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ANSI

American National Standard Ins&tut

ASIC
Application Specific Integrated Circuit

ATM

Asynchronous Transfer Mode

BGP

BorderGatewayProtocol

CoS

Classof Service

CR-LDP

Constrained-BaseldoutingLabel Distribution Protocol

DLCI

Data Link Connection Identifier

ER-LSP
Explicitly RoutedLabel-SwitchedPath

FEC

ForwardEquivalentClass

FIB

Forwarding Information Base

FPGA
Field ProgrammindsateArray

IEC

International Electronical Commission

IETF

InternetEngineeringraskForce

IEEE

Institute of Electrical and Electronic Engineering

ITU

International Telecommunication Union

IGP

InternetGatewayProtocol

IP

Intellectual Property
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IP

Internet Protocol

LAN

Local AreaNetwork

LER
LabelEdgeRouter

LFIB

Label Forwarding Information Base

LSP
Label-SwitchedPath

LSR
Label Switch Router

MPLS
Multiprotocol Label Switching

MTU

Maximum Transfer Unit

NHLFE
Next Hop Label Forwarding Entry

OSPF

Open Shortest Path First

OSl

Open System Interconnection Reference Model

PDH

Plesiochronous Digital Hierarchy

PIM

Protocol Independent Multicast

PSTN
Public SwitchedTelephoneNetwork

QoS

Quiality of Service

RFC

Requestor Comments

RIP

RoutingInformationProtocol

RSVP

ResourcdreservatiorProtocol
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RSVP-TE
RSVP-Traffic Engineering

SDH

Synchronous Digital Hierarchy

SMDS
Switched Multigigabit Data Service

SOC
System On Chip

SONET

Synchronous Optical Network

TCP

TransmissiorControl Protocol

TLV
Type Length Value

TTL

Time To Live

UDP

UserDatagranProtocol

Verilog-HDL

Verilog HardwareDescriptionLanguage

VHDL
Very High IntegratedCircuit HardwareDescriptionLanguage

VPI/VCI
Virtual Path Identifier / Virtual Charrdentifier

VPN

Virtual PrivateNetwork
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1. Data Terminal Equipment (DTE)
2. Data Circuit-Termination Equipment (DCE)
3. Packet Switching Exchange (PSE)
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Figl.9: DTEs, DCEs, and PSEs Make Up an X.25 Network Packet
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Figl.11: Virtual Circuits Can Be Multiplexed onto a Single Physical Circuit
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Figl.12: Key X.25 Protocols Map to the Three Lower Layers of the OSI Model
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aS ISDN G L LLC2 L Logical Link Control 2 55, 5, dilgie pioes PLP 0o Co pow
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Call setup, Data transfer, Idle, Call clearing, asstarting.
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e General Format Identifier (GFI)—Identifies packet parameters, such as whetherdbkep carries user data
or control information, what kind of windowing i®img used, and whether delivery confirmation isurnesg.
* Logical Channel Identifier (LCl)—Identifies the virtual circuit across the local DDEE interface.
« Packet Type Identifier (PTI)—Identifies the packet as one of 17 different PLEkpatypes.
e User Data—Contains encapsulated upper-layer information. Tfegl is present only in data packets.
Otherwise, additional fields containing controlarmation are added.

Link Access Procedure, Balanced
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The PLP Packet Is Encapsulated Within the LAPB Frame and the X.21bis Figl.13:
Frame

' Bit-Oriented
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Frame Relay Standardization
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Frame Relay Virtual Circuits

2 o bl e aSl e ol i e8] 13- Jlasl sols Wew &Y bLs )| S, Frame Relay

ooly F.R Virtual Circuit s gs (g yw ol -3l identifier L oS asie S Sl olgol s

<y m® Packet Switchaslils jo DTE g0 (s a5 conl ((So3ud & ) e Jlail j3xS5 aS dgiicwe
33,50 135

i 86 hawg Al b 4 g WSl w2l,8 1, DTE g0 o0 a8,k 40 bl )| S Virtual Circuit

o0 Lxiol )0 0gdoe DTE g0 (po Jlasl Sggu 9 ol 5 aise o5 Sl cpl g aigh GuSdy (9o (S5
_SVC 3 PVC: wils 5 guuigms e VC 45 30 X.25 aiile

