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1. Famns (1) HEMS AT LROAFIRTER: 27 LO YRR 3

N-queens (&, EWCHEBZ BT bW\ &L 5% N @
DY 4—% N x N DR—RICEET % BOREE R
HEMETHB. TTTWVWHI T 41— L3F 2 ADEFD
1DOFBHEDOC LT, #it, #, fdormicBEidsc e
WNTEB. N=6 DRIEICET % 4 DDE%K 1ITRT.

1: 6-queens IC I 4 DDENFET 5.

N-queens &, <&, Fx ABEFIFHL 7z 8-queens
& U T 1848 T F £ AL —¥—0D Max Bazzel IZ &>
THASNRHELEENTVS [4]. 2 F£5%D 1850 i
1 Carl Gauss I X BHEED B IO, TDE, LD
REDHBRONREZ>TWVS., Fr ABOYV A X% N
& L7z N-queens FIEICHERE 0, IEETIE, FHEHER
ZOFIEE L TLLBO BTN TS, RS, 1Nv 7
NS 2 ERNET IV D XL [5], SEIGAE (3],
KHRRBERE ORIEE U TSN TVW5S. Fie, §
B 257 LI E DRV F -l S [6,8] &L
TEELAVSBNRTWS.

Fald, CHETEEOPC 75 AR EUHRRE TSy
F 7 A—LTHRIATE BN F—2 L LT, N-queens
DfE%ERD BT T 5 L qn24b ZHEEL 2. AFE TR
qn24b DEFGFH L TR OWTBRNDG. iz, #OHDE
BB TIMES S ERERET S.

2. qn24b O EEE
2.1 qn24b O#EE .

N-queens DEDEE RD BV F—o 7075 L
qn24b X, 518 & U T N-queens DRIEY 1 X N ZIBE
LT, #BLIEHNTS. £z, N=23 X TOELW
ROEHEHRIEL THh, chbe, FEICXDELN
T Z BT 2T LT, FIBEHERDOEL S2HET 5.

BRIET 5w b T A—LICHISd B7-9ic, F—DFHE
A= ROV ERER, MPI(Message Passing Inter-
face) & W2 M FIRK, OpenMP %Wz iFiIkRD a1 —
FZRHtT 5.

2.2 qn24b OFH

qn24b i3, NV F—r 7Ty S LICEL 2L Ok
WERED. ThoEHHET S,

TEBZBEAY KEREHS 27 L3S, Graduate School of

Information Systems, The University of Electro-Communications

PRITATBUE ARHERITIREE & &), PRESTO, Japan Sci-
ence and Technology Agency(JST)

389

TERYFI—7 LTI, TocsEBtEhizrns
SLEFHTSZENFELLY. qn24b DFTEA—RIV
%, HETHDT 24-queens DIFEDEE KD 57z R
BtEH#EL PC 75 A &% FWT 24-queens D HFEHR
EHE M L0 5 LA R#ELEN I A—2V
ZREALTEY, XvFv—o iS5 LU THELT
W5, (2) BODDAYFI—rTuy S LI, EE
TEZEHEN 2ONERICHBEN S L Vo REN D
%. —7, qn24b TREBDOEHEIRET 5 LA THE
THY, KOFWEY AT LBROMEEERETES.
(3) AEY Y AT LOWEERIN LT, Tat vl
FIEtERE X7 LOHREFHl DO —D DR 2 R 15 5.
4) BB I—RFRBOZWVMPIR TS 300 fTREL IV
RY MCERENTED, a—F 2B RFICBETE
5. 5)2TOS TS LDaA—RE 1D2DT 7 AV
FeHoNTED, BRICAVIAMVTES. (6) &
PAZXNDHB AT T LDOANE L THIHEN, &
BICEITERIZBIESITENTES. () AST
A—RZDREY A AR B E¥ZT LT, FHEREEZA
VWHIFATEZ AT ENTES.
2.3 EHEH—RILOERE

HIRICENMET A Lz BIEL TRALRELI I
TV 3 Jeff Somers[l] D707 5 LESECLT, 7R
A=V ERRL Tz

typedef struct array_t{
unsigned int cdt; /* candidates
unsigned int col; /% column

*/
*/
unsigned int pos; /* positive diagonal */
unsigned int neg; /* negative diagomal */
6 } array;

8 long long qun(int n, int h, int r, array *a){
9 long long answers = 0;

for(;;){
if(r){
int 1sb = (-r) & r;
alh+1].cdt = (
alh+1]) .col

r & “1sb);
(alh].col & ~1sb);
a[h+1].pos = (a[h].pos | 1sb) << 1;
a[h+1] .neg (a[h).neg | 1sb) >> 1;

r=alh+1].col & ~(afh+1].posia[h+1].neg);
h++;

