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> Introduction

" Programming Paradigms and Software
Engineering

= Service Orientation vs. Object Orientation

» A Dream of Software Engineers:
Service-Oriented Computing and Workflow-
Based Software Development

» Cloud Computing, we could not even dream
=  Cyber-Physical Device and Robot as a Service
= ASU Service Repository
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Granularity Level Programming-in-the-large
4
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Programming
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Programming
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Component-Based
Programming
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The First Generation Software Engineering

7/

** The features of the first generation
=  Waterfall model

= Structured programming and design

= Structured analysis

= Compilers and interpreters advancement

= Abstract data types

= Layered architecture

** From machine and assembly programming to high-
level programming. Significant productivity gain.

» Main technologies include compilers and OS,
software development models, and programming
languages

« Programming languages are the key.

m’ Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 4
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The Second Generation Software Engineering

** The features of the second generation
= Object-oriented analysis, design, and programming
= UML (Unified Modeling Language), Agile processes
=  Software architecture patterns and design patterns
= CMM(Capability Maturity Model) and CMMI (CMM Integration)
"= Model checking

** Modeling (such as object-oriented modeling) rather than
programming is the key technology, and also classification

and cataloguing (patterns) best software practices, and
refinement of processes. Not just coding.

Further productivity gain due to availability of tools,
techniques, and documentation.
<

** Development process and techniques are the key.

m’ Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY
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The Third Generation Software Engineering

** The features of the third generation

= Service-oriented computing (development +
execution combination)

= Cloud computing and SaaS (Software as a Service)
with applications

= SaaS: development + execution + automated runtime
management, including resource (sharing) and
security (privacy) management. It introduces many
scientific research questions into software
engineering, such as data mining, control theory, and
statistics.

¢ Expect very rapid software customization and
deployment.

s Platform is the key.

m’ Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY
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ftware Development
What is the need of users?
e.g., sorting numbers

Software Development

Requirement analysis
What is the formal requirement?

Input x,i=1, ..., n;
Output: x; <= X;, If 1 <=

A 4

@icaﬁon
@igns How to do it?
Algorithms: Bubble, Merge, ...

tion (coding) How to code it?
Programming in C, C++, Java, C#

Implementa

—
@Evaluatlon Run it in a virtual environment,
Mﬂ in the last two pages.
>,

Deploﬁ
S JiC

Put it in the real environment,
e.g., the grade book application.

ARIZONA STATE UNIVERSITY
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Component-Based Software Development

Bricks and Tiles

m’ Ira A. Fulton
Schools of Engineering

JICSIT/ITAIC 2011 Keynote 8
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Software Development

Requirement analysis

Programmers Programmers
i - Problem decomposition Rl
development/ ~TToblem decomposition / \development
Serv_ices ervice P ject Object
testing repository library testing
Application builder
Application building
Testing
m' Ira A. Fulton . . Deployment
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d Software De\)elopment

Organization X:
Component library

S
GO

Component library
JICSIT/ITAIC 2011 Keynote 10
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Service-Oriented Software Development
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Component library Component library Component library
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Outline

» A Dream of Software Engineering:
Service-Oriented Computing and Workflow-
Based Software Development

» Cloud Computing , we could not even dream
=  Cyber-Physical Device and Robot as a Service
= ASU Service Repository
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‘ ClearerTlered Archltecture

Presentation Presentation
Layer (GUI) Layer (GUI)
Application Workflow Layer
Processing Layer, with High-Level
Service and /\
Component Layer Service and WEF Activities with
I Component Layer | Low-Level Code
Data Management
Layer Data Management
Layer

m’ Ira A. Fulton
Schools of Engineering

JICSIT/ITAIC 2011 Keynote 13
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B receivefctivityl
- v + Movie Service:
| :
U sin g g s J http://www.ignyte.com/w
ebservices/ignyte.whats

