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Introduction

\Small " is a simple, typeless, 32-bit extension language with a C-like syntax.
The languageand features are described in the companion booklet with the sub-
titte \The Language”. This \Implementor's Guide" discusseshow to embed the
Small scripting languagein a host application.

The Small toolkit consistsof two major parts: the compiler takesa script and
converts it to P-code (or \b ytecode"), which is subsequetly executedon an ab-
stract machine (or \virtual machine"). Small itself is written mostly in the C
programming language(there are a few les in assenbler) and it hasbeenported
to Microsoft Windows, Linux, PlayStation 2 and the XBox. When embedding
Small in host applications that are not written in C or C** , | suggestthat you
usethe AMX DLLs under Microsoft Windows.

There is a short chapter on the compiler. Most applications executethe compiler
as a standalone utilit y with the appropriate options. Even when you link the
compiler into the host program, its API is still basedon options asif they were
speci ed on the commandline.

The abstract machine is a function libary. The chapter dewted to it contains
seweral examplesfor embedding the abstract machine in a host application, in
addition to a referenceto all API functions.

Appendices, nally , give compiling instructions for various platforms and badk-
ground information |amongst others the debuggerinterface and the instruction
set.



Gluing Small to your product

The Small language and toolset was designedto be an extension language for
applications |as opposedto many other scripting languagesthat primarily aim
at the command shell of the operating system. Being an extension language,the
tools an libraries of the Small toolset must be integrated with the product.
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The two main parts of the Small toolset are the compiler and the abstract ma-
chine. The compiler may either be linked into the host application, or it may
be a separate processthat is launched from the host application. For perfor-
mance reasons,the abstract machine is always embedded (link ed-in) inside the
host application.

The Small compiler takesa seriesof text les containing the code for the user
script and de nitions of the ervironment/the host application. One of the include
les is implicit: the Small compiler will automatically include it in any user
script, but it will fail silently if that le is not preseri. The default namefor that
implicit include le (or \prex le") is\default.inc ". You can override this
name with a command line option to the Small compiler.

For a host application, it is advisedto create an implicit include le containing:
all \application specic" constarts;
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all nativ e functions that the host application provides (or a core subsetof these

nativ e functions);

all operloadedoperators (or a core subset of these);

all stock functions (or a core subsetof these);

forward declarations of all public functions;

declarations of public variables (if used).
You will have to refer to the Small booklet \The Language" for writing the
declarations mentioned in the above list.

The rationale behind having these declarations in an implicitly included le is
that the de nitions are now always available. This avoids errors, especially in
the case of overloaded operators and public functions. If the de nition of an
overloaded operator is missing, in many casesthe Small compiler will use the
default operator without warning. If a usermakesa mistake in the declaration of
a public function, the host application will not be able to call it, or it will pass
the wrong parameters. A forward declaration of the public function catchesthis
error, becausethe incorrect public function will not match the earlier declaration.

Apart from this implicit include le, the usercan also write custom include les
and explicitly include these. In addition, a host application may supply additional
\system" include les that are not addedto a project automatically and must be
included explicitly .

The next two chapters are on the Small compiler and the abstract machine
respectively. The most common setup is the one where the compiler runs as a
separateprocessthat is spavned from the host application.



Con guration

le: 4

Prex le: 2

The compiler

The Small compiler is currently the only translator (or parser) that implements
the Small language. The Small compiler translates a text le with sourcecode
to a binary le for an abstract machine. The output le format is in appendix
E. The usageof the Small compiler is described in the Small booklet \The
Language".

Deployment /installation

In most operating systems,the compiler consistsof a single executableprogram.
It canrun asis, but it will look for a con guration le in the samedirectory as
wherethe compiler is in itself, and it will locate (system) include les in a specic
directory.

Concretely, to setup the Small compiler on a system:
copy the program le for the compiler (typically \sc" for Linux/Unix and
\'sc.exe " for Microsoft Windows) in a directory of your choice;
optionally copy or create a con guration le, called \sc.cfg ", in the same
directory;
add a subdirectory called\include " below the directory in which the compiler
and sc.cfg reside, and copy the include les into that directory |esp ecially
add the \defaul t.inc " pre x le into that directory, if applicable. For details
on the pre x le, look up the compiler command line option -p in the Small
booklet \The Language".

Configuration file

On platforms that support it (currently Microsoft DOS, Microsoft Windows and
Linux), the compiler readsthe options in a \con guration le" on startup. The
con guration le must have the name\sc.cfg " and it must residein the same
directory asthe compiler executableprogram.

In asensethe con guration le is animplicit response le (seethe Small booklet
\The Language"for details on response les). Options speci ed on the command
line may overrule thosein the con guration le.

Errors
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Compiler errors

The error and warning messagegroduced by the compiler are described in the
companion Small booklet \The Language".

Run time errors

The function library that forms the abstract machine returns error codes. These
error codes encompassboth errors for loading and initializing a binary le and
run-time errors due to programmer errors (bounds-theding).

Run-time errors:
60



The abstract machine

The abstract machine is a C function library. There are seweral versions: one
that is written in ANSI C, and optimized versionsthat use GNU C extensionsor
assenbler subroutines.

Deployment /installation

The abstract machine is either linked into the host program, or it is implemented
as a loadable library (a DLL in Microsoft Windows, or a \shared library" in
Linux). No special considerations are required for redistributing the abstract
machine.

Using the abstract machine

To usethe abstract machine:

1 initialize the abstract machine and load the compiled pseudo-cale;

2 register all native functions that the host program provides, directly with
amx_Register or indirectly;

3 run the compiled script with amx_Exe¢

4 and clean up the abstract machine and other resources.

The example (in C) below illustrates these steps:

int main(int argc, char *argvl])

{
extern AMX_NATIVE_INF€bnsole_Natives[];
extern AMX_NATIVE_INFEbre_Natives(];

AMXamx;
cell ret =0;
int err;

if (argc = 2)
PrintUsage(argv[0]);

err = aux_LoadProgram(&amx, argv[1], NULL, NULL);
if (err = AMX_ERR_NONE)
ErrorExit(&amx, err);

amx_Register(&amx, console_Natives, -1);
err = amx_Register(&amx, core_Natives, -1);
if (err)

ErrorExit(&amx,  err);
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err = amx_Exec(&amx, &ret, AMX_EXEC_MAIN);
if (err)

ErrorExit(&amx,  err);

printf("%s  returns %Ild\n", argv[l], (long)ret);

aux_FreeProgram(&amx);
return 0;

}

The cell data typeis de ned in AMX.Hit usually is a 32-bit integer.

The program cheds rst whether a command line argumernt is presen; if so, the
program assumedhat it isthe lename of a compiled Small script. The function
PrintUsage is discussedlater in this chapter.

Function aux_LoadProgramallocatesmemory for the abstract machine, loadsthe
compiled pseudo-cale and initializes the lot. This function is not part of the
Small core, just becauseof what it does: memory allocation and le i/o . There-
fore, the function aux_LoadProgramis implemented in a separatesource le and
pre xed with \aux_", rather than \amx" (\aux" stands for auxiliary). We will
look at an implementation of aux_LoadProgrambelow.

The program has declarations for two sets of native functions: consolefunctions
from AMXCONSa@d corefunctions from AMXCORE.Both thesesetsare registered
with the abstract machine. Function amx_Register returns an error code if the
compiled script contains unresolved calls to native functions. Hence, only the
result of the last call to amx_Register needsto be chedked.

The call to amx_Execruns the compiled script and returns both an error code
and a program result code. Errors that can occur during amx_Execare division
by zero, stack/heap collision and other common run-time errors, but a native
function or an assert instruction in the sourcecode of the Small program may
also abort the Small script with an error code.

Once the script has nished running, aux_FreeProgram releasesmemory and
resourcesthat were allocated for it. This, too, is an auxiliary function |see page
9 for an exampleimplementation.

The abstract machine API has no functions that read a compiled script from le
into memory; the host program must implement these. An example implemen-
tation that comeswith the Small toolkit is aux_LoadProgram This is a fairly
large function asit:

1 opensthe le and chedks/massagesthe header;

2 optionally allocatesa memory block to hold the compiled pseudo-cale;
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3 readsin the complete le;

4 setsup an optional hook for a debuggeror run-time \monitor" function
5 cleansup resourcesthat it allocatedin casean error occurs.

int aux_LoadProgram(AMX*amx, char *filename, void *memblock,

{

int  AMXAPI(*amx_Debug)(AMX¥))

FILE *fp;
AMX_HEADHERI;
int result, didalloc;

/* step 1: open the file, read and check the header */
if ((fp = fopen(filename, "rb")) == NULL)

return AMX_ERR_NOTFOUND;
fread(&hdr, sizeof hdr, 1, fp);
amx_Align16(&hdr.magic);
amx_Align32((uint32_t  *)&hdr.size);
amx_Align32((uint32_t  *)&hdr.stp);
if (hdr.magic != AMX_MAGIC)

fclose(fp);
return AMX_ERR_FORMAT;
Yoot
/* step 2: allocate the memblockif it is NULL*/
didalloc = 0;
if (memblock == NULL) {
if ((memblock = malloc(hdr.stp)) == NULL) {
fclose(fp);
return AMX_ERR_MEMORY;
Yoot
didalloc = 1;

/* after amx_lnit(), amx->base points to the memoryblock */
Y oroif o

/* step 3: read in the file */
rewind(fp);

fread(memblock, 1, (size_t)hdr.size, fp);
fclose(fp);

I* step 4: initialize the abstract machine */

memset(amx, 0, sizeof *amx);

amx_SetDebugHook(amx,amx_Debug); /* set up the debug hook */
result = amx_lInit(amx, memblock);

/* step 5: free the memoryblock on error, if it was allocated here */

if (result = AMX_ERR_NORE didalloc) {

free(memblock);

amx->base = NULL; /* avoid a double free */
Y oroif o

return result;
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Step 1: Small can run on both Little-Endian and Big-Endian architectures,
but it usesa single le format for its pseudo-cale. The multi-b yte elds in the
headerof the le format are in Little Endian (or \In tel" format). When running

on a Big Endian CPU, function amx_Init adjusts all elds in the AMX_HEADER
structure from Little Endian to Big Endian. The function aux_LoadProgram
howewer, deals with a few header header elds before amx_Init has run, so it
must perform the proper alignment explicitty on a Big Endian CPU, using the
functions amx_Align16 and amx_Align32. Calling these functions on a Little
Endian machine doesno harm.

The header of the compiled script contains a special number. We ched this
\magic le" hereimmediately, becauseif we nd adierent value, all other elds
in the headerwill likely be mangled as well.

Step 2: The size of the binary image of the compiled script is not equal to the
total memory requiremerts |it lacks the memory requiremerts for the stack and
the heap. The \stp" (Stack Top) eld in the headerof the le format givesthe
correct memory size.

With the above implementation of aux_LoadProgram you can load the compiled
script either into a block of memory that you allocated earlier, or you can let
aux_LoadProgramallocate memory for you. The memblockargumernt must either
point to a memory block with an adequatesize,or it must be NULL.in which case
the function allocatesa block.

Step 3: The complete le must be read into the memory block, including the
headerthat we read near the function. After readingthe le into memory, it can
be closed. As an aside, the the value of hdr.size is the sameasthe le length.

Step 4: It isimportant to clearthe AMXétructure beforecalling amx_Init , for ex-
ample using memset If a debuggerhook must be set up for the abstract machine,
the relevant statemernt appears betweenmemsetand amx_Init .

Step 5: amx_Init doesa few cheds on the headerand it runs quickly through
the P-code to relocate jump and variable addressesand to ched for invalid in-
structions. If this veri cation step fails, we will want to free the memory block
that the function allocated, but only if the function allocated it.

Finally, for completenessthe functions aux_FreeProgram, ErrorExit and Print-
Usageare below:

int aux_FreeProgram(AMX*amx)

if (amx->base!=NULL) {
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amx_Cleanup(amx);
free(amx->base);
memset(amx,0,sizeof(AMX));
Yoo

return  AMX_ERR_NONE;

}

void ErrorExit(AMX *amx, int errorcode)
{
printf("Run  time error %d: \"%s\" on line %ld\n",
errorcode, aux_StrError(errorcode),
(amx != NULL) ? amx->curline : 0);
exit(1);
}

void PrintUsage(char *program)

{

printf("Usage: %s <filename>\n",  program);
exit(1);

}

Controlling program execution

The code snippets preseried above are enoughto form an interpreter for Small
programs. A drawback, however, is that the Small program runs uncortrolled
onceit is launched with amx_Exec If the Small program enters an in nit loop,
for example,the only way to break out of it is to kill the completeinterpreter |or
at least the thread that the interpreter runs in. Especially during developmert,
it is cornveniert to be able to abort a Small program that is running awry.

The abstract machine has a mechanism to monitor the execution of the pseudo-
code that goesunder the name of a \debug hook". The abstract machine calls
the debug hook, a function that the host application provides, at speci ¢ everts,
such asthe creation and destruction of variables and executing a new statemert.
Obviously, the debug hook has an impact on the execution speed of the abstract
machine. To minimize the performance loss, the abstract machine rst chedks
gueries the debug hook whether it want to receiwe further events. The debug
hook must return an acknowledging value on this initial call.

To install a debughook, call amx_SetDebugHookefore calling amx_Init . For an
example, seethe aux_LoadProgramfunction presened earlier (page 8, speci cally
\step 4". Then, in function main (page 6), changethe call to aux_LoadProgram
to:

err = aux_LoadProgram(&amx, argv[1], NULL, srun_Monitor);
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The function amx_Monitor becomesthe \debug hook" function that is attached
to the speci ed abstract machine. A minimal implementation of this function is
below:

int  AMXAPIsrun_Monitor(AMX *amx)
{
switch (amx->dbgcode) {
case DBG_INIT:
return  AMX_ERR_NONE;
case DBG_LINE:
/* check whether an "abort" was requested */
return abortflagged ? AMX_ERR_EXIT AMX_ERR_NONE;
default:
return AMX_ERR_DEBUG;
} /* switch */
}

The debug hook must return AMX_ERR_NGBEhe DBG_INITevert, otherwise it

will receive no further events. The only other event captured by this particular
debughook function is DBG_LINEwhich noti es the start of a statemert on a new
sourcecodeline. If the debughook returns an error code other than AMX_ERR_NONE
on the DBG_LINEvert, the abstract machine aborts execution and returns that
error code.

Exactly how the host program decideswhether to contin ue running or to abort the
abstract machine is implementation dependert. This example usesa global vari-
able, abortflagged , that is setto anon-zerovalue |b y somemagical procedure|
if the abstract machine(s) must be aborted.

There exists a more or lessportable way to achieve the \magic" referredto in the
previous paragraph. If you set up a signal function to set the abortflagged
variable to 1 on a SIGINT signal, you have an \ANSI| C"-approved way to abort
an abstract machine. The snippet for the signal function appears below:

void sigabort(int sig)

abortflagged = 1;
signal(sig, sigabort); /* re-install the signal handler */

}

And somewhere before calling amx_Exec¢ you add the line:
signal(SIGINT,  sigabort);

Debug hook functions allow you to monitor stack usage,pro le execution speed
at the sourceline level and, well::: write a debugger. Detailed information on
the debug hook is found in appendix E of this manual.
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Monitoring stack/heap usage

A useful function that the debug hook can implement is to monitor how much
memory the compiled script usesat run-time |in  other words, cheding the max-
imum stack and heap usage. To this end, the example below extends the debug
\monitor" function of the previous section, and adds another re nement at the
sametime.

int  AMXAPlamx_Monitor(AMX *amx)
{

int err;
unsigned short flags;
STACKINFOstackinfo;

switch (amx->dbgcode) {
case DBG_INIT:
amx_Flags(amx,&flags);
return (flags & AMX_FLAG_NOCHECK@MX_ERR_DEBU®MX_ERR_NONE;

case DBG_LINE:
I* record the heap and stack usage */
err = amx_GetUserData(amx, AMX_USERTAG('S','t','c','k"),
(void**)&stackinfo);
if (err == AMX_ERR_NONE)
if (amx->stp - amx->stk > stackinfo->maxstack)

stackinfo->maxstack = amx->stp - amx->stk;
if (amx->hea - amx->hlw > stackinfo->maxheap)
stackinfo->maxstack = amx->stp - amx->stk;

Yoot

/* check whether an "abort" was requested */
return abortflagged ? AMX_ERR_EXIT AMX_ERR_NONE;

default:
return AMX_ERR_DEBUG;
} I+ switch */
}

This extended version of amx_Monitor still cheds the abortflagged variable
(which is seton a Ctrl-C or Ctrl-Break signal), but on the sameDBG_LINEode it
also calculatesthe current stack and heap usageand recordsthesein a structure.
The used stack spaceis the di erence betweenthe top-of-stack and the current
stack point; similarly, the heap usageis the di erence betweenthe current heap
pointer and the heap bottom. More interesting is that the function stores this
maxima of the calculated valuesin the variable stackinfo , which is a structure
with the following de nition:

typedef struct tagSTACKINFQ
long maxstack, maxheap;
} STACKINFO;
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The abstract machine allows a host application to set one or more \user values".
In the current implementation of the abstract machine, up to four uservaluesmay
be used. To indicate which of the user valuesyou want to accessit is cornvenien
to use the macro AMX_USERTMEh a four-letter identi cation string. In this
example, the identi cation charactersare "S',’t',’c',’k".

The monitor function only retrieves a pointer to the stackinfo structure and
updates its elds. Elsewherein the program, before the call to amx_Exe¢ the
following lines are presert to initialize the variable and set its addressas a user
value:

STACKINFGQtackinfo;
memset(&stackinfo, 0, sizeof stackinfo);
err = amx_SetUserData(&amx, AMX_USERTAG('S','t,'c','k’), &stackinfo);

In the new implementation of amx_Monitor, the handling of the DBG_INITcode
has also changed,for an ertirely di erent reason. The stack/heap monitoring and
the program abort functionality (Ctrl-C or Ctrl-Break) depend on the regular
arrival of DBG_LINEwents. When a Small program is compiled without debug
information, no line number information is presen in the P-code and no DBG_LINE
event will be send. That rendersour monitor function ine ectiv e. This is okay,
though, becausethe user or the host application has explicitly compiled without
debugging cheds to improve run-time preformance. Howewer, the amx kernel
will still call the debug hook for other events and, with our implementation of
amx_Monitor, this events have no e ect exceptthat they take time.

When the debughook returns an error code on the DBG_INITevert, it will not be
called for any other everts. Sinceour debug hook only \listens" to the DBG_LINE
event and that evert is non-functional when the P-code corntains no line number
information, we might aswell return an error code on DBG_INITin that situation.
The upshot is that the overheadof the function call is avoided.

Preparing for memory-hungry scripts

The core run-time les that build the abstract machine executive (AMX.Cand
AMXEXEC.ABkre speci cally designednot to use dynamic memory or to rely
on a particular memory allocator. The reasoning behind this design is that
the abstract machine executive is made to be linked into host applications and,

There are a few \violations" of this design: the \prop erty" functions in AMX CORE.C call
\mallo c"; that said, nativ e functions are considered non-c ore functions.
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in practice, diverse host applications use dissimilar memory allocation schemes
[from instrumented versionsof malloc to garbagecollection algorithms.

The drawbadk of this design, howeer, is that the addressrange that a compiled
script runs in cannot easily grow: the executive itself cannot grow the memory
block becausdt knows nothing about the memory allocator that the host program
uses,and the host program will have to reac into the internals of the abstract
machine executive after it resizesthe memory block. Already determining when
to grow the block is involved. Hence, the addressrange that a script can use
should be seenas\ xed" or static.

The problem is that the host application cannot foreseewhat kind of scripts users
will write and how much breathing room their scripts need. A user may set this
value him/herself with #pragma dynamic, but this involves guessverk and it is
not user friendly. When the host program also runs the compiler, it can set the
heap/stack sizeto a value that is large enoughfor every imaginable script, but
at the risk that expanding the memory footprint of the host program by this size
impacts the general performance of the complete system (read \causes excessie

swapping").

Modern operating systemsallow for an e cien t solution for this dilemma: allocate
the memory addressrangewithout reservingthe memory and subsequetly resene
(or \commit") the memory on an as-neededbasis. The code snippets in this
sectionare for the \Win32" family of Microsoft Windows, but the conceptapplies
to many operating systemsthat provide virtual memory.

int main(int argc,char *argv[])
{

size_t memsize;

void *program;

AMXamx;

cell ret =0;

int err;

if (argc = 2 || (memsize = aux_ProgramSize(argv[1])) == 0)
PrintUsage(argv[0]);

program = VirtualAlloc(NULL, memsize, MEM_RESERVEBAGE_READWRITE);
if (program == NULL)
ErrorExit(NULL, AMX_ERR_MEMORY);

_try {

err = aux_LoadProgram(&amx, argv[1], program, NULL);
if (err)
ErrorExit(&amx, err);
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amx_Consolelnit(amx);
err = amx_Corelnit(amx);
if (err)

ErrorExit(&amx,  err);

err = amx_Exec(&amx, &ret, AMX_EXEC_MAIN);
if (err)

ErrorExit(&amx,  err);

if (ret = 0)

printf("%s  returns %Ild\n", argv[l], (long)ret);

} __except (srun_CommitMemory(GetExceptionin formation() , program, memsize)){
/* nothing */
Yoy ¥

amx_ConsoleCleanup(&amx);
amx_CoreCleanup(&amx);

amx_Cleanup(&amx);

VirtualFree(program, memsize, MEM_DECOMMIT);
VirtualFree(program, 0, MEM_RELEASE);

return 0;

}

The above main function is a variation of the one on page 6. Instead of using
malloc and free (indirectly through aux_LoadProgramand aux_FreeProgram),
it callsthe Win32 functions VirtualAlloc  and VirtualFree . The call to Virtu-
alAlloc resenesan addressrange, but doesnot \commit®" the memory, meaning
that no memory is allocated at this point. Later, one may commit chunks of
memory inside this addressrange, with the advantage that one can now specify
the memory addressthat must be commited. At the end of the program, Vir-
tualFree must be called twice, as the function can only releasememory in one
call if it has either beenfully committed or fully decommitted. The rst call to
VirtualFree decommitsall committed memory.

When a program tries to accessmemory that is not committed, an \accessvio-
lation" exception occurs. Function main catchesexceptionsand handlesthem in
the function below. Note that the function carefully chedks whether it gets an
exception that it can handle. Small typically accesseglemers in cells, so that
is the default sizeto commit (variable elemsize in the code snippet below), but
this sizeis adjusted if it would exceedthe allocate memory range.

