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(Design of a Single-chip Multiprocessor with
On-chip Learning for Large Scale Neural
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Abstract

In this paper we describe designing and implementng a digital neural chip and a parallel
neural machine for simulating large scale neural netsorks. The chip is a single-chip
multiprocessor which has four digital neural processors(DNP-II} of the same architecture.
Each DNP-II has program memory and data memory. and the chip operates in MIMD
(miti-instruction. multi-data) parallel processor. The DNP-II has the instruction set tailored
to neural computation, which can be sed to effectively simulate various neural network models
including on-chip learning. The DNP-II facilitates four-way data-driven communication
supporting the extensibility of parallel systems. The parallel neural machine consists of a host
computer, processor boards, a buffer board and an interface board. Each processor board
consists of 8x8 array of DNP-li(equivalently 2*2 neural chips}). Various parallel structure
can be built including linear array. 2-D mesh and 2-D torus. This flexibility supports
efficiency of mapping from neural network models into parallel structure. The neural system
accomplishes the performance of maximum 40 GCPS(giga connection per second) with 16
processor boards.
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Fig. 1. Neural chip structure.
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Fig. 2. DNP-II architecture.
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Fig. 4. Simulation and program of error back propagation.
(a) Data path for forward path. and its program (b) Data path for non-linear function.
and its program (¢) Data path for hidden layer learning. and its program (d) Data
path for output layer learning, and its program
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