Cray7 RV SV RIE

FREX

Cray Inc.

RDEFEEHRR



®e
CCRANY
!

* \
\

CrayD7 OISV T IRIBEADE I

» CraylZ7 7N r—iavttitrmx KRICR EESE 5 EEBHAZIC
JOU 530 RETMERRE
» AT, TA4T T,
Y—ILDIFEENT=T
N5 539 RE T,
HPCZ Oy 3325 MiE
MR
« Ry—2—ET4
o BEREDIRIREBFMEIZEK
AENPIEOME L
e (A5 TATIY—ILT
Y—RAO—KRDLEEEET
MREICT4—FR/\ oLz
bEXiE

=

Binary | ==  Execute

\4

Application

July 2012 Keita Teranishi © Cray Inc.



Cray 705537718

Programming Programming . Optimized Scientific : ,
Languages models Compilers Libraries I/O Libraries
( ) Distributed
Istribute Environment setup
= Memory Cray Compiling HAAEI NetCDF
ortran .
(Cray MPT) Environment
Modules
L ) « MPI (CCE) ScaLAPCK
( 1| | pebugges
Debuggers
BLAS (libgoto
©
L ) Shared Memory
* OpenMP 3.0 Iterative
( ) . Refinement
C++
IEW FFTs (CRAFFT)
( ) » UPC (CCE)
« CAF (CCE * Fast Track
Python . Chap(el ) Debugger FFTW
(CCEw
\ J * Abnormal Cray PETSc
Termination (with CASK)
Processing
Cray Trilinos
(with CASK)
} Cray
" Comparative
Cray #IE Debugger#
# FAFES
a7
Y—KRR—F1 VI 7 «CrayPat
Y—K/8—F4 Y IO 7 (CraylckBHBREH) « Cray

- . Apprentice? @
July 2012

Keita Teranishi © Cray Inc.



: : CRANY

Cray Programming Environment Roadmap '
S \

\

1 2 3 4 2 3 4 1 3 4
Eagle Erie Eriel Frc(el\n)g)nt FFSmtl)nt \
(Interlagos) Kepler UP p
Up.l Up.2 ® SuB ® (Casca:je XK)

Cray Compiling Environment

V7.4V74.1

Cray Message Passing Toolkit

¥6.0

Cray Debugging Support Tools

CPMAT V52 V¥522V¥523 V53

Cray Scientific & Math Librarie$

¥6.0.2 V¥6.0.5

v8.1 V8.1

Cray Performance Measurement & Analysis Tools

v6.2 v/.0

July 2012

Keita Teranishi © Cray Inc.



CCE: Cray Compiling Environment

BeHET7I)r—a>0a—FEiEbi2t e
e BERINMILIE
o HEIXFAEYMIE

RERBDEN
e Fortran 2008 #R#&
e CCE8.INLEMDFE (3Q12)
o C++98/2003 #R1&#EHL
o OpenMP 3.0 ##L
e OpenMP 3.1 and OpenMP 4.0f8#& 2 1T TR AT E)

OpenMP LB BB AT AIEDHE
o RILSVAALSATIVIZEDEEEIN, ALYRT—ILEHE
o OpenMPFEEBANTREIZIL—TDBHEE. AASHSDHEL
o BEIRLYKRIiFI{EEOpenMPIZHEDNEBAPIIZT IR

PGAS EE&(UPC & Fortran Coarrays) D5 R—rEEEDOREL
e UPC 1.2 and Fortran 2008 coarray ®HHR—k
o RO, 770wy HEa—RICESTALKLELL
o CrayOryhT—ON—KROzT7IC&HhETEE
o Allinea’s DDTOREEYR—IT. T/\VITERSHIC
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Cray MPI & Cray SHMEM

e MPI
o 7ILIAUXHEFDOMPICH2MR—R v
o FAMBEIE.RMADTTEHYR—F
o SHELBEEDA—/IN\TYVT
e MPI-2 #BED T2 Y HR—bF
e MPI_Comm_spawn(p&<
e MPI3 Forum CEBHILEE)

e Cray SHMEM
o EiE{tENi-Cray SHMEM S473!)
e CrayT3EDEZE., THAUIZE DKL
e Cray XE TlZDistributed Memory Applications API (DMAPP) 0 _E[Z5E%
o FITMDFTHERE. MERER1L:
o /—RATIXTOEREAEIE—THEIE
e Cross Process Memory Mapping (XPMEM)
o XPMEMTHDTOEREBTOLRBMDTRLRAEMETVELY
o DEAEVRROYY
o ALYUT4TBIE
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Cray Performance Tools cRaN
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o 7TV r—ar DERET — AT REMEN . BBEIEABY—ILE
o CCEAHNTZHMRE. RBILOHEREER

o ELVPY S, BEMEDR L

o GUI
o MREBMERZTIOTTLEFTADI«—R/I\YY

o BEHDTOYSIUTETIVIZHRIG

e MPI, PGAS, OpenMP, OpenACC, SHMEM

| =

o Rr—ZE)T4—M5&1L
° %/—F’\O)%ﬂrf\
o LARUAMDMELE

o ¥TtEFEANDXII
e Intel CPU
e Aries Interconnect
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Cray Performance ToolsD 74—k /\v 12k 514 =|=AY
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MPI SU9DHMUMNZR:
o MPIEEIZ/—FNTIIHEFAE)aE—TRE
o /—FRIEEXYKIBIZEE
o WFTOAYSLEFRDBEDLEE. O—FNSURIZESTIX/—FRBEEEZL
USIRMIZFIATHIENTES
e MPISUODMUEZETHZETMPINEITHBZXRIBIZTITA2EMAEE
e IXE C52%MNEHIL
e Cray Performance Tool TlIEEREHRZTIC
MPICH_RANK_ORDER.GriceL\S77AM LD ER SN, TNE/ NV FI7ALIL
ELTEEDS
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« SROTOER, ALYRIZHETES T/ Sy H
o RITDEMTARY—ZE)Ts—  KEMDR L
o Wisconsin K TR IN-MRNetxA/>J7Z&LTER
STAT - Stack Trace Analysis Tool
o fREINT=. INYIRL—RAV)—DAERK
e 216,000MPIZ7OtERETXIL
ATP - Abnormal Termination Processing
e NTDHBZHTOTSLDETREEY)—KT
o Core77A/ILDIRE . Ha/NTR7r—3T JLIZEAT.
e Fast Track Debugging
o B{LINF=O—FDT/\VY
o T\ LIWEMETF, DURILGEFT OV LTET
o TNUNEIFRBEILSNI-FFTET
o 7INr—La ETEDFEEDIRIETT /\wJ MATEEIC
e Allinea‘'s DDT 2.6 LIf&(20104%6R)

