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1 &frJiX
HEPAT make BRI J3541% L.c, 2.c, 3.cpp, 4.cpp FHE|IMUDAI AT Hp 1 5 2
WA E#N srun -n [n proc] -1 [112] 54T, 3 Ml 4 F[ERMNE PR D@ I1TS
BERHEME R/ sTun -n [0 proc] -1 [314] [matrix sizel, FEFFWNEPESN XS
T EEMU A .

2 Q1

2.1 iR

AR IERRE A 10 DICRABEIVEE, #ITFPFE R 10p MuRI R, 115
XA AL 10p RIS, f77E p MR . i), FFRTSON s 0 SiutRefm it .

1] MPI_Scan kM HEREIEE RERRY BT ANE S . SEref R v 55 0 R B R a8
M MPI_Scan THEMIFKBIAIRBRR L T Z M. WEMEARRN A LE 2/, 2
ASHERE A VIR P T ZRORI P 8 4 SRy T RN AN 2280, A HERR R TH B S SR I B3 S22l ), 1
SE 0 SRR E

2.2 SCHERE

/7 R E R A
for (int i = 1; i < LOCAL_N; ++i) {
alil += ali - 11;
}
int pre;
/7 W HNTE KB R AR W BT 2 A
MPI_Scan(&a[LOCAL_N - 1], &pre, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD) ;
// pre — alLOCAL_N - 1] B 2R3 8l Wy P& 8 5 2 fo
pre —= a[LOCAL_N - 1];
/7 EXAMEE, AR AT AL R R
for (int 1 = 0; i < LOCAL_N; ++i) {
al[il += pre;

}

2.3 MEASEH

M ASEIBOE , Bl A B2 IR TR A H 1, RIICIRRS T i ) e A A
RV FAF IR B L . BT I (—Bams) B2/ N TR INIAE R 2 iR



s TEE R TR, RANEREEZ IS 1 22 PN,

T EREE, Z TR s, I BRI R 107 ASBEHLEN R 10 4. 3
HRTE p=1 W E WA FRHE R L .

i ) RE B AT
b FEN 5 p=1 WL 5 p=1 L
1 0.212s 1.000 1.000
2 0.337s  1.590 1.258
3 0.396s 1.868 1.606
4 0.424s 2.000 2.000
5 0.395s 1.863 2.684
6 0.416s 1.962 3.058
7 0.438s 2.066 3.388
8 0.452s 2.132 3.752
9 0.472s 2.226 4.042
10 0.490s 2.311 4.327
11 0.516s 2.434 4.519
12 0.536s 2.528 4.746
13 0.563s 2.656 4.895
14 0.591s 2.788 5.022
15 0.604s 2.849 5.265
16 0.627s 2.958 5.410
17 0.646s 3.047 5.579
18 0.668s 3.151 5.713
19 0.694s 3.274 5.804
20 0.711s 3.354 5.963
21 0.740s 3.491 6.016
22 0.752s 3.547 6.202
23 0.772s 3.642 6.316
24 0.812s 3.830 6.266

3 Q2

3.1 fisiEgk
A ER 52 Find_bins pRECH Which_bin pR%L.



Which_bin F{EHATE— A CHEF IR P SR8, f R E AT TR 2 ]
HEARAEABBIE T, WA — P BRE B SR, (ER BEIR BRI,
T BRRERMAL, FHER AR LA .

Find_bins W1EH R B RERARGE T THER, X — LM A Which_bin BIR]. 5
25, i MPI_Reduce FfRr A7 dEARHIGETI 45 R KA

3.2 XHLR)P

int Which_bin(float data, float bin_maxes[], int bin_count,

float min_meas) {
if (min_meas <= data && data < bin_maxes[0]) {

return 0; // ## data L THE—IMEA
} else {

/) LEER

for (int i = 1; i < bin_count; ++i) {

if (bin_maxes[i - 1] <= data && data < bin_maxes[i]) {

return i;

}
return bin_count - 1; // ## data WA TLEH A (AL A2k 4E)

void Find_bins(

int bin_counts[] /* out */,
float local_datal] /* an */,
int loc_bin_cts[] /* out */,

int local_data_count /* in */,

float bin_maxes[] /* in */,
int bin_count /% an %/,
float min_meas /* in %/,

MPI_Comm comm){
VA im0 LRI
for (int 1 = 0; i < local_data_count; ++i) {
++loc_bin_cts[Which_bin(local_data[i], bin_maxes, bin_count, min_meas)];
}
// & JrkAn



MPI_Reduce(loc_bin_cts, bin_counts, bin_count, MPI_INT, MPI_SUM, O, comm);

3.3 JEs R
24T srun -n 10 ./2, A 10 0 100 400, F5%|

0.000-10.000: XXX XXXXXXXX XX XXX XXX XXXXXXXXXXXXXX

10.000-20.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
20.000-30.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
30.000-40.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
40.000-50.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
50.000-60.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

60.000-70.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
70.000-80.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
80.000-90.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
90.000-100.000: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AR S), SR AR R AR SR E AR H o, BAN IR SEEL IR .

