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2. o NAAS o}% w1 BAE Aok me ] AuEe Pre ojdlst 2

#include <stdio.h>

#include <stdlib.h> /*x ator T AME «/

#include <time.h> /x TR A A7HE &%
(Axte] Z7)0] Het a2 D A W 3)
(€ 5)

int main(arge, argv)

oL
*
~

int arge; [+ DR AR A «/
char xargo[]; [+ BHAL] AAS +/
{
time_t t1, t2; [*x t1= AFANA, 125 FEAIEL] AT SHT} «/

int boardsize; /x Al 27] «/

(Z233 AR 21);

boardsize = atoi(argv[l]);

(Ao 2718 AAske 1),

time (&t1);

printf ("N_Queens program by Jeff Somers.\n");

printf ("\tallagash98@yahoo.com or jsomers@alumni.williams.edu\n");
printf ("Start: \t %s", ctime(&t1));

Nqueen (boardsize); /x BB 3= FROE o] =z ade] dAo] FH= Lolt}. x/
time (&t2);

printResults (&t1,&t2); [+ A3 AZF FH3I} «/

(e A4 B 20);

return 0;
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3. AATS =7]. 3h}e] 32v|E unsigned long 7)o W A2 Z7]|7F 18 x 189 A9 19
7“*(666090624711) 7101]_ ZFHEAITE 19 x 1991 3$(49680578487]) 5 E7)oll= HE3ITE Win329)
Aol 23E He ol Alzs 64 vE 2718 MEE o&ste] o] ZrIaA ZHE 5 e Hth Alawe
37] MAX_ BDARDSIZEjé 212 Eﬁﬁiﬁ}

UNIX9] A$oll+= 319 7)3-’,1‘3 = A W9 g_numsolutions 2] EFY-E unsigned long 4 unsigned
long long © & BILAL, 32 o] W4E 32 H|E WS4 0|83 19 x 19 I7|7HA9] 8 18 4= )
(Az=2e] 270 #F vz 9 A ¥4 3
#ifdef WIN32
#define MAX_BOARDSIZE 21

typedef unsigned __int64SOLUTIONTYPE;
F#else
#define MAX_BOARDSIZE 18

typedef unsigned long SOLUTIONTYPE;
#endif
#define MIN_BOARDSIZE 2

SOLUTIONTYPE g_numsolutions = 0;

o] Z=x 2 AMolA] ARF T

4. AxRe] =77 ¥R Fgth O A7) 2W ke Aokl 214 W e vk 21ET Ax
Hedl, 23= 7IvElEdE & glo] 7lt#of gt
(Aol 2715 AR} 1) =
if (MIN_BOARDSIZE > boardsize V MAX_BOARDSIZE < boardsize) {
printf ("Width of_board, must be between %d,and %d, inclusive.\n",MIN_BOARDSIZE,
MAX_BOARDSIZE);
return 0;
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Theol 1 78 S Vol theld e Bk 2o st Yol thate] el b 1Re) #hE A
gong oA Foz sN BE 1% T8 4 i Aolth(Aawe] 277 1x 19 A9 A9)) T BT
s, 2gow BIskA.

; i
oM 2Fs Ao de 5 e AolnR dRY AT Ba7t gle Aotk

oJAH Y=ol sl thF ez vmx] wke] siE 7 F U= olfre (19 dAolA FiA s 7 =
oltE) BE dle 22 YV tieliA tiy € 5 qU7] wliiolth. Hfushd, 22 ol FY e ¥ &+
7] diEolty. =3 e A 2717 E dufe, W 7ker] Gl teiAnt Hre we
d=ol dsides 1958 (A 7kedl & - )79 s 764 VSt A7 & due 2E SiE 72
T At} olZle] ZFsd o JAl & doll FA ol e Aol & 5 7] wiZolth,

o] BAIE sdske daelE2 ATl ARIRol #2471 (backtracking) ot thA] 3 W g3,
A (13,19)00 e w2 thaoll 2 o] Aol md 5 Sle I3 e A I8auA
ol A A3t il slsliA the oS mAAT. o]ZA A2 ofge] TP A o] F o
Alge] mixle @3 e e 3t o3 wyle® s yrithrt whek o 3ol 2 ogs
Fo AA7E ok, vz Ao gor EYrbA oge wiXE 5 e vE AR 713 AL JAYT)
(= 5) =

void Ngqueen (board_size)

int board_size;
{
( Nqueen 32l A9 M5 6);
(28lg Z7)3k5e} 5);
for (i=0; i < (1+ odd); ++i) {
bitfield = 0;
if (0=1) {
(W 7k 2 AL Alade] 28X vk Astr] A& 2713slEt 10)
} else {
(A2 2717k E4 G, W ke 22 As] Ae) 2719542 1)

