CIARCIA’S CIRCUIT CELLAR

Part 1: The Hardware

Steve Ciarcia

The BCC180
Multitasking Controller

Using a Hitachi CPU, Steve
comes up with this multitasking
single-board computer

ecessity is indeed the mother of invention. I
- have been known to stretch that adage on occa-
sion, but my track record is pretty consistent.
} Many people think that I study trends in computer
technology, intensively investigate reader inter-
est, and carefully formulate a writing strategy
that results in the projects you see. While I do consider all those
factors, the actual selection process is considerably less com-
plex. If I need it, I build it.

Again, I am at the point where I need to configure a new piece
of controller hardware or resort to less popular alternatives. I
am presently installing and testing a video motion and tracking
system that I may document as a future project. (McGraw-Hill’s
lawyers will probably hyperventilate when I start discussing the
“laser targeting™ section, but that’s a story for another time.)

Using eight video cameras, the system senses motion and
triggers specific control actions depending upon what it “sees.”
While real video recognition is still a bit in the future, coordi-
nating all the control decisions presently generated—even from
the uncompleted video unit and a multitude of hard-wired sen-
sors—is becoming a monumental task.

Generally, I would code these kinds of control applications in
interpreted BASIC on a board like my BCC52 (see the August
1985 Circuit Cellar). I could then use all its bus-compatible pe-
ripherals for the control and sensor I/O.

However, given the magnitude of the task, I thought a BASIC
interpreter would be too slow unless it was liberally salted with
assembly language calls. Either I had to write more assembly
language code (I’m not enam-

CMOS Z80 instruction-compatible processor as my SB180 and
SB180FX computers (see the September 1985 Circuit Cellar).
Configured primarily for process control, the BCC180 uses the
same 44-pin [/O expansion bus as the BCC52. All the BCC bus
peripherals that I've described over the years will work nicely.

The BCC180 also contains a substantial amount of on-board
1/O. It has six parallel ports and three serial I/O ports, and it
communicates command and control decisions serially via RS-
232C, RS-422, or RS-485. It can accommodate up to 384K
bytes of on-board memory, which can be pure application code,
monitor and application code, or a resident high-level language
and application code.

BASIC-180

The most significant aspect of the BCC180 is its new approach
to high-speed, high-level-language programming. Like the
BCC52, I dictated that the BCC180 would have a ROM-resident
BASIC. Unlike the BASIC-52 interpreter (albeit fast by most
standards), the BCC180 has a compiled multitasking BASIC—
BASIC-180—written by Softaid Inc. (8930 Route 108, Colum-
bia, MO 21045). BASIC-180 was configured and adapted spe-
cifically for the 64180, and for the BCC180 in particular.

Unlike many generic BASICs that have 64K-byte ceilings,
BASIC-180 uses the BCC180’s hardware in the most efficient
manner to optimize performance, and it can address and utilize
a full megabyte of program space. (I’ve installed BASIC-180 as
an EPROM rather than mask-programming it onto the proces-
sor. You can remove or switch the BASIC-180 EPROM at any
iime to allow the BCC180 to function completely in Z80 or
64180 assembly language code or another high-level language
like C or Pascal.)

By using a multitasking BASIC compiler, I will have enough
performance to continue my video-control project, plus the
added benefit of a user-friendly software development environ-
ment. BASIC-180 can run up to 32 independent program tasks
of up to 32K bytes each con-

ored with programming as it
is), dedicate a large computer
to the task (an expensive alter-
native), or design a small con-
troller that was both fast and
powerful enough to accom-
plish the task (sure, why not).

The BCC180 Computer/
Controller

This new controller is called
the BCC180 (table 1 lists its
specifications). Designed
from the ground up for effi-
ciency and performance, the
BCC180 uses the same 64180

currently and, while task
complexity does affect execu-
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tion speed, is a real screamer.

I'll go into benchmarks later, but if you are familiar with
BASIC-52 and anxious for some comparisons, I’ll give you a
quick one: At 6.144 MHz, BASIC-180 executes an integer vari-
able FOR...NEXT loop benchmark approximately 100 times
faster than BASIC-52 does!

BASIC-180 comes in two flavors: disk-based, for develop-
ment on an SB180/SB180FX, and ROM-based, for develop-
ment on the BCC180 board. Using the disk-based version, you
can create and—to a certain degree—test programs on the
SB180/SB180FX. This lets you use a full-screen editor for writ-
ing source code and a disk drive for saving the code. You obvi-
ously can’t test a program that requires any BCC180-specific
1/0 operations on the SB180, but you can test fundamental op-

Table 1: Specifications for the BCCI180.
Processor

Hitachi HD64180, an 8-bit CPU in a 68-pin PLCC package
Superset of Z80 instruction set, including hardware multiply
Integrated memory-management unit

Dynamic RAM refresh

Wait-state generator

Clocked serial I/O port

Two-channel direct-memory-access controller
Two-channel asynchronous serial-communication interface
Two-channel 16-bit programmable reload timer

12 interrupts

6.144-MHz and 9.216-MHz system operation

Memory

Up to 384K bytes of total memory on-board

128K bytes of either static RAM (62256) or EPROM (27256)
Optional 256K-byte dynamic RAM SIMM

Full-function 8K-byte ROM monitor included

110

Console RS-232C serial port with automatic data transfer rate
selectable to 38,400 bps

Peripheral serial port, 150 through 38,400 bps, selectable RS-
232C, RS-422, or RS-485

48 bits of bidirectional parallel /O

64K-byte 1/O space available through the BCC bus edge
connector

Power Supply Requirements

+5V +/- 5 percent @ 700 mA (fully populated with LSTTL)
+12V +/ - 20 percent @ 30 mA

-12V +/- 20 percent @ 30 mA

12-V supplies are required only for RS-232C operation

Dimensions and Connections

4.5- by 8.5-inch board

Dual 22-pin (0.156-inch) edge connector

Compatible with all Micromint BCC-series 1/0 expansion
boards

25-pin DB-25S connector for RS-232C serial console 1/0

20-pin header for RS-232C serial peripheral port

Four screw terminals for RS-422/RS-485 serial peripheral port

Two 26-pin headers for six bidirectional parallel ports

Operating Conditions

Temperature: 0-50 degrees C (32-122 degrees F)
Relative humidity: 10-90 percent, noncondensing
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erations without change.

Once you’ve written the code on the SB180 and you’ve veri-
fied that it’s syntactically correct, you can compile it into one or
more binary files and burn them into an EPROM (with the Cir-
cuit Cellar serial EPROM programmer, perhaps) or send the
files directly to the BCC180 (with the monitor ROM installed)
for testing in RAM or programming into an EPROM there.

If you don’t have an SB180 for development or prefer to do all
the development on the BCC180, you can use the ROM-based
version of BASIC-180. It supports all the features of the disk-
based version with a few modifications: Instead of saving pro-
gram source code to disk, the ROM-based compiler saves it to
EPROM. Only as much of the EPROM is programmed as is
necessary to store the source code, so multiple programs (or
versions of the same program) can be saved to the same
EPROM. This is often referred to as write once, read many
(WORM) storage. When you fill the EPROM up, you can sim-
ply erase it and use it again.

