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Introduction to GPU

A simple way to understand the difference between a GPU and a CPU is to
compare how they process tasks. A CPU consists of a few cores optimized for
sequential serial processing while a GPU has a massively parallel architecture
consisting of thousands of smaller, more efficient cores designed for handling
multiple tasks simultaneously.
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Introduction to GPU
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Introduction to GPU

HOW GPUs ACCELERATE SOFTWARE APPLICATIONS

GPU-accelerated computing offloads compute-intensive portions of the application
to the GPU, while the remainder of the code still runs on the CPU. From a user's

perspective, applications simply run much faster.

How GPU Acceleration Works

Application Code

Rest of Sequential
CPU Code




Introduction to GPU

GPU Accelerated Computing is revolution in High Performance Computing

Speeding time to result for key science applications by 2x over Xeon Phi.
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Organization Application GPU Speed-up over Xeon Phi

Tokyo Institute of Technology CFD Diffusion 2.6x%

Xcelerit Monte-Carlo LIBOR Swap Pricing 2.2% - 4%

Georgia Tech Synthetic Aperture Radar 2.1x

CGGVeritas Reverse Time Migration 2.0x

Paralution BLAS & SpmV 2.0x

Univ. of Wisconsin-Madison WRF (Weather Forecasting) 1.8x

University Erlangen-Nuremberg Medical Imaging- 3D Image Reconstruction Tx

Delft University Drug Discovery 3x



Introduction to CUDA & OpenCL

<A NVIDIA. AMD Accelerated
Parallel Processing

TECHNOLOGY

OpenCL OpenCL

CUDA is NVIDIA’s parallel computing architecture that enables dramatic
increases in computing performance by harnessing the power of the GPU
(graphics processing unit).



Introduction to our machine

+

| GPU HName FPersistence—-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap]| Memory-Usage | GPU-Util Compute M. |
I + + I
| 0 Tesla E40m off | 0000:03:00.0 off | 0 |
| N/R 24cC PO 6eW / 235W | OMiB / 11435MiB | 0% Default |
e e o +
| 1 Tesla E40m off | 0000:04:00.0 Off | 0 |
| N/Aa 22C j=le} 65W / 235w | OMiB / 11439MiB | 0% Default |
e R o +
| 2 Tesla E40m off | 0000:82:00.0 off | 0 |
| N/A 23cC PO 64w / 235w | OMiBE / 1143SMiB | 0% Default |
e e o +
| 3 Tesla E40m off | 0000:83:00.0 Off | 0 |
| N/A 21c PO 70W / 235W | OMiB / 11435MiB | S98% Default |
e R o +

processor : 0

vendor id : GenuinelIntel

cpu family I

model : 79

model name : Intel(R) Xeon(R) CPU E5-2¢0% w4 @ 1.70GH=z

stepping : 1

microcods : 184545407

cpu MH= : 1659.556 x

cache size : 20480 EKB

physical id : 0

siblings : A

core id : 0

Cpu Cores 8



Environment for GPUPWA

GPUPWA provides a C++ interface to covariant tensor manipulation and PWA
fits without bothering the user with GPU internals.

Distributor ID: Scientific

Description: Scientific Linux release 6.9 (Carbon)
Eelease: 6.9
Codenames: Carbon

goco (GCC) 4.4.7 20120313 (Red Hat 4.4.7-18)
Copyright (C) 2010 Free Software Foundation, Inc.

ROOT 5.34/32 (v5-34-32@v5-34-32, Jun 23 2015, 17:58:02 on linuxx8cedgcc)

nvco: NVIDIA (R) Cuda compiler driver
Copyright (c) 2005-2016 NVIDIA Corporation
Built on Tue Jan 10 13:22:03 CST 2017

