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asltree.c
/* chad ¢ d clark < clarkch @cpsc . ucalgary . ca >
*
* cpsc 411 lec ??
* winter 2002 1ab 02
*
* assignnent #1 - a first stab.
*
* file: asltree.c
* purpose: contains the functions that operate on the tree structures to be
* used in the syntax tree.
*
*
*/
#i ncl ude "asltree. h" /* holds the struct stree_node */
#i ncl ude <stdlib. h> /* for malloc() */
#i ncl ude <stdio. h> /* for printf(), stderr */

/* we use this to nunber the l[abels generated in our target code. */
extern int |abel _counter;

/* functlons for Stm -> rul es *************************/

/* makel FNODE() builds a tree segnent for an IF statenent of the form

* | F expr THEN true_stmt ELSE false_stm
*

* the final stucture is:

*

* | F

* |

* expr - true_stm - false_stm

*

*/

struct stree_node * makel Fnode(struct stree_node *if_expr
struct stree_node *true_stnt
struct stree_node *fal se_stnt) {

struct stree_node *new;
new = (struct stree_node *) nualloc(sizeof(struct stree_node));
new >type = | F_NCDE
new >nunval = 0;
new >i dval = NULL;
new >si bl i ng = NULL;
new >child = if_expr
i f_expr->sibling = true_stnt;
true_stm->sibling = false_stm
return(new;
} /* makel Fnode() */
/
WHI LE expr DO stnt

the final stucture |ooks I|ike:

*
*
*
*
*

makeWHl LEnode() builds a tree segenent for a WH LE statnent of the form
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WHI LE

*
* |
* expr - stnt

*
*/
struct stree_node * makeWH LEnode(struct stree_node *whil e_expr,
struct stree_node *do_stm) {

struct stree_node *new,
new = (struct stree_node *) nualloc(sizeof(struct stree_node));

new >t ype = VWH LE_NODE;
new >nunval = O;

new >i dval = NULL;

new >si bl i ng = NULL;

new >child = whil e_expr;
whi |l e_expr->sibling = do_stnt;

return(new;

} /* makeWH LEnode */

/* nmakeDOnode() builds a tree segnent for a DO statenent of the form

DO stnt UNTIL expr

DO

*

*

*

* the final structure | ooks |ike:
*

*

*

* stnt - expr

struct stree_node * nakeDOnode(struct stree_node *do_stnt,
struct stree_node *while_expr) {

struct stree_node *new;

new = (struct stree_node *) nualloc(sizeof(struct stree_node));
new >t ype = DO_NODE;

new >nunval = O;

new >i dval = NULL;

new >si bl i ng = NULL;

new >child = do_stnt;
do_stnt->sibling = whil e_expr;

return(new;
} /* makeDOnode */

/* nmakeASSI GNnode() builds a tree segnent for an ASSI NG statenent of the form

I D ASSI GN expr
the final stucture build | ooks I|ike:

ASSI GN

|
ID - expr

*
*
*
*
*
*
*
*
*



asltree.c
*/
struct stree_node * nakeASS|I GNnode(struct stree_node *id_node,
struct stree_node *an_expr) {
struct stree_node *new
new = (struct stree_node *) nalloc(sizeof(struct stree_node));
new >t ype = ASSI GN_NODE;
new >nunval = O;
new >i dval = NULL;
new >si bl i ng = NULL;

new >child = id_node;
i d_node->si bling = an_expr

return(new;
} /* nmakeASS|I GNnode() */

/* nmakeREADnode() builds a tree segnment for a READ statenent of the form
* READ | D

*

* the structure build | ooks like:
*

* READ

* |

* I D

*

*/

struct stree_node *makeREADnode(struct stree_node *id_node) ({
struct stree_node *read;
read = (struct stree_node *) mall oc(sizeof (struct stree_node));
read- >t ype = READ_NODE
read- >nunmval = 0;
read->i dval = NULL;
read- >si bling = NULL;

read->child = id_node;

return(read);

} /* makeREADnode() */
/* nmakePRI NTnode() builds a tree segnent for a statenent of the form
* PRI NT expr
*
* the returned segnent has the structure:
*
* PRI NT
* |
* expr

*

*/

struct stree_node *makePRI NTnode(struct stree_node *an_expr) {
struct stree_node *print;

print = (struct stree_node *) malloc(sizeof(struct stree_node));
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print->type = PRI NT_NODE;
print->nunmval = 0;

print->idval = 0;
print->sibling =

NULL;
print->child = an_expr;
return(print);

