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The World as we Knew it

Cljpse AdventureWorksDW2008R2

[F]SELECT e.DepartmentName, COUNT (*)
FROM [dbo] . [DimEmployee] AS e

WHERE e.Gender = 'F' and e.SickLesc
GROUP BY e.DepartmentName
HAVING COUNT(*) > 3

—ORDER BY EmployeeCount DESC

& Results | [y Messages
DepartmentName EmployeeCount

1 | Production | 29
2 Purchasing 6
3 Finance 5
4 Information Services 4
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2 years = 90% of data ever generated

By 2020: 1.7MB per second by each person
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Real Time Processing
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Structured and Unstructured Data
IDC and EMC project that data will grow

to 40 ZB by 2020
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UNIPROCESSOR PERFORMANCE

(SINGLE CORE)

Intel Core i7 4 cores 4.2 GHz (Boost to 4.5 GHz)
Intel Cove i7 4 cores 4.0 GHz (Boost 10 4 2 GHz)
Intel Core i7 4 cores 4.0 GHz (Boost 10 4.2 GHz)
Intel Xeon 4 cores 3.7 GHz (Boost 1o 4.1 GHz)
100,000 Intel Xeon 4 cores 3.6 GHz (Boost 10 4.0 GHz)
Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)
Intel Core 7 4 cores 3.4 GHz (boost to 3.8 GHz)
Intel Xeon 6 cores, 3.3 GHz (boost to 3.6 GHz) 49,935
Intel Xeon 4 cores, 3.3 GHz (boost 1o 3.6 GHz) ;

intel Core i7 Extreme 4 cores 3.2 GHz (boost 10 3.5 GHz)
Intel Core Duo Extreme 2 cores, 3.0 GHz 2187
Intel Core 2 Extreme 2 cores, 2.9 GHz 2

4,129

i - — . p— - - - - - - -- AMD Athion 64, 2.8 GHz -~ A e T oo
10,000 AMD Athlon, 2.6 GHz _

Intel Xeon EE 3.2 GHz

1B
Intel VC820 motherboard, 1.0 GHz Penti
Professional Workstation XP1000, 667 M
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Moore's Law isn't possible
anymore
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MIT Technology Review, May’'16
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i Wiy #*Thd End of Moore’s Law & Faster
General Purpose Computing
25%/year John Hennessy Jul'18
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Performance (vs. VAX-11/780)

AX-11/780, 5 MHz

https://www.nextbigfuture.com/2019/02/the-end-of-moores-law-in-detail-and-starting-a-new-golden-age.html



Processing at the Edge

More computing power
More data storage

Cloud Data Center
Massive parallel data
processing

BIG DATA management
BIG DATA mining
Machine learning

More interactive
More responsive

Perform data pré-

processing and
compression Fog sites : ;
* Real-time data processing
* Data caching
Mobile device 0y * Computation offloading
Serve as human- N

computer interfaces



Processing at the Edge

More computing power

More data storage

More interactive
More responsive

Perform data pre-
processing and
compression

Mobile device
Serve as human-
computer interfaces

https://www.iotonlinestore.com/
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The number of connected devices will exceed 50 billion by 2020
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Big Data

Real Time
Requirements

Unstructured
Data

No Moore’s
Law

Edge

DATA-INTENSIVE
DISTRIBUTED APPLICATIONS

SCALABLE

LOW LATENCY

EVENT BASED

DISTRIBUTED

HETEROGENEOUS
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Flink

What is Apache Flink?
Use Cases

Powered By

FAQ

Downloads
Tutorials (§
Documentation ~
Getting Help

Flink Blog
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Apache Flink® — Stateful Computations over Data Streams

(Real-time)

Transactions
—— Events
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* Event-driven
Applications

e Stream & Batch
Analytics

* Data Pipelines & ETL

Learn more

@ Operational Focus

* Flexible deployment
* High-availability setup
* Savepoints

Learn more
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Inca: Netflix’s real time
message tracing system
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Scalal.oci Programming Framework

www.scala-loci.github.io

Multitier Language

Single Compilation Unit

Placement Types

[P.Weisenbureger, M.Koehler, G.Salvaneschi, Distributed System Development with ScalaLoci, OOPSLA' 18]
[P.Weisenbureger, G.Salvaneschi, Multitier Modules, ECOOP’19]



Placement Types

trait Registry extends Peer S

trait Node extends Peer

val message: Event[String] on Registry Placement Types




Architecture

trait Registry extends Peer { type Tie = Multiple[Node] }

trait Node extends Peer { type Tie = Single[Registry] with Multiple[Node]

Architecture Specification
through Peer Types

Architecture-Based
Remote Access

Registry



Data Flow

val message = Event[String] ()
val result = message map processMessage
val uli = new UI(result)

message ;

result

process message




Distributed Data Flow

val message: Event[String] on Node = placed[Node] { Event[String]() }
val result = placed[Registry] { message.aslLocal map processMessage }
val ui = placed[Node] { new UI(result.aslLocal) }

message

process message

result



Complete Distributed Chat

@multitier object Chat {
trait Server extends Peer { type Tie

Multiple[Client] }
Single[Server] }

trait Client extends Peer { type Tie

val message = placed[Client] { Evt[String] }

val publicMessage = placed[Server] {

message.asLocalFromAllSeq map { case (_, msg) => msg } }

_ ) printin  message
placed[Client].main {

publicMessage.aslLocal observe println
for (line <- io.Source.stdin.getLines) Sl
message fire line } } Message ,'

