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ABSTRACT

In recent year, EPON(Ethernet PON) system is expected to be more attractive solutions for high speed, broadband
access networks in next generation access networks due to the conversionce of low-cost ethernet equipment and
low-cost fiber infrastructure. Upstream channel control algorithm is essential to hare upstream bandwidth in EPON.
In this paper, we suggest HUHG(High Utilization and Hybrid Granting) algorithm for supporting high bandwidth uti-
lization and QoS for different service class. This algorithm improves bandwidth utilization as removing or diminishing
idle time of upstream channel using characteristics of fixed EF(Expedited Forwarding) sub-cycle. The proposed algo-
rithm also minimizes the packet delay and delay variation of EF class. We conduct detailed simulation experiments

using OPNET to study the performance and validate the effectiveness of the proposed algorithm.

1. M2 TAEE QY AT FAT F7hs FAe

27 A%l b 0 A e ek 3l

F 2ol QIEUlE 7o R R tlokil SSEw ok #Ae] SEERIEFA, A& HolE] ]

* E ATe ALEAY 2 AREAATAEIe] de} TATAE 54 - AUARIS] A7 ARE 53598 (ITA-2005- C1090-
0502-0012).

* oJA et A7 AE-E- UbiNet ¢37-4)({jskim8844, hjmirror, sakion, jyl} @nasla.yonsei.ac.kr)
=FHF  KICS2006-01-032, A=A} 20064 19 169

86

www.dbpia.co.kr



=/ EPONe]| 4] 2]

Eael

1

9% 452 QoS AL

slg 144 2%

2L & QIS °%L6W °‘><]“&, < HDTV,
23k VOD, CATV 53 2+ tlelgh o] A
| Bt I 1 SR = T—U]]' ZS7¥skaL, ek
Hejv|t]e] Ezfjle] Fbdon Zrlslar glck o
g FAE vz 7RdAE el wgkE R
3, Ak 7RsiAE Az S gl w3l
A3 Aujze) 71918 whkedt ALr)Ee HE
Hloful &4 Au)~ 2 ApEsiy FAs AlFst

BAE Au)ze] oigh 8% A o FrkEa
Ak webA H“}Eﬂl 7V A An|s} A}
st ¥ FAS 7RRbelA AAA-el, 8o R
Algsh= 7}%32} o] 5ol 8E A glrk
olgigt RFAIES SIg o8 7 JsiAF %
75 e = R TS B Al—é
&401 A % 7RRF AgrlE T s}l P
(Passive Optical Network)e]tl. PON- A A4l %L
ARe] Holg Folal % FATE AR
A AlZlAdo] Ean, AHE iRt 5 5 9l
t}. PON9 of2] 7] 7]& WA Fol* EPON
(Ethernet PON)-> o]tfull 7|uke] PON7|<4S AR
g WAoot 7|es ARESlaL, U olr
ul Amulgst e st 7alE-E AlEEl] wse
off F g sRiAl wellx] AA o mjEAal
sHos IS Fa glck

EPON°A&= A2 t}E ONUE°| dHolgE X
W7l SsiA A Ads Ssllef sy wtel 4
F EE Aol daelge] g Fasih
weba] B =FollxE EPONeA AFgk Ee=le]
A2 AR 8-S A7) idle time EAol TS|
A I, =S 9 E AREES} AR F
Pz A2 2 QoSE #|¥3k= HUHG(High
Utilization and Hybrid Granting) <2]&S Aok
gt} Aloks gdae]Ee A% EF(Expedited For-
warding) sub- cycle«] EAXS o] g3, t}e cycle
9] EF sub-cycles V8] &9 o 24 idle times
AA = EUo2ZH e dYS 888 9 -
S ¥ opzl, EF FEllzel digk FF delay<}
delay variations #2438} & 4 gJrh

B e o o] FAEY] itk Al 27
A= EPON9| 3o} oAl =gl daeE|EE
o sl AwR 3w, A 344 = Al HUHG &
aejEed dief 71Egch Al 4ol moAlds
3 Ak daeElEe] AeHrE Ak Al s
AollA] & =7 A2g W)

vl
o2t

—

xwz

O, Y&

Lo

[o5

mlo
d

I. EPONS 7Z9 O 7=

2.1 EPONe&| 7=

EPON 453
ter)2} OLT(Optical Line Termination), ONU(Opti-
cal Network Unit) 2.2 A=t} OLTS} ONUA}e]
o] Azl= i 20km, ONU®| 7H5~= o 32705
2|43k, 3 == E
Fog W] FEE QAAste, ojrul ZH)E A
e R o L B {h i B
olct.

a8 1el4] HelF= Eg] wefe] &7
A dd SALw <l 94 oA 7HlAkze] st
sk Ag 552 A o] vP-(pont to multi-point) W
Alo g O TZHE] ZE ONUel| Hl¥(broadcasting)