} /* makePRI NTnode() */

/* nmakeBEG Nnode() builds a tree segemmt for a statenent of the form

BEA N stntlist END
the built and returned segenent has the sturcture:
BEA N
|

stnlist

*
*
*
*
*
*
*
*

*
*/
struct stree_node *nakeBEG Nnode(struct stree_node *slist) ({

struct stree_node *new,
new = (struct stree_node *) nualloc(sizeof(struct stree_node));
new >t ype = BEGQ N_NODE;
new >nunval = 0;
new >i dval = NULL;
new >si bl i ng = NULL;
new >child = slist;

return(new;

} /* nmakeBEG Nnode */

/* funCtlonS for StI'Tt| | St -> rul es **************************/

/* makeSTMILI STnode() builds a tree segnent for a statemmt of the form
: stnmt stntlist

: the returned structure | ooks |ike:

: STMTLI ST

* slm - stntlist

Y

struct stree_node *makeSTMILI STnode(struct stree_node *a_stnt,
struct stree_node *a_stntlist) ({

struct stree_node *new,

new = (struct stree_node *) nualloc(sizeof(struct stree_node));
new >t ype = STMILI ST_NODE;

new >nunval = 0;

new >i dval = NULL;
new >si bl i ng = NULL;

new >chil d a_stnt;
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a stnt->sibling = a _stntlist;

return(new;

/* functlons for expr_> rul es **************************/

/* nmakeADDnode() builds a tree segnent for a statenent of the form

*

E

*

*/

term ADD right_term

the segnent has the form

ADD
I

term- right_term

struct stree_node *makeADDnode(struct stree _node *a term

struct stree_node * right_term {
struct stree_node *add,
add = (struct stree_node *) mall oc(sizeof (struct stree_node));
add- >t ype = ADD_NODE;
add- >nunval = 0;
add- >i dval = NULL;
add- >si bl i ng = NULL;

add->child = a_term
a_term>sibling = right_term

return(add);

/* nmakeADDnode() */

/* makeSUBnode() builds a tree segnent for a statenent of the form

*

E I

*

*/

term SUB right_term

the segnent has the form

SuB
I

term- right_term

struct stree_node *makeSUBnode(struct stree node *a term

struct stree_node * right_term {
struct stree_node *sub;
sub = (struct stree_node *) malloc(sizeof(struct stree_node));
sub- >t ype = SUB_NODE;
sub- >nunval = 0;
sub->i dval = NULL;
sub->si bling = NULL;

sub->child = a_term
a_term>sibling = right_term

return(sub);
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} /* makeSUBnode() */

/* fUﬂCtIOﬂS for term_> rul es **************************/

/
factor MJUL right_factor

the segment has the form
MUL
|

factor - right_factor

E I B A

*

*/
struct stree_node *makeMJLnode(struct stree node *a_factor
struct stree_node * right factor) {

struct stree_node *nul;

mul = (struct stree_node *) nalloc(sizeof(struct stree_node));

mul - >t ype = MJL_NODE
mul - >nunval = O;

mul - >i dval = NULL;
mul - >si bl i ng = NULL;

nmul ->child = a_factor;
a factor->sibling = right _factor;

return(nmul);

} /* makeMJLnode() */

/
factor DIV right_factor

DIV
|

*

*

*

* the segnent has the form
*

*

*

* factor - right_factor

*

*/

struct stree_node *makeDl Vnode(struct stree _node *a_factor
struct stree_node * right factor) {

struct stree_node *div;

div = (struct stree_node *) mall oc(sizeof (struct stree_node));

di v->type = DI V_NODE
di v->nunval = O;

di v->i dval = NULL;

di v->si bling = NULL;

div->child = a _factor;
a factor->sibling = right _factor;

return(div);

makeMJLnode() builds a tree segnent for a statenent of the form

makeDl Vhode() builds a tree segnent for a statenent of the form
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} /* makeDl Vnhode() */

/* lenCtIOﬂS for factor -> rul es **************************/

/* makel Dnode() returns a node such that an identifier name is stored
* in the node’s 'char *idval' nenber.

*
*/
struct stree_node *nakel Dnode(char *ident) ({

struct stree_node *new,

new = (struct stree_node *) nalloc(sizeof(struct stree_node));
new >type = | D_NODE

new >nunval = O;

new >si bl i ng = NULL;

new >child = NULL;

new >i dval = (char*) malloc(strlen(ident)+1);
strcpy(new >i dval , ident);

return(new;

~

* % X * *

makeNUWhode() returns a node such that an integer (whose string value is
represented by 'char *numi) is stored in the node’s 'int numval’ nenber

Negati ve nunbers are allowed as atoi() is used. For nore detailed info on
acceptable string formats refer to the nman page for atoi (section 3).

