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Abstract Con I

= Next generation Web services technologies
challenge the assumptions made by current
standards for process-based service composition.
For example, most existing RESTful Web service
APIls cannot natively be composed using the WS-
BPEL standard.

= |n this talk we discuss the conceptual relationship
between business processes and stateful
resources with the goal of enabling lightweight
access to service compositions published with a
RESTful APl. We show that the uniform interface
and the hyper-linking capabilities of RESTful
services provide an excellent abstraction for
publishing as a resource and exposing in a
controlled way the execution state of business
processes.
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About Cesare Pautasso Con I

Assistant Professor at the Faculty of Informatics,
University of Lugano, Switzerland (since Sept 2007)

« Research Projects:
e SOSOA - Self-Organizing Service Oriented Architectures

 CLAVOS - Continuous Lifelong Analysis and Verification
of Open Services

e BPEL for REST
Researcher at IBM Zurich Research Lab (2007)
Post-Doc at ETH Zurich

«  Software: _ 2
JOpera: Process Support for more than Web services '
http://www.jopera.org/

. Ph.D. at ETH Zurich, Switzerland (2004)

. Representations:
http://www.pautasso.info/ (Web)

http://twitter.com/pautasso/ (Twitter Feed)
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WS-REST 2010 Con |

ws://rest.2010

First International Workshop on RESTful Design

= 26 April 2010, Raleigh NC, USA

= World Wide Web 2010 Conference

= Keynote by Sam Ruby, Apache & IBM
" http://ws-rest.org/

20[0
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Raj Balasubramanian,
Benjamin Carlyle,
Thomas Erl,

Cesare Pautasso,

SOA with REST,

Prentice Hall,
to appear in 2010

©2010 - Cesare Pautasso



From REST-* Con |

“ We believe there is huge potential to
marrying REST with workflow and BPM.

[...]
Combined with the architecture of the Web,
a workflow service can provide both a truly
simple, portable, and flexible way to build
workflow driven integrations and
applications. ,,

©2010 - Cesare Pautasso
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WS-BPEL Primitives QCon I

oW <receive>
S <reply>

<i1nvoke> <i

Web

<1nhvoke> <receijve>

Service

The workflow language natively supports the
RPC or message-based connectors

©2010 - Cesare Pautasso 10



WS-BPEL Primitives

<i1nvoke> <i

Easy to map this to H

©2010 - Cesare Pautasso

Web

Service

P!

<receive>
<reply>
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BPEL/WSDL 2.0

WSDL 2.0 HTTP Binding can wrap RESTful Web Services
(WS-BPEL 2.0 does not support WSDL 2.0)

BPEL

<Invoke Op_1>-

<Invoke Op_2>|

WSDL 2.0

Operations

e *-¢30p 11
- <:Op 2
S /**<: op_3| -
| ®op_4

HTTP Binding

<Invoke Op_3>"

op URI Method

<Invoke Op_4>

Oop_1 R PUT
Op_2 R GET
Op_3 R POST

Op_4 R DELETE

©2010 - Cesare Pautasso
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WS-BPEL Primitives QCon I

oW <receive>
S <reply>

<i1nvoke> <i

Easy to map this to HTTP?

We need something else

©2010 - Cesare Pautasso 14



From REST-*

“ We believe there is huge potential to
marrying REST with workflow and BPM.

principal of REST is logically a dynamic state
machine and fits very well with how
workflow and BPM systems are designed.

Combined with the architecture of the Web,
a workflow service can provide both a truly
simple, portable, and flexible way to build

workflow driven integrations and
applications. ,,

©2010 - Cesare Pau
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flow.html

g
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RESTful BPM Challenges Con |

Can you drive the execution of tasks with
PUT/POST/DELETE requests?

Can you monitor your processes with an
RSS/ATOM feed?

Can you bookmark a process instance?

Can you send an email to your colleague with a
link to a task from your worklist?

Can you ask a process to give you links to its
tasks left to be done”?

Can you publish your process as a resource?
Can you publish resources from your process?
Can you call RESTful APIs directly?

