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Summary

The Internet of nowadays provides only best-effort service and cannot
support the specific services which require QoS guarantee. To provide QoS
capabilities to Internet services, many efforts are being made to the existing
protocol architectures so far and some of the results are embodied as
DiffServ and etc. to fullfil the service requirements such as user bandwidth,
packet loss, and delay guarantee etc..

In DiffServ architecture, all the traffic are entering the network, classified at
the edge routers and are marked and controlled in a PHB associated with
DSCP at the core routers to enable QoS aware service provisionings.
Differentiated services only define the DS fields and PHBs and the
forwarded traffic is classified as Expedited Forwarding(EF), Assured
Forwarding(AF) and Best Effort Forwarding(BE) at edge routers.

In the case of AF, RED can be used to control the queue and to improve
the througtput and tail drop behaviors. ~As the operational parameters of
RED are usually fixed to the specific situation of network, they cannot
support the various network environments.

In this thesis, I extend the existing RED to improve the overall performance
under DiffServ architecture, especially with AF services. Various RED
parameters are dynamically changed according to the prediction of network
load and its variations, enabling the easy adaptation to environment variation.
The status or the degree of network congestion is evaluated with some
prediction and the parameters, Minimum Threshold and Drop Probabilities are
adjusted dynamically with this feedback to resolve and improve the
drawbacks of the existing RED. The simulation results show this extension
of RED 1is improving the various performance measures such as link

utilization rate, packet loss and throughput for each class to some extent.
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A7l FEAl(mark)gHeh. 28] W R 2Bl 7l EAlE HHel et
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q
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wpx] 2o 2 DiffServ Rl A= IntServe BEAS Aujsel 7o HulAel A
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AzA Mu|=g 2 ske ol

2. DiffServ 74 22
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DiffServ W] 7] L2E Fig.l ¥ Zrt} DiffServ A& HHE&
2t DSWH(E2 DS =HQD)2 oy ISPWes 4% 4 Qi) ISPE AZsh+=
Y Atelel AAll AA #-El(edge router)7t EAskH, HEFE DS}
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o] ISP ol AlZtE . s Intra—domain AB] 29 F HEE x| Yo}
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3) E#¥ ZH(Traffic Conditioning)

A& 2ol Arl 2 Al ekel olej A DS A e¢E = DS Wel i gl
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g 7les B xdolghe S0l w¥sta gtk B 2de 2 7bA 2

A 7o e EgE &

a2l #H 7| (drop) 715°] 7] &%t} (K. Nichols, 1999)

EYTe &7 v 7 7FA wHo] EXgH S DS HiolE e Ak

(source) %= EAx F2~ = S P Fuue ZEzd A= MF

(Multi-Field) #7F¢ @A DS wpo]EntS ARgste] Z&7F3t= BA (Behavior
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E#Y F47](meter)= SLAOIA of&et Egy =
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S Behavior Aggregate(BA)z}al 3hc}.
Efg #A7[(marker)= 54 A AL B2lo] si@stE =5 DS Hio|Ed

et NS 54 BAol SaES @},

Fotes A& At EdY #H 7] (Dropper)= FAE ET Z2 (o, 7
Eagoly MAE ool of k= sZlel e w2l H ek 2 AT =
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4) DiffServ EdloA e 7 Ad w2 (Per-Hop Behavior)

(1) DS wlo]E<} PHB
DS e A7 2= P 7ol T3 B eheHAA oW e w da
e

HAE FEI o]AL IPv4e] TOS T= 52 [Pv6el Class Field €=9] %
AleHAl "o}, DiffServoll A= o] R=E DS Hfo|E,| 18|31 DS HFo|Eof FA|H
= S F= ¥ A E(codepoint)EFil FEt} A RFC 24740014 AHostal I+

DS #HiolE 9 22 Fig.3¥ 2t (K. Nichols, 1998)

DaCE cu

DECP : DS Codepoint
CTT : Currently Unused

Fig. 3 DS Byte Format

o] ZLglellA Hi= mie} o] 6 HIEZF DS FE= ¥RQIE(DSCP)® 35t
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A B2 S AAsA o} DiffServol A= o] €
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UYBt =5 AbEsteal okt 6 BlES] DSCP Wl SA4 0% A st7|= st
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oW & 7les ARSI AduskA gon ojfd =d Al 5] AE
2

