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1. EEHL:
X EGIAA T = 5 7
(1) Scanf()

31 freopen(file_name, "r", stdin);
32 for (int 1 = 8; 1 < N; ++1i)

33 {

34 scanf("%s", all_string[i]);
35 }

BEE 100M HidlE, KATFEE 6.65
song@CoolFishS5:~/PC2020/term_project$ time ./1 1 100000000 100M.txt
real Om6.659s

user Om6.234s
Sys Ome.424s

(2) Fgets()

31 freopen(file_name, "r", stdin);
32 for (1 = @; i < N; ++1)

33 {

34 scanf("%s", all_string[i]);
35 }

BEE 100M HdlE, KL 2.65

song@CoolFishS5:~/PC2020/term_projects time ./1 1 100000000 100M.txt

real Om2.613s
user Om2.173s
sys Omoe .440s



(3) Gets()

L 100M Hi#l, KRATE 2.8
song@CoolFishS5:~/PC2020/term_project$ time ./1 1 100000000 106M.txt

real Om2.804s
user Om2.403s
sys Ome.400s

XA I, fgets 24zt HEE R JRLIOURT gets()pi BUE IR TEAS, 10 H.20 I 5
G AIRZXAIRBEEFER (B RKEANFRE D, AEUMEH.

song@CoolFishss:~/PC2020/term_projects gecc 1.c¢ —fopenmp -0 1

1l.c: In function ‘main’:

1.c:40:9: warning: implicit declaration of function ‘gets’; did you mean ¢fgets’? [-Wimplicit-function-declaration]
gets(all_string[i]);
A
fgets

/tmp/ccNtGg6i.o: In function “main':

1.c:(.text+Oxc4): warning: the ‘gets' function is dangerous and should not be used.

Pl it , BORH fgets() 1 I N B R 2, 3 P2 foe bR Hod 22 4 o — s B UE 02 fgets
SWHATRARN, ERREI S, X — SR IRATR B 2 45 R
ONTEIE S K BIAEE S, T8 2 NS 16 71 char @M A S 32 f7
unsinged int, RN T — char_to_uint(char *x)ER%L, A7 E A char
M N — unsigned int.

75 inline unsigned int char_to_uint(char #*x)

76 {

77 unsigned int re;

78 re = ( ((unsigned int)*x) << 8 | *(x+1) );
79 return re;

80}

F, 7 B IR R R IE#, RS T REL, IS ALISHRETED char
F1 unsinged int 1 3t {E
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void char_to_binary(char x)

{

}

int i;
for (i =7; 1 »=08; --1)

{

if (x & (1 << 1))
printf("1");
else
printf("e");

void unsigned_int_to_binary(unsigned int x)

{

}

int i;
for (1 = 15; i >= @; --1i)

{

if (x & (1 << 1))
printf("1");
else
printf("e");

void cal_cnt(int rounds)

{

}

int i, j;
int offset;
unsigned int now;

offset = rounds * 2;

for (1 = @; 1 < N; ++i)

{

now = char_to_uint(all_string[i] + offset);
printf("%u\n", now);
char_to_binary(all_string[i][offset]);
char_to_binary(all_string[i][offset + 1]);
printf("\n");

unsigned_int_to_binary(now);

printf("\n");

R LA BB 58 4 IR, IS char SHZER K — BERI(E R4 55 T #)5 unsigned

int Y —3kIE



song@CoolFishS5:~/PC2020/term_project$ ./group_by 1 5 16M.txt
16967
0100001001060111
0100001001060111
17990
0100011001060110
0100011001060110
16705
01000001010600001
01000001010600001
18503
0100100001060111
0100100001060111
17217
0100001101060001
01000011010600001

2. MEfregim
— IR RN E /R B A, & 16 A — kAl B, LR

void cal_cnt(int round)

{
int i, j;
int offset;
unsigned int now;
int sum;

offset = round * 2;

memset(cnt, ©, (MAX_THREAD + 1) * MAX_CNT);

for (1 = 0; i < N; ++i)

{
now = char_to uint(all_string[I[round][i]] + offset);
cnt[@][now] += 1;

for (i = 0; i < MAX_CNT; ++i)

cnt[1][i] = ent[0][i];

sum = 0;
for (i = 0; i < MAX_CNT; ++i)

sum += cnt[1][i];
cnt[1][1i] = sum;



for (i = 90; i < MAX_CNT; ++i)
cnt[@][1i] = cnt[1][i] - cnt[@][i];

for (i = 0; i < N; ++4i)

{
now = char_to uint(all_string[I[round][i]] + offset);
I[round + 1][cnt[@][now]++] = I[round][i];

