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Figure 1. shows the RAPID network. Figure 1(a) shows D nodes connected using Intra Group
Interconnect, G groups connected using SIGI and C clusters connected using SICI interconnects.
Figure 1(b) shows the conceptual diagram of RAPID network.

total number of nodes per group. Each node is identi ed
asR(dgc)wherel d D;1 g G;1 c¢ Csuch
that G D-1and C D. This condition enables every
group to communicate to every other group/cluster.

Figures 1(a) and 1(b) show the RAPID architecture. In
g.1(a) each node in RAPID network, contains the pro-
cessor and its caches, a portion of the machines physi-
caly distributed main memory, and a node controller. 1
up to D nodes are connected together to form a group. All
nodes are connected to two sub-networks; a scalable Intra-
Group interconnection (IGl) and a scalable Inter-Group
Interconnection (SIGI) via the Inter-Group Passive Cou-
plers (IGPC). SIGI is further connected to the Scalable
Inter-Cluster Interconnection (SICl) using the Inter-Cluster
Passive Couplers to increase the scalability of the archi-
tecture. We have separated intra-group (local) and inter-
group/inter-cluster (remote) communicationsfrom one an-
other in order to provide a more ef cient implementation
for both communications. Figure 1(b) shows the concep-
tual diagram of RAPID network.

Figure 2 shows the functional diagram of RAPID. As
seen, the gure shows D = 4 (nodes), G = 4 (groups)
and C = 1 (cluster). Within a group, al nodes are con-
nected to multiplexers and demultiplexers for intra- and
inter-group/inter-cluster communication. We will use this

system to discuss the wavelength all ocation, message rout-
ing for both local and remote communication and, the de-
sign of RAPID to support multicast and broadcast commu-
nications.

Wavelength Assignment and Routing for Group Com-
munication: We propose an ef cient wavelength assign-
ment strategy based on wavelength re-use and spatial di-
vision multiplexing (SDM) techniqueg[10]. The proposed
methodology allows wavelengths to be re-used when they
are spatially separated, that is, when they are used at thelo-
cal (intra-group) level, remote (inter-group) level or remote
(inter-cluster) level. The number of wavelengths employed
for intra-group communication equal's the maximum num-
ber of nodes, D located in each group of the system. Figure
2(a) shows an example of the intra-group wavelength as-
signment and shows group 1 of cluster 1. The wavelengths
located next to each node correspond to the wavelength
that each node receives on. This same wavelength assign-
ment applies to all groupsin the system i.e. R(1,9,c) will
always receive on 1 for intra-group communication. For
example, for node R(1,1,1) to transmit to node R(3,1,1) in
group 1, node R(1,1,1) would simply transmit on the wave-
length assigned to node R(3,1,1) (e.g. 3). Therefore, dis-
tinct wavelength allocation in different groups is possible
by assigning an unique wavel ength to every node at which
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Figure 2. Wavelength assignment for intra»
and intersgroup communication.

it can receive optical packet from other intra-group nodes.

For the remote wavelength assignment scheme, we
study two cases: (1) asingle cluster con guration R(d,g,1)
and (2) multi-cluster con guration R(d,g,c). In our remote
wavelength assignment scheme shown in Figure 2(b) for
R(d,g,1), the objective here is to selectively merge dif-
ferent wavelengths from various groups to provide high
connectivity and at the same time to maximize the chan-
nel utilization. All nodes within the source group are as-
signed a unique wavelength at which the nodes can trans-
mit to communicate with any destination group. At the
destination group, each node receives optical signals at a
unique wavelength as shown by the wavelength located
next to each nodein Figure 2(b) for group 2. Remote wave-

lengths are indicated by ?;k), wherei is the wavelength,
j is the group number and k is the cluster number from
which the wavelength originates. In Figure 2(b), any node

in group 3 can communicate with group 2 on f;l), any
node in group 4 can communicate with group 2 on 24;1)

and any node in group 1 can communicate with group 2
on gl;l). For clarity, only the wavelengths received by
group 2 are shown in bold in g 2(b). Note here that, the
wavelength (()2;1) isthe wavelength at which group 2 com-
municates with itself. Thiswavelength is used to multicast
transaction requests to al nodes within a group. Now, the
multiplexed signal received by group 2 is demultiplexed
and node R(1,2,1) receives signals on wavelength §3?1>,
node R(2,2,1) receives signals on wavelength 2431), node

R(3,2,1) receives signals on wavelength gl;l) and the sig-

nal on wavelength (()2;1) is broadcast to every node within
group 2. For remote traf ¢, the number of wavelengths
required to obtain the connectivity mentioned above, is G
i.e. (G 1) wavelengthsare required to communicatewith
every other group and 1 wavelength for multicast commu-
nication. This gives us the criteria, that the there should
exist at least G 1 nodes within a group to receive data
from other groups. The maximum number of wavelengths
then required for either intra-group or remote inter-group
communication for R(d,g,1) con guration is, simply D.
This represents an order of magnitude reduction in the to-
tal number of wavelengths required compared to a straight
forward wavel ength assignment where each group is asso-
ciated with a distinct wavelength.

