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HaoUIA T NFIIUBLSIMBS (Generator Matrix) [8] [12] [15] [16] lasTu

_/10 ;"’o 0
Ay "'(;"l + lul) ;Ll 0
Ay _(iz +Ju2) /12 0
= O 0 ey (A +a) A 0
0 0 0 0 gy —(go +#¢a) Ao
0 0 0 0 0 Hy — Hg

(2.1)

a = = o o n’: = = @ '
dinsanldaniuzesin Ae vnamalutivied mazasiuseion O Wudwalsgu
a o o o or [ = i =
vosnmnaim luiiosvounand O, Wudulsquueswuafifine ¢ uazivw p, (1)
A . g . i = .
AoAuzulumsasuaaIug (State-Transition Probability) fivzilasuninaniue i w

¥
. A LY o . o 1
nan s ldaoe j aonm s+ uazaouz i vunoie s nanfuliswau i uwaiiaeglu

¥
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Uiesvounandyaans 1Al

py(®=Pr(Q,, =70, =i) (2.2)

b
=

e P(7) Wumainduesanuinziluvesvuailumsnfouaaius il

Pu(®) Pu() ... Py ()
P(£) = Pm:(t) p”:(l) Puc: )] (2.3)
Pxo®) p(®) .. prx(®)

nnaumseyiusiuuAmvesinaluTnsew (Kolmogorov's forward differential equation)

[15] [16] 8nsimsnldsuntlasues P(r) amrsauaasldnsaunish (2.4)

d
—P(t) =P(1)® 2.4)
- @) =P@) (
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& o < a 3 o < 4
nAMsuAaunsi (2.4) w18 P(r) daaunish 2.5) Taolideuludedudaaunsi (2.6) Feae

18 P(r) nsznwlugoynsulddeaumsd @.7)

P(t) = P(0)e"® 2.5)

P(0) =1 (2.6)
© k

P(f) Z ’®) 2.7)

9 .Y I~ a o 1 B . a d 9 .. %
1 O WuuasnwauRn (Eigen Value Matrix) Mazil@ainaAag (Similar Matrix) ¥4
= 4 i 1 P = .
wasng © Taoh {x,,x,,....x, | Wudavesiuamzdand vVi=012,....K , x <0
= g a ¢ s ) ! Y v A
pazll X uuasngnnnosamie (Eigen Vector Matrix) Naeandndfiy © zuaadny
Funus lddeaunish (2.8)
O =XOX" (2.8)

Tasi

. 0 —|x] O 0
®= . (2.9)
0 0 &, 0
0 0 0 =[x
Lag
X=[X; X; o Xg] (2.10)

qﬁumr‘m‘umsw 2.7 mﬁnmi‘n (2.10) az1HU P(2) vlmi‘lumﬁumm (2.11) uag (2.12)
P(1)=X fo%z X (2.11)
k=0 $

e™ 0 0 o0
=ty
ppy=x ° ¢ O 0 |x- (2.12)
0o 0 -

0 0 ... el
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A T Y] 9 1 =1
Woszuudganuznady (Steady-State) 81 P iflumsnszaivesnimnitziiiuves
YUIANIVDITLTUUNTDIULAIA (Stationary Probability Distribution) 1111140 1naunTH (2.13)

4 g ' P o ' [~ A
“If\'u‘]_luﬂ'ﬁ‘H']ﬂTlll'1-!'lﬂgﬁju'luixﬂllﬂﬂﬂ'lugﬂﬁﬁniﬂﬂﬂ'ﬂuu1?35ﬂu1uﬂ’]5!ﬂﬁﬂuﬂﬂ‘lu$

P =1imP(¢) (2.13)

]
@ o

& a P ' a a A < ¥
L‘I-J'E]\‘ﬁ]'lﬂﬂ'ﬁ'uﬂ5']314LﬂU'Jﬂ‘]Jﬂ'3HﬂxNﬂﬂi3‘1’]UFl'El‘l_]'i3ﬁﬂﬁﬂ’lWﬂuLﬂiﬂﬁnUIﬂUﬂ’Jqﬂﬂz&uu
a a1 1 ' o { a L4 o
gy nnszvudigaougadd mednsiznsinuvesszuuluszess1 (Long-Run)
) g [~ ° 4 ' 1 r
anfumim P Tagasananunsen1d dienarmliuiueg uagssuudhganiugasia anu

