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Abstract
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During 1991 the EARN Network decided to reorganize its NJE routing following a plan issued by the EARN Routing
Project Group. The EARN-RPG plan (also EARN2) is based on the separation of the network into regions, mainly
following the model already adopted by BITNET for the definition of the BITNET II network. The criteria followed for the
division are based on the density of nodes, traffic, and need of services in the area. The regions are connected through a set
of EARN sites (called “core sites”) located at strategic positions from the point of view of traffic patterns and connectivity,
with the ability to have virtual NJE links among them and in some cases NJE/IP links with selected partners on the
BITNET II core.

The main goal of EARN2 is to improve the performance of the whole network reducing the load on the key backbone
sites in Europe and exploiting several existing IP lines between the USA and European network organizations like
NORDUNET, JANET and others. These two aims were achieved through the second half of 1991. Thanks to EARN2,
better services are now available for the users. The statistical data collected by EARN showed in fact a fair reduction of the
load on the key backbone sites and a general improvement of the network performance. The EARN2 goal for 1992 is to
implement the BITNET II approach with full connectivity among the core sites. A full mesh configuration is the logical
further step of the regionalization process. It is highly desirable because, besides the overall improvement of services already
achieved, it facilitates network management at the routing level both inside Europe and with BITNET and the other
Cooperating Networks.

Keywords: EARN; NIJE /IP; routing; network performance evaluation; network management.

A little bit of history

The purpose of the EARN Regionalization
plan was to implement the solutions to a number
of problems which were affecting the EARN net-
work during 1990.

There were a number of serious bottlenecks
which arose as a result of increasing traffic and
the network topology EARN had at that time
(almost all the physical links were connected to
two sites in Europe, namely CNUSC, Montpellier
(FR), and CERN, Geneva (CH)). In the same
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period a set of IP based lines became available
connecting several EARN sites both inside Eu-
rope and toward the USA. The use of these
resources required a radical reconsideration of
the structure of EARN and in November 1990
the EARN Routing Project Group discussed and
afterward proposed a working plan.

The proposed restructuring was based on the
concept of “regionalization”, the separation of
the network into areas or regions not necessarily
bound to national borders. The criteria for the
division among regions were based on the density
of nodes, traffic, and need of services in the area.
The RPG also proposed to select among the
EARN international sites a set of sites (called in
the following chapters “core sites”) located at
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REGION: | | core smE: | | N of Nodes:
FR, BE, ES, PT, EG, FRMOP11 281

GR, CY, TR, TN

DE DEARN 197

IT ICNUCEVM 132

CH, IN CEARN 59

NL, LU, IE HEARN 101

UK UKACRL 2 (+JANET)
IL TAUNIVM 47

AT, BG, YU, HU, CS AEARN 37

SE, NO, Fl, DK, PL, CIS SEARN 88

Fig. 1. Current regional subdivision of EARN.

strategic positions within each region from the
point of view of traffic patterns and connectivity.
It was essential for these core sites to have the
ability to establish virtual NJE links amongst
themselves and, in some cases, NJE /IP links with
selected partners on the BITNET network. One
of the main purposes of the plan, in fact, was to
drastically increase the connectivity between Eu-
rope and the USA, exploiting the various existing
transatlantic lines never used to carry EARN
traffic before.

It is possible to carry the Network Job Entry
(NJE) protocol on different network layer proto-
cols like BSC, SNA(X.25) and IP. For the latter,
particular thanks go to Princeton University where
VMNET (the IP application that allows the
transport of NJE over TCP/IP protocol
(NJE/IP)) was developed. With VMNET, it is
also possible to have virtual NJE links over sets
of physically interconnected IP lines. The RPG
proposed to exploit this IP connectivity being

mindful of the continuing evolution of the net-
work services and the conviction that EARN must
have the ability to adapt to them. From this point
of view the RPG thought that the solution pro-
posed was the fastest and cheapest one available
at that time.

A short plan overview

EARN is subdivided into regions. The subdivi-
sion, as of today, is shown in Fig. 1. The ISO
country codes of the countries are shown as well
as the NJE name of the core site and the number
of nodes belonging to the region. Each European
core site shall be connected to all the other core
sites in order to form a full mesh. This reduces
the number of store & forward operations inside
the backbone and at the same time drastically
reduces the complexity of the routing since no
routing is needed in a full mesh network because
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every node has a direct link to all the others. All
the other EARN International nodes (not core
sites) have a connection to the core site of their
region and can thus reach any other International
node in 3 hops. The connectivity to BITNET is
secured from each EARN region through that
region’s core site to a BITNET2 regional core
site (the concept is schematically shown in Fig. 2).
This allows all the EARN International nodes to
reach the US in 2 hops.