*
*/
struct stree_node *nakeNUvhode(char *num) {
struct stree_node *new,
new = (struct stree_node *) nalloc(sizeof(struct stree_node));
new >t ype = NUM NODE
new >i dval = NULL;
new >si bl i ng = NULL;
new >child = NULL;
new >nunval = atoi (num;

return(new;

}

/* A function to print out the syntax tree for debugging.

*

* print_stree() is a recursive fuction that |ooks at the current node
* type and prints out the node type. the function then calls itself
* for each of it’s children

*
* terminal nodes print out the value's they store.
*
* also each call is made with an increasing value that is used to
* print out sone preceding spaces to nmake the tree sort of readable.
* a programwith a very deep tree won’t ook too nice but this works
* for testing.
*
*/

void print_stree(struct stree_node *node, int spaces) {
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int i = 0; /* for loop vbl */
/* print sone spaces to nmake our tree nice to | ook at and understand */
for (i =0; i < spaces; i++) {
printf(" ");
}
/* the only tinme |I’'ve seen this NULL is at the end of a stntlist.
* the real solution would be to add an END _NODE but this is quicker
* and al so catches a rouge NULL pointer if it should pop up
*
* This was FI XED - added a check to the STMILI ST case. Now this check
* should never find a NULL pointer. (So | think :)
*/
i f(!node) {
fprintf(stderr, "Warning: NULL pointer in syntax tree.\n");
return;
}

swi t ch(node->type) {

/* for info on what each node | ooks like refer to comments found
* with the makeXXXXnode() functions in this file.

* [

case( | F_NODE):
printf("lIF_NODE\n");
print_stree(node->child, spaces+l);
print_stree(node->child->sibling, spaces+l);
print_stree(node->chil d->sibling->sibling, spaces+1);
br eak;

case(VWH LE_NODE) :
printf("WH LE_NODE\ n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( DO_NODE) :
printf("DO NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( ASSI GN_NCDE) :
printf("ASSI GN_NODE\ n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( READ_NODE) :
printf (" READ_NCDE\ n");
print_stree(node->child, spaces+1);
br eak;

case( PRI NT_NODE) :
printf (" PR NT_NODE\n");
print_stree(node->child, spaces+l);
br eak;

case( BEG N_NODE) :
printf("BEG N_NODE\n");
print_stree(node->child, spaces+1);
br eak;
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E I S R S T R R R

~

case( STMILI ST_NODE) :
printf("STMILI ST_NODE\ n");
print_stree(node->child, spaces+1);
/* the end of a stntlist is denoted by a NULL pointer */
i f (node->chil d->si bling)
print_stree(node->child->sibling, spaces+l);
br eak;

case( ADD_NODE) :
printf("ADD_NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( SUB_NODE) :
printf("SUB_NODE\ n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( MJL_NODE) :
printf("MJL_NODE\ n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( DI V_NODE) :
printf ("D V_NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case(| D_NODE) :
printf ("1 D _NODE idval: %\n", node->idval);
br eak;

case( NUM_NODE) :
printf("NUM_NODE nunval : %\ n", node->nunval);
br eak;

defaul t:
printf("UNKNOAN NODE TYPE. Sorry dude. (\n");

} /* switch */

/* print_stree() */

A debuggi ng function used to search for a particular type of node in
t he stree.

ar gs:
the first argunent is the node type (see asltree.h)
the second argunent is the tree segnent to be searched.

returns:
0 on failure.
1 on success.

also this fuction calls print_stree() when it finds a node of
the type searched for.
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int find node(int type, struct stree_node *node) {

i f (node->type == type) {
print_stree(node, 0);
return(l);

el se {
/* the & 's are used to short circuit the call to find_node() */

if (node->sibling && find_node(type, node->sibling)) {
return(l);

}

i f (node->child & find_node(type, node->child)) {
return(l);

}

return(0);

/* function to recursivly delete a tree ****x*kkrkdkdkkdkdhkdkkx
*
* delete_stree() sinply recurses throught the tree and del etes | eaf nodes.
* before deleting a node we free 'char *idval’ if need be.
*
*/
voi d del ete_stree(struct stree_node *node) ({

/* if we have dependants deal with themfirst */
i f(node->sibling) del ete_stree(node->sibling);
i f(node->child) delete_stree(node->child);

