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Outline

+ What is this Course About?

What is New?
New Pervasive Networking
Opportunity

+ New things you can do /nside the network

+ Connecting end-points to "services" with processing
embedded in the network fabric

+ Not protocols but “agents” well-specified behavior,
executing in places in the network

* Layer violation to enhance awareness acceptable:

location, network topology, data format, protocol,
subscriber identify, service in execution

+ Scalable session and flow-oriented processing:
measuring, monitoring, billing, prioritizing

+ No single technical architecture likely to dominate:
think overlays, system of systems
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Outline

+ What is this Course About?
+ Technology Trends

Traditional “Networking”
Course (CENG 362)

+ All about protocols and the OSI 7 or

TCP/IP (4/5) layers
Protocol layering

Protocol details:, HTTP, FTP, SMTP, POP3,
TCP/UDP, IP, link-state vs. distance vector ...

- Multiaccess technology

Switching and routing

Naming (DNS, MAC addressing, ...)
Error control

Flow control & scheduling

Special topics like multicast and mobility

email WWWV phone

Distributed Service Architectures
for Converged Networks

+ Converged Networks
- Public Switched Telephone Network (PSTN)
- Internet/Public Switched Data Network (PSDN)
- Mobile Internet
- Converged Structure?

+ Distributed Service Architecture
- Services
» "-Ility" connectivity
» New call “features”
» Infrastructure services
» Enables distributed applications




Services in Converged Networks

Communications Services
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What is this Course About?
New Kind of Communications-Oriented
Service Architecture

* Emerging, yet still developing, view of a new kind
of communications-oriented service
architecture in a highly heterogeneous
environment

- Rapid development/deployment of new services & apps
- Delivered to radically different end devices (phone,

computer, info appliance) over diverse access networks
(PSTN, LAN, Wireless, Cellular, DSL, Cable, Satellite)

- Exploiting Internet-based technology core: clients/server,
applications level routers, TCP/IP protocols, Web/XML
formats

- Beyond traditional “call processing‘ model: client-proxy-
server plus application-level partitioning

- Built upon a new business model being driven by the evolution
of the Internet: traditional "managed” networks and services
versus emerging “overlay" networks and services structured
on top of and outside of the above

Course Structure

+ Seminar! We learn from each other!
- Avoid traditional lecture-oriented course
- Professor and more student-led presentations, discussions
- Every student will develop materials and lead discussions
on selected areas of technology:
to be written up by mid-semester as a “term paper”
- Project: Design and evaluation of a distributed service
architecture ?
Project: depending on class size, we will have collaborating
and competing teams develop a design and evaluation for
future converged network service architecture

30% Class Discussion/Presentation/Contribution
40% Term Paper/Project
- 30% Final
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Services in Converged Networks

Net Access Services
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Some Potential Disruptive Ideas About
Network Architecture and Design*

* Where should intelligence in the network reside?

+ End-to-end model right conceptual framework?

* How can faults be better isolated and diagnosed?

+ Abstractions of topology and performance

+ Overlay approach to deploy disruptive technologies

* From "Looking over the Fence at Networks: A Neighbor's View of Networking Research”
Computer Science Technical Board, National Research Council, USA 10

Relevant Technologies
(Partial List!)

PSTN architecture: AIN, SS-7 + SIP Instant Messaging + Presence
SLAs Leveraging
UMTS/GPRS/Edge + Mobile Location Services, LBS

Voice over IP with SIP WA? . . .
+ Internet Multimedia Architecture * Radius/Diameter/Single Sign On
(RTSP, SIP, SAP, RTP/RTCP, IPv6,  * BGP

IP Mobility, Diff Serv, Multicast) - MPLS

SyncML + Core vs. Access Networking
Parlay, JTAPT Technologies

WAP * Mobey Formum
Symbian/Embedded 0S + Operator Wireless LAN

Sun ONE, J2EE, .Net, CORBA, + DRM, PKT

TINA, RMI, SOA + SCPTP/IETF Sigtran
SMS/MMS + Other Messaging - Architecture of Internet Data
Platforms Centers and NAPs

MGCP
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Nokia's Mobile World View

Network
Environment, | Internet
Intranet
26/36
Messaging
Browsin, .
Rich cu”g Interaction

URL
Email
Phone #
Identity/ ./
Addressing
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Nokia's Mobile Service Matrix

Nokia's Mobile Internet
“Business Architecture”

Content

Dz Providers.

