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Sanple Input File

all x P(x) or exists y (Qy) and Z(y))

all x(P(x,y)) or all z(exists y (Qy,z) and Z(y,a) or X))
all x(P(x,y)) and all x(exists y (Qy,x) and Z(x,a) or X))
all x P(x) or not (exists y (Qy) and Z(y)))

all x (P(x) and R(x)) or exists y (Qy) and Z(y))
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all x P(x,a) or exists y (Qy) and not Qx))
not P(x, a)
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all

*x*x%%0'th Parse
id(x)id(P)(id(x),id(a)) or exists id(y)(id(Q(id(y)) and not id(Q (id(x))) not

***xx1'th Parse
id(P)(id(x),id(a))
*xx*x% Parse Ck, Now Tree Check

*****x(0'th Tree Traversal - Normal Traversal
or

id(x) all

id(P) predicate (a)

i d(x)

id(a) fullstop

id(y) exists

and

id(Q predicate (y)
id(y) fullstop

not

id(Q predicate (x)
id(x) fullstop

khkkkkhkkkhkhkkkk*x

*xx*x%7'th Tree Traversal - Nornmal Traversal
not

id(P) predicate (a)

id(x)

id(a) fullstop

khkkkkhkkkhkhkkkk*x

**x*%0'th Tree Traversal - After Prenex
id(x) all

id(y) exists

or

id(P) predicate (a)

id(x)

id(a) fullstop

and

id(Q predicate (y)
id(y) fullstop

id(Q predicate (x) not
id(x) fullstop

kkkkkkkkkkkkkk*x

***x*x7'th Tree Traversal - After Prenex
id(P) predicate (a) not
i d(x)




id(a) fullstop

kkkkkkkkkkkkkk*x

*****%0'th Tree Traversal - After Conjuctive
id(x) all

id(y) exists

and

or

id(P) predicate (a)
i d(x)

id(a) fullstop
id(Q predicate (y)
id(y) fullstop

or

id(P) predicate (a)
i d(x)

id(a) fullstop
id(Q predicate (x) not
id(x) fullstop

kkkkkkkkkkkkkk*x

*****%71'th Tree Traversal - After Conjuctive
id(P) predicate (a) not
i d(x)

id(a) fullstop

kkkkkkkkkkhkkk*x

*xx*x%0'th Tree Traversal - After Skolem
and

or

id(P) predicate (a)

id(x)

id(a) fullstop

id(Q predicate (f)
id(f) function (x)
id(x) fullstop

or

id(P) predicate (a)

i d(x)

id(a) fullstop

id(Q predicate (x) not
id(x) fullstop

kkkkkhkkkhkhkkkk*

*xx*x%7'th Tree Traversal - After Skolem
id(P) predicate (a) not
i d(x)

id(a) fullstop

kkkkkkkkkkkkkk*x

***x*0'th Tree Traversal - After Mnimze
or

id(P) predicate (a)

i d(x)

id(a) fullstop
id(Q predicate (f)
id(f) function (x)
id(x) fullstop

khkkkkkkkhkhkkkkkx

*xx*x%7'th Tree Traversal - After Mnimze
id(P) predicate (a) not
i d(x)

id(a) fullstop

kkkkkkkkkkkkkk*x

***xx2'th Tree Traversal - After Mnimze
or

id(P) predicate (a)

id(x)

id(a) fullstop
id(Q predicate (x) not
id(x) fullstop

kkkkkkkkkkkkkk*x




*****Tree 3 After Resolution O with 1
id(Q predicate (f)

id(f) function (x)

id(x) fullstop

khkkkkkkkkkkkkk*x

*xx**Tree 4 After Resolution O with 2

or
id(P) predicate (a)
i d(x)

id(a) fullstop
id(P) predicate (a)
i d(x)

id(a) fullstop

kkkkkkkkkkkkkk*x

*****Tree 5 After Resolution 1 with 2
id(Q predicate (x) not
id(x) fullstop

kkkkkkkkkkkkkk*x

*****Tree 6 After Resolution O with 5
id(P) predicate (a)

i d(x)

id(a) fullstop

kkkkkhkkkhkkhkkk*x

*xx**Contradi ction Detected in 1 with 6

*****Rasol uti on Nok - Unsatisfiable

Sour ce Codes

/1 lexer.h

#defi ne VALID 0
#defi ne | NVALI D 1
#defi ne TREES 50
#def i ne NONE 0
#def i ne QUANTI FI ERS 1
#defi ne RENAME 2
#define _| MPLIES 3
#define _NOT 4
#def i ne REMOVENOT 5
#defi ne REPLACECONST 6
#defi ne REPLACEFUNC 7
#def i ne FI NDOR 8
#def i ne TREECOPY 9
#defi ne PREDI CATES 10
#defi ne FREE 11
#def i ne NOTH NG 99
#define I D 100
#define ALL 101
#defi ne EXI STS 102
#define OR 103
#defi ne AND 104
#define NOT 105
#define | MPLI ES 106
#defi ne LEFTP 107
#defi ne Rl GHTP 108
#defi ne COMVA 109
#defi ne PREDI CATE 110
#def i ne FUNCTI ON 111
#defi ne CONSTANT 112
#defi ne EOFFI LE 999

typedef int token
enumdirection { left, right, both };
typedef struct node



token tkn;
token qual ;
bool full stop;
bool not;
node *left;
node *right;
node *parent;
node *end;
char id[32];
} nystruct;
typedef struct substitution
{
bool dummy;
node *st abl e;
node *vari abl e;
substitution *next;
} nysubstitution;
int clause(node **nd);
node *createnode(token tkn, char *id);
int parse(char *fil ename, node **nd);
t oken | exer(void);
voi d | exer_start(char *fil enane);
voi d | exer_end(voi d);