Additionally, the compiler can program the object code di-
rectly into an EPROM. You can then use this EPROM to replace
the BASIC-180 ROM for auto-start applications. You might
also want to compile the object code into RAM, where you can
execute the program immediately.

The BCC180’s Hardware

The BCC180 uses the same Hitachi HD64180 (or Zilog Z180)
microprocessor used on my SB180 and SB180FX computers
(see figure 1 for the BCC180’s schematic). Briefly, this chip
executes the complete Z80 instruction set, plus a few new in-
structions (including an 8-bit multiply).

The chip contains an on-board memory management unit
(MMU), a built-in direct-memory-access (DMA) controller
with two DMA channels, two asynchronous serial ports, one
synchronous serial port, two 16-bit programmable reload
timers, and eight internal and four external interrupt sources
with a built-in interrupt controller.

The HD64180 can address up to 1 megabyte of memory and
64K 1/0 ports. Since the BCC bus has only 16 address bits, 1
decided that all memory would be resident on the main board
and that all transactions the BCC180 carried out through the bus
would be I/0-based. As a result, I tried to squeeze as much
memory as possible onto the board.

The BCC180 contains four 28-pin sockets (IC10 through
IC13) addressed in 32K-byte increments, starting at physical
address 00000 and going through 1FFFF hexadecimal. Each
socket will accommodate either a 27256 EPROM or a 62256
static RAM chip. This lets you burn the control program into
one or more EPROMs and place it at low memory for execution
upon reset.

You can use zero-power RAM (static RAM that contains its
own battery) or SmartSockets (sockets that contain a battery)
with static RAM chips plugged into them in the remaining sock-
ets to provide inexpensive, nonvolatile storage. A 74LS138
(IC14) decodes each socket’s address.

The four sockets just described allow up to 128K bytes of
static RAM storage, but what about applications that need a lot
of temporary storage? Dynamic RAM is ideally suited in cases
where large amounts of storage are needed in a small area but
that doesn’t have to be battery-backed.

Dynamic memory arranged on a single in-line memory mod-
ule (SIMM) is becoming more popular these days, so I added a
SIMM socket to the BCC180, decoded to start at physical ad-
dress 40000 hexadecimal. A 256K-byte SIMM brings the
BCC180’s total on-board system memory up to 384K bytes. An
address multiplexing circuit made up of three 74LS158s (IC15
through IC17) switches the SIMM address lines between row

continued




CIRCUIT

CELLAR

addresses and column addresses. ME\ generates RAS\, and the
flip-flop circuit made up of IC18 through IC20 generates
CAS\.

Unfortunately, 384K bytes must be the upper limit for the
time being. While the current HD64180s can address 1 mega-
byte of memory, they provide only 8-bit refresh (1 megabyte
needs 9-bit refresh). Keeping possible future developments in
mind, however, I've wired the SIMM socket to accommodate a

1-megabyte SIMM. If a new version of the HD64180 becomes
available that provides 9-bit refresh, you’ll be able to plug a 1-
megabyte SIMM into the socket and bring the total system mem-
ory up to 896K bytes (since the SIMM’s addressing starts at
40000 hexadecimal, we must throw away 256K bytes of the 1-
megabyte SIMM).

Next, if a process-control computer is going to be useful, it
must be able to deal with real-world inputs and outputs. For that
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Figure 1: Schematic for the BCC180 computer/controller.
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reason, two 8255 peripheral interface adapters (PIAs) are on the
BCC180. Each 8255 has three 8-bit parallel 1/O ports that can
be individually configured for input or output, for a total of 48
bits of parallel I/O on the board (available on two 26-pin Berg-
type connectors, JS and J6).

In figure 1, IC23 and IC24 are the 8255s, and IC19, IC21,
and IC22 decode an 1/O address for each chip. You can select

Besides having parallel I/0O, the BCC180 also has serial 1/O.
The serial ports let you communicate, via terminal, with the
BCC180 and let it access external data-collection devices. Two
asynchronous serial ports are built into the HD64180.

Serial port 1 uses an MC145406 (IC7) to convert TTL-level
signals to RS-232C levels and is connected to a standard DB-25
connector (J2). Normally, you would connect an external termi-

the addresses for the 8255s using jumpers JP10 and JP11. continued
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nal to J2. I’ve also connected serial port 1 to the BCC bus to its signals through the MC145406 for use as an RS-232C port.
allow TTL-level communication directly. J3 connects port O to the outside world in this configuration.

You can use the second asynchronous serial port (port 0) When JP2 has a jumper between pins 1 and 2, port 0 communi-
with one of three interfaces; RS-232C, RS-422, or RS-485. If  cates through the two SN75176B chips (IC8 and IC9) for use in
you connect a jumper between pins 2 and 3 of JP2, port O passes  either an RS-422 or an RS-485 application.
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Figure 1: Continued.
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Due to their relatively high noise immunity over long dis-
tances, RS-422 and RS-485 are becoming popular for use in
communicating between remote data-collection sites and a cen-
tral controller. Unlike RS-232C, which is single-ended (one
wire is tied to ground, and a voltage varies on the other), RS-422
and RS-485 use balanced lines for data transmission.

In a balanced line, the voltage differential between the two
wires is what’s important, rather than the absolute voltage refer-
enced to ground. The absolute voltage of the pair of wires refer-
enced to ground can be anywhere from —7 volts to +12 V, and
it won’t affect the operation of the connection. The twisted-pair

telephone line running into your home is an example of a bal-
anced line. In RS-422 uses, separate transmit and receive pairs
allow full-duplex operation, and each line has just one driver
and one receiver. Its setup is similar to RS-232C, in that it’s
used mostly for point-to-point connections.

RS-485, on the other hand, is usually used in a party-line
configuration. A single twisted pair connects numerous de-
vices, and each device has a driver and a receiver connected to
the same pair of wires. Only one driver can be active at a time,
and all the receivers can be active at once. It’s up to the software
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designer to implement a protocol. Although it can operate only
in half-duplex, it is a simple and inexpensive way to implement a
local-area network (LAN).

Although the BCC180’s SN75176B is intended primarily for
use in RS-485 applications, since RS-485 is really just a special-
ized use of RS-422, this driver IC will work well in most RS-422
applications. If you place a jumper between pins 1 and 2 on JP3,
port O is set up for double-pair, full-duplex RS-422 operation.

Placing a jumper on JP3 between pins 2 and 3, and tying to-
gether pins 1 and 3 and pins 2 and 4 on J8, configures the board
for single-pair, half-duplex RS-485 operation.

The BCC Bus

In the early days of microcomputers, Intel wanted to increase the
capability of its microprocessors without increasing the number
of pins needed on the chip. The company started using a method
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Figure 1: Continued.
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known as multiplexing to place the eight low-order address lines
on the same pins as the eight data lines. During the first clock
cycle of a machine cycle, the high-order address is placed on the
high-order address lines, and the low-order address is placed on
the combined address/data lines.

