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Figure 3.10: The INOC LCAN Switch’s Mutilated Crossbar

An LCAN switch has less connections than a regular crossbar switch. This is due to the

fact that no connections are allowed between two uppers, or to the same port. Consequently,

as Figure 3.10 shows, a squared LCAN switch only has3
4
n2 = 3d2 crosspoint switches.

Thus the full network will have

3ddlogd n logd n = 3dn logd n (3.2)

crosspoint switches, which isO(n log n).

A squared LCAN has ad/u ratio of 1. By increasing that number, we reduce the band-

width in higher layers until we reach the limit. Ad-ary tree is an LCAN withd/u ratio of

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

log n−1X

i=0

id =
1 − dlog

d
n

1 − d
= d2n − 1

d − 1
(3.3)

switches, which isO(n). Each of these LCAN switches hasd2 + 2d crosspoint switches,

thence the total cost of suchd-ary tree’s interconnection network isO(n). The drawback is

that for each new level, the bandwidth is reduced by a factor of d.

The complexity added by the Service Table represents a constant increase ofO(t) tran-

sistors, where t is the size of the per-port Cache. If we haveO((d + u) log n) ports in the
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network, the whole network cost increases to O(dlog n + d logn), which is stillO(n log n).

Recall that the largest valued can take isn, in which case we would have a single crossbar.

Hence, we can safely assume a SAR LCAN will always cost between O(n) andO(n log n).

Given that the savings in the worst-case scenario are given by a factor ofO(n), the

performance/cost ratio of an LCAN-based system performingsimilarly to one using a full

crosbar represents an improvement by that much. This means that system performance

must decrease by a linear factor in order to make this switch composition unjustifiable.

However, the bandwidth is kept regardless of the number of levels, and the latency in-

creases by a factor of the number of levels, i.e.O(log n). This means that even though the

performanceis affected, the more levels the LCAN has, the more cost-efficient the system

becomes.
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CHAPTER 4

CONCLUSIONS

Service-Address Routing opens a new field of research, so wide that can give research

material to many journal papers and doctoral dissertations. The main focus of this work

was to introduce SAR, justify its basic principles and scrutinize its benefits. It is virtually

impossible to look into a new line of research and define what there is to do in an exhaustive

manner. This chapter summarizes the contributions made by this work and makes note of

several more tasks that need to be looked into in the near future.

4.1 CONTRIBUTIONS

Several achievements have been presented throughout this document. The most important

is that we showed via experimentation the two hypotheses presented at the end of Chapter

One. Service- Oriented Programming has been evolving and enhancing network trans-

parency. Systems like Jini and CORBA implement nodeless Client-Server interfaces at

the application layer. Strictly speaking, they are SAR systems implemented wholly in the

highest OSI layer. This work takes away the centralized Lookup services, sets the applica-

tion layer free of resource discovery and management, and implements them straight into

the interconnection network, away from the computing nodes. This 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 proposed as an implemen-

tation of the Service Table. This allows an efficient, constant-time service lookup

operation.
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2. The Least-Common Ancestor Networks were used to create scalable hierarchical sys-

tems using commonly-available crossbars. This choice was carefully evaluated both

experimentally and theorically, using a simulated environment and a cost-performance

analysis, respectively.

3. The use of fixed-size Level Caches, instead of the more costly Level-Global Knowl-

edge, was proposed and analized. The results from these experiments show that there

is no penalty, at least with the routing algorithms used herein, associated to it.

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

plementing an algorithm using that paradigm.

5. A programming interface was proposed, using the UNIX socket interface. It was

shown how with few modifications one can harness the power of SAR using this sim-

ple, well-known interface. This option was evaluated by writing an algorithm using

the interface, and comparing it to other implementations using alternative interfaces.

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

behavioral and performance evaluations.

7. Two implementations of SAR systems were proposed, each ona different integration

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

8. Proposal of a minimal protocol set for the most basic SAR-related communications.

In the protocol definition itself, it can be noted how SAR requires low overhead and

little header processing.

4.2 FUTURE WORK

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

research and development projects. However, the followingfew points 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 not be launched individually.

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

mance.

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

the latency incurred.
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CHAPTER 5

PUBLICATIONS RESULTED FROM THIS

WORK
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