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Abstract

1 Introduction

We are describe a method for brining up a new Forth interpreter from scratch using a Test Driven
development approach and the John Hayes test suite'.

The minimum requirements are quite basic:
1. A simple Data stack
2. A simple Dictionary
3. A few native definitions of just three standard words
4. A native implementation of the test harness
5. A simple interpret loop
6. The ability to read lines from a file

To demonstrate just how simple this approach is an initial system, written in under 500 lines of
C, is provided in the appendix.

2 Data Stack

The core system requires a relatively simple data stack. In annex A we see a simple array of
integers and a stack pointer to index into the array.

We define four methods that work on this array:

push Place a new integer value on the top of the stack and increment the stack pointer.
This should check for a stack overflow;

pop Return the top most integer value from the stack and decrement the stack pointer.
This should check for a stack underflow;

popLong Return a double number from the top of the stack;
nip Remove the item under the top of stack from the stack.

Note that for simplicity of the example, we use a incrementing stack pointer. This stack im-
plementation is very basic and we would expect it to be changed quite significantly during the
process.

Lftp://ftp.taygeta.com/pub/Forth/Applications/ANS/core.fr
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3 Dictionary

This is a simple linked list of word definitions. Each definition has a simple data structure (XT _t),
which contains the name of the word, a pointer to a procedure (ptr func t) that does not take any
arguments and does not return any value. All communication to the word is via the data stack.

This dictionary is not optimised in any way, it has no knowledge of immediate words, compilation
semantics, word lists, or even colon definitions. We assume this rather simple dictionary will be
replaced with a more complex data structure during the development, adding the missing features
as they are required by the test suite.

3.1 A method of adding a new word to the dictionary

A function to add new native code word to the dictionary. This function is not to be invoked
directly from the interpreter but is only intended to initialise the dictionary. It will simply map a
word name to a native code function, which it does by adding a XT_t to the linked list that makes
up the dictionary. For example:

AddWord("TESTING", comment);

would associate the word “TESTING” with the C function comment.

3.2 A method of finding a word in the dictionary

A function to step though the linked list, looking to match a dictionary item with a given name.
If the name is found, the corresponding data structure (XT _t) is returned otherwise a NULL is
returned indicating the name was not found in the dictionary.

4 Echo

When debugging the scanning of the input source, it is useful to echo the text as it is scanned. A
special variable echo is defined to enable this behaviour.

We define two words to allow the test harness to control the echoing of the input.
+ECHO Turn echoing on, white space and words are written to the console as they are processed.

—-ECHO Disable the echo display.

5 Scanning

We provide three methods to scan and process the input:

nextChar Read the next character from the input file. If this detects the end of the line, it
will automatically read the next line from the input file. It is also responsible for
outputting the character if the system in in echo mode. It will return the character
or the special value EOF if there is no more text in the file.

(next char from input) =

char « line[position]

increment position

if char is end of line then
line + read line from file
position < 0
increment line number
if echo then

printin



print line number, ": "

end if

char < line[position]

increment position
end if

if echo then
if char is not white space or char is space or char is tab then
print char
end if
end if

return char
| |

nextWord Read the next word from the input, ignoring any leading white space. A word is
considered to be any non-white space text. Returns a pointer to the start of the word
or NULL if there is no more text in the file.

(next word from input) =
(Ignore leading white space)
char < space
while char is white space do
char < (next char from input)
end while

if char is EOF (end of file) then
return null (end of file)
end if

(Read name up to next space)

name < empty string

while char is not white space and char is not EOF (end of file) do
name < name + char
char < (next char from input)

end while

return name
[ ]

parseNumber
Takes two parameters, the text to parse (as returned by the nextWord) and a pointer to
an integer where it will put the resultant number. It will attempt to parse the text as
a number (using the base value for the radix). If it can parse the number, it will return
true and place the number in the integer passed as the second parameter, otherwise
it will return false.

