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lntroducnon

By now you will haue undoubtedlu noticed
change in format of the September
Ohio Scientific’s Small Systems  Journal.
This month we . are .introducing our firgt
edition of the Journal *‘printed almost
entirely on an  OKI-DATA Model 0-22
Printer. This demdnstrates the upper and
lower-case capability of the line printer as
well as our - -
word-processor package.

Our coverage in this issue
continuation of our' article on memory devices

for microcomputers, Our 5682 Expander Board
is introduced as well, - in an article which
explains in detail'' its wuse. in congunction

with several microprocessors. Several of our
readers have been kind enough to submit their
ownh programs and articles: vhether at our
request or at their own initiative. We
devoted appropriate space to these .
contributions. OQur regular features have met’
with such favorable response that we are
continuing them. :

delay in -
only <to. .

has been +the reason for the
publishing -this journal, you have
glance through the full- line\catalog for Fall

1977, which hopefullg, you have already
ordered. If not, there is an order form on
page 18. "In order to meet our
immediate prioritg of rushing our catalog to’
you, we were forced to postponwe our
September Journal. "MWe will soon be back on
schedule and are grateful that you were able

to bear with us in the meantime:

Thank you again for your support and
suggestions. We depend on you to let us know
what you are looking.for in terms of products
and coverage. Contihue to let us hear from
you. L a
Ohio Scientific Small. Systems Journal
Box 36
Hiram OH 44234, -

o
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GET THE" MDST GUT DF BHSIC

PART TWO
FILES J:F! EBFHEBJ:C:

Both 8K BRSIC under 0S-65D and the new

ROM wversion of 8K BASIC are capable of files
based ‘oh mass storage devices. 8K .BRSIC in
"ROM is capable of simple cassette-based
sequential files. The BRASIC for disk is

capable of sequential. random access, indexed

sequential, and other aduanced file
structures.

Let’s first discuss whg files based on
mass storage devices are desirable. The

first obvious reason 'is that we would like to
store more data in the machine than our RAM
memory will allow.®
to store informaticn on a permanent basis so

that if we enter it into the machine once it

is always there. Thirdly. we would like to
provide reference material or a library of
data or information for programs to act on
Files are a necessity for applications such
as small business programming. There are
also applications 4in personal and home
computing and educational computing which
require the ‘use of data files

The simplest file from  an organization .
and performance point of view is the -

sequential file. In +this <type of file,
entries of variable length are simply made
sequentially. To access any entry, the user
.must sequentially read through the file until
he finds it. : Sequential files are fine for
applications such as mailing lists where one
will normally want to cutput the file in a
sequential manner. However, they have
extremely long seek times when the user is
looking for a particular piece of data.
Manually operated audio cassette systems are
capable only of sequential files because the

recorder must be advanced, or read, at normal:

speed. to get to the desired piece of data.

For this reasor, cassette-based files are

very slow and not really practical for any
business applications on the computer.

If the data in a file can be formated
in some manner and put in some “order such
that the position of <the data can be
predicted by some mathematical equation, then
a random access file can be used. Random
access files are extremely fast because you
can directly read the data that you desire
However, in many cases it is not feasible to

provide a logical, calculable organization.

for your data file such as in business
applications. The net result is that random
access files are fast, but, do not lend
themselves to many applications while
sequential files are easy to use, but, very
slow.

The index sequential file is a two-level
file system merging the features of random

access . and sequential files. Index
sequential files are most commonly used in
applications such as business computing. An

index sequential file is actually made up of
two separate files: one file with the
indexes, and one with the actusal entries. An
index sequential file works on <the same

principle as a standard libraruy. The user
has a catalog of available documents and the
documents themselwves. The catalog is the

index: and the documents are the actual data
file.
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Secondly, we would like .

The index file is tgp;callg a short

sequential file which has 8 key word entry:

followed by the index which points to the
larger. data base. This index is then used ‘o

randomly access the large data base. To
clarify this, consider the:  example of a
student report card record. Each student

. would have a group.of entries (e.g.. name,

social security no., date of birth, etc. ),
followed by the classes he is enrolled in and
his grades for those classes. The record for
each student may contain thousands of bytes.
Students may be placed in the file in any
order as they arevadmitted to and withdrauwn
from the school
take an extremely long time to locate ‘any
student in the file because one would have
to search through a large data base to find
a student’s name. If the file were set up as
a random access file, the entire file would
have to be reorganized every time there was a
new enrollment or withdrawal of . students.
This operation may take several hours if the
data base is particularly large.

The solutidn 4is an index sequential
file. The index file simply contains the
student’s name and the index which points to
the location of his actual file. The large
data base contains the files. To access an
individual student’s records, the student’s
name is typed in, the index file is brought
into memory, searched for the index., and the
index is used to to pull - in the student’s
file. . .

. There are more advanced file systems

which utilize the index .sequential concept.

For instance, it is possible to devise files

which are both random access and sequentially "

addressable. This can be accomplished on an
0SI computer system by preloading the file
with a field of null characters. Then a
random access file with wvariable length
entries can be accessed . sequentially if
desired. There are techniques where files
are inverted, or the data in files are placed
in different orders to allow easy sorting and
merging and accessing. However, the user
would do well to master the concepts of the
simple sequential. random access and index
sequential file systems. .

GUIDELINES FOR FILES WITH OSI BASIC

s mentioned above, simple sequential
files are possible in ROM BASIC. Here are
two routines that can be ' incorporated into
any program to write an array out to a
cassette and to read an array in from a.
cassettn, These examples demonstrate fairly
well the capability of  the sequential file,
system in ROM BASIC. The reserved word SAVE
switches the output from wvideo display or
serial port only to also. dinclude the audio
cassetts so that anything that goes out onto

- the terminal will also go out +to the audio

cassette. The reserved word LOAD suwitches.

input from being solely from the keyboard of -

the terminal to being from either keyboard or
cassette. The first time the keyboard. is.
actuated by the user after the LOARD command

‘is executed. the input .will revert solely
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____ back to the keyboard. B T

~7In summary, the reserued word SHVE turns
the cassette output ons - the  reserved uqra
LOAD turns it off and +turns ° cassette input
on; and any lnteruention at’ the ‘keyboard by
the user shuts off cassette input. Data
input and output to cassette is by simple
PRINT "and INPUT .statements. It is important
that the user remember to follow each data
output by a carriage return. so it. can be
accepted by an INPUT statement later. It is
8 good idea to prompt the user in cassette
operation of these routines. as in 1in954500;
330, and 568 below.
SIMPLE CRASSETTE SEQUENTIAL FILES NITH ROM
BASIC
Routine for stor;ng an array'
580 PRINT "TURN CRSSETTE
RECORD. "
510 SARVE
528 FOR ¥=1 TO I

530 PRINT T<I>
548 NEXT
S50 LOAD: PRINT"TURN. RECORDER OFF.
. 560 INPUT"TYPE ANY KEY TO CONT.“;R#

RECORDER® ON

ROUTINE FOR RECHLLING THE RARRAY

1000 PRINT"TURN CASSETTE RECORDER ON "

10610 LOAD

1620 FOR X=1 TO I 1

1830 INPUT T<(ID : :

1040 NEXT

4058 PRINT”TURN RECORDER OFF.

1060 INPUT "TYPE ANY KEY TO CONT. “; A$
OS—6SD BRASED FILES

0S-65D allows full user’ data files in

8K BRSIC and machine language programs. . The
file system is totally open-ended. allowing
sequential, random access: index sequential..

and complex file structures:. such as indirect

command files. and  multiple files .of
different length tc¢ be open at any .given
time. Because of 05-65D’s generality in

having variable sector lengths and wvariable
numbers of files open at a time and total
control of file operationsa it is - both
extremely poverful " and wvery difficult to
- implement. The difficultg in implementation
is mainly due to the fact +that there are
virtually no error messages or error traps
for operator errors -because there are
practicallg no illegal operations. In other
words, since it is possible to have wvariable

sector lengths and ‘any number of ' files open.

simultaneously, it is impossible . for thé
operating system <to determihe whether the
user is attempting a legal or illegal
operation since virtually ' any operation
would be legal under some circumstances. For
this reason, it is aduised that the beginrer
with 0S-65D0 confine ‘himself +to modifying
existing file-based programs until he gets a
good understanding of what is going on and
refines his own personal programming
procedures. Otherwise, he will be constantly

plagued with system crashes and possibly the

loss of important data on diskettes

From here on.  we will confine our
discussion to data files in BARSIC in 0$-65D.
A simplified picture of what is required of a
data file in BASIC 4in 08-63D 4is that the
BASIC program performs conventional INPUT and
' OQUTPUT statements to a memory buffer. This
Page 5
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buffer is .periodicallg"tranéferhed' ﬁo, and
from disk. . It is possible to.have any number’
of these .memory buffers . existing with
different memory files present in. them at any
one -time, limited only by the total amount -of
memory your system has. This- discussion will
limit itself to ‘one- and two-buffer systems.
however..

CREHTING ) FILE

The procedure to create a8 simple file
is, first, to create a‘ memory-resident file
buffer. = This is accomplished simply by
allocating space for it at the top of memory
when BASIC asks "MEMORY SIZE?" Secondly, you
must set +the I/0 index pointer +to the
beginning of the file. Thirdly, you must, by
use of the I/0 distributor, output the
desired data to the file. Finally, when you
are. readg;,or that particular buffer is full,
you must .initiate a transfer rrom the buffer
to the disk itself

REﬁDING A FILE

Fxrst gou must create a  memory-resident
file puffer, aga;n, by simply.  allocating
space for ;t‘when'the machine asks._. "MEMORY
SIZE?" . upon power-up’ confiiguration
Secondly. you must transfer data desired from
the disk to memory. .Third, you must set .

