Forth computer

With applications ranging from video gamés to research and process control this
microcomputer combines the powers of Forth, a fast, threaded computer
language/operating system, with an eight-bit processor having 16 bit internal architecture. .

Today 2 home or personal computer can
more than match at lower cost the per-
formance of a typical mid-1970s minicom-
puter, Then a minicomputer costing tens
of thousands of pounds would have a
memory of less than 32K words with a
cycle time of about a microsecond and a
Teletype terminal capable of ten characters
per second. Disc-drive memory was rare
and expensive and double-precision/float-
ing-point instructions would be executed
by software. This microcomputer design
costing a few hundred pounds has a 48K
read/write memory operating at 666ns,
further 8Kbyte rom containing the operat-
ing system, a 100-character-per-second
terminal and a 200K byte disc memory.

Forth 1970s
computer minicom-
puter
Memory size 56K (48K ram,
8K rom) 64K ram
Memory
speed 866ns 960ns
Cp.u. 18-bit.
addtime 4,6us 1.96us
Output
peripherals composite
. video
RS232
8 ports © B4 ports
Input .
peripherals parallel standard
# keyboard peripherals
Rs232
8 ports
Disc storage  200Kbyts/
drive 5Mbyte/drive
Accesstime 333ms 35ms
Cost £100-500 £10,000-
100,000

The cost of developing control software
and language application packages is the
main reason why low-cost microprocessors
have not destroyed the minicomputer in-
dustry. It will be a long time before any
micropracessor has the software support of
the PDP11! Further, when designing a
home computer from the i.cs upwards one
does not have the support of other compu-
ters to develop the software on and one
cannot afford to develop the software
alone. For these reasons the control
program was chosen from those already
available. This also applied to the choice of
language; I was not willing to start from
the bottom with machine code, for one
sees too little reward for the effort of key-
ing in programs on a hexadecimal keypad,
nor was I prepared to design a ‘bootstrap’
rom that loaded the operating system in
from disc, for I felt it an unnecessary com-
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mitment while the rest of the system was
unproven,

Language/operating-system
choice

The most popular operaring system and
language in the microcomputer field are
CP/M and Basic respectively. Although
Basic is readily available, in for example
the INS8298 rom for the 8080, I was not
prepared to use the language for reasons
too man}r to mention but summed up by
Dijkstra’ who said *It is practically impos-
sible to teach good programming to stu-
dents that have had prior exposure to
Basic.,” He seems equally impressed by
most other languages, including Fortran,
PL/1, Cobol, APL and Ada.

My first choice would have been Pascal
but for this application Forth appeared to
be the best choice. Besides being a lan-
guage, Forth forms the basis of an operat-

by Brian Woodroffe

ing system and the Forth Interest Group?
have made FIG Forth a public-domain
product. The language is efficient, which
is important when using a processor with a
limited address range of 64K and it is
interactive, avoiding the traps of edit-com-
pilesload-run phases which are a left over
of batch-processing systems. FIG Forth is
a single-operator, single-task operating
system but it has *hooks’ which allow it to
be expanded into a multi-operator, multi-
task system. It promotes good program-
ming habits in that its programs are
structured in blocks and work from top to
bottom.

The language has drawbacks — unfa-
miliar notation, no file structure and poor
data structures - but it is readily available
and has more advantages than disadvan-
tages. The power and flexibility in Forth
allows the operator to expand the language
and add any desired feature, and a new
version of Forth may be placed on disc by
editing and compiled using the resident
language to give a completely user-defined
version,

Forth

Details of Forth and how it operates are
available (ref. 3) and the following is a
brief summary. Forth uses 16bit arith-
metic and reverse Polish notation, which
implies the use of a data stack. Control
between executable statements, referred to

as a word, is accomplished by the use of
indirect-threaded code and a control stack
which is separate from the data stack. Fea-
tures of Forth not found in Basic are vir-
tual memory, compiling, extensibility and
vocabularies. These features make better
use of the processor resources and a
program written in Forth will use less
memory and run faster than its Basic equi-
valent, often by a factor of ten or more in
both cases. As Forth compiles the ‘Eng-
lish’ program into a form readable by the
processor (threaded code) the operating
speed will always be faster than when
using Basic which stores the program as
text. Memory space taken up by compiled
code is much smaller than would be taken
up by its equivalent in English text so
larger programs are possible in a limited
memory space.

The virtual-memory feature allows the
programmer to treat disc storage as proces-
SOr memory SO memory space is not
limited by the processor but by the disc.
Data is moved to and from the disc by the
operating system so the programmer need
not be concerned with the problem of
mapping the disc memory. Vocabularies
allow the programmer to keep different
application programs in memory whiclf are
physically concurrent but logically
separate. Further, there are features found

" in Forth that are not generally available in

Basic such as recursion, extensibility and
self-compiling. Recursion allows a portion
of the code to use itself more than once at -
the same time and extensibility is the abil-
ity of Forth to define new control words.

