Probabilistic Relational Models

Daphne Koller

Stanford University koller @ cs .Stanford. edu

Joint work with:

Lise Getoor , Stanford

Nir Friedman, Hebrew U.

Avi Pfeffer , Harvard

Ben Taskar , Stanford

Probabilistic models

¯ Uncertaint y model:

˘ space of ^possible worlds~;

˘ probability distribution over this space.

¯ W orlds: often defined via a set of state variables

˘ medical diagnosis: diseases, sympto ms, findings, � each world: an assignm ent of values to variables.

Bayesian net works nodes = variables edges = direct causal influence

� � S

W

S

�

�

3

3�,�_3�7�

Network structure encodes independence assum ptions:

;5D\ conditionally independent of

3QHXPRQLD given

,QILOWUDWHV

;5D\

/XQJ�,QILOWUDWHV

6SXWXP�6PHDU

7XEHUFXORVLV

3QHXPRQLD

Basic units of knowledge

                            entities

                       properties

                          relations

attributes

So what?

                                                                               ¯ Set of entities and relations between them is

                                                                                         determined at BN design time

                                                                                            ˘ structure must be known in advance

                                                                                            ˘ hard to adapt to changes

                                                                               ¯ BNs for com plex domains are large & unstructured

                                                                                         Þ

                                                                                                     very hard to build

                                                                               ¯ No ability to generalize

                                                                                            ˘ across ^similar~ individuals

                                                                                            ˘ across related situations

BNs are not suitable
for representing complex,
structured, flexible domains.

Outline

¾ Probabilistic relational models: S yntax & semantics

¯ PRM inference: E xploiting structure

¯ PRM learning: Learning from structured data

¯ Extensions

¯ Conclusions & research directions

4

         Probabilistic Relational Models

¯ Combine advantages of relational logic & BNs:

             ˘ natural domain modeling: objects, properties, relations;

             ˘ generalization over a variety of situations;

             ˘ compact, natural probability models.

¯ Integrate uncertainty with relational model:

             ˘ properties of domain entities can depend on properties

                    of related entities;

             ˘ uncertainty over relational structure of domain.

                                                 Relational Schema

                                                                                            Teach

                                                                                                              3URIHVVRU

                                                                                                              Popularity

                                                                                                              Teaching - Ability

                                                                                                              Stress - Level

In

Take

                                                                                      ¯ Describes types of objects & relations in domain

Classes
Classes

Relationships
Relationships

                                                                                       Attributes
                                                                                      Attributes

Example Instance

,

                        Professor

                                    Prof. Gump

                        Popularity

                                    high

                        Teaching Ability

                                    m edium

                        Stress - Level

                                    low

                                              Course

                                                           Phil142

                                              Difficulty

                                                           low

                                              Rating

                                                           high

                                                  Course

                                                              Phil101

                                                  Difficulty

                                                              low

                                                  Rating

                                                              high

                                                                                                              Reg

#5639

                                                                                                              Grade

A

                                                                                                              Satisfaction

3

                                                                                                                 Reg

#5639

                                                                                                                 Grade

A

                                                                                                                 Satisfaction

3

                                                                                                                     Reg

#5639

                                                                                                                     Grade

A

                                                                                                                     Satisfaction

3

Student

John Doe

Intelligence
high

Perform ance
average

Student

Jane Doe

Intelligence
high

Honors
yes

Student

John Deer

Intelligence

???

Performance

???

Basic PRMs : Attribute Uncertainty

     Fixed skeleton s

                  ˘ set of objects in each class

                  ˘ relations between them

     Uncertainty

                  ˘ over assignments of values to attributes

                        Professor

                                    Prof. Gump

                        Popularity

                                    ???

                        Teaching Ability

                                    ???

                        Stress - Level

                                    ???

                                           Course

                                                        Phil142

                                           Difficulty

                                                        ???

                                           Rating

                                                        ???