}

else{
r = al[h).cdt;
h-=-;

if (h==0) break;
3 if (h==n) answers++;
}

return answers;

1}

B 2: qn24b DFEA—NV. BRRE WHIKTHE.
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qn24b DH—F )V #K 2ITRT. TDI—RIZEXIR
EAMFIRCHIAEN S, 111TEN S 291TED ALV —
7T, FOHIC, 1217805 28 TH £ TD if-then-else
OEREHIEEERFD. HADRAT S 7 VI VR L
T, NxNOR—RIZBWT, HBDS FAHRAICIES
KT 4—2EBEVTWL (1317TE0 S 2017H). 1217H
T 4=V BB 3 BRMOEERHEL, BHENZV
BEICNY Ty 7 (2297BH 5 2817H) 5. 1217
HETBIE>TVARRMOHIELZ FHIETZ T LIZE#HU V.
DY, FiEFRHOe Y FRIZZFNZE &RV,

XEYRRICEAL TIX, 11{7E»SDL—TD 1A
ZL— a3y T, array O alh+1) DBEROHMNE
FEh3E5CTRL TS, FHEA—FIIVTBIRT S
AEVUARIX 1IKB U T EIEEI/NEL, Kk
oy YDBEICX, IFBCHVHERETT—2Fyya
Kby h9%. TDRD, ABRYV AT LONYFI—
2L LU TIREL ThikL.
2.4 ERBOHERE
BRIRTOT S LD AL EE%K 3ICRT. N-
queens DRFMEEFIAL T, R—F OEEHOREHE
LT2fE9% (19178) L WHr@mEtE VTV 3. 16
1TET, MQITRLEEFEA—XIVEFNFTHL TV 5.

1 int main(int argc, char *argv[1){
2 int i;
3 int n = set_problem_size(argc, argv);
4 array *a = calloc(MAX, sizeof(array)??
5 long long usec = get_time();
6 long long answers = 0;
7
8 for(i=0; i<(n/2+n%2); i++){
long long ret;
int h = 1;
int r = 1 << i; /* candidate vector */
alh].col = (i<<n)-1;
alh] .pos = 0;
a(h] .neg = 0;

/* height or level */

ret = qu(n, h, r, a); /* kernel loop */

answers += ret;
if(i!=n/2) answers += ret;

}

print_result(n, get_time()-usec, answers);
return 0;

B 3: FRRRD X1 >/ BEEKL.

VERU e BT 7 S LE Jeff D17 S LED
EEREDE L N-queens DIEE R 1ICEL D 5. In-
tel C++ Version 7.1 Z T a2V L, Pentium4
Xeon 2.8GHz Dt BHETEIERE (HALIM) ZRIES
3. TORR, AeYBIBORNR L HIEEED &L
ZHid T LT, qn24b i3 HmK 14%DEE(LRZRT 5T
LML Tz,

2.5 OpenMP # B\ =M FIRODKET & E%E

BRI TGS LT a1-oicid, EOEE
BRODE R JICTEIT 20BN 5. BAVERHTS7
NIV ALTE, NxNDOR—FRieBWT, EEMST
HENZJEHIC 7 41— ZBOTWVL. TORE, B
DY 4+ —>DEBZEEL, FKolcl +—Y DHIAE
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3. 7fTED get_sub_problem num i,

# 1: N-queens FIEDfE L BfEHEE D LLEL.

size N | # of solutions | qn24b (sec) | Jeff (sec)
15 2,279,184 1.20 1.25
16 14,772,512 7.45 8.45
17 95,815,104 55.56 59.52
18 666,090,624 384.81 440.51
19 4,968,057,848 3168.67 | 3417.55
20 | 39,029,188,884 24329.70 | 27745.86

DEZRLUAD SROBE A M50 %E 1 DD X
AL 5.

ZOXICTHEENTZEFNEFNDE R 7IE, MO
BE LU THWINCEHET BT N TES. HlIZIE, 6-queens
KBNT, BHD 2D Y +— OEBENEEL 28D
#RZATELTHEIL TOLGED 4 DDE R Y DIRT
ZR 41CRY.

X 4: 6-queens ICBWT, BRAID 2D Y +— DECE
FHEELTEAIRBZBI ko TV B

R AL LD E X7 DIFERREA ZEL T, &Y
DAED Y 4= DEBHHEEL REM LD EE
BROZA LTS, TOBED, BEY A XN, D8
N2 X 78, Pentium4d Xeon 2.8GHz DEHE#E FHW
TBAED 1 DO X X7 DF IR (7)) DfR%E R
21cEELHB. HIZE, N=20DFEK, £TDEFHEAIL,
SEEALFRRESRT 0.78 #HD 30,880 fAD X A VI HEIEN B.