When the address is stable, the microprocessor provides a
strobe signal so that the low-order address bits can be latched
into an external buffer. During the rest of the machine cycle, the
system can use the same address/data lines for data since the
low-order address bits have been latched.

When Zilog was started by several former Intel employees,
some of Intel’s design philosophies must have followed. While
address/data multiplexing wasn’t used on the Z80, it was used
on the Z8. When I designed the BCC11 computer/controller
(see the July 1981 Circuit Cellar) using the Z8 as the processor,
Iincluded the same multiplexed address/data lines in my defini-
tion of the BCC bus. Any peripheral card that you plug into the
BCC bus must include the external latch mentioned above to
latch the low-order address bits so the same lines can be used for
data.

The BCC52 used the Intel 8052. Since the chip was from
Intel, it had a multiplexed address/data bus like the Zilog Z8,
and it was an easy task to attach it to the BCC bus. Conse-
quently, all the peripheral boards that had been designed since
the introduction of the BCC11 could function with the BCC52.

When I decided to make a BCC bus-compatible board using
the 64180, it presented a bit of a problem. Since the HD64180
does not have a multiplexed address/data bus, I had to create a
multiplexed bus interface.

The 8052 generates an address-strobe signal (AS\) and a
data-strobe signal (DS\). When the address is stable and ready
to be latched, the processor generates a low-to-high transition
on AS\. During a write cycle, when data is stable on the bus, the
processor generates a low-to-high transition on DS\ to tell the
peripheral that it can read the data.

Likewise, during a read cycle, when the processor reads the
data bus, it generates a low-to-high transition on DS}, to indicate
that it’s done with the data being presented to it.

A look at the HD64180’s timing diagrams shows that the I/O
enable line (IOE\) goes from high to low at the end of T1 (the
first clock cycle) to indicate the start of an I/O cycle. (Remem-
ber, we want all bus transactions to be I/O-based.) Since the
address is stable at the beginning of T1, IOE\ was a perfect can-
didate for use in generating AS\. Indeed, all it takes is an in-
verter to create the needed AS)\ signal.

Generating DS\ is a little trickier, but not much. For that, I
employed the ever-popular and ever-mystifying E signal. Most
data sheets won’t give you precise information on E’s function.
The HD64180 data book says nothing more than, “E is a syn-
chronous clock for connection to HD63xx series and other
6800/6500 series compatible peripheral LSI.”

Turning to the timing diagrams again, I discovered that, for
an I/0 read, E goes from high to low at the end of T3 (the last
clock cycle) to signify that the processor has read the data bus.
For an I/0 write, E goes from high to low in the middle of T3 to
signify that data is stable. It turns out that this is exactly what we
need to generate DS\ . Combining E and IOE)\ through an AND
gate and inverting the result yields the desired active-low DS\
signal.

I used two 74L.S245s (IC25 and IC26) with their “B” sides
tied together to perform the multiplexing of the address and data
lines. RD\ controls the direction line of the data buffer (IC26)
so that it can operate bidirectionally, while the address buffer
(IC25) is hard-wired for output-only operation.

To control the buffer-enable lines, we delay AS\, using a
741.574 flip-flop (IC18). When a machine cycle starts, AS\ is
low and passes through the flip-flop, enabling the address

buffer and disabling the data buffer. After AS\ goes high, what-
ever other devices are on the BCC bus have latched the address
bits, so the BCC180 disables the address buffer and enables the
data buffer. To avoid race conditions and to allow for a small
hold time, we don’t disable the address buffer until the next ris-
ing edge of PHI after AS\ goes high.

This corresponds to the start of T2 (the second clock cycle)
and provides plenty of time for the data to propagate through the
data buffer before it is needed. At the completion of the machine
cycle, when AS\ goes low again, the address buffer is reenabled
by the rising edge of the first clock cycle of the next machine
cycle. Since the address bus isn’t stable until after the next ma-
chine cycle has started, we’ve preserved the address setup time.

The rest of the signals on the bus are straightforward. Most of
them are connected to the HD64180, with the outputs going
through buffers. Along with the two used for multiplexing the
address and data bus (IC25 and IC26), a total of six 741.5245s
are used. Needless to say, this is a well-buffered board. All the
inputs are pulled high using 4.7-kilohm resistors.

The BCC180 Monitor ROM

Now that we have some hardware, we need something to make it
go. I've already alluded to the special multitasking BCC180
BASIC that I'll begin describing next month, but the system
needs something at a lower level so that we can exercise all parts
of the machine without writing driver programs or purchasing
the BASIC. For that purpose, part of the software for the
BCC180 includes a monitor ROM.

The monitor provides functions that let you inspect memory,
change memory, access I/O devices, and read and program
EPROMs (see table 2). Veteran SB180 users will note the simi-
larity between this monitor and the one on the SB180.

When you’ve installed the monitor ROM in the BCC180 and
applied power to the controller, the system sends BCC180 to the
terminal at 9600 bits per second. This message will display
clearly on a terminal properly set for 9600 bps.

However, if you’ve set the terminal for some rate other than
9600 bps, pressing Return tells the BCC180 the terminal’s
actual data transfer rate. The system will then display an open-
ing banner (at the proper data transfer rate) showing the amount
of RAM and ROM in the system and give you a command
prompt. Once in the monitor, you can obtain a full help screen
by typing ?.

From the monitor, you can fill memory with a byte value,
copy blocks of memory from one location to another and verify
that the copy was performed properly, display sections of mem-

continued

Table 2: The ROM monitor provided with the BCC180
is a complete set of utilities and debugging aids. You
invoke commands using a single character.

BCC180 ROM Monitor

A — ASCll table

B — Bank select

C —Copy EPROM

D — Download hexadecimal file
E —Emulate terminal

F — Fiill memory

G —Goto program

H —Hexmath

| —Input port

J —Jump to ROM language
L —List memory

M— Move memory

N — New command

O — Output port

P — Printer select

Q — Query memory

R —Read EPROM

S —Set memory

T — Test system

U — Upload hexadecimal file
V — Verify memory

W — Write EPROM

X —Examine CPU registers
Y — Yank I/O registers
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ory on the terminal, and modify individual memory locations.
You can also search memory for a particular series of bytes.

The Bank command lets you set the 64K-byte bank of mem-
ory on which the above commands operate. (The system re-
quires this command since the software is aware of only 64K
bytes of memory, but the external address bus can accessupto 1
megabyte of memory.)

The monitor lets you directly access I/O devices, both on the
BCC180 board and on the BCC bus. Using a series of Input and
Output commands, you can check a board that’s just been
plugged into the bus without having to write and debug a
program.

Another useful function of the monitor is its EPROM pro-
gramming support. You can transfer into memory the contents
of an EPROM that has been plugged into the programming
board, examine and possibly modify the contents, then program
the block onto a blank EPROM. You can also send a file in Intel
hexadecimal format to the BCC180 and have the computer pro-
gram an EPROM.

This is the basis of the SB180-based development system I
described earlier. On the SB180, you create a hexadecimal file
containing the object code, then transfer that file to the BCC180
monitor. You use the monitor to program the final EPROM.

