P(as) A=P(y)) — (3w (8(u) A S(w) A P(v) A —P(w) & E(w,w))))

wwme(X) = Vrvy ‘ H(z,y) — 'v.*@‘rnn«‘rf:‘:_.‘?ﬂ x,y) — (X (v) A S( .:);} '
Minimize X in uvmc

X intersects each set that connects x and y

Use offreeDecompositions A

1JCAI13

1. Prove Tractability of bounded-width instances

a) Genuine tractability: O(nf")-bounds

b) Fixed-Parameter tractability: f(w)*O(nk)

2. Tool for proving general tractability

| a) Prove tractability for both large & small width]

b) Prove all yes-instances to have small width

02/08/2013
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The Generalized Even Cycle Problem AN
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INPUT: Agraph G, a constant k.

QUESTION: Decide whether G has a cycle
of length 0 (mod k)

In the past century, this was an open
problem for a long time.

Carsten Thomassen in 1988 proved it polynomial
for all graphs using treewidth as a tool.

Proofldea A

1JCAI13

02/08/2013

Small Treewidth (¢c)

"cycle of length 0 (mod k)"
can be expressed un MSO

example . 1 .

“ s

A Courcelle's Theorem

(but was not know

Long Term Research Programme

Large Treewidth (>c)

" k $c: each graph G with
tw(G)>c contains a subdivision
of the f(k)-grid. [for suitable f]

" n>f(k), each subdivision of
f(k)-grid contains a cycle of
length 0 (mod k).

thené)

Determine the complexity of SO fragments over finite

structures.

Finite structureswords (strings), graphs, relational databas
Known: SO=PH; ESO =
Which SOfragments can be evaluated in polynomial time?

Which SOfragments express regular languages on strings

NP

More modestly: What about prefix classes?

A

1JCAI13

22



A csimpled Facility Placement Problem AN

1JCAI13

Every room should be equipped
with a computer.

If a printer is not presentin a
room, then one should be
= available in an adjacent room.

No room with a printer should be
a meeting room.

Every room is at most 5 rooms
distant from a meeting room.

[e]

Simplest Form A

1JCAI13

Given an office layout as a graph, decide whether
the facility placement constraints aatisfiable

9
—1 1 sPsM xSy (PWUE(x.y) & P(y)) &

LE

2 Observe that this is an E,"ae formula

This leads to the questions:

Are formulas of the type E,"ae or even E*ae
polynomially verifiable over graphs?

What about other fragments of ESO or SO?

SimplesForm N

1JCAI13

This motivates the following question:

Can formulas in classes such agaB) or even ESO(efe®) be
evaluated in polynomial time over strings ?

More generally:

Which ESO-fragments admit polynomiaktime model
checking over strings ?

A similar, even more important question can be asked for graphs
and general finite structures:

Which ESO-fragments admit polynomialtime model
checking over graphs or arbitrary finite structures?

02/08/2013
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Complexitpf ESCPrefixClasses A

1JCAI13

. N [G. Kolaitis, Schwentick 2000]
Directed graphs (or undirected graphs with self-loops):

NP-complete classes

Ee’a: i etaa Eaa

PTIME classes

Undirected graphs w/o self-loops:

NP-complete classes
Ezeaa Eluuel'.'lﬂ 'meri‘.‘ma} Eaaa E\ Ejaa
E'etq E*ae Ere'aa Eaa

PTIME classes

TheSaturatiorProblem /A

1JCAI13

Patiern graph P1

Saturation of G viaP1:

In PTIME!

TheSaturatiorProblem A

1JCAI13

Relating F} a¢ to the Saturation Problem

o—o
1

TQN
Lo§  ABh

Pattern graph P2

Graph G

Saturation of G via P2 impossible!
No cycle of length 0 (mod 4) in G.

02/08/2013

24



TheSaturatiorProblem ﬁ
o—0
1T /“/g
O~
Pattern graph P1

Saturation of G viaP1:

TheSaturatiorProblem /A

1JCAI13

Relating EY oz to the Saturation Prohlem

3 Py, PavVady
[(E(n,y) A Pulz)n Falo) A Pu(y) A —Paly)) v
(Blm,y) A Puz) A=Pa(e) s —fdy) /by ]V
(~B(z,y) A —Filz] A nbale) A Pulyl A Paly))]

o—0
"T /
. corresponding pattern graph
Use offreeDecompositions A

1JCAI13

1. Prove Tractability of bounded-width instances

a) Genuine tractability: O(nf")-bounds

b) Fixed-Parameter tractability: f(w)*O(nk)

2. Tool for proving general tractability
a) Prove tractability for both large & small width

I b) Prove all yes-instances to have small width I

02/08/2013
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Partner Units Scenario /A

1JCAI13

@ Track People in Buildings

@ Sensors on Doors, Rooms Grouped into Zones

Partner Units Solution /A

1JCAI13

@ Assigning Sensors and
Zones to Control Units

@ Respect Adjacency
Constraints

The Partnetnit Problem /A

1JCAI13

Bipartite graph G=(V,E) V={/b;

Va={al,...,ar},
Vb={b1,...,bs},
E: edges btw. Va and Vb
o bl
alo
o b2
a20
o b3
a3o
o b4
ado
O b5
a50
© b6
a6bo
o b7

