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Editor's Page

The Customer is Tired of Being Ignored!

Many of the companies in the microcomputer
industry have developed a very simple customer
relations policy - they just ignore
correspondence and phone calls. This may have
been a cost-effective way of handling the problem
in an expanding market filled with eager and
unsophisticated buyers, but experienced business
people will not put up with this shoddy
treatment in the current buyer's market.

The microcomputer industry is still structured
around the pioneer companies started by a
technically oriented entrepreneur with little cash
and no business experience who ran the business
out of a spare bedroom. These undercapitalized,
understaffed enterprises made millions because
there was no competition, and because the
owners were too busy taking money to the bank
to worry about the customer. Their problem was
how to expand fast enough to meet the unfilled
demands. It didn't matter if the customer was
unsatisfied because the product was already paid
for (they don't give refunds if the product doesn't
work), and there were dozens of new buyers to
replace every lost customer.

Good documentation and customer support are
extremely important for business equipment and
software. With the large number of vendors
competing for your dollar today, your decision to
buy any micro product should be largely based
on how you will be treated by the company after
the purchase. In order to help you compare
customer support policies, The Computer
Journal is surveying vendors and will publish the
customer relations policy with the addresses and
phone numbers. We will also encourage them to
submit bug fixes, customization notes, and
interfacing information for publication.

Realizing that what happens in the real world
is often different than the published policy, we
will also publish the experiences of our readers,
after giving the vendors the opportunity to

respond. We do need your experiences with
vendors (both the good and the bad) to help
others avoid the companies with poor products
and miserable customer relations.

Our loyalty is to our readers, and not to any
possible advertisers. We will not hesitate to
report bad products and poor customer support,
but we will need copies of correspondence and
records of phone calls which we can present to
the vendors prior to publication.

We have had a bad experience with a
computer system we purchased recently. We
wrote twice for information on an upgrade, but
they have not answered our letters. We liked
their product, but will not purchase any other
equipment from them or recommend their
equipment to anyone else. Weare sending copies
of the letters to the vendor for their reply before
publishing the details.

This magazine is published for you, and it will
only be as good as you make it. Take time to tell
us about your vendor experiences, and share
your bug fixes, customization patches,
interfacing information and technical tips with
the other readers. •

EditorlPubluher Art Car180ll
A rt Director Joall Thomp,oll
Techllical Editor Lame Rose
Productioll Auutallt. Judie Overbeek
COlltributillg Editor Ernie Brooller
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BUILD A VIC·20 EPROM PROGRAMMER
by Neil Bungard
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data bus of the VIC-20. The outputs of the counters are
connected to the address lines of the 2716s so that the
values loaded into the 74LS193s will be present on the
address lines of the EPROMs. With an address value loaded
into the 74LS193s and present on both EPROMs. a memory
read from either EPROM or a memory write to the
programable EPROM can be accomplished. Once the data
transfer operation is accomplished, the selected address can
either be advanced in increments of one. or a new address
can be loaded into the counters.

Values are loaded into selected counters by the VIC-20 via
an Input/Output (I/O) device code generator (IC4). The
device code generator (a 74LS138) is a three line to eight
line decoder. Its three input lines are tied through buffers to
the thrt"e lowest order address bits of the VIC-20 address
bus. When the VIC-20 wants to accomplish an information
transfer leither Input or Output) it places the address of
where the data exchange is to take place onto pins 1. 2, and
3 of the 74LS138. The VIC-20 then pulses "BLK1" to a logic
O. This generates a device code pulse on one of eight output
pins on the 74LS138 which accomplishes a data transfer
to/from one of eight unique address locations defined by the
values of AO. AI. and A2. Table 1 shows the eight data
transfer pulses generated on the EPROM programmer.
Figure 2 is the timing diagram of the device code pulse
generated.

With reference to Table 1. the following software is
required to operate the device select hardware and set a
given address location for a memory transfer:

10 POKE 8195,0
20 POKE 8192.0

This program addresses memory location 0 (decimall on the
EPROMs. 10 POKE 8195,0 loads the four higher order bits
of the 12 bit address into address counter IC3 by placing the
high order address value on data bus bits DO through D3
and pulsing pin 11 of IC3 to a logic O. 20 POKE 8192,0 loads
the eight low order address bits into counters ICI and IC2

Introduction
About a month ago I was presented with an interesting

problem. I had acquired a Z-80 based S-100 bus
microcomputer which had no operating software installed on
it. I had an operating system stored on paper tape, but I
needed the operating system on an EPROM before my
system would run it. The EPROM programmers that I
looked at were too expensive to justify buying simply to
program one EPROM, so I looked for an alternative
solution. It so happened that I had recently purchased a
VIC-20. so I decided to design an EPROM programmer
attachment for the VIC-20 and use the VIC-20 to transfer
the Z-80 operating software from the paper tape to the
EPROM. The VIC-20 solved my EPROM programming
problem with exceptional grace. With the VIC-20 and ten
dollars worth of additional hardware. I was able to enter.
inspect. program. and verify data on both 2716 (2K by 8) and
2732 (4K by 8) EPROMs. In addition. the VIC-20 EPROM
programmer has features not found on even the most
expensive EPROM programmers. Data to be programmed
into the EPROM can be entered from cassette tape. 5"
diskettes. any RS-232 device, from the VIC-20 keyboard. or
even from another EPROM.

Circuit Description
The VIC-20 EPROM programmer circuit diagram is shown

in Figure 1. This circuit was designed to program 2716 (2K
by 8) EPROMs, but with minor circuit modifications the
VIC-20 can program 2732 (4K by 8) EPROMs as well. These
modifications will be explained in detail. and can be hard
wired or wired so that "personality modules" can be
inserted to select between programming 2716s or 2732s.

The VIC-20 EPROM Programmer performs four basic
functions:
1. It can set the address of where data trasfers are to begin
on the EPROM.
2. It can read data from a "read only" EPROM. This is used
in the EPROM duplicate mode.
3. It can read data from a "programable .. EPROM. This is
used in the program verification mode.
4. It can program an EPROM. This, of course. is used in the
program mode.
To obtain an understanding of the operation of the EPROM
programmer circuit in each mode, let us look at these four
basic functions separately.

The first function. address selection, is accomplished by
loading three presettable counters with the beginning
address of where you wish to store or retrieve data on the
EPROM. The counters are 74LS193s (lC 1.2. and 3 in Figure
1). The inputs of the counters are tied through buffers to the

OIvlCl
Cod.

Addr•••

8192
8193
8194
8195
8196
8197
8198
8199

Output
PIn Df
14LS13. U•• Df DIYIc. Cod. Pul••

15 loads the 8 lower order bits of the address counter
NA NA
13 transfers data from" programmable" EPROM to the VIC 20
12 Loads the 4 higher order bits of the address counters
11 transfers data from" read only" EPROM to the VIC 20
10 programs EPROM and increments the address counters
NA NA
NA NA
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by placing the EPROM address value on the data bus and
pulsing pin 11 of IC1 and IC2 to a logic O. To advance the
counters. which increments the selected address. the
following instructions are required:
10 POKE 8197.0
20 FOR 1-0 TO 50: NEXT I
POKE 8197,0 generates a device code pulse on pin 10 of the
74LSl38 (IC4). This low going pulse triggers a monostable
multivibrator (IC10). which is configured to generate a 50ms
high-going pulse. This 50ms pulse is required in the EPROM
programming sequence which will be discussed later. The
output of the monostable (pin 3, IC10) is connected. through
an inverter. to the "uJrCount" input of ICI. If the
READIPROGRAM switch (Sl, Figure 1) is in the READ
position (open), the selected address will be advanced by one
when the monostable times out. but no EPROM memory
location will be programmed. However. if the
READIPROGRAM switch is in the PROGRAM (closed)
position when the POKE 8197,0 instruction is executed.
address location 0 (decimal) on the programmable EPROM
will be loaded with a 0 before the address counter (ICI) is

advanced. Details of this sequence will be discussed further
in the explanation of the programming mode.

The important thing to remember in our discussion thus
far is that for the purpose of reading either EPROM, the
READIPROGRAM switch must be in the READ position.
The second instruction 20 FOR I - 0 TO 50: NEXT I is a
software time delay to allow the monostable to time out
before any other instructions are executed. Even though the
50ms pulse is only used in the programming mode it is still
generated in the read and verify modes to advance the
counters. It is the trailing edge of this pulse that always
advances the address counters and thus must be accounted
for in all the modes of operation.

The second basic function performed by the EPROM
programmer is reading data from the "read only" EPROM.
In order to do this. the memory address of where the read
operation is to oceur is loaded into the memory address
c:ounters u previously explained. Next. a memory read
operation is performed by the VIC·20 which generates an
input device code pulse on pin 11 of the device code pulse
generator IC4. Pin 11 of IC4 is connected to the chip select



-00 not enter comments in right hand column as part of
program. "ill

Once the data is in RAM memory. the user can check the
code to ensure tbat the correct. 2716 is being duplicated. ,"
and/or make minor modifications to the code. Once satisfied
with the data in RAM. the data is transferred to a blank ."
EPROM which has been inserted into tbe programmable ,..
EPROM socket. Before the transfer takes place. the
READIPROGRAM switch must be placed in the ,t

AppUeatioD Software for the VIC·20 EPROM
Programmer ,<iI

The software required to read. verify, and program 2716 j,,..
EPROMs will be presented in the following discussion on
application software. To perform an EPROM duplication. the ,4

contents of a previously programmed EPROM is transferred
into the VIC·20's RAM memory. Here the data can be''''
inspected and/or modified .if desired. The data is then

j,4

transferred to a blank EPROM. and a verification is
accomplished to ensure that no error occured in the data ''4!
transfer. The following software reads the 2048 memory
locations of a 2716 and places the data into the VIC·20's ."
RAM memory between locations 5000 (decimal) and
7048(decimal). Insure that the READIPROGRAM switch is ''4!
in the READ position. and that the EPROM to be read is ,oil

inserted into the read only EPROM socket:

programming sequenee is shown in Figure 4. The data is
,4

applied to the EPROM by the VIC·20 through a memory
write operation to location 8197 (decimal). This memory

"~write operation generates a device code pulse on pin 10 of
IC4 which latches the outputted data byte into IC7 and
triggers the monostable multivibrator (ICI0l. The
monostable applies a 50ms high·going pulse to pin 18 of the ",
EPROM and programs the applied memory address with the ,,,,
data byte latched in IC7. The falling edge of the 50ms
programming pulse automatically advances the counters and .,
prepares the next memory address for programming. The

following software is required to program address location 0 ,J

with decimal value of 100:
10 POKE 8195,0
20 POKE 8192,0
30 POKE 8197.100
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F!gUr12: Device Code Pulse Timing. Figure 3: 2716 Read Timing.

(CS) input of the read only 2716 UC6). When the CS input
(pin 20) is pulsed low (with pin 18 tied low and pin 21 held

high) data llows from the memory location addressed on the
EPROM into the VIC·20. Figure 3 shows the timing diagram
of the 2716 read operation. The following software is
required to perform the read only EPROM read operation:

10 POKE 8195,0
20 POKE 8192.0
30 A • PEEK(8196)

The BASIC instructions in lines 10 and 20 set the memory
address of where the read operation will occur. These two
instructions have been previously explained. The instruction
30 A. PEEK(8196) generates a device code pulse on pin 11
of IC4 which inputs the data from the addressed memory
location. and assigns the data to the variable name "A".

The third basic function performed by the EPROM
programmer, reading data from the programmable EPROM,
is accomplished in exactly the same manner as reading from
the read only EPROM. The only difference is that a device
code pulse is generated on pin 13 of IC4 instead of pin 11 as
in the case of the read only EPROM. Pin 13 of IC4 is
connected to the CS input of the programmable EPROM (pin
20. IC5) and to the output enable (OE) of an octal tristate
buffer (pin 1. IC8). Data flows out of this EPROM and
through the buffer when pin 13 of the 74LSI38 is pulsed low.
For the read operation to be accomplished. pin 18 of the
2716 must be at a logic 0 and pin 21 at + 5 volts. The
software required to read data from the programmable
EPROM is:

10 POKE 8195.0
20 POKE 8192.0
30 A • PEEK(8194)

The fourth and last funetion performed by the EPROM
programmer is programming an EPROM. To enter the
program mode. the READIPROGRAM switch must be
placed in the PROGRAM position. This applies + 25 volts to
pin 21 of the EPROM UC5). and configures the EPROM to
be programmed. Be sure that the 25 volt supply is stable
and at no time fluetuates higher than 26 volts. A volu.e
p-eater tlwl Z6 volt. 08 pia 21 of the EPROM w01
iauDecUately de.troy the EPROM. Next. as was the case
when reading the EPROMs. the memory address of wbere
the data transfer is to take place must be loaded into the
address counters. By applying an address to the EPROM.
placing pin 21 at + 25 volts. and insuring that tbe CS input
is at a logic 1. the EPROM is ready to be programmed.
Applying a data byte on DO through D7 of the EPROM. and
pulsing pin 18 (PDIPGM) to a logic 1 for 50ms completes the
programming operation. The timing diagram for the 2716

10 PRINT ''''
20 PRINT "SET SWITCH TO"
30 PRINT "READ POSITION"
40 PRINT
50 PRINT "HIT RETURN"
60 PRINT "TO START"
70 INPUT X
80 POKE 8195.0
90 POKE 8192.0

100 FOR 1- 5000 to 7048
110 A- PEEK(8196)
120 POKE I,A
130 POKE 8197.0
140 FOR T- 0 to 50:NEXT T
150 NEXT I
160 PRINT"READ COMPLETE"
170 STOP

I clear screen

lensure that
IREAD/PROGRAM
Iswitch is In

I correct position

lload high-order 74LS193
lload low-order 74LS193
I set 2048 RAM spaces
Iread EPROM
I store value in RAM
ladvance counters
Iwait for 50ms pulse
Ito read next location
I prompt user

I"
r·iiI

,,.

,oil



Iclear the screen

lensure that
IREAD/PROGRAM
Iswltch is In

leorrect position

~~-_._-

lignore a null
Itind senal by1e in buffer
Idetine buffer locat!c·
I get data trom seria ~·)rt buffer
Iput data In RAM memory
Igo get neX1 data by1e

110 IF A$- ,," THEN 100
120 A- PEEK(667)
130B-A+7423
140 C- PEEK(B)
150 POKE I,C
155 NEXT I

Another possibility for entering data is through the VIC­
20's keyboard. This is not practical for larger data bases. but
in many cases the data is
less than a few hundred ""ro" =x ,.... ""'ron X-
bytes. For that amount of Ilit.

data the keyboard is not a
bad option. The following Cs

software will load data ,-,
POIPG" ----I ~

into RAM memory starting
at location 5000 (decimall. Figure 4: 2716 Program Timing

via the vic-20's keyboard: ',oltage on pm 21of the 27'E '"u51 co ·25vo",

Enter an "S" to terminate the entry program.

200 PRINT""
210 PRINT"SET SWITCH TO"
220 PRINT"PROGRAM POSITION"
230 PRINT
240 PRINT"HIT RETURN"
250 PRINT"TO START"
260 INPUT X
270 POKE 8195.0 lload high-order 74LS193
280 POKE 8192,0 lload low-order 74LS193
290 FOR I- 5000 to 7048 Ise! 2048 RAM spaces
300 A- PEEK(I) Iread data trom RAM
310 POKE 8197,A Iwrite data to EPROM
320 FOR T- 0 to 50:NEXT T Iwait tor 50ms pulse
330 NEXT I Igo read next location
340 PRINT"PROGRAMMING COMPLETE' Iprompt user
350 STOP

PROGRAM position. The following software loads the data
which is in the VIC-20's RAM memory space. between
address 5000 (decimal) and 7048 (decimal), into a 2716
EPROM:

When the programming is complete. you should run the
following verification program to ensure an accurate
EPROM copy:

As mentioned in the introduction. EPROMs programmed.
by the VIC-20 EPROM programmer can receive their data
from a number of sources. The only modifications necessary
to input data from other sources would be between lines 80
and 160 of the BASIC code. These lines of code move data
from some source (another EPROM in the above case) and
place the data in the VIC-20's RAM memory. Using the
EPROM programmer for my own application. I was required
to take data from the VIC-20's RS-232 interface port. The
following software accomplishes a data transfer from the
RS-232 serial port and places the data into RAM memory
locations 5000 (decimal) through 7048 (decimal):

80 OPEN 2,2.3 CHR$(163) + CHR'(160) lopen the channel, 110 baud,
2 stop bits

90 FOR 1- 5000 to 7048 1581 2048 RAM spaces
100 GET 2.AS Iturn on receiver channel

Programming 27328 On the VIC·20 EPROM
Programmer

So far only 2716 (2K by 8) EPROMs have been mentioned
with reference to the VIC-20 EPROM programmer. The
programmer can also program 2732 (4K by 8) EPROMs.
There are only three pins which differ between the two
EPROMs. These are pins 18. 20. and 21. Figure 5 shows the
connection changes necessary to use the VIC-20 EPROM
programmer with 2732 EPROMs. These connections can be
hard wired to configure the EPROM programmer for 2732s
only, or a 14 pin wire wrap socket can be placed on the
EPROM programmer board and wired so that jumper wires

A Word About BU8 Buffering
My original VIC-20 EPROM programmer design did not

have Data and Address bus buffers. but I encountered some
problems when inserting and removing the EPROMs. When
I inserted or installed the "read only" 2716 EPROM. the
VIC-20 operating system would crash. I installed the 74 245
data bus buffer and the 74LS367 address bus buffer and the
problem disappeared. In general it is a good idea to buffer
all of your interface projects. This ensures that you have
good "drive" from your computer. and buffering isolates the
CPU and other ICs in your computer from your circuit,
which could avoid damage to the computer as a result of
wiring errors.

