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Why a New Programming Model?

MapReduce greatly simplified big data analysis

But as soon as it got popular, users wanted more:
»More complex, multi-stage iterative applications (graph 

algorithms, machine learning)
»More interactive ad-hoc queries
»More real-time online processing

All three of these apps require fast data sharing 
across parallel jobs

Borrowed slide

NOTE: What were the workarounds in MR world? 
Ysmart [1], Stubby[2], PTF[3], Haloop [4], Twister [5]

Compute Engine
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Interactive speed

execution time 
(sec)

percentage of queries

Dremel: Interactive Analysis of Web-Scale Datasets. VLDB'10

Most queries complete under 10 sec

Monthly query workload
of one 3000-node Dremel instance

Borrowed slide
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Distributed in-memory large scale data processing engine!

*and powerful optimizations
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Checkpoint!
• Introduction to Spark
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Checkpoint!

• Introduction to Spark

• Spark Execution Model
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Recall: Data Sharing in MapReduce
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HDFS
read

Slow due to replication, serialization, and disk IO
Borrowed slide
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iter. 1 iter. 2 .  .  .

Input

Data Sharing in Spark

Distributed
memory

Input

query 1
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query 3

.  .  .

one-time
processing

10-100× faster than network and disk
Borrowed slide
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*http://www.tothenew.com/blog/spark-1o3-spark-internals/

Note: Lazy Evaluation: A very important concept
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Representing RDDs
• Five components :
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Representing RDDs (Dependencies)

one-to-one many-to-one many-to-many

shuffle
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Representing RDDs (An example)
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Checkpoint!

• Introduction to Spark

• Spark Execution Model

• RDD Definition, Model, 
Representation, Advantages
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*RDDs
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Checkpoint!

• Introduction to Spark

• Spark Execution Model

• RDD Definition, Model, 
Representation

• Spark Architecture and 
Introduction to SparkSQL Data 
Processing Engine
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More on RDDs
• Lineage: RDD has enough information about how it was derived 

from other datasets

• Immutable: RDD is a read-only, partitioned collection of records

‣ Checkpointing of RDDs with long lineage chains can be done in 
the background. 

‣Mitigating stragglers: We can use backup tasks to recompute 
transformations on RDDs

• Persistence level: Users can choose a re-use storage strategy 
(caching in memory, storing the RDD only on disk or replicating 
it across machines; also chose a persistence priority for data 
spills) 
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DAG of RDDs

*https://trongkhoanguyenblog.wordpress.com/2014/11/27/understand-rdd-operations-transformations-and-actions/35



Fault Tolerance
RDDs track the series of transformations used to 
build them (their lineage) to recompute lost data

E.g: messages = textFile(...).filter(_.contains(“error”))
.map(_.split(‘\t’)(2))

HadoopRDD
path = hdfs://…

FilteredRDD
func = _.contains(...)

MappedRDD
func = _.split(…)

Borrowed slide
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Advantages of the RDD model
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Other Engine Features: Implementation

• Not covered in details 

• Some Summary:

• Spark local vs Spark Standalone vs Spark cluster (Resource sharing handled by 
Yarn/Mesos)

• Job Scheduling: DAGScheduler vs TaskScheduler (Fair vs FIFO at task 
granularity)

• Memory Management: deserialized in-memory(fastest) VS serialized in-memory 
VS on-disk persistent

• Support for Checkpointing: Tradeoff between using lineage for recomputing 
partitions  VS checkpointing partitions on stable storage
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Checkpoint!

• Introduction to Spark

• Spark Execution Model

• RDD Definition, Model, 
Representation

• Spark Architecture and 
Introduction to SparkSQL Data 
Processing Engine

• Final words on RDD Features 
and Advantages



Slide Credits
1. https://www.slideshare.net/ZahraEskandari1/apache-spark-

fundamentals-95407778

2. https://www.slideshare.net/indicthreads/scrap-your-mapreduce-
apache-spark

3. https://www.slideshare.net/databricks/sparksql-a-compiler-from-
queries-to-rdds

40