] [=~{ = 1 H A [ 4:1
ungluvesvuiailzie ldnnn Faaas ldasaunisi (2.14)

d
lim—P(#) =0 (2.14)
{—»c0 dt ( )
NNANNITN (2.4) ag (2.14) 9214
PO =0 {2.15)

vunasadnaums P() Tuaumsi 2.3) @oulmildid

Po Pu -+ Pox
P P.lo p.n p'lK (2.16)
Pxo Pxi -+ Pxx

4 o ’ "
¥ P ldvnmsudaunisi (2.15) uazaumsuesvea lad (Normalization Equation) #i (2.17)

K
Zpy =1 (2.17)

j=0

Y a 1 ' a A 1 - a < '
dinw z(g) Wumanuhewduvesnineda g wieamminaduied ¢ unaifiaeglu
o d ¢ " Y o iy o 2 !
Tiesveunandilessuvegluanuzasd Tasdmualdfriluvazsuduiine « = o

AN (2.18) 9214 z(q) Aaaumsi (2.19)

7(q) = Pog = Pr(Q;—m =4q | Qr=o =0) (2.18)
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YoIUUINA2 P() uazamniniuvesvinafifiaaiuzasia z(g) lumanuan n.

awv a = o Yy a 1 { P P & a Y
At anoinustesdinszdmimaovesssuuiigaiusash - Fsauudliidnsims
=3 d A o L4 . s o = 1w
wnavesmanaiinandiluluamnszuaumsihsaes (Poisson Process) oAz unasmIf
g 1 a e { a 1 e o P
A unadadadui waznaildlums IuSmsiusduiiimsnssnouuuidad 1) wwden
o 1 a 1w d 1 a ) P>
(Exponential Distribution) TasNgnsundumsIqusmsmiiny £ unainaae3uii 1ingii 2.4
I3 a o = a f a a J -
annsouaaswuuinefinldluinnidnusi1dali 2.6 uaznauuuiniaenluglii 2.5

wléh 4, =Auag p, =p # i=012,.,K-1

Buffer Capacity K

|00l = -
|l =

% Drop

A
A 4

Buffer Queue Size Q

! ° a o ar 1 a a
3UM 2.6 tuudravsdrvesmanaluivides ez 4 uTnoinus

wiuuanuziiuizfiansaselinandldnnaunisi (2.20)

K
P, =>.m(@)p.(q) (2.20)
q=0
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] -l P=1 a = d%, a o
B, . s Aanviezdufizinsaselifatuiinand
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Aamgun () Tannanuheilufiveifanmsaiel (2, ) fsaumsh 2.21) Tasit A

rop

o
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S=(Q1-P,,,)2 (2.21)
=) a o = ] a s
Tumsinsandsz@ninmmsdusmanioveveunand UDNIINMTANTIEHNIUN

@ a s o ot = £ a
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o a 4 & o o
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B 1
__EQ 1 (2.22)
-P, )1 u
Tagh
1 = Y a = =
D : AlsgFanamnmsidiAasensy (Guii)
Q sudsquunaf luiviesveanand uwaifia)
' P a L4 . " a ) o
E(Q) : AUNDUNNAUAPNAAT (Arithmetic Mean) Yo3u119A7 lutivivles
' 4 a 4 1a 4 4 ¢
B :AnmhzilufisziimsaiouiRatiuiinaid
o a = g 1 @ g 1 a a
: DATURAIMILUNANAVVBHIUINALIY (UNANARDIUIN)
s P Y a L4 o = =
U : IATURAIMS THUTMIVOUNANG (UwANARDIUIN)

4 al
Faagenson E(Q) Tdnnaumsh 2.23)