Il lexer.c

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <ctype. h>

#i ncl ude <string. h>

#i ncl ude <mat h. h>

#i ncl ude "l exer.h"
/************************************************************************************/
FILE *rawfil e;

int line;

doubl e fl oat _val ue;

I ong int_val ue;

char id[32];

char coll ected[ 32];
/************************************************************************************I
t oken what _col | ected(char* coll ect ed)

{
char tenp[32];

strcpy(tenp, coll ected);

for (unsigned int i=0; i<strlen(collected); i++) collected[i] = toupper(collected[i]);
if (strcrmp(collected,"ALL")==0) { printf(" all "); return(ALL); }

if (strcrmp(collected,"EXISTS')==0) { printf(" exists ");return(EXI STS); }

if (strcnp(collected,"OR")==0) { printf(" or "); return(OR; }

if (strcnp(collected,"AND')==0) { printf(" and "); return(AND); }

if (strcnp(collected,"NOT")==0) { printf(" not "); return(NOT); }

if (strcnmp(collected,"I MPLIES")==0) { printf(" inplies "); return(l MPLIES); }
if (strcrmp(collected,”(")==0) { printf("("); return(LEFTP); }

if (strcnp(collected,”)")==0) { printf(")"); return(R GHTP); }

if (strcnp(collected,”,")==0) { printf(","); return(COMA); }
strcpy(id,temp);

printf("id(%)",id);

return(1D);

/************************************************************************************/
void fail (int Iine, char* nessage)
{

printf("\n% : %\ n", nessage, line);

fclose(rawfile);

exit(0);

/************************************************************************************/

i nt isplusal pha(char ch)

if (isalpha(ch) || (ch=="-") || (ch=="_")) return(1);
return(0);
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token _I exer(void)

{



char ch;

int state = 0;
char chstr[2];
token result;

strcpy(col lected,"");
whil e(1)
{
ch = getc(rawfile)
chstr[0] = ch
chstr[1] ="\0
if (feof (rawfile)) return(EOFFILE)
switch(state)

case O
if (ch=="-")
{ strcat(collected, chstr); state = 5; break; }
el se { ungetc(ch,rawfile); state = 1; break; }
case 1
i f (isplusalpha(ch))
{ strcat(collected, chstr); state = 2; break; }
el se { ungetc(ch,rawfile); state = 3; break; }

case 2
i f (isplusalpha(ch))
{ strcat(collected, chstr); break; }
el se { ungetc(ch,rawfile); result=what_collected(collected); return(result);

case 3
if ((ch=="") || (ch ="\t") || (ch =="\n"))
{ if (ch=="\n") line++, state = 0; break; }
el se { ungetc(ch,rawfile); state = 4; break; }
case 4
if (ch=="#")

{ line++; while(!(getc(rawfile)=="\n")); state = 0; break; }
el se { ungetc(ch,rawfile); state = 5; break; }
case 5
if ((ch=="(") || (ch==")") [| (ch==","))
{ strcat(collected, chstr); result=what_col |l ected(collected); return(result);
else fail(line,"Invalid Character");
default : fail(line,"Invalid Character")

}
}

/************************************************************************************/

voi d | exer_start(char *fil enane)

if ((rawfil e=fopen(filenane, "rt")) == NULL) fail (O,strcat("File Mssing ",filenane));
line = 0;
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voi d | exer_end(voi d)

fclose(rawfile);
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t oken | exer (voi d)

token result = _lexer();
return(result)

/************************************************************************************/

Il parser.c

#i ncl ude <stdio. h>

#i ncl ude <coni o. h>

#i ncl ude <stdlib. h>

#i ncl ude <string. h>

#i ncl ude <mal | oc. h>

#i ncl ude <ctype. h>

#i ncl ude "Lexer.h"
/************************************************************************************/
extern char id[32];

token tkn
/************************************************************************************/
int id_list(node **nd, node **end)

{

b

}



node *tenp;

if (tkn '=1D) return(lNVALID);

tenp = createnode(tkn,id);

if (*end !'= NULL)

{
(*end)->left = tenp;
(*end)->right = NULL;
tenp- >parent = *end;

el se *nd = tenp;

*end = tenp;

tkn = lexer();

if (tkn == COMVA) { tkn = lexer(); return(id_list(nd,end)); }
(*end)->full stop = true;

return(VALID);

/************************************************************************************/
int qualifier_list(node **nd, node **end)

{
node *tenp;

swi tch(tkn)

case ALL
case EXI STS
tenp = createnode(tkn, NULL);
tenmp->qual = tkn;
if (*end != NULL)
{
(*end)->left = tenp;
(*end)->right = NULL;
tenp- >parent = *end;

el se *nd = tenp;
*end = tenp;
tkn = lexer();
br eak;
def aul t :
return(VALID);