On the miscellaneous side, the monitor has commands that
let you examine and modify the HD64180’s general-purpose
registers and display, with labels, the processor’s 64 internal
I/0 registers. As a help to programmers, the A command dis-
plays an ASCII table, and H can perform simple hexadecimal
mathematics.

Experimenters

While the BCC180 is available commercially, I encourage you
to build your own. If you don’t mind doing a little work, I will
support your efforts as usual. A hexadecimal file of the execut-
able code for the BCC180’s ROM monitor is available for
downloading from my bulletin board at (203) 871-1988. Alter-
natively, you can send me a preformatted IBM PC or SB180
disk with return postage, and I'll put the file on it for you. Add
$5 for a printed copy of the BCC180 manual.

I also have a number of copies of the BASIC-180 development
software that, for the price of the manuals and distribution
media, I will gladly give to experimenters who build the
BC€180. Of course, this free software is limited to noncom-
mercial personal use.

Next Month

I'll finish the hardware with a description of the BCC180’s aux-
iliary EPROM programmer board and introduce BASIC-180.
As I begin talking about BASIC-180, I'll include a tutorial on
multitasking. ®

I'd like to acknowledge and personally thank Ken Davidson and
Jack Ganssle for their efforts on the BCCI80 project. Ken
Davidson’s extensive knowledge of the HD64180 helped us
avoid the omnipresent hardware design pitfalls, and Jack
Ganssle’s superb software talents helped explain multitasking
in a way that can really be understood.

Editor’s Note: Steve often refers to previous Circuit Cellar articles.
Most of these past articles are available in book form from BYTE
Books, McGraw-Hill Book Co., P.O. Box 400, Hightstown, NJ 08250.

It’s virtually impossible to provide all the pertinent details of a project
or cover all the designs I'd like to in the pages of BY TE. For that reason,
I have started a 24-page bimonthly supplemental publication (with no
advertising) called Circuit Cellar Ink, which presents additional infor-
mation on projects published in BYTE, new projects, and supplemental
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applications-oriented materials. For a one-year subscription, send
$14.95 1o Circuit Cellar Ink, P.O. Box 3378, Wallingford, CT 06492,
or call (203) 875-2199.

Ciarcia’s Circuit Cellar, Volume I covers articles in BY TE from Sep-
tember 1977 through November 1978. Volume II covers December
1978 through June 1980. Volume III covers July 1980 through Decem-
ber 1981. Volume IV covers January 1982 through June 1983. Volume V
covers July 1983 through December 1984. Volume VI covers January
1985 through June 1986.

The following items are available from

Micromint Inc.

4 Park St.

Vernon, CT 06066

For orders: (800) 635-3355

For information: (203) 871-6170
Telex: 643331

Inquiry 948.

1. A 9-MHz assembled and fully socketed BCC180 computer/con-
troller board with 32K bytes of static RAM, ROM monitor, BASIC-180
development software (same as item 3), and user’s manuals. BCC180-
120 $395; for additional 256K DRAM, add $100
2. BCC180 PAK evaluation system. Contains a 9-MHz BCC180 board
with 32K-byte static RAM, ROM monitor, BASIC-180 development
software, MBOS eight-slot backplane, CCO1 10-inch card cage, UPS10
35-watt switching power supply, and user’s manuals. BCC180-
PAK ...ooiiiin $595; for additional 256K DRAM, add $100
3. BASIC-180 multitasking BASIC compiler for ROM- or disk-based
development. Contains both BASIC-180 EPROM for direct use on
BCC180 board and BASIC-180 disk for direct use or software develop-
ment on SB180. Includes 100-page user’s manual. Compiled code may

be freely used without further license. BASIC-180 DEV .......... $250
4. An auxiliary 27256 EPROM programmer board for the BCC180.
BCCI180PROGS .. ..ottt $89

The following items are available from

CCI

P.O. Box 428
Tolland, CT 06084
(203) 875-2751
Inquiry 949.

1. A 9-MHz BCC180 computer/controller complete kit with 32K bytes
of static RAM, ROM monitor, BASIC-180 development software, and

user’s manual. BCC180-KIT-20..........c.cooviiiiiiiiiiinnnnn, $295
2. BCC180 auxiliary 27256 EPROM programmer board full kit.
BCCI80PROGSK. ..ceviiiniiiiiiieiieeee e $74

For either source above, all payments should be made in U.S. dollars by
check, money order, MasterCard, Visa, or American Express. Surface
delivery (U.S. and Canada only): add $5 for U.S., $8 for Canada. For
delivery to Europe via U.S. airmail, add $14. Three-day air freight de-
livery: add $10 for U.S. (UPS Blue), $25 for Canada (Purolator over-
night), $45 for Europe (Federal Express), or $60 for Asia and else-
where in the world (Federal Express). Shipping costs are the same for
one or two units.

There is an on-line Circuit Cellar bulletin board system that supports
past and present projects. You are invited to call and exchange ideas and
comments with other Circuit Cellar supporters. The 300/1200/2400-
bps BBS is on-line 24 hours a day at (203) 871-1988.

To receive information about the Circuit Cellar Ink newsletter for
hardware designers and developers, please circle 100 on the Reader
Service inquiry card at the back of the magazine.




CIARCIA’S CIRCUIT CELLAR

Part 2: EPROMs and Compilers

Steve Ciarcia

The BCC180
Multitasking Controller

Using the Hitachi HD64180 CPU,
Steve’s project is a multitasking
single-board computer/controller

In last month'’s article, I introduced the BCC180
multitasking controller by describing the basic
hardware and alluding to the power of its ROM-
resident multitasking software. This month, I’ll
finish the discussion of the BCC180 hardware
and introduce the BASIC-180 multitasking com-
piler in more detail. :

and price/performance, I decided to put the EPROM program-
ming circuitry on a small daughterboard that you use only as
needed (see figure 1).

The daughterboard plugs into the J5 and J6 8255 peripheral
interface adapter (PIA) parallel-port connectors on the BCC180
(refer to last month’s circuit diagram). There are six parallel
ports: One is connected to the EPROM’s data bus and is used to
read data from and write data to the EPROM; two more ports
provide the EPROM with an address; 2 bits from a fourth port
control the EPROM’s CE\ and OE) lines, and two more bits
from that port control power to the EPROM and control the pro-
gramming voltages; a fifth port reads the daughterboard’s iden-
tity code.

The first problem to over-

The BCC180 Auxiliary
EPROM Programmer
Board

An attractive feature of the
BCCS52 (see the August 1985
Circuit Cellar) is its on-board
EPROM programming capa-
bility. Using the BCC52 and a
terminal, you can write a pro-
gram, debug it, and burn it
into the final EPROM.

Since the 8052 chip used on
the BCCS52 is really a full
microcomputer (as opposed to
a general-purpose micropro-
cessor), it is capable of pro-
gramming EPROMs con-
nected to the processor’s
address and data lines. Unfor-
tunately, the HD64180 used
on the BCC180 needs addi-
tional circuitry to tailor its
function to something as spe-
cialized as programming
EPROMs.