- the input/index pointer (I/OApointer) to the

beginning of the file. or- .wherever in’ the
file you would .like to gain.,data from. - And
rxnallg; you must by use of. .the I/0
distributor. input to ‘an INPUT .statement from
a file.

To implement a simple sequential file
ls extremely straightforward. because. with
sequential files, the indexes on input and
output’ simply move sequentially. In 0S-65D,
the disk indexes, or file buffer indexes,
automatlcallg increment after each character '
is outputed. ‘To implement a random access
file, you must have a way of calculating the

‘input and ocutput indexes by some formula. An

example of this is discussed at the ‘end  of
this article. T » ‘ ' ’

To ‘implement an index sequential file.
two files are needed, an index file and a
data file. It is possible to have the index
file and data file both .utilize the  same
buffer ‘by  swapping in the index when
desired; ‘and’ then the data. However; with
08- 63D, it is fully possible +to allocate
memorg ‘space for both the index file and part

or all of the data file concurrently. Thus -
extremely fast access to any block of data is
possible.” =~ The index file is typically

organized as a simple sequential file, and
the data file is organized as a simple random
access file. 'The index obtained from <the
index file is used to directly access data in
the data file. 0Of course. other, more
complex, file systems are possible under
0S-63D. . Some examples of this are indirect
command files which allow the disk file +to
act as the executive of the computer system.
Hlsq;because of the multiple simultaneously

‘open file capability of 0S-65D, merges and

sorts of multiple files are both
stralghtrorward and extremelg fast. ) .
i 0s- 650 Version .2. 8 diskettes contain
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three examples of data file-based programs in
BASIC. A simple telephone directory programi
is located on track 18. It is documented as
Example S in O0S-65D Version 2.0 manuals.

This telephone program simply allows a user
té6 enter a person’s name and telephone number
and create a single track or 3,080-byte long
file containing these names on disks. ., He can
then at any later time go back to the program
and call up a phone number based on a
person‘s name. This program is a good
example of a simple, single-track sequential
file and; of course can be readily changed for
multiple entries such as for mailing lists.

where three or four entries would be combined
to form a record, such as & person’s hame..
street address, city, and state. It has tuwo
limitations: however. It does nhot have a
delete function, and is limited in size to be
only one sector, that is; 256 to 3068 words.

It cannot exceed one track in length. A
refined version of the same telephone progranm
is located on track 44. This is an extension
of the simple telephone program which. - again.

can be easily modified and converted for any
application requiring a sequential file

This program has a delete function and is
set up for maximum file length of four tracks
or 15,0600 bytes. It can easily be changed to
utilize up to an entire diskette so that a
very large mailing list, for instance. could
be stored. To conserve space, the program is
not listed here. Instead. we ask that you
list the program on track 44 in conjunction:
with this discussion. Make sure that you
have ‘a standard Version 2.0 diskette. The
extended phone program is very similar to the
‘original phone example. except for the delete
and multiple track capability. A delete is
accomplished by replacing each entry, that
is, name and phone number. with the character
S, so that if you search for S, you will find

all the deleted entries. © The process of
- deleting an entry is to delete the old entry
and place the new entry on +the end. The

program is set up to start at disk file ' on
track 72 and expand downhward +to <track 76.
The program can be expanded <o any length
maximum by simply specifying the variable TT
starting at some track lower <than 72. It
accomplishes its multiple +track nature by
constantly checking for end of sector. which
in this case, equals one +track in length.
When it approaches the end of a- track, it
transfers that track out, resets all
pointers:. increments the track counter, and
starts to fill up the buffer for the next
track. The program can be directly converted
"to0 place the data files on disk drive B by
simply changing the variable DN from input
and output to drive A to input and output +to
drive R. With +this method., it will be
possible to utilize an entire disk as a file
for this program.

Using an entire diskette as a file
system, and assuming approximately 68 bytes
per mailing label. the user should be able to
place . up to 380@ entries on a single
diskette

The disk-based random access file
demonstration program is located on track 42
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developed once, then used many times

of 08-65D Version 2. 0 diskettes, and the data
file, including data, is located on track 43.
Please list +the praogram on track 42 in
congunction with this discussion. An
operational printout from the file is listed
on p. 7. The demonstration program utilizes a
3K byte data file which stores a functional
description of the 7408 series TTL
components. The user inputs a 7408 series
TTL part, of which he wants a description.

~and, from the part number, the index or

description’s address is calculated. so that
the program can virtually instantaneously

obtain the desired data. The data file
provided contains descriptions of 7480 series
devices from 7488 +to 7450. To run the

program. be sure that you respond +to MEMORY
SIZE? with the number 16008 in order to
allocate space for the disk buffer and that
you use it with a serial terminal or modify
the I-0 to return control to a video systém.
if video is used. A sample printout is given
on p. 7. This simple sample of a random access
file can be expanded to any random access
application.

By utilizing a sequential file to obtain
indices, such as the simple phone program
listed in the 0S-630 manual. and using a
random access file such as the 7480 serlies:
reference file, one can construct a general
purpose index sequential file - system which
will access data as fast as any standard
small business computer on the market +today
and significantly faster than most.

05-65D places a lot of responsibility on
the programmer’s shoulders. However. if a
program is properly developed by using 0S-635D
it will achieve an extremely high level of
performance. with a minimal amount of memory

overhead. We believe this +to be the most
important aspect of small computing. That
is, in applications situations such as small
business computing, the program must be

It is
not efficient, or particular intelligent., <to
compromise the computer’s performance on a
day-to-day basis for the sake of making the
task of a programmer a little easier. This
unfortunately has been the case on the few
other small computer systems which offer true
disk file capability. . B

Ohio Scientific is in the process of
developing resale arrangements for several
applications packages written in 06-65D. The
software packages currently under development
include a word processor (nhow being wutilized
in the production of the Journal), a complete
mailing list program <(vhich was used to
generate your mailing labeld, a complete
business package ., including accounts
receivable, accounts payable, general ledger.
inventary, and income tax; and a data-based
management system for use with user programs
We would be wvery dinterested <to hear any
recommendations you might have for software
packages to use under 0S-65D. Please send
your suggestions to the Small Systems
Journal. We kindly ask that you not call
Ohio Scientific to ask about the availability
of these applications packages. You will be
made aware of what is available <through the
Journal and by direct mailings.
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RUN

0SI DISK BASED 740@ SERIES REFERENCE FILE
THE AYAILABLE COMMANDS ARE AS FOLLOWS -
NEW

ADD

END

SERRCH

IF FILE INFORMATION IS DESIRED TYPE ‘SERARCH’
IN RESFONSE
TO THE PROMPTING “COMMAND‘ PRINTOUT

INPUT COMMAND MODE

? "SEARCH

INPUT 74088 SERIES PART MUMBER - E. G. 7488, 740
4, ETC.

? 7420

2 74206 DURL 4-INPUT NAND GRTES
? END

INPUT 7488 SERIES PART NUMBER - E.G. 7488, 740
" 4,ETC.
? 7459

? 7450 DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE
S
? END

INPUT 7400 SERIES PART NUMBER - E. G. 7408, 740
4,ETC.
? 7460

NUMBER OUT OF RANGE

- THE AYAILABLE COMMANDS ARE AS FOLLOWS -
NEW

ADD

END

SEARCH

IF FILE INFORMATION IS DESIRED TYPE ’SEHRCH’
IN RESPONSE
TO THE PROMPTING “COMMAND’ PRINTOUT

Page 7 ' Ohio Scientific’s Small Systems Journal

RESEQUENCING
USING THE PEEK & POKE FUNCTIONS

In response to our request in our August

1977 Small Systems Journal (p. 8}, one of our
readers. a Mr. L. Barker of Chicago IL has
sent us the following resequencing program
using the PEEK and POKE functions of BRSIC:

188@ K=12671:Y=10

1065 Y2=INT(Y/256): Yi=Y-¥Ya2%g56

1616 POKE X+2,Y1: POKE X+3.Yg

10za Y=Y+1@: X=PEEK(X)+E256+PEEK(X+1)>: GOTO
1685 '

This program renumbers all program lines

in steps of 16. When line 1083 is changed.
the program ends and an error message is
produced. If the program is wvery long and
has a lot of GOTO and THEN messages. a second
program can be .added to PEEK from 12673 up.
looking for a 168 or 136, If a @ |is
encountered, add 5 to the PEEK number and
continue. A table will have +to be created
and the old line numbers read into it. . A
blank should be left after the number in the
original program, in the event that the GOTO
line number has been changed from 99 to 160,

for example. The finished program is 29
lines in length. and the running time is not
fast. However, this program not only

renumbers the lines, but changes all the GOTO
and Jumps to the new line numbers

LIST

3 REM A RESEQUENCE DEMONSTRATION

S FOR X=1 TO 4@

7 PRINT "THIS IS A RESEQUENCE DEMO. *

11 NEXT X

198680 X=12671:Y=10

1685 Y2=INT(Y/256): Yi=yY-Ya+256

1010 POKE X+2.,Y4: POKE X+3. Y2

1920 ¥Y=Y+19: X=PEEK(X>+2S6*PEEK(X+1): GOTO1@85

5

oK

RUN

THIS IS A RESEQUENCE DEMO.
THIS IS A RESEQUENCE DEMO.
THIS IS A RESEQUENCE DEMO.
- THIS IS A RESEQUENCE DEMO
THIS IS A RESEQUENCE DEMO
THIS IS A RESEQUENCE DEMO.
THIS IS R RESEQUENCE DEMO
THIS IS A RESEQUENCE DEMO
THIS IS A RESEQUENCE-DEMO.
THIS IS A RESEQUENCE DEMO
7US ERROR IN 1820

oK

LIST

10 REM A RESEQUENCE DEMONSTRARTION

20 FOR X=1 TO 10

3@ PRINT "THIS IS A RESEQUENCE DEMO. "

48 NEXT X%

58 X=12671: ¥=10

60 Y2=INT(Y/2356): Yi=Y-¥Y2+256

1810 POKE X+2,Y1: POKE X+3,v¥2

1820 Y=Y+10: X=PEEK(X)+256+#PEEK(X+1): GOTO 1@05
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MEMUR?VTECHNDLDGIES FUR SMHLL CDHPUTERS

PART TWO

EPRUHS;,PRUMS; & ROMS

‘A very. important part of any small
computer system is its permanent non-volatile
storage. that is. programs .in the ' machine:
which are not forgotten or lost. when the
pouwer is turned off. Any modern small

computer system- . must have ~some amount of .

