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2 ALCATEL 7470 MSP ATM 3 344 ffi /-

ALCATEL 7470 MSP # —ZEftBAILEBZEL RS HRF
(Muti-Services) 5 A8 89 ATM T4k 218 2 T AR BEM B 9B L R3K
B AEEA16GBIS,REBENRKLZSL, RRBEETE 128G
Bit/s R HETH T FHRK -

7470 MSP 4T # 2 A & & A 435 4 X ¥ (core) i fa R XL H#
(edge)ix i

2.1 &
T4 T1, E1, T3, E3, OC3, STM-1, OC-12 $2 STM =z F#i& &,

R4t 5 HERES

2.2 %%

AEBRGERETHRN G

<ell relay
frame relay
N-ISDN

-#.4(T1, E1, 56 Kb/s 3 53K b/s)
o5 3L

vo B

P %
23 X3

« B 3 &, £ 4 3 45 (Permanent Virtual Connection, PVC)E 2 & >

% 3% X, JE #% 3 45 (Switched Virtual Connection, SVC){Z 3538 »

Soft-PVC & & F 348 » K (failure)sf g EMFIK o

24 ABEE
7470 MSP X &Mkt ATM forum(d — 248 A & -~ RFFHRAE
&~ B £ R AR 69 AR B )AL RS 4.0 JR(TMA), 86 # AR
BEREERIENZA -
XA 6, 3E J i 638 4 A3 % #](Connection Admussion Control,
CAC), A P+ EROMGE L E FLHAHATER
BRFAMAPECRILGRE -
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2.5

BRETERER TMA, RHEBBBTEERIEH OE R £ EIE 4
(Usage Parameter Control , UPC)3% 4 & 4% Fo A5 A KL o #E -

B SMART(Scalable, Multi-priority Allocation of Resources and Traffic)
AL o LB T IR AE M KA B0, SMART #1218 A HH 15 R
¥ 649 AR F &b ' (QoS) -

T R

BRF% & & (Quality of Service, QoS):& % = AHMRAEE EL %
BERERT -PSIN RENELKEES TR FLERME T - 28
4% 8 (Delay variations) ¥ H & X HFE T L HHEIR - Kf > BFH
HATM @R GRFHELE R TLER - ATM 83545 QoS L H R e
7 % % (Cell Loss Ratio, CLR) » 4= j 3£ #£ (Cell Transfer Delay, CTD) »
¢m i 3¢ £ § 8 (Cell Delay Variation , CDV)

%k (data) 1% i & R T A 2 3F #& 45 (error-tolerant) > 1% 8 i &
(transmission protocal)s& 284 A 38 & &9 %) 3R 45 3% %] (forward error
control, FEC) R 5 #3745 « H 4t QoS £ H B R & TH Xy RBE
EE o4 B8 3R £ (channel errors)# RELR 0 oL BRI T
BERZHG  EREEPITEFERGZARNKY -

3£ 12 (delays) £ 3£ 12 4 $p(delay variations) » #%& A R4 & QoS 35
{23k (indicators)- X B € HER BB HMAZB TR RO IRLER
MEPRAEEALEHBATHMHUYE  ERARBEBIEE
REZH AHOAIREBAREHY - AALEE—HENLER
RRITEE ~ HOLRBRGEEANEP > ERRE LAN &
FEh o EWAN st ¥ st BT R R A H &R M - M AR
Bmirsliag L g LYEE -
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% 2.1 Dafferent Services Together with the QoS Parameters that Characterize Them

Services OoS Parameters
Voice-Sensitive to delays ; can withstand random bt Low cell delay variations
and

Errors, but not many long error bursts; fixed bandwidth for low cell loss ratios

Constant-bit-rate-encoded audio, bandwidth can vary for
Variable-bit-rate coder outputs.

Interactive video as part of multimecha services-Sensitive to Low cell delay
variations and

Delays;can stand some random errors, but not long error low cell loss ratios
burst; bandwidth can be fixed or variable depending on the

coding used.

Interactive data as part of multimedia services- Variable A reasonable amount of delays

Bandwidth; can stand delays or delay variations. but no or cell delay vanations, but

errors at all. no cell loss

Variable data transfer(as 1n file transfers)-Can stand delays Delays and cell dealy vana-

And cell delay variations, but no erros at all. tions, but no errors at all
26 EEXESH

%X fit (Performance) % 32 ~ Z R #r #| 81 & R & & & KX (resource
allocation schemes) % 48 Bf] i& #9 3588 - & # 3% /R (input sources) i 4543
BEAREFERALZE - BHF RN EBNEREHENEE
o B A X — AR A D B RAR8 4 T &9 PCRs (Peak Cell Rate)
2 SCR(Sustainable Cell Rate) R R ¢ EE - T LKA ek
MR ABF R EBRAMMEMALS BB - BATHERBRAER—
BRI NN BEERAGKRERET ] EARBIBRBEEY
AIRT > AREGNSET—ERSAHEELRETUE - Af > @B
AZEERTUR—EFERES BRAZSF KT KA L LESTH
#!(policing mechanism) ° 4] 4e & VC(Virtual Circuit)i# R 57 2t 4
FOE CEREBRARRRAEHERAD AR EERL - AL
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BEFERBBEBALILEEH VC-

