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( Multi-protocol Label Switching) » & 4% & 3¥ st 3 Z R % #7328 A
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3.1 QoS
3.2 IPv6
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BATES AR AR R AFEED RO A ETHN
MEFERERARL > FHATLEE T10 Gopsti &AL E
firo B EA THOEA LI E R - R EHALEABITRAH
AR CEMBEANTHO@EREN » o o QoSHH ~ [PVl T
MMPLS% B EHBABAT —REFERGHELTEH - BAT—
REFEBRFFHHEEFRERAREI NN EERAE Ly —
BHRFNIER TR RGEBRIEHRARTLZEANHAERSE
B ESA AT AR B 5 Ut ) IR RS A R & AISP ¥ e s o
HiNets£ 885 %] B4 HE/THHA - ARARBARIBATE  £%
HNER T —REAR MBI BN AR S QoS## - IPvolh & &
MPLS#) & #4247 > it #3A HiNetFr g Aoy @B BB E R
-Cisco ~ Juniper ¥ # % TR A BRFEARE RV ER A T EZHHINA
B AERRERAIN N EBBREA IV REFELUBRABRMEEK
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AN FEHTERTIEE
BEREZLABRTY ' T-REZEXRKHEN, TEHHE K
BA+—4iA-+tABEA+=4+A+—BAMtOR ARE
TRAEHA
Cisco’>3 : MPLS ~ IPv6 ~ MAN ~ QoS (5%)

Juniper/» 3 : MPLS TE ~ MPLS VPN ~ IPv6 ~ QoS (4% )
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3.1 QoS |

Qos-Quality of Service i& % 33 4& Internet b 3t R & —fArg £ & %
33 > Mk A QoS & %18 Performance & B B -F 8] 4% & Delay - Jitter
Loss & Throughput % - ## B &7 —A% Internet L& A& M5 @ 88K
BRALEFHIBEB ML Delay R Loss mER % - BAEAHLEANR
A #2 X, 4 547 18 IR Real-time & Non-real-time % # %8 %] - %% Voice
overlP- S L #B - S HBUBETNEEHYRARXT R AFFME
8 48383835 » Mo Browsing Web ~ FTP ~ Telnet ¥ a9 B A B X T &
t R 3 SRR AR & 6 MR - IS4 Internet it 34 &9 Best
effort 1% #; 48 # > Internet QoS & ¥ 3444 Internet £ £ % &
Value-Added JR B H B A SN & — ARzt 7 X > B IR XL
» —18 Managed IP 4835 b > A oA & A 698 R R A MM R AvBRE © P
14 Internet QoS ¥4 + & —#& Internet + FiRECE R E L ey —FHA -

4 IETF %] % 84 RFC .8 X4 * QoS » A& ¥ 4& model : Integrated
Serivces (Intserv) :A & Differentiated Services (Diffserv) o Intserv &
—# end-to-end & model> 41 #4 — 38 IP Flow {7 4@3% & R 2 47
T BHERTLENEEY Buffer TR E—FRAORGEIE > &
1% AR5 B B HA Pl 5% € A 4%3% o @ Diffserv B & 4§ Internet 3RA5 47 8 o
AL EER > ELEMBEN (Network Domain) ¥ 444 Aggregating
A& EERSGES (Pipe) —#h > ME&FHRMENH O BHOELE
ERARB AR S ERMAFARE - &8 QoS gy ##l - Intserv R {
#—F& 28 X 89 QoS ##] o M Diffserv B & B 7 —#E# A #) QoS
el o



BERGEB LS QS » MEHKA QoS #y PR ¥ ¥ LAAT
FRAARRRME RAEUBAARTG T KRB BA - HR LG
AR EMT » otk besteffort ) WMBEHBMUFRABAKSE M
B RSRBEAERAARRER  HAAHFLZ AZUKY Pipe 8K
1B 4 > WA overprovision bandwidth & & X, 3 7T 8 %75 2 49 QoS #
# o BE AT 6485 QoS AR E B ATM 83 > ATM &9 354 4
CBR ~ rt-VBR ~ nrt-VBR ~ ABR * UBR ¥ & # ¥ & > 12 ATM A )
33t &% 7 Telecom Carrier 4% f # 4835 2 & - Internet 42 i 2345 &
#2458 E KB AEEF > IPover ATM » ATM over SONET 49 Cell-based
18 H & > 48T 20%85 overhead F » B & F 48 & TR &5 T
V£ % Internet & F ¥ @B A o

W& R A e B RBERBURSEY > AA T KU
Gigabits 3+ B # ™ £ Terabits * ATM £ 5k 4% Li#® % T SAR

( Segmentation and Reassembly ) &9#838 * M — A& EBXH T LA @
& Electrical-Optical » Optical-Electrical #4 #4858  # ATM 483 €,
%4 iR 2 HEUE 3548 A 0 IP over Optical Network ( All Optical
Network ) s 2345 5% FH @K 69224 - [P over Optical Network #)
1481842 F £ T overhead > M & o L1555 8 PRk #8 &9 QoS # % > 4o
S BRA B RE (IP) - E% % (TCP/UDP) £ENELRMER
J& & )8 Ve R R E AR o 34 Internet 440 T B AFR ¢
CR:Core % &3 %  BR: Boarder Router
AR: Access Router HR: Host Router
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EF F4¥ QoS & Internet B FHFEH AL A RARLARRR
t Internet 4925 ¥ % % 69 QoS F #%1| /& &4 4 Diffserv - Traffic
Engineering ~ Traffic Directing $A & Load Balancing % - A7 4 E2I#) &
#8% Intenet B E T L& B ES R FaRA T RAI] -

Location | QoS scheme | Mechanisms Purpose of the QoS scheme
Application | Traffic URL redirecting, load | Direct traffic away from congesting
Layer directing and | balancing part of a network or server

load balancing
Transport/ | Diffserv Classification, policing, Provide differentiated services for
Network shaping. marking, class- | different classes of traffic. especially
Layer based queueing and during network congestion

scheduling, Random
Early Detection (RED)

Network Traffic MPLS.  constraint-based | Avoid congestion in the network
Laver engineering routing. LSP path
signaling. and enhanced
link state 1GPs

Fast reroute Local repair Avoid packet loss during link andior
router failure

i 1842 A A 2R3 09 & % Diffserv & £ N % 0 SLIARMEE K HH



OB ERMERPABAEEBZZIRA o LA E4E Internet 45 R

% oo FE AT

DiffServ Architecture

DS—Ingreslegress Node
DS- Bounday Node

[ 1=l ] T

Bit Bucket '

B - -
Policer, Shaper, LLQ, WRED Packet “color” in DSCP > LLQP\II.&?ED
MQC - Clarification & Marking .

BB ey~ B42 4 Scalability & QoS # %! - 3 Traffic % Ak i

% 18 group ¥ & £ RFC2474 p £ & % Diffserv Codepoint Field
(DSCP) » 4 F B A 7% »

DiffServ Codepoint Field

Bits:

DS-Field

Class Selector

E Codepoints E Currently
) ! Unused
N — 4
Differentiated Services Codepoint {DSCP)

RFC 2474

4o gk — R 4825 45 £ A2 A HUT & 1B #F £ &) classification $54F > 3£ B R
A 1% 4 4o Intserv Fr % &) per flow soft-state fik A& - 4888 3% #5 69 QoS %L



Ao g K839 - M Diffserv 8y 24 F — A A & = F 4 #) Service
Best-effort ~ Assured ~ Premium -

Best-effort Bp 4 4% 469 @ 38R 8 8 X, > M #7E & 69 Assured
Service ~ Premium Service ## F | E&H PR - Ko HTRAFEH
b3 IP 4% F Diffserv ##] A0 A3 %569 £ BN &4 31 A Traffic
differentiation #1 Prioritization » 7% Bp Assured Service & Premium
Service » it B 43¢ 4 32 4k Diffserv-QoS &9 #4 %! ¥ F7 K 17 49 Resource
Management ( congestion control ) ~ Resource Negotiation (admission
control) L& Service Level Agreement (SLA) e

72 #4731 % Assured Service & Premium Service A7 ##
Diffserv £ A #9 34 & ¥ 3 % - 43 RFC2597 ~ RFC2598 #isk4o T :
Flow :

A stream of packets with the same source IP address, source port
number, destination IP address, destination port number and protocol ID.