& 20 ZRATEE ZA T G H OFEEI R (7).

size N | number of tasks | time (sec)/task
16 9,844 0.0075
17 14,272 0.0389
18 18,132 0.0212
19 25,080 0.1263
20 30,880 0.7878
21 41,176 6,130
22 49,480 45,930
23 64,072 354,660
24 75,516 3,009,150

OpenMP % F\WTWFEL 72 A1 BRI 5 1< R
HEENTZ R R
I ORERDBETHA. BLDERTIZHIICEHE
TEB5DT, ThHDRAY% OpenMP D parallel for
¥ (10178) ZHWTHFHET 5. 121TEHD solver &
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WO BB EELIe—DDZ AV DEEZHEYET 3.

int main(int argc, char *argv[]){
int prob[MAX_TASK]; /* store problem IDs */
int rets[MAX_TASK]; /* store each answer */
int i; .
int n set_problem_size(argc, argv);’
int jobs = get_sub_problem_num(n, prob);
long long usec = get_time();
long long answers = 0;

[}

#pragma omp parallel for schedule(dynamic)
for(i=1; i<=jobs; i++){

12 rets[i] = solver(n, i, jobs, prob);

13

14

15 for(i=1; i<=jobs; i++) answers += rets[i];
16 print_result(n, get_time()-usec, answers);
17  return 0;

18 }

5: OpenMP % Wz MEFHERRD A A > BE%k.

2.5.1 MPIZRWEUFIROFH & B

MPI Z Wz ii5HkiciE, D S TonAdEHNRK
TUERRT, SAZNLAHEZEDYTTELITA
X « J—71 (master-worker) FZHWAZ LIcd 3. 1
DOT L AN AZZHYL, BODS O ANT—
AEe U TEET 5.

23-queens ZHliC & 5 &, TDORIEIZ 64,072 D X A
JiICEENS. RIEDHER, ThEhDX X7 DiE
R Z A VTRK 15 BREDE L DENH BT L
MHBAL fz. 2D X312, 2R VOFERNE—TIRE
WIERICE, BYRZRAIREEAER - T—hARE
AWB T ETEOETHEDO B2 BT T 5 LN TE 5.

1 typedef struct {

2 1int jno; /* job number */
3 long long ret; /* the number of answers */
4 long long usec; /* micro second */
5 } packet;

6

7 void job_worker(int rank, int n,

8 “int jobs, int *p){

MPI_Status status;
packet send, recv;
memset(&send, 0, sizeof(packet));
memset (&recv, 0, sizeof(packet));

while(1){
MPI_Sendrecv(&send, sizeof(packet),
MPI_CHAR, 0, TAG_REQ,
&recv, sizeof(packet),
MPI_CHAR, O, TAG_ACK,
MPI_COMM_WORLD, &status);

20

21 if(recv.jno==0) return;

22 :

23 send.jno = recv.jno;

24 send.usec = get_time();

25 send.ret = solver(n, recv.jno, jobs, p);
26 send.usec = get_time() - send.usec;

27

28 }

X 6: MPI % W T ERL 7’:‘7&73@?)’]{’?.

MPIZ W TEBL 727 —ADI—R 2K 6 ICRT.
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RAEDS, PEHTNEZZXIBESEREL (1517BD
5 19 17H), 251THDR% solver BIEEL fz—DD X
AUDFHE#EBYT S, £z, 151T7EMS 197HDOR%
BleBT, BONEBOEE < ARITIEET 5.

3. NUFIT—IHR

3.1 BREORVFT—H R
BONDHEMTEIIROIIEEEEREL HERE

WET S, RT3 EMEEE ST 5.

UltraSPARCIIIi Sun Fire V440, UltraSPARC IIIi
1.062GHz % 4 REE#H,, AA> A€V 8GB, SO-
LARIS 9, gcc -02 Ta /8 A)b.

Alpha21264 HP AlphaStation DS10, Alpha21264
600MHz % 1 fEiE#, A1 A€V 256MB, Tru64
UNIX 5.1A, Compaq C V6.4 -02 T /A)V.

