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Abstract: EPON (Ethernet-based passive optical network) is optical-fiber-based access technology and is
becoming a primary one for the next generation access network. But the Polling mechanism of IEEE 802.3ah EPON
has low bandwidth efficiency, and many available bandwidths are wasted through UWR (unused window
remainder), USR (unused slot remainder), UQR (unused queue remainder), and UPR (unused package remainder)
produced by its DBA (dynamic bandwidth allocation) algorithm. IPACT (interleaved Polling with adaptive cycle
time) EPON presents a new Polling mechanism with high bandwidth efficiency, but its DBA algorithm has the same
disadvantages as IEEE 802.3ah. Based on IPACT, this paper presents an implement mechanism on distributed
EPON utility DBA, it can provide user service different treatment according to his SLA (service level agreement).
By a concentrated and a distributed recursive utility algorithms, it effectively diminishes UWR-reproduced and
UQR. By a distributed UPR diminishing mechanism, it reduces UPR. By putting forward a USR diminish
mechanism based on interleaved baton, it increases the success probability of diminishing USR, and by adding the
USR of baton-sender to the grant of his baton-receiver, it improves the bandwidth efficiency. The simulation results
verify it merits well.

Key words: Ethernet-based passive optical network (EPON); dynamic bandwidth allocation (DBA); quality of

service (QoS); service level agreement (SLA)

#§ Z: EPON(Ethernet-based passive optical network)¥f 4 2 F .4 69 T 7 MAIEAKK, LR RA T —RIEAR
%09 A HEH K Z — {22 IEEE 802.3ah EPON #4 Polling #ul 4 &4 %428 £ R &4 F#, % DBA(dynamic
bandwidth allocation) £ 7% 4 UWR(unused window remainder),USR(unused slot remainder),UQR(unused queue
remainder)#= UPR(unused package remainder), /% % T3 % 4 % % /& IPACT(interleaved polling with adaptive cycle
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time) EPON 42 T —/Na 5428 F42 5 6997 49 Poling bl (2% A #2k DBA Hik e 894k 5 48 TPACT 2ah b,
Rl T — AN TR 4904 X EPON DBA FEIUAUH], I T AF 1~ F] SLA(service level agreement) ] P 6948 F) dk 4%
JI ) 6 £ R B8 B At — Y B P i O Bk R BURTE R T B UWR B i —Fr oA Xid )2 2808 Bk A SO TH R
T UQR,i# it — A~ X UPR K FRALA] 8 7 T UPRAZ h T — AN T 4048 A #5449 USR AL 32 5 T H R USR
St R R GBI A 49 USR 84334 69 T 425 T W S0 69100 2R A7 A 4 RARSFIILIE T %
AU 45 5.

KR ARRBRAEME AT T RET TR E5F B

PEESES: TP393 SCERFRIZAD: A

EFM(Ethernet in fist mile)f£45 413 L IEEE 802.3ah!")5E X [JEPON DBA(Ethernet-based passive optical
network dynamic bandwidth allocation)A/L |47 4E LA T RUZF AN w19 1) #: 1) XHTEEE 802.3ah EPONZK H Polling#l
T AT B8 1 43 TE R AT 42 #1:OLT (optical line termination)[i] 4f4~ONU(optical network unit)Z Hi Requestfz il
R R EATE £ /0B B EAE((1/2)RTT(round trip time));ONUE i Reportd5 5714 S 1] OLT 52 15 4 B 47 i 78
A BA A mp 48 A7 A 1R B3l R 20 ((1/2)RTT); OLTHL 2 T A1 ONU ¥ Reportiid U iIDBASEIL ST i & —1~ONU
2 SR _E AR 08 D ARARFIAN A, 38 1 Grant 2 il S A2 AL ((1/2)RTT); B — S ONUTE H I & AT T I 4T
TF G 88 32 TN 1R FRAH 24 i B . D9 1 4 — A Polling i 1, 75 2 3/2 RTT I ] H T4 #Report/Grant, 717
fKIFI I #AN51.2) Inter-ONUs DBA M Intra-ONUs DBASLVL#R & LA 5 24 A7 1R AE 2 B 910 1 52 2 LUK 4004
A7 FE—APolling Jil 1, 75 S A2 B /N T S0 77 SR B G L T, — A ONUBRAF B FE AU — 5 A 5 2 404 Hodi o, T
e B 4) R 3% IR VR 2 4,23 7 1 USR (unused slot remainder) ™. [f] £, 75— Polling J& 1, 7E — AN ONU I A [
GEAF BB Z 1) A5 — AN BA B SR AG IR 1 2 B — & Q5 S A B A, T2 A KRN T — > Ecds A K R 1 1 2 %
WL IR 9 i, 25 7= 42 UPR (unused package remainder). USRATUPRHS [ A A5 5 (148 H %% .3) Inter-ONUs DBAST
V54 — N ONUFZ BT & 1 K/ v B8 K+ e 19 Report, 6 sF, 358 43 & 108 28 3%, & 7% 42 UWR(unused  window
remainder)!®.4) Intra-ONUs DBA S 45 i — NI 56 B 31 43 B IR B2 A A 1T B K82 100 75 =K, 35 43 BA 470 8 135 B i) A
&, 24 UQR(unused queue remainder).

