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Andy Heller

The real question

What is the size of the annual increase in 
overall bandwidth on the Internet 
Backbone?

2x?
5x?
10x?
20x?
30x?

Are there enough things happening to 
sustain that growth for the 3-5 year 
period?

Internet Backbone Observations and 

 Prognostications

Where is the Internet today and what are 

the primary forces of change 

A look from the outside--the uses

The Internet today

A look from the inside--drivers of 

increasing bandwidth consumption within 

existing and new applications including a 

look at the technical, economic, social and 

legislative side

Is NGI enough?

A Quick Scorecard
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General Categories of Usage

Some big, general categories and some 
terms of endearment

net-balm--(spelling for airports only)
net-dregs--(thats de-reg for non-nerds)
net-ed-- are you?
net-ent
net shop--the mall effect
net spend--real money
net-work

NET-BOMB

Super MPP on the network

limited applications

ASCI
Large scale simulations
Engineering problems
Weather
War Games
LNL/LANL type problems

requires 100's of gigabits to 10's of 
terabits/second
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Andy Heller

   NET-Deregulation/Telecom 1994
Competitive pricing along with performance, 
attachment and comm. improvements 
opening up massive growth in usage 

Much faster acceptance of INTERNET and 
WEB than anticipated

Countries with protected public or private 
monopolies are rapidly falling behind the rest 
of the world.  Europe (especially France) and 
Japan beginning to look like 3rd world 

States are entering the fray.  Proposals for 
statewide networks.  Reed Hunt look out

         More on Deregulation

If you own a pipeline there's more money 
in glass than gas

USA T3 costs are about 1/6 Japan and 
result in more than 10x  per capita 
penetration, but even Japan being forced 
to price low. In France, E3 install is more 
than 3.5 years of DIGEX USA T3

Technology that enables usage of existing 
infrastructure evolving rapidly GB on tel. 
wires

This is a business thin g guys
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 NET-Ed(ucation)

Snow-Rockefeller amendment to 1994 
communications act

Major state initiatives TIFF=$1.5B in Texas

Will accelerate both # of hours and shift in 
content from dominant text to video, audio and 
graphics

Rapid intro. of agent and x-caster technologies

Use will be both during and after hours- 
homework

Requires 10's of megabits/classroom,  millions of 
classrooms in US

         NET-ENT(ertainment)         
     the family that Surfs together

Moving the Internet from the home office and 
library to the living room and family room

Major delivery improvements
x-DSL and Cable
ETHERNET to the home on the phone

Moving the action to the big screen
Nintendo 64, Sony play station, WEB-TV and 
other network computers (small n&c)
Next generation on TV remotes, voice control 
and game controllers



A
lg

or
ith

m
s

A
rchitecture

Language

5

Andy Heller

             More NET-ENT

More focus on Video, teleconferencing, 
quality audio and graphics, group activities

More advertising

More multi-user interactive Network games 
not just downloaded games

many more social (video and telephonic) 
activities

Targeted advertising and materials delivery, 
legal to collect usage data in US but not in 
Euro pe

         Net-Shopping

Net commerce comes in the form of both 
shopping and making the buying decision and 
actually buying (net-spend) the item

Both home and corporate models already 
visible

Movement to much more complex interactions 
and much more video and graphic content

Window shopping at home-the sunny day mall

True comparison shopping and consumer ed

Find exactly what you want at the best price

Really let your fin gers do the walkin g
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                 Net-spending

1996 estimates on e-commerce range from 
$100m to $750m

ignores fundamentals of using the net to shop 
and other ways to buy
even the net-spend model will pass $150B on a 
to go basis by YE2000

Security, clearing house, privacy issues all 
have solutions that are surfacing

Complex corporate net shop and net spend 
applications already launched

Home sho pping for cars , books and com puters

      More Net-Spending

Average time on commercial spending 
e-commerce WEB sites rising from less 
than 25 minutes to over 1 hour per visit

Average number of HTML pages for 
business commerce sites moving from 2-3 
for static informational sites to 15-20 for 
commercial e-commerce sites

Many (most) commercial sites also have 
links to legacy DB systems and each 
HTML user page can require 10-1000 net 
packets to le gacy systems
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Andy Heller

               Net-Work
Office in the home and Telecommuting

telecommuting becoming increasingly more 
attractive with more MIPS and more bandwidth
MPEG, video-teleconferencing  and high speed 
file access rapidly increasing usefulness of office 
in the home and opening up interpersonal 
communications

X-DSL and ETHERNET to the home will rapidly 
accelerate movement

Horizontal business model built around WEB 
systems evolving with potential for increased 
outsourcin g 

Internet terminology and 
background

ISP---Internet Service Provider

NAP--- Network Access Point-a smart MAE

FIX---Federal Internet Exchange

MAE---MFS corporation network Access 
Exchange point-2 major 5 minor MAE sites

A MAE does no routing-the only devices 
connected to the MAE are routers generally 
provided by ISPs
MAE WEST sustaining over 180Mbps (6/96) 
Connected to NASA Ames FIX WEST
MAE EAST sustainin g over 380 Mb ps (6/96)
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The Internet Today in the USA

Europe 5 years behind the USA.  As much digital 

commercial Bandwidth in Austin Texas as all of 

continental Europe???130K user YE96

Even with OC12s and OC48s, insufficient bandwidth for 

current application load

Japanese curious about huge OC48 demand

35-40M users today adding >500K per month

Not enough access points in the  backbone

Many MAEs not profitable

NAPs just starting to emerge for other economic reasons 

than sim ply providin g bandwidth-hi gher functionalit y

Changes in the Internet in the USA

Shift from switched (circuit and virtual circuit) 

into routed links for better utilization (Except 

Bells)

