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Status of this Meno

This RFC specifies an | AB standards track protocol for the Internet
conmuni ty, and requests discussion and suggestions for inprovenents.
Pl ease refer to the current edition of the "IAB Oficial Protoco

St andards" for the standardization state and status of this protocol
Distribution of this nmeno is unlimted.

Abst r act

This meno defines a portion of the Managenent |nformati on Base (M B)
for use with network nmanagenent protocols in TCP/I|P-based internets.
In particular, it defines objects for managing routes in the IP

I nternet.

It is proposed that the ipRouteTable defined by MB-11 (RFC 1213) be
deprecated and replaced with this table. This adds the ability to
set or display multi-path routes, and varying routes by network
managemnment policy.
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1. The Network Managenent Franmework

The I nternet-standard Network Management Framework consists of three
conponents. They are:

RFC 1155 whi ch defines the SM, the nechani sns used for describing
and nami ng objects for the purpose of nmanagenent. RFC 1212 defines a
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nore conci se description mechanism which is wholly consistent with
the SM.

RFC 1156 which defines MB-1, the core set of managed objects for the
Internet suite of protocols. RFC 1213 defines MB-11, an evolution
of M B-1 based on inplenentati on experience and new operati ona
requirenents.

RFC 1157 whi ch defines the SNMP, the protocol used for network access
to managed obj ects.

The Framework pernits new objects to be defined for the purpose of
experimentation and eval uation.

2. bjects

Managed obj ects are accessed via a virtual information store, terned
the Managerment Infornmation Base or MB. bjects in the MB are
defined using the subset of Abstract Syntax Notation One (ASN. 1) [7]
defined in the SM. |In particular, each object has a nane, a syntax,
and an encoding. The name is an object identifier, an

adm ni stratively assigned nane, which specifies an object type. The
object type together with an object instance serves to uniquely
identify a specific instantiation of the object. For human

conveni ence, we often use a textual string, ternmed the OBJECT

DESCRI PTOR, to also refer to the object type

The syntax of an object type defines the abstract data structure
corresponding to that object type. The ASN. 1 | anguage is used for
this purpose. However, the SM [3] purposely restricts the ASN 1
constructs which may be used. These restrictions are explicitly nmade
for simplicity.

The encoding of an object type is sinmply how that object type is
represented using the object type’s syntax. Inplicitly tied to the
noti on of an object type's syntax and encoding is how the object type
is represented when being transnitted on the network.

The SM specifies the use of the basic encoding rules of ASN. 1 [8],
subject to the additional requirements inposed by the SNWP

2.1. Format of Definitions
Section 4 contains contains the specification of all object types
contained in this MB nodule. The object types are defined using the

conventions defined in the SM, as anended by the extensions
specified in [9].
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3. Overview
3.1. Structure of MB

The I P Forwarding Table is quite anal ogous to the ol der ipRoute
Table. The principal differences are:

(1) It is sonmewhat re-organi zed, for aesthetic reasons,

(2) It has the Next Hop Autonompbus System Number, usefu
primarily to the adm nistrators of regional networks,

(3) It is instanced by Policy and Next Hop as well as by
ultimate destination. Thus, nmultiple multipath routes
can be nanaged, not just a single route, along with the
ci rcumst ances under which the any given route night be
chosen.

4. Definitions
RFC1354-M B DEFINITIONS ::= BEG N
| MPORTS

Gauge, | pAddress
FROM RFC1155- SM

mb-2, ip
FROM RFC1213-M B
OBJECT- TYPE

FROM RFC-1212;

-- This MB npdul e uses the extended OBJECT- TYPE nmacro as
-- defined in [9].
i pForward OBJECT IDENTIFIER ::= { ip 24}

i pFor war dNunmber OBJECT- TYPE

SYNTAX Gauge

ACCESS read-only

STATUS nmandat ory

DESCRI PTI ON
"The nunber of current ipForwardTable entries
that are not invalid."