Sz Gl g o ools musgr Xi25 1o a5 ol gles aile Cdge Jlasl S5 SVC aods j5b 4
Olen a5 WSlo g4 Lhlie ,o Call Setup & Data Transfer & Idle & Call Terminatiocw!l Slles
3,ls 1, Data Transfeg Idle cJl> 40 Ls PVC

Data-Link Connection | dentifier

ald cpl g dgiue p2ld F.IR g cauns &) laugs Data-Link Connection Identifie; DLCI”

293 WAN ulie o JSUSG ol Jg eSS LAN o o s as] e oyl Jowe 3l A8l yo
S o adl wigd il DLCT SO a4 aslgne calizee DTE g0 aigSs> S vaose lid 55 loges ol
. WAN o

Figl.15: A Single Frame Relay Virtual Circuit Can Be Assigned Different DLCIs on
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Congestion-Control Mechanisms
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» Forward-explicit congestion notification (FECN)
» Backward-explicit congestion notification (BECN)

Can S5 LT ogdle Wigius JuS s FR OG0 0 a5 o S LS 2 BECN 4 FECN
Iy95 Gl (S8l 55l 5l eSS ol amaie olis 4S5 ls 09> DE L Discard Eligibility 45 pguwge

20,5 discardailgie £old g ploojl &0 o g el

o~ Frame Relay Network
&) | mplementation

”i L Ysexeo Private F.R networks;ls oolo O

Fﬁ?$aR35“// 9o 2 olpoe T sl e So @ b s
Ethernet

ﬂ o3lo (nl ) 5 Sgiue ploul F.R 8 g FIR (b yis
M 3 dgis ssalie 115 S5 5 WAN (e 55 sl

interface

1 MUX - axlsl ) .oo)i,,,c odwlive waliss b 9)_‘_”‘ li U"‘
Frame Aolay Q’“meﬂm e e PR pogas 5 e g5l ooy g5 9o

interiace

|ntert1ca 39 /:"

T ken e
Rm H -; Router 5 t

S
Video/teleconferance

Ethernst

» FR 9 gilw o3ly S -V UGS
WAN wlio

www.ECA.ir




Public Carrier-Provided Networks
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Figl.17: Five Fields Comprise the Frame Relay Frame

Fizld length,
in bits

8 Variable

Address

v’ --  Flags—Delimits the beginning and end of the frame. Th&ug of this field is
always the same and is represented either as #teglé&mal number 7E or as the
binary number 011111101.

' Frame Check Sequence
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Address—Contains the following information:
— DLCI—The 10-bit DLCI is the essence of the Frame Rékgder. This value
represents the virtual connection between the D&lEcéd and the switch. Each
virtual connection that is multiplexed onto the picgl channel will be represented
by a unique DLCI. The DLCI values have local sigrahce only, which means that
they are unique only to the physical channel orcivithey reside. Therefore, devices
at opposite ends of a connection can use diffdbéitl values to refer to the same
virtual connection.
— Extended Address (EA}-The EA is used to indicate whether the byte inachi
the EA value is 1 is the last addressing fieldh& value is 1, then the current byte is
determined to be the last DLCI octet. Although entrFrame Relay implementations
all use a two-octet DLCI, this capability does allonger DLCIs to be used in the
future. The eighth bit of each byte of the Addrigslsl is used to indicate the EA.
— C/R—The C/R is the bit that follows the most signifitaDLCI byte in the
Address field. The C/R bit is not currently defined
— Congestion Contro—This consists of the 3 bits that control the Frareday
congestion-notification mechanisms. These are tBEN;, BECN, and DE bits,
which are the last 3 bits in the Address field.

a ool lid gl p mdsw S lawgi Wlgiwe a5 Canl Slo ST ald SO FECN co YU ojlae 4o ogdle

L sl alanalion IS4 a4y a5 daare ojll YL &Y Sy p 4 aS Caisl I cnl oy 5 )15 5925 ol
|, cobls ol a5 wtea 6 5Y0 4Y kdSg s ks OSI g DECNEtojs el oS 5 3,3 o alsds ol
g 53 a5 000 L B ogdue Caw N 4y Jg, e gdgw SO Ay BECN oo ST ol oS ool
plosl &jgo 50 g s (guiedy )l CSL leaSh A b anslie (o oul (6,105 ilis S| a5 aws Ll
5,5 Discard! 5l gt
v« Data—Contains encapsulated upper-layer data. Each framihis variable-
length field includes a user data or payload ftelt will vary in length up to 16,000
octets. This field serves to transport the higlaget protocol packet (PDU) through a
Frame Relay network.
* Frame Check Sequence-Ensures the integrity of transmitted data. Thisieas

computed by the source device and verified by #eziver to ensure integrity of
transmission.

