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The CI-2 is a homemade floating point simple interpreter language by hand assembling for
my 6502 computer PERSEUS-8 and PERSEUS-9.

Mitsuru Yamada

Description

I have a dream. It is to build a floating-point computer programming system by
myself. Here is a description of the challenge. Currently, there are already many
programming languages in existence, and precision floating point arithmetic and
function value calculation have been put to practical use. Here, I would like to take
a method that I find easy to create, without being bound by standardized
specifications. The concepts are as follows.

(1) The development environment will be completed only on PERSEUS-8 without
using any other computer. This is to re-evaluate the value of a computer that has
toggle switches as its user interface.

(2) Attempt to implement elementary functions such as sine, exponential, etc. in
order to make it somewhat practical. The assembly code of the system is shown in
the attached file (ASSEMBLY_CODE_CI-2_V2_0_2.pdf)[3].

(3) As an application program, I will try to program signal processing, which has
been widely used from the 1970s to the present computers.

Details

1. System requirements

The CPU of the computer to be run is the 6502[1], which was widely used about 45
years ago. The total memory requirement for the system and user area is 16 kB. The
user interface uses a RS232C serial terminal. Figure 1 shows the execution of this
interpreter CI-2 (Computation Interpreter -2).

Fig.1 Floating point interpreter CI-2 running on my 6502 computer PERSEUS-8.
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2. Language specification

The language specifications are listed in the following. This specification was not
defined exactly at the beginning, but was the result of trial and error. The details of
the language specification are shown in the attached file (Specification of Floating
Point Computation Interpreter CI-2 V2_0.pdf)[4]. The language specifications are
also described as an appendix at the end of the assembly code list file.

0) Required setting at first startup: user programming area limit address.
1) Mode: direct execution like calculator and program execution.
2) Line number: 0 to 9999
3) Numeric range: -9.99999E38 to 9.99999E38, Minimum absolute value: 1.00000E-39
4) Variables: single alphabet (A to Z, a to z)
5) Array variables: )X,)Y,)Z (argument range : 0 to 255)
6) Pointer variables: $ (argument range: 0 to 65535)
7) Notation: Reverse Polish Notation
8) Four arithmetic operation: addition +, subtraction -, multiplication *, division /
9) Functions:
square root )Q, sine )S, cosine )C, tangent )T, arcsine )M, arccosine )N, arctangent )0,
exponential )E, natural logarithm )L, exponentiation )P,
hyperbolic sine )U, hyperbolic cosine )V, hyperbolic tangent )W, absolute )A, integer )],
0) Condition statement: 7=, 7>, 7>=, 7<, 7<=
1) Jump statement: !
2) Program execution: !
3) Input statement: &
4) Comment statement: #
15) Display program list: @
16) Load program from serial interface: “
17) Load program from parallel interface:

Specification of Cl-2
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The numeric values were set to 32-bit single-precision floating-point type. In
order to simplify the conversion of ASCII code to numbers, BCD notation was used
instead of binary. Therefore, the number of significant digits and the numerical
range are inferior to those of general single-precision arithmetic systems. In order
to avoid parsing, variables and instructions were defined as single letters of the
alphabet. The formula uses RPN (Reverse Polish Notation). This is also to avoid
parsing.

There are three one-dimensional array variables:)X,)Y,)Z. The arguments range
from O to 255. This alone occupies 3 kB of memory. There is no statement equivalent
to a FOR loop, but I decided to use a conditional branch and a jump to the specified
line number instead. Therefore, it is not suitable for large-scale programming.

Figure 1.1 shows an example of programming description and its execution. The
line number 230 ‘N)X=N P K** M/)S’ is ‘X(N)=sin((K*P*N)/M)’ in a typical language
description. The line number 480 ‘L. M?< 445" means ‘if L<M then go to 445’.
Command ‘@ from the terminal is the display of the program list, and command ¥’
1s to execute the program.

The upper limit of the user program area is set by manually writing to the zero-
page area only at the first startup so that it can be varied according to the memory
capacity of the system. In PERSEU-8, the memory limit is $1FFF, so type 130$=31
in the direct mode pointer variable. This will set the upper byte $1F of the upper
memory limit address in the register $0082, and the user memory area becomes 4
kB, so the maximum number of characters in a user program is approximately 3840.

