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High Performance Python

« Rapid prototyping
« Strong user base

e Lots of libraries
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3 Types of Python Workloads
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Intel® VTune ™ Amplifier

VTune Amplifier is a full system profiler

= Accurate

= Low overhead

= Comprehensive ( microarchitecture, memory, 1O, treading, ... )
= Highly customizable interface

= Direct access to source code and assembly

Analyzing code access to shared resources is critical to achieve good
performance on multicore and manycore systems

VTune Amplifier takes over where Intel® Advisor left
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Predefined Collections

Many available analysis types:

= advanced-hotspots Advanced Hotspots

= concurrency Concurrency

= disk-io Disk Input and Output

= general-exploration General microarchitecture exploration

= gpu-hotspots GPU Hotspots

= gpu-profiling GPU In-kernel Profiling

= hotspots Basic Hotspots >
= hpc-performance HPC Performance Characterization

» |ocksandwaits Locks and Waits >
"  memory-access Memory Access

= memory-consumption  Memory Consumption >
= system-overview System Overview
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Vtune ™ Syntax

source /soft/compilers/intel/vtune_amplifier/amplxe-vars.sh <- sets up the PATH
amplxe-cl <action> <action options> -- <application>

amplxe-cl -c hotspots -- python foo.py

amplxe-cl -h collect

amplxe-cl -h collect hotspots

https://software.intel.com/en-us/vtune-amplifier-help-
amplxe-cl-command-syntax
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Runnlng an analysis

The “application” should be the full
path to the python interpreter used

= The python code should be passed as
“arguments” to the “application”

$: amplxe-cl -c hotspots --
python mycode.py 10000

$: amplxe-qui &
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mycode.py
import numpy as np
n = sys.argv|[1l]

arrl = np.random.rand(n, n)
arr2 = np.random.rand(n, n)
arr3 = arrl * arr2
arr3 = np.log(arr3)
arr3 = np.exp (arr3)
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» PyNumber_Multiply 1.7% 05 libpython2.7.50.1.0 PyNumber_Multiply 0x46b10
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memepy 0.1% 0s
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Operating System 3.10.0-693.11.6.e17.x86_64 NAME="Red Hat Enterprise Linux Server" VERSIOI
CPE_NAME="cpe/o:redhat:enter|

4 (Maipo)" ID="rhel" ID_LIKE="fedora" VARIANT="Server" VARIANT_l|

erver” VERSION_I

"7.4" PRETTY_NAME="Red Hat Enterprise Linux Server 7.4 (Maipo)" ANSI_COLOR="0;31"

| ise_linux:7.4:GAserver' HOME_URL="https//www.redhat.com/" BUG_REPORT_URL="https://bugzilla.redhat.com/' REDHAT_BUGZILLA_PRODUCT="Red Hat Enterprise Linux 7' REDHAT_BUGZILLA_PRODUCT_VERSION=7.4
REDHAT_SUPPORT_PRODUCT="Red Hat Enterprise Linux" REDHAT_SUPPORT_PRODUCT_VERSIOI 4"

Computer Name: jiselogin2
Result Size 4mB
Collection start time: 14:10:40 12/06/2018 UTC G——
Collection stop time: 14:11:04 12/06/2018 UTC
Collector Type: User-mode sampling and tracing
cPy
Name: Intel(R) Xeon(R) ES Processor code named Jaketown
Frequency: 22GHz

Logical CPU Count: 16
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Summary of Anaconda Python
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) Top Hotspots

CPU Usage Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU usage value.
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Summary of Intel® Python
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CPU Usage Histogram 2

