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1. VASP
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- Vienna ab-initio Simulation Package(VASP) "% ®34~(Density
Functional Theory) ©]&ol 7]ubet Aldde] AAT2 Ag F=2A] B2 2
AAe] Ha Fx 2 BEAAS AME

- FHAFYH 457] B2 22F A 2FClA in-houseZ =S Al
Al ARgeheE S8 0= THET] Alzdlo] &% w=9ldE Ago o)A A
o] a3

- Intel Xeon Phit= 24 oz X|Y4sHx] grom NVIDIA GPU2 Vienna tg}
S Ao ® #A CUDA F=(VASP 534)= 7fiks<]

« VASP 47

- UG o] B o dAket WA do] FF T B AR FSAE

= B3 AllA Y vle AdEl(ground state)E Al4kshr] 93k WHo R, B

Ol

< 9 dAE FAlel aPsloF = THAIAl(many-particle system) ol A1 9]
TAE FLUYAA (single-particle system) 91| ZA= X3

- o] FalA, A~ R dAES X AES dA9Es S uE
T U Rt RERE olEe FiAlA, Fold Aladl e 2de RdEs
7] 1% HEe] W Qlo] 2o AA Fxok dA 2T R S48 AN
T e mWERA, AERGE oS AR TS Addd HATEARE

(first-principles electronic structure calculation) ZE= E2]7|%= &

- WEHSE ol Hu 7AIR o, IERSE o2 Ak by dH 2=
TEGrERY ST 4o Be vte dEe] 4 A ¢ e Tk
Hohenberg-Kohn 2|, 18|11 A3k viet el A =5 A oAA
At Hgo] AP = = vl A EAE 7HHs= Kohn-Sham 7}

Aol ZIketar Sl

P2 ZA7F AApe] U, & BA S FolA U= A AF

of oJ&str] wizel, o] B YA FEEA WP (EE, Kohn-Sham *H424))

= ¥ A3E WA HEda 7 =EE Aot

B Az} Abolo] AolE FI s, F A]) E<eo] gle(self-consistent) &
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Al O X1 7heel Kohn-Sham ©e HA
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oIEge ¢lr) — TXNEE 1) o HIEE pxs(r) +— LISEST duslr)
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Y Vexlplr)] +—  E[olF)] Eslan)]  — ZHE Visloln)]
Kohn-Sham O 28 LT HE DE ALY 2AE

- TP WAL WY Fo] FHEA WEAS VEH o= 33k 1 fell
Aol g WA olA, ™I 7| A(basis)E  °l&st] EAIE W-E
eigenvalue$} eigenvectorg T3t Z1O=2 X8 5 5. o] W, EAE A9
she= dE FE, Ee dd wEI9A Ao Ak BRI EY
Q¥ (Hamiltonian) > 2 E2]™, 2|7} 314} sh= Aol tigh BRE I U

- SIHEURF PFBS thasleiA LA A eigenvector, = wavevectore 2

AAre] e 3 (state function)® |4 E ™, zhzhe]l AE] 3ol tlgEE

eigenvalue gt 2t FEj7} 2= ‘A AlH A (eigenenergy) = 314

FoIx Aol el T A AUAESZHE T AY nie AHE RS0

T lon, =3 vl A g ol sl Alel A BEE wheo] ¥

2 A2 AEE o] &3l siREUS dds tA vhEo] o] A&

|o2 2o WAl

brell disl dzbe]l HMrRRRE EEURNS vtEojule A,
Kohn-Sham 7}l o]k W& <oA=, 78] AAbEo] =7+
A s Aate] MR ojEdts W dHE 2e WS AR
L BX Abole] Al F% A oo e

HHE} °JFJ°ﬂ A ‘rrEHO = gAY 8HA exchange—correlation Oﬂ °l3t 3
A o] W W @siolo} 37] W, o W= Yool
= ng Asss 03}5 Je U s o] 2o 6]1/\17(411

- BHARE o] g o ZdelH, olATMA = A AlY HA-
2AgE BE B4 Z 7] st= Wk el B AA &
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- AANMA = =4 EE FAPH(local density approximation, LDA) &
generalized gradient approxima‘cion(GGA)g e T3 W #FHUL
99 484, 8 A9 YEagel 4T dol 34

H
=



d 5 W E(DFT+U, GW, hybrid functional)&-2 VASPo| T3 =]

ol o ofy

Wil 714 VASP2 714 =ZA] HW3} 7] A (plane-wave basis), =& 9A=
o ol AHE ugr] g8 A s wZAHE Py 74
(projector-augmented wave, PAW)E A& o] AA Fx9f o] dA3t &+

ol Aol Fr1de 2t 22 el delA Ze#l AdHE.

o

AR AE
T3k Gaussian¥ o] FHA R I4stE U VAE AEde ZEE9
HlE] oj& W] 7 FojErs . gl FH o 44sE UAE
AR AAES AHshr] fEiME B o HuaEse] Qs o 9
g dztst HAE et ek Azl A ST
oA71ell A AL MRS Fol7] S8 8T 7 dve HHEE F AR o
AzZber 4= Qled), e Adtel Ze3d Hwive] =5 ol W tE

A’ (pseudopotential) WHS A3, FHA TAdE F
S e ouA] JEIEQ eigenvalue/vectorETHS Lol
(iterative diagonalization)S A}&
FALEZEAE I TR Rt &
Al 7 FE Shue, oluAZE v JEE
ako] &8k whgo] FofsiA] 9 o] HMAEo|al, tE Shvbe Ao
2 w2 dqUAE 7HAH 8k gkl @s] rofsh= H o)z A xH(valence
electron)

o] %, ol AAES vl

2 38317 YA E u 2o 4o Ayl /A7) Hes 5]
Agto] Ae] Folalx] 7] Wi B4 A4S thE Alde 8% dFS

AR e, ol so] Ak AHEat B AR SN o= A
T LA wol A7, B3 Hezt dAEe] Hrldle e A
B Fo] AAER e xHAS FE XdAde] HAFS wEe] e A
o AR8-h= U

A 2ol iR HFHD T PAW 7|AE A UERES m=E
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WA tizkst Wy fAEZEAE IS SE AR EE V1A e S0
stezts, Ji7Ne] =d Sl Ak FHe) WA B vlEshod dad o
Wil = PAW 71A419] S5 7R 31dd Alxglo e FuslE gdon 1
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LEYRQF JHS olgjgt & FxtolA 2F thztglsi= 21 &4 0)A
s, HHul 71# FirollA 7149 eigenfunctionE 3} eigenenergysS =/
shebAl BAo A A 07 olafelr] e oY, VASPolA = thil, Js 7
Az A/ME 5 e A 79 A E=g(trial function)ES Asta, HEE
Yol fHg o] st 9 7|5 E subspaceolA tztsl @ ) 7H7RE]
AEZTEL] quA] 7dgs B e BgoR AEdTE HAAEY v
B ol Mg A A 3

7_(_]
o] A7) R=(1E AE o

_

A =drs Lashd, oAl we Aot EskA =W,
ANEZE9] eigenenergyt A9 dEl FEQ oluA et AREHH S A
EEe A viade gaEr dXsA @

NESHFEE ARSI HolA= VASPY thE w44 7AES A8t =
tE5Y FEAo] dvkar & 5 QA|RE VASP2 AL oAl A =grt F
AslE 7] wiell, 5% 714 dge] Aart oA v Brh AFEEd 4
A ANE DS F Ak ZolHo] A5

T3 sidEYU dde gizdsh= AlEstEe 9 7]E% = subspaceol A
o]Fo A 7] wiitell, diztslalofr sk dHe] AVI7F FolEo] B g&4<
Axte] 7VssHA #

VASP A4

entering main Toop

N E dE d eps ncg rms
rms(c)
DAV: 1 0.284788808340E+03 0.28479E+03  -0.16712E+04 2464 0.134E+03
DAV: 2 -0.143379026546E+02  -0.29913E+03  -0.29230E+03 3002 0.373E+02
DAV: 3 -0.381778635987E+02  -0.23840E+02 -0.23282E+02 3196 0.102E+02
DAV: 4 -0.390206722582E+02  -0.84281E+00 -0.84169E+00 4202 0.191E+01
DAV: 5 -0.390397206195E+02  -0.19048E-01  -0.19044E-01 3216  0.227E+00
0.148E+01
DAV: 6 -0.330167909892E+02 0.60229E+01  -0.39322E+01 3734 0.516E+01
0.636E+00
DAV: 7 -0.326661927384E+02 0.35060E+00  -0.41221E+00 3780 0.198E+01
0.267E+00



- A7l A NS v Fxo] wbE 4, O8]3 ncge 4 B FEuig A=
g5 HA38t7] 918 conjugate gradient AL 4, gl AWK Z
B DAVE Davidson iterative diagonalization ol A& U=
oul. &8, 2A TxE At Aie FI3Y ", A7 4Ae
TEE =254 HAAgertH O dnig vltg FEHE /‘Hi Arrsk= 74

ulg %o 27} F7)9

/ trial-charge pip and trial-wavevectors ¢, /

Hartree- and XC-potential and d.c.

set up Hamiltonian

subspace-diagonalization ¢,y <= Uy, ¢,

iterative diagonalization, optimize ¢,

subspace-diagonalization ¢,y <= Uyn$n

new partial occupancies f,

new (free) energy £ = ¥, ¢, f,— d.c. —0S

new charge density pout(r) = 3 f|¢n(r)[?