(parse text as number) =
value < 0
sign <+ 1
position < 0
min < ordinal ‘A’
max < min + base - 10;

char + text[position]
increment position
if char is -’ then

sign -1

char «+ text|[position]|



increment position

end if

while char is not end of text do
char <+ upper case (char)
if char is digit do
char <+ ordinal char - ordinal ‘0’
else if ordinal char > min and ordinal char < max then
char < ordinal char - min + 10
else
return invalid value
end if
value < (value x base) + char
char «+ text[position]
increment position
end while

number < value X sign
return valid value

6 Forth Words

The Hayes test suite uses three normal Forth words without testing them first. As we are defining
the test harness as native words, we need to provide native definitions of these words:

HEX (6.2.1660) Set the number radix (base) to 16.
Note that all numbers in the test suite are given in hexadecimal;

\ (6.2.2535) End of line comment — Ignore the rest of the line;

( (6.1.0080) In-line comment — ignore all text up to the next ).

7 Test harness

There are two different test harnesses to be considered depending on suite of test being use. The
original John Hayes test harness uses {, -> and }. In the Forth200z document Anton Etrl extended
the test harness to allow for floating point values, this version uses T{, -> and }T.

As we are only going to use the core tests provided by the Hayes suite we do not actually need
the floating point extension.

{ Start a test case, we clear the data stack at the start of the test, resetting the data
stack depth back to zero.

(start test case) =
test start depth < 0
|

-> Save test case. This must save the current data stack in a test stack, record the depth
of the stack and reset the data stack.

(save test case) =
test stack < data stack
test end depth < data stack depth
data stack depth < 0

[



} End a test case. This is the most complex definition as it must compare the current
data stack with the one saved in the test stack and report any differences.

(end test case) =
match «+ (test end depth is data stack depth)
n < test start depth
while match is true and n < test end depth do
match « data stack|n] is test stack[n]
end while

if match is false then
println “Stack Mismatch”
print “Found: ”
for n < test start depth upto test end depth do
print test stack[n]
end for

println

print “Expecting: ”

for n < test start depth upto data stack depth do
print data stack|n]

end for

println

abort

end if

data stack depth < test start depth
[

TESTING Ignore the rest of the line. The harness uses a variable verbose to control weather the
line is sent to the console or not. We have the echo option witch will do the same.
You could of course provide an implementation that will send the line to the console
even when the echo option is disabled.

8 Temporary Definitions

The test suite defines a number of words, both colon definitions and constants, before it has tested
these features. Our system is so simple, we can not currently process these definitions therefore,
as a temporary measure, we need to comment out these definitions and provide our own (native
code) versions.

Once we are past the initial stages of the test suite, it moves on to the defining words. This
will require changing the way the dictionary is store, but is also means we can uncomment the
definitions and remove our temporary ones, allowing the test suite to operate in the manner
originally intended. See section 10 (Procedure) for details.

8.1 Colon Definitions
Thankfully the test suite only defines two helper words in the early stages:

BITSSET? This will test the value on the top of the stack to see it it has a value other than 0.
Returning either one 0 or two 0’s on the stack:

(temporary bitsset definition) =
top < pop()
push(0)
if top is 0 then



push(0)
end if
m

BITS Counts the number of bits in the value on the top of the stack:

(temporary bits definition) =
top < pop()
count <+ 0
while top is not 0 do
increment count
shift top right by 1 bit
end if
push(count)
[

8.2 Constant Definitions

Similarly we have to comment out the constant definition, replacing them with our own native
code versions. Fortunately most languages provide equivalent constant values so the native code
versions are relatively simple:

Constant Forth Definition Meaning

0S 0 All bits are zero

18 0 INVERT All bits are one

<TRUE> 18 All bits are one

<FALSE> 0S All bits are zero

MSB 1S 1 RSHIFT INVERT most significant bit only
MAX-UINT 0 INVERT maximum unsigned integer
MAX-INT 1S 1 RSHIFT maximum signed integer
MIN-INT 1S 1 RSHIFT INVERT minimum signed integer
MID-UINT 1S 1 RSHIFT mid-point of unsigned integer

MID-UINT+1 1S 1 RSHIFT INVERT mid-point of unsigned integer plus one

Once we have implemented and tested the CONSTANT definition we can uncomment these constants
and remove the temporary definitions.

