2% F1Y M R 2 2 A Vol.21 No.1
199941 A JOURNAL OF ELECTRONICS Jan. 1999

K53 B R4S th FT 4 W B 3 R0 V5 e 2 i il

F-K FRR”

(feRya TIRRAEGHFAM L 100084)
“(BTHHAYASBEEASMEHARZESTHE AH 610054)

W OE AR/ TR ( TT/TR ) @3Bk 48 B MG 4 2 sk
RESE AT I EE R L, O R B A JC R R TR A BE R RS TS AR B R RS BRI AL
AR PR (F 2 5keg ETS . METS . SIS R AL i BB (535 1 R W LA IR 18+ 4>
R A ERE, 2 WDM M4 F72 A s, THE METS thilth7E v 8648
PRI R AHK R R R R E aybERE. X R B IS AT ] 4 R Y 28 440 WDM
M, METS RHH M EEMN L HME.

xiis)  HaEA, BEEE, TTIEREE, WiRERITMY

$FES TN913.2

)

1 5

¥4 5 F (WDM, Wavelength Division Multiplexing) 3 & % 764 F) F Y6 4F B KA B (S 4
FRMT GRER. EREEDCA R A RS BIF2 MR, SMERIEN—E
HBE. MEPET AP TURSERR N EEEN L F2ER. WDM L Z# R
AT REM. MR, TR0t E M st g U,

WDM M#&H TT/TR . F[EAEN / B2 #EWL (TT/FR) . B2 &#N / AT JEZR
(FT/TR) . BIE&EN / EEHEUHL (FT/FR) S00MEALA © | 88 TT/FR M FT/TR
RF R ZVOL N Mg 20 | (BRENFEE™ BN, X2 Mgt iEs
ERRE L E AR EM I, ERMEERZE—EmMRE. KA TT/TR LR
ARX Ak i, 7E TT/TR 254 WDM K&, S DEUREABTUERAEE - K, X
¥, APAUEEZMILSHER R RMA AT %,

£ WDM W45, iR LA P 40 R o 8 B AR TR Ay B A A B, siE 2 P
V] ] Bsf A58 A ] eI A Ty 7] — ) P RS i (RS I P R — SRR enl) , R4k
P& ORI R OB, BRI B IR T MR E AR, MM BIEEE R,
NGO T [MZRRTRE, F ik, H/NAE R Sy WDM W28 Ay (e 2 4 th il i B B
ﬁ_\z_ [2,3,5,10] .

FE TT/TR 4544 LR B REE R R R 1. B4 TT/TR G54 AR EEE K&
BRBETERFGE, THREX AR E 5 WG IE, MM EELR, KL
MIZEHERE. BINTE—D 3 DEERREK (M, e, As) WREM AP ZHER BB 2%, LRT=K
KIBIFESR 4,2,0 RBRFFH =W, FE B0 B ERETE L EHUHR. R 2

11997-04-17 Y E, 1998-02-15 EHY
EF Lo B IR BT R BB




1 4 A IS E RS o BRI Y 1 AR R 9

WOHLR TR 1), TUEEWCHURAE 2 FERRUR M 4. XTI RIS R e, AR AT AES
B A, XREEEECEEES 4 BB EERE MRERERARERMEN, WAk
B B A, fRETES 2 BB AL,

BRTIEESAEARRBILER, (BRE /ST HE KA — Bt A A48
VEET (] 7E AN AC e R, WDM R 4% rp R R B8 ANt 071 | LUH# st A7 6T e 4%
4, TR E R AETHE B . RIEFE 1Gb/s 5 WDM [ 45 B8 (3 4 4H A< B
£ 1000bit , BREETRRCCE 1us , ARAS6ES (A ERIRIE BB AL SR 47 L BT BR.

ACERT TT/TR G54y WDM [RE4R H T JUM TC I RERE Y U [ B Hh . BS54
T — e T R BRI B R BB B 15 94 SR B TS(Traditional Scheduling) , HAP &K
Kl H PR, BEX R RS/ NE R IE TR, 121 T B R AE R A
B 5% 8% ETS(Earliest Transmission Scheduling) , # F3 X7 ETS J /S /N6
SR I L ALY R, B4 T METS(Modified ETS) 7%, TR RIS T
oAb e P BT DL RS s R W R A, JCILE METS 7%, RNUAT LIRS 3E Intusay
(RPERE, T EBEE TGRS i R R B, R A R . E R ER &
BT WDM W4 h A0 U M B Hhi, o METS S8 R AL 2 E 1 et 1e] 4 =]
WEYEER 4R WDM M4 RA MY EEN ZAME.

