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Abstract

This paper proposes two efficient single-node broadcasting
schemes for network of workstations (NOW) based on a
network-partitioning concept. To broadcast a message, the
scheme works in three phases. First, we partition the network
into two sub-networks(data-distributed networks,

� � �
). The

broadcast message is evenly divided into two sub-messages,
each being sent to one representative node in each sub-
network. Second, each sub-message is distributed in its sub-
network independently. Finally, through a sub-message com-
bination step, each node will obtain the whole broadcast mes-
sage. Two network-partitioning schemes, namely 0-1 partition-
ing and odd-even partioning, are proposed. Through simula-
tions on irregular and regular networks, we confirm the av-
erage latency of these schemes achieve performance improve-
ment compared with the optimal broadcast scheme [7].

Keywords: autonet, broadcast, interconnection networks, net-
work of workstations, up*/down* routing, wormhole routing.

I. Introduction

A network of workstations (NOW) comprises a collection of
workstations interconnected by switches in a regular or irreg-
ular topology.

� � � 

are considered to be more scalable

and cost-effective than traditional massively parallel machines.
The wormhole switching technology [3, 9] is characterized
with low communication latency and is quite insensitive to
routing distance in the lack of link contention. More recently,
wormhole routing is being applied to NOWs such as Myrinet
[2], Server-Net [5], and Autonet [11].

A lot of research work has been dedicated to communica-
�
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tion problems in NOW. Adopted by Myrinet and Autonet, the
up*/down* routing is most frequently used as the base rout-
ing scheme for NOWs. Reference [6] describes several effi-
cient unicast-based, depth-contention-free schemes for NOWs
of arbitrary topologies. A unicast-based scheme achieving an
optimal number of depth-contention-free steps is proposed in
[7]. A tree-based multicasting scheme, which allows worms
to split and replicate in routers, is presented in [8]. How to
adopt virtual channels to improve performance is addressed in
[12]. A buffering mechanism for up*/down* routing is pro-
posed in [4] by using cross edges to achieve minimum rout-
ing. Cyclic dependencies are resolved by sorting and later re-
injecting packets at some intermediate hosts. Reconfiguration
for faulty NOWs is addressed in [10]. Routing in heteroge-
neous NOWs is discussed in [1].

This paper considers the problem of designing efficient
single-node broadcast for a wormhole-routed, switched-based
NOW. Broadcasting has many applications in graph, matrix,
and data dissemination problems. Our approach can be cate-
gorized as a unicast-based broadcast by using the scheme in [7]
as a basis. The basic idea is a network-partitioning concept. To
broadcast a message, the scheme works in three phases. First,
we partition the network into two sub-networks. The broadcast
message is evenly divided into two sub-messages, each being
sent to one representative node in each sub-network. Second,
each sub-message is distributed in its sub-network indepen-
dently. Finally, through a sub-message combination step, each
node will obtain the whole broadcast message.

We comment that the network-partitioning approach has
been successfully applied to regular networks, such tori,
meshes, and hypercubes to reduce the latency of single-node
broadcast [13, 14]. For example, 
 independent sub-tori can
be constructed out of a � � � torus easily. However, how to
apply such a technique to a

� � �
, which typically has an ir-

regular topology, is still unknown yet. In particular, how to
construct sub-networks is a difficult job. In this paper, two
network-partitioning schemes, namely 0-1 partitioning and
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Fig. 1: (a) a NOW example, (b) its graph representation, (c) its
switch-reduced representation, and (d) a network-partitioning
example.

odd-even partitioning, are proposed. These schemes adopt dif-
ferent strategies to partition the NOW into two sub-networks.
Through simulations on various regular and irregular networks,
we justify the effectiveness of such approach.

The rest of this paper is organized as follows. Section II.
presents some preliminaries. Our partitioning strategies are
proposed in Section III.. Performance analysis and simulation
are in Section IV. and Section V., respectively. Conclusions are
drawn in Section VI..

II. Preliminaries

A switch-based NOW can be represented by an undirected
graph � � � � � � 
 , where � is the set of all switches and
workstations, and � the set of all links between switches and
switches/workstations. Each switch has a number of ports.
Each port can be connected to another switch or a worksta-
tion. It can also be left open for future usage. Each link in �

is a bi-directional link. Autonet and Myrinet are two popular
NOWs fitting into such a definition. For example, Fig. 1(a) is
a NOW with twenty-one workstations interconnected by seven
8-port switches. Fig. 1(b) shows the corresponding graph.