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU usage
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Bottom-up View
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% Basic Hotspots Hotspots by CPU Usage viewpoint (change) €= INTEL VTUNE AMPLIFIER 2018
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el o Uping : [FUNCLION / Call Stack || 5¢ @ % || CPU Time [Vl
CPU Time ¥ Q ~1l Viewing « 10f 1 - selected stack(s)
Function / Call Stack i i ilizati » Module
— . IdIeEff.ez:Ff(;\(r’er Tlmg:ygtllg::tllon. over Spin Time Ovethead Time 100.0% (8.749s of 8.749s)
libm.so.6lexp - [unknown source file]
> exp 8.749s (NN 0Os 0Os libm.so.6 umath.so!PyUFunc_d_d+0x3a - [un...
b __ieee754_log_avx 7.780s (D Os Os  libm.so.6 . umath.soltrivial_two_operand_loop...
» PyUFunc_d_d 3.671s (D Os 0Os umath.so % umath.solPyUFunc_GenericFunctio...
» rk_random 1.150s (D Os 0s mtrand.so umath.solufunc_generic_call+0x16...
» _ pyx_f_Bmtrand_cont0_array | 0.930s @l Os 0s mtrand.so libpython2.7.s0.1.01PyObject_Call+...
I$ rk_double 0.870s @ Os 0Os mtrand.so workload.pyl<module>+0x57 - work...
» sse2_binary_multiply_DOUBLE | 0.400s @ Os Os umath.so libc.s0.6!__libc_start_main+0xf4 - [...
» npy_log 0.120s | Os 0s umath.so || python2.7! start+0x28 - [unknown s...
[ I3 | il | 0
O: 4+ — 0s  2s 4s 6s 8s 105 12s 14s 16s  18s  20s 225  2ds Thread = =
E python (TID: 8426) [ERunning
E #@aCPU Time
#aSpin and Overhead Ti...
[J @ CPU sample
CPU Usage
@aCPU Time L
CrOUETE @aSpin and Overhead Ti... |v|
FILTER 100.0% 4 | Any Proces¢¥ | | AnyThread [v| AnyModule [v| Any Utilizé~ | | User functions +/¥ | Show inline fu{~ | | Functions only~ |
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Bottom-up View
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» exp  Module / Code Location / Call Stack umath.so!PyUFunc_d_d+0x3a - [un...

» ieee7 Module /Function / Function Range / Call Stack

ltrivial_tw a
Process / Function / Thread / Call Stack ; umath.soltrivial_two_operand_loop

» PyUFUN 5o cess / Module / Function / Thread / Call Stack umath.solPyUFunc_GenericFunctio...
P rk_rand| process / Module / Thread / Function / Call Stack umath.solufunc_generic_call+0x16...
» _ pyx_f Process / Thread / Module / Function / Call Stack libpython2.7.s0.1.01PyObject_Call+...

» rk_dout Thread / Function / Call Stack

Class jiFunction //CalllStack workload.pyl<module>+0x57 - work...

b sse2_bi Source File / Class / Function / Call Stack L libc.so.B!__libc_start_main+0xf4 - [...
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L[ Task Type / Function / Call Stack ol
Frame Domain / Frame / Function / Call Stack 0s 225 245 =
Frame Domain / Frame Duration Type / Function / Call Stack Thread [~ |
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Bottom-up View
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CPU Time ¥ g Viewing ¢« 10of 3 » selected stack(s)
Module / Function / Call Stack . IdIeEfr.ecF:i)\;e' Timg:y;ltlitlji::tlior; over - Spin Time Overhead Time Module l 52.6% (8.749s of 16.629s) ' \
ibm.so.8lexp - [unknown source file]

m 16.629s umath.so!lPyUFunc_d_d+0x3a - [un...

» umath.so 4.191s (D Os 0s ; umath.soltrivial_two_operand_loop...
» mtrand.so 2.950s (D Os 0s 4 umath.so!PyUFunc_GenericFunctio...
p libpython2.7.50.1.0 0.110s | Os 0s umath.solufunc_generic_call+0x16...
P libc-dynamic.so 0.071s | 0s 0s libpython2.7.s0.1.0IPyObject_Call+...
» [Unknown] 0.059s | 0s Os workload.pyl<module>+0x57 - work...
p libc.so.6 0.019s Os Os

libc.so.6!__libc_start_main+0xf4 - [...

» libpin3dwarf.so 0.010s 0Os Os

4 J 0| | 0]
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python (TID: 8426)
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Top-down View

m <no current project> - Intel VTune Amplifier@jlselogin2 -
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Grouping: Call stacl Source Assembly ”_I_”Elﬁlilgnﬂli”Assembly grouping: Address [Cl CPU Time