EPROM; PROM, or ROM memory to | allow
communications with the user when a: machine
is first turned on and to function as a
bootstrap to load in other programs. However
with recent technological advances and cost
reductions, it is ndw practical tor utilize
ROMs where large. fixed programs are
frequently used. MWe .will discuss “this  in
detail later. . o ’
The term ROM stands for' Read, Only

"Memory. PROM 1s an acronym. for Programmableé

Read Only Memorg EPROM stands for Erasable
Programmable Read Only Memory

EPROMS

EPROMS are. available in two forms: as
electrically alterable types, such as those
made by Nitron 5 or as Uy Cultra-violet>
erasable EPROMs manufactured bg seueral

firms, Electrically alterable EPROMs are,

very slow and expensive and require ‘multiple
power supplies, a fact which‘ has prevented
" them from gaining in popularity for
" microcomputer systems. -We are not aware of
any microcomputer currently . using
electrically alterable EPROMs. " ~ The uy
erasable EPROM. on the other hand.’ is -wvery
" popular, - and ~almost | every. microcomputer

system on the market has ‘some quantity .of:

EPROMs. ] L
’ EPROMs are similar to roMs except. ~that
they have both read and write circuitry.. The
EPROM functions bg trapping electrons or
electron charges "in buried - gates on the
integrated circuit. These gates are the
gates of field-effect transistors and have no
connection under normal circumstances. = Once
a charge is ingected into - them. they can
. maintain that charge for a very long period
of time, up to several years. And of course.
. the operation of the corresponding
field-effect transistors, whether they be .on
-or off, is dependent upon  the absence or

presence of charge in these gates. This

charge can be drawn off or discharged by

subgecting the chip +to strong ultra-violet
radiation. The ' ultra-violet radiation has
photons ‘which have sufficient energy to
overcome the potential well of +the material
and drain the charge off.

. At ‘any rate, an EPROM is programmed .on a
speclal PROM ‘programmer circuit, typically/
which applies pulsed high wvoltage to the
memorg cells of dinterest, ingecting charge
into these: gates. It can then be read out

- repeatedly by using conventional TTL-level

signals. The EPROM can be erased bg
subjecting the chip to a. quartz window on top
of the chip +to short wave  ultra-violet
.radiation, such as from sunlight, or from a
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- or leaves them open

germicidal flucrescent tube., that is, a

fluorescent 1light which has a -~ quartz
envelope. Conventional EPROMs will not

generally be erased by hormal fluorescent
room lighting or by subjecttion to sunlight
through a glass window since in either case.
the short wave ultra-violet radiation’ is
filtered out by normal glass. A UY erasable
EPROM can‘easily be recognized by the clear
or translucent qQuartz window on top of the
chip -We will discuss several types of
EPROMs later on.

PROMS
PROMs are. Programmable -Read Only
Memories. These are typically fusable 1link

devices which ‘utilize some metallization

layer on the chip:. such as nichrome. which’

can be blasted away by electric charges
That is. the device -comes with  links, .or
connections at all possible memory cells. By
applying a large electrical . pulse at a

- particular memory cell, these links can be

blown away. This can only be done once. -and’
of course, if a mistake is made. the part
then becomes useless. Fusable link ROMs -are
usually built on ‘a bipolar <technology., that
is, they utilize a technology similar to TTL

For this reason, they are " typically verg
fast and have .. rather ', _high pouwer
dissipations. ~Bgcause of the high - speed - of
the part and the technology involved., fusable
link ROMs - generally  cost -as much as UV
erasable PROMs.thoweuér,'theg . offer  little
benefit to microcomputers which cannot -make
use of their very high access .speed. ~ By

reason of high cost and s;ngle-shot tgpe use;
Ffusable link PROMs have not gained much
acceptance’ in- microcomputer applications, and
they are .rAot being used in any Ohio
Scientific computers. B .

" ROMs are _devices. -which cannot be
programmed by the user. A ROM is a device in
which the. code to be- stored is designed into
the part by the manufacturer. ROMs are much
easier to manufacture than EPROMs, PROMs, or
RAMs. The reason for this is _that. they

-have no need for storage as RAMs do, or any

fancy programmable, erasable element as
EPROMs do. or fusable link element as PROMs
do, and have absolutelg no need for any input
driveis, as RAMs, EPROMs, and PROMs do. There
are simply output drivers and an array of
diodes. or lack of diode, on chips. For this
reason, when large production quantities are
anticipated. a. ROM 4is a very economical
device. P

‘ There two types of ROMs mask . ROMs and
silicon gate ROMs, A mask ROM 4is a device
which has diodes in place at every possible
bit position. By applying the final level of
metallization to the chip, one connects bits
In silicon gate ROMs,
the actual silicon diodes are placed on +the
wafer of left off, depending on the bit

pattern oP. the ROM. The simplest, and
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‘therefore least expensive +to produce in
quantity. is the silicon gate ROM. However.
because of the high level of customization of .
the chip., the silicon gate ROM represents the
largest investment in tooling of any type of
ROM, PROM or EPROM to the company using
them. We will discuss several types of ROMs
in detail below. '

The following discussion concerns itself
with several EPROMs and ROMs which can be
utilized in Ohio Scientific-based computers
Both éngineering and end wuser data are
provided here, so that even if you have no
desire to utilize these parts in &
non-standard configuration, studying them
will give you greater insight into your 0SI
computer.

i7e2n

The 1702A is a UV erasable EPROM
containing 2048 bits organized as 256
eight~bit words. The 1782A 4is one of the
earliest UV erasable devices -and for a 1long

time has been the most popular permanent
storage component in microcomputer systems.
Its popularity is dropping’ now because of
higher—-technology parts which are now
available. The 17@2R utilizes <two pouwer,
supply voltages: +3 and -9. It is extremely
difficult to program and requires special
programmers which are available commercially
for $2,000 up. " There are a couple of
low~cost hobbyist ‘quality programmers
available as accessories +to hobby computer
systems in the $200-and-up price range. Many
hobbyist ~ clubs have  access to 17e2R
programmers.

The 41702A is not a particularly fast
device. The standard A part is a one us part
which will require wait lstates in any
0SI-built 6502 system. Chio Scientific
offers an enhanced 1702A part; the 3702R-2.
which is a 500ns access time part. allowing
operation of the 6392 or 6800 system at
1. BMHz without wait states. Ohio Scientific
utilizes 1702R-type parts on the 408, 560,
and 510 CPU boards as monitor PROMs. We also
offer an EPROM board which can be configured
with up to sixteen A1702RAs for up to 4K of
user permanent storage programs as an 0SI 435
EPROM Board. @ EPROMs available from Ohio
Scientific include a 65A, 65V, 68A, and 68Y
PROM Monitors, which provide the rudimentary
load, “dump. examine. and bootstrap
capabilities for serial and video-based . 6382
and 6800 systems. MWe also provide a floppy’
disk bootstrap PROM which can ' be wutilized
with either a 65A or 65V, and BRASIC support
EPROMs, used in congunction with the 8K BRSIC
ROMs, which will be discussed later on in
detail.

The prospective PROM user should only
consider the 1702A part if he has access o
1702As at a discount price. and a 1762R
programmer. It is definitely not worthuhile
- to invest in a 1702A programmer at this time
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NOTE: In the read mode a fogic | at the.address inputs
and data outputs 13 8 high and logic 0 it 8 low.
U.5. Parent No. 3660819
PIN NAMES . .-
Ao-A, , ' Address Inputs
[C'S L .. Chip Select tnput 4
Doyr1=Oouys Dats Outputs '
6834

This UV erasable PROM contains 4096 bits
arranged as 512 eight-bit words. The dewvice
is manufactured’ solely by American
Microsystems., Inc., commonly called AMI. - The
part features several improvements owver +the
popular 1702R. It is twice as large as the
17@2R, and is very easy to program: but does
use +35 and -9 power supplies. although at a
very low pouwer dissipation. The 6834 is
Eurrentlg one of the best buys, bit-wise, in.
a UV erasable EPROM. Check our occasional
users group specials in the 'Small Systems
Journal for a current sale on 6834s. Ohio
Scientific offers an 8K x 8 EPROM Board
utilizing up to sixteen 6834 -EPROMs: This

-board features its own on-board programmer

which simply réquires an external -50V pouwer
supply for operation. The 6834 programming
program comes with the board, and is present
on all 0S-650 diskettes. . The wuser must
simply place the program he | wishes to
transfer into the 6834 PROM in memory. place
the PROM in the programmer slot, execute the
program. and verify proper programming. The
6834 and our low-cost Model 450 8K x 8 EPROM
Beard should be seriously considered by
anyone who requires some permanent storage.

