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The Missing Pieces of
the NREN Puzzle

Michael Miller's article in the Septem-
ber 16, 1992 Wall Street Journal,
"IBM Commits More Than $100 Mil-
lion on Venture to Relay Video, Other
Data," appears to contain the missing
elements of the NREN puzzle.  Ac-
cording to Miller, IBM has made a
major commitment to a national
broadband data network that will, in
its first three years, be used primarily
for business purposes such as enabling
users of corporate LANs to do video
conferencing across a Wide Area Net-
work.  After that IBM's agenda is
nothing less than an alliance with the
cable TV companies to bring video en-
tertainment into the home.

To quote Miller:  "in an interview of-
fering details about the still shadowy
venture, its chief architect, IBM Vice
President Lucie Fjeldstad, said IBM
and a small group of partners will
launch the company within the next
year by offering video conferences
and other services for business.   .  .  . 
."

"Ms. Fjeldstad said she proposed the
information network to IBM's board in
January 1991 and this May received a
green light to find partners and launch
a new company.  She said that IBM
agreed to spend 'in the low hundreds
of millions' on the venture in its first
five years.   .  .  .  ."

"'I've got my dowry, I've got my dad's
permission,' she said. 'All I need to do
is get married.   .  .  .  .'"

"While Ms. Fjeldsted said that IBM's
plans will ultimately involve services
via cable to homes, she said she wants
to launch the new company with a
more conventional set of business ser-
vices that won't involve cable.  She
said that these would include offerings
to let office workers set up video con-
ferences over their PCs and work to-
gether simultaneously on linked PC
screens."

"In her vision of IBM's strategy, IBM
would lure cable companies and other
partners by promising to deliver busi-
ness customers and offering partners a
share in the revenues of these initial
office services.  The joint venture
would be expanded into homes within
three years."

"Ms. Fjeldsted said she didn't expect
the new company would be profitable
for at least four years.  She also said
IBM is prepared to launch the compa-
ny into the business market on its own
if it can't line up any partners."

"IBM thinks its sweetest bait for po-
tential partners, in addition to its clout
and cash, is a set of technologies it re-
fers to by the code names Planet, Orbit
and Comet.  They do the work of man-
aging and distributing the network's
data. . . ."

The article concludes with the asser-
tion that "IBM has approved sending
an 80 person team of IBM network ex-
perts to the new joint venture."  It also
mentions tests  of the new technology
with Rogers Communications, Cana-
da's largest cable - TV provider and
BellSouth Corp.  (These tests of the

Paris/Planet technology have been
public knowledge for about a year.)

IBM Staking its Future
on Data Networking?

When one considers the IBM invest-
ment in Prodigy, and the brand new
business outsourcing network compa-
ny called Advantis and adds to it this
new multi-hundred million dollar in-
vestment, one has to be asleep not to
think that something significant is go-
ing on.

The COOK Report contends that a
massive part of what is going on is
found in IBM's growing interest in the
NSFnet backbone, which to many is
the national infrastructure that could
tie much of this together.  Allowing
IBM to insert its proprietary Planet -
Orbit, switch and LAN technology
into the NSFnet would involve the
Bush White House in sanctioning the
installation of non standard switching
technology into our national "competi-
tiveness" network. If this happened,
our switches would speak PTM over
Sonet and those of Europe and Japan
ATM over Sonet. Where the boundar-
ies met, there would be network gate-
ways that could become massive bot-
tlenecks.

IBM's Agenda Appears to 
Become Clear: Therefore It's
Time to Put the NSF on Notice! --  An Editorial  
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Science Foundation contract."  The ar-
ticle calls Planet by its old name of
Paris and says that it is a router not a
switch but it makes very clear that the
trial mentioned are the banking trials
with Rogers Communications that
were mentioned in the Wall Street
Journal story.

The article concludes:  "while IBM
appears to be busy with futuristic net-
working, the company is also engaged
in behind the scenes negotiations to
create alliances for bidding on the new
NSF backbone net.  Baratz said that
IBM may decide to bid outside of Ad-
vanced Network and Services Inc., the
IBM, MCI, Merit Inc. consortium."  

So IBM may bid on its own.  ANS
certainly will bid on its own.  And
IBM may also bid as a partner with
another group or groups.  To anyone
not familiar with the strategic impor-
tance of the network as a testbed for
IBM's exploration of ways to save
SNA and its mainframe business,
IBM's infatuation with the backbone
rebid might be hard to comprehend. Is
it going too far out on a limb to raise
as a hypothesis that IBM's financial
viability over the next 5 to 10 years
depends on salvaging what it can from
its mainframe business while at the
same time figuring out how to take ad-
vantage of the distributed computing
environments that networks permit --
the very environments that are threat-
ening its mainframe profitability?

PROBLEM ONE:  The NSF draft
solicitation, as presently crafted,
makes it possible for IBM to walk
right in the "open door" with its pro-
prietary switch, LAN and router.

The final parts of the NASA critique,
quoted elsewhere in this issue, show
both the fiscal, the technical, and the
management irrationality of the plan
that the NSF has put forth to let the
vBNS provider be responsible both
for the substrate (levels 1 & 2) and the
routing (levels 3 and 3++).  Structur-
ing the solicitation this way requires
the splitting of the Routing Authority
from the vBNS provider to ensure
fairness.  This in turn increases the
size and complexity of the forces in-
volves and creates a situation where,
to get what is wanted with limited
money, the NSF must cost share by al-
lowing the vBNS provider to sell sur-
plus bandwidth in a situation where
from day one the NSF is insisting on
having anywhere from 3 to 10 times
the bandwidth that critics like NASA
say it can use.

Now if the network were divided at
the substrate level using Sonet fram-
ing and ATM cells as NASA and
MCI suggest, this would mean the
elimination of the vertical integra-
tion that the NSF seems to favor. 
But note that this is the very integra-
tion that leaves the backbone provid-
er with so much power that a Rout-
ing Authority must be split off and a
complicated, divided and expensive
management structure installed. And
note that the NSF over the objec-
tions of Robert Aiken, its own
NREN planner, refused to require
ATM as a part of the network
switching technology in the draft so-
licitation.  No doubt this was just a
coincidence.

Why not eliminate the vertical inte-
gration?  The rationality and com-
mon sense of eliminating seem over-
whelming.  It is clearly a part of 
Congressional intent that the net-
work be built in accordance with in-
ternational telephony standards. The
answer appears to be simple:  if the
door is to be kept open for IBM, two
things must happen.  First the verti-
cal integration must be maintained
because smooth integration of the
Planet proprietary PTM technology
will demand that the awardee have
control of level 2 (the Sonet level)
as well as control over the higher
levels. The second reason leads us to
problem two.

PROBLEM TWO:  The NSF solic-
itation, as currently crafted, permits
vertical integration that leads the
NSF into a specious decision to per-
mit shared commercial use of the
backbone -- an action that has al-
ready been shown leads to a tilted
commercial playing field.  

Consider what is happening:  the
NSF proposes to use tax payer funds
to buy far more bandwidth than it
can justify using in an architecture
that appears to be needlessly expen-
sive and, as a result, has to be shared
by allowing the provider to use an
extra bandwidth for what ever pur-
poses it so chooses.

Combine this with IBM's newly an-
nounced business video data net-
work using the same technology that
IBM wants to use on the backbone,
and one should begin to see the "fit".
It would appear that IBM stands to
pick up a $25 million dollar subsidy
for doing what it is already commit-
ted to doing -- namely develop a

What makes the COOK Report con-
cerned?  First, after close examination
of the draft NSF solicitation in the light
of the NASA critique, it appears that the
solicitation was carefully crafted to sat-
isfy the interests of IBM.  This editorial
will state why on a point-by-point basis
and put the National Science Founda-
tion on notice that the policy it is fol-
lowing appears to be quite different
from what the Congress intended and
what the public interest would demand. 

If after these points are debated,
the NSF does not substantially al-
ter the shape of its final solicita-
tion, it is to be hoped that all the
major telcos from the LECs right
up to the IXCs will admit the re-
ality of what will have all the ap-
pearances of a sweet heart deal
and will go to court to prevent the
use of public funds in setting up
what would be a huge private
data network outside the PSTN
and outside of international
CCITT standards.

If after these points are debated, the
NSF does not substantially alter the
shape of its final solicitation, it is to be
hoped that all the major telcos from the
LECs right up to the IXCs will admit
the reality of what will have all the ap-
pearances of a sweet heart deal and will
go to court to prevent the use of public
funds in setting up what would be a
huge private data network outside the
PSTN and outside of international
CCITT standards.

Drawing the Link from
Fjeldsted to NSFnet

Now readers are probably asking what
there is to link IBM's interest in using
Planet and Orbit in Ms. Fjeldsted's net-
work with the NSFnet backbone?  First
ANS will certainly be submitting a re-
sponse to the final solicitation.  Al Weis
has made no secret of his intention to
use the Planet switch.  Secondly Alan
Baratz, who has shepherded the devel-
opment of Planet for several years, went
public with Ellen Mesmer in a Network
World article on July 27, 1992.   Mes-
mer's story is headlined:  "Canadian trial
could be key to IBM's NSFnet bid." The
first paragraph states:  "IBM is prepar-
ing to test gigabit speed network tech-
nology here that might become part of
the new backbone if IBM catches the
golden ring on the upcoming National



high speed backbone for a multime-
dia network.  Now given the hun-
dreds of billions that disappeared in
the savings and loan scandals an ex-
tra $25 doesn't seem like much.  Nev-
ertheless consider how this leads to
problem three.