DWORBrun_CommitMemory(struct _EXCEPTION_POINTER®, void *memaddr,
size_t memsize)

{
void *virtaddr;
int elemsize;

if (ep->ExceptionRecord->ExceptionCode != EXCEPTION_ACCESS_VIOLATION)
return EXCEPTION_CONTINUE_SEARCH;
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virtaddr = (void*)ep->ExceptionRecord->Excep tioninforma tion[1];
if (vitaddr < memaddr|| virtaddr  >= ((char*)memaddr + memsize))
return EXCEPTION_CONTINUE_SEARCH;

elemsize = sizeof(cell);
if ((char*)virtaddr + elemsize > (char*)memaddr + memsize)
elemsize = ((char®)ymemaddr + memsize) - (char*)virtaddr;

if (VirtualAlloc(virtaddr, elemsize, MEM_COMMIPAGE_READWRITE) NULL)
return EXCEPTION_CONTINUE_SEARCH;

return EXCEPTION_CONTINUE_EXECUTION;
}

With thesemadi cations, a host program (or a user) can now specify a sizefor the
stack and heap of a few megalytes when compiling a script le, and be assured
that only the memory that the program really usesis ever allocated. Microsoft
Windows commits memory blocks in \pages", which are 4 kBytes in size. That is,
although the above code commits only onecell (4 bytes), a range of 1024 cells
get committed.

A host program may chooseto periodically decommit all memory for a running
script, in order to reduce the memory footprint of the script (this is not imple-
mented in the above code shippet).

Another changein main in comparisonwith the rst implementation at page 6
is that it calls the functions amx_Consolelnit and amx_Corelnit rather than
amx_Register directly. As is explainedin the sectionon writing extension mod-
ules (an extension module is a native function library), it is proposedthat an
extension module provides initialization and clean-up functions; the initialization
function registersthe nativ e functions.

Calling ““public" functions

The implementations preseried so far would only call the function main in a
compiled Small script. Many implementations require multiple entry points and
needto be able to passinput parametersto that entry point. We needtwo steps
to enablethis:

The script must provide one or more public functions.

The host program must be adapted to locate the public function and passits

index (and parameters)to amx_Exec

To start with the latter step, the host program is adapted so that it nds a
particular public function by name. Function amx_Exectakes an index of a
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public function as a parameter; the previous examplesusedthe special constan
AMX_EXEC_MAtNstart with the \main" ertry point. If you know the name of
the public function, amx_FindPublic returns its index. For this purpose,include
the snippet below before the call to amx_Exec(it assumesthat the name of the
public function is in the variable argv[2] ):

err = amx_FindPublic(&amx, argv[2], &index);
if (err)
ErrorExit(&amx, err);

A public function may require input argumerts. If so, these should be passedto

amx_Exec For numeric \v alue" parameters, this involves no more than adding
the parameters at the end of the parameter list of amx_Execand adjusting the
fourth parameter (\ numparam¥) to re ect the number of parameters. When
the parameter is a referenceparameter or an array, there is a complexity: these
parametersare passedby address,but the abstract machine cannot accessmemory
ownedby the host. Instead, the host program must allocate memoryin the address
spaceof the abstract machine and copy the parameterinto this memory block. For
example,to passa string from argv[3] in the host program to a public function

in the abstract machine, usea snippet lik e the following:

err = amx_Allot(&amx, strlen(argv[3]) + 1, &amx_addr, &phys_addr);
if (err)

ErrorExit(&amx,  err);
amx_SetString(phys_addr, argv[3], 0);

The above snippet passeghe string asan \unpacked" string, meaningthat in the
script, every cell holds onecharacter. Therefore, the snippet allocatesa number of
cellsequal to the string length, plus onefor the zeroterminator. The amx_Allot
function returns two addresses;here stored in amx_addrand phys_addr. The
amx_addrvariable contains the memory addressrelativ e to the abstract machine
[this isthe addressthat must be passedio amx_Exec The phys_addr variable is
the addressthat the host program usesto store data into the abstract machine or
to readthe results. In this example,the host program simply calls amx_SetString
to store the argv[3] string into the abstract machine's memory.

If a public function has a variable argumert list, all parametersin this list must
be passedby reference. That is, you have to follow the above procedure for any
argumert that falls in the variable argumert list of the public function.

Below is the complete main function of a run-time that allows you to executeany
public function and passin a string. This program is, again, a modi cation of
the example program on page 6. It includes the calls to amx_FindPublic and

Seethe Small

booklet \The
Language" for
details on vari-

able arguments



18 . Calling \public" functions

amx_Allot mertioned above, and it also shavs how to passone extra paramater
through amx_Exec

int main(int argc,char *argv[])
{

size_t memsize;

void *program;

AMXamx;

int index, err;

cell amx_addr, *phys_addr;
char output[128];

if (argc = 4 || (memsize = srun_ProgramSize(argv[1])) == 0)
PrintUsage(argv[0]);

program = malloc(memsize);
if (program == NULL)
ErrorExit(NULL, AMX_ERR_MEMORY);

err = srun_LoadProgram(&amx, argv[l], program);
if (err)
ErrorExit(&amx, err);

amx_Consolelnit(amx);
err = amx_Corelnit(amx);
if (err)

ErrorExit(&amx,  err);

err = amx_FindPublic(&amx, argv[2], &index);
if (err)
ErrorExit(&amx,  err);

err = amx_Allot(&amx, strlen(argv[3]) + 1, &amx_addr, &phys_addr);
if (err)

ErrorExit(&amx,  err);
amx_SetString(phys_addr, argv[3], 0);

err = amx_Exec(&amx, NULL, index, 1, amx_addr);
if (err)
ErrorExit(&amx, err);

amx_GetString(output,  phys_addr);
amx_Release(&amx, amx_addr);
printf("%s  returns %s\n", argv[1l], output);

amx_ConsoleCleanup(&amx);
amx_CoreCleanup(&amx);
amx_Cleanup(&amx);
free(program);

return 0;
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When the program returns from amx_Exe¢ the host program can inspect the
returned value(s) and free the allocated space. The program preseried here uses
amx_GetString to retrievethe string that the public function (possibly) modi ed.

The function amx_Releasefreesthe memory allocated by amx_Allot . A single
call to amx_Releasecan undo multiple amx_Allot 's, seethe function description
at pageb54.

To demonstrate this program, we must alsowrite a script that contains a public
function and that acceptsa string parameter. Below is avariation of the \R OT13"
example script from the Small booklet \The Language". The essetial modi -
cation is the keyword public that is pre xed to the function name\rot13 ".

main()

{

printf("Please type the string to mangle: ")

new str[100]

getstring(str, sizeof str)
rot13(str)
printf("After mangling, the string is: ~"%sM'An", str)

}

public  rot13(string[])
{
for (new index = 0; string[index]; index++)
if (‘&' <= string[index] <='7)
string[index] = (string[index] - 'a’ +13) %26 + 'a'
else if (A" <= string[index] <='7Z")
string[index] = (string[index] - A"+ 13) %26 + A
}

With thesemodi cations, and supposingthat we have built the C program to an
executablewith the name\srun", we can executethe script with:
srun rotl3.amx rotl3 hello-world

Although the \R OT13" script contains a main function, it won't executein this
particular case.

Esserially the sameprocedure as outlined above applies to the passingof non-

string arrays to a public function:

1 allocate spacefor the array in the abstract machine with amx_Allot ;

2 copy the array into the abstract machine using the \ph ysical address" pointer
that amx_Allot returned;

3 call the public function, passingthe \amx address" pointer as a parameter;

4 optionally copy the array badk, out of the abstract machine |again using the
\ph ysical address" pointer;
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5 free the memory block in the abstract machine with amx_Release

The implementation of \srun" that calls the ROT13 script (page 18) usesthe
functions amx_SetString and amx_GetString to copy strings into and out of the
abstract machine. The reasonsfor using thesefunctions hasto do with the di er-
encein memory layout of strings in C/C ** versusSmall . When passingarrays
of integers(cell -sized)or oating point values,you can just usethe standard C
functions memmovand memcpy

For an example, imagine a host application that doessomestatistical processing
of lists of oating point numbers, and that allows usersof the application to \cus-

tomize" the operation by providing an alternativ eimplementation of key routines
in a Small script. In particular, the host application allows userto override the
\mean" calculation with a script that contains the public function CalculateMean

with the following signature:

public Float: CalculateMean(Float:  values[], items)

This is what the host application does(I am showing only a snippet of code here,
rather than a completeimplementation of a C/C ** function; refer to page 18 for
the context of this snippet):

float Valuesl[]; /* array with the numbers to get the meanof */
int  Number; /* number of elements in "Values" */
AMXamx; /* the abstract machine, already initialized */

int index, err;
cell amx_addr, *phys_addr;

err = amx_FindPublic(&amx, "CalculateMean", &index);
if (err '= AMX_ERR_NONE)
/* custom function not present, use a built-in function to
* calculate the mean
*/
Mean= CalculateStdMean(Values, = Number);
} else {

/* 1. allocate memoryin the abstract machine */
err = amx_Allot(&amx, Number, &amx_addr, &phys_addr);
if (err == AMX_ERR_NONE)

/* 2. copy values into the abstract machine */
memcpy(phys_addr, Values, Number* sizeof(cell));

/¥ 3. call the public function with the "AMXaddress" */
err = amx_Exec(&amx, (cell*)&Mean, index, 2, amx_addr, Number);
if (err '= AMX_ERR_NONE)

printf("Run  time error %don line %Ild\n", err, amx.curline);

/* 4. we could copy the array back here, but it is not very
* useful in this particular case */
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/* 5. release memoryin the abstract machine */
amx_Release(&amx, amx_addr);

} else {
printf("Failed to allocate %dcells\n", Number);
Mean= 0.0;

Y oroif o

}oEoufo

This example may appear a rather abstract twist of mind: \what kind of alter-
native mean function can a userinvert that is not absurd or fraudulent” |un til
you dive into the subject and discover a full and complex world behind a simple
concept as \the mean”. The most well known and most frequertly used kind
of average,which has becomesynonymous with the mean, is the \arithmetic av-
erage": the sum of all elemernis divided by the number of elemens. It is well
known that the arithmetic averageis sensitive to outliers, e.g.coming from noisy
data, and in such casesthe \median" is often proposedas a stable alternativ e to
the (arithmetic) mean.

The median and the mean are the two extremities of the (arithmetic) \trimmed
mean". The trimmed meanthrowsout the lowestand the highestfew samplesand
calculates the arithmetic averageover the remainder. The number of discarded
samplesis a parameter of the trimmed mean function: if you discard zerosamples
what you get is the standard mean and if you discard all but one sample, the
remaining sampleis the median.

The exampleimplementation of a trimmed meanbelow discardsonly the top and
bottom samples. This particular con guration of the trimmed mean has become
known as the \Olympic mean", referring to a similar procedure that is usedto
establish the averageperformance of athletes.

#include <float>

public Float: CalculateMean(Float:  values[], items)
{
/* return a "trimmed mean" by throwing out the minimum and
* the maximumvalue and calculating the meanover the remaining
* jtems
*/
assert items >= 3 /* should receive at least three elements */

Other kinds are the geometric average, the harmonic average and the \ro ot mean square".
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new Float: minimum = values[0]
new Float: maximum= values[0]
new Float: sum= 0.0
for (new i =0; i <items; i++)
{
if  (minimum > valuesi])
minimum = values][i]
else if (maximum< values|i])
maximum= valuesl[i]
sum += valuesi]

}
return  (sum - minimum- maximum)/ (items - 2)

}

This concludeshandling array and string argumerts to a public function by the
host application; what is left are reference arguments This does not need an
in-depth discussion,however, becausethe host application can handle a reference
argumert asan array argumert with the sizeof one (1) cell .
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Extension modules

An extension module provides a Small program with application-speci ¢ (\na-

tive") functions. Creating an extension module is a three-step process:

1 writing the native functions (in C);

2 making the functions known to the abstract machine;

3 writing an include le that declaresthe native functions for the Small pro-
grams.

1. Writing the native functions

Every nativ e function must have the following prototype:
cell AMX_NATIVE_CAIlfunc(AMX *amx, cell *params);

The identier \func" is a placeholderfor a name of your choice. The AMXype
is a structure that holds all information on the current state of the abstract

machine (registers, stadk, etc.); it is de ned in the include le AMX.HThe symbol

AMX_NATIVE_CAhblds the calling corvertion for the function. The le AMX.H
de nes it as an empty macro (so the default calling corvention is used), but

some operating systemsor ernvironments require a dierent calling convertion.

You can changethe calling cornvertion either by editing AMX.Hor by de ning the

AMX_NATIVE_CAtacro beforeincluding AMX.HCommon calling corvertions are
_cdecl, far _pascal and _stdcall

The params argument points to an array that holds the parameter list of the
function. The value of params[0] is the number of bytes passedto the function
(divide by the size of a cell to get the number of parameters passedto the
function); params[1] is the rst argumert, and so forth.

For argumerts that are passedby reference,function amx_GetAddrconverts the
\abstract machine" addressfrom the \ params' array to a physical address. The
pointer that amx_GetAddrreturns lets you accessvariables inside the abstract
machine directly. Function amx_GetAddralso veri es whether the input address
is a valid address.

Strings, lik e other arrays, are always passedby reference.However, neither paded
strings nor unpadked strings are universally compatible with C strings (on Big
Endian computers, padked strings are compatible with C strings). Therefore, the
abstract machine API provides two functions to corvert C strings to and from
Small strings: amx_GetString and amx_SetString .

Seepage 102 for
the memory lay-
out of arrays and
page 29 for an
example
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A native function may abort a program by calling amx_RaiseError with a non-
zero code. The non-zerocode is what amx_Exec() returns.

2.Linking the functions to the abstract machine

An application usesamx_Register to make any native functions known to the
abstract machine. Function amx_Register expects a list of AMX_NATIVE_INFO
structures. Each structure holds a pointer to the name of the nativ e function and

a function pointer.

Below is a full example of a le that implements two simple native functions:
raising a value to a power and calculating the squareroot of a value. The list of
AMX_NATIVE_INKfructures is near the bottom of the example|it is wrapped
in an \initialization function" called amx_Powerlnit .

/* This file implements two the native functions: power(value,exponent)
* and sgroot(value).

*/

#include "amx.h"

static cell n_power(AMX*amx, cell *params)
{
/* power(value, exponent);
*  params[1] value
*  params[2] exponent
*/
cell result =1,
while (params[2]-- > 0)
result *= params[1];
return result;

}

static cell n_sqroot(AMX *amx, cell *params)
{
I* sqroot(value);
*  params[l] = value
* This routine uses a simple successice approximation algorithm.
*/
cell div = params[1];
cell result =1,
while (div > result) { /* end whendiv == result, or just below *
div = (div +result)y / 2; /* take meanvalue as new divisor */
result = params[1l] / div;
} 7+ while *
return div;
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int amx_Powerlnit(AMX *amx)

{
static  AMX_NATIVE_INF@ower_Natives[] = {

{ "power", n_power },
{ "sqgroot", n_sqroot },

{0 0} /* terminator */
h

return amx_Register(amx, power_Natives, -1);

}

int amx_PowerCleanup(AMXamx)

{
return  AMX_ERR_NONE;

}

In your application, you must add a call to amx_InitPower with the \amx struc-
ture as a parameter, as showvn below:

err = amx_InitPower(&amx);

The rst example of \host applications" for the Small abstract machine called —— M
amx_Register directly, referring to the external arrays core_Natives and con- Sfaammﬂ']‘;tpg”s
sole_Natives (beingthe nativefunction tables). In many situations, the strategy amx_Register: 6
taken here(calling a function provided by the extensionmodule to handlethe na- —
tiv e function registration) is preferable:
Giving a function \external" scope is safer than doing so with a variable; as
opposedto functions, variables can be (accidertally) tampered with. Obsene,
by the way, that only the functions amx_Powerlnit and amx_PowerCleanup
have external scope in the above example.
An extension module may require additional \start-up" code. Doing this in
the sameroutine that also registers the native functions makes sure that all
initialization stepsoccur, and in the correct order.
An extensionmodule may alsorequire clean-up code. When all extensionmod-
ules provide \initializatio n" and \clean-up" functions, the rules for adding an
extension module to the host application becomeuniversal. This is especially
soif there is a naming corvertion for theseinitializatio n and clean-up functions.
For this reason, even though the \p ower" extension module does not require
any clean-up, an empty clean-up function amx_PowerCleanupvas added.

3.writing aninclude file for the native functions

The rst step implements the native functions and the secondstep makes the
functions known to the abstract machine. Now the third stepisto makethe native
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functions known to the Small compiler. To that end, one writes an include le
that contains the prototypesof the native functions and all constarts that may
be usefulin relation to the nativ e functions.

#pragma library  Power
native power(value, exponent)
native sqgroot(value)

The #pragma library line is useful when you create a dynamically loadable
extension module, as described on page 33; it is not required for an extension
module that is statically linkedto the host application.

Writing ~wrappers"

The precedingsectionsdescribed the implementation of a few functions that were
specially crafted as \nativ e functions" for the Small abstract machine. It is
common practice, howewer, that instead of writing new functions for Small , you
will make a set of existing C/C ** functions available to Small . To \glue" the
existing functions to Small , you needto embed ead function in a tiny new
function with the required \nativ e function" signature. Suc new functions are
called wrapper functions.

Wrapper functions alsoillustrate the issuesin passingparametersacrossC/C ** {
Small boundaries, plus that they provide templates for writing any kind of native
functions.

Pass-by-value, the simplest case

The Small toolset was designedto make the interface to native functions quick
and easy To start with an example, I will make a wrapper for the function
isalpha from the standard C library. The prototype for isalpha is:

int isalpha(int c);

Wrapping isalpha into a native function, results in the code:

static cell n_isalpha(AMX *amx, cell *params)

{

return  isalpha( (int)params[l] );

}

In addition to writing the above wrapper function, you must also still add it to a
table for amx_Register and add it to an include le for the Small compiler.



Writing \wr appers” [ 27

Floating point

Wrapping functions like isalpha represen the simplest case:functions that take
parameters with an \in teger" type and that return \v oid" or an integer type.
When either any of the parametersor the return type of the existing function are
a oating point type, theseparametersmust be castto/from the\cell " typethat
Small uses|but this cast must happen through a special macro. For example,
considerthe function sin with the prototype:

double sin(double angle);

Its wrapper function is:

static cell n_sin(AMX *amx, cell *params)
{

float r = sin( amx_ctof(params[1]) );
return amx_ftoc(r);

}

The symbols amx_ctof and amx_ftoc are macros that casta \cell " type into
\float " and vice versa,but in contrast to the standard type castsof C/C ** they
do not changethe bit represenation of the value that is cast. A normal type cast,
therefore, changesthe value and what is neededis a cast that leavesthe value
intact |whic h is what amx_ctof and amx_ftoc do.

Strings

Wrapping functions that take string parameters is more involved, becausethe
memory layout of a string in the Small abstract machine is probably dierent
than that of C/C** Y This meansthat strings must be converted between the
native (wrapper) function and the Small abstract machine. The standard C
function access hasthe prototype:

int access(const char *filename, int flags);

This behaviour is quite apparent in the cast from oatin t point to integer, which trunc ates the
value to its integral part.

Y on a Big Endian CPU platform packed strings have the same memory layout in Small and in
C/C++, unpacked strings and all strings on a Little Endian CPU have a dieren t layout.
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Its wrapper function is:

static cell n_access(AMX*amx, cell *params)
{

int r =0, length;

cell *cstr;

char *pname;

amx_GetAddr(amx, params[1], &cstr);

amx_StrLen(cstr,  &length);

if ((pname = malloc(length  + 1)) != NULL){
amx_GetString(pname, cstr);
r = access( pname, (intjparams[2] );
free(pname);

Yoo

return r;

}

When the Small abstract machine passesan array to a native function, it passes
the baseaddressof the array. This address,however, is relativ eto the data section
of the abstract machine; it is not a pointer that the native function (in C/C ** )

canuseasis. The function amx_GetAddtranslates an \abstract machine address"
(in params[1] in the above example)to a physical pointer for the host application

(i.e. cstr ).

The next stepis to convert the string for the format asit is storedin the abstract
machine to what C/C ** understands. Function amx_GetString doesthat, but
before using it, you have to ched the string length rst |hence, amx_StrLen.
Function amx_GetString recognizesboth padked and unpadked strings, by the
way.

If you needto write a string bad into the data section of the abstract machine,
you can usethe amx_SetString companion function.

When making wrappersby hand, the macro amx_StrParammay be conveniert be-
causeit implements the \sca olding code". The wrapper for the function access
would become:

static cell n_access(AMX*amx, cell *params)

{
int r =0;
char *pname;

amx_StrParam(amx, params[1], pname);
if (pname != NULL)

r = access( pname, (int)jparams[2] );
return r;
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The wrapper function usesthe C function alloca to allocate memory, instead
of malloc . The advantage of alloca is that memory does not needto be freed
explicitly . Function alloca is not in the ANSI C standard, howewver, and it may
not be available on your platform.

Pass-by-reference

C/C ** functions that return valuesthrough pointers needa similar wrapping as
strings: Small does not understand pointers, but it supports call-by-reference.
The example function for this wrapper is the C/C ** function time, with proto-
type:

time_t time(time_t* timer);

I am making the bold assumptionthat time_t is represened as a 32-bit integer
(which ascell is aswell). The wrapper function becomes:

static cell n_time(AMX *amx, cell *params)
{

time_t r;

cell *cptr;

assert(sizeof(cell) == sizeof(time_t));
amx_GetAddr(amx, params[1], &cptr);
r = time( (time_t*)cptr );

return r;

}

In the above wrapper function, function time writes directly into a memory cell

in the data section of the abstract machine. This is allowed only if the value that
the function writes has the samesizeasa cell (32-bit). For good measure,the
above wrapper veri es this with an assert statemert. If the sizethat the C/C **
function returns di ers from that of a cell , the wrapper function must convert
it to a cell beforewriting it through the pointer obtained by amx_GetAddr

Arrays

For the interface of the abstract machine to the host application, a \reference
parameter" (seethe precedingsection) is identical to an array with one elemen.
Writing wrappersfor functions that take an array is therefore similar to writing a
function that handlesa referenceargumert. With single dimensional arrays, the
main di erence is that the pointer returned by amx_GetAddrnow points to the
rst cell of potentionally many cells.
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Multi-dimensional arrays must be handled di erently, though, as the memory
lay-out diers betweenC/C** and Small . In comparison with C/C ** | two-
dimensional arrays in Small are pre xed with a single-dimensionalarray that
holds memory o sets to the start of eath \row" in the two-dimensional array.
This extra list allows ead row to have a di erent column length. In C/C ** |, each
column in a two-dimensionalarray must have the samesize.

If you are writing a wrapper function for an existing C function, as opposed
to writing/adapting a native function specically to exploit Small 's features,
you will not be concernedwith variable column-length arrays |C/C ** doesnot
support them, so your native function will not allow them. All that needsto be
done, then, is to skip the pre xed \column o sets" list after getting the address
from amx_GetAddr

For an example, | usethe OpenGL function glMultMatrixf ~ which multiplies a
given4 4 matrix with the current matrix. The prototype of the function is:

void gIMultMatrixf(const GLfloat  *m);

The wrapper function just hasto get the addressof its array parameter and add
four cellsto them.
static cell n_gIMultMatrixf(AMX  *amx, cell *params)

{

cell  *cptr;

assert(sizeof(cell) == sizeof(time_t));
amx_GetAddr(amx, params[1], &cptr);
gIMultMatrixf( (GLfloat*)(cptr +4) )
return 0;

}

For this example, | selectedthe OpenGL maxtrix muiltiplication function that
acceptsa matrix of \ float -type" oating point values,becausethe cell and the
float typesare both four bytes (in a common Small implementation). If you
needto wrap a function that acceptsan array of \ double -type" values, this array
has to be corverted from float to double values|and possibly bad to float
after calling the wrapped function.