(F7 7Y dugses 2A1E shdsket 14)
b/ ARG 2AE Fafetel Yot diE 7Rtk «/

g_numsolutions x= 2;
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6. o] ZzIoN= A9 HAsE SN F2 HE AR o83 olE =9, Asde] F27171 8
o|aL, ofwl g oA 5A Ao AFE F= o Ak T AL 0000100 0= FASAL mEbA T e g2
°]x14* 00001009] ARG grel 47F "k, ol2dt Fhe Zhs W7t viE bitfield oot F H A8 Arshd,
A bitfield= o= £ 1 Aol w5 5 e AAF9] AAE T S ARG olE S0 bitfield 9
Zkol 15214, bitfield = 152] ©]X42¢1 00001111 EAF I wWebr] 2 o]l 5 ~ 842 Ao oJFS =& 5
= Zlelth

Ee FESoFd W HER Ish |, o] Wrt Yeple 212 o oM g w2 5 e W 2ES
AAE e o] 22a9e 2EF vl HisiM siE 73 Foll 2AE VS| AR st YuAE
Tty weby Z2age] Afse s W LESRE AlFSt] dfoR AT R WS she
A AR 9= B HAA Dol Aol AAS A=AE HErdT TEa dA A3 Ha e s
el 7] /814 numrows WHa47F AREE T

(Nqueen 2] 219 W,E 6) =

register int numrows = 0; /* stackS ©]8% W] ARSETE */
register unsigned int [sb; /* Sk 8ol W @2 ool X least significant bit */
register unsigned int bitfield; /x A4S X 4= = HIE upr3T x/

7,08 A4 SE AwuAL.
o] = 5wl AdolA AREH .

7. 9] Aol 3 el o] A bitfield S ol SHA LIERE £ ltkw sk mebA 1 99} 2
Yol el Alejo] Aaz AAlo)] s JRFS BASOF skl oju), 75 wjdo] ALHET. 7} wjde)
shtel Qazk Al el Gigel 914 2 AlY WA Yehinz 2ejs Msse ol2old Mae B Ax
AyBhe AR

( Nqueen320] A1 W45 6) +=

int aQueenBitRes[MAX_BOARDSIZE[; /x B AT «/

int aQueenBitCol[MAX_BOARDSIZE];  /* o]o] A|EL w|x]& dE52 & «/

int aQueenBitPosDiag[MAX_BOARDSIZE]; /x o] AEE X g udAE & x/
int aQueenBitNegDiag[MAX_BOARDSIZE[; /x o] AlEE wx= 29 tAAE & +/
int aStack[MAX_BOARDSIZE +2];  /x 2~E1S AR&3ic} «/

register int xpnStack; /x 2B EQE x/

8. o ZeaUelNE HA e FAA] Aad ATNA PHE AeeA) B, A SE FAL A
gRAos AU A8kl THT)
(28g 273}k 5) =
aStack[0] = —1; [+ O] mER|ERS FEA] %/
o] =t 59 AAelA AMEYTH



8 N7 % 3 N7 o9 24 §9

9. oM MEITel, Axwe] A7k T4 dule, B Lu) AY 3719 el iR o, 2L )
A, W 7hew A A A Astel T o AN e, B4 Auje 189 929 ofge
o] W Zhedl 9= AFHYCET FuA PRE AU AR webd Al 277 B due
57} e e AAsY Ha, E4 e TS A9sE Ak W ddo) e Alage] E4 old 1,
5= oWl 00] 31, AA| FZE (14 odd) B HHEATH

( Nqueen@4:2] 2|9 WSS 6) 4=

int 7;
int odd = board_size & 1; /* board_size 7} o)™ 0, 4= o]H 1 */
int board_minus = board_size — 1; /* board size - 1 */

int mask = (1 < board_size) — 1; /x 512 273} «/

10. 7124
W 7k @
(W 7k 22 AL Alade] X vk Agsty] s 27F)stet 10) =
(R 922 WL BF 12 vpasket 11);
pnStack = aStack + 1; /x 2B EOIE] x/
(o) AlE HAE 2718kset 12);
o] F=t 59 AAeA AMEYTH

rIO mR

11. %S F2 7 e AAE Uehle ¥ bitfield®] 8% v sFshes HESS 9] ke &
AlQl 182 %2713} st} WA board_size S ¥rO 8 U3l (half) 1S HIE AXAE 0] 8319] half THE 9Z o=
FZES 12 wjd LE2F vt sjFdhs HEE BT 12 T 5= Atk oAlE 59 board_size 7} 7O half =
30 Ha1, 1S 3ug 907 XzES 10000] Hi1, o714 12 WEE | bitfield2] ZHS 1110] "t B9
=7)7} 7O]E& 1115 0000111 & 7H=31E o)&)3l7] 4t
(A 2% vk B 12 vpasiet u) =

