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Status of this Meno

This meno provides information for the Internet community. |t does
not specify an Internet standard. Distribution of this menmo is
unlimted.

Speci al Note

Thi s docunent was originally prepared as an | nternet Engineering
Steering Goup (I ESG recomrendation to the Internet Architecture
Board (1 AB) in md-sunmer 1991, reaching the current version by the
dat e shown above. Al though the docunent is now sonewhat dated (e.g.
CIDR and RIP Il are not nentioned), the IESG felt it was inmportant to
publish this along with the recent OSPF Applicability Statenent [11]
to help establish context and notivation

Abstract

This meno presents notivation, rationale and other surrounding
background information leading to the |ESG s reconmmendation to the
IAB for a single "conmon I GP" for the |P portions of the Internet.

In this nmeno, the term"conmmon |G is defined, the need for a conmon
IGP is explained, the relation of this issue to other ongoing

I nternet Engi neering Task Force (I ETF) routing protocol devel opnent
is provided, and the relation of this issue to the goal for nulti-
protocol integration in the Internet is explored.

Finally, a specific IGP is reconmended as the "common |G for IP
portions of the Internet -- the Open Shortest Path First (COSPF)
routing protocol

The goal of this recomendation is for all vendors of Internet IP

routers to make OSPF avail abl e as one of the 1GP s provided with
their routers
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1. Background

There is a pressing need for a high functionality non-proprietary
"comon" Interior Gateway Protocol (1GP) for the TCP/IP protoco
famly. An IGP is the routing protocol used within a single

adm nistrative donmain (conmmonly referred to as an "Autononpus Systenft
(AS).

By "common", we sinply nean a protocol that is ubiquitously available
fromall router vendors (as in "in conmon"). Users and network
operators have expressed a strong need for routers fromdifferent
vendors to have the capablity to interoperate within an AS through
use of a common | GP.

Note: Routing between AS' s is handled by a different type of routing
protocol, called an "Exterior Gateway Protocol" ("an EG", of which
the Border Gateway Protocol [2] and "The Exterior Gateway Protocol"
[3] are exanples.) The issues of routing between AS s using "an" EGP
is not considered in this meno.

There are two IGPs in the Internet standards track capable of routing
IPtraffic -- Open Shortest Path First (OSPF) [4] and Integrated IS
IS [5] (based on the OGSl IS-1S). These two protocols are both nodern
"l'ink state" routing protocols, based on the Dijkstra algorithm
There has been substantial interaction and cooperation anong the

engi neers involved in each effort, and the protocols share sone
simlar features.

However, there are a nunber of technical design differences. Mst
not eabl y, OSPF has been designed solely for support of the Internet
Protocol (IP), while Integrated |1S-1S has been desi gned to support
both I P and the OSI Connectionl ess Network Layer Protocol (CLNP)
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si nul t aneousl y.
2. Miultiple Internet Standard Routing Protocols Possible

The Internet architecture nakes a distinction between "Interior

Gat eway Protocols (1GPs)" and "Exterior Gateway Protocols (EGPs)".

I GPs are routing protocols used within an Autononous System (AS), and
EGPs are routing protocols used between different AS s.

Therefore, the Internet architecture supports the use and

standardi zation of nultiple IGP routing protocols. For exanmple, it
is perfectly reasonable for one standard routing protocol to be used
within one AS; while a second standard routing protocol is used
within a second AS; at the sane tine that a non-standard proprietary
routing protocol is used within a third AS.

The primary purpose for naking standards is to allow
interoperability. Setting a protocol standard in the Internet says,
in effect, "if you wish to use this protocol, you should do it as
specified in the standard so that you can interoperate with others
who al so wish to use this protocol."™ It is inportant to understand
that sinply specifying a standard does not, by itself, designate a
requirenent to use the standard. It is nerely nmeant to allow
interoperability among those who choose to follow the standard.

Therefore, it is reasonable for both OSPF and Integrated 1S-1S to be
progressed through the Internet Standards process as appropriate
(based on the criteria specified in [6]). In addition, it is
possi bl e that other I GPs may be devel oped and standardi zed in the
future.

