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3.1 Internet and Local Net
Dave Clark
MIT

LOCAL NETWORKS

BASIC APPROACH: BANDWIDTH IS "FREE", SO WASTE IT.

Clearly, wire 1is not free. But the economics of Tocal networking
is completely different from Tong haul networking, where bandwidth is
the dominating cost. In local area nets, it is seldom useful to add
components to increase bandwidth utilization

FEATURES:
CONGESTION CONTROL IS OUTSIDE NET
Local nets have very simple congestion control, e.g. Ethernet
collision back off. The net tself does not get congested, since there is
no storage in the net. Instead, congestion is manifested as backup in
host buffers. This means that detection and control of congestion
depends on host co-operation.

FLOW CONTROL:SOMETIMES
The ring net has a "refused bit" which a receiver can set to say
that there are no buffers available. This is a very low level mechanism,
and does not extend well to internet architectures. Ethernets lTack ~even

this.

ROUTING: BROADCAST
The use of broadcast is a way to reduce system cost by using up
bandwidth. It is not always thought of 1in this way, but this is actualily
a fundamental design characteristics of LANS. ‘

ALLOCATION: ROUND ROBIN, CONTENTION, PRIORITY

SUMMARY POINTS
LOCAL NETS ARE HIGH SPEED AND LOW DELAY
LANS ARE BROADCAST
CONTROL ALGORITHMS ARE WEAK
NO PROGRAMMABLE COMPONENTS
That is, there are no IMPS in an Ethernet.

SECOND TALK: THE INTERNET PROJECT
RESEARCH PROBLEMS OR GOALS:

1) VARYING NETWORK CHARACTERISTICS
This is a problem both for performance (how can one internet
utilize both a 1200 bps phone 1ine and an Ethernet) and for control (how
can one build an Internet congestion control algorithm out of nets that
have no congestion control algorithm).



gateways gg well €nough that its functiong can be Specified ip enough
detaij that 4t €an be made a stock item. This wi1y Frequire ney
techniques in specffication.

3) MORE FUNCTIONS IN THE HosT
In the ARPANET and also jp X.25, functions Such as fioy controj
are performeg inside the network, where jp Some sense they can be
trusted. 1p Internet, We view the host as not trusting the net, and move
these functions into the host.

is easy to get Performance if that Performance is over a4 narrow
range of network characteristics. When the Networks are very different
in delay, Speed, ang contro] a]gorithms, it ds difficult to builg
Protocols which Cover the range of POSSibilitieg and adapt we7y to
alil POSsibilities. This is a goal of Internet,

this Comparison jg imperfect, telephone Tines do not have figy and
Congestion control algorithms . In fact, Moving from the Specific

ust as 1qp the ARPANET the HHp was Quickly frozen but the IMP code
continues tqo change, the gateway design jg 5til1 4p flux,

ROUTING: noT VERY Goop
We only support smailj Internets, and we go nNot support routing based
on T0S, or op sSecurity op other traffic Parameters . This js a8 subject of

current study,
We are introducing EGP, 2 gateway Protocol that Partitionsg the

that it works. Sevepaj groups are consfdering aTternatives.

TCP is not Mandatory, Some othep Protocoj might yse Some other form of
flow contro7, €.9. timer baseg rates. The Internet must pe Prepared g
deal with all of these,
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PROBLEMS

GROWTH AND TOPOLOGY

It was a goal of the internet to take whatever networks seemed to be

around, and to combine these using gateways into an Internet. This
implies that there are no topclogical restrictions on the Internet. As
the Internet grows, this goal seems unreasonable. Some structure is
needed to make addressing and routing work. However, the form of this
restriction is unclear.

BETTER ROUTING AND CONGESTION CONTROL
The Internet project concentrated its early effort in getting the
bits through, and paid less effort to the issue of resource control in
the networks and the gateways. The pressure to provide good performance
is forcing us to now consider this latter issue. The integration of
these ideas into the existing protocols will be a good test of our
foresight.



3.2 Internet Packet Speech Communication
C.J. Weinstein and J.W. Forgie
MIT Lincoln Labs
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INTERNET PACKET SPEECH COMMUNICATION

e REQUIREMENTS FOR SPEECH IN PACKET NETS
e ST PROTOCOL GOALS
® SPEECH IN THE EXPERIMENTAL WIDEBAND INTERNET

e THE ST/IP GATEWAY AND ASSOCIATED FLOW CONTROL ISSUES
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REQUIREMENTS FOR SPEECH N PACKET NETS

© GUARANTEED PEAK DATA RATE
© CONTROLLABLE (AND LOW) DELAY

® SMALL QUANTITY OF SPEECH PER PACKET

® HIGH LINK UTILIZATION TO COMPETE WITH CIRCUIT-SWITCHING

® CONFERENCING

EFFICIENT USE OF RESOURCES INCLUDING BROADCAST NET
= DISTRIBUTED CONTROL

44
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MULTIPLEXING CONSIDERATIONS AND LIMITS

Vo MULTIPLEX
TASI OR DSI

- SINGLE LINK

- HIGH EFFICIENCY FOR LARGE NUMBER OF TALKERS
PACKET

- MULTILINK

= ALLOWS DELAY VS. TASI TRADEOFF

- COST IN PACKET OVERHEAD

- CONVENIENT FRAMEWORK FOR VARIABLE RATE OPERATION

DATA/VOICE MULTIPLEXING
USE OF SILENCES FOR DATA TRANSMISSIOM
- CAN GET HIGH THROUGHPUT
- PACKET SYSTEMS GIVE MOST FLEXIBILITY

