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ABSTRACT

For the multi-service network, which can transport the varieties of data traffic like voice,
data, image or video and so on, for example the ATM and IP network. The important factor to be
considered is the Quality of Service (QoS). The Quality of Service must be guarantee the Service-
Level agree.

The studying of the concept and fundamental of the technologies for Quality of Service
over ATM network is the part of this project. In the project, the OPNET program will be used as a
tool in order to create the network model for the simulation. Using the result of the simulation to
analysis and evaluate the performance of the ATM network when transport the voice in term of
delay time and when transport the data in term of response time. To show that the network
concept design for the Suvarnbhumi Airport Project can handle the voice traffic with the QoS at

level of MOS above 3.5 (Mean Opinion Scores) or with the delay time less than 150 millisecond.
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msguiunsiaziinammannasvesgivumsiuiasundld  vaz@odudaunie
dwimmnsasulszduganmluns uinmslussavdieg finTefunuABINITVeY
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Application ti@azlszinn FotumaTuTadindevedemsuuy ATM Saiiuuwa liuveunie
dwmmanudeamsdmiudiuinig Insaunau
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AnYUzIATEYIY ATM LUU Multi-Service (The Multi-Service ATM Network)ﬁ'uslﬁ'
4 r- J (Y P v @ d’
sz Tomiuazligamulumssesdy msirounonsil
.9 A'l T - [} Y a
o sesiumsioudsveaniedisnazmsliuSnisveanawszuulduuInseads
14
#HugveunTBu10iReINY (Single Infrastructure)
A ' . R 2 a 1y
o ANMSOITONAD Application HUUAUAY (Legacy User Traffic )1annguuuylid
o ] o
szl szuuInsfmy PABX szuuinietiu LAN, gilnsal Frame Relay , X.25 ,
o
SNAwazginsal Video
o 58351 Interwork fums IuSmsAuuasyTMs niq
e sosfunazdiaenisianisuuuiaiuazszAuvesguninmsIfuims
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o amsaliuuuding Tuzdiuuves On-Demand muANUABIMSAURDZS Fith
¥ Bandwidth 813150 Scalability

ndethodoms ATM umnasguntsdadeyadaunnudage Tavaunsadsdoyai
AU audsEAY EI/T1 s 1.52Mbps Tlouiieszdu STM-64 innnda 10 Gopsii
aunsam l@luilegtu HumaTuTaii3mn1n1331990 Broadband ISDN W3ei3und1 B-
ISDN AnBaizves B-ISDN 1‘fuQnﬂ%’ni‘fmﬁasm%"umﬂﬁu?msszﬁu Carrier Tidoams1¥
uaUANUN VBT Mg (High Bandwidth) 11az3035usuiusesdyanuiuiuinng

msdedeyauuy - ATM Fu1dMENMINNIN FixedSize Cell vosmsvwauily
Uszmpooaasiay 11'!1?'0»1118\1 DQDB (Distribution Queue Dual Bus) 01053 1UIUD IEEE
802.6 Taviisdoyaooniilumiioy Packet 41418 53 Octet Y52NOUAI Header 5 Octet AAIM
Payload 48 Octet fauanalugul 2.2 Taufidada13sM319 Header 1 Payload 5:48 foduilu
ﬁﬂdauﬁmmzammzﬁﬂszﬁ‘nﬁn1wqqqa1umsda%gnﬁaﬁaya Data Yoyaifius uazdoya

W 18111984 Delay 1A Overhead

The ATM Cell

3UM 2.2 ATM Cell structure

MIMauYeImsadieees lunieuis ATM

msigoude lunTets ATM ﬁuﬂzquﬂﬂmf ATM Switch fituneumshaIITY
@erfufuszuuguans Insfini AodesiimIsududiomsiSunveifousde (Call Setup)
ansaadinsesmsidoudeiaiiuleesiailonludnume Virtual Channel 2993msidoudo

' b4
VUINTOUIY ATM ‘Ydllﬂu'l\ﬁ)ﬂﬁﬁﬂu (Virtual Circuit) uuumaami‘lu 2 Uszian



1. Permanent Virtual Circuit W3eSund PvC Wunsesdeoudeiidoudengaasniint
Taedusnmsvedonselunsausaniniy Medlunsadrnsesiaiion nnufing
anmmsidenBeganeanm lihdlfwddoyanielifaw

5. Switch Virtual Circuit W3ei3on$1 svC hinsssideudefiianinms Sunvedoude
(Call Setup) iod19nTosgunsaifiFoutuniovelinnudesmsdedoyn uaza
ssezgnunidnidedlddesmsond@nmsvaiiieuse

Fohunfe 1oy ATM Multi-Service gnnsasesiumsiduimsdng @&it
e  U3A15 Native ATM Cell Switching
e  USNIUVY Circuit Emulation @151 Private Line Voice 11ag Data
e U3MS Voice Networking over ATM
o UINS Telephony Services
e Frame Relay Networking ({22 Frame Relay to ATM Interworking
e  UTM3 Legacy Data Service 141 X.25, SNA, BSC wae a5 Tnneauuudady
e UIN5UUY Native LAN Interconnect
e IP Routing
e Multimedia Networking 1a¢ Video Conferencing

d a s g
HIATFIULATIANTVUNYT

4990U ATM

A gy 0

pannsfidudiSududmumnasgiudmiy AT™ shinvanmiiasnu CCITT 3ude
m"lﬁ'nmmi‘lu ITU-T (International Telecommunication Union) Taglavinmsanydimuauias
§1UVBY ATM Fudt e 1989 wasgudfiimualavesdng ITU-T 1fuﬂxe;jvuﬁupuum
ATM Application dmumTevwmsisaziisseiades hildldanwauleludiuves LAN
FermnuSimduaaginsal ATM iiiud AT™M Fusnserszyndldiy LAN 18 30185ms
sufuduumizseudeni ATM Forum #AA9INN153IMAIWOIUTEN Nortel, Sprint,
Adaptive/NET g Cisco 1) a6, 1991 uaz Idhmuainasgiuaie fiRadestiu ATM uag
LAN Tﬂumjanq'm‘hammw131?aqaanti‘luﬂq'udas 3un11 ATM’s Service Aspects Work
Group Anudesiiioadodeil

e LAN Emulation (LANE)

e  Multiprotocol over ATM (MPOA)

e Traffic Management



10

e  Private Network-to-Node Interface (P-NNI)

e  Physical Layer

e  Signalling

o Broadband ISDN Inter-Carrier Interface (B-ICI)
e  Network Management

e Testing

e Frame User Network Interface (FUNI)

ATM'’s Services Aspects Work Groups
API|SIG | AMS |CES | SMDS| FRS |LE [MN

I ATM DN M- oo wels = aec Len Netweek
ATM UNT ves Cosrercntmal Man'oes

Vi Dol
i n

g ¥ i o

tapesiing
e g ] s [ ][]
IE:_ME.]. SAR L sax | [ ean_| L gar | Lsax J|[ sas_ |

Endto-Sod ATSE Pustucmence Ohfoctivss {L394
e buaon Quusity of Rorvice Vadwor

e

zﬂﬁ 2.3 ATM’s Service Aspects Works Groups

seRuguUNMYeIMs 1HUIN15 QoS Services Categories
Y a c’: o o J Y y 9/
qunmvesmsliuims (Qos) tuszduiusunziuegiunudesmsvesyldues
UAaednYzYB Application Wiednuuzvesdeyn Sfeslimsdmuaszdveemiiunme
o o a & is A
Category #aidu gaimndmiunsifusnis Voice 11uf©3n15 Delay 484 end-t-end NifiuD
y [ 4
anilgmSes echo daugumwdmiumslfuSnisues Video Application 1iudosnsmsqy

wisvesdoyad wenailyniseannuaudavesnn Taoldutia QoS Services Categories 919

1 4
=1

U
e CBR (Constant Bit Rate)
e VBR-RT (Variable Bit Rate-Real Time)
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e VBR-NRT (Variable Bit Rate-Non Real Time)
e ABR (Available Bit Rate)

¢ UBR (Unspecified Bit Rate)

¢ GFR (Guaranteed Frame Rate)

ATM Traffic Classes
Yo @ 1 dy

ITU-T 181111 Traffic Classes 1311 Recommendation ITU-T 1.362 #a¢i0 114

Class A : Defines traditional synchronous data, such as that containing E1 voice circuits or
uncompressed broadcast video

Class B: covers compressed video which requires a timing relationship
Class C : defines bursty data such as Frame Relay, X.25 or large file transfer
Class D : includes broadcast data such as SAP messages in NetWare or an ARP packet in

TCP/IP

ATM Service Classes

oClasses as defined by ITU-T rec. | 362

51/ 2.4 M311J3 ATM Service Classes ALY ITU-T rec. 1362
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2.5 IP over ATM
HJymlumsdedoya P vwiniesis ATM Yuiannmsfidnnlszneuves LAN
AoaofudnuazMIdadaY Broadeast teifunsasnasuifsfimadoudefuoguieli us
ANYWULUDY Broadcasting iz dmuATev LY Wide Area Network 1uin3eve
uuy ATM ummﬂummﬁﬂmmﬁﬁﬁa a$ Multiple Static Lﬁﬂﬁ%ﬁu Broadcast Traffic
Taodl 3 wuudnuAD
e Application Program Interface (API) si‘.luﬂm%uﬁn‘%a (code) Lﬁ‘ﬂaﬂgﬁizﬂ’iw
Application il ATM Protocol Stack
o Peer-to-Peer Model iiumsaamsiounedas PVC t1uy Point-to-Point tod1aealy
WilouMN9951515E 319 LAN component i#ing2d H3imsannsadstadoiinua
- RFC 1489 — Simple Point-to-Point
- RFC 1577 - Point-to-Point with the assistance of an ARP server for IP only ELIE
M Classical IP over ATM (CIOA)
e  Overlay Model tilu35n13d 1009 linTot10 ATM 1ailoriu Topology azinauuuy
LAN 'lﬁufi?ﬁﬂ’liﬁﬁﬂﬂ’h LANE (LAN Emulation) t§¥ MPOA (Multi-Protocol over

