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] domain z [ #4483 3% 1@ SuperNet NC&M System » x & 42 8 %85 -
T SRR A REE 2 & 6 B R F) domain &k > 3 B Av A B
#yEH] o {22 FBE > it domain W e M B RAEIEILIE S o

Telcordia Technologies & 4t¥f IP & 44 topology reconfiguration -
CH TR layer2 or layer! 2B ey > RELELEEN BT » TTRAAT
By @ XA 4H  FTH BN EE TRER reconfigure # 4y
topology » 3% % 18 IP 48 % # £ % & % F (Network Layers
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3.2. Reconfigurable Control & Management 4-#7

& # IP layer connectionless #54% 1% - 1% 4% IP Network % # i 2
£ it B%kiEs QOS - Bk o 48 reconfig IP layer » 3t B 4547
Reconfiguration 14 € % Re4 G R AT - F E2 R F &4 ¢

® ] F 3 e 4 B 4 7T 1% 3% i 2 (throughput) ?

® TTEHEMD ML RiEEE T

® T E4H4 IP & fail 85 - UF MR E im0

O T[TEHERHMRHBRFAEBALE?

s #1 DARPA NGI 72 #% & 482 throughput 2 & 3> T 134 B 2577~

242 #a~E R DARPA NGl 2 #7 % & 3 & skew 2 355 43805 =T
# 5 40% = 60% = throughput -



original [l reconfigure
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throughput
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traffic pattern

2  DARPA NGI 4 # 48 % throughput 447

ENREEBRMEREERT & 0 H Rk skew 2@ - £i8
reconfiguration # = ¥ ¥ 45T 2k & 90% 2 34 26 £ s Sh{R % 2L 5 > L KR
o [E 3 AT e

3 DARPANGI » 2 & #8184 58 8 £ 3R
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£ - 2B 4 A Eaondsdr (DL) x router 4 4 failure % > NGI
% %45 & 47 IP layer reconfiguration » £ AT/ 2k Rt E SAEH 6
#7 5% » reconfigure 4 % 8% throughput # 42 & 30% > i B4 £ 4955 &
BEKX > XFZHMELHAEA S @ reconfigure 244 & A% 4 failure 2 &
LR ACBEG BB TAEAELEZMA > BREXIREMRT
5if 80% X Lk -

New IP Topology

B 4 %% 4 hub failurets % #47IP layer reconfiguration
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5  hub failurets i& 47 48 ¥ reconfiguration A7 14 2 throughput 4
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3

6  hub failures i 47 48 ¥ reconfiguration a7 4% % end-to-end

delay# 115 7
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AKEHEH T8 A IPWDM 848 3% 42 4 F o 355 1 42 (Traffic
Engineering) - i & 4% € % £ & Telcordia Technologies & TE 5t 32318
29 o dof 4 2 4] & (Control Plane) # & SIGNALING + 47 5 4¢P
MPLS routing.signaling(Layer 3) & :A MP A S configurable WDM
(Layer)eh 24T » RITAANH L HBMBEARFAR -

figsey IP WY RO AKRE - £ IP routing
protocol F % # %4 : OSPF(Open Shortest Path First) -~ RIP(Routing
Information Protocol)#v IS -IS(Intermediate System to Intermediate
System) ; {2 % i& # routing protocol & X K F £ #F £
traffic-independent > {2 2 F % L HBE Ly B A 2 B A8 H ey > A7 A
A R 1% 4849 Routing Protocol 3 32 #3752 R T £2 8945 1F ©

#k m Telcordia Technologies & IP over configurable optical
transport networks ¢ R R E#R T - A BHEFERERAF IR B
&

® MPLS e A £ IP &
® &A% T PATH EA £ A EBEwmE

AALEEREYRBEIEZGCRABIY MELLEALEBENEIRR
#| ; m Telcordia Technologies & B #93t & & 18 KM T 5 5] 4 32 R84
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Router

ATM Switch
AutoPoP

7 SuperNet NC&M System

Telcordia Technologies £ # R &hi@iE Y » LR THMBANAR
A AR E BArey 4% o 4 Washington DC 3% § — Rl @E%-F £
iE 18P & 2 L ATM/SONET/MONET (Multi-wavelength Networking) 2
B WLARREB T S T
® %3] ANSI HIPPI(High Performance Parallel Interface)#) 1%
& kL i 1B 4 super computer ¢ AE BRIk A FH IR A%
42
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® IR THARTEATEE AR

