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Logic  Synthesis  Through  Local  Transformations 

A logic designer today  faces a growing number of design  requirements and technology restrictions, brought  about  by 
increases in circuit density and processor  complexity.  At  the  same  time,  the  cost  of engineering changes  has  made  the 
correctness  of chip implementations more  important, and minimization of circuit count less so. These  factors underscore 
the need for increased  automation of logic design. This paper describes  an  experimental system for  synthesizing 
synchronous  combinational  logic. It allows  a  designer to start with a  naive implementation  produced  automatically  from 
a functional  specification, evaluate it with respect  to  these  many  factors, and incrementally  improve  this implementation 
by applying local transformations until it is acceptable for manufacture.  The  use  of simple local transformations  in this 
system ensures correct implementations, isolates technology-specac  data, and will allow the  total  process  to  be applied 
to larger, VLSI designs.  The  system  has  been  used  to  synthesize masterslice chip implementations from functional 
specacations, and to  remap  implemented masterslice chips from one  technology to another while preserving their 
functional behavior. 

Introduction 
The goal of generating an acceptable, technology-specific 
hardware implementation  from a functional specification 
is  not a new one, and it has received  much attention in the 
past. The nature of this  problem depends on the level of 
the functional description, the set of implementation 
primitives, and the criteria of acceptability. Early  work 
centered on  developing  algorithms for translating a bool- 
ean function into a minimum  two-level network of bool- 
ean primitives. Extensions were developed for handling 
limited  circuit  fan-in and alternative cost functions [ 1, 21. 
But because these algorithms search for minimal  imple- 
mentations  they require time exponential in the number 
of circuits and thus cannot be  used on most actual 
designs. 

Other efforts have attempted to raise the level of 
specification. The DDL  work at Wisconsin [2-41, APDL 
at Carnegie-Mellon University [5],  and ALERT at IBM 
[6] all began  with behavioral specifications and produced 
technology-independent implementations at the level of 
boolean equations. The results were usually  more expen- 

sive than manual implementations and did not take ad- 
vantage of the target technology. For example, the 
ALERT system was validated  on an existing  design, the 
IBM  1800, and the implementation produced required 
160% more gates than the manual  design [7]. 

Attempts have been made to produce more  efficient 
logic  and to give the designer  more control over the 
implementation  [8-lo]. This control has resulted in speci- 
fication  language constraints, so that the specification is 
at a fairly  low level and  in closer correspondence with the 
implementation. This necessarily decreases the advan- 
tage of  an automated approach, bringing  it closer to a 
system for logic entry than for logic synthesis. 

Several tools have been  developed at Carnegie-Mellon 
University to support the early part of the design  cycle 
[ll-141. In one experiment [15] the CMU-DA (Carnegie- 
Mellon  University-Design  Automation) system was  used 
to implement the data path portion of a Digital  Equipment 
Corporation (DEC) PDP3/E. It began  with a functional 
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