f£ TPACT(interleaved polling with adaptive cycle time)A/Uiil Al L, AX SCHE 7 —AN3E 200 1943 A =X
EPON DBA SEHLHLH, E4G LU N P 25:1) A OLT, 3t T — N4 T-20H 1 Inter-ONUs DBA 85355, 75 9 45 411 2 I i)
fi%, LA ONU ) ah 45144 SLA(service level agreement) Ay B K HE4T T 1 45 e, I ok £ P (i) 2 T2 H i A
PR EE UWR 7225 (¥ 76 42 1, AT B UWR.2) 6 ONUB H T —Ff 3 T2 1) Intra-ONUs DBA 5%, 7
P 2 A ZE A 0 ARE— AN BA I IR 2 33 SLA Sy B >k 43 e Aty i 0% s, I da ek 20 A 2 P 22 1 20H B0 VA L
K2 BE UQR 7 2B [¥1 ) 4% s o, T 7H Bl UQR.3) X ONU & 1A~ A1 =X 1 FE 20 H 15 UPR JH B pL I, 1
L FF P BCHTAT S A2 1) UPR, SEDEAT UPR (AR Bk 92> UPR.4) fESCHR[S]82 H1 ) USR JHERHLEIIEAL 1,
R T NS DU T B USR 4540 L (W=, 52 5 USR IRV BR 80K i I 3 &2 USR W B 4644
(RAZ #3711 USRI DN SIH2 4 2 (K432 B A 4R JE M IR /N B8 sy o 1A A0 P 208

AICE 1T IRIRAI SRS 2 IR IR BT UH I EPON 4r iz DBA SEIUHLE 26 3 5 i &4 2L EAT
Wi a4 i ghie.

1 HEXFR

SCHR[6-813E H T — MNMPACTHLUHI:OLT4E ¥ — ~Polling %, 3 H. & % GATEF|ONU. & > ONUZE I #IGATE
THEJE 7R B O E E IR IS T O 28 Rk B, e R B 1 K B 4% € — ANREPORTH &, & VFOLT & 24
PR BA F70 o 28 A7 10 250808 B B A0 2 — AN JR B SRR 36 10 208 = A — A ONUSUIE R 26 &5 R LA, B —
ONU 4§ Polling, SZ I T % /4 Polling 7F i 8] I f) & & . 5 4% 48 i ML I (EEE  802.3ah) Al Lk ,JPACT ¥ 3¢ #
Grant/Report ] I [l k> 24 1/2RTT, NI £& =1 T 77 9 146 ] 28, 2 S ONU 1) Polling J# #IAH T 28 21, Grant/Report38
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KRB F LT AUR 49 EPON oA X 30 &% 550 A L ILALA] 1695

P s % TR AT 8 AT 0 7 R R A A B IPACT AR B M R 15 81 T 22 R A TR R ) 2
SOV, FE T B IR S 1R 22 i RO AR Se Al e SRR 1 i AR 9.

CHR[11-13]0F5T T 4+ FIDBARL,OLTi# i Inter-ONUs DBAK 5} T 47 ONU R Y5 E 4748 vh & 8L A2 v i)
P L #3238 G KA 6 72 I BE(best-effort) Mk 45 28 1) B — b 5% 5 31458, BRI Ok BBl A 4E 9 2 A~ONUIH 2 Mk 2528 11
RZSF I DBA KL & 24 MERIOLT 1Y 748 AR B A5 2 44011 5% 1) % J& , EPON 7 ZE 3 KF 2 1N QoS 2K, ZE K OLT Al
ONU 5K I 32 5 A [ A8 56 4 000 1% BA 51, 3 B B T 4 0 [ Inter-ONUs DBA % ¥ DL #h, 36 75 248 45 4> ONU 32 i
Intra-ONUs DBASTVL, /2 73 47 sUDBA SV KA & 1) 22 A BA A ¥ 717 0 98 5. =4 11, JLF T A7 (1 EPONAT 25k
X EEZE Mk % i DiffServ(differentiated service) MIIEEE 802.1d/1q/1p%%, BF LA, 24 R AW 5% 1 22 4 1 7E 4> i DBA
ﬁyﬁ[u,lﬂ.

