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RDD-based programming
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Basic Actions

Basic RDD actions
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local Java variable of the Driver program

Pay attention to the size of the returned value

Store the content of an RDD in an output file
The basic actions returning (Java) objects to
the Driver are

collect(), count()countByValug), take(), top(),

takeSampld), reduce(), fold(), aggregate(),
foreach))

A
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Syntax

In the following, the following syntax is used

T =Type of the objects of the RDD on which the
transformation is applied

The RDD on which the action is applied in referreg
AO OEI POOG6 2%$%

Collect action
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Collect action

Goal

The collect action returns a local Java list of
objects containing the same objects of the
considered RDD

Pay attention to the size of the RDD

Large RDD cannot be memorized in a local
variable of the Driver

Method

The collect action is based on thest<T=>collect()
method of theJavaRD[xT>class

Collect action: Example 1

Create an RDD of integers containing the
values {1, 2, 3, 3}

Retrieve the values of the created RDD and
store them in a local Java list that is
instantiated in the Driver
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Collect action: Example 1

/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputList=Arrays.asListl, 2, 3, 3);
JavaRDRInteger>inputRDD=sc.parallelizéinputList);

/I Retrieve the elements of theputRDDand store them in
/l a local Java list

List<Integer>retrievedValues=inputRDD.collecf);

Collect action: Example 1

/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputList=Arrays.asListl, 2, 3, 3);
JavaRDRInteger>inputRDD=sc.parallelizénputList);

/I Retrieve the elements of theputRDDand store them in
/I a local Java list

List<Integer>retrievedValuestinputRDD|collecf);
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Collect action: Example 1

/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputList=Arrays.asListl, 2, 3, 3);
JavaRDRInteger>inputRDD=sc.parallelizéinputList);

/I Retrieve the elements of theputRDDand store them in

/l a local Java list
List<Integer>retrievedVaIue$ inputRDD.collect);

\

retrievedValuess a local Java variable.

It can only be stored in the main memory of the
process/task associated with the Driver.

Pay attention to the size of the list.

Use the collect() action if and only if you are sure that the
list is small.

Otherwise, store the content of the RDD in a file by
using the saveAsTextFilemethod “

Count action
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Count action

Goal

Count the number of elements of an RDD
Method

The count action is based on th&
method of the class

13

Count action: Example 1

#1 1 OEAAO OEA OAQOOAI
AT A OAT AOIiI AT Ows Owbo
Print the name of the file with more lines

14
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Count action: Example 1

/I Read the content of the two input textual files
JavaRDBString> inputRDD1 sc.textFil€"documentl.txt");
JavaRDRString> inputRDD2 sc.textFilg"document2.txt");

/I Count the number of lines of the two files = number of elements
/I of the two RDDs

long numLinesDocl = inputRDD1.count();

long numLinesDoc2 = inputRDD2.count();

if (numLinesDoc1> numLinesDoc2) {
System.out.printin("documentl.txt");

else {
it (numLinesDoc2> numLinesDocl)
System.out.printin("document2.txt");
else
System.out.printi("Same number of lines");

15

CountByValue action
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CountByValue action

Goal

ThecountByValueaction returns a local Java Map
object containing the information about the
number of times each element occurs in the RDD

Method
ThecountByValueaction is based on the

method of the
class

17

CountByValue action: Example 1

Create an RDD from a textual file containing
the first names of a list of users

Each line contain one name
Compute the number of occurrences of each
TATA ATA O0OO01T OA6 OEE
variable of the Driver

18
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CountByValue action: Example 1

/I Read the content of the input textual file
JavaRDBString>namesRDD= sc.textFilg"names.txt");

/I Compute the number odccurrenciesof each name

java.util. Map<String,java.lang.Long- namesOccurrences
namesRDD.countByValig

19

CountByValue action: Example 1

/I Read the content of the input textual file
JavaRDBString>namesRDD= sc.textFilg"names.txt");

/I Compute the number abccurrenciesof each name
‘ java.util. Map<String,java.lang.Long namesOccurrencefs
namesRDD.countByValyg \

Also in this case, pay attention to the size of the
returned map (i.e., the number of names in this case).
Use thecountByValue() action if and only if you are sure
that the returned java.util.Map is small.

/| OEAOxEOAh OOA Al ADPDPOI DOEAOA AEAE
transformations and write the final result in a file by
using the saveAsTextFilemethod.