3.3.2. IP/WDM Reconfiguration &4 %

AT R B ES F 48 H 44 "Network Throughput” ~ "Latency” % 4-
¥ > %@ IP & o) RECONFIG Mg 2| % — /8 &2 % — & LINK sy e 8 -
RS T e 4R AR o R AL topology 4 #5574
G By AL BE > BN R KRB N o

Reconfigure # & WDM & » 849 =T sA#E 18 B F R o4 R A
(1) & $2 WDM ey i @-F30E 5 50D % & /7 83869 HOP #
B > T E#%AE PATH & WDM Tl b N @ F#HEH T K -

® H =P34k HOP s
® C= 4&—# ROUTER ¢ » PR A S
& W= k&HEL

e —Mrouter ¥ pEFHIuuE = T _Coms =

H' - H
Hf

s AT&T %3 » 42 UNIFORM model & 4% A8 5 AL 2
44% (1.8-1/1.8) -

(2) # /i OXC(Optical Cross Connect & %X #: %)% & © 4+ %
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B—F @ AT A EEE% IP/IDWDM s ir 4 914632 4 4
HEERARSN » TUB T e ES

TR EBEENRAERANEARREHORI BT -
B &AM RGBT

WD # 40% ) 4 E A o

WY # 30%e) B AR TR o

HAESREE  KAHNEHBRAGEBRER > TUHE
4935 3% F 3% Ao 40%-60% 35 3T 5% 20 90% 2h 4 25 ey 2 3

£ IP R EMA MR ERS W REZH hub BB E R
&, 0 238 F H 4y IP layer reconfigure path » =] L4 4834 44 1%
#E e E 30% > it B R Rt ey st B i 80% -
(@) &BRESSH > MmABRAMGRE T T R PR 64
BE > RBEEBER -
(b) BT & RBM - SEBA B RE 8 BB R D
TCP sy 828
(c) #V router @ F ey E 4 40% -
(d) #@sxh link =T LA4R 45 F-47 & ek -

16



3.4. IP Topology Design Algorithm

3.4.1. A

uu\-

Telcordia #4 IP topology design algorithms £ A% P+ 4% & % B i
e AeE  BREELAIZESEALAZZE IP % topology
reconfiguration &9 & B - #3330 — B IP ¥ topology & &4k
F A (reconfigured ) » AR B & 49w F T 42 €75 — % B 3% © topology %
AR AT B 7 32 B — #8307k < reconfigured # # topology 3% % & 1+
At ? SR A AR B A A BB R AR Y BOERA
g HAF —RARCH I ERETELH N ?

AXEHMAZLT & A& £HME cost function » AT ey £ 2 842
& # K 4t throughput ; # % & £ £ B 4 8] £ #& /) 1t weighted
hop-counts - # 4 2 3% 2| M 48 £ & 8942 1F 4 X  "Desert Start’
#2”Incremental Design” - # # 3T & %18 cost function » Telcordia 3% & 3
# heuristic &% #;% : RDHP - DHP A RD - RDHP #2# DHP ¢y = & 8
#y % &4/t weighted hop-counts ; f RD #)x £ 8 &)X &B A1t
throughput - 3 F & € 24 AT&T IP Backbone #83&353E &) » H #3448
#-42 t 3 4 heuristic /& B % A7 3t £ i ¢ reconfigured IP 48 topology-
i B i — g R F &4 traffic pattern 2 A (load) i = 4% topology » 14
B & & # A » # overall throughput #2 weighted-hop count 4 %] %-#7 k&
# 45 R [ traffic pattern & R F] IP topology B4 &4 2 45 & 3 - 514 42 4 48
ey -
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3.4.2. IP Topology Design

LR E—FSRA@E ZAT > KL T A IP topology design
algorithms E#BALAR T ELRMHFENDA L — B 4 %iRHE
traffic demand %[ & %t & topology % # reconfigured - #f & 3% e
topology EMEH R EHK T > AR ELREARGRERRA R
o