< * B ) Viewing « 1 0of 29 » selected stack(s)
v Total L?r:le" Source CPU Time: Total CPUS'(I;IITe. Source File | 36.5% (8.749s of 23.970s)
a
. libm.so.6lexp - [unknown source file]
w _start #! fusr/bin/env python umath.so!PyUFunc_d_d+0x3a - [un...
v _ libc_start_| ; . . " 7 Koad umath.soltrivial_two_operand_loop...
¥ <module> 2 1MpOrt numpy as ne 0-8% v= workdoad.py umath.so!PyUFunc_GenericFunctio...
. | )
v PyObject|s arrl = np.random.rand (10000, 10000) 12.3% 0= workload.py umath.solufunc_generic_call+0x18...
w ufunc 6 arr2 = np.random.rand (10000, 10000) libpython2.7.50.1.01PyObject_Call+...
—{7 workload.pyl<module>+0x57 - work...
¥ PyUf g arr3 = arrl * arr2 1.7% 0s workload.py . libc.so.B!__libc_start_main+0xf4 - [...
w triy® arr3 = np.log(arr3) 45.2% 0= workload.py * python2.7!_start+0x28 - [unknown s...
10 arr3 = np.exp(arr3) 39.7% 0s workload.py
¥in
12 print("Complete.")
»
» [U
kP __PYX_pV
p PyNumbe Sel... J
o | RN >
» PyEVa|_CHTrUD]'E\.lvvu||r\=ywulu: —' U.0 70 US erpyrrTUnz—lT_Iu U 2l T

0.2% Os

p [Unknown stack frame(s)] ‘
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Caller/Callee

& <no current project> - Intel VTune Amplifier@jlselogin2

Ik &Bel b B G'D”'[@HWelcome

| roochs X

Z Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

INTELVTUNE AMPLIFIR 201

4 Collection Log 3 Analysis Target & Analysis Type Summary & Bottom-up & Caller/Callee & Top-down Tree f{::l Platform [ workload.py 3

]

B

Function CPU Time: Total v» | CPU Time: Self » | Module | = Callers CPU Time: Total ¥ »/| CPUTI
_start 100.0% Os python2.7 _start ¥ PyUFunc_d_d 100.0%
__libc_start_main 100.0% 0.010s  libc.so.6 __libc_start_main w trivial_two_operand_lo 100.0%
<module> 99.7% Os workload.py <module> ¥ PyUFunc_GenericFu 100.0%
PyUFunc_GenericFunction 86.6% Os umath.so PyUFunc_GenericFun ¥ ufunc_generic_cal 100.0%
ufunc_generic_call 86.6% Os umath.so ufunc_generic_call ¥ PyObject_Call 100.0%
PyObject_Call 84.9% Os  libpython2.7.s0.1.0 PyObject_Call ¥ <module> 100.0%
trivial_two_operand_loop 84.8% Os umath.so trivial_two_operand_lo w _ libc_start 100.0%
PyUFunc_d_d 84.4% 3.671s umath.so PyUFunc_d_d 100.0%
exp 36.4% 8.749s libm.so.6 exp
__ieee754_log_avx 32.4% 7.780s libm.s0.6 __ieee754_log_avx Kl | > [ | IO
__pyx_pw_6mtrand_11Rar 12.3% 0s mtrand.so __Pyx_pw_Bmtrand_1 Callees CPU Time: Total ¥ »/| CPU Time: Self |
__pyx_f_6mtrand_cont0_a 12.3% 0.930s mtrand.so __pyx_f_Bmtrand_con| = PyUFunc_d, 100.0% 3.671s
__pyx_pw_6mtrand_11Rar 12.3% Os mtrand.so __pyx_pw_6mtrand_1 b exp 43.1% 8.749s
rk_double 8.4% 0.870s mtrand.so rk_double » _icee75¢ 38.3% 7.780s
rk_random 4.8% 1.150s mtrand.so rk_random » log 0.5% 0.100s
PyObject_CallFunctionObjA 1.7% Os  libpython2.7.s0.1.0 PyObject_CallFunction
trivial_three_operand_loop 1.7% Os umath.so trivial_three_operand_|
sse2_binary_multiply_DOU 1.7% 0.400s umath.so sse2_binary_multiply_
PyNumber_Multiply 1.7% 0Os  libpython2.7.s0.1.0 PyNumber_Multiply
array_multiply 1.7% Os multiarray.so array_multiply I
2| Jo |1 | 2 2| | oK »
FILTER 100.0% 4 | Any Process¥ | | AnyThread  [v|  AnyModule |v|  Any utilizé~ | | User functions +/¥ | | Show inline fuf~ | | Functions only~ |

| Optimization Notice |

Copyright © 2018, Intel Corporation. All rights reserved.
*Other names and brands may be claimed as the property of others.