}
if (tkn '=1D) return(lNVALID);
el se
{
temp->tkn = tkn;
strcpy(tenp->id,id);
tkn = lexer();
if (qualifier_list(nd,end)) return(lINVALID);

}
return(VALID);

/************************************************************************************/

int term node **nd)

{
node *qual nd = NULL;
node *qual end = NULL;
node *idnd = NULL;
node *idend = NULL;
node *notnd = NULL;
node *predi catend = NULL;

if (tkn == LEFTP)

{
tkn = lexer();
if (clause(nd)) return(INVALID);
if (tkn == RIGHTP) { tkn = lexer(); return(VALID); }
return(l NVALI D) ;

—_

if (qualifier_list(&qual nd, &jual end)) return(lNVALID);
if (tkn == LEFTP)

~

kn = Il exer();
f (clause(nd)) return(lNVALID);
f (tkn == RI GHTP)

if (qualnd !'= NULL)
{



qual end- >l eft = *nd;
qual end->ri ght = NULL;
(*nd) - >parent = qual end;
*nd = qual nd;

tkn = lexer();
return(VALID);

}
return(l NVALI D) ;

}

if (tkn == 1D)

{
predi catend = createnode(tkn,id);
if (isupper(id[0])) predicatend->qual = PRED CATE;
el se predi catend->qual = FUNCTI ON;

tkn = lexer();
if (tkn == LEFTP)
{
tkn = lexer();
if (id_list(& dnd, & dend)) return(lNVALID);
predi catend->l eft = idnd;
pr edi cat end- >end = i dend;

if (idnd == NULL) predicatend->fullstop = true;
el se idnd->parent = predicatend,
if (tkn == RI GHTP)
{
tkn = lexer();
if (qualnd !'= NULL)

qual end->l eft = predi catend;
qual end->ri ght = NULL;

pr edi cat end- >parent = qual end;
*nd = qual nd;

el se *nd = predicatend;
return(VALID);

}
return(l NVALI D) ;

}
el se
{
i f (predicatend->qual == FUNCTI ON) predicatend->qual = CONSTANT;
if (qualnd != NULL)
{
qual end->l eft = predicatend;
qual end->ri ght = NULL;
pr edi cat end- >parent = qual end;
*nd = qual nd;
el se *nd = predicatend;
return(VALID);
}
}
if (tkn == NOT)
{
notnd = createnode(tkn, NULL);
tkn = lexer();
if (clause(nd)) return(lNVALID);
el se
{

not nd->l eft = *nd;
not nd->ri ght = NULL;
(*nd)->parent = notnd;
*nd = notnd;
return(VALID);

}

}
return(l NVALI D) ;

/************************************************************************************/
int tinyclause(node **nd)

node *tenp = NULL;

swi tch(tkn)

case OR



case AND

case | MPLI ES:
tenp = createnode(tkn, NULL);
temp->left = *nd,;
(*nd) ->parent = tenp;

*nd = tenp;

tkn = lexer();

br eak;
def aul t : return(VALID);
}
tenp = NULL;

if (clause(& enp)) return(lNVALID);
(*nd)->right = tenp;

t enp- >parent = *nd;

return(VALID);
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int clause(node **nd)

{

if (tkn == LEFTP)
{
tkn = lexer();
if (clause(nd)) return(lINVALID);
if (tkn == RIGHTP) { tkn = lexer(); return(VALID); }
return(l NVALI D) ;

}

if (term(nd)) return(lNVALID);

if (tinyclause(nd)) return(lNVALID);
return(VALID);

/************************************************************************************/

int parse_mai n(char *fil ename, node *nd[ TREES])

{ o
int i =0;
node *ndnai n;
do
{

ndmai n = NULL;
if (i ==0) tkn = lexer();
if (tkn == EOFFILE) return(VALID);
printf("\n\n*****og' th Parse\n");
if (clause(&dnain)) { nd[i++] = ndmain; return(INVALID); }
nd[i ++] = ndmai n;

} while (ndmain !'= NULL);

return(VALID);
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int parse(char *fil ename, node *nd[ TREES])
int ret;

| exer_start(fil enane);

ret = parse_nain(fil enane, nd);
| exer _end();

return(ret);
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node *createnode(token tkn, char *nyid)

{
node *tenp = (node *)mall oc(sizeof (node));
tenp->tkn = tkn;
tenp->qual = NOTHI NG
tenp->full stop = fal se;
tenp->not = fal se;
tenp->left = tenp->right = tenp->parent = tenp->end = NULL;
if (nyid == NULL) strcpy(tenmp->id," ");
el se strcpy(tenmp->id, nyid);
return(tenp);

}

/1l main.c

#i ncl ude <stdio. h>
#i ncl ude <string. h>



#i ncl ude
#i ncl ude

#i ncl ude <ti

#i ncl ude

<mal | oc. h>
<coni 0. h>

me. h>

"l exer. h"
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int currrencnt = O;

/************************************************************************************/

voi d print_node(node *mynode)

t oke

if(
{

(
(
(
(

n returned = nynode->tkn
| D==r et ur ned)

printf("id(%) ", nmynode->id)
if (nmynode->fullstop) printf("fullstop ")
swi t ch( nynode- >qual )

case ALL oprintf("all "); break;
case EXI STS oprintf("exists "); break
case CONSTANT : printf("constant "); break

case PREDI CATE :

if (nynode->end != NULL) printf("predicate (%) ", nynode->end->id);

else printf("predicate ");
br eak;
case FUNCTI ON

i f (nyndde->end I'= NULL) printf("function (%) ", mynode->end->id);

else printf("function ");
br eak;