)

(2) Default(DE) PHB<} Class Selector PHB

DE PHB= @A 1Bl ehp-Eol A de] ARgsal s dizl dd 34l

2E o xE AY wAs Aosta gtk o] WA A sizle ¥

Y51, 4o dojd Fr Ak AL Thed HAstE L g9 Re Ths g
PHB:= Diff-ServE A ddtA &= AHEAE 3

°|th. DE PHBel &@3l= DS#k ‘000000"0] Tt

Class Selector PHB+= & A AF&3Fal Q1= IP Precedence ZE=9t9] 3 S

&) Aol=dd @A IP e TOS == 3HE2] IP precedence H| E <}t

H]E 9] Type of Service €& TFAHo Ut} (P. Almquist, 1992)

A AE Ul A IP precedence #0] BH Ao & AHEE Il QlA] FAW A5 2}

FE ISP FolA FEAHow of&Ha 7] WEdd DS ®olA&= ofn ALE

Tl e T3S agiE FA5H7] flalA Class Selector PHBE 4 953

). o] PHBel a9 ¥+ DS 32 ‘xxx000'(xi= 1°] At} 0)o]t}.
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(3) Expedited Forwarding(EF) PHB

EF PHB:= #98 AR A3 22 3 Ao Eggs o] He97t 7H
A WAS ou sk}, (V. Jacobson, 1998)

EF PHBY A2 #7l& Hded A5 SFHAM= o 259 79 &4
(departure rate) 2k 5 (arrival rate) Eth ZAU 3 A At WA
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SlolA Aol DS
Selector PHB, 18]1 E
A g},

=

=

=

< Tablele

HolgEa1

PHB®| IZ=X¥RIE+= DS HioES] F

2ltt. DE PHB, Class
= 6H]Eo A 87

Table. 1 PHB and codepoint that is proposed by standard

PHB

Codepoint

Default

000000

Class Selector

xxx000

Expedited Forwarding

101110

(4) Assured Forwarding(AF) PHB
AR Ao metA] QIEUS FE IP U
F7F Atk o= A

i3

oAb Ash ALERE W ol
o aTE WEA7] fa AL

< HA=E gtk AF PHB+
t}. (J. Heinanen, 1999)

AF PHBelA DS® Abdab= AR& A A
TEE T4 gsiA A AEs stk AF PHBOA] =
] F=AE 2 =
Al 9] A =4
Al oatr, #H7] -9 (drop procedence) ™
W o =17]o uwe} AAETh

A AF PHB2 4709 Sei=¢F 3709 #7] A== &8 Ak

A5e ofe 7o
A A g A
RN AR

CEEIEEE

3

£
W

e AAste S 29 A S (congestion)
<~

of 2F WA AL

o I1we] el &I
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Table 2. AF PHB and Codepoint

Drop Procedence Class 1 Class 2 Class 3 Class 4

Low 001010 010010 011010 100010

Medium 001100 010100 011100 100100

High 001110 010110 011110 100110
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3. AF PHBOI A 2] wE#ta dHUS
1) RED(Random Early Detection)

E A Aol 3ol A7) A71d 2952 WHAZE AW A Hof 97}
HAES HE 7] AJZeith, TCP E#H Y 4o & slow start GAIZ E03H0)

ojn] o] @AM HEALYS] Fots Eo EXFE asA drh ol

Zo] ZFeb 5ol AHE B2 dIlES A " olds A g2
TCP AYASo] @3S wA Ho] slow startell Eo]7HA
olgA HW UEYA EgfFo] JHFs] Fol5o] Tt MEHATL FFsHA
ggo] d ¥ Aol Ho] WAL A HAo e TCP AYAE] slow
startol] Eo1%2k7] wjFo] A9 FAlo] slow startd]A WA U A HE 2 I thA
57 AA slow startell 5017k MEH A7 &80 @ Ha &= F&o] A
LA "
s e 7t BeHoA RS HEls SES F0)7] Yt 9 & HAES
AbESEE A o= 7Aoo wWiEel FA @tk AA oA & W&o
e AdAdEe] A= Aol ofF AAA Ak wef o] EYFo] A
713 A g ol B vk 7] 4 7Aoo w vy E Fisl 24 s U /)
o 2 FF7F olojA VA HER Sl ALEI W 277 v BolA A
Aok o U siAAe &34 AlEE o dste]l g TCP A4l slow start@