In this paper, we model the latency to transmit an � -byte
message from a source to a destination, in the contention-free
situation, to be 
 � � � 
 � , where 
 � is the startup time and 
 �

is transmission time per byte.

A. Up*/Down* Routing

In this paper, we adopt the unicast-based routing in [7] as a
basic step, so this scheme is reviewed below. First, a rooted

breadth-first search (BFS) spanning tree is constructed. To per-
form broadcast, the source and all destinations are sorted into a
list based on their post-order numbers in the BFS tree. Then we
rotate the list such that the source host is in the head of the list.
Starting from the source host, we conduct a recursive-doubling
procedure to distribute the broadcast message to each host.
This process will take � � � � � � � �  
 # communication steps to
complete, where � is the number of destinations. This scheme
is proved to be depth-contention-free which always uses the
minimal number of communication steps.

For each communication step above, [7] suggests two ways
to route worms. First, an edge � % � ' 
 is classified as an up link
if the level of % is larger than the level of ' , or if % and ' are
at the same level and the post-order number of % is larger than
that of ' . A link which is not an up link is a down link. Based
on such classification, a strict up-first routing is one in which
each path must go through up tree links before down tree links
(only links of the BFS tree are called tree links). An alternative,
and more flexible, way is relaxed up-first routing, where both
tree and cross edges can be used. However, each path still has
to go through up links before down links.

B. A General Network-Partitioning Broadcast-
ing Model

A network-partitioning approach is proposed in [13, 14] for
wormhole-routed multi-computer networks. Below, we pro-
pose how to adapt this model to NOWs.
Definition 1 Let graph � � � � � � 
 be a NOW. The switch-
reduced network � � � � � � � � � 
 is one obtained from � as
follows. For each switch 0 1 � , let 0 3 � 0 � � 6 6 6 � 0 8 be the
workstations directly connected to 0 . We merge 0 and 0 3

into one node and add it to � � . The remaining workstations
0 � � 0 : � 6 6 6 � 0 8 are each added to � � as a node. Each link in �

between 0 and 0 ; , < � > 6 6 
 , generates a link in � � . Each link
in � between two switches generates a link in � � between two
nodes in � � which are merged nodes resulted from the above
reduction.
For example, Fig. 1(c) is the switch-reduced graph correspond-
ing to the network in Fig. 1(b). The black nodes in Fig. 1(d) can
form a sub-network of the switch-reduced graph. The white
nodes in Fig. 1(d) can form a sub-network. While the above
definition is quite simple, we comment a sub-network is not
necessarily a graph in standard terms of graph theory. Spe-
cially, if � 0 � B 
 1 � E , it is not necessary that 0 and B belong to

� E . The reason is that 0 or B can be a switch, by which worms
can pass through, but can not be absorbed. For example, in the
sub-network formed by black nodes in Fig. 1 (d), a message
can be sent from 28 to 19 by passing switch 3 and 7.
Definition 2 A graph � E � � � E � � E 
 is a sub-network of the
switch-reduced network � � � � � � � � � 
 if � E K � � and � E K

� � .
Definition 3 Two sub-networks � 3 � � 3 � � 3 � N 3 
 and � � �

� � � � � � N � 
 of G are said to be independent if � 3 S � � � T and
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N 3 S N � � T . If � 3 S � � � T and N 3 S N �
�

� T , they are said
to be dependent.
But in our model the sub-networks are not independent.

Now, we present how to perform broadcast from a source
host



by our network-partitioning concept. We first parti-

tion the switch-reduced network � � � � � � � � � 
 into two sub-
networks (DDN) � 3 � � � 3 � � 3 
 and � � � � � � � � � 
 such that

� 3 � � � � � � , � 3 S � � � � , and � 3 � � � � � � . Then the
following steps are executed.

� Phase 1: The source



first partitions its broadcast mes-
sage into two halves, say � 3 and � � . Without loss of
generality, let



belong to � 3 . Then



keeps one parti-

tion, say � 3 , and delivers the other partition � � to one
represent host, say



E , in � � .

� Phase 2: Hosts



and



E broadcast � 3 and � � on � 3 and
� � , respectively and concurrently, based on the multicast
scheme in [7].

� Phase 3: Each host, say 0 3 , in � 3 finds another host, say
0 � , in � � , and exchange their sub-messages � 3 and � � .

