


Powerful. �

DPU ca rd with error-co rrecting 
memory and cont roller cards 

68000-Powered for tomonow 
Once again you get a big stride forward with Cromemco. 
This lime it's our new DPU Dual Processor Unit. It gives 

enormous power to Cromemco computer systems such as 
our System One shown here . 

Compares with mainframes 
With the new DPU you get the almost unbelievably 

powerful 68000 processor and its 32-bit data -handling 
capabilities combined with its 16 Megabyte address space . 

In other words with the System One/ DPU combination 
you get a small machine that's the equal of superminis and 
mainframes in some areas . 

8·Bit and 68000 software 
The dual part of the DPU refers to its on-board 2-80A 

processor. With this you have access to existing CP/ M • 
software . 

But besides being compatible with this wealth of existing 
8-blt software, the System One/ DPU has available a whole 
family of new 68000 system software . This includes a wide 
range of high -level software such as our 68000 Assembler, 
FORTRAN 77, Pascal, BASIC, COBOL, and C. 

Beyond all this there's a version for the 68000 of our 
widely admired CROMIXt Operating System . It's llke 
UNIX+ but has even more features and gives multi-tasking 
and multi-user capability. In fact, one or more users can run 
on the Z-80A processor while others are running on the 
68000. Switching between the Z-80A and 68000 is auto­
matically controlled. 

The System One itself is a bus-oriented machine that has 
options for color graphics, for 390K or 780K of floppy 
storage, a 5 MB hard disk option, communications capabil­
ity , and multi-processor capability using our 1/0 processor 
card . 
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Powerful new micro. �
Powerful software. �
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System One CS-1 H 

Highly expandable 
With the System One/ DPU combination, you get 

tremendous expandability. Right now you can have up to 2 
MB of RAM storage . You get this with our new Memory 
Storage cards and our Memory Controller. The Controller 
fully supports the 16 MB storage space of the 68000, allow­
ing you vast future expansion capability. 

Further, the memory has built-in error detection and 
correction, a feature normally found only in much more 
costly systems. 

Present customers can field -upgrade their Cromemco 
systems to use the DPU and still be able to run their present 
software uslng the Z-80A on the DPU. It's one more 
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instance of Cromemco's policy of providing obsolescence 
insurance for Cromemco users. 

Low priced 
With all this performance you might not be ready for the 

low price we're talking about. With 256K of RAM and 780K 
of floppy storage , the price of the System One/ DPU is only 
$5495. That's hard to beat. 

So contact your rep now. He'll fill you in on the many 
more features that this outstanding and powerful machine 
offers. 

•CP / M Is o trademori< ol Dlgllnl R.eseorc:li 
tCROMJX Is • trodomnrk of Cromomco, Lnc , 
tuNIX Is n trademori< ol Bell Telephone Loborotorle• 

Cronae111eoTM 
Incorporated 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
Tomorrow's computers today 
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The system builder’s best choice 
for color graphics Is a CSSOOO 
color system from SCION. Its basic 
component Is MlcroAngelo, the 
single board graphics display 
computer that has revolutionized 
monochrome display capability 
with low cost 51h480 pixel 
graphics resolution and 40 line 
by 85 character text capacity. 
When MlaoAngelo boards are combined, they create 
high resolutlon color graphics that have a unique ad›
vantage. The displayed Image Is a combination of 
transparencies. So you can add, modify or delete 
Imagesby transparency rather than as an entire Image. 
SClON’s Series CSSOOO builds an image w ith up to 8 bit 
planes, each generated by a MicroAngelo board. You 
select the assignment of those b it planes to transpar›
encies. Each transparency can display 2n -1 colors where 
n is the number of b it p lanes it uses ... 2 b it planes would 
make a three color transparency, 8 b it planes would 
make a 255 color transparency. Once each transparency 
has been defined, your host can work w ith it inde›
pendently, generating and modifying its graphics and 
text without Interacting with the others. The indepen›
dent transparencies are combined by the Color Mixer 
board which also assigns one o f 16.8 million possible 
colors to each color of each transparency. 

Your computer talks to the SCION 
Color System in SCREENWARE’; 
SCION’s high level display firm›
ware language. SCREENWARE 
commands are used by the com›
puter in each MicroAngelo bit 
plane to generate graphics and 
text ’primitives. User interface is 
made simple with prompted sys­
tem set-up using SCION’s ColorPak. 

