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~ What is HPC ?

&
~ WhyHPC?
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High performance computing brings together computers,
software, and expertise to solve problems too difficult to
solve effectively by other means.

www.insideHPG.com/HPCcan

Source:_http://insidehpc.com/whatishpc/WhatlsHPE.pd

Simulated crash tests improve auto safety in more scenarios
than could be tested in the real world

Too dangerous

Source:_http://insidehpc.com/whatishpc/WhatlsHPE.pd




HPC helps find just the right place for tens of thousands
of products in stores all over the world

=

Too time consuming

Source:_http://insidehpc.com/whatishpc/WhatlsHPE.pd

HPC helps businesses manage and track billions of packages
as they move around the globe

Too complex

Source:_http://insidehpc.com/whatishpc/WhatlsHPE.pd




HPC gives doctors and scientists a window into the chemistry
of our bodies to help develop new drugs and treatments

Too far beyond other
tools

Source:_http://insidehpc.com/whatishpc/WhatlsHPE.pd

Types of HPC




Source;_http://blog.tice.de/a_icons/icons/512%2@EPwR0Machine.png

Back to Year 1960s ...

[ Brief History of Computing (1/5) }
| e

1960 PDP-1

1965 PDP-7

1969 15 Unix
< g

Source; http://pinedakch.filedrdpress.com/ZOV)/?/
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Evolution of Computing Architecture (115) }
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1977 Apple II

1981 IBM 15t PC 5150

Back to Year 1970s ...

1982 TCPIIP

1983 GNU
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-~ 1991 Linux

Back to Year 1980s ...




Brief History of Computing (2/5) }

Mainframe \\ PC | Linux
Super Cluster
Computer Parallel

Source: http://www.nchc.org.tw
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q 990 World Wide We) / 1991 CORBA \
by CERN

Java RMI
Microsoft DCOM
1993 Web Browser
\ Mosaic by NCSA J \ Distributed Objects J

Client |¢—3p| Stub

Back to Year 1990s ...




Brief History of Computing (3/5) }

Source: http://www.scei.co.|p/folding/en/dc.html
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Evolution of Computing Architecture (3I5)}
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f‘é’*%'b‘@_mf\&—»ﬁ‘g (3/5) }

1997 Volunteer Computing / ——r—
1999 SETIGHOME } 003 Globus Toolki

L4
@ the globus taolkit“? o
AN o
2002 Berkley BOINC 2004 EGEE glLite

N
[ Bacl\t/' to Year 2000s ... }




Brief History of Computing (41/5) }

Source: http://gridcafe.web.cern.ch/gridcafe/whmiddwhatis.html
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\/

Evolution of Computing Architecture (415)}
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2001 Autonomic Computin

g
IBM 1 2006 Apache Hadoop 1

2005 Utility Computing 2007 Cloud Computing
Amazon EC2 | S3 Google + IBM

webservices™

amazon (COcC )816

Back to Year 2007 ...




Brief History of Computing (5/5) }

B

Grid Infrastructure

Source: http://mmdays.com/2008/02/14/cloud-comopitin

iframe \\, PC | Linux Internet Virtual Org. \Data Explode
ner Cluster Distributed Grid Cloud
puter Parallel Computing | Computing / Computing

Evolution of Computing Architecture (5I5)}
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(OR Is ITY)

Source: http://cyberpinqui.free.fr/humour/evolutahite.jpg




" Flying to the Cloud ...
or
~ Falling to the Ground ...

Source:_http://media.photobucket.com/image/falli2@¥round/preeto_f10/falling.jpg

£ Which Type a

of HPC is
the Right ONE
fo solve
My Problem ? —
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BLAST (Basic Local Alignment Search Tool) 1

« http:/iblast.ncbi.nim.nih.gov/

 National Center for Biotechnology Information

« BLAST is an algorithm for comparing primary biological
sequence information. (BLAST* % $t4 % A 5|chi & %4)

— the amino-acid sequences of different proteins

— the nucleotides of DNA sequences

— (54 F F Fv Feng AR A SIDNAR 5| dpiH )
e R IIWHFE L F Ml EE)AITATF] ) £ F L A FEATFR
o BEEI R EFNER RS NAM AT o B GARBIEF BOF -
o HEL A FHREFIN DR IMNR PR A2 Fap i o
s BRI EASARITHREFREFH ERPEAR?

Source: http:lizh.wikipedia.orgiwlindex.php?title=BLAST (* i 7 1 % )&variant=zh-tw
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Cluster 101 & mpiBLAST

‘- O
Jazz Wang °
Yao-Tsung Wang \ \\
jazz@nchc.org.tw
\\ j Powered by DRBL
mpiBLAST 1

 http:/lwww.mpiblast.orql

- An open-source, parallel implementation of NCBI BLAST

— Database fragmentation
— Query segmentation Y"’ ,mp IBLAST

— Parallel inputioutput

- MPRE

— The Design, Implementation, and Evaluation of
mpiBLAST.

