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1. ABSTRACT

Sperry's entry into the Department of Def ens
(VHSIC) program enhanced our understanding of at least two issues important in Sperry's
business planning. The issues include 1) the dangers of complacency with respect to
technology advancements and 2) our strengths with respect to the development of cost and
technically competitive electronic products. The former was dramatically illustrated when
Sperry's proposal for the development of a VHSIC military standard computer brass board was
rejected for brassboards encompassing entire subsystem capabilities including the computer.

On the positive side, Sperry's proposal for a Computer Aided Design (CAD) system was
selected and a subcontract awarded. During the contract, our proposal objectives have become

a model for subsequent work by both the government and other members of industry.

The understanding derived from the VHSIC program can be summarized simply. Sperry's
future DoD system business will inevitably require us. to design (or adopt existing designs) and
package totally integrated digital hardware components on a chip, e.g., wafer scale integration.
In the opinion of DoD and other members of industry, this will require a hierarchical CAD
system and design methodology. This paper will define the concept of hierarchical design. The
concept of hierarchical design shall be illustrated as it impacts system designers, hardware logic
designers, software designers, and CAD support system personnel. Combined with requirement
specification and correlation, the concept provides a framework for enforcing a-slysbengi:
hardware design methodology.

2. TECHNOLOGY EVOLUTION IMPACTS CAD

The DoD initiated the Very High Speed Integrated Circuits program in 1979 to meet presently
defined and future military system needs. The objective was to provide increased ability, on the
part of the U.S. electronics industry, to respond fully and quickly to the DoD's continuing and
rapidly expanding requirements for complex, hggeed signal processing functions in its
electronic subsystems and systems.

As part of the VHSIC Phase 1 proposal solicitation [1], DoD requested a "hierarchical chip
design methodol ogy for use with computer aid
were to "support the entire design process including functional definition. Design,

i mpl ementation, functional verification (and)
"integrated with a unitized data base into which data items need be entered only once and are
then available to all tools and aids within the CAD system."

Since the initiation of the VHSIC program, the concept of hierarchical design has received a
considerable amount of emphasis from both industry and the DoD. For example,
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Mr. JohnHanne, vice president and CAD project manager for the Microelectronics Computer
Technology Corporation (MCC), Austin, Texas, recently toured the country describing a model
for their CAD system R&D. The model contains a hierarchical description language and data
base which, when combined, are capable of supporting hardware and firmware descriptions for
CAD tools [2]. In the Commerce Business Daily [3], the DoD announced the first phase of the
Integrated Design Automation System (IDASrogram. "The purpose of IDASSs to support

VHSIC Phase 2 brassboard designs (and) will address all levels of electronic system design
from system level through chip level."

Discussions between the authors and several members of industry (e.g., RCA, Hughes,
Westinghouse, TRW, TI, etc.) indicatdl have some level of activity underway to better
understand the concept of hierarchical design and its impact on new and existing CAD tools. It
is this subject which shall be discussed and illustrated in the remainder of this paper. Concepts
and illustration ideas have been collected from previously published work in the public domain.

3. HIERARCIHCAL DESIGN ILLUSTRATED

At this point the concept of
hierarchical design is just that%
a concept, an abstraction. It has
meaning only in the confines df templ
an individual's experience. Tl“ge
vast majority of designers

B.ADDN/TBMPL
macro addn: - ADDN b

ADDN = <<pars(sig a b)

int n = size(1,a)

(including system or circuit® repl - @aebn sigcyout

softwarle or hardware)_nelth b def out cy = addaghd t (a b cy[l1é AA
appreciates its potential nat

denies its benefits. ig out cy[0] >>

*

To illustrate, consider a recenl]g
presentation given at Sperﬂﬁg
Defense System Divisioﬂli8
(DSD) on the utility of theio
hardware description languagé
ULYSSES [4]. The

presentation was given by a
logic designer who recognized
the requirement and potentiél
for a language capable af
describing hardware design afd
subsequently verifying that th%
described functionality
(behavior) was correct. S
The presentation covered tﬁg
utilization of ULYSSES in the

design of a 2bit adder for the
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*/

*/ This template defines an Nbit adder

*/

*/ the following template is called directly from this template
*/ ADDIBIT

*/

Figure 1. N-Bit Adder Defined Using OneBit Adders
B .ADD1BIT/TEMP

macro addlbit:
templ ADDI1BIT = << pars(sig a b cin)

