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Figure 3.3: The Simulator Implementation’s Class Hierarchy

and working upwards.

A H IERARCHICAL NETWORK REPRESENTATION

The whole purpose of this simulator is to evaluate differenthierarchical networks, so it is

natural that its first conceptual layer should be a representation of such networks. The re-

sources conforming this layer are: Port, Switch Port, Switch and Node. They are contained

in a single module called Resources. On top of this layer lie the three architectures studied

in this work, as could others if plugged in the future for further analysis. Please refer to

Figure 3.3 for the class hierarchy.

JINI SIMULATOR

The Jini algorithms are very simple both to describe and to implement. In a nutshell, there

is a Lookup server that keeps track of the services nodes are capable of providing, along

with the node status. There is the concept of alease, which is a permission given to a node

to use some node’s service; the Lookup service will assign leases fairly, so that load is

distributed evenly and there will be no starvation or overloading of servers. When a node

produces a service request, it first looks at its own Lease Table to see if there is a suitable

server assigned to it. If there is, and the lease hasn’t timedout, the request is sent directly
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to that server; if there isn’t, a lookup process will be started, and the request will back off

until the Lookup service replies.

In order to simulate the Jini architecture, a very simple setof additions is necessary. We

need to include a module with the algorithms, implemented asevents, called Jini-Events.

There are two more modules, called Jini-Resources and Jini-Message. The resources used

by Jini are the ones from the layer below, with the addition ofa Lookup Node and its

Lookup Table. Further, each regular Node is equipped with a Lease Table to keep track of

the leases, assigned by the Lookup Node, and their deadlines.

SAR-MIDDLEWARE ARCHITECTURE AND SIMULATOR

In order to separately test the two hypotheses presented in Chapter 1 separately, an interme-

diate architecture was developed. It was calledSAR-Middleware, because it resembles the

SAR philosophy implemented within the nodes —perhaps as a middleware layer—, instead

of within the switching elements of the interconnection network. It can be regarded both as

a hybrid and as an intermediate step between the Jini architecture and the SAR architecture

presented in this work. It can also be regarded as a fully-distributed version of Jini.

The lookup algorithm works similarly to that of Jini, but being there no centralized

Lookup service, each node has to broadcast the lookup request in order to receive a global

view of the system. However, a complete broadcast for each lookup request would be

too expensive to only think about; hence, we relied on a partial broadcast mechanism that

will deliver a message or a connection to a node if and only if all the resources needed

(i.e. crosspoint switches, point-to-point links and tableentries) are available to use at once.

Thus, a lookup request will not necessarily be received by all nodes in the system, but

instead for those that have a frank path to the requestor. Allnodes from those that can

provide the service, will reply granting the requestor a lease. However, they cannot know

if the requestor will take the lease from them or from anotherserver, so they will not keep

track of it. When a node produces a service request, just likewith Jini, it will check for a
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suitable lease that hasn’t timed out; if found, the service request will proceed directly to the

server; if not found, the lookup process will be triggered. When a node launches a lookup

request, it has no idea as to when a reply will come, so the request is backed off a random

amount of time that grows logarithmically with the number ofattempts to request.

To implement this architecture, the lookup table has to be broken down, and every node

has to incorporate a portion therein. The result is similar to the Service Table portions that

the nodes have in a SAR system. The simulated nodes are hence similar to the ones from

the subjacent layer, but include this Lookup Table and the Lease Table. In order to keep

the nomenclature homogeneous, the modules implementing this architecture are named

MW-Resources, MW-Events and MW-Message.

SERVICE-ADDRESSROUTING SIMULATOR

The SAR resources, algorithms and mechanisms have been explained with much detail in

Chapter 2. There is a class to represent each of the resourcessuch as Port, Switch, Switch

Port and Node; they all have additions to the ones in the layerbelow as has been described

in the previous chapter. The modules that implement the SAR simulator are called SAR-

Resources and SAR-Events.

