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Abstract A classification of the related ar-
eas of optical/optoelectronic interconnection
network research, electrical-based intercon-
nection network research and computational
models is presented. In particular, a holis-
tic viewpoint of optical/optoelectronic in-
terconnection networks is adopted. This
viewpoint provides significant insight into
the important issues regarding optical/opto-
electronic interconnection network research,
and more importantly, its role in support-
ing teraflop computing. In particular, re-
lationships between these three areas are
characterized. Two types of relationships
have been considered: electrical-to-optical
and computational-to-optical.
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1 Introduction

The recent intensified research efforts in the
area, of optical and optoelectronic interconnec-
tion networks have been motivated by the de-
sire to attain significant increases in computa-
tional speed, in the order of teraflop (or be-
yond) computing. The prevailing view in the
research community is that such a goal is real-
izable only by the deployment of optical-based
interconnection networks in high performance

computing systems [1, 2, 3]. There is a wide
spectrum of research interests in current inter-
connection networks. Advancements in physi-
cal optical technologies for transport, architec-
ture, media access protocols, intelligent opti-
cal networks and models for computations are
noted in the recent literature [3].

We note that there are significant rela-
tionships between optical-based interconnec-
tion network research and its electrical-based
counterpart. Many communication protocols
and topologies from the electrical domain have
been modified and extended to produce better
optical /optoelectronic networks [2, 4, 5, 6].

We also note that some new fast algo-
rithms have been proposed for optical/opto-
electronic architectures [1, 7, 8]. It is clear
that optical/optoelectronic networks have a
profound impact on the speed of computations.

In this paper, we provide a classification
of the related areas of optical-based intercon-
nection network research, electrical-based in-
terconnection network research and computa-
tional models. In particular, we adopt a holis-
tic viewpoint of optical interconnection net-
works. This viewpoint provides significant in-
sight into the important issues regarding op-
tical interconnection network research, and
more importantly, its role in supporting ter-
aflop computing. In particular, we character-
ize the relationships between these three areas,



namely, electrical-based interconnection net-
work research, optical-based interconnection
network research and computational models.

This paper is organized as follows. A holistic
viewpoint of optical-based interconnection net-
work research, electrical-based interconnection
network research and computational models is
presented in Section 2. This discussion focuses
on the nature and roles of the significant rela-
tionships between the three domains. Section 3
examines further details pertaining to the rela-
tionships between electrical-based interconnec-
tion network research and optical-based inter-
connection network research as well as between
optical-based interconnection network research
and computational models. Conclusions are
given in Section 4.

2 A Holistic Viewpoint

In this section we establish a classification
based on the nature and roles of the in-
teractions between each of three important
domains that influence optical/optoelectronic
interconnection network research, namely,
electrical-based interconnection network re-
search, optical-based interconnection network
research and computational models. Specifi-
cally, we focus on characterizing the relation-
ships between (a) electrical-based interconnec-
tion network research and optical-based inter-
connection network research and (b) optical-
based interconnection network research and
computational models.

Three broad areas which influence the de-
velopment and deployment of optical/opto-
electronic interconnection networks have been
identified. These areas are:

1. Electrical Interconnection Networks:
Electrical-based interconnection networks
have almost ubiquitous use in computing
systems. In our investigations, we have
characterized these types of interconnec-
tion networks by considering such factors
as their topology, performance metrics,
message routing, fault tolerance, and ab-
stract general framework of representation

provided by graph embedding and prod-
uct networks. We have further considered
a rough ordering based on the degree of
influence that these factors have on in-
terconnection networks. Thus, topology
and performance metrics have the most in-
fluential role, routing and fault tolerance
have less influence and finally, graph em-
bedding and product networks have the
least influence. This characterization is il-
lustrated in Figure 1 by the largest circle
placed closest to the center, and succes-
sively smaller and more remotely located
circles representing those factors of lesser
influence.

