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1.0 SCOPE GF THE | NVESTI GATI ON

The notivation behind the research described in this report is to
enhance the digital designer's capabilities by producing nore powerfu
design tools. Digital logic design has progressed to the point that
the operation of the logic can be functionally expressed by a variety
of hardware Qescriptive | anguages, |SP being one of the nore widely
used oneé. Functional sinulators exist and are useful for verifying
system operation and performance neasurenments (Barb77a). Thus, the
- state of the art in digital design is such that the next addition to
design aids should be synthesis, a program that can design the
STRUCTURE of a digital system given its FUNCTION or BEHAVICR as
input. Aong with the synthesis of hardware comes the problem of
producing optimal or near optimal designs to neet the design
constraints. The research reported on here is ainmed at understahding
the design or synthesis process so that it can be automated. One of
the goals of this project is to produce |ogic-level hardware designs
from ISP descriptions in a non-optimal fashion to better understand
automated design. (A parallel goal of related research Hy the same
group is to develop discrete optimzation algorithns and technique to

be applied in a nore conplex and powerful package.

Unfortunately, the area of [/O interface and bus design is not as
well organized or developed as digital design. In order to produce
design aids for this kind of problem much nmore background effort has
been necessary. First of all, specification of bus and 1/0O operation

is a different, nore difficult problem than logic description




Second, simulation is nore conplex due to timng dependencies which
affect the logical operation of the interfaces to 1/0 and busese So,
in order to automate interface design, the remaining effort on this
grant has been aimed at the problem of 1/0O interface and bus
description. The goal hére has been to produce a |anguage suitable
for 1/0 description and sinulation, with the automation of conplex
interface design a nore distant goal. At the sane tinme, the synthesis
programs described above have been constructed so that reasonable,

sinple interfaces to the hardware being designed can be specified and

included in the design.

In the course of pursuing the above goals, sene other areas have
been investigated. These include the specification of a nodule set
data base for interface designs, the conparison of the interface
specification language (G.IDE) wth [SPL, and the description and
sinulation of nicrocode execution for a nunber of processors. In the
area of [/0 design, sone further.specifications of a general - purpose
programmable |/0O processor were produced,. and a programmable FIFO
buffer chip design was investigated. Publ i cations and technical

reports in these areas are listed in Section 3«




2.0 SUMWARY OF RESULTS

W are presenting here two min research results - the GLIDE
| anguage, and a working synthesis program the data-nenory allocator

Rel ated conclusions and results are also briefly enunerated.
2.1 The G.IDE Language

A summary of the GLIDE language progress is presented here.
Since the conplete language has not been published el sewhere, a
pre-publication report is attached as Appendix |I. The GLIDE |anguage
has now been conpletely specified, and a conpiler supports the
| anguage. Early effort went into the conparison of G.IDE and |SPL,
and this work produced a conpiler which translated GLIDE into |SPL.
The result of this was a better understanding of the Ilimtations of
ISPL, and the introduction of the PROCESS concept in the |ISPS |anguage
and simulator. By PROCESS we nean the set of register-transfer
oberations which exist in a control environnent independent from the
control environment of other operations. In addition, timng
capabilities were added to the |ISPS sinulator. Sonme of the GLIDE
control structures could not be transiated accurately into ISPL, and
sone primtive QIDE operations expanded into large blocks of |SPL
code. In particular, the G.IDE nmemory constructs include FIFO queues
and associative nenories, which expand into long routines when
translated to ISPL. Also, the semantics of GLIDE contain the notion
of synchronous data 1/Q which cannot be described in ISPL. O her
Primtive operations which translate to routines include parity bit

generation and checking, data formatting, and packing and unpacking of




words. The major conclusion to be drawn fromthe conparison is that
G.IDE and ISP are different languages for describing different
entities, and fhat the problems wth 1/O description force the
exi stance of both [languages - GLIDE for 1/O and ISP for digita

syst ens.

