CHAPTER FOUR

SIMULATION \
This chapter presents the detailed implementation of the prug% Jnethods.
namely, Gentle BLUE (GB), Two State Markov Modulate Berno:w process (GB-

MMBP-2) and Gentle BLUE Fuzzy Logic (GBFL). At the b g of the chapter.

"Network Simulation" tool environment, which is used toR
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parameters setting of the proposed methods are preschgd. ThgnJ th silm‘kg.tlon cycle
Y

\ the‘gaation model

aléﬁ mmary.

el u‘]t the proposed
methods. is discussed. Then, an overview of the impSmcn tiog is gyven?® W the

and the performance measures calculations ar% ine

is explained. Finally. this chapter is wrapN{Da conc
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This chapter is organized as follQy

@simulalion details of
(.)

sed to implement of the

the proposed methods. Section 4.24X

proposed methods via sinmlit'on.?ecltion5.3
Fi

proposed methods methog. ly. {é ! rovides the summary and the
conclusions. & Q {Q
O
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I ana{y im ('{ion
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GB, GB-WMBP-2 and (?Blflc*%x.sinmlatcd using discrete-time queues with a
A A\

4.1 GB,GB-M

single routOWfer in Java environment. A basic time unit called a slot is used and

sinale oMgltiple events can occur in each slot (Abdel-Jaber et al. (b), 2008; Zhou and

Wang. 2008: Abdel-Jaber et al., 2015). A packet may arrive at and/or depart from the
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same time slot(Abdel-Jaber et al. (b), 2008; Zhou and Wang, 2008). All simulations
use the first come first serve (FCFS) queuing procedure. The packets arrive and depart
distinctly, packet by packet. The GB and GBFL simulation applies BP to model the
arrival process discussed in Chapter Two, Section 2.7. On the other hand, ]\m is
used to model the arrival process of GB-MMBP-2. For GB and GBFI_k bability
of packet arrival in a slot is denoted by o .where’s in MMBP-2 denowﬁf a0 and al.

The probability of packet departure is modeled using geome" :E tribution for all

simulation methods in a slot is denoted by f. S '
The simulation environment consists of a single roWter UN

arrival for GB-MMBP-2 has two modes. However, cet ar?v

V
\ede facBll simulation

ed é‘n a mean of 1/a0

has a single mode. Packet departure is perfornc%
methods. Packet inter-arrival times are ge %lly distry
or 1/al for GB-MMBP-2, whereas pac rvice U\w é}ean of 1/ (Fiems et

. o = .
al. 2004). GB and GBFL Packet in rival fges a"se@fc times are estimated at
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\nd @L) Methods

fd lléﬁoposed methods,
- :

aés are presented in the

"

4.2 Simulation Phases for the Proposed (Gl@

The framework, which shows the pn&aused to

is illustrated in Figure 4.2. The expla % 01‘15\62;”?})
0
following subsections. \é

|
s
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Figure 4.2: GB Simulation Process
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4.2.1 Phase One (Parameter Initialization)
In this phase, the parameter settings for the proposed methods are set as

shown in Table 4.1. Buffer size is set to a value of 20 packets to detect congestion

for small buffer sizes, as provided in (Abdel-jaber et al.(b), 2007; A er et
al. (a), 2008; Abdel-Jaber et al. (b), 2008; Baklizi & Ababneh,é&). GB and

GB-MMBP-2 set Th with the same value was used in (Abde'% ber et al. (b),

2007: Al-Diabat et al., 2012) which is 60% of the buffer N e value is 12) as
discussed at the next subsection. Then, ql for all pr cdWne 1st ig initialized

to zero. The number of slots used in the experim for all prop eii ﬂx&)ﬁﬁds is
2.000.000 to obtain an accurate measurement Ofythe getor anceYn:sullS. to
\ Y,

ensure that the results are not biased, and agcoy®r ae\u ent l,@x.of warm-up

) @S warm-up period

i |
éporled in (Abdel-jaber
"

period (Abdel-jaber & Ababneh, 20115 k&i et al.

is terminated when the system rez % slezﬁ\evxa
6
N
2 3)

7]
& Ababneh, 2011; Baklizi et ¢ ) vafue c&&;iDP is the same as that
\ .
used in (Feng et al., 2002 Ab¥€1-jaberfet al§( )@). Single or multiple events
. ? Sod & ]
can occur in each sl(\l’a et ’mw\ 'rlv‘eé@?d/or depart from the same slot.

i '5618‘0.5 to detect congestion for small
£

( ¢
buffers. This 1c b lh/ S \@) used in (Abdel-jaber et al. (b), 2007:
&) S o e

Baklizi et al probability (a) for GB and GBFL are set
&

ViRies. ic. 0.18-0.9% (Abdel-jaber & Ababneh, 2011; Baklizi et al.,

Packet departure globMgility

to seve

W,

where each value leads to either a congested or non-congested state.