3. Software configuration

Figure 2 shows the block diagram of this interpreter system. The system will wait
for single line of input after startup. After inputting a single line from the serial
interface, it analyzes it one character at a time from the left of the line buffer. Here,
if a line number is detected at the beginning of a line, the process moves to the line
editor. If no line number is detected, parse one character at a time as direct execution
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100: # FOURIER TRANSFORM; e D AT A
110: # DFT_61_6.TXT;

120: # FOR CI-2, PERSEUS-8; 1.00000E0 1.00001EQ
150 HHHHHHHHHHHHHHHHHHE 2.00000E@ 1.00000E-5
180: # ---- DATA ---- 3.00000E0 -1.00001E0
190: P=6.28319; 4.00000EQ -7.00000E-5
200: M=16; 5.00000E0 1.00001EQ
210: K=4; 6.00000E0 3.00000E-5
225: N=0; 7.00000EQ -1.00001EQ
228: N;; 8.00000EQ 1.00000E-5
230: N)X=N P K** M/)S 9.00000EQ 1.00000EQ
240: N=N 1+; 1.00000E1 -2.00000E-5
250: N M?¢ 228! 1.10000E1 -1.00001E0
400: # ---- DFT ----; 1.20000E1 1.10000E-4
410: K=0; 1.30000E1 1.00000EQ
415: A=P K* M/; 1.40000E1 -2.00000E-5
420: K)Y=0; 1.50000E1 -1.00001E0
430: K)Z=0; -- POWER SPECTRUM --
a40: L=0; [ 4.00000E -5
445: B=A L*; 1.00000E0 1.00179E-4
450: K)Y=K)Y B)C L)X*+; 2.00000E0 9.05205E-5
460: K)Z=K)Z B)S L)X*-; 3.00000E0 3.30260E-4
470: L=L 1+; 4.00000EQ 8.00005EQ
480: L M?< 445! 5.00000E0 8.84590F-5
490: K=K 1+; 6.00000EQ 3.98803E-4
500: K M?< 415! 7.00000EQ 3.26000E-4
600: # -- POWER SPECTRUM -- 8.00000EQ 2.06184E-4
610: K=0; 9.00000EQ 2.06002E-4
620: K)Z= K)Y K)Y* K)Z K)Z*+)Q; 1.00000E1 4.89069E-4
625: K;; 1.10000E1 1.15630E-3
626: K)Z 1.20000E1 8.00005EQ
630: K=K 1+; 1.30000E1 1.42215E-3
640: K M?< 620! 1.40000E1 6.61600E-4
> 1.50000E1 6.36660E-4

>

Programming example Execution example

Fig 1.1 Example of a programming and its execution.

mode. This ‘MAIN LOOP’ process is mapped from address $ES8FO0 in the assembly
code[3]. If it is a number, it is converted to BCD and stored in the floating point
register. This ‘GET FLOATING POINT’ process is mapped from address $EOF7 in
the assembly code. If it is an arithmetic operator or a command, it moves to the
respective processing routine. If a ‘CR’ code is detected, perform the assignment and
register value display, and return to waiting for one-line input. This ‘END LINE’
process is mapped from address $EDB9 in the assembly code.

Program execution is performed by setting the execution flag upon detection of
a ‘! ‘ code and the execution flag is set. Once the execution flag is raised, a single line
of analysis is executed from the beginning of the program area. In the case of a
conditional branch statement, the line with the line number that matches the line
number of the jump destination is searched from the top of the program and executed
from there. This ‘CONDITION’ process is mapped from address $EBFO in the
assembly code.

$E8DO

Line editor $E740

$FOBY Input single line Get floating point value
) $EOF7
(mantissa & exponent)
$E8FO Execute single line Load and store variable $F062
$ED14 Floating point four arithmetic
Line number detection /' operation
Single character ,«/,‘ Functions (sin, cos, exp etc.)
analysis -‘ Newton’s method $FasE
Maclaurin series

Bisection method

Conditional branch process
Display process at end of line [gjazE]

$EBFO

Fig. 2 Block diagram of Cl-2
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4. Floating point configuration

The floating point expression in this system is shown in Fig. 3. A floating-point
variable consists of a 3-byte 24-bit mantissa part, a 7-bit exponent part, and a 1-bit
mantissa sign. I use BCD for notation because it is easy to convert ASCII codes to
numbers, and because the register values can be intuitively read on the binary LED
display of the front panel of PERSEUS-8 as shown in value examples of Fig.3. In
this 6502 CPU, setting a flag, so the implementation program is simple can perform
the BCD operation.