ATM)

v .
Tumsfiny Tnsemsiiasfnyunnizmaiia IP over ATM 11U LANE (a2 MPOA (W0

v '
Wuiuglumsinnudhlsineaiumalulad . Multi-Protocol Label Switching 10

Differentiated Services ﬁ%zﬂﬁ‘lﬂﬂﬂﬁzlﬁﬂﬂiﬂﬂﬂﬁiﬂblﬂ

MIMULVY LANE tazauilsenauved LANE
LANE ugiuuuvesmsdedioyn IP over ATM dnHsE Overlay Model Tavfinse
1w ATM szt aeuadieufudiudaunilsesszuy LAN Ruaaslugilii 2.5 Tay
vinaaulsznaua1en oo 'lulit
1. LES (LANE Server) 1{lugudna1auesszuy LANE finilums Hold the
Resolution Y89 MAC Address f1 ATM Address Uaz8a8131500908 (Forward)
Broadcast 1482 Multicast §1%151 Unknown MAC Address l1/8fs LECs v“;"anuﬂ
2. BUS (Broadcast and Unknown Server) ﬁmﬁmﬁdﬁﬂ Broadcast 1@ Multicast

Traffic 1184 Client ﬁqn Registered 13
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3. LECS (LANE Configuration Server) ﬁwfﬁﬁ Hold Database ﬁﬂzﬁﬁu‘lﬁﬁu Client
vy i LES

4. LUNI (LANE over the UNI) seiiugaimuatuasulumsisuduues LANE uu
UNI (oAU IR 1M1au09 Server

5. LEC (LANE Client) inihiisrasslfimileusumsioudenuy 802.2 nio 802.5

6. LNNI (LANE over the NNI) fimhiineuauesden s Aoa352MI19 Servers 199

Aufiuenagii 1 Database (¥ Distributed #a2 Dull Redundancy

LAN Emulation Components

LANE components may be:

-separate units LES
-supported in a switch
-supported in a workstation

71 2.5 daulsznevves LANE vuInTo18 ATM

v ]
YupeuMsMeYes LANE danaasluziii 2.6 misesndu 2 daufie dau

LEC ¥ Registration 1AL AIUVDINIG Resolution



LANE Operation

Registration

LECS

Le-ARP (for MAC Address) E

Reply (ATM Address) BUS

1 9
51 2.6 FunoUMI 191UV LANE UMIAT 0418 ATM

1?’:umau Registration of a new LEC

Stepl :  LEC Aun1 LECS 1014 pre-defined ATM address #3® pre-defined PVC
Handshaking #a0 ILMI if{ei3 013 (lear) address

Step2 : LEC fad sve i LEcs, 1#ovas ELAN mifiezideude
LEC aoundugae address 494 LES d1151 ELAN 1/

Step3 : LEC Aada sve T LES ifove register MAC-ATM addresses
LES iy LEC #2131 1u Multi-point 326 add-party call

Step4 : LEC @4 LAN Emulation-ARP (LE-ARP) ¥y LES lﬁi)‘lla MAC
LES responds #70 address Y94 BUS d 135U ELAN 1‘4"‘14

Step5 : LEC 90 registers iU BUS
BUS iy LEC #21n3i$111 11 multipoint @20 add-party call

'ifumﬂuummi Resolution

Stepl:  LEC a4 LE-ARP request 1183 LES
LES responds 828 correct ATM address
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Step2 : LEC establishes SVC to target and sends frame(s)

Funoumsmanslunsdl LEs i address

Stepl: LES @470 (forwards) LE-ARP on multidrop laéia registered LECs Vfwuﬂ
LES udaven LEC 11450 attempting to resolve address

Step2 : LEC @4 frame 11/&9 BUS

BUS @479 (forwards) frame SIGE registered LEC (floods) NINUA

JoRunIN15ae IP over ATM @20mAiiaLi1 LANE
4 ' ' = o & o )

. AWIFONABYAILY ELAN DUIASDU1Y ATM 1A8INUBUNNIZEIM5 U LAN switch

° ] [~ 1 = Y
. ldudaz VLAN yeusiug LEC tuvaediied
« 119 Broadcast traffic veduaaz ELAN lunaufu Apudaz ELAN sziiiumwie

@ 1 = A -1
Broadcast Y94A210998141A83 ELAN dua3 04 13y

. odeMItANTIATEYIY
« 58951 Conventional Routing ﬂ"N‘] LY OSPF, RIP, BGP

) 4 "o v 4 = '3
. uAaY ELAN @135 0130un0n1 External Router iNBI%0NDUIADIIUA

NSN1ULLU MPOA (Multi-Protocol Over ATM)

MPOA luguuumsdedioya IP over ATM AaumaiinNiTondt Next Hop
- 2 9y 1 A . ﬂ 1 a
Resolution Protocol (NHRP) %3921/52nauA2t 3 @3y s NHRP client ludiunagiaiy
qAYDUNTOVY wsodunumaudundunsetis ATM, NHRP server uag 115 lanoa
aaanslugun 2.7
v

v [ "
NHRP 1jugnoonuuusite Traffic iy 1P Tasmmiz dnfulaihuiivan

Multi-Protocol over ATM g5y IP 115 Inneast1ane?
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P . ==
B -< i Next-hop = == s )
| Server A | s\ NS,
’ £ NH-Request m
___ NH-Request - piglade - : R
Al Logical #+ NH-Reply Logical WS
s IP Subnet A . or%) |P Subnet B
NH-Reply .-'. > . Next-hop
9. SIFERE. "Server B
= a7 Dlreck VY7 M L R g T )
“Yids £ 1| | iuyesseneyeses ol SEPg NH-Request
...... \ Connectio 16" canene -v : NH-Reply
Packet from| Nl r L Logical
Source Phoola. IP Subnet C Next-hob J
St Server C
: -~
Packet to Pa's s -
C“:“_’:.‘_‘

31/ 2.7 matin MPOA NHRP U380 IP over ATM
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UNN 3

mnaluladl Multi-Protocol Label Switching g Differentiated Services

3.1 Wannmsveunalulas MPLS
1 i
astiuer P Tslaneadeluwnsoviwdomsuuy ATM Wulumamaiiaudadl

o)

anuganauazdudeusiiannuasind gy finuadestuguamusimsuImann
1o SemidRansRamaTuTad ABuni Label Switching 9nuSsnindnginssiiifise
Lﬁm‘lmamsqmmnnssmﬂ‘%'a«huiﬂuﬁmmsﬂumﬁafr
1. IPover ATM

T3] e, 1993 g 1994 83803 ETF 18 mMuANIAS§IUREC 1483 (Hunnasguusn
& M3 IP over ATM lumsesuudanisine IP Datagram daliluaiovis ATM wozssin
A9PAIIATFIU REC 1577 e MuAlazeF110 Classical IP over ATM Ling ATMARP (ATM
Address Resolution Protocol) lun1unuIwves Classical IP over ATM fio (AT ATM wYn
¥anumiousumnaTlulad Subnet yoe 1P e qunsal IP Router inziAzoIneNRUADTT
ouse lundovivazaunsoradeulddioglu Subnet v iozd1e1e Subnet fu Router
Ausdouinns Forward Packet 910 Subnet Aumia 1184 Subnet anoma dromdnnrsdt Sav
IWindete ATM YimyhiisanIs Logical IP Subnet (LIS)
2. Toshiba’s Cell Switching Router (CSR)

vinmaiin IP over ATM ﬂzuqﬂﬂsaf Router 9zimthiinuduns (Routing) a3
qUnsal ATM Switch sxvimdhiiedad ATM sodudeliniiidresesiihamdaeiuly
gunsaliRoaiu uSinladun SaldRadumatinGunit Cell Switching Router (CSR) Taodi
aomilaonssuiuy CSR 1fuszl ATM Switching Fabric gnaauguTay IP Protocol (nudise
QnRIuRuAIL ATM Switching Protocol UndAnvsunAiln CSR IRgminarue lufitsyags
¥4 IETF Working Group 1l a1, 1994 uazduil a.f. 1995

3. IP Switching
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Til a7, 1996 UM Ipsilon AuugiunAlinGUNI1 IP Switching FistumaTuTadi
auyseiiuund maliauuy CSR Taoi1do5nuesz Tomfves 1P Switching fmilend
masinuuty Fofl

e IP Switching i ivgunsaffifinnuansalunsi ATM Switch aunsnd
v Router 18

o WIW1E Router o I8 aunmEage (AilS ATM Switeh) Fuiluginselii
funrudeamsvesmsidonudegiy - &5 Router @i
A anoudhe dide limuzfunis 1 Application A199 vuBuIRRTITiA

e ATM Signalling 102115 Mapping IP l1fis ATM éuﬁﬂ'nwffuci’f'auuaztjw1n
Fa1fun1314 1P Forwarding sfhuSimsiimsihadoiuTaolideed
ATM Signalling Protocol

4, Tag Switching

s lunidsundsnnfiusin Ipsion 1duugihmaiia P Switching U3 Cisco
| RuuziiunATIAYeS Label Switching Ly 1M1i¥e31 Tag Switching Tasiitimshauuuu@e
fufy TP Switching UDZ CSR mAfiAfinTInaves Data Traffi ‘hiﬁ'ifuaéﬁ'umm
Forwarding 1u@ag1lnsal Switch winfumiﬂ'aﬁuagiﬁ'uﬁmumﬂﬁmlm Link Layer A28 1A
210 Cisco 1@pTvnomaiinnisyinaniluenats RFC uda Cisco 4 1ananau 1A Tag Switching
Susnasgiues IETF 8ndaw uazdewfisunmeiduiissnlunguves Multi-Protocol Label
Switching Working Group
5. IBM’s ARIS