26



The Partnenit Problem ﬁ
Sensors zones
bl
al.
b2
a2
b3
a3
b4
ad
b5
a5
b6
ab:
b7

Replace connections by connections to units
ai bj

The Partnetnit Problem /A

1JCAI13

Bipartite graph G=(V,E) V=Mdb; Va={al,...,ar}, Vb={b1,...,bs}, E: edges btw. Va and Vb

bl
al

b2
a2

b3
a3,

b4
ad

b5
a5,

b6
ab

b7

Replace connections by connections to units
ai —m— bj

OR

The Partnetnit Problem A

1JCAI13

Bipartite graph G=(V,E) V=Mdb; Va= {al,...,ar}, Vb={b1,...,bs}, E: edges btw. Va and Vb

bl
al

b2
a2

b3
a3

b4
ad

b5
a5

b6
a6,

b7

Replace connections by connections to units

OR 4 /—/E / bj

02/08/2013
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The Partnednit Problem

/A

1JCAI13

bl
al

b2
a2

b3
a3

b4
a4

b5
a5

b6
E

b7

CONSTRAINTS:

Aach ai or bi is connected to exactly 1 unit.

Aach unit connected to:
- at most 2 other units,
- at most 2 elements from Va,
- at most 2 elements from Vb,
Af ai connected to bj in G,

al
a2
a3
a4
a5

a6

GKSYy RA&GOFAZOADXKO

A No-Instanceof Partnetnit

G*

Bu1, 2fu3,u4}

bl
b2

b3
b4

b5
b6
b7

/A

1JCAI13

Assume one node a is connected to 7 nodes

bl,...,b7 in G. Then instance G is unsolvable.

Thus, no vertex can have more than 6 neighbours in G.

The PU Problem(s)

b1
b2
b3
b4
b5
b6

b7

A

1JCAI13

@ PU DECISION PROBLEM (PUDP):

Given G, is there a G* satisfying the constraints?

(Number of units irrelevant.)

@ PU SEARCH PROBLEM (PUSP)

Given G, find a suitable G* whenever possible.

@ PU OPTIMIZATION PROBLEM (PUOP)

Given G, find a suitable G* with minimum

number of units |U| (whenever possible).

02/08/2013
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PUDP AN

1JCAI13

ASSUMPTION: G is connected.

Note: This assumption can be made wilog,
because the PUDP can be otherwise
decomposed into a conjunction of independent
PUDPs, one for each component.

Lemma 1: If G is connected and solvable, then there exists
a solution G* in which the unit-graph UG=G*[U] is
connected.

Topology of the UrBraph AN

1JCAI13

Lemma 2: If G is connected and solvable, then there exists
a solution G* whose unit graph is a cycle.

Note: We still dor@know |U|, but we may just try all cycle
of length max(|Va|,|Vb])/2 to length |Va|+|Vb].
There are only linearly many! (Guessable in logsp

Result N

1JCAI13

Theorem:

Assume G is solvable through solution G* with |U|=n anc
having
unit function f . Then:

Q)pwo DU X MM
2twé DO X p

(3) There is a path decomposition T=(W,A)
that can be locally check tweitnssPUDP solution G*

02/08/2013
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Example
IJCAI-13
G*
T
b1
al: 11 [ al a2, a3 a4, b1, b2, b3,
a2 »2 o
b3
a3 ba t2 [al, a2, a3, a4, a5, b1, b2, b3, b4, bs,
a4
b5
a5
a6 b6 13 (@1 a2, a5, a6, b1, b2, b3, b5, b6
b7 !
U={ul,u2,u3,ud}
(-)
Example /AN
IJCAI-13
*
G T
b1
al t1 [ al a2, a3 a4, b1, b2, b3,
a2 »2 o
b3
a3 ba t2 [al, a2, a3, a4, a5, b1, b2, b3, b4, b5,
a4
b5
a5
a6 b6 13 (@1 a2, a5, a6, b1, b2, b3, b5, b6
b7 :

U={ul,u2,u3,ud}

Note: We cannot do better, thus the bound 11 is actually tight!

Example

We now show (2)

Strip off theVb-elements and put them into separate bags.

bl
al

b2
a2

b3
a3,

b4
ad

b5
a5

b6
a6

b7

U={ul,u2,u3,ud}

al, a2, a3, a4

atl; al,

66
b1 b2 2Abe

al, a2, a3, a4, ab

é4\é

3 al, a2, a5, a6,

éﬁﬁXé

Note: Other examples show, we cannot do better, thus the bound 5 is actually tight

02/08/2013
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Example A

1JCAI13
Example for lower bound 5
G
al bl
a2 b2
a3 \ / b3
¢ ¢ alledges’s ¢
» ée ges’é é b4
a5 / \ b5
a6 b6
tw=5
()
Example for lower boubd ﬁ
é and this G is actually solvable:
al: bl
a2 u b2
a3 b3
a4 b4
ab: b5
a6 b6
'0'
Result A

1JCAI13

Theorem : pubpisin polynomial time and is solvable by
dynamic programming techniques.