3. A Common | GP

Al though the Internet architecture allows for nultiple standard | GP
routing protocols, interoperability of router products fromdifferent
vendors within a single AS would be greatly facilitated if a single
"comon" | GP were available fromall router vendors. Designating a
singl e conmon | GP woul d have the goal of enabling multi-vendor router
interoperation with a nodern high functionality routing protocol

However, designating a comopn | GP does not nmandate the use of that
IGP, nor would it be neant to discourage the use of other 1GPs in
situations where there may be sound technical reasons to do so.

4. Inpact of Milti-protocol Topology and Integrated | P/ CLNP Routing

There are topol ogy considerations which will affect the designation
of a "comon" Internet |IGP
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The Internet requires support for a wide variety of protocol suites.
If we consider only IP and OSI CLNP, then the Internet is expected to
cont ai n:

1. Pure IP AS's (in which IP is used but OSI CLNP is not used);
2. Pure CLNP AS's (in which CLNP is used but IP is not used);

3. Dual IP/CLNP ASs, with a conmon topology (i.e., all links and
routers in the AS support IP and CLNP, and a single common
topol ogy is used for both protocol suites);

4. Dual, overlapping |P/CLNP ASs with differing topologies (i.e.,
some links are dual, while sonme are I P-only and sone are
CLNP-only, resulting in different topologies for IP routing and
CLNP routing).

For (1), (i.e., a pure IP environnment) any | GP capable of routing IP
traffic could be used (e.g., OSPF or Integrated IS-19)

For (2), (i.e., a pure CLNP environnment) any |GP capable of routing
CLNP traffic could be used (e.g., OSI IS IS or Integrated IS-1S)

For (3), (i.e., routing environnents in which both I[P and CLNP are
present in a conmon topology) there are two possibilities for nanagi ng
routing:

1. Separate routing protocols could be used for each supported
protocol suite. For exanple, OSPF may be used for cal cul ating
routes for IP traffic and OSI IS-1S may be used for cal cul ating
routes for OSI traffic. O Integrated 1S-1S could be used for
calculating routes for IP traffic and OSI IS-1S could be used
for calculating routes for CLNP traffic.

Thi s approach of using separate routing protocols and nmanagenent
for each supported protocol famly has conme to be known as " Ships
in the Night" because the two routing protocols share the

har dwar e/ sof tware resources of the router wi thout ever actually
interacting on a protocol |evel

2. "Integrated routing" could be used, in which a single routing
protocol is used for both IP and CLNP. At this tinme, Integrated
IS-1Sis the only choice for "integrated routing".

For (4), (i.e., routing environnents in which both I[P and CLNP are
present but in an overlapping different topol ogy) separate routing
protocols are required for the IP and CLNP environnents (i.e., "Ships
inthe Night"). This is equivalent to two separates cases of (1) and
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(2), but it is pointed out here as a separate case for conpl et eness.
5. Commitnent to both I'P and CLNP

The |1 AB/ | ETF are conmtted to a tinely introduction of OSI into the
Internet. In recognition of this conmtnent, the | ETF has an entire
area devoted to OSI integration

However, while this introduction is taking place, it is essentia
that existing services based on |IP be continued. Furthernore, |ESG
al so feels that even after nore wi despread introduction of CLNP, |IP
and CLNP will continue to coexist in the Internet for quite sone
time. This viewis consistent with the | AB goal of a multi-protoco
I nternet.

Therefore, the IESG has a strong conmitnent to the continued support
for I P throughout the Internet. Mintenance of this |IP support
requi res selection of a common I GP suitable for support of IP, and
requires that this selection be based on operational experience.

6. Some History

In February 1990, the | ESG recomended that the question of
designating a "conmon" | GP be postponed until nore information was
avai l abl e from each protocol. Mre than a year has now passed since
the 1ESG s recommendati on. There have been significant advancenents
in specification, inplenentation, and operational experience with
each protocol. It is now reasonable to re-open the consideration of
designating a "common | GP".

