
So#ware	
  Development	
  in	
  the	
  Cloud	
  Era	
  
Mira	
  Mezini	
  



a	
  Symbio:c	
  Rela:onship...	
  	
  

Programming	
  Concepts	
  for	
  the	
  Cloud	
  

Cloud	
  for	
  So#ware	
  Development	
  



Programming	
  Concepts	
  for	
  the	
  Cloud	
  
The	
  PACE	
  Project	
  

Cloud	
  for	
  So#ware	
  Development	
  



Sunny	
  clouds	
  ...	
  

By teasing out useful details from the noise and clutter, patterns should emerge that 
could signal the early stages of an epidemic, help create detailed models for urban 
growth, thwart cyber attacks and detect Earth-like planets. Studies in recent weeks have 
shown that messages from Twitter and online discussions can be used to predict stock 
performance and unemployment spikes. And the power of crowdsourcing was 
demonstrated last fall when gamers discerned the protein structure of an AIDS-like virus 
through a science puzzle site called Foldit. 

“Sensors, devices provide 

quantitative measurements at 

never-before-seen r
esolutions 

... social media networks can 

reveal real-time trends in 

group mood and behavior” 

“Buried within the flood of 

information are keys to solving 

huge societal prob
lems and 

answering big question
s of 

science” 



Sunny	
  clouds	
  ...	
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Dark	
  clouds	
  ...	
  

By teasing out useful details from the noise and clutter, patterns should emerge that 
could signal the early stages of an epidemic, help create detailed models for urban 
growth, thwart cyber attacks and detect Earth-like planets. Studies in recent weeks have 
shown that messages from Twitter and online discussions can be used to predict stock 
performance and unemployment spikes. And the power of crowdsourcing was 
demonstrated last fall when gamers discerned the protein structure of an AIDS-like virus 
through a science puzzle site called Foldit. 

Privacy,	
  transparency	
  and	
  control:	
  	
  
How	
  well	
  can	
  we	
  control	
  our	
  environment?	
  

Reliability	
  and	
  dependability:	
  what	
  happens,	
  if	
  something	
  goes	
  wrong?	
  
„Will	
  BMW	
  and	
  Mercedes	
  fail	
  on	
  high	
  tech?“	
  
“Will	
  my	
  Wifi	
  turn	
  on,	
  when	
  the	
  neighbor	
  turns	
  on	
  his	
  espresso	
  machine?”	
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Dark	
  clouds	
  ...	
  

By teasing out useful details from the noise and clutter, patterns should emerge that 
could signal the early stages of an epidemic, help create detailed models for urban 
growth, thwart cyber attacks and detect Earth-like planets. Studies in recent weeks have 
shown that messages from Twitter and online discussions can be used to predict stock 
performance and unemployment spikes. And the power of crowdsourcing was 
demonstrated last fall when gamers discerned the protein structure of an AIDS-like virus 
through a science puzzle site called Foldit. 

Privacy,	
  transparency	
  and	
  control:	
  	
  
How	
  well	
  can	
  we	
  control	
  our	
  environment?	
  

Reliability	
  and	
  dependability:	
  what	
  happens,	
  if	
  something	
  goes	
  wrong?	
  
„Will	
  BMW	
  and	
  Mercedes	
  fail	
  on	
  high	
  tech?“	
  
“Will	
  my	
  Wifi	
  turn	
  on,	
  when	
  the	
  neighbor	
  turns	
  on	
  his	
  espresso	
  machine?”	
  

