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Abstract: There are many research projects based on grid in many research fields like high energy physics (HEP).
Grid applications including massive data transfer have very high requirement for network on QoS parameters such
as bandwidth and delay. The traditional IP routing network can not satisfy these requirements. However, the
connection-oriented optical network has this capability, but it still faces many challenges. The authors firstly
analyzed the features of grid applications and their special requirements for optical network control and manage-
ment, and emphatically analyze several existing methods of optical network control and management. Subsequen-
tly, current issues which are open are summarized. At last, some novel research issues such as Lambda Grid and
OVPN are put forward.
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T2 O TE s R B . R SC Hb R S AU AR A R 2 T PR N RTS8 G, 7R T ) BT A
KA 5 AEFI 9256 7™ 28 T BRI i (PB4, 7 R FH 6t T A 6 Sl B 10 vl ) 8% 114 1 e 420 2H o s ok
SR Q1 i e O B A i RN A B b LR 2 B e R A BRATT 50 BT RN DR 1 4 BRAF 5T 0y (CERN) 2 TR R T4
P TS VERFSEI H A7 T CERN IR B F- X RN AR 42 )L PB 150, 12 S0 22 % FH RS A5 16 31 4y
AT AE A BRI AT 5T L, DU AL BRI 43 BT, 33K %of D00 45 A 25 A i s PR 0 D7) 22 3K A DR S0 2 Ak, R S0 % KR
VLBI(very long baseline interferometry, 1 2 45 V5 I 2 2:) SR SR 157 4 1) P45 A0 DG 1) 5 38 el 4 3k 23 A U IR A
PR AR L P28 AL 36 B Ao 5L m R S ] AL T R TR B R AL TB B, I &
B I BE R (2 Gbps Bk JL T Mbps). Al A5 KA WTF9T e-health LAz HDTV 455 A,

PO A I FH 777 A 11 D) 245 e i EL A 98 B2 5K 1y, QS TSR vy, LA B S R MR AR L I 1 O v LR B e R
PR ST T I B ) (1) MRTG M 4% 97 8 P (B30 >k 95:2006 4E 11 A 11 [,11:05:06, 71 [E A5 M (China Science &
Technology Network, CSTNET) B 4% Ff.0»).

200 M

100 M

Juk] 04 as i1 o7 U] Juk:] 10

W Maximal & Minute Incoming Traffic

W Maximal S Minute Outgoing Traffic

W Incoming Traffic in Bits per econd

B Cutgoing Traffic in Bits per Second

Maximal In: 58,871 M [ 5.8 Maxinal Quti 147,076 M [ 14 71%)
Auerage In: 17,472 M [ 4.728)  Average Qut: 22,944 M [ 2, 23%)
Current In: 11,833 M 0 1.1 Current out: 41,800 M [ 1. 16%)

Fig.1 Network traffic graph
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P& H OGP 48 ST RF PR S FH T TN ) - Bl Bk 28 3 AT PR T B R RN 5 2 AR 77 =X,
H 1A 4> #t UCLP(user controlled lightpath, 4] /* 7] 25 5 i % ) 1 ITU-T G7713 LL K& GMPLS(generalized
multi-protocol label switching, i F 2t SUbx 10 A2 #) JURN IR A 2 R0 450 21 5 238 4 19 38 H AR Q3 i e ik 92 1Y)
] R 2R 5 71 &5 4 S04 1O IR il R o).
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S R SN P SR P K I I 6 AT s 4% 1 i 0 TV, 4 e by P s I A e TR SR A AN
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I P2 B L IR M 25 SR DUJE A1 AR B, o 10 45 4 BN B3 T Bl e B R S8 1 (ELI R RN S 3R g 1R 0 FT
RE T 2 LR A IR Ta), i L% St B SRl 5 i AN RE AL IS A S AN [ PR s S v SR B A o — T A NG 7
125, 0T AL R IS T 5 9 2 42 RS P AR SR K A e o R RN R B sl . R RE AL, I A 2
It 4 25 1) RS AEL B A SR s 9 S R RE D' I 4 1) — A 2 BEFALL.
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3.1 ETEEAFAERIEER