E(Q)=> (g% 7(9)) (2.23)
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Fannuunziuizfaunaiaasolfadefuainsosiuan ldvnmsminnuresiui
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aa lamstamsaa lutiwlesveunang

msvamsfialutivivies fle msnsuguiniudeyaiieefuindansnluiimes iy
Tamgduuuiidesms wasnsildlumsauguie msoounie livewldunadiafiunve
Hiunand (udinandds liaunsandenliusng annsadminlusives dnalnnssa
msvenldri unaadenanezansadiinluimes luswudam udd lveuliry
nalnezfaunaidin (Discard) Tnsmsadotimaiiindend niedidn (Reject) 1nvinoTA7

Tumsndntssely f1d1 “msufion Blocking)” nie “msliveuldriu” wie p—T
(Discard)” 32141910501 (Drop) unu ﬁ'ufummlhwﬂuﬁuwmﬁmﬁmﬁwxgﬂuﬁaﬂw?a
s azadumunisldmifionwesdi amnivziufiunaifinezgnaien dagadmun
Awlsndun1sasel (Drop Function) wasfefdumsaiotaeiisnuuzmmsvewsaznaln
an1saa luiies c‘ffq1uuwﬁvﬂzLmmSwa:!.%'zmﬂa"lnm's%”ﬂm5531uﬁ'ﬂxﬂaimu¢fuﬁu
fle nalnuuy Tail Drop uaznalauuy RED figminauelay IETF Tu REC 2309 [2]

It “F1 (Queney Mmunsiimsduinunadanuddumsnde 1 lutimeius
nand iNesesumsdioonniodre TaoTusmdimos (Processor) VBUAANE  AaTTUATT

“Y119A7 (Queue Size)” Muwiadmmumaiaifagrinuin 3 luviies
3.1 nA1NYAMIAMUY Tail Drop
3.1.1 anEAULMIHNIY

nalnuuy Tail Drop WunalnfisenliumafiadhuinluimesIdsunvuieni
w a Ve W Y] ° -1 H a ' o
Tuiilesvzgadundiiitvivlesozsosiuld  mldimadefinveldusmsiinandly
o o ) o s & o a
vagivivesinugnaTeditalaslivenldidindefalutiines Faaunsouaasdanesiiu

mainueesna ln1daesui 3.1 uazuaasilendumsased lddeaunisi 3.1)

0 ; g<K
1 ; g=K

(3.1)

P.(q) ={
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K s vuatiiwes lumilounwaifie (Buffer Size)
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MHunafadfadede aSolunafaNug
¥
sonoulutivines el

31 3.1 SaneSiunstauaesna lauuy Tail Drop

3.1.2 wwudmedlumsimnzviszansam
a a s a a g o o = = :feiv o

nnauuagIulumsinseilse@niamuesms 1givives luinoidwusi fvua

o’ o o (] 4
Tinanddiwnesvinannuy K unafa menwelfusmsinunandiuldmunssuou

3 o a 1 ) g 1 a A
M3135983 (Poisson Process) Honsundsmsuveruminy A unamaaedui uaznain

a R g o 5 & . .

15 lumsldusmsdlumduiimsnseneouuuidnd TniuiFea (Exponential Distribution) Tng
o P Y a " w d 1 a A oqy o
HdasundsmsIduTmsdY 2 unaeaeIui hldaunsalisuaunmsvesmsnszae

vovuana lutiies ldvinaunsh (2.19) Wussaunisii 3.2)
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(q) = Ll_%ﬁ“
g

1 ] [~ 1 o P -
amanuiziuifanmsaTelinandausom idnnaunsi @200 Tagld

(3.2)

' a g ! ' — a g =
mmuwmi‘]ummﬂmngﬂﬂ%‘aﬂmnﬁumiﬁ Ga.1) wldanumieztuizfamsaseln
2 ar a ) 4
g 1¥nalnnsiansAauuy Tail Drop Asaun1sh (3.3) uazainawns (2.21) &1 S Ao

wmﬂﬁaﬂﬂmﬂmmaﬁ%zﬁmm"lﬁ'mnﬁumsﬁ (3.4)
Pdrop = E(K) (33)
S=(1-P,, )2 (3.4)