4 Q3

4.1 fis e

ZS B SNV I V1B N i B 7 S G g i LV S R DA o 23
o, MR LR TCR BARAIAT, R RCRRAR, P R A MPT 285 %0, K8
fE— MPI_Scatter HORHARFERYITA LR HCIE % .

X B MPI_Type_vector fil MPI_Type_create_resized AGF|FrFEMIZRAL., KB
R, ESCXHE A Bl n BUEZEN n / nproc > double 4, AHL double Bt
[ A G4 n o+ sizeof (double), FJ A XA B 454 i WA KN n / nproc *
sizeof (double) . XFEPAK, FEJRIGAOFE S I (nqunayn‘i§?$¥?ﬁ%), ) FH 3% A 2 7 25
nproc YOl TG RIICE, XHEM BTG 2K

TN HBNH I, WiZ@ AT PAEA MPI_Scatter SEAMHLARFEICE M. SRTN Fh—L8 H Fi ok
ARREIGI , SO YBHOR T  sogment falt, [ H SN MPT_Scattery HSTHl.

A I TR G, MY mEICER, XS HEEREE T B O AT ERN A 4
o BRSSO R LSRN, (HE U, B 56 R S5 R T
MPI_Reduce R[IH],



4.2 RHRY
MPI_Datatype vec_t, col_t;
MPI_Type_vector(n, each, n, MPI_DOUBLE, &vec_t);
MPI_Type_create_resized(vec_t, 0, each * sizeof(double), &col_t);
MPI_Type_commit (&col_t);
std::unique_ptr<int[]> size(new int[nproc]), off(new int[nprocl);
for (int i = 0; i < mproc; ++i) {
sizel[i] = 1;
off[i] = 1i;
}

el o b w oy
/) I AU TR
MPI_Scatterv(mat_vec.first.get(), size.get(), off.get(),
col_t, loc_mat.get(), n * each, MPI_DOUBLE, 0, MPI_COMM_WORLD);
// ARABHETLER
MPI_Scatter(mat_vec.second.get(), each, MPI_DOUBLE,
loc_vec.get(), each, MPI_DOUBLE, O, MPI_COMM_WORLD) ;

E Ny
std: :unique_ptr<double[]> y(new double[n]);

for (int i = 0; i < n; ++i) {

double tmp = 0.0;
for (int j = 0; j < each; ++j) {
tmp += loc_mat[i * each + j] * loc_vecl[j];
}
y[il = tmp;

4.3 MEAGER
Z R K, BRI EE F AR

p 1n=3600 n=7200 n=14400 n=28800

1 0.0395s/1.000 0.1563s/1.000 0.6401s/1.000 2.6686s/1.000
2 0.0423s/1.071 0.1506s/1.038 0.5847s/1.095 2.4319s/1.097



n=3600

n="7200

n=14400

n=28800

© 00 O Ot = W T

12
15
16
18
20
24

0.0306s/1.291
0.0254s/1.555
0.0241s/1.639
0.0241s/1.639
0.0234s/1.688
0.0230s/1.717
0.0229s/1.724
0.0230s/1.717
0.0242s/1.632
0.0246s,/1.605
0.0257s/1.536
0.0260s/1.519
0.0262s/1.507

0.1061s/1.473
0.0930s/1.681
0.0864s/1.809
0.0862s/1.813
0.0833s/1.876
0.0825s/1.894
0.0830s/1.883
0.0831s/1.880
0.0837s/1.867
0.0890s/1.756
0.0867s/1.802
0.0886s,/1.764
0.0884s/1.768

0.4078s/1.570
0.3158s/2.027
0.2642s/2.422
0.2304s/2.778
0.3149s/2.032
0.3196s/2.002
0.3156s/2.028
0.3142s/2.037
0.3298s//1.940
0.3295s/1.942
0.3291s/1.945
0.3264s/1.961
0.3174s/2.016

1.5989s/1.669
1.2397s/2.153
1.0355s/2.577
0.8889s/3.002
0.7288s/3.662
0.6896s/3.870
0.6728s/3.966
0.6780s/3.936
1.2153s/2.196
1.2026s/2.219
1.2537s/2.129
1.2059s/2.213
1.2251s/2.178

AN IEHIE Y F, INHE] /N EE AR AR

o)

n=3600

n=7200

n=14400

n=28800

© 00 O Ut = W N

N DN = = = e
= O 00 O Ot NN O

0.0084s/1.000
0.0043s/1.953
0.0031s/2.710
0.0026s/3.231
0.0023s/3.652
0.0023s/3.652
0.0022s/3.818
0.0022s/3.818
0.0025s/3.360
0.0023s/3.652
0.0022s/3.818
0.0019s/4.421
0.0022s/3.818
0.0019s/4.421
0.0018s/4.667

0.0328s/1.000
0.0171s/1.918
0.0119s/2.756
0.0092s/3.565
0.0081s/4.049
0.0079s/4.152
0.0072s/4.556
0.0072s/4.556
0.0075s/4.373
0.0073s/4.493
0.0061s/5.377
0.0058s/5.655
0.00565/5.857
0.0052s/6.308
0.0044s/7.455