QED

31



~ Partner Units Results A\

IJCAI3

[Name " 'sensors " [Zones [[Edges [cost [[csP [DECPUP ]
20 2820 s a4t 00n
116 29 * 0.05

dbl-40 58 40
lobeo s eo e a4+ 0
dblv-30 28 30 92 15 * 65.49
T R
triple-30 40 30 78 20 * 0.50
T 7 V7
grid-90 50 68 97 34 * 0.03

Case N>2 /AN

IJCAI-13
For constant N totally open. Could well be-hd.
In fact, Unit Graph does not need to have bountte@width!
If N is notconstant, then NRomplete:
For Siemens, it seems that very small values of N are
relevant.
~ Outline of PART |l A\

5eyond Tree Decompositions }

ns to Databases and CSPSJ

Stfuctural and Consistency Propertie§

02/08/2013
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Outline of PART I /A

1JCAI13

ree Decompositions ]

Beyond Treewidth AN

1JCAI13

@ Treewidth is currently the most successful measure of
graph cyclicity. It subsumes most other methods.

@ However, there are fsimpleod graphs that are heavily
cyclic. For example, a clique.

BeyondTreewidth AN

1JCAI13

@ Treewidth is currently the most successful measure of
graph cyclicity. It subsumes most other methods.

@ However, there are fsimpleo graphs that are heavily
cyclic. For example, a clique.

There are also problems whose structure
is better described by hypergraphs

% rathert han by graphsé
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Database queries A

1JCAI13

@ Database schema (scopes):
@ Enrolled (Pers#, Course, Reg-Date)
o Teaches (Pers#, Course, Assigneq
@ Parent (Pers1, Pers2)

@ Is there any teacher having a child enrolled in
her course?

ans ¢ Enrolled(S,C,R)D TeachegF,C,A) &
ParentR.S)

Database queries A

1JCAI13

Mimmo Luisa
Georg  Anita

Algebra 2003 Algebra  March
Logic 2003 Logic May

DB 2002 DB June Frank Sara
DB 2003 i DB May

é. ééé

QUERY:ls there any teacher having a child enrolled in her
course?
ans ¢ Enrolled(S,C,R) @ TeacheqP,C,A) &
ParentP,S)

Queriesand Hypergraphs A

1JCAI13

Ansc¢ EnrolledS,C,R)oTeachef,C,A) zParen(P,S)

N

Y

02/08/2013
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Queries and Hypergraphs (2) A\

1JCAI13

@ Database schema (scopes):
@ Enrolled (Pers#, Course, Reg-Date)
o Teaches (Pers#, Course, Assigneq
@ Parent (Pers1, Pers2)

O
@ Is there any teacher whose child attend some
course?
Ansc Enrolled(S, G)R) @ TeachegP,C,A)@
Parent(P,S)
A moreintricatequery AN

1JCAI13

ans« a(S, X, X',C,F)@b(S,Y,Y',C',F')@c(C,C',Z) @d(X,Z) @
oY,2) @1 (F,F',2')@g(X',Z) Bh(Y', ) @
§(3,X,Y,X",Y") @p(B, X',F) @q(B', X', F)

02/08/2013
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onstraint Satisfaction Prol

Crossword puzzle

1h: |PARIS 1v:
PANDA
LAURA
ANITA

LIMBO
LINGO
PETRA
PAMPA
PETER

and so on

10Xy, Xp, X3

r—

<

- ——
£

"1y (X1, X7, Xaa, Xag, Xz0)

Set of variables {X;, & ,X

Set of constraint scopes

PARIS
PANDA
LAURA
ANITA

LIMBO
LINGO
PETRA
PAMPA
PETER

Set of constraint relations

— ProblemsnElectricCircuits

/AN

IJCAI-13

02/08/2013
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A problem from Nasa /A

1JCAI13

Part of relations for the Nasa problem

cid_260(Vid_49, Vid_366, Vid_224),
cid_261(Vid_100, Vid_391, Vid_392),
cid_262(Vid 273, Vid_393, Vid_246),
cid_263(Vid_329, Vid_394, Vid_249),

133, Vid_360, Vid_356
cid_265(Vid_314, Vid_348, Vid_395), .

67, Vid_352, Vid_396), @ 680 constraints

@ 579 variables

161, Vid_364, Vid_401),
cid_272(Vid_131, Vid_353, Vid_234),
cid_273(Vid_126, Vid_402, Vid_245).
cid_274(Vid_146, Vid_252, Vid_228).
cid_275(Vid_330, Vid_360, Vid_361),

Configuration problems (Renault exam

Renault Megane configuration
[Amilhastre, Fargier, Marquis AlJ, 2002]
Used in CSP competitions and as a
benchmark problem

Variables encode type of engine, country,

options like air cooling, etc.

99 variables with domains ranging from 2

to 43.

858 constraints, which can be
compressed to 113 constraints.

The maximum arity is 10 (hyperedge
cardinality/size of constraint scopes)

Represented as extensive relations, the
113 constraints comprise about 200 000
tuples

2.84 x 10'? solutions.

Further exampl esé &N

1JCAI13

In the third part

02/08/2013
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Representinglypergraphs vi@raphs AN

HypergraphH(Q) Primal graphG(Q)
Hypergraphs vs Graphs ﬁ
u
\7
An acyclic hypergraph Its cyclic primal graph
Hypergraphs vs Graphs ﬁ

bt 2

There are two cliques.
We cannot know where they come from

02/08/2013
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/A

Further Graph Representations i

Xy

Sl
Decther, 92

Dual Graph X Ss
S,
X
Sy ><1
S, ’
; X3
Seidel, 81 S4 X,
S,
Incidence Graph X.
(Hidden variable encoding) ?
= T ()
t-acyclic Hypergraphs ﬁ

q b
a
d
g G
f
e
p =) h i
| J
i
k
0 n
m
Againon thesimplestquery ﬁ

Ansc¢ EnrolledS,C ,R) sTeachef,C,A) oParen(P,S)