}
}
SRJE R DUEFE I AT, RUONIXFEREFEAS 21 70 4145 RAER AL S8 AL 1Y, etk
)5 I

SRIGFRH e AR — AT o B 4, SRR 8 TARZ /MRS, KX B/
o3 2 BT SOEHET
PURAE AT — R B )5 o 2RI Bl o 2 i dz i A 8, T A 40 2L ]
FMIHISL, WG I EAT T B 4 E . AT LLA R O BUAESS, SRRl SEE
TIHATITHL
3. BATHIRER?
EINE7

FILE *fh = fopen(file_name, "r");

for (1 = 0; i < N; ++i)
fgets(all_string[i], 12, fh);

fclose(fh);
R FRTHRET 32 AR R, RS RME ent

for (i =0; i < N; ++i)

{
now = char_to uint(all_string[i] + offset);
cnt[@][now] += 1;

}

SR JE R H R FT g AN

sum = 0O;

for (1 = 0; i < MAX_CNT; ++i)

{

sum += cnt[1][i];
cnt[1][i] = sum;



SRJE ) BN, DASR RS BT SE BT AE A B
for (i = 0; i < MAX_CNT; ++i)
cnt[@][1i] = cnt[1][1i] - cnt[@][i];
HALE T RIS | RORAT
for (i = 0; i < N; ++4i)
{
now = char_to uint(all_string[i] + offset);
I[cnt[@][now]++] = 1i;
¥
WRIEXTTR—A o, #H PR HEY BE - T HE T -

for (1 = 1; i < MAX_CNT; ++i)

{
if (ent[1][1i] - cnt[1][i - 1] > 1)
{
quick_sort(cnt[1][1i - 1], cnt[1][i] - 1);
}
}
X BT AT A HRAE H 70 XA G A PRI T o SR 5 $ 4 — s 47 Gt it B
Al

fh = fopen("result.txt", "w");

int final_result = 0;

char *pres = all _string[I[@]];
char temp_num[20];

int pre_pos = 0;

for (i = 1; 1 < N; ++i)

{
if (strcmp(pres, all_string[I[i]]))
{
fputs(strcat(strcat(itoa(i - pre_pos, temp_num), " "), pres
), fh);
pres = all_string[I[i]];
pre_pos = i;
final result += 1;
}
}
fputs(strcat(strcat(itoa(N - pre_pos, temp num), " "), pres), fh);

fputs(itoa(final_result + 1, temp_num), fh);
fputs("\n", fh);
fclose(fh);

HAETHETE - URR



void swap(int a, int b)

{
int swap_tmp = I[a];
I[a] = I[b];
I[b] = swap_tmp;
}
int partition(int low, int high)
{
char *base = all _string[I[low]];
while (low < high)
{
while (low < high && strcmp(all_string[I[high]], base) > 9)
{
high--;
}
swap(low, high);
while (low < high && strcmp(all_string[I[low]], base) <= 0)
{
low++;
}
swap(low, high);
}
return low;
}
void quick_sort(int low, int high)
{
if (low < high)
{
int nbase = partition(low, high);
quick_sort(low, nbase - 1);
quick_sort(nbase + 1, high);
}
}

HSEIUE A AT R IR

song@CoolFishS5:~/PC2020/term_project$ gcc group_by.c -mcmodel=large -o group_by
song@CoolFishS5:~/PC2020/term_project$ time ./group_by 1 10000000 16M.txt

real Om6.966s

user Om6.289s
sys Ome.264s

e i 10M BIEEE R IET A, BRI S RS RS /result.axt . IXH



NT A FH L 445 20 43 e 50 B o] 008 25 B IE R
$ tail -n 1 result.txt

song@CoolFishS5:~/PC2020/term_project$ tail -n 1 result.txt
6356524

SRJEFIEE R g | B TR E A
$ sort 1@M.txt | uniq -c | sort -nr | wc -1

song@CoolFishS5:~/PC2020/term_project$ sort 10M.txt | uniq -c | sort -nr | wc -1
6356524

R HAGE B, W EBRATIR IS 1T & IETR .
TSRV EE 53 6 S OpenMP J:4T46. MPI FEAT AT OpenMP+MPI FEAT AL,
4. OpenMP FH:474L

K BRI B AR HEE 7y, R RADEAEGT B CRER 7 1 AT H IR

#tpragma omp parallel num_threads(thread count) default(none) \
shared(cnt, all_string, N) private(i, now)
{
int my_rank = omp_get thread_num();
int thread_count = omp _get num_threads();
int start = my_rank * N / thread_count;
int end = (my_rank + 1) * N / thread _count;
for (i = start; i < end; ++i)
{
now = char_to uint(all_string[i]);
cnt[my_rank][now] += 1;

}
FHATHPRE Bk g5 5k A
#tpragma omp parallel for num_threads(thread count) default(none) \
shared(thread _count, cnt) private(i, j)
for (i = 0; i < MAX_CNT; ++i)
for (j = ©; j < thread_count; ++j)
cnt[thread_count][i] += cnt[j][1i];