Complexity	
  Ceiling	
  	
  
Jaron	
  Lanier:	
  “World	
  as	
  a	
  planet	
  of	
  the	
  help	
  desks	
  in	
  which	
  human	
  race	
  	
  
will	
  be	
  largely	
  engaged	
  in	
  maintaining	
  very	
  large	
  so#ware	
  systems	
  …”	
  



Program	
  controls	
  the	
  
environment	
  
	
  
Mechanisms	
  for	
  
abstrac:on	
  and	
  
composi:on	
  geared	
  
towards	
  	
  
single	
  data	
  and	
  
control	
  units	
  

We’ve	
  learned	
  to	
  manage	
  this	
  complexity…	
  



traffic	
  	
  
monitor	
  Industrial	
  	
  

process	
  
monitor	
  

Health	
  
monitor	
  

Environment	
  has	
  the	
  
control	
  
	
  
Different	
  kinds	
  of	
  
inputs:	
  Events,	
  data	
  
	
  
Aggrega:ons	
  of	
  data/
events	
  are	
  interes:ng	
  
units	
  of	
  abstrac:on	
  
and	
  composi:on	
  

But,	
  the	
  new	
  world	
  is	
  different	
  …	
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The	
  humble	
  programmer	
  …	
  



PACE	
  is	
  coming	
  to	
  rescue...	
  

Programming	
  
abstrac:ons	
  for	
  big	
  

data/event	
  processing	
  

Module	
  concepts	
  
for	
  SaaS	
  



Reac:ve	
  Computa:ons	
  

setColor(Purple)	



moveBy(dx, dy)	





Event-­‐driven	
  programming	
  in	
  EScala	
  

abstract class Figure {	
  evt changed[Unit] = afterExec(moveBy) || afterExec(setColor)	
  evt invalidated[Rectangle] = changed.map(() => getBounds())	
	
  def moveBy(dx: Int, dy: Int)	
  def setColor(c: Color) { ... }	
  def getBounds(): Rectangle	
}	

class Rectangle extends Figure {	
  override evt changed[Unit] = super.changed || afterExec(setSize)	
  	
  def setSize(width: Int, height: Int) { … }	
}	

class Circle extends Figure {	
  override evt changed[Unit] = super.changed || afterExec(setRadius) 	
  def setRadius(r: Int) { … }	
}	



abstract class Figure {	
  evt changed[Unit] = afterExec(moveBy) || afterExec(setColor)	
  evt invalidated[Rectangle] = changed.map(() => getBounds())	
	
  def moveBy(dx: Int, dy: Int)	
  def setColor(c: Color) { ... }	
  def getBounds(): Rectangle	
}	

class Rectangle extends Figure {	
  override evt changed[Unit] = super.changed || afterExec(setSize)	
  	
  def setSize(width: Int, height: Int) { … }	
}	
	
class Circle extends Figure {	
  override evt changed[Unit] = super.changed || afterExec(setRadius) 	
  def setRadius(r: Int) { … }	
}	

abstract class Figure {	
  evt changed[Unit] = afterExec(moveBy) || afterExec(setColor)	
  evt invalidated[Rectangle] = changed.map(() => getBounds())	
	
  def moveBy(dx: Int, dy: Int)	
  def setColor(c: Color) { ... }	
  def getBounds(): Rectangle	
}	
	
class Rectangle extends Figure {	
  override evt changed[Unit] = super.changed || afterExec(setSize)	
  	
  def setSize(width: Int, height: Int) { … }	
}	
	
class Circle extends Figure {	
  override evt changed[Unit] = super.changed || afterExec(setRadius) 	
  def setRadius(r: Int) { … }	
}	

class Drawing(val figures: List[Figure]) {	
  evt invalidated[Rectangle] = figures.any(_.invalidated)	
  ... 	
}	

class Connector(val start: Figure, val end: Figure) {		
  start.changed +=  ... handler code ...	
  end.changed += ... 	
  ...	
}	

Event-­‐driven	
  programming	
  in	
  EScala	
  



Reduced	
  accidental	
  complexity	
  related	
  to	
  observer	
  
infrastructures	
  
Yet,	
  efficiency	
  comparable	
  to	
  observer	
  pa]ern	
  
Type-­‐safe,	
  modular	
  compila:on	
  

S:ll	
  accidental	
  complexity	
  when	
  events	
  used	
  
for	
  propaga:ng	
  changes	
  of	
  data	
  to	
  
computa:ons	
  depending	
  on	
  them	
  

	
  

	
  
	
  