MicroAngelo based color graphics systems are easy to 
use. Just plug the boards into your Multibus or S-100 
host. Or use the freestanding work station configuration 
w ith its RS-232 interface. In each case, you get high reso›
lution color graphics for such a low price you can’t 
afford to design your own. 

Think SCION for your graphics display needs. 
Think MlaoAngelo. Call us at (703) 476-6100. 

Syslem shown is a Model CS5050S �
•A lrndemork of Intel Corp �

SC/ON�
if the image is important. 

12310 Pinecrest Rd./Reston, VA 22091 
(703) 476-6100 TWX: 710-833-0684 

Clrcre 510 on fnQulty card for Mulllbus lnlormallon, Clrclu 511 on Inquiry card lor S•100 Inform ation, Circle 512 on lnQulry Ctid lor representative to call. 

















This is how many orders �
for Perfect Cale� were received �

before it was even released: �

.&,eeo›

25,000* �

Perfect Software� �
The revolution in software. 

The Perfect Software team is available 
tor : Apple with CPM. HP•125 and HP•87. 
Heath/Zenith, IBM PC, North Star, 
Osborne. Sharp, Superbrain, Televideo, 
TRS Model 2 and 16, Vector, Xerox 820 
and most 5X and 8" CPM and MSDOS. 

MICROHOUSE HAS JUST BECOME �
AMAJOR PERFECT DEALER/DISTRIBUTOR. �

*As of September 30. 1982. 
Scheduled release November. 1982. 

For the dealer nearest you call 

800-227-5488 �
(in California 41 5 - 644•300]) 

1400 Shattuck Ave. 
Berkeley, CA 94709 

DEALER INQUIRIES INVITED 
Perfect Writ er. Perfecl Spell.er. Perfect Filer. Perfect �
Cale and Perfect Software are trademarks of Perfect �
Softwa re, Inc. �
CP/ M is a trademark of Digital Research. �
MS is a trademark of MicroSoft Corp. �



Letters �

Logo Draws 
Enthusiastic Responses 

Congratulations on the August 1982 
BYTE theme issue describing Logo, a most 
interesting language and computer-based 
learning environment. 

Daniel Watt's excellent article, "Logo in 
the Schools" (page 116), as well as others 
in that issue, states that the Logo environ­
ment improves a student's learning abili ­
ty. But from the research presented in 
BYTE, it is not clear that Logo, per se, is 
really the panacea its enthusiast ic spon­
sors claim it to be. 

Many factors influence a student's abili­
ty to learn and a teacher's abi li ty to 
evaluate student performance. Increased 
training of the teachers, increased time 
spent individually with students, greater 
availability of modern equipment, spe­
cial-interest group meetings after school 
and on weekends, and the special recogni­
tion that a child gets for being part of the 
study may have had a greater impact than 
that of Logo. 

That the student knows that he or she is 
participating in a study can skew the test 
results tremendously . This problem was 
demonstrated long ago in psychological 
research and is known as the "Hawthorne 
effect. " 

The Edinburgh study (page 117) showed 
that the quantitative improvement in 
mathematical skill.s was small, while the 
teachers perceived the students to have 
better reasoning abilities. In this case, it 
appears that the outcome of the test was 
influenced by what the teachers expected 
to find. 

If teachers think that Logo-based educa­
tion is good for the students, then they 
will tend to find mostly positive results. 
Nicknamed the "Rosenthal effect," this 
problem has also been called a self-ful­
filling prophecy. 

The notion of a self-fulfilling prophecy 
applies to students as well . Children 
branded as "below average" often per· 
form at a low level because they lack the 
confidence to succeed. When they are spe­
cially selected for a research study, they 
are labeled as someone unique. T hat 
label, in tum, becomes a self-fulHUing 
prophecy, giving them the impetus to sue· 
ceed because someone expects them to. 

The solution is to conduct a double­
blind experiment. The person who evalu­
ates student ability should have no knowl­
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edge whatsoever of the experimenta l con­
d itions applied to the student groups. 

Education is a system with many sub­
parts; Logo is only one part of that system 
and is merely the ca falyst for a ll the other 
factors. Logo solves the problems associ­
ated with the computer (e .g., Logo is 
highly interactive and more user-friendly 
than previous systems). But Logo research 
projects seem to ignore a ll other inf luen­
tial forces . 