Wrapping class methods (C** interface)

The interface betweenthe abstract machine and C/C ** is basedon plain func-
tions. When trying to usea classmethad asa nativ e function, there is a complex-
ity: a (non-static) classmethod function must be called with an implicit \ this "
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parameter, which the abstract machine is unaware of. Hence, the abstract ma-
chine cannot passthis parameter directly and some extra intermediate code is
neededto call a classmethod.

Reasonswhy you wish to useclassmethods as nativ e functions, rather than plain

C/C** functions are:

1. improved encapsulation,

2. or the ability to bind a di erent instance of the classto ead abstract machine
(when seweral abstract machines exists concurrertly).

In the rst case,declaring the classmethods and member variables as\ static
is a solution. Static methods do not receive a this parameter, but, in turn, they
cannot accessnon-static member variables. So the member variables should be
static too.

This section covers the secondcase: binding an abstract machine to a classin-
stancethat is created dynamically. For this binding, the interface needs\forw ard-
ing" functions that call the appropriate (non-static) classmethod and a look-up
medanism to match the required this to the abstract machine. The forwarding
functions might be static methodsin the sameclass. The examplebelow, howeer,
usesplain functions to wrap a C** classwithout modifying the class.

The wrapper is for an imaginary classthat allowswriting to \log les". With this
procedure,eadt abstract machine will getits own log le. For purposeof showing
the wrapper, the classis kept rather simplistic:

class LogFile {
FILE *f;

public:
LogFile()
{
f = tmpfile();
}

~LogFile()

fclose(f);

}

bool write(char  *string)
{
int r = fprintf(f, "%s\n", string);
return r > 0;
}
j8
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When a new abstract machine initializes its \log le" native functions, it must
create a new instance of the classand bind the instance (the this pointer) to the
abstract machine. Later, the wrapping/forw arding function must have a way to
look up this binding [or awayto nd the LogFile classinstance attachedto the
abstract machine. The simplestway to implemernt this binding is to store a pointer
to the classinstancein the \user data" of the abstract machine. Howewer, asthe
number of user values for an abstract machine is limited, this is not a general
purposesolution: if every extension module (string functions, consolefunctions,
date/time nctions, etc) needsa uservalue, you'll run out quickly. An alternativ e
simple method that keepsthe binding local to the extension module is the use
of the mapcontainer classfrom the Standard Template Library (STL). The STL
is now part of the C** standard library, so it is likely to be available on your
system.
static  std::map<AMX*, LogFile*> LogFileLookup;

static cell n_write(AMX* amx, cell params]])
{

int r =0;

char *pstr;

amx_StrParam(amx, params[1], pstr);
std::map<AMX*, LogFile*>::iterator p = LogFileLookup.find(amx);
if (pstr != NULL&&p != LogFileLookup.end())
r = p->second->write(pstr);
return r;

}

extern "C"

int amx_LogFilelnit(AMX* amx)
{

LogFile* If = new LogFile;

it () A

LogFileLookup.insert(std::make_p air(amx, If));

static  AMX_NATIVE_INF@ativelist[] ={
{ "write", n_write 1},
{0 0} [* terminator */
j8
return amx_Register(amx, nativelist, -1);
Yoot ¥
return AMX_ERR_MEMORY;
}

extern "C"
int amx_LogFileExit(AMX* amx)
{
std::map<AMX*, LogFile*>::iterator p = LogFileLookup.find(amx);
if (p !'= LogFileLookup.end()) {
delete p->second;
LogFileLookup.erase(p);
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Y oroif o
return  AMX_ERR_NONE;
}

The wrapper function n_write contains the usual code to fetch a string parameter
from the abstract machine (seepage28), and it alsolooks up the LogFile class
instance for the abstract machine using the mapcontainer LogFileLookup . The
function amx_LogFilelnit createsthe new instance and adds it to the map, in
addition to registering nativ e functions. The \clean up" function for the extension
module doesthe reverse: it deletesthe classinstance and removesit from the
map. Note that the amx_LogFilelnit and amx_LogFileCleanup functions must
be declared\ extern "C"" (but the wrapper function n_write neednot be).

The mapcontainer from the Standard Template Library is a general purpose
implementation with a fair performancefor very small to very large maps. From
the description of the properties of the map, it appears that it usesan auto-
balancing binary tree data structure. If you do not know (or do not cortrol)

how many abstracts machinescan run concurrertly, the STL mapmay be a good
choice. On the other hand, if you can make an estimate of the typical number
and/or the maximum number of concurrert abstract machines, you can typically
improve the performanceof the look-up by using a data structure that is tailored

to the task and ervironment. Especially, a hashtable can give a nearly constart
look-up time |meaning that looking up a classinstance is equally quick when
there are many concurrert abstract machines as when there are only few. The
performanceof a hash table deteriorates quickly when the table lls up, howewer,
and very large hash tables have a bad overall performance becausethey do not
t in processoror disk caces.

Dynamically loadable extension modules

Up to this paint, the description for developing extensionmodules assumedstatic
linking for the modules. This meansthat the object code for the modules is
embeddedin the sameexecutable program/shared library asthe rest of the host
application. Static linking also meansthat if you wish to add more nativ e func-
tions, or correct a bug in one of the existing nativ e functions, you needaccesso
the sourcecode of the host application.

The alternativ e is to build the extension module as a DLL (for Microsoft Win-
dows) or in a sharedlibrary (for UNIX/Lin ux). When set up correctly, amx_Init
will automatically load a dynamically loadable extension module and register its
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functions. When done,amx_Cleanup cleansup the extensionmodule and unloads
it from the operating system.

Apart from freeing you from writing a few lines (you do not have to call the
amx ModuleNaménit and amx ModuleNameCleanup functions), the prime ad-
vantage of dynamic loading is that it makesthe scripting subsystemof the host
application easily extensible with \plug-in" extension modules. All that an end-
userhasto do to extend the scripting environment is to create or download a new
extension module as a DLL/shared library, and to copy it with the assaiated
include le (for the Small compiler) to appropriate (system) directories.

To build extension modules for dynamic loading, adhereto the following rules:

Add a #pragma library ... line to the include le for the Small compiler.
The Small compiler usesthis #pragmato record which extension modules are
actually referred to from the script. The Small compiler is smart enough
to avoid including an extension module if the script does not call any of the
functions in that extension module.

The name of the DLL or shared library must be the same name as the one
mentioned in the #pragma library line, but pre xed with the letters \amx"
and with the extension\ .dll " or\.so", whichewer is appropriate.

The extension module must at least provide the external/exp orted function
amx Filenamelnit , where Filename is, again, the name cited at the #pragma
library line. If the library requires clean-up code, it should also provide the
function amx FilenameCleanup.

For example, when creating the example extension module \P ower" from page
24 asa Windows DLL:
the lename must be \ amxPower.dll ;
the initialization and clean-up functions are must be named amx_PowerlInit
and amx_PowerCleanuprespectively (that said, a do-nothing routine like
amx_PowerCleanupmay also be omitted);
and the include le has the line \#pragma library = Power' near the top
|see also page26.

Note that function namesare casesensitive (and on Linux, lenames as well).

Please consult you compiler documertation for details for creating a DLL or
a sharedlibrary; alsolook at B for details in building a dynamically loadable
extension module, speci cally to the section at page78.
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The exibilit y of dynamically loadable extensionmodulesis alsothe main reason
why you may want to disablethis feature: in the interest of security. If all native
functions for your host application are carefully and selectively implemented by
you, you have a good grip on what parts of the host application and of the
operating system the end users can access. With \plug-in" extension modules,
the ertire systemis e ectiv ely open, just aswith any plug-in system.

To disable support for dynamically loadable extension modules, compile the ab-
stract machine with the macro AMX_NODYNAL@&DBed, seeappendix B.

Error checking in native functions

When comparing the wrapper functions for Small with those for other scripting
languages,you may remark that the wrapper functions for Small are relatively
small and easy Notably, Small wrapper functions lack type and parameter ched-
ing that other scripting languagesmandate. The wrapper function for isalpha ,
for example, does not chedk the number of parameters that the Small script
passesin. The wrapper function could have ched this number of argumerts,
becauseSmall passesthe number of bytes that the native function receivesin
params[0] , but in most casesthis extra cheding is redundart.

The number of parametersthat are passedto a native function, and their tags,
should be cheded at compile-time, rather than at run-time. Therefore, Small
requiresthe de nitions of the native functions (in Small syntax), in addition to
the implementation |this wasthe third stepin the list at the start of the chapter
\Extension modules" (page 23).

It isimportant that the native function declarations (in an include le) are accu-
rate, and as speci ¢ as possible. For example, the native function declaration for
the function glMultMatrixf  would be:

native  gIMultMatrixf(const Float:  m[4][4]);

The above declaration declares\mi asa4 4 array, holding valuesthat must have
the \ Float " tag. The Small compiler will now issuean error if a script passesa
parameter to the function that is not a4 4 array or that doesnot hold oating
point values.

Parameterscheds that you may want to do at run-time, for the sake of security,
are the validiy of addressesthat you receive. For every referenceparameter or
array, your native function calls amx_GetAddrto convert an addressrelativ e to
the abstract machine to a pointer usableby C/C ** . As Small doesnot allow

isalpha() wrap-
per: 26

gIMultMatrixf()
wrapper: 30
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the script programmer to freely manipulate pointers, the addresseghat a native
function receives are under normal circumstanes always valid, but a modi ed
version of the Small compiler (or perhapsbugsin the compiler and/or abstract
machine) may possibly be exploited to passinvalid addressego a nativ e function.

If security is important for your product, you should ched the return value of
amx_GetAddr the function returns AMX_ERR_MEMACGEGHSSinput pointer is in-
valid. When using the macro amx_StrParam the pointer to the allocated memory
is setto NULLIf the addressof the input pointer is invalid.

Customizing the native function dispatcher

The above three stepsto link native functions to the abstract machine imply that
you use the default native function dispatcher. The default dispatcher is exible
and it haslow overhead,but for speci ¢ purposes,you may createa custom native
function dispatcher.

First, alittle badkground. The abstract machine is much likea CPU implemented
in software: it has an accunulator and a few other \registers”, including an
\instruction pointer" that points to the instruction that is executednext. When
a function in a Small program calls someother function, the abstract machine
seesa\call " instruction, which adjust the instruction sothat the next instruction
to be executedis the rst instruction of the called function. So far, all is well.
However, a native function cannot be called using the same procedure, as the
nativ e function is compiled for a real CPU and the abstract machine can only
handle its own instruction set. A native function is not invoked with a \call "
instruction, but with a\sysreq.c " instruction. Instead of adjusting the abstract
machine's instruction pointer, a\sysreq.c " res the native function dispatcher.
For real CPU's, the equivalent of a \sysreq.c " would be a software-invoked
interrupt.

It is the task of the native function dispatcherto nd the correct nativ e function,
to call the function, and to return the function result. The prototype for a native
function dispatcher is:

int amx_Callback(AMX *amx, cell index, cell *result, cell *params);
where\index " is the unique identi er for the nativ e function, \ params' points to
an array with parametersthat the dispatcher should passto the nativ e function,
and \result " is where the dispatcher should store the return value of the native
function. Assuming that the native function dispatcher has a way of nding the
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appropriate native function from the index, the dispatcher can call the native
function with:

*result = native_func(amx, params);

The default nativ e function dispatcher works in conjunction with amx_Register,
which looks up a function from the \nativ e function table" in the headerof the
compiled program le and storesthe physycal function addressdirectly in that
table. With that done,the default dispatcher cansimply usethe index parameter
as an index in the native function table and retrieve the physical addressof the
function. Sewral implementations of the default native function dispatcher go a
step further: after looking up the addressof the native function, the dispatcher
changesthe sysreq.c opcode into sysreq.d and stores the function address
as the parameter to sysreq.d . The result is that every next call to the native
function will jump to the native function directly, without going through the
nativ e function dispatcher again.

This is a exible scheme, asit allows you to inspect the compiled program and
load only those padkageswith nativ e functions that the program actually uses. It
is also a sthemethat imposesminimal overheadon calling nativ e functions.

On the other hand, there are situations where the set of nativ e functions that are
available to a Small program are xed and known in advance|for example, for
abstract machines embeddedin (small) hardware devices. For those situations,
you have the option of hard-coding the mapping of \ sysreq " indicesto native
functions.

The rst stepto makeisto adjust the declarationsof nativ efunctions in the header
les. Taking the example of the \p ower" function module, the new declarations
become:

native power(value, exponent)
native sqgroot(value)

_]_‘
_2'

The dierence with the declarations on page 26 is that the power function is
now speci cally setat \sysreq" 1 and sqgroot is at\sysreq" 2. The useof
negative numbers is mandatory; the Small compiler resenes positive numbers
for its default auto-numbering scheme (both schemescan be mixed). When an
explicit \ sysreq " index is given for a native function, the Small compiler omits
it from the native function table. That is, this scheme creates more compact
binary les.

Turn to appendix E for details on the opcodes.
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The default native function dispatcher cannot handle nativ e function indices, so
you must replaceit with a custom version. This consistsof two steps: creating
the new nativ e function dispatcher, and setting it. The latter is simply a matter
of calling:

amx_SetCallback(&amx, my_callback);

An example of a native function dispatcher follows below:

int  my_callback(AMX *amx, cell index, cell *result, cell *params)

{
amx->error = AMX_ERR_NONE;

switch (index) {

case -1
*result = n_power(amx, params);
break;

case -2:
*result = n_sqroot(amx, params);
break;

default:
assert(0);

} /* switch */

return amx->error;
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Function reference

With one exception, all functions return an error code if the function fails (the seepage 60 for

exception is amx_Nativelnfo ). A return code of zero means\no error". the de ned error
codes.

amx_Align16/32/64 Conditionally swap bytesin a 16-bit, 32-bit or 64-bit word
Syntax: uintlé t *amxAlignl6(uintle t *v)

uint32 t *amxAlign32(uint32 t *v)

uinté4 t *amxAlign64(uinté4 t *v)

Vv A pointer to the 16-bit value, the 32-bit value or the
64-bit value whosebytes must be aligned.

Notes: Multi-b yte elds in the headerin the compiled le are in Little
Endian format. If run on a Big Endian architecture, these two
functions function swap the bytes in a 16-bit/32-bit/64-bit Little
Endian word. The value v remains unchanged if the code runs on
a Little Endian CPU, so there is no harm in always calling this
function.

The amx_Align64 is not available in all con gurations. If the Small
Abstract Machine eXecutive wasbuilt with for a 16-bit architecture,
it is likely absen.

Seealso: amx_AlignCell
amx_AlignCell Conditionally swap bytes in a cell
Syntax: [celll  *amxAlignCell([cell] *V)
Vv A pointer to the \cell" value whose bytes must be
aligned.
Notes: This macro maps to function amx_Align16 when a cell is 16-bit,

to function amx_Align32 when a cell is 32-bit, and to function
amx_Align64 when a cell is 64-bit.

Seealso: amx_Align16, amx_Align32, amx_Align64
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amx_Allot

Syntax:

Notes:

Seealso:

Resene heap spacein the abstract machine

int amxAllot(AMX *amx,int cells,cell *amxaddr,
cell **phys _addr)

amx The abstract machine.

cells The number of cellsto resene.

amxaddr The addressof the allocated cell as the Small pro-
gram (that runs in the abstract machine) can access
it.

phys_addr  The addressof the cell for C programsto access.

The intended purpose for amx_Allot and amx_Releaseis to pass
arrays and referenceargumerts to public functions as parameters.
A Small function can only accessmemory inside its abstract ma-
chine. If a parameter is to be passed\by reference"to a Small
function, one must passthe addressof that parameterto amx_Exec
In addition, that addressitself must be within the addressrange of
the abstract machine too. An addedcomplexity is that the abstract
machine usesaddresseghat are relative to the data section of the
abstract machine, and the host program usesaddressrelativ e to the
ervironment that the operating systemgivesit.

amx_Allot allocates memory cells inside the abstract machine and
it returns two addresses.The amx_addrparameter is the addressof
the variable relative to the \data section" of the abstract machine;
this is the value you should passto amx_Exec Parameter phys_addr
holds the addressrelativ e to the host program's addressspace.Soa
C program can usethis addressand write into the allocatedmemory:.

After amx_Execreturns, you may inspect the memory block (the
Small function called by amx_Execmay have written into it) and
nally releaseit by calling amx_Release

amx_Execamx_Release

amx_Callback The default callback
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Syntax:

Returns:

Notes:

Seealso:

int amxCallback(AMX *amx, cell index, cell *result,

amx

index

result

params

cell *params)
The abstract machine.

Index into the native function table; it points to the
requestednativ e function.

The function result (of the nativ e function) should be
returned through this parameter.

The parameters for the native function, passedas a
list of long integers. The rst number of the list is the
number of bytes passedto the nativ e functions (from
which the number of argumerts can be computed).

The callback shouldreturn an error code, or zerofor no error. When
the callbadk returns a non-zerocode, amx_Execaborts execution.

The abstract machine has a default callback function, which works
in conjunction with amx_Register. You can override the default
operation by setting a dierent callbadk function using function
amx_SetCallback .

If you override the default callbadk function, you may also needto
provide an alternativ e function for amx_Registers .

amx_Execamx_RaiseError, amx_SetCallback

amx_Clone

Syntax:

Clone an abstract machine

int amxClone(AMX*amxClone, AMX*amxSource, void *data)

amxClone

amxSource

The new abstract machine. This variable is initialized

with the settings of the amxSourceabstract machine.
Before calling this function, all elds of the amxClone
structure variable should be setto zero.

The abstract machine whosecode is to be sharedwith
the cloned abstract machine and whosedata must be
copied. This abstract machine has to be initialized
(with amx_lInit ).

Seepage 60 for
the de ned error
codes.
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Notes:

Seealso:

data The memory block for the cloned abstract machine.
This block must hold the static (global) data, the
stack and the heap.

Useamx_Meminfdo query the sizeof the static data and the stack/
heap of the sourceabstract machine. The memory block to allocate
for the data parameter should have a size that is the sum of the
global data and the stack/heap size.

The clonedabstract machine hasa separatedata sectionand a sepa-
rate stadk, but it sharesthe executablecode with the sourceabstract
madhine. The sourceabstract machine should not be deleted while
any cloned abstract machines might still be active.

The state of the data section (the global and static variables) are
copiedfrom the sourceabstract machine to the cloneat the time that
amx_Cloneis called. If the source abstract machine has modi ed
any global/static variables before it is cloned, the clone will have
thesevaluesasits initial state. In practice, it may be advisable not
to \run" the sourceabstract machine at all, but to useit only for
cloning and run the clones.

amx_Init , amx_Meminfo

amx_ctof

Syntax:

Returns:

Notes:

Seealso:

Cast \cell" to \ oat"
[float]  amxctof([cell] C)
c The value to cast from \cell" type to \ oat".
The samebit pattern, but now asa oating point type.

This macro castsa\cell" typeinto a\oat" typewithout changing
the bit pattern. A normal type castin C/C ** changesthe memory
represenation of the expressionso that its numeric value in IEEE
754 format comesclosestto the original integer value. The Small
parser and abstract machine store oating point valuesin a cell |
when retrieving a oating point value from a cell, the bit pattern
must not be changed.

amx_ftoc
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amx_Debug The default debug hook

Syntax: int amxDebug(AMXramx)
amx The abstract machine.

Returns: The debug hook should return an error code, or AMX_NO_ERROR
no error.

Notes: The default debugfunction is a stub that immediately returns. Pro-
gramscan replacethe default debug hook function to monitor sym-
bols and to trace through code step by step. The debuggerinterface
is described in a separatedocumert and through an example pro-
gram in the distribution: SDBG.C

Seealso: amx_SetDebugHook

amx_Exec Run code

Syntax: int amxExec(AMX*amx, long *retval, int index, int

numparams, ...)

amx The abstract machine from which to call a function.

retval Will hold the return value of the called function upon
return.

index An index into the \public function table"; it indicates
the function to execute. Seeamx_FindPublic for more
information. UseAMX_EXEC_MAdNstart executingat
the main function.

numparams The number of function parametersthat follow.
Optional parameters for the function. All these pa-
rameters must be castto the type cell , which is usu-
ally a 32-bit integer.

Notes: This function calls the callback function for any nativ e function call

that the codein the AMX makes. amx_Exeassumeghat all native
functions are correctly initialized with amx_Register .

In situations where dealing with variable argumerts is inconveniert,
useamx_Execv
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Seealso:

amx_Execy amx_FindPublic , amx_Register

amx_Execv

Syntax:

Notes:

Seealso:

Run code

int amxExec(AMX*amx, cell *retval, int index, int
numparams, cell paramsl])

amx The abstract machine from which to call a function.

retval Will hold the return value of the called function upon
return.

index An index into the \public function table"; it indicates
the function to execute. Seeamx_FindPublic for more
information. UseAMX_EXEC_MAdNstart executingat
the main function.

numparams The number of function parametersthat follow.
params An array with the parametersfor the function.

This function calls the callback function for any nativ e function call
that the codein the AMX makes. amx_Execvassumeghat all native
functions are correctly initialized with amx_Register .

amx_Execamx_FindPublic , amx_Register

amx_FindNative Return the index of a nativ e function

Syntax:

Notes:

Seealso:

int amxFindNative(AMX *amx, char *funcname, int *index)
amx The abstract machine.
funcname  The name of the native function to nd.

index Upon return, this parameter holds the index of the
requestednativ e function.

The returned index is the sameaswhat the abstract machine would
passto amx_Callback.

amx_Callback, amx_FindPublic , amx_GetNative,
amx_NumNatives
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amx_FindPublic Return the index of a public function

Syntax:

int amxFindPublic(AMX *amx, char *funcname, int *index)
amx The abstract machine.
funcname  The name of the public function to nd.

index Upon return, this parameter holds the index of the
requestedpublic function.

Seealso: amx_Exe¢ amx_FindNative , amx_FindPubVar amx_GetPublic,
amx_NumPublics

amx_FindPubVar Return the addressof a public variable

Syntax: int amxFindPubVar(AMX*amx, char *varname,

cell *amxaddr)
amx The abstract machine.
varname The name of the public variable to nd.
amxaddr Upon return, this parameter holds the variable ad-
dressrelative to the abstract machine.

Notes: The returned addressis the addressrelative to the \data section”
in the abstract machine. Use amx_GetAddrto acquire a pointer to
its \physical" address.

