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s SRCERRARZUREANIEIESS

UC Berkeley, AMPLabHIMatei Zahariall#g lab
* 2010 $EBSDIF R MY TR

* 20145 RY 9 ApacheINZRIN
« 25 H863 N IETTHAE
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« BUIBIZR I— " Resilient Distributed Datasets (RDDs)
- DR AIEETESERET
» AIEFEERF/ER

AP R R — R 5 IRDDsHIFRHRIR(E
« RDDs#E{E: map, filter, join, reduce, groupBy, ...
o NFEEUE, RIFHERDDIEIRIZIEASE (lineage)
« WS RIEIC R AH SE BN E T HE 2 RDDs




// header: LEVEL, MSG

Spark T{E/RIE e

/] .
/] .
- FHEPRIIREEERFARAEFE,
AEIRENER—EFIH

gl oo

val logs = spark.textFile(“hdfs://..”)
val errMsgs = lines.map(_.split(“,”))/‘

.filter( (©) == “ERROR”)

.map(_ (1)) '\{{kltt‘s
errMsgs.cache() taskits m

errMsgs.filter(_ contains “foo0”).count() m
1

=1
logs,
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* Spark SQL: 5L &N IR IR

e Spark Streaming: i ZNIE M E
* MLlib: fl.g8=%>]
e GraphX: B9

Spark MLlib

Streamingll (machine
[F1gellgle)

Apache Spark




Spark SQLﬁ& E| /u\ﬂ‘fg

« FHDataFrames>EIH SR 2519 1¢ E3E

errMsgs = sqlCtx.read.format(“csv”)
.load(“hdfs://..”)
.where(“LEVEL = ‘error’”)
.select(“MSG”)

errMsgs.cache()

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

// header: LEVEL,

// INFO, msgl
// ERROR, msg2
/] ..

/] ..

MSG
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+ 7 #FHadoop Yarn, Mesos, standaloneZ ZipEEE#E
« #ZXHDFS, Cassandra, Azure, S3% L iZE R 45

- .. |
R 4% mmg Microsoft Azure @F%%d@@p

cassandra

A P RACHE 53)

MESOS HEBRSE A\ ALLUXIO

AVAVA
AVAVAVA
VAVAVAY

VAVAY
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« XJHMRSS: Azure Data Lake
« JRITEREFM1Z1TsparkEERE
* HDInsight: 1REEIEERISparkfkS

Azure Data Lake

Analytics

analytics service Clusters(HDInsight)

U-sQL O o spoﬁ'? @

WebHDFS

Store

unstructured semi-structured structured
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« XFFM FE

. BEFE
* HDInsig

Azure

—/—

« NEBN FE
« AN 5E

R Ed

Jspark -

Data Lake

L{TsparkEERE

ht: IREEIEERSparkBRSS

__j(*&y%y\fg/}lb*i

_,ﬁ fA. NETL$H§QA'7
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E0BEIZ'S (Operational Intelligence)



Bing H & 4ME--FastSML

Event Merge Pipeline

10-minute App-Time Window

e e e e e —

Kafka



FastSML+Spark?

Apache Storm (SCP.Net) + Kafka + Microsoft’sPA =AY E

Y?EI’J MEBAE DTS2

* SparkBEC I XML R FZNG?

« T JBEEE dFastSML:"ﬁEI’Wl‘IE ZEENG?
- 41: EFAEBRICHE




Spark + .NET

NFTLTREFARSF ZRIE

] 7 .NETEIF/REY A 5]

Edizle:>"

&2 Spark[\V

AR NET/ B 48

NE8 FH.NETE

« 7£SparkZEF

Spark + .NET = Mobius!!!
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Mobius@github

 Apache Spark Wiki $¥3Zhttp://github.com/Microsoft/Mobius
o 758 RRIBIRE, 21 A fmhRAR
- BRIAME - 1317, 4Kijhla)

Microsoft / Mobius ® Unwatch ~ 60 % Star 209 % Fork 52

Code Issues 27 Pull requests 0 Wiki Pulse lils Graphs Settings
Contributors Traffic Commits Code frequency Punch card Network Members

Git clones

— . / \:\:/-\
@ — emee——— { T
131 76
Clones Unique cloners
Visitors

.4:&_4:§. | /lz”__’:.l

L4
o )
4 3
4,344 635
Views Unique visitors
Referring sites Popular content
Site Views Unique visitors Content Views Unique visitors
G Google 636 271 B MicrosofSparkCLR: C# language bin 851 350
¢ github.com 426 144 B MicrosofMobius: C# language bindin 574 208
@ stackoverflow.com 58 34 B pun Requests 93 14

i searc c :
@ research.microsoft.com 40 21 B issues 71 2
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{EC#iY 9 Spark/BR A4 X 15H3
o E4HIE

« MEIEALIE
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Word Count

val textFile = spark.textFile(“hdfs://... ”)
val counts = textFile.flatMap(line => line.split(“ "))
Scala .map(word => (word, 1))
.reduceByKey(_+ )
counts.saveAsTextFile(“hdfs://...”)