32 bit single precision floating point expression of C|-2

Sign of mantissa Exponent (7bit, 2 digits BCD complementary) Mantissa (6 digits BCD absolute)
: A = L

[

bt 76543210 76543210 76543210 76543210
Byte 3 Byte 2 Byte 1 Byte 0

Expression examples

0.100000 E 1 80800 0:0'1 100701000 @ '0:0:0:0:0:0:0 0 +0:0:0:0:0:0:0'0

0.999999 E 39 001 1:1:0:0 1 21:0:0:1:1 0:0 3  1:0:0:14 0.0 1

0.123456 E -1 0 11 000 4 100051 0200 @ 102011051 0.0

T'his is the original, not IEEE compliant.
Fig. 3 Floating point expression

The exponent part is expressed as a complement instead of a general offset,
because I thought it would be easier to understand the values when debugging
intuitively. However, the process of adding and subtracting, I felt that it is
troublesome to compare the exponents of two variables making them equal by using
complement. Furthermore, in the 6502 CPU, a complement is the complement of 100
in the case of BCD, but in this case, it is 7 bits, so it had to convert it to the
complement of 80.

5. Four arithmetic operation

Figure 4 shows the memory map and register structure of this system. The machine
language instructions of this 6502 CPU basically allow only 8-bit addition and
subtraction for arithmetic operations. Therefore, the registers for floating-point
arithmetic must be defined in memory, and the processing of the mantissa and
exponent parts of the four arithmetic operations must all be implemented by an
algorithm.

The RPN has a four-stage arithmetic stack, from RO to R3, and operations of
two terms are performed, for example, RO = R1 + RO for addition. The three 48-bit
registers are used to calculate the mantissa for multiplication and division. In the
case of the 24-bit mantissa section, the mantissa registers for multiplication need to
be twice as large, 48 bits. The nine registers from R4 to R12 are used to calculate the
elementary functions.

In addition and subtraction, it needs to make the exponent part of the two terms
the same. It compares the exponential parts of R1 and RO, and change the smaller
one to be the same as the larger one. The mantissa of a variable of the smaller
exponent is shifted to the right to compensate. The mantissa part then converts the
24-bit absolute value and sign to the 32-bit complement, performs addition and
subtraction, and then converts it back to absolute value and sign again. The reason
for extending the bit is to ensure that the carry component is not missing. This


https://hackaday.io/project/179196-perseus-8-homemade-6502-computer

‘FLOATING POINT ADDITION’ process is mapped from address $ECC5 and
‘FLOATING POINT SUBTRACTION’ process is mapped from address $ECCF in the
assembly code.
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Fig. 4 Address map and register configuration

In multiplication, the mantissa part is stored in a 48-bit register, as shown in
Fig. 5. The multiplication flowchart is shown in Fig. 5.1. At first, the exponent part
7 bits of the two terms are added.

Shift right and

extract 4 bit, n

1 digit quotient

Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0
DR2 L ! ! Prodlluct 48 bit !! ! !
. (DR2 = DR2 + DR1 x n)
DRL | —Shiftleft l Niultiplicand 24 bit |
[ ]
DRO | [ Multiplier 24 bit
o
Multiplication of mantissa
DR2 | | \ Quofient 48 bit |  Shift right | |
[ ]
DR1 | | Dividend 24 bit | | | ‘7\\\\
. (DR1 = DR1 - DRO) -
DRO | [ Divisor 24]bit | [ Shift right |
[ ]
! Division of mantissa

Decimal point

Fig. 5 Register for multiplication and division

For the mantissa part, the multiplier DRO is shifted right and extracted 4 bits
at a time, and the multiplicand DR1 is accumulated in the product register DR2 by
the extracted number. The multiplicand DR1 is shifted to the left for each digit. This
‘FLOATING POINT MULTIPLICATION’ process is mapped from address $ECD9 in
the assembly code.