}

OR==returned) printf("or ");

AND==r eturned) printf("and ");

(NOT==returned) || nynode->not) printf("not ");
| MPLI ES==returned) printf("inplies ");

/************************************************************************************/

node *traverse_tree(node *nd, bool print, node *op[ TREES], int whichop
int *opno, char *variable, char constant)

{

node

if (
if (
SWi t
{

case
case
case
case
case
case

case

case

case

case

*tenmpnd = NULL, *left = NULL, *right = NULL

br eak;

nd == NULL) return(NULL);
print) { print_node(nd); printf("\n"); }
ch(whi chop)
QUANTI FI ERS: if ((nd->qual ==EXI STS)|| (nd->qual ==ALL)) {op[*opno] =nd; (*opno) ++; } break
PREDI CATES : if (nd->qual == PREDI CATE) { op[*opno] = nd; (*opno)++; }
_IMPLIES : if (nd->tkn == IMPLIES) { op[*opno] = nd; (*opno)++; } break
_Nor :if (nd->tkn == NOT) { op[*opno] = nd; (*opno)++; } break
FI NDOR cif (nd->tkn == OR) { op[*opno] = nd; (*opno)++; } break;
REMOVENOT :
if (nd->qual == PREDI CATE) nd->not = !(nd->not); else
if (nd->qual == EXI STS) nd->qual = ALL; else
if (nd->qual == ALL) nd->qual = EXI STS; else
if (nd->tkn == OR) nd->tkn = AND; el se
if (nd->tkn == AND) nd->tkn = OR
br eak;
RENAVE :
if ((strcnp(variable,nd->id) == 0) & (nd->qual == NOTH NG))
for(int i=0;i<currrencnt;i++) strcat(nd->id,"_");
br eak;
REPLACECONST
if ((strcnp(variable,nd->id) == 0) & (nd->qual == NOTH NG))
{ nd->d[0] = constant; nd->id[1] = 0; }
br eak;
REPLACEFUNC :
if ((strcnp(variable,nd->id) == 0) & (nd->qual == NOTH NG))
{ op[*opno] = nd; (*opno)++; }
br eak;
TREECOPY :
tenmpnd = creat enode(nd- >t kn, nd- >i d)
t enpnd- >qual = nd->qual
tenmpnd->full stop = nd->full stop
t empnd- >not = nd- >not ;
t empnd- >end = nd- >end;
br eak;



if (nd->left !'= NULL) left = traverse_tree(nd->left,print, op, whi chop, opno, vari abl e, constant);
if (nd->right !'= NULL) right = traverse_tree(nd->right, print, op,whi chop, opno, vari abl e, constant);
i f (whichop == FREE) free(nd);
if (tenpnd !'= NULL)
{
tenpnd->left = left;
tenpnd->right = right;
if (left I'= NULL) left->parent = tenpnd,
if (right !'= NULL) right->parent = tenpnd;

}
return(tenpnd);
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node *prequal (node *prend, node *op)

if (op->parent != NULL)
if (op->parent->left == op) op->parent->left = op->left;
el se op->parent->right = op->left;

op- >l eft->parent = op->parent;

op->parent = prend->parent;

if (prend->parent != NULL)
if (prend->parent->left == prend) prend->parent->left = op;
el se prend->parent->right = op;

prend->parent = op;

op->left = prend;

return(op);
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node *prenex(node *nd)

{
node *ops[ TREES], *tenpnd, *tenpl, *tenp2, *tnd;
bool opsbool [ TREES];
char vari abl e[ TREES] ;
int tno;
/'l renove | MPLI ES
int opno = O;
traverse_tree(nd,fal se, ops, _| MPLI ES, &pno, NULL, NULL) ;
for(int i=0;i<opno;i++)
{
ops[i]->tkn = OR
tnd = createnode( NOT, NULL) ;
tnd->left = ops[i]->left;
ops[i]->left->parent = tnd;
tnd- >parent = ops[i];
ops[i]->left = tnd,
}
/linterpret NOTs
opno = O;
traverse_tree(nd, fal se, ops, _NOT, &pno, NULL, NULL);
for(i=opno-1;i>=0;i--)
traverse_tree(ops[i], fal se, NULL, REMOVENOT, NULL, NULL, NULL) ;
if (ops[i]->parent != NULL)
if (ops[i]->parent->left == ops[i]) ops[i]->parent->left = ops[i]->left;
el se ops[i]->parent->right = ops[i]->left;
el se nd = ops[i]->left;
ops[i]->left->parent = ops[i]->parent;
free(ops[i]);
}
//do the renam ng and such
nyl abel :

opno = O;
traverse_tree(nd, fal se, ops, QUANTI FI ERS, &opno, NULL, NULL) ;
for(i=0;i<opno;i++) opshbool[i] = false;
for(i=0;i<opno;i++)
for(int j=i+1;j<opno;j++)
if (strcnp(ops[i]->id,ops[j]->id) == 0)
{

templ = ops[i];
while (tenmpl !'= NULL)
if (tenpl == ops[j]) break;
el se tenpl = tenpl->parent;
if (templ == NULL)

tenp2 = ops[j];
while (tenmp2 !'= NULL)



