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ABSIBACT

Schema provides an integrated environment for all aspects of the synthesis
; d and analysis of electronic designs from PC boards through circuit and mask

design of VLSI devices. It simplifies the development of synthesis and analysis
tools by using uniform data structures and by making available libraries of
standard routines and advanced control structures appropriate for CAD tool
development. Because all tools in the Schema enviroment utilize the same
abstract data structures it is easy for tools to interchange data about a design
or even pieces of the design itself. Schema also permits much of the design to
be done in a technology independent fashion by allowing the designer to delay
implementation decisions until the last possible moment. The informatlon
associated with a particular component of a design is organized as a module.
Modules contain schematics, icons, topologies, layouts, simulation results, and

* other descriptive information for this component. The descriptions contained in
modules are implemented as procedures which utilize other modules In a
hierarchical fashion. Schema is under joint development by MIT and Harris
Corporation.
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Schema
An Architecture for Knowledge Based CAD

G. C. Clarkt- R. E. Zippeli

tHarris GSS, P. 0. Box 37, Melbourne, FL 32902, USA
$MIT Laboratory for Computer Science. Cambridge, MA 02129, USA

Abstract

Schema provides an integrated environment for all aspects approach provides a common layer on which diferent CAD
of the synthesis and analysis of electronic designs from PC tools may built, and it allows the CAD tools to invoke each h
boards through circuit and mask design of VLSI devices. It other and easily cooperate by interchanging pieces of elec-
simplifies the development of synthesis and analysis tools by us-
ing uniform data structures and by making available libraries of tron.c de.
standard routines and advanced control structures appropriat These data types are implemented using an object ori-

for CAD tool development. Because all tools in the Schema en- ented programming system called Flavors'. These struc-
vironment utilize the same abstract data structures it is easy for tures represent circuit topologies and schematics, mask art-
tools to interchange data about a design or even peices of the work, toorplans and simulation waveforms (both digital
design itself. Schema also permits much of the design to be done and analog). Circuit topologies represent the connectivity
in a technology independent fashion by allowing the designer to of a circuit; schematics re represenations of the graphic
delay implementation decisions until the last possible moment. image of a circuit that are drawn on paper. Since these
The information associated with a particular component of a structures are instances of flavors, they also incorporate
design is organsed as a module. Modules contain schematics, pieces of code that allow them to directly provide procedu-
icons, topologies, layouts, simulation results, and other descrip- rl functionality. That is, a transistor contains the informa-
tive information for this component. The descriptions connd rl
in modules are implemented as procedures which utilize other tion and code required to display itself on the scretn, write
modules in a hierarchical fashion. Schema is under joint devel- itself out to a file or participate in a simulation. This raises
opment by MIT and Harris Corporation. the semantic level at which the CAD tools deal with objects,

simplifying their development. It as allows implementa-
tion and operation decisions to be delayed and even changed

SCHEMA is an environment for developing knowledge without modifying the code that makes use of them.
based. computer aided design tools for electronic systems.
The three major goals of its design are: Modules

" . Provide an integrated environment for all aspects of The basic component of a design in SCHEMA is a mod-
the synthesis and analysis of electronic designs from ule. Each module consists of a topokoy and several de-

- PC boards through circuit and mask design of VLSI scrptions, e.g. schematics, icons, layout@ and simulation
devices. results. Examples of module in a design include: an in-
Simplify the creation of computer aided design tools verter, a half adder, an arithmetic logic unit, a data path, a
by encouraging and supporting their construction from cache, instruction fetch unit and a memory system. Each of
libraries of standard routines, by using uniform data these module includes not only the schematk (and its cot-
structures and by providing libraries of advanced con- responding topology), but also the results of various tests
trol structures appropriate for CAD development, that have been performed on the circuit (simulation re-

a Allow the designer to delay making decisions until nec- suits), documentation and design note. and physical speci-
emary; for example, the technology (TTL, ECL, gate fications (VLSI layouts or PC board designs). The modules
array or custom MOS) used in a logic design need not represent a complete view of a design component.
be specified until timing simulations or physical design The designer rarely interacts directly with the topol-
is begun. ogy of a module, but instead deals with the descriptions

The key to achieving these goals is the development of a (schematics). The analysis tools (simulators, timing yen-
totally integrated design environment where design tools fere and other consistency checkers) work with the topol-
easily communicate and cooperate. This has been achieved ogy, and usually use the descriptions only for communicat-
by the innovative software architecture used in the devel- ing with the designer. The only major exceptions are the
opment of SCHEMA. physical design tools, VLSI layout system and wire wrap 0 P

