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A Paradigm Shift

Data
lots of 

Queries answers

Query
lots of 
Data answers

• Data Stream Processing as a standing query execution paradigm

paradigm 
shiftfixed!
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Similar Technologies

micro-service

SocketInputStream

FileInputStream

live applications/services 
have always been  
data-driven events
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What Streams do Better

micro-service

logic

micro-service

logic

vs
logic logic

logic

logic

logic
logic logic

logic

logic

logic

Data Stream ComputingTraditional Event Processing

• Declarative Programming 
• Embedded State 
• Pipeline Parallelism 
• Data Parallelism

             Data  
Transformations

state



The End-To-End Picture

Event Logs
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Why Flink

production 
deployments

• Top-level Apache Project 
• #1 stream processor (2019) 
• Production-Proof 

• > 400 contributors 
• 100s of deployments

Data Streams, Fault Tolerance,  
Window Aggregation, Iterations

state management, windows, sql

influenced



Declarative Data Streaming

Flink

http://edge.alluremedia.com.au/m/l/2014/10/CoolingPipes.jpg

Window  
Word Count 

(Apache Flink )
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Building Blocks of Flink
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Dataflow Task Execution

Event Processing Model

DataStream API

Domain-Specific APIs

• Task Schedulling/IO/Monitoring etc
• Fault Tolerance
• Reconfiguration
• Savepoints

f(event, state, time)

window, flatmap, filter etc.

State  
Management

Out-of-order 
Processing

Stream SQL
CEP

executes

composes

uses



Stream Programming in 
Apache Flink
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Part I
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• Flink runs on the JVM. 
• Master/Slave architecture ~ Hadoop (JobManager, TaskManagers) 
• Java and Scala 100% supported. 
• Depends on: Zookeeper, Akka, RocksDB (state). 
• Supports: Kafka, Cassandra, Kinesis, Elasticsearch, HDFS, RabbitMQ, 

NiFi, Google Cloud PubSub, Twitter API etc. 

• Two Underlying Execution Modes: 
• DataSet: Batch programs (to be deprecated) 
• DataStream: Unbounded programs (and batch soon)

Technologies Behind Flink



Types
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• Automatic Support (Flink Serializer) for:  
• Basic Types (String, Long , Integer etc.) 
• Composite Types: Flink Tuples, POJOs / Scala Case Classes

Tuple2<String,	Integer>	person	=	new	Tuple2<>("Fred",	35);	
//	zero	based	index!			
String	name	=	person.f0;	
Integer	age	=	person.f1;	

public	class	Person	{	
				public	String	name;			
				public	Integer	age;			
				public	Person()	{};			
				public	Person(String	name,	Integer	age)	{			
								…			
				};			
}			

Person	person	=	new	Person("Fred	Flintstone",	35);	

https://training.ververica.com/intro/intro-2.html

case	class	Person(name:String,	age:	Int)		
Person("Fred	Flintstone",	35)	

case class

pojo

flink tuple

https://training.ververica.com/intro/intro-2.html


Program Composition
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• A Flink Program has a beginning (Source) and an end (Sink). 
• Programs are lazily executed (compiled, optimised and executed all-together)

SOURCE SINK…

environment.

readTextFile(…)

readFile(…)

socketTextStream(…)

fromCollection(…)

fromParallelCollection(…)

fromElements(…)

addSource(connector)	-	Kafka	etc.

DataStream DataStream

environment.execute();

writeAsText(…)

writeAsCSV(…)

print(…)

writeToSocket(…)

addSink(connector)



Example
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public	class	Example	{	

	 public	static	void	main(String[]	args)	throws	Exception	{	
	 	 final	StreamExecutionEnvironment	env	=	
						StreamExecutionEnvironment.getExecutionEnvironment();	

				DataStream<Person>	flintstones	=	env.fromElements(	
	 	 	 	 new	Person("Fred",	35),	
	 	 	 	 new	Person("Wilma",	35),	
	 	 	 	 new	Person("Pebbles",	2));	

	 	 DataStream<Person>	adults	=	flintstones	
.filter(new	FilterFunction<Person>()	{	

	 	 	 @Override	
	 	 	 public	boolean	filter(Person	person){	
	 	 	 	 return	person.age	>=	18;	
	 	 	 }	
	 	 });	

	 	 adults.print();	

	 	 env.execute();	
	 }	

	 public	static	class	Person	{	
	 	 public	String	name;	
	 	 public	Integer	age;	
	 	 public	Person()	{};	

	 	 public	Person(String	name,	Integer	age)	{	
	 	 	 this.name	=	name;	
	 	 	 this.age	=	age;	
	 	 };	

	 	 public	String	toString()	{	
	 	 	 return	this.name.toString()	+	":	age	"		

+	this.age.toString();	
	 	 };	
	 }	
}	

https://training.ververica.com/intro/intro-3.html

https://training.ververica.com/intro/intro-3.html


DataStream CheatSheet
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Map dataStream.map { x => x * 2 } 

FlatMap dataStream.flatMap {  
str => str.split(" ") }

Filter dataStream.filter { _ != 0 } 

KeyBy dataStream.keyBy("someKey")  
dataStream.keyBy(0)

Union dataStream.union(stream1, ...)

Connect
someStream : DataStream[Int] = ... 
otherStream : DataStream[String] = ... 

someStream.connect(otherStream) 

Split
val split = someDataStream.split( 
  (num: Int) => 
    (num % 2) match { 
      case 0 => List("even") 
      case 1 => List("odd") 
    } ) 

 

DataStream

CoMap, 
CoFlatMap

connectedStreams.map( 
    (_ : Int) => true, 
    (_ : String) => false 
) 
connectedStreams.flatMap( 
    (_ : Int) => true, 
    (_ : String) => false 
) 

ConnectedStream

Select
val even = split select "even" 
val odd = split select "odd" 
val all = split.select("even","odd") 

SplitStream

https://ci.apache.org/projects/flink/flink-docs-release-1.9/dev/stream/operators/

Reduce keyedStream.reduce { _ + _ } 

Fold keyedStream.fold("start")((str, i) 
     => { str + "-" + i }) 

Aggregations keyedStream.sum(0) 

Window <goto next slide> 

KeyedStream

https://training.ververica.com/intro/intro-3.html
https://ci.apache.org/projects/flink/flink-docs-release-1.2/dev/datastream_api.html
https://ci.apache.org/projects/flink/flink-docs-release-1.9/dev/stream/operators/


Stream Windows

#seconds40 80

Average #3

Average #2

0

Average #1

20 60 100

f

W: 1min, 20sec

• We often need to do analytics/aggregations on relevant sets of 
records (e.g. a user session). 

