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c| = 2 (Linux}
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> Putty AE

Host Name : nurion.ksc.re.kr( port : 22)

¥ Xming 28 2o

g PuTT o w ﬁ PUTTY Configuration
£ Session Basic aptions for your PUTTY session e %3
| L = &tk ok e | E M"

. Fopearance
- Tomtal Hos Name (or IP address) Pot Behaviour
Bl [rarion ksc re kr [z Translation
L fatinee T Selaction
£ Window ORaw  OTeinet ORogn ®SSH O Serial | - Colours
Bopesrance - Connection
Behaviour Data
Translation Prosey
Selection Teinet
Colours Rlogn
- Connection &-55H
|- Data Kex
Proxy Host keys
Telnet Cipher
Flog - Auth
- 85H TTY
Close window on exi: m
OMways  OMNever (@) Only on clean ext ;“;:"
|1 —Hombugs B9
[ e | C poos_|

Options fing S5H X11

%11 forwarding
A Enable X11 forwarding

]
Femate X11 authertication protocol
(@) MIT-Magic Cookie-1 () XDM-Authorization-1
X authorky file for local display
l | _&wu... |

Copen ][ coned |

| A

S

= ID & otp
sedu##( 01~49)
Passwd(OTP) : xxxx

Passwd :

Last login: Mon Jan 7 10:00:35 2019 from xxx.3000.XXX.XX
KISTI 5th NURION System

* Compute Nodes(node[0001-8305],cpu[0001-0132)
- KNL(XeonPhi 7250 1.40GHz 68C) / 16GB(MCDRAM),96GB(DDR4)
- CPU-only(XeonSKL6148 2.40GHz 20C x2) / 192GB(DDR4)

* Software
- 0S: CentOS 7.4(3.10.0-693.21.1.el7.x86_64)
- System S/W: BCM v8.1, PBS v14.2, Lustre v2.10

* Current Configurations
- All KNL Cluster modes - Quadrant
- Memory modes
: Cache-node[0001-7980,8281-8300]/Flat-node[7981-8280]
: PBS job sharing mode-Exclusive(running 1 job per node)
(Except just the commercial queue)

g F.';Iicy on User Job

(Use the # showq & # pbs_status commands for more queue info.)
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!‘ PBS Interactive = 2 x| = Qe
> F2|2 A|AHIE debug £ E Al debug T2 S
> /scratch C| = E{ 2|0 A & Y X|Z ol{of &
> debug 5 0| 83l0] 2 AS HELSZM CIHZ 0| 7ts

> qsub-1(CHEXH &)
[sedu@l@pbcm Pi_Calc]$ gsub -I -V -A etc -1 select=1:ncpus=1 -1
walltime=04:00:00 -q debug

gqsub: waiting for job 6719.pbcm to start
gqsub: job 6719.pbcm ready

Intel(R) Parallel Studio XE 2017 Update 2 for Linux*
Copyright (C) 2009-2017 Intel Corporation. All rights reserved.

[seduSe@node8281 ~]$ cd $PBS_O_WORKDIR
[sedu5@@node8281 ~]% 1s

[seduS@@node8281 ~]$ exit

o HCH AL 8 AtELS HAEYME ZHO|X|(https://www.ksc.re.kr) X| &l A,
%El(https://blog.ksc.re.kr) S XNEM H=

A
Z gl = AJS LA GU\} (o
.,.. P R e o
. Bl cremource
e o [ Hendisharnd saurcy | 71T
S B crosed soumce 174 1 175
1w un
el o)
e 1500
mat ..
1m2 it -
o 1583
e r
e 19
1385 Unixlike nyems 18
- 7
ok 13
i 18
B %0
mn -
m e
= )
" )
% 1%
-, 1%
T i
. 150
e 198
e, 2000
2001 1a 2004 D01 1e 2004
wm zos
20060 267 2610 2007
- 2008
. 008
00 10
wou o1
012 2S5 2002 ta 2015
e e
wn 217
ref. hitps,/en wikipedia.org/wiki/History_of Unix
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El
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FAVORITE LINUX DISTRIBUTIONS THROUGH THE YEARS

Favorite Linux distributions
through the years

o 2014
A S DT
.. M.m open, : !
"':h'”“"Fudunid-Ubuntu xubuntu D e N~ el e T e
ALE=0® - -
Nchbdlscemskubuntu UbuntLZDF\IN w00 —!_- -

L o6T@® e S

mugolu PE3SDscbayonscientific

siEYE

°T.—!.... ™ A L B
COOYOE _-="-=r=

Hen 0. =
@@W?)@.

bodhicHAKRAFreeBSDgenton linnPinguyOSelackvaze

S5iEd

Rttt

i
he
i3
=
= — |
-I-I-“ulh—_,_-l--!_ML—_ Sobus Uty Poris O
OPEN SOURCE YEARBOOK 2010-2018 | CC BY-5A 4.0 | OPENSOURCE. COM 2

x El_-i_'TAol '—I'"x Hdoman

» File Hierarchy

T LT LT
oo o e

= B
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» File Hierarchy

e

fust 3R 7tSTHutASE =a

/etc A 2”0l A AFESHE 2te| oH
= init, getty, mknod, motd, passwd, ...

/bin  7|2HQl M3 JHs3 Y ot XD U
* cat, cp, date, echo, my, pwd, ...

/PR EE Al SISIEIEIRE

/dev  FX| mASO0| JYe CMER 0

AlA”S] 2E EH TS X1 JAZ
/lib 71230 20 2 50| A= ClHE2

-
(=]
!

Y 3o -7

> Yo =g

» Example

$ 1s
$ 1s -a
$ 1s -a /home®l/sedu5e

_15_
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El

- Y2 0{(command)
. YutHoz A2

- 92 & A0

= (option)
. 2Ees A2E 9
- ol 3 i
« A8X oo %

xo0| 22
+ BfLtojyel o2 g4It

Map ghH =St ALg
QI Xtargument)
o ALRIO| HEHO{of et e
+ OlL} O|&9| argument & 7+HE
- Q% ERE AS

P

o
o OI‘E

AA

NG EDUCATION CENTER

$ 1s

$ 1s -al

$ 1s -alh /home@l/sedu5@

!‘ Manual page

> A2EOM X SSts =&Y (man page)

> 7|28 22 command Ot 8§ S man page
- Ot HO|X| & 27| R M= space bar EE=
- O|F™ H|O|X|E &7| Q8= b YU
- OHXE{ e g

$ man who
WHO(1) User Commands
WHO(1)
NAME
who - show who is logged on
SYNOPSIS
who [OPTION]... [ FILE | ARG1 ARG2 ]
DESCRIPTION
-a, --all
same as -b -d --login -p -r -t -T -u
-b, --boot
time of last system boot
-d, --dead

print dead processes

NG EDUCATION CENTER

7t

I

!f!
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=

[ —

7|2 HEO

0 2=

C| =& 2] /ot &
AL B2/
o &4
2|CHO| & S
IhH A
AL 2LEE

—
4=

N en e N

AEEEL

Y o ne

> passwd : HAQ|E HZA

> du(disk usage) : C|A3 A2 M3

L2
S o=

C)A3 T Ab
- E29| CHEEH2| S XZ5HA| peH
ex) du —=h, du -s drectory_name

> df(disk free) : It A|AH A2 S

Ex) df, df -h

HAECR Hol=E

S CIZE 2|0 CHstof S35

Ol S0t HEZ BT
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Y Hzone

» date
- X EWet AIZHS LIEHH
AHE L : date [SM] [+Z )
$ date
Thu Jan 24 10:13:11 KST 2019
$ date -d yesterday
Wed Jan 23 10:13:38 KST 2019
$ date -d "10 days ago"
Mon Jan 14 1@:14:42 KST 2019
$ date --date="-10 days"
Mon Jan 14 10:15:01 KST 2019
$ date -d "+1@ days"
Sun Feb 3 10:15:21 KST 2019

$ date --date="+10 days"

Sun Feb 3 10:15:35 KST 2019

$ date -d "1 month 1@ days"
Wed Mar 6 1©:15:51 KST 2019
$ date -d tomorrow

Fri Jan 25 10:16:28 KST 2019
$ date +%Y%m%d

20190124

$ date +%Y%mid¥%H

2019012410

$ date +%Y%miad#%H%M
201901241017

$ date +%Y:%m:%d-%H:%M

2019:01:24-10:17

Y Hzone

» cal

[sedu5081login03 ~]§ cal
January 2019
Su Mo Tu We Th Fr Sa
1 2 3 4 5
6 7 8 910 11 12
13 14 15 16 17 18 19
20 21 22 23 F 25 26
27 28 29 30 31

1.00000000000000000000
1(10) // In(10)

- ©x 2, 8 5d 9, 2ol ERE Pt

[sedu50@8login03 ~1§ cal 4 2019
April 2019

Su Mo Tu We Th Fr Sa
1 2 3 4 5 6

7 8 910 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

7
O] AL S gE AME 7hS(s(x), c(x), (%), e(x), ..)

» bc [-]]
— Ztetot AA7|, S25E{ 3 ‘quit’
1 gug
$ bc -l
e(0) // exponential

- 153 -
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Y Hzone -

» who, who am i
A AROf| Login B AHE XL S XFAIO] =7 QIX| E0{F
— $who[ami]

[sedu5@@logine@3 EDU]$ who

x1657a@5 pts/e 2019-01-22 21:39)(114.70.4.22)
x1685a@5 pts/2 2019-01-16 00:26)(114.70.15.204)
systemo pts/4 2019-01-18 16:05)(150.183.152.106)
systemo pts/5 2019-01-02 14:42)(150.183.152.106)
systemo pts/7 2019-01-02 14:39](150.183.152.103)
x1692a02 pts/8 2019-01-24 ©3:56(165.132.36.135)
[sedu50@login®3 EDU]$ who am i
sedu5@ pts/84 2019-01-24 11:22(210.110.236.29)
"o
(@]

Y Hzone -

» which
- YOI FE2EE B F
[sedu5@@login@3 EDU]$ which 1s
alias 1s='ls --color=auto’
/usr/bin/1s

[sedu5@@login@3 EDU]$ which cal
Jusr/bin/cal

» whereis
— which@} H|ot BHEO 2, AT, &AA man pagel| 828 EOE
[sedu5e@login@3 EDU]$ whereis 1s
1s: /usr/bin/ls /usr/share/man/manl/ls.l.gz /usr/share/man/manlp/ls.1lp.gz
[sedu50@login@3 EDU]$ whereis cal

cal: /usr/bin/cal /usr/share/man/manl/cal.l.gz
/usr/share/man/manip/cal.lp.gz

> whatis : @07} & LS St=X| dY SiF

[sedu56@login®3 EDU]$ whatis 1s
1s (1) - list directory contents
1s (1p) - list directory contents

_19_
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— XHAOf| CHSH uid, gidoil CHSE BE
» groups

[sedu5@@login@3 EDU]$ id
uid=100016349(sedu50) gid=1000163(in0163) groups=1008163(in@163)

[sedu5e@login@3 EDU]$ groups
in@163

[sedu50@login@3 EDU]$ cat /etc/group
root:x:@:

bin:x:1:

daemon:x:2:

Sys:x:3:

adm:x:4:

ttyex:5:

disk:x:6:

Ipsi:7:

mem:x:8:

» passwd
MEAS| =& ¥
- FI|HoR MY F=
N

- Y| AL ue
Ut 9

[sedu5@@login®3 khlim]$ passwd
Changing password for user sedu5e.
Current Password: 7|& 2= 2

New password: AMEZF 2= 2=

Retype new password: AM22 2% 2

passwd: all authentication tokens updated successfully.

_20_
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= o e
Y om0 me o
> free
— Memory AtE 3%
$ free -s &= : X|FTH AIZKE)0 K&Kz ES A

[sedu5e@login@3 EDU]$ free

total used free shared buff/cache available
Mem: 394875176 33268320 270414420 162968 91192436 335224180
Swap: 16777212 (] 16777212
[sedu5@@login@3 EDU]$ free -h

total used free shared buff/cache available
Mem: 376G 31G 257G 159M 86G 319G
Swap: 15G 8B 15G
[sedu56@login@3 EDU]$ free -hs 1

total used free shared buff/cache available
Mem: 376G 31G 257G 159M 86G 319G
Swap: 156G B 15G

total used free shared buff/cache available
Mem: 376G 31G 257G 159M 86G 319G
Swap: 15G BB 15G

Y Hzone

» history

[sedu5e@login®3 EDU]$

484 19-81-24 11:56
[seduse@logine3 EDU]$
id
uid=1000816349(sedu50)
[sedu5e@login@3 EDU]$
[sedu5e@login@3 EDU]$

482 19-91-24

483 19-81-24

484 19-01-24

485 19-81-24

486 19-01-24
[sedu5e@login@3 EDU]$
date +%Y%m/%d-%H:%M
201901/24-13:12

APUTING EDUCATION CENTER

- 2|52 AR AFEH

AXILE CHAl E2{M AL S
- A%t E Cl3 2|9 bash_history THAO| MELf UAS
— 25f Key (Up, Down) AtZ(Bash Shell & Z<)

482 19-81-24 11:54:
483 19-01-24 11:54:

11:54:
11:54:
T1z56=
1kt L
11:57:

AN
Sk A
M

history

26 id
38 history 10

:49 history

1482 // 478 BN Tt HAOE =
gid=1000163(in@163) groups=100e163(in@163)

I /1 7P Z20| AL8Tt YO E ™
history 5 /1 7t EH20| AEe FE-o sHE £
26 id

38 history 10

49 history

00 id

@85 history 5

Ida [/ da2 AlESHE 7HE =22 H™EE Y

- 2‘1 -



> s
- Cl¥EeZ el otd 552 27| ¢

A I 9 CIMER|E st HAOR B

o
oR
0

2

a  BE I ClE2 23 (472 0 28
R 89| ClAE2|e| THUNA 20iE
S I A7 2 Mz 5

o T SO TEX: EA| (CIHERE /, A% DAL ¥
h BB K M GO L2 97| 42 HEHR BOF

o FYUB O, 4L0= HOF

t 2FE AL AME BOF

Y Hzone

[seduSe@logine3
[seduSe@logine3
[sedu58@login®3
[sedu56@loging3
[sedu56@loging3
[ seduS@@loging3
[ sedu5@@login@3
[ sedu58@logine3

[sedu5@@login®3
[sedu58@login®3
/home@1/sedu5@

> Is 80] 7|2 AHEH

etc]$ 1s
etc]$ 1s
etc]$ 1s
etc]$ 1s
etc]$ 1s
etc]$ 1s
etc]$ 1s
etc]$ 1s

etc]$ cd
~]$ pwd

-a

-1
-la
-1R
-F

=
-1rth

_22_
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Y Hzone -

» alias / unalias

- Y2 UEND HHY + U

- XF AHESt= FHEOE YHHF0 HHSHA AL Tts
[sedu5@@login@l Linux]$ alias
alias cds="cd /scratch/$USER'
alias egrep='egrep --color=auto'
alias fgrep='fgrep --color=auto’
alias grep='grep --color=auto'
alias 1.='ls -d .* --color=auto'
alias 11='ls -1 --color=auto’
alias 1s='ls --color=auto'
alias motd='cat /etc/motd'
alias vi="vim'
alias which='alias | /usr/bin/which --tty-only --read-alias --show-dot --
show-tilde*®

[sedu5@@login®@l Linux]$ alias editor='vim'
[sedu50@login@l Linux]$ editor test.txt
[sedu56@login@l Linux]$ unalias editor
[sedu5@@login@l Linux]$ editor

-bash: editor: command not found
[sedu5e@login@l Linux]$ ]

Y CI2E2] O 5/M /AR 2+ s

» cd

- Cl8HE| ol HE
» pwd

EEEEEETCES
» mkdir

~ MZ2 C|ME2|S OHS 0f ALR

_23_
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Yo CI2IE3] O] S/A A /AL T+ Gzt

> 7|82 AF2Y (cd, pwd, mkdir, touch)

[seduSe@logine3 etc]$ cd
[sedu50@login®3 ~]1% pwd
/home®1/sedu5e

[sedu5e@login®@3 ~]$ cd EDU/
[sedu56@login@3 EDU]$ 1s

Linux

[sedu50@login@3 EDU]$ cd Linux/
[sedu5@@login@3 Linux]$ mkdir red fe
[sedu5@@login®3 Linux]$ mkdir green
[sedu5@@login®3 Linux]$ mkdir blue
[sedu5@@login@3 Linux]$ 1s white
blue green red

[sedu5e@login®3 Linux]$ pwd
/home@1/sedu5@/EDU/Linux

[sedu5@@login@3 Linux]$ cd red

[sedu5@@login@3 red]$ pwd
/home@1/sedu56/EDU/Linux/red

[sedu5@@login®@3 red]$ mkdir white
[sedu5e@login@3 red]$ cd white/

[sedu56@login®3 white]$ touch my.txt
[sedu50@login@3 white]$ 1s -1

total @

-rw-r--r-- 1 sedu50 in@163 @ Jan 24 14:07 my.txt

ig!
L'l

my.txt

Y CI2E2] O 5/M /AR 2+ Gz

> 7|2 A8 H (cp, clear)

[seduS@@login@3 white]$ clear

[seduS@@login@3 white]$ cp my.txt ../../green/
[sedu5@@login@3 white]$ cd ../../green/
[sedu50@login®3 green]$ pwd
/home@1/sedu560/EDU/Linux/green

[seduS@@login@3 green]$ 1s

my . txt

[sedu5@@login®3 green]$ 1ls -1

total @

-rw-r--r-- 1 sedu50 in®163 @ Jan 24 14:16 my.txt

SUPERCOMPUTING EDUCATION CENTER

_24_
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Y CIE2] O|S/MA/AR| 22

—_

> 7|2 AF2 Y (rm, rmdir)

[sedu56@login@3 red]$ cd red
[sedu5e@login@3 red]$ pwd
/home@1/sedu5@/EDU/Linux/red
[seduS@@login@3 red]$ 1s

CIME 2| Qtojl
mjelo| oA

[sedu50@login@3 red]$ rmdir white/

rmdir: failed to remove ‘white/’: Directory not empty

[seduS@@login@3 white]$ 1s

my . txt

[sedu56@login®3 white]$ rm my.txt
[sedu56@login®3 white]$ cd ../
[sedu5@@login@3 red]$ rmdir white/
[sedu5@@login@3 red]$ 1s

Y. CIZEI2] O|S/A8 A /AR B+

[sedu5e@login@3 red]$ mkdir white
[sedu5e@login@3 red]$ cd white/
[sedu5@@login®3 white]$ touch my.txt
[seduS@@login@3 white]$ 1s

my.txt

[sedu5@@login@3 white]$ cd ../
[sedu5@@login@3 red]$ 1s

white

[sedu50@login@3 red]$ rm -rf white/
[sedu5@@login@3 red]$ 1s

> 7= AME"™ (rm -rf : LO| ZEl CI™EEZ| X[27])

_25_
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Y o3l /oY Ba

» m
— H+UOIL} CIHE 2] (-rf §9)E AA
- a4
o -it ATE| Al 2
o -f: ZH AH|
« -r: CIAHZ|E AXE Of 5t9| Cl2E2|t THYE 25 AX
« -virm O T Y £
» mv

~ ﬂf%"f Cl#E (e O|FS HBoHL 25 &2 I M8
- -b &8 AL8Al: 22 MO AS BFE backup THEE 4

Y o3l /oY Ba

> 7|2 AFE " (rm, mv)

[sedu5@@login®3 Linux]$ mkdir cyan
[seduSe@login®3 Linux]$ touch my.txt
[sedu5@@login®3 Linux]$ 1s
blue cyan green my.txt red
[sedu56@login®@3 Linux]$ mv my.txt ./cyan/
[sedu5@@login®@3 Linux]$ cd cyan/
[sedu5@@login@3 cyan]$ 1s -1
total @
~-PW-r--r-- 1 sedu5@ 1nﬂ1§} @ Jan 24 14:56 my,txt
[seduS@@login@3 cyanl$ cp -p my.txt my2.txt
[sedu56@login®@3 cyan]$ IS -1
total @
-rw-r--r-- 1 sedu50 in@163 @ Jan 24 14:56 my2.txt
-rw-r--r-- 1 sedu5@ in@163 @ Jan 24 14:56 my.txt
[sedu5@@login®3 cyan]$ mv my.txt ../you.txt
[sedu5@@login®3 cyan]$ cd ../
[sedu5@@login@3 Linux]$ 1s -1
total 16
drwxr-xr-x 2 sedu50 in@163 4096 Jan 24 14:07 blue
drwxr-xr-x 2 sedu50 in@163 4096 Jan 24 15:00 cyan
drwxr-xr-x 2 sedu5@ in@163 4096 Jan 24 14:22 green
3
1

drwxr-xr-x 3 sedu5@ in@163 4096 Jan 24 14:46 red
-rw-r--r-- 1 sedu56 in@lé63 @ Jan 24 14:56 you.txt

UTING EDUCATION CENTER

_26_
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x El & E'I El / “—l’ I .T'|:|-E [ ¢ LN

> 7|2 AR " (rm, mv)

[seduS@@login®3 Linux]$ 1s -1

total 4

drwxr-xr-x 2 sedu5@ in@163 4096 Jan 24 15:00 cyan
-rw-r--r-- 1 sedu5@ in@163 @ Jan 24 15:09 you.txt
[sedu56@login®@3 Linux]$ rm -i you.txt

rm: remove regular empty file ‘you.txt’? y
[sedu50@login@3 Linux]$ 1s -1 cyan/

total @

-rw-r--r-- 1 sedu50 in®0163 © Jan 24 14:56 my2.txt
[sedu5e@logine3 LinuxJ§ _rm -rf cyan/|
[sedu50@login@3 Linux]$ 1s -1

total @

x El & E'I El / J'Ll'OEI .T'|:|-E [ ¢ LN

» cat
- ZEIS HAE THUS MY oL HAE DY Y8 S ol

ex) cat /etc/passwd

» echo

YAES 518 A0 5
[sedu5@@login@3 Linux]$ echo "hello"
hello
[sedu56@login®3 Linux]$ echo $HOME
/home@1/seduse
[ sedu5@@login@3 Linux]$ echo $PWD
/home@1/sedu56/EDU/Linux
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Y o3l /oY Ba

> 7|2 A2 Y (cat, echo)

[sedu50@login®3 Linux]$ cat >myl.txt

abc

def

AG

[sedu5@@login®@3 Linux]$ cat > my2.txt

abcc

def

AC

[sedu56@login®3 Linux]$ 1s -1

total 8

-rw-r--r-- 1 sedu5@ in@163 8 Jan 24 15:14 myl.txt
-rw-r--r-- 1 sedu50 in©163 9 Jan 24 15:14 my2.txt
[sedu5@@login@3 Linux]$ echo "Hello, World"
Hello, World

[sedu5@@login®3 Linux]$ cat myl.txt

abc

def

[sedu56@login®3 Linux]$ cat my2.txt

abcc

def

- cat BHO 2 text WY &Y T F2E= Ctrl + c E MNE

Y o3l /oY Ba

» head, tail
BIAE melo| ¢EE, 5

ex) $ head -10 /etc/passwd

$ tail -10 /etc/passwd
» more
HAE It U122 HO|X| TIZ o St Fae o

ex) $ more /etc/passwd
> In
- OYHO|L ZEHS Chest A7|= 3 BE
- SlE33: Y inodeE AMESHE T MY
AE2lalg(s M AIR)

ex) $ In —s /etc/passwd passwd
$1s -l

Irwxrwxrwx 1 edun30 edungrp 11 Oct 24 11:12 passwd -> /etc/passwd
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$ wc

[sedu5@@login@3 Linux]$ wc
112 166 5692 /etc/passwd
[sedu5@@login@3 Linux]$ wc
112 /etc/passwd
[sedu56@login®3 Linux]$ wc
166 /etc/passwd
[sedu50@login®3 Linux]$ wc
5692 /etc/passwd
[sedu5@@login®3 Linux]$ wc
112 166 5692 /etc/passwd

Y ClaER| oY
» WC
- E(-) E£ Hol(-w) 75
ex) $wc -l /Jetc/passwd

-w /etc/passwd

[sedu5@@login@3 Linux]$ cat /etc/passwd

3

i

/etc/passwd

-1 /etc/passwd
-w /fetc/passwd
-c /etc/passwd

-lwc /etc/passwd

$ tar -zxf mysrc.targz

> 21 2=817| of
$ tar -zcf mysrctargz ./

> 7|2A ¢l Option
-z:gzipl 2 g = g@F
-f:tar BHOE opg*g e
x:tar Y2 FO U=
c:tar ItAUS Mg oj

OFz=

0

EDUCATION

CENTER

x El &l E'I El / J'Ll'OEI £ Htonze
> tar
- CheohA MY S =5t 87t O, mO[LL CIHEZE F= &
 grip, unipi 22 SHZZOHT Zo| Mol A Y
> gzip Y=t &7 tar2 FQ targz Tt E7| o

AE SN [ AR (extract)
AL g

HolH & O AHE
FEA| AFE (default)

(create)
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Y ClaER| oY G

> tar 7|2 ALEH
- AE02 A% filenametargz HAQ| OfHIY MY
— http://ftp.gnu.org/gnu/autoconf/
- H&MYUY : autoconf-2.12.targz

[sedu5@@login@3 Linux]$ cp /tmp/autoconf-2.12.tar.gz .
[sedu58@login®3 Linux]$ 1s
autoconf-2.12.tar.gz

Y ClaER| oY G

> 7|2 AHEH (tar) - A HRY
- gzipL R Y¢HE EN tarR F 32 B

[sedu5@@login®@3 Linux]$ 1s

autoconf-2.12.tar.gz

[sedu5@@login@3 Linux]$ gzip -d autoconf-2.12.tar.gz
[seduS@@login®@3 Linux]$ 1s

autoconf-2.12.tar

[sedu5@@login®3 Linux]$ tar xvf autoconf-2.12.tar
[sedu5@@login®@3 Linux]$ 1s

autoconf-2.12 autoconf-2.12.tar

- tar2 §1, gzipl 2 &=

[sedu5e@logine@3 Linux]$ 1s
autoconf-2.12

[sedu5e@login®3 Linux]$ tar cvf autoconf-2.12.tar autoconf-2.12/
[sedu56@login®@3 Linux]$ 1s

autoconf-2.12 autoconf-2.12.tar

[sedu56@login@3 Linux]$ gzip autoconf-2.12.tar

[sedu58@login@3 Linux]$ 1s

autoconf-2.12 autoconf-2.12.tar.gz

[sedu56@login@3 Linux]$ rm -rf autoconf-2.12
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Y ClaER| oY e

> 7|2 Ar8H (tar) - & HWY
- -z(gzip) S AFBOIM SHHHO LHS B, tarl2 F32 &

[sedu5@@login®@3 Linux]$ 1s
autoconf-2.12.tar.gz myl.txt my2.txt
[sedu50@login®3 Linux]$ tar zxvf autoconf-2.12.tar.gz
[sedu56@login®@3 Linux]$ 1s
autoconf-2.12 autoconf-2.12.tar.gz dir/
[sedu5@@login@3 Linux]$ tar -xzvf autoconf-2.12.tar.gz -C dir
[sedu5@@login@3 Linux]$ 1s dir
autoconf-2.12

- -z(gzip) 82 AFESHAM SUAHO tar2 |11, gzipRL 2 YH

[sedu5e@login®3 Linux]$ rm -rf autoconf-2.12.tar.gz

[sedu56@login®3 Linux]$ 1s

autoconf-2.12 dir/

[sedu5@@login®@3 Linux]$ tar czvf autoconf-2.12.tar.gz autoconf-2.12/
[sedu5@@login@3 Linux]$ 1s

autoconf-2.12 autoconf-2.12.tar.gz dir/

Al E-ELTRN e BT =

> A 4Z(Absolute Path)
— /(root directory) 7|&

> A 4 Z(Relative Path)
— .(current directory) 7| &

» (e.g.) zeus -> mars
— ¢cd /home/mars
— cd ./mars
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> Is -al @S AHEot0 &4 =0

[sedu5@@login®@3 Linux]$ 1s -1

total 4
-PW-P----- 1 sedu5@ in@163 1475 Jan 24 16:21 my.txt
T I N T I MEY R T K TN T
OIIH ~rW-r-—- sedus@ in@163 1516 1‘3 242; 16A| 21& my.txt

M e

S 10712 22 HA|
- 1+3+3+3 22 F &S0 S

= =TW-r--r--
e L/ At S o
o MY FH + 2FF(user) AT + E(group) AT + LI X|(other) AL XL
Eekds

P
- ot F4

25t | ool REE ojo|
B i
b oY AEEa 2EE 85 rutojA 89| #X| 0he(/dev/sda, /dev/hda &)
c EHOlg YESI, Z2UE, OffA MREFIES} 22 FXA2E 7H2H ClHIO|A 829] ZA|oHY
(/dev/console 5)
d Cl3Ee
| =8 g3ang
p oto|=
s k|
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f
Q
g
i

— ‘mm
Y I 2 s

> WY 571 FY
— A2 XHuser) / A& (group) / LI X|(other) H3H 278
- rwx & H7|
- r: 47, w:AT|, x: AW, - ST AT S
— OfAl : 654 > 110 101 100 = rw- r-x r--
OfIAl : 725 > 111 010 101 & rwx -w- r-x

I

28(xxhez B 0t 57tA A @
T(rwx=4+2+1) SRRV WE-1- I
6(rw-=4+2+0) 9471 1 27| 7t
S5(rx=4+0+1) 97l / 28 Tt
4(r-=4+0+0) 272t 7t
3(-wx=0+24+1) 27|/ HE 7k
2(-w-=0+2+0) 7|8 I
1(-x=0+0+1) HYet 7ts
0(---=0+0+0) 70| Bt

» chmod
- Oy JHeot BHEFE
— chmod [who] [+/-] [MZ& o [T H)]

- who ?
WHO 8
u oS A7 ALEXHuser)
ordof chst 27232 7t 2E(group)
Ct2 AHEXHother)
a BE MNEZXHall)
- + £ A85I0] Hets HofE & U, - & ALEotY dets AA

— chmod u+rw my.txt

« mytxteh= THe| AFEA HTHE L w
— chmod u-w, o+r test.exe

« testexe 2H= LS| AFEX} HTH T user| wTh A, other®| rM$H =7t

i
I

7t

NG EDUCATION CEMNTER
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IOl 2 A iy
Y o sy

» chmod & &

[sedu5@@login®3 Linux]$ cat > date.x
date o
[xc I
[sedu5@@login®3 Linux]$ 1s -1 date.x
-rw-r--r-- 1 sedu5@ in@163 5 Jan 24 16:34
[sedu5@@login®3 Linux]$ ./date.x
-bash: ./date.x: Permission denied
[sedu5@@login@3 Linux]$ chmod u+x date.x
[seduS@@login®3 Linux]$ 1s -1
total 4
-rwxr--r-- 1 sedu5@ in@163 5 Jan 24 16:34
[sedu5@@login®3 Linux]$ 1ls -1F date.x
-rwxr--r-- 1 sedu5@ in@163 5 Jan 24 16:34
[sedu50@login@3 Linux]$ ./date.x
Thu Jan 24 16:35:47 KST 2019
[sedu50@login@3 Linux]$ chmod u-x date.x
[seduSe@login®3 Linux]$ 1ls -1F date.x
-rw-r--r-- 1 sedu5@ in@163 5 Jan 24 16:34
[sedu56@login®3 Linux]$ chmod 740 date.x
[sedu5@@login®3 Linux]$ 1s -1F date.x
1 sedu5@ in@163 5 Jan 24 16:34

date.

date.

date.

date.

date.x*

Y. 2lcto| g .
> BlSA0N XIQsHs 7HY 23 FO| YA
- YYojLt T30l AIME AT BOjF= AXNE DR W Mt
2 o= 7l
- TS YUY = FYCE A
- ¥yo| ZME C12 YYO| YO 2 ABE + US
— Algimz gio] ANt i 2 HLjZ|

ex) § testexe > testout
$ cat testout
ex) $ cal > octobertxt
$ cat octobertxt
ool LS Haio| 2oz AR
« testx < input.dat > output.dat

mail mark < letter

APUTING EDUCATION CENTER

$ cat test.f9e
PROGRAM TEST
IMPLICIT NONE
INTEGER::I,3]
READ *, I
J=18*I
PRINT*, 3
END PROGRAM TEST
$ gfortran test.f9e -o test.x
$ ./test.x
5
50
$ cat input.dat
5
$ ./test.x <input.dat >output.dat
% cat output.dat
58
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Y zictolg
> H380 kol mojz

> Off FE0{o] Z1p7t CHE BP0l YEO| H=F of &

Ex) $ who | grep “sedu”

- who HHO|= A|AHO| F&5oH AL
2|0 ol N 2090 ME=XE AHEE HEHO
grep 2 FOIT D EHI YKX[SH= line PHE SEtL{0] 0

(22N -i:ignore, -v: Not match)

'who' 2 LI E|= AF2 XL B sedul|

ZoHEl User?t R=X|E

edu50@login@3 Linux]$ who | grep "sedu"
sedu50@ | pts/82 2019-01-24 11:22
sedu50 | pts/84 2019-01-24 11:22

A7t = RIX], oftH HO|' 20| At

F= 380

205

¥ mheto) 7

> find B0 (=AY
- IO WY

$find [&E CIHEZ 2] 27| 4] &

at
>

rr

ot

ujo

xF
=

gjo

27 YY)

- [#Z C8EzZ| 8]
ST Cl2ER Yoz ZHAM

/ : FE CEEZ 2og 75‘*—'4 TH DA AH A
- [&7] 4]

-name : A|F3 YA S 2= OfY 0|5

-user £ oY g AF5t A= AFAL oY

-uid n Sd uidE #= oY

-gid n 578 gidE 4= I+

-used n &2 nY O|F0| HEE TpY
- [#E = ¥ Y

-print 178 Ol M0l S, XX ot MYS HOF (-Is & 7Hs)

(-ls AFEA| Is ~dlis?} LT = HEH)
-exec c 30X} ob= OO Cis EE FEE =¥
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-
¥ mhelo] A i

> find 0] 7|2 ALEH
[sedu5@@login®3 Linux]$ find / -name passwd -print
/etc/passwd
J/usr/bin/passwd
[seduS@@login®3 Linux]$ id
uid=100016349(sedu50) gid=1000163(in0@163) groups=1000163(in0163)
[sedu56@login®3 Linux]$ 1s
aaa.x bbb.x ccc.txt
[sedu5@@login®3 Linux]$ cat aaa.x
date
[sedu5@@login®3 Linux]$ cat bbb.x
cal
[sedu50@login®3 Linux]$ cat ccc.txt
[sedu56@login®3 Linux]$ find ./ -uid 100016349 -exec sh {} \;
./+ ./: is a directory
January 2019
Su Mo Tu We Th Fr Sa

1 2 3 .4 5
6 7 8 910 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
2728 2930 31

Thu Jan 24 17:41:19 KST 2019

APUTING EDUCATION CENTER

Y A2 DL E i

MAR

> top
A28 ZLEHE
$ top -d A|ZHZX) : Refresh _’Eo O
top - 11:44:65'02 24 days, 18:18 10 users, load average: 1.48, 1.57, 1.04
Tasks: 934 total, 2 running, 918 sleeping, 14 stopped, @ zombie

. y 9.0 ni, 93,3 id, e.0'wa, ©.0hi, 9.1 si, 0.0 st
KiB Mem : 39487516+total] 28259836+free, 16995640 used, 95281168

KiB Swap: 16777212 total] 16777212 free, 8 used. 354277
PID USER PR NI VIRT RES SHR S| %CPU %MEM OMMAND
247894 x1698a82 20 8 147968 4292 1248 5| 24.1 ©.8 [6:47.35 rsync
273168 root 20 © 169124 7688 4828 S| 23.4 ©.0 [1:18.78 sshd
294493 applic 28 5] 4348 344 276 R 7.9 9.8 |0:80.24 rm
273352 pmg96 20 @ 74268 3516 2636 S| 5.0 0.0 [©:18.00 sftp-server
274996 applic 28 @ 137256 3116 1548 S 4.3 0.0 |0:06.19 configure
247659 root 20 @ 173428 11888 4848 S 2.3 0.8 1:43.12 sshd
436389 root 20 o 2] 5} 0S| 1.3 0.9 [1:17.02 kworker/2:2
421 root =51 5] 5] 8 8 s 1.0 9.9 [©:35.21 irq/393-
hfil_©
287636 sedu5@ 20 8 175120 3512 1984 R 1.0 0.0 0:02.00 top
66993 root 20 9 1493884 216724 23684 S 8.7 0.1 155:17.84 klnagent
408474 root 20 o (%] e 0S| 0.7 0.0 [0:24.33 kworker/1:2
1 root 20 ® 192528 5692 2528 S 9.3 0.0 [9:02.27 systemd

APUTING EDUCATION CENTER
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Yo AAE aLEE G