Multiplication ) $ECD9
$E4F3

Addition of the exponential parts of R1 and RO is
the exponential part of resulting RO
¥

‘ Mantissa part, initialize Product DR2 = 0 ‘ $E507
¥

{ Initialize Digit counter = 06(hex) ‘ $EACO

$E4CA k

Extract the least significant 4 bits of the Multiplier
DRO and make it a multiplier counter value

— $E4CA
ultiplier counter—— " Yes
=07

Accumulate seacc ° i‘
‘ Product DR2 = Multiplicand DR1 + Product DR2 ‘
|

’ Multiplier counter - 1
[

Fig. 5.1

ultiplier counter
=108

] Shift 4bit right Multiplier DRO \ $E4DC

] Shift 4bit left Multiplicand DR1 \$E4F5

‘ Digit counter - 1 ’ $E4EE

Do not accumulate

$EAFO

. \
igit counter =
00(hex) ?

‘ $E4DS

Flowchart of floating-point multiplication

In division, the mantissa part is stored in a 48-bit register, as shown in Fig. 5.
The division flowchart is shown in Fig. 5.2. At first, the 7 bits of the exponent part
of the two terms are subtracted. For the mantissa part, the restoring division is used.
The divisor DRO is subtracted from the dividend DRI1, and if the result of the
subtraction is positive, the subtraction is repeated until the result becomes negative.
When the result of the subtraction goes negative, the divisor DRO is added once and
the result is returned to positive. This number of subtractions is placed at the bottom
of the quotient register DR2. For the next digit, the divisor DRO is shifted four bits
to the right and the quotient register DR2 is shifted four bits to the left in the same
manner. This ‘FLOATING POINT DIVISION’ process is mapped from address
$ECES3 in the assembly code.

$E589
Subtraction of the exponential parts of R1 and RO " Z
is the exponential part of resulting RO | s Quo’uenj Ll = ’ $E634
1
| Mantissa part, initialize Digit counter = 0 |$E5DC I
[}

$E623

ivisor =

No $E5EB

| Initialize Quotient counter = FF(hex) |

1
’ Quotient counter + 1

|
] DR1 = Dividend DR1 - Divisor DRO ]$E5F1

l SESEF

$ESFD

Is subtract No

esult positive ?
Yes |

| Shift 4bit left Quotient DR2 | $E605

Set Quotient counter value to
least significant 4bit of DR2

Restoring
] DR1 = Dividend DR1 + Divisor DRO [ $EGOE

|

‘ Digit counter + 1

$E608

‘ $E61A

Digit counter
= 07(hex) ?

No | $E675
| Shift 4bit right Divisor DRO |

l End

Fig. 5.2 Flowchart of floating-point division

6. Elementary functions

The square root function is calculated using Newton's method as shown in Fig. 6. To
ensure fast convergence even with large numbers, an initial value of 1 / 2 of the



exponential part of the argument is used. These processes are mapped from address
$FOFF in the assembly code.

Calculation of Y = \/x

(1) Generate the initial value of iteration.

Forargument X = @ X 10b, 0<ac<l1
The initial temporary value is }’(0) = 1X10(int(b/2))
(2) Iterate Newton's method.

Y=Y+ X/Ymy)/2

Repeat the equation fromn =0ton = 8.

Fig. 6 Calculation of square root function

The sine function uses the Maclaurin expansion up to the ninth order shown in
Fig. 7. The coefficients refer to the table. The arguments are transformed to be
between zero and Pi/ 2, and the results are transformed accordingly. The cosine
function is calculated as the argument of the sine function, which is the argument
plus Pi / 2. The tangent function is obtained by sine / cosine. These processes are
mapped from address $F3B2 in the assembly code.

Calculation of ¥ = sin(x)

(1) Convert the argument to absolute.

(2) Convert the range of argumentto 0 < x < 2.

