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Research Area in a Nutshell

Today’s Internet and the WWW Internet of Things = M2M
> High-tech Web Servers. M2M Terminal M2M Terminal
- Hosts Web Service and Resources. CONSUMER + PROVIDER CONSUMER + PROVIDER

- Transparent Access to the Clients.
- Neutral towards diverse clients.

1 1 1
i Mobile g i Mobile |
1 1 1 1
' Web Server CeEu ' Web Server
EEEEE ! || G— | !
1 1
i @@ | ? 1; @@ :
| Mobile ! i Mobile !
TRANSPARENT : i Web Services 1 | : i Web Services 1
ACCESS | | | :
[ ] I | | ] |
WEB SERVICES I
- Specialized functions .
- Internal process Publish/Search Publish/Search/
- Access interface Outsource Outsource
- Private Data .'

- Multimedia

et Server | M2M Services
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Motivation and Research Gap

Mobile devices are not only mobile phones!

Industrial Automation
M ‘0/ interaction
. o Automotive / Telemetric )
access interfaces
v -\ /
PROPERTIES PN EEEEEEE R . :
9 service protection

Mobile Smart Energy Grids

Web Server

P
«

- Only request-response based.

- Immediate service
invocation, only.

- Short-lived executions.

- Respond on same network
infrastructure (blocking
call!). L

- Runtime service

management is not possible.

execution models

40 Health Care Sector

messaging protocols

966
Mobile
Web Services j

< Home Automation service management

standard operations

Variable Capabilities & Requirements

data privacy

M2M Domain Requirements

Provides a general middleware architecture and protocol stack for rapid development of M2M applications

This research gap has been confirmed through literature!
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The MSP provides a set of strategically connected architectures

Offers a Web Services provisioning solution for M2M apps

The platforms architecture is categorized into logical layers

The Mobile Server Platform

(Conceptual Overview)

Health Care | Social Networks

Applications’ &
private Data @

Notification
I Service Interaction Strategies
A SOAP Access I \d REST Access |
. Interface _— : . . Interface ! XML/REST, JSON/REST
I Solicit-Response ! \ ! lmmmmmmmmmmmm
v | .
SLA4 vre cypc/es
WEB SERVICE AGREEMENTS
Request-Response
OpenGridForum
l OPEN FORUM | OPEN STANDARDS
1
| One-way Mobile Web Server Layer ASYs2c/7/ 07700/ SE/VES,
v i i > 9 = - Server Endpoints
! ! ] = 2 -> Server Process Classification
! ! ] § -> Multi-Interfaced Services
| | | =0 - Multimedia Delivery & Control
AGREEMENT ! ! : :
PROTECTED i i \ ! ! \—— Asynchronous Server Endpoints
SERVICES SRRRICET )
: : OASIS 19
V4 7NN ASYNCHRONOUS SERVICE
...... ACCESS PROTOCOL
o - |
Multi-Interfaced Mobile Web Services
Synchronous Asynchronous

HTTP/TCP | RTP/UDP | IEEE 802.15.4 Mobile Web Services

Mobile Web Services
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The Mobile Web Server Layer

(Classification of Server Processes)

Mandatory process to consume asynchronous Mobile Web services

Involved Server
Endpoints

Observer
Factory
Instance

Createlnstance q
Create with

. Observer EPR
Service Factory B
0 g

1a

SNONOYHIONASY

Request with
Observer EPR
3IJIAY3S 93M T1190N

Response with | 3@

i

. Instance EPR \ O > |
Service Observer a3 X |
mutually exclusive :

i

service invocations

Service Creation Process

starts 1b

solicit-response / notification

‘4- --------------------------- Completed W ==---==-----=-------------os

Notification Service Computation Result
Listener (normal completion)
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The Mobile Web Server Layer

(Classification of Server Processes)

Only possible subsequent to the Service Creation Process

STATES OF AN
ASYNCHRONOUS MOBILE WEB SERVICE

__________ > ‘ open.running
--------- > ‘ open.notrunning

GetProperties

Unsubscribe

Subscribe

SetProperties

ChangeState | . .7 [l > ‘ open.notrunning.suspended

319V1I041LNOD

y Service Instance

---------- > closed.abnormalCompleted.terminated

Request with
Observer EPR

........ > closed.abnormalCompleted

| I

-------- > ) closed.completed

\
1 -
Response with N & > J closed.abnormalCompleted.aborted

mutually exclusive
. Instance EPR )
Service Observer pus service states
ASYNCHRONOUS

