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Python Programming Language

* Python & [&
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Python Programming Language

* Python Z=”#Lh5R" 9 5:
» Python707% 5 LD Hot Spot & C/C++ CER{LT 5
» BITZD C/C++ A4 T 5 Y % Python MNSEZDELDICT S
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Writing Python Extension

* Python Extension Z & < IC&:
© CPython (IE#EFEE, C API Z 1248 @ python
* Cython (Python-like 7R3 A T exntesion Z 30N 9 D S &
S SWIG  (ZIL—O— REERT ZRAY—IL) @ ython
* Boost.Python (C++F® Python binding)

« pybindll (C++ TV L—KS1 73 YV)

* and others.




Writing Python Extension

C++ Code class Field { E:Wgu:

public: I —

Field(int size) { ... } C++ CEoik = N7z Field 7 2 X
doubl - -
1 ouble norm() const ; (VectorD K212 H D) ==
pybind11 (C &K D Python M5 fE
Python binding #include <pybindl1l/pybindll.h> ABDEDICT D
by pybind11

namespace py = pybindl1l;

PYBIND11_MODULE(pybridge, m) {
py::class_<Field>(m, "Field")
.def(py::init<int>())
.def("norm”™, Field::norm);

using from Python 1MPort pybridge as pyb

pyb.Field(size)
f.norm()
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Writing Python Extension

C++ code  class Field {
public:

Field(int size) { ... } .
double norm() const { ... } \ C++ C”Field” 7 S A % T,

int5| O AVAKNT I &

doubleZ iR I norm() XYV v K%
Python binding #include <pybindl1l/pybindll.h> A

by pybind11

+s

\

namespace py = pybindll;

PYBIND11_MODULE(pybridge, m) {
py::class_<Field>(m, "Field")
.def(py::init<int>())
.def("norm”™, Field::norm);

using from Python 1MPort pybridge as pyb

f = pyb.Field(size)
v = f.norm()




Writing Python Extension

class Field {

public:
Field(int size) { ... }
double norm() const { ...

C++ code
+s

Python binding #include <pybindl11l/pybindll.h>

by pybind1l  hgmespace py = pybindit:

PYBIND11_MODULE(pybridge, m) { ‘(,//
py::class_<Field>(m, "Field")

.def(py::init<int>())

.def("norm", Field::norm);
} i

using from Python 1MPort pybridge as pyb

f
\Y

pyb.Field(size)
f.normQ)

£ 9 pybindll.h N5 %

include

“oybridge” €3 1 —I)LZ &
95w 0

“Field” 2 5 2% Python fAliZ
EA
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Writing Python Extension

C++ code  class Field {
public:

Field(int size) { ... }
double norm() const { ... }
};

Python binding #include <pybindl1l/pybindll.h>

by pybind11 namespace py = pybindll;

PYBIND11_MODULE(pybridge, m) {
py::class_<Field>(m, "Field")
.def(py::init<int>())
.def("norm”™, Field::norm);

3 “pybridge” €321 —I)L %

import

using from Python 1MPort pybridge as pyb

pyb.Field(size) Field ZADA VAT VA%
f.normQ) — N 7 . 67“
ED, XYy REMFEVHT
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Writing Python Extension

* Build®D U HMfc
* (1) pybind1l =21 Y A k=)L
s pip IR ED/I\y T —IEBY—)L, Xii&
- github 5 Y —X ZBUE. (make [FAE)

* https://github.com/pybind/pybind11
- (2) a1

g++ -03 -shared -fPIC -std=c++11 \
‘python3 -m pybind11 --include™ \
-0 pybridge python3-config --extension-suffix \
pybridge.cpp [...]

pybridge.cpython-35m-x86_64-linux-gnu.so MEN I N5, (TR
BB IFIRIBARTF)



https://github.com/pybind/pybind11

Writing Python Extension

- pybind1l & &
o C++DEC U T A ZPython SO HED K SICT S

header-only 7% template libraryo
* pybind11DEEEE

- B ERO5|HE - EDERDEZ bind.