AT I BSOS, SR EEAMERALE, 7 a1 2B | e
#tpragma omp parallel for num_threads(thread_count) default(none) shared
(thread count, cnt) private(i, j)

for (i = 0; i < MAX_CNT; ++i)

{
for (j = thread count - 1; j >= 0; --3j)



cnt[JI[i] = ent[j + 1][i] - ent[]][i];
}
HAT I 270 BE T AR
#pragma omp parallel num_threads(thread count) default(none) \
shared(thread_count, cnt, I, all string, N) private(i, now)

{

int my_rank = omp get thread num();

int thread_count = omp_get num_threads();
int start = my_rank * N / thread_count;

int end = (my _rank + 1) * N / thread count;

for (i = start; i < end; ++i)

{
now = char_to uint(all_string[i]);
I[cnt[my_rank][now]++] = 1i;

}
FX— B 5E % T RTEE R 74
BB AT RS 7 H AT PR
#pragma omp parallel for num threads(thread count) schedule(dynamic) \
shared(thread_count, cnt, I) private(i)
for (1 = 1; i < MAX_CNT; ++i)
if (cnt[thread count][i] - cnt[thread count][i - 1] > 1)

quick_sort(cnt[thread count][i - 1], cnt[thread count][i] -
1);

XE—EERE schedule(dynamic)ZIFEE, BUESEASINTHMELSER
¥4, SBREFBITEE.
SEGX EE AN fE i SEEL T OpenMP H:AT4K

5. MPI 3474k
HEAT MPI IFATARIT, BN MPL IRIGEAE R, FF RIS BT A1 g 5 AR
gE S

MPI Init(NULL, NULL);
MPI_Comm_rank (MPI_COMM_WORLD, &mpi_rank);
MPI_Comm_size(MPI_COMM_WORLD, &comm_sz);

RUBAR GRS o7 E B S W B €/ K AT VAR A= NS 7 ) SR = K £ 2 R =
FT BT L AR 2T e JE SRR BLX FEFEATTEL, R B 4% AT 32 5%
O, g 2 BRI 3 B AR AR 2 M0 R A KR A DL . BT DA
MP1 AT IO, B — 5 7 250 HoR— D 4K A, SRATSAM, LR AT



AR Bl . TR EE, RkE B REE. RREHETEZE, R
i BT AR AL | RO R, RIS Seit SR

IR
/*
Do the distribute
*/
MPI Bcast(&N, 1, MPI_INT, ©, MPI_COMM WORLD);
MPI Bcast(&thread_count, 1, MPI_INT, ©, MPI_COMM_WORLD);
MPI Bcast(all string[@], 12 * N, MPI_CHAR, ©, MPI_COMM_WORLD);

MPI Barrier(MPI_COMM _WORLD);
time_send done = MPI Wtime();

PR U8 -
for (i = seg[mpi_rank]; i < seg[mpi_rank + 1]; ++i)
if (cnt[thread_count][i] - cnt[thread_count][i - 1] > 1)
quick_sort(cnt[thread count][i - 1], cnt[thread count][i] -

1);
EAEEAT S R S E SRR 5 .
RIS |

MPI Gatherv(I + displs[mpi rank], recvCount[mpi rank], MPI_INT,
&finalIl, recvCount, displs, MPI_INT, ©, MPI_COMM_WORLD)

memcpy (I, finalI, sizeof(unsigned int) * MAXN);

0 5 RIBI A R f5, T — L RIAT Gt 45 2R .
/*
Label the result
*/
if (mpi_rank == 0)
final_result = get_result();

time_label data_done = MPI Wtime();
ML 0 5715 FURFEE 45 R S NAE AL R e AR AR
/*

Write the result into file

*/

FILE *fh = fopen("result.txt", "w");

if (mpi_rank == 0)

{
fprintf(fh, "%d\n", final result);



for (i = 9; 1 < final_result; ++i)
fprintf(fh, "%d %s", final_label[i], final_string[i]);
}
fclose(fh);
time_write_done = MPI_Wtime();

/*
Print the summary
*/
if (mpi_rank == 0)
printf("Group By Result: %d\n\n\
Read Time: %f\nSend Data Time: %f\n*Run Time: %f\nRecive Data Time: %f\
n\
Label Time: %f\nWrite Time: %f\n*Total: %f\n\n\
Detailed results have written into file ./result.txt\n",
final result,
time_read_done - time_start,
time_send done - time_read_done,
time_calculate_done - time_send_done,
time_receive_done - time_calculate_done,
time_label data_done - time_receive_done,
time_write_done - time_label data_done,
time_write done - time start);
MPI Finalize();