FETE B RAIERRNC 7 1, i B R G T R B % R 285 A A TL-1(transaction language 1),
A7 24 90 2% % B P8 (simple network management protocol, i #k SNMP), & H & ¥ 4% & 3% (common management
information protocol,f&iFx CMIP) LA & 1t F % G2 i sk AR 22 45 #4 (common object request broker architecture, f&j #x
CORBA) S WM 5 P JGIAR , ] &AW J6 73 il a2k 3 4 g v i & 4 B A TP I 4 — AN W o o b ok B 4
RGN FE A HE 7 A 1 A8 SO e X By 3, Bl 6 T SE R B O IR T TG AR TR A Y 4% 1K 4 b
AR

UCLP(user controlled lightpath, A F* AT #2818 ) o R FH 13X B 77 20K — Rl L ARSI H R . UCLP #pf e —#
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WF5T 905 (CRC), Ottawa k2% . Waterloo k22 F1 Quebec K24 3L [RIBF & H 44 i 68 4 (10 B 14F . UCLP 4 24 — g
HILHER, I O A 2 H SRR SRV 2 B K 1 R&E W2 IE AR 5T UCLP HiK.

UCLP %k R4t a1 2 B . UCLP R ZRH] Jini A1 JavaSpaces 45 Hi A T Jz A3t 99 157 FH 2 11, LA
158 W9 A% 8 FH i) LA ) R 48 K 3h 25 1 52 15 5 96 Lightpath. 32 338 15 IR 55 (SCS) A& 40 A1 =X 14, & B 1) 4% 114 49 B % 9051 -
RGP HIH.UCLP REAEIRJE S MG TL-1 AT 845, 25 T0Z ) F P B2 0k R R 25 1m0 482 11 (grid
service access point, fijFx GSAP). A/ i ik W A% il 45 U 1) #5 VBN i GUI R I 2 8 il sk UCLP R4 H%

K58 BOE SR I L. UCLP ik 45 P B AL P ol LUARYE B 75 sk B Al e B — RV S5 s 58, &
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3, 00 2045 B 5L AN T BB S AR A W R BT AR L. th 1 TL-1 2 — P4k U 30, 48 0 43 ) 1 7 AR S R
TL-1 48400 TL-1 G380, Kk 5 T2 T R B AR A A MK, KA UCLP Z Ge ok &5 2 ] LUAR 07 o fif e 125 AN [R]
J T VAR R B T )

UCLP X P . FH A AR 4T 1) SCRE.UCLP R GURE 5 Rt I 2 SRR (Ee sy v . #6100, Lightpath £8) 404 )
PR & PP IS5 UCLP 2 43 fit 3 )ik 45 :Jini Service,Web Service 1 Grid Service. 4% 5 Ff o] LA3d it UCLP
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Fris S R A By T D A I AR T AR AT 1 SR
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Fig.2 UCLP system architecture
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R M 2 5 T B UCLP A5G 1 [ R A2 Ui F-& A B N5k CA*net 4 FIFEPEA i2CAT IEAR A A
HIFE BN, BATX UCLP BORIHEAT T 85,78 Cisco B A R B T, KM Cisco ONS ¥ #& 7 T il £ 5 56 31
B AEAH LA NEE K CA*Netd [ SZIEFRES 0 8 UCLP R 48,317 T 2 R, JE RN T R N B — i il vk 7
A A AE R 1) R e B AR 45 R W SR UCLP R GEnT LLES A [A]) 1 B4 (b Cisco [¥1 ONS Al
Nortel [f] OME %5)% 47 HisE I Lightpath 1) 45 BC R & BL K At R I8 UCLP R G047 7F — 4 1] 78T, bb 40 =2 5 1 132
2 AT B B R AP A 2 D e A 56 35, 1 el oh S0 1 R, DA R 42 4 ) AR AR 24 8K UCLP BERTIARTE R &
t,UCLP R GBI AE AW 5E .