mixing of charge density pin, Pout => NEW Pin

no
AE < Epreak

VASP  JHEFE QI flow chart (X : VASP User Guide)
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- NVIDIA GPU #lx]u}=
* VASP W2 534
# Zhol Al A= NVIDIACIA 23 detslon ta =2 tais A
Ak SrTiO3(6x6x32 7] 2 F3ed o a4+ 53070)
% Y =42 DFT AMbs AZstA ste 2wolA Abgste A9s] &
A= A
% AT TS 9l LREALSA S TrueZ 2439
* CPU 3] nparE == 2 AAA3I, nsime 322 AA3AS
¥ nsime 16,32,48°0 4] 327} 71 £& A 5S HAF
— Intel Xeon Phi #Wlx|v}=
* Xeon Phiol thallx T2 om AYdstA] Folx 2= F5 o7t
CPUWH] Native ¥ AO(automatic Offload) 2] 3] A5 HE
* VASP ¥ 42 533, A3d e+ Intel Composer XE 2014
* 53] VASP2 MKL<9 BLAS(ZGEMM, DGETRF, DPOTRF, DGEQRF)<}
FFT Z&55& ol B2 AtS sz A0S H&7lsA wdtd
353
* B g A9 &9 AAE 7HA = 27HA 24E Alkbstal, Agkel A
g AlkE 540 SrIrOz bulk(wh9 AAFe] dxp=7E 77091 22 A),
GaTa4Se8 bulk(THe] AA el & A=k 71 5271)
- SrIrO3 bulk
@9l Axpol Ir A&} 17K, SrdAk 370, oo Ak A} 3747F £23HE = A
> A
AHEE B E
- Monkhorst-Pack k-point grid : 12 x 12 x 12
- Plane-wave energy cutoff : 400 eV
Arbell 4= oF 110070 ¢ FW st 714, 2e]ar 22789 A 2gh7F ARE
% 16" charge density self-consistency iterations 7% % Aigko] 44
7} stepvltl WA o2 34009 W conjugate gradient step= AX & Al ZF
57t A4
- GaTadSe8 bulk
@9l Aol Ga A4, Taflk 167, 1) Se 97 32707k L@wlol, @
1 A U & ARk s 5270
AEE W
- Monkhorst-Pack k-point grid : 4 x 4 x 4
- Plane-wave energy cutoff : 400 eV
Aol = oF 15700070 ¢] st 714, Z1efar 17070 6] Al 2Hek=7F AF&-

[



% 201 9] charge density self-consistency iteratione A% 3 A3gk 5
Z} steprhtt HiFA o2 17009] M conjugate gradient stepg AX
27 H A 3k

(a) SrirO3 AKX X, =M 20t Sy, 8BA LY Xt I, 22l |2
&2 It O (b) GaTa4Se82 conventional cubic &% AXt X, 2Lt 2
ZEM It Ga, B2 HFM 2It Se, 1cl) ZMAHFE 01RD U=
XS0l Ta

* Ak A28l AR H2E AHEHE CPU9 Xeon Phi 7FE=e] g AR

- CPU : Intel® XeonTME5-2690v2:10core,3.00GHz,25MCache (A4t ==
2 2702]CPU : == 9 core & 2070)

- Xeon Phi @ Intel® Xeon Phi  Coprocessor 7120P: 6lcores, 1.24GHz,
30MCache, 16GB™ X2

. A g
- VASP< LAPACK/BLAS® FFTW glelBegls A st o
Linux/Unix 7|9k Al2=glel A oped 2 Addd 5 s

- CPU 42 W

* VASP &2 9t o] o455 W, v 27 dd et A E
J/vasp.b.3

./vasp.b.lib

* vasp.5lib 2 Eo]7}A]

cp makefile.linux_ifc_P4 makefile

* WS Aaste] makefile Y-S 1 ¥ makefile®] FC A4S ifort=
make MHEH|E g Ao w Hudo] £ HW libdmy.a I}

r
He
Lo

I
do] AW, VASP ZE=E U A golBy g s ALE3
* T O & vaspbhd UIAEFHR o]Fste] & I=& HAud. o9 A5dy
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MKLS
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el ];]..Q‘Jj}
A4

o~ =

TE=

%

FC
CpPP

FLAG

A8 Aoz, LAPACK, BLAS, 18] 1

“ulimit
a7lE
* LAPACK 34 thalA static linking®] 74-%

FFTW zholBelg] A Intel
& wA", wA 7 AlMﬂoﬂ

@ ohd @

o

AR 71 gelBe Y ES A9
n g FHl ¥ makefiles HAMS 5, Asde] 54
Zol 4 & make WHAE T3 Z=

Astle A=l e A= 44§ ~aHE

—

d‘i

o] ==
AR -

o %

o

—

Al

Q124 A%
- S

AR,

H#S £33 VASPo] +% 5

49 7hs

umlimited”
=¢ Folof TA §l

(e}

[e)
=
1ol

= ifort —openmp -mkl
= $(CPP_) -DMPI -DHOST=\"LinuxIFC\" -DIFC \

-DPGF90 -Dkind8 -Davoidalloc \
-DRPROMU_DGEMYV -DRACCMU_DGEMYV \
-DMPI_BLOCK=8000 \

-DCACHE_SIZE=16000 -Duse_collective \

-DNGZhalf
= -03 -ip -xavx -I$(MKLROOT)/include

MKL_FFTW_PATH = $(MKLROOT )/interfaces/fftw3xf/

LAPACK

* Dynamic linking 2]

- Xeon PhiollA] Native Ax] @ 213

* CPU 374 =

FC=ifort -openmp -mmic

-W1,--start-group\
$(MKLROOT)/lib/intel64/libmkl_intel_Ip64.a \
$(MKLROOT)/lib/intel64/libmkl_core.a \
$(MKLROOT)/lib/intel64/libmkl_intel_thread.a \
-WIl,——end-group -lpthread -Im

3

749+ Intel MKL Link Line AdvisorZ

W

A8 I fASHE, G g Hel ol
Astel H wholdelzl MIC ol Ao A FE58 Aol

Fu gg 2ol “mmic’ &40] F7% W

rr de

A
SRS

a

5t 2ol B el gl 9] Xeon Phi 7I=

F=7F AdE7] 98 22
NES =2 Aol EAjsfok

a3 e 7tev JaE
Zlol B e g 5(MPI %) Xeon Phig 98] A #Axpds]ojor g

Intel Composer XE 2013 ©] % B4 Xeon PhiZ 9&] #H3dE MKL
gtolHel g 8 A&ty (FFTWE A&7 43 2 = 7 91 < 3
oF 3), welr VASP makefileol = a3 2lol Bz &S o} E

(¢}
2sfo} 3

0] =
AR -

==
—=

w3 %

&ol



MKL_FFTW_PATH = $(MKLROOT)/interfaces/fftw3xf/

FEFT3D = fftw3d.o fft3dlib.o \
$(MKLROOT)/lib/mic/libfftw3xf_intel.a
LAPACK = -WI,--start-group \

$(MKLROOT)/lib/mic/libmkl_intel_Ip64.a \
SMKLROOT)/lib/mic/libmkl_core.a \
$(MKLROOT)/lib/mic/libmkl_intel_thread.a \
-WI],--end-group -Ipthread -lm

LIB = ../vasp.5.lib_mic/libdmy.a \
../vasp.5.lib_mic/linpack_double.o \
$(LAPACK)

- Y folrggES =¥ Xeon Phi A9 wWlR o] EAZF HYALY, =
+ Xeon Phi7}= flolA HE 4 &= NFS 4= flo EA)sjoF &

L

& W#HolZ %3 Xeon Phi 7t=7F A3 2= 5 g E
export OMP_NUM_THREADS="--
VASP 18 W57t Qe HeEd R o)% F vhe 3HolE A4
Jvasp
E
- NVIDIA GPU H=E
* Td oA CPU20 cores)tH] K40m 7+= 3 S AL&31S 9o oF

L77H, & e AR RS Aol 2718 A

* B A7) o el M= HEREALE HolFA Fa

6000

5000

4000

W CPU only (20 cores)

3000 -
W 1K40

I I B 2 K40
o o
obf& b@:

)
&
,\'br

2000 -

Elapsed time (sec)

1000 -

0 -

)
WS o8

VASP GPUOIA HIAE
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- Intel Xeon Phi HIAE

« G wmEo A A= £5 A 7IHEA Native® F371s dom MPI
HE 2 A] oy A

¥ Xeon Phi + MPI &40 49 2 F: CPUNA ¢ ma7kA 2, & 7=
o 519 OpenMPE ©o]&3st Wdst A5y ofyel o8 %<9 Xeon Phi
=S MPIZ %38 HAo AMgdlSw #HA3 AsS AlFsiol shA vk
obg] EAZ ¢lajA Xeon Phi 7ol MPIZ o] &3 W&Esl A A3

o] o] Foi A4 %3

VASP "l ZE=o&=, MPIL 3413 #dd B F 7 == H w2y
allocation ¥ FAlo|A 9] e FEo] 4 & ol Adx, wd wre A
< 2HE 9743 st “—check bound” AFA FHAS AL A

Y RREANA Pspedol o o g AWHA
ol CPU @714, Mg Faol 2% Poshs 457 Bgsd g
W EAl glol mEVF W) 2 Aol . @ CPUSH thE iy W

o

TZE 7FA = Xeon Phi WAl A= MPIE ol &3] Z=E Add 3 A
A FEEol wAlE doA IEVF AR #ZEshA Ze. Xeon
Phi¢t MPI &7 oA VASP ¢ d5& Agst7] daixe sld Fis

Ao WEe HT eREs WA sAser & Aom HolAnk §E A
to] BoE Ao=w o4

* Xeon PhiolAl Native =8 A] CPURTF Ao gl Uz =5 Eold
9 4 As e 7IdeEE e dow wdd

- SrlrO3: CPU(2 Threads: 1.49%)t]H] Xeon Phi(32 Threads: 24.35%)7} <F
168 A 5 A 3+

o5 172 SrIrO3& CPUN A A& s Az

EAY 2717F 27] Wil thread <=7F 270 of 238]= 7Hd wE A
& £XE HolH thread 71 1 oY we 238 AL Ewjdl &
overhead™Zoll A4 Al7ko] 28]8 =&

Thread 47} 1701Y w= 06%9 CPU AAF A3 AAl wall clock
time Alo]e] zbol7} dE=dl, thread =7} 270 o]Ato] WM EEE cpu
time¥} real time Abole] Z}ol7} AL AlglA= S B 4 UAA|n o]
Aol e o= &7l A+

_11_



24 T T T T T T T T T
CPU time e
Al real lime e———

9.8 b ‘ -

1.8

1.6 (-

Time @ 1st charge self-consistenty step (sec)