• A stream window is a relevant slice in the space-time continuum 

“location temperature over the last minute every 20 sec”  

• Range: How big a window is (eg. 1 minute, 1000 tuples)  

• Trigger/Slide: How often we need analysis on a window
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Stream Window Types

#sec
40 80

Average #2

0

Average #1
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40 80
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0

Average #1
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120
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Sliding

Tumbling

Jumping

range > slide

range = slide

range < slide
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Data Parallelism and Windows
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window [0-5sec]

window [0-5sec]

window [0-5sec]

window [0-5sec]

Remember Windows are defined on a KeyedStream

Note: Flink also supports a non-keyed windowAll with the cost of a single task execution



Session Windows

#sec
40 80

User #1

0

User #1

20 60 100 120

User #2

User #4

first event of user #4  happens here

user#1 becomes inactive (session times-out)
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Session Windows

• Hard problem for Batch Processing engines 

• Only suitable for a Continuous Execution
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CheatSheet Continued
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Reduce keyedStream.reduce { _ + _ } 

Fold keyedStream.fold("start")((str, i) 
     => { str + "-" + i }) 

Aggregations keyedStream.sum(0) 

Window

KeyedStream

keyedStream.window( 

TumblingEventTimeWindows.of(Time.seconds(5)) 

SlidingProcessingTimeWindows.of( 
Time.seconds(10), Time.seconds(5)) 

EventTimeSessionWindows.withGap(Time.minutes(10)) 

) 

WindowedStream

wstream,reduce { (v1, v2) =>  
(v1._1, v1._2 + v2._2)

Reduce

Fold wstream.fold(“") { (acc, v) => 
acc + v._2 }

Aggregate(Associative) wstream.aggregate(Sum..)

ProcessWindowFunction:
.process(new MyProcessWindowFunction()) 

class MyProcessWindowFunction  
extends ProcessWindowFunction[(String, Long), String,  
String, TimeWindow] { 

  def process(key: String, context: Context,  
input: Iterable[(String, Long)], out: Collector[String]): ()  
= { var count = 0L 
    for (in <- input) { 
      count = count + 1 
    } 
    out.collect(s"Window ${context.window} count: $count")}} 

DataStream



The Process Function
• Encapsulates any Event-Processing Logic as: 
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// the source data stream 
val stream: DataStream[…] = ... 
val result: DataStream[…] = stream 
  .keyBy(0) 
  .process(new MyCustomLogic()) 

class MyCustomLogic extends KeyedProcessFunction[…] { 

  /** The state that is maintained by this process function */ 
  lazy val state: ValueState[…] = getRuntimeContext 
    .getState(new ValueStateDescriptor[…](“myState”, classOf[…])) 

  override def processElement(element: …) 
 … 

    state.update(…) 
 … 

    ctx.timerService.registerEventTimeTimer(…) 
… 

  } 

  override def onTimer( timestamp: Long,  StreamContext, TimerContext,  out: …): Unit = { 

    state.value match { 
      case foo => out.collect((key, count)) 
      case _ => 
    } 
  } 
} 

f(event, state, time)
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Kafka 
Consumer filter window aggregate flatMap Kafka 

Producer

keyBy
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Task  

Execution
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Fire Detection with the DataStream API)



How can we achieve reliable 
processing at the presence of failures, 

reconfiguration, migration etc.?

Task computation is not staged 
but can go on indefinitely.



State Management in 
Apache Flink
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Part II



Event Processing Model
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Deterministic Input Streams Output Streams

sources sinks

volatile 
state

System : {⇧,E}
<latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit><latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit><latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit><latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit>

tasks channels

DAG

System Execution : . . . ! {⇧⇤,M} ! {⇧0
⇤,M

0} ! . . .
<latexit sha1_base64="Q2rqyrBQGVbgx8zAfIbupgkdkkQ=">AAACOnicbZDLSgMxFIYzXmu9jbp0EyxSESkzIuiy6MaN0IK9QKeUTJq2oZnJkJxRytDncuNTuHPhxoUibn0A0+kstO2BwM//nZPk/H4kuAbHebWWlldW19ZzG/nNre2dXXtvv65lrCirUSmkavpEM8FDVgMOgjUjxUjgC9bwhzcT3nhgSnMZ3sMoYu2A9EPe45SAsTp21RNdCRp7ivcHQJSSj9hLsFfhndMzfIe98QJUTFlxDqZXdeyCU3LSwvPCzUQBZVXp2C9eV9I4YCFQQbRuuU4E7YQo4FSwcd6LNYsIHZI+axkZkoDpdpKuPsbHxuninlTmhIBT9+9EQgKtR4FvOgMCAz3LJuYi1oqhd9VOeBjFwEI6fagXCwwST3LEXa4YBTEyglDFzV8xHRBFKJi08yYEd3bleVE/L7lOya1eFMrXWRw5dIiO0Aly0SUqo1tUQTVE0RN6Qx/o03q23q0v63vaumRlMwfoX1k/v6x6rCQ=</latexit><latexit sha1_base64="Q2rqyrBQGVbgx8zAfIbupgkdkkQ=">AAACOnicbZDLSgMxFIYzXmu9jbp0EyxSESkzIuiy6MaN0IK9QKeUTJq2oZnJkJxRytDncuNTuHPhxoUibn0A0+kstO2BwM//nZPk/H4kuAbHebWWlldW19ZzG/nNre2dXXtvv65lrCirUSmkavpEM8FDVgMOgjUjxUjgC9bwhzcT3nhgSnMZ3sMoYu2A9EPe45SAsTp21RNdCRp7ivcHQJSSj9hLsFfhndMzfIe98QJUTFlxDqZXdeyCU3LSwvPCzUQBZVXp2C9eV9I4YCFQQbRuuU4E7YQo4FSwcd6LNYsIHZI+axkZkoDpdpKuPsbHxuninlTmhIBT9+9EQgKtR4FvOgMCAz3LJuYi1oqhd9VOeBjFwEI6fagXCwwST3LEXa4YBTEyglDFzV8xHRBFKJi08yYEd3bleVE/L7lOya1eFMrXWRw5dIiO0Aly0SUqo1tUQTVE0RN6Qx/o03q23q0v63vaumRlMwfoX1k/v6x6rCQ=</latexit><latexit sha1_base64="Q2rqyrBQGVbgx8zAfIbupgkdkkQ=">AAACOnicbZDLSgMxFIYzXmu9jbp0EyxSESkzIuiy6MaN0IK9QKeUTJq2oZnJkJxRytDncuNTuHPhxoUibn0A0+kstO2BwM//nZPk/H4kuAbHebWWlldW19ZzG/nNre2dXXtvv65lrCirUSmkavpEM8FDVgMOgjUjxUjgC9bwhzcT3nhgSnMZ3sMoYu2A9EPe45SAsTp21RNdCRp7ivcHQJSSj9hLsFfhndMzfIe98QJUTFlxDqZXdeyCU3LSwvPCzUQBZVXp2C9eV9I4YCFQQbRuuU4E7YQo4FSwcd6LNYsIHZI+axkZkoDpdpKuPsbHxuninlTmhIBT9+9EQgKtR4FvOgMCAz3LJuYi1oqhd9VOeBjFwEI6fagXCwwST3LEXa4YBTEyglDFzV8xHRBFKJi08yYEd3bleVE/L7lOya1eFMrXWRw5dIiO0Aly0SUqo1tUQTVE0RN6Qx/o03q23q0v63vaumRlMwfoX1k/v6x6rCQ=</latexit><latexit sha1_base64="Q2rqyrBQGVbgx8zAfIbupgkdkkQ=">AAACOnicbZDLSgMxFIYzXmu9jbp0EyxSESkzIuiy6MaN0IK9QKeUTJq2oZnJkJxRytDncuNTuHPhxoUibn0A0+kstO2BwM//nZPk/H4kuAbHebWWlldW19ZzG/nNre2dXXtvv65lrCirUSmkavpEM8FDVgMOgjUjxUjgC9bwhzcT3nhgSnMZ3sMoYu2A9EPe45SAsTp21RNdCRp7ivcHQJSSj9hLsFfhndMzfIe98QJUTFlxDqZXdeyCU3LSwvPCzUQBZVXp2C9eV9I4YCFQQbRuuU4E7YQo4FSwcd6LNYsIHZI+axkZkoDpdpKuPsbHxuninlTmhIBT9+9EQgKtR4FvOgMCAz3LJuYi1oqhd9VOeBjFwEI6fagXCwwST3LEXa4YBTEyglDFzV8xHRBFKJi08yYEd3bleVE/L7lOya1eFMrXWRw5dIiO0Aly0SUqo1tUQTVE0RN6Qx/o03q23q0v63vaumRlMwfoX1k/v6x6rCQ=</latexit>