8 IP Topology Design =~ &

EEehER 2L P router £ A o i i®4% .0 reconfigurable
B RSB FHAR AR R - BAR MR UL B RPN E TR LT

N : router 84 £ &
L : 3% router # sbAa:E 8y link (IP trunk) &£ 4

D : %= & router 4% ¢k = B & traffic demand Frag sk oy &
(matrix ) » matrix ¥ &5 entry D(,j) #7di%%] ;28 demand -

A B AR 40T
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(1) #& KAt throughput - EBr : Max Y x(.j) © %A

v(i,/)e

> ()% x (. /)
(2) 48]\t weighted hop-counts + &Bp Min =l
2. DG j)

v(i,j )

HF o X, ) AdiED g throughput 5 HG, ) &8 25| ) 28y

hop count - Q & # 25 ¥t (node pair)ty &4+ BF Q = {(i, j)lie N,and, je N} -

& % 44 K4t throughout #14#%&.\ft weighted hop-counts #4ig#fz2
o AT RHE 4 48 % RY 4518 router ¥ A interface #9#t & -

3.4.3. Mode of Operation

#A Kk > K= deliverable ¥ IP topology design &#& V5 4% =, 5T 48 5
A K$8 - % — 4% A Desert Start; % —#54% % Incremental Design -

Firef Desert Start » AEUkX R HA @R PAAFBAER
#1 (initial ) AR A& > sk B R RHARMT link 4832 8y » — 474 S8EA4 » F
Pp . "start from O links” - & tLA7 A available link % #3 A reconfiguration
HHF EHHREN - A7 Incremental Design F5ay % @ FikafE
embedded links & &4 4% 5 #4353 © 2 4 Ik embedded links # =T
VAR R o S AEHUR AT A8 N A BRFs L& 4E A (in service ) #Y 3R 3% -
Ae$948 & A E MM~ B R 493 topology ©

3.4.4. Heuristics

Telcordia 4t ¥ A7 & A7 it & ¥ 18 cost function » $2 T = #& heuristic
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) Residual Demand Hop-count Product Heuristic Algorithm
(RDHP)

® Demand Hop-count Product Heuristic Algorithm (DHP)
® Residual Demand Heuristic Algorithm(RD)

3.4.4.1.1. Residual Demand Hop-count Product Heuristic Algorithm
(RDHP)

RDHP # B 42 & Z4&-|\ 1t weighted hop-counts » 4% &4 & k4%
WL Biw b AR S & E (dominant terms) > 4 # hop distance
MZE R EFHeT  (FARUTESHE £% L nodal degree &) ik
#| - AT38 Yy nodal degree B &4 embedded link £ P9 & £ 4 =T A &

interface )

(1)  # Demand matrix D #f#%4t (symmetrization) » i3] —1&
#7169 matrix - $% % sdemand_matrix > JREp :
sdemand_matrix[i][j] = max (D[i][j], D[jj[i])

(2) A##4#51t7% 89 demand matrix 45 entry sdemand_matrix{i][j]
Ul K E]N 8 F K (descending order) 3 & - 7 5k, — 18 flow
vector Fofef2 X ¥ &4z & dflow”- & 24 3t flow vector
F R 24— & &) spanning tree » £ B 973

4 — 18 & 25 &4 initial connectivity -

(3) % traffic demand P(-/) 3k 2 i 25 2] j 25 ¢4 shortest path tree
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(4)

®)

(6)

(7)

(8)

3.4.4.2.

E AN & incomplete topology F - A7 28 " B £ HE 89 & 4
iEfE iteration W EE - A —REIFHY > LT ZXFZAETE—
#% link &y loading factor - #% % : truncation_factor -
truncation_factor % # link capacity & X 7 A & 1B

(traverse) %44 link &4 traffic demand #9424 -

% % i 3+ H local_t_factor-local t factor £ 3% i 253 2
- J

P 4% 3% &9 23R link » H truncation_factor &) e 4% -

% % i3 & residual demand matrix - rdemand_matrix :
rdemand_matrix[i][jJ=demand_matrix[i][j]*(1-local_t_factor)
%7 B % link #4 overloading # # discard &5 demand traffic-