The maor output of the GLIDE effort so fgr is tw partial bus
descriptions - the mlitary conputer GYK/12 1/0O bus and the PDP-11
UNI BUS™  The UNIBUS description is attached as Appendix I1I. Three
main conclusions can be drawn fromthese two exanples. First, the
control structures for nesting PROCESSES have sonme  undefined
semantics, and it is not obvious the effect the PROCESS priority
structure should have on the execution of a G.IDE program Second,
the control structures inside processes are not block structured, and
hence unwi el dy. However, the descriptions seemto accurately reflect
the | ogical operation of the two buses, and therefore, the language is
viable for bus and 1/0 description. (Attenpts to describe the UN BUS
wth ISPL and ISPS have ndt resulted in conplete descriptions).
Efforts are underway to validate the GLIDE UNIBUS description

2.2 Design Automation

In order to discuss the results of the design automation effort,
an overvi ew of t he RT- CAD (Regi ster-Transfer | eve
Conput er - Ai ded- Desi gn) system is presnted here. This overview was

originally published in (Snow78a).




RT- CAD OVERVI EW

The ulmate goal of -the RT-CAD project is to provide a
t echnol ogy-rel ati ve, ~ struct ured-design aid to help the hardware
desi gner explore a larger nunber of possible design inplenentations.
Inputs to the systemare a behavioral description of the systemto be
designed, an objective function which specifies the user's
optimzation criteria, and a library specifying the hardware
conponent s avai I able to the design system The corrponeht s of the

RT- CAD system are shown in Figure 1 and di scussed bel ow.
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The RT-CAD system differs from other design automation systens in
that it operates from a behavioral specification. Such specification
provides a nodel t hat, while accurately characterizing the
i nput-output behavior of a piece of hardware, does not necessarily
reflect its internal structure. The design process is one of binding
i mpl enentation decisions in a top-down manner as a design proceeds
through the RT-CAD system .More and nore structural detail is frozen
at each level until a conplete hardware specification is obtained, the
most influential design search space. The functions of the design
system conponents which bind these inplenentation decisions are

described bel ow.

G.OBAL OPTIMZER  The global optimzer applies high-leve
transformations to a design's behavioral representation after
translating it from ISPS notation (Barb77b) to an abstract design
representation called the value trace (Snow78b). The transformations
have a significant inpact on the cost, performance, and other
parameters of the designs to which they are applied. The research
described in this paper centers around the design representation, the
transformations upon it, and the strategy guiding their application in

the search for an optinal inplenmentaion

DESI GN STYLE SELECTOR. By considering the various nodule sets
that can be wused (e.g., TIL vs. a mcroprocessor), the design
constraints inposed (e.g., cost, speed), and the structure of the
algorithm to be designed (e.g., pipeline data flow), the design style

sel ector decides on the specific style of design to be enployed (e.qg.,




bitislice mcroprocessor, MOS mcroprocessor, SSI/MSI logic). Earlier
work (Thon¥7b) shows this to be an influential decision in terns of
cost and speed tradeoffs. Wen the style is selected, the design is
passed to an allocator specific to the design style. Initial research
into tﬁe design style selection process has been conpfeted (Thorn 77a)

and an automatic design style selector is currently being programred.

PARTI TI QNER.  The partitionef groups operations fromthe abstract
design representation into control steps. This effectively binds the
control flow for the design. Tradeoffs between the data and contro

parts are nade at this |evel.

DATA/ MEMORY (DM ALLOCATOR.  The function of the DMallocators is
to decide the nunber and type of data operators, nuliplexors, and
regi sters needed to inplenent the data part of the design. They are
style specific in that'they enbody anal ytic and heuristic know edge
about a style (e:g., the trade-offs involved in the design of a TIL
system), but they do not have access to the specific details of each
modul e set. The output of the allocator is a data path graph whose
nodes are elenents such as adders or registers. An initial
inplenentation of an allocator for the TTL design style is reported in

(Haf e78).

CONTROL ALLOCATOR.  The control allocator generates a sequentia
state machine to control the data paths produced by the DM all ocator
The control allocator has the option of designing the control unit
around control philosophies such as mcroprogrammng, programred |ogic

arrays, randomlogic, etc. The output of the control allocator is a




control path graph whose nodes represent control states.

MODULE BINDER.  The nodul e binder selects physical nodules from
the nodule set library to inplement a design's data and control path
graphs. The library contains descriptions of the conponents avail able
to the design system and may be freely updated so that it is kept
current with respect to advances in modul e technol ogy. This dynamc
aspect of the nodule set library provides for the technol ogy-relative

aspects of the RT-CAD system

PHYSI CAL LAYQUT PROCESSOR.  This conponent partitions the system
into printed circuit boards or chips, decides the placenment of
conponent s, rout esi nt erconnecti ons, and prepar es engi neering

docunent at i on.