The set � 0 3 � 0 � 	 is called as data-collection networks,�
N

�
.

C. The strategy for choosing 2 sources in dis-
tinct two sub-networks

We introduce Adjacent sub-tree scheme as follows. Adjacent
sub-tree method is that a source is already known; another
source will be selected from adjacent sub-tree from the root of
the spanning tree, so the algorithm is explained as the follow-
ing. A source in one sub-network is known as



3 in a sub-tree

of the root, another source



� in another sub-network which is
selected from the next adjacent sub-tree at the root of the span-
ning tree. From the selected sub-tree, we choose a node which
is in another sub-network. We choose it as another source



� .

The half adjacent scheme is that



� is chosen as adjacent sub-
tree scheme but should be over half of the post order list from


3 . From the result of simulation, adjacent sub-tree scheme
is a good strategy. The adjacent sub-tree scheme leads to less
contention.

III. Partitioning and Coupling Strate-
gies

The above general scheme relies on partitioning � � �

� � � � � � 
 into � 3 � � � 3 � � 3 
 and � � � � � � � � � 
 , and coupling
each 0 3 1 � 3 with another 0 � 1 � � for sub-message exchange
in Phase 3. The aim for coupling or grouping is to construct
DCNS for message exchange. Below, we propose two schemes
that can be used for NOWs of any topology. Throughout the
presentation, we assume that 
 is a BFS tree of � � , which is
used for up*/down* routing.

A. 0-1 Partitioning

In this strategy, each node is assigned a label of 0 or 1. Hosts
receiving the same label belong to the same sub-network. The
labeling will base on the BFS tree 
 . The labeling is done two
levels at a time on 
 . The root of 
 is said to be on the first
level, and its children on the second level, etc. We denote by�

the height of 
 . For ease of presentation, we will imagine
that there is a virtual node on level 0 serving as the parent of
the root, and the virtual node is labeled by 1. The labeling
procedure is as follows.

Algorithm: 0-1 Partitioning

for < �  to
�

step 2 do

for (each node 0 on level < �  ) do

a) Let B 3 � B � � 6 6 6 � B 8 be the children of 0 sorted
according to their numbers of children in 
 in
an ascending order. Among these, let 
 E � 
 be
the number of hosts which have no child.

b) Label nodes B 3 � B � � 6 6 6 � B 8 alternatively by 0
and 1 starting from 0 if 0 is labeled by 1, and
starting from 1 if 0 is labeled by 0;

c) For � �  6 6 � 
 E � > � , we group B � � � 3 and B � �
together, which should exchange sub-messages
in Phase 3. If 
 E is odd, the only remaining un-
grouped terminal host B 8 � will be grouped with
its parent 0 .

d) for � � 
 E �  to 
 do
i) Let � 3 � � � � 6 6 6 � � � be the children of B � . La-

bel nodes � 3 � � � � 6 6 6 � � � alternatively by 0
and 1 starting from 0 if B � is labeled by 1,
and starting from 1 if B � is labeled by 0.

ii) If  is even, we group nodes as fol-
lows: � B � � � 3 � � � 	 , � � : � � ! 	 , � � $ � � % 	 , 6 6 6 ,

� � � � 3 � � � 	 . Otherwise, we group nodes as
follows: � B � � � 3 	 , � � � � � : 	 , � � ! � � $ 	 , 6 6 6 ,

� � � � 3 � � � 	 .
end for;

end for

end for;

An example is in Fig. 2 for a 4-level tree. Each host is named
alphabetically, and its label is shown in parentheses. When
processing the first two levels, two groups are formed: � ' � ( �  	
and � � � * 	 . When processing the next two levels, � , � 
 � � 	 will
be a group, � will join the group of � ' � ( �  	 , � �

� < 	 will be a
group, and � � � � 	 will be a group. The groupings are shown
in dash lines in the figure.

In Fig. 3, we show all possible patterns of the above group-
ing. The first three patterns are regular patterns resulted from
step c) and step d.ii). Note that step c) may attach one node to
each terminal node of the above three regular patterns. This
gives the remaining five patterns in Fig. 3. Also note that

70

Authorized licensed use limited to: National Tsing Hua Univ.. Downloaded on October 02,2025 at 16:21:43 UTC from IEEE Xplore.  Restrictions apply. 



e

j

b (1)

k(1)

c(0)

g(1)
(1)

m(0)

d(1)
(0)

h(0) i(1)

f(0)

1(0)

a(0)

Fig. 2: An example of 0-1 partitioning.