— http:liwww.mpiblast.org/downloadsipubsicwce03.pdf

e FEpINIE !
— TurboWorx TurboBLAST
— Parallel BLAST by Caltech
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L mpiBLAST-G2 }

 mpiBLAST-G2 is an enhanced parallel program of
LANL's mpiBLAST. It is based on Globus Toolkit 2.x and
MPICH-g2.

 Bioinformatics Technology and Service (BITS) team of
Academia Sinica Computing Centre (ASCC), Taiwan

° 5&"‘; .
— The MPIBLAST-q2 Introduction
— MPIBLAST-q2 Example
— mpiBlast-G2 with GT4

W

mpiBLAST

@ ", the globus toolkit®

W ""».l.|‘:'l| st II']H\” 0rg

~ Grid =~ Cluster of Cluster ]

ywustoolkit.org

:] . A, the gl obus toolkit®
._ | WW x‘,,l\‘:-|
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[ Cloud =~ Lots of Virtual Cluster E




RunBLAST : mpiBLAST in Amazon EC2

74
AWS Access Key | 0S4F 2VTX IAS TEW ZMGB02
AWS Secret Key [asmsssssssssssssssssssssssssssssssssnsss
Add Machine | Refrach Table | StopAl | Resstloginkeys About
Status Public Name Internal Name
1 _'h 3.compute- 1. amazonaws.com domiJ-12-31-3 compute-1.intemal
2 nunning c ompute-1.amazonaws.com domiJ-12-31-38 compute-Linternal
3 running 2. compute-1. amazonaws.com domi 1 -12.2-2.compute- Linternal
4 running 251.2-2.compute-1.amazonaws.com  doml-12-31-35400-40-71.2-2.compute- Linterna
5
6
< >
Worker Threads: 0
.n*e.:h-'ez staty bie updated o
machines status table updated
machines status table updated
machines status table updated
machnes status table updated
machines status table updated
machmes status table updated
machines status table updated
machines status table updated
machines status table updated pos

<@ L 00:18/06:13

Video: http:llwww.runblast.comlivideosi/runblast-blastwizard.swf

Map/Reduce

r-r—-——--"=—-—=--=-=-=-= A rr——-=—-=-== = r—-r———=-=-=-=-= -
I Map Task 1 I I Map Task 2 | I Map Task 3 |
| L b |
| I b '
| L b |
| L L |
| I b '
| L b |
| klow klw k2w | | k1w l 1| k3w kdw kdw ks |l | kd o klwv k3w |
| Partitioning Function | | Partitioning Function I | Partitioning Function |

Sort and Group
2w kd v v kS

r
| I I |
1 I I klvvwy | k3w |
| I I |
| I I |
| I I |
| I I |
I : I :
' |

I Reduce Task 1 ' I |

—— — — — — — — — ] —— — — — —

Sort and Group

Ref. MapReduce: Simplified Data Processing on Large Clusters, Google




CloudBLAST

o “CloudBLAST: Combining MapReduce and Virtualization on Distributed

Resources for Bioinformatics Applications”, eScience 2008

o 2L * MapReducei# & ;2 i " BLAST:E &

(a) Worker 1 | StreaminputFormat |
Si={s, -, BLAST §; to D ‘—._______,—--"‘ ‘—\_"“—-..g
i Split into chunks
7 B Ri={n. ...} =5eq1 based on new line. | CCAAGGTT
o i AACCGGTT >5eq@
= {51. .... 5} = [siipmet. - 5} >seq2 GGTTAACC
T >seqd
Ro=1r Worker 1 TTAACCGG
BLASTSito D StreamPattemnRecordReader splits
chunks into sequences as keys for
) the mapper (empty value).
{b) P v ¥
S = {5, .5} Worker 1 =
BLASTS; to D SROg oai.
Input sequences =i = AACCGGTT GGTTAACC
S=1s 55} Y /-3 By >58q2 =>5eqd
(51, .o 8% Worker] CCAAGETT TTAACCGG
BLAST S; to D; v v
BLAST BLAST
] o Mapper Mapper
Bi= {1',',_.] Lo S PR i Worker 1 .
BLAST 5ito Dy BLAST output is
; 2 v written to a local file. v
8= {Sgayemi, o, Sk Worker1 i part-00000 part-00001
BLAST SitoD; e i
DFS merger
Figure 1. Parallelization of BLAST: (a) mmput sequences are partitioned 9