20
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Take action

Take action

Goal

The take(n) action returns a local Java list of
objects containing the first elements of the
considered RDD

The order of the elements in an RDD is consistent with
the order of the elements in the file or collection that
has been used to create the RDD

Method

The take action is based on thest<T>take(int
n) method of theJavaRDDT>class

22
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Take action: Example 1

Create an RDD of integers containing the
values {1, 5, 3, 3, 2}

Retrieve the first two values of the created
RDD and store them in a local Java list that is
instantiated in the Driver

23

Take action: Example 1

/I Create an RDD of integers. Load the values 1, 5, 3, 3,2 in this RDD
List<Integer>inputList=Arrays.asListl, 5, 3, 3, 2);
JavaRDRInteger>inputRDD=sc.parallelizénputList);

/I Retrieve the first two elements of thaputRDDand store them in
/I a local Java list

List<Integer>retrievedValues=inputRDD.takg?2);

24
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First action

First action

Goal

The first() action returns a local Java object
containing the first element of the considered
RDD

The order of the elements in an RDD is consistent with
the order of the elements in the file or collection that
has been used to create the RDD

Method

The first action is based on thefirst() method of
the JavaRD[xT>class

26
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First vs Take(1)

The only difference between first() and
take(1) is given by the fact that
first() returns asingle elementof type T
The returned element is the first element of the RDD

take(1) returns ast of elementscontaining one
single elementof type T

The only element of the returned list is the first element

of the RDD

27

Top action
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Top action

Goal

The top(n) action returns a local Java list of
objects containing the top (largest) elements of
the considered RDD

The ordering is the default one of class T ( the class of
the objects of the RDD)

The descending order is used

Method
The top action is based on the
method of the class

29

Top action: Example 1

Create an RDD of integers containing the
values {1, 5, 3, 3, 2}

Retrieve the top2 greatest values of the
created RDD and store them in a local Java
list that is instantiated in the Driver

30
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Top action: Example 1

/I Create an RDD of integers. Load the values 1, 5, 3, 3,2 in this RDD
List<Integer>inputList=Arrays.asListl, 5, 3, 3, 2);
JavaRDRInteger>inputRDD=sc.parallelizéinputList);

/I Retrieve the top2 elements of thenputRDDand store them in
/l a local Java list

List<Integer>retrievedValues=inputRDD.to2);

31

TakeOrdered action
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TakeOrdered action

Goal

ThetakeOrderedn, comparator<T>) action

returns a local Java list of objects containing the

top 11 (smallest) elements of the considered RDD
The ordering is specified by the developer by means of g

class implementing thgava.util. ComparatoxT>
interface

Method

ThetakeOrderedactions based on théist<T>
takeOrdered (int n, java.util. Comparator<T>
comp)method of theJavaRDDE<T>class

33

TakeSample action
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TakeSample action

Goal

ThetakeSampldwithReplacement n, [seed])
action returns a local Java list of objects
containingn random elements of the considered
RDD

Method
ThetakeSampleactions based on théisi<T>

takeSample(booleanwithReplacement, int n)
method of theJavaRD[xT>class

withReplacementspecifies if the random sample is with
replacement (true) or not (false)

35

TakeSample action

Method

TheList<T>takeSample(boolean
withReplacement, int n, long seed)method of
the JavaRD[xT>class is used when we want to
set the seed

36
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TakeSample action: Example 1

Create an RDD of integers containing the
values {1, 5, 3, 3, 2}

Retrieve randomly, without replacement, 2
values from the created RDD and store them
in a local Java list that is instantiated in the
Driver

37

TakeSample action: Example 1

/I Create an RDD of integers. Load the values 1, 5, 3, 3,2 in this RDD
List<Integer>inputList=Arrays.asListl, 5, 3, 3, 2);
JavaRDRInteger>inputRDD=sc.parallelizénputList);

/I Retrieve randomly two elements of theputRDDand store them in
/I a local Java list

List<Integer>randomValues inputRDD.takeSamplérue, 2);

38
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Reduce action

Reduce action

Goal

Return a single Java object obtained by combining
the objects of the RDD by using a user provide
O&EOT AGET T o6

AEA POl OEAAA OmEOdaeed 1 6 |

commutative

otherwise the result is not deterministic
AEA OAOOOT AA TAEAAO AT A O
all instances of the same class (T)
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Reduce action

Method

The reduce action is based on the

method of the
class

An object of a class implementing the
Function2<T, T, T> interface is passed to the
reduce method