Cuda compilation tools, release 8.0, VB8.0.61

Bxport ROOTSYS=/root534

export CUDAROOT=/usr/local/cuda-8.0

export LD LIBRARY PATH=5{LD LIBRARY PATH}:5{CUDAROOT}/1ib64:5{RO0OTSYS}/1lib:/usr/local/lib
export PATH=S${PATH}:5{CUDARCQOT}/bin:SROOTSYS/bin:

export GPUPWA=~/gpu

export GPUPWA GPU NR=2

export DISPLAY=0.0

export NVIDIA=1



Environment for GPUPWA

1. You need to set the path of OpenCL driver:
setenv CUDAROOT /usr/local/cuda-8.0 (tcsh)
export CUDAROOT=/usr/local/cuda-8.0 (bash)
2. You need to set the path of Root (different to those installed in Ixslc):
export ROOTSYS=/root/root534
3. You should add the two libs to LD_LIBRARY_PATH.
export LD_LIBRARY_PATH=S{LD_LIBRARY_PATH}:S{CUDAROOT}/lib64:S{ROOTSYS}/lib:/usr/local/lib
4. You need to set the GPUPWA path.
export GPUPWA=/xxx/xxx/the/path/to/your/GPUPWA/project/
5. You need to set DISPLAY.
export DISPLAY=0.0
6. You should set the below environment variables if required when apply a front-test gpu account.
export GPUPWA_GPU_NR=your_val
export _NVIDIA=your_val
(export GPU_DEVICE_ORDINAL=your_val
export BRT_ADAPTER=your_val)
7. The below set may be also useful:
export PATH=S{PATH}:S{CUDAROOT}/bin:SROOTSYS/bin
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GPUUnFactorizedPartialWave. cpp
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Makefile
MnFunctionCross2 . cxx
MnFunctionCross2.h
Opencl interface
Oorbitals.cl
ParaCfg.cpp
ParaCfg.h
PrepareKernels.cpp
PrepareKernels.h
Propagators.cl
ResCfqg.cpp
ResCfg.h

Status.h

Style.h

Tensors.cl
UserBmplitude.cl
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DIY is ok here.



files.txt

para.inp

GPUPWA example : J/psi 2 Gamma K K

drwxr—-xr—x.
-I'WXYr—-Xr—X.
-I'WXYr—-Xr—X.
-I'WXYr—-Xr—X.
—“rWXYr—-Xr—-Xx.
—“rWXYr—-Xr—-Xx.

N el

# files.txt

# Example configuration file for ConfigFile

ParameterFile = para.inp
ResonanceFile = res.inp
DataFile =
MCFilel =

zhangvan
zhangvan
zhangvan
zhangvan
zhangyan
shangvan

zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan

4056
210
18838
582
516
265

21
21
21
21
21
21

Sep
Sep
Sep
Sep
Sep
Sep

class

data/zeroplustwoplus data 100k 0l.root

f0 mag = 2.26 2 0 500
f0 _phase = 1.11 0.3 -3.14159% 3.14159

f20 mag = 1
f20 phase =

f21 mag = 0.
f21 phase = 1

f22 mag = 0.2
f22 phase = 1

f40 _mag = 0.
f40_phase =

f41 mag = 0.
f41 phase =

f42 mag = 0.
f42 phase =

2 0 500
1.0 -0.3 —-3.141559
03 2 0 500
.0 -0.3 -3.1415%
2 0 300
.0 -0.3 -3.14155%
0 -2 0 500
1.0 -0.3 -3.141585
0 -2 0 500
1.0 -0.3 —-3.141553
0 -2 0 500
1.0 -0.3 —-3.141559

bg mag = 10.0 -50 0 300

3.14159

.14159

.14155%

.14155

.14159

.14159

res.inp

data/zeroplustwoplus phsp 100k 0Ol.rocot

f0 mass
f0 width
f2 mass
£f2 width
f4 mass
f4 width

22
22
22
22
22:
22:

10
10
46
10
35
44

[ T o s T 6 T T O

data
files.txt
GammaFK . cpp
Makefile
pPara.inp
res.inp

.15 -1 -Z0 20

.048e -1 959 95959
. 0010 -1 5595 5595
.133 -1 595 555
.000 -1 595 58985
.03 -1 9559 5859

# comment

He e e e e

comment
comment
comment
comment
comment



#include
finclude
#include
#include
#include
finclude
#include
#include
#finclude
#include
#include
#include
#finclude
#include