6. OpenMP + MPI 3174k
[5] I {7 B T OpenMP Il MPI #5743 SRS 1 1& B BR AT .
=, RS REBE KRS
FERT B 75 E 355 MPIAEREFEHEAT IR
B0 8 5 12 # 246 Wi E RIS, IR ILE TR —ZHHL T . XEERSS &
PIPRZ IR BEAE ) 4Gbps H T 58, BERS ORI MPI SEE6 IR 3E47
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IRJE R EIX 8 GRS E, 1A hosts SCAFHIE TN 8 & RS ASHIPI I 1P bk, 7
H T EH4 B P B, 5 TR0,

echo
172.24.12.111
172.24.12.110
172.24.12.115
172.24.12.109
172.24.12.112
172.24.12.114
172.24.12.113

172.24.12.108

Aliyun-0
Aliyun-1
Aliyun-2
Aliyun-3
Aliyun-4
Aliyun-5
Aliyun-6

Aliyun-7

" >> /Jetc/hosts
SR G AR5 SIS I P mpiuser o RN TE B AR 2535 I DL A Bl T A 4H,
Fr CART DAE A root FH P I AEAEE DLRNZAH P T .

# adduser mpiuser

'localhost 127.0.0.1

# rsync --archive --chown=mpiuser:mpiuser ~/.ssh /home/mpiuser
SRIGHEAH EAEE] Aliyun-0 b, BEEBR, FHRHARINE] ssh-agent 1, {FHAE
i G 3 G s B e A

$ eval “ssh-agent’



$ chmod 600 /home/mpiuser/.ssh/id _rsa
$ ssh-add ~/.ssh/id_rsa

mpiuser@Aliyun-0:~$ chmod 600 /home/mpiuser/.ssh/id_rsa
mpiuser@Aliyun-0:~$ ssh-add ~/.ssh/id_rsa
Identity added: /home/mpiuser/.ssh/id_rsa (/home/mpiuser/.ssh/id_rsa)

AR MBS R, R I B, W A ML I A PIE R T

mpiuser@Aliyun-0:~$ ssh mpiuser@Aliyun-5

The authenticity of host 'aliyun-5 (172.24.12.114)' can't be established.

ECDSA key fingerprint is SHA256:gFGBLtB04+kIDTgx3gVqVzBNRicFrn9llFiulsfVvlgo.

Are you sure you want to continue connecting (yes/no)? yes

Warning: Permanently added 'aliyun-5,172.24.12.114' (ECDSA) to the list of known hosts.
Welcome to Ubuntu 18.04.4 LTS (GNU/Linux 4.15.0-106-generic x86_64)

* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com
* Support: https://ubuntu.com/advantage

* "If you've been waiting for the perfect Kubernetes dev solution for
mac0S, the wait is over. Learn how to install Microk8s on mac0S."

https://www.techrepublic.com/article/how-to-install-microk8s-on-macos/

The programs included with the Ubuntu system are free software;
the exact distribution terms for each program are described in the
individual files 1in /usr/share/doc/*/copyright.

Ubuntu comes with ABSOLUTELY NO WARRANTY, to the extent permitted by
applicable law.

Welcome to Alibaba Cloud Elastic Compute Service !

To run a command as administrator (user "root"), use "sudo <command>".
See "man sudo_root" for details.

mpiuser@Aliyun-5:~$ ]

SR G 7 B A T U R NFS-Server, MPI XA 7 5 71 mUAg #e8idl
$ sudo apt install nfs-kernel-server

mpiuser@Aliyun-0:~$ sudo apt install nfs-kernel-server

[sudo] password for mpiuser:

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following packages were automatically installed and are no longer
linux-headers-4.15.0-55 linux-headers-4.15.0-55-generic linux-image
Linux-modules-extra-4.15.0-55-gener’ic

Use 'sudo apt autoremove' to remove them.

The following additional packages will be installed:
keyutils Llibevent-2.1-6 libnfsidmap2 libtirpcl nfs—-common rpcbind

IRJE G — cloud SR, FRK S INE] exports H
$ mkdir cloud

$ echo '/home/mpiuser/cloud



*(rw,sync,no_root_squash,no_subtree check)' |sudo tee -a
/etc/exports

$ sudo exportfs -a

mpiuser@Aliyun-0:~$ mkdir cloud

mpiuser@Aliyun-0:~$ echo '/home/mpiuser/cloud *(rw,sync,no_root_squash,no_subtree_check)' |sudo tee -a /etc/exports
/home/mpiuser/cloud *(rw,sync,no_root_squash,no_subtree_check)

mpiuser@Aliyun-0:~$ sudo exportfs -a

55 HE 3 —F nfs-kernel-server restart IlR5%
$ sudo systemctl restart nfs-kernel-server
EHE 7407455 1, %2235 nfs-common

$ sudo apt-get install -y nfs-common

mpiuser@Aliyun-7:~$ sudo apt-get install -y nfs-common

[sudo] password for mpiuser:

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following packages were automatically installed and ar
Linux-headers-4.15.0-55 linux-headers-4.15.0-55-generic
Linux-modules-extra-4.15.0-55-generic

Use 'sudo apt autoremove' to remove them.