The implementation of the plan

The implementation of the plan started in
March 91 with the definition of the first virtual
link between EARN and BITNET core sites.
Following the steps defined by the EARN RPG,
all the planned links have been added gradually.
All the links were tested and monitored before
being put into production, including a verification
of the consequences to routing prior to the addi-
tion of the link. The time scale of the changes to
the EARN international topology is shown in Fig.
3.

Thanks to the invaluable collaboration of
Michael R. Gettes (coordinator of the BITNET2
activities and lately member of the EARN-RPG)
a subset of US core sites was selected to be
coupled to their European counterparts. Before
the implementation of the plan, only two
links /lines were used to carry the traffic between
Europe and the USA: the 64K EARN funded

USA

line between Montpellier and New York, and the
T1 EASINET line between CERN and Cornell.
Thanks to the implementation of the plan, it was
possible to exploit other existing transatlantic lines
and open 9 VMNET links. In particular the
Janet /joint funded 512Kb line between ULCC,
London and FIX-EAST; the NORDUNET 256Kb
line between KTH, Stockholm and Cornell; the
Israeli University Consortium 64Kb line between
the Weizmann Institute of Science and PSI; and
the DFN 128Kb line between GMD, Bir-
linghoven and the Princeton Plasma Physics Lab-
oratory are now in use.

The overall situation (both inside Europe and
to the US) of the links defined is shown in Fig. 4.
The dotted lines represent links under test or
planned for the near future. The 9 big spots on
the right part of the figure are the European core
sites, the 9 on the left side are the coupled US
core sites. All the other spots represent the inter-
national EARN nodes. The traffic patterns among
European regions are shown in Fig. 5.

For each region, the amount of traffic ex-
changed with the rest of the world from October
91 through January 92 is shown. The traffic flow
between the US and Europe has been regulated
through a careful but uncomplex routing
paradigm: each European region is sending
through its link to the US only the traffic coming
from inside its region. The routing is symmetrical
so that returning traffic (from the US to Europe)
first negotiates the US backbone and then crosses
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Fig. 2. Connectivity to BITNET is secured from each EARN region through that region’s core site to a BITNET2 regional
core site.



D. Bovio / The regionalization of EARN 549

the Atlantic on the link connected to the Euro-
pean region containing its final destination. The
proportion of traffic that each region sent to the
US through its link in respect to the total traffic
exchanged during January 92 is shown in Fig. 6.

After having implemented the full US-
European transatlantic link grid, new traffic pat-
terns showed that it was possible to phase out the
EARN funded line to CUNY in New York and
to reallocate the money to other cooperative ini-
tiatives leading to a better connectivity to the
USA. Eventually the EARN line was in fact
removed from production last February, can-
celled at the end of March, and the money reallo-
cated to the EBONE’92 initiative.

Looking at Fig. 4 it is clear that a high level of
connectivity among core sites has been achieved.

A few of the European core sites have already
achieved full mesh connectivity status (HEARN,
ICNUCEVM), and others will do so in the near
future.

Results

Besides the consensus between European core
and international sites that EARN services have
progressively improved during the past 12 months,
it is possible to empirically confirm this improve-
ment.

Since October 1990 the EARN Office has col-
lected data about the status of the network, mon-
itoring the up/down time periods of the links (at
the NJE application layer) and the number of
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Fig. 3. Time scale of changes to the EARN international topology.
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Fig. 4. Overall situation (both inside Europe and to the US) of defined links.

files queued at all the international EARN nodes.
The number of files queued is indirectly a meas-
ure of the quality of the service offered. A high
number of files queued means delay in the trans-
mission and delivery of the traffic. A situation
where files are queued constantly on a link means
that the users will invariably receive their
mail /files later than they should. By these means,
we consider the sharp decrease in the number of
files queued on the network as showing a tangible
improvement (service being inversely propor-
tional to queue size). It must be noted that we do
not collect detailed information about each dis-
creet queued file (traffic figures are collected at a
macro level). However, we have no reason to
believe that the composite characteristics of each
queue changes sharply over a monthly interval
and thus consider our data intrinsically sound.
Figure 7 shows a breakdown by threshold of
the number of files queued (on a monthly aver-
age) at all the international links at any time. The
thresholds are fixed at values of greater than 50,
100, 200, 500, 1000, and 3000 files queued. As we
previously stated, implementation of the plan
started at the beginning of March 91, with the
definition of the first VMNET links. It is quite
clear from the figure that we have experienced a
sharp decrease in the size and the frequency of
the queues, especially for the low thresholds (50,
100, 200, 500); this indicates an overall improve-

ment and a change in the behavior of the net-
work. As can be seen from the last quarter (1Q92),
the percentage of time in which we find more