0

1 0

0 1

1 0

(a) (b) (c)

(d) (e) (f)

0

1

0 1

0

0

1

1

0

0

0

1

0

0 1

(1) (1)
(2)

(1)

(1)

(2)

(2)(2)

0

1 0

1

(1)
(2)

(2)

(1) (1)

(1)

(2)

(g)

(d)

(2)

(1)

Fig. 3: Grouping patterns in the 0-1 partitioning scheme.

white nodes are switch nodes connecting other nodes in the
same group. These switches, although not belonging to the
same group, can be used to help exchanging sub-messages for
hosts connected to it. The following lemma shows an impor-
tant property of our grouping.
Lemma 1 By the 0-1 partitioning, the sub-message exchange
in Phase 3 can be done simultaneously by all groups in at most
two communication steps in a contention-free manner.
Proof. The proof can be obtained by observing the message
exchange scheduling in Fig. 3. �

B. Odd-Even Partitioning

In the above 0-1 partitioning, the number of nodes labeled by
0 and those numbered by 1 may be unbalanced. In the odd-
even partitioning, the two sub-networks will be perfectly bal-
anced in size, and sub-message exchange in Phase 3 remains
contention-free.

This scheme requires a special BFS tree 
 , which is used for
both up*/down* routing and our network partitioning. Below,
we show how to construct 
 and its sub-networks.

1) Take any tree 
 which is a BFS tree of the switch-reduced
graph � � .

2) For each node 0 in 
 , we order its sub-trees such that
those sub-trees with even numbers of nodes appear on the
left of 0 , and the rest on the right of 0 .

3) Number nodes of 
 by post orders for up*/down* routing.

(a) (b)

p

y1 yk'-1
yk' yk-2

yk-1 yk
yk'+1

p

yk'-1
yk' yk-1 yk

yk'+1
y1

Even Even Odd Odd Odd Odd Even Even Odd Odd Odd Odd Odd

Fig. 4: Grouping structure of the odd-even partitioning
scheme.

Also, the first sub-network contains all odd nodes, and the
second sub-network all even nodes.

Next, we need to group nodes in 
 for message exchange
in Phase 3. This is done by making a recursive procedure call
Match(� ) with � � � , where � is the root of 
 .

Algorithm: Match(� ):

1) Let B 3 � B � � 6 6 6 � B 8 be the children of � . (Recall that the
sub-trees rooted by these nodes are sorted such that those
with even numbers of nodes appear on the left.)

2) for < �  to 
 do call Match( B ; ).

3) Let B 8 � � B 8 � � 3 � 6 6 6 � B 8 be the roots of those sub-trees
which have odd numbers of nodes (if there is no such root,
skip this step). If 
 � 
 E �  is even, we make the following
groupings � B 8 � � B 8 � � 3 	 � � B 8 � � � � B 8 � � : 	 � 6 6 6 � � B 8 � 3 � B 8 	 ;
otherwise, we make the following groupings

� B 8 � � B 8 � � 3 	 � � B 8 � � � � B 8 � � : 	 � 6 6 6 � � B 8 � � � B 8 � 3 	 � � B 8 � � 	 .

Fig. 4 shows an abstract grouping achieved by procedure
Match(� ). After the recursive call Match( B ; ) in step 2, the fol-
lowing result is obtained:

� For each child B ; which has an even number of nodes, the
whole sub-tree rooted by B ; will be completely grouped.

� For each child B ; which has an odd number of nodes, the
whole sub-tree rooted by B ; , except B ; itself, will be com-
pletely grouped.

Then step 3 groups those roots B ; which are ungrouped yet.
There are two cases, according to the number of sub-trees that
have odd numbers of nodes. If this number is odd, the whole
sub-tree rooted by � will be grouped; otherwise, � will be left
ungrouped after this procedure. The following lemma summa-
rizes what is achieved by the above grouping.
Lemma 2 When the sub-tree rooted by � has an even number
of nodes, procedure Match(� ) ensures that each odd node will
be grouped with exactly one even node, and vice versa. This
property remains the same when the sub-tree rooted by � has
an odd number of nodes, except that � will be left ungrouped.
Further, a node is always grouped with another node that is
either its parent or its sibling in 
 .