At the March 1991 neeting of the | ETF, the | ETF Routing Area Director
presented a set of criteria for the advancenent of routing protocols
through the Internet standards process [6]. Mre information
regarding the | AB Internet Standards process can be found in [1].

Al so, at the March 1991 neeting of the | ETF, the OSPF Working G oup
requested that OSPF be considered for advancenment to Draft Internet
Standard. The OSPF WG submitted four docunments to the IETF to
support its request:

0 a revised protocol specification to update [4];

0 an SNWP Managenent |nformation Base (M B);

o two technical reports giving a technical analysis and operationa

experience with OSPF. These reports follow the fornmat reconmended
in[6].
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These four documents have now been published as [7, 8, 9, 10]
respectively.

In summary for OSPF:

o all features of OSPF have tested (although not all features have
been used in operation),

0 OSPF has been shown to operate well in several operationa
net wor ks contai ni ng between 10 and 30 routers,

0 interoperation anong routers fromnultiple vendors has been
demonstrated at organi zed "bakeof fs".

In May 1991, the | AB approved the | ETF/ I ESG recommendati on to advance
CSPF to Draft Internet Standard.

Integrated 1S-1S, as specified in [5], is currently a Proposed
Internet Standard. In July 1991, the status of Integrated IS-ISis
as foll ows:

0 There are several separate inplenentations of integrated
I S-1S under devel opnent,

o Integrated IS-1S has worked well in several nulti-area operationa
net wor ks, one contai ni ng between 20 and 30 routers,

0 These recent operational results have not yet been fully
docunented. Docunentation, showi ng satisfaction of the criteria
given in [6] for advancing routing protocols, will be subnitted
to the I ESG when Integrated I1S-1Sis subnitted for Draft Internet
St andard st at us.

7. | ESG Reconmendat i ons
7.1 Regarding the Common | GP for the IP Internet

Based on the avail abl e operati onal experience and the pressing need
for a high functionality 1G for the IP protocol famly, the |IESG
recomends that OSPF be designated as the common IGP for the IP
portions of the Internet. To help ensure that this IGP is available
to all users, the I ESG recommends that the | ETF Router Requirements
Wor ki ng Group specify OSPF as "MJST | MPLEMENT" in the document
"Requirements for Internet |IP Routers”
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7.2 Regarding Integrated Routing

As nentioned above, the IESGis comrited to multiprotoco
environnments, and expects usage of OSI CLNP to increase in the
Internet over tine.

However, at this time, the IESGis not prepared to take a position
regarding the preference of either "Ships in the Night" or Integrated
routing for such m xed routing environnents. At this tine, the
"Ships in the Night" approach is nost widely used in the Internet.
Integrated routing has the potential advantage of reducing resource
utilization. However, additional operational experience is needed
bef ore any potential advantages can be fully eval uated.

Therefore, the 1 ESG wi shes to encourage inplenentation of Integrated
IS-1S so that a reasonabl e position can be detern ned based on
operational experience. Al inplenenters of Integrated IS 1S are
encouraged to coordinate their activity with the IETF I SIS Wrking
Group, which is actively collecting informati on on such experience.

7.3 Limts of the Recommendati on

It is useful to recognize the limts of this recomendation. This
recomendati on does not take a position on any of the follow ng
i ssues:

1. What I1GP (if any) users should run inside an AS. Users are free to
run any | GP they wish inside an AS.

2. What IGP is technically superior, or has greater operationa
utility.

3. What I GP any vendor should recommend to its users for any specific
envi ronnent .

4. What | GP should be used within a CLNP-only environment.

Again, this reconmendation is meant to designate one nodern high
functionality 1GP that should be inplemented by all vendors of
routers for the IP portion of the Internet. This will enable routers
fromvendors who follow this recormmendation to interoperate within a
single | P Aut ononous System

It is not our intent to discourage the use of other routing protocols
in situations where there may be sound technical reasons to do so.
Therefore, devel opers of Internet routers are free to inplenent, and
network operators are free to use, other Internet standard routing
protocols, or proprietary non-Internet-standard routing protocols, as
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they wi sh.
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9. Security Considerations

Security issues are not discussed in this meno.
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