Research is currently underway into the design of all of the
system conponents described above. In addition, the problem of

integrating theminto a coherent design systemis being investigated.

Research supported under this grant has focused on the synthesis
routines - the data-menmory and control allocators. Although the
control allocation effort is just beginning, some ideas as to the
nature of the problens to be solved have been posed. The generation
of control hardware is analogous to the problem of generation of
mcrocode, wth its inherent conputational complexity, but there is
one difference. Ceneration of hardware introduces another set of
vari abl es into the optimzation routines. Not only are

mcroinstructions generated, but the control hardware itself must be




designed and optimized.

More progress has been made on the data memory allccation

problem. A non-optimizing allocator has been written and reported in

(Park78) and (Hafe78). In order not to duplicate these publications,

(HafeT78) 1is attached as Appendix III, and the results are summarized
here. This allocator produces a distributed logic design of the data
paths and storage locations for a given ISPL description). (The
program uses ISPL instead of ISPS because of the ISPS development
timetable. It is being modified to accept ISPS). It performs some
error checking to indicate to the user potential resource conflicts
and design errors, and functions independently of <the actual
integrated circuits used to implément the logic diagram it produces.
Preliminary checks indicate that the designs are capable of performing
the functions present in the original description. Two designs have
been done by the allocator. The first 1is part of an elevator
controller and is described in Appendix III. The second is the
PDP-8/E. A non-optimal hand mapping of integrated circuits onto the
allocator output logic diagram has been done, and estimate of chip
count made. t is difficult to compare the automated design with the
original DEC design for three reasons. First, the ISPL description
input to the allocator declares as registers some values the PDP-8E
uses but never stores explicitly in registers, such as the effective
address. These show up as registers in the allocator's design. Also,
the allocator designs distributed logic, and the DEC design was done
in +the central-accumulator design style (For a discussion of design

styles, see (Thom77)). Finally, the DEC design has assumed a boundary




between the <control and data-nenory parté of the design, but the
boundary is different fromthat inposed on the al | ocat or by the 1SPL
description. Thus sonme tests, flags, and registers which nmust be
“declared explicitly in the ISPL description are part of the control in
the DEC design. In spite of these differences, estimates of chip
count indicate that the allocator uses 50% nore integrated circuit
chips than the human designers for the data paths and registers. O
course, these estimtes were made using the sane 1970 technology chip
set the DEC designers had to deal with. The 50% excess hardware can
be found in nuliplexers which connect the registers, the extra
registers declared in the ISPL description, and duplicated operators
like increment, add, and conpare. Mich of this can be attributed to
the way in which the ISPL description had to be witten, and sone of
these constraints will not be present in future |SPS descriptions.
However, other chips can only be elimnated when optimzation
algorithns operate at sone stage of the design process. The conplete
allocator output can be found in Appendix IV, along wth the
i npl ementation information used to nmake the chip count estimates, and

the PDP-8/E |ISPL description

One interesting point to be illustrated is the differences in the
design seen even from the block diagramlevel. This is shown in
Figure 2. There are two reasons for the differences. First, as
stated previously, the design styles are different. Second, the
multiplexing is used in different ways. In the DEC version, the
operators are shared, and are even used to provide no-op paths from

one register to another. In the CW wversion, only registers are

10




shared and use nultiplexed inputs. The ISPL |anguage is partially the
source of this disparity. In ISPL, the wuser can repeatedly use
register A as a destination from various sourcese However, the
expressions A+B and C+D do not inply (or discount) a single adder.
Oher differences in the design include the use of nultiplexers for
shifting in the DEC design, and use of true/conplenent 0/1 chips for
creating conplenents. "Oring" of the M) and AC registers in the DEC
version is done within the nultiplexing hardware. Constants are often
created in one place and gated over already existant data paths to the
registers. In the OW version, these constants are multiplexed at the

register inputs.

One final difference is the treatnment of the Link FF and
Accunul ator register as a single register in the OW version. This is
done because of the way the PDP-8/E |ISPL description was witten.
Further analysis of this design is in progress and includes an
i npl mentation of the control by hand. Conparisons of the DEC and CW

speeds will then be possible.

1
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