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frmon.h

#i f ndef _FMON_H_
#define _FMON H_

#i ncl ude "basic. h"
typedef Pointer FMon;
typedef struct

FMon | ft;
FMon rt;

}
FMonPai r ;
typedef struct

FMon | ft;
FMon m d;
FMon rt;

}
FMoNnTri pl e;
typedef struct fnonl st

FMon first;
struct fronlst *rest;

*FMonLi st ;

#i f def OLD_CODE
typedef struct frnonpairl st

FMonPai r first;
struct fronpairlst *rest;
}
*FMonPai r Li st ;
#endi f

typedef struct frnonpairl st

FMon | ft;
FMon rt;
struct fronpairlst *rest;

*FMonPai r Li st ;

typedef Bool (*OrdFun) (FMon, FMon);
typedef String (*CGenFun) (String);
typedef ULong (*ExpFun) (ULong):;

#define fMnListNul (FMonList) NULL
#define fMnPairlListNul (FMonPairList) NULL

extern OrdFun t heOr dFun;

extern FMon fMonGen (String);

extern FMon fMonLCLF (FMon, FMon);

extern FMon f MonLCRF (FMon, FMon);

extern FMon fMonLDi v (FMon, FMon);

extern FMon fMonLDi vl fCan (FMon, FMon, Short *);
extern FMon fMonLMil (String, FMon);

extern FMon f MonLeadPowFac (FMon);

extern FMon f MonMapExp (ExpFun, FMon);

extern FMon fMonMapGen (GenFun, FMon);

extern FMon fMonOne (void);

extern FMon f MonPow ( FMon, ULong)

extern FMon fMonPrefix (FMon, ULong);

extern FMon fMonRDiv (FMon, FMon);

extern FMon fMNRDi vl fCan (FMon, FMon, Short *);
extern FMon fMonRMUl (FMon, String);

extern FMon f MonRest (FMon);

extern FMon fMonSingle (String, ULong);

extern FMon fMonSubWord (FMon, ULong, ULong);
extern FMon fMonSubWordLen (FMon, ULong, ULong);
extern FMon fMonSubst (FMon, FMon, FMon);
extern FMon fMnSuffix (FMon, ULong);

extern FMon fMonTail Fac (FMon);

extern FMon fMonTimes (FMon, FMon);

extern FMon parseStrToFMon (String);

extern FMonPair fMnDivlfCan (FMon, FMon, Short *);
extern FMonTriple fMnOverlap (FMon, FMon);
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extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

extern

String fMnLeadVar (FMon);
String fMnToParseStr (FMn);
String fMnToStr (FMon);

Bool fMnEqual (FMon, FMoN);
Bool fMonlsOne (FMoN);

ULong f MonLeadExp (FMon) ;
ULong f MonLength (FMon);
ULong f MonNunVars ( FMon) ;

Bool fMonLi st Equal (FMonList, FMonList);
FMonLi st f MonFXLi st Rem ( FMonLi st, FMon) ;
FMonLi st f MonLi st Append ( FMonLi st, FMonLi st) ;
FMonLi st f MonLi st Copy ( FMonLi st) ;

FMonLi st f MonLi st FXRev ( FMonLi st) ;

FMonLi st f MonLi st Push ( FMon, FMonList);
FMonLi st f MonLi st RenDups ( FMonlLi st) ;

FMonLi st f MonLi st Rev ( FMonLi st) ;

FMonLi st f MonLi st Si ngl e (FMon) ;

ULong f MonLi st Length (FMonList);

Bool fMonPairLi st Equal (FMonPairlList, FMonPairlList);

FMonPai r Li st f MonFXPai r Li st Rem ( FMonPai rLi st, FMonPair);
FMonPai rLi st f MonPai rLi st Append ( FMonPai rLi st, FMonPai rLi st);
FMonPai r Li st f MonPai r Li st Copy (FMonPairList);

FMonPai r Li st f MonPai r Li st FXRev (FMonPai rLi st);

FMonPai r Li st f MonPai r Li st Push (FMon, FMon, FMonPairList);
FMonPai r Li st f MonPai rLi st RenDups ( FMonPai r Li st ) ;

FMonPai r Li st fMonPairLi st Rev (FMonPairlList);

FMonPai r Li st f MonPairLi st Single (FMon, FMon);

ULong f MonPairlListLength (FMonPairlList);

Bool fMnTLex (FMon, FMon);

/* begi n Bangor extensions */

typedef struct intfnonlst

int
FMon

non;

struct intfnonlst *rest;

}
*1 nt FMonLi st ;

#define intFMonLi st Nul (I nt FMonList) NULL

typedef struct |ogl st

FMon
FMon

| ft;
rt;

| nt FMonLi st | ogger ;
struct |oglst *rest;

*LogLi st ;

#define | ogLi st Nul (LogList) NULL

typedef struct ifnmp

int
FMon
int
FMon

ilft;
mft;
irt;
nrt;

struct ifnp *rest;

*1 nt FMonPai r Li st ;

#define int FMonPai rLi stNul (1 ntFMonPairList) NULL;

extern
extern
extern
extern
extern

Bool i nt FMonPai rLi st Equal (1 nt FMonPairList, |ntFMonPairlList);

I nt FMonPai r Li st i nt FMbnMonPai r Li st Rev (1 nt FMonPai r Li st) ;

I nt FMonPai r Li st i nt FMonFXPai r Li st Rem (| nt FMonPai rLi st , i nt, FMon, i nt, FMon) ;
I nt FMonPai r Li st i nt FMonPai rLi st Append (I nt FMonPai rLi st, | nt FMonPairList);
I nt FMonPai r Li st i nt FMonPai r Li st Copy (| nt FMonPai rList);

/* FX on 1st argument */

extern
extern
extern
extern
extern
extern

extern
extern
extern

| nt FMonPai r Li st i nt FMonPai r Li st FXAppend( | nt FMonPai r Li st, | nt FMonPai rLi st) ;

| nt FMonPai r Li st i nt FMonPai r Li st FXRev (| nt FMonPai rLi st) ;

I nt FMonPai r Li st i nt FMonPai r Li st FXSet Last (| nt FMonPai rLi st, i nt, FMon, i nt, FMon) ;
I nt FMonPai r Li st i nt FMonPai r Li st Push (i nt, FMon, i nt, FMon, | nt FMonPai r Li st ) ;

| nt FMonPai r Li st i nt FMonPai r Li st RenDups (| nt FMonPai rLi st) ;

ULong i nt FMonPai r Li st Length (1 nt FMonPai rLi st);

Bool int FMonLi st Equal (I nt FMonLi st, | nt FMonLi st);
I nt FMonLi st i nt MonLi st Rev (I nt FMonLi st) ;
I nt FMonLi st i nt FMonFXLi st Rem (| nt FMonLi st, int, FMon);
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I nt FMonLi st i nt FMonLi st Append (| nt FMonLi st

| nt FMonLi st i nt FMonLi st Copy (| nt FMonLi st) ;
/* FX on 1st argunment */
I nt FMonLi st i nt FMonLi st FXAppend (| nt FMonLi st ,
I nt FMonLi st i nt FMonLi st FXRev (| nt FMonLi st) ;

I nt FMonLi st i nt FMonLi st FXSet Last
I nt FMonLi st i nt FMonLi st Push (int,
I nt FMonLi st i nt FMonLi st RenmDups (|

(I nt FMonLi st

I nt FMonLi st) ;

I nt FMonLi st) ;

int, FMon);

FMon, | ntFMonList);

nt FMonLi st) ;

ULong i nt FMonLi st Length (1 nt FMonLi st) ;

Bool | ogLi st Equal (LogList, LogLi
LogLi st | ogListRev (LogList);

st);

LogLi st | ogFXLi st Rem (LogLi st, FMon, FMn, |ntFMonList);
LogLi st | ogLi st Append (LogLi st, LogList);

LogLi st | ogLi st Copy (LogList);

/* FX on 1st argument */

extern
extern
extern
extern
extern
extern

/* end

#endi f

LogLi st | ogLi st FXAppend (LoglLi st,
LogLi st | ogLi st FXRev (LoglList);

LogLi st);

LogLi st | ogLi st FXSet Last (LogList, FMon, FMNon,

LogLi st | ogLi st Push (FMon, FMon,
LogLi st | ogLi st RenDups (LoglLi st);
ULong | ogLi stLength (LogList);
Bangor extensions */

/* FNONH_ */

I nt FMonLi st ,

I nt FMonLi st) ;
LogLi st);
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/*

* File: utils.h

* Author: Gareth Evans (nodified from original
* Last Modified: 15th April 2002

*/

int fMnListDisplay();

int fMnPairlListDisplay();
int intFMonListDi splay();

int |ogListDisplay();

int intFMonPairListDisplay();

Bool fMonlLi stlsMenber();
Bool f MonPairListlsMenber();
Bool int FMonLi st sMenber () ;

int fMnListPosition();

int strlen2();
int getline();
FMon f MonFronStr () ;

int intFronftr();

int firstLinelnt();

FMonLi st secondLi neFMons( ) ;

| nt FMonLi st renai ni ngLi nes() ;

FMonLi st fMonLi stFronFile();

FMonPai rLi st fMonPairListFronFile();

I nt FMonLi st i nt FMonLi st FronfFil e() ;

LogLi st | ogListFronFile();

| nt FMonPai r Li st i nt FMonPai rLi st FronFile();

wor k by CDW
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utils.c

/*

* File: utils.c

* Author: Gareth Evans (nodified fromoriginal work by CDW
* Last Modified: 16th April 2002

*/

#define NMAXLINE 100

/* I'ist display functions

int

*/

fMonListDisplay( L ) // print out the words in an FMonLi st

FMonLi st L;
{ FMon w,
FMonLi st K = f MonLi st Copy(
while( K)
{ w=K->first;

printf( "9%\n", fMnToStr(w );

K = K-> rest;
}

return O;

}

int

L)

fMonPairListDisplay( L ) // print out the word pairs in an FMonPairLi st

FMonPai r Li st L;

{ FMonPairList K = fMnPairlListCopy( L );

while( K)

{
printf( "(% -> %)\n", fMnToStr(K -> Ift),

K = K-> rest;

return O;

}

int

intFMonListDisplay( L ) // print out

fMonToStr(K ->rt) );

integers and words in an |ntFMnLi st

/1 (equival ence class version)

| nt FMonLi st L;

{ IntFMonLi st K = int FMonLi st Copy(

while( K)

{ printf( "[%, %]\n", K->1i,

K = K -> rest;

return O;

}

int

logListDisplay( L) // print out
)

LogLi st L;
{ LogList K = |ogListCopy( L
while( K)

{
printf( "% -> % by ", fMnToStr(K -> Ift),

i nt FMonLi st Di spl ay(K -> | ogger) ;

K= K-> rest;

return O;
}
int
i nt FMonPai rLi st Di splay( L )
| nt FMonPai rLi st L;