32 ETIESHMEREER

BTG A W AR IC 7 20, 450 F 2 422 1 A v 099 0 2 TR (R 2 S0 3 Pl A% 2 — A 4, 7 ol JE 3t A U D9
JCH IR, G v 18] 9 5T, BEAE 9 7T A5 - R SCE SCT 4200 BN TE L 8 SORIYE Tty ik . SIS A
TX LG il SRR U] ARV 245 A B 8 T SRk v B R VR Y TC R I T 2 TR BEAE IR 2 O R R A R AN
TR G TT AR AT 1), A8 30 28 40 Al A U 9 G 25 At SR A IX AN I TR o BB Bl B i R R R g R B
FFREFETC dr & i fR 4 M e,

BERAREAN G IAE 4 T4 8 ITU-T.OIF F1 1ETF Frifkfl T X SERRUELL A1 ST R T HAR Ik R 25 st
BLITU-T #2117 B 838 Bt W 4% (auto-switched optical network, ffi#7 ASON) A2, 78 ITU-T G.8080 &3 i
X7 ASON [FAZREHITU-T AL G7713 il T 6 19 2%t () 43 A 20T I A% B A5 BRI A5 AT Be il &,
PRI TE T 245 A HC [ 2. GMPLS(generalized multi-protocol label switching, i ] 2 B SUbR 1048 #) 2
IETF (MRRSR, &t AL H G W 4 Fh {5 A AE X N .G 7713 32 LT 5 A B LRI I RE 75 3K ,GMPLS & X T HARIIME
A1 B BRI FE.GMPLS {54 BRI AT AAE G.7713 & SCHIE AR5 452 e A .
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321 ITU-TG7713

ITU-T G7713 H T ARG ITU-T G.8080 4 28 45 44 (1) 't I £ [1%) 43 Ay W I 11 4264 LI R e iU R T
SRS MEH S BRI, (& A T AR B AR 20 3 8 @ LT — 245 4 1 T i 7 ok F R R
H.G7713 W FE AW T 5 A 108 1, R T 6 M9 4% v {4 37 1 S ThD R B0 £ 326 1 THI AH 20 35 1 R R 45 44,
AR E TAF AT A I IR U FIE B4 A FRAR S ALK A

76 G.7713 1520 v 32 A5 4 1) 111 Ty 6 R P 400 80 S5 LA 4 20 11 TR 1) A b A6 T A B AN W) R R 19 7 Y, 7
TP 1) R FH AR AER) NN 28 - P25 42 1) 5 4, 5 S I o 3 o 1) 2 Fe Fig e e e f e i AR an 181 3 s 18] 3 v o
Flut E BB IR — RN BL b — Se7E F R B 1, 5 — S8 AR 1 b AR B AR L IR R Y B B — AN A
5 A T R B4 T 9 T B B AR A T TR — AN 25 DL RO AT A B I SR 2 I 8 T — N AR Y
B AR B AT RE7E AR T REANTEAS T B P AN IX AR 28 A0 A 2000t B — 4% J 0 B b AR e U 1 4 TRC 4 R
YT E B S B0 AN, 0 RS2 7 0 428 11 8, I8 4 L6 90 TG A Hh B85 I, B VP 30 75 0 TR B B AE T I I 43 T SE HE 1)
A2 GT713 E U PR IR T AN, B X AR IR R LA B AT I B SO B H RGO 1k, S RE G713 1)
BE P :P-NNI. RSVP-TE 1 CR-LDP.
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Fig.3 End-to-End connection provision cross sub-network of G.7713
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MPLS $3 1), 32 5 15 43 52 FHl (TDM) 4 11 (1 SONET T SDH 2 1), 32 R K A8 6 9482 11 LA B S 35 6 27 48 e i 2%
M.GMPLS 1541 H (#), 4 5t LR i & E R — A LSR 0] LA Fen 2, 3 5 48 J A8 1., 4 15408 J vl L 37 1F
AT ST 4.

GMPLS [HEEHAREC, BE T LA B 8 B AR 48 R (WO A H2), O] LA % ) B8 g A 4 R (S e 42).
Foft 75 3, A0 A PR W TC A 52 i AN R M T T SR S TR C RORS A I, R R e vg T U
T 16] 5 8% 1R P )R AN TR ER 1 SR T SR 23 BE AN AR AE (B R TR S 10 T T, 35 SR R e B R 1
MARRFI A Z 4 0 8 4 s FEB AR R B — AN W TG AR BESR B RT— A P T IR SR, A IR R ) R — A B T R 161

(R 25 FLAA R34 1 782 37 1H GMPLS RSVP-TEMSIZE 15 1t 3% 122 1975 Sk Rt o J3 B BE 23 51 Path 7 LA Resv 31
O30 2601 D G T B AT SO, o 4 TS — 4 i B 0 T 2.

