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Abst ract

Thi s docunment describes the XML format for BGP routing information
(XFB). It can be used to describe both BG nessages and BGP contro
information. Conpared with MRT, XFB is nore extensible, human and

machi ne-readabl e and can serve as a common interface for a variety of
t ool s.

Requi rement s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].
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1

I nt roducti on

BGP routing information is an essential resource for both researchers
and operation communities in Internet routing. 1In order to
facilitate the collection of BGP data frommultiple sources and the
usage of the collected data by nultiple parties, it is inportant to
define a standard format to encapsul ate, export, and archive it. A
wel | designed format should have the follow ng nice properties

0 Human and machi ne-readabl e

0 Easily accessible

0 Suitable for further processing by existing tools
0 FEasy to add user annotations

0 FEasy to reconstuct raw BGP nessages / ability to replay into
router

0 Record full control information
0 Support BGP extensions

In this docunent, we describe XFB, a XM.-based format for BGP routing
information, which is designed to neet these requirements. XM
(eXensi bl e Markup Language) is a general - purpose mar kup | anguage; its
primary purpose is to facilitate the message exchange across
different information systens, particularly via the Internet. Using
XM. as the base for our XFB markup provides the foll ow ng advant ages:

0 XFB is human and machi ne-readable. By using CSS or XSL, XFB can
be easily displayed on websites. Because XFB is based on XM
which is a common interface to nmany applications, XFB can be
processed by a variety of existing tools.

0 XFB can easily be extended with additional information based on
the raw BGP routing information. The BGP data is sinply annotated
with additional attributes and/ or el enments; prograns which are not
| ooking for this new information will sinply ignore it. This
allows us to easily nodify XFB in general (or particul ar BGPnons)
to allow for newy required infornmation. W include guidelines
for addi ng new standard el ements in each section.

0 XFB nessages can be used to reconstruct the raw BGP nessages, if
needed.

Though XFB pays a storage cost since a conpact binary nessage is
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unpacked into ASCI| text together with additional tags, our
experiments shows that by using the default conpression paraneters
for bzip2, we can still store XFB data efficiently. For details,

pl ease refer to the section of storage size conparison (Appendix A).

In addition to XFB, we will briefly describe BGPmon (BGP Monitoring
Service), an inplenentation of a service to collect BGP data and mneke
it available in XFB format. Currently there are two types of BGP
routing informati on encoded in XFB: BGP nessages which cone "over the
wire" and nay or nmay not be tagged with additional "hel per”

i nformation, and BGP control/status information that originates from
the BGPnon itself.

2. Ternmi nol ogy

2.1. XM Notations

The syntax of XFB, being an extension of XM., is very sinple. There
are only three terns throughout the XFB fil e:

0 An "elenent" refers to a start tag, an end tag, and all the
characters in between, e.g., "<exanple>text and/or nested
el enent s</ exanpl e>".

0 An "enpty element" conbines the start tag and the end tag, e.g.,

"<enpty/>".

0 An "attribute" is part of an elenent. |f present, they occur in
the start tag, e.g., "<exanple nane='value >". O course, they
can al so appear in enpty elenents, e.g., "<enpty name='val ue'/>".

3. BGP Mnitoring Service

BGP Monitoring System (BGPMon) is designed to nonitor realtine BGP
updates and routing tables frompeering BGP routers. |t supports
di stributed del pl oynent to concurrently nonitor nmany BGP routers.
Most inportantly, BGPnon can produce XFB streamfor realtine
processing and storage. The XFB format can accurately encode BGP
data without losing any information and can be easiliy extended to
represent new BGP features.

More specifically, BGPMon generates two types of nmessages: the BGP
messages cone "over the wire" and the status nessages which
periodically report the operational status of BGPMon itself. The
status nmessages carry useful information such as the peering
relati onshi p between BGPMbn and operational routers. Currently
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status nessages convey three kind of information:

BGPMON
BGPMon i nformation, currently only includes server up and down
events.

SESSI ON
Peering information, including operation status such as uptine,
the nunmber of resets, the nunber of nessages received, the nunber
of announce/wi t hdrawl received, etc.

CHAI'N
Chaining information. Chaining is a unique feature by which
BGPMon servers can be linked together to achieve high scalability
and performance. Chaining information includes the operation
status such as uptine, the nunber of nmessages received, etc.

QUEUE
Queue information, indicating the BGPMon internal queue usage for
adm ni strative purpose.

Pl ease refer to BGPMon [1] for detail information

Mor eover, please note that XFB i s independent from BGPMon. Any ot her
application is free to read and produce, or even extend XFB nessages.
We sinpliy includes BGPMbn here to denonstrate the ease of usage and
flexibility of the XFB fornat.

4. Data Types

The purpose of XFB is to represent information relevent to BGP
therefore it only supports linmted nunber of data types. XFB uses
standard dat atypes defined by WBC XML scherma. Please refer to XM
Schena [2] for detail datatype definition

| NTEGER
A integer is represented by the | NTEGER data type. Integer data
MUST be encoded in Base 10.

STRI NG
A single character is represented by the CHARACTER data type. A
character string is represented by the STRING data type. Speci al
characters must be encoded using entity references.
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HEXBI N
A binary octet string is represented by the HEXBIN data type.
Specifically, each octet is encoded by two hexadeci mal digits.

ENUM
A enunerated type is represented by the ENUM data type, and
consi st of an ordered |ist of acceptable values. Each value has a
representati ve keyword

DATETI ME
A date-tinme string is represented by the DATETI ME data type. Each
date-tinme string identifies a particular instant in tine; ranges
are not supported

5. The XFB Data Model

In the follow ng sections, the XFB format will be discussed in
detail.

5.1. BGP_MESSAGE

BGP_MESSAGE is the top | evel nmessage class. Every routing
information is encoded in exactly one BGP_MESSACGE xm el enent.

e e e e e e e oo s +
| BGP_MESSAGE |
o e e - +
| STRING xm ns |
| STRI NG version | <>---------- [ TIME ]
| I'NTEGER | ength | <>--{0..1}--[ PEERI NG ]
| | <>--{0..1}--[ ASC|_MsG ]
| | <>--{0..1}--[ OCTET_MSG ]
| | <>--{0..1}--[ STATUS MSG ]
e e e e e e e oo s +

Figure 1. The root BGP_MESSAGE el enent
The BGP_MESSACE cl ass contains the foll owing el ement cl asses:

TI ME
One. The tine associated with the BGP nessage

PEERI NG

Zero or one. The connection information of from which peer the
nmessage was received over.

Cheng, et al. Expi res August 19, 2009 [ Page 7]



| nternet-Draft BGP in XM Feb 2009

ASCl | _MBG
Zero or one. BGP nmessage encoded in ascii xm format.

OCTET_MSG
Zero or one. BGP nmessage encoded in hexadecimal format. A
BGP_MESSAGE nessage SHOULD contain at |east one of asciinsg and
octests el ement, except the status nmessages.

STATUS_MSG
Zero or one. Periodic status nmessage in ascii xm
format. Applications which only care about BGP nessages can safely
i gnore this el enent

The BGPData class has two attri butes:

xm ns
Required. STRING The nanespace of XFB specification. Required
for validation

ver si on
Required. STRING The XFB specification version nunber.

| engt h
Required. |INTEGER. The total length of the nmessage in
characters, including the BGP_MESSACGE tag itself.

5.2. TIME

Every BGP_MESSACGE MUST contain a child tine element, indicating the
time when the BGP nessage has been received/generated. The tinme can
be represented in either or both of tinestanp and human readabl e
formats; additional formats MAY be included as well.

S +
| TINME |
oo +
| | <> --------- [ TI MESTAMP ]
| | <>--{0..1}--[ DATETIME ]
| | <>--{0..1}--[ PRECISION.TIME ]
oo +

Figure 2. TIME O ass

The time class contains the follow ng el ement cl asses:
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5.

3.

TI MESTAMP
One. Uni x tinmestanp (nunmber of seconds since mdnight UTC, January
1, 1970). The UNIX timestanp is reconmended when it is expected
that the data will be processed entirely by prograns w thout human
i ntervention.

DATETI ME
Zero or one. Human readable tine in DATETIME format (ex: 2008-12-
30TO1: 26: 422)

PRECI SI ON_TI ME
Zero or one. |If it is desired for the tine to be given nore
accurately, an additional precisiontinme el enent MAY be used; if
given, this el enent SHOULD contain the nunber of m croseconds past
the second that the nessage arrived.

PEERI NG

PEERI NG el enent uniquely identify the connection over which the data
arrived.

#mmmeemmmmeeeeaaaaaas +

| PEERI NG |

#mmmeemmmmmeeeaaaaaas +

| | <> --------- [ SRC_ADDR ]
| | <> ---mmen-- [ SRC_PORT ]
| | <>--{0..1}--[ SRC_AS ]
| | <> --------- [ DST_ADDR ]
| | <> ---mmmn-- [ DST_PORT ]
| | <>--{0..1}--[ DST_AS ]
#mmmeemmmmmeeeaaaaaas +

The peering _session el ement contains the follow ng four subel ements.

SRC_ADDR
One. The source(l ocal) address.

DST_ADDR
One. The destination(renote) address.

SRC_PORT
One. The source(local) port.

DST_PORT
One. The destination(renpte) port

G her information MAY be inferred fromthe above el enents; however,
If it is desired to explicitly include the source and destination AS,
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the followi ng el enents MAY be used.

SRC_AS
Zero or one. The source(local) AS nunber.

DST_AS
Zero or one. The destination(local) AS nunber.

The address el ements (SRC _ADDR/ DST_ADDR) has a AFl attribute to

i ndicate the correspondi ng address famly. Currently, the expected
val ues for the AFl attribute are "IPv4" and "I Pv6", while additiona
famlies are all owed

5.4. Representing the nessage

BGP routing information MAY be sent in either binary or ascii format.
Bi nary nessages contain BGP information exactly as it conmes over the
wire. They take up |less space than ASCI| nessages, can be easily
converted to play directly into routers. ASCIl nmessages are human-
readabl e and can be played into scripts. Messages MJST be sent in at
| east one of these two formats.

I f possible, inplnmentations SHOULD prefer to send BGP nessages in
both formats; if only one is used, they SHOULD prefer binary

5.5. OCTET_MESSAGE (BGP Message in Cctet Fornmat)

The OCTET_MSG el enent sinply enbed a hexadeci mal string.