24 3k incomplete topology % ¥ ## - A Dijstra Algorithm 3+ &
P A & B ¥ (node pairs) < &y hop distance -

s+ & rdhp flow vector = symmetrized residual demand

flow * hop count: i # rdhp flow vector &) entry #o A3k 7+ -

X rdhp flow vector % ¥ aé » 38 m—4&#7eh link > LA 4
# topology - ## =1 2| 5 8 (3) » A 2|44 =) interface -

Demand Hop-count Product Heuristic Algorithm (DHP)

DHP & B 42 & 24 /)\{t. weighted hop-counts - £ 58k T dhp

flow vector th3t Bz 9 » Hep% 8 RDHP 4845 » 23R8\ TF  (F R
LF &4 B % 2% 2 nodal degree &9 FR 41 )
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(1)

()

)

()

3.4.4.3.

#% demand matrix # 4%t (symmetrization) - 4 R #4541t
% ) demand matrix & entry P40 xO 1Bk A # & — 18 flow
vector F - Fuik flow vector F & A » Zi— 8% 18y

spanning tree - 3248 — 18 & 25 44 initial connectivity -

#% traffic demand & A3 # incomplete topology + - 4%
#  residual demand matrix : rdemand matrix - #*

rdemand_matrix Ax# 0 » B4 & #5 H(3) -

24tk incomplete topology % X # - A Dijstra Algorithm 3+ &
P & 25 ¥ (node pairs) z R &y hop distance -

3+ & dhp flow vector = symmetrized demand flow * hop
count

24 dhp flow vector & s » 38 hu— 155784 link » 2L 20 438
topology - #%4 ©1 8] % B5(2) » A 2|4 % =4 interface -

Residual Demand Heuristic Algorithm (RD)

RD #4 B 42 & #4% X {t throughput - & % 8881 RDHP #g45 » {2 R #
& hop distance - ff B ®RBAwTF (L AU T L FHH L £;% 2 nodal
degree & /& #])

(1)

#% Demand matrix #1451t (symmetrization ) » 3 8 # #%4t
#% 4 demand matrix &4 entry P60 x5k A 7 & — 18 flow
vector F - & Ayt flow vector F & e » ik — B & 8

spanning tree » 32t — 18 & 2k 49 initial connectivity -
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(2) & traffic demand & A3 & incomplete topology ¥ - 3t

# residual demand matrix -
(3) #!A residual demand matrix 24— 8 ¥ &y rd flow vector-

(4) sard flow vector 2 Xt » 3 he— 4376y link » AL 4%
topology - 44 ©1 2| 5 B(2) - H 3|4 F £ & interface -

3.45. Performance Comparisons

HAV 2 8 B3 ey R4t ATHE 2 3 #& heuristics #47 performance
B4 LL BB A © R R B S &4 R ) pattern &4 random traffic 4% Ao
A iE 3 # heuristics # fixed network > 4o : AT&T IP backbone » Ai i
& 4R ey 4 s topology ¥ o HZIHE U T HEHE L

(1)  Normalized Network Throughput

> X, j)

(i, j)eQ

> D))

V(i j e
D(,j) #-~wig 3 ;e demand

(2) Weighted Hop-count
2 (HG )x X6 )

v(i,/)eQ

> D(, )

(i, /)02

BB EL T ¢
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(1)  Throughout

a. 4& uniform traffic &% % F » RDHP topology # & 3427
DHP topology - % traffic loading {&&F » RD topology #
FAE 8 &3 - % traffic loading 3% 4wek > RD topology &%
(B eF BIeeyBR % - —f&mE o traffic loading 85 »
hop-count # % & demand < #& € 4 #£ K & 4
resource & i & A Mg SR 4838 &3¢ throughput 89 &% 3R -
B A—BEREE loading €#FrE 4 demand 4
B > #9198 —18 demand %% load R &5 -

b. # lighted-skewed, skewed, #u very skewed traffic &5 1%
#F » RDHP topology # % #.4& %> RD topology #» DHP
topology - ¥ traffic loading 3% /uv8% - DHP topology &%
#AEN RD - #%% % » % traffic loading tb#x £85 > w R
3% topology 2 # # & 2| hop-count % % &9 demand - #%
FTHHFLLR S HEBER -

