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Abstract—Internet traffic (webpages, e-mail, ...) is chopped up in pack-
ets, and transported much like the postal system. However, routers are not
able to keep up with the growing volumes, making the per packet way of
working very costly, especially in the international core networks.

Optical technologies can help out, but they waste a lot of transmission
capacity. Although this transmission cost has dropped drastically, it still is
very expensive. Therefore, we developed a hybrid architecture, Overspill
Routing in Optical Networks (ORION), combining the strengths of two ex-
isting, tradional systems.

Previously we studied ORION by simplified simulation. To validate these
results we built an ORION network as close to reality as possible. It is based
on an electronic router platform which mimics the behaviour of an ORION
node in every functional aspect. This allowed more accurate results and
validation of earlier work, as well as quality measurements of live (multi-
media) traffic.
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I. I NTRODUCTION

In very general terms, internet works like the postal system.
Each connected machine (e.g. your home computer) has the
ability to send traffic (like an e-mail) to any other connected ma-
chine in a gigantic network. To make this managable, dedicated
machines, called routers, take care of getting your traffic to the
right machine. Inversely, they make sure that traffic for you (e.g.
a webpage) gets delivered, comparable to the mailman bringing
that magazine you ordered. In short: routers are the mailmen of
the postal service that is the internet. Our research focuses on the
core network, a large international network, where each router
handles millions of mail packets each second. Until recently,
this worked fine. Routers were fast enough for the amount of
traffic sent. But this is changing: the last few years the actual
transmission is by sending light through a fiber. Through the use
of several colours (wavelengths) in a fiber however, this trans-
mission capacity is growing much faster than the routing capac-
ity. Combined with the growing amount of traffic a new problem
arises: the routers (mailmen) cannot handle anymore the enor-
mous amount of packets they have to route (mail sorting), while
the transmission capacity (fibers, like roads connecting the mail-
men) is overabundant. Routers are thus becoming a major cost
factor, while transmission capacity is a lot cheaper, but still also
expensive.

II. CURRENT SOLUTIONS

Currently two mainstreams solutions exist: First, the classical
approach, using optical fiber for transmission and routers every
step in the network. Every router then is connected as shown in
Fig. 1 .
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Fig. 1. Currently deployed solution Fig. 2. Future deployed solution

Two fibers are shown, consisting of several parallel wave-
lengths (like lanes on a road). All wavelengths (lanes) and fibers
terminate at the router, where all packets are examined and, de-
pending on destination, put back in the correct fiber. As stated
in the introduction, the routers cannot handle anymore the ever-
growing massive amount of packets sent through the fibers. On
the other hand, most packets examined do not have the current
router as an exit point (supposing one core router per country,
the destination adress on the packet is not for this country). In
fact, frequently more than 70% of traffic a router sees is transit
traffic not destined here, just passing through. This observa-
tion led to the proposal of not examining all wavelength colours
passing by, with a design as in Fig. 2.

There some wavelengths are hidden from the router, and pass
through transparantly. This way, routers not directly connected
with each other can setup a direct wavelength path, which means
less work for the intermediate routers.

Fig. 3. Example of the principle of
wavelength paths.

Fig. 4. Hybrid approach: ORION.

This can be compared with e.g. connecting France directly
with The Netherlands through Belgium, but without the Belgian
post office ever seeing any traffic, as in 3. The lane is patched
through directly. An optical cross-connect (OxC) can change the
path configuration. This takes time, so changes are only possible
on long time scales (hours). While being capable of saving lots
of work for routers, unfortunately, this situation can also be very
wasteful. Suppose a wavelength path (highway lane) is set up
directly between France and The Netherlands through Belgium

Sixth FirW PhD Symposium, Faculty of Engineering, Ghent University, 30th November 2005 – paper nr. 129 1



(no exit point in Belgium on this lane). Now, it is no longer pos-
sible to reach Belgium via this wavelength, as it automatically
ends up in The Netherlands ! Now suppose there is suddenly
a lot of traffic going from France to Belgium, and at the same
time almost none from France to the Netherlands. The lane go-
ing directly to The Netherlands is then useless, and not all traffic
can be brought into Belgium. In other words, we lose flexibil-
ity, leading to possible wasting of transmission resources. While
these transmission resources are declining in cost, they however
still remain expensive.