359l 7](Passive optical split-

A,
v
[<]

ok wbdol], 7pjixkzRE] 93 whogeo] ARk A
4 528 Zbzbe] ONUSE OLTZEe] A o H(point

to poin)HA LR o]Foix|mR  FAR 7o
ONU7} 3h}e] OLTel| %5 glo] dlolels Adds}
ojo} g} EPONelM:= the] ONU7ZF sh)e)
OLTE AFaF tid A5 $1 i g wprlo=
a7 2604 R ZA3 TDMA HRA]S- ARSSic)
TDMA "2 913 z+ ONUdlAl 74 eyl
£3(Time Slot)S &w3sh= SBA(Static bandwidth
allocation) & ARE-& <= it} SBAE -3o] zict
AR vl EgA R IEE ARSShe wde] ol
o} w2} EPONT-Zo4 283Ql SAA &3t

@ AEpe /IEne ONU 2 = User2

802.3 frame

(=i

J2| 1. EPONY] s}3F Ezd

S T~
[[[[ Header | Payioad | s ]
J2| 2. EPON9] Ak Efj¥ 38

87

www.dbpia.co.kr



54183 = A] 062 Vol.31 No.2A

(statistical multiplexing)E 27| ¢|3l4 IEEE 802.3ah
EFM(Ethernet in First Mile Task)-=MPCP(Multi
Point Control Protocol)S Aels}dct o]zt
MPCPE ©]$3}¢], OLT= DBA(Dynamic Band-
width Allocation) ¥2]&2 ARE3le] ONUZH]
AF ASEES 2AEH T 5 vk

=

2.2 o|Me| AT E

7R tlekgt DBA <az2]Ze] EPONS ¢
3] A|ok=]9ic). Interleaved polling scheme with
adaptive cycle time(IPACT)?= &1z ONU=RY-E
Hgo] kuE7] oAd vy ONUR & (polling)
S Azksle wbolth IPACTE %8 o Alg
H2E85E S F IAY, I vk djdF) e}
gk F718] Azte] 7PAe]7] wiitel delayell W%t
3 el 2glelx] ¢

51 F7139l Z8(cyclic polling)S AMg-3pd
4], ONUell A| 7le] A1 Ze(priority class)S
‘014l REPORTZ 3}, olel| thali*] GATE3=
WALS ARgEbe, F71AQl E9)e] ARl idle
time= Z°|7] 9al4], 4 NSZ(minimum band-
width) B} 28 okS- 273 ONUE t}E ONUS|
REPORTS 7|t}2]#]| ¢t3. GATEsh= wlS- A%
sigict. el =2 $Aes Edge] digk A
AL AlFsA F3lal, H2 F-3Khigh load)®] A
gloll A= idle timeS Eo|%] Falsith

EPONe°|| gt a7} Al 2185 w2}, QoS
A el gk Aile] S7IsIEA, o] AE9I0)t
delayell 717gF S|l ol gk A7} kst
A olFoIA] AL glek.

[61> Ez¥L HP(High Priority)?} BE(Best
Effort) Z@|~% ¥53l3, HP 2~ BE 2%
2ol g g E dus Eelsle], HP s E
ol gt delay<} delay variations 243} 3191
oh e, #HA& Y Fel tigk BAde] gle], ONU
Ake] &3 (faimess)©] BAFEA] ¢fow], HPE A
o} BEZHzoll gk tjdE s Fejgho=s,
B EY(Guard Time)o] F WiZ wWolx|&= whzlo]
Ak

[71> EZS EF(Expedited Forwarding), AF
(Assured Forwarding), BE(Best Effort) A=
v, A 214 58-S BF9} AF sub-cycle®
itk EF sub-cycleol|A= A% <ke] EF 3
29| EE-S A431a, AF sub-cycledlA= AF2}
BE ZHl~Ee] Efjge 3}l OLTAA = 7

88

ONUHEZ A tf9Z2 wAksle], ONUZ] 23
4% ®A3le], GBR(Grant-before-report) fashion2-
o]-&slod, ONUel gk OLTS] A® =|<(informa-
tion latency)= &%t} 3FA|RF U2 loadel|4¢] EF
Z2e] Hi A delay2] Z7Fe} HSSRAH B
Frjodo] F w2 Wolx|& who] gtk
(617 [7]S 257 713 5 A5

o idle timeo] &} o] <lafr =& iy

£
AgELE B 5 ok

e M

Idle time, 2.3, REPORT HAA&= F7|
ol ZHE AMgale daEEelx] AR A 5
o] % A88ES I sk 8QlEeth 1
I 7P 2 F8 Y99S a7 3e4 B AAH
REPORTS2} GATEA}ele| HHASH= idle timeo|t}.
Idle time< RTT(Round Trip Time)$} DBA_TIME
o] gow mH= DBA_TIMES OLTI4¢]
DBAE AHelsh=d Zels Azke 9w, CPU
o] &k uwle} o] wHEixich wEl, e
CPUE A3 =9, DBA_TIMES w8 zlo}x]
B8 FAE = 9lARL RTTY 795, EPONe|A]
OLT®} ONUAo|9] Al #Hd| 20kmeo]| 22, RTT
9] FHZke 200us7} Ftk Cycle 5717} 2mszla
g uf, 200usi= 10%°l sld== HeR, % A}
£38588 #sHA7]=d] idle timeo| *HA|sh= wv|S
< (A3 Erhal & 5 odrk & wEellAE idle
timeS A|A3F] $l#l4, HUHG(High Utilization
and Hybrid Granting) ¥2]&S Agkic)

of du &

D

DBA Computation Time
GATEs
— OLT
4 4 4 T T
H Vo |
H L] \
(I 1
[ |
(] 1
Cyce(n-1) '\ l| l]
L 1Cyde(n)
T ]
TRELLR]
L 1
1 !
11 1
; Vol 1
: (] i
3 1 1
4 (] 1 ONUs
£ L2k B |
I |
[
DATA + REPORTs IDLE time

