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AHEZELZEARGUNTAALER LA B LEBYEE  REE S ERY
A B8 RRFS

AREEVHEEHATQRIA:

(1)i#47 Ethernet over & # X 4838 T & BHEZ A K.

(2)# # EPON ZE# T & #8 Ak #(services) #9 bandwidth allocation #%#|3% 3}, £
bandwidth utilization & {£1t.

(3)4£ 3 EPON %2 4% F & %8 BR F5(services) X priority 3% €, it 1A simulation 7 X A%
# 42 EPON #8#% P3 2 Bandwidth utilization, packet delay % % #f.

(4)# & Queueing theory &8k 8, > A3 2 5472 3r EPON 2 448 traffic ey# %
B -

(5)3% i 4£ 1 packet delay % /]5, utilization F& K % f 2 1L3& 3.
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1. #a

BN 20034 5 A 4 BEREAL AL EHEEEMN SARSRF EEHMA - At
¥ 474 Bp 3 NIST 41 047 + X 89 R #(quarantine) > & & % — 18 A & 4 4% NIST
PATHE ML 2 8 -

% NIST ITL (Information Technology Laboratory)#g #|4 + 3L Bpsit ITL #
Chief — Dr. David Su & ANTD Group manager — Dr. Nada Golmei 3434 F & 1%
W LMATH R 5 E &b B4R [EEE 802.3ah EPON % #t#1 & 2 MPCP
(Multi_Point Control Protocol) MAC layer #4474 (Protocol) » & # NIST 2t AT 44
i HFC #93% DOCSIS 1.0 ¢h4i# » Bt EPON MAC E ¢4l H XL A8
£ AKX LB Polling sy se B8 X > AR NIST ITL & & &7
OPNET Modeler #4 2 X 92 B8 A - H7N ISOOSI F e g ik » 24
# EPON &4 physical layer 8| R & # » FH o# &% ¢ EPON MAC & & MPCP
BT o gb3xst 0 BV R E 7% RN — & 288 (4o LASER) &y MR -

g% NIST 38 & # OPNET $k#83%3t © H 4 ¥ %40 ITU-T, ANSI, IEEE % #|
RRMEQGH > AEHNRSBETHABES A TREEROH G HEAT
BEAB S o AT AR AT A48 B 2 At 50 O L AL 48 # o3 JE (match) > BB A AR #AB AL
RMIEEE - BMEBER > NISTHHARI @ S AL ERI G RAASR > AN
MEZBELEEMATNTXANRE -

B 2 45 EPON f§ 4R 2 ) 85 P » NIST ITL #5 /& — {i &£ OPNET Modeler 48 35
B4 2 ~ 3 £ 488 2 guest researcher (Mr. Oilver Rebala) & & #) By B 42 5% 45 #A
Bl T # OPNET Modeler #ifit ke 4 ~ BEF K ~ % ALE > #BAER
HIEANAK I 0 4T EPON model 8942 &, 3% 3t -

OPNET Modeler R & —E AR RO EB M & FAEETEXEHKY
BEF(R BB R THRAE) 2880035 S ERFEEELink)F LB4M4E - £
MEPBUMACLELIR  AFSREUABOERBERZF LK > LB UHE Kernel




Byex st A2 o HBRAERAS L& 7 X A ”OPNET Way” »

1.1 EPON #; #7

I 3 0% P 6 R sdn 0 MRH 8 3R OPNET 2k 3t 44 % P9 > #¢ OLT (Opticla Line
Terminal)#% B 4% » & 5 A Packet Editor 223t & £ OLT #2 ONU M it Ly
B TR EIEER A E - T 8L Default # Ethernet #f &3 4L >
IEEE 802.3ah D3.0 Specification ¥ & % T ABB4x#/3f & 24 X > # %4 MPCPDU
(Multi_Point Control Protocol Data Unit) » 4w & — A5~ > & OLT £ £ & ONU #%
# GATE MPCPDU - &5 ONU # = £ OLT 3% #94% &4 REPORT MPCPDU ; 5 4+
ONU 1t 3z fir(register)i@& #2 ¥ 4 i REGISTER MPCPDU - 4 register request,