Vee - GND Va6

6aX648IT

X-DECODF.R PROM ARRAY

A7 Y-DECODER Y.GATING
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o CONTAOL JSTATE
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o PIN/PACKAGE CONFIGURATION i
2704 & 27ves
The 2708 is an 8192-bit UV erasable PROM
which organizes 1K x 8 of memory. The 2704

18 8 dropout 2708 part which has only 4K of
.usable bits and organizes 3512

"words. The 2708 and 2704 are pinned out very
similarly to a large family of other EPRONMs,
PROMs, and ROMs. There are a feuw

disadvantages to the 2704 and 27@s. It is
true that they are relatively easy to
program, but generally do require a dedicated
programmer. They also require +12, +%, and-$5
supply voltages. The 2704 and 2798 <can be
utilized on a standard 0SI S500 CPU Board in
the same sockets that are normally used for
8K BRSIC in ROM so that up to 2K of 2704s or
4K of 2788s can be placed on a 500 CPU Board

"This is accomplished by reprogramming the two

"+4610 IC locations
"sockets for any of several different parts

“will convert the -9 power supply +to

which program the four

‘There is also a converter on the board uwhich
-5 for
‘use with +these components. - MWe do not
‘recommend the 2704 or 2708 unless <the user
has access to these parts at a discount

"price, and has a programmer for them
available. '
PIN CONFIGURATION
Y af) ~ E D\u
sl nf]a
= H 2[Jah
afle 1 m
A,c‘ s 0[] came
alls  sowmoe  WIwe
[ = i w[Jraccram
wsw AL n[Jor msa)
™~ wsmoo[]e w[Joe
o w wl)os
035 n wlos
wijn nijo
wn'-; 10 2 MUST 8t COMMECTED
PIN NAMES
AaAy | AGORTES INFUTS
(X
| CRPSELECTMWAITE ENABLE TWPUT |
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2v16 ' B i
The 2716 is a 16K bit UV erasable PROM,

which organizes 2K eight-bit words. - The
Intel 2716 . currently represents the
state-of-the-art iin UV erasable PROMs. There
are two manufacturers offering 2716s:  Intel

and Texas Instruments. The TI 2716 is a far
cry from the Intel part. For instance, <the
Intel part uses a single +5 power supply and

has automatic stand-by operation when it |is
not being accessed.- It has an extremely
simple programming procedure. The TI part.

on the other hand, has a programming
procedure and power supplies _Just like <the
2708, that is. 41t is rather difficult to
program, and has a +i2, +5, and -5 power:
supply. We would strongly advise anyone,

interested in a 2K part <0 use the Intel
2716. : R ' .

The 2716 cah be easily programmed by
providing latched address and data <to the
part; applying 25V tc its  programming pin.
and pulsing a programming line for 350ms

Move on then to the next address and data,
and pulse for SoOms. It is very easy to set
up your own programmer for the part by slmplq

hooking a few PIA ports to a breadboard, and

driving the entire programmer with a simple
program in BASIC with PEEK and POKE

~ instructions. -

The one and only shortcoming to the 2716
at .the moment is that it is wvery expensive
The single-piece list price is in the area of
$100. However, as other manufacturers
produce the Intel-type 2716, the price will
certainly come down and the part will see a
great deal of popularity. Four 2716s can be
used directly in place of our 8K BRSIC ROMs
on the 0SI 508 CPU Board. As a matter of
fact, the first 50@ prototypes used 271i6s in
place of mask ROMs. These 2716s were
programmed .at 0SI vias two PIA ports and a
very short program in 0SI 8K BASIC.  Another
big feature in the 1Intel 2716 is +that it
operates off of a single +5 power supply. It
has a low-power dissipation of only S@@mw
when accessed. It automatically reverts <o
about 130mw pouwer dissipation when it is not
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accessed.
fast 4o operate on a 1MHz 6502 or 6886 sgstem
without any wait states

MODE SELECTION

The standard part is ‘surricientlg
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PIN CONFIGURATION
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ROMS

2316 & 2616

The 2316-type ROM has 16,384 bits

organized as 2K words of -'eight bits each

" This part goes by several different part

numbers from the various manufacturers. but
it is all basically the same. The part is
available as a mask ROM and as a silicon-gate

.ROM. The former is being offered in moderate

quantity. and .the latter for very .large
production quantities. - The part operates.
with +95 voltage supply and ,is,'surricientlg'

‘fast for operation on’'a 1MHz - 6582 or 1 6806

system. The part has the -same pinout as . the
2716, and is, of course. .. fully compatible
with our Model 506@ ‘CPUE‘ Board. - © Ohio
Scientific offers four Signetics 2616 2K x 8

ROMs, which make up 8K BASIC in ROM, "These
are silicon gate parts,.:and are addressed for '

Aeed up., ASGE up, BOBBO up, and 8800 up. They
contain our standard 8K .BRSIC interpreter and
several I/0 routines,
interface, serial I/0 handler., wvideo CRT
routine, and audio cassette . I/0. All

subroutine calls. as well as all cr;txcal‘

parameters are placed outside of the ROMs via
hooks to another PRGM. EPROM, or . ROM ‘at FFoe
up. This EPROM is commonly referred +to as
the BASIC support EPROM, and is awvailable at
this time in two forms: -one is for a serial
interface-based 6562 sgstem, .and the other

for a video interface-based 6502 sgstem By
changing the locations in this EPROM, several
functions of 8K BRASIC can be changed. For

instance: the start of user workspace and' the
start of the scratchpad are both speci?ied in
the EPROM. Of course. all the I/0 calls and
routines are patched out in . the EPROM, as
well as the starting and reentry -points ‘to
BASIC. This allows the 8K BASIC ROMs to be

totally general purpose so that they can be

offered with several configurations., Another
extremely important use of these BRSIC ROMs
which has not been explored yet is +that of
using BASIC as a ' ‘programming language. for
industrial. development; that is, it .is

.possible with this ROM set and a pkoper

Pagel .. - R R . Ohio ScnentmcsSmaH Systems Journal

including ' serial

. )
. support EPROM to write programs in BRSIC, and

store the actual programs -in EPROM. Then
with a modified support PROM. the BASIC
scratchpad area is 4in? RAM. but the BASIC
program-is in EPROM, and ‘restart is always
. directly in, the program It is thus possible .
with these support ROMs. to develop programs
with dedicated applications in BRSIC, blast
them . into PROM, and . .build a dedicated
controller which alwags restarts directly in
the BASIC program. The use of hooks out of

" the ROMs on all-important parameters insures’

the user against +the . obsolescence of the
ROMs. They can therefore be used in several
computer configurationg.  Ohio Scientific is
also developing other 2K x 8 ROM programs.

such as advanced character generator with’
graphics and schematic symbols, and more’
advanced monitored RUN54 since at Chic
Scientific’s - current product;on - level.

silicon gate ROMs are- 1ess ‘éxpensive than.
EPROMs or PROMs. T ’ . :

- BLOCK DIAGRAM 'PIN CONFIGURATION
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*—in s bt
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20 el . > ($i7., ..~ 4070, OATAOUTAUSS .
N —'—l N ~CS; C‘] ENI'S!\!C'!N’UV!
g . . . oL Tia h AN
2633 & @665 e _jﬁag ‘wxuw
The 2316 Pamilg doés not stop at. a ,IGK
bit ROM, ﬂlreadu prototgpes or 32K bit. - .and

64K bit ROMs are coming out. ] Examplesvaof
this are the Signetics 2633 3EK bit organized
as 4K x 8, and the 2665 6SK bit organized.. .as
8K words of eight bits. These ROMs, have - -the
same pinout as the 2?16/2316,r.so that “they
can be used directly on 0SI 300 . CPU Boards.

As a matter of fact, one 8K x 8 ROM: could ‘be
substituted dlrectlg in place of four 8K x . 8°
ROMs. Ohio Scientific will switch over.to a
single 8K x 8 ROM for BASIC.as soon as 8K x 8
ROMs come into production: but this will not
be until mid-1978. The oh;g~ advantage that
the 8K part has over four 2K-parts. will be
slightly lower packaging costs and slightly
lower PC board use. These -large ROMs have
_dropped dramatically in price over the last
‘year, primarily because of +the high demand
placed on them by video game manufacturers

The widespread use of home computers and
video game.computers will make large-scale
gilicon gate ROMs a household item 4in the
‘form of (ROM cartridges which- contain games

This  makes much more ‘sense to the
manufacturer, because it virtually eliminates

. the one common'plague of our industry, - that

is, software bootlegging by hobbyists. . By .
placing large programs in ROM cartridges. the
user will be offered ‘instant loading of a
_Vvirtually indestructible program, and the
computer manufacturer will . be effered
security in his software investment.
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sontributed
Program

.8 PRINT: PRINT

'8 PRINT "PROG. @082 /24777

!5 PRINT: PRINT"BY GARY A. SMITH CINTI OH"

'@ PRINT: PRINT

'@ PRINT“THIS PROGRAM DISPLAYS®
i@ PRINT"THE MEMORY ADDRESS AND"
'@ PRINT“DATA CONTAINED IN HEX"®
'@ PRINT

'@ PRINT"USER INPUTS THE STARTING"
'@ PRINT"AND STNPPING ADDRESS IN"
80 PRINT"DECIMAL"

10 PRINT: PRINT

28 A=0: B=8B: C=0: CC=@: F=0

38 INPUT "START RDDRESS"; R

40 PRINT '

58 INPUT "STOP ADDRESS": G

68 PRINT

78 B=A-1

86 C=C+1

90 CC=CC+1

98 F=0

16 D=C+B

20 GOTO 488

38 DATR 40896, 256, 16,1

40 H$="0123456789ABCDEF"

5@ RESTORE

60 N=VAL(N$>

?a X$= Hnn

B@ J=4

96 READ P

90 FOR I=4 TO 1é

1@ IF N-I*P<B THEN 3S@

20 NEXT I

30 PRINT">>>>INPUT ERROR t"

48 GOTO 110

50 X$=X$+MID$(HS. I, 1>

50 N=N-(I-1)%P

e J=J-1 .

