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Abstract terconnected through a variety of local area/wide area net-
works. They offer a uniform interface to these resources
Grid computing offers high levels of computational, stor- (i.e. a Grid user can submit jobs to the Grid just as if he/she
age and network capacity by bundling and sharing re- was handling a large virtual supercomputer). Grids also dif-
sources through a uniform interface. In its current form, fer from clusters in that they do not have a central adminis-
Grids are restricted to only a small application area, and tration point. Instead they consist of resources across mul-
deployment proceeds mainly for specific problems. How- tiple administrative domains.
ever, if Grids are to become as ubiquitous as electrical Due to the recent advancement of optical networking
power delivery by making it available to the public at large, technology the feasibility of global distributed computing
several network-related problems will have to be solved has significantly increased. Currently, important Grid activ-
first. In this paper, we show the limitations of the cur- ities are in the area of high performance computing, opti-
rently deployed optical networks, by evaluating future ap- mized for extremely large jobs (or large job batches), both
plications for the Grid. Subsequently, we propose a novel from a bandwidth (constant streams of Gbit/s and up), stor-
architecture based on Optical Burst Switching, and clearly age (> TB storage) and computationat ¢ TFlops) per-
show the advantages of our approach. spective, while the number of jobs is relatively low. There-
fore, it is extremely important to optimize the job execu-
tion site. In combination with the limited number of job re-
guests, this leads to centralized job management strategies.
Current deployment efforts thus focus on dedicated optical
infrastructures to support these Grid services, leading to a
Over the past few years it has become evident that localhigh performance, optical circuit switched (OCS), network
computational resources cannot keep up with the demandgan example is [1]). Due to the static or semi-static nature
generated by some users and application classes. Disef these type of Grids, long-lived wavelength paths between
tributed computing, using the concept of a computational client and Grid resources are usually established. Typical
Grid, is proposed as the solution. This Grid, named after current applications are found in Very Long Baseline Inter-
the analogy with electricity grid, consists of a number of re- ferometry (VLBI), High Energy Physics (HEP), and High
sources (computing and storage) interconnected through @erformance Computing and Visualization [2]. It is not un-
network, to be shared amongst its users. Large computingcommon to have an entire Grid infrastructure dedicated to a
endeavours (consisting of one or more “jobs”) are then dis- single purpose.
tributed over this network to these resources, and scheduled Another class of Grids are inspired by the cycle sharing
to fulfill requirements with the highest possible efficiency. peer to peer applications (such as SETI@HOME), which
Grids, as opposed to cluster computing efforts, consistwe call the Peer-to-peer Grids. These Grids attempt to col-
of geographically distributed heterogeneous resources, indect resources from a variety of providers that are managed

1. Introduction



in a distributed fashion, and are able to handle relatively home user, ubiquitous Grid computing becomes a valid op-
small jobs. The underlying infrastructure is however the tion.
standard Internet, offering no specific support for the Grid  Here we assume a symmetrical access link speed of 2.5
applications, resulting in a rather poor (network) efficiency Gbit/s. While this is certainly not available for the average
and conflicts with "normal” internet traffic. Their strength  home user today, history shows that in about 20 years such
lies in the capability of offering a generic service based on an evolution can be expected. Also, considering the fact
distributed resources, thus able to allow a wider variety of that a high-end desktop PC today offers a computational
applications. Computing tasks are assigned to a Grid re-capacity of 3-5 GFlops, we expect this to become in the
source through a typical request/grant cycle handled by joborder of 100 GFlops within the same time frame.
schedulers (grid resource brokers). These job schedulers at- This kind of processing power will make it possible to
tempt to distribute the demands across the Grid as optimallyayecute extremely demanding applications (at least by to-
as possible, based on application profile and resource avaiIUayrS standards) on an ordinary desktop PC. However, as
ability. For a more comprehensive classification, we refer (e range of potential applications mentioned below will
to [3]. demonstrate, there will many cases where there are even
This paper explores what future networks will need to |arger computing requirements, making it unfeasible to exe-
provide if the Grid concept is to be extended to the general o te them locally. Figure 1 shows some typical performance
public. As we will show in the next section, neither class of requirements for several types of applications. We see for
current grids is capable of scaling up to a large user basejnstance, that online gaming should be able to scale to a
with a wide variety of applications and a plethora of user |arge number of users, while providing real time operation