FIOWCha rt | i showing.webservice/mo

= parallelActivityl viefunctions.asmx

as Code e

sequencefctivityl sequencefctivity2
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@ invokeZipService @ LnEkaEMDUI-ESENi
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|
v
B ifElseActivityl
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Zip Code Service: | |
http://www.webservicex Jrep fetivies Srep fetiies
.net/uszip.asmx Y TL

|
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S owenarrEnd Workilow Coas

User submits request

[ Submitted }

A4

[ Assigned }

An Online approve
Ordering /
Process [ Approved } [ Rejected reassign

[ Ordvered }

cancel

m' Ira A. Fulton [ Coml\gleted F
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1e States of a Finite State Mact

- State Machine Warkflow
I
- Submitted
User submits :l SubmittedInitialization ) ]
request 1 submittedFinalization I _] Assigned
e {1  CE CP PO T TP ELOICEE = O e TP O RN PO T TP EL VL] q
I Submitted I - t'r‘ fl ﬁ-.smgnedlnltlallzatmn )
.............................................................. n
Vﬁ _-] ﬁ-.smgnEdFlnallzatmn
Assigned
approve b .
i ™y
[ reoes Jmagn [ Approved | Rejected )
Drop StateActivity, Drop StateActivity,
cancel EventDrivenictivity, EventDrivenActivity,
StatelnitializationActivity or StatelnitializationActivity or
StateFinalizationActivity here . StateFinalizationActivity here |
\Z h
Completed ie r " r
:l Ordered J Completed
Drop StateActivity, Drop StateActivity,
EventDrivenActivity, EventDrivenActivity,
StatelnitializationActivity or StatelnitializationActivity or
m‘ Ira A. Fulton StateFinalizationActivity here StateFinalizationactivity here
Schools of Engineering L ) L y,
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State Machine ‘Workflow

Transitions
between
the States

User submits
request

Submitted

|"1‘l Submitted

¥ submittedinitialization

3l Ondissigned

4] SubmittedFinalization

]

- Assigned

] Assignedinitialization
#} Onbpproved +———

:ftl OnRejected

.+] AssignedFinalization

lj Anproved . |:|

Rejected

ﬂ ApprovedInitialization

1 Rejectedinitialization

Assigned

approve

“4) OnOrdered

ﬂ ApprovedFinalization

4] OnReassigned e————

el OnCanceled &——

I Rejected lreassign

cancel
Ordered

Vv

Completed ]e
m' Ira A. Fulton
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Flowchart of a
Mortgage
Application Site

Yes , No

Source:
http://msdn.microsoft.com/en-us/
magazine/ff646977.aspx

M' Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY
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+ | Receive customer data

OperationName EvaluateMortgage <

Content

View parameter...

%, Initial Screening

Double-click to view Incorrect
Y
# Send Screening Response
Request Receive customer data
Content View parameter...
Rejected
\ Switch Sproves
O End . Y
) AskVendorl
Y
Approved Denied
Decision
v
Approved =) Ask Vendor 2

o
- 4
¥
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i Decision
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Solution Explorer =

e | & (2] 5 |
4 L._:% MortgageService |
- |[=d Properties
o (w2 References
b g Service References
o[ Activities

3 App_Data
“4% MortgageServicexamlx

isp Web.config
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o =d| Properties

o [«2 References

b g Service References
3 App_Data

] IServicel.cs
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Open the InltlaIScreenlng Flowchart

E;.ﬂ Initial Screening

Start
True False
A8 Assign Decision
screeningResult = "Rejected” True False
- Decision -
B Assign ArB Assign
AB Assign d d
_ o screeningResult = "Approved” screeningResult = "Incorrect”
screeningMessage = "Your application b
A Assign AB Assign
screeningMessage = "Your request has screeningMessage = "If you don't have
M' Ira A. Fulton
Schools of Engineering
JICSIT/ITAIC 2011 Keynote 20
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Outline

> Introduction

» A Dream of Software Engineering:
Service-Oriented Computing and Workflow-
Based Software Development

» Cloud Computing , we could not even dream
= Cyber-Physical Device and Robot as a Service
= ASU Service Repository

M' Ira A. Fulton
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D COMPUTING STRATEGY
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The U.S. FEDERAL CLOU

http://ctovision.com/wp-content/uploads/2011/02/Federal-Cloud-Computing-Strategyl.pdf

.