Open Source for Bioinformatics
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Open Source is your Friend !!

|

* Open Bioinformatics Foundation - http://www.bioinfomatics.org

— BioPerl - http://bio.perl.org
— BioPython - http://biopython.org
— BioPHP - http://biophp.orqg
— BioJava - http://biojava.org

« C++ Bio Sequence Library
— http://libseq.sourceforge.net/
— CH+ 3R A 7 A 7 5 R

 Bio-SPICE - http://biospice.sourceforge.net/
 BioEra - http://bioera.net/
Sk NS & LR AR L R AL T

« NCBI Viewer - http://ncbiviewer.bravehost.com/

[ What we learn today ? )

Q1: What is HPC? 3] # 3% ?
Al: HPCy i3 & 2 aA H ~ filfr— 5% fo
¥ &5 N Rk FERenR 4E o

Q2: Types of HPC? 3 i i& § ciffiif 7 wiit ?

A2: Mainframe, PC Cluster, Parallel, Distributed, Grid, Cloud

RETHSTEE - TF 04 e 2EFE

‘i E o

Q3: Can HPC solve all your problems? 3 :# & 5 ¥ r1f3;i-%75 452
E T
;

A3: No. 3 :# 85 @iifailrrs A LM%Y &

Q4: What is PC Cluster? #3] T "% %2

A4: Cluster = lots of PCs. % % § g% p 30pep g 4= % > i’ci&l‘i °

Q5: What is Grid? i+ 3} 185 ?

A5: Grid = Cluster of Cluster. + 5 S & £ B 5 - B % EE o

Q6: Whatis Cloud? 3} Z =485 ?

AG6: Cloud = Ilots of Virtual Cluster. - 7 Wi 8° +2 S ppiEi s -




Questions?

Slides - http:libio.classcloud.org
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Research topics about PC Cluster 1

Process Storage
F Architecture r Architecture
# System W
Archltecture t t
Network System-level
Architecture Middleware
Cluster
Computing}# Parallel Share Memory
Computlng Programming
- Distributed Memory
Parallel Programming
Algorithms
And i Application-level
Applications Middleware Programming )

Ref: Cluster Computing in the Classroom: Topics, Guidelines, and Experiences
http://www.gridbus.org/papers/CC-Edu.pdf
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It'd better be Manage
2" Scheduler




Then, We connect 5 PCs with
Gigabit Ethernet Switch

GiE Switch J 10’;/"73’215000 J
Add 1 NIC
— for WAN
Compute Nodes }
€ =\

4 Compute Nodes will communicate
via LAN Switch. Only Manage Node

g have Internet Access for Security! =

Manage Node 1




Compute Nodes }

A

Basic
System
Setup
for
Cluster

—~4

Messaging @ Account Mgnt.
MPICH | SSHD NIS | YP
GCC GNU Libc
Bash Jm @E:
Perl Kernel Module =
Linux Kernel
Boot Loader

p

On Manage Node,
We need to install Scheduler and
Network File System for sharing
Files with Compute Node

—4
e ——— .
1 Job Mgnt. - Messaging . Account Mgnt.
: OpenPBS . MPICH | SSHD NIS | YP
. File Sharing ! GCC GNU Libc
| I - =
: NFS ! Bash PR el (=
: : Bash || g Ll D ald
I : Perl |} Kernel Module =
i | Linux Kernel
\ > Boot Loader




Research topics about PC Cluster }

Process Storage

Architecture Architecture
System W e J
ArchitectureJ t L

Network System-level
Architecture ) Middleware )
luster
Cc():r#;u(teing}# Parallel W Share Memory
Computing J Programming )
- Distributed Memory
Parallel Programming
Algorithms o
And i Application-level
Applications Middleware Programming /

Ref: Cluster Computing in the Classroom: Topics, Guidelines, and Experiences
http://www.gridbus.org/papers/CC-Edu.pdf
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Stand On the Shoulder of Giants

‘Z’ ﬁﬁ ’E_%" (Free Software)
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@ * fkgenp d

B
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"%(PC Cluster) 5% % % DRBL&Clonezilla
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1st, We install Base System of
GNU/Linux on Management Node.

You can choose:
Redhat, Fedora, CentOS, Mandriva,
\ Ubuntu, Debian, ... J




r 2nd, We install DRBL package and =
configure it as DRBL Server.