Service Providers

Consumption

Connection Consumption

Middleware Middleware

oS Network 0s Network

Hardware Hardware

Middleware

Network
Hardware

Content Comms Productivity Business
Information Intranet &
Entertainment Extranet
News Messaging Organizers Access
Banking & Finance
Buy & Sell Info Mgmt
Travel E-Mail Personal Assistants
Music Enterprise
% Comms
Lifestyle FAX Tools
Fun VPNs
Games
Astrology Rich Call Misc Telematics
Dating
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Application Layer
Other and 37 Party Applications ]
Browser App Email App ‘Phone App‘
[Streaming App) \ Instant Messaging Application \
I Application Programming Interface ]
Browser Support] Msg Support] [Rich Call Support]
Mobile Internet Layer
\ App Framework and UI Support \ \ App Protocols \
[SDK Interfaces etwork Interface
SDK Libraries Network Protocols
[ Plafform Applications Tnferfaces ]
Platform Layer
‘ I/0 Drivers ‘ ‘ QS Core ‘ ‘ Link Layer Drivers ‘
‘ I/0 Hardware ‘ ‘Pr’ocessor‘s & Memory‘ ‘ Network Hardware ‘
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Nokia's mPlatform Architecture

Operational Common Enabling Application Functions
Support
Presentation Navigation Session
Manager Manager Manager
Operator Notification  Personalization
L Manager Manager Manager
Sirame Audit Manager Security Scenario
(Billing) Manager Manager

Provisioning

20D4J24uT U01LDII|ddy

Operator Care
Access Functions

Billing Data
Collection

Subscriber Subscriber Service
Access Control Authentication Access Control
o Process WAP & PDA
Perf Monitoring Handling Proxy

Network Load
Connectivity Balancing

Sys Monitoring

Statistics Firewall
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One Operator's Viewpoint

Pricing Distribu
Structure Marketing & Sales Packag
Customer

Biling_—
HLR Charging 3rd Pr'TyA

Support Systems Services : Content

Service

Service Domain

Data Center

Data Storage Processing Cap

Radio Access

Network Core Network

Transport




ICEBERG Architecture

Access Network

Plane
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Network P e "
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o .\ S — N * Call Agent: handles
- signaling, one per
’ device per call party
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* Name Mapping Service: Maps ICEBERG unique ID < service end point
* Preference Registry / Personal Activity Coordinator: user profile / user tracking

* Automatic Path Creation service: creates transcoding datapath between endpoiﬁ

”

Possible High Level “Layered
View of Service Architecture

Prototype Applications: Universal In-Box,
Context-Aware UI, Group Collaboration

Context-Awareness Services: Activity Tracking/Coordination,
Preferences Specification/Interpretation

Adaptation Services: Introspection,
Tacit Information Extraction/Organization

Wide-Area Services: Discovery, Mobility, Trust, Availability

Performance Measurement and Monitoring
“Core" Wide-Area Network

Edge/Access Networks
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Outline

* Technology Trends

Technology Trends

+ Computing
- Convergence, Divergence, Scale
+ Networks
- Internet vs. Telephone Network
- Wireless/Mobile Access

+ Services

- E-commerce, M-commerce/M-transactions (iMode),
Content

- Messaging as a major application (P2P, P2ZM, M2M)
* Architecture

- Integrated (“Closed") vs. Composed ("Open") Content,
Distribution, Access Architecture

- Managed vs. Overlay Networks and Services
- Competitive vs. Cooperative Service Providers

22
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Convergence?
First Color TV HBO Launched, Interactive TV,
Broadcast, 1953 1972 1990
Telephone,
1876
Early Wireless  Handheld Portable
Phones, 1978 Phones, 1990
= Pentium 1
=
== PC,1993 <]
Computer First PC IBM  Apple  Apple IBM —
+Modem Altair, PC, Mac, Powerbook, Thinkpad, I
1957 1974 1981 1984 1990 1992 Appl.
; ol
Eniac, 1947 Newton,
1993
HP
Palmtop,
1991 23

Divergence?