2 WA AR R AR

AXHR N TRP. W AR
1AM EHE KM TEEE WDM FEF. M
&g P B — 1 SR R T A R BE
I A U AL T i A 28 A 347 ) U U L.
RBEMAERINE 1. FRSEAS AR
E¥H ¢, .t BRI R BRI sl
KHEEEE. 400 PEE - OES
M—PMERTR., MERESRFHESHK
M BZYHLERE, BIF SR

(1) PIRREEME) % (CAT, Channel Available Time) : E7FEAE T & MR TR 2 R A BT
Bi. CATH W AxE, HPHE i SxEt = BYHK i N5 j NEEZR. K5,
MR jEF O, RUFKK : ALEITBIESH. sSHEFE KA (SCAT, Sorted
Channel Available Time) : X2¥ & MEKFHZ RN RSH FHEPS5ER. SCATH
WATLE, HE i STE {w,t:} = {7,k RULATE  MIFHZROBEKE T, ENZER
BIGETBEA k. FFAIH, WR L HFT 0, RPEK j ALRTRHZIE R,

TERRAE R IATH, CAT M SCAT WAEREFTE—1, BEEELTX.

(2) HEWHLEEZF (RAT, Receiver Available Time) : XD EFFE T B MERAIFH S
WEETEE. RAT H N A, HPE i SE =7 R, « BRGNS j BIERE
. BRI, R EFT 0, REAF  AARTRZEZ R,




10 CA O - i 21 %

(3) EBWHLAIER (RPT, Receiver’s Position Table) : X FFEME T &M EWHLYHT
FrRIE AR 7E SCAT R MM E. RPTH N AR, HFE  BxE p =7 BHA,
HTREWCIL 2 BT BRI AR < 2 SCAT 5 j K <.

ERBARN N A PARSER. BRPREEEZE, SR MAEH R % B,
FiEREFENEMMERSARE. 8MEEREETIREN 1 HENSH. HiiFS
A EE B, FREAMRKHE TEMEIRERRERE. HiE2E r RS H
TRBEEEFSIREA P, ARMKEAESE. SMCESZFRLHBITHRIEG R, B
WA P HIER RN R A ZHE EENRERER) . S 2AESGR
PAT (0 R AT BRI 25 42 9 BE R ) RBEE R K8E, BIREEE — 1 AT E A
BRM AR, FHERMERER, TXRLTMMEENRERMA, 4, EEKEDI m
.

3 ey HE ks (TS)

TS B2—Fh A B A el R BRI M BUR F 2% k. HP AP TUAERGRE LR K.
TS MHATHEE RAT 1 CAT, ELILRWMT

(1) BERABERK c. B—1 1~W EHI0MYHEILE, BRI EniKkik c.

(2) iU AN, ® RxT RypPiENE—NoHIE AT, W: Rx

= max(max(tc,t;) + 7,rg + tr) . HF: rq+t, TR dFEWVELREFERERK ¢ &
WIETB;  max(t, b)) FRERVERFELRE R, TR, 5B RS8R A:
TxT=RxT-71,

(3) BMBEEE, t.=TxT+m,; rq=RxT+m.

BT A RE T BiERI H R E SN, HHEREEIEEN K ERK
L, FIHEHE Rk To Wt fE.

4 BEEEHE GREELES (ETS)

7E TS Fin Xt & B E TR, T LMERRE Rt A s i &, ARSCRATIER
T RS TR E, RARERENEINEIELEKE ETS . ETS F¥E RAT Al
SCAT , LHLRWT:
(1) EERWERK c. SCAT Fwi BYUFHIA R K PREREZHAARK, Fl c=w:.
(2) BiEWCARRTE], 28481 TS R, RxT = max(max(t,t;)+7,7q+t); TxT = RxT—7,
3) BHMEEAE. to=TxT+m; ra=RxT+m,
(4) V8% SCAT . SCAT ByiF%# HiREMERKRLH KA BZE R KT FHES. B
HEHIEHE T T s, BRFIEX AR ELE.