T3 3. Cyclic Polling W]ell412] idle Time

www.dbpia.co.kr



=% | EPONel| 4] ¢] =2 tf|

9% AHE ST} QoS A 91 AEA 2ASY duelF

3.1 HUHG «32|&

A2 t}2 delay®} delay variation 542 7}zl
FHAES #¥s] $leid HUHG daEsdd =
2}2S- EF(Expedite Forwarding), AF(Assured For-
warding), BE(Best Effort) | 7] W22 55
stodtl. EF 2@ CBR 24 E¥(voice traf-
fic)X|® delayell ®7HgE Au|~E 9% A4S F
#)o)3, AF e VBRAH delayell ®IZH1A]
& T pAeslel Z9zela, BE FHew
FTP, Web browsing, e-mail -5~8-3% 2 12l(applicati-
on) & Au|=FE A 7 e eSS F
e 2o]cl.

HUHG <3852 EF, AF, BE Zd25 x%
3F7] 2l8liA] two-cycle Sl (allocation) M2 A}
43k} EF sub-cycle EF 2225 $13F cycle©]
31, AF sub-cycle> AFS} BE 5 93 cycle
olch. o|FA 2709 sub-cycle®E v A2 HE T
H(guard time)o] 28|12 Frlshe W] QlA|HK
EF 2] delay®} delay variationsS Z5%
Aol v =7] wistelch

(71904 <33 ZAF, DBAY FL3 Trle
AF/BE Zl|2=9] E#|¥¢] non-deterministic &}th=
Zlolc), mpte] wahd, EF Felne] EdHE de-
terministic 3+ 54 wjiFol, ONUo|#] OLTE H=
2] REPORT7} $lo]% EF sub-cycleell tH3} GATE
7} 7¥eslet ol2i’t 54 wiiell B-PON <= G-PON
i BF 2ol sk T-CONTI(Transmis-
sion Container type 1)< 5% (dynamic)?]l =S
AMgebA] e wAE(fixed)d WO ARgSh=

DBA (1)=EF(1)+AF(1)+EF(2)

A& x4 ' webd, HUHG 2aels
o]4]&= ONU”} OLTZ REPORTE & vu] o] EF
Zef el gk queue length= HUA] ¢Ex, AF}
BE Z2=cll gt queue lengthe] &S HujA =
t}. OLT+ SLA(Service Level Agreement)A] HE+
Provision®l] &J&] AA% EF Z~°] o Aw
(bandwidth information)2} REPORTX AF/BE =
W2=2] queue length HHE o]-83l] DBAE 3}
gk

Idle timeg =°]7] $84, A% EF sub-cycle
o] SAE olfdte], IH 4ellA M ZIAE, o
EF sub-cycles 7l2] sl S o]43ict vl
2] &= EF sub-cycle?] =7]7} idle time Xt}
2 74follE idle timeo] $FA3S] A|A7} =3, EF
sub-cycle®] =77} idle time Xv} 2R A=
idle timeoll4] EF sub-cycles "I wHFe| AJ7lo]
idle timeo] ¥}

Auto Discovery?#o] Eiyt ¥ OLT+ ONUel
Al REPORTE 918t GATEE #1$3th ONUw
AF®} BE Z29] queue lengthE-E REPORT
o Aol OLTol|A| A3kl REPORTE W OLT
= olv] A" EF Z@l2e gk WdFAwe}
REPORTH queue lengthE ©]-83}e] 3] Wi#| DBA
& 3l 2HAIgE DBA S FHollx] A9
< 3% gk DBAS 331, EF sub-cycle(l),
AF sub-cycle(D& & & 9Jtk HUHG dazEl&
2 *4 EF sub-cycles AMS3}EZ, EF sub-cy-
cle2)oll thet F= = = gloh webd, 3 W
A DBA®| 3 Z3}Z GATE¢l:= EF sub-cy-

DBA (2)=AF(2)+EF(3)

4441
fiE i I
S A ]
o R A A
LY § i H
£ 8§+ F H H
fasi 4
AR FI N A A |
A A
Initial Cycle EF sub-cycle (1) AF sub-cycle (1) EF sub-cycle (2) AF sub-cycle (2)
DBA (3)=AF (3)+EF (4) DBA (k)=AF(k)+EF(k+1) DBA (k+1)=AF(k+1)+EF(k+2)
~ . r*ﬁ

EF sub-cycle (3) AF sub-cycle (3)

EF sub-cycle (k) AF sub-cycle (k) EF sub-cycle (k+1)

J% 4. HUHG ¢ael&e] 52t

89

www.dbpia.co.kr



54183 = A] 062 Vol.31 No.2A

cle(1), AF sub-cycle(1), EF sub-cycle(2)ell tigh
AHRE Ao Bty GATEE "R ONUEL 3}
"ko glol&EulEe] EF, AF/BE E#¥L A$3)
], AF sub-cycle(1)ell &a°] queue lengths
REPORT#t}. AF sub-cycle(1)2 vHil o= EF
sub-cycle(2)®] GATE AHRE o]&3lod, ONUER
3} mke ofmb=e] EF EdYS A4

