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Resilient Distributed Datasets (RDDs)
• Write programs in terms of operations on distributed datasets
• Partitioned collections of objects spread across a cluster, stored in 

memory or on disk 
• RDDs built and manipulated through a diverse 

set of parallel transformations (map, filter, join)
and actions (count, collect, save)
• RDDs automatically rebuilt on machine failure
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more partitions = more parallelism
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A base RDD can be created 2 ways:

- Parallelize a collection
- Read data from an external source (S3, C*, HDFS, etc)

logLinesRDD



Parallelize

# Parallelize in Python
wordsRDD = sc.parallelize(["fish", "cats", "dogs"])

// Parallelize in Scala
val wordsRDD = sc.parallelize(List("fish", "cats", "dogs"))

// Parallelize in Java
JavaRDD<String> wordsRDD = sc.parallelize(Arrays.asList("fish", "cats", "dogs"));

• Take an existing in-
memory collection and 
pass it to SparkContext’s
parallelize method

• Not generally used 
outside of prototyping 
and testing since it 
requires entire dataset in 
memory on one machine



# Read a local txt file in Python
linesRDD = sc.textFile("/path/to/README.md")

// Read a local txt file in Scala
val linesRDD = sc.textFile("/path/to/README.md")

// Read a local txt file in Java
JavaRDD<String> lines = sc.textFile("/path/to/README.md");

There are other 
methods to read data 
from HDFS, C*, S3, 
HBase, etc.

Read from Text File
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Operations on Distributed Data
• Two types of operations: transformations and actions

• Transformations are lazy (not computed immediately)

• Transformations are executed when an action is run

• Persist (cache) distributed data in memory or disk
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1) Create some input RDDs from external data or parallelize a collection in  
your driver program.

2) Lazily transform them to define new RDDs using transformations like  
filter() or map()

3) Ask Spark to cache() any intermediate RDDs that will need to be reused.

4) Launch actions such as  count() and  collect() to kick off a parallel 
computation, which is then optimized and executed by Spark.

Lifecycle of a Spark Program



map() intersection() cartesian()

flatMap() distinct() pipe()

filter() groupByKey() coalesce()

mapPartitions() reduceByKey() repartition()

mapPartitionsWithIndex() sortByKey() partitionBy()

sample() join() ...

union() cogroup() ...

Transformations (lazy)



reduce() takeOrdered()

collect() saveAsTextFile()

count() saveAsSequenceFile()

first() saveAsObjectFile()

take() countByKey()

takeSample() foreach()

saveToCassandra() ...

Actions



• HadoopRDD

• FilteredRDD

• MappedRDD

• PairRDD

• ShuffledRDD

• UnionRDD

• PythonRDD

• DoubleRDD

• JdbcRDD

• JsonRDD

• VertexRDD

• EdgeRDD

• CassandraRDD (DataStax)

• GeoRDD (ESRI)

• EsSpark (ElasticSearch) 

Some Types of RDDs
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Resilient	Distributed	Datasets

• Spark	is	RDD-centric

• RDDs	are	immutable

• RDDs	are	computed	lazily

• RDDs	can	be	cached

• RDDs	know	who	their	parents	are

• RDDs	that	contain	only	tuples	of	two	elements	are	“pair	RDDs”
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Useful	RDD	Actions

• take(n)	– return	the	first	n	elements	in	the	RDD	as	an	array.

• collect()	– return	all	elements	of	the	RDD	as	an	array.		Use	with	caution.

• count()	– return	the	number	of	elements	in	the	RDD	as	an	int.

• saveAsTextFile(‘path/to/dir’)	– save	the	RDD	to	files	in	a	directory.		Will	create	the	
directory	if	it	doesn’t	exist	and	will	fail	if	it	does.