PROBLEM THREE:  It is very un-
likely that IBM will draw the atten-
tion of  the ordinary politician or net-
work user to the "synergy" (given
Laurie Fjeldsted's new national net-
work company) inherent in the per-
mission to reuse surplus bandwidth.
If the past is guide to the future, what
it and the NSF will do is brag about
how well the public has been served
by IBM in kind contributions that to-
tal depending on whose figures you
listen to anywhere from 3 to 8 dollars
for every Federal dollar spent. It
seems to the COOK Report that given
the conditions established, neither the
NSF nor IBM should attempt to
claim cost sharing given the synergy
between the backbone plans and what
IBM is publicly committed to doing
anyway.

The hype over the wonderful benefits
of leveraging federal money by cost
sharing tends to obscure problem four
-- the viability of the network as a
competitive tool.

PROBLEM FOUR:  The motivation
to cost share leads to favoritism that
is shown to large companies with
deep money pockets like IBM.  The
taxpayer investment in the network is
supposed to increase American com-
petitiveness by priming the pump for
the even more rapid development of
our world class technology in this
area.  But router and switch develop-
ment is not an area where IBM is not-
ed for its technology competence. 

Brocks Meeks' July 7th story in Com-
munications Daily brought home
very hard what some might even go
so far as to call the rank incompe-
tence displayed by IBM in the area of
router development for the current T-
3 network.  To the contrary, state-of-
the-art competence in switch devel-
opment appears to belong the Japa-
nese.  Router development, for the
current networks under discussion, is
however much more important than
switch development.  Here technolo-
gy leadership is indisputably held by
several small and quite new Ameri-
can companies like Cisco and Well-
fleet -- companies with gross reve-
nues of between $100 million and
$400 million per year. These are the

companies with demonstrated techni-
cal prowess that should stand to bene-
fit from the NREN program but will
not benefit if the spurious cost sharing
philosophy of the NSF is not aban-
doned.  They simply don't have large
enough cash flows to "invest" $25
million dollars a year in a national
testbed.

Thus it may be argued that the stack-
ing of the draft solicitation deck by
the NSF in favor of IBM appears to
run counter to the Congressional in-
tent of increasing our technology
competitiveness.

PROBLEM FIVE:  The current
structure -- given the size and single
minded pursuit of network expansion
on the part of IBM as the largest
player -- may be faulted for concen-
tration of too much power at key
spots.  On the one hand the vertical
integration allowed the vBNS provid-
er that opens the door for proprietary
technology in a publicly funded enter-
prise, and on the other hand we are
confronted with the possibility that
the Routing Authority might be grant-
ed a monopoly that would control the
costs of connection to the network. 
One had better be very certain that if
IBM ended up as the vBNS provider,
it could not exert any influence on or
control over the Routing Authority
which by misuse of its pricing power
could help to stifle competition for
IBM.

PROBLEM SIX:  Under the current
structure there are probably too few
clear boundaries between the key
players and their technology goals.
One suspects that they tend to define
and the NSF tends to rubber stamp. In
this area one has to raise the question
of the necessity of the provision of
video by commercial network service
providers.  NASA could find no good
reason for its inclusion and lots of
technical problems that inclusion
would raise.  On the other hand, given
Ms. Fjeldsted's interest in video for
her network, it is tempting to surmise
that IBM may want to lay down con-
ditions where the mid-levels can be
turned into conduits for delivery of its
business network services to its end
users.  The mid-levels would presum-
ably get some sort of fees for doing
this. This raises the question of whose
agenda the mid-levels are there to
serve.

PROBLEM SEVEN:  Because of the
power and the reach of the NSFnet
backbone, it is more than just a data
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network.  Rather it will be the flag-
ship standard to which commercial of-
ferings will have to accommodate
themselves.  The creation of NAPs by
the NSF is tantamount to the creation
of a national commercial network ar-
chitecture by an arm of the Federal
government.  It is an arena that the
NSF should enter into at its peril.  It is
an arena where, once entered, the
NSF had better not act in a high-
handed and arbitrary matter.  

The respondents have warned the
NSF about the problems its designs
are creating. Unfortunately when
Bellcore's Stewart Personik spoke out
in May warning that the NSF was de-
signing a national data network infra-
structure without the guidance of the
FCC and telecommunications com-
mittees of Congress, the NSF thought
he was exaggerating the situation.
Now Brian Kahin of the Harvard Ken-
nedy School of Government has add-
ed his voice to the chorus of concern: 
"I have observed over the past year a
growing reluctance on the NSF's part
to acknowledge the critical role it is
playing in shaping a broader infra-
structure.  .  .  . the [solicitation] re-
veals how much is left unaddressed."

Decision Time for the
NSF

It is time to throw down the gauntlet
to the NSF so that four to six months
from now, when it issues its final so-
licitation, it cannot claim that it didn't
understand or wasn't warned. It stands
at a fork in the road.  So far, perhaps
out of ignorance, it has taken the path
that will serve certain narrow corpo-
rate interests.  However, it is now
known exactly what these narrow in-
terests are.  NASA has painted very
strongly the technical and manage-
ment problems that pandering to these
interests invites. This essay paints
some of the broader policy implica-
tions.  Others will begin to ask ques-
tions between now and the end of the
year.

The NSF must now decide whether to
proceed with its current direction
which appears to be capitulation to
the interests of a very large and pow-
erful computer company or whether it
will respect the wishes of the larger
network community.  The stakes are
high and the players should send the
NSF unignorable messages.  FARnet
and the telephony community should
both publicly warn the NSF that they
will challenge the solicitation in court
if the NSF does not remove the biases
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In the meantime ANS and the CIX ap-
pear to be in a race to sign the mid-
levels.  ANS is pushing the mid-levels
to sign its "agreements" which give
the mid-levels the right to send com-
mercial traffic across its commercial
backbone which physically is the same
thing as the NSFnet backbone.  ANS
states that about half the mid-levels
have signed the agreements, but does
not appear to be willing to state pub-
licly which and exactly how many
mid-levels it is talking about.  An
ANS client of a mid-level that has
signed the agreements was told by
Joel Maloff at the meeting that if it
signed with ANS as a commercial
client, it would get a server with rout-
ing tables to the mid-levels and find
out at that point which it could get to
and which it could not.  (Upon further
questioning about the apparent incon-
gruity of having to pay a $600 sur-
charge for commercial use and being

Arlington VA.  September 14 -
16th, 1992    

The CIX and Growing
Irrelevance of AUP

After three days discussion at a Tele-
Strategies sponsored conference on the
Commercialization of the Internet, the
status and general shape of the net's
commercialization is becoming clear.
According to PSI's Bill Schrader 65%
to 70% of the Internet is reachable
through the members of the Commer-
cial Internet Exchange (CIX).  For the
thousands of organizations and mil-
lions of users involved, the NSFnet
backbone Acceptable Use Policy is ir-
relevant.  JVNCnet is just the most re-
cent network that has applied to join
the CIX.  As CIX membership contin-
ues to grow, the irrelevancy of the
both the AUP and the NSFnet back-
bone will increase.

able to reach fewer potential customers
as a result, Joel said that the potential
client would be told in advance.) 

Since the CIX publicly announces its
membership, the extent of connectivity
being acquired by members is presum-
ably more clear to potential CIX com-
mercial users.  While ANS declined to
answer the COOK Report's request for
the names of the mid-levels that have
signed its agreements, it seems clear
that, at this point, a company seeking
the broadest commercial access will
find it through the CIX.  (NEARnet,
BARRnet, OARnet, CONCERT, CIC-
net, and NYSERnet are generally pub-
licly acknowledged to have signed the
ANS agreements.  Some other mid-
levels may have signed.)

To confuse matters even more, a mid-
level employee who is very knowl-
edgeable about routing (and whose net-

that have been identified.  Should the
NSF fail to act in the larger public in-
terest, Congress may hopefully also
begin to understand and, starting with
the Boucher subcommittee, should
undertake to call, what will have be-
come, a renegade agency to account.

The Problems: 
A Summary

PROBLEM ONE:  The verti-
cal integration of the NSF draft
solicitation, makes it possible
for IBM to walk right in the
"open door" with its proprietary
switch, LAN and router.

PROBLEM TWO:  The verti-
cal integration contained within
the NSF solicitation causes the
NSF to make a specious deci-
sion to permit shared commer-
cial use of the backbone -- an
action that has already been
shown to lead to a tilted com-
mercial playing field. 

PROBLEM THREE:  It is
very unlikely that IBM will
draw the attention of  the ordi-

nary politician or network user
to the "synergy" (given Laurie
Fjeldsted's new national net-
work company) inherent in the
permission to reuse surplus
bandwidth.

PROBLEM FOUR:  The mo-
tivation to cost share leads to
favoritism that is shown to
large companies with deep
money pockets like IBM.  The
taxpayer investment in the net-
work is supposed to increase
American competitiveness by
priming the pump for the even
more rapid development of our
world class technology in this
area.  But router and switch de-
velopment is not an area where
IBM is noted for its technology
competence. 

PROBLEM FIVE:  The cur-
rent structure -- given the sin-
gle minded pursuit of network
expansion on the part of IBM
as the largest player -- may be
faulted for concentration of too
much power at key spots.

PROBLEM SIX:  Under the
current structure there are prob-
ably too few clear boundaries
between the key players and
their technology goals. One
suspects that they tend to define
and the NSF tends to rubber
stamp. In this area one has to
raise the question of the neces-
sity of the provision of video by
commercial network service
providers.  NASA could find no
good reason for its inclusion
and lots of technical problems
that inclusion would raise.