. . . . A 4 T E A
register_ack, de register, re_register, register_confirm % # 18 /%% 35 4 -
Qctets QOctets
Deslination Agaress &
Cesuration Address & Source Adgress 8
Seurce Address & LongthType » §8.06
Langth/Type = B&-08 b Opcade = 00-0%
Opcode = 00-02 2 Timestamp 4
Tanestamp 4 Numbet ¢f queut sels
NumBber of gramsFiags 1 . ‘Rogort birman
Grant #1 Start ke (223 Dusue #0 Repor: I
-
Grant #1 Lengtn O e T TED Gusue #1 Repor, o2 OCTETS WiTHIN
Grant #2 Star vme o TOBTO.BOTTOM FRAME TRANSMITTED
— i Repeated ntimes ps | Cutue K2 Report w2 TORTO-BOTTOM
Grant #2 Lengtn o ndicated By
Vumber of queve sefs | ueuo £3 Report g
Grant #3 Stan time o4
Sueus ¥4 Report o
Grant ®3 Length oz
Cuelie #5 Repor &2
Grard 84 Stan time O
Queue #6 Repor: 2
Grant 84 Length o
_J Queue 27 Reporn 0z
Sync Time oz —
BadiReserved 0-36
PadReserved 13.39 Y
8 4
rCE v
s TTLTITL lm
DF_ [24
BITE WITHIN FRAM!
BITS WITHIN FRAME — - AN ST

L..
TRANSMITTED LEFT-TC-RIGHT

B — : GATE and REPORT MPCPDU frame structure

1.2 EPON Multiple Access Technique
Multi_Point Control Protocol & OLT K32 %18 ONU _F4T4:E &9 timeslot

assignment # %] > B K B % — 4% scheduling #2444 > A & £ 418 ONU 84
EMAERAREN T B4 o B =3 EPON MAC B &1z & F & - OLT it

4



# Grant message # &-18 ONU > ONU 81k 4% Grant 31 8,12 B P4 T 8948 B fL 4L
s BRI AR E EAT RN 0 3 B4 495 14 i Av REPORT MPCPDU(b#& 4% 47
X #% % Piggytail) » £Ai@ 4o(& K)OLT 4 F — 38 F(cycle time)4s 81 $ DA R -

QLT

ONL1

Nz

omMNu3g

- (Gramt messsges

-~ Regusesst messages

- User's data {packet train)

B = : Interleave Polling Scheme

1.3 Polling Algorithm (MPCP)

4o B = ¥ 383 » 4k3E IEEE 802.3ah D3.0 Specification ¥ & % 49 Polling
&+ OLT # — 3 B ONU(round rubin)%& ONU &48 & % £ * & — % %|#> Polling
table ¥ » FikdE & P oy RTT TMi%k— 4% ONU p9{£i£ 485 > ONU 2| 5 & #|
AR queue Ny H AT WA RERRET LS -

Z

oL 1 E\OUO
~
onut L
R N N N
‘\\ A N,
T 1. o - =
onUz onuz X &I’:tzgmb N | .
R Rx 1220 ¢
3 Lo Ix
oNUZE Tn Onua Rx
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009] 200 50
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£l 1800[ 120
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= : Steps of Polling Algorithm

2. OPNET Modeler %4t % #
2.1 OPNET &3t &4

OPNET Modeler #: 52a923% 4245 £ d Network model editor, Link model
editor, Nodal model editor, Process model editor £4 & — &b external source model Ff
AR RILR A ATEACB MR SRBE S E R B Kemnal KT 0 IS A
OPNET &t ehi e » BARAMERAME  £XFFH -

Network model i@ % & £ 4988 B R M T4 AR LHHHE > B L
J& #4% ; Link model ]2 #4988 T2 Mo H X ~ delay RiBEF %
% ; Nodal model & 3 #93% 7uf+ A 5 (node)#) /9 3 28 4 > Jo OSI -+ /& 2 I
P RER R EEE R 2 41 6,35 W B 1%  Process model B & 1A state machine 7
NET X FEBE 2 WB P > AR state diagram » 2R 4& f& &8 state £ 5 2 X 4F %
S B4 > BB OPNET 89 X 24 % » Fri8 B 242 X £ Process model 4
# ~ compile ° & ¥| i# 4T simulation 4% -

%18 model 2 R & st LT B # B B4 T & T 3244 45 M (features) 21§
P (attribute) 8 £ B L B3R 0 RKILE AL 0 TR H R RBHRF

(ambiguity) 2 3% % Hik H SR BRER .