Seealso: amx_FindPublic , amx_GetAddr amx_GetPubVaramx_NumPubVars

amx_Flags Return various ags

Syntax: int amxFlags(AMX *amx,unsigned short *flags)

amx The abstract machine.

flags A set of bit ags is stored in this parameter. It is a
set of the following ags:
AMXFLAGCHARL@ a character is 16-bits rather than
the default of 8 bits
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Notes:

AMXFLAGDEBUGIf the program carries symbolic in-
formation

AMXFLAGCOMPAICThe program is stored in \com-
pact encading”

AMXFLAGBIGENDfANulti-b yte values are stored in
\Big Endian" order

AMXFLAGNOCHEICK® compiled P-code does not in-
clude line number information and
run-time (bounds) chedks

A typical use for this function is to chedk whether the compiled
program corntains symbolic (debug) information. There is may not
be much use in running a debuggerwithout having symbolic in-
formation for the program to debug; if the program does not even
have line number information, installing a debuggercallback may
be skipped altogether.

amx_ftoc

Syntax:

Returns:

Notes:

Seealso:

Cast\oat" to \cell
[celll  amxftoc([float] f)
f The value to cast from \ oat" typeto \cell".
The samebit pattern, but now asa \cell* type.

This macro castsa\oat" typeinto a\cell" typewithout changing
the bit pattern. A normal type castin C/C ** changesthe memory
represeration of the expressionsothat its numeric value in integer
format is the integral (truncated) value of the original rational value.
The Small parserand abstract machine store oating point values
in a cell [when storing a oating point value in a cell, the bit
pattern must not be changed.

amx_ctof

amx_GetAddr

Syntax:

Resole an AMX address
int amxGetAddr(AMX*amx,cell amxaddr,cell **phys _addr)

amx The abstract machine.
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Notes:

amxaddr The addressrelativ e to the abstract machine.

phys_addr A pointer to the variable that will hold the memory
addressof the indicated cell. If the amx_addrparame-
ter is not a valid addressinside the abstract machine,
phys_addr will be setto NULL

This function returns the memory addressof an addressin the ab-
stract machine. One typically usesthis function in an extension
module, becauseit allowsyou to accessvariablesinside the abstract
machine.

amx_GetNative Return a nativ e function name

Syntax:

Notes:

Seealso:

int amxGetNative(AMX *amx, int index, char *funcname)
amx The abstract machine.

index The index of the requestedfunction. Use zeroto re-
trieve the name of the rst native function.

funcname  The string that will hold the name of the nativ e func-
tion.

The string should be large enoughto hold longest function name
plus the terminating zero byte. Use amx_NameLengtho inquire
this length.

amx_FindNative , amx_GetPublic, amx_NameLength
amx_NumNatives

amx_GetPublic Return a public function name

Syntax:

int amxGetPublic(AMX *amx, int index, char *funcname)
amx The abstract machine.

index The index of the requestedfunction. Use zeroto re-
trieve the name of the rst public function.

funcname  The string that will hold the name of the public func-
tion.
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Notes: The string should be large enoughto hold longest function name
plus the terminating zero byte. Use amx_NameLengtho inquire
this length.

Seealso: amx_FindPublic , amx_GetPubVaramx_NameLength

amx_NumPublics

amx_GetPubVar Return a public variable name and address
Syntax: int amxGetPubVar(AMX*amx, int index, char *varname,
cell *amxaddr)
amx The abstract machine.
index The index of the requestedvariable. Use zeroto re-

trievethe nameand addressof the rst public variable.

varname The string that will hold the name of the public vari-
able.

amxaddr Upon return, this parameter holds the variable ad-
dressrelativeto the abstract machine.

Notes: The string should be large enoughto hold longest variable name
plus the terminating zero byte. Use amx_NameLengtho inquire
this length.

The returned addressis the addressrelative to the \data section”
in the abstract machine. Use amx_GetAddrto acquire a pointer to
its \physical" address.

Seealso: amx_FindPubVar amx_GetAddr amx_GetPublic,
amx_NameLengthamx_NumPubVars

amx_GetString Retrieve a string from the abstract machine
Syntax: int amxGetString(char *dest, cell *source)
dest A pointer to a character array of su cien t sizeto hold

the converted sourcestring.
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source A pointer to the sourcestring. Use amx_GetAddrto
convert a string addressin the amx to the physical
address.

Notes: This function corverts both padked strings and unpadked strings
from the \Small " format to the \C" format.

Seealso: amx_SetString

amx_GetUserData Return generalpurposeuser data

Syntax: int amxGetUserData(AMX*amx, long tag, void **ptr)
amx The abstract machine.
tag The \tag" of the userdata.
ptr Will hold a pointer to the requesteduser data upon

return.

Notes: The amx storesmultiple \user data" elds. Each eld must have a
unigue tag. The tag may be any value (as long asit is unique), but
it is usually formed by a four-letter mnemonic through the macro
AMX_USERTAG
The amx doesnot useluser data" in any way. The storage can be
usedfor any purpose.

Seealso: amx_SetUserData

amx_Init Create an abstract machine, load the binary le

Syntax: int amxInittAMX *amx, void *program)

amx This variable is initialized with the speci ¢ settings of
the abstract machine. Before calling this function, all
elds of the amxstructure variable should be set to
zero.

program A pointer to the bytecode stream of the program.
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Notes: amx_Init initializes the abstract machine with the settings from
the binary le. Before calling this function, you should set the amx
structure variable to all zeros.

Seealso: amx_Cleanup amx_InitJIT

amx_InitJIT Compile an abstract machine to native code

Syntax: int amxInitJIT(AMX *amx, void *reloc _table, void

*native _code)

amx The abstract machine, that must already have been
initialized with amx_Init .

reloc _table A pointer to a block that the JIT compiler can use
to createthe relocation table. This block is only used
during JIT compilation and may be freed as soon as
the amx_InitJIT function returns. The size of the
block must be at least amx->reloc_size bytes.

native _code A pointer to a block that will hold the native code
after this function returns. This pointer must be set
asthe new\base" pointer of the abstract machine (see
the notes below).

Notes: Function amx_Init lls in two elds in the AMXstructure that are

neededfor JIT compilation: code_size and reloc_size . Both
elds are sizesof bu ers that must be allocated for amx_InitJIT .
The abstract machine will be compiledinto the block native_code
which must havethe sizecode_size (or larger) andthe JIT compiler
needsan auxiliary block during compilation, which is reloc_table
with the sizereloc_size

The host application is responsible for allocating and freeing the
required blocks.

Function amx_Init givesa conservativeminimal estimate of the re-
quired code sizefor the nativeinstructions |meaning that this value
is (or should be) always too large. Function amx_InitJIT adjusts
the code_size eld to the accurate value. After the amx_InitJIT

function returns, the compiled code needsto be attached to the amx
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structure, and you may want to shrink the memory block to the
accurate size before doing so. To attach the native code to the ab-
stract machine, assignthe native_code pointer to the \ base" eld
of the amxstructure.

On some architectures, the memory block for native_code must
futhermore have the appropriate priveledgeso executemachine in-
structions. Seepage 73 for details.

Seealso: amx_Init
amx_MemlInfo Return memory size information
Syntax: int  AMXAPlamxMemInfo(AMX*amx, long *codesize, long
*datasize, long *stackheap)
amx The abstract machine.
codesize Will hold the sizeof the executablecode plus the code
headerupon return. Seeappendix E for a description
of the header.
datasize Will hold the size of the global/static data upon re-
turn.
stackheap  Will hold the combined (maximum) sizeof the of the
stack and the heap upon return.
Notes: All sizesare in bytes.
The stack and the heap share a memory region; the stack grows
towards the heap and the heap grows towards the stack.
Seealso: amx_Clone
amx_NameLength Return the maximum name length
Syntax: int amxNamelLength(AMXamx, int *length)

amx The abstract machine.

length Will hold the maximum name length upon return.
The returned value includes the spaceneededfor the
terminating zero byte.
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Seealso: amx_GetPublic, amx_GetPubVar
amx_Nativelnfo Return a structure for amx_Register
Syntax: AMXNATIVEINFO *amx Nativelnfo(char ~ *name, AMXNATIVE
func)
name The name of the function (as known to the Small
program)
func A pointer to the native function.
Returns: A pointer to a static record (this record is overwritten on every call;
it is not thread-safe).
Notes: This function createsa list with a single record for amx_Register .

To register a single function, usethe code snippet (where my_solve
is a nativ e function):

err = amx_Register(amx, amx_Nativelnfo("solve", my_solve), 1);
Seealso: amx_Register
amx_NumNatives Return the number of native functions
Syntax: int amxNumNatives(AMX*amx, int *number)
amx The abstract machine.
number Will hold the number of nativ e functions upon return.
Notes: The function returns number of ertries in the le's \nativ e func-

tions" table. This table holds only the native functions that the
script refersto (i.e. the function that it calls). To retrieve the func-
tion names,useamx_GetNative.

Seealso: amx_GetNative, amx_NumPublics

amx_NumPublics Return the number of public functions

Syntax: int amxNumPublics(AMX*amx, int *number)
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amx The abstract machine.

number Will hold the number of public functions upon return.
Notes: The function returns number of entries in the le's \public func-

tions" table. To retrieve the function names,useamx_GetPublic.
Seealso: amx_GetPublic, amx_NumPubVars
amx_NumPubVars Return the number of public variables
Syntax: int amxNumPubVars(AMXamx, int *number)

amx The abstract machine.

number Will hold the number of public variables upon return.
Notes: The function returns number of entries in the le's \public variables"

table. To retrieve the variable names,useamx_GetPubVar
Seealso: amx_GetPubVaramx_NumPublics
amx_RaiseError Flag an error
Syntax: int amxRaiseError(AMX *amx, int error)

amx The abstract machine.

error The error code. This is the code that amx_Exec()

returns.

Notes: This function should be called from a native function. It lets the

default callback routine return an error code.

amx_Register Make nativ e functions known

Syntax: int amxRegister(AMX *amx, AMXNATIVEINFO *list, int
number)

amx The abstract machine.
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Notes:

Seealso:

list An array with structures where ead structure holds
a pointer to the name of a nativ e function and a func-
tion pointer. The list is optionally terminated with a
structure holding two NULLpointers.

number The number of structures in the list  array, or -1 if the
list endswith a structure holding two NULLpointers.

On successthis function returns 0 (AMX_ERR_NQNE this func-
tion returns the error code AMX_ERR_NOTFQUNDor more native
functions that are usedby the Small program are not found in the
provided list. You can call amx_Register again to register addi-
tional function lists.

To chedk whether all native functions usedin the compiled script
have beenregistered, call amx_Register with the parameter list

setto NULL This call will not register any new nativ e functions, but
still return AMX_ERR_NOTFO{ENT nativ e function is unregistered.

amx_Nativelnfo

amx_Release

Syntax:

Notes:

Seealso:

Free heap spacein the abstract machine
int amxRelease(AMX*amx,cell amxaddr)
amx The abstract machine.

amxaddr The addressof the allocated cell as the Small pro-
gram (that runsin the abstract machine) seest. This
value is returned by amx_Allot .

amx_Allot allocates memory on the heap in ascendingorder (the
heap grows upwards). amx_Releasefrees all memory atove the
value of the input parameter amx_addr That is, a single call to
amx_Releasecan free multiple calls to amx_Allot if you passthe
amx_addrvalue of the rst allocation.

amx_Execamx_Release

amx_SetCallback Install a callback routine
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Syntax:

Notes:

int amxSetCallback(AMX *amx, AMXCALLBACIKallback)
amx The abstract machine.

callback The address for a callback function. See function
amx_Callback for the prototype and calling conven-
tion of a callback routine.

If you change the callback function, you should not use functions
amx_Register or amx_RaiseError. These functions work in con-
junction with the default callback function. To set the default call-
back, set parameter callback to the function amx_Callback.

You may set the callback before or after calling amx_Init .

amx_SetDebugHook Install a debugroutine

Syntax:

Notes:

int amxSetDebugHook(AMXamx, AMXDEBUGebug)
amx The abstract machine.

debug The addressfor a callback function for the debugger.
Seeamx_Debudor the prototype and calling conven-
tion of a debughook routine.

If you usea non-default debughook routine, you should setit before
calling amx_Init .

To set the default debug routine, set parameter debugto the func-
tion amx_Debug

amx_SetString Store a string in the abstract machine

Syntax:

int amxSetString(cell *dest, char *source, int pack)

dest A pointer to a character array in the amx where the
converted string is stored. Use amx_GetAddrto con-
vert a string addressin the amx to the physical ad-
dress.

source A pointer to the sourcestring.
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pack Non-zero to corvert the source string to a padked
string in the abstract machine, zero to corvert the
sourcestring to a cell string.

Seealso: amx_GetString
amx_SetUserData Set general purposeuser data
Syntax: int amxSetUserData(AMX*amx, long tag, void *ptr)
amx The abstract machine.
tag The \tag" of the user data, which uniquely identi es
the userdata. This value should not be zero.
ptr A pointer to the user data.
Notes: The amx stores multiple \user data" elds. Each eld must have

a unique tag. The tag may be any value (as long as it is unique)
except zero, but it is usually formed by four charactersthrough the
macro AMX_USERTAG

r = amx_SetUserData(amx, AMX_USERTAG('U','S"'E','R"), "Fire");

The amx doesnot useluser data" in any way. The storage can be
usedfor any purpose.

Seealso: amx_GetUserData
amx_StrLen Get the string length in characters
Syntax: int amxStrLen(cell  *cstring, int *length)
cstring The string in the abstract machine.
length This parameter will hold the string length upon re-
turn.
Notes: This function determinesthe length in characters of the string, not

including the zero-terminating character (or cell). A paded string
occupieslesscells than its number if characters.

If the cstring parameter is NULL the length parameter is set to
zero (0).
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Seealso: amx_GetAddr amx_GetString , amx_SetString , amx_StrParam
amx_StrParam Get a string parameter from an abstract machine
Syntax: amxStrParam([AMX*] amx, [int] param, [char*] result)

amx The abstract machine.

param The parameter number.

result A variable that will hold the result on return.
Notes: This macro allocatesa block of memory (with alloca ) and copies

a string parameter (to a nativ e function) in that block. Seepage28
for an example of using this macro.

Seealso: amx_GetAddr amx_GetString , amx_StrLen
amx_UTF8Check Ched whether a string is valid UTF-8
Syntax: int amxUTF8Check(const char *string)
string A zero-terminated string.
Notes: The function runs through a zero-terminated string and cheds the

validit y of the UTF-8 encading. The function returns an error code,
it is AMX_ERR_NGONte string is valid UTF-8 (or valid ASCII for
that matter).

Seealso: amx_UTF8Getamx_UTF8Put

amx_UTF8Get Decade a character from UTF-8
Syntax: int amxUTF8Get(const char *string, const char **endptr,
cell *value)
string A pointer to the start of an UTF-8 encaded character.
endptr This pointer will point to the UTF-8 character behind

the onethat is decaled after the function completes.
As UTF-8 encdding is variable-length, this returned
value is useful when decading a full string character
by character. This parameter may be NULL
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Notes:

Seealso:

value

A pointer to the \wide" character that has the value
of the decaded UTF-8 character. This parameter may
be NULL

The function returns an error code. On error, endptr points to the
start of the character (the same value as the input value for the
string parameter) and value is setto zero.

amx_UTF8Chec¢lamx_UTF8Put

amx_UTF8Put

Syntax:

Notes:

Encode a character into UTF-8

int amxUTF8Put(char *string, char **endptr, int

string

endptr

maxchars

value

maxchars, cell value)

A pointer to the string that will hold the UTF-8 en-
coded character. This parameter may not be NULL

This pointer will point directly behind the encaded
UTF-8 character after the function completes. As
UTF-8 encaling is variable-length, this returned value
is usefulwhen encaling a sequenceof Unicode/UCS-4
charactersinto an UTF-8 encaded string. This param-
eter may be NULL

The maximum number of charactersthat the function
may use. An UTF-8 characteris betweenl and 6 bytes
long. If the character value in the parameter value
is restricted to the Basic Multilingual Plane (16-bits
Unicode), the encaded length is betweenl and 3 bytes.

The \wide" character with the value to be encaded as
an UTF-8 character.

The function returns an error code if the parameter maxchars is
lower than the requried number of bytes for the UTF-8 encding;
in this casenothing is stored in the string parameter.

The function doesnot zero-terminate the string.

Character values that are invalid in Unicode/UCS-4 cannot be en-
coded in UTF-8 with this routine.
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Seealso:

amx_UTF8Chec¢lamx_UTF8Get

aux_StrError

Syntax:

Notes:

Get a text description of an error
char *aux_StrError(int errnum)
errnum The error number.

This function returns a pointer to a static string with a description
of the error number errnum.

A few\error" codes,like AMX_ERR_SLEHB®not really denotean er-
ror situation. For thoseerror codesand for invalid valuesof errnum,
the function returns a description that is enclosedin parentheses.

Error numbers:

60
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Error codes

AMXERRNONE (0)
No error.

AMXERREXIT (1)
Program aborted execution. This is usually not an error.

AMXERRASSERT 2)
A run-time assertionfailed.

AMXERRSTACKERR (3)
Stadk or heap over ow; the stack collides with the heap.

AMXERRBOUNDS (4)
Array index is out of bounds.

AMXERRMEMACCESS (5)
Accessingmemory that is not allocated for the program.

AMXERRINVINSTR (6)
Invalid instruction.

AMXERRSTACKLOW @)
Stack under ow; more items are popped o the stadk than were pushed
onto it.

AMXERRHEAPLOW (8)
Heapunder o w; more items areremoved from the heapthan wereinserted
into it.

AMXERRCALLBACK (9)
There is no callback function, and the program called a nativ e function.

AMXERRNATIVE (10)
Nativ e function requestedthe abortion of the abstract machine.

AMXERRDIVIDE (11)
Division by zero.

AMXERRSLEEP (12)

The script, or a nativ e function, forceda \sleep”. A host application may
implement a simple kind of co-operative multitasking scheme with the
\sleep" instruction.

AMXERRMEMORY (16)
General purpose out-of-memory error.

AMXERRFORMAT (17)
Invalid format of the memory image for the abstract machine.

AMXERRVERSION (18)

This program requires a newer version of the abstract machine.
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AMXERRNOTFOUND (19)
The requestednativ e functions are not found.

AMXERRINDEX (20)
Invalid index (invalid parameter to a function).

AMXERRDEBUG (21)
The debuggercannot run (this is an error code that the debughook may
return).

AMXERRINIT (22)
The abstract machine was not initialized, or it was attempted to double-
initialize it.

AMXERRUSERDATA (23)

Unable to set userdata eld (table full), or unable to retrieve the user
data (not found).

AMXERRINIT JIT (24)
The Just-In-Time compiler failed to initialize.
AMXERRPARAMS (25)

General purpose parameter error: one of the parametersto a function of
the abstract machine wasincorrect (e.g. out of range).

AMXERRDOMAIN (26)
A \domain error": the expressionresult doesnot t in the variable that
must hold it. This error may occur in xed point and oating point
support libraries.
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appendix a
Building the compiler

The C sourcesof the compiler contain sections of code that are conditionally
compiled. Seeyour compiler manual how to specify options on the command
line or in a\pro ject" to settheseoptions. The compiler sourcecode also contains
assertionsto help me catch bugswhile maintaining the code. To build the compiler
without the assertions,compile the compiler with the NDEBUG de nition set.

There aretwo make les and a set of project les for building the Small compiler.
You can choosethe one that is most conveniert:
For usersof Microsoft Visual C/C ** , \pro ject" and \w orkspace" les for the
compiler and abstract machine that can be found in the \msvc" subdirectory
of where Small is installed.
An alternativ e, multi-platform tool for building Small is \CMak e"; seealso
appendix C. A project le for CMake is included in the directory where Small
is installed or in the the \source" subdirectory (depending on the installation
padage).
CMake createsproject les or make les for a few selectedcompilers and plat-
forms. Howewer, a pre-build \ makefile.win ", for DOS/Windo ws, multiple
compilers and Borland/Opus make is included in a \compiler" subdirectory.
\ makefile.linux ", for Linux using GCC and GNU make; and a \ make-
file.freebsd " for FreeBSD.

All of the above project les build the compiler as a console-male executable. To
build the compiler as a library (statically linked or a shared library/DLL), see
page65.

The \ makefile.win " is for DOS/Windo ws and supports multiple compilers. |
tested this make le with Borland make and Opus make. To selecta compiler,
you have to de ne a constart on the command line for the make utilit y; for
example, when using Opus make and the Microsoft Visual C/C ** compiler, you
would say:

make -fmakefile.win MSC=1

Alternativ ely, you can modify the make le and commert out the compiler de ni-
tions that you do not want. If you furthermore rename makefile.win to simply
makefile , you can build the compiler with the simple command:

make
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The make le for Linux is \ makefile.linux ". When compiling the sourcesunder
Linux, you may needto rst translate the CR/LF line endingsto LF line endings
[there are two sourcecode archivesfor Small : the ZIP le has DOS/Windo ws-
style line endings (CR/LF) and the TAR-GZIP le has Unix-style line endings
(LF). Sometools (e.g. the GCC compiler) are sensitive to the way that lines are
ended. The utilit y \ dos2unix" is the most corveniert way to translate source
les. That behind you, you should be able to say:

make -f makefile.linux

Note that the compiler usesan include le from the \amx" subdirectory too, so
its probably bestto run dos2unix over all source les in all subdirectories.

CMake is a tool that builds make les or IDE project les from a generalpurpose
project description le and a set of pre-build compiler de nition les. As an
alternativ e to usethe included make les, you can therefore use CMake to build a
dedicated make le for your platform (Windows/Unix) and your compiler.

The CMake con guration les are set up sothat you launch the CMake utilit y
from the \parent" directory of the subdirectories where the source les for the
compiler or the abstract machine reside. CMake will generatethe make les in
this parent directory and makewill build the executable program there too.

Compile-time options

The compiler is a stand-alone program. If you want to link it to an application,
can compile the sourceswith the macro de nition NO_MAINThis will strip the
\'main" function and a set of /O functions from the program. Seethe section
\Em bedding the compiler into an application" (below) for details.

If youwant a Small compiler that outputs 16-bit P-code, add the de nition BIT16
to the compiler options. Note that this is unrelated to whether the compiler itself
is a 16-bit or a 32-bit executable program. The header le usesprecisetypes
for a compiler that comforms to the C99 standard, but for older (i.e. \most")
compilersit boldly assumesthat a\short int " is 16-bits and a\long int " is
32-bits. If this is not true for your compiler, you must changethe de nition of the
cell type in SC.H but you must also ched the locations where there is an \ #if
defined(BIT16) " around somecode, becausel usethe constarts SHORT _MAaKd
LONG_MAYmM LIMITS.H aswell.

N.B. The Small tools are not regularly tested with the BIT16 de nition.

The basic code generation is followed by a simple peephole optimizer. If you
stumble on a code generation bug, one of the rst things that you may want to
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nd out is whether this bug is in the code generation or in the optimizer. To
do so, usethe option -d3 of the Small compiler (this replacesthe NO_OPTIMIZE
macro in previous releaseso \conditionally compile” the peepholeoptimizer).

To save data space(which is important for the 16-bit version of the compiler,
where data and stack must t in one 64 kBytes segmer), two tables of strings
are compressedithese tables are in SC5.SCPand SC7.SCR If you changethose
strings (or add to them), the strings should be recompressedwith the utilit y
SCPACHKBefore that, you have to build SCPACKself |this is a simple ANSI C
program with no dependencieson other les.