3bH, ONUEZ%E| REPORTS HRS OLT
ONU=E°] EF sub-cycle()S F33l = Ftol,
ONUEZ4E REPORTS ©|-43le] = W5 DBA
£ $3)3ltt. F W3 DBAE REPORTE AF/BE
Z2 queue length AW} 7% EF F=ll29
gZ AWE o]83le], AF sub-cycle(2)¢} EF
sub-cycle(3)oll W&+ H R E GATEe| Aol ONUE
oA H4drl GATEES 1R ONUE-2 AF sub-
cycle(2)ell AF/BEE#|Z]3 REPORTE A 43}n],
EF sub-cycle(3)°|l EF E¥S z438kcl. ONUE
RHPE REPORTE W& OLTE ONUE©] EF
sub-cycle(3)S F-35l= F3koll, ONUEZHE] vk
REPORTE °|-83}e] 4] WAl DBAE eJgich o]
%o e F WA DBAo|F9] AL uHEE)

HUHG ¢ae]|52 flolA AdF3h AAMH, A4
% EF sub-cycle®] =7|7} idle timeXt} & 73-%-
= idle timeo] %13 WAEA] oA FHk HdE &
™ OLT<} ONU® A&7} 20 km, ONUS] 7H5=
167§, DBA 717} 2 ms°]i, DBA_TIMES 4]
3la, RTTRM: gk AF3elds %A ONUe
&t EFZe~o] EulY Y-8WTraffic Load)”} <F
102% o)Al ZA9olE idle timed 43 ¢l

% slek

e

2

3.2 0|24 =t Throughput

HUHG <3E|Z&L idle time AAsAY =4
o2 ddE: AMEEY] S As & ck
EPON®||4] Cyclic Polling W& A3l &g
=0 A AHFsFol gt o] 24k Zd through-
put-> olelje} Zo] I 4 glrk

Qsmax = - 4 (l)

4714 e 7 F7ld B = gl Wiy
BwoH = gt F7)d] A== overhead®] Y
< U3k, 79= F7](cycle time)E, &,
24 A A535 5] AW throughputs &vIgict.
BWOel= ONUZF] ®3F  th(guard time),

e

™

= °l

90

REPORT WA|A] 12]3, idle timeS ¥33ic}
28] Ao Awst pwors 7)1EY ~AEE
HMHE, & #E44l Cyclic Polling HPH-S AM&-38}
= Y2 Regular G| [7]04 Ak
duPFHG LdaEH), 2El AEA ARKE

HUHG %aE|gel A8 slr ohs3) 2tk
BWRT = (BWY+ BWF) x N+ BW! )

Regular
BWEH = (2 BWE+ BW") x N+ BW! 3)

BWOR = (2% BWO+ BWR) x N
(<}, EF sub-cycle >= BW’) )

BwWYE H3% tY(guard time)S $Ig dldE,
BW# = REPORT WIAA|E ¢t d|d¥ piie
idle timeel] gk HIH-S efvighct. (3)HA]1¢] HG
dwe|Es} (4] HUHG <aE]&2 2709 o
dZ 3t} F7|(bandwidth allocation cycle)S 7}4]
| Wizl (2)HA1e] Regulardizz]Eel Hvls] 2ul<]
R3% d(guard time)e] LQ3jch dlHE ARS-E
Fol 2 Bl5L AAI3= idle time®] Regular 43l

<3 HG <aE|E 3 HAIskA|sl, HUHG
dwe]Ze] 79l EF sub-cycleo] BW Hr} Z
79l idle timeo] A& WAs}A| b=

I3 5% F7)el wE o244 A throughput<
Blxwgk 78olcl. ONUS A 714 1671, ONU
¢} OLTS] #2]7} 20 km, = RTT+ 200 us, idle
time9] 84 % DBA_TIMES §A|8l: RTTHHS-
F2lEkd e, EF sub-cycleo] BW HTl & Akslo]
2} 7Pslan, o] Aol 715 wWAslHA 919
Aol s AEsl] AL ARE Jehd 7ol

N

Garnparison of Thearetical Maxirmurn Throughput

113————‘{;&_——%—7

Maximum Throughput
o
=y
o

OB L ] —B—HG 4

Cycle Time (ms)

ag 5. o]&4°] A throughput B]

www.dbpia.co.kr



=/ EPONOIA 9] 322 H % ARS-EE3} QoS A& 3 &l ~AEY daels

tl. HUHG %2852 th& EF sub-cycles Vg GEF = BWH, GEF | = BW*" ©)
dste WS ARSSle] idle times A|A3ISI7]

o], e dwelFEel v F717h 1 msel BWE A ONUel| i3t BF 2¥g 913
%ol oF 15%4 %, 2 msl 7ol oF 10%4 fodZoly, G G = WA ONUS] k , k+l
Lol tYgE AlSESo] sHlEE e R cycleel] gk tHdE <9)(Grant) S &Jv]ghc},

glch AF¢} BE 2% $l3i4+= iHAl ONUS| kH

A cycled $8 ONUS] REPORT(%R )ol =t #
BE o|gsl, A AFEFe] digEe FHdjgt
o]g3lojol 3t} o]E $JsiA] kWA cycleolA]