MOBILE WEB SERVICE

TVNYILNI

Service Managemenr Process

‘ Notification
'y Listener

1
1
GetProperties 4 l
1

""""""""""""""" StateChanged [TTTTTTTTTT T TS oo T T T

Events and State Notifications
(solicit-response / notification)
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Service Provider specifies the mapping semanctics for each method

The Mobile Web Server Layer

(SaaR Design Approach)

presentational tate ransfer

Every resource Resources
Network resources changes the client’s are transferred
Example: HTML, XML, JPG, GIF... & .
state using HTTP

Access
Interface

Synchronous Access URL Service Logic

54 ““““““““““ SYNCHRONOUS URL ELEMENTS ----------------- *

wrre /7 (T - O / (ST / (eriion )

Create ST

Reabp T

D b mandatory ----------------- »><--- optional ----» UPDATE [T

DELETE :LETE

Asynchronous Access URL

e O L LT EEEERR R R ASYNCHRONOUS URL ELEMENTS --------

HTTP://“ : (TR /(service ) /[ MeTHOD ) /[sTRATEGY ] /ENINgones /(Lrny
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The Mobile Web Server Layer

(Payload Optimization)

XML payload comparison of the operations offered by Service Factory Endpoint

m SOAP Payload = REST Payload

CreatelnstanceRs _- ~ 82 % reduction

0 100 200 300 400 500 600 700 800

Operations of the Service Factory endpoint

XML payload in bytes

JSON/REST results in much optimized payload than the XML/REST
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The Mobile Web Server Layer

(Basic Analysis of XML and JSON Payloads)

i ——JSON el t —XML el t
XML Encoding 25 elements elements

<R>

<123> </123>

<123> </123> 20 4 i

5 + (2 X Broot name + 5 + (2 x Belement name )
<123> </123> N e=1 -
g NG J
Y "
8 15 ™
</R> E, \\\\\
=
SON Encodi £ \
] nco ll'lg g 10 7 bytes allocated by the
£ I ﬂXML root tag of 1 byte P \3\ -
o /I n
123" : null ' B ( )
I =2+ E T+ Belement __name

"123" : null c Y e=1

"123" : null /

» 2 bytes allocated by the start
and end braces of JSON element
} 0

No. of elements
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The Mobile Web Server Layer

(Basic Analysis of XML and JSON Payloads)

Difference trend with 2° elements Difference trend with 219 elements

o —
| - 3 bytes
| - s bytes
(| I 13 bytes
[ | I 18 bytes
| . 23 bytes

T

0.25

S
N
N
3

I
o

e
e
~
Ul

ce in Payload (MB)

fference in Payload (MB)

D
@
wn

JSON results in less data transmission as number of elements increase
Lengthy element names result in much rapid increase is payload
JSON/REST for M2M terminals = Less computation requlrements
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The Mobile Web Server Layer

(Multimedia Extensions and Topologies)
Integration of RTSP and RTP Extended RTSP States in Asynchronous Server

Creation of the
Service Instance
Software Application Layer Init Endpoint

1 1
1 1 rtsp.init
1

| |

1 1

SETUP
Service Invocation

TEARDOWN

Mobile Web Server Layer

Ready

rtsp.ready

Instance
Observer

Timeout
at client/

; internal
Playing
rtsp.playing

normal
completion

Multi-Interfaced Mobile Web Services

TEARDOWN

Delivery Resource 2> Control Resource 2>
Multimedia Delivery Strategy 2> Multimedia Control Strategy 2>
SETUP PLAY PAUSE TEARDOWN
The RTSP and methods are exposed as synchronous mobile Web Services
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The Mobile Web Server Layer

(Multimedia Extensions and Topologies)
Relayed Delivery and Relayed Control

Relays Control —

INTERMEDIATE *
Client Relays Multimedia |-

KNOWN PUBLIC IP/PORT

ACCESS GATEWAY s
erver

TCP TUNNEL

S
g3 Y
2 I 25
= PUNCHING PUNCHING 5 8
3 | ¥
= O v

RTSP/TCP : 2 = RTSP/REST

¥ INTERNET - TR

NAT/ DELIVERY NAT/
FIREWALL CHANNEL FIREWALL DRIVATE 1D /PORT

PRIVAZEID /DOL
Works with every network where TCP/UDP are enabled!
b Server establishes a permanent TCP tunnel with the IAG = TCP hole punching
|j| The client sends RTSP SETUP to the IAG = IAG relays it to server - SCP response