NULL)))

(tenmp2 == NULL)))

EXI STS)) ||

ALL)))

ops[j]) ops[j]->parent->left =

ops[j]->left;

}
if ((tenpl !'= NULL) ||
{

el se

}

if (temp2 == ops[i]) break;
el se tenp2 = tenp2->parent;

(tenp2 !'= NULL))

if (ops[i]->qual != ops[j]->qual) return(NULL);
if (tenpl == NULL) { tnd = ops[i]; tno =i; }
else if (temp2 == NULL) { tnd = ops[j];
el se return(false);
if (tnd->parent != NULL)
if (tnd->parent->left == tnd) tnd->parent->left = tnd->left;
el se tnd->parent->right = tnd->left;
tnd- >l eft->parent = tnd->parent;
opsbhool [tno] = true;

tno =j; }

if (ops[i]->qual == ops[j]->qual)
{

templ = ops[i];

while (!((tenpl->tkn == OR) || (templ->tkn == AND) || (tenpl ==
tenpl = tenpl->parent;

if (tenmpl !'= NULL)

ops[j]->left;

{
tenp2 = ops[j];
while (!'((tenmp2->tkn == OR) || (tenp2->tkn == AND) ||
tenp2 = tenp2->parent;
if ((temp2 !'= NULL) && (templ == tenp2))
if (((templ->tkn == OR) && (ops[j]->qual ==
((tenpl->tkn == AND) && (ops[j]->qual ==
{
if (ops[j]->parent != NULL)
if (ops[j]->parent->left ==
el se ops[j]->parent->right =
ops[j]->left->parent = ops[j]->parent;
free(ops[j]);
goto nyl abel ;
}
}

}

strcpy(variabl e, ops[j]->id);

currrencnt ++;

traverse_tree(ops[j], fal se, NULL, RENAVE, NULL, vari abl e, NULL) ;

for(i=0;i<opno;i++) if(opsbool[i]) free(ops[i]);

/1 carry qualifiers to prenex

tenpnd = nd;
bool flg = false;
for(i=0;i<opno;i++)

if (ops[i] == tenpnd) { flg = true; tenpnd = tenpnd->left; }

else if (!flg) nd
el se prequal (tenpnd,

flg = true;

return(nd);

prequal (tenmpnd, ops[i]);
ops[i]);

/************************************************************************************/

node *skol en(node *nd)

{
node *tenpnd = nd;
node *freend, *startnd
int constcnt = 0;
int funccnt = O;
int idno = 0;
char ids[ TREES][32];
char tenp[32];
node *ops[ TREES] ;
int opno = O;



while ((tenmpnd->qual == EXISTS) || (tenpnd->qual == ALL))
{

swi t ch(tenpnd->qual )

case EXISTS :

if (idno == 0)
{

traverse_tree(nd, fal se, NULL, REPLACECONST, NULL, t empnd->i d, ' @' +constcnt);

const cnt ++;
el se

traverse_tree(nd, fal se, ops, REPLACEFUNC, &opno, t enpnd- >i d, NULL) ;
for(int j=0;j<opno;j++)
{

tenp[ 0] "f' +funcent;

tenp[1] = O;

freend = startnd = createnode(lD, tenp);

freend->qual = FUNCTI ON;

for(int i=0;i<idno;i++)

{

freend->left = createnode(ID,ids[i]);
freend->l eft->parent = freend;
freend = freend->l eft;
if (i == idno-1)
{
freend->fullstop = true;
startnd->end = freend;

}

freend->left = ops[j]->left;
if (ops[j]->left !'= NULL) ops[j]->left->parent = freend;
/1 equalize(ops[j],startnd);
//*************************
ops[j]->tkn = startnd->tkn;
ops[j]->qual = startnd->qual;
ops[j]->fullstop = startnd->full stop;
ops[j]->not = startnd->not;
ops[j]->left = startnd->left;
ops[j]->right = startnd->right;
ops[j]->end = startnd->end;
strcpy(ops[j]->id,startnd->id);
//*************************
startnd->left->parent = ops[j];
free(startnd);
}
funcent ++;
}
br eak;
case ALL :
strcpy(ids[idno],tenpnd->id);
i dno++;
br eak;

}

t empnd- >l ef t - >parent = NULL;
freend = tenpnd;

tenmpnd = tenpnd- >l eft;

nd = tenpnd;

free(freend);

return(nd);
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node *findornode(node *nd)

{

node *ops[ TREES] ;
int opno = O;

traverse_tree(nd,fal se, ops, FI NDOR, &pno, NULL, NULL) ;
for(int j=0;]j<opno;j++)

if ((ops[j]->left->tkn == AND) || (ops[j]->right->tkn == AND)) return(ops[j]);
return( NULL) ;
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node *createandortree(void)

