CHAPTER FIVE

RESULTS AND DISCUSSIONS \Y'
5.1 Introduction -\

This chapter presents the performance evaluation of the pl%; methods (GB.

GB-MMBP-2, and GBFL). The proposed methods are thgn Wred with new and

effective AQM methods based on the following perfort méasu e’s mal. T, D, PL,

and DP. The evaluations aim to show which metl@wowd be ed,‘g-nance
measures under all buffer states. ‘
5.2 Performance Evaluation Results 0 j

The performance measures of o& teLJ e simulation, and the

results are compared with some ON know lLLQ‘Hnelhodq DGRED. ERED,
Adaptive Max Threshold, ¢hd :ZUE, \’hicl l @en discussed extensively in
, s

Chapter Two. As mcn& in (r \'& lnc our, and Five, the results of all
methods are collecte S rleacl@a steady state with 10 runs, with each
’

run using a differ 2 lcx?at dlf@ﬁem network scenarios in the router buffer
(no conﬂcslloﬁ%wnuust n, andm!avy congestion) by setting the probability of

packet ar \ l different valucs}hc parameters of packet arrival probability (o),
pdd\% ture probability (B), system capacity, and number of slots of all the
compared methods are presented in the same manner as those of GB in Chapter Three.
In addition, Th is set to 12, as recommended in BLUE (Feng et al., 2002), which

represent 0.6 of the capacity. The minthreshold, maxthreshold, Dpax, and qw values

96



for DGRED, ERED. Adaptive Max Threshold, and RED are set to 3, 9, 0.1, and

0.002, respectively, as recommended in RED (Floyd & Jacobson, 1993). The

doublemaxthreshold value is set to 18, as recommended in DGRED. Finally, freeze

time. Pin. and Pde are set to 0.01, 0.00025, and 0.000025. res GCW as

recommended in the BLUE method. Table 5.1 lists all the utilized ters. The

performance evaluation of the method simulations are basedvhe following

performance measures: mql. T, D, PL, and DP.

Table 5.1: Parameter Settings for GB, DGRED, ERE

Threshold and RED Metho

Parameter

BLUE

Probability of packet
amval

Probability ofpacket
departure

Y

E@ve Max

Threshold

Freeze time

Router buffercapacity 20
Queue weight 0.002
Number ofslots 2000000
Minthreshold 3
Maxthreshold 9
DoubleMaxthreshold 18 (Just for DGRED)

\‘—\,’ 0.000025

eshold Selection

In this section the best value of the threshold is selected. The threshold

selection uses two performance measures which are PL and DP in order to decide

the best location for threshold value. The GB simulation runs several times, each

run with different value of threshold. These values are {6, 8, 10, 12, and 14}. The
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results are collected after the system reach steady state value. Figure 5.1 shows
the comparison of threshold values in term of PL under different packets arrival
probability. Subsequently, all the comparison GB when the threshold are equal
{6, 8,10, 12, and 14} are provide similar PL results when there is n snon
(packet arrival less than 0.63). Also, provides better performanch@sme when
threshold equal 12 in both; heavy and light congestion than o&?et values of
threshold. In addition, Figure 5.2 presents the DP of GB usgag.d¥fferent threshold
values. The GB that uses 12 and 14 as a threshold v udes better DP
the YGB that Ik"orhel
y \/lde?s nilgr Dlﬁsesults for

value when there 1s no congestion compared wi

value of threshold. In addition, 1t approximately
all threshold values when light and heavy
As summary the optimal value
congestion status and this value 1 1s
supports the setting of thresho,
based on it.

Overflow 4. Packet Arrival
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Figure 5.1: PL Result for Various Thresholds
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Packet Dropping Probability vs. Packet Arrival Probability
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Figure 5.2: DP Result for Various Tgreshdld g
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5.2.2 Mean Queue Length (mql) Y'

As discussed in Chapter Three, 1\%?« ood 1l or n estlon with

the possibility of congestion being IO he mq gm l)éh)uter buffer is low.

(]
The possibility of congestion \ outsbl >1“1n Ses as the mql value

A
increases Y- ’ ' §

As presented in 5 @pes of all the compared and

this method d% packets at an earlier stage than the other

results lw

meth LUE. ERED, DGRED, and Adaptive Max Threshold), which have

I 1l values in this case (a increases (o 0.48). However, in case of light

congestion (a increases to 0.63), GB still provides the most satisfactory mgql

results. ERED and BLUE have nearly the same mq| results, which are better than

those of Adaptive Max Threshold and DGRED. In addition, the mql results of
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DGRED are better than those of Adaptive Max Threshold. If a increases and
reaches 0.78. then heavy congestion occurs in the router buffer of GB. The

occurrence of heavy congestion 1s observed when the value of « 1s 0.78 or 0.93.

At these values, GB still presents the most satisfactory mgql Iesults
consecutively by BLUE, DGRED, ERED, and Adaptive Max (gj d In

oeneral, the proposed GB method achieves the best mql performaMe results

‘:‘

because this method drops packets at an earlier stage thangghe Mher methods.