W&910 Tag Switching ¥8e Cisco Mhgauugzihliunnin v3dn BM Al8uusi
mAiin IP Switching (30n71 Aggregate Route-base IP Switching (ARIS) mAtiA ARIS A7
nd1ondeny AR Tag Switching Y84 Cisco nAnTimaiauuBug
6. The Multi-Protocol Label Switching (MPLS) Working Group

Tumssantsyssquues IETF unsefided Birds of a Feather Tuidoutunnu g,
1996 1&SMshierusus Cisco, IBM (ag Toshiba ifievuamslumstmuainasgiu
ypamaTulad Label Switching Tao'ldfwualdii¥edn Multi-Protocol Label Switching iiies

4 c‘f’ g a o o X o
91040 IP Switching 110% Tag Switching WidiuFenwldndadusivesusingnin

(]
o

- @ 3 ' ' . & o
dodudl a.f. 1997 14TimsSadeniasau Sunan MPLS Working Group tRevimifi

Tumstmuasnasguitioadosiu MPLS
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3.2 IP over ATM Model
A o ¢ A1 ' A q¥e w ﬂ a o a
dlerewiu gunssiinTevieliidgneenuuunuielddminilunieviondnvesdu
9y ] L 4 ] v
wosun anfulumsdedeyauns Application it 1P Protocol HuNSuPuiivedesefiy
gunsalfiaansadedoyalédinnudagen exliqunsel ATM Switch igunsalivinaves
Bandwidth 1182 Forwarding Packet 1é@20n71113 299 Sufin33a1n134ea IP over ATM
1% Model 484 IP over ATM Nti1489 ATM Functionality 9311111 inuAY ATM
Signalling 1102 Routing N1141umsiiouse uaz Hardware Swapping 141N gunsalfiegly

[} [y i g 1 A " d o
wiodie sawaaslugUft 3.1 ewudullell Packet unlumieviwnszerdy Layer 3

Functionality
Edge | Core Core
Ingress Edge Router Standard IP
Routing Protocol
1P Control -
IP Forwarding ATM Forum : ATM Forum . ATM Forum
Shoralg i ST\ g Radting] L Switch s onalingRouting
[ AmiComol | {_AMConirol_ e
Layer2 w Control | ATM Control ATM Control
Transport Assign Inifial AT Label ATM Label
Fvormyna | t L ee—
Packels i Cels Swapping Cells Swepping Cels

31 3.1 IP-over-ATM Model

vosdufidu Edge vounToviw uagl¥ Label Swapping ATM Switch Tudauiiiiu Core 109

- ]
NIDVY

3.3 Traffic Engineering

oo 1 Soyafifiu Packet susegndeinTaogunsalisniines (Core Router-
based) aeduiludeaiinisniugunsesIesues Packet fidwasiigndeesntl Boah
Traffic Engineering ‘f’ﬂﬁ' 5un15315091AuN189 U IETF (Internet Engineering Task Force) W
1%imniinves Multi-Protocol Label Switching (MPLS) uaz DiffServ iilovmihilunsaiugu
Traffic ﬂvﬂf:
- P15A9NDYDY Packet (Packet Forwarding)

- miansze1edoyn (Information Distribution)

ey aj)
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- Signalling
Traffic Engineering iuin3esilediaiilflumsniugums Inavesdoya
(Traffic flow) Tumslfusasuumdeiidumesuafiilfinaves Traffic fAfudauned
mnTufesiniuedreiies Tasmsmuduma (ath) fiRfiqALALNILY Traffic Load 1u
Phinafimsanludosdums misow ETF 1dszyhdannsodimus Traffic
Engineering  daomsidenmaiinfigndeainsmnzanfeziiudausddgivihldinded
amnsovnanidetiilszaniam  Tasmwzedubiuuniovs P Aidesmsdadygn
(@69 §20m314 MPLS ua DiffServ 133 Traffic Engineering fianssaanlfamnsodamana
Anvean1s 1Hu5ns (Qos) ldsdafitsednsnin Ausu
- uflvilgninevaa (Bottleneck) FiAntuudumandn (Primary route) azM5AAYA
Twnsoviy (Network congestion)
- aunsenIuRums Reroute vudumeImi ¥ lunsdifidumandndados
- valdaunsoldueuaiminiewes  BandwidthldesaduiiuasilseAninmgage
(Bandwidth Utilization)
- AUAINNILANATYYMILYBY Packet I TBuTigA (low loss)
- @W15004 delay ¢i1~1q°‘7’uﬁﬂ€uuum?aﬁw

1 g/ o o a o a' Y a A'l a =
- aﬂm‘lamu"lumsmmumu uazuﬁnun1w°lumimums'lnusmsaumumu

3.4 KANMINNUYDI MPLS

nﬁ'nmsiﬂuﬁugmﬂm Label Switching fi® 7115 Mapping (1BAIATAAIDS 3
(Layer 3 Address) ¥94 IP Packet 1/ifiu Label tito14 Label flumstunudumslumsdedo
ya TunSeso P At lidims1¥ MpLs uadfuiilest Packet #1301 fvzgngunsal Router i
dmhiimudums Tasmsdendumian a1 forwarding Table 7t 1agnamualidaamih
ualuinieviofiing1d MPLS Packet fifu1f9zqn Mapping 426 Label #Tamnnsiin
wite Goni MPLS Shim Header Tagldiiiuidhan 8Y3¥NI19 Header 499 Layer2 Uz Layer3
Sumnslugld 32 34 Label dozgnidifuduenidumalasiigunsaluntedlisuiy

A©917187U Network Layer Address lumsnuduniadn
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MPLS ‘Shim’ Headers (1-n)

e T O -+ ) | = o SR

Layer 2 Header Network Layer Header
(eg. PPP, 802.3 and Packet (eg. IP)
4 Octets
Label Stack
Entry Format a— Exp. S L

Label: Label Value, 20 bits (0-16 reserved)
Exp.. Experimental, 3 bits (was Class of Service)
S: Bottom of Stack, 1bit (1 = last entry in label stack)
NN Time to Live, 8 bits

41/ 3.2 MPLS Shim Header

4 1 1 $ e A z
Tumsiwouneveunseiwily Label Switching Asuaaslugiin 3.3 viuszilsznou

Y
Arwauilszneu de lil

Source Destination

LSR Label Switch Router
LER Label Edge Router

31 3.3 1nFev10IUY Label Switching

1. Label Switch Router (LSR) fniinlums Switch Packet ﬁgﬂ Label PRI
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2. Label Edge Router (LER) finsi1ilunsd Label iio51101 IP Packet i€1nuidadase
Iﬁﬁ’ﬂ LSRIiaz91 Label 890 lﬁﬂ%‘ﬂ Label Packet '711“%'”1 LSR
3. Label Distribution Protocol (LDP) I lunsnsze10 Label 1315 a9z 1% Protocol

#a1wot14' 181U RSVP 139 OSPF

3.5 BanN19711914v84 Differentiate Service
Diff-Serv AMN508ANSHAZAILAN QoS HinTetnTaunsade Model NldnVE

R Building Blocks {30171 Per Hop Behavior (PHB) Aauter m'lu;ﬂﬁ 34

DS Byte

DSCP o))
QU = aurentdy
unused
0 3

DS Byte

Protoadl
Source IP Address

Destination IP Address

DS Bytein an IPv4 Packet

511 3.4 PHB #iuaasdau DSCP 1u IP header
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DiffServ szsvyuazAmuasmunguuesdeyaiiu PHB udaz PHB fignimunass
qn‘l%xﬁeﬁ']ué‘f’aﬁa%y“lumsi'i’ﬂﬁﬁummﬁﬁtu §und1 Treatment B9lulA0g Treatment 92321
&4 M5180n$ANTT Queue 1AY Scheduling BEIITY Treatment RIIMIALN Queue 713 High-
Scheduling Priority tiazil Low Threshold Congestion sﬁavhurﬁ'mﬂum?a\hu vz li 1
umsdadedu Priority Tiqe Packet firdnunoz 183unsfmun Treatment Taunms1# DS byte
ﬂ“’quﬁﬂﬂugﬂﬁ 34 %9 DS byte i‘i’"lﬁ'gmmuﬁ TOS byte 11 IP Header ({pa91nufu Byte iz
qeenuuuaiiteldifudanisFuilants MuSnseguda lu DS byte wiifladiGont pscp
(Diff-Serv CodePoint) fi‘l‘llmﬂﬁﬁﬁﬁwlﬂuﬁ’lﬂﬂgTreatment %58 Behavior Lﬁaﬁ'lﬁ'twiaz'{nu
a (Node) 1uin3etue1303AMs Queue 1102 Schedule 1AgnApsnudifimua u DS byte 92
152ABUAIL DSCP $1143u 6 bit 11az®N 2 bit fifgn Reserve 13 duuamnsofiez Treatment
'|Aqag@tia 64 CodePoint 91n§11131¥B3 DSCP 6 bit

wiiAYean13fMNA Per Hop Behavior, PHB 1 1dgnutimmdnyaizuengunts 1
uSmsuuunig L

1. Expedited Forwarding (EF)
Sudnuaizee Treatment Hfmualinisgamiouss Packet #1 (Low-Loss) & Jitter
9‘1;1 wazifea Delay é;l‘l d’uﬁa EF PHB 92@11303U82U Aggregated Packet CADNE
doelimnnidannimidadigavessasimsdeeen i lundeye Frumaieaild
aiifin Queue TuuHAE Node vosgunsailuinietis #ewevinlian Delay 1oy Delay
Variation ‘18