R +

| OCTET_MsSG |

R +

| | <> ---mmmn-- [ MARKER ]
| | <> --------- [ LENGTH ]
| | <>---------- [ TYPE ]
| | <> ---mmmn-- [ OCTETS ]
R +

Figure 3: Octets Message O ass
The OCTET_MSG el enent contains the foll owi ng subel enents.

MARKER
Required. HEXBIN. The Marker (Mask) field in octets.
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LENGTH
Required. |INTEGCER. The length of the nessage in octets.

TYPE
Required. ENUM BGP nessage type. Message types 1-5 are defined
in RFC 4271 [RFC4271] and RFC 2918 [ RFC2918]; additional types MNAY
be handled as well. |In the event of an unrecognized type, the
type el ement MJST contain the val ue "UNKNOM'. .

1 - OPEN

2 - UPDATE

3 - NOTI FI CATI ON
4 - KEEPALI VE

5 - ROUTE- REFRESH
6+ - UNKNOWN

OCTETS
Required. HEXBIN. BGP nessage in octets

.6. ASC|_WMG (BGP Message in ASCII Fornmat)

The ASCI|_MSG represents the BGP information in a hierarchical tree
structure.

| <>-------- [ MARKER
| <>-------- [ LENGTH
| <>-------- [ TYPE

[ OPEN

[ UPDATE

[ NOTI FI CATI ON
----[ KEEPALI VE

[ ROUTE- REFRESH

[ O SCO ROUTE- REFRESH

[ UNKNOWN

e e e e e e e e e

Figure 4: ASCI | _MsSG O ass
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The ASCI|_MSG el enent contains the following child el enents

MARKER
Required. HEXBIN. The Marker (Mask) field in octets.

LENGTH
Required. |[INTEGER. The |length of the nessage in octets.

TYPE
Required. ENUM BGP nessage type. Message types 1-5 are defined
in RFC 4271 [RFC4271] and RFC 2918 [ RFC2918]; additional types MNAY
be handled as well. In the event of an unrecognized type, the
type el enent MJST contain the val ue "UNKNOM'. .

The ASCI | _MSG el enent contains one of the foll ow ng subel enents,
determned by the value of the type attribute.

OPEN
Zero or one. BGP open nessage

UPDATE
Zero or one. BGP update nessage.

NOTI FI CATI ON
Zero or one. BGP notification nessage.

KEEPALI VE
Zero or one. BGP keepalive nessage.

ROUTE_REFRESH
Zero or one. BGP route-refresh nessage.

Cl SCO_RQUTE_REFRESH
Zero or one. BGP cisco-route-refresh nessage

UNKNOWN
Zero or one. Unrecognized BGP nessage. Binary data would be
preserved in this el enment.

In the follow ng sections, we woul d descri be each nessage type
i ndi vi dual | y.

5.6.1. OPEN

The OPEN el enent represent the BGP open nessages.
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oo +
| OPEN |
S +
| | <> ---mmmn-- [ VERSI ON ]
| | <> --------- [ SRC_AS ]
| | <> ---mmmn-- [ HOLD_TI ME ]
| | <> --------- [ SRC BGP ]
| | <> cmmmeee - [ OPT_PAR LEN ]
| | <> --------- [ OPT_PAR ]
oo +

Figure 5. OPEN cl ass
The open el enent contains the foll ow ng subel enents.

VERSI ON
One. The protocol version nunber, in decinal.

SRC_AS
One. The Aut ononopus System nunber of the sender.

HOLD_TI ME
One. the sender-proposed hold tine, in second.

SRC BGP
One. the BG identifier of the sender.

OPT_PAR _LEN
One. The length of the optional paraneters field in octets

OPT_PAR
One. The contai ner of optional paraneters.

5.6.1.1. Defining and Processing the Paraneter Value field

OPT_PAR is a container class for zero or nore paraneter subel enents.

o e e e eeaao - +
| OPT_PAR |
o e e e eeaao - +
| I NTEGER count | <>--{0..*}--[ PARAMETER ]
o e e e eeaao - +

Figure 6: OPT_PAR d ass

The opt_par elenment has the follow ng attributes.
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count
Required. [|INTEGER  The nunber of paraneters.

The opt_par elenment contains the follow ng subel enents.

PARAMETER
Zero or nore. The optional paraneters.

For each optional paraneter, the OPT_PAR el enent contai ns a PARAMETER
subel enent with attribute "code" containing the integer code for the
paraneter type. Each PARAMETER contains three subel enents: a LENGTH
tag giving the length of the data in octets, a TYPE tag giving the
nane of the paraneter, and a tag whose | abel is the name of the

par aneter and whi ch contai ns paraneter-defined elenents. |f the code
is not recognized, TYPE is set to OTHER and the OTHER el enent hol ds
unprocessed hexadeci nal dat a.

The last elenent s processed differently depending on the type of
paraneter. This section describes the nost conmon paraneter types.
Addi tional paranmeter types MAY be defined, and MJUST confirmto the
following format. Every parameter has attribute "code" giving the

i nteger value of its type, elenment LENGTH giving the length in octets
of its data, and element TYPE giving its name. It then contains an
el enent whose label is the nane of the parameter. This el enent may
have attri butes and subel enents defined as desired; however,

attri butes SHOULD descri be the data, and the actual data SHOULD be in
the form of subelenments. Paraneters do not need to contain
information; self-closing elenents are permtted. Thus, every

paraneter will be in the follow ng format:
o e e - +
| PARAMETER |
o e e - +
| NTEGCER code | <>-------- [ LENGTH
| <>-------- [ TYPE
AUTHENTI CATI ON

OTHER

— e —

[
| |----[ CAPABILITIES
[

The paraneter elenent has the followi ng attributes.

code
Required. [INTEGER. The integer code for the paraneter type

The paraneter elenent contains the foll owi ng subel ements.
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LENGTH
One. The length of the data in octets

TYPE
One. The nane of the paraneter

AUTHENTI CATI ON/ CAPABI LI TES/ OTHER
One. Two npst conmon paraaneter type: authentication or
capabilities. Additional parameter types can be defined by the
OTHER el enent .

5.6.1.1.1. AUTHENTI CATI ON
An aut hentication paranmeter is stored with type "AUTHENTI CATI ON' and

additional attribute "code". This el enent contai ns hexadeci na
aut henticati on data.

o e e - +
| AUTHENTI CATI ON |
e e e e e e e oo s +
| INTEGER code

I |
o e e - +

Figure 7: AUTHENTI CATI ON cl ass

For exanple, this paraneter is expressed as
<PARAMETER code="1">
<LENGTH>i nt </ LENGTH>
<TYPE>AUTHENTI CATI ON</ TYPE>
<AUTHENTI CATI ON code="i nt " >hexadeci nal dat a</ AUTHENTI CATI ON>
</ PARAVETER>

5.6.1.1.2. CAPABILITIES
The capabilities paraneter is encoded in CAPABILITIES el enrent and one
or nore child CAP elenments, as well as an attribute "count" giving

t he nunber of such elenents. Each CAP el enent contains LENGIH, TYPE,
and subel enents deci ded by the type val ue.
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oo +
| CAPABI LI TI ES
T + S T +
| INTECER count |<>-{0..*}- | CAP |
| | oo +
R + | | <>----[ LENGTH ]
| | <>----[ TYPE ]
| | <>-+--[ MJLTI PROTOCOL |
RS + |--[ ROUTE_REFRESH ]
| --[ Cl SCO_ROUTE_REFRESH ]
| --[ OTHER ]

Figure 8: CAPABILITIES d ass

For exanple, this paranmeter is expressed as
<PARAMETER code="2">
<LENGTH>i nt </ LENGTH>
<TYPE>CAPABI LI Tl ES</ TYPE>
<CAPABI LI TI ES count="1">
<CAP>
<LENGTH>i nt </ | engt h>
<TYPE>ROUTE_REFRESH</ TYPE>
<ROUTE_REFRESH >
</ CAP>
</ CAPABI LI TI ES>
</ PARAVETER>

5.6.2. The UPDATE el enent

The followi ng subelements are included in the UPDATE nessage:
<wi t hdrawn_rout es_I| en>, <wi thdrawn_routes>, <path_|en>
<path_attrib> and <NLRI >.

#mmmeemmmmeeeeaaaaaas +
| UPDATE |
R +
| | <>---------- [ W THDRAVWN LEN |
| | <> --------- [ W THDRAVWN ]
| | <> cmmmmeo- [ PATH ATTRI BUTES LEN ]
| | <>---------- [ PATH_ATTRI BUTES |
| | <>---------- [ NLRI |
R +

Figure 9

The UPDATE el ement contains the foll ow ng subel ements:
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W THDRAWN_LEN
One. the total length of the withdrawn routes field in octets

W THDRAWN
One. contains zero or nore PREFI X subel ements, each of which
contains an address prefix. This elenment has attribute "count™
giving the total nunber of PREFI X subel enents. PREFI X represents
an address prefix. Each PREFIX also has an attirbute "Il abel",
which carries additional information associated with this prefix,
such as new announcenent, duplicated announcenent, etc. These
| abel s are uni quely produced by BGPMon, wi ch add mneani ngf ul
information to prefixes.

PATH_ATTRI BUTES_LEN
One. the total length of the path attributes field in octets

PATH ATTRI BUTES
One. contains zero or nore ATTRIBUTE el enrents and a "count"
attribute giving the nunber of such el enents.

NLRI
One. contains zero or nore PREFI X subel emrents, each of which
contains an address prefix. This elenment has attribute "count™”
giving the total nunber of PREFI X subel ements

5.6.3. PATH ATTRI BUTES d ass

PATH _ATTRI BUTES contai ns zero or nore ATTRI BUTE

o e e e aoa oo +

| PATH_ATTRI BUTES |

o e e e aoa oo + o e e e i +

| INTEGER counT | <>--{0..*}--| ATTRI BUTE |

| | o e oo o +

L + | INTEGER code |<>----[ FLAGS ]
| | <>----[ LENGTH ]
| | <>----[ TYPE ]
| | <>-+--[ ORIGA N ]
LT + | --[ AS_PATH ]

Mor eover, the ATTRI BUTE el enent contains the follow ng attributes:

count
Required. [|INTEGER The nunber of attributes.