Consequently, the mql value is kept low and at ce‘m level near Th,

particularly when high congestion occurs. This con 1 wil ‘\H the router

queue from increasing its size and prevent the %of pagkets I'I]‘k@g chmﬂ

the capacity of the router buffer.

Mean Q uiuo e
vs. Packet : :% Prob: g &k
S
Q&

N
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=
=
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=
=
|
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o 10
=
—
-

N

3 0.63 .78 0.93
Pa?‘bt Arrival Probability

ERED =—DGRED -~ Adaptive Max Threshold

3- Performance Comparison among GB, BLUE, ERED, DGRED, and
Adaptive Max Threshold Based on mql
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5.2.3 Throughput (T)
Fioure 5.4 illustrates the throughput (T)-based performance of the proposed
and compared methods under different packet arrival probability values. The T

results of the proposed and compared methods are stabilized with the va

N

packet departure probability (p) which is equal to 0.5 when congesti %urs in
the router buffer. That is, if the value of a is less than the value gfB. then the T

results will increase for the proposed GB method and the comw ethods. For

e&:l silililar T results

at tl ’Wl arrival
L
probabilities are 0.177, 0.32 and 0.44, respecliv@is incfease \fﬂl@inue

ﬂl B. 1%?53; results

c with Equation

instance. the GB method and the compared methods res

when « equal to 0.18, 0.33 and 0.48, the T results V2

until the value of @ becomes equal to or greater he

will stabilize at nearly 0.5 (nearly the va@).

3.4. the T value is calculated as fj

/
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Throughput vs. Packet Arrival Probability

I'hroughput

0
0.18 0.33 0.48 0.63 OY 0.93
Packet Arrival Probability '

—4—BLUE —@—GB ERED ——— DGRED e Al

queue. Figure 5.5 represents the D pe :1'111>1c% pcé%& GB method and
% “

the other methods. The proposed n prox - bs‘ﬁperformance St
N
in\e othgh mgthqdgsQuire more time to depart

s

2
\d i[i? S wengg;?mql, as compared in Figure

a
ML L th
)
those of the com ethogs. The ‘ela@shlp between mql and T is indicated
&L S
in Equation 3% Wiere this €quati
N

(Q’W Little’s law: D = mqgl'T (Woodward,
ased results indicate’ that the router buffer of the proposed GB

(if thé?oposed GB method is less than

1993). T}
methoc probably overflow within a shorter period than the router buffers of
the compared methods

All the proposed methods and the compared methods provide

approximately similar D results equal to 2.5 and 3.5 when the packet arrival
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probability are equal to 0.18 and 0.33, respectively. Moreover, GB provides
better D performance result in light and heavy congestion. Subsequently, when
the packet arrival probability increases up to 0.48 and 0.63 the D results for the

proposed GB are 6.5 and 14, respectively. In addition, the value of D re?lﬁ)r

GB when the packet arrival probability increase to reach 0.93 is equal %\

Average Queuning Delay
vs. Packet Arrival Probability Q

Average Queuing Delay

).18 - .03
%robah' 7 AL ;
—s— BLUE —#—GB ERED sRED = Ma;@-. Iax Threshold |

: N S
Figure 5.5: Performance Col lpaWamilg B , ERED, DGRED, and
) :\dapti%; Threshol d)Bak D

@b method is also compared with the

’ -
BLUE, lilil~i! GRED. and A&}Tve Max Threshold methods in terms of
~N

Youre 5.6, the proposed GB and BLUE methods slightly yield the best
and the least PL performance results when heavy congestion occurs because the
router buffer for GB overflows in less number of times compared with the router
buffer for the other methods. GB prevents the size of the queue buffer from

103



building up. which consequently, prevents the buffer from overflowing better
than the compared methods. PL is calculated using Equation 3.6. All the methods
provide the same PL performance results in no congestion situations (a<p). In

addition. the Adaptive Max Threshold provides the worst PL values m&iz and

heavy congestion (a>f) comparing with the other methods. Subseq&nth. when

the value of a increase up to 0.63 the PL value is 0.13 and it co increasing
as long as the value of a increase. Also, the value of PL 1ea .33 when the
value of a is 0.93. However, ERED provides better P fmpaxmé with
DGRED in light congestion but DGRED provide PL khald hen Qﬁa\’y
congestion occurred. The ERED and DGRED va%n o i§0.68 are 6\(84 and
0.05 respectively. In addition, the value of PL 1R. e 0 055

0.03 respectively while o equal to O\%Nl Smdes better PL
puimmdnu measure than Adaptlv Xi ﬂ?l ’@ED However, the
(4]
yh |

pmposul GB and BLUE mt.th y1 uth sl and the least PL

performance results when COI,OeS oc@s comparing with other
‘ : (
methods. 5 s <Q

O

77
%
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Overflow packet loss probability vs. packet arrival
probability

Overflow packet loss probability

0 18 0. 33 0.48 0.63

—s— BLUE —&—GB ERED «==—=DGRED o’ tive Mold
Ficure 5.6: Performance Comparison among GB! E,E , PGRELD" and

