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    QuakeC

A QuakeC virtual machine in Elixir. It reads compiled QuakeC programs (progs.dat,
csprogs.dat, menu.dat) and runs their functions against builtins the host supplies.
Installation
def deps do
  [
    {:quake_c, "~> 0.2"}
  ]
end
{:ok, progs} = QuakeC.Progs.parse(File.read!("progs.dat"))
host = %{qc: QuakeC.new(progs)}
host = QuakeC.Exec.call_named(host, "main", MyGame.Builtins)
	QuakeC.Progs reads id's version 6 programs and FTE's version 7 programs, with 16- or
32-bit statements.
	QuakeC is the program's memory: globals, every entity's fields, and a heap for
memalloc. A pointer is a byte address into one of the three. The memory is written
in place, as a QuakeC machine's is: every copy of the QuakeC struct sees every
write. It belongs to the process that made it, and QuakeC.release/1 frees it.
	QuakeC.Exec runs functions: Quake's instructions and FTE's extended set (integers,
pointers and arrays, switch and case, hexen2-style calls, random numbers, field
stores), with a statement budget per call and an optional trace of the functions
entered.
	QuakeC.Compiler turns a program into Elixir modules the first time it runs: each
QuakeC function a function, each basic block a function its jumps call. Generated
modules are compiled in parallel and cached on disk by the program's digest.

The host is any map with the memory under :qc. Builtins are a module with
call(host, builtin, argument_count), where builtin is the builtin's number, or its name
for builtins a program binds by name (#0:name).
How programs are compiled
A program is compiled to Elixir modules the first time it runs and loaded from a cache
on every run after: the cache is the application setting :quake_c, :cache_dir, by
default the user cache directory's quake_c, and a program's entry in it is named by its
digest. Compiling a program of 90 000 statements takes about half a minute, once.
Where it came from
The opcode meanings are fixed by the program format. The interpreter, memory and
loader were written for this package against that format; FTE's pr_comp.h and
execloop.h were read for the meaning of FTE's extended instructions.
License
MIT.


  

    Changelog

[0.2.0]
Added
	QuakeC.Progs reads id's version 6 programs and FTE's version 7 programs with 16- and
32-bit statements, keeps every string of the table by its offset (texts) and carries
the program's digest.
	QuakeC.Progs.find_function/2, FTE's ED_FindFunction: a name may follow a program
number and :.
	QuakeC.Progs.replace/2: named program functions run by the host in place of their
QuakeC bodies, as builtins bound by name; the digest names the replacements.
	QuakeC memory with byte-address pointers into globals, entity fields and an
allocating heap (alloc/2, free/2, load/2, store/3), written in place: every
copy of the struct sees every write, and it belongs to the process that made it.
QuakeC.move/4 and QuakeC.fill/4 copy and fill memory by words, for memcpy and
memset; QuakeC.copy/1, QuakeC.release/1, QuakeC.update_slot/3.
	QuakeC.Exec runs Quake's instructions and FTE's extended instructions, with builtins
by number or by name, a statement budget and an optional function trace.
	QuakeC.Exec.call/4 option :before: a function of the host run before each call,
which a host uses to bring its autocvar_ globals up to date.
	QuakeC.Exec.abort/1: a builtin stops every running function, as FTE's
AbortStack; the outermost QuakeC.Exec.call/4 returns the host as it stands.
	QuakeC.Compiler: programs run as generated Elixir modules, compiled in parallel and
cached on disk by the program's digest. Compiled calls pass arguments and return
values as values; the parameter and return slots are written for builtins and calls
from the host.



  

    
QuakeC 
    



      
A QuakeC program's memory: its globals, and every entity's fields laid end to end, as
the program addresses them.
Values are floats, integers (entity numbers, function indices, string offsets, field
offsets and pointers), or binaries for strings made while running. A slot never written
is 0.
A pointer is a byte address: global slot n is at 4 * n, field slot f of entity
e at field_base() + 4 * (e * entity_fields + f), and memory from alloc/2 at
heap_base() and up. load/2 and store/3 read and write through one.
Writes take effect in place (QuakeC.Memory): every copy of the struct sees them.
copy/1 gives memory written apart from the original. The memory belongs to the
process that made it (new/1), works from any process while that process lives, and
release/1 frees it sooner.
qc = QuakeC.new(progs)
QuakeC.put_global(qc, "time", 1.5)
QuakeC.field(qc, 1, "origin")
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        value()

      


    


    
      
        vector()

      


    





  
    Functions
  


    
      
        alloc(qc, bytes)

      


        bytes of fresh zeroed memory, rounded up to whole words: the memory and its address.



    


    
      
        clear_entity(qc, entity)

      


        Every field of entity set back to zero.



    


    
      
        copy(qc)

      


        Memory holding the same values as qc, written apart from it.



    


    
      
        field(qc, entity, name)

      


        Field name of entity; 0 when the program has no such field.



    


    
      
        field_address(quake_c, entity, offset)

      


        The address of field slot offset of entity.



    


    
      
        field_base()

      


        The address of field slot 0 of entity 0.



    


    
      
        field_offset(quake_c, name)

      


        The offset of field name, or nil when the program has none.



    


    
      
        field_slot(quake_c, entity, offset)

      


        Field slot offset of entity.



    


    
      
        field_type(quake_c, name)

      


        The type of field name, or nil.



    


    
      
        field_vector(qc, entity, name)

      


        Vector field name of entity.



    


    
      
        fill(qc, address, words, value)

      


        Write integer or float value into words words from address address.



    


    
      
        float(value)

      


        A value as a float.



    


    
      
        free(qc, address)

      


        Give back memory alloc/2 handed out at address; any other address is left alone.



    


    
      
        global(qc, name)

      


        The global named name.



    


    
      
        global?(quake_c, name)

      


        Whether the program has a global name.



    


    
      
        global_vector(qc, name)

      


        The vector global named name.



    


    
      
        heap_base()

      


        The address of the first word alloc/2 hands out.