[/ print pairs of

{ IntFMonPairList K = intFMnPairlListCopy( L );

while( K)
{ printf( "(%, %) -> (%, K->ilft,
K->irt,
K= K-> rest;
}
return O;
}
/* I'ist nenbership functions
Bool
fMonListlsMember( w, L ) // test whether win L
FMonLi st L;
FMon w,
{ Short flag = O;
FMonLi st K = fMnLi st Copy( L );
while( ( K) & ( flag == 0) )

fMonToStr (K -> nmon) );

logged rewite rules in a LogLi st

fMonToStr (K -> rt) );

integers and words

fMonToStr (K -> mft),
fMonToStr(K -> nrt) );

*/
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{
f ( fMonEqual ( w, K-> first ) ==
flag = 1;

1|~ =

K
}

return flag;

K -> rest;

}

Bool

fMonPairlListlsMenmber( I, r, L) /] test
FMonPai rLi st L;

FMon |, r;

{ Short flag = O;

FMonPai r Li st K’ = fMonPai rListCopy( L );

while( ( K) & ( flag == 0) )

whether (I, r) inL

{
if ( ( fMonEqual ( I, K-> 1ft ) == 1) & ( fMnEqual ( r, K-> rt )
{ flag = 1;
}
K= K-> rest;
}
return flag;
}
Bool
i nt FMonLi stlsMenber( i, m L ) // test whether [i, n] inL
I nt FMonLi st L;
int i;
FMon m
{ Short flag = O;
I nt FMonLi st K = i nt FMonLi st Copy( L );
while( ( K) & ( flag == 0) )
{
if ( ( K->i ==1i ) & ( fMonEQqual( m K-> nmon ) ==1) )
{ flag = 1;
}
K= K-> rest;
}
return flag;
}
/* Iist position functions
int
fMonListPosition( w L) // position of win L
FMonLi st L;
FMon w,
{ Short flag = O;
int pos = 0O;

FMonLi st K = fMnLi st Copy( L );

if ( fMonListLength( L ) == 0)

{ return O; };

while( ( K) & ( flag == 0 ) )

{ pos++
if ( fMonEqual ( w, K-> first ) ==
{ flag = 1;

}
K = K-> rest;

}
if ( flag == )
return O;
el se
return pos;
}

/* functions for input fromfile

int

strlen2(s)

char s[];

{int i =0;

while (s[i] !'="'"\0") i++;
(i)

int

1)

*/

getline( infil, s, Iim) /* get line fromfile into string s,

FILE *infil;
char s[];
int Iim
{int c,

0; (i <liml) & ((c = fgetc(infil))

I=-1) & (c I="'"\n");

++i )

1))

*/

return length */



s[i] ="'\0";
170 return i;
}

FMon
fMonFronStr( s, j, pk ) /* routine to pick an FMon froma character string */
175 char s[];

int j, *pk;
{ char c=" ', a[ MAXLI NE|;
int i =0 k=j;
180 while (¢ I'=";")
{ ¢ = s[k];
if (c ==";")
{ ali] ="\0";
}
185 el se
{ ali] =c¢;
i ++;
}
k++;
190 }
*pk = k;
/[l printf("k =%, a=/[%]\n",k, a);
return parseStrToFMon( a );
}
195
int
intFronStr( s, j, pk ) /* routine to pick an integer froma string */
char s[];
int j, *pk;
200 { char ¢ =" ';
int i =0 n=20, sign =1, k =j;
c = s[k];
while (¢ =="' ")
205 { k++;
c = s[k];
if (c =="'+4")
{ k++; ¢ = s[k]; }
210 elseif (¢ =="'-")
{ sign = -1; k++; c=s[k]; }
while (c '="',")
{
if ( (c>="'0") & (c <="'9") )
215 { n=10*n +c¢c - '0; k++; ¢ =s[k]; }
}
*pk = k;
return sign*n;
}
220
/*
* Gareth Evans' Extensions
*/
225 int
firstLinelnt( infil ) // Routine to read the first line of the file
FILE *infil;
char s[1024], c;
230 int a=-1 j =0, k =0;

/1 Get the first line fromthe file and find its length
getline( infil, s, MAXLINE );

235 /1 Get the integer fromthe first line of the file and return it
a =intFronBtr(s, j, &k);
return a;

}

240 FMonlLi st
secondLi neFMons( infil, count ) // Routine to read inmages of M generators
FILE *infil;
int count;
{
245 FMonLi st back;
FMon push;
char s[1024], c;

int i =0, j =0, k=20, len=0;

250 /1 Initialise our list
back = fMonLi st Nul ;
/1 printf("Now displaying the enpty fMonList: ");
/1 fMonListDisplay(back); printf("\n");
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335

340

/'l Read in the second |line (assum ng that the first has been read in)

getline( infil, s,

len = strlen2(s);
/1 printf("length

MAXLI NE ) ;

=%, string = %", len, s);

/1 Add images to |ist
for(i = 1; i <= count; i++)

push = fMnFronStr(s, j, &k);
/1 printf("\nFMon added = %", fMnToStr(push));
back = fMnLi st Push(push, back);

j = k+1;

/1 printf("Now displaying the fMnList: ");
/1 fMonListDisplay(back); printf("\n");

}
return fMonLi st FXRev( back );

}
I nt FMonLi st
remai ni ngLines( infil, count ) // Routine to read integers
FILE *infil;
int count;
{
I nt FMonLi st back, i nk;
FMon empty;
char s[1024], c;
int i =0, j =0 k=0, len =0, olen = 0, process = 0;
/1 Initialisation
back = int FMonLi st Nul ;
enpty = parseStrToFMon("z");
/1 printf("Now displaying the enpty fMnList: ");
/1 intEMonLi st Di splay(back); printf("\n");
/1 Add inages to |ist
for(i =1, i <= count; i++)
l'ink = intFMnNLi st Nul;
j =0, k =0; len = 0;
len = getline( infil, s, MAXLINE ) - 1;
/1 len = strlen2(s);
olen = len;
[l printf("length of line % = %, string = %", i, len, s);
/] Get elements
while (len > 0)
{
process = intFronftr( s, j, &k );
j = k+1;
/1 printf("Oiginal length = %, ", len);
len = olen-j-1;
/1 printf("New length = %\n", len);
/'l Push el ement onto intFMnNLi st
Iink = intFMnNLi st Push( process, empty, link );
/1 printf("New List =\n");
/1 intFMonListDisplay( link );
}
/1 Now reverse our link list and add it onto the return |ist
link = intFMonLi st FXRev( link );
back = i nt FMonLi st Append( back, link );
}
return back;
}
/*
* End of Gareth Evans' Extensions
*/
FMonLi st
fMonListFronFile( infil ) /* routine to read words fromone line in file */
FILE *infil;
{
FMon w,

FMonLi st wor ds;
char s[1024], c;

int i =0 j =0,

k =0, len = 0;

words = fMonLi st Nul ;

getline( infil, s,

len = strlen2(s);

MAXLI NE ) ;

[/ printf("in fMonListFronFile: len = %, s = %",len,s);

while (j <len)

w = f MonFronStr (

s, j, &k ); ] = k+1;



/1 printf( "j =%, w=9%\n", j, fMONToStr(w);
words = fMonLi stPush( w, words );

}
return fMonLi st FXRev( words );
345 }

FMonPai r Li st
fMonPairListFronFile( infil ) /* routine to read string pairs fromdisk */
FILE *infil;
350 {
FMon Wi ft, wt;
FMonPai r Li st pairs;
char s[1024], c;
int i =0, j =0, k=0, len=1,;
355
pairs = fMnPairListNul;
while (len > 0)

{
getline( infil, s, MAXLINE );
360 len = strlen2(s);
[l printf("len =%, s = 9%",len,s);
if (len>0)
{i =0
wft = fMonFronBtr( s, j, & ); | = k+1;
365 [ printf( "] =%, wft = 9%\n", j, fMonToStr(w ft));
wt = fMonFronBtr( s, j, & ); | = k+1;
/[l printf( "] =%, wt = 9%\n", j, fMonToStr(wt));
pairs = fMnPairlListPush( wift, wt, pairs );
}

370 }
return fMnPairlListFXRev( pairs );
}
I nt FMonLi st
375 intFMonListFronFile( infil ) /* routine to read integer and string fromdisk */
FILE *infil;
{

FMon w,
I nt FMonLi st pairs;
380 char s[1024], c;
int z, i =0, j =0, k=0, len =1,

pairs = int FMonLi st Nul ;
while (len > 0)

385 {
getline( infil, s, MAXLINE );
len = strlen2(s);
[l printf("len =%, s = %", len, s);
if (len>0)
390 {j =0;
z = intFronStr( s, j, & ); | = k+1;
/[l printf( "] =%, z =%\n", j, 2);
w = fMonFronStr( s, j, & ); j = k+1;
[l printf( "] =%, w= %\n", j, fMonToStr(w));
395 pairs = intFMnListPush( z, w, pairs );
}
}
return int FMonLi st FXRev( pairs );
}
400
LoglLi st
logListFronFile( infil ) /* routine to read |ogged string pairs fromdisk */
FILE *infil;
{

405 FMon w, wift, wt;
I nt FMonLi st wi og;
LogLi st Irws = |ogListNul;

int h=0 i =0, j =0 len=1 2z=0 k=0
char s[ MAXLI NE], c;
410
while (len > 0)
{ getline( infil, s, MAXLINE );
len = strlen2(s);
/1 printf("len =%, s =9%", len, s);
415 if (len>0)
{7=0
wft = fMonFronStr( s, j, & ); j = k+1;
wt = fMnFronStr( s, j, & ); j = k;
c =s[jl;
420 /[l printf("% -> %\n", fMONToStr(w ft), fMonToStr(wt));
w og = int FMonLi st Nul ;
while (¢ !="]")
% j++ ¢ =s[jl;
425 j
while (¢ !="]")



{z intFronStr( s, j, & ); j = k+1;
w = fMonFronStr( s, j, & ); j = k;
[l printf("z, w= %,%\n", z, fMonToStr(w));

430 w og = intFMnListPush( z, w wWog );
) c =s[jl;
Irws = logListPush( wift, wt, intFMnListFXRev(wWog), lrws );
}
435 }
return |ogListFXRev( lrws );

}

I nt FMonPai r Li st
440 intFMonPairListFronFile( infil ) /* routine to read int,fnon pairs fromdisk */

FILE *infil;
{
FMon w, w, wr;
int il, ir, h=0 i =0, j =0, len=1 2z =0, k=0
445 char s[ MAXLI NE], c;
I nt FMonPai rLi st L = int FMonPai rLi st Nul ;
while (len > 0)
{ getline( infil, s, MAXLINE );
450 len = strlen2(s);
if (len>0)
{7 =0
il =intFronBtr( s, j, & ); j = k+1;
W = fMnFronStr( s, j, & ); j = k+1;
455 ir =intFrontBtr( s, j, & ); j = k+1;
w = fMonFronStr( s, j, & ); j = k;
c =s[jl;
L = intFMonPairListPush( il, wi, ir, w, L );