PentiumlII Xeon DELL PowerEdge6400, Pentiu-
mlIll Xeon 700MHz % 4 {#E#, A A2 A€V
512MB, RedHat 7.3, icc -02 TV /3 A1),

Opteron LIBRAGE TWIN 244, Opteron 244 1.8GHz
# 2 fEE#, A2 AEY 2GB, TurboLinux8 for
AMDG64, geec -02 TV I8 )b,

Pentium4 Xeon DELL PowerEdge2650, Pentium4
Xeon (2.8GHz, 512KB L2 cache) % 2 E#E#, XA
¥ A€V 2GB, RedHat 7.3, icc -02 TV 731,

UltraSPARCIl s
108GH; |

Alpha21264
600MHz

Pentiumlll Xeon
700MHz

232
Opteron 1.8GHz

Pentium4 Xeon
2.8GHz

15

10
elapsed time (sec)

5 25

X 7: BRARD 17-queens DNV F— 7 #ER.

17-queens DUERBORERREEK TIcE L H 3.
NS DFHE#OTTIX, Pentiumd BEL BHWIHEER
/RLTz. qn24bid, AlphaZxE @ RISC ROFEHKE S
BRRIET —FT 7 F ¥ DFIEBTHIET 5.

3.2 OpenMP ZAWEMIFEORY FT—4 58

OpenMP % Wz WHIRRDN Y F o — 7R |E
9 %. 16-queens DIUERF L, 1 AL v FDFAEE
BLL#EEm ERER3ICELD S, Intel C++ Ver-
sion 7.1 ZR T a>/31vL, 418D PentiumIII Xeon
700MHz D7 1y Y& #EET % SMP BlOEHEH DELL
PowerEdge6400 Z [ L /z. '

RICELDIFERDID, AL v RERERTICHS
T, AL v FEE AkOEBNEE R ENESN BT
LR TE5.
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# 3: OpenMP % H\W = MiFIRRDHE A L.

number of threads 1 2 3 4
time (sec) 21.83 | 10.92 | 7.30 | 5.47
speedup 1.00 | 2.00 | 2.99 | 3.99

3.3 MPI#RULEHIRORY FI—I#ER

MPI % Bz EFIRRORY F3— ViR 2 #HET 5.
Intel C++ Version 7.1 Z#AWT /1)L, 34 /—F,
68CPU NS EN B PC 75 A% [9] T 20-queens D
PIBEEEFIEL 2. /—FEEFAEY bOA—Y Ry
eI NTWS. LD/ —FR i 2 {#D Pentium4
Xeon 2.8GHz D7 ity P& T % SMP BDFHE
T, Hyper-Threading ZBMICL TW5. TDd,
J—R Y% 4 20mB IOt vy HBREEL, FhUCH
5354007 ARER L TWVAS. K8IE, 1./—
K O E BHHEL U TRER LR TH 5.

Speedup

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
’ The number of nodes

B 8: MPI %2 Fu 7z W3R D& ) L.

M 8IcE L I-MEEENS, /—FEOBIMC ELHI
T AHMEER EDBONB L ZHRTE 5.

TNHDOREERENRT X 3iC, WMFHRRD qn24b i,
Ty GER — R B HBIL THEER A ET S, T
DI=%, SMP ® PC 75 AZDEHET A+ & L TOF
RicEBL TV 5.

4. BBbHYIC

WHEEMER PC 7T A2 B FURRIET Ty 74—
LTHIATEBZRVF—2 L LT, N-queens DFFEDEL
ERD BT 1155 L qn24b ZRERL 7o, AFTIE, qn24b
DR EERERTIH L LB, BOVDHERTE)
fESEiBRZRMEL 2.

qn24b i&, 5% & U T N-queens DY A X N %2
BEL T, ftELEBOBEMNTS. £, N=23 &
TOELWROEREZFREL TBY, ThbeFHRIK
DELNIELEHET S LT, SAREERZBELET
5. RAIET Ty b T+ — LSS B7eic, [F—
DFtEA—FNVEHOIZBERR, MP1ZRWIcitik,
OpenMP %Wz W5l D a—F 245 5.
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qn24b i, N FI—o 70l 5 LCHEL 1 E DR
WEED. (1) HEA—XVELT, BElbEN &3
BEDEFHAL TWS. (2) L&Y AT LEBROMRE
RRETEZ X3S, FEOBHTENEIRZTENT
£%. (3) ARVV AT LOBEEEBRN LTz, EicT/ 0
Y R AFIFEES AT LOMEETHEDO—D D8 E
RT3, 4) avs vcEBREINTEY, I—-F2
KERGIEETZ 5. G)2TorussL0a—F
B1DDT77AVCELDHENTED, BHICAL A
WTES. (6)EYAXNOIHHN SIS LDANE
LTHREN, BRCEITERIAZBIAITENTE
3. () AT A—ZOREY A A2 ZElkE®sT L
T, AtENEEZLVCEBETER ST LN TES.
qn24b DYV —ZAI—RIIRD URLHHHA D a—F
TE5.

http://www.yuba.is.uec.ac.jp/ %7kis/nq/
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