.= { ipForward 1 }

-- | P Forwardi ng Tabl e

-- The I P Forwardi ng Tabl e obsol etes and repl aces the i pRoute
-- Table current in MB-1 and MB-I1. It adds know edge of
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t he aut ononmous system of the next hop
support, and policy routing support.

i pForwar dTabl e OBJECT- TYPE
SYNTAX
ACCESS not-accessible
STATUS nmandat ory
DESCRI PTI ON

"This entity’s I P Routing table.

REFERENCE

SEQUENCE OF | pForwardEntry

July 1992

nmul tiple next hop

"RFC 1213 Section 6.6, The IP G oup"

.= { ipForward 2 }

i pForwar dEntry OBJECT- TYPE
SYNTAX | pForwardEntry
ACCESS not-accessible
STATUS nmandat ory
DESCRI PTI ON

"A particular

tion,

| NDEX {
i pForwar dDest ,
i pForwar dPr ot o,

i pForwar dPol i cy,

i pFor war dNext Hop

}

route to a

under a particular policy.

i pForwardTable 1 }

| pForwardEntry ::=
SEQUENCE {

i pFor war dDest
| pAddr ess,

i pFor war dMask
| pAddr ess,

i pForwar dPol i cy
| NTEGER

i pFor war dNext Hop
| pAddr ess,

i pForwardl f I ndex
| NTEGER

i pForwar dType
| NTEGER

i pForwar dProt o
| NTEGER

i pFor war dAge

particul ar

desti na-
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| NTEGER
i pForwar dl nfo
OBJECT | DENTI FI ER
i pFor war dNext HopAS
| NTEGER
i pForwardMetricl
| NTEGER
i pForwardMetric2
| NTEGER
i pForwardMetric3
| NTEGER
i pForwardMetric4
| NTEGER
i pForwardMetric5
| NTEGER

}

i pForwar dDest OBJECT- TYPE

SYNTAX | pAddress

ACCESS read-only

STATUS mandat ory

DESCRI PTI ON
"The destination |IP address of this route. An
entry with a value of 0.0.0.0 is considered a
default route.

This object may not take a Miulticast (Class D)
addr ess val ue.

Any assignment (inplicit or otherwise) of an
instance of this object to a value x nust be
rejected if the bitwise logical-AND of x with
the wvalue of the corresponding instance of the
i pForwar dMask object is not equal to x."

::={ ipForwardEntry 1 }

i pForwar dMask OBJECT- TYPE

SYNTAX | pAddress

ACCESS read-wite

STATUS  mandat ory

DESCRI PTI ON
"Indicate the mask to be | ogical -ANDed with the
destination address before being conpared to
the value in the ipForwardDest field. For
those systems that do not support arbitrary
subnet masks, an agent constructs the value of
the ipForwardvask by reference to the |IP Ad-
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dress C ass.

Any assignment (inplicit or
this

i nstance of

rejected if the bitw se |ogical-AND of x

t he

Dest . "
DEFVAL {

.::{

' 00000000’ h }
i pForwardEntry 2 }

is not equa

-- 0.0.0.0

ot herw se) of
object to a value x nust be

July 1992

an

with

val ue of the correspondi ng i nstance of the

i pForwar dDest obj ect to i pForward-

The foll owi ng convention is included for specification

of TCS Field contents.

and t he Router

Requi renent s mappi ng,

wi t hout

At this tine,
Requi renent s docurments di sagree on the width
of the TOS field.

t he Host

Requi rement s

Thi s mappi ng descri bes the Router

i pForwar dPol i cy OBJECT- TYPE

and | eaves roomto widen the TGS field
i npact to fielded systens.

set of conditions that woul d cause

SYNTAX | NTEGER
ACCESS read-only
STATUS  mandat ory
DESCRI PTI ON

"The genera

the selection

next hops for a given destination) is

of one nmultipath route (set of

referred

to as 'policy’.