o NERDTINVANDXIEG
e TotalView, DDT, and gdb
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Stack Trace Analysis Tool (STAT)

o KIFWEF7 T ) r—aVmITRAYIRL—R

o NL—RXDEH. M

July 2012

° X';“‘JOH/_Z
o AAVIDINYIFL—RET1DDYV)—ZFERIZERL
o 7I—iavETDOEKEERIRIE
o BILELIHETREEEDTOLADRAYVINL—RADIE
e SIMDZO4YS LD
o TINYITFTHERETTOwREHR/IEIZ
e 128,000MPIZAERMD FL—RAERKIZ 2.77

o RT—STIVETIT)r— a0 ETEfEalEEC
o JOUSLDBBIZHTHERDN —RERT
o BEAH. YITIL—FUOFUHLMNGEBHY!)—
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MPI_Waitall
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'MPIDI_CRAY_Progress_wait

1]2]
Y
MPIDI_CRAY _progress
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Automatic Termination Processing (ATP)

)

o HtE/—FIZEELTITORRDEEK T#E
o MRNet FT=E%#
o aprunTIOJ S LETHICEEMICENME
o IBIELTHMATP ENABLEDT. A4 7DHYIYEZ

5

o 7T)r—a m EESMEIZENEIZ R I
e HVICEEEMEXLI-TOERD/\YIrL—RZEstderr(ZH A
o ZDTOtAMcoredumpNAERL (P TILEREE Teore A4 XD HIRMNZLVESR)
e StackwalkerAPl ZFAWTE&TOLEANDRABZ Y\ HIRL—RENE
o I LINI-O—F. ATV HIMIFLTEETEINS

o STAT (Stack Trace Analysis)RI#k% V) —HX T/ AT —RZR
/N
. SETA'I;%EIEEE’G‘@HL%‘I BEERTIIEBM. YIIL—FoE&TELEITEREFHE
‘ts
o VI)—DXRIRIZHEHTSH/—FDcoreT74A ILERE
o HLLX. INLD/—RET/INYHEST
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Adaptive Scientific Libraries

o CrayDEIZFFEHETA1T 3
o 1EEAPI
o BHEIFa1—=24
o BENERSATSY

e Cray adaptive model
o TUAALEFIZRAF DHh—HRIL. SA4T35)ExBFERLTETT
o FAFIBIET, WALGEDERENZITV. TORBREZIV/NNINIHTIA4T3Y
[ AR CET BENBIRDA—/N\—AYRER/IBICINZ 52 EA AT REIC
o ;«rgﬁu&‘i%&%ﬁﬂ%l; ARNGA=BETTIZINTH—R LV RT—T ILE LYY
Y
o ERDOEEHAXIZRBILSNI=H—RILERIR
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CrayDBLASFa—=25 DEEo0—

Generalized BFRAME Simple
GEMM GEMM Database

BFRAME Runtime

GEMM LibCrayBLAS Performance
Model

LibSci
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CrayDHFHESATIIDHEE =R
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e CASK (Cray Adaptive Sparse Kernels)

e CrayDBENIF1—=2F BfizE>THREINI=BHITIRINLEA—FRIL \
PETSC,TrilinosMER1TSIA—RILDEEED [ £
A—HAITCO—RFDEZTHRZ (IFE
ZREESHRGIEE O M CEHMRETHIE
AEZELUATE2IALAT—FILEDMRED R £
RIRILDMEBD T —RIZEH R

o BHITHIEHFIEYILIN
e Uncertainty Quantification

e ScaLAPACK
o GeminifA—aARIrRITOF1—=25
o FFTW
o LAY MEITAEYIE—EEEDTRIL
o 544x544 2DFTT /—Fk&H1-Yitee (16PE. 2XLYE)
o ExEThR:1.537GFLOPS
o PEFEMR:1.063GFLOPS
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ScaLAPACK D14 gE
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ScaLAPACK LU factorizaztion on XE (M=131,072)
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CRYSTMO1 matrix
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CASK®D1gEE: BCSSTK35
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CASK®DTE8E: AF23560
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# of vectors
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Reveal
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« X86 AT L EMPIT o JL—T D F|{LFEHTE « OpenMPT AL Y747
A9 S5 LD IELSEE BEE A
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CCEIC&>»THEREINBIL—TIFEHRD AIR 1L

l!! :! g! Eg I lﬂi I

Eile
v About Reveai €| ¥ vhone.aid © |

< IFuII List &
b 253% boundary.f90
b 152% sweepzfl0
- 1.34% sweepy.f30
- 34% SWEEPY

Loop@32
Performance

feedback
Loop@38
T
‘ Loop@63
Loop@77
b 0.53% prin.f90

b 0.48% sweepx1.190

Info - Line 49
[ Aloop starting at line 43 was unrolled 2 times.
O] Aloop starting at line 49 was vectorized.

