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[Abstract]

The matchstick game is enjoyed by people of all ages and genders. Although various versions of this game exist, the most
common variant involves rearranging a limited number of matchsticks from a given initial configuration to either complete a
mathematical expression or construct a specific geometric shape. In this study, we implemented an algorithm to examine the
feasibility of moving a given number of matchsticks to complete a specific equation and, if possible, identify the possible
matchstick combinations. The experimental results showed that the proposed algorithm could be effectively utilized in checking
answers of and designing games involving the rearrangement of one to three matchsticks to complete an equation, which is

typically enjoyed by players.
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Fig. 1. Conversion between internal structure of matchstick

layout and equation string

procedure matchstick puzzle(equation string, [imit);
begin
convert equation_string to 7_segments,
check_layout(7_segments, limit, 1);
end;

procedure check_layout (7_segments, limit, depth);
for each properly-moved-layout of 7_segments do
if depth == limit then
begin evaluate properly-moved—Ilayout and
output the result; end;
else
begin check_layout(properly-moved-layout,
limit, depth + 1); end;
end;
end;

J8 2. dPhH HE A MA LuelE
Fig. 2. Rough algorithm for the matchstick equation puzzle
game
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Fig. 3. 7-segment for digit presentation of matchstick

#define BIT(bn) (1 << bn)
#define SEG_0 (BIT(0) | BIT(1) | BIT(2) | BIT(3) | ¥

BIT(4) | BIT(5))
#define SEG_1 ( BIT(1) | BIT(2))
#define SEG_2 (BIT(0) | BIT(1) | BIT(3) | ¥
BIT(4) | BIT(6))
#define SEG_3 (BIT(0) | BIT(1) | BIT(2) | BIT(3) | ¥
BIT(6))
#define SEG_4 ( BIT(1) | BIT(2) | i

BIT(5) | BIT(6))

BIT(2) | BIT(3) | ¥
BIT(5) | BIT(6))

BIT(2) | BIT(3) | W
BIT(5) | BIT(6))
BIT(1) | BIT(2) | i
BIT(5))
BIT(1) | BIT(2) | BIT(3) | ¥
BIT(5) | BIT(6))
BIT(1) | BIT(2) | BIT(3) | W
BIT(5) | BIT(6))

#define SEG_5 (BIT(0)

#define SEG_6 (BIT(0)
BIT(4)
#define SEG_7 (BIT(0)

#define SEG_8 (BIT(0)
BIT(4)
#define SEG_9 (BIT(0)

#define SEG_P ( BIT(1) | BIT(2) | W
BIT(6))
#define SEG_M ( BIT(6))

char Seg bit[] = {SEG_0, SEG_1, SEG_2, SEG_3, SEG_4,
SEG_5, SEG_6, SEG_7, SEG_8, SEG_9,
SEG_P, 0, SEGM };
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o NDGT : number of digits
o NSEG : number of 7-segment for matchstick layout
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o OPSN : segment position of operator symbol
o EQSN : segment position of equal symbol

IEEE
—_r—‘ —y S — v
MOGTT MDGT2 MDGT3
MSEG = (MDGT1 + 1+ NDGT2 + NDGT3)
OPSN = NSGT1, EQSM = (MDGR1 + 1 + NDGTZ)
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Fia. 5. Modeling for matchstick equation puzzle game layout

#define NDGT1 1

#define NDGT2 1

#define NDGT3 2

#define NSEG (NDGT1 + 1 + NDGT2 + NDGT3)
#define OPSN NDGT1

#define EQSN (NDGT1 + 1 + NDGT2)

char Seg_lay[NSEG]; // layout of matchstick equation
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Fig. 4. Implemented code for 7-segment bit [attern for digit
and operator, and conversion table with ASCIl code
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Fig. 6. Implemented code for model of fig. 5
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int seg put(char *exp) // "0+3=09" ==> Seg_lay]| |

int i, c;
for (i =0; *exp; i++, exptt) {
if ((c ==exp) == '=') ¢ = =(++exp);
if (c=="") Seg_lay[i] = 0x00;
else {
if (c!="+'&c!="'-'" &