ERBAARETURBEAXGEX - FERBHN RS LE
EEECHERL  FARERRAEFFAMKY - HEREE > ABME
BFEE LRI B ARMREL TR - fliv THEBERR
CERHORESR—BRSERE 4 SHARLTH LR
TR HREEIXEEARKAMNE  HEBETRAFNARZE
HE -

Mgy HN ATM IR EEZEHAREYE ' AY
(PREVENTIVE)#= #| 47 &) B (REACTIVE)dZ #] - A by A= 3% A & &
S IEHR(CAC)H K FufE A 4 $4% #](usage parameter control, UPC)
HHEARTAERRHMEEEE - ENDEAZEH R GERERR
B BAT K B (o T34 4 & (buffer)it A & » -F344238(Link)iE 1 A
& » 3 & & 1% (retransmission)  » # ¥ F & (trunks)-F 34 % F(queue)
BE)A B ERB MR AEHOE RS - FEEF AT HE
THRERARRERD » LHEGIEFBETME EEMF I RANE
BlB@HR -

g%
B 7 Internet &) B Ae i ¥ @ (Intranet)t) A 2 0 M EHE
¥ & (data)E gn1E B B HEBARU BN E > Bt AR IR

HFEEHEGHOEBEE URBEPFPERRELRREZTREAR
o RARHBRAFREL BEPEEAGFE  HEAAFTRLE
B - BRHRHELE(QoS)LEAERMLA FIEFE  BEHATM A
TRAZHER - HA ATM AFH AR ERMFAINLOEXERUAZE
BREB TR ARBEERA -



3 IP/ATM #8832 QoS % & E 45

3.1

3.2

AE

et R E ¥ Cisco 2 3] A 3 8| & IP-MPLS 9@ & %2 QoS 3
fE > @ Alcatel 2~ 3) JR4%2 8 ATM s A MPLS sh 46 F — K 4938 2 J&
A AREHME T -

BHAMSRESYE (QoS) iR CISCO A3 MPLS A & F ¥ &
HE QoS REMMBAAR ~ 18 - jitter Rt R A2 L T
e KRBEMEIRE > RELARFEBRAHAR  CAEREALE

RS 3R AL A B AR MPLS VPN $2 35 T #2 ( Traffic engineering )
FRAFREA BB M S0 R E A R 40 R ] Qos B R RE ) 5] 40 > VOIP
WA AHRRFER D EESHRAER A CTFABRABETHRES —
BRAAEBR > M- ERLEBIFR - BT RS EE—EABHBE
#% » CISCO 7 3] DiffServ-Aware Traffic Engineering ( DS-TE) #& &
TRERERILE K -

Alcatel 838 A ATM RHB AT —KREBAANHEREL > B A
T—RECHERAMPLS KT ER A RERBEELE S
BB AmEL 0 BLERES S A @B N RL AR MPLS 1
fe 0 MURA ATM @38 oL 4838 i MPLS sh 4 4 T R R A% - 4
ST —REABKEK -

MPLS & suff X 3% 2 £ 5] X RF (DiffServ) QoS &#

DiffServ & IETF % & & # IP 9% % #& QoS &= — - £1318
# K 0 3 EEA—ETHAT DiffServ @R 5k a Ak —eb B %
B fBldo P VoIP H @itk A RAREER > MEFHS HTTP 4 L4k
BRREEL 4% BALE-S8F5F —BAHEEILSEATYH
e BEBRFHOTRAESCERERFBEMTER ATRERE
PR A B Z R o TR AERE > BRI OEBBRERG
EERAE F & B 4% (Policies) RAEAB 32 o 8 2k 493545 32 65 25 75 /B A 3R,
T X B AL RAEFI BN @B Z WA F o W X & &4 Shaping (3
QMG EZ M2 FFLE) F0& 3 (Policng) (B E42i1BHF
REZHO, REMEZERLEREN S UE AR CEBBEIHTR
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PEREREMRE) AEBNE—HBREE—H O 2B MR
Bl Z BT 5| $2ek % 2 BE ¥ (policies) o
CISCO 2 8 2 MPLS & su3% 4 55 4 IETF /& 3T & 2 £ 2 X A%
(DiffServ) &# 4 B 3.1 #7372 QoS zh 4t BT #4740 % 3.1 FRoT
MPLS #t ¢, 2 4514 -

% 3.1.Q0S sh#E ¥ /& CISCO 2 3 & B3 241

QoS Functions Cisco 10S Enabling Features
Traffic Classification Access Control List matching
Traffic Marking DiffServ Code Point (DSCP)

MPLS Experimental (EXP) field

Congestion Management | Low-Latency Queuing (LLQ)

Class-Based Weighted Fair Queuing (CBWFQ)

Congestion Avoidance Weighted Random Early Detection (WRED)

Traffic Conditioning Shaping and Policing




DitiServ Demain 8

0S-Ingres{Egriss Nads
CS-Boundary Nade

Palicer, Shaper, LLQ, WRED, Packet color in DSCP N u,o';:gsn
MOC-Clandicaton and Marking ) g

(

3.1. IETF Differentiated Services (DiffServ) Architecture

4 MPLS @38 K &8 — Az H £ 4 A 4% 22 MPLS 34515 A QoS &
o F—Fik o £3 XK (DiffServ) % &, & 3R4% E» MPLS shim
Header % experimental (EXP) #4x » B4 3% B R B = QoS
it o A BE Y £ 242 K X 44348 (Label Switched Paths ; LSPs)
#% %% & E-LSPs » H %5~ QoS T34 EXP M e iy s R b -