©2010 - Cesare Pautasso 16




Outline COI‘I I s

RESTful BPM

Challenges and Opportunities
RESTful Service Composition
Example: DoodleMap
Mashups with BPM
Hypermedia with BPM
Example: TinyRESTBucks
Outlook

©2010 - Cesare Pautasso 17



REST in one slide

= Web Services expose their
data and functionality trough
resources identified by URI

= Uniform Interface Principle:
Clients interact with resources POST E
through a fix set of verbs. DELETE
Example HTTP:
GET (read), POST (create), PUT (update), DELETE

= Multiple representations for the same resource

= Hyperlinks model resource relationships and valid
state transitions for dynamic protocol description
and discovery

©2010 - Cesare Pautasso 18



REST Scalability Con |

Prox@fgateway

Clients Server

One example of REST middleware is to help
with the scalability of a server, which may
need to service a very large number of
clients

©2010 - Cesare Pautasso
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REST Scalability Con |

Cache
—
-
Proxy/Gateway Origin
Server

Clients

One example of REST middleware is to help
with the scalability of a server, which may
need to service a very large number of
clients

©2010 - Cesare Pautasso
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REST Composition Con I

Proxy/Gateway Origin
Server

Clients

Composition shifts the attention to the client
which should consume and aggregate from
many servers

©2010 - Cesare Pautasso
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REST Composition Con I

Bl
|
Client Composite Origin
RESTHUI Servers
service

The “proxy” intermediate element which
aggregates the resources provided by
multiple servers plays the role of a
composite RESTful service

Can/Should we implement it with BPM?

©2010 - Cesare Pautasso 22



Composite Resources Con I%Z%sr

DELETE
PUT
AN
> G
GET DELETE DELETE
POST PUT PUT
@ O
GET GET
POST POST

©2010 - Cesare Pautasso



Composite Resources Con I%Z%sf

= The composite resource only aggregates the
state of its component resources

©2010 - Cesare Pautasso
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Composite Resources Con I%Z%sf

= The composite resource augments (or caches)
the state of its component resources

©2010 - Cesare Pautasso
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Enter HATEOAS

= Web Services expose their
data and functionality trough
resources identified by URI

= Uniform Interface Principle:
Clients interact with resources POST E
through a fix set of verbs. DELETE
Example HTTP:
GET (read), POST (create), PUT (update), DELETE

= Multiple representations for the same resource

|* Hyperlinks model resource relationships and valid |
I state transitions for dynamic protocol description I
and discovery

©2010 - Cesare Pautasso 26



Composite Representations QCoN I

Composite
Representation

C

L1n

L1n

LN

©2010 - Cesare Pautasso

DELETE
PUT
DELETE
R e
GET
O
POST GET
POST
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Composite Representation Con I%Z%:

Composite
Representation

Origin
Server

Client Orlgln
Servers

A composite representation is interpreted by
the client that follows its hyperlinks and
aggregates the state of the referenced
component resources

©2010 - Cesare Pautasso
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Bringing it all together Con I

Composite
Representation

Composite Origin
service

Client

Origin
Servers

A composite representation can be
produced by a composite service too

©2010 - Cesare Pautasso



Doodle Map Example

Composite —t
Representation D 00 dl e@
Composite Origin |
service

Client

Origin
Servers

Vote on a meeting place based on its
geographic location

©2010 - Cesare Pautasso
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1. Composite Resource Con I%Z%sr

DELETE
PUT

AN
> {C
GET DELETE DELETE
POST PUT ? PUT

< | Y| Doodle’
of o

POST POST
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1. Composite Resource

©2010 - Cesare Pau

tasso

-G

GET

POST

[:>>DELETE

GET

t:>DELETE
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DM | DELETE 1Go ogle
GET
L1nke -
L1nke GET DELETE
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DoodleMap with #/OPera Conl?i%??

| Process Support for Web Services |

i /Opera Monitor - mashup/mashup_doodlemap.oml - JOpera
File Edit View Navigate Search Project Run Window Help

Y~ Q- - - oo - | | Iy &, & 87|22 | ik B
&7 |K2 JOpera Monitor | M9 JOpera Design [ Resource
B mashup_doodlemap.oml & | B demo.oml M toolsoml.oml = & @ Internal Web Browser 2 =0

® & http//localhost:8080/kemel/memary?showparam={mashup_doodlemap}DoodleMap[1.0].ShowGoogleMap.2 » B