Stream Process Graphs



Deterministic Input Streams Output Streams

sources sinks

volatile 
state

System : {⇧,E}
<latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit><latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit><latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit><latexit sha1_base64="rHJ3hHkZ/bcrazMY+bVo3k628zA=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKDHoggeK1hbaELZbDft0s0m7G6EEgL+FS8eFPHq7/Dmv3HT5qCtAwvDzHu82QkSzpR2nG+rsrS8srpWXa9tbG5t79i7ew8qTiWhbRLzWHYDrChngrY105x2E0lxFHDaCcbXhd95pFKxWNzrSUL9CA8FCxnB2kh9+8DLkNdip8iLsB4FQXaTIy/v23Wn4UyBFolbkjqUaPXtL28QkzSiQhOOleq5TqL9DEvNCKd5zUsVTTAZ4yHtGSpwRJWfTePn6NgoAxTG0jyh0VT9vZHhSKlJFJjJIqSa9wrxP6+X6vDSz5hIUk0FmR0KU450jIou0IBJSjSfGIKJZCYrIiMsMdGmsZopwZ3/8iJ5OGu4TsO9O683r8o6qnAIR3ACLlxAE26hBW0gkMEzvMKb9WS9WO/Wx2y0YpU7+/AH1ucP9MeU1Q==</latexit>
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Task Actions

Stream Process Graphs
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System Configurations (states, messages in-transit)

Stream Process Graphs
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Transactional Stream Processing
The Intuition



Approach Overview

Logged Input Committed Output 
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Storage
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<latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit>

⇧ep2
<latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit>

⇧ep3
<latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit><latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit><latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit><latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit>

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

ep2
<latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit>

ep3
<latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit>

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

ep2
<latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit>

ep3
<latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit>

Committed  
System 
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volatile 
state



Synchronous Epoch Commits
Coordinator Tasks

prepare ep1

ep1 prepared

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

prepare ep2

ep2 prepared

ep2
<latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit>

computation 
idle 

Stable 
Storage

commit ep1

ep1 committed

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

⇧ep1
<latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit>

Not Practical for Streaming 
(~Spark Streaming)



Asynchronous Epoch Commits
Coordinator Tasks

prepare ep1

prepare ep2

Stable 
Storage

ep1 prepared

ep2 prepared
⇧ep2

<latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit>

How? Using Distributed Snapshotting

commit ep1

commit ep1

⇧ep1
<latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit>

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

ep2
<latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit>



Recap: Snapshotting Protocols

p1

p2

p3
C

m
<latexit sha1_base64="CtNBlvh1gZfP7+4+v48993Q12R8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaca9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBD/ozF</latexit><latexit sha1_base64="CtNBlvh1gZfP7+4+v48993Q12R8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaca9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBD/ozF</latexit><latexit sha1_base64="CtNBlvh1gZfP7+4+v48993Q12R8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaca9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBD/ozF</latexit><latexit sha1_base64="CtNBlvh1gZfP7+4+v48993Q12R8=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaca9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBD/ozF</latexit>

