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Spark  

•  	
•  UC	Berkeley,	AMPLab Matei	Zaharia 	
•  2010 BSD 	
•  2014 Apache 	
•  863 	



Spark  

•  Resilient	Distributed	Datasets	(RDDs)		
•  	
•  / 	

•  RDDs 	
•  RDDs map,	filter,	join,	reduce,	groupBy,	…	
•  RDD lineage 	
•  RDDs	



Spark  

•  	
	

	

val	logs	=	spark.textFile(“hdfs://…”)	

val	errMsgs	=	lines.map(_.split(“,”))	
	 	.filter(_(0)	==	“ERROR”)	
	 	.map(_(1))	

errMsgs.cache()	

	

errMsgs.filter(_	contains	“foo”).count()	

//	header:	LEVEL,	MSG	
//	INFO,	msg1	
//	ERROR,	msg2	
//	…	
//	…	
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Spark  

• Spark	SQL:	 	
• Spark	Streaming:	 	
• MLlib:	  
• GraphX:	 	



Spark SQL  
•  DataFrames 	
	
val	errMsgs	=	sqlCtx.read.format(“csv”)	

	 	.load(“hdfs://…”)	
	 	.where(“LEVEL	=	‘error’”)	
	 	.select(“MSG”)	

errMsgs.cache()	

	

errMsgs.where(“MSG	like	‘foo’”)	
	.count()	

//	header:	LEVEL,	MSG	
//	INFO,	msg1	
//	ERROR,	msg2	
//	…	
//	…	
	



•  Hadoop Yarn Mesos standalone 

•  HDFS, Cassandra, Azure, S3 	

Spark  



Spark  

•   Azure	Data	Lake	
•  spark 	
• HDInsight Spark 	

Azure	Data	Lake	

analyWcs	service	 Clusters(HDInsight)	

unstructured	 semi-structured	 structured	

Store	

Analy,cs	

YARN	

WebHDFS	

C#	



Spark  

•   Azure	Data	Lake	
•  spark 	
• HDInsight Spark 	

•  spark 	
•  .NET 	

	



Bing  

•  	(	“FastSML”)	
•  TB	
•  	

•  	
•  	
•   (OperaWonal	Intelligence)	
• …	
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FastSML+Spark? 

Apache	Storm	(SCP.Net)	+	Kaea	+	Microsoh’s
	

	
• Spark ?	
•  FastSML ?	

•  C# 	

     




Spark + .NET 

.NET 	
•  C# Spark 	
•  .NET 	
•  Spark .NET 	

Spark + .NET = Mobius!!! 



Mobius  

•  2015 8 	
•  CISL ASG	(Bing) 5 	
• 2015 11 	
•  MIT 	

•  	V1.5.2	 	V.1.6.0		
• 4 	V1.6.1	



Mobius@github 
•  Apache	Spark	Wiki	 hmp://github.com/Microsoh/Mobius	
•  758 ,	2 	
•  	–	131 ,	4K 	



Mobius  

C# Spark 	
•  	
•  	
•  	
•  	
•  	



Word Count 

Scala	

C#	

val	textFile	=	spark.textFile(“hdfs://…	”)	
val	counts	=	textFile.flatMap(line	=>	line.split(“	”))	

	 	.map(word	=>	(word,	1))	
	 	.reduceByKey(_	+	_)	

counts.saveAsTextFile(“hdfs://…”)	

var	textFile	=	sparkContext.textFile(@“hdfs://…	”)	
var	counts	=	textFile.FlatMap(line	=>	line.split(“	”))	

	 	.Map(word	=>	new	KeyValuePair<string,	int>(word,	1))	
	 	.ReduceByKey((x,y)	=>	x	+	y)	
	 	.Map(	wc	=>	string.Format(“{0},	{1}”,	wc.Key,	wc.Value));	

counts.saveAsTextFile(@“hdfs://…	”);	



Mobius  

•  spark 	
• JVM	–	CLR	(.NET	VM)	 	