Compiler
feedback

(< B

sweepy./®0

doj=1, jmax

65 xa (n) = zya()

66 dx (n) = zdy(j)

67 xa0(n) = zya(j)

68  dxO(n) = zdy()

69 e (n) = pn)/(r(iny*gamm)+0 S*(u(n)**2+v(n)™*2+w(n)**2)
70 enddo

71 call ppmir

73  endif !

vhone.aid loaded

July 2012
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S0 n=j+6

51 xa(n)=zva()

S2  dx(n) = zdy()

S3  xa0(n) = zya())

54  dxO(n) = zdy()

S5 e (n) = pmyi(r(ny*gamm)+0.S*(u(n)=*2+v(ny™*2+w(n)*2)
S6 enddo

S7

58 11D Hydrodynamic update using PPMLR

S9  callppmir

60

61 if (ndim==2) then | #astss REPEAT HYDRO EVOLUTION A SECOI
62

63 doj=1,jmax

64 n=j+6

ANy |
\
e \
\
Help
v @




CCEIZ&HoTH
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RSN S IL—TEHRO IR

SeMe

File

< |Fu|l List

VPRIV

P prinf00

P remap.f90

P riemann.90

P states.fo0

v sweepx1.190

¥ SWEEPX1

Loop@28
Loop@29
Loop@S3

P sweepx2.f30

P sweepy.fo0

Info - Line 32

O Aloop starting atline 32 w
O Aloop starting at line 32 w

S| %

v About Revea QIVVlOEe-aid 01

1

= sweepx1.19

I Put state variables into 1D arra
doi=1,imax

n=i+6

r (n)=zro(i..k)

p (n)=2zpr(i..k)

u (n) = zux(i.j.k)

v (n) = zuy(i.).k)

w (n) = zuz(i.j.k)

f(n)=2I(1.5.K)

2888988 RY

xa0(n) = 2ali)
42 dx0(n) = zdx(i)
43  xa(n)=zafli)
44 dx (n) = zdx(i)
45  p (n)=max
46 e (nN)=z

/] and

p.p(n))
Y*gamm)+0.5*(ul

Integrated
message
‘explain support’

update using PP

cA

P ) N\ Explain

OPT_INFO: Aloop starting at line %s was unrolled.

The compiler unrolled the loop. Unrolling creates a number of copies of the
loop body. When unrolling an outer loop. the compiler attempts to fuse
replicated inner loops - a transformation known as unroll-and-jam. The
compiler will always employ the unroll-and-jam mode when unrolling an outer
loop: literal outer loop unrolling may occur when unrolling to satisify a

user directive (pragma).

This message indicates that unroll-and-jam was performed with respect to the
identited loop. A different message is issued when literal outer loop

unrolling is performed, as this transfomation is far less likely to be

beneficial.

For sake of illustration, the following contrasts unroll-and-jam with literal
outer loop unrolling.

# 434 "iptmp/pdgcsipdges tbs 81/bld.dirbuild 64.ndb/pdgcs/pdges_ftn.msg.c”
DO J=1.10

DOI=1.,100
A(LN)=B(L) +420
ENDDO
ENDDO

DO J=1.,10.2
DOI1=1.100
A(lLJ )=B(L. J) + 420 lunroll-and-jam
A(lLJ+1)=B(lLJ+1) + 420

ENDDO
ENDDO
DO J=1.102
DOI1=1.100
AL =B(lLJ)+ 420 iteral outer unroll
ENDDO
DO I1=1.100
A(LJ+1)=B(lLJ+1) +420
ENDDO
ENDDO

The literal outer unroll code performs the same sequence of memory operations
as the original nest, while the unroll-and-jam transformation interleaves
operations from outer loop iterations. The compiler employs literal

outerloop unrolling only when the data dependencies in the loop, or a control
flow impediment. prevent fusion of the replicated inner loops. Literal outer

loop unrolling is generally not desirable. Itis provided to ensure expected
behavior and for those rare instances where the user has determined that it

is beneficial.

Explain other message. .. | | 3K Close

TN simadmtbasd iimlisam imbn mamad bhiav bne musmmmis Advammimea sbhasd sn s~ B

vhone.aid loaded

Keita Teranishi © Cray Inc.
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Eile
v AboutReveai @~ vhone.aid © |

vhone.aid loaded

< | Full List < ] £+

b states.f90 A
P sweepx1.190
b sweepx2.190
- sweepy.f90
~ SWEEPY
Loop@33
Loop@37
Loop@38
Loop@49
Loop@63
Loop@77
b sweepzfo0
vhimods.f90

b vhana fON

Info - Line 32

A loop starting at line 32 was not vectorized bec

Negative
messages
are flagged
red

sweepy.M0

31 !'Now Loop over each column...
32  dok=1,ks
doi=1,isy
radius = zxc(i+mypey*isy)

dom=1, npey
doj=1.js
39 n=j+js*(m-1)+6
40 () =recv1(1.kj.im)
41 p(n) = recv1(2.k.ji.m)
42 u(n) = recvl(4.k.ji.m)
43 v(n) = recv1(S.kj.i,m)
44  w(n)=recvl1(3.kjim)
45  1(n) = recv1(6.k.ji,m)
46  enddo
47 enddo

49 doj=1,jmax
S0 n=j+6

51 xa(n)=wza()
52 dx(n)=zdy()
53  xa0(n) = zya())
54  dO(n) = zdy()

Keita Teranishi © Cray Inc.

| Put state variables into 1D arrays. padding with 6 ghost zone

PEEREREEOEEE

Loopmark
legend

Accelerator
Collapsed

Inlined

Pattern Matched
Not Vectorized
OpenMP Construct
Partially Vectorized
Unrolled Loop
Vectorized
Blocked
Partitioned

Region

&K Close |

4




A4 SN =B DO ERLUI—F DR

Eile
w About Reveal °| w vhone.aid © 1

%

-<[FuuLmt C‘ﬂh

vhimods.o
zonemod.o
houndary 30
dtcon.f90
dump.f90
evolve.f90
flatten.f30
forces.f90
images.f90
init.f90
b GRID

Y vvVewVvwvw

b INIT Inlined call
b parabola.f30 sites marked
L L1k atal
Info - Line 88

O A divide was turned into a multiply by a recipro
[ Aloop starting at line 88 was unrolled 4 times.
] A loop starting at line 88 was vectorized.

O The call to grid was textually inlined.

init PO
ou ncycie = v
8l ncycp =0
82 ncycd =0
83 ncycm =0
nfile = 1000

! Set up grid coordinates

t$26 = 100

t$27 = 100

$I_L88 100 = 0
!dir$ ivdep

do

"' IJ ". "' .‘D ". [0 0]
o0 00 00 O O fe's)

enddo

call grid(imax, xmin, xmax,zxa,zxc,zdx)

zxa(l + $I_L88 100) = 9.9999998e-3 * $I_L88
zdx (1 + $I_L88 100) = 9.9999998¢-3

zxc (1 + $I_L88 100) = 4,9999999%-3 + ( 9.999!
$I_188 100 = 1 + $I_L88 100

if ( $I_L88_100 >= 100 ) exit

89 call grid(jmax,ymin,ymax,zya,zyc,zdy)
90 call grid(kmax,zmin,zmax,zza,zzc,zdz) ~

cRANyY |
!

