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This is a  sim ple class  writ ten  in C +  +  s tan dard  for  building par sers  bu t  does  no t  
genera te  a  source to  be com pleted  by the  u ser, bu t  it is interpre ted  run - time.

The class  consis t s  of t he  following files:

The class  itself:

Hlang.h 

Hlang.cpp

other  rou tines  u sed  by the  class  Hlang:

Tokenizer.h

Tokenizer.cpp

Trace.h

Trace.cpp

Utils.h

Utils.cpp

in ad di tion  to  t he  file t ha t  describes  t he  gra m mar  tha t  can  have any na me.

The Trace class  has  only function  debug, showing messages  to  s tdou t.

The class  is no t  op timized  and  can  cer tainly be m a de  improvements, bu t  given the  
scope of t his  class  is no t  a  p roble m.
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Features

● scanner  included

● recursive parser  LL(k)

● au to matic building of t he  syntac tic t ree

● gra m mar  interpre ter  run - time

● can easily han dle m ul tiple par sers  with  differen t  gra m mars

● se ma ntic implementa tion  is no t  intrusive in t he  gra m mar  file s pecification  
to  facilita te  debugging

● s u p por t  for  executing the  u ser  p rogra m

● m ulti - pass  s u p por t

● it u ses  STL and  regex libraries.

Many functions  such  as  t he  scanner, t he  function  to  run  the  p rogra m, etc.. a re  
declared  virtual so  t ha t  in case of s pecial needs  can  be easily redefined.

The logical flow of opera tion  is as  follows:

1. load  the  gra m mar  s pecification

2. load  the  u ser  p rogra m

3. par sing

4. executing

The execution  is done by perfor ming the  various  functions  in separa te  m o ment s  
of t he  interp re ta tion  itself . Infact, in order  to  achieve good  perfor ma nce in s peed  
of execution  as  t he  p rogra m  is firs t  interpre ted  and  then  executed. The overhead  
for  each  function  is very s mall. However you can  separa te  t he  p rocess  of par sing 
fro m  the  s tage of execution.
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Usage

Let's see firs t  so me basics an d  then  so me sim ple exa m ples  of u se. In t his  regard, 
it should  examine the  exa m ple code p rovided.

Public m e m bers  of Hlang_cls class  are:

● int HLang_cls::ParseLang(bool exe)

● virtual bool HLang_cls::LoadProgram(string fname)

● virtual string HLang_cls::GetProgramToken(string::iterator token_req)

● virtual bool HLang_cls::MacroTerminals(string &symb, string &token)

● virtual void Hlang_cls::ExeProgram(void)

● void Hlang_cls::Clear()

● void Hlang_cls::ClearAll()

● virtual int ExeFuncDispatch(int pos, int func, vector<string> &params, 
vector<int> &paramstype)

First  we m u s t  de rive t he  class  so  t ha t  me m bers  have access  to  virtual especially 
for  t he  m a nage ment  of se man tics.

The m os t  impor tan t  function  is t he  one  res ponsible for  m a naging the  se ma ntics, 
t he  ExeFuncDispatch t ha t  m u s t  imple ment  all t he  cus to m  functions  t ha t  give 
meaning to  t he  various  par t s  of t he  p rogra m  described  in t he  gra m mar

Hlang Class usage

When the  class  is allocated, t he  cons t ructor  receives a  file na me, the  file t ha t  
con tains  t he  gram mar  descrip tion. For exam ple, t he  cons t ructor  of t he  class  
exa m ple_cls will be:

example_cls::example_cls():HLang_cls("grammar.g")

{
}

When the  class  will be allocated  exa m ple_cls t he  m a n ufacturer  Hlang_cls load  
gra m mar  described  in t he  file gra m mar.g.

Membro per le funzioni s e mantiche

We m u s t  t hen  implement  t he  function  ExeFuncDispa tch  tha t  will be called  once 
interpre ted  the  user  p rogra m. This function  has  t he  following para meters: 

pos is t he  nu m ber  of t he  logical posi tion  of t he  interp re ted  
ins t ruction

func every function  associated  with  t he  se mantics of a  given  symbol 
is represen ted  by a  positive integer (see also t he  gra m mar.g) 
There are two functions  t ha t  a re  always executed:

- 1: before run  the  u ser  p rogra m, u sefull for  init

- 2: a t  t he  end  of t he  u ser  p rogra m
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para ms para meters  are  passed  to  t he  function  as  a  vector  of s t rings. It's  
a  t ask  of t he  u ser  functions  to  conver t  it a s  ap propriate.

para ms type para meters  type as  s pecified  by the  gra m mar. it's  a  vector  of 
integers.