m0
<latexit sha1_base64="K6iKeExfG5XRxe0YbdC6wv04244=">AAAB6HicbVBNSwMxEJ34WetX1aOXYBE9lV0R1FvRi8cqri20S8mm2TY0yS5JVihL/4EXDype/Une/Dem7R609cHA470ZZuZFqeDGet43WlpeWV1bL22UN7e2d3Yre/uPJsk0ZQFNRKJbETFMcMUCy61grVQzIiPBmtHwZuI3n5g2PFEPdpSyUJK+4jGnxDrpXp50K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPr10jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxZZhzlWaWKTpbFGcC2wRP3sY9rhm1YuQIoZq7WzEdEE2odeGUXQj+/MuLJDirXdX8u/Nq/bpIowSHcASn4MMF1OEWGhAAhRie4RXe0BC9oHf0MWtdQsXMAfwB+vwBpEOM9g==</latexit><latexit sha1_base64="K6iKeExfG5XRxe0YbdC6wv04244=">AAAB6HicbVBNSwMxEJ34WetX1aOXYBE9lV0R1FvRi8cqri20S8mm2TY0yS5JVihL/4EXDype/Une/Dem7R609cHA470ZZuZFqeDGet43WlpeWV1bL22UN7e2d3Yre/uPJsk0ZQFNRKJbETFMcMUCy61grVQzIiPBmtHwZuI3n5g2PFEPdpSyUJK+4jGnxDrpXp50K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPr10jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxZZhzlWaWKTpbFGcC2wRP3sY9rhm1YuQIoZq7WzEdEE2odeGUXQj+/MuLJDirXdX8u/Nq/bpIowSHcASn4MMF1OEWGhAAhRie4RXe0BC9oHf0MWtdQsXMAfwB+vwBpEOM9g==</latexit><latexit sha1_base64="K6iKeExfG5XRxe0YbdC6wv04244=">AAAB6HicbVBNSwMxEJ34WetX1aOXYBE9lV0R1FvRi8cqri20S8mm2TY0yS5JVihL/4EXDype/Une/Dem7R609cHA470ZZuZFqeDGet43WlpeWV1bL22UN7e2d3Yre/uPJsk0ZQFNRKJbETFMcMUCy61grVQzIiPBmtHwZuI3n5g2PFEPdpSyUJK+4jGnxDrpXp50K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPr10jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxZZhzlWaWKTpbFGcC2wRP3sY9rhm1YuQIoZq7WzEdEE2odeGUXQj+/MuLJDirXdX8u/Nq/bpIowSHcASn4MMF1OEWGhAAhRie4RXe0BC9oHf0MWtdQsXMAfwB+vwBpEOM9g==</latexit><latexit sha1_base64="K6iKeExfG5XRxe0YbdC6wv04244=">AAAB6HicbVBNSwMxEJ34WetX1aOXYBE9lV0R1FvRi8cqri20S8mm2TY0yS5JVihL/4EXDype/Une/Dem7R609cHA470ZZuZFqeDGet43WlpeWV1bL22UN7e2d3Yre/uPJsk0ZQFNRKJbETFMcMUCy61grVQzIiPBmtHwZuI3n5g2PFEPdpSyUJK+4jGnxDrpXp50K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPr10jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxZZhzlWaWKTpbFGcC2wRP3sY9rhm1YuQIoZq7WzEdEE2odeGUXQj+/MuLJDirXdX8u/Nq/bpIowSHcASn4MMF1OEWGhAAhRie4RXe0BC9oHf0MWtdQsXMAfwB+vwBpEOM9g==</latexit>

s01
<latexit sha1_base64="S9FZAoXVvp7baivRTBZw73oyxCU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCUyY4R</latexit><latexit sha1_base64="S9FZAoXVvp7baivRTBZw73oyxCU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCUyY4R</latexit><latexit sha1_base64="S9FZAoXVvp7baivRTBZw73oyxCU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCUyY4R</latexit><latexit sha1_base64="S9FZAoXVvp7baivRTBZw73oyxCU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCUyY4R</latexit>

s11
<latexit sha1_base64="noSyEfzfHafqaOXkdGN6CBikvbQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9er1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCWTI4S</latexit><latexit sha1_base64="noSyEfzfHafqaOXkdGN6CBikvbQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9er1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCWTI4S</latexit><latexit sha1_base64="noSyEfzfHafqaOXkdGN6CBikvbQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9er1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCWTI4S</latexit><latexit sha1_base64="noSyEfzfHafqaOXkdGN6CBikvbQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv5uuc9er1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCWTI4S</latexit>

s21
<latexit sha1_base64="PmlbWnR6Kgv8737XKSccuojBAS0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk65732OhVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGXz44T</latexit><latexit sha1_base64="PmlbWnR6Kgv8737XKSccuojBAS0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk65732OhVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGXz44T</latexit><latexit sha1_base64="PmlbWnR6Kgv8737XKSccuojBAS0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk65732OhVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGXz44T</latexit><latexit sha1_base64="PmlbWnR6Kgv8737XKSccuojBAS0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk65732OhVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGXz44T</latexit>

s02
<latexit sha1_base64="X/zrTeBs1yAf5arKTCELJRhi+mY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0e1Va27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGWTo4S</latexit><latexit sha1_base64="X/zrTeBs1yAf5arKTCELJRhi+mY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0e1Va27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGWTo4S</latexit><latexit sha1_base64="X/zrTeBs1yAf5arKTCELJRhi+mY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0e1Va27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGWTo4S</latexit><latexit sha1_base64="X/zrTeBs1yAf5arKTCELJRhi+mY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0e1Va27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGWTo4S</latexit>

s12
<latexit sha1_base64="2TTclWchRmsOvfkJBdhKjNCqSVQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0etVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGX0Y4T</latexit><latexit sha1_base64="2TTclWchRmsOvfkJBdhKjNCqSVQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0etVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGX0Y4T</latexit><latexit sha1_base64="2TTclWchRmsOvfkJBdhKjNCqSVQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0etVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGX0Y4T</latexit><latexit sha1_base64="2TTclWchRmsOvfkJBdhKjNCqSVQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzk617j0etVa27dnYEsE68gNSjQ6lW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXiN+qXde/2rNa8KtIowxEcwyl4cA5NuIEW+MCAwzO8wpsjnRfn3fmYt5acYuYQ/sD5/AGX0Y4T</latexit>

s03
<latexit sha1_base64="Xuru/jxYp5lRIo7BD4OoLNe27gg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49ut1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCX044T</latexit><latexit sha1_base64="Xuru/jxYp5lRIo7BD4OoLNe27gg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49ut1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCX044T</latexit><latexit sha1_base64="Xuru/jxYp5lRIo7BD4OoLNe27gg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49ut1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCX044T</latexit><latexit sha1_base64="Xuru/jxYp5lRIo7BD4OoLNe27gg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49ut1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCX044T</latexit>

s13
<latexit sha1_base64="dKNtdIobkimeNZuB9JENwu8pOmE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49et1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCZVo4U</latexit><latexit sha1_base64="dKNtdIobkimeNZuB9JENwu8pOmE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49et1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCZVo4U</latexit><latexit sha1_base64="dKNtdIobkimeNZuB9JENwu8pOmE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49et1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCZVo4U</latexit><latexit sha1_base64="dKNtdIobkimeNZuB9JENwu8pOmE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7p49et1K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gCZVo4U</latexit>

e21
<latexit sha1_base64="9qJdpTm7jbA+lXu4SMWapUXHyD8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY897bPSqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCbY4F</latexit><latexit sha1_base64="9qJdpTm7jbA+lXu4SMWapUXHyD8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY897bPSqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCbY4F</latexit><latexit sha1_base64="9qJdpTm7jbA+lXu4SMWapUXHyD8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY897bPSqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCbY4F</latexit><latexit sha1_base64="9qJdpTm7jbA+lXu4SMWapUXHyD8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY897bPSqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCbY4F</latexit>