! a a = &
AszIanmnnmssenoylufi (Queuing Delay) anmnsam ldninaumsi (3.5) ¥4

g P ° ' { a

Hlumsenunuaasnnaunsi (2.22) Tassasimasunaii Q) Tdnnaums (2.23)

£ i a P
FIAURAYYUIAAIUDINA IAUVY Tail Drop uaasluaunish (3.6)

__EO 1 (3.5)
(1 - Pdrop )’1 H
(/1 1 K P K+l
—[1- (K+1)[—J + K(—J
7 H H
K+1 ’/1 a ‘u
E(Q)=; 1_[1} (l"ﬂ (3.6)
H M
K
i3 -
5 H
Tauii
D : A115239921910m15191A250A0Y (Queuing Delay) Tuniae Jui
0 :dwdsquumnaialutivivesveunand (Queue Size) Tuniiae unaifia

E(Q) :aundenundiamansussvuianaluinines (Mean Queue Size)

] gi a =} 2 4 (4 -
oy ATz UM AT oliRadunANE (Drop Probability)
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a 4 o [ o ] o 1 a =1
A : DA UNDUNITUUNANALIVBFIMNANY (Arrival Rate) TUNUIL LnANAABIUIN

as a a o ] d 1 a
M : ’E]ﬂ'j'lmﬁEIﬂ'ﬁiﬁ‘lJﬁﬂ'lﬁﬁJENlﬂﬂDU (Service Rate) Tuwuau llWﬂLﬂﬂﬂﬂ'Ju'l‘ﬁ

a o g4 o a a o g a 1w g chlsl
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THROUGHPUT IMPROVEMENT ON RED MECHANISM

Sum et Prabhavat, Ruttikorn Varakulsiripunth, and Suthichal Noppanakeepong

Faculty of Engineering and Research Center for Communications and Information Technology (ReCCIT)
King Mongkut’s Institute of Technology Ladkrabang, Chalongkrung Road, Ladkrabang, Bangkok 10520, Thailand
51061169@kmitl.ac.th , sumetp@usanet

Abstract - Internet Engineering Task Force (IETF) had
recommended the active queue management (AQM) scheme
to solve the global synchronization problems in TCP/IP
based networks for next generation routers. Since then,
Random Early Detection (RED) has been proposed as one of
the AQM schemes. However, the major problems of RED
mechanism are low throughput achievement and high
number of consecutive drop. In this paper, we have
proposed the Extended Drop Slope Random Early Detection
(ExRED) mechanism in order to overcome these problems.
The ExRED can reduce both the average number of dropped
packets and the consecutive drop probability, hence network
throughput is improved while all other advantages of RED
are retained.

Keywords — Throughput, Drop Probability, Random Early
Detection, Active Queue Management

I.  INTRODUCTION

Previously, buffers are a key component of a packet
switched network, as they absorb arrivals of packet and
hence reduce losses. However, Intemet technology is
developed and growth very fast. Higher speed and larger
size network tend to build up at high load and increase
network delays. The traditional technique for managing
router queue length is to set a maximum length for each
buffer queune, accept packets in the queue until the
maximum length is exceeded, then drop subsequent
incoming packets until the queue decreases below its
maximum value. This buffer management scheme is
referred to as Tail Drop. But it possible causes the important
problems such as buffer overflow, lock-out phenomenon,
and global synchronization problem. The higher speed and
larger size network cause performance is getting worse.

To solve the problem and improve performance, active
queue management (AQM) is recommended by Intemet
Engineering Task Force (IETF) for using in the routers of
next generation Internet [1][2]. Therefore, Random Early
Detection (RED) [3], an active queue management, was
proposed. However, RED has several problems such as low
throughput and high number of consecutive drop as stated in
[4].