Adaptive Max Threshold B n RI\ i)
X
5 2.6 Packet Dropping Probability (DP) V 0\ ‘é

DP represents the number of drop cke eiQe S

congested and the probability OE%{})@ pacl@ts b@gre the router buffer
I , th

“« Q-
u‘lte\&B is higher than those of
the other methods bcca%K startsf dro, pih@ckets earlier than the other

7

becomes full. As shown in Figure

methods. This condipo

overflows 1n lcsschr f
Moreover, \\'E\%\‘y’c ngghti lﬁﬁr& GB, BLUE and ERED drop more
he

packets tha ther me

ase of no congestion situation (a<f}) this case present when the values o
are 0.18, 0.33 and 0.48 the proposed GB starts dropping packets earlier than the
other methods the value of DP for GB are 0, 0.02 and 0.07 respectively and this
value slightly greater than the other compared method. However, the proposed
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GB, BLUE and ERED also drop more packet than other methods followed by
DGRED then Adaptive Max Threshold when light and heavy congestion.
Subsequently, the DP value of the proposed GB, BLUE and ERED provides
similar DP values when the values of o are 0.63, 0.78 and 0.93 the DP re
0.2.0.35 and 0.46 respectively. In addition, DGRED provides 0.15, 082 0.43
when the values of a are equal 0.63, 0.78 and 0.93 respectively. &Adaptive

Max Threshold provides 0.15, 0.32 and 0.43 when the values% re equal 0.63,
abtiit \3.

Packet Dropping Probability vs. Packet Agrival' Pr¢bs
J IS
0.45

0.4

0.78 and 0.93 respectively.

Packet Dropping Probability

|
2 .9
1sn ¢ GB, BLUE, ERED, DGRED, and
x Tl old Based on DP.

, when the valu@ packet arrival probability are 0.18 and 0.33,

ac Re Nl : ility l
——(‘§)GR£D === Adaptive Max Threshold
G

]:igurc 5.7: Perf

D and PL measures of GB are the best because of the dynamic mechanism

followed by this method. Moreover, DP is increased because the method starts
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dropping packets early to prevent the overflow of the router buffer. In addition,

all the compared methods provide the same T results. Finally, when the packet

arrival probability values are 0.63, 0.78, or 0.93, light or heavy congestion

occurs. In this case, the performance measures mql, D, and PL of GB wilv\e

best compared with those of the other methods, and the T results Eig\ain at

0:5.

53 Performance Evaluation of GB Simulation and the GB Anglytichl Model

The performance evaluation for GB simulation and th Gmlytical model 1s

conducted in the following subsections in terms of n ST w DP. As
e

B sinfulgg n,i&%rking

correctly. If the values of the performance measur S QQ ' m]gg&: and the

Yv

GB analytical model are similar, then GB sc’ Mn 1S '

correctly. As shown in Figures 5.8-5.12, GB si laticn\

previously mentioned, this evaluation aims to prove th

ted, T be operating

8

E _@ analytical model

S
Oy'T, PL, and DP. This

finding confirms that GB simulatio

Mean Quene Length vs. Packet Arrival P ‘ hroughput vs. Packet Arrival Probability

Through

Mean Queue Length
o

4 B

: 0.1

0 L/ . ‘ 0 v ‘
e 0 048 06 0% 0% | 0.18 03 048 06 078 093 |

Packet Arrival Probability | | Packet Arrival Probability
G5 Simulation =8 GB Analytical Model : ==GB Simulation  ~#-GB Analytical Mod]
Figure 5.8: mql vs. Probability of Packet Figure 5.9: T vs. Probability of Packet
Arrival. Arrival
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Average Queneing Delay vs. Packet Arrival Probability

Overflow Packet Loss Probability vs. Packet Arrival Probability
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Arrival.

Packet Dropping Probability

5.4

Perfo rmancz

In this seC

Anl
Packet Dropping Probability vs. Packet Ar | Probabflity

; Sqmmiou &

: r@cul Model

MPacket Arrival.

compared I)E‘\(Im their performance measured through the following metrics: DP,

mql,al . and PL.

represcmcd usit

The comparison results of GB-MMBP-2, GB-BP, BLUE-MMBP-2

This comparison evaluates the performance of GB, which is

\g MMBP-2 under bursty and correlated traffic.

and

E)

BLUE-BP are obtained by implementing 10 runs with different seeds and by using
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randomly generated numbers to eliminate bias toward the performance measure
results for any run. The performance results are collected by obtaining the average of

these runs. All the results are collected after the system reaches a steady state. The

parameter settings for the compared methods and the performance m@i&:s are

B-BP, BLUE-

discussed in the next section.
5.4.1 Parameter Settings for the Compared Methods
Table 5.2 lists the parameter settings for GB—-MMBP=
MMBP-2, and BLUE-BP. Most of the parameterq¥g cdel tical in all the
methods. Buffer size is set to 20 packets to detect comgesti ana,&_buffer
1S ...
ed 2.00qL00fs18tsNo” provide
d b5
accurate performance measure results. The ix&ﬁ) %c as that in

(Abdel-Jaber et al. (b), 2007). The experimer

N s the

)

%UE—MMBP—Z and

—

the BLUE method.