3.3 DBA ¢112|&
EF¢} AFBEZ#|2~ell thah i+ a3 7
2 293l v 5719 EF sub-cycle2 v|E]

N
==

s}
= AMin 1 <) = L= - S &=
B Hr} o] Q738 ONUSe] =3z Q3
F3l7] Sleis o]2 X Ys= 2SS DBA o1 7D oh w8 1][ T a-’i 7} ‘:E

2]Z0] PR3tk HUHG 9welEs Asks KV pwMtHey A 2% ONUEel 9

DBA &3]&g thga} ko] AAlgh), A S V) ol 2ol Ak S gk

BWAHUI:BWC* BWOH (5) V;‘AEI _ Z](Bmﬂfmi G]E]‘f* Igjﬁ,\,)
JE

Ay 520 Q3 3F F7)o] AR 753 o (J: Q€F+}?7A <BVI/;TV7'”) (10)

FZ( e gl Frlo] sishe TZ(BWC) Vkopm: E(GﬁF+leiBVV;1ﬁn)

o4 overhead®] WHAZ(BWYH) S W 3} =L
overhead THH-2- ofefje} zro] vpepdl 4= glck (L: GFF+ R, > BW"") a1
BWO= (2 BWO+ BIWH) x N ©6) vEE vrrRey 2 4 me R0 ol

BV oA fo% wl 7]
W a2 v $elei
= Ve d9E Lo Ajel Fshe ONU=©lA,
[e]

BWOE B2 A% S13F di9E; w2 REPORT
RS 13 e, v ONU9| JiE 2fnlst
ok (6)2 A4 EF F#29] tjddFo] idle time®]

tjedZ Rl = A9o|w, ulek A EF thelEe] L77E ool mlEsle] FobR A 5ol ek

=717} idle time®] WEZxRc} zhely gk, ol Joem

o) A& =ggick G = VE X (12)
;

BWPH = (2% BWC+ BWT) x N
WOH = (2 W(’Jr W) x GA'= kWAl cycledld Lo A3l <3l=

+(BW’—23W,EF> ) ONUSIA F712 g elulis tloEg ojn]gcl
ulebd, ¢19] WE-& Aejsid, ool e Ao

B idle timeo] TIRE dldEolw, mwH i % BT S ek
#A ONUell tigh EF S5 $13F el Zo|r),

ONUZF] F34E& slsiA 2t ONUHZE FHA R Vo <V Eor
B dgnn)E gdsteler shedl, o)zl ~ G = R, + G < BW,"
ONUZF] weightell vl&l3le] pwi'E 7z} ONU® BW"" -G +G“ ,Otherwise
A & gk A ONUS| B2 olefje}l 3ich (13)

B = B (3 = 1) ® L GH=BW G = B (14)
- 3.4 Intra-ONU 27|52]

345l EF FHae] SA4& o]8sied, EF 29 HUHG 38]Zo] Hr} thefglt 2929 QosE
25 918 dY9F SLA 1= Provisiond 53] wE2A)7]7] 9sas 2 ONUSk] A& ok2 2
2= ] FE AHg]lt 2ol A APPSRl MulaE AlgelTe 2AETt

91

www.dbpia.co.kr



24183 =1 #] 06-2 Vol.31 No2A

Z 93l HUHG %2]Zel4] AF sub-cycle<
AF Z9)29} BE FH5 $18 F7]°lth. ONUE
& AFZ¥~9} BE Z¥2e w5} queue length
2] 3+& OLTelAl REPORT HAAE E3A Az
3la2, REPORTE 4> OLTE DBA
Fefste]l AF Fell2=¢} BE ZEl AAll| s
o3 s} 29l gl ulebd], ZF ONURHA]
= AFE|2e} BEZUAE A3} 3= 715 Al
I3 2AERrE Fesich [4] = 121004 Al
Al AAY Fella 7ke] ApEst Mu|aE AlTst
= ONU 2#AZ8]7} HUHG 1|3 zho] AR
oo} gty FF ONUSH] 2AZw el i3k xmc}
AR A7 dest Zloz ARl

I\ I:IOlAI

. L=

oek

B =Rolla] Ak HUHG &are|Zel ojgh &
Azt AsS #Elslr] 984, OPNET(version
10.5)S ol&3le] AlEdHolEE P, 7159
el EETte . AR

Efm AEE :L%‘ 63} #ct OLT 1712} 2070
o] ONUZ %S FA43la 9)om, OLTS} ONU A}
o]e] AlalsF % 4% 1 Gbpse]il, OLTS} ONU
£ Aol #ElE 20 kmZ, o]we] RTT+ 200 us7}

ok modglel] ARSE e 1 13 2k

ZT] WAN Are] Ezie 348 mulslr] $3)
~l, AF¢} BE Z¢l12=0] EefjeS 913k 7l Afe]=
o] Bx = 9]el41x2 64, 570, 1518 bytesS Z}zt
60% 25%, 15%< FE= A4S Ak =Y
- (traffic distribution)*= exponential #=¥Z5 A&
slolom, EF s $lelM= 4% 64 byted]
CBR E#|¥E& AM83}9ich