int half = board_size > 1; [ H|E AAR}E o] gal 22 et +/

bitfield = (1 < half) — 1;
o] =& 109 AdollA AUt

12. 279 oJgo] WA AHL O}RAE GomR BE 002 273} Bt
(1] AlE W9E 2713kstet 12) =

aQueenBitRes[0] = 0;

aQueenBitCol[0] = aQueenBitPosDiag[0] = aQueenBitNegDiag[0] = 0;
o] =+ 109 Aol ARGt
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N7Re] ol B4

9

18, Asge 277 45 Db 199 W ked 9L el MES 12 AP, 28 REE Alspol
(N —1) x Nolekn 4zstn 712 Wi shide o2 et 234 Y& e 7ok Noj 53ug

oz E9, 1319 v EEL 00100°] F 11, 2382 00011 0] HT}.

(Ax2e] 2717 2 Lo, W 7k & A2sr] Sls) z2713ketet 13) =
bitfield = 1 < (board_size > 1);
numrows = 1; [+ 18] W71eH] Dol oju] io] glck «/
aQueenBitRes[0] = bitfield;
aQueenBitCol[0] = aQueenBitPosDiag|0] = aQueenBitNegDiag[0] = 0;
aQueenBitCol[1] = bitfield;

Jx 23RE] ARk 2 REE Aol (N — 1) x Nojekw AZ4km Aejaich «/

aQueenBitNegDiag[1] = (bitfield > 1);
aQueenBitPosDiag[1] = (bitfield < 1);
pnStack = aStack + 1; /x 2B ZNE «/
spnStack+ = 0;
bitfield = (bitfield — 1) > 1;

o] Z= 5 AAoM ASHYLH
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14. EHZ7IY daelg. o] ZRIMA 7P F83 Fiola, dARE 7MY weng A3
SABIA 71 223k Sojof & Rpolt. AelZe FR 5
(B2 719 daglgor BAE sidstet 1) =
for (55 ) {
(clso] 59 4 Q= W 2=%0] ANE T 15);
if (0=bitfield) { /+ B ol 4FE & AX7}F e «/
bitfield = x—— pnStack; /x 2Bl ulE A3 bitfield THE 7T «/
if (pnStack = aStack) { [+ TolAd AEloA A o] Qlthd «/
break;
¥
—— NUMTOwWS;
continue;
}
(A A AXE 022 32} 16);
aQueenBitRes|[numrows] = Isb; Jx SR gl sk AAE A «/
if (numrows < board-minus) { [+ AElefjorst FEo] ol JTiH, «/
int n = numrows ++;
(clstel A W At 17);
(bitfield 5 28] Astar, A oA go] &5 e AAE ME 73kt 18);

continue;
Velse {  /« Blold Aelslior @ o] Yonz, ALt Fej3it «/
+ g_numsolutions; /x e AFLE 157}/
bitfield = x— pnStack; /x AEE Aol tfE ool oA AlZSIT). «/
—— NUMTOwWS;
continue;

o] EE 5 AN ASFUL

15. ool ¥d 7 A W LEZES JXE 7] ANA 29 HE AAE o]&ITE AE SolA od
<7 bitfield 7} 00100100 ©]2}al 3}A} ojufje] [shb= 1000] Hr}. [sh= W L 2F Q= 1H|Eo|T} tﬂra}/\ﬂ
ojgo]l & £ Q= Wl eEZ 9xo|7|% 3dlt}. 00100100914 100 F3t7] SehA Al=7F AAE 2P
the 2ok WA 29] B AlAIS A 017 001001008 S42 gith. 29] B4o A g4 F0i7 HlE%
0 12 12 022 vty 1S Hakes Zojth. webA 001001009 €4+ 110111000] At} o] EL H
AND $4ks #3shd 1000] HrH

[t o rl

0010010 & 11011100 = 100

(Aol L 5 e W e2Xo) YAE P} 15) =
= —((signed) bitfield) & bitfield;
o] == 149 MMM ATt
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16. isb 5 olgo] & 5 Gt W 0=E AXE PPOHR, 7T F 29
i

022 dA oA o] AN gL Fohs do] Y=
(AA] oAl A& 027 32} 16) =

bitfield &= ~Isb;
o] I=E 143 Ao ARHYT

17.