% 5h o IETF 2 @4 8048 % £ %) L8R # (DiffServ) T E —1
ik > H— MPLS 3t 48 2 AR & 46 5 £ 7] XA (DiffServ) %32
o BB RRAE S ofT#F7 o £5] XRH (DiffServ) 4232
Z B4R AT — 3 Ak 3 %5 4o F 7 MPLS shim header 2 EXP #4 % & —
se A AR KRR 24 A H ATM z CLP tb=k £ A # Frame
Relay Z DEtbk ) £ MPLS A N AR E Y £ RMLBEHEL
L-LSPs » H &7~ QoS &3 & 3 4 # MPLS 4% §i 1 7 & 2R ¢4 -

LSP £ 3%z #£ 5 X\ Fs (DiffServ) MBI MR Z/RY > FHK
MBEZEEEREAE L ISP 2 ofiktkie sk BRI R G LTHK
T2 £ KR (DiffServ) BR ESATHTIEH] o 4848 3 TIE 4]
Aok 42 LSP A F #47 » &£ MPLS 4% 2 Qos 3% 3t 2 s £ 3 X R

(DiffServ) Z A= > Hie B2 432 15 &7 QoS &4 ¥ #4F -



3.3 MPLS Qos #t
4 CISCO /8] MPLS £ & R 3#% - R4 (Service Providers ;
SPs) #eE A T A REF EZ2RRF—RTTHEPF Z QoS f/iF >
— AMTHMBER 0 B — ARBIERIEN
33134 8 E AL X
AR A4t 46 (Service Providers ; SPs) 34t Z Qos IRFH#H &
4t 45 — 48 Ingress Committed Rate (ICR) #%4%#o —18 Egress
Committed Rate (ECR) 4% » & #HE—RHEFRKLER
4 o ICR £ B A SP @B Z MR £ > o Lo —E4FEHB
(BEE® - %4%% - %%) Ri&:B SP @K - ECR 2B
B SP @B RZ CABEABEREPHRTAFRE - RELR
#% A28 ICR #1 ECR 2 R %] > k& A WM BB - B
4o @ HTTP 3 R 428 IMbps ( EANEB AKX BBBHEF P
) BIRAAEAKEERER AR EEABEARETH
B & leyik £ ICR/ECR B M A T QoS B & » IRFF# 4
EAREEREEHMFEZ B &3 o

ICA = Ingress Commisted Rato VIN A
frsun Given Sity 3nta Cloud SIIII—Z

ECA = Egress Commitied Raie _’,_/
tram Cloud intn Swven Sila

ICA/ECH for Each Service Class/ PHB %

3.2. Cisco MPLS VPN QoS: The "Point-to-Cloud" Model

B4 CISCO /7 8] z MPLS & & 3% » — @B # 4 H Z QoS
BRI TAEERPH - dost ) —ERFHEEFLBLERAZ
F K AR B o £IRH B E B E T K AT QoS Lk
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B2 2L £ | XIRFE0F > B A s $9 A CISCO 2 5] MPLS
ERERNR —ROE - REBLERUBEREFHINE P
Z IP 3t &4y DSCP B2 A R R A G 3FE - — BT 5 ey
1R 3TAEA ABE46 4 MPLS 438 ) 2 QoS #v & #7585 MPLS 43
HZ MR QoS EieEE E B @B i B) € A EA MPLS
Hg ARk e
33 ER BB X

HEZARBRAAOER  FPHFE—ERBEZRBAE R
BREFHXTERE HTEEZI TN AFZERAHETH
% ol —ELERSHME hub BREH T BB AE SR
%5 % B3 (Service Level Agreement ; SLA) %35 - CISCO 2
5] z_ DiffServ-Aware Traffic Engineering (DS-TE) & & T{£ H -
BEEFE —EABHIBERIEEI-BREERALR (o4l
¥R - BLER - aRERRATHAER) ZHLMRH - DS-TE
Bl RHRBHREEHE - FPLPXBENBERE—FFP
ZEHE-FBRMNEE BRI BoRMBERLEHK -

o'Guarantere 005" ix an Unsdireconal Peznt 1o posnt
bandwdth guszantee trom Site-Sx to Siie-Sy