SCHRLS, 91F9E T 43 AT X () DBA B SCHR[S 18 H T — N 40 J2 (0 4t b 22 1) i R 44, 5 AT 12 Hh R L 0 A 5 A
LA} Inter-Class, & K H AL ZE 11 SP(strict priority)A/LH, % T~ Intra-Class, & K H M-SFQ(modified start-time fair
queuing) HLH]ALHEIE L 45 /4 ONUL ONU [5MIE55 250 ONU 1Mk 25 2 1 A — N T P BA S T AS [l 17 SLA
BT, F 4% JRIX ST 73 ) 48 S AT TR B S 17 AN ) SLA (19 1 7 AR ) M 45 2 I8 P (1) 222 43 R B B v 17 A 8% 5
s BB TR EAT M BTN geFe—ANBAGL BRI T & 19 Bk AE SCHR[9142 H (KL
HL,ONU BT I OLT AR AT Ay i i KA, IE 22 5 HAR ONU 22 # & AT BAZIARZS A7 ONU [m] 25 Rk 37
BATHIF DBA 535261 4 HAH 1R (17 98 23 fic 45 . — BV IS AT, ONU T 42 91 HLAT V0T i 4E 313 ilhi (1)
TH LT AIEEATIEE . OLT £ rh A B Sk R A1 w8 $2 AT 55 4 B , R 60 53 R P AT &5 Az WL i 4k 7 OLT 5= 4%
P ABZAL B AR AE B 1) 25Kk ONU F1 OPS(optical passive splinter) H A ¢ & 8 GE L, 34 0 T e 1110 2 44k,
PR T I RA.2) T ER AT 0 ONU #BZ RiAH | 10 5035, L AT AR AT (10 b 22 68 0, Dt BR 46 T & 109 e
Pk SCHRES,914 ML AR 928 T ONU Z 8] L & —A> ONU P A [A) 48 56 2% BA 41 2 18] 1 Blp i, A6 b 25 4K 1) ONU
BEBE AT Y 25 /N ONU ) T 17188305 DA BT R 45 Ml 45 285 FH /Nl 45 3 Ml 45 S8 1 7 o 0 50, SE B 17 e 1Y)
Gevh S DI RE, W B T 620 UWR R UQR, & i1 T % U5 1) 4 FH 28028 AR P oL il 4t 1) 8 11 R s 58 2 ) ARV R0
R, BT S AR 8 A v RE A — > ONU 8—A> ONU ¥ BAASRAZ 1 % ORI B8 52 AR T2 1 7 2K,
PRI UWR BT UQR,JIT BAP 4 #5 A AR B UWR FI UQR.