Iprompt user

I clear the screen
linput up to 2048 times
Iprompt user
Ito enter
Idata by1e
I enter S to stop
Iconvert input string to a number
Idetine RAM storage location
Iput data in RAM memory
I clear the screen
Igo input neX1 data value

80 PRINT ""
85 FOR I - 1 to 2048
90 PRINT"ENTER DATA"
95 PRINT"BYTE";I

100 INPUT A$
1051F A$- "S" THEN 160
110A-VAL(A$)
115J-I+5000
120 POKE J.A
125PRINT""
130 NEXT I
135 PRINT"NO MORE ROOM"
140 PRINT"ON EPROM"
145 STOP

I clear the screen

len sure that
IREAD/PROGRAM
Iswitch is in
I correct position

I prompt user

lload high-order 74LS193
lload low-order 74LS193
Iset 2048 RAM spaces
Iread programmable EPROM
Iread data trom RAM
lit no match then stop
lit match, advance counters
Iwait tor 50ms pulse
Igo do neX1 comparison
I prompt user

400 PRINT ""
410 PRINT"SET SWITCH TO"
420 PRINT" READ POSITION"
430 PRINT
440 PRINT"HIT RETURN"
450 PRINT"TO START"
455 INPUT X
460 POKE 8195,0
470 POKE 8192.0
480 FOR I - 5000 to 7048
490 A- PEEK(8194)
500 B- PEEK(I)
510 IF A<>B THEN 570
520 POKE 8197,0
530 FOR T- 0 to 50:NEXT T
540 NEXT I
550 PRINT"DUPLICATION GOOD"
560 STOP
570 PRINT"DUPLICATION BAD"
580 PRINT"ERROR IN"
590 PRINT"ADDRESS";I
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The software routines presented in this article are what I

would consider utility routines. They make the VIC-20
EPROM programmer work, but they are neither instructive
nor "friendly" to the user. Providing only the required
utility routines allows you to develop an "operating system"
to suit your particular needs.
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I used wire wrap techniques to construct the EPROM

programmer. There are no critical wiring considerations,
and the project took less than five hours to construct. A
photograph of the VIC-20 EPROM programmer is shown in
Figure 7, and a pin assignment of the VIC·20 expansion port
is shown in Figure 8 to aid in construction of the
programmer.

It should be noted that an external 25 volt power supply
is required to program the 2716 and 2732 EPROMs.

The software routines used to program the 2716s will also
work with the 2732s. The only changes required in the
software routines are in the instructions which account for
the 2716's 2048 memory locations. To program 2732s on the
VIC-20 without expanding the VIC RAM memory. the 2732's
4K memory should be considered as two 2K blocks. Each 2K
block would be programmed separately, which would
require two passes through the software routines. On the
first pass the address counters should be loaded with a
starting address of zero and the first 2K locations would be
programmed the same as a 2716. On the second pass the
address counters should be loaded with a starting address of
2048 and the next 2K locations would be programmed.

2732

""-=25V

"'"' P'" '3
7407 oi 1(;0

IN91.

•. 7K

'TOP VIEW

2716

tn:Jm Pin 13 NA
of IC10 7 lS04

Por.....,...
MOdule to ptn 'I of 2716 ()(Soc", 2732 EPROM SOCkl11

NA NA

.,.25 V to pin 21 of 2716 Of

2732 EPROM SOCklMS
NA NA

",",,,,,,7 10 pin 20 of 2716 Of

'" IC3 2732 EPROW IOCklts
tnrn pm ~, NA
III 1(;0

Figura 5: 2716 to 2732 connection changes.

Figura 6: Personality Modules and Socket

CODltruetioD of the VIC·20 EPROM Programmer
The VIC-20 EPROM programmer can easily be

constructed on a perforated Vectorboard equipped with
edgeboard fingers. The edgeboard fingers must be double
sided and the pin spacing must be 0.156 inches. The
Vectorboard is standard equipment. and can be purchased
from most electronic parts distributors.

can be used to choose between programming 2716s and
2732s. Using this method, personality modulu can be
constructed which plug into the 14 pin socket. These
modules determine whether the programmer is configured
for 2716 or 2732 EPROMs by providing the correct jumper
wires across the 14 pin socket. Figure 6 shows how the
socket is wired to achieve the EPROM selection using the
personality modules. Also in Figure 6 are the wiring
configurations necessary to construct both the 2716 and the
2732 personality modules. The modules themselves are
constructed from 14 pin DIP headers, with jumper wires
soldered in place on the header to configure the module.
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fun with it and drop us a line to let us know what you come
up with. •

PIN # TYPE

12 BLK3
13 BCi<s
14 RAMl
15 RAM2
16 RAM3
17 VRiW
18 CRiW
19

ffRQ.
20 NC
21 "SV
22 GNO

PIN /I TYPE

N CA10
P CAll
R CA12
S CA13
T V02
U 1103
V 502
W NMI
X RESET
Y NC
Z GNO

PIN # TYPE

1 GND
2 COO
3 COl
4 CO2
5 CD3
S C04
7 COS
8 COS
9 C07

10 IBlKl
11 BlK2

PIN /I TYPE

A GNO
B CAO
C CAl
0 CA2
E CAJ
F CA4
H CAS
J CAS
K CA7
l CAS
M CA9

I :::::::::::::::::::::: I
If you want to use the VIC-20 EPROM programmer as a

general PUrposeprogramming tool for both 2716 and 2732
EPROMs, I would suggest a "prompt and queue" operating
system. By "prompt and queue" I mean that the computer
prompts the user and asks the user what he/she would like
to do. The user in turn enters the proper queue which
instructs the computer to perform a specific task. This type
of operating system can be implemented nicely with the use

of menus. For example, you might have the VIC-20 ask the
following question:
WHICH TYPE OF EPROM DO
YOU WISH TO CONSIDER?
If you input "2716", the VIC-20 might print the following
menu:
WHAT FUNCTION DO YOU WISH TO PERFORM?

1) EXAMINE CODE ON A 2716 EPROM
2) PROGRAM A 2716 EPROM
3) DUPLICATE A 2716 EPROM
4) ENTER CODE THROUGH KEYBOARD
5) ENTER CODE FROM TAPE
6) ENTER CODE FROM RS232 PORT
7) ENTER CODE FROM DISK
8) QUIT

INPUT YOUR SELECTION?
This menu allows you to perform all the functions which are
possible on the VIC-20 EPROM programmer. Selecting a
desired function might result in another menu being printed
which would help the user choose the proper parameters
used in a utility routine. In addition to helping with
parameters, the VIC-20 could instruct the user as to which
"personality module" to use and when to insert it. Your
imagination is your only limitation when designing an
operating system for the VIC-20 EPROM programmer. Have

Did You Miss Any of These Issues?
To order back I5Sue5, send $325 (includes postage) to The ComPUter Joumal, PO Box 1697, KaI~I!. MT 59903 AIbw 3 to 4 week5 for delivery
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Multi-user
A Column by E.G. Brooner

'.

CP/NET is Digital Research's answer to the
networking problem. It is in some ways not a complete
network (in fact, it is only the software for one), but it is
probably the cheapest way for a clever computer user to

"get into" networking. CP/NET can be thought of as an

extension 01 CP/M and MP/M. It takes advantage of the
existing features in these very popular operating systems.
Using CP/NET is just like using either of its parent
systems - all of the same commands are used along with a
few new ones to take care of network communication tasks.
Basing the network software on what is already there
greatly simplifies the entire process.

The latest brochure listed the cost of the CP/NET
software at around $200 for each "workstation," which can
be almost any micro equipment running CP/M. Actually, one

station has to be MPIM equipped-there is no way around
that restriction. And if only one station is so equipped, you
really have something similar to a multiprocessor or a very
good timesharing system. CP/NET becomes more "network­
like" as more MP/M workstations are added.

In talking about other milti-user systems, especially
networks, we have made mention of the centrally located
disk and printer peripherals that can be accessed by the
secondary users. In network terminology these "intelligent"
devices are referred to as servers; i.e., disk servers and
print servers. A server is usually a dedicated
microcomputer handling the communication to and from the
peripherals, or between the peripherals and the
workstations.

In CP/NET, the server function is performed by part of
the additional network software. The MP/M equipped micro.
which must be part of any CP/NET. acts as a server for the
rest of the network in addition to performing any other
functions assigned to it. The MP/M equipped micro can
accomodate up to a total of 16 users. If they are terminals.
you have a time sharing system; if they are micros with
their own processors, the system can be a network.

Let's take a look, first, at MP/M. A time sharing system
would consist of one micro running MP/M and some number
of terminals sharing its one CPU and its memory, as well as
the peripherals. You might find that as you add more than
the first two or three terminals. the speed of each user
begins to suHer, especially if all of them are quite busy.

If you replace the terminals with individual complete
micros, each running CP/M, the situation can be somewhat
better. It will not be any better when they are working
through or with the main computer, but if they were to
disconnect themselves temporarily, they would have the
ability to function independently. This is what happens in
the simplest possible configuration of CP/NET. The

replacement of terminals with complete computers is
basically the dividing point between time sharing and
networking.

At this point the CP/NET resembles its more

sophisticated brethren in that the users are capable of

working by themselves when not accessing the central
peripherals. In an ordinary MP/M system, the additional
users have to share the same CPU and memory system as
well as the peripherals.

A CP/NET with only one shared MP/M server will display
many desirable network features and lack some others such
as a high speed communication system (communication is by
way of ordinary ItO ports) or a sophisticated error-detection
and correction capability. It can be favorably compared to a
multi-processor system, since the users operate

independently when not accessing the bost system's
facilities.

More network features appear when more than one of the
workstations is equipped with an MPIM operating system
rather than ordinary CP/M. Two or more such installations
can access each others' peripherals, while communication
between one MP/M and one CP/M station is more of a one­
way operation. However, the communication in either case
is at the inherently slow speed of an 110 serial port, and you
might have to write or alter part of the software to have the
kind of communication you really want.

Bow it Works
Knowing CP/NET's terminology is important in

understanding the system. Any MP/M equipped machine (or
machines) rate the title of master and the CP/M
workstations are called ,lave,. This fairly well describes
their relationship as far as sharing facilities is concerned.

Essential elements of any CP/M system are the BIOS lItO
system) and BDOS (disk operating system.) When we
graduate to MP/M we find that the BIOS is replaced by an
XIOS (eXtended 110) to handle multiple users, and that the
BDOS is augmented by an "eXtended" XBDOS. This is the
part that handles the time sharing chores. Figure 1 shows
the relationship of these elements to system memory and
the rest of the MP/M system. The configuration shown here
would permit several terminals to share the MP/M-equipped
computer. An MP/M system would normally share a single
computer with several terminals.

CP/NET allows the slave users to be complete computers
rather than simply terminals-thus. they are spared from
having to all share the same CPU. The CP/NET operating
system is a logical extension of the elements just discussed.
Figure 2 shows the added elements and their relative
position in the CP/M system. One of these new elements is

'''lI!
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Implementation
There is some software modification to be made whenever

a new CP/NET is placed in service. User and device
aasignments have to be made, to name the most important
task. These ASsignments are entered into the software and
become part of ltattU table,. These tables have to be
accessed by the individual user operating systems. to guide
the routing of communication from one point to another.

Another important software task is the automatic

the NDOS, or network system; another, the SNIOS is the
slave I/O software.

Notice now that the application program communicates
directly with the NDOS; tbis is shown in flowchart form in
Figure 3. The NDOS "decides" whether a particualr system
call should be routed to the resident BDOS (as it ordinarily
would be) or to the network, via the SNIOS. If the user has
addressed one of his local peripherals, the I/O is handled by
his internal CP/M system. If he has addressed a remote
device, the I/O is routed to the network and thus to its
ultimate destination. The slave user operates independently
of the MP/M master except when accessing its peripherals.

Using CPINET
If you're familiar with CP/M you already know about the

software linkage of "physical" and "logical" devices; these
include the CON: or console, and the LST: or printer, among
others. You also have available, in CP/M, several disk drive
assignments. These various devices can be reassigned
(within limits) by commands from the console.

CP/NET extends this capability. In CP/NET you can
reassign some of the master's devices in a similar way. For
example, NETWORK H: - C:(Ol) assigns disk drive H: of the
master for use as drive C: by user number 1. Drive H: might
be a single floppy or a segment of a shared hard disk.
Similarly. a printer driven (served) by the master can be
assigned to be the LST: device of one or more users.
Following these assignments the user simply calls for drive
C: or LST: just as he would if they were a physical part of
his own installation. In a moment we'll look at how this is
actually handled 51 the software.

The access of a master facility may not be instantaneous.
because of the sharing that might be taking place. These
delays, which hopefully will not be excessive, are handled by
a "queuing" arrangement in the master's network software.
User requests line up and wait their turn, if necessary.

local user
800S 810S'- faCilities

Figurl3

k
jlntertace \

networ -, loolc I
~

Figure 4

Evaluation
I must confess to having never used either MP/M or

CP/NET, so this report is based on information released by
Digital Research as well as reports found in other
publications. It has been reported by others that
implementing MP/M, either as a timesharing ,ystem or as
part of CP/NET. is not a trivial task.

Based on my own experience with CP/M, and the general
reputation of Digital's products, I would expect the system
to be all that is claimed, and perhaps more. One
expectations would be that current revisions might differ
from, and be superior to. the original release. The price is
attractive. I would expect that any CP/M compatible
software would work with either MP/M or the network,
which could be a valuable asset if you are already using such
software.

My best guess is that "network" is stretching the term a
bit if you compare this system to some of the more
expensive ones such as Ethernet, but that it is a worthwhile
compromise for the small-budget user of desktop computers.
Because of rapid developments in networking technology.
too. some of my source material might be obsolete by the
time this column is printed. To be on the safe side. if you are
interested, please research the matter in detail and make
your own evaluation of whatever version is currently
available. •

For more information on MP/M and CP/NET, contact
Digital Ruearch Inc., Pacific Grove, CA 93950.

construction of "messages," within which the actual data or
command (being transmitted from-here-to-there) is only one
section. The source and destination addresses and some
other control information are also appended. Figure 4
outlines a typical CP/NET message. Remember that you
don't have to put this message together-the system does it
for you. The real "data," which may be just a CP/M
command line. is all that the user has to provide.

You might also wish to have some sort of customized
hardware interface at each machine to permit the use of a
communication protocol other than what is a part of your
"normal" 110 ports. None of this should be very terrifying to
experienced persons, but neither can the installation be
considered just a "plug it in, turn it on" kind of operation.

Flgurl2
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Build a High-Resolution 5-100 Graphics Board
Part Three: Construction
by Lance Rose, Technical Editor

i'l!l

, ,II

,"'

i'll

I n the first two parts of this series, we described what is
needed to display a video image, and discussed the present
circuit in depth - now it's time to get down to the actual
construction details.

Figure 1 shows a photograph of the front side of the
graphics board. Figure 2 shows a view of the back side
which should help suggest some wire routings. These are
not all that critical and if you prefer a different routing, go
ahead and use it. Figure 3 is a drawing of the front side of
the circuit board identifying each of the ICs on it along with
the pin #1 locations.

The first obvious thing is that there are plenty of chips to
find a place for, so there is no wasted space. Although the
layout shown here is not the only possible one, I did
experiment with several other variations and this one came
out on top. The rationale behind the layout is as follows: The
state ROMs and clock oscillator are all located near each
other to minimize long connections. Most of the small
LSTTL chips are also placed to minimize long connections
and reduce clutter. The crystal is mounted near the top of
the board to facilitate changing. Although this probably
won't be a factor for you, during development I tried a
couple of different crystals and wanted to be able to access
it easily. Also, the crystal is mounted in a piece of socket cut
from a DIP wire-wrap socket. This can be done with a small
hacksaw or coping saw. Alternatively, you can solder it in if
you're sure you won't have to change it. Personally, I am a
fan of flexibility.

The DIP switch for address selection is also at the top of
the board where it can be reached when the board is in the
card cage. Once again, if you know you'll be setting the
switches once and never again, you can move it down. You
can even go further and eliminate the switch and wire wrap
the inputs to the open-eolleetor NOR gates to either + 5V or
ground. It saves one IC position but makes changing the
address a bit of work.

All the bus interface chips are mounted near the bottom

of the board (near the bus, naturally). The address decoders
and some of the other chips are in something of a
compromise location. Since the RAM chips ,take up a lot of
space, choosing a layout for them took quite a while. I tried
layouts with the 24-pin sockets in a horizontal position but
they didn't work out as efficiently.

If you have had some experience in board layout or just
want to strike out on your own, by all means do so. There
may be other layouts that are a hair better but I think most
of you will be quite satisfied with this one.

You can see that the TO-3 type regulator takes up some
room, but I'm a believer in adequate power supplies. I
wouldn't feel good about using only a single T0-220 5-volt
regulator even though on paper it has the same current
capacity as the larger metal one. And two of the T0-220s
take up as much space as one of the T0-3s when you include
heat sinks for them, so....

The complete parts lists for the board is found in Table 1.
As I stated in Part I of this series, you should be able to buy
all the parts for around $200, or even a bit less since the
price of 6116 RAM chips has come down a little since I
bought mine. If you were to try using soldertail sockets
instead of wire-wrap and solder all the connections. the price
would be even lower. However, being conservative, I
wouldn't recommend that approach.

The basis of any layout you choose is, of course, the
prototype board itself. There are a number of these to
choose from. Some have pre-etched traces for power and
ground, some have one pre-etched pad per hole, some have
only an area for a voltage regulator (usually a TO-220) and
some have nothing at all but the holes. The problem with
any of those that have traces or pads laid out on them is
that most of them assume you'll be using only 14 and l6-pin
IC packages. Designs with a lot of 24-pin sockets don't seem
to be able to take as much advantage of these pre-etched
prototype boards. The good thing about them is that they
usually have heavy traees for running power and ground
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Figure 1

connections.
I normally use the completely blank boards. not just

because they are the least expensive but because they offer
the most flexibility in layout. Using one of these does
require that you pay due attention to providing adequate
power and ground "busses". A single strand of 30 gauge
wire-wrap wire is a bit marginal in my experience. All
power and ground leads should be doubled if at all possible.
Alternatively, you can use some heavier wire for the power
and ground leads and connect all the sockets to these busses
with short lengths of 3D-gauge wire. This approach is
probably the best but requires more soldering, at least until
you get the power and ground leads laid out. If you choose
to distribute power and ground with wire-wrap wire, try to
lay them out in a grid pattern to approximate a ground
plane.