> top
— CPU SEj 27|
« '1":CPUS HEIE EOF
« 'q:38 3R

top - 11:46:16 up 24 days, 18:20, 122 users, load average: 1.68, 1.60, 1.12
Tasks: 934 total, 3 running, 917 sleeping, 14 stopped, @ zombie

%Cpu® : 4.0 us, 1.3 sy, 0.8 ni, 94.1 id, ©.80 wa, ©.0 hi, ©.7 si, 0.0 st
%Cpul : 1.3 us, 38.2 sy, 0.0 ni, 60.2 id, ©.0 wa, ©.0 hi, 0.3 si, 0.0 st
%Cpu2 : 1.0 us, 13.2 sy, 0.0 ni, 85.8 id, ©.0 wa, ©.8 hi, 0.0 si, 0.0 st

%Cpu23 : ©.0 us, 0.9 sy, 0.0 ni,100.0 id, ©.8 wa, 0.8 hi, 0.0 si, 0.0 st
KiB Mem : 39487516+total, 28352288+free, 17000044 used, 94353048 buff/cache

KiB Swap: 16777212 total, 16777212 free, @ used. 35431958+avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
273168 root 28 8 169124 7688 4828 R 28.4 0.0 1:48.66 sshd
247894 x1698a82 20 @ 147968 4292 1248 S 23.8 0.0 17:18.32 rsync
295946 applic 28 e 6580 224 172 R 5.9 0.8 0:00.18 sed
273352 pmg96 20 (] 74268 3516 2636 S 4.3 8.8 0:22.48 sftp-server

13 root rt @ (%] e 8S 3.0 6.8 1:33.20 migration/1

247659 root 20 8 173428 11888 4848 S 2.6 9.8 1:46.25 sshd

12 root rt o (%] (2] es 2.0 0.8 0:23.20 watchdog/1

KisT1
[ ¢ LN

Vi Editor

MPUTING EDUC
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Y. Hlitor BT 7)) 52 Gz

» vim(vi)
- 7t& 7|25 "HAE ofCiE, oSO 7|28z Y

» emacs
- Z&sln 7| s0| ChEst OCIE, ALE®O0| ofF 1 5E
()

> QEdit EEM Emn E Ro:um%m : U @ g
~ GUI 7|4to| A E ofC|E St s a2 E RS
e EH[EQJ_'_[' H]%AHA-I A|--g—0| -?—l% #include <stdio.h>
int main()

{
printf(“Hello, World.\n");

return @;

Ln 8, Col 2

COMPUTING EDUCATION CENTER

Y. Editor( 7 7[) A7) Gz

» VI

— BSD2| C Shell2 728t & 0|7} 1976 H0f 72T EA HE |
“Visual edit’ TLE 0|0 25 AX0| 2ME Hd

- 7|E0=BEOZ ot EN ZME HE (2R OICIHE ALE)
» VIM

— VIImproved?| ZZZE 7|FEQ| vi 7| 50| o2 Ha|st 7| 50| F7t

- 2YE B 214 28, highlighting 7|5, OFS &E|lE2|7|, RLUZE &
» EMACS

- 1976'30ll GNU HA|X}Ql 2| Xt AE 20| TMACSE Y AIAM Bt

- AUV 7|5 20| = ot 22, O A, ¥ B2t A, fip & THE2 7Is

fr §
o

— Lisp Q102 LSO RO B2 |isp QO Z 7|52 F7IE = U

UTING EDUCATION CEMNTER
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i AI('Il'l'l
x‘“ O C|E{ElD [ ¢ BN
> vi editor
— Visual display editor £ 2|0

- N& Hotes A>OA EX s

- 722 7492 AE A" 2% 5o JAS
- AE Z2MAM2 7|52 48 FES 7HX1 /s

— vim O|2t= vi o] 20| Z&E|0 US

Y. vi editor e

» Open a file
— $vifile (HE 2E)
— $ view file (37| 2E)

» modes
— Insert Mode(2 3 2E)
+ YES= ZE o] HE HIo] YHE
o YUHDCOM B L2 IHYH W RE2 MF Al): "ESC” key
— Command Mode(Z & & B E)
- Y= BE AO| HHO| s F
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Y. vi editor G

entered insert command
(i, 1,a A, o, O, R)

entered <ESC>

e A
x‘lﬂ editor [« EER
> 7|2 B2 AHAM O|F
h HAME ot Xt 21FC2 O F
j FAME Of2f & Ze Loz 0|5
k HME 9 & Z2 L2 0|3

I HME 3t X 2EZOR 0|F
<ENTER> HME OE 2 A ZXZ 0|S (10ENTER)
%63;! e ; t |-=—1

> 2t el M Ol

H SfBio| G 9/ZO2 7N 0|5
M sfuio] B2t Z2 714 0|5
L sfoiol th o2 2 #HAM 0|5
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Y. vi editor -
> 3tH FHAM(Cursor) Ol &
- nn ¥ &2 0|Z : nn<Enter>, nnG
h j k |
‘Cm'-B

Ctri-U
Ctrl-D

S S S R S S

Ctrl-F

SUPERCOMPUTING EDUCATION CENTER

!‘ vi editor -
> CHo|, 2%, 2 tHel 0|
w ChE THofe] | EXt2 #HAM 0|
b HM7L 2IX|t o Lo THoj= HA 0|F
e HM7L fIx|Et CHoje] o2 #HM 0|
) CH2 X2 2 7{M 0|5
} ChE 22 HM ol§
(et w
{ }ot gl
0 o 22| H 2XE HAM 0|F
A M Eo| HZ2E #HAM 0|F (MolLt 30| o)
$ ex E2f opx|ge 2 FHAM 0|F

SUPERCOMPUTING EDUCATION CENTER
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Y. vi editor

> HO, 28 2 B9 ol

AF 3t ot 2 0| F
AB ¢ olH 2= 0| F
AD gt 3t of2f 2 0| F
AU g olH 22 0|F
:$ opx|get E2 0|5

nG: & Hs n2E 0|
1G: HE HEe| H E=2 0|F3}7|
G: HE HIo| ofX|% E2 0| F5}7|

Y. vi editor

> O|oJE

7t A, K, siA

a

T
22
[ |
oz

S AHA X QEZ 2 Glo|E Ht
N ERELEEE T EEREE

(o]

M E Ot ES SY ER US

S E2| Obx| oy CioJEf &7}

M Eol A 2R 2O X LY

UM ECl QI EE SY ER UE

SiX) H{ M7t SIXISH 32Xt K|

M HAM RAXIM <esc>7|E H WX 2Rt X2

M HAM fIX|2| THO{E CHE HHO 2 A|&

S MOl fIX|FE 1 Z2| OtX[Sf7HA] X|2t

UM FHAM e E2XHE R

i) HAMol Eg K|

M HMIL fIXTt ES CHE W82 2 K&

S AHM X2 ¢ EAHE A2 AL EAz Mg

= —

HIOIE 243 2LEO0|M HojH

PUTING EDUCATION CENTER
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Y. vi editor i
> GlOJE| ALK

x ST HMTE SIXIS 3 SRAH
B AHMZE fIXIE & 2XHE A

dw ST AN AXIE 22 F ol A

db ST AMT UXIE §Z THof ALH|

dd ST AMTE RIS E A

D S HMZL X oM 2EF | 4K

:n1,n2d n1 ~ n2 221 S AbH|

> Fol Ha % s

u

HIZ QoM AT B

24
g & HolM A8 3 Fx
HE2 QHojA At BF 1+

SUPERCOMPUTING EDUCATION CENTER

Y. vi editor

> GIO|E] 0|51} A}

ywi A7) AMTE SAKIS CHOIB HTo| ZAF
yy S Z0| Kol SA
10yy 1052 54
nY M HAM IXZRE n E US FA
p X HM RLEZ = of2ff E0j| HE L SA
P S HAMS| 2AF E= ¢ 50 HI L JA}
nl, n2y n15E| n2 2t2U7X] FAt

oM 3t 2 E2 9E

SUPERCOMPUTING EDUCATION CENTER
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Y. vi editor N
> vi BR
X oS ClAa30) MEs T vig HOoLtCt
7z
‘wq o ClA30 MES £ viE HojHCt
'wq It H 7|F oS M2 T HE| X5t vi Ho{E
:q! oS C|230) MEotX] 21 viol|M Hoj'd

> 7|El HHO
:set nu vi 2E0] = DYy E S

:set nonu ool s E WS 32

i

79

SUPERCOMPUTING EDUCATION CENTER

Y. vi editor Jitees
> vi gNME
-t tag tagE Zeol= o at X0 HE
r I XHS oY =7
“Wn MEtA|o| IEQ 37|18 no 2 i}
R 217]| M8 2 (Y2 overwrite HX|)
+830 HE Mol X8 ex BB =
-L BE otYol o|§0| &Y
-C BE XHE BHEY|Q YOS HEEo=M B AIF
view T oYUS viol 97| HEREZ 30| EA|
vi file1 file2 file3 | It HES 2Iofl 37 WUS viz FECL

SUPERCOMPUTING EDLICATION CENTER
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!,‘vi editor =
> A oE7|
/ZMo0f HM7t K|St WESE Of2f 2 SYTH ZHA0f 2
272440 HM7} QXI5 3 =S 92 ST HMof a&:
h or / A2l QX2 AM3 HMoO{o| OIS 9YXIZ 0|
N or ? F MOl QX2 ZMSH Z Mool O]H K| 2 0| E
> Ibe 2h o
w T HZASH OHY L8 KB (w DY -> SISTIYHO 2 X (1,5w ot
' U > 15E SHR 2HINX| SHHTIUR KE
q Vids
B Vi Y E EX O 23S0 HY
* et WEYH O|H mYUS CHA| ALt
—— -j;g oS ESU(r YUY > 13 Sofl T US| LhBS A

SUPERCOMPUTING EDUCATION CENTER

Y. vi editor

> K|gh#3E g

EC-;I

:s/pattern/replace

X Z0IAM Xl

o el £ T & MZ2 T2 X2 EF X2 Al siE 2
:%s/old/new/g g 02 B9

ot Lol 53 T2 A|EtShes TRt |22 THolZ X2l
“s/"old/new/g | crof7} Z7to metEl THof H Q)

o el £ ¢ 01§ L= ot 22 THo|2 X[2HEH S
s/old$/new/g | ciof7} Fzt0) ZeHE Tof HIL))

ot LHO| aaalt= THOIE ATMI(Z2E M A Al Y 288 22
:%s/aaa//g 22

o Lie] 100 s0AFoe] 58 T E MZ2 THoZ X2k
:10,50s/old/new/g | oxt X3} A| 8Tt BARS © 02 22)

SUPERCOMPUTING EDUCATION CE

NTER
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Y. vi editor
> vi 2HE 0 A shell HHE =3
- HA QCEYAM “I" 2 SStT St shell command 1S

:Als

Shell2 E0H7}'Is' B ¥

Ipwd

#xl %Y directory 20| F

:r lcommand

command(¥30{)2] Z1E HAM HUXFE H4Y

- Y2 U S0 enterS KW vi BYY| FYLER 27

> O] mteol g7/ HE / HE
— vi file1 file2
— vi *txt
- nCS o2 0|F, N O|™ A =2 0|5

cz M

offoF 2A HE 7hs

rA
L

F20 YYDCON BYREE Mg
X 714 SIXI0IA 2% 58 Hl0|ef H7} (append)

X HA IX|0AM RIZEE O|E H7t (insert)

vi BE7|2 opY 4

$ vi filename

g8 2t

By BC

:

ab:

_46_
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.ﬁg
Y. vieditor &1
> HY U 32
- HE oM BE
- Xz
- M| $1 F=:
- HR s 3R
(‘wqg' BE2 M 2
i.lika Linux.

pEZ M3 (ESC' 7| £B)
‘ESC'-I-':W'

"ESC’' +':q"
"ESC’" + ":wq!’
T8, BN MY, F

I

like Linux.

=25 9|0))

#

R

i

EFEXES

> HZ

3. vi editor &

.ﬁu

=

YH ZCOM 2

AR A

#

1) AbX Mg oz \ (=
s SO Saos | beeleo Do
x M RIXI2] 2At AHH| tiix soir: 613
dw 6} I:I-(}-I,E. Mxﬂ |ABCD EFGH IJKL
dd : M7t A= S AH 2
3dd : HMEFH 3702 0| AKX o
11 All
ot 22X A (x) ot CHOf AFA| (dw) BHE APAl (dd) 3 AH| (3dd)
bed efgh ijkl a| |lefgh ijkl ~| 1234 5678 9012 ~| |ABCD EFGH IJKL -
1234 5678 9012 11234 5678 9012 1048 3 e* () 1@ -
184S 2> () 1@ [1e#S %2e* ()@ ABCD EFGH IJKL ~
/ABCD EFGH IJKL imscn EFGH IJKL ~ .
B I~ - ,.
" - B "
: - .1., [ ~ ] ~ =
1,1 All 'v! 1,1 All 1,1 all lv 1,1 All

- zl7 -
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!‘ui editor &5 ocea

> HZ
- Y oCoM A

2) SALRt £0]7]
yw : B3 A QIx|o| £ CtojS =A} p EAR LSS 20 ¥
3yw : ST A M QK| A 3742 Croj2 =Ap 2p : FAtt WSS 28 20 35
yy AN fIXe| Bt de =At
3yy : HM QUX|0IA 3 WS =At

1) 2B SARyw) &0 27| (p) 2) 2 " FAHQ2yy) =0 27| (p)
M 0|5 7 0%
ABCD EFGH IJKL | |ABCD EFGH IJKL ~ ABCD EFGH IJKL ~ ABCD EFGH IJKL ~
ABCD EFGH ABCD EFGH ABCD EFGH

LN S A O A

e

1,1 A1l fu 2,10 A1l 4,1 All § 5,1 all [

Y. vieditor &1 s
= I P R e
— B3 DCoA Al N8 ) +8 7
- ==27: ‘u’ abed . E
- E&27]: Ctrl’+ 'kt i
I 1,5 an 'E i 1,5 an %
FYYRC
3) &l=27| = 4) | A2 7| 488
37| M abod1234 ~
yeiz sotz | | -
- = . i
1,5 a1l v s &
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3
=

3. vi editor %1% i

> =XE g4
- HY ZEoM A

— /[Bt0X} St 2XIYE] £ ? [(ADX} St 2AHY)

AlSH & o o [=]
- A8 3 'n’' 2 F2H 03 1 EXNER O[S
AlS PRI 8 =1 yXe’]
- ¥ 2 'N'S 720 O|H ¥ EXER Ol

= = i

ZAE B A AME EXE BEA|
Parallel programming is very easy! - Parallel programming is very easy! -
MPI is distributed memory parallel programming. I is distributed memory parallel 4
OpenMP is shared memory parallel programming. OpenMP is shared memory parallel
i B ~ B
: /programming _v_ : /programming 3,1 All ‘v

- - A
Z‘m editor &= Hioeae

> =AE B
- 'Wc' 22X FEOH| B

~ JASXIE TESIK| Y= AL ZME 0 He

PROGRAM MAIN ol
INTEGER: :i,J,K
do 1=1,10
Print*,'i=',I
CALL test(i)
end do
CONtains
SUBROUESHE TEST (1)
integer,intent(in) ::i
print#*,i,'-th print’
END SUBFOWETNE test
end program main

; ||[

: /\csubroutine

- zlE) -
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!‘ui editor &5 ocea
2Xg x|
- oY ool A

- X[t FHO :* %s/old/new/qg

=] = ' =
TH 22l oldZAHS ‘new' 2 A gt 2UFE 4AMK| EXHE K2
old friends and old wine are bast. ~ old friends and old wine are best. -~
old friends and old wine are best. lold friends and old wine are best.
old friends and old wine are best. lold friends and old wine are best.
old friends and old wine are best. jold friends and old wine are best.
old friends and old wine are baest. loeld friends and old wine are best.
:%#s/old/new/g = :2,4s/old/new/qg e
- s
A el xlg 21t YFE 4A7X| K|gh 2ot

new (friends andlnew|wine
new !friends and;new!wine are best.
new |friends and!new|wine are best.
mew |friends andinew|wine are best.
new ifriends and|newiwine are best.

friends and jgld wine are best. -
{new! friends a.ndlneu: wine are best.
I|new. friends andinew| wine are best.
friends andinew! wine are best.
| friends and Bld wine are best.

51 All v

A
- - A KisT1
Y. vieditor &1 Hwce
> & Bz BA 8 O|E
- HY oo A
- E H3 BAl:“::setnu’
- & ¥z AKX : set nonu’
- EH3 0|E: ' E HE
('wq' BE2 N =T ''= M NE, S&E 2[0])
= B3 A E 8z 0|&
#include <stdio.h> ] 1 |#include <stdio.h> ~ 1 #include <stdioc.h> ~
2 2
int main() 3 |int main() S int main()) FHA 5H ER OIE ]
a1t 1 {
printf ("Hello!\n") ; 5| printf("Hello!\n"); 5 printf ("Hello!\n") ;
6 6
return 0; 7 return 0f 7 return 0;
i D R } ] o B
:set nu I v 7,11 All r:5 I 5,3 All
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s

!‘ vi editor &1 5

> K|k 2td HEH(AM Xt AHA|)
- MS AER0M ZEE IUS viE W \MEA7F LHEHE
« MS =0 Jil EAt= Wrinn QG| B, fE2 AE2 'Wn'0l7| T2
"s/"M//g
¢+ AM : Ctrl+v+Enter

dos2unix E& 0|2

PROGRAM TEST"M s
INTEGER: : I, ,k*M
do I 1 104M

Print*,'i=1 TAM

CALL t.est (J.) M
end do*M
CONtains*M

TEST (i) "M

integer,intent(in)::i*M

print*,i,'-th print'*M
END SEBEGHELE M
end program main”*M

:%s/*M/ /g

<]

s

!‘m editor 1=

> =5 X3
Aot /KoM vE F21 EFS XF

M 22 XHE ctrl + v

PROGRAM TEST

ENTEGER : : T

do I=1,10
Print*,'i=',T Print#*, ti=',T
CALL test(i) CALL test(i)

end do end do

CONtains CONtains

SUBROUtine TEST (i) SUBROUtine TEST(i)

integer,intent(in)::i integer,intent(in)::1i
print*,i,'-th print' print#*,i,'-th print’

END subroutine = END subroutine

end program main end program main i

2,15 All 2,7 All v
= e
- 22 XY S AR 5 7|

~ [chaex we d A

y | SA U 22 ots

> 2tol 9ol B e u LF AR OhE

< |2kl ool B HA

_5']_
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!‘ vi editor &1 5

> =250

2] A
- A2t 2E X

- 2%t

TEGER::I,j,k
si0 I=1,10

Print*, 'j=' T

CALL test (i)

=nd do

Ntains

ROUtine TEST (i)
nteger,intent(in) ::1i
print*,i,'-th print'

END subroutine

12,1 Top

e R LAEE XY)

v

sctrl + v

s

| PROGRAM TEST ~
| INTEGER: : I,j,k

1do 1=1,10

! Print*, 'i=',TI

1 CALL test(i)

ltend do

1CONtains

I SUBROUtine TEST (i)
linteger,intent (in) ::i

! print*, i,'-th print'

1
1END subroutine |

1,1 Top v

o Y

"y

PROGRAM TEST -
INTEGER: :I,3j,k
do I=1,10
Print+*, 'i=' T
CALL test (i)
end do
CONtains
SUBROUtine TEST (i)
integer,intent(in)::i
print*,i,'-th print®

END subroutine H
11

e Tab 7| 2™

!‘ vi editor &1 5

> oA 28

opening up a bright future for the wold.

of Korean scientists and engineers are becoming a reality.

and engineers' efforts using the tool of supercomputing.

| hope that the KISTI Supercomputing Center is known as the place where the dreams

| hope that the Center contributes to furthering national public welfare and also to

It is my pleasure to watch as these dreams are realized through scientists' creativity

- ESZ -
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editor ¥ &
=13 !ﬂ

i

nx
l>

o
QO ™| oA A3t oY 0|22 contactl.txt B
contactl.txt £ contact2.txt 2 EA}
contact1.txt 2} contact2.txt  novel.txt LY E THX| 7|
wold -> world 2 =8 (HM F)

4, SHIN| = AH|
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NURION &8






AIHZE| 557| NURION &2 1

[ KISTI-S20 SWSACHSHAIIE HPC 083t |

219t 2018 St
GIO[E] e S47 2 KISTI

wHEFE 52| NURION E&

O
D

2020. 8. 24.

wHAREOADMEH 2FS

A
KISTI RS O] E| A &

KISTI SCIENCE DATA SCHOOL

Y. Agenda

» 16:50-17:00 Summary

» 14:00 — 14:50 Basic Environment
» 15:00-15:50 Job Scheduler (PBS)

» 16:00 - 16:50 PFS & Burst Buffer

_57_

» 13:00-13:50 Introduction & 5* Supercomputer NURION
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3. Refrences .

> KISTI =37t HZA 7 2 M H (https://www.ksc.re.kr)

Kl

UEY R 200, SR AL M L NEL RIYAN SR

OR

- T
» KISTI blog (http://blog.ksc.re.kr/)
> KISTI =7t H A F S E YouTube X 2

— https://www.youtube.com/results?search_query==47}7+ I 7 & & M H
» Etc.

— PBS Works & PBS Professional 0H '+ € (Altair)

— Intel Xeon Phi Processor High Performance Programming 2nd Edition

(Knights Landing Edition)

3. Auenia s

» Motivation
— Supercomputer?
- 845 28% ¢
— TOP 500 LIST
- B8 F5H
- CHEHQI S/W

> THAFH s27|(FEle) A%
— KISTI Supercomputer G A}
- FE2A2E 2F/8E

» Basic Environment(1)
- d&A2E S

— Linux 7| &

— Environment Module

_58_
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3. Auenia s

» Architecture Overview
— KNL Architecture
— Vector Registers
— Performance(Flops)
— Instruction Set Architecture
— Memory Modes
— numactl

» Basic Environment(2)
- Y CiE2l QA Y
- Z2IY =7 M g
- 8 AZEQ0 2X L
- D213

3. Auenia s

» Job Scheduler
- FeE2q
- PBS ¥
— Job script 4
— Job script Of| |
— Interactive 2 &

> PFS & Burst Buffer AFH2 H
— Rack configuration
— Nurion storage summary (Burst Buffer, PFS)
Nurion storage user quota & policy
Burst Buffer IME
How to use Burst Buffer on Nurion

> 55
- H AAFE
- L2 & C|HA ALEH
« DDT, Intel vtune

_59_
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Motivation

1. Supercomputer 2

3. TOP300

4. HEAHRH
- MPI
— OpenMP

- dgi= 2toj=2 g

Z‘ Supercomputer Qs
» Supercomputer?| &2
- ool 7|2 7tst 2 459
. OO W HEEO] Hsh 44 ~ 4
o FE2 O|E L0 AHEE
« AFEQ AL HE5(FLOPS)SZ +9/8 MMM 7&

— TOP 500 List

|l el
Joo
m

+ HPC(High-Performance Computer)2t1 &= &

» Supercomputer®| 284
- WE HEE To
- 2s8zue

2ok of 22

oz T

_60_



AIHZE| 557| NURION &2 1

Z‘ SIIIIBI‘BIJIIIIIIIIBI { Sifonss

> 8o B E Supercomputers CH=9| ZZ A M E AL

Y ZEMN RE e

> AZEL T2 M AN

£2

Y= XN 2|st= CcpU

o

> HE| I Z N|Af(Vector processor) / 012{|0] Z Z A|A{(Array processor)
- Cb==2| H|O|E & XN 2[dt= BE O E 7%l cpu
o HE: Xt Hf 2| GOl

— SIMD(Single Instruction Multiple Data) B & 0f X| &

_6']_
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AL

A
X 45z7a0 st

e

» Supercomputer 45 Z%H 2
- Hertz(Machine cycle)
« ZENAMO S F7
« BN 7I=0f o5 XRED Zlee SHA H2
— CPI(Cycles Per Instruction)
« Y0 @ 28 MO|Z2 £

A

A

BE AZE T2 MMEQ EHE CPI US W

rir

. FAME Ays ZRHMSO| CPl %t AA

- oto|=z2fo|'d

| - ‘msn
> mjoj=zjo|d
— Control Unit @&0{0] AdlS X Of
cl-l{:JP

Al %
- Data Path G|0|E{2] G4t X2| & H

- €D

Datapath Control Unit

ALU Fetch P 20|

LN

Decode

Load/Store

Register File

https://www.samsungsds.com/global/ko/news/story/1203239_2919.html

—
M

_62_
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A
= KIsTI
> To|Zato|y
BPM 7 8 9 10 11 Midnight Non-Pipelined
I Time 1 2 3 4
3040 72030 40 2030 40 2030 40 20 Fetch
‘ f Decode
Execute
Write

~oa~0 T W

10 11 Midnight

Pipelined

1234
Fetch
Decod

Execut
Write

mmasd e e

https://cs.stanford.edu/people/eroberts/courses/soco/projects/risc/pipelining/index.html

A
z“ -I% WEDS| -9-0|_| . —_
» Superscalar

- CPU Uof Zto|Z2tols of 2] 7§ 0f 0l2 FHO S S0 2&3t= 7|&
o€ SAI0f Me|ot= 202t

> IHO|Z 2+9l (Pipeline)0| &2 Y&
£ SAIof Malots A

HEH Z2Md2 =42 Ho[H
Pipelined
1234

Fetch
Decode
Execute
Write

X+Y PEA AN x3+y3  x2+y2  x1+yl  x0+y0

@ vectorization

- ® suierscalar

_63_




> Supercomputerg £75t= = o8 CHE Y0 EXY
- SupercomputerE F&5HH 27 + As OHE 72 L2 22
> 22| 20 Qo 2 Y

- 37 0z AlAH

. OpenMP HZ ZT21343 7|4 AR -
Thread

Parallel Regions

- EM DR A~

o MPI EI™ D22 7|8 AL

—> [=> | = |Process/maski
- 38 BEAOEE A|AH mpirun => [=>| = |Process/msk2
« MPI + OpenMP & ZT22§Y 7| AIR —=> [ =>] = |process/nass
http://www.umsl.edu/~siegelj/CS4740_5740/MPlandOpenMP/MPI_OMPhtml
15
x“ HAHD E.I o

30|22 A2

ey Chaerl Interconnect Memory Cranesl

<CHY SAHETL ZE T2 MM e «ZEZMH MO SREHQ o2 2E
e O =2 A e o | || || ||| Cx pj@2) HEE A
Los| [oo] [ooe] [on] opjjma) dyga AZHEY Cache e Cache om |« T2 MM H2|0f o2t k0|

<Y E HiT CHYE B 7ts

e Mamary Memery Memory Memiry
bus
Memery || Mumary || Wamary || Memery POINT-TQ-POINT INTERCONNECT
<NUMA>

<UMA(SMP)>

> =40 22| A|AE (MPP)

CuickPa intermonnect

. Al AE9| CPU 2+ BOJEf B39l QuickPath
w point-to-point Interconnect (QPI) =&
VO Momony | o https://frankdenneman.nl/2016/07/07 /numa-deep-dive-part-1-uma-numa/

150l AFEE DLo YEYAR HE (B2AH)

' 29 1]I1jf=' NgHez grst SYH EE2H 77)
[Maory :] LA RLouili y (0 ) [Sawmory - 10 L EE 70| o227t 3FER %S
e e w e « 0| 80310 Cint2 Ci8Q GIojE He|of 7Hd HEst 72
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A < Nurion C{ £ S/W

» Compilers

— GCC, Intel Compiler, Cray Compiler
» MPI

Message Passing Interface

Z2 MM Atol2] S41aF GIO|E meks ?{et 2to| 222

i M2 A|IL-OM AHEE

MPICH, OpenMPI, IMPI
» OpenMP
- EY 2R K22 FXE

- Zo-efo oo X2

stZz 3

et

> a=X| 2t0|E 22| : BLAS, LAPACK, ScaLAPACK, Intel MKL, etc.

3 Parallel Computing

X
S 2 SA0| 283
> W QMo x4

@™

ernstein’s conditions : 5 7H2| 2t} S12F $20] CHSH A CHS = 2tF

—

I(S) N O(S) = @
0(S) N O(S)=®
I(S) N O(S)= @

flow independence
output independence

anti independence

eg.1

8t A=x+B;

[T C=A*%*3

s is flow dependent on s,
indicated by an amow

directed from s; to s,.

eg.2
81 A=x+B;
52 : A=3;

s is output dependent on
s, indicated by an arrow
directed from s, to s, with
a small circle anywhere on

the arrow.

_65_

eg.d
St B=A+3;
531 A=3

s; is anti dependent on s
indicated by an armrow
directed from s, to s, with
a small line across the

arrow.

Parallelism in Algorithms - Bernstein’s Conditions

18
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st

3. Processing speed of Computer

T,

P

_66_

Sifocian
> D22 i0 S B4 B
- ZZ MM 7i==0f Bl2f3f XIEHo =2 St
HE D20 A AW Z2HM) 1,
speedup = = -
HE T2IYC| YA ZZHA) T
_ Ty N
h fTy rl‘ (1- fi1y 7
Hg 2c | W3} H58 AC
B EE K
19
Z_‘Processmg speed of Computer R
> HH T2 Al
T‘l
speedup = —
TP
_ Ty _ Ty
fro+ Q=8 g (p4 82 0)
« g D2 g 4y 47
L T, N = —
e >e : ¥ o +u
I~ .".""' (1- 1, | 14
T B0
s W D2age| AU AT
| 2
pIEHAM | 1-f
(12
p1 DBV [arys
—r—> t } t t t
Fi (i- 1y 1 2 3 4 5
— zZ2 M
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H ‘nsn
!‘ Processing speed of Computer Qe
> Of) HE Z=2130[ 90%7t BB} 7tsdt A2 FI5|0f AUCHY,
16702 T2 M MO|A HHIE T2 0¥ §&5 42
i 1 1 1 AR
SRARE = a-o0n- 09~ 01+ 005625 015625
01+ = 0.1+ 77
- Z2NAMO 70 IHE s 2 ® Amdahl’s law =———F
Amdahl's Law (1_P)+_
. T 1] S MBS Z2AA A
. Siabiwiden | | p: 88317} 7}5 8 InstructionCl +
sk ) —w || ® Gustafson's law
%mm / v D= Eoiak NXEE 25 37|29 13
/‘_.-- o= [ = e sy
™ / = &a%r(woruoad) off ChelA &= meistr| e
% )4 v S} 100% WS} EICkD S RE,

A HA E4 -rO} Load Balancmg g4 oz
::%’/’” 450] 230, %2 ONHE SRS 2¥
wl bbby Z2 320 100%8 HEY A7l 2L ALY

LR B/ ojLf 428 715 HE IS I

A8l 45 (FLOPS: floating-point operations per second)
- X 2T £ AEs BF 24H(floating-point) HAH 3|
» O|245(Rpeak) vs. X XA (Rmax)

- O|2Zk(theoretical peak performance)2 FZ RpeakZ HEA|

- Rpeak = CPU frequency(cycle/s) x Operation per cycle(flops/cycle) X
Number of cores
- 2HESRmax)2 H2{7HA| HIAES S8 A0ofH X2 5TE s
> HojE| Ha S

- Ao 2Rt HOo[EE it X2 S2ot= 58

- CPU-O 22|, H22| oC[AITMAAAE), A[LAE SALBQAHAHYE)
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2 TOP500 s
> MAOIAM 71 WE AFE 500
- 19934 0|= AA|

- 0¥ 6¥, 1138 & Xt2f 28

—  http://www.top500.0rg

Fugaku in Japan is the first ARM-based
supercomputer to be the world's most powerful

» ‘45 B 71F : LINPACK #IX|OF3
- NbyNHEZ P& ABELYAL SfE 1ot= 9SS Flops THRIZ HEA
> Supercomputer A|F2| S, Of7|EIA & T 7|5 L7 deto| Cist 58

x| &

O[OjX] EX : https,//www.eenewspower.com/news/arm-based-exascale-supercomputer-takes-top-spot-tackles-covid-19

(28]
(¥

. TOP500 (2019.117| =) G

Bmax  Rpesk  Power
Cores  [TFlop/sl (TFiapfsl [kw)

1 DOE/SC/Dak Ridge Natiomal 416572 WAK000 200794% 10098 11 Total Exploration Production PANGEA I1l - IBM Powar Systom W02 17800 250258 1,367
Labarstory France ACY22, IBM POWERY 18C 3.456Hz,
Usited States.

Dual-rail Mellanax EDR Infiniband,
NVIDRA Volta GV100

2 DOE/NNSA/LLNL 15TZAR) L4400 125120 7438 1o
e 12 DOE/NNSA/LLNL Sequoia - BlueGena/l, Power BOC 1572884 17,1732 201327 7.8%0
Infinitand United States 15C 1.40 GHz, Custom
1BM / WVDIA ] Mellanex 1BM
3 Natienal Supteesmguting Center in Sunway Talbelight - Seoway MPF, 10,649,600 730045 1254359 1537 13 DOE/SC/LBNL/NERSC Cori - Cray XC&D, Intel Xeon Phi 7250 622336 140147 278807 3939
Wi Sunwary SW2E010 260 14566 United States 4BC 1.4BHz, Aries interconnect
China Sunway
oy Cray/HPE
n al Super Computer Center i Tianhe-2A - TH-IVB-FEP Clist A9BITE0 S14445 IDOATET 18487 Korea Institute of Science and Nurion - Cray CS500, Intel Xeon Phi 570,020 139293 25,7059
angzhos ES-2F2v2 120 2.26Hz, TH Technology Information 7250 £8C 1.4GHz, Intel Omni-Path
China E Ar Karea, South Cray/HPE

- iigmars
§ Texas Advanced Computiny 5164 WSS 2
CantarfUnix, of Texas : Periormance Computing M1, Inted Xeon Phi 7250 48C 1.4GHz,
United States Japan Intel Omni-Path
Fujitsu

Matanal Susercomputing
Centra (05051
Switzeriand

MIATR  N200 20543 234

7 DOEMNNSA/LANLISNL
United States.

9072 0,587 414812 T5M

Al Bridging Cloud Iafrastructure 480 198800 J25T4 149
[ABCH) - PRI CYIST0 MA, Xean

V100 SaMz,

Fujitsu

¥ Leibniz Rechenzentrum SuparMUC-NG - ThinkSystem 50450, 305856  19.4768 208739
Garmany wm 8174 24C 2

AJLLNL

DOEM HA2E 12000 20472
Uscted States.

16M / NVIDIA | Mellanes
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. TOP500 (2020.06 7| =) G

1 tomguter Fugehu, AMFELIC  TIMAT2  MSSI0 SOELY A8 " H MO0 BOA 7

AL MO0 JOTILY  100%
4 4 \ X HLI WY T Am

YOEN 19N KIS

3 Beme \STIAN WMRD TETIZD T4
DA Mellasax
DOEMNNSALLM
Uisited States " e PRTISI WIS NS 270
. Sumway Tadulight - Surmay MPP, Surway SWDL01S 1600 10449600 L TR TS LR ampuing
1 " NRCPC
n WL 200 ML) 13
> AWML GLAKS  T00ATLT TR
o skl Keon B T750 48C HIAE NS5 NOMA T

WA Eas0 ST 2%

MAME ML aTss

LT I B0 AT

WA NIWO I 2

, . TOP500 Qe

> Performance Development (20195 118 7|&F)

Performance Development

11/2019: Sum=1.6EFlop/s

10 EFiopls

1 EFlopls

100 PFlopls

10 FFiopls

1 PFlopis

100 TFlopls

10 TFlopis

Performance

1 TFlopls
100 GFlopis
10 GFlopls

1 GFlopis

100 MFiopls

1985 2000 2005 2010 2015

Lists

® Sum oM = #500

(x5
an
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3. TOP500 i

» Countries System Share(2019 11€ 7|&)

Countries System Share Countries Performance Share
@ China @ China
@ United States @ United States
® Japan ® Japan
@ France @ France
@ Germany ® Germany
@ Netherlands @ Netherlands
@ Ireland @ Ireland
® United Kingdor @ United Kingdom
@ Canada @ Canada
@ Italy @ ltaly
@ Others @ Others

HARH 52 7|(F2[=2) &7

)
m

=h

KISTI Supercomputer < At

2. Nurion System 7=

Nurion A| 28 714

Compute Node(Cray 3112-AA000T)
CPU-only Node(Cray 3111-BA00OQT)
Performance
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Y History of KISTI Supercomputer G

Cray 25 Cray T3E NEC SX-5/6 IBM p690 IBM xSerieske= HP visualization Cray CS500
(1%7)) (3371) (337]) E2{AE (Hamel) Ee|AE| s (5&7])
1988.11-1993.10 1997.6 - 2003.1 2001.6-2009.9 20021 - 20089 2004.1 - 2008.9 2008 - ¢34 201812 -

0|48 : 2GFlops 0|24 : 115GFlops O[244% : 240GFlops 0| &4 : 4.3TFlops O}&4% : 2.85TFlops O} : 10.4TFlops 0| &% : 27.5PFlops

WS ous P P

1988 1993 1997 2000 2001 2002 2003 2004 2007 2008 2008 2018

Cray C90 HP GS320 128=E SGI Onyx3400 IBM p595 SUN Blade 6275
(257]) HPC320/160 2|52 2| AE (Pute) | & CAVE (4%7]) (4%7])
1993,11-2001.5 2000.5 - 2005.12 2001.11 - 2006.12 2002.3 - 2007 20081 - 2015.12 2010.2 - 2018.12
0|B4% : 16GFlops 0l&4% : 111GFlops 0|24 : 435.2GFlops 0|B4% : 16GFlops 0|24% : 36.6TFlops 0|24 : 300TFlops

Z‘ 5“' Sllllercllllllllltel' Hlll'illll { Sifioeu

72018 124 3¢ ZA MH| £ 2 E

/R \JVAN

1191 25.7TuerEE~ 570,020 1338
A HERE = AREEs 30 = A

L2016 Tph0n 7]

12,373,820
o= sossesl] F
ety EE
== WS

468xE0lel  132z=o0le  33.8BuEmiiE  12,373,9202/E/
otxf Fllolg 2ol g0lE] X% 3.9Mwe] & Wt
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Y _ Supercomputer Nurion Configuratioin
> 20183 10& (Nurion)

- SFEMALMA, B FECh+2(F R, 252
- 23U0| CHEM Fele =7t 7 H HRE

CED

Testbed

JKNL» InfraNode

1r2eE) = 1158(8,2085)

.