The ATTRI BUTE el enent contains the foll owi ng subel ements:
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FLAGS
One. This elenent contains an attribute "code" giving the flag
byte as an octet. Additionally, it contains subel ements for al
defined flags. The subelenents for the current flags, as defined
in RFC 1771, are OPTIONAL, TRANSI Tl VE, PARTI AL, and EXTENDED.

LENGTH
One. The attribute length

TYPE
One. The nane of the attribute type

Each type correponds to a specific element. For brevitiy, the
attribute types are sunmarized in the following table. Please refer
to the schema and exanpl e sections for details.

This is a well-known mandatory
attribute with value G, EGP, or

| NCOVPLETE

This is a well-known rmandatory
attribute with "type" attribute set
to either as_set or as_seqguence.

It contains one or nore AS

subel enents, each of which holds an
Aut ononous Syst em nunber .

This is a well-known mandatory
attribute that holds the next hop
address as its val ue.

This is an optional non-transitive
attribute with integer val ue.

This is a well-known discretionary
attribute with integer val ue.

This is a well-known discretionary
attribute with no value; the

ATOM C_AGGREGATE el enent is

sel f-cl osing

This is an optional transitive
attribute containing two

subel enents: AS, containing an AS
nunber, and ADDR, containing an
addr ess.

This is an optional transitive
attribute containing a 32-bit

i nteger. [RFCL1997]

AS_PATH

NEXT _HOP

MULTI _EXI T_DI SC

ATOM C_AGGREGATE

AGGREGATOR

COVMUNI TI TI ES

I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
| 5 | LOCAL_PREF
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
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ORI G NATOR I D This is an optional non-transitive
attribute containing a 32-bit

i nteger.

This is an optional non-transitive
attribute containing zero or nore

| D subel erents and a "count”
attribute giving the nunmber of such
subel ement s.

This is an optional non-transitive
attribute containing an address.
This is an optional non-transitive
attribute containing zero or nore

I D subel erents and a "count”
attribute giving the nunmber of such
subel ement s.

This is an optional non-transitive
attribute that contains the

foll owi ng subel ements: AFlI contains
the name of the Address Famly
Identifier being used. SAFI
contai ns the Subsequent Address
Family Identifier. NEXT_HOP
contains the network address of the

I I

I I

I I
CLUSTER LI ST | |
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
| next hop. SNPA LIST LEN contains |
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I

12 ADVERTI SER

13

15 MP_REACH NLRI

the length of the SNPA LIST in
octets. SNPA LIST contains zero or
nore SNPA el enents and a "count"
attribute giving the total nunber
of SNPA elements it contains.

Furt hernore, each SNPA represents a
address. NLRI contains one or nore
PREFI X el enents and a "count™”
attribute giving the nunmber of such
el ement s. [ RFC4760]

This is an optional non-transitive
attribute containing the follow ng
subel ements: AFI contains the name
of the Address Family Identifier
bei ng used. SAFI contains the
Subsequent Address Family
Identifier. WTHDRAWN contains one
or nore PREFI X el enents and a
"count" attribute giving the nunber
of such el enents.

This is an optional non-transitive
attribute containing the octets

val ue. [ Rosen]

15 MP_UNREACH_NLRI

16 EXTENDED_COMMUNI Tl ES
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| .7 | AS4_ PATH | This is a well-known nandatory |
| | | attribute with "type" attribute set

| | | to either as_set or as_sequence. |
| | | I't contains one or nore AS |
| | | subel ements, each of which holds an |
| | | Autononous System nunber. |
I I | [RFCA893] I
| 18 | AS4_ AGGREGATOR | This is an optional transitive |
| | | attribute containing two |
| | | subelenments: AS, containing an AS |
| | | nunber, and ADDR, containing an AFI

| | | address. |
E R, Fom e e e e e e oo o m e e e e e e e e e e e e e e e e oo +

Additional attributes MAY be defined; they MJUST follow the structure
descri bed above. Suppose that data is stored in the <NAME> el enment
or in subelenments.ln the event that the el enent contains one

subel enent that nay appear a nunber of times, the main <NAME> tag
shoul d include a "count” attribute. The <NAME> el ement nmay have any
desired attri butes and el enents, but attributes SHOULD descri be the
data while el ements SHOULD contain the data. |If the code value is
not defined, the <type> subel ement has the val ue "UNKNOM".

5.6.4. The KEEPALI VE

The KEEPALI VE el enent is self-closing and contains no attributes or
subel ement s.

e e e e e e e oo s +
| keepalive |
e e e e e e e oo s +
I |
e e e e e e e oo s +

Fi gure 10: Keepalive C ass
5.6.5. The ROUTE_REFRESH

The ROUTE_REFRESH el enent is self-closing and contains no attributes
or subel enments.

o e e e eeaao - +
| ROUTE_REFRESH |
oo +
I |
oo +

Figure 11: ROUTE_REFRESH d ass
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5.6.6. The Cl SCO ROUTE _REFRESH el errent

The CI SCO ROUTE_REFRESH i s self-closing and contains no attributes or
subel enent s.

oo e e +
| C SCO_ROUTE_REFRESH
oo e e +
I |
oo e e +

Figure 12: Cl SCO ROUTE_REFRESH
5.6.7. The NOTI FI CATI ON

The notification elenment contains the information for bgp
notification.

Fom - +
| NOTI FI CATI ON |
oo +
| | <> nnnee [ COOE ]
| [ <>---------- [ SUBCODE ]
| | <> cmmmmoo- [ DATA ]
oo +

Fi gure 13: NOTI FI CATI ON C ass
The notification elenment contains the follow ng subel enents.

CODE

One. Human readable error string cooresponding to a nunberic
"value' attribute.

SUBCCDE

One. Human readabl e sub error string cooresponding to a nunberic
"value' attribute

DATA
One. The renmi nder of the nmessage, whose content depends on the
error code and subcode.

The <error_code> elenment is set according to the value of the "code"
attri bute:
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| Message Header Errori

| OPEN Message Error

| UPDATE Message Error

| Hold Tinmer Expired

| Finite State Machi ne Error
| Cease
| Undefined code

~No oo~ wWwNE

The <error_subcode> el enment is set according to the val ue of the
"subcode" attribute:

| Connection Not Synchronized |
| Bad Message Length |
| Bad Message Type |
| Unsupported Version Nunber |
| Bad Peer AS |
| Bad BGP ldentifier |
| Unsupported Optional Paraneter |
| Authentication Failure |
| Unacceptable Hold Tine |
| Malformed Attribute List |
| Unrecogni zed Well-known Attribute |
| Mssing Well-known Attribute |
| Attribute Flags Error |
| Attribute Length Error |
| Invalid ORIA N Attribute |
| AS Routing Loop |
| I'nvalid NEXT_HOP Attribute |
| Optional Attribute Error |
| I'nvalid Network Field |
| Mal formed AS PATH |
| Maximum Nunber of Prefixes Reached" |
| Adm nistrative Shutdown” |
| Peer De-configured” |
| Administrative Reset" |
| Connection Rejected" |
| Gt her Configuration Change" |
| Connection Collision Resolution" |
| Qut of Resources” |

- O
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For all other codes, the <error_subcode> subel ement has the val ue
"Undefi ned error subcode". The BGPnon MAY handl e additional error
subcodes.

5.6.7.1. Example

The NOTI FI CATI ON nessage mght | ook like this:

<NOTI FI CATI ON code="3" subcode="7">
<error_code>Bad Message Type</error_code>
<error_subcode>AS Routing Loop</error_code>
<dat a>hexadeci mal </ dat a>

</ NOTI FI CATI O\>

5.7. STATUS_MSG

The STATUS_MSG contains one of four kinds of messages: QUEUE STATUS
SESSI ON_STATUS, and CHAI N _STATUS, BGPMON STATUS, representing the
operation status of the BGPMon internal quque, BGP peering routers,
peeri ng BGPMon server, and BGPMon server itself respectively.

oo +
| STATUS_MSG |
oo +
| | <>----- [ BGPMON ]
| | <>--+--[ SESSI ON_STATUS ]
| | | --[ CHAIN_STATUS ]
| | |--[ QUEUE_STATUS ]
| | | --[ BGPMON_STATUS ]
oo +

Fi gure 14: STATUS _MSG cl ass
5.7.1. BGPMON

Because of the BGPMbn chaining feature, it is possilbe that a client
coul d receive status nmessages originated frommultiple BGPMnN
servers. This BGPMON el enment is used by clients to identify the
origin of the status nessage.

. +
| BGPMON |
. +
| | <>--------- [ ADDR ]
| [ <>--------- [ PORT ]
| | <>-{0..1}--[ AS ]
T +

Fi gure 15: BGPMON

The BGPMON el enent contains the followi ng el enments
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ADDR
One. The BGPMon network address, usually identical to the address
whi ch accepts user connecti ons.

PORT
One. The BGPMon port

AS
Zero or one. Optional AS nunber

5.7.2. QUEUE STATUS / QUEUE

QUEUE_STATUS i ncl udes zero or multiple child QUEUE el enents, which in
turn carry the information about BGPMon internal nessage queues.

e +

| QUEUE_STATUS

e + o +

| INTEGER count |<>-{0..*}- | QUEUE

| | RRLERREE +

R + | | <>---- NAME ]
| | <>----[ ITEM ]
| | <>----[ READER ]
| | <>----[ WRITER ]
| | <>----[ PACING ]
o - +

Fi gure 16: QUEUE_STATUS
The QUEUE_STATUS contains the followi ng attributes:

count
Required. [|INTEGER  The nunber of QUEUE el enents.

The QUEUE_STATUS contains the followi ng el ements

QUEUE
Zero or nore. The QEUEU el ement which is described as the
fol | owi ng.

The QUEUE el ement contains the foll owi ng el ements

NAVE
One. Human readal be nane

| TEM
One. The statistic information about the queue usage.
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READER
One. Ths statistic information about the queue reader.

VWRI TER
One. The statistic information about the queue witer.

PACI NG
One. Configuration and statistic information about the queue
paci ng machanism Pacing is used to maintain stable queu usage.

