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ABSTRACT

“‘Structured computer-aided digital logic design is

' defined and an example of it given, the S-1 Design System.

It is noted that such a system has resu]téd_fh a very 1arge'
keduction in the amount of designer effort réquired to
complete the design of a large-scale digital processing
system fn the first exercise of its cababi]itﬁés. This
basic:and‘genera1]y applicable advance in digital design
technology may be expected to quite favorébTy impact all.

complex digital systems developments.
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INTRODUCTION and SUMMARY

This report briefly describes a novel computer-aided digital logic
design system Which is éurrent]y being used in the‘design of a high-
pefformance mu]tiprocessor. The S-1 Design. System is a set of computer
programs which allow digita] logic to be represented in "structured" or
‘ hierarchal dfaWings. The system provides extensive iﬁteractive sﬁpport
during the creat{on of drawings by the designer,'iié., the specification
of the system design. It subsequently expands theseidrawings ;utomatically
to produce input for a ggte—]evé] ]ogica] system simulator program, and
also input for computer-driven machines in the indﬁétria] éector which
perform the automatic construction of the specified;djgital logic system,
e.g., a multiprocessor module.. Its use allows a very farge savings in
design manpowen,'re1ative to that required by curreﬁtiy employed digitaf
design technjques, and can réduce the total time required for the creatién

of a superprocessor from the current 5-8 year periods to under a year;

STRUCTURED DESIGN: NEED and NATURE

In genera1,-idea1 structured design involves the design of arbitrary
hodu]es, each in terms of a few other modules, relatively independently,
which communicate through.well-defined interfaces,'.Aannced programming
languages and programming djscip]ines exemplify theéé goals; arbitrary
subroutines are written, each in terms of a few othér.subroutines,'
relatively independently (i.e., they can often be written by different
programmers) , and they commﬁnicate through interfaces defined by their
input and output_paramcfers.

‘Historically, logic design has'1agged far behind.program desigh in
terms of these ideals; logic is still typically handjdrawn by draftsmen,

and is specified by showing on drawings the actual physical connections



betwéen thé.prfmitive logical elements which ére available in sections
“of ihtegrated-]bgica] circuit packages (“chipé") from semiconductor
manufacturers.AATraditiona] logic design thu5'supports a single level
of abstraction; the-design is not specified in terms of the circuits
which implement logical gates, but in terms of the gates themselves. A
good structured design system would facilitate the creation of multiple
levels of such abstraction; the S-1 Design System is the most powerful

such system of which we are aware.

THE S-1 DESIGN SYSTEM

The heart of the S-1 Design System contains a

Graphics Editor and a Macro Expander. The Graphicé Editor allows the

designer to draw prints (i.e., do 1091ca1 design) at a computer-serviced
graphics termiha1, and to create hard copy of theseAprints on‘standard
~ graphics output devices, such as a Xerox Graphics Printer or Calcomp Plotter.
‘Instead of drawing.prints only in terms of chips, @ggﬁg§_(precisely defined
abbreviations) can beused which are defined at will by the designer himself.
Macros represent logic modules of arbitrary size and arbitrary physita]
configuration. ~The important characteristics of such a'macro are:

1. It has a small number of predefinedv§h§gg§_which may

appear in a drawing, and all of which are def{hed in

a 1ibréry.
2. It has a set of parameters which allow logical signal
© vectors to be passed to the macro each‘time it is called.
3. It has a name, which 1inks the macro call to its
definition.

4. It has a definition, which is used to expand the design

out to individual chips, thereby allowing the. production



of a wire list which can be used to specify the auto-

matic construction of the system being designed.

5. It has a 1dgica1 location name, which serves to uniquely

identify the use of a macro within the enclosing

definition.
Macros are connected by buses, which represent vectors of signals,
“and are drawn as sing]e lines for the convenience of the designer. Each
bus may have a néme or set of names (synonyms).

The designer thus manipulates shapes (representing macros) on a
graphics terhina1, connects them by buses, and enters ]abe1s for buses, macro
names, and macro locations. He is able to define new (understandable) shapes
to‘represent éomp]ex functions. The designer's freedom of expression in
this context is. constrained by the discipline implicit in the five
characteristfcs above.