While I could have added
this circuitry and exactly du-
plicated the stand-alone utility
of the BCC52, I felt that such
an infrequently used option
would make the final board
overly large and more expen-
sive. Instead, as a compro-
mise of essential flexibility

Photo 1: The BCC180
computer/controller.

come when designing an
EPROM programmer is
where to get the necessary
P programming voltages. The

’ BCC180 needs +6 volts and
+12.5 V to perform fast pro-
gramming of 27256 EPROMs
(see my October 1986 article
for information on “fast” and
regular EPROM program-
ming techniques).

Instead of using an external
+21-V power supply, as I did
on the BCC52, this time I had
the real estate and incentive
(performance usually takes
priority over cost on optional
boards) to do the job more
completely.

The BCC180 EPROM pro-
grammer requires only +5 V
for its operation (see figure
1). It uses a 78540 switching
regulator to step +5 V up to

continued
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Schematic for the BCC180’s EPROM programming board.

Figure 1
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+12.5V and regulates +6 V from it.

The 78540 is a general-purpose switching regulator. It is ca-
pable of stepping a voltage up to a higher voltage (+5 Vto +12
V), stepping a voltage down to a lower one (+12 Vto +5 V), or
inverting a voltage to a negative voltage (+12 Vto —5 V). I
wired it up to convert from +5 Vto +12.5 V. A variable resis-
tor on its output fine-tunes the final output voltage.

Once we have the +12.5-V V,,, supply, how do we switch the
voltages on V,, and V., between 0 V, +5 V for normal opera-
tion, and +12.5 V or +6 V for programming? (The O V is nec-
essary for safe loading and unloading of the EPROM in the zero-
insertion-force [ZIF] socket.) The easiest way to force V,, and
V..to 0 V is simply to disconnect both pins from the power sup-
ply. I used a double-pole, double-throw (DPDT) relay con-
trolled by a bit on the BCC180’s parallel ports (PWR) to accom-
plish this. When the BCC180 is reset, PWR floats low (due to
the pull-down resistor, R19) and power to the EPROM stays dis-
connected. When PWR is set high, transistor Q6 turns on and
energizes the relay coil, pulling in the relay and applying power
to the EPROM.

The method I used to generate 6 V and to switch the V. line
between +5 V and +6 V is reminiscent of my serial EPROM
programmer. The LM317 is an adjustable voltage regulator
whose output voltage depends on the value of the feedback resis-
tor (RS) connected between the output and the control input and
a second resistor from the control input to ground.

When transistor Q3 turns off, the total resistance from the
control input to ground is 825 ohms. This sets the LM317 out-
put to +6 V. When Q3 turns on, the total resistance becomes
667 ohms, causing the output to be regulatedto +5 V.

Upon reset, the program voltage control line coming from the
BCC180 (PROG) floats low, due to the pull-down resistors R9
and R14. Transistor Q2 stays turned off, so the base of Q3 gets
pulled high to +12.5 V. This, in turn, turns Q3 on, connecting
R7 to ground. With R6 and R7 in parallel, the LM317 will out-
put +5 V to V... When PROG is pulled high, indicating that
programming is to begin, Q2 is turned on and forces Q3 to turn
off. With Q3 turned off, R7 is removed from the circuit, and the
LM317’s output voltage (and V..) becomes +6 V.

To control the switch between +5 Vand +12.5Vonthe V,,
line, I used a slightly different technique. When PROG is low,
Q4 is off, allowing the base of Q5 to be pulled to +12.5V. QS s
a positive-negative-positive (PNP) transistor, so the high volt-
age on its base keeps it turned off and its collector floats.

Since we want both V.. and V,, to be +5 V when PROG is
low, we can steal +5 V from the circuit described above using a
low-drop germanium diode. In normal operation, V,, draws less
than 5 milliamperes, so the drop across the diode is only 200
millivolts or so.

When PROG goes high, indicating that programming is to be-
gin, the system turns on Q4, pulling Q5’s base to ground. Q5
turns on and allows +12.5 V to get through to6 the V,, line. On
the other side of the diode, V.. goes only to +6 V, so the diode
is reverse-biased and stops conducting, effectively isolating V..
from the high voltageon V.

The final feature on the programming daughterboard is a
board ID number. Right now, since the BCC180 uses only
27256s, that’s all this programmer board is designed to handle.
But because we’ll no doubt have other daughterboards, there is a
unique ID number (read via a few bits on port 6) assigned to
each daughterboard. This will allow intelligent software to
check what board is installed.

In Search of Appropriate Software

Of course, no project these days is just hardware. Like any com-
puter, the BCC180 is not very useful without software. If it
were a disk-based system like the SB180, we would need only a

BIOS. However, since it is a stand-alone computer, it requires
either a cross-development environment or an embedded lan-
guage with its own operating system.

Before defining what software is required for the BCC180,
we should look at the board’s typical applications. It is not de-
signed as another generic computer for word processing,
spreadsheets, or games. The BCC180 is for embedded applica-
tions where it may not be particularly obvious that a computer is
part of the system.

For example, a factory-control system will typically use a
number of computers distributed around the building. A single
BCC180 might control one local process and then be linked by a
serial line to a master control computer. Each remote processor
independently runs a ROM-resident program directing that pro-
cessor’s activities.

The system’s software must fulfill certain common require-
ments. First, it must start automatically on power-up and exe-
cute out of ROM without operator intervention day after day for
years. Ideally, you should be able to develop code directly on
the BCC180 and then burn it into the EPROM. You could devel-
op larger applications on another computer with disks—like the
SB180—then burn the programs into the EPROM and place
them on the BCC180.

Second, the software should take advantage of the extended
memory of the 64180. Part of the attraction of 16-bit micropro-
cessors is their large memory space, but, in real-time process
control applications, an 8-bit computer will often run much
faster than a 16-bit machine. The 64180 overcomes the 64K-
byte memory barrier by incorporating a memory management
unit (MMU) on the chip. The BCC180 has 384K bytes of RAM
and EPROM on-board; the software must be able to use this.

Third, the software must be fast. Many real-time applications
must respond to interrupts or other external events in millisec-
onds. The BCC180’s supporting software must generate code
that executes quickly, so that the system won’t miss these
events.

Finally, while multitasking is only now becoming common in
the personal computer world, it has long been an important part
of real-time systems. I dictated from the very beginning that any
language for the BCC180 must implement multitasking.

Fortunately, I didn’t have to start from scratch in finding this
“perfect” software. Softaid created a custom-tailored operating
system and language for the BCC180 by modifying its MT-
BASIC compiler. The result was BASIC-180, which is a com-
prehensive BASIC specifically designed to meet the needs of the
process control industry. It has all the features engineers and
programmers have come to expect, like multitasking, floating-
point math, multiline user-defined functions, and windowing

* (see the text box on page 263).

Why Multitasking?

Multitasking is the process of running two or more activities on
a single computer at (apparently) the same time. It is important
to distinguish it from multiprocessing {(or multiprogramming),
which is the process of running several activities on several pro-
cessors at the same time. Multitasking is also not the same thing
as “multiuser.” A multitasking system is often single-user, al-
though all multiuser systems are multitasking.