An easy way to  imple ment  t he  se ma ntic functions  is as  follows:

int example_cls::ExeFuncDispatch(int pos, int func, vector<string> 
&params,vector<int> &paramstype)
{
switch(func)

{
case ­1: // init

// todo
break;

case ­2: // end
// todo
break;

case 1:
// todo
break;

case 2:
// todo
break;

}
return(HLANG_RET_NEXT);
}

This me m ber  m u s t  re turn  an  integer t ha t  will have the  following m eanings  
depending on  its  value:

If t he  value is grea ter  t han  or  equal to  0  indicates  t he  next  ins t ruction  to  be 
executed, t his  is useful if you need  to  implement  ins t ructions  s uch  "for", "while" 
or  "goto" t ha t  need  to  be able to  ju m p  to  a  pa r ticular  poin t  of t he  p rogra m.

If t he  value re tu rned  is less  t han  0, acquires  s pecial significance:

HLANG_RET_NEXT
execute t he  na tu ral next  ins truction  as  resul t  fro m  the  p rogra m

HLANG_RET_EXIT
s top  and  exit fro m  the  execution  of t he  p rogra m

HLANG_RET_DEC_LEVEL
decrease t he  nes ting level of a  block (see later)

HLANG_RET_INC_LEVEL
increase t he  nes ting level of a  block (see later)

HLANG_RET_ERROR
exit  with  error

HLANG_RET_NEXTPASS
in case of implementa tion  of languages  t ha t  require m ore passes  (multiple 
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executions), indicate  when  is t he  case to  get  t he  next  pass. The firs t  is 1  and  the  
curren t  pa ss  is s tored  in t he  p ublic p roper ty called  � pass�

NOTE: At every pass, t he  p rogra m  is executed  fro m  the  begining an d  the  firs t  
function  executed  is t he  - 1

HLANG_RET_NEXTIGNORELEVEL
execute t he  next  ins t ruction  regardless  t he  nes ting level of t he  cur rent  block

If you need  to  ha n dle a  m ul ti - pa ss  execution:

int example_cls::ExeFuncDispatch(int pos, int func, vector<string> 
&params,vector<int> &paramstype)
{
if(pass==1)

{
switch(func)

{
case ­1: // init

// todo
break;

case ­2: // end
// todo
break;

case 1:
// todo
break;

case 2:
// todo
break;

}
}

else
{
switch(func)

{
case ­1: // init

// todo
break;

case ­2: // end
// todo
break;

case 1:
// todo
break;

case 2:
// todo
break;

}
return(HLANG_RET_NEXT);
}
By this  function, you can  al ter  t he  functioning of t he  sys te m  to  run  the  p rogra m. 
There are  p roper ties  t ha t  can  be read  /  changed:
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pass

s pecify t he  cur ren t  pass.

next_pass

se t  to  t rue, s pecify t ha t  you want  to  do  ano ther  pass  of t he  p rogra m. This  
function  exists  as  re tu rn  value too, bu t  t his  allow you to  al ter  t he  
functioning an d  re tu rn  ano ther  value if you need.

ignorelevel_lock

allows you to  override the  nes ting level ignoring what  t his  function  re tu rn s. 
For exam ple, if you are looking for  label inside t he  p rogra m  for  t he  ju m ps  
with  a  � goto�  like function, it is u seful to  ignore t he  blocks, so  t he  level 
should  no t  be altered, because  t he  label is absolu te  an d  not  relative to  t he  
block where t he  label is.

s top_scrip t

if it is t r ue, s top  the  execution

A look to the  scanner

The class  imple ment s  a  scanner  t ha t  allows with  no  effor t  to  re t rieve tokens  fro m  
the  p rogra m. This me m ber  is virtual so  it can  be implemented  according to  your  
own needs, bu t  for  m a ny ap plications  s hould  be enough, as  p rovided  here.

The scanner  get  t he  token  s pecified  in t he  gram mar, both  ter minals an d  
m acroterminals. It scan  all t he  p rogra m  in search  of t he  m a tch  tha t  genera tes  t he  
longer  token. Tokens  in t he  p ro ductions  have the  p riori ty, an d  then  which one 
s pecified at  t he  beginning  of t he  file s pecified  as  regular  expressions.

Its opera tion  is quite similar  to  "flex" of course with  t he  limita tions  of t he  case.