LMI Frame Format

Dgdos (Hyre 8 0 alles LMI (55 50 bxio] o

' Base upon the Wikipedia:

Flag Field. The flag is used to perform high-level data link synchronization which indicates the beginning and end of
the frame with the unique pattern 01111110. To ensure that the 01111110 pattern does not appear somewhere
inside the frame, bit stuffing and destuffing procedures are used See:

http://en.wikipedia.org/wiki/Bit_stuffing
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Figld kEngih,
nbyles

i : i i 1 Variable

Urnumbered .
LMIDLCI irformation Protocol Mezzage Ifiarrnation
indicatar dizcriminator type elemenits

* Flag—Delimits the beginning and end of the frame.

 LMI DLCI —Identifies the frame as an LMI frame instead obasic Frame
Relay frame. The LMI-specific DLCI value defined ithe LMI consortium
specification is DLCI = 1023.

* Unnumbered Information Indicator —Sets the poll/final bit to zero.

* Protocol Discriminator—Always contains a value indicating that the frasan

LMI frame.

» Call Reference—Always contains zeros. This field currently is misied for any
purpose.

* Message Typ—Labels the frame as one of the following messgges:

— Status-inquiry message—Allows a user device to inquire about the statuthe

network.

— Status message-Responds to status-inquiry messages. Status nesssagude
keepalives and PVC status messages.

* Information Elements—Contains a variable number of individual infornoati
elements (IEs). IEs consist of the following fields

— |E Identifier —Uniquely identifies the IE.

— |E Length—Indicates the length of the IE.

— Data—Consists of 1 or more bytes containing encapsillapper-layer data.

» Frame Check Sequence (FCS)Ensures the integrity of transmitted data.
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SMDS Reference: SIP Level 3 PDU Format

Reserved

Bagirning-endiag

Butier allozatlon ske

Destination address

Source address

Higher-laye r protocol dentiier
Carrled acrogs netwonk unchangsd
Header exlersion lenglh

Header extersion

ImMarmation + pacding

(lo ersurethal ths leldends on a 3240 bourdary)
Cyclc redundancy chedk

* X+—Ensures that the SIP PDU format aligns with the DQDB protocol format. SMDS does not process
or change the values in these fields, which may be used by systems connected to the SMDS network.

¢ RSVD—Consists of zeros.

¢ BEtag—Forms an association between the first and last segments of a segmented SIP Level 3 PDU.
Both fields contain identical values and are used to detect a condition in which the last segment of one PDU
and the first segment of the next PDU are both lost, which results in the receipt of an invalid Level 3 PDU.

« BAsize—Contains the buffer allocation size.
¢ Destination address (DA)—Consists of two parts:

— Address type—Occupies the 4 most significant bits of the field. The Address Type can be either 1100
or 1110. The former indicates a 60-bit individual address, while the latter indicates a 60-bit group address.

— Address—Gives the individual or group SMDS address for the destination. SMDS address formats are
consistent with the North American Numbering Plan (NANP).

The 4 most significant bits of the Destination Address subfield contain the value 0001 (the internationally
defined country code for North America). The next 40 bits contain the binary-encoded value of the 10-digit
SMDS address. The final 16 (least significant) bits are populated with ones for padding.

e Source address (SA)—Consists of two parts:

— Address type—Occupies the 4 most significant bits of the field. The Source Address Type field can
indicate only an individual address.

— Address—Occupies the individual SMDS address of the source. This field follows the same format as
the Address subfield of the Destination Address field.

« Higher layer protocol identifier (HLPI)—Indicates the type of protocol encapsulated in the Information
field. The value is not important to SMDS, but it can be used by certain systems connected to the network.
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* Header extension length (HEL)—Indicates the number of 32-bit words in the Header Extension (HE)
field. Currently, the field size for SMDS is fixed at 12 bytes. (Thus, the HEL value is always 0011.)

¢« Header extension (HE)—Contains the SMDS version number. This field also conveys the carrier-
selection value, which is used to select the particular interexchange carrier to carry SMDS traffic from one
local carrier network to another.

¢ Information and Padding (Info + Pad)—Contains an encapsulated SMDS service data unit (SDU) and
padding that ensures that the field ends on a 32-bit boundary.

¢ Cyclic redundancy check (CRC)—Contains a value used for error checking.
¢ Length—Indicates the length of the PDU.