Parent(P,S)

‘ Teaches(P,C,/H Enrolled(S,CﬁR)‘

o

Uacyclic hypergraph JoinTree

02/08/2013
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Deciding Hypergraph Acyclicity A

1JCAI13

@ Can be done in linear time
by GYO-Reduction

[Yuand Ozsoyojlu, | EEE Compsacd79; see also

Input: Hypergraph H
Method: Apply the following two rules as long as possible:

(1) Eliminate vertices that are contained in at most one hyperedge
(2) Eliminate hyperedges that are empty or contained in other hyperedges

His ( Jacyclic iff the resulting hypergraph empty

Proof: Easy by considering leaves of join tree

Example of G¥Reduction A

1JCAI13

* rule 1

H*=(0,0)

rule 2
GYO reduct

Example of G¥ireducible Hypergraph A

1JCAI13

02/08/2013
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Tree decompositions as Join trees AN

IJCAI3
@ Tree decomposition as a way of clustering vertices to
obtain a join tree (acyclic hypergraph)
@ Implicitly defines an equivalent acyclic instance
(ke
q
@ @ . g 808 o
9 g c
(a9 @ '\
p h

Graph width 2 tree decomposition Acyclic instance

From graphs to acycligpergraphs A\

1JCAI13
@ The deagyrcligyw o fdreewititte
(maximum number of vertices in a cluster -1)
@ In this example, the treewidth is 2
@ That 6s ok! We started with a cycl
&
q
(@, @ . a A2
@@ 9
@ ' A
d
@D e
T p )

Equivalent acyclic

Input Graph width 2 tree decomposition instance

Not good for hypergraitased problems A

IJCAI-13
@ Here the input instance is acyclic (hence, easy)
@ However, its treewidth is 2!
(similar troubles for all graph representations)
» 6
a5 b (2 @b 9
a d @: i)
9" ¢ @
ef
p | h j
AP @
o n
m
@O @@
Input: acyclic hypergraph Primal graph width-2 tree decomposition

02/08/2013
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A di fferent notio

IJCAI-13
@ Exploit the fact that a single hyperedge covers many
vertices
@ Degree of cyclicity: maximum number of hyperedges
needed to cover every cluster
98 (b @b ‘
S8l )d
L €D
]
i
k
O qmn
Input: acyclic instance One hyperedge covers each cluster: width 1

Generalizingcyclicityand treewidth AN

1JCAI13

@ Tree decomposition as a way of clustering vertices to obtain a join
tree (acyclic hypergraph)

@ Implicitly defines an equivalent acyclic instance

@ Width of a decomposition: maximum number of hyperedges needed
to cover each bag of the tree decomposition
@ Generalized Hypertree Width (ghw): minimum width over all
possible decompositions  [Gottlob, Leone, Scarcello, ] CSS6 0 3]
o also known as (acyclic) cover width

@ Generalizes both acyclicity and treewidth:
@ Acyclic hypergraphs are precisely those having ghw = 1

e The fAcover i nhypepdyaieaways gréaterathan the
covering power of a vertex (used in the treewidth)

TreeDecompositionf a Hypergraph A

02/08/2013

1JCAI13

H Tree decomp of G(H)
1,11,17,19

[[123456 | [ 1112171819 |
I I

[ 345678 | [ 1216171819 |
I I

[ 56789 | [[1215161819 |

[ 7910 ] [121314151819 |

42
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2 hyperedgesuffice for each bag /A

1JCAI13

[[123456 | [[111217,1819 |
[ 345678 ] [ 1216171819 |
[ 56789 ] [[1215161819 |
[ 7910 ] [121314151819 |

2 hyperedgesuffice for each bag /A

1JCAI13

[ 123456 | [ 1112171819 |
[ 345678 | [[1216171819 |
[ 56789 ] [[1215161819 |
[ 7910 ] [121314151819 ]

2 hyperedgesuffice for each bag A

1JCAI13

[[123456 ] [ 1112171819 |
[ 345678 | [[1216171819 |
[ 56789 ] [[1215161819 |
[ 7910 ] [121314,151819 ]
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2 hyperedgesuffice for each bag /A

1JCAI13

[ 123456 | [ 1112171819 |
[ 345678 | [[1216171819 |
[ 56789 | [[1215161819 |
[ 7910 ] [121314151819 ]

2 hyperedgesuffice for each bag /A

1JCAI13

[ 123456 | [ 1112171819 |
[ 345678 | [[1216171819 |
[ 56789 ] [[1215161819 |
[ 7910 ] [121314151819 ]

2 hyperedgesuffice for each bag A

1JCAI13

[[123456 ] [ 1112171819 |
[ 345678 ] [[1216171819 |
[ 56789 ] [[1215161819 |
[ 7910 ] [121314,151819 ]

02/08/2013
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2 hyperedgesuffice for each bag /A

1JCAI13

[ 123456 | [ 1112171819 |
[ 345678 ] [ 1216171819 |
[ 56789 ] [[1215161819 |
[ 7910 ] [121314151819 ]

2 hyperedgesuffice for each bag /A

1JCAI13

[ 123456 | [ 1112171819 |
[ 345678 | [[1216171819 |
[ 56789 ] [ 1215161819 |
[ 7910 ] [121314151819 ]

Generalizetilypertreddecomposition A

1JCAI13

Notation:

A label decomposition vertices by hyperedges

A omit hyperedge elements not used for bag covering
(hidden el ements are replaced

h8(L,11), h15(1,17,19)

[ h1(1.2.3), h2(1.4,56) | [ h9(11,12,18), h15(.17,19) |

[[h2(_4,56), h3(34.7.8) | [ h10(12,_19), h14(16,17,18) |

[ h47).h5689 | [ h9(,12,18), h13(15,16,19) |

[ h6(7.9.10) ] [ h10(12,13,19), h12(14,15,18) |

Generalized hypetree decomposition of width 2

02/08/2013
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Generalizetlypertreddecompositions AN

1JCAI13

a(S, X, X',C,F)~b(S,Y,Y',C",F') "¢(C,C",Z) ~d(X,Z) ™
eY,z) “f(F,F',Z") Tg(X',Z") Th(Y,Z") -
i(3, XY, X"Y") Tp(B,X",F) “q(B', X",F)

~— (3, X, Y, X
o G,
la( S, X, Xt SCYE)N O, CO, Fo)

6, Yo)

[iCxYooe(c, cp. [iC_. _. _#(RpFlopzo)

dx2)| e | |9 xo.f@e,) . BOYO) z06

[p( B, X6 [a(Bo, X0, F)

BasicConditiong,s A

1JCAI13

Original (direct) definition

We group edges

|3 x, Y, xpTvo)
| I"d
[a(s, X, X SCYEXH, Co, Fo)

LiCxYoe(c, cp. i, . _HRpF§o%0)

BOY 6| z06

lax2|  [av2] [o xo.1@R) ],

p(B. Xo [a(Bb, x5, F)

BasicConditionsys A

1JCAI13

‘ J( J, X, Y, X‘f), YE(Q;e);canpartially

I be used

[a(’'s, X, X SC.YENS-Co, Fo)

XYoo c. cpb, it . . #(RoFlgpzro)

dx2)|  |ev2)| |9 xo.f@e,) . BOYO| z06

[p( B, X6 Ja(Bo, [xo, F)

02/08/2013
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ConnectednesSonditionss AN

1JCAI13

|03 X, Y, X
\
[a(s, X scy, Y, co, Fo)

6, Y0)

LiCxYooe(c. cp. [i(_. . _fFxBo|vao)
dx2)|  |eva| [o x0 . f@e).|zmo Yo zo
[e(B. "o Ja( BB DIX 6,
Computational Question ﬁ
@ Can we determine in polynomial time whether
ghw(H) < k for constantk ?
Computational Question ﬁ

@ Can we determine in polynomial time whether
ghw(H) <k for constantk ?

®

Bad news: ghw(H) <4? NP-complete

[Gottlob, Miklés, and Schwentick, J. ACM6

02/08/2013
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Hypertre®ecompositio(HTD) /AN

1JCAI13

HTD = Generalized HTD +Special Condition
[Gottlob, Leone, Scarcello, PODS399; JCSS60

- ~ Each variable not used
J@.X,Y.XaY9 at some vertex v

[
‘ a(S,X,XaC,F),b(S,Y,YaCaF9 /

‘ JCXY._0).e(C.ca2) ‘ ‘ I0XY_XaY9, f(FFaZ9 ‘

‘ dx.z) ‘ ‘ &Y.2) ‘ ‘ 9(Xaz9, f(F._.29 ‘ ‘h(YﬁZO‘

Does not appear in
the subtrees rooted at v ‘ p(B.XaF) ‘ ‘ q(BaXaF) ‘

Special Condition /A

1JCAI13

) ~ Each variable not used
J@.X,Y.XaY9 at some vertex v

‘ a(S,X,XQC,F),W

‘ JCXY,_0),e(C,0a2) ‘ ‘ J0XY_ Y9, f(F,FaZ9 ‘

[axa | a2 | [ e | [nven |

Does not appear in
the subtrees rooted at v | p(B.XaF) | | q(BaXaF) |

Special Condition /AN

1JCAI13

Thus, e.g., all available variables in the
root must be used

jaxYXavo |
[

‘ a(S,X,XaC,F),b(S,Y,Y4CaF9 ‘

‘ JCXY,,).e(C.caz) ‘ ‘ iC._._xaY9,f(FRZ9 ‘
‘ d(X,2) ‘ ‘ &Y.2) ‘ ‘ 9(Xaz9, f(F,_.2 ‘ ‘ h(Yazg ‘
‘ (BXaF) ‘ ‘ q(BAXaF) ‘

02/08/2013
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Positive Resultsn Hypertre®ecompositions I/ﬁ\

JCAI13

@ For fixed k, deciding whether
hw(Q) ¢ k is in polynomial time (LoGcFL)

@ Computing hypertree decompositions is
feasible in polynomial time (for fixed k).

But: FP-intractable wrt k: W[2]-hard.