Classification :

The process of sorting packets based on the content of packet headers
according to defined rules.

Behavior Aggregate (BA) Classification :

The process of sorting packets based only on the contents of the DS field.
Multi-Field (MF) Classification :

The process of classifying packets based on the content of multiple
fields such as source address, destination address, TOS byte, protocol
ID, source port number, and destination port number.

Service Level Agreement (SLA) ©

A service contract between a customer and a service provider that

specifies the forwarding service a customer should receive. A



customer may be a user organization or another provider domain
(upstream domain).

Traffic Profile :

A description of the properties of a traffic stream such as rate and burst
size.

Precedence Field :

The three leftmost bits in the TOS octet of an IPv4 header. Note that in
Diffserv, these three bits may or may not used to denote the precedence of
the IP packet.

TOS Field :

bits 3-6 in the TOS octet of IPv4 header.

Differentiated Services field (DS field) :

the TOS octet of an IPv4 header, or the traffic class octet of an IPv6
header, is renamed the differentiated services field by Diffserv. It is
the field where service classes are encoded

Per-Hop-Behavior (PHB) :

The externally observable forwarding treatment of a class of packets at
a Diffserv-compliant node.

Admission Control :

The decision process of whether to accept a request for resources (link
bandwidth plus buffer space).

Marking :

The process of setting the DS fields of packets.

Policing :

The process of handling out of profile traffic, e.g., discarding excess
packets.

Shaping

The process of delaying packets within traffic stream to cause it to

10



conform to some defined traffic profile.

Scheduling -

The process of deciding which packet to send first in a system of multiple
queues.

Queue Management -

Controlling the length of packet queues by dropping packets when

necessary or appropriate.
(1) Assured Service
Assured Servicef 324t o4 & — 48 #H1+ H 5QoS » HBA R
non-real-time & & F #2 &,45] o Telnet ~ Web Browsing% - A% L E & &
B FEALATM #non-1t-VBR - X # RFC2597- Assured Forwarding PHB
Group#4 % % > Assured Service ™ & — % & 2 % 4 (Gold ) & 4& (Silver)
% 4% o M B AT4E A & SLISPH & 89 SLA ¥ # Assured Servicedn X £ 7 A&
EHEER > 2 F ok Best-effort] 5 A Bronze % & B #& A A7 3E 49
 Olympic Model ; —4 ~ 4% ~ AR £ & -
(2) Premium Service
Premium Serviceff 324t oy & — 4B N @ H M T 89QoS - AN
real-time & #& F 42 & 5] 4o Voice over IP ~ Streaming * Network control % -
W o BBEMATM 84CBR - Mm42ISPH & » P SRR AR A F 4
MERRBLERAL—HERILKTR G AEERE, K-
Premium Service # AR5 % 4& R & R #RFC2598- An Expedited
Forwarding PHB&#) £ £ N5 R LE A F @R AR THH
3¢ 4§ 24 B Bpeak bit rate 2 £) £ 48 L F 4514 - @K Resource
Allocation t Premium Service B4 & S ek /A » Bn "4#5 , ¥
R o

11



— AR ISP 2 4835 2% # b 324 Assured Service 22 & Premium

Servicei FHATHBRHFNA T FIEF ©
(1) 4tIngresss% i# 47 Multi-field Classification (MF)

Ingress3% 45 69 R ISP49 3% N #9Edgess & 55 > Edgee i S N84 A
YWk 0 3 B MATHE 2 dclassification R R R {4 A H £ B e
Ha#T7H - — BB T XAXRENHESN @ - Source IP
Address ~ Destination IP Address ~ Source Port » Destination Port ~ Protocol
F¥HOFHEANGEARES - HELHK - FMEPRESLAR E Z Profile
Bl 45 # 47 Policing ~ Marking ~ Shaping 22 & Scheduling > X ¥ 4,4 -Queue
Management ) #54F © 4o F & Afow -

Trusted Marking 1
Un-trusted
PP w Marking w

(2) Policing ~ Marking - Shaping
Policing &4 ¥ 47 £ Assured Service_t — #& & tA Token Bucket;# & %
REATSLAF RN Z > £ F 369 Burst3nfs E 3 A Bucket’RE - M
4 Premium Service + 8] & vALeaky Bucket# * » F# % B & £ 3 Burst
Traffic#y 5% &K ) o T 85 & )y Token Bucket #t, 2 Burst X/ \=(C+sT)
x bits ; Leaky Bucket #t, #Burst A /J= (B +rT) bits - # £ Bucket Model
Yo F Bl ATOT



Leaky Bucket

Capacity C tokens
(Capacity B = Cx bits) CLP bit set

av rate r = sx bps l

Token Bucket

Capacity B bits
Current level Packet discarded

Data flow smoothed
Dat trb
ata outrbps l but delayed

i Marking &) T-4F B & 45 ISPAT FA AT ¢ % & & & #Classification

B ERHE 0 REBDSCPEANEHAT » FRTXR

DSCP Queue
Premium Service 111000 Priority Queue (PQ)
Assured Service 10x000 Assured Queue (AQ)
Best-effort 00x000 Default Queue (DQ)

: % s=drop preference 1: high preference 0: Low preference

X
% 4 61,42 iBPolicing & Marking 2 1% & & #E Marking sy 4 R £ £ &8

13



Output Queue (PQ ~ AQ ~ DQ) » &1BOutput Queuei% H #output rate
b AR A8 F) > B gbig #) Traffic Shaping#y 2 & -

(3) Edges# #Cores# &9 Queue Managemeﬁt&Packet Scheduling

F % & fe Edgess 91 Coress & 493435 5 > & 1 €L A Queuefg

Queuei% ¥ (input rate > output rate) % Queuef 3% & K& A
T » B4 784 A Queue Managementi# #] R i f7drop3 & &9 4 - —4&
48 B 3B A ) # @.dropiE B 7k ARandom Early Detection (RED ) - RED
1% 3 DSCP & Queue s F 34 & & 4% U3k A random 7 K Rdrop#t &, 7 4o b
f 7% 7T i8¢ %, Queuetyoverflow i tail-drop (FFA MK E W H ARG HE
PifaAN—fdrop) R &k - MBATEBTATHAS —HEMEH XMHRED
—RED with in and out (RIO) » RIO#.1& & 4& 1\ d &9 input ¥ % $Loutput
% 5% & 34T — & REDIE E 7k — 4% ° & Queuedy FH R BN F —
Sk (1% threshold ) & » 3 R & # 4247 3 & 4% drop M & Queue & & 7
HE— R E =R (2™ threshold) 2 RieF > B # AQueuer &t
&% & #irandom#y E Fdrop | MAZEE K REF > ATA AR —#F
drop > v F B A7% > it B 3¢ éndropeh# £ fiQueuety BB £ — 4
Bl1% > 5 #b > ## Premium Serviced &  Priority Queue ¥ i R F 4T
RED/RIO > B A A Z ey APQF 93t & & 23 ¢y » % PQ#output
ratess 8 K ¥ input rate °