8.3 Division

The C language does not define whether division is symmetrical or not. So we need to comment
out the definition of IFFLOORED and IFSYM, replacing them with our own native versions that
simply ignore the rest of the line. Unfortunately that does mean we also have to provide our own
version of the subsequent helper words:

IFFLOORED Ignore rest of line

IFSYM Ignore rest of line

T/MOD Native implementation of /MOD (6.1.0240)
T/ T/MOD NIP

TMOD T/MOD DROP

T*/MOD Native implementation of */M0D (6.1.0110)
T*/ T*/ NIP

Again, once we have tested colon-definitions, we can uncomment the IFFLOORD and IFSYM defini-
tions and remove our temporary definitions.



9 Interpret Loop

Like the dictionary and the stack, the interpret loop is very simple. It has no knowledge of the
more advanced features, such as state. These will need to be added as development progresses.

The loop will simply read one name at a time from the input file (scan next word from input).
It will look the name up in the dictionary (find name in dictionary), if the name is found it will
execute the associated definition, otherwise it attempts to process the name as a number (parse
name as number). If it is a valid number, the number is placed on the stack, otherwise a “name
not found in dictionary” error is reported.

(interpret loop) =
begin
name < (next word from input)
while name is not null (end of file)
word < (find name in dictionary)
if word is not null (name found in dictionary)
execute word.function (execute word)
else (word not in dictionary)
value < (parse name as number)
if value is valid number then
push(value)
else (name not in dictionary or a valid number)
println
println “Word not found: ”, name
abort
end if
end if
repeat
]

10 Procedure

We are now ready to process the Hayes test suite’. Any time the test reports a missing word, the
word should be defined and the test suite again. This will allow you to run the following sections
of the test suite:

1. Basic Assumptions
. Booleans: INVERT AND OR XOR
. Shifts: 2% 2/ LSHIFT RSHIFT
. Comparisons: 0= = 0< < > U< MIN MAX

2
3
4
5. Stack operations: 2DROP 2DUP 20VER 2SWAP ?DUP DEPTH DROP DUP OVER ROT SWAP
6. Return stack operations: this has been mowved to later in the suite

7. Add/Subtract: + - 1+ 1- ABS NEGATE

8. Multiplication: S>D * M* UM*

9. Division: FM/MOD SM/REM UM/MOD */ */MOD / /MOD MQOD

The rest of the suite requires fully working versions of the : and CONSTANT defining words. At
this point it would be useful to copy the first 12 tests from section 15 (Defining Words) of the test
suite to the top of the test file, allowing basic testing of both words.

2ftp://ftp.taygeta.com/pub/Forth/Applications/ANS/core.fr
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Once CONSTANT is defined and tested, it should be possible to uncomment the constant definitions
and remove the corresponding native code definitions (8.2). Allowing the constants to be defined
by the test suite.

Similarly, when : has been defined and tested, it should be possible to uncomment the IFFLOORED
and IFSYM definitions and remove the dependent native code definitions (8.3). Unfortunately we
can not uncomment the BITSSET? and BITS definitions until after section 13 (Flow control).

10. Memory: HERE , @ ! CELL+ CELLS C, C@ C! CHARS 2@ 2! ALIGN ALIGNED +! ALLOT
11. Characters: CHAR [CHAR] [ ] BL S"
12. Dictionary: > [’] FIND EXECUTE IMMEDIATE COUNT LITERAL POSTPONE STATE
6. Return stack operations: >R R> R@
13. Flow control: IF ELSE THEN BEGIN WHILE REPEAT UNTIL RECURSE

It should now be possible to remove the two temporary colon-definitions (BITSSET? and BITS) in
section 8.1 from our system and allow the test suite to define them.

It should also be noted that we have moved section 9 of the test suite (return stack operations)
to just after section 12 (Dictionary).

