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Overview

TCP senders TCP receivers
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TCP Window Congestion Control algorithm

Sender sends W packets at a time
Window size = W

e Additive increase (Al):
window size increases by one per round trip time if no loss

e Multiplicative decrease (MD):
window size decreases by half on detection of loss
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TCP Window Congestion Control algorithm

Sender sends W packets at a time. Window size = W.

e Additive increase (Al): window size increases by one per
round trip time if no loss

Multiplicative decrease (MD): window size decreases by half
on detection of loss
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TCP Window Congestion Control algorithm

Sender sends W packets at a time. Window size = W.

e Additive increase (Al): window size increases by one per
round trip time if no loss
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Sender-receiver connection without RED
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Sender-recelver connection with RED

Early notification to sender
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Fluid-flow model of TCP-RED (1)

Window size: dw(t) _ 1 w(l) w(t —r(t)) _
o r 2 raeray PO

Additive Multiplicative Loss arrival rate
increase decrease

Instantaneous da(t) - N w(t) _ C

queue length: dt r(t)
Incoming Outgoing
traffic traffic
t
Round trip time: r(t) = % + RO
Queuing Propagation
delay delay

Chen et al.: Stability Analysis of RED Gateway with Multiple TCP Connections IEEE ISCAS 2007, New Orleans
9



Fluid-flow model of TCP-RED (2)

dx _ In(1-a)

(x() - q(t))

Average queue —
length: dt o

& : queue averaging weight

5 : sampling rate ~1/C

0 0<x(t) <X,

Marking/dropping X(t) =X, .

probability:

X SX([) < X,

.
0
|:| max
(t) D Xmax - Xmin
p,(t) =0 )
s, =2 (=) X g <X(O) $2X,,
- 1 X <x(t)<B
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Marking/dropping probability

Py

pmax
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Steady-state solution and target queue

length
— — — X(t)_xmin
Let N(t) = N, C(t) = C and p(t)= max
Xmax _Xmin
Equilibrium point (q,, 1y, Wy, p,)
Xmax + Xmln
O =
@
Iy =% +R,
Cr
"N
Xmin
= o ,ON O
= max =<
I - Xy ECGO
X
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Linearization and characteristic equation

— C2
gaw(t)— at 1) 5 B )
0

Eﬁq (t)=— 5W(t) -— &(t)
[] Iy Iy
559(0 =CInl-a)(op(t) - Bx(t))
0
where:
D5w W =W,
DJq q-0do
Pp=p-p,

—_ pmax
ﬂ Xmax_xmin
Characteristic equation in Laplace domain:

. ,1 N , 2N aC aN,, 2aN N , Na,, CoB. .
A e TN e T T T et Tt T 2N18 e 20

where:a, =In(l-a)
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Characteristic equation

With Padé(1,1) approximation: 1_M
e—/\ro ~ 2
1+M
2
we obtain:

At+aA’+ad’ +ad +a, =0

where: 5

(R_ 1)C
6N 2
K3+K2
4N _6Na, 2a, 20N
K* K°® K? oK?

3\ ~»
-—)C
( o

( )C’

PR R R
I

1 «a
= -4Na, (—— ——1)C*
1(K4 CDK)
K =cr,
@):Xmax_xmin
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Stablility conditions for TCP-RED

The Routh-Hurwitz stability criterion provieds the necessary and
sufficient stability conditions for the approximated system in terms

of network parameters (N, a, K, ©):

AN 6Na, 2a,N ., 3 6N 2
- 20, +—)(— —-a,)(— +— -
7K 1t MG )7 -~

AN 6Na, Z2a, 20, 3 ,,1 1
- - Mgt S +ANa, (= —a,)*(= -=) >0
(K3 K2 K ch)] 1(K Y ﬂ< CD)

(
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Stable region in (K, N, @)

1200 SR y -+ Unstable
4}': 1000
= 800
s 600
1y
= 400
Rt i
100 PR _log (a)
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S00
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Stable region in (K, N, @)
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Stable and unstable waveforms of queue
length: ns-2 simulations (1)
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-
]

g

2

HED:I
g £
r5] —
B :
& ws c
— 5
@ 300 S =
= o
= =
E:m %:—_ﬂa 1
I >
100 L
100 -
o
1] 10 200 D 404 o )
Time (s) o S0 00 158 200 250 300 350 403 450 50
) Teme (=)
K = 758.5 packets (r, = 64 ms), © = 256 K = 865.2 packets (r, = 73 ms), ® = 256
packets, a =0.01 packets, a =0.01

Chen et al.: Stability Analysis of RED Gateway with Multiple TCP Connections IEEE ISCAS 2007, New Orleans
18



2
]
=

(i
i)
i
=

-
=
a2
a
=5
ar
=
=3
iy
e
s
T
=

L=

-
3

:

500

100

Stable and unstable waveforms of queue
length: ns-2 simulations (2)
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K (packets)

Comparison of simulation methods and
approximations

= ulati
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Comparisons: K = Cr,
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Comparisons: varying o
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Comparisons: varying N
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Comparisons: varying @
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Conclusion and future work

= We have derived stability boundaries of the RED scheme
based on an analytical closed-form solution using the
Padé(1,1) linearized fluid flow models.

= Very good match between the stability boundaries found from
the Padé(1,1) linearized fluid flow model and ns-2 simulations
has been achieved.

= The model (verified by ns-2) can be used to predict dynamical
behavior of the system.
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Thank you!
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Appendix 1
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Stable queue length waveforms: Simulink
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Stable queue length: Simulink
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Unstable queue length waveforms: Simulink
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Unstable queue length: Simulink
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Appendix 2
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Stable and unstable queue length waveform:
ns-2 (2)

Stable or not ?
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Stable and unstable queue length waveform:
ns-2 (2)
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Stable and unstable queue length waveform:
ns-2 (2)

Stable or not?
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Stable and unstable queue length waveform:
ns-2 (2)
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