Another thing to watch is bypass capacitors. Be sure to
use enough here. There are a lot of high-frequency signals
running around, and one bypass cap per chip is not too
much. This can be stretched a little in the RAM portion of
the board since CMOS is more tolerant of noise. The RAM
chips are crammed together pretty tightly and you might
not be able to fit one in for each chip.

Before beginning the actual construction, let me warn you
about the 24-pin sockets. Some brands are sized such that
they can be placed side-by-side on a board with no blank
rows of holes between them. Others require a small gap.
You'll have to obtain the former kind in order to get
everything to fit on this board. I got mine from Jameco, but
I'm sure they are available from other sources as well.
These particular ones have a "CA" stamped on the top of
the socket. I don't know if this is the brand name or not, but
if you order sockets remotely, be sure to ask for ones that
will fit side-by-side. This only applies to the 24-pin sockets.
With the others, there is always at least one row's spacing
between them.

As a general procedure, I think it's best to begin by
mounting the voltage regulator and tantalum electrolytics
along with the connections to the S-100 8-volt and ground
fingers. At the same time, you can do any other mechanical
work necessary with a drill or file. The RCA phono jack
shown here is mounted on a small L-bracket that has been
drilled out to size. If you use a different type of connecter,
do the appropriate work here so that when you get the
sockets on the board you won't have to be drilling, sawing,

Agure 2

filing and sanding around them.
With a hefty TO-3 regulator you can afford to use one of

the low-profile heat sinks. This will make it easier to get the
finished board into your card cage. Once this is done, you
can plug the board in and check out the regulator for proper
voltage.

Following this, my own habit is to place all the sockets on
the board and fasten them down by connecting the power
and ground leads to them. At the same time I solder in the
bypass caps. Powering up at this point will detect any
shorted caps and it will be easier to find them without all
the signal leads running around the board.

Perhaps I ought to say a word or two about color coding.
I've seen projects built with only a single color of wire-wrap
wire but debugging has to be more difficult that way. Even
if all you have nearby is a Radio Shack store. you can still
get 4 different colors - red, blue, yellow and white. If you're
willing to mail order, you can get about another 4 or 5
colors. That may be going overboard. I usually use red for
power supply, blue for ground, yellow for address lines and
white for data and signal lines (actually five colors would be
just right). This is just a personal preference on my part and
if you would rather use all one color, by all means go ahead.
As long as you can find your way around the board, that's all
that matters.

After all the sockets are located on the board you can go
ahead and start connecting the signal leads. The suggested
order of wiring is as follows.

First wire the oscillator circuit, which includes the 7404,
the crystal, and the necessary resistors and capacitor. You
can then power up and check for oscillation. You should be
able to detect this with a reasonably good scope or logic
probe. Once oscillation is verified. the next section to wire is
the state machine. This includes the 2732 EPROMs, all the
74LS193 counters, and two of the 74LS393s- UB and U9,
and the 74LS174.

If you are going to program your own EPROMs, the
program listing in Figure 5 is the one to use. It requires the
use of either Digital Research's MAce macro assembler or
a recent version of Microsoft's MBO assembler. If you don't
have either one of these or can't get access to one, you can
either rewrite the program in BASIC or order a set of
ROMs from Tile Computer Journal. The price is $25 per pair
preprogrammed. If you have the facilities for programming
and would like a machine-readable copy of the program, we
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can provide one on 8" single density CPIM for $15, This all10
includes the test program and sample use program whose
listings appear in Figures 6 and 7 here. We may also be able
to provide some 5.25" formats but you'll have to check with
us and see if it's one that we can make.

Once this is done and you have either programmed your
own EPROMs or obtained them from us, you can plug the
board in and look at the outputs of the 74L8174 to see if the
timing is about what you would expect. This would mean
blanking and sync outputs at approximately the horizontal
sweep frequency and RAM counter reset (pin 15) once every
1/60 second. If these outputs look about right, the state
machine is probably working fine.

Next go ahead and wire up the 74L8165 shift register and
any necessary gates associated with it. Wire the transistor
and the rest of the output circuit as well. Although I used a
2N5450 transistor in my version, it was mostly because I
happened to have a bunch of them in my junk box. Almost
any small-signal transistor with a decent gain and
bandwidth should work, so try using what you have handy.

You can now connect the board to your video monitor for
further troubleshooting. With the power on, the video
screen should display a uniform bright raster with no
tearing or lack of synchronization. If you can't get the image
to lock in with the monitor's horizontal and vertical hold
controls, something is out of whack. Try looking at the
composite video output with an oscilloscope. The waveform
should appear much as in Figure 2 in Part I of this series.
Check both voltage levels and timing. The signal level can
be off quite a bit and still work by adjusting the brightness
and contrast accordingly, but the timing should be very
close. If it isn't, stop and check all connections ill the timing
Z!!a::: -

circuit US-U5 as well as the state ROM address counters U8
and U9. Also check the dot clock and byte clock outputs for
proper frequency.

Once you get a display that will lock in on the screen. go
ahead and, using a clip lead, ground each of the parallel data
inputs to the 74L8165 in turn. This should result in a series
of thin, dark vertical lines in the bright field. Grounding two
adjacent data inputs will produce wider dark lines. If this is
what you get, so far so good.

Next try wiring up the local RAM address counters U16
and U17, buffers U1S and U19 and any necessary gates that
go with them. Wire up at least one of the 6116 sockets,
preferably one adjoining U1S or U19.This will let you
display information from the video RAM without having to
have all the sockets wired. You should also wire up the
address decoders U27, U28 and U29a and U20d, but only
connect the chip select line for the one RAM socket you
have in at the present. You'll also need U14b and U12d (you
can leave pin 9 on the latter open for now).

On powering up you should get an all-white (green) display
except for a small area where the single 6116 is. In that area
the screen should show random dots both on and off. In all
likelihood, the pattern will be somewhat regular and
probably look like alternating white and black bars about 8
dots wide each. This is simply due to the power-up
characteristics of the 6116 and has no other significance.
There will be a few random areas anyway. If you don't get
alternating bands, don't worry. The important thing is to
identify at least a few features attributable to random bits.

If things are working here, you're over the hump. Go
ahead and make the connections for all the bus interface
logic. This means wire everything else except the remaining

. szs

'1

.".

oJ)

I

J/
• • • • • •

I

• • "

'1

,."

'"

"',

Flgun 3: Component layout for board.



chips, bad chips (very unlikely) or wiring errors (much more
likely), It's hard to give specific instructions here since there
are so many variations. As I said above, most of my own
errors have been due to accidentally leaving a connection
out or making it to the wrong pin. When you're staring at
about a thousand pins upside down and backwards. it's not
too hard to do.

After debugging the write portion, try reading the byte
back. You can skip steps 1 and 2 above if you're accessing
the same location. For step 3, input a byte from port 102 and
see if it's the same as what you output. If not, use similar
debugging techniques on the read portion of the bus
interface logic, Note here that you can do either 1 or 2
above without the other. You only need to change the
portion of the address that is different from the last address
accessed.

The final step, once the board is working with a single
chip, is to add the other RAMs. It just takes some time.
With all the RAM chips plugged in, you're ready for final
checkout. A simple test program in Microsoft BASIC is
shown in Figure 6. It writes random bytes to random screen
locations and then attempts to read them back. Make sure
the DIP switch on the board is set for 100 decimal (64HI or
else change the port numbers in the test program to
coincide with what you have the switches set for. If an error
is detected. the program reports it. When the program is
running the screen should display a speckled random
pattern that changes slowly. one speckle at a time, No hash
should be seen in the display at all. If there is hash, suspect
the interlock circuit that is supposed to keep the processor
waiting during scan lines. Also check the wait state circuitry
on the CPU board to make sure it's functioning properly.
Most newer memories don't require any wait states so yours
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Figure 4:Power Supply

RAM chips. Also, put in the DIP switch if you're going to
use one. If you like you can place it in a socket, as I did.
Double check all but the remaining RAM connections and
you're ready for an actual test.

Plug the board into your bus and power up. Of course if
your machine won't operate at this point, you have a
problem. Most likely you made a connection to a wrong bus
pin or accidentally grounded a bus line or something of that
nature. I have found that about 900,.b of all errors in
prototype circuits can be found by visual inspection,
checking the wiring against the schematic. Another thing
you should be checking on a regular basis here is the output
from the regulator. If it is more than about a quarter of a
volt off, you probably should try another regulator.

After you get the board in and the machine running, the
easiest way to check the board out is from BASIC. The
general procedure for writing a byte to the video RAM is as
follows:(Assume the board is addressed at locations 100, 101,
102 decimal)
(l) Output the low byte of the desired video RAM address to
port 100.
(2) Output the high byte of the desired video RAM address
to port 101.
(3) Output the desired data byte to be placed in video RAM
to port 102.

You should be able to tell what addresses are active by
which RAM socket you wired up. Outputting a byte of 0 will
make a dark line 8 dots wide appear at that location. A byte
of 255 will make a bright line of the same size. Intermediate
values will turn on or off all other possible combinations. If
it doesn't appear to work right away here, double check to
see that the single RAM chip you have wired up is at the
address you think it is. If you're not sure, you can always go
ahead and wire up all the rest of the RAM sockets and
install the chips. However. that's a lot of connections and if
you know you already have a working board and just have
to mechanically run the wires. it eeems to be psychologically
easier.

If you just can't get any effect from trying to write into
the video RAM, you'll need a logic probe to do some tracing.
Check for the WE· pulse on pin 21 of the RAM during the
write operation. If you think it will help, you can disable the
arbitration circuitry and allow constant access to the video
RAM from the bus by temporarily removing the wires from
pins 10 and 12 of U10 and grounding them. This should
constantly select the bus address latches as the address
generators for the RAM chips. Just don't forget to change
this back after you find the problem. Make sure that U18
and U19 are not being enabled at the same time as U21 and
U22. Check for the usual things like bent-under pins on

Cl
C2
C3.C4
C5-en

Jl

01

Rl,R2
R3
R4
R5.R6
R7-R14

51-57

Ul
U2-U5
U6.U7
U8,U9.UI6.U17
UI0
UIl
U12
U13
U14
U15
UI8.U19.U23,U24
U20
U21, U22
U25. U26
U27.U28
U29
U30-U48

VRI

Xl

220 pf ceraaic disk
470 pf ceramic disk
4.7 uf/25V tantal~ electrolytic
0.1 uf ceramic disk (bypass)

RCA phono jack

255450 or equivalent

470 ohm. 1/4 watt
100 ohm. 1/4 watt
220 ohm. 1/4 watt
150 ohm. 1/4 watt
2.2 kohm. 1/4 watt

7-position DIP switch

7404 hex inverter
14LS193 preset table binary counter
2732 Ux8 EPROM
74LS393 dual binary counter
74L517~ hex D flip-fl~p

74LS165 shift register
74LS02 quad NOR gate
74LS32 quad OR gate
74LS08 quad AND gate
7406 hex driver. open collector
74L5244 octal buffer
74LSOO quad NAND gate
74L5374 OCtal D flip-flop. 3-state
74LS266 quad exclusive NOR. open collector
74L5138 one of eight decoder
74LS139 dual one of four decoder
6116-4 2Kx8 CM05 RAM

7805K 5 volt regulator. TO-3

16 IlHE crystal

Tlble 1: Parts List
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Rom 5: Program for T.V. signal ROMs.
2732 Il:OM progre_ to qenerate TV waveforw.
U.l!'d for I ('r-fftapJWd graphic. board
Vl!'l'"uon of 2/3/84

UPT \ :lque1 uinq pul •••
DB !OPLSE:-I
OIl Llft/2-[OPLSE-I .YlD ef'rH
DO,",
OIl [OPLSE ~ I ;Bel f equeIlr.lnq I1ne
DB LIN[j 2-EOPl..5E-l ANL 8PrR

I'
...

DR FLAHJ(+SYNC ;VISIblE' lInell In fIrst flf>lc
08 B[.,aJ.;K
D~ Bf..A}fJ(+W.... IT
DB BUNI<+[1ISABl.
['II BLAN1<"+I,ocL
[,~ LOCI +(HORIZ-l )/256

CB 8LANl<+DISABL
[I-; BI...AHJ(
R[P'r VF:RT/2-1
[,r· BI..'lH'+SYNC+COUN-r
I:B Bl.J'.Hl<
[l:! BlA,H+WAlT
[8 H!..AHti+CISABl
ca BUN!" + lOCL
[8 LOCL.(HORlZ-l ;/256
CB BLANI(+ClSA.BL
DB ELAN)(.
ENt><

Hiqh byte ROM
BUll'
S""e
COlJ'frlT

WAIT
Dl5ABL
:..o:.."L
R.f.SE'T'
TlP
'v"ERT
LINE

HSYlOC

LOFT
HORIZ

RIGI-'T
EOPLSE
FIN lSi­
WPTOFf
SWI TCH

EOl/ 08N181eee
EOl eeeel Bees
Eoo eel 1eeBt'JR
EOl eiH eBeflt' H
Eeu i!II_Bles
EQl BIU0eflt!lb
fOU 10IJHeeee
EOl: 2"'
EOU 480
lOL U16
EC'U 80
Sf:':' 174
SF.T E-40
SE":" 122

Eoo 4"
EOl' l~

EC'U ; e
lOU 10

Low byte POM

REM TOP/2
06 HSYJI('-!
[\fl; lEFT-]
DF HO}..IZ/4-1
08 HORIZ/4-1
r'f! HORIZ/4-j
Q8 HORIZ/4-1
DE< RIGHT-1
EN'"

:Generateo blllnkinq l~v~l

:Generate .ync lrvel
;Count up RAJII pointl!'1'" wlth dot clock
:c.nrrlltf' wait elatt"
;M.intain wait state and dllleble MWRITl
;I{pep "'alt, MWR1TE di.abl~. USE" RA'" pCHntrr
; •••et RAM pointer
;SC'an linea 1n blanked top of fr_€,
:Scan 1 in•• in VIew art-a
:Oot. 1n line-
:Oots in hori:r.ontal 8)'11C puis.
:Oots in left bord.,.
;Dotll In Vl@,W area
;Dotll in right border
:Ootl!l in equelir.inq pu18e
:Oots to finil!lh currpnt acce.s
:Oots to turn off ~ITE
:Oots to chanq~ !Ilu1t.lpleller lnput!:

:81ankeod lines at top of fiTst fleld

kEPT
DB
DR
DR
OR
DR

'"DR

EN'"

TOP/2
E!~J(+sn;c

BLAHI':
BUll'
BUll'
Bl~NJ(

BUll'
BUll"

:Blank.Pd lInes et tor' of first fleld ,"

8LAHJ(+~YloIC :Full equall1:inq lIne
BLA.."'.+~£SET"'(L1NE-£OPLSE-ll/256

Bl.ANte+SYWC ;Blankf"d hal f line
BLANK ... (LINE/2-HSYNC-l )/256

~ ;Vertical retrac:p

Bl.'N,tSYNCt (LINt/l-HSYNC-! )/256
BLANt<

5 :Equalltinq pul ses
8LAN)(+SYNC
Bl..AIOC:+(LINE/2-[QPLSE-l i/25fJ

,"

"....

,"
;Blani<.Pd llnE'S a'_ top of second flE'ld
: Oncludes bll'lr.ked hal f line)

6 :Equ.l1%inq pul SPB
BLAH~ .SYNC
BLAlrU<+ (LlNE/2-EOPLSE-l ) /156

TOP!]
BLAN"'+SYlK
BLANI':

BUll"
FlANK
S;:...".NI(

BUll'
BUll"

REPT
c.
DB

CB
CB
OF
DB

CB
[he..

RfP'T
DR
DR

EN"'"
CB
CB

RFP'T'

CB
DB
ENt><

RLPT
CR
DB

E~I'"

DB

DB
VERT/2 ;V.uible lines in first fIeld
HSYlK-l
:"'EPT - FIN 1SH-WRTOf'F -SW I TCH-l
FINlS~-l

WRTOH-l
SWITCH-I
HORIZ-I .AJiD 8FPH
SWITC~J-l

IlIGH'I'-SWITCH-l

HSYNC-I :Bhnk.~d half lIne
Ll~En-HSYNC-l A1U 8FFH

f :£qullllir.inq F'ulses
EOPI..5E-l
L!1!IE!:2-EQPI..5£-1 "-ND errH

6 :Vertical rE'tTacf'
L!NE;':;:-HSYNC-I oYlC 8FFH
HSYHC'-l

EQPLSE-I 'Full fc'qual i1:1nq t inp
LlNE-E('PLS[-! AND 8fFH

:Equal izinq pulses
EQPI.SE- I
l1NE/2~EOPL5E-I ....ND ef'FH

OIl
DB

REPT
Oil
OR
EN,",

KEPT
DB

DB

rB
DB

rB
DB
DB
DB

EIl!Jl

"PT
08
DB

Ell'"
DB

DB

KEJ>r
DR
DB

EIIOM

REPT
DB
Db
DB
DB
DB
OIl
DB

EIfIlM

'!'OP/2
HSYI!IK'-l
Lf:I"'I'-I
HOillZ /4-1
HOR]Z/4-!
HORJ'l/4-1
HORIZ/4-1
RlGH'r- j

:Plan)o:.ed :ines at tOF of f;E"cond fifc'ld
REPT
[[-

DB
DB
['8
rB
DB
DB

DB
Ell,",

VERT!2 ;Vlsible lines in Second field
Bu..!'o~ "SYNC+('OUNT
BLANI'
flL.AN"'+WAIT
B~l'''LlSABl

BLAN""'L.oC'1
LOCL+(HORIZ-l )/256
BLANIC+['ISABL
BLANK

0'.