e11
<latexit sha1_base64="KMYVPy+snkrMyQmQZRjtHam8sp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv52PMevV615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroMci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXib+Wf2q7t2d1xrXRRplOIJjOAUPLqABt9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP4DqjgQ=</latexit><latexit sha1_base64="KMYVPy+snkrMyQmQZRjtHam8sp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv52PMevV615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroMci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXib+Wf2q7t2d1xrXRRplOIJjOAUPLqABt9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP4DqjgQ=</latexit><latexit sha1_base64="KMYVPy+snkrMyQmQZRjtHam8sp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv52PMevV615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroMci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXib+Wf2q7t2d1xrXRRplOIJjOAUPLqABt9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP4DqjgQ=</latexit><latexit sha1_base64="KMYVPy+snkrMyQmQZRjtHam8sp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv52PMevV615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroMci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXib+Wf2q7t2d1xrXRRplOIJjOAUPLqABt9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP4DqjgQ=</latexit>

e12
<latexit sha1_base64="HlcALjQv+3hYT6Wjdm8iPEcbJiI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY6/x6PWqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCb44F</latexit><latexit sha1_base64="HlcALjQv+3hYT6Wjdm8iPEcbJiI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY6/x6PWqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCb44F</latexit><latexit sha1_base64="HlcALjQv+3hYT6Wjdm8iPEcbJiI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY6/x6PWqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCb44F</latexit><latexit sha1_base64="HlcALjQv+3hYT6Wjdm8iPEcbJiI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0PfUfnlBpnsg7M04xiOlA8ogzaqzkY6/x6PWqNbfuzkCWiVeQGhRo9apf3X7CshilYYJq3fHc1AQ5VYYzgZNKN9OYUjaiA+xYKmmMOshnx07IiVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FFkHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gCCb44F</latexit>

e13
<latexit sha1_base64="o+ypjN59sHydfACG4MYkzhrg3+Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxko+ds8evW6l6tbcKcgi8QpShQKNbuWr00tYFqM0TFCt256bmiCnynAmcFzuZBpTyoa0j21LJY1RB/n02DE5tkqPRImyJQ2Zqr8nchprPYpD2xlTM9Dz3kT8z2tnJroMci7TzKBks0VRJohJyORz0uMKmREjSyhT3N5K2IAqyozNp2xD8OZfXiT+ae2q5t2dV+vXRRolOIQjOAEPLqAOt9AAHxhweIZXeHOk8+K8Ox+z1iWnmDmAP3A+fwCD9I4G</latexit><latexit sha1_base64="o+ypjN59sHydfACG4MYkzhrg3+Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxko+ds8evW6l6tbcKcgi8QpShQKNbuWr00tYFqM0TFCt256bmiCnynAmcFzuZBpTyoa0j21LJY1RB/n02DE5tkqPRImyJQ2Zqr8nchprPYpD2xlTM9Dz3kT8z2tnJroMci7TzKBks0VRJohJyORz0uMKmREjSyhT3N5K2IAqyozNp2xD8OZfXiT+ae2q5t2dV+vXRRolOIQjOAEPLqAOt9AAHxhweIZXeHOk8+K8Ox+z1iWnmDmAP3A+fwCD9I4G</latexit><latexit sha1_base64="o+ypjN59sHydfACG4MYkzhrg3+Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxko+ds8evW6l6tbcKcgi8QpShQKNbuWr00tYFqM0TFCt256bmiCnynAmcFzuZBpTyoa0j21LJY1RB/n02DE5tkqPRImyJQ2Zqr8nchprPYpD2xlTM9Dz3kT8z2tnJroMci7TzKBks0VRJohJyORz0uMKmREjSyhT3N5K2IAqyozNp2xD8OZfXiT+ae2q5t2dV+vXRRolOIQjOAEPLqAOt9AAHxhweIZXeHOk8+K8Ox+z1iWnmDmAP3A+fwCD9I4G</latexit><latexit sha1_base64="o+ypjN59sHydfACG4MYkzhrg3+Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxko+ds8evW6l6tbcKcgi8QpShQKNbuWr00tYFqM0TFCt256bmiCnynAmcFzuZBpTyoa0j21LJY1RB/n02DE5tkqPRImyJQ2Zqr8nchprPYpD2xlTM9Dz3kT8z2tnJroMci7TzKBks0VRJohJyORz0uMKmREjSyhT3N5K2IAqyozNp2xD8OZfXiT+ae2q5t2dV+vXRRolOIQjOAEPLqAOt9AAHxhweIZXeHOk8+K8Ox+z1iWnmDmAP3A+fwCD9I4G</latexit>

