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Summary

In the best-effort Internet, congestion can cause severe degradations in the
performance of both reliable data transfer flows and multimedia flows. Reliable
data transfers are typically based on TCP, a responsive protocol that responds to
congestion by reducing its transmission rate. In this paper, I suggest a fair
bandwidth management algorithm for xDSL networks.

Various factors such as distance, types of cables are examined and tested to
verify the fairness of the currently deployed xDSL networks and also new active
queue management technique is suggested to improve the overall performance.

I model TCP/Tahoe,Reno,Vegas over VDSL architecture and analyze the various
factors to have some effects on the performance. To provide fair Bandwidth
between subscribers in XDSL networks I suggest a class—based queuing algorithm
with WRR(Weighted Round-Robin)scheduler on VDSL switch/router, According to
the status of congestion the router change packet scheduler ,active queuing
mechanism and the parameters of the class-based queues dynamically, and finally

allocate bandwidth fairly between subscribers in VDSL network.
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0. 7MY A EY 39+ xDSL

L 7HJAIER =

A AAASZ QY o] &A= FFstal Ao QAU o] 8259 HE& WS
s RS AFES A4 (56Kbps) % ISDN(128Kbps)oll A @ ste] wrujo = o} 3t
xDSL, Cable modem, FTTCS 7S Zm&719a A~ H2lo] AFE L g

AbEAES] B A B o A AME|2E Y] fEid A AdGA T hd A ]
o @A o] kel WEAF] YetFozA o5 Jfdste = AT %

al
A2 el G wAe AFHol Hu Jor], MEPIA A% Fgel Bt 3
al

o] & 7R AA A JeRE J)E YA EAL agE #43E xDSL
(x-Digital Subscriber Loop)7]| &3 A Aw-Zo A Eule=71x] 9] 3pFEe FA
25 AAsta Bl ZFAAA = 71E 7Y REle] A4S &85 VDSL/
FTTC(Very high speed DSL/Fiber To The Curb)®2], Headend®l| 4] ONU(Optical
Network Unit)7}A] &= Zd 25 AX|sta £ FE2 7| CATV dE%] 554 0]
£& &8sl HFC(Hybrid Fiber Coaxia)®2], &+d A =23tE Adsty 1719

od
2

2 9 FALAY 885 =o]= FTTH-PON(Passive Optical Network)#® 2]

M

gl A=A TA T/ E FAClES AAGa Fig FAVIES o] &
ate] 7k4AE 544171 HFR(Hybrid Fiber Radio)$2 & @oFs & Slth(&at
&, 1999)  olF 7= dspdor AAH ZFYAE(PSTN, ISDN, xDSL)< ©] 838}
A Sto g AMujze] FFo wel a9E e dEgiee]l A wep dAH R 7S]
A3 Ul Gk FAlE R ket il fdztste] FX = hdA
TFA A o] FTTO(Fiber to the Office), FTTC(Fiber to the Curb), FTTH(Fiber to
the Home)<ldl o] & &3 3l FTTx(Fiber to the x)8al F+&
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Table. 1 Classification of Access network
- B ADSL FTTC HFC FTTH HFR
s}k 1.5~9 13~52 ~30 155~2..44G 6~27
AS&E
(Mbps)
gk ~0.64 1.6~19 0.7~10 155 ~15
= oy 03’“15 05’“2
Aol A& 54 = 2~5
(Kmn) FATL | EFTH
A A Sl B/ B3/55 FA ol E
o A Star Star Tree PON/Star Star
. DMT,CAP CAP,QAM QAM
-] 6—]: b ’
5 QAM DMT,SLC VSB QAM
Wox
v 2
; . . QPSK .
AL SE
Y QPSK QPSK QAM QPSK
Wz gy Baseband Baseband Passband Baseband PB
Bz 9 Curb A= 714 BS
7FA = wdl ADSL VDSL Cable®- 3 A
7H] A vl 2] KIS 8 A e T
ONU ®=+ BS% . s g
Jhel 2p2 ° T4~ T~ 1 T

Fig. 12 7H)4 oli =% 728
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Fig. 1 Access Network

2. xDSL YEY 39 EF EA

xDSL(Digital Subscriber Line)< ¥+ 3t A=ZE o]&3td 7|& HIAu| =&
At FA @S Fo5 995 ElA FMbpsol A FA4Mbpsel o2+ A
EE 5 AFste] nEQAHY HJ& VOD, F4Hst, dA4%4e & vt dE v o
MU =5 ZFdAl A AlEd = Ak o] 7ES AE dHelge A Ad, POTS9He]
SAHGA, HYATA ] AR, AFEAANAAN 2FEE AFESE weks] ADSL(A
symmetric Digital Subscriber Line), HDSL(High bit-rate DSL), SHDSL(Single pair
HDSL), VDSL(Very-High-Speed DSL)5 2.2 UFojxn o]¢} & =(Copper)d =

