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Up to this point, we have chosen simple examples Lo illustl;ate the fundamental properties of
integrated systems, and the type of design methodology which can be used to build
hierarchically organized, complex systems. In order to more fully clarify some of these
techniques, we will now study the design of a simple data processing structure: the data path
from a microprogrammed 16-bit machine, undertaken as a university project in
experimental computer architecture. The "Our Machine” (OM) project was started in 1976
by Carver Mead as part of the LSI Systems course at Caltech.  Early contributions were
made by Mike Tolle [Litton Industries], while attending this course. Other participants were
Caltech students Dave Johannsen and Chris Carrol, with much inspiration from Ivan
Sutherland. By December 1976, a first design (OMy) was nearly completed. The
participants decided at that time that the design had become "baroque™ and ugly, and it was
scrapped. A new design (OM1) was completed by March 1977 by Dave Johannsen, Chris
Carrol, 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 siructured design methodology developed in this
text). A compleie redesign of the chip was undertaken in June 1977, by Dave Johannsen.
By September, a complete set of new cells had been constructed, and the design was
completed by December. Cells from this chip and its companion, the controller chip
described in chapter 6, were used as examples in chapter 3. The redesign included
improvements in the encoding of the microcode control word, and rigorously applied the

siructured design methodology.

The chapter is presented in two separate parts. The first part outlines the architectural
requirements for the chip, and illustrates how the design methodology was applied to satisfy
them. The second part is a precise functional description of the chip, intended as a user
manual for those who microprogram the machine. A more complete discussion of the

overall system architecture is given in chapter 6.
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The Overall Structure

The basic requirements initially established for the machine were that it be gracefully
interconnectable into multiprocessor configurations, that it be microprogrammable, so that
OP code sets can be configured to the application at hand, that it be able 1o do variable
field operations for emulation instruction decoding, assembly of bit-maps for graphics, etc.,

and that its performance be as fast as possible.

In order to satisfy the first requirement, it was decided that the machine would initially
have two poris: one lo be used for a system interconnection, and the other for local
memory, 170, etc. It was perceived that in many systems much time is lost in assembling
two operands for most operations, so it was decided that the machine have two internal
buses. and that any registers in the machine be two-port registers. The requirement for
gracefully handling variable length words required a shifter at least sixteen bits long, and the
tast requirement dictated an arithmetic logic unit of coﬁsiderable fiexibility while not
sacrificing speed. The strategy was adopted initially that the two buses would run through
the actual processing array, from one end of-the chip to the other. One port was to be
located at the left end of the chip, and the other port at the right end, and the two system
buses were to run the full length of the chip between the two ports through the actual

register and data processing array.

The three main central, functibnal blocks in the machine were the register array, the shifter,
and the arithmetic logic unit. It was decided to run the control lines vertically in metal,
and the buses horizontally in polysilicon, and that power, ground, and timing signals would
run parallel to the control signals. At this point, it is already possible to make a rather
detailed sketch of the general layout of the chip. This arrangement is shown in Fig. 1. The
details of these functional blocks will be described in subsequent sections. Included are
descriptions of peripheral circuits needed to interface subsystems with each other and to the

outside world.
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Figure 1. General Layout of a Microprogrammed Data Processing Structure.
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The Arithmetic laogic Unit

It was believed that the carry chain would limit the performance of the system and
therefore, the carry chain and its associated logic was the first functional block to be
designed in detail. Simulations of several look-ahead schemes indicated that they added a
great deal of complexity to the system without much gain in performance. For this reason
it was decided early in the project to implement the fastest possible Manchester type carry
chain ( reference 4, chapter 1), similar to that shown in chapter 1, figure 11. The carry
chain and its associated logic were allowed to dictate the fepea[ distance of the cells in the
vertical direction. In MOS technology, a Manchester carry chain is particularly limited in
its ability to propagate a high carry signal. However, it is quite fast in its ability to

propagate a fow carry signal.

In any arithmetic logic unit there will be a null period when the OP code for the next
operation is being brought in, Advantage can be taken of this null period to precharge the
carry chain and other sections of the machine where timing is particularly crucial. In this
way, il is not necessary to propagate high signals through pass transistors where the rise
transient would be particularly slow. 1t was decided to apply this strategy to OM's ALU, and

the resulting carry chain is shown in Fig. 2.

The main carry chain runs through the pass transistor from carry-in to carry-out. The
carry-in signal is detected by the gate of an inverter which feeds the signal into the
subsequent logic of the ALU. Three transistors are used to control the state of the carry-out
of each stage. The first one merely precharges the node associated with carry-out during the
null period of the ALU. The second is the carry-kill signal which is derived from the
inputs to the ALU, and simply grounds the carry-out through a single transistor. The third
is a pass transistor which causes carry-out to be equal to carry-in. These last two signals
associated with the carry chain in each stage, carry-kill and carry-propagate, are generated
by two NOR gates which have kill-bar and propagate-bar as one input and precharge as the
second input. Hence, it is assured that the kill signal and propagate signal are disabled

during the null period when the precharging takes place.

Afier some analysis, it was decided that nearly all interesting combinations of carry-in and
the input signals could be generated using propagate and carry-in from each stage. Thus the
carry-chain itsetf may be viewed as a logic block with two inputs, carry-kill bar and carry-

propagate bar, two outputs, propagate and carry-in, a vertical signal carry-in and carry-out,
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Figure 2. Carry Chain Circuit for the Arithmetic Logic Unit.
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Figure 3. Abstraction of the Carry Chain Circuit.
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Figure 5. Functional Abstraction of the General Logic Function Block.
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