GPUPWA example : J/psi 2 Gamma K K
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. /GPUPWA/GPUStreamTensor . h"

. /GPUPWA/GPUComputedTensor.h™

. /GPUPWA/GPUMetricTensor.h"

. /GPUPWA/GPUOrbitalTensors.h"

. /GPUPWA/GPUPropagatorBreitWigner. . h”
. /GPUPWA/GPUPropagatorMassDependentBreitWigner.h”
. /GPUPWA/GPUPartialWaveAnalysis.h"

./ GPUPWA/GPUPWARMplitudeCalculator.h”

. /GPUPWA/GPUStreamInputRootFileVector.h"

. /GPUPWA/GPUStreamInputTextFileVector.h"

. /GPUPWA/GPUPlotset.h"

. /GPUPWA/GPUChi2FitConstraint.h"

. /GPUPWA/GPUDataDependentObjectType.h"
./GPUPWA/GPUFactorizedRadiativePartialWave.h"

// We also need some stuff from root
"PFile.h"™
"TRandom3.h"

fFinclude
finclude

// Bnd some general C/C++ stuff
<ctime>

<lomanip>

<fstream>

R R T

fFinclude
finclude

finclude
#':“J--I""Hﬁ

2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
201¢
2016

N IV O TV IV IV IV IV IV W IV W Iv g

GPUTensor . n
GPUUnFactorlizedPartialWave
GPUUnFactorizedPartialWave .
GPUUnFactorizedRadiativePar
GPUUnFacteorizedRadiativePar
GPUUserBasicPartialWave.cpp
GPUUserBasicPartialWave . h
GPUUserPartialWave . cpp
GPUUserPartialWave . h
GPUUserPropagator.cpp
GPUUserPropagator.h

GPUUserRadiativePartialWave

GPUUserRadiativePartialWave.

Makefile

‘,l!!n

h

tialWave.cop

tialwave

l?l'l'l'l

h

h



GPUPWA example : J/psi 2 Gamma K K

GPUPartialWavelknalysis * myanalysis = new GPUPartialWavelnalysis ("Gamma EE Znalysis","files.txt",2);

// For now we will store and use MC at index 1
myanalysis—->SetMCIndex (1),

IPUStreamInputRootFileVector & k_plus = * new GPUStreamInputRootFileVector (myanalysis,myanalysis->GetDataFile(), "t","p

x1", "pyl", "pzl", "E1");

GPUStreamInputRootFileVector & k minus = * new GPUStreamInputRootFileVector (myanalysis,myanalysis->GetDataFile(), "t","

px2", "py2", "pz2", "E2");

11

!/

/* We can use welghts for the data events, e.g. to do a background subtraction. Here we just set the weights to 1 for a

data used*/
myanalysis—->SetEventWeights (1) 7
myanalysis->SetEventWeights (0.2,1);

vector<int> ivec;

vector<flozat> fvec:

ivec.push back(28434);

fvec.push back(1.0f);

ivec.push back(2Z173);

fvec.push back(-0.5f);

ivec.push back(885);

fvec.push back(0.25f);
myanalysis->SetEventWeights (ivec, fvec, 0):

—



GPUPWA example : J/psi 2 Gamma K K

e e
/ Kshortipion mods 7

PUPropagatorBreitWigner & propagator k89%Zzerol = * new GPUPropagatorBreitWigner ("k8%Zzerco", wvec kshortlpionZ);
PUPropagatorBreitWigner & propagator kappazerol = * new GPUPropagatorBreitWigner ("kappazero”, vec_kshortlpionZ});

! f IPUPropagatorBreitWigner & propagator k8S%Zphspl = * new IPUPropagatorBreitWigner("k892phsp", vec kshortlpionZ);
f*‘l’*‘l’*‘l’\l"l’\l’kshortzpion mode‘l'\l"l’\l'*\l’*‘l'*‘I’\I"I’I’I’\l’*‘l’*‘I’*‘I’\l"l’\l’*I’*‘I’*‘I’\I"I’I’I’I’*‘I’*‘I’*‘I’I"I’f
W liUPropaqatorBreitWigner ("kB89Zzero", wvec kshortZpionl);