The method of

the Function2<T, T, T> interface must be implemented

It contains the code that is applied to combine the values of the
elements of the RDD

a1

Reduce action: how it woks

Suppose_ contains the list of elements of the
OEI bOOO6 2$%$$ _
To compute the final element, the reduce action
operates as follows
! bPI U OEA OOAO OPAAEEEAI]
elementse, ande, occurring inLand obtain a new
element ]
2AT T OA OEA O1 ¢GRQET okl and Al
then insert the element, ., in
If L contains only one value then return it as final

result of the reduce action. Otherwise, return to step
1

42
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Reduce action: how it woks

) £ OEA O&O01 AOET 16 EO

commutative, the computation of the reduce
action can be performed in parallel without
problems

Otherwise the result is not deterministic and
depends on the order of execution of the
function on the elements of the RDD

43

Reduce action: Example 1

Create an RDD of integers containing the
values {1, 2, 3, 3}

Compute the sum of the values occurring in
OEA 233 AT A OOOT OAGd
integer variable in the Driver

44
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Reduce action: Example 1

/I Define a class implementing the Function2 interface
classSumClassmplements Function2<Integer, Integer, Integer> {
/I Implement the call method
public Integer call(Integer elementl, Integer element2) {
return elementl+element?2;
}

}
888

/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputListReduce=Arrays.asListl, 2, 3, 3);
JavaRDRInteger>inputRDDReduce sc.parallelizénputListReducg;

/I Compute the sum of the values;
Integer sum=inputRDDReduce.redug¢aew SumcClas§));

45

Reduce action: Example 2

Create an RDD of integers containing the
values {1, 2, 3, 3}

Compute the maximum value occurring in the
2%$$ AT A OOOI OAs OEA
integer variable in the Driver

46
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Reduce action: Example 2

/I Define a class implementing the Function2 interface
classMaxClassmplements Function2<Integer, Integer, Integer> {
/I Implement the call method
public Integer call(Integer elementl, Integer element2) {
if (elementl>element2)
return elementl;
else
return element2;
}
}
888
/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputListReduce=Arrays.asListl, 2, 3, 3);
JavaRDRiInteger>inputRDDReduce sc.parallelizénputListReducg;

/I Compute the maximum value
Integer max snputRDDReduce.redug¢aew MaxClas§));

a7

Reduce action: Example 2

The same problem can be solved more easily
by using the top action

48
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Solution based on the Top action

/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputListReduce=Arrays.asListl, 2, 3, 3);
JavaRDRBInteger>inputRDDReduce: sc.parallelizénputListReducg;

/I Compute the maximum value
List<Integer> top1 inputRDDReduce.tofl);
Integer max = top1l.get(0);

49

Fold action
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Fold action

Goal

Return a single Java object obtained by combining
the objects of the RDD by using a user provide
O&£O0T AOCET T 6

4EA DPOT OEAAA OsEOdavaed 1 6

Otherwise the result is not deterministic

1T ET EOEAI OUAOT 6 OAI O

Fold action

Method

The fold action is based on the

method of
the class
4EA OUAOI 6 OAI BA 1T & OUDPA
And an object of a class implementing the
Function2<T, T, T> interface is passed to the fold
method

The method of the

Function2<T, T, T> interface must be implemented

It contains the code that is applied to combine the values of the
elements of the RDD

2/26/2017
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Fold vs Reduce

FoldvsReduce
&T 1T A EO AEAOAAOAOEUAA

This is the only difference with respect to the reduce()

action

53

Aggregate action
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Aggregate action

Goal

Return a single Java object obtained by combining
OEA T AEAAOCO T £ OEA 2% %
AU OOET ¢ Oxi OOAO pPOI O
4EA DPOI OEAARAA OECLi&GEDT 06
commutative

otherwise the result is not deterministic

Thereturned objectandthel 1 AO 1T £ OEA O
can be instances afifferent classes
This is the main difference with respect to fold( ) and reduce ()

55

Aggregate action

Method

The aggregate action is based on the
U aggregate(U zeroValue, Function2<U,T,U>seqOp,
Flunction2<U,U,U>combOp) method of theJavaRDXT>
class
4EA OEIT POOS6 23%3%$ Ai1 OAET O
returned object is of type U
7A T AAA T1TA OEO1T AGEI T 6 A O 1AO
element of type U to return a new element of type U
It is used to merge the elements of the input RDD and the zero value
7A TAAA TT A O&BT AGEIT6 A O I AO
return a new element of type U