    


    
      
        load(qc, address)

      


        The value at address address; an address outside every space reads 0.



    


    
      
        move(qc, from, to, words)

      


        Copy words words from address from to address to, as they stood before the copy;
the ranges may overlap. Words from below address 0 read 0; a copy to an address
outside every space raises.



    


    
      
        new(progs)

      


        Fresh memory for progs: its initial globals, every entity field zero.



    


    
      
        put_declared(qc, name, value)

      


        Set the global named name when the program declares one; otherwise leave the memory as it is.



    


    
      
        put_field(qc, entity, name, value)

      


        Set field name of entity; a vector sets three slots. A field the program lacks is left alone.



    


    
      
        put_field_slot(qc, entity, offset, value)

      


        Set field slot offset of entity.



    


    
      
        put_global(qc, name, vector)

      


        Set the global named name; a vector sets three slots.



    


    
      
        put_slot(qc, offset, value)

      


        Set global slot offset.



    


    
      
        put_slot_vector(qc, offset, arg)

      


        Set the three slots from offset.



    


    
      
        release(qc)

      


        Free qc's memory (QuakeC.Memory.delete/1); neither it nor any copy may be used after.



    


    
      
        slot(quake_c, offset)

      


        The global slot offset.



    


    
      
        slot_vector(quake_c, offset)

      


        The three slots from offset as a vector.



    


    
      
        store(qc, address, value)

      


        Write value at address address.



    


    
      
        string(arg1, value)

      


        A string value as text: an offset into the program's strings, or a made string.



    


    
      
        update_slot(qc, offset, value)

      


        Set global slot offset: :ok when only the memory's words changed, or the memory to
use from then on (QuakeC.Memory.put/3).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuakeC{
  blocks: term(),
  field_offsets: term(),
  fields: term(),
  global_offsets: term(),
  globals: term(),
  heap: term(),
  heap_top: term(),
  progs: term(),
  size: term(),
  spare: term()
}


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: number() | binary()


      



  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: {float(), float(), float()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      alloc(qc, bytes)



        
          
        

    

  


  

      

          @spec alloc(t(), non_neg_integer()) :: {t(), pos_integer()}


      


bytes of fresh zeroed memory, rounded up to whole words: the memory and its address.

  



  
    
      
    
    
      clear_entity(qc, entity)



        
          
        

    

  


  

      

          @spec clear_entity(t(), non_neg_integer()) :: t()


      


Every field of entity set back to zero.

  



  
    
      
    
    
      copy(qc)



        
          
        

    

  


  

      

          @spec copy(t()) :: t()


      


Memory holding the same values as qc, written apart from it.

  



  
    
      
    
    
      field(qc, entity, name)



        
          
        

    

  


  

      

          @spec field(t(), non_neg_integer(), String.t()) :: value()


      


Field name of entity; 0 when the program has no such field.

  



  
    
      
    
    
      field_address(quake_c, entity, offset)



        
          
        

    

  


  

      

          @spec field_address(t(), non_neg_integer(), non_neg_integer()) :: pos_integer()


      


The address of field slot offset of entity.

  



  
    
      
    
    
      field_base()



        
          
        

    

  


  

      

          @spec field_base() :: pos_integer()


      


The address of field slot 0 of entity 0.

  



  
    
      
    
    
      field_offset(quake_c, name)



        
          
        

    

  


  

      

          @spec field_offset(t(), String.t()) :: non_neg_integer() | nil


      


The offset of field name, or nil when the program has none.

  



  
    
      
    
    
      field_slot(quake_c, entity, offset)



        
          
        

    

  


  

      

          @spec field_slot(t(), non_neg_integer(), non_neg_integer()) :: value()


      


Field slot offset of entity.

  



  
    
      
    
    
      field_type(quake_c, name)



        
          
        

    

  


  

      

          @spec field_type(t(), String.t()) :: atom() | nil


      


The type of field name, or nil.

  



  
    
      
    
    
      field_vector(qc, entity, name)



        
          
        

    

  


  

      

          @spec field_vector(t(), non_neg_integer(), String.t()) :: vector()


      


Vector field name of entity.

  



  
    
      
    
    
      fill(qc, address, words, value)



        
          
        

    

  


  

      

          @spec fill(t(), integer(), non_neg_integer(), number()) :: t()


      


Write integer or float value into words words from address address.

  



  
    
      
    
    
      float(value)



        
          
        

    

  


  

      

          @spec float(value()) :: float()


      


A value as a float.

  



  
    
      
    
    
      free(qc, address)



        
          
        

    

  


  

      

          @spec free(t(), integer()) :: t()


      


Give back memory alloc/2 handed out at address; any other address is left alone.

  



  
    
      
    
    
      global(qc, name)



        
          
        

    

  


  

      

          @spec global(t(), String.t()) :: value()


      


The global named name.

  



  
    
      
    
    
      global?(quake_c, name)



        
          
        

    

  


  

      

          @spec global?(t(), String.t()) :: boolean()


      


Whether the program has a global name.

  



  
    
      
    
    
      global_vector(qc, name)



        
          
        

    

  


  

      

          @spec global_vector(t(), String.t()) :: vector()


      


The vector global named name.

  



  
    
      
    
    
      heap_base()



        
          
        

    

  


  

      

          @spec heap_base() :: pos_integer()


      


The address of the first word alloc/2 hands out.

  



  
    
      
    
    
      load(qc, address)



        
          
        

    

  


  

      

          @spec load(t(), integer()) :: value()


      


The value at address address; an address outside every space reads 0.

  



  
    
      
    
    
      move(qc, from, to, words)



        
          
        

    

  


  

      

          @spec move(t(), integer(), integer(), non_neg_integer()) :: t()


      


Copy words words from address from to address to, as they stood before the copy;
the ranges may overlap. Words from below address 0 read 0; a copy to an address
outside every space raises.

  



  
    
      
    
    
      new(progs)



        
          
        

    

  


  

      

          @spec new(QuakeC.Progs.t()) :: t()


      


Fresh memory for progs: its initial globals, every entity field zero.