1.4 I L 1 I I i | 1 I
0 2 4 & 8 10 12 14 16 18 20

Number of threads

SrirO3  CPUOIA HAtg T, thread = & A charge
self-consistency loop &30 Zel= A2t S2M A2 AH A&
CPUNIA Al&iEl Al2t, el FE2M A2 wall clock time

the 19 Xeon Phicl Ao 38 23}
Eolat 7%, thread 47} 3271 B th HE A Ao A= thread 42 Z7HA
Q&g AAAR] He AstE FEdt, A At thread
o AL Azste], o AL ARl A% 5T6ujell Thrke] =

S~

Thread 57} 3271 o] Aol & 7+ A4h
7F 10 "ol vl Ads gl s gloje &

_12_



240 ,'I' % T T T T
. MIC time s
real ime et

f\\_"'

Time @ 1st charge self-consistenty step (sec)

0 50 100 150 200 250

MNumber of threads

Srir0O3  Xeon PhiOilAl Al&HEH M, thread = & A charge
self-consistency loop A&0 Z2l= AlZt. S2M4 A2 AX HAOl Xeon
PhiOfl A AldiE Al2t, 12l FEM Hd2 wall clock time

- CPUIA ¢ A3 Z%o] H8, Xeon Phi Native R=9] Ag &£ri= ok
Zo] Ad Hxrt b wE wE vuwstd, CPUY A% 149% (2
threads), 28] 32 Xeon Phi®] - 24.35% (32 threads)® Xeon Phi7} W
e 16W =¥ A E* T AS

-HE3 285 A T 5 e #Fe Edoly] wiEo yS CPUM
Hl 3l 459 o]50] gle 2
otalegl= CPUd Hl&l A5 A7t

- GaTa4Se8: CPU(16 Threads: 33.3%)t]H] Xeon Phi(60 Threads: 300.1%)
7k oF 9wl 435 A st
- O 2982 GaTa4Se84 4] CPU thread o w2 AAF Al7ke] W3}
- BEel A7 #Akd SrIrO374 -9k €], GaTadSe8l A &=
thread =7} 1270 =9 wf 71%] HHste] o5& AT = Jon,
3k CPUC A Aldte]l Aals= AZF# AA wall clock time Abe]e] =
ol & gldt & gls.
-HE Hud Z ZE-ZAAME thread o wWE WESE &9 linear
g A9k SrIrO33} GaTadSe8| Al Hol= A&
M€ thread 7ol W& WHEs &5 945

3 B ol =
7 dedeta 7dd ¢ &
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Time @ 1st charge self-consistenty step (sec)

Time @ 1st charge self-consistenty step (sec)

100 , ,

1
CPU time
real time

LS
=
"y

pa

20 | i 1 L | I I i I
0 2 4 6 8 10 12 14 16 18 20
Number of threads

GaTa4Se8 CPUOIA AHl&HE M, thread &~ & A charge
self-consistency loop &&i0 Zl= Al2t
8000 | . T . :
MIC time s
real ime s
8000 H Y\ 4

250

ru & ——
| | — 1 5
0 50 100 150 200
Number of threads
GaTa4Se82 Xeon PhifllM AH&Het M, thread &= & & charge

self-consistency loop A0 Zel= AlZt. AIZIZLZ EE J82

Ho

22732 threadoll A o] F2 3 A
APSE Aol YEYE Fo=Z Hol o
o7 Holw Xeon PhiolA ZZ e A

O:

insetllA = = U

0] 2=
A o
-

5 X
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o

o,

70 o]e] threadS Al&dfjof st=slor A28 HE 5
- GaTadSe8°l A += thread 47} 32704 607 = Z7FE uw)
dE B 7 AT 1 Zole ofF wmmEt (303%°A 3002E A,
12071 o]H-E = 23]e 4ol A3t

Ao R o] e AS CPUY 45+ thread 771 1671 o 33.3%
12131 Xeon Phi®] 7%+ thread 57} 6070 = 300.1%¢] AAE Alzto]
225 Xeon Phiz} CPUel Hl&) o 9uf 7} =23,

. SrIrO33} GaTadSe8e] A3 & Hluws] HH Bt} & F2 4 Xeon Phig
ol MAaEe= BEs Bolvga wd & YA olF Fstr] fsiA
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<}¥Z: Xeon Phi Native 2= A3 (OpenMP, MPI Al&3}# &2)S 3%
VASP makefile>

VASP LibraryES 2|8l makefile

.SUFFIXES: .inc .f .F

# _____________________________________________________________________
# Makefile for Portland Group F90/HPF compiler

# the makefile was tested only under Linux on Intel platforms

# however it might work on other platforms as well

#

# this release of vasp.4.lib contains lapack v2.0

# this can be compiled with pgf90 compiler if the option -01 is used

#

# Mind: one user reported that he had to copy preclib.F diolib.F

# dlexlib.F and drdatab.F to the directory vasp.4.4, compile the files
# there and link them directly into vasp

# for no obvious reason these files could not be linked from the library
#

# C-preprocessor
CPP = gcc -E -P -C $*.F >$*.f
FC= ifort

CFLAGS = -mmic -0
FFLAGS = —-mmic -01 -FI -mo64

FREE = -FR

DOBJ = preclib.o timing .o derrf .o dclock .o diolib.o dlexlib.o
drdatab.o

# _____________________________________________________________________
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libdmy.a: $(DOBJ) lapack double.o linpack double.o lapack atlas.o
-rm libdmy.a
ar vq libdmy.a $ (DOBJ)

# files which do not require autodouble
lapack min.o: lapack min.f

$(FC) $(FFLAGS) $(NOFREE) -c lapack min.f
lapack double.o: lapack double.f

$(FC) $(FFLAGS) $ (NOFREE) -c lapack double.f
lapack single.o: lapack single.f

$(FC) $(FFLAGS) $ (NOFREE) -c lapack single.f
lapack atlas.o: lapack atlas.f

$(FC) $(FFLAGS) $(NOFREE) -c lapack atlas.f
linpack double.o: linpack double.f

$(FC) $(FFLAGS) $(NOFREE) -c linpack double.f
linpack single.o: linpack single.f

$(FC) $(FFLAGS) $(NOFREE) -c linpack single.f

S (CC) $(CFLAGS) -c S$*.c

$ (CPP)
$(FC) $(FFLAGS) $(FREE) $(INCS) -c $*.f

$ (CPP)

$S(FC) $(FFLAGS) $(FREE) $(INCS) -c $*.f

VASP main codeE 2|%t makefile

# Makefile for Intel Fortran compiler for Pentium/Athlon/Opteron

# based systems

# we recommend this makefile for both Intel as well as AMD systems

# for AMD based systems appropriate BLAS (libgoto) and fftw libraries
are

# however mandatory (whereas they are optional for Intel platforms)

# For Athlon we recommend
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#
#
#
#
#
#
#
#
#
#
#
#
#
#

)

to link against libgoto (and mkl as a backup for missing routines)

) odd enough link in libfftw3xf intel.a (fftw interface for mkl)

feedback is greatly appreciated

The makefile was tested only under Linux on Intel and AMD platforms

the following compiler versions have been tested:

ifc.7.1 works stable somewhat slow but reliably

ifc.8.1 fails to compile the code properly

ifc.9.1 recommended (both for 32 and 64 bit)

ifc.10.1 partially recommended (both for 32 and 64 bit)
tested build 20080312 Package ID: 1 fc p 10.1.015

the gamma only mpi version can not be compiles

using 1fc.10.1

ifc.11.1 partially recommended

intel fftw)

#
#
#
#

(some problems with Gamma only and

Build 20090630 Package ID: 1 cprof p 11.1.046

- ifort.12.1 strongly recommended (we use this to compile vasp)

Version 12.1.5.339 Build 20120612

# it might be required to change some of library path ways, since

# LINUX installations vary a lot

#

# Hence check ***ALL*** options in this makefile very carefully

# BLAS must be installed on the machine

# there are several options:

#
#

P

1)

very slow but works:

retrieve the lapackage from ftp.netlib.org

and compile the blas routines

(BLAS/SRC directory)

please use g77 or £77 for the compilation. When I tried to

use pgf77 or pgf90 for BLAS, VASP hang up when calling

ZHEEV

(however this was with lapack 1.1 now I use lapack 2.0)

2) more desirable: get an optimized BLAS

# the two most reliable packages around are presently:

# 2a)

#
#
#

this is really excellent,

Intels own optimised BLAS (PIII,

P4, PD, PC2, Itanium)

http://developer.intel.com/software/products/mkl/

if you use Intel CPU's
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b) probably fastest SSE2 (4 GFlops on P4, 2.53 GHz, 16 GFlops PD,

around 30 GFlops on Quad core)

http://www.cs.utexas.edu/users/kgoto/signup first.html

# 2

#

# Kazushige Goto's BLAS

#

# http://www.tacc.utexas.edu/resources/software/
#

# all CPP processed fortran files have the extension .£f90

SUFFIX=.£f90

MPI section, uncomment the following lines until
general rules and compile lines

presently we recommend OPENMPI, since it seems to offer better

#

#

#

# performance than lam or mpich

#

# !!! Please do not send me any queries on how to install MPI, I will
#

certainly not answer them !!!!