-
L3 L3
&
: DoodleMap with JOpera - Burger in LA
o=
Runyon
= sryan Park i Uos Foks ) e® -
i 5
[+ ] | I ! AN 4
- i i Hallywood \"\\\. A QAN Cypress MY
| = 1% Park
- PostDoodlePoll § (@) sorta Morica bivs \ < \\ arl
_ ; i rose S P L) b EvsinlPark E{»h Poll: Burger in LA
=) W )1{ Bs FR
n - B34 Echo Park D
ision City - ¥
ParsePollD SthGoogleMap $ nosee |. b CP has created this poll.
] La Brea Hancock 177 sights, ot
= 4 Dk Central LA @ ayk
e i Mission _Juncti . .
4 Miracke Wile ¥ N TOOLS2009 Demo
RS GetDoodlePoll 3 CountParticipants g oy BTt -
Club Park L ~
i S Littie Tokyo 110 Tommys i
H id Ci " & p L P
M I {57 s00th Park:Downtown ¥ Y Original In-N- o o Fa:
i il _Santa Monica Fwy j World Out Fatburger
Fashion
| Hamb C
ClosePall Jefferson e 3 District Famous Burger Dog amburgers NE
| Jefferson Hamburgers
H Park =
Redando =
[PilBoedepa] tet® | g |plal 8| 8 ||
=nneth t
niState
Hton Area @ | Count 0 0 0 0 0
Vemon
g Central < | 1
dsor Park Mesa B
lls Heights. |
h i South LA ‘ Fiuntirgton
Hyde Park | @ Park
South Los [
Ingehwocd i -
Park Cemetery fngstes A ”'*'@W Walnut F Eunctions
] Inglewood WManmemr@ | (42 Firestane Blvd &
a| i Edit an entry Add a comment File ex
fehwesd I ; Delete an entry Calendar export Print
‘Westmont i "' A Sol
nox
J | Conduct meeting by teleconference (Sponsored link)
= Bl
= - Gatewsy North-
= oy
FOMERTD BV W C. T
£ w Willowbrook | —————
w—’gle | |Map data ©0008 Telo Atlas - Ferind bf Ues 4 Ll > |
ControlFlow| DataFlow | DataFlow/Time -

[akd
Done
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DoodleMap Workflow

©2010 - Cesare Pautasso
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GetYahoolLocal
Control i
Flow o
ConvertY2D ConvertY2G
T L
W
PostDoodlePoll
b
W
ParsePolllD + ------------------ = ShowGoogleMap
¥
Task1 V
Wait } GetDnndIePnlI+ CountParticipants
A !
Control Flow N
Dependency E +C|DSEPD|-|
b
Task?2 ‘\J‘
PutDoodlePoll
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Service
Bindings

XPATH

JAVA
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GetYahoolocal
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" N
ConvertY2D ConvertY2G
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i
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#
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S
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o
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¥

iy
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QCon
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i
B
SYS.D F— GetDoodlePoll
S .
’ ¥

7
SYS.InputXml ClosePoll

=+ PutDoodlePoll

Couananicipants|

closed
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BPM for Mashups? QCon |

italiana

(It depends on the definition of Mashup)

©2010 - Cesare Pautasso
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Moving state around Con I

Read-only vs. Read/Write

DELETE
PUT
AN
O
GET DELETE DELETE
POST | PUT. PUT
) O
GET GET
POST POST

©2010 - Cesare Pautasso



Read-only vs. Read/write

=)

RS
GET GET
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Is your composition reusable? Con I

Ul vs. APl Composition

Composite
— Representation

Vo

C Ul

Client Ori g#:l_—

Servers

©2010 - Cesare Pautasso

AP]
Composite Origin

RESTful Servers
service
Reusable
Services Vs.
Reusable

Widgets
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Single-Origin Sandbox Con I

Can you always do this
from a web browser?

Co}uposite
——J Representation

R Composite Origin
— RES'I_'fuI Servers
i service
C 'L
Client Origin

Servers

©2010 - Cesare Pautasso 44



Single-Origin Sandbox Con I

Security Policies on the client may not
always allow it to aggregate data from
multiple different sources

Composite
Representation

Composite N Origin
RESTful Servers
service

L]

Client 1 Origin Server

©2010 - Cesare Pautasso
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Complementary QCon I

Read-Only

Read/Write

Ul API

Reusable

Situational Service

Sandboxed
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TinyRESTBucks Example Con |

/rest/restbucks/order/1.0/ POST

/rest/restbucks/order/1.0/{id} @
/tasks/restbucks/order/1.0/{id}/payment

POST payment

checkPayment
e

/receipt/{uuid} receipt

©2010 - Cesare Pautasso



Instantiating a process

Universita
della
Svizzera
italiana

GET /rest/restbucks/order/1.0/

@ Mozilla Firefox { = |E| H&J
File Edit View History Delicious Bookmarks Tools Help
@Ev c o i pl L http//localhost:8080/rest/restbucks/order/1.0/ -] [w- Al @ -
Start Process restbucks.order [1.0]
item |
size |
Get all instances of restbucks.order [1.0
» GET this content in:
s XML (application/xml)
« JSON (application/json)
¢ Plain Text (text/plain)
4 | 1 P
Done AEE# 0.