•  Spark JVM	
• C# CLR 	

•  PySpark SparkR 	



C#	Worker	

CLR	

IPC	Sockets	

C#	Worker	

CLR	

IPC	Sockets	

C#	Worker	

CLR	

IPC	Sockets	

 

C#	Driver	

CLR	

IPC	Sockets	

SparkExecutor	

SparkExecutor	

SparkExecutor	

Java	Driver	

JVM	
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JVM	
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CSharpRunner	

Called	by	sparkclr-submit.cmd	

JVM	

Java/Scala	component	

C#	component	

CSharpBackend	
Launches	Nemy	server	creaWng	
proxy	for	JVM	calls	1

Driver	
(user	code)	Launches	C#	

sub-process	

2
SqlContext	

Init	

3

Invokes	JVM-method		
to	create	context	

4

Sql	
Context	
(Spark)	

create	 5

create	DF	

6

Invokes	JVM-method		
to	create	DF	

7

Data	
Frame	
(Spark)	

Use	jsc	&	create	DF	in	JVM	8

DataFrame	

9

C#	DF	has	reference		
to	DF	in	JVM	

SqlContext	has		
reference	to	SC	in	JVM	

12	

Invokes	method	on	DF	

Driver-side Interop - DataFrame 



C#	
Worker	

Launch	executable		
as	sub-process	

Serialize	data	
&	user-implemented	C#	lambda	
and	send	through	socket	

Serialize	processed	data	and	
send	through	socket	

Spark	Executor	Spark	calls	
Compute()	

Scala	component	

C#	component	

Executor-side Interop - RDD 



 

• Driver 	
•  SparkR 	
•  Nemy	server JVM 	

• Worker 	
•  PySpark 	
•  / 	
	



Mobius  

• Spark	Executor CSharpWorker	
•  	

• DataFrame CSharpWorker	
•  Spark	Core  codegen 	

•  C# / 	
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Mobius  

• Mobius 	
•  	
•  	
•  	

• Mobius 	
•  	
•  	



Mobiu  

•  Spark C# 	
•  	
•  		
•  	



Mobius  

•  Roslyn 	
•  .NET 	
•  	



Mobius  

•  Roslyn 	
•  	 Roslyn	C#	Interpreter	

Assembly	
Service	

Mobius	
SparkCtx	

Master	

Worker	 Worker	Worker	

Spark	
Cluster	



Mobius as a service) 

•  Spark 	
•  	
•  Pay-by-Job	

REST	message	protocol	

Jupyter	 Zeppelin	 Shell	 …	

Hosted	
Service	

Mobius	Service	
Mobius	Shell	

Master	

Worker	 Worker	Worker	

Spark	
Cluster	



Mobius  

•  	API 	

Rou,ng	Layer	

Mobius	Service		
Endpoint	

Mobius	Service		
Endpoint	

…	

Mobius/Spark	Shell	

Interpreter	
API	

Interpreter	
API	

Hive	Shell	



Mobius  

•  (ElasWcity) (Fault	Tolerance)	
•   Mobius	Service	endpoints		

Rou,ng	Layer	

Mobius	Service		
Endpoint	

Mobius	Service		
Endpoint	

…	
Interpreter	

API	
Interpreter	

API	

Persistent	
Store	



 

•  Mobius 	
•  Mobius Spark 	
•  @	github.com/Microsoh/Mobius	

• Any	contribuWon	is	welcome!	
•  :	Jupyter/Zeppelin/…	
•  :	Puppet/Chef/…	
• …	



(CISL) 

• Mobius	
• Yarn++	
• Apache	REEF	
• Rayon	
• Tiered	Storage	
• …	



 

•  Mobius 	
•  Mobius Spark 	
•  @	github.com/Microsoh/Mobius	

• Any	contribuWon	is	welcome!	
•  :	Jupyter/Zeppelin/…	
•  :	Puppet/Chef/…	
• …	

•  CISL 	
•  kaizeng@microsoh.com	



 



Interactive Log Analysis 
• Massive	Cosmos	log	analysis:	several	PBs	per	day	
• Rapid	iteraWve	drill-downs	for	DRIs	to	diagnose	issues	

Customer	
(or	other	DRIs)	

AutoPilot		
Watchdog		
Alerts	

DRI	
(Designated	Responsible	Individual)	

Perf	Counters	
Examine	1	hour,		2	hours…	14	days	

Architects/Developers/Other	DRIs	

RDP	—	Cosmos	Machines	
Open	individual	connecWons	for	troubleshooWng	Vendors/Secondary	DRIs	

Eavesdrop	and	document	incident	

Scope	Studio	

AlerWng	 Triage	

35	

Spark? 