*SKL:

T 1neE)
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3. Nurion System 7% s

a SHES0] Z5
=Y

Y. Compute NodeCKNL e

» Cray 3112-AA000T
1 x Intel Xeon Phi KNL 7250 processor(68 cores per processor)
96GB(6*16GB) DDR-2400 RAM

1x Single-port 100Gbps OPA HFI card
1x On-board GigE(RJ45) port
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Y. Compute Node(SKL A

» Cray 3111-BA000T

— 2 x Intel Xeon SKL 6148 processors

— 192GB (12x 16GB) DDR4-2666 RAM
1x Single-port 100Gbps OPA HFI card
1x On-board GigE(RJ45) port

)/ < . Performance(Flops) Qs

> ZE T A5
- KNL
+ Core : (8%2)*(2)*1.4G = 44.8Gflops
* Node : 44.8%68=3046.4Gflops
- SKL
+ Core : (8%2)*(2)*2.4G=76.8Gflops
* Node : 40*76.8Gflops/core = 3.072Tflops

» FEl2
- KNL
+ 8305 nodes : 3.0464Tflps*8305=25.3Pflops
- SKL
* 132 nodes : 3.072Tflps*132=405.5Tflops=0.4Pflops
— KNL+SKL: (25.3+0.4) Pflops = 25.7Pflops

» Tachyon2 : 300.032Tflops

_74_



AIHZE| 557| NURION &2 1

A
x 2| AE hosas
SWE|AE Qe
- (o |
Cray O|F 2l0|E3{2| cdt/17.10 cray-impi/1.1 4(default)
mvapich2_cce/2.2rc1.0.3_noslurm(default) perftools-lite/6.5.2(default)
cray-ccdb/3.0.3(default) cray-lgdb/3.0.7(default)
mvapich2_gnu/2.2rc1.0.3_noslurm PrgEnv-cray/1.0.2(default)
Hordeg cce/8.6.3(default) gcc/6.1.0 gec/7.20  intel/17.0.5(default)  intel/18.0.1 intel/18.0.3
MPI] 2}0| 28| 2| ime/mvapich-verbs/2.2.ddn1.4  impi/17.0.5(default) impi/18.0.3
openmpi/3.1.0
ime/openmpi/1.10.ddn1.0 impi/18.0.1 mvapich2/2.3
MPI S| 2to|E{2|  fftw_mpi/2.1.5 fftw_mpi/3.3.7 hdf5-parallel/1.102 netcdf-hdf5-
parallel/4.6.1 parallel-netcdf/1.10.0  pio/2.3.1
Libraries hdf4/42.13 hdf5/1.10.2 lapack/3.7.0  ncl/650 ncview/2.17  netcdf/4.6.1
Commercial cfx/v145 cfx/v181 fluent/v145 fluent/v181  gaussian/g16.a03
applications Isdyna/mpp
PP cfx/v170 cfx/v191 fluent/v170 fluent/v191  gaussian/g16.a03.linda
Isdyna/smp
applications advisor/17.05  forge/18.1.2 ImageMagick/7.0.8-20  python/3.7 R/3.5.0
singularity/2.5.1  vtune/17.0.5 advisor/18.0.1 grads/2.2.0
lammps/8Mar18 qe/6.1 siesta/4.0.2 singularity/2.5.2
vitune/18.0.1 advisor/18.0.3 gromacs/20164  namd/2.12 qt/4.8.7
siesta/4.1-b3 singularity/3.0.1  vtune/18.0.3 cmake/3.12.3
gromacs/5.0.6 python/2.7.15 qt/5.9.6 singularity/2.4.2
tensorflow/1.12.0

Basic Environment(1)

1 A2HHS

2. Linux 7|_7F_
- 7|2 @80
— VI Editor

3. Environment Module
— Module & 0]
+ avail
+ add
s m
« list
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NANEN-}:

» L C 3o

2Pl LE

A
=

Datamover &

KNL
CPU-Only

A4t
L=

nurion.ksc.re.kr

nurion-dm .ksc.re.kr

node[0001-8305]
cpu[0001-0132]

20

CPU
Limit

= ssh/scp/sftp B4 7ts
» HOY % batch EHYUNEES
L ftp ﬁ = EJI'

» ssh/scp/sftp S 7ts
. ftp 8% 7ts

. %‘ﬁ%% A A HE 27t
. P?S 2HEHE Soff &Y 2
i L=

. QSRR A M2 29t

> Putty Aro

Eg;_“.
Category:
- Session Basic options for your PUTTY session |
|~ Loggng o g . al
B Host Hame f I adebess) Pot
B mkeemke |2 ]
- Features. i
& Window ORaw O Tenet ORogn @SSH (O Sendl
WBIM Load. save or delete a stored session
Tranalation Saved Sessions
o o =
! & Connection Edu System Stned )
[ |ous ar s
Prary ——
| Pict System 1
[ ‘muxm | o]
; & 55H e =
Close windaw on
O Hways ONWU {®) Ory o clean exit
T I
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[ ¥ Xming 2% E8
£ puTTY Configuration %
Cotegoy: ]

Features all Options cortroling S5H X11 forwardng
& Window X11 forwarding
m:‘:“ [4 Enable X11 forwardng
Translabion .
Selection Remote X11 authentication protocol
Colowrs (8 MIT-Magic Cockie-1  (0) ¥DM-Authorzation-1
- Connection X suthoty file for local display S—
R ] ———
Teinet
Fegn
&=-S5H
Kex
Host keys
Cipher
- Auth
Y
xi1]
Tunnels
Bugs
More bugs
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Z‘*Iﬁ%*"é.*

Eny Moeisn
ﬂ _____
M=% D &otp
- sedu##( 01~30)
- OTP: 0135

- Passwd : qwe123

Last login: Mon Jan 7 10:00:35 2019 from XXX.XXX.XXX.XX
SESssssees—e=—=—= KISTI 5th NURION System
* Compute Nodes(node[0001-8305],cpu[0001-0132)
- KNL(XeonPhi 7250 1.40GHz 68C) / 16GB(MCDRAM),96GB(DDR4)
- CPU-only(XeonSKL6148 2.40GHz 20C x2) / 192GB(DDR4)

* Software
- 0S: CentOS 7.4(3.10.0-693.21.1.el7.x86_64)
- System S/W: BCM v8.1, PBS v14.2, Lustre v2.10

* Current Configurations
- All KNL Cluster modes - Quadrant
- Memory modes
: Cache-node[0001-7980,8281-8300]/Flat-node[7981-8280]
: PBS job sharing mode-Exclusive(running 1 job per node)
(Except just the commercial queue)

* Policy on User Job

(Use the # showq & # pbs_status commands for more queue info.)

A &

=]
» Policy on User Job

Wall-Clock Limit Max Running jobs | Max Active Jobs
(running +waiting)

exclusive unlimited 100
normal 48h 30 50
burst_buffer 48h 10 20
long 120h 10 20
flat 48h 10 20
debug 48h 2 2

commercial 48h 3 10
norm_skl 48h 7 14

- KISTI 7 ZHof ofsff B E = U

£
Pa
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x "gi'gnms
A e iUk 7| = Qe

» File Hierarchy

“
T YT ILI

Dooo
> 42 ﬁﬁ

- H0j 2 : /homeluserid/MPl/examples
- MCf A2 : /. /MPllexample

x "gi'gnms
Z‘ Linux 7| = Qe
> 9ol 1=

(command) + (options) + (arguments)

- Is

- Is-a

Is -a /home

» Manual page

T o of $ man who
== Alﬁ%(}ﬂ ki Iﬂ o Ol': EE' E(man page) WHO(1) User Commands
N WHO(1)
- 7|2H2 & command OFC} 5 S man pageE 7+ -
NAM
« CIS O0|X|IE E7| g8l M= space bar £ f Y™ who - show wha is logged on
« O|M HO|X|E B7| YSiM= b e SYNOPSIS
I HOIXIE 7] AshM = b & who [OPTION]... [ FILE | ARG1 ARG2 |
. (01 34
ObX|2{R ' & DESCRIPTION
-a, all

same as -b -d —login -p-r-t-T-u

-b, --boot
time of last system boot

-d, --dead
print dead processes

_78_




AIHZE| 557| NURION &2 1

cd CleEze| 0|5 ¥d

pwd WX CIAE2| XIS 2OF

mkdir M2 CIHE2|E oHS I AL

cp oY SA HE £4S /XS B2 -a S8 A8

rm TpJo|Lt CIE2] Atx|

mv TpYat ClaEEe|o] 0|8 YA L 228 82 I A

cat Ztchst A E Il Lj-22Hol

echo HAEE SIH M0 =3

diff 27§°] MAE Mt LIES 0T Wl AFE, HIO|H 2| THQl 22 22X e LiF
file THYUO| EFRA(ASCI, Binary)E LOHE Of AL

> 7125l g4
- -z:gzipl&2 ¢
- -f:tar FHO|E O
x:tar Y2 FO
g

c:tar IS M

A%
wet 30 op A

= rir met rir

=]

0 BFEA] AHE(default)

A E SHHIE [ A (extract)
A& (create)

- tar —cvf testfile.tar / tar —xvf testfile.tar
- Tar —cevf testfile.targz [EC Q] / tar —zxvf testfile.targz
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3. Vi Editor i

» vim(vi)
- V% 71250l HAE ofC|E, 050 7| 2H o2 E3ty
- Vlsual display editorE 2|0
> rLI'OI }'HI:II'
- $vifile(HEY 2E)
- $view file(7| 2E)
» modes
- Y3 mc
. Y@ CZ Met:i(l,a,A 00 R)
« YEols 2E A0/ HY HEof 2HE
. U RCO|M WK LS I S 2ER MA A|): “ESC” key
- ¥yyec

i A
Z‘ Environment Module Qe
» AHEXE7LH 2F(shell environment)S HE2|SHEE ZotFE EF
> ‘module’ &

- £33 (subcommand)
= avail(av)
- M8 7ts%t 2E0HY S(modulefiles)S 20 &
« add(load)
- 8402 BENASS KT e(load)
* rm(unload)
- H oM MM E ZETILSS HAY
« li(list)

- YTE RENASS LY
* purge
- YTE 2E BEMUSS NAY
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Y Environment Module

» Default modulefiles

- logins otH, 7|2 ZELHA0| K| F

$ module list
Currently Loaded Modulefiles:
1) craype-network-opa

» module &

- A87ts BE 9 (avail)
$ module avail

-------- J/opt/cray/craype/default/modulefiles -------c--cumuuuaan-o
craype-mic-knl craype-network-opa craype-x86-skylake
---------------- /opt/cray/modulefiles -----cocmommmmis

cdt/17.10 cray-impi/1.1.4(default)
perftools-base/6.5.2(default)

--------- /apps/Modules/modulefiles/compilers --------c-o-ccumnnnnn
cce/8.6.3(default) gcc/6.1.0 gec/7.2.0
intel/17.0.5(default) intel/18.0.1 intel/18.0.3

KISTI
ATHOEA S

3 _ Environment Motule
> 25 338
- REEE EH
$ module help impi/17.0.5

----------- Module Specific Help for 'impi/17.8.5'

This module is for use of impi/17.0.5
use example:

$ module load intel/17.€.5 impi/17.0.5

- 25

$ module load craype-mic-knl
$ module load intel/17.0.5
(or

$ module add craype-mic-knl intel/17.0.5 )

KISTI
ATHOEA S
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Y, Environment Module Qe

» Default modulefiles in Nurion

- HAfE 25 ThY & Ql(list subcommand)
$ module list

Currently Loaded Modulefiles:
1) craype-network-opa 2) craype-mic-knl 3) intel/17.0.5

- X E 2= MM/ 2= 37Hrm / add subcommand)

$ module rm craype-mic-knl
$ module add craype-x86-skylake
$ module list
Currently Loaded Modulefiles:
1) craype-network-opa 2) intel/17.0.5 3) craype-x86-skylake

- HNE 2= RS AH
$ module list
Currently Loaded Modulefiles:
1) craype-network-opa 2) intel/17.0.5 3) craype-x86-skylake
$ module purge
$ module 1i
No Modulefiles Currently Loaded.

Architecture Overview

1. KNLArchitecture

N

Vector Registers

&

Performance(Flops)

Instruction Set Architecture

e & &=

numacti
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3 KNLArchitecture G

» Intel KNL (7250-1.4GHz, 68 cores)

— Based on Intel Atom architecture (2cores/tile)
— IMB shared L2 cache /tile :
— 2D mesh interconnect Tle
Tile

— CHA: DTD to keep L2s coherent. g

g DBRMC

MESIF protocol 8

Tile

» 2 DDR memory controller
» 96GB DDR4 (6 CH)

- Upto90GB/s
» 16 GB MCDRAM (8CH)

— Upto 450 GB/s

Y, _ U %) Register, Cache, Memory, Disk Qe

CPU Registers
100 bytes
<1ns

Static RAM (SRAM)
0.5-2.5ns

Dynamic RAM (DRAM)
gigabytes
50-70ns

Magnetic Disk
5ms - 20ms ¢ Larger
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3. Vector Registers

» KNL
— 512-bit register
* 512bit*(1byte/8bit)=64byte
* Double Precision : 64byte*(1DP/8byte)=8DP

SSE, 128-bit (1999)

64-bit double NG
32-bitfloat [ I i
===
xmm0

AVX, 256-bit (2011)

I E— — —
i i s T | 3

ymm0Q

AVX-512 (KNL, 2016; prototyped by KNC, 2013)

NN (S N S S S S
e e ] e ] e e e i ) o P e e e i [

Y. _ Performance(Fiops)
» KNL
Number of cores 68
= Core : (8*2)*(2)*1.4G = 44.8Gflops SIMD width (doubles) |8 * 2
— Node : 44.8%68=3046.4Gflops Multiply/add in 1 cycle | 2
> Nurion Clock speed(Geycle/s) | 1.4
DP Gflop/s/core 448
- KNL DP Gflops/s/processor | 3046

« 8305 nodes : 3.0464Tflps*8305=25.3Pflops
— CPU-only

* Node : 2cpu*1.536Tflops/cpu = 3.072flops

* 132 nodes : 405.5Tflops=0.4Pflops

— KNL+CPU-only : (25.3+0.4)PFlops = 25.7Pflops

» Tachyon2 : 300.032Tflops
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Y. Instruction Set ArchitectureiSh) Qe
> O AVX-512 B HOf A| E(Instruction Set Architecture: ISA)= 4 7H2| 1
B2E 748
— AVX-512 Foundation 3 & 0] : AVX-512F
AVX-512 Conflict Detection F & 0: AVX-512CD
AVX-512 Exponential and Reciprocal B3 0{: AVX-512 ER
AVX-512 Prefetch B & 0{: AVX-512PF
AVX-512BW, AVX-512DQ, AVX-512VL(for Xeon processor)

> QI Fordy &4

— -xXCOMMON-AVX512: AVX-512F + AVX-512CD
— xMIC-AVX512: AVX-512F + AVX-512CD+AVX-512ER + AVX-512PF

— -XxCORE-AVX512: AVX-512F + AVX-512CD + AVX-512BW + AVX-512DQ +
AVX-512VL

A
x ‘g Memory Modes ¢ ot
> 7HA|l 2 E(Cache mode)

- default CACHE MODE

- MCDRAMZ L3 AN & Z%F MCDRAM

- ( CACHE)
> =9 2 E(Flat mode)

— MCDRAMZI} DDR4+= RAM N & &t

SR
1

R ——

FLAT MODE prmm——————

+ numactl H MEDEAM

* memkind/autohbw library

| Syl

— C}F2 NUMA nodes HYBRID MODE

P e |

> 2% 2 E(Hybrid mode) MCDRAM
MCDRAM
— MCDRAM 2 C}21} Z0| &t ( CACHE) i
* L3 cache
« DDR
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x < humactl Qe

» numactl -H(numactl --hardware)

— quadrant + cache : SFLF2| NUMA (DDR)

$ numactl -H (numactl --hardware)
available: 1 nodes (@)
node @ cpus: ©12 345678910 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
65 66 67
node © size : 98287 MB
node © free : 80432 MB
node distances:
node @
0: 10

2
4

x < humactl Qe

» numactl -H

- quadrant + flat : & 7H2| NUMA (MCDRAM and DDR)

$ numactl -H (numactl --hardware)
available: 2 nodes (@-1)

node @ cpus: 8123456789 10 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 3@ 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

65 66 67

node © size : 98287 MB
node © free : 54711 MB
node 1 cpus:

node 1 size : 16384 MB
node 1 free : 15950 MB
node distances:

node @ it
O 1 S
Gl ol 10

KNL with 2 NUMA nodes

node 0 node 1

60
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» MCDRAMO|| 0| 22| 2%

= “numactl -m (NUMA nodes) + application name”

+ numactl -m 1 a.out(quadrant + flat) : (node 1= MCDRAM node)

+ 2¥FE A BCEMCDRAME| B 22|7t #EF51H 222U 2 T & & (Killed)
— “p(preferred)” M A& S HE

* numactl -p 1 a.out(quadrant + flat)

« Q¥FE 0222 MCDRAMO| 4K o= etet

« MCDRAMS| 0| £=5}% DDR H22|0f 2

+ MCDRAMZ| 0| 22| 7} Z35}0 application0| F2E|= R US

61

Basic Environment(2)

2hel O E|2| 3 2/E| YA
D20y £ MK S
MEATELN X HE
o203 70t
- oY H Fo M
- X T2 Ao
— OpenMP T2 1}
MPl Z2724 el

=N =

ol
=
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Y, Basic Environment e

> Xl | alaa Ol 3|

Qﬂﬂﬂ /home01 100K
PEETH 152 St RS e
- ST AR Ol
$ 1fs quota /home@l
Disk quotas for usr sedudl (uid 1806163):
Filesystem kbytes quota limit grace files guota limit pgrace
/home@1 184 67108864 67108864 - 26 1600600 100080 -
$ 1fs quota /scratch
Disk quotas for usr sedudl (uid 1000163):
Filesystem kbytes quota limit grace files quota limit grace
[/scratch 4 187374182480 187374182408 = 1 1eeeeee leceeee =

Disk quotas for grp in@l63 (gid 10@0163):
- BOYE2= 8% X 1/0 50| M=o A7 Fof, ZE AH A A2
A32)%| C|2Ef2|0f A O|ZO{R oF &,

63

Y, Basic Environment e
> D2y 7 4K B

- Jutge s 20|22 25

#%
7|8 72 25 = craype-mic-knl = craype-network-opa
= craype-x86-skylake
Cray 2= = perftools/6.5.2 * PrgEnv-cray/1.0.2
= perftools-base/6.5.2
Hutdg = cce/863 = intel/17.0.5(default)
= gcc/7.2.0 = intel/18.0.1
= gee/6.1.0 = intel/18.0.3
Hote o|FE 2to|=22f = hdf4/4.2.13 = ncl/6.5.0
2| = hdf5/1.10.2 *  noview/2.1.7
= lapack/3.7.0 = netcdf/4.6.1
MPI 20| 2212 = impi/17.05(default) = openmpi/3.1.0
= impi/18.0.1 = mvapich2/2.3
= impi/18.0.3
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=Of
Abaqus
s
TEA \sc one
(Nastran)
LS-DYNA
ANSYS CFX
FRH gt
ANSYS Fluent
kel B Gaussian

> 8 2ZEQO X BE

2foj A SECEEE

6.14-6
2016 =
2017 151 E&
2018
20182 60 EE
R10.1.0 Z|CH 128 20| At
R9.2.0 87s
V145
V170 17 Solvers
V181 (HPC 640)
V191
G16-a03  Zt¢ == Hlzk 9!
o
G16- E}% (=T
a03.linda

-89

CPU= M3t Sl&

- - l‘KJS“
Z_‘Basm Environment [ .
> Z2OfjY 3 A 8
- AnYe Y 2ojeeiel BE
#%
MP| | 2fo|=212| = fftw_mpi/2.1.5 = netcdf-hdf5-parallel/4.6.1
= fftw_mpi/3.3.7 = parallel-netcdf/1.10.0
= hdf5-parallel/1.10.2 = pio/2.3.1
Intel THZ|X| = advisor/17.0.5 = vtune/17.0.5
» advisor/18.0.1 *  vtune/18.0.1
* advisor/18.0.3 * vtune/18.0.3
28 2T EQ0] = forge/18.1.2 = R/350
= |mageMagick/7.0.8-20 = grads/2.2.0
= python/2.7.15 = lammps/8Mar18
= python/3.7 = ge/6.1
* gromacs/2016.4 *  siesta/4.0.2
* namd/2.12 * siesta/4.1-b3
= qt/48.7 * cmake/3.12.3
= qgt/5.96 = gromacs/5.0.6
It 25 = singularity/2.5.1 = singularity/2.4.2
= singularity/2.5.2 = tensorflow/1.12.0
= singularity/3.0.1
65
H a ‘K.lsn

/apps/commercial/abaqus/

/apps/commercial/MSC/Nast
ran

/apps/commercial/LSDYNA

/apps/commercial/ANSYS/

/apps/commercial/G16/g16

66
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- - A
Z‘ Basic Environment Q Fosee
> T2 FoY
- F2|2 A"
o Intel Ao}, GNU AL 2, Cray ZU 22 XS

+ Intel MPI(IMPI), Mvapich2, OpenMPI K| &

- 7288 28
* craype-network-opa

« craype-mic-knl(KNL), craype-x86-skylake(SKL)

67

- - A
Y, Basic Environment (.
> D213 0
- Xt zZ2aY ANy

22 gzt

Intel icc / icpc intel/17.0.5 | intel/18.0.1 |
intel/18.0.3
C/C++  GNU gec/ S PRAOXCE 610 gee/7.20
gt++

Cray cc/CC PrgEnv-cray/1.0.2 & cce/8.6.3

Intel ifort £ for, ftn, £90, fop intel/17.0.5 | intel/18.0.1 | intel/18.0.3
F77/F90  GNU  gfortran  F, FOR, FTN, FPP  gcc/6.1.0 | gec/7.2.0

Cray ftn -F90 PrgEnv-cray/1.0.2 & cce/8.6.3

68
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3 Basic Environment

> ZEOH Ao

« Intel 222 T2

-0[1]2J3]
-qopt-report=[0]1/2|3]4/5]

-xCORE-AVX512
-xMIC-AVX512

-gopenmp

PIC, -fpic

- A EZEIY ALY

4

e gy

QEHE HHs} X HHs oY
HE FE Y20 48 =7

512bit 2| X|AE|& 7+E CPU X[ &
512bit 2% AEE 7HE MIC A

OpenMP 7|8t8| multi-thread & AHE
PIC(Position Independent Code)7} M=% HOtY

(3% 2tol=2i2| if HE0| ol F40) 2EE|HRIE §5)
. AF BN
— -03 -fPIC -xCORE-AVX512 ( Skylake)
— -03 -fPIC -xMIC-AVX512 (KnightsLanding)

— -03 -fPIC -xCOMMON-AVX512(Skylake & KnightsLanding)
$ icc|ifort -o test.exe -03 -fPIC -xMIC-AVX512 test.[c|cc|f9@]

69

i i ‘nsn
Z_‘ Basic Environment Qs
> T2 FoY
- eXZEI Y
+ GNU @I} 2] =2 S
duige g

-0[1[213] SEHE HHs} SR HHs Y

-march=skylake-avx512 512bits 2| X|AEE 21T CPU X
-march=knl 512bits 2|X|AEE 7HE MIC K| ¥

-Ofast -03 -ffast-math 0|32
-fopenmp OpenMP 7|%E2| multi-thread 2= AL
~fPIC PIC(Position Independent Code)?t Y455 Hut

JIt+

. AZ BN
— -03 -fPIC -march=skylake-avx512 ( Skylake)
— -03 -fPIC -march=knl (KnightsLanding)
— -03 -fPIC -mpku (Skylake & KnightsLanding)

$ gcc|gfortran -o test.exe -03 -fPIC -march=knl test.[c|cc|f98]
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- - A
Z‘ Basic Environment [
> D21 ATY
- Xt zZ2aY ANy
+ Cray AT T2 SM
Anel? g M e
-ol1[2p3] QuHE 2K, 2xHE AT oY

-hcpu=mic-knl  512bits XA E 2} MIC X &
AR S| 2o ™ Skylake X|l(default)

-homp(default) ~ OpenMP 7|EtS| multi-thread A= A&

-h pic 2GB 0| & 2| static memory7t 2R3t S ALE(-
dynamiczt 7 AHE)
-dynamic & 2tojEgielE &3

o

efault 58 AFE2S HE

$ cc|ftn -o test.exe -hcpu=mic-knl test.[c|cc|f90]

- - A
Y Basic Environment -
> ZEOH Ao
B EECREES

* OpenMP ZItY

0l

- OpenMPE I X[A[0|ZC 2 HE| AYES EEY = AZE Y E
71gY
- ATYY SN FUIe0 B HIIAS B4 S
» Intel compiler : -qopenmp
» GNU compiler : -fopenmp
» Cray compiler : -homp
$ icc|ifort -o test.exe -qopenmp -03 -fPIC -xMIC-AVX512 test.[c|cc|f90]

$ gcc|gfortran -o test.exe —fopenmp -03 -fPIC -march=knl test.[c|cc|f90]
$ cc|ftn -o test.exe -homp -hcpu=mic-knl test.[c|cc|f90]
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)/ < Basic Environment Qs
> ZZ2E At
- gE o2 ALY
« MPI ALY
- MPI B& & 0|8310] Hutd

Fortran ifort gfortran

Fortran + MPI mpiifort mpif90 ftn
€ icc gcc cc
C + MPI mpiicc mpicc cc
Ct+ icpc g++ cc
C++ + MPI mpiicpc mpicxx CE

$ mpiicc|mpiifort -o test.exe -03 -fPIC -xMIC-AVX512 test.[c|90]
$ mpicc|mpif9@ -o test.exe -03 -fPIC -march=knl test.[c|f98@]
$ cc|ftn -0 test.exe -hcpu=mic-knl test.[c|f98]

Job Scheduler

ity
L

Nurion Queue

. PBS command

. Jobscript X

Joh script examples

— Serial code(KNL, SKL)
— OpenMP code(KNL, SKL)
— MPI code(KNL, SKL)

— Hybrid code(KNL, SKL)
5. Interactive 2! 2} x| =

= e N
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o s
Y ¢ Scheduler Z0{ 2 S Qe
» KISTI Job Scheduler 3 &
- 52|22 PBS, FE2 Slurm MY AHE2 AL
u c f X PBS SGE Slurm LoadLeveler
SEL omanss : (Nurion) (Tachyon2) (Neuron) (Sinbaram)
Y HE ! gsub [script_file] sbatch [script_file]

Q] AL i qdel [job_id] qdel
EY Z=2|(job_id)] gstat [job_id] gstat - § job_id] squeue [job_id] 3
Y E3|(user) i gstat -u [user_name] squeue -u [user_name] g8 _name]
Queue S5 : gstat -Q qconf -sgf squeue

Node S & pbsnodes -as ghost sinfo -N or
scontrol show nodes

scancle [job_id]

sinfo

I

1

1
Cluster AEf 1 pbsnodes -asj
GUI : X

pbsmon sview

75

H ‘nsn

Z‘ Nurion Queue Qe
WSS
Wall-Clock Limit Max Running jobs | Max Active Jobs
(running +waiting)

exclusive unlimited 100

normal 48h 30 50

burst_buffer 48h 10 20

long 120h 10 20

flat 48h 10 20

debug 48h 2 2

commercial 48h 3 10

norm_skl 48h 7 14

- T 80| ofoff BB s

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHEIII
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_
<« Nurion Queue Qe

— commercial T
c HESWTHES AT F
« 3R E MO HEEH
- L EQ| R 3X| UOtM ZEXNCZE RS EEG| flEY

- debug 7

. 39 =S YO HBE

- ArgS AU ST IS E

=

* Interactive job M| E0| 7t

-1
~J

< Nurion Queue (.
> 7 x3

— showq, pbs_status

[sedu0l@login0l ~] sr_,_

[FBS QUEUE CONFIGURATION] updated on 2019-01-07
Queue Limits Nodas  Cores Hodes Property Charge rate Pariod Comment
exclusive unlimited node [0001-2600]) 176800 Quadrant/Cache Exclusive prescribed 2019.01.01-2019.12 .31 Prescribed users
khoa unlimited node [2601-2710] 7480  gQuadrant/Cache Exclusive prescribed 201%.01.01-2019.12.31 Prescribed users
rokaf knl wunlimited node [2711-2775] 4420 Quadrant/Cache Exclusive prescribed 2019.01.07-2019.02.12 Prescribed users
normal 4Bhrs node [2776-7800] 341700  Quadrant/Cache Normal 1 2015.01.01-2019.12.31 Normal users
burst buffer 4Bhrs node [6801-T800] 68000 Quadrant/Cache Normal 1 2019.01.01-2019.12.31 Normal users
long 120hrs node [7801-7980) 12240 guadrant/Cache Normal 1 2019.01.01-2019.12.31 Normal users
flat 4Bhrs node [7981-8280] 20400 Quadrant/Flat Normal 1 2019.01.01-2019.12.31 Normal users
debug 4Bhrs node [8281-8300] 1360  Quadrant/Cache Normal 1 2019.01.01-2019.12.31 Normal users
rokaf skl wunlimited cpu[0001-0005] 200 N/A Exclusive prescribed 201%.01.07-2019.02.12 Prescribed users
commercial 48hrs cpu[0006-0132] 5080 N/A Normal 1.7 201%.01.01-2019.12_31 Prescribed users
norm_skl 4Bhrs opu[0006-0132] 5080 N/A Normal 1.7 2019.01.01-2019.12.31 Normal users
T
[sedudl@logindl ~]1§ pbs_status |
Quaue totIC == "TRE" alloc down run_jobs gque jobs largest Job Usage
exclusive 2600 99 2500 1 1 1 2500 96%
khoa 110 20 19 1 3 [ 10 17%
rokaf_knl 65 3 62 0 2 o n 95%
normal 5025 2853 2162 10 178 12 256 43%
burst buffer 1000 20 280 L] o o 28%
long 180 o 180 (1] 43 13 32 100%
flat 300 300 o o 1] o (] 0%
debug 20 20 0 [} [ o [ ok
rokaf skl 5 5 (1] 0 1 1] 1 0%
commeraial 127 11 116 o 14 o 2 91%
norm_skl 127 11 116 (1] Ex 4 20 1%
total 8432 3381 5039 12 279 30 2500 59%

=~
[e+]
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'x Nuri 2 sn
< Nurion Queue Qe
> 7 %3

— qstat
+ queue 5 X3:-Q
* queue A BE x| -f

$ gstat -Q

Queue Max Tot Ena 5tr Que Run Hld Wat Trn Ext Type
exclusive 2] 1 yes yes 2] 1 (] a 2] 8@ Exec
commercial 2] 6 yes yes a 6 8 a 2] @ Exec
norm_sk1 2] 56 yes yes 9 46 1 8 2} 0 Exec

$ gstat -Qf normal

Queue: normal
queue_type = Execution
Priority = 108
total_jobs = 143
state_count = Transit:@ Queued:® Held:8 Waiting:@ Running:135 Exiting:@ Beg

un:e

max_queued = [u:PBS_GENERIC=48]
acl_host_enable = False
acl_user_enable = False
resources_max.walltime = 48:80:8
resources_min.walltime = 00:00:0

2}
8

'x Nuri 2 sn
< Nurion Queue Qe
> 7 %3

- X Ao R AR 7t5% 7 2la

[m

Z3
* ‘pbs_queue check’

Queue Max Tot Ena Str Que Run Hld wWat Trn Ext Type
normal 0 185 yes yes o 174 11 0 0 0 Exec
long 0 56 yes yes 11 43 2 0 0 0 Exec
flat ] 0 yes yes 0 0 0 0 ] 0 Exec
debug 0 0 yes yes 0 0 0 0 0 0 Exec
commercial ] 14 yes yes 0 14 0 0 0 0 Exec
norm_ skl ] 40 yes yes 2 37 1 0 0 0 Exec
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- .
x ¢ PBS command : node = 32| 5! #Z $ones
» pbsnodes
: —_
- 0 SEH M LE 82 XY
- “aSj: = E A Y =3
$ pbsnodes -asj
mem ncpus  nmics  ngpus
vnode state njobs run  susp /T f/t f/t f/t jobs
nodedaal free (2] e @ 1legb/ilegb 68/68 e/e e/e --
;odeM? free 1 1 @ 1ilegb/11egb 4/68 a/e 8/e 6615
nodedaas free e e @ 11egb/1l1egb 68/68 e/a e/8 --
nodedaas free (2] (2] @ 1legb/11egb 68/68 e/e e/e --
noded@le free (2} e @ 1legb/ilegb 68/68 e/e e/e --
cpueesd job-busy 1 1 @ 188gb/188gb  8/48 e/e 8/0 6643
Ccpueee3’ job-busy 1 1 @ 188gb/188gh e/4e e/e /8 6644
cpueeaz job-busy 1 1 @ 188gb/188gb 7] e/e /0 6628
cpueeel job-busy 1 1 o 188gb/188gb ©/40  ©/0  @/0 6627
(1 : pilot systemOflA =3 0Q)
mem 7|7tEt0|E(cB) ERiol Di=a|
ncpus 0|8 7Hs% & cru =
nmics 0|8 7hs3t %2 B8 FoEMI0)S F i+ - Intel
ngpus 0|8 b8t & cpugl =
f/t f=free, t=total
81
Y. PBS Joh Script AL O & (PI Z.5) s

> SHES 0[8¢tpi A

-I - 1 _ =
W0’,\' = tan T(/\’]0 = tan"'(1) - tan™(0) =

S

Jal
rE

> PR

[ 70 = [im DA x)ax

Now k=1 n

a

Ay
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¥ 2% 25 O R A0

> =X A E(pic)

#include <stdio.h>
#include <math.h>
#include <sys/time.h>

inline double cpuTimer(){
struct timeval tp;
gettimeofday (&tp,NULL);
return ((double)tp.tv_sec + (double)tp.tv_usec*le-6);

int main(){
double iStart, ElapsedTime;
const long num_step = 5800000000;
long i;
double sum, step, pi, x;
step = (1.0/(double)num_step);
sum = @.8;
iStart=cpuTimer();
printF( - m e m s \n");
for(i=1;i<=num_step;i++){
% = ((double)i-@.5)*step;
sum += 4.0/(1.0+x*x);
}
pi = step*sum;
ElapsedTime=cpuTimer() - iStart;
printf("PI= %.15f (Error = %e)\n",pi, fabs(acos(-1)-pi));
printf("Elapsed Time = %f, [sec]\n", ElapsedTime);

return @;

o IE MY
$ module add intel/18.0.3
$ icc pi.c -o pi_serial

® Job script &4

$ cat serial.sh

#!/bin/bash

#PBS -V

#PBS -N Serial_Job

#PBS -q normal

#PBS -1 walltime=00:10:00
### Select 1 nodes with 1 CPU
#PBS -1 select=1:ncpus=1

#PBS -A etc

cd $PBS_O_WORKDIR
./pi_serial

3. PBS command : X ¢! X/ Z

> YAz

. —

* /home CIHE 2|0 M HZ 275
gsub {job_script_name}
- ‘depend’ SN2 AFESIO Q|EY U= HY
gsub -W depend={option}:{JOBID} {j

« afterok : O|& X Y0| 4T Al CH2 XY

% gsub serial.sh

1828815.pbs

% gsub -W depend=afterok:1828015.pbs serial.sh
1820817.pbs

$ gstat -u “sedudl”

