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Allen L. Larson, PhD

Abstract:

Microprocessor technology requires that the

teaching of computer basics becolp a"part of under-
,

graduate digital electronics courses. A "hands on"

approach to covering these basicf is described.

The approach utilizes a low -cost' TTL 4-bit modular

computer and programmed text to cover the matetial

in less than ten hours student study time.
4,

1.= Originalapresented at the Annual Conference of
American Society for Engineering Education, 16 -19 June
1975 at C6lorado State UniVersity, Fort Collins, Colorado;

2



r

,I. INTRODUCTION

Microprocessor technology has created a problem for

electrical engineerihg educators: The computer is now a

universal circuit Component, and cannot be ignored in

digital circuits courses. Further, the usefulness and low

cost of microprocessors has caused a hosts, of non-EE majors

to seek a Working knowledge of these devices. But proper

Ase of microprocessors requireg'a fairly extensive back-

ground knowledge of the inner workings of digital computers.

Unfortunately, most curricula'no longer allow the time for

a leisurely coverage of this background material, especially

in service courses.

To solve this problem, a special training aid and pro-

grammed text was developed at the Air Force Academy. A
0

small 4 bit computer, called "Educomp," was designed with

the sole purpose of teaching computer fundamentUls. This

machine and the programmed text has been used very success-

fully in two courses (one EE major's course and one service

course) by over 120 students, most of whom were -not engi-

neering majors. Nearly all students required-less than ten

hours actual work to complete thg moeterial. Enthusiasm was

high, generated by the "hands on" operation-and the."know-
\,

ledge-per-unit-time return ratio".

This paper discusses the approach taken, the design of

" Educomp'.;., and the topiCs covered in the programmed text.

II. Ty APPROACH

Figure 1 shows the viewpoint the author takesof a

computer. A oomputeris many things, and scan usefully be

viewed as a spectrum of topics. When viewed in this manner,

one sees that most students, are usually' introduced to

computers from the software end of the spectrum. Normally,

only those EE majors in computer design are

exposed to the complete hardware portion of the spectrum.

2
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Typically, course work in this area takes several

semesters, because the student must 'learn the design methods

and,trade-offs of each topic. But what is needed first

with microprocessors isa general, knOWledge of hoW a cm:-

pater works, rather than this higtily specialized design,

knowledge. Ohly after a student has leaAo.edthese basics

might he need design khowledge,and then only if he needs

it for interfacing the Microcomputer into his system.

Edudomp, then, gives students this' backgrouhd infor-

mation, and serves as a foundation for several possible_

later developments, such as:

1. A microprocessor system design course

t 2_ c.IA microprocessor applicdoncoptse

:3. A computer architecture course

0 4. A logic systems design course

5. An assembly language programming course1
6. A digital signal processing cbursel

7f A digital controls course

The key to the rpid coverage of this material is Educomp's

design, described in the next. section.

III. THE DESIGN OF EDUCOMP

The philosophy which guided the developtenrof Educomp

is a principle attributed2 to Hamilton 3
which can be para-

.

phrased as "WheheiTer stddyingor.developing any new material.,

or theory, use the simplest possible example which is ade-

quate td illustrate the basic principles involved". This

resulted in the final specifications of Educomp:

1. Word length 4 bits

r 2: "Instructions 1% total

3. Memory 16 words

1. Usinga micro- or minicomputer
2. By Professor T. J. Higgins, Universi y of Wisconsin,

. Madison.
3. Sir William Rowan'Hamilton (1805-1865 was a famous
Irish mathematician who developed the "Hamiltonian"
upon mhich most of our optimal control theory is based. sow

3 4
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4. I/O 1 input port

1 output port

5. Peripherals A/D' o,

D

Others using I/O Ports

6. *.Registers Single accumulator

Figure 2 shows the organization of Educomp. For ease

of comprehension, several units Were designed in the most

forward manner possible. For example, six sepkrate

grated circuits are used to do the NOT, ADD, SUB, AN], and

OR operations on the accumulator (ACC) and"-memory M),

as required. Then, an eight-way data selector rout s the

appropriate output into the accumulator. Other p sitions

of the selector use the result of direct wire co ections

to rbute tie input (INP), memory (MEM) or rotateftactumulator

(RAR).dAa back into the accululator.

The packaging of Educomp is based upon the concept of -4

maximum visability. Over seventy LED's display ai1 data,

control, and status lines. AdditionalLy, 16 D's display

the result of-instruction decoding. All inpu s are per-
..

formed with switches. The physical layout of.the units

le
follows the block diagram exactly, with IC'tiplaced within

the appropriate blocks and LED's located on Or near the

Educomp constructbd using the %%rife:Wrapping technique.

appropriate connecting lines.

The parls'a're mounted on a specially prepared piece'of per-

forated.fiberglass board stock. The top of the board is

covered with a sheeOf double-sided adhesive, over which

is laid the block diagram. Then the top side i.wcovered.

with clear_contact plastic sheet. The bottom is similarly

covered with a sheet giving wiring informatidn. ,Sockets

andcomponentls are then.added, and the board is wired and

mounted as the topof a plastic box. The result is a loW,

cost, durable packa6.
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The basic computer is packaged as

1. I/O Unit

2. Memory Unit

3." Arithmetic Unit

4. Control Unit - Part 1

5. Control Unit - Part 2

6. Analog Interface Unit

7. 'Manual Test Unit

This modular packaging allows the tent to precede in a

logical manner through-the Materia4 as discussed in the

next section.

IV. THE PROGRAMMED TEXT

The organization 'of the progrn,ed text is presented

in Table.l. The order of the material follows a. logical

path tbLough the computer spectrum and has proven to be

quite effielient.r

One should note the emphasis on applications at the

end of the course. Students do four programs in the areas

of digital and analog applications. In each area, three

of these programs are examples worked through, while the

fourth is done entirely by the student.

The programd4k deserves mention. A special form,

shown in part in Figure 3, combines a memory map, a

programMing form, and an op code table. This single form

is used for assembly language programming, hand assembly,

program loadifg, and debug.

As an example of using,Euicomp to build upon4, one

shortr"assignment given in 'the. EE major's course was to write

an Algol program to cross-assemble Educomp programs. All

students compl,eted .the assignment' in a week, despite

ineueience.

V. SUMMARY

This paper has presented the basic ideas behind Educomp,

which uses a.comVination of hardware and software (text)
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to cover basic computer operations and the backgroun'd needed

to effectively. begin usingmici-oprocessors. It is hoped

that other educators will find this approach useful.

Construction costs per Educomp are approximately $200,

exclusive of labor. Cthers may well develop their'own

EduComp's, or adopt the USAFA Educomp. Complete construction

information will be made available approximately September

1975.
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EDUCOMP PROGRAMMING FORM

MEMORY
ADDRESS tONTENTS1,LABEL

.
OP
CODE OPERAND

,
.,

COMMENTS

0000_ START: Get First #

0001

_

STA NTJMZ

-Unlory

Store_ In

9010 ,,,,'

.
.

.,./

0011 INP , Get Second #

0100 ADD NUM1 ,Arid to

0101

0110 START Reneat

4

0111

,1

..

"'"...;.-)
*... _..)

1

..--.--.-...-

kl0
.

,
..

.

1111 NUM1:

Storage location
for first #

rNP0000
RAR0001
NOT0010
OUT0011

ONE
BYTE

Th

HLT0100
NOP0101

JMP1000
JZ 1001
JP1010

STA0111. ADD1011

740 BYTES

SUB1100
AND1101
OR I110
LDA1111

Figure 3. Educomp Programming Form

.