18 2 Bsr 5 R4S b 0 BRI 18 Y 7 R4 ) P 1l

5 WA MR Rk HEKEELEFS (METS)

EEE ETS hEWIIER FBRCS AT BRI BTG ra + ., BERABEIIERT L—
MME B G WA ¢, BHEIEE BTSRRI (B8 A) L. HSE, mREBEYUETE
A X BRE—MEE, MATTURLETEERAERR LT ER. BRG] SRR
B ETS, ¥ A METS ., METS B98I TEE RAT . RPT f SCAT , HEIdEmT.

(1) HHEUEBL d YETHTRIEEKIEN RRERE, BRHLESTFERAE R x
To. WJj=pa, BIBEMNL d B/5E—RIEIERIE KA SCAT HHE j WM. W RxTp =
max(max(t;, ) +7,7q) . ZLWE, FTTUBE]: R xTo = max(tj, t) + 7.

(2) HHL w ERZFARE, BT R PRI BB Rx Ty . RxTy = max(max(t;, t¢)+
T Tq + t) .

(3) E LA BT, %R M2 SCAT I s . #& RaT, < RzTy,
Ms=j,RxT=RxTy; HEMWMs=1, RxT=RxT. {FRHE~IDHFHEEY
BB Y: TxT=RxT -7,

(4) BUMBERR. t.=TxT+m;

(5) A% SCAT . H¥ SCAT H HAEE s Tk T 2sh, F HEEX —DiFBEEY
fLE. R s MELHBFERTSE k5,

(6) B RPT , XF RPT M d I, A pa=s; WMRFERERPTWEN s, WHH
RPT A/ k ; WRFR RPT MEKT s HRKT £, WHIFEAHN RPT ER/N1; Hit
BT RPT HRFFARZE.

6 R A0 AT

AR UL E = FBIE AR TS, ETS, METS #8877 iHENER, RIVBE:

(1) BMEEMKERYGMET (1, L] ZRMHENLE

(2) NAPIEMEEREBFTE, FIXfE et EZ 8w « spyil, A/
NEEAFHEER L BE, XBARFyHIES LY. AHMRE, AP UR %S,

(3) BIMEEWEHNMI AN T 1 ~ N 2[4,

TEHREAEERROIITH, SRS — et B, i1 ATSE RS THET
FREAEE, BT RIR G AR R K A R A SRR G A FF A HE S B, BIHsX s
T AR TREA LSRG BETFA, RITHFZIEX. BEEFNSWLHERIERE,. 5K
WHEEMRG THEEMAR, B THEAERBEHE %, FREN N —FRELRBT
AR XK,

AILGERE, EARYRESHAMT, METS L ETS ME XX/, B METS 5 ETS
AR B LIRS T L HER Ml d B05RE%, FENE2EERA. Bkl d &5
—RIBERI IR KA w; (B SCAT #5855 1) . E METS ®EHEF w; AREHEK, HLE
METS EHRMWEX. &N HEIEEERER TR

max(max(t,t;) + 7,74 + t:) > max(max(t;, &) + 7,74q), (1)



12 woF R % % T 21 %

bR >t Bty >te, B (1) LR

rg 4+t > max(t;, t) + 7. (2)

RIEHXME X, 7[18 ETS fl METS f9E X4+50%: Brrs =ra+t:—7—t1, ByETS =
max(t,t;) —t;, B Beprs = (ra+t) — 7 —t1 > (max(t;, ) + 7) — 7 — t1 = max(t;,t;) —t; >
max(tj, t;) —t; = Buets, B Bgrs > BveTs . Al WE—MREH T METS HiEiE KB 268
MFEET ETSWERX, HHE, METS H ETS fH R E/).

g2 RS FBIREEEBEESE N =30~ 50, 7 =2, t, = 10, L = 20, W = 10 ~ 25 i}
HE X, MPaTLLE -

(1) TSHEMERXEEAT. EE2FRSHET TSWERRBHBRLT 45% . 7R
TS AR ERMCERS. XEBEREAN TS (UM ER LR KK, TRAXNZERK
KT IEEE.