doubt these will be based on optics, and this paper continuesjj demand, can be reenforced when users step out of the

by presenting an OBS based architecture that may be veryeyrrent upgrade cycle of about 5 years. Indeed, most home
well suited to the task: low processing, with high resource computers have an average load far below 1%, and only

utilization and simple control. very rarely need their full capacity.
o ) ] This opens up a window for resource sharing. Multiple
2. Motivation for an OBS architecture, appli- users have access via the network to the Grid, where they
cations and requirements have shared computing power at their disposal, e.g. through
connecting to the site of a provider (containing possibly a
2.1 Introduction cluster or a Grid in itself), having a capacity which can ex-

ceed the local processing power by a factor of 100-1000, or
In this section we describe potential applications, and even more (in case of devices with very limited processing
clearly demonstrate that: power, like handhelds).

e local computing power, even with future desktop pc's,

will not be sufficient, thus demonstrating the potential

need for widely accessible Grid

e an OCS based optical network for transport between
job origin and remote resource location will be very
ineffficient

e arequest/grant based architecture may not be suitable
for real-time applications ollaborative Working

Since we are looking at a future infrastructure, some as-
sumptions have to be made. For the average home user ; Resource

today the network cannot sustain Grid computing. With a ( Scalable ) ( Real Time )

home access bandwidth of only a few Mbit/s, to at most

100 Mbit/s download speeds, and an order of magnitude

smaller upload speeds, transmission of jobs would simply Figure 1. Grid application requirements

take too long compared to local computing power. How-

ever, if the current trend holds and bandwidth availability  In the following subsections, we present some applica-

(doubling each year) keeps growing faster than the comput-tion scenario’s, indicating existing Grid infrastructures will
ing power (at most doubling every 18 months) of an averagefail to cater for their needs.




2.2 Offline Application: Multimedia Editing 40 ms (1 frame divided by 25 frames/s) between the sub-

mission of the scene description, and the actual displaying
Video ed|t|ng app”cations are a|ready available today’ of the scene. ASSUming asceneis 2.5 MB in size, we obtain
and allow users to manipulate video clips, add effects, in- @ transmission time of only 8 ms; this leaves us with about
troduce new objects, restore old (family) films etc. Ad- 30 ms for processing and retransmission of the final ren-
vances in recording and visualization technology will de- dering, which should be possible with the given capacities
mand more computational and storage capacity, especiallyf the (local) resource providers. Considering the delay as-
if we would like to perform the editing within a reasonable sociated with setting up an optical circuit, OCS can only
time frame (to allow e.g. for feedback to the user, to see be used when a user employs the same resource, hereby
whether the manipulation has the intended effect, and if de-Severely limiting the flexibility of the Grid concept. On
sired change it). the other hand, the lack of adequate QoS in the standard
More specifically, 1080p High Definition Televsion [P proto_col makes it near-impossible to meet the real-time
(HDTV) [4] offers a resolution of 1920x1080, which Cconstraints.
amounts to about 2 MPixel per frame. If we suppose that ap-
plying an effect requires 1 floating point operation per pixel, 2.4 Conclusions
then processing a one second clip already requires over 500
GFlop. This will take about 5s to complete locally, while When looking at such requirements the following con-
execution on a provider’s resource should only take 50msclusions can easily be drawn:
(assuming the capacity of providers is a factor 100 higher).

Transmission time of 10s of HDTV video (bitrate 20 Mbit/s ~ ® @ dedicated network for each application is econom-

or a 25 MB filesize) on a 2.5 Gbit/s access link is 80ms.
Although response times do not satisfy real time constraints
(for interactive video), it would certainly be unfeasible to
use OCS directly in the access network in this case. In-
deed, even assuming a relvatively modest end-to-end wave-
length path set-up time of 100 ms, a significant amount of
resources would be wasted. Furthermore, the large amount
of wavelength path requests may limit scalability. Thus, for
an end-to-end solution, OCS is not an attractive option in
this scenario.