A7NE deEFa e i AdAe £5 2 Fo]7] A slow startd A3}
[e)

Floyd, 1993)
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REDO] 47 %= ts3 22 3s

il
o
%0
o

© =4 3]9 (congestion avoidance)

REDE £ At o] opel g2 A& 4 d=s 4A5 k.

w2l RED+ A o] A AFFES =/ EYIE FA37] st &
o] Al FS gholof Sk
O H9%713F 33 (global synchronization avoidance)

[e=]

S
e Axg oA Hu ek ol AUl W THES FefF
AQ7HE AReor Bk @Alel TANAE ol BRIt FRAOE o] F
AtE AR Azle e Bk £RE v st dad WD
GAEel o TE oFelF] Wil AErIEE AT & A

O %3 =dgw AV8A FES g

49 AFe s 259 SourceS R E %7 EdHe] md u o
oupr] 4Tk elelR EFE st olnl Asm Y Fael vgd
g 77 Aok EFsE AAER Agske WM sE gaHes 2o

]
EP oz SourceES A3t JE Aol Hlsle HY] LdugyEe ZFF
Source=E°l ¥ AF A Hrh
O At 7F Zol9 T
RED7} 3t 7+ 2715 Afd 5 lojof drt. 5 A AAS AT + 3l
ojoF gt}
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W o sjZle] £ writh RED ¢ueZe gt 2o AdE 599

e

Calculate the average queue size avg
if avg < THpmin
queue packet
else if THpmin < avg < THpa
calculate probability P,
with probability P
discard packet
else with probability 1-P,
queue packet
else if avg > THax

discard packet

G318 Ee FIFO %8 o A2 dAle] =23 wult T 758 Fdss
dl A WA daps B q20l avgs AEH o] i FAolE F AAA S
Al gk qugZt A THpinRth o E3to] HiolAY gl Aoz 714
sto] o] FAL Fol Ytk avgt AFH THpBth 28 E7o] Azbsitia
7Hdste] o A& MAUTh avgel AEe Fhel Wt avgEs Al ol=2A

PN BHE Pe AR f7F of gl slew o wzlE & P2 WY
W ZE(1-Pa)Z ol E°17H

Nedow gueEe 3 PR 27 AME HEF & dE EF AEE
AR FuelZe T oA RO A7) ARe @ FF Bgol A4S o)
A5 s Mg AT
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Dhaicand Discad wilhilaaeming Do ok i s
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L

- prohabiiy P

Fig. 4 RED Buffer

AASFEZ P avg

A P/t A8 o2 F7bsHe gholth

Pmax ((wg _ TI{min)

Pb:

P EF Q7o) Bololg walx el wmA FHeA 14
P

7t Ppoll W&l A 5787t dopd T ol ATt

“ 1 — count <X P,

/
I P -
/.
> / -
= ! .
=2 /
o /
o
a
o
o
a :
Queue:lLength

Fig. 5 Drop Probability
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2) RIO (RED with In/Out)

RIO "WAYFES REDE 7IRbe 2 gh-Elo A &3¢ 43k &<t 2pdstd g7 =
w8 FddEE = Wolth RIOAA F A 2
& HEHAZ 7P AL, AHEA Ego] Aleks 23ed o A
out-profile® vIZHE Y. 128X Fow jn-profile® v ET. RIO WAYUES
G FolA o] & BE AR IF
t}. (David D. Clark, 1998)
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Aty HF dgs 7HsshA g

RIO ¢augFe AlolEdole]l #F94% #izle] In A Out 1A HAAbsko
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RIO ¢ael52 v 22 A4S s

For each packet arrival
if it is an In packet
Calculate the average In queue size avg_in;

Calculate the average queue size avg_total,

If it is an In packet
if min_in < avg_in < max_in
calculate probability Pi
with probability Pj, drop this packet;
else if max_in < avg_in
drop this packet
If this is an Out packet
if min_out < avg_total < max_out
calculate probability Pous:
with probability P, drop this packet;
else if max_out < avg_total

drop this packet
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M. Extended RED Algorithm