2 o]g3 u&UAE HAL7]|ES A5t x(x-type)DSLelgt gt} o]= ADSL7|

ofy

ot

& HWEn| o] B A(VOD, WEB access)?] £4 Egdo] HthA A 43S 1w
oltt= Mol #otsle] dFogs Z EFYMIYUL ARS)S, HdFornys e E

PHAAHRF)S AFsleE 7I€2 19899 v =2 Bellcoreo| 4l VOD(F+& H|Y
01

A le] Fgdste] i A & Al 7h

=
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2 FEleR AgE Fa Ak F5A /e 2o Zpo] wliEo] HIt A E(Asy
mmetric)o] & 201 7F EATHADSL Forum, http:/www.ADSL.com), (ADSL Y E
9, http://kms.kt.cokr). A3 2 HE 71Yx AR72] dAE O = FAA -]

A= B
55 ol&sle ofd R Alde vy mE Hro UXdE 2aE Hojryd 5 9l
Sy ol R 25 Fug gy W WA o] AR e

HDSLS 7|&2] FA7IE o] &43td T1(1.544Mbps)/E1(2.048Mbps)S FA17] glo]
AFse AT 22 F2 AL3M, Ag VAT A4, JEd AW L A
dolg Ade de AMgHTh

SDSLL o) & (Symmertric) HDSLo] g 3t, 12 43 o] &3}

2

Ok H} &k q]

O O ©°

oMt
oX,

192Kbps ~2312Kbps M ¢ o] 8KbpsitZ o2 HolH&EEE 7tHA o=

- =

2
o
%

=
VDSL(Very High-speed Digital Subscriber Line) A|2=®l-& A3l=3 7} =}7ke] A
Y7t & A 9HE 35T S ARaEm dxe] FTTC F-ZolA ADS
L Al28s giAgd xpAt 128 "% A]~=do|ti(D,] Rauschmayer, 1999). Table. 2

= xDSL%We] 7E SAS BolFa 3t

Table. 2 Classification of xDSL Network

xDSL | Acronym & AEAT (W & H| 31
Digital 9B1Q | ISDN BRI¢|
Subscrib 160k(2B+D) 5.4K 2
DSL u;crl er m BT e oz =
me
S 128~768Kk DMT | VOD, LAN
ADSL | As tric | 54K ’ ER=IEN
S SYMIMEHe =41 600k ~8M m CAP Internet °
T1, E1A 1] 2=
Symmetric/Sin| 441 160k ~E1
SDSL |7 e n iu- L60k—py | 3OKBAKm WAN, 3
e—Line L. -~
: B LAN AW A %
FA: 15~2M 2BIQ(T1) | T1, E1AH] 2=
HDSL | High bit rate | © 54K ’ 2P/3P
SL | High bit rate |, ) o oy ™| cAP®ED | BTC-BSCar
DMT
Very high |44 1.6~19.2M DWMT VOD EEY
VDSL 300m ~1.4Km i
speed sl 13~5M [T CAP HDTV | #oi =
QAM

xDSL%9] o< &

flo
~N
N
il

do] 34Khz 7FA1¢ POTS(Plain Old Telephone
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A &g AMuls F9 VDSLERE Agel weh zkol= ARt A - a3 FH

R4

" (

14MbpsE A3t} 28v} VDSLUIEY A FERoAE 7FAeE HAHA] Alolof &=
TR AZAFo] Q7] wEo] Ao wE A|glo] &=},
2 olfrE Azl "olxW HWojAS= S/NH| 7L drolx] 7] uffo] W/h

e n B AT 4 AN Uk Bebo) dEe A Aol ue

ADSL STM-4/16

N-Topia FES GES

|10/1ooa_ H [

&5 ueT |
100BF

DSL R&DHCP STM-1

STM4/16

Regional & =
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Fig. 3 xDSL Network Configuration



