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Who am |

Geert Bevin

CTO of Uwyn, a small custom application development
company (http://uwyn.com)

founder of RIFE (http://rifers.org)

creator and contributor of many RIFE projects:
RIFE/Crud, RIFE/Jumpstart, RIFE/Continuations, Bamboo
(forum), Bla-bla List (RIA todo list), Drone (information bot),
Elephant (blog)
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Agenda

What are continuations?
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Confusing definitions
Confusing name
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Confusing definitions
Confusing name

“the remaining work to be done”
“the rest of the computation”

“representation of the execution state of a program”
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Confusing definitions
Confusing name

Name describes the implementation details
Makes sense if you already understand the concept

Sounds arcane if you know nothing about it
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Let’'s clarify that
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Let’s clarify that

... what do they do?
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... what do they do?

Mark a location in your code
Capture the context

Store the location and the context
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Let’s clarify that
... what do they do?

... what's in it for you?
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... what’s in it for you?

Restore the context
Inject new context elements

Resume the execution where you left off


http://www.uwyn.com
http://www.uwyn.com

TheServerSide ﬁil
JAVASYMPOSIUM - |

better name:

Resumable Markers
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Concretely


http://www.uwyn.com
http://www.uwyn.com

TheServerSide ﬁil
-

JAVA SYMPOSIUM

Marks a location in your code (pseudo code)

marker = pause()

marker.resume()
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Marks a location in your code (pseudo code)

marker = pause()

marker.resume()

Resembles gotos, breaks, continue statements

e |abel a location

e jump back to it

Except
e captures the context
e can be resumed from anywhere (not limited to scope)

e some implementations even allow an application restart
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Captures the context (pseudo code)

var msg = “hello there”
marker = pause()
println(msg)
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Captures the context (pseudo code)

var marker

function hello {
var msg = “hello there”
marker = pause()
println(msg)

ks

hello()
print(“I say: ”)
marker.resume()
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Captures the context (pseudo code)

var marker

function hello { hello()
var msg = “hello there” print(“I say: ”)
marker = pause() marker . resume()
println(msg)

¥

Program output is
I say: hello there

Local variables are automatically captured

Context is automatically restored when resumed
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Stores context and location (pseudo code)

function say(arg) {
marker = pause()
printlnCarg)

}
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Stores context and location (pseudo code)

var marker

function say(arg) {
marker = pause()
printlnCarg)

}

say(“this backwards”)
var markerl = marker
say(“Let's call”)

var markerZ = marker
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Stores context and location (pseudo code)

var marker

function say(arg) {
marker = pause()
printlnCarg)

}

say(“this backwards”)
var markerl = marker
say(“Let's call”)

var markerZ = marker

marker?.resume()
markerl.resume()
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Stores context and location (pseudo code)

say(“this backwards”)
var markerl = marker
say(“Let's call”)

var marker?2 = marker

var marker

function say(arg) {
marker = pause()
printlnCarg)

}

marker?.resume()
markerl.resume()

Program output is
Let's call this backwards

Context and location are stored in a variable

Multiple continuations can be active at once
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Agenda

Continuations and the web
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Web applications have
different requirements
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Continuations and the web

Context to capture is located in the action

Anything that happens before should be discarded

? HTTP Barrier

v Servlet container

Context : l Action Action

1
Program !
location :
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Continuations and the web

Only a part of the context should be restored

Execution only skipped from a certain point onwards

?

HTTP Barrier

Program
location

v Servlet container

Action
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partial continuations
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Let's look at a
practical example
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public class Game extends Element {
private static Random randomNumbers = new Random();
public void processElement() {

Template template = getHtmlTemplate('"game");
int answer = 0, guesses = 0, guess = -1;

answer = randomNumbers.nextInt(101);
while (guess != answer) {
print(template);

pause( ) ;
guess getParameterInt
if (guess guess
template.setBlock
continue
guesses
if (answer guess template.setBlock

else if (answer guess) template.setBlock

template getHtmlTemplate
template.setValue answer
template.setValue guesses
print (template
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public class Game extends Element {
private static Random randomNumbers = new Random();
public void processElement() {

: Template template = getHtmlTemplate('"game'"); ( ______________________________________ local variable
E int answer = 0, guesses = 0, guess = -1; .
answer = randomNumbers.nextInt(101);
while (guess != answer) {
print(template);
: pause(); E( ............................................................................................... program
e resrerernrs e rarnrnranad location
guess getParameterInt
if (guess guess
template.setBlock
continue
guesses
if (answer guess template.setBlock y
else if (answer guess) template.setBlock Store &

halt

template getHtmlTemplate
template.setValue answer
template.setValue guesses
print (template
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|\ O e Perform a guess
: ﬂ http:/ /rifers.org /04_numberguess_c ) = ".Clv Coogle - 3 : :
control goes
Guess a number from 0 to 100 < to usgr
45
(Guess )
o
submission

from user
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| ]
public class extends I 1
private static randomNumbers new
public processElement
: : restore
: template getHtmlTemplate :
answer guesses guess E‘“u,

answer randomNumbers.nextInt

while (guess answer e, :
print (template local variable context

fE e e e e e Ea e e e st s eearearsansarnaren S5 TR program location
guess = getParameterInt('guess", -1);
if (guess < 0 || guess > 100) {
template.setBlock("warning", "invalid");
continue;

