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MODIFIED INTRACONNECTED
BIDIRECTIONAL ASSOCIATIVE MEMORY

Indexing terms: Memories, Modelling, Neural networks

A modified model for the intraconnected bidirectional
associative memory (IBAM) is introduced in which there are
not only interfield connections but also intrafield connections
added in each neuron field. In the modified IBAM recall
process, the intralayer feedback processes run parallel,
instead of sequentially as in the IBAM, with the interlayer
processes. This results in both removal of the complement
encoding problem and relaxation of the continuity assump-
tion for reliable recalls of the BAM.

Introduction: The bidirectional associative memory?+? (BAM)
is an extension of the symmetric undirectional
autoassociators® of Cohen and Grossberg® and Hopfield,® to
produce a two-way associative search for stored associations
(X;, Y). It is the minimal two-layer nonlinear feedback
network in which information between two neuron fields Fy
and F,” flows bidirectionally through connection matrix M
and its transpose matrix MT. Only interlayer feedback pro-
cesses exist in the recall process of the BAM which makes it
suffer from the complement encoding problem. Besides, to
avoid situations in which the difference between outputs is not
proportional to the difference between inputs, the continuity
assumption of the association must hold for all k and I: H(X,,
X)/n =~ H(Y,, Y)/p, where n and p are the dimensions of X,
and Y, respectively; H(,) denotes the Hamming distance.
Recently, Simpson* proposed an intraconnected BAM
(IBAM) which is an extension of the BAM with the addition
of intrafield connections in the neuron fields Fy and Fy. In the
recall process of the IBAM, the intralayer and the interlayer
processes run sequentially. Owing to the addition of intrafield
connections, the IBAM can remove the complement encoding
problem. It, however, cannot relax the continuity assumption.
‘We present the modified IBAM in which the activations of
each neuron field are updated simultaneously based on the
information of the previous activations of itself passed
through intrafield connections and those of the other neuron
field passed through interfield connections. In this way, the
modified IBAM can relax the continuity assumption so that it
has better performance.

Modified IBAM : Assume there are m stored bipolar associ-
ation pairs (X, ), k=1,...,m X, e{~1,1}"and Y, e {1,
1}?. The evolution equations of the modified IBAM are

Y =sgn {XM + YB} (1)
X' =sgn {Y'MT + XA} 2

where M =37, X[V, A=Yr, X[X, B=Yr, YIY,,
{X, Y) denotes the inner product of X and Y, and sgn (x) =1
if x > 0, sgn (x) = 0 otherwise. There are (n> + np + p?) con-
nections in the modified IBAM.

At first, let us prove the stability property of the modified
IBAM. The following energy function is established as the
system energy of the modified IBAM:

E(X,Y)= —4XAX" — XMYT - }YBYT 3)

Considering the energy change resulting from the state change
of the neuron field Fy, the difference between the energies of
the current state (X, Y) and the next stage (X, Y’} is

AEy, = E(X, Y} — E(X, Y)
= —XM(Y — Y/ — {Y'B" + YBY") @

Because B is a symmetric and nonnegative definite matrix,
there holds

AEy= —XM(Y' - Y)T -~ YB(Y' - V)T
~ Y - VBY - Y)
< —XM(Y' - Y)" — YB(Y — V)T ()

From the evolution eqns. 1 and 2, there holds

P
AEy < — Y (XM, + YB)y; - y)
i=1
<0 6)

where y; and y; are the jth elements of Y’ and Y, respectively.
Similarly, the energy change AE, resulting from the state
change of the neuron field Fy is nonpositive. Because | E(X,
Y)| < m{n + p)*/2 for all X and Y, the modified IBAM con-
verges to a stable point where the energy is a local minimum,
ie. the modified IBAM is bidirectionally stable.

Like the IBAM, the modified IBAM can remove the com-
plement encoding problem due to the existence of the intra-
field connections. We now demonstrate that the modified
IBAM also can relax the continuity assumption by examining
a simple example. Suppose we want to store the three associ-
ations

X, =(+1 +1 +1 +1 +1

Y, =(+1 —t +1 —1 +1)
X,=(-1 +1 —1 +1 -1)

Y,=(+1 -1 -1 —1 +1)
Xy=(+1 —1 =1 +1 -1

Yy=(+1 =1 +1 +1 +1)

where n=p =5 and m = 3. The continuity assumption for
the BAM does not hold in this example because H(X,,
Xy)/n=3/5+ H(Y,, Y,)/jp=1/5 and H(X,, Xy)/n=3/5+
H(Y,, Y,)/p = 1/5. With X,, k =1, 2, 3 as input patterns pre-
sented to Fy, the modified IBAM illustrates accurate pattern
memorisation, i.e. (X;, Y), k =1, 2, 3 are the stable points. If
we store these three pattern pairs in the BAM and take X,,
k=1, 2,3 as the input patterns, (X,, Y,) and (X5, Y;) are still
stable points. However, when X, is presented to the BAM,
(X1, Y;) instead of (X ,, Y,) is the stable point, where

