CHAPTER THREE

RESEARCH METHODOLOGY .\3

3.1 Background Yv

Router buffers should be managed to maintain networks mance and avoid

congestion because routers handle packet switching a i*erent networks.

Subsequently, a suitable congestion control method, ssh asAQ 1 dg,{ﬂtfuld be
4

applied to manage router buffers.

In this chapter, two congestion contro neticds a\Been %sased, namely,

GB and GBFL, to detect congestion at arfggriyBtage be

to overcome the limitations of existing %Ods-%?y

e i 3 « %

to overcome the limitations of ea& etho aipicul he BLUE method. These

limitations include scnsmvty aranfeter Yir lt@tlon, slow adjustment, and
[l €cegangs.

a"délon a discrete time performance

@roposed methods aim
S

>

e p{&?@sed GB method under bursty and

|
&llﬁ’j?nstead of BP that fails to represent the
N\

correlated traffic ugng Jwo ptatgs
aggregated tre wiﬁch £ t]an@related at natural.
N

- is organized asﬁows: Research methodology phases discussed in

This

T Section 3.3 presents the proposed GB method. Section 3.4 explains the

for the proposed method using MMBP-2. Section 3.5 presents the discrete-
time analytical model for the GB method. Section 3.6 discusses the design
considerations of the other proposed method namely, GBFL. Section 3.7 explains the

performance measures used to evaluate the proposed method. Finally, Section 3.6
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provides the summary and the conclusions.
3.2 Research Methodology
This section briefly discusses the research methodology, which is base et

of sequential processes. These processes are organized into five phases @suated
in Figure 3.1. Each process has its own goal.

3.2.1 Phase One: Literature Review Vz
A survey of existing congestion control methods cm‘y to their various
types. such as Transport Control Protocol (TCP) a@ ted in this

phase. The methods are reviewed based on t techifiqu nance
advantages, disadvantages, utilized congestio 'gﬁ{ A1, B&z'mtaneous

E?O“l\et dropping

@phasu is a report

ql. and price), the manner DP is Calcutwnd the

policies (i.e., randomly, and periodicallythe

on the literature survey. ) 'y '\ '

3.2.2 Phase Two: Literature Arm

The gap in AQM v% is id !nllf'g lb on the survey conducted in

the previous PhdbL X U nl‘y, S pr bl slatement is determined in this
{0
phase. 5 [ @)
7.9

f l&&d Method
'D" 4

The lﬁ&mthod et a(‘,@; of the potential AQM methods that could
N

m the literature. This method is analyzed carefully from a technical

O

3.2.3 Phase T es

Y (r

e. Then, the drawbacks of the proposed method are addressed, and its

strengths are maximized to obtain a new AQM method.
The proposed method is implemented and evaluated according to well-
known measures, namely, mean queue length (mql), delay (D), throughput (T),

>L.. and DP.
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3.2.4 Phase Four: Evaluating and validating Models Using Discrete- time Queue

A discrete-time performance analysis of the proposed method is conducted
in the previous phase. In the current phase, we establish a new model for
performance analysis under bursty and correlated traffic that uses MN&R.sme
traffic source (also called the MMBP-2 model). The outcomes (% roposed
model are compared with those of the proposed method tha s Bernoulli
process (BP) to model traffic sources. The effectiveness of theW{aluation model

is also highlighted. '

Finally, a discrete-time analytical model is presed) Th
proposed model are compared with the simulalidéults f}on

and the results of the analytical model for v%@n. \ ?Y'
3.2.5 Phase Five: Fuzzy-based AQM \%

A new method for congestion %01 bas le
e

(FIP) is proposed at this phase

proposed method in phase e. The @ zy@ed method is designed,
) =
t

implemented, and evaluated ihis {;{
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Research Methodology
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Figure 3.1: Research Methodology
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3.3 Proposed Gentle BLUE (GB) Method
The proposed method extends the well-known BLUE to provide a dynamic
mechanism for calculating DP based on the status of the router buffer gl. The main
objectives of the proposed method are as follows. The first objective is to
parameter setting problem in the BLUE method. Ultimately, having ze metels
in the management process becomes impossible. The second object?sto stabilize
)

ql at a specific value to prevent the buffer from overflowing, parti during heavy

traffic. The last objective is to provide better performance 1 R; fr the proposed
]

method compared with other AQM methods, particular comestlon

Y-

Qccurs.