Pl ease refer BGPMon specification for detail information
N +
| PACI NG |
S +
| | <>----[ FLAG |
| | <>----[ COUNT ]
| | <>----[ WVRITE LIMT ]
S +

Figure 17: QUEUE_STATUS
5.7.3. CHAIN_STATUS / CHAIN

CHAI N_STATUS i ncl udes zero or multiple child CHAIN el enents.

oo +

| CHAI N STATUS |

oo e + R +

| INTEGER count |<>-{0..*}- | CHAIN |

| | ARREEE +

R R T + | | <>-------- [ ADDR ]
| | <>-------- [ PORT ]
| | <>-{0..1}-[ AS ]
| | <>-{0..1}-[ STATE ]
| | <>-{0..1}-[ STATE_CHANGE ]
| | <>-{0..1}-[ OPTIME ]
| | <>-{0..1}-[ RECV_MESSAGE ]
| | <>-{0..1}-[ RESET ]
R +

Fi gure 18: CHAI N_STATUS
The CHAI N _STATUS contains the followi ng attributes:

count
Required. |NTEGER The nunber of CHAIN el enents.

The CHAI N _STATUS contains the followi ng el ements
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CHAI N
Zero or nore. The CHAIN el ement which is described as the
fol | owi ng.

The QUEUE el ement contains the foll ow ng el ements

ADDR
One. The address of the peering BGPMon server

| TEM
One. The port of the peering BGPMon server

AS
Zero or one. The AS nunber of the peering BGPMon server

STATE
Zero or one. The current state

STATE_CHANGE
Zero or one. The state change

OPTI ME
Zero or one. The operation time, such as uptime, |ast down, etc.

RECV_MESSAGE
Zero or one. The statstic information about the nunber of
nmessages recei ved

RESET
One. The statistic information about the nunber of chain resets.

5.7.4. SESSI ON_STATUS / SESSI ON

SESSI ON_STATUS i ncludes zero or nultiple child SESSION el enent s.

Cheng, et al. Expi res August 19, 2009 [ Page 26]



| nternet-Draft BGP in XM Feb 2009

T +

| SESSI ON_STATUS |

oo - - + E +

| INTEGER count |<>-{0..*}-]| SESSION

| | ARREEEEE +

I + | <>-------- [ ADDR ]
| <> --omn-- [ PORT ]
| <>-{0..1}-[ AS ]
| <>-{0..1}-[ STATE ]

|

|

|

| | <>-{0..1}-[ STATE_CHANGE ]

| | <>-{0..1}-[ OPTIME ]

| | <>-{0..1}-[ RECV_MESSAGE ]

| | <>-{0..1}-[ RESET ]
| | <>-{0..1}-[ PREFI X ]
| | <>-{0..1}-[ ATTRI BUTE ]
| | <>-{0..1}-[ MEMORY_USAGE ]
| | <>-{0..1}-[ ANNOUNCEMENT ]
| | <>-{0..1}-[ DUP_ANNOUNCEMENT ]
| | <>-{0..1}-[ SAME_PATH ]
| | <>-{0..1}-[ DI FF_PATH ]
| | <>-{0..1}-[ W THDRWAL ]
| | <>-{0..1}-[ DUP_W THDRWAL ]

Fi gure 19: SESSI ON_STATUS

The CHAI N _STATUS contains the followi ng attributes:

count
Required. [|INTEGER The nunber of CHAIN el enents.

The CHAI N_STATUS contains the foll owi ng el ements

SESSI ON
Zero or nore. The SESSION el enent which is described as the
fol | owi ng.

The QUEUE el ement contains the follow ng el ements. Please refer to
CHAIN for identical elenents.

PREFI X
Zero or one. The statstic information about the nunber of
prefixes received

ATTRI BUTE

Zero or one. The statstic information about the nunber of path
attributes received
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MEMORY _USAGE
One. The statistic information about the nenory usage

ANNOUNCENMENT
Zero or one. The statstic information about the nunber of
announcenent s recei ved

DUP_ ANNOUNCEMENT
Zero or one. The statstic information about the nunber of
dupl i cate announcenents received

SAVE PATH
Zero or one. The statstic information about the nunber of sane as
pat h received

Dl FF_PATH
Zero or one. The statstic information about the nunber of
different as path received

W THDRWAL
Zero or one. The statstic information about the nunber of
wi t hdrawl received

DUP_W THDRWAL
Zero or one. The statstic information about the nunber of
duplicate withdrawal received

6. Exanmpl es
6.1. BGP Open Message

<?xm version="1.0" encodi ng="utf-8"7?>
<BGP_MESSACE version="0.1" | engt h="9999" >
<TI ME>
<TI MESTAMP>1228973922</ T| MESTAMP>
<DATETI ME>2008- 12- 09T0O0: 00: 00Z</ DATETI ME>
<PRECI SI ON_TI ME>328</ PRECI SI ON_TI Me>
</ TI ME>
<PEERI NG_SESSI ON>
<SRC_ADDR afi ="1Pv4">89. 149. 178. 10</ SRC_ADDR>
<DST_ADDR afi ="1Pv4">129. 82. 138. 6</ DST_ADDR>
<SRC_PORT>139</ SRC_PORT>
<DST_PORT>139</ DST_PORT>
<SRC_AS>3257</ SRC_AS>
<DST_AS>6447</ DST_AS>
</ PEERI NG_SESSI ON>
<ASCl | _MSG | engt h="87" type="0OPEN'>
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<MARKER>1122220</ MARKER>
<OPEN>
<VERS| ON>4. 0</ VERSI ON>
<SRC AS>3593</ SRC _AS>
<HOLD Tl ME>2943</ HOLD Tl Me>
<SRC BGP>89. 149. 22. 11</ SRC BGP>
<OPT_PAR _LEN>646</ OPT_PAR LEN>
<OPT_PAR count =" 3" >
<PARAMETER code="1">
<TYPE>AUTHENTI CATI ON</ TYPE>
<LENGTH>234</ LENGTH>
<AUTHENTI CATI ON code="8">FFDDEEOOE039D2</ AUTHENTI CATI O\>
</ PARANETER>
<PARAMETER code="2">
<TYPE>CAPABI LI Tl ES</ TYPE>
<LENGTH>2700</ LENGTH>
<CAPABI LI TI ES count ="2">
<CAP>
<CODE>11</ CODE>
<LENGTH>26</ LENGTH>
<VALUE>CAP_STRI NG</ VALUE>
</ CAP>
<CAP>
<CODE>13</ CODE>
<LENGTH>6</ LENGTH>
<VALUE>CAP_STRI NG</ VALUE>
</ CAP>
</ CAPABI LI TI ES>
</ PARANETER>
<PARAMETER code="99" >
<TYPE>Unknown</ TYPE>
<LENGTH>1087</ LENGTH>
<UNKNOWN>123423A3D3BBEE</ UNKNOAN>
</ PARANETER>
</ OPT_PAR>
</ OPEN>
</ ASCl | _MsG>
<QOCTETS | engt h="3811" type=" OPEN'>FFFFFFFFFFFFF. .. </ OCTETS>
</ BGP_MESSAGE>

6.2. BGP Update Message
<?xm version="1.0" encodi ng="utf-8"7?>
<BGP_MESSACE version="0.1" | engt h="9999" >
<TI ME>
<TI MESTAMP>1228973922</ T| MESTAMP>
<DATETI ME>2008- 12- 09T00: 00: 00Z</ DATETI MVE>
<PRECI SI ON_TI M=>328</ PRECI SI ON_TI Me>
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</ TI ME>
<PEERI NG_SESSI ON>
<SRC_ADDR afi ="1Pv4">89. 149. 178. 10</ SRC_ADDR>
<DST_ADDR afi ="1Pv4">129. 82. 138. 6</ DST_ADDR>
<SRC_PORT>139</ SRC_PORT>
<DST_PORT>139</ DST_PORT>
<SRC_AS>3257</ SRC_AS>
<DST_AS>6447</ DST_AS>
</ PEERI NG_SESSI ON>
<ASCI | _MSG | engt h="87" type="UPDATE" >
<MARKER>1110011122</ MARKER>
<UPDATE>
<W THDRAWN ROUTES LEN>5781</ W THDRAWN ROUTES LEN>
<W THDRAWN_RCQUTES count ="2">
<PREFI X | abel =" W TH' >66. 231. 212</ PREFI X>
<PREFI X | abel =" DUPW >66. 186. 174</ PREFI X>
</ W THDRAWN_ROUTES>
<PATH_ATTRI BUTES_LEN>814</ PATH _ATTRI BUTES_LEN>
<PATH_ATTRI BUTE count="0">
<ATTRI BUTE code="1">
<Fl ags code="1111">
<Optional />
<Transitivel/>
<Partial/>
<Ext ended/ >
</ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>ORI G N</ TYPE>
<CRI G N>l GP</ ORI G N>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="1111">
<Optional />
<Transitivel/>
<Partial/>
<Ext ended/ >
</ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>AS4_PATH</ TYPE>
<AS_PATH t ype="AS_SEQUENCE" >
<AS>1524</ AS>
<AS>5936</ AS>
<AS>178</ AS>
</ AS_PATH>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="1111">
<Optional />
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<Transitivel/>
<Partial />
<Ext ended/ >
</ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>NEXT_HOP</ TYPE>
<NEXT_HOP afi="IPv4">1.1.1. 1</ NEXT_ HOP>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>MULTI _EXI T_DI SC</ TYPE>
<MULTI _EXI T_DI SC>1905</ MULTI _EXI T_DI SC
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>LOCAL_PREFERENCE</ TYPE>
<LOCAL_PREFERENCE>3678</ LOCAL_PREFERENCE>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>ATOM C_AGGREGATE</ TYPE>
<ATOM C_AGGREGATE/ >
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>AGGREGATCOR</ TYPE>
<AGGREGATOR>
<AS>3547</ AS>
<ADDR afi="1Pv4">1.2.2. 2</ ADDR>
</ AGGREGATOR>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>COWMUNI TY</ TYPE>
<COMMUNI TY>6891</ COVMMUNI TY>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>ORI G NATCR | D</ TYPE>
<ORI G NATOR | D>977</ ORI G NATOR_| D>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
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<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>CLUSTER LI ST</ TYPE>
<CLUSTER_LI ST count="3">
<| D>CLUSTER_I D1</ | D>
<| D>CLUSTER_I| D2</ | D>
<| D>CLUSTER_I| D3</ | D>
</ CLUSTER LI ST>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>ADVERTI| SER</ TYPE>
<ADVERTI SER afi="1Pv4">10. 1. 1. 1</ ADVERTI SER>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>RCI D_PATH</ TYPE>
<RCl D_PATH count =" 2" >
<RCl D>RCI D1</ RCl D>
<RCl D>RCI D2</ RCI D>
</ RCl D_PATH>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>MP_REACH NLRI </ TYPE>
<MP_REACH_NLRI >
<AFI >| Pv6</ AFI >
<SUB_AFI >sub_afi </ SUBS_AFI >
<NEXT_HOP afi="I1Pv4">10. 2. 2. 2</ NEXT_HOP>
<LENGTH>8890</ LENGTH>
<SNPA_LI ST count="3">
<SNPA>1. 1. 1. 1</ SNPA>
<SNPA>1. 1. 2. 1</ SNPA>
<SNPA>1. 1. 3. 1</ SNPA>
</ SNPA_LI ST>
<NLRI count ="3">
<PREFI X | abel =" NANN'>2. 2. 2. 1</ PREFI X>
<PREFI X | abel =" NANN'>2. 2. 3. 1</ PREFI X>
<PREFI X>2. 2. 4. 1</ PREFI X>
</ NLRI >
</ MP_REACH NLRI >
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
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<TYPE>MP_UNREACH NLRI </ TYPE>
<MP_UNREACH_NLRI >
<AFI >| Pv6</ AFI >
<SNPA_ LI ST count ="3">
<SNPA>1. 1. 1. 1</ SNPA>
<SNPA>1. 1. 2. 1</ SNPA>
<SNPA>1. 1. 3. 1</ SNPA>
</ SNPA_LI ST>
</ MP_UNREACH_NLRI >
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>EXTENDED_ COVMUNI Tl ES</ TYPE>
<EXTENDED_COVMUNI TI ES>
<FLAGS code="11">
<| ANA >
<TRANSI TI VE/ >
</ FLAGS>
<DATA>ext _comuni ty_stri ng</ VALUE>
</ EXTENDED_COVMMUNI Tl ES>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>AS4_PATH</ TYPE>
<AS4_PATH type="AS_SEQUENCE" >
<AS>5717</ AS>
<AS>3336</ AS>
<AS>2132</ AS>
</ AS4_PATH>
</ ATTRI BUTE>
<ATTRI BUTE code="1">
<Fl ags code="0010"><Parti al / ></ Fl ags>
<Lengt h>343</ Lengt h>
<TYPE>AS4_AGGREGATOR</ TYPE>
<AS4_AGCREGATOR>
<AS>5289</ AS>
<ADDR afi="1Pv4">10. 1. 1. 2</ ADDR>
</ AS4_AGGREGATOR>
</ ATTRI BUTE>
</ PATH_ATTRI BUTE>
<NLRI count ="3">
<PREFI X | abel =" NANN'>66. 231. 212. 1</ PREFI X>
<PREFI X | abel =" NANN'>66. 186. 174. 2</ PREFI X>
<PREFI X | abel =" DANN"'>66. 186. 177. 3</ PREFI X>
</ NLRI >
</ UPDATE>
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</ ASCI | _MBG>
<OCTETS | engt h="3811" type="UPDATE" >FFFFFFA. . </ OCTETS>
</ BGP_MESSAGE>