14



2nd Threshold 1st Threshold

Queue Full ! I
Drop Packets

THORFEANZHRY THEF ) —Queve 24 HLAEXR
&% Queue AT BAE F 9154858 o 4 AT Queue 4T & & Round-robin
X - mRALR B L Queue &K H Priority » Ff BA AT Weight Fair
Queueing (WFQ) » £& weight 4% Priority ¥ % #:4% 1% #f L &9 s R 4R L
18] o P LA — A& A WFQ M3 » weight : PQ>AQ (GQ>SQ) >DQ >
% éﬁ.%iﬁ%ﬁ-&#ﬁi%ﬁ? Traffic JRILH % A S B AFHE - B{EFE
E# R o 4247 —# Queue (PQ A& AQ) K % otk 5B % 4y weight
REAEHERITHVEAANPITHRR LT RHCERN TR R
TRNICEEFEFRAPAEARLOLRARELTHESTRY -
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% ISP 245 A& 33T SLA 2 4% > ISP 3L A4 H A P 945 £3%
KB EAGREHY - LEHUAFASLATHER - MikiTo b
AR Z PQ~ AQ (GQ~SQ)~DQ ¥ Queue & & * AQ (GQ~SQ) -
DQ % &5 RIO % > #4 WFQ ¥ 418 Queue & weight 2 # %X 853% &
1 (Resource Provisioning) e

## Diffserv » Edge 88 &3 5347 MF » 244 SLA> &
classification ~ policing ~ shaping b 7] LA & 4%k 3 profile $h47 » 12 &
#> Queue Length ~ RIO ~ Scheduling #42% & B 5 8 & $4T — & 85 Ml 14
REDBMEE S EAHHE BERBABFREZI R BETR
E o BEAFA SNMP % COPS R E S EBRHBHRELH H A
£ — &R 89 QoS B ix % » 134k 3E Internet & 3R ¥4 & SLA 453
¥ofpx PRGHEHN Core BB EM T PITLABEHEE
B & Core 3-8 S 4T89 % BA» F 2| th%& DSCP > Af A &5 prik
Core 3 85 % 6 3F 1L R B fTH - Queue Length ~ RIO #8493k E 2
BHREBEBRELE > BERE— AL SLALE - FHEFE -
WX AXTREASE
pf - provisioning factor used as the output rate of the queue, determined by

the corresponding class and maybe by the domain policy as well.
For example, pf can be set to

2.0 for PQ
1.5 for AQ
1.2 for DQ.

r(q) - inflated output rate of the three queues

Percentage of link capacity of queue ¢ =1(¢) / [ r(PQ) + r(AQ) + r(DQ) ],

where ¢ 1s either PQ or AQ or DQ

16



Diffserv 424 49 % — # < 4 Internet £ ¥ 4T#) QoS 3t B A
scalable é’J 224 - ML Intserv X B} ¢4 & Diffserv 4% 7 coarse-grain &)
end-to-end QOS » B A7 &% & % &K X & B 48 & 3% Diffserv > A7 L%
A B AR EB e O T A E ko fT § A Diffserv 145 282 324
%32 R > W IEME 2 best-effort # dump design (or you think it’s an
excellent design ) » Diffserv %2 4% & &t 4 MPLS-traffic engineering &5 %
7RI B 48 2549 QoS # ] & Ew T ¥ A {22 (robust) °

3.2 H—REEEB W E —IPv6

BATHE R 89 IP 1 2 % IPversion 4 (f§4#% % 1Pv4) - HEZ5E
B+ E EHBERZ G LREARAEBENMBREEARE S
I EBER  SRAZHF PEBRBERORELRAE - T —K
EREB G RARERAALSE 58 R T RN Y TR HFH
4i& I Internet ( All IP Network) - 4ok % % % £ ¢h @R E % 731
R 85 BEASE R 2 EREISE L ) R -32 48 Tt P 8% B X
puik 0 A 5 B SEACE 0 PIAE o St R 80 SRS P TR Y S
BELEOERT A GRS RAEBEE THHBE - RAALIRE
BIRH R % 134 IPv4 7 6948 B 1 2 © % 80k % LR R IR 4
#% % K o # — %2 IP(Internet Protocol) i & (5 #& IPv6 )iX 4k 4= th R 4%
Rk — AR -

@ B AR B 1968 £ Bk FF K 49 ARPANET @ § e mt 14
9% T 4 ARPANET # i — (B2 £ ) A% B AR MR T 1P #
oo MBZEHRA ARPANET ¢ @B # X a8 8% 18 > B it
11955 IP W3 e f it B B3R B 324270 > A F AT 8B /U A MAAR 4
8% HAR 24 Efx TR AR EMK - AMEF ARPANET B & WAk -
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IP M EH ERARARBORRBR G T X SEBEHAT R

TR AU EEERMLEZRE A ¥ s TS BI AR B

i#4% | (Classless InterDomain Routing » CIDR) & " 48 # 43 bt § 3% |

( Network Address Translation, NAT) % 45 > R¥BAw T :

(1) T 9k % %82 AR 3% M 8542 8 4% | (Classless InterDomain Routing >
CIDR) : 445 % & 4 1% 4 IP » #8(Classical)f bt B35 & — 1B %
# o CIDR &y RER4THE R A IP #] X 1bay 5% ClassA- B~C % »
B4 E PEl AT RMIER - Fldo  BREBLEELSE 1,000
BEMAETAHZER L 58 8EEEY BA Clrnk i
192.56.0.0 £ 192.56.3.0 - 3§ 7483538 F 3% X A 255.255.252.0
BPAiL b oY AT 22 fr FLAR A - A eRey 10 AR EMR - BEHR
F CIDR 5 =T SAR B A & Blrsk %38 BT ehf4e 0 22K
KRBIEHARAR LA IPVE B ak 6 E PR -

(2) #@3&f ht #4 3% ( Network Address Translation * NAT) © & & —##%
"5 TP i 4t (Private IP) | ##3% 5t 7T LA 4E Internet L4 A &g © >
# IP 4 sk (PublicIP) | #9##] - NAT B Ar{EF O E R0 B A &k
FERPGEEPAAMERT SMAZANIEREIHR S E
Private IP st » 2R 4% 42 P9 3F 4935 421 Internet /) 253% B £ 4% NAT
B8 B0 bR BEF B b ) & Public IP fak 48 g & IP fi it
o T ABRARENIF EMELS Internet 8§ FRT - N BAT R
RAFE BN AR Ban+oB#E RitFr s oEHHK
Al NAT e9# ] - 2K > NAT w8 £ &7k SLAR A ¥ » 558 > NAT
& 18 H25AR B AR B 1K > R NAT 5 78 #t#7 & 2R 4% Internet & IP
FH BT E3E > 2R K S B NAT &5 7T %40 G [P L343
B BRGSO LB s S IPBEER AR T &
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Security)& QoS(end-to-end quality of service) % #% | & K &L -

IPv6 % IETF % TR RS FE R R B Rey - IPVORET
IPv4 Bish Z & » A 34 IPV6 &9 B B 8t IPv4 48 S 46 - TPV A i a9 15
ESLA I T
(1) IPv4 & A4 X

IP % SA(IP Header) L35 A A& ~ AR AE ~ MBFHE ~ Ha k& »
WA SRS R BB - FEEN R - RERES S REL
nh~ Beyfunt® 0 BEAZIP EH o IPv4 RREME > 54 TEHA
o ARARALT

BRA (Version) : 425~ IP 4R &K ©

% 58 & & (IP Header Length) : IP Héader 8,45 B & 4y FoiE IR
ey o — AR H B4 £ KA A 20bytes > EIRI47 A
EERER -

PR R #& (Type of Service) * & R b3t &ML MA 2 H ©
# & & (Total Length) : 2R EIP HEAMKE - & RHR
(Header) & & #(Payload) > # #( {8 1A byte & £ 4 -

3% %] (Identification) : 27~ 4 &% 3% (Sequence Number)
Hik (Flag) - ARBFTHEAGWHRES -

& £ {2 # (Fragment Offset) : 2= W E R AR R & F ook
W E -

& (Time to Live) * 1273 AR AT LB HIEH -
# & (Protocol) : 127~ L — B i a4 4E 47 °

# §H# & 75 (Header Checksum) : 4277 R H X 4R EH -

R BALHE (Source Adress) © #& 5% IP & 44 #4 RIRALHE

B #94x ht (Destination Address) © 4257 IP F#44 B 6944k -
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= &35 (Option) - IPHF R #yE A -
" 44 RIFA% (Padding) ¢ sbAREfr A AL E IP £ 584 324
TLH R -
(2) IPv6 & 548 X,