3 1 The Router Buffer in Gentle BLUE (GB).

The proposed GB method used @nv °‘[h 101 ﬁto predict the
congestion status as illustrated in Fig re WY XRT. E]R\O(xethel give a good

indication about the status of tl% 1icl@used, in the proposed

method, to determine the s Gestipn z@as a result determine the

. N Q
number of dropping p‘% articg arl “{“Q queue length exceeded the

threshold, this md:gQﬁ tl elposs ity @on sestion is high either a light or
Y NS
heavy. On the LO% if ?'eté?)xs low and less than the threshold the
&

possibility 0 snoyl % \®llt}lblInOlL if gl is greater than the buffer

size, huAtz stion is hig hl)\(%‘!’uned

Dropping Packet
Wy ket R o
e Droprang e = Probability
Packet
B — - Departure
P o 3 i S
: 0 p e )
) % =1 o ) i
! T T LY = 2 = = B i

O S Packet quenied in the router
(FCFS)

—

Figure 3.2 : Router Buffer for the Gentle BLUE (GB) Method
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3.3.2 Updates The Dropping Probability For Gentle BLUE Method:

BLUE computes ql and compare it with the threshold. When gl at the router
buffer surpasses the threshold, BLUE increases DP with a fixed value Pin (DP
increment) by using the following equation DP=DP-+Pin, to ma@c
congestion and maintain gl at a reasonable value while avoiding bl@rﬂow.
When buffer length is empty or the link is idle, DP is decreas yording the
following equation DP=DP- Pde. The fixed value that is LISGMLUE reduces
the performance when the network flow changed magnif Y- '

The proposed GB method updates the DP value migally gbilize ql

N\
at a specific value/range and to prevent the er fromjo M This

s X
N sponsgshortage in

ro& uffer. Unlike

@shen sudden heavy
0 >
congestion occurs because 1t USCHEERCT pajs quQ,@ Pde) values to adjust

N

DP. the proposed method pre con'csti' 1 bcfo‘git occurs and responds by

dynamic-based method overcomes the slow-to*¥onges

v

using dynamically updated vagpes.

based on gl and @lail ‘\
performance. 'l‘hg%\ 5

congestion %k‘n A oéstiady light congestion, and heavy congestion)

Wi ¢
predictigfl: rether. Th and al®provide a good indication of the status of the
ro t%r (o determine the number of dropped packets. Figure 3.3 illustrates

t@calculate GB-DP.

§5 el [i‘ncyvalue is dynamically calculated

/ .
G

(§]°]

ffer {Apacity, which improves network

O

S ﬁ‘m values of threshold (Th) and gl in

cr
”—

[¢]

The proposed GB method updates the DP value dynamically to stabilize gl

at a specific value/range and to prevent the buffer from overflowing. This



dynamic-based method overcomes the slow-to-congestion response shortage in

existing methods and provides better management for the router buffer.

IF ql=0" - YES

NO No packet will be droppc%\
IF(ql>0 &&
NO /
ql<=Th) YES i

g IF( q>Th
&&ql<k) Dp (q/Th) )!*ll-ilil’ i Dyp) |
oz s
Dp=1 DP= (((k-Th) / k) *(1-initiDP)) + (qU/k) * (lﬁﬂ&) (F-ini

Figure 3.3: The Flowchalt lm0 * }.\{”alue

The proposed GB mcthod\tlvely t“ valuc to prevent buffer

overflow as follows:
l
1. If the router buffergs ela\ w{ S é@l to 0, then no packet will be

dropped. \&
If gl 1s gr ]u%!n z o l@scf)l?m or equal to the Th value, then no
\

8]

N

N N
§((7"_ * “ Zi (l—mmDP)> e Der e s Wann(8H)

"