‘ printn  message



Porting to Distribution

Local Scalaloci Akka RMI

trait Server extends S
trait Client extends C

val ballsize = 20 val ballsize = 20
val maxX = 800 val maxX = 800
val

val maxY = 40,
val leftpos = 30

val rightpos = 770
val initPosition = Poif
val initspeed = Point(

maxy = 400
val leftpos = 30
val rightpos = 770
val initPosition = Point (400, 200)
val initspeed = Point(10, 8)

o pusen - Ry
L { UI.mousePos;

val isplaying - placed
Signal { remote(Clief
val ball: Signal[Point] = tick.fold(initPosition) {

val ball: signal[Point|
(ball, _) => ball + speed.get }

tick.fold(initPositif
if (isPlaying.get)

val_players = Flaced[s|

renote([Client] . conne

case Left ;: riant

Seq(None|

val areas = { val areas - placedISe

vt racke(Y Seq( val racket? et

Signal { UI.mousePosition().y }, (clientl

Signal { ball().y }) fnitPosition.y 1 1

val leftRacket = Racket (leftRacketPos, racketY(6)) val leftRacket = Rac|

val rightRacket = Racket (rightRacketPos, racketY(1))

val rackets = List(leftRacket, rightRacket)

Signal { rackets map { _.area() } } } Signal { rackets map|

val leftuiall = ball.changed && { _.x <0 } val leftuall = placed]
val rightWall = ball.changed && { _.x > maxX } val rightwall = placed
val xBou I val xBounce = Flacedl
Val ballInRacket = Signal { areas() exists { _ contains ball() } } val ballInRacket
val collisionRacket = ballInRacket changedTo true val collisionRacket
leftiall || rightiall || collisionRacket } tefoiall || cghtiol
val yBounce = ed & vl yeounce ced(s
{ ball = ball.y < @ || ball.y > max }

val speed

x = xBounce toggle (initSpeed.x, -initSpeed.x)
val yBounce toggle (initSpeed.y, -initSpeed.y)
signal { Point(x(), yO) } }

{

signal { Point(x(),

val score = { val score = PlECEA[S

val leftpoints - rigntiall.iterate(@) { _+1) val leftpoints = rig|
val rightPoints = lefthal y{-+1) val rightPoints = lef
signal { leftPoints() + * : * + rightPoints() } } Signal { leftPoints(

val ui = new UI(areas, ball, score) val ui = placed[Client|

new UI(areas.asLocal |

clients foreach { _ updateScore séore } ~ -

case UpdateScore(score) => this.score set score }
@mmn(e trait Client {

multi-user
1 updatedregs(areas; List(Areal): Unit

et UpdatenRTR et o
S8 Gt i s, Bt (]
8}&H8 io n Class ClientInpl(server: Server) extends Client {

val self = makeStub[Client] (this)

val areas = Var(List.enpty[Area])
\aL ball - Var (Fotnt (@, 0))
val score = Var

UL mousePosition observe { pos =
server mouseYChanged (self, pos. yi 3

val ui = new UI(areas, ball, score)

: ListlArea]) = { this.areas() = areas }
def G (olts) o i) (e i) = il
String) = { thi () = score }

| server addPlaer self
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Crosscutting functionality separated
among compilation units
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Modelling Distributed Software: Multitier Modules

Distributed functionality = Module
Composing modules = Composing subsystems

task

Master . Worker

result
MasterWorker<M,\W>




Stacking Multitier Modules

@multitier trait Offloading[T] {
@peer type Master <: { type Tie <: Multiple[Worker] }

Offloading

\_/

@peer type Worker <: { type Tie <: Single[Master] }
def run(task: Task[T]): Future[T] on Master =

placed { (remote(selectWorker()) call execute(task)).asLocal }
private def execute(task: Task[T]): T on Worker =

placed { task.process() }

/\
Monitoring }
@ @multitier trait Monitoring {

\_/

@peer type Master <: { type Tie <: Multiple[Worker] }
@peer type Worker <: { type Tie <: Single[Master] }
def monitoredTimedOut(monitored: Remote[Worker]): Unit on Master

/\
TaskScheduler

@multitier trait TaskScheduler[T] extends
0ffloading[T] with
Monitoring



Flink Case Study

@multitier object TaskDistributionSystem extends
TaskManager with
TaskManagerActions with
CheckpointResponder with
ResultPartitionConsumableNotifier with
PartitionProducerSt: -

KvStateRegistryList
TaskManager

f

JobManger

TaskManger

i

TaskManagerActions

JobManger

TaskM@

CheckpointResponder

JobManger

|
|
|

TaskManger

|

"

ResultPartitionConsumableNotifi

.. JobManger

|
TaskManger

PartitionProducerStateChecker

JobManger

TaskM@

1

KvStateRegistryListener

JobManger

TaskManger
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PRIVACY



The Case of Cambridge Analytica
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The Case of Cambridge Analytica

87 Million users affected (FB estimation)

100 billion loss, FB market cap.

Zuckerberg testified in front of the US Congress.