14. Loops: DO LOOP +LO0OP I J UNLOOP LEAVE EXIT

15. Defining Words: : ; CONSTANT VARIABLE CREATE DOES> >B0ODY
16. Evaluate: EVALUATE

17. Parser input: SOURCE >IN WORD

18. Numbers: <# # #S #> HOLD SIGN BASE >NUMBER HEX DECIMAL
19. Memory movement: FILL MOVE

20. Output: . ." CR EMIT SPACE SPACES TYPE U.

21. Input: ACCEPT

22. Dictionary Search Rules

Having completed the Hayes test suite, most of the CORE word set from the ANS Forth standard
have been implemented and tested. We are now ready to move on to using the more advanced
testing as presented in the Gerry Jackson test suite® and/or the Forth200z standard®.

11 Experience

The Test Driven Development approach to developing a new interpreter outlined here has been
used to to successfully develop two compilers, one in Java and one in C#. An example of the base
code necessary to start this process is given in the appendix. This demonstrates a small initial
code size of just under 500 lines of C° (ignore comments).

A Code

#include <stdlib.h> /* Standard Library: malloc, free, exit */

#include <stdarg.h> /% Variable argument processing: va_list, va_start, va_end %/

#include <stdio.h> /* Standard Input/Output: fprintf, vfprintf, stderr, puts, fopen, fclose, fgets, EOF %/
#include <string.h> /* String Library: strdup, strchr, strrchr, stremp, strcpy, strlen, strcat, memset, memcpy */

Shttps://github.com/gerryjackson/forth2012-test-suite
4https://forth-standard.org/standard/testsuite
Shttps://www.rigwit.co.uk/forth/baseforth.c
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#include <ctype.h> /+ Character Library: isgraph, isspace, toupper, isdigit */
#include <limits.h> /* Constants: INT MAX, UINT MAX %/

/* Maximum line buffer length %/
#define MAXLINE 1024

/* input file name x/
static charx filename = NULL;

/* line number within input file x/
static int lineNo;

/x file pointer for current input file */
static FILEx* fin;

/* input line buffer =/
static charx line = NULL;

/#* current scanning position within the input line buffer /
static charx pos;

/* current radix (base) for number conversion x/
static int base = 10;

/* Forward reference to the freeDict function to free the memory used by the dictionary. %/
void freeDict();

[*%
x Q@brief Report an error message to the standard error and exit the program.
* The error message may contain parameter place holders with the additional parameters being provide after the
* message. This will display the message on the standard error stream, free any allocated memory and exit the
* program with the exit code.
* @param code  the exit code.
x @param format the error message to be displayed (may contain parameter descriptions).
* @param ... any additional parameters required by the format.
*/
void Error(int code, charx format, ...) {
if (format) {
fprintf(stderr, "\n%s(%d):.", filename, lineNo);
va list vaargs;
va_ start(vaargs, format);
vfprintf(stderr, format, vaargs);
va_end(vaargs);

}

freeDict();
free(filename);

if (line) { free(line); }
if (fin) { fclose(fin); }
exit(code);
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/%%
x @brief Remove the directory name from a file path.
* This will return a pointer to the first character of the last part of the path (or the start of the path, if the path does
* not have any directories).
* @param filename pointer to the start of the file path.
x @return a pointer to the start of the filename within the path.
*/
charx rmDir(charx filename) {
charx temp = strrchr(filename, '/");  /# Unix directory separator x/

if (temp) {
temp = strrchr(filename, '\\'); /* Dos directory separator */
return temp == NULL ? filename : ++temp;
}
[*%

x Q@brief Report the program usage, with an error message and a filename that will be displayed after the error
x message. Note this does not free memory so may only be used in the initializations, before the dictionary memory
* has been allocated.
x @param progname the program name, may contain a full path name.
* @param message the message to be displayed.
x @param filename  the filename causing the error.
*/
void usage(charx progname, charx message, charx filename) {

progname = rmDir(progname);

chark temp = strchr(progname, '.');

if (temp) {

stemp = 0;

}

printf("Usage: %s.<filename>\n", progname);
if (filename) {
printf(message, filename);

}else {

puts(message);

exit(EXIT FAILURE);

#define MAXSTACK 10
int stacklMAXSTACK]; /# Data Stack %/
int dsp = 0; /* Data Stack pointer/depth */

