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S4CAD: a software tool for synthesis,
analysis and modeling of systolic
structures

S.G. Sedukhin and. LS. Sedukhin

This paper presents the S4CAD software tool which allows to synthesize and analyse a set
of admissible systolic arrays for the given matrix algorithm. A systematic approach to
the design is presented as a theoretical background of the s4CAD. The tool runs under
graphical operating environment MICROSOFT WINDOWS 3 placing at the user’s disposal
convenient means for evaluation and choosing an optimal structure observing designer’s
reqmrements, e.g. computmg time, number of processing elements, structure topology,
number of external pins, data flows formats, data pipelining period etc. A number of
basic parametrized algorithms of linear algebra and graph theory have been included in
the s4CAD library, and as an example the design of systolic structures for the transitive
closure algorithm is shown in the paper.

1. Introduction

Investigations in the field of the formal synthesis of parallel VLsI-structures
and parallelizing compilers usually require an automated design tool. In
particular, when systolic algorithms claiming to be efficiently produced in
vLsI or efficiently mapped on a massive-parallel computer architecture are
designed, the following demands are made on the automated design tools:

1. ability to produce a data dependence graph given an algorithm and
problem size parameters;

2. performing equivalent transformations of the dependence graph,
which keep the operational precedence and observe technological or
architectural constraints;.

3. mapping the dependence graph on admissible processor arrays of the
systolic architecture, elements of which belong to the space of given
dimension;

4. ability to simulate the processes going on in the processor array
during its activity period;
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5. availability of analysis means which help to estimate algorithm real-
izations in the different processor arrays;

6. availability of an interface with lower level packages (i.e., silicon com-
pilers and parallel language compilers).

It is usually desired to have an interactive, friendly user-interface with
such design tools, especially on the choice optimization stage.

The existing tools aiming at the design of parallel fine-grain structures
generally realize isolated stages of the design process. For instance, the
following automated design tools may be named: Apvis [9], piasToL [12],
SYSTOL [10], SYSTARS [11], PRESAGE [18], VACS [7] - tools that concentrate
on the systolic structures synthesis; DECOMPOSER [6] — tool that handles
the partitioning and the more advanced software tool for the VLSI-structures
design — ARREST [2].

In this paper’a software tool for synthesis, analysis and modeling of
systolic structures and algorithms — the S4CAD is presented. The paper is
organized as follows:

Section 2 briefly presents a formal approach to synthesis and analysis of
systolic structures; .

Section 3 is an overview of the main capabilities of the S4CAD tool;

Section 4 illustrates the design process of optimal systolic structures on
the example of the transitive closure algorithm;

Section 5 is devoted to development perspectives of the S4CAD in the
frame of the recent research.

2. Formal approach to the design

Traditionally matrix algorithms are represented by a system of recurrent
equations. In this representation each variable is denoted by a name and
by indez variables, which may only be integers and which uniquely deter-
mine the desired variable. The number of index variables defines dimension
of an indez space I = Z" and the admissible range of this variables defines
an internal computations domain P;,;, which is a bounded convex polyhe-
dron for finite algorithms. Initial values have to be assigned to recurrent
variables before equations for any recurrent step can be defined. These ini-
tial assignments form an input computations domain Pin and, respectively,
final assignments form an output computations domain P,,;. The set

P = Pin U Pina U Pt