Facebook shares
Price in US dollars
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Cambridge
Analytica scandal
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Source: Bloomberg. Last update: 11:20 - 22/03/2018

Turns out Cambridge
Analytica assisted with
'rump and Brexit campaign




Lesson Learned

We need to engineer software
to precisely control

where (private) data go!

https://newsela.com/read/lib-what-is-river-delta/id/34818/quiz/0/



SecQL.: Privacy Preserving Queries

val result = SELECT (*)

FROM (personDB,patientDB,knowledgeDB)
WHERE ((person,patient,knowledge) =>

person.id == patient.id AND

patient.symps == knowledge. symps AND

13

knowledge.diagnosis ==

) Result
Join
patient.symps = knowledge.symps
e
- N
Join Selection

patient.id = person.id

knowledge.diagnosis = "Allergy"

r"/\“““‘~\

PatientDB

PersonDB

KnowledgeDB

[G.Salvaneschi, M.Kohler, D.Sokolowski, P.Haller, S.Erdweg, M.Mezini, Language-Integrated

Privacy-Aware Distributed Queries, OOPSLA19]

[Ralf Mitschke, Sebastian Erdweg, Mira Mezini, Mirko Kohler, Guido Salvaneschi, i3QL:

Language-Integrated Live Data Views, OOPSLA1

4.]
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ﬁ to Client
Result
PatientDB PersonDB KnowledgeDB Join
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\ Join |: Remote
Client patient.id = person.id to PatientDBHost
Result i
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L Remote L] knowledge.diagnosis
. Join to PatientDBHost ="Allergy"
patient.symps = knowledge.symps I
e — Il Tl
£ a PatientDB PersonDB KnowledgeDB
- - g
Join Selection 0
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PatientDB PersonDB KnowledgeDB
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to KnowledgeDBHo
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i

Result

Selection

knowledge.diagnosis
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SecQL: 2 Steps Placement Strategy

Placement Space Reduction Cost Model Optimization

e ——

PERFORMANCE

Secure Optimal

Plecement




Run Time Memory Growth
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non-privacy preserving placement - privacy preserving placement =— client-only baseline

Privacy preserving placement has
performance comparable to the optimal
placement



FAULT TOLERANCE



W
15+ datacenters

100+ data centers outages in 4 years

Planned outages, e.g., Hurricane Florence (Sept’18)

acebook-moves-traffic-among-yun-jin/
oks-not-so-secret-new-data-center/



More computing power
More data storage

More interactive

Cloud Data Center
* Massive parallel data

More responsive

Notebook

Sensors \2\9

Perform data pre g
processing and T Home gateway
compression s ’
b ~
Mobile device N
Serve as human- N

computer interfaces

processing
* BIG DATA management
* BIG DATA mining
Machine learning

Fog sites

Real-time data processing
Data caching
Computation offloading
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Distributed Graphs




Fault Tolerance ,for Free®!

& >3
Automatic restore after a crash.

— Incremental snapshots of stateful nodes
— Stateless nodes simply ‘replayed’

) ———————————
< o8 : " What if your code !
| Is not in reactive style:?
V
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REACTIVE PROGRAMMING



Reactive Software is Ubiquitous

Web apps, IDEs, monitoring systems, ...

Detect events
Combine reactions

Propagate changes
Aggregateffilter

loix
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Reactive Applications
are not Easy to Develop

A Possible Future of
Software Development L

Sean Parent

October 22, 2006

Event handling:
— 30% of code in desktop applications
— 50% of bugs reported during production cycle



The (good? old) Observer Pattern

Subject
Observer <>{+observerCollection
- +registerObserver(observer)
snotify() +unregisterObserver({observer)
+notifyObservers()

notifyObservers()
for observer in observerCollection
call observer.notify()

ConcreteObserverA ConcreteObserverB DGSIgH P atterns
. . Elements of Reusable
+notify() +notify() Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides
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=
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Foreword by Grady Booch




The Observer Pattern

What about Java Swing ?

— javax.swing

BEEEE
P!
p

Click Me




public class Beeper extends JPanel implements ActionListener {
JButton button;

public Beeper() { BEEEE
super(new BorderLayout()); PI
button = new JButton("Click Me"); :
button.setPreferredSize(new Dimension(200, 80)); Click Mo -

add(button, BorderLayout. CENTER);
button.addActionListener(this);

}

public void actionPerformed(ActionEvent €) {
Toolkit.getDefaultToolkit().beep();

Y

private static void createAndShowGUI() { // Create the GUI and show it.
JFrame frame = new JFrame("Beeper"); //ICreate and set up the window.
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
JComponent newContentPane = new Beeper(); //Create and set up the content pane.
newContentPane.setOpaque(true);
frame.setContentPane(newContentPane);
frame.pack(); //Display the window.
frame.setVisible(true);

Y

public static void main(String[] args) {
javax.swing.SwingUtilities.invokeLater( new Runnable() { public void run() {createAndShowGUI();}});

}
}




Reactive Programming

Can language abstractions help software design?
Events
Signals

Similar examples:
fault-tolerance -> exceptions
encapsulation -> visibility modifiers
extensibility -> inheritance




% REScala ﬂ Manual

Reactive
programming

REScala is the most advanced solution for functional reactive
programming on the JVM and the Web. It provides you with
both, the latest features directly from academic research with
a stable well maintained core.

REScala’s features include transactional guarantees, eventual
consistency, event and signal APIs, reactive HTML DOM
interactions, compatibility with reactive streams, and many

more.
Get Started More 2>
For Academics For Industry
REScala offers the latest and greatest from REScala has a stable API and regular
research on functional reactive releases. We have a large test suite and
programming embedded into an object- many internal case studies. Source
oriented language combined with current incompatible changes are rare and only
research on distributed languages. happen to improve ergonomics for very

common cases.