}

}
return int FMonPairLi st FXRev( L );
}

460
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rwsa.h /7 rwse.h

rwsa.h / rwse.h

* Author: Gareth Evans (nodified fromoriginal work by CDW
* Last Modified: 15th April 2002

*/

#i ncl ude

"utils.h"

FMon f MonWor dReduce( ) ;

FMonPai rLi st f MonRul esReduce()
FMonPai r Li st f MonKnut hBendi x( ) ;

I nt FMonLi st i nt FMonLi st Wor dReduce( ) ;
I nt FMonPai r Li st i nt FMonScout () ;

I nt FMonPai rLi st short Cuts();

I nt FMonPai r Li st i nt FMonRul esReduce()
I nt FMonPai r Li st i nt FMonKnut hBendi x() ;
FMonLi st f MonMonoi dEl emrent s( ) ;

I nt FMonLi st i nt FMonMonoi dElI enent s() ;
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E R I I

File:
Aut hor: Gareth Evans (nodified fromoriginal work by CDW
Last Modified: 16th April 2002

(maki ng use of strCopy and xLi st Copy)

(change to i-loop structure in fMnKnut hBendi x)

/

#i ncl ude

FMon

f MonWor dReduce( word, rules ) // reduce word as far as possible using rules

rwsa.c / rwse.c

rwsa.c / rwse.c

"utils.c"

FMon wor d;
FMonPai r Li st rul es;

{

}

/1 Define variables

FMon |, r, redword, result;

FMonPair rule, div;

FMonPai r Li st rws;

Short flag;

int nunrws, pass = 0, num= 1, j = 0, check;

redword = word; // redword is the 'reduced word'
nuntws = fMnPairlListLength( rules );
while ( num> 0 )

num = 0; // numcounts the nunber of substitutions nade

i

= 0; /1 j loops through the rules, 1 <= j <= nunrules

pass++; // pass counts the nunber of passes nade

/1 NMake copy of rules
rws = fMonPairlListCopy( rules );
while ( j < nuntws )

rws -> |ft;
rws -> rt;
WS = rws -> rest;

/'l See if the rule sinplifies our word
check = 0;
while ( check == )
{
numt+;
result = fMonSubst( redword, |, r );
check = fMnEqual ( redword, result );
redword = result;

}

num - ;

} /1 end while (j < nunrws )
} I/l end whil e(num > 0)
return redword;

FMonPai r Li st
f MonRul esReduce( K ) // elimnate redundant rules
FMonPai r Li st K;

{

/| Define variables
int d;
Uong i = 0, len = 0;
FMon pl, pr, ql, qr;
FMonPairList L, L3, L2, L1, LO = fMonPairListNul;

Bo
le
L
le
i

L2
L3

ol
n
n

="

e

q;
f MonPai rLi st Length( K );

MonPai r Li st RemDups( K ); // renopve duplicates

0:

f
f

f MonPai rLi stLength( L );

MonPai r Li st Copy( L );
MonPai r Li st Copy( L ); /1 Assune no reductions to begin with

while (L2 )

{

i ++;

ql

qr
L2
I
L1

nr i

L2 -> Ift;

L2 ->rt;

L2 -> rest;

1is the list without the current elenent:
f MonPai r Li st Append( LO, L2 );



/'l Reduce left and right hand sides

pl = fMonWordReduce( qgl, L1 );
85 pr = fMonWordReduce( qr, L1 );
eq = fMnEqual ( pl, pr );

/1 If LHS = RHS, get rid of elenent...
if (eq==1)
{

90
L3 = fMonPairListCopy( L1 );
}
/1 ...else keep el enent
95 el se

LO = fMonPairlListPush( gl, gr, LO );

}
} I/ end while ( L2)
100 return L3;
}

FMonPai r Li st
f MonKnut hBendix( L ) // apply the KB conpletion algorithm
105 FMonPairlList L;
{
/1 Define variables
ULong leni, lenj, lenf, lenm added = O;
Short flag;
110 Fvon Liy o ri, Iy, orj, If, rf, Im rm pf, sf,
pm sm wl, w2, af, bf, qf, middle, left, right;
FMonPair pair, div;
FMonPai rList Li, Lj, crit, crws;
FI LE *kbdat a;
115 int i =0, j =0 d=0, passes = 0;

crws = fMonPairListCopy( L ); // Holds the conplete rewite system conputed so far
added = 1;
printf("\nln fMnKnuthBendi x using RenDups:\n");
120 while ( added > 0 )
{
passes++;
printf("\nPass nunber % :\n", passes);
crit = fMonPairlListCopy( crws );
125 added = 0; // enable the escape
Li = fMonPairListCopy( crws );

// We now go through Li and Lj, |ooking for overlaps
/1 in each pair of LHS s

130 while ( Li )
{
Lj = fMonPairListCopy( Li );
li =L ->1ft;
ri =L ->rt;
135 leni = fMnLength(li);
/1 printf("The length of % is % \n", fMnToStr(li), leni);
while ( Lj )
{
140 lj =L ->1ft;
ri =1Ly ->rt;

I enj = fMonLength(lj);
/] printf("The length of % is %\n", fMNToStr(lj), lenj);

145 /| Decide on the fixed and noving el enents
if (leni <=1lenj ) // i noving, j fixed
{
If =1j; rf =7r1j; lenf =lenj;
Im=1i; rm=ri; lenm= leni;
150
else // j noving, i fixed
{
If =1i; rf =ri; lenf = leni;
Im=1j; rm=rj; lenm= lenj;
155 }
/1 printf( "fixed = (%, %), nmoving = (%, %)\n",
/1 fMonToStr(If), fMonToStr(rf), fMnToStr(lm, fMnToStr(rm );
/1 printf("Length of noving word = % ", lenm;
160 11
/1 We now | ook for overlaps on the left and right
/1
/1
165 /1 STAGE 1: Moving word overlaps fixed on the |eft
/1



170
for (i =1; i <= lenm1; i++)
sm= fMonSuffix( Im i );
pf = fMonPrefix( If, i );

175 /1 printf("i = %, conparing % to % ", i,
/1 fMonToStr(sm, fMnToStr(pf));

if ( fMonEqual ( sm pf ) == 1) // if overlap found
{
180 /1 printf("Overlap (1) found between % and % with % ",
/1 fMonToStr(lm, fMnToStr(lf), fMnToStr(sm);
pm= fMnPrefix( Im lenmi );
sf = fMonSuffix( If, lenf-i );

185 /'l Reduce word in two different ways:
wl = f MonWor dReduce( fMonTines(rm sf), crws );
w2 = f MonWor dReduce( fMonTines(pm rf), crws );

/1 1f the reductions are different, add onto |i st
190 if ( theOdFun( wi, w2 ) == 1)
{

crit = fMnPairListPush( w2, wl, crit );
added++;
/] printf("(%, %)\n",fMnToStr(w2),fMnToStr(wl));

195
else if ( theOdFun( w2, wl1 ) == 1)
{
crit = fMnPairlListPush( wl, w2, crit );
added++;
200 [l printf("(%, %)\n",fMnToStr(wl), f MonToStr(w2));
}
} Il end if ( fMonEqual ( sm pf ) == 1)
Yool ofor (i = 1; 1 <= lenml; i++)
205 I
/1 STAGE 3: Moving word overlaps fixed on the right
Il
I [ If..... )
Il <- (...1lm..)
210 I
for (i =1; i <= lenm1; i++)
{
pm= fMnPrefix( Im i );
sf = fMonSuffix( If, i );
215 if ( fMonEqual ( pm sf ) == 1) // if overlap found
{
/1 printf("Overlap (3) found between % and % with % ",
/1 fMonToStr(Im), fMNToStr(lIf), fMnToStr(pm);
sm= fMnSuffix( Im lenmi );
220 pf = fMonPrefix( If, lenf-i );
/1 Reduce word in two different ways
wl = f MonWor dReduce( fMnTinmes(rf, sm, crws );
w2 = f MonWor dReduce( fMnTines(pf, rm, crws );
225
/1 If the reduced words are different
if ( theOdFun( wi, w2 ) == 1)
{
crit = fMonPairListPush( w2, wl, crit );
230 added++;
[l printf("(%, %)\n",fMnToStr(w2),fMnToStr(wl));
}
else if ( theOdFun( w2, w1 ) == 1)
{
235 crit = fMonPairListPush( wl, w2, crit );
added++;
[l printf("(%, %)\n",fMnToStr(wl),fMnToStr(w2));
}
} // end if ( fMonEqual ( pm sf ) == 1)
240 } Il end for (i =1; i <=lenm1l; i++)
Il
/1 STACGE 2: Moving word as substring
Il
245 I (T If.o.. ..., )
I (...1m..) ->
Il
if (fMonEqual (Im If) !'=1) // if the left hand sides are not equal
250

for (j =0; J <=lenf-lenm j++ )

m ddl e = fMonSubWord(1f, j+1, j+lenm;
if (fMonEqual (middle, I|m == 1) // if overlap found



255 {
[l printf("Cverlap (2) found between % and % with %",
/1 fMonToStr(lm, fMnToStr(lf), fMnToStr(niddle));

/| Check for existence of elements on left and right
260 if(j !'=0)

{ left = fMonPrefix(If, j); }

else left = fMonOne();

if(j !'=lenf-lenm)
265 { right = fMonSuffix(lf, lenf-lenmj); }

|
el se right = fMonOne() ;

/! Reduce word
w2 = fMoNnTi mes(fMonTines(left, rm, right);

270 w2 = f MonWor dReduce( w2, crws );
/1 1f the reduced words are different
if ( theOdFun( rf, w2 ) == )
{
275 crit = fMonPairListPush( w2, rf, crit );
added++;
[l printf("(%, %)\n",fMnToStr(w2),fMnToStr(rf));
}
else if ( theOdFun( w2, rf ) == )
280 {
crit = fMonPairListPush( rf, w2, crit );
added++;

[l printf("(%, %)\n",fMnToStr(rf),fMnToStr(w2));
285 } }/ end if (fMonEqual...)
} Il end for (j)
} Il end if (fMnEqual...)