THE FINISHED SYSTEM

There is a set of other modules meant for setting up and monitoring the simulator:

• Chron. Takes real-time measurements in order to do performance monitoring and

optimization of the simulator itself.

• Initialize. This module prepares the simulator for execution, so its responsabili-

ties are many. Interpreting the command-line arguments andsetting the simulator’s

optional settings accordingly. Invoking the Layout moduleto setup the network.

Reading-in the services configuration file and generating events accordingly. Invok-

ing the Chron and Signals modules to set the real-time chronometers and the signal
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handlers, respectively. Reading-in the workload configuration file and generating

events accordingly. Finally, it sets some preliminary statistics using the Stats mod-

ule.

• Layout. This module reads-in the network configuration file, and configures the

network accordingly. It creates nodes and switches of the types specified by the user,

and interconnects their ports also according to the configuration file.

• Log. This module is used to create the Log file. Every major event that occurs during

a simulation is recorded there. For example, a new request was launched, or a reply

arrived to the requestor.

• Signals. This module changes a few signal handlers so that the user canbetter inter-

face with simulations running in the background.

• Stats. This module is for storing a table with all metrics taken during simulation. At

the end of it, the table will be writen to disk into a file calledthe Stats file.

3.3.2 METHODOLOGY

Before setting up the experiments themselves, we need to decide what it is that we need to

analyze, measure and prove. As mentioned in Section 3.1, we have four main purposes for

the experiments, of which we can distinguish the following three categories: i) analysis of

the SAR LCAN’s Scalability, ii) how Jini compares to theSAR-Middlewarearchitecture,

and iii) how theSAR-Middlewarearchitecture compares to SAR. The analysis of the SAR

LCAN Scalability is meant to justify two choices: the proposed hierarchical design using

LCANs, and the use of limited process queues inside the nodes. The second category of

experiments is an attempt to prove the first hypothesis of using a completely distributed ar-

chitecture based on service-addressed communications implemented in a layer beneath the

applications. The third category is meant to prove the second hypothesis, namely the imple-

mentation of that communications facility inside the network fabric components (switches).
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In order to provide with a quantitative method of comparing results and making con-

clusions, we will provide measurements of the following performance figures: round trip,

response time, cpu utilization, time attempting request, number of request attempts, num-

ber of reply attempts, time attempting reply and time in the server’s queue. These numbers

will be calculated both per request and per job. Per-requestnumbers will give an idea of

the raw performance of the system being tested, but per-job numbers will tell us what the

user actually sees, because it is only when a job is finished that the user can say he’s happy.

The only exception is the cpu utilization, which will be measured for the whole timeslot

being analyzed, instead of per job or request. The numbers for a job will be the maxima

amongst all its composing requests, because by definition a job can only end when the last

request has finished. The most important figures, of course, are the Job Response Time,

the CPU Utilization, and the Job Throughput; they will measure, respectively, the average

happiness level per user, the resource utilization as oposed to resource waste, and the rate

of users happy per unit of time.

The individual experiments are specified by establishing constant and variable system

parameters, and the values they will take. This is achieved by the use of a descriptive table.

The parameters used to describe a test are:

System Configuration:

• Nodes. Number of nodes in the system.

• Shape. In systems using a network hierarchy, this parameter indicates how many

switching stages(L) there are, how many downers per switch (D), and how many

uppers per switch (U). The format is L-DxU.

• Cache Size. The number of entries in each port’s table. It defaults toServices Per

Node(see below).

Services Configuration:
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• Services. Maximum number of services that will be available throughout the whole

system.

• Services Per Node. The maximum number of different services a node can provide.

Workload Configuration:

• Number of Requestors. Size of the node subset that will be producing service

requests at any point during runtime.

• Avg. Jobs Per Requestor. The expected number of request bursts a requestor will

produce during the system runtime.

• Max. Job Size. Each Job is composed of a number of of requests of the same service

produced at the same time. This parameter limits said number.

• Max. Spacing. This parameter limits the time between two consecutive Jobs, re-

gardless of the requesting node’s identity.