(c<'0" Il ¢>"'9")) return(0);
Seg_lay[i]l = ¢ < '0" ? Seg_bit[c - '+' +10] :
Seg bit[c = '0'];

)i
return(1); // success
}
int seg_get(char *exp) // Seg_lay[] ==> "0+3=09"
{
int 1,
for (i =0; i <NSEG; i+, exptt) {
if (i == EQSN) #exptt = '=';
xexp = Seg map|Seg lay[il];
if (i == OPSN && *exp != "+' && *exp != '-') ||
(xexp < '0" || =exp > '9")
return(0); // intermediate state
}
xexp = 0;
return(1); // success
}
int seg_acl(char *exp) // "0+3=09" is true ?
: // omitted
}
a8 7. 4 EXHn} 7-MOHE 7t AS BiE TZA[X

Fig. 7. Procedure for conversion between equation string
and 7-segment

“0+3=09”
T8 8. dvhy| wix| Mefel E2& £ of
Fig. 8. An example of console output for matchstick layout
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#define BIT_ON(s, b) (Seg_lay[s] & BIT(b))
#define IS_EQSEG(s) (s == EQSN -1)
#define IS_OPSEG(s) (s == OPSN)

#define IS_SEG_P(s)  (Seg_lay[s] == SEG_P)

void seg prt()

int s;

for (s = 0; s <NSEG +1; s++) { // 1% row
BIT_ON(s, 0) ? printf(" = ") @ printf(" ");

IS_EQSEG(s) ? printf(" ") ¢ oprintf(" ");
} printf("f¥n");
for (s =0; s <NSEG +1; s+8) { // 2 row
if (IS_OPSEG(s)) printf(" "); else {

BIT_ON(s, 5) ? printf("| "): printf(" ");
BIT_ON(s, 1) ? printf("|") : printf(" ");

)i

IS_EQSEG(s) ? printf(" "yt oprintf (" ");
} printf("¥n");
for (s =0; s < NSEG +1; s+) { // 3" row

if (IS_OPSEG(s)) IS_SEG_P(s) ? printf(" + ") :

printf(" - ");
else BIT_.ON(s, 6) ? printf(" = ") : printf(" ");
IS_EQSEG(s) ? printf(" = ") : printf(" ");
} printf("¥n");
for (s =0; s <NSEG +1; s++) { // 4™ row
if (IS.OPSEG(s)) printf(" "); else {

BIT_ON(s, 4) ? printf("| ") : printf(" ");
BIT_ON(s, 2) ? printf("|") : printf(" ");
IS_EQSEG(s) ? printf(" “Y: printf(" ");
} oprintf("¥n");

for (s =0; s <NSEG +1; s++) { // 5" row
BIT_ON(s, 3) ? printf(" = ") : printf(" ");
IS_EQSEG(s) ? printf(" ") printf(" "),
b printf("fn");

g 9. Mevin| vix| MEfE Edo| £H5ks ZEAAN
Fig. 9. Procedure for outputting matchstick layout to console
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int bit_peek(int s, int b) {
if (IS_OPSEG(s)) return(Seg_layls] == SEG_P);
else return(Seg_lay[s] & BIT(b));

void bit_set(int s, int b) {
if (IS_OPSEG(s)) Seg_laylsl] = SEG_P;
else Seg_lay[s] |= BIT(b);

void bit_clr(int s, int b) {
if (IS_OPSEG(s)) Seg_layls] = SEG_M;
else Seg lay[s] & ~BIT(b);
i

int move(int ss, int sb, int ss, int db) {
if ('bit_peek(ss, sb) || bit_peek(ds, db))
return(0);
bit_clr(ss, sh); bit_set(ds, db); return(1);

