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E
rrata:

F
igure

3
in

the
proceedings

contains
the

w
rong

figures.

G
raphs

allshow
D

elay/R
T

T
thatis

0.5
too

big
(e.g.,

3.0
should

be
2.5).

C
orrected

paper
and

tech
report(longer

version)

available
at:

f
t
p
:
/
/
f
t
p
.
e
e
.
l
b
l
.
g
o
v
/
p
a
p
e
r
s
/
s
r
m
.
p
s
.
Z

f
t
p
:
/
/
f
t
p
.
e
e
.
l
b
l
.
g
o
v
/
p
a
p
e
r
s
/
w
b
.
t
e
c
h
.
p
s
.
Z
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W
h

y
M

u
lticast?

E
fficiency

(only
one

copy
ofdata

per
link,

independentofnum
ber

ofreceivers).

G
roup

queries
(can

requestdata
w

ithoutknow
ing

w
ho

has
it).
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T
h

e
W

o
rld

u
sed

to
b

e
so

sim
p

le

A
p

p
licatio

n

P
ro

to
co

l

data

A
p

p
licatio

n

P
ro

to
co

l

data
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b
u

t
m

u
lticast

ch
an

g
es

th
e

ru
les

S
ender

can’t
keep

‘state’
for

unknow
n

num
ber

of

receivers.

A
lgorithm

s
based

on
estim

ating
path

properties

(R
T

T,congestion
w

indow
)

don’tgeneralize
to

trees.

M
odel

of
com

m
unication

as
‘conversation’

breaks

dow
n.
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M
ost

w
ork

on
reliable

m
ulticast

attem
pts

to
condition

environm
ent

so
unicast

transport
m

odels
w

ill
w

ork.

E
.g.,

C
hang

&
M

axem
chuk

(and
derivatives

like
R

M
P

)

form
m

em
bers

into
token

ring;
M

T
P

elects
a

central

controller.

T
hese

approaches
have

serious
scaling

problem
s.

(F
orm

ing
ring

or
electing

leader
require

group-w
ide

agreem
ent

w
hich

is
expensive

and
problem

atic
w

hen

m
em

bership
changes

frequently.)
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A
t

S
IG

C
O

M
M

90,
C

lark
and

Tennenhouse
proposed

a

new
com

m
unication

m
odel,

A
pplication

LevelF
ram

ing

(A
LF

),thateasily
generalizes

to
m

ulticast.

S
om

e
key

parts
are

to
let

applications
m

anage
the

com
m

unication,
speak

in
“application

data
units”

(e.g.,

video
fram

es,
disk

blocks)
and

use
an

application-

specific
nam

espace
for

data
(e.g.,

filenam
e

&
sector

offset).
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S
ince

1991,
w

e
have

been
trying

to
elaborate

the
A

LF

m
odel.

O
ne

piece
w

e’ve
developed

is
a

scalable,
reliable

m
ulticast

fram
ew

ork,
S

R
M

.
It

is
fully

decentralized
(no

ring
or

central
controller)

and
handles

arbitrarily
large

groups.

A
com

plete
protocol

using
the

fram
ew

ork
has

been

im
plem

ented
in

the
LB

L
w

hiteboard
tool,w

b,and
tested

on
the

M
B

one.
W

b
has

been
in

w
idespread

use
since

1993
forconferences

w
ith

anyw
here

from
tw

o
to

several

thousand
participants.
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S
R

M
R

eliab
ility

M
ach

in
ery

A
ll

traffic
is

m
ulticast.

E
ach

session
has

a
bandw

idth
lim

it.
A

nyone
can

send
ifhave

data
and

aggregate
traffic

is
underlim

it.

A
ll

m
em

bers
send

low
-rate

‘reports’
that

contain

their
current

state.
R

eport
sends

random
ized

and

rate
lim

ited
to

3%
ofsession

bandw
idth

fjm
lz–S

R
M

–9



S
R

M
R

eliab
ility

M
ach

in
ery

(co
n

t.)

R
eceivers

learn
they’re

m
issing

data
either

from

hole
in

sequence
space

or
from

som
eone’s

report.

R
eceivers

m
ulticast

a
‘repair

request’
to

ask
for

m
issing

data.

A
nyone

that
has

data
can

reply,
not

just
original

source
ofdata.
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‘A
ck

Im
p

lo
sio

n
s’

A
CD

1
2

B
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‘A
ck

Im
p

lo
sio

n
s’(co

n
t.)