[*%
x @brief Push a single cell item on to the data stack.
* This will report an error if the stack is full.
x @param data the item to be placed on the stack.
x Q@return the data item placed on the stack.
*/
int push(int data) {

if ( dsp >= MAXSTACK ) {

Error(EXIT _FAILURE, "Stack,Overflow");

}
stack[dsp++] = (int) data;
return data;

}
/%%

x @brief Remove the item at the top of the stack and return it.
* This will report an error if the stack is empty.
x Q@return the data item at the top of the stack.
*/
int pop() {
if (dsp==0)¢{
Error(EXIT FAILURE, "Stack,Underflow");

}

return (int) stack[——dsp];

}



167

169

[*%
* @brief Remove a double cell item from the top of the stack and return it.
x @return a double cell item.
*/
long long popLong() {
long long top = (long long) pop() << (sizeof(long)  8);
return top | pop();

/%%
* @brief Remove the second item on the data stack.
x @return the data item removed from the stack.
*/
int nip() {

int data = stack[dsp];

stack[——dsp] = data;

return data;

}
[*%
* Qbrief A pointer to a function that takes no arguments are does not return a value, i.e., void func().
*/
typedef void (xptr func_t)();
[ %%
x @brief The Execution Token data structure.
*/
struct XT_s {
charx /name;
ptr_func_t /func;
struct XT_sx  /next;
+
/%%
x @brief A pointer to an Execution Token data structure.
*/
typedef struct XT s XT _t;
/%%

x @brief The head of the dictionary linked list.

* A pointer to the most recent XT in the dictionary. Each XT contains a pointer to the next XT in the dictionary
* with the last XT in the list holding the NULL for the next value.

*/

static XT _t dict = NULL;

/%%
x @brief Free all memory used by the dictionary.
% Loop though the dictionary, one entry at a time, and free the memory used by the word name and the XT s
* data structure itself.
*/
void freeDict() {
XT t next = dict;
while ( dict '= NULL ) {
next = dict—>next;
free(dict—>name);
free(dict);
dict = next;
}
}

[*%

x @brief Add a word into the dictionary.

x This will build a new XT data structure which it will place at the head of the dictionary linked list, placing the
% current head of the list as the next item in the XT data structure.

x @param name word name to add.

* @param func pointer to c—function to preform the word’s action.

*/
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void AddWord(const charx name, ptr_func_t func) {
XT txt = (XT_t) malloc(sizeof(struct XT _s));
xt—>func = (ptr_func_t) func;
xt—>name = strdup(name);
xt—>next = dict;
dict = xt;

}
[*%

x @brief Find a word in the dictionary, returning the word’s XT data structures or NULL if the word is not found.
x This will start at the head of the dictionary and follow the links to each XT in the dictionary until it either finds the
* XT with the given name or comes to the end of the linked list.
x @param name the word to search for.
% @return a pointer to the XT of the word or NULL if not found.
*/
XT t find(charx name) {
XT _t current = dict;
while ( current != NULL ) {

if ( strcmp(current—>name, name) ==0) {
break;
}else {
current = current—>next;
}
}
return current;
}
/* ——==—====== Echo ========== */

static int echo = 1;

void echoOff() { echo = 0; }
void echoOn() { echo =1;}

void initEcho() {
AddWord("+ECHO", echoOn);
AddWord("—ECHO", echoOff);

/%%
x @brief Read the next character from the input file.
* If the character is the end of line marker, read the next line from the file and return the first character of the new
x line. If in echo mode write the character to the console, when reading a new line write the line number to the
* console.
x @return the character or EOF if at the end of the file.
*/
char nextChar() {
char ¢ = *pos++;
if (c ==
if (fgets(line, MAXLINE, fin)) {
pos = line;
lineNo++;
if (strlen(line) + 1 == MAXLINE) {
Error(EXIT _FAILURE, "Line_ tooulong,for buffer of %d characters", MAXLINE);

¥
if (echo) {
printf("\n%4d:.", lineNo);

C = *pos++;

}else {
return EOF;

}

}
if (echo && (isgraph(c) || c == "1’
putchar(c);

c=="\t){

return c;