FC=ifort -openmp -mmic

FCL=$ (FC)

# _____________________________________________________________________
# additional options for CPP in parallel version (see also above) :

# NGzZhalf charge density reduced in Z direction

# wNGZhalf gamma point only reduced in Z direction

# scaLAPACK use scalLAPACK (recommended if mkl is available)

# avoidalloc avoid ALLOCATE if possible

# PGF90 work around some for some PGF90 / IFC bugs

# CACHE STZE 1000 for PII,PIII, 5000 for Athlon, 8000-12000 P4,

_19_



PD

# RPROMU DGEMV use DGEMV instead of DGEMM in RPRO (depends on used
BLAS)

# RACCMU_DGEMV use DGEMV instead of DGEMM in RACC (depends on used
BLAS)

# tbdyn MD package of Tomas Bucko

# _____________________________________________________________________
# _____________________________________________________________________
# whereis CPP ?? (I need CPP, can't use gcc with proper options)

# that's the location of gcc for SUSE 5.3

#

# CPP_ = /usr/lib/gcc-1ib/1i486-1linux/2.7.2/cpp -P -C

#

# that's probably the right line for some Red Hat distribution:

#

# CPP_ = /usr/lib/gcc-1ib/i386-redhat-linux/2.7.2.3/cpp -P -C

#

# SUSE X.X, maybe some Red Hat distributions:

CpPP_ = ./preprocess <$*.F | /usr/bin/cpp -P -C -traditional
>$*$ (SUFFIX)

# this release should be fpp clean

# we now recommend fpp as preprocessor

# if this fails go back to cpp

#CPP_=fpp -f com=no -free -w0 $*.F $*$ (SUFFIX)

# _____________________________________________________________________
CPP = $(CPP_) -DHOST=\"LinuxIFC\" -DIFC \
-DPGF90 -Dkind8 \
-DCACHE SIZE=16000 \
-DNGXhalf
# -DVASP2WANNIER90
# -DPGF90 -Dkind8 -Davoidalloc \
# -DCACHE_SIZE=16000 \
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FFLAGS = -FR -names lowercase —-assume byterecl -check bounds
# 1ifc.9.1, 1ifc.10.1 recommended

#OFLAG=-02 -ip

OFLAG=-02 -ip -I$ (MKLROOT) /include

OFLAG_HIGH = $ (OFLAG)
OBJ HIGH =
OBJ_NOOPT =
DEBUG = -FR -00
INLINE = $ (OFLAG)

# location of SCALAPACK

# if you do not use SCALAPACK simply leave this section commented out

# usually simplest link in mkl scaLAPACK
#BLACS= -1lmkl blacs openmpi 1p64
#SCA= $ (MKL_PATH) /libmkl scalapack lp64.a $(BLACS)

MKL FFTW_PATH=S$ (MKLROOT) /interfaces/fftw3xf/
LAPACK= -Wl,--start-group $ (MKLROOT) /1ib/mic/1libmkl intel 1lp64.a
$ (MKLROOT) /1ib/mic/1ibmkl <c¢core. a
$ (MKLROOT) /1lib/mic/libmkl intel thread.a -Wl,--end-group -lpthread -1m
LIB = ../vasp.5.1lib mic/libdmy.a \

../vasp.5.1ib mic/linpack double.o \

$ (LAPACK)



# parallel FFT

# FFT: fftmpi.o with £ft3dlib of Juergen Furthmueller
#FFT3D = fftmpi.o fftmpi map.o fft3dfurth.o fft3dlib.o

# alternatively: fftw.3.1.X 1is slighly faster and should be used if
available

#FFT3D = fftmpiw.o fftmpi map.o fftw3d.o fft3dlib.o
/opt/libs/fftw-3.1.2/1ib/1libfftw3.a

# you may also try to use the fftw wrapper to mkl (but the path might
vary a lot)

# it seems this is best for AMD based systems

#FFT3D = fftmpiw.o fftmpi map.o fftw3d.o fft3dlib.o
$ (MKLROOT) /1ib/mic/libfftw2xf double intel.a
FFT3D = fftw3d.o fft3dlib.o $(MKLROOT)/lib/mic/libfftw3xf intel.a

INCS = -I$(MKLROOT) /include/fftw -I$(MKLROOT) /include
#INCS = -I/home/heungsikim/1ib/

BASIC= symmetry.o symlib.o lattlib.o random.o

SOURCE= base.o mpi.o smart allocate.o xml.o \
constant.o jacobi.o main mpi.o scala.o \
asa.o lattice.o poscar.o ini.o mgrid.o =xclib.o wvdw nl.o

xclib grad.o \

radial.o pseudo.o gridg.o ebs.o \
mkpoints.o wave.o wave mpi.o wave high.o spinsym.o \
S (BASIC) nonl.o nonlr.o nonl high.o dfast.o

choleski2.o \
mix.o hamil.o xcgrad.o  xcspin.o potexl.o potex2.o \
constrmag.o cl shift.o relativistic.o LDApU.o \
paw_base.o metagga.o egrad.o pawsym.o pawfock.o pawlhf.o

rhfatm.o hyperfine.o paw.o \
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mkpoints full.o charge.o Lebedev-Laikov.o stockholder.o
dipol.o pot.o \

dos.o elf.o tet.o tetweight.o hamil rot.o \

chain.o dyna.o k-proj.o sphpro.o us.o core rel.o \

aedens.o wavpre.o wavpre noio.o broyden.o \

dynbr.o hamil high.o rmm-diis.o reader.o writer.o tutor.o
xml writer.o \

brent.o stufak.o fileio.o opergrid.o stepver.o \

chgloc.o fast aug.o fock multipole.o fock.o
mkpoints change.o sym grad.o \

mymath.o internals.o npt dynamics.o dynconstr.o
dimer heyden.o dvvtrajectory.o vdwforcefield.o \

nmr .o pead.o subrot.o subrot scf.o \

force.o pwlhf.o gw _model.o optreal.o steep.o davidson.o
david inner.o \

electron.o rot.o electron all.o shm.o pardens.o

paircorrection.o \

optics.o constr cell relax.o stm.o finite diff.o elpol.o
\

hamil lr.o rmm-diis lr.o subrot cluster.o subrot lr.o \

lr helper.o hamil 1rf.o elinear response.o ilinear response.o
\

linear optics.o \

setlocalpp.o wannier.o electron OEP.o electron 1lhf.o
twoelectrondo.o \

mlwf.o ratpol.o screened 2e.o0 wave cacher.o chi base.o
wpot.o \

local field.o ump2.0 ump2kpar.o fcidump.o ump2no.o \

bse te.o bse.o acfdt.o chi.o sydmat.o dmft.o \

rmm-diis mlr.o linear response NMR.o wannier interpol.o

linear response.o

vasp: $(SOURCE) $(FFT3D) $(INC) main.o

rm —-f vasp

$(FCL) -o vasp main.o $ (SOURCE) S(FFT3D) $(LIB) $(LINK)
makeparam: $ (SOURCE) $(FFT3D) makeparam.o main.F $ (INC)

$(FCL) -o makeparam $(LINK) makeparam.o $ (SOURCE) $(FFT3D) $(LIB)
zgemmtest: zgemmtest.o base.o random.o $(INC)

$(FCL) -o zgemmtest $(LINK) zgemmtest.o random.o base.o $(LIB)
dgemmtest: dgemmtest.o base.o random.o $ (INC)

$(FCL) -o dgemmtest $(LINK) dgemmtest.o random.o base.o $(LIB)
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ffttest: base.o smart allocate.o mpi.o mgrid.o random.o ffttest.o

S (FFT3D) $(INC)

$(FCL) =-o ffttest $(LINK) ffttest.o mpi.o mgrid.o random.o

smart allocate.o base.o $(FFT3D) $(LIB)
kpoints: $(SOURCE) $(FFT3D) makekpoints.o main.F $ (INC)
$(FCL) -o kpoints $(LINK) makekpoints.o $(SOURCE) $(FFT3D) $(LIB)

clean:

-rm -f *.g *.f *.0 *.L *.mod ; touch *.F

main.o: main$ (SUFFIX)

$(FC) $(FFLAGS) $(DEBUG) $(INCS) -c main$ (SUFFIX)
xcgrad.o: xcgrad$ (SUFFIX)

$(FC) $(FFLAGS) $(INLINE) $(INCS) -c xcgrad$ (SUFFIX)
Xcspin.o: xcspin$ (SUFFIX)

$(FC) $(FFLAGS) S$(INLINE) $(INCS) -c xcspin$ (SUFFIX)

makeparam.o: makeparam$ (SUFFIX)
$(FC) $(FFLAGS) $ (DEBUG) S (INCS) -c makeparam$ (SUFFIX)

makeparam$ (SUFFIX) : makeparam.F main.F
MIND: I do not have a full dependency list for the include

#
#
# and MODULES: here are only the minimal basic dependencies
# if one strucuture is changed then touch dep must be called
# with the corresponding name of the structure

#

base.o: base.inc base.F

mgrid.o: mgrid.inc mgrid.F

constant.o: constant.inc constant.F

lattice.o: lattice.inc lattice.F

setex.o: setexm.inc setex.F

pseudo.o: pseudo.inc pseudo.F

mkpoints.o: mkpoints.inc mkpoints.F

wave.o: wave.F

nonl.o: nonl.inc nonl.F

nonlr.o: nonlr.inc nonlr.F
$ (OBJ_HIGH) :

$ (CPP)
$ (FC) $(FFLAGS) $(OFLAG_HIGH) $(INCS) -c $*$ (SUFFIX)
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$ (OBJ_NOOPT) :
$ (CPP)
$(FC) $(FFLAGS) $(INCS) -c $*$(SUFFIX)

fft3dlib f77.0: fft3dlib f77.F
S (CPP)
$(F77) $(FFLAGS F77) -c $*$(SUFFIX)

.F.o

$ (CPP)

$(FC) $(FFLAGS) $(OFLAG) $(INCS) -c $*$(SUFFIX)
.F$ (SUFFIX) :

$ (CPP)

$ (SUFFIX) .o:
$(FC) $(FFLAGS) $(OFLAG) $(INCS) -c $*$(SUFFIX)

# special rules

# these special rules have been tested for ifc.1l and ifc.12 only

fft3dlib.o : f£ft3dlib.F

$ (CPP)

S (FC) -FR -lowercase -02 -c $*$(SUFFIX)
fft3dfurth.o : fft3dfurth.F

$ (CPP)

$(FC) -FR -lowercase -0l -c $*$ (SUFFIX)
fftw3d.o : fftw3d.F

$ (CPP)

$(FC) -FR -lowercase -01 $(INCS) -c $*$(SUFFIX)
fftmpi.o : fftmpi.F

$ (CPP)

S (FC) -FR -lowercase -01 -c $*$ (SUFFIX)
fftmpiw.o : fftmpiw.F

$ (CPP)

$(FC) -FR -lowercase -01 $(INCS) -c $*$(SUFFIX)
wave high.o : wave high.F

$ (CPP)