Memory Consumption Analysis

& <no current project> - Intel VTune Amplifier@jlselogin2 - O X
[ S S - | = @l ‘ Welcome H r000hs H roolmec X ‘ =
% Memory Consumption Memory Consumption viewpoint (change) @ INTELVTUNE AMPLIFIER 2018
q Collection Log 3 Analysis Target & Analysis Type Summary & Bottom-up e /. 3
Grouping: Module / Function / Function Stack [*][%][Q][%:]} Allocation Size (Function) -~
Module / Function / Function Stack || Allocation Size ¥ | Deallocation Size [ Allocation/Deallocation Delta ﬂ Viewing « 1o0of 6 » selected stack(s)
» multiarray.so [ 3 GB 3GB 0B 99.7% (1121583 of 1124624)
» python2.7 [ 3MB 3MB 0B __init__.pylemodule> - __init__.py
p function_base.py 1 MB 1MB 0B add_newdocs.py!<module>+0x27 - ...
» __init__.py 1MB 1 MB 1 KB . __init__.pyl<module>+0xfa - __init_...
» __init__.py [ 1MB 1MB 576 B “ workload.pyl<module>+0x5 - workl...
» __init__.py [ 951 KB 951 KB 576 B python2.7!_start+0x28 - [unknown s...
» _random.so [ 819 KB 819 KB 0B
» _init__py ‘ 706 KB 706 KB 08B
» [Unknown] 506 KB 506 KB 0B
» index_tricks.py 418 KB 418 KB 0B k4|
4
O: + 8s Memory Consumption B
Memory Consumption
é_ python2.7 a o -
E
7]
[
8
2
g
@
=
=
FILTER 100.0% 4 | Any Process |¥ | Thread Any Thread'l Any Module "l | Only user functions ['l Show inline funcﬂ'l Functions only ['l
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Software

Profiling MPl14py

https://github.com/jbornschein/mpi4py-examples



Profiling python MPI jobs

« 2 options
* Collect on every rank

« Might be unable to launch enough amplxe-cl instances

 (Collect on select ranks

« Smaller result
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Profiling python MPI jobs - every rank

$: mpirun -n 2 \
amplxe-cl -c hotspots -r vtune res \

-- ~/intel/intelpython2/bin/python 07-matrix-vector-product
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Profiling python MPI jobs - Select rank

$: mpirun -n 1 \
amplxe-cl -c hotspots -r vtune res \

-- ~/intel/intelpython2/bin/python 07-matrix-vector-product
\

-n 1 ~/intel/intelpython2/bin/python 07-matrix-vector-
product
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Profiling python MPI jobs - Select rank Cray

profilel.sh

1 #!/bin/bash

2 # source /opt/intel/parallel studio xe 2018/psxevars.sh intelé64

3 # export LD LIBRARY PATH=/opt/intel/advisor/l1ib64:$LD_ LIBRARY PATH
4 # export LD LIBRARY PATH=/opt/intel/vtune amplifier/lib64:$LD LIBRARY PATH
5

6 export PE_RANK=$ALPS APP PE

7 export PMI NO FORK=1

8 if [ "S$SPE_RANK" == 0 ];then

9 $1 -- $2
10 else
11 $2
12 fi
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Profiling python MPI jobs - Select rank Cray

aprun -n 2 ./profilel.sh \
“amplxe-cl -c hotspots -r vtune res” \

“~/intel/intelpython2/bin/python 07-matrix-vector-product”
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Bottom-up View — MPI