Event-­‐driven	
  programming	
  in	
  EScala	
  



Time	
  in	
  the	
  living	
  environment	
  in	
  EScala	
  

var hour : Int = 0	
var day : Int = 0	
var week : Int = 0	
	
imperative evt tick[Unit]	
evt newDay [Unit] = tick && (() => hour == 0)	
evt newWeek [Unit] = ...	
	
tick += () => { hour = (hour + 1) % 24 }	
newDay += () => { day = (day + 1) % 7 }	
newWeek += () => { ... }	

Not	
  declara:ve	
  style	
  
Observer	
  infrastructure	
  è	
  ACCIDENTAL	
  COMPLEXITY	
  

	
  
	
  



Reac:ve	
  Values	
  

val tick = new Var(0) // incremented at every 60 min ...	
 	
val hour = Signal { tick() % 24 }	
val day = Signal { (tick() / 24) % 7 + 1 }	
val week = Signal { ... }	

Declara:ve	
  style	
  
Direct	
  expression	
  of	
  domain	
  seman:cs	
  	
  
è	
  NO	
  ACCIDENTAL	
  COMPLEXITY	
  

	
  
	
  



Reac:ve	
  values	
  and	
  mutability	
  

val source: Var[ListBuffer[Item]] = Var(new ListBuffer[Item]) 	
// source is mutable	
...                   	
val filtered: Signal[ListBuffer[Item]] = 	

	 	 	 	 	 	 	Signal{ source.filter(pred) }	
...	
source() += new Item() // change not detected by sink 	

fine	
  grained	
  impera:ve	
  style	
  changes	
  not	
  supported	
  	
  
do	
  not	
  integrate	
  with	
  OO	



	
  
	
  



Events	
  as	
  workaround…	
  

class List[T] {  
   evt Event[T] elementAdded = ...	
   def addElement(x: T) { ... elementAdded() ... } 	
   ... 	
}  
	
	
class FilteredElemList[T](pred: T => Boolean, base: List[T]) { 	
   evt filteredAdded[T] = base.elementAdded(elem) && pred(elem)	
    	
   filteredAdded += addElement  
   def addElement(x: T) { ... } 	
   ... 	
} 	

fits	
  into	
  the	
  OO	
  design	
  
mutability,	
  fine-­‐grained	
  changes	
  well	
  supported	
  	
  

	
  



Philosophy:	
  	
  
foster	
  a	
  declara:ve	
  and	
  func:onal	
  style	
  without	
  

sacrificing	
  the	
  power	
  of	
  OO	
  design	
  	
  

RESCALA	
  =	
  R(eac:ve)E(vent)Scala	
  

Not	
  declara:ve	
  style.	
  
Accidental	
  complexity	
  
Fit	
  into	
  the	
  OO	
  design	
  
Fine-­‐grained	
  changes	
  

	
  
	
  

	
  
	
  

Declara:ve	
  style	
  
No	
  accidental	
  complexity	
  
Impera:ve	
  changes	
  not	
  supported	
  
Do	
  not	
  integrate	
  with	
  OO	



	
  
	
  

	
  
	
  

ADVANCED	
  	
  
EVENTS	
  

REACTIVE	
  
VALUES	
  



…	
  as	
  unified	
  abstrac:ons	
  	
  
	
  

[Signal 	

→ Event]          Signal.changed	


[Event 	

→ Signal]        	

Event.hold	


[(S, E) 	

→ Signal]         	

snapshot	


[(S, S, E)	

→ Signal]    	

toggle 	


 … 	



ADVANCED	
  	
  
EVENTS	
  

REACTIVE	
  
VALUES	
  



So	
  far,	
  so	
  good	
  …	
  

…	
  we’re	
  s:ll	
  using	
  events	
  as	
  a	
  
workaround	
  for	
  lack	
  of	
  proper	
  
support	
  for	
  reac:ve	
  computa:ons	
  
over	
  mutable objects …	
  



e.g., file based or application driven 

Views	
  

Base	
  
Rela:ons	
  

Data	
  

Query	
  	
  
Engine	
  

Applica:on	
  

students	
   lectures	
   … … 

… 

… … … 

… 

… … … 

… 

… 
view 

⋈

σ

Π

Π

maintenance 
data, if req. 
by operator 

change events 

Ongoing:	
  Support	
  for	
  dependable	
  views	
  

val view = SELECT (*) FROM students WHERE (_.firstName== ...)	
...	
students.add(new Student("Sally","Fields"))	