There are lots of service needed:
SSHD, DHCPD, TFTPD, NFS Server,

NIS Server, YP Server ... /
~ Network Booting Account Mgnt.
 NFS TFTPD DHCPD SSHD NIS YP
~ Perl  Bash ~_GNU Libc
e O _
DRBL Server 7 = —
based on existing Ker nel Module
Open Source and Linux Kernel

keep Hacking! | Boot Loader

& After running “drblisrv -i” &

“drbilpush -i”, there will be pxelinux,

vmlinux-pex, initrd-pxe in TFTPROOT,
and different configuration files for

each Compute Node in NFSROOT j

NFS TFTPD DHCPD SSHD NIS YP

Config. Files ~_GNU Libc
Ex. hostname

initrd-pxe Kernel Module

vmlinuz-pxe Linux Kernel

pxelinux Boot Loader




@ =\
3nd, We enable PXE function in

BIOS configuration.
J /

‘BIOS PXE BIOS PXE BIOS PXE BIOS PXE

NFS TFTPD DHCPD SSHD NIS YP
Config. Files ~_GNU Libc

Ex. hostname - —
initrd-pxe Kernel Module
vmlinuz-pxe Linux Kernel
pxelinux Boot Loader
e =

While Booting, PXE will query

IP address from DHCPD.
g /

‘BIOS PXE BIOS PXE BIOS PXE BIOS PXE

NFS TFTPD DHCPD SSHD NIS YP

Config. Files ~_GNU Libc
Ex. hostname

initrd-pxe Kernel Module

vmlinuz-pxe Linux Kernel

pxelinux Boot Loader




While Booting, PXE will query
IP address from DHCPD.

NFS TFTPD DHCPD SSHD NIS @ YP
Config. Files _GNU Libc
Ex. hostname | | 4 D @E nd
initrd-pxe Kernel Module
vmlinuz-pxe Linux Kernel
pxelinux Boot Loader
= =

After PXE get its IP address, it will

download booting files from TFTPD.
3 v

w1 | P2 || IP3

- P4

NFS TFTPD DHCPD SSHD NIS YP
Config. Files __GNU Libc
Ex. hostname | | 4 D e @E ~i=
initrd-pxe Kernel Module
vmlinuz-pxe Linux Kernel

pxelinux Boot Loader




initrd | initrd ', initrd || initrd
~vmlinuz || vmlinuz | vmlinuz vmlinuz E
pxelinux pxelinux | pxelinux pxelinux E
IP1 P2 i3 | IP4
NFS TFTPD DHCPD SSHD NIS YP

Confiq. Files

~ GNU Libc

initrd-pxe

Ex. hostname | F D %E =

Kernel Module

vmlinuz-pxe

Linux Kernel

pxelinux

Boot Loader

initrd | initrd || initrd | initrd
~vmlinuz || vmlinuz || vmlinuz | vmlinuz E
pxelinux pxelinux | pxelinux pxelinux E
IP1 P2 IP3 - P4

" NFS TFTPD DHCPD SSHD NIS YP

[

]

After downloading booting files,
scripts in initrd-pxe will config
NFSROOT for each Compute Node. y

At

~

DUOOFLUJdUCT ]




------------------------------------------------------------------------------------------------------------------

:_Config. 1 Conf:g. 2 Conf:g. 3 . .Config. 4

initrd = E initrd E initrd = E m:trd_ L

vmlinuz vmlinuz vmlinuz vmlinuz

pxelinux pxelinux | pxelinux pxelinux E
IP1 iP2 | IP3 | IP4

NFS TFTPD DHCPD SSHD NIS YP
Config. Files GNU Libc
Ex. hostname | | 4 EE @E ad =
initrd-pxe Kernel Module
vmlinuz-pxe 1 Linux K:t'nel
pxelinux Boot Loader

Perl | Perl | Perl | )
Bash | Bash | Bash | Bash |
SSHD | ' SSHD | ' SSHD | ]

\ Pa S

Applications ces will also =
epl ch Compute Node
via NFS .... D

W

 NFS | TFTPD| DHCPD! SSHD| NIS | YP

Shal=| =Baxli DRBL Server




" SSHD | ' SSHD | ' SSHD | ' SSHD |

~ With nd YP,

with the Same ID | PA
stored in DRBL Serv88H Client |

~ NFS  TFTPD DHCPD SSHD:. NIS YP

DRBL Server

P
Questions? }
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-

:j\tég% o
I H ‘EII :[iiFJ

e Flynn's taxonomy

o CHETIHYA

H— AdH- LR
Single Instruction | Multiple Instruction
H— TR
i w7 SISD MISD
Single Data
ZETR]
. SIMD MIMD
Multiple Data

-

Single Instruction, Single Data (SISD)

E) [5:' fqngfﬂ
H1- A
- T

ex: a=1+1




-

Single Instruction, Multiple Data(SIMD)

() j‘m‘ﬂfﬁ
° ]E'ﬂ A
o “yHf
: =b+1 b BLZ A5 I R L o T
* O a s oo T R A= e ST e T

-

Single Instruction, Multiple Data(MISD)