EF ¥t Y marrow band)©]”7] wlitel], A

L o

aMu12 OMHUE

e ® ®
ONUAZ )|t ONUS
25 anmu MLLA
ONU 5& b e NTHE]
a0 ONUTE o0 ONU2

38 6. 2elgel MEYT PR

92

1. RO AR 3 HeE
Item Value
EPON 3= £% 1Gbps
ONU<2] 7i<= 16
OLT<} ONU=2| A& 20km(RTT=200us)
5 %(Guard Time) lus
Al 2ms
REPORT =7] 64 bytes
EF Z29]
eos 2¥y =] CBR, 64 bytes
AF/BE Z#)-] 64 bytes(60%),
eos 2¥y =] 570 bytes(25%),
1518 bytes(15%)
oAy Ak 100(sec)

A B Hale] 20%S EF F2 AH)AS 95
dslel s, PR 80%+ AF, BE e~ Au]x
= $lel, = AF 40%, BE 40% 2 Z33lsic). we}
A, 9]9] Ak8le|Al= EF sub-cycle©] idle time®.t}
A 7] w¥el, HUHG Qae|Zex:= idle
timeo] ISR ok

2o AES weE }71] s7] $lslM, ONUZES] -
AedE ¥ 23, RE ONUZE 57-e Ed
Fal7} AlRicka 71galsla, ONUSke] 2A1%e]
i AF$} BE EdFE 649 &R PA2AEY
< 35 ek

A E=lg K318 W3PA7[HA network through-
put, 2 ZH29] queueing delay, ZZ2]3 EF 2=
2-9] delay variationS ZA3}ch

4.1 Network Throughput

I3 72 throughputel] tfgt A& R} A
A Y 38t 087 71 ¥32]Et HUHG
°L"7£]z-4 throughputo] A= o), EfE s}
0.9 o] ¥ E|E= HUHG d3E]|&o] v w& through-
oF 4 otk HGHaE|Ee] FHd
throughput-> 0.843, Regular <72]&52 <F 0.846
al Eﬂ HkaljA], idle timeS #|#¥F HUHG %b“ﬂ-’“i

Zd) throughput-> 0.9377F4] A& 4 382
ok 4= glek webd, HUHGS 22| Fe] 7152 %1
2S5l B3l oF 10%9] throughput 4 A|-5-3
°

put* x—ﬂ .L.‘Gl-‘_.

& 4 ik
¥ 2% we] AgAslel o2 Aake vl
vl HUHG ¥we|&9] o|24k9] throughput®} &

o] AlF A} throughpute] A¥}S v|ws] B,

www.dbpia.co.kr



=% | EPONel| 4] ¢] =2 tf|

ol

I AREE ST QoS AE AT BEA<

Throughput Cornparison
T T T

—&—Regular
—=—HG ; :
—&—HUHG : ;i 4

085

08¢

Throughput

08k

i L
0.98 1
Traffic Load

i L L
078 0.8 0.28 0.9

a7 7. EE 3l u}E throughput®] W3} wla

HUHG Regular HG

Theoretical Results 0.984 0.888 0.884
Simulation Result 0.937 0.846 0.843
Difference 0.047 0.042 0.041

A 47% WAse A & 5 slok ol
e y3pt £& W OLT7F ONUEe] &
et ES o ddeaA] e Al
fragmentation®} ONU<}e| ~#AE={7} AF 24
°} BE Z¥2ol disid 6:49] v]ER Aujag 3}
WA HAE= fragmentation Wito]th. EPONellA
GPON¥}= 22| fragmentations A|$3HA] od+=r}.

3 o

o

> r

4.2 "Hd iZl Queueing Delay

a3 82 EF Z#29] queueing delays ®]|gh
7ol Regular ¥32]52 EdE ¥t 7}
ol wel queuweing delay® 7 Z71E il
Edi e}l 07 olFEls Aasll 09052
= A9 AT nLHS wWoRr) o|zlg AR
AF¢} BEZ~e] Efj¥o] 37} =%ix, EF 29
2uol] hgE Afu]2s AR 7Rl gl WSkl el
A=A, Edfge] x31% Aelelx= EF ZE
off wigh Am|z A7) UAFAl E7] wfio]
. oA EY Slel| webd WSh= Regular
dreE|Ed vls]l HG ¥EE3 HUHG LveE
= A4 Wspr} glo] UA3HA EF FElaE AR~
3L g5 HolEch

I3 9% AF®} BE 29| queueing delays
vlwgk aglelr)k BT ¥} F71 ¥= AF9)
BE®| Z#|29] delay 7HAe] v Wz A4S
2 4 gled, o]Ze ONUSH] ~AZEw7} AFSH

x10° Queueing Delay Comparison(EF class)

—&— Reqular
—B—Ha

1 —E— HUHG

1.03F

1.02

Queueing Delay

1.01F

. . L L I L
o 02 o4 06 o8 1 12 1.4
Traffic Load

72| 8. EF Z9] 1 Queueing delay B]aL

x40 Queueing Delay Comparisan(AF & BE Class)