71

Authorized licensed use limited to: National Tsing Hua Univ.. Downloaded on October 02,2025 at 16:21:43 UTC from IEEE Xplore.  Restrictions apply. 



(a) (b) (c) (d)

p

y1

p

y1

p p

y1
y2

y3

y1

y2

y3

y4y2

Fig. 5: Induction basis of node grouping in the odd-even parti-
tioning scheme.

13

Fig. 6: Examples of the odd-even partitioning scheme when
the network has (a) an even number of nodes and (b) an odd
number of nodes.

Proof. The proof is by induction. The induction basis will be
established by two-level subtrees containing 2 or more than 2
nodes, as shown in Fig. 5. The induction step is established by
the recursive structure in Fig. 4. �

After the above recursive call to Match( � ), the root � of 


may be left ungrouped if 
 has an odd number of nodes. In this
case, we simply group � with the group of its rightmost child.
In Fig. 6, we show two examples and the grouping results.
Lemma 3 The odd-even partitioning scheme ensures that the
two sub-networks are perfected balanced in sizes. Further, the
message-exchange step in Phase 3 requires one contention-
free communication step if � 
 � is even, and two contention-free
communication steps if � 
 � is odd.

IV. Performance Analysis

In this section, we present some observation, which gives some
intuition why network partitioning is an effective approach.
Suppose that the switch-reduced network has � nodes. By
recursive doubling, the latency to achieve broadcast is 
 3 �

� � � � � � � 
 # � 
 � � � 
 � 
 . If the network is routed on the two sub-
networks concurrently with no contention, the total time is


 � � � � > 
 � � � � � � > � � � > 
 # � 
 � � � � > 
 � 
 � � > � 
 � � � 
 � 
 6

The above is the lower bound of two partitioning scheme be-
cause the two sub-networks routed without any contention.
In our message-partitioning approach, we try to use a NOW
which forms a linear array to estimate the worst-case scenario.
The reason for using a linear array is that worms can easily get
congested with each other on such a topology. The worst-case
latency should be


 � � � 
 � � � � 
 � � > 
 � � � � � � � � � > 
 # � � 
 � � � � 
 � � >

� � � 
 � � > 
 � > � � 
 � � � � 
 � � > 


, where the first, second, and third terms are rendered by Phases
1, 2, and 3, respectively. In particular, in Phase 2, we add
an extra latency of � � 
 � � > to indicate that in each trans-
mission a worm will be blocked by another worm of length

� � > . Taking the difference of the post order recursive dou-
bling scheme latency 
 3 and the worst-case latency 
 � , we
have 
 � � 
 3 � > � 
 � � � � 
 � � > .
Lemma 4 Given a spanning tree T in

� � � 

, B 3 � B � � � � � � B 	

are the post-order list, � is the number of nodes in the span-
ning tree. Let B 3 � B : � � � � and B � � B ! � � � � be odd and even sub-
networks in T. We choose B 3 and B � as two sources. When two
sub-networks are routed concurrently from B 3 and B � , the up-
per bound of the latency is � � � � � � � � 
 # 
 
 � + � � � � � � � � 
 # 
 � 
 � �

> � 
 � � � � > 
 � .
Proof: The proof is trivial. In a linear array, if the odd sub-
network is routed first from B 3 and the even sub-networks
is routed from B � then the routing will delay � � � � � � � � > 
 #

steps. It needs the time > � � � � � � � � � > 
 # � � � > 
 � 
 on the rout-
ing. 
 � 
 ' � � 
 � � � � > 
 � � > � � � � � � � � � > 
 # � � � > 
 � 
 �

� � 
 � 
 � > � 
 � � � � � � � � � � � > 
 # 
 
 � = � � � � � � � � � > 
 # 
 
 � � 
 � �

� � � � � � � � � > 
 # �  
 � 
 � � > � 
 � �  � > � 
 � 6 = � � � � � � � � 
 # 
 
 � �

� � � � � � � � 
 # 
 � 
 � � > � 
 � � � � > 
 � 6 �

We comment that this is the worst-case penalty by adopting
our network-partitioning scheme. In our simulation, we found
that in many cases contention can be reduced significantly. So
the real latency is much less than 
 � , i.e., the coefficient asso-
ciated with � � 
 � may become negative with high probabil-
ity. If we use the half adjacent sub-tree scheme for choosing
sources, the difference between 
 3 and 
 � is only > � 
 � , be-
cause the first steps in two scheduling tree of two sub-networks
are contention-free. If the network size is even and we use
odd-even scheme for partitioning, then the difference will lead
to 
 � �  � > � � 
 � . 
 � is always less than  � > � � 
 � . The
difference becomes negative.
Lemma 5 Given a spanning tree T with n nodes in