                                              Course

                                                           Phil101

                                              Difficulty

                                                           ???

                                              Rating

                                                           ???

                                                                                                    Reg

                                                                                                                 #5639

                                                                                                    Grade

                                                                                                                 A

                                                                                                    Satisfaction

                                                                                                                 3

                                                                                                       Reg

                                                                                                                   #5639

                                                                                                       Grade

                                                                                                                   A

                                                                                                       Satisfaction

                                                                                                                   3

                                                                                                          Reg

                                                                                                                       #5639

                                                                                                          Grade

                                                                                                                       ???

                                                                                                          Satisfaction

                                                                                                                       ???

Student

Jane Doe

Intelligence

???

Honors

???

                                                                                                  Probabilistic relational models

                                                                                      ¯ A PRM specifies a probabilistic model for each class

                                                                                      ¯ For each attribute, it defines:

                                                                                                   ˘ dependencies on other attributes, in same object or related obj ects

                                                                                                   ˘ a conditional probability distribution

3URIHVVRU

Popularity

T eaching - Ability

Stress - Level

                                                                                                 Probabilistic relational models

                                                                                     ¯ A PRM specifies a probabilistic model for each class

                                                                                     ¯ For each attribute, it defines:

                                                                                                  ˘ dependencies on other attributes, in same object or related obj ects

                                                                                                  ˘ a conditional probability distribution

6WXGHQW

Intelligence

Honors

5HJ

Grade

Satisfaction

3URIHVVRU

Popularity

T eaching - Ability

Stress - Level

&RXUVH

    Difficulty

    Rating

÷
÷

÷
ø

ö
ç
ç

ç
è

æ

Intell

Reg.Taker.

ficulty,

Reg.In.Dif

|

Reg.Grade

P

1.

0

6.

0

3.

0

1.

0

1.

0

8.

0

4.

0

5.

0

1.

0

1.

0

4.

0

5.

0

,

,

,

,

,
l
l

h
l

l
h

h
h

C

B

A

I

D

PRM instantiation

                                                                                      Professor

                                                                                                  Prof. Gump

                                                                                      Popularity

                                                                                                  high

                                                                                      Teaching Ability

                                                                                                  m edium

                                                                                      Stress - Level

                                                                                                  low

                                                                                                            Course

Phil142

                                                                                                            Difficulty
low

                                                                                                            Rating
high

                                                                                                                Course

Phil101

                                                                                                                Difficulty
low

                                                                                                                Rating
high

Reg

#5639

Grade

A

Satisfaction

3

Reg

#5639

Grade

A

Satisfaction

3

Reg

#5639

Grade

?

Satisfaction

3

Student

John Doe

Intelligence
high

Perform ance
average

Student

Jane Doe

Intelligence
high

Honors
yes

Student

John Deer

Intelligence
low

Honors
no

Reg

#5639

Grade

?

Satisfaction

3

1

.

0

6

.

0

3

.

0

1

.

0

1

.

0

8

.

0

4

.

0

5

.

0

1

.

0

1

.

0

4

.

0

5

.

0

,

,

,

,

,
l
l

h
l

l
h

h
h

C

B

A

I

D

1

.

0

6

.

0

3

.

0

1

.

0

1

.

0

8

.

0

4

.

0

5

.

0

1

.

0

1

.

0

4

.

0

5

.

0

,

,

,

,

,
l
l

h
l

l
h

h
h

C

B

A

I

D

skeleton s

6WXGHQW

Intelligence

Honors

                                                                     5HJ

                                                                         Grade

                                                                         Satisfaction

PRM: Aggregate Dependencies

Student

Jane Doe

Intelligence

high

Honors

yes

                                                                Reg

                                                                             #5077

                                                                Grade

                                                                             C

                                                                Satisfaction

                                                                             2

                                                                                        Reg

                                                                                                     #5054

                                                                                        Grade

                                                                                                     C

                                                                                        Satisfaction

                                                                                                     1

                                                                                                              Reg

#5639

                                                                                                              Grade

A

                                                                                                              Satisfaction

3

Problem!!!