• Max. Processing Time. This is the limit on the CPU time any request can take on

the server.

SAR LCAN SCALABILITY

The first batch of experiments is meant to answer the following questions:

• “How does the Service Table Cache size affect the system’s performance?”

• “Does limiting the process queue sizes in the nodes affect positively or negatively the

system’s performance?”

• “How does having an LCAN hierarchy affect the Scalability ofSAR?”

In order to answer these questions, a set of experiments was devised where sets of

clusters are simulated. The experiments are named acordingly to the question they are
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Parameter Parameter Value for Test...
1 2 3 4 5 6 7 8 9 10

Cache Size 10 20 30 40 50 60 70 80 90 100
Shape 5-3x2
Nodes 243

Services 100
Services Per Node10

Avg. Jobs Per Node 8
Max. Job Size 16
Max. Spacing 10 seconds

Max. Processing Time 100 seconds

Table 3.1: Experiment Description: Caches

supposed to answer; these names are:Cache Size, Limiting the Queue SizeandComposite

Switch.

Cache Size. This experiment will attempt to prove that by relinquishingLevel-Global

Knowledge (and hence avoiding the possibly exponential table growth), the system per-

formance does not get negatively affected. Remember that Level-Global Knowledge is a

special case of Level Caches (see Section 2.2). The main difference between the two comes

down to the fact that the latter is scalable whereas the former is not. This arises from the fact

that Level Caches has a per-port service table of constant size and Level-Global Knowled

has a table that depends on the current level and the total number of different services in

the system.

In this experiment, the simulated clusters will differ in the number of cache entries per

port. The increase will be linear, and it will range from the number of different services per

node (Level Caches) to the number of different services in the whole system (Level-Global

Knowledge). Table 3.1 indicates the values for the other system parameters, which remain

constant across the clusters.

Limiting the Queue Sizes. Even though theoretically a process queue could grow for

ever, that does not necessarily mean it is a good idea. Without a proper load-balancing

mechanism, the queues could grow ever larger in a node subsetwhile other nodes are

becoming idle. This experiment will repeat the previous one, with the slight difference that
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Parameter Parameter Value for Test...
1 2 3 4 5 6 7 8

Shape 2-16x16 2-16x8 2-16x1 4-4x4 4-4x2 4-4x1 2-16x4 1-256x0
Cache Size 10

Nodes 256
Services 100

Services Per Node10
Avg. Jobs Per Node 8

Number of Reqeustors16
Max. Job Size 32
Max. Spacing 10 seconds

Max. Processing Time 100 seconds

Table 3.2: Experiment Description: Composite

the queues are arbitrarily limited to 10 process (Q), with a maximum of 4 processes serving

the same type of service (k).

Composite This set of experiments is meant to understand the role of theLCAN Shape

(i.e. the ratio between the number of downers and uppers in the switch, and the number

of levels) in the distribution of jobs, cache information and scheduling. Several LCAN

networks connecting the same number of nodes will be compared against each other, and

then against a single crossbar.

The workload also remains constant across experiments, however its distribution is not.

Four test groups were created, one for each LCAN shape tested. Each group consists of

four tests, one for each distribution of work requests. Table 3.2 specifies the system and

workload configuration.

As can be seen, the set of requests is the same accross all tests; however, they are

performed by a subset of the nodes. This is to analize how the network shape helps or

obstructs distribution of load amongst servers.

JINI VS. SAR-MIDDLEWARE

These experiments will attempt to prove the advantage of having a fully distributed service-

addressed intercommunication facility implemented in a layer underneath the applications.
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Parameter Parameter Value for Test...
1 2 3 4