PROBLEM SEVEN:  Because
of the power and the reach of
the NSFnet backbone, it is
more than just a data network.
Rather it will be the flagship
standard to which commercial
offerings will have to accom-
modate themselves.  The crea-
tion of NAPs by the NSF is tan-
tamount to the creation of a
national commercial network
architecture by an arm of the
Federal government.

Commercialization and COREN 
in the Context of the Backbone Rebid
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boriously built -- so it appears likely
that most mid-levels may desert the
NSF and the NSF backbone."

One source states that COREN
(which has been the subject of
at least one MCI and SURAnet
sponsored non disclosure meet-
ing) may be announced with
thirty days while another holds
out a time frame in the 3 to 4
month period.  COREN is under
the leadership of MCI and SU-
RAnet.  It appears that it will be
formed as a for profit corpora-
tion with, according to one
source, as many as three fourths
of the Mid-levels connecting to
a backbone provided by MCI.

A decision by the NSF not to position
Network Access Points (NAPs) at all
16 current NSFnet backbone sites
would result in additional estimated
"back haul" costs to the mid-levels of
at least a million dollars a year.  If the
NSF were to decide to place the NAPs
elsewhere,  this would be likely to pro-
vide the final push in forming COREN
or, if it has already been formed at T-
1, for pushing the backbone to a true
T-3 where MCI, using Wellfleet rout-
ers, would be free to give network us-
ers vastly improved throughput com-
pared to the ANS backbone that is
encumbered by what Communications
Daily has called the "crippled" IBM
RS6000 routers.

MCI Vice President Jerry Edgerton
during his public presentation stated
that MCI was working with SURAnet
and the "emerging COREN group."
When I told him what I knew about
COREN's plans, and asked for com-
ment, he said I should query SURA-
net.  (I have done this and SURAnet
declines comment. ) However, he also
added that MCI is willing to work
with mid-levels who want to preserve
what they have built and show them
how to become fully professional self-
sustaining organizations -- a statement
that would seem to confirm MCI's
leadership role in a potentially beak-
away organization that may render the
NSFnet/ANSnet backbone meaning-
less if the break-away mid-levels dis-
connect from it.  

If the NSF agreed to continue to un-
derwrite the full cost of mid-level con-
nection, they probably would not
break away.  The function of COREN

at that point might be tantamount to
that of the commercial network inter-
connects envisioned by the NSF plan
for Network Access Providers.  For
the NSF, presumably the only prob-
lem would be that they would no
longer be in control and that their plan
for NAPs could be rendered superflu-
ous before being put into effect.  Ed-
gerton said that the NSF had some in-
teresting challenges to think about
over the next 3 to 4 months and that
the final development of COREN
would be clarified within that time
frame.  Another source thinks that the
fall out will come sooner -- probably
within a month.  Clearly MCI is ready
to compete with ANS.  Reading its
separate response to the NSF back-
bone solicitation draft makes this very
clear.

Certainly commercialization of the In-
ternet is here to stay.  Maloff for ex-
ample pointed out that he estimates
the current world wide market for
TCP/IP hardware, and software and
associate network services at $4 bil-
lion a year.  Others added that 90% of
the Fortune 1000 are expected to join
an AUP free net (either the CIX or
COREN) within three years.  This
does not mean that they will disman-
tle their private networks which they
will continue to use for their proprie-
tary most sensitive data.  What they
are likely to use the commercial Inter-
net for is electronic mail -- including
such areas as communications with
field service crews.   Proprietary data
will come much slower.   In the mean-
time people at companies like DEC
are thinking of beginning to develop
software including security tools that
will help to facilitate their entry.

Certainly commercialization of
the Internet is here to stay. Mal-
off for example pointed out that
he estimates the current world
wide market for TCP/IP hard-
ware, and software and asso-
ciate network services at $4 bil-
lion a year.  Others added that
90% of the Fortune 1000 are
expected to join an AUP free
net (either the CIX or COREN)
within three years. This does
not mean that they will disman-
tle their private networks which
they will continue to use for
their proprietary most sensitive
data.

work has not signed the ANS agree-
ments) stated that he finds that his net-
work's commercial customers can now
use the T-3 backbone to reach the
CIX.  Traffic outbound goes from his
network to ANS, from ANS to the
CIX interconnect and from the CIX in-
terconnect to PSI.  The return route ap-
pears to be PSI -> ANS -> his mid-
level.  He says this routing only recent-
ly became available and he is quite
pleased to find that it works.

And in mid September BARRnet intro-
duced for its members a new "Expand-
ed Routing Service" which permits full
commercial use of BARRnet and ac-
cess to the other commercial networks
including ANSnet.  To cover the cost
of the ANS settlements and other over-
head of routing changes, members
who desire this service will pay a sur-
charge equal to 15% of their BARRnet
annual usage fee.

Waiting in the Wings: 
COREN

This picture, already murky, may soon
become even more clouded before
things shake out.  The Coalition of Re-
search Networks (COREN - first iden-
tified in the May issue of the COOK
Report), and a potentially extremely
important development, is on the hori-
zon. One source states that COREN
(which has been the subject of at least
one MCI and SURAnet sponsored non
disclosure meeting) may be announced
with thirty days while another holds
out a time frame in the 3 to 4 month
period.

COREN, as reported in our May issue,
is under the leadership of MCI and
SURAnet.  It appears that it will be
formed as a for profit corporation with,
according to one source, as many as
three fourths of the Mid-levels con-
necting to a backbone provided by
MCI.  (It is reported that MCI and SU-
RAnet have invited AT&T and Sprint
to join in the discussions).  Needless to
say such a backbone will be AUP free.

While such a backbone would likely
start at T-1, it would be surprising not
to see it move rapidly to T-3 using
Wellfleet routers which have been in-
corporated by MCI into almost every
aspect of their networking operations
except for the ANSnet backbone.  The
first source states that "the feeling is
that the NSF just can't solve the prob-
lems and that ANS is a threat to the in-
frastructure the mid-levels have so la-
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The NSF Stands at a
Fork in the Road

The National Science Foundation
would appear to be on one of two
tracks.  It may have a master plan for
continuing the network in the hands of 
ANS or an ANS-like entity and may
be willing to take the potential legal
and political flack from such a course
of action. On the other hand, the NSF
may be genuinely trying to learn how
to redo the network in the best public
interest.  The COOK Report hopes that
the second possibility is the reality.  If
so, given the withering and often con-
tradictory criticism directed at the
Foundation in the 232 pages of com-
ments from 44 entities (and increasing-
ly in the computer press) we predict
that the NSF is likely to be another six
months away from issuing a final
backbone solicitation.  However, when
the final solicitation eventually does
come out, the NSF will very likely be
making its choice between the paths
very clear.

Several respondents suggested that the
NSF actually come out with another
draft  for comments before going to
the final solicitation.   But at the Tele-
strategies meeting on September 16,
George Strawn the NSF solicitation
manager said the NSF would not do
this.   There is reason for concern.  The
Foundation's ability to cope with the
task that it faces - one of creating a fis-
cally and technologically sound back-
bone infrastructure - given its propen-
sity to embrace the NREN "hype" of 
buying unneeded artificially high
speeds from day one, may mean that it
develops a monster which will need-
lessly gobble up all the extra NREN
moneys in new subsidies for network
connectivity in a more expensive mon-
opolized environment.  

Given the scope of the task, the money
at stake, and the apparent direction to
be taken by the NSF, sound policy
analysis would raise the question of
whether the NSF has anything like the
resources needed for discharging its in-
tended program in a fiscally responsi-
ble way.  The criticisms levied make it

plain that the way it is approaching its
task is likely to create another conten-
tious situation that, with no perfor-
mance criteria, is likely to result in
money being thrown at problems
rather than being used in fiscally re-
sponsible ways.

The ANS Response

The ANS critique was extremely de-
tailed and self-serving.  The general
view is nicely summarized in the
statement that the response is offered
so that the "NSF goals for advancing
research, education, and US competi-
tiveness can be realized."  Tellingly
absent is the goal of ubiquity of con-
nection to the network.

The response underlines ANS' re-
quirement for being able to sell back-
bone bandwidth for commercial use
in view of the fact that the price the
NSF is willing to pay will enable
"bidders to recover only a fraction of
the real costs required to provide pre
competitive vBNS service at multiple
network access points (NAPS)." ANS
states that it "will be necessary for the
NSF to promote the vBNS as a shared
service to attract qualified providers
to bid on the NSF solicitation." When
the NSF from day one decides to buy
perhaps ten times the bandwidth it
can reasonably be expected to use, it
does increase its cost for sure.  As
NASA points out there are other more
responsible ways to proceed.

ANS asks the NSF to tighten rather
than loosen AUP by requiring "an end
user service subscriber to be identi-
fied by a unique network identifier"
that would allow the network service
provider to impose an "AUP adminis-
tration" on that user.  The problem
with this is that commercial subscrib-
ers (many of whom are small infor-
mation age businesses) would find
themselves increasing pressured to
sign up as commercial customers at
ANS' higher commercial rates.  ANS'
desires appear to be to move the bur-
den of AUP compliance from the end
user to the network service provider
that provides that end user with net-
work connectivity.

ANS does say that "a standard adminis-
trative mechanism must be developed
to ensure that  NSF funds are not used
to directly or indirectly subsidize com-
mercial vBNS services."  A desirable
goal that appears to be missing from
the present contract.  However, the
COOK Report points out that the cur-
rent solicitation that starts out by buy-
ing, from day one, more bandwidth
than is needed with an absence of any
measurable performance criteria for the
supplier represents, on these grounds
alone, a significant subsidy of commer-
cial services.