Fig. 32 xDSL U EY A F2E HoFa 9o, 7=t Qlgdle] H43817] 9
M= 7FYAPCe WE o] By oz dAw o] ool tH, 7FYAF PCol &= IP7t
Bojglo] glojof gttt wakad PCe| @éWFt=olA 2 AlAo]Bo] Wit Xy o
Axofof st ARH o JIQIA BUi7tA] Ho R AZAF o] A ¥ [PEF A
d Agor BE YA Ao PE Fojd = vk weld spgxieh R
WGSR(Giga Switching Router)7F #o 2 AZA"E AHY 317 9ste] ADSLE = 7}
DSLAM, NAS,Giga-Switch7} 2 &38tH, 7}i#k PC7F JEA] ntt} f5 IPE 5ol st
7] 913 NAS7} g Qs

ZFdA duyel Asee Adifder A gemz opdEar wWxd
ADSLAI s = AZdHT. PCollA =2 oltul dHelH = Edlo] os) ATMAZ = #
g3 Al ADSLAIE R Wxs o] Astardidl 9l DSLAM(Digital Subscriber
Line Access Multiplexer) ¢ 2 4w 11 ADSLEH R HE HA$E o] ADSL 2l

N o] STM-1(155Mbps)
2 AFsAEM, NASE A 39 MEdor JdFdAn W2 NASS

e

AU

A ATMO. 2 B ¥ o]t ATMASE

Axew /ed S22 Aolsht 71 (ADSLEZ Gy xejvu] g ol 4w AF)

NAS(Network Access Server)+ w5IP7IYAelAl= #EIPE 93 75
zta glew, uAP7EY Al A= 2hv-H el dds 3. DSLAMOA 22k
ATMAISE WER d49 ¢ J=E IPASE Wslstes 7lss etk VDSLW
oAM= kA T FE MDFWel = fadAe 7Fdatgtol= VDSLEd oz
AW Ay 29X/ H oAl DHCPAH 7ls& Zkal Qo] #5 IPE 7Fd el 7l



M. TCP/IP W EY A XA ]

e

o

P 7]4ke] QIHUELS JAEUS o]&3l= BE ofZgAoldEd st A48
A H] = (Best-effort Service)& A& 4 At 28 AU AREAZE S7bsta
AAZE HE R Yo, Teja HE Y ofEeAeld T vgdt dEwto] E
I F7kek A Btk b Aolal wE AujaE W] 9F QoSel AEstE A~
Ldo]  @+¥a Stk IP7]gke] QI A QoS HES 37l g
ISA(Integrated Services Architecture)”} % 2] ¥ I tHRFC1633, 1994).

IP 7]REe] QoSe] HAE& e UlFelA of ARGAEA] AR} il #AIglol
sste 2o e AMu~E AFLER e Aotk H9 QoS 8TAMES
2 u&s/o&Fe] At bt
MU 2~E skal Itk QoSel 7wk 7l mA Alad "} FEhAlo], dold, e
g8, My dy, 2AE", EdF BUE Y sol AUtk & FlAdE TCP 71& &
2 gL IP 7]RE OoS A€ 7+ 5 syt 2AEHd deto] Ag74Ae A 2

YE stk g

N
A E At FgAel gl

=3
Ho
2
2
N
N,

1. TCP E&HMI0f

TCP= A% wlAYEY flow control(ZE#]|9]), congestion control(EF#]o])<
o]gste] A HAES BAS F= A de AF ZEEZE T gId ==
EZolth TCPE ¥#o 28l = nlolEER TAE HolE 2EYS AFsr] g
q MIHEESZ o]l dFstn 284 AF 9 s5AE 43ty ddl &
old fIE$-(sliding window) 7|H& A&}l TCP £glold 9%§ X
2 TCP &t Wl EAsts A d=E ARgste] szt Window
Advertisements &3 9E9 AVE 24 T F U 9EF A
AAE Sdtold AxS AV7|E 77O SIS H WA g8 SHs By $3%

A s . g A7) ddo] i wel $AAE ARy AVE fgasta



TCP+ flow control®} congestion control & 712 WlAYES o] &3t Fd 7H9
AHA dE AES B AST Flow control(E&E Alo])E= sender’} receiver=4-E
advertised window Z7]E 2& F JAHTE A A HYUozH UEYIAA &

S ZA3st= H#Holal congestion control(E£#HA]0])= sender’} UEHY I AH3HS

SO

i ossaR 552 248 otk d9H RS 498 F 9A Ho) 14

Fe| PYneh g o

SR W Exol WA= o EAS AA] A YU EdAClgy @

pul

2

o}, TCP7F ol& s AFstz A= 474 WAYUSF(RFC2001, 1997)8 AHH
719l TCP ZZE 29l Tahoe, Reno, Vegas® T4 A& Ay rzc)

1) slow start

gEe =8 H3zk EA5s UEYIAA TCP sender”