1. RED Oj7H¥$2] Sapmy

RED= HH M ] Hit 7 Zol(Quge &3] AT AE T Qug
b AL T SAGTHw) B0 2S5 s 2E dzlo] Addem Agen
THpin HWl 5 FAG(THpe) Atelell S1E& W= &5 Poll oA sjzlo] )
719, Qug’t THpe R tF 2 W= ) 5ol o 7l #H 7]tk REDA
Mool iz ke olBA Astupel mEtd A Zelrh AdshAl =k
utebs] RED wi7iio] E254S WA olsfstolof afm, ofefjol A Z}zbe] wj

Aol i BAEYS A e,
1 i AEAW)t BE F (2N Quus)

P FLNQue)E T W AA TF Lot Qut MEdl PNE JFS
SERllE glel 7 AFAW el Wt oW 4e5% A 7o AAl Aol
7 QueZt WHEE MR el 47 Hrkh od ol g A7 Bk 7
o Zolrk FASULE Qurt F7HHEE BIAE el A7) g A
Edze) 37t2 A% LFE T F Atk W,k 0001 oS AES ¥t
I drE o ® 0.002E5 AR&3kal itk (S. Floyd, 1993)

2) AW =HE(Pra)
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a BE REE Quelth o] Pt A4
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3) —%]i ‘ﬁ' %ﬁ}%)\—(THmm), '%]EH ‘ﬁ_ 61‘7:” }]\_(THmax)

AA Wl REDE AE38e W THnn?t THme #e 248k A2 A33] =

Efge] H2ES S54S 7MAFE THus A 5 39 AHEEE&S
A = QEE etk Yy AAAEQ] PN E THhns 7H4 A 7+
Aol 83ttt THpw= Drop Tail?] o] B35 =7} H|L3A T& 62w 9]

E=TY)
M
=2
=i
02,

w7 ge] ghol F A= F Zorl AAHez =A FA5H7
A A A Hqueueing delay time)o] AT THpin®t THpwdl 2ol E-A)7F
(roundtrip—time) &9t A== Hit F Zole FAHXHL} Aok RED ¥

=

2. RED of 72 =HE=| BN FH

SolA AW wheh o] REDS] 47bA w745 o5

of wel REDS) A%l Fuls 93 vtk A% s san gyl e

MeHoz A8 5 i AvHE A4 Ae S ofHn

of iAWY A e wel 2dg F3e] wet BeAs] Wi AFS £

A9 gatel Wstel weh 1 g Watd
2

Eo 5 7MY

i
rlo
5
N
o

82} —l>
o
2
o
sk
2
o,
Rt
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-
lo
2
=
rE
-

of YR wiyfHge] s AskA HW EgE R 4& Agole=
throughputoll 9 &S Fo AdFo] ymxioh (49, 1999)

wzhA, REDOIA = 4709 mi7iiFE 8% gho= AEsH7] wiiel A &40
2 Ef o] H2ES A% wi= RED7F AIWE 7|58 238 Fae 43
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o] WAT  Yom olF neksty] AL uAME ke Fel e u
% zAste]l 4eHoE WeH & YEF FHolo} At

REDS 24 w/l¥s5e 448 san 289 F9o & 4g5=s s

we ASol® Aael oAt ek 47l MANS F THuol ghe =9 3
S7h A2 A% Fa olgBS B KA A9 AN B 5%
Ao 2dn 439 A9l £ 9 o|§EL FARG et o HF THu,
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rir
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AellA 7l=3 REDS £AHE2 2AAQL W7l ER A g AH4<
EQT FHE A F s s 54 wEd oplEs ZAlolt
29 Ao E olgld REDY EAHAEL HAEr] 9aiA ARED(Adaptive
RED)7}F A|bs Ity ARED= 2h-E7F A 2|shs EeZje] F-sto] we 7 2o
o] WMiztE FAste] HAd S5 B oRA FJAe &S Eolv MR
t}. (W. Feng, 1997)
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dntA o g AMREH= W,=0.0025 1/20 olstz ZHAAA A [1IAF 7R
(Qug)e ANste] et ko W Edfg e A=z A8