6.3. BGP Keepalive Message

<BGP_MESSACGE xm ns="urn:ietf:parans: xm : ns: xfb-0. 1"
| engt h="000723" version="0.1">
<TlI ME>
<TI MESTAMP>1230600402</ TI MESTAMP>
<DATETI ME>2008- 12- 30T01: 26: 42Z</ DATETI ME>
<PRECI SI ON_TI ME>805</ PRECI SI ON_TI Me>
</ TI ME>
<PEERI NG>
<SRC_ADDR afi ="1Pv4">89. 149. 178. 10</ SRC_ADDR>
<DST_ADDR afi ="1Pv4">129. 82. 138. 6</ DST_ADDR>
<SRC_PORT>139</ SRC_PCRT>
<DST_PORT>139</ DST_PORT>
<SRC_AS>3257</ SRC_AS>
<DST_AS>6447</ DST_AS>
</ PEERI NG
<ASCl | _MSG>
<MARKER | engt h=" 16" >FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF</ MARKER>
<LENGTH>19</ LENGTH>
<TYPE val ue="4">KEEPALI| VE</ TYPE>
<KEEPALI| VE/ >
</ ASCl | _MsG>
<OCTET_MsSG>
<MARKER | engt h=" 16" >FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF</ VARKER>
<LENGTH>19</ LENGTH>
<TYPE val ue="4">KEEPALI| VE</ TYPE>
<CCTETS | engt h="19" >FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF001304</ OCTETS>
</ OCTET_MsSG>
</ BGP_MESSAGE>
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6.4. BGP Notification Message

<?xm version="1.0" encodi ng="utf-8"7>
<BGP_MESSACE version="0.1" | engt h="9999" >
<TI ME>
<TI MESTAMP>1228973922</ TI MESTAMP>
<DATETI ME>2008- 12- 09T00: 00: 00Z</ DATETI ME>
<PRECI SI ON_TI ME>328</ PRECI SI ON_TI Me>
</ TI ME>
<PEERI NG>
<SRC_ADDR afi ="1Pv4">89. 149. 178. 10</ SRC_ADDR>
<DST_ADDR afi ="1Pv4">129. 82. 138. 6</ DST_ADDR>
<SRC_PORT>139</ SRC_PORT>
<DST_PORT>139</ DST_PCRT>
<SRC_AS>3257</ SRC_AS>
<DST_AS>6447</ DST_AS>
</ PEERI NG>
<ASCl | _MsG>
<MARKER | engt h=" 16" >FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF</ MARKER>
<LENGTH>19</ LENGTH>
<TYPE val ue="5">NOTI FI CATI ON</ TYPE>
<NOTI FI CATI ON>
<CODE val ue="3">Bad Message Type</ ERROR_CODE>
<SUBCODE val ue="7">AS Routi ng Loop</ ERROR_SUBCODE>
<DATA>hexadeci rmal </ DATA>
</ NOTI FI CATI ON\>
</ ASCl | _MsG>
<OCTET_MsSG>
<MARKER | engt h=" 16" >FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF</ MVARKER>
<LENGTH>19</ LENGTH>
<TYPE val ue="5">NOTI FI CATI ON</ TYPE>
<CCTETS | engt h="19" >FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF001304</ OCTETS>
</ OCTET_MsSG>
</ BGP_MESSAGE>

6.5. Status Message

6.5.1. Queue Status Message

<?xm version="1.0" encodi ng="utf-8"7?>
<BGP_MESSACE xm ns="urn:ietf:paranms: xm : ns: xfb-0. 1"
| engt h="001207" version="0.1">
<TI ME>
<TI MESTAMP>1233804618</ TI| MESTAMP>
<DATETI ME>2009- 02- 05T03: 30: 18Z</ DATETI ME>
<PRECI SI ON_TI ME>420</ PRECI SI ON_TI Me>
</ TI ME>
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<PEERI NG>
<SRC_ADDR>i pv4any</ SRC_ADDR>
<SRC _PORT>4321</ SRC_PORT>
<SRC AS>6447</ SRC_AS>
<DST_ADDR>65. 49. 129. 101</ DST_ADDR>
<DST_PORT>179</ DST_PORT>
<DST_AS>3043</ DST_AS>
</ PEERI NG
<STATUS MsG>
<QUEUE_STATUS count ="3">
<QUEUE>
<NAME>Peer Queue</ NAVE>
<I TEM max="19588" |inm t="30000">0</| TEM>
<WRI TER max="5" |imt="0">5</WRl TER>
<READER max="1" |imt="0">1</ READER>
<PACI NG
<COUNT max="0" |imt="0">0</ COUNT>

<WRITE LIMT max="0" [imt="0">192</WRI TE_LIM T>

</ PACI NG
</ QUEUE>
<QUEUE>
<NAME>Label Queue</ NAVE>

<| TEM max="15637" |im t="30000">11856</1 TEM>

<WRlI TER max="3" |limt="0">3</\WRl TER>
<READER max="1" |i m t="0">1</ READER>
<PACI NG

<COUNT max="0" |imt="0">0</ COUNT>

<WRITE LIMT max="0" [imt="0">197</WRI TE_LIM T>

</ PACI NG
</ QUEUE>
<QUEUE>
<NAME>XM.Queue</ NAVE>

<| TEM max="15476" |im t="30000">13216</1 TEM>

<WRI TER max="1" limt="0">1</ WRl TER>
<READER max="1" li mt="0">1</ READER>
<PACI NG

<COUNT max="0" |imt="0">0</COUNT>

<WRITE_ LIMT nmax="0" limt="0">678</WRI TE_LIM T>

</ PACI NG>
</ QUEUE>
</ QUEUE_STATUS>
</ STATUS MBG>
</ BGP_MESSAGE>' |
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6.5.2. Session Status Message

<BGP_MESSACGE xml ns="urn:ietf:parans: xm : ns: xfb-0. 1"
| engt h="003894" version="0.1">
<Tl ME>
<TI MESTAMP>1233804919</ TI MESTAMP>
<DATETI ME>2009- 02- 05T03: 35: 19Z</ DATETI ME>
<PRECI SI ON_TI M=>286</ PRECI SI ON_TI Me>
</ TI ME>
<PEERI NG>
<SRC_ADDR>i pv4any</ SRC_ADDR>
<SRC_PORT>4321</ SRC_PORT>
<SRC_AS>6447</ SRC_AS>
<DST_ADDR>65. 49. 129. 101</ DST_ADDR>
<DST_PORT>179</ DST_PORT>
<DST_AS>3043</ DST_AS>
</ PEERI NG
<STATUS_MSG>
<SESSI ON_STATUS count ="3">
<SESSI ON\>
<ADDR>65. 49. 129. 101</ ADDR>
<PORT>179</ PORT>
<AS>3043</ AS>
<STATE>6</ STATE>

Feb 2009

<OPTI ME | ast _down="0" | ast_acti on="1233804913">64516</ OPTI Me>
<RECV_MESSAGE max="0" |imt="0">10477308</ RECV_NMESSACGE>