IPv6 A ALK EE X IPV4 A REAFEE & (40Bytes) > &

e B BHARML o IPv6 AREKBM R > w TEAT £ FRFH
& 7% Rl AR 4 B 4 W BRI A > BP 2R IBAL bk (Source Address) 4 $2 B &)
{ir 3k (Destination Address) #4x » & B B4 &-45 16 BT éa (128
bits) > & IPv4 A8 M R 9 wa4s - bz b > IPvO A AR ER
%9 BABAAL o PRABALIR A BB E A F IR 5 I F R (Traffic
Class)## 4 & & #1742 32 (Flow Label )44 /A 18 % A AR A % B 3£ 4]
F 5 & # & & (Payload Length) i |42~ MG KA - EERIHE
k3 EE 5 F—4%& 88 (Next Header)# 4 ; k72 25 4] (Hop Limit)
¥4 48 & # 1Pv4 89 Time-to-Live 44 o

8 MR 89 3 M RS ITH A T -

G BRIF T 61848 IPv4 2 M4x ¢
. 4% 38 & /& (Header Length) : &7 IPv6 {43 Bl R AR E » &

FHREEZ-

" RE 7% A A& (Type of Service) : sbAfir 2k & & Traffic Class & {24

JE A8 ) ) AR AF ] o

. % %] (Identification) : dg# IPv6 2 % 3% 3% 25 ¥ 3% 2k (end-to-end)

SE o BMARBE B

. 9k (Flags) - Bl L o
. & £ 1 #% (Fragment Offset) © B} E -
. #* 884 & #5(Header Checksum) © 3t 3 4 /- 77 Bt (Media Access)



EHERPHKREER AEEZBEEARE Wb T D &R
REGEE -
HR o AZEAMREMEER -

»  E(Length): & IPv6 RBARAE R » [Pvaeh) T HEKE | A
irdg IPv6 & T3t & & ¥ & & (Payload Length) | ATERAX °

= i3 % (Protocol Type) : " & | AL E# 4 & & " T — &5 (Next
Header) ;> ARk IP 3 MesH LB - b BT RAY
UDP # & o TCP # & & K b » 75 7T 3% Ao & ¥ & 58 (Extension
Header) -

» 1775851 (Time To Live) © sbMifz 8 £ 5 " Bk 2 R %] (Hop
Limit) | SABEIE 8 S5 BB B R B B4 > By b &£ W EAT AR
B e

Bk 0 3 ho BT e 0 B I % 3% Bp #F(Real Time)AF 2 & K ¢

" WA % & (Traffic Class) °

. & #7423 (Flow Label) -

BAREGEBRAEA N MY MO BBHBEHRD T - i

sh > 3% 38 4 #](Option) & % £ 3bik 5 E » SIRAMAL X B2 &R

( Extention Header) R Btk B & M7 IPv6 % 580 8 & & (Transport

Layer) PDU 2 K] » B AT & E & T 7| 9 3&4F K 3R

* Hop-by-Hop % 1% % 3 : & £ % & Hop-by-Hop j& 2 945 5/ :E 4

» g #3i% 78 & 35 (Destination Option Header) : &4 &3t L& %& B &9
MREHEBETM

» 255 & 3 (Routing Header) : R4 & 438 &5 18 4F - Ko se & [Pv4
RRHBHERAEAAE -

» & % #f(Fragment Header) © & &34 B SR B 5 B R AT H
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AFAPVABEREH S HRAR Y -
* %35 % 58 (Authentication Header) : 3243 4 6, 8 A 3035 o
* i # %2 & $(Encapsulating Security Payload) : 324t % 21% % 2

A
e °

IPv4 & IPv6 Header

IPv6 Header

Sty s

- fieid’s name kept from IPv4 to IPvé S ERRG 7
- fields not kept in IPv6 “Des 1ation AddfCSS
- Nanie & position changed in IPv6
- New field in IPv6

aaau

IPv4 #1 IPv6 % 584 =,

IPv6 ey fak & B & 128470 » &~ H XA 16 BIAE N R—
BB B BROBMER 16 BAB X AT SERMAR T
B & » #4w : 3FFE:3600:0000:2F00:02AA:00FF:FE31:5A9C ; i &4
REBRTEEANEY TR 0 THALIPVO L at ey R vk 0 4w AT
#5416 % : 3FFE:3600:0:2F00:2AA:FF:FE31:5A9C & 2 £ B# %+ i
BHTE IR ATER > TiE—F EI IPv6 ity &k > 4o b
4517 3§46 % : 3FFE:3600::2F00:2AA:FF:FE31:5A9C -
® [PV6 fhk 4R 224

IPvo B BB ¥ ELBAE X3 T —HEAEA s REBEHMLa Sk

3%}
§8)



HAEATRASLSHK BRI #A ik ( Aggregatable Global Unicast
Address) » £ o R E#HE o T BT - G5k 3BT T aa
A 0 13484 us T Top-Level Aggregator Identification (TLA ID) | ~
13 184 7t &y T Sub-TLA Identification (Sub-TLA ID) | ~ 16 {84 7t &

" Next-Level Aggregator Identification (NLA ID) | ~ 16 /84 7t 89

I Site-Level Aggregator Identification (SLA ID) ;64 184 7. &4" Interface
ID,- TLARBEREBRBH{ B EFENNMLERG AL EREBAN
25 0 B4 B IR Internet 3EM A% 4 JANA R A3k - NLABH A K
A ISP > ©4# TLA R ¥4 rak > 3 A SLA & Arik - SLA 47T
#% B M P (Subscriber) > B A& — B #H & — 18/ % ISP - SLA &
FAHRNE AP B4 -SLA B ¥ & K37 P 4 B oy @ A ik 4 %,
BB AR SAME E L MAR T LA L B Tk R B L R &
T4 THREBRORERKAELEH -

Global Address Structure

RFC 2460: being obsoleted
'3 1 43 181 24 1 16 ! 64 bits !

“FREFTER 1D S #NLA ID+ SEA % Interface 1D

Reserved
New Format
13013 1 13 13 1161 16 | 64
[FP[TLA ID]sub-TLalRes|NLA SLA| 7 Interface ID |
| Public Topology lij;low | Interface Identifier |
' 43 16 | 64 |
FP = Format Prefix ( =001for globally aggregated unicast addresses)

TLA ID = Top-level aggregation identifier
NLA ID = Next-level aggregation identifier
SLA ID = Site-level aggregation identifier

IPv6 AL ht 5 & R 44



[Pv6 ek € £ T =48R! © 8 —3% 3% (UnicastfiL it ~ 42— 35 i

(Anycast)fr at ~ & % 253 1% (Multicast)fiL it -

(O E—#dfut : —H—ey @B/ ra THOZEEIE 5
Mefaht PR WEPASTH AR B EBLE —BEMuAREY
BE-—@l > HEARAERTEICRHIRIBEE AHe
G FREREHR OGP B HaHE o -

Q) fE—En - —HE—NBOBIMEHE > THE2ERI—E
fE—dE M ab o > B AT B D AR Z S BN &
H)— B o B 58 IPVO AT R M ak o fE— R R —Earnk
HBEFENE BFRAREHEBIH LB ant—as
FE-raey@B ik o AR O @UEFREKRGHRBHT—aF
sbALAEAY IR XM RA BN HOBRLBEaTHRAN— 648
BEM HRERORBFERGEOB GIHTHRE -

() FEEds i —HEAN DRI > EHERFXE-MES
TS A > BPATREEI S A aE AR ZAAE N E o
PELENBE M —FEB IR BTERFTERE N

- ABFHBIHE  EHC oMM EBaFTHE—RE - EF
R E % IPv6 B & €% % Broadcast # %] » PRIl % SE4& £ 4] K
PvophEPHEEEMEEANERL

