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While full optical interconnects of an NxN input signal 

array to an N×N output signal array through N4 weighted 
interconnects is an important goal for optical artificial neural 
systems (ANSs), methods for doing this are rare. Goodman 
et αl.1 fully connected an N × 1 array to a 1 × N array. 
Sawchuk2 has suggested a fixed N4 interconnection method 
using replicated holograms for optical cellular logic. This 
works in principle but has extreme space-bandwidth re­
quirements for large N. Sawchuk has described a 3-D dy­
namic interconnection network for interconnecting 2-D N × 
N arrays in parallel computing, but this network does not 
have arbitrarily variable weights.3 I hope to show a simple 
optical N4 interconnection method which uses only one non-
critical lens, an N × N reflective spatial light modulator and 
a beam splitter as components. 

It is convenient to think of the N × N input array as a 
matrix A with components αkl· Likewise the output is an N 
× N array B with components bij. These are interconnected 
by a 4-D tensor T, i.e., 

Equivalently, 

Let us donote by Tij. the N × N array of Tijkl elements 
arranged in the same way as the αkl elements. That is, the 
tensor T can be thought of as N2 different N × N weight 
arrays of the form T i j, where Tij. is an N × N array of T 
elements needed for Eq. (2). Dropping the subscript kl from 
Tijkl to Tij. is done for clarity in the following. 

Figure 1 shows the basic scheme. The A matrix is inserted 
at the right side into the optical system via a reflective spatial 
light modulator (SLM). An N × N hologram array (which 
may be so large that it needs to be demagnified by relay 
optics before use as shown in Fig. 1) is illuminated by a 
reconstruction beam and provides the N2Tij. arrays. In Fig. 
1, we see that the Tij. arriving at the reflective SLM are N2 

products of the form T i jklakl. These are collected in the B 
plane (the image of the hologram array). 

In practice it may be necessary to make minor modifica­
tions on the apparatus of Fig. 1. The hologram array, SLM, 

Figure 1. Configuration of a parallel optical interconnection be­
tween an N × N input array and A and an N × N output B. An N × 
N array of holograpms each containing and N × N mask array is 
illuminated in parallel to produce the N4 interconnection. 
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and detector array may be of different sizes. This requires 
relay lenses to magnify or demagnify one or more of these to 
achieve the Fig. 1 configuration or some simple variant of it. 
For example, the hologram array may be quite large. As­
suming a 2-mm diam hologram to store a 1000 × 1000 Tij· 
mask, we need a 2- × 2-m hologram array to store 1012 

weights. This certainly precludes some uses. A 500 × 
500Tij· mask needs a 1-mm hologram, and we only need a 50-
× 50-cm array to store (500)4 = 67.25 × 1010 weights. Fresnel 
diffraction considerations make it desirable to keep the holo­
grams larger than or equal to ~ 1 mm. Thus if we drop to a 
128 × 128Tíƒ, we need a 12.8- × 12.8-cm array to store the 
(128)4 = (27)4 = 228 × 2.5 × 108 weights. 

To record each subhologram we must reverse Fig. 1. A 
point source at the i, j position in the B plane illuminates the 
SLM. The Tij· pattern is written onto the SLM. A coherent 
reference beam conjugate to the Fig. 1 reconstructing beam 
allows the subhologram to be recorded. 

Optical parallel N4 interconnections are seen to be quite 
straightforward. No technology breakthroughs are required 
to achieve N = 103 or N4 = 1012. Recording the master 
hologram as a whole or in parts may prove slow, but mass-
produced copies can be made quickly and inexpensively. 

This work was sponsored primarily by the Department of 
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