. Optical and Optoelectronic Inter-

connection Networks: We have also
considered characteristics of optical and
optoelectronic interconnection networks.
The optical domain itself is characterized
by the use of light as the information car-
rier. Two related fields of study include
optical computing and optical telecommu-
nications, the former using optics as the
basis for logical gating and the latter using
optics for information transport purposes.
This characterization is also illustrated in
Figure 1. Further details of the character-
istics of optical and optoelectronic inter-
connection networks are presented in Sec-
tion 3.1.

. Computation: We have further consid-

ered the impact of optical/optoelectronic
interconnection networks on the com-
putation.  Classical studies in parallel
and distributed algorithms and process-
ing have shown that different (parallel)
algorithms must be considered for differ-
ent electrical-based interconnection net-
work topologies [9]. Indeed, computations
often need to be ‘tailored’ to the particular
interconnection network parameters.

Traditional advances in parallel and dis-
tributed processing reflect in several pro-
gramming issues: specification (require-
ments) of multiple process programs,
programming language construction and



associated compiling environments, and
scheduling and load balancing. These sub-
areas affect, for the most part, the degree
of burden of multiple process execution
and management placed on the program-
mer or on the compiling system.

Deployment of optical-based networks in-
troduces the near certain expectation of
impact upon computations. Further de-
tails of the nature of this impact are given
in Section 3.2.

The triangle intersection shown in Figure 1
illustrates the integration of the knowledge and
issues from the electrical, computational and
optical domains.
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Figure 1: A holistic viewpoint of research in-
herent in optical-based interconnection net-

works.

A further relational abstraction of the in-
teractions between the three domains is il-
lustrated in Figure 2. Three types of re-
lations can be defined, exactly, one relation
between each of the domains. In partic-
ular, the association between the electrical
and computational domains is represented by
the relation R(Electrical, Computational)
and that between the optical and computa-
tional domains by the relation R(Optical,
Computational). Characterizing these two
types of relations leads is expected to pro-
vide heightened understanding of how compu-
tations may be best executed. The relation
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type represented by R(Electrical, Optical)
expresses the development of optical-based in-
terconnections networks as derived from the
electrical-based counterparts. Lastly, a ‘point’
in the shaded intersection of Figure 1 is shown
as the black dot in Figure 2. The black
dot represents the relationship R(Electrical,
Optical, Computational) and provides for
the context of a holistic study of optical/opto-
electronic interconnection networks.

In the subsequent section, we explore further
the nature of the relationships R(Electrical,
Optical) and R(Optical, Computational).
In particular, more specific relations are con-
sidered in these two relational categories.
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Figure 2: A relational abstraction of the re-
search work involved in optical-based intercon-
nection networks.

3 Relationships

3.1 Optical-Electrical

This discussion focuses on those aspects of
electrical-based interconnection network issues
which have been significantly influenced the de-
velopment of optical/optoelectronic intercon-
nection networks. We have identified that all-
but-one of the sub-areas of electrical-based in-
terconnection network research have been used
in the development of optical-based intercon-
nection networks. Figure 3 illustrates those
sub-areas of Optical-based interconnection net-
works which have been developed based upon
consideration of their counterparts in the elec-
trical domain.



The primary influence on the development
of optical/optoelectronic interconnection net-
works has come from topology and met-
rics. Some of the electrical-based topologies
that have contributed to optical-based inter-
connection networks are: the fat tree [4],
mesh/crossbar [10], omega network [1], hyper-
cube [5], and mesh and hypercube hybrid [6].

Performance metrics from the electrical do-
main have also been frequently used to charac-
terize the ‘goodness’ of optical/optoelectronic
interconnection networks. The network diam-
eter has frequently been used for comparison
purposes [4].

To a lesser extent, routing in optocal/opto-
electronic networks have been influenced from
their electrical domain counterparts [4].

The product networks and graph embedding
subareas have the least influence on the devel-
opment of optical-based interconnection net-
works. Product networks have been considered
in [5] while graph embeddings have been con-
sidered in [11, 12].
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Figure 3: Components of optical-based inter-
connection networks that have been derived
from the electrical domain counterparts.

