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Ever Wonder é

Art of Multiprocessor Programming 2

When did the term multicore become popular?

A multi-core processor is a single computing 

component with two or more independent actual 

central processing units, which are the units that 

read and execute program instructions.)
wikipedia

http://en.wikipedia.org/wiki/Multicore_(disambiguation)


Letôs Ask Google Ngram!
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usage of multicore in books by publication year



Letôs Ask Google Ngram!
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This part since 2000 is obvious é



Letôs Ask Google Ngram!
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???



Letôs Ask Google Ngram!
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multicore cable

multicore fiber

é

but we digress é



WordCount

Art of Multiprocessor Programming 7

alpha ­ 8

easy to do sequentially é
what about in parallel?

bravo ­ 3

charlie­ 9

é

zulu­ 1



MapReduce
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é

chapter 1 chapter 2 chapter k

split text among mapping threads



Map Phase
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é

chapter 1 chapter 2 chapter k

must count 

words!
must count 

words!

must count 

words!

a mapping thread per chapter



Map Phase

Art of Multiprocessor Programming 10

chapter 1

alpha­ 9

juliet­ 2,

alpha ­ 1

tango­ 4

éeach mapper thread produces a streamé
of key-valuepairs é

key: word

value: local count
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Mapper Class

abstract class Mapper<IN, K, V>

extends RecursiveTask <Map<K, V>> {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}
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Mapper Class

abstract class Mapper< IN, K, V>

extends RecursiveTask <Map<K, V>> {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}

input: document fragment
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Mapper Class

abstract class Mapper<IN, K, V>

extends RecursiveTask <Map<K, V>> {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}
key: individual word
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Mapper Class

abstract class Mapper<IN, K, V>

extends RecursiveTask <Map<K, V>> {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}

value: local count
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Mapper Class

abstract class Mapper<IN, K, V>

extends RecursiveTask <Map<K, V>> {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}

a task that runs in parallel with other tasks



Art of Multiprocessor Programming 16

Mapper Class

abstract class Mapper<IN, K, V>

extends RecursiveTask <Map<K, V> > {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}

produces a map: word ­ count
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Mapper Class

abstract class Mapper<IN, K, V>

extends RecursiveTask <Map<K, V>> {

IN input;

public void setInput (IN anInput ) {

input = anInput ;

}

}

initialize input: which document fragment?
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WordCount Mapper
class WordCountMapper extends

mapreduce.Mapper <

List<String >, String, Long

> {

é

}
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WordCount Mapper
class WordCountMapper extends

mapreduce.Mapper <

List<String >, String, Long

> {

é

}document fragment is 

list of words
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WordCount Mapper
class WordCountMapper extends

mapreduce.Mapper <

List<String >, String, Long

> {

é

}document fragment is 

list of words
map each word é
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WordCount Mapper
class WordCountMapper extends

mapreduce.Mapper <

List<String >, String, Long

> {

é

}document fragment is 

list of words
map each word é

to its count in 

the fragment
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WordCount Mapper
Map<String,Long > compute() {

Map<String,Long > map = new HashMap<>();

for (String word : input) {

map.merge (word ,

1L,

( x, y) - > x + y);

}

return map;

}

}
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WordCount Mapper
Map<String,Long > compute() {

Map<String,Long > map = new HashMap<>();

for (String word : input) {

map.merge (word ,

1L,

( x, y) - > x + y);

}

return map;

}

}

the compute() method constructs the 

local word count
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WordCount Mapper
Map<String,Long > compute() {

Map<String,Long > map = new HashMap<>();

for (String word : input) {

map.merge (word ,

1L,

( x, y) - > x + y);

}

return map;

}

}
create a map to hold the output
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WordCount Mapper
Map<String,Long > compute() {

Map<String,Long > map = new HashMap<>();

for (String word : input) {

map.merge (word ,

1L,

( x, y) - > x + y);

}

return map;

}

}

examine each word in 

the document fragment
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WordCount Mapper
Map<String,Long > compute() {

