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e
A Billion $$$ Mantra

Relations

RDBMS

I e

 E—  — |

[

Declarative Data Processing

An effective, formal foundation based on relational algebra and calculus (Codd '71).
A simple, high-level language for querying data (Chamberlin '74).

An efficient, low-level execution environment tailored towards the data (Selinger '79).
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USE CASE: MINING MOVIE METADATA




Data: People and Movies related by Credits




Data: People and Movies related by Credits

Michelangelo Antonioni  wf ss=ran
(1912-2007)

Writer | Director | Editor

Michelangelo Antonioni was born in 1912 into a middle-class family
and grew up in bourgeois surroundings of the Italian province. In
Bologna he studied economics and commerce while he painted and
also wrote criticism for a local newspaper. In 1939 he went to Rome
and worked for the journal "Cinema” studying directorship at the
School of Cinema. As ... See full bio »

Born: September 29, 1912 in Ferrara, Emilia-Romagna, Italy

Died: July 30, 2007 (age 94) in Rome, Lazio, Italy

8 photos | 4 videos | 474 news articles »

Filmography = Showall [ Number of Ratings » ¥ | €

Jump to: Writer | Director | Editor | Second Unit Director or Assistant Director | Producer | Production
designer | Soundtrack | Miscellaneous Crew | Thanks | Self | Archive footage

Writer (30 credits) Show W
Director (35 credits) Show W
Editor (9 credits) Shaw W

Jack Nicholson ¢ waf Top 500

Actor | Soundtrack | Producer

Jack Nicholson, an American actor, producer, screen-writer and
director, is a three-time Academy Award winner and twelve-time
nominee. Nicholson is also notable for being one of two actors - the
other being Michael Caine - who have received Oscar nods in every
decade from sixties through the naughts. Nicholson was born on April
22,1937 in Neptune.,... See full bio »

Born: April 22, 1937 in Neptune, New Jersey, USA

More at IMDbPro »
L, Contact Info: View agent and legal

523 photos | 45 videos | 4410 news articles »

Filmography v Showall [Showby. v| Edt

Jump to: Actor | Soundtrack | Producer | Writer | Director | Miscellaneous Crew | Thanks | Self | Archive
footage

Actor (75 credits) Show W
Soundtrack (10 credits) Show W

Producer (8 credits) Show W
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(1912-2007)

Writer | Director | Editor

Michelangelo Antonioni was born in 1912 into a middle-class family
and grew up in bourgeois surroundings of the Italian province. In
Bologna he studied economics and commerce while he painted and
also wrote criticism for a local newspaper. In 1939 he went to Rome
and worked for the journal "Cinema” studying directorship at the
School of Cinema. As ... See full bio »

Born: September 29, 1912 in Ferrara, Emilia-Romagna, Italy

Died: July 30, 2007 (age 94) in Rome, Lazio, Italy
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Filmography = Showall [ Number of Ratings » ¥ | €

Jump to: Writer | Director | Editor | Second Unit Director or Assistant Director | Producer | Production
designer | Soundtrack | Miscellaneous Crew | Thanks | Self | Archive footage

Writer (30 credits) Show W
Director (35 credits) Show W
Editor (9 credits) Shaw W

" Rate This
Professione: reporter (original title)

1 Thrilles

1 Co Pt Pt
elangelo Antonioni's

Passenger”

Trailer

A frustrated war correspondent, unable to find the war he's been asked to cover, takes the risky path of co-
opting the 1.D. of a dead arms dealer acquaintance.

Director: Michelangelo Antonioni
Writers: Mark Peploe (original story), Mark Peploe (screenplay) 2 more credits »
Stars: Jack Nicholson, Maria Schneider, Jenny Runacre See full cast & crew »

etascore Reviews
rom metacritic.com 108 user | 110 critic

Jack Nicholson ¢ aaf ™o 50

Actor | Soundtrack | Producer

Jack Nicholson, an American actor, producer, screen-writer and
director, is a three-time Academy Award winner and twelve-time
nominee. Nicholson is also notable for being one of two actors - the
other being Michael Caine - who have received Oscar nods in every
decade from sixties through the naughts. Nicholson was born on April
22,1937 in Neptune.,... See full bio »

Born: April 22, 1937 in Neptune, New Jersey, USA

More at IMDbPro »
L, Contact Info: View agent and legal

523 photos | 45 videos | 4410 news articles »

Filmography v Showall [Showby. v| Edt

Jump to: Actor | Soundtrack | Producer | Writer | Director | Miscellaneous Crew | Thanks | Self | Archive
footage

Actor (75 credits) Show W
Soundtrack (10 credits) Show W

Producer (8 credits) Show W
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-_____________________________________________________
Task: Finding Director’'s Muses

« Let mc2 be the number of movies
shared between a specific director-
actor combination (d, a). meg = |{m|M(d,a,m)}|

M ={(d,a,m)|aactsinm A ddirects m }

* Find (d, a) pairs such that deP,acP.