Snapshot of C

{s11, s12, s13}
{m0}

<latexit sha1_base64="drjpAQNgXtG/VSNmmFjOjdDFZ64=">AAACCXicbZC9TsMwFIWd8lfCX4CRJdAiGFAVlwHYKlgYi0RopSaNHNctVu0ksh2kKurMwquwMABi5Q3YeBvcNAO0XMnWp3PulX1PmDAqleN8G6WFxaXllfKquba+sbllbe/cyTgVmLg4ZrFoh0gSRiPiKqoYaSeCIB4y0gqHVxO/9UCEpHF0q0YJ8TkaRLRPMVJaCqz9qpfJAHbhiQzq+X3ahd64apra4EeaAqvi1Jy87HmABVRAUc3A+vJ6MU45iRRmSMoOdBLlZ0goihkZm14qSYLwEA1IR2OEOJF+lq8ytg+10rP7sdAnUnau/p7IEJdyxEPdyZG6l7PeRPzP66Sqf+5nNEpSRSI8faifMlvF9iQXu0cFwYqNNCAsqP6rje+RQFjp9EwdApxdeR7ceu2iBm/qlcZlkUYZ7IEDcAwgOAMNcA2awAUYPIJn8ArejCfjxXg3PqatJaOY2QV/yvj8AfLTl3A=</latexit><latexit sha1_base64="drjpAQNgXtG/VSNmmFjOjdDFZ64=">AAACCXicbZC9TsMwFIWd8lfCX4CRJdAiGFAVlwHYKlgYi0RopSaNHNctVu0ksh2kKurMwquwMABi5Q3YeBvcNAO0XMnWp3PulX1PmDAqleN8G6WFxaXllfKquba+sbllbe/cyTgVmLg4ZrFoh0gSRiPiKqoYaSeCIB4y0gqHVxO/9UCEpHF0q0YJ8TkaRLRPMVJaCqz9qpfJAHbhiQzq+X3ahd64apra4EeaAqvi1Jy87HmABVRAUc3A+vJ6MU45iRRmSMoOdBLlZ0goihkZm14qSYLwEA1IR2OEOJF+lq8ytg+10rP7sdAnUnau/p7IEJdyxEPdyZG6l7PeRPzP66Sqf+5nNEpSRSI8faifMlvF9iQXu0cFwYqNNCAsqP6rje+RQFjp9EwdApxdeR7ceu2iBm/qlcZlkUYZ7IEDcAwgOAMNcA2awAUYPIJn8ArejCfjxXg3PqatJaOY2QV/yvj8AfLTl3A=</latexit><latexit sha1_base64="drjpAQNgXtG/VSNmmFjOjdDFZ64=">AAACCXicbZC9TsMwFIWd8lfCX4CRJdAiGFAVlwHYKlgYi0RopSaNHNctVu0ksh2kKurMwquwMABi5Q3YeBvcNAO0XMnWp3PulX1PmDAqleN8G6WFxaXllfKquba+sbllbe/cyTgVmLg4ZrFoh0gSRiPiKqoYaSeCIB4y0gqHVxO/9UCEpHF0q0YJ8TkaRLRPMVJaCqz9qpfJAHbhiQzq+X3ahd64apra4EeaAqvi1Jy87HmABVRAUc3A+vJ6MU45iRRmSMoOdBLlZ0goihkZm14qSYLwEA1IR2OEOJF+lq8ytg+10rP7sdAnUnau/p7IEJdyxEPdyZG6l7PeRPzP66Sqf+5nNEpSRSI8faifMlvF9iQXu0cFwYqNNCAsqP6rje+RQFjp9EwdApxdeR7ceu2iBm/qlcZlkUYZ7IEDcAwgOAMNcA2awAUYPIJn8ArejCfjxXg3PqatJaOY2QV/yvj8AfLTl3A=</latexit><latexit sha1_base64="drjpAQNgXtG/VSNmmFjOjdDFZ64=">AAACCXicbZC9TsMwFIWd8lfCX4CRJdAiGFAVlwHYKlgYi0RopSaNHNctVu0ksh2kKurMwquwMABi5Q3YeBvcNAO0XMnWp3PulX1PmDAqleN8G6WFxaXllfKquba+sbllbe/cyTgVmLg4ZrFoh0gSRiPiKqoYaSeCIB4y0gqHVxO/9UCEpHF0q0YJ8TkaRLRPMVJaCqz9qpfJAHbhiQzq+X3ahd64apra4EeaAqvi1Jy87HmABVRAUc3A+vJ6MU45iRRmSMoOdBLlZ0goihkZm14qSYLwEA1IR2OEOJF+lq8ytg+10rP7sdAnUnau/p7IEJdyxEPdyZG6l7PeRPzP66Sqf+5nNEpSRSI8faifMlvF9iQXu0cFwYqNNCAsqP6rje+RQFjp9EwdApxdeR7ceu2iBm/qlcZlkUYZ7IEDcAwgOAMNcA2awAUYPIJn8ArejCfjxXg3PqatJaOY2QV/yvj8AfLTl3A=</latexit>

Traditional Snapshotting Protocols: Distributed Algorithms that capture 
system states that form a distributed cuts in a system execution

processes

states
events

But we need to complete  
in-progress computation 

in Stream Processing



Epoch Snapshotting Algorithm

Snapshot 
Store

async state copy

epoch change markers

epoch-complete
snapshot

epoch alignment
A

B
C D

E
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State Management in Practice

Snapshots

2. Reconfiguration

3. Version Control 4. Isolation

1. End-to-End
    Guarantees
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1c Prepared/Aborted
Snapshot Coordinator

Input Logs 
(already committed)
 committed

⇧ep3
<latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit><latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit><latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit><latexit sha1_base64="7blVEvKqOiPeUWxaUZ2eNhSg02g=">AAAB8nicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8qDeiF4+YWCGhTbNdFtiw3W52tyak4W948aDGq7/Gm//GBXpQ8CWTvLw3k5l5seRMG9f9dkpr6xubW+Xtys7u3v5B9fDoUaeZItQnKU9VN8aaciaob5jhtCsVxUnMaSce3878zhNVmqXiwUwkDRM8FGzACDZWCupBm0U5ldHFtB5Va27DnQOtEq8gNSjQjqpfQT8lWUKFIRxr3fNcacIcK8MIp9NKkGkqMRnjIe1ZKnBCdZjPb56iM6v00SBVtoRBc/X3RI4TrSdJbDsTbEZ62ZuJ/3m9zAyuwpwJmRkqyGLRIOPIpGgWAOozRYnhE0swUczeisgIK0yMjaliQ/CWX14lfrNx3fDum7XWTZFGGU7gFM7Bg0towR20wQcCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx+AcJDf</latexit>

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

ep2
<latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit>

ep3
<latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit>

ep1
<latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit><latexit sha1_base64="v65U5OrQoaYDLtbrHtJwUMc3exA=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5G7Yg2lph4QAIXsrcMsLJ3e9ndMyEX/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlhIrg2rvvtrK1vbG5tF3aKu3v7B4elo+Omlqli6DMppGqHVKPgMfqGG4HtRCGNQoGtcHw781tPqDSX8YOZJBhEdBjzAWfUWKlZwaTnVXqlslt15yCrxMtJGXI0eqWvbl+yNMLYMEG17nhuYoKMKsOZwGmxm2pMKBvTIXYsjWmEOsjm107JuVX6ZCCVrdiQufp7IqOR1pMotJ0RNSO97M3E/7xOagZXQcbjJDUYs8WiQSqIkWT2OulzhcyIiSWUKW5vJWxEFWXGBlS0IXjLL68Sv1a9rnr3tXL9Jk+jAKdwBhfgwSXU4Q4a4AODR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A5EaONQ==</latexit>

ep2
<latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit><latexit sha1_base64="z9CVsa1AwNEQL3Y4wGwyBT8FqxM=">AAAB7HicbVA9TwJBEJ3zE/ELtbS5CCZW5I5G7Yg2lph4QAIXsrfMwcre7mV3z4QQ/oONhRpbf5Cd/8YFrlDwJZO8vDeTmXlRypk2nvftrK1vbG5tF3aKu3v7B4elo+OmlpmiGFDJpWpHRCNnAgPDDMd2qpAkEcdWNLqd+a0nVJpJ8WDGKYYJGQgWM0qMlZoVTHu1Sq9U9qreHO4q8XNShhyNXumr25c0S1AYyonWHd9LTTghyjDKcVrsZhpTQkdkgB1LBUlQh5P5tVP33Cp9N5bKljDuXP09MSGJ1uMksp0JMUO97M3E/7xOZuKrcMJEmhkUdLEozrhrpDt73e0zhdTwsSWEKmZvdemQKEKNDahoQ/CXX14lQa16XfXva+X6TZ5GAU7hDC7Ah0uowx00IAAKj/AMr/DmSOfFeXc+Fq1rTj5zAn/gfP4A5cqONg==</latexit>

ep3
<latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit><latexit sha1_base64="CaMgem4iJdX/WSpcPmWVDNfHtLQ=">AAAB7HicbVA9TwJBEN3DL8Qv1NJmI5hYkTss1I5oY4mJByRwIXvLHKzs7V5290zIhf9gY6HG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVFHwquVSdkGjgTIBvmOHQSRSQOOTQDse3M7/9BEozKR7MJIEgJkPBIkaJsVKrCkn/otovV9yaOwdeJV5OKihHs1/+6g0kTWMQhnKidddzExNkRBlGOUxLvVRDQuiYDKFrqSAx6CCbXzvFZ1YZ4EgqW8Lgufp7IiOx1pM4tJ0xMSO97M3E/7xuaqKrIGMiSQ0IulgUpRwbiWev4wFTQA2fWEKoYvZWTEdEEWpsQCUbgrf88irx67XrmndfrzRu8jSK6ASdonPkoUvUQHeoiXxE0SN6Rq/ozZHOi/PufCxaC04+c4z+wPn8AedOjjc=</latexit>