T EE T

GHI

Bl 7o
a=(2+3)+(2-3)+(2*3)+(2/3)

— @ © =

U U U U
Caes ) [2a | 2a )[ 2e |

(+)
\ 4




-

Multiple Instruction, Multiple Data(MIMD)

o T EFE
o ZHAH-
o “Zirf
e a=(b+c)+(d-e)+(f*g)- adeefgfﬁ /IJ?['%JJAQE&*%”
[ oilEG (b +c) ~ (d-e) P (F*a) > = bR [RIFEES -
@
JL g
‘ b+ c ’ [ d-e ’ f*g
()
Y
L a |

-

Point to point communication

° [ﬂ EﬁFEI — [[# node {& Q*F'fﬁﬁ (i node o




-

Point to point communication

o ['I'JE|~ [ node = ?*E'?ﬁ%[[af node

node-01

node-02

=

node-03

node-04

HEEy

-

Point to point communication

o “U'I'] %l node 3 FLUif- i node

node-01

node-02

node-03

node-04




-

Collective communication

e =[5 node [ﬁJEﬁ @?%Hﬁ node 0

node-01

node-02

node-03

node-04

-

Collective communication

[E5i node O

node-01

+)

node-02

node-03

IENEEY

node-04




-

[

# MPICH i

- sshymxx@140.129.162.12

fa g

& 4 public key -

- ssh-keygen -t rsa

- - E[ enter.....

}[‘3] id_rsa.pub PI £,£% authorized_keys -
- c¢p .ssh/id_rsa.pub .ssh/authorized keys

j

7 mpd.conf -

- echo "MPD_SECRETWORD=%${user}$$" > ~/.mpd.conf

7 Tl kG
Gl

# MPICH U

e Fid¥ mpd.conf Sl -

- chmod 600 .mpd.conf
%7t mpd.hosts }[ﬁj’ nodes IP I * -
or ((i=2;i<=7;i++)); do echo "192.168.129.$i" >> mpd.hosts; done

Suc ke

III R e

- export PATH=$PATH:/opt/mpich2/bin

R b
- which mpdboot

- [-HiEE. Jopt/mpich2/bin/mpdboot

mkdir .dsh

cp mpd.hosts .dsh/machines.list

dsh -a hostname




-

7 MPICH

o [ mpdboot + 1 7 i noes
— mpdboot -n 7

° JEU,%Q nodes ﬂ—FZ\I Eﬁﬁfj F.l ]:Eﬁ[}J
- mpdtrace
— mpdringtest 1000

o Rt mpd

- mpdallexit

-

i/[lfﬁjiﬁl’:f MPICH = =#H=

° ES—(E{*J MPD
- mpdboot -n 4 [ -f machine_file ]
— -n how many mpds to start
- -f hostsfile
e JItTiHrE| nodes
— mpdtrace
o ﬁl‘ i
— mpiexec -n 12 ./mpi/a.out
° %ﬁ?ﬂq MPD
— mpdallexit




-

Ypffe B E * /7 MPICH

19

#include <stdio.h>
H )

main (int argc, char **argv)

btz Ael i BCPUL el 73t 8 1 0%

E

)27 T (72 8 ehCPU i B (nproc)

Sy

\*‘?’

{
PI_Init(&argc, &argv);

<MPL_Comm_size (MPI_COMM_WORLD, &numprocsy,—

MPI_Finalize();

<MPL_Comm_rank (MPI_COMM_WORLD, &myid),—
o @ 52 2% % i CPU (myid) from 0

return O;
kT

}

i

>l

- >
T B

a

k3

-

HELLO MPICH

E”rl%i
=) {ft node}[

Elc[

=3 [ Jid F JLL
Eﬁi 5 mole DL
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HELLO MPICH

#include <stdio.h>

#include <mpi.h>

main (int argc, char **argv) {

int rank, size, len;

char name[MPI_MAX_PROCESSOR_NAME];
MPI_Init(&argc, &argv);

int myid, numprocs;

[* 2V iH node FEET*/
MPI_Comm_size(MPI_COMM_WORLD,&numprocs);

[* 2ViH 2 £} node id / rank */
MPI_Comm_rank(MPI_COMM_WORLD,&myid);

[* Vi 2 £} host name */

MPI_Get_processor_name(name, &len);

printf("This is machine %d of %d name = %s\n“, myid, numprocs, name);