* \
\

Expand to
see pseudo
code

vhone.aid loaded

July 2012
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Reveal|lZ&dARa—E>S

® \
\
; é é m Reveal 0.1
File Help
v AboutReveal @ vhone.aid °—| ;
< | Full List s ] L+ T sweepy.M0 @
b states.fo0 E] 31 INow Loop over each column...
b sweepxl 190 32 jdo " =1 ~5
b sweepx2.190 33 doi=1.isy
v sweepy éo 34 radius = xc(i+mypey*isy)
v SWEEPY 35 _ | o
Loop@32 I Put state variables into 1D arrays, padding with 6 ghost zone
Loop@33 37 dom=1.npey Scope
Loo @37 38 d0j= 1.i$ LOO s
Loop@38 39 n=j+js*m-1) +6 p
Looz@49 40 r(in) = recv1(1.kji.m)
Loop@63 41 p(n)=recvlkjim)
Loop@77 42 u(n)=recvl(4.kjim)
b sweepzf0 43 v(n)=recv1(G.KLLm)
vh1 mo&s 190 l 44 w(n)=recv1(@.kjim)
b_wh m- 45 f(n) = recv1(6.kj.i.m) 800 (x| Reveal Scoping Tool -
h"o nz? 2 46 enddo Line #  File or Source Line
=Lel i 0 /home/users/heidi/demo/sweepx2 B0
47  enddo i '
B Aloop starting atline 32 was notvectorized bec 48 28 "dok=1, ks
e 0 /home/users/heidi/demo/sweepx1 90
49 doj=1,jmax 28 "dok=1, ks*
. h 0 /home/users/heidi/demo/sweepy.f80
50 n=l+6 32 "dok=1, ks"
51 xa (n) = Zya(]) &= 0 /home/users/heidi/demo/sweepz. B0
52 dx (n) = zdy()) 48 "doj=1.js"
53  xa0(n)=zya()
B 54 oM = 2dy()
vhone.aid loaded

| Sta ICanceI /home/users/neid CERIVETELTA: ] } g

July 2012 Keita Teranishi © Cray Inc.



Reveal[Z&kARO—E>S

® e
ANy |
\

° \
\

L

Eile

v About Reveai €~ vhone.aid © |

Help

< [Fuu List c]¢ &
b remap.fo0
b states.fo0
- sweepx1.f90
< SWEEPX]
Loop@28
t°°"g§g Loops with
oop .
Loop@S3 . fscoplng
b sweepi2.190 : |n.ormat|on
b sweepy.f90 highlighted — red
b sweepzf90 needs user
vhimods.f90 assistance
P vhone.fo0
b volume 90
zonemod.f30
Info

riemann.@0

I GLOBALS

1800

use sweepsize
IMPLICIT NONE -

ai
ILOCALS amid
INTEGER 2 I, Imin, Imax, n ar
REAL :: gamma, gamfacl, gamfac2 b

REAL, DIMENSION(maxsweep) :: plft, prgh, bi
REAL, DIMENSION(maxsweep) :: umidl, u ¢

REAL, PARAMETER - smallp = 1.0e-25
REAL. PARAMETER : tol=1.0e-5

lnputvariables are:

| Type

Scalar
Scalar
Scalar
Scalar
Scalar
Scalar
Scalar
Scalar
Scalar

subroutine riemann (Imin. Imax. gamma. prgh. urgh, vrgh. plft, ulft, vift, pmid.

I Solve the Riemann shock tube problem for the left and right input states,
lusing the Newton interation procedure described in van Leer (1879).

sweepx1.f30,

Private
Private
Private
Private
Private
Private
Private
Private

Scope nfo
FAIL-Last defining iteration not kno

v@

User
scopes
unknowns

28->64

Search:

BNB-..:—A.A-:—A—A—A—A-A
- O oOoNOUEWN=OO©CWONUEWN-=

Imin = zone number of first physical zone

gamma = equation of state gamma

|

|

I Imax = zone number of first ghost zone o
!

I prgh = pressure state on the right side of e
1

AU RY

wiH o mrammiira mbmba am dla LA mlda mb s A

'vhone. aid loaded

July 2012
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e e
ANy |
\

ReveallZ&kARa—E>S

Q \
\
1800 AR
Eile Help ~
v About Revea )  vhone.aid © | ¥
< | Full List ¢ ] &% sweepx1.190 @ v O
= 27 | Now Loop over each row... (]
b remap.190 kad 28 ldok=1Ks
: riemann.f30 29 doj=1.js
states.f90 :
el 30 o - Assist user
P 31 IPutstate variables into 1D arrays, padding with € ghost zone ith O MP
v SWEEPX1 32 doi=1,imax L .pen
e 33 n=i+6 hints
Loop@29 34 r (n)y=zro(.j.k)
Loop@32 35 p (n)=2zpr(iik) BO0 P C ‘
Loop@S3 36 u (n) = zux(i,j.k) 190: lines 28 -> 64
b sweep2.190 37 v (n)=zuy(i..k Name Type Info
b sweepy.fo0 38w (n)=zuz(iik B
b sweepzf90 39 f(n)= LK) e
vh1imods.f90 40 aift
b vhone 190 41 xa0(n) = 2xali) oLl
> om0 2 som=mo
zonemod.f90 = (i
43 xa (n)= zxa(p dotflo Scalar  Shared
~Info - Line 28 44 dx(n) = zdx(i) dt Scalar  Shared I
[l A loop starting at line 28 was notvectorized b 45 p (n)=max(smallp.p(n)) gam  Scalar Shared
46 e (n) = p()/(r(n)*gamm)+0.5*(u(n)**2+ gamm  Scalar  Shared v
47 enddo @ T N B
48 First/Last Private ‘Reduction- |
O Enable First Private [MAX 3||

private (a,ai b,bi,c,...) Slades i AR I

‘ reduction (MAX:SVG') Search: I
'vhone. aid loaded firstprivate (amid,ar,cdtdx,clft,...)