38 IF J>0 THEN 296

30 GOTO 428

30 N$=STR$<(D>

L0 GOTO 230

1@ F=F+1

38 IF F=4 THEN PRINT CC; TABKS8); X$;" ";
18 IF F=2 THEN PRINT RIGHTS$(XS$, 2)
56 IF F=2 AND G=CC+R THEN 499
@ IF F=2 THEN 180

'@ N$=STR$(PEEK(D)>>

36 GOTO 239
+ tch.
10 PRINT stopuwa
)8 PRINT"END. ... .. " M Allocations:
.@ PRINT emory ‘
10 GOTO 110 The program starting address is 0200,
'@ END and the program resides  from 8208 <to 0223.
using page zero locations @@-o2
Relocation Information:

Location 0221 contains the only position
deperident instruction of <the program. This
should be adjusted if the program is being
run at memory locations other <than those
specified above

je 12 Ohio Scientific’s Small Systems Journal

-L45,0

OK
RUN

PROG. @802 7/24/77

BY GARY A. SMITH CINTI OH

THIS PROGRAM DISPLAYS
THE MEMORY ADDRESS AND
DATA CONTAINED IN HEX

USER INPUTS THE STARTING
AND STOPPING ADDRESS IN
DECIMAL

—

START RDDRESS? 512

STOP ADDRESS? 335

1 8280 F3 |
2 eze1 ev
3 9202 OF :
4 0203 @7 {
S 0204 02 . '
6 2205 ac. '
7 206 C5
8 @207 @8
9 @288 Fo
10 0209 @A
11 @20A CB
12 9208 OF
13 @28c 1C
14 920D OB
15 °~  @28E 72
16 020F B89
17 @219 72
- 18 @211 @8
- 19 9212 4R
20 2213 88
21 @214 F5
22 @215 88
23 9216 D3

OST &6S5S82 CWYCLE TIME TEST
Purpose:

To measure the cycle time of a system
using a watch with second hand or a
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Use: ‘ substitute in the following formula (results
' obtained will be in seconds):
Start the program and your watch at

exactly the same time. Push reset at the end N/{10080*T)
of the timing periocd (any length from 8 <to . .
500 seconds). Then examine the contents of where N is the number of seconds the program
locations @8, 081, and ©2. is run and T is the number found in locations
' The contents of each of these locations @0’ to’ @z
contain a number from @ to 99 in Binary Coded For example, a program was run for 4@
Decimal (BCD> format. Using the least four seconds. The contents of location @0 were
significant bits (cne BCD digit> of locatdion 47, the contents of @1 were 08. and the
90 as one’s place, the four most significant contents of 02 were B7. The resulting number
bits of location @8 as ten’s place, the four was B7E@847 or 70847, In this case. N=40 and
least significant bits of location ©1 as T=78847. Substituting into the formula, we
hundred’s place, the four most significant have,
bits of location @1 as thousand’s Place. the
four least significant bits of location 82 as Cycle Time= 4@/(1666+«70847 )= Séus
ten thousand’s place. and the four most
significant bits of location 82 as hundred The dump for ~this program is shown
thousand’s place. obtain a decimal number. below, following which is an A and A2
To obtain the machine cycle time., assembly
ASSE
10 0000 5 CYCLE TIME TEST
20 Q000 ; CT=N/7C1000x[)
30 V00O H WHERE?
40 0000 ; CT=CYCLE TINME
50 0000 H N=SECUNDS nuN
60 000V H T=3 BYTE 3CD NUMBER Iy C1aC2,C3 (Cl IS L35
70 0000 3
80 0OvULOL Cl=0
90 Q0U0 ca=1
100 0000 Cs=¢
110 0000 H
120 0200 *=5200
130 02U0 A900 STAnT LDA #0
140 0202 3500 . 5TA C1
150 0204 8501 5iA C2
160 V206 3502 STA C3
170 0208 F8 SED
180 020y AS00 LOOr Lba vl
190 0208 69ul ARC #1
200 02Ul 8500 STA C1l
210 020F AS501 LDbAa C2
220 0211 6%00 ADC #0
230 0213 8501 S5TA C2
240 0215 A502- LDA C3
250 U217 690UV ADC #U
260 0219 85uz2 STa C3d
270 02l AgCe LDX #3C2
280 021D CaA LOOP1 DEX
290 021k DLOrD sNE LOOPI
300 0220 EA NOF
310 0221 4Cuv0e | Jdhr LOOr  INFINITE LOOP
320 0224 H TERMINATED BY RESET.
330 v2z4 «END

Ac

3180200A900850045018502F38A50069018500A50169008501A502690786
5000218008502A2C2CADUFDEA4CO20205E9 :
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.may have .only an 0SI video board. .This can

The 560Z also. ., utilizes . a . z-80
mxcroprocesaor, by means of which it is, of:
course, possible to:  run.. standard 2-80

'programs.ﬁ;The 5602 is .configured +to allow

the " user ' to microcode _interrupt and I/0
“instructions on the 2-80 .via . the 6582, . so
“that he' can s;mulateﬁﬁorﬁ emulate I/0 ports
“found on other computer sgstems. with his
standard 0SI compufar sgstem ’ ‘

R

The Z-88 on the, 468’ Board is capable oP

runninq anze code It does handle interrupts

sligh*lg difrerentlg from the 8080: however.
SiACE the S60Z allows microcoding of I/0 and
1n*=rrupt operatlcne 1t, is possible . to
conflcure the S€02 sgatem to. exactlg emulate
standard 8086~ based computere to allow“the
operation. of 8080 programs . ‘without - :any

Tre field of microcoding., ' or
 microprogramming,. is ' totally - new . .to
microcomputer users. Hicroroding has .really
nothing 'to do with microprocessors, - per se
It has to do. with coding, programming. - or
specifying the instruction set of a computer
That is. during the initial des ign phases . of
any compu+er, and- in, somev large -computer
sgsfemc, it 4is . possible_ or necessarg to
specifg or dgnamicallg ‘specify’ the . binary
‘codes which _perform certain operations. " The
ques+ion is. uwhat dees the machine specifg~
T and whut ,exactly does it do when 1t performs

'an ADD oporat10n7 The 560 sgstem allows an

elemnnfarg form of microcoding to be used
‘with the 6188 and Z-86 mitroprocessors. . Thig
is posclble becau:e the 65082 sgsfem can have
complete executive control over the. computer
‘system. It can read anu signal -line on
either of +the processars and can force
certain conditions. The,use .of. microcoding
is necessary for I/D instructions and
interrupts on both the Z 28 and 61080 +to
perform the desired emulafions, but can be
_utilirzed in other areas. .. To - clarify this
applicafion of microcoding, let us consider a
Couple of specific examples. . : s

Take first the case of a 2Z-80 processor
executing a program and encountering an "INPUT

statement. On the 5682, wiormally configured.
when the 2-8@ sees "an INPUT or OUTPUT
statement. a signal line -on the processor.

.goes low uwhich stops its clock so that the

2-88 is stopped dead:: with the  INPUT
instruction on its bus and the INPUT address
port on the low eight bits of its address
bus. The 63502 system: processor then observes
this condition, goes to*a table in its code,
which specifies what action to. take (based on
this input port), ~obtains - the proper

information, and showec*it into’ the Z2-80.° It

then single-steps the Z2-80 out of +the INPUT
instruction: in which case. the machine takes
off at full speed agains, In this way, - the
‘6502 system. by a process of m;crocodlng the

2-88 instruction. has simulated- .o -emulated
some - standard 8080 or’ 2-80 'I/O port by
“utilizing the resources that 1t has..-. For

‘instance.. .an -888@ prqgram_ mag specify a
Teletype port.at,input‘portiaa; and the uger

v
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easily be. accommodated bg 'microcoding the
input. BEh ‘

In another example. a 6198 is
performing an I0T instriction ' to Teletype
This is more sophisticated  because the
Teletype port must specify conditions within
the accumulator of the 61860. ‘But . the
principle is the same. - Thé 6160 sees the
instruction and its processor, and its clock
automatically stops; ‘leaving . the critical
data and addrésses 6n its buses. ' The 63502
then reads these buses., takes . appropriate
action, and single-steps the' . 6100 chip
through the TI0T" 1nstnuctlon, providing it
with 1n¢ormation, Land- reading information
from it as- necessary. When the 6180 has been
clocked all the _way through the instructiona
the machine. . takes off . at. Full - speed.
Although the, microcoded I/O ‘instructions
themselves take much longer_ than normal
instructions do, “thedr occurrence in programs
is usually ‘' infrequent so  that the actual
program execution takes onlg a rraction of a
percent longer ‘than it would ' take with
conventional I/0. o

%

ALl signal lines and the address and
data lines of the Z-80 and 6100 are available.
to be examined’ under .program control by the
6502. The 2-88 ' and 6100 ,clocks are also
single-cyclable by the 6502; “and. the machines
are  fully static " 'This  allows a very
elaborate and detailed study :of the Z-88 and
61806. on a cgcle-bg-cgcle basis with complete
printout of all signal ‘lines. = This enables
the studént or engineer to completely
"understand 'the’ operation. of 'these . processors
including many subtleties uwhich are . not
documented in ' any manuals for  either
processor. - . N o i

. The 5682 . system can be utilized as a
true multiprocessor. That  1is, . the 6502
executive can set up'a task. on the 6180 or
2-80 and then detach itself from it so that
the 6100 or 2-8@ is’ _running completelg by
itself, independent of,the 6598» ‘which, ' can
then go on. to another task o <Thus»< in "the
5682 system. two processors can ‘be  running:
separately and independently. Multiple 560Zs
can be placed on one 6%502 system, and SeeZs
can be placed on the system bus. side of other
5602s, so there is reallg no».limit to the
number of processors orQ“amount of  memory’
present on 560Z-based . computers: allowing
large. multiprocessor arrags

It is apparent “ from qtﬁe ,above
discussion that +the 560Z is a powerful
research tool.  .Several 5602Zs‘can‘ be placed
on an individual computer bus: and $5602s can
be daisy-chained. It 4is also possible to
cross~couple - units. .  with or without
processors. “hat is.. two 5602 Boards can. be
populated to  have portholes, onlg with no
-processors pregent, and be utilized betueen
two computer sustems as’ high-speed portholes
from ore system to the other.. - Other exotic
multiple - processor arrags ,are of . course
possible by, K using  -the 5602 Board ,as a
building block uith the standard OSI suqtem
bus

g T e @
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. on the executive (MOS) bus .side.