S (FC) -FR -lowercase -01 -c $*$(SUFFIX)
# the following rules are probably no longer required (-03 seems to

work)
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: wave.F

$ (CPP)

wave.o

$S(FC) -FR -lowercase

S (FC) -FR -lowercase
cl shift.F

paw.o : paw.F
$ (CPP)
cl shift.o :

$ (CPP)

$(FC) -FR -lowercase

us.o : us.F

$ (CPP)

S (FC) -FR -lowercase

LDApU.o
$ (CPP)

S (FC) -FR -lowercase

: LDApPU.F

-02

-02

-02

-02

-02

$*$ (SUFFIX)

$*$ (SUFFIX)

$*$ (SUFFIX)

$*$ (SUFFIX)

$*$ (SUFFIX)
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2. Quantum Espresso
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o AX gl g Ay
- Xeon Phi A%] HH
1. Unpack the Quantum Espresso source code

tar -xzvf espresso-5.0.2.tar.gz

2. Source the Intel Compiler and MPI* software (adapt the version numbers to
the version you have)

source /opt/intel/composer xe 2013.2.146/bin/compilervars.sh in
telo4d

source /opt/intel/impi/4.1.1/bin64/mpivars.sh

3. Create an initial configuration with defined Intel compilers:

export FC=mpiifort

export F90=S$FC

export F77=S$FC

export MPIF90=SFC

export FCFLAGS="-03 -xAVX -fno-alias -ansi-alias -g -mkl -$MKLRO
OT/include/fftw"

export FFLAGS=SFCFLAGS

export CC=mpiicc

export CPP="icc -E"

export CFLAGS=S$FCFLAGS

export AR=xiar

export BLAS LIBS=""

export LAPACK LIBS="-lmkl blacs intelmpi 1p64"

export FFT_LIBS="—L$MKLROOT/intel64"

./configure —--enable-openmp --enable-parallel2. Source the Inte
1 Compiler and MPI* software (adapt the version numbers to the

version you have)

4. Edit the make.sys file in the top package directory and modify the
DFLAGS variable in order to enable hybrid MPI+openmp mode, fftw3, and
scalapack:

DFLAGS = -D__ INTEL -D_FFTW3 -D_MPI -D_ PARA -D_SCALAPACK -D
OPENMP

BLAS LIBS = -1lmkl intel thread -1lmkl core

LAPACK LIBS = -lmkl blacs intelmpi 1p64

_28_



5. Build with the threaded Intel MKL, which is required to enable Intel MKL
Automatic Offload.

make pw

~ Xeon Phi 2 wWH

1. Set up the environment:

source /opt/intel/composer xe 2013.2.146/bin/compilervars.sh in
telod

source /opt/intel/impi/4.1.1/bin64/mpivars.sh

export MKLROOT=

export LD LIBRARY PATH=SMKLROOT/lib/intel64:$LD LIBRARY PATH

2. Use these additional settings to define the Intel MKL Automatic Offload
thresholds:
export MKL MIC THRESHOLDS ZGEMM=500,500,500

3. Set OMP_NUM_THREADS explicitly and PPN for pin script.

4. Enable the Intel MKL Automatic Offload feature with the following (also
see ao_pin.sh example below):
MKL_MIC ENABLE=1

5. Load the MPSS environment with the following shell script:
. Jopt/intel/mpss/2.1.6720-16/etc/mpss_vars.sh
export MIC SYSROOT=/opt/intel/mpss/2.1.6720-16

6. Start the binary with “mpirun” through the thread pinning proxy:
mpirun <mpi options> ./ao pin.sh ${path to pw}/pw.x <pw option

s>

7. The pinning proxy requires correct thread placing on the Intel Xeon Phi

coprocessor side. (F= Za1)
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<¥Z: Intel ¥4 H2E AFH>

* CPU =3 tiv] 14¥) &4 (GRIR443)

- 1A Quantum ESPRESSO 5.0.3

- GRIR443<2 ¥E =8 PRACE Wl X|v}= Suite
(http://qe—forge.org/gf/download/frsrelease/47/61/ GRIR443.tgz)

- AR OpenMPE AF8-38F Offload, Intel MKL

- GRIR4432 a2 =7F & ERZA FE7F 9+ dense 2 wAlo] Wo| 3y
il Xeon Phi 712001 °ld & ®ol €& + U+

>
- A3} Xeon E5-2697-v2uiH] 1.4wv) 3kAH

Quantum ESPRESS0* 5.0.3 GRIR443 Speed Up
1.4%

Comparative Performance

W 165 Intel® Xeon® processor E5-2697 v2

W 165 Intel Xeon processor E5-2697 v2 + 16 Intel® Xeon Phi™
Coprocessor 7120A

* CPU <=3 din] 1.2v) &4 (AUSRUF112)

- 12 Quantum ESPRESSO 5.0.3

- AUSRUF112 w¥dx==48 DEISA HWXwnta  Suite (http://ge-forge.org/gf/
download/frsrelease/45/78/ AUSURF112.tgz)

- AbEEE: OpenMPE AHEFF Offload, Intel MKL

- A3} Xeon E5-2697-v2uiH] 1.20] /4
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Quantum ESPRESSO* 5.0.3 AUSURF112 Speed Up

1.2X

Comparative Performance

W 25 Intel® Xeon® processor E5-2697 v2

W 25 Intel® Xeon® processor E5-2697 v2 + 2 Intel® Xeon Phi™
Coprocessaor 71204

* CPU <=3 tiq] 1.124) 34 (AUSRUF112)
- B d: Quantum ESPRESSO 5.0.2

- AUSRUF1122 wdw==8 DEISA ®lXxvl=a  Suite (http://qe-forge.org/gf/

download/frsrelease/45/78/ AUSURF112.tgz)

- A2 29 Native <33

=22 NS 4] gElA] ZHzE B 2B, == 2719 CPUS 2719 Xeon PhiZ}

c Az
CPU 49 Xeon Phi 3
1 node: MPI6, OMP4 1 node: MPI6, OMP4
4 nodes: MPI6, OMP4 4 nodes: MPI6, OMP4

¥ CPU (MPI + OMP) - 4thread or 8thread - best chosen
% Many Integrated Core - NUM Threads - 120thread or 240thread

chosen
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Ausurfll? Workload

e
LA (=]

ha
L=

=
o

Speedup ws25CPU
(Higher s Better)
o

O
Lty

L
o

1 node of 4 nodesof
[2EPU + 2 coprocessor) [2CPU +2 coprocessor)

= CPU Only - 2% Intel® Xean® processor E5-2697 V2 @ 2,70GHz par node

®m CPU + Coprocessor - 2x ntel® Xeon™ processor ES-2697 Y2 @ 2.706Hz +
2% Intal* Xaon Phi™ Coprocassar T120P par node

s A T

2-socket/24 cores:!

Processor: Intel® Xeon® processor E5-2697 V2 @ 2.70GHz (12 cores) with
Intel® Hyper-Threading Technologyb

Network: InfiniBand* Architecture Fourteen Data Rate (FDR)

Operating System: Red Hat Enterprise Linux* 2.6.32-358.el6.x86_64 #1 SMP Tue
Jan 29 11:47:41 EST 2013 x86_64 x86_64 x86_64 GNU/Linux

Memory: 64GB

Coprocessor: 1X Intel Xeon Phi coprocessor 7120P: 61 cores @ 1.238 GHz,
4-way Intel Hyper-Threading Technology, Memory: 15872 MB

Intel® Many-core Platform Software Stack Version 2.1.6720-15

Intel® C++ Compiler Version 14.0

Intel® MPI Library Version 4.1

Intel® Math Kernel Library special engineering build
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<Y Z: Shell Script o #>

“ao_pin.sh”

#!/bin/sh

export MKL MIC ENABLE=1

export MKL DYNAMIC=false

export MKL MIC DISABLE HOST FALLBACK=1

export MIC LD LIBRARY PATH=$MKLROOT/lib/mic:$MIC LD LIBRARY PATH

# Number of host cores

export HOST CORE=$(( $PPN * $OMP_NUM THREADS ))

# MPI process per node

MPI PER NODE=$PPN

# Number of MIC cores (minus 1)

MIC CORE=60

export MKL_MIC MAX MEMORY=1G
export MIC USE 2MB BUFFERS=64K

MYNODE=$ ( (PMI RANK / MPI PER NODE))
MYRANK=S$ ( (PMI RANK % MPI PER NODE))

HALFCORE=$ ( (HOST CORE / 2))

#export OMP_NUM THREADS=$ ( (HOST CORE / MPI PER NODE) )
export MIC OMP NUM THREADS=$ ( (MIC CORE * 8 / MPI_PER NODE))

# 2x oversubscribing on MIC

#export MIC OMP NUM THREADS=$ ((MIC CORE * 16 / MPI PER NODE))

HOST FROM=$ ( (MYRANK * OMP NUM THREADS))
HOST TO=$ ( ((MYRANK + 1) * OMP NUM THREADS - 1))

MHOST FROM=$ ( (MYRANK * MIC OMP NUM THREADS + 1))
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MHOST TO=S (( (MYRANK + 1) * MIC OMP NUM THREADS) )

if [ "$HOST FROM" -1t "SHALFCORE" ]; then
export OFFLOAD DEVICES=0

else

export OFFLOAD DEVICES=1

MHOST FROM=$ ( (MHOST FROM - MIC _CORE * 4))
MHOST TO=$ ( (MHOST TO - MIC CORE * 4))

fi

export KMP AFFINITY=explicit,granularity=fine,proclist=[${HOST FROM}
-${HOST TO}:1]
export MIC KMP AFFINITY=explicit,granularity=fine,proclist=[${MHOST

FROM}-${MHOST TO}:1]

echo "[${PMI_RANK}] ${OFFLOAD DEVICES}: ${OMP NUM THREADS} => ${KMP A
FFINITY}, ${MIC OMP NUM THREADS} => ${MIC KMP AFFINITY}"

numactl --cpunodebind=${OFFLOAD DEVICES} $@
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"run.sh"