On the one hand ANS says "We still
support the draft solicitation's position
that the routing authority and vBNS
provider should be non overlapping or-
ganizations or consortia."  While on the
other it its next sentence states:  "Poten-
tial NAP manager awardees should in-
clude competitors for the routing au-
thority and the vBNS service awards.
NSF should encourage all bidders to
submit creative proposals to provide
NAP manager services."  Quite a juxta-
position between the two sentences!  It
sounds like ANS is saying that the
vBNS awardee could also become the
NAP manager which is the entity that
sets prices for attachment to the back-
bone.  This would create a gross con-
flict of interest that one would hope
that the NSF would not allow itself to
be pulled into.  

"Potential NAP manager awar-
dees should include competitors
for the routing authority and the
vBNS service awards. NSF
should encourage all bidders to
submit creative proposals to pro-
vide NAP manager services." . . .
.It sounds like ANS is saying
that the vBNS awardee could
also become the NAP manager
which is the entity that sets pric-
es for attachment to the back-
bone.  This would create a gross
conflict of interest that one
would hope that the NSF would
not allow itself to be pulled into. 

Responses of Key Players to Flawed
Backbone Solicitation Place NSF 

on Notice
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 Nevertheless ANS goes on to try bol-
ster its argument by saying that "find-
ing a single NAP manager that is
viewed as neutral and unbiased by all
network service providers will be diffi-
cult.  For these reasons, we strongly
recommend that the solicitation crite-
ria for the NAPs emphasize the  facili-
ty, cost, and operational requirements
rather than the need for organizational
neutrality since this will be a difficult
criterion to satisfy."  Since ANS has
never been a fan of level playing
fields, its views are not surprising.  We
add that a requirement for standard
pricing and access conditions on the
part of the NAP manager is not very
helpful since under the conditions
ANS is proposing all this would mean
is that the vBNS awardee, if it held
both contracts, could set them in a uni-
formly burdensome manner.

In what some might interpret as
a move to weaken the mid-
levels by driving up their costs,
ANS adds that "we believe the
best choice for NAP locations
may be a carrier's point of pres-
ence.  These facilities provide
for cost effective co-location of
networking equipment and in-
frastructure."

In what some might interpret as a
move to weaken the mid-levels by
driving up their costs, ANS adds that
"we believe the best choice for NAP
locations may be a carrier's point of
presence.  These facilities provide for
cost effective co-location of network-
ing equipment and infrastructure."  In
a further move that seems designed to
ensure that the backbone provider
could control the attachment costs of
its commercial competitors, ANS goes
on to say:  "A quick inquiry among the
four largest US inter-exchange carriers
would demonstrate that there are al-
ready several common long distance
inter-exchange carrier meet points that
could support a NAP.  It might be cost
effective to choose NAPs that are co-
located with same inter-exchange car-
rier that supports the vBNS service
since there will be no vBNS local ac-
cess costs."

Finally it appears that ANS does not
want the routing authority to have
much authority.  "Where there are dis-
putes involving the peering relation-
ships between the different NSPs, the
routing authority should refer the dis-
putes back to the participating NSPs

for resolution.  The routing authority
should not be responsible for the en-
forcement of routing policies or the
NSF AUP."  One wonders what the
routing authority WILL be responsible
for?

MCI Prepares to Go its
Own Way

Meanwhile MCI submitted its own set
of comments on the solicitation.  The
fact that it chose to comment indepen-
dently of ANS, and that its content is
dramatically different from the NSF
design intention that favors ANS, leads
the COOK Report to believe that it is
prepared to submit either alone or with
Wellfleet, its own proposal to deliver
the vBNS.  What MCI said makes
good policy sense.  It is essentially in
conformity with the way that NASA
and DOE have done their backbones
with Sprint.  

Meanwhile MCI submitted its
own set of comments on the so-
licitation.  The fact that it chose
to comment independently of
ANS, and that its content is dra-
matically different from the NSF
design intention that favors
ANS, leads the COOK Report to
believe that it is prepared to sub-
mit either alone or with Well-
fleet, its own proposal to deliver
the vBNS.  What MCI said
makes good policy sense.  It is
essentially in conformity with
the way that NASA and DOE
have done their backbones with
Sprint. 

"MCI proposes a modified structure .  .
 . [that] would bring about dramatically
different relationships between the pro-
viders.  MCI submits that the responsi-
bility for layer 1 and layer 2 service
should be separated from the responsi-
bility for layer 3 and 3++ service.  [Un-
der the NSF draft] the vBNS provider
is responsible for TCP/IP routing in the
vBNS.  MCI submits that the responsi-
bility for the IP/CLNP routers connect-
ing to the backbone be assigned to the
NAP manager/routing authority.  .  .  . 
The routing authority not only manag-
es the route servers at the NAPs but
also the vBNS router at each NAP. 
This structure limits the vBNS bidders
to providing layer 1 and layer 2 servic-
es only.   Typically this is what the

IXCs and LECs have announced to
be their next generation of services
(SMDS/ATM).   Thus the NSF would
leverage their strengths and inter-
operability at this level."

In a section called: "benefits" MCI
states that such a "strategy aligns the
vBNS with the direction of the com-
munications industry.  Doing so ac-
complishes several objectives:  It po-
sitions the NSF Network for a most
advantageous growth and cost shar-
ing opportunity within the industry. 
It increases the competitive nature of
the responses to the solicitation since
the costs of providing the basic back-
bone services are no longer obscured
by costs associated with packet rout-
ing and switching functions at layer 3
and above.  It creates an environment
that is indisputably a 'level playing
ground' at layers 1 and 2.  This envi-
ronment is most likely to bring out
the lowest cost alternative."

Finally MCI points out that if the
NAP Manager/RA controls not only
"the route servers at the NAPs but
also the routers that connect the
vBNS to the NAPs, that is the IP/
CLNP routing on the vBNS.  This
will give additional focus and control
to the routing authority function.  It
also eliminates potential conflicts be-
tween the NAP Manager Routing Au-
thority and the vBNS provider."  The
COOK Report believes these are
sound judgments where a participant
in the current backbone mess is actu-
ally trying to learn something from
past mistakes rather than repeat them.

Bellcore Chimes In

Bellcore submitted a succinct set of
comments on behalf of most of the
RBOCs, five of whom also comment-
ed separately.  Rather than divide
functions it recommends dual net-
works as did the first issue of the
COOK Report in April. It suggests
that the NSF:

"Adopt a structure composed of Pro-
duction and Experimental Networks
as a means of addressing the issues
raised above.  The Experimental Net-
works would constitute a government
supported testbed for network func-
tionalities that would support the
Grand Challenges.  The Production
networks would evolve from the cur-
rent three tier hierarchy based on the
NSFnet and would be managed and
operated by multiple providers from
the private sector."
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"In the FY 94 time frame, many of the
major inter-exchange carriers or
IXC's, will not be in a position to sup-
port Sonet capacities of this magni-
tude on a cross country basis. Thus,
by requiring 155 Mbps service if it is
not absolutely imperative in this time
frame, NSF may exclude a large num-
ber of  IXC's, which will unnecessari-
ly limit the Government's options for
award."

"In the FY 94 time frame, many
of the major inter-exchange car-
riers or IXC's, will not be in a
position to support Sonet capac-
ities of this magnitude on a
cross country basis. Thus, by
requiring 155 Mbps service if it
is not absolutely imperative in
this time frame, NSF may ex-
clude a large number of  IXC's,
which will unnecessarily limit
the Government's options for
award."

"Thus, while we believe it is clear that
at least a true DS-3 based network is
required, making the jump to 155
Mbps at least initially does not seem
justified by the overall structure of the
architecture of the network and it's in-
tended uses. NASA recommends that
the solicitation better identify the re-
quirements for greater than DS-3 con-
nectivity, and state the mandatory re-
quirement as being a true 45 Mbps or
above, and an eventual (possibly the
FY 95-96 time frame) highly desirable
option for 155 Mbps and above ser-
vice."

No Performance 
Requirements

Given the past five year history of the
current backbone performance prob-
lems NASA understandably wonders
why there are no performance metrics
in the draft solicitation.  "Given the
history of the existing NSFNET back-
bone awardee in terms of delivering
actual high performance connectivity,
the absence of specific performance
and reliability targets and objectives
seems especially problematic.  This
problem is also exacerbated by the
Foundation's willingness to allow the
vBNS provider to use the same infra-
structure to sell to other customers on
a non-interference basis. In order to
tell whether of not the Foundation is
getting what was agreed upon, perfor-
mance metrics must be set so that base

performance requirements are under-
stood, and that adverse impacts by
other vBNS customers may be identi-
fied and corrected."

"Given the history of the exist-
ing NSFNET backbone award-
ee in terms of delivering actual
high performance connectivity,
the absence of specific perfor-
mance and reliability targets
and objectives seems especially
problematic.  This problem is
also exacerbated by the Foun-
dation's willingness to allow
the vBNS provider to use the
same infrastructure to sell to
other customers on a non-
interference basis. In order to
tell whether of not the Founda-
tion is getting what was agreed
upon, performance metrics
must be set so that base perfor-
mance requirements are under-
stood . . .