}



[*%
* @brief Return the next word from the input.
x This will ignore any leading white space and return a pointer to the next non white—space character in the input
% line. It will replace the first white—space character after the word name with an end of text marker to convert that
x part of the input line into a string.
% @return a pointer to the first character of the word.
*/
chars nextWord() {

/* Ignore leading white space */

charc ="

while (isspace(c)) {

¢ = nextChar();
}

if (c == EOF) {
return NULL;
¥

/* Read name up to next space x/

charx name = pos — 1;

while (lisspace(c) && ¢ != EOF) {
¢ = nextChar();

/+ Mark end of word */
x(pos — 1) = 0;

return name;

}
[*%

* @brief Attempt to convert text into a number using the current base.
x This will attempt to convert the string in text into a number using the value is base as the radix. If successful the
* number will be placed in the integer pointed to by the number parameter and a true value is returned otherwise a
x false value is returned.
* @param text the text to be parsed.
x @param number a pointer to a location where the number can be stored.
% @return true if the text is a number or false if not.
*/
int parseNumber(char* text, intx number) {
int value = 0;
int sign = 1;

char ¢ = *text++;

if(c=="-"){
sign = —1;
c = xtext++;

}

while (¢ > 0) {
¢ = toupper(c);
if (isdigit(c)) {
c=c— "0}
}elseif (c >='A" && ¢ < 'A’ + base — 10) {
c=c—"'A" +10;
}else {

return 0; /% Not a valid number %/

value x= base;
value +=c;
Cc = xtext++4;

}

*number = (value * sign);
return ¢ == 0;
}
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/%%

* @brief Set BASE to 16

*/

void hex() { base = 16; }

[*%

x Qbrief Ignore all text up until the end of the line.
*/

void comment() {
int len = strlen(pos);
while (len—— > 0) {

nextChar();

ks
/%%

* @brief In—line comment — ignore all text up until the next ).
*/
void parn() {
char c;
do {
¢ = nextChar();
} while (c '= EOF && c !=")");

/%%
* @brief Add the Forth words HEX, \ and ( to the dictionary.
*/
void initForth() {
AddWord("HEX",  hex);

AddWord("\\", comment);
AddWord (" (", parn);
}
/* e e e Test Harness s e — */

static int testStack[MAXSTACK]; / Test stack x/
static int tend;

/%%
* Q@brief Start a test, start with a clean data stack.
*/
void testStart() {
dsp = 0;
}
/%%

* Q@brief Save the test stack.

x Copy the current data stack to the test stack.

*/

void testSave() {
memset(testStack, 0, sizeof(int) * MAXSTACK);
memcpy(testStack, stack, sizeof(int) x dsp);
tend = dsp;
dsp = 0;

}
/%%

* Q@brief End a test.
x Compare the current data stack with the test data stack.
* Report an error if the two stacks to not match exactly.

*/



201 void testEnd() {

102 int match = (tend == dsp);

403 for (int n = 0; (match && n < tend); n++) {
104 match = (stack[n] == testStack[n]);

405 }

406

407 if( Imatch ) {

408 fprintf(stderr, "\n%s(%d):.Stack,Mismatch\n", filename, lineNo);
109 fprintf(stderr, "Found: Luou");

410 for (int n = 0; n < tend; n++) {

11 fprintf(stderr, "%d.", testStack[n]);

412 }

413

414 fprintf(stderr, "\nExpecting:..");

415 for (int n = 0; n < dsp; n++) {

416 fprintf(stderr, "%d.", stack[n]);

417 }

118

419 fprintf(stderr, "\n");

120 Error(EXIT _FAILURE, NULL);

421 }

422 dsp = 0;

423}

424

125 [* ==== Temporary colon definitions to be removed once : is defined and tested x/
426 /% { :BITSSET? IF 0 0 ELSE 0 THEN ; —> } /
127 void bittest() {

428 int top = pop();

429 push(0);

430 if (top) {

431 push(0);

432 }

433}

435 [# : BITS ( x —— u ) 0 SWAP BEGIN DUP WHILE MSB AND IF >R 14+ R> THEN 2x REPEAT DROP ; %/
136 void bits() {

437 unsigned int top = pop();