2. Assured Forwarding (AF)
PHB 1uy AF dgnunismsdade (Forwarding)iilu N 53 fie s2Au AF1 91l AFn
e uioqiiuRusie Vusidios 4 szdu Tuudazszduves AF gaurisdesesniiu M
seiudey Faluilegiu ldua Budios 3 sefudes dm3y Probability veamsda
(Delivery Probability) ﬁ'atfu Treatment ﬁﬁ Probability ¥8an15 ¢t aqeﬁmam'd ﬁﬂzgﬂ
d4'1810n"1 Treatment 713} Delivery Probability 3848431 1un15iias2@ AF fley
a1fiunaln Scheduling

3. Default Behavior (DE)

Fnuaizves DE PHB w2iifu “best effort” na19fie Node 9264 Packet Aao§1aumi

) y
a1 uazesnlUdusasuiifiveidiuli1dds dnifu Sen DE PHB Bnsdlh
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“as many as possible and as soon as possible” A28 Treatment (U DE Whianniosu
3941891 Packet 92gndalu Taoliggymun3e il Delay

4. PHBs UL
UONIINANYMUE Treatment 11U EF, AF Loz DE §3a150fMuUA CodePoint {11/1)
8uq 188nnnny &au DS byte c“ﬁeﬁuag'f'i'msﬁﬂumqﬂﬂsafnﬂ?mhumiazﬁﬁ’e fivg

sossuldundeuiioala

3.6 M3i3uuifiey Routing UV Conventional it MPLS
Conventional Routing

Qﬂﬂiﬂf Router 914 Protocol Tums 1Aidun1auu Conventional Routing (94 OSPF
(Open Shortest Path First), BGP (Border Gateway Protocol) Hulls Tﬂﬂﬂﬁ‘ﬁ‘h’ﬂuﬂﬁl#ﬂuﬁﬂ
wazdedoya Tavfi Router uAngdrnzad1esmralunisdese und1 Forwarding Table ey
$anlBidun1awes Hop da'll Feazld 1P Address voswedmomafifsmiugiuen a1sm
1%'un1aﬁau?§fayezaéuuﬁugmﬁﬁun'h Best Efforts

‘luﬂlmzﬁﬁ Packet ﬁti‘lu Connectionless Network Layer Protocol ﬁvzmﬁumqmn
Router #avilelu§@ndmils Tugilnsal Router urazdvsdeddinssr Packet Header 489
Packet (M1 &2 Router sz¥hn1siden Hop #e ldrsnmsdaadulevesnisdene Fafums
mdumazdsznoudasan 2 davfuensndu e nudumsiiatiqe uozdededeya
Packet H1uidunisiignidenlalunievs swituirluidas Hop 531319 Router 1) Router
vzdeaiimstszuanding ¥ Overhead YOI Packet suhusaildligangudemsnldon
Topology ¥B4IA50U1Y
MPLS Routing

MM udUMY MPLS Yuesiandannmsniduniauuy Conventional Taui

4

MPLS routing Fuld Lavel Hugrdnudumeueudas Packet dniusoildaunsoan
Information Routing Table 14 Router 11AAZA?

lundoviofignsld MPLs wihfimsdeuetausnves MPLS Afie msdede
(Forwarding) T Tasmsaeroveausng  Packet szues liifiquinuaizuasngdnssy

[ 4
LY ] o o ° [Y
(Behavior) Y94 Packet 44 1%¥U Routing, Forwarding, Queuing, Priority udiunesimuaszay
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(Class) 3971 FEC (Forwarding Equivalence Class) ¥y Packet ﬁ’:u‘] J2AVYDY FEC wWYn
srdmiioennsnaudaves FEC #nfu Packet Hilfnuaiziaz Behavior Huafuiiesli FEC
nQuIAYIAY

daunth#isnegunilsues MPLS Routing i msnudumeuag Map udag FEC
T1/6is Router Hop a'ly ﬁ'aﬁ"unn Packet 71 145UNSHMUA FEC nquidsafuiezgadenn
Tnuanilalusdn Tnuanilsdrodumafioatu udag Packet szgnimundan FEC fvenda
(A7 a.qAfi Packet yhudungunievis Taohi FEC yesusne Packet szgaidisiagiovina
ANuETINAAA Ml 5ond1 Label 1fufie Packet 93qn Label naufiszdadely ﬁu'i"’uqﬂﬂmf
Router 3ogilnsaiinfoiiof hiduiludesiinszridauves Header vouUsing Packet Bndinll
uA9z14 Label 1fudduen Hop il Sufu MPLS Saihy Traffic Engineering ozl

arutangulumsilaeunilad Topology
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nseenILUIasA 1 UU1a0sIATeY Y ATM tas IP

41 PIPBANUVIATENIY ATM uay IP

4
Mulasemsfnunsaimeed  Idinuafauazanudessmsdmsumsaaniede

AT veslassmsaumbugassugindunsdidoy  Taoh Tasemsauudugassugil

t i o q 3 @ r'd v
Foamsiatevis ATM fiagwisosessunsiounnszuu Insfny PABX uag s2UU LAN o

v
@4 Traffic 19 Voice tag IP Data uag Idsonuunaiudesuesginsel ATM Switch Tagsey

1 4
qaiauliavesginssiinieis ATM Switching 13dswa T

i 4
guUnsal ATM Switch ApesaaiunuaNsansae Tl

i$luginsel ATM Switch 110983 Back Plane Capacity Fauis 10-40 Gbps
HugUnsaififinn llaonssuumy Distributed Switching Fabric
sosfumsiFoudefisssuaia?  OC-3c/STM-1, OC-12¢/STM-4 Wdg  OC-
48¢/STM-16

Ny lunsanis Traffic, Bandwidth uazMIFaudenIN ieldifn
152 @nTnMYBa Throughput gaga Tavszdesiudlsziugunmvesmslduims
FosiineTndounAsituY OC-12c/STM4, OC-3¢/STM-1, OC-48¢/STM-16 4ag E-1
vugUnsslduReaiy

50951 QoS Rawsaldszdunnudiyvenas Traffic Atlanuuanaeiuld
¥y Application Voice, Data #asn13 1 Video Conferencing
X093945UMIIFOUABLUL PVC (Permanent Virtual Circuit), Soft PVC iag SVC
(Switched Virtual Circuit) wazamnssesiuldvis UNI uaz PNNI andefmun
Y949 ATM Forum

Lﬂuﬁmi]mmssmmu Redundant quﬁawm ATM Switch Fabric (1@% Processor
sau‘f;”a a0 doadu Redundant Load-sharing Power Supplies

A11509ANS Policing Uag Security 18

59931 LAN Emulation mui’faﬁmumm ATM Forum LANE 1.0 Lia 2.0
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. 304§y MPLS lumsnudunndmsy ip
. dauden veswqUnial ATM Switch Apsaunsanoanidenldlaghidedalv
(Hot Swap)
. i Software ﬁmmmsaa%’nﬂmﬁﬂymzde"hli'f"lé’
- ATM Forum UNI3.0/3.1 1la¢ 4.0
- Virtual UNI
- ILMI
- Smart Permanent Virtual Circuit (SPVC)
- IISP Static Route Configuration
- PNNI 1.0 Peer Group Leader Hierarchy
- Multi-protocol Over ATM (MPOA)
- Classical IP Server (RFC 1577)

o T ) = “ 3
4.2 nfmmwmtma'u1tm°nmnﬂﬂmmaﬁlmmumam

Snvazinsovomidnyuiedunuusiaes dwaaslugdi 4.1 uasgi 4.2

Ce | [eex |
] ‘n'El
[ 24 Edge ATM J
]n'oc-u

OC - 12¢ (64 Port)

10Gbps l;l
5 ATM
i Core 2

10Gbps

QC- 19

am |8 10Gbps ATM
Core 1 |, Core 3

22 ot 22 Port
[E] [&]

31 4.1 iuafaveunes ATM dmsuamnuiugssagil

n*El
n*0C-12
8]
]
2
5
OC - 12¢ ( 55 Port)

OC - 12¢ ( 55 Post)




< B64xATM Edge
) Switch

g1l 4.2 msiFeudegUnssl ATM Core Switch fnfuiniotvauuingssugil

28
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d‘ A e l 4 _ -
Tuglii 4.1 uag 4.2 Fuiludnyuzvounsovisdomsveslassmsaumiiugssaugil

[ 4 4 I~ 4 o 4 a
Fundevwdoasiiden1ina Tuladunueidy iovimiinglu Backbone meluauiniiv

[ v ¥
TumswoudeiudyuaeInsfwiaa (Private Branch Exchange) 1ag32u1 LAN fidsegluy

a ' a o [ Y
vinaensdlasmsuazemsaieg vesauwiiv Uszneudiuginsal ATM Switch Asil

Core ATM switch

1.

