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This program makes state_trees that consist of certain number of
elements. The number is given by user when this program starts.Then
measures the values described in section 5.1.2.
If you need the values of each tree,compile with -DDEBUG option.

WARNING:This program doesn’t check if the value entered is leagal.
**********************************************************************/

#include <stdio.h>
#include <stdlib.h>

#define MAX_STATES 20 /* max value of ’number_of_states’ */
#define MAX_HISTORY_LENGTH 1000 /* max length of the history */

#tdefine OK 1
#tdefine EOL -1

#ifdef DEBUG

# define Dbg(a) a
#else

# define Dbg(a)
#endif

typedef struct tree { /* See section 4.1 */
int up;
int down;
int left;
int right;
} TREE;

typedef struct history {

int list[MAX_HISTORY_LENGTH] ;

int length; /* current length of this history */
} HISTORY;

typedef struct table {

TREE tree[MAX_STATES]; /x* This and */

HISTORY history; /* this are equivalent. */
} TABLE;

31



typedef struct distance { /* See section 5.1.2 */
double tree;
double history_max;
double history_avr;
double history_min;

} DISTANCE;
void make_initial_table(TABLE *table);
/*
* Function: make initial table,that is,table whose element is only
* state ’0°
* Parameters:
* TABLE *table: pointer to the table which you want to initialize
* Return value: none

*/

int make_tree_and_measure(int number_of_states,int parent,
int child,TABLE table);

/*

* Function: make trees and histories recursively and measure the

* values.

* Parameters:

* int number_of_states: number of states(nodes) of the trees and
* histories to make and measure

* int parent,: New state represented by ’child’ is added to the
* int child, :tree and history represented by ’table’ as a child
* TABLE table:of the state represented by ’parent’.

* Return value: OK
* Side effects: value of ’number_of_trees’ and ’dist_avr’ will be changed.

*/

void copy_table(TABLE from,TABLE *to);

/*
* Function: copy the contents of a table to another
* Parameters:
* TABLE from: the table to be copied from
* TABLE to : pointer to the table to copy to
* Return value: none
*/
void add_new(TABLE *table,int parent,int child);
/*
* Function: add new state to the table(tree and history)
* Parameters:
* int parent,: New state represented by ’child’ is added to the
* int child, :tree and history represented by ’table’ as a child
* TABLE table:of the state represented by ’parent’.
* Return value: OK
*/
void intcpy(int *from,int *to);
/*
* Function: copy an array of integers to another array
* Parameters:
* int *from: pointer to the array to be copied from
* int *to : pointer to the array to copy to
* Return value: none
*/

void measure(int number_of_states,TABLE table);

/*
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* Function: measure values described in section 5.1.2

* Parameters:

* int number_of_states: number of states(nodes) of the trees and
* histories to make and measure

* TABLE table: table to be measured

* Return value: none

*/

void print_history(HISTORY history);
/*
* Function: print the given history
* Parameters:

* HISTORY history: history to print
* Return value: none
*/
int tree_len(TABLE table,int From,int To);
/*
* Function: measure the value(See Parameters below) of tree
* Parameters:
* TABLE table,: The length of the path from the node ’from’ to
* int From, :the node ’To’ in the tree ’table’ is measured.
* int To
* Return value: measured value
*/
int real_to_path_len(TABLE table,int From,int To);
/*
* Function: measure the length of the path(See Parameters below).The
* path is NOT "logical" one but "real" ome.
* Parameters:
* TABLE table,: The length from the node ’To’ to the node ’From’
* int From, :in the tree ’table’ is measured.
* int To

* Return value: measured value
* WARNING: ’To’ MUST be ancestor of ’From’
x/

int history_distance(int pointer,int to,HISTORY history);
/*

* Function: measure the shortest length(See Parameters below) in the

* history.

* Parameters:

* int pointer, : The length from ’pointer’th element in the
* int to, :history ’history’ to the nearest element

* HISTORY history:whose value is state ’to’ is measured.