As indicated in Equation 3.1, the DP value is proportional to the ratio

congestlf msen{ gch ghe, DP is calculated as shown in Equation

between ql and the Th value. Consequently, when gl value is low, the DP value 1s
et as small to prevent dropping more packets when congestion 1s absent.
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Moreover. DP is linked to the buffer remaining capacity above Th. Hence, if the
remaining capacity is slightly smaller than the total buffer size, then the DP value
is increased to prevent the queue from reaching the Th point. Finally, the
calculated DP is inversely proportional to the initiDP (1 — initiDP). Th reYe..lf
the initiDP is high. then congestion is being firmly controlled. The cgl Ed DP

value can ease this firmness and vice versa. In summary, Equz?j.l is used

when light congestion or no congestion occurs. In general, \\w e ql value is

3. If the ql value is greater than the Th value and ql TRgss t aMpacity of
: | ¥
the router buffer, then light and heavy congggin¥may e'n,inle GB

' 4
method uses Equation 3.2 to calculate DP. Y \ \/Y.

Y-

, NP S
DP = ((“‘KT") « (1 initipP) + (£ (= - @‘wm))).“ 3.2)
where K is the total b

represents the ratio of lht"nﬂnmg
capacity of the buffer. l&tl) iti

less than the Th value, the DP value is set as low. z

i -‘@ 3
¢ Int ralue of DP.
<

ati he %&alue is proportional to the buffer

(¢}
(o

e
/
As indicat
’ | (?
remaining capagy aa»ve Th I"UQIJ e in the previous case, Equation 3.2 is
N\
inversely }:wonal pthd resgdining capacity above Th. In this case,

C};’
congcstl\s already prcsent\ld increasing the DP value inversely. The

neo capacity is necessary to prevent the router buffer from overflowing.

Hohee? GB manages congestion at an early stage before ql reaches buffer

capacity and the buffer overflows.
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3.4

Finally. if the ql value is the same as the capacity of the router buffer. then

the DP value is set as 1, which indicates that every arriving packet will be

dropped.

Evaluating the Proposed Method Under Bursty and Correlated Traf@

Using Markov Modulate Bernoulli Process: %
Internet traffic is naturally aggregated, and thus, modelit ys type of

traffic requires an approach that captures the discretized, burstNd correlation
characteristics of traffic. Accordingly, MMBP is a suit§g Cnd"dale that can
represent all the aforementioned characteristics. By contMagt, rgnew g fig (BP
LS
and PP). MMPP and MMFF are unable to tute thabe @hataedeistics.

parlicularly correlated traffic and bursty traffic. Y' \" Y\.’Y.
In this section, a discrete-time pe@ an
for the GB method under bursty traf@d cown fie\oy using MMBP-2
N
C g &

as the traffic source. u

MMBP-2 uses two statYnd e,m e h@a different packet arrival
probability value (i.c.. a0 m) as ‘lmwj:uﬁm 3.4.Thus. MMBP-2 first
defines the state of ar&}c.. Late Jor sta2. Then, the occurrence of packet
arrival is checked %\wwn ’

packet arriveghqmd b

N
75

¢>1I&§’}’or this state. A decision on whether a

states. Tl\ al state in GB—Y\&@‘PQ is state 1. As previously mentioned, the

nex % packet can either remain in the same state or transfer to the next

. T place a high priority for the next packet to remain in the same state with

a probability of 0.9, whereas the transfer probability is 0.1. The transfer
probability value results from p(s1) + p(s2) = 1, where p(s1) and p(s2) represent
the probability that the packet arrives at state 1 and state 2, respectively. Each
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state has a different packet arrival probability, which is a0 for state 1 and al for
state 2. Figure 3.5 illustrates the definition of packet arrival states.
After the state of packet arrival probability is defined, a random number 18

generated according to linear congruential generators. If the random llUIw

less than the packet arrival probability for the defined state, then pqi%wal 1S

increased: otherwise, no packet has arrived. X

Marking /dropping packet Marking /dropping
randomly probability
Packet Arrival /\ i
‘ . | N

Packet
Departure

STATE ) V
=T ONE B (
-d {; .n----l--l--l----lgsnu g '{
it =4 z ]

e STATE o

T™WO /)

Packet queuned in the rou

(FCFS) c

YES
Probability that
MMBP-2 in state 1 <
0.9
State 2 | State 2 State 1

i ! : | i

Figure 3.5: Defining the State of Packet Arrival.
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3.5 Discrete-time Queue Analytical Model for the GB Method

This section presents the discrete-time analytical model for the GB method. The
obtained performance measure results of the GB analytical model are compared with
the obtained results of GB simulation to validate and prove that the perfor
measure results of the latter are correct. The comparison 1s based on tl wmo
performance measures: mql, D, T, PL, and DP.