ﬂsznauﬁ'wﬂtjmm ATM Core Switch 914U 3 ﬂfjll (ATM Core 1, ATM Core 2

1Az ATM Core 3) 1¥ouABAUAIY Fiber Optic NAWITI 10 Gbps

2. luudnznguund ATM Core Switch Usenoudat ATM Switch Yu1A 40 Gbps
§1au 3 @2 1 FeuApAUdIY Fiber Optic Atuuddansedu STM-16 innwisy
2,488 Mbps

3. ATM Core Switch {i#iaz@2i) Output Buffer 1aitiouna1 4,500,000 Cell

4. ATM Core Switch ARZ AT Output Buffer @0 Port 31121 128,000 Cell

5. ATM Core Switch 11@az 1) Switch Transit Delay 10 microsecond

Edge ATM Switch

1. 1/52noUAI ATM switch ¥41@ 10 Gbps 31131 70 A2 Tauidouneriu ATM Core 1
§1191 23 §2 13oudeRY ATM Core 2 $1147W 24 1 uaziFaunefiu ATM Core 3
11U 23 62

2. @oufy ATM core Switch AI01UUAIANIENY STM-4 finai32 622 Mbps

3. WeuApAUTTUD INSANTIAIE Interface MUV E1 $14U 2 2993

4. 1@ouAeRUSYUY LAN fugqunsal LAN Switch 111 ATM Uplink A20iuna3nn
sEAU STM-1 inW137 155 Mbps

5. ATM Edge Switch 11#iaz@2% Output Buffer liitioundi 1,179,648 Cells

6. ATM Edge Switch l#az@21) Output Buffer #® Port 911U 65,535 Cells

7. ATM Edge Switch uAazA2l Switch Transit Delay 12 microsecond

43  msadanazsiasauunieviedleldsunsu OPNET

v
o Al o o é
Tlumssaeauunievis ATM  tiuldviuenTsunsy OPNET  dailulysunsy

) o o ' 4
dm3uMseenUUY Model vosgilnsaiinieviolavauisaidonld Model #ildgnadvoon

wuu'13uda werdlu Model #1n1N13%1911999 ATM Switch
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v
HUUIADILUNUMTINNUYDY ATM Switch udazuunlulysunsu OPNET 1u'ldn
M311191 Node Model Object Miili Module #1949 W u¥BUABAUANANYUZYBINTINNTT

o ' A o \ Y 3 4
ManvesgUnsaiirazszian Faezil Node Model Object Asde T1lil Aananasgilii 4.3

Processor i Object AMITVUVUIIADIVDY Process

Generator i Object dmsuiuurasAuiuTinuee Packet

Queue i Object A 5VULVVT1a94 Internal Packet Queuing
Transmitter u Object & M5 UNIT A9 Packet YB3 Node

Receiver iy Object @ MSUMI5U Packet Y83 Node

Packet Stream W Object 'lumiﬁ}an Output Stream Source iU Input

Stream Source
Statistic Wire i Object Tuns L‘T;ml Output Statistic 11 Input Statistic
Logical Association 11114 Object TunsFUeNMIIAoNRBITHIN Module @04
Module
Tums$ransinievwdemsveslassnsauwiiugasingimeiiunsdinn 14
1#on1¥ Model Y99 ATM Cross Connect Y19 16 Cross Connect Li'luuuuﬁmaumuqﬂnmf
ATM Switch YU1A 40 Gbps ﬁ1ﬂ1§l’1ﬁlﬂu ATM Core Switch a2 1% Model ¥99 ATM Cross
Connect YU 8 Cross Connect ﬁmammuqﬂﬂsﬂf ATM Switch Y119 10 Gbps ﬁmﬁwﬁuflu

ATM Edge Switch



Node Model Objects

Object Type

Definition

Default
Representation

Processor

General purpose, programmabie object whose
behavior is specified by a process model.

Generator

Simple packet source using probability
distributions to control time intervals separating
arrivals as well as size of packets.

Queaue

General-purpose and programmable like a
procassor, but also provides intarnal packat
queuing facilities consisting of a bank of
subgueues. Subqueves are ordared lists of
packats.

Transmitler

Allows packels to be sent outside of the node's
boundary via attached links. Three types of
transmitters correspond to supported link types:
point-to-point, bus, and (in Radio versions)
radio.

Receiver

Allows packels 10 be received from other nodes
via attached links. Same types as transmilters
above.

Packet
Stream

Connects an cutput stream of a sowrce module
to the input stream of a destination module.
allowing packets to be communicated and
buffered batween tham.

Statistic
Wire

Connects an output statistic of a source module
to the input statistic of a destination modude,
allowing nurmerical data to ba communicated.
Optional active notification of value changes via
interrupts at the dastination module.

Logical
Association

Indicates a coupling between two modules.
Currently supported for appropriate transmitter-
recaiver pairs only in order to specify thal they
be kept together when attaching the node to a
link.

51/ 4.3 Node Model Objects 484 11/51n53 OPNET

31

uuud120390391/n38i ATM Core Switch

Tuuuus$1009u03g1nsal ATM Switch 16 Cross Connect flunugunsal ATM Core
Switch 1uazlszneudaensideudeves Object RECEIVER 1102 TRANSMITTER ¥8432A1
Physical 91U2U 16 2993 Fanuaezdourofy Object PROCESSOR fivmthiluszauves

ATM Layer lumsaiaimsiyouaen199 1az93gnaIufuAIu ATM Signal Call Control #
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310 4.4 Model ¥99g1/ns8l ATM Core Switch

$1093870 Object PROCESSOR 1)) Object 92qnifionradan Packet Stream iito1ana 1ty
YIRIUYBINA Input 1A Output Stream Aauaraslugali 4.4
15192A09MUARY Parameter #1199 UUARE Attributes ¥DIUUVTIADIVDY ATM
Switch 16 Cross Connect WiignuaizIndifivafu ATM Core Switch iniiqa Taofmuas
w4 Parameter 111 Attribute agio i}
1. ATM Port Buffer Configuration FuflumsfMuAYLIAYBY Output Port Queues TAsHnuA
i1 Parameter U094 Size (cells) Tia 128,000
2. ATM Switching Speed 1111 Attribute @MU MMUAT N Cell ADIUATUMS Switch YD
Switching Fabric Tagfvualiiing 40x10° / 8x53 = 94,339,622 Cell ¢103111
3. ATM VC Lookup Delay 11U Attribute §1%5ufwinan1 Delay lun1s Switch udag vVC
Tausmualdile 10E-06 Fuilumues Switch Transit Delay v09gUnssi ATM Core

Switch
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4. ATM VP Lookup Delay (I Attribute #M5VAMUAM Delay 1ums Switch uaag VP lay
fmualiiinn 1.0E-05 Fuilumues Switch Transit Delay ¥0991Unsal ATM Core Switch 7
fvua130A 10 Microsecond

5. fmualiuday Physical Interface Y93 Model ATM 16 Cross Connect 3 095 umsﬁ"'fawia'lﬁ'

qega liifuuUuAIANTZAY STM-16 117211522488 Mbps

a s a 3 1 1 & d‘ d' 9/
U1 4.5 uazgilii 4.6 Wun1sAnAsat Parameter A199) 11 Attribute MiRYIT09

—+|(CORE1_#1) Attributes

7 "N A ) - s . "
Attribute ¢ . | T - N
& ST Y, Bl - 7 » - 4 - B

hame conm m '-
model ‘atm16_crossconn_adv
ATM ABR Parameters None
ATM Active Failure Detection Mode Disabled
ATM Address Auto Assigned
ATM Connection Information Do Not Print
ATM PNNI Parameters Default
ATM Passive Failure Detection Mode Disabled
ATM Port Buffer Configuration (..)
ATM QoS Priority Scheme round-robin
ATM Routing Update Interval 15
ATM SSCOP Parameters (..)
ATM Segmen!atlon Rate Peak Cell Rate
94,339,622
ATM UPC Conhguratvon Default
ATM VC Lookup Delay 1E-005
ATM VP Lookup Delay 1E-005
7
I~ Apply Changes to Selected Objects I Adyanced
Details Promote |

51N 4.5 M3AAAIAT Parameter 7199 1U Attribute ¥8IUDUTIADI ATM Core Switch

[ E 4
A1 Parameter 494 Attribute Mifodouiludsil
« ATM Port Buffer Configuration  Edit 20 Queue Parameter Table

o _ ATM Switching Speed : 94339622
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« ATM VC Lookup Delay : 10x10°
« ATM VP Lookup Delay : 10x10°

:](Queue Parameters) Table

o . e

Attribute

Max_Avail_BW [%Link BW) 100%

Min_Guaran_BW [%Link BW) 100%

Oversubscription (%Min_Guaran_BW) 300

Size (cells) 128000

EFCI Threshold (%Q Size) 50%

CLPOPPD Threshold (%0 Size) 87.5%

CLP1EPD Threshold (%Q Size) 7%

CLPOEPD Threshold (%0 Size) 62% \
CLP1PPD Threshold (%Q Size) 50% L

H v [
51/ 4.6 N15AARIA Parameter 1D 1MUA Port Buffer Y9311W1T1089 ATM Core Switch

uuud1a09ve39UnIal ATM Edge Switch
LUVT1aD9 ATM Cross Connect Y4 1A 8 Cross Connect ‘7;1%'11141‘! ATM edge Switch 9&
s52nPUAIY model object IFUHBINUAY ATM 16 cross connect (A 1981149U object VDY
RECEIVER 11ay TRANSMITTER tfits 8 40 iite I Tvinaidnas Swaraslugili 4.7
FUIRINUITIVZADIMYUAAT Parameter 7199 TULARE Attributes UYDIULVVTINDIVDY
ATM Switch 8 Cross Connect Iﬂﬂﬁmuﬂﬁlﬁm Parameter U Attribute {Fiﬂulﬂfﬁﬁ'ﬁﬁmm
ANYULUDI ATM Edge Switch
1. ATM Port Buffer Configuration FuilunsAmuavuIaves Output Port Queues Taimun
f11 Parameter Y04 Size (cells) TTian 65,536
2. ATM Switching Speed 11U Attribute @115 ufimuaduIU Cell oW 1UNT Switch Y04
Switching Fabric Taofmualiiia1 10x10° / 8x53 = 23,584,905 Cell ¢in 31N
3. ATM VC Lookup Delay 11U Attribute #1115ufmuan1 Delay 1ums Switch uang VC
Taodmualdiiar 1.26-05 Huilumuos Switch Transit Delay vodgUnsal ATM Edge

Switch ﬁf‘imuﬂ"l%'ﬁ'mmi'hinﬁu 12 Microsecond
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4. ATM VP Lookup Delay 154 Attribute dm5usmuan1 Delay 1un1s Switch udaz VP lay
° =~ & '
famualiiian 10E-06 Fuilus1uos Switch Transit Delay ¥9991/n3al ATM Core Switch
g : I
Smualiudas Physical Interface ¥89 Model ATM 16 Cross Connect 5095 UM51¥0uAD 18

qaqa LifuuUuAIANTEAY STM-16 in211592488 Mbps

311 4.7 Model ¥03g1nsal ATM Edge Switch
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+|(EDGE_111) Attributes

- |Attribute | Value

{lhame |EDGE_111 o
model atm8_crossconn_ady i
ATM ABR Parameters None
ATM Active Failure Detection Mode Enabled

ATM Address Auto Assigned

ATM Connection Information Do Not Print

ATM PNNI Parameters Default

ATM Passive Failure Detection Mode Enabled

ATM Port Buffer Configuration (..)