The following additional packages will be installed:
keyutils Llibevent-2.1-6 libnfsidmap2 Llibtirpcl rpcbind

SRJERE T A Aliyun-0 1) cloud H SR HEEEIAML .
$ mkdir cloud
$ sudo mount -t nfs Aliyun-@:/home/mpiuser/cloud ~/cloud

$ df -h

mpiuser@Aliyun-7:~$ mkdir cloud
mpiuser@Aliyun-7:~$ sudo mount -t nfs Aliyun-0:/home/mpiuser/cloud ~/cloud
mpiuser@Aliyun-7:~$ df -h

Filesystem Size Used Avail Use% Mounted on
udev 126G ¢] 12G 0% /dev

tmpfs 2.3 4.1M 2.3G 1% /run

/dev/vdal 206G 4.0G 156 22% /

tmpfs 12G (0] 12G 0% /dev/shm

tmpfs 5.0M @ 5.0M 0% /run/lock
tmpfs 12G 0 126G 0% [sys/fs/cgroup
tmpfs 2.3G 0 2.3G 0% /run/user /1000

Aliyun-0:/home/mpiuser/cloud 206 3.9 15G 21% /home/mpiuser/cloud

G B G AT BT RN BRI BUE 7779 50 B TR B AR 2757 RS Al T
SRJGAEREATT 1 %23 mpich (& openmpi [J—FPhAS, Al DLE %3, B
7 openmpi BN L IR

$ sudo apt install -y mpich



mpiuser@Aliyun-7:~$ sudo apt install -y mpich

[sudo] password for mpiuser:

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following packages were automatically installed and are no longer required:
linux-headers-4.15.0-55 linux-headers-4.15.0-55-generic linux-image-4.15.0-55-generic linux-modules-4.15.0-55-generic
linux-modules-extra-4.15.0-55-generic

Use 'sudo apt autoremove' to remove them.

The following additional packages will be installed:
gfortran gfortran-7 hwloc-nox libcr-dev libcr@ libgfortran-7-dev libgfortran4 libhwloc-plugins libhwloc5 libmpich-dev
libmpich12 libpciaccess® ocl-icd-libopencll

SRIGANEE— host_file, FTHEEIBITHIN AL
echo 'Aliyun-©

Aliyun-1

Aliyun-2

Aliyun-3

Aliyun-4

Aliyun-5

Aliyun-6

Aliyun-7

' >> host_file

I IB T R BIRR o

$ mpicc -o mpi_hello_world mpi_hello world.c

$ mpirun -n 8 --hostfile host_file ./mpi_hello_world

WIS 465468 21 ) )

mpiuser@Aliyun-0:~/cloud$ mpirun -n 8 ——hostfile host_file ./mpi_hello_world

Host key verification failed.
Host key verification failed.

{7k Host key verification failed. {HJ& 27 (%5 80 H AR 1080 D T2 95 gl #F
BIE R, B MR T S EERE, B PARE SR S A H.
RTEELEFN b EF e — T 81 ST -

i G B IiEAT, s

mpiuser@Aliyun-0:~/cloud$ mpicc -o mpi_hello_world mpi_hello_world.c
mpiuser@Aliyun-0:~/cloud$ mpirun -n 8 —--hostfile host_file ./mpi_hello_world

Hello world from processor Aliyun-1, rank 1 out of 8 processors
Hello world from processor Aliyun-5, rank 5 out of 8 processors
Hello world from processor Aliyun-7, rank 7 out of 8 processors
Hello world from processor Aliyun-2, rank 2 out of 8 processors
Hello world from processor Aliyun-3, rank 3 out of 8 processors
Hello world from processor Aliyun-6, rank 6 out of 8 processors
Hello world from processor Aliyun-4, rank 4 out of 8 processors
Hello world from processor Aliyun-0, rank 0 out of 8 processors



$ mpicc -fopenmp -mcmodel=large -o group by mpi_opm
group_by mpi_opm.c
$ mpirun -n 4 --hostfile host_file ./group by mpi opm 1 10000000

10M. txt

1. RF—%
(1) RMZE 4 RBEELNZHEEKNRE R
AT EE

# yhrun -N 1 -p free group_by mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.667971

Send Data Time: ©.000034
*Run Time: 5.436423 J;
Recive Data Time: ©.2871
Label Time: ©0.698485
Write Time: 2.220578
*Total: 8.642546

Detailed results have written into file ./result.txt

# yhrun -N 4 —p free group_by_mpi_opm 4 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.644725

Send Data Time: ©.118899
*Run Time: 0.429434

Recive Data Time: ©.284678
Label Time: ©.657855
Write Time: 2.058509
*xTotal: 3.549375