One of the popular approaches used to model and evaluatw performance

measures of computer networks and communications is d z-tm ¢ queue. The

discrete-time approach uses a single time slot, and multiple nts r n cach
slot. Packet arrival and/or departure can occur, as dis In Ch qu)\ ction

o
oo

ey
% for me {

finite discrete-time queuing system model gapaci

is adopted as the arrival process. Im%e

shown at Figure 3.6.

In this section, a discrete-time analytical applied. A

s dged. In addition, BP
A

sed in this model, as

Marking /dropping
probability

Packet
Packet Arrival Departure

3 i {888 8~8
L oo o
S

(FCFS)

Figure 3.6: Router Buffer of the GB Analytical Model
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3.5.1 Calculation of Packet Arrival Probability

As previously mentioned. the GB method dynamically updates DP based

on gl and Th as follows:

ifgl=0 ,DP =0

ql K—Th
if0 < ql <Th ,DP = (ﬁ)‘( m )*(l—initiDP)

DP

if gl = K ,DP =1

e If gl =0, then DP = 0 indicates that no packet will be &

o If gl is greater than zero and less than or equal tgTh 1Y thefrou
congestion occurs. This condition decreases &bayli y of packal arrival
\easeﬁ 0. and its

d in detail in

(aty) With DP values. Moreover, packet 'oppcg
value can be calculated using GB% aon 3,
Section 3.3. This equation is ba“% the \ex

]
long as queue increases. \

Ng
K\e

d. |

K—Th 1 -
fTh<q<K—1 ,DP= ( = ) + (1 — initiDP) + (?—) " <1 . ((K TIW mmDp)))

\'gﬁ“ en

“
A‘Q
N
e If gl is greater than Tl nmlhat, the ¥a E@K), then o4 decreases with
the DP value. DP is 'ncre;ed Agtall

L -
a{'

discussed in dct:& neCt
¢

e Finally, if qlsgyequll to K,
Q’ 3
rgas folfolgp” £ ‘é

values of, Y.
A9
ifql=0 \ g = «Q
ql K—Th
if0 (% QgL = Q= ax ((ﬁ) * ( E ) *(1— initiDP))

K—Th ) ql
ifTh<ql <K ,Ogl = X — 0 * (—K ) * (1 — initiDP) + (?) 3 k= (

ifql = K g =0orag =a— 1+«

70

K —Th
K

§é¢ording to GB Equation 3.2, as

lsceﬂual to 0 given that DP is equal to 1. The

) (1 — initiDl’)))



3.5.2 State Chart Diagram
The following assumption 1s used to create the state chart diagram. og
denotes the packet arrival probability value in a slot. Furthermore, assume that 8

is the probability of packet departure from a slot. Assume also that the que

system model is in equilibrium, and the gl process is a Markov cham‘@mte

state spaces, which are {0,1,2,3,,_.,111—1’th,1h+l,.. K-1, I\ Flalw 37 shows

the state chart diagram for the GB discrete-time analytical model

it (11 )(1-f)

' e it (-t 1-P)

ii 3.3 to 3.10 for the GB

analytical model that are dguved¥ro

The balance equations cplgent
dq ﬂ\

PTh—1 = [arn-2(1 = B)Ipra—2 + [@rn-1 B+ (1 — arp-1)(1 = B)Iprn-1 +

(B —idpn )i DTh S Sr s e R e e e (3.6)
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prn = [@rn-1(1 = B)Iprn—1 + [arn B+ (1 —app) (A = B)lprn + [B(1 —
g prngaaen ok Dl R ar ROt e S IR o e (3.7)

pra+1 = lar (1 — Born + [arpe1 B+ (1 — arpe ) (A = B)prpsr +

Pl =—"
TR \ Aj M T Seiom ¢ ot (B MD)

P2 = agaq(1=B)Po )
(DR \ .......... PR b S (3.12

P3 =
Ny I AN (Br13)

In genera

Pq ..4-(rql_,(1-/)’)(“—‘}70
W e e e (3.135)

here, gl is the queue state and /< g/ < Th+1, and k=Th+1




The probability of no packet (system idle) PO can be calculated by using the

normalizing equation and by applying the steady state to the normalizing

equation, as follows:

4 /4 o :k =t
ZZLS plﬂ =1= ZZ:O pql =Do + P1 + P> + -+ Px = il \T
ay aga. (1 —B)P, agayay(1 = %

Pt g —ay B —an(—ay) | B30 — a) (= Nl — a)

aoal ere sen s C(Th+l_1(1 —_ ﬁ)Th'*'l_l B 1

oo BTh+1(1 — o) (1 — @) coe e oo Tt 1)

Py =
(- \do N

@y agay(1-4) Qo1 QA3 z
1+ so—an T Pa—aG-a T B3(1—a1)(1—$ ) _\“}
P
]

AQQ g oniininns arhe1-1 (1= \/Y. a
vy IR Y’ o AT

Then, mql can be calculated usim&%wowing>
nlqlzzglzoql Pl -veeveerenrnnnnnees \T &k ............... (3.17)
< S

After mql is calculated, thyoUagput w Ez&@ted as follows:
N
T=0Q-P)B = 5251:1 il Y . o , .é (3.18)

....... oGP

The D results are calcul%b C('i h{ nd” p.¥wing Little’s law as follows:
mql & %
D=— e . XS ... e R e s b A e e S b
T | (@)
\ I P : o)

PL is calculate ing o thy f
PL = (1 — ﬂ e AUSRURRL. Sl A . g UUY. o S S N (3.20)

Finally: ¢ computed according to Equations 3.1 and 3.2 as follows:

Qﬁ:‘ ((tz_’l) (B - initiDP)) * Py + D iZena <(A—_Kﬂ) ¥

(1 — initiDP) + (’7’) x (1 = (("‘KT") = initiDP)))) S )

—+4-

>




3.6 The Proposed Gentle BLUE Fuzzy Logic Method (GBFL)
The proposed method was developed based on the original GB using FL to
enhance the performance results of the original GB method and to reduce the number

of parameter settings. In particular, the proposed method uses FIP. whic be

N

defined as “a process of mapping from a given input to an output, usils%heory of
fuzzy sets” (Negnevitsky., 2005). Accordingly, the proposed metl uses two input
linguistic variables, namely, ql and average queuing delay (D)} Iculate a single

output linguistic variable (DP). The Mamdani-style FIP lied to achieve this

objective. The Mamdani method is one of the com se y inference
]

techniques. It consists of four steps (Figure 3@9 infit &Af \on. e
’ X

evaluation, rule output aggregation, and defuzzilwl. ’lw ps a@nplemenled
in the proposed method, and are discussed il@as .
Of=
@ E: fuzzification

Defuzzification ; @

3.6.1 Fuzzificati

S

(¢ ql and D, are processed to determine the

In this § S
gy 53

o
iph 1]1£C Mpfts é\mg to each appropriate fuzzy set. Every

degree t
>¥
lingui%u Hable has it is oww Uod, which determines its range of values. The

'sets for the inputs and output are as follows:
ql={conservative, middle. aggressive}

D= {few. medium, a lot}
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DP = {zero, low, moderate, high}
Every linguistic variable has it is own Uod that clarifies its boundaries.

The membership functions of the input linguistic variables (D and ql) and the

Q

output linguistic variable (DP) are presented in Figures 3.9-3.11. In (:Wl.
N
many types of shapes can be used to represent a membership functi %ed on
the issues that should be addressed. For computational simped inguistic
variables are frequently represented by triangles or trapczow. trapezoid is

variable, the

K, and K

K,
‘ N\
represents the size of the router buffer. In addigah,Yhe Udd @ t']g_\b input
s | ’ ol @
linguistic variable ranges from 0 to 2 K if the wﬂt -t prol@( ity (B) is

Assigning a 0.5 value to f3 can%wn steQ‘a d congested
[

0.

W

O

ut: 3 uu\value for D, which
S
> m@num value of gl is K

situations. Moreover. this value for pgvill yT€l

is 2 K. From the following equay = iql/T.

and T = 0.5. The assumptic Nel

variable is similar to thc bdek. abg SLan (2008a). The boundaries of

membership 1'unc1ion@&zz ’l;els e xl@d by domain experts in the fields
A

of FL and congcst@tr (Weg "x'lslag-?OOS).