<RESET max="0" |imt="0">0</RESET>
<PREFI X max="0" |imt="0">275527</ PREFI X>

<ATTRI BUTE max="0" |imt="0">47661</ ATTRI BUTE>

<MEMORY_USAGE max="0" limit="0">13562636</ MEMORY_USACE>

<ANNOUNCEMENT max="0" |im t="0">287747</ ANNOUNCEMENT>

<DUP_ANNOUNCEMENT max="0" |imit="0">29513778</ DUP_ANNOUNCEMENT>

<SAME_PATH max="0" |imt="0">4820</ SAME_PATH>

<Dl FF_PATH max="0" |imt="0">92837</ Dl FF_PATH>

<W THDRAWAL max="0" |imt="0">12220</ W THDRAWAL>
<DUP_W THDRAVAL max="0" |im t="0">0</ DUP_W THDRAWAL>

</ SESSI O\>

<SESSI O\>
<ADDR>205. 167. 76. 241</ ADDR>
<PORT>179</ PORT>
<AS>10876</ AS>
<STATE>6</ STATE>

<CPTI ME | ast _down="0" | ast_acti on="1233804918">64515</ OPTI ME>
<RECV_MESSAGE max="0" limt="0">10383216</ RECV_MESSACE>

<RESET nmax="0" |imt="0">0</RESET>
<PREFI X max="0" |imt="0">273496</ PREFI X>

<ATTRI BUTE max="0" |imt="0">47395</ ATTRI BUTE>
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<MEMORY_USAGE max="0" |imt="0">12829036</ MEMORY_ USAGE>
<ANNOUNCEMENT max="0" |im t="0">287055</ ANNOUNCEMENT>
<DUP_ANNOUNCEMENT max="0" |imt="0">29225124</ DUP_ANNOUNCENMENT>
<SAME_PATH max="0" |imt="0">2239</ SAME_PATH>
<Dl FF_PATH max="0" limt="0">59761</Dl FF_PATH>
<W THDRAWAL nmax="0" |imt="0">13559</ W THDRAWAL>
<DUP_W THDRAWAL nmax="0" |imt="0">0</DUP_W THDRAWAL>
</ SESSI ON>
<SESSI O\>
<ADDR>89. 149. 178. 10</ ADDR>
<PORT>179</ PORT>
<AS>3257</ AS>
<STATE>6</ STATE>
<OPTI ME | ast _down="0" | ast_acti on="1233804918">64515</ OPTI Me>
<RECV_MESSACE max="0" |imt="0">245796</ RECV_MESSAGE>
<RESET max="0" |imt="0">0</ RESET>
<PREFI X max="0" limt="0">271825</ PREFI X>
<ATTRI BUTE max="0" limt="0">47476</ ATTRI BUTE>
<MEMORY_USAGE max="0" |imt="0">14745401</ MEMORY_ USAGE>
<ANNOUNCEMENT max="0" |imnit="0">290449</ ANNOUNCEMENT>
<DUP_ANNOUNCEMENT max="0" i mt="0">0</ DUP_ANNOUNCEMENT>
<SAME_PATH max="0" |imt="0">175480</ SAME_PATH>
<Dl FF_PATH max="0" limt="0">77044</ Dl FF_PATH>
<W THDRAWAL nmax="0" |imt="0">18624</ W THDRAWAL>
<DUP_W THDRAWAL nmax="0" |imt="0">0</DUP_W THDRAWAL>
</ SESSI ON>
</ SESSI ON_STATUS>
</ STATUS MSG
</ BGP_MESSACE>

7. The XFB Schemn

<?xm version="1.0" encodi ng="utf-8" ?>
<xs:schenma target Namespace="urn:ietf:parans: xm :ns: xfb-0.1"
xm ns="urn:ietf:paranms: xm :ns: xfb-0.1"
xm ns: xf b="urn:ietf:parans: xm :ns: xfb-0.1"
xm ns: xs="http://ww. w3. org/ 2001/ XM_Schena"
el ement For nDef aul t =" qual i fi ed"
attribut eFor nDef aul t ="unqual i fi ed">
<xs:annot at i on>
<xs: docunent ati on>
XML Format for BGP Information v0.1l, see RFC XXX
</ xs: docunent ati on>
</ xs:annot ati on>
<xs: el ement name="BGP_MESSAGE" >
<xs:conpl exType>
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<xs: conpl exType>
<XS:sequence>
<xs:element type="xs:|ong"

<XS:sequence>
<xs: el enment
<XS:
<XS:
<XS:

</ xs: sequence>

el enent
el enent
el enent

BGP in XM

ref="xfb: TIME"/ >

ref ="xfb: PEERI NG' m nCccurs="0"

Feb 2009

maxCQccur s="1"/>

ref="xfb: ASCl | _MSG' m nCccurs="0" maxQccurs="1"/>
m nCccurs="0" maxQccurs="1"/>
<xs:element m nCccurs="0" maxCOccurs="1" ref="xfb: STATUS M5G'/ >

ref ="xf b: OCTET_MsSG'

<xs:attribute type="xs:string" nanme="version"
fixed="0.1" use="required"/>

<xs:attribute use="required"

nane="1| engt h"

t ype="xs: nonNegati vel nt eger"/ >

</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="TI VE">

<xs:el ement type="xs:dateTi ne"
m nCccur s="0" maxCccurs="1"/>
<xs: el ement name="PRECI SI ON TI ME" type="xs:|ong"
m nCccur s="0" maxCccurs="1"/>

</ xs: sequence>

</ xs: conpl exType>
</ xs: el enent >
<xs: el ement nanme="PEERI NG' >

<xs: conpl exType>
<XS:sequence>
<XS:
<XS:
<XS:

<XS:
<XS:
<XS:

</ xs: sequence>

el enent
el enent
el enent

el enent
el enent
el enent

name="TI MESTAMP" [ >

nanme="DATETI ME"

nanme="SRC_ADDR" type="xfb: address"/>
nane="SRC PORT" type="xfbh:port"/>
type="xf b: asn" nane="SRC_AS"

m nCccur s="0" maxOccurs="1"/>

type="xf b: addr ess”

nane="DST_ADDR'/ >

nane="DST_PORT" type="xfbh:port"/>
nanme="DST_AS" type="xfb:asn"
m nCccur s="0" maxOccurs="1"/>

</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name=" OCTET_NSG' >

<xs: conpl exType>
<XS:sequence>

<XS:
<XS:
<XS:
<XS:

</ xs: sequence>

el ement
el enent
el enent
el ement

name="MARKER' type="xfb:octets"/>
nanme="LENGTH' type="xs:nonNegati vel nteger"/>
nanme="TYPE" type="xfb: bgp_type"/>
nanme="CCTETS" type="xfb:octets"/>

</ xs: conpl exType>
</ xs: el enent >
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<xs: el ement name="ASCl | _MsG'>
<xs: conpl exType>
<XS:sequence>
<xs: el ement name="MARKER' type="xfb:octets"/>
<xs: el ement nanme="LENGTH' type="xs:nonNegativel nteger"/>
<xs: el ement name="TYPE" type="xfb:bgp type"/>
<xs:choi ce>
<xs:element ref="xfh: OPEN'/ >
<xs: el ement ref="xfb: UPDATE"/ >
<xs: el ement ref="xfh: NOTI FI CATI ON'/ >
<xs: el ement ref="xfh: KEEPALI VE"/ >
<xs: el ement ref="xfb: ROUTE REFRESH'/ >
<xs:elenment ref="xfb:Cl SCO ROUTE REFRESH'/ >
<xs: el ement ref="xfb: UNKNOW'/>
</ xs: choi ce>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
<xs: el ement name=" STATUS MsG' >
<xs: conpl exType>
<XS:sequence>
<xs: el ement ref="xfb: BGPMON'/ >
<xs:choi ce>
<xs: el ement ref="xfb: SESSI ON_STATUS"
m nCccur s="0" maxCccurs="1"/>
<xs: el ement ref="xfb: CHAl N_STATUS"
m nCccur s="0" maxCccurs="1"/>
<xs:element mnCccurs="0" maxCccurs="1"
ref =" xf b: QUEUE_STATUS"/ >
<xs: el ement ref="xfb: BGPMON_STATUS"
m nCccur s="0" maxCccurs="1"/>
</ xs: choi ce>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="OPEN'>
<xs:conpl exType>
<XS:sequence>
<xs: el ement nanme="VERSI ON' type="xs:string"/>
<xs: el ement name="SRC AS' type="xfb:asn"/>

<xs: el ement nanme="HOLD TI ME" type="xs:nonNegati vel nteger"/>

<xs: el erent name="SRC BG™ type="xfb: address"/>

2009

<xs: el ement nanme="0OPT_PAR LEN' type="xs:nonNegati vel nteger"/>

<xs: el ement ref="xfb: OPT_PAR'/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="COPT_PAR'>
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<xs: conpl exType>
<XS:sequence>
<xs: el erent nmaxCccur s="unbounded"
m nCccur s="0" ref="xfb: PARAMETER"/ >
</ xs: sequence>
<xs:attribute name="count" type="xs:nonNegativel nteger"
use="required"/ >
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="PARAMETER' >
<xs: conpl exType>
<XsS:sequence>
<xs: el ement name="LENGTH"' type="xs:nonNegativel nteger"/>
<xs:el ement nanme="TYPE" type="xfb: par_type"/>
<xs: choi ce>
<xs: el ement ref="xfb: AUTHENTI CATI ON'/ >
<xs: el ement ref="xfb: CAPABI LI TI ES"/ >
<xs: el ement ref="xfb: OTHER"/ >
</ xs: choi ce>
</ xs: sequence>
<xs:attribute nanme="code" type="xs:string"/>
</ xs: conpl exType>
</ xs: el erent >
<xs: el ement name=" AUTHENTI CATI ON">
<xs:conpl exType>
<xs: si npl eCont ent >
<xs: ext ensi on base="xs: hexBi nary" >
<xs:attribute name="code" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="CAPABI LI Tl ES" >
<xs: conpl exType>
<XS:sequence>
<xs: el ement m nCccurs="0" maxCccurs="unbounded" nane="CAP">
<xs: conpl exType>
<XS:sequence>
<xs: el ement nanme="CODE" type="xs:string"/>
<xs: el ement name="LENGITH' type="xs:|ong"/>
<xs: el ement nane="DATA" type="xs:string"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
</ xs: sequence>
<xs:attribute name="count" type="xs:integer" use="required"/>
</ xs: conpl exType>
</ xs: el emrent >