Qp <« (1 — W) X Qp+ Wpx Qe (1]
% W < Wo/20, Qe 2713k =

W EYY JH9 HEZE A Este Qe A 9H]F(exponentially weighted)
S ol &3t AAke Hut i Aololth HlF Wi AA F A7 Wste] w

Qrol dwhut W Wat=rbe ARk wiol oW AsaE dAe 79
AA Zol7F QugZt Wak=d w A= o] A At o] A gl dAIFQ
Efge] F7tR 18 AR el 7] Zeolrt FUMHE B Y Qug’t S7tsked
= Ggo] A7) wjitel olF 38T 5 Ank AT WS v AAT
= A% A7 At Que’t THpas E RS A97F 2301t Que’t THonws
s Ao =t e 7l vt=2E 7] wiigol oA wiad s

of that $¢ FHA S BE £ TAEE BT slow start GA Eol7}r] W&

F

=

N

of A& ;&o] AA "oXA "l F Tail-Drop ¥4 v]=d 3ol ¥+
Aoltt, TWA Que’t THrnws BAS W 7Fedt ¢ W] Que’t THpee 22
2 "gojxol szl AA F Aol wlg AT suTdE Wiel UF 27
wf ol ojm &Ekzk gho] Wold wielk @ Alzke] FashAl ®rh Woeol YR
ZF A9l olebE MR Quyp tol AAl Feo Holo] TS Wol A HU)
Que7t AA F Zole] & wol 7]&e] Ark= A& REDE A&3stE 99
g ZFolt dolth, ARHo® Q2 HAl F Av|e wWalno J3s FHel dof
WA gk olgA #e Wi s AN daEFo] B ZFo Eio] ukgs
A kA Ak o] ol THpinxf F0l S A5 AAAA Hd, & 445
st AH, e ASE e Fa duE s orA fe A E
&S AARstE i sE Fo] E40 wet ekl £ oduh A2 FY Ad
& a7 A sta, FY AQRTG FL A o] §ES 4 2 @ A



et

FATh B =RAAE F =05 f= 03327 dAste] mo|dFs Fd

SIS
v

2) A& T FARTHpn) 27

THmin =a X (THmaXX/B_ QL) +7 [2]
g o< F<]

9714 ash v @e Ax 7 @ARS AASE NSl wEA A9 A3
o o THundkol THnuo AW o]t k2 =S sh 2
Aol g Fe ANS WolE wel FPAA wAMSE golth ¥ =RelAE a

=5 v =52 44l RMPL ULk

3) HAHEEPrma) A7

P, = 3
o THmax_ QLX (/3_ 1) []

PHBX :‘Pmmz>< (5Par_5+1)
Pinini : Pmdxgl Z27] 7oz “Zro]xllr: 7k

2 =l A

rir
o
I
a1
u
il
o
ol
2
td
1o
2
o2
o
_0|L
32
v



W02 TH, 60 (0 R,

— 0oz THG 9

Sodifife— =1 F a1 -0 b |

Fame =1
B+ 0

l

P e +— et St &)

s ¥

g = 1= D 0, = D
@y = (1= W) O+ (e
*

T Emn (T x-S+ r

i (e — )
Chang = (1= W 1™ e Gy
E; '—I.'l-‘l";:l"='E‘.

Imcrgsmignt count calculata &

T = By W A=1
Rom o P X8> = B 1)
BE+E_» ﬂ]
THy = Ty,

pe_ B
1= ol 5

Mark tha aemiving packed with prabatiliy £,

Soiia= 0

Discand Packet
E T e 1]

‘Whan queus basomas amply

— M

P

EMD

Fig. 6 Extended RED Algorithm

_23_
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Fig. 7 Simulation Network Topology