( 2) ETS 1 H KR KEEH RO TIRDS. XRENSBEREE Lo, E81
W ESRRENSER L, ETS @iEFaERF AR E B, SR T HIKKEER
o, FMFTXE LN,

(3) MHAMSEARER, MMM TS EXEEK, T METS #1 ETS lH X%
HL T, WEBE W =154, 4 N W 30 P 50 B, TS HH XM 0.49531 LFHE|
T 053788 ; TEREZE44ETF, ETS BH XZNIM 0.49260 THEZ| T 0.36943 ; METS EX
ZM 0.15718 FREFIT 0.04281 , X EHIKEE F PR8I0, Ak B 25 SR ) K 225K
HHENS IR, T AT A ROR R BRI SRR, T, SRk B0 1532 SR LU R By 7
EFEERFREM ML,

TS: N =30,40,50

1.6

0.5
0.4
# ~15: N =30, 40, 50 =
U RETS: v g am 03
. D TN = - _—
T 0.2530,40.50 -7 0.2
0.1 0.1 )EE‘T§ ——
{ T~ ! J Iy} PP SO o, Sy SN WD NS N B S
10 12 14 16 18 20 22 24 0 4 R 10 16 20
P TR et

M2 SRS KRR AR 3 SIS E KR R a2 L 2

A3 R AR RRESE N =40,7=2,t,=0~20, L =20, W = 2 B E KX
SERETTE RS H0 T IR B AR (L 2k, T METS et AR LB, T ETS
TS #y % 2SR RS ET B e LU thp R A X, B, METS FEEH FEERE
P [ 9 6] 445,

FATEFN TR FLE (RFRFELR) MTHE BT (RPREIE) WA 7H =
RWTERE Z R, R R A FLE RSN E K G RT R HE. THE BT
T HERENHPHZ ZEBEFRENRE BN RE — AW 5N (LT et
¥, HA a4 #E ) BB NI,



1 ZFE %, o5 R o TR ORE T3 A 37 192 i X 13

B 4ME S REFHEREMESEA N =30~50,L =20, 7=2,t, =10, W =10 ~ 25
TRERE LR, NhERATER MBS EHFESH T, ETS. METS #H TS 8 B#ig
w TR, FEXARCKH PR T MK EE, FlinY N =40, W =15 Bf, TS HBTIES ik
83.776 , FAtE N 0.36161; KA ETS [T E FREE] 51.542 , KT 38.78% , HFit#t b
FE) 0.59410, -5 T 64.29% . % F METS 53R F (£, EMAFLMET, i€ 24 33.888,
tb TS AR T 60.74% , Frth EFE] 0.94466 , b TS2FH T 161.24% .

METS : N =30, 40, 50

120 K 1.0

100 TS : N =30,40,50
:"é‘_‘."
g
'95

20+ METS: N = 30, 40, 50

T 0.2
10 12 14 16 18 20 27 24 1o 32 14 16 18 20 22 24
®EH W

M4 ZFRROMEMEREAEOHE  ms =Remma RIS

XRE Y TS Ml B RN, SR ETREFESHEE. EEEIEEN
B RE, MEFHMERKATREE LN, M ETS 1 METS B EEHE (S Brt it a0
B ks, BUNT FHERFING, IMRT F R EEEE, RS TS EE, mEREN
THMLE, Ho METS &% 8 T I E38 400 Higat E 3T 8OE 46 00 m, HIERE T i
BN BOR.

B 6 ME 7 R=FEEEMSESEH N =40, L =20, 7 = 2, W = 12 IR RERETEIE
BT RRAL 2R, BTSSR A, METS W FE B E, [y iEe
BB O LFHE) 20 B, TS BYBTFEM 73.156 LFHEI T 115.990, LFT 58.55% ; ETS fyRt
FEM 44.875 EFE T 75.013, LFT 67.16% ; METS [yBtIEM 37.991 T3 T 42.202 ,
HEFAT 9.98% .

120 1.0~~~
IUUE/ [: METS  ~~=~=—-_
~ k TS 0.8
& g0 i ™
= ' ETS
> B = 0.6}
E{ sk ETS
5 - METS
e 0.4 TS
| I SRS SN SN DU SN SN N | 0.3 Y NN NS N IO S
0 4 8 12 16 20 0 4 8 12 16 20
i igEs A iRSERS IR
B 6 ZFTmmn e g BT SRIEN TR A

T % it

A3CERE TT/TR 25718 WDM M 4548 th T JU Rl G Bl B S (6% oy i, 3%



14 A - 21 %%

TS, ETS M METS . HHIMEM L REY, TS ESHSRTHERBRELEEL; ETS
AR B AR TR AR EM AR, i METS SAEREMRT ETS MR EHE,
REMI 28 P 3B,  ETS M METS M &R R AW S, T TS MK R BERA AW
i, FEM ETS fil METS BiE A T8 H P i ™%,