3 | Only client sends UDP to IAG = IAG is not introducer gateway = sends keep-alive to client

|:| Client sends RTSP PLAY to IAG = IAG relays it to server - Service Management Process

5 | Server indirectly delivers media over the RTP/UDP channel that is relayed by the IAG
D Client may send RTSP PAUSE, TEARDOWN via IAG -> Service Management Process

Multimedia Delivery Strategy - RTP/UDP
Multimedia Control Strategy = RTSP/TCP

Synchronous and Asynchronous Servers work together
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The SLA Framework Layer

(Conceptual Overview)

Extends the Mobile Web Server Layer

= The functions of the SLA architecture are cIassiﬁed—
into 4 distinct life cycles

Service Level Agreements Framework

-> The SLA life cycles are executed based on the

esnsi s 4 LIFE CYCLES OF THE
SLA FRAMEWORK

- The SLA negotiation is based on
the Web Service Agreement
standard of the Open Grid
Forum

- The standard is

optimized to define !

the SLA messaging .:/\. v .:/‘.

for mobile nodes : ;

Agreement -flgfi;':ecnig ﬂ_c o Agreement _S_e_ri’ },i]efehé‘/(c);::fli)?— ~ QoS Disposal

- The SLA framework Creation 4 Evaluation Y Monitoring Monitoring

is compatible with (AC) —— (AE) . (awm) (dbm)

the REST and SOAP A A

access interfaces .:/\. .:/X.
-> Protects both, the Template Agreement

! Acquisition Disposal
synchronous and Life Cycle Life Cycle

asynchronous services

The life cycles utilize the properties of the Synchronous and Asynchronous Servers

ComNets
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The SLA Framework Layer

(Life Cycles)

Template Aquisition Life Cycle

MOBILE WEB SERVICE
CLIENTS

MOBILE WEB SERVICE PROTECTED
HOST  MOBILE WEB SERVICE

,

A) Readsand manipulates the template L .
B) Generates a UUID for the client A) Associated agreement

Mobile Server

Agreement C) Saves a copy against the UUID o template with validity
. B Must be used before expiry
Creation REST REQUEST Automated deletion
( AC) http://xperia.comnets.de:9090/FetchTemplate
/ AC
Templa te SERVICE PROVIDER’S
A . UUID + AGREEMENT TEMPLATE | —— AGREEMENT TEMPLATE
C'CIUISILLIOH o Stored in the mobile
L1fe Cycle host or the cloud
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Agreement
Creation
(AC)

o« o

Template
Acquisition
Life Cycle

The SLA Framework Layer

(Life Cycles)

Template Aquisition Life Cycle

C) Saves a copy against the UUID N

REST REQUEST
http://xperia.comnets.de:9090/FetchTemplate

UUID + AGREEMENT TEMPLATE

Mobile Server

E—T—

MOBILE WEB SERVICE MOBILE WEB SERVICE PROTECTED
CLIENTS HOST « MOBILE WEB SERVICE
. A) Readsand manipulates the template S )
B) Generates a UUID for the client A) Associated agreement

template with validity
Must be used before expiry
Automated deletion

1,

SERVICE PROVIDER’S
AGREEMENT TEMPLATE

Stored in the mobile
host or the cloud

Agreement Offer Life Cycle

MOBILE WEB SERVICE

A)

FETCH TEMPLATE
SYNCHRONOUS
MOBILE WEB SERVICE

Verify the UUID of the client
Notify the requesting client

CLIENTS B)

C) Transitions to the evaluation

MOBILE WEB SERVICE
HOST

— hase (if verified
Agreement phase(ifverified) = WY obile Server
Creation T - (5% D
( Ac) . A) Readsthe agreement terms AC ‘\dl T
1 B) Prepares an agreement offer = / [
' C) Sends the agreement offer as — NOTIFICATION messs— Ve r‘{_f‘::gﬁon o
' h t =
! anasyncironous reques o a) Agreement creation phase is completed i
i Agreement Offer b) Agreement evaluation phase is started i
i Life Cycle - = o - i
Offer \
Agreement : ‘ \\\ \lj Evaluation i
. | = ] 1
Evaluation — ! A) Evaluate the agreement offer against L= i L= E
(AE) AGREEMENT  AGREEMENT v the related template P : v
TEMPLATE OFFER NEGOTIATED B) Acceptor reject the agreement offer
C) Save a copy (ifaccepted) & notify PROTECTED
AGREEMENT theclient MOBILE WEB SERVICE