o~Site” May lnclude 8 Single Host, s "Poohng Point”, ete

3.3. Cisco's Solution for MPLS guaranteed bandwidth services

34 ATFT—REBBZLFHe ATM (44 MPLS k) B A
HSBAHREEZITAEZATM ERER T4 » ATM Z Hiff



gt —AEMETA TR RELESL > € Ok E LA Frame
wa%%ﬁuﬂﬁwﬁ SPRBEZAEAFE - RITHBEEBZ
TR P ks -
ATM Z {8 A8 & B2 BHBIR T HER KN MBRABRE €
FRAFEERAEAREBIRT (o @ BERTHTE) BIRFIEH
(2 %5%) AlRBLE (BBETE) 2%k - BAEANAET —
REEF 4o  BE/AREHA - 2 BAEBRSHBLAIRAEZS
HAMBGER PRSI E K - T2 A REMNG ATM £F —KRE
¥ &R ) F
3.41ATM & RBEMREEZH O
AR R BT S) X% SR R B MABRE R R EAIRIR
BHEARIL B EFBFNARBER CEAR I AEBEMREL
BT HMREBZBAR - ARBERRY - EHTHIIER *
(1) EREEXAEZSHBEHHOLBLZHERR KT
REAE jitter A RN BRETHHOTERALEYN - &
WA —18 1500 Bytes T3 aFA 120 2328 > B0 A
100kb/s 2 ADSL L4 # LB ERAREFREMR SHUY -
(2) E&##ﬁﬁlﬁ%‘ﬁ’ B AR PR BRI EHIRMAEMIE
RAERERYEGRLERY -
:—:1}__ EHAESERFBZ ATM @R &R R FM -
BELERGLERAEAE SRR LERAEMA A% (XxDSL)
Z ¥ —REBMBRBREZRE S XL TASWE 345381
B P A xDSLmodem &4 E EHH L EHED ¢bﬁaﬁ%&4ﬁf§
# DSL #i8 % = % (DSLAM) £ 54 @A £ EHRE
WwF ATM Z BB 8 AR EZHRARSE (ATM 2 %)
AEPHER L EINALTREZERER ~ 2N
B AR RN R RS L AR -
AR AMRAREN ATM TRE=ZZwHEA L RFFR
(1) Constant bit rate (CBR) : 4 A # 35 & fo 2 3018 1% » ZE/RIRAE R ©
(2) Real-time variable bit rate (rt-VBR) 2 CBR : A #4L3 » #E 4% —
ERARZEE o
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(3) Unspecified bit rate + minimum cell rate guarantee
(UBR+MCR) : A # tt Best effort 4 ©
(4) Unspecified bit rate without MCR © A #5381 TR 1% > S 408 4
48 BARE H F 7 best effort -
BEFERABTREXEFRAAP X SLAHAALAE CRAK
MEF ERAF QoS BRZEH -
AT -—RABZHELEEX > REREZ A MIURF LIERE
F X8R — R LR O X S o AR -

35 Acoods
Gawny

) Pmnnhhmlc«umwnm“ -
.................. eevmieee oo - ﬁ
g N’ -

z . zf
§ z g NAS [Edge Router § z g
) lid GiP
o i p
i am C _'
ATM ATt AM X ATM ATM ATM AN XA peds o i
ADSL 325 ADAL  Piber £ Fiber bt G Kbar  Fibe £ Fiber bkar & Boarer #  Batrer

B 3.4 F—HK@E% PiBz A QoS % iz #imx

342ATM ERAN B =ZRATHBE A &
3GPP %t B & w4 QoS F 4R 242 % : conversational ~ streaming -
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interactive #o background (best effort) -

Conversational £4& & ANEPeFiE S48 - L FERLEITH
SHBMBETHRFEERT  BMEHPETLBZAHER R
4% (UMTS) 2 & QRIAIEIBA KB A L] 09 3R F HF £ bt # & 4o
B 35-

A ATM B B RERA A T8 T3 Mapa iRt ALL2 AraR
B2 O RAERFES QS FE - B AKX ATM tafe
Z ALL2 A$ % T &t & A% - IRA B AR R A 3 @ K5
AR ER ATM/AAL2 Z 7 ©

FE %% (MT) Aeds — 1B € 33— 18 QoS ¥ & F» UMTS
EBRABHEHE - CERBFTNZIETRIZGUZ £ A packet data
protocol-context activation (PDP-CA) # & » RIHE £ MT &£
3G Access gateway [i#i# 2 QoS 28 - BEEFTRIREGHE
AUHBREFTHERRRDYASKZI TR TASHREH
B BRI, Z S BB ABOAFEARLEY - H -2
BRARGITHEIIEZIFHETR -

Mabta
Tarainads

B 35 B =RATEEZ ZFARAE B

35 &%

QoS & & & — 1B B St 345 > T Av 3k LA MPLS AP 8L AL 37 AR FF it 40
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I E M9 4 AMAZIRF o CISCO 2 3 MPLS QoS #i &, 23 & 4 IP
QoS #i s » M ERMRITAZ 8 K — 5 - REBRLFEBRLRE 2
PRFEe B P fo—HARIFE P 2 W3 QoS Bidr - BAATA » DS-TE & &
AF3E A QoS B i@tk F AWMAM L E R4 31 1L DiffServ 4 42
WX TE#E - SEFERBELHFTHTATELEBEL M EL
HMRRBZREES .