U

Fquently. no congestion occurs when a is less than 3, whereas, congestion
occurs when a is greater than . The packet arrival probability for state 1 in GB—
MMBP-2 (20) is set to several values (0.18-0.93), with each value generating

cither a congested or non-congested state. Thus, congestion will not occur when
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the value of packet arrival probability is less than that of packet departure
probability. However, congestion will occur when the value of packet arrival
probability is higher than that of packet departure probability. The values of
packet arrival probability for state 2 in GB-MMBP-2 (al) is set to 0. &g:ase
the number of arriving packets, reduce congestion when high ll'am occurs,
and avoid throughput deterioration (Guan et al., 2007). As prevﬁ‘sﬂ/ mentioned,
GB-MMBP-2 has two distinct states. Thus, each incomir Net can remain in

o thit a packet will
at § phfv\ﬂl?ansfer

remain in the same state is 0.9, whereas the probapility
to another state is 0.1, which is discussed in detayg Slep}.

the same state or transfer to another state. The prob

Table 4.1: Initial P:ramzlr e \0§ g

2 C§ GBFL Method
Parameters GB Method M
"\\?

% r g !’\
Queue length (4] I 8 > -
Average Queue Length \ . 0\‘0 S

Throughput 0 9 o
&
Delay 0.0 l\)o.o 0.0
DY
Packet Loss \ O oo 0.0
Mean Queue Length W {&J 0.0 0.0
. N e~
Dropping Probability H ’ . eg !(‘) 0.0 0.0
o, = §V
Packet Arrival Prop: 3 ’ lh*O .......... 0.18-0.93
Packet arrival ity for X N0 SR R TR
state 1 (a0) \C‘}' ! .9
Packet arr yjobability for 05
that the mnext| ....... ol e
packe 1ins in state | :
Probability that the next 0.9
packet remains in state 2 :
Probability transition between on
state 1 and state 2 :
Probability transition between (Tl e e e




state 2 and state 1

(P‘;:)cket departure probability 0.5 0.5 s

Maximum Probability Value 0.1 0.1

Number of slots 2000000 2000000 20@7

Capacity of The Buffer 20 20 %

Threshold 12 12 k--

InitDP 0.05 0.05 T .......

A 25173 25173 251473

B 13849 13849
4294960

V

all s ased on the

csé&lmplememed by
@tr ted in Figure 4.3.

S
@Ln the obtained value is

congestion status of the router buffer he d\m

enerating a random number and c fing it \E

The occurrence of packet depar

less than f. If departure ocuwmn q,
db

of packet departures is incre kgpe, no packet will depart.

Random num hld 1 yigfds a e range of numbers and is achieved

based on the lmu pgru nl%n& ormethod, which is given in Equation 4.1

s&ln O](J

/\\A FRTEE YOI R R 4.1)
é A denotes the value of a multiplier, B denotes the increment, Z(i) is

. scBl. and M is the modulus. To obtain uniform random numbers within the

ha §
‘4

range (0. 1), Equation 4.2 is used.

Un = Zn:/M: £ i n] ORGSR s vt o il e S ST I S P e 4.2)



Selecting appropriate values for A, B, and M is crucial. Equation 4.1, which
can shuffle integers within the range of (0, 1, 2,...., M—1) that has passed
numerous tests for randomly shuffled integers, should provide a good selection of

A, B. and M (Suess & Trumbo, 2010).

Previous Phase

.

NO— If ql=0
; q

Generate a random number

I

NO

\ 4

l No packet departure

This pfage Wheck® 'ckctélrival using random process. In general, a

random A:r is generated a@brding to linear congruential generators. If the

ucme‘mdom number is less than probability of packet arrival, then packet

qyvafbecurs: otherwise, no packet has arrived. The GB and GBFL have a single

mode packet arrival so the generated random number is compared with o as
illustrated in Figure 4.4. But the Packet arrival for GB-MMBP-2 has two modes

(state 1 and state 2) so the generated random number compared in terms of the
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state of arrival. That is, if the packet arrives to state 1 the random number will be
compared with a0. And if the packet arrives to state 2, the generated random

number will be compared with al as illustrated in Figure 4.5.