MPI1_Finalize();
}
}

(leliCsle Loy pis i iedpe | m ok i e ) = =

fes= (E) #meR(E) MHw () =wwE(T) wR(B) XE(H)

wade@hd05:~/mpi/p-to-p$ mpiexec -n 12 ./testl -

This is machine 0 of 12 name
This 1s machine 1 of 12 name
This is machine 2 of 12 name
This is machine 5 of 12 name
This is machine 8 of 12 name
This is machine 3 of 12 name
This is machine 6 of 12 name
This is machine 7 of 12 name = nodel@3.cluster.local
This is machine 4 of 12 name = nodel@l.cluster.local
This is machine 10 of 12 name = nodel@2.cluster.local
This is machine 9 of 12 name = nodel02.cluster.local
This is machine 11 of 12 name = nodel@2.cluster.local
wade@hd05:~/mpi/p-to-p$ !

hdd5.nchc.org.tw

nodel@l.cluster.local
nodel®l.cluster.local
nodel03.cluster.local
nodel@3.cluster.local
nodel0l.cluster.local
nodel@3.cluster.local

sl O W GO LR
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MPI|_Send

MPI1_Send ((void *)&data, icount, DATA TYPE, idest,

itag, MPI_COMM_WORLD)

da;f Rl pLJE‘\m[v[:EIEF [ RS ED (scalar) FY ] (array)
T

icount folx= A AUErRIErE! - Hiicountfy fili Ak — B > data 7
RLE - i b 1
DATA_TYPE EiEH L AURRIKIH] > MPI [ [EpueeR K] -
idest RLISCERR[puCPU id -

itag fol2il i3 Pl i -

MPI_COMM_WORLD {555 -

[

-

MPI Recv

MPI_Recv( void *buf, int count, MPI_Datatype datatype, int source,

int tag, MPI Comm comm, MPI_Status *status )

bUf El}%”’;"leEﬁ:*‘I:El ’ l [ i_ji‘[%‘} (Scalar) F;Bﬁ] /“ (array) _ES\IL*\I o
h%ount Fol B e r%% ) Fil“countu@«g/\ E;J: » data 4 7F L
1%

DATA_TYPE B ISFuerRZH] - MPI [P vR 2] -
source fLI¥ZwyR[py CPU id -

itag FHE IS UerRAE S -
MPI_COMM_WORLD @[ﬁiﬁ& o




-
£ 3]

F 1S

o [ node}HElc NEOATo I =APES

,3’/\_L

/'I\I:[

(5 node -

#include <mpi.h>

#include <stdio.h>

main(int argc,char **argv) {
int n, myrank, numprocs;

MPI _Stat/as/status;
MPI_Init(&argc,&argv);

MPI"Co
MPI_Co

mm_size(MPI_COMM_WORLD,&numprocs);
mm_rank(MPI_COMM_WORLD,&myrank);

/* node 0 will send the first message */

==0){

if(myran ) {
n = myrank;
L Cand/i/ilon 1 AMDL INT 1 Q0 _hMDI r‘ﬁhlll\ll AV.V/aYw]
I'I_Q .IIU\()LII, XL, IVII'I N, L, 99, Vil \/ IVIIVI vVWOURLGoU

printf("[Ndde %d] " %d | >>[Node %d]\n\n", myrank, n, myrank+1)

}

/* node 1 to node n-2 will send message to the next node */

if(myran
MPI_R

>0 && myrank<numprocs-1) {
ecv(&n, 1, MPL_INT, myrank-1, 99, MPI_COMM_WORLD, &status);

printf("[Node %d] << "%d ; [Node %d]\n", myrank, n, status.MPI_SOURCE);

n=my

rank; MPI_Send(&n, 1, MPI_INT, myrank+1, 99, MPI_COMM_WORLD);

printf("[Ndde %d] " %d ; >> [Node %d]\n\n", myrank, n, myrank+1);

}

[* the final node n-1 will not send any message but receive*/

if(myrank==

MPI_R

numprocs-1) {
ecv(&n, 1, MPL_INT, myrank-1, 99, MPI_COMM_WORLD, &status);

printf("[Node %d] << " %d ; [Node %d]\n", myrank, n, status.MPl_SOURCE);

}

MPI_Finalize();

}
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B [

o = [ node}[ﬁ?&ﬁtfﬁ“ﬁéﬁiﬁ node O > {1 > node
0 sk~ H!

node-01

node-02

node-03

node-04

-

7

main(int argc, char **argv){
/* Node 0 will do the following */
if(myrank == 0) {
/* receive messages from other nodes */

MPI1_Recv();
}

/* other Nodes will do the following */
if(myrank !'= 0) {
/* send node's rank to Node 0 */
MPI_Send(message, 20, MPI_CHAR, 0, 99, MPI_COMM_WORLD);

}




T8z (E)

[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node

5]
0]
0]
1]
2]
4]
0]
0]

smEE (E)

wiziel=iclpjel =iy

"[5]1.
<<
<<
"[1]1.
"[21.
"[4]1 .
<<
<<
<<
"I[31.
<<
<<
o R
"I[6].