When Logo systems go into the field , 
will classes be small enough for indiv idual 
instruction? How many teachers will be 
given additional instruction and training 
in the use of Logo? Will funding be pro­
vided for teache rs to supervise after-hours 
special-interest groups? Will chools really 
h ve enough machines to make Logo use 
meaningful? (Even if Apple donates a 
computer to every school, one compu ter 
per school doesn't provide much machine 
time for each s tudent.) 

Like the resea rchers, I also believe tha t 
the use of Logo systems will have a posi­
tive effect on learning ability . But more 
thorough research than that reviewed in 
BYTE must be done before we Logo-ize a ll 
of our schools. 

Edward Mitche.U, Software Development 
Engineer 

720-A Independence Ave . 
Mountain View, CA 94040 

l read with interest the Logo articles in 
the August BYTE. I would, however, like 
to make two observations. First, the claim 
that modem program-language designers 
advocate the use of data typing in order to 
(1) discourage the use of a single variab le 
for various purposes (see page 174 of 
Brian Harvey's "Why Logo?") and (2) to 
simplify the work of a compi ler (se page 
88 of "Harold Abelson's "A Beginner's 
Guide to Logo") are not quite accurate. 

It is true that these goals can be attained 
by typing variables and declaring a ll vari­
ables used ; however, the major gain is 
that the i11fo nnatfo11 required for a precise 
w1derstanding of a program fr-om its text 
is made available . A data type is a set of 
values and a group of operat ions; a vari­
able is a named object declared to be of 
some type . A variable can have as value 
any element of the set of va lues of its 
declared type, and lhe operations of that 
type are the only ones that may be applied 
to the variable. Thus, the declaration 

var i: integer 

in Pascal su pplies the following informa· 
tion: the program will be using a variab le 
named " i, " the values it may take on are in 
the range -maxint to +max int, and the 
only operations that may be applied to T ' 
are the arithmetic, comparison , and eval­
uation operations defined for integers in 
the Pascal-language def inition . The gain is 
less in automatic compiler checking than 
in the increase of human understand­
ability of a program. 

This brings up my second point about 
Logo: it appears to be an excellent tool for 
the sorts of exploratory learni ng for which 
it was intended . In my opinion , however, 
it is totally inadequate as a medium for 
the development of certifiable product 
software which efficiently uses the re· 
sources of a machine to perform a com­
putational task . In particu lar, the system 
does not lend itself to the development of 
large software systems by a group of soft­
ware engineers; note that this is precisely 
the situa tion in which complete accurate 
information about the struc ture of the 
software and its functional a nd perfor· 
mance properties must be avai lable to per­
sonnel other than the origi nal developer. I 
suspect that Logo vendors would not 
want to develop , modify . and maintain 
the Logo processor software (interprete r, 
editor, 1/ 0 routines, etc. ) in Logo . The 
developmen t and maintenance of soft­
ware product shou ld be a n engineering 
rather than an experimenta l enterprise; 
Logo was designed for experimental 
rather than eng ineering use. 

BUI Wood 
St . Louis Park, MN 55426 

I would like to make a few comments 
on Daniel Watt's art icle "'Logo in the 
Schools ." It on ly reinforces my belief that 
schools are not the best p lace to educate 
ch ildren. 

Several points brought forth in Watt' 
discussion of the Brookline Logo project 
(page UO) deserve special emphasis. "The 
surprising success of students with learn­
ing disabilities ..." seems a contradiction. 
One wonders if "learning disability" is not 
an educator's term to describe a teaching 
inability. Information presented in a way 
acceptable to each individual child will 
virtually e l imi nate this national 
epidemic- learning disability. 
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THE BEST PRICED 
256K C 
ONLY HAS 64K. 

BUT YOU CAN GET 
ANOTHER 192K 
ANYTIME. 

Apparat's RAM card, 
priced at $149, is the most 
economical way to add 
m emory to your IBM PC today. 
And have the ability to add-on 
tomorrow. 