290
Lj = Lj ->rest; // cycle through Lj
} /1 end while ( Lj )
295 Li = Li ->rest; // cycle through Li
} /1 end while ( Li )
printf("% critical pairs added; ", added);
300 if ( added > 0 ) // if critical pairs were added
{
crws = fMnRul esReduce( crit );
printf("% rules in the reduced set.\n", fMonPairListLength(crws));
/1 d = fMonPairlListDisplay( crws );
305 }
el se
printf("% rules in the reduced set.\n\n",
f MonPai rLi st Length(crws) ) ;
310 }
} /Il end while ( added > 0)
printf("Nunber of passes nade = % .\n", passes );
return crws;
}
315
I nt FMonLi st

i nt FMonLi st Wor dReduce( word, rulesl, rules2, verbose )
/1 reduce word as far as possible using both sets of rules
I nt FMonLi st wor d;
320 FMonPairlList rul esi;
I nt FMonPai r Li st rul es2;
int verbose; // this input variable decides whether to print out
/1 information to the screen (0 = yes, 1 = no)
{

325 /1 Define variables
I nt FMonLi st back, pass, transfer, new, new2;
FMonPai r Li st crws;
I nt FMonPai r Li st conpari son;
FMon origWrd, redwWwrd, natchMon, newibn, newndnE;
330 ULong |l enl, |en2;
int check =0, i =0, j =0, k =0, match =0, match2 = 0, newint = O;
int mn=0;

/1 Initialise variables
335 back = i nt FMonLi st Nul ;
new = i nt FMonLi st Nul ;
crws = fMonPairlListCopy( rulesl );

/1 Reduce word iteratively
340 transfer = intFMonListCopy( word );



check = 1, // escape integer
whi l e( check = 0)
{

345 check = 0; // to enable the escape!
pass = int FMonLi st Copy( transfer );
origWwrd = pass -> non;
match = pass -> i;

if (verbose == 0)
350
printf("\nlteration %...\n", i+1);
printf("Elenent to be reduced: (%, %)\n", match, fMnToStr(origWrd));
i}++;
355
/'l Reduce the FMon part of our |ntFMon
/1 using the crws passed into the function
redword = f MonWor dReduce( origWrd, crws );
if (verbose == 0)
360
printf("FMon reduction: % -> %\n",
fMonToStr (ori gWword), fMnToStr(redWord));
printf("New el enent to be reduced: (%, %)\n", match,
f MonToStr (redWord) ) ;
365 printf("Looking for overlaps in Type 2 elenents...\n");

}

new = i nt FMonLi st Push(match, redWrd, new);
transfer = intFMnListCopy( new ); // transfer now holds (match, redWrd)
370 new = i nt FMonLi st Nul ;

conmparison = intFMnPairListCopy( rules2 );

/1 Now that we have reduced our word using the Type 1 rules,
375 /1 we look for sinplifications in the Type 2 rules.

whi | e(conparison) // Wiile there are rules left to conpare with

mat ch2 = conparison -> ilft;
380 mat chvbn = conparison -> mft;
if (match == match2) // possible transition (matching integers)
{
/'l Look for overlap
I enl = fMonLengt h(redWrd);
385 | en2 = fMonLengt h( mat chMon) ;

if(len2 <= 1lenl) // if list word is <= reduced word

i f (fMonEqual (mat chMon, fMnPrefix(redwWrd, len2)) == 1)
390 {
/'l Cverlap Found!
/'l Now changing (x, pp") to (y, gp')
newi nt = conparison ->irt; // irt =y
newronE = conparison -> nrt; // nrt = q
395
if (verbose == 0)
printf("Overlap found in (%, %), (%, %)", match2,
f MonToStr (mat chMon), newi nt, fMnToStr ( newronE)) ;
400 printf(" of length %\n", len2);
}
if (lenl !'=1en2) // i.e. if p' is not enpty
{
405 newMon = f MonTi nes( newnonE,
f MonSuf fi x(redwosrd, | enl-1en2));
}
else // i.e. p' is enpty
{
410 newibn = newnonE;
}
check = 1;
new = int FMonLi st Push(newi nt, newhon, new);
415 /'l Escape from | oops
transfer = intFMonLi st Copy( new );
new = int FMonLi st Nul ;
conpari son = intFMonPairListNul;
420 } Il end if (fMnEqual (matchMon, fMnPrefix(redWrd, len2)) == 1)
} I/ end if(len2 <= lenl)
el se
t
mn = 0;
425

} .
} Il end if



if (check == 0) // only carry on if no natch found so far
{
430 conpari son = conparison -> rest;

}

} /1 end whil e(conparison)
} /1 end while(check...)
435 return transfer;

}

I nt FMonPai r Li st
i nt FMonScout ( rws )
440 // Look for errors inlist e.g. (1, D'2) -> (2, D'2)
| nt FMonPai r Li st rws;
{
/| Define variables
int Iftl, Ift12, rtl, rtl2, tenp, i;
445 FMon [ ftM = fMonOne(), rtM = fMonOne(),
IftM = fMonOne(), rtM = fMonOne();
IntFMonPairList L, L1, L2, L3, LO = intFMonPairListNul;

/1 First of all, renove duplicates fromthe rws
450 L = int FMonPai rLi st RemDups( rws );
L2 = intFMonPairListCopy( L ); // Used to cycle through the el enents
L3 = intFMonPairListCopy( L ); // Assune all elenents are valid to begin with

i = 0;
455 while ( L2 ) // cycle through the Iist
t i ++;
/1 printf("Looking at el ement number %\n", i);
I[ftl = L2 ->ilft;
460 [ftM= L2 -> nmft;
rtl = L2 ->irt;
rtM= L2 -> nrt;
L2 = L2 ->rest; // Cycle through L2
465 /1 L1 will now hold the list without the current elenent:
L1 = int FMonPai rLi st Append( LO, L2 );
// Check for invalid entry
/'l e.g. (1, D'2) -> (2, D'2)
470 if ((fMonEqual (1ftM rtM == 1) & (Iftl < rtl))
{
/'l Swap Entry - to (2, D*2) -> (1, D*2) in the exanple above
printf("(%, %), (%, %) is incorrectly ordered - ",
Iftl, fMonToStr(IftM, rtl, fMnNToStr(rtM);
475 printf("changing to (%, %), (%, %)...\n",
rtl, fMonToStr(rtM, [ftl, fMNToStr(IftM);
temp = I ftl;
Iftl =rtl;
rtl = tenp;
480

/1 Change |ists accordingly
L3 = int FMonPai rLi st Copy( L1 );
= intFMonPairLi stPush( Iftl, IftM rtl, rtM LO );
= int FMonPai r Li st Append( LO, L2 );
485 L3 = int FMonPai r Li st Copy( L1 );
i

/1 intFMonPairListDi splay ( L3 );
}
/'l Check for redundant entries e.g. (2, D) -> (2, D)
else if ((Iftl ==rtl) & (fMnEqual (IftM rtM == 1))
490 {
/1 Renove Entry
L3 = int FMonPai rLi st Copy( L1 );
printf("Redundant entry (%, %), (%, %) renoved...\n",
Iftl, fMonToStr(IftM, rtl, fMnNToStr(rtM);
495 /1 intFMoNnPairListD splay( L3 );

}
el se // keep things as they are

LO = intFMonPairListPush( Iftl, IftM rtl, rtM LO );
500 }
} I/ end while

/1 printf("\n");
/1 intFMonPairlListD splay( L3 );
505 return L3;
}

| nt FMonPai r Li st

shortCuts( rws )
510 // Find shortcuts

| nt FMonPai r Li st rws;

{



/1 Define variables
int d, Iftl, Iftl12, rtl, rtl2, escape, switcher;
515 FMon I ftM = fMoNOne(), rtM = fMnOne(),
IftM2 = fMonNOne(), rtM = fMonOne();
IntFMonPairList L, L4, L3, L2, L1, LO;

/1l Initialise variables

520 L = rws;
L3 = intFMonPairListCopy( L );
escape = 1;

/| Exanpl e of shortcut: consider we have rules
525 /1 (1, D'2) -> (2, D
/1 (2, D) -> (1, 1)

/1 Then we can use the 2nd rule to sinplify the 1st:
/1 the new list should be

530 /1 (1, D'2) -> (1, 1)
/1 (2, D) -> (1, 1)

whil e( escape == 1)

{
535 escape = 0;

/'l Renove Duplicates

L3 = int FMonPai r Li st RenDups( L3 );

i nt FMonPai rLi st Copy( L3 ); // L2 will hold the remaining el enents
i nt FMonPai r Li st Nul ;

540 LO
while ( L2 ) // while there are elenments to anal ayse

{
I ftl L2 ->ilft;
545 [ftM= 12 -> nft;
rtl = L2 ->irt;
rtM= 1.2 -> nrt;

L2 = L2 -> rest; // Cycle through L2
550 /1 L1 is the list without the current entry:
L1 = int FMonPai rLi st Append( LO, L2 );

L4 = intFMonPairListCopy( L1 ); // L4 will hold the el enents we | ook in for duplicates
switcher = 0;

555
while( L4 )
{
Ift12 = L4 -> ilft;
[ftM = L4 -> nlft;
560 rtl2 = L4 ->irt;
retve = L4 -> nrt
L4 = L4 -> rest; // Cycle through L4
565 /'l Look for shortcuts, i.e. match RHS to a LHS
if ( fMonEqual ( rtM IftM ) == )
{
if ( (rtl == 1ftl2) & (switcher == 0) )
{
570 /1 If they are equal push different el ement
/1 printf("Found Shortcut!");
LO = intFMonPairListPush( Iftl, IftM rtl12, rtM, LO );
escape = 1; // to run the algorithm again
/1 (there may be nore shortcuts)
575 switcher = 1;
}
}
} /1 end while( L4)
580
if( switcher == )
{
LO = intFMonPairListPush( Iftl, IftM rtl, rtM LO );
/'l (keep current el enent)
585 }

L3 = int FMonPai rLi st Append( LO, L2 );

} I/ end while( L2 )
590 } /1 end while( escape == 1)

return L3;

}

595 I nt FMonPai r Li st
i nt FMonRul esReduce( rws, crwsN )
/1 Conpact rules |ist
I nt FMonPai r Li st rws;



600

605

610

615

620

625

630

635

640

645
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655

660

665

670

675

680

FMonPai rLi st crwsN;

{

}

/1 Define Variables
int d, Iftl, Iftl2, rtl, rtl2;
FMon | ftM = fMonOne(), rtM = fMonOne(),
IftM2 = fMonOne(), rtM2 = fMonOne();
Uong i =0, len = 0;
I nt FMonLi st pl = intFMonListNul, rl = intFMonLi st Nul;
Int FMonPairList L, L3, L2, L1, LO = intFMonPairListNul;

/1 Initialise Variables

L = i nt FMonPai rLi st Copy( rws );

len = intFMonPairListLength( rws );

L = int FMonPai rLi st RemDups( L );

len = intFMonPairListLength( L );

/1 d = intFMonPairListDisplay( L );

i = 0;

L2 = intFMonPairListCopy( L ); // L2 will hold the remaining el enents
L3 = intFMonPairListCopy( L ); // L3 will hold the returned |ist

/1 (To begin with, we assume that all elenments are valid)
while ( L2 ) // while there are elenents to anal ayse

i ++;

[ ftl = L2 ->ilft;

