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Abstract: We discuss the relationship between the learning and the relaxation in
neural networks, exemplifying our two integrated neural network models composed of
Backprop. and Hopfield Nets. In the model #1, Hopfield Net works for energy minimi-
zation, and two Backprop. Nets put in front and in rear of the Hopfield Net function
as mapping networks with learning capability. The input signals from the external
space are mapped via one Backprop. Net into the internal space, where Hopfiled Net
minimizes the total energy according to the warped internal space representation.
The output signals of Hopfield Net are mapped again to the external space via the
other Backprop. Net with the inverse mapping. If the indirect feedback loop via two
Backprop. Nets 1is used, the constraints are satisfied according to the distance
measure in the non-warped external space. The model ¥#2 has a network architecture in
which two Hopfield Nets are cross-coupled via multi-layered internetworks. A Lyapu-
nov function for storing one state in each Hopfield net leads the necessity of the
delta rule for training two-layered linear internetworks. It is also shown that the
géneralized delta rule is derived in the case of employing multi-layered internet-
works with nonlinear hidden units. Each internetwork 1is composed of forward and
backward subnets with the same connection weights. In the backward subnets, the
deltas for connectionistic learning are computed. At the same time, their final
outputs and the inputs to them are utilized effectively for network relaxation via
extra paths to Hopfield Nets.
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