KEPT
DB
DB
08
DB
DB

DB
DB
DB

""'"

VERT/2 ';Vlsible lines in second f.leld
HSYlft·-l
U:rr-flN I SH-WRTOPF-SWI 'l'CH-l
FINISH-l
WRTOfF-l
S)iITCH-!
HORIZ-I AND erFH
5WIT'Cr-I
RlGRT-S'NITCH-l

KEPT
DB
DB

Ell'"
REPT
DR
DB

EN'"

6 :I"..qualir.lnq pulsrs
BLAli" +SYltC
Ed...AN"+ I Ll NE/2-[OPLSE-l ; /256

t. :V.rtlCo'!II retTac.
BLAhHSYNC+ (LI NEI 2-HSYNL-l ) 12!»6
BUJfli

REPT
DB
DB

""'"'
KEPT
DB
DB

""'"

£, :Equa 11r.UKJ pulses
EOPLSF-l
LIIIE!2-EOPLSE-l ,.11I0 IFFH

£, ;V~rtical r.trac.
LINE/2-HSYWC-l AIID 'FFB
HSYVC-l

"PT
DR
DB

Eli"'"
DB

D'

5 :EqualIEinq pulses
BLAlrH +SYNC
BLAJfJ(+ (LINE!1-EoPLSE-l ) /256

BL.-JH+SYNC ;Ha1 f equal iunq line
BUNj( +RLSET. {Ll NEI2-EODlSF.-l ) / 256

may not be working and you won't have known it. If every
byte comes back an error, something is wrong in the read
portion of the bus interface logic. Check wiring. If only
occasional errors occur, check for good grounding and power
connections. Also. make sure there are enough O.luf bypass
caps.

When the board passes the GTEST program, you can then
tryout the sample plotting program included here in Figure
7, also in Microsoft BASIC (but easily convertible to another
BASIC). A screen menu lets you choose a variety of
functions to test the board. The scale is usumed to be linear
in both directions and the left. right, upper and lower limits

can be changed with the "Set Limits" option. After that you
can set an individual point, draw a straight line, an arc or a
sine curve (arguments in degrees).

The program is designed mostly for fooling around and as
an example of how to uae the facilities of the graphics board.
The painful slowness of BASIC ia amply evident here. Any
truly useful graphics programs simply must be written in
usembly language to operate with any kind of reasonable
speed. Compiled BASIC or FORTRAN are improvementa
but still not as good u usembly. If you aren't doing at least
some usembly language programming yet, this may be the
impetus you need.

.,J



FllIure 6: BASIC test program.

I'" A",JlITlJ839'1-lUrtD)
IllS OU'!" 1811f,A-IN'T{A/2~6)·2S6

11210ln' 111. 1"" (A/256)
IIlJe t'-2S6·RJoiC JlK)r 2St>
la.4IOUT 112,O':£'·INP(112)
lIse If n'-t' THEN 1....
)~. AS-HEXS (A)
1'78 If L£N(.A.$)(4 'MIEIf AS· ... ~+A$:GOTO 1111.
l.ee D$"H[),~tD'):lr LEN(OS)-} T1tEfI 0$.·.· .. 0$
1191 tS-H[X${U):Jf 1o£ll(£$)-J TllDi ES.... • .. t$
U_S PltINT -ERftOIl: AT ....$~ ... ·:0$:· RUD A,6 .:£$
Ill' GO'I'O IN"

FllIure 7: BASIC program to draw some shapes with the board.

1'" RD! ('EFINE I/O PORT ADDRESSES
1'1' H-l'.:PI.P,"l :P2-Pe"2
J12. liD'! SET DEFAULT LIMITS FOR SCUD
1138 )(1-- 1.33333: )(9"'1.33333: YI--}: Y9'" J
1...1 RD! CLVtf/ SCREEN, DISPLAY MENU AND IMPtn' CHOICE
liS. PRHIT CtlP:S(27);-" (1) CLEAR SCREEN-:PIUJIT .. (2) It!VERSE VIDr:O"
llE.1 PFlIM'I' .. (3) SET POIwr":PRI,", .. (4) DRMl LIN1':-
I.71l PJUN'T .. IS) OMW "'~C~:PIlJtn' .. (6) 5rT LIMITS"
118. PRINT .. (7) LOAD scnEN~lPRI'" "' (6) &AVE SCIU!:DI"'
1.911 PRIH't' "' (9) DRA...· SINE CURVE":PltINT ·(J8) !XIT"':PRIN"r:]NPUT O:PR]IM"
lIN ltD EX!:CUT£ PROPER SU81l()(11'IIft: AND THEM IitrTtJU TO MENU
lIlt!! 0'" 0 GOSU£, 1141!1.1l1.,12et!l,127.,137e.14~'.J488.15~'.1611,U.Je

1]2. GOTO J 8~P
II 311 RE~ CLEHl SCREEl'O
1148 FOR H\-' TO 149:0UT r1,H':FOR L,.e TO 25S
ll~e ('u-: re,L':Ol"; P2,I:NEX'; L':NEXT H':R£'1'URN
1168 fIE'" FHl)l:SE VIDEO TOGCLP;
1171 EJ. HIti'! TC' 149:0UT PI,Ht:f('fl: Ltee TO 25-5-:0IrT PII,l\
U811 Oln" Pl.NO'T INP:P2i A}OD 25-~:NEX"T L':NEXT H':PETURN
11911 litE'" 5['; A POI P'T ON THE SCREEN
128e INPUT "'COQRDINATES:X.Y): ",X,Y
1218 1F X<X} OR )(>X9 OF '1'<'1'1 ('IP '1'>'1'9 THEN RE'MJRJ,l

1228 "''''lX-Xl ~/(X9-Xl)·6]~

123. V\=(Y-Y9i/lYJ-Y9)·419:JIl=V--EleJ+H\\tl:8,,<2°(Ht ,",0(' E-)
124. OUT pe,"'-lNT'(M/2~61·2~t1:0l ..t Pl,INTIM/25£.)
125. Oln' Pi INP:P2/ 011 B:RE'TURN
12&f IlE~ ORA"" LINE
1278 lNPUT "'STAFlTIHG POIN"t'lX,Y): "'.X2,Y2
128f INPUT' ~EH(JNG P01N'T(X.Y): ".XB,Y8
1298 DXtxb-X2:['Y"'Y&--y2:JF DX=(Il AlIr: ry-,. THE" Xell.l:Y"Yl:GC'TC Illi"
13li'!fI IF OX08 THEN S .. DY/DX ELSE S'"'8:G0T0 13"f1
1311 IF S·(X9-Xlj· .. '9/IY9-YJ)'E:39» THEN S"'-!:S:GO't'O i341l
132. FOI< ).,,>:2 Tl-)ifl STEP SG",\Xf--Xl)-(X9-XI)/12"JB
13]8 '1"Y2·:X-Xl;*S:GOSU'B 1211:NEXT X:RJ:'TURJIi
1]49 Fer< ""''1'2 TC '1'8 5TH SGN(Y8-Y2)-(Y9-Yl l/9SB
13~tl X;Xl+tY-Y2}*S:GOSUB 121(1:Nt:XT Y:R.nURN
136. fiE"', DRAW APC
137(1 INPtn' "CEN"J'ERtX,Y): ~.Xc.YC

1381 BIPl'" ~RAl"lUS: ',R
13911 INT'l'T "DEGREE LI""JT!;j([lF:Glh,END\ ",AI,A:?
14f'r AJ ""AI- .f'17453J:A2-=A2- .111745)]
1411' S: X~-XJ ),f:39:1f (Y~-'J'I }/47~·S ,... n S3(Y9-YI:/47Cj
14;:e S"f./ 7*1l.):fCFl ... • ..!l,I TO ... 2 STEP SGI'OI"'2-"'1)·S
14)P )i"'P-I..-'_-5(A,+XC:)=~·~IN("',+·I(":GOSll!'1211l,NEY7 A:PETURJro
: 448 Ji.I:" Sf1 LI'" IT~

14Sfl !t;t~l"r "h('FlJZON"Ai. LIMITS: ·,X1.X9
14t.i' Ihf:_'; "VE"";ln:. LII'lITS: ~,~1.Y9:RI:TUkh

14""'eo f(o-, :"'OA[ SCREE,," f'ROfIIl FlU:
14 .. ", HiP'...-;- FII! N"''''[: ',FS:OPE'" "P",l,FS:F'1[Lr .1.128 AS 0$
14~1l foOR "'~",il TC 149:0VT Pl,H\:Gl'T 'J
ISee r:J': .t=f' i; 127:0l"': Pf',Ll,C'U"7 P2.ASC(MINtf$,L\.1.J)1
151r NE)'': Lt:Gn '1 :FOR U=-I2f T'O 255:0VT pe.L'
1521' n"7' q ....SC'.Mlr,S([1$,L'-1~7, J 1 ):NEX: L':NEX"; Ht
15]e CLOS!' '1: RE"TURN
15"8 Jj['" 5 .. \1£ SCR[rt: 1'" FlU
1~~. INPe7 -fIU: NAAl: ·.F~:OPt:!'i "Jl~.J.F$:rI[L[i 'J,12t; ... S D$
15t1e FCf< flt ... ,. -:: 149:0U; PI.H':fOF Lt-J TC J2P:OlIT pe,Lt-1
1571 ~H'~:r:,:t.l)-C'HRStINPIP2l):Nfo:X'"fU:PU'T '1
15Sll POFc ... , .. j Tr, 128:0U": pe,U"l'}7:M1DS([,S,L',I)-eHR~(INP(P21)

1 59f1 N[)~ LI: PUT 'I: HEX';' H': CLOS[: RETURtol
161111 R£" DRA" Sl tolF CUJ;:yt
ltd" IHf'I."f ~ARGLJIliIlEH'T(f'[GlN,l:ND.S'M:rJ: "',X2,X8,[;X
162P Fe: )'·X~ T... XE< STEP DX:yeSHoiX/S7029!>8):GOSU& l21':IfEXT X:RnUJI:}.
163111 [Hr,

If you have gone this far and actually built the board, you
probably had some ideas of what you wanted to use it for.
Some of the things I wanted to do were to plot 3­
dimensional figures, plot orbital data from my utronomy
programs, generate Fourier waveforms and use it to display
alphanumeric data in anyone of a number of character fonts.
Since the board is programmable on the dot level, you ean
make up characters in any shape you like (APL, Chinese,
Arabic, Hebrew, Greek, etc.) You ean do proportional
spacing. You ean plot in rectangular or polar eoordinates. Ita
uses are limited only by your imagination.

Although this concludes the series of construction articles
on this board, there may be other articles on .cific
applieations in the future if interest warrants it. ~'d like
to hear your views on it. If you build the board, ..'d also
like to hear your difficulties. if any. and your reactions to
the completed product. •
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MicroMotion

MasterFORTH
It's here - the next generation
of MicroMotion Forth.

• Meetsall provisions, extensions and experimental
proposals of the FORTH-83lntemotionol Standard

• Uses the host operating system file structure (APPlE
DOS 3.3 & CP/M 2.x).

• Built-in micro-ossemblerwt1h numeric Iocollobels

• A full screen editor is provided which Includes 16 x
64 format. can push & pop more than one line.
user definable controls. upper/lower case key­
board entry, A COPY utility moves screenswithin &
between lines. line stack. redefinoble control
keys. and search & replace commands

• Includes all file primitives described in Kemigan
and Ptauger's Software Tools

• The input and output streams are fully redirectable

• The editor. assembler and screen copy utilitiesare
provided as relocatable object modUles. They
are brought into the dictionary on demand and
may be released with a single command

• Many key nucleus commands are vectored Error
handling. number parsing. keyboard translation
and so on can be redefined as needed by user
programs They are automatically returned to
their previous definitions lNhen the program is
forgotten.

• The string-handling package is the finest and
most complete available

• A listing of the nucleus is provided as part of the
documentation

• The language implementation exactly matches
the one described in FORTH TOOLS. by Anderson
& Tracy ThiS 200 page tutOrial and reference
manual is included with MasterfORTH

• Floating Point & HIRES options available

• Available for APPlE II/II+/lle & CP/M 2.x users

• MosterfORTH - 510000 FP & HIRES-S40oo each
(less 25% for FP & HIRES)

• Publications

• FORTH TOOLS - 520.00

• 83 Intemotionol Standard - 51500
• FORTH-83 Source Listing 6502. 8080. 8086

520.00 each

Contact

MicroMotion
12077 Wilshire Blvd.. Ste 506

Los Angeles. CA 90025
(213) 821-4340
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HB-l000
Socket

With HANDY sockets.
breadboarding IS easy

because you always know
where you're at Each group

of 5contacts IS labeled from
1-64 and each POSition within a

group IS labeled from a-I With 64
groups of 5contacts each you have
more then enough room for Infield
and lab mock-ups that always come
up when you least expect them

Competition Price: $12.50'

$995
H8-1000

one-so....ck·et·-an-dH-twB-
o

b-:~-sl-sJ-IP-s-h~/
with self-adhesive backing and
metal ground plate
Big nine 14-pln DIP capacity.

Competition Price: $15.49!

H8.1~1195

HB-4714
Largest HANDY breadboard available today Complete PCB or even
system mock-ups can easily fit on thiS breadboard. ThiS high capacity,
heavy duty board IS a must for industrial users where time is money
... Great for advanced educational and hobbyist applications.
Includes ·4 sockets ·7 buss striPS ·4 binding posts
and IS mounted on a I0.3"x9S' aluminum ground plate.
Giant 36 14-PIn DIP capacity. Competition Price: $89.00!

$6395

._--------~
To order...CIIu1-80o-34-HANDY

....cherlle with VISA, M..terCerd or Amerlcen EKpreu.
AI/Items off-the-shelf lor Immedlete Shipment!

HB-2112
Acompact breadboard Ideal for beginners, students. professionals and hobbYists. It's
QUick and easy to use and Immediately becomes the most useful tool on your

workbench Includes· 2sockets ·1 buss strip $2495·2 binding posts and IS mounted on an 8. l"x54" H8-2112
aluminum ground plate 18 14-PIn DIP capacity.

_ ••••IIIIIIl' e division 01 ASP Electronics Corp.

7 Business Park Drive e P.O. Box 699. Branford. CT 06405. (203) 488-6603. TWX: (910) 997-0684
Easy Link Mail Box: 62537580 • CompuServe: 71346. 1070

US and Canadian Distributor inquiries welcomed

Mall Orda,.: Pleasp add 53 (Canada & Inn add 55)
10 cover cost of SI"lIppmg/handl1ng

Charg. Card.: /Mln $15) Please InClude Acet No Exp olte.
8ank No (M/C onlVI and your sIgnature

Check.: Drawn In U S Dollars on U S banks only
Conn A••ldenh: Add 71i7~ Sales Tax Sorry I No COD orders



SYSTEM INTEGRATION
Part Three: CP/M 3.0
by Bill Kibler

I n the first part of this series, we discussed factors to
keep in mind when choosing components for system
integration. In part two we looked at how SDSystems
Versafloppy II was set up to run CP/M 2.2. I hope that most
readers will have at least a 2.2 system running at this stage.
If you have not yet used a 2.2 system, a complete reading of
this article and other books will be necessary before
considering CP/M 3.0. To help the novice and weekend
hacker, let's first review what a 2.2 system does.

CP/M 2.2
CP/M is the interface between the hardware of your

individual system and the generic types of software you will
run. This program, known as an operating system. provides
standard interfaces in two directions, one to transient
programs and one to fixed hardware. CP/M advanced
through many variations and stabilized for some time at
version 2.2. This version is intended to run on an 8080 or
zao CPU with 64K of memory, using fixed peripherals for
110. An assembler, a debugger, an editor, and several other
utilities are provided wjth the purchase of CP/M. This entire
operating system makes it possible to change, modify, and
generate new operating systems, in addition to running
purchased programs with few problems.

The ins and outs of 2.2 are well known, and for those
looking for more knowledge, your local computer store has
many books on the subject. 2.2's structure is extremely
straightforward. The relationship between the three
modules that make up the program are fairly easy to
explain. The CCP is the command processor and handles
communications with the operator while in the system mode
(not running any generic programs). The BDOS (basic disk
operating system) is the next module, and does most of the
work. It works with running programs by the use of junction
calli. The function calls are separate routines that together
form the BDOS and allow canned programs to operate on
different hardware. The BDOS takes a function call and
talks to the next module, the BIOS (basic inlout system) as
many times as necessary to make the hardware perform the
requested function.

2.2 has been around for so long now that other products
are available that can enhance or replace all or portions of
CP/M. With the books and software base available, this
operating system has little equal and allows me to
recommend it without question as the choice of hackers.
However, like most manufacturers, DRI (Digital Research
Inc.) felt that an improved version of CP/M that
incorporated most of the enhancements would allow them to
take back control of their product. An improved version
would also present an opportunity to work out the
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incompatibilities between 2.2 and DR!'s multiuser operating
system. MP/M. The cost of memory has decreased in
quantum leaps, reducing the expense of having more than
64K, and a system was needed that could make use of this
cheap memory. So CP/M 3.0 was born.

CP/M 3.0
CP/M 3.0 or "PLUS," as it is sometimes called, is little

different from 2.2. It is still the operating interface between
the hardware and software. but with some new wrinkles.
Memory can now be in multiple banks, outputs from
programs can be changed or redirected, additions to the
operating system can be created and tacked on, there are
help programs and command line editing, and lastly, the
system is supposed to be faster. What has been lost is a
simple BIOS program and a lot of disk space. Although the
gains may seem to outweigh the losses, closer investigation
is needed.

To utilize CP/M 3.0 more fully you will need more than
one bank of memory. In the non-banked mode most of the
enhancements are lost,as well as part of the transient
program area (TPA). Current programs require up to 56K of
temporary program RAM to run, and the non-banked TPA
of 50 or .. 51K may not work. Once the BIOS has been
generated for banked operation the TPA expands to over
6OK, 'which can be more than most 2.2 versions. The extra
banks contain the larger BDOS, a copy of the CCP program
(3.0 CCP is a transient program and not resident like 2.2),
and data buffers. Higher operating speeds are possible for
programs that use high disk access by locating the most
highly and currently used sectors in the disk buffers (other
banks). These buffers are assigned and managed by the
BDOS and are not controlled in any way by the operator.