FEDERAL CLOUD
COMPUTING STRATEGY

Vivek Kundra

1.5, Chief Information Officer

FEBRUARY 8, 2011

M' Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY
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The online authority for government contractors and partners

http://washingtontechnology.com/articles/2011/02/18/kundra-plan-25-percent-of-it-spending-on-cloud.aspx

Cloud computing headed for $20B market

Administration strategy calls for data center reduction to pay for plan

» By Kathleen Hickey = Feb 18, 2011

The market for cloud services i1s about to explode in the government space if
Federal CIO Vivek Kundra has his way. Hls recenlty released Federal Cloud

Computing Strategy calls for about a quarter of federal IT spending, or $20

billion, to be committed to cloud systems.

Additionally, under the Cloud First program, agencies will be required to move three
services to the cloud within 18 months, adopt a cloud model wherever feasible and

evaluate cloud options before making investments.

An estimated $20 billion of the federal government’s $80 billion in IT spending could

be used for cloud computing, Kundra said in the report. The agencies expected to

spend the most on cloud technology are the Homeland Security and Treasury
departments, at approximately $2_.4 billion apiece, followed by the Defense,
Ira A Fu]t(Veterans Affairs and Transportation departments. The top contractors at those
& Schools of F20encies include companies such as Hewlett-Packard, Computer Sciences Corp.,
ArRIzoNA sTaTe unlBM, and Lockheed Martin.

23
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Vivek Kundra’s “Cloud First” Policy

http://www.cloudtweaks.com/2011/04/the-architect-of-the-official-cloud-computing-revolution-%E2%80%93-cio-vivek-kundra/

 Government agencies have been asked to

consider a cloud computing option first when
they planned to launch a new IT project; and
they are required to identify three systems
they would like to move to the cloud.

e Kundra believes Cloud Computing is the next
“Internet” that has changed the world, not

just computing!

m’ Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 24
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Essential Characteristics of Cloud Computing

http://csrc.nist.gov/groups/SNS/cloud-computing/

J On-demand services,
. Broad network access,
 Resource pooling,
1 Rapid elasticity, and

J Measured services

d Minimal management effort
BSU <. ngineering

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 25
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Dynamic | SOC-based Web 2.0
UDDI, WSDL, SOAP

Semantics-based

Static | WWW (Web 1.0) |

URI, HTML, HTTP Web 3.0
RDF, RDFS, OWL .
m' Ira A. Fulton Syntax SemanthS
Schools of Engineering

JICSIT/ITAIC 2011 Keynote 26
ARIZONA STATE UNIVERSITY



e

r

D ST L T ——

Components of Cloud Computing

s Software as a Service

s Platform as a Service

s Infrastructure as a Service
s X as a Service

Test as a Service

Cyber Physical Devices
Device as a Service
Robot as a Service
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X as a Service: What is X?

* Xis unknown

o

o

* X is avariable

o

* Xisadream

o

* X is what we could not even dream

o

» Xis everything

= Social networking: We can hide nothing
" Ontology: Everything can be reasoned of
= Virtual and reality

rSu na tet. Everything is under the cloud!

Schools of Engineering

JICSIT/ITAIC 2011 Keynote
ARIZONA STATE UNIVERSITY
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Outline

> Introduction

» A Dream of Software Engineering:
Service-Oriented Computing and Workflow-
Based Software Development

» Cloud Computing, , we could not even dream
= Cyber-Physical Device and Robot as a Service
= ASU Service Repository

m Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY
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As a Part of Cloud Computing

Software as a Service
Platform as a Service
V.

Infrastructure as a Service
X as a Service O Robot as a Service

=2 Cyber Physical Devices

Device as a Service

Service Interface In
HTTP, URI, REST.
m’ Ira A. Fulton WSDL, SOAP, etc.