Detailed results have written into file ./[esult.txt

BITHE K1

# yhrun -N 1 —p free group_by mpi_opm 1 100000000 106M.txt
ACyhrun: interrupt (one more within 1 sec to abort)
yhrun: task ©: running
ACyhrun: interrupt (one more within 1 sec to abort)
yhrun: task ©: running
ACyhrun: qinterrupt (one more within 1 sec to abort)
yhrun: task @: running
ACyhrun: sending Ctrl-C to job 15217360.0
yhrun: Job step aborted: Waiting up to 2 seconds for job step to finmish.
slurmd[cn9883]: **x STEP 15217360.0 KILLED AT 2020-07-15T07:11:35 WITH SIGNAL 9 ***

BT K 2



G AR T
ANEEIEE RIS

KIRE 10M 100M
=177 B1T 47 B1T F47
Z1THT ) 8.642546| 3.549375|- -
AL - 2.434949| - -

R - 0.608737|- -

HE SRS &1 &2

BRI ORI — 5 G Ia AT I SEAE KNS, WRED H 100M HJIE AT I [A]

(2) R =5 B MPI AT HERRIR

H TR S s AT T 28te, R 10M 1 &R k4T 1A
BAT TR

# yhrun -N 1 -p free group_by_mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.649917

Send Data Time: ©.000033
*Run Time: 5.405896

Recive Data Time: ©.279190
Label Time: ©.698996
Write Time: 2.065019
*xTotal: 8.449134

Detailed results have written into file ./result.txt
# yhrun -N 2 —p free group_by_mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: ©.690930

Send Data Time: ©.068484
*Run Time: 2.626106

Recive Data Time: ©.293409
Label Time: ©.482612
Write Time: 1.662147
*Total: 5.132758

Detailed results have written into file ./result.txt
# yhrun -N 4 —p free group_by mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: ©.643908

Send Data Time: ©.119146
*Run Time: 1.416817

Recive Data Time: ©.269485
Label Time: ©.693311
Write Time: 2.062259
*Total: 4.561018

Detailed results have written into file ./result.txt

K 3



# yhrun -N 8 —p free group_by_mpi_opm 1 10000000 10M.txt
Group By Result: 6356524

Read Time: ©.654610

Send Data Time: ©.146368
+*Run Time: @.762814

Recive Data Time: ©.269964
Label Time: ©.5604070
Write Time: 1.695424
*xTotal: 3.378640

Detailed results have written into file ./result.txt
# yhrun -N 16 —p free group_by mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: ©.685098

Send Data Time: ©.196324
*Run Time: ©.489278

Recive Data Time: ©.293848
Label Time: ©.516804
Write Time: 1.717892
*xTotal: 3.214146

Detailed results have written into file ./result.txt
BATHEIE K 4
R =5 H m EMPHEREIIR
BEH 1 2 4 8 16

E‘{?'Eﬂ 8.449134  5.132758 4.561018 3.37864 3.214146
Jnask b - 1.646 1.852 2.501 2.629
PES - 0.823 0.463 0.313 0.164

BERS &3 &4

R —5 EWIs T8 RIHA R S, F— % TN ZR2AE, 2265
A ERE TR, MELS R TI45 0. RIIX BAME 2 0 fr, R
INER . SRR BT 25 B A AT A S HT
(3) R =5 OpenMP FHATHRENR:
BATEE T
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# yhrun -N 1 -p free group_by_mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.662866

Send Data Time: 0.000025
*Run Time: 5.034468

Recive Data Time: ©.292897
Label Time: ©.474304
Write Time: 1.668456
*xTotal: 7.470150

Detailed results have written into file ./result.txt
# yhrun -N 1 —p free group_by_mpi_opm 2 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.647186

Send Data Time: 0.000027
*Run Time: 2.660770

Recive Data Time: ©.277333
Label Time: ©.485102
Write Time: 1.752374
*Total: 5.175606

Detailed results have written into file ./result.txt
# yhrun -N 1 —p free group_by_mpi_opm 4 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.676076

Send Data Time: ©.000025
*Run Time: 1.470159

Recive Data Time: ©.317588
Label Time: ©.487699
Write Time: 1.776005
*Total: 4.0851476

Detailed results have written into file ./result.txt

K5

# yhrun -N 1 -p free group_by mpi_opm 8 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.669559

Send Data Timg: 0.000026
*Run Time: 0.855918

Recive Data Time: 0.299996
Label Time: 0.486920
Write Time: 1.797617
=Total: 3.440477

Detailed results have written into file ./result.txt
# yhrun -N 1 -p free group_by_mpi_opm 16 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.666211