Showcases Publications Docs REPO

www.rescala-lang.com

<[>
For Students

REScala is perfect for learning reactive
programming concepts and learning how
to design Scala libraries in general. It is
also easy to extend, and we offer theses
and other opportunities .




Events

Registered handlers are executed when the event fires
— The actual parameter is provided to the handler

val e = Evt()

e += { x => printIn(“The value of the eventis: ” + x) }
e(10)

e(11)

-- output ----
The value of the event is: 10
The value of the event is: 11



Constrains as Reactive Values

What about expressing functional dependencies
as constraints ?

vala=3 vala=3

valb=7 valb=7

val c =a + b // Statement val c ;= a + b // Constraint
printin(c) printin(c)

>10 >10

a=4 a=4

printin(c) printin(c)

>10 > 11



Constrains as Reactive Values

Signals: (pure)reactive expressions
Constraints “automatically” enforced
.now returns the current value

Vars: primitive reactive values
Updated “manually”

val a = Var(3)

val b = Var(7)

val ¢ = Signal{ a() + b()
}

printin(c.now)

>10

a.set(4)

printin(c.now)
> 11



Reference Model

Change propagation model
— Dependency graph
— Push-driven evaluation

val a = Var(3)

val b = Var(7)

val ¢ = Signal{ a() + b()
}

val d = Signal {2 * ¢() }

A



Basic Conversion Functions

Changed :: Signal -> Event
Latest :: Event -> Signal

3+ .latest

)L >

1T [ ) .changed

Y

SIGNALS




Mouse with RP

(30,90)

<7 '%_, (15,40)
i

A ') (10,20)

\

val position: Signal[(Int,Int)] = mouse.position
val shiftedPosition: Signal[(Int,Int)] = Signal{ mouse.position + (10,
10) }

evt clicked: Event[Unit] = mouse.clicked
val lastClick: Signal[(Int,Int)] = position snapshot clicked



Example: Observer

Reactive Swing App

No button clicks registered

Reactive Swing App

/* Create the graphics */

title = "Reactive Swing App" e e ered
val button = new Button { /* The logic */
text = "Click me!" listenTo(button)
} var nClicks =0
val label = new Label { reactions += {
text = "No button clicks registered" case ButtonClicked(b) =>
} nClicks += 1
contents = new BoxPanel(Orientation.Vertical) { |abel.text = "Number of button clicks: " +
contents += button nClicks
contents += label if (nClicks > 0)
} button.text = "Click me again”



Example: Signals

P

Reactive Swing App

No button clicks registered

title = "Reactive Swing App" =

Reactive Swing App

val label = new ReactivelLabel
val button = new ReactiveButton Clidome,agaip

2 button clicks registered

val nClicks = button.clicked.fold(0) {(x, y) => x + 1}

label.text = Signal { (if (nClicks() == 0) "No" else nClicks() ) + " button clicks registered" }
button.text = Signal { "Click me" + (if (nClicks() == 0) "!I" else " again " )}

contents = new BoxPanel(Orientation.Vertical) {

contents += button
contents += label

}



Claim: RP beats OO (Observer)

Easier to compose

Declarative style

Easier program comprehension
State management not explicit

Automatic memory management

Flapjax: A Programming Language
for Aiax Applications

“Obviously, the Flapjax code may not

appear any ‘easier’ to a first-time

77 [Leo A. Meyerovich, Arjun Guha, Jacob Baskin, Gregory
reader H. Cooper, Michael Greenberg, Aleks Bromfield, Shriram
Krishnamurthi, Flapjax: A Programming Language for

Ajax Applications, OOPSLA’09]

D5 wel Keywords JavaScript, Web Programming. Functional Re-

: . e Proer. °
This paper presents Flapjax. a language designed for con- active Programming

temporary Web applications. These applications communi-
cate with servers and have rich, interactive interfaces. Flap- 1. Introduction
jax provides two key features that simplify writing these ap- The advent of broadband has changed the structure of appli-

i s. First, it provides event streams, a w ; rac-
gllcnnous First, it pl.L 1(es<.¢ streams ., a uniform al.)smu cation software. Increasing! I\ lesku op 1pp11¢1t!0l\5 are mi-
tion for communication within a program as well as with ex- s gt BELESR s S bisa Tort TR S B



The study

10 applications, ~130 subjects
— RP and OO group (between subj.)
— Questions for comprehension

What to measure?
— Time to answer a question
— Amount of correct answers

® © ® | [Tevaluation Study

€« (c) localhost:8080/#test_RP_8 Qw0 @

Advanced code understanding Reactive Swing App

Read the code and answer the question.

nalh => signal}

, Sinpleswingapplication }

Click me!
No button clicks registered

or, Graphics2D, Dimension }
1

object Squares_Reactive extends SimpleSwingApplication {

71 == APPLICATION LOGIC ---========nnmssssen

object squarel {
Vval position = Signal { Point(tire().s * 169, 108) }
}

Click me again
2 button clicks registered

object squarez
val v = signal { time().s * 160 }
val position = Signal { Point(time().s * v(}, 209) }
}




Results

REScala increases correctness of - =
gram comprehension so0] EP
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Skills Skills

[Guido Salvaneschi, Sven Amann, Sebastian Proksch, Mira Mezini, An Empirical Study on
Program Comprehension with Reactive Programming, FSE’14.]