Emergence of more commercial NAPs and 

replacement of several MAEs

Economic viability of new NAPs broader than just 

backplane access

New NAPs take full responsibility for route 

optimization and protocol conversion

More profitable and efficient than old MAEs

Emergence of Virtual Corporations / Internet 

based e-commerce as base of all activities
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Andy Heller

NGI The Next Generation Internet

Funded for Fiscal 1998 at $100M
Split between DOD, DOE, NASA, NSF, 
COMMERCE
From GIGA to TERA bps

Expect ongoing funding until at least 2004

Money for pure Optical solutions, mixed 
optical-electrical solutions and electrical 
solutions

Looking at backbone (TERA-BIT+), NAPs, 
FIXs,etc (100+ GIGABIT), and LANs (1-10 
GIGABIT+) 

NGI Goals

10 Universities/Natnl Laboratories connected 

together at 1000 times current maximum available 

bandwidth limits  Approx. 1Tbps+

100 Universities/Natnl Laboratories connected 

together at 100 times current available bandwidth  

Approximately 100Gbps

ESnet to be part of NGI

Ties to Accelerated Strategic Computing Initiative 

(ASCI) may add source of technology and funding

100Gb pro ject will likel y get some (D)ARPA funds
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What's driving growth of Internet 
traffic?

User Community Growth

Attachment speed

Local Computing power and storage 
capacity

Usage profiles

E-Commerce

Java

Telephonics

What's driving growth of Internet 
traffic?

User Community Growth >450k/month
Universities and Research Labs
Engineering and Design shops
Programming institutions
Large businesses

Small businesses and home office
K-12 and home personal use
1991/ <5M users, <5% home users

End 1996/ 35-40M users, about 25% home 
and home office use.  Home/HO could 
double b y 1998



A
lg

or
ith

m
s

A
rchitecture

Language

11

Andy Heller

Attachment speed
Growth of ETHERNET in the office (10Mbps)
Hi volume / low cost modems

112 baud in 1968
300, 1200, 2400, 4800, 9600 by 1990
14.4 kbaud in early 1990s
28.8 kbaud by 1995
33.6 kbaud and X2(56 kbaud) by early 1997
Average Home/HO already over 14.4
Next step is 10Mbps  or more using x-DSL or 
asymmetric (DBS), ETHERNET to the home

What's driving growth of Internet 
traffic?

What's driving growth of Internet 

traffic?

Desktop/LAN compute power and storage 

capacity

1972 time sharing gave capacity of about 40KIPS 

to the user and less than 40kflops

Original PCs about the same capability through 

about 1981

Early workstations from 1 to 3 MIPS by mid 1980s

Average workstation over 100mips/mflop by 1996, 

desktop PCs over 50 mips, 20 mflops  average by 

YE2000 moving to 400+mips, 200+mflops + 

DSPs--goin g from 1GB yte to >10 Gb ytes stora ge
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What's driving growth of  Internet 
traffic?
META Browsers

Natural language query
Search of probable WEB sites in parallel
Can generate thousands to tens of 
thousands of requests (agents) in parallel

E-Commerce-Birth of the Virtual Corporation
Growing at very rapid rate-Strong enabling 
technology in security, authentication and 
clearing house support
Complexity of requests  and size of returned 
data rapidly increasing-Large files being 
moved

What's driving growth of  Internet 

traffic?

Change in usage of the Internet

was dominantly e-mail with some FTP

the WEB (browsers) has dramatically 

increased both number of users on the 

Internet and the amount of data being 

moved per interaction

Starting to see emergence of more 

parallelism in usage of the Internet

E-commerce starting to become real-not 

just the same thing as before but done on 

the Internet.  Beginning to see first 

implementations of "Virtual Cor porations"
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Andy Heller

What's driving growth of  Internet 
traffic?

Net-casting

Alerts
Information services
News

Use of Internet to replace private nets as 
functions move from clerks to customers

Will TELNET still exist as it is today

2 packets/character in the backbone
build and tear down 2 virtual circuits per 
character

What's driving growth of  Internet 
traffic?

JAVA-  Will cause rapid increase in average 
size of data transferred per WEB interaction- 
move both data and applet-increase of 
non-text content

Improving Internet Telephonics

Not very good, extremely cheap 
approx. 60mb/hr
Quality improving, getting to tolerable jitter
Cost about $0.01 on the Internet to $1.00 on 
standard long distance and oversea calling
Phone companies very unhappy with the 
situation-must learn to sell bandwidth
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SCORECARD
Function YE96 YE00 Mult Wgt Impct

#of users~40m ~120m 3x 1.0 3
B/e-mail  <500    >60k 120x 0.8 300+
cast-k/u/d   <1     >500 500x 0.2 300+
metaBrs M/d  <.01     >20m/d 2000x 0.15 900+
av. modem  ~15k >1.5m 100x 0.6 180+
av.hrs/day  <.2   >2.5 12x 1.0 36
e-$*M     <$750 >150B 200x 4.0* 800+
tele %U     <0.1% >25% 250x 1.0 250+

NC usage  <0.1  >15 450x 3.0** 1350+* 
3xU*(20%)*5xpages+40 invisible accesses
**increased video/audio/conference gamin g

What will happen over the next 3-4 

years on the Internet

Massive growth of Infrastructure

Major shakeout of ISPs-Merger mania

E-Commerce carrying significant portion 

of cost burden-but major consumer

Major inroads into K through 12 education

30-50 million Americans having access at 

their homes using PCs, NCs, Games, and 

WEB-TVs for information and commerce

Massive displacement or functional 

adjustment of lon g distance carriers
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George Cotter
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George Cotter
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George Cotter



A
lg

or
ith

m
s

A
rchitecture

Language

20



A
lg

or
ith

m
s

A
rchitecture

Language

21

George Cotter
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George Cotter
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