  



  
    
      
    
    
      put_declared(qc, name, value)



        
          
        

    

  


  

      

          @spec put_declared(t(), String.t(), value() | vector()) :: t()


      


Set the global named name when the program declares one; otherwise leave the memory as it is.

  



  
    
      
    
    
      put_field(qc, entity, name, value)



        
          
        

    

  


  

      

          @spec put_field(t(), non_neg_integer(), String.t(), value() | vector()) :: t()


      


Set field name of entity; a vector sets three slots. A field the program lacks is left alone.

  



  
    
      
    
    
      put_field_slot(qc, entity, offset, value)



        
          
        

    

  


  

      

          @spec put_field_slot(t(), non_neg_integer(), non_neg_integer(), value()) :: t()


      


Set field slot offset of entity.

  



  
    
      
    
    
      put_global(qc, name, vector)



        
          
        

    

  


  

      

          @spec put_global(t(), String.t(), value() | vector()) :: t()


      


Set the global named name; a vector sets three slots.

  



  
    
      
    
    
      put_slot(qc, offset, value)



        
          
        

    

  


  

      

          @spec put_slot(t(), non_neg_integer(), value()) :: t()


      


Set global slot offset.

  



  
    
      
    
    
      put_slot_vector(qc, offset, arg)



        
          
        

    

  


  

      

          @spec put_slot_vector(t(), non_neg_integer(), vector()) :: t()


      


Set the three slots from offset.

  



  
    
      
    
    
      release(qc)



        
          
        

    

  


  

      

          @spec release(t()) :: :ok


      


Free qc's memory (QuakeC.Memory.delete/1); neither it nor any copy may be used after.

  



  
    
      
    
    
      slot(quake_c, offset)



        
          
        

    

  


  

      

          @spec slot(t(), non_neg_integer()) :: value()


      


The global slot offset.

  



  
    
      
    
    
      slot_vector(quake_c, offset)



        
          
        

    

  


  

      

          @spec slot_vector(t(), non_neg_integer()) :: vector()


      


The three slots from offset as a vector.

  



  
    
      
    
    
      store(qc, address, value)



        
          
        

    

  


  

      

          @spec store(t(), integer(), value()) :: t()


      


Write value at address address.

  



  
    
      
    
    
      string(arg1, value)



        
          
        

    

  


  

      

          @spec string(t(), value()) :: String.t()


      


A string value as text: an offset into the program's strings, or a made string.

  



  
    
      
    
    
      update_slot(qc, offset, value)



        
          
        

    

  


  

      

          @spec update_slot(t(), non_neg_integer(), value()) :: :ok | t()


      


Set global slot offset: :ok when only the memory's words changed, or the memory to
use from then on (QuakeC.Memory.put/3).

  


        

      


  

    
QuakeC.Compiler 
    



      
Compiles a QuakeC program to Elixir: every function becomes a function of a generated
module, and a dispatch module calls one by its index.
dispatch = QuakeC.Compiler.load(progs)
{host, budget, returned} =
  dispatch.call(function_index, argc, host, {builtins, trace}, budget, args)
args is a tuple of the words of the arguments, three a parameter, and returned the
three words of the return value. A builtin is called with the arguments in the
parameter slots from 4, and its return value is read from the return slots 1 to 3.
dispatch.call_with_args/7 takes the same and a list of parameter slots, and returns
{host, budget, returned, kept}, kept a tuple of those slots as the call left them:
a builtin's parameter slots, the parameter slots of a function that hands values back,
and otherwise the arguments as given.
The generated modules are compiled in parallel, loaded, and their code kept in the cache
directory (the application setting :quake_c, :cache_dir, by default the user cache
directory's quake_c), named by the program's digest and the compiler's own code (older
code for the same program is removed), so a program is compiled once. A program loaded
once stays loaded for the life of the node.

      


      
        Summary


  
    Functions
  


    
      
        load(progs)

      


        The dispatch module of progs, compiling and loading it when this node has not yet.



    





      


      
        Functions


        


  
    
      
    
    
      load(progs)



        
          
        

    

  


  

      

          @spec load(QuakeC.Progs.t()) :: module()


      


The dispatch module of progs, compiling and loading it when this node has not yet.

  


        

      


  

    
QuakeC.Compiler.Analysis 
    



      
What compiling a QuakeC program needs to know about it.
For the whole program (program/1):
	constants — slots no instruction or call writes and nothing addresses, unnamed,
named IMMEDIATE or ::…, or holding a field or a function, by their fixed value
	escaped — slots that may be reached through an address: from each
GLOBALADDRESS and array-load base up to the next defined global, and the slots
constant pointers point at

For one function (function/3):
	statements — the reachable statements, {index, {op, a, b, c}} in order
	leaders — the indexes where a basic block starts
	vars — slots held in variables: the function's own locals, the unnamed slots it
writes that no function reads before writing, and its call slots; when any of its
own locals may be reached through an address, mode is :memory and vars holds
only the call slots
	calls — the return and parameter slots (1 to 27) the function uses that nothing
addresses, held in variables: a call passes its arguments and takes its return
value as values; a function that hands values back uses every parameter slot
	live — the slots the function may read before writing them
	params — {slot, size} for each parameter, in order
	hands_back — whether a parameter slot it writes reaches a return with no call
between (hands_back?/2)
	kept — %{index => slots}: for each call after which some of its argument slots
are read before being written, those slots


      


      
        Summary


  
    Types
  


    
      
        function_facts()

      


        Facts about one function.



    


    
      
        program()

      


        Facts about a whole program.



    





  
    Functions
  


    
      
        call?(op)

      


        Whether instruction op is a call.



    


    
      
        ends_block?(arg)

      


        Whether statement {op, _, _, _} ends a basic block.



    


    
      
        function(progs, index, program)

      


        The facts about function index of progs, given the program's (program/1).