[G. Salvaneschi, S. Proksch, S. Amann, S. Nadi, M. Mezini, On the Positive Effect of Reactive
Programming on Software Comprehension: An Empirical Study, TSE'17]



Teaching Reactive Programming

Master course (9CP)

Software Engineering: Design & Construction

Design patterns
Domain specific languages
Software architectures

Reactive Programming with REScala

HOW TO DEBUG ! ?
REACTIVE PROGRAM




Debugging for Reactive Programing

Traditional debugging Reactive Programming

(Imperative) (Declarative)

|
|
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| | Step r
|
|
|
|
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A Paradigm Shift
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Traditional Debugging RP Debugging

Stepping over the dependency

Stepping over statements graph
Breakpoint on line X Breakpoint on node X

Inspect memory Inspect values in the dependency

graph
Navigate object references Navigate signals in the graph



Bug Hunting with Reactive Debugging

e / =

Missing dependencies Underistandig_gé‘BP programs

o [

Bugs in signal
expression?&

Value, 0 Vakee 0
Type Varlimeged T % ceger
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Reactive Inspector Reactive Scala ser| @ |RPDebugger
—» | Graph

Eclipse plugin - Scala IDE) o E .

Back in time

>
|
lEvents 9 Queries

0w s v # 0 R idE A (BB > oW N £ 5 v Lib 9 #Debug
%% Debug B A - % Breakpoints & = B  “eReactive Breakp( H | Sto r _°
¥ 4@ Thread [main] 2 % & - w BBED 4w v y
= AnimationExamples.this() line: 45 = o AnimationExamples [line: 49] - <init>(): de.tuda.st .
Animationexamples. <clinit=() line: not available & o MemoryLeakexamples [line: 20] - <Init>(): de.tuda | [| T0d€Creeted(snd LOgged data Query on HIStO ry
= AnimationExample.main{Array[String]) line: not available ® ¢ MemoryLeskExamples [line: 23] - <init>(): de.tuds | [prcoeEvaluated(S s

+® Daemon System Thread [RMI Scheduler(0)]

# Daemon System Thread [RMI RenewClean{127.0.1.1:42693]] 7 3 -
+#® Daemon System Thread [GC Daemon] 10 'I - : S -l
luat E> it [<nodeN. >7) (] 4
4 Thread [pool-1-thread-1] evaluation! ion(<nodeName=?) o — 3 /’.:;{——,f T
+# Daemon System Thread [Java2D Disposer] i - e
+© Daemon System Thread [AWT-XAWT] = Variables
% AnimationExampl 2 ™ = M " Reactive Tree i2 B0 8 2 s G = 0O J=outline = n
« * This example demonstrates an exception during signal processing.[~ | Eh | e v
object AnimationExample extends SimpleSwingApplication { M @ de.tuda.stg.reclipse.examples
rescala.ReactiveEngine.log = new REScalalLogger ¥ @ AnimationExample
= ¢ time: rescala.varsynt{int]
val time = App.time // Global time signal # slowlncreasing : rescala.Dependents
¥ fastincreasing: rescala.Dependentsi
val slowIncreasing = Signal { time() / } # pulsing: rescala.DependentSignalfin
val fastIncreasing = Signal { time() / } ¢ quadratic: rescala.Dependentsignal
val pulsing‘= Sigr)al { (tiq\e() % ).‘ changad # circle : de.tuda.stg.reclipse.example
val quadratic = Signal { time() * time() } ¢ square: de.tuda.stg.reclipse.examp
Leromianarcns ] # pic: de.tuda.stg.reclipse.cxamples.f
val circle new Circle((fastIncreasing, fastIncreasing), pulsing . = ¢ pic2: de.tuda.stg.reclipse.examples
val square = new Square((Var( ), slowIncreasing), pulsing) it # panel: de.tuda.stg.reclipse.example
val pic = new Picture(new Image("java logo.png"), pulsing, (fastI / 1 ¥ o top:scala.swing.MainFrame
val pic2 = new Picture(new Image("java_logo.png"), Var(:), (slowl @ new scala.swing.MainFrame {...}
¥ @ Square
val panel = new AnimationPanel \ changed ¢ center: (rescala.signal[int], rescala.c
# side: rescala.signal[int]
panel.add(circle) Ilrola 2 = Y - ehanged > [EventHandler] # changed: rescala.events. Event[int]
panel.add(square) 3 Highlight Dependencies » 1;:: r::u ® paint(g: java.awt.Graphics2D): Unit
panel.add(pic) Enable Watchpoint 7 r IS, v @ circle
@  panel.add(pic2) ¥ show in Source Code Bt ¢ center: (rescala.signal(int], rescala.t
chmged | Class  de.tuds stg.eclpse. samples. Picturs ¢ radius : rescala.Signal[int]
= = def top = new MainFrame { queade stic: m-:m -s‘ alarden ¢ changed : rescala.events. Event{int]
title = "Animation Example" i eI 2 Shomed W ® paint(g: java.awt.Graphics2D); Unit
contents = panel > E—— ¥ @ Plcture
} ¢ original: de.tuda.stg.reclipse.examg
} # scale: rescala.Signal[int]
changed changed ¢ center : (rescala.signal[int], rescala.
class Square(center: (Signal[Int], Signal[Int]), e # vAdth: rescala.DependentSignal[int]
side: Signal[Int]) extends Drawable { ¢ height : rescala.Dependentsignal{int
val changed = center. 1l.changed || center. 2.changed || side.chan: ~ - e # changed : rescala.events. Event[int]

paint(g: Java.awt.Graphics2D): Unit
@ Drawable

©* changed: rescala.events. Event[ ]
0/o| « » ©* paint(g: java.awt.Graphics2D): Unit

N\
/

def paint(g: Graphics2D) { Auto] 113/113
g.fillRect(center._1l.get - (side.get / 2),

center._2.get - (side.get / 2), 3 [ed(pulsing, “2007)

iR

it Query

- My =0

O console & luated(<signalName=)

AnimationExamples [Scala Application] fus/lib/jvm/java-B-oracle/bin/java alueSet(<

rName>)

16, 6:05:49 PM)

NODE NODE TREE NODE BACK-IN-TIMEREACTIVE
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Replicated Data

Replicated data is used to...