(3) Convert arguments per range of the followings, .
and convert sign of Maclaurin expansion results. \

0<x<0.5m, y = sin(x) \
05<x<m, y = sin(m — x)

T < x < 1.5, y = —sin(x — ) 0 057 m L15m 2
1.57 < x < 2, y = —sin(2m — x) = \
\ ,"J
where Maclaurin expansion is « L \\.,/

sin(x) = x — (1/3Dx3 + (1/5Dx°> —(1/7)x7 + (1/91)x°
= (1 — x?(1.66667x10™" — x*(8.33333x10~ —x2 (1.98413x10* — 2.75573x10"5 xz)))>

(4) If the argument is negative, all signs of the result are reversed.
Fig. 7 Calculation of sine function

The arcsine function is obtained by the bisection method using the sine function.
The arccosine is obtained by subtracting the arcsine function value from Pi/ 2. The
arctangent function is obtained by the bisection method using the tangent
function. These processes are mapped from address $F5F2 in the assembly code.

The exponential function is obtained by the Maclaurin expansion up to the ninth
order. However, a good approximation is only possible when the argument is near
zero. Therefore, as shown in Fig. 8, the function is decomposed into products of



exponential values weighted by powers of two, and the fractional part. Only the
fractional part is used as the argument for the Maclaurin expansion. These processes
are mapped from address $F764 in the assembly code. The conversion table in (3) in
Fig. 8 is from address $FFCC of the assembly code when the argument is positive,
and from address $FF44 of the assembly code when the argument is negative.

Calculation of ¥ = exp(x)
Maclaurin expansion is performed between regions of —1 < x < 1 with small error.
(1) Decompose the argument into integer and decimal part.
(2) Convert integer part to 8-bit binary.

(3) The exponent value corresponding to the bit weighting of the binary values are multiplying
by referring to a previously prepared table. If the mantissa is negative, another table is used.

(4) Put the decimal part into the Maclaurin expansion formula.  (e=09999% to ¢0-999999)
(5) The result of (3) and (4) multiplied together is the result to be obtained.

Calculation example 0426987)(102

l m~_ 4)
0 (2) 206987 = 1 4 x(ky + x(ky+ x(ks + x(ks

00101010 « 2Ah .
3) | N 7+ x(ks + x(ket+ x(k7 + x(kg+ kox))))))))

5) y = RSB ><eoe9s7
= 7.89630x10'3x2.98096x103%x7.38906x2.01114

= 3.49793x1018

Fig. 8 Calculation of exponential function

y=e

The hyperbolic function is obtained using the exponential function. These processes
are mapped from address $FAD4 in the assembly code.

The natural logarithm function also uses the Maclaurin expansion up to the
ninth order, but the function is decomposed into a sum of several terms so that the
argument of the Maclaurin expansion is from 1.0 to 2.0. The other terms refer to the
table. An example of the calculation of the natural logarithm is shown in Fig.
9. These processes are mapped from address $F875 in the assembly code.

Calculation of Z = ln(y)
(1) Convert a function to the form of a sum of its mantissa and exponent part.
(2) Convert the mantissa part to a product of powers of two (a) with another numerical(b).
(3) The exponential part converts to a product of —15 and in(10) = 2.30259. (c)
(4) The power of two part is obtained by the table. (d)

(5) The (b) part is obtained by the Maclaurin expansion of equation (f).
Equation (f) is formed the sum of equation (g) and the replacement of x in equation (g) by -x.

z = In(5. 24823x10‘15)
(b) /' —(a)-
= In(1. 31206) +ln(22) + i (10-15) (1,2)
= 2.71598x10°1 + 1. 38629 — 15 X% 2. 30259 (3,4,5)
= —3.2881x10?
-1

_ EE _Y D
InG) =20+ T+% ) where x=27 In+x)=x—2+2 @

Fig. 9 Calculation of natural logarithm function



A test program for each function value output for argument 0.5 is shown in the
attached file ALL_FUNC_01.pdf[5].

7. Line editor

When a "' code is entered following the first four digits of a single line input, it is
automatically recognized as a line in the program and inserted into the program. If
the same line number already exists in the program, the new line will replace it. If
there is nothing after the line number and "' code when a single line input, a line
having that number will be deleted from the program.These ‘LINE EDITOR’
processes are mapped from address $E740 in the assembly code.

8. Program loading
As a function for loading multiple programs, commands are provided to load program
text data from the outside into the user program area via a serial interface or parallel
interface. In the case of RS232C serial interface, it is the ' “' command. This process
is mapped after $F301 in the assembly code. Using this command, you can load the
program edited on the external PC.