    


    
      
        hands_back?(progs, index)

      


        Whether function index writes a parameter slot (4 to 27) that reaches one of its
returns with no call between: it hands a value back to its caller in a parameter slot,
as an __out parameter does.



    


    
      
        next(at, arg2)

      


        The statements a jump at at can go to next, and whether it can fall through.



    


    
      
        program(progs)

      


        The facts about progs every function's compilation shares.



    


    
      
        reads(op, a, b, c)

      


        The global slots instruction {op, a, b, c} reads as values or as the parts of an
address. A return, and a call's copy of its arguments, count as reading the first slot
of each value they copy: the other two are read only for a vector, which the function
wrote first. A call reads the first parameter slot of every argument it passes.



    


    
      
        writes(op, a, b, c)

      


        The global slots instruction {op, a, b, c} writes directly (not through an address).



    





      


      
        Types


        


  
    
      
    
    
      function_facts()



        
          
        

    

  


  

      

          @type function_facts() :: %{
  index: non_neg_integer(),
  name: String.t(),
  statements: [{non_neg_integer(), tuple()}],
  leaders: MapSet.t(),
  vars: [non_neg_integer()],
  calls: [non_neg_integer()],
  live: MapSet.t(),
  params: [{non_neg_integer(), pos_integer()}],
  hands_back: boolean(),
  kept: %{required(non_neg_integer()) => [non_neg_integer()]},
  mode: :vars | :memory,
  parm_start: non_neg_integer(),
  locals: non_neg_integer()
}


      


Facts about one function.

  



  
    
      
    
    
      program()



        
          
        

    

  


  

      

          @type program() :: %{
  constants: %{required(non_neg_integer()) => term()},
  escaped: MapSet.t(),
  unnamed: MapSet.t()
}


      


Facts about a whole program.

  


        

      

      
        Functions


        


  
    
      
    
    
      call?(op)



        
          
        

    

  


  

      

          @spec call?(non_neg_integer()) :: boolean()


      


Whether instruction op is a call.

  



  
    
      
    
    
      ends_block?(arg)



        
          
        

    

  


  

      

          @spec ends_block?(tuple()) :: boolean()


      


Whether statement {op, _, _, _} ends a basic block.

  



  
    
      
    
    
      function(progs, index, program)



        
          
        

    

  


  

      

          @spec function(QuakeC.Progs.t(), non_neg_integer(), program()) :: function_facts()


      


The facts about function index of progs, given the program's (program/1).

  



  
    
      
    
    
      hands_back?(progs, index)



        
          
        

    

  


  

      

          @spec hands_back?(QuakeC.Progs.t(), non_neg_integer()) :: boolean()


      


Whether function index writes a parameter slot (4 to 27) that reaches one of its
returns with no call between: it hands a value back to its caller in a parameter slot,
as an __out parameter does.

  



  
    
      
    
    
      next(at, arg2)



        
          
        

    

  


  

      

          @spec next(non_neg_integer(), tuple()) :: [non_neg_integer()]


      


The statements a jump at at can go to next, and whether it can fall through.

  



  
    
      
    
    
      program(progs)



        
          
        

    

  


  

      

          @spec program(QuakeC.Progs.t()) :: program()


      


The facts about progs every function's compilation shares.

  



  
    
      
    
    
      reads(op, a, b, c)



        
          
        

    

  


  

      

          @spec reads(non_neg_integer(), integer(), integer(), integer()) :: [integer()]


      


The global slots instruction {op, a, b, c} reads as values or as the parts of an
address. A return, and a call's copy of its arguments, count as reading the first slot
of each value they copy: the other two are read only for a vector, which the function
wrote first. A call reads the first parameter slot of every argument it passes.

  



  
    
      
    
    
      writes(op, a, b, c)



        
          
        

    

  


  

      

          @spec writes(non_neg_integer(), integer(), integer(), integer()) :: [integer()]


      


The global slots instruction {op, a, b, c} writes directly (not through an address).

  


        

      


  

    
QuakeC.Compiler.Emit 
    



      
One QuakeC function (QuakeC.Compiler.Analysis.function/3) as quoted Elixir: a public
f<index>(host, ctx, budget, args) returning {host, budget, {x, y, z}}, and a private
function per basic block that the function's jumps call. args is a tuple of the
words of the call's arguments, three a parameter, as the parameter slots from 4 hold
them; {x, y, z} is the returned value, as the return slots 1 to 3 hold it. A function
that hands values back (hands_back) returns {host, budget, {x, y, z}, handed},
handed the 24 parameter slots as it left them. A call after which argument slots are
read goes through dispatch.call_with_args/7, which also gives those argument slots as
the call left them.
host is the caller's map holding the program memory under :qc; ctx is
{builtins, trace}; budget is how many more statements may run before the call is
taken for a runaway loop. Slots the analysis gave to variables live in variables named
v<slot>; constants are written in as literals; every other slot is read and written in
the memory. A function in :memory mode saves its locals on entry and restores them on
return, as a QuakeC machine does. Calls go through the dispatch
module, dispatch.call(index, argc, host, ctx, budget, args), which returns the same.

      


      
        Summary


  
    Functions
  


    
      
        bool(value)

      


        Code turning truth value into 1.0 or 0.0.



    


    
      
        convert(rule, value)

      


        Code converting value by runtime rule rule (:num, :int or :float), done now when value is a number.



    


    
      
        function(facts, dispatch, constants, size)

      


        The quoted definitions of function facts, calling through dispatch, with the program's constants and entity size size (fields per entity).



    


    
      
        ibool(value)

      


        Code turning truth value into 1 or 0.



    


    
      
        qc()

      


        The variable holding the program memory in compiled code.



    


    
      
        read(slot, env)

      


        Code reading slot slot: its variable, its constant, or the memory.



    


    
      
        space(space)

      


        Code naming memory space space (:globals or :fields) of the program memory variable.



    


    
      
        truth(value)

      


        Code testing value as QuakeC tests a truth: any number but zero, any made string.



    


    
      
        var(slot)

      


        The variable holding slot slot.



