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» A 5 4% 4 4
» F A R A
X A%, vim. emacs
B A B/ & : gimp. gnuplot
» 4£ LG 32 4 4
» $As b k4t
#7255 (Bp A bash. python; % . Fortran)
% % 1. B (make)
# 5 5
» R4 A
VASP % i
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THENLIE A ZH A

» A computer is a general purpose device that can be
programmed to carry out a finite set of arithmetic or
logical operations (from wikipedia).

» central processing unit (CPU)

» memory (RAM and ROM)

» peripheral devices
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CPUEEEIRES
» 8 21584 £ CISC (x86, Pentium. Core. Xeon)

» 4 T 38 A £RISC (PowerPC. SPARC. MIPS. Alpha)
» 8 K #4745 4~ A EPIC (ia64, Itanium)
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BT HAL
» A KA AUF| B4 4
» AR FHAPE A SR
» 48 %, FLOPS/Watt

Year
2008

2009
2010

2011

2012
2013

Supercomputer
IBM Roadrunner

Cray Jaguar
Tianhe-1A

Fujitsu K
computer

Cray Titan
NUDT Tianhe-2

Peak speed

1.026 PFLOPS
1.105 PFLOPS
1.759 PFLOPS
2.566 PFLOPS

10.51 PFLOPS

17.59 PFLOPS
33.86 PFLOPS

Location
Los Alamos, USA

Oak Ridge, USA
Tianjin, China
Kobe, Japan

Oak Ridge, USA
Guangzhou, China

Blue Gene/P


http://en.wikipedia.org/wiki/File:IBM_Blue_Gene_P_supercomputer.jpg
http://en.wikipedia.org/wiki/File:IBM_Blue_Gene_P_supercomputer.jpg

HE Rt

» # 42 % 22 (Processing management)
» A4 % 22 (Memory management)

» X4 % 4. (File system)

» M % i# 15 (Networking)
>
>
>

Application

% 4~4u4| (Security) 1 T
A 7 K& (User interface) Operating System
I% % 42 5 (Device drivers)

Hardware




H WERE RS

» Windows

» Mac OS
Mach Ay 4%z . System vX.X, Mac OS 8, Mac OS 9
Darwin A 4%z (BSD UNIX based): Mac OS X

» UNIX
AlX, HP/UX, Solaris, FreeBSD, OpenBSD, NetBSD, ...

» GNU/Linux
GNU’s Not UNIX (Richard Stallman)
GNU GPL # A+ <T T # A 4% (Linus Torvalds)
Debian, Ubuntu, Fedora, Red hat, SUSE. -




Linux#&1E R gt H i<

» Bash (Bourne-Again SHell)

» X pwd, cd, Is, find, cp, scp, In, mkdir, mv, rm, touch,
tar, chgrp, chmod, chown, df, du, mount

» X A cat, less, more, tail, diff, grep, awk, sed, vi

» 4£ 4k: bg, fg, kill, nohup, sudo, source, ps, top, wherelis,
which, man

» A A~ passwd, export, quota, su, who
» # 4. expr, set, ping, traceroute, ssh
» Nk E @5 EE . > 5> n>&m, <, |




XWindow 2 4t
» X 44 R —RHUEAFTRNETORLEE o 4 %o
» # ACISH A, B “REEZAHR

export DISPLAY=host:0
» XFree86 - X.org (X11R7.7) %

» £ &I
KDE(Qt) I(
GNOME(gtk+) *

» Windows T # X server
Cygwin/X. Xming of '

» X% 5 ¢
xterm

GNOME"



L 28 BLER T 56
» A3k M Ethernet over twisted pair (10BASE-T,
100BASE-TX, and 1000BASE-T)
y ¥ & I
Ethernet (10GBASE-X, 40GBASE-X, 100GBASE-X)
Infiniband (aggregate links)
SDR DDR QDR  FDR-10 FDR EDR
1X 2Gb/s 4Gb/s 8Gb/s  10.3125Gb/s 13.64 Gb/s 25 Gb/s
4X 8Gb/s 16 Gb/s 32Gb/s 41.25 Gb/s 54.54 Gb/s 100 Gb/s

12X 24 Gb/s 48 Gb/s 96 Gb/s 123.75Gb/s  163.64 Gb/s 300 Gb/s

*actual data rate, not signaling rate
**run ibhosts and ibstat for info

Myrinet (Myrinet 2000, Myri 10G)