Table 5.2: Parameter Settings for G@Pﬁﬁp

BR.
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PARAMETER Bod :
BLUE-I§P N @ GB-BP GB-MMBP-2
\Y 2
Packet arrival probability for stat 1§-0.93 0.18-0.93 0.18-0.93
*I;L;CK;;,“”N“ probability for yffg 2 0.5 | e 0.5
Sarebe thalthe il nocilEaacka n i |
l)l()l)..lhllfl_\ that the m.\lw; 3 (J 09 | e 0.9
remains in state 1~ %* _
I’rohz.:hilil_\' that the X t cke Dol 0.9
remains in state 24 % 7
“Probability transiti tgcen st 0L il 0.1
2
Al;’irbrl;a‘nﬁiilri_l} I\Ahcmccn state 2 and e R 0.1
“packet depacNprobability (B) RIS 0.5 0.5 0.5
20 20 20 20
2000000 2000000 2000000 2000000
S 12 12 12
Treeseimenl) & S LEtE e 0.01 D0 TR B = R
o R B | 0.00025 0.00025 | - | @ -
pael T 0.000025 0.000025 | - | -
InitDP — 005 0.05 0.05 0.05 |




The packet arrival probability for state 1 in GB-MMBP-2, GB-BP, BLUE—-
MMBP-2. and BLUE-BP is set to several values (i.e., 0.18-0.93). Each value can
create either a congested or non-congested state. Thus, if the packet arrival
probability value is less than that of the packet departure probabilit @hen
no congestion will likely occur. However, if the packet arrival prM' ’ value is
equal to or larger than that of the packet departure probaw value, then

rwity for state 2 in

eas‘ the number of

congestion will likely occur. The values of packet arrival

GB-MMBP-2 and BLUE-MMBP-2 are set to 0.5 t
arriving packets, reduce congestion when high tr

g W logll o .sangmavoid
e | _\‘§.
throughput deterioration (Guan et al., 2007). 2

N
BLUE-BP and GB-BP use BP, which¥gnly \‘me stageXto model the

arrival of packets. GB-MMBP-2 and& y@ggp_l which have
two distinct states as previously m%ned. ai ? pcoming packet can
% Py N

either remain in the same slat‘\ éxtS8%te. The probability that a

packet will remain in the saNQyate i,

to the next state is 0.1 (..!l:*, 3ip

parameters (i.c., TlQpil : de

s,
BLUE method (% ctaff, 20089.8 O
\ .
542 Mcm%k Ledbilg 9!\\' ge Queuing Delay

[
00

Ly GB-MMBP-2). The remaining

O

P) are set to values provided in the

=
o

[Pges 5.13 and 3.]@‘cspecllvely present the mgql- and D-based
pe i ce of the compared methods versus the values of packet arrival

@ilil). The mqgl and D results of GB-BP and BLUE-BP are marginally less
than those of GB-MMBP-2 and BLUE-MMBP-2 because the number of queued
packets in GB-BP and BLUE-BP is less than that in GB-MMBP-2 and less than

that in BLUE-MMBP-2 for all the methods. When the packet arrival probability
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value is between 0.33 and 0.48, GB-BP and GB-MMBP-2 present similar mql
and D results. These results are less than those of BLUE-BP and BLUE-MMBP-
2 because GB-BP and GB-MMBP-2 drop more packets. When the packet arrival
probability value is higher than or equal to 0.63, the proposed GB- 4@2
provides lower mql and D results than all the other methods becau %urrent
number of packets 1s smaller than those of the other methods ev ing heavy
congestion. Moreover, GB-BP achieves lower mql and D resigglpan BLUE-BP

and BLUE-MMBP-2. In turn, BLUE-MMBP-2 provide Wg mq‘ and D results
than BLUE-BP. \d.
Mean Queune Length vs. Packet Arr@

1‘01}:1
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i
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(@)

o B

0.18

=== GB-MMBP-

Figure 5.13: Perfo
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Average Queuing Delay vs. Packet Arrival Probability
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&

B- BP-2, GB-BP,

N
ren ac%& arrival probability

d Q-
I ults.ﬂ%ﬁn the other methods.

re!;u{@t
&

"\

1an GB-BP and BLUE-BP
P 4
J&Jecause BLUE-MMBP-2 serves

&
3 l@dmon, GB-MMBP-2 serves more
’

more packets than th

packets than G d BRUB-BP. !*&4 result is attributed to the mql results at

’
these arrival &m congestec(na@grk status, and thus, the buffer can serve all

$

the quet ‘kets) being higher for BLUE-MMBP-2 than for the other methods

beca™ number of packets in the router buffer is higher than that in the other
methods. Meanwhile, mql results for GB-MMBP-2 are higher than GB-BP and
BLUE-BP. GB-BP and BLUE-BP present similar T results at these rates. When

the packet arrival probability value is higher than 0.33, all the compared methods
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present similar T results, which are nearly equal to the packet departure

probability value.