Facebook
15 data centers

Paypal
200 countries

St

GO gle E GoogleDocs




Example: Replicated Data
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Example: Replicated Data
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Example: Consistency

Replica
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Replica



Example: Consistency

Replica
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Example: Consistency
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Example: Consistency




Consistency Levels

Strict Serializable

Eventual consistency

Sequential consistency

Weak

Causal consistency




Consistency Levels

Linearizability

/chular

Timed serial

& A.I'-atomicity 5
\ 7 Eventual
§ % Sequential - linearizability
! \ linearizable /NN 4
‘:' Weak “| LT S "” o Strong
! in ) // Staleness-based ™,
; fork-lin.} Per-object 4 eventual
:' /! models . ____ N
! Bounded Real-fime . / Processor 4 "
i fork-join causal Prefix < Synchronized”, \ Eventual
HE > \ sequential models . \ A
i causal Timed \ . . ;  Bounded \ serializability
i P \ y ' Weak ordering '.’ staleness \ A
: %/ Causal | Per-key Per-record ! / ? - & i .
' Fork models sequental \ timeline 3 Release i i ; -
| sequential . & " ? i ;
\ Coherence i " : '
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Paolo Viotti and Marko Vukoli¢. 2015. Consistency in



Eventual consistency
Causal consistency
Fifo consistency
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Amazon DynamoDB
Developer Guide (API Version 2012-08-10)

Q

([ Documentation - This Guide

pd . English 4 Sign In to the Console ‘

AAWS Documentation » Amazon DynamoDB » Developer Guide » What Is Amazon DynamoDB? » Amazon DynamoDB: How It
Works » Read Consistency

Read Consistency

"aaa
B Amazon DynamoDB is available in multiple AWS regions around the world. Each region is completely
independent and isolated from other AWS regions. For example, if you have a table called People in
DATASTA GLOSSARY SUPPORT  DEVELOPER BLOGS ! namoDB? the us-east-1 region and another table named People in the us-west-2 region, these are
considered two entirely separate tables. For a list of all the AWS regions in which DynamoDB is
Apache Cassandra™ 2.1 (Supported) Cassandra 2.1 (used by DSE 4. nts available, see AWS Regions and Endpoints in the Amazon Web Services General Reference.
B AP : 3 : - . St s
About Cassandra What's new caL Understanding the architecture Planning a deployment Installing Every.AYVS Je con5|§ts g rT1uIt|p|e dIStl-nCt‘|f)CatI0nS called Avalla?lht){ Zones. Fach Avallability
nd Data Zone is isolated from failures in other Availability Zones, and to provide inexpensive, low-latency
Initializing a cluster ~ Security ~ Database internals ~ Configuration ~ Operations ~ Backing up and restoring data network connectivity to other Availability Zones in the same region. This allows rapid replication of
Cassandratools ~ References ~ Moving data to/from other databases ~ Troubleshooting  Release notes ncy your data among multiple Availability Zones in a region.
roughput When your application writes data to a DynamoDB table and receives an HTTP 200 response (0K), all
.- copies of the data are updated. The data will eventually be consistent across all storage locations,
Py ata P
Searc r[ usually within one second or less.
QL DynamoDB supports eventually consistent and strongly consistent reads.
Advanced search .
DB Eventually Consistent Reads
. X X . = pe When you read data from a DynamoDB table, the response might not reflect the results of a recently
Home / Database internals / Data consistency / Configuring data consistency - > = 3 N . i
DynamoDB completed write operation. The response might include some stale data. If you repeat your read
o5 request after a short time, the response should return the latest data.
Configuring data consistency Stioial Contistont Reads
9 9 Database internals tion with DAX it
Consistency levels in Cassandra can be configured to manage availability versus data Storage engine etaan When you reques_t astrongly consistent rea.d, Dyn_amoDB rejturns a response with the most up-to-
accuracy. You can configure consistency on a cluster, datacenter, or individual /O e date vdata, reflectlr?g the updates _from ?” prior write operations that were successful. A strongly
operation basis. Consistency among participating nodes can be set globally and also DB consistent read might not be available in the case of a network delay or outage.
controlled on a per-operation basis (for example insert or update) using Cassandra’s Cassandra storage basics
. eyt e ynamoDB Note
drivers and client libraries. The write path of an update
er AWS Services DynamoDB uses eventually consistent reads, unless you specify otherwise. Read
+ Write consistency levels About rameter:
About R R A A uring the
This table describes the write consistency levels in strongest-to-weakest order. wri(t]:s ongo O D &
Reads
v Write Consistency Levels
i How d M DB '
Level Description Usage concul OW Oes O ngo enSU re ConS |Stency?
ALL A write must be written to the Provides the highest consistency Data ¢
commit log and memtable on all  and the lowest availability of any e Back to Table of Contents
replica nodes in the cluster for other level.
that partition. Abo . . . ) .
s —_— MongoDB is consistent by default: reads and writes are issued to the primary member of
EACH.Q | Stonglconsistency. Awritemust: Ussd Inmuttiple datacenter feat a replica set. Applications can optionally read from secondary replicas, where data is
UORUM be written to the commit log and clusters to strictly maintain c
memtable on a quorum of replica  consistency at the same level in o eventually consistent by default. Reads from secondaries can be useful in scenarios
nodes in all datacenter. each datacenter. For example, con h it table for data to b lightl t of dat h i
choose this level if you want a Rea whnere It IS acceptable Tor aata 1o be sligntly out oT date, sucnh as some reporting
read to fail when a datacenter is v applications. Applications can also read from the closest copy of the data (as measured
by ping distance) when latency is more important than consistency.
Learn more in the MongoDB Architecture Guide.