The Small compiler includesa preprocessorthat doestext substitutions (with or
without parameters). The text matching capabilities of the Small preprocessor
areevenmore exible than that ofthe C/C ** preprocessorand, asa consequence,
it is also at least as \dangerous" in obfuscating code. You may decide not to
include the preprocessor(and the #define keyword) by setting the compile-time
option NO_DEFINE

The Small compiler readssource les in the ascii character setand in the UTF-8
character set. Support for UTF-8 can be disabled by de ning the macroNO_UTFE8
The UTF-8 decader in Small supports the full 31-bit UCS-4 character set.

A few functions of the Small compiler are non-essetial gadgets. In caseswhere
the size of the compiler counts, these can be removed by compiling with the
SC_LIGHTmacro de ned. With this macro de ned, the compiler will miss:

the usagereport (cross-reference)j.e. the \-r " option,

The stack/heap usageestimate, with the \-d2" and \-d3" options,

the ability to parse response les; the \ @filename" command line option is

ignored,

support for a SC.CFGle, whoseoptions are implicitly read.

Summary of definitions

AMXCOMPACTMARGINe size of the bu er neededfor the \compact encaled"
le format. Seepage 96 for details on compact encading.
The default value is 64 (cells). When this value is set to
zero, support for compact encaling is removed alltogether
from the abstract machine. When support for compact
encaling is desired, it is advised to set this value to at
least 30.

BIT16 cell is 16-bits, rather than 32-bits
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LINUX compile for Linux (or perhapsother Unix versions)

NDEBUG compile without assertions

NQMAIN remove main() and I/O functions from the program

NQDEFINE removethe text preprocessorfrom the Small compiler (i.e.
the #define directive)

NQUTF8 remove the UTF-8 reading capability

SCLIGHT remove cross-referenceand response le support

Embedding the compiler into an application

When you want to link the Small compiler into an application, you will have to
strip the \ main" function from it (seethe NO_MAINption above). But that is just
a rst step. In addition, you should:

Attend to the polution of the global namespaceby the many, many functions

and global variables of the Small compiler.

Overrule the functions that the Small compiler calls for input/output.

The archive cortains the le LIBSC.Cwhich illustrates how to perform thesesteps.
Basically, you implemert all le /O functions that the Small compiler requires.
These functions do not have to read from le or write to le, you can compile
from memory into memory, provided that you implement the functions that do
this.

Then, from your application, call sc_compile, passingin all argumens. The
prototype of the function is:

int sc_compile(int argc,char **argv)
As you can see,this function looks like the standard function main; when calling
sc_compile , you must Il in an array of argumerts, including argv[0] (because
the compiler constructs the path for the include les from the path/lename in
argv[0] ).

Other functions that you can call from the application (beforecalling sc_compile )
are sc_addconstant and sc_addtag. Function sc_compile removes all sym-
bols before returning, including all constarts and tagnamesthat you added with
sc_addconstant and sc_addtag.

The LIBSC.C le canalsosere asthe basisfor a DLL. As is, it can be usedasa
DLL for consoleapplications |the sc_error function displaysthe error messages
onto the console. Alternativ ely, you may add the \-e" option to the argumert
list of sc_compile to redirect all output to a le and usethe SCLIBDLL without
changein GUI applications.
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An example command line to build LIBSCasa DLL is:

LIBSC.DLL, with Borland C** version 5.x
bcc32 -twD -DSCDLL libsc.c

This createsthe DLL only; you may want to run IMPLIB to geneiated
the assaiated import library.

The LIBSC.C le is written in a portable way and it can be compiled with
other compilerswith comparative ease.Compiling LIBSC.Cto a\shared library"
(Linux, UNIX) is not much di erent than the compiling to a DLL, but you may
have to adjust the sourcecode (to strip out the main function, for example).

Note that the exported functions in LIBSCassumethe default calling corvention
for the compiler. With many compilers, this is__cdecl . For a DLL, it iscommon
to use _stdcall . You may be able to change the compiler's default calling
convertion with a (command line) option. However, some of the functions in
the Small compiler use variable length argumert lists, and your compiler may
not provide support for variable length argument lists in the __stdcall calling
corvertion.

The DLL version of SCLIBcan be driven from RUNDUIRUNDLL32The command
line to use, for a 32-bit version, is:

rundll32  libsc.dll,Compile  options hello.sma Among the recommendedoptions
are \-D" (set active directory for output and error les, \-i " (set the include
path) and \-e" (send error messageso a le).

It is widely believed that the __stdcall calling convention doesnot allow variable length argument
lists, but my reading of the specication suggests otherwise and | have succesfully built __stdcall
functions that use variable length argument lists.
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appendix b
Building the Abstract Machine eXecutive

Project les to build the example\srun" consolerun-time are available for Mi-
crosoft Visual C/C++ (in the \msvc" subdirectory) and for CMake. Seethe
appendicesA and C. for details. Mostly, though, you will want to embed the
abstract machine in an application, instead of using a separaterun-time. Sothe
provided project and make le are of limited use.

The library for the \Abstract Machine eXecutive" (amx) is fully implemented
in a singleC le: AMX.CThis le contains the sourcecode of all functions, but
without any native function. The key routine in the library, amx_Exec s called
the amx core function, and it existsin various versions:

ANSI C: the slowest but most portable core;

GNU GCC optimized: still implemented in C, but using specic GNU GCC

extensionsthat make it signi cantly faster than the ANSI C version;

Intel Pentium assenbler: this is a single design, but doubly implemented to

support a wide range of assenblers;

Just-In-Time compilers: the fastest core (but the least portable).

Next to the basicamx library, the toolkit comeswith various extension modules
(nativ e function libaries) that add consoleinput/output, xed point and oating
point arithmetic, and helper routines to support the language. These extension
modules are technically not part of the \Abstract Machine eXecutive".

The C sourcescontain sectionsof code that are conditionally compiled. Seeyour
compiler manual how to specify options on the commandline or in a\pro ject" to
set these options.

The source code of the amx corntains assertionsto help me catch bugs while
maintaining the code. In the retail version of the amx, you will want to compile
without assertions,becausethis code slows down its operation. To do so, compile
the source les with the NDEBUG@e nition set.

The \default" build for the toolsis for DOS/Windo ws. To compile for Linux, add
the macro de nition LINUXon the compiler's command line.

The basic amx library routines do not use or depend on dynamic memory allo-
cation, le 1/0O or consolel/O, but native functions may do so. For instance, the
\prop erty" functions in the AMXCORE#&Xtension module use malloc / free ; you
can remove these property set/retriev al functions by compiling the AMXCORE. |l
with the de nition NOPROPLIST
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sidxWin32 Console The consolel/O functions in AMXCONS@nother extension
module) use standard C to a large extent. For a few extended functions, the
le has explicit support for ANSI and VT100 terminal codes (ANSI.SYSunder
DOS, xterm and most shells under Linux), and for Win32 console programs.
The AMXCONS.@& provides \hook" functions that your host application can
implement to perform consoleoutput. By default, AMXCONSUSesWin32 console
functions when compiled for Microsoft Windows and ANSI/VT100 terminal codes
when compiled for Linux or Unix. If, on a Windows system, you prefer to use
ANSI/VT100 terminal codes, compile with the macro VT10Q if you wish to use
your own \console I/O" functions, de ne AMX_TERMINMistead |[see the section
\Adding a terminal to the abstract machine" on page 76 for examples.

Depending on the capabilities of the host application and the operating system,

you may want to enable Unicode or \wide character" support for the scripting

subsystem. The Small compiler is exible in its handling of codepagesand

translation of extented ascii and UTF-8 to wide characters (i.e., Unicode). For

the host application, there are essetially two approades:
Support Unicode or UCS-4 and interpret unpadked strings as strings holding
\wide" characters. The Small compiler doesnot generateUnicode surrogate
pairs. If characters outside the BMP (\Basic Multilingual Plane") are needed
and the host application (or operating system) doesnot support the full UCS-
4 encading, the host application must split the 32-bit character cell provided
by the Small compiler into a surrogare pair.

1 Support UTF-8 encaling and parsestrings in the host application, or, if the
operating system supports UTF-8 natively, passthe strings through to the
higher level without further processing.

The core modules of the abstract machine are independert of whether the host
application usesUnicode or UTF-8. Se\eral auxiliary modules|for instance AMX-
CONS.consolel/O support), needto be compiled with the UNICOD& _UNICODE
macrosde ned to enableUnicode support. Both macroshave the samee ect.

Calling convertions are always an important issuein porting software. The Small
amx speci es the calling convertion it usesvia three macros. These macros are
blank by default, in order to stay ascloseto ANSI C aspossible. By (re-)de ning
either (or both) of thesemacros, you can adjust the calling cornvertions:
AMXNATIVECALL The calling convertion for the native functions. You may
want to setthis to __stdcall when compiling for Win32.
AMXAPI The calling convention used for all interface functions of
the Abstract Machine eXecutive (e.g. amx_Init ), includ-
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AMXEXPORT

ing the native function dispatcher and the the debugger
callback. You needto changethis if you put the amx in a
Windows DLL, for example.

When you create dynamically loadable extensionmodules,
the initialization and clean-up functions must be \visible"

from the outside. For a Unix/Lin ux shared library, any
non-static function is automatically accessibleput for Mi-
crosoft Windows, a function must be explicitly exported.
In addition, it is advised that exported functions use the
__stdcall calling convertion. Seepage 78 for details.

If you intend to use the assenbler core of the amx, there are two more calling
convertions to address.

As you may obsene, the \calling convertion" issueis a distinctiv e complexity of
Microsoft Windows. In Unix-lik e operating systems,you can usually ignore the
issueof calling convertions.

Summary of definitions
AMXCOMPACTMARGINhe size of the bu er neededfor the \compact encaled"

AMXNATIVECALL

AMXNODYNALOAD

AMXTERMINAL

AMXAPI

AMXEXPORT

ASM32
CDECL

le format. Seepage 96 for details on compact encaling.
The default value is 64 (cells). When this value is set to
zero, support for compact encaling is removed alltogether
from the abstract machine. When support for compact
encaling is desired, it is advised to set this value to at
least 30.

calling convertion of nativ e functions (appliesto AMX.Gind
to extension modules);

disable support for dynamically loadable extension mod-
ules, seethe discussionat page 33 (AMX.Q;

for AMXCONS.@o not use consolefunctions (Win32 con-
sole, ANSI/VT100 or plain console);

calling convertion of interface functions; this overridesany
CDECbr STDECImacros (AMX.Q,

calling convertion of initialization and clean-up functions
of extension modules;

compile the assenbler version (AMX.Q,

setsAMXAPto __cdecl, for compatibilit y with the assem-
bler core (AMX.Q;
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FIXEDPOINT for AMXCONS.@dd xed point support, seealso FLOAT-
POINToption

FLOATPOINT for AMXCONS.&d oating point support, seethe separate
section below

JIT add support for the Just-In-Time compiler (AMX.Q}

LINUX compile for Linux (or perhapsother Unix versions);

NDEBUG compile without assertions(all les);

NOPROPLIST remove the get/set property functions from AMXCORE.C

STDECL sets AMXAPto __ stdcall , for compatibilit y with the as-

senbler core (AMX.Q

UNICODE, UNICODE
Enable Unicode in the consolel/O module and possibly
other auxiliary libaries.

VT100 for AMXCONS.@se ANSI/VT100 terminal codes (implicit
for Linux)

All compiling examples(listed below) have asfew commandline options asneeded.
Consult the compiler documertation to add debugginginformation or to enable
optimizations. The program that ead of the examplescompile is SRUNa simple
P-code interpretor that is dewveloped starting at page6.

As an aside, \pro ject" and \w orkspace" les for Microsoft Visual C/C ** , (for
the compiler and the Abstract Machine library source les) can be found in the
\msvc" subdirectory of where Small is installed.

ANSI C (seethe GNU C section for Linux)
Borland C** version 3.1, 16-bit

bcc srun.c amx.c amxcore.c amxcons.c

The 16-bit compiler in the Borland C** 5.0 packageappears to have a
few code genemtor errors, so either usean earlier version of the Borland
compiler, or compile in 32-bit.

LCC-Win32, 32-bit

Ic srun.c amx.c amxcons.c amxcore.c

Microsoft Visual C/C ** version 5.0 or 6.0, 32-bit

cl srun.c amx.c amxcons.c amxcore.c

When running with warning level 4, option \-W4", Visual C/C ** issues
a few warnings for unusea function arguments.
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Watcom C/C ** version 11.0, 32-bit

wcl386 /l=nt srun.c amx.C amxcore.C amxcons.c

The abovelist is far from comprehensie. The Small Abstract Machine eXecutive
is portable acrossmany compilers and many operating systems/architectures.

Assembler core for the Abstract Machine eXecutive

Marc Peter's assenbler implementation of the Abstract Machine eXecutive cur-
rently runs with all 32-bit C compilers for Microsoft Windows. It is (approxi-
mately) v etimes fasterthan the ANSI C version. As you can seeon the command
line, the C les needthe ASM32nacro to be de ned.

There are two \calling corvertion" issuesin the assenbler implemertation (in
addition to those mertioned at page 68):
The convertion with which amx_exec_asnitself is called. The default calling
cornvertion is Watcom's register calling convertion. For other compilers, change
this to __cdecl by setting the macro STACKARGS
The convertion for calling the \ho ok" functions (the nativ e function dispatcher
and the debugger callback). Again, the default is Watcom's register calling
convertion. Use the macros CDEClor STDECIfor _ cdecl and __ stdcall
respectively. (Since STDCALILs a resened word on the assenbler, | had to
choosea di erent name for the macro, hence STDEC)
In AMX.Cthe calling convertion for the hook functions is set with the AMXAPI
macro. You may needto adjust the AMXAPmacro so that it does not con-
ict with the calling convertion for the hook functions that the assenbler core
assumes.

Included in the archive are two pre-asserbled object les, for those of you who
do not have an assenbler (note that Microsoft's MASM is now freely available
from Microsoft's WEB site, and that the free \Net wide Assenbler" is now also
supported). The two assenbler les dier only in the calling corverntion used.
Below are the lenames and the commandsthat | usedto assenble them:
AMXEXECC.OB.JIcdecl calling convertion)

ml /c /DCDECLUDSTACKARGEX /coff /Foamxexecc amxexec.asm
AMXEXECS.OR.stdcall calling convertion)

ml /c /DSTDECUDSTACKARGEX /coff /Foamxexecs amxexec.asm

The two pre-compiled assenbler les were both build from the le AMXEXEC.ASM
(but with dierent options). This assenbler le is compatible with Microsoft
MASM, Borland TASM and Watcom WASM. The Netwide Assenbler (NASM)
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has a syntax that is similar to that of MASM/T ASM/W ASM, but is incompati-
ble with it. The le \ AMXEXECN.ASiote the \ N' after \ AMXEXECis the same
implementation of the assenbler corefor the amx, but using the \Net wide Assem-
bler" syntax. The Netwide Assenbler is a free assenbler which runs on a variety
of platforms.

The Netwide Assenbler version of the amx code does not support Watcom's
\register calling" convertion [it always usesthe _ cdecl for the amx_exec_asm
function itself. The calling corvention for the \hook" functions is __cdecl by
default, but this can be changedto __ stdcall by setting the STDECImacro at
the NASM command line.

| have had troubles with the incremertal linker when mixing assenbler with
C/C ** , for both Borland and Microsoft compilers. When the program fails for
mysterious reasons,or when the debuggershans assenbler code or variable ad-
dresseghat clearly do not match the assaiated sourcecode, rst do a full build
(and especially a full \link").

Borland C** version 5.02 & TASM, 32-bit
bcc32 -DASM32-TdCDECL-TASTACKARGSuUn.c amx.c amxcore.c (. ::.)

(+:3) amxcons.c amxexec.asm

You must assembleAMXEXEC.ASMth the \CDECL and \ STACKARGS
options. The \-T" compiler option passeswhat follows on the TASM32.

Borland C** version 5.02 & NASM, 32-bit
nasmw-f obj -d BORLANRBmxexecn.asm
bcc32 -DASM32srun.c  amx.C amxcore.C amxcons.c amxexecn.obj

You must assembleAMXEXECN.A8Mh the \ BORLANDoption, because
Borland C** usesdi er ent segment declarations as other compilers.

GNU GCC for Linux, FreeBSD and OpenBSD
nasm-f elf amxexecn.asm
gcc -0 srun -DLINUX -DASM32-|../linux srun.c amx.c amxcore.c (:::.)

(+ 1) amxcons.c ../linux/getch.c amxexecn.o -ldI

Most Linux distributions usethe \elf " le format. See page 75 for the
extra le getch.c and page 78 for the option -ldl  which causesthe
inclusion of the library libdl

LCC-Win32 & MASM, 32-bit
ml /c /DCDECUDSTACKARGEX /coff amxexec.asm

Ic -DASM32srun.c amx.C amxcons.C amxcore.c amxexec.obj
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LCC-Win32 doesnot come with an assembler,| haveused MASM here.
| haveonly done preliminary testing with LCC-Win32.

Microsoft Visual C/C ** version 5.0 or 6.0, 32-bit, __cdecl
ml /c /DCDECUDSTACKARGEX /coff amxexec.asm
cl -Gd -DASM32srun.c amx.C amxcons.C amxcore.c amxexec.obj

Micr osoft appears to use __cdecl calling convention by default, but |
haveforced the calling convention to be sure: option -Gd.

Microsoft Visual C/C ** version 5.0 or 6.0, 32-bit, __stdcall
ml /c /DSTDECUDSTACKARGEX /coff amxexec.asm
cl -Gz -DASM32-DAMXAPI=stdcall srun.c amx.c amxcons.c (.. .)

(+ 1) amxcore.c amxexec.obj

Option -Gz forces___stdcall calling convention. The assemblerle now
usesSTDECIKfor __ stdcall ) too.

Watcom C/C ** version 11.0 & WASM, 32-bit

wcl386 /I=nt /dASM32srun.c amx.C amxcore.C amxcons.C amxexec.asm

Watcom C/C ** usesregister calling convention, which is fastestin this
case.

Just-In-Time compiler

The third option is to add the Just-In-Time compiler, plus support routines. The
JIT compilesthe P-code of the AMX to native machine code at run-time. The
resulting code is more than twice asfast asthe assenbler version of the Abstract
Machine eXecutive (which was pretty fast already). To add support for the JIT,
you must de ne the macro\JIT" via a command line switch.

In addition to compiling with the JIT macro de ned, the host application should
call the amx_InitJIT function after amx_Init . The function amx_InitJIT , in
turn, needstwo extra memory blocks: one for the native machine instructions
that the compiler generatesand the other for any relocations. After amx_InitJIT
returns, the relocation table bu er may be freed. The memory block holding the
original Small P-code instructions is no longer neededand may also be freed.

Special care must be takenfor the block that will contain the native machine code
instructions: the permissionto executemachine code from the memory block must
be set for the block. On Intel processors,any block of memory that has \read
access"implicitly has \execution access". To block the treat of bu er overruns
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that allow the execution of arbitrary code, AMD hasintroducedthe \ no execute”
(NX) bit in the descriptor of a memory page,and Intel hasadopted this design|
though calling it \execution denied" (XD). On an operating systemthat has the
NX/XD bit setby default, you must then make sure that the memory block into
which the JIT-compiler generatesthe instructions hasthe NX/XD bit cleared.

The JIT-compiler itself needsonly read-write accessto the memory block for
the native machine instructions (this is the default for a memory block that you
allocate). The execution of the JIT-compiled code, through amx_Exe¢ requires
full accessto the memory block: read, write and execute. The block needswrite
accesspecausehe SYSREQ.Gpcodeis patchedto SYSREQ.Bfter the rst lookup
(this is an optimization, look up the addressof the native function only once).
On Microsoft Windows, function VirtualAlloc  can allocate a block of memory
with full access;alternativ ely VirtualProtect  may changethe accessrights on
an existing memory block. On versionsof Linux that support the NX/XD bits,
you can usevmalloc_exec to get a block with full access,or adjust the access
rights on an already allocated block with function mprotect . If your version of
Linux doesnot provide vmalloc_exec , it will probably not support the NX/XD
bit. For processorsor operating systemsthat do not support the NX/XD bit,
execution of code is implicitly allowed. You can usethe standard malloc in place
of VirtualAlloc  and vmalloc_exec .

During compilation, the JIT compiler requires write-accessto its own code seg-
ment: the JIT-compiler patches P-code parameters into its own code segmen
during compilation. To make these patches possible,amx_InitJIT temporarily
enables\write-access" it is own code segmen, for operating systemsthat require
this.

amx_Init givesa consenativ e estimate of the size of the memory block that is
neededto compile the native machine code into. Conservative estimate means
herethat the memory block is guaranteed to be big enough,and will likely be far
bigger than what is really needed. When amx_InitJIT returns, it has calculated
the real required memory size. To save memory, you may therefore want to shrink
or re-allocate the memory block after amx_InitJIT returns.

The toolkit comeswith the source code of srun_jit.c  which is a maodi cation
of the \'srun" program (the example program for the embedding of the abstract
machine, seepage 6) for the JIT-compiler. This example program lays out the
stepsdescribed above.

There are, in fact, three versionsof the JIT:
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AMXJITR.ASM usesregister based calling corventions and requires Watcom
c/ic*;

AMXJITS.ASM uses__cdecl or __stdcall calling cornventions (both are stack
based)and should work with other Win32 compilers.

AMXJITSN.ASM is the sameas AMXJITS.ASMut implemented in \ nasm" and
thereby making the JIT-compiler available to Linux and Unix-
lik e operating systems.

Apart from the calling convertions and the assenbler syntax, the three JIT ver-
sions are identical.

The source les AMXJITR.ASMAMXJITS.ASMnd AMXJITSN.ASkbrtain seweral
de nitions with which you can trade performancefor other options (lik e support
for somedebug opcodes).

Note that the JIT (asit is today) doesnot support the debuggerhooks.
Borland C** version 5.02, 32-bit

bce32 -DJIT -Tm2 srun jit.c ~ amx.c amxcore.c amxcons.c amxjits.asm

You must force TASM to use at two passes,so that forward referenaes
are resolvel. The -Tm2 option accomplishesthis.

W atcom C/C ** version 11.0, 32-bit

wcl386 /l=nt /dJIT srunjitc amx.c amxcore.c amxcons.c amxjitr.asm

Watcom C/C ** usesregister calling convention, which is fastestin this
case.

GNU GCC for Linux, FreeBSD and OpenBSD
nasm-f elf amxyjitsn.asm
gcc -0 srun -DLINUX-DJIT -I../linux srun jit.c  amx.c amxcore.c (:::.)

(+: %) amxcons.c ../linux/getch.c amxjitsn.o  -ldl

Most Linux distributions usethe \elf " le format. See page 75 for the
extra le getch.c and page 78 for the option -ldl  which causesthe
inclusion of the library libdl

Direct threaded interpreter with GNU C extensions

The AMX.C le hasspecial code for the GNU C compiler (GCC), which makesthe
Abstract Machine eXecutive about twice asfast asthe ANSI C version. However,
the assenbler core and the JIT are faster still.
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GNU GCC for DOS/Windo ws (DJGPP version 2.01), 32-bit

gcc -0 srun.exe srun.c amx.C amxcore.C amxcons.c

When running with all warnings enablel, option \-Wall ", the GNU C
compiler suggestsextra paranthesesaround sutexpressionsin a logical
expression; | do not agree with the desirability of extra paranthesesin
this case,so | have not addel them.