"Even when the present NSFnet back-
bone awardee first came on-line with
a DS-1 based network, it was incapa-
ble of delivering true DS-1 perfor-
mance. [DS-1 means T-1] For some
time, the DS-1 trunk lines were multi-
plexed into 448 Kbps circuits, which
were as fast as the existing router
based serial line hardware could sup-
port, . . . "

"When the upgrade to DS-3 based
trunking occurred, the delivered ser-
vice could not exceed 12Mbps in the
best case on a DS-3 trunk interface,
capable of 90 Mbps (45 Mbps full du-
plex), and the FDDI [100 Mbps] inter-
faces which were offered were inca-
pable of dealing with offered load[s]
greater than ethernet [speeds].  Many
of these problems have yet to be rem-
edied, even though the intended end
date of the award is imminent."

"The nature of the [performance] cri-
teria does not have to be elaborate.
One possible metric is something like
the system must be able to deliver at
least 90% of the committed capacity
75% of the time, and that the network
must be able to deliver 20% of the ca-
pacity 99.5% of the time. A Mean
Time Before Failure (MTBF) and
Mean Time to Repair (MTTR) mini-
mum specification should also be re-
quired. These specifications should
not be developed by the vendor. "

"Limit access to the Experimental Net-
works to only those researchers direct-
ly involved in the technological exper-
iments performed and research
applications developed on those net-
works.  Procedures to ensure this ob-
jective should be made a requirement
for all responses to NSF solicitations."

"Utilize Production Networks to carry
Research and Education traffic that
currently flows on the NSFnet (i.e.
traffic that meets the current NSFnet
AUP), but which is not related to the
testbed mission of the Experimental
Networks."

"Directly subsidize end users in the
Research and Education community
for their access to and use of the Pro-
duction Networks."

Bellcore's comments represent a very
reasonable approach designed to as-
sure a level playing field and avoid the
government's picking a winner by sell-
ing a market place advantage to the
highest bidder. However NASA went
Bellcore one better with the depth and
specificity of its critique.

NASA Unleashes a
Withering Barrage
The very long and detailed NASA cri-
tique submitted over Milo Medin's sig-
nature begins by noting that the NSF
has set a lot of requirements without
explaining why it wants them.  It rec-
ommends  "that discussion be added to
each area where requirements are be-
ing outlined, which gives the back-
ground and need associated with each
requirement, along with an overall pri-
ority to the Government for each re-
quirement. At a minimum, the require-
ments should be grouped into a
mandatory and desirable category, as
was done for the NSFnet NIC solicita-
tion."

NASA has great difficulty in finding
the speed of 155 Mbs for the vBNS to
be justified.  "It appears that the vBNS
is supposed to be a high performance
state of the art backbone network, but
that many organizations may not use
it, thus causing the 155 Mbps require-
ment to be called into question.  Also,
very few of the present mid-level and
regional networks have links in their
backbones that exceed T1 rates.  It is
questionable that even if the backbone
provides 155 Mbps service for aggre-
gation, the served networks will effec-
tively be able to use it."
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end sites for less optimal service." 
Another source was less subtle stating
an estimate of a bill to a key group of
mid-levels of at least a million dollars
a year more than they pay for their
current backbone connections.

The NASA response continues: "Also,
the issue of redundant connectivity
must be addressed by the mid-levels,
and many of the busiest ones would
require redundancy at the DS-3 rate as
well. The likely outcome of all this is
that the mid-levels will attempt to link
themselves together by "back-door"
links, and certainly attempt to cooper-
ate on mutual backup routing. [Editor
-- COREN comes to mind.] Since
these activities would not be occurring
at the NAP's, the RA would be power-
less to help, and the track  record of
many of these organizations installing
back-doors and providing backups to
each other is far from good. During
the time the old DS-1 based NSFnet
backbone was having so many prob-
lems, the mid-levels attempted to do
backup through each other and in-
stalled a number of very troublesome
back-door links, with the result of
routing chaos and even less reliability
for the overall system. It was a very
bad time in the history of the Internet.
A repeat of this experience must be
avoided."

"In summary, the locations of
the NAP's are critically impor-
tant to the design of much of the
network infrastructure. If the
NAP's do not provide service to
the existing set of mid-levels at
existing backbone sites, many
mid-levels will be faced with
enormous costs to adjust to the
new environment.  These costs
may not be bearable by many of
the mid-levels, which are al-
ready under enormous fiscal
pressures. This will result in
cost cutting measures, such as
cutting back on operations and
management staffs, redundancy,
user services and other services,
as well as large increases in
subscriber prices. . .

"In summary, the locations of the
NAP's are critically important to the
design of much of the network infra-
structure. If the NAP's do not provide
service to the existing set of mid-
levels at existing backbone sites, many

mid-levels will be faced with enor-
mous costs to adjust to the new envi-
ronment.  These costs may not be
bearable by many of the mid-levels,
which are already under enormous fis-
cal pressures. This will result in cost
cutting measures, such as cutting back
on operations and management staffs,
redundancy, user services and other
services, as well as large increases in
subscriber prices, which would occur
at a point in time where Universities
are already under severe budget pres-
sure because of state and local cut-
backs.  Many of these organizations
might not survive, and while many in-
stitutions will be able to switch to
more expensive providers, some will
have to settle for lower performance
or less reliable access, hurting their
ability to meet the networking needs
of the scientific community, and agen-
cies like NASA and DOE."

"From a more NASA programmatic
view, it should be pointed out that we
not only depend on the NSFnet back-
bone, but also the mid-levels for
reaching  our Principal Investigator's
(PI's) at the various academic and re-
search facilities which the NSFnet
system interconnects. Also, as we
move to more and more collaborative
environment with our scientists, there
will be much more direct communica-
tions between the PI's. This direct PI-
PI interaction occurs primarily over
the infrastructure and not over NASA
specific networks. Thus if the NSFnet
backbone solicitation fails to produce
an operationally reliable facility,
NASA mission specific networks will
be very hard pressed to support this
PI-PI interaction". 

"Furthermore, while NASA (and pre-
sumably DOE as well) is capable of
adequately bypassing the NSFnet
backbone under existing budget pro-
jections, we are not capable of by-
passing significant amounts of the re-
gional and mid-level infrastructure, as
a large amount of DS-0 and DS-
1access lines would be very expen-
sive. Thus we are very concerned
about the potential effects of  a new
network architecture on the mid-level
communities, as they are key to many
of our science programs."

"NASA therefore strongly recom-
mends that NSF site the NAP's at ex-
isting NSFnet DS-3 backbone facili-
ties, which support the existing mid-
level networks that interconnect the
vast majority of academic and re-
search sites, and if cost would prohib-

"The Government should set these cri-
teria based it on it's programmatic ob-
jectives; that is, based on what it needs
to service the research and academic
communities, and the vendor could be
allowed to propose implemetation of
these measurements and engineering
of the system to meet the specifica-
tions and what remuneration would oc-
cur when agreed upon goals were not
met."

"This would also help protect the Gov-
ernment from criticism about being
taken advantage of. When clear speci-
fications are outlined, all parties under-
stand what is being agreed to. Addi-
tionally, if this vBNS service is ever
hope to be made available as a com-
mercial service offering, some quality
of service specifications must be de-
veloped and implemented if it is to be
successful. The vendor might as well
get used to this from the start, and any
vendor who really intends this being a
commercial service will be very recep-
tive to such specifications in any case,
since it makes clear to them what their
performance targets for a satisfied cus-
tomer are."

"Because of these past problems and
the needs of network user communi-
ties, NASA strongly recommends lan-
guage be added to the specification
that stresses operational robustness as
being critically important, and that
specific performance and reliability
specifications be developed, commen-
surate with the actual service require-
ments of the user community, and add-
ed to the solicitation."

Problems with  Vague-
ness of NAP Numbers
and Locations

"The solicitation does not outline pro-
posed numbers or locations for NAP's,
but states that this information will be
present in the final solicitation.  It is
rather unfortunate that a proposed
NAP configuration was not outlined in
this draft, since it would have probably
given the Foundation more focused
feedback from the network and user
communities."  The NASA response
goes on to discuss the development of
the current network architecture and
by taking BARRnet as a specific ex-
ample shows the problems that would
be created if the NSF should decide to
site the NAPs a locations other than
the current backbone nodes.  The way
that NASA puts it is that "more of the
backbone costs would be borne by the
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change routing information with sub-
scriber networks. However, no men-
tion of the need for operation or main-
tenance of route server hardware or
even the computers and their physical
NAP attachments is made in the solic-
itation. Given that a 24x7 manage-
ment center requires significant staff
and management support, this should
be detailed in the specification as a re-
quirement for proper operation. "

"Then there is the issue of proper op-
erations and management of the NAP
itself.  Since proposers are allowed to
bid any type of network for an inter-
connection, the issue of trying to de-
fine the interface between the vBNS
and the NAP in the solicitation is im-
possible. The only guidance provided
is that the NAP must be able to oper-
ate at speeds of 100 Mbps or greater.
Since this could be interpreted as an
aggregate number and not a backbone
speed, this allows people to bid multi-
port ethernet bridges, an FDDI ring, a
large Northern Telecom PBX, etc.
This is unacceptably loose for a com-
ponent that must be common between
two separate entities." 

"We suggest that something fairly ge-
neric be required, such as an FDDI
concentrator or ring, and allow the
vendor to optionally propose alternate
technologies that the Government
would choose to allow to be used.
This could be treated as a special use
of the general procedures for upgrade
and support of the NAP's.  Also, as
with the route servers mentioned be-
fore, only the words 'establish and
maintain' are used to describe what
the awardee is to do with the NAP. 
This again leaves out any explicit op-
erational responsibility and perfor-
mance metrics for the NAPs which are
crucial to maintaining the connectivity
of the whole Internet!"