Descrizione della grammatica

The gram mar  of t he  language to  be  imple mented  has  to  be described  in a  text  file. 
Below is an  exam ple:

&comment_line   //
&comment_block_start  /*
&comment_block_end  */

# terminal symbol %T
&terminal 1 %Tnumb_i ^[­+]?[0­9]+$
&terminal 2 %Tvar ^[a­zA­Z_][a­zA­Z_0­9]*$
&terminal 3 %Tnumb_hex ^[a­fA­F0­9]+$
&terminal 4 %Tans ANS
&terminal 5 %Tans[ ANS\[
&terminal 6 %Tlabel ^[a­zA­Z_][a­zA­Z_0­9]*[ \t]?:$
&terminal 7 %Talphanum ^\w+$
&terminal 8 %Tchan ^\w+\.[0­9]+$
&terminal 9 %Tstring ^"(\\.|[^\\"])*"$
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TOP := function %Tvar %block $F200 ()
block := %block_init %body %block_end
block_init := { $+ $F100 ()
block_end := } $*­ $F101 ()

body := %statement %body
body :=

statement := %var_assign
statement := %if_stat
statement := %repeat_stat
statement := %sample_stat
statement := waitms %Tnumb_i $F7 ( 2 )
statement := %send
statement := exit $F15 ()
statement := goto %Tvar $F19 ( 2 )
statement := %Tlabel $F20 ( 1 )

var_assign := %Tvar = %Tans $F1 ( 1 )
var_assign := %Tvar = %Tans[ %Tnumb_i ] $F2 ( 1 4 )
var_assign := %Tvar = %Tnumb_i $F3 ( 1 3 )
var_assign := %Tvar = %bexpr $F1 ( 1 )
var_assign := %Tvar = [ %arrayval ] $F1 ( 1 )

arrayval := %Tnumb_i %arrayval $F18 ( 1 )
arrayval := 

if_stat := if ( %bexpr ) then %block  $F4 ( 6 )
repeat_stat := repeat %Tnumb_i %block $F6 ( 2 3 )

# simple expressions
bexpr :=  %Talphanum == %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum != %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum < %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum > %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum <= %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum >= %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum + %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum ­ %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum * %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum / %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum << %Talphanum $F10 ( 1 2 3 )
bexpr :=  %Talphanum >> %Talphanum $F10 ( 1 2 3 )

send := send %Tstring $F14 ( 2 )

see in de tail t he  m eaning of all t his.

At t he  m o me nt  it isn' t  very impor tan t  what  kind  of gra m m ar  is to  describe.

Com me nts  are  allowed, bu t  only of whole lines  an d  s tar ting with  "#".

At t he  beginning of t he  file are  s pecified  so me definitions  of internal variables  
t ha t  are  u seful for  sim plifying the  work of t he  u ser. The internal variables, 
s t ar ting with  "&", are:
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&com ment_line  str

allows you to  s pecify which symbol in t he  p rogra m  is u sed  to  define lines  of  
com men ts, like " \ \" in C+ +  for exa m ple. These lines are  ignored  in t he  
p rocess  of loading the  p rogra m.

&com ment_block_star t   str

allows you to  choose t he  symbol of t he  s tar ting blocks  for  com me nt, like 
" /*" in C p rogra ms. The content  of t hese blocks  will be ignored  in t he  
p rocess  of loading the  p rogra m.

&com ment_block_end   str

allows you to  choose t he  symbol of t he  end  for  t he  blocks  of com men ts, 
such  as  "* /" in C p rogra ms. The content  of t hese blocks  will be  ignored  in 
t he  p rocess  of loading the  p rogra m.

&terminal  ntype   %Tna m e   regex

Specify a  te r minal symbol by a  regular  expression. These symbols are  
hereinaf ter  called  "macroter minals". You m u s t  s pecify t hree para meters:

n type integer  nu m ber  in t he  range 1..999. It's  t he  value passed  in t he  
� para ms type�

%Tname symbol na me as  is u sed  in t he  gra m mar  p ro ductions. It m u s t  
begin with  %T

regex regular  expression. Its syn tax is t he  sa me as  s pecified  in t he  
regex.h library. Please refer to  it for  t he  details.

&delimiters   [str]

Allows you to  s pecify which separa tors  for  tokens  are  u sed  in t he  p rogra m. 
If not  s pecified, t he  defaul t  is t he  s t ring " \ t \ n \ r". Note t ha t  t he  brackets  "[" 
and  "]" are  necessary

The ter minal symbols  u sed, a re  taken  directly fro m  the  descrip tion  of t he  
gra m mar  p roductions, so  we don' t  have to  s pecify no t hing for  t he m. 
The non  ter minal symbols m u s t  s t ar t  by "%" when  used  in t he  p roduction, which 
s hould  no t  follow a "T", which would  o therwise be confused  with  t he  
m acroterminal symbols. The � %�  symbol m u s t  not  be placed  ins tead  in the 
definitions  of non - ter minal symbol. 
The p rod uction  will have this  format:

non_ter minal_sy mb  :=  production      se m antic

If t here are p rod uc tions  in "OR" you have to  repeat  t he  non - ter minal symbol an d  
describe t he  p rod uction  as  an  alternative. for  exa m ple take a  look a t  t he  non -
ter minal symbol "state ment".