22 EPON # 8 #8088 2 S A HL S 338 %

B A EPON & #4838 704 69 K. % 4 55 (symbol) » 4o B @ Fr & » 4k 75 gyt
EPON J§ ##7 ##5 » OPNET library #t 82 3t ®3 RK 2 o & 58 & KTt (%o
OLT, ONU, Bus)4F 3% & S M E B4F 2 1% » Bp T8 4 & EPON #9854 % (4o
B A7) » sb4gig LA 32 ONU » OLT 24 Bus %2483 4 32 48 ONU > #4h JE 8¢
WSNEE200E > RE%R%E A 1 Gbit/s v transmission delay 2224 5 * 107 sec
(12 342 o R /835 & 2 * 10° m) » TSI #F 44 B TDMA, Polling, Dynamic




AR T XM 5 47 0 ) 9 B Ao 38 8] B (Predictor) 2 MTW (Maximum
Transmission Window)#&43% 3t » £ 4 > # Bandwidth Allocation # & °

J

: ﬁti_;hdv bus_:adv :

point;to4poin§;link;adv=,poin’t_:t “adv “:ip_'adv

9 : EPON #8 2% 7u 44 7

HH1E 891832 7 X 4 %] A (1) TDMA, (2)Polling, (3)Polling + Predict, (4)Dynamic,
(5)Dynamic with MTW, (6)Dynamic with MTW + Pedict, ¥ & 418 ONU # & — 18
Grant © A 94 ONU 3£ T 2P » X & S us #) Guard time 4 4 Laser
ON/OFF &) warm-up B fij > 848 ONU 4 F 16384 us /£ 4 B 4 L 89 05 1 -

ey & & 77 X A # Ethernet % X, > & A 64 Byte (0.4 possibility), 512

Byte (0.25 possibility), 1518 Byte (0.35 possibility) ; OPNET 2% & %18 ONU £ %
infinity queue length » £ X, ¥4 % OLT 4 round rubin A KX &AM ONU »
ONU it 2& Pacjet-based # X1£# Tt > AR L EE R RS — L E 3 &
ONU & f& REPORT #¢ ¢, 8] & A total bit _length_in queue # OLT -

ONU # & Z 4 6932 F A%/t E 0.02 sec £ 0.00005 sec (A F R84 &
Constant s Exponential distribution * =4 a9 EE A 1 £ 0 B it FEAF H
— 18 utilization #f traffic intensity &4 $} & & -




% :EPON 435 224 B

7<% OLT #2 ONU # Nodal model [ + % Z##k OLT 2 ONU &9 MAC &
384 £+ Bus &% — B4 & ik Link » Source &5« ONU S BEH ALK > 7T
WA RESAEME S 6, E AR F > video server R R AR NI A AR
WK H R, THRECES ICON 255 F 3 o E R S 303 T - A AR
44 618 3% 2 B #E (Jo Video downloading, on-line watching %) °

— EPON ONU:
. i Mac Layer
EggNLngé B model Tor owu
deg_gerver
madel Ffor oLt M :
: pefined.- as
OLT_HIGHERLLAYER