ATM QoS Priority Scheme round-robin

ATM Routing Update Interval 15

ATM SSCOP Parameters ()

ATM Segmentation Rate Peak Cell Rate

ATM Switching Speed 23,584,905

ATM UPC Configuration 'Default

ATM VC Lookup Delay 1.2E-005

ATM VP Lookup Delay 1.2E-005

[l v
71/ 4.8 n13AndeA Parameter 199 T Attribute Y911UU1099 ATM Edge Switch

' . a A 9y [ dy
#1 Parameter U904 Attribute NinevauTuAH

o ATM Port Buffer Configuration

o ATM Switching Speed
« ATM VC Lookup Delay
e ATM VP Lookup Delay

- Edit 720 Queue Parameter Table
: 94339622

:10x10°

:10x10°

36

11&31]‘7\ 4.9 A1 Parameter @115 UN1MUA Port Buffer 499 ATM Edge Switch AHUAAY

e Size (cells)

165536
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_t](Queue Parameters) Table _ O] x|
Attibute [Value S T e
Max_Avail_BW (%Link BW) 100%

Min_Guaran_BW (%Link BW) 100%
Oversubscription (%Min_Guaran_BW) 300
Size (cells)

EFCI Threshold (%0Q Size)

CLPOPPD Threshold (%20 Size)
CLP1EPD Threshold (%0 Size)
CLPOEPD Threshold (%20 Size)
CLP1PPD Threshold (%Q Size)

=A% Promote

H b4 '
3171 4.9 M5@adan Parameter Size 1WBMUA Port Buffer Y931111$1a09 ATM Edge Switch

o -~ | ﬂ' A o d' o =<
HUVDIABIVDIUA IV A DA TTBVUDNTININIIANE

11ORIMUART Parameter ¥DIV1$1ABI ATM Core Switch 110y ATM Edge Switch A9

v ' . v
dhedundn 11101 Model Y99 ATM Switch ianiuyIFoussmosaoudunievien ldeen

wuu'ly TaoldTisunsy OPNET @3 Network Scenario fnual#iii¥ed1l ATMproject

@ = 24
Scenario : SBIA_ATM #31li 4.10 #39z1)5n0uAIw

1.
2.

ATM Core Switch (HHHUV$12997151191ULNU ATM Core Switch

ATM Edge Switch (J 10 u$10984m359%1911MU ATM Edge Switch

Voice Station iunuusiaseiiiilulisunsy OPNET iies$1aesmsinuiuy CBR
ATM-UNI Client inum3smauvesguas Insfwi (PBX)

Data Station 1iuuuusiassfiiilulilsunsy OPNET iiesiaesmshauuuy File
Transfer Protocol Work Station Lmuﬂﬁﬁmwmﬂﬁa’ﬁay‘a IP 1tag Data L1 ABR
Data Server [Hutuuiiasiiilulysunsy OPNET wediaosmamanuiiu server
yoamssudsdoyadmiv FTP, Mail

Local Switch (Huuuf1a0ununsnIa ATM Access Switch iNoifoudn ATM
Client LUVAN)

Link (Hudun1amsiyeuaoseya19 Model 9139
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8. Application Config 11UM3IfAMUA Traffic Application ¥1AA19Y) 1¥U Email, Voice,
‘ ' o =
FTP, HTTP, Remote Login tWeiiluumasfiiia Traffic

v
9. Profile Config ({Humsfan Traffic Application AR

b | N

511 4.10 vyu$r1avUATEUIWTOAT ATMproject Scenario : SBIA_ATM

i‘IJ‘?; 4.11 waraamsmvua 1w Traffic Application Tu Model ¥93 Application Config l#ﬂ‘l‘mu
M3 Generate Traffic ¥HAAIY §IMTUNS Simulate Tulnsemsiiaghmsfnnme Voice
uag IP Traffic Application

e« Voice

. FTP

« EMAIL



:J(Anph( ation Definitions) Table

e . | Bk Tl

— l,:»_

|

.

Cancel I o]

L

31/ 4.11 mshmua Traffic Application HUUAIN

:I(Voirt‘,‘ lable

{Silence Length {seconds)
Talk Spurt Length (seconds)
Symbolic Destination Name
Encoder Scheme

Voice Frames per Packet
Type of Service

. |RSVP Parameters

ad il

T

None é

31|ﬁ 4.12 M3INIMUA Voice Application Traffic

:l(SiIence Length) Table

Incoming Silence Length (seconds)
Outgoing Silence Length (seconds)

exponential [0.65]

exponential (0.65)

]‘IJ"V'I 4.13 M3fvua A1 Silence Length 494 Voice Application Traffic

39
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_:I(Talk Spurt Length) Table !mm
Attribute Vom0 o=l
Incoming Talk Spurt Length [seconds) exponential (120)

Outgoing Talk Spurt Length (seconds) exponential (120)
L :H;,,- .—hmzq_,,‘:‘mi:-“q,.\ o
Efcumolﬁ 3 I SRRSO Emf%l‘d % 0K
o e NN I"\» ‘i ,l {1 A R

31]‘71 4.14 M3AMUA A1 Talk Spurt Length YD Voice Application Traffic

5700210UAVDINIIAMUA Application Traffic #1135V Voice

Encoder Scheme

Type of Service

Voice Frame per Packet

Incoming Silence Length

Outgoing Silence Length

:G.711

ifumsAmunals Voice Traffic iiluuuy G.711 Codec 1id
mstiudadyg oudes

: Interactive Voice

fvuald Voice Traffic iJUaNYULIVY Interactive

01

fvualiaa Voice 1 Frame @0 1 Packet

: exponential (0.65)

fmuald Incoming Silence Y83 Voice 1M1 0.65 7N

: exponential (0.65)

fmuald Outgoing Silence Y93 Voice 1M1 0.65 N

Incoming Talk Spurt Length : exponential (120)

Amualfiina1vesn1sWaAves Incoming Voice #1120 I11M

Outgoing Talk Spurt Length : exponential (120)

Avualiina1vean1sWAYes Outgoing Voice T 120 I



57002BUAYEINIIAMUA Voice Station #3317 4.15 veamssudadeya Voice Application

:J(Voice Stn21111) Attributes
ame | Voice Stn21111
model atm_uni_client_ady
ATM ABR Parameters None
ATM Address Auto Assigned
ATM Connection Information Do Not Print
ATM Port Buffer Configuration (..
ATM QoS Priority Scheme round-robin
ATM SSCOP Parameters (..)
ATM Segmentation Rate Peak Cell Rate
ATM Switching Speed ‘500
ATM VC Lookup Delay 1E-011
ATM VC Routes Export Do Not Export
|ATM VP Lookup Delay 1E-010
| Application Traffic Contract CBR Only
fr Application: ACE Tier Configuration Unspecified
;.{5 Application: Destination Preferences [..)
* | Application: Multicasting Specification None
°‘ Application: RSVP Parameters None
. |Application: Segment Size 32,000
13 Application; Source Preferences None
" | Application: Supported Profiles (.)
'\ | Application: Transport Protocol (..
" | CPU Background Utilization None
|CPU Resource Parameters Single Processor
Client Address AutoAssigned e |
o< e ’%‘E’;‘»’ffj S
e B T2 IEHTY R v S
Detarls | _ ‘-‘1‘.F%IFII|‘I¢|[8‘ {t - W I oK

31 4.15 M3 muA Voice Station

41

Traffic

e Application Traffic Contract : CBR only
e Application Segment Size : 64,000 bit
e ATM Switching Speed : 4830 Cell

oA Iu E1 A21M157 2048 kbps = 2048000/(53*8)

FAUNNY 4830 Cell
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i](Ftp) Table 10 x|
Aliibute Value TEal
Command Mix (Get/T otal) 50%

Inter-Request Time (seconds)
File Size (bytes)
Symbolic Server Name

exponential (60)

Type of Service

RSVP Parameters

None

=
",

e 0K

gﬂﬁ 4.16 M3INIMUA FTP Application Traffic

5100z1BuAY0INIAMUA. Application Traffic Asudaslugid 4.16 dmiunsdsdoyn Data

Hyy FTP

Inter-Request Time

File Size

Type of Service

: exponential (60)

Wunsfmuald Inter-Request Time Y84 FTP 1if1 60 31
5000000

AUUATLIAYDA File ¥oamsdadoya FTP fivu1n 5 Mbytes
: Best Effort

fvuald FTP a9y Best Effort
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—+J(Data Stn 21123) Attributes

T e Wae
hame Data Stn 21123
model atm_uni_client_adv
ATM ABR Parameters None
ATM Address Auto Assigned
ATM Connection Information Do Not Print
ATM Port Buffer Configuration (...)
ATM QoS Priority Scheme round-robin
ATM SSCOP Parameters (..])
ATM Segmentation Rate Peak Cell Rate
ATM Switching Speed Infinity
ATM VC Lookup Delay 1E-011
© |ATM VC Routes Export Do Not Export
|ATM VP Lookup Delay 1E-010
. |Application Traffic Contract ABR Only
" JApplication: ACE Tier Configuration Unspecified
| Application: Destination Preferences 78]
A Application: Multicasting Specification None
| Application; RSVP Parameters None
b Application: Segment Size 64,000
4 Application: Source Preferences None
. |Application: Supported Profiles (.
%% Application; Transport Protocol AALS
ﬁ CPU Background Utilization ‘None ]
‘y CPU Resource Parameters Single Processor g |
Client Address ‘Auto AssEned ’ :,l 5
b T sl el 2 2 ]
r i Cha s to Selected Objects . - y I~ Adyanced
> b . TN AT N ® ; e
Detaile [ J“’;E’TEB’@E O % l 0K | :

jﬂﬁ 4.17 M3MMUA Data Station @131 FTP Application Traffic

510021BuAY0IMIAIMUA Data Station 4331 4.17 veamsiudsdeya Voice Application

Traffic

e Application Traffic Contract : ABR only
e Application Segment Size : 64000 bit
e ATM Switch speed : Infinity

Amualifidly infinity iNodosms ¥ FTP qagea



—+](Data Server 31121) Attributes _ (O] x|
Attribute Value =
name Data Server 31121
model atm_uni_server_adv
ATM ABR Parameters None
ATM Address Auto Assigned
ATM Connection Information Do Not Print
ATM Port Buffer Configuration (..)