Dump Data ] [ xgose l
Z

July 2012 Keita Teranishi © Cray Inc.
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CCRANY
!

) \
\

Cray D7 7t5L—RaAVEa—T420 0 ~DE 3

TR0 DE#HEMNTOEIL—2aAVE1a—TAV T ~DEEZETH5,
o BHDTSYNIA—LTEKE—DTOIIZUTETILAWLIE
o IR—ATIVIE R TELANILDILF{ENEETE
o JOUSIVITETIL, BILFEMNTILFIATX86CPUEHEYEHSALY
o A—HIERILY—ROA—FTREISYP I+ —LIZELETEENTES
CraylIiESIN-TAISIVTREZ. AV /N5, 5475 Y—ILIZ&DT
IREL. BEREET7T IV —a AR ERAI12T 5L BIEICHERS
CrayDIRMt9 5705535715
e OpenACCTALUTa4TMEEINT-Fortran, C, C++ a2 /\ (5
o TALYTATIZLBT7IEIL—2TRTISI7 Lxil{t
o Craydu/\AZEiFEINT=HREY—ILET/IN\VA
o CUDALARILTT/NT . O—FEEEITE T HLEMNLL
o 7OEIL—AMITHEEHESATS)
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XKORTL/—FETDOTRI SV .

Fortran, C, and C++ 3> /\{(5

OpenACC TA4LIT47 TR S L%
T—REGE . RAVADZITELEDERNES
AVINATT IS —43 x86M T A D&t
CUDATEMI=D—IL. BBE D H1AHE A EE
J—RiiF)|F/\vH DDT. TotalView® F|FHHVE] §E

BF P DCray ReveallFa /\SHNERKTEHYV—RaI—FOREPREEEZ T
[ZT1ERE ﬁ#*ﬁ it DIEEZZIE
e GUITY—RO—KZEELLENASIL—TDOGPUILEFIE. RIMILILEEZITAS
o AOA—FEVYTI—FOBIE. ZEILEZXIE
o CrayDMEEBHTY—ILDEHEMAEHLET. —FOZELLTTEE

HEEES1T3Y
e OpenACC. CUDALH #1
o WEEXDAPIZZDEFHEK
e Cray®BHEIF1—=2 % Hiffi
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EAKGIFE: VFOa>

BRI D#FZERD D /
Fortranf=&417
a=0.0
doi=1,n
a=a+ b()
end do

July 2012 Keita Teranishi © Cray Inc.



CUDATEW=YF o 3>a—k SR

S \
\

__global __ void reduceO(int *g_idata, int di n8 di nBl ock(128, 1, 1);
*g_odat a) di n8 di nzri d(2048, 1, 1);
{ din8 small _dinGid(16, 1, 1); \
extern _ shared__ int sdata[];

int snentsize = 128 * sizeof (int);
unsigned int tid = threadl dx. x; int *buffer_d, *red_d;
unsigned int i = blockldx.x*bl ockDimx + int *small _buffer _d;
t hr eadl dx. Xx;
sdata[tid] = g_idata[i]; cudaMal l oc((void **) &buffer_d ,
__syncthreads(); si zeof (i nt)*2048);

cudaMal l oc((void **) &small _buffer_d ,
for(unsigned int s=1; s < blockDimx; s *= 2) { si zeof (i nt)*16);
if ((tid %(2*s)) == 0) { cudaMal  oc((void **) & ed_d , sizeof(int));
sdata[tid] += sdata[tid + s];
}
__syncthreads(); reduceO<<< di ntzi d, dinmBl ock, snentize >>>(b_d,
} buf fer_d);
if (tid == 0) g_odata[blockldx.x] = sdata[0]; reduceO<<< small _di m&id, dinBlock, snmenfize
} >>>(buffer_d, small_buffer_d);

reduceO<<< 1, 16, smenSize >>>(small _buffer_d,
extern "C'" void reduceO_cuda_(int *n, int *a, red_d);
int *b)
{ cudaMencpy(& ed, red_d, sizeof(int),
int *b_d, red; cudaMencpyDevi ceToHost) ;
const int b_size = *n;

*a = red,
cudaMal l oc((void **) & d , sizeof(int)*b_size); cudaFr ee(buffer_d);
cudaMencpy(b_d, b, sizeof(int)*b_size, cudaFree(smal | _buffer_d);
cudaMenctpyHost ToDevi ce) ; cudaFree(b_d);

}

July 2012 Keita Teranishi © Cray Inc. @
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IZw@ElEShti=Ua o3y

template<class T>
struct SharedMemory

{
__device__inline operator T*()
{
extern __shared__ int __smem[];
return (T*)__smem;
}
__device__inline operator const T*() const
{
extern __shared__ int__smem[];
return (T*)__smem;
}
h

template <class T, unsigned int blockSize, bool nlsPow2>
__global__ void
reduce6(T *g_idata, T *g_odata, unsigned int n)

{
T *sdata = SharedMemory<T>();

unsigned int tid = threadldx.x;
unsigned int i = blockldx.x*blockSize*2 + threadldx.x;
unsigned int gridSize = blockSize*2*gridDim.x;

T mySum = 0;
while (i <n)
{
mySum += g_idatali];
if (nlIsPow?2 || i + blockSize < n)
mySum += g_idata[i+blockSize];
i += gridSize;

sdata[tid] = mySum;
__syncthreads();

if (blockSize >=512) {if (tid < 256) { sdata[tid] = mySum = mySum
+ sdataltid + 256]; } __syncthreads(); }

if (blockSize >= 256) { if (tid < 128) { sdata[tid] = mySum = mySum
+ sdataltid + 128]; } __syncthreads(); }

if (blockSize >=128) { if (tid < 64) { sdata[tid] = mySum = mySum
+ sdataftid + 64]; } __syncthreads(); }

Keita Teranishi © Cray Inc.