R L TPVO 1) E 6935 3T » TE M T 7| B4
(1) & K B4 ht % P

[Pv4 {4 A 32 ML Lok » RHEAE A & 270 B R abAe ) £
WEABHARRBERIAREMARRNR  + 5 A% 26y
RAEBRR FRAABATIEZN—ARMESERAREBGERL
Rl PRI AL HEBABE R > B gk IPVO{E A 128 MBI 7T A LA E HF
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MR R ERM&HE 2T (32bits LA 128bits) - b
HESBBEATHE —BHME P Ak > FAUCKRRE PDARI 4 &
ECDMAE - FRETTHRAB A AR/ — £ =6 P frnk -
TR BEBERFEN T AR ETERELE -
Q) XAREBERRDHHF

IPvd R ARBERAREMZA EREFRELARRLBAH
Bl AR IPvA R XM ERF R ELHMA > @B EEX
R FMEE > BT 6 Internet 85 ¥ 5 A O ¥ BB AR
W ¥ REHBERBERFERZ2FH - BEN 20 F437° RS
HERERELLR FFHEREAEARELTREAZIRR &2
TR B AR — AR AR LA DR AR - AR [PvATT BB
48 4 35 22 2 1 & (IP Security » IPSec)itft 2217 » 2R %R FHE
LEMRIEI D AE > AENL PO ERF L EERET LY
fe WERBEABRANBHIBELZ2RELE N URBEARARER—
18§ &2t EAHXHH K o IPv6 4+ A Next Header ¥ &
Authentication Header & Encrypted Security Payload Header #1 1§ &9 &
HETRERNE  HAREA R R FTABHES éﬁﬁ&%ﬁﬁkﬁ%%'ﬂ‘
UEBEBRETH N -
Q) ey & R &1L

IPv6 #& 43 nk % Fol & A i & X &9 5 X #1 & Top Level Aggregator
Identifier ~ Next Level Aggregator Identifier - Site Level Aggregator
Identifier = & » & & & FRM P HRLE TR GBI > HETEY
ARFRANBETRTREGRERFIERHED - LI IPV6 T X
# anycast tyh e B KB O BB B R THEL - RE(REE
BABDEED)NER  ANEEDERREFRE A RS RAD



EHRRE -
(4) BB Fs o0 8 69473

IPv6 &9 & 38 F * 1% 9§ T Flow Label #4944 » =T v Multiple Protocol
Label Switch (MPLS)#4 £ #ir 48 824~ K ] 8 F 4 A # /& 8] R FF] 8 Flow
Label » TTHC A RRF & B EH ORKE - @R @R ETHERBETHR
BMZA HREHEESENERUANEHERAE R AMEE S
Wil AR ELRFEAAREE LR IPHORERSE LY
MR ARE - RKEERIPV6 £ RBAmARBLEY O THAER
(Traffic Class)¥2 & #} 7 4% 32 (Flow Label)#% & B 7 AR A 5% 8 4 5] 4 %1
S
() B HBRERITH MG A4

FHEHESHMNE T AN ETHREFTYENAR £
XEM > FHARBRAFEFTH  AMERNERER ETHARE
B E KRB B o BIb IPV6 b ek 3t EhuA X35 478 IP e 4] > 1L
FARXBTHEREL -

MEFTHIPRFI TS —BAERHUTE AR HRF
(Neighbor Discovery) i & $) & ht(Auto-configuration)# %] & f§ 1t4& A
FHIPrabeg3x € - IPVO BB L EMTASHIF PR FEBF %
7 o # #] A Extension Header #5 Destinetion Header ## Routing Header >
HEAE AT B AR T I8 B MBI R AT R AEAL ) AR T = A % & (triagle route)
&) FAR o

B % & sk (Auto-configuration)# #] .35 £k & B #hEL & (Stateful
Auto-configuration ) & & ik #& & #,%¢ & ( Stateless Auto-configuration ) »
" kB AEHEE £ IPv4 P o By AE X A B W3k (Dynamic Host

Configuration Protocol » DHCP) £33 7 X # IP{rut R A8 & &



% B8 &% E - —18 DHCP iR X #F —18 IP 4 aku(IP Pool) » £
#hds DHCP AR BT [P sk 6B A WARER S (ko :
Gateway B DNS{rsk ) st B H R E XM IPhb B Y -
IPvo 484K T IPva B A HEERP R EBADKE G A
& (Stateful Auto-configuration ) °
SREAHEE RTEREAHET > IPV6BIXA T — 4%
B K& #EE (Stateless Auto-configuration) #4 B & B iR
BHowTHRAT AR8KEEHETBE T EHE LS IPve
#h & » & % —18 Link-local IPv6 42 1k (IEEE €48 # 48-F MAC 4
hbdg 48 {2k B EUL-64 # X » BP 4% £ 435 A 69 48§ 89 MAC frnt
(48bits) F f v A OXFFFE s % 64 bits » 3% % * 44 6y A nk 5
«—4%&#&;2&%%{5:&%— (Neighbor Discovery) #53% K > MABR¥fr ht
B — o WRFRAAFHEDE > MAAEIHRERRENEE
AIEIBE MR- TR EREER—EHEBE LW
@ D & — B B AR BB E ik - RIE 0 At
BARBRALEE  EREORBBETAAR G R SRR E—ERESL
%8 # 3K (Router Solicitation) #4 & B4z @.i%«fi ' BB BU—
Baes—EBTReLREBB XL CHMEEL LGB
HENLEERLHFR ERACHBE D BSHHGL BN B Hh
+ B @& Interface ID> B $95¢ & IPv6 ik » 2544 3 7T BA$L Internet
FTHECERERT - HAAREAHERE 8T+ TRKE
P BB TAAA EMG PN - fldo > XK ERTEE
Internet #4 ISP 8% > & ¢ 37 ISP RAF 2| — M9 TT RA 2L G
# o ISPl EMa EHR UHBR B EEEIOERGS L -
HRLCEBERBB AP RIEE T AA EH 5%
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BeBod BLSEEBETHA IRLB BB G B NL KT
MO B LR CMNR T HELNG PR LR S ey IP
Arhk o {4 E A B F > 4 Re-numbering IP 43 1t B5 A 1B A 84 7
BrmEE -

Stateless Auto-configuration

- EHREHIPVOIH T

— X # 3% # Router Solicitation 3 % % & £ i£ # Router
Advertisement

— I # BRIPv6 Prefix

. HostIP B

| information
. configured

. dynamically

IPv6 Stateless Auto-configuration

6) HaABRERAHKE
IPv6 fiAL/B % IPv4 & & SA2% 3t » R IP b 4 B R &4 32 f 7T

hkmiE s b 128 ERRAREEARRBLERERE  BA
IPv6 a5 " TREMBAI; S, £ "IPIE | Ghh Rk R b B
S8R o Rt 2 I TF ) BE IR 4 & 45 (Checksum) 3E & T 48 4§ BB A4
HE At SHETREASE SR BARABILFS 2R
EHOAERHEERALE -
(7) =T #& 7%

MR T R IPv4 oT S 4R ML 4R 580 90 IPV6 353t AT F — & 8(Next
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Header) | 895 X AR A FHTHR AN - ERETUNEB TF—-%
55 (Next Header) | #9 5 X BT E XA T T T —BARRAHN T AFHE
B KA UOS EAE R B T 0 £ 8 IPv6 THAMR BTN T K
f5] > ARG IPVOE R E S M B AL -

B AT & B % S48 RN IPVE AT FH RS - ZABEIE
AMBRAE  BREARAKREZLE LHEHREERETRIAL
A AP A HE ISP &3 2001 £ B4t 4t 35 B 2 IPve & A ARAR » F
BAMTALEE AW G KEZECCEAFRENEREK
BRI ERMEES N &35 IPv6 » EREKBEATH A 4T AL IPve T4
48 (EC IPv6 Task Force) » HEHbE %) IPvo X2 R EH -
SRR V6 R EBRROAR > BAKHSHFLARRREER
HAME - IPV6 AR NEA 5 KAtk & - A8 e 2001 £
7 A $#24% HiNet IPv6 X A J % > 3 4 TANet R B Z LA K R A%
(NBEN)7r 4% 2 2 & IPv6 48 B 245 R At L @ > MM

