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AW1 Rückblick

Wo liegt das Problem?

Trend der Hardwareentwicklung
Programmierkonzepte langsamer als Hardwareentwicklung
Komplexität wächst mit der Aufgabe

Was bietet Clojure im Hinblick auf Lösungen?
Wie funktionieren diese Lösungen?

Agent - asynchrone Updates
Atom - unkoordinierte, synchrone Updates
Ref - koordinierte, synchrone Updates [3]

Was bieten andere Projekte?
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Grundlagen

Man Unterscheidet grundsätzlich zwischen: [2]

Multicore

lokale CPUs
lokaler RAM
gemeinsamer Speicher

Multinode

verteilte CPUs
verteiler RAM
getrennter Speicher
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Parallel Programming Models

Modelle sind prinzipiell unabhängig von der zugrunde
liegenden Hardware.

Alternative Programmiermodelle:

Message Passing mit Aktoren [8]
Software Transactional Memory [1]
MapReduce [4]
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Parallel Programming Models

Message Passing mit Aktoren

jeder hat seinen eigenen Speicher
Speicher muss nicht geschützt werden
Synchronisation durch das Prinzip

Actor

_____
______________
______
______ 

____ 
____
_______

ActorActor

_____
______________

______
______ 

____ 
____
_______
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Parallel Programming Models

Software Transactional Memory

ein Speicher für alle
Zugriff auf Ressourcen in

”
transactions“

automatische Synchronisation

Task

_____
___
________

_____

_____
___
________

_____

_____
___
________

_____

Task

Task

Software Transactonal Memory

Reference

Object

Reference

Object

Reference

Object
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Parallel Programming Models

Grid Computing

verteilter Speicher für Daten
meist SIMD (single instruction, multiple data) inklusive
Verteilung der Daten
asynchrone Synchronisation (später genauer)

Node

____
______

___
______

Node

____
______

___
______

Task

____
______

___
______

Node

____
______

___
______

Node

____
______

___
______

Node

____
______

___
______

Node

____
______

___
______

LAN / WAN

11/ 30 AW 2 - Software Concurrency - Related Work



AW1 Rückblick Parallel Programming Models Related Work Zusammenfassung Literatur

Parallel Programming Models

Grid Computing
verteilter Speicher für Daten

meist SIMD (single instruction, multiple data) inklusive
Verteilung der Daten
asynchrone Synchronisation (später genauer)
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Projekte

Actors (Scala)
Lokales Prinzip auf Netzwerk übertragbar

STM.NET (C#)
Lokales Prinzip mit (bei Clojure maximalem) Automatismus

Googles MapReduce (C++)
Verteiltes Prinzip mit maximalem Automatismus
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Actors

Scala Actors

Actor
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Scala Actors - Merkmale

”
Light-weight“ Prozesse (Erlang Style) [6]

(A)synchrones Message Passing

Pattern matching [7]

keine
”
transactions“

nicht Netzwerkübergreifend
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Scala Actors - Funktionsweise

0 import scala . actors .Actor
import scala . actors .Actor.

class Ping(count: int , pong: Actor) extends Actor {
def act() {

5

pong ! Ping

receive {
case Pong =>

10

15

20 }

}
}
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Scala Actors - Funktionsweise

0 import scala . actors .Actor
import scala . actors .Actor.

class Ping(count: int , pong: Actor) extends Actor {
def act() {

5 var pingsLeft = count − 1
pong ! Ping
while (true) {

receive {
case Pong =>

10 if ( pingsLeft % 1000 == 0)
Console. println (”Ping: pong”)

if ( pingsLeft > 0) {
pong ! Ping
pingsLeft −= 1

15 } else {
Console. println (”Ping: stop”)
pong ! Stop
exit ()
}

20 }
}
}
}
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Software Transactional Memory

STM.NET
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STM.NET - Merkmale

Teil der Common Language Runtime (CLR) von Microsoft

Führt den
”
Atomic.Do(() =>...)“ Codeblock ein

Transaktionen können geschachtelt werden (innere
Lock-Scopes werden augeblendet)
Bei Fehlern

”
partial-rollbacks“

”
Optimistic Locking“

”
retry“

blockiert Zugriff auf Shared Variables komplett

verbietet falschen Zugriff nicht [5]
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STM.NET - Funktionsweise

0 using System.TransactionalMemory;
...
public static void Transfer (BankAccount from, BankAccount to,

int amount, int transferFee ) {
Atomic.Do(() => {

5

})
}

10 ...
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STM.NET - Funktionsweise

0 using System.TransactionalMemory;
...
public static void Transfer (BankAccount from, BankAccount to,

int amount, int transferFee ) {
Atomic.Do(() => {

5 from.ModifyBalance( − ( amount + transferFee ) );
to.ModifyBalance(amount);
bankAccount.GiveUsMoney(transferFee);
})
}

10 ...
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Grid Computing

Googles MapReduce
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Googles MapReduce - Merkmale

Verteiltes System

skaliert auf mehrere Tausend PCs (2004 avg. 157 / 2004 max.
1800)

Fehlertolerant

Master synchronisiert

Einfache API [4]
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Googles MapReduce - Map & Reduce

Eine Beispiel Map Funktion:
Wird auf jedes Element einer Collection angewendet.