®e
CRANY
!

if (tid < 32)
{

volatile T* smem = sdata;

if (blockSize >= 64) { smem][tid] = mySum = mySum + smem{tid + 32]; }
if (blockSize >= 32) { smem][tid] = mySum = mySum + smem(tid + 16]; }
if (blockSize >= 16) { smem[tid] = mySum = mySum + smem([tid + 8]; }
if (blockSize >= 8) { smem[tid] = mySum = mySum + smem([tid + 4]; }
if (blockSize >= 4) { smem[tid] = mySum = mySum + smem([tid + 2]; }
if (blockSize >= 2) { smem[tid] = mySum = mySum + smem{[tid + 1]; }

}

if (tid == 0)
g_odata[blockldx.x] = sdata[0];
}
extern "C" void reduce6_cuda_(int *n, int *a, int *b)
{
int *b_d,;
const int b_size = *n;

cudaMalloc((void **) &b_d , sizeof(int)*b_size);
cudaMemcpy(b_d, b, sizeof(int)*b_size, cudaMemcpyHostToDevice);

dim3 dimBlock(128, 1, 1);

dim3 dimGrid(128, 1, 1);

dim3 small_dimGrid(1, 1, 1);

int smemSize = 128 * sizeof(int);
int *buffer_d;

int small_buffer[4],*small_buffer_d;

cudaMalloc((void **) &buffer_d , sizeof(int)*128);

cudaMalloc((void **) &small_buffer_d , sizeof(int));

reduce6<int,128,false><<< dimGrid, dimBlock, smemSize >>>(b_d,buffer_d,
b_size);

reduce6<int,128,false><<< small_dimGrid, dimBlock, smemSize
>>>(buffer_d, small_buffer_d,128);

cudaMemcpy(small_buffer, small_buffer_d, sizeof(int),
cudaMemcpyDeviceToHost);

*a = *small_buffer;

cudaFree(buffer_d);
cudaFree(small_buffer_d);
cudaFree(b_d);

}




OpenACCTHAR YL a v ERETHIHEE

I$acc data present(a,b)

I$ACCW®3¢§”“§®T%%)[/ 7%6& I$acc parallel

|:|IL.

:I// \ISDBLLT DHREZTET: /

o N—RILILT HLEMNHDHHF T a=0.0
e 7UtSL—AMITa—FCPUMRITI— |
N I$acc loop reduction(+:a)
o RAMUETIESL—2BITHEET | 401 210
D58 a=a+ b)
e MIMD % L<LIESIMDRAA JLTEAT end do
o T—HRERE
o GPUXEYDEIYLTERMKEISACC | !Saccend parallel
MBI DRVERE TEIT I$acc end data

e CPULGPUTT—AELRE

N
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AT DEITAT

STHRLUS DO S RSS!

90. subroutine sum_of_int_4(n,a,b)

91. use global_data

92. integer*4 a,b(n)

93. integer*8 start_clock, elapsed_clocks, end_cl
94. ISacc data present(a,b)

95. G----< 1Sacc parallel

96. G a=0.0

97. G !Sacc loop reduction(+:a)
98. Gg--<doi=1,n
99. Gg a=a+bl(i)

100. G g-->end do

101. G----> ISacc end parallel

ftn-6413 ftn: ACCEL File = gpu_reduce_int_cce.F90, Line = 94
A data region was created at line 94 and ending at line 107.
ock
ftn-6405 ftn: ACCEL File = gpu_reduce_int_cce.F90, Line = 95
A region starting at line 95 and ending at line 101 was placed on
the accelerator.

ftn-6430 ftn: ACCEL File = gpu_reduce_int_cce.F90, Line = 98

and the 128 threads within a threadblock.

102. ISacc end data
103. end subroutine sum_of_int_4
July 2012

Keita Teranishi © Cray Inc.

A loop starting at line 98 was partitioned across the threadblocks




)& 53,3 DHERE

E1TT

GflopstEHE

X86 17 (=%t
9 HTEERE

Fortran

CUDA
mE 1kl CUDA

OpenACC

July 2012

x86CPU1O Y 4 2.0 Gflops

GPU 30 1.74 Gflops
GPU 69 10.5 Gflops
GPU 9 8.32 Gflops

Keita Teranishi © Cray Inc.
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Cray Performance Tools for Accelerators

o R—3EFT4—

o ZHD/—FTHLEVL AR XEHE

o MEERRIX1T7AIL. TALIMIZER

o 77 r—av kD itEFHET 1 —HIC

o MRET—2%FY—RI—KITTVELY

o MEET—ARETALIUTATEIZTIL—TIE
o CPUl, 775U —2BIDMT D IEREAZHT AV AT AE

o CPULGPUDMREIEHZF—FEICEE

July 2012

o TEREIFHR

I HVA] BE

o 7UEIL—FDETHM. CPUDETHERE. CPUETVEIL—2BDT—2E5ED

P A4
o N—RIVELDMERET —4

o 7UESL—RADIN—FITT IO U3%EF A
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Performance Tools Example

July 2012

tl = gettime()
stream_counter =1
DO j = 1,Nchunks
my_stream = Streams(stream_counteg

I$acc parallel loop
DO i =1,Nvec
b(i,j) = SQRT(EXP(a(i,j)*2d0
b(i,j) = LOG(b(i,j)**2d0)/2d0
ENDDO

I$acc end parallel loop

stream_counter = MOD(stream_counter,3) + 1
ENDDO

I$acc wait
t2 = gettime()
I$acc end data

Keita Teranishi © Cray Inc.

IL—TDGPULTALIT4T

CPU,GPURBI DT —4 851k 2B

I AHEBHNENDT, OIS
SHM B EIRI(ZISacc data copy
ZHEAS
ZDFERGPUEITEIZa(),b()
£{A%CPU-GPURTaE—.
aE—/\wH




Performance Tools Example

ftn -rad -hnocaf -c -o toaa2.o toaa2.F90

ftn -rad -hnocaf -o toaa2.x toaa2.0

pat_build -w toaa2.x

aprun toaa2.x+pat

4999899.3359271679

Time = 88.750109565826278

Experiment data file written:
/lus/scratch/beyerj/openacc/toaa/toaa2.x+pat+10112-
Application 1880125 resources: utime ~83s, stime ~7s
pat_report —T toaa2.x+pat+10112-43t.xf

43t.xf

July 2012
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Performance Tools Example

