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Up to this point, we have chosen simple examples o illustrate the fundamental properties of
integrated systems, and have presented a design methodology which can be used to build
hierarchically organized, complex systems. To more fully clarify these concepts, we now present
examples drawn from the design of an LSI computer system. In this chapter, we provide a brief
overview of this computer system, and then describe in detail one of its major components, the
data path chip. Much of the detail in this chapter is intended to provide the reader with a source
of examples of the implementation of digital logic subsystems into 1.81 circuit layout structures,
under the constraints imposed both by the design methodology and by the architectural
requirements of a real computer system. Chapter 6 similarly describes .the controller chip of this

computer system, and provides additional information on the sequencing of the overall system.

In this chapter we assume that the reader is familiar with the structure and function of the
classical stored program digital computer, and with the concept, and computer design
implications, of microprogrammed control. An informal review of these basic concepts is given in
the introductory portions of chapter 6, so that the mapping of the required controller subsystems
into silicon can be examined. The less experienced reader may benefit from a study of that

material in parallel with reading this chapter.

It is important to note that the computer system discussed in chapters 5 and 6, while composed of
structured LSI subsystems, is nevertheless of classical von Neumann form. The architectural
possibilities of VLSI are just now beginning to be explored. Future lower cost, higher density,
higher speed devices, combined with major reductions in integrated system implementation time,
may make completely new forms of computing machines, and new notions of programming, not

only feasible but also practical. Some of these issues will be discussed in chapter 8.
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The OM Project at Caltech

The design of this computer system was undertaken as a university project in experimental
computer architecture, The "Our Machine” (OM) project, as it has come to be known, was
started by Carver Mead in 1976, as part of the LSI Systems course at Caitech. The project

involves the design of a number of LSI chips, as described in the system overview section.

The initial focus of the project was the architecture and design of the system's primary data
processing module, the data path chip. Early contributions to this effort were made by Mike
Tolle |Litton Industries], while atlehding the LSI systems course. Other participants were Caltech
students Dave Johannsen aﬁd Chris Carroll, with much inspiration from Ivan Sutherland. By
December 1976, the first design (OMy) of the data path chip was nearly completed. The
participants decided at that time that the design had become "baroque” and ugly, and it was
scrapped. A new data path design (OML) was completed by March 1977 by Dave Johannsen,
Chris Carroll, and Rod Masumoto. Fabricated chips were received in June 1977. It was this chip
which appeared in the September 1977 Scientific American article by Sutherland and Mead. The
chip was fully functional except for a timing bug in the dynamic register array, which had been

designed in departure from the structured design methodology developed in this text

A complete redesign of the data path chip was undertaken in June 1977, by Dave Johannsen. By -
September 1977, a complete set of new cells had been constructed. The design was completed by
December, and chips fabricated by April 1978, The redesign included improvements in the
encoding of the microcode control word, and rigorously applied the structured design
methodology. Certain cells from the OM2 data path chip, and from its companion controller

chip, were used as examples in chapter 3.

During 1977, the controller chip was designed as one of 4 class projects in the Caltech LSI
systems course. Il was finished in the summer of 1977, and fabricated chips were received in
early 1978.

During 1978, the architecture of an overall system was planned. Design has begun of the three
remaining chips in the OM computer system: the system bus interface chip, the memory manager

chip, and the clock chip.

All of the detailed LSI design on the OM project has been done by students. Throughout most

of the project's history only rather limited design aids were available, notably a simple symbolic
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layout language and graphic plotters for checkplotting. The efforts of students to quickly create
large integrated systems, using only primitive designs aids, helped to motivate the development

and refinement of the structured design techniques described in this text.

The OM project has also required the implementation of many prototype designs and complete
chip designs. Since early in the project, the Caltech group collaborated with researchers in
industry, who were similarly completing many prototype LSI system designs, on the development
of practical methods for simplifying and speeding up prototype project implementation. This led
to the formulation and debugging of the standard starting frame for conveying mulli-project chips

through maskmaking and wafer fabrication, as described in chapter 4.

System Overview

An informal block diagram of one OM processor is shown in figure 1a. Such a processor is a
complete stored program, general purpose computer. Input/output devices are usually interfaced
via the external data bus and control lines, located lo the left in figure la. Several such
processors may be interconnected via the system bus to augment one user's compuler sysiem.
Tasks may then be distributed among the processors, improving system performance, for ex;ample
by using difterent processors to independently control different input/output devices. Groups of

different user systems may also share the system bus.

Each OM processor is composed of five LSI chips, along with some standard memory chips and a
few MSI chips. A brief description follows of the five LSI chips being designed as part of this

project. For a more detailed description of these chips and the overall system, see reference 1.

The data path chip performs most of the data manipulation functions for the processor. These
operations are performed as directed by sequences of control microinstructions, which are fetched
from a microcode memory using addresses generated by the controller chip. The main
subsystems of the data path chip are a register file, a barrel shifler, and an arithmetic logic unit
(ALU). Two buses connect these subsystems together. This chip’s internal structure is described

in detail later in this chapter.

The controller chip contains the microprogram counter (3PC) which stores the microcode memory
address, and a counter for the control of microprogram loops. This chip also contains stacks for

both the microprogram counter a_nd loop control counter values. The concepts of controller
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