    


    
      
        write(slot, value, env)

      


        Code writing value to slot slot: into its variable, or into the memory.



    





      


      
        Functions


        


  
    
      
    
    
      bool(value)



        
          
        

    

  


  

      

          @spec bool(Macro.t()) :: Macro.t()


      


Code turning truth value into 1.0 or 0.0.

  



  
    
      
    
    
      convert(rule, value)



        
          
        

    

  


  

      

          @spec convert(:num | :int | :float, Macro.t()) :: Macro.t()


      


Code converting value by runtime rule rule (:num, :int or :float), done now when value is a number.

  



  
    
      
    
    
      function(facts, dispatch, constants, size)



        
          
        

    

  


  

      

          @spec function(
  QuakeC.Compiler.Analysis.function_facts(),
  module(),
  map(),
  pos_integer()
) :: [Macro.t()]


      


The quoted definitions of function facts, calling through dispatch, with the program's constants and entity size size (fields per entity).

  



  
    
      
    
    
      ibool(value)



        
          
        

    

  


  

      

          @spec ibool(Macro.t()) :: Macro.t()


      


Code turning truth value into 1 or 0.

  



  
    
      
    
    
      qc()



        
          
        

    

  


  

      

          @spec qc() :: Macro.t()


      


The variable holding the program memory in compiled code.

  



  
    
      
    
    
      read(slot, env)



        
          
        

    

  


  

      

          @spec read(integer(), map()) :: Macro.t()


      


Code reading slot slot: its variable, its constant, or the memory.

  



  
    
      
    
    
      space(space)



        
          
        

    

  


  

      

          @spec space(:globals | :fields) :: Macro.t()


      


Code naming memory space space (:globals or :fields) of the program memory variable.

  



  
    
      
    
    
      truth(value)



        
          
        

    

  


  

      

          @spec truth(Macro.t()) :: Macro.t()


      


Code testing value as QuakeC tests a truth: any number but zero, any made string.

  



  
    
      
    
    
      var(slot)



        
          
        

    

  


  

      

          @spec var(non_neg_integer()) :: Macro.t()


      


The variable holding slot slot.

  



  
    
      
    
    
      write(slot, value, env)



        
          
        

    

  


  

      

          @spec write(integer(), Macro.t(), map()) :: Macro.t()


      


Code writing value to slot slot: into its variable, or into the memory.

  


        

      


  

    
QuakeC.Compiler.Ops 
    



      
The quoted Elixir for each QuakeC instruction that computes or moves values: arithmetic
on floats, vectors and integers, comparisons, loads and stores to globals, entity fields
and pointers. Jumps, calls, returns and the state, thinktime and bounds-check
instructions are QuakeC.Compiler.Emit's.
An instruction this machine lacks compiles to code raising QuakeC.Exec.Error when run.

      


      
        Summary


  
    Functions
  


    
      
        emit(op, a, b, c, env)

      


        The statements carrying out instruction {op, a, b, c}.



    





      


      
        Functions


        


  
    
      
    
    
      emit(op, a, b, c, env)



        
          
        

    

  


  

      

          @spec emit(non_neg_integer(), integer(), integer(), integer(), map()) :: [Macro.t()]


      


The statements carrying out instruction {op, a, b, c}.

  


        

      


  

    
QuakeC.Compiler.Runtime 
    



      
The value rules compiled QuakeC code runs by: how a slot's value reads as a float, an
integer, a truth or a string; the arithmetic that needs care (division by zero, 32-bit
integer wrapping, random numbers); and reads and writes of globals, entity fields and
pointers in the program memory (QuakeC).
Values are floats, integers, or binaries for strings made while running. A value of the
wrong kind reads as 0.

      


      
        Summary


  
    Functions
  


    
      
        args(qc, count)

      


        The parameter slots of count arguments, from slot 4, as call arguments.



    


    
      
        below_one()

      


        A random number from 0 up to but not including 1, in steps of 1/32768.



    


    
      
        case?(qc, arg2, x, y, z)

      


        Whether a case matches the switch value.



    


    
      
        case_range?(arg1, low, high)

      


        Whether a case range from low to high holds the switch value.



    


    
      
        divide(a, b)

      


        a / b, 0.0 when b is zero.



    


    
      
        field(qc, entity, field)

      


        Field slot field of entity, both as values.



    


    
      
        field_address(qc, entity, field)

      


        The address of field slot field of entity.



    


    
      
        float(value)

      


        A value as a float.



    


    
      
        global(qc, offset)

      


        Global slot offset.



    


    
      
        int(value)

      


        A value as an integer, a float truncated.



    


    
      
        int_divide(a, b)

      


        Integer a / b rounded toward zero, 0 when b is zero.



    


    
      
        load(qc, address, index)

      


        The value at address address plus 4 * index.



    


    
      
        load_float(qc, address)

      


        The float at address address.



    


    
      
        num(value)

      


        A value as a number.



    


    
      
        pick(handed, slots)

      


        The words of parameter slots slots from the 24 slots handed, as a tuple.



    


    
      
        put(qc, offset, value)

      


        The memory with global slot offset set to value.



    


    
      
        put_args(qc, args)

      


        The memory with call arguments args in the parameter slots from slot 4.



    


    
      
        put_returned(qc, arg)

      


        The memory with returned in the return slots 1 to 3.



    


    
      
        returned(qc)

      


        The return slots 1 to 3.



    


    
      
        slots(qc, slots)

      


        Global slots slots, as a tuple.



    


    
      
        state(qc, frame, think)

      


        The state instruction: self thinks think at frame frame a tenth of a second on.



    


    
      
        store(qc, address, index, value)

      


        Write value at address address plus 4 * index.



    


    
      
        store_vector(qc, address, arg)

      


        Write the three values of vector from address address.



    


    
      
        string_at(qc, value, index)

      


        Character index of string value value as a float, 0.0 past either end.



    


    
      
        string_distance(a, b)

      


        How many characters string value b lies past a.