Local 
State 

Backend

External 
State 

Backend

⇧ep2
<latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit><latexit sha1_base64="vzNrz845O3CFc8UPEV9DQuQriPs=">AAAB8nicbVA9T8MwEHXKVylfBUYWixaJqUq6AFsFC2ORCFRqoshxL61Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuKPg045nqxUQDZwJ8wwyHnlRA0pjDYzy+mfmPT6A0y8S9mUgIUzIULGGUGCsFzaDLogJk1J42o3rDbblz4FXilaSBSnSj+lcwyGiegjCUE637nitNWBBlGOUwrQW5BknomAyhb6kgKeiwmN88xWdWGeAkU7aEwXP190RBUq0naWw7U2JGetmbif95/dwkl2HBhMwNCLpYlOQcmwzPAsADpoAaPrGEUMXsrZiOiCLU2JhqNgRv+eVV4rdbVy3vrt3oXJdpVNEJOkXnyEMXqINuURf5iCKJntErenNy58V5dz4WrRWnnDlGf+B8/gB+65De</latexit>

⇧ep1
<latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit><latexit sha1_base64="13X43LlxALZO4plvf4mQ9wmgz9Y=">AAAB8nicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AbYKFsYiEajURJHjOq1Vx7FsB6mK+jdYGACx8mvY+De4bQZoedJJT+/d6e5eLDnTxnW/ncra+sbmVnW7trO7t39QPzx60FmuCPVJxjPVi7GmnAnqG2Y47UlFcRpz+hiPb2b+4xNVmmXi3kwkDVM8FCxhBBsrBc2gy6KCysibNqN6w225c6BV4pWkASW6Uf0rGGQkT6kwhGOt+54rTVhgZRjhdFoLck0lJmM8pH1LBU6pDov5zVN0ZpUBSjJlSxg0V39PFDjVepLGtjPFZqSXvZn4n9fPTXIZFkzI3FBBFouSnCOToVkAaMAUJYZPLMFEMXsrIiOsMDE2ppoNwVt+eZX47dZVy7trNzrXZRpVOIFTOAcPLqADt9AFHwhIeIZXeHNy58V5dz4WrRWnnDmGP3A+fwB9ZpDd</latexit>

pending 
snapshot

External  
File System

✓ ✓

1a Prepare  (insert markers)
1b Pre-Commit (snapshot)

1a 1c 2a 1b

1b

2b
2a Commit

pre-committed

2b Mark Committed

The Epoch Commit Protocol

Output Logs



State Management in Practice

Snapshots

2. Reconfiguration

3. Version Control 4. Isolation

1. End-to-End
    Guarantees
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Dataflow Reconfiguration

stop

snap-1 snap-2

snap-3

…

change 
parallelism

Problem: How is state repartitioned from a snapshot?
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Reconfiguration: The Issue

case II

0x100: bob 
… 
… 
… 
… 
0x449: alice

reconfigure

Include Key Locations in Snapshot Metadata

bob: 0x100 
carol: 0x344 
…

alice: 0x449 
chuck: 0x630 
…

0x100: bob 
… 
… 
… 
… 
0x449: alice

reconfigure

case I full scan

Scan Remote Storage for Responsible Keys

too slow

too much

 53



State Partitioning

 54

Pre-partition state in 
hash(K) space, into fixed n key-groups

bob…
…

… …
…
…

• Snapshot Metadata:                  
Contains a reference per 
stored Key-Group (less 
metadata) 

• Reconfiguration:        
Contiguous key-group 
allocation to available tasks 
(less IO)

alice

Note: number of key groups controls trade-off between 
metadata to keep and reconfiguration speed



Usages:Reconfiguration

stop

snap-1 snap-2

snap-3

…

change 
parallelism



State Management in Practice

Snapshots

2. Reconfiguration

3. Version Control 4. Isolation

1. End-to-End
    Guarantees
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Usages: App Provenance

fork and  
update Application v.1

Application v.2

v1-ep1 v1-ep2 v1-ep3 v1-ep4

v2-ep1 v2-ep2

v3-ep1

Application v.3

rescale 



State Management in Practice

Snapshots

2. Reconfiguration

3. Version Control 4. Isolation

1. End-to-End
    Guarantees
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Usages: External Access Isolation 

select from facebook.userID, clients.name … 
inner join clients on …

read-committed
(snapshot)

read-uncommitted
(dirty read on latest state)

external 
query

Uncommitted States
Snapshots



 

Further Optimisations

• Asynchronous Snapshots 

• make triggering snapshots cost-free. 

• Incremental Snapshots 

• avoid full state copy and commit only deltas 

• make overhead of snapshots nearly constant 

• Both are provided by Log-Structure-Merge backends, i.e. Rocksdb.

 60

http://pravega.io/index.html


 

RocksDB
• Embedded (local-only) key-value store used by Flink, Spark, Kafka etc. 

• Main Idea: Sequential disk seeks/writes (log) are way faster than random writes (database). 

 61

Memory

Disk

Memtable

SSTable 1

SSTable 2

SSTable 3

http://pravega.io/index.html


 

The Memtable

• Mutable in-memory buffer for KV Pairs 

• Reads and writes are executed here first 

• Is asycnhronously flashed to disk and turn into an SSTable (on 
demand or on size limit)

 62

Memory Memtable

http://pravega.io/index.html


 

SSTable

 63

Disk

Memtable

SSTable 1

SSTable 2

SSTable 3

• Persisted memtables that have become immutable. 

• Sorted by Key. 

• Key Reads start from memtable and go down over committed sstables for every miss. 

• Optimisations: Index/bloomfilter

http://pravega.io/index.html


 

Compaction

 64

http://pravega.io/index.html


 

Asynchronous Snapshots

• Triggering (on marker) flushes memtable 

• Iterator restricts access only on current SSTables. (used to copy 
snapshot to hdfs) 

• Further changes go to memtable (simple). 