o

0.5 e
| - /’ \_.v.;_:;;.,;:;;_,'L.‘.n..,,.,«\._:_

Thlouthut vs. Packet Arrival Probability \2 |

o
)

Throughput
o
to

3 0.48 0.63
Packet Arrival Pr

|98}

0.18 0.
—o— GB-MMBP-2 —#i—GB-BP

Figure 5.15: PufOImanu Compag
2, GB-BP and GB

5.4.4 Overflow Packet Loss PlOb

&
GB-MMBP-2. GB-B P2 anc@)E BP are compared in

terms of PL. Figure 5.16 showsjhat ql c gPpD, methods present similar PL
results when the pac ar va@nlﬁy e 1s 0.48 because their router
buffers ovuﬂow g r frégu (éjthe compared methods, except for
BLUE-BP, exgh ml?bL)L ts en the packet arrival probability value 1s

between 0 d 0.63 (1.e., occ \?ce of light congestion) because their router
K

\

buffer. ow at a frequency that 1s less than that of BLUE-BP. GB—-MMBP-2

0’]’ yield the best and least PL performance results, respectively, when

the packet arrival probability value is higher than or equal to 0.63 (ie,
occurrence of heavy congestion) because their router buffers overflow at a

frequency that is less than those of BLUE-MMBP-2 and BLUE-BP. BLUE-
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MMBP-2 loses fewer packets than BLUE-BP at these packet arrival probability

values.

Overflow Packet Loss Probability vs. Packet Arrival
Probability \Y~

0.00035
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0.00025
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7 ——GB-MMBP-2 —e—GB-BP BLWE-
Figure 5.16: Performance Comparison am n%
and GB-MM BI&ud

5.4.5 Packet Dropping Probability

Overflow Packet Loss Probability

A
) ,, $

(.)
\" ]\M]d @F BP are compared in

GB-MMBP-2, GB-BP, B
the Ul"—MMBP -2, and GB-BP

terms of DP. Figure 5.17(l

provide similar DP reg

results of these megh
be transferred

' 5 aikg)am\ al probability value 1s changed to
0.5), and tﬁ% number

o{ K'vmg packets increases. Consequently, the

number: umd packets increases, thereby increasing the DP value because
l)

Gl 7 calculates DP based on the status of gl according to Equations 3.1

and W When the packet arrival probability value is 0.33, BLUE-BP and

BLUE-MMBP-2 drop the least numbers of packets, and GB-BP drops fewer

packets than GB-MMBP-2. This scenario can be attributed to the current gl of
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GB-MMBP-2 being the longest (but not fully) and that of GB-BP being longer
than those of BLUE-BP and BLUE-MMBP-2. If the packet arrival probability
value is 0.48, then BLUE-BP and BLUE-MMBP-2 drop the least number of
packets because of their current ql. However, GB-BP and GB—MMB@;
similar numbers of packets because the current lengths of their que@rs are

similar. When the packet arrival probability value 1s 0.63, GB~W-2 drops

the least number of packets among all the methods, and BL BP-2 drops
fewer packets than GB-BP and BLUE-BP. In addition, —zP B.'ld BLUE-BP
drop similar numbers of packets. When the packet ar pipbaday ‘value is

N\
higher than 0.63 (i.e., heavy congestion occus ~MMBP al'd_é?‘UE—

¥. ’ X
MMBP-2 drop the lowest numbers of packets bagause

cMrent e@alues are
the shortest. GB-BP and BLUE-BP 'o@n of %c cets because
their current gl values are nearly simie‘ when &?

/A

O

>

Packet Dropping
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Figure 5.17: Performance Comparison among BLUE-BP, BLUE-MMBP-2, GB-
BP, and GB-MMBP-2 Based on DP
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5.5 Performance Evaluation for GBFL Results

This section discusses the performance evaluation for the proposed GBFL
method and the compared methods (i.e., GREDFL, GB, and REDDI1) based on the
same performance metrics used for GB and GB-MMBP-2 under different @‘a.
The parameter settings for GBFL, GREDFL, GB, and REDDI are s hw same
values. Subsequently, a. buffer capacity, total time slot, and B ar to the same

values as provided earlier. In addition, o is set to variouqu to cover all
= d

congestion cases (no congestion, light congestion, and h / ng":stion) A small
buffer capacity (20 packets) is used to detect congestion snjal . The total
‘ <