X 2% AR %5:  telnet/rsh/ssh

» Telnet: TCP/IP##iL4 69— 301, R Internetit sz A% Ak
St RN A 2 27X, F4A2B5% 0.
rrshy B3P Gt 24 5506t HAu Lk 48
A shell
» SSH(Secure Shell): 4] # 4 = A £ Fo 540 2 Kot L 9 —
a8, A+t E Ak ¢gShell 42 ¢4 524 5 2 69 4% 2
Fo i BRI, FIEA225 % 0,
OpenSSH # A F # & X %5 5 Fio
ssh-keygen -t rsa
cp ~/.ssh/id_rsa.pub ~/.ssh/authorized keys
Windows & ~ 5% 42 & : putty



2% A 55 ftp/scp

» FTP (File Transfer Protocol): TCPR % k. X 44 1% % #445L o
& % Ak %~: anonymous
2B BN B P HA—ANMEE 6 HAR% a N (N>1024) £ #
PR S Btgébsbika(2l), 5A4 % AN+, # 4%
FTP4~Aport N+17. AR % B 48 5% o (20) A # | & 7 5%
N+1s% @,
WA R B EATFAEE AN o (N> 10244eN+1). A
smaNEZR S Besma2l, #RXPASVE4. BRESBFE
#4555 o (P>1024), # 4 EPORTP4AL R Fi%. &%
£ A AN+1F|P e % 450

» SCP (Secure copy): A Fsshil & 52~ X4 1% o
Windows & ~ 3% 42 5 : WInSCP



Vim 3 g 48
» AVIE £ & k69— X A% H (Vi IMproved) %
» VIM#4 Tz thil, 2#RGPL, 44— %£ £ 4%
» X
£ 8 48 X2 %0 A R)
&~ 42 X (dza it N)
T LA (A )
SATBRCDRAIT A, P IV E)
» £ 24L&
Mk, H. EA

ik “QWERTY# & A A ¥ F 8 EHF A B Atz L, &R
MF &G E I



emacs 3 A g 45

» 9% £ Editor MACroS, #%44# &
» GNU Emacs#< XEmacs

» & AlISpleE A Y £ & F

r X AF XAELA
b
b

Y 48 B = B,
Emacs & “—ANb AR HE 4 %, REANMED G R H B

“Escape Meta Alt Control Shift” &, % “EMACS Makes Any
Computer Slow”

Vi @ANEN: “FAFREEYT fo HaE—tr7 o



Gimp E1% 4k 7

» GNU Image Manipulation Program: — # #-F & # s &
K55 B 1% 232 f1 & R

» F #HGNU/Linux. MS Windows. MacOS X% # &,

» B RIS AR AT ROEZK, €4 BT ELM.
B 1% A~ ak Fo 4| £ B (£

y << 4 kR F 6451+ 5 >> Robin Williams
HF. RER. B ok

" cosand 4 »
o & i gl S



gnuplotZ;

) — AR FEATGALE DK, HBEFobSb G =%
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A ) %4t (R 2 & FGPLLA),
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title "Some math
xrange [—-10:10]
yrange [—2:2]
Zzeroaxis

(x/4) **2

<

10.6401, 1.65107

— —
Gnuplot (window id : 0)
e ————
He#He@a N ?
Some math functions
2 T T
\ \ (x/4)¥*2 ——
151 N | : sin(x) I
N / 1/x ——
\ /
1F “\ /'/
05 |- N /
0 .__ et \-7""*~__.-""'7/. IS Er—,
— — ¥
-0.5
_l -
-1.5F
i L
-10 -5 0 5 10

sin (x),

functions™"

1/x



TEMVE R 4t

» MEABEABR K. AR EE. HAGTKFE. ath
%1t 2#o o o
» Portable Batch System (PBS)
OpenPBS. Torque. PBS Pro
gsub -N name -g queue -1 nodes=4:ppn=12 job.pbs
gstat, gdel, pbsnodes
pbs_sched - Maui

» IBM Platform LSF (Load Sharing Facility)

bsub —n 8 —q queue < job.lsf
bjobs, bhist, bkill, bqueues, bhosts



JH?J}FEITIZI =
» Bp AR S
BEMIT, FELMEL L
fapuase,. Websmae., xXpa2. “BRK #EF
bash, lisp, javascript, awk, sed, perl, python...
» YFiE S
5. wmE. 44, &7 (edit-compile-link-run)
i &
C, Basic, Pascal, Fortran
» # 1 Ao K ik
» & %1 2t % 42 5 4% 11 (Object-oriented programming)
£. %, Fik. #HE. 4K 3% &(Polymorphism)



Pythonif =

» HE M. AR HE, Az REAIMNFTEL
#hEl — 4 F 4" (perl)

r 4% A 5 (A2 ) R LB 4 Ik

» b G@tk, & B KR, FHEHASR

» Python 2.7 - Python 3.0

» Numpy. Scipy

» matplotlib. pylab (an alternative to MATLAB)