Table 1: Profile by Function Group and Function

Time% | Time |Imb. | Imb. | Calls |Group

| | Time | Time% | | Function
100.0% | 88.902394| -- | -- |5003.0 |Total
I
| 100.0% | 88.902394| -- | -- |5003.0 |USER
|
I 75.4% | 67.041165 | --| -- |1000.0| toaa .ACC_COPY@Ii.59
I 24.3% | 21.629574 | -- | - |1000.0| toaa .ACC_COPY@Ii.65
| 0.2%| 0.155233| -- | --| 1.0|toaa B
|| 0.0% | 0.037016| -- | -- |1000.0 |toaa _.ACC_KERNEL@Ii.59
|| 0.0%| 0.032549| -- | -- |21000.0 |toaa _.ACC_SYNC_WAIT@Ii.65
|| 0.0% | 0.006752| --| -- |1000.0 |toaa _.ACC_REGION@Ii.59
|| 0.0%| 0.000074| --| -] 1.0]|exit
|| 0.0%]| 0.000031| --| - | 1.0]|toaa _.ACC_SYNC WAIT@Ii.79
” = = == ==
| 0.0% | 0.000000| --] --] O.0|ETC

July 2012 Keita Teranishi © Cray Inc.



Performance Tools Example

Table 2: Time and Bytes Transferred for Accelerato

Host |
Time% |

Host |
Time |

Acc | Acc Copy |
Time | In |
| (MBytes) | (MBytes) |

100.0% | 88.749| 88.697 | 152587.891 | 76293.9

|
|100.0% | 88.749| 88.697 | 152587.891 | 76293

1
| 100.0% | 88.749| 88.697 | 152587.891 | 7629

Acc Copy

r Regions

| Calls |Calltree
Out | |

45| 5001 |Total

.945| 5001 |toaa

3.945| 5000 |toaa_.ACC_REGION@Ii.59

3|| 75.5% | 67.042| 67.042 | 152587.891 | -- | 1000 |toaa_.ACC_COPY@Ii.59

3|| 24.4% | 21.630| 21.630 | - | 76293.945 | 1000 |toaa .ACC_COPY@Ii.65

3] 0.0%| 0.037| 0.026 | - | -- | 1000 |toaa_.ACC_KERNEL@Ii.59

3]] 0.0%| 0.033] - | - | -- | 1000 |toaa_.ACC_SYNC_WAIT@Ii.65

3|| 0.0%]| 0.007| - | - | -- | 1000 |toaa .ACC_REGION@Ii.59(exclusive)
ll

|| 0.0%| 0.000| - | - | - | 1|tcaa_.ACC_SYNC _WAIT@Ii.79

Processing step 3 of 3

July 2012
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Performance Tools Example

ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:
ACC:

Transfer 2 items (to acc 1600000000 bytes, to h
Execute kernel toaa_$ck L55 1 async(auto) from
Wait async(auto) from toaa2.F90:61

Transfer 2 items (to acc 0 bytes, to host 80000
Transfer 2 items (to acc 1600000000 bytes, to h
Execute kernel toaa_$ck L55 1 async(auto) from
Wait async(auto) from toaa2.F90:61

Transfer 2 items (to acc 0 bytes, to host 80000
Transfer 2 items (to acc 1600000000 bytes, to h
Execute kernel toaa_$ck L55 1 async(auto) from
Wait async(auto) from toaa2.F90:61

Transfer 2 items (to acc 0 bytes, to host 80000
Transfer 2 items (to acc 1600000000 bytes, to h
Execute kernel toaa_$ck L55 1 async(auto) from
Wait async(auto) from toaa2.F90:61

Transfer 2 items (to acc 0 bytes, to host 80000
Transfer 2 items (to acc 1600000000 bytes, to h
Execute kernel toaa_$ck L55 1 async(auto) from
Wait async(auto) from toaa2.F90:61

ost 0 bytes) from toaa2.F90:55
toaa2.F90:55

0000 bytes) from toaa2.F90:61
ost 0 bytes) from toaa2.F90:55
toaa2.F90:55

0000 bytes) from toaa2.F90:61
ost 0 bytes) from toaa2.F90:55
toaa2.F90:55

0000 bytes) from toaa2.F90:61
ost 0 bytes) from toaa2.F90:55
toaa2.F90:55

0000 bytes) from toaa2.F90:61
ost 0 bytes) from toaa2.F90:55
toaa2.F90:55

July 2012
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Performance Tools Example

#ifdef USE_DATA
I$acc data create(a,b)
#endif
tl = gettime()
stream_counter =1
DO j = 1,Nchunks
my_stream = Streams(stream_counter)
#ifdef USE_DATA
I$acc update device(a(:,j))
#endif
I$acc parallel loop
DO i =1,Nvec
b(i,j) = SQRT(EXP(a(i,j)*2d0))
b(i,j) = LOG(b(i,j)**2d0)/2d0
ENDDO
I$acc end parallel loop
#ifdef USE_DATA
I$acc update host(b(:,j))
#endif
stream_counter = MOD(stream _
ENDDO
I$acc wait
t2 = gettime()
I$acc end data

GPUTROAENE|IYHT
ftn -rad -hnocaf -DUSE_DATA -c -0 toaa2.0 toaa2.F90
ftn -rad -hnocaf -DUSE_DATA -0 toaa2.x toaa2.0

pat_build -w toaa2.x
aprun toaa2.x+pat

50000944.502389029

Time = 4.1188710090027598
Experiment data file written:
s/scratch/beyerj/openacc/toaa/toaa2.x+pat+10178-

80347 resources: utime ~4s, stime ~2s
B pat+10112-43t.xf

July 2012
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Performance Tools Example

Table 2: Time and Bytes Transferred for Accelerato
Host | Host | Acc |Acc Copy |Acc Copy |C
Time% | Time | Time | In| Out

I I | (MBytes) | (MBytes) |

100.0%| 4.148| 3.714| 762.939| 762.93

|
1 100.0% | 4148| 3.714| 762.939| 762.939
| | | | |

Il
3| 67.3%| 2.792| 2.487|
III1
4)|| 60.0%| 2.487| 2487| - | 76
4l 69%| 0286 | - |

4| 04%]| 0018] | - |

~ | 762

r Regions

alls |Calltree

9| 70005 [Total

| 70005 |toaa_
| | toaa_.ACC_DATA_REGION@Ii.27

939 | 30000 |toaa_.ACC_UPDATE@Ii.71

2.939 | 10000 |toaa_.ACC_COPY@Ii.71
-- | 10000 |toaa_.ACC_SYNC_WAIT@Ii.71
-- | 10000 |toaa .ACC_UPDATE®@Ii.71(exclusive)

3|| 25.7%| 1.066| 1.055| 762.939 |
IIf
4| 25.4%| 1.055| 1.055| 762.939 |
4| 03%| 0011| -~ | - |

~- | 20000 [toaa_.ACC_UPDATE@Ii.52

-- | 10000 |toaa_.ACC_COPY@Ii.52
-- | 10000 |toaa_.ACC_UPDATE@Ii.52(exclusive)

Il
(...