In the case of this 8-bit parallel interface, it is the ' ‘ 'command. This process is
mapped after $F328 in the assembly code. This command can be used to load a
program stored in the external PROM module EXTROM-2[6].

16

9. Development environment

This interpreter was developed by hand assembling. The machine codes were
entered using the toggle switches on the front panel of the PERSEUS-8, and
debugging was done using the single-step function for each routine up to about 200
bytes. I also inserted jump instructions in the program to trap the execution and
examine the memory values. At runtime, the system area is switched to a write-
protected state. This ensures that even if a bug causes the program to run out of
control, the program will not be damaged.

Figure 10 shows an example of debugging: the 16-bit address toggle switches on
the front panel of the PERSEUS-8 is 0010h, specifying the least significant byte of
the mantissa part of the 32-bit floating-point register RO, and the 8-bit data LED
displays 21 in BCD. On the other hand, the mantissa part of the result of the square
root of 2 displayed on the serial terminal is 1.41421, and the two least significant
digits match at 21. In this way, I can check the value of the internal register.

LY

Fig. 10 Debugginér while checking the memory value.
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10. Current results

Currently, the binary machine code size of this interpreter shown in attached
file ASSEMBLY_CODE_CI-2_V2_0_2.pdf[3] is about 6.3 kB. Of that, the sum of
floating-point arithmetic and numerical input/output is 1.7 kB, the analysis
execution part is 1.7 kB, the elementary function part is 2.4 kB, and the editor part
is 0.5 kB. Since there is no error-determining function in the parser, the result of
incorrect syntax cannot be guaranteed.

As for the accuracy of the floating point four arithmetic operations the six digits
worked correctly. However there was no rounding by the guard bit, and it is
truncated in this system. The accuracy example of the function was almost +/-4 at
the sixth digit for the sine function. At first, I tried to calculate the function using
the CORDIC (Coordinate Rotation Digital Computer) algorithm, but due to the
reduction of significant digits during subtraction, I could not get good results, so I
decided to mainly use the Maclaurin expansion for function calculation.

The arithmetic speed on the user program of this system was 2.0 ms for addition
and 4.4 ms for multiplication, which is 1/100,000th of the execution speed of a
standard personal computer made in 2020.

The obvious defects discovered between the release of version 1.1.0 in August
2021 and the present were that the square root function gave an error when the
argument was zero and the calculation of functions for every 256 character position
in the user program gave an error. The above defects have been resolved in the
version 1.4.1 The defect of incorrect pre-addition and subtraction normalization for
binomials with numerical values less than or equal to 1E-7 and zero was resolved
in version 1.5.0 by modifying the exponential part of the numerical value zero to be
the same value as the exponential part of the minimum value of 1E-39. In this
version, the user program area limit can be set so that PERSEUS-9(7] can use a 12
kB user program area. A command to load a program from an external PROM
module was added in version 2.0.0.

11. Application example

As an example of application program, the FFT (Fast Fourier Transform)[2] which
1s a basic signal analysis process performed by the 1970s minicomputer to the latest
PCs and the execution result are shown in Fig. 11 and the attached file
(TEST_RAND_FFT _03.pdf)[8]. The upper of attached file is a 256-point signal
generator, which has random number noise and sine and cosine wave components
generated as a simulated signal and the next part is FFT program. From
‘GENERATE RANDOM NUMBERS + SIN COS WAVE’ are simulated signal data.
And from ‘POWER SPECTRUM’ are FFT results of the signal.

Figure 11 left shows this simulated signal. In this example, a 30-cycle sine
waveform and a 35-cycle cosine waveform are generated with a pseudo-random noise
of the same amplitude, but the period is not clearly visible from the left figure. The
result of the FFT calculation of this signal is shown in the right side of Fig. 11. In
this power spectrum display, it can be clearly seen that there are signals with 30
and 35 cycles. Since this interpreter does not have a drawing function, this figure
was created by reading the numerical data on the terminal into Microsoft Excel.