Atari Home
Pong, 1972

Personal Digital Assistants

Communicators

o

Pentium Network Free Sega Internet-enabled
B pc 1993 Computer,  PC, 1999  Dreamcast,  Smart Phones,
3 1996 1999 1999
Pentium IT
P, 1997 H
Apple
iMac, 1998

g

Palm VIT Proliferation of diverse

g PDA, 1999 end devices and access networks

Smart Phones, Game Consoles
Digital VCRs (TiVo, ReplayTV)

E-Toys and Robots (Furby, Aibo, ..
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The Shape of Things Now: 2006

Networks:

P990i Dual mode UMTS (2100MHz) - GPRS 900/1800/1900
P990c Dual mode UMTS (2100MHz) - GPRS 900/1800/1900

Screen Display:

240x320 pixels QVGA, 262 k color

Memory:

RAM Memory: 64MB, Flash Memory: 128MB

Shared memory for storage: Up to 80MB user free memory

External memory: Up to 4GB Memory Stick Duo Pro
Max JAR Size, Max SIS Size: Unlimited (but depending on available storage)

Symbian OS Technology:
Symbian 0S 9.1, UIQ 3.0
Java Technology:

Bolh coe and CLDC environments supported:
0 (JSR-185) consisting of Connected Limited Device Configuration

(CLDC) ey (JSR-139), MIDP 2.0 (JSR-118), WMA 1.1 (JSR-120)
+PDA Optional Packages (JSR-75)
+Bluetooth (JSR-82)
“Wireless Messaging API 2.0 (JSR-205)
“Web Services (JSR-172)
+Mobile Media AP (JSR-135)
<Moblle 3D Graghics (JSR-184)
«Nokia Ul API 1
Comnecied Devige Configuration (cnc) 1.0 (JSR-36)

«Foundation Profile 1.0 (JSR-4

«Personal Profile 1.0 (JSR- 52)

+PDA Optional Packages (JSR-75)

Sony Ericsson P990
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"X-Internet” Beyond the PC

?

Internet Computers Today's Internet

Internet Users 407 Million l
Automobiles

663 Million
/ Telephones

15 Billion X-Internet

Electronic Chips
30 Billion

Forrester Research, May 2001 27

The Shape of Things to Come

+ Toyota Pod Concept Car

- Co-designed with Sony

- Detects driver's skill level and
adjust suspension

Detects driver's mood (pulse
rate, perspiration),
compensates for road rage and
incorporates a mood meter
(happy vs. angry face)

- Inter-pod wireless LAN to
communicate intentions
between vehicles, such as
passing

Individual entertainment
stations for each passenger
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The Shape of Things Now: 2006

Browser:
Opera version 8: HTML 4.01, HTML 1.0, CSS, Javascript (ECMAScript)
Messaging:

SMS, EMS, MMS, e-mail

Digital Rights Mgmt.:

OMA DRM vL.0

Multimedia Support:

Video: MP4 (MPEG4 and AAC-LC), 3GP (H.263 AMR NBWB and AAC) and
Real Audio Video

Sound: AU, iMelody, AAC, AMR, MP3, RMF, DLS, Real Audio, G-MIDI level 1
with 40 voices polyphonic MIDI, WAV (up to 16 KHz sample-rate), XMF

Local Connectivity:

Infrared
Bluetooth

UsB
WiFi (802.11 WLAN connectivity on the Phone 1)
Extra features:

2 Megapixel camera with autofocus
Video recorder/player

QWERTY, QWERTZ, AZERTY and Russian keyboard options
Jog Dial

QuickShare

MusicDJ

PlayNow

4GB Memory Stick Duo Pro

Flight mode

FM radio

Sony Ericsson P990
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"X-Internet” Beyond the PC

Millions

15000
10000
PC
5000 Internet
0,
L S F O P DO
S FE LSS S vear

Forrester Research, May 2001 28

Shape of Things to Come (2002):
Sensor Networks

Embedded processing, time synchronization
mechanisms, real-time event handling, multihop
network routing, application development tools and

environments 30
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Environmental Sensing:
Sensor-to-Remote Researcher