SCHR[4,5, 161097 T 94 B USR ML SCHk[4]32 1 D-CRED(dynamic credit distribution)HL|:ONU [i] OLT
AR RE B AU b AN WU FERT T AN FE, OLT A 1L e A 1R o8 55 USR, T A5 SERR 42 Bt HE s b e i T
ONU 2 []if Z 52 IV 5% 03 i HLA, — > ONU FEANJ1E JoAl ONU Mk 45 BRI D 1, 012 0] 452 A S I HE 1
VP, BT DAL R AT 1R 52 21 B . SCHR[S 14t 7 42 D) B LA Report Y TU A7 715 454 USRI Report 1E 24
F R TR B 0 IR B IR AT A% 4 OLT R 2 3142 J) M i HLHE USR 40 & AL 38 45 T —A> ONUHEAT 52 40). a0 A1
T/~ ONU W B4 3 M (B2 B0 7, 57—~ ONU [0l 10 %A 0% 56 52, A8 e i ) e e 2 0 B Vs 1 I
R[] 42 T 22 PR 38 11 USRS WL AZ B MR AN il T, OLT AN45452 g i 238, gt 42 FEAL: G IR B sl nl 482 4 2 AT B2 A IR
BEHT 3 1K) USR B 2 bt A5 FH I A R 55 5 A ONU B IR AL 45~ — AR 28— A ONU, A N $2 4 A% A
LS SR W) (B2 b 1> ONU (1 USRI ) 2, - AR SR BT — AN 8 B3 T 46 157 [B) A AL 7 VA 38 38 I o 5 6
FRY IR SE AT B B v T AR e T A B AR R R — IR AT R S 1T T R AN E ). R T AL B = 4 R A
PR ML 22 LT D e USSR W R A RBCR AN G SCHR 16132t — IR USR W BRMLII:OLT (EW | T
ONU [f] Report Ji7, il i DBA SLvETHEL S AT AT 1 1 KN, I — R MU E AT 88— BLONU W B 328U
FER R IXFYE, M2 75 USRI 0 545 R K& 3% 45 OLT.OLT £EW 2 i 5 ONU (1) USR J& , B8 #5031 B 7 USR
2 BT TR /IS, 9 28T 06 ONU AT B A AZ ML AT LA S8 AW B IT A USR(HIE Jin— /> RTT k%1% USRI &,
BR] S AN BT A 5000 A 14D P S g S 3R T Lt AR A1 7 3 5 1) 2.

2 EFAH EPON 2%k DBA EE
ASCHE — AL T RO () EPON 4341 2, DBA HLL &l 1 s,
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SAR KBS 1) S-ATQ(SLA-based arrive time queue) A& FEHLH];2) 24 H Inter-ONUs DBA;
3) ZH Intra-ONUs DBA $3%:4) AR EENLHLS) UPR W BRALEI;6) USR W ERHLA.
2.1 S-ATQMAFIEIZHLHI

T JR 28 2 R, 038 78 i ok U, B A A S5 1D R T BV 12 7 380 A A I AR B 2 R A I O S R P B L
JINISE 500 3 A S (10 R 5 gl ARG T 7 73 380 14 I 25 F st B, 24 4R 5 (100 A A Al Bl e s w11,
AT ALIAT4 — A ONU 1) —Mk 4526 1)

USR climinating ) N
el —A~ SLA 25E X —4> SLA f{#:
g P (x) = BIIQAX(X) (1)
o | )

R, Bl (6) , Ny (6) 42 B2 55 14 ONU (1053 5 M
%5 HR 25 x A~ SLA JE93 Wit i Boe KAHF 9 RIS VR A I B K

% X
N 5, AR ZBII\]/IAX(X) =Bylxj/1AvaNll§51Ax(x) =Nyiax> 35

Bl M Nijux 53 BIZER i A ONU 3 j AN 45 K351

Fe 5t KA 70 VB 0 10 5K T, o EPON S

B SLA GUIHLR(AE: o7 () T4 i /> ONU 938

Fig.1 Distributed DBA mechanism based-utility ~1~MV.55 F 4 5 x A~ SLA JEf— A7 i e () 55 K1 1)
1 TR A0 DBA Bl G (g

S AR S B XL T — e B ) R 4 3

v P SE e T — MR RE ) LR, e AT A2

J-1 J
ZLK/IAX + L‘I‘\I/IIN = ZLZILL )
J J

Hop, 10, RULE Oy R R SR A OUN U5 j k45 2510 kg 3 (1
BAZ0 K 5 0 AT (A 1 Je K BB BE, L oA e ol 55 2 AE 11 J5e /N
IR W B e RN Win &=
— AN 25 AR 1 B KA B8 B L s B R R (1) AT R
Ll (x) TR 5 i A ONU 5 j AN 2520 58 x A SLA 241l

X
) e N BA H1H B2 it A ZL[{/[AX(X) :L?\./IAX :

AT R AT I AR b 45 16 I RE SR, B AR T
S-ATQ A #1145 BIHL 38 116 OLT Al ONU ) 56 2 BA 51 Fl v N 42 il
SCHLRE E] IR G 2% DA 8% U 6 T SLA (250 /0 e B A s 1)
FAFI(first arrive first in) 145088 (0 4E N J5N;2) 55T SLA AUE 1) 5E
AR

S-ATQ i &L 2 Fow.