' ADDI BI Tbd

(a xor b xor cin) , {(a and b or (a and cin) or (b and cin) >>

*
/
*/ This template describes a-bit adder function
*
/
*/

Figure 2. OneBit Adder Defined Using "Hierarchical"
Capabilities of ULYSSES
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Sperry Micro 1100 processor. The designer chose to describe the adder genericalhbas an n
adder (Figure 1) which subsequently achieves the proper functionality by utilizinglait one
adder description (line 10, Figure 1). The <teadder description is shown in Figure 2. The
data types (signals) and basic logical operators (XOR, AND, etc.) available in the language are
illustrated in lines 3 and 5 (Figure 2) respectively.

To the designer, the language was hierarchical because in describingithadder it was
possible to invoke the orat adder by name without describing the detailed logical. The
capabilities of the onbit adder are made: available using the TEMPLate (or library)
capabilities of the language (lines 1 and 3 of Figure 2). Similarly, 4bi¢ adder could be
invoked by other designers without knowledge of its implementation logic since it had also
been described using the TEMPLate capabilities (lines 1 and 4 of Figure 1).

The problem with interpreting the term hierarchical in this way can be made visible by
observing what occurs when the language is translated (compiled) into a form by which it can
be used for simulation. In this example, several machine instructions were needed to simulate
the onebit adder. These instructions are necessarily replicated or iteratively invoked to
complete a 2bit add. During the presentation, a question was asked about the amount of time
required to simulate a single test vector withblf2operands. The answer: more than one
second of Univad100CPU time. Multiply this by the complexity of tomorrow's chips and the
number of test vectors necessary- to exhaustively test a design and the magnitude of the
problem becomes apparent.

The solution to the problem requires that the design language be capable of expressing the
functionality for CAD tools (e.g., a simulator) in more generic or abstract terms. For example,
Figure 3 shows the logic schematic for a #arfbadder shown with carry truncation to simplify

the illustration. Expressed in ULYSSES (with current operators and data types), the
functionality must be expressed as four logical operations. When simulating the hardware
functionality, the passing of signals between the logical operators also utilizes machine
instructions.  Alternatively, Figure 4 shows precisely the same functionality, i.e., add the
information on RI to the information of R2, placing the results on R3. The hierarchical
capabilities of the language represented here differ significantly from those available in
ULYSSES. The functionality expressed by the more abstract form can generally be emulated
with as few as two or three machine instructions during simulation, thus taking only
microseconds to complete”. Further, this addition is possible not only for tHeittadder but

also for the earlier discussed-B4 adder that took more than a second to simulate.

In fairness to both the designer and the ULYSSES language developers, it must be nbted that
extensions to the ULYSSES data types and basic operators are planned. However, they were
not then and, to the best of our knowledge, are not now in place. Several peoplg at the
presentation took this definition of hierarchical as an ultimate definition. To extend the

hierarchical capabilities of the language and associated language processor to thelir fullest
potential, hence quality as hierarchical is expected to take severgleaanof labor.
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4. HIERARCHICAL DESIGN AUTOMATION - HARDWARE

The functional equivalence represented by Figures 3 and 4 illustrate several requirements
imposed on hierarchical design languages and associated design automation tools. Three
requirements and their impact on design automation tools are discussed. First, Figures 3 and 4
illustrate, respectively, two distinct capabilities needed in a hierarchical language: 1) a means to
express functionality (behavior) for each node (or partition) in a design; and 2) a means to
describe the interconnection (structure) of nodes. (If the language allows reference only to
functions that are predefined, i.e., uses models that are built into the CAD tools, the language is
primarily a structural language. The language generally supplies only interconnect information
usually referred to as "net lists." A large percentage of existing CAD systems use structural
languages thus cannot be classified as hierarchical. The majority of CAD systems in use by
Sperry fit this description.)

Second, a hierarchical language must supportdesfaned data types. For example, in Figure 5
(Figure 3 redrawn), the associated language need only process "signals" which propagate
between gatéevel operations or primitives. While the signals may take on several
"states"” (e.g., high, low, undefined, high impedance, etc.), the "data type" is predefined by the
language to reduce the complexity of the language compiler. The need foefised types

was illustrated in both Figurd@ and4. Here, ports into or out of the adder component are
"variables" that must be defined to hold a range of integer values from 0 to 3. A truly
hierarchical language must support a wide variety of types including enumeration (e.g., for
signal states) as well as bit, integer,
reals, floating points, etc.