Memory choice

Before selecting a processor for the compu-
ter, another design decision has to be
made. This concerns memory, in particu-
lar what type and how much to use. In
time, memory will always become too
small and too slow because of the pro-
grammer’s rising expectations of what the
cornputer should do*, so 4116 dynamic

.rams were chosen because they offer the

best performance in terms of cost, size and
power consumption when compared. with
static rams such as the 2114, This decision
does present some problems in that refresh
circuits and three-rail supplies are r&
quired. Because dynamic rams are prone
to ‘soft’ errors, parity-checking circuits are
included in the design.

Processor choice

The Z80) microprocessor contains dynamic
ram refresh circuits and CP/M is written in
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Complete Forth computer system has a
48K memaory, floppy disc storage and
memory-data parity checking but the
system may be used with 16K ram and
without disc storage and parity checking to
reduce costs. Wire wrapping allows the
comptter to be built on one relatively small
board with a minimum of bus buffering. 4
further small board holds the disc
controller and ifo-port hardware. The
systern can beo set to recd most disc
formats.
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Z30 machine code which surely explains
why it is the most widely sold processor,
but to use Forth, the most suitable 8bit
microprocessor is the 6809. Although most
of Forth is written in Forth, the computer
must execute some machine code to in-
terpret the most primitive Forth instruc-
tions. The 6809 has indexed addressing
modes (see “6809 evaluation system” by
R.. Coates, Wireless World July 1980) which
suit stack operations and as said earlier,
Forth uses two stacks. These examples of
stack addition illustrate the merits of the
6809; they represent code of the Forth
word ‘4 for various processors.

6809 ZB0/8085 63800

PULU D ror D PULB

ADDD 0,U POP - H PULA

STD 0,U DAD D TSX
PUSH H ADDB 1X

6502 ADCA 0,X

CLC 8088 STB X

LDA 0,X POP AX STA 0,X

ADC  2,X POP BX

STA 2,X ADDAX.BX

LDA 1,X PUSH AX

ADC 3X

§TA 3,X

INX

INX

Secondly, the 6309 instruction set is parti-
cularly suited to code the crucial Forth
word ‘next’. The speed at which ‘next’ is
executed determines the performance of
the Forth system since this word controls
the indirect-threaded code. ‘Next” is called
the inner (or address) interpeter to distin-
guish it from Forth’s text interpreter
which performs the function of a compiler.

Having worked in Hewlett Packard’s
praduction and systems-engineering
departments, Brian Woodroffe currently
works with the company’s South
Queensferry research and development
group and has recently been involved
with designing the microprocessor
control section of the HP3724/25/26A
baseband analyser. Brian obtained a BA
degree in engineering and economics at
Downing College, Cambridge in 1970
and an MA in 1975. His computing
interests include real-time control,
languages and microprocessor
graphics but outside electronics, his
main interest — rifle shooting, in which
he has represented Scotland in full bore
— has been curtailed through part-time
studies for an M.Sc degree in computer
systems engineering at Edinburgh

University.

Machine code in the computer emulates
Forth operation, the Y register taking on
the role of the Forth program counter, and
the Forth instruction-fetch cycle is a ‘next’
machine-code routine. So you can see that
the processor choice is dominated by thie
speed and memoty cost of the ‘next’ opera-
tion. Equivalent Forth ‘next’ operations
for some microprocessors are listed below,
Because the 6809 ‘next’ operation is so
short, it may be copied in line as required
resulting in improved performance
through aveiding the JMP NEXT instruc-
tion required for most processors.

8088

6309 6502
LDX0,Y++ JMPNEXT JMPNEXT
IMP[0,X] LODSAX  LDY#1
(@.11) MOVBX,AX LDY {IP],Y
MOV DX,BX STA W+1
Z80/5085 INC DX DEY
JMPNEXT JMPWORD LDY (IP),Y
" LDAX B PTR(BX) STAW
INX B (3.19) CLC
MOVLA 6800 LDAIP
LDAX B JMPNEXT ADC#2
INXB LDXIP STATP”
MOVHA INX BCC $+4
MOVEM INX INC IP+1
INXH STX IP IMPW-1
MOVD,M LDX0X (L25)
XCHG TSTX W
PCHL LDX 0,X
(1.3 JMPD,X
(L
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Values in parentheses are merit figures
obtained by multiplying the number of
processor cycles by the processor cycie
time then dividing by the memory-access
time in the processor cycle. It is interesting
to note that the 6809 fares better than the
mere recently introduced 8088. This is
especially so when one realises that the
8088 has a 16bit arithmetic unit whereas
the 6809 in common with the other proces-
~gors nofed has an 8bit arithmetic and logic
unit {a.L.u.).