ATM QoS Priority Scheme round-robin
ATM SSCOP Parameters ()
ATM Segmentation Rate Peak Cell Rate
ATM Switching Speed Infinity
ATM VC Lookup Delay 1E-011
ATM VC Routes Export Do Not Export
ATM VP Lookup Delay 1E-010
pplication Traffic Contract | ABR Only
| Application: ACE Tier Configuration Unspecified
: Application: Destination Preferences None i\
* |Application: Multicasting Specification None i
~ |Application: RSYP Parameters None i
- |Application: Segment Size 64,000 ¢
. |Application: Source Preferences None ?
" |Application: Supported Profiles None it
| Application: Supported Services (...
Application: Transport Protocol Specification (...
CPU Background Utilization None
CPU Resource Parameters Single Processor
Server Address Auto Assigned _j
N LT L B
I~ Apply Changesto Selected Objects =~ =~ .~ .~ [ Adyanced
e ey St ,.-’"‘:‘g’
Details | Promote - U‘I:mw ~ Cancel I [1].9

31N 4.18 M3 mua Data Server §135U FTP Application Traffic

T0aLBUAYBINIMYUA Data Server AegIli 4.18 voamssudadoya Voice Application

Traffic

e Application Traffic Contract : ABR only
e Application Segment Size : 64000 bit
e ATM Switch speed : Infinity

Amualiiily infinity iNodoan1s ¥ FTP qaga
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4.4 M3 Run Simulation
A o k4 ‘ A sy Y o A 1 o
11911 Model 112519 Scenario Y9AATDVWAMNNABINIUAD AaNna1I A Tui
' Q’II < 4 1 '
99 4.3 #o91nTuA 1% 1150n50 OPNET Simulate 10319 Traffic @199 14 Voice traffic, FTP
v v
traffic, E-mail, M3 set up call A7 1@t 1mua 14 15 Run Simulation ¥84T151n51 OPNET 11U
v ' v
amn3ofmuan1saen1luns Simulation a1 Asaaslugli 4.19 Tasemnsalivasmasie
v
a4
«  Duration t{uszez1na1 113 Simulate
o Value Per Statistic Li’lumﬁ]"m’mum Traffic @® 1 Statistic
«  Seed MUTUMS Seed
o Parallel Simulation
o q9 ¥
o  Generate web report WHumsdald OPNET @319 Report 11411]&11]1] Web

Report #1199 ¥84M13 Simulation 131508 MUA 1A 1uni 1819 Y93 Reports A9317 4.20



ﬂ[onﬁgure Simulation

Du@ l 2.0 I minute(s) _:_I
el week(s)
Values Per Statistic: {50 Wil
hour(s)
1000 :

Seed: | e

[~ Paralel Simulation: [ secand(s)

JIATM Address Information | Do not Export
[ 4 ATM Dynamic Routing Protocol Distance Vector
,;“ ATM Routing Simulation Efficiency Enabled i
_|ATM Routing Stop Time 80 5
_|ATM SSCOP Sim Efiiciency Mode Enabled i
_|ATM Sim Efficiency Disabled
| Background Traffic Start Delay 30 %
| PNNI Node Information Do Not Export §
PNNI Start Time 01 s
| Tracer Packet Redundancy Enabled |
| Tracer Packets Per Interval 2 ? ;g,
| Traffic Scaling Factor 1.5 ¥
| Traffic Scaling Mode Background Traffic i
"Q} compound_cell_enabled Disabled

Declare Extemal Files..{

Concel |  Bun | oK o

31/ 4.19 Parameter 114115 Run Simulation 499 OPNET

v 4
f1ruadanlunis Simulation At

Duration 10 WIN
Value Per Statistic 128
Seed 1000

Generate web report 1IM3 Generate web report
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_*-_']Reports ; ,
9 Select the report(s) you want to
generate for this scenario.

B AcE
| ATM
(B8 ATM PVCs
B ATMA
B ATM-test
I atmi
I ATMs?
/B Bridge and Switch
|B Custom Application
/B Delay
B Email
B Ethemet
B Fopl
| B Frame Relay
I GG
¥ B FTP&VOICE
& HTTP
| H AN
i B Link Usage
“ | B Network Health
| |B8 Response Time
| B Router
| B RoutingProtocol
B RSVP
B Server Performance
i TCP
B Token Ring
|8 Utilization
B video Conferencing

",

"ol

’:.;n)*‘

—
\.qq;u-‘&.m 3 T 1A

MR,
-

T,

.v QK S Aji‘v B

a
4

31/ 4.20 n3fmuagzIuuUYes Report Yo I 1A11NMT Simulate

v
=1

fivua il Report fatl
ATM
FTP

Voice

47



unn s

msInszvinazaglnamnaaes
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5.1 MIIATIZHNANINAALY

waf 149105 Simulate #2011/51A53 OPNET 84 Network Scenario fignitasuiiy
In39918 ATM Backbone ¥931n33nsauuUUgIIUNN 11BN Application Voice
a ° ' @ = d ' r 1 ) o [ a
dumsiraesdsdyapandoaInsinivesiunietis  degnimualildsuuimsuuy

v
Constant Bit Rate (CBR) 1ugninag1ugi/inuwes Delay
e Voice Packet End-to-End Delay @ Delay NAAINAITAS Voice Packet 910
o A
Calling Voice Station 11léfa Called Voice Station (18#14 Network

«  Voice Packet Delay Variation tHufAM1311)31574v04 Delay

i e BRI
ks *

Voice Packet Delay Vanation 0.00000323 {0.00000338 {0.00000216
Voice Packet End-to-End Delay (sec) | 0.0111 0.0112 0.0110
Woice Traffic Recetved (bytes/sec) 4,028 77,813 0
Voice Traffic Recewed (packets/sec) 126 2,432 0
Voice Traffic Sent (bytes/sec) 4,042 78,427 0
Voice Traffic Sent (packetsisec) 126 2,448 0

310 5.1 Wan3MARBIYBY Application UL Voice
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d v dd Y . . ol
1n31lfl 5.1 AURGYYes Delay Time MAAYUYDY Voice Packet AURGY 0.0111
5u1fi 1ag Delay Variation A URaY 0.00000323 3u1# 1519 IS sumsudumnasgums

Sanainwidos ITU-T P.800 #il¥msliszdunzuuniiondt MOS (Mean Opinion Scores) 1aY

v
fvualAdail
51 (Rating) AUNNVBUTY
5 Excellent Hugumwidvafiauyseiuuy
4 Good aoamsmslalalumsldtu
. a
3 Fair ahunais
2 Poor Fosnrsnisnarsan lums laou
1 Bad Tignsonleld

4 a J 1o 1 .& [
TaoNunMueiuIvzIuagiun Delay Time HWUIATIIUYOL ITU-T G711 Tatmua

v Jdao o

1 @ W A @ o = o/
¥ Delay iiuilafusunilalumsdassavvesgunmmdos Tagezlimanuduiusnusea

YoIRUNMITES Azl 5.2

3.0

2.0 \)

Mean Opinion Score

1.0 \ ! .
0 250 500 750 ms

L T1204590-92
One-way transmission time

g1 5.2 n3mlueraIn W EURLTYD Delay Time 1l MOS AMUNIATIIM ITU-T G711
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ﬁ1wui1qmmmmzﬁm1umsfhvhum?miwmuuuuﬁmmﬁnﬁﬂ Delay Time #i 11
faa3urft Sszdum Mos Mlszina 3.7 Fedotiussduiinoudied duszduiannseld
Aunmveadselndifvsiuszduiiendt Toll Quality &t 1TU 188 muals Ao

. 1 Delay Time 181031 150 Haa3undi foh gaiinsandwensulddmiunne

Application

. 1 Delay Time 1104381319 150-400 Fod3unit foh vewivAundgmnmdiog

. 1 Delay Time MnAnd1 400 Taasui ﬁﬂﬁ'ﬂmmwsﬁuaﬁi‘]m*}ﬁﬂuﬁﬂﬁiaﬁ'a

a3

#M5UA1 Delay Variation A nTouite huudmeuniediwveslnssms
ﬁmuﬁuqassmqﬁ{fuﬁm 000000323 Tu1it Fsdeitennnidiofoufununtoves Delay
Time faiuteiulaldhmssmuanisIfuSMsuuY Constant Bit Rate awnsasuilseiusm
Delay Time fiianualsalsanlaify 0.00000323 A1 Delay Variation 5&)$t‘fwmiﬂmiﬁlli‘m§
KAvBINTAOATS v‘h“lﬁ'msamiaéams11aaﬁ'tyfmmsﬁumum?mhuﬁ&‘lu"lﬂadmmﬁ'tm i
n3ZaN

wan 1491nms Simulate Tum3dsdoyauy FTP Wnuaseviouuuiaes Tavimua
1¥szdums Iusmsduuy ABR (Available Bit Rate) gnialugiuuuves
. Download Response Time ffurafildlumsedadoyasn Data Server 1184 Data
Workstation U84 Application 1)1 FTP U84 File ¥U1A 5000 Bytes mnﬁ"lé’fﬁmuﬂ
13lu Application Config Model NG HINAGEN
« Upload Response Time Lﬂunmma’f‘lumsdq%gamn Data Workstation 119

Data Server 14n13d4 File ¥11A 5 MBytes
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| Ftp Domﬂo&d Rééponse Tnn;sr:cj [ 0.06 0.0640
Etp Traffic Réceived (bvte-sfsec"i 0
Ftp Trafﬁc Recerved (packets/sec) 0.00
Ftp Traffic Sent (bytes/sec) 0
Ftp Traffic Sent (packetéfsec‘} % 0.00

[Fp Upload Response Time (sec) 0.0640

ERpor T o o |

31/ 5.3 HaN13MAABIYDY Application L1LIL FTP

1Nzl 5.3 Aundevesnnifildlums Download File ¥H1A 5 MBytes 14

0.0652 5117 uaznmi1Flums Upload File IAunan 0.0640 31l Wudvinioiiwaniady

1.9

dadioyaluuuy FTP 18finnuisamas 5000x8/ 0.0640 = 625,000 bps ua 185 usziudnde

' = Y 4 o o - < . .
yavzAnsgnasdaonnuidfiaue (fesnnimualissduvesmsuimsdmiu Application

U

wuv FTP 1ilu ABR



Statistic sampling period is 2 seconds.