GNU GCC for Linux, FreeBSD and OpenBSD

gcc -0 srun -DLINUX -I../linux srun.c amx.c amxcore.c amxcons.c (. ::)
(+:7) .Jinux/getch.c -ldl

You must add the \LINUX option for alternative supprt code. The
consolel/O functionality in amxcons.c relies on a function that reads
keysin raw mode without echo; this is standard on DOS and Windows
platforms, but must be implemented explicitly in Linux | getch.c . The
abstract machine also supports dynamically loaded extension modules by
default (see page 78). Dynamic linking requires the inclusion of the li-
brary libdl

Adding aterminal to the abstract machine

A simple text terminal is often conveniert for usersof a product, asit lets them
print out text strings and getinput in a plain and simple way. The strings printed
on the consolecan also sere as a debugging or tracing aid for the user.

Example console functions are in the le AMXCONS.@ese allow for printing
formatted text and reading keyboard input. The default implementation of the
consoleinterface writes to the standard output consolefor a \text mode" appli-
cation: this is a \DOS box" for Microsoft Windows and the active terminal for
Linux/Unix. On Linux/Unix, the functions support the VT100 terminal, and
on Microsoft Windows the equivalent functionality is emulated. There is a fall-
badk using only the functions of standard C [this imposesseeral limitations, of
course,but it works everywhere.

For better embeddingin an application, you may want to write a custom terminal.
As an example how to write the support code, the Small toolkit comeswith two
alternativ e terminal implementations:

termwin A terminal for Microsoft Windows GUI (\windo wed") applications. It
may be compiled to use either ASCII/ANSI consolel/O or Unicode.
Although the number of columnsand linesis xed, the terminal window
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canberesizedand scrolled, and the terminal allowsthe font to be scaled
aswell. This implementation supports multiple concurrert terminals.

term_ga A terminal implemented in the cross-platform \GraphApp" library; it
runs on Microsoft Windows, Linux, FreeBSD and the Macintosh. This
terminal supports UTF-8 natively, and it may be compiled with Uni-
code (\wide character") support as well.

To compile with a special terminal, the default implementation of terminal 1/O
functions in AMXCONSaust be disabled, and a source le with the desiredter-
minal must be addedto the project. With Watcom C/C++ for the example, the
command line for using termin would be:

wcl386 /dAMXTERMINALI=nt srun.c amx.C amxcore.c amxcons.c termwin.c

If you compile the Microsoft Windows terminal for Unicode, you needto add the
de nition of the macro \ UNICODEon the command line. When you want the
Unicode terminal to run aswell in Microsoft Windows 9x, you will needto link
against the \unicows" library (the \Microsoft Layer for Unicode" on Windows
95/98/ME). Seethe Microsoft site for details on Unicode and unicows.

Using the \GraphApp" terminal involves only slightly more work: GraphApp
requires a rede nition of the entry point of the program (function main). The
easiestway to get it running is to include the le \grahpapp.h" in SRUN.COf
course,the GraphApp libraries must be compiled as well.

Support for floating point in the Abstract Machine

The de nitions for userde ned operators for the oating point routines are in the
le \FLOAT.INC. You canuse oating point artithmetic in your Small programs
by including this le. The include le givesde nitions for native functions that
perform the basic oating point operations and user-de ned operators to map
those to the common add/subtract/m ultiply/divide operators. Seethe Small
booklet \The Language"for more information on user-de ned operators.

The abstract machine needsto support oating point operations as well. This
requirestwo or three additions to the compilation of the abstract machine:

1.you must de ne the macro\ FLOATPOINTwhen compiling the source les;
2.you should add the le FLOAT.Co the list of les

3. depending on the C compiler/link er, you may needto add a compiler option or
alibrary le for the linker.
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These two/three steps apply to all \compiler command lines" given above. For
example,the rst commandline (ANSI C, usingthe 16-bit Borland C** compiler)
becomes:

bcc -DFLOATPOINBrun.c  amx.c amxcore.c amxcons.c float.c
The original line read: bcc srun.c amx.c amxcore.c amxcons.c

The Borland C** compiler requires no extra option to compile oating point
programs. The GNU GCC compiler, however, must be instructed to add the
\math" library to the linking phase,with the option -Im. The command line for
GCC for Linux becomes:

gcc -0 srun -DLINUX -DFLOATPOINTI../linux srun.c amx.c amxcore.c (. ::)
(+ 1) amxcons.c float.c -Im

Fixed point support, by the way, is addedin nearly the sameway: you add the
macro FIXEDPOIN®n the compiler commandline and youinclude the le FIXED.C
on the le list. In your Small program, you must include the le FIXED.INCfor
the de nitions and user de ned operators.

Compiling ““dynamically loadable" modules

The above section on adding oating point to the abstract machine did so by
compiling/linking the support statically into the run-time. An alternativ e is to
compile the abstract machine with only a minimal set of extension modules and
nativ e functions, and to create additional libraries as dynamically loadable mod-
ules (or \plug-ins").

To create a dynamicall loadable extension module, the C/C ** le that imple-
ments the module must be built as a DLL (Microsoft Windows) or a shared
library (Unix/Lin ux).

In Microsoft Windows, the amx Filenamelnit and amx FilenameCleanup func-
tions must be marked as \exp orted" and they must also have the \ _stdcall "
calling corvention. For that purpose, AMX.Hde nes the macro AMXEXPQRIT is
suggestedthat the de nitions of amx Filenamelnit and amx FilenameCleanup
are marked with this macro and that you set it to the appropriate (compiler-
dependen) calling cornvertion on the compiler command line.

The exported function namesshould furthermore not be \mangled". In a C**
project the les should be declaredextern "C" to avoid name mangling. Com-
pilers for Microsoft Windows routinely mangle C functions as well (for example



Building the Abstract Machine eXecutive / 79

amx_Powerlnit becomesamx_Powerlnit@4, and this must then be explicitly dis-
abled through a linker \ .DEF' le or a compiler option. Watcom C/C ** usesan
\.LBC" le instead of a .DEF le.

A complication in Microsoft Windows, next to name mangling, is the calling con-
vertion. It is commonfor Dynamic Link Libraries that the exported functions use
the\__stdcall " calling convertion. Tednically, the native functions do not have
to usethe samecalling cornvertion asthe exported functions (amx Filenamelnit
and amx FilenameCleanup), but for reasonsof similarit y and interoperability, |
advise that you also set the calling convertion of native functions and of the
\hook" functions to __stdcall . This, in turn, meansthat the abstract ma-
chine code must also be built with the _ stdcall calling convertion for native
functions and hook functions. Refer to page 68 for details (set all three macros
AMX_NATIVE_CAIAMXAP&and AMXEXPORY __stdcall ).

An example command line to create the \ oating point arithmetic" extension
module asa DLL for Microsoft Windows, using Borland C** 5.0 is:

bcc32 -tWD -eamxFloat -DAMXEXPORT=stdcall _export” (:::)
(+:7) -DAMXNATIVECALL=stdcall -DAMXAPI=stdcall float.c amx.c float.rc

Note that the host program should now alsousethe __ stdcall calling corvention
for nativ e functions and for the hook functions. The consolel/O extensionmodule
(AMXCONS.@lso contains somesupport for xed point and oating point values,
which must be separately enabled|see the precedingsection.

A native function library that is created as a DLL/shared library needsto link
to a few functions in the le AMX.Cnobably amx_Register. It is, howewer, a
waste of spaceto include all the functions in AMX.Anto the module: it is unlikely

that the module will call amx_Init or amx_Exe¢for example. To strip unneeded

functionalit y from AMX.Cde ne macroson the compiler commandline to specify
the set of functions that you want:

AMXALIGN for amx_Align16, amx_Align32 and amx_Align64
AMXALLOT for amx_Allot and amx_Release

AMXCLEANUP for amx_Cleanup

AMXCLONE for amx_Clone

AMXEXEC for amx_Execand amx_Execv

AMXFLAGS for amx_Flags

AMXGETADDR for amx_GetAddr

AMXNIT for amx_Init and amx_InitJIT

AMXMEMINFO for amx_Meminfo
AMXNAMELENGTHfor amx_NameLength

Seealso page
33 for the le-
name convention
of dynamically
loadable exten-
sion modules



80 . Building the Abstract Machine eXecutive

AMXNATIVEINFO for amx_Nativelnfo

AMXRAISEERROR for amx_RaiseError

AMXREGISTER for amx_Register

AMXSETCALLBACKfor amx_SetCallback

AMXSETDEBUGHO®@K amx_SetDebugHook

AMMXUTF8XXX for amx_UTF8Getamx_UTF8Puaind amx_UTF8Check
AMXXXXNATIVES for amx_NumNativesamx_GetNative and amx_FindNative
AMXXXXPUBLICS for amx_NumPublics amx_GetPublic and amx_FindPublic
AMXXXXPUBVARS for amx_NumPubVaramx_GetPubVaand amx_FindPubVar
AMXXXXSTRING for amx_StrLength, amx_GetString and amx_SetString
AMXXXXTAGS for amx_NumTagamx_GetTagand amx_FindTagld
AMXXXXUSERDATAor amx_GetUserDataand amx_SetUserData
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appendix c

Using CMake

CMake is a cross-platform, open-sourcemake system, which generates\ make-
file 's" or project les for diversecompilers and platforms. You can nd more
information on CMake plus a freely downloadablecopy on http://www.cmak e.ag/ .

The Small toolkit comeswith a CMake project le that builds the compiler, a
simple run-time program that embedsthe abstract machine, and a simple console
debugger. The CMake project le is in the \source" subdirectory of where the
Small toolkit is installed, when you installed the self-extracting setup for Mi-
crosoft Windows. When unpadking the Small sourcecode from a .ZIP or .TGZ
archive, the CMake project le is in the main directory where you unpaded the
archive into.

Microsoft Windows
1. Launch CMakeSetup

2. Selectfor the sourcecode directory, the \source" subdirectory in the directory
tree for the toolkit.

For example, if you installed the toolkit in C:\Small , the sourcedirectory is
C:\Small\source

3. Select as destination the \source" subdirectory; the destination and source
directories are thus the same.

4. Selectthe compiler to use,aswell.

5. Click on the \ Con gure" button. After an initial con guration, you may have
items displayed in red. These may need adjustment, for instance the \ EXE-
CUTABLE_OUTPUT_PATfEr. After adjustment, you click \ Con gure" once
more.

6. Click onthe \OK" button. This exits the CMakeSetugprogram after creating
a number of les in the \source" subdirectory.

7. Build the program in the usual way. For Microsoft Visual C/C++, CMake
has created a Visual Studio project and \W orkspace" le; for other compilers
CMake builds a makefile .
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Linux / Unix

1. Changeto the directory where the archive was extracted into. For example,
if you unpadked the toolkit in /usr/Small , goto that directory.

2. Launch \ccmake." (the \." standsfor the current directory).

3. Pressthe \c" key for \con gure". After an initial con guration, you may
have items in the list that have a \*" in front of their value. These may
need adjustment, for instance the \EXECUTABLE_OUTPUT _'PidrHl. After
adjustment, you type \c" oncemore.

4. Pressthe \g" button for \generate and quit". Then build the program by

typing \mak e".
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appendix d
Design of the Abstract Machine eXecutive

The rst issueis: why an abstract machine at all? By compiling into the native
machine languageof the processorof your choice, the performancewill be somuch
better.

There is only onereal reasonto usean abstract machine: cross-platform compat-
ibilit y of the compiled binary code. At the time that Small was designed,both
16-bit and 32-bit platforms on the 80x86 processorserieswereimportant for me.
By the time | canforget about 16-bit operating systems,alternate microprocessors
(lik e PowerPC and DEC Alpha) may have becomeessetial.

Other reasons(while not essetial) are:

It isfar easierto keepa program running in an abstract machine insideits \sand-
box". For example,an unboundedrecursionin an abstract machine crashesthe
abstract machine itself, but not much else. If you run native machine code,
the recursive routine may damagethe system stack and crash the application.
Although modern operating systemssupport multithreading, with a separate
stack per thread, the default action for an overrun of any stack is still to shut
down the ertire application.

It is easierto designa language where a data object (an array) can contain
bytecode which is later executed. Modern operating systemsseparatecode and
data sections: you cannot write into a code section and you cannot execute
data; that is, not without seriouse ort.

The current Small languagedoesnot havethe abilit y to executebytecode from
an array, but the abstract machine is not too tightly coupledto the language.
That is, future versionsof the Small languagemay provide a meansto execute
a code stream from a variable without requiring me to redesignthe abstract
machine.

My rst stab at designingan abstract machine wasto look at current implementa-
tions. It appearsthat it is somekind of a tradition to implement abstract machines
asstack machines, even though the designfor microprocessorshas moved towards
register basedimplementations. All the abstract machines| encourtered are stack
based. Theseinclude:

the B language(predecessornf C) Java VM (JVM)
bob Lua
Euphoria Microsoft C/C ** 7.0 (P-code option)
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the Amsterdam Compiler Kit ~ QuakeC VM

Stadk machines are surely compact, exible and simple to implement, but they
are also more di cult to optimize for speed. To seewhy, let's analyze a specic

example.
a=b+2 /* where "a" and "b" are simple variables */

Nativ e code
In 32-bit assenbler, this would be:

mov eax, [b]
add eax, 2
mov [a], eax

Stack based abstract machine
Forth is the archetype for a stack machine, | will therefore useit asan example.
The sameroutine in Forth would be:

b @2 + a
where ead letter is an instruction (the \@" stands for \fetch" and \!" for store;

note that stack machinesrun code in \rev ersepolish notation"). Sotheseare six
instructions in bytecode, but the code expandsto:

b push offset b
@ pop eax
push [eax]
2 push 2
+ pop edx
pop eax
add eax, edx
push eax
a push offset a
! pop edx
pop eax
mov [edx], eax

Two obsenations: 1. the stack machine makes heavy use of memory (bad for
performance) and 2. the expanded code is quite large when compared to the
nativ e code (12 instructions versus3).

The expandedcode is what a \just-in-time" compiler (JIT) might make from it
(though onemay expect an optimizing JIT to reducethe redundart \pushes" and
\p ops" somewhat). When running the code in an abstract machine, the abstract
machine must also expand the code, but in addition, it hasoverheadfor fetching
and decaling instructions. This overheadis at least two nativ e instructions per
bytecode instruction (more on this later). For six bytecode instructions, one
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should add another 12 native instructions to the 12 native instructions of the
expanded code. And still, the example is greatly simpli ed, becausethe code
runs on the systemsstack and usesthe systemsaddressspace.

In other words, a stack-basedabstract machine runs a native 3-instruction code
snippet in 6 bytecode instructions, which turn out to take 24 nativ e instructions,
and more if you want to run the abstract machine on its own stack and in its own
(protected) data space.

Register-based abstract machine

Micropro cessorshave usedregisterssincetheir theoretical inception by VVon Neu-
mann. Extending this architecture to an abstract machine is only natural. There
are two advantages: the abstract machine instructions map better to the native
instructions (you may actually usethe processor'sregistersto implemert the ab-
stract machine's registers) and the number of virtual instructions that is needed
to executeda simple expressioncan be reduced.

As an example, here is the code for the Small \amx", a two-register abstract
machine (amx stands for \Abstract Machine eXecutive"):

load.pri b ; "pri" is the primary register, i.e. the accumulator
const.alt 2 ; "alt" is the alternate register

add ;oprio=pri + alt

stor.pri a ; store "pri" in variable "a"

In expandedcode, this would be:

load.pri b mov  eax, [b]
const.alt 2 mov  edx, 2

add add eax, edx
stor.pri a mov [a], eax

The four bytecode instructions map nicely to native instructions. Here again, we
will have to add the overheadfor fetching and decading the bytecode instructions
(2 native instructions per bytecode instruction). When compared to a stack-
basedabstract machine, the register-basedabstract machine runs twice as fast;
in 12 nativ e instructions, versus24 nativ e instructions for a stadk-basedabstract
machine.

There is more: in my experience, stack-based abstract machines are easier to
optimize for size and register-basedabstract machines are easierto optimize for
speed. So a register-basedabstract machine can indeed be twice as fast as a
stack-basedabstract machine.

To elaborate a little further on optimizing: | have intentionally chosento add
\2" to avariable. Incremerting or decremeting a value by one or two is such a
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common casethat Forth has a special operator for them: the word \2+" adds 2
to a value. Assumingthat a good (stack-based)abstract machine also has special
opcodes for common operations, using this \2+" word instead of the general
words \2" and \+" removesone bytecode instruction and 3 nativ e instructions.
This would bring the native instruction count down to 21. Howewer, the same
optimization trick applies to the register-basedabstract machine. The Small
abstract machine hasan\add.c" opcodethat addsa constant valueto the primary
register. The optimized sequencewould be:

load.pri b mov eax, [b]
add.c 2 add eax, 2
stor.pri a mov [a], eax

which results to 3 nativ e instructions plus 6 instructions of overheadfor fetching
and decaling the bytecode instructions. The register-basedabstract machine
(which needs9 native instructions) is still approximately twice as fast as the
stack-basedabstract machine (at 21 nativ e instructions).

Threading

In an indirect threaded interpreter, ead opcode is an index in a table that con-
tains a \jump address" for every instruction. In a direct threaded interpreter,
the opcode is the jump addressitself. Direct threading often requires that all
opcodes are \relo cated" to jump addressesupon compilation or upon loading a
pre-compiled le. The le format of the Small abstract machine is designedsuc
that both indirect and direct threading are possible.

A threaded abstract machine is corventionally written in assenbler, becausemost
high level languagescannot store label addressesn an array. The GNU C compiler
(GCC), however, extendsthe C languagewith an unary \ && operator that returns
the addressof a label. This addresscan be stored in a \void *" variable type
and it can be used later in a goto instruction. Basically, the following snippet
doesthe samea\goto homé:

void *ptr = &&home;
goto *ptr;

The ANSI C version of the abstract machine usesa large switch statemert to
choosethe correct instructions for every opcode. Due to direct threading, the
GNU C version of the abstract machine runs approximately twice as fast as the
ANSI C version. Fortunately, GNU C runs on quite a few platforms. This means
that the fast GNU C versionis still fairly portable.
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Optimizing in assembler

The following discussionassumesan Intel 80386 or compatible processor. The
sametechnique alsoappliesto 16-bit processorsand to processorof other brands,
but the names(and number) of registerswill be di erent.

It is bene cial to usethe processor'sregistersto implement the registers of the
abstract machine. The details of the abstract machine for the Small systemare
in appendix E. Further assumptionsare:
PRI is an alias for the processor'sregister EAXand ALTis EDX
ESI is the code instruction pointer (CIP)
EDI points to the start of the data segmen, ECXs the stack pointer (STH, EBX
is the frame pointer (FRNand EBPFs available asa generalpurposeintermediate
register; the remaining registersin the amx (STPand HEAseeappendix E) are
local variables.

Every opcode has a set of machine instructions attached to it, plus a trailer that
branchesto the next instruction. The trailer is identical for every opcode. As an
example, below is the implementation of the ADD.Copcode:

add eax, [esi] ; add constant

add esi, 4 ; skip constant

; the code below is the samefor every instruction

add esi, 4 ; pre-adjust instruction pointer
jmp [esi-4] ; jump to address

Note that the \trailer" which chainsto the next instruction via (direct) threading
consists of two instructions; this trailer was the origin of the premise of a 2-
instruction overheadfor instruction fetching and decaling in the earlier analysis.

In the implementation of the abstract machine, one can hand-optimize the se-
guencesfurther. In the above example, the two \add esi, 4" instructions can,
of course,be folded into a single instruction that adds 8 to ESI.
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appendix e
Abstract Machine reference

The abstract machine consistsof a set of registers, a proposed(or imposed)mem-
ory layout and a set of instructions. Each is discussedin a separatesection.

Register layout

The abstract machine mimics a dual-register processor. In addition to the two

\general purpose" registers, it has a few internal registers. Below is the list with

the namesand description of all registers:

PRI  primary register (ALU, generalpurpose).

ALT alternate register (general purpose).

FRM stack frame pointer, stack-relative memory readsand writes are relativ e to
the addressin this register.

CIP  codeinstruction pointer.

DAT o set to the start of the data.

COD o set to the start of the code.

STP stad top.

STK stack index, indicates the current position in the stack. The stack runs
downwards from the STPregister towards zero.

HEA heappointer. Dynamically allocated memory comesfrom the heapand the
HEAregister indicates the top of the heap.

Notably missing from the register setis a\ags" register. The abstract machine
keepsno separatesetof ags; insteadall conditional branchesare taken depending
on the contents of the PRI register.

Memory image

The heap and the stack sharea memory block. The stack grows downwards from
STPtowards zero; the heapgrows upwards. An exceptionoccurswhenthe STKand
the HEAregisterscollide. (An exception meansthat the abstract machine aborts
with an error message.There is currently no exception trapping mecanism.)

Figure 1 is a proposed memory image layout, and one that the standard Ab-
stract Machine eXecutive assumesfor a self-cortained amx \job". Alternativ e
layouts are possible. For instance, when you \clone" an amx job, the new job will
sharethe Pre x and the Code sectionswith the original job, and have the Data/
Heap/Stack sectionsin a di erent memory block. Speci cally, an implemertation
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Pre fix

Code

D ata

Heap

Stack

Figure 1: Memory layout of the abstract machine

may chooseto keepthe heap and the stack in a separatememory block next to
the memory block for the code, the data and the pre x. The top of the gure
represetts the lowest addressin memory.

The binary le (on disk) consistsof the \pre x", and the code and data sections.
The heapand stack sectionsare not stored in the binary le, the abstract machine
can build them from information in the \pre x" section. The pre x also contains
startup information, and the de nitions of native and public functions.

All multi-b yte valuesin the pre x are storedwith the low byte at the lower address
(Little Endian, or \low byte rst"). The byte order in the generatedcode and
data sectionsis either in Little Endian or in compact encaling |see page 96 for
details on compact encaling.

size 4 bytes | size of the memory image, excluding the stack/heap
magic 2 bytes | indicates the format and cell size

file _version | 1 byte le format version, currently 7

amxversion 1 byte | required minimal version of the abstract machine

flags 2 bytes | ags, seebelow

defsize 2 bytes | sizeof a structure in the \nativ e functions" and the
\public functions" tables

cod 4 bytes | o set to the start of the code section

dat 4 bytes | o set to the start of the data section

hea 4 bytes | initial value of the heap, end of the data section

stp 4 bytes | stack top value (the total memory requiremerts)
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cip 4 bytes | starting address(main() function), -1 if none
publics 4 bytes | o set to the \public functions" table

natives 4 bytes | o set to the \nativ e functions" table

libraries 4 bytes | o set to the table of libraries

pubvars 4 bytes | o set to the \public variables" table

tags 4 bytes | o set to the \public variables" table
nametable 4 bytes | o set to the symbol name table (le version7)
publicstable | variable| public functions table (seebelow)

natives table | variable| native functions table (seebelow)

library table variable| library table (seebelow)

pubvarstable | variable| public variables table (seebelow)

tagstable variable| public tags table (seebelow)

name table variable| the symbol nametable (le version7; seebelow)

The magic value indicates the sizeof a cell in the P-code of the compiled program.