Inputs and outputs are normally assigned through fixed
BIOS definitions or routines. In 3.0, tables of I/O types and
requirements are maintained, which allow the system
configuration to be changed without rewritting the BIOS.
This operator freedom of choice is made at the expense of
memory (banked RAM) and speed (the whole table is
scanned for each output of a character). 2.2 has an I/O byte
that has now been expanded to several bytes to take into
consideration the different possible ways of redirecting the
data flow. A new program type, the RSX module, has been
added. This program technique is helpful for those who want
to add some special function that the BDOS doesn't
currently support. The new module is put below the BDOS
and the inputs to the BDOS are redirected through it. In 2.2
this was not pouible except for enhancements to the BIOS
routines as is done in RAM DRIVE modifications.

The banked version allows the command line to be edited
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instead of completely rewritten as is necessary with 2.2.

This is made possible by larger command line buffers and
the addition of more control functions to the CCP. HELP
programs, although listed as a feature, are really not much
more than the CPMUG or SIG/M version of HELP.COM.
This disk program has help fIles that explain parts of the
operating system's syntax usage. The help fIles are usually
one line statements which tell what form the command must
take to do the named function. These HELPs are in no way
to be considered "tutorials," but are simply quick reference
"cards," As for speed, the system can take longer to boot (it
must load more information in different banks) but once
booted, should require less disk access (the slowest part of

t.he operatlonl and result in faster operations. The
controlling factor, however, is still the speed of disk reading
and writing, - if the information is not in a disk buffer area,
it must be loaded into a buffer and then into the TPA.
Depending on the type and nature of the programs, this
buffering can be faster than 2.2. Also, for warm boots, the
CCP is reloaded from a bank and not from the disk as is
done in 2.2.

The Implementation
With the brief introduction out of the way, it is now time

to "bite the bullet" and get to the "how-to" part. A word of
caution is needed for those who found the previous
discussions somewhat confusing: don't try to implement
3.0- buy it already done or get 2.2 first. Writing a banked
BIOS and deciphering the DRI manuals is not for the novice
programmer. In November of 1983, DRI changed its support
policy to match that of most other big time software houses,
mainly, no FREE support. They now charge a $250 yearly
subscription fee to get in-depth information on their
programs. Anything not covered in their manuals (and there
is a lot not covered) must be explained through your own
efforts or by a member of the subscription service.

The first confusing topic is the many subroutines (see the
listing for what is on DR!'s disk). CP/M 3.0 is composed of
many macro files (these are short assembly listings) that will
be linked together to form the complete program. To make
things worse for those doing the SDSystems
implementation, they have their own version of these same
programs for their hardware. SD's hardware is the SBC 300,
and unfortunately, their programs are so hardware
dependent that they are useless to anyone who does not own
the defined hardware. The absence of the ASM fIles of the
FLPDRVR and MOVE routines add to the problem. What
thi'J leaves for the programmer is the original DRI files and
the disk controller routines from the SD VFU manual for
generating a running system. On closer examination, I have
found that the DRI files, with modifications, are a good
source for a running system. Time has not permitted me to
fully explore the use of DR!'s files directly, but those who
feel lost should consider starting there. I did use the
BIOSKRNL and the 2.2 BIOS routines as the disk file, and
was able to make it work in a non-banked mode. The manual
indicates that a 3.0 BIOS can be made from a 2.2 BIOS, but
it also says that two modules are supposed to be the root

modules and should not be changed. A 2.2 BIOS will work

for a non-banked system with some major ehanges, and the
root BIOS is the starting point for the banked version. The
SCB module adds more trouble due to the equates and
vagueness. This macro has an equate of OFEOO hex, which
would make you think that this is the exact address it will
end up at. Wrong. Hidden in one line of the GENCPM
discussion is a statement which points out that GENCPM
will relocate "FE" locations into the BOOS and link the
other references to them. If you check after GENCPMing,
you will find this list of values located directly before the
beginning of the BIOS (the last bytes of the BOOS).

While covering linking of modules, you ahould check the

listing; I have shown the terminal dialog for the necessary
generations. CPMLDR is the program that loads the system,
as it is a separate file listed in the directory. The BIOS
portion needed for CPMLDR can be the same BIOS as used
in the full system, just take care that BOOT is a RETurn if
all the initialization has been done. The order of events is
not well explained in the manual, but the loader will call the
boot entry of the LDRBIOS first, then start loading and
displaying data. While debugging my BIOS, I used the print
message routine to help tell me at what point it would go
into never-never land. The use of statements like "now
reloading CCP" would tell me that I was in the warm boot
routine and not the cold boot. Make it a point to read the
discussion of "debugging CP/M" in the "systems guide," and
thoroughly review the programmer's guide. Many of the
necessary facts are spread out over many headings and
books, making it hard to keep track of them.

In last month's article I listed a BIOS routine and
mentioned a similar one in SIG/M 26. Both of these 2.2
BlOSs will use the addresses shown for storing disk data
(these are the original addresses chosen by SD in DDBIOS
listing). These addresses are in the page 0 area, 040 hex to
07F hex, and must be the same in all three programs
(monitor, BOOT, BIOS). Two problems of 3.0 demand that
they be relocated; first, 050 hex is the location of several me
control blocks. Banked operation will require that certain
stacks, buffers and disk values be located in the fixed
portion of memory. These locations can be above the PROM
when it is located at FOOh or just below it if an FSOOh PROM
is chosen. GENCPM asks for the last free space of memory,

so any location could be used and GENCPM will move the
system to it.

The fixed memory locations will cause some problems
because the write and read routines would normally get
their data from the SCB files (which are public) and not from
the memory locations that SD uses. For PROMS that have
been written before understanding this problem, new
routines will be needed to read the SCB data and then fill
the monitor's buffer location for that data. A lot of these
special problems arise from trying to keep the PROM in
memory and fit CP/M around those parameters. Using a
parallel port to turn the PROM on and off could make life
simpler. Here's how; simply modify the boot loader routine
so that the BIOS is complete and used for all operations
(don't call any PROM entries-include the disk portion in
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the BIOS). Now make the BOOT routine output to your port
and turn off the PROM. The RETurn instruction jumps back
to the CP/M 3.0 loader which loads the system file into
upper memory. A master reset will always put you into the
monitor if reset forces the parallel port back to the normal
state. These steps will also solve the problem of clashing
memory usage by removing the PROM and allowing buffers
to be in the BIOS. However. any of SD's older programs
that called the PROM BIOS entry points directly (format)
will not work.

It can be rather hard to determine what procedure to
follow first in setting up the system. If using DR!'s
programs, an attempt to bring up the banked unit first may
not be too foolish. Non-banked operation with the PROM
will be easier through the simpler routines (calls to PROM)
but will be more confusing due to memory conflicts. A non­
banked non-PROM system will require more programming.
and will also demand that the PROM phantom operation be
set up. For system integrators this is normal; considerable
time must be spent deciding on the trade-offs of system
configurations. Try and understand your limits in both time
and skill. and study what must be done. After examining the
problems at length. experiment with several of the solutions
to discover further problems that you may have missed. The
SCB relationship is one that is hard to understand. and is
just the kind of problem that haunts beginning
programmers. I found the DRI information on the SCB to be
rather short and confusing. It is not clear whether the
source of data is the SCB or the called routines in the BIOS.
I believe it to be the latter with the SCB used as a reference
data source.

RelatioDs and Assemblers
The relationship between modules is confusing at first.

and will require several practice assemblies. First. assemble
a new BIOS unit. Using RMAC (A> RMAC BIOS.ASMl.
find any errors and correct them. Next. assemble the
modules (if there are any) and link them. Remember that the
order of linking is controlled by the order of the entry line.
In other words. if BOOT is listed before BIOS, it becomes
the main program instead of BIOS (as it should be).
Generally speaking, only the major program need be first.
The others are called from the main and need not be in any
order after that. except that the SCB is usually last (and
must be a separate file for GENCPM to link properly).
Check the listing for more information on this topic. Public
and external items need to be marked as such and declared
in the beginning of the file. To find out if a declaration was
missed. assemble the file and then link it; undeclared items
will be shown as errors in the linking and will send you
looking for them. It is best to use many short routines in
programming. as it is easier to link routines than to handle
excessively large files. At first, however. and if the shorter
BIOS that calls the PROM is used. the simplest method may
be to include the needed routines with a word processor. To
boot from a 2.2 system. a CPMLDR.COM file is used. This is
called like any COM file and will then load .he CP/M system
files into memory. Later. the LDR files are put on system
tracks and called through the monitor boot command. The

loader will need to be linked with an [11ooJ option to make a
COM file for use at 100h. The BIOS is linked with the BOOT
and SCB (CHARlO, FLPDRVR and others if needed) using
the [BJ switch to form an SPR file. This file will then be
linked again by GENCPM to form the system files. The
symbols or links that are established between the BDOS and
the BIOS are not shown (normally a printed statement is
displayed after linking).

The procedure will be to write or change the BIOS,
assemble it. link it. GENCPM, run CPMLDR, and then test
it. Once a working CPMLDR is obtained. it can be used ever
after, even though the BIOS may have many major changes.
The system files contain a header entry that instructs the
loader where to put the system. At this point it is up to you
to keep at it until the system works.

Review
These three articles are in no way a complete discussion

of system integration or of what it takes to make advanced
programmers out of novice hackers. I started out trying to
cover it all. only to find that "all" would take many books.
To even summarize what I have learned about the system
and CP/M 3.0 is difficult. Documentation is still the most
important aspect of any system. DRI has improved their
documentation somewhat. Since I had not paid the $250 for
professional help. I was unable to uncover all of the
relationships within CP/M 3.0. I leave some of that for the
reader, both as a challenge, and as a possibility for future
articles for The Computer Journal.

I still find the Versafloppy IIi696 to be a good product
while operating under CP/M 2.2. However, the manual and
documentation for implementing 3.0 are some of the worst
that I have seen. It may work fine. but if the manual is any
indication, I have my doubts (write and let us know if I am
wrong). CP/M 3.0 is a good program if already implemented.
and a real bear if not. I like 2.2 and have been able to master
all of its strange relationships. 3.0 is new and undocumented
other than by DR!. I hope this will change in time, but with
all the pressure on CP/M86 and MSDOS, it looks to me like
3.0 will die a slow death. Those who now use 2.2 will
probably not change for many reasons. Like myself, most
users have developed a large library of utilities. Many of
these utilities use the disk parameter data to display
information-these programs will need changing for the new
data tables. Disk usage is usually low with 2.2 but becomes
higher in 3.0. although you do gain the ability to make
changes and additions to the system more quickly and
easily.

To conclude this discussion I would like to remind users
that it is necessary to define your needs and desires before
buying anything. As one can tell by the previous paragraph,
I am not overly enthusiastic about 3.0. The enhancements
and structure have become that of a programmer's
operating system. Unix. although being touted as the
operating system of the future. is now getting a lot of flack
because of its complex nature. One must remember that
these systems are written by programmers, for
programmers. and not for the general public. An operating
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system should allow you to use other programs freely and
not require a lifetime of Itudy to run. CP/M 3.0, 86, and
MSDOS are being influenced by Unix'lltrueture, 10 many of
the newer versions may not be that desirable. One thing
that I have tried to do in this article is "tell it like I see it." I
too often see articles that gloss over the bad points only to
get inexperienced users into trouble. To thOle readers who
have found many of the indu.try'. hidden and IOmetimes
dark secrets, please write articles and .end them in. I have
dealt with BIOS. for lOme time now, and am still amazed at
how many lecrets they contain that I have yet to find ...

:CL'''1I COIISOLl 5T.T'..'I.

;J'"'''' TO CC".

".1 for h" ....C op.ratiOtl
,.1bftll.

; "ttT JR. TO ".OO"l'
;"'1'1' "T I(_G.

.VI
CALL

,.Vl .... OC)II
IT" 0
STA '!lM
loU 1I.1wa:HJT

&OCT; 1.11 i',ITITIt ; SFT ST ....CIt POIMTr ••.".e Ia...n, t~. ba.OI for C'p,l1dr rlp:'.C'.
.boll'e 11ft. wlttl .r. ·.n·... ,

.ta 4
ITA )
ITA _"1\

'tTC ..... CALL liT'."
ioU •• s..se;
CltLL PM.$C
e.\l,.L fUnT
CALL ?Lf'lCC'
U COMDT"
.I'" OUOH

sr,'.'"

our u""

Ollr He)
Olfl )20000
01u 320'00
U.7 4l~JOO

0121 ",
OU2 320.00
012" 120)00
OUI JH2r::
OlU CD)rol
DiU ~lC201

01 J:. CDAre:.
01 J4 COO'JO,
Oll" co~r02

t:. J.\ niH
013:: ClUOl

; STAo'-'" CJr lIes.

'ilia,", C",JV" ST"'"'! :..0 "r,"" .
'ROM ", ... fot~ 1I00T.
CM t:;' Il C:""'o:..r ~ l! 51 Io':'·:.

1I(lor CO .. S:.::.." Clo!loli",C'" flo.

"'ltIT" :Oli.,Cl.f C'HAoI:"TP,.
WAITl LIS'!I""~ CH"III.
"'-ITl P·"""'·I! ':-11 ,,,.
"r ... (\ .r"nrlo CHAo ....
..ovr r"I.!i1C TO j""',f Z"u::.
sn.r':-T ~.:sa n~I .... r.
srn T~ Tltl,C, p; ... ~ _ A.

srT srCTOr. ";'. !Oliff It.

stT 015'" ,i;TAiIl'!'Io;,; ... rlO;.
.l... r. Sn,re'Tr, S[:;'T",-.
"'''ZTr SfLFC'; rr S re"T ~ ...
~H" ST~""~ C"r--,
srCTell -r"''''S:...'H I;~ ':':"

CONS":'" C"" ~TA""~

....,'J. STAT'·: I'li... t·. O'''T STAT' ~

DfYICf T"":"J
on Icr I .. t,.

0." .105
; J·.'I'IF TAI:...r

JI<I P lOOT
?witOO'T J"''' .IOOT

J"'P CONST
?COr:l~. JI"lP COIllI"i

JI't" C'OhC':'
J",r l.IST
J "'F Ao ~'XO'.'"

JMI' "'''llI/III
J"'p HOMr~

J"''' :sF ..ns ..
sr,:,,. .. ,. JM' .apro.... 1.'"

JI'IP .dprolll.21h
JIlIP .dpro•• 2n,

JII\" 50'1t0.,..... tl

J"'p 5(\PIt01ll.1"H
J"'p P.STAT

J"''' srCTR""
.IMP COMen
J"'p "''-'1 1ST
J"''' .... '.'.OST
J"'p :)[I,iTllL
J"" GF"'IIti:

ITSH r~'.' or.'fhrarF •

0000 C JUOI
000 J C ~ J C ; ~

000. C)8(0:

000' C J".:l ~

000': CH'Ol
Door C le9a]
0011 nAgOl
001 ~ C )A] 01

COlfl ChAO:
COit CPI'O~

COlF nl£F~

OOH CJ2lfO
00211 Cl}4fO
002'1 C )2'''0
002" Cl2UQ
002 .... c.) O~ OJ
00]0 C )oro~

00)) OU01
COl' C]"''01
GOH C),,'01
OO)C C30301
OOlf C]O'L
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1.1 tl,11qnor.S ..,q
etll ?~9...
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Ttllt ••1'110n of t'" boot 10••• ,. 1011••
~h. cep ho_ • Hl.
c.U.d CCP.COM 01\ the .y.t•• '1'1•• I",).

INTERACTIVE MICROWARE, INC.
P.O. Box 139. Dept. 226. State College. PA 16804
CALL (814) 238-8294 for IMMEDIATE ACTION

11'ccp;
'.loCC.: ra.ret " ..... 1oe' the "ICCP.COII fl1. lato TP..

.r•• I .t.. ccplfCb"'l!l '.1'0 •• t.llt
1_1 ".0 I .hl. fcDlnr ....1' .. • t ","I'IoR.l.II,
1.1 d.ccplfcb I c.l1 ope" ope" ccp 11.1.
lat. I JI DolCCP .1'1'01' lf 1M' fl1 ....
1.1 d.Ol00to I c.ll ••t..... .t.att of " ..
1_1',111 ! c.ll ..t.lI!t1 .llow \liP to 14k byt.,
1.1 •• ccplfcb I e.U r ••d. l ..d tp'. thint

-m-
IWI

040t "']26C03
02£2 2100002210
02[1 ll~OOJC:'lll

02[[ 3CC..0\03
02"4: llOOOlCDl'lJ
OHI 111000COli
02rE lHDO)C::t20

0207 212"'03
020" CO.\EOI
0200 C'

STFUPCHARTER - Turns your APPLE and Epson MX
senes pnnter onto an economlCal4-pen chi/if recorder
Pnnls and dIsplays contInuous 1 to «hannel stnp­
charts of any length. Ideal for large data sets. Numerous
user-selectable graphICS optIons enhance output qual­
rty.lncludes5demosondtsk Wtth37·page manualS100

VIDICHART - Proven tool for lab data management
Fast plots of 4 dala sets wllh scrollIng in 4 dlfecloans.
zoom scaling on X and Y axes. 2 types of graphIC
cursors and on-screen STATUS REPORT. even plots
'" D Input while sampling. ADD. SUBTRACT. MULfI.
PLY, DIVIDE, INTEGRATE. DIFFERENTIATE. AVER­
AGE or NORMALIZE data sels wrth SIMPLE COM·
MANDS. Ideal for spectra, chromatograms. rate Cuf\les,
~~n~':fludes SAMPLE .DATA ondtsi< wrth 2&-~rs

SCIENTIFIC PLOTTER - Draws professoanal-Ioolllng
graphs of your data. You choose data format. length and
poSItIon Of axes. 20 symbols. error bars. labels any­
where In 4 oroenlatlons. Includes 5 demos on dIsk plus
JO-page manual . .125

(For DIF file and Houston Instrument or H-P 7470A
plotter adaptatoons, add $25 for eech option selected.)

