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The Instruction Systolic Array - Implementation of a Low-Cost Parallel
Architecture as Add-On Board for Personal Computers

Manfred Schimmler, Hans-Werner Lang, Riidiger MaaB
ISATEC Soft- und Hardware GmbH, Kiel

Abstract. In this paper the architecture of a 1024 processor instruction systolic array is described. Besides the
presentation of the concept and the architectural details of this novel type of massively parallel system the
paper focusses on the problems that had to be solved during the development phase.

1. Introduction

Instruction systolic arrays (ISA's) have been developed to combine the simplicity of hardwired systolic arrays with
the flexible programmability of MIMD-type processor arrays. The concept of the ISA has been introduced in
[La86]. It is based on a mesh connected processor array, where each processor has a data link to its four neighbors

(north, south, east, west). Open links at the boundary are used for external data communication.

The ISA is controlled by two orthogonal streams of information which are pumped through the array: a stream of
instructions along the columns and a stream of binary selectors (0's or 1's) along the rows. The two streams are

combined such that an instruction is executed whenever it meets a / and turned into a no operation, otherwise.

Since any information exchange is local (between adjacent processors), the concept avoids long wires for data as
well as for control information. In addition, the bit-serial structure of the processors allows to design them small

enough such that 64 processors fit onto a single integrated circuit.

The relevance of the ISA concept has been demonstrated by extensive studies of applications in [La86, Schm86,
Schi87, DiS88, Stra90], its performance in comparison to other models of parallel computers was evaluated in

[KLSSS88].

This paper describes the architecture and the implementation of a parallel computer based on an ISA. It has been
developed as an add-on board for personal computers. Besides the parallel unit it contains a fast interface logic
between the ISA and the host system. There are 16 ISA chips on the board, each comprising 64 processors.

Together they form a 32 x 32 array.
2. Single Instruction Systolic Arrays

The SISA (single instruction systolic array) [LA87] is a quadratic array of identical processors. Every processor
has a register set of fixed size including one designated communication register C which can be read by its four
direct neighbors (north, south, east, west). Every processor can execute instructions from a small (RISC-like)
instruction set I. The array is synchronized by a global clock and the execution of every instruction requires one
clock cycle. This is achieved by breaking up complicated operations like division or floating point operations in

sequences of machine instructions.

Input and output occur at the boundary of the array. In particular, a data item is input whenever a processor on the
boundary of the array executes an instruction that attemts to read from the communication register of a

nonexistent neighbor.

The instruction stream is reduced to one instruction per clock cycle, input into the top left processor. From there it
is propagated in horizontal and vertical direction. In this way, the instructions are pumped through the array along
the diagonals. In addition to the horizontal row selector stream, a vertical column selector stream is introduced. An
instruction is executed in its processor if and only if its meets a row selector 7 and a column selector /. Otherwise,

it is interpreted as no operation.

Although the SISA is a special case of the ISA, it has been shown that most applications can be implemented on

an SISA without any loss in performance [La87, Stra90].

3. Processor Architecture and Board Architecture

The ISA processor has a local memory of 32 words of 16 bits each. As active units it comprises an integer ALU, a
bit serial multiplier, a unit for conditional instructions, the communication register, and several units for bit serial
floating point arithmetic, e.g. a shifter, a tag manager, a flag manager, and an adress modifier. The instruction

decoder controls and synchronizes the different activities within the processor.

The processor operates in a bit serial way, i.e. execution of one instruction takes 16 internal clock cycles.
Depending on the instruction, one or two operands are chosen from the local memory, the communication register,
the communication registers of the neighbors, or the constants "0" or "1". The result of each operation is produced
with the least significant bit first. It can be stored in one of the local registers, the communication register or in

both.
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The processor is clocked with 64 MHz for the internal bit-clock. Since every instruction takes 16 bit clocks, the
global system clock is 4 MHz.

The parallel unit is laid out as a 4x4 square of ISA chips comprising an 8x8 array of processors each. Interchip
communication is again done across short wires between physically adjacent pins, thus keeping to the restriction
of local communication only.

The computing power of the ISA can only be exploited if there is a fast interface between the parallel unit and the
host system, i.e. the PC. Therefore, a sophisticated memory structure has been implemented on the board to
guarantee fast data transfer between ISA and PC.

4. Conclusion

The 1024 processor ISA board is a massively parallel unit which provides a computing power of up to 300
MFlops for an arbitrary PC. Its processor architecture and its memory hierarchy allows an efficient
implementation of a large variety of applications. The processor chips have been optimized in terms of power
efficiency in order to meet the requirements caused by the PC as a host system.
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