[ Previous Phase [ A
li Generate a random number l Vi

F random
aumber <

NO—
;

No packet arrival

[

[




Previous Phase —l

v

Define the state }

BiE

® | ‘(}

l Generate a random number

J F random -l ‘
\u_(@-\ l.sj ;_N

Amival =Amival+] || No packet arrival

NG I L

No packet arrival

l Calculate the queue length (gl) I

YES—
Increase the number of
packet loss

\%
NO > NC °‘ O(;é\
Next phase A\T 6\

Figure 4.5: Check for the Occ\n%of )glcket qlri@r GB-MMBP-2
o

N
4.2.4 Phase Four (Updatiffe of YP) | §
'y “{3
As previousIy&wned.l ose&@ and GBFL methods predicts
congestion before i%t S aniNG

40
¢
uses Th and ql@cstilw i
r o/t L |
in*Figt¥e 4.6. However GBFL use FL as congestion

1ds®ng dynamically updated values. GB
in Section 3 %Iluslratc
9

i
indicat \iiscussed at chapter 3 section 3.4 as illustrated in Figure 4.7.

©

'uo@ update DP using Equations 3.1 and 3.2

S
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L Previous Phase —I

N
l Calculate Dropping Probability j
T

DP
NC YES c\z
No packet will be Increase the nuggber o!

drop dropping packet one
o R N
VY‘
Next Phase ] q

Figure 4.6: Update Dropping Probability for GB aMg{iB W.'

D g
Previous Phasg Y'

No packet wil Increase the number of
droppe dropping nalckets by one

L)) S
w 4.7:6”9&).- ing Probability for GBFL.

>

4.2.5 Ph&#c (Calculation of™Re€rformance Measure)

%\\.‘ork performance is evaluated by using a set of metrics commonly

2012). These measures are used to evaluate congestion control methods
(described in the following subsections). Performance measures are computed 10
times in 10 different runs, where each run uses a different seed, as illustrated in
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Figure 4.8. Different seeds will aid in random number generation and will avoid
bias toward the results of one performance measure over others. All performance
measures are collected after the system reaches a steady state (Thiruchelvi &
Raja, 2008). Therefore, these measures are calculated after the system re@
slot value of 1100000, as indicated in (Abdel-jaber & Ababneh, ZO@lizi et
al.. 2013). This value ensures accurate performance measures a sufficient
warm-up period. The warm-up period is terminated when thwem reaches a

steady state. z '

The calculation of performance measures is reped whn ¢ 1'reachcs

Y-
the values of 1199999, 1299999, 1399999, PO,
4

N

ool 15000,
: N

1799999, 1899999, and 1999999 at each run of'Wpe' aWce me@'/re. Then,

the average of each performance mCaSLK run 111 used,fi the result of

this performance measure. c \T &\
o S
&
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Enter the probability of packet arrival
(6 value for packet amval
probability)

Enter the seed number
(10 seeds )

While the number of A

slot <2000000
'[':1kc.lhc average and NO A
Print the results YES
Check for any packet arrival anc z
departure '

J' 4
YES If slot = 799999
P 4 \’Y'

From ¢|[0 to the value of q when z
reach to slot 799999] =0 c °‘

If slot = 1099999

Slot=slot +1

QE Figure 4.8: Calculation of Performance Measures
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4.3 Validation process

In this section. validations of the proposed methods GB, GB-MMBP-2 and
GBFL are presented. Subsequently, the parameters are inputted to the simulation for
all methods. After simulation is executed, results are collected. Every e@t

comprises 10 runs. Each run takes different randomly generated inpu seea. The

average of results for each performance measure is calculated, this av g process
IS important in the statistical analysis stage. Many statistical INflres. such as

variance, standard deviation, 95% confidence interval, upper

'Izld l')wer limit are
used to prove that the results are correct (Dodge 2006). FinaMga v liM‘]al&cal

. RN . | &
module is also provided as a third evidence of correctiagge é

4

The implementation of the GB, GB-MMBN C{FL s

this chapter. First, the details of the sin %\ an&ﬁlxcl @“ environments are
& I

presented. Second, the processes us uild Mg PO%/ nethods are discussed.

. \ . . .

Moreover, the simulation prg@ess zq presghted nE the validation process is

ol

explained. &\ Q
N

4.4 Chapter Summary
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