0 map( AddOne, <array> );
−> array[0] = AddOne(array[0]) ;
−> array[1] = AddOne(array[1]) ;
...

Eine Beispiel Reduce Funktion:
Wird benutzt um eine Collection auf ein Ergebnis zu
reduzieren.

0 reduce( AddXY, 0, <array> );
−> tmp = AddXY(0, array[0]);
−> tmp = AddXY(tmp, array[1]);
...

24/ 30 AW 2 - Software Concurrency - Related Work
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Googles MapReduce - Execution Overview

Teilt die Eingabe auf
und startet sich auf
anderen Workern

Master verteilt die
Tasks auf untätige
Worker

Liest die Eingabe und

”
mapped“, Ergebnisse
im RAM

Periodisches schreiben
der Key/Value Pairs,
Adressen an den
Master

User
Program

Master

(1) fork

worker

(1) fork

worker

(1) fork

(2)
assign
map

(2)
assign
reduce

split 0

split 1

split 2

split 3

split 4

  

output
file 0

    (6) write

worker
(3) read

worker

  
(4) local write

  

Map
phase

Intermediate files
(on local disks)

worker output
file 1

Input
files

(5) remote read

Reduce
phase

Output
files

Figure 1: Execution overview

Inverted Index: The map function parses each docu-
ment, and emits a sequence of 〈word,document ID〉
pairs. The reduce function accepts all pairs for a given
word, sorts the corresponding document IDs and emits a
〈word, list(document ID)〉 pair. The set of all output
pairs forms a simple inverted index. It is easy to augment
this computation to keep track of word positions.

Distributed Sort: The map function extracts the key
from each record, and emits a 〈key,record〉 pair. The
reduce function emits all pairs unchanged. This compu-
tation depends on the partitioning facilities described in
Section 4.1 and the ordering properties described in Sec-
tion 4.2.

3 Implementation

Many different implementations of the MapReduce in-
terface are possible. The right choice depends on the
environment. For example, one implementation may be
suitable for a small shared-memory machine, another for
a large NUMA multi-processor, and yet another for an
even larger collection of networked machines.

This section describes an implementation targeted
to the computing environment in wide use at Google:

large clusters of commodity PCs connected together with
switched Ethernet [4]. In our environment:

(1) Machines are typically dual-processor x86 processors
running Linux, with 2-4 GB of memory per machine.

(2) Commodity networking hardware is used – typically
either 100 megabits/second or 1 gigabit/second at the
machine level, but averaging considerably less in over-
all bisection bandwidth.

(3) A cluster consists of hundreds or thousands of ma-
chines, and therefore machine failures are common.

(4) Storage is provided by inexpensive IDE disks at-
tached directly to individual machines. A distributed file
system [8] developed in-house is used to manage the data
stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
hardware.

(5) Users submit jobs to a scheduling system. Each job
consists of a set of tasks, and is mapped by the scheduler
to a set of available machines within a cluster.

3.1 Execution Overview

The Map invocations are distributed across multiple
machines by automatically partitioning the input data

To appear in OSDI 2004 3
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Figure 1: Execution overview

Inverted Index: The map function parses each docu-
ment, and emits a sequence of 〈word,document ID〉
pairs. The reduce function accepts all pairs for a given
word, sorts the corresponding document IDs and emits a
〈word, list(document ID)〉 pair. The set of all output
pairs forms a simple inverted index. It is easy to augment
this computation to keep track of word positions.

Distributed Sort: The map function extracts the key
from each record, and emits a 〈key,record〉 pair. The
reduce function emits all pairs unchanged. This compu-
tation depends on the partitioning facilities described in
Section 4.1 and the ordering properties described in Sec-
tion 4.2.

3 Implementation

Many different implementations of the MapReduce in-
terface are possible. The right choice depends on the
environment. For example, one implementation may be
suitable for a small shared-memory machine, another for
a large NUMA multi-processor, and yet another for an
even larger collection of networked machines.

This section describes an implementation targeted
to the computing environment in wide use at Google:

large clusters of commodity PCs connected together with
switched Ethernet [4]. In our environment:

(1) Machines are typically dual-processor x86 processors
running Linux, with 2-4 GB of memory per machine.

(2) Commodity networking hardware is used – typically
either 100 megabits/second or 1 gigabit/second at the
machine level, but averaging considerably less in over-
all bisection bandwidth.

(3) A cluster consists of hundreds or thousands of ma-
chines, and therefore machine failures are common.

(4) Storage is provided by inexpensive IDE disks at-
tached directly to individual machines. A distributed file
system [8] developed in-house is used to manage the data
stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
hardware.

(5) Users submit jobs to a scheduling system. Each job
consists of a set of tasks, and is mapped by the scheduler
to a set of available machines within a cluster.