A4 ATM Ao N MPLS 545 T H #:3 2] o A 2L IP-MPLS £ e % 4t &,
AT » g ATM @R FAM —REB TRz F k2 — o
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4 IP/ATM s 38 & R EHT
41 A%
WARBTEEISHAEBARI  REBBEEAHFERL - HR
JEH R EIE » UHEREBEY  RABAROBRESE - ABT
#2 (Traffic Engineedring) ~ 3% % 22 (Traffic Management) B #k 5 & B
(Quality of service, QoS) & & & » AT #t48 M ERA/ERHA -
4.2 Traffic Engineering For Voice Over Integrated Service Network
ARRLABATEEABGANF IEZRERLL VOIP ££45
BB 7% 48 %% (Integrated Services Networks) L&y Bl - 4 B35BT AR
%W ey s EME (Capacity planning) 3t 5% 3 3 ¥ o 85 (Busy
Hour) » #3485 (Average Hour) & Erlang » Poisson % 3f§ & 49i&
Ao s aEE s8R -
421 #EE—HE%
BTER-MEER
B NS A RMRE — ZKREGRE
3% 974 A & circuit switched & Packet based #) 4934
422 RAEERHLR
WHIRAWBETE D 954k DEFELRE 20
Rk 0 3)RE P B HF EARE
FE L BFEL A

W T B R B - PBX #9#F54k & * CDR (Call Detail
Report) R &M & BB REAFF - 8 MFRATMA AR

B="u

2

q

B ER 2 D MAFE AL
THAKESARTE - B BE -~ RIKALFHER (R

FAX) °

BHMBANARER > A RAFHERE A=CxT
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C:f— pafegefeoyiy
T: B—epoy F345 A o5Fg
Bl 2 B R FE 2 24A 200 Foes > R
¥R € A8 8¥ 400 Call-minutes o
% % 3% pk, Call-hours > 8] & 400/60=6.67 call-hour —fx
A Erlang 2 CCS(& #=¢) > @ 1Erlang=36CCS -
7 9k 0 A % ) (Traffic Variation) T R8s~ 8 - § ~ £4
PRARE] > @A A -
BH(Busy Hour)=Total traffic in a monthx% in busy day x %
in hour M BH ¥ A AR ER PSR EH2FLRAF - 24
— 18 B+ & 45 A % f) (Holding Time ) o
Holding Time = Dialing + call setup + ringing + conversation + release
BP Ay — ik P @ b 2 4645 ABSR -
T3 REVTEB G
R RAZE S V0 P
—AR TR RN B E A
CARE-HRBE
RIEEBMBEE B E AR o
HARRER IR E PR
KA 451 (4o Random, Smooth % Rough) & [ % #
REZEME > RRARBRAREREFARR -
% 8% 4 Least-Cost Trunk
SRR BRSSP s
CHERB SRR EBER S
 ERBHAGERGUNEES KRB ER)RERT
CHEABBTANEEZR O XBEER G CURARES
- BRRBRABRR AT
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ABRBRATHR LTI AETAHILEZH O GHESE
% o
4.3 Introduction to MPLS and Traffic Engineering
K RAGAIP R MPLS #F £ A eh 41 5
4.3.1 Motivation for MPLS

Internet 9B HE R KBREHRBRELRXGHRLEER
EEASABENBRBARE - BISHBEERRELRR S IP
RFs o LR RTIGHRERK - BB TS HE IP over L2
WH A o Bk EHARFEBARAERRRRENR
HE -

B&ﬁ&#%%/ﬁkﬁb AEL R Sk koA R/ RAAE

L ey F 0 A1 A QoS 4& Shape & Police 5 £ 4F ° =T A 4A
’ﬁ:i%‘m&ﬁm o CISCO # 44k IP 2445 R IPATM W% % % 82
%:ﬁ* 897 % - MPLS H i #t VPN R 2 #2852 QoS £ # R4 B
% HARARGFEABRFSARBRERRRABRHLRBR
node kﬁ’f’ﬁﬁ‘*‘%ﬂ#’*i o 4% Layer 2 #1 Layer 3 ff |4 %4 > 4%
Bk BRAEERR B TEE > #ESEAANS IPREA]
EHMAH AR —FEEE-

4.3.2 MPLS L&

2 2k MPLS X #& #4324 forwarding Packets &4 J o B4y »
e RTEREAF L IFEHRF LRI - AP
TA(TEMR B #IE RS ERBEHBEATHHARRTHE
B ES  BIFERERA A RBICRAFRE - TES B

AN EBBELTEER B MBS E LB EFTRA
(EE/#HEEXR) ARA-BRAETTRMAEL —ERELD
WEE  TEZBHA—CEILRAEIFIKLBZATA 8 -

433 RAHBILB Y

At % 3 MPLS ey 3 & % 4 A& LSR(Label Switching
Router) 2t ¥+ 85 MPLS 348 #% & LSP(Label Switched Path) »
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LSP REL B BB B ERLLNEARHBGE -
3,47 69 IGP(Interior Gateway Protocols)# 35 L2 & R 2
) BBSBERUAREBLREL RS —BA R oy
HiE - BERERBALOH AR R AL - BEH A Fi:
AHAERBEXTREL AR ERRAXRETRAL L
MNEBREE B EREBEK 0 EREBWEL
FTHRER OB GRL - Rit—% > EBH AL 1)
constraint based routing ,2) traffic shaping & traffic policing
functionality, 3) E#4EB 2 HFEHE... .5 - BLEANBREHH
RAMBBOREHBEEMAFTLBE -
MPLS BP 2 TE# A — R ELH X - ©AA
1) AR T IBRBBEE R SHEAN QBT AE B ¢y3brr
MR %1 (%o PT A 347 IGPS Z 5/ 8
2) LSPs fc 4 2k dbik 4 38
3) MBS P 4L B AE SRR HE E LSPs
4) — B HAEENG FEBE GLEL
5) —taBMAHERHMEY LSP RiG ¥ % hE Ay g
REES -
6) MPLS A3 A& ¥ ot » M IP AR ey BesbfE b & &
R TRFIBE RTEIFELET S EASMN MPLS -
T4 RET X4 TE
Information distribution
BEEB O T RRBA B4 (BPEE)
Path selection algorithm
AEAR PR B 15143+ B RGEIE R 2 2848
Route setup