_,d
r2
my,
o
>

2
i)
=)

receiver 9| advertised window ZA7|WHE thFo] AIHES gHAH dESohA
A& AFsts T3 g AGE Wy 3he FSow FAZE A4 Aok
Slow starti= °]& g #AE |dsl7] 98] Add daugFoz N2 AAS Fol
AE3stE & receiverdld HAEEHE ACKE ##3HA  cwnd(congestion
Waolth w4 A S
AH B H sender®] TCPo| cwnd &&= MZE JES NdS F7ist & 49 ©

2E9t N2 AZS AT u senders 11 AAA 2ol= HU AIHE =]

window: &% 91&=9%) IAVE A+ T

2
o
fu
olN
N
)
>,
N
rr

(IMSS: Maximum Segment Size)Z & =% A7]|E %78 s & Hd A7)
AaHE 3 s Bt 7l o] AlaHEZF AlZto] 237 Aol glgHo] F

W ocwndell 3 AIWME A7]9] HlolEE Heto] HUW A7) AIWE F ) AR

d

el 7 ole] AOWES ®BuY o] FIe AlaWES Zzbe] Fele] HW it

7}
AL 42 F7heke] cwnd A7|7F Al S o2 SUERIY BHE 64Ke] 27]%k

o

7}A &= slow start threshold Zt71A] slow startE =3 gt}
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2) congestion avoidance (E#%+3]3])
Aol oy ge] ofF AL F4 MEYSAN0~12 node)dl A= 7l £

=
s Efow FFH o= AN < ACKZE @A &7 v (timeout) €A

ali

9] dupack(duplicate acknowledgement: % ACK)2] F4lo] 1S ul sendere
Zlo] £45A2& 44 ©r}l Congestion avoidance®t slow start® T2 23S 7}

™
>
i
B{ly
i)
X
r o
2
]
ik
il
0,
i)

. SHAIRE A A& congestion avoidance®} slow start

Ir
@
X,
4
Og(d-”
)
A
N

o

ZAnttt cwnd@} slow start threshold(ssthresh) 71 ¢]
ag tf]—q—

il
Jo
N
=
v
N
v
oo
&
m
rlo
i)
o
mlo

Step 1 : ZF A4 2V|A2 23 9=$ A7]|= IMSSE A Astal 27| ssthresh

Step 2 : slow start® slow start thresholde]l =2 w71x] &3 d=¢ =27]

i

AgAor 58 Wrtthrt threshold 1 thFHE 59 A7E A

ofl

2 o7 =¢E congestion avoidance & el &S S3 s}

¢

(ol

Step 3 Fol WAE Ho|= ssthresh® 2 maximum of(min(cwnd,
receiver’ s advertised window)/2) and 2MSS 9] o2 AHAA3}3L slow
start = &3 39 dugEFS Ty

Case 1 : 3|7l =49 AJS U4A F9 dupacko = 3] %S 45

Fast retransmissionS 483} fast retransmission $-°+ congestion
control ©YAIE F33st= fast recovery ©@ARE S 7HHTCP Reno, TCP
New Reno®t a3 TCP Tahoet= %7 slow startE A]Z}gtc}).

Case 2 : timeouto 2 4%tS 45

slow start® A| 23k}

cwnd”} ssthresh Bt} A7y & A 9o &= TCPE slow startE 338y 1 9

o = congestion avoidance ©71E 33}, Congestion avoidance= ACK7} 21
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2 urult} cwndE AZHE 7] X AlZWHE A7)]/EF 95%327]) 2 F7HA 79

cwndZ HlolE w92 $A 3t} Slow starte] A 52 ¢ =79 Hluwd A$

!

congestion avoidance™ cwndg AdH o=z Fristh &3 d=F A79 F7he=
R

RTT(round trip time)vtth 1AIZHESS 3]Fst™ slow start™ ¢ RTTUAl 7213k

ACK %+ cwndE =714 71t

Fig. 4= TCP congestion control &i1g]5 2] of o]t}

Congestion avoidance

ﬁﬁ-p windiw | sepmients)

g "‘./ ’.‘ . IIL/‘/ gathinesh = 10

4
rrlrriTygevrrrrirervrer vt rrna
a

slow start **%..%.+¥ 2 0 8 P J P

Time iround Ir||m:|

pedgq
P

]
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Fig. 4 Congestion Contgrol in TCP

3) Fast Retransmission( -2 ] %)