— The actor was cast in at least two of the

d
. , . mc; > 1
director’s movies; a

— No other actor was cast in more than
m + 1 movies of the same director.

Ax € P. mc2 > mcl + 1




EEEEE——
Examples

« Director * Muse
— Christian Petzold — Nina Hoss (collaborated in 5 movies)
— Michelangelo Antonioni — Monica Vitti (collaborated in 5 movies)
— Tim Burton — Helena Bonham Carter (collaborated in

7 movies)
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DSL Design: Choices & Pitfalls

 Domain Specific Languages (DSLs) can be designed and implemented In
various different ways.

« The general design strategy greatly affects
— simplicity and usability,
— optimization and abstraction potential,
— user productivity.




The following examples illustrate how modern DSLs
for distributed collection processing are affected by
their design strategy.




Collection Processing DSLs




l— Collection Processing DSLs

Standalone

SQL




M={(d,a,m)|aactsinm A ddirectsm }
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e
SOL

SELECT d.name AS director,
a.name AS actor,
m.title.title AS movie

FROM people AS a,
credits AS ac,
movies AS m,
credits AS dc,
people ASd

WHERE d.id=  dc.personID

AND m.id= dc.movielD

AND a.id = ac.personliD

AND m.id= ac.movielD

AND dc.creditType = 'director’

AND ac.creditType = 'actor'

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




-_____________________________________________________
Spark SQL

val M= spark.sgl (

S
|ISELECT d.name  AS director, RUNTIME FOR M (IN SECONDYS)
| a.name AS actor,
| m.title.title AS movie Wmvariant1 Mvariant2 ®variant3

|[FROM people AS a,
| credits AS ac,
| movies AS m,
| credits AS dc,

11.74

| people ASd
IWHERE d.id = dc.personliD
|JAND m.id = dc.movielD
|JAND a.id = ac.personliD o **
JAND m.id = ac.movielD SZQTK A EMIMA
|AND dc.creditType = 'director’
|AND ac.creditType = 'actor'
", stripMargin ) Variant 1:

Baseline version.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




-_____________________________________________________
Spark SQL

val M= spark.sgl (

S
|ISELECT d.name  AS director, RUNTIME FOR M (IN SECONDYS)
| a.name AS actor,
| m.title.title AS movie Wmvariant1 Mvariant2 ®variant3

|[FROM people AS a,
| credits AS ac,

| movies AS m, NOo®
| credits AS dc, =5 =
| people ASd
IWHERE d.id = dc.personliD
|JAND a.id = ac.personliD
|JAND m.id = dc.movielD **
JAND m.id = ac.movielD SZQTK A EMIMA
|AND ac.creditType = 'actor'
|AND dc.creditType = 'director’
", stripMargin ) Variant 2:

After swapping WHERE clauses.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




-_____________________________________________________
Spark SQL

val M= spark.sgl (

S
|SELECT d.name  AS director, RUNTIME FOR M (IN SECONDYS)
| a.name AS actor,
| m.title.title AS movie Mvariant1l M variant 2 variant 3
|[FROM people AS a,
| people ASd,
|  credits AS ac, Nox 3
| credits AS dc, = = g
| movies AS m
IWHERE d.id = dc.personliD
|JAND a.id = ac.personliD
|JAND m.id = dc.movielD **

JAND m.id = ac.movielD SZQTK A EMIMA
|AND ac.creditType = 'actor'
|AND dc.creditType = 'director’

", stripMargin ) Variant 3:

After swapping FROM clauses.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC
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-_____________________________________________________
Spark SQL

val M= spark.sgl (

S
|SELECT d.name  AS director, RUNTIME FOR M (IN SECONDYS)
| a.name AS actor,
| m.title.title AS movie Mvariant1l M variant 2 variant 3
|[FROM people AS a,
| people ASd,
|  credits AS ac, Nox 3
| credits AS dc, = = g
| movies AS m
IWHERE d.id = dc.personliD
|JAND a.id = ac.personliD
|JAND m.id = dc.movielD o
JAND m.id = ac.movielD SZQTK A EMIMA
|AND ac.creditType = 'actor'
|AND dc.creditType = 'director’

", stripMargin ) Variant 1:

Baseline version.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




Spark DataFrame

val M=
join(
join(
join(
join(
a,
ac.filter ($" ac.creditType " === "actor" ),
$"ac.personlID " === $"a.id" ),
m,
$" ac.movielD " === $'m.id" ),
dc filter ($" dc.creditType " === "director" ),
$" dc.movielD " === $"'m.id" ),
d,
$" dc.personiID " === $"d.id"
).select(

$"'d.name" as "director" ,
$"a.name" as "actor"
$" m.title. title as "movie"