(1] AlE W9E AAdstet 17) =
aQueenBitCol [numrows] = aQueenBitCol[n] | lsb;
aQueenBitNegDiag [numrows] = (aQueenBitNegDiag[n] | lsb) > 1;
aQueenBitPosDiag|numrows] = (aQueenBitPosDiag[n] | lsb) < 1;

o] Z=+ 149 AoA ARgFYT

18.

B2y dugz 11

s =), J7)HE b YA

(bitfield 5 ~Boll AZF3taL, FA) FollA ofFe] 2 U= AAE M= T8t 18) =

spnStack -+ = bitfield;

bitfield = mask & ~(aQueenBitCol[numrows] | aQueenBitNegDiag[numrows] |

aQueenBitPosDiag [numrows]);
o] =% 149 AMolA ARFHYT}
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19. I Y. A3 A Y A4S SYsith A9 AR printResults 45 o] &3t
(85 5) += /* Print the results at the end of the run x/
void printResults (time_t xptl,time_t *pt2)
{
double secs;
int hours, mins, intsecs;

printf ("End: \t%s", ctime(pt2));
secs = difftime (xpt2, xptl);
intsecs = (int) secs;
printf ("Calculations took %d,second%s.\n", intsecs, (intsecs =17 "" : "s"));
/* Print hours, minutes, seconds */
hours = intsecs /3600;
intsecs —= hours x 3600;
mins = intsecs /60;
intsecs —= mins * 60;
if (hours > 0V mins > 0) {
printf ("Equals,");
if (hours > 0) {
printf ("%d hour’s, ", hours, (hours = 1) 7 "" : "g");

b

¥
if (mins > 0) {
printf ("%hduminutels and,", mins, (mins = 1) 7 "" : "s");

}

printf ("%dusecond%s. \n", intsecs, (intsecs =17 "" : "s"));

)

(3le] A5 E93et 20) =
if (g_numsolutions # 0) {
#ifdef WIN32

printf ("For_board, size %d, %164d solution¥s, found.\n", boardsize, g_numsolutions,

(g-numsolutions =17 "" : "s"));
#else
printf ("For board, size %d, kdusolution¥%s found.\n", boardsize, g_numsolutions,
(g-numsolutions =17 "" : "s"));
#endif
}
else {

printf ("No,solutions, found.\n");

}
o] ;=L 2w A4eA ARV

§19
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21. zZzade] 4. zzade] Aue 9ud Az Aane] 278 FoAw Ak No| 109 A9t

thew} o] Asgr.

myhome’, nq 10

N Queens program by Jeff Somers.
allagash98ahoo.com or jsomerslumni.williams.edu
Start: Fri Apr 28 14:12:21 2006

End: Fri Apr 28 14:12:21 2006

Calculations took O seconds.

For board size 10, 724 solutions found.

(Z233 AR8Y 21) =
if (arge #2) {
printf ("N_Queens program by Jeff Somers.\n")
printf ("\tallagash98@yahoo.com or jsomers@alumni.williams.edu\n");
prnnf("ThisuprogramucalculatesutheutotalunumberuofusolutionsutoutheuNuQueensuproblem.\\
n");
printf ("Usage: nq <width_ of board>\n"); /* user must pass in size of board */
return 0;

}
o] F=E 29 AMelA ALFUL.
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22. Aol
__int64: 3.

aQueenBitCol: 7, 12, 13, 17, 18.
aQueenBitNegDiag: 7, 12, 13, 17, 18.
aQueenBitPosDiag: 7, 12, 13, 17, 18.
aQueenBitRes: 7, 12, 13, 14.

arge: 2, 21.

argu: 2.
aStack: 7, 8, 10, 13, 14.
atoi: 2.

bitfield: 5,6, 7, 11, 13, 14, 15, 16, 18.

board_minus: 9, 14.
board_size: 5, 9, 11, 13.
boardsize: 2, 4, 20.

ctime: 2, 19.

difftime:  19.
g-numsolutions: 3, 5, 14, 20.
half: 11.

hours: 19.

i 9.

intsecs: 19.

Isb: 6, 14, 15, 16, 17.
main: 2.

mask: 9, 18.
MAX_BOARDSIZE: 3, 4, 7.
MIN_BOARDSIZE: 3, 4.
mins: 19.

n: 14.

Nqueen: 2, 5.

numrows: 6, 13, 14, 17, 18.
odd: 5, 9.

pnStack: 7, 10, 13, 14, 18.
printf: 2, 4, 19, 20, 21.
printResults: 2, 19.

ptl: 19.

pt2: 19.

secs: 19.
SOLUTIONTYPE: 3.
time: 2.

t1: 2.

t2. 2.

WIN32: 3, 20.

N7je o 24
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