We say “apparently” because a single CPU can execute only
one instruction at a time. The system performs multitasking by
switching the processor between two or more activities at a high
rate of speed. If two activities are sharing one CPU, the com-
puter might execute one for 0.01 second, then the other for 0.01
second, and then switch back to the first. Over the course of
time, each activity gets 50 percent of the available computer
time. If three activities are running, each gets 33 percent.

continued
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Even a multimillion-dollar UNIVAC or IBM mainframe
works this way. A hundred or more users might be connected to
a single-processor machine. Each appears to have sole control
of the computer. The CPU switches between users thousands of
times per second, giving each one perhaps 0.001 compute-sec-
onds at a time. The computer is so fast, and humans so slow by
comparison, that the users don’t notice that they are sharing the
machine.

The building block of a multitasking program is the task. A
task is one logical activity that runs as a whole and that com-
petes for computer time with other tasks. On a large mainframe
computer, each task might be a single user’s program, or so-
phisticated users might partition their program into a number of
tasks that don’t necessarily have to run sequentially.

Since every task competes for computer time, we say that
tasks execute “‘concurrently.” A simple multitasking system
might alternately run each task in order. For instance, a three-
task program would execute task 1, then 2, then 3, then 1 again,
in this order, forever.

Of course, computers are never this simple; in most multi-
tasking systems, the time-critical tasks can be commanded to
run more often than others. This implies that the tasks run asyn-
chronously with respect to each other. In other words, we really
don’t know what task is executing at any given time or in what
order they’ll run. However, since a task is a logically complete
processing element and does not depend on the results of other
tasks, this isn’t a problem.

Many programmers can’t envision how one program can be
broken into asynchronous, independent activities. A simple ex-
ample is a low-cost digital thermometer using multiplexed LED
displays. A multiplexed display must be constantly refreshed.
Only one LED segment is actually turned on at any time, but
each segment is cycled so quickly that to the eye, they all appear
to be on. Although a hardware-refresh controller is usually used
to control the display, a small system can dispense with the extra
hardware by using software to control the refresh.

One task would take the data to be displayed and cycle the
LED segments as required. Another task would read the therm-
istor, compute the temperature, and pass the reading to the re-

fresh task for display. Note that each task is completely indepen-
dent. Each one can run by itself and doesn’t care about the
others. The only intertask communication is the displayed
temperature.

Interrupts: The Key Ingredient

All multitasking systems rely on one critical hardware compo-
nent: a regular source of interrupts. Whenever an interrupt is
detected, the CPU stops executing the current routine and
branches to another section of code called an interrupt service
routine (ISR). In a multitasking system, an interrupt is applied
regularly (say, 100 times per second) to the CPU. Whenever the
CPU detects this interrupt, the ISR associated with that inter-
rupt suspends the execution of the current task, preserves the
state of the machine at the time of the interrupt, and starts an-
other task going.

This process is called context switching, since the current
state, or context, of the machine is preserved before another task
is started. Since the entire context of the interrupted task is
saved, that task can be restarted exactly as if it had never
stopped. In other words, the task itself has no idea it is being
interrupted, suspended, and then eventually restarted.

The context-switching interrupt is called the “clock tic,”
since it resembles the regular tick of a clock. The faster the tics
come, the more often each task executes. If a system with 20
tasks has a 20-Hz clock, each task will execute once per second.

It would seem that increasing the frequency of the tics only
makes things better, but there is a catch-22. The context task-
switching code requires a certain amount of time to decide
which task to execute next and to prepare that task for execution.
If interrupts come too quickly, the processor spends most of its
time deciding what to do next and never actually gets to the task
itself.

On most microcomputers, an interrupt rate of 60 Hz tends to
work well. This is an ideal number for generating useful timing
values, yet it is not so fast that too much time is taken up with
task overhead. The 64180 processor includes two separate
timers, each of which can be programmed to generate regular
interrupts at virtually any rate. BASIC-180 programs timer O to

board).
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APhoto 2: The EPROM programmer daughterboard for the BCC180. An
EPROM is shown inserted in the zero-insertion-force socket (upper right of

Photo 3: The EPROM programmer daughterboard (from photo 2) is
shown here attached to the BCC180 computer/controller.
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ASIC-180 generates true native 64180 code. An intrinsic

optimizer is automatically invoked with each compile to
ensure fast, efficient code generation. Although BASIC-180 is
not as fast as a good C compiler, it compares favorably with
other compiled languages. For comparison’s sake, we bench-
marked it against the MS-DOS version of MTBASIC, GW-
BASIC, and CP/M’s MBASIC.

BASIC-180 was tested running at 9.216 MHz on a BCC180
board. MBASIC was tested on a 6.144-MHz SB180 board. The
MS-DOS BASICs were executed on a 4.77-MHz IBM PC.
Comparing the CP/M and MS-DOS BASICs is a little like com-
paring apples and oranges, but it gives a feel for the differences
in speed.

The test program used was the Sieve of Eratosthenes original-
ly described in the September 1981 BYTE. Times listed are for
one iteration of the code (see table A).

BASIC-180 has a provision to drastically speed up execution
of programs. If the NOERROR option is specified before compil-
ing, BASIC-180 generates a smaller file that runs faster. NO-
ERROR removes much of the run-time error checking, so it

How Fast Is Fast?

should be used only on debugged programs. For example, when
NOERROR is specified, no tests are made to see if an array sub-
script exceeds its maximum allowable value. When the Sieve
program was run with NOERROR, BASIC-180 ran in 2.1 seconds.

Table A: Times in seconds for various compilers
and interpreters to execute the Sieve program. See
the text for a description of each language.

Language Time
BASIC-180 (compiler) 71
MS-DOS MTBASIC (compiler) 8.6
MS-DOS GWBASIC (interpreter) 101

CP/M MBASIC (interpreter) 141

Whitesmith’s C (compiler) 1.6
Microsoft FORTRAN (compiler) 1.7
BDS C (compiler) 4.9

generate mode 2 (vectored) interrupts at a 60-Hz rate (tics are
16.67 ms apart).

BASIC-180’s context switcher is started each time the timer
interrupts. If a multitasking program is running, this interrupt
causes the context switcher to start another task. In the software
supplied with the BCC180, a 60-Hz internal interrupt clock re-
sults in under 5 percent context-switching overhead (it’s less
still if we use an external 60-Hz interrupt source).

Tasks can also be controlled by interrupts other than those
generated by clock tics. In more sophisticated multitasking sys-
tems designed from the start for process control, like the
BCC180, tasks can be configured to start on the receipt of an
interrupt from an external push button or limit switch, for exam-
ple (the BCC180 has four external interrupt inputs).

A World of Multitasking Opportunities

Applications for multitasking abound. All large process-control
applications involve many tasks that must be handled concur-
rently. Take a steel mill, for example. The computer controlling
a steel-rolling mill’s production can’t suspend operations when
the operator enters data into a keyboard. One task should just
handle the keyboard. Another can be assigned to reading steel
thickness, generally by measuring the amount of absorption of
gamma rays produced by a radioactive source like cesium or
americium.