Y

—

1.0

s

Conservative Middle Aggressive
0.0 I I L | jEEy
005K 0.1K  K/5 K4 K/3 K2 07K 3K/ 4K/S5 K

Figure 3.9: Memberships Function of gl.
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XX

3.6.2 Fuzzy Rule Evaluati

77 ighuts @applied to the rules based on

In this step. 771

¢
\ :
Cheated by

inputs increa i plex
this pmb& tiple input singdsdutput is used (Kim & Kong, 2001). To obtain

knowledge, whig

nﬁiltg}?)erts. In general, when the number of
N

@‘ rule application also increases. To solve

a sali® v rule base in FL, rules should generally exhibit the following

proweLts. First, rules should be complete, which indicates that rules must cover
all system behavior. Second, rules should be consistent, which indicates that all

rules must be logically valid. Each rule consist of two parts, the antecedent part of
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fuzzy rules. which is represented by “if” (body rule), and consequent part
(output). The antecedent part includes the input variables. Thus, the fuzzified
inputs, together with their membership degrees, are applied to the first part to

obtain the degree of membership in the consequent part. The rules are @!d

- liablo Sl (—)

Table 3.1: Fuzzy Rules for GBFL Based on gl and D.Y.

FUZZY RULES i T
TF ql is conservative and D is few, THEN Dpyis '
IF ql is conservative and D is medium, THEF%

Zgro
IF ql is conservative and D is a long. TH is z{d

IF ql is middle and D is few, THEN Dpis ze

IF ql is middle and D is medium, THEN
IF ql is middle and D is a long, THE
IF ql is aggressive and D is few, TH
IF ql is aggressive and D is medi
IF gl is aggressive and D isalo

To obtain a good degree of D, the Tins "eqn will be adopted
. : P, 3! oy
because the operation applied Ren B ligelisti buts is the “AND”
40
' npr Sy se& the input crisp value is
applied to rule number 8.% is “TpQl igfagopeSsive and D is medium, THEN
DP is moderate,” un@isp@br ql<2§0.8 and that for D is 0.5. In this
case, the DP dcgr_%u uaffterthg ,’Ail value between the ql degree and the
, ¥
D degree [MIF(UNG0.5)
z&” pr gy S

3.6.3 Rul@ul Aggregation \(}/
I

n revious step, a degree of membership is assigned to each consequent

’
is low ' -\

operation for all the rules. e

2

alc. 2N thus, combining all the outputs (membership values) from all the rules
into a single fuzzy set is required. This process combines the inputs (list of

membership values) with the single output (fuzzy set) for each output variable.

1)



3.6.4 Defuzzification

The fourth step in FIP is to select a defuzzification method. The input for
this step is the output from the previous step, which is a fuzzy set for every output
linguistic variable, whereas the output from this step is a crisp value, foNgach

o\

output linguistic variable. The defuzzfication method derives ters value
(numerical value) that represents the fuzzy value of the linguistivt variable.
In the proposed method, the center of gravity (COG) is st to find the
numerical value of DP. COG is the most popular appr mu‘se it finds the

point where a vertical line will divide the aggregate into tMl masses

| \Y-
(Negnevitsky, 2005). COG is expressed in the /Mg forgu T\‘egb(@'itsky,
L 4
2005): Y' o L

COG = Zaraldxst %\' & 322)
= 22 TOT b 1t i | \ ........... O .......... ( Ll

where uA(S) is the membersii clio&b‘
]

| AP
represent the degrees of membc& A{q
3.6.5 Router Buffer in the BWetho é
; S
cduces fT

A m)h’Qj’ g mber of parameter settings in
the original BLUE, NPO ,
¢ |
parameter or thagSholtl. The & {)"Ql)ﬁ GBFL method relies on two input

3
variables (q w) to p(o S sin&oulpul variable (DP).
\A S

L 1@(0d (Figure 3.12) avoids using any
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Figure 3.12: Single Router Buffer for the Proposed GE?.
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In general, the first objective of GBFL is to avoid inch the number of

incoming packets at the router, and consequently, 'vzt tre buffer from

overflowing, which in turn, reduces packet delays los M:iition, the
u

proposed GBFL aims to provide satisfactory pggam®nce r camfgred with
4 b3
the existing GB method and other AQM methv \ 4

N
S Ps

fon Measures Matrixes \ '\O

3.7 Performance Measures Matri: C‘) \T \‘K

The following performance n% ar® us L@xate the proposed GB
KNS

method.