2.3 Online Application: Virtual Reality

A virtual environment is typically made up of various
objects, which can be described by their shape, size, loca-
tion, etc. Also, different textures are applied on these ob-
jects. The introduction of light sources in the scene makes
it possible to mimic real-life locations and environments. A
user should not only be able to visualize the environment by
choosing different viewing angles, but also interaction with
the objects should be possible.

Usually the description of a scene can be realized in lim-
ited storage space, the size of a texture being limited to a
few Kilobytes. Thus, a scene can be stored in a rather small
storage space, typically around a few Megabytes. However,
rendering the scene is a different problem altogether: if we
demand a performance of 300 million polygons per second,

ically unsound. Although there exist several high
bandwidth and computationally intensive applications,
building a separate network connected to each user
seems unrealistic. The current convergence of phone
networks and data networks clearly proves this point.

Grid service requests will be, for the most part, highly
unpredictable. This means that, basically, a dedicated
static infrastructure is not the most optimal solution.

The sheer potential volume of requests makes elec-
tronic processing highly complex. In other words, we
need to simplify intelligence in the network as much
as possible, as well as use optics wherever appropri-
ate to deal with the huge bandwidth requirements and
number of jobs.

In many cases transmission times (job sizes) will be
rather short (few 10@s to tens of ms). This means that
using OCS end to end will prove to be too wasteful, as
holding times of wavelength paths will be too small
compared to their setup times.

At the same time, for real time applications, waiting

for a request/grant cycle to complete simply takes too
long. Combined with the high amount of jobs, current
peer-to-peer Grid systems may not be ideal.

These points make the current network solutions (OCS

computational capacities as large as 10000 GFlops are refor computational and through the current internet for peer-
quired [5]. Clearly, the rendering of these scenes, prefer-to-peer) unsuited for providing Grid access to everyone.
ably in real-time, is unfeasible using only local resources. The dedicated infrastructure will be too wasteful and inflex-
Supposing a user has at its disposal an archive of differentible, while the request/grant based architecture with elec-
scene descriptions, with a requested framerate of 25 framegronic management of Grid resources will be too complex.
per second. This amounts to a required latency smaller thariTo overcome these problems, a new infrastructure will be



required. To that end, we present an OBS based architecshared by anyone will end up in the network. Unlike other

ture, based on the philosophy of the very sucessful Internetfile sharing applications like kazaa, freenet autonomously
model. and continuously optimizes the placement of shared files,

without user intervention. The OBS network interconnect-
ing the Grid would work very similar to that concept. Note
that anycast in general can work on the application layer [8],
as well as the network level [9].

3. Proposed OBS architecture

Local
resource manager,

Computational
resources

3.2 How ajob is posted

User’s job
in form of an optlcal burst [ =]

GUNI
signallingftransport, \

Grid User Network
Interface
(Job submission gateway)

First of all, the user (or application) realizes that a lo-
cally generated computing task cannot be reasonably met
with the local processing demands, and decides to post it on
the Grid to accelerate processing. This job gets transformed
= in an optical burst, accompanied by a header indicating vari-
Soase ous parameters (e.g. processing, storage and policy require-

ments), as in Figure 3. Note that we make a very important

.‘ Intelligent

OBS router

Grid Resource Nelwurk

e i design decision here: in general, one job is contained within
Computaionl & sorage one burst. As discussed later in more detail, this will allow

resources

easier transport and network operation. Note that excep-
tions may have to be made for very large jobs which cannot
be split up in smaller ones.