438 int count = 0;

139 while (top) {

440 count++;

141 top >>=1;

442

143 push(count);

414}

445

146 [+ ==== Temporary CONSTANT definitions to be removed once CONSTANT is defined and tested %/
227 void zeros() { push(0); } /* 0 x/
115 void ones() { push(~0); } /* 0 INVERT */
220 void cfalse() { push(0); } /* 0S x/
50 void ctrue() { push("0); } /% 1S x/
251 void msh() { push(“INT MAX); } /* 1S 1 RSHIFT INVERT */
452

453 [+ The Comparison operators define a number of constants %/
154 [* MSB, MAX—UINT, MAX—INT, MIN=INT, MID—UINT, MID—UINT+1 */

155 void maxUlInt() { push(UINT _MAX); } /* 0 INVERT */
456 void maxInt() { push(INT _MAX); } /% 0 INVERT 1 RSHIFT */
57 void minint() { push(INT_MIN); } /+ 0 INVERT 1 RSHIFT INVERT #/
s void midUlnt()  { push(UINT MAX >> 1); } /% 0 INVERT 1 RSHIFT %/

50 void midUIL() { push(“(UINT_MAX >>1)); } /0 INVERT 1 RSHIFT INVERT %/

461 /% C can use either Floored or Symmetric division x/

162 [* The following temporary colon definitions can be removed once : is defined and tested x/
163 int isFloored() {

164 return (=3 / 2) == —1;

465 }



17 /* IFFLOORED  : T/MOD >R S>D R> FM/MOD ; x/

w5 /% IFSYM : T/MOD >R $>D R> SM/REM ; */
460 void tdm() {

170 int top = pop();

471 long long nos = popLong();

472

473 long long div;

474 int rem;

475

4 if (isFloored() ) {

477 div = nos / top;

478 rem = (int) (nos — (div % top));

479 }else {

480 div = nos / top;

481 rem = (int) (nos % top);

482

483

184 push(rem);

485 puSh((int) div);

86}

487

185 [+ IFFLOORED : T/ T/MOD SWAP DROP ; x/
w0 /% IFSYM :T/ T/MOD SWAP DROP ; */
200 void td() { tdm(); nip(); }

491

202 [+« IFFLOORED  : TMOD T/MOD DROP ; x/

03 [+ IFSYM : TMOD T/MOD DROP ; x/
202 void tm() { tdm(); pop(); }

495

406 [+ IFFLOORED : T« /MOD >R Mx R> FM/MOD ; %/
207 /% IFSYM : Tx_/MOD >R M« R> SM/REM ; /
w05 void tsdm() {

499 int top = pop();

500 long long a = pop();

501 long long b = pop();

502 long long mul = a x b;

503

504 long long div;

505 int rem;

506

507 if ((isFloored() ) {

508 div = mul / top;

509 rem = (top — (int) div * top);

510 }else {

511 div = mul / top;

512 rem = mul % top;

513 }

514

515 push(rem);

516 push((int) div);

517}

518

510/ IFFLOORED  : T+ / T+ /MOD SWAP DROP ; /
520 /% IFSYM :Tx_/ Tx_/MOD SWAP DROP ; /
521 void tsd() { tsdm(); nip(); }

523 [*%

524 % @brief Initialise the dictionary with the test harness and temporary definitions.
525 %/