)

11.74

RUNTIME FOR M (IN SECONDYS)

M variant 1 M variant 2 variant 3

B v
=R -
SPARK SPARK EMMA
SQL DATAFRAME
Variant 1:

Baseline version.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC
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Spark DataFrame

val. M=
join(
join( RUNTIME FOR M (IN SECONDYS)
join
: jéin( M variant1l M variant 2 variant 3
a,
ac,
$"ac.personID " === $"a.id" ), R %o
m, - S =
$" ac.movielD " === $'m.id" ),
dc,
$" dc.movielD " === $"'m.id" ),
d,
A ~nAren~nll O ——— wAy A SPARK SPARK EMMA
)Sflegtc(.personlD === $"d.id sal DATAFRAME
$"d.name" as "director" :
g:a-“?‘r;“e'il as ‘actor” ., Variant 2:
) ﬁlte:?'t'te't'te as movie After reordering filter calls.
$" dc.creditType " === "director" &&
$" ac.creditType " === "actor" . .
) P M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




EEEEE——
Spark DataFrame

val M=
join(
join( RUNTIME FOR M (IN SECONDYS)
join
: jéin( M variant1l M variant 2 variant 3
m, &
dc, =
$" dc.movielD " === $"m.id" ), X088 %o
d, AR 5
$" dc.personiD " === $"d.id" ),
ac,
$"ac.movielD " === $"m.id" ),
a,
" am o ~Aren~nll O —— TP SPARK SPARK EMMA
)Sfleitc(.personlD === $"a.id sal DATAFRAME
$'d.name" as "director" :
g:a-“?‘r;“e'il as ‘actor” ., Variant 3:
)ﬁlterr(n't'te't'te as movie After reordering join calls.
$" dc.creditType " === "director" &&
$" ac.creditType " === "actor" . .
) P M={(d,a,m)|aactsinm A ddirectsm }
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l— Collection Processing DSLs

Embedded

Standalone

SQL

Based on Types

Declarative

Optimizable
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Spark Dataset / RDD

// Dataset API (variant 1)

val C=M
. groupByKey { case (d,a, m)=>(d,a)}
. mapGroups ((key, it) => (key, it.size.toLong )
filter { case (_,mc)=>mc> 1}

// RDD API (variant 1)

val C=M
.groupBy { case (d,a,m)=>(d,a)}
.map { case (key, it) => (key, it.size.toLong ) }
filter { case (_,mc)=>mc> 1}

Variant 1:
Build groups, then compute (e.g., count) per group.

C={(d,amci)| M, a—); mcg>1}

© BBDC




EEEEE——
Spark Dataset / RDD

// Dataset API (variant 1)

val C=M
. groupByKey { case (d,a,m)=>(d, &)} RUNTIME FOR C (IN SECONDS)
. mapGroups ((key, it) => (key, it.size.toLong )
filter { case (_, mc)=>mc > 1} M variant1 Mvariant 2

// RDD API (variant 1)

val C=M
.groupBy { case (d,a,m)=>(d,a)}
.map { case (key, it) => (key, it.size.toLong ) }
filter { case (_,mc)=>mc> 1} SPARK* SPARKf A
DATASET RDD
Variant 1:

Build groups, then compute (e.g., count) per group.

C={(d,amci)| M, a—); mcg>1}

© BBDC
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Spark Dataset / RDD

// Dataset API (variant 2)

val. C=M
. groupByKey { case (d,a m)=>(d a)} RUNTIME FOR C (IN SECONDYS)
.count()
fllter{ case (_’ mc) =>mc > 1 } W variant 1 M variant 2
// RDD API (variant 1) 5
val C=M
.groupBy { case (d,a,m)=>(d,a)}
.map { case (key, it) => (key, it.size.toLong ) }
filter { case (_,mc)=>mc> 1} o
SPARK SPARK EMMA
DATASET RDD
Variant 2:

Build groups and compute (e.g., count) in one step.

C={(d,amci)| M, a—); mcg>1}

© BBDC
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Spark Dataset / RDD

// Dataset API (variant 2)

val C=M
-grou%ByKey { case (d,a m)=>(d,a)} RUNTIME FOR C (IN SECONDYS)
.count
filter { case (_, mc) =>mc > 1 } W variant 1 Mvariant 2

I
Q
o)

// RDD API (variant 2)

val C=M .
.map{ case (d,a, m)=>((d, a), L)}
. reduceByKey ((mcl, mc2) =>mcl + mc2)

filter { case (_, mc)=>mc> 1} SPARK SPARK EMMA
DATASET RDD
Variant 2:

Build groups and compute (e.g., count) in one step.