Send Data Time: 0.000026
*Run Time: 0.486769

Recive Data Time: ©.328786
Label Time: ©.488478
Write Time: 1.726916
*xTotal: 3.030975

Detailed results have written into file ./result.txt
Kl 6
GtaE R T



T 5 OpenMPFFAT Mk BEM -t
FFEE 1 2 4 8 16

@gﬂﬂaﬂ 7.47015 5.175606 4.051476 3.440477 3.030975
s bt - 1.443 1.844 2.171 2.465
e - 0.722 0.461 0.271 0.154

BE %S K5 &6
K5 FMBITERREARE, XEAMEZ T, RERER. 5
xRl B 2o b i R A SR AT 4 44T
(4) MPI+OpenMP & £l i
IEATHEE TR

# yhrun -N 1 —p free group_by_mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.659561

Send Data Time: ©.000025

*Run Time: 5.105668

Recive Data Time: ©.285040
Label Time: 0.482241 I
Write Time: 1.671534

*xTotal: 7.544508

Detailed results have written into file ./result.txt
# yhrun -N 1 -p free group_by_mpi_opm 2 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.654746

Send Data Time: 0.000032
*Run Time: 2.656007

Recive Data Time: ©.296261
Label Time: 0.642166
Write Time: 2.083684
*Total: 5.678150

Detailed results have written into file ./result.txt

K7



# yhrun -N 1 —p free group_by mpi_opm 4 10000000 10M.txt
Group By Result: 6356524

Read Time: 0.659911

Send Data Time: ©.000036
*Run Time: 1.489122

Recive Data Time: 0.298763
Label Time: ©.514980
Write Time: 1.784121
*Total: 4.087022

Detailed results have written into file ./result.txt
# yhrun -N 1 —p free group_by_mpi_opm 8 16606000 16M.txt
Group By Result: 6356524

Read Time: 0.661343

Send Data Time: 0.000026
*Run Time: ©.877397

Recive Data Time: ©0.310556
Label Time: ©.487067
Write Time: 1.764787
*xTotal: 3.439833

Detailed results have written into file ./result.txt

K 8

F # yhrun -N 2 —p free group_by_mpi_opm 1 10000000 16M.txt
Group By Resutt: 6356524

Read Time: 0.670920

Send Data Time: ©.070170
*Run Time: 2.642477

Recive Data Time: ©.289758
Label Time: ©.481200
Write Time: 1.667775
*xTotal: 5.151380

Detailed results have written into file ./result.txt
# yhrun -N 2 —p free group_by_mpi_opm 2 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.687904

Send Data Time: ©.068687
*Run Time: 1.432902

Recive Data Time: ©.286459
Label Time: ©.495566
Write Time: 1.731232
*xTotal: 4.014846

Detailed results have written into file ./result.txt

K9



# yhrun -N 2 -p free group_by_mpi_opm 4 10000000 16M.txt
Group By Result: 6356524

Read Time: ©.682072

Send Data Time: 0.069634
*Run Time: ©.752036

Recive Data Time: ©.311100
Label Time: 0.490476
Write Time: 1.749804
=Total: 3.373050

Detailed results have written into file ./result.txt
# yhrun -N 2 —p free group_by_mpi_opm 8 10000000 16M.txt
Group By Result: 6356524

Read Time: ©.700898

Send Data Time: ©.072331
*Run Time: 0.438340

Recive Data Time: ©.338083
Label Time: ©.499486
Write Time: 1.769770
=Total: 3.118010

Detailed results have written into file ./result.txt
K 10

# yhrun -N 4 -p free group_by mpi_opm 1 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.659893

Send Data Time: 0.118340
*Run Time: 1.309681

Recive Data Time: 0.267973
Label Time: ©0.469343
Write Time: 1.635399
*Total: 3.800736

Detailed results have written into file ./result.txt
# yhrun -N 4 —p free group_by mpi_opm 2 10000000 16M.txt
Group By Result: 6356524

Read Time: 0.5603040

Send Data Time: 0.117671
*Run Time: ©.710897

Recive Data Time: 0.276015
Label Time: ©.469498
Write Time: 1.658778
*Total: 3.232259

Detailed results have written into file ./result.txt

K11



# yhrun -N 4 -p free group_by_mpi_opm 4 10000000 10M.txt

Group By Result: 6356524

Read Time: 0.680504

Send Data Time: ©.118929
*Run Time: 0.415025

Recive Data Time: ©.273865
Label Time: ©.487352
Write Time: 1.714333
*xTotal: 3.009504

Detailed results have written into file ./result.txt

# yhrun -N 4 —p free group_by_mpi_opm 8 10000000 16M.txt

Group By Result: 6356524

Read Time: 0.652817

Send Data Time: ©.131923
*Run Time: ©.278838

Recive Data Time: 0.307157
Label Time: ©.490229
Write Time: 1.725911
*Total: 2.934058