Map<String,Long > map = new HashMap<>();

for (String word : input) {

map.merge (word ,

1L,

( x, y) - > x + y);

}

return map;

}

} increment that wordôs 

count in the map
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WordCount Mapper
Map<String,Long > compute() {

Map<String,Long > map = new HashMap<>();

for (String word : input) {

map.merge (word ,

1L,

( x, y) - > x + y);

}

return map;

}

}

when the local count is 

complete, return the map



Reduce Phase
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é

alpha ­ 4

bravo ­ 2

é

zulu­ 1

a reducer thread merges mapper outputs

alpha­ 2

juliet­ 1

tango­ 1

é

alpha­ 1

foxtrot ­ 1

papa­ 1

tango­ 1

é

alpha­ 1

oscar­ 1,

bravo ­ 2é



alpha ­ 3

bravo ­ 2

é

zulu­ 1

Reduce Phase
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the reducer task produces a streamé
of key-value pairs é

key: word value: word count
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Reducer Class
abstract class Reducer<K, V, OUT>

extends RecursiveTask <OUT> {

K key;

List<V> valueList ;

public void setInput (

K aKey,

List<V > aList ) {

key = aKey;

valueList = aList ;

}

}
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Reducer Class
abstract class Reducer< K, V, OUT>

extends RecursiveTask <OUT> {

K key;

List<V> valueList ;

public void setInput (

K aKey,

List<V > aList ) {

key = aKey;

valueList = aList ;

}

}

each reducer is given

a single key (word)
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Reducer Class
abstract class Reducer<K, V, OUT>

extends RecursiveTask <OUT> {

K key;

List<V> valueList ;

public void setInput (

K aKey,

List<V > aList ) {

key = aKey;

valueList = aList ;

}

}

and a list of associated values 

(word count per fragment)
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Reducer Class
abstract class Reducer<K, V, OUT>

extends RecursiveTask <OUT> {

K key;

List<V> valueList ;

public void setInput (

K aKey,

List<V > aList ) {

key = aKey;

valueList = aList ;

}

}

It produces a single summary value

(the total count for that word)



WordCount
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0.037

normalizing document wordcount
gives a fingerprint vector

0.002

0.045

é

0.000



Document Fingerprint
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a fingerprint is a point in a 

high-dimensional space



Clustering
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romance novels

tango lyrics

Usenix Procedings



k-means
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Find k clusters from raw data



k-means
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Find k clusters from raw data

each vector closer to those in same cluster é

than in different clusters.



MapReduce
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é

thread 1 thread 2 thread k

split points among mapping threads



k-means
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Reducer picks kñcentersò at random



Reduce Phase
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0 ­ c0

1 ­ c1

2 ­ c2

é

thread 1 thread 2 thread k

reducer sends key-value pair to mappers

key: cluster number

value: center point



Mappers
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Each mapper uses 

centers to assign each 

vector to a cluster

0 ­ c0

1 ­ c1

2 ­ c2



Mappers
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Each mapper uses 

centers to assign each 

vector to a cluster

0 ­ c0

1 ­ c1

2 ­ c2



Mappers
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p0­ 2

p1 ­ 1

p2­ 1

p3­ 0

mapper sends key-value stream to reducer

key: point

value: cluster ID



C0 = {é}

C1 = {é}

C2 = {é}

Back at the Reducer
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The reducer merges the streams é.

and assembles clusters é



Back at the Reducer
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The reducer computes new centers

based on new clusters é

0 ­ c0ô

1 ­ c1ô

2 ­ c2ô



Once is Not Enough
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é

thread 1 thread 2 thread k

reducer sends new centers to mappers

process ends when centers become stable

0 ­ c0ô

1 ­ c1ô

2 ­ c2ô



To Recaptulate
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We saw two problems é

wordcount & k-means é

with similar parallel solutions

Map part is parallel é

Reduce part is sequential.
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abstraction



Map Function
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(k1, v1) list(k2, v2)

doc, contents word, count

cluster ID, center point, cluster ID



Reduce Function
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(k2, list(v2)) list(v2)

word, list of counts count

cluster ID, list of points new cluster center