Ongoing	
  …	
  

	
  	
  	
  	
  Seamless	
  integra:on	
  of	
  incremental	
  data	
  
views	
  with	
  the	
  rest	
  of	
  REScala?	
  

	
  	
  	
  	
  Generaliza:on	
  beyond	
  rela:onal	
  algebra	
  for	
  
incrementally	
  maintainable	
  computa:ons?	
  	
  

	
  	
  	
  	
  Support	
  for	
  asynchronicity,	
  CEP?	
  	
  

	
  	
  	
  .	
  .	
  .	
  	
  

	
  	
  	
  	
  Support	
  for	
  distribu:on	
  and	
  parallelism?	
  	
  



Cloud	
  for	
  So#ware	
  Development	
  
Code	
  Recommenders	
  Project	
  

Programming	
  Concepts	
  for	
  the	
  Cloud	
  



ubiquitous	
  APIs	
  ...	
  

... Salesforce.com generates more than 
half of its $2.3 billion in revenue through 
its APIs, not its user interfaces. Twitter is 
said to process 13 billion transactions a 
day through its APIs. Google is arond 5 
billion transactions a day. For it’s part, 
Amazon is rapidly closing in on a trillion 
transactions ... 



ubiquitous	
  APIs	
  ...	
  





So#ware	
  development	
  1.0	
  ...	
  

document	
  

search	
  &	
  browse	
  

interact	
  with	
  

interact	
  with	
  



So#ware	
  development	
  2.0	
  

interact	
  with	
  

interact	
  with	
  

collect	
  
usage	
  data	
  

usage	
  data,	
  
clicks,	
  selec:ons	
  

suggest	
  &	
  no:fy	
  

suggest	
  &	
  no:fy	
  

search,	
  
query,	
  vote	
  

document	
  ex
tr
ac
t	
  i
nf
or
m
a:

on
	
  

Knowledge	
  
Engine	
  



Comple:on	
  assistance	
  today	
  



Comple:on	
  assistance	
  today	
  

360	
  sugges6ons!	
  



Intelligent	
  comple:on	
  assistance	
  

...	
  and	
  only	
  2	
  relevant!	
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Code	
  Recommenders	
  is...	
  

Smart	
  Bug	
  Detec:on	
  

What	
  have	
  I	
  missed?	
  

Code	
  Example	
  Recommender	
  

How	
  do	
  I	
  get	
  an	
  instance	
  of…?	
  

Intelligent	
  Code	
  Comple:on	
  

All	
  Elements	
  of	
  the	
  API?	
   Debugging	
  2.0	
  

How	
  did	
  others	
  fix	
  this	
  bug?	
  

Usage-­‐Driven	
  Docs	
  

How	
  did	
  others	
  extend	
  API?	
  



A	
  Developer’s	
  Day	
  1.0	
  ...	
  

Source:	
  IEEE	
  TSE,	
  Vol.	
  32,	
  No.	
  12,	
  2006	
  



A	
  Developer’s	
  Day	
  2.0	
  ...	
  



Project(History:
• Started(in(2007
• Published(in(2009(as(Eclipse(Code(Recommenders
• Eclipse(Incubator(Project(in(2011
• Part(of(Eclipse(Juno((4.2)(E(Java(Package(in(2012

Awards:
• IBM(InnovaKon(Award(2006(
• UniETechSpin(Ideas(CompeKKon(2010(
• Eclipse(Community(Award(as(Most(InnovaKve(Eclipse(Project(2012
• BMWi(Exist(StartUp(Program



Q	
  &	
  A	
  