Remote inter-group communication takes place when
both the source and destination nodes are on different
groups, R(X,0,)source & R(Y,N,D)gestination- Now, node
R(X; g; 1) can transmit the packet on a speci ¢ wavelength
to group h. The destination node in group h which can
receive the packet from group g may not be nodey (thein-
tended destination). Toillustratethis, consider Figure 2(b).
Let the source node be R(1,3,1) (group 3) and the desti-
nation node be R(3,2,1) (group 2). The source node can
transmit to group 2 on wavelength 53;1). The destination
node which receives packets for remote communication in
group 2 on wavelength ¥V is R(1,2,1). Node R(1,2,1)
then uses the intra-group interconnection to forward the
packet to node R(3,2,1) on wavelength 3. In some cases,
source node R(x,9,1) may directly transmit to destination
node R(y,h,1). Asin the previous example, if the destina-
tion was node R(1,2,1), then node R(1,3,1) could directly
transmit on 53?1) which is received by node R(1,2,1), the
intended destination.

Wavelength Assignment and Routing for Inter-Cluster
Communication: Inter-cluster communication for con-
guration R(d,g,c), we extend the basic con guration of

R(d,g,1) shown in Figure 2(b) by replacing group 4 and
connecting cluster 1 to SICI using low loss passive bi-
directional demultiplexersas shown in Figure 3. For inter-
cluster communication, different wavelengths from differ-
ent clusters are selectively merged and and dropped at ev-
ery cluster by demultiplexing the signals propagating on
the SICI. Remote inter-cluster communication takes place
when both the source and destination nodes are on differ-
ent clusters, R(X,9,0)source & R(Y,h,d)destination. TO il-
lustrate this, consider that the source node is R(2,3,1) and
the destination node is R(4,3,2). Cluster 2 is reachable by
group 1 within cluster 1 by using the same wavelength as-
signment as explained above. Node R(2,3,1) transmits on

wavelength g“) and is received by the intermediate node
la shown by R(2,1,1). In order to communicate to clus-

ter 2, node R(2,1,1) transmits on wavelength gl;l). This
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Figure 3. Scalable Inter>Cluster Interconnection.

path is shown by the bold dotted lines to indicate the trans-
mission from group 1 in cluster 1 to group 3 in cluster 2.
Note, that the signals from cluster 1 is rst demultiplexed
and merged with SICI selectively such that different wave-
lengths are multiplexed to different bers. At cluster 1,
the multiplexed signals are again demultiplexed, and wave-
length il;l) is received by intermediate node 1b R(1,3,2)
as shown in Figure 3. In order to reach the intended des-
tination R(4,3,2), node R(1,3,2) transmits using the intra-
group interconnection on wavelength 4. The maximum
diameter of R(d,g,c) is 4. From the previous example, if
the intended destination was located in a group other than
group 3, then it would require an additional hop. The con-
guration R(d,g,c) trade-offs wavelength usage to latency
for smaller system sizes. For example, by using 4 wave-
lengths and passive optical components, R(d,g,c) can ac-
commodate 64 nodes, where as in R(d,g,1) con guration,
to design a network with 64 nodes, 16 wavelengths are re-
quired. With 16 wavelengths, R(d,g,c) has the potential to
scale to as many as 4096 nodes. However, R(d,g,1) hasa
lower latency dueto lower diameter than the R(d,g,c) con-
guration.

Time division multiple access (TDMA) protocol is
used as a control mechanism to achieve mutual exclu-
sive access to the shared local and remote communica-

tion channelq7, 8]. In this paper, we consider an optical
token based TDMA protocol with pre-allocation to pre-
vent collision of requests by different processors. A novel
media access protocol is discussed for RAPID so as to
minimize the remote access latency. The optical tokens
generated for inter-group/inter-cluster communicationsare
shared among the nodes locally connected and not among
all nodes. This is a signi cant feature of the proposed

network, as the queuing time to transmit the packets re-
duces considerably. In RAPID, under worst case scenario,
a node waits only for D 1 transmissions of the packet
to a particular remote destination group/cluster before it
can transmit its request, thereby signi cantly reducing th e
remote group latency. We generate two sets of token for
every intra-group g; one set of D tokens are shared for
inter-group/inter-cluster communications and the other set
of (G D) tokensare shared for inter-group communica-
tions. These local and global token are shared by the intra-
group nodes connected to the concerned groupi.e. R(g). In
order to prevent collision of requests, a processor can trans-
mit an address request, response or an acknowledgement
to another processor (local/remote) depending on the to-
ken received. The implementation details of RAPID have
been published elsewhere[9].