+ afternotok : O| = ZF 0| AIf A| C}S 2 =&
« afterany : 2| & X 0| & O 20| 2tA 2l0| T+

pbs:

Job ID Username Queue Jobname
1820815.pbs seduBl normal Serial_Job 47889
1820817.pbs seduBl normal Serial_lob

- AR EYE BEA| /scratch O M EF X E0| 7Hs et

NZE 7ts

ob_scropt_name}

39 43

Req'd Req'd Elap

SessID NDS TSK Memory Time S Time

i =l -- ©0:10 R ©0:00
L == ©@8:16 H --

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%!II
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A
yyYe,| 1| 2 0d| A 1| wisTI
3 ¢ PBS command : % & K| = 5 A% Qs
» qdel
£
- HEE &Y A
gqdel {JOBID}
$ gstat -u “sedusl”
pbs:
Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK Memory Time 5 Time
1822816.pbs sedudl normal Serial_Job 63673 1 1 -- B9:10 R e0:00
1822817.pbs sedu@l normal Serial_Job .- 1 1 -~ @8:18 H --
$ qdel 1822817.pbs
$ gstat -u “seduel”
pbs:
Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK Memory Time S Time
1822816.pbs sedudl normal Serial_Job 63673 1 1 -- §9:18 R 00:080

A
A = XFAH X5 KIsTI
)/ ¢ PBS command : =3 = Xt X3 [ L
» (qstat
AlBH O = ol X3
- 2OV S HY =3
(=] = =
« 7|2 42 BE MBS BY S5 £
=
s NBA-HY ST EH
= =
. RO AH A LC Hu A,
$ gstat
Job id Name User Time Use S Queue
1819461.pbs G16-5i-b-TD x1679a02 3756:42: R long
1819463.pbs 616-5i-c-TD x1679a82 3715:10: R long
1822818.pbs Serial Job sedu@l ©00:00:00 R normal
$ gstat -u sedu@l
pbem:
Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK Memory Time S Time
1822818.pbs sedudl normal Serial_Job 63895 1 1 -- ©0:10 R 60:08
$ gstat -n -u sedudl
pbem:
Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK Memory Time 5 Time
1822818.pbs sedu@l normal Serial Job 63895 1 1 -- ©0:10 R 00:00
node2780/@

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%!II
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Z‘ PBS command: 5 = =l & & =2 (o

» qstat -x
- 7|E 2re D E AR Xjo| &Y =3
> AE A E ZE AY 2E =
. -f{JOBID} SRAUY M ZE EY

$ gstat -xu sedudl

pbem:

Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK Memory Time S Time
1822818.pbs sedu@l norm_skl Serial Job 425438 1 1 -- ©0:10 F 09:08
1822818.pbs sedu@l normal Serial_Job 63895 1 1 -- ©0:10 F 88:01

$ gstat -xf 1822818.pbs

Job Id: 1822818.pbs
Job_Name = Serial_lob
Job_Owner = sedu@l@login@l
resources_used.cpupercent = 99
resources_used.cput = 80:00:57
resources_used.mem = 3636kb
resources_used.ncpus = 1
resources_used.vmem = 250266kb
resources_used.walltime = 88:81:11

(=]
=1

A < Job Seript - (o o
> “#PBS” X|A|XHE AHESHO] 24 X[ F
» chunk EF$| 2 host/vnodeOf At S
— ‘“select’2 chunk Xt S
— ‘-l select=<numerical>:<res|>=<value>:<res2>=<value>...’
+ ZE|AAE colon()22 FE

— 7|2& 1 chunk == 1 task’
« ‘4PBS -l select=128": 12871 2| chunks

+ #PBS -l select=1:mem=16gb+15:mem=1gb’ : 16GBE ALE3l= 1709] chunk®t 1IGBE AE S}
= 15749 chunk2 =Y =2

#1/bin/sh

#PBS -V # YU HE Lco| ¥ #FUSE FREY LEOE HE

#PBS -N hybrid_node # XY 0|§ %%

#PBS -q workq # Y queue XM

#PBS -1 walltime=01:00:00 # XY walltime X

#PBS -M abc@abc. com # B B g M & F4

#PBS -m abe # a(ZY Am)/p(HY AZ)/e(HY F2) Al HY EE, n: HY 2K 2
#PBS -1 select=2:ncpus=2 # 2 chunk 2 EY Xt 2 xH

#PBS -A etc # application 350 mz2t 28 CI2H Fojof &

cd $PBS_O_WORKDIR # pest HY HE Z27 workoIRZ MH EX|2 7|22 sHoME O|AM

# Z0| HWE. dOf ZE DUES ABF ZS peS_0_WORKDIR 2 HZ L.
mpirun -machinefile $PBS_NODEFILE ./hostname.x
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> MU AJRE FQ 7|9
&4
Vv E}% B HELYZ|
N <alphanumeric> Job 0|5 X E
q <queue_name> MeiLt 772 0|F X H
| <resource list> Job 2|2 2
-M <id@domain.xox> 0| Y e AR 2|AE 43
m <string> o] o 2z XM
W sandbox=  [HOME | PRIVATE]  AE{O| C|2{efalot A% Cef2|
X Interactive job2 25 E2| X output

- PBS HiX| & +8st= A2
+ STDOUTI} STDERRS AlAE CIE{2] 9 outputOl] MESIIICH L 2HY 2t2 5 A2 AL EHY
MECdHZ| 2 SALE
o MEX=HY B MM Y Y HES L 5+ 8l
« “#PBS —W sandbox=PRIVATE' S F7|5}0] A3 ZE
£ Y AE F 2ol 7t

EE H4dtE 42, STDOUTI STDERR

A
¥ Joh Seript % (o f

> A8 7hsthetd B

B Hap 49
PBS_JOBID Job0l| B ElE MY}
PBS_JOBNAME AR RO oJ8H M B El= Job 0|5
PBS_NODEFILE 0] SEhEl AA LEE0| 2|AES THB|D Qs T 0|2
PBS_O_PATH HE st 42 2t
PBS_O_ WORK DIR  qsubO| g%l Hri A= $|X|
TMPDIR Jobs SISt X|HE Al ClHEe
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A
Z‘ Job Script %S (o o

> A&3t= 0| 22| A 0| M0fl ZH PBS -A M2 XSOk 22019 4& 7|F)

Application 5%
MOM mom VASP vasp
WRF wrf ANSYS ansys
ROMs roms Abaqus abaqus
MPAS mpas Gaussian gaussian
CESM cesm Nastran nastran

LAMMPS lammps LS-DYNA Isdyna
NAMD namd Charmm charm
Amber amber Gromacs gromacs

OpenFoam openfoam  Quantum Espresso ge
QMCpack gmc 1 2| applications etc
BWA bwa

- 0: 2 2| applications : #PBS -A etc

1]

3. PBS Job Script AHS O F: (PI 2.5) e
> 41} C

E And

Intel Compiler/MPI A

$ module add intel/18.0.3 impi/18.@.3

KNL(Knights Landing) ‘= £ A A

* craype-mic-knl 2 & AR

$ module add craype-mic-knl
$ icc -xMIC-AVX512 source.c -o executable.x

SKL(Skylake) ‘= = AFZA|

* craype-x86-skylake D& AtE

$ module add craype-x86-skylake
$ icc -xCORE-AVX512 source.c -o executable.x

craype-mic-knl 2E 1} craype-x86-skylake 2E2 SA|0| AHE S = 9IS

- RES HEY I F55/= 252 unloaddt L, AHE S} 1AL Sf= 25 S load SHOF B
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3. PBS Job Script AHS O F: (PI 2.5) Qe

> ALt (pic)

— KNL

$ module add craype-mic-knl

$ icc pi.c -o pi_serial_no_vec

$ icc -xMIC-AVX512 pi.c -o pi_serial_vec
- SKL

$ module rm craype-mic-knl

$ module add craype-x86-skylake

$ icc pi.c -o pi_serial_no_vec

$ icc -xCORE-AVX512 pi.c -o pi_serial_vec

3. PBS Job Script AHS O F: (PI 2.5) Qe

» serial.sh(KNL) serial.sh(SKL)
$ cat serial.sh $ cat serial.sh
#!/bin/bash #!/bin/bash
#PBS -V #PBS -V
#PBS -N Serial_job #PBS -N Serial job
#PBS -g normal #PBS -g norm_skl
#PBS -1 walltime=00:05:00 #PBS -1 walltime=00:05:00
#PBS -1 select=1:ncpus=1 #PBS -1 select=1:ncpus=1
#PBS -A etc #PBS -A etc
cd $PBS_0 WORKDIR cd $PBS_0_WORKDIR
./pi_serial_no_vec ./pi_serial_no_vec
./pi_serial vec ./pi_serial_vec
KNL SKL
w/o AVX512 w/o AVX512
PI= 3.141592653589798 (Error = 4.448892e-15) PI= 3.141592653589798 (Error = 4.440892e-15)
Elapsed Time = 57.227866, [sec] Elapsed Time = 6.836585, [sec]
w/ AVX512 W/ AVX512
PI= 3.141592653589845 (Error = 5.151435e-14) PI= 3.141592653589783 (Error = 9.769963e-15)
Elapsed Time = 22.857640, [sec] Elapsed Time = 3.929958, [sec]
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3. PBS Job Script AHS O F: (PI 2.5) Qe

> ALt (piOpenMP.c)

— KNL

$ module add craype-mic-knl

$ icc -qopenmp piOpenMP.c -o piOpenMP_no_vec

$ icc -qopenmp -xMIC-AVX512 piOpenMP.c -o piOpenMP_vec
- SKL

$ module rm craype-mic-knl

$ module add craype-x86-skylake

$ icc -qopenmp piOpenMP.c -o piOpenMP_no_vec

$ icc -qopenmp -xCORE-AVX512 piOpenMP.c -o piOpenMP_vec

3. PBS Job Script AHS O F: (PI 2.5) Qe

» openmp.sh(KNL) openmp.sh(SKL)
$ cat openmp.sh $ cat openmp.sh
#!/bin/bash #!/bin/bash
#PBS -V #PBS -V
#PBS -N OMP_job #PBS -N OMP_job
#PBS -q normal #PBS -g norm_skl
#PBS -1 walltime=00:02:00 #PBS -1 walltime=00:10:00

#PBS -1 select=1:ncpus=34:ompthreads=34 #PBS -1 select=1:ncpus=2@:ompthreads=20
(#PBS -1 select=1:ncpus=68:ompthreads=68) (#PBS -1 select=1:ncpus=40:ompthreads=40)

#PBS -A etc #PBS -A etc

cd $PBS_O_WORKDIR cd $PBS_O_WORKDIR
./piOpenMP_no_vec ./piOpenMP_no_vec
./piOpenMP_vec ./piOpenMP_vec

KNL SKL

# of threads : 34 # of threads : 20

w/o AVX512 w/o AVXS512

Elapsed Time = 1.647456, [sec] Elapsed Time = @.316867, [sec]
w/ AVX512 w/ AVX512

Elapsed Time = 8.626319, [sec] Elapsed Time = 8.199470, [sec]
# of threads : 68 # of threads : 48

w/o AVX512 w/0 AVX512

Elapsed Time = @.868751, [sec] Elapsed Time = @.259656, [sec]
w/ AVX512 w/ AVX512

Elapsed Time = ©.350071, [sec] Elapsed Time = 0.162671, [sec]

o
(=3
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3. PBS Job Script AHS O F: (PI 2.5) Qe

> ALY (piMPLc)

— KNL

$ module add craype-mic-knl

$ mpiicc piMPI.c -o piMPI_no_vec

$ mpiicc -xMIC-AVX512 piMPI.c -o piMPI_vec
- SKL

$ module rm craype-mic-knl

$ module add craype-x86-skylake

$ mpiicc piMPI.c -o piMPI_no_vec

$ mpiicc -xCORE-AVX512 piMPI.c -o piMPI_vec

3. PBS Job Script AHS O F: (PI 2.5) Qe

» mpi.sh(KNL)

$ cat mpi.sh

#1/bin/bash

#PBS -V

#PBS -N MPI_job

#PBS -q normal

#PBS -1 walltime=00:02:00

#PBS -1 select=1:ncpus=68:mpiprocs=68:ompthreads=1
(#PBS -1 select=2:ncpus=68:mpiprocs=68:ompthreads=1)
#PBS -A etc

cd $PBS_O_WORKDIR

mpirun -machinefile $PBS_NODEFILE ./piMPI_no_vec
mpirun -machinefile $PBS_NODEFILE ./piMPI_vec

KNL

# of processes : 68

w/o AVX512

Elapsed Time = 1.587632, [sec]
w/ AVXS512

Elapsed Time = 0.900600, [sec]

# of processes : 136

w/o AVX512

Elapsed Time = 8.792766, [sec]
w/ AVX512

Elapsed Time = 9.489747, [sec]
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3. PBS Job Script AHS O F: (PI 2.5) Qe

» mpi.sh(SKL)

$ cat mpi.sh

#1/bin/bash

#PBS -V

#PBS -N MPI_job

#PBS -g norm_skl

#PBS -1 walltime=00:10:00

#PBS -1 select=1:ncpus=40:mpiprocs=40:ompthreads=1
(#PBS -1 select=2:ncpus=40:mpiprocs=40:ompthreads=1)
#PBS -A etc

cd $PBS_0_WORKDIR

mpirun -machinefile $PBS_NODEFILE ./piMPI_no_vec
mpirun -machinefile $PBS_NODEFILE ./piMPI vec

SKL

# of processes : 48

w/o AVX512

Elapsed Time = 0.176598, [sec]
w/ AVX512

Elapsed Time = ©.162338, [sec]

# of processes : 88

w/o AVX512

Elapsed Time = ©.0894656, [sec]
w/ AVX512

Elapsed Time = 8.327157, [sec]

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%II

3. PBS Job Script AHS O F: (PI 2.5) Qe

> ALt Y (piHybrid.c)

— KNL

$ module add craype-mic-knl

$ mpiicc -qopenmp piHybrid.c -o piHybrid_no_vec

$ mpiicc -qopenmp -xMIC-AVX512 piHybrid.c -o piHybrid_vec
- SKL

$ module rm craype-mic-knl

$ module add craype-x86-skylake

$ mpiicc -qopenmp piHybrid.c -o piHybrid_no_vec

$ mpiicc -qopenmp -xCORE-AVX512 piHybrid.c -o piHybrid_vec

100
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3. PBS Job Script AHS O F: (PI 2.5) Qe

» hybrid.sh(KNL)

$ cat hybrid.sh

#!/bin/bash

#PBS -V

#PBS -N Hybrid_job

#PBS -g normal

#PBS -1 walltime=00:02:00

#PBS -1 select=2:ncpus=68:mpiprocs=2:ompthreads=34
#PBS -A etc

cd $PBS_O_WORKDIR

mpirun -machinefile $PBS_NODEFILE ./piHybrid no_vec
mpirun -machinefile $PBS_NODEFILE ./piHybrid vec

# of processes : 4

w/o AVX512

Elapsed Time = 0.948793, [sec]
# of processes : 4

w/ AVX512

Elapsed Time = 8.562912, [sec]

3. PBS Job Script AHS O F: (PI 2.5) Qe

» hybrid.sh(SKL)

$ cat hybrid.sh

#!/bin/bash

#PBS -V

#PBS -N Hybrid_job

#PBS -q norm_skl

#PBS -1 walltime=00:02:00

#PBS -1 select=2:ncpus=40:mpiprocs=2:ompthreads=20
#PBS -A etc

cd $PBS_O_WORKDIR

mpirun -machinefile $PBS_NODEFILE ./piHybrid_no_vec
mpirun -machinefile $PBS_NODEFILE ./piHybrid_vec

SKL

# of processes : 4

# of threads : 20

w/o AVX512

Elapsed Time = ©.117837, [sec]
# of processes : 4

w/ AVX512

Elapsed Time = ©.091773, [sec]
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Y. PBS Interactive ! % &= (e
> 2|2 A AHL debug £ E CHAl debug FE HS
> debug 75 0| 8310 A YS MEY2ZM CHZ +=H0| 7ts

> qsub-I(CHEAH &
- gsubs 0| 2% Interactive & Y AHE 0f (MPI)

[sedudl@pbcm Pi_Calc]$ qsub -I -V -A etc -1 select=1:ncpus=68:mpiprocs=68 -1
walltime=00:10:00 -q debug

gsub: waiting for job 6719.pbcm to start

qsub: job 6719.pbcm ready

Intel(R) Parallel Studio XE 2017 Update 2 for Linux*
Copyright (C) 2009-2017 Intel Corporation. All rights reserved.

[sedudl@node8281 ~]$ cd $PBS_O_WORKDIR
[sedu@l@node8281 ~]$% mpirun -n 68 ./piMPI_vec
[sedu@l@node8281 Pi Calc]$ mpirun -np 68 ./piMPI_vec
# of processes : 68

PI= 3.14159265398979@ (Error = 3.999969e-10)

Elapsed Time = 3.176321, [sec]

[sedu@l@node8281 ~]$ exit

[sedu@l@logined ~] $

103

!‘ PBS Interactive ~; & Qe

> Interactive 2 & Z2|: gstat, pbsnodes

$ gstat

Job id Name User Time Use 5 Queue
6538, pbcm vasp_@7 hskim@ 1183@:28 R knl
6615, pbcm vasp_13 hskim@ 4664:82: R knl
6628.pbcm ESM_pos2_8.8139 hskim@ 2387:89: R cpu
6638.pbcm vasp_l6 hskim@ 2536:51: R knl
6641.pbcm vasp_18 hskim@ 2533:49: R knl
6643 . pbcm ESM_pos1_©.0139 hskim@ 1177:07: R cpu
6644, pbcm ESM_posl @.08559 hskim@ 1176:39: R cpu
6719.pbcm STDIN sedudl £0:85:30 R knl

mem ncpus  nmics  ngpus
vnode state njobs run  susp f/t f/t f/t f/t jobs
node8281 job-busy gk 1 @ 11egb/11egb 8/68 a/e a/e 6719
node8282 free it 1 @ 1legb/11egb 4/68 e/e 8/8 6638
nodedale free 2] a @ 1iegb/illegb 68/68 e/e a/e --
cpueaes job-busy 1 1 8 188gb/188gb 8/48 e/8 8/8 6643
cpueae3 job-busy it 1 @ 188gb/188gb 8/40 e/e /0 6644
cpueee? job-busy 1 1 ® 188gb/188gb  ©/40 e/e 0/0 6628
cpuesel free a ] 8 188gh/188gb 48/48 8/8 a/e --
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PFS & Burst Buffer A2

1. Burst Buffer, PFS Rack configuration (DDN)
2. Nurion storage summary (Burst Buffer, PFS)

3. Nurion storage user quota & policy

4. Burst Buffer IME

Y KISTI5th Supercomputer
» 128 Racks of Cluster Components

— 8 rows, with 16 Cabinets in each Row
— 8,305 Compute Nodes / 132 CPU Nodes

Main System

Pilot

W___ Intel Omni Path High-Speed Interconnect

m—— CmomE | mm
o

mn oo ] “
oo o
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Y _ Burst Butfer, PFS Rack configuration (DDN) G

===

|
L

-— |:

l_'_l | Y )
/home01, /apps
(155U) [scratch * SSU: Scalable Storage Unit
MDS (s
(/home01,/apps,/scratch)

- A
Y _ Nurion Storage Summary (Burst Buffer, PFS) G
» Burst Buffer === come=-0
— 48x IME240 [ pariy
— Performance : 0.8TB/s, Capacity : 960TB Burst Buffer
» Scratch P s SFAI4KX
— 9x ES14KX (Lustre Embedded Storage System) .

— Performance : 300GB/s, Capacity : 21PB

» Home/Apps
+ 1x ES14KX
+ Performance : 30GB/s, Capacity : 1.26PB

Lustre

Ciim‘ts Lustre Servers.

K .ﬂﬂ

| Computing Nodes, Login Nodes, Data Mover; etc. / !
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3
4

3 Parallel File System Overview

Filesystem Structure
]
[ |

[ sgmes | Seomema |

Distributed Memory
of Compute Nodes

v FileSize = BlockSize x Number of Tasks (P,) x SegmentCount

3
4

Y Progressive File Layouts - PFL 2

> AM2XIo| AEZIO| T I E 2X
- 2O, 2 AERO|Z FIRE > OST AIE 2 B
- e my 2 AEDO|E FIRE > 450 o2t

» PFL(Progressive File Layout)2 012 2{|0|0{2] £82 At

obj20 obj21 obj23 obj23

-

- KN 0b13,30 0bj 3,31

I I
i i Sparse, no data or block allocation in object obj30 obj 3.1

. Offset / of the PFL file in 1MB units |

[0.nMB) Size of obj m,n on OST

obj m,n Component m stripe n OST object
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_ BZOYUA|AEHIOZ ZOH
(ext4, 1diskfs, ZFS)

Y. Lustre Strining i
> LYHO[E = oSTo| M &
Lustre Object
» OST .- _. | |
" File A data (stripe)
_ 0SSE E8f AH|A ] | .
_ AER0|Z G|0|E KA ]  File B data (stripe)

Bofl 2E210|& Jt5

OST 1 OST 2

OST 3

3. Nurion storage user quota & policy

» Job submission only from the /scratch FS

HUe RS ALK

» How to check your FS usage?
— $ Ifs quota —h /home01
— §$ Ifs quota —h /scratch

Q] A
Cl=EE] | SEHet E;T;_ I AbH| Al OUA| A HAeS
/home01 64GB 200K N/A 0
Lustre
(o] ?.!' x E." X (o] %
/scratch 100TB ™M (5 =0 o= = X
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KISTI
Y ¢ Burst Buffer (IME240) e
727482 e
N ES DDN IME240, Infinite Memory Engine Appliance
ATEYO HH Cent0S 7.3, IME 1.2
zlth 10 A5 20 GB/s
oo HESA QIEmHojx 2x OPA
DD IME
SSD EtY 1.2TB, NVMe E2t0[ =
SSD =2 16ea(1.2TB NVMe)+1ea(450GB SSD)
EZ(RAW) 20.4TB
& ZH{W,Nominal) 1,028
‘@ 2 (BTU/Mr,Nominal) 3,506
M FRpdas Lo
EAAH £ 48 x IME240
e % 8% 979.2TB
. W
£ Hlio¥s 2F 800GB/s
% T 2{2H(W,Nominal) 41,120
e E LY ZHBTUMr,Nominal) 140,307
8(0~7) 8(12~19)+1(23) > 17EA
NVMe SSD
113
KISTI
ARHOE AR

3 Whatis IME 2

v

New Cache Layer using NVMe SSDs inserted between compute cluster and PFS

— IME is configured as CLUSTER with multiple SSD servers
— All compute nodes can access cache data on IME

Accelerates "bad" 10 on PFS

— PFS s pretty good at large sequential 10

Can be configured as cache layer having
huge 10 bandwidth

Accelerates small 10 or random 10 by high IOPS due to SSD and 10 management

COMPUTE CLUSTER

COMPUTE NODES

DISKTIER
=
= a8
B
PARALLEL FILE
SYSTEM &
STORAGE ARRAYS

IME 1/0 APPLIANCES

e

COME

OBJECT
STORAGE &
TAPE LIBRARIES

DDN Confidential
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3 Storage Diagram e

OPA Interconnect

E 0.8TB/s, 800TB

|
o i e
EEEEEEEE=
| [ ]

Scratch
9xEST4KX
300GB/s, U.20.3PB

Testbed System

L
Purge
Serier Ma gzgeme nt n

Tvers

-

Home & Apps  Scratch "
EST4KX Metadata  Home & Apps
30GB/s, 1.2PB Metadata

Y _ How to use burst buffer on Nurion Qe

» Burst buffer is available on all compute nodes (/scratch _ime)
— Mandatory option (#PBS -P burst buffer)

| #1/bin/bash

| #PBS -N bb_test

| #PBS -V

| #PBS -q normal

| #PBS -A efc

| #PBS -P burst_buffer

| #PBS -l select=4:ncpus=1:mpiprocs=1
| #PBS -I walltime=48:00:00

' cd $PBS_O_WORKDIR

Nurion A4t E

#0l @ £= @ U
OUTFILE=/scratch_ime/$USER/output.dat
# (@ IMEOI2E EQIE AME(POSIX) E=

OUTFILE=ime:///scratch/$USER/output.dat ; e
# @ mvaplch2/231 E% Ar%(Mpl_[O) NURION /scratch File System
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3. Data Movement

IME S2}0| 17} A|4F
= E9| RAM2Z 40|
B 2ol release

FERTIENT]

(Lustre, /scratch)

KISTI
ATHOEA S

GlOJE ALR|(+5)
AX| o w2t ALE
AAEON XS X 8)

sync
PESOIA] IME AH 2 N b flush PFSOYA] IME AH{ 2 0|O|Ef of
GIOJEE A import migrate 0|10 ¥ (#+5)

(o2}
HA
o

Y Data Residency Control

» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start

_ _ EEEEN
ime-ctl -i $INPUT_FILE EEEEE
EEEEN

-115-
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3 _ Data Residency Control

» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start
ime-ctl -i S$INPUT FILE EEEEN
EEEEN

» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

3 _ Data Residency Control

» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start
application |
(0]

HE
ime-ctl -i S$INPUT FILE EE
» Now data is in IME in a CLEAN state i .'

(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache
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H ‘msn
3 Data Residency Control Gt
» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start
ime-ctl -i S$INPUT FILE EEEEN
EEEEN

» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache

H ‘msn
3 _ Data Residency Control st
» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start
ime-ctl -i S$INPUT FILE EEEEN
EEEEN

» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache

» DIRTY data is synced to the PFS
ime-ctl -r $OUTPUT FILE
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3 _ Data Residency Control

» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start

ime-ctl -1 $INPUT_FILE
» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache

» DIRTY data is synced to the PFS
ime-ctl -r $OUTPUT FILE

HE
[
M W

3 _ Data Residency Control

» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start

ime-ctl -i S$INPUT FILE

» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache

» DIRTY data is synced to the PFS
ime-ctl -r $OUTPUT_FILE
» and is marked clean in IME
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H ‘msn
3 Data Residency Control Gt
» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start
ime-ctl -i S$INPUT FILE EEEEN
EEEEN

» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache

» DIRTY data is synced to the PFS -==>
ime-ctl -r $OUTPUT FILE _
» and is marked clean in IME

release

» Finally clean data in IME can be purged ready
for a new job
ime-ctl -p $TMP FILE

3 Data Residency Control i

» Initial Step is to prestage data from
the Parallel Filesystem into IME prior to job start

_ EEEEN
ime-ctl -i $INPUT FILE EEEEE
EEEEE

» Now data is in IME in a CLEAN state
(i.e. corresponding data also exists in the PFS)

» 10 commences from application creating
new (DIRTY) data in IME cache

» DIRTY data is synced to the PFS
ime-ctl -r $OUTPUT_FILE
» and is marked clean in IME

» Finally clean data in IME can be purged ready
for a new job
ime-ctl -p $TMP FILE
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3. Data Movement

= Scheduler executes Stage-In for job data

# ime-ctl -i S$INPUT_FILE

\J

and then sets the job as "ready to run"
= Job Executes: All reads/writes to IME

= Temporary data that is not required can
be purged from IME

# ime-ctl -p $TMP_FILE

= Completion of the User Job initiates

sync of output data to PFS

# ime-ctl -r $OUTPUT_FILE R

1 )

COMPUTE &
[ ¢ ELiiE

User Job is

| B |

|
scheduled and
executes

purg

Scheduler executes file

Stage-In and sets Job

status to "ready-to-run”
-

2" @ sync output
E___> file to PFS

7

¢

l T Ws
o, 408
W@' "

unwanted data

v ime-ctl -i SINPUT FILE ~ ZF CIO|E{0fl T3l Stage-In A% (/scratchOll A /scratch_ime2 GO|E 7H4)
v ime-ctl -r $OUTPUT_FILE BB 7HA| GIO|E{E PFSQt S7|3} (/scratch_ime 74 CIO|E{& /scratch2 T &)
v ime-ctl -p $TMP_FILE BB 7HA[2] CIOIE| A[H| (/scratch_ime TX])

v ime-ctl -s $FILE BBOf| 7ZHA|E CiOJE{S| HENHE HS

Y _ DataMovement
PFS (/scratch)

i [jwyoon@login01 ime_test]$ pwd i
| /scratch/jwyoon/ime_test H
[iwyoon@login01 ime_test]$ dd if=/dev/zero !
of=/scratch/jwyoon/ime_test/test1 bs=10M count=10 i
10+0 records in ;
10+0 records out L
104857600 bytes (105 MB) copied, 0.218153 s, 481 MB/s |
[jwyoon@login01 ime_test]$ls !
test1 test2 !

! [jwyoon@login01 ime_test]$ ime-ctl -p test2
1 [jwyoon@login01 ime_test]$ ime-ctl -s test2
| File: ‘test?’

! Number of bytes:

1 Dirty: 0

\ Clean: 0

1 Syncing: 0

Burst Buffer (/scratch_ime)

i [jwyoon@login01 ime_test]$ pwd
1 /scratch_ime/jwyoon/ime_test
! [jwyoon@login01 ime_test]$ Is
: test]

1 [jwyoon@login01 ime_test]$ dd if=/dev/zero

1 of=/scratch_ime/jwyoon/ime_test/test2 bs=10M

| count=10

1 10+0 records in

: 10+0 records out

1 104857600 bytes (105 MB) copied, 0.188909 s, 555
: MB/s

i [jwyoon@login01 ime_test]$ ime-ctl -s test1
\ File: ‘test’

: Number of bytes:
1 Dirty: 0

i Clean: 0

1 Syncing: 0

I [jwyoon@login01 ime_test]$ ime-ctl -s test2
i File: "test2'

: Number of bytes:

! Dirty: 104857600
1 Clean: 0

, Syncing: 0

! [jwyoon@login01 ime_test]$ ime-ctl -r test2
! [jwyoon@Ilogin01 ime_test]$ ime-ctl -s test2
i File: “test2'

: Number of bytes:

! Dirty: 0
1 __Clean: 104857600
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Y Burst Buffer usage check Qe

# imequota

[ ime01 ] Usage: 1.164TB(used) 19.236TB(free) 20.400(total) - Avail: 94.289%
[ ime02 ] Usage: 1.161TB(used) 19.239TB(free) 20.400(total) - Avail: 94.299%
[ ime03 ] Usage: 1.161TB(used) 19.239TB(free) 20.400(total) - Avail: 94.302%
[ ime04 ] Usage: 1.161TB(used) 19.239TB(free) 20.400(total) - Avail: 94.299%
[ ime05 ] Usage: 1.161TB(used) 19.239TB(free) 20.400(total) - Avail: 94.295%
[ ime06 ] Usage: 1.163TB(used) 19.237TB(free) 20.400(total) - Avail: 94.296%
[ ime07 ] Usage: 1.165TB(used) 19.235TB(free) 20.400(total) - Avail: 94.277%
[ ime08 ] Usage: 1.161TB(used) 19.239TB(free) 20.400(total) - Avail: 94.297%
[ ime09 ] Usage: 1.161TB(used) 19.239TB(free) 20.400(total) - Avail: 94.298%
[ime10 ] Usage: 1.162TB(used) 19.238TB(free) 20.400(total) - Avail: 94.298%
[ ime41 ] Usage: 1.160TB(used) 19.240TB(free) 20.400(total) - Avail: 94.304%
[ imed42 ] Usage: 1.160TB(used) 19.240TB(free) 20.400(total) - Avail: 94.302%
[ ime43 ] Usage: 1.160TB(used) 19.240TB(free) 20.400(total) - Avail: 94.296%
[ ime44 ] Usage: 1.160TB(used) 19.240TB(free) 20.400(total) - Avail: 94.294%
[ ime45 ] Usage: 1.165TB(used) 19.235TB(free) 20.400(total) - Avail: 94.291%
[ imed6 ] Usage: 1.166TB(used) 19.234TB(free) 20.400(total) - Avail: 94.282%
[ imed7 ] Usage: 1.164TB(used) 19.236TB(free) 20.400(total) - Avail: 94.298%
[ imed8 ] Usage: 1.163TB(used) 19.237TB(free) 20.400(total) - Avail: 94.296%

X 1AIZH EH912 2N E|of gry

x <« Data Movement Qs

PES (/scratch) Burst Buffer (/scratch_ime)

i [jwyoon@login01 ime._test]$ pwd
: /scratch/jwyoon/ime_test
! [jwyoon@login01 ime_test]$ dd if=/dev/zero

i [jwyoon@login01 ime_test]$ pwd
| /scratch_ime/jwyoon/ime_test
| [jwyoon@login01 ime_test]$ Is

[jwyoon@login01 ime_test]$ls 10+0 records in
testl test2

"""""""""""""""""""""" 1 104857600 bytes (105 MB) copied, 0.188909 s, 555

1
]
1
I
:
]
10+0 records in : i [jwyoon@login01 ime_test]$ time dd if=/dev/zero
1
I
]
1
]
]

! of=/scratch/jwyoon/ime_test/test1 bs=10M count=10 1 test]

]

1 10+0 records out of=/scratch_ime/jwyoon/ime_test/test2 bs=10M
1 104857600 bytes (105 MB) copied, 0.218153 s, 481 MB/s count=10

i

]

10+0 records out

1
e e e 3 e R e el 11 MB/s
i Liwyoon@Ilogin01 !me_test]fp ime-ctl -p test2 L [jwyoon@login01 ime_test]$ ime-ctl -s test1
i [jwyoon@login01 ime_test]$ ime-ctl -s test2 b1 File: ‘test?’
i File: ‘test2’ 1l Number of bytes:
| Number of bytes: L
't Dirty: 0 | | Clean: 0
! Clean: 0 ! | Syncing: 0
 yndnge0 i i [jwyoon@login01 ime_test]$ ime-ctl -s test2
1 File: ‘test2'
H Number of bytes:
| Dirty: 104857600
1 Clean: 0
{ Syncing: 0

| [jwyoon@login01 ime_test]$ ime-ctl -r test2
! [jwyoon@login01 ime_test]$ ime-ctl -s test2
1 File: 'test2'

] Number of bytes:

| Dirty: ‘0
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Y Joh Submit Using Burst Buffer Gt

" #1/bin/bash -1

| #PBS -1 select=1
#PBS -q bb_cache (or bb_
INPUT=/scratch/$USER/input.dat
FILE=/scratch/$USER/output.dat
echo "[ “date’ ] PFS: start"

# =y
dd 1f=$INPUT of=$FILE bs=1M count=${( 50 * 1624 }) File: /scratch_ime/$USER/input.da.
echo “[ “date’ ] PFS: end” Dity: ONumber of bytes:
INPUT=/scratch_ime/$USER/input.dat Clean: 51200 (BBZ MY stage-in &)
Syncing: 0
FILE=/scratch_ime/$USER/output.dat yheing
# stage in
% BB2| outputdat DHo| ®H @
fopt/ddn/ime/bin/ime-ctl -i $INPUT
fopt/ddn/ime/bin/ime-ctl -5 $INPUT @ TEan ®
echo "[ “date” ] IME: start" File: “output dat'
Number of bytes:
dd if=$INPUT of=$FILE bs=1M count=$(( 50 * 1024 }) (3) Dirty: 53687091200 (PFS-BB2| GJO]E{ 7} C}
g)
echo "[ “date” ] IME: end” Clean: 0
fopt/ddn/ime/bin/ime-ctl -s $FILE () LBl
FEow
el File: "output.dat’ @
fopt/ddn/ime/bin/ime-ctl -r $FILE & l}l*lumber of bytes:
ity
Jopt/ddn/ime/bin/ime-ctl -s $FILE @ Clean: 4085252096 (BB H|0JE] PFS2

release )
# purge (F2) S

fopt/ddn/ime/bin/ime-ctl -p $FILE (&) 4 85 CHOLEL T4 47 (pivge) @
urge| |

3 Data Residency Control i

= maximum percentage of dirty data resident in

IME before the data is automatically

synchronized to the PFS:

flush threshold ratio 45% [0% ~100%]
~ [AUTO SYNC]

purge clean data until
min_free space_ratio

= Once Synchronised, the data is marked clean

= The clean data is kept in IME until the min_free_
space_ratio is reached. » e ratio >
15% [0% ~ 100%]
= [AUTO RELEASE ]

n free

sync dirty data until
flush threshold ratic
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piOpenMPc:OpenMP 222 C
piMPIc:MPIEZE 2 C

pilybrid.c : Hybrid(MPI + OpenMPIE Z 3 =
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Y lie: 2% AC) Gt

#include <stdio.h>
#include <math.h>
#include <sys/time.h>
inline double cpuTimer(){
struct timeval tp;
gettimeofday(&tp,NULL);
return ((double)tp.tv_sec + (double)tp.tv_usec*le-6);

int main(){
double iStart, ElapsedTime;
const long num_step = 5000000000;
long i;
double sum, step, pi, x;
step = (1.8/(double)num_step); /! Del_x
sum = @.0;
istart=cpuTimer();

for(i=1;i<=num_step;i++){
¥ = ((double)i-@.5)*step; Il %k
sum += 4.0/(1.0+x*x); /7 f(x_k)
}
pi = step*sum; [/ sum{f(x_k)}*Del_x
ElapsedTime=cpuTimer() - iStart;
printf("PI= %.15f (Error = ¥e)\n",pi, fabs(acos(-1)-pi));
printf(“Elapsed Time = %f, [sec]\n", ElapsedTime);
PPNt (e m e m s e \n");
return @;

135

Z‘ (niOpenMPc : OpenMP E 2 3 ) Qe

#include <stdio.h>
#include <math.h>
#include <sys/time.h>
#include <omp.h>

inline double cpuTimer()

{
struct timeval tp;
gettimeofday(&tp,NULL);
return ((double)tp.tv_sec + (double)tp.tv_usec*le-6);
}
int main()
{

double iStart, ElapsedTime;

const long num_step = 5000000000;

long 1i;

double sum, step, pi, x;

int num_threads;

step = (1.8/(double)num_step);

sum = 9.8;

istart=cpuTimer();

printf (" --mmm i m s \n");

136
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Y. (pi0penMPc : OpenMP & 2 = =)

#pragma omp parallel
{

#pragma omp master

num_threads=omp_get_num_threads();
printf("# of threads : ¥d\n",num_threads);
}
#ipragma omp for reduction(+:sum), private(x)
for(i=1;i<=num_step;i++){
% = ((double)i-@.5)*step;
sum += 4.8/(1.84+x*x);

}

}
pi = step*sum;
ElapsedTime= cpuTimer() - iStart;
printf("PI= %.15f (Error = %e)\n",pi, fabs(acos(-1)-pi));
printf("Elapsed Time = %f, [sec]\n", ElapsedTime);
printf( --mcmmmmmmmmmim e \n");
return ;

}

KISTI
ATHOEA S

3. (niMPLe: MPI &2 7 )

#include <stdio.h>
#include <math.h>
#include "mpi.h"
int main(int argc, char *argv[]){
long i; int myrank, nprocs;
const long num_step = 5680000000 ;
double mypi, x, pi, h, sum;
double st, et;
MPI_Init(&argc, Bargv);
MPI_Comm_rank(MPI_COMM_WORLD, E&myrank);
MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
if(myrank==0) printf("# of processes : %d\n",nprocs);
h=1.8/(double)num_step;
sum = ©.8;
st = MPI_Wtime();
for(i=myrank;i<num_step;i+=nprocs){
x = h*((double)i-8.5);
sum += 4.8/(1.8+x*x);
}
mypi= h*sum;
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, ©, MPI_COMM_WORLD);
et=MPI_Wtime();
if(myrank==0){
printf("PI= ¥%.15f (Error = %e)\n",pi, fabs(acos(-1)-pi));
printf("Elapsed Time = %f, [sec]\n", et-st);
printf("----cmmrm e \n");
}
MPI_Finalize();
return @;
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z_‘ (piHybrid.c : Hybrid(MPI + OpenMP)E = 1. =) Qo

#include <stdio.h>
#include <math.h>
#include “"mpi.h"
#include “omp.h"

int main(int argc, char *argv[])
{
long i;
int myrank, nprocs,provide;
const long num_step = 5600000000;
double mypi, x, pi, h, sum;
double st, et;
int num_threads;
MPI_Init_thread(&argc, &argv,MPI_THREAD_FUNNELED,&provide);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
if(myrank==8)printf("# of processes : %d\n",nprocs);

h=1.8/(double)num_step;
sum = 9.8;
st = MPI_Wtime();

139

z_‘ (piHybrid.c : Hybrid(MPI + OpenMP)E = 1. =) Qo

#pragma omp parallel
{

#ipragma omp master

num_threads=omp_get_num_threads();
printf("# of threads : %d\n",num_threads);
}
#pragma omp for reduction(+:sum), private(x)
for(i=1;i<=num_step;i+=nprocs)

x = h*((double)i-8.5);
sum += 4.8/(1.8+x*x);
}

mypi= h*sum;
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, @, MPI_COMM_WORLD);
et=MPI_Wtime();
if(myrank==0){
printf("PI= %.15f (Error = %e)\n",pi, fabs(acos(-1)-pi));
printf("Elapsed Time = %f, [sec]\n", et-st);

MPI_Finalize();
return 8;

140
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A
a KISTIZISHHO|E{A =

KISTI SCIENCE DATA SCHOOL

http://kacademy.kisti.re.kr

Day 2: OpenMP

» Introduction
— Parallel Computing, threads, and OpenMP
= Basic
Creating Threads
Data Environment
Parallel Loops
Synchronization
Scheduling
= |ntermediate
— Tasks

NTER

SUPERCOMPUTING EDUCATION CE
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Introduction

» Parallel Computing, threads, and
OpenMP

SUPERCOMPUTING EDUCATION CENTER

- A
Y. Parallel Computing s

Parallelization is another optimization technique
The goal is to reduce the execution time

To this end, multiple processors, or cores, are used

1 core 4 core

TR

Using 4 cores, the execution timel

Time

is % of the single core time
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Y _ Modern HPC Architecture 5t
Thread[One Node(OS)] C Process

MPI
i

¢ OpeFMP '

CUDA, OpenCL, OpenMP etc.