/* we should be able to nuke this node now that we' ve freed the

* dependants.
*

* first we clean up any info it may contain though
*/
i f(node->idval) free(node->idval);

free(node);

} /* delete_stree() */

function to generate the stack machi ne code ******x*xxkxx

gen_code() prints out the stack machi ne code to stdout that corrosponds
to the tree structure pointed to by the function’s only argunent.

this function is quite simmlar to print_stree(). all it does is |ooks
at the node passed to it to deternine what target code should be printed.

when code needs to be defined by a sub-tree the code is filled in by a
call to code_gen() with a pointer to the subtree as an argunent.

this nifty recusion works because the results of sub-trees are put on to
the stack and that code gets executed before we get back to the node that
made the recursive call. nore inportantly returnish |ike values get left
on the stack for the calling node to use after the sub-tree code is executed.

¥ %k 3k ¥k 3k X X 3k X Xk X X X

~

voi d gen_code(struct stree_node *node) {

/* node pointers used to keep track of nodes durring code generation */
struct stree_node *expr_node;
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struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

/*

stree_node
stree_node
st ree_node
st ree_node
stree_node
stree_node
stree_node
stree_node
st ree_node
st ree_node
stree_node

used to store variabl e | abe

* loops init.

*/

int false_l abel
i nt end_| abel
int start_| abel

Page 11 of

*true_node
*fal se_node;
*do_node
*until _expr;
*i d_node;
*val _node
*a_node
*a_term
*r_term
*a_factor;
*r _factor;

val ues durring generating of code with

/* don’t do much with NULL pointers */
i f(!node) {

}

fprintf(stderr,

return;

"Warni ng: NULL pointer in syntax tree.\n");

swi t ch(node->type) {

case( | F_NODE) :

/*

* % Xk ¥ F F X

Ckay here is the plan

- evaluate the expresion

- if false junp to false_stm code

- else fall through to true_stnt code

- after the true_stm code junp over the false_stnt code
to the end_| abe

- after the false_stnt code continue on to the end_| abe

node- >chi | d;
expr _node- >si bl i ng;
t rue_node- >si bl i ng;

expr _node
true_node
fal se_node =

fal se | abel = | abel counter++;
end_| abel = | abel counter++;

gen_code( expr _node) ;

printf("cJUMP L%\ n", false_|abel);

gen_code(true_node);

printf("JUWP L%\ n", end_| abel);

printf("L%l:\n", false_|label);
gen_code(fal se_node);

printf("L%:\n",
br eak;

end_| abel ) ;

case( VW LE_NODE) :

/*

EE

The plan is:

- mark the begining of the expr (start_|abel)
- evaluate the expr code

- if the expression is O junp to the end_I| abe
- else fall through to the do_stm code

- generate the do_stnt code

- junp back to the begining of expr (start_|abel)
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Page

(to evalate and test it again)
mark the end of the loop (end | abel) so we can
continue on when expr evaluates to zero

expr _node = node->chil d;
do_node = expr_node->si bling;

start | abel = I abel counter++;
end_I| abel = [ abel _counter++;

printf("L%:\n", start_|abel);
gen_code( expr _node) ;
printf("cJUMP L%\ n", end_I| abel);

gen_code(do_node) ;
printf("JUWP L%\ n", start_|abel);

printf("L%:\n", end_| abel);
br eak;

case( DO_NODE) :
The plan is:

/*

L B A R I

T B A T T R S B R N I A B

* %k kX Sk X X F T~

/

mark the begining of the |oop (start_|abel)
generate the | oop code (do_node)

eval uate the condition (until _expr)

if false junp to the end of do statenent
condition is not zero so junmp back to the

begi ngi ng (start_| abel)

mark the end of the do statnment (end_| abel) so we
can continue on when the condition is zero

VHOOPS THIS | S A DO-VWHI LE LOCP, WE WANT A DO-UNTIL LOOP !

do_node = node->chil d;
until _expr = do_node->sibling;

start | abel = |abel counter ++;
end_| abel = | abel counter++;

printf("L%:\n", start_|abel);
gen_code(do_node) ;

gen_code(until _expr);
printf("cJUMP L%\ n", end_ | abel);

printf("JUWP L%\ n", start_|abel);

printf("L%:\n", end_| abel);
br eak;

The real plan is:

mark the begining of the |oop (start_|abel)
generate the | oop code (do_node)

eval uate the expresion (until _expr)

if false junp to the top of the | oop

ot herwi se fall through and continue on

do_node = node->chil d;
until _expr = do_node->sibling;
start | abel = I abel counter++;

printf("L%:\n", start_|abel);