}

guesses++;

if (answer < guess) template.setBlock("msg", "lower");
else if (answer > guess) template.setBlock('"msg", "higher");

}

\ 4
template = getHtmlTemplate('"success");
template.setValue("answer", answer); resume

template.setValue("guesses", guesses);
print(template);
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'S\ O e Success

f ﬂ http:/ /rifers.org /04_numberguess_c ) = ".Qv Coogle - 3

result goes

Yes, the answer was 45, < to user

You guessed it in 7 tries, which took you 14
seconds.

start again
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How does it compare?
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How does it compare?

Continuations Traditionally
? ’
1. process request == |
| 2. display form N e
3. process reply |} sz e
4_ d|Sp|ay result “:::‘::::*:::::::

e

executed 1x
internal automatic state

executed 2x external manual state
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Summarized

Natural linear control flow
Centralized and automatic state handling

Facilitates creation of complex web application flows
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Call/answer continuations
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Call/answer continuations

Request doesn’t have to return after pause()

You can call another action to interact with the user

HTTP Barrier 1
v Servlet container
Context : l Action : Action
@-=-====- : ...................... ..L ;
Program : !
|Ocatlon | : --------------------- .P
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Call/answer continuations

Next request goes to last action

Resumes the original action and provides an answer

? HTTP Barrier
v Servlet container
‘ N
[5G Rnhhesatn :
Context Ll Action : Action
o] I s |
Program : l !
Iocat|on ol B bbbtttk .':_ ?
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Let’s look at another
practical example
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Data modification page

public class Delete extends Element {
public void processElement() {

Template template = getHtmlTemplate("pub.delete");
print(template);
pause();
if (hasSubmission
answer call
if (answer.booleanValue
template.setBlock

else
template.setBlock

print (template
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Data modification page

public class Delete extends Element {
public void processElement() {

Template template = getHtmlTemplate("pub.delete"); ( ----------------------------- Iocal Varlable
e e E e A A N R AN R A A R R AR A R RN AR A R A AN AR REA A REEEREEERREERRRRERE : context
print(template);
E pause( ); E( ............................................................................................... progr.am
O : location
if (hasSubmission
answer call
if (answer.booleanValue
template.setBlock v
else
template.setBlock Store &
halt
print (template
| ]
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vwvn

Data modification page | -

ang Continuations call /answer control goes
to user

Fusce malesuada. Pellentesque ut justo id magna dictum
commodo. Mulla iaculis diam vitae enim. Aliguam egestas
malesuada sapien. Suspendisse potenti. Ut non sapien.
Vivamus turpis erat, porta vel, vehicula ut, volutpat at, ipsum.
Munc a urna non augue ultrices sagittis. Duis bibendum, dui
vitae blandit fermentum, purus justo interdum sem, ut tristique
purus liberc a diam. Morbi a est.

'iDeIete this data_“ &

submission
from user



http://www.uwyn.com
http://www.uwyn.com
http://www.uwyn.com

TheServerSide 4}

JAVASYMPOSIUM !

Data modification page

public class extends
public processElement
template getHtmlTemplate D S T PP PP PPTPPPTPPPPTPPPTPPD

if (hasSubmission("delete")) {
Boolean answer = (Boolean)call("dialog");

if (answer.booleanValue()) {
template.setBlock("content", "deleted");
} else {
template.setBlock("content", "preserved");
}

}
print(template);

use wHAT YOuUu neebD

vwvn

restore

local variable
context

program
location

\4

resume
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Data modification page

public class extends
public processElement

template getHtmlTemplate

print (template

pause
execute
if (hasSubmission("delete")) { code
Boolean answer = (Boolean)call("dialog");

if (answer.booleanValue
template.setBlock
else
template.setBlock

print (template
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Data modification page

public class extends
public processElement
E temp]_ate gethm]_Temp]_ate E( ............................. |Oca| Varlable
e BB A EAEEEEEEEEEEE R (x)ntexi

print (template
pause

if (hasSubmission

e A A R e A e R R R AR A R R AR AR AR RN A R EEEEEEEREE R REEEn .
Boolean answer = (Boolean)call("dialog"); D CLT TR TR e TR R P ER P P ER P PER T program
PaesdmatmsdesmEMesEREEesaERSERESESSERSSSRSRESSSESSESSEESSsmSREsasassesssamssmmsned location
if (answer.booleanValue