IO node 10 node Services node e o 0 0 o

Compute nodes

IO and service

SO OO uuy

Y. Shared Memory System Architecture e

»UMA »NUMA

-

PO ) P2 P3

Crossbar Interconnect

Main Memory
> Z21Y 80| > A0 &2 022 o=
> W oz2e Y= HE > DZRMAM 712 (d= =7}
vy

> AlAE 37| RS >\ 273 A3} Ho| 57} /

SUPERCOMPUTING EDUCATION CENTER
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Y. Whatis OpenMP?

SUPERCOMPUTING EDUCATION CENTER

» Open specifications for Multi Processing

> (SHHZEE &Fd0AM) CkE 2 E 2 =237
= ¢t S&8Z2™ QE{H 0| A(API)
— OpenMP Architecture Review Board (ARB)O|A| F=
- 39 HEE Z2Y Dol (A BEE

Yo

OpenMP

Enabling HPC since 1997

¥ f in A =

Tweets by
OpenMP_ARE
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Y. _ History s

» 1997.10: OpenMP for Fortran 1.0

» 1998.10: OpenMP for C/C++ 1.0

» 2000.11: OpenMP for Fortran 2.0

» 2002.3: OpenMP C/C++ 2.0

» 2005.5: OpenMP 2.5 (combined C/C++ & Fortran)
» 2008.5: OpenMP 3.0 (Task)

» 2011.7: OpenMP 3.1

» 2013.7: OpenMP 4.0 (Accelerator, SIMD)

» 2015.11: OpenMP 4.5

» 2018.11: OpenMP 5.0

SUPERCOMPUTING EDUCATION CENTER

> Intel
— OpenMP 4.5 C/C++/Fortran supported in version 17.0, 18.0, and
19.0 compilers
— OpenMP 4.5 and subset of OpenMP 5.0 C/C++/Fortran supported in
19.1 compilers under -gnextgen -fiopenmp.
» GCC
— From GCC 4.9.1, OpenMP 4.0 is fully supported for C/C++/Fortran.
— From GCC 6.1, OpenMP 4.5 is fully supported for C and C++.
— From GCC 7.1, OpenMP 4.5 is partially supported for Fortran.
— From GCC 9.1, OpenMP 5.0 is partially supported for C and C++

» https://www.openmp.org/resources/openmp-compilers-tools/

SUPERCOMPUTING EDUCATION CENTER
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3. OpenMP API

» Directives + Runtime Library Routines + Environment
Variables

=
[N
=
X
H
I->

coll &t sty
29 Glo|E, ALY EIO|E| XIF
GlolEjof Chgt A= M2 =

SUPERCOMPUTING EDUCATION CENTER

3. OpenMP API

» Compiler Directives
- 22| E Ato|2| R EH, 84, 57|zt
- &2 2|0|2|] OpenMP
0f) CSOMP PARALLEL DO
» Runtime Library
- HE 7' 22|29 I, HZ )2 21t =3
Ofl) CALL omp_set_num_threads(128)
» Environmental Variables
—- A A|AHICl HEH Oj7f A E Y
i) export OMP_NUM_THREADS=8

il
ol
ol

>
o|n
mlru

Jal
1o

SUPERCOMPUTING EDUCATION CENTER
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Y. _ OpenMP Programming Model e

> AN gEst
- 83 g% XY
38 HE2 Z2aYy YA E 7|4
- AYE-AYE S22 FR #F 08

> Fork-Join 2 &

Master
Thread

E—  —
E— R
— | — | — || —
—— ——t
—_ e

[Parallel Region] [Parallel Region]

A <« Shared Memory Programming Model (( L

Single thread

- Multi-thread
3 o
[ 3 Thread
l 1‘ fork /
P1 —
P1 P2 «— | P3 [* | P4
P2 — =
join
P3 Shared address space ‘
P4 | |
Process
$ icc omp_code.c -qopenmp (intel compiler)
$ export OMP_NUM_THREADS=4
5 $ ./a.out
rocess
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" = A
Z ¢ Message Passing Programming Model e
Serial Message-passing
- .
?
P1
P2
P3 |
Process 0 Process 1 Process 2 Process 3
P4 Node 1 Node 2 Node 3 Node 4
' Data transmission over the interconnect
Process

$ mpiicc mpi_code.c (intel compiler)
$ mpirun -np 4 -hostfile mf ./a.out

Y. OpenMPvs. MPI e
MPI OpenMP*

Portable Yes Yes
Scalable Yes Partially
Performance Oriented Yes Yes
Supports Data Parallel No Yes
Incremental Parallelism No Yes
High Level No Yes
Serial Code Intact No Yes

* Distributed Memory Yes No
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df-ﬁ-'ﬁlsm
Basic
= Creating Threads
= Data Environment
= Parallel Loops
= Synchronization

Scheduling

Y. _ Compile and Execution Gz

» Header file include(C/C++ only)

— #include <omp.h>

» Compile(+Link) Option
— INTEL: -qopenmp, -openmp(old)
- PGl -mp
— GCC: -fopenmp

gfortran —fopenmp ompsrc.f90 —o omp.exe
( or gcc —-fopenmp ompsrc.c -o omp.exe )
[export OMP_NUM_THREADS=8]
Jomp.exe
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34 OpenMP Syntax

1I$OMP <Directive>
C$OMP <Directive>
*$OMP <Directive>

ISOMP <Directive>

#pragma omp
<Directive>

I$OMP <Directive>
ISOMP&...

I$OMP <Directive> &

#pragma omp ... W

5. #ifdef OPENMP
Cc$ ... % .
. (. #endif

CER-E R

), breating Threads: Parallel Regions

Fortran

C

I$OMP PARALLEL
!$SOMP END PARALLEL

{
}

#pragma omp parallel

> 2P E e 27

- 2t4 B2 export OMP_NUM_THREADS = xxx

— AM3AIZF 210|E 22| : omp_set_num_threads(xxx)
— X|A|0f : #pragma omp parallel num_threads(xxx)

> A EQF A E Runtime libraries
— omp_set_num_threads(integer): 22| = 7§+ 27
— omp_get_num_threads(): 2 Xj A E EO|M AP E 74 vigt
— omp_get_thread_num(): 22 = ID gzt
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Z PBS Interactive =+ & x| =

Al O

» ul “:TE)'Eu

debug 71 O| &

— debug 70l Y ME = QE{E|E Y 0|8
> CIE{EHE[E L E Xt Y: qsub -1 (in the “scratch”

directory)

$ cd /scratch/seduit#

$ gqsub -I -V -A etc -1 select=1:ncpus=16 -1 walltime=04:00:00 -q debug

gsub: waiting for job 4997862.pbs to start

gsub: job 4997862.pbs ready

[sedu56@node8281 C]$ export OMP_NUM_THREADS=4

[sedu5@@node8281 C]$ ./hello.x
Hello World
Hello World
Hello World
Hello World

[sedu@l@node8281 C]$ exit

), Creating Threads: Parallel Regions

Fortran

PROGRAM hello_world

INTEGER omp_get_thread_num
ISOMP PARALLEL

PRINT *, ‘Hello World', omp_get_thread_num()
1$OMP END PARALLEL

print *,

call omp_set_num_threads(4)
1SOMP PARALLEL

PRINT *, "Hello World', omp_get_thread_num()
1$SOMP END PARALLEL

print*,
1$OMP PARALLEL num_threads(2)

PRINT *, ‘Hello World', omp_get_thread_num()
1$OMP END PARALLEL

END

#include <stdio.h>
#include <omp.h>

int main()
{

#pragma omp parallel

{

printf ("Hello World %dW#n", omp_get_thread_num());

}
printf(“#n");
omp_set_num_threads(4);
#pragma omp parallel

{

printf ("Hello World %dW#n", omp_get_thread_num());

)
printf(“#n");
#pragma omp parallel num_threads(2)

{

printf (“Hello World %d#n", omp_get_thread_num());

)
}

$ gfortran -fopenmp —o create_thread.x create_thread.f90

$ export OMP_NUM_THREADS = 8
$ ./create_thread.x

$ gcc —fopenmp -o create_thread.x create_thread.c
$ export OMP_NUM_THREADS = 8
$ ./create_thread.x
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), Creating Threads: Parallel Regions

15OMP PARALLEL
export OMP_NUM_THREADS = 8

e

#pragma omp parallel

printf(......); printf(......); printf(......); printf(....5 printf(......); printf(......); printf(......); printf(......)
1 1 H 1 1 1 J
} 1$OMP END PARALLEL
omp_set_num_threads(4)

{

#pragma omp parallel

150MP PARALLEL

F/ I 1 |
printf(.....J; printf(.....) printf{......); printf(......);
| 1 J
} 1$OMP END PARALLEL
#pragma omp parallel num_threads(2) I$OMP PARALLEL num_threads(2)
{
printf(......); printf{(......J;
: } 1$OMP END PARALLEL

SUPERCOMPUTING EDLICATION CENTER

x ‘L Creating Threads: Parallel Regions

> A2 ID AFE : O(OFAE A E) ~[ # of threads — 1]

— omp_get_thread_num()

Fortran

C

I$OMP PARALLEL private(myid)
myid = omp_get_thread_num()
IF(myid==0) THEN

do_something()
ELSE
do_something(myid)
ENDIF
I$OMP END PARALLEL

#pragma omp parallel private(myid)

{

myid = omp_get_thread_num();

if(myid==0)
do_something();
else

do_something(myid);

SUPERCOMPUTING EDLICATION CENTER
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» Creating Threads

= Data Environment
= Parallel Loops

= Synchronization

Scheduling

G EDUCATION

CENTER

¥, IolE | =¥ el/8)

Fortran(data_scope_wrong)

C(data_scope_wrong)

PROGRAM hello_wrong

INTEGER a, tid, omp_get_thread_num
call omp_set_num_threads(4)
I$SOMP PARALLEL
tid = omp_get_thread_num()
PRINT * ' | am ', omp_get_thread_num(), ' tid =, tid
1$OMP END PARALLEL

END

#include <stdio.h>
#include <omp.h>
int main()
{
int tid;
omp_set_num_threads(4);
#pragma omp parallel
{
tid = omp_get_thread_num();
printf ("I am %d tid = %d#n", omp_get_thread_num(), tid);
}
}

int tid;
L
| 1 | |
tid = omp_get_thread_Mwp(); tid = omp_get_thread_num{); tid = omp_get_thread_num();

printf(*l am %d din”, ) printf("l am tid=%dwn", ...J;

tid = omp_get_thread_num();
printf(“l tid=%dwn", ...);

prl'ntf("y%d tid=%dWn", .....J
I

(Thread 3)
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omp_set_num_threads(4)

¥, _CIOIE . #2I2/8)

printf("l am %d tid=%dWn",0,tid);

printf{*l am %d tid=%dWn",1,tid);

printf(“l am %d tid=%dW¥n" 2 tid);

int tid; #pragma omp parallel I$SOMP PARALLEL
L/ {
store tid 0 store tid 1 store tid 2 store tid 3
load tid load tid load tid load tid

printf(’l am %d tid=%dWn",3 tid);

(Thread 0)

(Thread 1)

(Thread 2)

I$OMP END PARALLEL

scenario
store tid 0

store tid 1

store tid 2

load tid
printf("Hello World %d#n", tid),

load tid
printf(*Hello World %d¥n", tid),

(Thread 3)

(Thread 0)
(Thread 1)

(Thread 2)

(Thread 0)

(Thread 1)

i)

omp_set_num_threads(4)

¥, _CIOIE . #2I2/8)

int tid; #pragma omp parallel I$SOMP PARALLEL
store tid 0 store tid 1 store tid 2 store tid 3
load tid load tid load tid load tid

printf("l am %d tid=%dWn",0,tid);

printf{*l am %d tid=%dWn",1,tid);

printf(“l am %d tid=%dW¥n" 2 tid);

printf(’l am %d tid=%dWn",3 tid);

(Thread 0)

(Thread 1)

(Thread 2)

I$OMP END PARALLEL

scenario

store tid 0

store tid 1

store tid 2

load tid
printf("Hello World %d#n", tid),

load tid
printf(*Hello World %d¥n", tid),

(Thread 3)

(Thread 0)
(Thread 1)

(Thread 2)

(Thread 0)

(Thread 1)

i)
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¥, _CIOIE . #2I2/8)

omp_set_num_threads(4)

printf("l am %d tid=%dWn",0,tid); printf{*l am %d tid=%dWn",1,tid);

int tid; #pragma omp parallel I$SOMP PARALLEL
L/ {
store tid 0 store tid 1 store tid 2 store tid 3
load tid load tid load tid load tid

printf(“l am %d tid=%dW¥n" 2 tid);

printf(’l am %d tid=%dWn",3 tid);

(Thread 0) (Thread 1) (Thread 2) (Thread 3)
} 1$OMP END PARALLEL
g scenario
S i issmm sas e store tid 0 (Thread 0)
,/' L 1§ Ja.out :
” - - \\ i ; store tid 1 (Thread 1)
'f tid \ bt
i 1 store tid 2 (Thread 2)
| !
1 ! load tid
\‘ " printf(*Hello z'aorléi Yd¥n”, tid); (Thread 0)
N\ !
\ ’ load tid
. - printfCHello World %dwnr, iy, (Thread 1)
TS~oo---""  Memory ()

¥, _CIOIE . #2I2/8)

omp_set_num_threads(4)

int tid; #pragma omp parallel I$SOMP PARALLEL
store tid 0 store tid 1 store tid 2 store tid 3
load tid load tid load tid load tid

printf("l am %d tid=%dWn",0,tid); printf{*l am %d tid=%dWn",1,tid);

printf(“l am %d tid=%dW¥n" 2 tid);

printf(’l am %d tid=%dWn",3 tid);

(Thread 0) (Thread 1) (Thread 2) (Thread 3)
} 1$OMP END PARALLEL
g scenario
- - store tid 0 (Thread 0)
store tid 1 (Thread 1)
' 1 store tid 2 (Thread 2)
| 1

1 ! load tid

\‘ " printf(*Hello z'aorléi Yd¥n”, tid); (Thread 0)
N\ !

N ’ load tid

. - printfCHello World %dwnr, iy, (Thread 1)
TS~oo---""  Memory ()
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omp_set_num_threads(4)

¥, _CIOIE . #2I2/8)

printf("l am %d tid=%dWn",0,tid);

printf(“l am %d tid=%d¥n",1,tid);

printf(“l am %d tid=%dW¥n" 2 tid);

int tid; #pragma omp parallel I$SOMP PARALLEL
L/ {
store tid 0 store tid 1 store tid 2 store tid 3
load tid load tid load tid load tid

printf(’l am %d tid=%dWn",3 tid);

(Thread 0) (Thread 1) (Thread 2)
} 1SOMP END PARALLEL
i scenario
e ey e e LT store tid 0
i ¥ E $ Ja.out !
% . ‘lamOtid=2 store tid 1
/ W, w49 e ) 0 0
/ tid
h "| store tid 2
| 1
1 ! load tid € 2
\ ': printf(*l am %d tid=%d#n",0,tid);
A
AN P load tid
S PR printf{*Hello World %dwn”, tid);
Seeeo- Memory

(Thread 3)

(Thread 0)
(Thread 1)

(Thread 2)
(Thread 0)
(Thread 1)

i)

omp_set_num_threads(4)

¥, _CIOIE . #2I2/8)

int tid; #pragma omp parallel I$SOMP PARALLEL
store tid 0 store tid 1 store tid 2 store tid 3
load tid load tid load tid load tid

printf("l am %d tid=%dWn",0,tid);

printf(“l am %d tid=%d¥n",1,tid);

printf(“l am %d tid=%dW¥n" 2 tid);

printf(’l am %d tid=%dWn",3 tid);

(Thread 0)

(Thread 1)

(Thread 2)

I$OMP END PARALLEL

scenario

store tid 0

store tid 1

store tid 2

load tid € 2
printf("Hello World %d#n", tid),

load tid € 2
printf{*Hello World %dWn", tid);

(Thread 3)

(Thread 0)
(Thread 1)

(Thread 2)
(Thread 0)
(Thread 1)

i)
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¥, I0IE | =¥ 2l03/8)

P

Fortran

PROGRAM hello_wrong
INTEGER omp_get_thread_num
call omp_set_num_threads(4)

1SOMP PARALLEL’ Not allowed
INTEGER tid
tid = OMP_GET_THREAD_NUM()
PRINT *, 'l am|, &
OMP_GET_THREAD_NUM(), &
TID =’ tid
ISOMP END PARALLEL
END

#include <stdio.h>
#include <omp.h>

int main()

{
omp_set_num_threads(4);

#pragma omp parallel

{
int tid = omp_get_thread_num();
printf ("I am %d tid = %d¥n",

omp_get_thread_num(), tid);

int tid = orgp_get_thread_numi();
printf(’| amw ,0tid);

int tid = omp_get_thread_num();

printf(*l am %dﬁ:%d“‘n".o,tidl:

|
int tid = omp_get_thread_num();
printf("l am}ﬂ tid=%dWn",0,tid);

int tid = omp,
printf("]

|
_get_thread_num);
d tid=%dWn",0,tid);

(Thread 2)

(Thread 3)

¥, IoIE |2 elu/e)

P

Fortran(data_scope_private)

C(data_scope_private)

PROGRAM hello_right

INTEGER tid, omp_get_thread_num
call omp_set_num_threads(4)
I$OMP PARALLEL PRIVATE(tid)
tid = OMP_GET_THREAD_NUM()
PRINT *, 'l am ', OMP_GET_THREAD_NUM(), '
1$OMP END PARALLEL

tid = ' tid

END

#include <stdio.h>
#include <omp.h>
int main()
{

int tid;

omp_set_num_threads(4);
#pragma omp parallel private(tid)
{

tid = omp_get_thread_num();

printf (“I am %d tid = %dWn", omp_get_thread_num(), tid);

}
}

#pragma omp parallel private(tid)

tid = omp_get_thread_num tid = omp_get_thread_num();
printf{‘hellow&d}; printf("hello d %dWn®, tid);
l |

|
tid = omp_get_thread_num();
printf{"hello gorld %d¥Wn”, tid);
/1

tid = omp_get_thread_num();

printf("hell rid %6cwn”, tid);
J

(Thread 2)
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¥, lI0IE | =¥ 216/8]

Fortran

PROGRAM data_scope_firstprivate
INTEGER :: i=10, tid, omp_get_thread_num

call omp_set_num_threads(4)
I$SOMP PARALLEL PRIVATE(tid) FIRSTPRIVATE(i)
tid = OMP_GET_THREAD_NUM()
PRINT * ‘'tid =', tid, 'i =', i
i=20
I$OMP END PARALLEL
print * 'tid =, tid, i =', i

END

#include <stdio.h>
#include <omp.h>

int main()

{
inti =10, tid;
omp_set_num_threads(4);

#pragma omp parallel private(tid) firstprivate(i)

{
tid = omp_get_thread_num();
printf ("tid = %d i = %dWn", tid, i);
i =20;

}
printf("tid = %d i=%dWn", tid, i);

}

¥, ClI0IE R = #2116/8]

omp_set_num_threads(4)
1

int i=10, tid

|>\#pra omp parallel private(tid) firstprivate(i)

I
int tidthr@adﬂ
int ithreadﬁ =10

i
int lthread1=

tidipreado=0 tidyreaqr =1
ithreado=20 ithreadt =20
(Thread 0) (Thread 1)

(Thread 2)

A
Sillocne
1
int tidthrea(ﬁ
int ithread3=1 0
Memory

—-————
- -

printf(tid=%d i=%d¥n", tid, i);
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o) o] A
x OB 2 3 76/8) s
= 4
omp_set_num_threads(4)
1
int i=10, tid
|/ #pragma omp parallel private(tid) firstprivate(i)
| I | 1
. imi tidihreado ; int_ tidipreads int tidyeado int tidy,eaq3
iNt igpreado =10 N itpeag1=10 Nt iypreaqo=10  iNt iyreaqs=10
|
tidthreatio:o tidipeadi =1 tidipreada=2 4tz =3
1 1
ithreado =20 ithread1 =20 ithread2 =20 ithreads =20 Memory
(Thread 0) | (Thread 1) (Thread 2) | (Thread 3) LT T T
1 s [ ~.\
s
I ¥
:tid - ‘\‘
printf(tid=%d i=%d%n", tid, i); '. Eiol ‘10 J
X wol
/
I

¥, ClI0IE R = #2116/8]

A
Hdoman
omp_set_num_threads(4)
1
int i=10, tid
|/ #pragma omp parallel private(tid) firstprivate(i)
| I | 1
. imi tidihreado ; int_ tidipreads int tidyeado int tidy,eaq3
it lireado =10 INt itpread1=10 Nt i0qo=10  int iypepq3=10
tidthreatio:o tidipeadi =1 tidipreada=2 4tz =3
1 1
ithreado =20 ithread1 =20 ithread2 =20 ithreads =20 Memory
(Thread 0) (Thread 1) (Thread 2) (Thread 3) LT T T e
m
4
AN B :
:tid - ‘\‘
—— T |
printf(tid=%d i=%dW#n", tid, i); o ol Eol BT !
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¥, ClI0IE R = #2116/8]

omp_set_num_threads(4)
1

int i=10, tid

|/ #pragma omp parallel private(tid) firstprivate(i)

| I 1 1
. imi tidihreado ) int_ tidipreads int tidyeado int tidy,eaq3
it lireado =10 It itpread1=10 Nt ie0qo=10 it ijpea93=10

| |
tidthreat;o:o tidthrea[dl = tidireada=2 tidyreaqs=3
1 |
ithreado=20 ithread1 =20 ithread2=20 ithread3 =20 Memory
(Thread 0) | (Thread 1) | (Thread 2) | (Thread 3) e
_ N BN
'

printf(tid=%d i=%dWn”, tid, i); :

¥, ClI0IE R = #2116/8]

omp_set_num_threads(4)
1

int i=10, tid

#pragma omp parallel private(tid) firstprivate(i)

I 1
) int tidy a0 _int' tidihreads
INt ipreado =10 Nt igpreag:=10

|
int tidthrl?arﬂ
int ithread2= 10

1
int tidthrea(ﬁ
int ithread3=1 0

tidihreado=0 tidihreadt =1 tidy o2 tidg s =2
| |
ithreadﬂ=20 ithread‘l =20 ithnead2=20 Etl’lre.'-.u:i3=20
(Thread 0) (Thread 1) (Thread 2) (Thread 3)

printf(tid=%d i=%d¥n", tid, i)—

Memory

—-————
- -
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OSSO ”
x :E||0| H =2 8%0/8) Qs
Fortran C
PROGRAM data_scope_shared #ind'-ide <stdio.h>
INTEGER a(0:9), tid, i, omp_get_thread_num #include <omph>
int main()
{

call omp_set_num_threads(4)

ISOMP PARALLEL shared(a) PRIVATE(tid)
tid = OMP_GET_THREAD_NUM()
a(tid) = tid + 1

ISOMP END PARALLEL

int a[10], tid, i;
omp_set_num_threads(4);
#pragma omp parallel shared(a) private(tid)
{
tid = omp_get_thread_num();
aftid] = tid + 1;

do i=0, 3 ]

print *, ‘a(’, i, *) =, a(i) for(i=0; i<4; i++)
end do printf("a[%d] = %dW¥n", i, alil);

END }
]

int a[10], tid;

) tid '=' 0 tid .= 1 t‘ld-= 2 tid = 3
aftid] =IN{I; aftid] 1.t|'c| +1; 7 i =tid + 1;

tThrea (Thread 3)

o= o A
¥, GIOIH 2 #28/8) ([
Fortran (&
PROGRAM data_scope_private_array #include <stdio.h>
INTEGER a(0:9), tid, i, omp_get_thread_num #include <omp.h>
int main()
call omp_set_num_threads(4) {
1$OMP PARALLEL private(a) PRIVATE(tid) int a[10], tid, ;
tid = OMP_GET_THREAD_NUM() omp_set_num_threads(4);
a(tid) = tid + 1 #pragma omp parallel private(a) private(tid)
1$OMP END PARALLEL { .
tid = omp_get_thread_num();
do i=0, 3 aftid] = tid + 1;
* -
dp:"t Al ) =, 20) for(i=0; i<4; i++)
EN;” °© printf(“al%d] = %dwn”, i, a[il);
}
1
int a[10], tid;
| . .
tid=10 tid = 1 tid =2 tid = 3
altid) tid + 1; a}tfd] = tid + 1; altid)= tid + 1; alpel = tid + 1;
(Thread 0)  ___A-llheaddl . ____ - -(Thread 2) (Thread 3)
- - = a = i -
~Memory
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)/ < Data Environment: Default it

> SREYL7XEE X $2 HEs 7|25 2 2 shared
— B4 SAVE(STATIC in C), COMMON Block

» Default Private

- Rz oga
» C/C++ EH
=& shared)

— C/C++:
* value parameter

SUPERCOMPUTING EDLICATION CENTER

+ MODULE ==, 4015

- 85 &G HaE shared

FRA 27|33} | = B4 (integer n=10)

+ Fortran: BEE Yo & HR M =Xt FZ QEA T private
HRAON =XtRZ QHAE T2
A

i S
- HEAAM ZE L= HEREIQ XY B (but, save (static) B

- BN B YAoAM A XS B

hared!

Y. Data Environment: Default

SUBROUTINE CALLER(A,N)
INTEGER N, A(N), |, J, M

M=3
I$OMP PARALLEL

DO I=1, N
DO J=1,5
CALL CALLEE(A(),M.,)
ENDDO
ENDDO

END

SUBROUTINE CALLEE(X,Y,Z)

COMMON /COM/C
INTEGER X,Y,Z,CII,CNT
SAVE CNT

CNT=CNT+1

DOll=1,2
X=Y+C

ENDDO

END
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Y, Data Environment: Default
ERECECI I -

A shared |HE I BHAM LA

N shared |HIAA UM L&A

I private |BHE 2T O|GIA

J private | &XI2 X QG A (Fortran)

M shared |HE A UM L&A

X shared | & X| 2l AJ} shared

¥ shared | & Xl 2/~ MOl shared

z private | & X 2l JJ} private

C shared | Common block@2 &1

II private |SEE MEREIQ XY HE
CNT | shared |Save ZASIIXE= XY BHE

Y. clause : private, shared, default

I$OMP PARALLEL shared(a) private(myid, x)
myid = OMP_GET_THREAD_NUM)()
x = work(myid)
IF (x<1.0) THEN
a(myid) = x
ENDIF
ISOMP END PARALLEL

I$OMP PARALLEL default(private) shared(a)
myid = OMP_GET_THREAD_NUM()
x = work[myid]
IF (x<1.0) THEN
a[myid] = x
ENDIF
I$OMP END PARALLEL

SUPERCOMPUTING EDUCATION CENTER
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Basic

» Creating Threads
= Data Environment
= Parallel Loops

= Synchronization

= Scheduling

SUPERCOMPUTING EDUCATION CENTER

Y. Example: Pl s

fﬂll__l}lj dx= arctan (x) | (1} = arctan (1) — arctan () = arctan(1) z%

Fortran C
PARAMETER (NUM_STEPS=1000000) static long num_steps = 1000000;
SUM = 6.0 dogble ?tep;
void main ()
STEP = 1.0/REAL(NUM_STEPS) {
DO I = @, NUM_STEPS-1 int i;
X=(I+0.5)*STEP double x, pi, sum = 0.0;

step = 1.8/(double) num_steps;

SUM = SUM + 4.0/(1.0+X*X
/( ) for (i=1;i<= num_steps; i++){

ENDDO x = (i+0.5)*step;
PI=STEP*SUM sum = sum + 4.0/(1.0+x*x);
}
pi = step * sum;
}

SUPERCOMPUTING EDUCATION CENTER
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A
!_‘Parallel: Fortran [« L
call omp_set_num_threads(4)
1$0MP PARALLEL PRIVATE(TID,istat,iend,X)
TID = OMP_GET_THREAD NUM()
nthreads = omp_get_num_threads()
istat = tid * num_steps / nthreads
iend = (tid+1) * num_steps / nthreads - 1
SUM(TID)=0.0
DO I = istat, iend
X = (I+0.5)*STEP
SUM(TID) = SUM(TID)+ 4.0/(1.8+X*X)
ENDDO
1$0MP END PARALLEL
PI=0.0 : - :
DO I-0, NTHREADS-1 gﬁanran PLﬁermLfQO-«o Spi.x
PI = PI + SUM(I)*STEP finse st : !
NG gfortran -fopenmp pi_omp_exp.f90 -o ppil.x
time ./ppil.x

A
Y. Parallel:C G
omp_set_num_threads(4);
#tpragma omp parallel private(tid,istat,iend,x)
{
tid = omp_get_thread_num();
nthreads = omp_get_num_threads();
istat= tid * num_steps/ nthreads;
iend= (tid+1) * num_steps / nthreads-1;
sum[tid]=06.0;
for (i=istat; i<iend; i++){
x = (i+0.5)*step;
sum[tid] += 4.0/(1.0+x*x);
} — .
} gcc pi_serial.c —o spi.x
for(i=0, pi=0.@;i<NTHREADS;i++) |UMe./spix .
. £ % Seans gcc -fopepmp pi_omp_exp.c -0 ppil.x
pi += sum[i] P time ./ppi1.x
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3. Worksharing Construct

> HEIY R0 HYstof 2SS0l o]
> Mz2 28 g §lo] 7|& A =0 2HEAY Al FH)
> T2 AEE A2 E AO|2] S7|%t BlE
- BN Y2ots 2 =0 4H XY 2
> TE2 23 S7IHFAIN )
- 40| HX ELtE CHE 2ol A=A B2
— 7] 810] CHE H U= 252 H nowait clause AHE

do/for

sections

single

- task (OpenMP 3.0)

SUPERCOMPUTING EDUCATION CENTER

3. Worksharing Construct

Master thread H Master thread l Master thread
OR

[ rore ] FORK e

|
team %S team IN
1111 l EH l I I

Master thread

Master thread Master thread

do/for sections single
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Y. Worksharing : DO/for s
> HIZ 70| 2= Foo| BrR S A2 =0 2HY
> 7|2t FO 20 AIH FY
— 7ICt2|X] 8422 H nowait clause AHE

Fortran C
1$OMP PARALLEL shared(a,b) & #pragma omp parallel \
private(j) shared(a,b) private(j)
1$0MP DO {
DO j =1, N #pragma omp for
a(j) = a(3) + b(3) for (j=0;j<N; j++)
ENDDO a[j] = a[j] + b[Jl;
[!'$OMP END DO [nowait]] : 3
1$OMP END PARALLEL

SUPERCOMPUTING EDLICATION CENTER

Y. DO/for: Fortran s

I$OMP PARALLEL PRIVATE(TID)
TID = OMP_GET_THREAD_NUM()
NTHREADS = OMP_GET_NUM_THREADS()
SUM(TID)=0.0
I$OMP DO PRIVATE(X)
DO I = @, NUM_STEPS-1
X = (I+0.5)*STEP
SUM(TID) = SUM(TID) + 4.0/(1.0+X*X)

ENDDO

1$0MP END DO gfortran -fopenmp pi_omp_do.f90 -o ppi2.x
I$OMP END PARALLEL time ./ppi2.x

PI=0.0

DO I=0, NTHREADS-1
PI = PI + SUM(I)*STEP
ENDDO

IPERCOMPUTING EDUCATION CENTER
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Y. D0/for:C

#tpragma omp parallel private(tid)

{
tid = omp_get_thread_num();
nthreads = omp_get_num_threads();

sum[tid] = 0.0;
#pragma omp for private(x)
for (i=@; i<num_steps; i++){
x = (i+0.5)*step;
sum[tid] += 4.0/(1.0+x*X);

¥

For(i=0, pi=0.0; i<nthreads; i++) pi += sum[i] * step;

gcc -fopenmp pi_omp_for.c -o ppi2.x
time ./ppi2.x

3. Worksharing : sections

> SYE 02 ) YL 2t Aol 2ot MY
» Functional decomposition
> &7|3}: sections & 20| LA Y

- 7|2l x| g22{® nowait clause AHE

Fortran C

1SOMP PARALLEL #pragma omp parallel
1$OMP SECTIONS {
!$OMP SECTION #pragma omp sections [nowait]

CALL computeXpart() {
1$OMP SECTION #pragma omp section

CALL computeYpart() computeXpart();
1$OMP END SECTIONS [nowait] #pragma omp section
1$OMP END PARALLEL computeYpart();

}}
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z“ sections : Fortran [ o pLitie

I$OMP PARALLEL PRIVATE(ID)
ID = OMP_GET_THREAD_NUM()
SUM(ID)=0.0
I$OMP SECTIONS PRIVATE(X)
1$0MP SECTION
DO I = @, (NUM_STEPS-1)/2
X = (I+.5)*STEP
SUM(ID)= SUM(ID) + 4.0/(1.0+X*X)
ENDDO
1$0MP SECTION
DO I = (NUM_STEPS-1)/2+1, NUM_STEPS-1
X = (I+.5)*STEP
SUM(ID)= SUM(ID) + 4.0/(1.0+X*X)
ENDDO

!$OMP END SECTIONS gfortran -fopenmp pi_omp_sec.c -o ppi3.x
time ./ppi3.x

Y. _ sections: C [ .

#pragma omp parallel private(id)
{
id = omp_get thread_num();
sum[id]=0.0;
#pragma omp sections private(x)
{
#pragma omp section
for (i=0@; i< num_steps/2; i++){
x = (i+0.5)*step;
sum[id] += 4.0/(1.0+Xx*x);
}
#pragma omp section
for (i= num_steps/2+1; i< num_steps; i++){
x = (i+0.5)*step;
sum[id] += 4.6/(1.0+x*x);

R

gcc -fopenmp pi_omp_sec.c -0 ppi3.x
time ./ppi3.x
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Z < Combined Worksharing

> HE A A OL0|| pO/for £ = sections TH=2 2 StLITH 7HK| = 4R
> nowait2 X| 2|2t 2 & clause & 2SIA AR 7t
> 7|2 SEE OrX| 90 AIE &Y US

Fortran

I$OMP PARALLEL

ISOMP PARALLEL DO
1I$OMP DO

1I$OMP PARALLEL

I$OMP PARALLEL SECTIONS
I1$OMP SECTIONS ?

