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As Moore's law reaches its limit, researchers are finding new and innovative ways to increase
processor performance. Some technigues, such as multi-core processors, are relatively
straight-forward and build upon well-established binary circuit systems, where other technologies
such as quantum computing require a radical rethinking of the foundations of computer science.
We propose to research a middle-ground by building a functional comp uter based on ternary
(base 3) logic. Ternary computers would be digital, just as current binary computers, not as
extreme of a change as quantum computers, but new enough to be, for the most part, unexplored
territory.

The earliest computers were analog, and the first digital computers were base 10, just as the
decimal numbering system commonly used today. Shortly, binary computers became the norm as
George Boole's algebra was found to be useful in their construction. The concept of a ternary
computer has precedent---it has appeared and disappeared several times since a ternary
computer named Setun was built in Russia in 1959---but it has not be en well-developed. Ternary
has several interesting properties making it attractive as a computational environment:

* From ternary naturally follows "balanced ternary arithmetic”, a numbering system using digits -1,
0, and 1, which Donald Knuth called the "the prettiest number system of all" [1]. Balanced ternary
easily represents negative and positive integers without the need for a sign bit, and exhibits
attractive round-off properties[3].

* Ternary can naturally be represented at the circuit level using ne gative, low, and positive

voltages. This makes ternary a more attractive radix than higher values, which would cause

difficulty in distinguishing between the valid states.

proj_desc |, . . .
Ternary logic increases the density of data storage and correspond ingly reduces the number of

processing elements required to manipulate the data.

We propose to investigate the feasibility and engineering techniques of building a small practical
ternary computer. Our practices will be inspired by Shimon Schocken's workshop on computer
construction, often offered as a college course titled "From Nand to Tetris", taught along with a
book written by the instructor[4]. Schocken's course is composed of 12 components, from
low-level logic gates to high-level application programming. We will roughly model our research on
Schocken's course outline, beginning with ternary logic, ternary arithmetic, sequential logic and
computer architecture, up through a small interactive game built on a ternary computer.

The ultimate end goal is the realization of a physical ternary computer running a simple game.
(Simulation of ternary on a binary computer may be used during the d evelopment process.)
However, as this is a significant project, the focus of this research project will be on researching
the fundamentals of ternary and designing a ternary computer system. The end result of this
research project will build the principles and lay a foundation to b e easily built upon, allowing for
the project to be continued as an interdisciplinary senior project. Deliverables include:

* A report summarizing the results of our research,

* A design document outlining the proposed design,

* Buildable specifications of components of the system, and
* Prototypes of ternary logic gates and system components.
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Building a complete computer system is a complex task, requiring a wide range of experience
from the lowest transistor level through high-level computer science, held together and integrated
inter_desc |by the field of computer engineering. Interdisciplinary majors will be EE, CSC, and CPE. This
project was initiated by a group of just such students, who, I'm sure, would be prepared to work on
it.
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date_added [2007-11-21 13:06:51

2 of 2 1/14/2008 3:48 PM