Unl ess the nmechani smindi cated by i pForwardPro-
to specifies otherwise, the policy specifier is
the IP TOS Field. The encoding of IP TOS is as

specified by the follow ng convention. Zero
i ndicates the default path if no nore specific
policy appli es.
S R S R S R S R S R S R S R S R +
| | |
| PRECEDENCE | TYPE OF SERVI CE | O
| | | |
+--m - - +--m - - +--m - - +--m - - +--m - - +--m - - +--m - - +--m - - +
P TCS P TCS
Field Pol i cy Field Pol i cy
Contents Code Contents Code
0000 == 0 0001 ==> 2
0010 ==> 4 0011 ==> 6
0100 ==> 8 0101 ==> 10
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0110 ==> 12 0111 ==> 14
1000 ==> 16 1001 ==> 18
1010 ==> 20 1011 ==> 22
1100 ==> 24 1101 ==> 26
1110 ==> 28 1111 ==> 30

Protocol s defining 'policy’ otherw se nmust ei-
ther define a set of values which are valid for
this object or nust inplenent an integer-
instanced policy table for which this object’s
val ue acts as an index."

.= { ipForwardEntry 3 }

i pFor war dNext Hop OBJECT- TYPE

SYNTAX | pAddress

ACCESS read-only

STATUS nmandat ory

DESCRI PTI ON
"On renmote routes, the address of the next sys-
temen route; Otherwi se, 0.0.0.0."

::={ ipForwardEntry 4 }

i pForwar dl f 1 ndex OBJECT- TYPE

SYNTAX | NTEGER

ACCESS read-wite

STATUS  mandat ory

DESCRI PTI ON
"The iflndex value which identifies the |oca
interface through which the next hop of this
route shoul d be reached."

DEFVAL { 0 }

::={ ipForwardEntry 5 }

i pForwar dType OBJECT- TYPE
SYNTAX | NTEGER {

ot her (1), -- not specified by this MB
invalid (2), -- logically deleted

| ocal (3), -- local interface

renote (4) -- renpte destination

}
ACCESS read-wite
STATUS mandat ory
DESCRI PTI ON
"The type of route. Note that local (3) refers
to a route for which the next hop is the fina
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destination; renote(4) refers to a route for
which the next hop is not the final destina-
tion.

Setting this object to the value invalid(2) has
the effect of invalidating the correspondi ng
entry in the i pForwardTabl e obj ect. That is,
it effectively disassociates the destination
identified with said entry fromthe route iden-
tified with sai d entry. It is an
i mpl enentati on-specific matter as to whether
the agent renoves an invalidated entry fromthe
table. Accordingly, nmanagenent stations mnust
be prepared to receive tabular information from
agents that corresponds to entries not current-
ly in wuse. Proper interpretation of such en-
tries requires examnation of the relevant ip-
Forwar dType object."

DEFVAL { invalid }

::={ ipForwardEntry 6 }

i pForwar dPr ot o OBJECT- TYPE
SYNTAX | NTECER {

ot her (1), -- not specified

| ocal (2), ~-- local interface

net ngnt (3), -- static route

icnp (4), ~-- result of ICVWP Redirect

-- the following are all dynamc
-- routing protocols

egp (5), ~-- Exterior Gateway Protoco
agp (6), -- Gateway-Gateway Protoco
hel |l o (7), -- FuzzBall Hell oSpeak

rip (8), -- Berkeley RIP or RIP-I
is-is (9), ~-- Dual ISIS

es-is (10), -- 1SO 9542

ciscolgrp (11), -- Cisco IGRP

bbnSpflgp (12), -- BBN SPF I GP

ospf (13), -- Open Shortest Path First
bgp (14), -- Border Gateway Protoco

i dpr (15) ~-- InterDomain Policy Routing

}
ACCESS read-only
STATUS nmandat ory

DESCRI PTI ON
"The routing mechanismvia which this route was
| earned. Inclusion of values for gateway rout-

ing protocols is not intended to inply that
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hosts shoul d support those protocols."
::={ ipForwardEntry 7 }

i pFor war dAge OBJECT- TYPE

SYNTAX | NTEGER

ACCESS read-only

STATUS nmandat ory

DESCRI PTI ON
"The nunber of seconds since this route was
| ast updated or otherwise determned to be
correct. Note that no semantics of ‘too old
can be inplied except through know edge of the
routing protocol by which the route was
| ear ned. "