The 5692 output bus dr;uers' -are Pullg

"tristatable. by an’ external device.! ' This is

done specifically sé&. that. ‘other processors
can be present on the system side. as well as
' This is .of
particular interest +to 51@ Board users.
because the 510 software switch has a fourth
pégition which can be utilized to control the
tristate outputs  of the 5682 It is
therefore possible to have a 510 CPU Board on
the executive (MOS) bus side of a 560Z and to
have a 518 present on the system side. This
means that it is a wvery straightforuard
operation to wutilize a 35602 Board as. a
porthole between two 510. systems., or..as an
intelligent porthole with its own processor
The $S602 is finally available from
stock! Consult the current price 1list for

- -details

MEMORY TEST

A MEMORY TEST PROGRAM FOR VIDEG AND. "

SERIAL-BRSED COMPUTERS

The following program is listed here . -

and on track 29 for serial-based computers. .-

and track 40 for video-based computers on all:.
0S-65D Version 2.8 diskettes.  The Memory
Test Program consists of three parts:

senstivity and bit failures; a static. memory
test load routine; and a static ‘memory test
compare routine. i

The dynamic portion of the Memory Test .~

Program utilizes a _ romping bit test
successively through memory. " and. ori video
systems, it prints’ out the pass that it is
on. When the dynamic memory test makes 2356 .

‘passes through memory. it will place an X on
the video screen or ors the serial system. If .

a block of memory makes it through this <test
twice, that is, placesz two 'Xs,” there is a
99. 3% probability +that it has no dynamic
problems. If an error occurs, <the location

- of the error will be printed out. along with

"the data that was supposed to be in that
memory location. and the data that was really
in that memory location.

There are several possible failure modes

that can be shown by this.’ This test can
find address line shorts, data line shorts,
address-to-data line  shorts, pattern
sensitivities, and dead memory chips. If
gour memory board has once worked, such as an
0SI-manufactured memory board, then the
possibility of shorts occurring later on the
board is very unlikely. Thus, if you are

checking a system that has started to break
down, it has most likely developed a problem
in a memory chip. This <can be recognized

with the dynamic memory test by having ohe

bit be wrong at all times within a block of
memory. For instance. the test shows a 60

turned into a 62  at location 6023. This -

would indicate that something is wrong with’
data bit 1 in that block of memory
memory board were a3 4K,. and it were found’

. that the same fallure occurred anywvhere in -

the block from 6@ <to 7080, you may be’
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virtually assured. of a dead memory chip.
However, memory chips do not always fail
completely. That is. they may have one or a
few bad locations, while the rest are  still
fine. ) .

Rriother dynamic memnory failure is
pattern sensitivity. Most cases of pattern
sensitivity cannot be checked for with the
Memory Test because, in order to thoraoughly
test the memory chip for pattern sensitivity.
you uwill need a number of patterns equal to
the factorial of the size of the chip. For
instance, if you have a 1K memory chip. wou
need 1824' patterns to test the chip. which
is of course impossible, because that number
is larger than the total number of atoms in
the universe! Fortunately. memory chip
design is carefully done to minimize the
problem of pattern sensitivity. It is
therefore extremely unlikely that it will

‘occur in any of your memory boards. Out of
thousands of boards, we have seen only about
"a half-dozen cases of memory failure based on

pattern sensitivity

B If you are testing a memory board out
o for the first time. the situation could be
.much trickier. Whenever possible: test a new
.‘memaory beoard with memory chips which are
‘_known to be good; that is, take the memory
. chips ocut of a working board, and put them in
.your hew board. and put your new chips in
. your uworking board. In this way. you will be
able to check whether you have failures in
-memery chips, solder bridges or open foils
Address line shorts can be somewhat difficult
to interpret from the Memory Test Program.
and address-to-data line shorts can be
.extremely difficult for a layman to.- find by
way of a Memory Test Program
Once you get a memory board to pass ‘a

dynamic memory test, you should then check it
for static operation. That is, a very common
failure mode of memory chips is to forget or
change data over a period of several seconds

to a few minutes. There 1is a memory load

command which allows you to load a block of
memory with a particular bit pattern. There
is a memory compare routine which allows you
to compare a block of memory against the bit
pattern. The procedure for this test should
be to load memory with zeros, then wait two
4o five minutes and compare that block of
memory against zeros. Then load the memory
with FF, wait +two to five minutes, and
compare it with FF. Then load the memory
with AA, and compare again. Finallly load the
memory with S95, Any errors will be reported
as with the dynamic test. If the memory
board passes the dynamic test, but fails this
test, it is most probable that the memory
chip specified directly by the error message

is at fault.

PROGRAM OPERATION

The following instructions are for

‘program operation. Both the serial and video
programs start at location 8208 and extend

‘upward for approximately +two pages. The

lower limit of testing on either program is
‘location 9400 upward. By attempting to test
locations below this point, you would bomb

‘age 16 , ' Ohio Scientific’s Small Systems Journal

the Memory Test proagram. When <the Memory
Test Program is entered. a ? appears onh the
terminal. It then expects a T for <d(dynamic)
Test, an L for Load. or a C for Compare
Your first test should be the dynamic test.
Therefare, type a T. then a @4p9a., the.
starting address of the test, followed by a
four-digit ending address of the test.
Thus, if you had a 4K machine, you would type
To4601000. .

© On video-based computers, you will then
see a two-digit counter increment, until it
passes through FF, in which case it will
place an X on the screen and increment again.'
The presence of an X indicates. that it has
successfully passed the test once. On serial

systems, you will not see anything until an X

‘is printed out-or a - failure occurs. The
Memory Test will take approximately two
minutes to test 4K of memory

The only way .to exit a successfully

. running dynamic memory test is by resetting

the computer. If a failure occurs, the test
program reverts to the command mode so that
additicnal commands can be typed - in. The
synhtax for the L Command is simply
L. SSSS. EEEE, nn. where nn is the +two-digit
byte pattern you wish to load. SSSS is the
starting address of the memory you wish <o
load, and EEEE- is its ending address. Once
the load is complete. an asterisk (*) is put
out on the screen. This should occur nearly
instantaneously. The syntax for a compare
command is C SSSS, EEEE. nn. If the compare is
successful, a * is printed on the screen. If
not, the first location to fail 4is printed
out with its conternts. In all tests, the

last location specified is not tested:
See Page 17 -

BUGS & FIXES

8K BASIC users should note that while~
executing a WAIT statement, 8K BASIC does not
recognize Control-C. BRSIC was designed this
way to provide the user with maximum polling
speed. If a mistake is made " during a WRIT
statement, the user must reset the machine to

regain contreol of it.
]

A bug has been .discovered in  the
Assembler that causes erroneous object code
from an A3 . assembly. The following
corrections should be made to your HAssembler
to rectify this error:

Location Contents Change to
1867 . S 1c 1E
106B A 1D - 1F
1074 . 1c 1E
1@7p 1c ' 1E -

123c . . AC! . 1E
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Serial Memory Test N

8398

p2eo
peie
P22
pz30
D240
8250
82606
=)
8280
8290
02RO
‘92806
p2ce
e20a
D2EL
DeFo
2300
8310
8320
9330
0340
2350
0368
837e

: UB2P0, B39C
e 1

BEPB  4C 78
8218 F9 3F
B220 €9 54
P236 20 63
@240 EO 04
9258 SO AD
82686 B3 CR
e278 48 RAY
@286 . 85 FF
8298 25 B3
22RA0 C7? A9
P2BA 30 SB
. B2C@ 91 FA
82D@ ER &0
®2EG@ D1 FA
B2F® F8 A2
9306 63 BS
9310 E€ 4C
P320 .AS FA
93308 45 FE
9340 26 F7
0350 C9 3R
83680 85 FE
@370 4A 4R
8380 EA EA
FE A9

2 3 4 5 6 7?7 8 9 A B €C D E F

83 AD @@ FC 4A
20 57 @3 ga 83
D8 F1 Cé& FE 20
62 C9 6D FO C3

.38 EC DB 85 R9

RG O3 29 3F C3

S0
o2
Sv
e
ec

ee

ce

81

Fo

3R

30
83
A2
03

a3

2e
14’
30
2e
57
G
oC
57
82
AS
Fo

94

88

"ES

68
A9
pba
oF

FC
as

MAoOn
~N O D

(\

=

7F

Video Memory Test

. U200, 8376

8

1

8 9 A B C D E F
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CLOSE THE KWINDOW

Close +the MWindow is & dice game
désigned to ‘be played on 0SI 65V computers.

) At the start of the game, the player is
pﬁesented with nine "windows." the digits

Fhom 1 through 9. _ After each roll. <the
g;ageh may close up to three windows whose,
$lm is equal to the value of the roll. For

éxample. at game start with a roll of 10, the
blayer may close windows 1 and 9. ar 6,3, and
f or 1,2, and 7. etc. If after any given
roll, the . player 4is . unable +to close any
windows; he loses the game. If +the player
closes all the windows.: he wins

Control keys:

Darrlage return: after roll. causes: roll of
dl;e :
*aérxage return: after "close" and N digits
Gwhere O<N<=3), closes legal windous. If not
Legal, choice is cleared, but roll remains
P

«¢slash): clears close digit errors

R

§fsh1€t—N): new game. °

‘%. The operational portion of the program
‘esides from @288 (hex) to: B2FD <(hex), and
axecut;on starts at 6280 C(hex). Zero page
;ocations F8 <hex) through FR <hex) should be
“oaded as follows for ASCII words output:

% Fe-52 F3-4C F6-4C F9-45
e Fi-4F F4-2C F7-4F FA-3F
Fa-4C FS-43 = Fg-53

S .
vY. Optionally, the short loading routine’

B300 to 9328) may be used with the program
'ﬁitialized at 8306. .