CURVE FmER - SeIeClthe besl cUf\le to fit your dala.
Scale, transform. average. smooth. Interpolate (3
types}. LEAST SQUARES frt (3 typeS). Evaluate un­
knowns from lotted'cUf\le. Includes 5 demos on dtsk wrth
33-page manual ..135

SPECIAL: VIDICHART, SCIENTIFIC PLOTTER.
CURVE FITTER on t dIsk. . .S120 L.. J I

Add $1 50 ShIppIng on all U S Ot'ders VISA or MASTERCARD Ot'de<S accepled

'Trademar1< of Apple Computer Inc

VERSATilE DATA REDUCTION,
DISPLAY AND PLOITING SOFTWARE

FOR YOUR APPLE * II

: crT" CH"IO.a.C'TrlO.
;1f IT's zr"l:O,

'IllFT·.'IO .. ,
;01HEIllIliISf.

;GC UCI' TO CCP

;sr,. ST"CIl; pot "'T" ....

; PltlN1 11.

; 1'ICIII F"I'IF",;"T "":,,
; .\frir" CfT "'"eTH" ....

; 'UT J'JI'I' TO 1005
;11' 'dHl: ".',1,
; .fT'JII:N '''01'1 IfT'JP.

LxI 1,0
J.p •• t.trk

'MLO 1
LMLD ' •• tp.
IMLO •
xn

LXI M,O
MelV ",C
C'I 1

""C
ANI orOK
5T" UUT
loll ",OPEl

C'I 1
Xl
LXI ", DPro
.n

SU.OSk:

W"lTf ... CH"lilACT"Jl. TQ Tnf CO"iSc;.f r,fvIC£,

CQfri'CT; C"LL SDPJl0~'O .:le!'

'rT

C'HrClt C::lN"SOLf 110 5"""':5.

CALL SDPJlOI'I .. 091o!
XrT

; CIIOS I"'SiAGES

"UXCl" : J"' NOT¥ET

"'.'X IN: J"' NOiyrT

"",'),151; JM' "'C~yrT

".'xOST; J"' NCTytT

NOTyt,. ; XX. .
'"

1II0"'E1 ;

CaNaS' \ IN CONCT.. ;not. H, orqln.: pr"",

" .. I oJ21l
Xl

""I orr"

'"

."ItJ!t.eaCi; II:r"o I'LL OT C'PI'I ."Ca IN
IXC[PT 110S. TtlEIII J'JlIIP TO CCP.

COIo;I'" :

CONS'!": C"LL SDP"'O"''''OUI ;.'''0 COHSOLT 5T"T'J6.
RET ; IlrT'JIlN f"OM CONS":',

? PI'ISo;;
P"IS ... ; p,...r> d

PlOtil" tl
PI'lSG1: "IG\,'''.I'I

au, "
)1 .p"'.q
I'Iav C."
pu.t- l'

C"l.L CGHO'
p0f: h
1"OX H
J"'P ",SCl

.p••g' pop tl
pop d.n.

OPO llTrr. W8001 : LXI 'P,bt.U.
01'1 JU2fC LDk VNIT
011-' 321"02 Or. Trl'lp
017. or X" .
0170\ lH2FC ". 1Ir.1t.
oPo Cl'lHCl C.\LL SFT':P
OUO COO£C2 C"LL 111:L.('CP
OUJ 3"1"02 ,.. t."'p
OlU 3H2FC ". \l1\1t
0119 C1000l J"P OlOOK

01 '" l10000
01" 19
01'" rro2
01 '" 00
01" ,IHf1
01~C lH2'C
0160 HUOO
016) ,rOl
OH~ c.
01440 21-'000
OlH C9

OU::' CClOf>ro
Ollr C'

01'0 >::00.,.0
01') C,

01 ,. CDG('ro
0197 c'

OlH D8,H

01'" H02
01 9 ;:- C'
01'0 ('-'Tr

'1'" C'

01,.0 C )"CO ~

01') C)">::c.:.-

01"" '::J"CC.l

01'" C ) .. ::c ~

01": kf

Ol":"l CO

Ol"r ,<
01"r C<
OUe. 1f

Olil "'Oll;: c".rol
01le. "01" "OU7 eCH01
011' Fl
OlBe II
018C C31001
OllT c'
01CO 01
OlCl c.

01 u 010000
01"[; CJHjO

Oln 220100
0140 lAGOOO
01"'0 220'00
01 'J C'

W"ITf " CU,UCT[II: OM toIST f'lfvICE.

tot01C2 OOO ..... ]'02f51'1~G;
01[7 000,.)I;:21l,)
Olr:;. ODO,,)foJO
un U20'6)J2£

01 'DtI.OAH,'C"I'I J.O PL'J5 it' $YSTr ..S-IlHILf"'l
oa ODM.O"K. '0-50 "'''11 •
D' OOM.0-'M."SlzF/10 ... ·0·.I'ISIZl "'Or'! 10 • '0'
O. -.. V3.0 of 3:01/'" ·.Ii

noSCC'1
0)0\ H ]CO)CD"I
0]01 CDO'OO
fJOf C]DID2

; her. if we co..aldPl-t '1".d t"'. fll.
1.1 h, cep'••' I c.ll ?''.If r.port t" ••..•
c.ll 1con.l.PI .et • r•• po"••
J.p n.cc, .11. t.ry _qeLf",

020' CDorro
020C C9

loUT\ CALL ID.IlOflt... O' ..
.".

"200 "r
020F C'

'ltST"'1; Ill" "
IttT ; IlIT'J ... ,.LlIIAY5 IIOT IlI"PY

o,.PI:
OUl ororCJO~OO .vl c,l'" I ).p Wo.

,.td••• I

on. OUAC)O'" .vl c.U I ).p Woe

t ••d.1
0]20 .U4ClO'U, ... 1 c.20 ).p Wo. : r ••d t. COtti.

IJ.10.13,ll,·load1Ilq J,O 110'",1).10.0

1).10."110$ Irl' Oft ,,: teo CCP.COl'I 'll.".G

••
••

"t.1I1t11
.n. OI2CC]O''', .'WI. c." I J.p Wo.

; sreTOIl TUNS LATI0. 1t0')TI.r P'OLI..OWI
SrcTIIl",., NOV L,C

JIOY II,'
MaY ",0
0." ,..
lCKe

0''0 ..
"0'1 L."
NVI tt.O
xn

oar ••
0110 60
0211 n
Olll IJ
0213 CI
02H r.
Oll' 09
Oll6 U'
0211 Hoc
Oll' C'

TE.. , \ 0$

OHI
02'\9
0219
0211

000...

D15l 1t."'[1I:S doubl. no,... 1 ".111'.

"L.VO os 62
CSVO os J2
"LVl D5 '2
elYI os J2...................................................

title 'loot lo.'.r IIIOlhlh for CPlM J .0'
trOl'! 011:1', 'l1e cvt do_PI to nec•••• ry .t II" only

bdot eqll Il,

03"10 OUHH020ccpSfCl>
OHD
OJ1D 000000 febur

d..x
••

., "C(MII" ,'.G. 0 ••

•
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31/1" MicroOoppy New Staadard?
A paper from Hewlett-Paekard entitled "Why the 31

/.'

Mierofloppy Will Be the Next Industry Standard" is
available to those interested. The doeument outlines the
need for standardization in the sub-51

" • disk drive market,
and explains why the 31/.' is ideally positioned to be the
industry -standard.- Currently, -Hewlett-packard leads the
trend and has ineorporated the 31/.' in its entire line of
personal eomputers. The paper presents a eomparison of
Hewlett-Paekard's 31/.' disk drives with the current 5116'

produets, and provides technieal specifieations at the end of
the doeument. It ean be obtained be writing: Kathy Kimball.
Hewlett-Paekard. Greely Division, 700 71st Ave. Greely, CO
~. .

speeial reeeption on Friday, June 15, 1984, at the Hyatt
Regeney, from 7:00 to 9:00 p.m. For more information write:
SYBEX Computer Pioneer Days, 2344 Sixth Street,
Berkeley, CA 94710; or eall (4151 848-8233. •

Computer PioDeer OaYI CODfereDce
SYBEX Computer Pioneer Days. a new tw<HIay

eonferenee to be held in San l''raneiseo, June 1~16, 1984,
will. for the first time, honor the "living legends" of the
mieroeomputer industry, on the 10th anniversary of the
mieroeomputer. (The Altair eomputer was introdueed in
1974.)

The pioneer speakers represent most areas of the
personal eomputer industry, from hardware, software. and
venture eapital to mieroehip design and development. They
will diseuss the growth of the mieroeomputer industry from
their own experienees - how they started their eompanies or
developed their produets; who, if anyone, was with them
from the beginning; how their first projeets were finaneed;
what their early sueeesses, failures, and motivations were.
They will offer their own perspeetive on the melding of
entrepreneurship and "high teehnology," for themselves and
for other people who may have wondered "what it takes" to
strike out on an independent path. Awards for outstanding
mieroeomputer industry aehievements will be presented at a

[=====I="=d=u=st=r=y=N=e=w=s=====
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LINEAR OPTIMIZATION WITH MICROS
A Product Review

by The Computer Journal Staff

The Computer Journal has been reviewing a very
interesting software package called LO, which is short for
Linear Optimization. The statistical technique on which this
program is based has traditionally been done by hand; it
involves the simultaneous solution of a group of linear
equations. hence the name. It was called linear programming
before the term "programming" became associated with
computers.

Although the methods have been adapted to computers
before, this is the first version your editors have seen that is
specifically designed to run on a modest size computer. The
version we reviewed runs under CP/M and will work fine in
as little as 48K of memory. Considering the memory
requirements of much current software. this is indeed a
"plus" factor for the package. It is also available for MS­
DOS. IBM·DOS. and possibly for other formats.

The purpose of LO. briefly expressed. is to optimize the
use of scarce resources. It can be used either to maximize
some desirable quality (such as profit) or minimize some
other factor (such as cost). It is a decision-making tool which
allows the user to weigh several variables against one
another for optimum results.

In business and industry we often find that several
variables work against one another. The amount of labor
available to produce a product, and its cost. are important
factors. Another might be the shortage of some necessary
material, or the amount of some product which can be
successfully marketed. To illustrate this principle. we made
up an example of a small computer company which builds
CPU boards. memory boards, and video boards. The number
of chips each requires differs, as does the number of hours
labor to produce each. and the wage that has to be paid the
teehnicians for doing the different kinds of work. Finally. we
decided that our imaginary company has only 500 chips on
band (whieh. for our example. are all alike and will work in
any position on any board). Our manufacturer has only $1000
in the bank to meet the payroll. and wants the three
available teehnicianl to finish the job this week.

LO problems are described in terms of "bounds" which
are the desired product. "goals" which are the optimization
of the bounds, and "constraints". or limits, which determine
the final outcome. In this example we need to produce some
number of each of the possible products: we have a limited
number of ehips with whieh to do so. a limited number of
working hours. and a limit on the money we can spend for
labor.

The "goal" is to produce the "mix" of boards that will
most effectively use our resources and yield the maximum
profit.

This problem is simple enough to follow but too
complicated to be worked by hand in any reasonable length

LINEAR , TI~lZATION

Hack.,. Proch,.:cta Unlteated, proa, tlan ach.c1\',d.
Lin••,.. Optl.tzatlOf"t 1.0 Ie) I"~ Th. Ac_ c.o-p...t.,. ee.pany

1 option tttl .."Hack .... Pro., ,cta unlt.tteod, production ac:hect ... l.-, l1at,
2 bounded 'cpu,-...ory.'Y1Q~'OI
3 Helt eMp. by 2O"cpu ...5 • ....".." +12.lvllHo <-5001
4 lleit hour. tty 1.4k:pu • ~ ,.-....or." +3.8..... 1deo (-1201
5 It.it coat by (~'B)"cpu ,l ••S.5l ....... ." • <?'3.81'.Vld.a (-1000,• "III !p01.cpu • 12S.-...c:..-y .. 7:i'.vld.et1

Nu.c.... of i t .....tt on.1 2
&0.1 function valu.. 2440.

\lAR I ABLE CPT I I'W.... ERROR _1-. COST....... VALUE ESTlP'Vll£ RET...... REGION

kpu 0.000 0.00'1 - .... 7. -JWINITY .. I~.I1--, 4.381 O.OOX 1~.0 108.60 .. 2&1.2
'.vld.a ~.24 0.001. 7'1.00 47.80 .. ..... 30

UPUT a-...US ERROR _1-. UP'll....... ESTlMTE VALUE 1lE81ON

chip. 0.000 O.OOX O.~2 378•• .. "I.e
hour. 0.000 0.001. 17." .1.11 .. 144.1

'Cotlt 184.1 0.00'1 0.000 81"•• .. ·tWtNITY

Figure 1

of time. Figure 1 is the solution that LO produced in less
than 60 seconds. Lines numbered 1 through 6 are the source
file. We'll explain it line by line.

Line 1 allows us to specify the title and instruct the
program to list the source along with the results; this line is
optional. Line 2 sets as bounds the number (#) of CPU
boards. memory boards. and video boards. The solution of
the problem will be expressed in terms of the number of
each board we should build.

Line 8 says that we need 20 chips for each CPU (20·#CPU)
45 for a memory and 12 for a video board. and that the total
cannot exceed 500 ( < -500).

Line 4 similarly limits the hours that can be used - so
many for each kind of board, for a total of. or less than. 120.

Line 5 is the tricky one. It expresses the labor cost for
each kind of board in terms of hours times pay rate li.e.; $5
per hour times 8 hours) and sets $1000 as the maximum that
we can spend.

Line 6 states our goal. which is to make the maximum
number of CPU boards at $90 each. and/or memories at
$125. and lor video boards at $75. and to produce these in a
proportion that will yield the maximum sales volume.

As the printout Ihows. it would be uneconomical to
produce any CPU boards under the given conditions. but we
can produce 4.881 memories and 25.24 video boards for a
total of $2440 (goal function).

The other columns have various interpretations. For
example. they show that this solution would use all of our
chips and all of the work houri but leave a Imall balance of
our money ($184.10). Other columns give us clues u to the
value of increasing the labor. or number of chips. or
whatever we have to work with. After gaining experience
with the program. these columns might enable UI to modify
our inputs and find alternate solutions.

For example. it might seem Itrange that although
memory boards are the moat profitable item. we are told to
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make fewer of them. Why? The marginal value of chips is a

clue. Let's run the problem again pretending that we found
250 more chips down in the basement. The result is Figure
2. Notice that we were able to produce more memory boards
with no increase (actually a decrease) in our labor costsI
Evidently the number of chips we started with had a severe
effect on our production.

LINEAR OPTIP'lJZATION

H.Ck~ ~I""oduct. Unllalt..cl, p"odue:tlon ach.dul.
lin••,.. OptlllllzatlCJn 1.0 leI 1~2 The Ac:_ eo.put .... COlIIpany

ADALAB
TW

AutDmate5 Lab In5truments

,II

• Interactive Microwares general-purpose ADALAB ' data ac­

qUisition and control system interlaces with virtually any lab In­
strument using a recorder or meter, including GC and HPLC sys­
tems, spectrophotometers, pH meters, process control apparatus.
thermocouples, etc.

• Lab Data. Manage'-" software faCilitates single or mu:tl­
channel acquIsition. storage, display and chart recorder style out­
put of lab Instrument data. IMI QUICK!. 0 software operates wlth,n
easy-to-use BASIC!

• Thousands of scientists currently use IMI software and or
ADALAB products worldWide'

• Price Includes 48K APPLE' II ~ CPU. disk drive With controller
12" monitor. dot matrix printer With Interface. IMI ADALAB" Inter-
face card '-'ace-a" C' "cu' ~'-O"'p·

directly with their operating system might not be ready for
this. You write the source input with ED (or any similar
editor) and the solution goes back onto the disk in a new file
with an LIS extension. The only way to view the output is
by way of the TYPE or PIP features of CP/M.

We feel that a more "automatic" printout would be useful.
A real bonus would be the ability to enter the variables
interactively rather than having to compose the formulae by
hand and write the source with the editor. Another nice
feature (not necessary, but perhaps helpful) would be some
"action" on the screen while the program runs. These are
cosmetic suggestions-we are otherwise very enthusiastic
about this software product. It is available from Acme
Computer Co., Box 51193, Seattle, WA, for about $150.

The level of manufacturer support is a very important
consideration when selecting software, and we are favorably
impressed with Acme's support of their products. One
month after we received the program, they sent a
questionaire with a stamped addressed envelope to obtain
information for future revisions. Later, we received an
announcement of a revision which can be obtained by either
returning the original disk or sending $5 to cover the cost of
material and handling.

We sent Acme our comments on the program, !od they
responded by return mail to advise that most of these
improvements are already in progress for the next revision.
It is very unusual to find this level of support in the
microcomputer industry, and we do not hesitate to
recommend Acme as a supplier. •

J option titl .. -Hack.,. Product. Unltllllt". production ach.CSul.",ltatl
2 bounded .cpu.-....ory,.vtdeol

! It.lt. d'ltp. by ~O'.cPu • 4SI-...ory +12""'ld.o (.7~1
.. ll.tt hou,... by e ••cpu + 5.~....-.or-y +].e"vld.c <-120,
5 11.tt C:~t by (5.8ltICpu .(.I~.~)'...-ory • (7'J.811'vld~ <-1000.• ..JIl .-a"cpu • l~'--.ory + ~""ld'OI

Nu-b.,- of t t ..... t 1anal 2
eo.l ~1.I,.,c:tlcn valu.' ~.