* Return value: measured value

*/

DISTANCE distance[MAX_STATES] [MAX_STATES]; /* To tell the truth,this is

not necessary to be an array */

DISTANCE dist_avr; /* averages of the values(See section 5.1.2.) */
int number_of_trees; /* number of the trees made */

void main() {

TABLE state_table; /* table that represents a tree and a history */
int number_of_states; /* number of states(nodes) of the trees and

histories to make and measure x/
char buffer[5]; /* used in gets */
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int divider; /* See comments below. */

/* get ’number_of_states’ */

printf ("number_of_states(1-%d)=",MAX_STATES);
number_of_states=atoi(gets(buffer));

printf ("\n");

/* initialize the table and values */
make_initial_table(&state_table);
dist_avr.tree=0;
dist_avr.history_max=0;
dist_avr.history_avr=0;
dist_avr.history_min=0;
number_of_trees=0;

/* make trees and histories and measure the values described in
section 5.1.2 */
make_tree_and_measure (number_of_states-1,0,1,state_table);

/* Values measured in ’make_tree_and_measure’ is the sum of all the
length of each ’from’ and ’to’ pairs. */

/* get the value of ’divider’ */
divider=number_of_trees*number_of_states*number_of_states;

/* get the values by dividing by ’divider’ */
dist_avr.tree/=divider;
dist_avr.history_max/=divider;
dist_avr.history_avr/=divider;
dist_avr.history_min/=divider;

/* print the values */

printf ("tree=Y6.2f\n",dist_avr.tree);

printf ("history max=%6.2f\n",dist_avr.history_max) ;
printf ("history minimum=%6.2f\n",dist_avr.history_min) ;
printf ("history average=%6.2f\n\n",dist_avr.history_avr);

void make_initial_table(TABLE *table) {
int i; /* used in the loop */

/* initialize the tree */

for (i=0;i<MAX_STATES;i++) {
table->tree[i] .up=-1;
table->tree[i] .down=-1;
table->tree[i] .left=-1;
table->treel[i] .right=-1;

}

/* initialize the history */
table->history.list[0]=0;
table->history.list[1]=EOL;
table->history.length=1;

}

int make_tree_and_measure(int number_of_states,int parent,
int child,TABLE table) {

TABLE state_table; /* used to pass the table to next tree */
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/* copy the given table to reserve it */
copy_table(table,&state_table) ;

/* add new state to the table */
add_new(&state_table,parent,child);

/* In this case,the tree with ’number_of_states’ of element is
completely made */
if (child==number_of_states) {
measure (number_of_states,state_table);
return OK;

}

/* make new two trees by adding new state(’child+1’) to state ’0’
and to state ’child’. */

make_tree_and_measure (number_of_states,0,child+1,state_table);

make_tree_and_measure (number_of_states,child,child+1,state_table); }

void copy_table(TABLE from,TABLE *to) {
int i; /* used in the loop */

/* copy tree */

for (i=0;i<MAX_STATES;i++) {
to->tree[i] .up=from.tree[i] .up;
to->tree[i] .down=from.tree[i] .down;
to->tree[i] .left=from.tree[i] .left;
to->tree[i] .right=from.tree[i] .right;

}

/* copy history */
intcpy(from.history.list,to->history.list);
to->history.length=from.history.length;

void add_new(TABLE *table,int parent,int child) {

int ptr; /* used to indicate the point in the history */
int older_brother;

/* add new state to the tree */

if (table->treel[parent].down!=-1) {
older_brother=table->tree[parent] .down;
table->tree[older_brother] .left=child;
table->tree[child] .right=older_brother;

}

table->tree[parent] .down=child;

table->tree[child] .up=parent;

/* add new state to the history */

ptr=table->history.length-1;

while (table->history.list[ptr]!=parent) {
ptr——;
table->history.list[table->history.length]=table->history.list [ptr];
table->history.length++;

}

table->history.list[table->history.length]=child;

table->history.length++;
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table->history.list[table->history.length]=EOL;
}

void measure(int number_of_states,TABLE table) {

int i; /* used in the loop */
int from; /* measure values from the node ’from’x*/
int to; /*to the node ’to’ */

double hist_max; /* max length of history */
double hist_min; /* minimum length of history */
double hist_sum; /* sum of lengths of history */

int num; /* number of state ’from’ in the history */
int ptr; /* used to indicate the print in the history */
int dist;

/* In DEBUG mode,pointers of tree and the history are printed.This
means you can know how the tree and the history are.*/
Dbg(for (i=0;i<=number_of_states;i++) {
printf ("treel[d] :up=%3d,down=%3d,left=%3d,right=%3d\n",1,
table.tree[i] .up,table.tree[i] .down,
table.tree[i] .left,table.tree[i] .right);
}
print_history(table.history);
printf("\n");
)

for (from=0;from<=number_of_states;from++) {
for (to=0;to<=number_of_states;to++) {

/* get the distance in the tree */
distance[from] [to] .tree=tree_len(table,from,to);

/* get distances in the history */
/** initialize *x/

hist_max=0;
hist_min=table.history.length-1;
hist_sum=0;

num=0;

