
C
ongestion
C
ontrol

goal:
provide
an
end-to-end
feedback
m
echanism
w
hich
causes
senders
to
adapt

to
a
fair
share
of
the
b
ottleneck
link

w
h
a
t
is
th
e
b
o
ttle
n
e
c
k
lin
k
?

w
hat
is
the
m
axim
um
bandw
idth
acheived
by
a
T
C
P
connection:
B
W

=
w
in
d
o
w

R
T
T

�

w
indow
constrains
the
sending
rate

�

corresp
onds
to
num
b
er
of
netw
ork
bu�
ers

�

congestion
control
is
the
problem
of
adapting
the
w
indow

�

w
in
e
f
f
e
ctiv
e
=
M
I
N
(w
in
co
n
g
es
tio
n ;
w
in
a
d
v
er
tis
ed )
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C
ongestion
C
ontrol-
som
e
basic
de�
nitions

c
w
n
d
the
e�
ective
congestion
w
indow

ssth
r
e
sh
the
current
m
inim
um
b
ound
on
a
reasonable
congestion
w
indow

c
o
n
g
e
stio
n
e
v
e
n
t
a
loss
w
hich
occurs
w
ithin
the
tim
efram
e
of
the
current

congestion
w
indow

p
a
c
k
e
ts
in

ig
h
t
the
num
b
er
of
packets
that
have
b
een
sent
but
not
yet

acknow
ledged

c
o
n
v
e
r
v
a
tio
n
o
f
p
a
c
k
e
ts
dont
inject
new
data
until
w
e
are
fairly
certain

that
a
packet
has
left
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S
low
S
tart

how
should
w
e
start
sending?

�

initial
w
indow
size
m
ay
b
e
greater
than
num
b
er
of
available
bu�
ers

�

set
c
w
n
d

to
1,
and
s
s
t
h
r
e
s
h

to
1

�

increase
by
1
for
every
ack

�

\slow
start"
is
actually
exp
onential
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C
ongestion
A
voidance

�

linear
increase,
m
ultiplicative
increase

�

once
c
w
n
d

=
s
s
t
h
r
e
s
h

prob
e
the
netw
ork
m
ore
slow
ly

�

linear:
for
each
ack
increase
c
w
n
d

by

1
c
w
n
d

�

on
a
tim
eout,
set
s
s
t
h
r
e
s
h

=
p
if2

�

on
a
tim
eout,
set
c
w
n
d

=
1
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Ack Pacing

Pr

ArAs

Pb

ReceiverSender

Ab

� limiting the window isn't enough to stop bursts from occuring

� each (non-duplicate) ack advances the window by one segment

� this naturally smooths out transmissions to the bottleneck capacity

� slow start is necessary to start pacing

� so idle connections restart in slow start
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F
ast
R
etransm
ission

�

single
losses
are
catastrophic
for
p
erform
ance

�

duplicate
acks
indicate
that
a
segm
ent
w
as
m
issing

�

w
e
can
retransm
it
that
segm
ent
im
m
ediately
after
3

�

set
s
s
t
h
r
e
s
h

to
p
if2

�

set
c
w
n
d

equal
to
s
s
t
h
r
e
s
h
+
3
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R
T
T
E
stim
ation

w
hat
tim
eout
interval
should
w
e
use?

�

if
larger
than
the
real
R
T
T
,
p
erform
ance
su�
ers

�

if
sm
aller
than
the
real
R
T
T
,
w
e
have
excessive
retransm
ission

�

solution:
adapt
retransm
it
tim
er
based
on
A
C
K
m
easurem
ents

�

use
a
w
eighted
m
oving
average
to
sm
ooth
out
sam
pling
noise

R
T
T
n
ew

=
(1
�

�
)R
T
T
o
ld
+
�
M
e
a
s
u
r
e
m
e
n
t
w
here
�
is
called
the
gain
and

determ
ines
how
resp
onsive
the
m
oving
average
is
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