PUPropagatorBreitWigner & propagator kB892zercl2 = % n
PUPropagatorBreitWigner ("kappazero"”, vec_kshortZpionZ);

PUPropagatorBreitWigner & propagator kappazeroZ = * n

3 m

! f IPUPropagatorBreitWigner & propagator k8%Zphsp2 = * new IPUPropagatorBreitWigner{"k892phsp", vec kshortZpionl);

f**w*w****kshortlkshortz modewwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwu—/

/Y PUPropagatorBreitWigner & propagator_a%80 = * new IPUPropagatorBreitWigner("aBBD", vec_kshortlkshort2);
PUPropagatorBreitWigner & propagator a2 = * new IPUPropagatorBreitWigner("a2", vec kshortlkshort22);

IPUPropaqatorABBD & propagator_a®%80 = * new IPUPropagatorAQBD{"3980", vec_kshortlkshort22, meta, mpi, mK, mE,mKs, mKs,m
~tap, mpi);

// so we end up with the complete orbital part of the amplitudes
GPUStreamTensorZ & Orbital f2 0 MN = t2 mn;

GPUStreamTensorZ & Orbital f2 1 MN = -g * (((Jpsi%Jpsi) |tZ2 mn )* BZ psi gamma f2);
GPUStreamTensorZ & Orbital f2 2 MN = (Gamma % (t2 MNm|jpsi))* BZ psi gamma £2;
/* The '%$' charcter denotes the outer product of two tensors - you can find the complete

catalogue of permitted operations on the GPUPWA Wiki*/

// Bnd the sams for the fds...

GPUStreamTensor4 & t4 mnuv = xorbitals.SpindOrbitalTensor():
GPUStreamTensord & t4 mnUVv moveindices (t4 mnuv) ;
GPUStreamTensor4d & t4 UVmn trans 3412 (t4 mnUV);
GPUStreamTensord & t4 mnuV movelastindex (t4 mnuv) ;
GPUStreamTensord & t4 Vmnu = trans 2341 (t4 mnuv);

GPUStreamScalar & B4 psi gamma f4 jpsiorbitals.Barrierd ();

GPUStreamTensorZ & Orbital f4 0 MN (t4 UVvmn| (jpsi%jpsi)) * B2 psi gamma £2;

GPUStreamTensorZ & Orbital f4 1 MN = -g * (t4 mnuv| ((jpsi%jpsi) ¥ (jpsi%jpsi))) * B4 _psi gamma f£4;
GPUStreamTensorZ & Orbital f4 2 MN = Gamma %(t4 Vmnu| (jpsi%jpsi%jpsi)) * B4 psi gamma f4;

/besfs/users/zhangyan/GPUPWA 2 1.pdf  --—---- Section10.3



GPUPWA example : J/psi 2 Gamma K K

// A scalar

GPUFactorizedRadiativePartialWave & wavel = % new GPUFactorizedRadiativePartialWave (Orbital_ f0_MN,propagator2,"£0"):

// Bnd a 2+ resonahnce, with three waves.

GPUFactorizedRadiativePartialWave & wavel = * new GPUFactorizedRadiativePartialWave (Orbital_ f£f2 0 _MN,propagatorl,"f20");
GPUFactorizedRadiativePartialWave & wavel = % new GPUFactorizedRadiativePartialWave (Orbital f2 1 MN,propagatorl,"f21");
GPUFactorizedRadiativePartialWave & wave3d = % new GPUFactorizedRadiativePartialWave (Orbital_ f2 2 MN,propagatorl,"f22");
// Bnd again the same for the 4+

GPUFactorizedRadiativePartialWave & waved = ¥ new GPUFactorizedRadiativePartialWave (Orbital_ f4 0 MN,propagator3,"f£40");
GPUFactorizedRadiativePartialWave & wave5 = % new GPUFactorizedRadiativePartialWave (Orbital_ f4 1 MN,propagator3,"f£41");
GPUFactorizedRadiativePartialWave & wave6 = % new GPUFactorizedRadiativePartialWave (Orbital_ f4 2 MN,propagator3,"f42");

// And we are ready to run - so lets check how long this took...

clock © startup = cleck():

/* Here we perform the preparations for the Monte Carlo calculation.