The objective of our research is to improve throughput by
decreasing a packet drop and consecutive drop probability
of RED mechanism. This will in turn improve the QoS of
Internet gateways. In this paper, we propose our mechanism

0-7803-7510-6/02/%17.00 €002 |EEE

and evaluate performance compare to the existed
mechanism by simulation.

The rest of paper is organized as the follows. In Section II,
we briefly review RED. In Section III, we propose ExRED
model. Then, we compare the EXRED to the traditional and
existed mechanism in Section IV. In Section V, we simulate
our mechanism and compare to the existed mechanism.

Section VI concludes the paper.

II. RED MECHANISM

RED [3] itself consists of two main parts, i.e., the estimation
of an average queue size and the decision of whether or not

to drop an incoming packet. An average queue size cj is

calculated by a current queue size (or instantaneous queue
size) ¢ using an exponentially weighted moving average

(EWMA) [3] as shown below.

(1-w)g+wq
(1-w)*g >

j g0 M
s 1
9 otherwise

where W is an EWMA parameter which is a small constant
value and defined by [3] as queue weight.

In the 2™ portion of RED algorithm, RED decides whether
or not to drop an incoming packet. It is RED’s particular
algorithm for dropping that results in performance
improvement for responsive flows. There are iwe thresholds
figure prominently in this decision process. Minimum

threshold £, specifies the average queue size below which

no packet will be dropped and maximum threshold X,
specifies the average queue size above which all packets
will be dropped. When the average queue size varies from
minimum to maximum threshold level, the packeis will be

dropped with probability that vary linearly from 0 te max,

where max , is the maximum drop probability parameter.

Then, the packet drop probability distribution function is
defined as shown below [3]. The suitable value for
parameters in this function were discussed in [3] and [7].

0 s d<k
% -k, »
P@D={p—xmax, 3 <<k @
h ]
1 > ézkh
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By using the PASTA property [5] with arrival rate A and
service rate (2, RED performance can be presented in

average packet drop probability, consecutive drop
probability, and queuing delay of finite buffer size K based
on Markovian model [4][6] as the following:

A.  Drop Probability
Drop probability in a RED router can be approximated by

By = 350+ 3 (0, Dx2@). )
geky g=ly
Where 7(g) is stationary probability distribution of the
average queue size and 2, (é) is packet drop probability.

B. Consecutive Dropped Packet
Fyen (N) = Probability that N packets will be dropped

consecutively and
K-1
PILOIENG)
P (N> ) =242 . @
Z CHAC)
0

Vnz0,

Equation (4) allows us in particular to evaluate the mean of
the number of consecutive dropped packets, as shown
below.

Z (g)(p,,@)

E(N)=1+22 A ). (5)
_Zuﬂ(é)ﬁd(é)

C. Average Queuing Delay

By using Little’s theorem, average queuing delay is given
by

E
KO 1
T(-Py)i s
E@) is mean of average queue size and given by
i ]
. k[—] [10-2.@)
H) =0
EQ)=>" ™

) [fJH( n@)|

k=0 =0

II. EXRED PRINCIPLE

The proposed scheme of our research is called Extended
Drop Slope Random Early Detection (ExXRED). The model
of ExRED is shown in Fig.1,

K

[ 0001 - 1
1] = )

2 Drop kl K :

Fig. 1. Analytical model for EXRED

According to (2) to (7), we have observed that p, (c}‘r)

influence all above performance issues especially drop
probability. Packets will be dropped consecutively when

azk,, and a packet will be dropped randomly when
kz2g>k,.
most of packet drops occur when § 2k, .