KFAE AN B3 0 PP I 0, 4 R A 1) 7 R Bk
(9 IR 15 52) 275 (67, 3 7 B8 10 B 40 10 K A0 m B I T 4 35 A
ONUIEB AL 452877 FH A BA B &

AL’{VIAX (m)= LI{/[AX - ALZ (m-1) 4

my, cycle begin

VALY (m) = ALY (m),Vx s L (m) = 0,
Vivj:iNY(m)=0

my, cycle end

n
ikige ariveT—
y

[GENEUS)

ALY (m)y— =17 (¢ ), L% (m)+ = 1" (+7)
NV (m)+ = 1 4L%G, (m) ke [1,N 7 (m)h

n The package is
revieved

-

ALYy = 1% @) LS ()= = 1 ()

L

The user x with the maximal L (m)- L%, (m) |

is found

The package n
is discarded @

y

The last package of x is discarded and
LU (m)- = 1% (%)

[
Fig.2 S-ATQ scheduling algorithm
2 S-ATQ AREHE %
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A, ALY (m —1) F75 53] m—1 U B2 45 005 8 42 1R BA B 2

1 m JWITR, A EBE—A ONU [AE— k55 BB LERF IS :1) AL (m) FORTRIAR BAA K, k42
AN B 0, e 0 B 2 R B L A BE . 2) N (m) 2RI AE 2 N FH B A — AN Y ) s b
ga,emmEmm 10" A ONU IR — Dok 55 KM & — AN 4 7 A& &R
1) LI (m) FoRAE m WL kAESS i A ONU SR j ANl 4538 o F IR BAA IR A B A5 24 12 7 11— AN B 5l £
Bk EE MK 2) L, (m) RN T SLA BUE [ 1 5B KE nl #oR

LG, (m) = ALy (m) x p" (k1)) 37 p" (™) )

kS BRI & BT SLA RSS2, ¥ (m) For e I m A6 LR T P24

VP SR I B AR SEARIZ X0 28 4 A ONULZE JEL B m JFA6 BART, 956 057 m—1 LB R %45 0 15— Ml 45
] (B 4% BB 19 K B8 AL () AEAEAN I o A0 A B K 3E L2 (o) 05 4K 0 179 (%) 1A KA A 3
I, B B T M 45 2K 16 G A7 BB AR i, 0 30 2, 1 (m) 0 1 (e ) S AL () W17 () R 24 0 A
ELEN LT SLA AR MM (L, (m) | k € [LNY (m)]} 4l 55 SR BN I 4R 51257 47 15 21
oL (m) AL (m) (922 ORI

Ly (m) = L, (m) = max (L} (m) — L, (m) | k €[L, N (m)]} (6)
AT xSRI R 5 R R T x PSRRI B 4, I I PR B .
TE m—1 J& JVHCH % 45 RN RE A BA BB A7 11 K i
NY (m)

Ly(m)=AL(m=1)+ > L¥(m) (7

x

7 m AW, B4 ONU Report HIE K
J
R'(m) =" L (m) ®)
j

2.2 % FInter-ONUs DBAE ;%

KEASTRN ) ONULLE—AN AP, BT AR ZR N FH 0213 SLA ZKSVAAAE 25 5, 0 T 3 15 X 485 08 6 1A 330 3, 76 Y
LA TE N, N AR 3 e A LAY 98 VYR AR SCHE Y T R LT ONU M) SLA A FE 1) Inter-ONU DBA &%, B %%
JT] Inter-ONUs DBA %574,

T4 ONU [3)7 V34 SLA SUE 1@ X:

\ 7 AR B
o' () = z Z o (k5 ®
Jonmk
10 24 51 B T I I T, A DR UE B I S I B 25 LR TRATT 45 LA s — AN BB KA T -
Tirx <min(ViVj :dl,) = Torron v

HoA, T ove A2 BG4 OLT A ONU 2 (8] 1) $5e R AR I 4, B E AT 2 1A) 1 3 2510 2 Bkt 20 A ) esE. 7
SEER T ONU 5 j M55 85048 /e EPON b ¥ 4% i ds K I 222K . 3K (10) 3R 7 — /N B4 fu. /5 EPON H It
ot KA B B EE (1 BA A P A5 A 1 e B ) T RAR S I AE T, o Z ANV EEAR K T BT A S04 A0 10 3 K A 48
TR (¥ /M.

