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Abstract AQM (Active Queue Management) mechanisms, which perform a congestion control in a router to assist
end-to-end congestion control mechanism of TCP, have been actively studied by many researchers. For instance, RED
dom Early Detection) is a representative AQM mechanism, which drops an arriving packet with a probability being prop
tional to its average queue length. RED has four control parameters, and the effectiveness of RED depends on a cho
these control parameters. This is why many researches on the parameter tuning of RED control parameters have bee
formed. However, most of those studies have investigated the effect of RED control parameters on its performance frc
small number of simulation results. In this paper, we therefore statistically analyze a great number of simulation results u

the multivariate analysis. We quantitatively show the relation between RED control parameters and its performance.
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Fig.1 Simulation model
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Table 1 Parameter values used in simulation

EEEEEEEEEE 1.5 [Mbit/s]
00000000000000 50 [ms]
ooooo 1,000 [byte]
00000000000 100 pOoOO0]




s nowmow oo 0@ 0w 0 0%

T minth

maxth

i
Pl
3:
3

g TR maxp

02 REDOOOOOOOOOOOOOOODOOOOOODOOOO

Fig.2 Pair scatter plot of control parameters and packet loss probabilityFig. 3 Pair scatter plot of control parameters and packet loss probability
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(with variable transformation)

Table 2 Result of multiple linear regression analysis on packetloss proba- 0 3 00000000 (REDOOOOOOODOOOODO)
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Table 3 Result of multiple linear regression analysis on packet loss proba-

bility (with variable transformation)
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Table 4 Result of multiple linear regression analysis on average queue

length

gooob 0O0O0b Ooooooo t0 PO
ooog 9.75 41.87 0
wq -39.01 -0.02  -3.98 0
mingp, 0.22 0.14 9.37 0
mazep, 0.57 0.84 138.74 0
mazp -249.44 -0.33 -56.56 0
good 0.88

05 00000000 ((REDOODDOODOOOOODOOONO)

6. O0O0OOO0ODOO

Jd00dddbooooboOooboOoboboOoDpDboOoOooOo
O00000OREDOOOOOOOOODODOODODODOOOOO
0000000000000 000oo00o0o00U@REDODO
Jddo0dddooodoboo0ooOooobooooooOoa
maxin, — ming O ming,d maz,0Jw, 00000000000
O000000@RREDODOOOOODOOOOOOOODODO
000 mazindmaz,0ming, 0w, DO0000000000O0O0
000000 @)UUb0b000 wyOOREDOOODOOOO

Table 5 Result of multiple linear regression analysis on throughput (witt ] D 0 0 0000000000000 OO0OO0O0O0OOO0O00O00OO0

variable transformation)

goooo o000 Oobooooboog tO PO
ooo 1.35 194.28 0
log wq 0.006 0.04 6.85 0
log mingp, 0.01 0.09 13.84 0
log(mazyy, — mingy,) 0.04 0.26 43.09 0
log mazxy 0.01 0.05 9.00 0
opood 0.36

D000O00OC0OREDOOOOOOOOOOOOOOOOOO
0000000000000000000000000 400
D0000000.880 100000000000000000
0D000000000000000000000000000
mazy, 0 0.840000000000000000000maz,
(00000000 -0.330ming (00000000 0.14)Y7 w,
(000D0O0000-0.02)00000000000000000
0D0000(@M000000000000000000000)
REDOODOODOOOOOOOO0O0DOD 60%0000000
0 mazy, 000000000000000000 (20000
O0O000OREDOOOOOOOOOOO mazy, 0000000
0D000000000000000000000000000
DOREDOOOOOOOOOODOOD mazy 000000
Doo0O0O0ooo0

53 REDOOOOOODOOOODOOO

0000000000000 0O0O0000bO00000 500
O000000000000000 5000000000000
000000000000 logmingO log(maze, — ming, )0
logmaxz,0logw, 00 0O000O0O0O0O0O0O0OO0O0ODO 0.36
oo0doo0oooooooooooooooooooooon
oboooo0ooooooboooooooooooooooood
log(maxe, —ming,) 0 0,260 0000000000000O0O0O
max;, —ming, 0 REDOOOODOODOOOOOOODODOOO
0000000000000 00OREDODOOOODOOOODOO
000 (C3)uuoooooooooo

Oo00o0oo0oDOO0O00000 REDOOOOOOOOOOOOD
gbooboobobobobooooboobooboboboo

gboooobobooboobooobOoboUOb0OREDDODOOO
O000000000oooooooooog (repPooOO
gooboobooooooooooobooooooooboooobooo
O0O0)UOREDODOODOOUODOOODUODDOOOOOODOOO
gboboboboboboboboboboboboboob
gboboOo0oORebO0bOUODOODOOOODODOOODO
goboooobooboooboobooooboboOoboooooDboo
OOREDODOOOOOOCOOODODOOOREDOOOODO
gboboboboboboboboboboboboboob
gboboboboboboobooboooobooo

O O

[1] B.Braden etal., “Recommendations on qgueue management and con

gestion avoidance in the InternetRequest for Comments (RFC)
2309, Apr. 1998.

[2] S.Floyd and V. Jacobson, “Random early detection gateways for con-

gestion avoidanceEEE/ACM Transactions on Networking, vol. 1,
pp. 397-413, Aug. 1993.

[3] D.Linand R. Morris, “Dynamics of random early detection, ®no-
ceedings of ACM SSGCOMM ' 97, pp. 127-137, Oct. 1997.

[4] M. Christiansen, K. Jeffay, D. Ott, and F. D. Smith, “Tuning RED for

web traffic,” in Proceedings of ACM S GCOMM 2000, pp. 139-150,
Aug. 2000.

[5] M. May, J. Bolot, C. Diot, and B. Lyles, “Reasons not to deploy

RED,” in Proceedings of IWQ0S’ 99, pp. 260-262, Mar. 1999.
[6] “The network simulator — ns2.” available &t t p: // ww\. i Si .
edu/ nsnani ns/ .

(71

H. Ohsaki, M. Murata, and H. Miyahara, “Steady state analysis of the
RED gateway: stability, transient behavior, and parameter setting,”
IEICE Transactions on Communications, vol. E85-B, pp. 107-115,
Jan. 2002.