A third task could be responsibte for controlling the mill’s
jack screws to alter the thickness of the steel being rolled. An-
other task could measure the steel’s temperature and compute a
correction to the thickness as a function of temperature (2200-
degree steel is several percent thicker than room-temperature
steel).  Other tasks can perform calibrations of the electronics,
display computed thickness values on various consoles, and
provide financial and historical data on the steel being
produced.

Multitasking on the BCC180

On the BCC180, BASIC-180 is both the high-level language and
the operating system. It contains all the device drivers and all the
multitasking control code. As is the case with an operating sys-
tem, BASIC-180 provides the entire environment that is seen by
the programmer.

Regular Circuit Cellar readers know that I often use BASIC
for demonstrating projects. I've found that in the process-con-
trol industry, BASIC is the language of choice, too. Let’s face
it, BASIC is the lowest common denominator in programming
languages. Everybody knows BASIC. The same cannot be said
of any other language.

BASIC-180 includes a complete set of statements for control-
ling multitasking. All we have to do is write our multitasking
BASIC program, and BASIC-180 will ensure that the tasks se-
quence properly.

In BASIC-180, all multitasking programs are divided into
some number of tasks. A lead task, sometimes referred to as
task 0, must always exist. The lead task is the main program.
For multitasking to commence, the lead task must start at least
one other task running. Let’s look at a simple example program:

18 RUN 1,60

28 GOTO 2@

30 TASK 1

4@ PRINT "Task 1"
58 EXIT

Although obviously BASIC, this short program contains a
number of unfamiliar statements. Lines 10 and 20 comprise the
lead task, while lines 30, 40, and 50 define task 1. (Remember
that a task is a logically distinct section of code that will be exe-
cuted concurrently with other tasks.) Every task (except the lead
task) starts with a TASK statement. This defines the start of the
task and assigns a reference to the task for use by the other state-
ments. In this case, the task is defined as task number 1.

Line 50, the EXIT statement, defines the termination of the
task. Whenever an EXIT statement is executed, the task associ-
ated with that statement will be terminated.

Line 40 forms the body of the task. In this case, when task 1
runs, it will print Task 1 once and the task will terminate.

Line 10 is a RUN statement, not to be confused with the RUN
command that starts a program executing in most BASICs. RUN
always takes two arguments. The first argument is the number of
the task to execute (in this case, task 1). The second argument is
how often to execute that task.

continued
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In any other BASIC, line 20 is a bizarre aberration. It is an
infinite loop, so of course no other processing can go on. Not in
BASIC-180! Task 1 and line 20 compete for computer time.
Processing will be shared between the two activities.

When the program starts, the RUN statement kicks off task 1.
It places task 1 in the ready for execution state. When the next tic
is detected, task 1 will start running. Although task 1 is short
and simple, it is unlikely that the Task 1 message will be printed
in less than one tic of the clock. If it is in the middle of printing
the message and another tic comes, the loop at line 20 will be
executed for the duration of a tic (16.67 ms).

When another tic is detected, task 1 will resume from where
it left off. The user will not be able to tell the task was inter-
rupted. After the message is printed, task 1 will exit. When a
task exits, it effectively dies and stops competing for processor
time.

The second argument of the RUN command (in this case, line
60) tells the context switcher to restart task 1 sixty tics (1 second
on the BCC180) after it exits. This is analogous to reincarna-
tion. Although the EXIT statement makes the task die, it will be
reborn after a certain period called the schedule interval.

Consider the following program:

19 RUN 1,68
28 GOTO 28
32 TASK 1
48 <code>
58 GOTO 4@

In this case, <code> represents one or more BASIC statements
that do whatever the task is responsible for. This case is similar
to our previous example, except the task never dies; the GOTO at
line 50 keeps the task active forever. It will continue to share
time with the line 20 loop, but since an EXIT is never executed,
the task never goes away. The reschedule interval in the RUN
statement (line 60) is ignored.

The concept of scheduling is an important one in multitasking
programs. One of the most important resources in real-time sys-
tems is processor time; if it is all used up, the processor will not
be able to keep up with the real-world events it is responsible for
monitoring.

Although a task that has nothing to do can idle by executing an
empty FOR . .. NEXT loop, this is a terrible waste of computer
time. It makes much more sense for the task to execute an EXIT
and set a schedule interval so it will be born again when needed.
Between the time a task executes the EXIT and the time it is re-
born, it uses no processor time.

In the following program, three tasks execute concurrently.
Task 1 integrates 10 reads of some asynchronous event. It as-
sumes that some other task is filling variable T with data. Task 1
smooths the data passed in T, returning a filtered floating-point
value in AD. Task 2 prints the value in AD once every 2 seconds.
Task 3 fills T with data. (In this case, we use random numbers
for the data.)

12 REAL AD

28 INTEGER T1,T,I
38 RUN 1,1

48 RUN 2,12e

5¢ RUN 3,20

€9 GOTO 69

108 TASK 1

118 FOR I=1 TO 1@
12 T1=T1 + T

138 NEXT I

148 AD=T1 / 18.@
158 GOTO 1lle

2080 TASK 2

CIRCUIT CELLAR

212 PRINT AD
229 EXIT

388 TASK 3
318 T=RND
328 EXIT '

This example shows that all variables in a BASIC-180 pro-
gram are global. You can pass data between tasks through the
variables. (Integers are all loaded and stored using 16-bit in-
structions. Since an interrupt can be processed only when an
instruction is complete, integers are always stored intact. Float-
ing-point numbers are loaded and stored only with interrupts
disabled. BASIC-180 briefly disables the interrupts during
these transfers to ensure that the variables will not be
corrupted).

Let’s look at a program that demonstrates Nyquist’s theorem
(also known as the sampling theorem). Nyquist said that in
order to accurately represent a signal, you must digitize it at a
rate of at least twice the highest frequency in the sample. There-
fore, to accurately digitize 60-Hz AC, you should sample it at
least 120 times per second. If a signal is sampled at too low a
rate, the digitized signal may look like something altogether dif-
ferent from the original (an effect known as aliasing).

In the following program, task 1 generates a low-frequency
sine wave. Task 2 samples it asynchronously, as would be the
case if you constructed an analog-to-digital (A/D) converter to
read the AC power’s sine wave. You can specify the sample rate
to task 2, which is simply how often the task is scheduled. A low
number means a high sample rate, and an accurate representa-
tion of the sine wave is thus obtained. A large number will cause
task 2 to run only occasionally, yielding a distorted picture of
the sine wave.

108 INTEGER I,J,K,S
112 REAL A
115 I=9
198 PRINT : PRINT : PRINT : PRINT : PRINT
288 PRINT "Sampling Theory demonstration®
228 PRINT
238 PRINT "Enter the sampling rate (1 to
1008) ;
249 INPUT s
302 RUN 1,20
319 RUN 2,8
338 GOTO 339
508 TASK 1
518 A=SIN(I)
528 I=I + 18
538 IF I < 368 THEN GOTO 558
540 I=8
" 558 EXIT
600 TASK 2
685 K=A * 3@. + 35
6180 FOR J=1 TO K
620 PRINT " ";
630 NEXT J
649 PRINT “x*n
658 EXIT

BASIC-180 supports several other multitasking statements.
These statements are designed to give you more control over the
operation of each task.