526 void initTest() {

527 /* Hayes test harness { —> } %/

528 AddWord("{", testStart);

520 AddWord("—>", testSave);

530 AddWord("}", testEnd);

531 /+ Forth200x test harness T{ —> }T %/

532 AddWord("T{", testStart);

533 AddWord("}T", testEnd);
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AddWord("TESTING", comment);

/+ Temporary colon definitions (Basic assumptions and Memory) */

AddWord("BITSSET?", bittest);
AddWord("BITS", bits);
/* Temporary constant definitions */
AddWord("0S", zeros);
AddWord("1S", ones);
AddWord("<TRUE>", ctrue);
AddWord("<FALSE>", cfalse);
/+ Comparison operators use the following constants */
AddWord("MSB", msb);
AddWord("MAX—UINT", maxUlInt);
AddWord("MAX—INT", maxlnt);
AddWord("MIN—INT", minlnt);
AddWord("MID—UINT", midUInt);
AddWord("MID—UINT+1", midUI1);
/* Temporary colon definitions (Division) */
AddWord("IFFLOORED", comment); /x Ignore rest of line %/
AddWord("IFSYM", comment); /* Ignore rest of line %/
AddWord("T/MOD", tdm);
AddWord("T/", td);
AddWord("TMOD", tm);
AddWord("Tx/MOD", tsdm);
AddWord (" Tx/", tsd);

}

/%%

* @brief Open the file given in as the command line argument.
* This will process all of the command line arguments, checking that there is only one. It will attempt to open the
« file, if not able to it will add the .forth extension to the file and try again, if the file is still not found it will try the
* .fr extension. If successful the fin and filename global variables configured, otherwise it will report a usage error
* and exit.
*x @param argc the number of arguments contained in the argv array.
x @param argv an array of strings, one for each command line argument.
*/
void openFile(int argc, char *argv[]) {
/* Check we have the right number of arguments x/
if (argc==1){
usage(argv[0], "Weyneed a file to process.!", NULL);
}elseif (arge > 2) {
usage(argv[0], "Canponly_process_one,file at a time", NULL);

filename = argv[1];

/* Process the file name (allow for ".forth" extension) %/
int len = strlen(filename) + 10;

charx name = (charx) malloc(len * sizeof(char));
strcpy(name, filename);

/* Does the file exist? */

fin = fopen(name, "r");

if (Min) {
/x File not found, try ".forth" extension x/
strcat(name, ".forth");
fin = fopen(name, "r");

if ((Mfin) {
/# Still not found, try ".fr" extension %/
strcpy(name, filename);
strcat(name, ".fr");
fin = fopen(name, "r");



604 if ((Min){

605 /* Still not found, give in x/

606 usage(argv[0], "Canunot openyinput,file:,\"%s\"", filename);
607

608

609 filename = strdup(rmDir(name));

610 free(name);

611}

612

613 [xx

614 % @brief Initialise the system.

615 * First it will attempt to process the command line arguments. It will then initialise the dictionary before initialising
616 * the line buffer so that the first call to nextChar will load the first line of the file into the buffer.

617 % ©@param argc the number of command line arguments in the argv array.
618 % @param argv an array of strings, one for each command line argument.
619 */

620 void init(int argc, charx argv[]) {

621 /* Open input file x/

622 openFile(argc, argv);

623

624 /* Initialise dictionary =/

625 initEcho();

626 initTest();

627 initForth();

628

629 /# Initialise line buffer x/

630 line = (charx)malloc(MAXLINE x sizeof(char));

631 pos = line;

632 *pos = 0;

633 lineNo = 0;

634}

635

636 /%%

637  * @brief The main interpret loop.

638 x This will read the input file, one word at a time, it will look up each word in the dictionary and if found it will

630 % preform the action associated with the word, otherwise it will attempt to convert the word into a number (using the
640  * current base). If successful it will place the number on the data stack otherwise it will report a word not found

621 % error and abort.

6a2 % ©@param argc the number of command line arguments in the argv array.

643 % @param argv an array of strings, one for each command line argument.

6aa % Qreturn does not return

645 */

s46  int main(int argc, charx argv[]) {

647 init(argc, argv);

648

649 /* Interpret loop =/

650 charx name;

651 while (name = nextWord()) {

652 XT _t word = find(name);  /* Lookup name in dictionary x/
653 if (word) { /x if name found */

654 word—>func(); /* Execute XTx/

655 } else { /* Name not found */

656 int value; /* convert to number %/

657 if (parseNumber(name, &value)) {

658 push(value); /% Push number onto stack =/
659 }else { /* Not a word or a number */
660 Error(EXIT _FAILURE, "Wordunotyfound: %s", name);
661 }

662 }

}
664 Error(EXIT _SUCCESS, NULL);
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