C

#pragma omp parallel

#pragma omp parallel for
#pragma omp for

#pragma omp parallel #pragma omp parallel sections
#pragma omp sections

SUPERCOMPUTING EDUCATION CENTER

» Creating Threads
= Data Environment
= Parallel Loops

= Synchronization
= Scheduling

SUPERCOMPUTING EDUCATION CENTER

- 158 -




OpenMP Programming I

x_‘ Synchronization

» High Level
— nowait
— critical
— atomic
— barrier
— ordered

» Low Level
— flush
— locks (simple and nested)

3
=

¥ 5712} :nowait

Fortran

PROGRAM nowait
INTEGER :: x=1

call omp_set_num_threads(16)
1$OMP PARALLEL

1$OMP SINGLE

X = x+1

PRINT *, 'x =', x

I$OMP END SINGLE

I$OMP SINGLE

% = %X+

PRINTEGEalor e .

I$SOMP END SINGLE : $ Ja.out '
1$OMP END PARALLEL : :zg :

END

#include <stdio.h>
#include <omp.h>

int main()
{
intx =1;
omp_set_num_threads(16);
#pragma omp parallel
{
#pragma omp single
{

X++;
printf("x=%d%n", x);

}

#pragma omp single

{

X+ 4
printf("x=%d%n", x);

}
}

return 0;

}
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e - AK“TI
¥ 5712} :nowait Qe
Fortran C
PROGRAM nowait #include <stdio.h>
#include <omp.h>
INTEGER :: x=1
int main()
call omp_set_num_threads(16) { - §
ISOMP PARALLEL plnieliily
1SOMP SINGLE What happen? omp_set_num_threads(16);
#pragma omp parallel
X=x+1 (
print, "x =", X #pragma omp single nowait
I$OMP END SINGLE nowait {
X+ +;
I$OMP SINGLE printf("x=%dWn’", x); What happen?
x=x+1 SR : } o ;
print* 'x =', x : z_.‘/?a,out : #pragma omp single : :;éa,out '
ISOMP END SINGLE o ; { f =3 5
1$OMP END PARALLEL i$ Jaout : X++; i $ /faout !
i x=3 : printf("x=%d#n", x); P x=3 !
P x=2 | } b x=2
END !'§ Jaout : ¢ Jaout !
1 x=3 : } P x=3 ;
! x=3 E return 0; b x=3 :
b T ST H } ................ a

¥ 5712} :nowait

Fortran

program nowait_for
integer, parameter : N = 9999
integer i, j, a(0:N, 0:N)

call omp_set_num_threads(4)
1$omp parallel private(i,j)
1Somp do
do j=0, N
do i=0, j
a(ij) = i+j
end do
end do
1$Somp do
do j=0, N
do i=j+1, N
a(ij) = i
end do
end do
$omp end parallel
End

#include <stdio.h>
#include <omp.h>
#define N 10000
int main(){
int i, j, a[NJ[N];
omp_set_num_threads(4);
#pragma omp parallel private(i, j)
{
#pragma omp for
for(i=0; i<N; i++)
for(j=i; j<N; j++)
alil(j] = i+j

#pragma omp for
for(i=0; i<N; i++)
for(j=0; j<i; j++)
alill] = i
}
}

$ time ./for_nowait1.x

$ gfortran ~fopenmp —o for_nowait1.x nowait.f90

$ gec —fopenmp -o for_nowait1.x nowait.c
$ time /for_nowait1.x
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¥, S 712t: nowait

omp_set_num_threads(4)

1$OMP PARALLEL
#pragma omp for

I (Thread 2)
for(i=5000;i<7500; i++)
for(j=i; j<100; j++) for(j=i; j<100; j++)
afiljl = i+j; alilljl = i+j;

I (Thread 3)
for(i=7500;i<10000;i+ +)

#pragma omp for

for(i=0; 1<2500; i++)
for(j=0; j<i; j++)

alil(j] = i+j; afilfj] = i+j;

Master #pragma omp parallel
thread / {

(Thread 0) | (Thread 1)

for(i=0; i<2500; i++) for(i=2500; i<5000; i++)
for(j=i; j<100; j++) for(j=i; j<100; j++)
alilj] = i+j; alilj] = i+j;
Implicit
(Thread 0)

| (Thread 1)

for(i=2500; i<5000; i++)
for(j=0; j<i; j++)

| (Thread 2)
for(i=5000;i<7500; i++)

for(=0; j<i; j++) for(j=0; j<i; j++)
alijl = i+j; afilfj] = i+j

| (Thread 3)

for(i=7500;i<10000;i++)

%

}

1$OMP END PARALLEL

7|2} : nowait

€
Ofn

Fortran

program nowait_for
integer, parameter : N = 9999
integer i, j, a(0:N, 0:N)
call omp_set_num_threads(4)
1$omp parallel private(i,})
1Somp do
do j=0, N
do i=0, j
alij) = i+j
end do
end do
!$Somp end do nowait
1$Somp do
do j=0, N
do i=j+1, N
a(ij) = i
end do
end do
1$omp end parallel
End

#include <stdio.h>
#include <omp.h>
#define N 10000

int main(){

int i, j, a[NJ[N];

omp_set_num_threads(4);
#pragma omp parallel private(i, j)
{

#pragma omp for nowait

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

for(j=i; j<N; j++)
afilljl = i+j;

#pragma omp for
for(i=0; i<N; i++)
for(j=0; j<i; j++)
alillj] = i-j;
}
}

$ gfortran ~fopenmp —o for_nowait2.x nowait.f90
$ time ./for_nowait2.x

$ gcc —fopenmp -o for_nowait2.x nowait.c
$ § time /for_nowait2.x

APUTING EDUCATION CENTER
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¥, 5 7%t: nowait e

omp_set_num_threads(4)

Master #pragma omp parallel  1$OMP PARALLEL
thread {
#pragma omp for
| (Thread 0) | (Thread 1) | (Thread 2) (Thread 3)
for(i=0; i<2500; i++) for(i=2500; i<5000; i++) for(i=5000; i<7500;i++) for(i=7500;1<10000;i++)
for(j=i; j<100; j++) for(j=i; j<100; j++) for(j=i; j<100; j++) for(j=i; j<100; j++)
afil(j] = i+j; afilj] = i+j; afillj] = i+j; afilfj] = i+j;
1

* | | | #pragma omp for
1
! for(i=0; i<2500; i++) for(i=2500; i<5000; i++) for(i=5000; i<7500;i++)  for(i=7500:i<10000;i++)
for(j=0; j<i; j++) for(j=0; j<i; j++) for(j=0; j<i; j++) for(j=0; j<i; j++)
afilj] = i+j; afilljl = i+j; alilf] = i+j; afilj] = i+j;
| | 1 1

\ N

} I$OMP END PARALLEL

SUPERCOMPUTING EDUCATION CENTER

e A
Z_‘ critical SEhoicn

» Fortran

ISOMP CRITICAL [(name)]
structured block
ISOMP END CRITICAL [(name)]

> C

#pragma omp critical [(hame)]
structured block

SUPERCOMPUTING EDUCATION CENTER
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> HE A A OLO|| A eritical section= K| ™H
> Of =7t @&l SFLLO| eritical sectionO| SHLF2| A 2| E.0f| A

— Z} section=2| Adi=ANE= HolM UX| LS
= OH—fgl sectionO| MM CHE 2 = sections2 [ 7|
» 22 names= 7tX|H &2 critical section

E —
— name0| ¢l = sectionE2 EDI section 2t

SUPERCOMPUTING EDUCATION CENTER

T ‘«lsn
Y. c critical s
1$OMP PARALLEL PRIVATE(i) SHARED(cnt1, cnt2)
ISOMP DO
DOi=1,n
... do_work ...

IF (condition1) THEN
I$SOMP CRITICAL (name1)
cntl = entl + 1
1I$OMP END CRITICAL (name1)

ELSE
I$SOMP CRITICAL (name1)

cntl = entl - 1
1I$OMP END CRITICAL (name1)

ENDIF
IF (condition2) THEN

1I$OMP CRITICAL(name2)
cnt2 = ent2 + 1
1$OMP END CRITICAL (name?2)
ENDIF
ENDDO
I$OMP END PARALLEL
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Y. _ critical: Fortran .

SUM=0.0
I$OMP PARALLEL DO PRIVATE(X)
DO | = 0, NUM_STEPS-1
X = (1+0.5)*STEP
I$OMP CRITICAL
SUM= SUM + 4.0/(1.0+X*X)
I$OMP END CRITICAL
ENDDO
[[$OMP END PARALLEL DO]
Pl = Pl + SUM*STEP

Y. _ critical: C .

sum=0.0;
#pragma omp parallel for private (x)
for (i=0; i< num_steps; i++)
{
x = (i+0.5)*step;
#pragma omp critical
{
sum += 4.0/(1.0+x*x);
}
}

pi += sum*step;
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3‘ atomic [ o pLitie

» Fortran
1SOMP ATOMIC
X = X operator expr

1ISOMP ATOMIC
X = intrinsic(x, expr)

> C
#pragma omp atomic

statement

x‘alﬂmil: Siocian
> otLte| AZtet & Z45t= X3 E T (OIS
Ol 22| | X])0i CHH of 2

> mini-critical section?| <
> AL 7t A LR}

+, =%/ h +, 5%/, 8 7| <<, >>
AND., .OR,, .EQV., .NEQV,
MAX, MIN, IAND, IOR, IEOR
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3‘ atomic: Fortran [ o pLitie

SUM=0.0
I$OMP PARALLEL DO PRIVATE(X)
DO | = 0, NUM_STEPS-1
X = (1+0.5)*STEP
ISOMP ATOMIC
SUM= SUM + 4.0/(1.0+X*X)
ENDDO
['[$OMP END PARALLEL DO]
Pl = Pl + SUM*STEP

gfortran -fopenmp pi_omp_atom.f90 -o ppi4.x
time ./ppi4.x

3‘ atomic:C [ o pLitie

sum=0.0;
#pragma omp parallel for private (x)
for (i=0; i< num_steps; i++)
{
x = (i+0.5)*step;
#pragma omp atomic
sum += 4.0/(1.0+x*x);
}

pi += sum*step;

gcc -fopenmp pi_omp_atom.c -o ppid.x
time ./ppi4.x

- 166 -



OpenMP Programming I

. A
!‘ clause : reduction Hecas

» reduction(operator|intrinsic:var1, var2,...)

— reduction B shared

- HiE 7}s(Fortran only): deferred shape, assumed shape array At
g =7t

o CE scalar Bl=0t 7}=
- ZF A B0 SN AL W2t CHE g2 X7|3t:0E:E &
x) HE AL A
- OE A E0A HEZ el ALtZD}
OtAE 2HE2 U 58

—

i
g
s
S
bt
oh
!
it
i

ERCOMPUTING EDUCATION CENTER

- A
Y, clause: reduction -
1$OMP DO reduction(+:sum)
DOi=1, 100
sum = sum + X(i)
ENDDO
Thread 0 Thread 1
sum0 = 0 suml =0
DOi=1,50 DO i = 51, 100
sum0 = sum0 + x(i) sum1 = sum1 + x(i)
ENDDO ENDDO

|

A

sum = sum0 + sum1

SUPERCOMPUTING EDLICATION CENTER
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!‘ clause : reduction Q@ Foes

» Reduction Operators : Fortran

+ integer, floating point (complex or real) 0
* integer, floating point (complex or real) 1
- integer, floating point (complex or real) 0
.AND. logical .TRUE.
.OR. logical .FALSE.
EQV. logical .TRUE.
.NEQV. logical .FALSE.
MAX integer, floating point (real only) 7tset x| A%
MIN integer, floating point (real only) 7t x|t
IAND integer all bits on
IOR integer 0
IEOR integer 0

! < reduction: Fortran (¢ [

I$SOMP PARALLEL DO REDUCTION(+:SUM) PRIVATE(X)
DO | = 0, NUM_STEPS-1
X = (1+0.5)*STEP
SUM = SUM + 4.0/(1.0+X*X)
ENDDO
I1$OMP END PARALLEL DO
Pl = SUM*STEP

gfortran -fopenmp pi_omp_rd.f90 -o ppi5.x
time ./ppi5.x
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x «g reduction: C

s

#pragma omp parallel for reduction(+:sum) private(x)
for (i=0;i< num_steps; i++){
x = (i+0.5)*step;
sum = sum + 4.0/(1.0+x*x);

}

pi = step * sum;

gcc -fopenmp pi_omp_rd.c -o ppi5.x
time ./ppi5.x

» Creating Threads
= Data Environment
= Parallel Loops

= Synchronization

= Scheduling
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A
!‘ clause: schedule Hecas

> schedule(type [,chunk_size])
— B2IT9| schedule : = AIGHO| 2H{ 2|
— 7|29l schedule X : A& 2|+ 75 ZH|
— 0| & 2HIE {8l schedule clause AtE

— type (default= implementation depend)

« static
. dynamic 1$OMP PARALLEL DO private(xkind)
. DOi=1N
* guided xkind = f()
* runtime IF (xkind < 10) THEN
CALL fast(x(i))
ELSE
CALL slow(x(i))
ENDIF
ENDDO

SUPERCOMPUTING EDLICATION CENTER

z.‘ schedule: static Sitoman

> schedule (static)

— U= AO| 2t A S0 RUSHH B

1I$OMP DO shared(x) private(i) &
1$ schedule(static)
DO i = 1, 1000
x(i) = a
ENDDO
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Y. schedule: static e

> schedule(static, chunk_size)
— & B2 A3 3|5 chunk_sizeZ LH+0{ chunk 244
— chunkE2 2 20| 2tRE-2l HAoz FH o

1$OMP DO shared(x) private(i) &
1$ schedule(static, 100)
DO i =1, 1200

Y. schedule: dynamic e

» schedule (dynamic, chunk_size)
— chunkS2 28| £0| 82
« 0| HX ELl= 28 E0| CtS chunk &%
— chunk_sizeZ} 223 C|ZE chunk_size = 1

1$OMP DO schedule(dynamic, 1000)
DO i =1, 10000
. work ...
ENDDO
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Y, schedule: guided -

» schedule (guided, chunk_size)
— dynamic scheduling
— chunk 37|17} HBICEH(NBEE 2|5, PAYE 7 =)
* N,, = MAX(N, _,-size(chunk,_,),P*chunk_size) (n>1)
* size(chunk,) = CEILING(N,/P)

_ 2t AY St DOTEO| TASHE 2A{7L C}E 0 ©
2

1$OMP DO schedule(guided, 55)
DOi=1,12000
... work ...
ENDDO

z.‘ schedule: runtime Sitoman

» schedule(runtime)

-T2 Ml F0f 24 B3 OMP_SCHEDULE #{S
XX

— M Hu+ Slo| oHe¥

rsx

2AEY BH AR 7S

export OMP_SCHEDULE="static,1000"
export OMP_SCHEDULE="dynamic”
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Y, SCHEDULE e

» Mandelbrot

Mandelbrot is an image computing and display computation
Pixels of an image are stored in a 2D array

Each pixel is computed by iterating the complex function

Zes1 = Zk+C,  Zy=ap+bei, C=Creq + Cimagi
Zisr = (a + bri)? + (Creqr + Cimagi)
= (a? = b’ + Crear ) + (2aiby + Cimag)i

The magnitude of z is given by Z;ey,4¢,= Va? + b?

MPUTING EDUCATION CENTER

= A
ggamﬂaﬁ
Y, _SCHEDULE (Exercise) B
C (Serial)
#include <stdio.h> for(i=0; i < X_RESN; i++) {
for(j=0; j < Y_RESN; j++) {
#define X_RESN 4000 /* x resolution */ zreal = zimag = 0.0;
#define Y_RESN 4000 /* y resolution */ creal = X_MIN + j * (X_MAX - X_MIN)/X_RESN;
#define X_MIN -20 cimag = Y_MAX - i * (Y_MAX - Y_MIN)/Y_RESN;
#define X_MAX 2.0 k=0
#define Y_MIN -20
#define Y_MAX 20 do {
temp = zreal*zreal - zimag*zimag + creal;

typedef struct complextype { zimag = 2.0*zreal*zimag + cimag;

float real, imag; zreal = temp;
} Compl; lengthsq = zreal*zreal+z.imag*zimag;

k++;

int main ( int argc, char* argv(]) } while (lengthsq < 4.0 &8 k < maxiterations);
{

int i, j, k, maxlterations = 1000; if (k >= maxlterations) res[i](j] = O;

Compl z ¢ else res[iljl = 1;

float lengthsq, temp; }

int res[X_RESN][Y_RESNJ; }

¥
gcc -fopenmp mandelbrot_serial.c -0 mans.x
time ./mans.x

MPUTING EDUCATION CENTER
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), SCHEDULE (Exercise]

Fortran (Serial)

program ex

integer, parameter :: X_RESN=4000, Y_RESN=4000
real, parameter = X_MIN=-2.0, X MAX=20, ¥_MIN=-2.0,
Y_MAX=2.0

complex 2 z, €

integer =i, j, k, maxiterations=1000

real = lengthsqg, temp

integer, dimension(0:X_RESN-1, 0:Y_RESN-1) : res

DO j=0, Y_RESN-1
DO i=0, X_RESN-1
z = (0.0, 0.0)
¢ = cmplx( X_MIN+real(j)*(X_MAX-X_MIN)/real(X_RESN),
Y_MAX - real(i) * (Y_MAX - Y_MIN)/real(Y_RESN) )
k=0

loop: DO
temp = REAL(z)"REAL(z)-AIMAG(z)*AIMAG(z) + REAL(c)
z=cmplx( temp, 2.0*REAL(z)*AIMAG(z)+AIMAG(c) )
lengthsq = REAL(z)*REAL(z)+ AIMAG(2)* AIMAG(2)

k=k+1
if (lengthsq >= 4.0 .or. k >= maxiterations) exit loop
END DO loop
if { k >= maxliterations ) then
res(i, ) = 0
else
res(i, j) = 1
end if
END DO
ENDDO

end

time ./mans.x

gfortran -fopenmp mandelbrot_serial.f90 -0 mans.x

! . SCHEDULE (Solution)

C (parallel)

#include <stdio.h>
#include <omp.h>

#define X_RESN 4000 /* x resolution */
#define ¥_RESN 4000 /* y resolution */
#define X_MIN -20
#define X_MAX 2.0
#define Y_MIN -20
#define Y_MAX 20

typedef struct complextype {
float real, imag;

} Compl;

int main ( int argc, char* argv(])

{
int i, j, k, maxlterations = 1000;
Compl z ¢

float lengthsq, temp;
int res[X_RESN][Y_RESN];

gecc —~fopenmp mandelbrot_omp.c -0 mandp.x
export OMP_NUM_THREADS=8

export OMP_SCHEDULE=static [or "dynamic,5"]
time ./manp.x

[

#pragma omp parallel for shared(res, maxiterations)
private(j,z.c k,temp,lengthsq) schedule(runtime)
for(i=0; i < X_RESN; i++) {
for(j=0; j < Y_RESN; j++) {
zreal = zimag = 0.0;
creal = X_MIN + j * (CMAX - X_MIN)/X_RESN;
cimag = Y_MAX - i * (Y_MAX - Y_MIN)/Y_RESN;
k=0;

do {
temp = z.real*zreal - zimag*z.imag + c.real;
zimag = 2.0*zreal*zimag + cimag;

zreal = temp;
lengthsq = zreal*zreal+zimag*zimag;
k++;

} while (lengthsq < 4.0 && k < maxiterations);

if (k >= maxiterations) res[i][j] = O;
else res[i][j] = 1;
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) SCHEDULE (Solution)

Fortran (Parallel)

program solution

integer, parameter :: X_RESN=4000, Y_RESN=4000
real, parameter = X_MIN=-2.0, X MAX=20, ¥_MIN=-2.0,
¥_MAX=2.0

complex 2 z, €

integer =i, j, k, maxiterations=1000

real = lengthsqg, temp

integer, demension{0:X_RESN-1, O:¥_RESN-1} = res

1ISOMP PARALLEL DO shared(res, maxliterations) private(z, ¢, k,
temp, lengthsq) schedule(runtime)
DO j=0, Y_RESN-1
DO i=0, X_RESN-1
z = (0.0, 0.0)
¢ = cmplx( X_MIN+real(j)*(X_MAX-Y_MIN)/real(X_RESN),
Y_MAX - real(i) * (Y_MAX - Y_MIN)/real(Y_RESN) )
k=0

gfortran —fopenmp mandelbrot_omp.f90 -o mandel_omp
export OMP_NUM_THREADS=8

export OMP_SCHEDULE=static [or "dynamic,5"]
/mandel_omp

loop: DO
temp = REAL(z)"REAL(z)-AIMAG(z)*AIMAG(z) + REAL(c)
z=cmplx( temp, 2.0*REAL(z)*AIMAG(z)+AIMAG(c) )
lengthsq = REAL(z)*REAL(z)+ AIMAG(2)* AIMAG(2)

k=k+1
if (lengthsq >= 4.0 .or. k >= maxiterations) exit loop
END DO loop
if { k >= maxliterations ) then
res(i, ) = 0
else
res(i, j) = 1
end if
END DO
ENDDO

end

! ‘e Directives and clauses

parallel do/for sections parallel parallel
do/for sections
if @ ® @
private @ @ ® o [ ] [
shared [ ) @ ® ®
default @ o ®
firstprivate ® @ @ [ ] [ ] ]
lastprivate ® [ ] @ ®
reduction ) @ ® ® @
copyin [ ] [ ] o
schedule @ [ ]
ordered @ @
nowait @ @ o
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Intermediate

= Task

)/ . o Task it

» Thread encountering parallel construct packages up a
set of implicit tasks, one per thread.

» Team of threads is created.

» Each thread in team is assigned to one of the tasks(and
tied to it).

> Barrier holds original master thread until all implicit
tasks are finished.

= We have simply added a way to create a task explicitly
for the team to execute !!
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x ‘g Task ‘fzﬁ'inlzn_*

» The most innovative feature

» OpenMP 3.0 simply adds the ability to create explicit
tasks.

» Allows to parallelize irregular problems

— While loops
— Recursive structures

SUPERCOMPUTING EDUCATION CENTER

x ‘g Task Construct Siocian

ISomp task [clause][[,] clause] ...]
structured-block
ISomp end task

clause:
if(scalar-expression)
untied
default(shared | none)
private(list)
firstprivate(list)
shared(/ist)

SUPERCOMPUTING EDUCATION CENTER
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Y. Task Concepts Fhenen

> task scheduling = 23 IS F A|AH
> task = 20| M X2
> thread = 28 &

T
et
e

Encountering % Threads execute
thread adds —> / tasks in the pool
task to pool

SUPERCOMPUTING EDLICATION CENTER

Y. The life cycle of a task -

1. task M (task 7' =)

2. task 2 (FA| E= 7))

3. Z20f w2 LA| FX| = M A 7ts, O|If CHE 2 &
Ooff o3 X & 7= (task switching)

4. M3 2t Z (task synchronization)
QSK pool
FORK i N
.ff, =

SUPERCOMPUTING EDLICATION CENTER
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Y. Task(1/3) G

Fortran

Program task1

1$OMP PARALLEL num_threads(32)
write(*, '(A), advance="no") 'A'
write(*, '(A)', advance="no") 'B '
write(*, '(A)', advance="no") 'C '
write(*, '(A)', advance="no") 'D'
write(*, *) '’

I$OMP END PARALLEL

END

#include <stdio.h>
#include <omp.h>

int main()
{

#pragma omp parallel num_threads(32)
{
printf("A *);
printf("B “);
printf("C ");
printf("D “);
printf("#n");

¥, Task(2/3)

Fortran

Program task2
integer omp_get_thread_num

I$OMP PARALLEL num_threads(32)
1$OMP SINGLE
print * ‘A tid =', omp_get_thread_num()
print * ‘B tid =', omp_get_thread_num()
print *, 'C tid =", omp_get_thread_num()
print * ‘D tid =", omp_get_thread_num()
1$OMP END SINGLE

ISOMP END PARALLEL

END

#include <stdio.h>
#include <omp.h>

int main()
{
#pragma omp parallel num_threads(32)
{
#pragma omp single
{
printf("A tid=%d%n", omp_get_thread_num() );
printf("B tid=%dWn", omp_get_thread_num());
printf("C tid=%dWn", omp_get_thread_num());
printf(“D tid=%d%n", omp_get_thread_num());
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Y, Task(3/3)

Fortran

Program task3
integer omp_get_thread_num

1$OMP PARALLEL num_threads(32)
1$OMP SINGLE
print *, ‘A tid =', omp_get_thread_num()
1$OMP TASK
print *, ‘B tid =', omp_get_thread_num()
1$OMP END TASK
1$OMP TASK
print *, ‘'C tid =, omp_get_thread_num()
1$OMP END TASK
print *, 'D tid =", omp_get_thread_num()
1$OMP END SINGLE

1$OMP END PARALLEL

END

#include <stdio.h>
#include <omp.h>

int main()

i‘pragma omp parallel num_threads(32)

{ #pragma omp single

{ printf("A tid=%dWn", omp_get_thread_num() );

#pragma omp task
{ printf("B tid=%d%n", omp_get_thread_num() );
i‘#pragma omp task
{ printf("C tid=%dWn", omp_get_thread_num() );
::Jrintf("D tid=%dWn", omp_get_thread_num() );

Y, _ Task:taskwait

Fortran

Program task4
integer omp_get_thread_num

1$OMP PARALLEL num_threads(32)
1$OMP SINGLE

print *, ‘A tid =', omp_get_thread_num()
1$OMP TASK

print *, 'B tid =', omp_get_thread_num()
1SOMP END TASK
1ISOMP TASK

print *, 'C tid =", omp_get_thread_num()
1$OMP END TASK
I1$SOMP TASKWAIT

print *, 'D tid =', omp_get_thread_num()
1$OMP END SINGLE
1$OMP END PARALLEL

END

#include <stdio.h>
#include <omp.h>

int main()

iﬁpragma omp parallel num_threads(32)

{ #pragma omp single

{ printf("A tid=%dWn", omp_get_thread_num() );

#pragma omp task
{ printf("B tid=%d%n", omp_get_thread_num() );
Lpragma omp task
{ printf("C tid=%dWn", omp_get_thread_num() );
Lpragma omp taskwait
printf("D tid=%dWn", omp_get_thread_num() );
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Y. Task: GlO|E| S &9 12

Fortran

Program task_data_scope
integer 2 a, b, ¢, d e

ISOMP PARALLEL private(b,d,e)
1$SOMP TASK private(e)
a, b, ¢, d, e: private? shared?
1$OMP END TASK

int foo()
{
int a, b, c.de;
#pragma omp parallel private(b,d,e)
{
#pragma omp task private(e)
{ a b, ¢ d, e: private? shared? }

integer 2 a, b, ¢ d e
1$OMP PARALLEL private(b,d,e)
I$SOMP TASK private(e)
a : shared
b : firstprivate
¢ : shared
d : firstprivate
e : private
1$OMP END TASK
I$OMP END PARALLEL

END

1$OMP END PARALLEL }
END }
Program task int foo()
USE OMP_LIB or include “omp_lib.h" {
inta, b, cde;

#pragma omp parallel private(b,d,e)
{
#pragma omp task private(e)

{

a : shared
b : firstprivate
¢ : shared
d : firstprivate
e : private
}
}
}

Y. Task: GlO|E| 9.2 49| (2/2)

Fortran

program task_data_scope
integer = a=1, b=2, c¢=3, d=4, e=5
integer tid, omp_get_thread_num

call omp_set_num_threads(4)
1$omp parallel private(b,d,etid)
tid = omp_get_thread_num()
print 10, ‘tid="tid, " a='a, 'b='b, " c='c, 'd='d, "e="e
'$omp single
print®, "in single:", tid
a=2; b=3; c=4; d=5e=6
$omp end single
$omp task private(e)
print 10, ‘task tid=",omp_get_thread_num(), &
&'a="a 'b='b, 'c="c "d="d, 'e="e
$omp end task
1$omp end parallel

10 format(A,I4,A,14,A,14,A 14,A14,A,14)
End

#include <stdio.h>
#include <omp.h>

int main()
{
int a=1, b=2, c=3, d=4, e=5, tid;

omp_set_num_threads(4);
#pragma omp parallel private(b,d,e, tid)
{
tid = omp_get_thread_num();
printf("tid=%d a=%d b=%d c=%d d=%d e=%d¥#n",
tid, a, b, ¢, d, e);
#pragma omp single
{ printf("in single: %d Wn", tid);
a=2, b=3, c=4, d=5, e=6; }
#pragma omp task private(e)
{
printf("task tid=%d a=%d b=%d c=%d d=%d e=%d¥n",
omp_get_thread_num(), a, b, ¢, d, e);
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3, Task: Fibonacci

program fibonacci
implicit none
integer & result
result = fibon(MAX)
print *, “Fibonacci (", MAX, *) =", result
contains
recursive integer function fibon(n) RESULT(fib)
implicit none
integer = n, x, y
if(n<2) then
fib=n
else
x=fibon(n-1);
y=fibon(n-2);
fib=x+y
endif
end function
end

$ gfortran -DMAX=30 —cpp —o fibon.x fibonacci.f90
$ /fibon.x

#include <stdio.h>

int fibon(int n) // f(n) = f(n-1) + f(n-2)
{

int % y;

if(n<2) return n;

x=fibon(n-1);

y=fibon(n-2);

return (x+y);

}

int main()

{
int result = fibon(MAX);
printf("Fibonacci (%d) = %dWn", MAX, result);
return 0;

}

$ gcc -DMAX=30 —o fibon.x fibonacci.c
$ /fibon.x

Y. Task: Fibonacci

0: fib(4)

3:fib(2) 0:fib(1)

i

I:fib(3) 2:fib(2)
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3, Task: Fibonacci

recursive integer function fibon(n) RESULT(fib)
integer = n, X, y
if(n<2) then
fib = n
else
I$OMP TASK shared(x)
x=fibon(n-1)
ISOMP END TASK
ISOMP TASK shared(y)
y=fibon(n-2)
ISOMP END TASK
ISOMP TASKWAIT
fib'=x+y
end if
end function

int fibon(int n) // f(n) = f(n-1) + f(n-2)

{

int x, y;

if(n<2) return n;

#pragma omp task shared(x)
{ x=fibon(n-1); }

#pragma omp task shared(y)
{ y=fibon(n-2); }

#pragma omp taskwait
return (x+y);

3, Task: Fibonacci

recursive integer function fibon(n) RESULT(fib)
integer = n, X, y
if(n<2) then
fib = n
else if(n<30) then
fib = fibon(n-1) + fibon(n-2)
else
I$SOMP TASK shared(x)
x=fibon(n-1)
ISOMP END TASK
I$OMP TASK shared(y)
y=fibon(n-2)
I$OMP END TASK
I$SOMP TASKWAIT
fib=x+y
end if
end function

int fibon(int n) // f(n) = f(n-1) + f(n-2)

{

int x, y;

if(n<2) return n;

if(n<30) return fibon(n-1)+fibon(n-2);
#pragma omp task shared(x)

{ x=fibon(n-1); }

#pragma omp task shared(y)

{ y=fibon(n-2); }

#pragma omp taskwait

return (x+y);
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Y, Fibonacci Performance G

» gfortran -DMAX=50 -fopenmp -cpp -03 ...

1 (serial) 8'27.37"
2 4'59.85"
4 3'48.93"
8 1'44.20"
16 1'0.50"
32 34.88"
64 18.23"

SUPERCOMPUTING EDUCATION CENTER
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MPI Programming

A
a KISTIZISHHO|E{A =

KISTI SCIENCE DATA SCHOOL

http://kacademy.kisti.re.kr

Day 3: MP]

» Introduction
— Parallel Computing, processes, and MPI

— MPI Implementations, Compiling, and
Execution

= MPI Functions
— P2P Communications
— Collective Communications
— Derived Data Types
» How to Parallelize
— Parallelizing DO Loops
— Parallelization and Message Passing

NTER

SUPERCOMPUTING EDUCATION CE
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Introduction

= Parallel Computing, processes, and MPI
=  MPI Implementations, Compiling, and
Execution

SUPERCOMPUTING EDUCATION CENTER

- A
Y. Parallel Computing s

Parallelization is another optimization technique
The goal is to reduce the execution time

To this end, multiple processors, or cores, are used

1 core 4 core

TR

Using 4 cores, the execution timel

Time

is % of the single core time
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x‘ Message Passing
> X|9Xo =2 022 WE 7HX|= T2 AE0| Ho|H
£ &ot/| flol HAIX|(HOE)E S, #4510 S4
SHe WAl
- GBS Pt YL, HIO[EZH|, St 28 S 2E AS
T2t 58 o EXT 788 FS(Very Flexible)
- CIIoH StESRof SR Z0M 18 7ts
. EAUZE CHE T2 MM AJAH
+ S7 HE2| THE ZEMAM ALE
- CHE Z2 MM ALE

> OAIX] i 2f0| 2212
— MPI, PVM, SHMEM

SUPERCOMPUTING EDUCATION CENTER

x ‘L Shared Memory Programming Model

Single thread
Multi-thread

I’ fork /

P1

P1 f« P2 [+ | P3 P4
P2 — _
join

Shared address space |

+—auwn

P3

P4

Process

Process

SUPERCOMPUTING EDUCATION CENTER
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3. Message Passing s

Serial Message-passing

+—aun

P1
P2
P3
Process 0 Process 1 Process 2 Process 3
P4 Node 1 Node 2 Node 3 Node 4
' — Data transmission over the interconnect

Y MPIZ 231017} s

» Message Passing Interface

Ol &4/ 20| E |
> www.mpi-forum.org
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3. _ History of MPI

> MPI-1: 1994 4

» MPI-1.1: 1995

> MPI-2 (MPI-1.2): 1997 4

> MPI-1.3: 2008 4

> MPI-2.1(MPI1 + MPI2): 2008
> MPI-2.2: 2009

> MPI-3: 2012 4

> MPI-3.1: 20154 (6 2)

3. _ www.mpi-forum.org

MPI Forum

DoCs MPI STANDARD EFFORTS ¥ MEETINGS

MPI Forum

This website contains information about the actiities of the MP! Forum. which is the standardization forum or the
Message Passing Interface (MP1) You may find standard documents. mformation about the activities of the MP1 forum, and
linics 1o comment on the MP1 Document using the navigation at the iop of the page

Updates
. Implementation Status (MPI 3.1), as of June 2016
- BoF at ISC 18, Jun. 21st, 2016
« News from the MPT Forum, inch MP1 3.1
» Activities from ail MP1 Forum Working Groups
= Haw can you get invobed?
= Complete shide deck avalable
« Implementation Status (MPI 3.1), as of November 2015
« BoF at SC 15, Nov. 18th, 2015

= Room 15, Austin Convention Center, Austin, TX
= News from the MP1 Forum, inct MP1 3.1

= Aciivities from all MPI Forum Working Geoups

= How can you get invaved?