12 of
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gen_code(do_node) ;

gen_code(until _expr);
printf("cJUMP L%\ n", start_| abel);

br eak;

case( ASSI GN_NODE) :
/* Here we just:
* - evaluate the expresion
* - print code to load the variable (register) with
* t he expresion’s val ue.
*/
i d_node = node->child;
expr_node = id_node->sibling;

gen_code( expr _node) ;
printf("LOAD %\ n", id_node->idval);

br eak;

case( READ_NODE) :
/* This is an easy step, just print code to read into a
* variable (register).
*/
i d_node = node->child;
printf("READ %\ n", id_node->idval);
br eak;

case( PRI NT_NODE) :
/* generate the code to eval uate an expresion.
* the expresion' s value gets left on the stack so
* just print code to print and pop it.
*
*/
val _node = node->chil d;
gen_code(val _node);
printf("PRI NT\n");
br eak;

case( BEG N_NODE) :

/* W don't need to worry about begin nodes too nuch.
* They just refer to a stntlist node so generate the
* code for the statenment |ist.

*

*/
gen_code( node->chil d);
br eak;

case( STMILI ST_NODE) :
/* print the code for the current (ie. this) statenent
* then print the code for the next statment in the list.
*/
a_node = node->chil d;
whi | e(a_node) {
gen_code(a_node);
a_node = a_node->si bl i ng;
}

br eak;

case( ADD_NODE) :
/* The order is inportant here.
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generate the code for the right hand term |It’'s
eval uated value will end up on the stack.

generate the code for the left hand_ term It's

eval uated value will end up on _top_ of the right

hand term

print the code to performthe addition of the two
termns.

aterm
r_term

= node->chil d;

= a_term >sibling;
gen_code(r _term;
gen_code(a_term;

printf("0OP2 +\n");
br eak;

case( SUB_NODE) :
The order is inportant here.

/*

E I S B R R

generate the code for the right hand term It’'s
eval uated value will end up on the stack.

generate the code for the _left_hand_term It’'s
eval uated value will end up on _top_ of the right
hand term

print the code to performthe subtraction of the two
terms. The right hand termw |l be subtracted from
the left hand term

a_term = node->chil d;
r term= a_term>sibling;

gen_code(r _term;
gen_code(a_term;

printf("0OP2 -\n");
br eak;

case( MJL_NODE) :
The order is inportant here.

/*

* % Xk ¥ F F X F

generate the code for the _right_hand_ factor. It’s
eval uated value will end up on the stack.
generate the code for the left _hand_factor. It’'s

eval uated value will end up on _top_ of the right
hand factor.

print the code to performthe multiplication of the
two factors.

a _factor
r _factor

= node->chil d;

= a_factor->sibling;
gen_code(r_factor);
gen_code(a_factor);

printf("0OP2 *\n");
br eak;

case( DI V_NODE) :

/*

*

*

*

The order is inportant here.

generate the code for the right hand_factor. |It’'s
eval uated value will end up on the stack.
generate the code for the _left_hand_ factor. |It’'s

eval uated value will end up on _top_ of the right
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}
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* hand factor.
* - print the code to performthe division of the two
* factors. The right hand factor will be divided _into_
* the left hand term (ie. the left factor will be
* di vided by the right).
*
*/

a _factor = node->child;

r factor = a factor->sibling;

gen_code(r _factor);
gen_code(a_factor);

printf("OP2 /\n");
br eak;

case(| D_NODE) :
/* Here we print code to push the nane of the variable

* (register) on to the stack. This neans that it’'s
* value is used and nakes our code generation easier
* eg: print x; whi ch | ooks like: PRI NT

* |

* I D

* devel ops |ike:

* - gen_code( PRI NT_NODE) calls gen_code(l D _NODE)
* - gen_code(I D_NODE) prints "PUSH x\n"

* - gen_code( PRI NT_NODE) prints "PRINT\n"

*

*/

printf("rPUSH %\ n", node->idval);
br eak;

case( NUM_NODE) :

/* This is quite simmilar to case(l D _NODE) just |ooked at.
* W& just put the numeric value on the stack so it can be
* used as like any val ue.

*

*/
printf("cPUSH %\ n", node->nunval);
br eak;

def aul t:

/* 1 don’t think this this should cone up but what the hey.
* |t's better to get a nessage when it errors then to not.
*/

fprintf(stderr, "Uh-oh! Bad node type: %d\n",
node- >t ype);
br eak;

/* gen_code() */

15