#!/bin/sh
export QE ROOT=$PWD

cd $QE ROOT

export WID=AUSURF112

export WDIR=$QE ROOT/../workloads/SWID

export CORES=S$ (( SNODES * $PPN * SOMPN ))

export RUNDIR=./rundir/${WID} ${CORES}c S${NODES}x${PPN}x${OMPN} o SL
SB _JOBID

export BIN=SQE ROOT/PW/src/pw.x

mkdir -p SRUNDIR
cd SRUNDIR

cp SWDIR/*

echo "Stay in S$PWD"

export OMP NUM THREADS=$OMPN
export MKL_NUM THREADS=$OMPN

export I MPI FALLBACK DEVICE=disable
export I MPI FABRICS=shm:dapl

export I MPI PIN=disable

export I MPI DEBUG=5

export MKL MIC ZGEMM AA M MIN=500
export MKL MIC ZGEMM AA N MIN=500
export MKL MIC ZGEMM AA K MIN=500
export MKL MIC THRESHOLDS ZGEMM=500,500,500

1dd $BIN > pw.ldd.out

mpirun -perhost $PPN -np S$SCPUS $LS SUBCWD/ao pin.sh $BIN -in ./ausur
f.in 2>&1 |tee ./run S${WID} S${CPUS} S{PPN}x${OMPN}omp.mklao.
log
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3. WRF

. Mo

- WRF(Weather Research and Forecasting)= th7]#3 159} Y dEE 9
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L

- NVIDIA GPU #lx|m}=L
* OpenACC <oz 7+3d 7|8 BdS H2=E 53 (WRF 36)
% CONUS 18km(80x80 Z#H= t}e e 2 Zg dygow A3
- Xeon Phi Wlx]n}=
* Native/Symmetric %'H = CONUS 12km, 2.5kmell thair o5 o3t
o Zgl A o7 WRF 3.6 23
NVIDIA GPU  Xeon Phi HIAEE 28 48 &3

Ly

938} (Dynamics) Scheme

Fully compressible and nonhydrostatic model

Terrain-following hydrostatic pressure

Arakawa C-grid staggering

Runge-Kutta 2nd and 3rd order time integeration scheme

2nd and 6th order advection scheme

NVIDIA GPU2 Xeon Phi HHIAEE I8t 2S¢l &3
= 2] (Physics) Scheme NVIDIA GPU Xeon Phi
Microphysics Thompson Morrison
gumulus . Kain-Fritsch Kain—-Fritsch
arameterization
Longwave Radiation RRTMG RRTMG
Shortwave Radiation Goddard RRTMG
Surface Layer MM5 similarity Pleim
Land surface Noah-MP Pleim—-Xiu
PBL YSU ACM?2

- WRF+=

Runge-Kutta ¥

= = o
Q_Z]—E Egi A=)

- Xeon Phi E¢] 34

- 37 Fol

H| A dsHA 2 terrain—following 8
T AESte] 9o A] BT 7 e A

EAstE FRAES %

g wEE A

&3} microphysics= Morrison

convection #4 & E &3+ cumulus™ Kain-Fritsch

- Longwave %

shortwave Radiationg
- Ui7lef A x3Ee] AEAES

° 2+ Pleim¥} Pleim-Xiu

- AW ZAT

RZ3tE ACM2S A&
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¥d3t= RRTMG
¥ d3dl= Surface Layer® Land surface




- NVIDIA GPU &2 %%

- F7 T EAEtE FAAES XSS microphysics o2&

Thompson

convection #4 & #H &3 cumulus® =+ Kain-Fritsch

- Longwave % shortwave Radiationg 3% &3}= RRTMGS2} Goddard

- 79} A EZR] F5 S 38k Surface Layeret Land surface
o 2= MM5 similarity2} Noah-MP

- AxW AAF E5EE YSUE A
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<¥Z: Intel ¥4 H2E AFH>

* CPU =3 dln] 1.94%) & (Symmetric 5-33)

- A WRF 3.6

- Ab-g- 4 Native, Symmetric

- A3} Symmetric AF8A] Xeon E5-2697-v2thH] 1.94w) 35

WRF V3.6 CONUSZ2.5KM Speed Up
4 Naode Clusters

v peocesson g

1.27X 1.3X

1 I I
1
8]

25 Intel® Xeon® processor E5-2697 v2
B 25 Xeon E5-2697 v2 + Xeon Phi 7120P
B 25 Intel® Xeon® processor E5-2697 v3
B 25 Xeon E5-2697 v3 + Xeon Phi 7120P

“Xeon ES-26097 v2" = Intel® Xeon® processor E5-2607 v2
“Xeon E5-2697 v3" = Intel® Xeon?® processor E5-2697 v3
“¥eon Phi 7120P" = Intel® Xeon Phi™ coprocessor 7120P

1.94X

Comparative Performance
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<{Z: CPUYA Ax] &L 2A3hH>

$ module purge

$ module add intel cluster studio-2013 beta
$ vi ./bashrc

——————————————————— ./bashrc O Lt WE F7t
ulimit -s 262140

if [ "uname -m" == 'x86 64' ]

then

module purge

module add intel cluster studio-2013 beta

else

e X P o r t
PATH=S${PATH}:/applic/compilers/intel/2013spl/impi/4.1.3.048/mic/bin
export LD LIBRARY PATH=${LD LIBRARY PATH}:/applic/compilers/intel/2013s
pl/impi/4.1.3.048/mic/1lib:/applic/compilers/intel/2013spl/composer xe
2013 spl.2.144/compiler/lib/mic:/home01/pop08/phi/netcdf/1lib

fi

$ source ~/.bashrc

$ which mpirun

e ARt 295eA s
/applic/compilers/intel/2013spl/impi/4.1.3.048/intel64/bin/mpirun

COMPILE ZLIB

$ mkdir /home0l/pop08/xeon/zlib

Star—xvfzlib-1.2.8.tar.gz

$cd./zlib-1.2.8

$ CC=icc CFLAGS=’-03 —xHost —ip’ ./configure --prefix=/home0l/pop08/xeo
n/zlib

$ make

Smakeinstall

COMPILE HDF5

$ mkdir /home0l/pop08/xeon/hdf5

Star-xvfhdf5-1.8.6.tar.gz

Scd./hdf5-1.8.6

$ CC=icc F9X=ifort CXX=icpc ./configure --prefix=/home0l/pop08/xeon/hdf
5 --enable-fortran --enable-cxx --with-zlib=/home0l/pop08/xeon/z1lib

$ make

Smakeinstall
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COMPILE NETCDF4

$ mkdir /home0l/pop08/xeon/netcdf

Star—xvfnetcdf-4.3.2.tar.gz

Star—xvfnetcdf-fortran-4.4.0.tar.gz

Scd./netcdf-4.3.2

$ export CC=icc

SexportCXX=icpc

SexportCFLAGS="'-03-xHost-ip-no-prec-div-static-intel’
SexportCXXFLAGS="-03-xHost-ip-no-prec-div-static-intel’
SexportF77=1ifort

SexportFC=ifort

SexportF90=ifort

SexportFFLAGS='-03-xHost-ip-no-prec-div-static-intel'’
SexportCPP="'icc-E'

SexportCXXCPP="icpc-E'

SexportLD LIBRARY PATH=/homeOl/pop08/xeon/hdf5/1ib:SLD LIBRARY PATH

$ ./configure --prefix=/home0l/pop08/xeon/netcdf LDFLAGS='-L/home0l/pop
08/xeon/hdf5/1ib -L/home01/pop08/xeon/zlib/1ib' CPPFLAGS='-I/homell/pop
08/xeon/hdf5/include -I/home0l1/pop08/xeon/zlib/include' --disable-netcd
f-4

$ make

Smakeinstall

$ cd ../netcdf-fortran-4.4.0

$ export LD LIBRARY PATH=/home(0l/pop08/xeon/netcdf/lib:$LD LIBRARY PATH
$./configure --prefix=/home0l/pop08/xeon/netcdf LDFLAGS=-L/home01l/pop08
/xeon/netcdf/1lib CPPFLAGS=-I/home0l/pop08/xeon/netcdf/include

$ make

Smakeinstall

make & procdure & errorZ} HCIH CF2 OYUOA S|E procedureE AHK|SICH
(line 8~23).

$vifortran/netcdf overloads.f90

COMPILE WRF

$ tar —xvf WRFV3.6.TAR.gz

$cd. /WRFV3

$ export NETCDF=/home01/pop08/xeon/netcdf
$ ./configure

Xeon (SNBwithAVXmods)

$ vi configure.wrf

mpiccE mpiiccE HY
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mpifortE mpiifortZ WA E= mpifo0E mpiifortZ HY
-03& -022 HHZ4

$ vi dyn em/module advect em.F

IDECSvectoralwaysES !DECS SIMDE HZA (line 7578)

$ ./compile em real >& log.log &

$ 1s main/*.exe 2 =0l
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Configuring to run CONUS 12km
https://software.intel.com/en-us/articles/how-to-get-wrf-running-on-th
e-intelr-xeon-phitm-coprocessor

1. Download the CONUS12 rundir from
http://www.mmm.ucar.edu/WG2bench/conusl2km data v3/ and place it in
. ./WRFV3.

2. Copy the binary from . ./WRFV3/main/wrf.exe to the
../CONUS12 rundir/wrf.exe

3. You need to copy/link at least all files in WRFV3/run to the directory

where you are executing wrf.exe (i.e. the CONUS12 rundir)

4. Edit the namelist.input to add "use baseparam fr nml = .t." under

the &dynamics heading without the quotation marks (").

5. cd into the CONUS12 rundir and execute WRF with the runtime

parameters in the below script.