(2) Weighted Hop-count

a. 4 uniform traffic 8515 # F » RD topology &y % 3.5 £ -
% traffic loading /&% » DHP topology % &£t %% - %
traffic loading i j##% /v - RDHP topology # & & &4 & 3.

b. £ 4% lighted-skewed, skewed, #= very skewed traffic
R T 0 % traffic loading + % 8% - RDHP ¢y %3, ¢ 1%
#» RD & DHP- % traffic & & # skewed & very skewed
&R 0 du R 48 K 8 4 overloaded &9 8 % o
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B

reconfiguration fr & B ey AE B AR LA -
3.5. Maintain Routing Stability during Network Reconfiguration

3.51. AT

o}

% w3 IP Topology Design Algorithms & & H #7449 IP 489343z
¥z % B E P topology & %8 % % 8% » 4o reroute BEAFFAE Z R
%3 BE > AAKREEREZRMK BPAAE X Minimum Impact IP
Topology Migration Schemes - — 2. IP 4835 2 3n 3£ 3 4 #1b > 4938 T &)
router 4 € #.47 IP routing protocol > 3 # A link-state routing protocol
4o OSPF » #8347 link-state Bl Fey@E T > ETH L EFEL
packet loss » H & R T §F 435w # @ : black hole & forwarding loss -
Telcordia £ 32 & 2 Minimum Impact IP Topology Migration Scheme 5%
T4¢ IP topology s« /B8 % M EMEE T & A A EB T » EHELF R
B BEEERK -

3.5.2. Link-State Routing Protocol Review

4 % 47 link-state routing protocol — ki A > B AF E 2K L IP 48
#% link-state % & $/L85 2 47 & - 1¥ 4= »#7 link-state routing protocol
Z ¥4k » 4% % 3, black hole & forwarding loop #4 T4 & A 4o F] B 9 Ff
7o i% % black hole & forwarding loop 2 & B £ 7 % A% 36 38 5 4 %1k
Zf% o router 3 @K AR —FRIHERTABE R ETN > MAEL
packet loss & % &= -
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‘uncoordinated
RT updating
_causes loops

Ll A A
el =
s d.update ol
Loutingiable: A=
0 IF
r i D AE
= )
= NS | Eforward LSAto D
D

9 black holegiforwarding loop =T & %5 4 2 B 4%

BB e AT P A2 A 4 > Telcordia 32 — & 0k » Bp A M w8 dn 3%
Z by AW M RIR o BEREE R A —E S NN
¥ @AM o Link 2 #7383 4 — A& 2 P routing protocol & #EHE » @
4% 2 #r1 A) by Telcordia — 3B 4% £ 41 2% 5 7x LOOPRID #47 =
T & & 2r 4 it LOOPRID i 4 s4 & LOOPRID 2 3] it #1749 38 45 4%
HERMZ G -

3.5.3. LOOPRID
3.5.3.1. LOOPRID #4732

LOOPRID = sy 2 &K in i 2 ¢ R RBEF A2 E] > 1L 54
#®#4T link-state routing protocol z #&# TF - 4 & 42 black hole &
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forwarding loop 2 7 X,> T # s #u4F packet loss F £ & i&- A FAE 10
A REA LOOPRID ZEHHH - B ¥ 4% E A link-state routing
protocol » i 25 A~K X254 % router » M 4988464 2 8 48 44+ rh AB
Rz skss BB EHEQN  AUAFTELF—E G FHAZE
B x4 -

B 10 Wm0 ABR 2 42808 B 4518

E L0 oL R I 4R34 F R4k router = routing table #§ ¢ B dn i 2 %
b B8 - B Bodefo] £ A7 routing table 2238 %, loop 2 & 4 - 7 —18
2% M 18 router & L 4% link 3t B 47 link-state routing algorithm = 48
% M AZBrouter Bz a8 £rk 0 AT HUT 43

N : A7 % routing table # € 2 % x router » Bp & % % % router #7
RZES -

T : A B & root fr 4244 1 &4 reverse shortest path subtree » #
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it 6,4 BA 5k e
R:ETImMAGIEARZIES -

