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Choosing the Beslogy(N, m, P) Strictly Nonblocking Networks
F. K. Hwang

Abstract—We extend thelog, (N, m, P) network proposed by Consider the channel gragh(i, o) between an input and
Shyy and Lea to basek. We give a unifying proof (instead of an outputs. From the structure aBY —! and the patterd’™—!,
three separate cases as done by Shyy and Lea) for the conditionjt is easily verified thatG(i, o) is a symmetric series-parallel

of being strictly nonblocking, and a simpler expression of the . .
result. We compare the number of crosspoints folog, (N, m, p) channel graph with branching at then outer shells. LelV F;

over various k. denote the number of paths at shgllThen
Index Terms—Banyan network, Clos network, strictly non- NP — ki, forj<m
blocking network. IT k™, for j > m.
. : s
| INTRODUCTION A stagey link may also be seized by a connectitih, o’)

~ where¢ # ¢ ando # o. We call such a connection an
HE NOTION of alog,(V, m, p) network for designing intersecting connectionTo avoid counting twice, we must
photonic switching systems was introduced by Lea igssign such an intersecting connection eithet’tor to o’
[1] and by Shyy and Lea in [2]. Following [2], we use theye assign it to the input side of inputs (outputs) which can

Banyan networlas representative. Am-extra-stage Banyan generate an intersecting connection seizing a shietk. Then
networkis a cascade of the Banyan network with extra

stages which are the mirror image of the finststages of the NI; =NO; = (k- 1)k’ ™1,

Banyan network. Alog,(V, m, p) network can be treated as for 1 < j < (n+m)/2 (eXceptN O pm)/2 = 0.

a symmetrical three-stage Clos network with= 27 inlets,

while the middle stage consists ptopies of ann-extra-stage Assuming the worst case that ti¥é/; and NO; intersecting

Banyan network, and the first stage consist&*of! copies of connections are all disjoint, then a portioNf; + NO;)/NP;

a 2 x p crossbar. of the paths inG(¢, 0) is unavailable tq(7, o). Therefore, the
While a Banyan network usually us@sx 2 crossbhars as condition of SNB is

components, it can be easily extended t&-aary Banyan

m — L(s+m—1)/2] i—
network usingk x k crossbars. Fig. 1 shows a ternary Banyan > Z 2(k — kY + Z 2(k = k1
. 3 p 7 m

network with N = 32 inlets. — k M k

By using_thek—nary Banyan networks ?n the middle stage, (k — 1)k(5+m>/2—1
we can define dog, (N, m, p) network with N = k° inlets, + bstm o
where the input stage consists 8f 1 x p crossbars and the stm—1)/2 "
output stageV p x 1 crossbars. - 2m(k — 1) + 2(k —1) Kl 2~k

The value ofp to guarantee strict nonblockingness of k K k-1
the log, (N, m, p) network was given in [1] and [2]. Their + sk — 1EE—m/271
arguments, divided into three cases= 0, 1, > 2 also hold _ 2m(k—-1) o LGs=m=1)/2] _ 1
for the log, (N, m, p) network by simply replacing base 2 - k + ( - )
with basek. We give a simpler proof by unifying the three + Sy (k = 1))/ 2L,
cases (also a simpler expression fr

Theorem 1: A log;, (N, m, p) network is strictly nonblock-  Theorem 1 follows immediately. ]
ing if

2m(k—1)+1 o II. MINIMIZING THE NUMBER OF CROSSPOINTS
2[7w+(k+1)k(5"’")/ L2, for s+m even _ _
k Let # denote the number of crosspoints. We first compare
_[2mE-1)+1 (s-m1)/2 strictly nonblockinglog,,(IV, m, p) over variousk for # by
_[ 2 w + 2k -2,  fors+modd keeping N invariant. It is tacidly assumed thaV can be

approximated by a power @f so that the formula in Theorem

Proof: SupposeN = k. Defineé, = 11if = is even 1 gnnjies. We will also ignore the integrality pf
and= 0 otherwise. We use an argument analogous to the oNnézp m-extra-stage Banyan network hasr m stages each

given in [1] for thek = 2 case. consisting oft*~! k x k crossbars; therefore, it hés+m )Nk
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If m = ¢, then

# N2EC—e~D/2 (5 4 o)k
=2N3 2= D2 (Jog, N + ¢)

which is essentially increasing ik for ¢ = 0 but decreasing
in kforc> 1. If m = s — ¢, then

log, N —c)(k—1)+1
k

The analysis is the same as in case 1.

When # is essentially increasing k the optimalk is a
small £ which can be determined by standard method. When
# is decreasing ik, the optimalk should be as large as prac-
ticality allows. Note that the optimat is independent ofVv.
Also note thatlog, (N, m, p) requiresO(N?3/2) crosspoints
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Fig. 1. A ternary Banyan network with 27 inlets. for m = ¢ but only O(N log? N) crosspoints form = s — ¢
(m = s — 1 yields a variation of the Cantor network).
Case 1: s +m is even. Then Sometimes, for a technology or performance reason, it is
2k —1) + 1 necessary to keep constant. ThenV = k*® varies with k
# :N{i + (k + Dkb—m/2=L _ o and will be denoted byV,. In this case one should compare
k #/N;,, the number of crosspoints per input (or output). We
“[2 4 (s +m)k]. have previously shown
Let ¢ denote a positive integer much smaller thatf m = ¢, #
then N, =p[2+ (s +m)k].

#eoN(k+ 1)EGE=/2L k _ _ - o . .
g/; ) —(e/2) (s40c) It is easily verified thap as given in Theorem 1 is increasing
~ N2k + Dk log;, in k. Hence, #N}, is increasing ink, and the optimal choice
which is essentially increasing ik for ¢ = 0 or 1 and Of kis k = 2. o _
decreasing ink for ¢ > 2, where “essentially increasing” Since there is na priori reason to argue fok = 2 being
means exceptions are allowed for very smallf m = s — ¢ the optimal choice, one expects¥; to consist of two factors,

then one increasing ik and the other decreasing, and the optimal
As—c)(k—1)+1 k is determined by balancing these two factors. It is surprising
#~N ’ (25 = c)k to find both factors in #V, increasing ink.
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