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Figure 3.10: The INOC LCAN Switch’s Mutilated Crossbar

An LCAN switch has less connections than a regular crosshigects This is due to the
fact that no connections are allowed between two uppers,tbetsame port. Consequently,
as Figure 3.10 shows, a squared LCAN switch only fna% = 3d? crosspoint switches.

Thus the full network will have

3dd %" log, n = 3dnlog,n (3.2)

crosspoint switches, which @(nlogn).
A squared LCAN has d/u ratio of 1. By increasing that number, we reduce the band-
width in higher layers until we reach the limit. Aary tree is an LCAN withl/u ratio of

d (u = 1). In this case, it is well-known that a complete network withodes has

ot ] — losan n—1
4 = = d? 3.3
! 1—d d—1 (3.3)

=0

switches, which i$)(n). Each of these LCAN switches hd$ + 2d crosspoint switches,
thence the total cost of suahary tree’s interconnection networkd¥(n). The drawback is
that for each new level, the bandwidth is reduced by a fadtdr o

The complexity added by the Service Table represents aamtristrease of)(¢) tran-

sistors, where t is the size of the per-port Cache. If we @& + u) logn) ports in the
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network, the whole network cost increases ta'@(* + d logn), which is stillO(n logn).
Recall that the largest valukcan take is:, in which case we would have a single crossbar.
Hence, we can safely assume a SAR LCAN will always cost betwke ) andO(nlogn).
Given that the savings in the worst-case scenario are giyem flactor ofO(n), the
performance/cost ratio of an LCAN-based system perforrsinglarly to one using a full
crosbar represents an improvement by that much. This méahsystem performance
must decrease by a linear factor in order to make this switchposition unjustifiable.
However, the bandwidth is kept regardless of the number\alde and the latency in-
creases by a factor of the number of levels, @¢log n). This means that even though the
performances affected, the more levels the LCAN has, the more cost-effidiee system

becomes.
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CHAPTER4

CONCLUSIONS

Service-Address Routing opens a new field of research, se thigt can give research
material to many journal papers and doctoral dissertatidiiie main focus of this work
was to introduce SAR, justify its basic principles and saiae its benefits. It is virtually
impossible to look into a new line of research and define wiexktis to do in an exhaustive
manner. This chapter summarizes the contributions madei®work and makes note of

several more tasks that need to be looked into in the neaefutu

4.1 CONTRIBUTIONS

Several achievements have been presented throughoubthusnént. The most important
is that we showed via experimentation the two hypothesesepted at the end of Chapter
One. Service- Oriented Programming has been evolving ahdneimg network trans-

parency. Systems like Jini and CORBA implement nodelessnElserver interfaces at
the application layer. Strictly speaking, they are SAR eys implemented wholly in the

highest OSI layer. This work takes away the centralized lupaservices, sets the applica-
tion layer free of resource discovery and management, aptements them straight into

the interconnection network, away from the computing noddss resulting system was

evaluated and compared against Jini, its closest relative.

Other contributions and achievements are enumerated below

1. The use of Content-Addressable Memories (CAMs) was megpas an implemen-
tation of the Service Table. This allows an efficient, constane service lookup

operation.
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2. The Least-Common Ancestor Networks were used to crealade hierarchical sys-
tems using commonly-available crossbars. This choice wafudly evaluated both
experimentally and theorically, using a simulated envinent and a cost-performance

analysis, respectively.

3. The use of fixed-size Level Caches, instead of the moréydostel-Global Knowl-
edge, was proposed and analized. The results from thesgraepés show that there

IS no penalty, at least with the routing algorithms usediheessociated to it.

4. A programming paradigm was proposed, with examples siwptiie process of im-

plementing an algorithm using that paradigm.

5. A programming interface was proposed, using the UNIX sbakterface. It was
shown how with few modifications one can harness the poweA& &sing this sim-
ple, well-known interface. This option was evaluated bytwg an algorithm using

the interface, and comparing it to other implementatiomsgialternative interfaces.

6. The design and implementation of an event-driven hibieat network simulator for

behavioral and performance evaluations.

7. Two implementations of SAR systems were proposed, eaedifferent integration

level. Namely, they are SAR LCAN Clusters and INoCs.

8. Proposal of a minimal protocol set for the most basic SARted communications.
In the protocol definition itself, it can be noted how SAR rigs low overhead and

little header processing.

4.2 RITUREWORK

As mentioned earlier, it is impossible to detail everythingt has been left to do by further

research and development projects. However, the follofengpoints are questions that
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need answering or possibilities that need deep analysis.

1. Performance analysis of packet-switched SAR networks.
2. Analysis of SAR systems where requests in a job need naturehed individually.

3. Implementation of a SAR prototype and analysis of its prtps, especially perfor-

mance.

4. Integration of a SAR protocol stack in a UNIX operatingtsys, and evaluation of

the latency incurred.
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CHAPTERD

PUBLICATIONS RESULTED FROM THIS
WORK

e Service discovery for GRID computing using LCAN-mappedréiehical directo-

ries. Journal of Supercomputing, March 2007.

e Service Address Routing: A Network-Embedded Resource Bamant Layer for

Cluster Computing. To be published in the Parallel Compudiournal, Elsevier.

e Federated GRID Clusters using Service Address Routed &pietworks. To be

published in Future Generation Computer Systems, Elsevier

e Service Address Routing: A Network Architecture for TightCoupled Distributed

Computing Systems. ISPAN 2005, in Las Vegas, Nevada.

e Cost-Performance Analysis of Service-Address-Routedt-Eammon-Ancestor Net-

works. Submitted to The Journal of Interconnection Network

¢ Intelligent Networks on-Chip Based on Service-AddresstiRgu Submitted to IEEE

Computer Architecture Letters.

e Performance Analysis of Service-Address-Routed, TigBiypled Computing Clus-

ters. Submitted to Elsevier's Journal on Parallel and higted Computing.

e Programming Service-Address-Routed Cluster SystemsmBeil to IEEE Trans-

actions on Parallel and Distributed Systems.
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