16 S B W 45 350 8 P R B AR I £ Ll Ik GMPLS 23 A =04 1 °F T >R SEBL.GMPLS 43 Aii U dz P T A A 3 4
T {1 i A il A A 3 A X B s B R AT S 0 A X e T S AR SR A A S R
S, W 2 R AR 4 B B R IAHLEL. th GMPLS 8 pF4 ) 1454~ W 7o fd | OSPF-TE(open shortest path first with
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traffic engineering)# 1 i, RSVP-TE(resource reservation protocol with TE){5 4 3 fil LMP(link management
protocol) i B 45 FL B L. GMPLS 2 i ST~ T xe T+ e S 5% 3 ST 2 1 N AR AT H o6 T ) AR A FULT 1) DRy o 3
F2 T T SI2IN PR SR AR 23 A UK BR800 7 4 e 0 28 1 75 6 R S O T A AN DR AL TR AR AT A ST I R
PEIPII SN B 3 R I e # R G 10 H.

Send B > A Jabel %:2) Send C 2B label (;3) Send D 2C |abel %:3)
Request phase Request A~ > B label RequestB >C label Request C D label

—1[7] 7, @ 7] [ 1] 21—

A ........ 3 3 D
A-end=(A,1),Z-end=(D,2) C
Type=STS-48 «— «—— D —
Protection=None [ Send A >B label (=4) | [SendB >CTabel (=2) | en abel (=
Route=((A,1)(A,2)(B,4)(B,3),
(C,2)4C,3)4(D,3),(D,2)) Response phase

Provisioning command

C=

NOC

Fig.4 Label request and response process in connection provision of GMPLS
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H A B K, B 6] B 1] s i 42 3 X s il B0 AR i . HDTV AR o [ B A4 155 BL ITU-T G.8080
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DA% 7 P 20 0 e 31 [ o 18] F &5 48 S ST 0 2103 lightpath % 3 75 52 5 i 2 AN 8 B, A5F — A 5 B P #0 T
e L B AN IR IR & i L A — AN A P P EE AR Iy S T BE S [, b, — A T rp A R B T B
RGMFRHL, ) — A 25 T05 4 I FR 0. a0 7T %5 2 3ak e g ) 5 42 A3 s 135 (1 lightpath 1847 1 2 1n) 38 75 LA 5T
Fifi e,
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1) 45 51 THTAH G 1K ) 78U 428 161 1 THD 2 ' ) 49 4 1) R0 255 S (1) S . ) 428 11 T (O BF 98 L 2 AR T ek i ik
Ji& ARG AS > il AT REBIF 5. BU 400 SR 0 A D% T 380, B 1) i e 52 L DAk (hops) 0% 2 4K B A A AR
W 250X F 2 BEAT T BRARCBEE , S 15 0 B 2 R A7 S o (BER) S5 42 i i Aty 518 8 iy 9z o A o, 400 9
B B, 35 T 45145 29 K (1) #% £H (impairment-constraint-based routing, & #k ICBR) ] @ 77 SEHF 97, SCHR[17]358 HY T 3
T LRI B 75 5 eH AN 3 K20 i 557 (CDRWA), E G 53 B 878 25 FR R BRI 48 R 2 T IR 2 R 00— A 1) /2 2R
A8 ) R, R 2300, 4 p A R RN BB 1 T R AT 1K U7 9058 T T AN 3 WO I 4%, BUBILLE by 1, 1 3 A W ' Y 4%
{1 2 25 Ay 48,

2) T[] 32 422 110 s D9 285 1 e ) 2 il L. P TR P 4% H BT A RESE 08 1P 4, MaT S I A& 22 5 1P
W4 28 LA (TR 4 W 45 (hybrid network), BESR L ICERE I 1P IR 45, o B A T 17 34 422 110 WL IR 45 A 5 ) 5 343, 3T
BRI JLABEFT IR H, i1 CHEETAH,DRAGON, UltraScience Net, LA fz HOPI 2525 #f i hy T 44823 1 el R Fi X
Tl A5 X 4% 1) J5 ¥ M BT AT e 32 AR v 7 LA TR T ) 3 422 9 24 (41 WDM, SONET/SDH) 1 4 A I g i 450 vk ik
Z G — AN I 1) R 425 1) P 10 P 45 A i 788 DA R R D7 1) AL UG a3 ) S5 i 0, 565 e A ) 4 (1 A7 X I
vt SN oy A aQA T8 45 B FRATTH “Multi- X7 K 4 38 5 44 PE (heterogeneity), 2 55 Multi-Service(Z I
2% ),Multi-Layer F1 Multi-Technology(% = 1 £ $; K ),Multi-Domain( % 1 ), Multi-Provi-der( £ & fit ¥ ) L X
Multi-Vendor(Z | ) 55 .V 22 [ o 0] 149 190 46 1 P 75 258 1285 8 22 465 3100l £ o 6%, 20 ] 95 22 4 S g o) 0% 88 43 i 81 i
lightpath, [El Br 3 £ 5K 1) BIF 52T H #6376 X5 6 HE AT 0 50 2 wh b dn B S5 ' 0 445 s 1) 2% e il &, 0 42 2K 1)
CANARIE 2 T ¥ & BGP WLkl %) 6% 44 1) OBGP(optical border gateway protocol) i !,