2o AHS 93 Network Topology: Fig. 73 #t}. $A12& SORE S471A
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Default(DE) PHB, Expedited Forwarding(EF) PHB, Assured Forwarding(AF)
PHBO| A 7}A] sz dgwA(PHB) 2 A dgddch EF PHBE 4%
A7F M =2 AY ol Traffic Classi= Premium 2, AF PHB Group<
ALgAFY] @72 wEA7)E B A Au]AEX4 Olympic Service =°| Gold
ServiceE Traffic Class® 33t} o] ¢o DE PHBE= @A AUl 2}-9-H o A
3] AFEEIL QM= Best-Effort W2& A stH DiffServe A dstA] &+ A
445 34387l 91oltt. DE PHB9 Traffic Class %A Best-Efforte] th.
Premium Serviceol] &= 300kbit/s, Gold Serviceol = 1Mbit/s, Best-Effort Service
o= 700kbit/s W HFS EFFomA of F3hel dAl e FHL 2Mbit/s ©] .
53] AF PHBel:= RED¢} ERED7} #&¥v EdY #32 FTPe Telnet ©]
o} gl sH Table. 37 #Zt.
RED®] w7l W2 49 W 0.002, Prw 0.02, THpaw= 30, THpin= 5, Qsize
= 60, 7 =27]= 1500byte® AAstATh At darg]+<l ERED®] 44 M#
oA A3t nie} o] W, 0.002, Prawe 0.02, W 0.00004, a&= 5, = 05,
v 5, § 52 AAstAt
AFEE FAY AlYgesr FEste I A WA Adges
Networke] 473 ZelE on|st= 7T f& 052 AAste] sk, + #AA
Aug = 7IEE fE 03308 dAste] it RoAy Ade g ol f
E, 93 EHE T Atol= ToE Ued F glow JEg fE 059 03328
e w AAE v, FA g
&l Berkeleyol A 7l#tsta @4 Qe AMgH 1 e UE
A By = NS-28 AH&etdlnh #4 H242 WFQ(Weighted Fair
Queueing) & AH&3tlow AF PHBel RED® EREDE #&3te] 438 AnE
v oL, 24 sk T
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Table. 3 Network Interface

PHB Traffic class Bandwidth Marking Rule Dropper
SO — DO Drop out
EF Premium 300 kbit/s
(DSCP=46) of profile
Telnet (DSCP=10) RED,
AF Gold 1 Mbit/s
FTP (DSCP=12) ERED
Everything else | Drop out
Default Best Effort 700 kbit/s
(DSCP=0) of profile
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2. 2dd @3 A #4

Fig. 82 713 = 052 A4 UE& e AF PHBelA RED¢ ERED®|  Z
o] & ®oFth RED A% 7 Zol7t S48 Wt Jdi=d vsia At &
18 % EREDE A& i FAGTHwn A HEY F0 Y& 7 #gE B
o] 31 9Jth. ERED7F A& A<l ¥3t5 A, THms ASHoZ WEA7E
A& WolFi gtk Fig. 95 7IE# /8 03322 HAYS we] F Ao A
grolth. f5 03302 AAYS wWeo] i Zo|7t f5 052 AAYUS Wl F 2ol

woh gEgow o Avks A% B 5 Aok

Damem Lenght

Lxtended RLD ——
ECD

4 ¥

qususr Lerght

Fig. 8 Queue Length (8 = 0.5)

_28_



am Lenght

e .:': e ;... A R R R R ..;... T PIETTrET :'.‘-' TP ET-PEPPPIPRRA

14'1 i

in

El.'l‘\-llrldld !Eﬁ ——
REO -

i
.t h.u uhhm. .'!;.l-..m nl ki AN kY

@0 ) I £ &R a ) ke 199
gl e

4l X = o | .L::.u?" i., rul
49 Queue Length CB=0. 33)

_29_
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Fig. 10 Packet Loss Rate (8 = 0.5)
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Table. 4 Simulation result (Packet Loss Rate)
19 39 59 79 99 Average
RED 15.3 16.5 17.2 17.1 17.1 16.64
£5=0.5 10.1 11.1 11.6 11.5 11.6 11.18
ERED
£=0.33 11.8 13.5 13.3 13.8 13.8 13.24
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Fig. 12%& 7|%4 #5 052 AA WS we] AF PHBeIA RED® EREDS =
o] $E< ®o] Fu. ERED7} REDEUY #=L o] &Eo] & AL

Fig. 132 713 5 03322 AAPS wo JA o]&E8S Ho FEd 7|+
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Fig. 13 Link Utilization (8 = 0.33)
Table. 5 Simulation result (Link Utilization)
20 40 60 80 100 |Average
RED 0.84 0.82 0.82 0.81 0.81 0.820
£5=0.5 0.91 0.89 0.89 0.88 0.89 0.892
ERED
£=0.33 0.86 0.85 0.85 0.84 0.84 0.848
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