III. ORION

This is where our architecture, Overspill Routing in Optical
Networks (ORION), comes in. It combines the previously two
described architectures, forming a hybrid, minimising the work
for the routers without potentially wasting pricy transmission
resources.

4 shows our ORION concept: It is based on II, and in most
cases will function that way. Paths are set up between routers
exchanging a lot of traffic, saving work for the intermediate
routers. This also can result, as explained earlier, in lost effi-
ciency, caused by the inability to re-use paths if no traffic is on
them. Thus what we want to do is the ability for intermedi-
ate routers to access wavelength paths, if and only if they sud-
denly need extra capacity and this capacity is available. We have
changed 3 things to do this. First of all, we allow for some pack-
ets to have a very easy recognisable extra label, comparable to
police lights. Secondly, we add listeners (1) on each wavelength
path passing through. These will look out for packets contain-
ing the extra label and, if found, interrupts the path and passes
the packet to the router instead. Thirdly, we add tunable lasers
at the outgoing ports (2) of the router: these can put a packet in
any color (lane), with or without the extra label. Now we solve
the earlier problem, where there was an available lane between
France and Belgium but France could not use it for excess traffic
to Belgium as it went straight to The Netherlands. The router in
France now acts as follows: it puts packets for Belgium on the
lane going to Belgium, but also on the lane going straight to The
Netherlands. To avoid skipping over Belgium however, the extra
label is used, putting the packet in “overspill”. The router in Bel-
gium, equipped with the listeners, sees this label, and captures
the packet. All other packets on the direct lane pass through,
and the router never sees it. This results in optimal efficiency,
with maximal flexibility.

IV. EMULATION OF ORION

In earlier work we developed the network concept, ORION
(Overspill Routing in Optical Networks), combining the lower
IP switching demands of wavelength switching with the high
utilization rate of full packet switching. These studies used sim-
ulation, and had to make simplifications. To validate these re-
sults we needed to build an ORION network as close to reality
as possible. Thus, we developed an electronic router platform
which mimics the behaviour of an optical ORION node on an
electronic pc in every functional aspect. This allows for more
accurate results and validation of earlier work, as well as quality
measurements of live (multimedia) traffic and proof of compat-
ibility with existing standards.

Fig. 5. screenshot of the developed emulator platform control GUI.

Fig. 6. An example graph.

In the emulator, an ORION node is represented by a linux
based router, with ORION specific functionality implemented
in Click instead of optics. One ethernet cable corresponds to
one wavelength. Also, each router encompasses both the elec-
tronic router and the OXC behaviour, supporting the GMPLS
and RSVP-TE standards for path setup and teardown. The over-
spill detection, a hardware feature, was supported through usage
of one of the experimental bits in MPLS.

In order to more easily demonstrate and control an emulate
network, a control GUI was also developed (in JAVA). Fig. 5
shows a screenshot of this GUI. Various traffic statistics can also
be collected in real-time. The graph in Fig. 6 for example shows
loss and throughput rates for various traffic streams transported
through the network. The dark curve shows the traffic-pattern
of a high-priority videostream, while the lightest curve shows a
similar pattern of a low-priority videostream using ORION. The
curve with the two peaks shows an attempt to leave the ORION
regime into normal regime, but because there is not enough ca-
pacity on the original path, the flow will be immediately sent
back and use ORION to avoid losses. These statistics can also
be exported in various formats for further analyzing (Is XML
based, so easily read by most modern software packages).

V. CONCLUSIONS

ORION is a hybrid IP-Over-WDM network concept combin-
ing benefits from both packet switching and wavelength switch-
ing. We developed an emulator, reusing a standard industry
components. This allowed us to study ORION in a real network
environment, as well as confirming results from earlier simula-
tions. Such a tool is invaluable in the study of our newly pro-
posed network technology.
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