    


    
      
        string_offset(value, n)

      


        A string value moved on by n characters: an offset plus n, or the rest of a made string.



    


    
      
        switch(qc, arg2, x, y, z)

      


        A switch value: how later case instructions compare against it.



    


    
      
        text(qc, value)

      


        A string value as text.



    


    
      
        text?(qc, value)

      


        Whether a string value is set and not empty.



    


    
      
        think_time(qc, entity, seconds)

      


        The thinktime instruction: entity thinks seconds from now.



    


    
      
        through(qc, address, change)

      


        The float at address address, changed by change, written back; the new value and memory.



    


    
      
        through_vector(qc, address, change)

      


        The vector at address address, changed by change, written back; the new vector and memory.



    


    
      
        up_to_one()

      


        A random number from 0 to 1 inclusive, in steps of 1/32767.



    


    
      
        wrap(value)

      


        An integer wrapped into 32 signed bits.



    





      


      
        Functions


        


  
    
      
    
    
      args(qc, count)



        
          
        

    

  


  

      

          @spec args(QuakeC.t(), non_neg_integer()) :: tuple()


      


The parameter slots of count arguments, from slot 4, as call arguments.

  



  
    
      
    
    
      below_one()



        
          
        

    

  


  

      

          @spec below_one() :: float()


      


A random number from 0 up to but not including 1, in steps of 1/32768.

  



  
    
      
    
    
      case?(qc, arg2, x, y, z)



        
          
        

    

  


  

      

          @spec case?(QuakeC.t(), tuple() | nil, term(), term(), term()) :: boolean()


      


Whether a case matches the switch value.

  



  
    
      
    
    
      case_range?(arg1, low, high)



        
          
        

    

  


  

      

          @spec case_range?(tuple() | nil, term(), term()) :: boolean()


      


Whether a case range from low to high holds the switch value.

  



  
    
      
    
    
      divide(a, b)



        
          
        

    

  


  

      

          @spec divide(number(), number()) :: float()


      


a / b, 0.0 when b is zero.

  



  
    
      
    
    
      field(qc, entity, field)



        
          
        

    

  


  

      

          @spec field(QuakeC.t(), term(), term()) :: term()


      


Field slot field of entity, both as values.

  



  
    
      
    
    
      field_address(qc, entity, field)



        
          
        

    

  


  

      

          @spec field_address(QuakeC.t(), term(), term()) :: integer()


      


The address of field slot field of entity.

  



  
    
      
    
    
      float(value)



        
          
        

    

  


  

      

          @spec float(term()) :: float()


      


A value as a float.

  



  
    
      
    
    
      global(qc, offset)



        
          
        

    

  


  

      

          @spec global(QuakeC.t(), non_neg_integer()) :: term()


      


Global slot offset.

  



  
    
      
    
    
      int(value)



        
          
        

    

  


  

      

          @spec int(term()) :: integer()


      


A value as an integer, a float truncated.

  



  
    
      
    
    
      int_divide(a, b)



        
          
        

    

  


  

      

          @spec int_divide(integer(), integer()) :: integer()


      


Integer a / b rounded toward zero, 0 when b is zero.

  



  
    
      
    
    
      load(qc, address, index)



        
          
        

    

  


  

      

          @spec load(QuakeC.t(), term(), term()) :: term()


      


The value at address address plus 4 * index.

  



  
    
      
    
    
      load_float(qc, address)



        
          
        

    

  


  

      

          @spec load_float(QuakeC.t(), integer()) :: float()


      


The float at address address.

  



  
    
      
    
    
      num(value)



        
          
        

    

  


  

      

          @spec num(term()) :: number()


      


A value as a number.

  



  
    
      
    
    
      pick(handed, slots)



        
          
        

    

  


  

      

          @spec pick(tuple(), [non_neg_integer()]) :: tuple()


      


The words of parameter slots slots from the 24 slots handed, as a tuple.

  



  
    
      
    
    
      put(qc, offset, value)



        
          
        

    

  


  

      

          @spec put(QuakeC.t(), non_neg_integer(), term()) :: QuakeC.t()


      


The memory with global slot offset set to value.

  



  
    
      
    
    
      put_args(qc, args)



        
          
        

    

  


  

      

          @spec put_args(QuakeC.t(), tuple()) :: QuakeC.t()


      


The memory with call arguments args in the parameter slots from slot 4.

  



  
    
      
    
    
      put_returned(qc, arg)



        
          
        

    

  


  

      

          @spec put_returned(QuakeC.t(), {term(), term(), term()}) :: QuakeC.t()


      


The memory with returned in the return slots 1 to 3.

  



  
    
      
    
    
      returned(qc)



        
          
        

    

  


  

      

          @spec returned(QuakeC.t()) :: {term(), term(), term()}


      


The return slots 1 to 3.

  



  
    
      
    
    
      slots(qc, slots)



        
          
        

    

  


  

      

          @spec slots(QuakeC.t(), [non_neg_integer()]) :: tuple()


      


Global slots slots, as a tuple.

  



  
    
      
    
    
      state(qc, frame, think)



        
          
        

    

  


  

      

          @spec state(QuakeC.t(), term(), term()) :: QuakeC.t()


      


The state instruction: self thinks think at frame frame a tenth of a second on.

  



  
    
      
    
    
      store(qc, address, index, value)



        
          
        

    

  


  

      

          @spec store(QuakeC.t(), term(), term(), term()) :: QuakeC.t()


      


Write value at address address plus 4 * index.

  



  
    
      
    
    
      store_vector(qc, address, arg)



        
          
        

    

  


  

      

          @spec store_vector(QuakeC.t(), integer(), tuple()) :: QuakeC.t()


      


Write the three values of vector from address address.

  



  
    
      
    
    
      string_at(qc, value, index)



        
          
        

    

  


  

      

          @spec string_at(QuakeC.t(), term(), term()) :: float()


      


Character index of string value value as a float, 0.0 past either end.