CORE1 #3 =<-» CORE? #3/6.88 M
CORE2 #2 <-> CORE1 #2]5.86 NESSSS—————"
CORE2 #3 <-» CORE3 #24.76 INS—_—_—=""7
CORE1 #1 <-> CORE1 #3/3.79 I s
3.3

EDGE 311 <-> Local Switch 31
Local Switch 1112 <-> EDGE 111
2
Local Switch 1121 <> EDGE 112/71.5 nu— 715 S—
Local Switch 1311 =-> EDGE 131 715 —1715 B s R
Local Switch 2111 <> EDGE 211/71.5 emmm— 7] 5 S—

715 wsssennionsl 715 G i

]‘IJ"‘I 5.5 WaN15NAADY Bandwidth Reservation (%)
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snnansnaneslugili 5.4 iag 5.5 Ao Bandwidih Reservation 531110 ATM Core
ida Core 1aE Bandwidth Reservation Anidulofisud wuhluvaeiisl Traffic lumdodei
11119 Bandwidth 484 Link 5¥¥1919 ATM Edge Switch f11J Local Switch # 71.5% s Wiins
1% Bandwidth 3219119 Core ATM U#iag Link Sendeil

. COREI-CORE3 Hnuady 6.88 Mbps

. COREl-CORE2 Ifusfiy 586 Mbps

. CORE2_CORE3 iaunfit  4.76 Mbps

5.2 ajilnamanaass

nHan1sNARDLR IdaAms Simulate laoldTisunsy OPNET $raesuvunies
domsveslasemsmnudugrringiiednudequnmlunsidusmsdmiumsds
Foyanaudos Insdwinazmsdedeyauuy  FTP il aunsoaglidndnyazveinseen
uuuuazmsﬁmuﬂamﬂuﬁaumqﬂninff"?ﬂms'Tivzmma?mﬂum?aai'um‘i"’ummmsm%’n
ﬂmmmlmms“lv’r’u?msﬁmi"uﬁiynpmxﬁuﬂmﬁwﬁ"lmuwﬁv MOS 3.7 MUUIATFIUVO
ITU-T P.800 oz G.114 Lazaunsasesiunisifusnsuuy ABR dmfumsdedeyauuy
FTP Iﬂuﬁfhmﬁwm Response Tine 0.0640 i

iipesnwaminaansluns Simulate dmiulnsensdnunsdfiend Dusailld
NANTAIM Parameter mmzdau'?'ui‘.lui]a%’uuﬁ'ﬂnmmsf‘imuﬂf]mﬂuﬁ'ﬁumqﬂnsdﬁwﬁw
ynseunoeiunievw fio A1 Output Buffer @@ Port, Switching Speed ¥4 Fabric
Switching Backplane yeef1gUnIal ATM, A1 Switch Transit Delay ualumaelfaeiauds
109 1°J11%’uuazqmauﬁﬁmmqﬂnsa‘i’éammmﬁé'wﬁm"lé'szu&uwﬁwadﬂqmmwvmmﬂﬁ'
vinsuazdszaniamusanieviwdons

dwsuanuamisoveslysunsy  OPNET dudhundesdiefiannsaldlumsata
wudasanrnanewai g lumsdedeyaiuniotouuiiassldidiued i widldee
Zoainmudh s lundnmauasnguiiaien ivadeuiiuedd Samnzetndsiiensh g

Tuauauisnssutazauma TuTatasaumns
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9
aguuazvelaueuue

1.1 unagl
114’5]ﬂqﬁuf’:mﬂTuTa?mNﬁﬁum‘%‘aﬁwéamﬂﬁ'ﬁnﬁﬁmmmhaﬁm%'amn Tau
mwzma T laddmivssuudemsdoyadaonnudage snfumietredomsnmnay
doemsvesdl¥uims Tnsamnay wdosemnseliuimsldynguununzdeuthuinied
famnsefulseiuguamyussmsfusms 1ddiueied  wnhivvounietouuy AT
Multi-Service ﬁqsflmﬂ?miwéamsﬁmmzﬁuﬁms”umidq'ﬁ'ay,af;"a Voice, Data 12 Video
sanhsumesiiia
qmﬂwwmms‘lﬁ"u?miuum%ﬂwmfui{uaéﬁuﬁhitmmuathq uTnsemsilld
Anviaznud msld Traffic Engineering 1umstansnis lnavesdoyauunievisdna
Tmmsadaaiun1w11mms‘lﬁn?msumﬂ?miwéamsunuxaﬁnﬁmmsﬁumaﬁﬁm fiFunh
Traffic Engineering wlfiihunsesdlelumsauguuazians Tmatindieq winnehbidee
Funsld ATM Traffic Class m3l¥malulad Multi-Protocol Label Switching WA
Differentiated Services TUA159ANS Quality of Service 11a¢ Traffic Engineering
Tulnsemsdnunsdimens  dlovuerlsunsy  OPNET  ini§lumsnanes
Simulate wuu§iasunietiedemisveslnssmsaundugassagl wuhguamvesnsii
uimsdmsumsdedoyadygraudes (Voice) uminedsuLIe ATM vulaold Delay
Time (10 Delay Variation vflué'l'ﬁﬂLﬁaﬂw'f;ﬁaﬂmn1wmmmﬂﬁ’u§ms éuﬁ’uag'ﬁuﬂﬁuﬁ
é’fﬁtyﬁ'«da‘lﬂf:
1. BNNMLYBINITOBNULLIATBVNIY
2. puauliAveginial ATM Switch Tﬂummzqmauﬁﬁda"lﬂf':
o aamud2lums Switch 483 ATM
. YUIAUDY Buffer
. f11 Delay Time ¥99013 Switch 1130 Switch Transit Delay

oy 4 =Y J 1)
3. USu Traffic Nifatulunssiioenms M4arees User
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ATM Model Description

Asynchronous Transfer Mode (ATM) Wumaiinns Switching (1UU Connection-

oriented Packet Ttiufivsuivedenhevnalumsldauuumiovis Broadband Integrated
v

Service Digital Network. 100@15011ANUINUILDTUY Key Feature Y83 ATM Model LLUY ATM

atm16_crossconn_adv LAY atm8_crossconn_adv 5@§ﬂﬁ A-2 uag A-3 ﬁﬁaéh Standard

OPNET Model Library

ATM Model Features

1. Signaling 59951 Signaling @ WMSUMIAOUAD  Point-to-Point, Full duplex,
Switched Virtual Circuit (SVC), Soft-Permanent Virtual Circuit (SPVC)
i1ag Soft-Permanent Virtual Path (SPVP)

2. Traffic Control 14 Call Admission Control (CAC) uag Usage Parameter Control (UPC)
59951 Traffic Parameters PCR, SCR, MCR, MBS (1a¢ QoS parameter
ppCDV, maxCTD, CLR

3. Buffering 9 Model f Output buffering

58431 Output Buffering 111 round-robin 140¢ weighted round-robin

queueing schemes

4. Dynamic routing 14 PNNI 159 Adaptation of the Bellman-Ford shortest path algorithm
p

] 9 [
lugilfi A-1 usrasswaziBoarianuauesntsines ATM model yufoudeiiiuniovi
$1apsmudnyaizvesiliuuves  Specification  NITYIUUNUAY  ATM  Core  Switch
Connectivities Diagram 42 ATM Backbone/Common Network Cabling Block Diagram U8

Drawing Diagram 494 Insanisauniugassugil Asguin A4 uaz A-5



59

£2z11 WS Beq
£Z1LEL WS Bmeq o

car A £ _ 221 WS eleg

£216€ WS &g zziet us aech 2 2z s A S
e G ZLEL JOUMS 18207 LieL " woing B0t - \ZZYENS Bleq

TZLEE IS BB, cc™oums 8007 LZLEL WIS ETbeiiibiey ‘ z B> .

~ : B = N
1£173903 Z11"3903 HFH UOUMS 12007

== 333 =
= s
Ehe
vZLiL W :,m_w eeq Byuo) uogediddy
8

o+ IS E1eq
LZPERINS Beg

€ZL1E JBNS

zzLie s

. -
L# €300 Iee= T Ny

i

LZLLE 8 GG € \UIMS I¥ET 3903

£2zie us eeg

€211z us geg

2TTLT IS B | o youmg 18907

RAARA_ Spo e

Z 1z us eeg

< _ R Tz s ol
= &= 1773003 23905 PR vy

ﬂw

= - s ——eveney
LZ1ZUOIMS 890 s = [ >
o b

BRIy, UOIMS 8007

P

-SBIA_ATM2

918 ATMproject

-

N A-1 LUDIADUATO



Node Model: atm16_ crossconn_adv
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Node Model: atm8 crossconn_adv
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