[ftM= L2 -> nlft;

pl = intFMnListPush( Iftl, IftM pl );
rtl = L2 ->irt;

retMm= L2 -> nrt;
rl i nt FMonLi st Push( rtl, rtM rl );

L2 = L2 -> rest; // Cycle through L2
/1 L1 is the list without the current entry:
L1 = int FMonPai rLi st Append( LO, L2 );

/'l Reduce el enents

/1 printf("Originals: (%, %), (%, %); ",
[ 1ftl, fMonToStr(lIftM, rtl, fMNToStr(rtM);

pl = intFMonLi st WrdReduce( pl, crwsN, L1, 1 );
rI = intFMonLi st WrdReduce( rl, crwsN, L1, 1 );
[ft12 = pl ->i;
[ftM = pl -> non;
rel2 =rl -> 0
rtM = rl -> non;
/1 printf("Reduced: (%, %), (%, %); \n",
/1 1ft12, fMonToStr(lftM), rtl2, fMoNnToStr(rtM));
/| Conpare reduced el enents
if ( (fMonEqual ( IftM2, rtM2 ) == 1) & (Ift12 ==7rtl2) )
{
/1 If they are equal get rid of current elenent
/1 printf("\nGot rid of elenent!");
L3 = int FMonPai r Li st Copy( L1 );
}
el se
{

/1 1f they are not equal, keep current el enent

/1 printf("\nKept elenent!");

/1 Note that the RHS is reduced

LO = intFMonPairlListPush( Iftl, IftM rtl2, rtM, LO );

}
} Il end while

return L3;

| nt FMonPai r Li st

i nt FMonKnut hBendi x( crwsN, irws )
/| Conpute crws

FMonPai rLi st crwsN;

I nt FMonPai rLi st irws;

{

/1 Define Variables
int i, j, k, check, IftlA IftIB, rtlA rtlB, count = 0, swapl,
redl A, redl B, decide, beginK endK executeK added, i1, i2;
ULong sizei, sizej, lengthA IlengthB, startSize, endSize, m dSize;
FMon [ftMA = fMonOne, 1ftMB = f MonOne,
rt MA = fMonOne, rtMB = f MonOne,
redMA = f MonOne, redMB = f MonOne,
ml, nR2, swapM = f MonOne;
FMonPai rLi st tenpN, cycl e3;
I nt FMonPai rLi st tenpXW back, cyclel, cycle2, adder;
I nt FMonLi st redA, redB;
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/| Check initial list for m stakes
printf("\nChecking the initial rewite system..\n");

irws

= i nt FMonPai rLi st RenDups( intFMonScout ( irws ) );

printf("...Initial rewite systemchecked.\n");

/'l Reduce Initial Type 2 Rules

.e. if we have e.g. (1, D'3*C*D) -> (2, D*C'D),

/1 then we change D'3*C*D and D*C*D to normal forms using crwsN
tenpXW = i nt FMonPai r Li st Copy( irws );

tenpN = f MonPai r Li st Copy( crwsN );

irws = intFMnPairlListNul;

11

/1

11

Il

whil e( tenmpXw)

}

il =tempXW->ilft;
nl = f MonWor dReduce( tenpXW>m ft, crwsN );
i2 = tempXW-> irt;
n2 = f MonWor dReduce( tempXW>nrt, crwsN );

irws = intFMonPairListPush( i1, nl, i2, n2, irws );
tempXW = tenpXW-> rest;

irws = intFMonPairlListFXRev( irws );

tenpXW = i nt FMonPai r Li st Copy( irws );
printf("\nlnitial Type 2 Rules with normal forms:\n");
i nt FMonPai r Li st Di spl ay(irws);

printf("(% rules)\n", intFMnPairlListLength( irws ));

Initialise Variables
back = int FMonPai rLi st Copy( irws );

adder = intFMonPairListNul;
check = 1;
/*
* General Formof algorithm
* lterate:
* 1. Look for overlaps of LHS s: (a) type 2 with type 2
* (b) type 1 with type 2
* 2. Add new rules if necessary based on (n, x) < (m vy) iff
* 3. Weed out rules using intFMnRul esReduce
* 4. G to step 1. Continue until no new rules found
*
/
while( check '=0 ) // until no nore rules added

{

check = 0; // enable escape

added = 0; // reset nunber of critical pairs added
startSize = intFMonPairListLength( tempXW);

count++; // used to count the number of iterations
printf("\nlteration %...\n", count);

printf("\n...% elenments to begin with\n", startSize);

* Kk k k k

FI RST STAGE: TYPE 2 WTH TYPE 2

*kkkk

Look for overlaps e.g.
(1, DM2*Q) (1, D2*Q) (1, D
(1, D'2) = OVERLAP! (2, D'2)  NO OVERLAP! (1, C) NO OVERLAP!

cyclel = intFMonPairListCopy( tempXw);

sizei = intFMonPairListLength( cyclel );
sizej = sizei;

for( i =1; i <= sizei-1; i++)

{

IftlIA = cyclel -> ilft;
IftMA = cyclel -> nmft;
rtl1A = cyclel ->irt;
rt MA = cyclel -> nrt;

/1 Set up second list - get to correct part of I|ist
cycl e2 = intFMonPairLi st Copy( tempXW):;

for( j =1; ] <=1i; j++)
{
cycle2 = cycle2 -> rest;
}
for( j =i+1; j <= sizej; j++ )

IftIB = cycle2 -> ilft;

IftMB = cycle2 -> nift;

rt1B = cycle2 ->irt;

rtMB = cycle2 -> mt;

[l printf("Conparing % with % with integers % and %\n",
/1 [ftIA 1ftIB);

/1 WE ARE COVPARI NG

i



775

780

785

790

795

800

805

810

815

820

825

830

835

840

845

850

855

[fEMA) -> (rtlA

ft MB)

> (rt1B, rtMB)

/1 Check matching integers
(IftITA==1ft1B)

if
{

/] printf("Match!
/1 Check if one nmonoid is a subnonoid of the other

I engt hA = f MonLengt h( 1 ft MA);
| engt hB = f MonLengt h(1ftMB);

Now conparing nonoids ");

rtMy) with

/1 printf("of lengths % and %\n", |engthA |engthB);
if (lengthB < lengthA) // swap el enents
swapl = Iftl1A IftlA=1ftIB IftlB = swapl;
swapl = rtlA rtlA=rtIB; rtiB = swapl;
swapM = I ftMA IftMA = [ ftMB, |ftMB = swapM
swapM = rtMA; rtMA = rtMB; rtMB = swapM

}

| engt hA = f MonLengt h( 1 ft MA);

| engt hB

if (lengthA ! = 0)
{

/1 Check if If
i f (fMnEqual (
{

/1 WNatch,

f MonLengt h( I ft MB);

t VA appears in I ftMB

ftMA fMNPrefix(lftM,

add onto |ist
/1 printf("Subword Found!\n");
/1 printf("2/2 Match found between (%,

i f necessary

/1 1ftI A fMonToStr(lftMy), rtlA
/[l printf("(%, %) -> (%, %)\n",
/1 1ftIB, fMnToStr(lftMB), rtlB,
redA = i nt FMonLi st Nul ;

redB = i nt FMonLi st Nul ;

/1 Reduce word first way

redlA = rtl A
redMA = f MonTi mes(rt MA

[/ printf("First Reduction:
fMonToStr (redMVA) ) ;

11

redl A

%) -> (%, %) and "
fMonToStr(rt MA));

fMonSuf fix(IftMB,

/1 Reduce word second way
redlB = rtlB;
redMB = rtMB;

/1 printf("Second Reduction:
fMonToStr (redvB)) ;

Il

redl B,

(%,

(%,

%)\ n",

%)\ n",

lengthh)) == 1)

fMonToStr(rtMB));

| engt hB-1 engt hA) ) ;

/1 Sinplify reduced words using rewite system
i nt FMonLi st Push(redl A
i nt FMonLi st Wr dReduce(
i nt FMonLi st Push(redl B,
i nt FMonLi st Wr dReduce(

redA
redA
redB
redB

redlA = redA -> i;

redVA = redA -> non;
/1 printf("First Reduction (Reduced):
/1 edl A, fMonToStr(redMh));
redlB = redB -> i;

redMB = redB -> non;
printf("Second Reducti on (Reduced):
redl B, fMnToStr(redWVB));

11
Il

r

/1 printf("Reduced Words (%,

/1 redl A

f MonToStr (redwvh),

/1 Now conpare words

i f (intFMonLi stEqual (redA,

redl B,

redVA, redA);
redA, crwsN, tempXw 1 );
redvB, redB);
redB, crwsN, tempXw 1 );

(%, 9%)\n",

(%, 9%)\n",

%) and (%, %)\n",

redB) '= 1)

/1 See which one is the 'largest'

/1 printf("Elenents different.

deci de = fMonEqual (redVA,

redvB )

redmMB) ;

i nt FMonPai r Li st Nul ;
i nt FMonPai r Li st Push(redl B,

redl A

::1)

fMonToStr (redvB));

Adding onto list...\n");

redvB,

redMA, adder);

tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;

/'l FIRST, decide by the nonoids
if ( theOdFun( redWVA
{
adder =
adder =
added++;
else if ( theOrdFun(

{

redvB,

redMVA )

)



860

865

870

875

880

885

890

895

900

905

910

915

920

925

930

935

940

}

cycl e2
} Il end for

cyclel

} /1 end for (i)

ey ———

}

adder
adder

i nt FMonPai r Li st Nul ;
i nt FMonPai r Li st Push(redl A, redVA

redl B, redMB, adder);
tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

/ SECONDLY, if the nonoids are the sane,
/ decide by the integers.
f (decide == 1)
if (redlA < redlB)
{
adder = intFMonPai rLi st Nul;
adder = intFMonPairListPush(redl B, redMB,

redl A, redMA adder);
tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

}
else if (redlB < redl A
{
adder = intFMonPairListNul;
adder = intFMonPairListPush(redl A redVA
redl B, redMB, adder);
tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

}
/1 end if (decide)

} Il end if (intFMonListEqual...)
} Il end if (fMnEqual..)
} /1 end if (lengthA I'= 0)

/1 end if(lA ==1B)

/1 Tidy Up...