Since we are dealing with an anycast situation, no desti-
nation address is needed. The burst is simply sent out into

In this section we describe step by step how and when athe OBS network. This burst then travels along a link, with
job is created in our architecture, how it progresses throughthe intermediate routers not being notified in advance of
the network and reaches its final destination, where it will its arrival, much like JIT [10] or JET based schemes [11].
be processed. First, we will explain the principle of anycast. When this burst arrives at an intermediate router, it then de-
Using this principle, the next section explains how a job is cides on the fly where to forward the burst to, based on
posted. After job completion, feedback to the user is very information contained in the preceding header, as also il-
likely required. The reporting of this feedback is discussed |ustrated in Figure 2. This will be a local decision, based

Figure 2. Generic view of the proposed OBS
architecture

in the subsequent section. on the network and application information available in the
intermediate router making the forwarding decision. Exam-
3.1 The principle of anycast ples of such information are link load, delay requirements,

estimated free computing power or storage space in a cer-

If one looks at a Grid from an end users point of view, tain outgoing direction, and estimated required computing
there will probably be only one major concern: “Do the job time or storage space. The end user doesn't specify the net-
| ask you to do, within the requirements”. In contrast, the work location where the job will be processed, and hence it
internet is mainly used in the way: “l don't care how you is implicitly scheduled through its progress in the network.
reach this information, just get it at this location”. There is This makes the Grid completely distributed and thus more
a big difference: with a Grid (in general) one does not care scalable and robust, while transforming the resource alloca-
where the job is executed, and in fact a number of (physical)tion into the earlier mentioned anycast problem (no preset
sites can provide the required service. Therefore, the desti-destination).
nation need not be known prior to submitting ! Indeed, we  Each intermediate node belonging to the network con-
choose for a scenario here where the end destination is onlynecting Grid resources with the end user goes through the
known as soon as the job arrives, thus the designation “any-same process, and eventually the burst arrives at a Grid re-
cast” (as originally proposed in [6]). This is in stark contrast source. If this resource is able to handle the job contained
with the current internet, where every packet needs a desti-within the burst, it will process it. If a burst arrives at a Grid
nation address for it to be delivered. A good example of resource which is deemed to be able to handle it, but cannot,
anycast today may be Freenet [7]. Freenet is an applicationa deflection mechanism kicks in: the burst (job) is reposted.
where a user shares a portion of its hard drive in a peer- Note that an intermediate router does not need a detailed
to-peer network. However, the sharer does not know whatview of where the resources are and how much capacity
the exact contents of that portion will be, nor where any file they have. As long as there is enough information to push



HEADER
From: User
P?Ybl.'OAD To: ?2?7?
1D Payload Size
Resource Requirements

-

Optional Offset

Figure 3. generic structure of burst contain-
ing a job

the burst closer to a suitable destination a good decision
can be made. This means, for example, that aggregation
of the avalilibility information may be a good way to reduce

state. This information can be obtained through message
exchanges, possibly using existing frameworks or formats

(e.g. OSGA [12]).

HEADER
PAYLOAD From: Server
Job output To: User
Payload Size

-

Optional Offset

Figure 4. generic structure of burst contain-
ing results

3.3 Returning the completed job

Once the job is completed, its result (e.g. the bitmap of a
rendering job) may need to be delivered (most likely to the
user who submitted the job). As Figure 4 illustrates, here
the assymmetry of the network requirements connecting the
Grid becomes very clear: Although the posting of the job

4. Advantages of using OBS

An OBS architecture would be a good supporting infras-
tructure for the future widely available Grid we consider
here, especially for the following reasons:

Loss in function of wavelengths, at load 0.8

0.1

Loss

0.001 T T T T T T 1
0 20 40 60 80 100 120 140
Wavelengths

Figure 5. Evolution of blocking behavior in
function of wavelengths

e native mapping between bursts & jobs. As we men-
tioned earlier, a single job will be mapped into one
burst. This is a very straightforward and elegant solu-
tion, as a typical job will be in the order of magnitude
of a few (tens) of megabyte, which at 2.5 Gb/s can be
translated in a burst ranging from a few hundestto
several ms. The entire job either gets through, or not
at all, which means the transport network can be sim-
plified and waste is reduced (thus we do not consider
segmentation [13]). Out of order delivery is also elim-
inated, and flow control can be simplified. On top of
that assured delivery of a job becomes easier, since you
only have to deal with 1 burst per job, reducing the re-
quirements of maintaining state. Note that due to the
anycast principle, TCP is no longer possible as trans-
port protocol for posting a job: There is no known des-
tination to setup a connection with. Since flow control
is not needed (1 job = 1 burst), a simplified transport
protocol can be used instead of TCP.