ARSCHRW T — PP L T H I B BCRDE W B 3 BT ok T 4 e W s 10 R FH 35, AT IR L SR 1B 3 )
RN AR RS A B AL 4 R IR BT B A I K BE 4R 4425 F Inter-ONUs DBA 5054545 — 4~ ONU AU £
FR/IN S Bl B 10 22 0] P OR AP 22 oty /s DA B #3831 & 1 /N 2 FL il FAEBRE— Polling J& #1%E— > ONU 3Rk 1%
B AE O 3 A8 A0, BT DR I 1A B AR 2 A28 A0 138 v J J0 T A3 b 45 2 LU 2 /N I ) 2 I 4 3 v TR R
FIF 2.
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1o, (m) A AE A m Ay 55 i~ ONUEBL I & 10 K/ 2, A — AN TS, 0% ONU Z 8] R AR 47 6 1K/, 07 A
Report i [ ¥ K/, CHEPON 1) $5 K s K 1% T8 N (m) £ 7= T 1 SR AW i 2 [ONU4E

SE 0 RBARN A A m 9,24 BT ONU AR 1935 5K (Report A1) /N T g K B F1 IR 3228 75 SR 45 554> ONU #2
KR 2 64T SLA #2032 L ONU IIBh A2 SLA B AT sk 1Ak AT K 43 U 55 SLA #2A0n] %
o

fuam) = 2R rxie 10 an
Z(pi(m)Ri(m))
> R m)

C SN(m) = {x | x e [1LT]}

A==
C, =T —t,~Ixt* —Ixt' B=0.i=1

y ;
{v,\ e N(m):t'(m):%}

1 pr(m)R* (m) 1
Vi g__p m)t m) o1
{ . > (p'(m)R'(m))(”}
X om)

C, = At

B =N“(m)

P R (m) CV
C End

A ‘g

At = z’: max( tg, (m)—R*(m)/C.0)

N“(m)={x|min( £, (m)—R"(m)/C,0) < 0}

—y> (Vxe N*(m): 15 (m) = 1, (m)}

n

Fig.3 Inter-ONUs utility DBA algorithm
K3 %UJH Inter-ONUs DBA

W= ONU () 15, (m) KT R'(m) JU £, (m) “5T R’ (m) , [ B o S50 42 % 11K/ B UWR. T ONU %l
A% O (M UWR): Ar= imax(z;LA(m)—RZ(m)/c,O) JHER BE Bl L 4 B ONU: N“(m) = {x | min(¢}, , (m) —

R*(m)/ C,0) < 0} 0Bl 7 FCATI A8 K H SLA FZ AL J7 ¥
MN (12)
N (m)

D (p*(m)R*(m))

S — AN A 1 R, H B R A ONU BUEA T R A28 4k, 3R B A 2 4% YR AT DAy e, DU 4 vk &5
ALUWR B4R B b SCRR[111R12R0(12), 45 77 SR AN BE#E A2 19 ONU #E4T SLA AL ONU 1374 SLA ALK,
PR (1521 8 22 3R AS I 2 BT 10K
2.3 % A Intra-ONUs DBAE £

Mg H ONU B BASI) sl & SLA BUEE [ SRR 0

t;’LA (m) = t.é‘LA (m)+
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plmy="3" pl (k) (13)

N Intra-ONUs DBA S35 (1 32 B 5502 48— AN JAL 00 o, 200 50 7 SR AN s AL I 2 SRR BA B 1) 230 2
SLA BUE R W7y BO ) B HLASCHR T — ik TR0 9 ONU R BABIZBLSTE, 18] 4 BT,

Vx e[, J]: Ly (m) = Ly (m)}

C, = t;(m),N"(m) ={x|xe[l,J],B=9,j=1}

—

{Vjien(m):LG, (m)=

p " (m)Ly (m)C
2 (p"(m)Li (m))

xeN“(m)

C, = At Ly, (m) > Ly (m)? >L_V
B =N"%(m) /
j=1 L' (m) = L} (m)

End

At = max( L%, (m)-L%.0)

N“(m)={x|min( L%, (m)-L%,0)< 0}

@ : e N (m): L5 (m) = L, (m)}

n

Fig.4 Intra-ONU:s utility DBA algorithm
4 %A Intra-ONUs DBA Bk

L) (m) Fon 5 m JH, 05 i > ONU [R5 j ANl 55 KBRS AL (K BA S .
BRI B AR XA ONULAE A Jal 91, A BRI B 1KV 1 (m) S5 T 40035 (RO R I 42 JRAEAS BA AT R 75 5K
Ly (m) R & BBLA N 5N BB SLA BABIKE:

A (14
2. (P (m) Ly (m))