1
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IAAAAAAAASIIA, ] 91/10(ALL)

N/NET, PL, CIS v
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Fig. 5. Traffic patterns among European regions; the amount
of traffic exchanged with the rest of the world from October
91 through January 92.



D. Bovio / The regionalization of EARN

551

% |

7

AT.CE-C

N/NET, PL, CIS

NL, LUE

EARN TRAFFIC

B 92/01(USA)
92/01
0 25000 50000 75000 100000 125000
K RECORDS

Fig. 6. Proportion of traffic that each region sent to the US through its link in respect to the total traffic exchanged during
January 92.

than 50 files queued went down approximately
75% (from 12% in February 91 to 3% in Febru-
ary 92). On the other hand the probability of
finding large queues is still high, and comparable
with the same period of 1991. This means that
the queue formation/resolution is today much
faster than in the past. In other words, it is not
related to the load of a particular link but rather
to the up/downtime periods experienced by that
link.

% OF TIME
o

e

FILES QUEUED

By comparing the monthly average of the
queued files and the traffic data (Fig. 8), it is also
clear that the reduction of the queues is not
bound to the reduction of the traffic volume. The
two curves are, in fact, following a very different
path: the traffic is increasing (except the tradi-
tional lower values for the Summer and over
Christmas) while the average of the queued files
is decreasing.
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Fig. 7. Breakdown by threshold of the number of files queued (on a monthly average) at all the international links at any time.
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Fig. 8. Monthly average of queued files compared with traffic data.
The future could be regarded as a first step in this direction.

The immediate future goal of EARN is quite
clear: to reach a full mesh configuration inside
Europe. It is also quite obvious, however, that
this is not sufficient to achieve global improve-
ments in terms of management and services. As
we earlier stated, one of the major problems
degrading network performance is link downtime
period. This is a double sided problem: on the
one hand, the availability of links at the applica-
tion layer and on the other, the physical line
performances and outages. The link downtime
periods could be reduced by offering a set of NJE
monitoring tools in order to facilitate alerting
them to the importance of running a set of inter-
national links and the impact that their work has
on the services offered to the users of the inter-
national Academic community. As for the line
performances and outages, it should be said that
for several core sites we have reached a threshold
above which further connectivity would degrade
performance unless the physical network layer is
improved inside Europe. (The effort needed for
monitoring a virtual link based on a low speed,
low reliability line is not worth the increased
connectivity).

In other words we think that the current situa-
tion cannot be further improved unless a high
speed redundant backbone is made available in
Europe to carry EARN traffic. This would bring
an improvement in link availability and reliability.
The EBONE, as well as other similar initiatives,

EARN is currently cooperating with all the tech-
nical groups active in this field and the coopera-
tion will be continued to achieve this desired
result. A realistic time scale to reach a full mesh
configuration seems to be in this framework the
last quarter of 1992.

Conclusions

The two main goals of the EARN Regionaliza-
tion plan can be summarized as follows:

(1) improve the performance of the whole net-
work by reducing the traffic load (i.e. the number
of store and forward operations) on the key sites
in Europe. Particularly CERN and CNUSC.

(2) exploit previously unused transatlantic lines
between the USA and European network organi-
zations (NORDUNET, DFN, JANET, and oth-
ers) improving the connectivity between EARN
and BITNET.

As previously demonstrated (thanks to the sta-
tistical data collected), we can today consider
those two main goals achieved. As a result we can
offer better service to the users, both in terms of
quality and speed. At the same time, EARN’s
reliance on a small subset of key sites has been
eased thanks to better distribution of traffic over
the European core structure and to the USA.

A set of open problems still stands, of course,
particularly in the area of the link uptime /down-
time periods. It is our understanding that this can
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be addressed and our service to users be further
improved. This will be our challenge for the com-
ing year.
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