FTWAREN 483 , 4 RETF &5 [PVvo AL E ©

BATRAZANIPVO ZMEe AR B A At £ 7 FHBAF IPvo
fraki % B ER o EREEAEF A B R E T 2000 F 3L
IPv6 Council * & % 485452 /73 8 IPv6 Z B 3R » AT & 7L 2005 % 8
KigiE R 4% g IPv4 Bk IPV6 49 B 42> B K E4A 80 1% B A 24
RBEE - hBAAURAB APV E ¥ dbehte s B NITH
Hitachi & 47515 IPv6 #& B 4 > AP 5 ISP R ERMFEFHA
# & NTT Communications & IIJ & % & % /i & % A IPv6 ARFs

% T 3% A [Pv6-cver-IPv4 Tunnel % &, 4 » NTT Communications & I1J
7R 4242 Native IPv6 i 42 » B sh 32 4t [Pv4-IPVO6 translator » £ [Pv4 £
TS IPVE B c ENBBH S BAMRNERA L 0 IPvO



ADSL L@@ 7RPrifded - ENAERAMBE I @ nEF EL£ WWW -
DNS ~ FTP & TELNET % % A3 B » NTT % # [Pv6 Forum €34 ¥ &
s~ E TV conference & Music Distribution with IPSec % =4 £ * JE ¥ 9% 3]
Ao BARENE T 1999 £ A B L% & F &5 KDDI Otemachi 2 31 IPv6
TP NSPIXP6 » BRAT LA AZB -+ R R ISPsBE L > &
R & Key IPv6IX 2 — -

LHEBRATE > BRANF+5MEIPVE ZHER > RERLBRKFE
(6Bone-KR) % Korea IPv6 Forum pA4% i# IPv6 2 % & » 3t B & & 6NGIX
IPv6 ¥ X T o BATZRMERN A A = KIRIF IPv6frht &L F
EROBRE CHAERISPRERARSE - B4 #5232 IPv6
R RAT RAPNBSBRFAER KBS B FRARR
FEEHEHRE RS  c REERBFL#F 8K AH4 2006 £ 2010
# 15 0 IPv6 M IRAB & B B AL IPv4 4838 > 2011 £ TR BB L HE
IPv6 bz & '

B A& 1994 £ B4 T 4017 IPV6 T 5 8 25 69 R TAE - Andi 84
BRE O EwFEBRALEGIPV6 E—1 > REBMLART  —HE
2001 F A4 » BAE IPvO BBIRM4H T ERAER - KR4 2000 4
ARHELIISPESNER AKRNICRE KISP¥ZA¥ AT o
#2000 4 9 Rie AR S A HAE > 46y IPv6 B A &b 24
B2 138 LaNE&ERISPeyigikR ZEARH THET —
K IPv6 & ¥ eyA M » %% LG # B K Hitachi & B # & AR FH @
% #5 ~ Opicom A £ F i &9 4838 M8 5 ~ 12Soft 45 & &4 [Pv6 438 sk ¥

PEAMEGHEARZE B > —A&RE IPv6 8L ¥ Bl KMk 6 43 49
BERAFEIMG Az T PREIPvo M - IVOEFEMAE -



PERARHPARGERAEL@AD(BAERNEABE BHRES)
REFRABEYE  AERIPVORAZRNZIE - TEAMRSE 1998
FBP R4S R B A S [PVe> B AT A 3 % 84T ¥ ) AR 8058 B AT 52 R 49
B RS E 0 A 2001 £ 8 AEITET B KL IPV6 A4k 4 S5k
o FFERMBRAR IPV6 ARG TR KBNS AEH £
_E,'@ °

TEARLASR T & RRAZHFH K@% CERNET & %
RELEAMZ IPVO 8% » RALMRTF L7 IPVOHRTER > BATH
EFF—EIPVOMAERK - IPv6 £ PR AMMERE  AOHFER
A BHEBHRARRMSOAF - REESHRAER  BHE
F5 A IPVE A & - '

ML EREBR T EALEARAE AR ASBERE S LB A [PV6
MBEREBABE  REEZNERBAALRLERGHE [PVAat R 24
PR EALBNESRERBCEEE IPVOMART KRB ES
LR R ARB IPVOIAE > ERAEBBBEFINAREY
ERABE RMAEGEE RS REREELRELT £ £
ARLBEBAE  EREREBBSEZLBE I EEESHL
PPEAB) B BIRFEBIRE N - RBEFERARBB S FEHMERRY
28 3R A AR 0L R F TPV6 SR A ™ A5 TR0 R B B 3R 6 4 2 3
3+ % ESnet (research institute under the US Department of Energy) &
DREN (experimental network of DoD)+ %R 4% IPv6 1} & 3] B2 % o

BB AR BREFERIGHRZEHE  RFEFIEANIPVE 25
B ERZFHAMIL EurobIX 38| BB —LA&EMNERLER
¥& ISP REBMB AL RO HRGO AR =FEHtE - HY
REREDRMNEEWEREE R IPv6 % T4 P oi 2 Native
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IPvo 3% » R RA A EHAER IR -

A Shek B % B ¢ (EU Commission) & E X HREBHA R ER
18 F 3% N IPv6 0 2001 4 £ 4% 3 IPv6 T4k /) 48 (IPv6 Task Force) » 2 &k
& 32 E 2005 AT A8 IPVO £ R B B - B AT&R ML E IPv6 B v 5
HeAR;E LA 3B FEAREITE - BAFMRGEMALS 100
18 > 484383k 1.56 (R ¥ 0.85 & i ek B & B € #4) - 2002
Fpr g th & " eEurope2005 ; RA% IPV6 g4 8h 5 B £ 2 -

MABRA S @ TEREE B RBE AR RN 48 (NICD)
i TIPve gy T e 0 ¥4 E T B -HIRETRANE
Fitai® IPVO B EZRAEXRAFRTE - IPvo B T/ a
B rmraeBEsEmt o EX R T 52 IPv6R3E » B IPv6
SR IRFS ~ BUT R B A S5 - B IE A ¥R EBUR MM R EE
MAGHE o B AT AT 20 R BB E & ISP B v N > 645
HiNet~ Z5/e ~ 2@~ %3~ KM K4~ RAKE - L% - sbsh>
THRRELEETIPVO AR R ESLEBRERIHEL AT B FEL
T4 38 7 807 2 X 3% IPv6- 94 £ E 2 & 5% B P IPv4 fo [Pv6 4
a0 05 EERRAAZEY IPV6 BIRHKBEF O » 96 FERT A&
Fir 7 ISP B &35 48 3& #1058 £ LA X 3% IPVO ©

EERTRBEERNE -ERRAZFE=ZARIPVOHERR - A
2 8] 7 2000 4 2 A &) APNIC 9 3% 5 4F £ B % — 18 [Pv6 % FA 4 bk 2
% F14% 10 A TWNIC 75 85 TANet % 3% %] % =18 [Pv6 fr bk 5 & -
B A7 TANet 5% B2 IPv6 Address Block 2001 : 288 : : 32 AL E T2 &
FHTAiRZ [PvO R - AWBBAE @ [SPH@m > FEERERT
% 3% 2| 7 A IPv6 fir st » [Pv6 Address Block % 2001 : 238 © /32 i
§ 2002 4 7 A AR 4L A IRAS 0 ARFSIE B &% IPV6 Native Service