ComNets

© Fahad Aijaz, ComNets, RWTH Aachen University




The SLA Framework Layer

(Life Cycles)

Service Invocation Life Cycle
MOBILE WEB SERVICE A) Verij"j/and evaIua?e request MOBILE WEB SERVICE
against the negotiated agreement HOST
Verify the usage limit & the usage

CLIENTS B)
A interval (default)

C) Invokeor schedule theservice W,
D) Initiate the QoS monitoring X
— NOTIFICATION
Forasynchronous services

Mobile Server

o

Service Invocation !
Agreement _______ e, QOS _ QoS VIOLATIONS = 08 AyN | i
. Life Cycle N . Q
Evaluation Monitoring . : .
(Qw) < ® .-
| ! ;
F

A) Service provider specifies the QoS
handlers during deployment «--""
B) Reads the service settings
C) Startsthe associated QoS handlers
D) QoS handlers monitors and reacts
upon QoS violations

(AE)
Third-party QoS
handlers are possible

© Fahad Aijaz, ComNets, RWTH Aachen University
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The SLA Framework Layer

(Life Cycles)

Service Invocation Life Cycle

MOBILE WEB SERVICE A) Verily and evaluate request MOBILE WEB SERVICE
against the negotiated agreement HOST

CLIENTS B) Verify the usage limit & the usage

— A interval (default)
C) Invokeor schedule theservice ™, Mobile Server
D) Initiatethe QoS monitoring ™

e

NOTIFICATION
Service Invocation Forasynchronous services i
Agreement " Life Cycle - - - -- QoS _ QoS VIOLATIONS ~ Sem— o>l — i
Evaluation Monitoring . g
(AE) (Qw) < ® .-
\l ! ;
’ v

A) Service provider specifies the QoS

handlers during deployment «--""
B) Readsthe service settings Third-party QoS
C) Startsthe associated QoS handlers handlers are possible

D) QoS handlers monitors and reacts
upon QoS violations

Agreement Disposal Life Cycle

— MOBILE WEB SERVICE MOBILE WEB SERVICE
CLIENTS HOST
. e Automatic disposal Mobile Server
Dlsposal o isa default process ,
Monitoring Xy [
\\ i
(DM) / D eriﬁcatiorw ‘L\.« —
Explicit disposal requests are possible only from the I: -
( permitted clients through the client-controlled process. ! se:'"gs
,ll Disposal <«
\\l :
1
Agr'eement A) Offers periodic cleanup cycles in automatic disposal |" m
DISpOSGI B) Looks for the expired agreements and templates P |
Life Cycle C) Takes the agreement validity (end date) and usage limit 4 --"" NECEN| | [E_———
asthe expiration criteria ;
Disposes agreements, templates and client records (e.q. UUID) Agreements and Agreement

D)

_ . . E) Shared process for all agreements and templates Templates to dispose
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Performance Analysis

(Service Creation Process)

Synchronous Server Asynchronous Server

Create Service
Object

Parse
Request

| Method Request

Invoke Service
Method

Request A
Timer :

[ . !
A 1 S, 1 .