o far TX/RX path,
- srreamonb =1

pefined as
ONU_HIGHER_LAYER
for. TX/RX path,
stream_nb =71,

pefined: as
STRM_FROM/TO_BUS
For Tx/RX path,

~"pefined as ' ;
STRM_FROM/TO_BUS streaminb = 0:
far TX/RX path,

g o (53] -
stream_nb = 0. D— L2 @

from_bus . to.bus from_bus to_bus

B 5 : OLT/ONU nodal model
OPNET # 4 L TAREME A H 2 R EEZ SBRT - RERBREL
WEEBO - B B ATt 22K > BT T RITEAT S -

2.3 Discovery and Register Process

4% OLT #2 ONU 42 OPNET Modeler # #t # 8% £ 2% 3t &9 State Diagram °
* £ 2 4% IEEE 802.3ah EPON MAC & 49 MPCP #£ 34 3% 3t 5x, OPNET Modeler &4
AR FE-—EHL(OEEHH AR TR )N BN E B




o

W B A WA

/
/

S - "\\\\ Y
AN (OE_REGISFER) |

TR e
|
I

P
i
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4+ : OLT and ONU Process mode!l State Diadram

BT RRHA OLT ko743 ONU B R A ONU 3:#f > BA OLT 2 44 % 84
24 o B A\FTT 0 Bl OLT 4 i% — broadcasting #9 GATE message(i% i 3R
B 7% B #) Discovery window timer) » M % & £ K i 48 & k& 32 it (register) 2
ONU i% i 3: fH12 & (sk broadcasing 12 & R R L H B B E—R » UEBR K
#3 ONU) ; ONU W 274 54 — o5/ (818 ONU 2 (4 Ekaf— 4
random delay)% i% & register_request 3l & 4 OLT ; OLT 5 2R ¥ 4% — 7> i 43 B R
(£ timer B Fd] P9 )= JE 2 ONU L3 M &4 > 4%3% ONU 2 MAC address 4 F —
Logic Link ID (LLID) » #k 4% # % Jb 3 8 9h pw — 18 Grant message ; ONU 4z 4g %]
EMTIN G 44 | E — Register ACK 284 OLT » &R M5 -




[ |

GATE HoLIDsbroadeast, 1A multicast, SA=0LT MAC address.
caontent=Grant- AGE sevthng nme=-CDR ook time?

Discovery
wiangow

N

Ciramt start

REGISTER _REQ [LLIDsde b, DA=OLTT MAC address,
SA=LINL MAC address. coment-Pendmyg granes|

Randam
delay

REGISTER JLUHsbroadeast, 22A=ONT MAC address, SAOL T MAC addruss:

k-ontent - Assigned ports AGO setthing time~CERR lock timescche of pemciing graned:

GATE (LLID=umeast, IDACINU MAC nddress, SA=OLT
NMAC address. contentsCirnnt |

REGISTER ACK [LLHDameast, DA=OLT MAT wddress,
SA=OINU MAC address. content-=ccho of assigned port
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sl Losgical Lmk estblished -
e [ ﬂ

Figure 64-13~Discovery handshake message exchange

/\ : EPON Discovery and Register Process

2.4 Ranging Process and RTT Computing
SEME % 2 ONU Bp 3 A Y E K B (state) » /£ B E{R 3% B DAAT 2R So it
Ranging #13t & RTT (round trip time) » #F & 49 % X 4w B /LA ® > OLT 3% GATE

message ¥ ONU > [5] 652 %) Timer ©* ONU 2z Bp 5] & REPORT message © OLT &
)443+ E RTT &8 403% ONU = FE 3 -

’ T . . e

1. OLT sends. .00 Lo ersery: L
GATE at : g v »-
absolute T1 iy lcaTE.

2. ONU receives OLT ;:‘(

GATE atT2;
and resets local
counter to'show

T1

3. ONU sends
REPORT at time ONU-
T3, showing
timestamp T4

4. OLT receives
REPORT at

absoluteT5 RTT = 72-77+75-753 = J75-7«

TIR-T2 = -7
#: EPON Ranging Process

2.5 REPORT Process
bt message BA XA HE - B ONU R EokE » A KB —FE T HE

%% & M4 v REPORT message $A B fE Grant message » 35 REPORT

REPORT

EMEx2ad
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B4 34 ONU queue § 2 Kk E(H A %) S OBA b LEATHEL > PPEET
#H4% i% (queue length = 0) » ONU 4,44 %8 =] § REPORT message °