The RAM card, with 
sockets for up to 256K bytes 
of RAM, and parity. gives you 
an additional 64K of RAM for 
your IBM for a total of 28K. 
As the price of RAM chips 

comes down 
further or your 
needs go up, 
you can add to it easily. 
Additional RAM is available 
today at $79 per 64K 
increments if you need it now. 
If not, wait and buy it in the 
future. Either way, your RAM 

card is fully warranted for 
1 year. Add Apparat's 

COMBO card to the RAM 
card and get three 
additional functions; 
parallel printer, RS2.32 

async communications and 
clock calendar for only $199. 

Apparat's 64K RAM card 
gives you memory and 

economy. To order yours, 
write Apparat, Inc., 4401 
S. Th.marac Parkway, Denver, 
Colorado 80237, 
30.3/741-1778. Or to speed up 
your order, call us toll free at 

800/525..7674 
IBM l'C lo a lra<lemark of IBP1 

.,
a,Apparat,lnc.

Circle 35 on Inquiry card. 































Ciarcia’s Circuit Cellar �

Build the Circuit Cellar �
MPX-16 Computer System �

Part 2 
A continued description of an 8088-based system that shares 
its principles of operation with the IBM Personal Computer. 

This article is the second of three 
describing the design and operation 
of my most ambitious construction 
project to date: the Circuit Cellar 
MPX-16 computer system. I've writ­
ten these art icles with the intent of 
giving you a grasp of the basic func­
tional parts of a complicated piece of 
electronic equipment and how these 
parts work together. 

Because the MPX-16 is somewhat 
more complex than the projects I nor­
mally write about, I've had to 
simplify the presentation of many 
detail to fit them into the magazine, 
but if you ' re interested in building an 
MPX-16, you can get all the details 
you need from the MPX-16 Technical 
Reference and User's Manual , which 
comes with the printed-circuit board 
available from The Micromint (see 
Lhe tex t box on page 78). This book 
lncludes timing diagrams and listings 

Copynghr © 1982 by Steven A Crarc1a 
All flght.s reserved 

IBM mrd IBM Perso11(lf Co rr1 p11 ter 111'1! tmdl?• �
marks of /nlerrwlimro l Busirres M 11c/1i11e Cor• �

µom/ion . �

CP1 M -86 is 11 tmdemurk of Oig itlll Res(’(lrc/r �

Irl e. �
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Steve Garcia 
POB 582 

Gla5tonbury, CT 06033 

of the MPX-16's special software. 
Last month I presen ted an over­

view of the system and a discussion of 
the coprocessors and bus structures. 
This month, I'd like to continue by 
explaining memory, interrupts, the 
expansion bu , and l!O (input/ out­
put) decoding. But first , here's a recap 
of the MPX-16's features. 

System Features 
The Circuit Ce llar MPX-16 com­

puter system fundamentally consists 
of a single 9- by 12-inch five-layer 
printed-circuit boa rd (containing 120 
integrated-circuit packages). to which 
various periphera l devices are at­
tached . It has nine expansion slots 
and is completely compatible with the 
l/0-expansion bus of the IBM Per­
sonal Computer. 

The MPX-16 uses the Intel 8088 
microprocessor and the optional 8087 
numeric coprocessor; the main circuit 
board has room for 256K bytes of 
user memory and contains two serial 
and three parallel 110 ports, a 
floppy-disk controller, and EPROMs 
(erasable programmable read-only 
memories ) containing the BIOS (basic 
f/O system ) module of Digi tal Re­
search's CP/ M-86 16-bit disk operat­
ing system. The MPX-16 can be 

readily expanded to provide a full 1 
megabyte of u er memory and several 
megabytes of hard-disk mass s torage . 
A more detailed list of characteristics 
appears in table 1. 

The MPX-16 was initially designed 
to run CP/ M-86, but eventually 
Microsoft's MS-DOS operating sys­
tem will be available for it, making it 
possible to run most software written 
for the IBM Personal Computer on 
the MPX-16, except oftware that 
uses unique features of the IBM PC 
The principal difference is this: with 
the present BIOS, the MPX-16 com­
municates with the user through a 
serially interfaced display terminal in­
stead of a memory-mapped video 
display. (You could theoretically in­
stall an IBM Color Graphics Display 
Adapter and a serial IBM-type key­
board for exact ha rdware emulation. ) 