R“ 2 r R(2) — xXon3
‘ _IL 'E ) R3(2) Third, a hierarchical language
Ri(1) | . together with CAD tools must
and1 ’ B
I H
J

.__2;.5..;3. support the substitution of detailed

" designs or structures (see Fig@je
——\—-—IL | R2(1) _)m R3(1) for less detailed but functionally
equivalent designs (see Figude
This requires the use of data
- conversion (also referred to as
coercion) functions, when
Ry 2 performing the substitution. The
\ concept of coercion functions is
2R3 represented in Figure8 by the
R3:= (R 1 + R 2)MOD 4——— "qotted boxes." The functions are
2 needed, for example, when
—< substituting the hierarchical
representation of Figur4¢ with the
more detailed representation of
Figure 4. Functionally Equivalent 2-Bit Adder Figure 5. In a designer friendly
CAD system, the coercion
4. HIERARCHICAL DESIGN AUTOMATION -~ HARDWARE functions are implicitly inserted by

R2(2)
-

Figure 3. 2-Bit Adder with Carry Truncation
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the tools, however, their existence (btiitdand/or usedefined) must be supported by the
language.

The requirements just discussed help establish a framework around which hierarchical design
tools can be developed. For example, a simulation generation system can now be developed
which uses structural descriptions to collect both feylel and/or primitivdevel behavioral
descriptions and form an efficient simulator [5]. To illustrate, consider the simulator shown in
Figure6. The simulator consists of 1) a collection of hardware behavioral (models); 2) routines
for interpreting commands acceptable to the simulator (user interface); 3) routines for
connecting models or instances of models (instantiation driver); and 4) routines which extract
data from the models during simulation (monitors). The latter provides the framework for built

in simulator command implementation and will support usksfined routines (e.g., routines
capable of printing timing diagrams, recording test probe results, etc.).

The ability of the collected software to exchange data and operate concurrently to simulate
hardware designs is provided by the control kernel. The control kernel also activates "coercion
functions" as needed to convert data between different levels of design. The identification of
models or monitors, the number of times each model or monitor is used in a design, and how
the model or monitor "instances" are interconnected is established by the instantiation driver
from the structural description.

The importance of structural and behavioral descriptions on CAD tools can be seen from the
design illustrated in Figurg, i.e., a hierarchical design for a Digital Adaptive Voting Ensemble
(DAVE). Using an interactive tool (later shown as a hierarchy processor) to select a desired
design from a hierarchical design data
base, it is possible to replace hilgivel

mi(2)  EXOR? behavioral descriptions (functional,
PE— EXOR3 block, register transfer level, etc.) with

R Dmm a structure or structures of lower level

AND 1 (more pr|m|t_|ve) behawo_r_s. Th_|s

R2(2) enables designers to utilize earlier,

—— . more abstract, designs, and
Rr2(1) j |AS($) . .
'ED_—_xom S|multanequsly concentrate on spec_lflc
areas of interest (i.e., implementation

Figure 5. A Hardware Design Model Accepting Only Signats d€tall) While using CAD tools which

- — - — - operate efficiently.
The hierarchical use of structure and behavior for simulation is useful in an analogous manner
for automated hierarchical layout. During layout, a behavior can be viewed as a
"compositecell" having physical size attributes. The values of higher level composite cells
(PLAs, ROMs, ALUs, etc.) are determined by the structure (interconnect and routing)
requirements of lower level composite cells (polygons, transistors, gates, etc.).

In general, languages which have not separated behavioral descriptions from struetural

descriptions have stymied the development of CAD tools which support hierarchical design.
Clearly, the separation of structure and behavior within a hierarchical hardware description
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language provides a consistent
framework for resolving complex

technical problems in tool development,
i.e., data type; conversion, access to
physical attributes of composite cells,
establishing artwork boundaries, and
supporting logic partitioning.

Separation also simplifies

communication between designers,
particularly across levels of design
detail.

5. HIERARCHICAL DESIGN
AUTOMATION -SYSTEM

At this point in our paper we have
illustrated the concept of hierarchical
design as applied to hardware or chip
design. The use of hierarchical design
was accelerated by the DoD VHSIC
program as hardware technology
advanced to the point where entire
digital subsystems could be placed on a
single chip. In general, it has forced