"Also, the specification basically
gives an exclusive franchise for inter-
connectivity to the NSFnet backbone
to the RA, but does not limit the fee
schedules to provide only for cost re-
covery for operations and manage-
ment of the NAP. That is, there is
nothing to prevent the RA and possi-
ble subcontractors from charging ex-
tortionate and uneven pricing for sub-
scriber attachments according to the
specification. Equitable treatment of
various network service providers
only extends so far as route adminis-
tration, and not into other areas such
as attachment and fee collection.  We
certainly hope this was an error in the

specification and not intended to al-
low abuse of the Routing Authority's
role as the "gateway" to the NSFnet
backbone.  Language must be added
to the specification to limit fees to
reasonable cost recovery at the mini-
mum, and to provide fair treatment of
subscriber networks, with the possible
exception of the subsidization of re-
search and academic networks who
merely look at the route server as a
means of interacting with the vBNS. 
The Government must remain in con-
trol of its right to access its own facili-
ties.  Tight policy control must be ex-
ercised over the RA to ensure that
proper access to the Government pro-
vided services such as the vBNS are
maintained."

"Also, the specification basical-
ly gives an exclusive franchise
for interconnectivity to the
NSFnet backbone to the RA,
but does not limit the fee sched-
ules to provide only for cost re-
covery for operations and man-
agement of the NAP. That is,
there is nothing to prevent the
RA and possible subcontractors
from charging extortionate and
uneven pricing for subscriber
attachments according to the
specification. Equitable treat-
ment of various network ser-
vice providers only extends so
far as route administration, and
not into other areas such as at-
tachment and fee collection.
We certainly hope this was an
error in the specification and
not intended to allow abuse of
the Routing Authority's role as
the "gateway" to the NSFnet
backbone.

"NASA strongly recommends that the
section that deals with the RA and
NAP architecture be rewritten to ex-
plicitly deal with the critical opera-
tional issues and performance require-
ments associated with management of
the NAPs and route servers.  It would
be sheer negligence to not call out this
critical issue in the specification.
Also, the issues of limiting NAP at-
tachment fees to that required for cost
recovery must be addressed, and no
perception of an exclusive franchise
for determining access to the Govern-
ment provided vBNS be advanced.
The Government must remain in con-

it connecting all of them at the 155
Mbps rate, then preference should be
given to interconnecting all at DS-3
and fewer, if any, at 155 Mbps. We
would, at a minimum, urge that a de-
tailed analysis of what the likely im-
pacts on the existing infrastructure
would occur by any new set of inter-
connect points be carried out and dis-
cussed in a public forum with the af-
fected parties. If a major change is
going to happen, it ought to be
planned and well understood, rather
than stumbled into."

 
Network Architecture
and Policy Issues
 
"The new solicitation has a different
architecture than what the existing
awardee, and other networks have im-
plemented. Architecturally, the separa-
tion of the routing configuration and
interchange from the packet forward-
ing function should be straightforward
with protocols such as BGP and even
with EGP.  However, in practice, im-
plementations might run into problems
that were unforeseen. Since this is a
crucial component of the architecture,
it should be prototyped and tested with
common router hardware and software
for robustness before the solicitation is
officially released.  Again while things
should work straight forwardly, since
this is a central part of the design, it
really should be prototyped first.  In
fact it should be relatively easy to set
this up in a laboratory environment
and then on a testbed with willing sub-
jects first, demonstrating proof of con-
cept."

"NASA thus recommends that the RA/
vBNS/NAP client configuration be
prototyped and tested before it is re-
leased as a central part of a solicitation
such as this one.  All major functions
should be prototyped and tested this
way."

"The Routing Authority is to run a
route server at each NAP.  Since the
route server would be a single point of
failure for all packet level interconnec-
tivity at the NAPs, it is likely that re-
dundant route servers would be re-
quired.  Additionally the route servers
would have to be operated and man-
aged on a 24x7 basis because even off
hour failure would have serious rami-
fications on network connectivity.
Computers would be required to act as
these route servers and repositories of
the network configuration informa-
tion, and would be required to ex-
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must operate at DS-1? Part of it?
Only the connection to the NAP? At
the minimum, this language must be
tightened up in order to mean any-
thing. Perhaps what is meant is that
the subscriber network's backbone
has to operate at speeds of DS-1 or
higher?  In that case, it ought to be
stated as such, though how one char-
acterizes a network's backbone is
not inherently obvious."

"An even worse example of a
spurious requirement applies
to the video reference. What
does this mean? Does it mean
that the network actually must
have video codecs attached to
it? That someone can run vid-
eo over IP on it? If that's the
case, since the subscriber net-
work supports IP, does that
alone qualify for it being able
to support video?
 
"An even worse example of a spuri-
ous requirement applies to the video
reference. What does this mean?
Does it mean that the network actu-
ally must have video codecs at-
tached to it? That someone can run
video over IP on it? If that's the
case, since the subscriber network
supports IP, does that alone qualify
for it being able to support video?
What about the ability of the net-
work to support multiplexed por-
tions of bandwidth carrying video?
Does this mean all the CSU/DSU's
in the network are able to support
this? Some? What about signaling?
And how is this video capability
supposed to interface to the video
capability in the vBNS? If the vBNS
carries video in packet mode, and
the subscriber in multiplexed mode,
how are they supposed to interoper-
ate? Is that even a requirement? This
whole requirement should be
dropped."

"Perhaps a much more controversial
issue is the requirement to subscribe
to the routing policies of the NAP
Manager Routing Authority.  What
does this mean?  If it means having
a routing table that is the same as the
one in the route server, then none of
the peer agency networks could be
NAP subscribers. For example,
NASA has a private T-1 link to the
University of Arizona to accommo-
date bulk data transmissions to a
large number of PI's there from a va-

trol of it's own assets, in this case, vBNS
transport services."  Strong language, but
given the NSF's willingness to tolerate a
tilted playing field with ANS, it seems to
be not a bit too strongly phrased.  There
are strong elements of déjà vu in the
NSF draft solicitation.  One wonders
who's writing the script?

The Government must remain in
control of it's own assets, in this
case, vBNS transport services." 
Strong language, but given the
NSF's willingness to tolerate a tilt-
ed playing field with ANS, it
seems to be not a bit too strongly
phrased.  There are strong ele-
ments of déjà vu in the NSF draft
solicitation.  One wonders who's
writing the script?

NAP Subscriber 
Network Attachment Is-
sues
 
"The specification calls out a number of
requirements for NAP subscriber net-
works. Unfortunately, some of the rea-
soning behind these requirements is
vague. For example, there is a require-
ment that NAP subscriber networks must
be able to carry CLNP. While this is ap-
propriate for the vBNS, it is no appropri-
ate for subscriber access. There is no rea-
son why an organization who chooses
not to support CLNP should be forced to
do so. Encouraging CLNP transport is
one thing, but requiring it will force all
manner of legalistic interpretation. What
does "able to switch both CLNP and IP
packets" mean anyway? That all of the
subscriber's network be able to switch
CLNP, including things like SLIP links?
That some of it must? Maybe only one
link in the network must be able to carry
CLNP? How about being able to encap-
sulate CLNP over IP for that matter? In
that case, does anything that carries IP
qualify as being able to carry CLNP? Ei-
ther is means all the network must be
able to carry CLNP, in which case the re-
quirement is onerous , or it means that
anything will be able to qualify as being
able to carry CLNP, in which case why
does it belong in the specification at all? 
What about operating in coordinated
NSAP space?  What about supporting
standard CLNP routing protocols?  It
goes on and on."

"Much the same set of arguments apply
to the operation at speeds of 1.5 Mbps or
higher. Does this mean all of the network

riety of NASA astronomical data re-
positories. The NSFnet backbone has
a path to the U of Arizona via West-
net.  NASA does not use that path,
but rather the private t-1 path.  Does
this mean that we would be violating
one of the NAP attachment criteria?
What does this criteria really mean?"

To sum up:  "Organizations will be
very fussy about requirements for at-
taching to NAPs.  Unless these re-
quirements are reasonable and clearly
stated, there will be considerable con-
flict, most of which will probably be
needless. The Foundation will almost
certainly give in at some point in time
since many of the requirements are
specious and do not hold up to close
examination.  NSF should recognize
this and weaken this language to rec-
ommendations.  This is an area where
NSF should be leading, not directing.
Organizations have been motivated
by incentives in the past and that ap-
proach should be continued with this
solicitation.  NSF will not succeed in
playing the global routing policeman
by coercive means."
 
Interagency Issues

"The solicitation makes no mention
of how the existing NSFNET back-
bone interconnections to the FIX
points would be structured in the new
award. The existing FIX interconnec-
tions are critical to the proper opera-
tion and engineering of the Internet
as a whole, and to the Federal re-
search networks in particular. Con-
cerns about operational stability
would certainly demand this issue be-
ing explicitly addressed in a manner
consistent with the overall objectives
and evolution of the other Federal
network backbones."
 