Xi=(+1 +1 —-1 +1 -1

If the test is performed for the IBAM, the three stable points
resulting are (X7, Y;), (X, Y,), and (X3, Y;), where

Xi=(-1 +1 -1 +1 -1
Xi=(+1 +1 —1 +1 +1)

This example illustrates that the modified IBAM can relax the
continuity assumption for reliable recalls. Another linear
correlation associative memory that does not suffer the two
aforementioned problems is the heterocorrelation Hopfield
associative memory* (HHAM) by concatenating each pattern
pair as a single pattern. It, however, requires (n> + 2np + p?)
connections, i.e. more np connections than the modified
IBAM.

Computer simulations: Computer simulations were performed
to examine storage capacity and error correcting capability.
Recall probabilities were calculated from one hundred sets of
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a variety of m randomly chosen association pairs. Each
pattern of the stored pairs was presented as the input pattern.
Fig. 1 plots the recall probability. It is clear that the modified
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Fig. 1 Storage capacities withn = p = 32
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IBAM has the best capacity performance, followed closely by
the HHAM, and then by the IBAM and BAM. We then simu-
lated the error correcting capability. Each pattern of the
stored pairs was degraded by various Hamming distances and
presented as the input pattern. Under the condition that there
must be more than 9995 successful recalls from 10000 tests,
the attraction radius, the largest Hamming distance that a
model can tolerate, was recorded. We recorded the attraction
radii for various numbers of association pairs. The larger the
attraction radius, the better the error correcting capability.
Fig. 2 shows that the modified IBAM has the best error cor-
recting capability.
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Fig. 2 Error correcting capabilities withn = p = 64
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Conclusion: In the recall process of the modified IBAM, the
intralayer feedback processes run parallel with the interlayer
processes. The modified IBAM keeps the ability of being able
to remove the complement encoding problem due to the exis-
tence of the intrafield connections. Moreover, the parallel
recall process of the modifield IBAM results in relaxation of
the continuity assumption for reliable recalls of the BAM. An
energy function can be defined on the modified IBAM, which
is nonincreasing in the recall process. That guarantees the
stability of the modified IBAM.
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OPTICALLY PUMPED SURFACE-EMITTING
DFB GalnAsP/InP LASERS WITH CIRCULAR
GRATING

Indexing terms: Lasers, Optics

The lasing action in surface-emitting DFB lasers with circu-
lar grating (SE-CG DFB) is reported for the first time.
1283 um  laser oscillation is demonstrated by optical
pumping.

Introduction: Distributed feedback (DFB) lasers with circular
grating were first proposed and patented by Shimpe' in 1985.
Passive circular grating resonators were analysed in 1989 by
Zheng? and in 1990 by Toda.® The interest in this particular
structure was further stimulated by the coupled-mode analysis
of Erdogan and Hall* on the threshold gain of circular grating
DFB lasers. Most recently, Wu et al.,”> formulated a vector-
wave selfconsistent coupled-wave theory for the analysis of
circular grating resonators.

Notwithstanding these theoretical analyses, no experimental
results have been reported so far. We present, for the first
time, the lasing characteristics of optically pumped GalnAsP/
InP circular grating (CG) DFB lasers.

Principle: In one-dimensional DFB lasers a grating provides
the necessary feedback to achieve lasing action. In circular
grating DFB lasers, the feedback mechanism is essentially the
same. The only difference is that we are dealing with cylin-
drical waves going into and out from the centre, rather than
the plane waves travelling forwards and backwards. These
cylindrical waves are described by the Hankel functions.?~*
The circular grating generates an infinite number of cylin-
drical waves. According to Reference 4, all these cylindrical
waves have almost the same threshold, and the threshold gain
of these waves is comparable to that of conventional DFB
lasers. Also, the phase-matching condition is approximately
the same as the well known Bragg condition for one-
dimensional DFB lasers. Circular grating DFB lasers are thus
expected to have multimode oscillations, accounting for a
large linewidth in the laser spectrum. Surface-emitting DFB
lasers can be realised by designing second-order circular
grating to diffract light out from the surface of the structure.®

Fabrication: Fig. 1 shows schematically the cross-section of a
surface-emitting DFB laser with circular grating. The double
heterostructure GainAsP/InP was grown by MOCVD on an
InP substrate. First, a 1 um thick bottom InP cladding layer
was grown, followed by a 0-17 um thick GalnAsP active layer
(4, = 1:3um) and a top GalnAsP cladding layer (A, = 1-0 um),
0-2 um thick.

The second order gratings were designed with a period of
0-:397 um to obtain surface emission at a wavelength of 1-3 yum.
The inner and outer diameters of the grating were 1-29 um
and 280um, respectively. They were patterned by electron
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