It is common sense that, under high lecad,

in order o

reduce a number of packet drop and consecutive drop, we
modify drop distribution function and decrease drop

probability in case of t} 2 k,‘. To keep packet drop rate

increasing smoothly but continue with a higher rate when
queue size is more closed to limit of buffer size,

k, < g < K , the function of p, is modified to be a second

order polynomial function of § and a new drop distribution
must satisfy three conditions as below.

a p;(G=k) = max,
b p,@=kK) =1

d . max
&) —=Pa (q)l st
q Gl M
Thus, new packet drop distribution can be expressed as:
0 : a<k
. -k :
@ =12 xmax, ; K<<k, ®

h 1
a,d’ +ag+a, ; k,s§<k

where

(k= k) — (K -k )max,
T YK —h)
(e + K - 2k, k) max ,— 2k, + 2k,
a7 o XK~ F)?
o = k -kl — (k] + 2k, k, +k,{<)K max,,
k, — kXK - k,)




Packet drop probability will increase with higher rate for
more seriously lack of available buffer space, the parameter
setting must satisfy the following condition:

kh_kf
e -y
L

Note that the recommended parameter setting in [3] and [7]
is also satisfied above condition. When average queue size
exceeds the maximum threshold, packet drop probability vs.
average queue size by varying the difference of minimum
and maximum threshold can be illustrated in Fig, 2.
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Fig. 2. Drop function of EXRED
when average queue size exceeds maximum threshold

IV. COMPARISON AND ANALYSIS

‘We compare the drop function curve of EXRED to RED and
illustrate as shown in Fig. 3. Performance will be presented
in simulation result next section. However, in this section,
we can roughly estimate the result using (3). When p, is

decreased, it follows then from (3) that the average packet
drop is written as (9).

X k-1
Prp = eZkfr(é)x (2,8° + a4+ ay)+ § 2, (@x ()
o P

®

If PF52 and PP are drop probability of RED obtained

drop drop

by (3) and ExRED obtained by (9), respectively. Fig. 4
illustrates P50 g pfEP ExRED

o wop  and  therefore

throughput gets better. Similarly, the decreasing of p,(g),
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the consecutive dropped packet probability P, (N} from

(4) can be expressed by

Vn, l<n<Kk,

drop

Bufler Stae K=100, k=10, k =30, max =0.1

drop

P (N gopgp > 1) < P (N g > 1.

drop

Bafier Size K=100, k=10, k=30, mex =0.1
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V. SIMULATION RESULTS

To compare the simulation resuit of our proposed
mechanism, we model the discrete event simulation by using
concept in [8] and [9]. We suppose that the arrivals occur
randomly according to a Poisson Process with rate A and
service times of single-server with buffer size K is
exponentially distributed at rate £/ . We select the value of

parameters setting in the simulation as the follows:



e 1 =1000 packets per second,

e K =100 packets,

o w=0.02,

© kf =10, k,=30: The values were chosen such that

1
k, < ZK and k, = 2k, as suggested in [3].
e max,= 0.1: The value was chosen as suggested in [7].

Throughput of Tail Drop, RED, and EXxRED with varying
offered load can be illustrated in Fig. 5.
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Fig. 5. Throughput of Tail Drop, RED, and EXRED vs.
Offered load

Consecutive drop probability and its average of Tail Drop,
RED, and ExRED can be illustrated in Fig. 6 and Fig. 7.
Average queuning delay of Tail Drop, RED, and EXxRED with
varying offered load can be illustrated in Fig. 8,
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Fig. 6. Consecutive Drop Probability vs. Offered load at 0.9,
1.2,1.5,and 2.0
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VI. CONCLUSIONS

In order to relax an aggressive drop in case of the average
queue size is over maximum threshold and not exceeds limit
of buffer size, EXRED reduces packet drop probability. The
2™ order polynomial function shape of packet drop function
provides a flexible increasing of drop probability. When
average queue size excesds maximum threshold, drop
probability is set to the maximum drop probability
parameter. The decreasing of available buffer space, the
increasing rate of drop probability is accelerated higher. Not
only the average packet drop is reduced, but aiso the
consecutive drop. The simulation results in Fig. 3, Fig. 6,
and Fig. 7, of section IV present that ExRED reduces packet
drop and consecutive drop probability; hence throughput get
better. Fig. 8 illustrates average quening delay brought about
by ExRED. It is a simple tradeoff between delay and
throughput However, we c¢an conclude that ExRED



performs a much lower delay when compare to Tail Drop
while it performs a higher throughput when compare to
RED. Moreover, end-to-end delay might be befter if
propagation and transmission delay of a retransmitted
dropped packet is a long time.