  



  
    
      
    
    
      string_distance(a, b)



        
          
        

    

  


  

      

          @spec string_distance(term(), term()) :: integer()


      


How many characters string value b lies past a.

  



  
    
      
    
    
      string_offset(value, n)



        
          
        

    

  


  

      

          @spec string_offset(term(), integer()) :: term()


      


A string value moved on by n characters: an offset plus n, or the rest of a made string.

  



  
    
      
    
    
      switch(qc, arg2, x, y, z)



        
          
        

    

  


  

      

          @spec switch(QuakeC.t(), non_neg_integer(), term(), term(), term()) :: tuple()


      


A switch value: how later case instructions compare against it.

  



  
    
      
    
    
      text(qc, value)



        
          
        

    

  


  

      

          @spec text(QuakeC.t(), term()) :: String.t()


      


A string value as text.

  



  
    
      
    
    
      text?(qc, value)



        
          
        

    

  


  

      

          @spec text?(QuakeC.t(), term()) :: boolean()


      


Whether a string value is set and not empty.

  



  
    
      
    
    
      think_time(qc, entity, seconds)



        
          
        

    

  


  

      

          @spec think_time(QuakeC.t(), term(), term()) :: QuakeC.t()


      


The thinktime instruction: entity thinks seconds from now.

  



  
    
      
    
    
      through(qc, address, change)



        
          
        

    

  


  

      

          @spec through(QuakeC.t(), term(), (float() -> float())) :: {float(), QuakeC.t()}


      


The float at address address, changed by change, written back; the new value and memory.

  



  
    
      
    
    
      through_vector(qc, address, change)



        
          
        

    

  


  

      

          @spec through_vector(QuakeC.t(), term(), (tuple() -> tuple())) ::
  {tuple(), QuakeC.t()}


      


The vector at address address, changed by change, written back; the new vector and memory.

  



  
    
      
    
    
      up_to_one()



        
          
        

    

  


  

      

          @spec up_to_one() :: float()


      


A random number from 0 to 1 inclusive, in steps of 1/32767.

  



  
    
      
    
    
      wrap(value)



        
          
        

    

  


  

      

          @spec wrap(integer()) :: integer()


      


An integer wrapped into 32 signed bits.

  


        

      


  

    
QuakeC.Exec 
    



      
Runs QuakeC functions, compiled to Elixir (QuakeC.Compiler) the first time a program
runs on this node.
The host is any map with the program memory under :qc; builtins are called as
builtins.call(host, builtin, argument_count) and return the host, builtin being the
builtin's number, or its name for a function the program declares as builtin #0
(bound by name). A builtin may run QuakeC itself (a touch during a move, say) by
calling call/4 again, or stop every running function with abort/1.
host = QuakeC.Exec.call(host, function_index, MyGame.Builtins)
host = QuakeC.Exec.call(host, function_index, MyGame.Builtins, budget: 10_000_000)
Options
	:budget — how many statements one call may run before it is taken for a runaway
loop, default 100 000
	:trace — a function given the name of every QuakeC function entered, default none
	:before — a function of the host returning the host, run before each call starts
(nested calls from builtins included), default none

A program that runs past its budget, calls a null function or an unknown builtin, or
uses an instruction this machine lacks raises QuakeC.Exec.Error.

      


      
        Summary


  
    Functions
  


    
      
        abort(host)

      


        Stop every QuakeC function running in this process, as FTE's AbortStack: the
outermost call/4 returns host as it stands. Called from a builtin.



    


    
      
        call(host, index, builtins, opts \\ [])

      


        Run function index to its end and return the host.



    


    
      
        call_named(host, name, builtins, opts \\ [])

      


        Run function name; a name the program lacks does nothing.



    





      


      
        Functions


        


  
    
      
    
    
      abort(host)



        
          
        

    

  


  

      

          @spec abort(map()) :: no_return()


      


Stop every QuakeC function running in this process, as FTE's AbortStack: the
outermost call/4 returns host as it stands. Called from a builtin.

  



    

  
    
      
    
    
      call(host, index, builtins, opts \\ [])



        
          
        

    

  


  

      

          @spec call(map(), non_neg_integer(), module(), keyword()) :: map()


      


Run function index to its end and return the host.

  



    

  
    
      
    
    
      call_named(host, name, builtins, opts \\ [])



        
          
        

    

  


  

      

          @spec call_named(map(), String.t(), module(), keyword()) :: map()


      


Run function name; a name the program lacks does nothing.

  


        

      


  

    
QuakeC.Memory 
    



      
A QuakeC program's words: a value per index from 0. A word never written is 0. Values
are floats, integers from -2^49 up to but not including 2^49, and binaries.
memory = QuakeC.Memory.from_list([1.0, 2.0])
memory = QuakeC.Memory.set(memory, 70_000, 3.0)
QuakeC.Memory.get(memory, 70_000)
#=> 3.0
The memory is written in place and every copy of it sees every write, whichever copy
made it: the words are held in :atomics chunks of 65536 words, and the chunks and
the binaries in an ETS table. set/3 and put/3 may return a memory that reaches a new
chunk without a table lookup; an older copy reaches it through the table.
The table belongs to the process that made the memory: the memory works from any
process while that process lives, and delete/1 frees it sooner. copy/1 makes a
memory written apart from the original.
get_code/2 gives the same read as quoted code, for compiled programs to inline.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        copy(memory)

      


        A memory holding the same values whose words are written apart from memory's.



    


    
      
        delete(memory)

      


        Free the memory's table; neither it nor any copy of it may be used after.



    


    
      
        fill(memory, index, count, value)

      


        Write integer or float value into count words from index; the memory to use from then on.



    


    
      
        from_list(values)

      


        Memory holding values from index 0.



    


    
      
        get(memory, index)

      


        The word at index.



    


    
      
        get_code(memory, index)

      


        Code reading word index of memory, both quoted.



    


    
      
        move(source, from, target, to, count)

      


        Copy count words of source from index from into target from index to, as they
stood before the copy (the ranges may overlap, and source may be target); the target
memory to use from then on.