/1 Get rid of unwanted rules

i nt FMonPai rLi st Lengt h( tenpXW ) ;

printf("...% elenents added of Type 2 vs. Type 2\n",
endSi ze-startSi ze) ;

endSi ze =

cycle2 -> rest;

()

cyclel -> rest;

/'l Reduce Rul es
tenpXW = i nt FMonRul esReduce( tenmpXW crwsN );
back = int FMonPai rLi st Copy( tenpXW);

i nt FMonPai r Li st Lengt h( back );
endSi ze-start Si ze;

endSi ze
m dSi ze

|| xxkkk

/1 SECOND

// *kkkkk

Il

STAGE: TYPE 1 WTH TYPE 2

/'l Look for overlaps of IftMA in
| ft M)
/1 with LHS' s of Type 1 Rules

Il (1ftIA,

-> (rtlA rtlB)

cyclel = intFMonPairListCopy( tempXW); // with new el ements

sizei = intFMnPairlListLength( cyclel );
for( i =1, i <= sizei; i++ ) [/ for each (x, w
{

IftIA =cyclel -> ilft;

| ft VA

cyclel -> nmft;
rtlA = cyclel ->irt;
rt MA = cyclel -> mrt;

/1 Set up second |ist
cycle3 = fMnPairListCopy( tenpN );
= fMonPai rLi stLength( cycle3 );

si zej

for( j
{

1;

j

<= sizej; j++ ) [/l for each nonoid LHS of Type 1 rules

IftMB = cycle3 -> |ft;
rtMB = cycle3 -> rt;
/[l printf("i =%, j = %, conmparing % with %; ",

11

i

fMonToStr (I ftMA), fMNToStr(lftMB));

/1 Now | ook for overlaps.
I engt hA = f MonLengt h( 1 ft MA);
| engt hB = f MonLengt h(1ftMB);



945

950

955

960

965

970

975

980

985

990

995

1000

1005

1010

1015

1020

1025

11

/1 Overlap type 1: IftMB inside |IftMA
Il e.g. (1, D*CD*Q) -> (2, DC
/1 Cc*

/1
ifo(
{

/1
/1
11
11
11

D

(lengthB <= lengthA) & (lengthA != 0))
Check if |ftMB appears somewhere in |[ftNMA

(oo TFEMA ... ... )
(..1ftMB..) ->

for(k = 1, k <= lengthA-1engthB+1; k++)

i f(fMonEqual (1 ftMB, fMnSubWord(lftMA k, k+lengthB-1)) == 1)

/1 Match found. Now reduce as before

/1 printf(" 1/2 Match found between (%, %) -> (%, %) and "
/1 [ftIA fMnToStr(lftMY), rtlA fMnToStr(rtMA));

/1 printf("%\n", fMNToStr(lftMB));

/1 Match, add onto list if necessary
/1 printf("Subword Found!\n");

redA = int FMonLi st Nul ;

redB = int FMonLi st Nul ;

/1 Reduce word first way

redlA = rtlA

redvVA = rt VA

[/ printf("First Reduction: (%, %)\n",

/1 redl A, fMonToStr(redMA));
/' Reduce word second way
redlB = I ftlA
if (k!=1)
{
redvB = fMonTi nmes(fMnPrefix(IftMA k-1), rtMB);
}
if (k !=lengthA-|engthB+l)
{

redMB = f MonTi mes(redMB,
fMonSuf fix(IftMA | engthA- | engthB-k+1));

}
/1 printf("Second Reduction: (%, %)\n",
I redl B, fMonToStr (redMVB));

/1 Sinmplify reduced words using rewite system

redA = int FMonLi st Push(redl A, redMA, redA);
redA = int FMonLi st Wr dReduce( redA, crwsN, tenpXwW 1 );
redB = i nt FMonLi st Push(redl B, redMB, redB);
redB = i nt FMonLi st Wr dReduce( redB, crwsN, tenpXwW 1 );

redlA = redA -> i;

redMA = redA -> non;

/1l printf("First Reduction (Reduced): (%, %)\n",
/1 redl A, fMonToStr(redMA));

redlB = redB -> i;

redMB = redB -> non;

[/ printf("Second Reduction (Reduced): (%, %)\n",
/1 redl B, fMonToStr(redMB));

/1 printf("Reduced Words (%, %) and (%, %)\n",
/1 redl A, fMonToStr(redMd), redl B, fMonToStr(redMB));

/1 Now conpare words

i f (intFMnListEqual (redA, redB) != 1)

{
/'l See which one is the 'largest’
I/ printf("Elements different. Adding onto list...\n");
decide = fMonEqual (redMA, redMB);

/1 FIRST, decide by the nonoids

if ( theOrdFun( redVA redMB ) == )

{
adder = intFMonPairListNul;
adder = intFMonPairListPush(redl B, redMB,

redl A, redVA adder);

tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

}
else if ( theOdFun( redMB, redVA ) == 1)
{

adder
adder

i nt FMonPai r Li st Nul ;
i nt FMonPai r Li st Push(redl A, redVA



redl B, redMB, adder);

1030 t empXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;
}
/1 SECONDLY, if the nonoids are the sane,
1035 /| decide by the integers.
if (decide == 1)
{
if (redlA < redlB)
{
1040 adder = int FMonPai rLi st Nul ;

adder = intFMonPairListPush(redl B, redMB,
redl A, redVA adder);
tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;

added++;
1045 }
else if (redlB < redl A
{
adder = int FMonPai rLi st Nul ;
adder = int FMonPairLi st Push(redl A, redNVA
1050 redl B, redMB, adder);
t empXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

}
} I/ end if (decide)
1055 } //end if intMnListEqual...
} /1 end if fMnEqual...
} Il end for (k)
} /1 end if(lengthB <= | engthA)

1060 I
/1 Overlap type 2: LftMB overlaps on right
/1
[ (T, [ftMVA ... .. )
/1 (...1ftMmB...) ->
1065 I

/1 To begin with, set up the conditions on the |oop
begi nK = 0;
endK = | engt hA- 1;
1070 executeK = 0;
if (lengthB <= |engthA)
{

begi nK = 1;
endK = | engt hB- 1;
1075 }

/1 Look for overlaps on right hand side
for( k = beginK k <= endK, k++ )

{
1080 executeK = 0; // reset swtch
if((lengthB <= lengthA) & (lengthA |= 0))
{
/1 printf("Conparing (%, %) with % ", [ftlA
/1 fMonToStr (I ftMA),
1085 /1 fMonToStr(lftMB));
i f(fMonEqual (fMonSuffix(lIftMA k),
fMonPrefix(l1ftMB, k)) == 1)
{
executeK = 1;
1090 }
}
else if (lengthA !=0) // i.e. and lengthB > | engthA
{
/1 printf("Conparing (%, %) with % ", IftlA
1095 /1 fMonToStr (Il ftMA),
/1 fMonToStr (I ftMB));
i f(fMonEqual (fMonSuffix(lIftMA | engthA-k),
fMonPrefix(lftMB, lengthA-k)) == 1)
{
1100 executeK = 1;
}
}
i f(executeK == 1)
1105 {

/1 Match found. Now reduce as before
/1 printf(" 1/2 Match found between (%, %) -> (%, %) and ",
/1 [ftIA fMnToStr(lIftMY), rtlA fMnToStr(rtMA));
/] printf("%\n", fMNToStr(lftMmB));

1110
redA
redB

i nt FMonLi st Nul ;
i nt FMonLi st Nul ;

if (lengthB <= |engthA)



1115

1120

1125

1130

1135

1140

1145

1150

1155

1160

1165

1170

1175

1180

1185

1190

1195

1200

redVA = fMonTi mes(rt MA, fMonSuffix(lftMB, |engthB-k));
/1 printf("1st Reduction: (%, %) ",
I redl A, fMonToStr (redMWR));
/! Reduce word second way
redlB = I ftlA
redMB = fMonTi mes(fMnPrefix(lftMA |engthA-k), rtivB);
[/ printf("2nd Reduction: (%, %) ",
I redl B, fMonToStr(redMB));
}
el se
{
/1 Reduce word first way
redlA = rtlA
redVA = fMonTi nes(rt MA, fMonSuffix(lftM,
| engt hB- | engt hA+k) ) ;
[ printf("(%)", |engthB-IengthA+k);
[/ printf("1st Reduction: (%, %) "
/1 redl A, fMonToStr(redMh));
/1 Reduce word second way
redlB = I ftlIA
redVB = rtMB;
if (k!=0)
{
redMB = fMonTi mes(fMonPrefix(l1ftMA k), redMB);
}
[/ printf("2nd Reduction: (%, %) ",
/1 redl B, fMonToStr(redWB));
}
/1 Sinmplify reduced words using rewite system
redA = i nt FMonLi st Push(redl A, redMA redA) ;
redA = i nt FMonLi st Wr dReduce( redA, crwsN, tenpXw 1 );
redB = int FMonLi st Push(redl B, redWVB, redB);
redB = int FMonLi st Wr dReduce( redB, crwsN, tenpXw 1 );
redlA = redA -> i;
redVA = redA -> non;
// printf("First Reduction (Reduced): (%, %)\n",

redlB = redB -> i;

/'l Reduce word first way
redlA = rtl A

redl A

f MonToStr (redMVA) ) ;

redMB = redB -> non;
// printf("Second Reducti on (Reduced):
redl B,

/1
Il

/1
if
{

printf("Reduced Words (%,

redl A

f MonToStr (redMVh),

f MonToStr (redVB));

%) and

Now conpar e words
(i nt FMonLi st Equal (redA, redB) != 1)

/'l See which one is the 'largest'

[l printf("El ements different.
deci de

= f MonEqual (redMA, redMVB);

/'l FIRST, decide by the nonoids

if ( theOr dFun(
{
adder =
adder =
added++;
else if (
{
adder =
adder =
added++;
}
/| SECONDLY,
/1

if

redMVA,

i nt FMonPai r Li st Nul ;
i nt FMonPai r Li st Push(redl B,

redl A

(%, 9%)\n",

(%,
redl B, fMonToStr(redMB));

redMB ) == 1)

%)\ n",

Adding onto list..

redvB,

redMA, adder);

tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;

t heOr dFun( redMB,

redMVA )

i nt FMonPai r Li st Nul ;
i nt FMonPai r Li st Push(redl A

redl B,

)

redVA,

redMB, adder);

tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;

decide by the integers.
(decide == 1)

if (redlA < redlB)

{

adder =

adder = i nt FMonPai rLi st Push(redl B,

i nt FMonPai r Li st Nul ;

if the nonoids are the sane,

redMB,

An");



1205

1210

1215

1220

1225

1230

1235

1240

1245

1250

1255

1260

1265

1270

1275

1280

1285

}

redl A, redMA adder);
tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

}
else if (redlB < redl A

{
adder = int FMonPai rLi st Nul ;
adder = intFMonPairListPush(redl A redVA
redl B, redMB, adder);
tenpXW = i nt FMonPai r Li st Append(t enpXW adder) ;
added++;

}
} Il end if (decide)
} /lend if intMnListEqual...