The WAIT statement lets you manually suspend a task for any
period of time. When a task issues a WAIT, that task no longer
receives access to CPU time until the number of tics given as
WAIT’s argument have elapsed. WAIT is essentially a free delay
mechanism, because the delay requires no CPU time to manage.
WAIT takes one argument: the number of tics to delay for. In the

continued
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null loops in the previous examples, a much more efficient con-
struct is

28 WAIT lee@
32 GOTO 1ge@

This uses virtually no computer time, since the program spends
most of its time in the WAIT.

CANCEL is a means to stop a task from being rescheduled. Re-
member that all tasks will restart some time after executing an
EXIT statement, the time being determined by the RUN state-
ment’s second argument. If you CANCEL a task, once it com-
pletes its current execution, it will not be reborn. You can restart
scheduling for the task by issuing another RUN command with
the appropriate arguments. CANCEL has only one argument: the
number of the task to cancel. A task can cancel itself, and any
task can cancel any other task.

Finally, PRIORITY is a powerful statement that lets you set a
relative importance for each task. All tasks, in the absence of a
PRIORITY statement, operate at the same priority (i.e., they all
compete for time equally). Any task can raise or lower its priori-
ty by issuing a PRIORITY statement, followed by a number indi-
cating relative importance. The number can range from O to 63,
where 63 is the highest priority and O is the lowest. Tasks that
don’t issue a PRIORITY statement operate at priority level 0.

Normally, whenever a tic interrupt is received, BASIC-180
interrupts the current task and, using the task number that is one
greater than the task just interrupted, searches for another task
that is ready to execute. In other words, it tries to run task 1,
then 2, 3, etc. If a task has issued a WAIT instruction and the wait
interval has not elapsed, that task will be skipped. This schedul-
ing technique is called round-robin scheduling.

When tasks execute at different priority levels, every time a
tic interrupt is received, BASIC-180 searches for the highest-
priority task that is ready to execute. If several tasks are ready,
but one has a higher priority than any of the others, that task will
execute until it executes an EXIT command or a WAIT command,
or lowers its priority.

A task can issue a PRIORITY command at any time. Tasks can
dynamically raise and lower their priorities as warranted.
BASIC-180 allows up to 32 tasks to be active. With each of 32
tasks raising and lowering priorities, issuing CANCEL and RUN
commands at each other, you could construct quite a complex
program.

Next Month

I'll finish this tutorial on multitasking and the BCC180 with a
discussion of BASIC-180’s special windowing capability and
memory management features. B

I'd like to acknowledge and personally thank Ken Davidson and
Jack Ganssle for their efforts on the BCC180 project. Ken
Davidson’s extensive knowledge of the HD64180 helped us
avoid the omnipresent hardware design pitfalls, and Jack
Ganssle’s superb software talents helped explain multitasking
in a way that can really be understood.

Editor’s Note: Steve often refers to previous Circuit Cellar articles.
Most of these past articles are available in book form from BYTE
Books, McGraw-Hill Book Co., P.O. Box 400, Hightstown, NJ 08250.

Ciarcia’s Circuit Cellar, Volume I covers articles in BYTE from Sep-
tember 1977 through November 1978. Volume II covers December
1978 through June 1980. Volume I1I covers July 1980 through Decem-
ber 1981. Volume IV covers January 1982 through June 1983. Volume V
covers July 1983 through December 1984. Volume VI covers January
1985 through June 1986.
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1t’s virtually impossible to provide all the pertinent details of a project
or cover all the designs I'd like to in the pages of BYTE. For that reason,
I have started a bimonthly supplemental publication (with no advertis-
ing) called Circuit Cellar Ink, which presents additional information on
projects published in BYTE, new projects, and supplemental applica-
tions-oriented materials. For a one-year subscription, send $14.95 to
Circuit Cellar Ink, P.O. Box 3378, Wallingford, CT 06494, or call
(203) 875-2199.

For more information on MTBASIC for Z80, 64180, or MS-DOS ma-
chines, contact Softaid Inc., 8930 Route 108, Columbia, MD 21045,
(301) 964-8455.

The following items are available from

Micromint Inc.

4 Park St.

Vernon, CT 06066

For orders: (800) 635-3355

For information: (203) 871-6170
Telex: 643331

Inquiry 860.

1. A 9-MHz assembled and fully socketed BCC180 computer/con-
troller board with 32K bytes of static RAM, ROM monitor, BASIC-180
development software (same as item 3), and user’s manuals.
BCC180-1-20.............. $395; for additional 256K DRAM, add $100
2. BCC180 PAK evaluation system. Contains a 9-MHz BCC180 board
with 32K-byte static RAM, ROM monitor, BASIC-180 development
software, MBOS eight-slot backplane, CCO1 10-inch card cage, UPS10
35-watt switching power supply, and user’s manuals.

BCC180-PAK ............. $595; for additional 256K DRAM, add $100
3. BASIC-180 multitasking BASIC compiler for ROM- or disk-based
development. Contains both BASIC-180 EPROM for direct use on
BCC180 board and BASIC-180 disk for direct use or software develop-
ment on SB180. Includes 100-page user’s manual. Compiled code may
be freely used without further license. BASIC-180 DEV .......... $250
4. An auxiliary 27256 EPROM programmer board for the BCC180.
BCCI80PROGS .. ..ot $89

The following items are available from

CCI

P.O.Box 428
Tolland, CT 06084
(203) 875-2751
Inquiry 861.

1. A 9-MHz BCC180 computer/controller complete kit with 32K bytes
of static RAM, ROM monitor, BASIC-180 development software, and

user’s manual. BCC180-KIT-20..........c...ccooviiniiniininnniinnn. $295
2. BCCI180 auxiliary 27256 EPROM programmer board full kit.
BCCI80PROGSK.....ccvniiiiiiiiiii it $74

For either source above, all payments should be made in U.S. dollars by
check, money order, MasterCard, Visa, or American Express. Surface
delivery (U.S. and Canada only): add $5 for U.S., $8 for Canada. For
delivery to Europe via U.S. airmail, add $14. Three-day air freight de-
livery: add $10 for U.S. (UPS Blue), $25 for Canada (Purolator over-
night), $45 for Europe (Federal Express), or $60 for Asia and else-
where in the world (Federal Express). Shipping costs are the same for
one or two units.

There is an on-line Circuit Cellar bulletin board system that supports
past and present projects. You are invited to call and exchange ideas and
comments with other Circuit Cellar supporters. The 300/1200/2400-
bps BBS is on-line 24 hours a day at (203) 871-1988.

To receive information about the Circuit Cellar Ink publication for
hardware designers and developers, please circle 100 on the Reader
Service inquiry card at the back of the magazine.