Need

dependencies

on sets
avg

9.

0

1.

                                                                                                                     0

6.

0

4.

                                                                                                                     0

2.

0

8.

                                                                                                                     0

                                                                                                             C

                                                                                                             B

                                                                                                              A
n
y

                                                                                                        avg

                                                                                       PRM: Aggregate Dependencies

6WXGHQW

Intelligence

Honors

5HJ

Grade

Satisfaction

                                                                &RXUVH

                                                                    Difficulty

                                                                    Rating

                                                                               3URIHVVRU

                                                                                  Popularity

                                                                                  Teaching - Ability

                                                                                  Stress - Level

                                                                                                                       avg

                                        avg

                                                                     count

su m, min, ma x,

avg , mode, count

                                   Basic PRMs : Summary

¯ A PRM specifies

            ˘ A probabilistic dependency structure S

                         ¯ A set of parents for each class attribute X.A

            ˘ A set of local probability models

¯ Given a skeleton structure
s
, a PRM specifies a

         probabilit y distribution over instances

                                                                                                         ,

Attributes

Objects
attributes of objects linked to x:

links specified in s (different for every x )
class - level dependencies specified in S

Coherence

                                                                                    ¯ Dependency ordering over attributes:

                                                                                    ¯ PRM defines a coherent probabilit y model over

                                                                                              skeleton s if

%
s
is acyclic

3DSHU

Accepted

                                                                                    5HVHDUFKHU

                                                                                       Reputation
author - of
x.a

y.b

A
x

                                                                                                           B

                                                                                                   y .

                                                                                                        .

s

                                  %

                                                                                                            if X.A depends on Y.B

                                 Guaranteeing Acyclicity

    How do we guarantee that a PRM is acyclic

    for every skeleton?

                                                PRM

                                 dependency

                                      structure S

dependency
graph

                                                                                         Y.B

                                                                                        X.A

                                                                                                               if X.A depends directly on Y.B

      dependency graph ac yclic
Þ

%
s
acyclic for any
s

Attribute stratification:

                              Limitation of Stratif ication

3HUVRQ

   M - chromosome

   P - chromosome

   Blood - type

3HUVRQ

M - chromosome

P - chromosome

Blood - type

                                                                                 3HUVRQ

                                                                                    M - chromosome

                                                                                    P - chromosome

                                                                                    Blood - type

                                                                               Father Mother

                                  Person.M - chrom Person.P - chrom

                                                                                          Person.B - type

               Guaranteed Acyclic Relations

3HUVRQ

   M - chromosome

   P - chromosome

   Blood - type

3HUVRQ

M - chromosome

P - chromosome

Blood - type

                                                                                 3HUVRQ

                                                                                    M - chromosome

                                                                                    P - chromosome

                                                                                    Blood - type

                                                                               Father Mother

  ¯ Prior knowledge: the Father - of relation is acyclic

               ˘ Dependence of Person.A on Person.Father.B cannot

                      induce cycles

                                      Guaranteeing Acyclicity

    ¯ W ith guaranteed acyclic relations, some cycles in

              the dependency graph are guaranteed to be safe.