 65

http://pravega.io/index.html


 

Incremental Snapshots

• A first generation of stream ‘logs’, used as resting 
points for data - until further consumption 

• Adopted to avoid backpressure complexity 

• RabbitMQ, ActiveMQ, HornetQ, Qpid, IBM MQ etc.

 66

http://pravega.io/index.html


 

Incremental Snapshots

 67

• Memtable == deltas, by definition. 

• Triggering (on marker) flushes memtable. 

• Copy only new (sstable) files to hdfs. 

• Add reference counting for sstable files. 

Asynchronously combine incremental snapshots to 
derive full snapshot (faster for reconfiguration)

http://pravega.io/index.html


 

Incremental Snapshots

• A first generation of stream ‘logs’, used as resting 
points for data - until further consumption 

• Adopted to avoid backpressure complexity 

• RabbitMQ, ActiveMQ, HornetQ, Qpid, IBM MQ etc.

 68

http://pravega.io/index.html


 

Observation

 69

• Triggering snapshots apparently takes no execution time. 

• The time to complete an epoch depends on asynchronous copying. 

• Local Snapshotting happens asynchronously. 

• Incremental Snapshots can decrease background copying significantly.

http://pravega.io/index.html


Time and Out-Of-Order 
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Part III



Wow does it work?

Window  
Word Count 

(Apache Flink )



Reasoning about Time

sources

operators

Log
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#

Reasoning about Time

sources

operators

Log

Every Task has a clock
 73



Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

window [0-5sec]

1s



Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

window [0-5sec]

1s



Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

window [0-5sec]

3s



Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

window [0-5sec]

3s



Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

window [0-5sec]

6s

2 complete

window [6-10sec]



Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

window [0-5sec]

8s

2 complete

window [6-10sec]



window [0-5sec]2 complete

Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

8s

window [6-10sec]



window [0-5sec]2 complete

Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

8s

window [6-10sec]



window [0-5sec]2 complete

Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

9s

window [6-10sec]



window [0-5sec]2 complete

Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

9s

window [6-10sec]



window [0-5sec]2 complete

Processing Time Example

Input 
Stream #

Event Counter
(5sec window)

12s

window [6-10sec]3 complete



Processing Time : The Issue

#Not
Deterministic



sources

operators

Log
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#

Event Time

Origin Time



sources

operators

Log
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Storage Time

#

Event Time



sources

operators

Log
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Ingestion Time
#

Event Time
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Input 
Stream 2416813315

 

Event Time

• Problem: Distributed events arrive out of order

#

event time

timestamps



Out-of-Orderness is unavoidable

• Origin Devices can disconnect temporarily (e.g., train tunnels). 

• There is interleaving both in message logs (kafka) and on shuffles between PEs.

 90

sourcesLog



slide by Stephan Ewen & Kostas Tzoumas
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 92

Input 
Stream 2416813315

 

Event Time

#2416813315

window [0-5sec]

window [6-10sec]



 93

Input 
Stream 2416813315

 

Event Time

#

241

6813315

window [0-5sec]

window [6-10sec]
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Input 
Stream 2416813315

 

Event Time

#

241

68

13315

window [0-5sec]

window [6-10sec]

• Problem: How do we know when a window is complete?
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Solution

• We define a slack: bound how long to wait for late events .

• Low Watermarks: system-generated events that indicate lowest 
expected timestamp (using the slack).

2416813315

slack:4secW(4)W(9) W(2)W(11)
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Example
W(4)W(9) W(2)W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

0s
event time “clock”

2416813315 13315 8 6 1 4 2



 97

Example
W(4)W(9) W(2)W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

0s
event time “clock”

2416813315 13315 8

6

1 4 2
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Example
W(4)W(9)W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

2s
event time “clock”

2416813315 13315 8

6

1 4 2
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Example
W(9)W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

4s
event time “clock”

2416813315 13315

8 6

1 4 2
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Example
W(9)W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

4s
event time “clock”

2416813315

13

315

8 6

1 4 2
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

315

8 6

1 4 2
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

315

8 6

1 4 23 complete
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

315

8 6

1 4 23 complete

late



 104

 Late Events?

• Allow applications to choose how to handle late events: 

• Drop them 

• Bound Lateness and update or.. drop
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

315

8 6

1 4 23 complete

late

Lateness
Bound: 10sec
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

3

15

8 6

1 4 23
Lateness
Bound: 10sec

complete4
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

315

8 6

1 4 23 complete

late

Lateness
Bound: 2sec
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

2416813315

13

315

8 6

1 4 23 complete

late

Lateness
Bound: 2sec

too
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Example
W(11)

#

window [0-5sec]

window [6-10sec]

window [11-15sec]

9s
event time “clock”

241681315

13

15

8 6

1 4 23 complete

Lateness
Bound: 2sec



Data Parallel Windows (per key)
W(6)

#
window [0-5sec]

window [0-5sec]

window [0-5sec]

window [0-5sec]



Data Parallel Windows (per key)

#
window [0-5sec]

window [0-5sec]

window [0-5sec]

window [0-5sec]

W(6)



Data Parallel Windows (per key)

#

evaluate

window [0-5sec]

window [0-5sec]

window [0-5sec]

window [0-5sec]

W(6)



Getting Hands Dirty

http://training.ververica.com 

https://github.com/ververica/sql-training 

DOCS : https://ci.apache.org/projects/flink/flink-docs-release-1.9/
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http://training.ververica.com
https://github.com/ververica/sql-training
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Further Readings
• [Paper] State Management In Apache Flink 

• [Thesis] Scalable and Reliable Data Stream Processing 

• [Paper] The dataflow model: a practical approach to balancing correctness, latency, and cost 
in massive-scale, unbounded, out-of-order data processing. 

• [Paper] One SQL to Rule Them All: An Efficient and Syntactically Idiomatic Approach to 
Management of Streams and Tables 

• [Paper] Out-of-order processing: a new architecture for high-performance stream systems. 

• [Blog] The world beyond batch: Streaming 101 by Tyler Akidau                                              
https://www.oreilly.com/ideas/the-world-beyond-batch-streaming-101

http://dl.acm.org/citation.cfm?id=1453890
https://www.oreilly.com/ideas/the-world-beyond-batch-streaming-101
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Announcements

• Flink Forward 2019, the premier conference in Apache Flink needs volunteers 
(attendance free of charge).  https://europe-2019.flink-forward.org/register 

• For MSc Thesis / Summer Job in Data Processing Systems Research mail me!

https://europe-2019.flink-forward.org/register


Next-Gen Continuous Analytics
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Distributed Runtime

Intermediate Representation

Dynamic
Graphs

Online
ML

Relational
Streams

metrics config constraints

teaser