& <no current project> - Intel VTune Amplifier@jlselogin2 - O X
i S S - [ = @HWelcome ”vtune_o...xl ‘ =
%@ Locks and Waits Hotspots by CPU Usage viewpoint (change) @ INTE NE AMPLIFIER 2018
4 Collection Log 3 Analysis Target & Analysis Type Summary & Bottom-up & Caller/Callee & Top-down Tree -1 Platform & 3
Grouping: Function / Call Stack [&][Q][%]} cpuTime -~
o " 2 Wait Time by Utilization ~1l Viewing « 10f2 » selected stack(s)
Function / Call Stack CPU Time ¥ Module
Oldie @Poor [ Ok @Ideal @ Over 98.7% (172.8615 of 175.0615)
» [MKL BLAS]@dgemv_omp 175.061s libmkl_intel_thread.so mkl_blas_dgemv, libmkl_intel_thread.so![MKL BLA... =
» __kmp_fork_barrier 88.262s libiomp5.s0 __kmp_fork_barr " libiomp5.s0![OpenMP dispatcher]...
» PMPI_Aligather 18.919s libmpi.so.12 PMPI_Aligather | jibiomp5.so!__kmp_fork_call+0x1...
» __kmp_join_call 4.110s libiomp5.so __kmp_join_call | * libiomp5.s0![OpenMP fork]+0x17f...
» PyEval_CallObjectWithKeywords 0.326s  0.129s () S ibpython2.7.s0.1.0 PyEval_CallObjec | jibmkl_intel_Ip64.solchlas_dgem...
» cblas_dgemv_ 0.170s libmkl_rt.so cblas_dgemv_ multiarray.solgemv+0x11b - [unk...
» OS_BARESYSCALL_DoCallAsm 0.120s libc-dynamic.so OS_BARESYSCA | multiarray.solcblas_matrixproduc... —
» memcmp 0.111s libe-dynamic.so memcmp multiarray.solPyArray_MatrixPro...
» [Id-linux-x86-64.50.2] 0.069s Id-linux-x86-64.s0.2 [Id-linux-x86-64.5 || multiarray.solarray_innerproduct...
Ll—l LI A | — LI N7-matrix-vectar-nroduct!=madul ﬂ
0: 4+ — ¢ 7s 8s 9s 10s 11s 1|25 1:'35 1A|ts 1I58 1?5 e pe— [vl;
—? OMP Master Thread #0 (TI... = [ERunning
E|  OMP Worker Thread #1 (TI... [CWaits
OMP Worker Thread #2 (TI #CPU Time —
#aSpin and Overhe. ..
OMP Worker Thread #3 (TI... MPI Busy Wait T...
CPU Usage [0 = CPU Sample
'u | _ﬂ' Transitions =
FILTER 100.0% 4 | Any Proces ¥ | Thread Any Thread v | Any Module [¥ | Any Utiliz v | | User functions {¥ | Show inline fi¥ | Functions on ¥ |
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Software

Profiling Libraries

Python Module for Quantum Chemistry
https://github.com/sungm/pyscf



Prerequisites

Build your libraries with -g to include debug symbols

Might have to add --search-dir src:=/path/to/library/source to your collection line
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Two-Step Process

Step # 2

tspots
opCurrency
¢Sk Input and Output

eneral microarchitecture exploration
GPU Hotspots AStep # 1
U In-kernel Profiling—

Many available analysis types:

= advanced-hotspots Advance
= concurrency

» disk-io

= general-exploration
= gpu-hotspots

= gpu-profiling

» hotspots < / Basic Hotspots >

= hpc-performance HPC Performance Characterization

= |ocksandwaits Locks and Waits | Python Support
"  memory-access Memory Access

= memory-consumption  Memory Consumption >

= system-overview System Overview
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Step # 1

