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Data transmission system with AQM

Control Function

i AP Tr_normT q_error | qB : gref_, 0 2 Qref,

q;n‘m‘norm - < ?J QIEf

q — f
Actuator Monitor 0 fre v @ < Qrety

. a
Incoming packets i p TI‘ Tq Serving | r-p T <9
|::> Queue |:> |:> 1, —=>2
= | n
B Qref 0
@ Drop



. AQM
ntrol function for
Co

e, s
~'I.','.'.'~'.'.'.‘.'.':~'~'.',~"
............... 2%
""..'I.." .
."'t'.'.'.','ln'.'.""

"""

X
N
RN
MR 2% .%’0\\‘\\\ W 2N
"ununnul"nuu. '0.""‘.‘"@’\ RS o RN N
vy ununll"unu ""','"s\\‘ N \\"'""""" R N
L mlllmu.,"n o «\s\\\\‘.-,'.".':-"-':fl 1“’*‘*“\“\“‘0 N
2% SRR R
llllllllllllllllllllllll' "u..'"“\\o‘.zz'-z 2 \‘\\‘~‘-“~‘~‘~*\“\‘
R S SR
-'::::."~'::.~.~.~,'.~.z'.'.','.'.~.=',-'."lu,,"'\\s*.znzz-:~:., .-s\\\\‘,»::.«“s\\\\“\\\.
Ll -:::::.-.~:.~.-::.~::.~:,.:.?..,,llﬁ,s.:z-.-.".'.:'.'.z'.zs‘\\\\\‘&i:q&"\\\\\‘:i
227 .~_.~:'.-~--~. R R -uu.nnnn R R
R N
e 2N
LRI
2 ::.':.z'::.'.\’\s\\
..'.'~'.'....'.'.':.'.'.'.~\s,~
P '.'.':.'::::.'-'.-:.'."é\\
~'::::.'~':.-.~:::.'-'.~2-1~“\
2 .{.:'.z':.z?'l:.z.p%o:\
RS ""'5'.""'-'.""."}?."” 2
1 — LIRS
ey, 5
oo
0.5

A
2%

Xruyy,

'Illlll’
2epy, l"'ll"lllll
l":.. Z 'l"'l'lllll" {7

2%
L7 ."'ll'
% ey, e 2 u':.':t'.':"-'
v, I"..""' ....'...".......'.
R :"u.nu 27 -..u...........".
8200y lll',' 1 R L, e R ~‘."'-'~'.'.'.~.~,':.'.'.'.'.'.-'.'.'.'::.~::
e e, iy, R 2 unn' R \\¢....nu............nu.
25 .,,,...',:.,....,",,,,, 2 L K n':’ \\\\o&\\\\\\\\\\\ ."'.'.'.l.':..."t:.n.."lnll:"
.....'..."' 2 L2 TR RO o
L2 s s ssaAN =
RRLLRRLLLL R L RN ll"lllllll" HITT775
— '....'... o X2 e o
............... BRI S 222 R T lllllllllllllllll
................. ..........-....... LLLR2E W
:'n?'.'n'-?'t'nﬂ"l.'c'.}'.""'n?,{n’.}ﬁ'.""'ﬁ'.ﬂ?: 2 '.'.'.:.'.\ \\\'ll"[ll"lllll"ll"ll
% LI ..'::::'::.'::.'.'.'..' N R ) &, Haea ey
= LR, LRI, 2 22 W AR \nu"nnunuun
22 222 - \ N X
e LI, LR '\\“\\\1\‘3?.".'.".'.".'.'.'.".' ol
LR > \§~:‘\~:¢:{~'.nm'.....'
e
12 =
2R
2
5 - R
-0. X ,~.~.......'.'.'.-~'.~::.'::.'.-
NS R 0......-:;,':..."."':,' -
R LB LR,
X T

0

€errornorm
a_

PH—l

H
T
_I_
T
=
x
v
l—‘



Discrete system

THE LEVEL OF THE TRAFFIC LOAD INTENSITY SYSTEM OVERLOAD STATUS

Load level | 7r” value | "rl,,, range Overload status 7s” value
Small 0 [-1; -0,6) Small load 0
Average | [-0.6; -0,2) Normal load |
Normal 2 [-0,2; 0,2) Overload start 2
High 3 [0,2; 0,6) Overload 3
Overload 4 [ 0.6, 1 ] Load drop 4




Queuing system with thresholds

Incoming flow
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8 subsets of states:

Xoo ={(s,4,7) :
Xo1 ={(s.q,7)
X110 ={(s.q,7)
Xi2 ={(s.q,7)
Xo2 ={(s.q,7)
Xos5 =A{(s,q,7)
X33 ={(s,q,7)
Xaa={(s.q,7)

SZO,?":O,OS(]SQref}:

:s5=0,r=1,1<¢q¢< Qrr+1},
cs=1,r=1, L<q¢< H},
cs=1,r=2, L+1<qg<H+1},
S=2.r=2 Qu <q< B-3},
c5=2,r=3, Qut+1<q< B—-2},
:s=3,r=3, H<q< B-1},
cs=4,r=4, H+1<q< B}.



Hysteresis load control
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Diagram of the Markov process
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System of equilibrium equations

STRUCTURE OF TRANSITION INTENSITY MATRIX A
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Probability

Numerical analysis
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Subset number

B =50, Qref=25,L=20,H=30
A dimensions is 160x160

u=1

Ao =1,95

AM=12

A2 =0,47

A3=0,43

Probability of states L< q < H:
P(Y)=0,68



Average queue length (Load curves)
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Linux kernel implementation
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qdisc htb
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Queue length evaluation
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FLC implementation on a free source Linux-router
(OpenWRT)

Architecture: MIPS

System-On-Chip: Broadcom BCM5354
CPU Speed: 240 MHz

RAM size: 32 MiB

root@net1:~# uname -a
Linux net1 2.4.37.9 #42 Tue Apr 6 15:59:04 CEST 2010 mips GNU/Linux

root@net1:~# tc -s qdisc Is dev br-lan
qdisc htb 1: r2q 10 default 10 direct_packets_stat O

Sent 1459353152 bytes 1150066 pkts (dropped 0, overlimits 0)
qdisc flc 5: parent 1:5 limit 500Kb
gref 250000 g_lim 500000 p_rate0 6250 d_scale 343597 sampling 6 ecn
Sent 1184030 bytes 839 pkts (dropped 0, overlimits 0)
marked O early O pdrop 0 other O




Thank you for your attention!

Andrey Maslennikov
amasl2048@gmail.com
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