ConSysT Programming Framework

Combine multiple consistency levels in the same application

High consistency (slow)
Payment, Security, ...

Low consistency (fast)
Logging, messaging, ...




ConSysT Programming Framework

class Concert {
Date date;
Ref<@Weak ConcertHall> hall;
Ref<@Weak Band> band;
Ref<@Strong Counter> soldTickets;

}...

Programming model supports
explicit consistency levels

Information flow static analysis
ensures safe mixing of consistency levels

[M. Kohler, N. Eskandani, P. Weisenburger, A. Margara, G. Salvaneschi,
Rethinking Safe Consistency in Distributed Object-Oriented Programming, OOPSLA'20]



Type System: Ensures Safety

Ref<@Weak Counter> weakCounter;

Ref<@Strong Counter> strongCounter;

weakCounter.ref.value = strongCounter.ref.value;

Allowed

Strong to Weak

Ref<@Weak Counter> weakCounter;
Ref<@Strong Counter> strongCounter;

strongCounter.ref.value = weakCounter.ref.value;

Disallowed
Weak to Strong

Ref<@Weak Counter> weakCounter;
Ref<@Strong Counter> strongCounter;

if (weakCounter.ref.value == 0) {
strongCounter.ref.value =
}

0,

Disallowed

Weak to Strong (implicit)




ConSysT

Tunable, safe consistency meets object-oriented
programming.

What is ConSysT?

https://consyst-project.github.io/

ConSysT is an distributed object-oriented language. Objects can be replicated with
different levels of consistency. The type system ensures that consistency levels are

safely.
Multiple Safe mixing of Object-orient
consistency consistencies programmin
levels The static type system Consistency is full

ensures correct mixing
of consistency levels.

integrated with obje
oriented abstractior]

Each replicated object
comes with its own
consistency level.

Overview

In ConSysT, the main abstraction are replicated objects that are fully integrated into
object-oriented language. Replicated objects have a consistency level specified by
developer.

Distribution

Easily distribute your your data across your local network, datacenters or geo-replic
devices. Replicated objects allow to distribute and perform operations on your data.
ConSysT is implemented as a language extension to Java, you can create replicated

Rethinking Safe Consistency
in Distributed Object-Oriented Programming

MIRKO KOHLER, Technische Universitit Darmstadt, Germany

NAFISE ESKANDANI, Technische Universitit Darmstadt, Germany
PASCAL WEISENBURGER, Technische Universitit Darmstadt, Germany
ALESSANDRO MARGARA, Politecnico di Milano, Italy

GUIDO SALVANESCHI, Universitit St. Gallen, Switzerland

Large scale distributed systems require to embrace the trade off between consistency and availability, accepting
lower levels of consistency to guarantee higher availability. Existing programming languages are, however,
agnostic to this compromise, resulting in consistency guarantees that are the same for the whole application
and are implicitly adopted from the middleware or hardcoded in configuration files.

In this paper, we propose to integrate availability in the design of an object-oriented language, allowing
developers to specify different consistency and isolation constraints in the same application at the granularity
of single objects. We investigate how availability levels interact with object structure and define a type system
that preserves correct program behavior. Our evaluation shows that our solution performs efficiently and
improves the design of distributed applications.

CCS Concepts: « Software and its engineering — Distributed programming languages; « Information
systems — Remote replication.

Additional Key Words and Phrases: replication, consistency, type systems, Java

ACM Reference Format:

Mirko Kéhler, Nafise Eskandani, Pascal Weisenburger, Alessandro Margara, and Guido Salvaneschi. 2020.
Rethinking Safe Consistency in Distributed Object-Oriented Programming. Proc. ACM Program. Lang. 4,
OOPSLA, Article 188 (November 2020), 30 pages. https://doi.org/10.1145/3428256

1 INTRODUCTION

Replication is fundamental in large-scale distributed systems to improve data availability and data
access latency. By replicating data at multiple sites, distributed components can interact with the
closest (e.g., local) replica without incurring the cost of remote data access. However, synchronizing
replicas to ensure a globally consistent view implies onerous performance costs that can hamper
rather than improve availability and latency. For this reason, weakly consistent models have been
widely adopted to limit synchronization overhead at the expense of correctness [Vogels 2009].
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Eventual Consistency: CRDTs
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Eventual Consistency: CRDTs
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Eventual Consistency: CRDTs

/
=

G-Counter (Grow-only Counter)
PN-Counter (Positive-Negative Counter)
G-Set (Grow-only Set)

2P-Set (Two-Phase Set)
LWW-Element-Set (Last-Write—Wins-EIement-lSet)




Eventual Consistency: CRDTs
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Active-Active Geo-Distribution allows you to place your Re]
to where your users are, no matter where they are. Placing
obviously the right thing to do whenever possible, but for
that's not enough—write operations willstill be slow withol
you develop for an Active-Active cluster instead?