VAlUA8LE DPTIPW.. ERROl'l _1-. COST
-..: VALUE EST (!"lATE R£T'- REGION

lIepu 0.000 0.00'X. -.4.1. -lflFINITY' .. 154.8
'I-.ory 13.43 0.00'% l~.O 108.b .. 281.2
"Vl d.-o 12.14 0.00)', 75.00 47.80 .. e.. Jo

LIP'lIT SURPLUS ERROR f"ARGINAL LIP'lIT
-..: ESTIMTE VALUE REGION

chip. 0.000 0.00'1 0.:59:52 378.~ lt81.8
hou,.. 0.000 0.00'1 17.80 '91.b7 .. 150.7

Ico.t 233.9 0.00'1 0.000 7M.1 .. +INFINITY

Figure 2

Getting greedy, we now raise the price of video boards by
$10 and reduce the price of CPU boards to make up for it.
The result is Figure 3; LO tells us to make the same mix of
boards as in Figure 2, but at the new price we will make a
little more profit.

The documentation that comes with LO explains the
formulation of problems quite well, and provides example
problems and solutions from several kinds of activity - from
farming (livestock feeding) to finance (stock market
investment).

Our impressions of the program follow: first of all, it
works as advertised, is modestly priced, and the
documentation is very good. It is fast and runs in a small
memory. It can be very useful to anyone who has to make
the kind of decisions it is designed for. It permits the use of
sophisticated mathematical techniques by persons who
would not otherwise be able to solve them.

On the negative side, LO requires you to be familiar with
your CP/M utilities. Computer users who do not work

LINEAR OPTIMIZATION

H.ck.... Proauct. unllalt.a, production .c:h-etul.
Un••,. Optlauat1on 1.0 te) 1M2 Th. Ac_ eo.putr c.o.pany

1 ~tlon tltl_ ck oduet. \M\li.lt.cf. producUon .c:h-etul .... 1i.t
2 bounded .cpu, y,.Vleteol
3 11a1t ch1p. by 2O.tk:pu + 45........ ..,. .12 1deo <-7~,

.. 11alt hour. by 8'eep", + 5.5'--.ory +3.8 ldeo <-120,
5 Il_U coat by (~US) ••cpu +( ••~.5l.~y + (7'3.8l'.vldeo <-1000,
• ... ea••cpu • l~'-...or-y + es'.Vldeo,

"'• .,. 04 It.-atlan•• 2
&0.1 functlDn ..... 1 .... 1 2711.

"JARJAa.E DPTHW... ERROIO _1-. COST
-..: VALUE ESTIMTE RET.- REGION

• cpu 0.000 0.00'1 -98.57 -INF INITv .. 178 .•'._aor-y 13. ~3 O.OO'X. 12'S.O 123.0 .. 318.7
......10.0 12.14 0.00'1 lIS. 00 43.•0 .. .... '"

LIMIT 8URPcUS ERROR -,-. LIr'UT
-..: E91IM1E VALUE ~GION

Chlp. 0.000 0.001. 0.07143 378.~ "1.8
hour. 0.000 O.OO'X. 22.14 "I •• 7 .. 1'50.7

'coat 233. " O.OOX. 0.000 7.0. I .. +INFINITY

Figure 3
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IMl's ADALAB INTERFACE
CARD IS AVAILABLE
SEPARATELY FOR ONLY $495
{lnc.LJdes '1 2-bll A 0 12·b-; D A 6019112' sense Inputs 8
dIgital contro: outputs 32-bll rea,-I::'T1e C!OCil.. two' 6-01:
timers piuS QUICKI 0 data acqu:sillor, sotlware I

INTERACTIVE MICROWARE, INC.
P.O. Box 771, Dept. 226
State College. PA 16801 (814) 238-8294

'1

"iii

"

.Ii



LSTTL Reference Chart

+5V

74LSOO
+5V

74LS04

GND

74LS01
+5V

GND

74LS02
+5V

GND

GND

74LS05
+5V

GND

74LS08
+5V

GND

+5V

74LS03

GND

74LS09
·Open Collector Output.

GND
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GND

7~LS14
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·Open Collector Outputl

of- 5V

6ND
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+5V

GND GND

74LS12
·Open Collector Outputl
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STD BUI Interfacing
by Christopher A. Titus. Jonathan A. Titus. & David G.
Larson.
Another book in the BLACKSBURG Continuing Education
Series~

Published by Howard W. Sams, Inc.
286 pages. 51/1 x 81/1 softbound, $13.95

What do you do when you need a microcomputer for a
specific application and the medium cost appliance
computers do not have the features you need, the larger
business computers are too expensive and still don't have
the I/O features you need, and an S-100 bus system is
overkill? A STD Bus system may be a good choice because
there is a wide variety of cards available so that you can
tailor a system to have the special features you need
without paying for a lot of unnecessary frills. It is also
relatively easy and inexpensive to modify the system by
adding or replacing cards.

This book explains the STD Bus. but even more
importantly. it contains a very thorough explanation of what
a microcomputer bus is. what signals are needed. and how
these signals are used.

The information on accumulator I/O versus memory­
mapped I/O, addressing and address decoding, I/O
interfacing, and interrupts is especially helpful. The book is
written in an easy to follow manner. A good example of the
care taken in the writing is the sample programs. which are
written in assembly language for the 8085. Z-80. 6502. and
6800 CPUs to make the book useful to people working with
different CPUs.

The contents are as follows:
-Chapter 1 What II The STD Bu? Other
Control Signals. Physical Standards. Why Use
the STD Bus? STD Bus Processors. Memory.
Read-Only Memories. Read/Write Memory.
Control Signal Generation. Memory Maps, I/O
Devices, Memory-Mapped I/O. Accumulator I/O.
CPU Compatibility, Data Transfer Timing, Chip
Incompatibility. and Nonstandard Signals.
-Chapter Z VO Device Addrelliq. Address
and Control Signals. Device Addressing, Using
Gates for Address Decoding, Using Decoders.
Larger Decoders. Using Comparators. Memory­
Mapped I/O. and Using PROMS.
-Chapter S Output Port IDterfaeiq. Output
Timing, Latches in Output Porta. A Traffic Light
Controller, LED Displays. Digital-ta-Analog
Converters, Data Displays, Other DAC
Considerations. 110 Chips. and Memory-Mapped
Output Ports.

-Chapter 4 IDput Portl. Designing Input Ports,
An ASCII Keyboard Interface, Flags. Another
Keyboard Interface. An Analog-t~Digital

Converter Interface, A Simple Logic Tester, and
Memory-Mapped Input Ports.
-Chapter 5 interrupti aDd Direct-Memory
Accels. Basic Interrupt Operation. STD Bus
Interrupts. The 8085. The 8088. The Z-80 and
NSC800. Serial Priority. The 6800. 6809. and
6502, 6809 Improvements. An Interrupt Review,
Interrupt Software, Interrupts and the Stack.
Interrupt Timing, Direct-Memory Access,
Requesting the Bus. Direct-Memory Access
Controllers. and DMA Software.
-Chapter 6 General·lnterelt Interface Cards.
The Mostek mOB/BIOP. The Enlode 214
Display System. The Analog Devices RTl-1260.
The Atec 710 Thumbwheel Switch Interface. The
Matrix 7911 Stepper-Motor Controller. and the
Pr~Log 7304 Dual UART Card.
-Appendix A The STD Bus Standard. Organiza­
tional and Functional Specifications (With Pin
Definitionsl. Electrical Specifications, and Mech­
anical Specifications.
-Appendix b Voltage Input ConfiguratioDs.
Input Multiplexer Guidelines. and Analog Input
Multiplexer.
eAppendix C Index of STD Bus MaDufaeturera.

The detailed information on how a bus is organized is
worth the price of the book even if you never intend to use a
STD bus. because this knowledge can be applied to other
computer buses. •

Thil book iI available from Group Technology. Ltd., P.O.
Box 87. Check, VA 2.4072, for $13.95 plU8 $1.00 ,hipping.
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CP/M Primer
H.lp. mierocomput.r v.t.r.D••Dd Dovie•• aIik. fiDd the .D....ra .bout CP/M ill •

eompl.t•. ODe-.top lOure.book th.t'•• S.m. be.t·..U.r! Giv•• you eompl.t. CP/M

termiDology. h.rd..ar••Dd IOft..ar. eoDe.pt•.•tartup d.tail., .Dd more fDr thill popular

808018085IZ-80 oper.tiDg .y.t.m. H.lp. you begiD uaillg and ..orking ..ith CP/M

immedi.t.ly, .Dd iDelud••• li.t of eomp.tibl. IOft..ar•. too. By St.ph.D Murth••Dd

Miteh.U W.it•. 96 p.g••, 8'lu11, eomb. ©1980 116.95

Soul of CP/M: UsiDg aDd Modifying CP/M's Internal
Features

T••eh•• you ho.. to modify BIOS. u.. CP/M .y.t.m eaU. iD your O"D progr.m., .Dd

mor.1 Eae.U.Dt for tho....ho h.v. r••d CP/M Primer or ..ho oth.r..ilI. uDd.rat.Da

CP/M'. outer·l.y.r utiliti••. By Miteh.U W.it•. Approaim.t.ly l6Op.g••, 8.9'1" eomb.

©1983 , 118.95

The S-l00 aDd Other Micro BUlles (2nd Editionl
Eaamill•• mierocomput.r bu••y••te... ill g.D.ral .Dd 21 of the moot popular .y.t.m.

ill partieular, illcludiDg the S·I00. H.lp. you .apand your eomput.r .y.t.m through.

better und.rataDdiDg of ..h.t ••eh bu. illelude. and ho.. you eaD illt.rf.e. oDe bu...ith

anoth.r. By Elm.r C. Poe .Dd J.m•• C. Goodwin. II. 208 pogo•. 5'luS'I,. 10ft. ©1981S9.95

InterfaeiDg &; Scientific Data Communications
Experiments

Thill book illtrodue•• you to the prilleipl•• iDvolved ill tr.Dof.Tl'illg data uaiDg the

u1Dcbronoui aerial data·transfer te<:bnique. It focuses on ainr tbe universal
uynchroDoul receiveritransmitter (UART) ehip in order to belp your understanding of
eommunicatioD chips. Explores operation of teletype-writer interfaeel and .rial

tr.D.miaaioD eireuita. With .xperimeDt••Dd eireuit d.tail•. By Peter R. RoDy. 160 poge••
5'luS'I,.lOft. ©1979 17.95

Active-Filter Cookbook
A praetieal diaeuNioD of the m.Dy .etive-filter typea and uae•. writteD by oDe of Sam.'

moot popular .utbora. T••eb.. you bo.. to eoD.truet filters of aU type•. iDeludiDg bigb·
poaa, lo..·pas•.•Dd baDdpas. b.villg Be...I. Cb.by.bev. or Butterwortb re.poD". Euy to
uDd.rstaDd - DO advaDeed m.tb or oboeure thoory. Can a110 be uaed u • refer.Dee book

for an.lym .Dd .YDtbe.i. tecbDique. for aetive-fiJter .peeialiata. By DoD weaster. 240
pogo•. 5'/u8'I" 10ft. ©1975 , , 114.95

Keplated Power Suppliel (3nl Editionl
N.....t. moat eomprob'D.iv. diaellNioD you'll fiDd of roruIated po...r .upplie••

illeJudi.llg tb.ir illterDaI arebiteeturo and oporetioD. Thorougbly .xplaill. bo.. to UN

regulatioD ill your d••igo. and projoeta ..IleD tbe Deed ariHa. and dbeu.... praetieal
eireuitry aDd eompoDeDta. A ,..h,.bl. book for any toehDieiaD or 'Drilleer illvolved ill
IIrvieJog or d••igo. By Irvill, M. Gottli.b. 424 pogoa, 5'I,XS'I,. soft. ©1981. 119.95

TTL Cookbook
Popular Sam••utbor Dan LaDeaster civ•• you a eomplete look .t TTL logie eireulta. tbe

1D00t illoxpeD.ive. moot ..idely .pplieable form of .lectroDie locie. In Do-DODIIOHlao,...,•. be .pen. out ju.t ..hot TTL la. ho.. it ..orb. and bo.. you eaD UII it. Many

praetieal TTL applieatioD' .... .xamilled. illeJudillg dicital eoUDte... .lectroDie
atop..ateb••. dicital voltm.ten. and dicital taebom.te By DoD LaDeaster. S3e poge•.

6'irx8'ir.lOft. ©197 112.95

IC Op-A.m, Cookbook
AD illformal, ...y·to-reod guide eov.riDg buie op-amp tboory ill d.tail. ..itb 200

praetieal. illuatroted eireult opplieatioD' to reOoct the 1D00t receDt toehDol0C7' JFET and

MOSFET uDita are .bO"D ill both aiD,l. and lDultiple form.ta. IneJudea maDu!aetur...'
data .hoota. and !iota adclr_. of tb. eompani.a ..h_ produetl are featured. By Walter

G Jun,. 480 pop'. 6'irx8'ir.lOft. ©1980 116.'6

IC Converter Cookbook
DiaeU'N. and .aplaiD' data eoDv...ioD fUDdameDtaa, bard..are. and peripheral•. A

valuable guide to help you underataDd and UN eli••Dd aid CODv.rter .pplieatloD•. IDelude.

maDufaeturen' data .beeta. By Walter G. JUD,. 576 page., 5'lu8'ir. 10ft. ©197S... 114.95

IC Timer Cookbook (Second Edition'
LearD more ".y. to UN tbe IC tim.r ill tbis ...y to uao aoeoDd oditioD tbat illeludo.

ID.Dy De.. IC d.vi..a ..ith ready to uao .pplieatioD' ill praetieal...orkiDg eireuita. AU

eireuita .Dd eompoD'Dt r.latioD.bip. are fully d.fiDed and diaellOIOd for darity. By Walter

C. JUDg. 384 pago., 5'irx8'ir. 10ft. ©1983., , 117.95

The ProJl'ammer's CP/M HaDdbook
AD .xhau.tiv. eoverage of CP/M-8OI • ito illterDaI .truetur••Dd major eolDpoD'Dta ia

pr'NDted. WritteD for the programmer, tbis volum. illelud•••ubroutio••xampl•• for

.aeb of the CP/M .yatem eaUa and illformatioD OD bo.. to euatomi&e CPIJII- complete witb

detailed lOuree eod•• fDr .U oxample•. A do..D utility program. are abo... with h.avily

aDDotated C·laDguago SOuree eode•. AD illvaluable .Dd eompr.h.llOiv. tool for tile IOriou.

progr.mm.r. By ADdy JObOOOD·Laird. 750 pag.a. 7'irri'lo. IOftbouDd 121..5

InterfaeiDg to S·l00 (IEEE 6961 Microcomputers
Thi. book iI a must if you want to de.ign • cu.t.om iDt.erface between au 8-100

lDieroeomput.r aDd a1moat aDy type of peripb.ral d.viee. Ji(echaDieal .Dd .Ioctrieal d••iga

la eov.red. a10Dg ..itb 10,;ea1 .Dd electrieal relatioD.bip•. bu. illtareoDDectioD••Dd IDor•.
By Sol Libe••Dd Mark Garetx. 322 pogoa. 6'irri'lo. SOftbouDd 116.95

Microproc:ellors for Measurement aDd Control
You'll l.arD to dmgo moebaDieal and pr...... equlpm'Dt uaill, mieroproeeaaor·baaod

"r••1 tim." eomput.r .yatom•. Tbis book prellDta plaDi for prototype .y.tem...bieb
aUo.. eVeD tboae uDfamiliar witb maebioe or ....mbly Iao,...g. to iDitiat. projoeta. By

O.M. AualaDd.r and P. Sague•• 310 peg". 7 3I8ri 1/4. softbound 115.99

Osbonae CP/M~ Uller Guide ISecond Editionl
A D'" reviled oditioD ..bieb illeJud•• oxpoDded aeetiOD' OD CP/M' Be and CPIJII' 60, u

...uu CP/M' '. r.latioDibip to ....mbly Iao,...go programmill,. MP/M' and CPINET-
oper.tiDg eD,iToDIDoDU. By Thom HopD. 292 pogo•. 6'irri'lo. softbound 115.116.

DilCOver FORTH
Whetber you are • beriJlD.r _kiD, illformatioD OD this ID ulti· faeoted programIDill,

Iaoguag. or a llriOua programmer a1r.ady u.ill, FORTH. thla book is a r.fereDee tbat

.bould Dot be ov.rlooked. LoD, eoDaid.rod a eoIDput.r Iaoguare of buildill, bloeb.
FORTH bu booD optimised for .peed and roquiroa Iittl. eomputer .upport. By Tbom
HopD. 148 pogoa. 8'lori'lo. IOftbouDd........................... . .. 116.96

68000 Aillembly L........e Prop-ammiDI
Eleh of tile 68000'. illotruetioD' is illdividuaUy JII'OIODted and fully oxplaiDed ill tIlia

....mbly laD,...go tutorial. For 'Xperi'Deed programm.... this book la aIao • eoIDplote
ref.reDee to tile 68000 iDltrlIctioD lOt and Programmiol toehDiq..... By LaD" A

LoveDthal. 814 pogoa. 6'irri'lo. softbouDd ·.···.··············· 118.'5

Z8OO()lt AI.mbly Laacule Prop-emmiDI
This book ia filled ..itb reaJ...orld programllliD, ox_pi... _pie probl.ID.. and

troubl.abootio, biota that ..ill gui<Ie tb. reader to lDUtory of this po...rful D'" l~bit

"ouper ebip". Tile 'DUro Z8OOO" iDItnIctioD lit la dooe'ibod iD detail. By w .. A
LoveDtbal. Adam Ooboroo. and Cbua ColIiu.lI28 po.... 8'irri'•. aof\bouod. . .. 11'.99

The 8086 Book
ADyOD' uaill,. doaipio" or aimply iDtaroated iD an 8Oll8-buod .yRom ..ill be delilbted

by this book'. aeope and .uthority. A. tile I~bit mierop_ piDI wider illeJuaioD ill
amaU eoIDputer•. this book boeom.. illvaluabl. N a reforooeo tool ..hicb covers tb.
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limiJl,. architectur. aod d••illl of tb. l108e, U w.U u optimal pfOlTammiol tecboiqu••,

laterfado" .peciaI future•. aod more. By RuaMU Rector aod Geor.. AI.lY, 1124 pa....
1'lIri'/o. eoftbouod SII.ll9.