    ¯ W e color the edges in the dependency graph

 A cycle is safe if

˘ it has a green edge

˘ it has no red edge

yellow: within

  single object

                                                 X.B

                                                 X.A

                                                                                  green: via

                                                                                  g.a. relation

                                                                                                                       Y.B

                                                                                                                       X.A
red: via
other relations

Y.B

X.A

           Person.M - chrom

                                                                                                 Person.P - chrom

                                                              Person.B - type

                                                                                             Outline

    ¯ Probabilistic relational models: S yntax & semantics

    ¾ PRM inference: E xploiting structure

    ¯ PRM learning: Learning from structured data

    ¯ Extensions

    ¯ Conclusions & research directions

12

5HJ

Grade

Satisfaction

#6011

A

5HJ

Grade

Satisfaction

#5639

A -

8

                                                                                           3URIHVVRU

                                                                                         Popularity

                                                                                         Teaching - Ability

                                                                                         Stress - Level

                                                                                                Prof. Jones

                                                                                                    low

                                                                                                Difficulty

                                                                                                Rating

                                                                                                      Phil 101

                                                                                             &RXUVH

5HJ

Grade

Satisfaction

#5639

6WXGHQW

Intelligence

Performance

Honors

John Doe
very high
average
no

6WXGHQW

Intelligence

Honors

F. Gump

. . .

                                                                                                # In

low

A

                                                                                                       100

Querying a PRM

Inf erence in PRMs

&RXUV

H

6WXG

3URIHVVRU

Prof. Gump

&RXUVH

Phil 142
Phil 101

&RXUVH

6WXGHQW

Mike Smith
6WXGHQW

Jane Doe

5HJ
#5639
5HJ
#5639
5HJ
#5639

Induces

Large BN over

ground attributes

Doe. Intell

                                                                                              Phil101.Diff

                                                                                                                     Reg5963.Grade

Doe.GPA

Doe.Performance

Reg7922.Grade

CS221.Diff

Honors

Intelligence

Upbringing

Personality

Job - prospects

6WXGHQW

Exploiting structure

                                                                                ¯ Encapsulation: objects interact only in limited ways

                                                                                             Þ Inf erence can be encapsulated within objects, with ^communicatio n~

                                                                                                    limited to interf aces.

                                                                            Structure can be exploited to speed up inference.

Intelligence

0�6PLWK

                                                                                                            Exploiting structure

                                                            ¯ Encapsulation: objects interact only in limited ways

                                                                         Þ Inference can be encapsulated within objects, with

                                                                                ^communication~ limited to interfaces.

                                                            ¯ Reuse: objects from sam e class have same model*

                                                                         Þ if internal evidence is the same, can reuse inference.

                                                        Structure can be exploited to speed up inference.

-�’RH

* a form of lifting

14

Exploiting structure

                                                                                      ¯ Encapsulation: objects interact only in limited ways

                                                                                                   Þ

                                                                                                           Inference can be encapsulated within objects, with

                                                                                                           ^communication~ limited to interfaces.

                                                                                      ¯ Reuse: objects from sam e class have same model

                                                                                                   Þ

                                                                                                           if internal evidence is the same, can reuse inference.

                                                                                      ¯ Combinatorics : multiple generic objects often play

                                                                                                identical role in the model

                                                                                                   Þ

                                                                                                           can compute their total contribution in closed form.

                                                                                  Structure can be exploited to speed up inference.

Real - world case study

                                                                                      ¯ Example object classes:

                                                                                                  ±

                                                                                                     %DWWDOLRQ

                                                                                             ±

                                                                                   %DWWHU\

                                                                           ±

        9HKLFOH

±

� /RFDWLRQ

±

+DV � :HDWKHU

±

6XE �

EDWWHU\�,Q � EDWWDOLRQ

± 6XE �

YHKLFOH�,Q � EDWWHU\

                                                                                    Battlefield situation assessment for missile units

                                                                                      ¯ several locations

                                                                                      ¯ many units

                                                                                      ¯ each has detailed m odel

                                                                                                           Effect of Exploiting Structure

                                                                                                                  0

                                                                                                      1000

                                                                                                      2000

                                                                                                      3000

                                                                                                      4000

                                                                                                      5000

                                                                                                      6000

1 2 3 4 5 6 7 8 9 10

flat BN
no r eus e
wit h r eus e
wit h c ombinat or ics

#vehicles of each type in each battery

running time in seconds

BN has » 2400 nodes
cost » 20 minutes
cost » 9 sec

Query:

3�1H[W

�

0LVVLRQ�

Outline

¯ Probabilistic relational models: S yntax & semantics

¯ PRM inference: E xploiting structure

¾ PRM learning: Learning from structured data

¯ Extensions

¯ Conclusions & research directions

                                                                                     ¯ Data sources

                                                                                                  ˘ structured:  relational and object - oriented databases

                                                                                                  ˘ semi - structured: XML, W orld W ide W eb

                                                                                     ¯ Goal:  Learn statistical model from relational data

                                                                                                  ˘ Supports discovery of statistical patterns, classification

                                                                                                         and anomaly detection

                                                                                     ¯ Traditional approaches

                                                                                                  ˘ work well with flat representations

                                                                                                  ˘ assume fixed length attribute - value vectors

                                                                                                  ˘ assume independent identically distributed (IID)

                                                                                                         samples

                                                                                           Learning from Relational Data

Traditional Approach

Problems:

˘ expensive for large databases

˘ introduces statistical skew

˘ must fix attributes in advance

Þ
can represent only a
limited set of structures

˘ loses relational structure

Þ
incapable of detecting
graph substructures

                                                          3URIHVVRU

                                                             6WXGHQW

flatten

                                                                                      6WXGHQW

                                                3URIHVVRU

17

Learning PRMs

                                                                                        &RXUVH

6WXGHQW

                                                                                                                      5HJ

&RXUVH
6WXGHQW

5HJ

                                                                                                    Instance

,

Learning PRMs

                                                                                      ¯ Basic approach:

                                                                                                   ˘ Define scoring function

                                                                                                   ˘ Do local search over legal structures

-

]

)

(

)

|

(
log[

)

:

(
prior
likelihood
marginal

S

P

S

P

S

                                                                                                                  Score

�

�

�

                                                  �

                                                                                              5HJLVWUDWLRQ

                                                                                                  Grade

                                                                                                  Satisfaction

               &RXUVH

                   Difficulty

                   Rating

                            Course

                              table

                                                                                                            Registration

                                                                                                                      table

Student
table

                                                                                   5HJ

                                                                                      Grade

                                                                                      Satisfaction

                                                                                     3URIHVVRU

                                                                                       Popularity

                                                                                       T eaching - Ability

6WXGHQW

Intelligence

Honors

      Difficulty

      Rating

   &RXUVH

     Search for dependencies:

               first between attributes within object

               then from directly linked objects

               then from objects two links away

               etc.

At each phase, only
consider dependencies
that are informative even
given previous ones

Exploiting Locality: Phased Search

TB Cases in SF

                                                                                    3DWLHQW�

                                                                                                               �

                                                                                                                      �

                                                                                    Ethnicity

                                                                                    Hom eless

                                                                                    Age @ diagnosis

                                                                                    HIV result

                                                                                    Disease - site

                                                                                    X - ray

&RQWDFW� � �

Contact - type

Age

Care

Infected

6WUDLQ�

�

Num - infected

Infectivity

6XEFDVH � �

Contact - type

Close - contact

Transmitted

contact1.hkb

                                                                                     Bank Data (Companies & Officers)

total_assets

role_count
rtrn _earn_a

                                                                                              age
d_ rtrn _assets

fired
n_employee

                                                                                                         top_role top_role
d_tot_asset

                                                                                                           retired retired

                                                                                                           salary salary

&RPSDQ\

5ROH

                                                                              3UHY

                                 �

           5ROH

3HUVRQ

               Applications of PRM learning

¯ Data exploration:

            ˘ discovering significant patterns in the data

¯ Data summarization:

            ˘ co mpact summary of large relational database

¯ Inference:

            ˘ reasoning about important unobserved attributes

¯ Clustering:

            ˘ discovering clusters of entities that are similar

¯ Anomaly detection:

            ˘ finding ^unusual~ elements in data

                                                                                         Outline

¯ Probabilistic relational models: S yntax & Semantics

¯ PRM inference: E xploiting structure

¯ PRM learning: Learning from structured data

¾ Extensions

79 � 3URJUDP

   Genre

   Budget

   Time - slot

   Network

3HUVRQ

Age

Gender

Education

Desired Model

                                                                                                      Allows both class and instance dependencies

WWWF

3HUVRQ

Age

Gender

Education

Income

                                                                                      6RDS�

                                                                                         Genre

                                                                                         Budget

                                                                                          Time - slot

                                                                                          Network

                                                                                                   Genre

                                                                                                   Budget

                                                                                                   Time - slot

                                                                                                   Network

                                                                                          ’RFXPHQWDU\

6RDS

�

9RWH

Program

Voter

Ranking

’RF � 9RWH

Program

Voter

Ranking

9RWH

Program

Voter

Ranking

                                                                                79 � 3URJUDP�

                                                                                      Genre

                                                                                      Budget

                                                                                      Time - slot

                                                                                      Network

                                                                                                           PRMs with Class Hierarchy

                                                                                      ¯ Class hierarchy = tree

                                                                                      ¯ Defined via attributes of

                                                                                                entity and related entities

                                                                                      ¯ Can be learned from data

Allow us to:

¯ Refine ^ heterogenous ~

class into coherent

subclasses

¯ Specialize/inherit

probabilistic model

along class hierarchy

¯ Add dependencies that

were originally ^cyclic~

79

�

3URJUDP�*HQUH

VLWFRP

FODVV�

                                                                            GRFXPHQWDU\

FODVV�

                                                                                    FODVV�

                                                                                    (QJOLVK

                                                                                                 79 � 3URJ

                                                                                                                        �1HWZRUN�1DWLRQDOLW\

FODVV�

)UHQFK

FODVV�

$PHULFDQ

                                                                                     Provides bridge from class - based model

to instance - based model

23

EachMovie + PRM

1400 Movies

5000 People

240,000 Votes

KWWS�ZZZ�UHVHDUFK�GLJLWDO�FRP�65&�

520$1&(

�

927(

rank

27+(5 � 927(
rank

&20(’< � 927(
rank

thriller

theater_status

video_status

                                                                                                                      art_foreign

classic

                                                                                                         drama

                                                                                      animation

                                                                                          family

                                                                                             horror 520$1&( �

029,(
thriller
theater_status
video_status

art_foreign
classic

                                                                                                             drama

                                                                                           animation

                                                                                              family

                                                                                                 horror $&7,21 � 029,(
thriller
theater_status
video_status

art_foreign
classic

                                                                                                                   drama

                                                                                                animation

                                                                                                    family

                                                                                                       horror &20(’< � 029,(
thriller
theater_status
video_status

art_foreign
classic

                                                                                                                        drama

                                                                                                      animation

                                                                                                         family

                                                                                                            horror 27+(5 � 029,(

rank

$&7,21 � 927(

                                                                                   PRM - CH model outperforms

                                                                                   PRM model with over 99% confidence

                                         Structural Uncertainty

¯ Has actor appeared in m ovie?

¯ Has person seen movie?

¯ W hich compan y acquired compan y A?

¯ W ith which strain is patient infected ?

  Uncertainty over the relationships that hold

  between entities in a domain

       PRMs w/ Structural Uncertainty

¯ Introduce probabilistic model over links (relations)

         in the database

¯ Advantages:

             ˘ Applicable in cases where we do not have full knowledge

                    of link structure

             ˘ Allows us to predict the existence of links from other

                    attributes

             ˘ Even when relational structure is known, can improve

                    predictive ability for attributes

¯ Many possible approaches, very rich area

                                                                                              PRM w/ Ref erence Uncertainty

6KRZV

T heater

Movie

Dependency model for foreign keys

Genre

Budget

Decade

0RYLH

Genre

Budget

                                                                                      7KHDWHU

                                                                                         T ype

                                                                                         Location

                                                                                 Naïve Approach: m ultinomial over prim ary key

                                                                                             ¯ noncompact

                                                                                             ¯ limits ability to generalize

                                                                                       Ref erence Uncertainty Example

                                                                                Movie

                                                                                            M5

                                                                                Genre

                                                                                            foreign

                                                                                Budget

                                                                                            low

  ’HFDGH

              1990s

    Movie

                M4

    Genre

                thriller

    Budget

                low

    Decade

                1990s

      Movie

                  M3

      Genre

                  foreign

      Budget

                  high

      Decade

                  1990s

        Movie

                    M2

        Genre

                    thriller

        Budget

                    high

        Decade

                    1990s

          Movie

                      M1

          Genre

                      thriller

          Budget

                      high

          Decade

                      1990s

                                                                     6KRZV

                                                                         T heater

                                                                         S.Movie

                                                                   Movie

                                                                               M5

                                                                   Genre

                                                                               foreign

                                                                   Budget

                                                                               low

                                                                   ’HFDGH

                                                                               1990s

                                                                      Movie

                                                                                   M3

                                                                      Genre

                                                                                   foreign

                                                                      Budget

                                                                                   high

                                                                      Decade

                                                                                   1990s

Movie

M4

Genre

thriller

Budget

low

Decade

1990s

Movie

M2

Genre

thriller

Budget

high

Decade

1990s

Movie

M1

Genre

thriller

Budget

high

Decade

1990s

                                                         Movie.Genre = foreign Movie.Genre = thriller

                                                                                                              M1

M2

7KHDWHU

   T ype

   Location M1 M2

2

.

0 8.0
m1 m2

1

.

0 9.0

Type

7

.

0 3.0
megaplex

art theater

26

                                                                                           Learning PRM - RU

0RYLH�*HQUH

IRUHLJQ

P�

P�

*RRG

0RYLH�’LUHFWRU�5HSXWDWLRQ

P�

%DG

                                                                                           ¯ New operators: A bstract/Refine

                                                                                                   ˘ Refine splits partition on class attribute

                                                                                                   ˘ or related class attribute

                                                                                           Construct decision tree for partition defined

                                                                                           over attributes observed in training set

EachMovie + PRM - RU

                                                                                           thriller

ac tion

                                                                                          horror
gender

                                                                                                               theater_status

gender

                                                                                                                 video_status

age

                                                                                                                     animation

                                                                                                                   art_foreign

                                                                                                                       classic

pers onal_inc ome

                                                                                                                      comedy

                                                                                                                        drama
rank

hous ehold_inc ome
                                                                                                                        family
romanc e
Movie

Pers on

Movie

Actor

                                                                                     029,(

52/(

927(

3(5621

$&725

educ ation

M F

8

.

0 2.0

Action

7

.

0 3.0
true

false

Typical Voter: male, young adult,

college w/o degree, middle income

                                            Query Size Estimation

       Uses:

       ¯ Quick approximate query answering

       ¯ Query optimization

                   ˘ Cost of query plan depends on size of intermediate results

       ¯ PRMs can be used for select selectivity estimation

       ¯ PRM - RUs also handle join selectivity estimation

                                                      Student

                                                            table

Reg

table

Course

table

                                       hi

                        Int

                  S

                                           C

                   Grade

              R

                                         lo

                      Diff

               C

                                 =

                                      =

                                    =

                      .

                  .

                    .

s

         Task: estimate result size of DB query

                        RU f or query - size estimation

    0

    2

    4

    6

    8

10

12

14

16

18

20

                 1 2 3 1 2 3 1 2 3

Stand ard

PRM

PRM -RU

                              TB TPC - D MOVIE

                                                                         Relative error in

                                                                         query size estimate

Learning time < 10 min

Estimation time < 0.01 sec

Task : estimate result

size of select - join

DB queries

28