• foreach(func)	– execute	the	function	against	every	element	in	the	RDD,	but	don’t	
keep	any	results.
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Useful	RDD	Operations
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map()

Apply	an	operation	to	every	element	of	an	RDD	and	return	a	new	RDD	that	
contains	the	results

>>> data = sc.textFile(’path/to/file’)
>>> data.take(3)
[u’Apple,Amy’, u’Butter,Bob’, u’Cheese,Chucky’]
>>> data.map(lambda line: line.split(‘,’)).take(3)
[[u’Apple’, u‘Amy’], [u’Butter’, u’Bob’], [u’Cheese’, u‘Chucky’]]
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flatMap()

Apply	an	operation	to	every	element	of	an	RDD	and	return	a	new	RDD	that	
contains	the	results	after	dropping	the	outermost	container

>>> data = sc.textFile(’path/to/file’)
>>> data.take(3)
[u’Apple,Amy’, u’Butter,Bob’, u’Cheese,Chucky’]
>>> data.flatMap(lambda line: line.split(‘,’)).take(6)
[u’Apple’, u‘Amy’, u’Butter’, u’Bob’, u’Cheese’, u‘Chucky’]
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mapValues()

Apply	an	operation	to	the	value	of	every	element	of	an	RDD	and	return	a	new	RDD	
that	contains	the	results.	Only	works	with	pair	RDDs

>>> data = sc.textFile(’path/to/file’)
>>> data = data.map(lambda line: line.split(‘,’))
>>> data = data.map(lambda pair: (pair[0], pair[1]))
>>> data.take(3)
[(u’Apple’, u‘Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u‘Chucky’)]
>>> data.mapValues(lambda name: name.lower()).take(3)
[(u’Apple’, u‘amy’), (u’Butter’, u’bob’), (u’Cheese’, u‘chucky’)]
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flatMapValues()

Apply	an	operation	to	the	value	of	every	element	of	an	RDD	and	return	a	new	RDD	
that	contains	the	results	after	removing	the	outermost	container.	Only	works	with	
pair	RDDs
>>> data = sc.textFile(’path/to/file’)
>>> data = data.map(lambda line: line.split(‘,’))
>>> data = data.map(lambda pair: (pair[0], pair[1])).take(3)
>>> data.take(3)
[(u’Apple’, u‘Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u‘Chucky’)]
>>> data.flatMapValues(lambda name: name.lower()).take(3)
[(u’Apple’, u‘a’), (u’Apple’, u’m’), (u’Apple’, u‘y’)]
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filter()

Return	a	new	RDD	that	contains	only	the	elements	that	pass	a	filter	operation

>>> import re
>>> data = sc.textFile(’path/to/file’)
>>> data.take(3)
[u’Apple,Amy’, u’Butter,Bob’, u’Cheese,Chucky’]
>>> data.filter(lambda line: re.match(r’^[AEIOU]’, line)).take(3)
[u’Apple,Amy’, u’Egg,Edward’, u’Oxtail,Oscar’]
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groupByKey()

Apply	an	operation	to	the	value	of	every	element	of	an	RDD	and	return	a	new	RDD	
that	contains	the	results	after	removing	the	outermost	container.	Only	works	with	
pair	RDDs
>>> data = sc.textFile(’path/to/file’)
>>> data = data.map(lambda line: line.split(‘,’))
>>> data = data.map(lambda pair: (pair[0], pair[1]))
>>> data.take(3)
[(u’Apple’, u‘Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u‘Chucky’)]
>>> data.groupByKey().take(1)
[(u’Apple’, <pyspark.resultiterable.ResultIterable object at 0x102ed1290>)]
>>> for pair in data.groupByKey().take(1):
...   print “%s:%s” % (pair[0], “,”.join([n for n in pair[1]))
Apple:Amy,Adam,Alex
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reduceByKey()

Combine	elements	of	an	RDD	by	key	and	then	apply	a	reduce	operation	to	pairs	of	
keys	until	only	a	single	key	remains.		Return	the	result	in	a	new	RDD.

>>> data = sc.textFile(’path/to/file’)
>>> data = data.map(lambda line: line.split(‘,’))
>>> data = data.map(lambda pair: (pair[0], pair[1]))
>>> data.take(3)
[(u’Apple’, u‘Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u‘Chucky’)]
>>> data.reduceByKey(lambda v1, v2: v1 + “:” + v2).take(1)
[(u’Apple’, u’Amy:Alex:Adam’)]
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sortBy()

Sort	an	RDD	according	to	a	sorting	function	and	return	the	results	in	a	new	RDD.

>>> data = sc.textFile(’path/to/file’)
>>> data = data.map(lambda line: line.split(‘,’))
>>> data = data.map(lambda pair: (pair[0], pair[1]))
>>> data.take(3)
[(u’Apple’, u‘Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u‘Chucky’)]
>>> data.sortBy(lambda pair: pair[1]).take(3)
[(u’Avocado’, u’Adam’), (u‘Anchovie’, u’Alex’), (u’Apple’, u’Amy’)]



17
Stanford	CS246H
Winter	2018

sortByKey()

Sort	an	RDD	according	to	the	natural	ordering	of	the	keys	and	return	the	results	in	
a	new	RDD.