&

—&— RegualrAF)
65F | —B—HGAF)
—&— HUHGIAF)

sk @ - RegulanBE)
B HGEE) g
45t = HUHGEE] A
S
LB
a .8
o

Queuging Delay

L L . i L
02 04 0.6 08 1
Traffic Load

% 9. AFBE Z22°] 1 Queueing dealy ¥]:L

BE ZHAE 642 H|EE AH|2dly] wielrh
Regular 4 vE]&7 HGYE|ES] BEFUH~e E
e F8l 0904 elA] File] FoEAl EHA|RL
HGHG ¢178]&L idle timeS AATo =M o] &
< EfYE Al & 5 gleng EdE 3}
0.9°4 % Ao Aujas 9le-S HolErh
AFZE 2o 2 &A] HUHG ¢ie|&o] o &2
EY #3409, 1.0)olA% AR An|aE T
S-S HojFr)

4.3 EFZali2a2| Delay Variation

a3 102> EHF Hs} 0.78] AFskellx] ONUSS]
EF 29| queueing delay] A|Ztel| wz} Wsh=
2558 Bt Regular dE]ES A7t oje}
delay”} WH3A9t, HG <253} HUHGYE|&
= 7ol WFo] ols Mol Frh ol=gt dAkY o]
= HG ¥32|&3} HUHG <32lZe] EF 2@
25 $J3F 22]% EF sub-cycle witolth

a3 112 = ¥s} 0.79] AFskellx] ONUS<]
EF 229 delay variationS W|2&F | Zo|u}

93

www.dbpia.co.kr



54183 = A] 062 Vol.31 No.2A

EF Class Delay

a2l 10, EdY

10 Delay Comparison (ONUS at Load 0.7)

—&— Regular

n I . L . L . . L
10 105 A 1.5 12 125 13 135 14 145 15
Simulation Time

i3l 07914 Azl mE BF S92

delay W3} v]a

Ly

Lk

Delay Variation
o
o
I

% 10° Delay Variation Gomparison (ONUS at Load 0.7)

. Fenular
i -G R
I HUHG

0.6 [ahrg 0.2
Traftic Load

1. EgE 3} 0.79014 9] EFZE~9] delay variation

Regular ¥72]&2 queueing delay”} A]7}ol vz}
53] wlitoll, =2 delay variation 3 Lg 7}7‘]71]

sk,

bl HG ¥wElEd HUHG

+#2]%l EF sub-cycle witell Regular %}IL Zo|

Hl 3]

v~ -2 delay variation= X33t}

V.2 E

—

EFo A= idle timeS A|l7EH], & ]

F AHREES 98 5 9l B ohiel BF 29
2~

Hlﬂli% f‘o” *171“ HUHG 12|55 Xﬂ

= #e3lel, EF iaﬂ’“«]
delayﬁl— delay Vanatlonoﬂ gt wA-8- 7)sls)

. OLToll*4&= ONU 7ke] 941 n]|&-ll(weight)ol]

7"]31: S Z(minimum rate)S X35! ONU
[AS WAslel 7, AFe} BE S|~k A
20

2~ $4159]%= intra-ONU Schedulerel] 2J3l|4 -

o] =it 4% EF sub-cycle®
o], th& 5719 EF sub-cycles vlg] &ulslo] idle
times AASAY == F A = stk Idle
time®] A|A= Q8|4 #=E network throughput-s
A& 9l 78S HG daEsd] 545 1
2 o]ojilo}r], Regular <22l vls] EF 23
229 37l delay 2 delay variation™= 3SFAE|S1S
gels)] ®okol.

Az v Zelizell W'k Qos A%, ONUZH
oA A gy U9E ALE8-S EPON U

=42 o]g3}

Egms AAskn 2@ ue] 9ol Fad 9
A% sk gk Aok okwelae 9o Al o}

A Q74 25 73 daE|E° 7 EPONo| 24
Wl mIHow HeE
AgdAel] & 4 9l%o], EPONIX = frag-

mentationS A|Q3HA] 7] wlFe] ONUQHY] A
A

ZE7b S92 ApEst Aulas sPaA over-
head”7} WHAE|Ed], F35 o] F-Ed tH oo}
ONU<F| ~AlZele] thalt oAr} "3 Aoz

A7k,

Bt
Ho
ro

il

(1] M. P. McGarry, M. M. Reisslein,
“Ethernet PONs: A Survey of Dynamic
Bandwidth Allocation (DBA) Algorithms”,
IEEE Optical
Aug. 2004.

(2] G. Mukherjee, and G.
Pesavento, “Interleaved polling with adaptive
cycle time(IPACT):

distribution scheme in an optical access net-

Maier,

Communications, pp. 8-15,
Kramer, B.
a dynamic bandwidth
work”, IEEE Communications Mag., vol. 40,
pp. 74-80, Feb. 2002.