Here is an example script to run it on an Intel® Xeon® host:
bash-4.1$ cat run.sh

source /opt/intel/composer xe 2013.2.146/bin/compilervars.sh intelé64
source /opt/intel/impi/4.1.0.030/intel64/bin/mpivars.sh
ulimit -s unlimited

I _MPI_PIN MODE=mpd

OMP NUM THREADS=8

KMP STACKSIZE=64m

KMP AFFINITY=scatter,granularity=thread

KMP BLOCKTIME=infinite

KMP LIBRARY=turnaround

WRF NUM TILES=32

mpiexec.hydra -np 2 ./wrf.exe

4. The run is completed when it prints ‘wrf: SUCCESS COMPLETE WRF, on the
screen. You will have 2 files rsl.error.0000 and rsl.out.0000 in your

CONUS12 rundir directory.
5. After the run, compute the total time taken to simulate 149 timesteps

with the scripts below. The sum and mean values are of interest for WRF

(lower the better).
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The following script should help parse the output:
bash-4.1$ cat gettiming.sh
grep 'Timing for main' rsl.out.0000 | sed 'ld' | head -149 | awk '{print
$9}' | awk -f stats.awk
bash-4.1$ cat stats.awk
BEGIN{ a = 0.0 ; 1 = 0 ; max = -999999999 ; min = 9999999999 }
{
i ++
a += sl
if ( $1 > max ) max = $1
if ( $1 < min ) min = $1
}

END{ printf("---n%10s %$8dn%10s %$15fn%10s %$15fn%10s %$15fn%10s
S 1 5 f n S 1 0 S

%$15fn","items:",1i, "max:",max, "min:",min, "sum:",a, "mean:",a/ (1i*1.0), "me

an/max:", (a/(1i*1.0)) /max) }
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Configuring to run CONUS 2.5km
https://software.intel.com/en-us/articles/wrf-conus25km-on-intel-xeon-
phi-coprocessors-and-intel-xeon-processors-in-symmetric-mode

1. Download the CONUSZ2.5 rundir from
http://www2.mmm.ucar.edu/WG2bench/conus 2.5 v3/

2. Follow the READ-ME.txt to build the wrf input files.

3. The namelist.input has to be altered. The changes are as follows:

In the &time interval section, edit the values as below:

restart interval =360,

io form history =2,

io form restart =2,

io form input =2,

io form boundary =2,

Remove "perturb input =.true." from the &domains section and replace

with "nproc x =8,"
Add "tile strategy =2," under the &domains section.

Add "use baseparam fr nml =.true." under the &dynamics section.

4. Create a new directory called CONUS2.5 rundir (../WRFV/CONUS rundir)
in the CONUS2.5 rundir, create 2 directories "mic" and "x86". Copy over

contents of ../WRFV/run/ into “mic” and “x86” directories.

5. Copy the Intel Xeon Phi coprocessor binary into the
CONUS2.5 rundir/mic directory and copy the Intel Xeon binary into the
CONUS2.5 rundir/x64 directory.

6. Cd into the CONUS2.5 rundir and execute WRF as follows on 4 nodes (i.e
4 coprocessors + 4 Intel Xeon processors) 1in symmetric mode. To run

conus2.5km, you need to have access to 4 nodes (example shown below)

RUN WRF
$ cd ./WRFV3/run

$ vi exec.sh

#!/bin/sh

ulimit-sunlimited

exportLD LIBRARY PATH=S${LD LIBRARY PATH}:/applic/compilers/intel/2013s
pl/1lib/intel6d: /applic/compilers/intel/2013spl/mkl/1ib/intel64d:/applic
/compilers/intel/2013spl/debugger/lib/intel64:/applic/compilers/intel/
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2013spl/composerxe/ipp/lib/intel64d:/applic/compilers/intel/2013spl/imp
i/4.1.3.048/intel64/1ib:/applic/compilers/intel/2013spl/vtune amplifie
r xe 2013/1ib64:/applic/compilers/intel/2013spl/advisor xe 2013/1ib64:
/applic/compilers/intel/2013spl/inspector xe 2013/1ib64:/applic/compil
ers/intel/2013spl/itac/8.1.4.045/intel64/1ib:/home0l/pop08/xeon/netcdf
/1ib:/home01/pop08/xeon/hdf5/1ib:/homel0l/pop08/xeon/z1lib/1ib
exportOMP NUM THREADS=2

exportKMP STACKSIZE=32M

exportOMP SCHEDULE=dynamic

exportKMP AFFINITY=compact

$ mpiexec.hydra -host phil2 -n 10 ./exec.sh ./wrf.exe : -host phi04 -n
10 ./exec.sh ./real.exe
Smpiexec.hydra-hostphil2-nl0./exec.sh./wrf.exe:-hostphi04-nl0./exec.sh

./wrf.exe

Validation

To validate if the successful WRF run is correct or not, check the follow
ing:

It should generate a wrf output file.

diffwrf your output wrfout reference >diffout tag

'DIGITS' column should have high value (>3). If yes, the WRF run is consi

dered valid.

Compiler Options

-mmic : build an application that natively runs on Intel® Xeon phi™ Copr
ocessor

-openmp : enable the compiler to generate multi-threaded code based on t
he OpenMP* directives (same as -fopenmp)

-03 :enable aggressive optimizations by the compiler.
-opt-streaming-stores always : generate streaming stores
-fimf-precision=low : low precision for higher performance
—-fimf-domain-exclusion=15 : gives lowest precision sequences for Single
precision and Double precision.

-opt-streaming-cache-evict=0 : turn off all cache line evicts.
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<¥ Z: Xeon Phi Nativeol A Ax] 2 AP >

$ module purge

$moduleaddintel cluster studio-2013 beta

$ source
/applic/compilers/intel/2013spl/composer xe 2013 spl/bin/compilervars.
sh intel64

SexportLD LIBRARY PATH=:${LD LIBRARY PATH}:/applic/compilers/intel/201
3spl/impi/4.1.3.048/mic/lib:/applic/compilers/intel/2013spl/composer x
e 2013 spl.2.144/compiler/lib/mic

SexportMIC LD LIBRARY PATH=:${MIC LD LIBRARY PATH}:/applic/compilers/i
ntel/2013spl/impi/4.1.3.048/mic/lib:/applic/compilers/intel/2013spl/co
mposer xe 2013 spl.2.144/compiler/lib/mic

COMPILE ZLIB

$ mkdir /home01l/pop08/phi/zlib

Star-xvfzlib-1.2.8.tar.gz

Scd./phi/z1ib-1.2.8

S CFLAGS=-mmic FCLAGS=-mmic LDFLAGS=-mmic ./configure
--prefix=/home01/pop08/phi/zlib

$ make

Smakeinstall

COMPILE hdf5

$ mkdir /home01l/pop08/phi/hdf5

Star—xvfhdf5-1.8.6.tar.gz

$cd./hdf5-1.8.6

Ch= A O|X|Z & nstof codes =8
[http://linux4dhippos.blogspot.kr/2013/05/cross-compile-hdf5-for-intel-
xeon-phi.html]

$ ./configure --prefix=/home0l/pop08/phi/hdf5 --host=x86_ 64-klom-linux

CC=icc CXX=1icpc FC=ifort CFLAGS="-mmic" CXXFLAGS="-mmic"
FCFLAGS="-mmic" --with-zlib=/home01l/pop08/phi/zlib --enable-fortran
-—enable-cxx

$ make

make & ErrorZt EMSIH XS SfZDIC  (${host hdf5}=xeon-host&
hdf5-1.8.13 ClAEZ 2|X]. =

(S{host _hdf5}=/home0l/pop08/xeon/hdf5-1.8.13)
$ cp ${host hdf5}/src/H51ib settings.c ./src/

Smake
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$ cp ${host hdf5}/src/H5Tinit.c ./src/

Smake

$ vi test/links.c

:%s/HDmkdir/mkdir/g

Smake

$ vi test/links env.c

:%s/HDmkdir/mkdir/g

Smake

$ vi perform/sio engine.c

:%$s/HDmkdir/mkdir/g

Smake

$ cp ${host hdf5}/fortran/src/H5fortran detect.f90 ./fortran/src/
Smake

$ cp ${host hdf5}/fortran/src/H5fort type defines.h ./fortran/src/
Smake

$ cp ${host hdf5}/fortran/src/H5£90i gen.h ./fortran/src/

Smake

$ cp ${host hdf5}/fortran/src/H5fortran types.f90 ./fortran/src/

Smake
S make install

COMPILE CURL

$ CC=icc CXX=icc CFLAGS="-mmic" CXXFLAGS="-mmic" LDFLAGS="-mmic"
./configure --prefix=/home0l/pop08/phi/zlib --host=x86 64-klom-linux
--with-zlib=/home01/pop08/phi/zlib

make

make install

COMPILE NETCDF4

$ mkdir /home0l/pop08/phi/netcdf

Star-xvfnetcdf-4.3.2.tar.gz

Star—xvfnetcdf-fortran-4.4.0.tar.gz

$cd./netcdf-4.3.2

$ export LD_LIBRARY PATH=/home0l/pop08/phi/hdf5/1ib:S$LD LIBRARY_ PATH
SexportMIC LD LIBRARY PATH=/home0l/pop08/phi/hdf5/1ib:S$SMIC LD LIBRARY
PATH

$ vi ./configure

as_fn exit$as status@O| # F7}
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$ CPPFLAGS="-DpgiFortran" CXX=icpc CC=icc F77=ifort FC=ifort ./configur
e NM=nm --prefix=/home0l/pop08/phi/netcdf --host=x86 64-klom-linux --bu
i1d=x86_ 64-unknown-linux LDFLAGS="-L/home0l/pop08/phi/hdf5/1lib -L/home0
1/pop08/phi/zlib/1ib" CPPFLAGS="-I/home0l/pop08/phi/hdf5/include -I/hom
e01/pop08/phi/zlib/include”™ --disable-dap --disable-netcdf-4

$ make CFLAGS=-mmic FCFLAGS=-mmic LDFLAGS=-mmic

Smakeinstall

$ cd netcdf-fortran-4.4.0

$ export LD LIBRARY PATH=/home(0l/pop08/phi/netcdf/lib:$LD LIBRARY PATH
SexportMIC LD LIBRARY PATH=/home0l/pop08/phi/netcdf/lib:$MIC LD LIBRAR
Y PATH

$ vi ./configure

as fn exit$as status@Of| # FI}

$ ./configure NM=nm --prefix=/home0l/pop08/phi/netcdf --host=x86 64-klo
m-linux --build=x86 64-unknown-linux LDFLAGS=-L/home0l/pop08/phi/netcdf
/1ib CPPFLAGS=-I/home0l/pop08/phi/netcdf/include

$ make CFLAGS=-mmic FCFLAGS=-mmic FFLAGS=-mmic LDFLAGS=-mmic
Smakeinstall

make & procdure & errorZt HCIH ChZ MMM 3 procedured AtA|etCt
(line 8~23).