AR BIRAZ X K RE A SO IR R M F &, [T AR K H FEAR R 45 B SE, 7248
FRMESHAMGT, ETS WEFEHEKRAN TS 15 60% , FBETERA TR 40% . 7
W, WA IEE TR E WDM R H T2 B RO e s

METS #EREE I, HEME LIRS EA TS 25 160% , FREHERLY T
60% . HEEVRIEAEIRREC, TS il ETS ATEREAR FRES LR, {H METS #9tREHIA L
BHE/N, FrLL METS X F % AEZREEt R vl L3S 4Ry WDM M4, BEAEMEE
HIE R A,

H8 202, MERA TT/FR & FT/TR WELER, 3ITEETE KSR,
BREEL S BEH ISR, RAERGMYTFRA TS B3R, AR i1 FE i s
TR T R B ERE BRI E R EGE. AT, R TT/TR SHARK KRB
HERY WDM 4% i) 28 AEE 2

2 £ X W

(1] Paul E. Green, Jr. Optical networking update. IEEE J. of Selected Areas in Communications,
1996. 14(5): T64-778.

[2] Biswanath Mukherjee. WDM-based local lightwave networks part I: single-hop systems. IEEE
Network, 1992, 6(1): 12-27.

[3] Chlamtac I, Fumagalli A. Performance of Reservation based (Quadro) WDM star networks. IEEE
INFOCOM—The Conference on Computer Communications, Florence, Italy: 1992, 2115-2123.

[4] Bogineni K, Sivalingam K M, Dowd P W. Low-complexity multiple access protocols for
wavelength-division multiplexed photonic networks. IEEE Journal of Selected Areas in Com-
munications, 1993, 11(5): 590-604.

[5] Sudhakar G N M, Kavehrad M, Georganas N D. Access protocals for passive optical star networks.
Computer Networks and ISDN Systems, 1994, 26(6-8): 913-930.

[6] Tridandapani S, Meditch J S, Somani A K. The MaTPi Protocol: Masking Tuning Times Through
Pipelining in WDM Optical Networks. INFOCOM, Toronto, Canada: 1994, 1528-1535.

[7] Levine D A, Akyidiz I F. PROTON: A media access control protocol for optical networks with
star topology. IEEE/ACM Transactions on Networking, 1995, 3(2): 158-168.

[8] Papadimitriou G I, Maritsas D G. Learning automata-based receiver conflict avoidance algorithms
for WDM broadcast-and-select star networks. IEEE/ACM Transactions on Networking, 1996,
4(3): 407-411.

[9] Papadimitriou G I, Maritsas D G. WDM star networks: hybrid random access and reservation
protocols with high throughput and low delay. Computer Networks and ISDN Systems, 1996,
28(6): T773-787.

[10] Borella M S, Mukherjee B. Efficient scheduling of nonuniform packet traffic in a WDM/TDM
local lightwave network with arbitrary transceiver tuning latencies. INFOCOM, Boston, MA:
1995, 129-137.

[11] AkyidizIF, Levine D A. A collision-free MAC protocol for optical star LANs. Computer Networks
and ISDN Systems, 1996, 28(3): 371-390.



13 2=— %, o E R 4R o ToRRORE T8 A4 U R4 R 15

THE RECEIVING-COLLISION-FREE MEDIA ACCESS PROTOCOLS
FOR WDM NETWORKS

Li Yiwu Li Lemin*
(Department of Electronic Engineering, Tsinghua University, Beijing 100084)
*(Nat. Key Lab. of Optic Fiber Transm. and Comm. Networks, UESTC, Chengdu 610054)

Abstract This paper presents several protocols without receiving collisions for WDM net-
works with tunable transmitter/tunable receiver architecture. These protocols include the
simple non-receiver -collision protocol (called TS), the optimized scheduling (called ETS) and
the modified ETS (called METS). Computer simulation indicates that these algorithms achieve
extremely good performance. They are the efficient media access protocols for WDM networks.
Moreover, the METS algorithm shows more outstanding performance with the increasing of
the tuning time of optical device. It is with great practical value for the WDM network with
arbitrary transceiver tuning latencies.

Key words WDM, Receiving collision, Tunable optical device, Media access protocol
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