" [1]
" [21

"I[3]
" [4]
" [5]1

' [6]
o A

gisipi=iekpie Piat i
2R (W) &

wade@hdO5: ~/mpi% mplexec

== [Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node
[Node

=
=
=

=

==
==

wade@hde5:~/mpis [}

=TI

-n 8
0]
1]
2]
0]
0]
0]
3]
4]
5]
0]
6]
71
0]
0]

Eh (H)

Ltest3

= o

-~
f_'

I
| (=

e ;= node O p'I'[# T F l'*’F node FYFHEL

J|ﬁ node}[ﬁ” RS [ﬂ tag (0, 1, 2...) = [H
n\F, node O

="
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7

e MPI_ANY_SOURCE ¥ [ I{= i node
El
e MPI_ANY_TAG ¥~ [ tag -

FES= (E) *ﬁﬁglEl EE SmeARE (1) - B (B i
wade@hd@5-~fmp1£p to p$ mplexec -n 5 .,Stestq4 E=
[Node 3]1[Tag @] == 300
[Node 1]1[Tag @] == 100
[Node 32]1[Tag 1] == 301
[Node 3]1[Tag 2] == 302
[Node 1]1[Tag 1] == 101
[Node 3]1[Tag 3] == 303
[Node 1]1[Tag 2] == 102
[Node 1]1[Tag 2] == 103
[Node 3]1[Tag 4] == 304
[Node 1]1[Tag 4] == 104
[Node 4][Tag @] == 400
[Node 2]1[Tag @] == 200
[Node 4]1[Tag 1] == 401
[Node 4][Tag 2] == 402
[Node 2]1[Tag 1] == 201
[Mode 2Z2]1[Tag 2] == 202
[Node 4]1[Tag 3] == 403
[Node 4]1[Tag 41 == 404
[Node 2]1[Tag 3] == 203
[Node 2]1[Tag 4] == 204
wade@hde5:—/mpi/sp-to-p$ B
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MPI Reduce

MPI_Reduce ( void *sendbuf, void *recvbuf, int count,
MPI_Datatype datatype, MPI_Op op, int root, MPI_Comm
comm )

sendbuf address of send buffer (choice)

count number of elements in send buffer (integer)
datatype data type of elements of send buffer (handle)
op reduce operation (handle)

root rank of root process (integer)

comm  communicator (handle)

-
FrET1+2+3+...+100

#include <stdio.h>
#include <mpi.h>
main (int argc, char **argv) {
int rank, size, i; int myid, numprocs; int myTotal = O;
int Total = 0; MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPl_COMM_WORLD, &myid);
for(i=1;i<=100; i++) {
if((i % numprocs) == myid) {
myTotal +=1i;
}
MPI_Reduce(&myTotal, &Total, 1, MPI_INT, MPI_SUM, 0,MPI_COMM_WORLD);
}
if(myid==0) {
printf("Total = %d\n", Total);

}
MPI_Finalize();




oot BER

iadeghdds:~/mp1$ mplexec -n 4 ./sun 1 ton
Total = 5050
Wadeghdda:~/mpi

-

B [

o FfET Fibonacci number 7£37 1 T 3T n
e Fibonacci number

_ f(n)=f(n - 1) +f(n - 2)

~f0)=1,f1)=1

~1,1,2,3,5,8, ........
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MPI_Bcast

MPI_Bcast ( void *buffer, int count, MPI_Datatype datatype, int

root, MPI_Comm comm )

buffer foI 2R &R T T RLAGE! (scalar) BY[R5] (array) &y
17 f ¥ / y

B o
count EIEGEFVETR ErE! Ew}’icountpﬁf@ﬂkﬁ% Eﬁ > data ~ kL
Rl

e datatype [l {H=pY (buffer) =XRI %] - MPI [ [-EpUe v K| o
e root root ™ id (rank) L %)
e comm ﬂ[ﬁi@&

-

MPI|_Barrier

MPI_Barrier (MPI_Comm comm )

e comm @lﬁi@‘«
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By ’ﬁjﬁmﬁ;l MPI_Barrier

e MPI_Barrier kL£% 5| nodes [fl#

T 3

L F’%EJ nodes ﬁﬂqj@#m—ﬁh MPI_Barrier [
"’frI in nodes 7} |x&agl (= M T M RIpuAd

-

= MPI_Barrier

- A=0 = A=0 = A=0

= function a = function a [\Q function a
— function b . E} function b
| functiond| F ' T PURE S TFQ _unction c
—»| MP|_Bcast A=TU ) TVIPT_BCast A=1U \i’f MPI_Bcast A=10
= = =

node 0 £} root >
1 - node OJ”EI%[JFHJEI LL nodes =+
2 ~ node 0 &4 #~ MPI_Bcast A=10