ATHEZE FAASA F2E A9 TCPE FA 5 ACKS @Agth o] w9
ACKE 7Hd Htol AdAom wre df7le] thgh ACKS sdat7] wlZell sender
Pl A B FH ACKZ d4stAl dvt o8 g dupacks A% A olof b
senderol Al AL EZE FAAMGEA FAEATE AS dElal vheel
3l sequence numberE ¥EE= 9GS k. TCPE dupacke] #Zl &4 ufF

HEA T =X oy M aHES HAAM(Out-of-order)ol] &3] A3

+
=
i
©
N
o

5}
N
r o
2L
i
-
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2. Active Queue Management
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Con = true

CBQ/RED

Con = False

v

FCFS

Fig. 7 Algorithm for acknowledgement Congestion

Mélan: L]TX(G]_ + G2 + GB)
Mid .,,= LIT<Gl + PREx(G2+ G3)
Min ,,= LITxGl + PRExG2+ SPL*G3

G1 © Number of Special Group users
G2 : Number of Premium Group users
G3 : Number of Lite Group users
By, : Link bandwidth

B,, : available Bandwidth

N7 © Total Number of users
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Table. 4 Bandwidth allocation between users

TCP A& /Queue| Special Premium Lite
FCFS/DropTail | 16729 1.3682 1.6330
Tahoe
CBQ/RED 3.1870 2.1541 0.9264
FCFS/DropTail | 1-1679 1.2303 1.6257
Reno
CBQ/RED 3.1104 2.2975 0.8426
FCFS/DropTail | 12466 1.2747 1.8392
Vegas
CBQ/RED 3.1371 2.1335 0.9482
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Fig. 22 Bandwidth allocation between users
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Table. 5 Bandwidth allocation between users

TCP A& /Queue | Special Premium Lite
FCFS/DropTail 11.33087 7.92473 3.59573
Tahoe
CBQ/RED 11.32767 7.92487 3.59566
FCFS/DropTalil 11.78116 8.31571 3.71429
Reno
CBQ/RED 11.64246 8.31577 3.71422
FCFS/DropTalil 12.13295 8.40151 3.74596
Vegas
CBQ/RED 12.11670 8.40284 3.74592
Tabel. 5 oA &= Adxo] FAag e oAF7F dSu= HA=AEH 7 HA AA G
of 7H4A profiled ATl gol AHBEI} o] Fof it
EHAES(cwnd)d HEE A EY Table. 63 o] 25Y HI cwndE HAE
o}
Table. 6 Congestion Window Size
TCP Type Special Premium Lite
FCFS/DropTail | 10.847 9.767 11.012
Tahoe
CBQ/RED 22.743 17.385 8.521
FCFS/DropTail | 9.141 11.126 15.764
Sim 1| Reno
CBQ/RED 23.161 17.955 10.225
FCFS/DropTail | 12.668 9.900 25.625
Vegas
CBQ/RED 21.366 20.425 17.870
FCFS/DropTail | 87.735 73.459 55.027
Tahoe
CBQ/RED 87.363 73.510 54.986
FCFS/DropTail | 91.519 81.852 59.680
Sim 2| Reno
CBQ/RED 89.996 81.862 59.680
FCFS/DropTail | 74.085 57.521 29.067
Vegas
CBQ/RED 73.967 57.539 29.082
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Table. 7 ThroughPut

Sim=# TYPE Tahoe(Mbps)| Reno(Mbps)| Vegas(Mbps)
= &EA FCFS/DropTail 87.61108 91.03645 93.70491
(Sim 1)
CBQ/RED 94.12605 93.33213 93.95263
H| 3 & 5H2 FCFS/DropTalil 66.07070 69.10400 70.03395
(Sim 2) CBQ/RED 66.06819 68.96553 70.02555
ANE FFRA 442 Sim 1 2719 Ao A Tahoe?d 49 7F4AHE o<
stdo] Ao WA (FCFS/DropTail)?l 4% Speciale] 35.79%, Premium 29.27%, Lite
34.93%°] 1 CBQ-WRR/REDZ 18] &S H&Fd 77 50.85%, 34.36%,14.78% = &

ofl

o] At Reno?l -5 FCFS/DropTailel A 33.18%, 27.35%, 39.46%7} &do]
Aot CBQ-WRR/REDA 8%l 50.63%, 34.26%, 15.10%7} 2t7t &3 = At} Vegas
7 §-oll = FCFSel A 27.53%, 32.14%, 40.32% % 24t CBQ-WRR/RED¥ 18] & 4§

§ 50.44%, 32.14%, 40.32%7F 242t &= Atk Tahoe, Reno, Vegas®l de< 27

o
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