This value is (in hexadecimal):
F1EOQO for a 32-bit cell;
F1E1 for a 64-bit cell;
F1E2 for a 16-bit cell.

Each bit in the flags

eld contains one setting. Currently, the de ned bits are

(bits that are not mertioned are currently not de ned):
0 reserval |curren tly unused
1 (AMX_FLAG_DEBUGet, the le contains symbolic (debug) information

2 (AMX_FLAG_COMBAKGEt, the le is compressedvith \compact encaling”

|see page96
3 reserval |curren tly unused

4 (AMX_FLAG_NOCHECIKS&:, the code hasno debugsupport at all (no array

bounds-teding, no assertions,no line-tracing support)

14 reservd |this
15 reservd |this

The xed part of the pre x followedby a seriesof tables. Each table contains zero
or more records. The nametable hasa variable record size;the sizeof the records
in the other tables is in the defsize eld in the prex. To nd the number of
recordsin atable, subtract the o set to the table from the o set to the successie
table, and divide that by defsize . For example, the number of recordsin the

natives table is:

records =

bit is usedinternally
bit is usedinternally

libraries natives
defsize
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The P-code followsthe pre x immediately, but note that the pre x may be padded
in order to align the code and data sections(this is a compiler option). The cod
eld in the headeris the le o set to the start of the P-code.

In versionsO to 6 of the P-code les, the recordsin the public functions table have
the format:

address | cell size the address(relative to COPof the function

name defsize - cell size | the name of the public function

As is apparert, the name of the public function is presen in the record. The
maximum length of a name of a public function is limited to the sizeof the record
(minus the number of bytes in a cell, for the bytes taken by the address eld).

The format of the native functions table is very similar (see below |this s,
again, the format for le versions0{6). The order of the recordsin the table is
important, becausethe parameter of the SYSREQ.@struction is an index into
the nativ e functions table.

address | cell size usedinternally, should be zeroin the le

name defsize - cell size | the name of the nativ e function

The library table hasthe sameformat as the native functions table. The \ ad-
dress" eld is usedinternally and should be zeroin the le. The \namé eld
holds the library name.

The \public variables" table, again, has a similar record lay out as the public
functions table. The address eld of a public variable contains the variable's
addressrelativ e to the DATsection.

The \tags" table usesthe sameformat aswell. This table only holds tags whose
name or number might be useful to the host application or extension modules:
tags that are used with the exit or sleep instructions or usedwith the tagof
operator. The address eld of a tag record cortains the tag identi er.

As of le version 7, the compiled le includes a \name table". This table holds
the symbol namesfor the symbols that the other tables refer to. Each nameis in
a variable sizedrecord asa zero-terminated string. The advantage of this schema
is that it allows for arbitrarily long symbol nameswhile storing these namesin a
compact fashion.

As the symbol namesno longer need to be stored in the tables for the public
and nativ e functions, the public variables, the tags and the libraries, the records
for thesetables have changedtoo. Instead of a name eld, the records corntain a
4-byte o set, relative to the start of the le \pre x", to the start of the symbol
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namein the nametable. The record sizein the header,\ defsize ", is setto the
sizeof onecell plus the 4-byte o set |i.e. 8 for a 32-bit cell implementation and
12 for a 64-bit cell implementation. Below is the de nition for a native/public
function/v ariable in le format 7.

address | cell size seedescriptions for native/public functions/var.'s

nameofs | 4 bytes o set to the symbol name, relative to pre x

Instruction reference

Every instruction consistsof an opcode followed by zero or one parameters. Each
opcode is one byte in size;an instruction parameter hasthe sizeof a cell (usually
four bytes). A few \debugging" instructions (at the end of the list) form an
exceptionto theserules: they have two or more parametersand those parameters
are not always cell sized.

Many instructions have implied registers as operands. This reducesthe number
of operandsthat are neededto decade an instruction and, hence,it reducesthe
time neededto decade an instruction. In seweral casesthe implied registeris part
of the name of the opcode. For example, PUSH.pri is the name of the opcode
that storesthe PRI register on the stack. This instruction hasno parameters: its
parameter (PRI) is implied in the opcode hame.

The instruction referenceis ordered by opcode. The description of two opcodes
is sometimescombined in onerow in the table, becausethe opcodesdi er only in
a sourceor a destination register. In these cases,the opcodesand the variants of
the registersare separatedby a \/".

The \semantics" column givesa brief description of what the opcode does. It uses
the C languagesyntax for operators, which are the sameas those of the Small
language. An item betweensquare brackets indicates a memory access(relativ e
to the DATregister, exceptfor jump and call instructions). So, PRI = [address]
meansthat the value read from memory at location DAT+ address is stored in
PRI.

opcode mnemonic parameters semantics

1/2 LO AD.pri/alt address PRI/AL T = [address]

3/4 LO AD.S.pri/alt o set PRI/AL T = [FRM + o set]

5/6 LREF.pri/alt address PRI/AL T = [ [address] ]

7/8 LREF.S.pri/al t o set PRI/AL T = [ [FRM + oset] ]

9 LOAD.I PRI = [PRI] (full cell)

10 LODB.I number PRI = \number" bytes from [PRI] (read 1/2/4 bytes)
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11/12 | CONST.pri/alt value PRI/AL T = value

13/14 | ADDR.pri/alt o set PRI/AL T = FRM + oset

15/16 | STOR.pri/alt address [address] = PRI/AL T

17/18 | STOR.S.pri/alt o set [FRM + oset] = PRI/AL T

19/20 | SREF.pri/alt address [ [address] 1 = PRI/AL T

21/22 | SREF.S.pri/alt o set [[FRM + osetf] ]= PRIAL T

23 STOR.I [ALT] = PRI (full cell)

24 STRB.I number \number" bytes at [ALT] = PRI (write 1/2/4 bytes)

25 LID X PRI = [ALT + (PRI cell size) ]

26 LID X.B shift PRI = [ALT + (PRI << shift) ]

27 ID XADDR PRI = ALT + (PRI cell size) (calculate indexed address)

28 ID XADDR.B shift PRI = ALT + (PRI << shift ) (calculate indexed address)

29/30 | ALIGN.pri/alt number Litte Endian: PRI/AL T A= cell size number

31 LCTRL index PRI is set to the current value of any of the special registers.
The index parameter must be: 0=COD, 1=D AT, 2=HEA,
3=STP , 4=STK, 5=FRM, 6=CIP (of the next instruction)

32 SCTRL index set the indexed special registers to the value in PRI.
The index parameter must be: 2=HEA, 4=STK, 5=FRM,
6=CIP

33/34 | MO VE.pri/alt PRI=AL T / ALT=PRI

35 XCHG Exchange PRI and ALT

36/37 | PUSH.pri/alt [STK] = PRI/AL T, STK = STK cell size

38 PUSH.R value Repeat value [STK] = PRI, STK = STK cell size

39 PUSH.C value [STK] = value, STK = STK cell size

40 PUSH address [STK] = [address], STK = STK cell size

41 PUSH.S o set [STK] = [FRM + oset], STK = STK cell size

42/43 | POP .pri/alt STK = STK + cell size, PRI/AL T = [STK]

44 STACK value ALT = STK, STK = STK + value

45 HEAP value ALT = HEA, HEA = HEA + value

46 PROC [STK] = FRM, STK = STK cell size, FRM = STK

47 RET STK = STK + cell size, FRM = [STK],
STK = STK + cell size, CIP = [STK],
The RET instruction cleans up the stack frame and returns
from the function to the instruction after the call.

48 RETN STK = STK + cell size, FRM = [STK],

STK = STK + cell size, CIP = [STK],
STK = STK + [STK]

The RETN instruction removes a specied number of bytes
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from the stack. The value to adjust STK with must be
pushed prior to the call.

49 CALL address [STK] = CIP + 5, STK = STK cell size
CIP = address
The CALL instruction jumps to an address after storing the
address of the next sequential instruction on the stack.

50 CALL.pri [STK] = CIP + 1, STK = STK cell size
CIP = PRI
jumps to the address in PRI after storing the address of the
next sequential instruction on the stack.

51 JUMP address CIP = address (ump to the address)

52 JREL o set CIP = CIP + oset (ump \oset" bytes from current
position)

53 JZER address if PRI == O0then CIP = [CIP + 1]

54 JINZ address if PRI = Othen CIP = [CIP + 1]

55 JEQ address if PRI == ALT then CIP = [CIP + 1]

56 JNEQ address if PRI = ALT then CIP = [CIP + 1]

57 JLESS address if PRI < ALT then CIP = [CIP + 1] (unsigned)

58 JLEQ address if PRI <= ALT then CIP = [CIP + 1] (unsigned)

59 JGRTR address if PRI > ALT then CIP = [CIP + 1] (unsigned)

60 JGEQ address if PRI >= ALT then CIP = [CIP + 1] (unsigned)

61 JSLESS address if PRI < ALT then CIP = [CIP + 1] (signed)

62 JSLEQ address if PRI <= ALT then CIP = [CIP + 1] (signed)

63 JSGRTR address if PRI > ALT then CIP = [CIP + 1] (signed)

64 JSGEQ address if PRI >= ALT then CIP = [CIP + 1] (signed)

65 SHL PRI = PRI << ALT

66 SHR PRI = PRI >> ALT (without sign extension)

67 SSHR PRI = PRI >> ALT with sign extension

68 SHL.C.pri value PRI = PRI << value

69 SHL.C.alt value ALT = ALT << value

70 SHR.C.pri value PRI = PRI >> value (without sign extension)

71 SHR.C.alt value ALT = ALT >> value (without sign extension)

72 SMUL PRI = PRI * ALT (signed multiply)

73 SDIV PRI = PRI / ALT (signed divide), ALT = PRI mod ALT

74 SDIV.alt PRI = ALT / PRI (signed divide), ALT = ALT mod PRI

75 UMUL PRI = PRI * ALT (unsigned multiply)

76 UDIV PRI = PRI / ALT (unsigned divide), ALT = PRI mod ALT

77 UDIV.alt PRI = ALT / PRI (unsigned divide), ALT = ALT mod PRI
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78 ADD PRI = PRI + ALT

79 SUB PRI = PRI ALT

80 SUB.alt PRI = ALT PRI

81 AND PRI = PRI & ALT

82 OR PRI = PRI | ALT

83 XOR PRI = PRI NALT

84 NOT PRI = PRI

85 NEG PRI = PRI

86 INVER T PRI = ~PRI

87 ADD.C value PRI = PRI + value

88 SMUL.C value PRI = PRI * value

89/90 | ZER O.pri/alt PRIIAL T =0

91 ZERO address [address] = 0

92 ZERO.S o set [FRM + oset] = 0

93/94 | SIGN.pri/alt sign extent the byte in PRI or ALT to a cell
95 EQ PRI = PRI == ALT ?1:0

96 NEQ PRI = PRI I= ALT ?21:0

97 LESS PRI = PRI < ALT ?1: 0 (unsigned)
98 LEQ PRI = PRI <= ALT ?1: O (unsigned)
99 GRTR PRI = PRI > ALT ?1: 0 (unsigned)
100 GEQ PRI = PRI >= ALT ?1: O (unsigned)
101 SLESS PRI = PRI < ALT ?1: 0 (signed)
102 SLEQ PRI = PRI <= ALT ?1: 0 (signed)
103 SGRTR PRI = PRI > ALT ?1: 0 (signed)
104 SGEQ PRI = PRI >= ALT ?1: O (signed)
105 EQ.C.pri value PRI = PRI == value ?1:0

106 EQ.C.alt value PRI = ALT == value ?1:0

107/108 INC.pri/alt PRI = PRI + 1/ ALT = ALT + 1
109 INC address [address] = [address] + 1

110 INC.S o set [FRM + oset] = [FRM + oset] + 1
111 INC.I [PRI] = [PRI] + 1

112/113 DEC.pri/alt PRI = PRI 1/ ALT = ALT 1
114 DEC address [address] = [address] 1

115 DEC.S o set [FRM + oset] = [FRM + oset] 1
116 DEC.I [PRI] = [PRI] 1

117 MO VS number Copy memory from [PRI] to [ALT]. The parameter

species the number of bytes. The blocks should not
overlap.
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118 CMPS number Compare memory blocks at [PRI] and [AL T]. The parameter
species the number of bytes. The blocks should not
overlap.

119 FILL number Fill memory at [ALT] with value in [PRI]. The parameter

species the number of bytes, which must be a multiple
of the cell size.

120 HAL T 0 Ab ort execution (exit value in PRI), parameters other than 0
have a special meaning.

121 BOUNDS value Ab ort execution if PRI > value or if PRI < 0

122 SYSREQ.pri call system service, service number in PRI

123 SYSREQ.C value call system service

124 FILE size ord source le information pair: name and ordinal (see below)
name

125 LINE line ord source line number and le ordinal (see below)

126 SYMBOL size oset | symbol information (see below)
ag name

127 SRANGE level size | symbol range and dimensions (see below)

128 JUMP pri CIP = PRI (indirect jump)

129 SWITCH address Compare PRI to the values in the case table (whose address

is passed) and jump to the associated address.

130 CASETBL L A variable number of case records follows this opcode, where
each record tak es two cells. See the notes below for details
on the case table lay-out.

131/133 SWAP .pri/alt [STK] = PRI/AL T and PRI/AL T = [STK]

133 PUSHADDR o set [STK] = FRM + oset, STK = STK cell size
134 NOP no-op eration, for code alignmen t

135 SYSREQ.D address call system service directly (by address)

136 SYMT AG value symbol tag (see below)

Compact file format

The Small compiler generatesoutput P-code aseither a straightforward dump of
the opcodes, or in a variable-length encaing similar to that of the MIDI \SMF"
les. The \plain" encdaling usesLittle Endian for all opcodes as data words,
meaning that a Big Endian processorshould swap all cellsthat it readsfrom the
P-code le before executing them. The alternativ e, \compact binary les", not
only have areducedsize,the le format is alsouniversalfor Big Endian and Little

Endian computers.
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The header of the module (seepage 89) and all tables (public functions, native
functions, libraries public variables) are not compressed|these are always in
Little Endian. The data that follows thesetables is encaded with variable length
codes: every four-byte cell is encaled in oneto v e bytes.

The highest bit of ead byte is a \continuation" bit. If it is set, another bytes
with seven more signi cant bits follows. The most signi cant 7 bits are stored
rst (at the lower le o set/memory address). When a seriesof bytes have been
decdaled, bit 6 (the next to most signi cation bit) of the rst byte is repeated to
Il the complete 32-bits.

Decading examples:

0x21 0x00000021
0x41 Oxffffffcl
0x80 0x41 0x00000041
Ox7f Oxffffffff

Cross-platform support

There is somelevel of cross-platform support in the abstract machine. Both Big
Endian and Little Endian memory addressingschemesare in common usetoday.
Big Endian is the \net work byte order", asit is usedfor various network protocols,
notably the Internet protocol suite. The Intel 80x86and Perntium CPU seriesuse
Little Endian addressing.

The abstract machine is optimized for manipulating \cells", 32-bit quantities.
Bytes or 16-bit words can only be read or written indirectly, by rst generating
an addressand then use the LODB.I or STRB.I instructions. The ALIGN.pri
instruction helpsin generatingthe address.

The abstract machine assumeghat when multiple charactersare padkedin a cell,

the rst character occupiesthe highest bits in the cell and the last character is in

the lowest bits of the cell. This is how the Small languagestorespacdked strings.

On a Big Endian computer, the order of the charactersis \natural* in the sense
that the rst character of a pad is at the lowestaddressand the last character is
at the highest address.On a Little Endian computer, the order of the characters
is reversed. When accessinghe secondcharacter of a padk, you should read/write

from a lower addressthen when accessinghe rst character of the pad.

The Small compiler could easily generatethe required extra code to adjust the
addressfor ead character in the padk. The draw-badk would be that a module
written for a Big Endian computer would not run on a Little Endian computer and
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vice versa. Soinstead, the Small compiler generatesa special ALIGNinstruction,
whosesemariics depend on whether the abstract machine runs on a Big Endian or
a Little Endian computer. More speci cally, the ALIGNinstruction does nothing
on a Big Endian computer and performs a simple bitwise\exclusive or" operation
on a Little Endian computer.

The “switch" instruction and casetable lay-out

The SWITCHhstruction comparesthe value of PRI with the casevalue in every
record in the assaiated casetable and if it nds a match, it jumps to the address
in the matching record. The SWITChbpcode has one parameter, which is the
addressof the casetable in de code segmen (i.e., the addressis relativeto COR
At this address,a CASETBbpcode should appear.

Every record in a casetable, exceptthe rst, contains a casevalue and a jump
address,in that order. The rst record keepsthe number of subsequeh records
in the casetable in its rst cell and the \none-matched" jump addressin its
secondcell. If none of the casevaluesof the subsequeh records matchesPRI, the
SWITCHhstruction jumps to this \none-matched" address. Note again that the
rst record is excludedin the \n umber of records" eld in the rst record.

The recordsin the casetable are sorted on their value. An abstract machine may
take advantage of this lay-out to seard through the table with a binary seard.

Debugger support

There is limited support for source level debuggers,built-in in the instruction
set. Theseopcodes are not \regular" in the sensethat they have more than one
parameter.

The size parameter of the FILE and SYMBOIbstructions givesthe length of the
instruction in bytes excluding the bytes for the opcode and of the size eld itself.
The value of the size should always be a multiple of the size of a cell.

The nameparameter of the FILE and SYMBOQOhstructions is a variable length, zero
terminated string.

The ord parameter of the FILE and LINE instructions and the off parameter of
the SYMBOibstruction are regular cell-sizedparameters. The line parameter of
the LINE instruction also hasthe size of a cell.
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The flg parameter of the SYMBObpcode holds the class and the type of the
symbol. This parameter is a cell-sizedvalue, but only the lowest two bytes are
currently de ned.

The type isin the lowestbyte; it is one of the following values:
1 a variable

2 a \reference”, a variable that contains an addressto another variable (in
other words, a pointer).

3 an array

4 a referenceto an array (a pointer to an array)

9 a function

10 a referenceto a function (a pointer to a function)

The classis in the secondbyte; its value is:

0 the symbol refersto a global variable or to a function

1 the symbol refersto a local variable with a stack relative address

2 the symbol refers to a \static" local variable; the addressis not stack
relative

The \ off " parameter is relativ e to either:

COD if the symbol refersto a function

DAT if the symbol refersto a global variable or a static local variable
FRM if the symbol refersto a local variable

An instruction for symbolic information is stored near the place where the vari-
able or function to which it refersis created or declared. For local symbols, the
symbolic information precedesthe instructions that allocate, and optionally |l

the stack spacefor the variable(s). There is no run-time allocation for global
symbols; therefore a symbolic debugger must browse through the code section
to parsethe symbolic information instructions and to collect the global symbols.
This strategy waschosenasa compromisethat minimized the overall e ort to add
symbolic debugging support to the compiler and to create a debugger. Writing
the compiler was much easierwhen the symbolic information could be written
where the variable was declared in the sourcecode. A debuggershould have a
disasserbler anyway. Combining these two resulted in decen debuggersupport
with a low cost in terms of complexity.

The SYMTAGpcode extends a preceding SYMBOihstruction, by giving the \tag"

value for the variable or function result. A debuggermay usethis value to look
up the tag namein the \tags" table (in the \pre x", see gure 1 and page 89)
and choose an appropriate display format. For example, a debugger may use
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the SYMTAGode to automatically display oating point valuesasrational values,
rather than (mis-)interpreting them as integers.

The SRANGIBEstruction extendsa precedingSYMBOQOhstruction with information
about the dimensionsand the size of an array. The rst parameter gives the
dimension and the secondparameter the length of that dimension.
For single dimension arrays, a single SRANGIhstruction follows the SYMBOL
instruction. The rst parameter of the SRANGI&struction is zero (0) and the
secondparameter givesthe size of the array.
For two-dimensionalarrays, two SRANGIBstructions complete the symbol de -
nition. The rst SRANGIBstruction hasits level (rst parameter) setto one(1)
and the secondparameter set to the size of the major dimension. The second
SRANGiIAstruction holds a level of zero and the size of the minor dimension.

When the \size " eld of an SRANGIBstruction is zero, the array sizeis indeter-
minate. When no SRANGIBstruction followsa SYMBOstruction that de nes an
array, the array should be assumeda single-dimensionalarray with an indetermi-
nate size.

The Small compiler generatesa LINE instruction beforeany other instruction for
that line. The \ord" parameter is the le number to which the line relates. The
Small compiler generatesthe FILE instruction at the point wherethe le is read.
So a debuggerwould gather the lenames (and their ordinals) in the sameway
(and perhapsin the samephase)as the global symbols.
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appendix f
Code generation notes

The code generation of the Small compiler is fairly straightforward (also due to
the simplicity of the abstract machine). A few points are worth mentioning:

The abstract machine hasinstructions that the Small compiler currently does
not generate. For example,the LREF.pri instruction works lik e the dereference
operator (\*") in C/C** . Small doesnot support pointers directly, but refer-
encesare just pointers in disguise. Small only supports referencesin function

argumerts, however, which meansthat the \p ointer operations" in Small are
always stack-relativ e. In other words, the Small compiler doesnot generatethe

LREF.pri instruction, although if does generatethe LREF.S.pri instruction.

The abstract machine is fairly independert from the Small language, even
though they were dewveloped for eath other. The Small languagecan easily
grow in the future, possibly with a\reference" variable type, thereby giving the
LREF.pri instruction a reasonof being. The abstract machine cannot easily
grow, howewer, becausenew instructions immediately make the new abstract
machine incompatible with previous versions. That is, programs compiled for
the new abstract machine won't run on the earlier release.

For a native function, the Small compiler generatesa SYSREQ.@struction
instead of the normal function call. The parameter of the SYSREQ.{®struction
is an index in the native function table. A function in Small cleansup its
argumerts that were pushed on the stack, becauseit returns with the RETN
instruction. The SYSREQ.@struction doesnot remove items from the stack,
sothe Small compiler doesthis explicitly with a STACHKnstruction behind the
SYSREQ.@struction.

The argumerts of a nativ e function are pushedon the stack in the samemanner
as for a normal function.

In the \Small " implementation of the abstract machine (seepage®6), the \sys-
tem request" instructions are linked to the user-installed callback function.
Thus, a native function in a Small program issuesa call to a user-de ned
callback function in the abstract machine.

At a function call, a Small program pushesthe function argumerts onto the
stack in reverseorder (that is, from right to left). It endsthe list of function
argumerts on the stack by pushing the number of bytes that it pushedto the
stack. Sincethe Small compiler only passescell-sized function argumerts to
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a function, the number of bytes is the number of argumerts multiplied by the
sizeof a cell.