IPv6 Tunnel Service & IPv6 TWIX Service ¥ = 4% -

2HRE PV X HRSBNARRLINE  ORHAFERS
IPv6 %t BFAE R EASAMARTEF 0 AR IPvo Am@R T &
Bl A BAEFF AR 1997 £ R4 IPVO BIRF &R - TREARAR
TR EIPV6RRA T4 - ARBE AL B FRFHARRIPVO
X% @% 6Bone » £ 1999 £ 2 ARERAHAREHEE Bone X £ #
[E 3% 3 (Backbone Site) * Bt R&H+ 5 A FHERSETERR R
£ B IPv6 48 B g9 935 BE 138 5 B SR 2 IR F (6Bone) - B
HEEAMEMELOREEE IPVEEEARTHRE  AHBHARAR
IPv6 48 B HF 2 & 5 2 BB Mg 5 2 3 Bl A A et 31k
Brx 797 IPve @es A uz s % Pv6 B & T3t R RER
IPv6 % & BT 6 4218 [Pv6 X & &tk -

B8 IPV6 89 AK S48 A — 185 R] > K3 [Pve X — B ey RATA
%2 —fE R {2k — k¥ % e 8 0 44 & Cisco~ Nokia~Ericsson »
Sony ~ HP ~ NEC ~ NTT - British Telecom ~ Matsushita ~ Microsoft %
BETOBAREOANRES W IPVO I RESERMME
Sz b REAKE IPv6 @B RMMHBRARE AR AL KT
oy FHs > A —FERT BT A S 84T -

IPV6 R AR A T EMAMmTA e PaniE FXL
IPv6 855 B E % 414 IPv4 th — Sb o 5 i 5 Ao A 2L - 440 4B 8
Header &% ~ R X R 2MH % > KRB &3 IPv6 K% &) RAH
#3464 IP Address Auto-configuration #4514 > IPv6 R 445 $ &) ®E
4539 iR BRAE 483 TP 4t > @ R % % Foreign Agent &) ##( »
Auto-configuration 44X, % T Bp#% 87 A (Plug-and-Play) #)#888& 577
X o AEFTERS - A Hmai c EREFEFRIPATE 9
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REfRE Al &1 E R L 38 518 R AR4E F M RIE -
RTRETH  HEACTREERFBRL > LR Aol

FIPV6 - BATAR DA KR EARAA S RHEL PV EE L
o {7 3% & IPv6 & i 42 & A #2 K (Killer Application) » 1 43 IPv6 435 &
FliE 8RR EAN— ARA - T8 Hi48{5 58 2RI IPv6 ¢9:E
ARERBRHEEETHR PGB B ELATH EETRKAR
BLERAEmE ZAKR - A0S ASHMEN - EE - BRER
BBEY GORBHR BB A THAS IPV6 B R MEE © 3
BAAT RS  2AEA ) [PvA s RRSRARHRR - Bk £
KL IPVOEREHLE > AE—RAAPVOHBRIEF—EELER
WERA ARREKMN  REAZEN  TLRBEBFACRS BH
BRBEENE St ERHFIPVOZER - RABYE T
[Pvo Rz =4 AX AN LECEEA - HES - G ELH
BB ze REHARERASFREIT ZE/MITTooie - 4
BBRAAGEHEERGERAOZRRAE BB HYE RFAHGHET —
KA E ERFRIREE XA SRR £l S —
ey M o R HiNet @5 IPVO 47 85 4 8 8 & 38 K fo 42 % 449
PR bR T Ao b AL BT E - F — MR F W RmR At R
BREAT—RAGEBA KT -

3.2 MPLS

MPLS B # AR Z MBBERS » T — K IPHRF
#%EBRHER > & [ETF (Internet Engineering Task Force >
wrEan i g m) ikt 0 H4% & Cisco ~ Juniper »
ASCEND -~ 3Com ~ Nortel % 435 3% 5 A B AF £ & o

MPLS Z # A& 8 % IP Over ATM # 4y » 4£ Frame Relay
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B ATM Switch E &4 8B d i HoOBZBEREBRMEE R
B OSIE-—RB(EHMLER)PITRBAIB(RRE=R(H
%) #%E X routing)r XA TIPERKEAFE —_BHKIH
MEBE— A% BRETUARAEREREHOELBERHE
% ey overhead M AR > AR OB BRFRMARE £8
S 5BRBREGEE HoEBiEnoikE - Bk MPLS &K
HEHeasTuETHABEN AR EA  EAREIKRK
(Label Switching) » % B HER FTE2HHEK » BABRER
EofiMmEx MPLS A KREHREARMEMEIPHE—ERK
B bk B H Qe BEURERRA & MPLS e R ey sk o 5 > 0§34
GBI EBREN  EERISOEE  SARREEHCY Pt
U EAEE (EREBREERemE)  #A¥Eeyita T2 Frame
Relay + ATM 3, SONET ¢ #5486 b - RRHH OB R ELTS
BhE o EmMRIHOHER -

B AT —#& A% Tier 1 ISP 8% (4o @ AT&T ~ QWest ~ Level 3 »
Worldcom %) £#c ¥ £ =% Rey MPLS £ A :

(1) ## 42 (Traffic Engineering)
(2) A% (CoS)
(3) B @ (VPN)

(1) A T4 (Traffic Engineering)

WA LA A3 ISP B A B L IGP pr i ey s 82 - 3
HRBEIES T RRBEYBE dnE R A RO T RER
ohu o ot TP B 60T BASME o LR RS UL T 5 60 B F AR A
# 7 » B 4t Traffic Engineering & & % % & #) MPLS AR o H
Traffic Engineering #% % % % » 5T & 498% F A A 4236 44 38 T4 A 3
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e EHAHFAEB T UBERGE - LB FMI AHKB
BERABEER - ot BT RSEBEELER > BTRER ST
FAHA (3o VoIP) &9 AR - MPLS 3k % 18 610 A K & ISP 4824 64315 T 42
At £REAN MPLSTE fu3r @ E A B 45 TARFS 4L /8 1 4835 F &4
#5 % LSP 342 3t B 4H#48 — LSP #4743 » HERHANEBALR
S TREY DB EBAERFTHERARHERRERELRE

A 5 R4 & (Constraint based Routing) 8] 324t 3 % sub-optimal
A PEhAe > Rk AR I LSP2 AT > TAHEZHEL G B O

J& Traffic Engineer ¥ @ E B b E B P 2 R EHE B A
4o SAF 431808 MPLS B R 5 AR R oh AE & AL T8 6 R I
HARAT Y BI R

(a) Bk % LSP#) MPLS : Jh38 £ 3 & 1458 IGP &t -
(convergence) it - LSPHRMEMER G H K - A AN
(head-end) B a8 (54 > SUB IR 3L — 458 18 AL 8 55 4 $7 5
& £ Ed SRR R IGP E AR R4 E iR
SE8AM - s REHMH T AL S LSP s 24— 5% KR
BRXTAAETRESGHABE - wib— R > & £ 5 LSP #&a
ingress/head-end =T 3 Bp #4305 & i«%ii}‘i% LSP b » 546 7 ik o 1 26
ROAFEBRERENAINBE BALSEREBBTHAAL
B %4 IR RS R E B K e — TR A 1S 3
# Ingress HE5 ML E LSPAr & A 693 B5 M - 7T £ IR I M
}?\ °

)E’W\T

(b) #ik €% & (FastReroute) " Hif £3%-d5 (FastiReroute > %k %
2L ) B EE huik &9 LSP L MEAE B T AME 45 48 MU ISEAE B 05 P
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( <50ms > sub-second) ° ¥7 % & SONET APS i kR R EFH]
L& VoIP iE #A ¥ B R #9 e Al f & > Fast Reroute & @12 #): 84 -

(¢) MPLS LSP Link/Node Protection : MPLS LSP Link/Node Protection
R — AR XA R RIS § 4 LSP AT B35 -
Link Protection # #1477 A #3J £## LSP #7 & #IT# 8RR * F
B # fast reroute 2 4532 44t — ¥ — #) LSP 4% 3 - Link /Node Protection
R %1% A — # %45 4518 (logical bypass) LSP 1€ 7T F] &p 4% & % # LSP -
B 4t » Link/Node Protection ¥ %4 #% % 8 Bh32 4% £ AR 60tk £3% -
BT SRR BRI » 8 SR AR (R A8 2 MPLS
W XM B WA R R -