DEFVAL { 0}

::={ ipForwardEntry 8 }

i pForwardl nfo OBJECT- TYPE

SYNTAX  OBJECT | DENTI FI ER

ACCESS read-wite

STATUS  mandat ory

DESCRI PTI ON
"A reference to MB definitions specific to the
particular routing protocol which is responsi-
ble for this route, as determ ned by the value
specified in the route’ s ipForwardProto val ue.
If this information is not present, its value
shoul d be set to the OBJECT IDENTIFIER { 0 O },
which is a syntactically valid object identif-
ier, and any inplenentation conformng to ASN. 1
and the Basic Encoding Rules must be able to
generate and recogni ze this value."

DEFVAL { { 00} } -- 0.0

.= { ipForwardEntry 9 }

i pFor war dNext HopAS OBJECT- TYPE

SYNTAX | NTEGER

ACCESS read-wite

STATUS nmandat ory

DESCRI PTI ON
"The Aut ononmous System Nunber of the Next Hop.
When this is unknown or not relevant to the
protocol indicated by ipForwardProto, zero."

DEFVAL { 0 }

.= { ipForwardEntry 10 }

July 1992
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i pForwardMetricl OBJECT- TYPE

SYNTAX | NTEGER
ACCESS read-wite
STATUS mandat ory
DESCRI PTI ON

"The primary routing netric for this route.
The semantics of this netric are determ ned by
the routing-protocol specified in the route’'s
i pForwar dProto val ue. If this netric is not
used, its value should be set to -1."

DEFVAL { -1}

.= { ipForwardEntry 11 }

i pForwardMetri c2 OBJECT- TYPE

SYNTAX | NTEGER

ACCESS read-wite

STATUS nmandat ory

DESCRI PTI ON
"An alternate routing nmetric for this route.
The semantics of this nmetric are determ ned by
the routing-protocol specified in the route’'s
i pForwardProto val ue. I[f this metric is not
used, its value should be set to -1."

DEFVAL { -1}

::={ ipForwardEntry 12 }

i pForwardMetri c3 OBJECT- TYPE

SYNTAX | NTEGER

ACCESS read-wite

STATUS nmandat ory

DESCRI PTI ON
"An alternate routing netric for this route.
The semantics of this nmetric are determ ned by
the routing-protocol specified in the route’'s
i pForwardProto val ue. If this nmetric is not
used, its value should be set to -1."

DEFVAL { -1}

::={ ipForwardEntry 13 }

i pForwar dMetri c4 OBJECT- TYPE

SYNTAX | NTEGER
ACCESS read-wite
STATUS  mandat ory
DESCRI PTI ON

"An alternate routing netric for this route.

July 1992
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The semantics of this netric are determ ned by
the routing-protocol specified in the route’'s
i pForwar dProto val ue. If this netric is not
used, its value should be set to -1."

DEFVAL { -1}

.= { ipForwardEntry 14 }

i pForwardMetric5 OBJECT- TYPE

SYNTAX | NTEGER

ACCESS read-wite

STATUS nmandat ory

DESCRI PTI ON
"An alternate routing nmetric for this route.
The semantics of this nmetric are determ ned by
the routing-protocol specified in the route’'s
i pForwardProto val ue. I[f this metric is not
used, its value should be set to -1."

DEFVAL { -1}

::={ ipForwardEntry 15 }

END
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Security Considerations

Security issues are not discussed in this meno.
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