Schools of Engineering

JICSIT/ITAIC 2011 Keynote 30
ARIZONA STATE UNIVERSITY
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Current Efforts in Dewce Integratlon

Augmented Reality (1)
* Pachube

— Data infrastructure for users to build their Internet of
Things

— Manage real-time data from sensors, devices, and
environments

e Wikitude World Browser:

— Organize and display information about users'
surroundings in a mobile camera view.

— Similar to Pachube, but focus on photos and videos

m’ Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 31
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Current Efforts: Device as a Service (2)

* Devices Profile for Web Services (DPWS) defines
implementation constraints to enable secure Web
Service messaging, discovery, description, and eventing
on resource-constrained devices;

 DPWS specification was initially published in 2004 and
was submitted for standardization to OASIS in 2008.
DPWS 1.1 was approved as OASIS Standard together
with WS-Discovery 1.1 and SOAP-over-UDP 1.1 2009;

* Microsoft .Net Framework Class Library defined classes
for supporting DPWS device programming

m‘ !!r;; A_]Fu]fxEm _ . Reference: http://en.wikipedia.org/wiki/Devices Profile for Web_Services
Schools of nginecring JICSIT/ITAIC 2011 Keynote 32

ARIZONA STATE UNIVERSITY
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* Device with Built-in
Service Interface, for
example:

 Netduio Plus: Works with
.Net Micro Framework to

facilitate service to device
communication

http://www.amazon.com

m’ Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 33
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\' CurrentEfforts Robot as a Service (3)

http://venus.eas.asu.edu/MyRaaS/Default.aspx

* ASU Implementation of Robot as a Service
* Web service wraps the device drivers
the Web services

 Web Application acces

NELcoME TO INTEL AuToROoT WEE SERVICE TEAM

[ Let |[ Rest |[ Right | B

[ Autonomous ]

m' Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY

ideo: http://vimeo.com/9740048%
JICSIT/ITAIC 2011 Keynote
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Join the Cloud and Develop Raa$S

Tsinghua
University

RaaS YEEN) YEN) YEN YEN

ARIZONA STATE UNIVERS Y
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» Programming Paradigms and Software
Engineering

» Service Orientation vs. Object Orientation

» Service-Oriented Computing and Workflow-
Based Software Development
» Cloud Computing, we could not even dream

= Cyber-Physical Device and Robot as a Service
= ASU Service Repository

m Ira A. Fulton
Schools of Engineering
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JICSIT/ITAIC 2011 Keynote 36



engmeermg.g\su.edu

Service-Oriented Computing
ad Web Software Integration

From Principles to Development
s 2 7, 2

http://venus.eas.asu.edu/WSRepository/repository.html

€ 9 C M © venus.eas.asuedu/WsRepository frepository, htmi

TEXTBOOK

THrD EDpITION

SERVICE-ORIENTED COMPUTING
AND WEB SOFTWARE INTEGRATION |

FroM PRINCIPLES TO DEVELOPMENT

Yivoncg CHEN AND WE-TEK TsAr

ASU Repository of Web Services and Web Applications
ﬂl lszigé]iiﬁgﬁginccring

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 37
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ASU Service Repository
http://venus.eas.asu.edu/WSRepository/repository.html

» SOAP/WSDL Services
e RESTful Services S -
 Workflow services
 Web applications

* Robot as Service:
http://venus.eas.asu.edu/MyRaaS/Default.aspx

&' Ira A. Fulton
Schools of Engineering

ARIZONA STATE UNIVERSITY

JICSIT/ITAIC 2011 Keynote 38
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Crypto service | ASP Net Encryption and decryplion stingstring)
hitp:firenus. eas. asu eduWaEepository/Bernce siEneryption/ S ervic e astm

Diata caching Caching disk file contents in browser
vermis. eas.asu.edu WaEepositorpZMLD ocC acheReadWiite A pp/Default. aspx

Diynarmic Venditng machine, generate graphics without using user control
gtaphics httpivenus eas asu eduWaRepositoryCoffeeVender/

Service-Oriented Computing

ant Web Software. Iptegratlon Diyrnatmic Vending machine, generate graphics in user control