The fact that the signal generation and analysis is done correctly proves that
this interpreter is functioning correctly. The execution time was 240 seconds for this
256-point FFT. The linked video "Homemade Floating Point Interpreter computes
FFT"[9] demonstrates the execution of an FFT with 32 points.
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https://hackaday.io/project/186479-perseus-9-homemade-mobile-6502-computer
https://cdn.hackaday.io/files/1810987748096832/TEST_RAND_FFT_03.pdf
https://www.youtube.com/watch?v=ZZ5HwPYRB9w&t=164s
https://www.youtube.com/watch?v=ZZ5HwPYRB9w&t=164s
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Fig. 11 Application example for signal analysis.

12. Demo video

In the Following video 1, I will demonstrate arithmetic operation and natural
logarithm functions in CI-2's direct mode. In the program execution mode, I run a
sample software program with exponential functions. It also shows how to add a line
to control the execution of the program using a pointer variable. There is no audio
explanation, so please turn on the subtitles to watch.

Homemade Floating Point Interpreter for 6502

Mitsuru Yamada

(@

https1//WW\;V.Voutubé.com7watch?v=ImJ oRcZ9xC8&t=2s
Video1 Arithmetic operation, natural logarithm function and exponential function.

Video 2 below shows an application
program CALC_PLANET POSITION_02_5_3.TXT[10] that calculates the position
of planets. The program finds iterative approximate solutions to the Kepler's
equation from the orbital elements of the planet and converts the planet's vector
elements to right ascension and declination. This calculation makes extensive use of
trigonometric and inverse trigonometric functions, so it also serves as a validation
of these functions. This program is executed on PERSEUS-9, which implements CI-
2 in ROM as described below. The program is loaded from an external PC via a serial
interface using the CI-2 program load command.


https://www.youtube.com/watch?v=ImJoRcZ9xC8&t=2s
https://cdn.hackaday.io/files/1810987748096832/CALC_PLANET_POSITION_02_5_3.pdf
https://hackaday.io/project/186479-perseus-9-homemade-mobile-6502-computer

Homemade 6502 computer PERSEUS-9 calcul:

Mitsuru Yamada

https://www.youtube.com/watch?v=Et0JdEgXVIQ
Video2 Running an application program to calculate the position of a planet.

13. Making ROMs of the interpreter

The interpreter is running on the computer's battery-backed RAMs, but it can also
run on ROMs. The programming to the ROMs was done using the programmer
presented in my other project Fully manual PROM programmer[11], which uses four
D2716 type 2 kB EPROMs to store the entire interpreter in an 8 kB capacity. The
entire programming process took 20 hours manually. Figure 12 shows how the
programmed ROMs are mounted on the computer PERSEUS-8.

In March 2023, a PROM programmer[12] shown in Fig. 13 was successful made
that can be automatically programmed by the interpreter's user program process, so
PROMs can be revised in this way from version V.1.5.0 onward. A dump list of the
CI-2 system program[14] is in the attached file.

ey

The following video 3 shows how this PROM programmer is used to update the
interpreter. There is no audio explanation, so please turn on the subtitles to watch.


https://www.youtube.com/watch?v=Et0JdEgXVIQ
https://hackaday.io/project/175924-fully-manual-prom-programmer
https://hackaday.io/project/179196-perseus-8-homemade-6502-computer
https://cdn.hackaday.io/files/1810987748096832/PROM_WRITER_05_2.pdf
https://cdn.hackaday.io/files/1810987748096832/CI-2_V2_0_0_DUMP_LIST_2023_09_05.pdf

Homemade 6502 computer PERSEUS-8 update

Mitsuru Yamada

2% 2 YouTube

httpsl//www.vouﬁ)bec/watch?v=3ZnFJ -Ky71lo&t="7s
Video 3 Updating the interpreter by using the PROM programmer.

Fi. 13 Homemade PROM programmer connected to the parallel interface of
PERSEUS-S.

Whether the interpreter is executed in ROMs or RAMs is switched by a toggle
switch on the board. When running in ROMs, the single step operation mode
of PERSEUS-8 with a system clock of 2 MHz will not work. This is because the
access time of this PROM is slow at 450 ns compared to 100 ns for SRAM. The
highest operating clock for single-step operation in ROM mode was 1.5 MHz in the
experiment.

On the other hand, the maximum operating clock for RUN operation in RAM
mode was 4.5MHz, which was 2.25 times faster than the R6502A datasheet value of
2.0MHz. However, this evaluation is not an experiment that takes into account
individual device differences or ambient temperature.
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