’ X
WS.Q pute(@ﬁer 10 runs,

rem{ltg are calculated

time slot used in the simulations is 2,000,000 to pro@curat respls &ni?) ensure

a sufficient warm-up period. The result of each si

with each run using different seeds. The@ce

when the system reaches a steady state. % \T
S5

5.5.1 Mean Queue Length (mq]

Figure 5.18 presents t \res [® ol the p@sed and compared methods
versus the packet urrivﬂ%‘ bility‘, alu f{"@ql results for all the methods

are identical up to &
the router buﬂ‘c%\d i

to 0.48 or | &ﬂ

congesy cceurs. The GB m@presents the best mql results under light and

hcu\\\?ccslion. [n addition, GBFL achieves better mql results than GREDFL

@ZDDI under light and heavy congestion. This result is attributed to the GB

method dropping packets at an earlier stage than GREDFL and REDD1 when

light and heavy congestion occur, thereby keeping the mql result low to prevent
the router queue from building up its size and arriving packets from reaching the
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capacity of the router buffer. Subsequently, the values of mql for GB when the
values of o are 0.48. 0.63, 0.78 and 0.93 are 2.9, 7, 10.4, 12 respectively. The
values of mql for GBFL when the values of 0. are 0.48, 0.63, 0.78 and 0.93 are 5,

GREDFL presents slightly lower perf 1ce

results than REDDI in terms of mql. The value of o are 0.48, 0.63 !(@d 0.93

are 7.3, 14.2, 14.4 and 14.8 respectively. Y.

11.9, 12.4, 12.4 respectively.

Mean Queue Length vs. Packet Arrival Pl‘obabw

16 T
= 14 DR
ESH i & l Y
":‘j' 10 . E
2 8 &
> 6 , g
S 4 e
& s &= —

0.18 D33 .48 L
PncketAlN G

—e—GBFL —@— G::
Figure 5.18: Performance CommM
edqnm
'S
5.5.2 Average Queuing Dla D)\.f 3 &
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Average Queueing Delay vs. Packet Arrival Probability
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el

24 G e

=
-0

0
0.18 0.33 0.48 0.63 0.78 z 0.93
Packet Arrival Probability V

——GBFL —ii—GREDFL REDD1

‘igure 5.19: Performance Comparison among GBFL,
Based on D

GBFL and the compared methods exhibit hgilar Tprdsu whw\-a 15 0.33

(no congestion occurs in the router bufferqy Hokve

the GB method provides lower D v&}an GB
Furthermore, GBFL provides bet %&sul%\SR
6
B "

light congestion because GB \ @%drop more packets than

u
FL tegfbufl
N
SREDFL and REDDI. E‘le lues of D s lt§GB, GBFL, GREDFL, and
634,

1
REDDI! when a mcre&to ‘ i SERE b and 28.2, respectively. Finally,
when heavy congn@ccu‘

A
QE.L and REDDI1 under
C.)

el al to 0.78 or 0.93), GB and GBFL

[;I\: GREDFL. Subsequently, the values of

jBFL’, DFIwahd REDDI1 when a is equal to 0.78 1s 20.9,

D result fog
5 AA T , ‘
2408 2%1 28.4, lespectl\ﬁy. Also, the value of D result for GB, GBFL,

G,

" [ and REDDI! when a is equal to 0.93 are 23.9, 249, 28.8, 28.5

ively. Moreover, at these o values, GB provides more satisfactory D
results than GBFL because GB drops packets earlier than GBFL. At these «

values, GREDFL and REDDI1 exhibit similar D results because they provide
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Throughput

packets with similar mql results. In addition, the mql metric affects D. Thus,

when mql is low, D is also low.

5.5.3 Throughput (T)

Figure 5.20 presents the performance outputs of GBFL, REDD l@FL,
and GB in terms of throughput (T) under several packet arrival prs%y values
L Cong

that produce varying congestion situations (no congestion, lig gestion, and

heavy congestion). The evaluated methods exhibit simil sults under all

T % \fal'ue of B (0.5). As
res tsWthe packet

g
arrival probability value is 0.48 because its rou ffer ofverfldnd ;at;“similar
o . . ' 4 . 3'
number of times as that of GBFL and fevﬂlumh{ nneY_ s those of

GREDFL or REDD1 when light conges%wur s

The maximum value of T res Im
of packets that have successf‘ull@

congestion situations except when a 1s 0.48, which 1s 1

shown in Figure 5.20, GB presents slightly lowe¢

valuc represents number

S

r buffer per unit time.

Packet Arrival Probability

0 \
6% 0.33 0.48 0.63 0.78 0.93

-4 GBFL —ii—~ GREDFL REDD1 === (GB

Figure 5.20: Performance Comparison among GBFL, GREDFL, GB, and REDD1

Basedon T
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5.5.4 Packet Loss Probability (PL)

Figure 5.21 presents a comparison among GB, GREDFL, REDDI, and
GBFL in terms of overflow PL probability. This comparison aims to show the

number of packets in the router buffer of these methods due to buffer&giow

All the compared methods provide similar PL results when as%ém (no

congestion occurs) because the router buffers of the methods ov / at similar

numbers of times. GB and GBFL provide the best andwst PL results,

vestjon and heavy

: dw‘m%l_lods

N
overflow at times that are less than those in methodg. at'is‘,-\?B and
o X

GBFL stabilize the mql results at a specific le& aro N whigh@’events the
router buffer from building up its size \z‘;&'staj é

) Ny
O\'erﬂowPacketLosst@s.Pftket. fqval ability
0.1 \ ’ A%

: 0.08 Y' | § e
; 1 0.06 % \;J &___MWQWMM.