Detailed results have written into file ./result.txt

K 12

SirEIEN T

F=4 MPI+OpenMP M 53
HEE 1 2 4
TR 1 2 4 8 1 2 4 8 1 2 4 8
= {7R[E) |7.545 |5.678 [4.087 |3.440 |5.151 [4.015 |3.373 |3.118 [3.801 |3.232 |3.010 [2.934
fnEELE  {1.000 |0.753 [1.846 [2.193 |1.465 |1.879 |2.237 |2.420 |1.985 [2.334 |2.507 |2.571
MR 1.000 |0.376 |0.461 |0.274 |0.732 |0.470 |0.280 |0.151 |0.496 |0.292 |0.157 |0.080
HE &7 &8 &9 &10 E11 E12

2. fEFIRT B = iR % AR BAT

W RTR D IR EAE, AT 8 & 12 % 24G MRS A5 T MPI 1iZ H AR

R T ISAT 4

G 1% -

mpicc -fopenmp -mcmodel=1large
group_by mpi omp.c

17

-02 -0

group_by mpi_omp

mpirun -n 1 --hostfile host file group_by mpi opm 1 100000000

100M. txt

mpirun -n 1 --hostfile host file group_by mpi opm 2 100000000

100M. txt

mpirun -n 1 --hostfile host file group_by mpi opm 4 100000000




100M. txt

mpirun -n 4 --hostfile host _file group by mpi opm 16 100000000

100M. txt
ity 1k







mpiuser@Aliyun-0:~/cloud$ mpirun -n 4 --hostfile host_file ./group_by_mpi_omp 1 100000000 100M.txt
Group By Result: 45197730

Read Time: 2.889935

Send Data Time: 3.583466
*Run Time: 22.338070
Recive Data Time: 0.347528
Label Time: 4.248518
Write Time: 14.384703
*Total: 44.902286

Detailed results have written into file ./result.txt
mpiuser@Aliyun-0@:~/cloud$ mpirun -n 4 --hostfile host_file ./group_by_mpi_omp 2 100000000 100M.txt
Group By Result: 45197730

Read Time: 2.887078

Send Data Time: 4.246910
*Run Time: 12.021274
Recive Data Time: 0.354665
Label Time: 4.290489
Write Time: 14.683032
*Total: 35.596370

Detailed results have written into file ./result.txt
mpiuser@Aliyun-0:~/cloud$ mpirun -n 4 --hostfile host_file ./group_by_mpi_omp 4 100000000 100M.txt
Group By Result: 45197730

Read Time: 2.879812

Send Data Time: 3.597649
*Run Time: 6.728951

Recive Data Time: 0.345314
Label Time: 4.187494
Write Time: 14.751227
*Total: 29.610635

|
Detailed results have written into file ./result.txt

Detailed results have written into file ./result.txt
mpiuser@Aliyun-0:~/cloud$ mpirun -n 4 —-hostfile host_file ./group_by_mpi_omp 8 100000000 106M.txt
Group By Result: 45197730

Read Time: 2.885393

Send Data Time: 3.557592
*Run Time: 4.144656

Recive Data Time: 0.351008
Label Time: 4.243136
Write Time: 15.008207
*Total: 27.304600

Detailed results have written into file ./result.txt
mpiuser@Aliyun-0:~/cloud$ mpirun -n 4 —--hostfile host_file ./group_by_mpi_omp 16 100000000 106M.txt
Group By Result: 45197730

Read Time: 2.886463

Send Data Time: 3.825218
*Run Time: 4.016561

Recive Data Time: 0.350900
Label Time: 4.238907
Write Time: 14.387682
*Total: 26.819268

Detailed results have written into file ./result.txt

SEBRIEATH ORI, 5 SRR TR] = AR b I B A 2218
mpiuser@Aliyun-0:~/cloud$ sh run.sh
Group By Result: 45197730

Read Time: 3.029251

Send Data Time: 5.403176
*Run Time: 2.913431

Recive Data Time: 0.357061
Write Time: 16.902266
*Total: 25.575933

Detailed results have written into file ./result.txt
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6.200619
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1
4.510849
1.374601
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3.767277
1.645915
0.411479

4398182 3.404369
1409814 1.821371
0.704907 0.455343
3.84158 3.133346
1.61408 1.978913
0.40352 0.247364
3.30567 3.064484
1.875753 2.023381
0.234469 0.126461
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2.043423
0.255428
2.969745
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1.973385
0.061668

2.975052
2.084205
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0.066241
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100M# IR £ Groui Bii OMP + MPI
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BHEARGA:

99.82585
1
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60.9914 39.98641
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33.18623
3.00805
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28.62961
3.486805
0.217925
27.3046
3.656008
0.11425

31.79243
3188825
0.196245
28.44032
3.510012
0.109688
26.81927
3.722169
0.058159
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