2.6 Data Transmission Process

Y RTT st EZ£ &k » OLT #2 ONU BrRA& /T EREE R
438 B AR ES o A f2 2,3+ & Utilization, throughtput, delay % £~ # #] 7 gt Process i
470 #e2x3t k> & ONU queue sp 8% H ~ £ OLT b Bl S 3RE 430 A — KRR
sheg i ikl 0 B B3 throughput 1 » o db B 4 B E & 3K o

2.7 Bandwidth Allocation Algorithm Design

4% 3% IEEE 802.3ah 42 # f 2% 3t + A % Polling scheme » & T ¥ 84838 Lk
M) 8 AR BLEL R AT 0 B — R3S T A

(1) Fixed_Length Timeslot: OLT {%3% Grant # ONU 8% » R\ % T 4 4 @
Grants » 418 Grant 7T# ONU %2R ZF A% 1 ms (1 Mbits)*k E 6938 % » E it
TDMA #52%3t3% 4 ms 9B & R E F34451E ONU SR UBEEH - m—18
cycle time 8] 2 32 * 4 ms = 128 ms » A7 A& 128 ms £ TTHE 3R ©1 £ R 46 ONU »
18 BRFS AR B T B e

* 2x: ] Mbits & E 3 E H R 4o F: Grant 47 £ P9 F 16 bits # 4t time_quanta
#t » % — time quanta % 4 bits & » 3 2'°* 2% =1,024 kbits -

(2) Poll_Request (IPACT): & OLT 4k A% B & ONU &4 queue length » ONU
2] s REPORT MPCPDU ® & » %% OLT #EE£ % ONU &4 R4k > »F — 1@
cycle time # F % ONU pf & K 6948 LA R AL 4L & 4 LR Z MR > f0 42
BEEGFRANAERNAELLT Ims> FABRALT 4ms MHLHGRAILE
KB4E ONU & R# R 5 > 4ot THEBEFIRAZEAE - B IRAK
E AR T A 64 kbits 0 RBBREERABEF -

(3) Predict : £ £k #.(2)Polling &9 # X, > /& A z Grant 9t jo — 72 AME(FR A




FENTF—EHRA)SE ONU - £ Ry FRIANE OLT 4431% Grant & ONU
B R egsEE L A A ONU &£ AT —18 cycle time A7 & K2 REPORT {5 ©
4 i@ — 18 cycle time # > ONU #§ % — st #7 3% (arrival) 2 #f & > B gk > & 18
Predict &) 8844 Bp & 78:8)3% ONU 4 cycle time B W Ar R 2] 43 L8k » ko
2 I@A15 % 3% > REPORT 4N E - K&/ ¥ — Threshold -

% — 28R 2 B 2 % A% 4 Polling algorithm &5 § 25:% ONU & ¥ B85 R € 3%
FrA B4 0 B REPORT =0 ® & £ OLT » # & & F —18 cycle time ¥ 3% ONU
4% & 48 57T A (43 Polling # 7% > OLT # Grant = 0) > M@ ¥ L aFhj
ONU H#éeL g4 > 224 TF—18 cycle time 3% ONU &4 LT A > 2 g A
REPORTH L EHMELSEE » N AL L LBEEFZE D 2~3 18 cycle time 7 #E
Wik - Bt AT BRI B RIRA A > WA BRI Predict 2
B AH—18 cycle » TT#BU EXHH -

(4) Dynamic Bandwidth Allocation: OLT &k 3§ %18 ONU ff & K Z A R & F >
RIERE LT RAE -

(5) Dynamic with MTW : OLT 4k #818 ONU fr £ K2 JA R4 F » BRI L
FE4a MTW (Maximum Transmission Window) % 12 ms » F k{4 & 64 Kbits °

(6) Dynamic with MTW plus Predict : 4K 3% (5) #9 3% & & /v E Predict

Algorithm o

2.8 Linear Predictor Algorithm Design

Predict 69 3% 3t F R, 4o F 3H8A:

1. Predictive window reservation sets at OLT site.

2. ONU asks BW by way of REPORT packet.

3. OLT assigns Grant and bandwidth to ONUs by (REPORT + Predict).

4. Predict value (P) : represents the packet arrivals during grant cycle time
interval, window is set between 64 kbits to 1 Mbits,with adding up every 64
kbits.