RS | craphics httprenus. eas asu e duw WaRepositoryCoffe el achine’
Bk oftware e
éotpﬁ sSefa:'sviace (% N
3 @ upp! %i Forms security | Authentication and authorzation application
< _ hitp/frenus. eas.asu. eduVWikepository/F ormens e curitsy!

sonr T [mage Verifier Application that tests the RESTHul ImageVerifier service
= 4 hitpivenus. eas. asu.edu W ioRep ositornf ervicesImageY erfien Tt aspx

WCF/WF

Yinol g Chen
Wei-Tek Tsai

Image Verifler Application that tests the WEDL-S0AFP ImageYerfier service
http/frenus. eas asu e duWoEepositorn/Service sImageV erifiendwe Tyt aspx

Random String | Application that tests the Randomitiing service
http/frenus eas. asu e du WiEepository/Bervice s/Randomstrina Tyt aspx

ahopping catt Enter items to catalogue, add to cart, remove from cart
hitypfretas eas. agu. e duWEEep ository/S egsionOnlineStore/D efanlt. astox

m’ Ira A. Fulton
Schools of Engineer| XML file read | Save book information into XML file in server
wrrite httpofretaz eas. asn. eduWERepositoryH 0L Do cEead Wit e ppiDefanlt. aspor )

ARIZONA STATE UNIVERSI




Third Edition

Service-Oriented Co

tpxﬁf“m‘* Software

@ service 1

WCF/WF

Ira A Fu

m Schools «
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Crypto service | WCF-based WEDL-B0AF service with two operations:
i SV string Encryptstring); and string Decrypi string),
hitp:ffvenus. eas.asu.eduWiaHepositoryr/bervice s/EncriphionWeffernice. sve
Image Verifier | WCF RE3THul service with Getlmage/SHi$@ operation
i RESTfial hitpffvenus eas asu eduwWoERepository/Service sImageVerifierService sve/Detlmage SHHE

Image verifier
in BAVC

WCF-based WEDL-20AP service with two operations:
atream Getlmage) and GetVenflerString stning lengsthn
httpivenus eas asu eduWaRepositorp/BervicesTmageVenifierfve/s etrice. sve

[mage werifier

Wotlflow-based setvice

it workflowr hitp/frenus. eas. asu eduWiEepository/Gervice s W EImage WEservice/service]l xaml:
Test page: http/fvenus eas asu. eduWERepositoryGervice s W EImage
Iessenger WACE service with two operations: bool BendMessagelstring Username, string Message); and
SErVice string[] Recervellessagestring UseddDDn,
http/frenis. eas. asu e duWiaEepos icesMlessenger Cervice sve
/P@ Microsoft MEDN Magazine mortgage service example it workflow:
HEIVICE it hitp/frenus. eas. asu e duWiEepository/Gervice s WEIervice/ Mot gagedervice/Service] xamlx
Wotktlow hitp/frenus. eas.asu e duWikepostory/Gernce s/ WEI ervice/Vendordervice/Vendori sve where X
\ http://venus.eas.asu.edu/WSRepository/Services/WFService/
Humber Guess | WCF RESTHul service with two operations: int secrettlumber(int lower, int upper);, and string
i RESTHal checkNumbenint vserMun, int secretilum),

httpofretuz. eas. asn. eduWEEepository B ervic e st umb erGue ssRe st/ ervice. svo/Getd e oretumb er?
lower=1&upper=100

httpofrenus. eas asu. eduWERepositoryBerrice M umb erGue ssRest/S ervic e avelche ek uimb er?
uzettlum=23& secretllum=T75
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Third Edition

Service-Oriented Co

and Web Software Intd

From Principles §

peUTING Software

s 2
o ervice
/ @
\ (

WCF/WF
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Document type | Document type definition example
httpfrenas. eas. asu. edu W EEen ositornonlfinstiactor. did

EDF file EDF schema defitition file
hitp:ffretmas eas asu eduwWiEepository ol Course s rdf
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