3) H Al e AR Lb G0 B ISR P B ) 3 B ST I IR TR AN BE R K, LA B 3% B 1) BT K A o D A S L R
P55 5K, A VF 22 ol R A I 9. AR I S8 5, b i UCLP A GMPLS A7 78 AS 2 il JB ' I 48 5545 55 1P R 4%
JLAF VR B PR 28 (R 20 190 428 ) R A 8 DA BT % o N IR S5, HE AT 1 22 [l L5 1 3R B 22 B PRt o
IR I B 15 7 2200 44 07 ZE AN A AT 92 560 IR, 7 S 3ok R vt A W & ST il 0, B2 OB 1) i e T 2R
) 28 42 SRS B PR bR v 5 P DU AE R R 2 R AN TR SR 116 10 45 152 % 1) EL T ) 80, LA SR 1

5 HRiE

AT HH B0 X A I P SRONS 224 T 8 5 ARBR H T AR DR Rk ik O Tl A K e N ) R, D g R R, G
2 I 5% T 4 S RV BB R IE 7R AT TR AR A A% 48 1P 3%t W4 HAT IR KL e M 4 Hi R 51N
R&E M 2% 3 S B RHIF I % B 32— AN BRI 20 T8 I 48 35 R A & 1E AL AE AN W R 8 2 R Ik I8 FH ¢
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JC 1k 15 4 10 JE B FR 10 5 b 6 M4 &% 4 i R0 38 B 07 5, L 2145 B IR0y 2, e AT LA 1R SEE TR T 5 DA RGRH 5% %
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RO Uk, V2 ] SRR RO T R M AU PR AE 5, T IR 1) PRI S, HE Bl T S I g B AR TR A N P 1
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FE LI WA 2 T 1P B B 4%, HH T 6 I B AR 1 5N IR AE & I T Optical Grid. Photonic Grid(Ot ¥ ™
%), Lambda Grid(3 K 9% % )20 48 bt 5 3k SE L i JE 48— E XA L SR D't I 4% Sk ) 22 199 % . Lambda
Grid ¥ AN SCESVIE SR 588 L 3 A % iy 0 4 41 50y 25 44 5 (1 EL A %04 Gbps #5211 lightpath LA 34
A PR VA P Lambda Grid  BE 22 M G E YG I 11 138, 1 A A2 XA 11 173 8. Lambda. Grid NIRI$E H ik
HUVFZ ) B B 5.5 T B R 2 Ab 78 OS5 RS 1) JLAR JZ AR 7= A= T A I il 7805 BEAIE 9, b an 4% 3 J2 Wi
(1P £ 1) 1228 B 1T 7E GLORIAD [ 4% (14 52 el b 2 B0 7 I i) F0L A% 496 1) TCP BIMSUAE AR Y 55, A1 B 38 1) I 4%
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MUAS P38 F, i BELRS T 5 ek 38 (4 v, DA 28 3 e AN e A R0CR H e s 9 TR 0, 7 B el TCP Bl sl st o1
BRI, BCR ) Heth g ok el idk AL B )2 U MR BB 53 A0 #E OSIL 1 1 2 4% SURFnet #H OPN(optical private
network) B A, SR AL P 9 K e g 257 32X, A RS 2T P 4 S ASTRL R 2 R RIS e 14 I 1 21 VPN K
2% IR LB AN R RS AL X OPN H AR 7E I 25 JUAE AT T 1 2 E 8 H 2, BRI St vk R RESE:
1A R E— 20 e T 9T
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