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

C# .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://... ”);



MobiusigiTZ =

R EE S LW sparkAItzLNB EE
e JVM = CLR (.NET VM) B 1§/E

* SparklZ{T{EIVM
o CHEECLREMIT

» 8 FPySpark ISparkRAYIZ 1T IS




Workers

SparkExecutor C# Worker
. Driver

Method v —

—

: — i : -+ SparkExecutor C# Worker
C# Driver | Java Driver f P

IPC Sockeits

—

Result:

_______________________________________________________________

SparkExecutor

C# Worker




Called by sparkclr-submit.cmd

CSharpRunner

Launches Netty server creating
proxy for JVM calls

wpriver-side Intero

A 4
Sql Data
Context Frame
(Spark) (Spark)

create e e Use jsc & create DF in JVM

Invokes method on DF

CSharpBackend Q

Launches C#
sub-process

|| Java/Scala component

| C# component

Invokes JVM-method
to create context

Driver
(user code)

Init

create DF

a a Invokes JVM-method

to create DF SqglContext has ‘
reference to SCin JVM|

SqlContext
O C#DFhasreference
to DF in JVM
DataFrame




Executor-side Interop - RDD

Spark calls
Compute()

| Scala component

L c# component

Spark Executor

Launch executable
as sub-process

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

Serialize processed data and
send through socket

CH#
Worker




s H

» Driverim B 152{E
o ZE{FSparkREYIZ 1T
 {E Netty serverfE NJVMBEGIE

» Workeriii B &1E
« EEFHPySparkfySEI
- BENSNERHFE, AL/ RFFIHEIE




Mobius|tgEZ =
* Spark Executor& A5 CSharpWorker
« SEIENEZHIE

 DataFrameiEFLE R 5CSharpWorker
» EESpark CoreFRIPRBEMM (BIFECABAERY codegen)

s S CHER IR R S RIFIIE/ R IFFIE

<5 ) SER/DE Ci SER SER/DE CH SER e
Executo > > > s Executo
Worker Worker

Transformation #1 Transformation #2
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* MobiusBE & 15

- #bAbIE

« TMEUELLIE

« MR RIIELIE
« MobiusB[lg % 55

s XEEUELLIE

- FTERMRSS




Mobiufp £ 1T

« X B 1TSparkhz FHAYCHA RS F EX
R T EENRIF. BIEN
« N FE Z:E _'_-1}% RO FE F

BFRERABIBEON, AR RIEL;

> using System.Ling;
> var rdd = sc.Parallelize(Enumerable.Range(0,10),2);

> Console.WriteLine(String.Join(",", rdd.Collect()));
0,1,2,3,4,5,6,7,8,9

> var sum = rdd.Reduce((x, y) = X + Y);
orkerFunc:Microsoft.Spark.CSharp.Core.CSharpwWorkerFunc
Runmode:shell

[2016-04-14 13:58:42,787] [21416]
[2016-04-14 13:58:42,818] [21416]

L

AL

[Microsoft.
[Microsoft.

.Worker] - rddInfo: rddId 25, stageId 13, partitionId 0
.Worker] - Run mode: shell

[2016-04-14 13:58:42,818] [21416]
[2016-04-14 13:58:42,865] [21416]
[2016-04-14 13:58:42,865] [21416]
[2016-04-14 13:58:42,865] [21416]
[2016-04-14 13:58:43,006] [11136]
[2016-04-14 13:58:43,037] [11136]
[2016-04-14 13:58:43,037] [11136]
[2016-04-14 13:58:43,084] [11136]
[2016-04-14 13:58:43,084] [11136]
[2016-04-14 13:58:43,084] [11136]

[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.
[Microsoft.

.Worker] - Total received assemblies count: 22
.WorkerInputEnumerator] - total elapsed time: 2
.Worker] - func process time: 9

.Worker] - command process time: 90

.Worker] - rddInfo: rddId 25, stageId 13, partitionId 1
.Worker] - Run mode: shell

.Worker] - Total received assemblies count: 22
.WorkerInputEnumerator] - total elapsed time: 2
.Worker] - func process time: 9

.Worker] - command process time: 79




Mobiustp <1

Roslyn

R

J

o FFE.NETHR1FEZZIRHS
« BB

Welcome to the .NET Compiler Platform ("Roslyn")

Windows - Unit Tests

stabilization (1.2)
master (1.3)
future-stabilization (2.0 Preview)
future (2.0 RC)

hotfix

Linux/Mac - Unit Tests

stabilization (1.2)
master (1.3)
future-stabilization (2.0 Preview)

future (2.0 RC)

Debug x86

build 'passing
build 'passing
build 'passing
build 'passing

build 'passing

Linux

Debug x64

build 'passing
build 'passing
build 'passing
build 'passing

build passing

Mac OSX

Release x86

Release x64

Determinism



Mobiusfp
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FRoslynFH &
ﬁﬁ% HIBNAY 4R 10BN AT ERZ