3.1 Execution Overview

The Map invocations are distributed across multiple
machines by automatically partitioning the input data
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This section describes an implementation targeted
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stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
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tation depends on the partitioning facilities described in
Section 4.1 and the ordering properties described in Sec-
tion 4.2.
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Many different implementations of the MapReduce in-
terface are possible. The right choice depends on the
environment. For example, one implementation may be
suitable for a small shared-memory machine, another for
a large NUMA multi-processor, and yet another for an
even larger collection of networked machines.

This section describes an implementation targeted
to the computing environment in wide use at Google:

large clusters of commodity PCs connected together with
switched Ethernet [4]. In our environment:

(1) Machines are typically dual-processor x86 processors
running Linux, with 2-4 GB of memory per machine.

(2) Commodity networking hardware is used – typically
either 100 megabits/second or 1 gigabit/second at the
machine level, but averaging considerably less in over-
all bisection bandwidth.

(3) A cluster consists of hundreds or thousands of ma-
chines, and therefore machine failures are common.

(4) Storage is provided by inexpensive IDE disks at-
tached directly to individual machines. A distributed file
system [8] developed in-house is used to manage the data
stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
hardware.

(5) Users submit jobs to a scheduling system. Each job
consists of a set of tasks, and is mapped by the scheduler
to a set of available machines within a cluster.
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from each record, and emits a 〈key,record〉 pair. The
reduce function emits all pairs unchanged. This compu-
tation depends on the partitioning facilities described in
Section 4.1 and the ordering properties described in Sec-
tion 4.2.

3 Implementation

Many different implementations of the MapReduce in-
terface are possible. The right choice depends on the
environment. For example, one implementation may be
suitable for a small shared-memory machine, another for
a large NUMA multi-processor, and yet another for an
even larger collection of networked machines.

This section describes an implementation targeted
to the computing environment in wide use at Google:

large clusters of commodity PCs connected together with
switched Ethernet [4]. In our environment:

(1) Machines are typically dual-processor x86 processors
running Linux, with 2-4 GB of memory per machine.

(2) Commodity networking hardware is used – typically
either 100 megabits/second or 1 gigabit/second at the
machine level, but averaging considerably less in over-
all bisection bandwidth.

(3) A cluster consists of hundreds or thousands of ma-
chines, and therefore machine failures are common.

(4) Storage is provided by inexpensive IDE disks at-
tached directly to individual machines. A distributed file
system [8] developed in-house is used to manage the data
stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
hardware.

(5) Users submit jobs to a scheduling system. Each job
consists of a set of tasks, and is mapped by the scheduler
to a set of available machines within a cluster.
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The Map invocations are distributed across multiple
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reduce function emits all pairs unchanged. This compu-
tation depends on the partitioning facilities described in
Section 4.1 and the ordering properties described in Sec-
tion 4.2.
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Many different implementations of the MapReduce in-
terface are possible. The right choice depends on the
environment. For example, one implementation may be
suitable for a small shared-memory machine, another for
a large NUMA multi-processor, and yet another for an
even larger collection of networked machines.

This section describes an implementation targeted
to the computing environment in wide use at Google:

large clusters of commodity PCs connected together with
switched Ethernet [4]. In our environment:

(1) Machines are typically dual-processor x86 processors
running Linux, with 2-4 GB of memory per machine.

(2) Commodity networking hardware is used – typically
either 100 megabits/second or 1 gigabit/second at the
machine level, but averaging considerably less in over-
all bisection bandwidth.

(3) A cluster consists of hundreds or thousands of ma-
chines, and therefore machine failures are common.

(4) Storage is provided by inexpensive IDE disks at-
tached directly to individual machines. A distributed file
system [8] developed in-house is used to manage the data
stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
hardware.

(5) Users submit jobs to a scheduling system. Each job
consists of a set of tasks, and is mapped by the scheduler
to a set of available machines within a cluster.

3.1 Execution Overview

The Map invocations are distributed across multiple
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from each record, and emits a 〈key,record〉 pair. The
reduce function emits all pairs unchanged. This compu-
tation depends on the partitioning facilities described in
Section 4.1 and the ordering properties described in Sec-
tion 4.2.
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Many different implementations of the MapReduce in-
terface are possible. The right choice depends on the
environment. For example, one implementation may be
suitable for a small shared-memory machine, another for
a large NUMA multi-processor, and yet another for an
even larger collection of networked machines.

This section describes an implementation targeted
to the computing environment in wide use at Google:

large clusters of commodity PCs connected together with
switched Ethernet [4]. In our environment:

(1) Machines are typically dual-processor x86 processors
running Linux, with 2-4 GB of memory per machine.

(2) Commodity networking hardware is used – typically
either 100 megabits/second or 1 gigabit/second at the
machine level, but averaging considerably less in over-
all bisection bandwidth.

(3) A cluster consists of hundreds or thousands of ma-
chines, and therefore machine failures are common.

(4) Storage is provided by inexpensive IDE disks at-
tached directly to individual machines. A distributed file
system [8] developed in-house is used to manage the data
stored on these disks. The file system uses replication to
provide availability and reliability on top of unreliable
hardware.

(5) Users submit jobs to a scheduling system. Each job
consists of a set of tasks, and is mapped by the scheduler
to a set of available machines within a cluster.
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