Finally, the register set of the 6809
exactly matches that which is required to
operate Forth. '

6809 register Forth operation
system stack RP return stack
pointer pointer

U user stack SP data stack
pointer pointer

Y index register IP  instruction

pointer

X indexregistar W code field

pointer

D accumulator accumulatoer
Peripheral devices
Having chosen Forth and the processor to
run it on, other design requirements are
easily determined. These were selected to
maximize the number of peripheral de-
vices that can be easily driven. First a
floppy disc was included to provide a mod-
est amount of non-volatile memory with
much faster operation than tape recorders.
Mini floppy discs were chosen for two
redsons, firstly because they are cheap and
secondly because the data rate of eight-
inch double-density drives is too high for
most microprocessors to handle without
direct-memory access. Further, eight-inch
drives normally require phase-locked loop
clock-recovery c1rcu1ts and also 2 mains
supply.

Three-inch disc drives from Sony were
investigated but the data transfer rate is

high so that only single-density recording
could be used, which would mean wasting
half of the data-storage capacity. Both
these drives and eight-inch types can be
used with the system, provided they run in
single density. Processor memory in this
system is greater than 40Kbyte so a disc
capacity of greater than 400Kbyte is
reasonable; one double-sided floppy-disc
drive meets this requirement. It is interest-
ing to note that the BBC Micro and Atom
computer can only use single-density $V4in
disc drives because of data-rate problems.
Different types of terminal are accom-
modated. QOperating-system words for ter-
minals, KEY TERMINAL and EMIT,
are vectored So that they may be changed
on-line between terminal types. At switch-
on the system automatically sets vectors
for the available terminals. These termi-
nals are either serial RS232 or 8bit parallel
for a keyboard such as the RCA VP601/611
and integral video compatible with 625-
line tv, displaying 1,024 characters in 16
lines (the EF96364B controller may be
used for 525 lines), The video section has
its own memory, leaving 48K of memory
free for other programs. Bit-mapped
graphics video is best handled through a
secondaty processor connected to the user
ports. A number of definable i/o ports are

spare to allow for expansion of the system.

Certain design features were included to
reduce cost. By keeping the computer
system down to one board, bus drivers
Necessary to overcome capacitance encoun-
tered in larger systems are avoided.
Another reason for avoiding these buffers
is that they cause delays which eat into the
access rime available from communicating
devices. The switch-mode power supply
used means that a readily obtainable trans-
former with a single secondary winding
may be used to provide all three rails {+12,
+5 and —5V). VAV

Next article describes computer circuitry.
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: continued from Ipage 50

ZS Basic listing for eight-channel a to.d
converter (@ = byte, % = hexadecimal)
1 PRINT "SILICONIX LD120/121ATO 28

INTERFACE"
2 PRINT “HIT ANY KEY TO RUN";:

@%61,%07:R= USR(%54)
65 @3=%A0:03=00

? see* t
60 @2=%00

70 W =W+1:IFW<15 THEN 70

80 W =0:GO®@%1400 (m,c. routine for
collection of data)

85 |FN=1THEN X=A:Y=B: GO TO 130

see* |

wEZrexrmgwm

BEyon e eana
IR T (T

1 : Z=%80

B0 @2=2Z

90 [FN=2THEN X=C: Y=D: GO TO 130

95 [FN=3THEN X=E:Y=F: GOTD 130
100 IFN=4 THEN X=G: Y=H: GOTO 130
105 IF N=5THEN X=I: Y=J: GOTO130
110 IFN=86 THEN X=K: Y=L: GO TO 130
115 IFN=7 THEN X=M: Y=N: GO TO 130
"120 IFN=8 THEN X=0:"Y=P: GO TO 130

126 GO TO 45

130 Z2=Z+%10

136 V=@%26+ @%25x10+8%24> 100
+@%23x 1000+ @222 10000

58

140 IFV>XTHEN PRINT “CHANNEL":
N;"OVERRANGE"”;:GOTO 1000
145 |FV<Y THEN PRINT “CHANNEL";
N:“UNDERRANGE";:GC TO 1000
150 N=N+1: GO TO 50
1000 GO®@%61,%07:PRINT @2%22;".";
' @%24;({@%25; [@%26;
1010 PRINT*MAX'";X;“MIN";¥Y
1020 N=N+1: GOT(Qb0

*| imits entered here for process monitoring.

Machine code routine

Line Assembler Hex
200 L.D% F?7, # % 41 E6F741 -
210 LD % F8, # % OF EB F7 OF
220 AND 3, # % 04 560304
230 - JRZ, *220 6B FB
240 LD % 22,2 E402 22
250 AND 3 # %04 56 03 04
260 JR N2, * 260 EBFB
270 CLR % 21 BO 21
280 AND 3 # % 08 560308
290 JRZ, * 270 6B FB
300 PUSH 2 7002
310 INC % 21 2021
320 CP%21,#4 AB2104
330 JRZ 2, * 350 68 07
340 AND 3, # 08 56 03 08
350 JRN2*320 EBFB -
360 JR* 270 8B EB

" 370 POP % 26 50 26
380 POP % 25 60 25
390 POP % 24 50 24
400 POP % 23 B0 23
410 RET AF
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