JF I SLA BAFA BEARAZR IR L, (m) > L (m) U L2 (m) = L (m) I S8 4% BA A1 (9K B2 /0 UQR. T AT B 41
A 10 R BA B Z AN (R (1 UQR): Ar = Zjlmax(L"_éLA(m)—L";;,O) 25 BT )N 1T SRS BE B 2 1R BA A1 4R
A N(m) = {x | min(L§, ,(m) — L, 0) < 0} 43 Tc, 73 A8 K SLA BAFIH 5 1) 7% 5
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Fig.5 Fair resource scheduling mechanism
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Fig.6 Scheduling algorithm
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4 966 963 9 951 949
5 997 996 10 100 1 998
AHLAHIHE LT BR USR A 1A B2 1) USR I8 N 230 25 AR 110 SCHRLS TR A U 4 e I e 1A

L AL 7T 4 55 F 9T K/
TR SCHR[S LA 2274545 (1

B s 98
Y98, 07 FLEE R ANE 13 Fros.

P ERREBA T
© DEREEB T

PR AT FH 2803 AR 6 Sy B R UTC B 0 9.95ms I, FRATT R T T 1 /N IFAAIL

http:/ www, jos. org. cn



KL ST RUA 89 EPON oA X & W %A £ ILAE

1705

—e— Our
—m— Ref.[5]

Saved bandwidth (Mbps)
S = N W A L
N
/P

Period (hour)
Fig.13 The saved bandwidth by eliminating USR
13 USR HKRAH
13 7R, A HUHIZE#S Bk USR J& 1] AT 4440 3.5Mbps HIAF 58, M0 SCHR[S1HI ML iT LT 2 2 2Mbps 415 5.
g5 b IR A SR DL R AR BLHLE LT 1 5E KA1 10+16%(4+(0.6-0.1))+3.5=85.5Mbps, £ /& EPON
B Z T 8.55%. 11 SCHR[STIR IR FIHLIRIZ1 4 0.2%.

4 & i

7E IPACT A b AR ST T — AN 57201 9 EPON 2304 X DBA SZHLHL ), 3 3£ T 2%/ Inter-ONUs
DBA 3 75 MR ZE RIS UL T 4% ONU FIBNAS 1) SLA RN TC %8 U5, [R5 JH 3388 VA 2850 T 4900 A7 2800 e
UWQ, B 75 55 I A% ] %8 8 i 55250 11 Intra-ONUs DBA 5035 76 W 48 2 B AR ZE N 4E— > ONU N BB 4% 1
FAZ ) 245 1340 SLA A3 T v JEE 08 U, 1) TSR P 3ol V08 ) B9, 1 B QR HE v 17 I 8% 19 4 T 0% LA B AN AL
LR ST T AN SLA 81 7 R AH R 25 2l 45 W T 1) 22 43 A B35 3o 23 A1 38 UPR W BR AL B — 4> ONU
&L UPR [ BR800 21— R 19T BA B 00 JIT AT 28 A7 60 B /N B B K JBE 2 P A8 SCR[S 192 HE 1 USRI BR AL A (1 2k
fithh b 30 3 37 A8 S S LSRR v USR Y B 4 201 A 10 AU 25 300 0 0 A AC 2 W 4 1 IR A8 = 2 1) USRI i 2]
e (Eed R W B I NN T g K TV &S

5 L85 B R AWK LA 2 8.55% 7 5 B, v T SLAAT ] AL

References:

[1] IEEE 802.3 Ethernet in the first mile study group. http://www.ieee802.org/3/efm/public/index.html

[2] Chen J, Ao L, Liu Q, Zhang KB, Xie YP, He Y, Song XY. Technical requestments for access network-passive optical network
based on Ethernet (EPON). YD/T 1475 2006 (in Chinese).

[3] Wang Y, Wang ZL, Cheng L, Zhan ZQ, Zhai H, Zhang ZB. Requirements and analysis for the management interface of Ethernet
passive optical network (EPON). ITU-T Recommendation Q.838.1, 2004.

[4] Miyoshi H, Inoue T, Yamashita K. QoS-Aware dynamic bandwidth allocation scheme in Gigabit-Ethernet passive optical networks.
In: Proc. of the IEEE ICC 2004. Paris: IEEE Communications Society Press, 2004. 90—94.

[5] Chen B, Chen JJ, He SL. Efficient and fine scheduling algorithm for bandwidth allocation in Ethernet passive optical networks.
IEEE Journal of Selected Topics In Quantum Electronics, 2006,12(4):653-660.