» Complete side deck availadle

- Implementation Status (MPI 3.0), as of March 2015
- BoF at SC 14, Nov. 19th, 2014

+ Introduction and General Lipdate - Martin Schus

= Proposals for MP| Faul Tolerance - Weskey Bland

* The MPI Endpoints Propasai for betier MPHX Suppon - Pavan Balaji

= lgeas for persistant Pi-to-Pt Communication - Dankel Holmes (Edtable Version of the Document 1o Add
Comments)

= How to Participate in the MPY Forum

RESOURCES ¥
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Introduction

» Parallel Computing, processes, and MPI
= MPI Implementations, Compiling, and
Execution

!‘ Common MPI Implementations it

» MPICH(Argonne National Laboratory)
— Most common MPI implementation
— Derivatives
» Mvapich, Cray, Intel, IBM, MS, Tianhe

» Open MPI(Indiana University/LANL)
— Derivatives
« SUN

» Scali MPI Connect
» MPI/Pro (MPI Software Technology)
-
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- A
Y. Implementations: MVAPICH G

» MVAPICH, also known as MVAPICH2, is a BSD-licensed
implementation of the MPI standard developed by Ohio
State University.

» MVAPICH comes in a number of flavors:

— MVAPICHZ2, with support for InfiniBand, iWARP, RoCE, and Intel
Omni-Path

— MVAPICH2-X, with support for PGAS and OpenSHMEM

- MVAPICHZ2-GDR, with support for InfiniBand and NVIDIA CUDA
GPUs

— MVAPICH2-MIC, with support for InfiniBand and Intel MIC
— MVAPICH2-Virt, with support for InfiniBand and SR-IOV

— MVAPICH2-EA, which is energy-aware and supports InfiniBand,
IWARP, and RoCE

SUPERCOMPUTING EDUCATION CENTER

-_—- A
Y Compiling an MPI Program Qs

» Most MPI implementations supply compilation
scripts, eg.

Command Used to Compile

Fortran 77 mpif77 mpi_prog.f

Fortran 90 mpif90 mpi_prog.f90

C mpicc mpi_prog.c

C++ mpiCC or mpicxx mpi_prog.C

» Manual compilation/linking also possible
— Extremely complex

$ gcc —o hello.x -L/applic/compilers/gcc/4.1.2/mpi/openmpi/1.4.2/lib64
-I/applic/compilers/gcc/4.1.2/mpi/openmpi/1.4.2/include hello.c -Impi

SUPERCOMPUTING EDUCATION CENTER
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Y. _ MPI Machine File s

» A text file telling MPI where to launch processes
» Put separate host name on each line
» Example

$ cat hostfile
node01
node02
node03
node04

» Check implementation for multi-processor node formats
» Default file found in MPI installation

SUPERCOMPUTING EDUCATION CENTER

Y. Starting an MPI Program .

(:) node01
(:) Jshello.x (rank 0)
Execute on node1:

$ mpirun -np 4 -hostfile hosts ./hello. node02
/hello.x (rank 1)

@ node03

. Jhello.x (rank 2)
Check the MPI hostfile:
node01 node04
node02 Jhellox (rank 3)
node03
node04

SUPERCOMPUTING EDUCATION CENTER

-194 -



MPI Programming 1l

A
X PBS Interactive 2 & K| = o

> 15 5 252 debug 7 0|
- debug 0 X9 HZ E PIE|AE|S 39l 0|8

> OIE{2HE|E & A : gqsub -1

$ module add intel/18.0.3 impi/18.0.3

$ cd /scratch/sedu##

$ qsub -I -V -A etc -1 select=2:ncpus=8 -1 walltime=04:00:0@0 -q debug
gsub: waiting for job 4997862.pbs to start

gqsub: job 4997862.pbs ready

$ gstat -nu sedu5e

pbs:

Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK Memory Time S Time
4997862.pbs sedu50 debug STDIN 55500 2 20 25gb ©2:00 R 00:00

node8107/6*18+node8109/0*10

$ cat > mf
node8107
node8109

Y. “Hello, World” with hostname : € -

#include <stdio.h> $ mpiicc hello_host.c -o hello_host.x
#include <mpi.h> $ mpirun -np 4 -hostfile mf -ppn 2 ./hello_host.x
MPI Version 3.1
Hello World.(Process name=node8281, nRank=1, nProcs=4)

int main(int argc, char *argv[]) Hello World.(Process name=node8282, nRank=2, nProcs=4)
{ Hello World.(Process name=node8281, nRank=@, nProcs=4)
int ver,subver; Hello World.(Process name=node8282, nRank=3, nProcs=4)

int nRank, nProcs;
char procName[MPI_MAX_PROCESSOR_NAME] ;
int nNamelLen;

MPI_Init(NULL,NULL); // MPI Start
MPI_Comm_rank(MPI_COMM_WORLD,&nRank); // Get Current process rank id
MPI_Comm_size(MPI_COMM_WORLD,&nProcs); // Get number of processes
MPI_Get_version(&ver,&subver); // MPI Version Information

if(nRank==0)printf("MPI Version %d.%d\n",ver,subver);
MPI_Get_processor_name(procName, &nNamelen);

printf("Hello World.(Process name=%s, nRank=%d, nProcs=%d)\n",procName, nRank,
nProcs);

MPI_Finalize(); // MPI End

return @;
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Y “Hello, World” with hostname : Fortran

PROGRAM hello

USE mpi_fes

IMPLICIT NONE

INTEGER: :nRank, nProcs, nNamelen

CHARACTER (LEN=MPI_MAX_PROCESSOR_NAME) : : procName
INTEGER: :ver, subver

CALL MPI_Init
CALL MPI_Comm_size(MPI_COMM_WORLD, nProcs)
CALL MPI_Comm_rank(MPI_COMM_WORLD, nRank)

CALL MPI_Get_version(ver,subver)
IF(nRank==8) PRINT*, 'MPI Version',ver,'.',subver
CALL MPI_Get_processor_name(procName,nNamelLen)

CALL MPI_Finalize
END PROGRAM hello

$ mpiifort hello_host.f98 -o hello_host.x

$ mpirun -np 4 -hostfile mf -ppn 2 ./hello_host.x
MPI Version 3 . il

Hello World.(Process name=node8281, nRank=

Hello World.(Process name=node8281, nRank=
Hello World.(Process name=node8282, nRank=
Hello World.(Process name=node8282, nRank=

W N®R

sNProcs=
»NProcs=
sNProcs=
,hProcs=

PRINT*, '"Hello World.(Process name=',TRIM(procName), ',nRank=",nRank,',nProcs=

Eo R

' ,nProcs

KISTI
ATHOELA S

MPI Functions

= P2P Communications
= Collective Communications
= Derived Data Types

SUPERCOMPUTING EDUCATION CENTER
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Y MPIZE 10| 7| 2x e

include MPI header file

variable declarations

initialize the MPI environment

... do computation and MPI communication calls ...

close MPI environment

¥, MPI 3| G s

INCLUDE ‘mpif.h’ #include “mpi.h”
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¥, _MPIE7| 3}

CALL MPLINIT(ierr) int MPI_Init(&argc, &argv)

> MPI 24 X735}
> MPI £El Z 7 HX QA ot H HIEA| = E[0{0F &

> ABE LA OIHE 38t T2MAE|E EA 7t
> MPI_COMM_WORLD
~ D20 MUMA| M T AR V53t BE T2 HAS TEse
HRL|#H 0|
— MPI lmtOI S=E O ™ol &
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!‘ Communicator £

> T2 AMA ST
~ Z2 FHRUZOIHO| S8t TR A AL A Hy
e IZNAZIn7| YSH 0EE n-17HK| HZ SHE
— HA| XS] SAIKIRL =AM XS LEELLE 7| ol At
—TENAHE3 IIH 7|

Fortran | CALL MPI_COMM RANK (comm, rank, ierr)

C int MPI_Comm rank (MPI_Comm comm, int *rank)

SUPERCOMPUTING EDUCATION CENTER

!‘ Communicator £

> 717 LA O[H ALO[=
- HRUAHOIHO| 2 & Z2MAE2| & 7+
— B 0|E AO|= 7} 7|

Fortran | CALL MPI_COMM SIZE (comm, size, ierr)

C int MPI_Comm size (MPI_Comm comm, int *size)

SUPERCOMPUTING EDUCATION CENTER
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Y MPIZEI1YSE

CALL MPI_FINALIZE (ierr) int MPI_Finalize();

> BEMPI AR X HE|
> BE ZZMNAS0A OFX|Ef e =2 of B = E[0{0}

(=13
|

Y. hones:

PROGRAM skeleton

INCLUDE ‘mpifh’

INTEGER ierr, rank, size

CALL MPI_INIT(ierr)

CALL MPI_ COMM_RANK(MPI COMM_WORLD, rank, ierr)
CALL MPI COMM_SIZE(MP| COMM_WORLD, size, ierr)

! ... your code here ...

CALL MPI FINALIZE(ierr)
END
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= A 1T < KISTI
Z‘ ==EZSU:EHE (e

(} int MPI_Send(void *buf, int count, MPI_Datatype
datatype, int dest, int tag, MPI_Comm comm)

Fortran MPI_SEND (buf, count, datatype, dest, tag, comm, ierr)

(CHOICE) buf : &4 HIHO| A|ZF 4 (IN)
INTEGER count : S48 4 714 (IN)
INTEGER datatype : 2+ @22 MP| O|O|E Et (1 E) (IN)
INTEGER dest : 8 ZZA A0 #3 (IN)

Ao SEER235HH MPI_PROC_NULL
INTEGER tag : MA|X| 12| & (IN)
INTEGER comm : MPI ZHRLAHO|E (1) (IN)

If (myrank==0)
MPI SEND(a, 50, MPI_REAL, 5, 1, MPI_COMM WORLD, ierr)

int MPI_Recv(void *buf, int count, MPI Datatype
C datatype, int source, int tag, MPI_Comm comm,
MPI_Status *status)

MPI RECV (buf, count, datatype, source, tag, comm,
status, ierr)

Fortran

(CHOICE) buf : $ iﬂTdSI AlZ F4 (OUT)

INTEGER count : $41E 14 744 (IN)

INTEGER datatype : Zf 42 MPI 4|O|&{ Et (3HS) (IN)

INTEGER source : &4 ZZ A A2 283 (IN)

S4l0] EER5HH MPI_LPROC_NULL

INTEGER tag : MA|X] 2| & (IN)

INTEGER comm : MPI R LIAIOIE () (IN)

INTEGER status(MPI_STATUS_SIZE) : &M & MAIX|2 & XZ (OUT)

If (myrank==5)
MPI RECV(a,50,MPI REAL,0,1,MPI COMM WORLD, status,ierr)
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> AT HUE FHES ABE 4 9

ojo

> DE TR AHARLE HAIX| 44
MPI_ANY_SOURCE

> OjH N2|EE CHHAIX|E 25 4
MPI_ANY_TAG

> =L XEO| status Q1 =0f| M El= HE
N1V ES
- N2 E
— OIO|Ef 37| : MPI_GET_COUNT A2

source status(MPI_SOURCE) status.MPI_SOURCE
tag status(MPI_TAG) status.MPI_TAG
count MPI_GET_COUNT MPI_Get_count
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» MPI_GET_COUNT

— alE oAIX o] B 7 2|

= A wasn
)!g‘: 25?55%534 'T_‘éJ ( oses

(: int MPI_Get count (MPI_Status *status, MPI_Datatype
datatype, int *count)

Fortran |[Mpi_ceET counT(status, datatype, count, ierr)

INTEGER status(MPI_STATUS_SIZE) : £AIEl M A|X|2] AEH (IN)
INTEGER datatype : Z+ 49| 0|O|E{ Et] (IN)
INTEGER count : 49| 744 (OUT)

SUPERCOMPUTING EDUCATION CENTER

#include <stdio.h> $ mpiicc send_recv.c -o send_recv.x
#include "mpi.h" $ mpirun -np 2 ./send_recv.x
P:@ Got data from processor 1
int main(void) P:@ Got 100 elements
{ P:@ value[5]=5.000000

int rank, i, count;
float data[160], value[200];
MPI_Status status;
MPI_Init(NULL,NULL);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
if(rank==0) {
for(i=0;i<100;++1) data[i]=1;
MPI_Send(data,100,MPI_FLOAT, 1, 55, MPI_COMM_WORLD);
}
else if(rank==1){
MPI_Recv(value,200,MPI_FLOAT,MPI_ANY_SOURCE, 55, MPI_COMM_WORLD, &status);
printf("P:%d Got data from processor %d \n",rank, status.MPI_SOURCE);
MPI_Get_count(&status,MPI_FLOAT,&count);
printf("P:%d Got %d elements \n",rank,count);
printf("P:%d value[5]=%f \n",rank,value[5]);

}
MPI_Finalize();
return @;

Y _ SEND RECY Example : C Qe
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Y. SEND RECV Example : Fortran Qe

PROGRAM send_recv $ mpiifort send_recv.f90 -o send_recv.x

USE mpi_fes $ mpirun -np 2 ./send_recv.x

IMPLICIT NONE p: 1 got data from processor e
INTEGER: :rank,size, count,k P: 1 got 100 elements

REAL:: data(1e@), value(200) P: 1 value(5)= 5.00000000

TYPE(MPI_STATUS): :status
CALL MPI_Init
CALL MPI_Comm_rank(MPI_COMM_WORLD, rank)
IF(rank==0) THEN
data = (/(k, k=1,100)/)
CALL MPI_SEND(data,100,MPI_REAL,1,55,MPI_COMM_WORLD)
ELSEIF(rank==1)THEN
CALL MPI_RECV(value,200,MPI_REAL,MPI_ANY_SOURCE,55,MPI_COMM_WORLD,status)
PRINT*,"p:",rank," got data from processor ",status¥%MPI_SOURCE
CALL MPI_GET_COUNT(status,MPI_REAL,count)
PRINT*,"P:",rank," got ",count," elements
PRINT*,"P:",rank," value(5)=",value(5)
ENDIF
CALL MPI_Finalize
END PROGRAM send_recv

FY St =73} : S E

=

=
H% CI0IEIS AL5IX| §= CIE =] 53
L SAI AN HS SA| £

3.841 2= : Ci7] EE= HAl

rir
1
>
10
kel
|>
om

> StE M 7HX SHZ 2R/
1
2

SUPERCOMPUTING EDUCATION CENTER
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Y =22 EM XT3

KISTI
ATHOELA S

int MPI_ISend(void *buf, int count, MPI_Datatype
C datatype, int dest, int tag, MPI_Comm comm,
MPI_Request *request)

MPI_ISEND (buf, count, datatype, dest, tag, comm,
request, ierr)

Fortran

int MPI_Irecv(void *buf, int count, MPI_ Datatype
C datatype, int source, int tag, MPI_Comm comm,
MPI_Request *request)

MPI_IRECV(buf, count, datatype, source, tag, comm,
request, ierr)

Fortran

on

INTEGER request : £7|3}El 419 AlHg| 0| & () (OUT)

=28 FU0I= status 2T} @S

» [l 7|(waiting) SE= Z Al(testing)

_ 7|
. REIO| SHED SM0| A2 YK Z2NAS 22
C=22Y SN+ 7 =22 SA

— AA

SUPERCOMPUTING EDUCATION CENTER

KISTI
ATHOELA S
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¥ o7 e

C int MPI_Wait (MPI_Request *request, MPI_Status *status)

Fortran |Mp1_warT(request, status, ierr)

INTEGER request : ZAEIE SAMO| AlHo|| 0| (HE) (IN)

INTEGER status(MPI_STATUS_SIZE) : &4l HiA|X|Of CHEF B & EE
= 54 FEI tist 2= (OUT)

SUPERCOMPUTING EDUCATION CENTER

C int MPI_Test (MPI_Request *request, int *flag,
= MPI_Status *status)

FO]’tran MPI_TEST (request, flag, status, ierr)

INTEGER request : ZAEIE SAMO| AlHo|| 0| (HE) (IN)
LOGICAL flag : SAI0] 2t2&|™ & ofL|H AHA S 2|8 (OUT)
INTEGER status(MPI_STATUS_SIZE) : =4l MA|X|of CHEt HE

L

= 54 FEO| gt ol Z= (OUT)

0l
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i A
Y. Non-hlocking SEND RECV Example : C e
#include <stdio.h>
#include "mpi.h*
int main(void)
{
int rank, i, count;
float data[10@], value[20@];
MPI_Status status; MPI_Request req;
MPI_Init(NULL,NULL);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
if(rank==0) {
for(i=0;i<100;++i) data[i]=1i;
MPI_Isend(data,100,MPI_FLOAT, 1, 55, MPI_COMM_WORLD,&req);
}
else if(rank==1)
MPI_Irecv(value,20@,MPI_FLOAT,MPI_ANY_SOURCE, 55, MPI_COMM_WORLD, &req);
MPI_Wait(&req,&status)
if(rank==1){
printf("P:%d Got data from processor %d \n",rank, status.MPI_SOURCE);
MPI_Get_count(&status,MPI_FLOAT,&count);
printf("P:%d Got %d elements \n",rank,count);
printf("P:%d value[5]=%f \n",rank,value[5]);
}
MPI_Finalize(); return @;
}

SUPERCOMPUTING EDUCATION CENTER

Y. Non-blocking SEND RECY Example : Fortran Qe

PROGRAM send_recv

USE mpi_fes

IMPLICIT NONE

INTEGER: :rank,size, count, k

REAL:: data(1e@), value(200)

TYPE(MPI_STATUS)::status

TYPE(MPI_REQUEST):: req

CALL MPI_Init

CALL MPI_Comm_rank(MPI_COMM_WORLD, rank)

IF(rank==0) THEN
data = (/(k, k=1,100)/)
CALL MPI_ISEND(data,100,MPI_REAL,1,55,MPI_COMM_WORLD,req)

ELSEIF(rank==1)THEN
CALL MPI_IRECV(value,20@,MPI_REAL,MPI_ANY_SOURCE,55,MPI_COMM_WORLD,req)

ENDIF

CALL MPI_WAIT(req,status)

if(rank==1) then
PRINT*,"p:",rank," got data from processor ",status%MPI_SOURCE
CALL MPI_GET_COUNT(status,MPI_REAL,count)
PRINT*,"P:",rank," got ",count,"” elements”
PRINT*,"P:",rank,"” value(5)=",value(5)

endif

CALL MPI_Finalize

END PROGRAM send_recv

MPUTING EDUCATION CENTER
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AU
> EHEh S A st S A
> datsk 242 WX (deadlock)0l| 2|
rank 0 rank 1 rank 0 rank 1
HEN » OO ¢ HEN » L0100
sendbuf recvbuf sendbuf recvbuf

B O[O0}« (00)

........................

»,

IF (myrank==0) THEN

CALL MPI_SEND (sendbuf, ...)
CALL MPI_RECV(recvbuf, ...)
ELSEIF (myrank==1) THEN

CALL MPI_SEND (sendbuf, ...)
CALL MPI_RECV(recvbuf, ...)
ENDIF

UTING EDUCATION CENTER

- 209 -



I 2020 HPC ){E3tn

Y. Deadlock_blocking : C e

#include <stdio.h>
#include "mpi.h"
#define BUF_SIZE (1824*MAX)

int main()
{
int nrank,i;
double a[BUF_SIZE],b[BUF_SIZE];
MPI_Init(NULL,NULL);
MPI_Comm_rank (MPI_COMM_WORLD,&nrank);
if(nrank==0) {
MPI_Send(a,BUF_SIZE,MPI_DOUBLE, 1,
MPI_Recv(b,BUF_SIZE,MPI_DOUBLE, 1,

17,MPI_COMM_WORLD);
19,MPI_COMM_WORLD,MPI_STATUS_IGNORE);

}
else if(nrank==1){
MPI_Send(a,BUF_SIZE,MPI_DOUBLE, @,19,MPI_COMM_WORLD);
MPI_Recv(b,BUF_SIZE,MPI_DOUBLE, ©,17,MPI_COMM_WORLD,MPI_STATUS_IGNORE);
}
MPI_Finalize();
return @;

}

$ mpiicc -DMAX=24 (or 25) deadlock.c -o deadlock.x (on the KNL intra node)
$ mpirun -np 2 ./deadlock.x

Y. Deadlock_blocking : Fortran Qe

PROGRAM deadlock

USE mpi_fes

INTEGER: :nrank,nprocs, i
INTEGER,PARAMETER: :buf_size=1024*MAX

REAL (KIND=8) ,DIMENSION(buf size)::a,b
CALL MPI_Init
CALL MPI_Comm_rank(MPI_COMM_WORLD,nrank)
IF(nrank==8)THEN
CALL MPI_Send(a,buf_size,MPI_REAL8,1,17,MPI_COMM_WORLD)
CALL MPI_Recv(b,buf_size,MPI_REAL8,1,19,MPI_COMM_WORLD,MPI_STATUS_IGNORE)
ELSEIF (nrank==1)THEN
CALL MPI_send(a,buf_size,MPI_REALS,@,19,MPI_COMM_WORLD)
CALL MPI_Recv(b,buf_size,MPI_REALS8,0,17,MPI_COMM_WORLD,MPI_STATUS_IGNORE)
ENDIF
CALL MPI_Finalize
END PROGRAM deadlock

$ mpiifort -fpp -DMAX=24 (or 25) deadlock.f9@ -o deadlock.x (on the KNL intra
node)
$ mpirun -np 2 ./deadlock.x
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Y, s s -
> BHES SARE, CHE 2 S AR
222, =227 20| AL} RR|H nx gl

IF (myrank==0) THEN

.
—

CALL MPI_SEND (sendbuf,

CALL MPI_RECV(recvbuf, .))
ELSEIF (myrank==1) THEN

CALL MPI_RECV(recvbuf, ..)

CALL MPI_SEND (sendbuf, ...)
ENDIF

PUTING EDUCATION CENTER

IF (myrank==0) THEN

CALL MPI_ ISEND (sendbuf, .., ireql, ..)

CALL MPI_IRECV(recvbuf, .., ireq2, ..
ELSEIF (myrank==1) THEN

CALL MPI_ISEND (sendbuf, .., ireql, ..)

CALL MPI_IRECV(recvbuf, .., ireq2, ..
ENDIF

CALL MPI_WAIT (ireql, ..)
CALL MPI_WAIT (ireq2, ..)

PUTING EDUCATION CENTER
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MPI Functions

= P2P Communications
» Collective Communications
= Derived Data Types

- A
!‘ 2 = Qe
> ot AEQ| ZE N AT EO5= S
> EOE S 7|8t
> U 412 0|8t +AHELC He|st dsTHOM 7
2
> ag sd 2E
- HARUAHOIE Lo BE Z2 AN 2E
- &7|37t EEE[X]| %2 (MPI_Barrier X 2|)
- 2|7 s

-212 -




MPI Programming 1l

&-(
ital
mot
of
¢
Q.
l%g

i

One buffer MPI_BCAST
One send buffer and | MPI_GATHER, MP|_SCATTER,
one receive buffer MPI_ALLGATHER, MPI_ALLTOALL,

MPI_GATHERYV, MPI_SCATTERY,
MPI_ALLGATHERV, MPI_ALLTOALLV

Reduction MPI_REDUCE, MPI_ALLREDUCE,
MPI_SCAN, MPI_REDUCE_SCATTER

Others MPI_BARRIER, MPI_OP_CREATE,
MPI_OP_FREE

. A
XIstE A 5o
L ER=k= ol [ o pLitie
G data ——»
w —
8 POl A A POl A ArBeCeD
] aesl
a py broadcast | , P1| B reduce
l [ — 5 p2lc|—>
] = P3| D
*:some operator
rolale|c|o A PO| A AsBeCsD
scatter ] all
P1 , B P1| B vidice AsBsCsD
P2 A |IE P2| C AsBeCsD
P3 Gath o P3| D AsBeCsD
*:some operator
PO | A alelc|o Po| A A
allgather bl
P1| B alelc|o PI B | gean AsB
—_— 1
P2l alel|c|o p2lc | |aec
P3| D alelc|o P3| D ABHCHD
*:some operator
PO | A0 | a1 | A2 | A a0 | 8o | co| oo PO | A0 | A1 | A2 | A3 AQ*BO+C0+DO
alltoall TeAuice
1 1 A1sB1sC1D1
Pi|B0|B1|B2|BS » |A1]B1|cifoO1 Pl |B0|B1|B2|8B3 '
pzlcofct|cz|ca A2 |B2|c2| o2 Pz|co|ct|ce|ca > |A2eB2:C2:02
P3|oo|o1|p2| 03 A3|B3|ca|os P3|oo| 01| D2| 03 A3:B3-C303
*:some operator
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Y. 25 : MPI_BCAST Gises

t} int MPI_Bcast(void *buffer, int count, MPI Datatype
datatype, int root, MPI_Comm comm)

F@I’tran MPI_BCAST (buffer, count, datatype, root, comm, ierr)

(CHOICE) buffer : HIH 2| A|& F4 (INOUT)
INTEGER count : I 42| 7% (IN)

INTEGER datatype : HIH &242| MPI GjO|& Et2] (IN)
INTEGER root : FE ZTZMN A2 W3 (IN)

INTEGER comm @ H&JLIAOIE (IN)

> RE Z2NL22RH ARUAOH L{e| CHE ZEAHA
2 SESHOIHE HE: EOfct S

E rank=0=root rank=1 rank=2

MP1_INTEGER| !
X4

i
; imsg imsg imsg
1
1
1

.................................................................................
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3. MPI_BCAST 07| :
/*broadcast*/

#include <mpi.h>

#include <stdio.h>

void main (int argc, char *argv[]) {

int i, myrank ;

int imsg[4];

MPI Init(&argc, &argv);

MPI Comm rank (MPI_COMM WORLD, &myrank) ;

if (myrank==0) for (i=0; i<4; i++) imsg[i] = i+1;
else for (i=0; i<4; i++) imsg[i] = 0;

printf (“%d: BEFORE:”, myrank) ;

for (i=0; i<4; i++) printf(™ %d”, imsg[i]);
printf (“\n”) ;

MPI_Bcast(imsg, 4, MPI_INT, 0, MPI_COMM WORLD) ;
printf (“%d: AFTER:"”, myrank) ;

for (i=0; i<4; i++) printf(™ %d4d”, imsg[i]); printf(“\n”);
MPI Finalize();

3. MPI_BCAST | X : Fortran
PROGRAM bcast

INCLUDE ‘mpif.h’

INTEGER imsg(4)

CALL MPI_INIT(ierr)

CALL MPI_ COMM RANK (MPI_COMM WORLD, myrank, ierr)
If (myrank ==0) then

imsg = (/(i,i=1,4)/)
else

imsg = 0
Endif

PRINT*, myrank, ‘':Before:’ , 6 imsg
CALL MPI_BCAST (imsg, 4, MPI_INTEGER, 0, MPI_COMM WORLD, ierr)

PRINT* myrank, ‘:After :’,6imsg
CALL MPI_ FINALIZE (ierr)
END

APUTING EDUCATION CENTER
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A
Y. %15t : MPI_GATHER s

int MPI_Gather (void *sendbuf, int sendcount,
C MPI Datatype sendtype, void *recvbuf, int recvcount,
MPI Datatype recvtype, int root, MPI_Comm comm)

FOftran MPI_GATHER (sendbuf, sendcount, sendtype, recvbuf,
: recvcount, recvtype, root, comm, ierr)

(CHOICE) sendbuf : 2 HEHS| Al = F=4A (IN)
INTEGER sendcount : &4 HIES| {4 74 (IN)
INTEGER sendtype : &4 HIH |49 MPI H|OJ&{ EF (IN)

(CHOICE) recvbuf : &4 HIHS| =4 (OUT)
INTEGER reovcount s R0 74 (IN)
INTEGER recvtype : &4 HIH €42 MPI HlO|E& EFR! (IN)

INTEGER root @ =4 iE*‘"A( EX2h42A)9 &3 (IN)
INTEGER comm : HRJ/U#H O|E (IN)

> BE Z2MAEE 227t Silet H0|HE F ot A3
=MIZ M CHf e S

SUPERCOMPUTING EDUCATION CENTER

3. MP1_GATHER: 52| ALt s

> Al I:I-|u1(sendbuf)9|- =4 HIH(recvbuf)2| 0| 22| 2| X[ 7t
?==}I=|X|I| REE FOGA.F, 2 0|EE2 1 HOHE

S HHeL =4 HIHE 0| 8%t= 2= A sS40 3
=

0

>

—

o

El= HolHe A7 2F SEE A

rir

> A7|7F MZ CHE O|O|E 2 F T & MPI_GATHERV

SUPERCOMPUTING EDUCATION CENTER
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Y. MPI_GATHER 0 7| Gz

MPI_COMM_WORLD

rank=0=root rank=1 rank=2
MPI_INTEGERI 5
®1 1
isend isend isend !
MPI_INTEGERI
%1
irecv

Y. MP1_GATHER O{ X : € G

/*gather*/
#include <mpi.h>
#include <stdio.h>
void main (int argc, char *argv[]) {
int i, nprocs, myrank ;
int isend, irecv[3];
MPI Init(&argc, &argv);
MPI Comm size (MPI_COMM WORLD, &nprocs) ;
MPI_Comm rank (MPI_COMM WORLD, &myrank);
isend = myrank + 1;
MPI_ Gather (&isend,1l,MPI_INT,irecv,l,MPI_INT,O,
MPI COMM WORLD) ;
if (myrank == 0) {
printf (“ irecv = ") ;
for (i=0; i<3; i++)
printf (Y %d”, irecv[i]); printf(“\n”);

}
MPI Finalize();
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A
Y -Fortran s

PROGRAM gather

INCLUDE ‘mpif.h’

INTEGER irecv(3)

CALL MPI INIT (ierr)

CALL MPI_COMM SIZE (MPI_ COMM WORLD, nprocs, ierr)

CALL MPI_COMM RANK(MPI COMM WORLD, myrank, ierr)

isend = myrank + 1

CALL MPI_GATHER (isend,1,MPI_ INTEGER,irecv,1l,MPI_ INTEGER, &
0, MPI COMM WORLD, ierr)

IF (myrank==0) THEN

PRINT *, ‘irecv =’ ,irecv
ENDIF
CALL MPI_ FINALIZE (ierr)
END

_|_ A
Y. %1%t : MPI_GATHERV Qe
int MPI_Gatherv(void *sendbuf, int sendcount,
C MPI_Datatype sendtype, void *recvbuf, int recvcounts,
int displs, MPI Datatype recvtype, int root, MPI_Comm
comm)
F Ol'tr an MPI_GATHERV (sendbuf, sendcount, sendtype, recvbuf,
: recvcounts, displs, recvtype, root, comm, ierr)
(CHOICE) recvbuf : £&AHIHO| —’F— (ouT)

INTEGER recvcounts( ) AE 40 S HAESHE 4 HE(IN)
INTEGER displs(*) : A4 H¥, IE'_'”IH Aol ZEN A UM EH 2= HIOIE 7 A
e oM HIH A9 QXS LIEH (IN)

Y

Zt T2 NAZEEH TESE= HO|EHe 7|7t CHE BF AME
> MNZ CHE2 HA|X| 27| = L recveountsOf X| 7, Hi L displsOf| £ E
Z2 A0 o{C|0f Ci|O|E{ 7} || XISHA| &l =7tE IP“

SUPERCOMPUTING EDUCATION CENTER
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Y. MPI_GATHERY 0 x| it

COMM

rank=0=root rank=1 rank=2
sendcoun ""_ 2
E sendbuf 2
' sendbuf

E sendbuf

recvcounts(0

displs(0)
displs(1)

recvcounts(1

displs(2)

recvcounts(2

Y. MP1_GATHERV O] X : € -

/*gatherv*/
#include <mpi.h>
#include <stdio.h>
void main (int argec, char *argv[]) {
int i, myrank ;
int isend[3], irecv[6];
int isecnt, irent[3]1={1,2,3}, idisp[31={0,1,3};
MPI_Init(&argc, &argv) ;
MPI_Comm_rank {MPI_COM'!_WORLD, &myrank) ;
for (i=0; i<myrank+l; i++) isend[i] = myrank + 1;
iscnt = myrank +1;
MPI_Gatherv(isend, iscnt, MPI_INT, irecv, ircnt, idisp,
MPI_INT, 0, MPI_COMM WORLD) ;
if (myrank == 0) ({
printf (" irecv = ") ; for(i=0; i<6; i++) printf ("™ %d4d”, irecv[i]);
printf (“\n”) ;
}
MPI Finalize();
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Y. _ MP1_GATHERV 0/ % : Fortran Qs

PROGRAM gatherv

INCLUDE ‘mpif.h’

INTEGER isend(3), irecv(6)

INTEGER ircnt(0:2), idisp(0:2)

DATA irent/1,2,3/ idisp/0,1,3/

CALL MPI_INIT (ierr)

CALL MPI_COMM RANK(MPI_ COMM WORLD, myrank, ierr)

DO i=1,myrank+l
isend (i) = myrank + 1

ENDDO

iscnt = myrank + 1

CALL MPI_GATHERV (isend,iscnt,MPI_ INTEGER,irecv,ircnt,idisp,&
MPI_INTEGER,O0,MPI_ COMM WORLD, ierr)

IF (myrank==0) THEN

PRINT *,’irecv =’ ,irecv
ENDIF
CALL MPI_FINALIZE (ierr)
END

ot

Y._ /3t MPI_ALLGATHER e

int MPI_Allgather (void *sendbuf, int sendcount,
_C MPI Datatype sendtype, void *recvbuf, int recvcount,
MPI Datatype recvtype, MPI_Comm comm)

MPI_ALLGATHER (sendbuf, sendcount, sendtype, recvbuf,
recvcount, recvtype, comm, ierr)

Fortran

(CHOICE) sendbuf : &4 HHIH Q| Al& FA(IN)

INTEGER sendcount : &4 HIHO| &4 7f4(IN)

INTEGER sendtype : &4 HHIH 49| MPI 40| E} (IN)
(CHOICE) recvbuf : =4l HHIH2| F4(0UT)

INTEGER recvcount : Zt T2MAZEE £MNE HO[E ZH4(IN)
INTEGER recvtype : £ &I I C|O[ & EFR (IN)

INTEGER comm : Z{ &/ L{HO|Ef (IN)

> MPI_GATHER + MPI_BCAST
> Z2M2j2 HOlH > 2E 4 HE j M S50 HF

SUPERCOMPUTING EDUCATION CENTER
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Y. MPI_ALLGATHER O | G
COMM
rank=0 rank=1 rank=2
sendcouni : |
sendbuf
recvcountI

3. MPI_RLLGATHER O{| 7| : ¢

/*allgather*/
#include <mpi.h>
#include <stdio.h>
void main (int argc, char *argv([]) {
int i, myrank ;
int isend, irecv[3];
MPI Init(&argc, &argv) ;
MPI Comm_ rank (MPI_COMM WORLD, &myrank) ;
isend = myrank + 1;
MPI_Allgather(&isend, 1, MPI_INT, irecv, 1,
MPI_INT, MPI_COMM WORLD) ;
printf (“%d irecv = ) ;
for(i=0; i<3; i++) printf(“ %d”, irecv[i]);
printf (“\n”) ;
MPI Finalize() ;
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3. MPI_ALLGATHER /X

PROGRAM allgather

INCLUDE ‘mpif.h’

INTEGER irecv (3)

CALL MPI INIT (ierr)

CALL MPI COMM SIZE (MPI COMM WORLD, nprocs, ierr)
CALL MPI_COMM RANK (MPI_COMM WORLD, myrank, ierr)

isend = myrank + 1

CALL MPI ALLGATHER (isend, 1, MPI_INTEGER, &
irecv, 1, MPI_INTEGER, MPI_COMM WORLD, ierr)

PRINT *,’irecv =’ , irecv

CALL MPI_FINALIZE (ierr)

END

KISTI
ATHOELA S

X =

A
2! : MP1_ALLGATHERV (¢ o
int MPI_Allgatherv(void *sendbuf, int sendcount,
C MPI Datatype sendtype, void *recvbuf, int recvcounts,

int displs, MPI_Datatype recvtype, MPI_Comm comm)

Fortran

recvcounts, displs, recvtype, comm, ierr)

MPI ALLGATHERV (sendbuf, sendcount, sendtype, recvbuf,

> MPI_ALLGATHER2} £ 2 7|52 oI A2 CHE A7[9| O

OlH E Fge M AFE

SUPERCOMPUTING EDUCATION CENTER
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Y. MPI_ALLGATHERV Cj | s

rank=1 rank=2

sendcount :m

v

sendbuf

recvcounts(ﬂ):r"" - _
A -
recvcounts(1) = displs(1)
1 = Hispls(2)
recvcounts(2)

k.