Relationship GHW vs HW A

1JCAI13

Observation:
ghw(H) = hw(H*)
where H* = H C {E" | $E in edges(H): E" | E}
Exponential!
Approximation Theorem [ Adi er, Gottl bbb, Groh

| ghw(H) <= 3hw(H)+1 |

GHW and HW identify the same
set of classes having bounded width

GameCharacterizatiorRobber and Marsh

1JCAI13

02/08/2013
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Marshals blockyperedges A\

1JCAI13

GameCharacterizatiorRobber and Marsh

1JCAI13

@ A robber and k marshals play the game on a
hypergraph

@ The marshals have to capture the robber

@ The robber tries to elude her capture, by running
arbitrarily fast on the vertices of the hypergraph

Robbers and Marshals: The Rules M4

1JCAI13

@ Each marshal stays on an edge of the hypergraph
and controls all of its vertices at once

@ The robber can go from a vertex to another vertex
running along the edges, but she cannot pass
through vertices controlled by some marshal

@ The marshals win the game if they are able to
monotonically shrink the moving space of the robber,
and thus eventually capture her

@ Consequently, the robber wins if she can go back to
some vertex previously controlled by marshals

02/08/2013
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~ Step 2a: shrinking fmefsp%
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— Adifferent r @lﬁ@tﬁ)l&:@

IJCAI3

ans« a(S, X,T,R)@b(S,Y,U,P) Bc(T,U,Z) De(Y,Z) @
9(X,Y)Bf (R P,V)BBdW, X, Z)

02/08/2013
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First choice of the two marshals /A

1JCAI13

a(S,X,T,R),b(S,Y,U,P) ‘

A possible choice for the robber /A

1JCAI13

a(s,X,T,R),b(S,Y,U,P)

The capture /A

1JCAI13

a(S,X,T,R),b(S,Y,U,P)

f(R,P,V)

02/08/2013
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The second choice for the robber /A

1JCAI13

‘ a(S,X,T,R),b(S,Y,U,P) ‘

f(R,P,V)

The marshals corner the robber /A

1JCAI13

a(s,X,T,R),b(S,Y,U,P)

f(R,P,V) ‘ ‘ a(X,Y), c(T,Z,U) ‘

The capture /A

1JCAI13

a(S,X,T,R),b(S,Y,U,P)

f(R,P,V) ‘ ‘ 9(X,Y), c(T,Z,U) ‘

a(X,Y), d(W,X,2)

02/08/2013
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R&M Game and Hypertree Width /A

1JCAI13

Let H be a hypergraph.

@ Theorem: H has hypertree width ¢ k if and only
if k marshals have a winning strategy on H.

@ Corollary: H is acyclic if and only if one marshal
has a winning strategy on H.

@ Winning strategies on H correspond to hypertree
decompositions of H and vice versa.

[Gottlob, Leone, Scarcell o, I

AUsefulTool AIternatingTuringMachine

1JCAI13

@ Generalization of non-deterministic Turing machines
@ There are two special states: $ and "
@ Acceptation: Computation tree (\zD

@ ALOGSPACE = PTIME /g

ATMs and LOGCFL A

1JCAI13

@ LOGCEFL: class of problems/languages that are
logspace-reducible to a CFL

@ Admit efficient parallel algorithms

ACol NLI LOGCFL=SAC,1 AC,1 NC,1 31 NC=ACI PI NP

Characterization of LOGCFL [[Ruzzo

LOGCFL = Class of all problems solvable with a logspace ATM
with polynomial tree-size

02/08/2013
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Coming back to Ma P4

1JCAI13

[
F—— S

Cr

A polynomial algorithm: ALOGSPACE AN

1JCAI13

Marshals

Robber

Actually LOGCFL /N

1JCAI13

Once | have guessed R, how to guess the next marshal position S ?
Marshals

Robber

Monotonicity: " Ei edges(Cg): (EAUR) 1 US } A LOGSPACE checkable
A Pol | -t
Strict shrinking: (US) £Cg, A oynomiat prootiree

02/08/2013
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Outline of PART I /A

1JCAI13

;Applications to Databases and CSPS]

Some hypergraph based problems AN

1JCAI13

p
HOM: The homomorphism problem
< BCQ: Boolean conjunctive query evaluation

\CSP: Constraint satisfaction problem

( Important problems in different areas.
L All these problems are hypergraph based.

[e.g., Kolaitis & Var di ,

The Homomorphism Problem A

1JCAI13

@ Given two relational structures

A =U,R,R:,...,R)
B=(VS S, &)

@ Decide whether there exists a homomorphism h from Aito B
h: U%%- V
suchthat " x," i
xIl R Y hxI s

02/08/2013
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Example: grapbolorability

/A

1JCAI13

B
red green
red blue
green | red
green | blue
blue red
blue green

Example: grapbolorability

/A

1JCAI13

B
red green
red blue
green | red
green | blue
blue red
blue green

Complexity: HOM NRcomplete

(well-known, independently proved in various contexts)

Membership: Obvious, guess h.

Hardness: Transformation from 3COL.

homomorphism
Af—\

B
red green
red blue
green | red
green | blue
blue red
blue green

Graph 3-colourable iff HOM(A,B ) yes-instance.

A

1JCAI13

02/08/2013
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Conjunctive Database Queries A

1JCAI13

DATABASE:

Algebra 2003
Robert Logic 2003

Algebra March McLane Lisa

Logic May Verdi Robert
Mary DB 2002
Lisa DB 2003
6lE N 6lE.