<
i

J’

"Iose the wmdow

’\»

#RE

tio20e, 0328

8 1 2 3 4 % 6 ? 8 9 A B c D
F8 A2 91 B8A 95 EV® ES E® GRA DO F8 A9 DO 8S
Cé 85 FE AB FF A9 28 91 FE 88 DB FB A2 61
89 30 C9 30 DB 62 R9 20 91 FE C8 C8 ES E®
ED R® 83 A2 @@ BS F@ 91 FE C8 E8 E® 065 D@

ODDS & ENDS

If you type too many characters on a
line, the terminal will cease displaying the
characters typed, but instead sounds a bell
(Contral-G>. If the terminal does not have a
"bell. such as on systems utilizing +the 440
Board, you see a character G on the screen

Small Comp utmg
Buyers Guide
only S1 from
Ohio Scientific

Send your dollar and the
coupon below to:

ggg.» Sc:egtlflc

Hiram, OH 44234

I enclose $1 : z

I SENDIMEYCHW!BUYERS(HHDE .
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City. State
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USERS CROUPSPECIAL |
BUy'a 45’0 8K PROM bdard at the regular pfice of $35 f
| ~ and get one 6834 (512xa) EPROM FREE | i |

Order additional 6834 EPROMs for $15

(The 450 features its own on Board programmer!)

Offer good only through November 31

NIOURNAL
"SUBSCRIBERS

If you have not purchased a fully
assembled Challenger system

or paid $6 for a regular subscription
this is the last complimentary issue
you will receive. To continue enjoying
the Journal, complete the form below
and return it to OHIO SCIENTIFIC.

rPIease enter my subscription to the Journal. -1
1 enclose $6.

Name

I Address
I City.

State Zip

I OHIO SCIENTIFIC 11681 Hayden Hiram, OH 44234

- -
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SYSTEMS ORDER FORM

For Complete Integrated Systems Only

1- Name : Date of Order:
Address._. ' Citir State _ Zip
Phone i ' Shipping Address(if different) . . ‘
City ' ‘ State.. ‘ Zip_
2-Payrrtent by:  Personal Check_;_M'ohey Order_____Certified Check
Bank Americard/Visa Mastet Charge
Name as it appears on the card | _ Number as it appea_rs on card_._
Expiration date of card._'_._.-__Signature —  Amount being charged____ i
3 fr e PRODUCT NAME/NUMBER - PRICE
Terms : ! o . I o4 .
* Checks must clear BEFORE shipment is made. (Sh1ppmg charges’ OO) . '
* 20% deposits required on all C.O.D. orders. . - Merchandise t°t?1
. §* All orders shipped via insured UPS unless otherwise requested : : "~ TAX
' k¥ Purchase orders accepted from large, well rated companies and schools only. L
* Prices, specs., and terms subject to change without notice. ‘ ’ Shlppmg Charges
. Amount enclosed or charged
Return to . Balance due’ COD,
Q1 Hayden leam, 44234 216-569-32 ;




The following is Ohio Scientific’ current price lxst Each
itemin this list appears with-a page number in section D of
this catalog where you will fmdja detailed specifications table
tor that Eamcular item. All prices and SpClelCathI‘lS are sub-
ject to change without notice.

400/500 Bare Boards with Manuals and Kits

Model 500 CPU Board & Manual (D-7)

Model 504V Serial CPU Kit including 500 Board Manual &
all parts for IK serial interface computer including 65A
PROM Monitor (D-7)

Model 504V Video CPU Kit containing 500 Board & all parts
for complete IK video computer used in conjunction with
440 Video Board. Kitincludes 65V PROM Monitor.(D-7)

Model 420C Memory Board & Manual (D-1)

Model 422 Memory Board & parts including 4K x 8 low-power
350ns memories for 2MHz operation (D-)

Model 427 Memory Board & parts including 4K x 8 of 450ns
medium power 2102 memories suitable for use with ROM
BASIC (D-1)

Model 430B 1/O Board (D-2) :

Model 440B Video Graphics Board (D- 3)

Model 446 Video Graphics Board & Earts complete kit for an
alphabetics-only video.display, with some parts for expan-
sion to graphics included (D-3) )

Model 450B PROM Board (D-4)

Model 455 PROM Board (D-4)

Model 560Z Board with Z-80 & 6100 CPU chips (D-11)

Model 475 Kit including Model 470 Controller Board in kit
form, fully-assembled and tested GSI Model 110
drive & interconnecting cable, and OS-65D software, in-
cludl)ng 8K BASIC & a 65F Floppy Disk Bootstrap PROM
(D-5

Model 480 Backplane Board with complete set of male &
female connectors (D-6)

Model 495 Prototyping Board (D-6)

Model 498 Card Edge Extendcr Board complete with con- -
nectors (D-6)

Monitor PROMs

65A for serial interface 6502 systems for use on 400 500, &
510 CPU Boards (D-12)

65V for video interface 6502 systems for use on 400, 500, &
510 CPU Boards (D-12) -

68A Mod 2 for serial interface 6800s for use on 400 & 510

* CPU Boards (D-12)

- 68V Mod 2 for video interface 6800s for use on 400 & 510
CPU Boards (D-12)

I65F Floppy Disk Bootstrap PROMs for 6502-based 400,
500, & 510 CPU Boards (D-12).

Note: All necessary PROMs are rovided on kits, fully assem-

bled boards and fully- assembled) products. ‘These PROMs

should only be necessary for bare board purchasers, and those

who would like to convert from serial to video or vice versa.

The one exception to this is that the Floppy Disk Bootstrap

PROMs must be purchased in conjunction with fully-assem-

$39.00

$149.00.

$134.00
$35.00

" $99.00

$79.00

$35.00
$35.00,

$129.00.
$35.00
$35.00
$125.00

$749.00

$39.00
$29.00

$29.00 .

" .$29.00,
'$29.00
$29.00
§29.00
'$29.00

bled disk drives, when a disk is purchased as an expansion item

for an existing system.

Parts

2513 Character Generator "

8T26 Buffers

6850 ACIA

6520 PIA

S1883 UART

K-l Connector Kit 1ncludmg four sets of male & female molex
connectors

{408L8 D/A Converter )

Note: Parts are provided by Ohio Scnentltlc as a service to our

bare board purchasers.

Challengers, all fully assembled

C-SIT Challenger* System with Microterm Terminal and
Monitor .
C-S1 Cha]lenger* System w1thout Termmal

$12.00°

$3.00
.$15.00
.$10.00

$10.00

$3.00
$10.00

C-DI Single Drive Floppy Disk (D-5, D-13) $990.00
C:D2 Dual Drive Floppy Disk (D-5, 'DA13) $1,590.00
C-D74 Hard Disk (D-14) $6,000.00. -

Chall%ngder 11 Products with 8K BASIC in ROM, unless

ecifie

C2-0 500 Board Fully Populated (D-7) $298.00
C2-1 500-1 with 4K RAM & Small Cabinet (D-7, D- 15) $429.00
_C2-8S 500-8 or Challenger II with 4K RAM (D7, D7) $629.00

Al Add Memory Management & Parallel Port (D19) '$50.00
. A2 2MHz Operation (D-19) $50.00

A3 Configure for Disk Use (must have 16K RAM minimum) '

add Di iuBootstrap and delete 8K BASIC ROMs (D-19) . «$30.00
C2-8V Challenger IV with 4K RAM (D-7, D-18) $750.00
A4 Add Serial Port (D-19) $50.00
Al Add Memory Management & Parallel Port (D-19) $50.00
A3 Configure for Disk Use (16K minimum). Add Disk o
Bootstrap and Delete 8K BASIC ROMs (subtract from -
above) (D-19) -$30.00

A5 Add 128 x 128 Graphics (D-19) " $150.00
C2-4P Challenger IIP-includes 4-slot back?lane 8K BASIC ‘

in ROM, 4K RAM, Special 32 x 64 Display, Audio Cas-

sette lnterface and Keyboard in Special Enclosure

(D-7, D-16) $598.00
Challen dger ITV replaces Challenger 65V and has 440 Video

Boar
Challenger IIP is a four-slot computer similar in appearance,

to the Sol-20 which is designed for direct competition’

with the Commodore PET
Challenger Accessories.

'CM-1 4K IMHz Challenger Memory for use with ROM )

BASIC (D-l, D-21) $125.00
CM-2 4K 2MHz Low-Power Memory (D-l, D-21) $149.00.
CM-3 16K 1.5MHz Ultra-Low-Power Memory (D9, D-2I) - $596.00

) CA-6 Challenger Audio Cassette (D-2, D-22) $99.00 .
CA-7 Fully Populated 430B Board (D -2, D-22). $399.00
CA-8 560Z Subsystem (D-25) $1190.00 -

: The CM-1 Memory Boards are for use with ROM BASIC L

machines, since BASIC in ROM can run only at IMHz.

CM-2 and CM-3 Memories should be used in large systems .

for low-power dissipation.

Challenger 111 Products
C3-8 Challenger III-6502A, 6800, Z-80,16K RAM Crystal

Control, Serial Port, and- Floppy Disk Bootstrap (D-8, Ce

D-20) $1,295.00 -

A-100 -Megabyte Memory Management, Software Pro- -

cessor Switch, Swappable RAM, and Addmonal R
Parallel Port (D-21) $150.00 .