RSVP-TE(Resource Reservation Protocol TE)3it f# % {2 2%
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4.4

4.5

LSPs z 3% 3L
Link Admission Control
REBREFTRSZVER
TE control

BRSBTS P

Forwarding data across the path

434 THRAHFIL

231 A MPLS TE a7 » 4835 6935 R AR LB JE ¥ OARE - 2
B a2 BAMPLS TE:EEREENEHAAESTH
AR - KM IGP A FRBFFLRE - BAMT » BBH
ALE > —ERFREFREAF LR @RI HE  TER
12 B 373542 - CISCO 8 #|FA CISCO IOS AutoBand width
Allocator #uik MPLS TE {24 K FHE A F £ -

Introduction to Traffic Management and Quality of Service
Technology

Internet JE A & % 451t & K # 4o guaranteed bandwidth , low
latency % % > ARLHBAE NS EERRY L H T EHALS
BOEBRETEREAEERANBREE R - LBARKEBRAHDE
BRREREFEL - REMHFETEHERM » QoS @ {4t A
FIEIF QoS AR - (NELH Msk)

Advanced Traffic Management and Quality of Service Technology

ARBZAMBEEH R ITRGATRG AR FRERTZ
35 QoS 224 R A BURHWAF o ¥ bt kofTiE 2] B EE A £ 32
224 333 QoS R — L FIMAT IR 0 £ EMMB I H A RMFRE
BB o Bk FEBTEMS RAEERZILNLE FREEMR
F # & (4 PHBs & DSCPs » Traffic Classifiers » Traffic Conditioners
% Queues containing classes of traffic ) » 3 3289 TCP 2 QoS F}#& °



4.6 Cisco Infe Center

CIC &ERE®HB S L FMH AHERL NOC ATh&E4E > 48
MR ERERMOTH S HUEMERERUEEETRD FE
/ E e 38 R #8) SLA(Service Level Agreement)Z 7&K 3% ©

CIC s & R B34t 3 ¢
BRI /BB A P RS AER L&

. MR85 # 2 MTTR (Mean Time to Resolution) & % & SLA = i
B -

CIC A—R&HKEZERRLE T BRA Network fault,
performance monitoring, trouble isolation » & Bp 8§ AR 75 7K # £ 32 o Info
center X WBIEEABLEAT2EBEH4  RERVETAHE
ek BE > BPETRIBRESY

4.7 Application Aware Traffic Engineering and Monitoring
WEEMBEEEDREARER R LSRN - RReg—
A ERGHEEER > $ITHITHRPIRIE » B AE%E
71 89488 340 QoS RIA T F L o Cisco 4t H1E 447 ) F 3 3% 3H42
R T AR EF R B IE A 4 438 /B A &9 performance A& reliability

48 &3

MHER BT EIEARTEARBAERER RS R
F @AY SREPEK - TE thshse 22 2485 > Cisco 3L
MPLS z # 354 IP/ATM B35 654242 B 2 RFE o
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5 SiFRRH

FE % Internet R A > RIA LW E P B0 BN EIAELHAD
e 100 EAF > RARARBRTFTRAMBAAL Y ELEBRSGLE - &
High-bandwidth & Low-latency 84 e i R & 2| ¥ Aweg L » DEMBEH AN
B &£ % e JE B P AT B IRAS o0 B AR REAR B AT O A2 B 4o AT 8935 4R © 4ok E
B 454§ QoS HAF B b ik sk o HAM40dEH 6 QoS B EWMLE > 73
RAMSEAHERGEERHOGERZREBEHRE > TCP ERELE
RABNEBETYN —TRHBKE - LAEF 90%4 Internet A X
TCP-based » g s #3569 & A LB 45 & K QoS »

ARE E IPATM H38 50 % RIE R 3R42 0 375 £ R A B F B P 4888 2 2K
B BOMBAEARY  NEBMAE R R TSR - KA A LRE
Rl > FARMELBAELE  EREBEREATRMERTL - HBEKLELZR
BB AR ERAEBRETR AFIBRERS  MHETHEM QS A%
R - SEREEHRT  BERIHELELGRAARAZBRBARKETK -
B-HREHFTEEBARGORERRRF X G4TH > RERBEHE LT
REABEATHREFZEROBIRTR  MAAEEHREER | -
CISCO /8] # & IP-based #) test bed » 24/ 3) Y& ey IP @15 » U T2
Huse >  MPLS 48l & &b & & % - M MPLS 4 IETF sk eh42 % -

MPLS & 2 4% IP BR 7% &4 B 42 4 » Diffserv-aware MPLS TE Z 2 & 49
BEREEOABMAALTR - RESINE T H UG @S — 438 > B d
BRABM EAHARTERE MPLS AL EE T - AR EH
Rk ey QoS A4 E K -

AR 5B R AT BT # ATM QoS & MPLS Z 3 T42 #2 QoS
ERABMAR - FERBERIRERS  REFEIRANIABERE
ko RARDNNEBZRA -

6. Fé%
Introduction to Traffic Management and Quality of Service Technology -- Cisco
NERE - RENAPDF#HERLELE  FHEMXMHEHR -
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o Why Traffic
Management Is
Important?