} I/ end if (executeK)
} Il end for (k)
cycle3 = cycle3 -> rest;
} Il end for (j)
cyclel = cyclel -> rest;

} /1 end for(i)

// * Kk kkk

/1 END OF STACE 2

|| xxkkk

/1 Get rid of unwanted rules

back = int FMonPai rLi st Copy( tenpXwW);

endSi ze = intFNMonPairLi stLength( back );

printf("...% elenents added of Type 1 vs. Type 2\n",
endSi ze-start Si ze- m dSi ze) ;

/1 int FMonPairListDi splay(tenpXW;

tenpXW = i nt FMonRul esReduce( tenmpXW crwsN );

back = i nt FMonPai rLi st Copy( tenpXW);

/'l Look for shortcuts
back = shortCuts( back );

endSi ze = intFNMonPairLi stLength( back );
printf("...% elenents in the reduced set\n", endSize);

/1 if the size of the list has increased, do the algorithm again
if (added > 0)
{

check = 1,
}

} Il end while
return back;

/'l end | nt FMonPai r Li st

FMonLi st

f MonMonoi dEl enents( gens, crws ) // use conplete rws to list elenents
FMonLi st gens;

FMonPai r Li st crws;

{

ULong | en;

Short flag;

FMon w, g, wg;

FMonLi st used = fMnListNul, found = fMnListNul, revf, gen2;
int i =0, d=0, lenu=0, lenf =0, inf, inu;

found = fMonLi st Push( fMonOne(), found );
lenf = 1;
while ( lenf >0 )
{
revf = fMonListFXRev( found );
w = revf -> first;
used = fMonListPush( w, used );
found = fMnLi st FXRev( revf -> rest );

lenf = lenf-1,;
I enu = | enu+l;
gen2 = fMonLi st Copy( gens );

while ( gen2)
{
g = gen2 -> first;
gen2 = gen2 -> rest;
wg = f MonWor dReduce( fMonTines(w, g), crws );
inu = fMnListlsMenber( wg, used );



1290

1295

1300

1305

1310

1315

1320

1325

1330

1335

1340

1345

1350

1355

1360

1365

1370

}

inf = fMnListlsMenber( wg,

found );

if ((inf ==0) & ( inu==0) )
{

found = fMonLi st Push( wg,
I enf = lenf+1;
} Il end if

} // end while ( gen2 )
} Il end while ( lenf > 0)

return fMonLi st FXRev( used );

/'l end FMonMonoi dEl enent s

I nt FMonLi st

i nt FMbnMonoi dEl enent s( si ze, gens,
/1 use conplete rws to list elenents
int size;

FMonLi st gens;

FMonPai rLi st crwsN;

I nt FMonPai rLi st cr ws XW

{

FMon g, nongE, nmonE2, M M,
FMonLi st gen2;

found );

crwsN, crwsxXw)

I nt FMonLi st used = i nt FMonLi st Nul, found = int FMonLi st Nul ,

answer = intFMonListNul, L1, L2, L3, LO = intFMonListNul,

check = int FMonLi st Nul ;

int i =0, lenu =0, lenf =0, inf, inu, intE intE2 1, 12;
/1 Assune that all [x, 1] are elenents
for(i =1, i <= size; i++)
{
found = intFMonNLi stPush( i, fMnOne(), found );
}
/[l printf("Initial Set = \n");
/1 int FMonLi st Di spl ay(found);
/'l Check that all [x, 1] are indeed el enents
L2 = intFMonLi st Copy( found ); // L2 will hold the remaining el enents

L3 = int FMonLi st Copy( found );

/1 L3 will hold the returned I|ist
/1 (To begin with, we assune that all

while ( L2 ) // while there are elenents to anal ayse

Il = L2 ->1i;
M= L2 -> non;

check = intFMonListPush( I, M check );

L2 = L2 -> rest; // Cycle through L2

/1 L1 is the list without the current entry:
L1 = int FMonLi st Append( LO, L2 );

/| Reduce el enents

check = intFMonLi st Wr dReduce( check,

12
4

check -> i;
check -> non;

if (intFMonListlsMenber( 12,

M2, L1) == 1)

/1 'elenent' can be reduced to another

L3 = int FMonLi st Copy( L1
}

el se

/'l keep el ement
LO = intFMonLi st Push( I,

}
} Il end while

)

M LO );

el ement

get

/1 finished checking - now set found to be checked el enents

found = intFMnLi st Copy( L3 );

nmonE, used );
-> rest );

I enf = intFMnListLength( found );
while ( lenf > 0)
{
revf = intFMonLi st FXRev( found );
intE = revf ->1i;
nonE = revf -> non;
used = int FMonLi st Push( intE
found = int FMonLi st FXRev( revf
lenf = lenf-1;
I enu = | enu+l;
gen2 = fMonLi st Copy( gens );

while ( gen2 )
{

g = gen2 -> first;
gen2 = gen2 -> rest;

revf,

crwsN, crwsXW 1 );

ridh!

el ements are valid)



1375

1380

1385

1390

answer = intFMonListPush(intE, fMnTinmes(nmonE, g), answer);
answer = intFMonLi st WrdReduce( answer, crwsN, crwsXW 1 );
intE2 = answer -> i;

MonE2 = answer -> non;

inu = intFMonLi stlsMenber( intE2, nonE2, used );

inf = intFMonListlsMenber( intE2, nmonE2, found );

if ((inf ==0) & (inu==0))

{
found = intFMonNLi st Push( answer -> i, answer -> non, found );
I enf = lenf+1;

} Il end if

answer = intFMonLi st Nul;

} Il end while ( gen2 )
} // end while ( lenf >0)
return int FMonLi st FXRev( used );

} /1 end int FMonMonoi dEl enent s
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kba.c

* File: kba.c

* Aut hor:

* Last Modified: 16th April 2002

*/

#i ncl ude "frnon. h"

int

mai n(argc, argv)
int argc;
char *argv|[];

#i ncl ude "rwsa. h"

/1 Define Variables

FMonPai rLi st rws, crws, crwsN;

FI LE *kbdat a;

FI LE *ot herdat a;

FI LE *testdat a;

int d =0 nOFGen = 0, rowength = 0, i
ULong nunber sLengt h;

FMon enpty, build;

FMonLi st Mgenerators, cycle, transferGen
I nt FMonLi st nunbers, transferNum inputTest, inputTest?2,
I nt FMonPai rLi st rws2, crws2, crwsXwW

/'l Set Order
theOrdFun = f MonTLex;

printf("\nData read in.

/
i
{

~——

~——

}

| Check for Files
f ( (argc < 2) | (argc > 4) )

’

Gareth Evans (nodifed from original work by CDW

0, j =0, lengt

N, elts;

printf("\nYou have not given between one ");
printf("and three files on the conmand line!");
printf("\nThe correct format is 'kba FILEL.in" or\n");
printf(""kba FILEL. in FILE2.in" or\n");

printf("'kba FILEL.in FILE2.in FILE3.in",\n");
printf("where FILEL is the presentation for N \n");
printf("the optional FILE2 is the information for bui
printf("and the optional FILE3 is an arbitrary word (x, n).\n\n");
printf("See the user manual for nmore information.\n\n");

hEl ts;

redWord, eltslW

Iding the Maction,\n");

exit (1);
/| Open files specified on the command |ine
f ((kbdata = fopen (argv[1], "r")) == NULL)
printf ("%\n", "Error opening the first file");
exit (1);
f (argc > 2)
if ((otherdata = fopen (argv[2], "r")) == NULL)
printf ("%\n", "Error opening the second file");
exit (1);
if (argc == 4)
{
if ((testdata = fopen (argv[3], "r")) == NULL)
{
printf ("%\n", "Error opening the third file");
exit (1);
}
}

/! Read in the Infornmation for N
N = f MonLi st FronFil e( kbdata );

printf("\nGenerating set for

f MonLi st Di splay( N );

printf("[% generator(s)]\n",

rws = fMonPairlListFronFile( kbdata );

Now processing...\n");

monoid N = \n");

f MonLi stLength( N ));

/1 Read in the other infornation if required

if
{

(argc > 2)

nOGen = firstLinelnt( otherdata );

Myenerators = secondLi neFMbns( ot herdata, nOfGen );

nunmbers = renai ni ngLi nes( ot herdat a,

nof Gen ) ;



}

85 /1 Display sone infornmation here
printf("\nNis presented as follows:\n");
f MonPai rLi st Di splay( rws );
printf("[% rule(s)]\n", fMnPairlListLength( rws ));

90 /1 Conpute crws for N
printf("\nNow conmputing a conplete rewite systemfor N.... \n");
crwsN = f MonKnut hBendi x( rws );
printf("\n...Conplete rewite systemfor N conputed.\n");

95 /1 Display sone informati on dependent on the anount of files
/1 given on the comand |ine
if (argc == 2)
{

printf("\nThis is the Conplete rewite systemfor N:\n");
100 f MonPai r Li st Di spl ay(crwsN) ;
printf("[% rule(s)]\n", fMonPairlListLength( crwsN ));

/1 Conpute the elements of N

elts = fMonMnoi dEl ements( N, crwsN );
105 lengthElts = fMnListLength( elts );

printf("\nEl enments of the nonoid N:\n");

f MonLi stDi splay( elts );

printf("[% elenent(s)]\n", lengthElts);

}
110 el se

printf("\nThese are the Type 1 rules in the Conplete Rewite System\n");
f MonPai r Li st Di spl ay(crwsN) ;
printf("[% rule(s)]\n", fMnPairlListLength( crwsN));

115

/1 Continue to process the data if required
if (argc > 2)
{

120 printf("\nContinuing to process the data...\n");
printf("\'nThe number of generators of Mis %.\n", nOfGen);
printf("\nl nages of M generators: \n");

f MonLi st Di spl ay( Mgenerators );
printf("[% inage(s)]\n", fMnListLength( Menerators ));

125
/1 printf("\nTable Information: \n");

/1 intFMonLi stDi spl ay( nunbers );
printf("\n");

130 /1 Now convert the nunmbers information into an |ntFMonPairList
nunmber sLengt h = i nt FMonLi st Lengt h( nunbers );
/1 printf("Nunbers has length %\n", nunmbersLength);
rowLengt h = nunber sLengt h/ nCf Gen;
rws2 = intFMonPairListNul;
135 empty = fMonOne();

/] Generate initial rws

transferNum = i nt FMonLi st Copy( nunbers );

transferGen = fMnLi st Copy( Myenerators );
140 for(i = i <= nOFGen; i++)

{

=

build = transferGen -> first;
build = f MonWor dReduce(build, crwsN);
for(j = 1; j <= rowLength; j++)
145
/1 Build up the Pair List rules
rws2 = intFMonPairListPush(j, build,
transferNum-> i, enpty, rws2);
transferNum = transferNum -> rest;
150
transferGen = transferGen -> rest;
}
rws2 = intFMonPairLi st FXRev( rws2 );
printf("Type 2 rules for the initial rewite system\n");
155 i nt FMonPai r Li st Di spl ay(rws2) ;
printf("[% rule(s)]\n", intFMonPairlListLength( rws2 ));