« 72X Python®7 7 A& LT bind.
s AR VAXY YR - JTZAXY W K% expose.
- fEA - (RBBAE - AL —F A —/\—O— RIS

- FIFERGE

- STLAYVTF
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Writing Python Extension

* pybind11 & (&
* pybind11MDHEEE (con’t)
* Python D7 — Y £l

- BRI PEEE BT py::array, py::dict & U T import 215,
STLAVTFDLSICIKRZS

* docstring
- docstring Z 50k T=E B, help TSHRA]

py::class_<Field>(m, “Field”, R”pydoc( description... )");

* numpyD T R— k
* numpyD Z RITHECS & HHE F A A]




Lattice QCD

* QCD (Quantum ChromoDynamics)
c JA—=7 - JIL—AVEICEL "THRWEAEER, OEWH
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Python and Lattice QCD

- BFQCD¥ I 2L —3>® Python 7175 Y:

* “pyQCD: A Native Lattice Simulation Package for Python”,
M. Spraggs, PoS LATTICE 2014 (2014) 050.

« PythonT 4 7 Z Y &EHLIRAIRE/RAPID EE. 1./ — K THEFQCD
VXal—Y3rZEET.
+ Boost.PythonZ £ > THRERDC++ 1— K Zwrapd Do GPUXI G

Dirac;EE T DinversionZ =R 1E . .0”’0’
¥
» GPT (Grid Python Toolkit) by C. Lehner ...”'

- Grid Lattice QCDZ -1 72 Y (P. Boyle) = X—X |C U 7z Python toolkito
- Grid [& MPI, OpenMP, SIMD, SIMT [T & 57— % i 53515 % 1244,

- T—HWHAIEE CPython TEM . QCDD 7))L Y X LER &
Python module & U T3,

* PyBridge++ by Bridge++ project team ﬁ

* Bridge++{&FQCD1— Kt v b D Python binding pybind11 T3,




http://bridge. kek]p/Laftnce codé/

Bridge++ [GEticeloCDIcodeIBridge

* Overview
cRFIT—VEBRYIaL—aYOHONAEI—REY b
c ATI LY MEETHA V. o TR
- AN D —
oJEeE - HASRME - AR DO B S EERGE I —RtE Y

* History
« 2009 XY — . 20124E(C version 1.0 Z1F= U U —X

- EHThRIE version 1.6.1 (2021FE6A).
- ERNDIREZ T IL—TTOFIFAEE. 5| BHEE 554

* Members

* Y. Akahoshi, S. Aoki, H. Nemura (YITP), T. Aoyama, H. Matsufuru
(KEK), I. Kanamori (RIKEN), K. Kanaya, Y. Taniguchi (Tsukuba),
Y. Namekawa (Kyoto), and contributors.



Bridge++ and Python

* Bridge++ DHEEE: C++ class & U TR SN TWS
* Fields (22 LD BHE), MR EEES,
- DiracERE T DIRAR REAL, ML AERX YV ILN,
« MonteCarlo ZJILOAVXL, T—IVELCT7 IV AVIER,
* Plaquette, Wilson Loop, quarkfEBEEE#/R &,
- 77 AILAL, BLEAER, Z DMy —)L,
« MPI& & 0'0penMP T4,

* Bridge++ (Python binding:
- 72X - BED “Wrapper” %Z pybind11 TYERL,
- —RIVIR I —RT —RICN T BT > FILT AT T L% Python T BAE
* Python[A] [ #55R
* Field 7 2 X% numpy array & UTIRZA D L DICT B,
* Version 1.6.0 (2021F38) Y U =X ICEA




PyBridge++ on Jupyter notebook

File Edit View History Bookma
Home
cC @ © [ http://localhost:8 /notebooks/wloop.ipynb
$* Most Visited @ Getting Started G Google
: JUpyter W|00p (autosaved)
File Edit View Insert Cell Kernel Help
B+ % A B A v MHRin B C » code L

In [1]: from pyb import *
Bridge++ 1.5.3

Timer: timestamp: 2020/10/16 14:46:32 +0900

In [2]: setup([4,4,4,8], verbose level="General")

Main: input parameters

lattice size = [4, 4, 4, 8]
grid size =[1, 1, 1, 1]
number of thread = 1
number of color = 3
logfile = stdout
ildg logfile = stdout
vlevel = General

Lattice parameters:
Lx =4, Ly=4, Lz=4, Lt=28,
Nx =4, Ny =4, Nz =4, Nt=38,
NPEx = 1, NPEy =1, NPEz =1, NPEt =
Lvol = 512, Nvol = 512, NPE =1,
Ndim = 4
Nc =3
Nd =4

ThreadManager OpenMP being setup.