{

node *tenp = createnode( AND, NULL) ;



tenp->l eft = createnode( AND, NULL) ;

tenp->right = createnode( AND, NULL);

tenp->l eft->parent = tenp->right->parent = tenp;

tenp->left->left = createnode( OR, NULL);

tenp->left->right = createnode( OR NULL);

tenp->left->left->parent = tenp->left->right->parent = tenp->left;
tenp->right->left = createnode(OR NULL);

tenp->right->right = createnode(OR NULL);

tenmp->right->left->parent = tenp->right->right->parent = tenp->right;
return(tenp);
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node *copy(node *tocopy, direction dir)
node *top;

if (tocopy == NULL) return(NULL);

top = createnode(tocopy->tkn,tocopy->id);
top->qual = tocopy->qual;

top->fullstop = tocopy->fullstop;
top->not = tocopy->not;

t op->end = tocopy->end;

switch(dir)

case left :
top->left = traverse_tree(tocopy->left, fal se, NULL, TREECOPY, NULL, NULL, NULL) ;
if (top->left !'= NULL) top->left->parent = top;
br eak;

case right :

top->right = traverse_tree(tocopy->right, fal se, NULL, TREECOPY, NULL, NULL, NULL) ;
if (top->right !'= NULL) top->right->parent = top;
br eak;

case both :
top->left = traverse_tree(tocopy->left, fal se, NULL, TREECOPY, NULL, NULL, NULL) ;
top->right = traverse_tree(tocopy->right, fal se, NULL, TREECOPY, NULL, NULL, NULL) ;

if (top->left !'= NULL) top->left->parent = top;
if (top->right !'= NULL) top->right->parent = top;
br eak;

return(top);

/************************************************************************************/

voi d conj uct (node *nd)
node *tenp, *newtree, *andortree;

if ((nd->left->tkn == AND) && (nd->right->tkn == AND))

{
andortree = createandortree();
andortree->parent = nd->parent;
if (nd->parent != NULL)

if (nd->parent->left == nd) nd->parent->left = andortree;
el se nd->parent->right = andortree;

andortree->left->left->left = nd->left->left;
andortree->l eft->l eft->l eft->parent = andortree->left->left;
andortree->left->l eft->right = nd->right->left;
andortree->left->left->right->parent = andortree->left->left;
andortree->left->right->left = copy(nd->left->left, both);
andortree->l eft->right->left->parent = andortree->left->right;
andortree->l eft->right->right = nd->right->right;
andortree->left->right->right->parent = andortree->left->right;
andortree->right->left->left = nd->left->right;
andortree->right->left->left->parent = andortree->right->left;
andortree->right->left->right = copy(nd->right->left, both);
andortree->right->left->right->parent = andortree->right->left;
andortree->right->right->left = copy(nd->left->right, both);
andortree->right->right->left->parent = andortree->right->right;
andortree->right->right->right = copy(nd->right->right, both);
andortree->right->right->right->parent = andortree->right->right;
free(nd->left);
free(nd->right);
free(nd);

}
else if (nd->left->tkn == AND)

newtree = copy(nd,right);



tenp = nd->left;
if (nd->parent != NULL)
if (nd->parent->left == nd) nd->parent->left = tenp;
el se nd->parent->right = tenp;
t enp- >parent = nd->parent;
nd->left = tenp->left;
tenp->l eft->parent = nd;
temp->left = nd;
nd- >parent = tenp;
newtree->left = tenp->right;
tenp->right->parent = newtree;
temp->right = newtree;
newt r ee- >parent = tenp;

}
else if (nd->right->tkn == AND)

newtree = copy(nd,|left);
tenp = nd->right;
if (nd->parent != NULL)
if (nd->parent->left == nd) nd->parent->left = tenp;
el se nd->parent->right = tenp;
tenmp- >parent = nd->parent;
nd->ri ght = tenp->right;
tenp->right->parent = nd;
tenmp->right = nd;
nd- >parent = tenp;
newtree->right = tenp->left;
temp->l eft->parent = newtree;
temp->left = newtree;
newt r ee- >parent = tenp;

}
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node *conj uctive(node *nd)

{

node *newnode;

newnode = findornode(nd);
whil e (newnode != NULL) { conjuct(newnode); newnode = findornode(nd); }
return(nd);
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bool m nim ze(node *nd[ TREES],int *treec)

for(int i=0;i<(*treec);i++)
if (nd[i]->tkn == AND)
{

node *tenp = nd[i];

nd[ (*treec)] = tenp->right;

nd[i] = tenmp->left;

free(tenp);

nd[i]->parent = nd[(*treec)]->parent = NULL;
(*treec) ++;

return(true);

return(false);
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node *uni fyandresol ve(node *first, node *second, node *rf, node *rs, substitution *unifier)
{

node *opfirst[ TREES], *opsecond[ TREES], *t enpnd, *t enp;

i nt opnofirst, opnosecond,i;

substitution *tenpsub;

if (!first || !second || !rf || !'rs || 'unifier) return(NULL);
tenpsub = unifier;

while((tenmpsub != NULL) && !tenpsub->dumy)

{

opnofirst = opnosecond = 0;
traverse_tree(first, fal se, opfirst, REPLACEFUNC, &opnofirst, t enpsub->vari abl e->i d, NULL) ;
traverse_tree(second, fal se, opsecond, REPLACEFUNC, &pnosecond, t enpsub- >vari abl e->i d, NULL) ;
swi t ch(tenpsub- >st abl e- >qual )
{
case CONSTANT
case NOTH NG
for(i=0;i<opnofirst;i++) strcpy(opfirst[i]->id,tenpsub->stable->id);
for(i=0;i<opnosecond;i++) strcpy(opsecond[i]->id,tenpsub->stable->id);



br eak;
case PREDI CATE :
case FUNCTION :
i f (tenpsub->stabl e->end == NULL)

tenpnd = tenpsub->stable->left;
tenpsub->stabl e->l eft = NULL;