A



Cig=
» RAT QT A mIEES
» Bk R4 RE, CLIRAKCHEE A L% 5Llinux A 4%
» 4% 4L 32 (C preprocessor)
Hinclude <stdio.h>

Hdefine Pl 3.14159
A1t 4 % Hif, #Hifdef, #Hifndef, #else, #elif, #endif



GCC

» GNU Compiler Collection
» 47 5% 7~ 4 Abstract syntax tree
F # Ada, C, C++, Fortran, Java, Objective C, Go...
y Pia L AL
y Somy F A MBI
%_#Alpha, ia32(x86), x86-64, ia64, MIPS, SPARC...




Libraries
» RRBAFF L%t Fir L4

» BA4E AGBEHABEOARNLNETHRITIA P

/path/libmylib.a
-L/path -Imylib

» EMAE: ATHRAXIAZEAREITH, H#&EM4E4L

%, 6 % K425 o K A

Program Y

Static libraries

(*.a)

/path/libmylib.so.version § Program X
In —sf ... /path.libmylib.so ] i
ldd vasp

Idconfig -p

Program X

/etc/ld.so.config

______

LD _LIBRARY_PATH

Dynamic linking
)]
=0
@
15
=1
o
i
2
o

~

Static linking
at compile-time

Dynamic linking

of shared libraries

at run-time



GNU binutils

» as:iC % &

» ld: 24 &

yarg ik A b, T4 2. Bokfo IR b )R
ar rcs libmylib.a mylib.o

» NM: 2 7 8 47 X4 A 655

» objdump: £ 7 a 4 X#F ¢94a £45 4, RTAILHK

» ranlib: 2 2 # & & ¢ % 3|



GNU Make

» @ itk AR “makefile” ¢ x4, f siLE A R4
» & EUNIXs 3+, @ %44 AIDE
» makefile+s i
MACRO = definition
target [target ...]: [component ...]
-$(RM) target
(@echo “starting...”
i an from.to: ; COMMAND... (. SUFFIXES: .from .to)
# K, AN %.0: %.c ; COMMAND...
$@ (a 47 xf+), $%( 8 44 & & a4 ), $<(F — ME# X M),
$F( XM P e £), $7(sk A 47 X4 & #r 4RH ), SN
A &H X)), $H(A L, T H)



Fortrani& =

[}

» Formula Translation, % — A& % %42 +& 5
» e ATHATE, REXERS RIS
>
b

' 4

NI R UR S
FORTRAN 77->Fortran 90/95->Fortran 2003/2008
Bz &XNE A i
OOP z_#
» BE R
PGI, Absoft, Intel
gfortran from gcc, g95




Intel Fortran Compiler

» T # Intel® Composer XE for Linux 3¢ & Ak #5 4
» & f7iInstall.shz #
- email & 7| 69 5 7| &

h B ¥ de T 4014
Intel Fortran Compiler XE 13.1 Update 3 on Intel(R) 64
Intel Math Kernel Library 11.0 Update 5 on Intel(R) 64

» REAMRKETE
source /opt/.../bin/compilervars.sh intel64
source /opt/.../mkl/bin/mklvars.sh intel64

y £ kT ihz#Intel C/IC++4p 4 &



A TN

BLAS#{ ¥ J%

» Basic Linear Algebra Subprograms
Level 1: scalar, vector and vector-vector operations
Level 2. matrix-vector operations
Level 3. matrix-matrix operations
y 5 4,0
S (real), D (double precision), C (complex), Z(complex*16)
GEneral, General Band, SYmmetric, HErmitian, Triangular
DGEMM: aop(A)op(B)+BC, op(X)=X,XT, X" C-m Xn
> R Rl 6 R I A
B 44 @464 MKL from intel

% = 44 GotoBLAS/OpenBLAS, ATLAS (automatically
tuned)




A TR

LAPACK%) &

» B Eg A, R =R, AEMA. FFAF
2 ¢4 Fortran90 (from v3.2, 2008)42 5 &

) GHRETAATEBGHKRL &4

» driver, computational, and auxiliary routines

» Xt H A TFBLAStE Ao #s & HILAENV T 34

E@REBEERE L 4o R RGAAHL, FEABRER, 4
Bl Level 2¢4BLAS & # & & # Level 3

o g gt
P>PPBD
R EEREE R
3
000600
XXXXXX




— .