: Web Service £ parse [nvoke Service I Web Service
| Request Request |
>

| |

1 1

| 1

/
. i
Terminate o o
\\
\\
\

T ey

! Invoke Service
Method

Dispatch

Result Terminate ‘,\

Dispatch Termi / o e
erminate
Result \

Until the service
object is created

Web Service
Request

Until the Service Instance
endpoint is created

Parse Create Service

Request

SERVER
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Performance Analysis

(Service Creation Process)
Asynchronous SCP with SOAP Synchronous SCP with SOAP

<SOAP-ENV:Envelope <SOAP-ENV:Envelope
xmlns:xsi=http://www.w3.0rg/2001/XMLSchema-instance
xmlIns:SOAP-ENV=http://schemas.xmlsoap.org/soap/envelope / xmlns:xsd=http://www.w3.0rg/2001/XMLSchema
xmlns:wsa="http://schemas.xmlsoap.org/ws/2004/08/addressing"> xmIns:SOAP-ENC=http://schemas.xmlsoap.org/soap/encoding/
<Sgé;ﬁ§¥ﬁte;‘}€};eria comnets.de </wsa:To> xmlIns:SOAP-ENV=http://schemas.xmlsoap.org/soap/envelope/>
S e A Sy W o <SOAP-ENV:Body SOAP-ENV:encodingStyle=http://schemas.xmlsoap.org/soap/encoding/>
<wsa:Messageld>ffb471ec-194-1cb37664-125c53c2</wsa:Messageld> . B e .
<wsa:ReplyTo> <echoService xmIns="urn:Services" id="00" SOAP-ENC:root="1">
<wsa:Address> http://schemas.xmlsoap.org/ws/.../role/anonymous </wsa:Address> <ServiceTypexmlns="" xsi:type="xsd:string">Synchronous</ServiceType>
</wsa:ReplyTo>
<as:FactoryEPR>http://xperia.comnets.de/factory</as:FactoryEPR> <ContextData xmlns=""xsi:type="xsd:ContextData">
</SOAP-ENV:Header> <!-- user-defined input XML elements -->
<SOAP-ENV:Body SOAP-ENV:encodingStyle=http://schemas.xmlsoap.org/soap/encoding/> </ContextData>
<GPSLocation> I </echoService>
<ServiceType>Asynchronous</ServiceType>
<createlnstanceRq xmlns="" xsi:type=":createlnstanceRq"> ) ]
<StartImmediately xsi:type="xsd:boolean">true</Startimmediately> I < /<S/(;51§)Ié- P]; 1\];:‘11\1 ‘E,vaoe(li(})l>e>
<ObserverEPRxsi:type="xsd:string"> ’ P
http://tattoo.comnets.de/3466b6a-0df-5fe9ad
</ObserverEPR> e. I e I ek—
<Name xsi:type="xsd:string">GPS Location</Name> in st =syn
<Subjectxsi:type="xsd:string"> Create Service Instance </Subject> (
<Description xsi:type="xsd:string"> syn
Provides GPS coordinates of the host mobile d X = D +\e. +¢e / + e + d )
</Description> soap S R mn S syn ’ obj
Vo
<ContextData xsi:type="xsd:ContextData"> = d R
<!- user-defined input XML elements --> N parse P
</ContextData> e sy
I </createlnstanceRg> ( asyn N )
</GPSLocation> d (X) — D + (e. +e +e )+ d
soap s ooy st asyn / obj
</SOAP-ENV:Body> "
</SOAP-ENV:Envelope> =d‘”y”
parse
le, | — 5
e
ein est k=asyn =Daéy"
c
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Performance Analysis

(Service Creation Process)
Asynchronous SCP with XML/REST Synchronous SCP with XML/REST

Asynchronous foondinates Factory echoStrin
GPSLocatlon : ! Req-Res i Createlnstance Sy nc h ronous I Cr g )

AccessURL === o B
Access URL
|HTTP /N /[ A T AR ased VA ENDPOINT WAl OPERATION |

<createlnstanceRq xmlns="" xsi:type=":createlnstanceRq"> ‘l HTTP: / / “ PORT / SERVICE / METHOD H

<StartImmediately xsi:type="xsd:boolean">true</Startimmediately>
<Name xsi:type="xsd:string">GPS Location</Name>

<Subject xsi:type="xsd:string"> Create Service Instance </Subject> <l-- user-d eﬁ nedin put data -->
<Description xsi:type="xsd:string"> Provides GPS coordinates of the host mobile</Description>

<ContextData xsi:type="xsd:ContextData"> e
<!-user-defined input XML elements --> in
</ContextData>

I </createlnstanceRq>

€, I € masyn d jJe’:t (X) - D N + dobj
( asyn
d,,esyt (X) = DS + (ein * Casyn )+ dobj .

syn

rest
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Mean Waiting Time (s)

0.3125
0.3
0.2875
0.275
0.2625
0.25
0.2375
0.225
0.2125
0.2
0.1875
0.175
0.1625
0.15
0.1375
0.125
0.1125
0.1
0.0875
0.075
0.0625
0.05
0.0375
0.025
0.0125

Performance Analysis

(Service Creation Process)

M/D/1 evaluation with increasing arrival rate

“‘l( k = asyn >T / ““
| | |
| “ |

D asyn (X)

soap

JJ}\L\J*J&J*J*J*J*JiJiJiJiJjJiJiJiJiJiJiJiJiJjJiJijJ

k = syn 5 \

. -
e

Lot dadadidadatododhtidodadidodatadodots

- ad
NS o

- = g ==ssas e e o o i S . 20 0 0 R R R AR R N

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380

Arrival Rate (7‘)
t asyn (X) asyn (X)
ﬁ)rest < D soap
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The Software Application Layer

(MEDICARE - A Context-Aware Health Care Application)

_________________________ Mobile Web Service
! Categories i
Device Cohfiguration SPOT nodes with the MSP . Light Condition
Mode Selection (collector nodes) Room Temperature

Performance Monitor Noise Detection

iti i Presence _
Valves Condition . : _ 2
Oxygen Monitor qu‘"pment i Door Status Light .