Z8()'Il Allemhly LaJlIUIe PfOII'ammiq
Protrrammiol 'l&IIlpleo illuatrate eoftwar. d.v.lopm.ot ...oeepU aod actual ....mblylao...... _... Mor. t"'o 80 _pl. PfOlTammiol probl.m. witb eolutioo. aod a

_pl.te Z8O'" io.tructioo ..t ref.reoee Ubi.. By Laoee A. Leveotbal. 140 pal".

I'll ri '/0 , eoftbouod Sl8.ll5.

808OAl8085 Allemhly LaJlIUIe PI'OII'NIlmiq
More quality pro,.ammiog .sampl•• aod io.tructioo ..U th.o <AO be fouod iD .oy

otb.r book 00 tb••uhject. Worm.tioo 00 mhl.r•. pro,.am loop•. eod. eoov...ioo .od
more. A muat for 808OAJ1lO805 pro,..mm By Laoee A Lev••thal. «8 page•. l'/"ll'/o,
eoftbou.d S18.ll5

MicroproeellOr·Baled Robotici
Iotroduee. you to robotiea-. dyo.mit o.w fi.ld of Iei.oee th.t uae. your ...mputi.g

aod .Ieetrooi. taI••u u w.U •• your m..haoieaJ .od eleetrieaJ howledge. Fir.t. you'U

I.ar. tb. m.....oiea of robot baod•. arm•. aod I...; tb.o. ta.til...o.iog. motio••od
attitude Hnting. and ViaiOD .,..telDl. After tbat. you learn controlling with
mi<roproeeeeo od BASIC progr.m•. aod fiD&lly. you leuo to ...otrol the .0Ur. robot

.yotem witb voi mmaod.l Fueioati.g aod t m••hio••poem•. By Mark J. Robillard.
224 pal". 8'1,,11. eoftbouod SlI.ll5

TV Typewritter Cookbook
Sbow. you bow to qui.lr.ly aod ...ily project worda aod pictur•• from ....mmo•.

mieroproeeuor'bued .y.tem ooto .0 ordiDary TV ..t. You'U be iotrodu.ed to TVT
...mmuoieatio•• hy be.t·..Uiog autbor Doo La....ter. wbo diaeu.... heai. TVT .y.t.m
deeiJo. m.mory type•. ioterf••• eireuitry, hud...,py output, .od eolor ,..phiea. By Doo
Lao_ter. 2M page•• 5'1,,8'11, eoftbouod S12.ll5

Microcomputer Math
A otep-hy..tep iotroduetioo to hiouy, octal. aod besid..imal .umbe... aod aritbm.ti.

oper.Uooo 00 &II type. of mieroeomput.... E•••U.ot for ..riou. BASIC begio...... weU
u ....mbly·lao...... progr.mmer•. TreaU .dditio. aod .ubtr.ctioo of bioary, multipl..
predaioo .od OoaUDI·poiot operatiooo. fr.ctio•••od eealiog, n" biu.•od more. M••y

praetieaJ 'l&IIlpl•• ODd ..U·te.u. By William Bud.o. 180 ""g", 5'/,,8'/1, eoftbou.dUl.ll5

UDderltaDdiDa Digital LoJic Circuit.
A workiog ....dbook for ..rvi.. tecboiei&D•••d otb... who oeed to how more about

digital .Ieetrooiea io radio, tel.vwoo, .udio. or r.lated ar.u of .Ieetrooi. troubl••bootiog

ODd repair. You're giv.o •• ov.rvi.w of tb. • ••tomy of digital-Iogi. dia,..m. .od
Iotrodueed to the mooy ...mm.rcial IC paekag•• 00 the market. By Robert G. Middl.to•.
lI82 pa 5'1118'11. eoftbouod SI8.ll5.

CMOS Cookbook
00. of the bnt_lIiog tech.ieal boob 00 the market. thie eookbook give. you. eolid

UJId...taodiol of CMOS techoolol7 aod iU .pplieatioo to real·world cir.uitry. E.plaiol
bow CMOS cliff from oth.r MOS d••igoo, how if. pow.red.•od wh.t iU .dv.ota...

.... ov.r other ootruetiooo. Th. fiD&l chapter .how. you bow to put &II Preeediol
loformaUoo to work ......tructiog ..vera! larp-oeal•. workio, iDltrum.oU. Iodud•••
IIIioi<atalol of more thaD 100 d.vi.... with pioouta and .pplieatioo DOte.. By Doo

Laoeuter. 411 pagea. 5'1..8'11. eoftbouod S13.ll5

Ileal Time Proll'ammiq: Nel1eeted Topiel
T~iI book p......u ao origi.al .pproaeh to the term•.•k.illo. and ItaDdard herdw...

devieel Deeded to eGDCect • computer to Dum.rou peripheral deYieel. It d.iltWI teebDieal

koow1ed,. uaed hy hobbyilu .od _puter lei.oUoU aIik. to .....bl.....mpr.h•••ihl.

m.thode. It uplaiol .u.h ...mput.r .od .leetrolli.....oeepu u .impl. lod hi.rar.hieaJ

laterrupU. porta. PIA•. timor......v.ne... tb. umpliDl tbeorem. digital filte clooed

loop ...otrol .yltem•. multiplesiog. buoe•. eommllllieatioo. aod cIiotrihuted mput.r
.yltem._ By C.lto. C. Footer. IllO pal.'. I'/olll'_. eoftbouod lll.ll5

IDterfaciq Microeomputen to the Ileal World
H.r. iI • eompl.te guide for uaiol • mieroeomputer to ...mputeri&e the hom•. ofli••. or

labor.tory . It .how. how to deoi(ll .od huild the ioterf.... o.......y to eoo.eet •

mieroeomputer to real·world d.vi.... With thil book. mieroeomputen ea. be pr....mmod

to provide !ut. aecurate monitorin, and eontrol of virtually all electroDic fUDetioD' - from

...ouoUiog bouaelighU. th.rmootau, ...eon, aod .wit.h... to oper.tiog moton.

keyboardo, ••d cIiopl.y•. Thil book II hued 00 both the herdwar••od eoftw.r. prill.ipl••

of the Z80 mieroproeeoeor (fou.d io ..v.ral miIlieompute... Taody Corpor.t;o", Iamou.

TRS-80.••d oth I. By Murr.y S ot ill and Ri.bard Shoemak.r. 288 pal.', I'/olll'•.
eoftbou.d , _ _ 115.55

MuteriDI CP/M
Now you aD OIl CP/M to do more thaD jut ...py fileo. For CP/M u.... or .yot.m.

PJ'OIf'OlIlm... -thie book tat.. up wh.r. our CPIM b.odbook I..... off_ It will give you
•• iD-d.pth UJId...taodio, of the CPIM modul.. .u.h u. CCP ICo.eol. Comm.od
Proeeuorl. BIOS (Sui. IoputJOutput SyotemJ. ODd BDOS ISui. Diak Oper.tiog Sy.t.101.
Fiod out how to: Io...rporote additiooaJ periph.ralo with your .yotem. uoe ...0101. 110. u..

the fiI....ouol bloek and mu.h more. Thie book iodud....pee&! f.lture -. lihrary o[
...ful m.eroo. A ...mpreh iv...t of .ppe.dieeo ilioduded u • praetieaJ ref.ree.. tool.

Tak••dvantage of the v tility of your operotiDc .ylteml By AIaD R. Mill.r, Sill pa....
I'ri'. eoftbouod 111.ll5

Delipiq With the 8088 MicroproeellOr
U you're .....hiD, for OD iotroduetio. to eoftw... aod hardw... daiIo uaiol the l108e.

you will fiDd thil book to be iodilpeolObl•. After dMcribiDl the 8088. the .utbor loada you
.tep-hy-etep tbrouCh the _pl.te .y.tem deeilll of • pow.rful. yilt Ioelpeo.i••.•io,l..
board ...ouoU.r. Thi& .io,l..board eo.uoller d..i(II illuatrateo • typieaJ .pplieatioo of the
8088. uliOI MK·hit dyumi. RAM•. tho 8203 VLSI dyoeami. RAM ...ouoUer.•od .tate-<>f
th..art poriph.raJo lOeh u the 8254 PJ'OIf'OlIlmobl. iDtarval timer aod tho 8274 multi·
protoeol ..rial ...otroller. CootroU.r eoftw... deaip iI alao deeerihed io detail- from tho

bali. ....mbly lao...... teet program. to hi«h·l.v.1 lao...... iDterrupt eootrol
proeedur... 10 additioo. the 80188 eoftwar. aod herdw... .ohaDeem.oU hri.ny
d.oerihed. By Joho Z U., 304 page•• l'Ill'. eoftboUJId _ Slll.llS

FORTH TooII. Volume ODe
FORTH Tool. iI • eompreh.ooiv. iotroduetioo to the o.w iDterDIUooal FORTH-83

Staod..d ODd &II iU .stelllio... It give. ....ful treetm.ot to the CREATE-DOES

eoutruet. wu.h iI uaed to .steDd the 1aoIU&.. throulh oew cluMe of Iotellig.ot data
Itructuree. FORTH TooIo gi... tbe reader an iD-depth mw of Ioput aod output. from

readiDl the iDput otream to mUDI • limpl. maJIioCliot program. Eaeh topie iI p.....oted
with praetleal .l&IIlpl.. aod oumerouo illuatr.tio.... ProbI.ma Iud eoIutiolLl) ar. provided
It tbe .Dd of ...h ....pter. FORTH Toola iI the required tenbook for the UCLA aod Ie
Berkel.y .steolio. eour 00 FORTH. By Aoita Aodereoa and MartiD Traey. 218 papa.
5""8'/0. eoftbouod _ __ 120.00
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Port Expanders from Computer Aeees80ries
Corporation

Computer Accessories Corporation (San Diego) now offers
a way to avoid the cost of added slotware when additional
devices need to be connected to a computer I/O
(input/output) port. The answer is a series of "port traffic
cops" -port expanders with AIB/C switch routing- that can
switch one port to any of three devices. or one device to any
of three ports. Six Data Director models are available: three
in stand-alone cabinets. available for $199 each (suggested
US resale), and three designed to fit inside Computer
Accessories' Model P12 Power Directo~ Oine-eonditioning
power control accessory) cabinet, available for $189 each.

Three models in each series each meet a specific
connector need for a given port or system. For standard RS­
232 serial ports. Data Director offers DB25 female (models
QI3/Q23) or male (models QI4/Q24) connectors. For standard
parallel (printer) ports. Data Director (models Q15/Q25 offers
36-pin Centronics-sUye connectors.

Data Directors boast printed curcuit board construction
(which is more reliable than point-to-point wiring with
individual wires) and use sealed rotary switches (to avoid
data errors from the effects of contamination on switch
contact integrity). Each model is fully shielded, and a full
line of supportinscables is available from Computer
Accessories. A P12 Power Director complete with a Data
Director is available for $388. or alone for $199. It's designed
to fit atop an IBMiIl PC system unit (or others with its 19 1/1

by 13 1/1 footprint).

For additional information. contact Computer Accessories
Corporation. 7696 Formula Place. San Diego. CA 92121; (619)
695-3773. •

Free Catalog From Group Teehnology
The Spring 1984 catalog contains descriptions of all of the

new and current books and products available from Group
Technology. Ltd. It is directed particularly to those who

wish to gain or teach hands-on experience in interfacing
external devices to microcomputers. The experiment-based
books that comprise the world-renowned Blacksburg Series
provide practical guidance in acquiring these skills. Topics
covered include the major 8-bit and 16-bit microprocessors,
analog and digital electronics. electronic data processing,
robotics. circuit design. machine design, electronic music and
speech synthesis, fiber optics, microcomputers in astronomy,
FORTH language, and more. Hardware described includes
interfacing and circuit design boards for the Apple II,
Timex/Sinclair, Commodore 64 and Vic-20, TRS-80 Models I,
III. 4, and Color Computer. Software listed includes utility
programs for the TRS-80; scientific software for the Apple
II + /e for a variety of curvefitting and parameter estimation
problems; and a LISP interpreter for the IBM PC.

Both novice and experienced microcomputer enthusiasts
will find a treasury of practical resource material in the
catalog. It is available without charge from Group Teclmology.
Ltd., PO Box 87, Check. VA 24072, tel. 703-651-3153. •

Computer Nostalgia:
How Personal Computel"5 Have Changed

W hen micros first appeared. in the middle 1970s.
memory was precious. Microsoft made a 4K BASIC
(that's how much memory it occupied) and there was
even a smaller version. known as "Tiny BASIC," which
would run successfully in computers having less than
4K of total memory. Many now-familiar features were
sadly missing; versions with only integer numbers and
no arrays at all were not unusual.

Nowadays. BASIC may occupy 16K or so of ROM. or
be loaded from disk into 32K or more of your available
memory. It usually comes free when you buy your
computer.

Altair (the first mass-marketed micro) in 1975
advertised lK memory boards for $139. 4K boards for
$338. and a single disk drive for $1980. The 4K BASIC
was $350, the 8K version was $500. You could buy the
source listing of BASIC (in case you wanted to modify
it?) for $3000.

The Altair 8800. the original "S·l00" computer. was
sold in 1975 for $439 in kit form or $621 assembled. It
came (in either version) with 4 slota and two boards.
One board was the CPU; the other was a II&K (that's
right. one fourth of a K, or 256 bytes) board that could
be expanded all the way up to a full lK by adding six
additional memory chipsl Kita were available to add
more S-l00 slota; if you added enough you could cram
in enough memory to run one of thoae early versions
of BASIC. •
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LEARN MICROCOMPUTER INTERFACING
VISUALIZE SCIENCE PRINCIPLES

Using GROUP TECHNOLOGY BREADBOARDS with your
APPLE® ...COMMODORE 64® ...TRS-80® ...TIMEX-SINCLAIR® ...VIC·20@

Versatile breadboards and clearly written texts with detailed experiments provide basic instruction in interfacing mi­
crocomputers to external devices for control and information exchange. They can be used to provide vivid illustrations of
science principles or to design interface circuits for specific applications. Fully buffered address, data, and control buses
assure safe access to decoded addresses. Signals brought out to the breadboards let you see how microcomputer signals
flow and how they can be used under BASIC program control to accomplish many useful tasks.

Texts for these breadboards have been written by experienced scientists and instructors well·versed in conveying
ideas clearly and simply. They proceed step·by·step from initial concepts to advanced constructions and are equally
useful for classroom or individual instruction. No previous knowledge of electronics IS assumed, but the ability to program
in BASIC is important.

The breadboards are available as kits or assembled. Experiment component packages include most of the parts
needed to do the expenments in the books. Connecting cables and other accessory and design aids available make for
additional convenience in applying the boards for classroom and circuit design objectives. Breadboard prices range from
$34.95 to $350.00

The INNOVATOR! BG-Boards designed by the pro­
ducers of the highly acclaimed Blacksburg Series of books
have gained wide acceptance for teaching microcomputer
interfacing as well as for industrial and personal applica­
tions. Detailed, step-by·step instructions guide the user
from the construction of device address decoders and
input/output ports to the generation of voltage and current
signals for controlling servo motors and driving high·
current, high·voltage loads. BG·Boards are available for the
Apple II, II +, lie; Commodore 64 and VIC·20; TRS·80 Model
1 with Level II BASIC and at least 4K readlwrite memory,
Models III and 4. The books, Apple Interfacing (No. 21862)
and TRS-BO Interfacing Books 1 and 2 (21633, 21739) are
available separately.

The FD·ZX1 I/O board provides access to the Timex­
Sinclair microcomputer for use in automated measure·
ment, data acqUisition, and instrument control applica·
tions. A number of science experiments have been
developed to aid teachers in illustrating scientific
principles. The operating manual contains instructions for
constructing input and output ports. A complete text of the
experiments will be available later in 1984. The FD·ZX1 can
be used with Models 1000, 1500,2068, ZX81, and Spectrum.

The Color Computer Expansion Connector Breadboard (not shown) for the TRS·SO Color Computer makes it possible
to connect external devices to the expansion connector signals of the computer. Combined with a solderless bread·
board and the book TRS·80 Color Computer Interfacing, With Experiments (No. 21893), it forms our Model CoCo-1QO In­
terface Breadboard providing basic interfacing instructions for this versatile computer. Experiments in the book show
how to construct and use a peripheral interface adapter interface, how to input and output data,' and how digital-to-analog
and analog-to-digital conversion is performed.

Our new Spring Catalog describes the interface breadboards, dozens of books on microcomputer interfacing, pro­
gramming, and related topics including the famous Blacksburg Continuing Education Series, a resource handbook for
microcomputers in education, and a comprehensive guide to educational software; utility software for the TRS-80,
scientific software for the Apple II, and other topics. We give special discounts to educational institutions and instructors.
Write for the catalog today.

Apple II. II +. and lie are reg,stered
trademarks of Apple Computer Inc.,
Commodore 64 and VIC·20 are
registered trademarks of Commodore
Business Mach,nes; TRS-80 's a
regIstered trademark of Rad,o Shack,
a Tandy CorporatIon; TimexlSinclalr
is a registered Irademark 01 Timex
Computer Corporation

PUTTING
HANDS

AND
MINDS

TOGETHER

Group Technology, ltd.
P.O. Box 87N
Check, VA 24072
703·651·3153



"". ~ ~ .. p--", !"" ~ f" ~ r ~ ~-"'! ,..-- --~ r-""··", r"" """" r·r~ __ ~ r-'~ .. .. .. '11 If' "' .. .. ". 8" 't «r- .""

The Computerlst's Calendar

June 07CO
SUN MON TUES WED THURS FRI SAT

1 2

3 4 5 6 7 8 9

A B C D E F 10

11 12 13 14 15 16 17

18 19 1A 18 1C 1D 1E