C# API for Spark 

Apache	Spark	

C#	API	

Scala/Java	API	

SparkR	 PySpark	

Spark	Apps	in	C#	



Mobius Service Differentiators 

• Bemer	fault	tolerance--session	persistence	and	replay	

Rou,ng	Layer	

Mobius	Service		
Endpoint	

Mobius	Service		
Endpoint	

…	Persistent	
Store	



Mobius Service Differentiators 

• ElasWcity	and	Fault	Tolerance	
• Auto-scale	#	of	Mobius	Service	endpoints		



CSharpRunner	

Called	by	sparkclr-submit.cmd	

JVM	

Java/Scala	component	

C#	component	

CSharpBackend	
Launches	Nemy	server	creaWng	
proxy	for	JVM	calls	1

Driver	
(user	code)	Launches	C#	

sub-process	

2
SqlContext	

Init	

3

Invokes	JVM-method		
to	create	context	

4

Sql	
Context	
(Spark)	

create	 5

create	DF	

6

Invokes	JVM-method		
to	create	DF	

7

Data	
Frame	
(Spark)	

Use	jsc	&	create	DF	in	JVM	8

10	

OperaWon	
DataFrame	

9

C#	DF	has	reference		
to	DF	in	JVM	

11	

Invokes	JVM-method	

SqlContext	has		
reference	to	SC	in	JVM	

12	

Invokes	method	on	DF	

Driver-side Interop - DataFrame 



C#	
Worker	

Launch	executable		
as	sub-process	

Serialize	data	
&	user-implemented	C#	lambda	
and	send	through	socket	

Serialize	processed	data	and	
send	through	socket	

CSharpRDD	Spark	calls	
Compute()	

Scala	component	

C#	component	

Executor-side Interop - RDD 

CSharpRDD is used only when  
customized C# code is used  

in transformation  



Mobius Performance Considerations 
1.  One	CSharpWorker	process	for	each	JVM	executor	process	

•  PySpark	forks	a	Python	process	for	each	task	thread	in	JVM	executor	process	
•  New	C#	opWon	of	one	thread	for	each	task	thread	in	JVM	executor	process	

2.  C#	operaWons	are	pipelined	when	possible	
•  Map	&	Filter	RDD	operaWons	in	C#	need	data	to	be	passed	from	JVM	to	C#,	incurring	the	cost	
of	serializaWon	and	deserializaWon	

•  C#	operaWons	are	pipelined	when	possible	to	minimize	data	passing	

3.  DataFrame	operaWons	without	C#	UDFs	do	not	require	CSharpWorker	
•  Same	execuWon	plan	opWmizaWon	and	code	generaWon	in	Spark	Core	
•  Perform	the	same	as	Scala	applicaWons		

	



Mobius Service Differentiators 

• ElasWcity	and	Fault	Tolerance	
• Use	virtual	actor	model	
• Auto-scale	#	of	Mobius	Service	endpoints		

Rou,ng	Layer	

Mobius	Service		
Endpoint	

Mobius	Service		
Endpoint	

…	Persistent	
Store	



Linux Support 

• Mono	and	CoreCLR	(ongoing)	for	Mobius	on	Linux	
• GitHub	project	uses	Travis	for	CI	in	Ubuntu	14.04.3	LTS	

• Unit	tests	and	samples	(funcWonal	tests)	are	run	
• More	info	@	linux-instrucWons.md		



CSharpRDD 

• C#	 CLR 	
•  C#  =>	 JVM	

• RDD<byte[]>	
•  C#	worker 	

• TransformaWons	are	pipelined	when	possible	
•  	