Ventilator : Heater

a L
i -
| R
Mobile Web Service . L f
Categories A ehel>” U Environment

Body Temperature

Blood Pressure

_________ Heart Condition Diagnostic
Pulse Signals
Movement

Doctor’s

SPOT Base Station Ceigbuiter
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The Software Application Layer

(Social Network in Pocket [SNiP] — A privacy-focused social network concept)

She has taken pictures,

To socialize and share her experience, recorded videos and

Alice allows her selected friends from she feels satisfied. as SNIP allows posted comments about

her phones address book to access her to share her p;'ivate mobile many wonderf‘ul places
. her SNiP services y during her Italian tours

content without posting it to any

e third-party server — PRIVACY!
Ocat T «Como i
K e d TrackAI Milan Br'es\:i:: 2
Ic . \
Vlew AIiCe' Fexle h}I/aer:‘:unaa

- . € — ) ; to-Mop,
Service Access Website Live vige, le Game 1

i < Stream; x Perugia
SNiP-Consumers AMing rugia
LeaVe Vvoic, &’?‘Q@
meSsages o3 N ;;Citg
“Rome
/ ... and more SNiP-Provider

. . . (MsP)
Her authorized friends directly access

her private data stored on her phone
through the Service Access website

to interact and view the mobile content
that Alice has provided for shared use y

+Naples

Matera ®

Arnalfi
Coast

ALICE, a SNiP user
is on vacation in Italy
V.

— \CCESS denied She has many SNiP services on her mobile Palermo "™ 3y"
phone, such as, location, gallery, chat,
o games, video, voice ... ) Rarigents
Siracusa
Disallowed
SNiP-Consumers Alice has complete control right on
her phone to choose who can access | Alice feels like her entire Social

h ivate data stored on the ph S
er private data stored on the phone) Network is in her pocket
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Conclusion

Contributions of the Research

= Novel software architecture and protocol stack, called Mobile Server Platform
=  Offers multiple exceution models, protocols and interaction strategies
=  Solution for data privacy, remote service creation and management on mobile terminals

= The MSP is developed and evaluated with multiple access interfaces

= JSON/REST

=  most suitable for M2M terminals, as the payload increases
=  XML/REST

= jncreases 6.0 / 7.6 times the serving capacity of Asynchronous / Synchronous Server, respectively
= The established hypotheses are verified by M/D/1 evaluations

=  Multiple service execution models leads to new architectural extensions
=  Multimedia control and delivery through the Mobile Web Server layer
=  Solution to bypass network constraints
=  Contracts-based services through the SLA framework layer = Solution to service protection on terminals

= The MSP is suitable for M2M terminals and consumer devices
= Social Network in Pocket (SNiP) = Solution to data privacy issues
= The MEDICARE prototype = Solution to context-aware M2M environments
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End of Talk

Thank you for your attention!

Health Care | Social Networks

L L
T Software Application Layer
Notification T * I :
o 1 Service Interaction Strategies
SOAP Access ‘ RESTAccess i~~~ TTTTTT

Interface ! XML/REST,JSON/REST

Interface == - - Pra—
Solicit-Response ! \ !
'

Request-Response B e e et

Fahad Aijaz

fah@comnets.rwth-aachen.de

— - —-.

One-way

-> Server Endpoints

-> Server Process Classification
= Multi-Interfaced Services

-> Enables Multimedia Delivery

«----

www.fahadaijaz.com

AGREEMENT
PROTECTED
SERVICES

OASIS 9

- ASYNCHRONOUS SERVICE
...... ACCESS PROTOCOL

Multi-Interfaced Mobile Web Services

L Asynchronous
HTTP/TCP | RTP/UDP | IEEE 802.15.4 e s Sarois

The Mobile Server Platform

Synchronous ]
Mobile Web Services

Questions?
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