It is used to merge two elements of type U obtained as partial results
generated by two different partitions

56
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Aggregate action

AEA EEOOO O4&£O01 AOGET 16 E
implementing the Function2<U, T, U> interface
Thepublic U call(U elementl, T element2imethod of
the Function2<U, T, U> interface must be implemented

It contains the code that is applied to combine the zero value, and
the intermediate values, with the elements of the RDD

4R OAATT A OA&OI AOGETT 6
implementing the Function2<U, U, U> interface

Thepublic U call(U elementl, U element2method of
the Function2<U, U, U> interface must be implemented

It contains the code that is applied to combine two elements of
type U returned as partial results by two different partitions

57

Aggregate action: how it woks

Suppose that AT T OAET O OEA 1 EOO 1 4
RDD and this RDD is split in a set of partitions, i.e., a set 0
lists{L,, .., L} _ . .
The aggregate action computes a partial result in each
partition and then combines/merges the results.
It operates as follows
Aggregate the partial results in each partition, obtaining a set
of partial results (of type W)= p,, .., p,.}
! DPI U OEA OAATT A OOAO ODAAEA
elementsp, andp, in Pand obtain a new element,,
2AT T OA OEA O ORGE frohiPand hénA il AT
insert the element, ., in P

If P contains only one value then return it as final result of the
aggregate action. Otherwise, return to step 2

58
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Aggregate action: how it woks

Suppose that

RDD
And zeroValueis the initial zero value

the aggregate action operates as follows
Setaccumulatorto zeroValue(accumulatorzeroVa

and an elements; in L, and updateaccumulator with
value returned by the function
2AT T OA OEA Oi GE®ET Al

of the current partition. Otherwise, return to step 2

L is the list of elements onthethD AOOE OET 1T 1 /
To compute the partial result over the elements.in

I DPI U OEA AEOO0O O GAOMuGDAA

If L, is empty returnaccumulator as (final) partial result

lug
the

Al A

59

Aggregate action: Example 1

Create an RDD of integers containing th
values {1, 2, 3, 3}

Compute both the sum of the values

Al Al AT 0O 1T £ OEA EI

in a local Java variable of the Driver the

input RDD

e

occurring in the input RDD and the number of

PO

average computed over the values of the

60
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Aggregate action: Example 1

/I Define a class to store two integers: sum anunElements
classAvgCountimplementsSerializable

publicint sum;

publicint numElements

publicAvgCountint sum,int numElement3{
this.sum = sum;
this.numElementss numElements

}

public doubleavy() {
return total / (double) num;
}

61

Aggregate action: Example 1

/I Define a first class implementing the Function2 interface
/I This class contains the call method that is used to combine
/I the elements of the input RDD with the zero value and the
/I intermediate values of typAvgCount
classAggregatelnputElementsmplements Function2AvgCount
Integer,AvgCount {
publicAvgCountcall(AvgCounta, Integer X) {
a.sum =a. sum + x;
a.numElements=a.numElementst 1;

return a;

62
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Aggregate action: Example 1

/I Define a first class implementing the Function2 interface

/[ This class contains the call method that is used to comhine
This method (function) combines and object of tyfvegCountwith an Integer
and returns an object of typ&vgCount

cIassAggregateInputEIemerlvts';mplements Function2AvgCount
Integer,AvgCount> {
publi#AngountcaIIQAngounta, Integer *) {
a.sum =a. sum + x;
a.numElements=a.numElementst 1;

return a;

63

Aggregate action: Example 1

/I Define a second class implementing the Function2 interface
/I This class contains the call method that is used to combine
/I two elements of typévgCountreturned as partial results

/I by two different partitions

AvgCount AvgCount {
publicAvgCountcall(AvgCounta, AvgCountb) {
a.sum = a. sum + b.sum;
a.numElements=a.numElementst b.numElements

return a;

classAggregatelntermediateResulténplements Function2AvgCount

64
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Aggregate action: Example 1

/I Define a second class implementing the Function2 interface
/[ This class contains the call method that is used to_ combine
This method (function) combines two objects of tyiwegCount |tg

and returns an object of typ&vgCount

classAggregatelntermediatéResultsmplements Function2AvgCount
AvgCount AvgCount> {
publi#AngountcaIIQAngounta,Angoudtb) {
a.sum = a. sum + b.sum;
a.numElements=a.numElementst+ b.numElements

return a;