C={(d,amci)| M, a—); mcg>1}

© BBDC
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l— Collection Processing DSLs

Embedded

Standalone

SQL

Based on Types Based on Quotation

fink:| Table || Dataset mma DataBag
spark | Dataframe | Dataset | oD [l compiles o Flink /Spark




val
S

Emma Features

M= spark.sgl (

|SELECT d.name  AS director, RUNTIME FOR M (IN SECONDYS)
| a.name AS actor,
| m.title.title AS movie Mvariant1l M variant 2 variant 3
|[FROM people AS a, =
|  people ASd, =
|  credits AS ac, SO %o
| credits AS dc, = = g = -
| movies AS m
IWHERE d.id = dc.personliD
|JAND a.id = ac.personliD
|JAND m.id = dc.movielD
JAND m.id = ac.movielD SZQTK A EMIMA
|AND ac.creditType = "actor"
|AND dc.creditType = "director"
. stripMargin ) Integrated

SELECT — FROM — WHERE syntax.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




e
Emma Features

val M= spark.sgl (

S
yield d.name, RUNTIME FOR M (IN SECONDS)
| a.name,
| m.title.title Mvariant1l M variant 2 variant 3
|[FROM people AS a, =
|  people ASd, =
|  credits AS ac, SO %o
| credits AS dc, = = g = -
| movies AS m
IWHERE d.id = dc.personliD
|JAND a.id = ac.personliD
|JAND m.id = dc.movielD
JAND m.id = ac.movielD SZQTK A EMIMA
|AND ac.creditType = "actor"
|AND dc.creditType = "director"

""" . stripMargin ) Integrated

SELECT — FROM — WHERE syntax.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




e
Emma Features

val M= spark.sgl (

S
yield d.name, RUNTIME FOR M (IN SECONDS)
| a.name,
| m.title.title Mvariant1l M variant 2 variant 3
[for a < - people, =
| d< - people, =
| ac< - credits, SO %o
| dc< - credits, = = g = -
| m < - movies
IWHERE d.id = dc.personliD
|JAND a.id = ac.personliD
|JAND m.id = dc.movielD
JAND m.id = ac.movielD SZQTK A EMIMA
|AND ac.creditType = "actor"
|AND dc.creditType = "director"

""" . stripMargin ) Integrated

SELECT — FROM — WHERE syntax.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




e
Emma Features

val M= spark.sgl (

S
yield d.name, RUNTIME FOR M (IN SECONDS)
| a.name,
| m.title.title Mvariant1l M variant 2 variant 3
[for a < - people, =
| d< - people, =
| ac< - credits, SO %o
| dc< - credits, = = g = -
| m < - movies
lif d.id== dc.personliD
lif a.id== ac.personliD
[if  m.id == dc.movielD
if  m.id == ac.movielD SZQTK A EMIMA
|if ac.creditType == "actor"
|if dc.creditType == "director"

""" . stripMargin ) Integrated

SELECT — FROM — WHERE syntax.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC




e
Emma Features

val. M= for {
a < - people

d < - people RUNTIME FOR M (IN SECONDS)
ac < - credits
dc < - credits Emvariant 1 M variant 2 variant 3
m < - movies =
if d.id==  dc.personID =
if a.id==  ac.personlD NOR 3 %o &
if m.id== dc.movielD = = = S -
if m.id== ac.movielD
if ac.creditType == "actor"
if ac.creditType == "director"

b oyield PARK PARK EMMA
d'name’ SSQL DA'IS'AFRAME
a.name,
m.title.title

) Integrated

SELECT — FROM — WHERE syntax.

M={(d,a,m)|aactsinm A ddirectsm }

© BBDC
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Emma Features

// RDD API (variant 1)

val C=M
. groupBy { case (d,a,m)=>(d, a)} RUNTIME FOR C (IN SECONDYS)
.map{ case (key, vs)=> (key, vs.size.toLong )}
.filter{ case (_, mc) =>mc > 1 } Evariant 1 Mvariant 2
SPARK SPARK EMMA
DATASET RDD
Integrated

optimizations for nested collection processing.

C={(d,amci)| M, a—); mcg>1}

© BBDC




e
Emma Features

// Emma API (variant 1)

val C=M
. groupBy { case (d,a,m)=>(d, a)} RUNTIME FOR C (IN SECONDYS)
.map{ case Group (key, vs) => (key, vs.size )}
fllter{ case (_’ mc) =>mc > 1 } W variant 1 M variant 2
SPARK SPARK EMMA
DATASET RDD
Integrated

optimizations for nested collection processing.

C={(d,amci)| M, a—); mcg>1}

© BBDC
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spark | Dataframe | Dataset | oD [l compiles o Flink /Spark




l— Collection Processing DSLs

Embedded

Standalone

SQL

Based on Types Based on Quotation

fink:| Table || Dataset mma DataBag
spark | Dataframe | Dataset | oD [l compiles o Flink /Spark

Declarative
Optimizable
Integrated