OCAL NETS
ETHERNET-LIKE SYSTEMS GIVE VOICE MUXING PERFORMANCE SIMILAR TO
FIXED-TDMA BUT WITH MUCH GREATER FLEXIBILITY

SATELLITE NETS
NEED STREAM RESERVATIONS

LOCAL TASI-LIKE MUXING OK
SATELLITE-WIDE TASI LIMITED BY RESERVATION DELAY

41

A AL R R R R RRRRRRR



FLOW AND CONGESTION CONTROL IN PACKET VOICE/DATA SYSTEMS

VOICE
e BLOCKING
e PRE-EMPTION
e VARIABLE RATE
- DIAL UP
- EMBEDDED CODING

DATA VS. VOICE

e PRIORITY OF VOICE AND DATA

e INTERACTION OF DATA FLOW CONTROL MECHANISMS
(1.e., TCP PARAMETERS) WITH VOICE TRAFFIC

570
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WIDEBAND NETWORK SPEECH EXPERIMENTS

e BASICALLY ALL INTERNET PATHS HAVE BEEN VALIDATED
e SOME PINCHPOINTS DUE TO CASCADING OF INTERFACES AND PROCESSORS

e ACCESS TO RESERVED RESOURCES HAS BEEN OBTAINED USING ST
AND PODA STREAMS

© HOWEVER, SOME REDUNDANT EXTRA BUFFERING (DELAY) IN GATEWAY AN
PSAT ARE NEEDED TO USE STREAMS EFFECTIVELY
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3.3 Local Nets and Hosts
Dave Mills
M/A-Com Linkabit
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3.4 Packet Radio Network Overview
Keith Klemba
SRI International
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3.5 Packet Radio Link Layer
John Jubin
Rockwell International

SELECTED VIEWGRAPHS ON
THE PACKET RADIO LINK LAYER



"FAIRNESS" IN TRANSMIT QUEUING

Radio transmit queuing discipline 1is basically first in, first out

However, a packet received from PR P is put ahead of a packet from PR Q
if a previous packet from Q has been or will be radio forwarded

before a previous packet from P - e.g.:
in the following queue,

Q1 (i.e., packet #1 from PR Q)
P1
Q2
R1
Q3

P2 would be inserted between R1 and Q3,
instead of after Q3

This "fairness" algorithm provides for a more equal sharing of a PR's:

throughput capacity

buffer resources



SINGLE THREADING

IT more than one packet is queued for transmission to the same next PR,
only one is (re)transmitted while waiting for the ACK

Thus, only cone passive acknowledgment at a time is transmitted to
previous PR(s)

However, packets addressed to different next PRs are scheduled for
transmission independently



PACING

Forwarding cycle has 3 frames - receive, transmit, receive ACK

basic algorithm:
Measure forwarding delay (D) through receiving PR

Schedule transmission of next packet to that PR 3*D
after transmission of last packet

refinements:
Smooth D measurements
Separate by 3*D all transmissions to same PR,

including retransmissions of same packet and
transmissions of packets from different previous PRs

abnormalities:

If retransmission(s), measure forwarding delay from time of”
transmission of the copy that was forwarded by receiving PR

If receiving PR doesn't ACK, consider forwarding delay the time
that waited for ACK
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RANDOMIZATION DELAY

Every transmission employs the 0-640 usec. randomization delay to
unsynchronize CSMA sensing

The first transmission of a packet employs no randomization delay of
packet transmission intervals:

minimizes forwarding delay

depends on pacing to avoid collisions from hidden PRs

Each retransmission employs an increasing range - 0-3, 0-7, - of
packet transmission intervals, in case previous transmission collided

with transmission(s) from hidden PR(s):

decreases probability of retransmissions from hidden PRs
colliding

gets hidden PRs' pacing out of phase




TYPE OF SERVICE

Requested by user on packet-by-packet basis

"Speech” type of service selects different values of parameters:
data rate - 400 kbps only
maximum pacing delay - JTower
number of retransmissions - fewer
randomization delay per retransmission

on which retransmissions alternate routing help is requested -
sooner
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3.6 Packet Radio Network Control
Jil Westcott
Bolt, Beranek and Newman
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PACKET RADIO NETWORK
MANAGEMENT

What Is a Packet Radio Network?
@ A Connected Graph of PRs
@ Every PR Has at Least One Neighbor

@ Connectivity Changes Over Time,
Unpredictably

7]



PACKET RADIO NETWORK MANAGEMENT
(Continued)

Objectives of Network Management
@ Quick Response to User Needs - Datagrams

@ Survivable Operation

— Redundant PRs, Stations, and Connectivity,
== Graceful Degradation

— Immediate Alternatives to Failed Routes
— Continuous Reassessment of “Best Routes”

@ Guaranteed Service
— Flow Control, Pacing Prevent Saturation

— Special Handling for Certain Traffic
(Digitized Speech)
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Solution:
© No‘g One, But Many Management Strategies
@ Applicable to Different Situations:
~ Applied Over Different Time Scales

— Affecting Different Geographic Regions
{In General, Longer Times Over
Larger Regions)

43



Some of the Strategies

@ Single Station Routing
@ Alternate Routing

@ Multistation Routing
@ Stationless Routing

74
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CAP6: MULTISTATION ROUTING

Background

@ PRs May Have Attached “’Devices'":
— Terminal Concentrators
— Gateways to Other Networks

@ One Kind of Device Is a Computer - a ““Station’’

@ A Station Attempts to
= “Label” a Set of PRs Close to It (Its Region)
= Monitor the Connectivity of the PRs It Labels

— On Request, Furnish “Best Routes” Between PRs

It Labels
— Cooperate With Other Stations to Build Longer Routes
—... And Provide Maintenance and Measurement Services

- Dt opited Mame Server

25
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