- What Is QoS?

- How to Deploy QoS for e
Traffic Management? e

- What Are Some of QoS
Enabled Services?
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Equipment
Failure
31%

Costs of Productivity Loss
Due to Network Downtime

ongestion

GGM

Congestion-related performance degradation has been
found to cause the majority of network downtime costs gy

Michael Howard
President, Infonetics Research

©1997 Infonetics Research, Inc.,
Business-Centric Network Management and Downtime Costs 1997

2200 IR}
Ciscu.com
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Fundamental Shift Towards
Bandwidth-Intensive Applications g

T

100% & Mutimedia

O/
90% o - Dynamic WWW
80%-
70%- B Static WWW
60%- B FTP and Telnet
50%-; £ E-Mail and News
40%

B Other

30%-~

20%2
10%
0%

Source. The Yankee Group, 1996
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. Moderate
‘To High

‘ Low to‘ o
Moderate

Traffic Is Grouped into SLAs

2300 . .
1201.05.2000_¢ 52000 Claco Sysioms inc: Cisco.cam 7

o

Why Traffic
Management Is
Important?

What is QoS?

How to Deploy QoS for p—
Traffic Management?

What Are Some of QoS
Enabled Services?

Q

[e]

o]
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Collection of technologies which
allows applications/users to request
and receive predictable service levels
in terms of data throughput capacity
(bandwidth), latency variations

(jitter) and delay
99

2300 .
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- Why Traffic
Management Is
Important?

- What Is QoS?

- How to Deploy QoS for L
Traffic Management?

- What Are Some of QoS
Enabled Services?

2300 .
1201_05_2000_c! ¢ 2000 Cisco Systems Inc L] S




> Provisioned QoS

Differentiated services

- Signaled/dynamic QoS
Integrated services(RSVP)

2309 e -
1201 05.2000_ ¢t 2000 Cisco Systoms me. (- wea.Lom

> Network audit

What is running and when?
- Business audit
How important is it for business?

> Application audit

What are it’s requirements
from network?

} - Service levels required

1201_05_2000_c 2000 Cisco Systems ine Lisgen.gam




- NetFlow

Provides information on
various traffic flows

in the network

- Protocol discovery
Discovers what
bandwidth intensive
applications are running
on the network

- Sniffer

How much bandwidth should |
guarantee to my mission-
critical applications?

Are there any non-mission-critical
applications | should police?

2300 " 3
1201_05_2000_c = 2000 Cinco Systems ne Cisca,carm i

Differentiated
IP Services

Platinum Class
Low Latency

E-Commerce

, ¢ | Guaranteed: Latency
o ' . - CGold off 2ng Delivery
Application Traffic B

UGN Classification
E-mail, Web ) r
~ Silver i Guaranteed Delivery

Browsing
E Bronze‘i Best Effort Delivery
2400 ol

12C1.05_2000. €1 +2000 Cusco Systems inc Lastas 14

Keep Billing
Simple

Voice




< Single user

Mac address, IP address...

> Department, customer
Sub net, interface...

> Application
Port numbers, URL...

2300 A ~
1201_05_2000_c1 7000 Craco Systems me Cisca.com 15

Protocol discovery analyzes application
traffic patterns in real time
NBAR classifies network traffic using
application information
Enables downstream actions based on QoS
policies via random early detection class-
based queuing, and policing

° New applications easily supported by loading

Packet Description Language Modules

Mark Citrix Real-Time as
GOLD Service and Police FTP

‘-\Guarantee Bandwidth for Citrix..

ooyt r
RS- A

230G

1201.05_2000_€7 %2000 Cisco Systems Inc Cistgnm 6




Layer 3 IPV4

Standard IPV4: Three MSB Called IP Precedence
(DiffServ Code Point Uses Six MSB’s)

"

ISP

- Use this information to define
QoS policies

120°_05.2000_c1 72000 Crsco Syatems nc. Ciscucom .

01 05 2000 €1 %2000 Cisco Systems Inc

Color the Pac:kets

Coloring Engine

| ;" - . /
VolP HTTP. FTP_ | Vorp_ FTP |
, H

! A

Platinum Class
FATIE4 Gold Class

Bronze Class

Separate “Conform” and
“Exceed” Actions

Color closer to the application

[+]

[a]

Set the DSCP (Diffserv Code Point) at the
edge of network

O

Avoid host application-based coloring

Coasver g




o]

Minimum bandwidth guarantee

This is the minimum guaranteed bandwidth to
the class all the time

(o]

Give priority to the class

Class is treated in a strict
priority manner

Maximum bandwidth limits

This is the maximum amount of bandwidth
class will ever get

Congestion management

201.05.2000_¢" 2009 Cisco Systems inc. Cisco,cam 19

[e]

[e]

Policy required:

Make sure my platinum class gets a
priority treatment and gold class gets
a minimum bandwidth guarantee 79

2300 o
1201_05_200Q_c1 < 2000 Cisco Systems inc TRty 20




Bronze F_IPAFrdr o
Step 1: Ste 2:
Define Buffering Define Bandwidth
- Weights guarantee minimum bandwidth
Buffering controls latency
+ Unused capacity is shared amongst the other classes
- Each queue can be separately configured for QoS