$: amplxe-cl -c hotspots -- python ./workload.py

& <no current project> - Intel VTune Amplifier@jlselogin2 - O X
i S S - [ = @l ‘ Welcome ” vtune_... XH vtune_pytho...‘ |i|
Z Basic Hotspots Hotspots by CPU Usage viewpoint (change) @ WNE AMPLIFIER 2018
4 Collection Log 3 Analysis Target & Analysis Type Summary & Bottom-up & Caller/Callee & Top-down Tree | {i Platform [ 20-k_points_... 3
Grouping: Call Stack [7][Q][==]| cpuTime ~|
Function Stack CPU Time: Total ¥ [ CPU Time: Self I Module I F' Viewing « 10of 2173 » selected stack(s)
¥ Total 100.0% Os | 15.9% (248.801s of 1564.138s)
v _start 99.8% 0Os  python2.7 _start libegto.solGTOshell_eval grid_c... =]
¥ __libc_start_main 99.8% 0.049s  libc.so0.6 __libc_start_m libpbe.solPBCeval_sph_iter+0x8...
¥ <module> 99.8% 0s | 20-k_points_scf.py | <module> libpbe.so!PBCeval_loop._omp_fn...
v PyEval_EvalCodeEx 99.7% Os  libpython2.7.50.1.0  PyEval_EvalCc |ibiomp5.sol[OpenhP dispatcher]...
» M 73.9% 0Os cell.py M(**kwargs) | |ibiomp5.s0lGOMP_parallel_start...
p kernel 23.1% 0s newton_ah.py _CIAH_SOSCH |jibpbe.solPBCeval_loop+0x19c - ...
p kernel 2.6% Os hf.py SCF.kernel(se_ |ibpbc.solPBCeval_sph_drv+0xc2...
» ufunc_generic_call 0.0% Os umath.so ufunc_generic* libpbe.so!PBCGTOval_sph_deriv... |_|
p array_divide 0.0% Os multiarray.so array_divide | |ibffi.s0.6ifi_call_unix64+0x4b - [...
p PyEval_CallObjectWithKeywords 0.1% Os  libpython2.7.50.1.0 PyEval_CallOk |ibfi s0.6lifi_call+0x22¢ - [unkno...
» [Unknown stack frame(s)] 0.0% 0.010s [Unknown stac. ctypes.sol ctypes_callproc+0x4...
» PyCFuncPtr_call 0.0% 0Os | _ctypes.so PyCFuncPtr_c. ctypes.solPyCFuncPir_call+Oxe...
» ufunc_generic_call 0.0% Os 'umath.so ufunc_generic_ |ippython2.7.50.1.01PyObject_Cal...
» array_assign_subscript 0.0% 0Os multiarray.so array_assign_| gval_gto.pyleval_gto+0x3b9 - ev...
p _ clone 0.2% 0s  libc.so.6 __clone libpython2.7.s0.1.0lPyEval_Eval...
» [Outside any known module] 0.0% 0.040s [Outside any k' cell pylpbe_sval_gto+0x20 - cell....
» [OpenMP dispatcher] 0.0% 0.020s | libiomp5.so __kmp_invoke. jippython2.7.50.1.01PyEval_Eval...
4 g3 | K1 | ] numint.pyleval_ao_kpts+0xba - n... ||
FILTER 100.0% 4 | Any Proces ¥ | Thread Any Thread |v I Any Module |[¥ I Any Utiliz v | | User functions {¥ | Show inline fi¥ | Functions on ¥ |
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Step # 2- General Exploration

$: amplxe-cl -c general-exploration -- python ./workload.py

& <no current project> - Intel VTune Amplifier@jlselogin2 - O X
s | [P B S| ®| Welcome ” vtune_pytho...” vtune_... Xl I =
Z HPC Performance Characterization General Exploration viewpoint (change) @ | NE AMPLIFIER 201
q Collection Log ) Analysis Target & Analysis Type Summary & Bottom-up ¢ Top-down Tree & Event Count {=I Platform _— 3
Grouping: Module / Function / Call Stack [ | @ E Clockticks v |
Module / Function / Call Stack Clockticks ¥ I Instructions Retired [ CPI Rate | Front-End Bound | Bad Specu Viewing < 1of 95 » selected stack(s)
¥ libcgto.so 166,768,185,077 217,161,974,682 0.768 9.1% [ 67.2% (58641559662 of 87248192422) ‘
» exp_cephes 87,248,192,422 113,350,552,553 libogto.solexp_cephes - fastexpc |
» [Loop at line 61 in GTOcontra 37,720,722,993 49,404,297,271 0.764 7.0% libegto.sol[Loop at line 61 in GT...
» [Loop at line 66 in GTOcontra¢ 12,175,099,434 16,009,559,021 0.760 7.7%  libegto.sol[Loop at line 60 in GT...
» [Loop at line 53 in GTOcontra 11,834,622,761 15,208,394,682 0.778 5.4% 2 libcgto.solGTOcontract_exp0+0x...
» [Loop at line 111 in GTOshell | 8,117,291,175 10,439,038,763 0.778 7.5% libpb.sol[Loop at line 356 in PB... |
» [Loop at line 57 in GTOcontra 3,782,269,364 4,041,166,188 0.765 25.4% libpbe.sol[Loop at line 352 in PB...
» [Loop at line 104 in GTOshell_ 2,188,645,879 2,863,413,439 0.764 68.6% libpbe.sol[Loop at line 329 in PB...
» [Import thunk exp_cephes] 1,316,761,089 1,744,468,993 0.755 11.4% libpbe.solPBCeval_sph_iter+0x2...
» [Loop at line 60 in GTOcontra 880,750,537 1,153,086,133 0.764 16.0% 21! tibpbe.sol[Loop at line 44 in PB...
K — I3 | T 211 iibnhe salll gon atline 438.in PR, =]
DO: 4 — w x|0s 2s 4s 6s 165 Ruler Area: =
| OMP Master Thread #0 (TI. .. [<] =Region Instance
o l [0 ='0penMP Barrier-
£|  oMP Worker Thread #107 (... to-Barrier Segment
OMP Worker Thread #110 (... Thread [v |
OMP Worker Thread #105 (... [ERunning
OMP Worker Thread #94 (T... @aCPU Time —
CPU Time CPU Time =
FILTER 100.0% 4 Any Proces|¥ | Thread Any Thread [+ | Any Module [w | | User functions + 1¥ | Show inline fun{¥ | Loops and fun¢ ¥ |
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Step # 2b- Advisor