Number of thread = 1

OpenMP is not used: stub implementation.
RandomNumbers MT19937: seed = 12345671

In [3]: nvol=Common.Nvol
ndim=Common.Ndim

In [4]: nvol, ndim

out[4]: (512, 4)

o O N @ & =

ﬁ Logout
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PyBridge++ on Jupyter notebook

File Edit View History Bookmarks Tools Help

Home & wloop

cC @ © | (O http://localhost:8 1otebooks/wloop.ipynb e @ W m o & =
$* Most Visited @ Getting Started G Google
: JUpyter W|00p (autosaved) p Logout
File Edit View Insert Cell Kernel Help Not Trusted | Python 3 O
B+ % A B A v MHRin B C » code L

In [3]: nvol=Common.Nvol
ndim=Common.Ndim

In [4]: nvol, ndim

Outl[4]: (512, 4)

In [5]: g=Field G(nvol,ndim)

In [6]: io=GaugeConfig("Text")

In [7]: io.read file(g, "conf 04040408.txt")

In [8]: smear=Smear("APE spatial",
Projection("Stout Su3",
maximum number of iteration=1000,
convergence criterion=1.0e-14,
verbose level="Detailed"),
rho=1.0/(1.0+2.3),
verbose level="Detailed")

Smear APE_spatial:
rho = 0.303030

In [9]: wloop=WilsonLoop(max spatial loop size=2,
max_temporal loop size=4,
number of loop type=6,
verbose level="General")

Parameters: get string: key 'filename output' not found.
Wilson loop measurement:

Nspc size = 2
Ntmp size = 4
Ntype =6

In [10]: nsmear=30
nmeas=>5




PyBridge++ on Jupyter notebook

File Edit View History Bookmarks Tools Help

Home & wloop

cC @ © | (O http://localhost:8 1otebooks/wloop.ipynb e @ W m o & =
$* Most Visited @ Getting Started G Google
: JUpyter W|00p (autosaved) p Logout
File Edit View Insert Cell Kernel Help Not Trusted | Python 3 O
B+ % A B A v MHRin B C » code L

In [9]: wloop=WilsonLoop(max spatial loop size=2,
max_temporal loop size=4,
number _of loop type=6,
verbose level="General")

Parameters: get string: key 'filename output' not found.
Wilson loop measurement:

Nspc size = 2
Ntmp size = 4
Ntype =6

In [10]: nsmear=30
nmeas=5

In [11]: for i in range(nsmear+l):
print(“"smear step", i)
g2=g.clone()
if i == 0:

copy(92,9)
else:
smear.smear(g2,q)
if i % nmeas ==
r=wloop.measure(g2)
print("result=",r)
copy(g,92)

smear step 0

.18417180202135e-01
.90434474385245e-01
.51019448557095e-01
.64517450560575e-01
.89145328840260e-01
.85193215003517e-01
.03777229211288e-01
.94454590308542e-02
.46104943386679e-01
.34836567392934e-01
.25245089542188e-01
.80476753776350e-02
.35925990462515e-01
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PyBridge++
* PythonldiELN?

* PyBridge++ [& Bridge++ M7 7 X% wrap U. EEDETEIZ
native’® C++ J1— RAFEI <,
E17#: Clover DiraccERE T DR AR Z#E <

(H&FH 1 X 83x16)
78.85 sec 79.62 sec

. Performance NDEZE (T H,




Tips
> Object@Lifetime
» C++: Object® new ~ delete [ 1—HNETE

» Python: S8R > ~ & garbage collection

« fiDobjectz SR T BIHFBEIC Lifetime ITEFR T DENH D

C++ |Fopr *fop = new Fopr_Wilson; /EEFD
Solver *solver = new Solver_CG(fop); // #RFEARERYVIL/IN

solver->solve(x, b); /] x = D'1 b

Python |fop = pyb.Fopr_Wilson()
solver = pyb.Solver_CG(fop)

solver.solve(x, b) #fopDFEZRIT DINE

>Solver DN fop DS ATV N Z2A VT IUAXVNT S




Tips
- AF1E
« OpenMP R L v K%l
« C/C++TA T TUNAL Y RIEFHEENTUWNIEZFDER
multithread TEITS N5,
* (Python & W {TALIE T B /57A(137?)
© MPI/ — RitF]]
« C/C++T A T Z UM MPUEET N TWLWILIE. mpiexec python T
MPIIEF TEIET %o

* PythonMDMPIERIE mpidpy EHEFIBATE %, MPIOFIER{E
IFEES5MTITD,




Summary

* Python M5 C/C++ DT 7Y Z U H T extension %
template library @ pybind11 Z AW TERL,

- I &FQCDd— Rt b Bridge++ @ Python binding T %
PyBridge++ Z AT

» Jupyter notebook DFJFZZ E. Python DT IV AT L%
SERAUEREEY 2L —2 3 VIRIBDESE,