/** A history has some same states.In this part,get the shortest
distance from all ’from’s to ’to’ *x/

for (ptr=0;ptr<table.history.length;ptr++) {
if (table.history.list[ptr]==from) {
dist=history_distance(ptr,to,table.history);
if (dist>hist_max) {
hist_max=dist;
}
if (dist<hist_min) {
hist_min=dist;
}
hist_sum+=dist;
num++;
}
}

/** set values measured above to distance_table *x*/
distance[from] [to] .history_max=hist_max;
distance[from] [to] .history_avr=hist_sum/num;
distance[from] [to] .history_min=hist_min;
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/* add values.These values are to be divided in main function.

dist_avr.tree+=distance[from] [to] .tree;

dist_avr.history_max+=distance[from] [to] .history_max;
dist_avr.history_avr+=distance[from] [to] .history_avr;
dist_avr.history_min+=distance[from] [to] .history_min;

/*In DEBUG mode,print distance from ’from’ to ’to’*/
Dbg(printf ("%5.1£f/" ,distance[from] [to] .tree) ;)
Dbg(printf ("%5.1£f/" ,distance[from] [to] .history_max) ;)
Dbg(printf ("%5.1f/" ,distance[from] [to] .history_avr) ;)
Dbg(printf("%5.1f ",distance[from][to].history_min);)

}
Dbg (printf ("\n") ;)
Dbg (printf ("\n") ;)

/* increment ’number_of_trees’ measured */
number_of_trees++;

int history_distance(int pointer,int to,HISTORY history) {

}

int ptr; /* used in the loop */
int left; /#* shortest path in the left from ’pointer’*/
int right; /* shortest path in the right from ’pointer’ */

/* search ’to’ in the left from ’pointer’ in the history */
left=history.length;
for (ptr=pointer;ptr>=0;ptr--) {
if (history.list[ptrl==to) {
left=pointer-ptr;
break;
}
}

/* search ’to’ in the right from ’pointer’ in the history */
right=history.length;
for (ptr=pointer+l;ptr<history.length;ptr++) {
if (history.list[ptrl==to) {
right=ptr-pointer;
break;
}
}

/* return shortest */
if (left<right) {
return left;
} else {
return right;

}

void intcpy(int *from,int #*to) {

while (*from!=EOL) {
*to=+from;
to++;
from++;
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*to=EQL;

void print_history(HISTORY history) {
int i; /* used in the loop */

printf ("history= ");
for (i=0;i<history.length;i++) {
printf ("%3d" ,history.list[i]);

}
printf ("\n");
}

int tree_len(TABLE table,int From,int To) {

int from_path[MAX_STATES]; /#* path to the root of the tree from ’From’ */
int to_path[MAX_STATES]; /* path to the root of the tree from ’To’ */
int from_path_len; /* length of ’from_path’ */

int to_path_len; /* length of ’to_path’ */

int from;

int to;

int f;

int t;

int found;

/* make from_path */

from=From;

from_path_len=0;

while (from!=-1) {
from_path[from_path_len]=from;
from=table.tree[from] .up;
from_path_len++;

}

/* make to_path */

to=To;

to_path_len=0;

while (to!=-1) {
to_path[to_path_len]=to;
to=table.treel[to] .up;
to_path_len++;

}

/* find common ancestor of ’from’ and ’to’ */
found=0;
for (£=0;f<from_path_len;f++) {
for (t=0;t<to_path_len;t++) {
if (from_path[f]l==to_path[t]) {
found=1;
break;
}
}
if (found==1) {
break;
}

X
from_path_len=f-1;
to_path_len=t-1;
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/* In this case ’to’ is ancestor of ’from’ */
if (to_path_len==-1) {
return from_path_len+1;

}

/* In this case ’from’ is ancestor of ’to’ */
if (from_path_len==-1) {

return real_to_path_len(table,To,to_path[to_path_len+1]);
}

/* add length between ancestor of ’to’ and that of ’from’ that are brothers
to ’from_path_len’.*/

if (from_path[from_path_len]>to_path[to_path_len]) {
from=to_path[to_path_len];
to=from_path[from_path_len];

} else {
from=from_path[from_path_len];
to=to_path[to_path_len];

while (from!=to) {
from=table.tree[from] .left;
from_path_len++;

return from_path_len+real_to_path_len(table,To,to_path[to_path_len]);

int real_to_path_len(TABLE table,int From,int To) {

int from;
int length;

length=0;
from=From;
while (from!=To) {
/* first,move left */
while (table.tree[from].left!=-1) {
from=table.tree[from].left;
length++;
}
/* then move up */
from=table.tree[from] .up;
length++;
}

return length;
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