In Section 2, the relative importance of the
subareas, topology and metrics, routing, fault
tolerance, product networks and graph embed-
ding was presented in the context of the in-
fluence these subareas had on electrical-based
interconnection networks. A similar case can
be made regarding these subareas in the opti-
cal domain, where the relative importance is
in the context of the strength of the influence

from the electrical domain to the optical do-
main. Figure 3 illustrates this relative impor-
tance by the constituent circles having smaller
diameter and placed more remotely away from
the triangle.

Although fault tolerance is included into the
optical domain in our study, we have observed
that there is little degree of influence from the
electrical domain for this subarea. We sug-
gest that the state-of-the-art of optical/opto-
electronic interconnection network research is
such that viable deployment of optical-based
technology, together with appropriate model
abstractions, represents the primary and cur-
rent focus of this field. This observation is con-
sistent when also considering the development
of a new field of study.

Based upon the strength of the relationship
R(Electrical,Optical), we characterize this
relationship as one of technology transfer.

3.2 Optical-Computational Rela-

tionships

This section explores the effects that the
unique features of the optical interconnection
networks have upon the computation. There
are two important questions to be addressed:

1. What impact is due to the high bandwidth
and speed of optical networks?

2. What impact is due to the the incorpora-
tion of computation into the optical do-
main.

Figure 4 illustrates the possible areas of
impact that optical interconnections networks
may have upon computation. Two types of op-
tical and optoelectronic models can be identi-
fied: architectural models are based on physical
implementations whereas wvirtual models pro-
vide for higher levels of abstraction. More
specifically, the former consists of the Archi-
tecture Layer and the Access Layer whereas
the latter consists of the Access Layer and the
Functional Layer. One example of an archi-
tectural type model is LIGHTNING [4] while
an example of a virtual model is LARPBS [7].



In the case of LARPBS, the possibility ex-
ists that this virtual model is directly imple-
mentable. We show this possibility in Figure 4
by the dashed box at the Architecture Layer
in the virtual model category. The significant
difference between the two types of models is
reflected in the Functional Abstraction Layer,
that is, the virtual model type provides for a
set of computation and communication primi-
tives which can be used as building blocks in
the construction of a computation.

Our investigations suggest that the impact
due to bandwidth and speed of the optical net-
works is best answered by consideration of the
architectural models whereas, the impact due
to the incorporation of computation into the
optical domain is best answered by considera-
tion of the nature of the primitive abstractions
provided by the virtual network models.
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4 Conclusions

We have provided a classification of the state-
of-the-art issues in optical and optoelectronic
interconnection research. This classification
is in the context of a holistic view of the
field. As part of this view, we have consid-
ered the global framework inherent in the re-
search of this field, specifically, the identifica-
tion of electrical-based, optical-based and com-

putational domains; and the nature of the re-
lationships between these domains, in the con-
text of optical-based interconnection network
research and development.

We have also identified some of the signif-
icant relationships that exist in this context.
Two types of relationships have been consid-
ered: electrical-to-optical and computational-
to-optical. We have shown that the electrical-
to-optical relationships are characterized by a
technology transfer from one domain to the
other. We have also presented two specific
observations regarding the computational-to-
optical relationships, that is, the speed of the
network and the possible combination of com-
putations into communication.

In the two cases, (a) the technology transfer
from the electrical to the optical domain exhib-
ited in the current literature and (b) the de-
ployment of optical-based technology for com-
munication speed increases can be described
as evolutionary. However, the impact that
optical-based interconnection networks have on
computations can be described as revolution-
ary. In [13], the authors point out that the eco-
nomics of commercialization tend to favor evo-
lutionary technological growth. The investiga-
tions of this paper support the claim that the
start-of-the-art exhibits evolutionary growth.

A more exciting scenario for growth is based
on the potential impact that optical intercon-
nection networks have upon the nature of the
computations. Our investigations suggest that
some contributions have been made in this
area.
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