FFTWAL 5 &

» diE 4 2ot 4 O(n?) > O(nlogn)

» Fastest Fourier Transform in the West (MIT)

» ACE s w5, 12 Fortrant o

» S AR
CEINEE, - NbrHRT, TREALILEL LG
A2 B (aplan) #41§ 5 € 14 4
# it 4K 45 7~ 4 F(genfftin OCaml) 2 4 3 & 4£ 4L ¢ 4%, 25
it BNt 9b K% S BG4 LENHTRTFL




OpenMP
» Open Multi-Processing, — & 3 # % F &£ 5T A K7 X
0 % B 52 # L ¢ HAAPI, F 44C C++FFortran

» Wit R FrNERAGRALILELA,, AR FEA
% %42 5 AT F AT AL

#pragma omp <directive> [clause[[,] clause] ...]
» 3135 ¥ € OMP _NUM THREADS

OpenMP language
extensions OpenMP

parallel control . data . ru_ntlrr'ne
work sharing . synchronization functions, env.
SIrUCtUres Emyironment .
variables
govemns flow of distributes work SCOMES coordinates thread mundime envanoniment
conirol in the among threads vanables EXECLon
QO]
omp_set_mum_thresds( )
do/parallel do shared and | critical and omp_get_thresd mum( )
parallel diective and private atomic dreciives OMP_NUM_THREADS
secitlon dectives clauses barrier dweciive OMP_SCHEDULE



file://///localhost/upload.wikimedia.org/wikipedia/en/2/27/Openmp.png
file://///localhost/upload.wikimedia.org/wikipedia/en/2/27/Openmp.png
http://en.wikipedia.org/wiki/File:OpenMP_language_extensions.svg
http://en.wikipedia.org/wiki/File:OpenMP_language_extensions.svg

MPI

» Message Passing Interface
) RIBGABEBONENALE, REZHFELH
4 ;&Zh*gu&é

Communicator objects connect groups of processes in the MPI
session.

Point-to-point: MPI_Send
Collective: MPI_Bcast, MPI_Reduce
Derived datatypes: MPI_INT, MPI_CHAR, MPI_DOUBLE



Open-MPI% 3

» & fTconfiguration @ 41 de &
Jconfigure --prefix=/usr/local/openmpi CC=icc CXX=icpc F77=ifort
FC=ifort

R R
make; sudo make install
» AETBLEE
export PATH=/usr/local/openmpi/bin:${PATH}

export LD _LIBRARY _PATH=/usr/local/openmpi/lib:
${LD LIBRARY_ PATH}

» A EEHE R
ompi_info | grep “MCA btl”



Open-MPI

» Modular Component Architecture (MCA)
Framework, Component, Module

» ZEBA
OMPI — the MPI layer
allocator, btl (Byte Transfer Layer), ...

ORTE — the run-time layer (Run-Time Environment)
errmgr, filem, ras (resource allocation system), ...

OPAL — the operating system/platform layer (Portable Access Layer)
backtrace, crs (checkpoint and restart service), timer, ...

y & 47
mpirun -np 8 -machinefile hosts --mca btl openib,self,sm vasp.x



Blacs/PBLAS/ScaLAPACK

» Basic Linear Algebra Communication Subprograms, %
# CMMD, MPI, MPL, NX, PVM

» Process grid, contexts, and 1D-less communication
» Parallel BLAS: PDGEMM

» SCaLAPACK
Initialize the process grid (SL_INIT)
Distribute the matrix on the process grid (DESCINIT)
Call ScaLAPACK routine
Release the process grid (BLACS GRIDEXIT)



SR R AT T3

» Graphics Processing Unit (GPU)
Compute Unified Device Architecture (CUDA) by Nvidia
C+z 5 % % &(nvce)
CUDAFFT. BLASA
CUDA runtime 3g #
Open Computing Language (OpenCL)
Intel, IBM, AMD, Nvidia, Apple, Sumsang, ARM...
» Intel £ =&, & 4%z (Many Integrated Core, MIC) 2= 44
% 7% 3 4% (Xeon Phi) i« 32 &
LN AEFRMEE, UABZRHEETELED
4 R FX86&4, 2 ARABHTR. A TLEEAM
2 B AT, BIB/ARFITER N A B A ITo




VASP i/}

» Vienna Ab-initio Simulation Package

4
4

Total energy calculation
Geometry optimization
Molecular dynamics
Transition state locatior
Lattice dynamics
Chemical shift
Core level shift
Excited state

b-initio

ackage

imulation



VASP 4%
» make vasp.5.lib

» make vasp.5.3, based on makefile.linux_ifc_P4 shipped
with VASP
sequential: ifort, MKL(blas, lapack, fftw)
parallel: mpif90(ifort), MKL (scalapack)
G-only: -DwNGZhalf

» bR %id BT EKE B AVASPA 5, @K,
CACHE% % #- A #stit L2 B 9% &



