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Abstract

We propose a new class of interconnection networks, called macro-star networks, which belong to the class of Cayley graphs and use the star graph as a basic building module.

1. Introduction

The purpose of this paper is to develop a new family of parallel architectures that meet the following requirements:

1) small node degree,

2) small diameter,

3) symmetry properties,

4) efficient emulation of popular topologies,

5) balanced traffic, and

6) suitability for VLSI implementation.

An MS(l,n) network has N = (nl + 1)! nodes, degree n+l–1.

Balanced MS networks: An MS(l, n) network with l=Θ(n) is asymptotically within a factor of 1.25 from a universal lower bound.

2. Macro-Star Networks
[image: image1.png]DEFINITION 2.1 (Transposition Generator T;). Given a permu-
tation U = uyy, we define the dimension-i transposition
generator T, i = 2, 3, ..., k, as the operator that inter-
changes symbol u; with symbol u; in uy.

Tn other words, fori=2,3, . k,
TU) = iyttt
where the notation u; , , j, < J,, denotes the sequence
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[image: image2.png]DEFINITION 2.2 (Swap Generator S, ;). Given a permutation
U = uyy, we define the level-i swap generator S,,; as the op-
erator that interchanges the sequence of symbols u(;_1yaine1
with the sequence of symbols iy, in tyy, where 251 % |
andk=mnl+1.

Therefore, for i = 2,3, ..., |, we have

S (18 = My ty s s 2=t U1 Uiz
For axample, for the permutation I = 123 45 67 80, we have

Ty(I) = 2 13456789, Ts(1) = 5 23416789, Ty(I) = 8 23456719,
and

Sya(l) =14523 67 89, Sy4(I) =167 4523 89,
Sy4(1) = 1894567 23.



[image: image3.png]DEFINITION 2.3 (Macro-Star MS(l, n) Networks). An I-level
macro-star network based on an (n + 1)-star is defined as
the graph MS(I, n) = (V, B), where

V= (U= ueluy g€ (1,2, K u#u fori#j, 1<ij<k)
is the set of vertices and

T = (U, V)IU, Ve Vsatisfying U = T(V) or U= S(V)
for2<jsn+1,2<i<l)

is the set of edges.
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Fig. 1. The sirueture of &n MS(2, 2) networ.In Fig. 18, each cicle corresponds to a level-2 dlustor and cansists of tho se of al Nodes Whose o
nightmost symbals are equal o those indicated n the circl. All clusters that do ot contain symbols 2 &nd 3 in their permutations have a node that
s connected to some node in cluster MS(2, 2, 23). Fig. 1a ilustrates only the intorcluster ks connecting cluster MS(2, 2, 23) 1o ather clusters,
while Fig. 1b illustrates the nucleus (intemal) finks of cluster MS(2, 2, 23).



[image: image5.png]Fig. 2. Packet routing from source node X = 6572341 to destination
node /. The small integers p that appear at the corners of the blocks
indicate the desired positions for symbals p, pe {2, 3, ..., 7}.




3. Routing and Topological Properties

3.1 Routing in an MS Network Based on Any Star-Graph Routing Algorithm

Any Algorithm in an (ln +1)-star under the Single-Dimension Communication (SDC) model can be emulated on the MS(l,n) network with a slowdown factor of three.

3.2 Faster MS Routing Algorithms

The total number of steps required by the routing algorithm is at most equal to 
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3.3 Basic Properties

[image: image7.png]THEOREM 3.2. The diameter of the MS(l, n) network is al most
equal to | 2501 ]+ 21 -2 = O(ke), where N is the

Tog log.

niumber of nodes.
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[image: image9.png]LEMMA 3.4. The node degree of an N-node MS(I, n) network
is minimized and is equal to 9(\/ lolegN)

I=em).





3.4 Near Optimal Diameter

[image: image10.png]COROLLARY 3.6. The asymptotic diameter to lower bound ratio of
the MS(I, n) network is a(MS(l, n)) = 1.25, when | = ©(n)
(that is, when the MS network is balanced).
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ASYMPTOTIC DIAMETER TO LOWER BOUND RATIOS OF VARIOUS INTERCONNECTION NETWORKS WITH NNODES
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FWhen N is not arge,the actual dinmeter to ower bound ratio D(G)/Dy(N, d) i larger than the asymptotc ratio (G) indicated in
the table for star graphs and MS networks, and smaller than that for CCC networks.
+The binary de Bruijn graph is viewed as an undirected degree-4 network.





4. Parallel Algorithms in MS Networks

4.1 Parallel Algorithms under the Single-Dimension Communication Model

4.2 Emulation of Star Graphs under the All-Port Communication Model

4.3 Embeddings of Trees, Meshes, Hypercubes, and Complete Transposition Graphs

5. Conclusions

The MS network and its variant topologies can fit the needs of high-performance interconnection networks and appear to be efficient low-degree alternatives to the star graph for building medium to large-scale parallel architectures.
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