(d) LSPPreemption : RSVP-TE # ey A P AT k#1569 LSP R %
3% LSP preemp';ibn B R aEEI LSPZAD ABETREHARL R
Soft-preemption & 3.4 preemption # #| &) 2 4¥ 3 e CeERABR
preempted LSP Z 37 % 3 22 37 #78848 » 4o $b 7T %4 A preempted LSP
H AR K -

(2) mas#wEA (CoS)

BRH % & TR A MPLS Ri¢ i 2 4B (DiffServ) - DiffServ
BAEASBETHAFEE S AR ERAS AR B3] - do sblf T B A
PREREL AT RS NEEARAROERAFTRA
—HI BT AAREHLEERR N EEEA - ABRREF ELK ISP
%%‘KE’%?%%FH WM (TE) B #E F4E A M5 BEuR
#E %2 QoS> BHANBIEZLZHmAE—FER (macro) & QoS>
# DiffServ 8] & & —#44#1 (micro) # QoS - A T M S XTH
R % 4% A7 MPLS # CoS s 4t :
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(a) E-LSP: T #4818 % — 44 & LSP ¢4 % A 3E4 (queue) » 1@
4§ MPLS # 88 ¥ % precedence bits #53% & » £ % — LSR 2 # 5 v @
AR E WA -

(b) L-LSP : ISP 7T £ {844 LSR 2 &L & % 4% LSP > f 4 — LSP
“T#] A Traffic Engineering £ » RITAL R Fl 69 2 5 B 98 AR - 58
#% LSR T #% 34 St A iw A — 4% LSP F ~ 3§ & 5 4% So M & 3B Ao
N7 — 1% LSP ~ ## best-effort 35w A E =4% LSP » # 4%
less-than-best-effort &4 % v A F w4 LSP -

(3) E#rE 4% (VPN)

ISP ¥HwRrAEPRETHS VPNRE BEZLAEHEENR
e R 3 B4 VPN ¥4 JE455 — & —#) (non-unique) . IP 4
Bto MPLS T i B B A MG AR LM HATCARBEE PET
HEAE > MIFH L RFAYE i 0 REHEERE -

{a) Layer 3 VPN

Layer 3 VPN # 4% RFC 2547bis 1% % > - REXRT TEHE
BEEE R P F#H R VPN R ey # 4] - Layer 3VPN R g3 %
HABE A NN EAER CRASARRRETZEBLE - Layer
3VPN &4/ A 3 & A A B B35 £ 5 378 &9 0 % Internet F ¥R 248
% # - RFC 2547bis VPN 4.#% & BGP/MPLS VPN » B % BGP & &
LWBEEZ FH T it VPN % & §30 @ MPLS 8] & #4% VPN 31
i FHEiE R E VPN3E S o B gk $A7 7T 5088 5§ 3 VPN 37
W34 o MP-BGP TRE TR HEM T/ REBEAIELETH T
PR W a M 6) PE - B LB mss § TP 4F40 VPN 038356 - B A
VPN £ 4% 4% Bt -TEEE A N H KA K fat 0 40 RFC 1918 #7
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o ko BE P ERE A AE ARG EAREREE IR AR
S 3y bR T BE G IR S AL BB AE P H AT AL A Ak B AL S
MPLS/BGP VPN ﬂ'?ﬁiﬁ:ﬁ%iﬁkb-—?ﬁ% BT AERBE-BENEX
- frht ey & ATH 0 Ao VPN # 504235 (identifier) » B MEXL T —
{834 E VPN 4 /0% Internet ¥ 28 2% — & —#h4rak - sboh > &
— VPN 3154 8 6 VPN e & o £ 91 R34 9L VPN A
#h 8% d T o
(b) Layer 2 VPN

f¥d %P3 E Layer 2 VPN ¢ 7 i%  FE X BMPMER ATM &
Frame Relay % Layer 2 34 R 3f F VPN- Ri@# & & ¢ é’J Layer 2 VPN
S Layer 2 B X B AHERBEERBET - MPLS & - X Fo e 274
A RAE B T HAORE & A AR E Layer 246X > & R
&7 43 3 S S 2% F &4 K B & Layer 2 # X, - MPLS Layer 2 VPN
Wy ge 2 M Ao [E B M o 32 ATM %, Frame Relay VPN A7 & ik sy 45 1L 9F %
;i e

4 Layer2 VPN @3 ¢ i X p i B ¥R 5P 3% (CE)
B % R$ATHE o £ Layer 2 VPN F > i PR B H E%
CE% & B4 AREE A & M0 R AR MRBR/EHEL

(PE) B BAKEI AL > BALBEBE I HUR 66 PE

BhE PEREEAEELEES B GRS RELERT— 18
B E T o sk 30 F Layer2 VPN » P Fi T A8 B U
& A $ A Layer 3 3% - M ARFAEE# R F 4038 Layer 2 VPN F &
BHEHEAS Y BB EENB S A FARA Layer2VPN I+ @
BEEEP LB ERSE PEBGEAMRTHBREATFAAL
VPN 3z # - 4 F Layer 2 MPLS VPN 94F R &.4% -
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¢ @B EFTE A E —% Layer 2 354 2324 Layer 2 VPN s o ¥
#THI A RA & IP Fo MPLS F #4825 R $2 4% Layer 2 VPN iRofs -

® THAPERGE B3 EA Layer 21 £ 2 9b » B TH#HAITEHE

Layer 2 ifh & -

FEATEHNEARAERZIEEIENGE S > TRICREGT

€ Layer2 VPN # JE Layer 3 VPN 492 -

L 4

() Carrier-of-Carrier fv Interprovider & VPN
Carrier-of-Carrier VPN & —#8:8 /8 & £42 8¢9 VPN TAEHFAH
WK A B AL R PR B SRR LR AR RAS ) BT
8 %44 IP o MPLS VPN Jb5 413 % % 60 2 4 -4 A Layer 2 VPN
TP AR e R - carrier-of-carriers VPN #% B4 F #1451+ :
B & —{x interprovider %, carrier-of-carriers VPN #4 & f s> B 55 $5
PR NAEINLA PR BHTRE - |
W AR SELARME VINBREMERG PERES T -
B RABFOBEE mEVENRBREROGEE AR
BN P 2o - |
—fxmE >  VPNBR P HE—BRHEEEHFTELLBHE P
HLBTOHNRG  EAPERGERIETAHNTRE -

MELS 24 Layer 3 Protocol #9% M 2 Layer 2 Protocol 4 Switching
BB AR R L EEBEMEE - MPLS £4 7 IP 82 ATM 8948 % » T
RALBALARMOWBEE  FRENAHE T  BAE% B
AT —REBER > SPRBARATFF - [ETF B aTEL£ HH

GMPLS(Generalized MPLS) # 3% %, £ /7 © S8R R s B% d e
BRARALEROAR (L) RET ABBAHE HAY9E -
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#. FESHAR

=1}

8

Sk £ B 2478 B AT AR % A HiNet £ 245 Al 492 g2 B 7
Cisco & Juniper .47 45 B 1 SR&DE [ & 15 i 4+ 4 T — K S @5
R RS TUERAN A ERR A KB F BRERER B
MEM TN i T2 10GHZI0GH E & - 2R > BRI E
EHELEENAREE  KHINet& # T —REABREK G TR
EABATRAIRBMREUSRERE? GBRRFHFLT AL S
AALHMBEBEE? BACREMENABARPIRELBHAR
R 7 08 A B s M B AR TS R F R e TR
% He A1 FI 5 3 69 AT LB B SR AT R0 MBS R B F AR B AT P
BT A WSRO A A o B ok 0 B R RUCR M S 0 B

BB AT BRI BB Ao Ak R T RSB A 8 BT A P R
R AEMIIAGERABAGTHES  FTRNDFERRRE
I A B % e AU ) B P 3 B AR AR A AR A -
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