[6] Kramer G, Mukherjee B. IPACT: A dynamic protocol for an Ethernet PON (EPON). IEEE Communication Magazine,
2002,40(2):74-80.

[7]  Zhu YQ, Ma M, Cheng TH. IPACT with grant estimation for EPON. In: Proc. of the IEEE Singapore Int’l Conf. on Communication
Systems, ICCS 2006. Reading: IEEE Communications Society Press, 2006. 1-5.

[8] Bhatia S, Garbuzov D, Bartos R. Analysis of the gated IPACT scheme for EPONs. In: Proc. of the IEEE Int’l Conf. on
Communications, Vol.6. Istanbul: IEEE Communications Society Press, 2006. 2693-2698.

[9]1 Sherif RS, Hadjiantonis A, Ellinas G, Assi C, Ali MA. A novel decentralized Ethernet-based PON access architecture for
provisioning differentiated QoS. Journal of Lightwave Technology, 2004,22(11):2483-2497.

[10] Chang KC, Liao WJ. On the throughput and fairness performance of TCP over Ethernet passive optical networks. IEEE Journal on

Selected Areas in Communications, 2006,24(12):3—-12.

© PEFREBAEHIITUN  httpd/ www. jos. org. cn




1706 Journal of Software #A+% . Vol.19, No.7, July 2008

[11] Assi CM, Ye YH, Dixit S, Ali MA. Dynamic bandwidth allocation for quality-of-service over Ethernet PONs. IEEE Journal of
Selected Topics in Communication, 2003,21(9):1467-1477.

[12] Choi SI, Huh JD. Dynamic bandwidth allocation algorithm for multimedia services over Ethernet PONs. Journal of Electronics and
Telecommunications Research Institute, 2002,24(6):465—-468.

[13] Kramer G, Banerjee A, Singhal NK, Mukherjee B, Dixit S, Ye YH. Fair queueing with service envelopes (FQSE): A cousin-fair
hierarchical scheduler for subscriber access networks. IEEE Journal Selected Areas Communication, 2004,22(8):1497-1513.

[14] Ghani N, Shami A, Assi C, Raja MYA. Intra-ONU bandwidth scheduling in Ethernet passive optical networks. IEEE
Communication Letters, 2004,8(11):683-685.

[15] Chen J, Chen B, He S. A novel algorithm for intra-ONU bandwidth allocation in Ethernet passive optical networks. IEEE
Communication Letters, 2005,9(9):850-852.

[16] Lallukka S, Raatikainen P. Link utilization and comparison of EPON and GPON access network cost. In: Proc. of the IEEE
Globecom. St. Louis: IEEE Communications Society Press, 2005. 301-305.

[17] Zhang JY, Meng LM, Qiu XS. A real time accounting management with constant price for IP-DiffServ network. Journal of Beijing
University of Posts and Telecommunications, 2005,32(3):66—70 (in Chinese with English abstract).

[18] Zhang JY, Meng LM, Qiu XS, Li HH, Liu F. An SLS based edge-to-edge QoS management mechanism in access network. Journal
of Electronics and Information Technology, 2005,27(7):1141-1446 (in Chinese with English abstract).

Bf Fh 32528 S0k

[2]  BRAS B, K 5K I 10 2 T T 2 R /N G A N 9 48 e AR S SR -1 UK 7 2 1) JE 506 9 45 (EPON). Y D/T 1475,2006.
[17] 9K T% B, vt WL 5 A — AN E AR (6 TP 2 N 90 S I 1 21 4 BOP LA b 50l H K 2 2 4R,2005,32(3):66-70.
[18] oK% B, divdt WL IR 5 A A 20 )i — AN 3L T SLS AU A4 45 QoS B BEHLA. HiF 5 {7 B 2%412,2005,27(7): 1141-1446.

KB TR (1967 —), U5, 100 1 ¥ BTN T Al XY F (1982 —), 2, [ =2 AP ST 400k
n FA%, AT 9T U T 4% RN RIS

AKIPTV.

CIAFIIFU httpy/ www, jos. org. cn




	1   相关研究 
	2   基于效用的EPON分布式DBA算法 
	2.1   S-ATQ队列管理机制 
	2.2   效用Inter-ONUs DBA算法 
	2.3   效用Intra-ONUs DBA算法 
	2.4   公平调度机制 
	2.5   UPR消除机制 
	2.6   USR消除机制 
	3   仿真实验 
	4   结  论 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