SMDS Reference: SIP Level 2 Cell Format

Field kength,
in btz

a az

Metwark
Accecs cantmal Segmentation
contral infarmation it

Tt
Header Trailer

The following descriptions briefly summarize thaedtions of the SIP Level 2 PDU fields illustrated i
Figure 2- 16:

2 Access control—Contains different values, depending on the direction of
information flow. If the cell was sent from a switch to a CPE device, only the indication of
whether the Level 3 protocol data unit (PDU) contains information is important. If the cell
was sent from a CPE device to a switch, and if the CPE configuration is multi-CPE, this
field can carry request bits that indicate bids for cells on the bus going from the switch to
the CPE device.

* Network control information—Contains a value indicating whether the PDU
contains information.

* Segment type—Indicates whether the cell is the first, the last, or a middle cell from a
segmented Level 3 PDU. Four possible segment type values exist:

— 00—Continuation of message
— 01—End of message

— 10—Beginning of message

— 11—Single-segment message

* Message ID—Associates Level 2 cells with a Level 3 PDU. The message ID is the
same for all the segments of a given Level 3 PDU. In a multi-CPE configuration, Level 3
PDUs originating from different CPE devices must have a different message ID. This
allows the SMDS network receiving interleaved cells from different Level 3 PDUs to
associate each Level 2 cell with the correct Level 3 PDU.

* Segmentation unit—Contains the data portion of the cell. If the Level 2 cell is
empty, this field is populated with zeros.
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» Payload length—Indicates how many bytes of a Level 3 PDU actually are contained
in the Segmentation Unit field. If the Level 2 cell is empty, this field is populated with
zeros.

» Payload cyclic redundancy check (CRG-Contains a CRC value used to detect errors in
the following fields: — Segment Type — Message ID — grSentation Unit — Payload
Length— Payload CRC
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SONET/SDH data rates

SONET
Optical
Carrier Level

SONET
Frame
Format

SDH
and

level
Frame
Format

Payload
bandwidth
(kbit/s)

Rate
(kbit/s)

48,960

51,840

150,336

155,52(

601,344

622,08(

1,202,688

1,244,16(

2,405,376

2,488,32(

4,810,752

4,976,64(

STS-197

9,621,504

9,953,28(

STS-764

STM-256

38,486,016

39,813,12(

0C-1534 STS-1534

STM-512

76,972,032

79,626,12

0C-30772

STS-3072

STM-1024

153,944,061

159,252,24
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ATM Protocol Overview
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" Contrained-Based Label Distribiution Protocol

" Constrained-Based routed label switched path
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The SESSION_ATTRIBUTE Object
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Abstract

This proposal is a study to design an architedtura Label Switch Router, LSR,
which considered as the building block of Multi-Brool Label Switching or
MPLS. MPLS itself has many applications today artensively under
developing. In addition, MPLS is the first candel&r Next Generation Networks
or NGN.

In flexible-oriented demands of routers’ markegxibility is a key factor in
addition to economical production cost. Currentiyters and their variant, and
changing protocols and also functionalities havenhenplemented on a General
Purpose Platform by companies to satisfy flexypiind economical characteristics
of a demanded commercial router.

Designed LSR in this proposal as it will be seaoibgs to new generation of
Reconfigurable routers that have been developisigenacademic circles during
these days with the advent of PLD’s and FPGA’stetdgies to new horizons in
recent years.

This Proposal aimed to design an MPLS Router aad implementing that with
the help of VHDL codes to providing SoC-Orientedida for being used on a
FPGA chip. In this design, in addition to providiRPLS’ concepts in relevant
chapter, an structural architecture has been pegpagh the spirit of
Reconfigurable Computing in it's Router Componerd ¢hen simulation and
analyzing results has been demonstrated. Using FREAf possible -due to the
size and practical limitation- SoC design, briniggibility and speed to the router.
Routers mainly have two components: Forwarding Gaorepts, and Routing
Components. In addition, a third component as Com@antrol Component has
been added to the design. All these componentbdesdescribed in a relevant
chapter.

In this proposal Routing Component has been impheaeon a soft-core, because
of its variant, and developing nature to maintam Reconfigurablity of the router.
In designed router, deploying desired, variant, @meys developing routing
protocols have been supposed with the help of gemlvplatform that designed to
satisfy this task. Writing or designing the Highviekalgorithm of routing
protocols has not been considered in this proposal.
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