S$vifortran/netcdf overloads.f90

COMPILE WRF

$ tar —xvf WRFV3.6.TAR.gz

$cd. /WRFV3

$ export NETCDF=/home0l/pop08/phi/netcdf
$ ./configure

XeonPhi (MICarchitecture)

$ vi ./configure.wrf
replacempiccwithmpiicc
replacempifortwithmpiifort

replace-03with-02

$ vi dyn _em/module advect em.F
replace!DECSvectorwith! DECSSIMD

mpiccE mpiiccE HZ

mpifortE mpiifortZ2 HA EE= mpifo0E mpiifortZ HY
-038 022 HZ4

$ vi dyn _em/module advect em.F

IDECS$vectoralwaysE !DECS SIMDZE HHZA (line 7578)
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$ ./compile em real >& log.log &

$ 1s main/*.exe 2 =0l

RUN WRF
$ cd ./WRFV3/run

$ vi exec.sh

#!/bin/sh

ulimit-cunlimited

ulimit-sunlimited

exportLD LIBRARY PATH=${LD LIBRARY PATH}:/applic/compilers/intel/2013s
pl/impi/4.1.3.048/mic/1ib:/applic/compilers/intel/2013spl/composer xe
2013 spl.2.144/compiler/lib/mic:/home01/pop08/phi/netcdf/1ib:/home0l/p
op08/phi/netcdf/1ib:/home01/pop08/phi/hdf5/1ib:/home0l/pop08/phi/z1ib/
1ib

exportOMP_NUM THREADS=30

exportKMP LIBRARY=turnaround

exportKMP BLOCKTIME=infinite

exportKMP STACKSIZE=64M

exportKMP AFFINITY="balanced,granularity=thread"

Native AlGHHIH
Smpiexec.hydra-hostphil2-mic0O-n8./exec.sh./wrf.exe:-hostphi04-mic0-n8.
/exec.sh./real.exe
Smpiexec.hydra-hostphil2-mic0-n8./exec.sh./wrf.exe:-hostphi0O4-mic0-n8.

/exec.sh./wrf.exe

Symmetric AgHEHH

Host & wrf.exe? real.exeE wrf host.exe?l real host.exeZ SAIS|2LC}.

$ vi exec host.sh

#!/bin/sh

ulimit-sunlimited

exportLD LIBRARY PATH=${LD LIBRARY PATH}:/applic/compilers/intel/2013s
pl/lib/intelé64:/applic/compilers/intel/2013spl/mkl/1ib/intelé64:/applic
/compilers/intel/2013spl/debugger/lib/intelé64:/applic/compilers/intel/
2013spl/composerxe/ipp/lib/intelé64:/applic/compilers/intel/2013spl/imp
i/4.1.3.048/intel64/1ib:/applic/compilers/intel/2013spl/vtune amplifie
r xe 2013/1ib64:/applic/compilers/intel/2013spl/advisor xe 2013/1ib64:
/applic/compilers/intel/2013spl/inspector xe 2013/1ib64:/applic/compil
ers/intel/2013spl/itac/8.1.4.045/intel64/1ib:/home0l/pop08/xeon/netcdf
/1ib:/home0l1/pop08/xeon/hdf5/1ib:/homel0l/pop08/xeon/z1ib/1ib
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exportOMP NUM THREADS=2
exportKMP STACKSIZE=32M
exportOMP SCHEDULE=dynamic
exportKMP AFFINITY=compact

$ mpiexec.hydra -host phil2 -n 10 ./exec.sh ./real.exe : -host phi04 -n
10 ./exec.sh ./real.exe : -host phil2-micO0 -n 8 ./real host.sh
./real host.exe : -host phi04-micO -n 8 ./real host.sh ./real host.exe

Smpiexec.hydra-hostphil2-nl10./exec.sh./wrf.exe:-hostphi04-n10./exec.sh
./wrf.exe:-hostphil2-mic0-n8./exec host.sh./wrf host.exe:-hostphi04-mi

c0-n8./exec_host.sh./wrf host.exe
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<® Z: NVIDIA GPUY A OpenACCE AX %2 A3hut>

OPENACC
READY
$ module purge

COMPILE ZLIB

S CC=pgcc CFLAGS="'-acc -Minfo=accel' ./configure
--prefix=/home01/pop08/openacc/zlib

$ make

Smakeinstall

COMPILE HDF5
$ CC=pgcc FC=pgf90 F90=pgf90 CXX=pgc++ CPPFLAGS="-DNDEBUG -DpgiFortran"

CFLAGS="-02 -Msignextend" FFLAGS="-02 -w -v" ./configure
--with-zlib=/home01/pop08/openacc/zlib --enable-fortran
--prefix=/home0l/pop08/openacc/hdf5

$ make

Smakeinstall

COMPILE CURL

$ CC=pgcc CFLAGS="-02 -Msignextend" ./configure --prefix=/home0l/pop08/
openacc/zlib --with-zlib=/home01l/pop08/openacc/zlib

$ make

Smakeinstall

COMPILE NETCDF

S export
LD _LIBRARY PATH=/home01/pop08/openacc/hdf5/1ib/:$LD LIBRARY PATH

$ CXX=pgc++ CC=pgcc F77=pgf77 FC=pgf90 ./configure --prefix=/home0l/pop
08/openacc/netcdf LDFLAGS="-L/home01l/pop08/openacc/hdf5/1ib -L/home0l/p
op08/openacc/zlib/1lib" CPPFLAGS="-I/home0l/pop08/openacc/hdf5/include -
I/home0l1/pop08/openacc/zlib/include"

$ make

Smakeinstall

$ cd netcdf-fortran

$ export
LD _LIBRARY PATH=/home0l/pop08/openacc/netcdf/lib:SLD LIBRARY PATH

$ ./configure --prefix=/home0l/pop08/openacc/netcdf LDFLAGS="-L/home01l/
pop08/openacc/netcdf/1lib" CPPFLAGS="-I/home0l/pop08/openacc/netcdf/incl
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ude"
S make

Smakeinstall

COMPILE WRF
$ module purge

$Ssource/applic/internal/testbed/pgi/linux86-64/14.7/openmpi.sh

$ export NETCDF=/home0l/pop08/openacc/netcdf

$ export
LD LIBRARY PATH=S${LD LIBRARY PATH}:/home0Ol/pop08/openacc/netcdf/lib:/h
ome01/pop08/openacc/hdf5/1ib:/home01/pop08/openacc/z1ib/1ib

./configure

3

$ vi configure.wrf

HESt configure.wrfZ HiE

1inel130,132,5159| cuda5.5& cuda6.09 2 HE

1ine210,2159| -L/shared/apps/rhel-6.2/1libs/numactl-2.0.9/1ib64 S AlX|
1line221,2229] A2E /home0l/pop08/openacc/netcdfE HfE

mpiccE /applic/internal/testbed/pgi/linux86-64/2014/mpi/openmpi-1.8.1/
bin/mpiccZ HA

DM FC,DM ccOf E2l ZM Abx|

linel789| CFLAGSS| N F0| -DMPI2 SUPPORT F7t

RUN WRF

$ vi ~/.pbashrc O OHX|2O|| C}SE F7t

exporthost="/bin/hostname’

if [ Shost == 'login-tesla' -o S{host:0:5} == 'tesla' ]

then

export PATH=/usr/bin:/applic/internal/testbed/pgi/linux86-64/2014/mpi/o
penmpi-1.8.1/bin:$PATH

export LD LIBRARY PATH=/home(0l/pop08/openacc/zlib/lib:/home0l/pop08/ope
nacc/hdf5/1ib:/home01/pop08/openacc/netcdf/lib:/applic/internal/testbe
d/pgi/linux86-64/2014/mpi/openmpi-1.8.1/1ib:$LD LIBRARY PATH

fi

$Ssource~/.bashrc
$ vi hostfile

teslallslots=20
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teslal2slots=20

teslalO3slots=20

teslal2slots=20

$ mpirun -np 12 -hostfile ./hostfile --map-by ppr:l:node ./real.exe
Smpirun-npl2-hostfile./hostfile--map-byppr:1l:node./wrf.exe

Tesla-host

READY

$ module purge
S$Ssource/applic/internal/testbed/pgi/linux86-64/14.7/pgi.sh
$source/applic/internal/testbed/pgi/linux86-64/14.7/mpi.sh

COMPILE WRF

$ export NETCDF=/home01/pop08/openacc/netcdf

$ export
LD_LIBRARY_PATH=${LD_LIBRARY_PATH}:/homeOl/pop08/Openacc/netcdf/lib:/h
ome01/pop08/openacc/hdf5/1ib:/home0l/pop08/openacc/z1ib/1ib

./configure

3

$ vi configure.wrf

mpiccE /applic/internal/testbed/pgi/linux86-64/2014/mpi/openmpi-1.8.1/
bin/mpicc® B4

DM _FC,DM CCOf| &2l 8 AK

linel789| crLaGsS| N F0| -DMPI2 SUPPORT F7f

RUN WRF

$ vi ~/.bashrc 9| OHX|2}H0| CtSE F7t

exporthost="/bin/hostname’

if [ Shost == '"login-tesla' -o S{host:0:5} == 'tesla' ]

then

export PATH=/usr/bin:/applic/internal/testbed/pgi/linux86-64/2014/mpi/o
penmpi-1.8.1/bin:S$PATH

export LD LIBRARY PATH=/home0l/pop08/openacc/zlib/lib:/home0l/pop08/ope
nacc/hdf5/1ib:/home0l1/pop08/openacc/netcdf/lib:/applic/internal/testbe
d/pgi/linux86-64/2014/mpi/openmpi-1.8.1/1ib:SLD_LIBRARY PATH

fi
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Ssource~/.bashrc

$ vi hostfile

teslalOlslots=20

teslal2slots=20

teslal3slots=20

teslal2slots=20

$ mpirun -np 12 -hostfile ./hostfile --map-by ppr:l:node ./real.exe
Smpirun-npl2-hostfile./hostfile--map-byppr:1l:node./wrf.exe
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