    


    
      
        new()

      


        Memory with no words written.



    


    
      
        put(memory, index, value)

      


        Write value at index: :ok, or a memory that reaches the chunk the word is in when
the write made it.



    


    
      
        set(memory, index, value)

      


        Write value at index; the memory to use from then on.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuakeC.Memory{chunks: tuple(), table: :ets.tid()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      copy(memory)



        
          
        

    

  


  

      

          @spec copy(t()) :: t()


      


A memory holding the same values whose words are written apart from memory's.

  



  
    
      
    
    
      delete(memory)



        
          
        

    

  


  

      

          @spec delete(t()) :: :ok


      


Free the memory's table; neither it nor any copy of it may be used after.

  



  
    
      
    
    
      fill(memory, index, count, value)



        
          
        

    

  


  

      

          @spec fill(t(), non_neg_integer(), non_neg_integer(), number()) :: t()


      


Write integer or float value into count words from index; the memory to use from then on.

  



  
    
      
    
    
      from_list(values)



        
          
        

    

  


  

      

          @spec from_list([term()]) :: t()


      


Memory holding values from index 0.

  



  
    
      
    
    
      get(memory, index)



        
          
        

    

  


  

      

          @spec get(t(), non_neg_integer()) :: term()


      


The word at index.

  



  
    
      
    
    
      get_code(memory, index)



        
          
        

    

  


  

      

          @spec get_code(Macro.t(), Macro.t()) :: Macro.t()


      


Code reading word index of memory, both quoted.

  



  
    
      
    
    
      move(source, from, target, to, count)



        
          
        

    

  


  

      

          @spec move(t(), non_neg_integer(), t(), non_neg_integer(), non_neg_integer()) :: t()


      


Copy count words of source from index from into target from index to, as they
stood before the copy (the ranges may overlap, and source may be target); the target
memory to use from then on.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Memory with no words written.

  



  
    
      
    
    
      put(memory, index, value)



        
          
        

    

  


  

      

          @spec put(t(), non_neg_integer(), term()) :: :ok | t()


      


Write value at index: :ok, or a memory that reaches the chunk the word is in when
the write made it.

  



  
    
      
    
    
      set(memory, index, value)



        
          
        

    

  


  

      

          @spec set(t(), non_neg_integer(), term()) :: t()


      


Write value at index; the memory to use from then on.

  


        

      


  

    
QuakeC.Progs 
    



      
A compiled QuakeC program, progs.dat, read: Quake's version 6, and FTE's version 7 with
16- or 32-bit statements.
	statements — a tuple of {op, a, b, c}; jump distances are signed
	functions — a tuple of %{first:, parm_start:, locals:, name:, parm_sizes:};
first below zero is builtin number -first, and 0 a builtin bound by its name
	strings — the string table; a string value is an offset into it
	texts — %{offset => string} for every string starting in the table
	globals — the initial global values, a tuple of floats and integers by slot
	global_defs, field_defs — %{name => {type, offset}}, type one of :void,
:string, :float, :vector, :entity, :field, :function, :pointer,
:integer
	entity_fields — how many slots an entity's fields take
	function_names — %{name => index}
	digest — the SHA-256 of the file, naming the program (and its replacements, replace/2)
	crc — the header's check value of the program's global and field layout: 5927
for Quake's, 54730 for QuakeWorld's


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        find_function(progs, name)

      


        The index of function name as FTE's ED_FindFunction finds it: a name may follow a
program number and : (0:name), the number read as C's atoi reads it; this
program is number 0, so another number finds nothing.



    


    
      
        function(progs, name)

      


        The index of function name, or nil.



    


    
      
        parse(data)

      


        The program in data, the bytes of a progs.dat.



    


    
      
        replace(progs, names)

      


        The program with each function of names run by the host in place of its QuakeC body:
the function becomes a builtin bound by its name (first 0), so every call of it,
from the program or from QuakeC.Exec, runs builtins.call(host, name, argc) with the
arguments in the parameter slots. A name the program lacks is passed over. The
program's digest names the replacements too, so its compiled code is its own.



    


    
      
        string(progs, offset)

      


        The string at offset offset of the table.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuakeC.Progs{
  crc: term(),
  digest: term(),
  entity_fields: term(),
  field_defs: term(),
  function_names: term(),
  functions: term(),
  global_defs: term(),
  globals: term(),
  statements: term(),
  strings: term(),
  texts: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      find_function(progs, name)



        
          
        

    

  


  

      

          @spec find_function(t(), String.t()) :: non_neg_integer() | nil


      


The index of function name as FTE's ED_FindFunction finds it: a name may follow a
program number and : (0:name), the number read as C's atoi reads it; this
program is number 0, so another number finds nothing.

  



  
    
      
    
    
      function(progs, name)



        
          
        

    

  


  

      

          @spec function(t(), String.t()) :: non_neg_integer() | nil


      


The index of function name, or nil.

  



  
    
      
    
    
      parse(data)



        
          
        

    

  


  

      

          @spec parse(binary()) :: {:ok, t()} | {:error, :not_progs | :compressed}


      


The program in data, the bytes of a progs.dat.

  



  
    
      
    
    
      replace(progs, names)



        
          
        

    

  


  

      

          @spec replace(t(), [String.t()]) :: t()


      


The program with each function of names run by the host in place of its QuakeC body:
the function becomes a builtin bound by its name (first 0), so every call of it,
from the program or from QuakeC.Exec, runs builtins.call(host, name, argc) with the
arguments in the parameter slots. A name the program lacks is passed over. The
program's digest names the replacements too, so its compiled code is its own.
progs = QuakeC.Progs.replace(progs, ["Player::UseDown"])

  



  
    
      
    
    
      string(progs, offset)



        
          
        

    

  


  

      

          @spec string(t(), non_neg_integer()) :: String.t()


      


The string at offset offset of the table.

  


        

      


  

    
QuakeC.Exec.Error exception
    



      
A QuakeC program went wrong while running.
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