/1 Now conpute a crws for elements of the form(x, n)

printf("\nNow conmputing the conplete rewite systemfor ");
160 printf("elenents of the form(x, n):\n");

crwsXW = i nt FMonKnut hBendi x( crwsN, rws2 );

printf("\n...Conplete rewite system conputed for el ements");

printf(" of the form(x, n).\n");

printf("\nThe following is the Conplete Rewite System\n");
165 printf("\n------- TYPE 1 RULES------- \n");

f MonPai r Li st Di spl ay(crwsN) ;

printf("[% rule(s)]\n", fMonPairlListLength( crwsN ));

printf("\n------- TYPE 2 RULES-------- \n");
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}

i nt FMonPai r Li st Di spl ay(crwsXW ;
printf("[% rule(s)]\n", intFMnPairListLength( crwsXwW));

/] Conpute the elenments for the induced set
printf("\n--------- ELEMENTS---------- \n");

el tsl W= int FMonMonoi dEl ement s(rowLength, N, crwsN, crwsXW ;
i nt FMonLi st Di spl ay(el tsIW;

printf("[% elenent(s)]\n", intFMnListLength(eltslW);

printf( "\n---ceeemmmmm e \n\n");

/1 Now, if specified, we try to reduce an intFMon to normal form
if (argc == 4)

{
printf("The word (X, n) to reduce is as follows:\n");
i nput Test = intFMonLi stFronFile( testdata );
i nput Test2 = i nt FMonLi st Copy( i nput Test );
printf("(%, %)", inputTest2 -> i, fMnToStr(inputTest2 -> non));
/1 intFMonLi stDisplay( inputTest );
printf("\nNow Reducing..... \n");
redword = i nt FMonLi st Wor dReduce( input Test, crwsN, crwsXwW 0 );
printf("\'n...Reduction Finished.\nThe normalised form');
printf(" of the word is as follows\n");
printf("(it belongs to the follow ng equival ence class):\n");
i nt FMonLi st Di spl ay( redWrd );
}

return O;

#i ncl ude "rwsa.c"
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* File:
* Aut ho

*/
#i ncl ude
int

mai n(arg
int argc

k
r:

Cc,

be. c

kbe.c

Gareth Evans (nodifed from original work by CDW
* Last Modified: 15th

fromon. h"

argv)

char *argv|[];

#i ncl ude

rwse. h"

/1 Define Variables

FMonPai rLi st rwsM r

FI LE *Mlat a;

FI LE *Ndat a;

FI LE *ot herdat a;

FI LE *testdat a;

int d =0 nOFGen =
lengthElts = 0,

ULong nunberslLength, M ength;

FMon enpty, answer,

FMonLi st Mgenerators, cycle, tr

| nt FMonLi st nunbers,

| nt FMonPai r Li st rws2

/1 Set Order
t heOrdFun = f MonTLex;

/'l Check for Files

it
{

pr
pr
pr
pr
pr
pr
pr
pr
pr
pr

ey ——

(

argc < 2) |

April 2002

wsN, crwsM

0, rowLengt
I engthM = 0

el t sEl enent

transferNu
, Crws2, cr

(argc > 5)

crwsN;

h=0 i =0 j =0,
, position;

, genEl enent, build;

ansferGen, M Mopy, N elts, eltscopy;

m inputTest, inputTest2, redWrd,
ws XW

| (arge == 3) )

intf("\nYou have not given one, three ");

intf("or four files on the command line!'\n");
intf("\nThe correct format is 'kbe FILEL.in'" or\n");
intf("" kbe FILEL.in FILE2.in FILE3.in" or\n");

intf("" kbe FILEL.in FILE2.in FILE3.in FILE4.in",\n");
intf("where FILEL is the presentation for M\n");
intf("FILE2 is the presentation for N, \n");
intf("FILE3 is the images of the M generators, and\n");
intf("the optional FILE4
intf("See the user nanual
exit (1);

printf ("%\n",
exit (1);

if (argc > 2)

}

if
{

}
if
{

"Error open

is an arbitrary word (x, n).\n\n");
for nmore information.\n\n");

/ Open files specified on the command |ine
f ((Mlata = fopen (argv|[1],

"r")) == NULL)

ing the first file");

((Ndata = fopen (argv[2], "r")) == NULL)

printf ("%\
exit (1);

(argc > 3)

n", "Error

openi ng the second file");

if ((otherdata = fopen (argv[3], "r")) == NULL)

printf ("
exit (1);

if (argc ==

%\n", "Err

)

or opening the third file");

if ((testdata = fopen (argv[4], "r")) == NULL)
{

print
exit

}

f ("%\n",
(1);

/! Read in the Information for
M = f MonLi st FronFil e( Mlata );
| engt hM = f MonLi stLength( M) ;

nCf Gen

| engt hM

"Error opening the fourth file");

M

eltslW



85

90

95

100

105

110

115

120

125

130

135

140

145

150

155

160

165

rwsM = fMonPairListFronFile( Mlata );

/'l Read in the other information if require
if (argc > 2)

N = fMonLi st FronFil e( Ndata );
rwsN = fMonPairListFronFile( Ndata );
Myenerators = secondLi neFMbns( ot herdata, nCOf Gen );

}

printf("\nData read in. Now processing...\n"

/1 Display sone infornmation here
printf("\nCGenerating set for monoid M= \n"
f MonLi st Di splay( M
printf("[% generator(s)]\n", fMonListLengt
printf("\nMis presented as follows:\n");

f MonPai rLi st Di spl ay( rwsM ) ;

printf("[% rule(s)

)

]\n", fMonPairListLength

/'l Conpute crws for M
printf("\nNow conmputing a conplete rewite systemfor M....\n");
crwsM = f MonKnut hBendi x( rwsM ) ;

printf("\n...Conplete rewite systemfor M

d

)i

)
h( M));

(rwsM));

conputed.\n");

printf(“\nThis is the Conplete rewite systemfor M\n");
f MonPai rLi st Di spl ay( crwsM ) ;
printf("[% rule(s)

]\ n", fMonPairlListLength

/1 Conpute the elenments of M

elts = f MonMonoi dEl enents( M crwsM ) ;
lengthElts = fMnListLength( elts );
printf("\nEl enents of the nobnoid M\n");
f MonLi stDi splay( elts );

printf("[% elenment(s)]\n", lengthElts);

/1 Continue to process the data if required
if (argc > 2)

/'l Calculate the information for N
printf("\nContinuing to process the data...\n");

printf("\nGenerating set for monoid N =
f MonLi stDi splay( N );

printf("[% generator(s)]\n", fMonListL
printf("\nNis presented as follows:\n");
f MonPai rLi st Di splay( rwsN );
printf("[% rul

e(s)]\n", fMonPairlListLe

/1 Conpute crws for N
printf("\nNow conputing a conplete rewite systemfor N .... \n");
crwsN = f MonKnut hBendi x( rwsN ) ;
printf("\n...Conplete rewite systemfor N conputed.\n");

(crwsM));

\n");

ength( N ));

ngth( rwsN));

printf("\nThis is the conplete rewite systemfor N:\n");
f MonPai rLi st Di spl ay( crwsN );
printf("[% rul

e(s)]\n", fMnPairlistLe

ngth( crwsN ));

printf("\nContinuing to process the data...\n");
printf("\'nThe nunmber of generators in Mis % .\n", nOfGen);
printf("\nlnages of M generators: \n");
f MonLi st Di spl ay( Mgenerators );

printf("[%

printf("\n");

i mage(s)]\n", fMonListLengt

/1 Now construct an initial rewite sys
/1 by conputing the action for M

= i nt FMonPai r Li st Nul ;

enmpty = fMonOne();

rws2

/'l Cenerate initial rws
transferGen = fMonLi st Copy( Mygenerators );
Mcopy = fMonLi st Copy( M) ;

for(i = 1; i <= nOFGen; i++)

{

el tscopy = fMonListCopy( elts );
genEl ement =
genEl ement =
for(j = 1;]j

{

Myenerators -> first;
f MonWor dReduce( genEl enme
<= lengthEl ts; j++)

/1 Build up the Pair List rules

el t sEl ement
el tscopy =

= eltscopy -> first;
el tscopy -> rest;

h( Mgenerators ));

temof type (x, n)

nt, crwsN );

/1 printf("Multiplying % with % and reducing....\n",
/1

fMonToStr (el tsEl enent),

f MonToStr (genEl enent) ) ;
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220

bui | d
answer
posi ti

= Meopy -> first;
= f MonWor dReduce( fMonTines(el tsEl ement, build), crwsM);
on = fMonListPosition( answer, elts );

rws2 = intFMonPairListPush( j, genEl enent, position, enpty, rws2 );

}
Mcopy = Mcopy -> rest;
Mgenerators = Myenerators -> rest;

}

rws2

= int

FMonPai rLi st FXRev( rws2 );

printf("Type 2 rules for the initial rewite system\n");
i nt FMonPai r Li st Di spl ay( rws2 );
printf("[% rule(s)]\n", intFMnPairlListLength( rws2 ));

/1 Now conpute a crws for elements of the form(x, n)
printf("\nNow conmputing a conplete rewite systemfor ");
printf("elenents of the form(x, n):\n");

crwsXW = i nt FMonKnut hBendi x( crwsN, rws2 );

printf("\n..

prin

prin

.Complete rewite system conputed for elenents");

tf(" of the form(x, n).\n");
printf(" \nThe followng is the Conplete Rewite System\n");

tf ("

------- TYPE 1 RULES--------\n");

f MonPai rL| stDi splay( crwsN );
printf("[% rule(s)]\n", fMnPairlListLength( crwsN));

printf("\n

------- TYPE 2 RULES--------\n");

i nt FMonPai r Li st Di spl ay( crwsXwW);
tf("[% rule(s)]\n", intFMonPairlListLength( crwsXw));

prin

/] Conpute the elenments for the induced set

printf("\n

--------- ELEMENTS- - --------\n");

el tsI W= int FMonMonoi dEl ements( lengthElts, N crwsN, crwsXw);
i nt FMonLi st Di spl ay( eltsIW);
printf("[% elenment(s)]\n", intFMnListLength(eltsIW);

printf( "\ \n\n")
/1 Now, if specified, we try to reduce an intFMon to nornal form
if (argc == 5)
{
printf("The word (X, n) to reduce is as follows:\n");
i nput Test = intFMonLi stFronFile( testdata );
i nput Test2 = i nt FMonLi st Copy( i nput Test );
printf("(%, %)", inputTest2 -> i, fMNToStr(inputTest2 -> non));
/1 intFMonLi stDisplay( inputTest );

printf("\nNow Reducing..... \n");
redWord = int FMonLi st Wor dReduce( i nput Test, crwsN, crwsXW 0 );
printf("\n...Reduction Finished.\nThe normalised fornm');

p

rintf("

of the word is as follows\n");

printf("(it belongs to the follow ng equival ence class):\n");
i nt FMonLi st Di spl ay( redWrd );

}
}

return O;

}

#i ncl ude

"rwse. c"