� � � 


and a source � 3 , if we make use of the half adjacent sub-
tree scheme to choose another source � � , then when two sub-
networks are routed concurrently they are contention-free at
the first routing paths.
Proof: Let � 3 be a source in one sub-networks, � � be another
source in the other sub-network and ( � 3 and � 3 ) and ( � �

and � � ) be the first two paths in their routing step graphs.
B 3 � B � � � � � � B 	 are the post-order list. If the ID of the post-
order of � � is less or equal to B 	 . The two paths are in opposite
directions or edge-disjoint. They are contention-free. If the
post-order of � � is less than the post-order of � 3 , the two paths
are also in opposite directions or edge-disjoint. They are also
contention-free. �

Theorem 1 Given a spanning tree T in
� � � 


with even
nodes in T, we divide the network by the odd-even partitioning
scheme into two sub-networks. If we use the half adjacent sub-
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Fig. 7: Latency vs. network size (1024 flits, linear array).
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Fig. 8: Latency vs. network size (2048 flits, full binary tree).

tree to choose 2 sources from two sub-networks routed concur-
rently for broadcasting by the post-order recursive doubling
algorithm, then the latency should be less than broadcasting
with no partition .
Proof: From lemma 4, the upper bound of routing in� � � 


is � � � � � � � � 
 # 
 
 � + � � � � � � � � 
 # 
 � 
 � � > � 
 � � � � > 
 � .
From lemma 5, the first path at the routing step in distinct
sub-networks are contention-free by using the half adjacent
scheme. The latency of  � > � 
 � can be reduced. Since the size
of the network is even, by the lemma 3, it should decrease la-
tency of 
 � +  � > � 
 � . Thus 
 � - 
 3 is equal to 
 � �  � > � � 
 � .
Since 
 � is always smaller than � , 
 � - 
 3 is negative. �

If the network size is odd, then the source can be neglected to
carry out message exchange. In a NOW the contentions should
be decreased if the number of work stations in a switch is in-
creased. The degree of contention is not so much as one would
predict. The topology of any irregular NOW should influence
contention.

V. Simulation Results

A simulator was developed to evaluate the performance of the
proposed schemes. The post-order scheme in [7] was com-
pared to ours. NOWs of random topologies and regular topolo-
gies, such as linear array, full binary tree, hypercube,torus and
binomial tree, were used in the simulation. In the random
topology, we randomly generated around �  �

3
$ 
 � links for

a network of � switches. For simplicity, each switch is as-
sumed to have one workstation. The timing parameters used
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Fig. 9: Latency vs. network size (2048 flits, binomial tree).
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Fig. 10: Latency vs. network size (2048 flits, hypercube).

were 
 � � � � �



and 
 � �  �


.

Fig. 11 illustrates our simulation result for random networks
at various network sizes. The odd-even scheme performs the
best, which is followed by the 0-1 scheme, and then the post-
order scheme. We believe that the odd-even scheme outper-
forms the 0-1 scheme due to two reasons: (i) its sub-networks
are more balanced in size, and (ii) its message exchange in
Phase 3 may take one less communication step when the net-
work size is even. Overall, around 1/5 to 1/3 saving can be
obtained when comparing the odd-even scheme to the post-
order scheme. From Fig. 7 to Fig. 12 show ours simulation
result on regular networks except Fig. 11. Fig. 13 and Fig. 14
illustrates the comparison on various networks. In the regular
networks, the hypercube performs the best because it has many
cross edges for routing and to avoid contention.

VI. Conclusions

We have discussed how to apply the network-partitioning con-
cept to efficiently solve the single-node broadcast problem in
a NOW. Two partitioning schemes are proposed to construct
sub-networks. Simulation results have demonstrated that the
average latency of two partition schemes achieve performance
improvement compared with the optimal broadcast scheme [7]
on various network topologies. Open issues to be further in-
vestigated include how to obtain more than two sub-networks
and what is the proper number of sub-networks.
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Fig. 11: Latency vs. network size (2048 flits, random graph).
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Fig. 12: Latency vs. network size (2048 flits, torus).
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