SCHEMA achieves coherence not by specifying the in- and PC board systems that, by necemity, mut work with 0
terchange formats to be used between different CAD pro- the physical descriptions.
grams, but rather by specifying the data structures the pro- The system ensures that the topology remains consis-
grams should use. SCHEMA specifies a set of abstract data tent with the descriptions provided by the designer through
types for dealing with electronic designs, and a set policies the use of timestamps and limited edit trails. It also warns ..

to be used when dealing with the new data types._ This. the designer when two descriptions of, da, *gn become
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consistent. This division allows the electronic designer to the L machine might be designed, so ther might be TTL,
use the most appropriate mechanism for describing the do- CMOS and ECL sub-projects of L machine. Within the
sign without worrying about getting formats correct for the CMOS project there might different projects to contain the
CAD tools, and the CAD tool designer deals only with design of the datapath, control logic, and memory manage-
design descriptions that ae both appropriate and prm- mant system. The modules of each of these projects would
parsed." be combined by the main module conaind in CMOS to . -

The topology and its descriptions are implemented as produce the final chip.
procedures, though they are usually edited via one of the Each designer maintains his or her own hierarchy of
description editors: schematic, layout or waveform. This projects. The root of this hierarchy in cailed a portbio. By ''-;
procedural structure, similar to the approach used in DPLI, hving sub-projects point to the ame save file. dmignems ,
allows a great deal of flexibility parameterizing the different can share projects. This project/module hierarchy is a very
components and provides an excellent point at which to useful way of organizing and managing the matera related
install intelligent synthesis modules. For instance, in an to a design.
earlier version of SCHEMA this was used to implement an
ALU module that choee different carry look-ahead schemes Envirolsmento

depending on the width of the data word2. By specifying an environment the designer makes pre-
Thes hirarcica desripion als inorpoatea i ese what types of modules and tools should be available

These hierarchical descriptions also incorporate a maul- for the design. Each environment consists of a collection
tiple viewpoint or Slices3 mechanism to allow simulation of primitive modules that may be sed, comand dispatch
and analysis modules to annotate the topologies. The mul- tables for the description editors, design rules, simulation
tiple viewpoints are used to control the visibility of cer- models and so on. The environments themeeives ae orga
tain information to the CAD tools. For instance, transient nined as a directed acyclic graph. At any time, the designer
analysis program like SPICE want to be aware of parasitic can refine the environment being used. For intance, one
capacitances and resistances while a simple logic simula- could bin a design in the Book Logic enviramst and
tor might not. Rather than generating the two different later when it had been decided to use CMOS, switch to
topologies for the different simulators, the same topology is the Generic CMOS environment. Finally, when a foundry
used for both but the parasitics are only visible when the bad been chosn, the designer would slect an evironment
transient viewpoint is made visible by SPICE. This way an- for the specik proce to be used. While the envionment"
notations to the topology made by the two simulator can was Basic Lok, the designer would be able to draw logic
be examined by their conterparts easily, schemi~c~s and simulation, but would be unable to get any

Project/Module Hierarchy timing Information (other than in gate delay units) or do

*The modules and all other information relating to a any circuit design. After switching to Generic CMOS, tran.
design are collected into a project, which in turn can be a sistor level circuits and sticks diagram could be developed.
component of a larger project. For instance, there might When the proress specific environment has been chosen,
be an L machine project that is used to hold all the design . detailed masks could be designed and accurate timing in-
components of the L machine. Several different versions of formation would be available.
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agement packages and so on. The existence of these pack- and Steve Soda. This work was supported by DARPA con-

more than in previous systems.
The totality of these tools, mechanisms and policies

remove much of the drudgery from CAD tool development (jJ eaaadA atumr T, sinPoeueLnguage Manual." MIT Artificial lneligmnce Laboraoy Re-and encourages tool developers to proceed in a coopera- por 6" 90tive, cummulative fashion. For the electronic designer it 2M.oeADaehGnrar...TesDe.LES
provides a uniform environment, with uniform access to a Manschusets Institute of Ikeclmogy. Jua. 162.
wide variety of different synthesis and analysis tools. 131 G. J. Ssnin, 'SLICES: At the Boundary betwee Anal-

A simple transient simulator was built on this base youp and Synthesis.' Proc: Artifcia InteUfence and PaA-
by Chris Terman. An example of its use is shown on the tern Recognition in Computer Aided Design, IFIP WG 5.2,
preceding page. The results of the simulation are let as 41D.L renrb rande. A7.MoL MahnMsu.ITA
annotations on the topology that the user (or another pro- 11D .WirbadD .MoIs ahn aul I%gram) can examine. The top left window shows the circuit Artficial Inteiligewice Laboratory, Cambidge, MA, 161.
being simulated, the top right one shows a few selected 5R.iplCeusSPANBltnv.Ino,*
waveforms. In the bottomn window, the currents into theppOIU,16 ,.-

depletion tranuitors are given.4
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