Nodes 32 64 128 256
Max Job Spacing (sec.)100 50 25 12

Cache Size 10
Services 64

Services Per Node10
Avg. Jobs Per Node 8

Max. Job Size 8
Max. Spacing 10 seconds

Max. Processing Time 100 seconds

Table 3.3: Experiment Description: Cluster Size with LightWorkload

For these experiments, we are going to consider a single crossbar switch as the interconnec-

tion network, for two reasons: first, the focus of this work are tightly coupled distributed

systems; second, this way there a hierarchical structure would give Jini a clear disadvan-

tage, which would make it unfair for it. We are going to test two different scenarios: i) how

the systems scale as the number of nodes grows (Cluser Size),and ii) how the system be-

haves when the same exact workload is produced by a reduced node subset. A note has to

be made about Jini experiments: The number of requestors andthe number of servers will

always be one less than the specified in the table. The reason is that Node Zero holds the

Lookup Service, and it cannot request or provide any serviceother than that. This does not

alter the experiment because one less requestor is only a marginal difference that cancels

out by the absence of one server.

Cluster Size. When the system scales in size, we want its processing capabilities to

scale as closely as possible. For this reason, in this experiment we will double the number

of nodes in each subsequent test, and we will also have the newnodes provide the exact

same workload at the same rate, so the system will effectively receive twice the work per

unit of time. What we expect from this experiment is to compare what system deals better

with these changes. Table 3.3 shows the system parameters used for this experiment:

Unbalanced. On a cluster, not all of the nodes have to interface with the users. In fact, it

is not uncommon that some clusters will have a set of machinesdevoted only for workload
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Parameter Parameter Value for Test...
1 2 3 4

Requestors 32 64 128 256
Max Job Spacing (sec.)100 50 25 12

Nodes 256
Cache Size 10

Services 64
Services Per Node10

Avg. Jobs Per Node 8
Max. Job Size 8
Max. Spacing 10 seconds

Max. Processing Time 100 seconds

Table 3.4: Experiment Description: Unbalanced with Light Workload

processing, while others serve as terminals for the users toenter new tasks into the system.

It is the purpose of this experiment to show how these two systems would behave in such

condition. To simulate this scenario, the number of requestors is halved in each subsequent

test, as shown in table 3.4. We then analyze and compare how these systems behave under

such conditions.

SAR-MIDDLEWARE VS. SAR

These experiments are the next step from the previous. We know beforehand (for varied

preliminary experimental analysis) that the workload usedto compare Jini versus SAR-

Middleware is, in fact, not a challenge for the latter. We also know that it is not a challenge

for SAR either. Thus, we repeated the previous experiment tocompare these two systems;

instead of producing a maximum job size of eight requests, the job size will be limited in

these experiments to thirty-two requests.

3.3.3 RESULTS AND DISCUSSION

Five experiments were carried out. The first three were meantto analyze the scalability

of SAR LCANs; these experiments were namedCaches, Limited QueuesandComposite.

The last two’s purpose is to show how SAR compares against itsclosest cousin in terms of
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goals: Jini. However, there are two principles to SAR, of which Jini implements the first

at the application level (Service Addressing), and the second not at all (Routing of Service

Addresses inside the network). For this reason, we developed the SAR-Middleware archi-

tecture, which is similar to Jini, but with two differences:service addressing is performed

by the operating system, and there is no centralized lookup server.

During the preliminary experimentation stage of this work,it became clear that Jini and

SAR did not belong in the same bracket; a workload that would seem reasonable for use

with Jini would run fine with SAR, but one that stressed a SAR cluster, or even a SAR-

Middleware cluster, caused so many network conflicts with Jini that the system became

deadlocked. For this reason, we used two different workloadsets: light and heavy. The

light workloads were used to compare Jini and SAR-Middleware, while the heavy were

used for SAR-Middleware and SAR. The following sections show the most relevant graphs

showing the results obtained from those experiments, and discuss what can be deducted

from them.

SCALABILITY OF SAR LCANS

The use of Service Table caches was proposed in Chapter Two asa low-cost alternative

to the exponential cost increase of Level-Global Knowledge. This knowledge distribution

method was called ”Level Caches”. In this set of experiments, we use ten different cache

sizes, growing linearly, where the smallest is the proposedsize of ”the maximum number

of different services to be provided by a single node”, and the biggest is equivalent to

Global-Level Knowledge.