"Our position, as that of DOE, is that
FIXes and NAP's are two different
types of entities, with different goals
and objectives. For example, open ac-
cess is a clear driver in the NAP case,
whereas it is explicitly prohibited at
the FIX points. This is true for many
reasons. For example, the existing
FIX points carry multiple protocols,
including DECNET Phase IV, which
has no firewalling or filtering capabil-
ities. Allowing open access to the net-
work that is the DECNET IV glue for
the DECNET Internet (still critically
depended on by many physicists and
space scientists) would allow uncon-
trollable DECNET routing problems
to occur if a NAP subscriber deliber-
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ately or inadvertently switched on
DECNET IV support. Similar issues
may result with CLNP routing given
the requirements of DECNET V/IV
compatibility. Also, the connection of
DoD and DARPA related networks
which may have privacy and access
concerns are also in conflict with NAP
open access goals.  A NAP subscriber
network could go into a bridging
mode (without the RA or NAP Man-
ager even noticing and be able to
transfer DoD to NASA interactions
back to a remote location for the pur-
pose of recording passwords being
sent in the clear between federal agen-
cy facilities.  The existing FIXes, es-
pecially FIX-West, which we manage,
are relatively secure in these aspects
because of limited access to the medi-
um.   .  .  .  ."

"Because of the existing structure of
each FIX being a single LAN in abox
(e.g. multiport ethernet transceiver,
FDDI concentrator, etc....), operational
management, statistics collection, and
support issues are greatly simplified.
Since there is no need to support a
large group of subscribers, scaling is-
sues are also considerably simplified
over the NAP case, thereby resulting
in fewer hardware upgrades and sys-
tem transitions that affect users.
Whereas the NAP's must be geograph-
ically distributed over a wide area,
only two FIXes are really needed, as
any more begins to add complications
to routing designs, already complicat-
ed enough. And because 'fair access'
to all providers is not a requirement,
locations and evolutions of FIX archi-
tecture are simplified compared to the
NAP case, which must accommodate
a larger dynamic range of network
subscribers, without the context of an
AUP.    .  .  .  ."

"In summary, NASA recommends that
NSF explicitly address FIX interac-
tions as separate from NAP interac-
tions in the solicitation, and provide
high performance NSFnet backbone
access without the requirement for
route servers to the existing FIXes ini-
tially, and address an orderly evolu-
tion of FIX architecture with the other
agencies that they interoperate with at
the FIXes."

 
Routing Complexities

"The solicitation outlines a set of topo-
logical interconnections that will be
very complex to manage and operate

in the best case, and will simply break-
down into chaos in the worst case. The
architecture is in essence trying to allow
a large variety of interconnections be-
tween the various mid-levels, commer-
cial network providers, Federal agen-
cies, and of course the vBNS itself.  It
almost appears schizophrenic in that it
wants to allow non AUP restricted trans-
port of data between these organizations
connected at the NAP's, but yet also
wants to be the general purpose network
provider as well. It reads almost as
through NSF wants to get out of the net-
work transport business but still wants
to build the best and fastest network
around.  These are not mutually compat-
ible goals and the solicitation suffers be-
cause both are attempting to be pur-
sued."

"The solicitation outlines a set of
topological interconnections that
will be very complex to manage
and operate in the best case, and
will simply breakdown into chaos
in the worst case. The architec-
ture is in essence trying to allow
a large variety of interconnec-
tions between the various mid-
levels, commercial network pro-
viders, Federal agencies, and of
course the vBNS itself.  It almost
appears schizophrenic in that it
wants to allow non AUP restrict-
ed transport of data between
these organizations connected at
the NAP's, but yet also wants to
be the general purpose network
provider as well. It reads almost
as through NSF wants to get out
of the network transport business
but still wants to build the best
and fastest network around. 
These are not mutually compati-
ble goals and the solicitation suf-
fers because both are attempting
to be pursued."

NASA explains in detail AUP problems
in routing between the CIX and BARR-
net and CERFnet.  It goes on to say: 
"given the state of routing and forward-
ing technology that exists today, there
are relatively few options for dealing
with such problems.  One is topological
control where interconnectivity is limit-
ed in such a way as to preserve policy
controls.  An example would be not al-
lowing any of the NSFnet mid-levels
which primarily services the research

and academic community to intercon-
nect to the CIX. Another approach
would be to do away with the
NSFNET backbone completely, and
let the mid-levels fend for them-
selves. Clearly, none of these is par-
ticularly appealing, but without re-
search and deployment of new
technologies, this problem will not go
away. Encouraging large numbers of
networks to interconnect at the NAP's
will only make this problem worse."

"The solicitation implies that many of
these issues will be fixed by the use
of the route servers. In fact, this will
not fix the problems, but will result in
conflicts as incompatible policies are
tried to be enforced by the various
subscriber networks. Since the vBNS
is allowed to carry other traffic than
just NSFnet's, it too will have it's
routing complicated by these prob-
lems. The solicitation is unclear
about what policies the vBNS is sup-
posed to implement, yet it's ability to
carry any traffic between the NAP's
depends on what exactly these poli-
cies are. By taking a hands-off ap-
proach, the Foundation is inviting
more of the same trouble it had with
the decision to allow ANS to "sell"
access to the NSFnet DS-3 based sys-
tem, or at least the perception it was
doing so."

"NASA recommends that NSF re-
evaluate it's decision to make the
NAP's AUP free.  We believe that
this approach was based on a mistak-
en impression that this would solve
more problems than it creates, and in-
stead refocus itself on providing ro-
bust, high performance network con-
nectivity to the research and
academic community. It should also
take steps to accelerate work in the-
field of source specific routing and
policy based routing in general, and
try to motivate organizations to de-
ploy said technology. We believe the
best way of dealing with the AUP is-
sue is allow connection of commer-
cial nets to the NSFNET backbone
system, but to exchange only AUP
compliant traffic, and to not encour-
age mid-level organizations to build
dual use systems which are effective-
ly impossible to route properly with
current technology."  NASA seems to
be taking AUP requirements serious-
ly, an area where the NSF says it
takes requirements seriously and then
appears to approve unenforceable sit-
uations."
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simply does not have the time or re-
sources to perform adequate supervi-
sion. If this arrangement were effected
by NASA or DOE, it might be doable,
because they have large in house staffs
that can support the type of manage-
ment needed, but this structure adds
even more work for the NSF staff to
perform. Thus it is imperative that
NSF structure the solicitation in a
fashion that it is capable of managing
effectively."
 
"The reason that is often given for
splitting the RA and the vBNS provid-
er roles is that the vBNS provider has
a bias towards its own network, and
cannot be counted upon to act impar-
tially with respect to other providers.
There is an assumption here that the
vBNS has other, non-NSF supported
traffic that it carries over the same fa-
cilities and routers that are used to pro-
vision NSFnet backbone services. If it
had no such traffic, and were exclu-
sively dedicated to servicing the
NSFnet backbone community, then it
would not have an opportunity to
show favoritism. This would obviate
the need for splitting up the backbone
services award into two segments, and
allow a single organization to provide
operational management and support
of both routing control and network
transport, preserving the end to end
management role that the existing
awardee has, and which has served the
Internet community very well over the
years."

"No organization which has ex-
perience operating and manag-
ing a national backbone would
separate routing management
from network transport if opera-
tional stability were the pre-
eminent goal. The advantages
of having a single focus for both
management and responsibility
of the overall system are very
significant.. . . . From the Gov-
ernment's side, this approach re-
sults in one organization that is
responsible for meeting mile-
stones and performance goals,
and provides a single point of
contact for new service intro-
duction and interface with other
agencies and networks."

"No organization which has experi-
ence operating and managing a nation-
al backbone would separate routing

management from network transport
if operational stability were the pre-
eminent goal. The advantages of hav-
ing a single focus for both manage-
ment and responsibility of the overall
system are very significant. This is
even more important as new technolo-
gies and routing mechanisms are
evolved into the network. From the
Government's side, this approach re-
sults in one organization that is re-
sponsible for meeting milestones and
performance goals, and provides a
single point of contact for new service
introduction and interface with other
agencies and networks."

"NASA strongly recommends that
NSF seriously re-examine the ratio-
nale of  splitting these services
amongst an RA and a vBNS provider
in the light of operational stability as
the pre-eminent objective. NASA also
recommends that NSF perform an in-
ternal management study that outlines
the resources required to manage a
single awardee with those required to
manage both the RA and the vBNS
provider in the roles outlined in the
solicitation, and should definitely in-
clude staff from grants and contracts
in this study."

Cost Issues

". . . .  Splitting the award into two
pieces will be more expensive than
having a single integrated award.  As
outlined before, both the Routing Au-
thority and the VBNS provider must
have 24x7 staffed operations and
management organizations.  This will
cost more than a single integrated op-
erations and management staff.  The
travel and coordination requirements
between the NSF, the RA, and the
vBNS provider will also cost more
than if only the NSF and an integrated
provider were involved"

". . . .  Splitting the award into
two pieces will be more expen-
sive than having a single inte-
grated award.  As outlined be-
fore, both the Routing
Authority and the VBNS pro-
vider must have 24x7 staffed
operations and management or-
ganizations.  This will cost
more than a single integrated
operations and management
staff.

"There is also an argument that the

Program Management -
The RA-vBNS-NSF 
Relationship

"The relationship between the RA,
vBNS and the Government is essen-
tially unworkable given the present
limitations the Foundation operates
with. By splitting the NSFnet Back-
bone award into two separate pieces,
the Foundation puts itself in the role of
a systems integrator, which it cannot
effectively perform without a dedicat-
ed Government technical staff to per-
form supervision. The Foundation can-
not tell the RA and the vBNS to go off
and work together. It cannot tell the
vBNS supplier to do whatever the RA
directs, and neither can it tell the RA
to act as the vBNS provider directs.
When problems develop, there will
also be a temptation for the RA and
vBNS providers to blame each other,
leaving the Government in the middle
to try and arbitrate."

