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Abstract

This report describes a method to evaluate the System Architect’s Workbench (the Workbench) by
using gate level simulation. A module binder has been developed to implement the Workbench’s output,
which is a register-transfer description of the design, with physical hardware. This is done by binding
hardware cells from a cell library to functional modules, with provisions made for synthesizing new cell
description when necessary. A set of interface tools have also been developed to interface the hardware-
bound design to a physical design tool. The physical design tool can then generate a gate-level
simulation model for the synthesized design. Finally the result of a gate-level simulation of an example

design is provided.
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Chapter 1

Introduction

The overall goal of this research is to evaluate the System Architect’s Workbench (the Workbench)
[Thomas 88]. This was done by implementing the Workbench’s output, which is a functional level
description of the design, with physical hardware. Gate level or silicon level simulations were then
performed to evaluate the synthesized circuit. In this Master’s project, we built a module binder which
associates the output of the Workbench with hardware. We also built a set of interface tools to tie the
synthesized design with a physical design tool. Finally, we simulated a synthesized design at the gate
level using a physical design tool. This chapter serves to acquaint the reader with the background and

environment relevant to this project.

1.1. The System Architect’s Workbench

The Workbench takes as input a behavioral description of a system to be designed, along with a set of
constraints, and produces a functional block description and a control sequence table. The behavioral
description, written in ISPS language [Barbacci 83], is translated to a data flow representation called a
Value Trace, or VT. The Value Trace represents the information defined in the ISPS in terms of data
and control operators. The Value Trace is then transformed into a functional block description. A
functional block description is characterized by the interconnection of abstract components such as
registers, arithmetic-logic units and programmed logic arrays as well as a control sequence which

specifies the order of register-transfers {Thomas 84].

In the System Architect’s Workbench, the functional block description is formed by one of the two
data path allocators: EMUCS [Hitchcock 83] or SUGAR [Rajan88]. EMUCS is a general-purpose data
path allocator, aimed at synthesizing all types of digital designs. SUGAR is a design-style specific data
path allocator, aimed at synthesizing only microprocessors. Figure 1-1 shows the overall organization
of the Workbench. This research concerns the transformation from the functional block description

provided by EMUCS into a lower level description for the purpose of evaluation.
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Figure 1-1: The System Architect’s Workbench

In the general synthesis path involving EMUCS, several operations are performed sequentially.
Behavioral Transformations [Walker 87] can be interactively applied to the design to explore high-level
design alternatives, or to produce a Value Trace more suitable for implementaﬁoﬂ. The program
CSTEP [Nestor 86] is then used to perform control step scheduling, using the data and control
dependencies in the Value Trace and the timing constraints to schedule the execution sequence of the
VT operators. The program EMUCS [Hitchcock 83], [Nestor 86] then uses this information to perform
data path allocation, binding abstract processors, registers, and multiplexers to the Value Trace
operators. The program APARTY can be optionally used to perform architectural partitioning,
clustering the VT operators into hierarchical groups; this information can be used by EMUCS to better
partition the design and reduce the overall interconnect. Finally, the optional program Busser [Thomas

88] can be used to choose busses to connect the data path elements.

1.2. Motivation

In the earlier generations of the CMU-DA [Director 81] system, the synthesized design generated by
the data path allocators were used by the module binders Synner [Leive 81] and MOBY [Dirkes 85] as
well as various controller synthesis programs [Geiger 84] [Cloutier 80] to produce a standard cell data
path, and to synthesize ROM- or PLA-based microprogrammed controllers, respectively. However, no
module binders or controller synthesis programs exist in the Workbench. MOBY, which was developed

for the first generation CMU-DA system, is not compatible with the Workbench.

The Workbench has been developed to a point where it is significant to have an evaluation. Therefore,
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there is a need to tie the synthesized design produced by the Workbench with some low level design
tools to produce a silicon layout. In this way, the circuit can be simulated at gate level or silicon level.
Real timing constraints, cost tables and delay tables can be used for CSTEP and EMUCS. The behavior
of the circuit can then be compared with the original behavioral description and with the functional

block description.

With this tie to the low level design tools, the Workbench can be tested and tuned. More low level
design constraints related to the high level synthesis can be explored, e.g. area, power consumption,

timing, clocking, etc. The next section describes the approach used for this research project.

1.3. The Approach

This research project involves the development a module binder and a set of tools to interface the
output of the module binder with the ChipCrafter! which is a low level design tool. This work was in
conjunction with the research project for building a control path allocator [Murgai 89], and a research
effort at General Motors Research Laboratories. Figure 1-2 shows where the various tools fall into the

big picture.

1.3.1, Design Representation

As previously mentioned, the Workbench produces a functional block description of the circuit in two
separate pieces:

¢ A Register-Transfer Description of the data path component.

o A Control Sequence which specifies the order of register-transfers.

The Workbench produces a control sequence in a cstep file [Vasantharajan 82]. This is a text file
which lists one or more control steps. The Workbench also produces the register-transfer description in
three different formats: the Structural and Control Specification, SCS [Vasantharajan 82] [SAW 88]; the
CMU-DA Intermediate Form, DIF [Bushnell 83]; and Oct [Berkeley 88].

The SCS hardware description of the data path was used by MOBY and by the programs riplot [SAW
88] and SEESAW [Koenig 87]. The SCS hardware description is a list of components, or modules used

in the data path. Each module is described as a black-box type of operation whose function is described

1ChipCrafter is a trademark of Seattle Silicon Corporation
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Figure 1-2: Position of Various Tools in the Global Picture
by its module class and operations, or attributes. There are 5 module classes: memory, operator,
register, constant, and controller. There are approximately 70 different attributes defined in SCS. They
include arithmetic, logical, relational, shift, bit extraction, and latching operations. Modules are further

defined by I/O ports, size, sub-components, and qualifiers.

SCS is hierarchical in nature, so modules may have sub-components and, conversely, parent modules.
This allows a module to be defined at increasingly detailed levels. However, a sub-cell is fully contained
in its parent, and creates a very verbose description when several levels of abstraction are used. The

single file also gets very large.

DIF is very similar to SCS in the description of a module in that it has the same notion of class,