65

Aggregate action: Example 1

888

/I Create an RDD of integers. Load the values 1, 2, 3, 3 in this RDD
List<Integer>inputListAggr=Arrays.asListl, 2, 3, 3);
JavaRDRInteger>inputRDDAggr=sc.parallelizénputListAggp);

/I Compute sum and number of elementsioputRDDAggr

Integer sum=inputRDDAggr

AvgCountzeroValue= newAvgCount0, 0);

AvgCountresult =inputRDDAggr.aggregatéeroValue
newAggregatelnputElement§), newAggregatelntermediateResul3);

/I Compute the average value
doubleavg= result.avg();

66
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Aggregate action: Simulation

inputRDDAggr= {1, 2, 3, 3}
Suppose it is split in following two partitions
{1, 2} and {3, 3}

Aggregate action: Simulation

Partition #1 Partition #2
{1, 2} zeroValue=(0,0) {3,3} zeroValue=(0,0)

2/26/2017
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Aggregate action: Simulation

Partition#1 Partition#2
{1, 2} zeroValue=(0,0) {3,3} zeroValue=(0,0)

A

69

Aggregate action: Simulation

Partition #1 Partition #2
{1, 2} zeroValue=(0,0) {3,3} zeroValue=(0,0)
—— B2

70
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Aggregate action: Simulation

Partition#1 Partition#2

{1, 2} zeroValue=(0,0) {3,3} zeroValue=(0,0)
L (2,1) L (3,1)
—— B2 —— (6.2

Aggregate action: Simulation

Partition #1 Partition #2
{1, 2} zeroValue=(0,0) {3,3} zeroValue=(0,0)
\— (2,1) L (3.1)
— (3,2) — (6,2)
| |
L result=(9,4) —

2/26/2017
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Basic actions: Summary

Basic actions: Summary

All the examples reported in the following
tables are applied omputRDDthat is an
RDD of integers containing the following
elements (i.e., values)

{1, 2,3, 3}
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Basic actions: Summary
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java.util.LiskT> collect()

long count()

java.util.Map<T,java.lang.L
ong>countByValug)

Return a (Java) List
containing all the elements
of the RDDon which it is
applied.

The objects of the RDD and
objects of the returnedist

are objects of the same clas:

Returnthe number of inputRDD.coun()
elements of the RDD

Return aMap object inputRDD
containing the information countByValug)

about the umber of times
each element occurs in the
RDD.

inputRDD.collecf) {1,2,3,3}

4

{@ ),
(2,1),

(Ch);

75

Basic actions: Summary

java.util.LiskT> takeint n)

T first()

java.util.LiskT> top{nt n)

Return a (Java) List inputRDD.take(2)
containing the first num

elements of the RDD.

The objects of the RDD and

objects of the returnedist

are objects of the same clas:

Returnthe first element of
the RDD

Return a (Java) List
containing the topnum
elements of the RDD based
on thedefault sort
order/comparator of the
objects

The objects of the RDD and
objects of the returnedist

are objects of the same clas:

first()

inputRDD.to(2)

{1.2}

{1}

{3.3}

76
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Basic actions: Summary

java.util.LiskT>
takeSampléboolean
withReplacementint n,
[long seed])

T
reduce(Function2<T, T, T>

f)

Return a (Java) List inputRDD
containing arandom sample takeSample
of size nof the RDD. (false, 1)
The objects of the RDD and

objects of the returnedist

are objects of the same clas:

Return a single Java object Thepassed

obtained by combining the
values of the objects dhe
RDD by using a user provide
0 £01 ATbé&drovide
O0&01 AGETT6 1C
associative and commutative
The objectreturned by the
method and the objects of
the RDD belong to the same
class

sum function

Nondet
erminist
ic

9

O0&OT AGEiI 16 EO

Of

7

Basic actions: Summary

Tfold(TzeroValue
Function2<T,T,T> f)

<U> Uaggregatg
UzeroValue
Function2<U,T,UseqOp
Function2<U,U,U>
combOp)

Same as reduce but with the
provided zero value.

Thepassed

sum function and
the passed
zeroValues 0

Similar to reduce() but used Computea pair of
to return a different type. integers where
the first one is the
sum of the values
of the RDD and
the second the
number of
elements

9

O0&£01 AGET 16 EO

(9.4

Of
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