©2010 - Cesare Pautasso
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Interacting with a task

Universita
della
Svizzera
italiana

GET /rest/restbucks/order/1.0/0/payment

@ Mozilla Firefox

= | B )

File Edit View History Delicious Bookmarks Tools Help

@ - 7y E E @ || http://localhost:8080/tasks/restbucks/order/1.0/0/payment 77 - | |2

Task restbucks.order [1.0].payment.0

State: Waiting

Input Parameters

item Latte

instance 0

price 19.0

size XXL

id a7b968b5-blca-49b8-ab7a-55728647c41a

Output Parameters

amount |

expiry |

card |

name |

GET this content in:
¢ Plain Text (text/plain)

< | 11

Daone

©2010 - Cesare Pautasso

—
checkPayment

=

.

receipt
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Interacting with a task QCOn I

POST /rest/restbucks/order/1.0/0/payment

File Edit View History Delicious Bookmarks Tools Help

@ - g E E | ] httpy//localhost:8080/tasks/restbucks/order/1.0/0/payment/ order

This XML file does not appear to have any style information associated with it. The doc
é,,,»—""{"/
—<rb:payment> m

<link rel="latest" uri="/rest/restbucks/order/1.0/0"/>
<link rel="receipt” uri="/receipt/2fc7f6e2-8b43-4672-a7c4-398¢76d640d3"/>
<rb:amount>12.72</rb:amount> =N

i <rb:cardholderName>JW</rb:cardholderName> ceckPayment

f <rb:cardNumber>Visa</rb:cardNumber>

<rb:expiry>10/10</rb:expiry> L

</rb:payment>

©2010 - Cesare Pautasso 50



Interacting with a resource Con I

GET /receipt/2fc/foe2-8b43-4672-a/c4...

r @J Mozilla Firefox - —
File Edit View History Delicious Bookmarks Tools Help
& -c o i Bl _| httpy/localnost8080/receipt/2fc7f6e2-8043-4672-a7cA-398e7664003 ..
This XML file does not appear to have any style information associated with it. The document treei -
—<rb:receipt> '
<link rel="order" uri="/rest/restbucks/order/1.0/0"/> _\
<link rel="self" uri="/receipt/2fc7f6e2-8b43-4672-a7¢4-398e76d640d3" /= cckPa ment
<rb:amount>12.72</rb:amount>
<rb:paid>Fri Mar 12 09:49:04 CET 2010</rb:paid=
</rb:receipt> &
'

©2010 - Cesare Pautasso 51



Interacting with a resource

Universita
della
Svizzera
italiana

DELETE /rest/restbucks/order/1.0/0

Poster -

==

Request

URL: http:/flocalhost:8080/rest/restbucks/order1.0/0
User Auth:
Timeout: - D

Settings: [ Save H Impart ][ Store ]

Select a file or enter content to POST or PUT to a URL and then specify the mime type
wvou'd like or just use the GET, HEAD, or DELETE methods on a URL.

Google Login

30

Actions
GET || FOST || FUT | | DELETE - | Submit
|| | Content to Send | Headers | F‘arameters|
Content Type: textxml
¥ Content Options: Basebd ] l FParameter Body
e —

©2010 - Cesare Pautasso
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e

checkPayment

e
T
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Universita
della

Deleting a process resource QCon I X

©2

DELETE /rest/restbucks/order/1.0/0

. LOr=s

DELETE on http://localhost:8080/rest/restbucks/order/1.0/0
Status: 200 OK

Response | f

Headers:
Date Fri, 12 Mar 2010 09:01:16 GMT
Server Jetty/5 1.4 (Windows 7/6.1 %86 java/1.5.0_21

Content-Length 0

Close

getPrice

TO TCoarc r autaooyu

=

checkPayment

receipt

53



Service
Bindings

REST.URI

REST.TASK

©2010 - Cesare Pautasso
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©2010 - Cesare Pautasso

Universita
della
Svizzera
italiana

getPrice

receipt

pn[:e

N
=0 e

payment

/J\

ca rd] E}E[}IW ]

checkPayment T

g

[imestamp [

timestamp
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Solution Space Con I%Z%ﬁ;a

RESTful
Web Service
Composition

1. Abstract Workflow
= Service invocation technology does not matter
2. Concrete Workflow

= EXpose service invocation
technologies as explicit constructs
in the workflow language

3. RESTful Workflow

= Workflow as one kind of resource Commosition
exposed by a RESTful service

RESTful
Web Service
Composition

©2010 - Cesare Pautasso
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Conclusions Con I

RESTful HTTP is good enough to interact
without any extension with process
execution engines and their processes and
tasks published as resources

RESTful Web service composition is
different than mashups, but both can be
ouilt using BPM

f done right, BPM can be a great modeling
tool for Hypermedia-centric service design

(and implementation!)

GET http://www.jopera.org/

©2010 - Cesare Pautasso
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