Next, the complexity of implementation will be briefly
discussed on this section. For average queue size exceeds
the maximum threshold, packet drop probability will be
computed for an incoming packet. This is unavoidably more
complicate on EXRED than RED. Indeed, it does not add
more difficulty. The algorithm in this part similar to what
both RED and EXRED mechanism have done when average
queue size is higher than minimum threshold but does not
exceed maximum threshold. Packet drop probability could
be computed on high performance processor or gotten from
the table of previously calculated value stored in memory.

VI. FUTURE WORKS

In the model with Poisson traffic source, we have shown
that throughput and consecutive drop have been improved.
We suppose that burst and smooth traffic cause the same
drop probability in according to previous researches, i.e.[4]
and [6], have stated as the advantages of RED. However, we
will study how responsive and non-responsive traffic source
effect to EXRED Gateway comparing to Tail Drop and RED
by using Markovian model. In addition, the explicit
congestion notification (ECN) mechanism will be an
extended part that we interest.

REFERENCES

(11 “Recommendations on queue management and
igg%estwn avoidance in the Internet”, RFC2309, April,

(2] “Assured Forwarding PHB Group”, RFC 2597, June,
1999,

[3] 8. Floyd and V. Jacobsan, “Random Early Detection
Gateways for Congestion Avoidance”, In JEEE/ACM
Transactions on Networking, vol. 1, no. 4, pp. 397-413,
August, 1993,

[4] T.Bonald, M. May, and J-C.Bolot, “Analytic Evaluation
of RED Performance”, In JEEE INFOCOM2000, Tel-
Aviv, Israel, March, 26-30, 2000.

[51 R. W. Wolf, “Poisson Arrivals see Time Average”,
Operations Research, 20, 223-231, 1982.

(6] R.Laalaoua, T.Czachorski, and T.Atmaca, “Markovian
Model of RED Mechanism™, In Proceeding of First
IEEE/ACM Intemational Symposium on Cluster
Computing and the Grid 2001, pp. 610-617, 2001,

(7] 8. Floyd, RED: “Discussions of Sefting Parameters”,
hggrg;il//www.acz‘n’.org{ﬂoyd/REDparameterS.bct, Nov,
1

(81 KXant, Introduction to Computer System Performance
Evaluation, McGraw-Hill 1992,

(9] Boudewijn R.Haverkort, Performance of Computer
Communication Systems, Wiley, 1998.

98

APPENDIX
In the section IV and V, we assume that arrivals occur
randomly according to a Poisson Process with rate A and

service times of single-server with buffer size K is
exponentially distributed at rate 2. Thus, performance

model of Tail Drop mechanism can be estimated by using
M/M/1/K queuing model.

Equation (10) expresses drop probability.

. )
b2l
BNB)
T
Py =1 1_[_] (10)
U
1
e A=
L K+1 &

Equation (11) and (12) express consecutive drop probabiliiy
and average number of consecutive drop, respectively.

n

4
P (N >m)= —"7 1)
fa
U
E(N)= 1+i (12)
7]

Equation (13) expresses queuing delay.

= ——E(Q) - i , (13)
A= Prp)i 1
where £((Q)is mean of queue size and given by (14).
[ X K+l
i 1- (K + 1)[-11;) +K[-&J
H H H
A #E U
K+
o BTt
H H
K
it} A=
2 H

(14)



99

wa 9 A
U5 IR
ww s Usenin Badieud 19 fusiou wa. 2515 AfmIangammuriuns d1us
msfnyszdulszandalsouinunn TsafsumBaudaminndonuasmans tazduse
msfinseRuYSoyana’ Smnssumanstadia mudndeonssyiih (ithdess) mn
wrrInedudusndludmsnu 2537 WhhauoSinyiadgmdudodualsamalng lu
Mumisiransidoiing. 2537 wazdhnudessiudSoyanin Sranssumansumiiudio
a3 3anssu i (Insauuiaw) ganfuma Tuladwszvoundudnammsaianssds

diollw.er. 2541