DB June Rahm Mary
DB May

éeéé

QUERY:
Is there any teacher having a child enrolled in her course?

ans « Enrolled(S,C,R) &Teaches(P,C,A) dParent(P,S)

Conjunctive Database Queries

DATABASE:

Moka sa
Verdi Robert,

|!||%’ oy

CSPsasHomomorphisrRroblems A

1JCAI13

Tin(Xy, Xz, X3, Xg, X5)

g e e e
i" ':'2 % % |5 P 1 ryn: [PARIS
[ - PANDA
17 LAURA

ANITA

LIMBO
LINGO

- —
S
3

20:2| 2 (23 |24 (25 (2 PETRA
== PAMPA

1
1
1

T1y(X1, X7, Xa1, X16, Xo0) | PETER
1
1
1

Set of variables {X;, € ;X Set of (finite)
Set of constraint scopes constraint relations

02/08/2013
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CSPsasHomomorphisrRroblems A

1JCAI13

PARIS
PANDA
LAURA
ANITA

LIMBO
\ LINGO
| PETRA
1 PAMPA
I1v(X1, X7, Xa3, X16, Xz0) 1 PETER
I
{-structure A ! r-structure [
CSPsasHomomorphisi?roblems ﬁ

Fin(Xy, Xz, X3, Xg, X5)

r——————— | ‘
HNERE S_IIIJL“———L——____:i; PARIS

PANDA
LAURA
ANITA

==

<

LIMBO

- ———
3

LINGO
o F' - : PETRA
== X PAMPA
"1u(Xa X7, X1, X6, X20) | PETER
1
{-structure A ! r-structure [

I
S romomopion

Endomorphismand cores /A

1JCAI13

@ Sometimes the two structures coincide

@ Core: minimal substructure to which there is an
endomorphism

@ Cores are isomorphic to each other

61



Endomorphismand cores A

1JCAI13

@ Sometimes the two structures coincide

@ Core: minimal substructure to which there is an
endomorphism

@ Cores are isomorphic to each other

VAN / \
/.1 \,‘.‘ B

./

Endomorphismand cores A

1JCAI13

@ Sometimes the two structures coincide

@ Core: minimal substructure to which there is an
endomorphism

@ Cores are isomorphic to each other

Two isomorphic
cores

Cores and equivalent instances A

1JCAI13

@ Can be used to simplify problems

@ There is a homomorphism from A to B if and only if
there is a homomorphism from a/any core of A to B

@ Sometimes terrific simplifications:
eé “’
@ This undirected grid is equivalent to a single edge.
That s, it is equivalent to an acyclic instance!

02/08/2013

62



StructurallyRestrictedCSPs

7 8
16 7 it
0 |2 | 2
Ha
StructurallyRestrictedCSPs
The hypergraph is \ 7 | 8 :
- acyclic — -
{ Qeo. (n ;"j.'. 4
16 | 17 | 8
0 |2 | 2
Ha
StructurallyRestrictedCSPs
The hypergraph is ) .7 | 8 :
- acyclic —
\ Qe. n :,-\j D 14
16 | 17| 18
o 2 | 2
Ha

@ We shall see that Acyclic CSPs can be efficiently solved

[ @ We have seen that Acyclicity is efficiently recognizable

/A

1JCAI13

/A

1JCAI13

A

1JCAI13

02/08/2013
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BasicQuestion A

1JCAI13

[ INPUT: CSP instance (A. ) ]

[ @ |s there a homomorphism from A to B ? J

BasicQuestiononAcyclicinstancey AN

1JCAI13

[ INPUT: CSP instance (A, B) ]

[ @ |s there a homomorphism from A to B ? J

@ Feasible in polynomial time O(J|A.|| Bl loglIBIl)
@ LOGCFL-complete

BasicQuestiononAcycliclnstancey A

1JCAI13

[ INPUT: CSP instance (A, [B) ]

( @ Is there a homomorphism from 4 to B 2 J

( @ Feasible in polynomial time O(J|A.|| [l logl|BI[) )
@ LOGCFL-complete

[Yannakakis, VLDE
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BasicQuestioonAcycliclnstance® AN

IJCAI3
[ INPUT: CSP instance (A. ) ]
[ @ |s there a homomorphism from A to B ? ]
@ Feasible in polynomial time O(J|A.|| Bl loglIBIl)
( @ LOGCFL-complete )
[Gottlob, Leone, Scarce
A PolynomiatimeAlgorithm ﬁ

HOM: The homomorphism problem

BCQ: Boolean conjunctive query evaluation

CSP: Constraint satisfaction problem

. B

Y an n a k aMgorstiins (Acyclic structures):

A Dynamic Programming over a Join Tree,
where each vertex contains the relation associated
with the corresponding hyperedge

A Therefore, if there are more constraints over the
same relation, it may occur (as a copy) at different

vertices
d'38 i
137 d(Y,P)
57
67
" 389
938
838
r(Y,Z,U) o
383
894
947
s 380
938 1:98
838 s(Z,U,W) t(\V,2) 93
384 95
383
894
947
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«Answering Acyclicinstances ﬁ

HOM:
BCQ:
CSP:

\\ll

W

The homomorphism problem

Boolean conjunctive query evaluation

Constraint satisfaction problem

. B

Y an n a k aMlgorstlins (Acyclic structures):
Dynamic Programming over a Join Tree

Solutions can be computed by adding a top-down
phase to Yannakakisoalgorithm for acyclic instances

02/08/2013
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d(y,P)

r(Y,Z,U)

s(Z,U,W)

t(\V,2)

A solution: Y=3, P=7, Z=8, U=9, W=4, V=9

Computing the result

(Acyclic)

@ The result size can be exponential (even in the acyclic case).

@ Even when the result is of polynomial size, it is in general hard
to compute.

@ Incase of acyclic instances, the result can be computed in time

polynomial in the result size

(and with polynomial delay

 first solution, if any, in

polynomial time, and each subsequent solution within
polynomial time from the previous one).
@ This will remain true for the subsequent generalizations of
acyclicity.