A sample of what the designer manipulates on his screen is shown in
Figure 1. The 1gwest“1eve1 of abstraction shown in this examp]é is a single
ECL gate, a section of a 10105 chip. The gate is shown in one of its two tra;
ditional forms,'the other being an "or! shape. The drawing also includes
a RAM and a register, which are drawn as boxes. The middle body is a
mnemonic shape representing a 16-bit ALU (arithmetic-logic-unit).

Figure 2 shows part of the expansion process accomplished by the
Macro Expander. Within the set of drawings created‘by the designer exists
one with the tii]e "16-Bit ALU," and that drawing defines the logical
structure ofgthe3]6-Bit ALU macro in terms of severa]'other macros. A
list of bus names be]qw the kcyword "paramcter" identifies the formal
parameters of the 16-Bit ALU; those vectors of signals are implicitly

connected across the boundary between the macro call and its definition.



‘The parameter-passing mechanism is an extremely important aspect of
the design system; its‘function.is to establish well-definied interfaces
through which modules defined relatively independently can communicate.
Note that the'names of the formal parameters of a macro are defined by the
- designer, justraﬁ’the names of formal parameters of a subroutine are
"defineq in the subroutine, thus providing effective isolation between
different sections of the design, in the same way that the use of sub-
routines iso]afes various portions of a computer prdgrém.

Just as g]oba]bvariables can be used in programming languages, global
buses -can be usedvin the S-i Design System. Such buses must be declared
(in order to profect the designer from certain modes of error) and can be

-used by any mééfo definition lower in the expansion:tfeé than the
declaration. fhe avéi]abi]ity of g]oba] buses a]]ows>the designer to
limit parameters to those buses which increase the understandability of
the design.

The simi]arities between'structured compufer—aided logic design and
computer-aided'bfogram design are pervasive. Figure 3 illustrates those'
similarities. in thevS;l Design System the designer useé a graphics
console and interacts with a graphics editor, just as a‘programmer uses
a keyboard and text display when interacting with a'text editor. The
graphics'editor produces a description of the design which serves as
input.to the macrp expander, just as the text editor produces input to a
compiler. Syntactic errors are détected by the macro-expander just as
is done by a compiler. The macro expander finally produces a wiring
list which builds the machine, just as the compiler produces{machine code

which implements the desired program.
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EXPERIENCE WITH STRUCTURED DESIGN

We have had extensive experiénce with the S-1 Design System during

‘the design of a 4000-chip superprocessor-scale module of a multiprocessor

system. The system‘has been of enormous utility throughout the design

process! ‘Most,important]y, the imposition of a structured design

- discipline has greatly increased the understandability of the design,

reducing the désign time by a large factor, enhancing design correctness,

and faci]itatihg the generafion of final documentation. The design itself

serves as a major portion of the final documentation Because it is so
readiiy‘understandable; thus, the need for expensive énd relatively
inaccurate post facto documentation is Qreat]y reduced. Another major
advantage of the.structured design approach has beeﬁ that it has increased
the changeability of the design; since macros are inherently isolated,
changes in one macro definition usually require minimal changes in other
parts of the desfgn.

Finally, we feel ;hat the imposition of structure on the design will
fééi]itate machine verification of large designs; that is, although
simulation of a large digital logic system design at the chip level is
currently difficult because of computer time and memory requirements, doing
the design inAa structured manner allows part or all of the design to be

simulated at a high level comparatively readily.

CONCLUSION

Structured design consists of extending to digital logic design
the essential power of the concepts and the tools which have been
developed for simplifying digital computer programming over the past

quarter cenfury; the S-1 structured design program package is used to
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cause computer-controlled equipmént to create digita] logic in hardware
from a Qet of near-minimal specifications by the designer.

Savings 5n human labor expended in digital systeﬁs design realizable
by this advahce'aré potentially as large as those which the application
of compiiers caused in'the specification of complex arithmetic and
logical computations; very 1arge effort reductionszhave é]ready been
realized in the first uti]izafion_of this structured design technology.
Very substantia]'subsequent advances doubtless wi]T be made as this
technology matures, with correéponding]y large reductions in the cost
(énd therefore greatly increase cost-effectiveness) of large digital

logic systems.
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COMPUTER AIDED LOGIC DESIGN
VERSUS
COMPUTER AIDED PROGRAM DESIGN
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