3.7.1 Mean Queue Lcnu%i; 2

mql 1s defined dxneasllre the@’age number of packets that can be

B
presented simult@ly inﬁ?"!ut&) uffer at any time. To reduce the
aft

O
possibility oo ‘Stio,,vlle’ iedmql should be kept as low as possible to

prevent nmfer from building@!ils size. mql 1s computed using Equation 3.23

.

(Wo g, 1993).

@Zgig’ql*P[ql]_._._ e i e e e Sl S R IOR)

where K represents buffer capacity, and P/q// represents the probability of packet

existence in a specific location in the buffer.
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3.7.2 Throughput (T)

Throughput (T) is defined as the number of packets that have successfully
passed through the router buffer per unit time, as shown in Equation 3.4. If the
value of T is high, then the number of packets that passed is high. Th\;nion
prevents the router buffer from increasing the number of quetg@els. and
consequently, avoids congestion (Woodward, 1993). Y‘

vy e 27 (1) R L UEP TR S Y el S e \/ ............ (3.24)

where P [0] represents the probability of the sy

eind in an idle state

c[0]

which equal to T e and f represents ée packet flepa 'e b"—l%Wblllty
wich

value and ¢[0] indicted the number of slots*’i th Louplr b@ is being
\ g
o

empty.

3.7.3 Average Queuing Delay (D) \

D4

The average queuing delay

< é‘ﬁ‘age waiting time for

aiting

arrival and packet dcparCc. Qe valu,
mql and T by using Li%la w‘ ,

Di=mql /T \& ......
Similar @Dpac $ts

N
buffer if t wc of 6 m{rca!gthercby increasing the number of queued

&
packcls‘wc router buffer and}!e possibility of congestion.

Y ! e‘kcl [Loss Probability Due to Overflow (PL)

L. probability is defined as the probability of PL due to router buffer

each packet in the router buffg

overflow, as shown in Equation 3.26. No space is available for arriving packets

when the router buffer overflows, and packet dropping will occur among the
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newly arriving packets. Thus, PL serves as a good indicator of network
performance (Woodward, 1993).
Pl (1 =0 P lonn aetelles Lo i SEan iopants S i e b 00y oo N s (81

where Pk represents the probability of a fully utilized syﬁ& nd B

represents the packet departure value.

3.7.5 Packet Dropping Probability (DP) T

g

DP is defined as the probability value of dropped pYﬂ»

o

6)

which increases
relatively with the development of congestion. DP_is $hcNpro Jailitf of packets

dropping before the router buffer is fully utili

. AVloy DRgit di%ak&good
IO

network performance (Woodward, 1993). The osed’ is ‘Qi-scussed in
‘r' N
Section 3.3. \ g

After the simulation architectui®g balt. the ell@s implemented to

obtain the results of the performa asulwb\,w \&\
.é o S

“ &

NIEAS

3.8 Chapter Summary I b
?. b{ s ,
In this chapter. two gonge 10ll N& s arg poposed, namely GB and GBFL.
nge&h at an early stage before the router

|
2"1@? at specific value around threshold. The

e

These methods aim atggormwplling

buffers get overfl &)d sfbi
proposed GB ws; res’p ) $g an unfixed and dynamically updating
A >
)

mcchanism\ crease DP based™on queue status. Meanwhile, GBFL method is

prop @1 an FL system. GBFL adopts gl and delay as input linguistic variables
forg‘slcm to produce a single output (DP), which in turn, controls and prevents
congestion at an carly stage. Moreover, traffic modeling is an essential aspect of
evaluating queue management methods. Queuing models, such as BP and MMBP,

are used to evaluate the performance of AQM methods. BP fails to capture the

81



properties of multimedia traffic. Thus, MMBP-2 is used in this chapter to model
traffic source and deal with the properties of burstiness and correlation. Moreover, the
validation process is necessary to provide evidence that simulation results are correct

and simulation is working correctly. Therefore, a discrete-time analyticE\ el is

used for the GB method. s
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