}

T8 10. ME7HE| O|F X2 ZE2AX
Fig. 10. Procedure for movement process of matchstick
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typedef struct trace {
char ss, sb, ds, db;
struct trace *link;
} TRC;

TRC *Top, *trp; // trace stack of movement

void trc_ins(int ss, int sb, int ds, int db)
{ // insert a trace element
trp = (TRC *)malloc(sizeof (TRC));
trp—>ss=ss; trp—>sb=sb; trp—>ds=ds; trp—>db = db;

trp—>link = NULL;
if (1Top) Top = trp, trp=>link = NULL;
else trp=>link = Top, Top=trp;
i
int trc_chk(int ss, int sb, int ds, int db)
{ // check if new movement ?
for(trp = Top; trp != NULL; trp = trp=>link)
if (trp=>ss == ds & trp—>sb == db ||
trp=>ds == ss && trp—>db == sb)
return(1);
return(0);
}
void trc_del() // delete a trace element
{
trp = Top—>link; free(Top); Top = trp;
}

void trc_prt() // print trace history
{

for(trp = Top; trp; trp = trp=>link)
printf("<=(%d,%d)(%d,%d)",
trp—>ss, trp=>sb, trp—>ds, trp—>db);
printf("¥n");

a8 1. A'Phd| ol T FM Z2AIX
Fia. 11. Procedure for matchstick movement tracking
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typedef struct found {

int seg_new()

char segexp[NSEG];
struct found *link;

}+ FOUND;

FOUND
int Segfent = 0;

xSegfound = NULL; // link'd list of found layout

//Seg_lay: current found layout

FOUND *csgp, *psgp, *nsgp;
for (csgp = Segfound, psgp = NULL; csgp != NULL;
psgp = csgp, c¢sgp = csgp—>link) {
1£('memcmp(csgp—>segexp, Seg_lay, NSEG))
return(0);

}

nsgp = (FOUND *)malloc(sizeof (FOUND));
memcpy (nsgp—>segexp, Seg_lay, NSEG);
nsgp—>trc = treset; nsgp—>link = NULL;
psgp ? psgp—>link = nsgp; Segfound = nsgp;
Segfcnt+t;

return(1);

}

a7 12, SAlel 3=

£ 9l8t Z2AlH

Fig. 12. Procedure for checking redundancy of equation

int main() {

game_DFS(-1, -1, -1, -1)
return(0);

int L =0;
void game_DFS(int ssn, int sbn, int dsn, int dbn)

)

int ss, sb, ds, db;

if (seg_cal()) {

re_prt; seg prt();

if (seg_new()) printf("Found(depth=%d)...¥n", L);
else printf("Discard(depth=%d)...¥n", L);

)
if (L ==LIMIT) return;

L++; // depth level

for (ss = 0; ss < NSEG; ss+t) { // for-1

" for (sb=0; sbh<7; sbtt) { // for2

© for (ds = 0; ds < NSEG; ds++) { // for=3
for (db =0; db <7; dbtt) { // for-4

if ( (ss ==ds && sb == db) ||
(IS_OPSEG(ss) && sb > 0) ||
(IS_OPSEG(ds) && db > 0) ||
trc_chk() )
cont inue;

if (move(ss, sb, ds, db)) {
trc_ins(ss, sb, ds, db);
game_DFS(ss, sb, ds, db);
move(ds, db, ss, sb); // restore layout
trc_del(ss, sb, ds, db);

}
.Y // for4
} // for-3

Y // for-2
3+ // for-1
L——; // depth level

38 13. I 19 Lae|Eof thst #186 ZE=
Fia. 13. Implemented code for algorithm of Fig. 1
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— ss! source segment number

o

o

- sb! source bit number in the ss segment.

- ds: destination segment number

- db: destination bit number in the ds segment
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Fig. 15. Redundancy checking of the implemented
algorithm for the found equations
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Fig. 16. Skipping situation recognition of the algorithm
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