In the graphs shown in Figure 3.4, we can see that requests spend almost 70% of the

response time queued in the server. This is good, because that means the servers are found

quickly. The actual amount of time processes are queued is not so relevant, as it depends

on the actual workload and how it relates to the amount of available resources. What we

are looking for in these graphs is wether Level-Global Knowledge finds servers better than
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Figure 3.4: Measurements for theCachesexperiment. To the left, statistics were computed
per Request. The ones in the right were computed grouping them in their respective Jobs.
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smaller caches, and if the server selection is more adequate. The average response time

shows to not vary by more than 5% accross all tests. Further, Level-Global Knowledge’s

was not the least. When we turn to see how many requests and jobs were completed during

a small timeframe, we can notice how the number is exactly thesame regardless of the

cache size. This was run in a system with five switching levelsand the LCAN was not

squared, wich proves the cache size is not relevant to systemperformance even for large

systems.

The second experiment, whose results are shown in Figure 3.5, is an attempt to minimize

job response time by avoiding nodes whose process queues arelarger than a parameter Q

and contain k processes of the same service type. Though arbitrary, Q and k are workload-

dependent parameters, because in a heavily-loaded system asmall choice of Q and k would

do nothing but saturate the network with requests that cannot be satisfied. In this case, we

chose Q = 5 and k = 2. By means of these parameters, the average response times improved

21% per request and 17% per job. The reason is that the requesttime was reduce roughly

to half. These numbers are again very similar regardless of the cache size, but this time the

largest cache had the second-to-worst average response time. Request and job throughput

varied a little, but not significantly enough to be visible.

The third experiment’ statistics are in Figure 3.6. Averageresponse time per process

groups the tests in three different groups. The cluster witha single crossbar produced an

average response time of aproximately 120 seconds, while the four-layered non-redundant

tree’s is of 500 seconds. In between, the rest of the systems show very similar response

times: an average of 351 seconds, which is not much higher than the general average of

342 seconds, and a standard deviation of 22 seconds. The LCANshape does not affect

negatively the response time, and the number of levels only produced an increase of aprox-

imately 7%. Job-wise speaking, the response time appears toactually improve for networks

with less uppers per switch. That is probably due to the pollution of Service Table caches

caused by frequent updates of more nodes. The crossbar-based system has an average re-
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Figure 3.5: Measurements for theLimited-Queuesexperiment. To the left, statistics were
computed per Request. The ones in the right were computed grouping them in their respec-
tive Jobs.
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Figure 3.6: Measurements for theCompositeexperiment. To the left, statistics were com-
puted per Request. The ones in the right were computed grouping them in their respective
Jobs.

sponse time of aproximately a fourth of the rest’s, but this time the non-redundant four-level

tree is much closer to the average.

CLUSTER SIZE

Figure 3.7 clearly shows that even with a light workload Jiniis not scalable. In these

experiments, both job rate and number of nodes was doubled ateach step, representing

two equal clusters with similar workload that had been connected together replacing their

respective switches by a bigger crossbar. A system shows good scalability properties the

response time and request processing throughput are not affected; if they get reduced, then

the system shows great resource utilization. Jini’s response time grows exponentially with

the system, although at a smaller rate. However, SAR-Middleware shows it has no problem

scaling with the cluster size at least using light workloads. With heavy workloads, SAR-

Middleware becomes sloppy, producing response times an order of magnitude larger than

those of SAR. However, even then the response times do not grow exponentially like those

of Jini.

Request throughput doesn’t get negatively affected in Jiniusing light workloads, which

means that proportionally to the workload they are reduced exponentially. That is another

sign of poor or null scalability. Although job throughput appears to scale appropriately,
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Figure 3.7: Measurements for theCluster-Sizeexperiments. To the left, tests were run
with the light workloads to compare Jini and SAR-Middleware. The ones in the right were
run using the heavy workloads to compare SAR-Middleware andSAR.
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that is naught but a byproduct of chance. It is impossible to sustain a job completion rate

above a request rate. When using SAR-Middleware, request and job throughputs scale

acordingly to the system scaling rate. With heavy loads, SAR-Middleware’s request and

job throughput are similar to SAR’s, though at the cost of very high latencies.