Fi gk > Telcordia 32 i ;A F B &£ 32 -

(1) Theorem1: N <R

(2) Theorem 2 : {83% S 4R hop count & A £ > & FE H X 3 7]
#.3% B router #9835 3% £ ¥R F AT AR BT 0 T db R IIEA TS
% 78 43+ B (pre-computing)z 44 routing table #4ibz # K i
70 B4RIESLIER S E 2 router % routing table ¥ K<€ & &

loop -

A A Lz Theorem 1 A& % % &2 router &6 24% » & FHR
Z % &4+ router = forwarding table # #7)E 5 - 44t » LOOPRID #4
Bk B FEE | dikdE breadth-first &5 X, » B4k 3 hop count &
5= F 78 A& > hop count #% &k % router 4 s 8 %7 - 3 % > 48 ] hop count
Z_router & #7) F & vertex-label &2 £ > L FEH K label & X # &
T &4 - 424 & AB bidirectional 4225 #% % 18 7 & & & H % % % router
& E routing table £ #1854 B EREAH > THwE 11 2T -
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-

Event sequence:

B 11 ##%%%routerz)g 5

3.5.3.2. SNMP Manager Controlled Update

FTRBLEEFIX AT ESEZErouter AR FIEFZH B TR
548 &1 NGI % 73t B 43 2 #7144 forwarding table i i& SNMP protocol &
A router ¥ 2L % mk, forwarding table = % #7- 3t 4% 9 distributed link-state

database z % °

3.5.3.3. Interaction with Routing Protocol

% % %347 LOOPRID 2 %% » BPii§ 4 ir Z 4238 | R € R BAEAT
o MmAENE AR IFR 2 1% 0 B A link-state 4 #1b > EBKTEH
#47 link-state routing protocol » 3t 4 € # 4 LSA it 4§z flooding - B
% %% LOOPRID = 7% €48 % % # router = forwarding table 2.78 5%,
2 > Bk sk LSA R €& 4247 forwarding table . # 1k - 3 4
#%H 0 P& LOOPRID e&” A& E" & B link-state /1t £ B E
router % routing table # & £ # &4 & R > (—#& R 3R » router software &

29



#% routing table #2 &4 active route install 2] forwarding table - kernel
maintain — 4y forwarding table & master copy - it # ¢t master copy
# # %] packet forwarding engine )> it & & % st i§ 12 #& forwarding table
2 A #1347 link-state routing protocol 2 4% 894 £ — 4% o K sbb 3t 8 B
TTREEALNBLER -

3.54. &3

#% Telcordia 24t 2 &4} - LOOPRID BE# A A T4 8E e ¢

® LOOPRID TERE AR F ik BREKIBEHILEL
BB AL ZBACEER 0 BEEREN R NEEE -

® AR Carrier ¥ 2 ATRME Y 2 ERIpIEE S
DEAREPRTFER MBABRIESPMERLE -

® ot s HETIE A AN 436 2 reconfiguration B 4472 493

H15 -

® LOOPRID = i& A « 78 %347 link-state routing protocol = 49
#% t ; @ forwarding table = & #7454 & NGl g2 & -
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4. SIFHEHE

£ A Telcordia &y NGI NC&M % %1% —#& A7 B &4 %1 (Overlay
model) #5742 (Traffic engineering) Mk F £ o A RehHw L4
“HF R IP pHEEBGEN OHE REREZEREWNATRT > F8L
Moo HMT P ey 34 IP Royde AL RETUBLEBLAHEERE
¥ IP it - ¥ —FE@WE & (Network Management Plane)
HER EBARAYNEE > Z2 LR IP Bista®ehBey > mk—
&b IP i tb ey IP e > TREAFELEBEH
BE - RRBEFHABFERE

MR TRAMIEME » RERT A= KRH -
1. A7 IGP metric A &M 42

2. R BREARET R

3. MPLS-TE ##= % £

F—RAF-MHUCLEREUABRAZ IP R H > LEE 248
HRAEANEA G P pz b o B — i h] 0 4 2R M ik
BAAE o T B A AR B AR 4 E RS RR T E B JK B s
EERZH HEBR P Bl emyEii e ngnis
BFE -