Cheng, et al. Expi res August 19, 2009 [ Page 41]



| nternet-Draft BGP in XM Feb 2009

<xs: el ement name="UNKNOMWN' type="xs: hexBi nary"/>
<xs: el ement name="UPDATE" >
<xs:conpl exType>
<XSs:sequence>
<xs: el ement nanme="W THDRAWN _LEN' type="xs:nonNegati vel nteger"/>
<xs: el ement ref="xfb: WTHDRAWN'/ >
<xs: el ement name="PATH ATTRI BUTES LEN'
type="xs: nonNegati vel nt eger"/ >
<xs: el ement ref="xfb: PATH ATTRI BUTES"/ >
<xs:element ref="xfb:NLRI"/>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="PATH _ATTRI BUTES" >
<xs: conpl exType>
<XSs:sequence>
<xs:element m nCccurs="0" maxCOccurs="unbounded"
ref ="xfb: ATTRI BUTE"/ >
</ xs: sequence>
<xs:attribute name="count" type="xs:nonNegativel nteger"/>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="ATTRI BUTE" >
<xs: conpl exType>
<XS:sequence>
<xs: el ement nanme="FLAGS" >
<xs: conpl exType>
<XS:sequence>
<xs: el ement name="OPTI ONAL"

m nCccur s="0" maxCccurs="1"/>
<xs: el ement name="TRANSI Tl VE"

m nCccur s="0" maxCccurs="1"/>
<xs: el ement name="PARTI AL" m nOccurs="0" nmaxCQccurs="1"/>
<xs: el ement nanme="EXTENDED' m nCccurs="0" maxCccurs="1"/>

</ xs: sequence>
<xs:attribute name="code" type="xs:string"/>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement nanme="LENGTH' type="xs:|ong"/>
<xs: el ement name="TYPE" type="xfb:attr_type"/>
<xs:choi ce>
<xs:element ref="xfb: ORIA N'/>
<xs: el enment ref="xfb: AS PATH'/>
<xs: el ement ref="xfb: NEXT_HOP"/>
<xs:element ref="xfb: MULTI_EXIT_DI SC'/>
<xs: el ement ref="xfb: LOCAL_PREF"/>
<xs:el ement ref="xfb: ATOM C_AGGREGATE"/ >
<xs: el ement ref="xfb: AGGREGATOR'/ >
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<xs: el ement ref="xfh: COWUN TI ES"/ >
<xs:elenment ref="xfb: ORIGA NATOR | D'/ >
<xs: el ement ref="xfb: CLUSTER LI ST"/>
<xs: el ement ref="xfh: ADVERTI SER'/ >
<xs: el enment ref="xfb: RCl D PATH'/ >
<xs:elenment ref="xfb: MP_REACH NLRI"/>
<xs: el enment ref="xfb: M_UNREACH NLRI "/ >
<xs: el ement ref="xfb: EXTENDED COWMUNI TI ES"/ >
<xs: el ement ref="xfb: AS4 PATH'/ >
<xs: el ement ref="xfh: AS4 AGGREGATOR'/ >
<xs:element ref="xfh: OTHER'/ >
</ xs: choi ce>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs:element name="ORIGA N' type="xfb:origin_type"/>
<xs: el ement name="AS _PATH' type="xfb:as _path"/>
<xs: el ement name="NEXT_HOP" type="xfb:address"/>
<xs: el ement name="MJILTI _EXI T_DI SC' type="xs:integer"/>
<xs: el ement name="LOCAL PREF" type="xs:integer"/>
<xs: el ement name="ATOM C_AGGREGATE"/ >
<xs: el ement name="AGGREGATOR' type="xfb:aggregator"/>
<xs: el ement name="COVMMUNI Tl ES" >
<xs: conpl exType>
<xs: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xs: el ement name="NO EXPORT"/ >
<xs: el ement name="NO ADVERTI SE"/ >
<xs: el emrent name="NO _EXPORT_ SUBCONFED'/ >
<xs: el ement ref="xfb: COMWUIN TY"/>
<xs: el ement ref="xfb: RESERVED COVMUNI TY"/ >
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="COVMUNI TY" type="xfb: conmmunity_type"/>
<xs: el ement name="RESERVED COVMUNI TY" type="xfb:community type"/>
<xs:el ement name="CRl G NATOR_ I D' type="xs:integer"/>
<xs: el ement name="CLUSTER LI ST">
<xs: conpl exType>
<XsS:sequence>
<xs:element name="1D" type="xs:string"
m nCccur s="0" maxCccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute name="count" type="xs:integer"/>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name=" ADVERTI SER" type="xfb: address"/>
<xs: el ement nanme="RClI D_PATH'>
<xs:conpl exType>
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<XS:sequence>
<xs:el ement nanme="1D" type="xs:string"
m nCccur s="0" maxOccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute name="count" type="xs:integer"/>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="MP_REACH NLRI ">
<xs:conpl exType>
<XS:sequence>
<xs: el ement name="AFl" type="xfb:afi _type"/>
<xs: el ement nanme="SAFl" type="xfb:safi_type"/>
<xs: el ement ref="xfb: NEXT_HOP"/>
<xs: el ement nanme="SNPA LI ST_LEN' type="xs:nonNegativel nteger"/>
<xs:element ref="xfb: SNPA LI ST"/>
<xs:element ref="xfb:NLRI"/>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="SNPA LI ST">
<xs: conpl exType>
<XS:sequence>
<xs: el ement nanme="SNPA" type="xfb: prefix"
m nCccur s="0" maxOccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute name="count" type="xs:nonNegativel nteger"/>
</ xs: conpl exType>
</ xs: el ement >
<xs: el emrent name="MP_UNREACH NLRI ">
<xs:conpl exType>
<XS:sequence>
<xs:el ement nanme="AFI" type="xfb:afi_type"/>
<xs: el ement name="SAFI" type="xfb:safi_ type"/>
<xs: el emrent ref="xfb: WTHDRAW'/ >
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="EXTENDED COVMUNI TI ES" type="xfb:octets_attribute"/>
<xs: el ement name="AS4_PATH' type="xfb:as_path"/>
<xs:el ement name="AS4_AGGREGATOR' type="xfb:aggregator"/>
<xs: el ement nanme="OTHER">
<xs: conpl exType>
<XS:sequence>
<xs: el ement nanme="COCTETS" type="xfb:octets"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="W THDRAWN' type="xfDb: prefixes"/>
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<xs:element name="NLRI " type="xfb: prefixes"/>
<xs: el ement name="NOTI FI CATI ON'>
<xs:conpl exType>
<XS:sequence>
<xs: el ement nanme="CODE" type="xfb:error_type"/>
<xs: el ement nanme="SUBCODE" type="xfb:error_type"/>
<xs: el ement nanme="DATA" type="xs:string"/>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="KEEPALI| VE"/ >
<xs: el ement name=" ROUTE REFRESH' >
<xs: conpl exType>
<xs:attributeGoup ref="xfb:attr_group_afi"/>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="C SCO ROUTE REFRESH'/ >
<xs: el ement name="BGPMON_STATUS" >
<xs:conpl exType>
<xs: choi ce>
<xs: el erent name="START"/>
<xs: el erent name="STOP"/ >
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement nanme="QUEUE_ STATUS" >
<xs: conpl exType>
<XS:sequence>
<xs: el ement m nCccurs="0" maxCccurs="unbounded"
ref="xfb: QUEUE"/ >
</ Xs: sequence>
<xs:attribute name="count" type="xs:nonNegativel nteger"/>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name=" QUEUE" >
<xs: conpl exType>
<XsS:sequence>
<xs: el ement name="NAME" type="xs:string"/>
<xs:el ement nanme="1TEM type="xfb:stat_type"/>
<xs:el emrent name="\WRlI TER' type="xfb:stat_type"/>
<xs: el ement nane="READER' type="xfb:stat_type"/>
<xs: el erent name="PACI NG' >
<xs: conpl exType>
<XsS: sequence>
<xs:el ement name="FLAG' type="xs:string"/>
<xs: el ement nanme="COUNT" type="xfb:stat_type"/>
<xs:el ement type="xfb:stat_type" nane="WRITE LIMT"/>
</ xs: sequence>
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</ xs: conpl exType>
</ xs: el emrent >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement nanme="CHAI N_STATUS" >
<xs:conpl exType>
<XS:sequence>
<xs:el emrent ref="xfb: CHAI N'
m nCccur s="0" maxOccur s="unbounded"/ >
</ Xs: sequence>
<xs:attribute name="count" type="xs:nonNegativel nteger"/>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="CHAl N'>
<xs:conpl exType>
<XS:sequence>
<xs:group ref="PEER NG _STAT"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="SESSI ON_STATUS" >
<xs:conpl exType>
<XS:sequence>
<xs: el erent ref="xfb: SESSI O\
m nCccur s="0" maxOccur s="unbounded"/ >
</ Xs: sequence>
<xs:attribute name="count" type="xs:nonNegativel nteger"/>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="SESSI ON'>
<xs: conpl exType>
<XS:sequence>
<xs:group ref="xfb: PEERI NG_STAT"/ >
<xs:group ref="xfb: SESSI ON_STAT"
m nOccur s="0" maxQccurs="1"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="BGPMON'>
<xs: conpl exType>
<XS:sequence>
<xs: el ement nanme="ADDR' type="xfb:address"/>
<xs: el ement name="PCORT" type="xfb:port"/>
<xs:element type="xfb:asn" nane="AS"
m nCccur s="0" maxCOccurs="1"/>
</ xs: sequence>
</ xs: conpl exType>
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</ xs: el emrent >
<xS: group name="PEERI NG _STAT">
<Xs: sequence>
<xs: el ement type="xfb:address" nanme="ADDR'/>
<xs: el ement name="PORT" type="xfb:port"
m nCOccur s="0" maxQccurs="1"/>
<xs: el ement nanme="AS"' type="xfb:asn"
m nCOccur s="0" maxQccurs="1"/>
<xs: el ement name="STATE" type="xs:integer"
m nOccur s="0" maxQccurs="1"/>
<xs: el ement name="STATE_CHANGE" m nCccurs="0" nmaxCccurs="1">
<xs: conpl exType>
<XS:sequence>
<xs: el ement nanme="OLD_STATE" type="xs:integer"/>
<xs: el ement name="NEW STATE" type="xs:integer"/>
<xs: el ement nanme="REASON' type="xs:integer"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el emrent >
<xs: el ement name="COPTIME" type="xfb:tinme_type"
m nCccur s="0" maxQccurs="1"/>
<xs: el ement name="RECV_MESSAGE" type="xfbh:stat type"
m nCccur s="0" maxQccurs="1"/>
<xs: el ement name="RESET" type="xfb:stat type"
m nCccur s="0" maxQccurs="1"/>
</ xs: sequence>
</ Xs: group>
<XS:group name="SESSI ON_STAT">
<XS:sequence>
<xs: el ement nanme="PREFI X"/ >
<xs: el ement nanme="ATTRI BUTE"/ >
<xs: el ement name=" MEMORY_USAGE"/ >
<xs: el ement name=" ANNOUNCEMENT" type="xfb:stat type"/>
<xs: el ement name="DUP_ANNOUNCEMENT" type="xfb:stat_type"/>
<xs: el ement name="SAVE PATH' type="xfb:stat type"/>
<xs:el ement nanme="Dl FF_PATH' type="xfb:stat_type"/>
<xs: el ement nanme="W THDRAWAL" type="xfbh:stat_type"/>
<xs: el ement nanme="DUP_W THDRAWAL" type="xfb:stat_type"/>
</ xs: sequence>
</ xs: group>
<xs: conpl exType nane="address">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attributeGoup ref="attr_group_afi"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conmpl exType>
<xs: conpl exType nane="prefix">
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<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute nane="Iabel" type="xs:string"/>
<xs:attributeGoup ref="attr _group_afi"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="prefixes">
<Xs: sequence>
<xs: el ement m nCccurs="0" nmaxQOccurs="unbounded"
type="xfb: prefi x" name="PREFI X"/ >
</ xs: sequence>
<xs:attribute name="count" type="xs:nonNegativelnteger"/>
</ xs: compl exType>
<xs:sinpl eType name="port">
<xs:restriction base="xs:integer">
<xs: maxl ncl usi ve val ue="65535"/>
<xs: m nl ncl usi ve val ue="0"/>
</xs:restriction>
</ xs: si npl eType>
<xs:sinpl eType name="asn">
<xs:restriction base="xs:nonNegativel nteger"/>
</ xs: si npl eType>
<xs: conpl exType nane="as_path">
<Xs: sequence>
<xs: el ement nanme="AS"' type="xfb:asn"
m nOccur s="1" maxQccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute name="type" type="xfb:enumas path _type"/>
</ xs: conmpl exType>
<xs: conpl exType nane="aggregat or">
<Xs: sequence>
<xs: el ement name="AS" type="xfb:asn"/>
<xs: el ement nane="ADDR' type="xfDb: address"/>
</ xs: sequence>
</ xs: conmpl exType>
<xs: conpl exType nane="octets">
<xs: si npl eCont ent xm : base="xs: hexBi nary" >
<xs:extension base="xs:string">
<xs:attribute name="length" type="xs:nonNegativel nteger"
use="optional "/ >
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conmpl exType>
<xs: conpl exType nane="bgp_type">
<xs: si npl eCont ent >
<xs: extensi on base="enum bgp_type">
<xs:attribute type="xs:nonNegativel nteger” nane="val ue"/>
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</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conmpl exType>
<xs: conpl exType nane="origin_type">
<xs: si npl eCont ent >
<xs: extensi on base="enumorigin_type">
<xs:attribute type="xs:nonNegativel nteger" nane="val ue"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nanme="par_type">
<xs: si npl eCont ent >
<xs: extensi on base="enum par type">
<xs:attribute type="xs:nonNegativel nteger"” nane="val ue"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="afi _type">
<xs: si npl eCont ent >
<xs: extensi on base="enum afi type">
<xs:attribute type="xs:nonNegativel nteger” nane="val ue"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="safi _type">
<xs: si npl eCont ent >
<xs: extensi on base="enum safi _type">
<xs:attribute type="xs:nonNegativel nteger" nane="val ue"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="attr_type">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute type="xs:nonNegativel nteger" nane="val ue"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conmpl exType>
<xs:conpl exType nanme="error_type">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute type="xs:nonNegativel nteger" nane="val ue"/ >
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conmpl exType>
<xs: conpl exType nane="comunity_type">
<XS:sequence>
<xs: el ement name="AS"' type="xfb:asn"/>
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<xs: el ement name="VALUE" type="xs:nonNegativel nteger"/>
</ xs: sequence>
</ xs: conmpl exType>
<xs:conpl exType nane="octets attribute">
<XS:sequence>
<xs:element type="xfb:octets" nanme="COCTETS"/>
</ xs: sequence>
</ xs: conpl exType>
<xs:sinpl eType name="enumyes_no_type">
<xs:restriction base="xs:string">
<xs:enumeration val ue="YES"'/ >
<xs:enumeration val ue="NO'/>
</xs:restriction>
</ xs: si npl eType>
<xs:sinpl eType name="enumorigin_type">
<xs:restriction base="xs: NMTCKEN" >