2

22

1?

1?

1?

A
CD

B

syn
ch

ro
n

ized
‘rep

air’ req
u

ests
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A
vo

id
in

g
ack

im
p

lo
sio

n
s

E
very

node
estim

ates
distance

(in
tim

e)
from

every

othernode.
(Info

forthis
carried

in
session

reports.)

N
odes

use
random

ized
function

of
distance

to

decide
w

hen
they

should
request

repair
(or

reply

to
a

repair
request).

R
eceiptofrequestorreply

causes
node

to
suppress

its
ow

n
attem

pt.
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D
istan

ce
E

stim
ates

i

S
i

R
j

S
j

R
i

j

i:
R

j
S

i

M
sg

T
M

yT
D

ist

. . .

. . .

S
i

. . .

i: S
i+(S

j-R
j)

. . .

S
j

W
hen

j’s
reportarrives

ati,distance
from

jis
calculated

as:
.
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L
in

ear
To

p
o

lo
g

y
R

ep
air

C
h

ro
n

o
lo

g
y

snd 1,2

rcv 1,2

rcv 2

rcv 2

rcv 2

snd 1

rcv 1

rcv 1

snd 1?

rcv 1?

rcv 1?

rcv 1?

rcv 1?

rcv 1

R
1

S
R

2
R

4
R

3
T

im
e0

-1 -2123456
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W
o

rst
case

to
p

o
lo

g
y

(star)
an

d
ran

d
o

m
izatio

n

R
1S

R
2

R
3

R
4

R
5

R
6

R
7

R
8
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R
equest

and
repair

tim
ers

set
to

random
num

ber
in

intervals:

S
im

plestS
R

M
uses

fixed
values

for
constants:

log
m

em
bers
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(random
trees;allnodes

m
em

bers)

fjm
lz–S

R
M

–18



S
ession S

ize
Number of Requests

20
40

60
80

100

0 5 10 15 20

. .. .. . .... .... ... .. .
. .. .. .. ... .... . . . . . .

. .. . .... .. .. .. . ... . .
.. ... . ... .. ... . .....

. . .. .. .. . ... ... . .. . .

... .. .... .. ... .. .. . .
..... .. .. .. ... . .. . ..

.... ... .. .... .. . . . . .

... .. .. ... . .. .. .. .. .
.. ... .. . ... .. .. . .. . .

S
ession S

ize

Number of Repairs

20
40

60
80

100

0 5 10 15 20

. . . .. . . . ... . .. .. . .. .

. ... .. ... . . . .. .. . . . .

. . .... .. .. . . . . . .. .. .

.. .. . . .. .. ... . . . .. . .

. . . . .. . . . . .. . .. . . . . .

.. ... . . .. . . . . . .. . . . .

.. . .. .. .. .. .. . . . ... .

. .. .. .... . ... .. . . . . .

.. .. .. . . . . .. . .. . .. . .

.. .. .. . . . .. . . .. . . . . .

S
ession S

ize

Delay/RTT

20
40

60
80

100

0 1 2 3 4 5 6

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .. . . . . . . . . .

. . . . . . . . . . . .. . . . . . . .

. . . . . ... . . .. . . . . . . . .

. . . .. . . . ... . . . . . . . . .

. . . . . . . . . . .. .. . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . .. . . . . . . . . . .. . . .

. . . .. . . .. . . . . . . . . . . .

(1000
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degree
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R
andom

intervalconstants
(w

eakly)
sensitive

to
both

topology
and

location
ofloss.

C
an

getbetter
repair

response,few
er

duplicates,or
both,if

and

dynam
ically

adjusted:
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(1000
node,bounded

degree
trees,adaptive

algorithm
)
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O
th

er
S

R
M

A
p

p
licatio

n
s

A
lm

ost
any

large-scale
data

distribution
—

B
G

P

routes,D
N

S
zone

xfers,U
senetnew

s,stock
quotes,

etc.)

S
elf-configuring

cache
hierarchies

for,e.g.,W
eb

or

F
T

P
data.
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S
o

m
e

O
p

en
Q

u
estio

n
s

‘Local’repair
to

avoid
‘crying

baby’problem
.

O
ther

form
s

of
bandw

idth
adaptation

/
congestion

control.
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