This will read the MC file, compute and sum all amplitude and interference

terms and write them to a file. This has to be called only once for a constant set
of resonances, as long as their masses and widths are not changed */
myanalysis->MCIntegral () ;

/* Reset the cache for the MC (at index 1) in order to free some memory. If you have "out of memory
or "Cal ressource allocation™ errors, remove the comment from the next line */
myanalysis->»Reset (1);

/* Now we can do the fit. Currently you can use either of the following fitters:
— FUMILI (the MinuitZ2 implementation,

— OLDFUMILI (the BES II implementation, in general reguires fewest iterations),
— MINUIT (with numerical gradients),

- MINUITGEAD (with analytical gradients,

— MINUITMINOS (MNUIT (numerical gradients) followed by a modified MINOS error estimation)
*/

J/myanalysis—>»DoFit (GPUPartialWavelfnalysis: : OLDFUMILI) ;

myanalysis—->»DoMultiFit (GPUPartialWavelnalysis: :QLDFUMILI, 1, 3);



GPUPWA example : J/psi 2 Gamma K K

// Create the guantities to be plotted
IPUStreamScalar &ct g=costheta (gamma) ;

/* .. yes, we can also rotate and boost vectors — this is of course meaningless for covariant amplitudes, but nice for
plotting */
PUStreamVector kr= lorentzrotation(k plus,x);

&
PUStreamVector & xr= lorentzrotation (x,x);
PUStreamVector & kb= lorentzboost (kr,xr):;
PUStreamScalar & ct_ k=costheta (kb);
PUStreamScalar & ph_k=phi (kb);

// 5o first we create a set of plots, which takes care of the formatting and file handling
IPUPlotset * plotset = new IPUPlotset();

//plotset->addBraph (mygraph) ;

int nwaves = myanalysis—)letﬂaves[}—>IetNActiveWaves[);

plotset->AddPlots (mX.Plot ("mass", "mass;mx [Iev]",50,1.7,2.3,dc5, nwawves, trus)) ;
plotset->AddPlots(ct_g.Plot ("cos_theta g","cos theta of gamma in J/psi;cos theta(gamma) ",50,-1,1,dcs, nwaves, true));
plotset->AddPlots (ct_k.Plot ("cos_ theta K", "cos theta of K in X;cos theta(K) ",20,-1,1,dcs, nwaves,true)):;
plotset->AddPlots (ph_k.Plot ("phi_ K", "phi of K in ¥;phi(K) ",20,-3.1416,3.141¢6,dcs, nwaves,true));
I// Nicely format the plots (root defaults are REALLY UILY!)

plotset->Format () ;

// Write a postscript file with the plots. The erguments are currently ignored.

// —» Fix the argument issue

plotset->WritePsfile ("testoutl.ps™,1,1);

// Write a rootfile with the plots

plotset->WriteRootfile("testoutl.root™);

mass_Data cos theta of gamma in J/psi_Data
3000—

6000

4000 2000

2000 1000—




lrwHrwxrwx.
drwxr—xr—x.
—IWXr—Xr—x.
—IWXIWXI—X.
—IW—-IW—-Ir——.
—IW—-IW—-Ir——.
—ITWXYr—Xr—X.
—IrW—Yrw-r——.
—IrWXYr—Xr—X.
—IrW—-Yrw-r——.
—IWXr—X¥r—X.
—IWXIr—Xr—Xx.
—IW—-IwW—-r——.
—-IWw—-Ir——r—-—.
AdrwxXrwxr—x.
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zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan

zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyan
zhangyaE

42
4056
210
19441276
517

4
18838
730755
982
262
51e
269
145612
35180
4056

Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep

Multifitresults_GammakKKAnalysis_0.txt

Fit
Fit
Fit

Best Likelihcood cbtained was:

1:
2:

21
21
21
24
24
24
21
24
21
24
21
21
24
24
24

22

22

22
22

: 30
22:
22
23:
23:
23:
146
23:
22
23:
:39
:44
23:
23:
23:

10
10
e
e
0e

Oe
10
Oe

e
O
05

Minimum Likelihood
Minimum Likelihood
3: Minimum Likelihood

B R B e i B i et Rt s

Fit coverged

Minimum Likelihood:

Estimated Distance to Minimum:

-38180.1

-0.000133672

R A AR AR A AR AR AR R AR AN A AR AR AR A AR AR A AR AR A A A AR AR A AR AR AN A AR AR N

Gamma KK Analysis
Using the following partial waves:

Wave Name

Magn.

in Magn.

out

hinfiles -» /home/zhangyan/gpu/GPUPHA/ common/binfiles
data N
files.txt

gammall
GammaFKAnalysis Emplitude MC Integral
GammaKEAnalysis counter.cnt

GammaKK. cpp

gmon.out

Makefile

multifitresults GammaRRAnalysis 0.txt
para.inp B B
res.inp

testoutl.ps

testoutl.root

_x86 64

—38180.13963574347275%
—38180.11545846563135%
—-38180.126488532¢05073

—368180.135635743472755

Phase in Phase outDynamic inDynamic outDynamic inDynamic out

fz20 1 0.%57244
f21 0.03 0.03035%6
f2z 0.2 0.2025453
f0o 2.26 1.95345

1
1
1
1.11

(fixed)
(fixed)
(fixed)

1.04418

2.001
2.001
2.001

2.15

(fixed) 0.133 (fixed)
(fixed) 0.133 (fixed)
(fixed) 0.133 (fixed)
(fixed) 0.0486 (fixed)

R A AR AR A AR AR AR R AR AN A AR AR AR A AR AR A AR AR A A A AR AR A AR AR AN A AR AR N



GPUPWA example : J/psi 2 Gamma K K

drwxrwxr—-=x. 8 ustc ustc 4096 Jul 12 2016 gpupwa
-rw—r——r——. 1 ustc ustc 288 Sep 25 14:59 gpupwaz.l

If you have got a GPUPWA copy, and set all the environment, then

you can try to run a gpupwa program:

Source gpupwa?2.l

cd gpupwa

make

cd GammakKK

cp _x86_64/gammakk ./
./gammakk

And wait for the program finish

P.S : If you made some modification in gpupwa/GammakK/, you can
make in GammakKK directory (if you have done make at the top

directory at least one time).



GPUPWA example : J/psi 2 Gamma K K

If you want to submit jobs to GPU queue, you can:

Source gpupwa?.l

cd gpupwa

make

cd GammakKK

cp _x86_64/gammakk ./

nohup gammakk & or nohup gammakk > *.out 2>&1 &

And wait for the program finish

ssh ustc@210.45.78.29
Passwd: P@ss#pOrt



mailto:ustc@210.45.78.29

BACK UP
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TV = 7,B1(Q)
1

T;Eg) = {'Fu'?:v - g-r §#V}BQ(Q)

- J 1 5. . - - .

T’(Ei))\ = {'T'“'T‘U'T'A - g'rg [g,uu'r)\ + GuaTy + g)\,u?‘v} }B3 (Q)

~ ST 1.5 . . - e S - . -
T;Ei))\a = {TMTUTXT‘G - ??‘2 [ng?")\'rg T GuATvTe T GuoTvTx T GuATulo T GuaTuTs + GroTu Tu]

1 4 - - - - .
+%T4 [gyug)icr + GurGvo + guagu)\} }B-l (Q)

v AT (R v HAh 5
Bi(Q) = 2 0y = ¢ — 197.32697MeV fm BWg.,  a— bely Breit-Wigner {441
ORI "R R £ deFRUR LIS
_ 13 q Lorentz 57,
PalQ) = \/Q4 +3Q2Q8 + 905 g iR
e ur — F? H
227 ) .
BalQ) = '\/QS T6Q'QE + 5QQL + 22507 o s
Bi(Qan) a— b+ e (7] Blatt-Weisskopf #4-4: [4-1 [36], (HPL b fizli).
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