is anycast (process it anywhere), sending results back most e bufferless operation of a switch is not a problem at high

likely is not. There is a distinct return address, and more
traditional forwarding solutions have to be used. In that
case, “normal” burst switching with a fixed address can be
used. A variety of options may be applicable and will de-

wavelength count. A classical problem encountered in
OBS and OPS is the highly complex buffering, usually
in the form of bulky fiber delay lines. These buffers are
necessary as otherwise througput of the switch is rather

pend on parameters such as: the requirement to report re-  low. As Figure 5 however clearly shows, the problem

sults back, the processing time, the storage availability and
the size of results compared to the size and frequency of the

becomes smaller with an increasing wavelength count.
It shows the blocking of a single node simulation: It

jobs posted/processed. For example, in the case of scene  depicts the loss in function of the load for a four fiber

rendering, the results reported may be larger in size than
the original job, while a calculation of regression analysis

based on extensive data may generate only small results.

by four fiber switch without contention buffers. The
simulation assumes uniformly distributed traffic em-
ploying Poisson arrival processes of 180ong bursts



(more details can be found in [14]). It doesn’t consider 5. Conclusion
segmenting, which is fine considering we want a job

retained in its entirety, nor deflection routing. Asthe — ag pangwidth availability increases access to remote
flgure.shO\.Ns, as soon as more _than 100 wavelengths ""computing resources will become easier, offering a great
one direction are reached (which may or may not be 104 nity to open up these resources to an extremely large
carried by multiple fibers), an effective throughput of 5oy nase (ideally, every citizen). As we showed through
80% can be reached (loss rate0ll%). Note thatthis  gqme application scenario examples, new network archi-
doesn’t consider deflection routing, which may lower o.1,res will be required for interconnecting resources and
the loss another order of magnitude. Thus, considering,,sars. This may prove to be a great opportunity for OBS,

that the network will require hundreds of wavelengths
anyway in the future, bufferless operation may become
an attractive option by then.

since its transport format is ideally suited for the require-
ments posed. Our proposed OBS architecture, tailored to
these requirements, has some added benefits, making the

. ~ choice for OBS as supporting network architecture even
* control can be separated - advance sending. This is anmore appealing.

other classical argument for OBS, but holds especially
true here. By decoupling header and payload, the pro-

cessing delay line can be removed. If then also buffers 8- Acknowledgment

aren’t needed, as the previous argument suggest, we

can do with a switch without delay lines, at practically This work was partly funded by the european com-
no cost at all ! At the same time, dedicating few wave- mission through IST projects NOBEL, as well as e-
lengths for headers only (i.e. out of band signaling) Photon/ONe. The flemish government also providing partly
may prove to be very effective to reduce costly O/E/O funding through the IWT-GBOU project 010058 "Optical
interfaces (see also next point). Combined with de- Networking and Node Architectures”. Erik Van Breusegem
flection routing and the principle of anycast, probably would like to thank the IWT for financial support through
a wider range of timing inaccuracies can be tolerated. his Ph. D. grant.

e circumvents electronic bottleneck. This is a classi-
cal argument in favor of OBS. As electronics evolve
slower than optics in terms of speed, which will only
become worse, optics will have to carry most of the [1]
burden. Electronics are only used here for what they
excel at: intelligent decisions. Pushing data bits
around at high speeds is completely, end to end, left
to the optics. At the same time, by distributing the [2]
actual scheduling decisions throughout the network
nodes and using a simple algorithm, the creating of a
potential scheduling bottleneck is avoided. In essence,
each OBS node is a simplified resource broker. 3]

e low set-up time. This is mainly an argument rele-
vant when comparing with OCS. Since no real setup
is involved, reaction time can be decreased drastically
which may be a hard requirement for future applica-
tions.

[4]

As argued above, not only would OBS in general (and
the architecture specifically) succeed very well in connect-
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