}

el se

{
tenpnd = tenpsub->stabl e->end->left;
t enpsub- >st abl e- >end- >l eft = NULL;

}

node *newstable = traverse_tree(tenpsub->stabl e, fal se, NULL, TREECOPY, NULL, NULL, NULL) ;
i f (tenpsub->stable->end == NULL) tenpsub->stable->left = tenpnd,
el se tenpsub->stabl e->end->left = tenpnd;
i f (tenpsub->variabl e->parent != NULL)

if (tenpsub->variabl e->parent->left == tenpsub->vari abl e)

t enpsub- >vari abl e- >parent- >l eft = newst abl e;

el se tenpsub->vari abl e->parent - >ri ght = newst abl e;

newst abl e- >parent = tenpsub->vari abl e->parent;

if (newstable->eft == NULL) newstable->left = tenpsub->variable->left;
el se newst abl e->end- >l eft = tenpsub->variabl e->l eft;
br eak;

}
tenpsub = tenpsub->next;

while(unifier !'= NULL) { tenpsub = unifier->next; free(unifier); unifier = tenpsub; }
if ((rf->parent == NULL) && (rs->parent == NULL)) return(NULL); // both NULL
if (rf->parent != NULL)

if (rs->parent != NULL) // both not NULL

{

if (rf->parent->left == rf)

if (rs->parent->left ==rs) rs->parent->left = rf->parent->right;
el se rs->parent->right = rf->parent->right;
rf->parent->right->parent = rs->parent;

el se

if (rs->parent->left ==rs) rs->parent->left = rf->parent->left;
el se rs->parent->right = rf->parent->left;
rf->parent->l eft->parent = rs->parent;

/1 equalize(rf->parent, second)
//******************************
rf->parent->tkn = second->tkn;
rf->parent->qual = second->qual;
rf->parent->fullstop = second->full stop;
rf->parent->not = second->not;
rf->parent->left = second->left;
rf->parent->right = second->right;
rf->parent->end = second->end;
strcpy(rf->parent->id, second->id);
//******************************
second- >| eft- >parent = second->ri ght->parent = rf->parent;
free(second);

el se // rs->parent NULL rf->parent not NULL

if (rf->parent->left ==rf) tenp = rf->parent->right;
else tenmp = rf->parent->left;

/1 equalize(rf->parent,tenp)
//******************************
rf->parent->tkn = tenp->tkn;
rf->parent->qual = tenp->qual;
rf->parent->fullstop = tenp->fullstop;
rf->parent->not = tenp->not;
rf->parent->left = temp->left;
rf->parent->right = tenp->right;
rf->parent->end = tenp->end;
strcpy(rf->parent->id,tenp->id);

//******************************

free(tenp);

}
else // rf->parent NULL rs->parent not NULL
{



if (rs->parent->left ==
el se tenp = rs->parent->left;
/1 equalize(rf->parent,tenp)

rs) tenp = rs->parent->right;

[ ] Rx KKK KK KKk ok ok Rk k ok ok kR Kk kkkk ok kk

rs->parent->tkn = tenp->tkn
rs->parent->qual = tenp->qual

rs->parent->fullstop = tenp->fullstop

rs->parent->not = tenp->not;
rs->parent->left = tenp->left
rs->parent->right = tenp->right
rs->parent->end = tenp->end

strcpy(rs->parent->id,tenp->id)

[ ] Rx KKK KK K Kk ok kR kkok ok kR Kk kkk kR kk

free(tenp)

first = second
}
while (rf !'= NULL) { temp = rf; rf = rf->left;
while (rs !'= NULL) { tenmp =rs; rs = rs->left;

return(first);

free(tenp); }
free(temp); }
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substitution *findunifier(node *first,

{

node *second

substitution *tenp;

if ((first == NULL) && (second != NULL))
if ((first !'= NULL) && (second == NULL))
if ((first == NULL) && (second == NULL))
if (stremp(first->id, second->id) == 0)
el se

{

if ((first->tkn == ID) && (second->tkn

return( NULL) ;
return( NULL) ;
return(ol d);
return(findunifier(first->left,second->left,old));

== D))

substitution *ol d)

tenp = (substitution *)malloc(sizeof (substitution));

tenp->dumy = fal se

t enp- >next = ol d;

if (first->qual ==NOTH NG

{
tenp->variable = first;
t enp- >st abl e = second
swi t ch(second->qual )
{
case
case
case
case

CONSTANT
NOTHI NG
PREDI CATE :
FUNCTI ON

i f (secdnd->end ==

NULL)

return(findunifier(first->left,second->left,tenp))

return(findunifier(first->left, NULL,tenp));

return(findunifier(first->left,second->end->left,tenp));

}

}

i f (second->qual ==NOTH NG

{
tenp->stable = first;
tenmp->vari abl e = second
switch(first->qual)
{
case
case
case
case

CONSTANT
NOTHI NG
PREDI CATE :
FUNCTI ON  :

if (first->end ==

NULL)

return(findunifier(first->left,second->left,tenp))

return(findunifier(NULL, second->left,tenmp));

return(findunifier(first->end->left,second->left,tenp));