(3] IEEE 802.3ah Task Force Home Page.
[Online]Available: http://www.ieee802.org/3/efm

(4) N.Ghani, A.Shami, C.Assi, and M. Y. A.
Raja, “Intra-ONU bandwidth scheduling in
ethernet passive optical networks,” IEEE

Commun. Lett. vol. 8, no. 11, pp. 683-686,
Nov. 2004.
(5] C.Assi et al,
for quality-of-service over ethernet PONSs,”
IEEE J. Sel. Areas Commun.,

“Dynamic bandwidth allocation

vol. 21, pp.

www.dbpia.co.kr



=%/ EPONel| 4] 9] =&

pHO

AHS-EET QoS AlE

A 2EAdl 2AEY dxHFE

(10]

(11]

(12]

(13]

(14]

(15)

(16]

1467-1477, Nov. 2003.
F. An et al,

allocation protocol with quality of service in

“A new dynamic bandwidth

ethernet-based passive optical networks,” in
Proc. International Conference on Wireless
and Optical Communication (WOC 2003),
Banff, Canada, Jul. 2003.
Shami A., Xiaofeng Bai,
Ghani N, “Jitter performance in ethernet
passive optical networks”, JOURNAL OF
LIGHTWAVE TECHNOLOGY, vol. 23, no.
4, April. 2005.

Miyoshi, H., Inoue, T. and Yamashita, K.,
“QoS-aware dynamic bandwidth

Assi CM. and

allocation
scheme in Gigabit-Ethernet passive optical
networks”,
vol. 1, pp.90-94, June. 2004.

WAN packet size distribution (http://www.
nlanr.net/NA/Learn/packetsizes. html)

ITU-T Recommendation G.983.4, “A broad-
band optical access system with increased

IEEE International Conference,

service capability using dynamic bandwidth
Nov. 2001.

Kye-Hyun Ahn, Kyeong-Eun Han
Young-chon Kim, “Hierarchical Dynamic Band-
width Allocation Algorithm for Multimedia
Services over Ethernet PONs”, ETRI Journal,
vol. 26, no.4, pp.321-330, Aug. 2004.

K. S. Kim, “On the Evolution of PON-
based FTTH Solutions,” Info. Sci., vol. 149,
no. 1-3, pp. 21-30, Jan. 2003.

G. Kramer et al.,

assignment”,

and

“Supporting Differentiated

Classes of Service in Ethernet Passive
Optical Networks,” J. Opt. Net.,
8, pp. 280-98, Aug. 2002.

L. Zhang et al., “Dual DEB-GPS Scheduler
for Delay-Constraint Applications in Ethernet
Optical ~ Networks,” IEICE  Trans.
Commun., E86-B, no. 5, pp. 1575-84, May 2003.
S.-I. Choi andJ.-D. Huh, “Dynamic Band-
width Allocation Algorithm for Multimedia
Services over Ethernet PONs,” ETRI J., vol.
24, no. 6, pp. 465-68, Dec. 2002.

A. Shami, X. Bai, C. Assi, and N. Ghani,

“Quality of service in two stage ethernet

vol. 1, no.

Passive

(17) Jing Xie,

21

passive optical access networks,” in Proc.
IEEE ICCCN, Chicago, IL, Oct. 2004.

Yuming Jiang, “A Dynamic
Bandwidth Allocation scheme for Differenti-
ated Service in EPONs”, IEEE Optical

Communications, pp.32-39, August 2004.

(18] Glen Kramer, “Ethernet Passive Optical
Networks”, McGraw-Hill
M (Junseog Kim) A3

o & X (Hunje Yeon)

19979 294
g3} &9

20043 24~¥A]  AAE
A7 AR s Ak

199713~2005  AHAAKF)
AT

<3AMo)> Scheduling Algorithm,

Az AR

PON, Network Management, QoS Management

k|
2002 8 AAhEw A
st 24
200491 89
g} Aa}
20041 9Y~HA AAEt
A7 AAgE R vl

Aok A

<# Al Hok> Wireless MAC Pro-
tocol, Packet Scheduling, Wireless Mesh
Networks
FARS -ﬁl(Seoggyu Kim) A3l

2004”‘ L2l
& AT w
A Hol 54 E3Hdelx QOS Architecture,
B3G Convergence Network, TCP A5 4,
2] iﬂ-_,] TCP /Hl: ﬁbﬂ- H

19904 2
g3} &9
1992+ 84
g3t AAL
1997+ 84
EE
199741 94~20041 3Y SK

AAN L Al

et A

AAehakan A

F AgaT

1-ala) At 1A A E s Tl

‘j/ﬂ
F IP7|HE 5541 35
ES=

9%

www.dbpia.co.kr



54183 =A] "06-2 Vol.31 No2A

Ol X 2 (Jaiyong Lee) 23]
F""‘ T 19770 dAleN sk ket

&o—]

198411 715 Towa Tl 5%
B33t MAt

19871 v Towa FH ZH5F
B33f At

H

19779~19823 Za)asked 4
A
1987'3~19943  F3lga st AApARE}; B
<
ES

19941 8d~&x]  dAlehstaL A1k e

<A H-ok> QoS Management/Protocol, XFA|tl| o5
AW L2 EZ . MAC, Mobility Management,
WTCP, Sensor Network

9%

www.dbpia.co.kr



	EPON에서의 높은 대역폭 사용효율과 QoS 지원을 위한 효율적인 스케줄링 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. EPON의 구조와 이전 연구들
	Ⅲ. 제안 알고리즘
	Ⅳ. 모의실험
	Ⅴ. 결론
	참고문헌
	저자소개