System runtimes show that Jini’s ability to handle requestswas surpassed after the sec-

ond test, while SAR-Middleware’s had no problem finishing all the requests not much after

the last one was launched shortly before second 22600. For the heavy workloads, SAR

appeared to have a handful trying to process the requests at the same rate they were being

produced in the first cluster, but as the system size grew it was able to do a better request

placement, so the overal throughput could grow to match the request rate. In this matter,

SAR-Middleware did not do as well, but at least its total completion times did not grow

like Jini’s.

UNBALANCED

In these experiments, visible in Figure 3.8, only a subset ofthe nodes produces service

requests, while the rest serve. Theses systems mimic clusters which are not uncommon,

where some nodes are destinated to serve as access terminals. In this case, these access

terminals also provided services, so we have the same numberof servers throughout all

tests. The number of access terminals in each step was doublethat of the previous. This

doubling of the number of requestors represents a halving ofthe response time for Jini. The

same exact cluster produced twice the response times when the same exact workload was

produced by half the requestors. SAR-Middleware’s latencies were affected, but not highly

noticeably. With heavy workloads, nevertheless, it produced better response times with

more requestors than otherwise. SAR appears to need even higher workloads to saturate

like the former did.

Jini shows throughput rates a little higher than SAR-Middleware, and for heavy loads

SAR-Middleware shows the same throughput as SAR. This meansthey all benefited from

94



Figure 3.8: Measurements for theUnbalancedexperiments. To the left, tests were run
with the light workloads to compare Jini and SAR-Middleware. The ones in the right were
run using the heavy workloads to compare SAR-Middleware andSAR.
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Figure 3.9: Implementation of a full Crossbar

the extra bandwidth. System runtime shows the light workload was too much for Jini,

while SAR-Middleware had no problem with it. The latter did have problems handling

high workloads, but increasing the number of requestors helped much. In all tests, SAR

finished a short time after the last request was launched.

3.4 COST/PERFORMANCEANALYSIS OF SAR LCANS

A crossbar switch with n bidirectional ports requiresn2 crosspoint switches. In fact, this

is a special case of the more general rule, that a crossbar switch with n input ports andm

output ports requiresn × m crossbar points, as shown in Figure 3.9. It is evident from this

fact that using a full crossbar does not scale for systems with large numbers of nodes. It

is well-known that a clos network can reduce such requirement to O(k log(n/k)) switches

with n/k ports by means of a multistage switch array. The number of crosspoint switches

is thereby reduced to

O(
n2

k
log k). (3.1)

This represents a reduction by a factor ofk/ log(k). It means that, the more switches

we use, the bigger the savings. However, bandwidth is not preserved. Using a squared

LCAN, the complexity requirement is slightly lower, with the added advantage that it has

full crossbar bandwidth.
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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−1∑

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

• Service discovery for GRID computing using LCAN-mapped hierarchical directo-

ries. Journal of Supercomputing, March 2007.

• Service Address Routing: A Network-Embedded Resource Management Layer for

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

• Federated GRID Clusters using Service Address Routed Optical Networks. To be

published in Future Generation Computer Systems, Elsevier.

• Service Address Routing: A Network Architecture for Tightly- Coupled Distributed

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

• Cost-Performance Analysis of Service-Address-Routed Least-Common-Ancestor Net-

works. Submitted to The Journal of Interconnection Networks.

• Intelligent Networks on-Chip Based on Service-Address Routing. Submitted to IEEE

Computer Architecture Letters.

• Performance Analysis of Service-Address-Routed, Tightly-Coupled Computing Clus-

ters. Submitted to Elsevier’s Journal on Parallel and Distributed Computing.

• Programming Service-Address-Routed Cluster Systems. Submitted to IEEE Trans-

actions on Parallel and Distributed Systems.
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