Processing step 3 of 3

July 2012
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Libsci_acc

« XKMmMIFBLAS ¢LAPACK
100% E LD API
- CUDA. OpenACCO®AIZXt i
. Fortran&CHDAPIZHR—F
. 2FEFEDA B3 —T1—R
e Simplef/>3—7Jx1—X
o V—ROA—FDEFELL,. GPUDFEHA
e Expertf2—J1x—X
o EMNGTO—FDEETGPUZERIZFIE

July 2012 Keita Teranishi © Cray Inc.
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Libsci ACCIL—F>

e BLAS

Z,C]
s.d
s,d

z,d]
s,d,
s.d,

Full-HYBRID

July 2012

s,d,c,z] GEMM
s,d,c,z]TRSM

HEMM
SYMM

C,Z]
HE
C,Z]

SYRK
RK
SYR2K

C,Z]

TRMM

o LAPACK
d,z]
d,z]
d,z]
* [d,z]
d,z]
d,z]
d,z]
d,z]

GETRF
GETRS
POTRF
POTRS
GESDD
GEBRD
GEQRF
GELQF

HYBRID is planned

Keita Teranishi © Cray Inc.

CRANY
!

Eigenvalue Solvers
 DSYEV
o ZHEEV
* DSYEVR
 ZHEEVR
* DSYEVD
 ZHEEVD
 DSYGVD
o ZHEGVD
* DGEEV
» ZGEEV

\

\

47




Libsci_acc@Simple/ > A—2x—XTHDFELNVA

AMT0TSLDREIIC
libsci_acc_init TH)
Hi1k

libsci_host_alloc ZfE>
TPinned A*EYNDE|Y
< call libsci_acc_init()

DGEMM®DFEUH LA IEHE 3K T .
DDGEMME— i f:all libsci_host_alloc(a,8*m*Ida)

4= .
1—;52:083 g&)‘?@@%&‘; call dgemm('n’,'n',m,n k,alpha,&
FERIR a,lda,b,ldb,beta,c,ldc)

75|57 —%A,B,CIZCPU

=

July 2012 Keita Teranishi © Cray Inc.



Libsci_accDfELVA:

OpenACCTGPUIL—F U DEST

CPU—GPUR® F—%
B5%[ZOpenACCT
A3

DGEMM®OGPURAA Y
A—TVx—RX

July 2012

@:c data copy(a,b,c)

I$acc parallel
Do Something (GPLETT)
I$acc end parallel

I$acc host _data use device(a,b,c)

call dgemm_acc('n','n",m,n,k,&
alpha,a,lda,&
b,Idb,beta,c,ldc)

I$acc end host_data

@:c end data

Keita Teranishi © Cray Inc.



Libsci_accDfELVA:

OpenACCTGPUIL—F U DEST

CPU—GPURE®) T—4

B5%[ZOpenACCT
A3

Simplef/>32—2Jx1—X
TEH

July 2012

@:c data copy(a,b,c)

I$acc parallel
Do Something (GPLETT)
I$acc end parallel

I$acc host _data use device(a,b,c)

calldgemm ('n','n',m,n,k,&
alpha,a,lda,&
b,Idb,beta,c,ldc)

I$acc end host_data

@:c end data

Keita Teranishi © Cray Inc.



Auto-Tuned DGEMM

®e
CRANY
!

) \
\

400
350
300

0 250

O 200

G 150
100

50

Auto-tuned DGEMM kernel comparison on XKG6 -
K=256

~~CUBLAS 4.0
-=-LIBSCI_ACC

T O NOOSTONOOSTOONW©O T 0N
TOMNMOONOLMANOTANT OO M
AN NNMITITIOODONNODOODO O A A N
o~ 1 -

M, N

Matrix dimensions M,

July 2012

CUBLASA4.1 improved performance. We are targeting to
replace CUBLASS.0 for Kepler. ’5—]‘

Keita Teranishi © Cray Inc.



DGEMM®D 4 RE

DGEMM Performance
500

450 A At
400 —

350 r]

@ 300

© 250

LL

O 200 /
150

100 W

50 =+=Libsci_acc 1.1.0 (Pinned

only)
0 DGEMM_ACC (GPU only,
0 2000 4000 6000 8000|  No data transfer)

Matrix Size (M:N: =¢=|ibsci XE6 1 CPU

July 2012 Keita Teranishi © Cray Inc. 52



FEH

o ATOUZTFRTILFIAT DRLURIZS#EEEL
e Fat /—KIFEBIZFatlZ
e GPUDZEIGT. 7OV IIVT I KYEHIC

o TUEIL—ETOTSIUTENRLITIABDY—ILE. HRMR
o BLANLGTOTIIVIERZBDEETOTIEIL—E2TOTIIVY | HEE
Fa—=9
e Cray Compilation Environment (CCE)
e OpenACC MHR—Fk
o AVNATIZKBFRARGHNT—2EY—ILICRARAFELHETELSLSTAV S LDREILE
AlREIZ,
e Cray Reveal
o V—ARO—FEETHREDHTCEARODERZZRZICL. BLGAMEEF1—=207 H5lEZE]
REIC
e Cray Performance Analysis Toolkit
e GPU and CPUD4RERZITZ 1D MDY —ILTHAEIC
e Cray Auto-Tuning Libraries
o VATL EYARX ANNTA—EBIIRBIEEN-HEHES(T Y
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