A function in Small endswith a RETNnstruction. This instruction removes
the function argumerts from the stack.

When a function hasa \reference" argumert with a default value, the compiler
allocatesspacefor that default value on the heap.

For a function that has an array argumert with a default value, the compiler
allocates spacefor the default array value on the heap. Howewer, if the array
argumert (with a default value) is also const, the Small compiler passesthe
default array directly (there is no needto make a copy on the heap here, asthe
function will not attempt to changethe array argument and, thereby, overwrite
the default value).

The argumerts of a function that has\v ariable argumerts" (denoted with the

operator, seethe Small booklet \The Language") are always passedby
reference. For constarts and expressionsthat are not Ivalues, the compiler
copiesthe valuesto a cell that is allocated from the heap, and it passesthe
addressof the cell to the function.

For the \ switch " instruction, the Small compiler generatesa SWITClbpcode
and a casetable with the CASETBbpcode. The casetable is generatedin the
CODxegmet; it is considered\read-only" data. The \none-matched" address
in the casetable jumps to the instruction of the default case,if any.

Caseblocksin Small are not drop through. At the end of every instruction in a
case list, the Small compiler generatesa jump to an\exit" label just after the
switch instruction. The Small compiler generatesthe casetable betweenthe
code for the last case and the exit label. By doing this, every case,including
the default case,jumps around the casetable.

Multi-dimensional arrays areimplemented asvectorsthat hold the o sets to the
sub-arrays. For example, a two-dimensionalarray with four \rows" and three
\columns" consistsof a single-dimensionalarray with four elemens, whereeadh
elemen is the o set to a three-elemen single-dimensionalarray. The total
memory footprint of array is 4+ 4 3 cells. Multi-dimensional arraysin Small
are similar to pointer arraysin C/C ** .

As stated above, the \ma jor dimension" of multi-dimensional arrays holds the
0 sets to the sub-arrays. This o set isin bytes (not in cells)and it is relativeto
the addressof the cell from which the o set wasread. Returning to the example
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of a two-dimensionalarray with four rows and three columns (and assuminga
cell size of four bytes), the memory block that is allocated for the array starts
with the four-cell array for the \ro ws", followed by four arrays with ead three
elemerns. The rst \column" array starts at four cells behind the \ro ws" array
and, therefore, the rst elemen of the \ro ws" array holds the value 4 cellsize
(16 for a 32-bit cell). The secondcolumn array starts at three cells behind the
rst column array, which is seven cellsbehind start of the rowsarray. The o set
to the secondcolumn array is stored in the it secondelemen of the rows array,
and the o set of the secondcolumn relativ e to the secondcell of the rows array
is six cells. The secondvalue in the rows array is therefore 6 cellsize.

For a speci ¢ example,assumean array that is declaredas:

new values[4][3] ={

{
{
{
{

~rOONPE
A WNPEP
B et sl ad

1,
2
3
4, 4,

{4 oo
The sequenceof valuesin memory for this array, wherea\ " sux onanumber
meansthat the value should be scaledfor the sizeof a cell in bytes, is:

4, 6¢c, 8, 10c, 1, 1,1, 2, 2, 2,3, 3, 3, 4, 4, 4

For a three-dimensionalarray, the ertries in the vector for the major dimension
hold the o sets to vectors for eadh minor dimension.

The destructor operator takesan array with a single dimension on input, and
this array holds all elemerts of a variable that must be destructed:

For simple variables, the variable is passedby reference, which makes it
appear as an array with one elemert.

For arrays with one dimension, the array is passedwithout maodi cation

For arrays with two or more dimensions,the destructor operator receivesthe
addresshbehind the \indirection tables" for the major dimensions. As doc-
umerted above, a multi-dimensional array starts with vectors for the major
dimensions that eat hold the o sets to the dimension below itself. The
data for the array itself is packed behind theseo set arrays. By passingthe
addresswhere the array data starts, the destructor operator can accessthe
array elemerns asif it were an array with a single dimension.

As of version 2.0, the Small compiler puts a HALTopcode at the start of the
code (so at code address0). Before jumping to the entry point (a function), the
abstract machine pushesa zeroreturn addressonto the stack. When the entry
point returns, it returns to the zero addressand seesthe HALTinstruction.
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The sleep instruction generatesa HALTopcode with the error code 12 (\sleep™).
When the abstract machine seeghis special error code, it savesthe state of the
stack/heap (rather than resetting it), in order to be able to restart the abstract
machine.

The Small compiler adds special commerts to the assenbler le (with the
forms\;$exp" and\;$par ") to aid the peepholeoptimizer to make the correct
decisions. These commerts mark the end of an \expression statemernt" or the
end of a function parameter. The code generated by the compiler does not
carry the value of a register from one statemert/expression to another, and the
peepholeoptimizer usesthis information to avoid saving registerswhosevalues
will not be usedagain anyway.
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appendix g
Adding a garbage collector

Small usesonly static allocation for all of its objects. The advantage of static
allocation is that the memory requiremerts of a Small script are easyto deter-
mine (the Small compiler doesthis with the -d2 option), and that the memory
footprint and run-time performance becomefully deterministic.

That non-withstanding, for dealing with dynamically sized objects in Small , a
garbage collector is very corveniert. This appendix describes how a garbage
collector can be added to a host application that usesthe Small toolkit. It is
implemented as a separatelibrary .

How to use

The purpose of the garbage collector is to notify your program of objects that
are no longer in use and that can, hence, be released. To this end, the garbage
collector needsa data structure to register objects that are in use and it needs
a way to notify the host application (your program) of redundant objects. These
two elemerts must be initialized beforeyou start using the garbagecollector.

The data structure that records objects that are \in-use" is a hash table. Its
size must be a power of two |in fact, the parameter that you passto function
gc_settable isthe \p ower". That is, passingl0asthe argumert to gc_settable
createsa hash table that holds 21°, or 1024, items. There is a low bound on the
size of 128 elements, meaning that the exponert parameter must be at least 7.
The maximum size of the hash table is the maximum value of a signedinteger:
32,767for 16-bit platforms and 2,147,483,@8 for 32-bit platforms (the maximum
exponert is 15 or 31 for 16-bit and 32-bit platforms respectively). The second
parameter to gc_settable is a collection of ags. The only ag de ned at this
writing is GC_AUTOGR@MWich tells the garbagecollector that it may automati-
cally increasethe size of the hashtable when it becomesfull.

For every object that is no longer referred to in any abstract machine that was
scanned, the garbage collector calls a callback function to releaseit. But rst,

you have to register this callbadck function, of course. This, you do with function
gc_setcallback

By intent, the signature for the callbadk function has beenmade compatible with
the standard C function free . If your host program allocatesits objects with
malloc , then you may be able to set the standard free function asthe garbage
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collector callback. If you needadditional clean-up code, or if you do not allocate
the objects with malloc , you have to write an appropriate callback.

Once the hashtable and the callback are set, your host program (or your native
function library) can allocate objects and mark them as\used" with the function
gc_mark The valuethat you passin must a non-zer value that uniquely identi es
the object, and it must be a \cell " data type |[the data type of the Small
language. If the sizeof a pointer is the sameasthat of acell (or smaller), you can
mark a pointer to an object (by simply casting it asa cell ). Other mechanisms
are that you allocate the object from a list that you maintain internally, and
\mark" the index to the object in this list. It isimportant that you mark exactly
the same value as what the native function returns to the Small script.

Onceevery while, on a timer or at any other momert that is corveniert, the host
program should call gc_scan once or multiple times, followed by a single call to
gc_clean. Before gc_clean nishes, it invokesthe callback function for every
object that is no longer referenced. The parameter to the callback function is the
samevalue that you have passedto gc_mark for the function. Function gc_scan
detects\liv " objects, function gc_clean cleansup any object that is not alive.

A host application may run multiple scripts concurrertly, and it may therefore
have multiple abstract machinesin existenceat any time. The garbagecollector
collects the object referencesfor all objects that were allocated for all abstract
machines. When performing a garbage collection run, the program should scan
all abstract machines (using gc_scan) and nish with a single call to gc_clean.
When an abstract machine disappears, all objects allocated to that abstract ma-
chine (that are not referred to by other abstract machines) are cleanedup in the
subsequeh garbagecollection run [simply becausegc_scan is not called on the
abstract machine that is gone.

At the end of the program, call gc_settable with sizezero. Earlier | wrote that
there is a lower bound on the input valueto gc_settable of 7, but the value zero
is a special case. As an aside, gc_settable calls gc_clean internally when the
table exponernt is zero, to disposeany remaining object in the table.

Rescaling the garbage collector

The garbagecollector is built on a hash table, which is allocated dynamically. A
hashtable is a data structure that allowsquick look-up. It doesthis by calculating
an index value from somearbitrary property of the object and it storesa reference
to the object at that calculated index in the table. For the garbagecollector, the
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index is calculated from the \value " parameter that you passinto the function
gc_mark

A hashtable should not betoo small [b ecauseit can store no more objects than
t in the table, and it should not be too large, as that would waste memory and
decreaseperformance. The garbagecollector makesthe table sizeadjustable: you
can start running with a small table and grow it on an \as needed" basis. If
desired,you may also shrink the hashtable. Growing or shrinking the hashtable
presenesthe objects currently in the table.

A problem with hashtablesin generalis that of \collisions": two di erent objects
may get the sameindex in the hashtable. There are various strategies of coping
with this situation; the garbage collector usesthe simplest one: \probing". If
a collision occurs, the new object is not stored at its calculated index, but at a
xed o set from the calculated index. To avoid clustersin the table, the o set
decreasesrom roughly a quarter of the table size (except for tables exceeding64
kiB) down to 1; to avoid \blind spots" in the table, the probing o set is always a
prime number.

When the hash table is full, gc_mark may rst attempt to grow the table (de-
pending on whether the GC_AUTOGR@A set in the call to gc_settable ). It
returns with an error code if growing the table fails or if it is not permitted. The
host program can then do a garbagecollection run, in the hope that this freesup
someslotsin the hashtable; the host program may alsoattempt to grow the hash
table itself. As the hashtable is allocated dynamically, the attempt to resizeit
may alsofail. The endresult is that gc_mark may fail and your host program has
no way to recover from it.

Unrecoverable failure of gc_mark can be avoided, though: instead of waiting for
a full table to happen, a host program can decideto grow the table well before
it becomesfull. If that fails, gc_mark still succeedsand the next few calls to
gc_mark will also succeed. Hence, the host application has the opportunity to
free up memory or inform the userof\low memory" [a messagehat is friendlier
than onelike\out of memory, cannot cortinue".

There is another reasonwhy early growing of the hash table is a good strategy:
performance. Linear probing is a simple method for coping with collisions, but
it alsoleadsto heavily degradedperformance oncethe hashtable lls up. It is
probably best when the hash table usage does not exceed50%. The function
gc_tablestat returns the current \load" of the hashtable, in a percertage of its
size.
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An example implementation

To usethe garbagecollector in an example, we must rst have a nativ e function
library that createsgarbage. For this example, | have chosenthe \Better String
library" by Paul Hsieh, a library that enablesworking with dynamically allocated
variable length strings in C/C ** .

The rst stepis to create wrapper functions for a subsetof the library. For the
purposeof demonstrating the garbagecollector, | have chosena minimal subset,
just enoughto run the example program below |in real applications you would
add signi cantly more functions:

#include <bstring>

main()

{
new String:  first = bstring("Hello")
new String:  second = bstring("World")

new String:  greeting = first + bstring(" ") + second

new buffer[30]
bstrtoarray  .target = buffer, .source = greeting
printf  buffer

}

Two primary nativ e functions implemented below perform a cornversionto or from
Small arrays: n_bstring and n_bstrtoarray . Conversionfrom an array to the
\ bstring " type (of the Better String library) is neededto handle literal strings;
the conversion badk to a Small array is neededbecausethe native functions in
the \console i/o " extension module do not support the bstring type. Again,
in practice you would probably modify the printf and other nativ e functions to
work with bstring , sothat converting badk to Small arrays is never necessary

#define VERIFY(exp) do if (!(exp)) abort();  while(0)

static cell AMX_NATIVE_CALL bstring(AMX *amx,cell *params)
/* native String: bstring(const  source[] ="); */

{
cell hstr =0;
char *cstr;

amx_StrParam(amx, params[1], cstr);
if (cstr 1= NULL){
hstr = (cell)cstr2bstr(cstr);
VERIFY( gc_mark(hstr) );
Yoo
return  hstr;
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static cell AMX_NATIVE_CALL bstrtoarray(AMX *amx,cell *params)

/* native bstrtoarray(target[], size = sizeof target,
* String:  source, bool: packed = false);
*/
{
char *cstr = bstr2cstr((const bstring)params|[3], '#Y;
int length = strlen(cstr) + 1;
cell  *cellptr;

if (params[4])

length *= sizeof(cell);

if (params[2] >= length) {

amx_GetAddr(amx, params[1], &cellptr);
amx_SetString(cellptr, cstr, params[4], 0);
Yoot

free(cstr);

return 0;

}

static cell AMX_NATIVE_CALL bstrdup(AMX *amx,cell  *params)
/* native String:  bstrdup(String: source); */

{

cell hstr = (cell)bstrcpy((const bstring)params[1]);

VERIFY( gc_mark(hstr) );

return hstr;

}
static cell AMX_NATIVE_CALL bstrcat(AMX *amx,cell *params)
/* native String: bstrcat(String: target, String: source); */

{

cell hstr = params[1];

bconcat((bstring)hstr, (const bstring)params|[2]);

return  hstr;
}

The wrapper functions that allocate new bstring instances are dierent from
common wrapper functions in that they call gc_mark Note that the wrapper
functions that do not create new bstring instances do not needto mark an
object to the garbagecollector.

Error cheding is primitiv e in this example. When the garbage collector's hash
table is full and it cannot grow, the program simply aborts. As discussedin a
precedingsection, it is advisedto grow the table well beforeit would becomefull.

Now we must modify the host application to setup the garbagecollector. In my
case,this is an adaption of the simple program \ srun" discussedat page6.

Initializing the garbagecollector is an easystep, becausehe memory de-allocator
for the \Better String library" is compatible with the callback function of the
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garbagecollector. All one has to do is to insert the following lines somewhere
before the call to amx_Exec

gc_setcallback((GC_FREE)bdestroy );
gc_settable(7, GC_AUTOGROW); /* start with a small table */

Cleaning up the garbagecollector before exiting is easytoo:

gc_settable(0); /* delete all objects and the hash table */

The harder part is running the garbage collector at appropriate times. On one
hand, you will want to call the garbagecollector regularly, sothat the table does
not cortain too much \garbage"; on the other hand, calling the garbagecollector
too often decreaseshe overall performance. Actually, it would be best if the
collector ran at times that CPU usageis low.

Even if we just wish to call the garbage collector on a regular interval, a minor
problem is that there is no portable way of doing so. In Linux and Unix, you may
use the signal and alarm functions and in Microsoft Windows the SetTimer
function may be of use. Multi-threading is another option, but be aware that you
have to implement \m utual exclusion" accessyourself (e.g. with semaphores,or
a critical section).

The function that performs a garbagecollection run may be like the one below.
The function expectsthe abstract machinesto scanin an array. It growsthe hash
table when its usageexceeds50%.

void garbagecollect(AMX amx[], int number)

{

int exp, usage, n;

/* see whether it maybe a good time to increase the table size */
gc_tablestat(&exp, &usage);
if (usage > 50) {
if (gc_settable(exp+1, GC_AUTOGROW)GC_ERR_NONE)
fprintf(stderr, "Warning, memorylow\n");
Yoo o

/* scan all abstract machines */
for (n = 0; n < number; n++)
gc_scan(&amx[n]);

/* clean up unused references */
gc_clean();
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With the goal of providing a complete example that compiles and runs on all
platforms that the Small toolkit currently supports, | have \ho oked" function
garbagecollect (implemented above) onto the debug hook. That is, the host
application setsup a debug hook and the debug hook function calls garbagecol-
lect on various events. Doing this in anything other than a demo program is not
advised, for seweral reasons:

The debug hook can only monitor a single abstract machine, whereasyou are

likely to have multiple concurrent abstract machinesin real projects.

To call the garbage collector at a regular interval, monitoring the DBG_LINE

opcode is the best option. Howewer, this debug code will never be sert when

the script was compiled without debug information.

The debug hook does not consider system load, whereasyou would want the

garbagecollection to take place especially when the systemis not busy.

The debug hook carries someaoverhead (though just a little).

That behind us, below is a debughook that callsthe garbagecollector. It callsthe
garbagecollector after executing every 100 lines and after ead function return.
Acting on the DBG_RETUR®die circumvents problemsfor Small scripts that are
compiled without debug information.

int  AMXAPIsrun_Monitor(AMX *amx)
{

static int linecount;

switch (amx->dbgcode) {
case DBG_INIT:
return  AMX_ERR_NONE;

case DBG_LINE:
if (--linecount > 0)
return AMX_ERR_NONE;
linecount = 100;
/* drop through */
case DBG_RETURN:
garbagecollect(amx, 1);
return  AMX_ERR_NONE;

default:
return AMX_ERR_DEBUG;
} I+ switch */
}

The standard distribution comes with the source code for a minimal host application, in the
subdirectory \amx/srun/" of where the toolkit was installed.
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Other notes

As discussedearlier, the gc_clean function invokesthe callback function to free
any object that is no longer in usein any abstract machine that was scanned.
The function assumeghat the callback indeed freesthe object: it will not report
it again.

Each object should only be in the hash table once. If you call gc_mark with a
value that is already in the hashtable, the function returns an error. It is a non-
fatal error, but neverthelessit is better to avoid adding the samepointer/ob ject
twice to the garbagecollection table.

The probing algorithm used by the garbage collector di ers from both the well
known linear and quadratic probing algorithms, but its properties (related to
clustering or \clumping") are similar to those of quadratic probing.

The design of a good hash function/equation is another recurring theme in re-
seard. As the garbagecollector discussedhereis general purpose, nothing about
the input key (the parameter to gc_mark) may be assumed. The hash genera-
tion algorithm used in the garbage collector \folds" the key value a few times,
depending on the size of the \cell' and the size of the hashtable. Folding means
that the key value is split in half and the two halvesare combined with an \ex-
clusive or" operation. Concretely, if the hashtable exponert (the rst parameter
to gc_settable ) is lessthan, or equalto 16, a 32-bit key value is rst split into
two 16-bit values and then the upper half is \exclusive or'ed" to the rst half,
resulting in a single 16-bit value |the new key. When the table exponert is less
than, or equalto 8, the folding occurstwice.

Frequertly, the origin of the key value is a pointer. In typical memory managers,
the lowest bits are xed. For example, it is typical that memory is allocated at
an addressthat is a multiple of 8 bytes, to ensureoptimal alignment of data. The
hash table function attempts to copy with this particular aspect by swapping all
bits of the least-signi cant byte.
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appendix h
License

The software toolkit \Small " (the compiler, the abstract machine and the docu-
mentation) are copyright ¢ 1997{2005by ITB CompuPhase. The Intel assenbler
implementation of the abstract machine and the just-in-time compiler (speci cally
the les amxexec.asm, jitr.asm and jits.asm ) are copyright ¢ 1998-2003Marc
Peter. The le jitsn.asm is translated from jits.asm and is partially copyright
G.W.M. Vissers. The le amxexecn.asm is translated from amxexec.asm and
is partially copyright ITB CompuPhase.

Small is distributed under the \zLib/libpng" license,which is reproduced below:

This software is provided \as-is", without any expressor implied warranty. In no
event will the authors be held liable for any damagesarising from the use of this
software.

Permissionis granted to anyoneto use this software for any purpose,including
commercial applications, and to alter it and redistribute it freely, subject to the
following restrictions:

1 The origin of this software must not be misrepresened; you must not claim
that you wrote the original software. If you usethis softwarein a product, an
adcknowledgmert in the product documertation would be appreciated but is
not required.

2 Altered source versions must be plainly marked as such, and must not be
misrepreseted as being the original software.

3 This notice may not be removed or altered from any sourcedistribution.

The zLib/libpng licensehasbeenapproved by the \Op en Sourcelnitiativ €" orga-
nization.
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GraphApp, 77
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hash function, 112
probing, 112

Hook functions, 71

Hsieh, Paul, 108
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ISO/IEC 10646-1,68

J

Java, 83
Just-In-Time compiler, 61, 73

LBF (Low Byte First), See Little
Endian

LCC-Win32, 70,72
License, 113
Linker .DEF le, 34

Linux, 4, 33,62, 65{67, 69, 70, 72,
74{76, 78, 110

Little Endian, 9, 39, 89, 96, 97
Little endian, 27

Low Byte First, See Little Endian
Lua, 83

Magic value (AMX version), 90
MAKE, 62

makefile , 62,63

malloc , 29, 105

MASM, See Microsoft MASM
Matrix multiplication, 30
Mean, 21

Median, 21

memcpy20

memmoy&0

Microsoft MASM, 71

Microsoft Visual C/C ** | 62,70, 73

Microsoft Windows, 33, 34, 68, 78,
110

mprotect , 74
Multi-dimensional arrays, 29
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N Name mangling, 78
C++, 34
NASM, See Netwide Assenbler
Nativ e functions, 23
~ dispatcher, 36
include le, 25,35
passingarrays, 29
Netwide Assenbler, 71, 72
NX (no execute), 74

O Olympic mean, 21
OpenBSD, 72, 75, 76
OpenGL, 30
Optimizer, 63, 104
Opus MAKE, 62

P p-code, 70, 91
Parameter cheding, 35
Passby reference,29
Passingargumens, 17

arrays, 19

strings, 17
Peepholeoptimizer, 63, 104
Peter, Marc, 71,73
Plug-in extensions,33, 78
Pre-processor,64
Prex le, 2
Probing

hash table, 107,112
Public functions

calling ~, 16

Q Quadratic probing
hash table, 112

R Response le, 4
rotl3 , 19
ROT13 encryption, 19

S sc_compile , 65
Sections
data -, 28, 29, 40, 42, 45, 48
Security, 34, 35
SetTimer, 110
Sharedlibrary, 66, 69, 78
SIGINT, 11
signal , 11,110
Software CPU, 36
Static linking, 26, 33,78
STL (Standard Template Library),
32,33
Surrogate pair, 68
Symbolic information, 98
SYSREQ.C, 36
Systemrequest, 36

T TASM, See Borland TASM

Thompson, Ken, 83
Thread-safe, 52
Threading, 75, 86
Trimmed mean, 21
Type cast, 27,42, 46

U ucs-4,64 68

Unicode, 68, 70, 76, 77
Unicows, 77

UNIX, 33, 66,69, 78,110
Unix, 4

User value, 13

UTF-8, 57,58, 64, 68, 77

\Y Variable argumerts, 17

Virtual Machine, See Abstract ~
VirtualAlloc , 15,74

vmalloc _exec, 74

Von Neumann, 85

VT100 terminal, 67
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Wrapper functions, 26

W' wasM, se Watcom WASM

Watcom C/C** , 71,73,75,77 X xp (execution denied), 74
Watcom WASM, 71

Wide character, 68 Z 7Lib (license), 113
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