0.1368s/1.000
0.0675s/2.027
0.0472s/2.898
0.0369s/3.707
0.0300s/4.560
0.0264s/5.182
0.0219s/6.247
0.0246s/5.561
0.0249s/5.494
0.0209s/6.545
0.0207s/6.609
0.0207s/6.609
0.0186s/7.355
0.0170s/8.047
0.0142s/9.634

0.6466s,/1.000
0.2852s/2.267
0.1905s,/3.394
0.1479s/4.372
0.1189s/5.438
0.1141s/5.667
0.1072s/6.032
0.1067s/6.060
0.1066s,/6.066
0.0980s,/6.598
0.0854s/7.571
0.0738s/8.762
0.0659s/9.812
0.0597s,/10.831
0.05445/11.886

INEE AT AT o ATPAS BUHFATRCRAE n BRI p /MG I T ARS R 1, A hiX



4 cache £ K. ZHPRUL, BRI MES TEN—MEAHBRZ K, XA TCETEER
A per core cache(L1/L2), MRARFUENRIII AR S KA cache SRR (BA—EFH LT, 7]
REYESL 520 L3 cache AbfER) s (HUZUNALIHESS MBI WML, X R P m] EW] LAY
HIHEA per core cache, XFEER T H—YCEN, JFHIHENHAA S KA cache BK, XA
RHIFEIER AT BE S/ N T IEAFEI A — 28, FRATRCR 0L T 1,

DR LI E
25
y=x
ya
20 .
n = 3600, EEHIBEN &
=7200, BRHIBEN K ——
n = 14400, EEHEFEN K
15l n=28800, BEHEN K —— |
10
5 L
0 1
0 5 10 15 20 25
5 Q4

5.1 fiftel R

5 Q3 Fl, AT A SBHEEAUA R — KA FE - B B4 TR . BRIEZ AN, WK
PR TR A R H B A A A B (A R WL, TR ZEE ] MPI_Scatterv i
SE T HE R/ NS -

XEF R, X H RIS SRR IR, ARENTH S A ORI

5.2 XHRY



MPI_Datatype vec_t, block_t;
MPI_Type_vector(each, each, n, MPI_DOUBLE, &vec_t);
MPI_Type_create_resized(vec_t, 0, each * sizeof(double), &block_t);
MPI_Type_commit (&block_t) ;
std: :unique_ptr<int[]> size(new int[nproc]), off(new int[nproc]);
for (int i = 0; i < sq_nproc; ++i) {
for (int j = 0; j < sq_nproc; ++j) {
/) EAHEERE MR
size[i * sq_nproc + jl = 1;
// XE R EREM MPI_Type_create_resized H&|E M A/N—#REEH
/) BERF I REE, £ (i * n + j) * each * sizeof(double)

off[i * sq_nproc + jl =i *n + j;

}

B o3 K ARy
/7 G
MPI_Scatterv(mat.get(), size.get(), off.get(), block_t, loc_mat.get(),
each * each, MPI_DOUBLE, 0, MPI_COMM_WORLD);
/TR E
MPI_Bcast(vec.get(), n, MPI_DOUBLE, O, MPI_COMM_WORLD) ;

s
/S EREHEHLEES, XERE y BET
std: :unique_ptr<double[]> y(new double[n]{});
/S B&RER vec i—Ha, RE y —#y, REABRFEHFTEERIT &
int vec_off = pid % sq_nproc * each, y_off = pid / sq_nproc * each;

for (int i = 0; i < each; ++i) {

double tmp = 0.0;
for (int j = 0; j < each; ++j) {
tmp += loc_mat[i * each + j] * vecl[vec_off + jl;
}
yly_off + i] = tmp;



5.3 MEASPR

BRIy A, W]/ LA AT

p

n=3600

n=7200

n=14400

n=28800

1
4
9

0.0394s/1.000
0.0262s/1.504
0.0223s/1.767

16 0.0234s/1.684

0.1591s,/1.000
0.0804s/1.979
0.0442s/3.600
0.0842s/1.890

0.6341s/1.000
0.3091s/2.051
0.1631s/3.888
0.1400s/4.529

2.6252s/1.000
1.23125/2.132
0.6327s/4.149
0.5583s/4.702

A5 JEHAE A S, WNFTR] /N FE AR AN

p

n=3600

n=7200

n=14400

n=28800

1
4
9

0.0084s/1.000
0.0026s/3.231
0.0026s/3.231

16 0.0019s/4.421

0.0333s/1.000
0.0094s/3.543
0.0069s/4.826
0.0056s/5.946

0.1404s/1.000
0.0371s/3.784
0.0272s/5.162
0.0207s/6.783

0.6461s/1.000
0.1528s/4.228
0.0968s/6.675
0.0748s/8.638

I eI & AT

DOiEEEHTERE

=7200, BEHIEN K ——
n = 14400, EEHIBEBH K
n=28800, BEMIENE —— ]

10

10

12 14
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