@ Add atop-down phase to Yannakaki

DecompositioiMethods

/ ASE al g o racyclib m
instances, thus obtaining a full reducer, and join the partial
results (or perform a backtrack free visit)

/A

1JCAI13

for

1JCAI13

02/08/2013
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Decompositioiethods A

1JCAI13

3 4 -]
7 8 9 10
n |z ) 14 15
14 (7] 18 19
L — |
{ % |2 )

73

Transform the hypergraph into an acyclic one:
@ Organize its edges (or nodes) in clusters

@ Arrange the clusters as a tree,
by satisfying the connectedness condition

(GeneralizedHypertre®ecompositions AN

1JCAI3
{1H,20H] &
10
[5.8,14,18,24,26) [SV.20H}
15
19
‘(T|.|2.|3U.22) {ITH, 13V} {8.9.10,6,15.19,26} }HN-\!| 1 26
Ha
\\ I/
-

Transform the hypergraph into an acyclic one:
@ Organize its edges (or nodes) in clusters

@ Arrange the clusters as a tree,
by satisfying the conr

(GeneralizedHypertre®ecompositions A

1JCAI13

21,22.23,24.25,26) {1H.20H} 54

7 & 1% 0]
| {1.7,1116,20.22} {1V.20H) | {5.8.14.18.24.26) {5200}

n o |2 14 15

16 | 18 19

‘mlzmn;z) [11H,13V] .9.10,615,19.28} {BH.6V]

Each cluster can be seen as a subproblem

\\I/

Transform the hypergraph into an acyclic one:
@ Organize its edges (or nodes) in clusters

@ Arrange the clusters as a tree,
by satisfying the connectedness condition

02/08/2013
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(GeneralizedHypertre®ecompositions AN

1JCAI13

[1H,204]

10

15.8.14.18,24.26} {5V,20H}
15
14 (7] 18 19

‘ (1112131722} {11H.13V) {B,9.10,6,15.15.26} :mu.\!|

N

Relations: Relations:

[ N i I _ ————
“ m m """"" ‘ {IV.20H)= 1V B<J20H | -+wweeeee

Towardanequivalenacyclicinstance AN

IJCAI3
[1H,20H] 6
10
[5.814,18.24.26) (5,200}
15
19
‘m.n?.nw:.zzp {113V} {8.9.10,6,15.18.26} :mu.\!| T

\ A Each cluster can be seen as a subproblem ?'[.ft
A Associate each subproblem with a fresh constraint

Towardanequivalenacyclicinstance P4

1JCAI13

21.22.23,24,25,26} {1H,20H}

7 oD
| REAIN {5.8,14.18.24.26} {SV.20}
mn 12 15
16 19
[zsi72 s 55.10416.17.26) Wiav]

Ha
A Each cluster can be seen as a subproblem
A Compute solutions for subproblems (exponential dependency on the width)
A Associate each subproblem with a fresh constraint
A Get an equivalent problem (all original constraints are thereé )

02/08/2013
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Thestructureof theequivaleninstance AN

1JCAI13

112,3,4,5,20,21,22,23,24,26,26
‘ {5:814,18,24.26

|m 12,13,17.22} {6.9.10,615.19.26) ‘

A Each cluster can be seen as a subproblem

A Compute solutions for subproblems (exponential dependency on the width)
A Associate each subproblem with a fresh constraint

A Get an equivalent problem (all original constraints are thereé )

Anacyclicequivaleninstance A

1JCAI13

24,2526

{5:814,18,24.26

|m 12,13,17.22} {6.9.10,615.19.26) ‘

A Each cluster can be seen as a subproblem

A Compute solutions for subproblems (exponential dependency on the width)
A Associate each subproblem with a fresh constraint

A Get an equivalent problem (all original constraints are thereé )

Tree Projection (idea)

@ Generalization where suproblems are arbitrary
(not necessarily clusters of k edges or vertices)

/_‘~

|
\ — |\
E \
‘\\ “|> \\, ( S
[ \ \ s
N /G H“ AWK /6 \
/ / /
~J/ j \J 1
Ho """ Hy, _)Z,_,/_/
~ _ “ v ~ —
~ ~" ~"
Structure Sandwich acyclic hypergraph Available

(Tree Projection) Subproblems

@ More information in the appendix

02/08/2013
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Hypertree$or Databases /A

1JCAI13

s e [ DBMS i Cl0ETY

Results.

Optimized
) Query

Weighted HDs,
which exploit
quantitative data,
too.

InsidePostgreSQL AN

1JCAI13

Query Plan Generstor

Some experiments /AN

1JCAI13

P st P g ——)

(@) Acyclic Queries

() Chain Queries

02/08/2013
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Large width exampldasaproblem A\

1JCAI13

Part of relations for the Nasa problem

cid_260(Vid_49, Vid_366, Vid_224),
cid_261(Vid_100, Vid 391, Vid_392),
cid_262(Vid 273, Vid_393, Vid_246),
cid_263(Vid_329, Vid_394. Vid_249),

cid—264(Vid_133, Vid_360, Vid_356),

Cid—265(Vid_314, Vid_348. Vid_395), )
cid_266(Vid_67, Vid_352, Vid_396), @ 680 relations
Cid_267(Vid_182, Vid 364, Vid 397), -

cid 268(Vid 313, Vid 349, V