<XS:enumneration
<XS:enuneration
<XS:enuneration
<XS:enumneration
</xs:restriction>
</ xs: si npl eType>

<xs:sinpl eType nane=

val ue="1G"/ >

val ue="BG"/ >

val ue="1 NCOWLETE"/ >
val ue="OTHER'/ >

"enum par _type">

<xs:restriction base="xs: NMTCKEN'" >

<XS:enumeration
<XS:enumneration
<XS:enumneration

val ue="AUTHENTI CATI ON'/ >
val ue="CAPABI LI TI ES"/ >
val ue="OTHER"/ >

</xs:restriction>

</ xs: si npl eType>

<xs:sinpl eType nanme="enum bgp_type">
<xs:restriction base="xs: NMTOKEN" >

<Xs:enuneration val ue="OPEN'/ >
<xs:enunerati on val ue="UPDATE"/ >
<xXs:enuneration val ue="NOTI FI CATI ON'/ >
<xs:enunerati on val ue="KEEPALI VE"/ >
<xs:enumeration val ue="ROUTE_REFRESH'/ >
<xs:enunerati on val ue="Cl SCO ROUTE REFRESH'/ >
<xs:enunerati on val ue="UNKNOMW"/ >

</xs:restriction>
</ xs: si npl eType>
<xs:sinpl eType nanme="enum afi _type">
<xs:restriction base="xs: NMTOKEN" >
<Xs:enuneration val ue="1PVv4"/>
<Xs:enuneration val ue="1PV6"/>
<xs:enunerati on val ue="OTHER"'/ >
</xs:restriction>
</ xs: si npl eType>
<xs:sinpl eType nanme="enum as_pat h_type">
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<xs:restriction base="xs: NMTCKEN" >
<xs:enumeration val ue="as_sequence"/>
<xs:enuneration value="as _set"/>
</xs:restriction>
</ xs: si npl eType>
<xs:sinpl eType name="enum safi type">
<xs:restriction base="xs: NMTCKEN" >
<xs:enuneration val ue="NLRI _UNI CAST"/ >
<xs:enuneration val ue="NLRI _MJLTI CAST"/ >
<xs:enuneration val ue="NLRI _MPLS"/>
<xs:enumeration val ue="OTHER'/ >
</xs:restriction>
</ xs: si npl eType>
<xs: conpl exType nane="stat _type">
<xs: si npl eCont ent >
<xs:extension base="xs:float">
<xs:attributeGoup ref="xfb:attr_group_stat"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="tinme_type">
<xs: si npl eCont ent >
<xs:extension base="xs:float">
<xs:attributeGoup ref="xfb:attr_group_tinme"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs:attributeG oup name="attr_group_stat">
<xs:attribute nanme="avg" use="optional" type="xs:float"/>
<xs:attribute name="sdv" use="optional" type="xs:float"/>
<xs:attribute name="nin" type="xs:float" use="optional"/>
<xs:attribute name="nmax" type="xs:float" use="optional"/>
<xs:attribute nanme="accu" type="xs:float"/>
<xs:attribute name="limt" type="xs:float" use="optional"/>
</ xs:attributeG oup>
<xs:attributeGoup name="attr_group_tine">
<xs:attribute name="I|ast_startup" use="optional" type="xs:long"/>
<xs:attribute name="I|ast_down" use="optional" type="xs:|long"/>
<xs:attribute name="I|ast_action" use="optional" type="xs:long"/>
</xs:attributeGoup>
<xs:attributeG oup name="attr_group_afi">
<xs:attribute name="afi" type="xfb:enumafi type" use="optional"/>
<xs:attribute nane="afi _val ue" type="xs:nonNegativel nteger"
use="optional "/ >
<xs:attribute name="safi" type="xfb:enumsafi type"
use="optional "/ >
<xs:attribute nanme="safi val ue" type="xs:nonNegativel nteger"
use="optional "/ >
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</xs:attributeG oup>
</ Xxs: schema>

8. Acknow edgenents

9. | ANA Consi derati ons

Feb 2009

Thi s docunment uses URNs to describe an XM. nanespace and schena. Two
registrations are needed: (1) registration for the XFB nanespace:
urn:ietf:parans: xm:ns:xfb-0.1 and (2) registration for the XFB XM

schema: urn:ietf:paranms: xm :schema: xfb-0.1

10. Security Considerations

The XFB format untilizes XM. to flexibly represent BGP i nformation.
The XFB docunent structure and fields are only descriptive and do not

create additional security risks.
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Appendi x A. Storage Size Conpari son

Experinment results are prom sing using the default conpression
paraneters for bzip2. As shown in the table below, the unconpressed
XFB require nore space, but the conpressed XFB require | ess space.
Conpared with bgpdunp fornat, |ess storage will be used in conpressed
XFB format. Even conmpared with MRT [I-D.ietf-growmt] binary
format, XFB al nbst consunes the sane storage. This table shows the
size of data used in the above conparison, using MRT as the baseline.

R S R Fom e e oo S +
| format | untonpressed | ratio | conpressed | ratio
R S R Fom e e oo S +
| XFB | 74389091 | 7.22 | 2200472 | 1.03

| bgpdunp | 54466310 | 5.29 | 2418845 | 1.13 |
| MRT | 10298545 | 1.0 | 2142657 | 1.00
R S R Fom e e oo S +

St orage Size Conpari son
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