recvbuf

NG EDUCATION CENTER

Y. SHAF: MPI_REDUCE o

int MPI_Reduce (void *sendbuf, void *recvbuf, int count,
C_ MPI_Datatype datatype, MPI _Op op, int root, MPI_Comm
comm)
F'Ortran MPI_REDUCE (sendbuf, recvbuf, count, datatype, op, root,
: comm, ierr)

(CHOICE) sendbuf : $4 HIH2| AI Z F4 (IN)

(CHOICE) recvbuf : 4 HHIH2| F (OUT)

INTEGER count : &4 HHiHQ| |4 7H-r (IN)

INTEGER datatype S8 HH *49 MPI HIOJE EFR! (IN)
INTEGER op : &4 HAXE (IN)

INTEGER root : FE Z2M A2 &3 (IN)

INTEGER comm : H®/UAH O (IN)

> 4 ZEMAZRE OO|H S 20t ofLte| Zre 2 2t
HE 2E ma A A0 M

SUPERCOMPUTING EDUCATION CENTER
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Y. MPI_REDUGE: 14131} T 0| £f Ef )

"MPI_SUM (sum),
MPI_PROD (product)

| MPLLINTEGER, MPI_REAL,

MPI_DOUBLE_PRECISION,
MPI_COMPLEX

MPI_MAX(maximum),
MPI_MIN (minimum)

MPI_INTEGER, MPI_REAL,
MPI_DOUBLE_PRECISION

MPI_MAXLOC (max value and location),
MPI_MINLOC (min value and location)

MPI_2INTEGER, MPI_2REAL,
MPI_2DOUBLE_PRECISION

MPI_LAND (logical AND),
MPI_LOR(logical OR),
MPI_LXOR(logical XOR)

MPI_LOGICAL

MPI_BAND (bitwise AND),
MPI_BOR (bitwise OR),
MPI_BXOR (bitwise XOR)

MPI_INTEGER, MPI_BYTE

3. MPI_REDUCE: 1 At} 50| Ef

MPI_SUM(sum),
MPI_PROD (product)
MPI_MAX(maximum),
MPI_MIN(minimum)

T MPLINT, MPI_LONG, MPI_SHORT,

MPI_UNSIGNED_SHORT, MPI_UNSIGNED

MPI_UNSIGNED_LONG, MPI_FLOAT,
MPI_DOUBLE, MPI_LONG_DOUBLE

MPI_MAXLOC(max value and location),
MPI_MINLOC(min value and location)

MPI_FLOAT_INT, MPI_DOUBLE_INT,

MPI_LONG_INT, MPI_2INT, MPI_SHORT_INT,
MPI_LONG_DOUBLE_INT

MPI_LAND(logical AND),
MPI_LOR(logical OR),
MPI_LXOR(logical XOR)

MPI_INT, MPI_LONG, MPI_SHORT,
MPI_UNSIGNED_SHORT, MPI_UNSIGNED

MPI_UNSIGNED_LONG

MPI_BAND (bitwise AND),
MPI_BOR(bitwise OR),
MPI_BXOR (bitwise XOR)

MPI_INT, MPI_LONG, MPI_SHORT,
MPI_UNSIGNED_SHORT, MPI_UNSIGNED

MPI_UNSIGNED_LONG, MPI_BYTE
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3. MPI_REDUCE O/

MPI_COMM_WORLD

rank=0=root rank=1 rank=2

123 4567 839 1 234567889 12 3 45 6 7 8 9

iLdefsl | [ [T LI ] falsiel [ 1 4L 11111 [7]8]9]
. array a array a arraV
E | s sum ; sum

SUPERCOMPUTING EDUCATION CENTER

Y. MPI_REDUCE O X

/*reduce*/
#include <mpi.h>
#include <stdio.h>
void main (int argc, char *argv[]) {
int i, myrank, ista, iend;
double a[9], sum, tsum;
MPT Init(&argc, &argv);
MPI Comm rank (MPI_COMM WORLD, &myrank) ;
ista = myrank*3 ;

iend = ista + 2;
for(i = ista; i<iend+1l; i++) al[i] = i+1;
sum = 0.0;
for(i = ista; i<iend+1l; i++)
sum = sum + a[i];
MPI_Reduce (&sum, &tsum,1,MPI_DOUBLE,MPI_SUM,0,MPI_COMM WORLD) ;
if (myrank == 0) printf(“ sum = %£f \n”, tsum);
MPI Finalize();

SUPERCOMPUTING EDLICATION CENTER
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A

3. MPI_REDUCE O} X : Fortran -
PROGRAM reduce
INCLUDE ‘mpif.h’
REAL a(9) ,sum, tsum
CALL MPI_INIT(ierr)
CALL MPI_COMM RANK (MPI_COMM WORLD, myrank, ierr)
Ista = myrank * 3 + 1
Iend = ista + 2
DO i=ista,iend

a(i) = I
ENDDO
Sum = 0.0
DO i=ista,iend

sum = sum + a(i)
ENDDO
CALL MPI_REDUCE (sum, tsum,l,MPI_REAL MPI_ SUM,0,MPI COMM WORLD,ierr)
IF (myrank==0) THEN

PRINT *,'sum =’ ,6 tsum
ENDIF
CALL MPI_FIN!\LIZE(ierr}
END

A
3 MPI_REDUCE O X : t{ & s
COMM
rank=0=root rank=1 rank=2
count
6
sendbuf
count ]
15 = 4+5+6
recvbuf

ON CENTER
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Y. £HAF: MPI_ALLREDUCE

int MPI_Allreduce(void *sendbuf, void *recvbuf, int

count, MPI_ Datatype datatype, MPI_Op op, MPI_Comm comm)

vt~ |MPI_ALLREDUCE (sendbuf, recvbuf, count, datatype, op,
Fortran comm, ierr)
> Zt T2 NAZEE HO|EHE 20t 8ILtQ| ZfoZ Ehit 1
ZIE ZE ZEN20 MY

SUPERCOMPUTING EDUCATION CENTER

Y. _ MPI_ALLREDUCE O/

COMM
countI 154
sendbuf sendbuf
op op op
cDuntI 6=1+2+3 6=1+2+3 6=1+2+3
: recvbuf recvbuf recvbuf

JPERCOMPUTING EDUCATION CENTER
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Yo

t4F: MPI_SCATTER J Fecee

kot

int MPI_Scatter (void *sendbuf, int sendcount,
C MPI Datatype sendtype, void *recvbuf, int recvcount,
MPI_Datatype recvtype, int root, MPI_Comm comm)

: _ MPI_ SCATTER (sendbuf, sendcount, sendtype, recvbuf,
Fortran recvcount, recvtype, root, comm, ierr)

(CHOICE) sendbuf : &4 HIEH2 F4 (IN)

INTEGER sendcount : 2t =2 1|AE 2LX = F4 75 (IN)

INTEGER sendtype : -i-';- A HEH A2 MPI EiIOIEI Ef! (IN)
(CHOICE) recvbuf : "‘*' HIHS F4 (OUT)

INTEGER recvcount M HEHO A iS4 (IN)

INTEGER recvtype : I HIH 2| MPI Ol O|Ef EtR! (IN)
INTEGER root : &4l _EMI o #3 (IN)

INTEGER comm : { /LA OIE] (IN)

> 2E DEMAL GO|EE 2 372 Lol 2 ZaAA
TEECEE e i

COMM
§ rank=0=root i rank=1 i rank=2 —_"§
sendcountI: 1
i . 4 i
recvcountl- 2 i
recvbuf recvbuf,
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Y. MP1_SCATTER O/ X : Fortran

PROGRAM scatter
INCLUDE ‘mpif.h’
INTEGER isend(3)
CALL MPI_INIT (ierr)
CALL MPI_COMM SIZE (MPI_COMM WORLD, nprocs, ierr)
CALL MPI_COMM RANK (MPI_COMM WORLD, myrank, ierr)
IF (myrank==0) THEN
DO i=1,nprocs
isend(i)=i
ENDDO
ENDIF
CALL MPI_SCATTER(isend, 1, MPI_INTEGER, irecv, 1, MPI_INTEGER, &
0, MPI_COMM WORLD, ierr)

PRINT *,’irecv =’ , irecv
CALL MPI_ FINALIZE (ierr)
END

3. MPI_SCATTER 0 7| : ¢

/*scatter*/
#include <mpi.h>
#include <stdio.h>
void main (int argc, char *argv[]) {
int i, myrank, nprocs;
int isend[3], irecv;
MPI Init(&argc, &argv);
MPI Comm_size (MPI_COMM WORLD, &nprocs) ;
MPI Comm rank (MPI_COMM WORLD, &myrank) ;
for (i=0; i<nprocs; i++) isend[i]=i+l;
MPI_ Scatter(isend, 1, MPI_ INTEGER, é&irecv, 1,
MPI INT, 0, MPI_COMM WORLD) ;
printf (" %d: irecv = %d\n”, myrank, irecv):;

MPI Finalize() ;
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t4t: MP1_SCATTERU J Fecee

kot

Yo

int MPI_Scatterv(void *sendbuf, int sendcounts, int
C displs, MPI_Datatype sendtype, void *recvbuf, int

recvcount, MPI Datatype recvtype, int root, MPI_Comm
comm)

Fortran MPI_SCATTERV (sendbuf, sendcounts, displs, sendtype,
: recvbuf, recvcount, recvtype, root, comm, ierr)

(CHOICE) sendbuf : & HIHQ| F4 (IN)

INTEGER sendcounts(*) : @4 B, iHH Xt2|of] Z2M A | 2 MSE O
OlEf 74 X & (IN)

INTEGER displs(*) : @4 i<, i Xt2jof Z2M A 2 MSE HolH9
S HEH Ao At X7t HZE (IN)

> 2E T2 M AL HO|HE ME2 CHE 37|2 LI+ 2
TZZMA0 I MO Z SILIY ME

SUPERCOMPUTING EDUCATION CENTER

3. _ MPI_SCATTERY s

COMM
o rank=0=root | 1 rank=1_ | T ank=2
sendcount(0) {1 0 = displs(0) :
i 1 =i displs(1)
sendcount(1) |: ’
sendcount(2) =Gk
4
5

h 4
recvcount I‘

v

recvbuf

recvbuf

SUPERCOMPUTING EDUCATION CENTER
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Y. 7|EF: MPI_ALITOALL -

int MPI_Alltoall (void *sendbuf, int sendcount,
C MPI_Datatype sendtype, void *recvbuf, int recvcount,
MPI Datatype recvtype, MPI_Comm comm)

Fortran MPI_ALLTOALL (sendbuf, sendcount, sendtype, recvbuf,
: recvcount, recvtype, comm, ierr)

> ZHIZNAREE ZE T2 M A0 SYst 7|9 71
HEYU HAIXIE HE

> ZEZMA 2R EH SAUE = UM OO £52 Z2AM
2 j7F 2ot US| 1N = S0 HE

SUPERCOMPUTING EDUCATION CENTER

3. MPI_ALITOALL s

..................................................................

rank=0 rank=1 rank=2

sendcou nt

13
recvcou ntI |
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Y. 7|Et: MPI_ALITOALLY -

int MPI_Alltoallv(void *sendbuf, int sendcounts, int
C sdispls, MPI_Datatype sendtype, void *recvbuf, int

’ recvcounts, int rdispls, MPI_Datatype recvtype,
MPI_Comm comm)

MPI_ALLTOALLV (sendbuf, sendcounts, sdispls, sendtype,
recvbuf, recvcounts, rdispls, recvtype, comm, ierr)

Fortran

> L ZEMAZREE BE T2 MAN ME CHE 37|92 7|
HHQI HAIXE HE
> T2 M2 i 25 EH $415| &= sendcounts(j)7i 2] HIO|E =

T2 A2 7} 20} 2= A I O rdispls(i) B /%] £ E] K
A}
o

Y., MPI_ALITOALIV -

COMM
rank=0 rank=1 rank=2 'l
sendcounts(0) 41 = sdispls(0)
sendcounts(1) | { = ddispls(1)
| = $displs(2)
sendcounts(2) '
reeveountsQ A XS T ] 2 | 0 = rdispls(0)
recvcounts(1) ; 1
recvcounts(2) 1 4 2
1 3 = idispls(1)
4
5 i
} 6 = rdispls(2)
i 7
e 8 |
I recvbuf !

SUPERCOMPUTING EDUCATION CENTER
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Ahe s
Y. ZHc!: MPI_BARRIER -

O

int MPI_Barr:i.ar (MPI_Com comm)

Fortran |Mp1_earriEr (comm, ierr)

> HRFLAOIH Lie| 2= ZZ M[A 7} MPI_BARRIERE =

£% 0K o o[ Mo ZE A~ TS 5

MPI| Functions

P2P Communications
Collective Communications
Derived Data Types
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Y. 9= Go|E Bt s
> C|O|E{ EFQIO| CtE2 AL 20l H|O|EH ol M4
_ S §0|E IS JHX|E 29 Blo|E

=0
_ T2 Hlo|E] B2 FHX|E 912 Hlofgf
~ Ct2 Hlo|E Etele 7Hx| = 2@ To|g

}

1.2tz 2 e Ma
2. MEE HEHE qqow MNE 2 H552 20 9K 2 IW:
MPI_PACK/MPI_UNPACK, MPI_PACKE D(E1I0IE1 Et

27 Y

2> =&

A

L. =

rel

Y. 9= Go|E Bt s

> a(4), a(5), a(7), a(8), a(10), a(11)2| TE

1 2 3 4 5 6 7 8 9 10 11 12

® REAL

itype1

- = OI0|E El] itypel, 8 I TS
CALL MPI_SEND(a(4), 1, itypel, idst, itag,
MPI_COMM WORLD, ierr)

- = Ol0o|Ef Et itype2, M 7H MS

CALL MPI_SEND(a(4), 3, itype2, idst, itag,
MPI_COMM WORLD, ierr)
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ming 1

Y. 9= GlO|E EtIo| AR

» CONSTRUCT
— MPI £El 0|83 M2 H|O|H EfY &
» MPI_Type_contiguous
* MPI_Type_(h)vector
« MPI_Type_struct

» COMMIT
~ EHE Ho|E EIY 5=
* MPI_Type_Commit

> USE
- &4, =4 S0l M22 HO[H EfY ALE

SUPERCOMPUTING EDLICATION CENTER

Y. MPI_TYPE_COMMIT

C int MPI_Type commit (MPI_Datatype *datatype)

Fortran |ve:_tyeE comurT (datatype, ierr)

INTEGER datatype : §5 CIO|H Et (B =) (INOUT)

> M&7 Z2lE HolH EtZE SHUYUAM ALE 7t
[=13
=

> &= O] EtY-2 MPI_TYPE_FREES O| &3 sl{X|5t
7| FIK AE ME 7hs

SUPERCOMPUTING EDLICATION CENTER
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Y._ MPI_TYPE_CONTIGUOUS G

C int MPI_Type contiguous (int count, MPI_Datatype
T oldtype, MPI Datatype *newtype)

Fortran |Mp1_tvee_conTiGUOUs (count, oldtype, newtype, ierr)

INTEGER count : 3tLEE S8 OIO|E ZH4 (IN)
INTEGER oldtype : O|& O|O|E{ EIR] (BHE) (IN)
INTEGER newtype : M2 0|0|E EIR] (BHS) (OUT)

> €2 HIOIH Et(oldtype)= 7tX= AHHQl HOIHE
count 7l F0 {22 HI0|H EtR(newtype) T 2|

® : MPI_INTEGER(oldtype)

newtype

-236 -



MPI Programming 1l

3 MPI_TYPE_CONTIGUOUS C{ | : C -

/*type_contiguous*/
#include <mpi.h>
#include <stdio.h>
void main (int argc, char *argv[]) {
int i, myrank, ibuf[20];
MPI Datatype inewtype ;
MPI Init(&argc, &argv);
MPI Comm_ rank (MPI_COMM WORLD, &myrank) ;
if (myrank==0) for(i=0; i<20; i++) ibuf[i]=i+l;
else for(i=0; i<20; i++) ibuf[i]=0;
MPI_Type contiguous (3, MPI_INT, &inewtype);
MPI Type commit (&inewtype) ;
MPI Bcast(ibuf, 3, inewtype, 0, MPI_COMM WORLD) ;

printf (“%d : ibuf =", myrank);
for(i=0; i<20; i++) printf (™ %d”, ibuf[i]);
printf (“\n”) ;

MPI Finalize();

3 MPI_TYPE_CONTIGUOUS O/ ¥ : Fortran i

PROGRAM type contiguous
INCLUDE ‘mpif.h’
INTEGER ibuf (20)
INTEGER inewtype
CALL MPI_INIT (ierr)
CALL MPI_COMM RANK(MPI_ COMM WORLD, myrank, ierr)
IF (myrank==0) THEN

DO i=1,20

ibuf(i) = i

ENDDO
ENDIF
CALL MPI_TYPE CONTIGUOUS (3, MPI_INTEGER, inewtype, ierr)
CALL MPI_TYPE COMMIT (inewtype, ierr)
CALL MPI_BCAST (ibuf, 3, inewtype, 0, MPI_COMM WORLD, ierr)

PRINT *,’ibuf =’ ,ibuf
CALL MPI_E‘IN.!\LIZE (ierr)
END
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Y._ MPI_TYPE_VECTOR -

(} int MPI_Type vector (int count, int blocklength, int
stride, MPI_Datatype oldtype, MPI Datatype *newtype)

MPI_TYPE VECTOR (count, blocklength, stride, oldtype,
newtype, ierr)

Fortran

INTEGER count : 52| 7§ 4(IN)

INTEGER blocklength : Zt 59| oldtype CIOIE{1S] 7H4=(IN)
INTEGER stride : QIE T & 252 Al&FE AL0[2] Z(IN)
INTEGER oldtype : O|™ Gi|O|E{ EfR (HE) (IN)

INTEGER newtype : {22 O|O|E EtR| (SHE) (OUT)

> EZ42 7tA0E HOH Q= count’ll EEEE LA
= MZ2 40|H Erg) Ho|
> 2t £E 0= blocklength7l{2| O| ™ E} Q! H|O|E /U=

SUPERCOMPUTING EDLICATION CENTER

¥._ MPI_TYPE_VECTOR -

oldtype [

5 element stride
betweegplocks

L s s

3 elements per block
| )

||
2 blocks

count=2
» stride=5
= blocklength=3

SUPERCOMPUTING EDUCATION CENTER
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3. MPI_TYPE_VECTOR 0 |

blocklength <« LN » 2 « 3 . ‘4=00un=t

newtype

‘-

stride(# of units)

@ ‘MPI_INTEGER(oldtype)

s

3. MPI_TYPE_VECTOR 0] 7| : ¢

/*type vector*/
#include <mpi.h>
#include <stdio.h>
void main (int argc, char *argv[]){
int i, myrank, ibuf[20];
MPI Datatype inewtype ;
MPI Init(&argc, &argv);
MPI_ Comm rank (MPI_COMM WORLD, &myrank) ;
if (myrank==0) for (i=0; i<20; i++) ibuf[i]=i+l;
else for(i=0; i<20; i++) ibuf[i]=0;
MPI Type vector(4, 2, 3, MPI_INT, &inewtype)
MPI Type commit (&inewtype) ;
MPI_ Bcast(ibuf, 1, inewtype, 0, MPI_COMM WORLD) ;

printf (“%d : ibuf =", myrank) ;
for(i=0; i<20; i++) printf (™ %d”, ibuf[i]);
printf (“\n”) ;

MPI Finalize();
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Y. MPI_TYPE_VECTOR 0/

- KISTI
. roruran Socian

PROGRAM type vector
INCLUDE ‘mpif.h’
INTEGER ibuf (20), inewtype
CALL MPI_INIT (ierr)
CALL MPI_COMM SIZE (MPI_COMM WORLD, nprocs, ierr)
CALL MPI_COMM RANK (MPI_COMM WORLD, myrank, ierr)
IF (myrank==0) THEN
DO i=1,20
ibuf (i) = i
ENDDO
ENDIF
CALL MPI_TYPE VECTOR(4, 2, 3, MPI_INTEGER, inewtype, ierr)
CALL MPI_TYPE COMMIT (inewtype, ierr)
CALL MPI_BCAST (ibuf, 1, inewtype, 0, MPI_COMM WORLD, ierr)

PRINT *, ‘ibuf =’, ibuf
CALL MPI_FINALIZE (ierr)
END

Y. MPI_TYPE_CREATE_STRUCT s

int MPI_Type create struct (int count,

C int *array of blocklengths,

MPI_Aint *array of displacements, MPI_Datatype
*array of type, MPI_Datatype *newtype)

MPI_TYPE CREATE_STRUCT (count, array of blocklengths,

Fortran

array of displacements, array of types, newtype, ierr)

INTEGER count : 252 s, A0 H{ ¥ array_of_blocklengths,
array_of_displacements, array_of_types2 ¥ 49| 7l+E LIEFH (IN)

INTEGER array_of_blocklengths(*) : Z+ 25 Z O|O|E{ 2] 7} 4=,
array_of_blocklengths(i) = OIO|E{ EtR0| array_of_types(i)Q! iHM =5
O Hlo|Ef 7H = (IN)

INTEGER array_of_displacements(x) : HIO|EZ LIEHH ZF 59| (X[ (IN

INTEGER array_of_types(x) : Zt 858 F#45t= GIO|E EtQ, iHW S5
O O|E{ EfR0| array_of_types(i)2! GIOIE{Z 4 (IN)

INTEGER newtype : A 22 O|O|E{ E}] (OUT)

—
—

ro

SUPERCOMPUTING EDUCATION CENTER
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Y. MPI_TYPE_CREATE_STRUCT e
> 7P YerE ol 9.5 Hlo[E] B KHA 2
> ME CIE 0| ElY =2 & B "ol 7ts

— C+Z=H|
— Fortran 71H 25§

> count’/l 2222 THE MZ2 GIO|E EFR HO|, iRy
=22 H|0|H E}R 0| array_of_types(i)!
array_of_blocklengths(i)/f{ 2| G|O|HZ T+ &[H 11 {[X]
+ array_of_displacements(i)’} E

Y. MPI_TYPE_CREATE_STRUCT e

MPI_INT [
MPI_DOUBLE [

Block 0 Block 1
(_H____ P

newtype

array_of_displacements[0] array_of_displacements[1]

= count = 2

= array_of_blocklengths = { 1, 3}

= array_of_types = {MPI_INT, MPI_DOUBLE}

= array_of_displacements = {0, extent(MPI_INT)}
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Y._ MPI_TYPE_CREATE_STRUCT:¢ e

/*type_struct*/
#include <stdio.h>
#include<mpi.h>
void main(int argc, char *argv[]) {
int rank,i;
MPI_Status status;
struct {
int num; float x; double data[4];
} oa;
int blocklengths[3]={1,1,4};
MPI Datatype types[3]={MPI_INT, MPI_FLOAT, MPI_DOUBLE};
MPI Aint disps[3];
MPI Datatype restype;

MPI Init(&argc,&argv) ;
MPI Comm rank (MPI_COMM WORLD, &rank) ;

RCOMPUTING EDU

Y._ MPI_TYPE_CREATE_STRUCT:C e

MEI_Get_address(&a.num,&disps{O]);

MPI_Get address(&a.x,&disps[1]);

MPI_Get address(&a.data, &disps[2]);

disps[2] -=disps[0]; disps[1l]-=disps[0]; disps[0] =
(MPI_Aint)MPI_BOTTOM;

MPI_Type create_struct(3,blocklengths,disps, types, &restype) ;
MPI_iype_commit{&restype);

if (rank==0) {
a.num=6; a.x=3.14;
for(i=0;i<4;++i) a.data[i]=(double) i;
MPI_Send(&a,l,restype,l,52,MPI_COMM WORLD) ;

} else if (rank==1) ({
MPI_Recv(&a,l,restype,0,52,MPI_COMM WORLD, &status) ;
printf("P:%d my a is %d %£ %1f %1f %1f %1f\n",

rank,a.num,a.x,a.data[0] ,a.data[l] ,a.data[2] ,a.data[3]) ;

}
MPI_Finalize{);
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¥ < MIPL_TYPE_CREATE_STRUCT : Fortran e

PROGRAM type_ struct
USE mpi_f£08
IMPLICIT NONE
INTEGER: : rank
TYPE ddt
INTEGER: : num
real::x
COMPLEX: :data (4)
END TYPE ddt
INTEGER: :blocklengths (3)
INTEGER (KIND=MPI_ ADDRESS KIND) : :disps(3)
TYPE (MPI_Datatype) : :arr_types (3) ,restype
TYPE (ddt) : :a
INTEGER: :i,size
blocklengths=(/1,1,4/)
arr_ types=(/MPI_INTEGER,MPI_REAL,MPI_COMPLEX/)
CALL MPI_INIT (err)
CALL MPI_COMM RANK (MPI_COMM WORLD,rank,err)
CALL MPI_Get address(a%num,disps (1))
CALL MPI_Get_ address(a%x,disps(2))
CALL MPI_Get_add::ess (a%data,disps (3))
disps (3)=disps (3)-disps (1) ; disps (2)=disps(2)-disps (1) ;
disps (1)=MPI_BOTTOM

SUPERCOMPUTING EDLIC.

¥ < MIPL_TYPE_CREATE_STRUCT : Fortran e

CALL MPI_TYPE CREATE_STRUCT (3,blocklengths,disps, &
arr types,restype,err)
CALL MPI_TYPE COMMIT (restype,err)
IF(rank.eq.0) THEN
a%num=6; a%x=3.14
DO i=1,4
a%data (i) =cmplx (i, i)
ENDDO
CALL MPI_SEND (num,l,restype,1l,30,MPI_COMM WORLD, err)
ELSE IF(rank.eq.l) THEN
CALL MPI_RECV(num,1l,restype,0,30,MPI_COMM WORLD, status,err)
PRINT *,'P:',rank,' I got'
PRINT *, a%num

PRINT *, a%x

PRINT *, a%data
END IF
CALL MPI_FINALIZE(err)
END
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How to parallelize

» Parallelizing DO Loops
» Parallelization and Message Passing

Y. Block Distribution s

iteration| 1 |2 (3|4 (5|6 |7 |8 |9
rank 0 0 0 1 1 1 2 2 2 3 3 3
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Y. Block Distribution s

» Suppose when you divide n by p, the quotient is q and the
remainder is r.

—n=p Xq+r

> Processes 0..r-1 are assigned q + 1 iterations each. The
other processes are assigned q iterations.

- n=r(q+1) + (p-r)q

Weration 1 2 3 4 5 6 7 8 § 10 11 12 13 14
Renk (o jofofof1]1]1[1]2]2]2[3]3]3]

SUPERCOMPUTING EDUCATION CENTER

Y Block Distribution: Fortran it

SUBROUTINE para_range(nl, n2, nprocs, irank, ista,
iend)
iworkl = (n2 - nl + 1) / nprocs
iwork2 = MOD(n2 - nl + 1, nprocs)
ista = irank * iworkl + nl + MIN(irank, iwork2)
iend = ista + iworkl - 1
IF (iwork2 > irank) iend = iend + 1

END

SUPERCOMPUTING EDUCATION CENTER
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A

Y. Block Distribution: ¢ G

void para*range(int nl,int n2, int nprocs, int
myrank, int *ista, int *iend) {
int iworkl, iwork2;
iworkl = (n2-nl+l) /nprocs;
iwork2 = (n2-nl+l) % nprocs;
*ista= myrank*iworkl + nl + min (myrank, iwork2) ;
*jend = *ista + iworkl - 1;
if (iwork2 > myrank) *iend = *iend + 1;

int min(int x, int y){
int v;

if (x>=y) v = y;

else v = x;

return v;

SUPERCOMPUTING EDUCATION CENTER

Y. Parallel Sum: ¢ G

#include <mpi.h>
#include <stdio.h>
#define n 1000
void para_range(int, int, int, int, int*, int*);
int min(int, int);
void main (int argc, char *argv[]){
int i, nprocs, myrank;
int ista, iend, diff;
double *a; double sum, tsum;
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
para_range(1l, n, nprocs, myrank, &ista, &iend);
diff = iend - ista +1;
a = (double *)calloc(diff, sizeof(double));
for(i = ista-1; i<iend; i++) a[i] = i+1;
sum = 0.9;
for(i = ista-1; i<iend; i++) sum = sum + a[i];
MPI_Reduce(&sum, &tsum, 1, MPI_DOUBLE, MPI_SUM, ©, MPI_COMM_WORLD);
if(myrank == @) printf(" sum = %f \n", tsum);
MPI_Finalize();

$ mpiicc parasum.c para_range.c -0 psum.X
$ mpirun -np 4 ./psum.x
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Y. Parallel Sum: Fortran G

PROGRAM main
INCLUDE ‘mpif.h’
PARAMETER (n=1000)
REAL, ALLOCATABLE :: a(:)
REAL :: sum, tsum
Call MPI_INIT(ierr)
Call MPI_COMM_SIZE(MPI_COMM_WORLD, nprocs, ierr)
Call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
call para_range(1l, n, nprocs, myrank, ista, iend)
ALLOCATE (a(ista:iend))
a = (/(i, i=ista,iend)/)
sum = 8.8
do i = ista, iend
sum = sum + a(i)
enddo
DEALLOCATE(a)
Call MPI_REDUCE(sum, tsum, 1, MPI_REAL, MPI_SUM, @, MPI_COMM_WORLD, ierr)
if (myrank==0) then
print *, ‘sum =', tsum
endif
Call MPI_FINALIZE(ierr)
End

$ mpiifort parasum.f9@ para_range.f9@ -o psum.x
$ mpirun -np 4 ./psum.x

i i - - A
Z‘ Cyclic Distribution (( 2
DO i = nl, n2 DO i = nl+myrank, n2, nprocs
computation computation
ENDDO ENDDO

lteraton 7 2 3 4 5 6 7 8 9 10 11 12 13 14
Feklof1]2]sfofr]2]3]of1]2]3]0]1]

» More balanced workload for processes than the block
distribution

» More cache misses than the block distribution

SUPERCOMPUTING EDUCATION CENTER
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Block-Cyclic Distribution

Yo

nl+myrank*iblock, n2, nprocs*iblock

DO i = ii, MIN(ii+iblock-1,

DO ii

computation

ENDDO
ENDDO

1 2 383 4 5 6 7 8 9 1011 12 13 14

Rank [0 [0 [1]1]2]2]8[8[0[0[1]1]2]2]

Iteration

iblock

SUPERCOMPUTING

Nested Loop

Yo

ali,j)

j—

2 3 4 5

(a) Fortran
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Y. Nested Loop Parallelization

Loop A1 Loop A2
DO j = jsta, jend DOj=1,n
DOi=1,n DO = ista, iend
a(i,j) = b(i,j) + c(i,j) a(i,j) = b(i,j) + (i,j)
ENDDO ENDDO
ENDDO ENDDO

SUPERCOMPUTING EDUCATION CENTER

Y. Nested Loop Parallelization

a(i,) j —

Process 0 | Process 1 |Process 2

(1) Loop A1l

KISTI
ATHOELA S

1]
L__|Process 0
1

" "|Process 1

: --{Process 2

(2) Loop A2
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l b(i,i-1) = afi,j) <7~ b(i,j+1)

DOj=1,n
DOi=1,n
a(i,j) = b(i, j-1) + b(i, j+1)
ENDDO
ENDDO

A
ARV -

> HZS 2I(Q Y B0 oo 27 EE S

Process r—1 Process r Process r+1

11

/ —*ista jend

A Tal TN AT A e

b(i,jsta=1) {(i,jsta) bli,jsta+1) bl(i,jend-1kl,jend) | bli,jend+1)

=
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How to parallelize

» Parallelizing DO Loops
» Parallelization and Message Passing

PROGRAM 1D_fdm serial
IMPLICIT REAL*8 (a-h, o-z)
PARAMETER (n=11)
DIMENSION a(n), b(n)

DO i =1, n

b(i) = i
ENDDO
DO i = 2, n-1
a(i) = b(i-1) + b(i+l)
ENDDO
END

/*1D_fdm serial*/
#define n 11

main () {
double a[n], b[n];
int 4
for (i=0; i<n; i++)
b[i] = i+1;
for(i=1; i<n-1; i++)
af[i] = b[i-1] + b[i+l1];
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Y 152 S A2 A

> 1XI2 FDMQ| H|0|E o|&M

b(1) b(2) b(3) b(4) b(s) b(6) b(7) b(8) b(9) b(10) b(11)

1 2 3 4 5 6 7 8 9 | 10| 11

> HESHE 1X2 FDM2| H|0[H ®&

Process 0 Process 1 Process 2
ista  iend ista iend ista iend
pltf2fsfaf | [ [ [ [ [ ] o[ [ ][ [s]6fzfs] [ [] ol [ [ [ [ 1 [ [ [oftoft1]

ista iend ista iend ista iend
p{1]2fafafs] [ [ | [ [ | o[ [ | [4]s]6]7[8]o] [ | b [ [ [ [ [ ] [8]9ftot1]
al4[6]8 a 10[12]14]1 al | [ [ ][] 180
ista2 iend1 ista2 iend1 ista2 iend1

X 2K FDM2 249 B o] HA M, 3X}2l FDME 3K i el A M&
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/*parallel 1D_fdm*/
#include <mpi.h>
#define n 11
void para range(int, int, int, int, int¥*, int¥);
int min(int, int);
main(int argc, char *argv[]) {
int i, nprocs, myrank ;
double a[n], b[n];
int ista, iend, ista2, iendl, inext, iprev;
MPI_Request isendl, isend2, irecvl, irecv2;
MPI_Status istatus;
MPI_Init(&argc, &argv);
MPI_Comm_size (MPI_COMM WORLD, &nprocs) ;
MPI_ Comm_ rank (MPI_COMM WORLD, &myrank) ;
para_range (0, n-1, nprocs, myrank, &ista, &iend);
ista2 = ista; iendl = iend;
if (myrank==0) ista2=1;

if (myrank==nprocs-1) iendl=n-2;

Y. 10FOm:C Gz

inext=myrank+l; iprev=myrank-1;

if (myrank==nprocs-1) inext=MPI_PROC_NULL;

if (myrank==0) iprev=MPI_PROC_ NULL;

for(i=ista; i<=iend; i++) b[i]=i+l;

MPI_Isend(s&b[iend], 1, MPI_DOUBLE, inext ,1, MPI_COMM WORLD,

for(i=ista2; i<=iendl; i++) a[i]
MPI Finalize();

= b[i-1] + b[i+l1];

&isendl) ;

MPI_TIsend(&b[ista], 1, MPI_DOUBLE, iprev, 1, MPI_COMM WORLD,
&isend?2) ;

MPI Irecv(&b[ista-1], 1, MPI_DOUBLE, iprev, 1, MPI_COMM WORLD,
&irecvl) ;

MPI Irecv(&b[iend+l], 1, MPI_DOUBLE, inext, 1, MPI_COMM WORLD,
&irecv2) ;

MPI Wait(&isendl, &istatus);

MPI Wait(&isend2, &istatus);

MPI Wait(&irecvl, &istatus);

MPI Wait(&irecv2, &istatus);
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3 1D FDM: Fortran s

PROGRAM parallel 1D fdm

INCLUDE ‘mpif.h’

PARAMETER (n=11)

DIMENSION a(n), b(n)

INTEGER istatus (MPI_STATUS_ SIZE)

CALL MPI_INIT (ierr)

CALL MPI_COMM SIZE (MPI_COMM WORLD, nprocs, ierr)
CALL MPI_COMM RANK (MPI_COMM WORLD, myrank, ierr)
CALL para_range(l, n, nprocs, myrank, ista, iend)
ista2 = ista; iendl = iend

IF (myrank == 0) ista2 = 2

IF (myrank == nprocs-1) iendl = n-1

inext = myrank + 1; iprev = myrank - 1

IF (myrank == nprocs-1) inext = MPI_PROC_NULL
IF (myrank == 0) iprev = MPI_PROC NULL

DO i = ista, iend
b(i) = i
ENDDO

3. 1D FDM: Fortran s

CALL MPI_ISEND(b(iend), 1, MPI_REAL, inext, 1, &
MPI COMM WORLD, isendl, ierr)

CALL MPI ISEND(b(ista), 1, MPI _REAL, iprev, 1, &
MPI COMM WORLD, isend2, ierr)

CALL MPI IRECV(b(ista-1), 1, MPI REAL, iprev, 1, &
MPI COMM WORLD, irecvl, ierr)

CALL MPI IRECV(b(iend+1l), 1, MPI REAL, inext, 1, &
MPI COMM WORLD, irecv2, ierr)

CALL MPI WAIT(isendl, istatus, ierr)

CALL MPI WAIT(isend2, istatus, ierr)

CALL MPI WAIT(irecvl, istatus, ierr)

CALL MPI_WAIT{irech.’, istatus, ierr)

DO i = ista2, iendl

a(i) = b(i-1) + b(i+l)
ENDDO
CALL MPI_FINALIZE (ierr)
END
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