"The relationship between the
RA, vBNS and the Government
is essentially unworkable given
the present limitations the Foun-
dation operates with. By split-
ting the NSFnet Backbone
award into two separate pieces,
the Foundation puts itself in the
role of a systems integrator,
which it cannot effectively per-
form without a dedicated Gov-
ernment technical staff to per-
form supervision. The
Foundation cannot tell the RA
and the vBNS to go off and
work together. It cannot tell the
vBNS supplier to do whatever
the RA directs, and neither can
it tell the RA to act as the vBNS
provider directs. When prob-
lems develop, there will also be
a temptation for the RA and
vBNS providers to blame each
other, leaving the Government
in the middle to try and arbi-
trate."

"The Foundation's track record in
terms of technical management of the
existing awardee is less than stellar.
This is not because the Foundation's
personnel are incompetent or unwill-
ing to perform supervision; it is be-
cause the existing staff is hopelessly
overburdened with other work, and
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shared.

"If proper performance criteria were
established, a 'dedicated' (at the IP
and CLNP level) network could be
constructed, and proper levels of ser-
vice assured, without having to deal
with the issues involved in a shared
IP or CLNP infrastructure.  This is
the very approach that DOE and
NASA are taking in constructing
their HPCC networks.  These net-
works certainly would not tolerate
sharing of their router facilities and
policy controls [with commercial
carriers] but they are more than will-
ing to share transmission infrastruc-
ture given proper performance assu-
rances."

"This approach yields a relatively
low cost for high performance net-
work facilities, but avoids the issues
of actual and perceived bias of the
control of network layer entities,
such as routers.  Applying this ap-
proach to the NSFnet backbone re-
competition would allow an integrat-
ed network operations and manage-
ment structure, and still achieve high
performance at acceptable cost. It all
depends on what is shared and what
isn't. Fortunately, in NSF's case, the
part that needs to be dedicated, i.e.;
the routers, is relatively inexpensive
and have low recurring costs to the
program."

"This approach yields a rela-
tively low cost for high perfor-
mance network facilities, but
avoids the issues of actual and
perceived bias of the control
of network layer entities, such
as routers.  Applying this ap-
proach to the NSFnet back-
bone re-competition would al-
low an integrated network
operations and management
structure, and still achieve
high performance at accepta-
ble cost. It all depends on what
is shared and what isn't. Fortu-
nately, in NSF's case, the part
that needs to be dedicated, i.e.;
the routers, is relatively inex-
pensive and have low recur-
ring costs to the program."
 
"Also, there is no statement in the
solicitation that the vBNS must be
committed to offering the proposed
network service as a commercial ser-

NSF cannot afford a dedicated high
speed backbone and thus that these
backbone facilities must support shared
use, and therefore there will be a built-
in bias by the network provider against
other network organizations and so the
routing and transport organizations
must be split apart to preserve fairness. 
This is probably true if one looks at a
network architecture built of IP routers
with point to point DS-3 trunks in the
manner the existing awardee has con-
structed them."

"However, the NSF is clearly trying to
push in the direction of Broadband Inte-
grated Services Digital Network by
specifying 155 Mbps transmission rates
for the vBNS provider.  Given a B-
ISDN substrate as a base, the core net-
work switches would not be IP routers
at all but something more like an SMDS
or ATM switch based infrastructure,
which could also be used even if the re-
quirements were only at the 45 Mbps
level.  In this architecture, the IP routers
only act as interface points from the site
networks to the BISDN cloud.  Thus the
relatively inexpensive routers could be
dedicated while the switching fabric it-
self could be shared.  Different levels of
service could be provided to each ac-
cess point according to need.  in this ar-
chitecture the cheap parts (the routers)
are dedicated, but the expensive parts
(the high speed cell switches and net-
work transmission facilities) are
shared."

[Editor - this ability to buy into a shared
substrate of the public switched tele-
phone network would be lost should the
NSF accept IBMs or ANS's likely bid
that will focus on proprietary Planet,
Orbit and Comet switch, LAN and rout-
er technology.  It seems that such a
move would clearly run counter to Con-
gressional intent that technologies in
NREN conform to telephony standards.]

Given a B-ISDN substrate as a
base, the core network switches
would not be IP routers at all but
something more like an SMDS or
ATM switch based infrastructure,
which could also be used even if
the requirements were only at the
45 Mbps level.  In this architec-
ture, the IP routers only act as in-
terface points from the site net-
works to the BISDN cloud.  Thus
the relatively inexpensive routers
could be dedicated while the
switching fabric itself could be

vice, available to other agencies and
private industry, which is a goal of the
NREN initiative. By trying to push the
vBNS service in a direction which is
consistent with BISDN offerings, NSF
would accelerate the deployment of
these services in a commercially viable
manner, resulting in lower overall cost
to the Government."

"By not stressing the desire to
use Commercial Off The Shelf
(COTS) products, NSF will only
encourage the development of
special purpose, one of a kind
hardware and software, and pre-
vent the amortization of devel-
opment cost over a much broad-
er community of users, and also
incur higher system mainte-
nance costs. Including a state-
ment that strongly discourages
the use of one of a kind non-
COTS oriented technology in
the solicitation would lower
costs to the Government,

"By not stressing the desire to use
Commercial Off The Shelf (COTS)
products, NSF will only encourage the
development of special purpose, one of
a kind hardware and software, and pre-
vent the amortization of development
cost over a much broader community
of users, and also incur higher system
maintenance costs. Including a state-
ment that strongly discourages the use
of one of a kind non-COTS oriented
technology in the solicitation would
lower costs to the Government, and in-
crease the technology transfer aspects
of this NREN project to the network
community as a whole."  It will be
VERY interesting to see whether the
NSF takes NASA up on this sugges-
tion.  Doing so would close the door to
the very eager attempts of IBM to in-
sert its proprietary Planet gigabit
switch, Orbit gigabit LAN, and Comet
router.

"NASA recommends that NSF re-
examine the solicitation's structure
from a cost perspective, given the
aforementioned B-ISDN technology
options that NASA and DOE are both
pursuing at this time, and should be
relatively mature at the time of the
transition to the new award. It may be
possible to achieve lower costs through
an integrated organization, and yet still
achieve high network reliability and
performance at the same time. Even
more saving and higher productivity
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transition from the existing network
system to the new one.  However, as
was mentioned before, there is no
staff support inside NSF that can ad-
equately provide this sort of techni-
cal review.  Therefore, we suggest
that an independent NSFnet back-
bone technical review panel be
formed, and meet on a quarterly ba-
sis, or when significant technical de-
cisions are about to be made. This
panel should be comprised of experts
in the fields of routing, network man-
agement, operational support, net-
work transmission and carrier sys-
tems, and general router design,
which would have access to proprie-
tary vendor information on a non-
disclosure basis."

"In light of technical complex-
ity of the network design, and
new service evolution, sub-
stantial technical review of the
vendors will be essential for
successful transition from the
existing network system to the
new one.  However, as was
mentioned before, there is no
staff support inside NSF that
can adequately provide this
sort of technical review.
Therefore, we suggest that an
independent NSFnet backbone
technical review panel be
formed, and meet on a quarter-
ly basis, or when significant
technical decisions are about
to be made.
  

could be achieved by stressing the im-
portance of the vendor using COTS
technology wherever and whenever pos-
sible, and thereby also advancing the
NREN objectives of commercialization
of technology and the development of
high performance network infrastruc-
ture."
 
Program Priorities and
Objectives

"The solicitation outlines a number of
objectives and requirements for the
NSFnet backbone. However, it does not
specifically outline the relative priorities
and objectives of the NSFnet NREN
program. Such a statement of priorities
would help the vendors overall under-
standing of the solicitation, and what
areas are more important than others.
This would also help in clarifying ac-
tions if budget cuts were to be absorbed
by DNCRI's networking program. This
will be a likely occurrence in the current
budget climate in Washington. A credi-
ble internal plan here, would help both
the awardee and the Government in it's
ability to flexibly restructure the pro-
gram in a changing budget climate."

"NASA recommends that NSF add a
section to the solicitation that outlines
NSF's overall NREN vision and relative
priorities of the various objective and re-
quirements present in the solicitation."

Technical Review Panel

"In light of technical complexity of the
network design, and new service evolu-
tion, substantial technical review of the
vendors will be essential for successful

"The panel members would come from
other agencies, academe, and the com-
mercial sector. They would not be al-
lowed to make policy decisions of
course, but would make recommenda-
tions to the Government about how the
vendor or vendors is proceeding in areas
of engineering, transition planning, de-
ployment and operations. They would
also provide feedback on new directions
and overall network evolution. They
would likely have to come from organi-
zations which had no conflict of interest
with the awardee however.  These
would not be network users or adminis-
trative types, but people affectionately
known as network 'weenies' or 'wiz-
ards.'"

"Had such a panel existed during the
DS-3 upgrade design and deployment,
significant amounts of problems may
have been avoided, and certainly the
NSF would have been perceived as be-
ing more in control. The NSFnet back-
bone should really be viewed as a na-
tional asset; the centerpiece of the
national network infrastructure.  [Italics
editor's]  Such a panel would add credi-
bility to that viewpoint, and provide the
Foundation with much needed technical
feedback, which is critical for good pro-
gram management."

"NASA recommends that the Founda-
tion form an NSFnet technical review
panel, composed of experts in their
fields, whose purpose would be to re-
view the vendor's technical approaches
and designs and comment on transition
and evolution strategies. . . ."  As we say
in our editorial, the NSF stands before a
clear fork in the road. We hope it makes
wise choices.
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