Introduction to CRDTs

Conflict-free replicated data types (CRDTs) are a family of
common set of properties that enable operations perform
final state consistent among all replicas. To ensure that co|
problems in your applications, operations on CRDTs have

properties.

The way this works in Redis Enterprise, when you create a
normal commands get swapped with an equivalent CRDT
example of a Redis data structure that has a CRDT equivals
Active distributed replication adds.

Sets in Redis

Redis Sets are similar to what your favorite programming |
offering specialized operations to add and remove elemes
set, and perform set intersection, union, and difference. H

A cure for consistency under partitioning

AntidoteDB operations is based on the principle of synchronization-free execution. Similarly
to NOSQL, it provides fault-tolerance and high availability, but unlike NOSQL, AntidoteDB
provides highly available SQL transactions that makes developement easy.

—
—

CRDTs

High-level replicated data types that are
designed to work correctly in the presence of
concurrent updates and partial failures.

GET STARTE!

Features

=

Highly Available Transactions

Traditional ACID transactions were built for
single-machine deployments. It is expensive
to implement ACID transactions in
distributed deployments. On the other hand,
highly-available transactions (HAT) provide
strong consistency within a data center, but
still perform well in geo-replicated
deployments.

@

Geo-replication

Designed to run on multiple servers in
locations distributed world-wide. It provides
continuous functioning even when there are

failures or network partition.

actual Redis commands:

// Create a set:
> SADD fruits apple pear banana
3

// Test if it contains apple:
> SISMEMBER fruits apple
2

Set (Grow-only Set)
P-Set (Two-Phase Set

LWW-Element-Set (Last-Write-Wins-Element-$et




WHAT’S NEXT?
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Secure Enclave Programming

Enclaves: hardware protection for data and code from system
software

— ~250MB memory

— Native speed

Here to stay
— Google Cloud announces to offer enclaves to customers (Summer ‘20)
— Intel announces 3rd Gen Xeon Processors: enclaves up to 1TB (Oct ‘20)




fanaiava.aal |

1 #include "sgx urts.h"

2 #include "enclave u.h"

3 #define BUF_LEN 100

4 int main() {

5 sgx_enclave_id_t eid;

6 sgx_status_t ret = SGX_SUCCESS;

7 sgx_launch_token_t token = {0};

8 int updated = 0;

9 ret = sgx_create_enclave(ENCLAVE_FILE, SGX_DEBUG_FLAG,
&token, &updated, &eid, NULL);

10 if (ret != SGX_SUCCESS) { ... /* exception */ }

11 char« guess = ... // read guess from stdin

12 int result = 0;

13 checkPassword(eid, guess, &result, BUF_LEN);

14 if (SGX_SUCCESS != sgx_destroy_enclave(eid)) {...}

15 return 0;

C++ - Intel Visual Studio

- enclave.ed| e {PasswordChecker.javal—\
1 enclave { 1 @Enclave
2 trusted { 2 class PasswordChecker {
3 public void checkPassword([in, size=len] charx guess, 3 @Secret static String password = "secret";
[out] intx result, size t len); 4
4 }; 5  @Gateway
5 }; 6 public static boolean checkPassword(String guess) {
\ /|7 String guessk = endorse(guess);
8 return declassify(guessE.equals(password));
1 const charx password = "secret"; X 7
2 void checkPassword(chars guess, intx result, size t len) {
3 strcmp(guess, password) = 0) ? - W
4 xresult = 1 : xresult = 0; 1 class Main {
5 } 2 public static void main(String[] args) {
\ /|3 String guess = ... // read guess from stdin
4 PasswordChecker.checkPassword(guess) ;
. mancpp——— (2 13
J

JE*

[A. Oak, A. M. Ahmadian, M. Balliu, G.
Salvaneschi, Language Support for Secure
Software Development with Enclaves,
CSF’21]



(Modeling) Infrastructure as Code

const gep = require("@pulumi/gecp");

const computeNetwork = new gcp.compute.Network("network", {

Example' autoCreateSubnetworks: true,

— Create a Web server in Google with TypeScript .
on NOde-jS const computeFirewall = new gcp.compute.Firewall("firewall", {

network: computeNetwork.selfLink,

— Create the instance, export the IP and Hostname. slloen

protocol: "tcp",
ports: [ "22%, 88"

1)

Reactivity to external events

"#!/bin/bash \n" +
"echo 'Hello, World!' > index.html \n" +

Deployment safety? B e e

const computelnstance = new gcp.compute.Instance("instance", {
Deployment patternS? machineType: "fl-micro",
metadataStartupScript: startupScript,
bootDisk: {
initializeParams: {

image: "debian-cloud/debian-8",

networkInterfaces: [{
network: computeNetwork.1id,
accessConfigs: [{}], // must be empty
3,

serviceAccount: {

[Automating Serverless Deployments for T
Devops Organizations’ D. SOkOlOWSki’ exports.instanceName = computeInstance.name;
P_ Weisenbu rger, G. SalvaneSChi, FSE’Z’I] exports.instanceIP = computeInstance.networkInterfaces.apply(ni => ni[{

scopes: ["https://www.googleapis.com/auth/cloud-platform"],




Smart Contracts

Single language for clients and contract
Client compiles to JavaScript
Contract compiles to Solidity

Multitier
programming?

val gui on Client
val score on Contract
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