T
On-site User
Bl el
ml;ﬂ & ","‘J @ensorF‘arej

+ Great Duck Island
- Remote investigation of microhabitats

- David Culler, Alan Mainwaring, Intel Berkeley Laboratories 31

Pervasive Computing = “"Convergence”
Via Services in the Network

* Not just about gadgets or access technologies,
which are becoming ever more diverse

* But services and applications, and how the net
can best support them anywhere, anytime

- Bottlenecks are near the edge, not the core
+ Enabled by:

- Computing embedded in communications fabric:
distributed, wide-area, topology-aware

- Per session characterization, processing,
prioritization, monitoring, management, billing
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After the PC ..
True “Convergence”

* Not just about gadgets or access technologies

* About services and applications, and how the
network can best support them

* Increasing, not decreasing, diversity
+ Bottlenecks moving from core towards edge

* Enabled by computing embedded in
communications fabric: wide-area, topology-
aware, distributed computing
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Devices in the eXtreme

Information Appliances:
Scaled down desktops,
e.g., CarPC, PdaPC, etc.

Information Appliances:
Many computers per person,
MEMs, CCDs, LCDs, connectivity

Evolution Evolved Desktops Revolution Servers: Integrated with
comms infrastructure;
Lots of computing in

small footprint

Servers:
Scaled-up Desktops,
Millennium

Display

BANG!

Information

Smart Spaces
B

Camera

Camera

30
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The iMode Story:

It is About Services

+ Wireless Infernet service popular in Japan and ig
mcr‘lzz.jasmg in popularity in other parts of the
wor

+ 27M Internet-capable cell phone sub-scribers
(10/01); 50K iMode Web Sites

« World's largest ISP, first to deplo
"Freedom of Multimedia Access" (

Not just about Japanese teenagers

36
OMA)
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Economist Magazine, 13 Oct 2001 34

Telephony Evolution

* Mobility/Wireless driving end-to-end digitization of
the telephony system
- Shift towards IP-based infrastructure (Nokia “All-IP"
Architecture)
+ Converged Services
- AT&T
» Cell Phone, Telephone, ISP, Video on Demand (Cable)
» Universal Billing Systems
- Sprint: $0.05/min local/long distance, wired/wireless
+ Computer-Telephony Integration
- Call Centers, Software-based PBXs, PSTN By-Pass
- Consumer-to-Business E-commerce (e.g., Lands End)
- Speech-Enabled Services (e.g., "Concierge")
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Internet vs. Telephone Net

+ Strengths
- Intelligence at ends
- Decentralized control
- Operates over heterogeneous
access technologies
+ Weaknesses
- No differential service
- Variable performance delay

- New functions difficult to
add since end nodes must be
upgraded

- No trusted infrastructure

+ Strengths

- No end-point intelligence

- Heterogeneous devices

- Excellent voice performance
+ Weaknesses

- Achieves performance by
overallocating resources

- Difficult to add new services
to "Intelligent Network" due
to complex call model

- Expensive approach for
reliability
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Services and Applications:
E-Commerce

+ Consumer Services
- Consumer-driven QoS: improved Web access “experience”
- Converged digital video + web content (e.g., HYML)
- Unified billing: pay-per-view movie plus ad-induced pizza purchase
- Content delivery: file mover/software upgrades/digital audio/video
- Infrastructure storage: back-up, photos, mp3s, videos, TV tapings
+ Consumer-to-Business Services
- Web-based + (IP-based) Telephone
- New kinds of integrated call centers: e.g., Lands End
* M-Commerce
- Location-sensitive ad insertion
- Unified billing for telecom access + purchases

39
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Cellular Services Most Often

Requested
After basic wireless telephony service

+ Call Forwarding 37%

* Paging 33%

+ Internet/E-Mail 24% Data

+ Traffic/Weather 15% Applications
- Conference Calling 13%

* News 3%

Source: CTIA Web Page
Peter D. Hart Research Associates, March 1997 38

Connectivity and Processing

Cable
Modem bromi

remises-
Priva?

Premises-
based

Infernet
Datacenter

Wireline
Regional