$: advixe-cl -c roofline -- python ./workload.py

& /home/puelesko/space/python_vtune/pyscf2, les/pbc - Intel Advisor@jlselogin2 - X

File View Help
8 & Ef B2 B @ | » Start Survey Analysis ~ | & | @l

Welcome ‘9000 xl N
\El Elapsed time: 2288.64s 5 Vectorized Not Vectorized
FILTER:| All Modules ~|[ All Sources v| All Threads ~
Summary % Survey & Roofline i Refinement Reports e
= ‘ performance ) Vectorized Loops B 2] =
68  [+][=] Function Call Sites and Loops ') v Self Time | Total Time | Type T 1 Location Why No
] &8s > Issues 4 Vec.v |Gain... VL (... y
5 | |
(= . " [loop in _aligned_strided_to_contig_size8] O 0.760s( 0.760s Vectorized (Bo... SSE4 4
U8 . [loop in GTO_Gv_general at ft_ao.c:1071] [0 ©3sScalarm... 415.294s 5337.661s Vectorized (... SSE2 2 ft_ao.c:1071
[loop in vrr1d_withGv at ft_ao.c:246] [0 @1serialized ... 219.230sl  520.631s Vectorized (Bo... SSE2 2 ft_ao.c:246
[loop in vrr1d_withGv at ft_ao.c:268] [0 @1serialized ... 96.173s(  204.733s Vectorized (Bo... SSE2 2 ft_ao.c:268
4 [loop in vrrld_withGv at ft_ao.c:263] [0 @1serialized ... 65.306s( 173.904s Vectorized (Bo... SSE2 2 ft_ao.c:263
4" [loop in GTO_Gv_orth at ft_ao.c:1132] [0 ©3Scalarmat.. 18.898s( 51.716s Vectorized (Bo... SSE2 2 ft_ao.c:1132
5" [loop in GTOcontract exp0 at derivlllc:61] | ID @ 1 Serialized ... 1.090s( 3.690s Vectlorized (Bo... SSE2 2 derivl.c:61 Jll
4 13|\ K »
R
¢ Source I Top Down I Code Analytics I Assembly IQ Recommendations | @ Why No Vectorization? |
Line Source Total Time | % Loop/Function Time | % Traits B
1068 const double cutoff = EXPCUTOFF * a1] * 4;
1069 int n;
1070 double kR, kk;
1071 8 for (n = 0; n < NGv; n++) { 16.790s 5,337.660s e
[loop 1n GTO_Gv_general at ft_ao.c:1071]
Vectorized SSE2 loop processes Float64 data type(s) and includes Divisions
1072 kk = kx[n] * kx[n] + ky[n] * ky[n] + kz[n] * kz[n]; 49.650s [
1073 if (kk < cutoff) { 17.799s [ J
1074 kR = kx[n] * rij[e] + ky[n] * r1j[1] + kz[n] * rij[2]; 47.097s [
1075 out[n] = exp(-.25*k/aij) * fac * (cos(kR) - sin(kR)*_Complex_| 280.868s 1
1076 } else {
1n77 outlnl — n- ; 2 nane [
Selected (Total Time): 16.790s
[ | 2

N
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Note on Collection/Finalization

Your job is too short to collect sufficient information

* Increase sampling freq --interval O

Finalization takes way too long

 --finalization-mode=none

Unknowns in your results

* Libraries compiled with —g?

Sources not being found

» --search-dir src:=/path/to/source/dir
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Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY
INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL
DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR WARRANTIES
RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR

OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests,
such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change
to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in fully evaluating
your contemplated purchases, including the performance of that product when combined with other products. For more complete information visit

www.intel.com/benchmarks.

Copyright © 2018, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are trademarks of
Intel Corporation in the U.S. and other countries.

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel
microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the
availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent
optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are
reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the

specific instruction sets covered by this notice.
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