Semantic

The sim ples t  is t he  em p ty line! 
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Each p ro duction, m ay have only one  function  associated  se man tics, s pecified  by 
the  symbol $Fn , where n  is a  positive integer. For exam ple, we no te t he  following 
line:

statement := exit $F15 ()

when  the  par ser  identifies t his  p rod uc tion, t he  function  responsible for t he  
execution  will call t he  me m ber  ExeFuncDispatch to  run  the  function  15  withou t  
any para meter, s pecified  by � ()�  with  no  s paces  be tween the  two brackets. 
Let t he  following line

bexpr :=  %Talphanum == %Talphanum $F10 ( 1 2 3 )

In t his  case will be called  t he  function  10, bu t  t his  time will be passed  th ree 
para meters. The n u m ber  in paren theses  indica tes  t he  posi tion  of t he  symbol in 
t he  gra m m ar  (please pay a t ten tion  to  t he  s paces). Number  1  is t he  firs t  symbol in 
t he  p roduction, 2  t he  second  an d  so  on. 
You can  then  have two cases:

1. t he  symbol refer to  a  te r minal symbol or  a  m acroter minal one, so  t he  
para meter  passed  to  the  function  is t he  symbol itself

2. t he  symbol is a  non  ter minal one, so  t he  para meter  is teh  position  of t ha t  
symbol in t he  syn tactic t ree

in t he  above exa m ple, s u p pose  t ha t  corres pon ds  to  one row of t he  p rogra m  of  
t his  kind, of course, correspon ds  to  t his  p ro duction

alpha  = =  23

we have these  para meters: t he  firs t  (position  1) will be  � alpha� , t he  second 
(position  2) will be  � = =�  and  the  t hird  (position  3) will be � 23� .

Take a  look to  ano ther  exam ple:

if_stat := if ( %bexpr ) then %block  $F4 ( 6 )

As you note, t he  function  4  receives a  pa ra meter  which corres pon ds  to  a  non  
ter minal symbol so  it will be  pa ssed  in t he  lis t  of  pa ra meters  t he  posi tion  of t he  
firs t  ter minal symbol iden tified  in t he  p ro duction, which describes  t he  symbol 
� %block� . 
In fact, t he  par ser, as  t hey analyze t he  p rogra m, in t urn  builds  a  da tabase of all 
t he  ter minals symbols foun d  in order  to  build  t he  syntac tic t ree. So, t he  value 
passed  to  t he  function  se mantics when  the  symbol is a  non - ter minal, you can  see 
it as  a  poin ter  to  a  s pecified  poin t  of t he  syntactic t ree. 
The p rod uction  above m a tch  a  cons t ruct  of t he  type

if ( alpha  = =  13 ) t hen  

{

alpha  =  45 < -  p rima  ist ru zione  del blocco

}

tha t, in reference to  t he  above, t he  para meter  correspon ds  to  t he  position  6  a t  
run time will be t he  posi tion  of t he  firs t  ins t ruction  tha t  is in t he  � %block�  (in t his 
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case alpha  =  45).

There are  so me other  peculiarities in se mantics. su p pose  you wan t  to  implement  a  
language tha t  has  t he  ability to  nes t  cons t ruct s. To do  this  we u se  a  variable t ha t  
indicates  t he  level of nes ting so  t he  function  tha t  runs  t he  p rogra m  knows which 
is t he  next  ins t ruction  to  be executed  correspon ding to  t he  right  level. For 
exa m ple:

block_init := { $+ $F100 ()

t his  p ro duction  says  t ha t  when  you m eet  t he  "{" you m u s t  increase t he  level of 
nes ting (done by m eans  of $ +) and  run  the  function  100 tha t  ha s  no  para meters. 
The corres pon ding line t ha t  shows how you exit fro m  a nes ted  block is for  
exa m ple

block_end := } $*­ $F101 ()

in t his  case says t ha t  when  you meet  t he  "}" you should  decrease t he  level of  
nes ting (done by m eans  of $* - ) an d  call t he  function   101 tha t  has  no  para meters. 
Note t ha t  t he  level can  be increased / decreased  before or  af ter  t hey have entered  
or  left  t he  block. 
Using the  symbols $ +  an d  $ -  t he  level of inden ta tion  is increased / decreased  in 
advance of en t ry / exit  in / f ro m  the  block, an d  with  t he  symbols $* +  an d  $* -  is 
increased / decreased  af ter  you have entered / exited. 
In t he  exa m ple, t he  symbol "{" will be par t  of t he  next  level and  also t he  symbol "}" 
because we have indica ted  tha t  decrease t he  level af ter  t he  s torage with  $* - .

- - end - -
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