}

}
return( NULL);

/************************************************************************************/

node **ss)

bool

{

i sresol vent (node *first, node *second, node **fs
int opnofirst = 0, opnosecond = 0
node *opsfirst[ TREES], *opssecond[ TREES]

traverse_tree(first, fal se, opsfirst, PREDI CATES, &opnofirst, NULL, NULL);
traverse_tree(second, f al se, opssecond, PREDI CATES, &pnosecond, NULL, NULL) ;

for(int i=0;i<opnofirst;i++)



for(int j=0;j<opnosecond;j ++)
if ((strcnp(opsfirst[i]->id,opssecond[j]->id) == 0) &&
(opsfirst[i]->not ~ opssecond[j]->not))
{ *fs = opsfirst[i]; *ss = opssecond[j]; return(true); }
return(fal se);

/************************************************************************************/
bool sanetree(node *first, node *second)
{
if ((first == NULL) && (second == NULL)) return(true);
if ((first == NULL) || (second == NULL)) return(false);
if ((first->tkn !'= second->tkn) || (first->fullstop != second->fullstop) ||
(first->qual != second->qual) || (first->not != second->not) ||
(stremp(first->id, second->id)))
return(false);
if (!sametree(first->left,second->left)) return(false);
if (!sametree(first->right,second->right)) return(false);
return(true);
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bool inarray(node *nd[ TREES], node *resolvent, int treec)

for(int i=0;i<treec;i++) if (sanmetree(nd[i],resolvent)) return(true);
return(fal se);

/************************************************************************************/

void printalltrees(node *nd[ TREES], char *Message)

for(int i=0;i<TREES;i ++)

{
if (nd[i] == NULL) break;
printf("\n*****0@'th Tree Traversal - %\n",i, Message);
traverse_tree(nd[i],true, NULL, NONE, NULL, NULL, NULL) ;
printf("***************\n");

}
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bool resol ve(node *nd[ TREES], int *treec)

{ N
int i,j;
substitution *unifier;
node *resolvent, *ri, *rj;
start:

for(i=0;i<(*treec);i++)
for(j=i+l;j<(*treec);j++)

node *first = copy(nd[i], both);
node *second = copy(nd[j], both);
if (isresolvent(first,second, &i,&j))

{
substitution *tenp = (substitution *)mall oc(sizeof (substitution));
tenp->dummy = true;
t enp- >next = NULL;
unifier = findunifier(ri,rj,tenp);
if (unifier !'= NULL)
{
resol vent = unifyandresol ve(first,second,ri,rj,unifier);
if ((resolvent !'= NULL) && (!inarray(nd,resolvent,*treec)))
nd[ *treec] = resolvent;
printf("\n*****Tree %l After Resolution % with
%\ n", *treec,i,j);
traverse_tree(nd[*treec], true, NULL, NONE, NULL, NULL, NULL) ;
printf("***************\n");
(*treec) ++;
goto start;
else if (resolvent == NULL)
{
printf("\n*****Contradi ction Detected in % with %\n",i,j);
return(false); //contradiction
}
el se return(fal se);
}

el se



traverse_tree(first, fal se, NULL, FREE, NULL, NULL, NULL) ;
traverse_tree(second, fal se, NULL, FREE, NULL, NULL, NULL) ;

return(true);
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voi d mai n(voi d)

{
node *nd[ TREES];
char tnpbuf[128];
for(int i=0;i<TREES;i++) nd[i] = O;
LA L A (N 1 e \n");
_strtime(tnpbuf); printf("CS Tine: %\n", tnpbuf);
_strdate(tnpbuf); printf("OsS Date: %\n\n", tnpbuf);
LT e T
if (parse("Sanple.Txt",nd)) { printf("\n***** pParse Error\n\n"); return; }
else printf("\n***** pParse Ok, Now Tree Check\n");
printalltrees(nd,"Normal Traversal");
e e e R E LT T
for(i=0;i<TREES; i ++)
{
if (nd[i] == NULL) break; else nd[i] = prenex(nd[i]);
if (nd[i] == NULL) { printf("\n*****Problemin Prenex\n"); return; }
printalltrees(nd,"After Prenex");
e e T
for(i=0;i<TREES; i ++)
{
if (nd[i] == NULL) break; else nd[i] = conjuctive(nd[i]);
if (nd[i] == NULL) { printf("\n*****Problemin Conjuctive\n"); return; }
printalltrees(nd,"After Conjuctive");
LT T TR
for(i=0;i<TREES; i ++)
if (nd[i] == NULL) break; else nd[i] = skolen(nd[i]);
if (nd[i] == NULL) { printf("\n*****Problemin Skolemn"); return; }
}
printalltrees(nd,"After Skolent);
e e e R T T
for(int treec=0;treec<TREES;treec++) if (nd[treec] == NULL) break;
while (minimze(nd, &reec));
printalltrees(nd,"After Mninze");
e e R T
for(treec=0;treec<TREES;treec++) if (nd[treec] == NULL) break;
if (resolve(nd, &reec)) printalltrees(nd, "Resolution Ok - Satisfiable");
else printf("\n*****Resol ution Nok - Unsatisfiable\n");
e e
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