The MPX-16 is well suited For use 
as a low-cost 8088-based computer 
for integration into a complete hard­
ware / sof tw are package , chiefly 
because it combines so many func ­
tions on a single printed-circuit 
board. Putting together the hardware 
of a complete system, you need only 
add a power supply , a serial video­
display or printing te rminal , and one 
floppy-disk drive (either 5 1/4- or 









Photo 1: Th e Circuit Cellar MPX-1 6 single-board computer system. w hicl111ses tli e la tes t technology to provide lots of low-cost com­
puting power. T he fiv e-layer printed-circuit board co11ta i11s 120 integrated circuits i11 chldi11g most common peripheral-device i11ter­
faces; furthennore. any ped plrera/-device card i11lended for use w ith tl1e IBM Personal Computer can be plugged into one of the !I O­
expa11sion slots. There are nine slot positions, h111 on ly five sockets a re i11s ta/led i11i6ally . 

The capacity of the ROMs (or 
EPROMs) used on the system board 
must be compatible with the con­
figura tion of onboard jumpers JPl 
through ]P6 and with the program 
stored in the 32-word by 8-bit 
add ress-decoding PROM (program­
mable ROM) device [C45 , a n 
HM7603. The PROM program and 
jumper arrangements supplied with 
the system board are intended for 
type-2732 EPROMs. A d ifferent 
decoding PROM is needed for other 
memory-device types so that the four 
ROM sockets may be decoded into a 
contiguous address space in each 
case. (A PROM-programming table is 
included in the MPX-16 documenta­
tion .) The ROM-decoding logic and 
memory organiza tion are respectively 
shown in sec tions 2 and 3 of the 
schematic diagrams. 

The ROM-address-space-decodi ng 
log ic for the system board is enabled 
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whenever all three high-order sys tem 
address bits, SYSA l 7 through 
SYSA19, a re high. causing the output 
of a NA D ga te (IC30 ) to go low. If 
five PROM-address bits SYSAll 

Memory chips are 'ess 
glamorous than 

microprocessors, but 
just as necessary. 

through SYSA15 or SYSA12 through 
SYSA16 (depending on the jumper 
configuration) add ress one of the 
programmed loca tions, the se lected 
ROM-chip-enable lin e (one of 
PROMSELO through PROMSEL3) 

is a lso driven low, se lecting that 
m emory device . The ROMSEL 
signal at IC28 pin 5 (a two-input OR 
gate in section 2) also enables a wait­
sta te-genera tion circui t if jumper JP7 

is connected. After one of the 
PROMSELx lines has been driven 

active-low, a SYSMEMRD (system 
memory read, active-low) signal from 
the system bus master will initiate the 
memory-read cycle and generate a 
s ingle wa it sta te if JP7 is connected . 
Valid data from the ROMs is avai l­
able o n t h e d a ta bus after 
SYSMEMRD goes low. 

Normally, the MPX-16 requires 
ROM or EPROM devices with an ac­
cess ti me of 350 ns (nanoseconds) or 
faster. The optional wait-state fea ture 
afforded through JP7 a llows use of 
slower ROM devices w ith 450-ns ac­
cess times. If faster devices are used , 
then JP7 should not be installed and 
the MPX-16 can operate with no wait 
sta tes . 

T he EPROMs on the standard 
MPX-16 sys tem board contain a 
power-on se lf-test routine and l!O 
drivers , including the CP/ M-86 BIOS 











Everyone Wants To Sell You �
dBASE II ™ �

OnlyWeTeach You HowTo Use It! �
dBASE II '" User's Guide FREE with BASE II'" $29 
140 pages of original material, perfect for beginning and advanced dBASE II"' 
users. Written by SoftwareBanc. 

dBASE II'" Classes $100 per day 
Taught by SoftwareBanc Seminars 

Los Angeles Miami Washington D.C. 
Jan. 7, 8, 9 Dec. 28, 29 Jan. 21, 22, 23 

dBASE If" with FREE dBASE II'" User's Guide 
and 60 day money back guarantee! $495 

ABSTAT Statistics for dBASE 11'" fi les $379 
dUTIL dBASE II"' programmer's utility $ 69 
OUICKCODE dBASE II'" program generator $229 

Software includes FREE SoftwareBanc technical support. �

Only SoftwareBanc can offer th is level of dBASE II'" expertise. �
Is it any wonder that c rowds are forming? �
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