A-10l Video Board and Video PROM (D-3, D-21) $189.00.. -
€3-0'510 CPU Board (for System Upgrades) (D-8) .. $359.00- -

A-100 applies (D-21) $150.00: -
Factory Direct Trade-ins are available for Challenger owners, o
The Challenger I11 comes fully equipped for disk, but the '

price does not include the disk drive(s) C-Dl or C- D2.

Challenger Ils with the A-100 option will take 15 to 30

days longer to deliver.

- System Accessories .
“AC-1 Keyboard, Enclosure & Cable (D-22) $149.00
AC-2 Cassette Recorder & Cables (D-22) $59.00
AC-3 Video Monitor (D-23) $159.00

- AC-4 OKI-Data Model 110 with Cable & Interface (D-23) $1,900.00
AC-5 OKI-Data Model 22 with Cable & Interface (D-23) $2,900.00
AC-6 Micro-Term ACT-1 (D-24) $550.00
AC-7 Hazeltine 1500 (D-24) $1,095.00 .
Software: Paper Tapg, Cassette, or Diskette
S$-1 Introductory Software Package 128-1 (paper tape only) . :

(D.26) g paper tap y $20.00
S-2 Assembler/Editor (D-27) $35.00,
S8-3 8K BASIC (D-28, D-29) $50.00
S-4 Extended Monitor (D-30) $15.00
§-5 Life (D-26) '$10.00
S$-6 Graphics Editor (no Paper Tape) (D-26) .$8.00
S-7 Tiny BASIC (D-31) $10.00

. $2,599.00

PRICE LIS

$2,099.00 -

CS2C al]enger* Video System- $2,499.00
*Delivered as Partially Populated Challenger I ;

Disk Systems

08-65D Diskette with copies of all software purchased by

customer (D-32)

:$15.00



* Meet Challenger I
from Ohio Scient

R

fic.

Unlike any other personal computer avallable today

Complete with BASIC in ROM ‘and 4K RAM
Challenger 1IP is the ideal computer for programs
_in BASIC. - :

. BASIC is there the instant you turn the computer
on with a full 32 x 64 character video display.
Challenger IIP also comes with an Audio Cassette
interface for program storage. The user simply con-
nects a Video Monitor or a TV via an RF Converter
(not supplied) and the machine is ready to use.

Challenger IIP is ideal for both the home user
who is new to computing or the experienced user
who wants expansion. capabilities. Challenger. 1IP
comes with a four slot backplane and is expandable
via the full Ohio- Scientific product line, which in-
cludes 15 system boards offered in over 40 dufferent
versions.

Ohio Scientific has always maintained upward

expandablllty from old models to new models

‘which is nice to know consudenng the rate at which

technology is constantly |mprovmg ‘For example.

~.Ohio Scientific’s original 400 series products can
- be plugged right into the new Challenger HP. And

Ohio Scientific has 2 years of experlence in build-
ing personal computers, so we're not'new to this

business-unlike some of our competltors

Complete with a. full. computer keyboard Chal-

- lenger |IP comes Sully: assembled for $598 from
".. Ohio Scientific.

- Check the chart below and compare Challenger
IIP-with other: BASIC in- ROM computers. Unlike

.~ -other personal ‘computers, - Challenger |IP has a °
. much greater: capacuty for-expansion and the capa-:

bl|lty to perform big computer functions with all. of

its big-computer features

Ohio Sclentlllc Other BASIC ln ROM
Challenger IIP . Computers
Processor : - 6502A | es02orz-80 -
Clock S v . -~ 1or2MHz b slower - ERP
Display (Lines/Characters) 32/64 25/40 or16/64 ;
Keyboard Full Computer " 4 Fungtion- - A

Display Characters 256 -

- 128 of 64
Lower Case Yes - " No - R
Plotting Yes - ‘Yes =
Audio Cassette Interface - Yes . Yes « . )
BASIC : 8K By Mlcrosoft .some have only 4K BASIC
String Functions PEEK, POKE, User ) Yes - NotAlways , . =
Machine Language Accessible - -1 Yes: Not Always e
Optional Assembler/Editor Yes . No .
Disk Option Available Now < |+ ~Yes . No ;
In Case Memory Expansion Ability 36K C Less ..

*None | " ¢ .

Expansion Boards Available Now 15

(Capacltlve Contact) , .

‘ '. aCalculatorType or. Full Computer~
(Mechanlcal Contact) )

PPN Y s S e S S
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please use the enclosed components order’ form If

you are ordering a. computer system, please place all->. -
items you want.installed on‘that computer or for .use ...
Please
place kits and bare-boards. and other accessor1es on‘a..

with that computer-on the: systems order: form,

separate order form.

There is a definjte advantage to buy1ng acces-
sories with- the computer. That is, all components
will come configured to work together. For instance,
if you buy a serial terminal in conjunction with a
computer from Ohio Scientific, the entire system will
come ready to operate. Possibly the best way to buy
a computer system from 0SI is to purchase.one of our
standard computer packages. which are described imme-
diately preceding the price list and in our appli-
cations sections. -Simply .place all the items listed
under the package .on.thé.sy$tems order form. The
other way to order a computer system from 0SI 1s to -
specify your. own custom conf1gurat1on

1. Choose the computer mainframe that you will. be
using. Please use.-the npinbers appear1ng in the price..
Tist and spec1f1cat1ons sheets. * Your' choices of com-
puters are C2-0, C2-1; C2-8S, C2-8V, C2- 4P 3-8, or
our Super Kit spec1a1

: 2. Spec1fy any opt1ons which you want on- the CPU-.
board that is in -your’ computer
_puter has a 500 CPU board, you can specify the Al, A2,
A3, or A4 options. If it.is a C3-8, you can spec1fy
‘the ‘A-100: and A-101 options.

3. Specify any add1t1ona1 memory. Your options’
here are the CM-1, CM-2, or'CM-3. Ordering the CM-3-
16K memory board can be a:little tricky. First of all
it requires & +12V power Supply which is only avail-
able on eight-slot computers.  Secondly, the Challenge
IT eight-slot computersncah‘be,configured so that all
memories are on 16K .boards. -The advantage to this is

,,,,, To order C2-8V or C2-85
~with all. memory on one or more 16K memory boards, sim-
ply specify on the ‘ordér form that all memory is to be
on 16K memory boards, then subtract $149 from the re-
tail price of the computer mainframe to delete: the
4K of on-board memory, and -add the full price of the
CM-3 16K memory boards which. you desire.

4. Select your mass storage device, such as a
Challenger audio cassette, fully-populated 430 board,
or single or dual drive floppy disk. Remember to
specify the A-3 option on Challenger II machines
when they are to be used in conJunct1on with floppy
disks. . ar .

: 5. You may des1re to order system accessories |
with the computer, such as a keyboard, cassette re-
corder, video monitor, line.printer, or terminal.
"The advantage of ordering.these from 0SI is that you
are assured ofrinstant'compatibility and that you get
all the cables that you will require on a system.

it

6. You-may wish.to order-additional software with

your. computer. Computer systems have 8K BASIC in ROM
or come with BASIC in a disk-operating system as
standard equipment.. The Assembler/Editor and Extended
Monitor and other" programs are optional extras

Direct Ordérs:

Terms of Purchase: Payment’ by Bank Americard, Master
Charge or certified check-is preferred since we will

not have to delay sh1pment ‘of -your order until a check

clears.

Bank Amer1card and Master Charge orders are
charged against your account on the day of shipment
so that your money is not tied up on long delivery
orders.. .C.0.D. orders are only accepted with a 20%
.prepaid downpayment .

That is, if your com--

Y

: .~§:?'t~‘Purchase Orders are: accepted on]y from educatlona1 v

O T

Par-

-institutions.and nat1ona11y recognazed ‘companies.
. 'tial.shipments will . not.be made. aga1nst purchase orders,

T hso, separate’ 1ong dellvery i'tems - from-Stock items.

Use accompanying order forms when possible.
»P]ace fu]]y assembled product on a separate- order from
- If:at.all .possible, use the

.......

Cha]]enger order form for system purchases
Del1very ST ,

Boards and k1ts Stock to 30 Days typ1ca11y
(except as noted) 60 Days
90 Days .

Assembled Products:
Spec1a1 Order Products

if del1very is de]ayed beyond 120 days \VOrders can- -
celled before. this time aré subject-.to a 10% restock-
ing charge. - Each order: change after rece1pt of initial
order will be subject to an add1t1ona1 $4 00. sh1pp1ng
and handllng charge.

‘As you can see from. th1s cata]og, there are a

,_,1ot of factors -involved in custom1z1ng -your own cori-

f1gurat1on, but the procedure 1s fa1r1y straight-
"'forward i

Terms

*Checks must clear BEFORE shlpment is made. (Shipping charges $4. 00)
* 20% deposits required on all C.0.D. orders.

* All orders shipped via insured UPS unless otherwise requested

* Purchase orders accepted from large, wéll rated companiés and schools only.
* Prices, specs., and terms subject to change without notice.

- ORDER PORM

For Components, Accessories and Software
’ 1- Name

. Address
State Zip
Shipping Address(if dlfferent)

("1ty .
»'2-:Paymgnt by Date. of -Order:
' Money Order_____Personal Check____Certified Check____
o : Master Charge ___ Bank Americard/Visa ___
o Name as it appears on card — ~
Exact number as it appears on card
.. Expiration date of card
.. Signature

. city
__Phone

State

Zip

Amount being charged

3- I would liké to order the following:

Quantity Product Number Name of Product ” Br'ice Total Price
' oAt ' o T
'Return to; Merchandise total _
OChio R —
Shipping Charges

Sci nt111c

216-569-3
11681 Hayden Hiram, OH 44234

'Am'ount enclosed
arqed

Balance-due COD
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