template.setBlock ,l

else

template.setBlock Store &

call

print (template
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Confirmation dialog

public class Dialog extends Element {
public void processElement() {

Template template = getHtmlTemplate("pub.dialog");
print(template);

pause();

if (getParameter equals
answer
else

answer
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Confirmation dialog

public class Dialog extends Element {
public void processElement() {

Template template = getHtmlTemplate("pub.dialog"); ( ----------------------------- Iocal Varlable
e e e A R R A R AR R R AR AR A AR A RN A NN A REA R RNEERRE R n ] context
print(template);
; pause( ) ; E( ............................................................................................... progr.am
frrreer e ———— ; location
if (getParameter equals
answer
else v
s store &
halt
| |
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Confirmation dialog | )

NaXala) Are you sure? . control goes
E to user
Are you sure that you want to delete this data?
i L Y
Lyes | o)

submission
from user
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Confirmation dialog

public class extends
public processElement
template getHtmlTemplate D S T PP PP PPTPPPTPPPPTPPPTPPD

if (getParameter("answer", "no").equals("yes")) {
answer (true) ;
} else {

answer (false);

use wHAT YOuUu neebD

vwvn

restore

local variable
context

program
location

\4

resume
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Confirmation dialog

public class extends
public processElement

template getHtmlTemplate
print (template

pause

if (getParameter("answer", "no").equals("yes")) { exeCUte
answer (true); code

else

answer
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Confirmation dialog

public class extends
public processElement

template getHtmlTemplate
print (template

pause

if (getParameter equals

................................ provide value to
answer (true); E( ............................................................................................ the Ca”
................................ Continuation

answer l

answer
call
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| |
Data modification page | '
restore
public class extends
public processElement
; template gethmlTemplate E( ----------------------------- |Oca| Varlable
- context
print (template
pause
if (hasSubmission
E Boolean answer = (Boolean)call("dialog" : E( .......................................... program
if (answer.booleanValue()) {
template.setBlock("content", "deleted");
} else {
template.setBlock("content", "preserved");
}
}
} print(template); resume

} receive
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Data modification page

public class extends
public processElement

template getHtmlTemplate
print (template
pause

if (hasSubmission

answer call
if (answer.booleanValue()) {
template.setBlock("content", "deleted");
} else { execute
template.setBlock("content", "preserved");
, o code
}
print(template);

}
}
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Data modification page

: B80O8 Continuations call/answer

The data has been deleted.

show result
to user
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What would you use this for?
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What would you use this for?

Islands of functionality

e Wizards
e Setup and configuration

e Questionnaires

Sidesteps

e Confirmation dialogs

e Additional multi-step information
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So what are the downsides?
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Downsides to web continuations

Cloning/serialization of variable context can be
expensive

State is handled by the server-side
Tiny restrictions for the developer

Careful with resource management
(transactions, locks, connections)
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Agenda

Existing Java tools
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Existing Java tools

RIFE : http://rifers.org

e Full-stack component framework to quickly and consistently develop
and maintain Java web applications

e Integrated web continuations

e Write them in pure Java

e Support for regular continuations and call/answer continuations
o Stable and production-proven

e Provides reusable continuations library for others (eg. WebWork)
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Existing Java tools

Cocoon : http://cocoon.apache.org

e Web development framework built around the concepts of separation
of concerns (making sure people can interact and collaborate on a project,
without stepping on each other toes) and component-based web
development.

e Web continuations through Cocoon Flowscript
o Stable version uses Rhino (JavaScript)

o Seperate project JavaFlow provides continuations in pure Java
(http://jakarta.apache.org/commons/sandbox/javaflow/)
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Existing Java tools

JauVM : http://jauvm.blogspot.com

e JVM bytecode interpreter in Java that manages its own stack
e Support for continuations through its “secondary” JVM

e Uses JDK 1.5 annotations to mark “special” methods

e Seems to not handle partial continuations

e Documentation is scarce
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Existing Java tools

Dalma : https://dalma.dev.java.net
e Continuations-based workflow engine
e Integrates JavaFlow

e Workflow in pure Java without XML
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Agenda

Other notable application domains
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Other notable application domains

Request thread parking
e Introduced with Jetty 6 (http://jetty.mortbay.org/jetty6/)

e Suspend the request
e Free the current thread
e Perfect for Ajax

e Instead of continuous polling,
resume continuation when new data is available
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Other notable application domains

Discrete event simulation
e No wait states for threads
e No blocking while waiting for an event
o Capture the state with a continuation

e Reactivate processes when the approperiate conditions occur
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