0.02

@ 0.63 0.78 0.93

0.18 033 : 63
4 & o
5‘ Packeé} rival Probability
;\—-»:—-GBFL —8-GREDFL REDD1 ——GB

Figure W ® Performance Comparison among GBFL, GREDFL, GB, and REDDI
Based on PL

5.5.5 Packet Dropping Probability (DP)

respectively, when o is between 0.48 and 0.93 (ligl

congestion occur) because the router buffers of the

(=

Overflow Packet LLoss
Probability
o
e

Figure 5.22 presents a comparison among GB, GREDFL, REDDI, and

GBFL in terms of packet DP. This comparison aims to illustrate the number of
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dropped packets in these methods before the buffer becomes full. GBFL and GB
drop more packets in their router buffers than GREDFL or REDDI because the
GBFL router buffer loses fewer packets due to overflow than the router buffers of
GREDFL and REDDI. Furthermore, GB drops fewer packets thar L
because the number of queued packets of GBFL is higher than \f GB.
GREDFL and REDDI drop similar numbers of packets becaus%engths of
their queue buffers are similar. For instance the value of DRfor, 6B when light
and heavy congestion occurs (0.63, 0.78 and 0.93) ar, OWASS and 0.46. In

term of GBFL the values of DP are 0.29, 0.42, wh and heavy

L]
W Howpve BR@’T and
O.Q“K andYNSp‘;S the DP

congestion occurs (0.63, 0.78 and 0.93) respecti

Packet Dropping Probability
€\
%%"?
\
\
L)
{
\
}

(J 0.63 0.78 0.93
vil Probability
REDD1 -——GB
I s formance Comparison among GBFL, GREDFL, GB, and REDDI

Based on DP.
5.6 Evaluation of Statistical Analyses
The following subsections provide the statistical analyses of the proposed

methods (1.e., GB, GB-MMBP-2, and GBFL). Statistics 1s a means to extract
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information from the obtained data. It can be defined as methods used to collect,
organize, and analyze collected data (Clarke & Cooke, 2004). The following statistical
analyses intend to provide a clear description of the output results of individual runs
and to demonstrate how performance measure results spread from their ‘&Yzo
conduct statistical analyses of the proposed methods, we use the f‘ollo@tistical
measurements to represent the outputs: mean; dispersion measurw_@. namely,
variance (03) and standard deviation (o) (Clarke & Cooke, 20045 N% confidence

interval (CI) (Clarke & Cooke, 2004). Table 5.3 describes hoW 1 m‘asuremcnt can

be calculated.

Table 5.3: Performance Meas hents.

Measurements Goals

Calculate the average of

x{O ere x, is the

erformance results ’ )
Mean P f run i, and the i

The variance mea ov.

variance (6° ) the perfo
results fo s S p

10 ?n
spread \the \ lsé erformance result of run 1. and
m ur

¢ p&r—‘l,l ....... .candisc equal to 10
5

‘ﬂ

thes

res% v :'
staﬁd’( f 4 de@mn L \;,,’;

measures hO\(,) the

stand \ performance measure results
devig{iom{c ) | for the 10 runs spread from

the mean of these

o o5

performance measure results

95% produces lower and upper [ 95 04 CI = mean + 1.964/02/¢

confidence limits for the mean where ¢ is equal to 10.

intervals (CI)

b
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5.6.1 Statistical Analysis of GB

Table 5.4 presents the statistical analysis for all the performance measures
of GB when different packet arrival probability values are used. The mean of mql
when the packet arrival probability value is 0.18 (in case of no COH&R;S
0.446. and o* and o are 2.66194E-06 and 0.001631545, respegt %These

values are extremely small, thereby indicating the absence of avdispersion

from their computed mean. The 95% CI value at the szacket arrival

probability value is 0.00101 1223. The upper and lowe | arf 0.447239686

and 0.445217239, respectively, which suggest accyrate

N | 1S

ility valge 14§0.9 Nien. (o
4 X

\curat ﬂ?gm results.

earf resu ”Unwu’ ean

of GB-T result is 0.5 when the packet arrival p

o. and 95% CI are extremely small (0), which ndic

That is, no wide dispersion occurs fl‘\%‘ com

ne%‘ﬂ“he DP and PL
results when the packet arrival prob%/ vaﬁﬁv.‘) ,@i 0.63, respectively,
N
]
achieve satisfactory statistical @mc* meagfiré r@s and extremely small
- |
values. The result of the PLW:‘@ f di 'sg@O when the packet arrival
I

probability value is 0.63. @reo%‘ é)geasure of dispersion for ° is
1.6558E-05 and o is@w@’ Sacl{;b%acket arrival probability value.
v | &

0
N3

S

&’

e

o

Sy

’

)
&
S
S
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5.6.2 Statistical Analysis of GB-MMBP-2
Table 5.5 presents the statistical analysis of GB-MMBP-2 for all the
performance measures when different values of packet arrival probability are

used. The mean of mgql is 1.7 when the packet arrival probability valuc%ﬁ

(95

.