HIET & nodes fl1 A pOzd il ik ff‘g [ﬁﬁﬁ £ 10 o

[Eﬁ}{"' A=10 i
#Ll

L[;f

e r/

> PTEPR el
=2 MPI BcastA 10 - }[ﬁ]’
» 4 nodes SR print A

ile
J lol_Lr
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“EJ MPI_Barrier

— A=0 — A=0 — A=0
— function a — function a [\Q function a
—| functionb = . function b
= [MPBoastal  F [ T EU FUAEE ﬁ%@ _A_Bcast A=10
—)| MPI_Barrier )T VIPT_Barer \i’f MPI_Barrier
= priat A — priat A = priat 2

= r < r < -

U#‘Eﬁﬁ E’“’ﬂﬂfﬁ nodes i“ 1+ MPI_Barrier = rﬂj | = = ¥ nodes i+
# MPI_Barrier I | i HUTHFE 0 R root
=Sk A=10 ? i l > fj1 {# nodes FIJA?BEISFH,IO o

-

B 5]

#include <stdio.h>
#include <mpi.h>
main (int argc, char **argv) {
inti=0;
int myid, numprocs;
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myid);
I* 35 EJjﬁL ',F"TEJ nodes [VEEHY | ?—Jp/l}{kﬁ‘.: */
printf("[Node %d] i = %d \n", myld |)
/* node 0 (root) F’jﬁ“ﬂ\@ B ?ﬁ}?‘ -
if (myid == 0) {
printf("Please input a INT number >>");
scanf("%d", &i);

i INT fi J%zgur*/

}

/* node 0 (root) %*}i‘“*’"r‘ | nodes FY i fif =2
MPI_Bcast(&i, 1, MPL_INT, O MPI COMFVI _WORLD);

[* F'?*Jgu nodes 7 IH Eg’i node 0 (root) UI}H i= f
MPI1_Barrier(MPI__ COMM WORF_D

printf("[Node %d] i = %d \n", myid, i);

MPI_Finalize();

Iy l’?ﬁ? Ay

J nodes */




Liziel=clpieleEh e el fe) i e =Lk

LoD

wade@thS ~/mp1/a11 to p$ mplexec -n 3 ./demo2
[Node 0] 1 =0

Please input a INT number >>[Node 1] i = 0
[Node 2] 1 =0

100

[Node 0] i = 100

[Node 2] 1 = 100

[Node 1] i = 100

wade@hd05:~/mpi/all-to-p$

S IR 5 ST J]JHLF
B I ;e JLE,TKA:f LR E] PRINT 4

Bl | 2SR BT + 100 JRi=ER T J|ﬁ
node [V i fﬁ?ﬁz%t %)

-

MPICH FB5H: Hid 1 i

e MPICH i SIMD i
® {FF Jk/ e R & D’J%
JeriV\_T l:;iglsfr

- i?'n ST R e B (e B
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Q&A

e website :

— http://trac.nchc.org.tw/grid/wiki/mpich
e mall :

- wade@nchc.org.tw

-

%Y

e http://www-
unix.mcs.anl.gov/mpi/mpichl/docs.html

e http://www-unix.mcs.anl.gov/mpi/www/www3/
e http://www.mpi-forum.org/
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Jazz Wang :

Yao-Tsung Wang \ \

jazz@nchc.org.tw ron Bl

~ What we learn today ? ]

Q1:
A1:

What is HPC? #3] 3 #8 % ?
HPCffla R RRCTCR ﬁiﬂﬂfr— EFo
RS S RAFIE N AT -

Q2:
A2:

Types of HPC? 3 i i8 & cifdisig 5 vhut ?
Mainframe, PC Cluster, Parallel, Distributed, Grid, Cloud
RHETH T NEE T~ e 23338

Q3:
A3:

Can HPC solve all your problems? % :#:8 5 v rifz;i*75 P42
No. % i85 f i f2iki95 KAL» EAFNIS £ 90K -

Q4:

Ad:

What is PC Cluster? 3] 754 £ 2
Cluster = lots of PCs. % % T %% p 3Rpp g 4= % > J*j‘a{%% °

Q5:

A5:

What is Grid? i 3} 1 & 5?2
Grid = Cluster of Cluster. + 3 3 i £ AL 5 - & % E & o

Q6:

AG6:

What is Cloud? =3 Z =45 5 ?
Cloud = Iots of Virtual Cluster. : 3 % 87 +3 s R nftd & -
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