Benefits:
Maximize transport of paying traffic
No loss of service class guarantees
- No wasted bandwidth as with PVCs

1201.05.2000_c!  £2000 Crsco Systems inc. Cisco.com 2

e

_Exhaustive
PQ—Voice / Queuing
WFQ—Data vV V
o
WFQ—Data Circuit

2300

1201 0 2000 ©F  £2000 Cisco Systems e Uastangom 23
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Voice Packet Voice Packet Voice Packet

60 Bytes 60 Bytes 60 Bytes
Every 20 ms Every >%14 ms Every >214 ms

~214 ms Serialization Delay

>
10 Mp Ethernet

B o 5
— - S —

o La packets can cause playbacuffer
underrun, resulting in slight voice degradation

- Jitter or playback buffer can accommodate
some delay/delay variation

1201_05_2000_c?  £2000 Cisco Systoms tne. Cristaeam 23

10 ms/Time for 1

Byte at BW =
Fragment Size

Fragmentation Not Needed if
Max Frame Size Is 1500 Bytes

Coastatam 24

2300
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ation and

P e 87 878

> Fragment large packets and
interleave with voice packets over
WAN links

- Reassemble at other end of link

- Reduces voice delay and jitter

2350 bl ~ -
. 1201_05_2000_c! ¢ 2000 Cico Systams e (... 1 fum 2

Header IDE]£]

o Header is 2x size of voice data
(40 vs 20 bytes)

- RTP Header Compression(CRTP) —__
reduces header to 2—4 bytes -

- Used hop-by-hop on slow links

230

L1201 0% 2000 €1« 2000 Cisca Systems inc Uoserta e 26




Policy required:

Make sure my bronze traffic does
not get more than x kbps of
bandwidth at any time

27

2300 Vo e
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\ PolicingI

Time

Traffic Rate

: " Shaping

___Traffic_

Time

Time
2300 (
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ERPISAP

Pointcast

Caiscaneum

internet Service

Provider (ISP) Clou =T
Branch wﬁl .
Office Cer_ltral
Bottleneck eed o keduce Site

- Reduces outbound traffic flow to avoid
congestion(via buffering)

< Eliminates bottlenecks in topologies with
data rate mismatch

- Provides mechanism to partition
interfaces to match far-end requirements

2360
Loasger (o

120105 2000 ©!  «2000 Cisco Systems inc
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Policy required:

Make sure my bronze or silver traffic

gets dropped when there is
congestion and not gold traffic

P,

e reTTET

2200 LI .
1261_05_2000_c1 52000 Craco Systema wnc. Cisca.com
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[y IR

Gold Bronze
High Precedence Medium Precedence Low Precedence
(Guarantees Mission- E-Mail, Interactive E-Fax, FTP

Critical Apps, Video, Web
i.e.,Great Plains,
Claris, Pivotal,
Peoplesoft, Unified
Messaging)

lr—g

.- _,./
CREDCd

200
1201 05 2000 ¢! .. 2000 Cisco Systems Inc

Cosg oo

=
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Putting it All Together

Policer/Marker
IP Traffic DSCP Written

Vol ATIR "FIE AT1s EEE—

CBWFQ

- Packets are: W-RED Queves CEMVEQ
Colored(DSCP set) at Ingress Scheduler

Classified and potentially discarded
by W-RED (Congestion Management)

Assigned to the appropriate outgoing queue
Scheduled for transmission by CBWFQ

1201_05_2000_¢! 200 Crsco Systems tnc Cisco.tom

This App Needs
20K BW and 200

I Need 20K BW and Msec De'ay

200 Msec Delay

Reserve 20K BW
@ 4 ;i on this Line
| \l\

- Simplex and ST "‘N
receiver-oriented
< RSVP QoS services

E Guaranteed service—mathematically provable bounds on end-to-end
' datagram queuing delay/bandwidth
Controlled service—approximate QoS from an unloaded network for
delay/bandwidth

« RSVP provides the policy to WFQ

2300 . ,
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Packet Classnfled to
Code Point X on Client

or Router/Switch

Sy <A : :BESV% =

eRE; ) ; :‘5\4

PATH j ? PATH PATH —
/ Policy Server Response:

“Admit the Call and Use the
DiffServ Code Point X for
Data Flow”

=

Directory  Ppolicy Server

RSVP(Quantatlve) Is Used for the Control Path Flow

Data Path Uses an Aggregate as Identified by ‘the DSCP;
RSVP ls Used t Slgnal the Data Path Aggregate

R
23C0
1201.05,2000_¢1 £ 2000 Craco Systems i Cisco.com
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2100 QDM QDM
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> Why Traffic
Management Is
Important?

> What Is QoS?

- How to Deploy QoS for
Traffic Management?

- What Are Some of QoS
Enabled Services?

23C0 . N -
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Example Application:
05 fOr Voice Over [P

Classification and
Reservation of
Resources Per Flow

J

Classification and

Reservation of

Resources Per _~
Aggregate

230y Creue -
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r Gold Guaranteed: Latency

and Delivery

Guaranteed Delivery

Best Effort Delivery
.f Keep Billing Simple!

- Deliver IP-Based Differentiated Services
with Service Level Agreements(SLAs)

2300 S -
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