: y 2
(without congestion), and © and o are 0.004990612 and 0. 26
respectively. These values are extremely small, which indicates thc d®wgence of a

wide dispersion from their computed mean. The 95% ClI \’alu% same packet

aw“fcr limits are
g&st@te mean

»
results. The mean of the T result of GB-MMB is (.4 0 ~? \\gthe
A

arrival probability value is 0.043784963. The uppeg

packet arrival probability value is 0.93. and

ce (s\yﬁlandard
X

deviation o. and 95% CI are extremely 40895E-05,
and 3.35244E-03, respectively, which i 1ean@uhs. That is. no
over, the upper and

S :
The PL statistical r%Z’sM(ﬁLE wl@c packet arrival probability
L4 s
value is 0.48. In uddi"ww D \h is 0@39809 when the packet arrival
2)

probability value sw 3pth pro(ﬁcosatisfactor)' statistical performance
: ; ¢

’

ly sghall)a 1cs\(;1ie result of the PL. measure of dispersion
w ’ > .
IS 0° = l.4ﬁ> W10 and o= ;" 1 7RE-05. Moreover, the upper and lower limits

for Pl Nr the same packet arrival probability value are 0.499984151 and
: ‘;EI

&’
02, respectively: these values are good indicators of the validity of the

measures and

e The DP measure of dispersion for GB-MMBP-2 presents small results.
- ; D S e .
Meanwhile. the variance o> is 6.62227E-05 and standard deviation © 1Is

0.008137731. The 95% CI, the upper limit, and the lower limit are 0.005043725,
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0.124583534, and 0.114496084, respectively, w
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5.6.3 Statistical Analysis of GBFL

Table 5.6 presents the GBFL statistical analysis for all the performance
measures when different values of packet arrival probability are used. The mean
of mql is 0.445 when the packet arr ival probability value is 0.18 (in cas?'ﬂo
congestion), and o and o values are 2.50981E-06 and 0.00158473.& lVLly

These values are extremely small, which indicates the absgnce of a wide

dispersion from their computed mean. The 95% CI at the % acket arrival

lilis ar'e 0.446369907

and 0.444406101, respectively, which suggest acc meary rdquitgffl he mean

probability value is 0.000981903. The upper and low

of the GBFL T result is 0.49 when the pacl\et arr iy Myprobapili 4[1‘&(%0,93,
and the values of o°, o, and 95% CI are ly'sk . 151377513-12,
Y'

1.06384E-06, and 6.59361E-07, 1espe€N§ wn%‘w 1cat cunalc mean
xs 1 d computed mean.

“9 ()Q' 3 and 0.499998644,
E\A(gowhen the packet arrival

respectively. The PL statlsuiim , . %
probability value is 0.4 mol ) § ; i’@lt is 0.291115018 when the

40

packet arrival pro V@ .63 th results provide satisfactory
statistical puto an m s%nd e mly small values. The results of the
PL measure 151 nffare §47E 09 and o = 3.77951E-05. Moreover,
the uppc&l wer limits for P%UTdCI the same packet arrival probability value

are J. \L 5 and 5.61688E-06, respectively. These values are good indicators

0 lidity of the results. The results of the DP measure of dispersion are o

880898 and o = 0.169732082. The 95% Cl, the upper limit, and the lower

results. That is, no wide dispersi

Moreover, the upper and lower

limit are 0.105199101, 0.396314119, and 0.185915917, respectively, which also

est that the results are correct.
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5.7 Chapter Summary

This chapter presents the performance evaluation for the proposed methods (i.c.,
GB. GB-MMBP-2, and GBFL) compared with existing methods in terms of mql, T,
D. PL, and DP. The proposed methods achieve the objectives of reducing tl\gger
of parameters and enhancing the performance measure results. The ﬁ of the
proposed GB method are compared with those of the DGRED. BLY.'ERED. and

[ts Wmgql, D, and PL

adaptive max threshold methods. The performance measure res

for GB are the best when light or heavy congestion occurs. ion' the DP results

Therefore, a discrete-time analytical nn%is use W )fm
0 >

aged wythH tl@(?sulls obtained by the

=\

N re@'s are correct, and thus. the

sﬂé@how that GB simulation and the

1nanc$casure l‘CSLlltS.
C

&B—MMBP-Q method are compared with

-

O
‘IA
e

o

those of GB-BI
proposed (\ BP-2 present low@ mql and D than those of the other methods
hccuuscembcrs of queued packets are smaller in GB-MMBP-2 even during
heatygorfestion. In addition, all the compared methods exhibit similar T results
when the packet arrival probability value is above 0.33. In case of heavy
congestion, GB-MMBP-2 and BLUE-MMBP-2 drop the lowest numbers of packets

compared with the other methods.
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The results of the proposed GBFL are compared with those of GB, GREDFL,
and REDDI. The results indicate that the GB and GBFL methods provide the best

mql. D. and PL in light and heavy congestion cases. Furthermore, all the compared

methods exhibit similar T results. Meanwhile, GB and GBFL achieve ll\bZt and

worst PL results. respectively, when light congestion and heavy congegtiqn zam
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