# B AT#Z - IP-based a4 4835 & RAE B AR MBI R a9 AR S - BAT
he o sy IGP R AN R4 BE KA E (Shortest Path First

31



algorithm » SPF algorithm ) f#4#& & 8938 4% > % — 2& £ 8 49 metric 48 /v »
HEE R BE o e E 2 %E1® NOC(Network Operation
Center)i@ @ ey —#HEBEF L E » RETBREEBR AT A@BREFEH &
WA B R R ERG M A 0 Hd IGP 423 metric EE - PEH
BEFAERBFRERE NN EEBIEREERRRYYRAR - gREH
MEBAELARSR -

& % ATM ¢ Frame Relay % #iF &4 %5 & $L s, 3 A7 38 4 IP over ATM
% IP over Frame Relay ¢ & 2471 (Overlay model) sk % & & 5 % 49
B GEH - 2 # IP Bl RREE > SHALTFEERMET
HEBEHROTMARN > wwS TN - B > & IP over {254 &,
AERGIA S RBBEAGB AT ENALGRAETERZNRER AL ER
18 ko5 ESEE - O-VPN % - Telcordia &9 NGI NC&M % #:73 & A7
BEAGEE BRTUMER R R RBH  LTOMERFBER
BB REATHRBN - KRS HEB A = — % IP Topology
Design Algorithms ; — % Minimum Impact IP Topology Migration
Schemes - 3% #7735 LOOPRID #9347 - L B B 2 A0 IP B 15
HEEFHRE > B RBERBMAER Y BEABAYEME - R
FRRE_RRE—R -

MPLS-TE (RFC2702) £ B AT IETF A £ S &9 TR 940K - R
GEBMAYIPIE MAABEWLRE IPHENR G S LASGAHY
MPLS 34 e 212 4 4% 4] - f2 32 4] @ (Control Plane) ¥ @ & #:8 F IP % &
BRBEELSNTE HE—EAMN MPLS Bi5eh @it Ho s
# @ (Data Plane) T # 4% # a9 X4 > S A MPLS iy § %48
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%o BB BREMEY  HEMBREOBE > &P U SRR
BEEREARYGRAR  FEMBFRITEZGEN -

bt ERFBEEREASHEE R > EBRME 30,000 R
MEEAETE®MRE  FLARE-BLEFGFIH - T ARHAX
ey IP AR EEH4HARK AT TRE T ABOERRS
M kMAREEEHRE  RIMsERRY S HBER LR REIBILEE
FRAMBERNE S ~ BB ERGIEH -~ EREHY T RE - EHW
BERGEAERYRIEE -BLEBE AAHATETURL  AFE
fir i — 3 BA -

B EEEBEAE A burst 4R R LA R AT A K
FORELBEREANAE THAECEHFHRNEFLEREAHOFEY  fldod
ABHhOEHE e RBRETRFHRTE  FEFEE LB RER
RANZHIE v > EHBREBORBEAXETRERD - Rk IP ik
EHA S ARREHNFEFLEAY ATHBE XGELRAZE
BB AN IP A ERTEREABEHE FHW? B
@ % A E S ey T 42 sk (carrier-grade) 8% — A RN AF L HEB A
R TR -

BATSIBEEBRERSTEN IP @2t ZAHNERARE
Xmaa¥ IPEBTHAL - ZRCCETEERELAREERY - HE
WRA - ARBERGERATIESN  FEERCAREEXTKS
1. (Dense Wavelength Division Multiplexing, DWDM); & 48 35-1% #3 3%
Wz B Husk o @y Traffic #bEzle IP @REHZT > KMAZE
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Ao AR R — R A R B R AR B 44w GMPLS,RPR RING, Netxt
GenerataionSDH % #H#7 > AR JBHEEHZRE URFRERFE

B BA AR RO R F IR -

ZWE S AT EEBBRTROBRANER - REF R
BRMBHRE SR GREFFETEEEF R ARBRARELEME
MEzBaziEe @ TelcordiaNGl NC&M i B 3% 4 — 18 #8 34 sL P AR &)
T A I BAEHEEHHSH Demo Site #4988 in 1 &R E
W BBRPEBHEERE  REDEHBERMECH B, HaR
HEERAHKE  BREERTETEURILIARAERE ZRNF
H e

B4 #4738 IETF e9% £ :  “Let the market decide!” - %3
35 Rk R AT |
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