>>> data = sc.textFile(’path/to/file’)
>>> data = data.map(lambda line: line.split(‘,’))
>>> data = data.map(lambda pair: (pair[0], pair[1]))
>>> data.take(3)
[(u’Apple’, u‘Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u‘Chucky’)]
>>> data.sortByKey().take(3)
[(u’Apple’, u’Amy’), (u‘Anchovie’, u’Alex’), (u’Avocado’, u’Adam’)]
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subtract()

Return	a	new	RDD	that	contains	all	the	elements	from	the	original	RDD	that	do	not	
appear	in	a	target	RDD.

>>> data1 = sc.textFile(’path/to/file1’)
>>> data1.take(3)
[u’Apple,Amy’, u’Butter,Bob’, u’Cheese,Chucky’]
>>> data2 = sc.textFile(’path/to/file2’)
>>> data2.take(3)
[u’Wendy’, u’McDonald,Ronald’, u’Cheese,Chucky’]
>>> data1.subtract(data2).take(3)
[u’Apple,Amy’, u’Butter,Bob’, u’Dinkel,Dieter’]
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join()

Return	a	new	RDD	that	contains	all	the	elements	from	the	original	RDD	joined	
(inner	join)	with	elements	from	the	target	RDD.

>>> data1 = sc.textFile(’path/to/file1’).map(lambda line: line.split(‘,’)).map(lambda 
pair: (pair[0], pair[1]))
>>> data1.take(3)
[(u’Apple’, u’Amy’), (u’Butter’, u’Bob’), (u’Cheese’, u’Chucky’)]
>>> data2 = sc.textFile(’path/to/file2’).map(lambda line: line.split(‘,’)).map(lambda 
pair: (pair[0], pair[1]))
>>> data2.take(3)
[(u’Doughboy’, u’Pilsbury’), (u’McDonald’, u’Ronald’), (u’Cheese’, u’Chucky’)]
>>> data1.join(data2).collect()
[(u’Cheese’, (u’Chucky’, u’Chucky’))]
>>> data1.fullOuterJoin(data2).take(2)
[(u’Apple’,(u’Amy’, None)), (u’Cheese’, (u’Chucky’, u’Chucky’))]
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Spark on EMR 
 63  :LNLSHGLD  2008 

2010 

UDZGDWD = VF.WH[WFLOH("V3://VXSSRUW.
     HODVWLFPDSUHGXFH/ELJGDWDGHPR/VDPSOH/ZLNL")
UDZGDWD.FRXQW()
UDZGDWD.JHWNXPPDUWLWLRQV()

 5DD  10  6SDUN 

UDZGDWD = UDZGDWD.UHSDUWLWLRQ(10)
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Spark on EMR 
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Spark on EMR 
 QDPHOLVW  URZ
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Spark on EMR 
 QDPHV 

0DS QDPH FRXQW
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Plan Optimization & Execution

• Represented internally as a “logical plan”

• Execution is lazy, allowing it to be optimized by Catalyst
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joined = users.join(events, users.id == events.uid)
filtered = joined.filter(events.date >= "2015-01-01")

Plan Optimization & Execution

logical plan

filter

join

scan
(users)

scan
(events)
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logical plan

filter

join

scan
(users)

scan
(events)

this join is expensive à

joined = users.join(events, users.id == events.uid)
filtered = joined.filter(events.date >= "2015-01-01")

Plan Optimization & Execution



logical plan

filter

join

scan
(users)

scan
(events)

optimized plan

join

scan
(users)

filter

scan
(events)

joined = users.join(events, users.id == events.uid)
filtered = joined.filter(events.date >= "2015-01-01")

Plan Optimization & Execution



join

scan
(users)

filter scan
(events)

filter done by data source (e.g., RDBMS via JDBC)

joined = users.join(events, users.id == events.uid)
filtered = joined.filter(events.date >= "2015-01-01")

Plan Optimization & Execution

logical plan

filter

join

scan
(users)

scan
(events)

optimized plan

join

scan
(users)

filter

scan
(events)

optimized plan
with intelligent data sources