. Trend value (T) : set the variation between each different cycle of R as Trend.
. (R, T) set : when R is increasing, it means that the Trend is going UP and
packets are accumulating at the ONU queue, so increase P.

We say that (R, T) is positive correlation, and P will be the correlation
coefficientof Rand T. 0 <P < 1.

Otherwise decreasing P to basic window size immediately. We say that (R,
T) is negative correlation. -1 <P <0.
. R=0 processing: when R=0 first time, set P=min_W-64 kbits; R=0 again, set
P=0; R=0 third times and above, set P=Min_W by way of exponential backoff
algorithm.
. Time_out setting: when R=0 for sometime(> 10 min or 10000 counters), set
ONU deregister and share its bandwidth to other ONUS until it get back (re-
register).
. When P is approaching precise, R should close to Min-Tx_window (4 ms for

Fixed_length, 1 ms for Poll_request).

10. When P is a worse prediction, it will waste ustream bandwidth. So, it needs

to adjust R and P value simultaneously.

11. Using ARMA (p, q) model to count the P value:

Zt=a0+al Zt-1 +a2 Zt-2 + ...... +blQt-1 +b2 Qt-2 + ... + bt
p > Auto Regressive (AR) model
q -> Moving Average (MA) model

3. OPNET #i# & %

3.1 EPON Performance Evaluation

UFRAREXFAREBZER > LB+ A7 » A Bandwidth Allocation
TR A B AR AT 0 LB AESE ONU a9 k(LA £ R =
50 packets/sec) Z % (2f & £ £ £ = 10000 packets/sec)E£ £ F S e93t 4.8 - &
OLT i 2| ERE M CR AT RS T R MM OH > A -ARBETRE
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BB FTEE - §NE1E ONU &4 &35 5% 2 constant distribution &9 2~ R
A TRASME ONU #Ff—4k » BB HRASMEWEBEELRL L HRE
¥ BBRERARID ENBAETLERS  BEAFHTHRNEZE > EHELHR
% % Dynamic #2 Poll request 4 high loading 8589 % 3.8 Fix _length & - M d %k
— BB FFRE L —FH -

EPON Performance

1 T T ' B £

Palling + rr'dlc,z«"‘—ﬁ-—-

_/kwﬁmlc ——
llurjmf rﬂ{.,\ e b A

Utilization

1 s -
o] 5000 10000 15000 20000
packet/sec

B +: REE TR AT 2R 2 LB B

SSrate (p. TDMA  Polling  Poliing + F Dynamic Dynamic_M1 Dynamic+
- 50 0. 006257 0. 006257 0.005358 0.004336  0.004336 0.005358
100 0.013595 0.011223 0.013427 0.012361 0.012372 0.013427
200 0. 027733 0025331 0. 027317 O 027357  0.02738 0.027317
400 0.050654 0. 051574 0.052035 0 048193  0.051978 0.052035
800 0.105219 0. 113021 0 11144 0.113305  0.11351 0.11144
1600 0.218639 0. 23681 2 0. 238558 0.222064 O 237191 0. 238558
3200 0.43792 0. 432891 0”,449}104 0.446201  0.447207 0.449104
6400 0. 896334 0.878908 0.894724 0.846028 0.88833 0.894724

10000 0.922983 0.935899 0.936812 0.657031  0.929962 0.938347
20000 0.95188 0.944185 0.943181 0.962104 0.953535 0.953631
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# —: Constant Distribution Performance Table

B+ — B 88~ 8448 3% T # 4 £ exponential distribution 1/ T #3545t -
TE LK E) EBHEEK -

EPON Performance

' T ' ' oM
e
BT Polling + Predich g
f¢¢t:i?// Dynamin —s—
T
"
.
<
2
-
e
]
o]
) %
o 1 1 "
o} 5000 10000 15000 20000
packet/sec

B -+ —: Exponential Distribution Performance
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