Roslyn C# Interpreter

Assembly Mobius
Service I SparkCtx

Master

Worker Worker Worker



Mobius EJiRZS (as a service)

« (FHIEERISparkERE, TRIGE o anpelin m
s EFENEUERIOMC THE

/||I||

REST message protocol
« RomaHE MR T Pay-by-Job -
Mobius Service
——— Mobius Shell
Hosted
“ SerVice Master

Worker Worker Worker




Mobius ARSBZIMSE

=]

yGi

380 AP, BFEMSHRITIIE

Routing Layer

Mobius Service
Endpoint
Interpreter
API

Mobius Service
Endpoint
Interpreter

API

Mobius/Spark Shell Hive Shell




Mobius ARSBZIMSE

» {B4E % (Elasticity) A1 °] S8 % (Fault Tolerance)
- AP SIERN BEY B’ Mobius Service endpoints

Routing Layer

Persistent Mobius Service Mobius Service
Store Endpoint Endpoint
Interpreter Interpreter
API API




MIAFAIBIFE X!
o XXIDHN N MobiusAYFF &t X

@

Mobius

A SparkNz

X

y j:IE{/ N/
ﬁk'f—tﬁ%@ github.com/Microsoft/Mobius

* Any contribution is welcome!
" BR9EERL: Jupyter/Zeppelin/...

*&TET?'J'T’C_
- BalgfE THIS

L

= F%: Puppet/Chef/...



SITESLIH = (CISL)

* Mobius

* Yarn++

* Apache REEF

* Rayon

* Tiered Storage



AIAFATRIFLX !
o MDD MobiusBIFF & 1t

-

Mobius

& SparkNz

X

e,

2 15t

° ﬁfﬁﬁﬁﬁ% @ github.com/Microsoft/Mobius

* Any contribution is welcome!
C BHYEERL: Jupyter/Zeppelin/...

 FHERIAIL
- BoElE L REmS

s KFMMITELINZE (CISL)
« @3, kaizeng@microsoft.com

= F%: Puppet/Chef/...
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Interactive Log Analysis

 Massive Cosmos log analysis: several PBs per da
PIVE SOSIDS 6 aTaY > PELEY Spark?
* Rapid iterative drill-downs for DRIs to diagnose issues
2
Scope Studio

DRI Perf Counters

AUtOPiIOt (Designated Responsible Individual) Examine 1 hour, 2 hours... 14 days
Watchdog '
Alerts Alerting
Q?? &
)
li Vendors/Secondary DRIs
" Eavesdrop and document incident
Customer L ‘
(or other DRis) Architects/Developers/Other DRIs

35



C# API for Spark

Spark Apps in C#

SparkR PySpark

Scala/Java API

Apache Spark



Mobius Service Differentiators

* Better fault tolerance--session persistence and replay

Routing Layer
Persistent Mobius Service Mobius Service
Store Endpoint Endpoint




Mobius Service Differentiators

* Elasticity and Fault Tolerance
* Auto-scale # of Mobius Service endpoints

Orleans - Distributed Actor Model




wriver-side Interop - DataFrame

v

Sql Data

Context Frame
(Spark) (Spark)
create e e Use jsc & create DF in JVM
Called by sparkclr-submit.cmd ‘
e Launches Netty server creating Invokes method on DE
proxy for JVM calls i
CSharpRunner CSharpBackend Q

Invokes JVM-method a a Invokes JVM-method

to create context to create DF SqglContext has

| referencetosCinivM
nit [T

Driver SqlContext
Launches C# (user code)
sub-process create DE
[ Java/Scala component _ | C#DFhasreference
Operation DataF to DF in JVM
D CH Component ° 2tElelns Invokes JVM-method




Executor-side Interop - RDD

Launch executable
as sub-process

Serialize data
& user-implemented C# lambda

> and send through socket CH
CSharpRDD Worker

Spark calls
Compute()

Serialize processed data and
send through socket

CSharpRDD is used only when

customized C# code is used

] Scala component : :
in transformation

e component



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# option of one thread for each task thread in JVM executor process

2. CH# operations are pipelined when possible

* Map & Filter RDD operations in C# need data to be passed from JVM to C#, incurring the cost
of serialization and deserialization

* CH operations are pipelined when possible to minimize data passing

3. DataFrame operations without C# UDFs do not require CSharpWorker
» Same execution plan optimization and code generation in Spark Core
* Perform the same as Scala applications



Mobius Service Differentiators

* Elasticity and Fault Tolerance
e Use virtual actor model
* Auto-scale # of Mobius Service endpoints

Routing Layer

Persistent Mobius Service Mobius Service
Store Endpoint Endpoint

Help Wanted Issues 40



Linux Support

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

* Unit tests and samples (functional tests) are run

e More info @ linux-instructions.md




CSharpRDD

o Ct EECLRFEHIT
« X B CHERIR => HITEEMKEEIVM
 RDD<bytel[]>
« [B51¥,.C#t workerfS & £

* Transformations are pipelined when possible
s BHRANEN (k) FRIICHE




